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ABSTRACT 

The shear walls have been employed as a lateral force opposing systems in numerous 

multistorey buildings. The Stainless- Steel Core Plate Wall (SSCPW) is a recent and innovative 

addition to structural elements. The adoption of stainless steel over traditional steel has been driven 

by its advantageous properties, such as its lightweight nature, durability, and resistance to 

corrosion. The SSCPW comprises stainless-steel plates interconnected with orthogonally 

positioned stainless steel core tubes through welding. Depending on the specific orientations 

chosen, SSCPW can function as beams, columns, walls, floors and other essential structural 

components. Different cross-sectional shapes of SSCPWs are available, and this study focused on 

L- and T-shaped SSCPWs subjected to pure shear and compression shear conditions. The analysis 

and investigation of the impact of plate thickness on load-carrying capacities was conducted using 

ANSYS Workbench software. It was observed that the load carrying capacity of SSCPW increases 

as the plate thickness increases. Plate thicknesses of 8, 12,16 and 20 mm were chosen for 

modelling. Results shows that SSCPW of plate thickness 20 mm has the maximum load carrying 

capacity.  

Keywords- ANSYS workbench, Compression shear, L and T-shaped SSCPW, Load carrying 

capacity, Pure shear. 

INTRODUCTION 

The Stainless-Steel Core Plate Wall (SSCPW) is a relatively latest addition to civil 

engineering, resembling the honeycomb sandwich structure in its construction. These versatile 

components function as specialized columns in prefabricated buildings, accommodating diverse 

layouts such as T-shapes, L-shapes, and cross-shapes. The positioning of flat-type SSCPW panels 

vertically in various configurations allows for the creation of these shapes. T-shaped walls find 

external and internal utility in buildings, while L-shaped walls are well-suited for building corners. 
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On the other hand, cross-shaped walls apply to irregularly shaped buildings, both internally and 

externally. 

This study specifically focused on evaluating the performance of L and T-shaped SSCPWs 

under pure shear and compression shear conditions. Prior research has extensively explored various 

sandwich structural elements and has investigated this innovative system. Researchers conducted 

experiments and finite element analysis to assess the load-bearing capacity of T-shaped stainless-

steel core plate wall panels under axial compression [1]. Additionally, they delved into the collapse 

mechanisms of L-shaped stainless-steel core plate wall panels when subjected to axial compression, 

employing a combination of experimental and computational methods [2]. A load-carrying capacity 

of cross-shaped stainless steel core plate wall under axial and eccentric compression was conducted, 

and a finite element analysis was performed [3]. 

Construction of the  Stainless- Steel Core Plate Panels 

Stainless-steel core plate panels consist of two stainless steel plates with multiple stainless 

steel tubes interconnected using copper brazing. This connection occurs at elevated temperatures, 

utilizing a copper-based brazing alloy as the filler material. This method is highly cost-effective and 

varies from traditional welding techniques. 

Firstly, the copper-type filler is applied to the upper and lower ends of the stainless-steel core 

tubes. Subsequently, the plates and tubes are spot-welded to get the precise position of the core 

tubes. The collected components are then introduced into a high-temperature brazing furnace where 

an inert shielding gas, heated to approximately 1030 ºC, is blown to facilitate brazing. Copper-type 

fillers have lower melting points than stainless steel fillers. The shielding gas temperature is 

carefully controlled to gain the melting point of the copper-type filler. This ensures the stainless 

steel tubes and plates remain unaffected while copper-type fillers melt. The molten filler material 

flows into gaps through capillary action, joining stainless steel plates and tubes. To maintain the 

process, the temperature of the shielding gas is kept for a specific duration. At last, by slowly 

reducing the shielding gas temperature to enable the fusion and cooling of fillers and weldments, 

the brazing joint is accomplished. 

Merits 

• The SSCPW resists sideward loads. Therefore, it helps to enhance the seismic performance of 

buildings.  

• SSCPW helps reduce construction costs by increasing the net area of buildings.  

• The compact design and adjustable configuration of the steel plate wall (SPW) system offer 

enhanced architectural attributes, conserving space, ensuring adaptability, and boosting interior 

space efficiency compared to standard reinforced concrete shear walls with a bigger footprint. 

• Due to their significantly lighter weight compared to RC shear walls, SPWs exert less pressure 

on columns and footings. Due to that, they impose a reduced earthquake load that directly 

correlates with the structure's weight. 
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• SPWs can be assembled much faster than an RC structure, thus reducing the construction 

timeline and overall project costs. 

• A well-designed SPW system offers a notably high capacity for energy dissipation and is 

suitable for deployment in high-risk seismic zones. 

• Within these systems, the field experienced due to tension in the web portion operates similarly 

to a diagonal brace, offering a relatively higher initial rigidness that enhances its effectiveness 

in constraining wind drift. 

• SPWs typically boast a notably simpler and faster installation process in seismic retrofit 

scenarios than reinforced concrete shear walls. This aspect is crucial when uninterrupted 

building occupancy is necessary during construction. 

FINITE ELEMENT MODELLING 

The finite element modelling of L and T-shaped stainless-steel core plate walls was carried 

out by incorporating the material properties of the specimen obtained from the experimental study 

accompanied by [1]. The boundary conditions of models were given as pinned at the topmost end 

and fixed at the bottom. Mesh size was selected as 25mm to model the element. The specimen's 

geometry is shown in Fig. 1. The loading was specified to be displacement-controlled at the upper 

end until failure ensued. Fig. 2 and 3 represent geometric models of L and T-shaped SSCPWs, 

respectively. The loading conditions of L and T-shaped SSCPWs under pure shear and compression 

shear conditions are shown in Fig. 4 and 5, respectively. 

 

Figure 1: Geometry of specimen. 
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Figure 2: Geometry of L- shaped stainless-steel core plate wall. 

 

Figure 3: Geometry of T- shaped stainless- steel core plate wall. 

 

 

(a) (b) 

Figure 4: Loading conditions of L-shaped SSCPW a) Loading under pure shear b) Loading under compression shear. 
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(a)                                                                (b) 

Figure 5: Loading conditions of T-shaped SSCPW a) Loading under pure shear b) Loading under compression shear. 

EFFECT OF PLATE THICKNESS 

The effect of the thickness of plates under pure-shear and compression-shear conditions was 

determined using L and T-shaped stainless steel core plate walls. Keeping all other parameters of 

models constant, the plate thickness (tp) was varied. 8mm, 12mm, 16mm and 20 mm were the 

thickness chosen for L and T- shaped SSCPWs.  

 

Table 1: Model description. 

Geometric Parameters Dimension (mm) 

Length of plate, a 3000 

Width of plate, b 1000 

Length of core tube, h 159 

The outer diameter of the core tube, d 51 

Core tube thickness, tc 0.5 

Horizontal spacing, lx 121 

Vertical spacing, ly 100 

 

Table 2: Model name. 

L8 L-shaped SSCPW of plate thickness 8 mm 

L12 L-shaped SSCPW of plate thickness 12 mm 

L16 L-shaped SSCPW of plate thickness 16 mm 

L20 L-shaped SSCPW of plate thickness 20 mm 

T8 T-shaped SSCPW of plate thickness 8 mm 

T12 T-shaped SSCPW of plate thickness 12 mm 

T16 T-shaped SSCPW of plate thickness 16 mm 

T20 T-shaped SSCPW of plate thickness 20 mm 
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The behaviour of SSCPW Under Pure Shear in X Direction 

It was observed that the load-carrying capacity of the models increased notably by 64.95% 

and 54.06% for L and T- shaped SSCPWs, respectively, as the thickness of the plate increased from 

8mm to 20mm. The load-displacement graph for L and T- shaped SSCPWs under different plate 

thicknesses are shown in Fig. 6 and 7. Variations of peak load for different plate thicknesses for L 

and T- shaped SSCPWs are demonstrated in Fig. 8. 

 

 

Figure 6: Load displacement graph of L-shaped SSCPW under pure shear in the x-direction for varying plate thickness. 

 

Figure 7: Load vs. displacement graph of T-shaped SSCPW under pure shear in the x-direction for varying plate thickness. 
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Figure 8: Peak load v/s plate thickness under pure shear in x-direction. 

 

Table 3: Variation of peak load under pure shear in X direction. 

Model Name Peak Load (kN) 

L8 291.37 

L12 447.9 

L16 856.8 

L20 1201.6 

T8 423.47 

T12 542.32 

T16 1091.74 

T20 1631 

 

The Behaviour of SSCPW Under Pure Shear in Z Direction 

It was observed that the load-carrying capacity of the models increased notably by 59.34% 

and 60.17% for L and T- shaped SSCPWs, respectively, as the thickness of the plate increased from 

8mm to 20mm. The load-displacement graph for L and T- shaped SSCPWs under different plate 

thicknesses are shown in Fig. 9 and 10, respectively. Variations in peak load for different plate 

thicknesses for L and T- shaped SSCPWs are demonstrated in Fig. 11. 
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Figure 9: Load vs. displacement graph of L- L-shaped SSCPW under pure shear in z-direction 

for varying plate thickness. 

 

Figure 10: Load vs. displacement graph of T-shaped SSCPW under pure shear in the z-

direction for varying plate thickness. 

 

Figure 11: Peak load v/s plate thickness under pure shear in z-direction. 

Table 4: Variation of peak load under pure shear in z direction. 
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Model Name Peak Load (kN) 

L8 316.3 

L12 453.6 

L16 874.34 

L20 1260 

T8 435.3 

T12 567.43 

T16 1123 

T20 1743.2 

 

The Behaviour of SSCPW Under Compression Shear in X Direction 

It was observed that the load-carrying capacity of the models increased notably by 94.46% and 

92.8% for L and T- shaped SSCPWs, respectively, as the thickness of the plate increased from 8mm 

to 20mm. The load-displacement graph for L and T- shaped SSCPWs under different plate 

thicknesses are shown in Fig. 12 and 13, respectively. The variation in peak load for different plate 

thicknesses for L and T- shaped SSCPWs are demonstrated in Fig. 14. 

 

 

Figure 12: Load vs. displacement graph of L-shaped SSCPW under compression shear in the 

x-direction for varying plate thickness. 
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Figure 13: Load vs. displacement graph of T-shaped SSCPW under compression shear in the 

x-direction for varying plate thickness. 

 

 

 

 

 

 

 

 

Figure 14: Peak load v/s plate thickness under compression shear in the x-direction. 
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The Behaviour of SSCPW Under Compression Shear in Z Direction 

It was observed that the load-carrying capacity of the models increased notably by 89.96% and 

78.74% for L and T- shaped SSCPWs, respectively, as the thickness of the plate increased from 

8mm to 20mm. The load-displacement graph for L and T- shaped SSCPWs under different plate 

thicknesses are shown in Fig. 15 and Fig. 16, respectively. The variation in peak load for different 

plate thicknesses for L and T- shaped SSCPWs are demonstrated in Fig. 17.  

 

 

 

Figure 15: Load vs. displacement graph of L-shaped SSCPW under compression-shear in the 

z-direction for varying plate thickness. 

 

Figure 16: Load vs. displacement graph of T-shaped SSCPW under compression shear in the z-direction for varying plate 

thickness. 
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Figure 17: Peak load v/s plate thickness under compression shear in z-direction. 

Table 6: Variation of peak load under compression shear in z direction. 

Model Name Peak Load (kN) 

L8 4984.3 

L12 5643 

L16 15436 

L20 23671 
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T12 7231.7 
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T20 24471 

CONCLUSION 

The impact of plate thickness on the load-carrying capacity of SSCPW under pure shear and 

compression shear conditions was studied. After the analysis, the following conclusions were 

made. 

• The thickness of the plate was a critical parameter for the carrying capacity of the stainless-

steel core plate wall. 

• An increment in plate thickness improves the load-carrying capacity under pure shear and 

compression-shear conditions. 

• An increase in plate thickness leads to an increase in its weight so it can withstand higher loads. 

• T-shaped SSCPWs had greater load-carrying capacity than L-shaped SSCPWs due to their 

geometry. 
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• Load carrying capacity was more experienced in the z-direction under pure shear and 

compression shear conditions than in the x-direction. 

• Load carrying capacity increased by 59.34%and 60.17% as the thickness of the plate increased 

from 8 mm to 20 mm for L and T-shaped SSCPWs, respectively, under pure shear in the z-

direction. 

• Load bearing capacity increased by 89.96% and 78.74% as the thickness of the plate increased 

from 8 mm to 20 mm for L and T-shaped SSCPWs, respectively, under compression-shear in 

the z-direction. 
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Abstract- The incorporation of bacterial activity within concrete holds promise for enhancing 

its mechanical and durability characteristics. This research delves into the assessment of the 

strength and adhesion behavior of bacterial concrete, investigating the synergistic effects arising 

from bacterial activity. Scientific inquiry has confirmed the effectiveness of Bacillus species as 

microbial agents in augmenting concrete's self-repair capabilities. Bacillus Subtilis is employed for 

sample preparation, with a concentration of 105 cells per milliliter chosen as the parameter. The 

mechanical properties of bacterial concrete are analyzed, taking into account the impact of bacterial 

strains on these properties.The study also focuses on evaluating the bonding behavior of bacterial 

concrete through pull-out tests, aiming to assess the efficacy of bacterial activity in enhancing the 

bond strength of the concrete matrix.This investigation yields a comprehensive understanding of 

the intricate interplay of bacterial activity within concrete.The findings contribute to optimizing 

bacterial concentration and mix proportions for the development of sustainable and high-

performance construction materials. 

Keywords. — Bateria, Bacillus Subtilis, pull out test, Bond strength. 

I. INTRODUCTION 

In the realm of concrete structures, fissuring emerges as a prevalent occurrence attributed to 

the comparatively diminished tensile strength inherent to the material. Elevated tensile stresses 

can arise from external loads, induced deformations stemming from factors such as temperature 

differentials, confined shrinkage, and uneven settling, as well as phenomena like plastic shrinkage, 

plastic settlement, and expansive reactions triggered by elements such as reinforcement corrosion, 

alkali silica reaction, and sulphate attack. Absent timely and appropriate intervention, these 

fissures tend to propagate, necessitating eventually costly remedial measures. Moreover, the 

integrity of concrete durability suffers from these fissures, given their propensity to provide 

conduits for the ingress of fluids and gases containing potentially deleterious substances. Should 

micro-cracks propagate to the reinforcement, the ramifications extend beyond the concrete matrix 

itself, leading to corrosion of the reinforcement when exposed to environmental elements such as 

water, oxygen, and potentially carbon dioxide and chlorides. Thus, micro-cracks serve as 

precursors to structural debilitation[1].The formation of carbonate precipitate through bacterially 
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induced mineralization emerges as a sustainable and cost-effective material. Presently, this 

carbonate precipitate finds utility across various engineering domains. Predominantly, in 

engineering applications, bacterially induced mineralization yields calcium precipitate, a process 

commonly denoted as microbially induced calcite precipitation (MICP) technique. Notably, 

researchers domestically and internationally have recently harnessed this technique for the 

remediation of concrete cracks and enhancement of concrete longevity[3].The bond strength 

assumes a critical structural attribute within reinforced concrete structures, facilitating efficient 

transmission of forces between the concrete matrix and the encased reinforcing steel. This 

mechanism ensures compatibility of strains and engenders composite behavior within the material. 

Insufficient bond strength can precipitate a notable decline in both the structural load-bearing 

capacity and stiffness, particularly under diverse loading scenarios. 

 A. MICP – Microbially Induced Calcite Precipitation 

Microbial Induced Calcite Precipitation (MICP) is a process by which biomineralization 

occurs, facilitated by microbial activity. This process involves the hydrolysis of urea by microbial 

urease, resulting in the generation of ammonia and carbon dioxide. Subsequently, the released 

ammonia leads to the deposition of insoluble calcium carbonate in the surrounding environment 

[6]. MICP presents a viable and sustainable approach to crack repair. This phenomenon is observed 

in various geological settings such as soils and limestone caves. Calcium carbonate (CaCO3) 

crystals are produced biologically through autotrophic and heterotrophic pathways. 

Biotechnological advancements have proposed the development of bio-concrete utilizing 

microorganisms' innate ability to induce calcium carbonate precipitation [7],[8]. Upon crack 

formation, activated bacteria within the crack initiate the production of calcium carbonate minerals, 

effectively sealing the crack. In comparison to conventional self-healing concrete methods, MICP-

based techniques offer a durable and environmentally friendly solution to cracking issues. The 

quantity and quality of induced minerals significantly influence the efficiency of the MICP process 

[10]. 

OBJECTIVES 

The prime research objectives of this present    work are as follows: 

• To determine the mechanical properties of concrete specimens. 

• To determine the mechanical properties of self heaing concrete and compare with traditional 

concrete. 

• To determine the bond strength corresponding to the pull-out force in rebar embedded in 

bacterial concrete specimen experimentally. 

II. XPERIMENTAL PROGRAMME 

A research study was undertaken to evaluate the mechanical properties, bond stress-slip 

relationship, and extraction resistance of steel reinforcement bars incorporated within bacterially 

augmented concrete. Two distinct sizes of reinforcing steel bars (referred to as ф), namely 8mm 
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and 12mm, were examined. Three samples were subjected to each parameter, and the average of 

the outcomes was computed for subsequent analysis. 

A. Materials 

Pozzolanic cement of 53rd grade, adhering to IS: 1489 part 1:1991(reaffirmed 2005), was 

employed. Cement tests were executed following IS 4031-1988 standards. Fine aggregate sieved 

through a 4.75 mm IS sieve, conforming to grading zone III of IS: 383- 1970, was utilized. Crushed 

stone, with a maximum dimension of 20 mm, was employed. The reinforcement bars utilized were 

of Fe500 TMT grade. Bacillus subtillis bacteria were utilized for sample preparation. The bacterial 

concentration adopted for sample preparation was 105 cells per milliliter. The particulars of the 

bacterial strain are furnished in Table I, whereas Table II presents the properties of reinforcement 

bars ascertained through tension tests. 

II. TABLE I : BACTERIAL STRAIN DETAILS 

Fields Detailed information 

Taxonomic designation Bacillus Subtilis 

Medium name Nutrient agar 

pH 11.8 

Temperature of growth 30℃ 

Incubation period 24 to 48 hours 

Subculturing period 2 months 

Additional information An adept manufacturer of alkali-tolerant 

protease and amylase, displaying alkaliphilic 

and thermotolerance characteristics, 

employed in the enhancement of composting 

processes. 

 

TABLE II  Reinforcement  Bar        Details 

Properties 12mm 8mm 

Yield point stress(MPa) 501.4 520.14 

Ultimatestress (MPa ) 642.1 535.2 

 

B. MIX PROPORTIONS 

In this experimental investigation, M25 grade concrete was employed, and the mixture 

formulation was formulated in accordance with the guidelines outlined in IS 10262:2019. The 
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specifics of the mixture ratios are delineated in Table III. The formulation of mixtures for both 

conventional concrete and bacterially augmented concrete was undertaken. 

TABLE III MIX PROPORTION 

Item Quantity 

  Cement 478.5  kg/m3 

   Fine aggregate 578.93  kg/m3 

  Coarse aggregate      1028.75 kg/m3 

  Water 220.3  kg/m3 

  Water cement ratio 0.46 

Specimen prepration 

Concrete cubes with dimensions of 150mm were fabricated for the determination of 

compressive strength, while prismatic specimens measuring 100x100x500mm were fabricated to 

assess flexural strength. Moreover, cylindrical specimens with a diameter of 150mm and a height 

of 300mm were prepared to evaluate split tensile strength. Workability examinations were also 

conducted on the concrete blend. Cast iron moulds were employed for specimen fabrication, with 

the concrete being poured into the moulds in layers and each layer compacted using a tamping rod, 

as illustrated in Figure 1. In the instance of bacterially augmented concrete, around 10% of the total 

water content was extracted and utilized for mixing with the bacterial solution. The remaining 90% 

of water was subsequently combined with dry aggregates and cement, mixed for a duration of 1 

minute, after which the diluted bacterial solution was introduced and mixed with the concrete for 

an additional 3 minutes. 

     

Fig. 1. Specimen For Finding Mechanical Properties 
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D. CASTING  OF  PULL OUT SPECIMENS 

 

Pull-out specimens were fabricated in accordance with the standards outlined in IS 516-1959 

(reaffirmed 2004). Each specimen consisted of concrete cubes measuring 150mm, with a singular 

vertical reinforcing bar (either 8mm or 12mm in diameter) embedded along the central axis. The 

protrusion of the bar was set to approximately 10mm below the bottom surface of the cube to 

gauge bar slip, while extending approximately 85cm above the top face to ensure adequate grip in 

the testing apparatus. The terminations of the reinforcing bars, where the tip of the LVDT was 

attached during testing, were smoothed to create a perpendicular surface to the bar axes, as 

depicted in Figure 3. Additionally, specimens were enhanced with a helical arrangement of 6mm 

diameter mild steel bars spaced at intervals of 25mm to mitigate the risk of splitting failure, as 

illustrated in Figure 2. Following a 24-hour demolding period, specimens were promptly 

immersed in a curing tank for a curing duration of 28 days. 

 

A. Fig 2. A) Helix                  B) Mould                C) Specimen for test 

 

E. Testing Of Pullout  Specimens 

The experimentation adhered to IS 2770 Part 1:1967 – (reaffirmed 2002) specifications, 

employing a universal testing machine with a 600kN capacity. Throughout the testing procedure, 

the pullout specimen was situated on the testing apparatus to facilitate axial extraction of the 

embedded bar. In accordance with IS 2770 directives, the end of the bar subjected to the pulling 

force was the one extending from the top surface of the cast cube. The experimental arrangement 

is depicted in Figure 3. A linear variable differential transformer (LVDT) was utilized to quantify 

bar displacement. Two LVDTs were installed, one at the loaded termination and the other at the 

unconfined end of the bar, to gauge bar slip in relation to the concrete. The LVDT positioned at 

the unconfined end was situated to make contact with the exposed extremity of the rebar on the 

rearward section of the specimen, facilitating the measurement of bar slip. Loading of the 

LVDTT

at LVDT 
at 
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reinforcing bars ensued monotonically at a maximum velocity of 22.5 kN/min. Loading persisted 

until specimen failure transpired. Continuous recording of loads and deformations was executed 

throughout the testing regimen. Subsequently, the recorded loads were converted into bond stress. 

Assuming an even distribution of bond stress across the embedment length within the concrete, 

the mean bond stress (τb) linking the reinforcing bar to the adjacent concrete was computed. 

τb= 
𝑃

𝛱 𝑑𝑙
 

 

where, τb is the bond stress in (MPa), P is the applied load (N), d is the diameter of bar (mm) and l 

is the embedded length of bar (mm). 

 

Fig 3.Pullout test setup 

Table IV Specimen description 

Specimen designation Description 

NC Normal Concrete 

BC Bacterial Concrete 

 

III. RESULTS AND DISCUSSION 

A.Compressive strength: On 28th day three cubes of each normal concrete and bacterial 

concrete were tested and average of the compressive strength were obtained as 33.7 MPa and 38.9 

Mpa. Table V shows that bacterial concrete cubes have 15.43%  higher compressive strength than 

the normal concrete . 

LVDTT

at LVDT 
at 
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III. TABLE V COMPRESSIVE STRENGTH 

IV. 28TH
 DAY COMPRESSIVE 

STRENGTH IN MPA 

V. NORMAL 

CONCRETE 

VI. 33.7 

VII. BACTERIAL 

CONCRETE 

VIII. 38.9 

IX.  

B.Flexural strength : : On 28th day three cubes of each normal concrete and bacterial concrete 

were tested for flexural strength.From Table VI, the Flexural strength of bacterial concrete was 

obtained as 5.26 Mpa and 6.06 MPa. The flexural strength of bacterial concrete showed an increase 

of 15.21% than normal concrete. 

X. TABLE VI FLEXURAL STRENGTH 

XI. 28TH
 DAY FLEXURAL STRENGTH IN MPA 

XII. NORMAL CONCRETE XIII. 5.26 

XIV. BACTERIAL CONCRETE XV. 6.06 

 

C.Split tensile strength: : On 28th day three cubes of each normal concrete and bacterial concrete 

were tested for split tensile strength.The average of the result of split tensile strength were 

obtained as Mpa and 3.43 MPa. The results in table VII shows that the bacterial concrete has 

33.98% greater tensile strength than normal concrete. 

XVI. TABLE VII  SPLIT TENSILE STRENGTH 

XVII. 28TH
 DAY SPLIT TENSILE STRENGTH IN MPA 

XVIII. NORMAL CONCRETE XIX. 2.56 

XX. BACTERIAL CONCRETE XXI. 3.43 

A. Bond Stress 

 

The bond stress values at displacements of 0.025mm and 0.25mm, as stipulated by IS 2770 Part 

(1):1967 (reaffirmed 2002), are outlined in Table VIII alongside the ultimate load and ultimate 
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bond stress of all specimens subjected to pullout of reinforcement bars. A comparative 

examination of bond stress in accordance with IS 2770 specifications at displacements of 

0.025mm and 0.25mm was executed. As depicted in Figure 4, the outcomes indicated that, for 

both 8mm and 12mm bars, the bond stress in bacterial specimens surpassed that of the control 

specimens. It was noted from Table VIII that, within a given embedment length and concrete 

composition, the bond stress for smaller diameter bars exceeded that of larger diameter bars. This 

variation could be ascribed to the increased ratio of concrete cover to bar diameter available in the 

case of smaller diameter bars, potentially augmenting the bond resistance of the bar. An 

augmentation in the thickness of the cover surrounding the reinforcement might necessitate a 

higher load for crack initiation, thereby enhancing bond strength. 

 

 

 

a)NCΦ8            b) BCΦ8 

 

 

a)NCΦ12 b) BCΦ12 

Fig 4.Pullout failure 
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A NOTABLE ENHANCEMENT IN BOND STRESS WAS OBSERVED CONCERNING BOTH 8MM AND 

12MM BARS WITH THE INCLUSION OF BACTERIA IN THE CONCRETE MIXTURE. FOR THE 8MM BAR, 

THERE WAS A RISE OF 4.9% IN COMPARISON TO THE CONTROL SPECIMEN WITH BACTERIAL 

CONCRETE. LIKEWISE, FOR THE 12MM BARS, UPON THE ADDITION OF BACTERIA TO THE CONCRETE 

MIX, THERE WAS A 3.2% INCREASE RELATIVE TO THE CONTROL SPECIMEN. 

TABLE VIII  PULLOUT  TEST  RESULTS 

 

 

B. Bond Stress-Slip Behaviour 

Broadly, the relationship between bond stress and slip characterizes the bonding behavior in 

reinforced concrete elements. The adhesion between bars and concrete serves as the primary 

determinant of the bonding performance of the bar during initial loading phases. Once the adhesion 

between the bar and concrete is compromised, the bar initiates slipping, and the friction between 

the outer surface of the bar and the concrete governs the bonding mechanism. During testing, the 

load-slip values were documented for all specimen types, and these values were graphically plotted. 

All curves exhibited a nearly identical trend. Figure 5 illustrates the graph depicting the bond stress 

versus slip behavior of specimens with 8mm bars, while Figure 6 displays the corresponding 

behavior for specimens with 12mm bars. Each curve displayed an initial ascending segment leading 

to the maximum stress, τmax, followed by a descending or softening segment subsequent to 

achieving the maximum bond stress. This segment of the curve was distinguished by a notable 

decline in bond stress concurrent with an increase in bar slip. 

 

Fig 5.Bond stress – slipbehavior of specimens with  8mm bar 
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Fig 6..Bond stress vs slipbehaviorof specimens 12 mm bar 

 

CONCLUSIONS 

Based on the experimental results of the study presented in this paper the following conclusions 

are made. 

1. Bacillus subtilis is a soil bacterium with a safer bio safety value of 1 and it can be prepared in 

a laboratory. 

2.  The result of compressive strength indicates that the introduction of bacteria in concrete cubes 

increases the strength compared to conventional cubes. The  28th day compressive strength 

after curing shows that the strength increased by 15.43%. 

3.  Flexural strength results of bacterial concrete is increased by 15.21%. Likewise split tensile 

strength of bacterial concrete is 33.98% more than that of conventional concrete. 

4. Contribution of bacteria in concrete increased the bond strength by 4.9% for 8mm bars and 

3.2% for 12mm bars. 

5. Concrete embedded with smaller diameter bars demonstrates greater strength compared to that 

of larger bars also all specimens exhibited pullout failure. 

REFERENCES 

1. Kim Van Tittelboom, Nele De Belie, Willem De Muynck, and Willy Verstraete. (2010) “Use 

of bacteria to repair cracks in concrete” cem.conc.res; 40(1) 157-156 

2. Mingyue Wu, Xiangming Hu, Qian Zhang , Weimin Cheng , Di Xue , Yanyun Zhao (2015) 

“Application of bacterial spores coated by a green inorganic cementitious material for the self-

healing of concrete cracks”, cement and concrete composites 113(2020) 103718 

3. Chandni Kumari; Bhaskar Das; R. Jayabalan; Robin Davis; and Pradip Sarkar (2016) “Effect 

of Nonureolytic Bacteria on Engineering Properties of Cement Mortar toughness” journal of 

material in civil engineering 2016 

4. N. Ganesan, P.V. Indira, M.V. Sabeena (2014) “Bond stress slip response of bars embedded in 

hybrid fibre reinforced high-performance concrete” Construction and Building Materials 50 



International Conference on Recent Advancements in Science and Engineering (RAiSE’24) 

 

 

 

25  

(2014) 108–115 

5. Sandip Mondal, Aparna Ghosh (2019) “Review on microbial induced calcite precipitation 

mechanisms leading to bacterial selection for microbial concrete” Construction and Building 

Materials 225(2019) 77-75. 

6. Henk M. Jonkers, Arjan Thijssen, Gerard Muyzer, Oguzhan Copuroglu, and Erik Schlangen. 

(2010). “Application of bacteria as self-healing agent for the development of sustainable 

concrete.” Ecol. Eng., 36(2), 230–235 

7. Tanvir Manzura, Rafid Shams Huq, Ikram Hasan Efaz, Sumaiya Afrozd , Farzana Rahmane , 

Khandaker Hossain (2019) “Performance enhancement of brick aggregate concrete using 

microbiologically induced calcite precipitation” case studies in construction material 11(2019) 

e00248 

8. Nguyen Ngoc Tri Huynh, Ngi Mai Phuong, Nguyen Phung Anh Toan (2017) “Bacillus subtilis 

HU58 immobilised in microbes of diatomite for using in self-healing concrete”, Procedia 

engineering 178(2017) 598-605 

9. Manas Sarkar, Dibyendu Adak, Abiral Tamang, Brajadulal Chattopadhyay and Saroj Mandal 

(2015) “Genetically-enriched microbe-facilitated self-healing concrete a sustainable material 

for a new generation of construction technology” Royal society of chemistry December 2015 

10. Hazha Mohammed, Montserrat Ortoneda-Pedrola, Ismini Nakouti, Ana Bras (2020) 

“Experimental characterisation of non-encapsulated bio-based concrete with self-healing 

capacity” Construction and building materials 256(2020) 119411. 

11. Hui Rong, Guanqi Wei, Guowei Ma, Ying Zhang, Xinguo Zheng, Lei Zhang, Rui Xu (2020) 

“Influence of bacterial concentration on crack self-healing of cementbased material” 

Construction and building materials, 244(2020) 118372. 

12. Partheeban Pachaivannan, C. Hariharasudhan, M Mohanasundram , M. Anitha Bhavani (2020) 

“Experimental anaylsis of self-healing properties of bacterial concrete” Materials 

today;processings 33 (2020) 3148-3154 

13. Pitcha Jongvivatsakul, Karn Janprasit, Peem Nuaklong, Wiboonluk Pungrasmi, Suched 

Likitlersuang (2019) “Investigation of the crack healing performance in mortar using 

microbially induced calcium carbonate precipitation (MICP) method.”Construction and 

building materials 212, 737–744. 

14. Mostafa Seifan, Ali Khaje Samani, Aydin Berenjian, (2016) “Bio concrete; next generation 

construction material.” Construction and building materials 100:2591– 2602 

15. Ismaeel H.Musa Albarwary, James H.Haido, (2013)“Bond strength of concrete with the 

reinforcement bars polluted with oil”, European Scientific Journal, vol.9, No.6, pp. 255-272, 

February 2013. 

16. Juan Murcia-Delso, Andreas Stavridis,(2011) “Modelling the bond-slip behaviour of confined 



International Conference on Recent Advancements in Science and Engineering (RAiSE’24) 

 

 

 

26  

large-diameter reinforcing bars”, III ECCOMAS Thematic Conference on Computational 

Methods in Structural Dynamics and Earthquake Engineering, pp. 1-14, May 2011. 

17. P Eswanth, G Dhinakaran,(2017) “Experimental and Theoretical Investigations on Bond 

Strength of GFRP Rebars in Normal and High Strength Concrete”, IOP Conference Series: 

Earth and Environmental Science, vol. 80, pp. 1-6, 2017. 

18. M Manca1, D Ciancio1and P Dight1(2017)” Fibre reinforced concrete in flexure and single 

fibre pull-out test: a correlation”, IOP Conf. Series: Materials Science and Engineering 246 

(2017) 012017 

  



International Conference on Recent Advancements in Science and Engineering (RAiSE’24) 

 

 

 

27  

Behaviour of Reinforced Concrete Beams Strengthened for 

Shear with the CFRP Fabric Wrapping 

Arathi. A 

Dept. of Civil Engineering   

AWH Engineering College  

Kozhikode, Kerala, India 

arathia1999@gmail.com 

 

Dr. Sabeena. M V   

Dept. of Civil Engineering  

AWH Engineering College Kozhikode, Kerala, 

India 

sabeena@awhengg.org 

 

Abstract— Strengthening of reinforced concrete (RC) beams using carbon fiber reinforced 

polymer (CFRP) fabric wrapping is a proactive approach aimed at enhancing the structural 

capacity and resilience of beams before they undergo excessive loading or encounter other 

stressors. Experimental and numerical studies in this area showed that using fiber-reinforced 

polymer (FRP) materials to strengthen RC members in shear, flexure and confinement for columns 

is an effective method to strengthening. This method has numerous advantages over conventional 

methods, such as increased load carrying capacity, improved durability, rapid installation, minimal 

additional weight. This experimental paper focus on the CFRP strengthening of RC beams which 

are shear deficient. Different configurations of fabric wrapping were performed such as 90° U-

wrapping (WU1) and strip wrapping (WS1), 45° U-wrapping (WU2) and strip wrapping (WS2). 

The test results are studied in terms of load-deflection behaviour, ultimate load carrying capacity, 

energy absorption and crack pattern. The results shows that the beam strengthened by 45° strip 

wrapping (WS2) increased the ultimate load carrying capacity by 75% with respect to the control 

beam, while the others WU1, WS1, WU2 the load carrying capacity increased by 40%, 45% and 

60% respectively. 

Keywords— Shear strengthening, The reinforced concrete beam, CFRP fabric wrapping, Ultimate 

load-carrying capacity. 

INTRODUCTION  

In recent years, the field of concrete structure strengthening has emerged as a significant area 

of interest. Consequently, the development of effective strengthening techniques has become a 

crucial research area in structural engineering. There are several effective methods to enhance the 

structural performance, the extension of service life, and ensuring safety under increased loading 

conditions. Some of the primary techniques used in RC beam strengthening are external bonding 

of FRP composites, steel plate bonding, section enlargement, near surface mounted reinforcement 

(NSM), prestressed FRP systems.[1] In this study, shear strengthening with CFRP fabric wrapping 

involves the application of CFRP strips in RC beam with different configurations to enhance their 
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resistance to shear forces. This approach has gained prominence due to its effectiveness, ease of 

implementation, and capacity to address shear deficiencies in existing reinforced concrete (RC) 

structures. Utilizing CFRP fabric wrapping alters the performance of RC beams in several ways. 

Initially, it boosts the shear capacity of the beams by imparting extra tensile strength to the concrete 

in the shear-critical zone. Additionally, CFRP wrapping enhances the ductility and deformation 

capability of beams under load. Moreover, it can delay or thwart the emergence of shear cracks in 

RC beams, thereby reducing the risk of sudden failure and enhancing overall safety. By confining 

the concrete and providing supplementary reinforcement, CFRP wrapping effectively manages 

crack width and halts crack propagation.  

OBJECTIVES 

The prime research objectives of this present work are as follows: 

• To determine the mechanical properties of concrete specimens. 

• To study the shear behaviour of unstrengthen RC beam. 

• To analyze the shear behaviour of strengthened beam for the shear zone wrapping using CFRP 

fabrics with different alignment. 

EXPERIMENTAL PROGRAMME 

This experimental programme was carried out to evaluate the load-deflection behaviour of 

reinforced concrete beams in shear with and without carbon fiber reinforced polymer (CFRP) 

fabric wrapping. This experimental work consisted of casting and testing eight reinforced concrete 

beams made of M25 grade concrete having cross-sectional dimensions 100x150 mm and a length 

of 750mm. The reinforcing bar of 8mm diameter were used for both main bar and stirrup. Of the 

eight beams for studying shear behaviour two beams were control beams, with no wrapping named 

as SCB1 and SCB2. While other remaining beams were wrapped with CFRP in four patterns 

shown in Fig.1. First pattern is 90° U-wrapping (WU1), second pattern 90° strip wrapping (WS1), 

the  third pattern 45° U-wrapping (WU2), fourth pattern 45° strip wrapping (WS2). Epoxy resin 

Vittspol-2007 were applied to the concrete surface, then the CFRP fabric is placed on top of epoxy 

resin coating and the resin is squeezed through the roving of the fabric with the roller. 

 

(a) 
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(b) 

 

(c) 

 

 

(d) 

Fig.1: Different patterns, (a) 90° U-wrap, (b) 90° Strip Wrap, (c) 45° U-wrap, (d) 45° Strip 

wrap 

A. Materials 

Portland Pozzolana Cement of 53-grade, complying with IS 1489 (part 1) : 1991 (fly ash-based) 

standards [11], was employed. Cement tests were carried out in accordance with IS 4031-1988 [12]. 

Manufactured sand (M-sand), meeting the criteria of passing through a 4.75mm IS sieve and 

conforming to grading zone II of IS 383-1970 [13], was utilized as fine aggregate. Crushed stones 

with a maximum size of 20mm were utilized. Epoxy resin Vittspol-2007, with a specific gravity of 

1.12, was utilized as adhesive, conforming to IS 6746-1994 [14]. The epoxy resin's properties are 

outlined in Table 1. Carbon fiber reinforced polymer (CFRP) fabric, with a thickness of 0.3mm, 

was employed. Details of the CFRP fabric are provided in Table II. Fe500 TMT reinforcement bars, 

8mm in diameter, were utilized. Properties of the reinforcement bars obtained through tension tests 

are presented in Table III. 
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B.  Epoxy Resin 

Epoxy resin is a liquid material which is made from many synthetic polymers. Epoxy has been 

widely used with fiber reinforced polymer composites. For good adhesion hardener and catalyst 

was added to the epoxy. Catalyst plays a major role during the setting. 

 

 

Fig.2 : Epoxy resin and hardener. 

 

Fig.3 : CFRP fabric 

TABLE I: The properties of Epoxy resin Vittspol-2007 

Description Value 

Appearance  Pale yellow, clear liquid 

Specific gravity 1.12 

Poisson’s ratio 0.23 

Density  2160 kg/m3 

Viscosity at 25° C 454 cps 

Gel time  12 Min 

 

TABLE II: Properties of CFRP fabrics 

Properties  Specifications  

Thickness  0.3mm 
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Weight  350gsm 

Tensile strength  3530 MPa 

Elastic modulus  230 GPa 

Poisson’s ratio 0.3 

B. Detailing of reinforcement 

The RC beam measures 750mm in length. Regarding reinforcement detailing for shear 

behavior, stirrups are solely placed at load and support points. The reinforcement layout is 

illustrated in Fig 4. The beams had dimensions of 100mm width and 150mm depth, respectively. 

Fe500 grade TMT bars were employed for reinforcement. At the bottom, two 8mm diameter bars 

served as the main reinforcement. Additionally, two 8mm diameter bars were positioned at the top 

as stirrup holders. Vertical stirrups, consisting of four 8mm bars spaced at 200mm intervals, were 

incorporated.  

 

 

Fig 4: Reinforcement Detailing 

 

TABLE III : Properties of the reinforcement bar 

 

Description  Values 

Nominal diameter of the bar 8mm 

Actual diameter of bar  8.17mm 

Ultimate strength  568 N/mm2 

Yield strength  485 N/mm2 

Modulus of elasticity  242 N/mm2 
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C. Mix Proportions 

 In this experimental investigation, concrete of M25 grade was utilized, and the mix design 

was formulated according to IS 10262:2019 [15]. The specific mix proportions are outlined in 

Table IV. Initially, the necessary quantities of cement, M-sand, and coarse aggregate were 

combined thoroughly in a standard concrete mixer for a duration of 2 minutes. During the mixing 

process, 80% of the water was added initially and mixed uniformly, followed by the addition of 

the remaining 20% of water later on.  

TABLE IV: Mix Proportion for M25 Grade Concrete 

Designation Ultimate load (kN) Percentage increase (%) 

SCB 1 30 - 

WU1 42.0 40 

WS1 43.5 45 

WU2 48.2 60 

WS2 52.5 75 

 

D. Specimen Preparation 

Concrete cube of size 150mm, Prism of size 100 x 100 x 500 mm and cylinders with a size 

150 mm x 300 mm was prepared for testing compressive strength, flexural strength and tensile 

strength respectively.[16] To evaluate workability of concrete standard test with actions described 

with Indian standards BIS 1199-1959 [17] are conducted. Cast iron mould was used to cast 

specimens and all specimens were filled in concrete with three layers and tamping rod was used 

to compact the specimens in each layer.  After 24 hours of air curing, specimens are demoulded 

and transferred to the curing tank. After 28 days of curing, the specimens were tested. 

 

 

Fig.5: Prepared cubes, beams and cylinders 
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E. Casting of reinforced concrete beams 

 

Wooden molds with inner dimensions of 750x150x100 mm were employed. Oil was applied 

to the inner surface of the formwork to facilitate easy demolding. The required quantities of 

aggregate, cement, and water were measured according to the mix design. Concrete was mixed 

using a standard concrete mixer machine to ensure uniform quality. Mixing was carried out for 

two minutes after all ingredients were introduced into the mixer, as per IS 456:2000 standards. 

Following the pouring of the first layer of concrete into the mold and leveling it to a height of 

25mm (clear cover), the shear reinforcement cage was carefully positioned. Subsequent layers of 

concrete were poured, compacted, and leveled. After 24 hours of air curing, the specimens were 

demolded and transferred to a curing tank. After 28 days of curing, the specimens were removed 

from the water bath. 

 

 

 

 

 

 

Fig. 6: Reinforcement cage 

Cement  478.5 kg/m3 

Fine aggregate 578.93 kg/m3 

Coarse aggregate 1038.75 kg/m3 

Water  220.31 kg/m3 
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Fig 7: Prepared RC beams 

F. CFRP wrapping on RC Beams 

After 28 days of curing, the specimens were labeled according to their designated wrapping 

patterns. Any loose particles on the concrete surface in the required area were removed using 

coarse sandpaper and cleaned with dry cloths to eliminate dirt and debris, ensuring preparation to 

the necessary standard. The fabric was then cut to size. Epoxy resin was mixed according to the 

manufacturer’s instructions, using a plastic container (100 parts by weight of Vittspol-2007 to 10 

parts by weight of Hardener), and continued until the mixture achieved uniformity. The epoxy 

resin was then applied to the concrete surface, followed by placing the CFRP sheet on top of the 

epoxy resin coating, with the resin being squeezed through the fabric's roving using a roller. Air 

bubbles trapped at the epoxy/concrete or epoxy/fabric interface were removed. Throughout the 

epoxy hardening process, constant pressure was applied to the fabric surface to extrude excess 

epoxy resin and ensure good contact between the epoxy, concrete, and fabric. This procedure was 

conducted at room temperature. Concrete beams reinforced with carbon fiber fabric were air cured 

for 24 hours before testing. 
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Fig.7: Wrapped specimen 

G. Test Setup and Instrumentation 

All the eight beams were tested under two-point loading. UTM of capacity 600kN is used 

for testing. LVDT was kept at the mid span of the beam to measure central deflections. A dial 

gauge was kept on the tension side of the beam to measure the lateral deflections at 1/3rd  distances. 

The control beam and strengthened beams were tested up to failure load and deflection values were 

noted for each load increment of 2.5 kN. 

 

 

Fig.8: Test Setup 

RESULTS AND DISCUSSIONS 

H. Testing of R.C Beams 

Beams cast were wrapped with CFRP for four different cases as given in Table V. The behaviour 

of each beam was analyzed by considering its load deflection behaviour, the first crack load and 

ultimate load. 
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Table V: Types of beams 

 

I. Load Deflection Behaviour 

The load-deflection history of all beams was documented, with deflections noted at one-third span 

and mid-span. It was observed that the deflection at mid-span exhibited a higher value compared 

to the one-third deflection. Therefore, for comparing load-deflection behavior, the deflection at 

mid-span was considered. Fig.9  illustrates the load-deflection behavior of all beams. The control 

beam failed in a brittle manner. Strengthened beams exhibited a higher load-carrying capacity and 

displayed significant deflection before failure. 

 

Fig.9: Load – deflection behaviour of beams 

 

J. First Crack Load and Ultimate Load 

The crack load and ultimate load of the strengthened beam with their increases with respect to 

control beam were noted and tabulated. 

  

Sl. No Type of beam Type of wrapping 

1 SCB Control beam 

2 WU1 90° U-wrapped beam 

3 WS1 90° Strip wrapped beam 

4 WU2 45° U-wrapped beams 

5 WS2 45° Strip wrapped beam 
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Table VI: First crack load 

Designation First crack load (kN) Percentage increase (%) 

SCB 1 6.25 - 

WU1 7.5 20 

WS1 7.5 20 

WU2 12 92 

WS2 14.2 127 

 

Table VII: Ultimate load 

Designation Ultimate load (kN) Percentage increase (%) 

SCB 1 30 - 

WU1 42.0 40 

WS1 43.5 45 

WU2 48.2 60 

WS2 52.5 75 

 

According to Table VI, there is a 20% increase in the first crack load for beams reinforced with 

shear zone wrapping, both in 90-degree U-wrapping and 90-degree strip wrapping configurations. 

Beams reinforced with 45-degree U-wrapping exhibit a 92% increase, while those strengthened 

with 45-degree CFRP strip wrapping show a substantial increase of 127%. The results for load 

carrying capacity are presented in Table VII. Beams reinforced with 90-degree U-wrap and strip 

wrap in the shear zone demonstrate load carrying capacities 40% and 45% higher than control 

beams, respectively. In contrast, the load carrying capacities of the other two beams, reinforced with 

45-degree U-wrap and strip wrap, are increased by 60% and 75%, respectively. 

K. Deformation at Ultimate load  

Deformation at the ultimate load of each specimen were noted. Beams with 90-degree U-wrap and 

strip wrap shows a percentage increase of 47.3% and 56.05% with that of control beams. The 

percentage increase in the deflection for 45-degree U-wrap and strip wrap is 118.42% and 143.42% 

respectively. Beams with 45-degree U-wrap and strip wrapping shows more ductile due to its 

confinement. 
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Table VII: Deformation at Ultimate Load 

 

 

IV   CONCLUSIONS 

• Strengthening of structures using CFRP is an easy technique to be adopted. It helps in reducing 

the deformation demand and increase the strength and ductility of the structure. 

• These materials are of low density, so they can be handled easily and also cost-effective. 

• In this experimental study, load-deflection behaviour of reinforced concrete beams wrapped 

using CFRP is studied. 

• Compared to 90-degree U-wrap and strip wrapping, beams strengthened with 45-degree U-

wrap and strip wrapped beams shows 60%, 75% increase in the ultimate load carrying 

capacity. 

• From the results, it was found that CFRP wrapping strengthens the beams by delaying the 

initiation or appearance of cracks. 
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Abstract— The X-braced frame represents a specialized variation of concentric braced 

frames. It can be used as a resistance towards the lateral load acting on the structural system. X-

braced frames generally exhibit lower ductility when compared to eccentrically braced as well as 

moment frames, which is often perceived as a drawback of this structural system. To address this 

limitation, energy dissipation devices can be integrated into the system with X-bracings so that the 

plastic action will be absorbed and safeguard other structural elements such as columns, beams 

and connections from earthquake forces. Specifically, X-concentrically braced frames are tailored 

through variations in groove shapes. Furthermore, the investigation encompasses determining the 

load bearing capacity and energy dissipation capacities of the dampers. The assessment 

commences with cyclic load testing conducted using the ANSYS software. The grooves present 

in GGPD helps in dissipating the seismic energy. The energy dissipation capacity and load bearing 

capacity of the x-concentrically braced frame equipped with grooved gusset plate damper were 

compared based different groove shapes. The different shapes used for the analysis were L shape, 

oval, rectangular and stadium shape. It was observed that among 4 different groove shapes, oval 

shaped grooves has more energy dissipation capacity with an increase of 10.74%. 

Keywords— X-CBFs, GGPD, Energy dissipation capacity, Load bearing capacity, bracings 

INTRODUCTION  

X braced frame, one of the type of concentric braced frame, can be used for resisting lateral 

loads. Since X-braced frame has desirable stiffness as well as strength, they are used for resisting 

seismic loads in structures. Despite this fact, X- braced frames have low ductility compared to  

eccentrically braced frames as well as moment frames, which can be considered as one of its 

disadvantage. Lately, investigations have predominantly centered on enhancing braces by 

integrating energy dissipation devices. These devices aim to absorb plastic action and avert 

structural failure. 

As previously noted in numerous studies, the gusset plate linking the two X braces at the 

center can fracture as a result of excessive post-buckling deformations of the braces, leading to 

inadequate energy dissipation behaviour in concentrically braced frames. Over the past two 
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decades, the utilization of grooved gusset plate dampers for dissipating seismic energy in steel 

structures has been developed and investigated by various researchers. In this study the material 

used was structural steel. Characterized as a unique form of steel, structural steel is predominantly 

utilized in construction for its remarkable stiffness and impressive strength-to-weight ratio. A 

suggested layout for the X-concentrically braced frame includes dividing each of the two cross 

braces into two segments. These four segments are linked at the bay's center using a grooved gusset 

plate damper (GGPD), designed with a square aperture at its core. As a result, when a brace 

experiences tension or compression, it leads to the even distribution of forces across the 

corresponding sections of the gusset plate, causing in-plane shear. The presence of grooves in the 

damper helps in energy dissipation by yielding. To study the effect of groove shapes on energy 

dissipation capacity of the damper, the frame was equipped with different groove shapes within the 

damper. The different shapes analysed were L shape, rectangular shape, oval and stadium shape. 

Optimized groove shape with higher energy dissipation capacity as well as load bearing capacity 

was determined. 

METHODOLOGY 

L. Description of damper 

The braced frame system entails dividing each of the two cross braces into two segments. These 

four segments are then interconnected at the center of the bay of the frame with the help of GGPD. 

Table No.1 Dimension details of GGPD 

Description Value 

Dimension of the middle opening 247.1 mm 

Length of grooves 70 mm 

Width of grooves 20 mm 

Width of bracings 40 mm 

 

 

Fig.1. Dimensions of damper 
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M. Description of groove shapes 

Grooves were provided for the gusset plate connecting the bracing at the centre of the bay, 

this was done to make the gusset plate weaker by keeping the other structural members  strong. 

Different groove shapes were compared for higher load bearing and energy dissipation capacity. 

Grooved gusset plate damper with L shape, oval, rectangular and stadium shaped grooves were 

analysed using ANSYS software to study the energy dissipation capacity and the load bearing 

capacity of the damper. Corresponding hysteresis loops were drawn for each case. The area of the 

groove shapes were maintained same.  

 

(a)                                           (b) 

 

(c)                                          (d) 

Fig.2. The proposed groove shapes (a) L shape, (b) Oval, (c) Rectangle, (d) Stadium shape 

Description of frame 

In the steel X-braced frame, the main structural elements, columns, braces, beams, and 

connections are same. Hinged configurations were provided for all connections. The one and only 

one difference between the frames are the groove shapes within the damper. It is designed in such 

a way that all components undergoes inelastic actions and the GGPDs remains in elastic range under 

the cyclic loading. For columns, braces and beams, channel, tube section and I sections have been 

chosen respectively. 
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Table no.2 Dimension details of frame 

Description Value 

Span of frame 2897.5 mm 

Height of frame 2857.5 mm 

Column section UNP 80 

Beam section IPE 120 

Braces Tube section (40x40x6mm) 

 

RESULT AND DISCUSSIONS 

N. Influence of groove shape on the strain energy 

Results of analysis of the systems with different groove shapes under cyclic loading are given below 

in this section. 

The structural elements of frames studied in this section are same. The only difference between the 

frames are the groove shapes in the damper. Distribution of strain energy are shown in Fig.1, Fig.2, 

Fig.3, Fig.4 for L shaped, oval, rectangular and stadium shaped grooves respectively. 

As observed, the cyclic behaviour of GGPD has improved when the damper was equipped with 

oval shaped grooves compared to other shapes. 

 

Fig.3. Strain energy of frame with L shaped grooves 
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Fig.4. Strain energy of frame with rectangular shaped grooves 

 

 

 

Fig.5. Strain energy of frame with stadium shaped grooves 
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Fig.6. Strain energy of frame with oval shaped grooves. 

The following are the results (refer table no. 3) of the frames equipped with GGPDs having 

L shape, rectangular, stadium and oval shaped grooves. 

Table no.3 Effect of groove shape on strain energy 

Groove Shape Strain Energy (mJ) 

L Shape 54253 

Rectangular shape 165270 

Stadium shape 169000 

Oval 187160 

 

From the analysis result it was found that oval shaped grooves were having higher energy 

dissipation capacity with an increase of 10.74%. 

O. Effect of groove shape on loading bearing capacity 

For studying the effect of different groove shapes under load bearing capacity, load-displacement 

curves were drawn for each frames. The X-braced frame with the oval shaped grooves in GGPD 

enjoys well shaped hysteresis curves. It is apparent in Fig.10 that oval shaped grooves were 

showing greater load bearing capacity. 
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Fig.7. Hysteresis loop of frame with L shaped grooves 

 

Fig.8. Hysteresis loop of frame with rectangular shaped grooves 
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Fig.9. Hysteresis loop of frame with stadium shaped grooves 

 

Fig.10. Hysteresis loop of frame with oval shaped grooves 

CONCLUSIONS 

 In this study, the X-braced frame equipped with grooved gusset plate damper was analysed for 

determining the best groove shape with higher energy dissipation capacity. The different groove 

shapes adopted for analysis were L shape, oval, rectangular and stadium shape. The energy 

dissipation capacity of GGPD with L shaped, rectangular and oval shaped grooves were compared 

with stadium shaped grooves. It was concluded that: 

➢ GGPD with L shape, rectangular, stadium and oval shaped grooves dissipates an amount of 

strain energy of 54253mJ, 165270mJ, 169000mJ and 187160Mj respectively. 

➢ The maximum energy dissipation capacity was attained for oval shaped grooves with an 

increase of 10.74% when compared with stadium shaped grooves. 

➢ The L shaped grooves were having the least energy dissipation capacity. 

➢ The X-braced frame with the oval shaped grooves in GGPD enjoys well shaped hysteresis 

curves without any sorts of pinching. 

➢ Among L shaped, oval, rectangular and stadium shaped grooves, the load bearing capacity was 

higher for GGPD with oval shaped grooves. 

Hence from the research it was inferred that frame equipped with grooved gusset plate damper 

shows higher energy dissipation capacity and load bearing capacity, when the gusset plate has 

oval shaped grooves. 
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Abstract — The construction industry is constantly seeking innovative solutions to optimize 

the performance and efficiency of structural elements. In this pursuit, castellated beams with 

corrugated webs have emerged as a promising option. Their unique geometry, including web holes, 

makes estimating shear load capacity different from traditional beams with solid webs. These 

beams are becoming increasingly popular in engineering and economics due to their advantages. 

The openings in the web can take various shapes, as detailed in the research paper, which compares 

the load versus deflection for castellated beams with rectangular and hexagonal openings, analyzed 

using software ABAQUS® CAE. The trapezoidal corrugated web configuration notably augments 

the beam's resistance to buckling failure and furnishes superior resistance to buckling in contrast 

to a plain web beam. Predominant factors impacting the efficacy of castellated-corrugated web 

beams encompass the overall beam height and the size of the web opening. The study conducts a 

comparative analysis of the ultimate load-bearing capability of these beams in relation to both 

plain and corrugated web beams. Moreover, the manuscript advances an original technological 

proposal entailing the integration of a trapezoidal-shaped web into a castellated beam. The load-

bearing capacity of castellated beams with various web opening shapes, such as rectangles and 

hexagons, was contrasted with that of the I beam. Among these shapes, hexagon web opening 

TWHC has higher Material savings with an increase of 13 % compared to the I beam. The results 

detail that the corrugated web rectangular castellated beams have less weight and more strength 

than the corrugated web hexagon castellated beam.  

Keywords: Castellated beam, trapezoidal corrugated web, rectangular web opening, ABAQUS® 

CAE. 

I. INTRODUCTION 

Castellated beams are increasingly favoured for their structural benefits, including lightweight 

construction, cost-effectiveness, high resistance, and quick assembly on-site. Their versatility in 

applications leverages their enhanced strength and cost efficiency. These beams commonly feature 

hexagonal, square, or circular openings, with circular-hole beams often referred to as cellular 

beams. The main reasons for fabricating castellated beams are (a) Increased Strength: By making 

the beam taller, it becomes stronger against bending and flexing; (b) Reduced Weight: Cutting holes 

in the beam reduces its weight, making the overall structure lighter and saving on construction 

mailto:arifav13@gmail.com
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materials; (c) Optimal Use of Materials: They're efficient because they make the most out of 

existing beam profiles; (d) No Need for Extra Plates: They don't require additional plating, which 

simplifies construction; and (e) Space for Services: They allow for the passage of utilities and other 

services. The corrugated design of the web serves as a safeguard, preventing the web from failing 

prematurely before the beam section reaches its yield capacity.  This design ensures that the beam 

maintains stability and deforms transversely only after reaching its full load-bearing potential. The 

corrugation geometries of rectangular, trapezoidal, triangular, and sinusoidal are possible. In recent 

years, trapezoidal and sinusoidal corrugations have increasingly become the preferred choices 

among structural designers. The incorporation of corrugated steel webs in bridges results in reduced 

seismic stresses and lighter substructures, facilitating cost-effective and straightforward 

construction. Despite requiring fewer stiffeners, the corrugated steel web exhibits superior out-of-

plane stiffness and shear buckling resistance compared to the flat steel web, thereby significantly 

reducing material and labor costs for fabrication. 

Castellated beams achieve an impressive strength-to-weight ratio and offer significant 

material cost savings. By cutting and rejoining the web for pattern members, they effectively 

increase the depth of the beam compared to its original section, enhancing its overall performance. 

 

a) Cutting the web of parent, I section 

 

b) Separating, relocating and rotating one of the components 

 

  c) Rejoining the two segments through welding 

Fig 1. Castellated Beam- Hexagonal Opening, 

Castellated beams are constructed from wide-flange I-beams. The web of the section is 

severed by flame along the horizontal x-x axis in a "Zigzag" configuration as depicted in Figure 1. 

Subsequently, the two segments are fused together to yield a beam of increased depth featuring a 

hexagonal aperture in the web. This outcome enhances the beam's sectional modulus and bending 

stiffness without a corresponding weight increment. Nonetheless, the introduction of apertures in 

the web will alter the structural performance of the beam compared to that of plain-webbed beams. 

II. INVESTIGATION OF CASTELLATED BEAM 

Advantages and Applications of Castellated Beams 

1. Castellated beams find widespread acceptance in industrial structures, power facilities, and 

high-rise buildings due to their advantageous affordability in labor expenses. 
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2. Regarding structural efficacy, the process of dividing and enlarging rolled sections aids in 

augmenting the section modulus of the beams. 

3. Increased load-carrying capacity of the beam and stiffness, leading to improved strength 

without additional weight. 

4. Web holes increasingly serve functional purposes for accommodating piping, conduits, and 

ductwork in modern construction. 

5. Castellated beams are efficient for moderately loaded longer spans, offering increased vertical 

bending stiffness. 

6. Due to their elevated strength-to-weight ratios and reduced maintenance expenses, they have 

the capability to substitute built-up girders. 

7. Widely used in light to medium constructions for medium to long spans, both as secondary or 

main units. 

NUMERICAL PARAMETRIC STUDY  

A. Basic Terminology of Castellated Beam 

For the parametric study, the corrugated castellated beam model was prepared from the parent I 

beam section. Figure 2 provides the terminology utilized in the analysis and design of castellated 

beams, while Table 1 presents their dimensions 

a  

Fig 2. Typical cross-section of the beam 

Table 1: Parameter of hexagonal castellated beam 

Parameter (mm) 
 

The total depth of castellated beam  D 135 

Depth of the opening  Do 50 

Width of the flange of castellated beam  b 50 

Distance between the two perforations measured from centre to centre  S 99 

Clear distance between two perforations  e 30 
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The thickness of the flange of castellated beam  tf 5 

Web thickness of the flange of castellated beam  tw 5 

 

In this study, an I-section (914mm x95mm x 50mm) beam has been used. Given its castellated 

nature, two types of apertures are implemented within the web of the beam: hexagonal and 

rectangular opening shapes. Following the specifications outlined in Euro Code 3 [7], a castellated 

beam measuring 914mm x 135mm x 50mm was fabricated, featuring an overall thickness of 5mm. 

Further details regarding the geometry can be found in Table 2, as illustrated in Figure 3. 

Table 2: Geometrical specifications of I-beam 

Item Value (mm) 

Beam Height  95 

Beam Length 914  

Web & Flange Thickness 5 

Flange Width 50 

  

The beam is constructed using the ABAQUS® CAE software. Figure 3 shows the 3D view of the 

I-section beam 

 

Fig 3. 3D view of I-section beam 

B. Basic Terminology of Trapezoidal Corrugated Beam 

The Corrugated web beams consist of the trapezoidal corrugated web having 450 corrugations. The 

side view and top view of a typical trapezoidal web profile are shown in Figure 4. 
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Fig 4. The configuration of trapezoidal corrugated web 

Table 3: Corrugation details 

 

Corrugation details  

α 450 

a 32 mm 

b 17 

c 26.25 

d 20 

tw 5 

 

IV.MATERIAL PROPERTIES AND MODELLING 

In this study, the finite-element method (FEM) using ABAQUS® CAE software was done on a 

corrugated castellated beam. The span length of the beam was considered to be 914 mm. Figure 5 

illustrates the two distinct types of web openings employed in this research, which are rectangular 

and hexagonal. The material characteristics of the utilized substances are detailed in the subsequent 

table 4. 
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Table 4: Material specifications for the beam model 

Material Properties Specification 

Material Used Structural Steel 

Density 7850 kg/m3 

Young’s Modulus 200 GPa 

Tensile Yield Strength 250 MPa 

Compressive yield strength 250 MPa 

Poisons Ratio 0.3 

 

 

 

                      (a)                                           (b)   

 (c) 

Fig.5 The proposed web opening (a) Hexagon (b) Rectangle (c) without opening 

Table 5: Geometric properties of web opening 

 
1 2 

Model TWHC TWRC 

Web opening type hexagon Rectangle 

Width of opening (mm) 32 32 

Area opening (mm2) 2660.43 2660.43 

Center to center distance (mm) 99 99 

No of opening 8 8 
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Cutting area per opening is considered the common parameter among the two types of 

openings. In this study, it is considered that the geometrical shape would be the parameter to select 

the opening type’s name, not the size. To understand the effect of a particular shape of the opening, 

it is necessary to try the shape with different sizes. Figure 7. shows the rectangular and hexagonal 

open openings in the web of a castellated beam. The configuration of these specimens has been 

indicated in Figure 6 

Fig.6. (a) To make trapezoidal corrugation in the web. (b) Cutting the web of the Parent I 

section, (c) Separating, shifting & rotating one of the parts and (d) Rejoining the two parts by 

welding. 

The built-up I-section, with dimensions identical to 85 mm, served as the parent section and is 

detailed in Figure 3. Additionally, two built-up sections represented castellated beams with a 

corrugated web. Furthermore, there was a trapezoidal corrugated steel web beam, with 

specifications provided in Table 5. The configuration of these specimens is illustrated in Figure 7. 

 

a) Trapezoidal web Hexagonal castellated - TWHC 

 

b) Trapezoidal web rectangular castellated TWRC 

 

c) without opening TW 

 

Fig 7. Models of  a) TWHC b) TWRC c) TW 

V. MESHING  

Meshing is an essential property of the model that defines the entire geometry, which is 

divided into smaller elements to obtain an accurate result. The finer the mesh, the more accurately 

the 3D model will be defined. In this study, the meshing was done using the mesh module of the 
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ABAQUS® CAE. Customized meshing was used for the analysis to obtain accurate results and to 

avoid numerical errors. The generated mesh for different openings is shown in Figure 8.  

 

  

 

 

Fig 8. Meshing of the model beam with various openings and without opening 

 

VL.  RESULTS AND DISCUSSION 

A. Stress analysis 

The behavior of corrugated castellated beams was studied. A four-point bending configuration 

is adopted for analysis of the behavior of the corrugated castellated beam. The numerical model 

constructed in ABAQUS® CAE software 

Initially, the I-beam was analyzed without any openings to compare the results with the other 

models that have openings on the web. The result is shown in Figure 9. 

 

. 

a) Without opening (Trapezoidal corrugated web – TW) 

 

b)  TWRC  
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c)  TWHC 

 

 

d) I beam 

 

Fig 9. Equivalent stress of a) Trapezoidal corrugated web – TW, b) TWRC, c) TWHC & d) I beam 

 

B. Deformation analysis 

The deformation analysis of corrugated castellated beams involves evaluating the structural 

response of beams with corrugated webs and various web openings under loading conditions. This 

type of analysis helps in understanding how the beam deforms, including aspects such as total 

deformation, flexural behavior, and the efficiency of different web configurations. The flexural 

behaviour of the castellated beam was examined under loading in the preceding section for TWHC, 

TWRC 1, and TWRC 2. In this section, total deformation was obtained. The result is shown in 

Figure 10. 

 

Table 6: comparative behavior of corrugated castellated beam with and without opening 

 

a) 
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c) 

 

 

d) 

Fig.10. Total deformation of a) Trapezoidal corrugated web – TW, b) TWRC, c) TWHC & d) I beam 

 

Sl. 

no 
Specimen Critical load (kN) Weight (kg) Strength / weight 

1 I B 34.83 8 4.35 

2 TW 44.44 9 4.94 

3 TWHC 39 7.95 4.91 

4 TWRC 41.6 7.95 5.23 
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Table 6 presents the load-bearing capacity and weight of various corrugated web castellated 

steel beams. Among these, the TW configuration exhibits the highest load-bearing capacity. 

However, its strength-to-weight ratio is considerably lower than that of the standard I-section 

beam. In contrast, the TWRC configuration demonstrates the highest strength-to-weight ratio, 

indicating a more efficient structural performance relative to its weight. 

 

 

Fig.11 Load deformation graph 

 

VII.   CONCLUSIONS 

In this study, the finite element method is employed to analyze an I-beam of specified length, 

incorporating various web openings on the beam’s web to evaluate the effectiveness of castellated 

beams with corrugated webs. The findings derived from the analysis presented in this paper lead 

to the following conclusions. 

• The load-bearing capacity of the castellated beam with and without openings (rectangle and 

hexagon) was compared with the I beam.  

• Hexagon web opening TWHC had higher Material savings with an increase of 13 % 

compared to I beam. 

• The strength-to-weight ratio ranges from 4.35 to 5.23 across the specimens, among these 

shapes, TWHC showed higher strength-to-weight ratio of 5.23. 

• It was observed that TWRC had greater load-bearing capacity compared to the I beam. The 

Trapezoid web design excels in critical load, and also TWHC showcases higher material 

savings, (13%). 

• The TWRC strikes a balance with a competitive weight-strength ratio of 11.67%. 
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Abstract— Glulam, a sustainable manufactured wood product, is gaining prominence for its 

numerous advantages. The current study employed an analytical approach using a finite element 

model developed in ANSYS Workbench 2023 R2 to investigate the flexural properties of glued 

laminated timber beams (glulam) compared to solid T beams. The research focused on assessing 

the impact of different lamina thicknesses on glulam beams, using Larix wood. Glulam beams 

were categorized into three groups based on lamina thickness: 30 mm, 15 mm, and 10 mm. 

Additionally, solid T beams were modelled for comparison. Both solid wood and laminated wood 

of Larix species were analysed in ANSYS 23.2.  

Keywords— Glulam Beam, Bending 

INTRODUCTION  

Wood is a very old material that people have been using for construction for a long time. It's 

one of the oldest materials still used in construction. This material has been used for thousands of 

years before concrete and steel used in construction. Nowadays, timber still used in construction 

because of its eco-friendly nature, recyclability, light weight and also it is easier to transport, 

produce, and handle.Today, timber continues to be utilized in construction because of its eco-

friendly nature, recyclability, and lightweight yet strong properties, which make it easier to 

transport, produce, and handle.Timber also can give more variation in architectural design due to 

its aesthetic qualities and its flexibility can benefits more for the building during earthquake rather 

than conventional materials such as steel and concrete. 

Glued-laminated timber is made by gluing graded sawn timber pieces to create a strong 

engineered product. The wood products used in construction can be grouped into structural timber, 

which are boards sawed from logs harvested from the forest, and engineered wood products (EWP), 

which are usually made from wood in the form of swan lamellas, veneers, particles, or fibres, 

usually glued together with some kind of adhesive. Typical EWP products are: glued laminated 

timber (GLT), laminated veneer lumber (LVL), fibreboards, oriented strand boards (OSB), 

plywood, and cross-laminated timber (CLT). The thickness of individual laminations may not 

exceed 50 mm. The advantage of glulam is shorter lengths of commercially available sawn timber 

can be structurally end jointed with adhesives to produce the required full-length laminations. 

Glulam offers the additional advantage of virtually unlimited flexibility in shape and size. 
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Glued laminated timber or glulam is a construction material crafted through a precise 

manufacturing process that capitalizes on the strength and durability of wood. It commences with 

the selection of superior softwood lumber, which is then processed into uniform laminations of 

specific thickness. These laminations undergo careful grading to ensure consistent quality with any 

defects like knots or splits being meticulously removed. It ensures structural integrity, uniform 

stress distribution, optimal adhesive bonding, dimensional stability, aesthetic appeal, and 

compliance with industry standard and also to prevent issues such as warping, the moisture content 

of the laminations is controlled. High-strength adhesives are then applied to the surfaces of the 

laminations and they are stacked in a parallel arrangement to ensure uniform strength properties. 

Each type of glue requires a certain temperature and compression to cure. Besides the quality of the 

glue, this curing process defines the quality of the end product. If the glue is not cured well, the glue 

laminated timber can delaminate after a certain period of time. Hydraulic presses exert pressure 

during the curing process, creating a robust bond. After curing, the glulam beams are shaped, sized, 

and undergo quality control inspections. All glue laminated timber products are checked one last 

time during packaging to ensure a flawless high-quality product. Depending on the application and 

aesthetic requirements, glulam beams may receive surface finishes or treatments such as sanding or 

coating for enhanced performance. This process yields structurally sound, aesthetically pleasing, 

and environmentally sustainable construction elements, often used as beams, columns, or trusses in 

a wide range of architectural and structural projects. 

FINITE ELEMENT  MODELLING 

P. Description of Experiment 

In this experiment, T-shaped glulam beams with various lamina thickness (30 mm, 15mm and 

10 mm) and solid T-beams is considered. The objective of this study is to assess the flexural 

properties of T-shaped glulam timber beams and its comparison with solid T-beams. Its focus lies 

in analytically determining whether laminated wood could effectively replace solid wood. A two-

point bending test was performed to determine the bending behaviour of glulam beams.  

Q. Material and modelling 

In this analytical investigation, finite element analysis was carried out employing the ANSYS 

version 23.2 software for the study. Table I provides the dimensions of the model, while the 

different dimensions of the specimens are indicated in Figure 1. All the models in this study are of 

same dimension. 

TABLE I. DIMENSIONS OF MODEL 

l (mm) b (mm) h (mm) t1 (mm) t2 (mm) 

2300 225 330 25 30 
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Fig. 1. Dimension of T beam 

The glulam beam constructed from laminated engineered wood products, exhibits anisotropic 

plastic deformations. Table II details the mechanical properties of glulam, while Table III presents 

the properties of glue. Wood demonstrates orthotropic behavior with considerations for three 

primary directions: longitudinal, tangential, and radial. This orthotropy is characterized by three 

moduli of elasticity (E1, E2, and E3), three moduli of rigidity (G1, G2, and G3), and three Poisson's 

ratios. 

TABLE II. MECHANICAL PROPERTY OF GLULAM 

Elastic modulus (MPa)   E1 12690 

E2 954.1 

E3 528.8 

Shear modulus (MPa) G1 954.1 

G2 791.2 

G3 46.5 

Poisson’s ratio υ1 0.3 

υ2 0.3 

υ3 0.4 

Density (kg/m3)  670 

Yield strength (MPa)  71.75 

 

TABLE III. PROPERTIES OF GLUE 

Description Value 

Elastic modulus (MPa) 471 

Poisson’s ratio 0.3 

 



International Conference on Recent Advancements in Science and Engineering (RAISE’24) 

 

64  

 

Fig. 2. Solid T beam 

 

  

Fig. 3. T-shaped beam with lamina thickness of 30mm 

 

Fig. 4. T-shaped beam with lamina thickness of  15mm 

 

Fig. 5. T-shaped beam with lamina thickness of  10mm 

In this study, the initial finite element model focuses on solid wood simulated using ANSYS 

23.2. To enhance the accuracy of the numerical simulation in static structural analysis, various mesh 

sizes were evaluated. The model incorporates engineering data such as density, orthotropic elastic 

properties and strength properties. Geometry construction was achieved using ANSYS sketching 

and extruding tools. Loading and support conditions were applied to the top and bottom faces of 

the wood respectively using the projection tool on a new plane. 

Mesh refinement was iteratively performed to improve accuracy, utilizing the sweep method 

with 250 divisions. Each loading point experienced a force of 0.5F kN, where F represents the total 

force applied. For both the wood laminations and the adhesive layers in the glulam beam, a non-
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linear material law from ANSYS was implemented. The interface between laminas utilized poly 

urethane glue, with a thickness of 0.5mm. Given the minimal thickness of the glue compared to the 

lamina thickness, a bonded contact connection, an ANSYS feature, was applied to effectively 

simulate the glue's effect. 

RESULTS AND DISCUSSIONS 

R. Computational results 

The computational results are presented in the following figures. These diagrams illustrate 

the total deformation and equivalent von Mises stress for the T-shaped solid beam and T beam with 

varying lamina thicknesses under load as analyzed in the finite element models included in the 

study. 

Fig. 6. Total deformation diagram of solid T beam 

 

Fig. 7. Von-mises stress diagram of solid T beam 

 

Fig. 8. Total deformation diagram of 30mm thick laminated wood 
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Fig. 9. Von-mises stress diagram of 30mm thick laminated wood 

 

Fig. 10. Total deformation diagram of 15mm thick laminated wood 
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Fig. 11. Von-mises stress diagram of 15mm thick laminated wood 

 

Fig. 12. Total deformation diagram of 10mm thick laminated wood 

 

Fig. 13. Von-mises stress diagram of 10mm thick laminated wood 

 

Following the modeling of solid wood and laminated wood in ANSYS, they undergo static 

structural analysis. Subsequently, diagrams depicting the equivalent von Mises stress and 

corresponding deformation are generated (Fig. 6 - Fig. 13). In these diagrams, the maximum value 

is represented by red, while the minimum value is depicted in blue. 

S. Load deflection curve 

A load-deflection graph was generated using the obtained values. Following the analysis of 

all models, load-deflection graphs were plotted. These graphs for each laminated model were 

compared with the load-deflection graph of the solid wood model. 
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Analysis of the load-deflection graph reveals that the ultimate load increased by 29.35% for 

the 30mm thick laminated beam and by 13.43% for the 15mm thick laminated beam, compared to 

the solid T beam. Conversely, the ultimate load decreased by 7.46% for the 10mm thick laminated 

beam when compared to the solid T beam. 

CONCLUSIONS 

A finite element analysis of glulam T beams and solid T beam was done. Based on the 

parametric study, the following conclusions have been drawn: 

• The ultimate load increased by 29.35% for 30mm thick laminated beam when compared to solid 

T beam.  

• The 15mm thick laminated beam experienced a 13.43% increase in ultimate load compared to 

the solid T beam.  

• The ultimate load for the 10mm thick laminated beam  decreased by 7.46% compared to the 

solid T beam. 

• 30mm thick laminated beam has greater load bearing capacity compared to solid T beam.  

• With an increase in the number of layers, there is a corresponding increase in deflection, 

whereas the ultimate load tends to decrease. 
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Abstract— Earthquakes have always been a source of great devastation for mankind. 

Nowadays with the fast growth of metropolitan cities, land limitation has become a critical issue, 

thereby resulting in construction of high-rise buildings very close to each other. Such buildings 

are prone to seismic pounding. Different combination of 12 storey and 8 storey building having 

different plan irregularities was considered for the analytical study using ETABS software. The 

pounding effect depends on building characteristics, ground motion characteristics and soil 

structure interaction. The parameters like displacement, impact force, storey shear was determined.  

Keywords— Seismic pounding, plan irregularity, soil structure interaction. 

INTRODUCTION  

Areas with dense populations often feature buildings with insufficient gap distances due to 

commercial and architectural considerations. Insufficient gap distances can lead to adjacent 

structures colliding with each other under seismic loads. The increase of demand in structures and 

decrease in space availability has led to the phenomenon of ‘building at proximity’ [1].If two 

structures have same dynamic property or have sufficient separation gap among each other, the 

ground motion leads to in phase vibration among them and there will not be any sign of pounding 

between them. But, if the ground motion results in out of phase vibration the chance of collision is 

high ,if there is insufficient separation gap among the same. The representation of above-mentioned 

phenomenon is shown in Figure 1. The effects of pounding may range from non-structural to 

structural failures and can even led to total collapse of the buildings.  

 

Fig. 1.  In-phase and out-of-phase vibrations 
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T. Causes and effects of pounding 

The type and severity of damage to structures during pounding vary depending on the intensity 

of the collision. Damage can range from local failures to global collapses. Local failures occur when 

the point of impact between two structures differs in height, number of stories, or phase, especially 

when the shorter structure is less flexible than the taller one. Additionally, local pounding can be 

caused by thermal expansion at construction joints. Insufficient lateral separation between 

neighboring structures or insufficient lateral resistance can also lead to local pounding damage. To 

mitigate the risk of pounding, neighboring structures should have similar dynamic characteristics 

and equal heights. 

Global failures can result from the collapse of damaged floors or the total collapse of an entire 

structure. For example, when the roof of one structure collides with the columns of another, the 

columns may sustain localized damage. To prevent structural pounding, it is necessary to either 

provide sufficient separation between structures or design the structures to withstand the additional 

forces resulting from pounding.  

 

Fig .2. Effect of pounding high rise buildings 

OBJECTIVES 

• To analyze the pounding effect by considering plan irregularity of RC structure. 

• To study the soil structure interaction effect on pounding in irregular structure.  

METHODOLOGY 

Developing modal using Commercial finite element analysis Software ETABS. Then load 

cases and time history function were defined to perform time history analysis. Time history 

analysis of a 12 storey and 8 storey building to find the pounding effect between the building by 

time history analysis for Kobe earthquake is done. The buildings were connected using a 

compression only gap element to simulate pounding. Extracting result like displacement, storey 

drift, storey shear and impact force. 
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BUILDING MODELLING 

For this study, a 12-story building and 8 storey building with 3.75m storey height, regular in 

plan was modelled. These buildings were designed in compliance to the Indian Code of Practice for 

Seismic Resistant Design of Buildings IS1893 part 1 2016 .The buildings were provided with fixed 

base. The buildings were modelled using software  ETABS. 

TABLE I.  BUILDING PARAMETERS. 

No of bays in x direction 4 

No of bays in y direction 4 

Spacing of each bay 5m 

Grade of concrete M25 

Grade of steel Fe415 

Slab thickness 150mm 

Soil type II 

Live load 4𝑘𝑁/𝑚2 
  

Zone IV  

TABLE II.  SECTION PROPERTIES. 

 

U. Gap Element 

Gap element is used to model the pounding force between buildings. Gap element should be 

approximately 10 times stiffer than the lateral storey stiffness of stiffer building. 40 mm gap was 

provided for all models. For no pounding cases the gap provided was 1m. 

 
Storeys Column (mm) Beam (mm) 

12 storey 1-4 650X650 500X600 

5-8 300X600 550X550 

9-12 300X550 450X450 

8 storey 1-4 600X600 300X600 

5-8 500X500 300X550 



International Conference on Recent Advancements in Science and Engineering (RAISE’24) 

 

73  

  

Fig .3. Gap element  

 

 

Fig .4. Plan view (R12-R8) 

 

Fig .5. 3-D View (R12-R8) 

V. Irregularities 

For the combination with the irregular structures the modals with plan irregularity (T, U, H) are 

used.  
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a) R12-T8                               b) R12-U8                          

 

c) R12-H8 

Fig 6. Plane view of a) R12-T8, b) R12-U8, c) R12-H8 

W. Ground motion charecteristics 

The earthquake Kobe was considered for the time history analysis. 

 

Fig 6. Ground motion charecteristics 

X. Soil structure interaction 

   Soil stiffness calculated based on formulas by Richart and Lysmer [10].Effect of soil structure 

interaction is considered by equivalent springs with six degrees of freedom (DOF) 

TABLE III.  PROPERTIEAS OF SOIL[10] 

 Kx, Ky, Kz be the stiffness of equivalent soil springs along the translation degree of freedom along 

X, Y and Z-axes. 

Property / Soil type Hard (S1) Medium (S2) Soft (S3) 

𝛾 (Unit weight) (kN/m3) 21 18.5 17 

G (Shear modulus) (kN/m2) 30000 20000 10000 

𝑣 (Poisson’s ratio) 0.2 0.25 0.3 

∅ (Friction angle) (degrees) 42 37 30 

𝑉𝑠 (Shear wave velocity) 500 275 150 

E (Modulus of elasticity) 72000 50000 26000 
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𝐾𝜙𝑥, 𝐾𝜙𝑦, 𝐾𝜙𝑧 be the stiffness of equivalent rotational soil springs along the rotational degree of 

freedom along X, Y and Z-axes 

TABLE IV.  RICHART AND LYSMER FORMULAS [10] 

Direction Spring value Equivalent radius 

 

Vertical 
𝐾𝑧 =

4𝐺𝑟𝑧

1 − 𝜈
 

𝑟𝑧 = √
𝐿𝐵

𝜋
 

 

 

 

 

Horizontal 

𝐾𝑥 =
32(1 − 𝜈)𝐺𝑟𝑥

7 − 8𝜈
 

𝑟𝑥 = √
𝐿𝐵

𝜋
 

 

𝐾𝑧𝑦 =
32(1 − 𝜈)𝐺𝑟𝑦

7 − 8𝜈
 

 
𝑟𝑦 = √

𝐿𝐵

𝜋
 

 

 

 

Rocking 

𝐾𝜙𝑥 =
8𝐺𝑟𝜙𝑥

3

3(1 − 𝜈)
 

𝑟𝜙𝑥 = √
𝐿𝐵3

3𝜋

4

 

 

𝐾𝜙𝑦 =
8𝐺𝑟𝜙𝑦

3

3(1 − 𝜈)
 

𝑟𝜙𝑦 = √
𝐿𝐵3

3𝜋

4

 

 

Twisting 
𝐾𝜙𝑥 =

16𝐺𝑟𝜙𝑧
3

3
 

𝑟𝜙𝑧 = √
𝐿𝐵3 + 𝐵𝐿3

6𝜋

4

 

 

 

 

Fig 7 Equivalent Spring Stiffness [7] 
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XXII. RESU LT AND DISCUSSION   

 

Fig .8. Impact Force 

 

The modal R12-U8 shows large pounding force at the 8th storey when compared to others modals. 

And this modal has 43% increased value of pounding force when compared to the regular building 

R12-R8. The mass of the colliding buildings increases the effect of seismic pounding. 

 

Fig .9. Story Displacement 12 Storey 

 

Fig .10. Story Displacement 8 Storey 
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The maximum displacement of the 12-storey structure subjected to pounding shows less than 

the building subjected to no pounding case. As a result of pounding the 8-storey building in the 

modal R12-T8 (T shape building) shows maximum displacement when compared to other models. 

The storey shear forces is decreased by around 3.7 times when different irregular structure 

compared in 12 storey and 8 storey building shown in fig 11. However, the decrease in the shear 

force leads to increase in the pounding force 1.5 to 4 times in different structures. 

 

Fig .11. Story shear 

 

Fig .12. Impact force 

From soft to hard soil, maximum pounding force is increased by around 30% to 40% and 

very large value of pounding force is shown in T shape building in hard soil. 

CONCLUSIONS 

The structural response of buildings varies significantly when considering the effects of 

pounding compared to no pounding cases.  This study examines the seismic behaviour of mid-rise 

reinforced concrete (RC) frame buildings, taking into account irregularities and the impact of 

pounding between adjacent structures.  
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• Pounding forces are highest near the top of the adjacent buildings. 

• In U-shape building (R12-R8) the impact force was increased 43% than the regular model 

R12-R8. 

• Low rise buildings experience greater displacement during pounding and are more 

susceptible to damage than adjacent high-rise buildings The displacement at the top floor of 

the T shape and H shape building shows very large displacement. 

• The pounding forces increases as the soil stiffness changes from soft to hard. 

• In contrast, the adjacent buildings with H-shaped plan irregularity show relatively less 

pounding effect. 
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Abstract— Bridges are ensuring the smooth flow of goods and people. The seismic 

performance of bridges, especially those with unique geometries such as T-beam bridges with zero 

skew angles, is of paramount importance in earthquake-prone regions. This project presents a 

comprehensive analysis of a T-beam bridge with a 10⁰ to 50⁰ skew angle.  

The study encompasses several key aspects: Detailed documentation of the bridge's 

geometry, materials used, and construction techniques employed in the T-beam bridge under 

consideration. Development of a finite element model to represent the T-beam bridge accurately, 

comparison by varying the skew angles  

Application of various seismic ground motion records to simulate the bridge's response under 

earthquake-induced loading.  

Assessment of the bridge's performance using performance metrics such as moment, shear 

and torsion levels.  

Keywords— Skew angle, T beam bridge, Skew bridge, torsion, shear, moment 

INTRODUCTION  

Concrete is used for construction of most of the buildings and bridges in India it can be called 

as back-bone to the infrastructural development of the nation. A concrete T-beam bridge is a 

fundamental and widely used structural engineering marvel that plays a pivotal role in modern 

transportation infrastructure. It represents a robust and efficient solution for spanning rivers, roads, 

railways, and other obstacles, facilitating the smooth flow of traffic and commerce. Characterized 

by its distinctive T-shaped cross-section, this type of bridge combines the advantages of both 

reinforced concrete and steel to create a durable and economical structure. From their origins to 

their contemporary significance, these bridges have left an indelible mark on civil  

 If a road alignment crosses a river or any other obstruction at an inclination different from 

90°, a skew crossing may be necessary. Skewed bridges are one of the most economical and 

satisfying construction. 
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METHODOLOGY 

A. Description of T beam bridge 

A 4 lane concrete bridge of 72m long was modelled and designed in CSI bridge software. Lane 

width was 3.65 m each. Grade of concrete used here is M30 

 

Table No.1 Sectional details 

PROPERTY VALUES 

TOTAL DEPTH 1.5m 

TOTAL WIDTH 14.6m 

ABUTMENT DIMENSIONS 2m x 4m 

PILE DIAMETRE 1.5m 

NUMBER OF CAPBENT  2 

CAPBENT DIMENSIONS 1.5m x 2m 

NUMBER OF COLUMNS 4 

DECK SECTION TEE BEAM 

COLUMN HEIGHT 10m 

CAPBEAM LENGTH 14.6m 

B. Description of girder 

 

Table No. 2 girder detail 

Number of interior girder 4 

Depth above flare (l3) 0.7m 

Flare depth (l4) 0.3m 

Thickness of flare (t) 0.35m 

Overhanging length 0.25m 

Overhanging thickness 0.5m 
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C. Loading description 

Table No 3 loading 

LINE AND AREA LOAD 

TYPE VALUE 

Borders 1600 N 

Pedestrians 1840 N 

Sidewalk 720 N 

Railings 2000 N 

Asphalt 880 N 

D. Skew Angle 

Skew angle typically refers to the deviation or tilt of an object, often measured in degrees, 

from its usual or expected orientation. This term is commonly used in various fields such as 

engineering, mathematics, and physics. 

In engineering and construction, skew angle commonly refers to the angle at which a 

structural element, such as a beam or column, is positioned relative to a reference axis. For example, 

in bridge construction, the skew angle is the angle at which the axis of the bridge deck deviates 

from a perpendicular alignment with the supporting piers or abutments. It's essential to consider 

skew angle in design and construction to ensure structural stability and load-bearing capacity. 

In mathematics, skew angles can also be encountered in geometry, where they describe the 

angular relationship between two lines or planes that are not parallel or perpendicular to each other. 

For instance, in the context of 3D geometry, the skew angle between two non-intersecting lines or 

planes determines the degree of deviation from parallelism. 

Understanding skew angle is crucial in various practical applications, including structural 

design, geometric calculations, and spatial analysis, as it provides insights into the orientation and 

alignment of objects in relation to their surroundings. 

E. Variation in skew angles 

A skew bridge is a type of bridge that spans an obstacle such as a river, road, railway, or other 

terrain feature at an angle other than 90 degrees. Fig 1 shows plan of skew bridges in 5 different 

skew angles. 
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Fig.1. Skewed model 10 ̊,20̊ ,30 ̊,40 ̊,50 ̊

 

RESULT AND DISCUSSIONS 

F. Response in T beam bridge due to dead load 

As the skew angle increases, the load distribution across the bridge changes. With a higher 

skew angle, the load tends to distribute more evenly across the structure, reducing localized stress 

concentrations that could lead to torsion. 

In many cases, increasing the skew angle may result in a more symmetric load distribution. 

This symmetry can help balance out forces acting on the structure, reducing the overall torsional 

effects. 

Higher skew angles may introduce additional support mechanisms or structural elements that 

help stabilize the bridge against torsional forces. This could include diagonal bracing or 

modifications to the bridge design that mitigate torsion. 

From fig 4, the graph shows variation of moment shear and torsion when skew angle is 

increased from 10 to 50 degree. 
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Fig.2. Graph showing Response due to dead load 

G. Response in T beam bridge due to service load 

❖ Torsion and shear forces in a skew bridge are primarily affected by load distribution and bridge 

geometry. 

❖ Fig 3 shows, A lower skew angle, like 10 degrees, leads to a more even distribution of these 

forces along the bridge's length, reducing their magnitudes, This minimizes torsional and shear 

effects.  

❖ On the other hand, bending moments are influenced by load distribution and the moment arm 

between the load and bridge supports. However, excessively high skew angles can reduce the 

effective width of the bridge deck, which contributes to resisting bending moments.  

❖ Hence, an optimal skew angle for minimizing bending moments might be around 50 degrees, 

where the benefits of reducing the moment arm outweigh the reduction in effective width. 

 

 

Fig 2: Graph showing Response due to service load 

IV   CONCLUSIONS 

• T Beam bridge experience increase in moment and shear with increasing skew angles, 

although torsion initially increases up to 40 degrees but then decreases as the skew angle 

approaches 50 degrees.  

• This trend is followed under both dead load and service load. 
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• Additionally, while both exterior and interior girders experience an increase in torsion with 

increasing skew angles, the interior girder exhibits a higher torsion due to the net effect.  

• At very high skew angles, the alignment of the forces may change in a way that is more 

favorable for the piers.  

REFERENCES 

[56]  YATI AGGARWAL (2014) “Analysis of concrete box girder bridges using csi bridge 2014” 

Bulletin of Earthquake Engineering 21 (1), 319-34 

[57]  S Maleki et.al (2002) “Deck modeling for seismic analysis of skewed slab-girder bridges”. 

Journal of Bridge Engineering Volume 24, Issue 10, October 2002,   Pages 1315-1326. 

[58]  S. Maleki (2006) “Orthogonal effects in seismic analysis of skewed bridges” Journal of Bridge 

Engineering Volume3, Issue 5, October 2006, Pages 1315-1326. 

[59]  JY Meng et.al (2000) “Seismic analysis and assessment a skew highway bridge” Volume 22, 

Issue 11, November 2000, Pages 1433-1452. 

[60]  M Mallick et.al (2015)  “Seismic analysis of highway skew bridges with nonlinear soil–pile 

interaction” volume 23,issue 23.  

[61]  Nikhil v. deshmukh1, Dr U.P waghe (2016) “Analysis and design of skew bridges” 

International journal of science and research Volume 2, Issue 12 (August 2012), PP. 13 

 



International Conference on Recent Advancements in Science and Engineering (RAISE’24) 

  

85 

 

Comparative Study of Reinforced Concrete Using Human 

Hair and Aluminium Fibers 
 

Shahla Thasni P 

Student  

Dept. of Civil 

Engineering,  

AWH Engineering 

College,  Kuttikkattoor, 

Kozhikode, Kerala, 

India 

Sandra E  

Student  

Dept. of Civil 

Engineering,  

AWH Engineering 

College,     Kuttikkattoor, 

Kozhikode, Kerala, 

India 

Najil N 

Student  

Dept. of Civil 

Engineering,  

AWH Engineering 

College,  Kuttikkattoor, 

Kozhikode, Kerala, 

India 

Muhammed Saneed PP  

Student  

Dept. of Civil 

Engineering,  

AWH Engineering 

College,  Kuttikkattoor, 

Kozhikode, Kerala, 

India 

Jithma T  

Assistant Professor 
Dept. of  Civil Engineering,  

AWH Engineering College,  Kuttikkattoor, 
Kozhikode, Kerala, India 

 

 Abstract— This study investigates the efficacy of human hair and aluminum fibers as 

reinforcements in concrete, analyzing their impact on compressive, flexural, and tensile strengths. 

Different fiber percentages (0%, 0.5%, 1%, and 1.5% by weight of cement) are systematically 

incorporated into concrete mixtures. Compressive strength tests on cubes, flexural strength 

assessments on beams, and tensile strength evaluations on cylinders reveal insights into the 

material's load-bearing, bending, and stretching capacities. Results indicate a gradual strength 

increase in human hair fiber reinforced concrete (HHFRC) up to an optimal percentage, while 

aluminum fiber reinforced concrete (AFRC) shows significant enhancement at higher fiber 

content. AFRC's superior mechanical properties stem from aluminum fibers high tensile strength 

and stiffness, enhancing bond formation and resulting in denser, stronger concrete. These findings 

inform the selection of fiber reinforcement for concrete structures, tailored to specific project 

needs 

Keywords: Fiber Reinforced Concrete, Human Hair Fiber, Aluminium Fiber Reinforced Concrete, 

Compressive Strength, Flexural Strength, Split Tensile Strength  

1. INTRODUCTION 

Concrete has been a cornerstone of construction for centuries, renowned for its compressive 

strength and durability. However, its inherent weaknesses, particularly in tension, have spurred 

continuous innovation in the field of structural engineering. One such innovation is Fiber 

Reinforced Concrete (FRC), which enhances the mechanical properties of traditional concrete by 

incorporating various types of fibers into the cement matrix. These fibers, ranging from steel and 



International Conference on Recent Advancements in Science and Engineering (RAISE’24) 

  

86 

 

glass to natural materials like human hair, impart increased tensile strength, ductility, and crack 

resistance to the concrete composite. 

The advent of Fiber Reinforced Concrete (FRC) marks a significant advancement in 

construction materials and techniques. Traditional concrete, while excellent in compression, is 

susceptible to cracking and failure under tensile stresses. FRC addresses this vulnerability by 

dispersing fibers throughout the concrete matrix, providing additional reinforcement and 

mitigating the propagation of cracks. This composite material exhibits enhanced mechanical 

properties, making it well-suited for a wide range of structural applications. 

Among the diverse array of fibers used in FRC, human hair emerges as a unique and 

promising reinforcement material. Composed primarily of keratin, a proteinaceous substance, 

human hair exhibits remarkable tensile strength and flexibility. This natural fiber, often considered 

a waste product, offers an environmentally friendly and cost-effective alternative for reinforcing 

concrete. By harnessing the inherent properties of human hair, researchers aim to not only improve 

the performance of concrete structures but also address concerns related to waste management and 

sustainability. 

In parallel, aluminum fiber reinforced concrete (AFRC) represents another innovative approach to 

enhancing the mechanical properties of concrete. Aluminum fibers, characterized by their 

lightweight nature and corrosion resistance, offer unique advantages in concrete reinforcement. 

When incorporated into the concrete mix, these fibers augment tensile strength, durability, and 

resistance to cracking. The utilization of aluminum fibers opens up new avenues for structural 

design and construction, particularly in applications where weight reduction and corrosion 

resistance are paramount considerations. In this study, we embark on a comprehensive exploration 

of Fiber Reinforced Concrete (FRC), with a specific focus on the utilization of human hair and 

aluminum fibers as reinforcement materials. By examining the interplay between fiber type, 

content, and concrete mix design, we aim to contribute valuable insights to the ongoing discourse 

on sustainable construction practices and materials innovation. 

METHODOLOGY 

In our experimental setup, we adhered to Indian Standard (IS) codes to ensure the suitability 

of human hair and aluminum fibers for concrete reinforcement. Following material assessment, 

concrete mixtures were meticulously designed to achieve M25 grade concrete. The casting 

process involved careful preparation of moulds and precise hand compaction to minimize air 

voids. Subsequent curing for 28 days facilitated optimal strength development. Tests for 

compressive, flexural, and tensile strengths were then conducted on specimens with varying 

percentages (0%, 0.5%, 1%, and 1.5% by weight of cement) of human hair and aluminum fibers, 

along with plain concrete specimens for comparison. The findings from these experiments 

contribute valuable insights into the effectiveness of different fiber percentages in enhancing 

concrete's mechanical properties. 
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MATERIALS AND PROPERTIES 

Materials used are OPC, river sand, 20mm sized coarse aggregate, human hair, aluminium 

fiber and water 

A. Cement (OPC) 

We opted for Ordinary Portland Cement (OPC) Grade 53 due to its exceptional strength 

characteristics. Extensive testing revealed a fineness of 3%, consistency of 31%, specific gravity 

of 3.15, and an initial setting time of 55 minutes. These parameters ensure the cement meets 

stringent quality standards and provides the necessary foundation for our concrete mixtures. 

B. Fine Aggregate (River Sand) 

River sand serves as our fine aggregate, boasting a specific gravity of 2.56, fineness modulus 

of 2.704, and bulk density of 1.62 g/cm³. With a porosity of 0.37 and void ratio of 0.587, it offers 

excellent properties for enhancing the workability and durability of our concrete structures. 

C. Coarse Aggregate (20mm) 

Our coarse aggregate, with a size of 20mm, underwent comprehensive testing, revealing a 

specific gravity of 2.65, fineness modulus of 7.42 and bulk density of 1.61 g/cm³. Its porosity of 

0.645 and void ratio of 0.392 ensure optimal interlocking within the concrete matrix, contributing 

to structural integrity. 

D. Aluminum Fiber and Human Hair Fiber: 

Aluminum fibers, with a silvery appearance and size ranging from 40mm to 50mm, along 

with human hair fibers of similar dimensions (40mm to 50mm) and diameter (100-120 µm), are 

incorporated into our concrete mixtures. These fibers, added in proportions of 0.5%, 1%, and 

1.5% by weight of cement, work synergistically to reinforce the concrete and enhance its 

mechanical properties, ensuring resilience and longevity. 

MIX DESIGN 

Our mix design, tailored for Grade M25 concrete, utilizes OPC 53 grade cement, with a 

maximum nominal aggregate size of 20mm. With a minimum cement content of 300 kg/m³ and a 

maximum water-cement ratio of 0.50 our concrete achieves optimal strength and workability. 

Good quality control and moderate exposure conditions further guarantee the durability of our 

structures. 

Table 1: Mix preparation 

Cement (kg) Fine aggregate (kg) Coarse aggregate (kg) Water (liter) 

394 662.135 1113.95 197 

1 1.68 2.83 0.5 
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EXPERIMENTS CONDUCTED 

A. Compressive strength 

Compression testing involves subjecting small cubes, typically 150 mm x 150 mm x 150 

mm, to axial pushing forces to measure their compressive strength. 

B. Flexural strength 

The flexural strength test assesses the ability of concrete beams, typically sized at 100 mm 

x 100 mm x 500 mm, to withstand bending without breaking. 

C. Split tensile strength 

Split tensile strength evaluates its ability to withstand tensile forces perpendicular to the 

direction of compression. Cylindrical specimens, usually measuring 150 mm x 300 mm, are tested 

under a split tensile testing machine 

These tests, conducted after 28 days of curing. 

VI. RESULT AND DISCUSSION 

A. Compressive strength  

Human hair-reinforced concrete showed significant improvements in compressive 

strength. Compared to conventional concrete at 0.5 % hair content, strength increased by 6.6% 

and at 1% content, it increased by 14.48%. At 1.5%, strength slightly decreased, suggesting 

excess fiber may compromise strength due to clustering or uneven dispersion. 

Table 2: Compressive strength result of human hair fiber reinforced concrete 

1) Sl 

No. 

2) Hair % 

(by weight of 

cement) 

added in 

concrete. 

3) Compressive 

strength N/mm2 

4) 1 5) 0 6) 33.77 

7) 2 8) 0.5 9) 36.05 

10) 3 11) 1 12) 38.66 

13) 4 14) 1.5 15) 34 
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Fig 1: Compressive strength test result of human hair reinforced concrete 

The addition of aluminum fibers to concrete significantly boosts compressive strength, 

peaking at 1.5% content. With 0.5% aluminum fibers, strength increased by 12.57% compared to 

conventional concrete. At 1%, there was a 27.74% increase, while at 1.5%, it increased 31.6%. 

This underscores aluminum fibers' effectiveness in reinforcing concrete, with the greatest 

enhancement seen at 1.5% content. 

Table 3: Compressive strength test result of aluminium fiber reinforced concrete 

16) Sl No. 17) Aluminium % (by weight 

of cement) added in concrete. 

18) Compressive strength N/mm2 

19) 1 20) 0 21) 33.77 

22) 2 23) 0.5 24) 38 

25) 3 26) 1 27) 41.11 

28) 4 29) 1.5 30) 44.44 

 

 

             

Fig 2: Compressive strength test result of aluminium fiber reinforced concrete  
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B.  Flexural strength 

The flexural strength of human hair-reinforced concrete increases consistently with the 

addition of hair fibers, peaking at 1.5% content. With 0.5% hair fibers, strength increased by 

13.31% compared to conventional concrete. At 1%, the increase was 9.72%. The optimum 

enhancement occurred at 1.5% hair content 16.28% increase over conventional concrete. This 

consistent improvement underscores the reinforcing effect of human hair fibers in the concrete 

matrix, with the highest enhancement at 1.5% content. Figure 3 provides a graphical 

representation of the flexural strength test results. 

Table 4: Flexural strength test result of human hair fiber reinforced concrete 

31) Sl No. 32) Hair % (by weight of 

cement) added in concrete. 

33) Flexural strength 

34) N/mm2 

35) 1 36) 0 37) 7.41 

38) 2 39) 0.5 40) 8.48 

41) 3 42) 1 43) 8.13 

44) 4 45) 1.5 46) 8.617 

 

 

Fig 3: Flexural strength test result of HHFRC 
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Table 5: Flexural strength test result of human hair fiber reinforced concrete 

47) Sl No. 
48) Aluminium % (by weight of 

cement) added in concrete. 
49) Flexural strength N/mm2 

50) 1 51) 0 52) 7.416 

53) 2 54) 0.5 55) 9 

56) 3 57) 1 58) 9.55 

59) 4 60) 1.5 61) 9.639 

 

  The flexural strength of aluminum fiber-reinforced concrete consistently increases with 

the addition of aluminum fibers, peaking at 1.5% content. Incorporating 0.5% aluminum fibers 

results in a notable 21.36% increase compared to conventional concrete. At 1% aluminum fiber 

content, the flexural strength rises by 28.77% indicating a significant enhancement. The highest 

improvement is observed at 1.5% aluminum fiber content, 29.97% increase over conventional 

concrete. This consistent rise underscores the reinforcing effect of aluminum fibers within the 

concrete matrix, with the most significant enhancement at 1.5% content. 

.  

 

 

Fig 4: Flexural strength test result of AFRC 

C.   Split tensile strength  

The table 6 and figure 5 shows the split tensile strength of human hair fiber reinforced 

concrete.  
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Table 6: Split tensile strength test result of human hair fiber reinforced concrete 

62) Sl No. 
63) Hair % (by weight of cement) 

added in concrete. 

64) Split tensile strength 

N/mm2 

1 0 1.87 

2 0.5 1.98 

3 1 2.122 

4 1.5 2.4 

 

The split tensile strength of human hair-reinforced concrete improves with the addition of 

human hair fibers, gradually increasing up to 1.5% content. Incorporating 0.5% human hair fibers 

results in a modest 5.88% increase compared to conventional concrete. At 1% human hair content, 

the split tensile strength rises by 13.48% demonstrating further enhancement. The optimum 

improvement occurs at 1.5% human hair content, 28.34% increase over conventional concrete. 

This gradual increase underscores the beneficial effect of human hair fibers in enhancing the tensile 

properties of concrete, with the highest enhancement achieved at 1.5% content. 

.  

 

Fig 5: Split tensile strength test result of HHFRC 
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Table 7: Split tensile strength test result of aluminium fiber reinforced concrete 

65) Sl No. 
66) Aluminium % (by weight of 

cement) added in concrete. 

67) Split tensile strength 

N/mm2 

68) 1 
69) 0 70) 1.87 

71) 2 
72) 0.5 73) 2.36 

74) 3 
75) 1 76) 2.5 

77) 4 
78) 1.5 79) 2.67 

 

The table 7 and figure 6 shows the split tensile strength aluminium fiber reinforced concrete. 

The split tensile strength of aluminum fiber-reinforced concrete also improves with the addition of 

aluminum fibers, gradually increasing up to 1.5% content. Incorporating 0.5% aluminum fibers 

results in a significant 26.2% increase compared to conventional concrete. At 1% aluminum fiber 

content, the split tensile strength rises by 33.68% demonstrating further enhancement. The 

optimum improvement occurs at 1.5% aluminum fiber content, reaching a split tensile strength 

42.78% increase over conventional concrete. This gradual increase underscores the beneficial 

effect of aluminum fibers in enhancing the tensile properties of the concrete, with the highest 

enhancement achieved at 1.5% content. 

 

 

 

Fig 6: Split tensile strength test result of AFRC 
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D.  Comparative discussion 

When comparing the compressive strength of aluminum fiber-reinforced concrete to human 

hair fiber-reinforced concrete, the percentage increase for a 0.5% addition of fibers is 5.4%. At 

1% addition, aluminum fiber exceeds human hair fiber by 6.3% and at 1.5%, the difference is 

30.7%. The significant increase can be attributed to the optimal percentage of human hair fiber 

added to concrete being 1%, while for aluminum fibers, it extends to 1.5%. Figure 7 shows the 

comparison of compressive strength of HHFRC and AFRC.  

 

Fig 7: Comparison of compressive strength of HHFRC and AFRC. 

When comparing the flexural strength of aluminum fiber-reinforced concrete to human hair 

fiber-reinforced concrete, the increase with a 0.5% addition of aluminum fiber compared to 

human fiber is 6.13%. At 1% addition, aluminum fiber exceeds human fiber by 17.46%, and at 

1.5%, it's 11.82% higher than human fiber. The reason for the 17.46% difference at 1% addition 

is that human hair fiber shows an optimal value, while for aluminum, it's at 1.5%. Figure 8 shows 

the comparison of flexural strength of HHFRC and AFRC. 

 

     Fig 8: Comparison of flexural strength of HHFRC and AFRC. 
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When comparing the split tensile strength of aluminum fiber-reinforced concrete to human 

hair fiber-reinforced concrete, the increase with a 0.5% addition of aluminum fiber compared to 

human fiber is 19.19%. At 1% addition, aluminum fiber exceeds human fiber by 17.81%, and at 

1.5%, it's 11.25% higher than human fiber. In materials like concrete reinforced with fibers, even 

slight differences in the percentage of added fiber can significantly impact the overall strength. 

This is because fibers play a crucial role in reinforcing the concrete matrix, altering its composition 

and structure. Each increment in fiber percentage can lead to notable variations in mechanical 

properties, such as tensile strength. Hence, careful consideration and optimization of fiber content 

are vital for achieving desired concrete performance Figure 9 shows the comparison of split tensile 

strength of HHFRC and AFRC. 

 

     

       Fig 9: Comparison of split tensile strength of HHFRC and AFRC 

CONCLUSION 

Findings reveal that aluminum fiber-reinforced concrete consistently exhibited higher 

compressive strength, flexural strength, and split tensile strength compared to human hair-

reinforced concrete. 

In human hair fiber-reinforced concrete, the optimal percentage is 1%, resulting in 

significant increases in compressive strength by 14.48%, flexural strength by 16.28%, and split 

tensile strength by 28.34% compared to conventional concrete. Conversely, for aluminum fiber-

reinforced concrete, the optimal percentage for compressive strength, flexural strength, and split 

tensile strength is 1.5%, leading to remarkable increases of 31.6%, 29.97%, and 42.78% 

respectively compared to conventional concrete. 

The superior mechanical properties observed in aluminum fiber-reinforced concrete can be 

attributed to the high tensile strength and stiffness of aluminum fibers, which effectively enhance 

the bond between cement paste and aggregates. Additionally, aluminum fiber-reinforced concrete 

results in a denser and more cohesive concrete structure, contributing to its enhanced performance 

compared to hair fiber-reinforced concrete. 
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Aluminum fiber reinforced concrete is widely employed in critical infrastructure projects 

like bridges, tunnels, and highways due to its exceptional strength and durability. It ensures 

structural integrity and longevity, making it suitable for demanding applications. High-rise 

buildings benefit from its superior stability and resistance to seismic activity and wind loads, 

enhancing overall safety. In marine structures, aluminum fiber reinforced concrete's corrosion 

resistance ensures reliability in harsh environments. Industrial facilities utilize it for durable 

flooring, while airports rely on its strength for runways and taxiways. Conversely, human hair 

fiber reinforced concrete offers an eco-conscious option for low-impact projects, with applications 

in artistic installations, DIY projects, and decorative structures. Ongoing research explores its 

mechanical properties and expands its usage in sustainable construction practices. 
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Abstract—The project deals with the planning, analysis and design of a hotel building. The 

site of the proposed building is at Karadi, Thamarassery. The building is aimed at providing multi- 

dimensional and comprehensive usage of space nearby a crowded city highway. The building is 

basically a reinforced concrete framed structure consisting of (G+4) floors, with adequate facilities 

and amenities. The functional planning is done using KMBR and IS codes. The structure shall be 

designed to resist and bear all loads liable to act on it at some point of its lifestyle. It also satisfies 

serviceability requirements including limitations on deflections and cracking. Drawing is done by 

using AUTOCAD software and building analysed by STAAD Pro software. 

Index Terms—Analysis, Design, Hotel, Planning, StaadPro 

I. INTRODUCTION 

A hotel is a type of institution that offers short-term, paid accommodation. A hotel room’s 

amenities might vary from a little room with a low-quality mattress to a spacious suite with 

superior mattresses, a wardrobe, and private bathrooms. A hotel may have amenities like a play 

area, restaurants, lounge areas, conference or assembly halls, and swimming pools. The aim of the 

project is to plan, analyse and design a (G+4) hotel building. The planning is carried out as per 

Kerala Municipal Building Rule (KMBR). The building is design as framed structure. the plan is 

drafted using Auto Cad Software and analyse and designed using STAAD Pro Software. All the 

structures and structural elements are designed according to the limit state. The aim of this design 

is to establish a structure that full fills all the requirements and performs satisfactorily during its 

intended life, with an appropriate degree of freedom, also have an adequate resistance against 

seismic loads. 
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II. LITERATURE REVIEW 

Vikash Agrawal et.al (2022): The study utilizes STAAD Pro to analyze and design residential 

buildings (G+4). The examination of different loads, including seismic, dead, live, and 

combinations of loads, is the conclusion of these articles. Shear force, bending moment, and 

support responses are  assessed as a consequence of the study. The structure is manually developed 

and cross-referenced with the program findings based on the analysis results. 

Sowrav saha et.al (2021): The design and analysis of a multistory (G+14) residential building 

using STAAD Pro and AutoCAD is the main topic of this article. The design and analysis of a 

multi-story residential building with two flats on each floor, located in G+14, are reviewed in this 

paper. STAAD Pro is used to derive the design for the beams, columns, and footings once the dead 

and live loads have been applied. 

Kunal wailker et.al (2021): The design and structural study of a multistory residential 

building are the topics of this research. Three phases of the project were finished. The building 

was first modeled and analyzed, then the structural components were designed, and finally the 

structural elements were detailed. STAAD Pro is the program utilized in this study to analyze the 

building. 

Banavanru Vinod kumar ready et.al (2021): The research project examines how STAAD Pro 

and AutoCAD are used to efficiently model. High rise building manual calculations are laborious 

and time-consuming. We have a fast, accurate, and efficient platform for evaluating and creating 

structures with STAAD Pro. 

K. Harshitha et.al (2021): This article focuses on using E-Tabs for the Analysis and Design 

of Five Star Hotel Buildings. The goal of this project is to use ETABS software to assess and design 

a commercial building. This analysis takes into account a structure with ten stories (G+10). The 

static technique is used for analysis, and IS principles are followed when designing. 

Jiaxin Cheng et.al (2021): The study focuses on the examination of sharing strategies and 

demand forecasting for hotel parking. It creates a trustworthy model to forecast a hotel parking 

lot’s parking demand in real time and then assesses if offering shared parking spots is feasible. 

Dev Dutt Chaubey et.al (2021): Reviewing the literature on seismic analysis of irregularly 

planned RC frame buildings built in accordance with capacity-based design principles is the 

main goal of the work. The review looks at the standards and variables applied to the design of 

weak beams and strong columns in irregularly built reinforced concrete frame buildings subject to 

seismic action. In addition to structural height and seismic zone, it takes into account analytical 

techniques, capacity ratio of beam columns, collapse mechanism, and chance of collapse. 

M. Durga rao et.al (2021): The planned and assessed (G+6) multistory structure using 

STAAD Pro in limit state approach is the main subject of this research. The user-friendly interface 

of STAAD Pro enables users to create mounts and enter dimensions and load values. Details for 

reinforcement are included in the design of the members for RCC frames. After the analysis for 

two-dimensional frames is finished, it is completed for multistord2-D and three-dimensional 

frames under different load combinations. 
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Athul Kurzekar, et.al (2021): Structural design is an investigation method of the stiffness, 

strength, and stability of the building, according to the journal ”Analysis and design of a 

residential building by using STAAD Pro.” The primary goal of structural design is to build a 

structure that can withstand all applied loads without failing for the course of its planned life. 

A structural frame plan is created, a model is obtained, the structure is analyzed, and the structure 

is designed, among other steps in the structural design process. 

Adhiraj wadekar et.al (2020): An analysis and design review using STAAD Pro is conducted 

for a multi-story structure. Planning is done using AutoCAD, load calculations are done by hand, 

and STAAD Pro is used for structural analysis. Calculations are made and applied to the structure 

for the dead load, imposed load, and wind load with load combination. Additionally, each structural 

element’s precise shear force, bending moment, and torsion values that fall within IS code bounds 

are provided by the STAAD Pro program. 

Dunnala Lakshmi Anuja et.al (2019): The planning, research, and design of a four-story 

residential structure with eight apartments on each floor are attempted in this project. STAAD PRO 

is the program used for frame analysis and design while analyzing structural analyses. Plans, stair 

cases, beam and column framing, and other details are drawn using AUTOCAD as well. Slabs, 

columns, footings, staircases, sunshades, lintel, septic tanks, and raised tanks were all  designed 

for this project utilizing the IS: 456-2000 code book and the ”Limit State Method.” 

T. Sahithi Gupta et.al (2017): The effect of floating columns in RC frames in various 

seismic zones in India is the main topic of this article. In addition to examining the impact 

of floating columns’ placement at various points within the proposed design, the study takes into 

account the floating columns of an RC frame structure for (G+14) storeys in various seismic zones 

in India. 

S.K. Abdul Rehaman et.al (2017): The principal subject of the study is the seismic analysis 

of frame constructions with and without floating columns. As a result of space constraints, 

population density, and aesthetic and functional requirements, multistory structures in metropolitan 

areas are needed to feature column-free space. An earthquake-resistant multistory framed 

structure’s ability to accommodate more parking spaces and other amenities depends on its ability 

to support floating columns. 

Deevi Krishna Chaitanya et.al (2017): The study utilizes Staad pro to analyze and design a 

multistory (G+6) structure. For the stability of the building structure’s members, the moment at 

each consecutive joint in the frame and continuous beam was distributed using the Kanis technique. 

B. Gireesh Babu (2017): Design and Seismic Analysis of the G+7 Residential Structure The 

seismic response of the structures under earthquake excitation is examined in this study using 

STAADPRO. The results are given as member forces, joint displacement, support reaction, and 

story drift. The STAAD PRO designing program is utilized to study the reaction for g+7 building 

constructions. 

Susanne Bodach (2016): The paper focuses on Nepali hotels’ energy-efficient design 

principles. By adjusting design elements such the window-to-wall ratio, glass type, shading 



International Conference on Recent Advancements in Science and Engineering (RAISE’24) 

 

101 

 

devices, and insulation levels, these reference designs were made more aesthetically pleasing. 

Energy demand and cost- effectiveness were assessed during the design optimization process. 

III. CATEGORY 

Based on the classification as per KMBR the hotel building comes under group A2. It 

includes lodging or rooming houses, seminaries/convents, orphanage, dormitories, tourist homes, 

tourist resorts (or by whatever name called), hostels, hotels with or without conference halls, 

dining halls or assembly rooms. Creches, daycare centres, children’s nurseries reading rooms, 

libraries and educational buildings not exceeding 150 sq. metres of floor area are also included in 

this rule 

IV. METHODOLOGY 

• Field Survey 

• Planning 

• Structural Analysis 

• Structural Design 

• Detailing 

A. Field Survey 

The practice of measuring an object’s relative position on Earth’s surface and drawing it to a 

manageable scale is known as surveying. A thorough survey and reconnaissance were conducted 

to ascertain the border and other pertinent information. 

B. Planning 

An architectural design, a landscape architecture document, and a thorough technical drawing of a 

suggested improvement on a specific lot are all included in a site plan.A site plan often displays the 

location of parking, traffic routes, and buildings. It demonstrates how a place or property is laid 

up. 
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C. Structural Analysis 

The analysis of a multistory building’s frame is the primary component of its structural study. 

Determining the internal forces in component members, such as axial compression, bending 

moment, shear force, twisting moment, etc., for which the members are to be constructed under 

the action of external loads, is the study of a framed structure. 

Analysis of the structure is done by STAAD. Analytical tasks can be completed in a single 

run and are integrated. 

Using the editor or a CAAD-based input generator, one may construct the robust STAAD pro 

graphics input. STAAD utilizes the command language BA format. STAAD produces crisp, 

printed plots with excellent presentation quality for the run document in addition to 

comprehensive numerical findings for analysis. 
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1) Long Frame 
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2) Short Frame 

 

D. Structural Design 

Working stress and limit state approaches are the most widely used methods of design for 

reinforced concrete members, as advised by IS 456 2000. The goal of design is to arrive at 

reasonable odds that the buildings will remain suitable for their intended use. The partial safety 

factors—one for material strength and another for load—are used to generate the design 

values from the characteristic value. 
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One-way Slab Design: 

 

 

1) Two-way Slab Design: 

 

 

2) Beam Design: 

 

3) Column Design: 
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4) Lintel Design: 

 

 

5) Footing Design: 

 

6) Stair Design: 

 

 

7) Septic Tank Design: 

 

 

8) Water Tank Design: 

 

 

E. Detailing 

1) One-way Slab: 
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2) Two-way Slab: 

3) Beam: 

 

4) Column: 

 

5) Lintel: 

 

6) Footing: 

 

 
7) Staircase: 
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8) Septic Tank: 

 

9) Tank: 

 

V. METHODOLOGY 

The planning, analysis and design of the (G + 4) Hotel building. The planning of the building was 

according to Kerala Municipal Building Rules. Analysis using STAAD Pro was done. The building 

was designed according to IS 456-2000, IS 875(Part 1,2,3) . Limit state method was adopted for 

the design of various building elements such that it full fills all the requirements and performs 

satisfactorily during its intended life, with an appropriate degree of freedom. 
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Abstract—The project deals with Planning, Analysis and De- sign of a proposed auditorium 

for KMCT Technical Campus. The proposed site is located at kalanthode, Calicut district. The 

building is three storeyed (G+2) and is designed as framed structure. Concrete mix used for the 

RCC structure is M20 and steel used is high yield strength deformed bars of grade Fe415. The 

functional planning is done using KERALA PANCHAYATH BUILDING RULE and INDIAN 

STANDARD CODES. The structure shall be designed to resist and bear all loads liable to act 

on it. The plan is drafted using AUTOCAD software and analysis is done using STAAD.Pro 

software. Project is based on limit state method. 

16-1980. Kerala panchayath building rules were also referred for fixing setback, F.A.R, parking 

etc. 

II. LITERATURE SURVEY 

Hong Chang, et.al (2023): This journal presents a comprehensive introduction to an 

experimental study focused on unravelling the intricate thermodynamic properties of high thermal 

conductivity Energy piles. As a pivotal component of modern geothermal systems, energy piles 

have the potential to influence the efficiency and environmental impact of building operations 

significantly. 

INTRODUCTION 

The aim of this project is to plan, Analyse and design a three storied auditorium 

building. The planning is carried out as per Kerala Panchayath Building Rules (KPBR). The 

building is designed as a framed structure. The plan is drafted using Auto Cad software and 

analysed and designed using STAAD Pro software. All the structures and structural ele- ments are 

designed according to the Limit State Method. The proposed site for the establishment of the 

project is located at Kalanthode. The area of the plot is about 1591.3105 sq m. In this project, 
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thermal comfort is provided to the auditorium by constructing energy piles. Energy piles are a 

sustainable and innovative foundation technology to enhance energy effi- ciency and thermal 

comfort. Constructing an auditorium with energy piles offers structural support, thermal comfort 

and sustainability to the auditorium. The aim of this design is to establish a structure that full 

fills all the requirements and performs satisfactorily during its intended life, with an appropriate 

degree of freedom. The IS codes used in this project are IS 456-2000, IS 875 (part 3)-1987, SP 

16-1980, SP 34 (s & t)-187, IS 3370(part 2)-1967. The wind loads are calculated as per IS 

875 (part 3)-1987 and seismic loads are calculated by adopting IS 1893(part 1)-2002. Design of 

concrete element is carried out as per IS 456-2000 and SP 

Mahesh B. Chougule (2023): The study of sound, or wave motion in gases, liquids, and 

solids, as well as the consequences of that wave motion, is known as acoustics. Acoustic 

absorption is the primary acoustic phenomenon taken into account while planning an amphitheater. 

It has been explained physically, and a comparative analysis of two auditoriums has 

summarized the key ideas for their practical implementation. 

Shafi Ahmad, et.al (2023): The project’s goal was to forecast the thermal comfort of people 

using various UFAD ventilation configurations in an indoor auditorium. This paper analyzes the 

temperature distribution and thermal comfort of human occupants under four distinct ventilation 

scenarios using a simulated auditorium model. 

Neha Sharma, et.al (2022): The project’s goal was to design the auditorium’s steel 

framework. In STAAD, a prototype is created.Pipe and tube parts are inspected for both the steel 

curving roof and the pro. Section selection is first done using the hit-and-trial approach, and then 

STAAD optimization is carried out.Pro: The optimal portion is recommended when cost analysis 

is completed. 

Zahraa Mohamad, et.al (2021): The present article functions as a preface to an extensive 

review that delves into the various facets of Energy pile design, evaluation, and optimization. The 

objective of this paper is to present a thorough summary of the most recent methods for designing 

energy piles, taking into account factors including environmental impact, thermal performance, 

and structural issues. 

Rupesh S, et.al (2021): The project’s goal was to analyze the seismic and structural design 

of an auditorium in Puducherry state that could accommodate 700 people and had diverse soil 

conditions. The software STAAD.Pro was used to analyze and design the auditorium in detail for 

this work. 

Akshay K Ghuge, et.al (2021): The project’s study and design focused on an auditorium 

building in the Maharashtra state’s Aurangabad city. The building of the auditorium offers a 

solution to the numerous cultural events that are conducted. STAAD.Pro analysis with generic 

loading turned out to be a high-end program with a lot of potential for the construction industry’s 

analysis and design divisions. 
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Ashwini Mareena Sam, et.al (2020):   This   technical paper presents the project work 

on the extended 3D analysis of building system, or ETABS, computer program for the structural 

analysis and design of a multipurpose theater. The National Building Code was used for the 

planning of the acoustic and visual points of view, and the corresponding IS codes were used to 

limit state mode of collapse. 

Maria Cairoli (2020): The project’s focus was on the multipurpose auditorium’s 

architectural and acoustic design.The case study was conducted in the ”Le Serre” hall, which 

can accommodate up to 1000 people, at the Villa Erba Convention Centre in Cernobbio, Italy. 

The study focused on the development of various configurations of movable architectural pieces 

to create a multipurpose space. 

Kishan Dewangan, et.al (2020): The seismic study and design of an auditorium with 964 

seats are the subjects of this project. Planning, load analysis, and structural element design 

depending on the loads acting on them are all included in this. The main goal of this project is to 

further design and plan acoustics in Safead Pro v8i using standard provisions and appropriate 

analysis of the various types of loads in the various seismic zones (II, III, and IV). 

Richard J. Zhang (2020): This work investigates the properties of a 1D harmonic plane 

wave and applies it to a quarter-ellipsoid model of an amphitheater. The primary topics of this 

essay include frequency variations, reverberation, interruption of the performance, and transmission 

loss. This work attempts to review a large portion of the theoretical foundation of acoustics and 

investigate the acoustical characteristics of a theoretical auditorium shaped like a quarter of an 

ellipse. 

Andreea-Roxana Vasilescu (2019): The primary goal of this thesis is to determine and 

measure the key variables that affect the geotechnical design of pile foundations when temperature 

fluctuations are linked to geothermal activation. The experimental findings are utilized to calculate 

how a pile foundation’s geothermal activation will affect both its long-term exploitation and 

bearing capacity. 

K Anand Babu,   et.al   (2019): The project’s goals are to optimize and estimate the 

cost of designing a steel roof truss over an auditorium. STAAD.Pro is used to create a prototype 

model, with the I and channel sections being used as sections that are available according to the 

IS code. The entire truss section is examined for self-weight and has a substantial amount of roofing 

material covering it. 

Shankar Saj T K, Sachin Saj T K (2019): A dining hall and an auditorium with seats 

for 1000 people are included in the design. Artificial lighting and ventilation are implemented in 

consideration of current market trends. It is suggested to use a trussed roof with a fall ceiling. We 

have incorporated load calculations, slab, stair, beam, and column designs, as well as footings, in 

this project work. 
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C R Vigneshwar (2018): The project’s objectives were auditorium planning, analysis, 

design, and estimation. Every plan is created using AutoCAD. The auditorium is laid out in 

accordance with the NBC criteria. It is intended to be a framed building. 

III. METHODOLOGY 

• Field Survey 

• Planning 

• Structural Analysis 

• Structural Design 

• Detailing 

 

A. Field Survey 

Surveying is the art of determining the relative positions of objects on the surface of the earth’s 

measurements and drawing them to a convenient scale. Reconnaissance and detailed survey and 

carried out to determine the boundary and various other details. 

B. Planning 

An architectural plan, a landscape architecture document, and a thorough engineering drawing of 

the suggested improve- ments on a specific lot are all included in a site plan. A site plan typically 

displays the location of parking, travelways, and buildings. It displays a property or site’s plan. 
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C. Structural Analysis 

Determining the internal forces in component members, such as axial compression, bending 

moment, shear force, twisting moment, etc., for which the members are to be constructed under 

the action of external loads, is the study of a framed structure. 

STAAD performs the analysis of the structure. The process of analysis is integrated and can be 

performed in the same run. STAAD uses command language ba format which can be created 

through the editor; the powerful STAAD pro graphics input is generated or through CAAD-based 

input generator. 

The output generated by STAAD consists of detailed numer- ical results for analysis and sharp 

presentation quality printed plots as part of the run document. 
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1) Long Frame 
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2) Main Frame 

H. 2) Truss 

D. Structural Design 

 

According to IS 456 2000, the working stress technique and the limit state method are 

the most often applied methods of design for reinforced concrete members. The design seeks to 
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attain reasonable odds that the buildings won’t degrade beyond their intended use. Using a 

partial safety factor—one for material strength and another for load—the design values are 

obtained from the characteristic value. 

1) One-way Slab Design: 

 

2) Two-way Slab Design: 

 

 

 

3) Beam Design: 
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4) Column Design: 

 

 

E. Detailing 

 

1) One-way Slab: 

 

2) Two-way Slab: 
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Beam: 

 

 

3) Cantilever Beam: 

 

 

4) Grid Beam: 
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5) Column: 

 

 

6) Lintel: 

 

 

 

7) Retaining Wall: 
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8) Footing: 

 

 

 

9) Staircase: 

 

 

 

10) Septic Tank: 
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support and renewable energy generation. Their primary pur- pose is to: 

1) Provide Structural Support 

2) Harness Renewable Energy 

B. Working Principle OF Energy Piles 

The working principle of Energy piles involves using the foundation piles of a building or 

structure as a means to exchange heat with the surrounding environment, typically the ground, to 

provide heating or cooling. Energy piles are embedded with a network of pipes containing a heat 

transfer fluid, often a mixture of water and antifreeze. A heat pump or heat exchanger circulates 

the heat transfer fluid through the pipes within the energy pile. As the fluid moves through the 

pipes, it absorbs heat from the relatively warm ground during winter and the process is reversed 

during summer. 

V. CONCLUSION 

Enhancing audience happiness, decreasing weariness, and improving attention may all be 

attributed to a well-designed auditorium that places a high priority on thermal comfort. Energy 

piles improve thermal comfort and give an auditorium structural stability when they are 

incorporated into the design. Overall, STAAD pro is used to analyze and the limit state approach 

is used to build an auditorium that can accommodate 1200 people. 

12) Tank: 

 

 

IV. THERMAL COMFORT 

A. Energy piles 

Energy piles are a sustainable and innovative geotechnical engineering solution that combines the 

functions of structural 
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 Abstract—Soil stabilization involves the modification of soil properties, both index and 

engineering, with the aim of enhancing its performance. The primary objective in construction is 

to bolster soil strength and stability, thereby reducing costs. A contemporary focus lies on 

integrating waste materials with soil, offering potential solutions to the escalating challenge of 

waste management. Looking ahead, the looming issue of E-waste presents a significant concern, 

necessitating proactive solutions. The study emphasizes the potential of E-waste as a sustainable 

solution for enhancing soil quality, offering benefits in waste management and infrastructure 

development. Through an experimental program, the research investigated the impact of different 

doses of E-waste on soil. Various amounts of E-waste, ranging from 2% to 8%, were introduced 

into the soil. To evaluate the efficacy of E-waste treatment, the soil underwent several physical 

and strength tests, including Atterberg's limits, specific gravity, compaction, unconfined 

compressive strength, and California bearing ratio (CBR). These assessments aimed to measure 

improvements in soil strength characteristics. The findings revealed a decrease in optimum 

moisture content (OMC), an increase in unconfined compressive strength, and enhanced soil 

bearing capacity as a result of E-waste incorporation. 

 keywords— Electronic waste, soil Stabilization, Unconfined Compressive Strength, dry density, 

Optimum Moisture Content, California Bearing Ratio.  

INTRODUCTION 

Soil stabilization means making soil better for building construction by using mechanical or 

chemical methods. The goal is to make soil stronger and more durable. It includes squash the soil 

down, make sure water drains out, change the size of the soil particles, or add many artificial or 

natural stabilizers as E-waste used in this study. Engineers care about how strong the soil is, how 

much it can squash down, how tightly packed it is, and how long it will last. This achieved by 
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performing tests in labs and out in the field to figure out which method and material will work best. 

Extensive soil testing ensures the effectiveness of methods such as compaction, strength, drainage.  

Electronic waste, commonly known as E-waste refers to discarded electronic devices such as 

computers, smartphones, and televisions. E-waste represents a swiftly expanding waste category, 

surging nearly three times faster than municipal waste. A considerable fraction of municipal solid 

waste comprises plastic waste, with an estimated generation of about 10 thousand tons per day. 

The global yearly consumption of plastic materials has surged from roughly 5 million tons in the 

1950s to nearly 100 million tons presently. After dismantling it is then grinded. This grinded waste 

were add in different distributions into soil and enhance the strength of weak soil. 

Principles of Soil Stabilization: 

Assessing the soil characteristics of the designated area, determining the specific soil property 

requiring modification to achieve the desired design value, and selecting the most efficient and 

cost-effective stabilization method. Subsequently, creating a stabilized soil mix sample, 

conducting laboratory tests to ensure the desired stability and durability values are met. 

 

OBJECTIVES 

• To evaluate the strength properties by Unconfined Compression Strength (UCS) test on 

various mixes and to find optimal mix.  

• To find the dry density and Optimum Moisture Content (OMC) of the soil by proctor 

compaction test. 

• To find the California Bearing Ratio (CBR) values of the soil and optimal mix. 

• To assess the usefulness of E-waste-soil mix for the strength enhancement of soil.  

METHODOLOGY 

1. The soil sampling process involves collecting soil. 

2.  Physical properties of soil identified, including texture and consistency. 

3. Basic tests conducted on soil samples: Sieve analysis, Atterberg limits, Specific gravity, and 

Hydrometer analysis. 

4. Soil mixed with various proportions of E-waste (2%, 4%, 6%, and 8%). 

5. Tests performed on soil-E-waste mixtures: Proctor compaction test, Unconfined Compression 

Test (UCC), and California Bearing Ratio (CBR) test. 

6. Test result were analyzed, tabulated and graphs were plotted. 

MATERIALS AND PROPERTIES 

Soil: 

The soil was collected from the site of river bank at kadalundi near Feroke, located at Kozhikode 

district at a depth of 1.5m and is shown in Figure 1. Organic wastes are removed after drying the 
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soil and is then surface dried for 1 week. soils are sieved according to each test. Different 

properties of soil were determine by various tests. The properties of soil are shown in Table 1. 

 

Figure 1 : Soil collected 

Table 1 : Properties of Soil 

Properties Values 

Specific Gravity 2.68 

Liquid Limit (%) 45 

Plastic Limit (%) 30.4 

Plasticity Index 14.6 

OMC (%) 23 

MDD g/cc 1.56 

Classification OL (Organic silt with low 

liquid limit ) 

CBR value (%) 12.49 

A. E-waste: 

E-waste is collected from the scrap stores. The E-waste consists of Printed Circuit Board (PCB), 

electric wires and electric fuses. The composition of E-waste shown in figure 2. These items are 

collected, sorted and often disassembled or salvageable components like metals, plastics and 

circuitry. After dismantling it is then grinded, the grinded E-waste were add in different 

percentages into soil. E-waste after grinding is shown in Figure 3. 
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Figure 2 : Composition of E-waste 

 

Figure 3 : E-waste after grinding 

I. SPECIMEN PREPARATION 

The grinded E-waste particle were mixed with soil thoroughly using a mechanical mixer or 

manually, ensuring that the mixure is homogenous. The quality of E-waste added depends on the 

specific surface area of soil particles. Therefore, here mixed e-waste with soil in varying 

percentages (0%,2%,4%,6%, 8% by weight). 

II. EXPERIMENTS CONDUCTED 

A. Unconfined Compressive strength 

Unconfined compressive test is an important test used for determination of compressive strength 

of soil. Place the soil in a constant volume mould, having an internal height of 7.2 cm and internal 

diameter of 3.9 cm. 

B.    Proctor compaction test 

Proctor compaction test is performed for determination of Optimum Moisture Content and 

Maximum Dry Density. Light compaction is done using 4.89 kg hammer with 25 blows in each 

layer is filled in proctor mould. 
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C.  California Bearing Ratio test 

This test is used for determination of bearing capacity of soil. The soil is filled in a mould of 2250 

cc volume in 5 layers, 56 blows are given in each layer by 4.89 kg hammer with addition of water 

at OMC. 

III. RESULT AND DISCUSSION 

After analyzing the basic properties of soil and soil treated with E-waste, Various strength 

parameters such as Maximum Dry Density (MDD), Optimum Moisture Content (OMC), 

California Bearing Ratio (CBR), and Unconfined Compressive Strength (UCS), were determined 

through compaction, CBR and UCS tests. 

A. Effect of E-Waste on Dry DensityThe variation of dry density and E-waste are as respectively. 

The 6% E waste stabilized soil shows maximum dry density and the improvement in dry density 

is about 8% as compared to unstabilized soil. and is shown in Figure 4. The dry density of E-

waste stabilized soil is more than the soil mass alone. The maximum dry density is 1.56 g/cc, 1.57 

g/cc, 1.65 g/cc, 1.66 g/cc and 1.54 g/cc respectively for 0, 2%, 4%, 6% and 8% of E-waste. 

 

Figure 4 : Effect of E-waste on Dry Density 

B. Effect of E-waste on Optimum Moisture Content 

The variation of water content and E-waste are as shown in Figure 5. As the addition of E-waste 

increases, dry density increases and at the same time optimum moisture content decreases up to 

6%. The optimum moisture content is 23%, 21.9%, 21.42%, 20.6% and 26.66% at 0, 2, 4, 6 and 

8% E-waste respectively. The 6% E waste stabilized soil shows the minimum optimum moisture 

content and the decrease in the optimum moisture content is about 26.98% as compared to the un-

stabilized soil. 
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Figure 5 : Effect of E-waste on water content 

C. Effect of E-waste on Compaction 

Figure 6 shows the dry density v/s water content graph for 0, 2, 4, 6 and 8% E waste stabilized 

soil. The 6% E waste stabilized soil shows maximum dry density and 6% E-waste stabilized soil 

shows minimum optimum moisture content. 

 

 

Figure 6 : Effect of E-waste on Compaction 

D. Effect of E-waste on Stress Strain Behaviors 

Figure 7 shows the stress strain behavior of soil and E waste stabilized soil. The maximum stress 

in E waste stabilized soil is greater than the un-stabilized soil. The 6% E waste stabilized soil 

shows the maximum unconfined compression strength and the increase in the unconfined 

compression strength is about 70.5% as compared to un-stabilized soil. 
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Figure 7 : Effect of E-waste on UCC Characteristics 

Unconfined compression test values of soil with different percentages ( 0%, 2%, 4%, 6%, 8% ) are 

shown in the Table 2. The 6% E-waste stabilized shows maximum value of strength of 9.11 kN/m2 

. 

Table 2 : UCC Values 

SAMPLE UCC ( kN/m2 ) 

Soil+0% E-WASTE 2.96 

Soil+2% E-WASTE 5.32 

Soil+4% E-WASTE 6.51 

Soil+6% E-WASTE 9.11 

Soil+8% E-WASTE 4.79 

 

 

Figure 8 : Effect of E-waste on Unconfined strength 
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E. Effect of E-waste on Undrained strength 

The variation of undrained strength and E-waste are as shown in Figure 9 The un drained strength 

of E-waste stabilized soil is more than the soil mass alone. The maximum undrained strength is 

1.48 kN/m2, 2.66 kN/m2, 3.25 kN/m2, 4.55 kN/m2 and 2.39 kN/m2 respectively for 0, 2%, 4%, 6% 

and 8% of E waste respectively. The 6% E waste stabilized soil shows maximum un-drained 

strength and the improvement in un drained strength is about 8% as compared to unstabilized soil. 

 

 

Figure 9 : Effect of E-waste on Undrained strength 

F. Effect of E-waste California Bearing Ratio test 

The variation of CBR value and E-waste are as shown in Figure 9. As the addition of E-waste 

increases, CBR value also increases. The CBR value is 12.49%, 14.8%, 16.5%, 17.41% and 

20.02% at 0, 2, 4, 6 and 8% E waste respectively. The 8% E waste stabilized soil shows the 

maximum CBR value and increase in the optimum CBR value is about 26.98% as compared to the 

un-stabilized soil. 
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Figure 10 : Effect of E-waste on  CBR value 

 The addition of E-waste enhances the California Bearing Ratio (CBR) values of soil, 

fulfilling the objective of increasing the CBR value. The Figure 11 illustrates the progression of 

CBR values of E-waste is introduced, showcasing the variation in CBR value. 

 

Figure 11 :  CBR value with addition of E-waste 

CONCLUSION 

Following are the conclusions drawn based on the results obtained from the testing of soil 

stabilized with E-waste 

1. 1.Treatment with e-waste resulted in a reduction in the optimum moisture content (OMC) as 

e-waste content increased up to 6%, while the maximum dry density increased from 1.56 g/cc 

for untreated soil to 1.66 g/cc after the addition of 6% e-waste.  

2. 2.The CBR value of e-waste treated soil exhibited a progressive increase with higher 

percentages of e-waste, peaking at 20.02% when 8% of e-waste was incorporated, compared 

to the initial value of 12.49% for untreated soil. 
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3. The unconfined compressive strength (UCC) demonstrated a peak value at 6% e-waste 

addition, attributed to the strengthening properties of e-waste, with UCC increasing from 2.96 

kN/m2for untreated soil to 9.11 kN/m2. 

4. Additionally, the undrained strength (Cu) increased from 1.48 kN/m2 to 4.56 kN/m2 with the 

addition of e-waste up to 6%, suggesting that a small addition of e-waste could enhance the 

strength of unstabilized soil.  

5. Incorporating a small amount of e-waste enhances the strength of unstabilized soil, as 

evidenced by UCC and CBR tests.  

6. This addition boosts the soil's load-bearing capacity while simultaneously reducing pavement 

thickness and overall maintenance costs. 

7. Utilizing e-waste, sourced from scrap, proves cost-effective and beneficial for enhancing 

construction strength properties. 

It has been observed that there is an maximum improvement in strength properties for the 

combination of E-waste with soil. 

SCOPE FOR FUTURE WORK 

• The conducted work occurred under controlled laboratory conditions, but its practical feasibility 

on-site needs examination. 

• Beyond the mentioned admixture, can explore additional types from various industries to assess 

their impact on soil stabilization. 
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Abstract—The “Object detection using machine learning for blind people” solution uses 

wearable ESP cams, microcontrollers, and a computing device to provide real-time environmental 

information, enhancing mobility and independence for visually impaired individuals. This 

technology reduces dependence on external assistance and improves spatial awareness, fostering 

self- reliance and reducing dependence on visual information. 

I. INTRODUCTION 

Visual impairment is a global issue, impacting over 43 million people and 285 million 

visually impaired individuals. Independent mobility is a major challenge, leading to social isolation 

and reduced quality of life. Traditional assistive tech- nologies like white canes and guide dogs have 

limitations, such as limited information and high costs. Smart glasses, using object detection 

technology, offer a promising solution by providing real-time environmental information. These 

glasses use a wearable camera to capture live video of the user’s environment, processed by a 

computer to identify objects and obstacles, and sent through audio feedback. Benefits include 

enhanced spatial awareness, increased independence, reduced reliance on external assistance, and 

greater participation in society. These smart glasses are becoming more affordable and 

accessible. 

II. LITERATURE SURVEY 

In 2022, researchers V.P.Gowtham Raj, E.Esakki Vi- gneswaran, M.Deshnaa, and K. Raj 

Prasanth proposed a sys- tem to help visually impaired individuals walk independently. The virtual 

smart glass, installed on a glass frame, uses object detection technology to detect obstacles and alert 

the user with an audio form if necessary. This innovative solution aims to help visually impaired 

individuals overcome their disability. 

Dr.Karim Q. Hussein proposed the Glasses project in 2021, which uses mobile technology to 

assist blind people in de- tecting and recognizing objects through a tiny camera on their glasses. 

mailto:arunimar3033@gmail.com
mailto:munseerap27@gmail.com
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The system uses a Raspberry Pi and deep learning algorithms like Convolution Neural Network 

to recognize objects and transmit their sounds. The project achieved a 100 Per precision on the 

COCO dataset. 

The study proposes a deep learning-based smart glasses application system for visually 

impaired individuals. The sys- tem uses voice response to help visually impaired individuals 

understand objects in their surroundings. The system takes 3.788 seconds to create voice results 

and has a 96.3 percent success rate in object detection. The goal is to improve the quality of life 

for visually impaired individuals. 

In 2020, G. Kumar, N. Harshith, and P. Vadivu developed the Smart Glasses project, a 

computer-aided tool that helps visually impaired individuals detect and recognize office tools. The 

project uses a camera fixed on glasses to send voice messages to an earphone, allowing the blind to 

find items independently and save time. The Raspberry Pi, a device similar to the human brain, 

analyzes images and scenes. 

Feng yang and Alan Bovik developed a multi-axis MLP- based architecture called MAXIM 

in 2022. MAXIM is an ef- ficient and flexible general-purpose vision backbone for image 

processing tasks. It uses a UNet-shaped hierarchical structure and supports long-range interactions 

enabled by spatially- gated MLPs. The architecture includes a multi-axis gated MLP for efficient 

spatial mixing of local and global visual cues and a cross-gating block for cross-feature 

conditioning. 

In 2012, Debey, Nandita, and Tiwari proposed a pattern recognition system for automatic 

classification of digitally modulated communication signals. The system consists of a feature 

extraction sub-system (FESS) and a classifier sub- system (CSS). Comparatively, PNN 

outperforms MLPFN in terms of classification accuracy and training time. The ap- proach is 

robust to phase offset and additive Gaussian noise. In 2021, Xin Sun and Shengua Gao proposed 

an Axial Shifted MLP architecture (AS-MLP) for a system that focuses on local feature 

interaction. This architecture captures local dependencies and allows for the same local receptive 

field as CNN-like architecture. The model achieved 83.3 percentage Top-1 accuracy with 88M 

parameters and 15.2 GFLOPs on the ImageNet-1K dataset, outperforming all MLP-based ar- 

chitectures and achieving competitive performance. 

Neha Jogi proposed AI-enabled smart eyewear in 2023, which incorporates computer and 

smartphone features for improved user experience. These glasses allow users with visual 

impairments to read and write without scribes, using AI to organize visual information and 

communicate it verbally 

In 2022, Prathima Samuda proposed a system for visually challenged people, focusing on 

vision as a primary require- ment for survival in fast-changing environments. The paper proposes 

a method to support visually challenged people, using existing smart aid techniques for obstacle 

detection, fire detection, and background detection. The low-cost solution uses input and output 

sensors connected through an Arduino board, alerting the user with buzzer or beep sounds. 

Y D Sravani proposed a system for obstacle detection for blind people using the latest 

ARDUINO technology. The project aims to provide safety for blind people by detecting near-by 
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obstacles and notifying them of their direction. The device uses an ultrasonic sensor and an 

embedded microcon- troller to monitor the components. The device is designed to be carried by 

blind people, providing a warning signal when an obstacle is detected, allowing them to move 

accordingly. 

In 2019, Yanchiew Wong and Feeza Radsi proposed a smart object detection system using 

Convolutional Neural Network (CNN) to provide a safer living for visually impaired people. The 

system uses edge box algorithms to produce region pro- posals from image edges, passes through 

a fine-tuned CaffeNet model, captures real-time object scenes, extracts features, and generates an 

audio-based detector to notify visually impaired individuals. 

In 2019, G Jagadheeshwaran proposed a system for blind people to run their daily lives. This 

device, using an Arduino UNO board, detects obstacles and is more efficient than existing systems. 

The buzzer sound allows users to judge objects, and the system has a higher detection range. 

Surveys were conducted to assess the project’s effectiveness. 

D Sireesha proposed a system using ultrasonic sensors to design glasses for blind people. The 

glasses detect obstacles and send their distance to an Arduino, which then sends the information to 

a speaker. The goal is to improve vision for low-vision individuals, who are officially blind. The 

glasses enhance mobility, communication, and participation in society. The project aims to improve 

the independence of users and make them feel more normal, thereby enhancing their social and 

academic life. The goal is to make the glasses accessible to all. 

Kalaivani and Yaswin Vikhaash proposed an intelligent stick using Raspberry Pi to assist 

visually challenged people in their daily activities. The stick offers artificial vision, object 

identification, and real-time GPS guidance. It senses objects nearby, delivers voice information, 

alerts via earphones, and provides GPS navigation. The goal is to provide a subtle, effective 

direction finding and obstruction detecting assist, allowing the blind to walk autonomously and 

perceive the ecological situation of nearby objects. 

Robin Christopherson introduced three smart glass systems in 2022: NuEyes, AIRA, and QD 

laser. NuEyes is an electronic visual prosthesis for people with low or no vision, offering features 

like up to 12x magnification, color and contrast adjustments, bar/QR code scanning, and OCR 

recognition. AIRA uses a camera and connectivity to provide assistance, with trained assistants 

providing spoken feedback. QD laser, a technology that projects images directly onto the retina 

using lazers, is still a year away. 

AMR Sarawy proposed a wearable device in 2020 to assist visually impaired individuals in 

social interactions. The device uses Amazon Rekognition to identify classmates, friends, and 

relatives, and provides notifications for new users. It also allows users to tag images with identity 

or complete infor- mation. The device captures images of books or newspapers, processes them, 

and converts them into speech, making users independent and able to read. 

In 2020, a team proposed a system for object detection using computer vision across 

indoor and outdoor classes. They proposed a multi-label approach using machine learning and 

vision technologies, focusing on accuracy and effectiveness. The system uses 

classification/clustering techniques to reduce recognition time. 
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Ali Salem Bin Sama proposed an EDSGS to improve mobility and safety for visually 

impaired people. The system uses an intelligent system to recognize objects in unfamiliar 

environments, using a combination of Support Vector Machine (SVM) and Gray Wolfe Optimizer. 

The system uses auditory cues to guide users, and images are used to evaluate its performance and 

accuracy. 

Jayaseeli G, Durga K, Ayesha bi.B, Athira VM, Kumarase- nan.A T proposed a system which 

helps the blind to detect obstacles. We, propose a smart glass for visually impaired people to 

overcome traveling difficulties. This device is used to assist the blind to detect obstacles. This is 

sheltered and hearty direction support which helps many visually impaired people with no stress 

over any barrier on their moving way. 

Sayanthan M, This proposed system of glass has the Ar- duino Nano as the brains of the 

system.The person will wear the glasses and switch it on.Now he starts walking. As the ultrasonic 

sensor detects that if the distance between the person and an obstacle is below 20 cm..he will get an 

alert over the 32Ohm headphone Speaker attached in his ear.And he will immediately be aware of 

that obstacle. So the collision will be prevented. 

Researchers in 2020 proposed a guidance system for visu- ally challenged individuals who 

struggle with traveling and managing challenges. The system uses smart glasses paired with sensors 

to capture images from the environment, allowing the user to navigate safely. The glasses can detect 

obstacles and provide a speech-based interface, alerting the user in advance about their destination. 

This system allows the blind person to hear the recorded location, providing a more comprehensive 

view of the navigation process. 

This paper proposes a low-cost solution for visually chal- lenged people to improve their 

vision in fast-changing envi- ronments. The system uses input and output sensors connected through 

an Arduino board to detect the environment in front of the subject. The processor responds to 

the input and sends a signal to the output transducer, which triggers a buzzer or beep sound to alert 

the user. 

Rohit Mohit Nikhil proposed a device in 2020 that includes glasses, an obstacle detection 

module, a processing unit, an output device (beeping component), and a power supply. The 

device uses an ultrasonic sensor, a control module, and a buzzer to detect obstacles. The 

Ultrasonic Smart Glasses for Blind People are portable, user-friendly, lightweight, and affordable, 

guiding and avoiding obstacles. 

Jinquiang Bai and Shiguo Lian developed a novel ETA (Electronic Travel Aids) smart 

guiding device in the form of eyeglasses to help visually impaired individuals travel efficiently 

and safely. The device uses a multi-sensor fusion- based obstacle avoiding algorithm, auditory cues 

for blind people, and visual enhancement using Augment Reality for weak-sighted people. The 

prototype, consisting of display glasses and low-cost sensors, was tested and found to improve 

users’ travel experience. 

In 2021, M V S Arvitha and Ambresh B Biradar proposed a wearable prototype using 

Echolocation Technology for visu- ally challenged individuals. The prototype uses Ultrasonic and 

IR sensors for obstacle and water detection, and is interfaced with Arduino UNO for processing. 
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The prototype allows visually challenged individuals to navigate without a stick, functioning 

accurately with only some training. 

III. METHODOLOGY 

The methodology includes feature fetection, feature extrac- tion, classification and speech 

conversion. Feature detection is the process of identifying and locating distinc- tive features in an 

image, such as edges, corners, and blobs. In the context of a smart glass project for blind people, 

feature detection can be used to identify objects and text in the users environment. Feature 

extraction is the process of converting detected fea- tures into a numerical representation that can 

be used by a machine learning algo- rithm. feature extraction can be used to create a unique 

representation of each object. Classification is the process of assigning a class label to a feature 

vector. , classification can be used to identify the type of object or text in the users environment. 

Multilayer Perceptron (MLP) is a type of artificial neural network (ANN) with multiple layers 

of interconnected nodes or neurons. MLPs are feedforward neural networks, where information 

flows from the input layer through hidden layers to the output layer. They employ a supervised 

learning approach and can be applied to various tasks, such as classification, regression, and pattern 

recognition. MLPs have advantages such as nonlinear modeling, universal approximation, and 

adaptability. However, they have limitations such as their black-box nature, overfitting, and 

computational complexity, especially for large networks and datasets. Despite these lim- itations, 

MLPs remain versatile and can be applied to various tasks. 

 

Fig. 1. Methodology. 

A. Block Diagram 

The ESP-CAM is a camera module designed for the ESP8266 MCU, which captures and 

transmits images for processing. The ESP8266 is the central processing unit, re- ceiving and 

processing image data. The ESP Programmer is a hardware tool that flashes firmware onto the 

ESP8266 MCU via GPIO pins and allows programming using software like Arduino IDE. A 

power source, such as a USB power supply or battery, is required for the system. The ESP 

Programmer is only needed for flashing firmware onto the ESP8266, and the computing device 

connects to the ESP8266 via Wi-Fi for object detection and speech generation. 



International Conference on Recent Advancements in Science and Engineering (RAISE’24)  

141 

 

 

Fig. 2. block diagram 

B. Circuit diagram 

The ESP8266 is a low-cost Wi-Fi microcontroller unit (MCU) that serves as the central processing 

unit for an object detection system. It handles image acquisition, initial processing, and Wi-Fi 

communication. The ESP-CAM is a camera module designed for the ESP8266 MCU, responsible 

for image capture, preprocessing, and frame transmission. A  Li-ion battery powers the ESP8266 

and ESP-CAM, ensuring continuous operation even in remote or off-grid locations. The 

computing device receives the processed image data via Wi-Fi and performs object detection using 

machine learning algorithms. The device then converts the detected object label into speech using 

a text-to-speech engine. A Bluetooth speaker receives the generated speech audio from the 

computing device, providing audible feedback on the detected object. The system’s components 

and interactions are illustrated in a block diagram. 

 

Fig. 3. Circuit diagram 
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C. Flowchart 

 

Fig. 4. Flowchart 

The ESP32-CAM is a camera that uses image processing techniques to detect and locate 

objects within captured frames. It compresses or encodes the captured frames for transmission, then 

transmits them to a communication port for further pro- cessing. The encoded data is then 

transmitted to a computing device over a Wi-Fi network for wireless data transfer. The encoded 

frames are decoded and fed into a machine learning model for object recognition. The model 

classifies objects based on their features and patterns. The model outputs a unique object label, 

which is then matched against a cor- responding names file. The object name is converted into 

speech using a text-to-speech (TTS) engine, and the speech is transmitted to a Bluetooth speaker 

for wireless feedback. 

IV. RESULT 

This section discusses the implementation of a machine learning-based object detection 

device for blind people. The device captures live video footage and sends it over Wi-Fi to a server 

or computer. The server must have sufficient com- putational power to handle deep learning model 

processing. The video stream is decoded into individual frames, which are pre-processed before 

being fed into the YOLOv4 model. The pre-processed frames are then used in the model. 

 

Fig. 5. Hardware setup 
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Fig. 6. video output 

V. CONCLUSION 

This paper highlights the need for a voice assistant system for blind people worldwide. It 

proposes a practical, wearable device that uses machine learning to detect objects and convert them 

into audio, thereby guiding the blind community. 
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Abstract—The “Smart Headband for Rehabilitation” project is a wearable headband with 

advanced sensors and a micro- controller that provides real-time data and insights to aid in 

rehabilitation programs. The headband includes sweat sensors for hydration, accelerometers for 

head movements, heart rate sensors for cardiovascular assessment, and SPO2 sensors for blood 

oxygen levels. The system allows healthcare providers to tailor programs to individual needs and 

offers real-time feedback. The social impact is significant, promoting self-awareness and active 

participation in recovery. The solution could reduce healthcare system burden, improve patient 

outcomes, and improve quality of life. 

Index Terms—microcontroller,accelerometer,spo2 sensor,sweat sensor 

I. INTRODUCTION 

Rehabilitation is a complex and individualized process that helps individuals recover from 

injuries, illnesses, and disabil- ities. Traditional rehabilitation programs rely on subjective feedback 

from patients and therapists, which can be time- consuming and expensive. Technological 

advancements have revolutionized the healthcare landscape, leading to innovative rehabilitation 

solutions like the Smart Headband for Reha- bilitation. This wearable device uses advanced sensors 

and a microcontroller to collect, process, and transmit real-time data on patients’ health status and 

progress. The Smart Headband addresses key needs in rehabilitation, such as personalized 

programs, real-time feedback, and remote monitoring. 

The headband provides comprehensive data on patients’ physical and physiological 

parameters, enabling healthcare professionals to tailor programs to individual needs. This helps 

patients achieve their recovery goals more quickly and effectively. Real-time feedback helps 

patients stay motivated, identify areas for improvement, and make necessary adjust- ments to 

exercises and activities. Remote monitoring allows healthcare professionals to track patients’ 

progress and inter- vene early, especially for patients in rural areas or those with difficulty 
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traveling.The Smart Headband for Rehabilitation has the potential to revolutionize the 

rehabilitation landscape and improve the quality of life for millions of people worldwide. 

II. LITERATURE REVIEW 

Bhuvan Kumar introduced Smart gloves in 2023 to enhance stroke patients’ living standards 

by facilitating muscle memory re-enhancement, facilitating exercise, and providing immediate 

feedback for physicians. 

Roberto De Fazio’s 2023 paper explores wearable sensors and smart devices for monitoring 

rehabilitation and sports per- formance, discussing their efficacy in healthcare, physiological 

parameter classification, and electromechanical transduction mechanisms. 

Jiachengwan’s 2022 proposal for intelligent poststroke re- habilitation uses biological signal-

based closed-loop signals, promising motor function rehabilitation. New theories and technological 

approaches can further exploit their potential. 

Caren Da Silva Dias’ 2021 study found no significant asso- ciation between tactile sensibility 

and cutaneous temperature in stroke patients, suggesting that sensoryimotor recovery is correlated 

with body temperature differences. 

Dandan Cao introduced a 2021 design model for human motion rehabilitation using object-

oriented technology, incor- porating a visual dynamic tracking model and fuzzy PID 

superheterodyne control method for bone training. 

Ricardo Alexandre introduced Virtual Reality and Aug- mented Reality technologies in 2021 

for smart physical re- habilitation, improving user engagement, training outcomes, and data storage. 

These solutions, part of the IoT Physical Rehabilitation ecosystem, use Unity game development 

soft- ware. 

Manuel Reis Carneiro introduced a comfortable textile- based EEG headband system in 2020 

for long-term forehead EEG signal acquisition, reducing noise and facilitating vertical interconnect 

access. 

A 2020 study proposes a wearable brain oxygenation mon- itoring system using neural 

network techniques to accurately classify different Chronic Pain Factors (CPF) groups, poten- tially 

aiding in CVD severity evaluation and rehabilitation. 

Paplo Maceora Elvira’s 2019 stroke rehabilitation system uses wearable technology to assess 

and monitor patients,enabling detailed therapy evaluation and individualization. Challenges and 

opportunities discussed. 

In 2019, Traian Popa introduced a wearable system for stroke rehabilitation, enabling detailed 

assessment and per- sonalized therapy evaluation. This review explores wearable sensors, 

challenges, opportunities, and data acquisition for future studies. 

Mary M Rodgers’ 2019 paper discusses wearable technolo- gies for active living and 

rehabilitation, highlighting recent developments, challenges, and future opportunities. It provides 

examples and suggests future directions for wider deployment. 2018 study proposes rehabilitation 
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support system using EMG, acceleration, and gyro sensors, with Brain Engagement Index (BEI) 

linked to exercise difficulty and temporary func-tional change. 

Shih Kai Lin developed a smart headband for epileptic seizure detection in 2018, featuring 

analog circuitry, ESDT, Bluetooth Low Power chip, and customized electrodes for 92.68 

Aleksandar Vakanski introduced the University of Idaho’s Physical Rehabilitation 

Movement Data in 2018, a publicly available dataset of common exercises performed by patients 

in rehabilitation programs. 

Andrew Brueck developed a real-time hydration monitor using sweat data, achieving an 18 

Geng Yang’s 2018 study developed an IoT-enabled stroke rehabilitation system using a smart 

wearable armband, ma- chine learning algorithms, and a 3-D printed robot hand, achieving 96.20 

A 2017 study evaluated the MAX30100 SpO2 /Heartbeat sensor’s performance in various 

body regions, revealing simi- lar results to a reference device. Researchers plan to create a wearable 

device for daily activities. 

Sara Plege Shani’s 2017 study found a correlation between exercise difficulty and Brain 

Engagement Index (BEI) and temporary functional change during motor rehabilitation ses- sions, 

regardless of feedback use. 

Cuong Pham introduced the MobiRAR system in 2015, a real-time human activity 

recognition system using accelerom- eter data, achieving over 93 

Willy Chou’s 2012 smart headband system uses near- infrared spectroscopy to evaluate 

stroke rehabilitation ef- fectiveness, revealing improved cardiopulmonary function through 

wearable technology and wireless transmission. 

A 2012 study found that effective treatment on bicuspid artery hypertension (BHI) is 

associated with normal BHI values and neurological severity, with ipsilateral BHI, age, and 

depression being key predictors. 

The 2010 paper reviews wearable accelerometer-based mo- tion detectors’ principles, 

properties, and applications, includ- ing posture classification, energy expenditure estimation, fall 

detection, and balance control evaluation. 

Sanghyun Kim introduced a wearable healthcare system in 2008 that monitors physiological 

signals using a smart headband, counting steps and alerting for emergencies. 

The 2001 study tested pulse oximetry recordings in 15 stroke patients, revealing a consistent 

mean SpO(2) of 96 percentages and a mean HR of 81 bpm on both affected and nonaffected sides. 

III. METHODOLOGY 

To create specific measurements based on blood flow changes, specific indexes are defined. 

Heart rate can be mea- sured from the forehead, which is a good spot for integration into helmets, 

headbands, and other head-worn apparel. SpO2 measurements are less common compared to 

fingertip mea- surements, but advancements in wearable technology have in- troduced forehead-

based SpO2 measurement using specialized sensors. 
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Headbands can also monitor sweat rate by placing elec- trodes along the forehead where 

sweat is likely to accumulate, ensuring good skin contact for accurate measurements. The headband 

should be designed to suit the patient’s comfort preferences and activity level. 

Movement tracking can be done by placing an accelerometer on the head of stroke patients, 

allowing for better detection of head movements during rehabilitation exercises. The Car- 

diovascular Fitness Index (CFI) is a crucial parameter that provides insights into an individual’s 

overall cardiovascular health and fitness level. It can help detect early signs of cardiovascular issues 

or oxygenation problems, making it a valuable indicator for the effectiveness of rehabilitation. 

A. Block Diagram 

 

Fig. 1. block diagram. 

The headband uses sensors to measure various health and fitness metrics. The heart rate 

sensor measures the user’s heart rate, while the SPO2 sensor measures blood oxygen saturation. 

The accelerometer measures the user’s head movement, pro- viding data on steps and distance 

traveled. The sweat rate sen- sor measures the user’s sweat production, providing insights into 

hydration levels and exercise intensity. The headband uses a Wi-Fi microcontroller unit (MCU) 

called ESP 8266 for processing sensor data, controlling power consumption, and communicating 

with the Android app. The Thingspeak cloud is an IoT platform that allows users to collect, analyze, 

and act on data from sensors or devices. The headband operates on a rechargeable lithium battery 

and has a web interface that displays collected data for healthcare professionals or patients. 

B. Circuit Diagram 

The ESP8266 microcontroller is a smart headband that uses sensors to track health and fitness 

metrics. The Li-ion battery powers the analog to digital converter and other components, while the 

3.3V pin supplies the heart rate sensor, SPO2 sen- sor, accelerometer,and esp8266 

microcontroler.sweat sensor is directly connected to microcontroller. The GND pin ensures a 

common ground reference. The heart rate sensor’s VCC and GND pins are connected to the 

ESP8266 microcontroller’s 3.3V and GND pins, allowing the ESP8266 to read heart rate data. The 

SPO2 sensor’s VCC and GND pins are connected to the ESP8266 microcontroller’s SDA and SCL 

pins, allowing the ESP8266 to communicate with the SPO2 sensor and read blood oxygen 

saturation data. The accelerometer’s VCC and GND pins are connected to the ESP8266 

microcontroller’s 3.3V and GND pins, allowing the ESP8266 to read acceler- ation data. The sweat 

rate sensor’s VCC and GND pins are connected to the ESP8266 microcontroller’s 3.3V and GND 
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pins, allowing the ESP8266 to read sweat rate data. The data flow in the smart headband involves 

sensors collecting user health and fitness metrics, processing it on-board or sending it to the web 

interface for further analysis. 

 

Fig. 2. Circuit diagram 

C. Flow chart 

The system involves collecting and processing data from various sensors, such as heart rate, 

blood oxygen saturation, accelerometer, and sweat sensors, to calculate parameters like mobility 

effort index and cardiovascular fitness index. The ESP8266 microcontroller handles sensor 

interfacing and data processing, and is integrated with the ThingSpeak cloud platform. The data is 

transmitted to the cloud at regular intervals, and the system uses visualization tools to create graphs 

and charts for monitoring and analysis. Custom MAT- LAB analytics algorithms may be 

implemented for advanced data processing. A user interface is developed to access and visualize 

the data stored on ThingSpeak, providing real-time feedback on health metrics and activity levels. 

Users can set 

 

Fig. 3. Flow chart 

Goals, track progress, and receive alerts if certain thresholds are crossed. Feedback 

mechanisms are enabled to provide personalized recommendations for fitness routines, activity 
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levels, and health improvements. The system continuously updates algorithms and parameters 

based on user feedback and advancements in health science. This comprehensive system provides 

actionable insights for maintaining or improving cardiovascular fitness and overall well-being. 

IV. RESULT 

Connect sensors to an ESP8266 microcontroller, ensure proper power supply, and test each 

individually. Write code for the ESP8266 using Arduino IDE, read data from each sensor, and 

implement Wi-Fi connectivity. Create functions to format and send data to ThingSpeak, create an 

account, and set up a new channel with fields for heart rate, SpO2, sweat level, and accelerometer 

data. Note the provided API key. Design an HTML web interface to visualize the data 

 

Fig. 4. Smart headband 

from the sensors.Use JavaScript to fetch data from ThingSpeak using its API.Display the data in a 

user-friendly format on the web interface.You can use libraries like Chart.js for graphical 

representation of data.Integrate the HTML web interface with your ESP8266 code.Make sure the 

ESP8266 sends data to ThingSpeak periodically.Update the web interface to fetch and display the 

latest data from ThingSpeak. 

 

Fig. 5. Web interface 

V. CONCLUSION 

The Smart Headband project offers rehabilitation support for stroke patients, empowering them to 

be self-aware and active participants. It allows them to make informed decisions about safe exercise 

and improves their quality of life. This technology has the potential to revolutionize rehabilitation 

services, enhancing overall outcomes. 
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Abstract — cardiovascular diseases, also known as CVDs, are still the main reason for 

sickness and death worldwide, with around 17.5 million deaths linked to them in 2012. The electro- 

cardiogram (ECG) signal shows the heart’s electrical activity on the body’s surface, providing 

important information about heart function. It is often used to spot any irregularities in heart 

rhythm and structure. Over the years, many techniques have been created and researched to classify 

and detect abnormalities in ECG signals, showing potential for use in medical settings. Current 

research frequently does not provide thorough comparisons of different heart abnormalities. Some 

studies focus on specific con- ditions such as atrial fibrillation, while others look at ST changes. 

This study introduces a new method using deep convolutional neural networks to classify 

heartbeats and accurately detect five types of arrhythmias. Our technique involves training a 

Convolutional Neural Network (CNN) on a meticulously selected dataset, thoroughly validating 

it, and fine-tuning it with specific parameters and epochs. By feeding ECG images into the model, 

users can quickly determine whether the cardiac condition is normal or abnormal. 

Index Terms—Healthcare service system, Cardiovascular dis- eases, ECG waveform, 

Convolutional Neural Network (CNN), ADAM optimizer, Dart with Flutter, MySQL Database, 

Kag- gle figure, Electrocardiogram (ECG), Heart’s electrical activity, Irregular heart rhythms, 

Atrial fibrillation (AFib), Ventricular tachycardia (VT), Softmax tensor, Disease probability 

detection. 

I. INTRODUCTION 

This paper introduces an advanced framework for Elec- trocardiogram (ECG) analysis 

employing machine learning techniques to enhance the detection of cardiac abnormalities. It 

underscores the critical importance of accurate cardiovascular disease diagnosis and proposes a 

deep neural network architec- ture specifically trained for arrhythmia detection. Notably, the 
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framework demonstrates the transferability of learned repre- sentations to myocardial infarction 

(MI) prediction, facilitating knowledge sharing across different ECG recognition tasks. 

The methodology encompasses a comprehensive pipeline, starting with the collection of 

patient ECG data and rigor- ous preprocessing steps to enhance data quality. Subsequent training 

on a Convolutional Neural Network (CNN) algo- rithm, comprising convolution layers, hidden 

layers, and a dense layer, is followed by optimization using the ADAM optimizer and model 

compilation. Post-training, the model undergoes thorough testing using a separate dataset to 

evaluate its performance accurately, distinguishing between normal and abnormal cardiac 

conditions based on input ECG images. 

Additionally, the paper provides an insightful overview of the ECG waveform and its 

components, including the P wave (atrial depolarization), QRS complex (ventricular depolariza- 

tion), and T wave (ventricular repolarization). Understanding these components is pivotal for 

effectively diagnosing various cardiac irregularities, such as atrial fibrillation (AFib) or ventricular 

tachycardia (VT), and assessing coronary artery blood flow adequacy. 

II. LITERATURE SURVEY 

Hu et.al [1] This paper presents an algorithm for accurately locating QRS complex onsets 

and offsets in ECG signals with- out requiring an isoelectric segment. By employing straight- line 

fitting and angle calculations, it identifies candidate R peaks and determines QRS complex 

boundaries, achieving improved accuracy and robustness compared to traditional methods. 

Jain et.al [2] This paper presents an ultra-low-power ASIC design with a novel 

cardiovascular disease diagnostic algo- rithm for real-time ECG signal processing.Implemented 

in 130-nm CMOS technology, the ASIC occupies a compact 1.21 mm² area and consumes only 96 

nW at a 1 kHz operating frequency, ideal for energy-efficient wearable ECG monitoring devices. 

Al Rahhal et.al [3] This paper introduces a novel deep learn- ing method for active 

classification of ECG signals. It utilizes stacked denoising autoencoders (SDAEs) for 

unsupervised feature learning and incorporates a softmax regression layer for classification. By 

iteratively updating network weights based on expert-labeled beats, it achieves improved accuracy 

with less interaction and faster retraining. 

Liu et.al [4] This paper introduces a convolutional neural network (CNN) algorithm for 

myocardial infarction detection using multilead electrocardiogram (ECG).The multilead-CNN 

(ML-CNN) model integrates sub 2-D convolutional layers and lead asymmetric pooling (LAP) 

layers, achieving high sensitivity (95.40 percent), specificity (97.37 percent), and accuracy (96.00 

percent). Real-time analyses on MATLAB and ARM Cortex-A9 platforms demonstrate its 

potential for mobile healthcare applications. 

Li et.al [5] This study proposes a method to enhance CNNs for ECG beat classification by 

converting signal data into a two-dimensional format. The model, incorporating adaptive learning 

and dropout techniques, outperforms existing methods in detecting irregular heartbeats. Tested on 

the MIT-BIH arrhythmia database, it achieves high accuracy, making it promising for portable 

cardiovascular monitoring.. 
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Verma et.al [6]This research proposes a Deep Learning model combining Convolutional 

Neural Networks and Long Short-Term Memory, aided by Oversampling, to classify the 2017 

PhysioNet/CinC Challenge dataset into four classes: nor- mal sinus rhythm, atrial fibrillation, 

others, and noisy classes. The model achieves superior accuracy, potentially integrating with CPS-

heart for heart abnormality detection. 

Mohamad and Bazi et.al [7] This article introduces an eigendomain-based deep 

representation learning approach for automated myocardial infarction (MI) detection from 12-lead 

ECG trace images. Utilizing transfer learning and concatenated probability scores, the proposed 

method achieves 100 accuracy for MI detection and outperforms existing models with 99.03 

overall accuracy in classification. 

Kachuee et.al [8] This paper introduces a deep convolu- tional neural network method for 

accurately classifying five different arrhythmias based on ECG signals, adhering to the AAMI 

EC57 standard. It also proposes a knowledge transfer method for myocardial infarction 

classification. Evaluation on PhysionNet’s MIT-BIH and PTB Diagnostics datasets shows average 

accuracies of 93.4 and 95.9 for arrhythmia and MI classification, respectively. 

Iqbal et.al [9] Heart disease is a leading cause of death glob- ally, with significant mortality 

rates in the United States and underdeveloped regions. This study utilizes Ordinary Learning 

Method for heart disease detection, achieving 98.4615 accu- racy on UCI Cleveland Heart Disease 

dataset. Compared to other techniques, OLM demonstrates superior performance in diagnosis. 

Ran et.al [10]Recent research suggests that 1D-CNN is effective for ECG arrhythmia 

detection. This study introduces an adaptive CNN combining 2D and 1D layers to exploit 

morphological similarities among ECG leads. Evaluating on 8- lead ECG data, it outperforms 

traditional 1D-CNN in accuracy without increasing model size, enhancing diagnostic precision. 

Ding et.al [11]This study proposed a classification method of premature ventricular contraction 

based on single lead electrocardiograph (ECG), and compared the classification results of AlexNet 

and convolutional neural network (CNN) model based on AlexNet. 

Khan et.al [12] This study proposes a method for detecting cardiac disorders using a 

generalized approach to process various formats of ECG images. It employs a Single Shot 

Detection (SSD) MobileNet v2-based Deep Neural Network, achieving 98 accuracy in detecting 

four major cardiac abnor- malities. The dataset comprises 11,148 annotated ECG images collected 

from healthcare institutes, endorsed by cardiologists for screening cardiac disorders. 

Mengze et.al [13] This paper introduces a robust and efficient 12-layer deep one-

dimensional convolutional neural network for classifying five micro-classes of heartbeat types 

using MIT-BIH Arrhythmia database. Utilizing wavelet self- adaptive threshold denoising, it 

outperforms BP neural net- work, random forest, and other CNN networks in accuracy, sensitivity, 

robustness, and anti-noise capability, conserving medical resources and aiding clinical practice. 

Yao et.al [14] This paper presents a method for classifying ECG signals using wavelet 

transform for denoising and data enhancement to address imbalanced datasets. It proposes an in- 

tegrated CNN-GRU classifier consisting of convolution layers, local feature extraction modules, 
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GRU, Dense, and Softmax layers to classify beats into five categories, aiding in computer- aided 

ECG diagnosis. 

Cheng et.al [15] This study introduces a novel approach for automatic ECG identification 

and classification. It employs a dense heart rhythm network combining deep CNN and BiLSTM 

to extract hierarchical and time-sensitive features from ECG data. The method achieves an 

accuracy of 89.3 and an F1 score of 0.891 on the PhysioNet/CINC challenge dataset, improving 

automatic ECG classification accuracy for clinical diagnosis and self-monitoring of atrial 

fibrillation. 

Xiaolin et.al [16] This paper introduces a novel multistage pruning technique for reducing 

the computational complexity of CNN models used in ECG classification for smart wearable 

devices. At 60 sparsity, it achieves 97.7 accuracy and a 93.59 F1 score, improving upon traditional 

pruning methods while decreasing runtime complexity by 60.4. 

Suhail et.al [17] This paper presents a framework for automated heart disease detection using 

ECG analysis and symptom-based detection. It combines multi-field extraction and nonlinear 

analysis methods. Discrete wavelet transform preprocesses data, while a Neural Network predicts 

disease presence. Tested on UCI and Physio net data, it achieves 92.0 sensitivity, 89.33 specificity, 

and 90.67 accuracy, outperform- ing traditional methods. 

Fang et.al [18] This paper proposes an automated method for ECG classification to aid in 

diagnosing heart disease, aiming to alleviate the burden on medical staff. Utilizing the MIT-

BIH ECG database, it employs the Pan-Tompkins algorithm for QRS feature extraction, followed 

by K-means clustering and RBF neural network analysis. Achieving a 98.9 classification accuracy, 

the method effectively detects ECG signal abnormalities. 

Doku et.al [19] In a retrospective study at Korle-Bu Teach- ing Hospital, Ghana, 42 patients 

with life-threatening arrhyth- mias were analyzed. Tachyarrhythmias were most prevalent (66.7), 

with 52 having structural heart diseases. Cardiover- sion (52.4) and pacemaker implantation (23.8) 

were common interventions. A high survival rate (88.1) was observed, em- phasizing the 

challenge in resource-limited settings. 

Ansari et.al [20]This survey explores Deep Learning (DL) architectures for ECG arrhythmia 

detection (2017–2023), cru- cial for early cardiovascular disease diagnosis. DL models like 

CNNs, MLPs, Transformers, and RNNs are compared for performance. It serves as a roadmap for 

researchers, offering guidelines and highlighting future research areas to enhance ECG anomaly 

detection. 

Bhaskarpandit et.al [21]This article introduces an eigendomain-based deep representation 

learning approach for automated myocardial infarction (MI) detection from 12-lead ECG trace   

images.   Utilizing   transfer   learning and concatenated probability scores, the proposed method 

achieves 100 accuracy for MI detection and outperforms existing models with 99.03 overall 

accuracy in classification. 
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III. METHODOLOGY 

In this “Disease detection using ECG waveform” a com- prehensive solution that seam- lessly 

integrates admin control, doctor support site, and a user . It categorizes the patient as healthy or 

diseased corresponding to the patients ECG data, community support via donation requests, and 

direct access to medical professionals. The project is used for evaluating the algorithms of 

electrocardiogram rhythm and morphology ab- normality detection and access the database 

model for the detection of cardiovascular diseases. CNN algorithm with ADAM: The prediction is 

carried out using a Convolu- tional Neural Network (CNN) algorithm and ADAM optimizer, a 

popular optimization algorithm Implementing Dart with Flut- ter: It creates a data API for Flutter, 

handling data, security, and deployment separately. Testing and security are criti- cal.MySQL 

Database: It is an open-source relational database management system that organizes data in tables, 

suitable for structured data. Over the past few decades, methods for classi- fication and detection of 

rhythm or morphology abnormalities in ECG signals have been widely studied. 

Many methods have demonstrated potential to accurately detect pathologies in clinical 

applications. Unfortunately, the current works lack com- prehensive comparisons performed on 

as many as heart abnormal types. Existing works focus on single or a few combination, such as 

atrial fibrillation,while some studied ST changes. The process starts with the col- lection of patient 

ecg data. The data are gathered and enter the preprocessing phase. The missing values are filled 

or removed using the technique elaborated in the data prepro- cessing section. Several 

prepossessing techniques were applied to the dataset for its improvement. The training dataset 

was 17 used for training the model using training data on the CNN algorithm via inputing through 

the various convolution layers and hidden layers and lastly dense layer. Then the  model is 

optimized using ADAM and compiled, hence training ends. The trained model undergoes testing. 

The testing data were used for evaluating the performance of the proposed model. After model 

training and testing, the proposed system outputs the result. The proposed system categorizes the 

patient as healthy or diseased as shown.. ECG is a recording of 
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Fig. 1. Block diagram of ECG model development 

the heart’s electrical activity through repeated cardiac cycles, using electrodes placed on the 

skin to detect small electrical changes. It is used to detect cardiac abnormalities, such as irregular 

heart rhythms. A mobile app uses a Convolutional Neural Network (CNN) to detect cardiovascular 

diseases from 2D ECG waveform images. The model is trained on a curated dataset and validated 

through rigorous processes. Patients input ECG data, which is processed through a loaded model 

using a softmax tensor for disease probability detection. This approach redefines emergency 

response and healthcare support by leveraging advanced technology, community collaboration, and 

comprehensive medical guidance. OpenCV (Open Source Computer Vision Library) is a popular 

open-source com- puter vision and machine learning software library.It provides a wide range of 

func- tionalities for image and video processing, including image filtering, feature detection, object 

recognition, and more.In this context, OpenCV could be used for tasks such as image loading, 

preprocessing, and augmentation, to prepare the input data for training the CNN model. CNN 

is a type of deep neural network commonly used for analyzing visual imagery. It is well-suited for 

tasks such as image classification, object detec- tion, and image segmentation. In this scenario, 
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Fig. 2. Flowchart of ECG module implementation. 

the modified model is likely based on a CNN architecture, such as Inception-v3, which is pre-

trained on a large dataset like 

ImageNet. The additional fully connected layer with soft- max activation is added on top 

of the CNN to adapt it for the specific classification task. scikit-learn is a popular machine 

learning library in Python, providing simple and efficient tools for data min- ing and data analysis. 

While scikit-learn is not explicitly mentioned in the provided para- graph, it could potentially be 

used for tasks such as data preprocessing, feature extraction, or even as an alternative classification 

model. For example, scikit-learn’s preprocessing modules could complement OpenCV in preparing 

the input data, and its classification algorithms could be used as an alternative to the CNN for 

comparison or in scenarios where deep learning is not suitable or feasible. 

IV. RESULT 

We offer a thorough, methodical, and standardized workflow pipeline that is essential for 

advancing research endeavors, resolving historical constraints, and standardizing the clini- cal 

assessment procedure. Researchers can use this pipeline as a fundamental guide when creating 

and assessing deep learning (DL) models especially for the categorization of cardiac arrhythmias. 

It is important to emphasize that when feature extraction and classification are done in separate 

steps, these recommendations perform best in heartbeat classification circumstances. For detection 

systems containing arrhythmias like AF or VF, which require segments as input and allow end- to-

end learning, different problems can arise, necessitating a modified approach.Observe Fig.3 
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Fig. 3. Result of Atrial fibrillation 

The script conducts transfer learning by retraining a pre- trained Inception-v3 model on a 

new dataset for image classification. It starts with database selection, utilizing the MIT-BIH 

database for impartial comparisons. Preprocessing involves standard signal filtering techniques, 

and unfiltered raw signals are used for performance assessment. The script sets up directory 

structure, downloads the pre-trained model, and defines command-line arguments. Data 

preparation involves organizing images into sets and applying data augmentation if necessary. 

Model modification adds a new fully connected layer for the classification task. Training iterates 

over a fixed number of steps, adjusting model weights using gradient descent. Evaluation assesses 

performance on training and validation datasets, while testing evaluates the final model on a 

separate dataset for generalization. The trained model is saved along with its labels for deployment, 

showcasing the use of TensorFlow for deep learning tasks. 

V. CONCLUSION 

ECG waveform analysis is a promising avenue in medical diagnostics, detecting cardiac 

diseases like arrhythmias and heart failure with high accuracy. Advanced signal processing and 

machine learning differentiate normal from abnormal ECG patterns, enabling early intervention. 

Integration into clinical practice enhances diagnostic accuracy and personal- ized treatment, 

potentially saving lives. Challenges include data standardization and interoperability. 

Advancements hold promise for revolutionizing cardiac disease management, fos- tering early 

detection, and prevention, ultimately improving global healthcare. Integration across platforms 

and leveraging machine learning algorithms further enhance efficiency, offer- ing valuable insights 

for proactive intervention and improved patient outcomes. 
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Abstract—an Important advancement in healthcare technology is represented by our ground-

breaking “iot based prototype for patient monitoring and medical infusion intravenously” project. 

When iot technology is combined with iv set and patient monitoring, new capabilities are 

introduced. One such feature is the ability to manage the drip rate remotely via a mobile app, which 

guarantees accurate medicine delivery. Our system provides flexibility in the way medication 

administration in accordance with individual patient demands. Additionally, the integration of 

vehicle control makes it easier for patients to shift the iv set remotely, which maximises resource 

allocation and reduces operational disturbances in the healthcare system. In order to improve 

patient safety, the system uses advanced sensors at the same time. The system makes use of cutting- 

edge sensors at the same time, such as an accelerometer for posture detection, an infrared (ir) sensor 

for obstacle iden- tification, and an alarm system for improved patient safety. These sensors support 

thorough patient monitoring, guarantee precise and reliable infusion rates, and notify medical pro- 

fessionals of any possible problems. Vital patient information, including temperature, heart rate, 

and infrared data for drip level monitoring, is safely archived for review and analysis at a later time. 

This integrated solution’s adaptability and scalability improve patient safety, medication 

administration efficiency, and overall healthcare outcomes—offering healthcare professionals a 

comprehensive, technologically advanced innovation. 

Index Terms—iot, ESP32, L293D 

I. INTRODUCTION 

In the ever-evolving landscape of contemporary healthcare, the fusion of state-of-the-art 

technology and medical ingenuity consistently molds the provision of patient care. Our inno- vative 

endeavor, titled the “IoT Based Prototype For Patient Monitoring And Medical Infusion 

Intravenously,” signifies a substantial advancement, fueled by the overarching objective of 

mailto:aparnadevaraj03@gmail.com
mailto:annsunny329@gmail.com
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improving patient care, safety, and operational efficacy. Through the seamless integration of 

Internet of Things (IoT) technology with conventional IV set and patient monitoring, we seek to 

redefine the benchmarks for medication adminis- tration and patient monitoring within healthcare 

environments. 

The foundation of our system facilitates remote control of drip rates through an intuitive 

mobile application, ensuring accurate and personalized medication delivery while providing 

healthcare providers with real-time adjustment capabilities. Furthermore, our initiative introduces 

vehicle control integra- tion, enabling the efficient and remote transfer of IV set be- tween patients, 

optimizing resource allocation and minimizing disruptions. 

Incorporating infrared (IR) data for monitoring and control- ling drip levels, coupled with 

continuous monitoring of critical patient parameters, our system adopts a holistic approach to 

patient care. The securely stored data within a compliant database supports real-time healthcare 

management and serves as a valuable resource for future reference and analysis. The adaptability 

and scalability of our IoT-based system make it suitable for diverse healthcare settings, spanning 

from hospi- tals to home care environments. 

Our project introduces an accelerometer for posture detec- tion, thereby adding essential 

dimensions to its functionality, and an integrated alarm system for enhanced patient safety. In 

summary, our “IoT Based Prototype For Patient Monitoring And Medical Infusion Intravenously” 

project is positioned to catalyze a transformative shift in healthcare, embodying our dedication to 

harnessing technology’s full potential for the well-being of patients, the efficiency of healthcare 

providers, and the evolution of healthcare practices towards a more patient-centered and data-

driven future. 

II. LITERATURE SURVEY to pressure changes and the requirement for valves are 

possible 

The document describes steps chemists can take to avoid mistakes while administering IV 

medications. In order to avoid drawbacks. The paper [9] evaluates the benefits of a central 

control programming errors, chemists are essential in determining dosage limits utilising “smart” 

infusion technology [1]. Error prevention is positively impacted by smart infusion systems, as the 

Vanderbilt University Medical Centre has found. Notwith- standing, obstacles can encompass 

technology aspects and the want for enhanced adherence. 

The paper [2] assesses the effect of decision-supporting in- telligent IV infusion pumps on 

medication mistakes in cardiac units. Despite identifying errors, the research reveals that poor 

compliance has no discernible impact on the frequency of serious prescription errors. The promise 

of smart pumps is highlighted in the conclusion, however the focus is on tackling behavioural and 

technological aspects for better medication safety. 

A spatiotemporal algorithm and cameras are used by a system to identify faults in the 

operation of a home infusion pump [3]. It guarantees correct action sequences, improving patient 

safety. Real-time error correction, algorithm training, and video capturing are all part of the process. 

Complexity of the system and possible resistance are issues, especially for older users. 
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Issues with accurately measuring medication dosages for young children utilising infusion 

pumps are discussed in [4]. Models for age-specific issues are part of the methodology. The intricacy 

of the modelling and the requirement for age- specific modifications are possible drawbacks. 

The design of an infusion pump calibrator [5], including signal detection, processing/display, 

and control components, is the main goal of this work. It exhibits minimal mistakes in flow rate 

and occlusion pressure testing thanks to microcon- trollers and sensors. Patient safety is prioritised 

through routine calibration, addressing issues with quickness, and stressing the critical need of 

infusion pump dependability. Maintenance issues are one possible drawback. 

The goal of a microfluidic electroosmotic infusion pumpis to achieve low voltage and 

high flow rates. It could be difficult to sustain the low voltage needs. Microelectrodes and 

simulations are used in the process to maximise pumping efficiency. 

Non-lead composites are used to protect infusion pumps from problems caused by radiation 

exposure [7]. Among the possible drawbacks is the requirement for additional devel- opment. By 

integrating bismuth oxide into materials, the approach shows promising X-ray attenuation. 

In [8], a unique portable micro-pump intended for medica- tion delivery systems with excellent 

precision, low cost, and efficiency is presented. The design, production, and testing phases of the 

process demonstrate the methodology’s capacity to produce high performance with an error of less 

than 1 per- cent. The micro-pump discused in [8] finds uses in chemother- apy, insulin delivery, pain 

management, and antibiotic therapy. It seeks to address shortcomings in current pumps. 

Sensitivityinterface for IV infusion pump management in intensive care units in terms of usability. 

A task-based usability test that contrasts the central interface with individual pump controls is part 

of the methodology. The central control interface addresses human factors and usability difficulties 

and shows better performance, fewer errors, and good user responses. The study adheres to the 

usability standards of ISO 9241-11. 

The focus is on vulnerabilities that raise safety issues with Wireless Infusion Pumps in 

Hospital Delivery Organisations (HDOs) [10]. The report contains parts covering the pump 

ecosystem, cyber-physical systems, and security measures and suggests cybersecurity controls 

during software development. A “smart self-monitored syringe infusion pump” in [11] 

incorporates a patient monitor for simultaneous data recording in order to mitigate the dangers 

associated with syringe infusion. The goal is to increase efficiency and safety, however there may 

be drawbacks, such as constant surveillance and information overload for medical personnel. 

The difficulties in IV therapy monitoring are covered in the paper [12], along with a thorough 

solution that makes use of Arduino, IR sensors, RF transmitters, and Wi-Fi modules. By keeping 

an eye on IV fluid levels, the automated device avoids problems like blood loss or backflow. The 

focus lies in mitigating stress among healthcare practitioners and aug- menting patient safety, so 

contributing to the wider movement of utilising technology to improve healthcare. Promising for 

effective health monitoring during IV therapy is the suggested system. 

In order to improve safety, an LD20 flow sensor for syringe infusion pumps is introduced in 
[13]. It measures infused flow directly. It talks about the shortcomings of the pumps that are in use 
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today and stresses how crucial precise infusion rates are. As part of the technique, the sensor is 

integrated to fix issues and enhance safety features. 

The study [14] addresses issues with manual monitoring during IV therapy by introducing an 

Internet of Things-based Automated Intravenous Drip Monitoring System. Improving patient safety 

and lightening the strain on medical personnel are the objectives. Complexity of the technology and 

its incor- poration into current healthcare systems could be obstacles. 

Paper [15] suggest utilising Arduino and infrared sensors to create an automated saline flow 

monitoring system for effective healthcare. The emphasis is on cost-effectiveness and minimising 

human intervention. Remote monitoring is a benefit, but there may be drawbacks such as difficulties 

with implementation and technology resistance. 

An inexpensive portable infusion pump guarantees accurate drug dosage and detects air 

bubbles [16]. The process makes use of fluidic, mechanical, and electrical concepts. Difficulties 

include the possibility of medication delivery problems, with a focus on mobility and affordability. 

The difficulties in modifying target-controlled infusion (TCI) pumps for use with younger 

patients are discussed in this paper [17], with a focus on how growth and organ function affect drug 

clearance. Using allometric models for size standardisation and maturation, such as the sigmoid 

Emax or Hill model, is part of the process. The two most used medications for paediatric IV 

anaesthesia are propofol and remifentanil. The advantages of computerised TCI systems and their 

pharmacokinetic/pharmacodynamic variability are recognised, along with the limitations of 

manual regimens in children. One drawback is that TCI pumps are currently insufficient for 

newborns. 

Using a DC motor, microprocessor, and GSM module for wireless control, a low-cost medical 

syringe pump is intended for use in remote locations. The objective of [18] is to offer a clever, 

mobile telemedicine solution with IoT connectivity. One or more such drawbacks could be poor 

connectivity in isolated locations. 

An open-source platform for wireless infusion pumps used in security research [19] is called 

secpump. Its objective is to assess and create solutions to medical equipment security 

vulnerabilities. The platform is open-source, which makes it easier to launch assaults and mount 

defences while also advancing knowledge of the weaknesses in cyber-physical systems. 

It is explained how technology is driving a revolution in healthcare, with a particular emphasis 

on a wireless system for IV fluid flow monitoring in real time. The study [20] highlights how IoT 

may automate healthcare functions, lowering the de- mand for ongoing human interaction. Device 

interoperability and security issues could be difficulties. 

To solve issues with human estimating and inaccuracies, an Internet of Things (IoT) based 

drip monitoring and control device for IV infusion settings is presented [21]. Physical and 

electrical separation are stressed throughout the paper’s discussion of infrared-based drop detection. 

Ambient lighting influences on detection accuracy could be a challenge. 
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Accurate drug delivery in [22] is the goal of passive im- planted infusion pumps incorporating 

MEMS technology. Po- tential drawbacks include the requirement for additional test- ing. The 

process incorporates microfluidic chips for accurate control, supporting pain relief and cancer 

treatment. 

An alternative effective IoT-based drip rate monitoring and regulating device is suggested [23]. 

The approach uses observa- tion, surveying, and clinical immersion to find problems with current 

systems. The gadget is intended to address issues such as blood backflow and air embolism. 

The paper [24] presents a smart infusion pump that uses Arduino to monitor and regulate IV 

systems remotely. It makes use of optical sensors and laser diodes to track fluid levels and identify 

obstructions. Ensuring dependable wireless data transmission for remote monitoring could present 

difficulties. 

The goals of two-provider verification in [25] for configuring anaesthesia infusion pumps are 

effectiveness and safety. One of the challenges is the ongoing requirement for training. The “model 

for improvement” with main drivers, interventions, and PDSA cycles is used in the methodology. 

III. METHODOLOGY 

The project “IoT Based Prototype For Patient Monitoring And Medical Infusion 

Intravenously” approaches healthcare issues methodically. By creating communication protocols, 

it incorporates Internet of Things technologies into conventional IV set and patient monitoring 

systems. The intuitive mobile ap- plication facilitates remote drip rate control, and flexibility in the 

way medications are administered. Vehicle control systems provide the efficient and remote 

transfer of the infusion pump between patients, hence optimising the allocation of resources. With 

an accelerometer, IR sensor, and alarm system for safety and accuracy, advanced sensors improve 

patient monitoring. Patient data that is kept in a compliant database for later analysis is safeguarded 

by strong data security procedures. The system is adaptable and expandable to fit a range of 

healthcare environments. The objective is to improve patient care and transform healthcare 

technology. 
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A. Block Diagram 

 

Fig. 1. Block Diagram 

Components and Modules 

1) Hardware Components: 

• ESP32: The ESP32 is a low-cost, Bluetooth-enabled, Wi- Fi-equipped device. In addition to 

integrated features like filters, power management, RF components, and antenna switches, it 

makes use of many microprocessors, such as Tensilica Xtensa and RISC-V. 

• Temperature Sensor: It is possible that the temperature sensor is utilised to keep an eye on 

the body temperature of patient. In hospital settings, where it’s critical to maintain the proper 

temperature for pharmaceuticals, this information may be useful. 

• IR Sensor (Infrared Sensor): There are a lot of uses for IR sensors. They might be employed 

in this situation to sense the closeness of things in order to make sure the IV set is positioned 

properly or to identify any obstructions in its path. 

• Pulse Sensor: The patient’s heart rate is determined via the pulse sensor. In the medical field, 

it is crucial to keep an eye on vital indications like heart rate, particularly while administering 

drugs via an infusion pump. 

• Accelerometer: A sensor that detects acceleration and may identify forces such as gravity or 

motion-induced forces is called an accelerometer. It provides essential motion-related data and 

is frequently employed in devices for features like screen rotation and step counting. 

• Buzzer: A buzzer is a basic electrically powered device that emits a sound, usually a buzzing 

or beeping sound. Frequently observed in alarm clocks, timers, and elec- tronic gadgets, it 

functions to deliver auditory notifica- tions or cautions by transforming electrical impulses into 

sound waves via a vibrating component. Employ as a warning 

• DC Motor: A DC motor is a mechanical device that generates motion from electrical energy. It 

works by using the interaction of a magnetic field and a current-carrying coil to produce 

rotating movement. DC motors are widely utilised in industrial, robotic, and appliance 

applications. They are renowned for their ease of use and effectiveness in transforming 
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electrical power into mechanical effort. 

• L293D Motor Driver: The stepper motor is driven by the L293D. It’s a motor driver integrated 

circuit (IC) that gives the motor the power and control signals it needs to move the system 

precisely. 

• Servo Motor: A servo motor is an electrical device that precisely moves machine parts. It’s a 

BLDC motor with a feedback sensor for accurate control over angle, location, and velocity. 

It’s a key component in closed-loop motion control systems. 

2) Software Components: 

• Mobile App: You indicated using a mobile app to operate the system. In order to give users 

(healthcare providers) the opportunity to remotely adjust the drip rate of the sys- tem, monitor 

patient data, and handle other capabilities, it is likely that the app will connect to the server. 

The application may provide control and data visualisation interfaces that are easy to use. 

• Database: The server gathers information from the sev- eral sensors (temperature, infrared, 

pulse, etc.), safely stores it in a database, and links it to patient data. Accurate administration 

of drugs and patient monitoring depend heavily on these data. 

• IoT Connectivity: Since your project is Internet of Things (IoT) based, it connects different 

devices to a network—likely Wi-Fi or cellular—through the usage of a network. Real-time 

data transfer between sensors, the server, and the mobile app is made possible by this link. 

• Security: Security is crucial since healthcare data is sensitive. Strong security measures must 

to be in place on your system to safeguard patient information and guarantee that 

unwanted access is avoided. 

• Data Visualisation and Analysis: The programme offers instruments for examining past 

patient data. In order to help healthcare professionals make well-informed deci- sions about 

patient care and medication administration, it can produce reports, trends, and alarms. 

• Error Handling and Alerts: The software must to possess the capability to identify problems 

or irregu- larities within the system (such as incorrect medicine administration) and promptly 

notify healthcare providers. 

RESULT AND DISCUSSION 

 

 

Fig. 2. result 
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The system is connected to the patient, and the drip rate is controlled and monitored with the 

patient monitoring system where the parameters including patient posture in the app. The data is 

collected by the system and sent to the cloud, where it is displayed in the Android app. The 

patient’s data will be continuously monitored and updated in the app. The system’s movement can 

be controlled by the app, allowing it to move forward, backward, left, and right. 

Table 1: Initial readings 

Temperature 

0 

Drip Count 

0 

Pulse Position 

0 Straight 

Date 

26-03-2024 

Time 

18:17:03 

0 0 0 Straight 26-03-2024 18:17:05 

0 0 0 Straight 26-03-2024 18:17:08 

0 0 0 Straight 26-03-2024 18:17:10 

0 0 0 Straight 26-03-2024 18:17:13 

0 0 0 Straight 26-03-2024 18:17:16 

Table 1 shows the drip count and pulse rate at initial condition with corresponding time. 

Table 2: Final readings 

Temperature 

0 

Drip Count 

0 

Pulse 

0 

Position 

Straight 

Date 

26-03-2024 

Time 

18:18:34 

28.45 3 110 Straight 26-03-2024 18:18:38 

29.20 7 110 Left 26-03-2024 18:18:41 

29.45 9 100 Left 26-03-2024 18:18:45 

30.00 13 95 Right 26-03-2024 18:18:49 

30.00 15 99 Right 26-03-2024 18:19:00 

Table 2 shows the varying values of drip count and pulse rate with respect to time. 

IV. CONCLUSION 

The project “IoT Based Prototype For Patient Monitoring And Medical Infusion 

Intravenously” is a trailblazing develop- ment in healthcare technology that aims to strategically 

solve contemporary issues and promote improvements in patient care. By incorporating IoT 

technology into IV set and patient monitoring system with ease and offering cutting-edge capabil- 

ities like remote drip rate control, and effective vehicle control, the methodical approach used 

guarantees a comprehensive approach. The integration of cutting-edge sensors improves medicine 

administration accuracy and safety by facilitating thorough patient monitoring. Strong data security 

protocols ensure that private patient data is kept safe, and the flexible, scalable architecture enables 

adaptability to a range of health- care environments. The system’s effectiveness and safety are 

confirmed by usability testing and regulatory compliance. The project promises to revolutionise 

healthcare procedures and improve patient care through digital innovation, and as it ap- proaches 



 

International Conference on Recent Advancements in Science and Engineering (RAiSE ‘24) 

 

172 

 

deployment, continual monitoring and optimisation highlight its dedication to continuous 

development. 
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Abstract—Type 1 Diabetes, or T1D, is a condition where the body’s immune system 

attacks and damages the insulin producing cells in the pancreas. A major challenge for individuals 

with T1D is effectively controlling their blood sugar levels after eating, by determining the right 

amount of insulin to inject before meals. This process is known as managing Postprandial Glucose 

Response (PGR). Here we develop a prediction system for individuals with Type 1 diabetes and 

helps to manage their blood sugar (glucose) level. Using Machine Learning methods to predict 

Blood Glucose Levels (BGLs) based on nutritional factors (i.e., carbohydrates, lipids, proteins, 

fibres and energy intakes) can provide valuable insights into the relationship between diet and 

health. By collecting comprehensive data on insulin usage and physical activity, this project aim 

to built accurate predictive model. The user friendly interface will empower individuals to input 

the dietary information and receive real time prediction. This model will not only forecast blood 

glucose levels but also provide personalized nutrition recommendation, fostering better day-to-

day diabetes management. This suggests that personalized dietary recommendations and 

interventions could be valuable for managing blood glucose levels in context of diabetes. 

Index Terms—Type-1-Diabetes,Postprandial Glucose Response(PGR),Blood Glucose 

Level(BGL). 

I. INTRODUCTION 

Type 1 Diabetes (T1D) often referred to as “ Type 1 diabetes mellitus” is an autoimmune 

chronic condition, in which the immune system of the affected individual destroys the 

pancreas(insulin-making cells which are cells). As a result, the pancreas is unable to produce 

insulin, which is a hormone necessary for regulating blood sugar (glucose) levels in the body. The 

main cause of T1D is complex and depends on different factors, including genetic, immunologic 

and envi- ronmental factors. Based on recent epidemiological studies T1D incidence is 15 per 

100,000 people and the worldwide prevalence is 9.5 percentage. The incidence and prevalence 

mailto:muflihakmw20bm@kmctcew.ac.in
mailto:naseebanoorikmw20bm@kmctcew.ac.in
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of Type-1 diabetes are increasing in the world. In addition to a regular exogenous administration 

of insulin, patients with T1D have to adhere to a healthy lifestyle and be very careful in monitoring 

and managing their blood sugar levels to prevent and avoid acute complications, such as severe 

hypo-glycemiam, severe hyper-glycemia , etc as well as the severe chronic complications involving 

eye, kidney, and cardiovascular sys- tem. In particular, a main issue for T1D patients is managing 

postprandial glucose response 

A. OBJECTIVES 

The objective of this machine learning project is to develop a predictive system for 

individuals with Type 1 diabetes that helps them manage their blood glucose levels more 

effectively through nutritional insights. By collecting comprehensive data on dietary habits, insulin 

usage, physical activity, and historical blood glucose measurements, the project aims to build 

accurate predictive models. These models will not only forecast blood glucose levels but also 

provide personalized nutrition recom- mendations, fostering better day-to-day diabetes 

management. The user-friendly interface will empower individuals to input their dietary 

information and receive real-time predictions and guidance, while ongoing monitoring and 

feedback mechanisms will ensure continuous model improvement. Improved diabetes management 

enable individuals with Type 1 diabetes to make informed dietary choices by considering the 

impact of different foods on their blood glucose level and reduce the risk of extreme blood glucose 

fluctuations. By collaborating with healthcare professionals and prioritizing privacy and security, 

this project aspires to make a meaningful impact on the lives of those with Type 1 diabetes, 

reducing complications and enhancing their overall quality of life. 

B. KEY CHARACTERISTICS 

1. Insulin Dependence: People with Type 1 diabetes are entirely dependent on external insulin 

sources because their bodies cannot produce insulin on their own. Insulin therapy, typically 

administered through injections or an insulin pump, is necessary to manage blood sugar 

levels. 

2. Onset in Youth: Type 1 diabetes is often diagnosed in childhood or adolescence, although it 

can develop at any age. It was previously known as ”juvenile diabetes” due to its frequent 

onset in young individuals. 

3. Rapid Onset of Symptoms: The symptoms of Type 1 diabetes can develop quickly over a 

period of days or weeks. Common symptoms include excessive thirst, frequent urination, 

unexplained weight loss, extreme hunger, fatigue, and blurred vision. 

4. Blood Sugar Management: Managing blood sugar levels is a critical aspect of living with Type 

1 diabetes. This involves regular monitoring of blood glucose levels, calculating insulin doses, 

and making lifestyle adjustments to keep blood sugar within a target range. 

5. Risk of Hypoglycemia and Hyperglycemia:   People with Type 1 diabetes are at risk of 

both hypoglycemia (low blood sugar) and hyperglycemia (high blood sugar) episodes. 

Hypoglycemia can lead to symptoms like shakiness, confusion, and even loss of 

consciousness, while hyperglycemia can cause fatigue, excessive thirst, and other symptoms. 
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C. METHOD 

In this paper it focuses on a diverse set of features, each of which plays a unique role in the 

context of T1D prediction: Gender, Age, Urea, Creatinine ratio(Cr), Body Mass Index (BMI), 

Cholesterol (Chol), Fasting lipid profile, including total LDL, VLDL, Triglycerides(TG) and 

HDL Cholesterol , HBA1C, Class (the patient’s diabetes disease class may be Diabetic, Non-

Diabetic, or Predict-Diabetic).A machine learning algorithm with Artificial neural network is used 

for forcasting future glucose values. Comparative analysis of ma- chine learning algorithms to 

achieve the goal of accurate T1D prediction . The algorithms under consideration encompass a 

diverse set of techniques including logistic regression, decision trees, random forest, support vector 

machines. Each of these algorithms has its strengths and limitations, and the choice of the most 

suitable one is a critical decision. The selected algorithm should provide the most accurate and 

reliable T1D predictions based on the considered features, making it an invaluable tool for early 

diagnosis and management 

II. LITERATURE SURVEY 

All the below listed surveys were conducted to find the most appropriate algorithm that 

provide the best leading accuracy for the model. 

C. Vetrani et.al [1] 2022 proposed to assess the relationship between meal nutrients and 

postprandial blood glucose response (PGR) in individuals with type 1 diabetes on a  hybrid closed-

loop system (HCLS).This shows that nutritional factors other than the amount of carbohydrate 

significantly influence postprandial blood glucose control. 

J   Carrillo   Morena   et.al   [3]   2021,   R   Sendra   proposed a prediction of future glucose 

levels has shown to be fundamental in helping patients to plan and modify their treatment in real-

time.this paper, a glucose predictor based on long short-term memory neural networks is designed. 

Khodaei, Mohammed Javad et al. [4] 2020 A patient-driven project, the DIY artificial 

pancreas system (DIYAPS) has the potential to completely transform diabetic control, using open-

source algorithms in conjunction with already-existing pumps and CGM to automate insulin 

delivery.Overall, research on the use of DIYAPS has shown improvements in time in range, 

HbA1c (glycated hemoglobin), decreased hypoglycemia, and enhanced quality of life. 

Istvan Vassanyi et.al [5] 2020 proposed diabetes Mellitus outpatients would benefit from a 

lifestyle support tool that delivers reliable short term Blood Glucose Level (BGL) predictions. A 

new training method is proposed for a neural network in which an absorption model is applied 

that uses the nutrient contents of meals. The numerical characteristics of the computed absorption 

curve are fed to the neural network as training inputs along with the applied insulin doses and 

BGL evolution measured by a Continuous Glucose Monitoring System. 

K.Li et.al [6] 2020 proposed for people with Type 1 diabetes (T1D), forecasing of blood 

glucose (BG) can be used to effectively avoid hyperglycemia, hypoglycemia and associated 

complications.In this introduce GluNet, a framework that leverages on a personalized deep neural 

network to predict the probabilistic distribution of short-term (30-60 minutes) future CGM 
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measurements for subjects with T1D based on their historical data including glucose 

measurements, meal information, insulin doses, and other factors. 

E.A Pustozerov et.al [7] 2020 A blood glucose prediction model, which included detailed 

discussions on feature engineering and particular data pre-processing. This work creates a decision 

tree gradient boosting algorithm-based data- driven blood glucose model to forecast various 

postprandial glycemic response features. The program made use of information about meals and 

each patient’s unique eating situation. 

Ariya Saunders et.al [8] 2019 Proposed the Automated insulin delivery for people with type 

1 diabetes. The MiniMed™ 670G artificial pancreas (AP) system is the first commercially available 

insulin pump that automates basal insulin delivery, while still requiring user input for insulin 

boluses. 

Levente Kovacs et.al [9] 2019 Proposed automating the delivery of insulin to individuals 

diagnosed with type 1 diabetes. The first artificial pancreas (AP) system available for purchase 

is the MiniMedTM 670G. Accessible insulin pump that requires human input for insulin boluses 

but automates basal insulin delivery. 

In 2019 A.Aliberti et al. [10] Continuous glucose monitoring systems (CGMSs) that are 

now being proposed enable diabetes patients’ blood glucose levels to be measured. This study 

looks into the Prediction models are used to estimate future glucose-level values on a new patient 

after being trained on the glucose signals of a sizable patient cohort. This study compares two 

distinct solution types: long short-term memory (LSTM) networks and non-linear autoregressive 

(NAR) neural networks. Three methods from the literature—feed-forward neural networks 

(FNNs),   autoregressive   (AR)   models, and recurrent neural networks (RNN)—were empirically 

compared to these answers. However, the NAR’s prediction accuracy was only good for short-term 

forecasts. For both short- and long-term glucose-level inference, the LSTM demonstrated 

remarkably good performance. 

Ali Idri et al. [11] 2019,Proposed Data-mining offers strong methods to extract knowledge 

from massive volumes of data, providing important information for decision making.The use of 

DM prediction approaches to diabetic self-management (DSM) is the topic of this research. 

Jauher Ben Ali et.al [12] 2018 proposed Recent technology developments in diabetes 

management, such Continuous Glucose Monitoring (CGM) systems, offer trustworthy sources for 

blood glucose information.This paper suggests a novel approach for blood glucose level prediction 

in Type 1 Diabetes (T1D) that solely uses CGM data as inputs and is based on Artificial Neural 

Networks (ANN). 

I Contreras et.al [13] 2018 proposed when paired with cutting- edge technology like mobile 

computing, medical devices, and sensor technologies, artificial intelligence techniques could make 

it possible to develop and provide improved chronic disease management services.Here, artificial 

intelligence approaches are used to help control diabetes and its related difficulties. 
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M.D.Van Der Walt et.al [14] 2017 proposed the 30-minute blood glucose level prediction 

utilizing clinical data from continuous glucose monitoring   devices.This   study   looks at how a 

deep network may be built efficiently if domain expertise is used to infer the values of the 

component functions and the compositional structure of the goal function.. 

K. Tuksoy et.al [15] 2013 proposed early warning signs of hypoglycemia are crucial, and 

they should provide people ample time to take preventative measures.An improved substitute to 

capture glucose changes and forecast blood glucose concentrations in the future is the introduction 

of subject-specific recursive linear time series models.Recursive models’ predictions of future 

glucose concentrations are used to construct the hypoglycemia alarm method.The modeling 

technique gives good glucose concentration prediction with comparatively modest error and allows 

models to dynamically adjust to inter- and intra-subject variation and glycemic disturbances.. 

III. METHODOLOGY 

This study used a diabetes dataset.The data were collected from the laboratory of Medical 

City Hospital. Patients file were  taken and data extracted from them and entered into database to 

construct the diabetes dataset. The data consists of medical information and laboratory analysis. 

The data was prepared by removing unwanted attributes, missing values and redundant records. 

The model was trained from training dataset and tested with test data. The prediction is done in 

the form of three classes. The study aimed to improve better day-to-day diabetes management. 

 

Fig. 1. Block Diagram 

A. ALGORITHMS 

1) K-Nearest Neighbour: The k-Nearest Neighbors (kNN) algorithm is a simple and widely used 

classification and regression technique. It belongs to the family of instance- based, lazy 

learning algorithms.The kNN algorithm is known for its simplicity and effectiveness, but it 

may not scale well to large datasets due to the need to calculate distances for each test 

point against all training points. Additionally, the choice of k and the distance metric can 

significantly impact the algorithm’s performance. Cross-validation and tuning are often used 

to find suitable values for these parameters. 

2) Naive Bayes: Naive Bayes is a probabilistic machine learning algorithm that is based on 

Bayes’ theorem. It is par- ticularly popular for classification problems, especially in text 

classification and spam filtering. Naive Bayes is a probabilistic machine learning algorithm 

that is based on Bayes’ theorem. It is particularly popular for classification problems, 

especially in text classification and spam filtering. 

3) Decision Tree: A decision tree is a flowchart-like tree structure where each internal node 
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represents a test on an attribute, each branch represents the outcome of the test, and each leaf 

node represents a class label (in the case of classifica- tion) or a numerical value (in the case 

of regression).Decision trees are interpretable and easy to understand, making them popular 

for tasks where interpretability is crucial. However, they are prone to overfitting, especially 

when the tree is deep. This problem can be addressed with the use of ensembles (like Random 

Forests) and pruning techniques.Using the random forest approach has several advantages, 

the primary one being that it requires less training time than other algorithms. It operates 

effectively even with a large dataset and predicts output with high accuracy. 

4) Random Forest: This algorithm is used for the creation of our model since it provide 

maximum accuracy for the prediction which is of 99 percentage.Random Forest is an 

ensemble learning algorithm that operates by constructing a 

 

Fig. 2. Random forest 

multitude of decision trees during training and outputting the mode of the classes (classification) 

or the mean prediction (regression) of the individual trees. 

IV. RESULT AND DISCUSSION 

We develop a prediction system by collecting the com- prehensive data on insulin usage and 

physical activity. The data includes various parameters like Urea, Creatinine ratio, HbA1c, 

Cholesterol, Triglycerides, High density lipoprotein, Low density lipoprotein, very-low-density-

lipoprotein, and Body mass index to predict blood glucose levels for individ- uals with Type-1 

Diabetes and helps to manage their blood glucose levels. Clean the collected data to handle missing 

values, outliers, and inconsistencies. Normalize the data to ensure uniformity and prepare it for 

analysis. Here we aim to built accurate predictive model.The user friendly interface will empower 

individuals to input their dietary information and re- ceive real time predictions.These model will 

not only forecast blood glucose levels but also provide personalized nutrition recommendation, 

fostering better day-to-day diabetes manage- ment. To determine the best prediction for each 

model,We train our model with four of the machine learning algorithms which are K- Nearest 

Neighbour, Naive Bayes, Random Forest and Decision Tree. Finally, we compare accuracy of each 

model. The algorithm that provide the maximum accuracy is selected for the prediction for blood 
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glucose level.Here we select Random Forest algorithm which provides the maxi- mum accuracy of 

99 percentage.we also have the Knearest neighbour algorithm with the accuracy of 96 percentage 

along with Naive Bayes with 91 percentage and at last the Decision tree with 96 percentage.Train 

the selected machine learning models using the training dataset. Fine-tune hyper parameters to 

optimize model performance.We develop a user-friendly interface for T1D patients to input meal 

information and view blood glucose predictions. The interface should be accessible via web or 

mobile applications. Incorporate features for issuing alerts in case of critical blood glucose levels 

and providing personalized dietary recommendations.By analysing all the features our model 

predicts the blood glucose levels. whether the patient is subjected to be diabetic, then they falls in 

to the ’YES’ class .if not they falls in to ’NO’ class and If the model finds any slight possibility to 

have type-1-Diabetes then they falss inti the ’POSSIBLE’ class.According to the result, the patient 

recieves a report that provide them with personalized nutritional recommendtion and creates unique 

diabetic profile for each individuals.In addition, it helps the patients to chart their food intake and 

dietary choices. 

V. CONCLUSION 

This research demonstrates that integrating nutritional data into machine learning models 

can enhance blood glucose predictions in Type 1 Diabetes. The study emphasizes the significance 

of considering dietary information in diabetes management, potentially leading to more 

personalized care and improved predictive accuracy. Future advancements in this field may 

involve integrating advanced machine learning algorithms, deep learning techniques, and big 

data analytics to further enhance prediction accuracy. Additionally, incorpo- rating real-time data 

from wearable devices and telemedicine technologies could enable proactive monitoring and 

interven- tion. Collaboration between healthcare institutions, research organizations, technology 

companies, and regulatory bodies will be crucial for the development and implementation of these 

systems. It’s essential to prioritize data security, consent mechanisms, transparency in algorithmic 

decision-making, and compliance with regulatory standards to ensure the ethical use of these 

technologies. 
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Abstract—This paper focuses on the use of Inception-ResNet V2 for the automated 

classification of X-ray images to aid in the early diagnosis of COVID-19. Its aim is to eliminate 

human error in the diagnosis process by utilizing the Inception-ResNet V2 model, which helps 

identify the true severity of the condition.he model has been trained using X-ray images obtained 

from online resources, allowing for timely treatment of the illness and the identification of issues 

caused by COVID-19.Adoption of this approach has significant potential to improve the efficiency 

and accuracy of X-ray diagnosis of COVID-19. The accuracy of the network is calculated and 

then tested. This is done to eliminate errors in diagnostic interpretations. 

I. INTRODUCTION 

The SARS-CoV-2 virus, which caused COVID-19, caused over 6 million deaths globally and 

prompted the World Health Organization to declare it a Public Health Emergency of International 

Importance (PHEIC). [1]. Early diagnosis and effective treatment are critical in reducing the virus’s 

incidence and mortality. Active infection in COVID-19 can be detected using RT-PCR as the gold 

standard. While CT scans and X- ray examinations are not primary diagnostic tools for COVID- 

19,they play a vital role in determining lung involvement and treating severe cases.Automated 

tools for classifying X- ray images can support the efficiency and precision of such assessments, 

aiding in the monitoring of disease progression and management of the affected patients. 

A. Convolution Neural Network 

As of right now, Convolutional Neural Networks (CNN) is the most popular machine 

learning technique and deep artificial neural networks with good capabilities for feature extraction 

and detection. One of its most important features is weight sharing, which greatly reduces the 

number of weights and the complexity of the network model.By utilizing pooling layers, nonlinear 

activation functions, and many convolution filters, Convolutional Neural Networks (CNNs) 

minimize the loss function. Every part of a convolutional neural network simulates the activity 
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of biological neurons, and each part has several inputs, represented by the letters x1, x2, x3,..., 

xn, or the so-called characteristic matrix. Convolutional and pooling layers (also known as pooling 

layers) are typically found at the conclusion of a CNN network structure, followed by one or more 

fully-connected layers.After the convolution is finished,a non-linear excitation function (in a neural 

network this excitation function is usually Rectifier activation function) must be applied to the result 

to get the final result of the layer. 

. 

 

 

Fig. 1. CNN Model 

II. LITERATURE SURVEY 

Residual learning framework is used to reformulate layers to learn residual functions, making 

these networks easier to op- timize and improving their accuracy as training deeper neural 

networks is a more challenging task [2]. A residual learning approach can address the degradation 

problem, which occurs when deeper networks start converging with higher training er- ror [3]. An 

identity map for signal propagation in deep residual networks, improving training and 

generalization.1001-layer 

ResNet and 200-layered Resnet were more effective in CIFAR- 10 and ImageNet respectively. 

[4].TensorFlow platform was utilized to train and test a CNN model with two convolutional layers 

using data from the MNIST dataset.This model can be used to extract features and make 

classification decisions. [5]. The application of transfer learning techniques, integration modeling 

with deep neural networks, and integrated models with COVID-19 technology is a practical and 

economical approach to diagnose the disease effectively. [6]. 

COVID-GATNet, a neural network model, is utilized to diagnose COVID-19 through chest 

X-rays.The model uses augmented data from three datasets and combines DenseNet and GAT, 

improving classification performance.The accuracy of the model was 94.1% [7]. ULNet model 

uses augmented data from three datasets and is based on U-net with added features and achieved 

an accuracy of 94.1% [8]. Co-ResNet neural network model achieved an accuracy of 94.1% 

[9]. Image regrouping and ResNet-SVM showed an accuracy of 93% [10]. enhanced Inception-

ResNetV2,model for diagnosis of COVID-19 based on chest X-rays. The model uses aug- mented 
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data from three datasets and is based on Inception- ResNetV2 with additional features.The accuracy 

of the model was 94.1% [11]. 

Lung tissue images are classified using SegNet and U-Net deep learning networks. SegNet 

with an accuracy of 0.95 in bi- nary classification outperforms U-Net with an accuracy of 0.91 in 

multiclass classification and U-Net performs better in multi- class classification with an accuracy 

of 0.91. [12]. ResNet- 101 and pretrained U-Net for lung segmentation in large x-ray images 

generated a heat-map to highlight COVID-19 signals [13]. Using Convolutional Neural Networks 

can provide a quick and accurate method for diagnosing the disease [14] [15]. Prediction vectors 

are generated using a guided depth network with simple distance scaling (MAG-SD)and attention 

from multiscale feature maps for COVID-19 diagnosis and demonstrated high efficiency for 

COVID-19 classification and segmentation. [16]The DenseNet169 model uses the ANOVA 

(analysis of variance) feature selection method and can be used for the diagnosis of COVID-

19 by CXR [17]. AI has been found to have an efficient application in healthcare and researchers 

are encouraged to develop an AI algorithm to help identify and isolate people with Coronavirus 

symptoms [18]. Multiscale residual U-Net,The automatic segmentation algo- rithm for lung 

nodules is designed to accurately segment lung nodules with complex geometric structures [19]. 

Automated lung disease detection system to address COVID-19 will help reduce diagnostic time 

for radiologists [20]. 

Improved results can be achieved by utilizing multi- class segmentation, which eliminates 

any missing tag data [21].AdaD-FNN is what transfers the learned knowledge from one FNN 

estimator to the next in a sequential manner, while also adjusting Weighted training set model with 

decreasing learning rate. The F-U2MNet-C image processing model has been improved, which 

analyzes image features using fuzzy stacking and removes unwanted elements using U2MNet seg- 

mentation [22].AAF-U-Net, the lung segment classification system, is effective in categorizing 

and classifying COVID- 

19. Moreover, it has good classification capabilities [23].The image extraction 

framework and visual inversion approach can provide the most accurate classification of chest X-

ray images for cancers using the global quadratic clustering and clustering methods [24]. 

According to experimental findings, Inception- Resnet performs better in assessment indicators 

than other image classification techniques, and the technique possesses more resilience, precision, 

and intuitiveness [25] 

III. INCEPTION-RESNET   V2 

A. Inception-ResNet V2 for Feature Extraction in Medical Images 

In recent years, the emergence of deep learning has had a significant impact on medical 

image analysis, especially for disease diagnosis and classification. The COVID-19 pandemic has 

demonstrated the need for accurate and effective diagnostic tools and spurred research into 

advanced technologies such as the Inception-ResNet V2 architecture for lung shape classi- fication 

Inception-ResNet V2, a hybrid neural network that combines elements of the Inception and 
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ResNet architectures, has achieved success in a variety of computer vision tasks due to its ability 

to capture complex situations at many scales. 

This section of the conference document describes how to apply Inception-ResNet V2 to 

classify images from COVID- 19 patients. The network’s unique architecture, which incor- 

porates residual connections and parallel feature extraction modules, It is used in this way to 

improve the accuracy and robustness of the classification model. The intricate nature of lung 

abnormalities associated with COVID-19 necessitates a comprehensive analysis of image features, 

and Inception- ResNet V2 model’s sophisticated design proves instrumental in capturing both 

local and global patterns crucial for accurate classification. 

The experimental results, presented in subsequent sections, showcase the efficacy of 

Inception-ResNet v2 in distinguishing COVID-19 infected lung images from non-infected counter- 

parts. The introduction of this advanced neural network archi- tecture offers the potential to 

contribute to ongoing efforts to combat the global pandemic by improving diagnostic accuracy and 

accelerating the identification of COVID-19 cases through automated image analysis. 

IV. METHODOLOGY 

A. Dataset 

The images used for this purpose are X-rays. The image dataset was obtained from the 

COVID-19 radiography database, the chest radiography database, and the COVID-19 lung mask 

database... These images were taken from Kaggle which is a platform for data science and machine 

learning competitions, as well as a community of data scientists and machine learning 

practitioners. It provides a platform for users to find and share datasets. 
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Fig. 2. Structure of Inception-ResNet 

B. Feature Extraction 

Feature Extraction is performed on lung   pictures used to identify COVID-19 to capture 

relevant information that can aid in distinguishing between normal and COVID-19 affected 

cases.Inception-ResNet v2 Convolutional Neural Net- work (CNN) is used as the core network to 

capture the main and additional features of the pore-processed chest X-ray images. The Inception 

module, the core component of the Inception-ResNet V2 model, consists of parallel convolutional 

layers with different sized kernels. This architecture allows the network to capture features from 

different scales, improving its characteristic separation capabilities. Inception-ResNet V2 

incorporates residual connections, which connect input fea- tures to corresponding output features. 

These connections help alleviate the vanishing gradient problem and enable deeper network 

architectures.The Inception-ResNet V2 networks are a type of convolutional neural network (CNN) 

that uses residual connections. Residual connections allow the network to learn more complex 
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features by passing information directly from previous layers to subsequent layers.This makes the 

system more efficient and less prone to overfitting. 

Inception-ResNet V2 networks have been shown to achieve superior performance in several 

image classification tasks, including the ImageNet Large Scale Visual Recognition Chal- lenge 

(ILSVRC).Below is a more in-depth explanation of the various elements of Inception-ResNet V2 

networks.The stem is the first layer of the web. It consists of a convolution layer and a joining 

layer. Inception-ResNet blocks are the basic building blocks of Inception-ResNet V2 networks.The 

convolution layers, converging layers and residual connec- tions are present in every block.In 

feature maps, the spatial dimensions are reduced using reduction blocks. This is done using a 

combination of convolutional layers, pooling layers and residual joins. 

Spatial sizes are reduced on destination maps with reduction blocks.Convolutional layers, 

pooling layers and residual joins are employed to achieve this. How does it work.A drop layer is 

used to prevent the network from being overlaid. Softmax layer is used to calculate the probability 

distribution between different classes. 

C. Architecture and Model Training 

The algorithm is built on the Inception-ResNet V2 model. Preprocessing such as rotation, 

zooming and flipping were applied on the images. Preprocessing helps the model learn from a 

more diversified dataset, making it robust against different orientations and scales of images. The 

Inception- ResNet V2, which has been trained in advance using the ImageNet dataset, extracts 

features necessary for classification into normal or infected lungs. Following the initial base model 

which is the Inception-ResNet V2, A global averaging layer is included to reduce output space 

size. After that, fully connected layers are added in order to classify the data. The last level 

employs the Softmax activation function to generate output probabilities. 

 

Fig. 3. Architecture 

The model is compiled with an optimizer (such as Adam), a loss function (categorical cross-

entropy, suitable for multi- class classification), and metrics (like accuracy) to evaluate the 

model.Images from the training catalog are utilized to train the model. Validation is also 

performed using a separate set of images to monitor the model’s performance on unseen data. 

This training allows the model to adjust its weights based on the errors it makes, effectively 

learning from the training data. 
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V. RESULT & DISCUSSION 

The model was trained with the accuracy increasing and the loss value decreasing over 

time suggesting that the model was effectively learning from the training data. Further, the 

continuous decrease in loss indicates that the model was ef- fectively learning patterns from the 

training data. The increase in accuracy indicates improving reliability. The Inception- ResNet V2 

model achieved an accuracy of 93.78%. There is an inconsistency in validation accuracy indicating 

an overfitting issue. Strategies such as introducing dropout layers or regu- larization techniques 

could be explored to mitigate overfitting and enhance model performance on validation data. 

REFERENCES 

[1] Susanna Felsenstein, Jenny A Herbert, Paul S McNamara, and Chris- tian M Hedrich. Covid-

19: Immunology and treatment options. Clinical immunology, 215:108448, 2020. 

[2] Kaiming He, Xiangyu Zhang, Shaoqing Ren, and Jian Sun. Identity mappings in deep residual 

networks. In Computer Vision–ECCV 2016: 14th European Conference, Amsterdam, The 

Netherlands, October 11– 14, 2016, Proceedings, Part IV 14, pages 630–645. Springer, 2016. 

[3] Kaiming He, Xiangyu Zhang, Shaoqing Ren, and Jian Sun. Deep residual learning for image 

recognition. In Proceedings of the IEEE conference on computer vision and pattern 

recognition, pages 770–778, 2016. 

[4] Liang Yu, Binbin Li, and Bin Jiao. Research and implementation of cnn based on tensorflow. 

In IOP Conference Series: Materials Science and Engineering, volume 490, page 042022. IOP 

Publishing, 2019. 

[5] Ningwei Wang, Hongzhe Liu, and Cheng Xu. Deep learning for the detection of covid-19 using 

transfer learning and model integration. In 2020 IEEE 10th international conference on 

electronics information and emergency communication (ICEIEC), pages 281–284. IEEE, 

2020. 

[6] Feng He, Yu Deng, and Weina Li. Coronavirus disease 2019: What we know? Journal of 

medical virology, 92(7):719–725, 2020. 

[7] Junfeng Li, Dehai Zhang, Qing Liu, Rongjing Bu, and Qi Wei. Covid- gatnet: A deep learning 

framework for screening of covid-19 from chest x-ray images. In 2020 IEEE 6th International 

Conference on Computer and Communications (ICCC), pages 1897–1902. IEEE, 2020. 

[8] Tianbo Wu, Chen Tang, Min Xu, Nian Hong, and Zhenkun Lei. Ulnet for the detection of 

coronavirus (covid-19) from chest x-ray images. Computers in Biology and Medicine, 

137:104834, 2021. 

[9] Subrato Bharati, Prajoy Podder, M Mondal, and VB Prasath. Co- resnet: Optimized resnet 

model for covid-19 diagnosis from x-ray images. International Journal of Hybrid Intelligent 

Systems, 17(1-2):71– 85, 2021. 

[10] Changjian Zhou, Jia Song, Sihan Zhou, Zhiyao Zhang, and Jinge Xing. Covid-19 detection 

based on image regrouping and resnet-svm using chest x-ray images. Ieee Access, 9:81902–

81912, 2021. 

[11] Madallah Alruwaili, Abdulaziz Shehab, and Sameh Abd El-Ghany. Covid-19 diagnosis using 

an enhanced inception-resnetv2 deep learning model in cxr images. Journal of Healthcare 



 

International Conference on Recent Advancements in Science and Engineering (RAiSE ‘24) 

 

190 

 

Engineering, 2021:1–16, 2021. 

[12] Adnan Saood and Iyad Hatem. Covid-19 lung ct image segmentation using deep learning 

methods: U-net versus segnet. BMC Medical Imaging, 21(1):1–10, 2021. 

[13] Worapan Kusakunniran, Sarattha Karnjanapreechakorn, Thanongchai Siriapisith, Punyanuch 

Borwarnginn, Krittanat Sutassananon, Trong- tum Tongdee, and Pairash Saiviroonporn. Covid-

19 detection and heatmap generation in chest x-ray images. Journal of Medical Imaging, 

8(S1):014001–014001, 2021. 

[14] Maad M Mijwil and Ehsan Ali Al-Zubaidi. Medical image classification for coronavirus disease 

(covid-19) using convolutional neural networks. Iraqi Journal of Science, 62(8):2740–2747, 

2021. 

[15] Yu-Huan Wu, Shang-Hua Gao, Jie Mei, Jun Xu, Deng-Ping Fan, Rong-Guo Zhang, and Ming-

Ming Cheng. Jcs: An explainable covid- 19 diagnosis system by joint classification and 

segmentation. IEEE Transactions on Image Processing, 30:3113–3126, 2021. 

[16] Jingxiong Li, Yaqi Wang, Shuai Wang, Jun Wang, Jun Liu, Qun Jin, and Lingling Sun. 

Multiscale attention guided network for covid-19 diagnosis using chest x-ray images. IEEE 

Journal of Biomedical and Health Informatics, 25(5):1336–1346, 2021. 

[17] Hamid Nasiri, Seyed Ali Alavi, et al. A novel framework based on deep learning and anova 

feature selection method for diagnosis of covid- 

19 cases from chest x-ray images. Computational intelligence and neuroscience, 2022, 2022. 

[18] Yassir Edrees Almalki, Abdul Qayyum, Muhammad Irfan, Noman Haider, Adam Glowacz, 

Fahad Mohammed Alshehri, Sharifa K Al- duraibi, Khalaf Alshamrani, Mohammad Abd 

Alkhalik Basha, Alaa Alduraibi, et al. A novel method for covid-19 diagnosis using artificial 

intelligence in chest x-ray images. In Healthcare, volume 9, page 522. MDPI, 2021. 

[19] Jianshe Shi, Yuguang Ye, Daxin Zhu, Lianta Su, Yifeng Huang, and Jian- long Huang. 

Comparative analysis of pulmonary nodules segmentation using multiscale residual u-net and 

fuzzy c-means clustering. Computer Methods and Programs in Biomedicine, 209:106332, 

2021. 

[20] Wessam M Salama and Moustafa H Aly. Framework for covid-19 segmentation and 

classification based on deep learning of computed tomography lung images. Journal of 

Electronic Science and Technology, 20(3):100161, 2022. 

[21] O Elharrouss, N Subramanian, and S Al-Maadeed. An encoder-decoder- based method for 

segmentation of covid-19 lung infection in ct images. sn comput sci 3 (1): 13, 2022. 

[22] Xujing Yao, Ziquan Zhu, Cheng Kang, Shui-Hua Wang, Juan Manuel Gorriz, and Yu-Dong 

Zhang. Adad-fnn for chest ct-based covid-19 diagnosis. IEEE Transactions on Emerging 

Topics in Computational Intelligence, 7(1):5–14, 2022. 

[23] Anupam Das. Adaptive unet-based lung segmentation and ensemble learning with cnn-based 

deep features for automated covid-19 diagnosis. Multimedia Tools and Applications, 

81(4):5407–5441, 2022. 

[24] Chiagoziem C Ukwuoma, Zhiguang Qin, Md Belal Bin Heyat, Faijan Akhtar, Abla Smahi, 

Jehoiada K Jackson, Syed Furqan Qadri, Abdul- lah Y Muaad, Happy N Monday, and Grace 



 

International Conference on Recent Advancements in Science and Engineering (RAiSE ‘24) 

 

191 

 

U Nneji. Automated lung-related pneumonia and covid-19 detection based on novel feature 

extraction framework and vision transformer approaches using chest x- ray images. 

Bioengineering, 9(11):709, 2022. 

[25] Yunfeng Chen, Yalan Lin, Xiaodie Xu, Jinzhen Ding, Chuzhao Li, Yim- ing Zeng, Weili Liu, 

Weifang Xie, and Jianlong Huang. Classification of lungs infected covid-19 images based on 

inception-resnet. Computer methods and programs in biomedicine, 225:107053, 2022. 

  



 

International Conference on Recent Advancements in Science and Engineering (RAiSE ‘24) 

 

192 

 

Mindmapper: Predicting Alzheimer’s with Magnetic 

Resonance Imaging 

 

Fathima Fidha MT  

Dept. of Biomedical Engineering 

KMCT CEW Kozhikode, India 

fidhamt@gmail.com 

 

Fathimathu Riyada  

Dept. of Biomedical Engineering 

KMCT CEW Kozhikode, India 

riyadafathimathu@gmail.com 

Fitha Firose  

Dept. of Biomedical Engineering 

KMCT CEW Kozhikode, India 

fithafirose09@gmail.com 

 

Ms Anusha EP  

Dept. of Biomedical Engineering 

KMCT CEW Kozhikode, India 

anushachandran08@gmail.com 

Devika Sreekumar  

Dept. of Biomedical Engineering 

KMCT CEW Kozhikode, India 

devikasreekumar66@gmail.co 

 

Abstract—Alzheimer’s, a progressive ailment impacting mem- ory and overall brain 

function,lacks a definitive diagnostic test. Relying solely on brain scans is insufficient for 

conclusive identification. Presently,physicians assess Alzheimer’s based on reports from the pa- 

tient’s relatives,social behaviour,and past medical records. Integrating Artificial In- telligence(AI) 

and Machine Learning(ML) algorithms could enhance this diagnostic approach. Big 

processing,harnessing data from diverse sources amidst evolving scenar- ios,offers a 

comprehensive perspective. This proposed solution involves a big processing model from a 

data mining standpoint. Employing various ML classifiers,the paper fo- cuses on training 

Alzheimer’s detection models,treating attributes as a complex system. Notably,the Support Vector 

Ma- chine (SVM) with a linear kernel model demonstrated superior accuracy compare. 

Index Terms—Machine learning,deep learning,artificial in- telligence,moderate 

demented,non-demented,mild demented and very-mild demented,convolutional neural 

networks,dementia. 

I. INTRODUCTION 

Alzheimer’s Disease (AD) is a progressive neurological condition affecting around 5.1 

million people in the United States, with no definitive treatment. Early detection is crucial for 

effective management, but the process is challenging and costly. Automated systems, particularly 

using deep learning methods, have shown superior accuracy in diagnosing AD compared to human 

assessments. These systems analyze var- ious data sources, including MRI scans, biomarkers, and 

numerical data, significantly reducing time and costs. 

In the early stages of AD, individuals may function indepen- dently, but subtle signs like memory 

issues become apparent. As the disease progresses, symptoms worsen, requiring 24/7 assistance. 
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Deep learning models, especially convolutional neural networks (CNN), are employed to analyze 

MRI brain data, offering high-resolution localizations for accurate diag- nosis. 

Diagnosing AD in its early stages is crucial, as late treat- ment can lead to irreversible brain 

damage. Modern imaging technologies, such as MRI and PET scans, play a vital role in early 

detection, even before symptoms appear. Machine learning techniques, particularly deep learning, 

have revo- lutionized the field, providing high-performance models for accurate diagnosis. 

Researchers are exploring various machine learning al- gorithms, including random forest, 

logistic regression, and support vector machines, for multi-classifier architectures in AD diagnosis. 

Deep neural networks, such as CNNs, can identify intricate changes in brain structure and analyze 

disease progression with large datasets. 

The proposed end-to-end framework in this paper utilizes CNNs for detailed AD 

classification based on scanned MRI images. The goal is to enhance prediction accuracy by com- 

bining deep learning algorithms and feature engineering. This project aims to develop a prediction 

model using diverse clinical data to identify patients at high risk of developing Alzheimer’s, 

enabling early intervention and improved man- agement. 

II. LITERATURE SURVEY 

Jessen et.al [1] 2014 Deep learning excels in Alzheimer’s detection, surpassing traditional 

methods in handling complex neuroimaging data. A review of studies from 2013 to 2018 revealed 

accuracies up to 98.8% for AD classification, with stacked auto-encoder (SAE) and multimodal 

approaches yield- ing promising results. Ongoing advancements in deep learn- ing, incorporating 

diverse data types, showcase its evolving potential for accurate diagnostic classification in 

Alzheimer’s research. 

Yongliang et al [2] 2018 The paper introduces a device- free localization method for 

sensor networks using artificial neural networks, enabling accurate location predictions when 

individuals enter the area, eliminating the need for devices. Lee Kuok Leong1 et al [3] 2019 

Alzheimer’s disease (AD) is a common incurable neurodegenerative condition associated with 

memory loss. A study proposes a machine learning ap- proach, using the Random Forest Grid 

Search Cross Validation model, achieving 94.39% accuracy in early AD detection. Their 

Graphical User Interface (GUI) tool is evaluated on a dataset, showing promising results aligned 

with dementia status. 

Martinez-Murcia FJ et.al [4] 2019 The study uses deep con- volutional autoencoders to 

analyze Alzheimer’s disease data, linking cognitive symptoms to neurodegeneration. It achieves 

over 80% classification accuracy, estimating the influence of each coordinate over the brain. 

Heger K et.al [5] 2020 This study uses a systematic literature review and Delphi consensus 

to identify modifiable risk factors for dementia, analyzing observational studies and international 

experts’ rankings for dementia prevention. 

Al-Shoukry et.al [6] 2020 Accurate early diagnosis of Alzheimer’s is crucial for timely 

treatment, and Deep Learning (DL) emerges as a key tool, enabling researchers to diagnose the 
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disease before irreversible brain damage occurs. Recent studies highlight DL’s potential for 

enhancing predictive ca- pabilities in identifying Alzheimer’s at its early stages. 

Sivakani GA et.al [7] 2020 Alzheimer’s, a form of dementia, is a global concern affecting 

individuals as young as middle age. Researchers are shifting focus from drug discovery to early-

stage prediction, emphasizing feature extraction in large datasets. This paper employs machine 

learning for feature ex- traction, selection, and classification on the oasis longitudinal dataset. 

Neelaveni et.al [8] 2020 Alzheimer’s, a neurodegenerative disorder, starts with benign 

symptoms that worsen over time. As there’s no cure, early prediction is crucial for slowing 

progression. This study employs machine learning algorithms, utilizing psychological parameters 

like age, visits, MMSE, and education to predict Alzheimer’s disease, aiming to enhance early 

diagnosis and intervention. 

Bari Antor et.al [9] 2021 Alzheimer’s, affecting around 45 million people, is a degenerative 

brain disease primarily linked to Dementia. To combat this, a machine learning system was 

developed using the OASIS dataset, analyzing its small yet valuable data with models like SVM, 

logistic regression, decision tree, and random forest. Results indicate that fine- tuned support 

vector machine outperforms, offering a simple yet effective means to detect Dementia. 

Naif K. Al-Shammari et.al [10] 2021 A cardiac stroke results from a blocked heart blood 

vessel, often due to plaque buildup. Symptoms include pressure, nausea, and fatigue. Deep Neural 

Networks aid in predicting strokes by enhancing accuracy in processing medical information. 

Tanuja Kothakota et.al [11] 2021 Epilepsy seizures happen due to messed-up electrical 

activity in brain cells, making them hard to predict. This study proposes a new method to detect 

seizures using brain scans. The method involves training a special algorithm on normal and seizure 

brain activity. Tested on real patient data, the algorithm was able to identify seizures with 97.32% 

accuracy. 

Bai et.al [12] 2021 Alzheimer’s, a challenging neurodegenera-tive disease, is extensively 

researched using data from various sources like MRI and PET scans, genetics, and biomarkers. 

A multi-task learning algorithm is applied to predict cognitive scores in the next 3 years, aiding in 

assessing future cog- nitive trends. The study also employs machine learning for classifying 

cognitive stages and proposes a scalable technical architecture for managing and sharing 

Alzheimer’s data. 

Khan P et.al [13] 2021 This study explores machine learning and deep learning techniques 

for detecting four brain diseases: Alzheimer’s, brain tumor, epilepsy, and Parkinson’s, aiming to 

improve future detection methods and datasets 

Prajapati R et.al [14] 2021 This paper presents a deep neural network designed for binary 

classification in medical research. The model uses three activation functions for hidden layers and 

undergoes k-folds validation. The model is tested on Alzheimer’s Disease and Cognitively Normal 

groups. The proposed DNN achieved high accuracy scores, outperforming traditional machine 

learning algorithms, with 85.19%, 76.93%, and 72.73% accuracy respectively. 
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Sathiyamoorthi et al [15] 2021 Alzheimer’s disease involves protein deposits called 

biomarkers, crucial for diagnosis ac- curacy. A proposed technique uses brain MRI data, employs 

neural networking for attribute mapping, and integrates fuzzy logic for reliable decision-making. 

The method demonstrates high performance, with an 89.27% sensitivity and 93.91% accuracy in 

Alzheimer’s disease evaluation and diagnosis. 

Gadekallu et al [16] 2021 This study employs a 50-layer Residual network to identify obesity 

or malnutrition and esti- mate body mass index (BMI) based on face picture analysis. It focuses 

on gender-based BMI prediction and uses Multi-task Cascaded Convolutional Neural Networks 

for face detection. The system emails the relevant health officer the person’s photo and health 

information so they can do additional eval- uation. 

Helaly HA et.al [17] 2022 This study develops an end-to-end framework for early detection 

and medical image classification of Alzheimer’s disease using convolutional neural networks. The 

web application helps doctors and patients remotely check and advise on their AD stage. 

Kavitha et al [18] 2022 This approach has the potential to significantly improve healthcare. 

Early and accurate diagnosis of Alzheimer’s disease is crucial for managing the disease and 

making treatment decisions that can slow its progression. Machine learning techniques like 

Decision Tree and Support Vector Machine have shown promise in this area, with studies 

achieving an 83% accuracy rate in predicting Alzheimer’s. This could be a valuable tool for early 

diagnosis and poten- tially reduce mortality rates. 

K Thanuja et al [19] 2023 The paper presents a feature optimization and classification 

technique for epileptic seizure, a critical medical emergency. The technique uses dynamic feature 

set extraction, categorization labels, and grey-wolf optimization to identify feature-attribute 

relationships. 

M Sudharsan et al [20] 2023 Alzheimer’s disease damages brain cells, affecting memory and 

behavior. Early diagnosis is key, but challenges exist. This study explores a new methodfor early 

detection using machine learning. 

III. METHODOLOGY 

The study used a longitudinal Alzheimer’s disease dataset, utilizing MRI data . The data was 

analyzed using machine learning techniques to predict Alzheimer’s disease at an early stage. They 

cleaned the data and trained a model on one part, then tested it on unseen data. To make sure the 

results were reliable, they split the data into multiple sections and repeated the test. This approach 

aimed to improve the accuracy of predicting Alzheimer’s with machine learning. 

 

Fig. 1. Classes Of MRI 
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A. Covolutional Nueral Network 

A convolutional neural network (CNN) is a subset of machine learning used for image 

recognition and processing pixel data. It is particularly suitable for computer vision tasks and object 

recognition applications like self-driving cars and facial recognition. CNNs are a core element of 

deep learning algorithms, with recurrent neural networks (RNNs) being suit- able for natural 

language processing, speech recognition, and image captioning. CNNs can uncover key 

information in both time series and image data, making them valuable for image- related tasks like 

image recognition, object classification, and pattern recognition. They also classify audio and 

signal data. The results help patients understand their Alzheimer’s disease 

 

Fig. 2. CNN Model 

stage, which is crucial for doctors to better understand the disease’s impact. The research uses 

various environments, tools, and libraries for experiments and analysis. 

IV. RESULT 

The study conducted evaluations on various machine learn- ing models including Decision 

Tree, SVM, Random Forests, Naive Byes, and Voting using 4-fold cross-validation. Perfor- mance 

metrics such as accuracy, precision, recall were em- ployed to determine the best algorithm for 

model. Overfitting and parameter tuning issues were addressed using multiple techniques post-

model development. The evaluation involved binary and multiclass performance assessments 

utilizing con- fusion matrices. A machine learning classifier was devised to distinguish 

individuals with true Alzheimer’s disease from a given population. Evaluation measures including 

precision, recall and accuracy were computed. The report provided to patients indicates their 

current stage of Alzheimer’s disease, crucial for understanding its progression and guiding treat- 

ment. Various environments, tools, and libraries were utilized for conducting experiments and 

analysis in this research. 
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V. CONCLUTION 

This project investigated the potential of MRI images for Alzheimer’s disease (AD) 

detection and severity level predic- tion. We explored the use of machine learning, particularly 

deep learning techniques, to analyze these images and identify patterns associated with AD 

progression. 
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I. ABSTRACT 

The Arduino Uno and NodeMCU microcontrollers are used in the smart exoskeleton system 

to control the movements of the elbow, wrist, and fingers using servo and stepper motors.Flex 

sensors and an Android app are the two techniques used here. These two are attached to the Arduino 

board as input.The efficienc y of the exoskeleton in improving upper limb mobility and fine motor 

activities is assessed; prospec- tive uses include industrial duties, assistive technology, and 

rehabilitation therapy. 

Index Terms—Exoskeleton, Arduino Uno, Node MCU, Andriod 

App, Flex sensors, servo stepper motor 

II. INTRODUCTION 

ExoArm:   Empowering   Monoparesis   Rehabilitation”   is a ground-breaking program that 

combines state-of-the-art robotics with intricate control systems to effectively address the 

multifaceted obstacles faced by people with monoparesis. This creative project’s main goal is to 

develop a wearable robotic system that will not only try to restore the crippled limb’s capabilities 

but also improve them, giving users the ability to regain their independence and improve their 

quality of life in general. A network of servo motors, a precisely calibrated stepper motor, and a 

cluster of carefully positioned flex sensors are all seamlessly integrated into the meticulously 

designed ExoArm, which is envisioned as a versatile and adaptive solution. A specialized and user-

friendly Android application can be used to effortlessly operate and control the ExoArm’s 

connected components, which include the precisely calibrated servo motors for precise and nuanced 

finger move- ments, the responsive and fluid-stepper motor that facilitates natural and seamless 

arm movements, and the strategically positioned array of five flex sensors for dynamic and intuitive 

control and manipulation. All of these components work to- gether to create a seamless and user-

friendly system. The core of the ExoArm is the highly flexible and efficient Arduino Uno  

microcontroller, which maintains an optimal and continuous operating framework by facilitating 

the smooth and responsive interaction between the stepper motor, servo motors, and flex sensors. 

mailto:yamunashanmughan@gmail.com
mailto:asiyanizar21@gmail.com
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Additionally, the NodeMCU module’s seamless integration acts as a wireless communication 

channel between the Android application and the ExoArm, enabling real-time adjustments and a 

highly customizable control interface that can be precisely tailored to meet the various and ever-

evolving needs and preferences of each individual user. Concurrently, the finely tuned and 

extremely responsive stepper motor func- tions as a crucial element that efficiently permits smooth 

and natural arm motions, greatly augmenting the user’s ability and potential to competently 

perform a variety of tasks with increased ease, efficiency, and fluidity. Additionally, the very 

cleverly placed and highly adaptive flex sensors are seamlessly integrated into the ExoArm to 

further improve its overall re- sponsiveness and adaptability. This allows users to control and 

modulate the robotic system’s movements with subtle, natural gestures, thereby strengthening the 

already existing symbiotic relationship between the user and the ExoArm. In addition to offering 

users an intuitive, approachable, and highly interactive interface that efficiently streamlines the 

entire operational framework and ensures an immersive and captivating user experience, the user-

friendly Android application acts as a centralized and seamlessly integrated control hub The main 

goal of this ground-breaking initiative is to offer a complete platform that not only makes it easier 

to restore lost motor abilities but also acts as a catalyst to speed up and simplify the user’s 

rehabilitation process. The ExoArm project seeks to promote and create a more inclusive and 

supportive workplace by combining technology innovation with a deeply rooted human-centric 

approach, highlighting the critical relevance of independence and empowerment throughout the 

continuous healing process. . Through the development of a cooperative and mutually beneficial 

interaction between the user and the technology components, the ExoArm is ideally positioned to 

provide a customized and personalized rehabilitation experi- ence that is painstakingly adapted to 

meet the particular needs and skills of every user. 

III. LITERATURE SURVEY 

[1] Khokhar, Z.O.et al., 2010.This paper presents the utilize of design acknowledgment to 

appraise the torque connected by a human wrist and its real-time usage to control a novel two 

degree of opportunity wrist exoskeleton model (WEP).[2] Troncossi M., et al. 2012. The hand 

exoskeleton has 2 degrees of flexibility (DOFs) for the flexion/extension of the thumb and for the 

flexion/extension of the gather composed by the other four fingers. Current impediments of existing 

devices depend within the truant or decreased capability to foresee the aiming activity of the 

patient.[3]. Vaca Benitez L.M., et al., 2013.The control is based on limit capacities which are 

related to most extreme amplitudes measured in both muscles.In this way the bolster is continually 

diminished until the point the persistent does not need any external help for moving his 

arm.[4]SoltaniZarrinR,etal.2017.It features eight degrees of freedom(DoF), six dynamic and two 

detached, empowering comprehensive scope of bear support, glenohumeral (GH) joint, elbow, and 

wrist movements.[5] Lambelet, C.,et al. 2017. They created the eWrist, a wearable one degree-of- 

freedom fueled exoskeleton which underpins wrist extension training.[6] Noor, S., et al., 2017. 

The most component of the framework is an accelerometer which depends on the motions of the 

hands.This system moreover capacities utilizing Arduino where the computer motion of the robot 

is controlled by human hand movements.[7] Cheng, L., et al. 2018. To lighten the weight connected 

on the patient’s hand and arm, here the complete control framework is set within the patient’s 



 

International Conference on Recent Advancements in Science and Engineering (RAiSE ‘24) 

 

202 

 

rucksack and the cabledriven approach is utilized to attain the long-distance control 

transmission.This paper proposes a wearable hand restoration robot for helping patients to do 

restoration preparing such as the flexion and expansion of fingers.[8] Ambrosini E,et al. 

2019.Here ,The displayed half breed mechanical framework is exceedingly customizable, permits 

to screen the day by day execution, requires moo capability to perform ADLs and appear little but 

supervision of the advisor and might have the potential to noteworthy changes in engine control and 

muscle quality upgrade arm recuperation after stroke. [9] Rudd, G.,et al. 2019 proposed a low-cost, 

delicate mechanical hand exoskeleton made of delicate silicone elastic actuators, it helps with 

getting a handle on and hand developments, controlled through a basic interface and micro- 

controller. [10]Abdul-Amir D.Q,et al. 2019 propose a shrewd exoskeleton robotic arm for elbow 

recovery, highlighting a 2- DOF plan with arrangement flexible actuators (Oceans) and a cable-

driven differential instrument. This plan gives exact torque control and free development control. 

[11] Nizamis K, et al. 2019. Bionic arms, controlled by electrical signals from muscles or nerves, 

reestablish upper appendage work with different developments. Sensor innovation and control 

frameworks from bionic arms can upgrade stroke recovery and exoskeleton functionality.[12] 

Imtiaz M.S.B,et al. 2021. The exoskeleton was created concurring to to the measurements of a 

persistent employing a 3D scanner, and after that created with a 3D printer; the mechanism for the 

development of the hand could be a ligament flexion component with servo engine actuators 

controlled by an ATMega2560 microcontroller.[13] Henderson J, et al. 2021. The hand exoskeleton 

has 2 degrees of flexibility (DOFs) for the flexion/extension of the thumb and for the 

flexion/extension of the gather composed by the other four fingers.Within this system the creators 

planned and made the distal portion of the by and large exoskeleton, i.e. the hand-and-wrist 

framework. [14] Secciani N,et al. 2021. a hand exoskeleton plan including a 5-DOF cable-driven 

instrument with a secluded structure, made of lightweight materials like aluminum and carbon fiber 

and fueled by little servo motors.[15] He, C., Xiong, C.H. et al., 2021. A recently created 

exoskeleton (Armule) outlined particularly for post- stroke upper appendage recovery [16] Xie,Q, 

et al. 2021,pro- pose a comprehensive human-exoskeleton coupling energetic show for upper 

appendage recovery preparing, considering the structure of the exoskeleton, human arm 

biomechanics, and in- teraction powers. Custom fitted to both detached understanding preparing 

(PPT) and patientactive preparing (PAT) modes.[17] V´elez-Guerrero, M.A.,et al., 2021.These 

exoskeletons give assistive and resistive powers amid preparing, possibly revo- lutionizing 

recovery by upgrading adequacy, proficiency, and persistent engagement.[18] De Oliveira, A.C., 

et al. ,2021.This investigates the accuracy of upper-extremity joint point estima- tion utilizing the 

Agreement exoskeleton. Comes about appear great to excellent agreement with optical movement 

capture markers, proposing the exoskeleton’s potential as a tool for assessing arm and shoulder 

joint kinematics.[19] Islam, M.R. et al.,2021. This investigate work pointed to create an imag- 

inative sensorized upper arm cuff to measure the wearer’s interaction forces in the upper arm 

[20] Blanco-Ortega, A. et al. 2022. a strong GPI controller for direction following in upper 

appendage restoration exoskeletons, utilizing as it were yield estimations for computational 

effectiveness and real- time implementation.[21] In 2022, Palazzi,et al. Individuals who endure 

from upper-limb incapacities may discover their quality of life much improved by the low-cost 
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upper-limb exoskeleton that the creators have effectively made. They are able to utilize littler, less 

expensive engines since of their design’s capacity to significantly minimize the crest torques 

required for working. [22] Peng, X.et al., 2022,optimizing fueled lower leg exoskeleton control. 

Members in a think about strolled on a treadmill wearing such exoskeletons, deciding their just 

noticeable distinction (JND) in activation timing.[23] Dunkelberger, N. et al. 2023.The MPC taken 

a toll work is outlined to disperse activation on a single degree of oppor- tunity to favor FES control 

exertion, decreasing exoskeleton control utilization, whereas guaranteeing smooth developments 

along diverse trajectories This control technique diminished exoskeleton torque for the crossover 

framework with simi- lar following precision compared to using the exoskeleton alone.[24] Greco, 

C, et al. 2023. The creators propose utilizing delicate and flexible carbon fiber-based turned and 

coiled fake muscles (TCAMs) to control a lightweight, ungrounded, delicate exoskeleton for wrist 

rehabilitation.Exercises for wrist rehabilitation that can be done passively or actively with the 

device.[25] Barrutia, W.S.,et al. 2023 This phantom, featuring 3D-printed bones surrounded by 

ballistic gel and a motorized hexapod system, replicates physiological knee motion during gait. 

Testing with a torsional spring exoskeleton demonstrates the importance of including soft tissue 

deformation, indicating its crucial role in energy absorption and transmission. 

Based on the findings of our survey we developed a 3D- printed Exoskeleton that is controlled 

by flex sensors in addition to a android app.This model serves as a rehabilitation to assist 

individuals with monoparesis condion. 

IV. METHODOLOGY 

7) Server 

PyCharm is used to code a Python server, facilitating connection between the Android 

app and NodeMCU. 

8) LED indication 

LEDs offer visual feedback, displaying various colors, blink patterns, or steady states to 

convey information. 

B. Circuit Diagram 
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Fig. 1. Block Diagram 

A. Block Diagram 

1) Power supply 

 
 

Fig. 2. Circuit Diagram 

The circuit starts with a step-down transformer converting 230V AC to 12V AC. The 12V 

AC is rectified to DC using a bridge rectifier and filtered with a capacitor. An LM7805 regulator 

converts the 12V DC to stable 5V DC. An LED indicates the presence of the 5V supply. The 

Arduino Uno, flex sensors, and NodeMCU transmitter are connected, with the Arduino providing 

power to servo motors and LEDs. 

C. Flow Chart 

A power supply converts 230V AC to 5V DC for electronic projects. 
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2) Arduino Uno 

Arduino Uno is a microcontroller board with 14 digital I/O pins, 6 analog inputs, and uses 

embedded C for programming via the Arduino IDE. 

3) NodeMCU 

NodeMCU ESP8266 is a popular IoT development board with built-in Wi-Fi, compatible with 

Arduino IDE and programmed in embedded C. 

4) Servo Motor 

MG90S servo motors are self-contained devices used for precise rotation in machines. 

They’re controlled by a standard servo signal with pulse widths determining their position. They 

act as fingers in this project. 

5) Stepper motor 

The stepper motor used here aids in elbow extension, converting electrical pulses into precise 

mechanical mo- tion through discrete steps. 

6) Android App 

The Android app, created in Android Studio using Java, controls the exoarm via buttons to rotate 

the servo motor. 

1) Initialization: System connects to Android app and sets up servo motor control and flex 

sensor pins. 

2) Receiving Commands from the Android App: System checks for commands from Android 

app rotate servo motor to angle or read flex sensor value 

3) Processing Command: Upon receiving a servo rotation command, the system identifies the 

target servo motor and adjusts it to the specified angle. For flex sensor reading commands, 

the system retrieves the current value of the specified flex sensor, indicating the degree of 

sensor bending. 

4) Checking Flex Sensor Threshold: System checks flex sensor value against preset threshold to 

detect significant bends 

5) Triggering Servo Rotation based on Flex Sensor: If flex sensor value surpasses threshold, 

system rotates corresponding servo to preset angle. 

6) System Stop: Once all commands and sensor readings have been processed, the system enters 

a stop state. This revised version uses standard language and avoids technical jargon to 

improve clarity and accessibility for a broader audience 
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A  

Fig. 3. Flow Chart 

D. Abbreviations and Acronyms 

DOF - degrees of freedom GH - glenohumeral PPT - passive patient training TCAM - twisted and 

coiled artificial muscles LED - light emitting diode AC - Alternating current DC - Direct current ADL 

-Activities of daily living 

V. RESULT 

 

Fig. 4. Exo arm 



 

International Conference on Recent Advancements in Science and Engineering (RAiSE ‘24) 

 

207 

 

The intricately interwoven components of the ExoArm, including the meticulously calibrated 

servo motors and step- per motor is facilitated using flex sensors and user-friendly Android 

application. 

A. Flex sensor 

The servo motors and flex sensors are connected to the node mcu and arduino uno 

respectively. The node mcu and arduino uno are connected to eachother. The code to rotate servo 

motor is uploaded to the node mcu. Calibration has to be done for each and every finger ,upload the 

code with threshold  on arduino uno According to the calibrated values, the servo motors will 

rotate 

B. Android app 

The android app is designed using android studio IDE and the prgramming language used is 

JAVA.The control buttons are provided on the android app The code for server is done using 

python and the IDE is pycharm The exoarm function based on the command given by the user 

via android app 
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Abstract—The research focuses on developing a head gesture- controlled wheelchair with 

obstacle detection capabilities for quadriplegic patients. For precise control, seamless navigation, 

and enhanced safety, the system incorporates an MPU 6050 sen- sor, Arduino UNO controller, and 

ultrasonic sensors. The system captures intricate head movement data, allowing quadriplegic 

patients to regain mobility and independence. Ultrasonic sensors detect obstacles and elevation 

changes in real-time, preventing collisions and navigating complex terrains. The wheelchair is 

designed cost-effectively, ensuring user safety and flexibility. 

I. INTRODUCTION 

The study introduces an innovative approach to enhance the quality of life for quadriplegic 

individuals through the creation of a head gesture-controlled wheelchair equipped with ad- vanced 

obstacle detection features. The innovative wheelchair combines cutting-edge technology and 

human-centered design, providing independence, mobility, and safety. The project integrates an 

MPU 6050 sensor, an Arduino UNO controller, and ultrasonic sensors for precise control and 

obstacle avoid- ance. The project is designed with cost-effectiveness in mind, ensuring user safety 

and flexibility without exorbitant costs. This innovative head gesture-controlled wheelchair 

represents a significant leap forward in improving the quality of life for individuals with limited 

mobility, breaking down barriers and redefining the boundaries of mobility and independence. 

II. LITERATURE SURVEY 

Aleksandar Pajkanovic et. al A novel head motion recog- nition technique based on 

accelerometer data processing and a mechanical actuator is utilized in this paper to present a micro-

controller system that allows for the control of standard electric wheelchairs through head motion. 

The system has been  tested and verified through an experiment and can be imple- mented with 

different types of standard electric wheelchairs. 

Mr. Gangadhara, Karthik B K Smart hand-glove-controlled wheelchairs are crucial for 

disabled individuals who rely on others for mobility. These wheelchairs use accelerometer 

mailto:akshayaard100@gmail.com
mailto:asharafcompanil777@gmail.com
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sensors and wireless communication to control movement and direction. Users wear instrumented 

gloves, which commu- nicate with a controller sandwiched between their seat and wheels. The 

goal is to make wheelchairs more cost-effective and accessible to people with disabilities, 

enabling them to use more hi-tech wheelchairs more widely. 

Dulari Sahu This paper presents an eye-controlled electronic wheelchair designed for 

disabled individuals, eliminating the need for assistance. The system uses a camera to capture eye 

movements and tracks pupil position, with an ultrasonic sensor for safety and a central switch for 

emergency purposes. The wheelchair is controlled using a Raspberry Pi board, making it an 

independent and cost-effective solution. 

Ali Abed The aim of this paper is to introduce a tech- nologically advanced wheelchair 

that is specifically designed for individuals with physical disabilities. This wheelchair is equipped 

with a smart, motorized system that can be con- trolled using voice commands. To achieve this, 

an Arduino microcontroller and a voice recognition processor that is dependent on the user’s 

voice are utilized. The wheelchair is capable of recognizing Arabic words through an isolated 

word recognition system (IWRS). It is powered by two 14A/24V/200Watt DC motors and has 

been successfully tested using a speech password and seven Arabic commands. The wheelchair 

demonstrates excellent performance in both quiet and noisy environments, ensuring safe and 

reliable movement for the user. 

Losit et. alThe aging population and increasing disability rates necessitate constant 

monitoring and assistance from specialists. Assistive and intelligent robotics research can help 

provide a solution for these individuals, allowing them to live independently and with increased 

personal autonomy. However, these technologies are still far from replacing human providers. An 

intelligent robotic wheelchair is proposed to assist users in daily activities, aiming for real-time 

response and active participation, ultimately improving quality of life for certain categories of 

people in need. 

Mubdi-Ul Alam Sajid et. al The paper suggests a clever wheelchair design that incorporates 

a hand movement device and a smartphone to assist individuals with disabilities. The wheelchair 

uses gyro sensors, accelerometers, and Bluetooth for automatic movement. Users wear a gesture 

system, con- trolling the wheelchair with Arduino Mega and Arduino Nano. The wheelchair has 

fewer minimum threshold angles and linearity compared to microcontroller-based wheelchairs. 

Konduru sujana et. al This paper presents a Raspberry Pi-based hand gestured wheelchair 

system, utilizing Python OpenCV software and Arm11 controller. The system captures hand 

movement and controls the wheelchair based on the number of fingers. Image processing 

techniques like RGB conversion, threshold, contour detection, and convexity defects enhance the 

system’s efficiency, making it useful for physically handicapped individuals. 

Saish S. Shinde et. al This paper aims to develop a wheelchair control system that uses hand 

movement or ges- ture recognition using Acceleration technology. The system includes 

navigation, dark room sensors, automatic messaging, and obstacle detection. The project aims to 

make users’ lives more comfortable, independent, cost-effective, and requires low maintenance. 
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The system includes touch plate sensors for movement control, Bluetooth obstacle detection, 

panic switches, LED illumination, and navigation through Google maps. 

Sharmila Ashok presents a Solar Powered Multi-Controller Smart Wheelchair, which uses 

eye blink sensors, Joystick and Keypad modules, and additional sensors like heartbeat and 

temperature sensors to monitor health. A urine level indicator and fall detection system help 

prevent inconvenience. The system prioritizes patient safety and the wheelchair’s use of solar 

power, allowing for immediate action in case of a fall. 

Yoon Ket Lee et. al The objective of this project is to create a navigation and obstacle 

avoidance system for an autonomous wheelchair by utilizing camera sensors and image processing 

methods such as Canny Edge Detection and Ero- sion to recognize and detect obstacles. Compass 

sensors will be employed for navigation, calibration, reading, and compar- ison. Additionally, the 

project seeks to improve autonomous wheelchairs by incorporating internet connectivity, allowing 

for the implementation of Internet of Things (IoT) applications for individuals with disabilities 

who require independence. 

Prashant Lahane This paper proposes a cost-effective ap- plication of Brain Computer 

Interface (BCI) technology toimprove mobility for physically disabled people. The system uses 

EEG signals to control a mechanical wheelchair, trigger- ing an action based on an eye blink 

pattern. This technology can overcome the limitations of conventional wheelchairs and improve 

overall development for those with disabilities. 

Theja Ram Pingali et. al A system known as Social Follow- ing has been created to ensure 

that a powered wheelchair and its accompanying person maintain a conversational distance. By 

utilizing ultrasonic range sensors and transducers, the sys- tem is able to detect the person’s 

location and direction. This allows the wheelchair to navigate according to the person’s path, 

enabling hands-free control during social engagements. Jigmee Wangchuk Machangpa et. al The 

health service sector is focusing on improving mobility assistance services for quadriplegic 

patients. A robotic wheelchair, called the Robotic WheelChair, has been developed, using sensors 

and artificial intelligence to navigate, detect obstacles, and move automatically.The wheelchair 

is equipped with an accelerom- eter, gyroscope, ultrasonic sensor, relay, battery, DC stepper 

motor, and Raspberry Pi. Head movement is detected by the MPU 6050 sensor, and obstacles 

are avoided with the help of ultrasonic sensors. The wheelchair is designed to be cost- effective 

while prioritizing the safety, flexibility, and mobility of its users. 

Mohammed Abdul Kader et. al The wheelchair is equipped with an accelerometer, 

gyroscope, ultrasonic sensor, relay, battery, DC stepper motor, and Raspberry Pi. Head movement 

is detected by the MPU 6050 sensor, and obstacles are avoided with the help of ultrasonic sensors. 

The wheelchair is designed to be cost-effective while prioritizing the safety, flexibility, and mobility 

of its users. 

Huda Farooq Jameel et. al The EMOTIV Insight is a wearable tool that allows disabled 

individuals to control their wheelchairs through a human-computer interface.The system utilizes 

a gyroscope for detecting head tilt, a DC motor driver for managing speed and directions, a 
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wheelchair, a micro- controller, and a laptop. It has undergone testing on differ- ent surfaces, 

demonstrating remarkable accuracy, sensitivity, and specificity levels of 99.1percentage, 

99.16percentage, and 98.83 percentage, correspondingly. 

Shadman Mahmood Khan Pathan et. al A robotic wheelchair uses sensors and intelligence for 

navigation and obstacle de- tection. A cap-controlled wheelchair was developed for testing gesture 

operation. A real-time wheelchair with joystick and head gesture control modes was developed. 

The wheelchair is equipped with an MPU6050 sensor, joystick module, RF module, battery, dc 

motor, toggle switch, and Arduino. It possesses the capability to maneuver in different directions 

and achieves a speed of 4.8 km/h.msaba anwer et al The novel system described in this doc- 

ument utilizes optical signals to enhance the maneuvering of wheelchairs for individuals with 

physical disabilities. It comprises two main components: detecting eye movements and processing 

optical signals, as well as controlling the wheelchair via motor driving circuitry. Real-time images 

are captured by a web camera, while a Raspberry-Pi processorrunning a Linux operating system 

is employed. The system’s performance is assessed through a basic wheelchair skill test, 

demonstrating an average response time of 3 seconds for eye control and 3.4 seconds for voice 

control. 

Mohammed kutbi et. al The egocentric computer vision- based co-robot wheelchair, 

proposed by the authors, aims to enhance mobility for elderly and disabled individuals who have 

limited hand functionality. By modifying the wheelchair to utilize an egocentric camera mounted 

on the user’s head for controlling head motion, this system provides a more intu- itive interface 

between humans and robots, enabling seamless control over speed and direction. The authors 

conducted three usability studies involving 37 subjects, which emphasized the potential for future 

research involving disabled individuals. 

Aayushi B Thakur et. al The Solar-powered wheelchair described in this document features 

a 3-axis accelerometer and Bluetooth module for recognizing gestures, with the configu- ration 

being done using an Arduino board and mathematical algorithms. The wheelchair recognizes 

physical movements and uses voice recognition through an Android application. This method 

enables computer understanding of human body language and bridges the computer with the 

human world. 

Rajdeep Sarkar et. alThe ”Smart Wheelchair” project aims to enhance independence for 

wheelchair users by providing an inbuilt health monitoring facility, enabling them to overcome 

emergency conditions. The project envisions the future of Smart Wheelchair research and its best 

service for individuals with disabilities. 

Farah Binte Haque et. al The project aims to design a head-movement controlled wheelchair 

for physically disabled individuals, addressing their daily challenges. This intelligent wheelchair 

uses head movements to navigate, recognize obsta- cles, and move automatically. The prototype 

uses a microcon- troller, accelerometer, and ultrasound detector to perform head motions. The 

wheelchair has been created with a cost-effective price point, ensuring it is within reach for 
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individuals in less developed or developing nations. The system memorizes head gestures and uses 

DC motors during control mode. 

Hadish Habte The research paper examines an eye-tracking electric wheelchair (EWC) 

designed for the elderly and dis- abled individuals. By utilizing edge detection to locate the eye 

pupil position, a PID controller to manage the DC motor, and object detection, the system attains 

a 90percentage accuracy rate and reduces response time in comparison to current approaches.. 

R. Priyatharshini et. al Paralyzed individuals can now ben- efit from a newly developed 

Raspberry Pi device that enables them to operate wheelchairs using their eyes and voice. This 

innovative device tracks the movement of the user’s eyeballs, adjusts the direction of the 

wheelchair based on the location of the pupils, and allows users to receive feedback through their 

cell phones. Moreover, in case of emergencies, users have the option to send voice commands to 

their designated guardian. Md Abdullah Al Rakib Wheel chairs are mechanical devices that enable 

independent movement, reducing personal effort and force. Smart wheelchairs, with voice 

commands and but- ton controls, are increasingly popular for mobility assistance, especially in 

nursing homes and for those with mobility loss. New generations of smart wheelchairs incorporate 

artificial intelligence, leaving users vulnerable. The project aims to develop a similar wheel chair 

with intelligence. 

Muhammad Sheikh Sadi et. al The proposal put forward in this document is for a smart 

wheelchair system that is controlled by gestures and includes a fall detection feature en- abled by 

IoT technology. The goal is to address the expensive nature, technical constraints, and safety 

concerns associated with contemporary wheelchairs. By utilizing Convolutional Neural Network 

and computer vision algorithms, the system ensures user safety while remaining cost-effective, 

secure, and beneficial for individuals with physical disabilities. 

III. METHODOLOGY 

A. Proposed System 

During navigation, the ultrasonic sensors are utilized to detect obstacles, and the computed data is 

used to implement safety measures. The patient’s wheelchair allows for an in- clination angle of 

approximately 20◦. The system description can be categorized as follows: 

• Head Orientation: This component determines the orien- tation of the head. 

• Motion Detection: This component detects and calculates the signal data obtained from head 

orientation. 

• Wheelchair Locomotion: This component converts the data from motion detection into actual 

locomotion. 

B. Block Diagram 

The automated wheelchair uses a microcontroller, gyro- scopic sensor, ultrasonic sensor, and 

power supply to capture head movement data, detect obstacles, and change elevations. The 

microcontroller processes these data to facilitate naviga- tion, and the output is sent to the motor 

driver IC (L293D), which distributes a 6V voltage to each motor. 
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Fig. 1. block diagram. 

C. Arduino UNO 

The Arduino Uno, which is part of the megaAVR family, is a microcontroller board that utilizes the 

ATmega328 single-chip microcontroller. It is equipped with digital I/O pins, a power jack, 6 

analog inputs, a ceramic resonator with a frequency of 16 MHz, a USB connection, an RST 

button, and an ICSP header. This board can be powered by an AC to DC adapter, a USB cable, 

or a battery. Other variations of the Arduino Uno include the Arduino Pro Mini, Arduino Nano, 

Arduino Due, Arduino Mega, and Arduino Leonardo. The features of the Arduino Uno 

ATmega328 encompass the following. 

 

Fig. 2. Arduino UNO. 

• voltage for operation is 5V 

• The suggested input voltage falling between 7V to 12V. 

• 14 digital input/output pins. 

• 6 analog input pins. 

• 32 KB of Flash Memory 

• 2 KB of SRAM. 

• 1 KB of EEPROM. 

• clock speed of 16 MHz. 

D. MPU6050 Sensor 

The MPU6050 sensor module is a small motion tracking device that has an I2C bus interface for 

communication with microcontrollers and an auxiliary I2C bus for connecting a 3- axis 

magnetometer. The specifications of the MPU6050 Sensor Gyroscope include: 

• It can sense motion in 3 axes with a full-scale range of 
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±250, ±500, ±1000, or ±2000 degrees per second (dps). 

• The sensitivity is measured in LSBs (Least Significant Bits) per dps, with values of 131, 

65.5, 32.8, or 16.4. 

• The output data rate (ODR) can range from 8kHz to 1.25Hz. 

 

Fig. 3. MPU6050 sensor 

Accelerometer include: 

• The sensor offers 3-axis sensing capabilities. 

• maximum range of ±2g, ±4g, ±8g, or ±16g. 

• sensitivities of 16384, 8192, 4096, or 2048 LSBs per g. 

• output data rate range from 8kHz to 1.25Hz. 

E. Ultrasonic sensor 

The distance is measured by an ultrasonic sensor through the emission of ultrasonic sound waves 

and their conversion into electrical signals. They are used in proximity, robotic obstacle 

detection, manufacturing, and level monitoring. Ultra- sonic technology has applications in medical 

imaging, tumor identification, and fetal health. The circuit consists of an ultrasonic receiver and 

transmitter, with the output amplified by a 741 op-amp. Features: 

 

Fig. 4. Ultrasonic sensor 

 

• 5V DC power supply 

• 15mA working current 

• 15° effectual angle 

• 0.3 cm ranging distance 

• 30 degree measuring angle 
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• 10uS TTL pulse width. 

F. L293D motor driver IC 

The L293D motor driver IC functions based on the Half H-Bridge principle, enabling the operation 

of motors in both clockwise and anti-clockwise directions. It is essential to ground the ground 

pins, and two power pins are required: Vss(Vcc1) for voltage (+5V) and Vs(Vcc2) for motor 

voltage (4.5V-36V), which should be connected to +12V. Notable features includes: 

• The ability to run two DC motors using the same IC. 

• The possibility of speed and direction control. 

• The maximum peak motor current is 1.2A. 

• The maximum continuous motor current is 600mA. 

• This IC is available in 16-pin DIP, TSSOP, and SOIC packages. 

IV. RESULT 

After our project was finished, we conducted tests on the Head motion controlled wheelchair 

designed for disabled individuals in various situations, and it performed impeccably. By making 

simple movements with our head, we were able to effortlessly maneuver the wheelchair in any 

direction, including forward, backward, left, or right, as well as stop and detect obstacles. 

V. CONCLUSION 

This automated wheelchair is beneficial for individuals who are unable to move 

independently. The robotic wheelchair assists quadriplegic individuals in living without additional 

aid. The integration of accelerometer and gyroscope data guarantees smooth wheelchair 

movement for quadriplegic patients. Additionally, the cost-effective assembly parts have made 

this wheelchair more accessible. It was employed to measure the distance of obstacles that obstruct 

the prototype’s path. Utilizing obstacle detection is a valuable application in vehicles, reducing 

the risk of accidents and saving lives. 

 

Fig. 5. Head gesture controlled Automatic wheelchair 
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Abstract—In telcom Sector, Captivating the Customer ac- quisition channels are becoming 

more competitive since here Retaining existing customers requires fewer resources. Churn 

management becomes pivotal in telcom industry.The framework comprises six elements, 

encompassing data preprocessing, ex- ploratory data analysis (EDA), churn prediction, factor 

analysis, customer segmentation, and customer behavior analytics. By merging churn prediction 

and customer segmentation processes, this framework delivers a comprehensive churn analysis to 

aid telco operators in effectively managing customer churn. The experimentation involves three 

datasets and employs six machine learning classifiers. Initially, Lot of Machine learning 

Algorithms are utilized to predict the churn status of customers. To address imbalanced datasets, 

the Synthetic Minority Oversampling Technique (SMOTE) is employed on the training set. Model 

assessment is conducted using 10-fold cross-validation, with accuracy and F1-score serving as the 

metrics for evaluation. After carrying out churn prediction, Bayesian Logistic Regression is used 

here for performing factor analysis and to determine some important features for segmentation of 

customer.Here in System , Customer segmentation is done by utilizing K-means clustering 

Customers are partitioned to multiple segments, which grants the marketers and decision-making 

team to execute retention strategies with most precised output. 

Index Terms—Data pre-processing, Churn management, Churn prediction, Customer 

segmentation, Customer behavior analytics. 

I. INTRODUCTION 

The emergence of 5th Generation technology and the Relo- cating customer 

Predeterminations have brought forth a wealth of opportunities for telecommunication (telcom) 

companies. Massive commerce opportunities have also led to the preda- tory Contestation in the 

telcom sector, which linked with a pronounced customer churn rate. It is implemented for telcom 

operators to develop productive marketing campaigns based on extensive customer analytics to 

prevent the customer turnover and sustained company revenue. Customer evaluation in the telcom 

sector which includes two major parts, namely churn prediction and customer segmentation. As 

telcom sector may tends for being saturated, extreme level enlightment of captivating new 
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customers is obsolete to the telcom industry. The outlay for attracting latest clients through 

investment of abundant resources is confirmed to be substantially higher than that of the 

continuation costs for current customers 

Here, churn management becomes instrumental in telcom industry.customers who are 

prone to churn and Providing per- tinent suggestions based on their Aspects. There are two 

types of methods to Reduce customer attrition which are reactive and proactive.Customer churn 

prediction grants the operators to have a period of time to adopt and execute a series of 

Retention strategical measures before existing customers Re- locate to other 

operators.Alternatively, customer segmentation Is a crucial determinant in perform customer 

analytics, which goals customers into many different groups according to the different schemes. 

The principal segmentation method in the telcom industry is segmentation based on customer 

value and behaviour. Through effective customer segmentation, telcom operators can provide 

distinguished products and personalised services and also carry out personalized marketing 

based on the customer needs and Consumption traits in different customer segments. 

To Support telcom marketers to take enhanced decisions, churn prediction is anticipated 

to be combined with customer segmentation. Additionally, telcom operators often needs more 

than that of the ,just predictions about whether the customers will churn or not. They must also 

need a thorough examination of factors that could contribute to both churn and the overall 

likelihood of customer churn. Among all customers who are on the verge of churning, During 

practice, telcom operators are not expected to implement identical strategies for each individual 

customer. To be more specific, not all customers are of high-value, so that telcom operators 

should spend more retention resources on those high-valued customers. And for some 

customers who are not much helpful to company’s revenue, telcom operators do not necessarily 

need to allocate  excessive focus to them. 

Integrated Customer Churn prediction proposes an inte- grated Consumer Insights 

Framework for the Supervision of churn in telcom industry, here aspiring this to accomplish 

the Agile resource allocation and Increase client retention .The cost of attracting new clients by 

investing adequate provisions is confirmed that leave far behind the cost of ensuring customer 

satisfaction [1]. Specifically, Telecom churn prediction imparts enlightenment on customer 

churn prediction and customer segmentation while combining Bayesian Analysis to merge 

seamlessly. After Customer Churn Prediction, Bayesian Anal- ysis put into use for selecting 

important factors and save them into customer segmentation, enhancing the effectiveness of the 

segmentation process And the characteristics of each cluster will be examined to deliver 

preferred recommendations to the operator and lay the groundwork for further counters 

measures in future. [5] [6] compared the performance of more than 100 classifiers in the 

churn prediction problem in the telecom industry.To make comparisons and get the best 

predictive model, [3] performed three experiments on different feature sets with 5 predication 

methods, which are Precision , Recall, F1Score , Accuracy and Support. [7] suggests that this 

model can figure out more of the churn customers, which is very much important in the context 

of churn management. 
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II. PROPOSED SYSTEM 

The proposed system represents a comprehensive and integrated customer analytics 

framework designed to tackle the critical issue of churn management in the highly competitive 

telecommunications (telco) industry. Its primary objective is to enhance customer retention while 

optimizing the allocation of company resources. At its core, this frame- work combines two 

fundamental aspects: churn prediction and customer segmentation. Churn prediction is a predictive 

modeling component that employs advanced data analysis and machine learning techniques to 

identify customers who are at risk of leaving the telco service. This predictive capability is 

invaluable as it allows the telco to take proactive measures, retaining customers before they churn, 

which is often a more cost-effective strategy compared to acquiring new customers. Concurrently, 

customer segmentation plays a pivotal role in breaking down the diverse customer base into distinct 

groups based on shared characteristics, behaviors, or preferences.The most common segmentation 

method in the telco industry is segmentation based on customer value and behaviour [2]. These 

segments empower the telco to tailor their retention strategies for each customer group, ensuring 

that the efforts are specifically tailored and, therefore, more effective.SVM, Random Forest [5], 

Decisiontree, and ANN were used by [1] [4] to predict customer turnover.In the research of [4], 

Decision Tree were used to predict customer discontinuation. Here they utilized the Synthetic 

Minority Over-sampling Technique (SMOTE) to rebalance the instances in their dataset. 

In addition to churn prediction and customer segmentation, Bayesian Analysis is introduced 

as an intermediate process within the framework. Bayesian analysis offers a probabilistic  approach 

to modeling relationships between variables, provid- ing a nuanced understanding of the key 

factors contributing to customer churn. This probabilistic approach is particularly useful in 

identifying the often multifaceted and interrelated drivers of churn, allowing for a more in-depth 

analysis of the root causes. With these insights, the telco can develop more precisely targeted 

retention strategies that directly address the underlying issues that lead customers to churn. 

To ensure the effectiveness of the system, various prepara- tory steps are also integrated. 

Data pre-processing is vital for cleaning and structuring the data, involving tasks such as handling 

missing data, removing outliers, and normalizing or scaling features. Clean and well-prepared data 

is a prerequisite for accurate modeling and analysis. Exploratory Data Analysis (EDA) is another 

crucial step in the process, where data is visually and statistically explored to uncover trends, 

patterns, and potential relationships that may not be immediately evi- dent. The insights gained 

from EDA can guide the subsequent analysis and strategy development. 

Factor analysis is yet another essential component, helping to identify latent variables that 

underlie patterns in the data. It is instrumental in unearthing hidden drivers of churn and cus- tomer 

behavior, which can be crucial in developing retention strategies that target these underlying 

factors. 

The system also includes a customer behavior analytics component, which delves into the 

analysis of customer interac- tions with the telco’s services. Understanding how customers engage 

with the telco’s offerings and identifying behavioral patterns that may signal potential churn is a 

pivotal piece of the puzzle. This information can significantly inform the devel- opment of tailored 
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retention strategies that address the specific behaviors and preferences of different customer 

segments. 

A. System Architecture 

 

Fig. 1. System Architecture 

The Figure 1 explains the entire Strategical architecture of Telecom Customer churn 

prediction. It begins with a dataset of historical customer data, which is then cleaned and filtered 

to ensure quality. Key features that could influence customer churn, such as contract details and 

usage patterns, are selected. This data is pre-processed to fit the requirements of a machine 

learning model, which is then trained using a portion of the data, known as the training set. 

The model’s performance is evaluated with a test set. Once the model is adequately trained, it 

can predict potential churn, allowing the telecom company to implement retention strategies. 

This system [8] is crucial for identifying at-risk customers and reducing churn rates. 

III. IMPLEMENTATION 

A. Modules 

• Admin - The Admin module provides administrative functionalities to manage user accounts 

within the sys- tem. Admins have the capability to add, edit, and delete user accounts as 

necessary. This module ensures the proper management and control of user access and per- 

missions, maintaining the integrity and security of the system. 

• Data entry - The Data Entry module is responsible for capturing and managing customer data 

within the system. Data entry personnel utilize this module to add new cus- tomer information 

into the database and make necessary edits or deletions when required. This module plays a 

crucial role in ensuring the accuracy and completeness of customer records, facilitating 

effective data management processes. 

• Tele Callers - The Tele Callers module caters to the needs of telecommunication personnel 

who engage with customers via phone calls. It provides functionalities such as viewing churn 

percentage to assess customer retention rates and marking call statuses to track inter- actions 

with customers. This module aids tele callers in efficiently managing and monitoring customer 

communi- cations, contributing to enhanced customer relationship management efforts. 
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B. Working 

The proposed framework aims to address the gaps in current system by combining churn 

prediction and customer segmentation. The framework includes data cleaning, transfor- mation, and 

normalization as pre-processing steps. Exploratory data analysis (EDA) is then conducted to better 

understand the data. Four machine learning classifiers, including Decision Tree, Random Forest, 

Support Vector Machine and Artificial Neural Network are used for churn prediction. To improve 

the accuracy and correctness of the prediction Sampling technique is used in this project. Sampling 

is a technique used to handle the imbalanced dataset. Here two sampling technique are used: 

SMOTE used in ovrasampling and ENN for undersampling. Then split the sampled dataset into 

two: train set and test set. Set up specific classifiers at first. Use the feature train and target train 

to train those classifiers. Utilize a feature test and train model to predict. Utilizing the ground 

truth target test and the projected target test, calculate accuracy. Preserve the trained model. In 

SVM and ANN we have to add a extra feature scaling technique standardization to improve the 

quality and trustworthiness of insights derived from that data. The framework also utilizes factor 

analysis to identify the key factors contributing to customer churn. By segmenting the churn 

customers into different groups, the framework enables the development of effective churn 

management programs and precision marketing strategies. The experimental results show the 

performance of the framework on three datasets, demonstrating its accuracy and effectiveness in 

predicting customer churn and providing valuable insights for retention strategies. 

IV. FIGURES AND TABLES 

A. Class Diagram 

 

 

Fig. 2. Class diagram 

The figure 2 consists of four classes: Telecom Cus- tomer, DataPreprocessor, 

ChurnPredictor, and MachineLearn- ingModel. 

The Telecom Customer class has attributes like customerId, usagePatterns, and 

contractType, and methods to fetchData() and preprocessData(). This class is associated with 

the Dat- aPreprocessor class, which is responsible for cleaning and nor- malizing the data 

through its cleanData() and normalizeData() methods. 
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The cleaned data is then fed into the MachineLearning- Model class. This class contains 

attributes like modelType and trainingData, and methods for trainModel() and predictChurn- 

Probability(). The model is trained using the cleaned and normalized data. 

Finally, the ChurnPredictor class takes the customerId as an attribute and has methods to 

makePrediction() based on the machine learning model’s output and notifyCustomer() about 

their churn probability. This class interacts with the MachineLearningModel class to make 

predictions and notify customers. 

In summary, this system fetches and preprocesses telecom customer data, uses a machine 

learning model to predict customer churn, and notifies customers about their churn prob- ability. 

It’s a clear representation of how data flows through a customer churn prediction system in the 

telecom industry. 

 

 

Fig. 4. Performance analysis of Algorithms 
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Fig. 3. Activity Diagram 

 

Fig. 5. Performance analysis graph 

The figure 3 is the activity diagram for telecom customer churn prediction which describes a 

systematic process that begins with data collection from the company server. This data is then 

subjected to preprocessing to ensure it is clean and well-organized. Following this, feature 

extraction takes place, where significant variables that could influence customer churn are 
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identified. The identification phase involves analyzing these features to detect patterns or trends 

that may indicate a likelihood of churn. 

Once the relevant features are identified, classification is applied using various machine 

learning techniques. These techniques are employed to categorize customers into two groups: those 

likely to churn (labeled as “CHURN”) and those who are not (labeled as “NOT CHURN”). The 

process is iterative, with feedback from the classification results used to refine the model and 

improve prediction accuracy. This continuous loop of feedback ensures that the prediction model 

remains up-to-date and effective in identifying potential churn among telecom customers. 

PERFORMANCE ANALYSIS 

As in the table mentioned in figure 5 , Precision, recall, f1 score, support, accuracy, and other 

metrics will be used by the proposed system to compare several machine learning meth- ods, 

including Decision Tree , Random Forest ,Support Vector Machine and Artificial Neural Network 

. Comparing artificial neural networks to existing machine learning techniques, they are more 

accurate. 

CONCLUSION 

The Unified churn prediction and customer segmentation framework for the telcom business 

aims to improve customer retention and resource allocation. The framework integrates churn 

prediction and customer segmentation by utilizing Bayesian Analysis to select important factors 

for segmen- tation. It provides insights on customer turnover prediction and analyzes 

characteristics of each customer cluster to pro- vide recommendations for the telcom operator.The 

framework achieves high F1-scores and AUC values for different datasets using machine learning 

classifiers like Decision Tree, Random Forest, SVM and ANN . The overall probability of churning 

is calculated for each cluster, helping the telco operator identify customers at a higher risk of churn. 

The framework emphasizes the significance of using sampling for handling imbalanced datasets .It 

discusses superior evaluation metrics for models. Overall, the framework offers a comprehensive 

approach to churn management in the telco industry. 
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Abstract—Efficient event coordination is of paramount im-portance in today’s fast-paced 

world, as it can significantly impact the success of any gathering, from educational events to 

entertainment functions. In response to this need, the proposed system offers a modern and user-

friendly solution that empowers organizations to effortlessly register and create multiple events 

through dedicated dashboards. With a strong focus on catering to students and a diverse user base, 

this system is designed to serve as a catalyst for improved collaboration, engagement, and overall 

event planning practices. It places a particular emphasis on student-centric event discovery, 

ensuring that events are tailored to the specific interests and needs of the student community. The 

system also facilitates seamless financial transactions for paid events and incorporates QR-

enhanced ticketing to enhance the attendee experience, ensuring easy ticket generation and 

verification via a dedicated mobile app. Moreover, the system provides secure collaboration 

through Role-Based Access Control and leverages AI-driven event materials to enhance 

engagement and visibility. Built as a cloud-based platform with universal accessibility and a user-

friendly interface, it is poised to transform event coordination into a more efficient and engaging 

process. 

Index Terms—Event Coordination,Collaboration,Role-Based Access Control,AI-

Driven,Cloud-Based,Universal Accessibility 

I. INTRODUCTION 

In today’s fast-paced world, marked by the ever-growing importance of connectivity and 

collaboration, the demand for streamlined event management has reached unprecedented heights. 

From pivotal meetings to international conferences, exhilarating hackathons, spirited 

mailto:swathivinod70@gmail.com
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competitions, and enriching educational initiatives like technical fests, the need for a 

comprehensive event management application has become more evident than ever. The current 

landscape underscores the vital role of seamless coordination, whether it occurs in the physical or 

virtual realm, in ensuring the success of these diverse events. This is where the proposed system 

comes into play, offering a web application that not only provides versatile solutions for students, 

emphasizing student-centric event discovery, but also extends its utility to a broader user base. 

In an environment where college campuses and the broader community host an abundance of 

events, including hackathons and student-focused activities, the centralized platform serves as a 

vital hub for event information. It empowers students to discover, engage, and actively participate 

in these events, acting as a bridge between their aspirations and opportunities. Simultaneously, it 

caters to the needs of event organizers from various backgrounds, providing efficiency, seamless 

collab-oration, and enhanced user experiences. In a world where effective event management is 

crucial, the proposed system emerges as a cornerstone for effortless coordination, enriching the 

experiences of students and a diverse spectrum of event organizers alike. 

II. PROPOSED SYSTEM 

A. Introduction 

The proposed system is an innovative event management application strategically crafted to 

meet the distinctive needs of students while retaining flexibility for hosting diverse events. At its 

core, the application facilitates organizational administrators in effortlessly creating and managing 

organiza-tions, inviting team members for collaborative event planning. Admins have the 

capability to update, delete, and oversee organizations, while team members, working in tandem 

with administrators, can collectively create and manage events, pre-senting a comprehensive 

solution for streamlined event man-agement.Central to the system is a comprehensive dashboard 

tailored for administrators and team members. This dashboard offers insights into participant 

details, team information, aids in event description development using AI tools, and pro-vides a 

real-time overview of revenue details. Functioning as a centralized hub, this dashboard enhances 

organizational efficiency and serves as a pivotal tool for effective event management.Concurrently, 

the system addresses the student-centric event discovery process, ensuring participants can easily 

search and discover events aligned with their interests. To fortify secure collaboration, the system 

incorporates Role-Based Access Control [3], granting administrators and team members distinct 

levels of access for heightened control and security.Moreover, the system integrates a robust 

payment gateway through Stripe, ensuring secure payment processing and real-time revenue 

tracking. This feature enhances financial management for event organizers, providing a seamless 

and se-cure transaction experience.Additionally, the proposed system includes a dedicated mobile 

app, further elevating attendee experiences. This app facilitates swift ticket generation, QR code 

verification, and offers convenient access to event details. As a cloud-based platform with a user-

friendly interface, the system ensures universal accessibility, making it a comprehen-sive solution 

that aligns administrative tools with participant-centric features. 
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B. Process Design 

The chosen design pattern for the project is the Model-View-Controller (MVC) pattern, a 

widely adopted pattern in modern web development [6]. In this context, the web and mobile 

applications serve as the View, displaying information from the model (PostgreSQL database ). 

The backend acts as the Controller, managing user interactions and modifying data accordingly, 

while the PostgreSQL [7] database serves as the Model, handling data management and logic 

independently of the user interface. This structure aligns with the liquid architecture manifesto, 

accommodating multiple implementa-tions such as web and mobile versions. The synchronization 

of application data is facilitated through a unified repository, specifically the PostgreSQL database. 

This approach allows users to seamlessly switch between devices while maintaining consistent 

data representation.The project components interac-tion is represented in figure 4.1. Another 

approach that was used to support liquid architecture is responsive web design (RWD). RWD need 

to render well all web page data on a different devices regardless of the screen size and type of 

device. The main idea for the responsive web design was in creating several views for one web 

page. These web page views depended on the current screen size of the device from which the 

page display request was came [1]. And the modern stylistics of the web page - tailwind css [8] 

allows to achieve RWD using a minimum of effort for this. 

 

 

Fig. 1.  System Architecture 

III. IMPLEMENTATION 

A. Module Description 

There are 3 modules: Participant, Admin, Team Member 1) Participant: 

• Login with required credentials. 

• Create and Update profile . 

• Search and view events. 

• Student-centric event discovery. 

• Event registration. 
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• Payment processing for paid events. 

2) Admin: 

• Login with required credentials. 

• Organization management, including creation, update, and deletion. 

• Role-based access control to invite team members and manage their permissions. 

• Access to event dashboard . 

• Event dashboard must include registration and revenue details, event statistics, and an AI tool 

for generating event descriptions. 

• Event management, including creation, update, and dele-tion. 

• Remove participants or team members. 

• Delete organisation. 

3) Team Member: 

• Login with required credentials. 

• Event management, including creation, update, and dele-tion. 

• Access to event dashboard . B. Working 

1) Authentication and Authorization: Authentication within the system relies on Google OAuth2 

[9], providing a secure and standardized process to verify user identities. This authentication 

mechanism ensures a robust and trustworthy user validation, instilling confidence in user 

interactions. For authorization, the system utilizes cookies and sessions. These components 

work in tandem, enabling the system to grant users specific roles, such as Admin, Team 

members, or Partici-pants, based on their permissions. Cookies store authentication tokens, 

and sessions maintain user states, allowing for persis-tent and secure authorization across 

different system function-alities. This role-based approach ensures that users only access 

features aligned with their assigned roles, enhancing overall security and control within the 

application.The combination of Google OAuth2 for authentication and cookies/sessions for 

authorization creates a comprehensive and reliable user verification and access control system 

[10]. 

2) Role-Based Access Control (RBAC): The application implements Role-Based Access Control 

(RBAC) [3] to ensure that users only have access to features and functionalities aligned with 

their assigned roles. This approach significantly enhances overall security and control within 

the application. Specific roles such as Admin, Editor, Viewer, and No Access are defined, each 

with corresponding permissions tailored to their responsibilities. An object is created to map 

roles to permissions using boolean flags, allowing for clear and granu-lar control over user 

capabilities.Additionally, a custom hook called useRoles is developed to determine user 

permissions based on their assigned role. This hook seamlessly integrates into various 

components of the application, enforcing access control consistently throughout the user 

experience. Fallback mechanisms are implemented in cases where roles are un-defined or 

unrecognized, ensuring that access restrictions are enforced appropriately. 

This comprehensive implementation of RBAC strengthens the application’s security posture 

and ensures that users in-teract with functionalities pertinent to their roles, enhancing both usability 
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and data protection. Once roles such as Editor or Viewer are assigned to team members by the 

organization’s admin, an automated email invitation is sent to them using an integrated email 

service provider’s API. This email contains a unique link that, upon clicking, directs recipients to 

a login page within the application. From this login page, team mem-bers can seamlessly join the 

organization using their Google or GitHub accounts, leveraging familiar authentication methods 

for convenience and security.This streamlined process ensures that team members receive their 

role assignments promptly and facilitates easy access to the organization’s platform, enhancing 

overall collaboration and productivity. 

3) Event Publication, Ticket Generation, and Management: The event publication, ticket 

generation, and management system have been seamlessly integrated into the platform to 

enhance the overall experience for both administrators and participants. Administrators have 

access to a user-friendly form that allows them to create and publish events effortlessly. 

Simultaneously, unique tickets are generated automatically for each event, and their details, 

including ticket IDs, are securely stored in a database. 

For ticket generation, JavaScript libraries specifically de-signed for QR code generation have 

been implemented. Each ticket is assigned a unique QR code that encapsulates all necessary 

information about the event, such as event name, date, time, and venue. This QR code serves as a 

digital representation of the ticket and can be easily scanned for validation purposes during the 

event. 

 

Participants can access their tickets conveniently through the ”My Tickets” page on the 

platform. Here, they can view and manage all their tickets, including details such as event name, 

ticket ID, and the QR code itself. The inclusion of QR codes not only simplifies the check-in 

process during events but also adds an extra layer of security by making each ticket uniquely 

identifiable. 

4) Mobile App Integration for Entry Regulation : A 

mobile app was also developed specifically for entry regulation into events, providing a 

convenient solution for organizers to authenticate attendees by scanning the QR codes of their 

tickets. To implement this functionality, React Native [11] was utilized within the development 

environment and a new project was initialized using Expo for streamlined development and 

deployment processes. Additionally, a QR code scanning library such as react-native-qrcode-

scanner [12] was integrated into the app to enable efficient scanning of QR codes. 

A dedicated component was created within the app to handle the QR code scanning process 

seamlessly. This component interacts with the installed library to access the device’s camera and 

scan QR codes effectively. Furthermore, the app was designed to request permission from users to 

access the camera, ensuring compliance with privacy and security standards. 

On the web app side, QR codes containing ticket informa-tion were generated and displayed 

for attendees. These QR codes serve as digital tickets and are scanned by organizers using the 
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mobile app during entry regulation processes. This integration of a mobile app for QR code 

scanning adds an extra layer of security and convenience, allowing organizers to authenticate 

attendees swiftly and accurately during events. 

5) Form Builder for Custom Forms : A comprehensive Form Builder module was developed 

to facilitate the creation of custom forms with ease and efficiency in the web appli-cation. The core 

design involved the development of a robust data structure that represents the form schema. This 

schema was implemented using a stack-based approach, allowing for efficient organization and 

management of form fields. Each form field was represented within the schema with pertinent 

properties such as type (e.g., text input, dropdown, checkbox) and validation rules (e.g., required, 

minimum length, format constraints). This ensured that the Form Builder could ac-commodate a 

wide range of form field types and enforce necessary validation criteria for data integrity.One of 

the key features of the Form Builder was its real-time synchronization capability. As users 

modified form fields or made changes to the schema, the stack structure underlying the Form 

Builder was dynamically updated to reflect these modifications. This ensured that changes were 

immediately propagated throughout the form-building process, providing users with a seamless 

and responsive experience. 

The Form Builder leveraged React components for dynamic rendering, iterating through the 

stack structure to display form fields accordingly. This dynamic rendering approach enabled 

immediate UI updates as users added, removed, or adjusted form fields. For instance, adding a 

new field to the schema would result in the Form Builder instantly displaying the corresponding 

input element on the form UI.Overall, the Form Builder module significantly enhanced the web 

application’s capabilities by empowering users to create custom forms effortlessly. Its intuitive 

design, real-time synchronization, and dynamic rendering features contributed to a seamless form-

building experience, making it a valuable addition to the n project. 

Ai Supported Event Description Generation: For AI-supported event description generation, 

the Mistral AI [13] model was integrated into the web application to provide advanced natural 

language processing capabilities. To begin, the system registered on Mistral AI and obtained an 

API key for authentication, enabling secure access to the model’s functionalities. Next, the Mistral 

AI model was seamlessly incorporated directly into the frontend of the website using JavaScript. 

This integration allowed leveraging Mistral AI’s powerful language generation capabilities within 

the applica-tion. 

With the Mistral AI model integrated, requests were made to its endpoint using the API key 

obtained during registration. These requests were made to generate event descriptions based on 

specified parameters and inputs. The generated event de-scriptions were then displayed on the 

frontend of the website, providing users with dynamically generated and contextually relevant 

content for event descriptions. This approach not only enhances the efficiency of creating event 

descriptions but also ensures consistency and quality in the generated content, ultimately 

improving the overall user experience. 
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7) Storage Solution with Amazon S3: A robust storage solution using Amazon S3 (Simple 

Storage Service) [14] was implemented to efficiently manage and store various types of files, 

including event descriptions and form submissions. The integration process began with the 

incorporation of the Amazon S3 SDK into the web application. This SDK provided the necessary 

tools and functionalities to interact with S3 buck-ets seamlessly.Once the SDK was integrated, 

files could be uploaded directly to the designated S3 buckets from within the application. For 

example, when generating event descriptions using Mistral AI or processing form submissions 

from users, the resulting files were automatically stored in the respective S3 bucket. This ensured 

that all relevant data, such as event details or user inputs, were securely stored in a centralized 

location. 

One of the key benefits of using Amazon S3 for storage is its scalability and reliability. S3 

buckets can accommodate a large volume of files and are designed to provide high availability and 

durability. This means that the application can handle varying levels of data storage requirements 

without compromising performance or data integrity.Additionally, the integration with Amazon S3 

enabled efficient data retrieval when needed. Files stored in S3 buckets can be easily accessed and 

retrieved by authorized users or processes within the application, streamlining the data 

management workflow. 

8) Payment Gateway Integration: Integrating Stripe [15] into the web application for payment 

processing involved a structured approach to ensure secure and efficient transactions. Initially, 

a Stripe account was created to gain access to the Stripe Dashboard, where API keys crucial 

for communication with Stripe’s API were obtained. These keys, including a publishable key 

for client-side interactions and a secret key for server-side operations, were securely managed 

to maintain the integrity of the payment system. On the client-side of the  web application, 

Stripe Elements were integrated, which are pre-built UI components provided by Stripe. These 

elements, such as payment forms and card input fields, were seamlessly integrated into the 

frontend to enhance the user experience and ensure PCI compliance. By leveraging Stripe’s 

client-side JavaScript library, encrypted communication of payment information was 

facilitated, generating a payment token to be sent securely to Stripe for processing. 

Concurrently, on the server-side of the application, logic was developed to handle payment 

processing using Stripe’s API. This included utilizing the secret API key for authentication and 

interacting with Stripe’s servers to charge users’ cards and process payments. Error handling 

mechanisms were im-plemented to manage responses from Stripe’s API, providing users with clear 

feedback regarding payment success or any encountered issues. Thorough testing was conducted 

through-out the integration process to validate the functionality of the payment system. It was 

ensured that payments were processed accurately, and sensitive data handling adhered to industry 

standards and best practices. Stripe’s robust security measures, such as PCI compliance and 

tokenization, were leveraged to safeguard user payment information and maintain a high level of 

security throughout the payment process. 
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IV. FIGURES AND TABLES 

A. Class Diagram 

A class diagram is an essential component of object-oriented modeling, providing a 

comprehensive overview of a software system’s structure. It visualizes the system’s classes, their 

attributes, operations (or methods), and the relationships among objects. Classes serve as 

blueprints for creating objects, encapsulating both data (attributes) and behavior (methods) related 

to specific entities or concepts within the software. Attributes define the characteristics or state of 

objects, while operations represent the actions objects can perform, such as manipulating attributes 

or interacting with other classes.Class diagrams are a fundamental part of the Unified Modeling 

Language (UML), a standardized notation for software design. They are used not only during the 

initial design phase but also throughout the software development lifecycle for documen-tation, 

communication, and maintenance purposes. 

In addition to depicting class internals, class diagrams illustrate various relation- ships that 

contribute to system func-tionality. These relationships include inheritance, association, 

aggregation, and composition. Inheritance signifies a hierar-chical ”is- a” relationship, where one 

class inherits attributes and methods from another, estab- lishing a specialization-generalization 

hierarchy. Associations denote bi-directional connections between classes, indicating that objects 

from one class are related to objects from another. Aggregation and com-position represent whole-

part relationships, with aggregation indicating that a class contains or is composed of other classes, 

and composition signifying stronger ownership semantics.Our system comprises 8 classes, which 

are account, admin, team member, participant, organization, event, dashboard, and pay-ment. 
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Fig. 2.  Class diagram 

B. Activity Diagram 

The activity diagram in our system serves as a visual roadmap illustrating the dynamic 

behavior and interactions among the three main modules: Admin, Team Member, and Participants. 

Each module is depicted as a distinct swimlane in the diagram, showcasing the activities they 

perform and how they interact with each other during the system’s operation. 

By mapping out the activities and their flow, the activity dia-gram provides a comprehensive 

view of how users and system components interact, ensuring clarity in system functionality and 

facilitating effective communication among stakeholders and developers. 

The diagram’s use of symbols such as action states, deci-sion points, and transitions helps in 

capturing the logic and sequence of activities, making it an essential tool for system design, 

analysis, and refinement throughout the software de-velopment lifecycle. 
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Fig. 3.  Activity Diagram 

V. PERFORMANCE ANALYSIS 

Website performance encapsulates the speed at which a website loads and operates within a 

web browser, along with critical dimensions such as usability, interactivity, and reliability, which 

collectively define the user experience.The image given below is a screenshot of our website 

performance analysis tool called PageSpeed Insights [16]. The tool is by Google and it analyzes 

the performance of a website on both mobile and desktop devices. The analysis shows that the 

website is performing well. It has a score of 100 for performance on the device. Here is a 

breakdown of the score 

Desktop : 

• Performance: 100 

• Accessibility: 92 

• Best Practices: 96 

• SEO: 100 

Overall, the website is performing well according to Google’s PageSpeed Insights tool. Here 

are some additional things to keep in mind about website performance: Website performance can 

affect SEO (search engine optimization). A website that performs well is more likely to rank higher 

in search results. Website performance can also affect user experience. A web-site that loads slowly 

is likely to frustrate users and cause them to leave the site. 
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CONCLUSION 

In the dynamic realm of event management, simplicity and efficiency are paramount. 

Recognizing the need for seamless event creation and hosting, we’ve developed a comprehensive 

solution that empowers users to orchestrate events effortlessly. Our platform not only streamlines 

the event planning process but also ensures a smooth experience for both organizers and 

participants. With a special focus on hosting college events such as tech-fests and hackathons, we 

cater to the specific needs of student organizers, providing tailored features to enhance their 

planning experience. Furthermore, with the integration of a secure payment gateway and the 

development of a user-friendly mobile app, we’ve elevated the functionality and accessibility of 

our system. Now, organizers can manage their events with ease, while participants can engage and 

register with convenience. By combining these features into a single, cohesive platform, we’re 

revolutionizing the event management landscape, setting a new standard for efficiency and user 

satisfaction. 
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Abstract—In the realm of modern dining experiences, “AR Menu Fusion” emerges as a 

transformative project, introducing augmented reality (AR) to redefine how patrons engage with 

restaurant menus. The innovative approach involves a simple yet powerful concept: customers can 

scan a QR code at their table using their mobile devices, unlocking a captivating AR-enhanced 

menu. This immersive experience allows diners to explore each dish in augmented reality, 

providing a visual and interactive preview before making their culinary selections. 

The methodology of [2] AR Menu Fusion leverages cutting-edge AR frameworks, ensuring 

a seamless integration between the physical dining space and digital content. By strategically 

incorporating AR elements into menu design, users gain access to a wealth of information about 

each dish, from detailed visualizations to ingredient insights. This approach not only enhances 

customer interaction but also empowers patrons to make informed and delightful choices, 

contributing to an overall elevated dining experience. 

The advantages of AR Menu Fusion are clear. It fosters heightened customer engagement by 

offering an interactive and visually appealing menu interface. The ability to virtually explore 

dishes before ordering enhances the decision-making process, providing a unique and informative 

dimension to the dining encounter. Despite potential challenges related to technical infrastructure 

and user adoption, AR Menu Fusion stands as a trailblazing project, pushing the boundaries of 

dining innovation. In essence, AR Menu Fusion envisions a future where augmented reality 

seamlessly integrates with culinary exploration, creating a delightful and memorable dining 

adventure for all. 
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Index Terms—Augmented Reality, Digital Food Menu, Restau-rant Management System, 

3D Visualization, Food Service Inno-vation. 

I. INTRODUCTION 

In the dynamic landscape of contemporary dining, the project ”AR Menu Fusion” [2] 

introduces a groundbreaking paradigm shift by seamlessly integrating [4] augmented re-ality (AR) 

technology into the restaurant menu experience. This innovative endeavor redefines how patrons 

interact with menus, offering an immersive and interactive journey through the culinary offerings 

of a restaurant. With a simple QR code scan at the table, customers unlock a new dimension of 

dining, where the physical and digital worlds converge to elevate the overall gastronomic 

adventure. 

The project’s methodology is rooted in the strategic incorpo-ration of cutting-edge AR 

frameworks, ensuring a harmonious blend of the physical dining environment and digital enhance-

ments. Through a thoughtfully designed menu infused with AR elements, users gain access to 

captivating visualizations and comprehensive information about each dish. This ap-proach 

transcends traditional menu formats, fostering informed decision-making and transforming the act 

of choosing a dish into an engaging and delightful experience. 

AR Menu Fusion brings forth a multitude of advantages, fostering heightened customer 

engagement, informed decision-making, and an overall enhanced dining experience. While po-

tential challenges in technical infrastructure and user adoption may arise, the project stands as a 

testament to the limitless pos-sibilities when technology intersects with culinary exploration. AR 

Menu Fusion envisions a future where augmented reality seamlessly integrates with the dining 

experience, leaving an indelible mark on the way we perceive and engage with restaurant menus. 

II. PROPOSED SYSTEM 

The proposed system for AR Menu Fusion revo-lutionizes the dining experience through the 

integration of augmented reality technology. At its core, the system consists of an [7] [8] 

Augmented Reality (AR) application designed to enhance user interaction with virtual [2] [3] 3D 

models of food items. This application leverages the camera of a smartphone or tablet to overlay 

digital content onto the physical environ-ment, allowing users to visualize menu items in a realistic 

and immersive manner. 

Complementing the AR application is a comprehensive digital food menu accessible to users 

within the AR interface. This menu offers detailed descriptions, images, and pricing information 

for a wide range of food items available at the restaurant. By integrating the digital menu with 

augmented reality, AR Menu Fusion provides users with a dynamic and engaging platform for 

exploring menu offerings. 

Central to the system’s functionality are image targets strategically placed throughout the 

restaurant. These image targets serve as markers for the AR application, enabling it to recognize 

specific locations within the physical space. When users point their device’s camera at these image 
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targets, the AR application detects them and superimposes virtual food items onto the real-world 

environment, creating an interactive and visually compelling experience. 

AR Menu Fusion also features an interactive ordering system that allows users to place orders 

directly from the AR application. With just a few taps on the screen, customers can browse the 

digital menu, select items of interest, and add them to their order. The system seamlessly integrates 

with a backend database to ensure accuracy and efficiency in order processing, providing users 

with a convenient and streamlined ordering experience. Additionally, the system includes a chatbot 

feature that offers assistance and recommendations to users, enhancing overall customer 

satisfaction and engagement. Through the innovative integration of augmented reality, digital 

menus, and interactive ordering capabilities, AR Menu Fusion redefines the traditional restaurant 

experience, offering users a novel and immersive dining experience. 

 

A. System Architecture 

 

Fig. 1.  System Architecture 

The Figure 1 delineated through two principal diagrams. the Customer diagram and the 

Manager diagram. The Customer diagram illustrates the seamless journey a customer undergoes 

while engaging with the AR Menu Fusion application. It commences with the customer scanning 

a QR code, which seamlessly directs them to the web application. From there, customers can 

effortlessly navigate through food categories, select specific items of interest, view comprehensive 

details about each item, and subsequently proceed to order their desired food items. Conversely, 

the Manager diagram encap-sulates the functionalities available to the management side of AR 

Menu Fusion. Managers wield the capability to seamlessly add, delete, and update both food 

categories and individual food items, thereby ensuring the menu remains current and reflective of 

the restaurant’s offerings. 

III. IMPLEMENTATION 

A. Modules 

• Customer - The Customer module of AR Menu Fusion is designed to facilitate a seamless and 

engaging dining experience for patrons. Customers begin by scanning a QR code conveniently 
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placed on their table, which instantly directs them to the AR Menu Fusion web application. 

Within the application, customers are pre-sented with intuitive navigation options to explore 

various food categories and select individual items of interest. Detailed descriptions and visual 

representations of each menu item enhance the browsing experience, allowing customers to 

make informed decisions. Once a selection is made, customers can effortlessly place their 

orders directly through the application, streamlining the entire ordering process. Overall, the 

Customer module aims to enhance customer satisfaction and streamline the food ordering 

experience through intuitive design and user-friendly features. 

• Manager - The Manager module of AR Menu Fusion em-powers restaurant management to 

efficiently oversee and manage menu offerings, ensuring a seamless operational workflow. 

Managers have access to a comprehensive set of tools and functionalities to manage food 

categories and individual menu items. They can easily add new categories or items, update 

existing ones, and remove outdated offerings as needed. Additionally, the Manager module 

provides insights into customer preferences and ordering trends, enabling managers to make 

data-driven decisions to optimize menu offerings and enhance cus-tomer satisfaction. Through 

the Manager module, restau-rant management can maintain a dynamic and up-to-date menu, 

catering to evolving customer preferences and maximizing operational efficiency. 

B. Working 

The AR Menu Fusion system operates seamlessly to enhance the dining experience for 

customers while streamlin-ing operations for restaurant management. 

For customers, the process begins with scanning a QR code placed on their table using their 

smartphone. This action di-rects them to the AR Menu Fusion web application, where they can 

explore various food categories and select individual items of interest. The augmented reality 

feature allows customers to view realistic 3D models of menu items, enhancing their visual 

experience and aiding in decision-making. Once a selection is made, customers can conveniently 

place their orders directly through the application, eliminating the need for traditional paper menus 

and manual order-taking processes. 

On the management side, the AR Menu Fusion system provides restaurant managers with a 

comprehensive set of tools to efficiently manage menu offerings and operations. Managers bcan 

easily add, update, or remove food categories and items as needed, ensuring that the menu remains 

dynamic and up-to-date. Additionally, the system provides valuable insights into customer 

preferences and ordering trends, enabling managers to make data-driven decisions to optimize 

menu offerings and enhance overall customer satisfaction. 
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IV. FIGURES AND TABLES 

A. Class Diagram 

 

Fig. 2.  Class diagram 

 

The figure 2 illustrates the fundamental components of the AR Menu Fusion system, 

comprising five essential classes: Customer, Web Application, Augmented Reality, Manager, and 

Database. Each class contributes distinct functionalities crucial to the seamless operation of the 

system. The Customer class encompasses features tailored to enhance the customer experience, 

such as scanning QR codes, exploring menus, and placing orders. Concurrently, interactions with 

the Web Application class facilitate essential processes like payment acceptance and feedback 

reception, ensuring a smooth trans-action flow for users. Augmented Reality further enriches the 

user journey by providing immersive visualizations of food items, enhancing the overall dining 

experience. 

On the management front, the Manager class empowers restaurant personnel to efficiently 

oversee food categories and items, while the Database class serves as the central repository for 

critical data storage and retrieval. Together, these classes form a cohesive framework that enables 

seamless interac-tions between customers, restaurant staff, and the underlying database 

infrastructure. Through effective collaboration and interaction, the AR Menu Fusion [1] [2] system 

delivers a sophisticated yet user-friendly platform that revolutionizes the dining experience for 

customers and streamlines operations for restaurant management. 
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B. Activity Diagram 

The figure 3 is the activity diagram for the AR Menu Fusion system, illustrating the 

sequential flow of actions involved in the user journey within the application. It begins with the 

 

Fig. 3.  Activity Diagram 

“Start” node, where the user initiates the process by scanning the QR code to access the web 

application. From there, the user proceeds to select a food category, followed by choosing a 

specific item from the menu. Subsequently, the user views the selected item before placing an 

order. Once the order is confirmed, the user can view the order details before reaching the “End” 

node, indicating the completion of the process. 

This activity diagram provides a clear visualization of the steps involved in the user interaction 

with the AR Menu Fusion system, guiding users through the process of browsing the menu, 

selecting items, and [5] [6] placing orders seamlessly. It highlights the logical flow of actions, 

ensuring a user-friendly experience and efficient navigation within the application. 

PERFORMANCE ANALYSIS 

As in the first graph mentioned in figure 4 we analyze the error rates in order processing 

between the AR Menu Fusion system and traditional restaurant systems as the number of 

customers escalates. In traditional systems, the likelihood of order errors notably amplifies with 

an increasing number of customers, reflecting the challenges associated with manual order-taking 

processes. However, in the AR Menu Fusion system, the impact of customer volume on order 

accuracy is minimal, indicating the system’s capacity to maintain order precision even during peak 
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periods. This underscores the efficiency and reliability of the AR Menu Fusion system in 

mitigating order errors, thereby enhancing overall customer satisfaction and dining experience. 

 

Fig. 4.  Performance analysis 

In the second graph, also presented in Figure 4, we delve into the speed of service concerning 

the number of customers served by both the AR Menu Fusion system and traditional restaurant 

systems. In traditional systems, the speed of service markedly declines as the number of customers 

rises, often resulting in prolonged wait times and delayed order process-ing. Conversely, the AR 

Menu Fusion system exhibits only a marginal decrease in service speed with increasing customer 

numbers, showcasing its adeptness in handling higher volumes of orders efficiently. This 

underscores the scalability and responsiveness of the AR Menu Fusion system, [1]enabling 

restaurants to uphold timely service even during peak hours and accommodate fluctuating 

customer demand effectively. 

CONCLUSION 

AR menu Fusion emerges as a revolutionary solution that seamlessly integrates augmented 

reality into the dining expe-rience, transcending traditional menu interactions. The project 

introduces a novel approach to menu exploration, allowing customers to visualize dishes in a 

realistic 3D space through their smartphones. This immersive encounter not only capti-vates users 

but also facilitates informed decision-making. The inclusion of online ordering and secure payment 

mechanisms aligns with contemporary expectations for convenience and contactless transactions, 

enhancing the overall efficiency of restaurant operations. 

AR menu Fusion addresses the evolving needs of both customers and restaurant managers 

by offering a sophisticated and user-friendly platform. The amalgamation of augmented reality and 

digital functionalities propels the dining experience into the future, providing a unique and 

engaging interface for users. The real-time feedback feature contributes to customer satisfaction 

and enables continuous improvement in restaurant offerings. As a forward-thinking project, AR 

menu Fusion signifies the potential of technology to redefine the landscape of the food service 

industry. 

This project not only showcases the capabilities of aug-mented reality in a practical setting 

but also underscores the importance of embracing innovation to stay competitive in the modern 

market. AR menu Fusion exemplifies how technology can elevate traditional practices, offering a 
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glimpse into the future of dining. As the project concludes, it leaves a lasting impression as a 

trailblazer in the realm of augmented reality-enhanced dining experiences. 
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Abstract— In the modern age it is impossible to imagine a life without electricity. With 

growing population and the increasing power requirements in industrial, commercial and domestic 

purposes, the power consumption also rises and therefore the need for power measurement is very 

vital. As the amount of electricity consumption rises day by day, the amount of energy wastage is 

also rises. The consumption of energy can be measured with energy meters. This paper proposes 

a system that reduces human interaction in meter readings and bill generation that typically result 

in energy related corruption. The conventional meter can be slightly modified and converted to the 

proposed smart metering system by integrating a dual core processor and a relay. The suggested 

method senses the LED blinks and sends the information to the micro controller. The micro 

controller processes the data and send to a server over Wi-Fi. The system has the capability to give 

the user an SMS with the final bill generation and an update on energy use, as well as the freedom 

to reconfigure the load. Relays are used to accomplish the on-demand control of the power supply. 

The results of the hardware implementation indicate that the suggested system's accuracy is 

comparable to that of existing meters. With the same capability, the system is expected to cost less 

than the current smart meters that are on the market. By utilizing cutting-edge technology that 

works with both outdated metering units and newer models, the proposed system can generate user 

friendly billing system with minimal human error. Users may effortlessly track and manage their 

energy use with the help of this device. 

Keywords—Smart Energy Meter, Micro Controller, SMS, Billing. 
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Introduction  

Electricity has emerged as a crucial commodity in contemporary society, essential for the 

functioning of homes, offices, companies, and industries, supporting various aspects of daily life 

and operations. For any electricity utility, measuring energy use accurately is vital. This not only 

informs consumers about their energy usage patterns but also promotes wise energy utilization [7]. 

Research indicates that approximately 40% of electricity consumption in illuminated buildings is 

attributed to energy wastage, estimated at 10-15%. This wastage often results from human oversight 

regarding energy conservation [5]. To address these energy challenges, modernizing energy 

monitoring systems is imperative, with Internet of Things (IoT) technology offering effective 

solutions for energy measurement and billing [1]. The Internet of Things (IoT) represents the 

interconnection of numerous objects, including smart devices, sensors, and actuators, with a server 

or cloud via an IP gateway. The primary objective of IoT is to bridge the gap between the physical 

or real domain and the digital or virtual domain. An IoT framework serves as a complex system 

where a multitude of devices and gadgets are interconnected through communication and data 

infrastructure to deliver valuable services aligned with smart planning and applications. 

Implementing such technology is anticipated to enhance power and energy management efficiency. 

Accurate metering, theft detection, and the implementation of proper tariff and billing systems are 

crucial for managing electrical energy consumption [6]. 

Traditionally, electricity consumption data is collected by utility personnel through periodic 

visits to consumer sites to record the meter readings. However, this method is fraught with 

drawbacks, including time consumption, reliance on human resources, potential for human error, 

and susceptibility to corruption. Moreover, adverse weather conditions or consumer unavailability 

can disrupt the billing process, leading to delays. The current energy billing system is prone to 

errors, labor-intensive, and time-consuming, with inaccuracies introduced at various stages, such as 

electro-mechanical meter errors and human errors during meter reading. Transitioning to smart 

energy meters can mitigate these challenges [2-4]. 

The primary objective of this project is to develop a smart energy meter from conventional 

counterparts. A microcontroller retrieves pulses from the energy meter, calculates energy units, and 

transmits data to users via mobile phones or laptops. This bi-directional communication facilitates 

ease of reading and load disconnection/ reconnection, making our proposed metering system a 

superior alternative to existing methods. Moreover, the manufacturing cost of our proposed meter 

is projected to be lower than that of comparable conventional meters. 

In alignment with the nation's digital progression, our proposed metering system addresses 

existing meter shortcomings. This paper provides detailed specifications of the proposed system, 

including software and hardware implementations, along with experimental results and 

conclusions. 

Proposed system 

The proposed system shown in figure 1 involves conversion of conventional meter to smart 

energy meter by integrating an external circuit which consist of microcontroller and relay. The 
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systems sense the quantity of LED blinks emitted by the conventional energy meter which was then 

fed to the micro controller as the input signal. The microcontroller was programmed with code 

designed to compile and compute the user's energy consumption. Micro controller used here is ESP 

32 which has inbuilt Wi-Fi and Bluetooth facility. The processed data from micro controller are 

updated over the web server which can easily accessed by the user through a mobile phone or laptop. 

In this setup, users have the control to toggle the power supply of household appliances using a 

smartphone app on their Android device. The Wi-Fi module facilitates the transmission and 

reception of data with the cloud, which is then forwarded to the microcontroller. The controller, in 

turn, manages the relay to activate or deactivate the home circuit as required. 

 

Fig. 1. Block Diagram of Proposed System 

HARDWARE IMPLEMENTATION 

The hardware implementation of the proposed smart energy meter system involves the integration 

of key components to conventional energy meter to enable seamless communication and control 

functionalities. Central system    of this implementation is the ESP32 module, acting as the core 

interface between the conventional digital LED blinking energy meter and the user's control device, 

typically a smartphone running the Android application. 

I. Conventional Energy Meter 

The standard metering system shown in figure 2 synchronizes the number of LED blinks with 

energy use. The proposed approach uses LED blinks sensing to calculate units effectively. 

 

Fig. 2. Conventional Energy Meter 
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J. ESP 32 Microcontroller 

The ESP32 module as shown in figure 3 serves as the central processing unit for the proposed smart 

energy meter system. The LED blinking signal from the conventional energy meter is connected to 

one of the general purpose input output(GPIO) pins of the ESP32 module, allowing it to detect and 

interpret energy consumption data. The inbuilt Wi-Fi module of the ESP32 enables wireless 

communication, facilitating remote control and monitoring functionalities. 

 

Fig. 3. ESP 32 Microcontroller 

K. Relays  

To enable remote load control capabilities, two 12V sugar cube relays have been integrated 

into the system. These relays are connected to additional GPIO pins of the ESP32 module, allowing 

it to toggle the power supply to connected appliances based on user commands received via the 

Android application. Each relay is capable of controlling a separate electrical load, providing users 

with flexibility and convenience in managing their energy usage. 

 

Fig. 4. 12V Sugar Cube Relay 

By carefully integrating these hardware components and ensuring seamless communication 

between them, the smart energy meter system offers a robust and reliable solution for monitoring 

and controlling energy usage in real-time. 
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Fig. 5. Hardware set up of the proposed system 

SOFTWARE IMPLEMENTATION 

The software implementation of the proposed system is essential for enabling seamless 

communication between the hardware components and providing users with intuitive control and 

monitoring functionalities. 

 

Fig. 6. Flow chart of the program code 

The ESP32 module is programmed using the Arduino Software (IDE), leveraging its user-

friendly interface and extensive library support. Arduino sketches are developed to handle tasks 

such as detecting the LED blinking signal from the energy meter, controlling the sugar cube relays 

for load management, and establishing Wi-Fi connectivity for communication with the server. 

Figure 6 depicts a flowchart that outlines the logical process for creating program code for the 

proposed system. An Android application as shown in figure 7 is developed to provide users with 

a convenient interface for controlling and monitoring their energy usage. Figure 8 shows the image 

of local server created to store the data. 
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Fig. 7. Android Application View 

 

Fig. 8. Image of Server made to collect data 

EXPERIMENTAL RESULTS 

The The accuracy of the proposed meter was evaluated across different load scenarios, and 

the obtained results were juxtaposed with readings obtained from a standard meter subjected to 

identical loading and duration conditions. Table 1 presents a subset of the results, comparing 

readings between the traditional meter and the proposed smart energy meter. 

TABLE V.  METER READING COMPARISON 

Conventional meter reading (kwh) Proposed smart meter reading (kwh) 

0.5 0.499 

1 0.998 

 

The results described earlier indicate that the suggested smart energy meter yields result comparable 

to traditional meters. In the tabulated data, the largest deviation from the reading of the conventional 

energy meter is 0.002 units, while the smallest deviation is 0.001 units over the measured values of 
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1 and 0.5 units, respectively. Therefore, the tabulated results validate the efficiency of the proposed 

meter, affirming its equivalence to conventional meters. 

TABLE VI.  FUNCTIONAL COMPARISON 

 Conventional meter  Proposed smart meter  

Information on usage of energy yes yes 

Remote reading and billing no yes 

Remote load reconfiguration no yes 

Table II demonstrates the superiority of the proposed meter in terms of both economy and 

accuracy compared to current smart meters.  

CONCLUSION 

A user-friendly billing system utilizing modern technology has been developed and validated 

for compatibility with conventional metering units. By integrating a dual-core processor, ESP32 

and a relay into conventional meters and utilizing LED blink sensing technology, this system 

facilitates accurate billing, real time energy usage updates allowing users to conveniently monitor 

and track their energy usage. Notably, users receive consumption updates via messages and can 

easily disconnect loads from the supply when not required.  

The ability to control loads on-demand enhances user flexibility and control over their electricity 

usage. Also, the proposed smart metering system offers a solution to reduce human interaction in 

meter readings and bill generation, thus mitigating potential energy-related corruption. This 

integration of modern technology with existing electrical architecture fosters an energy-efficient 

and economically viable environment. Consequently, the entire system ensures user-friendliness 

without compromising its simplicity in implementation. 

Currently tailored for domestic use, further research is needed to assess the economic 

feasibility of implementing this metering system on a commercial scale for industries. Industrial 

applications may involve power factor metering and the control of power correction systems under 

various loading conditions. Such advancements would not only benefit industries by preventing 

penalties for low power factor implementation but also contribute to energy and economic 

efficiency. 
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Abstract— Automation, fueled by technological progress, has transformed various sectors, 

including traditional grass-cutting methods. Historically, manual labor and non-renewable energy 

sources characterized conventional grass cutters, leading to energy waste and environmental harm. 

However, amid rising energy demands and environmental concerns, there's a pressing need for 

sustainable alternatives. Enter solar-powered grass cutters, powered by Arduino UNO 

microcontrollers, offering a compelling solution[1]. Utilizing solar energy as a clean and 

renewable source eliminates reliance on non-renewable fuels, cutting operational costs and 

pollution. Outfitted with ultrasonic sensors for obstacle detection and DC motors for propulsion, 

these autonomous systems operate efficiently sans human intervention. By prioritizing cost-

effectiveness and eco-friendliness, this initiative seeks to optimize energy usage and curb 

environmental impact, marking a significant stride towards sustainable grass-cutting practices. 

With such innovations, the blend of automation and renewable energy heralds a greener future for 

lawn maintenance, balancing efficiency with environmental responsibility. 

Keywords- Arduino UNO, renewable energy sources, autonomous systems, automower,  BLDC 

INTRODUCTION 

Solar energy is a renewable resource categorized into passive and active solar sources 

depending on how it is captured distributed and converted into solar power. The utilization of solar 

energy is cost-effective as it is freely available. The solar grass cutter is presented as an alternative 

to traditional options in the market such as gasoline-based and electrical grass cutters[2]. 

Traditional grass cutters whether powered by electricity or gasoline come with certain drawbacks. 

Electrical grass cutters depend on a constant supply of electricity while gasoline-based ones 
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contribute to air and noise pollution. Additionally the conventional cutter machines require large 

cable wires for extensive grass-cutting areas and the motors are often heavy. In contrast the 

automated solar-based grass cutter offers a sustainable and environmentally friendly solution[3]. 

It operates using freely available solar energy eliminating the need for traditional power sources 

like electricity or fuel. This transition aligns with advancements in technology emphasizing the 

importance of adopting cleaner and more efficient alternatives to traditional grass cutting methods. 

The development of an automated solar-based grass cutter marks a significant leap in eco-friendly 

and efficient lawn maintenance technology. This innovative device addresses various challenges 

associated with traditional grass cutters offering a sustainable[4] and pollution-free solution. The 

heart of the system lies in its power configuration. A 12V battery serves as the primary power 

source complemented by a solar panel designed to capture and store solar energy efficiently. This 

combination ensures a continuous and renewable power supply eliminating the need for external 

wires or fuel. The reliance on solar energy not only makes the device cost-effective but also 

contributes to environmental conservation by reducing carbon footprints. The grass cutter is 

equipped with a total of five DC motors each playing a specific role in its operation. Four motors 

are dedicated to the movement of the device facilitating its mobility across various terrains[5]. The 

fifth motor(BLDC) is responsible for the cutting of grass providing a robust and efficient cutting 

mechanism. The coordination of these motors is orchestrated by an Arduino UNO microcontroller 

adding a layer of intelligence to the device. To enhance the grass cutter’s autonomy and prevent 

collisions during operation an ultrasonic sensor is integrated for obstacle detection. This sensor 

employs sound waves to identify obstacles in the device’s path allowing it to navigate around them 

intelligently. This feature contributes to the efficiency and safety of the grass-cutting process. In 

the grass cutter operates autonomously following a predetermined path while efficiently trimming 

the grass. The absence of wires and fuel in the device aligns with the goal of creating a pollution-

free and eco-friendly solution for grass cutting[6]. The solar-powered operation not only 

minimizes environmental impact but also addresses the growing concern of energy sustainability.  

The ultimate goal of our project is to engineer a cost-effective solution that not only replicates 

but surpasses the functionality of traditional grass cutters[7], particularly in terms of efficiency. 

Through the integration of solar power, smart sensors, and wireless control, we aim to 

revolutionize the landscape of lawn maintenance, offering an eco-friendly alternative that 

minimizes operational costs and maximizes technological innovation. Traditional grass cutters 

have long relied on manual labor and non-renewable energy sources, contributing to both 

environmental degradation and economic inefficiency. However, by embracing advancements in 

solar power technology, we can drastically reduce reliance on conventional energy sources while 

simultaneously minimizing carbon emissions. Solar power presents an inexhaustible and clean 

energy source, offering a sustainable solution to the energy demands of grass-cutting operations. 

Incorporating smart sensors into our design further enhances efficiency and precision. These 

sensors enable the Eco Trim Automower to autonomously navigate its environment, detecting 

obstacles and adjusting its trajectory accordingly. By minimizing human intervention, we not only 

streamline the grass-cutting process but also reduce the potential for errors and accidents. This 

autonomous functionality not only saves time and labor but also ensures uniform grass cutting, 

resulting in a pristine lawn appearance. Wireless control adds another layer of convenience and 
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accessibility to our solution[8]. Through the use of remote control or smartphone applications, 

users can easily monitor and adjust the Eco Trim Automower's operation from anywhere, at any 

time. This remote functionality not only enhances user experience but also enables real-time 

monitoring of energy consumption and grass-cutting performance, facilitating data-driven 

decision-making and optimization. Moreover, the integration of wireless connectivity opens up 

possibilities for future enhancements and updates. Firmware updates and additional features can 

be easily implemented over-the-air, ensuring that the Eco Trim Automower remains at the forefront 

of innovation and functionality. This adaptability ensures that our solution remains relevant and 

competitive in a rapidly evolving technological landscape. By combining solar power, smart 

sensors, and wireless control, we have created a grass-cutting solution that not only meets but 

exceeds the functionality of traditional grass cutters. Our Eco Trim Automower offers unparalleled 

efficiency, precision, and convenience, while also reducing environmental impact and operating 

costs. Through continuous innovation and improvement, we aim to redefine the standards of lawn 

maintenance, making eco-friendly and technologically advanced solutions accessible to all. In 

addition to its practical benefits, the Eco Trim Automower also serves as a symbol of our 

commitment to environmental sustainability. By harnessing renewable energy sources and 

minimizing carbon emissions, we are contributing to a cleaner, greener future for generations to 

come. Our project demonstrates that sustainability and efficiency are not mutually exclusive, but 

rather complementary goals that can be achieved through ingenuity, innovation, and dedication. In 

conclusion, the integration of solar power, smart sensors, and wireless control in our Eco Trim 

Automower represents a significant advancement in the field of lawn maintenance. By surpassing 

the functionality of traditional grass cutters while reducing environmental impact and operating 

costs, our solution sets a new standard for efficiency, affordability, and sustainability. Through 

ongoing research, development, and collaboration, we are confident that our project will continue 

to push the boundaries of innovation and excellence in the realm of grass-cutting solutions. 

PROPOSED SYSTEM 

Solar grass-cutting robot introduces an innovative and sustainable system to address the 

challenges associated with traditional grass-cutting methods. The core of the system comprises a 

solar-powered robotic platform equipped with cutting edge technologies for efficient grass 

maintenance[9]. A solar panel integrated into the robot harnesses solar energy to power the onboard 

components, eliminating the need for conventional energy sources. The robot is designed with 

autonomous navigation capabilities utilizing sensors and algorithms to detect and navigate around 

obstacles in its path. A high-speed motor drives a cutting assembly which can include durable 

blades or a cutting mechanism suitable for diverse grass types. The system incorporates a user-

friendly control interface allowing operators to manage the robot’s functions set cutting 

parameters, and monitor its performance remotely[10]. The integration of a solar-powered solution 

not only reduces environmental impact but also enhances the robot’s operational autonomy making 

it suitable for prolonged use in various settings. This proposed system aims to revolutionize grass-

cutting practices by offering an efficient eco-friendly and autonomous alternative that meets the 

growing demand for sustainable and automated solutions in agriculture landscaping and residential 

lawn care[11]. 
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Fig. 1 shows the block diagram of Eco Trim Auto-Mower. The main part of the circuit is the 

Arduino UNO. All the other devices are connected to the Arduino UNO. It consists of an ultrasonic 

sensor, servo motor, motor driver, ESC module, Servo meter and BLDC motors. Power supply is 

given by 12v battery. The solar panel is directly connected to the battery.  

 

Fig. 1. Block diagram 

CIRCUIT DIAGRAM 

Fig. 2 shows circuit diagram which describes the architecture of the proposed eco-trim 

automower. This system consist of Arduino UNO, L293D motor driver shield, ultrasonic sensor 

HC-SR04, DC gear motors, BLDC motor 2200 KV, servo motor SG-90, ESC module, servo motor 

tester and 12v battery. Arduino UNO acts as the brain of the system. Connect the L293D motor 

driver input pins to the designated output pins on the Arduino for motor control. The four DC gear 

motors are connected to the motor driver shield which is controlled via digital pins D1, D2, D3, 

and D4 of the Arduino UNO board. The high conductance ultrasonic sensor HC-SR04 has echo 

trigger VCC and ground pins the echo and trigger pins which are connected to the A0 and A1 pin 

of the Arduino. It measures the distance to an object using ultrasonic ultrasonic sound waves. The 

servo motor is connected to the PWM pin D10 of the arduino. The ultrasonic sensor will be 

attached to the servo motor. It will provide an 180° rotation for the ultrasonic sensor. For cutting 

mechanism, a 2200KV very high speed BLDC motor is used. A cutting blade is attached to the 

motor which is used to cut the grass. It is directly connected to the 12V battery through a switch. 

Used a ESC module and servo tester to control the BLDC motor. The on/off mechanism and speed 

of the BLDC motor can be controlled by using the servo motor tester. In the intricate circuitry of 

the eco-trim auto-mower, the 12V solar panel emerges as a linchpin, strategically positioned within 

the system's power supply framework. Amongst the array of crucial components such as the 
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Arduino UNO, motor driver shield, ultrasonic sensor, and DC motors, the solar panel stands out 

as a vital source of renewable energy, profoundly influencing the automower's sustainability and 

efficiency. Visually, the solar panel is delineated as a distinct module within the circuit diagram, 

often situated atop the automower's chassis or strategically placed to optimize sunlight exposure. 

Its connectivity to the rest of the system is represented through clear lines and symbols, illustrating 

the seamless flow of electrical energy from the solar panel to the onboard battery and subsequently 

to the various components requiring power for seamless operation. Functionally, the 12V solar 

panel functions as an autonomous power generation unit, harnessing sunlight and converting it 

into electrical energy through photovoltaic cells. This harvested energy is then directed towards 

charging the onboard battery, depicted as a discrete component within the circuit diagram. The 

battery acts as a reservoir, efficiently storing surplus energy generated by the solar panel, thereby 

ensuring a consistent power supply for the automower's operation, even during periods of limited 

sunlight or at night. 

The integration of the solar panel into the circuit diagram underscores the automower's 

unwavering commitment to sustainability and environmental responsibility. By harnessing the 

power of renewable energy sources like solar power, the automower significantly diminishes its 

reliance on non-renewable resources and markedly reduces its carbon footprint. This conscious 

effort towards sustainability fosters a greener and more eco-friendly approach to lawn 

maintenance, aligning with contemporary environmental values and initiatives. In essence, the 

inclusion of the 12V solar panel in the circuit diagram serves as a tangible representation of the 

automower's innovative power supply architecture. It eloquently communicates the automower's 

reliance on clean and sustainable energy sources for both efficient and environmentally conscious 

operation. This holistic approach not only ensures the automower's functionality but also resonates 

deeply with consumers who prioritize eco-friendly solutions in their quest for responsible lawn 

maintenance practices. 
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Fig. 2. Circuit diagram 

RESULT AND DISCUSSION 

Our designed product is an Eco trim automower based on the Arduino microcontroller 

system. We have presented a functional prototype of the designed product. We have also 

highlighted some important topics through the report. Our product is not only automated but also 

pre-programmed to do certain tasks and operations. The motor driver enables the move in various 

direction and control the speed of cutting motor. The Arduino UNO helps to give direction and 

command to the ultrasonic sensor which sense obstacles and navigate throughout its operation. 

Fig. 3 and Fig. 4 represents the front view and top view respectively. 
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Fig. 3. Front view 

 

Fig. 4. Top view 

 

CONCLUSIONS 

In the design phase of our project, we delved into the intricacies of component selection and 

circuit design for the Eco Trim Automower, ensuring that every element contributes to its optimal 

performance. Our meticulously crafted Eco Trim Automower guarantees precise grass cutting, 

representing a remarkable leap forward in sustainable and efficient lawn maintenance practices. 

By harnessing the abundant power of solar energy, this innovative robot stands as a beacon of 

environmental consciousness. It significantly diminishes reliance on conventional energy sources, 

thereby mitigating the carbon footprint associated with traditional lawn mowers. This transition to 

solar power not only reduces operating costs but also fosters a cleaner, greener environment for 

generations to come. Equipped with an autonomous navigation system, the Eco Trim Automower 

epitomizes efficiency and precision. Its intelligent design enables seamless maneuverability across 

diverse terrains, ensuring uniform grass cutting without the need for human intervention. This not 

only saves time and labor but also minimizes the potential for human error, resulting in consistently 

impeccable lawn maintenance. Moreover, the Eco Trim Automower's eco-friendly operation 

extends beyond its energy source. Its electric propulsion system produces minimal noise pollution, 

contributing to a tranquil outdoor environment. Additionally, by eliminating the use of fossil fuels 

and reducing emissions, it helps combat air and noise pollution, fostering healthier communities. 

In essence, the Eco Trim Automower embodies a holistic approach to sustainable lawn care, 

seamlessly blending cutting-edge technology with environmental responsibility. Its adoption 

heralds a paradigm shift towards a future where efficient lawn maintenance harmonizes with 

ecological preservation, paving the way for greener, cleaner, and more livable spaces. 
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Abstract—Our skin protects our body’s key organs from potential harm by acting as an 

outer layer. This vital body part is prone to a number of illnesses caused by dust, allergies, 

bacteria, viruses, and fungi. Millions of people suffer from skin illnesses, which can result in 

discrimination and societal shame. Effective therapy for skin disorders requires a prompt and 

accurate diagnosis.Although advanced technologies like lasers and photonics have been used to 

diagnose skin diseases, they are frequently expensive and unaffordable for areas with low 

resources. As a result, image-based techniques present a quick and affordable substitute.Prior 

research has explored image- based diagnostic approaches for skin diseases.This study uti- lizes 

convolutional neural networks (CNN) to classify various skin diseases, including Acne and 

rosacea, Lupus, Psoriasis, Tinea and Ringworm, Bullous disease, Cellulitis and impetigo, Atopic 

dermatitis, vasculitis, Herpes, and Candidiasis.The image data underwent standardization in 

terms of size, conversion to grayscale, and intensity balancing. Augmentation techniques were 

also applied. Comparative analysis was conducted with established CNN architectures like 

MobileNetV2 and ResNet 50.This project proposes a CNN architecture called Sequential Model 

which is more accurate and reliable. 

Index Terms—CNN,Sequential model, Lupus, Psoriasis, Lichen planus, Bullous disease, 

Cellulitis impetigo, Exanthems, Herpes, and Seborrheic keratosis. 

I. INTRODUCTION 

The human skin, our constant companion, is unfortunately prone to an astounding variety of 

illnesses. The battleground of skin disorders is vast and intimidating, ranging from in- flammatory 

soldiers like eczema and psoriasis to contagious opponents like shingles and scabies to the silent 

killers of skin cancer.In this case, an accurate diagnosis is essential, not optional. It can help 

select life-saving therapies, avoid problems like scarring, and distinguish between a passing itch 

and a ticking time bomb. Patients may suffer for an extended period of time, have fatal symptoms, 

or even die as a result of  a delay in diagnosis or treatment. Finding more precise tools is therefore 

mailto:namithakrishnan15@gmail.com
mailto:suryagayathri64@gmail.com


International Conference on Recent Advancements in Science and Engineering (RAiSE ‘24) 

 

268 

 

crucial to navigating this challenging environment. Herein lies the greatest promise of state-of-the-

art technology like as deep learning and convolutional neural networks. Convolutional Neural 

Networks (CNNs) are specialised deep learning models that are particularly good at image-based 

tasks, such as the categorization of skin diseases. Salient features of CNN include •Automatic 

Feature Extraction: 

In contrast to conventional models that depend on character- istics that are manually created, 

CNNs automatically extract important patterns from the data. They sort through pixels to find 

hints that are hidden, such as textures, forms, and edges. 

• Convolutional Filters: 

Certain features, such as lines, circles, or bumps, are detected by each filter. CNNs extract a map 

of the presence and location of these characteristics by swiping these filters over the image. 

• Multiple Layers: 

In order to disclose the true identity of the skin condition in the image, layers with simpler 

filters are used to recognise basic elements, which are then combined into more complicated 

patterns by succeeding layers. Convolutional Neural Networks (CNNs) are often constructed using 

a sequential model, espe- cially when image classification tasks are involved. It entails piling up 

layers in a straight line, with each layer’s output serving as the subsequent layer’s input. In the 

end, this enables the network to produce the required classification output by gradually extracting 

and transforming information from the input image 

Diseases that the proposed model can detect are: 

1. Acne and Rosacea 

The prevalent skin ailment known as acne is typified by the appearance of whiteheads, 

blackheads, and occasionally deeper cysts or nodules. It frequently happens when dead skin cells 

and grease block hair follicles. Although it can also affect the chest, back, and other regions with 

a high density of oil glands, acne mostly affects the face. Rosacea is a long- term skin disorder 

marked by flushing, redness, visible blood vessels, and occasionally tiny red pimples filled with 

pus. Rosacea often affects the cheeks, nose, forehead, and chin in the center of the face. 

Although redness on the face can be caused by both rosacea and acne, both conditions have 

different underlying causes and call for different management and treatment strategies. 

2. Atopic dermatitis 

Atopic dermatitis, often known as eczema, is a chronic, inflam- matory skin disorder marked 

by itchy, red, and swollen skin. Atopic dermatitis symptoms might vary, but they typically include 

extreme itching, redness, dryness, and the appearance of tiny, raised bumps. In extreme situations, 

the skin might fracture and weep. Atopic dermatitis often affects specific parts of the body, including 

the face, hands, elbows, and knees. In babies, it frequently develops on their cheeks and scalp. 

3. Bullous disease 

A class of skin conditions known as bullous illnesses is defined by the development of fluid-

filled blisters, or bullae, on the skin. These blisters can be isolated or widespread, and their sizes 

might vary. Numerous reasons, such as autoimmune responses, genetics, infections, and exposure 

to certain drugs or poisons, can result in bullous disorders. 
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4. Cellulitis and Impetigo 

A bacterial skin infection known as cellulitis damages the underlying tissue as well as the 

skin’s deeper layers. Redness, swelling, warmth, and discomfort in the afflicted region are typical 

symptoms. In addition, the skin might seem shiny and feel tight. Impetigo is a highly 

transmissible bacterial skin illness that appears as red sores or blisters that have the potential to 

burst and turn into crusts that are yellowish-brown in color. Impetigo is frequently characterized by 

itchy sores, fluid-filled blisters, and the recognizable honey-colored crusts. 

5. Herpes 

Herpes simplex viruses are the source of herpes; the two most prevalent forms are HSV-1, 

which is frequently linked to oral herpes, and HSV-2, which is frequently linked to genital herpes. 

In the earliest stages of outbreaks, it can induce flu- like symptoms accompanied with painful sores 

or blisters in the oral or vaginal region. Direct skin-to-skin contact with an infected individual 

is the main way that herpes is spread, particularly during sexual activity.Different symptoms may 

appear during a recurring infection episode than during the first episode, which is commonly 

referred to as the ”outbreak.” In the region where the sores may eventually form, burning, stinging, 

or tingling are often the first signs to appear.Common symptoms of oral herpes include blisters (cold 

sores) or open sores (ulcers) in or around the lips. 

6. Lupus 

Systemic lupus erythematosus (SLE), sometimes known as lupus, is a chronic autoimmune 

illness that can impact several bodily components, such as the kidneys, heart, lungs, brain, skin, 

joints, blood cells, and more. Inflammation results from the immune system wrongly attacking 

healthy tissues in lupus. The symptoms of lupus can vary greatly and include joint discomfort, 

photosensitivity, fever, rashes on the skin (facial rashes resembling butterflies are prevalent), 

exhaustion, and involvement of various organs leading to problems in severe instances. 

7. vasculitis 

A collection of uncommon illnesses known as ”vasculitis” are typified by blood vessel 

inflammation and can impact different bodily areas. Damage to blood artery walls due to 

inflammation can result in impaired blood flow, harm to organs, and other issues. Vasculitis can 

present with a wide range of symptoms and severity. Vasculitis symptoms can vary in severity and 

include fever, exhaustion, weight loss, joint and muscular discomfort, skin rashes, and symptoms 

unique to a particular organ according to which blood artery is impacted. 

8. Psoriasis 

A chronic skin ailment called psoriasis is typified by a fast accumulation of skin cells that 

results in the creation of large, red areas that are coated in silvery scales. This autoimmune 

condition causes an increased rate of skin cell turnover when the immune system unintentionally 

targets healthy skin cells. Red, raised skin patches coated in silvery scales are one of the warning 

signs of psoriasis. It frequently affects the lower back, knees, elbows, scalp, and nails. It could 

also have an influence on other bodily parts. 
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9. Tinea and Ringworm 

A class of fungal illnesses that may impact the appearance of the skin, human hair, or 

fingernails is known as tinea. Red, itchy rashes that may take the form of rings are a common 

characteristic. A frequent term for several forms of tinea infections is ringworm. Usually, 

ringworm manifests as a red, round rash with elevated margins and a distinct core. It can impact 

the outer layer of skin, scalp, and nails, among other body parts. 

10. Candidiasis 

A yeast infection called candidiasis is typically brought on by Candida albicans. It can 

impact the layers of skin in the tongue, throat, and genital region, among other sections of the 

body. Satellite lesions and red, itchy rashes are possible side effects.Since the above-mentioned 

causes are very common, even healthy persons can get candidiasis; however, immuno- 

compromised individuals are definitely more susceptible. The delicate microbial balance in our 

systems can occasionally be disrupted, which might allow Candida to become a problem. 

II. LITRETURE SURVEY 

In 2017 Jihong Hu, Et al proposed a mobile net- work called Mobilenet-RseSK for 

classifying skin diseases. It enhances the original network by introducing a new atten- tion 

mechanism called seSK module, which improves fea- ture extraction and network performance 

compared to the original attention module.Additionally, the network utilizes RBN normalization, 

which maintains the benefits of BN while enhancing the representation of specific features, lead- 

ing to the identification of skin diseases. Testing on the HAM10000 dataset shows that 

Mobilenet-RseSK outperforms MobilenetV3, Ghost, and other advanced networks, achieving an 

85% accuracy rate on the test set. 

A MobileNet model was suggested by Jessica Velasco et al. in 2019 and used, using transfer 

learning, to create a skin disease categorization system for an application for Android. To improve 

MobileNet’s accuracy, they experimented with various sampling strategies and preprocessing 

approaches. The Android app was updated to include this model.While utilizing the unbalanced 

database with default preprocessing produced accuracy of 93.6%, under sampling with standard 

preprocessing produced accuracy of 84.28%. An investigation into oversampling methods 

produced a 91.8% model accuracy. [3]In order to assist skin experts in identifying and diag- nosing 

serious skin conditions including eczema, psoriasis, and lichen planus, as well as benign growths, 

infections caused by fungi, and viral infections, Moolchand Sharma, et al. set out to develop a 

system in 2019. Python programming is used to build the expert system. A 50-layer by layer 

residual neural network (RN) is used to train the system using a dataset that was acquired via 

DERMNET. The neural network gains the ability to recognize patterns and characteristics in 

skin photos that are suggestive of different skin conditions through intensive training. 

A research that looks at how effectively a convolutional neural network (CNN) can categorize 

various forms of pso- riasis skin condition was proposed by Rosniza Roslan et al. in 2020. They 

utilised 187 photos through Psoriasis Image Library, International Psoriasis Council, and DermNet 

NZ, among other sources. Out of them, 105 pictures showed guttate psoriasis and 82 showed plaque 

psoriasis. The kind of psoriasis was determined by analyzing the photos using CNN. The findings 

demonstrated that the CNN had an 82.9% accuracy rate in classifying plaque psoriasis and a 72.4% 
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accuracy rate in classifying guttate psoriasis. This implies that using skin image analysis, CNNs 

may prove helpful in the diagnosis of psoriasis. 

2020 saw the proposal of a study by Tanzina Afroz Rimi, et al. using deep neural networks 

(DNN) to identify a number of skin disorders, including ulcers, lichen simplex, dermatitis hand, 

eczema subcute, and statis dermatitis. The investigation focuses on the combination of image 

processing and machine learning methods. In order to provide data for a Convolutional Neural 

Network (CNN), which classifies the skin conditions into predetermined groups, photographs must 

be processed. 500 photos taken from the dermnet database were utilized as the training dataset, 

yielding an accuracy rate of 73%. 

In 2020, Yunendah Nur Fu’adah et al. suggested a methodology that uses convolutional 

neural networks (CNN) to automatically identify lesions from benign tumors and skin cancer. 

Three hidden layers make up the model, and each layer has channel sizes of 16, 32, and 64. As a 

result, skin lesions from the ISIC dataset may be categorized into four groups: melanoma, nevus 

pigmentosus, carcinoma of the squamous cells, and dermatofibroma. These findings are superior 

than those of the current approaches for classifying skin cancer. 

A novel mobile deep neural network intended to assess skin affected by Systemic Sclerosis 

(SSc) was presented by Metin Akay et al. in 2021. To improve picture segmenta- tion and 

classification accuracy, their network architecture integrates extra classifier layers with UNet, a 

convolutional neural network (CNN) with dense connection. They made use of ”MobileNetV2,” 

a training model created especially for embedded and mobile applications. They used a regular 

laptop equipped with a 2.5 GHz Intel Core i7 to construct the network. 

Vinay Gautam et al. set out in 2021 to develop a project that deals with precisely classifying 

and detecting different skin illnesses, with a focus on early identification. For this reason, it 

suggests using an efficient Convolutional Neural Network (CNN). The methodology consists of 

three steps: first, employing processing techniques to preprocess photos of skin diseases; second, 

extracting significant characteristics from the images; and third, using an DCNN, or Deep Convo- 

lutional Neural Network, to analyze the preprocessed images at various stages. 

Taehan Koo, et al. presented a study in 2021 that leverages microscope photos from actual 

medical practices to swiftly, conveniently, and reliably detect hyphae using deep learning. Using 

pictures from microscopy, they built a convolutional neural network named YOLO v4 for object 

detection. The investigation was carried out at the Veterans Health Service Medical Center’s 

dermatology department in Seoul, Korea. They used the curve of receiver operating characteristic 

analysis for image classification, precision-recall curve assessment for hyphal localization, and 

average preci- sion to assess the accuracy. 

Tahir Alyas et al. set out to create a system in 2022 that uses deep machine learning methods 

to classify and diagnose fungus infections. A Convolutional Neural Network (CNN) was created 

in order to do this. Early fungal spore identifi- cation and classification by CNNs allowed for 

the estimation of possible fungal-related dangers. The suggested approach is referred to as 

Innovative Fungal Disease Diagnosis, or IFDD. [11]A method that uses convolutional neural 

networks (CNNs) to scan color photographs of skin lesions and catego- rize them into six groups—
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acne, vitiligo, athlete’s foot, chick- enpox, eczema, and skin cancer—was suggested by Ramzi 

Saifan and Fahed Jubair in 2022. For training, a collection of 3000 colored pictures was 

assembled from the Internet and public databases. The model’s accuracy in experiments was 

81.75%. By applying the holdout approach, which uses 90% of the pictures for training and 10% 

for out-of-sample accuracy testing, this accuracy was ascertained. 

Koteswara Rao Kodepogu, et al. present a novel Deep Convolutional Neural Network 

(DCNN) in 2022 for the purpose of diagnosing skin conditions. Skin images are treated to 

improve quality and eliminate noise. The images are classified using the softmax classifier 

method, which uses DCNN to extract features and produce a diagnosis report. 

Preeti Gupta and Sachin Meshram planned to introduce a hybrid CNN model for classifying 

skin lesions in 2022. To  build this hybrid architecture, they mix a pre-trained ResNet- 50 CNN 

model with an optimized VGG-16 model. They used dermoscopic pictures from the ISIC 2016–17 

dataset to assess our hybrid CNN model’s performance. 

In 2023, Abdul Rafay and Waqar Hussain presented a report that combined two preexisting 

datasets to create a new dataset with 31 skin disorders. On this dataset, they used three different 

CNN types—EfficientNet, ResNet, and VGG—for transfer learning. EfficientNet demonstrated the 

best testing ac- curacy among them, necessitating more tweaking. The model’s first testing accuracy 

was 71% with a 70% training split. The accuracy increased to 72% after adding more samples 

to the training split.This makes prompt treatment and early identification of skin conditions 

possible. 

Tsedenya Debebe Nigat et al. present a study in 2023 that uses a convolutional neural 

network (CNN) to detect four common fungal skin diseases: tinea pedis, tinea capitis, tinea 

corporis, and tinea unguium. The preparation steps include modifying the image’s intensity, 

converting Color to grayscale, and normalizing the image’s size. The developed model showed a 

93.3% accuracy in identifying the four fungal skin illnesses, outperforming MobileNetV2 and 

ResNet 50 architectures. 

A proposal for deep learning for skin condition diagno- sis with end-to-end confidentiality of 

data was made in 2023 by Shriya Pingulkar, Diti Divekar, and others. The suggested approach 

facilitates the safe exchange of diagnostic data amongst medical practitioners by employing deep 

learning algorithms to precisely diagnose skin conditions. It guarantees speedy and accurate 

diagnosis by guaranteeing information safety, confidentiality, and regulatory compliance. 

A previously trained convolutional neural network (CNN) based autonomous facial skin 

disease approach was proposed by Rola EL SALEH et al. in 2019. The pictures are initially 

pre-processed in order to make the database larger. Following that, these images are used for 

training and validation. The model can accurately identify eight facial skin disorders, normal skin 

class, and no-face class with an accuracy rate of 88%. 

Deep learning-based skin disease detection was sug- gested by Syed Inthiyaz et al. in 2023. 

This paper provides an automated image-based method for the identification and categorization of 

skin diseases using machine learning clas- sification. In order to consider the many qualities of the 

photographs under processing, computer approaches will be employed for the analysis, processing, 
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and relegation of picture data. Compared to the conventional method, this program will be a more 

trustworthy and efficient method of identifying dermatological disorders, with higher accuracy and 

faster results delivery. 

Deep Convolutional Neural Network Learning is the basis of a method that P Nagaraj et 

al. suggested in 2022, and employing it can yield remarkably precise results. The patient gives the 

prototype input by taking a picture of the affected skin region. This picture displays the result of 

the Deep Learning method, which is the identified skin condition. 

2018 saw the proposal of Automatic Skin Disease Iden- tification using Deep Learning 

Algorithm by Sourav Kumar Patnaik et al. This study offers a deep learning-based approach based 

on visual recognition for the autonomous diagnosis of various skin conditions. Based on the 

maximum vote from the three networks—three publicly accessible image recognition designs: 

Inception V3, Inception Resnet V2, and Mobile Net with modifications for skin disease 

application—the system accurately predicts the skin ailment. The system uses deep learning 

technology to educate itself using various skin pic- tures. The main objective of this system is to 

achieve the best degree of precision in forecasting for skin disorders.The Skin Cancer 

Classification using ResNet method was developed by Niharika Gouda et al. in 2020. A total 

of 8238 photographs were evaluated, consisting of 25,331 clinical skin sickness images, training 

images from various conditions of eight categories, and no skin issues at different anatomic sites. 

Robust techniques, such as the Deep Learning Neural Network type Residual Neural Network 

(ResNet), are employed to identify pictures and precisely generate an assessment report by means 

of a confidence score.Abdurrahim Yilmaz and colleagues (2022) presented a study that involved 

the acquisition of 297 microscopic full field photos of fragmented keratin from normal nail samples 

and 160 microscopic full field shots of the fungal element from onychomycosis patients. Smaller 

patches containing keratin (n = 5238) and fungus (n = 1835) were recovered from these whole field 

pictures. The VGG16 and InceptionV3 models were developed to identify fungus and keratin using 

these patches. The models’ diagnostic ability was evaluated with 16 dermatologists using 200 

test patches.The application of AI and computer-based technologies has greatly improved in the 

detection of facial skin illnesses. In 2023, Raghav Agarwal and Deepthi Godavarthi suggested 

CNN Algorithms to handle the rising number of dermatologi- cal disorders. This study’s 

application of deep neural network models for photo categorization has produced encouraging 

findings. 

A system for categorizing skin conditions was pre- sented by Fahed Jubair and Ramzi Saifan 

in 2022. This research describes a system that classifies color photos of skin lesions into six skin 

diseases: vitiligo, acne, athlete’s foot, the chickenpox a form of and skin cancer. The system uses 

convolutional neural networks to do this classification. Promising testing results showed that the 

model outperformed state-of-the-art research with an accuracy of 81.75%. This accuracy was 

calculated using the holdout approach, which employs 90% of the pictures to provide training plus 

10% for assessing out-of-sample accuracy. 

2020 saw the proposal by Honey Janoria et al. to use transfer learning to classify skin diseases 

based on skin image analysis. This study introduced a number of deep learning- based techniques 

that employ machine learning classifiers to extract characteristics from different skin cancer 
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photographs in order to determine the kind of skin illness. Our study leads to the creation of a 

transfer learning model. Support vector ma- chines, decision trees, linear discriminate analysis, K-

Nearest Neighbor, and the best linear classification algorithms are used for feature extraction (the 

VGG-16 layer CNN design can extract 1000 features from the input picture). The research was 

carried out utilizing well-known ISIC open datasets. The experimental results were produced by 

combining the VGG 16 CNN model with the K-Nearest Neighbour method. 

III. METHODOLOGY 

 

Fig. 1. Block diagram. 

A. Dataset Collection 

The training of our suggested neural networks for automated diagnosis depends heavily on 

the dataset. We have gathered a wide range of more than 10,000 dermatoscopic photos from people 

all around the world. Ten different skin disorders are included in the dataset; they range from typical 

issues like eczema and acne to less frequent presentations like vasculitis and bullous illness. The 

study’s dataset was gathered via Kaggle. Acknowledging a natural disparity in the quantity of 

photos corresponding to each type of lesion, we deliberately applied data augmentation methods. 

This approach effectively addressed the disparity, ensuring each skin condition possessed a 

comparable volume of training data. The 10 different conditions of skin disorders that have been 

included in our dataset are as follows: 

1) Acne & rosacea 

2) Atopic dermatitis 

3) Bullous disease 

4) Cellulitis impetigo 

5) Herpes HPV 

6) Lupus 

7) Vasculitis 

8) Psoriasis. 

9) Tinea ringworm candidiasis 

10) Candidiasis 

 



International Conference on Recent Advancements in Science and Engineering (RAiSE ‘24) 

 

275 

 

 

Fig. 2. Different condition of skin disorders. 

B. Pre processing 

Image preprocessing is a method to apply several ap- proaches to enhance the quality of 

images. Preprocessing is necessary since the majority of original medical photos contain 

unnecessary elements. In order to eliminate such unnecessary portions of the images before 

classification, image preprocess- ing techniques are applied. The three most crucial techniques in 

this process were normalization, color conversion, and image scaling. The original photos were 

scaled to 48 × 48 pixels to ensure consistency in pixel intensity values between images. This was 

done first since normalization helped to decrease variances in brightness and contrast that may oth- 

erwise confound analysis.To make the data format simpler while keeping important elements for 

classification, an RGB to grayscale image colour conversion was then carried out. Every acquired 

image had a consistent size and colour conversion from RGB to grayscale. 

C. Augmentation 

A method called ”data augmentation” is applied to artifi- cially expand a dataset. This is a 

way to keep deep learning models from overfitting. Large dataset collection may be expensive 

and time-consuming.In order to artificially enlarge the dataset, data augmentation is a crucial deep 

learning tech- nique. Many methods of data augmentation exist, including scaling, translation, 

loping, rotations, cropping, and contrast modification. 

D. Train, Test, Split 

The dataset is usually split into training and test sets in image processing, especially for tasks 

like object detection, image classification, or segmentation. By splitting the data, this makes sure 

that the model is trained on a single subset. Typically, the training set makes up roughly 80% of 

the entire dataset. The model modifies its parameters as it gains the ability to identify patterns 

and characteristics in the images during training. wherein the dataset is split into two parts: the 

testing dataset, which makes up 20%, and the training dataset, which makes up 80%. Testing is the 
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process of assessing a trained model’s performance and capacity for generalisation using a 

different set of unseen images.This procedure plays a crucial role in evaluating the model’s 

performance on new, untested data and offers valuable insights into its practicality. 

E. Convolutional Neural Network 

convolutional neural network is a deep learning algorithm which work with images. It is 

specially designed for image processing. in this project we utilize sequential model for 

dermatological image processing. sequential model refers to specific type CNN architecture where 

layers are stacked se- quentially.sequential model can provide a simple and intuitive way to built 

a neural network. sequential model also have high compatibility with keras and high efficiency 

in training. sequential model in CNN can maintain both simplicity and effectiveness 

F. Validation 

The performance of a trained CNN model is estimated by a process called validation. In 

CNN image classification validation processes and training process occur simultane- ously. During 

training phase on each epoch the model is fed group(batches) of training data(images). This 

process is continued until a stopping criterion is reached. A validation set, which is a sperate portion 

of data is used to evaluate the CNN model. The validation phase may occur after each epoch or 

periodically during training. 

G. Input 

An input image is fed to the CNN pretrainined model to obtain an output indicating the 

disease. We utilize dermato- logical image as input image. Dermatological images capture, skin 

rashes, lesions and other conditions like eczema, psoriasis. Input image is preprocessed before 

feeding to the CNN model. 

IV. RESULT 

Skin diseases pose a significant global health challenge affecting millions of people. The 

project highlights the diverse range of skin conditions, including fungal infections, autoim- mune 

disorders like lupus, inflammatory conditions such as eczema and psoriasis, as well as viral and 

bacterial infections like herpes and impetigo. The psychological impact of these diseases is also 

emphasized, underscoring the importance of early detection and appropriate treatment not only for 

physical well-being but also for mental health.The development of a multiclass skin disease 

classification system using Convolu- tional Neural Networks (CNN) is a significant advancement 

in medical image analysis.This system was specifically designed to classify ten classes of skin 

diseases: Acne and Rosacea, Psoriasis, Bullous Disease, Cellulitis and Impetigo, Atopic Dermatitis, 

Herpes,Lupus, Vasculitis, Tinea and Ringworm, and Candidiasis. The achievement of a 

97%accuracy rate demonstrates the effectiveness of the model in accurately classifying skin 

diseases. To ensure robustness and generaliza- tion, the dataset was carefully prepared with equal 

numbers of images for each class.Furthermore, the dataset was split into testing and training sets, 

with 20% of the photos going toward testing and the remaining 80% going toward train- ing.The 

photos underwent a thorough preprocessing procedure before the model was trained. This involved 

converting the photographs to grayscale to reduce the input data, shrinking them to a standard size, 

normalizing them to guarantee con- stant intensity values, and augmenting them to broaden the 
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training dataset’s variety.By employing these preprocessing techniques and training on a well-

structured dataset, the CNN model was able to effectively learn discriminative features from the 

images, enabling accurate classification of diverse skin diseases. This achievement holds promise 

for improving diagnostic accuracy in clinical settings, ultimately leading to better patient outcomes 

and more efficient healthcare delivery. In the process of disease identification using the developed 

Convolutional Neural Network (CNN) model, an image un- dergoes several preprocessing steps 

before being fed into the network for analysis. Initially, the input image is resized to meet the 

model’s input specifications, ensuring uniformity in processing. Subsequently, grayscale 

conversion is applied to simplify the image data, reducing computational complexity and 

enhancing feature extraction. Normalization techniques are then employed to standardize pixel 

values, promoting stable and efficient model training. Following preprocessing, the input image is 

compared against the trained CNN model, which has been previously trained on relevant datasets, 

facili- tating the identification of potential diseases or abnormalities 

V. CONCLUSION 

In this project we explores the use of Convolutional Neural Networks (CNNs), a type of 

artificial intelligence technol- ogy,to classify common skin diseases based on image data.The goal 

is to develop an automated tool for accurate diagnosis, ad- dressing the challenges posed by 

expensive diagnostic methods and improving accessibility to effective healthcare, particularly in 

resource-limited areas. addressing the diverse array of skin diseases is crucial due to their 

widespread prevalence and significant impact on global health. Skin, being the body’s first line 

of defense, demands attention for the overall well being of individuals. With over 3000 known 

skin diseases affecting approximately 900 million people worldwide, the im- plications extend 

beyond physical health, influencing psycho- logical aspects and various facets of daily life. 

Prominent skin conditions such as melanoma, vitiligo, mycosis, papillomas, impetigo, scabies, 

herpes, dermatitis,warts, psoriasis, acne, and others pose substantial health risks, and their 

contagious nature requires prompt identification and treatment. The disabilities resulting from 

these conditions can have profound psycho- logical impacts, affecting education, relationships, 

selfesteem, and overall quality of life.Fungal skin diseases, including superficial infections, are 

prevalent,impacting various parts of the skin, hair, nails, and mucous membranes. Specific skin 

conditions like acne rosacea, lupus, eczema, psoriasis, lichen planus, bullous disease, cellulitis 

impetigo, exanthems, herpes, and seborrheic keratosis add to the complexity of derma- tological 

challenges.Recognizing the challenges in accurate diagnosis and treatment, the potential of image 

based methods for detecting and diagnosing skin diseases is highlighted. Timely identification is 

essential for administering appropriate treatment and preventing further spread. Traditional 

diagnostic approaches, while effective, are time-intensive and subject to subjective errors.In the 

ongoing pursuit of dermatological health, continued research, technological advancements, and a 

holistic approach to both physical and psychological aspects are imperative. This project 

emphasizes the importance of a comprehensive understanding of skin diseases and the need for 

accessible, accurate, and timely diagnostic methods to improve outcomes and enhance the overall 

well-being of individuals globally, Leveraging convolutional neural networks (CNNs) and image 

processing techniques presents a promising avenue for advancing the detection and diagnosis of 

various skin dis- eases.By incorporating image-based methods into the diagnos- tic process, we 
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can enhance the efficiency of identifying skin diseases, especially considering the challenges 

posed by the similarity in symptoms among different conditions.CNNs, with their ability to learn 

hierarchical features from images, offer a powerful tool for automated recognition of skin 

disorders.The integration of image processing technologies allows for the extraction of meaningful 

features from dermatological images, aiding in the differentiation of various skin conditions. This 

not only streamlines the diagnostic process but also reduces the subjectivity associated with 

traditional methods such as visual examination.Timely identification facilitated by these advanced 

technologies is crucial for administering appropriate treatment and preventing further spread of 

skin diseases. Fur- thermore, the implementation of CNNs and image processing can potentially 

address the limitations of conventional diag- nostic approaches, which are time-intensive and 

susceptible to subjective errors.In the realm of dermatological health, the convergence of 

artificial intelligence, particularly CNNs, and image processing holds great promise for 

revolutionizing diagnostic practices. Continued research and development in this direction can 

significantly contribute to improving health- care outcomes, empowering clinicians with efficient 

tools for accurate and early detection of skin diseases. 
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Abstract—Brain abnormalities, such as tumors and strokes, and normal MRI data and their 

early detection is paramount for timely intervention and effective treatment. This research 

describes a novel method for identifying a variety of brain abnormalities, such as tumours and 

strokes, in medical imaging data obtained from magnetic resonance imaging (MRI) scans by 

combining the strengths of deep learning (DL) and machine learning (ML).The proposed 

methodology integrates DL and ML to provide a comprehensive and accurate diagnostic tool. 

Convolutional Neural Networks (CNNs) are employed for feature extraction, enabling the model 

to automatically identify intricate patterns and abnormalities within the brain images.The extracted 

features are subsequently fed into a carefully designed algorithm of ML classifiers, k-Nearest 

Neighbors(KNN). This ensemble approach capitalizes on the strengths of ML to make precise 

diagnostic decisions based on the rich feature representations derived from the DL component. 

Index Terms—Machine Learning, Deep Learning, Convolu- tional Neural Network, K-

Nearest Neighbours, Magnetic Res- onance Imaging, Tumor, Meningioma, Glioma, Pituitary, 

Stroke, Grayscale, Normalisation. 

I. INTRODUCTION 

Image processing has a pivotal role in modern medical healthcare diagnosis. Through the 

utilization of advanced algorithms and computational techniques, it enables the ex- traction of 

valuable information from medical images, like as X-rays, MRIs, CT scans, and ultrasounds. This 

technology has revolutionized the field by enhancing the accuracy and efficiency of diagnoses, 

ultimately improving patient care. This leads to faster diagnosis and treatment decisions, ultimately 

benefiting patients. Moreover, by minimizing the need for manual image analysis, healthcare 

facilities can optimize re- source allocation, reduce the risk of human error, and enhance the overall 

quality of care. The need for image processing in healthcare arises from its ability to improve 

diagnostic accuracy, facilitate quicker decision-making, and streamline healthcare operations, 

ultimately advancing patient outcomes and healthcare efficiency. 
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The realm of modern healthcare, timely and accurate detection of brain abnormalities, such as 

strokes and brain tumours, is of paramount importance. Magnetic Resonance Imaging (MRI), has 

emerged as an indispensable tool for clinicians and diag- nosticians in visualizing the intricate 

structures of the human brain. However, the manual interpretation of MRI images is not only labour 

intensive but also subject to human error. This project embarks on a quest to develop a 

comprehensive system that harnesses the power of CNN and KNN to detect and classify brain 

abnormalities in MRI images. 

A. BRAIN TUMOR 

An aberrant mass of brain cells is called a brain tumour. These growths may originate from 

different types of brain cells and may be benign or malignant. Although the precise causes are 

frequently unknown, radiation exposure and heredity may play a role in their development. 

Depending on the size and location of the tumour, symptoms may include headaches, seizures, 

altered eyesight, and neurological problems. A biopsy and or imaging studies are part of the 

diagnosis process. Treatment options encompass surgery, radiation, chemotherapy, or targeted 

therapies, depending on the tumor type. Prognosis varies based on tumor characteristics and the 

patient’s health. Managing brain tumors involves a team of medical specialists, including 

neurosurgeons and oncologists, to provide the best care and support. 

By taking precise cross-sectional pic- tures of the brain, MRI (Magnetic 

Resonance Imag- ing) can identify brain tumours. Strong magnetic fields and ra- dio waves 

cause the body’s tissues to create signals dur- ing an MRI scan. Tumors appear as abnormal 

areas with distinct characteristics, such as varying tissue density and irregular blood flow. 

Radiologists can analyze these images to identify the tumor’s size, location,and characteristics, 

which help in distinguishing it from normal brain tissue. Additionally, contrast agents may be 

administered to enhance the visibility of certain tumors. 

Overall, MRI is a non-invasive and highly effective method for detecting brain tumors and 

providing essential information for diagnosis and treatment planning. 

There are various types of brain tumors, including 

1. Meningioma: Meningiomas are usually non-cancerous tumors which do develop in the 

meninges, it is the layer which protects the tissue that cover the central nervous system. They 

are often slow-growing and can press on nearby brain tissue. 

2. Glioma: Gliomas are a particular kind of tu- mour that starts in the glial cells, which 

in the brain sup- port and shield nerve cells. They are the most preva- lent kind of 

brain tumour and can be benign or malignant. 

3. Pituitary Tumor: Pituitary tumors are seen in pituitary glands, small in size and situated in 

base of brain. These tumors can affect hormone production and cause various health problems, 

but most are non-cancerous. 

B. STROKE 

A cerebrovascular accident (CVA), often known as a stroke, is a medical emergency that 

happens when there is an abrupt stoppage of blood flow to the brain. Because of this disruption, 
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brain tissue may become damaged due to a shortage of nutri- ents and oxygen. If treatment for a 

stroke is delayed, serious effects might result, such as paralysis, trouble speaking, and even death. 

Diagnosing a stroke is crucial for timely medical intervention. Healthcare professionals typically 

rely on a com- bination of clinical evaluation and diagnostic tests to confirm the presence of a 

stroke. These tests may include imaging techniques like computed tomography (CT) scans or 

magnetic resonance imaging (MRI), as well as clinical assessments of symptoms, such as 

weakness, slurred speech,and visual distur- bances.Initiating proper therapy and minimising the 

long-term effects of a stroke depend on a timely and precise diagnosis. A test called magnetic 

resonance imaging (MRI) utilises radio waves and magnets to produce precise images of the 

arteries and brain. An MRI can identify alterations in brain tissue and stroke-related cell damage to 

the brain. 

C. MACHINE LEARNING 

Machine learning plays a pivotal role in image processing, as it enables computers to 

automatically learn and extract meaningful information from images.Machine learning models are 

capable of completing tasks like picture segmentation, object detection, facial recognition, and 

image classification after they have been trained on labelled image data. A straightforward but 

powerful method used in image processing for tasks like similarity matching and picture 

classification is the k-Nearest Neighbours (k-NN) algorithm. A picture is  classified using k-NN 

based on the majority class of its k nearest neighbours in a feature space. Features can be more 

complicated image descriptors, colour histograms, or pixel values. 

D. DEEP LEARNING 

Because deep learning makes it possible to create extremely complex and precise models for a 

variety of applications, image processing has undergone a revolution. In image pro- cessing, 

convolutional neural networks, or CNNs, are the foun- dation of deep learning. These networks 

are especially well- suited for tasks like image classification, object identification, picture 

segmentation, and more because of their ability to automatically learn and extract characteristics 

from images. A type of deep learning models called Convolutional Neural Net- works (CNNs) 

is intended for image processing applications. They perform exceptionally well in tasks like 

object detection, segmentation, and image classification because they are adept at autonomously 

learning and extracting hierarchical features from images. CNNs are made up of a number of 

layers, such as pooling layers for downsampling, fully linked layers for classification. 

II. LITERATURE SURVEY 

We have conducted a survey for analysing the best suitable and simpler algorithm and the 

imaging modality which possess more accuracy for the project. The surveys are listed below. 

In 2015, R. Banik et.al [1] a suggested study that describes an automated technique for 

detecting brain tumours using MRI data. It maximises the intensity of tumour patches while 

reducing noise by using Frequency Emphasis in Homomorphic Filtering. After extracting the 

tumour patches, the technique superimposes them on an edge-detected brain image to 

precisely pinpoint the tumor’s location. In 2017, A Minz et.al [2] presented a technique for 

clas- sifying brain tumour types from MRI images using Ad- aboost. Preprocessing, feature 
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extraction, and classifica- tion are the three main components of the system that au- tomate 

labor-intensive manual inspection of medical imag- ing data that is difficult for humans to 

recognise. In 2018, T A Jemimma et.al [3] presented the DAPP characteristics for brain tumour 

segmentation and classification based on the Watershed Algorithm. The WDAPP-CNN detects 

tumours and non-tumor regions in brain imaging by precisely defining tumour locations and 

extracting textured characteristics using a watershed algorithm.It was not as precise. Kurnar 

et.al (2018) [4] proposed a K-means clustering algorithm-based approach for the detection of 

brain tumours in MRI data. Preprocessing, grouping, morphological processes, and tumour area 

calculation are all part of the process.It demonstrates that KNN is an improved approach for 

tumour classification as well. T.Kalaiselvi et.al [5] 2019 study presents a tech- nique for 

identifying tumour locations based on particu- lar colours in multimodal MRI brain scans 

in order to de-tect brain tumours.Using MRI brain images, the paper pro- poses a tumour 

detection method that removes skull im- pact and improves foreground regions for lesion 

identifi- cation through saliency modelling. Denoising, segmenta- tion, and morphological 

procedures are used to develop the ap- proach, and experimental evaluations show how effective 

it is. Chirodip Lodh Choudhury et.al [6] suggested a technique that uses a deep neural network 

and convolutional neural network to detect and classify brain tumours. With a fscore of 97.3, 

the approach obtains an average accuracy of 96.08 percentage. 

Sol, Nik, et al [7] conducted the study explores tumor- educated platelets (TEPs) as 

promising cancer diagnostic biomarkers for glioblastoma detection and monitoring. TEP- 

derived RNA panels, identified through swarm intelligence, show accuracy and potential for 

distinguishing false positives from true progression. Yuan Liu et.al [8] created a deep C-

LSTM neural network with 98.80 accuracy in identifying seizures and tumours for the purpose 

of detecting epileptic seizures and employing high-dimensional EEG inputs. Ahmed H.Abdel 

Gawad et.al [9] in 2020 presented an improved edge detection technique for MR image-based 

brain tumour detection. To determine the best filter coefficients and thresholding techniques, 

the approach applies a genetic algorithm. The approach demonstrates higher performance across 

MR scan pictures, outperforming threshold-optimized fractional-order filters, fractional-order 

filters, and classical edge detection approaches. R. Leon et.al [10] A study from 2021 

suggests evaluating human normal brain and tumour tissue using hyperspectral VNIR and NIR 

sensors. Utilising a pair of cameras, the investigators examined brain tissue in vivo and 

identified discrete absorbance peaks linked to both haemoglobin and water. Significant 

differences between normal, tumour, and hypervascularized tissue were revealed by statistical 

analysis H Hu et.al [11] 2021 study of the utilisation of MRI scans with deep learn- ing 

technologies for brain tumour diagnosis is investi- gated. They employed a YOLO model to 

determine the po- sition of the tumour and tested a number of models, includ- ing VGG16/19, 

AlexNet, GoogleNet, and Resnet. Findings in- dicate that deep learning models increase speed 

and accu- racy, possibly treating more complicated illnesses. Md Khairul Islam et.al [12] 

proposed an improved brain tumor detection method in 2021, using template-based K-means, 

superpixels, and principal component analysis. This method efficiently identifies human brain 

tumors within a shorter execution time, achieving superior accuracy and reduced execution 

time compared to existing schemes. Demyana Saleeb et.al [13] proposed an early brain cancer 
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detection technique using a reconfigurable antenna array. The four-element array, designed for 

2.4 GHz, detected tumors as small as 5 millimeters. The defects in antenna circuitry can occur. 

In 2021, K.Ejaz et.al 

[14] proposed a hybrid segmentation method for tumor identification, combining 

confidence region detection with level set algorithm to handle intensity variations in MRI 

images. The method uses deterministic feature clustering,  SOM Pixel Labeling, Reduced 

Cluster Membership, and Deterministic Feature Clustering to segment complex tumor 

intensities effectively. 

Emre Dandil et.al [15] 2021 research demonstrates the effectiveness of stacked LSTM neural 

networks in detecting pseudo brain tumors using MR spectroscopy signals. The study uses MRS 

signals from normal brain tissue, brain tumors, and pseudo-brain tumors in the INTERPRET 

database. The LSTM-based stacked method achieved classification accuracies of 93.44, 85.56, 

88.33, and 99.23 for various types of pseudo brain tumors. Amran Hossain 

[16] proposed a YOLOv3 deep neural network model for detecting brain tumors in a 

portable electromagnetic imaging system. The model uses scattering parameters from a nine-

antenna array setup and reconstructs images using a modified algorithm. The model 

successfully identifies tumors and their locations in testing images, demonstrating its efficacy 

in a portable electromagnetic head imaging system. In 2022, Disha Sushant Wankhede et.al 

[17] proposed a dynamic architecture-based deep learning approach for glioblastoma brain 

tumor survival prediction. They used MRI images to predict glioblastoma, segmenting 

tumors into compartments using Fuzzy C Means Clustering. A novel dimensionality 

reduction algorithm was proposed, identifying features to distinguish high-grade and low-grade 

glioblastoma. The study improved classification performance with a 95 percent accuracy rate 

and a 2.3 percentage error rate. 

Andres Isaza et.al [18] 2022 study on ”Data Augmentation and Transfer Learning for Brain 

Tumor Detection in Magnetic Resonance Imaging” uses data augmentation techniques to train 

networks with limited datasets, particularly in fields like medicine. The study achieved an F1 

score of 92.34 percentage with ResNet50, demonstrating its efficacy and distinctiveness from 

conventional methods. In 2022, Agrawal et.al [19] proposed a method for brain tumor 

segmentation and classification using 3D-UNet deep neural networks. The study validated 

the models’ effectiveness and compared them to existing techniques, it outperforms state-of-

the-art methods. In 2022, Mohammed Ashraf Ottom [20] The Znet approach, which uses skip-

connections, encoder-decoder architectures, and data amalgamation, extends expert tumor 

knowledge to a larger synthetic dataset. It shows high dice similarity coefficients and is 

effective in automatically localizing and segmenting brain tumors in MR images. This approach 

has potential for extension to 3D brain volumes, diverse pathologies, and imaging modalities. It 

exemplifies the practical application of AI in medical imaging. 

From the conducted survey we have concluded that CNN and KNN is the best model for the 

brain abnormality clas- sification and MRI is the best imaging modality for the classification. 

We decided to combine both these models to posses higher accuracy. 
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III. METHODOLOGY 

Our paper aims to classify brain abnormalities using tumors (including glioma, meningioma, 

pituitary), stroke, and normal MRI data, combining machine learning and deep learning for more 

accurate results. 

A. BLOCK DIAGRAM 

 

 

 

Fig. 1. Block Diagram 

Fig.1. depicts the block diagram of the paper. We utilses different types of dataset which 

include MRI images of tu- mors(glioma, meningioma, pituitary), stroke and normal data. We 

collected all the dataset from Kaggle. After collection, the dataset is sent for the preprocessing 

stage. Preprocessing in- clude image enhancing techniques like resizing, normalization, and gray 

scaling. Following the completion of preprocessing, the dataset is splitted for training and testing 

as 80% and 20%. A deep learning model (CNN architecture) is constructed, and this CNN 

architecture will aid in the feature extraction pro- cedure.Three convolution layers, a pooling layer, 

and a fully linked layer make up the architecture’s various layers. The neural network receives its 

training from the training set. It will acquire the capacity to identify key characteristics from the 

brain images throughout training. The model’s convolutional and pooling layers are responsible for 

dimension reduction and feature extraction, respectively. 

Following feature extraction a KNN classifier, a straight- forward but efficient technique for 

feature similarity based classification is modeled. It uses the closest neighbors to the specified value 

of K to classify. It will facilitate more precise detection of any anomalies. At the conclusion of the 

process, the data are validated and tested after having been trained and tested using CNN and 

KNN. Finally after recieving an effective accuracy the model is being given for classification. 

B. FLOWCHART 

Fig.2. depicts the flowchart of the paper. 

1) ALGORITHM: The algorithm for the overall process is as shown below : 

Step 1 : Start 

Step 2 : Data collection 

Step 3 : Preprocessing of input data Step 5 : CNN model creation 
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Step 6 : Train model 

Step 7 : Convolution layer extracts features Step 8 : Pooling layer 

Step 9 : Fully connected layer Step 10 : KNN Model creation 

Step 11 : Loading Input data (CNN output data) Step 12 : Input K value 

Step 13 : Train model 

Step 14 : Find K Nearest Neighbors Step 15 : Determine majority class Step 

16 : Test Model 

Step 17 : If gained accuracy above 96 Step 18 : Save Model 

Step 19 : Else goto CNN Step 20 : Stop 

 

Fig. 2. Flowchart 

 

C. SOFTWARE USED 

We have used python for the implementation of the paper. Python is a highly versatile and 

has extensive library support including TensorFlow, PyTorch, Numpy, Keras, Scikit-learn, 

Joblib and more which are essential for the implementation of CNN and KNN. Python was 

very user friendly and very supportive for the implementation. 

IV. RESULT AND DISCUSSION 

By combining the CNN and KNN models, the glioma, meningioma, pituitary, and stroke 

conditions were classified very successfully. Our final output after 50 epochs of the model’s 

final evaluation yielded a lower loss rate and a training accuracy of 100%. We have obtained a 

higher ac- curacy when combining both CNN and KNN than when us- ing these models 

separately. Figure 3 displays the accu- racy that the model achieved after 50 epochs of training. 

After training we have tested the model with new mri images other than one from dataset. 

Successfully the model has correctly classified all the five classes when tested with new image. 
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Fig. 3. Training Accuracy 

A. DISCUSSION 

The model is evaluated using confusion matrix which is as shown in Figure 4. From the 

confusion matrix we can see that the true positives are very high. From this we can make sure that 

the proposed model is very accurate, effective and efficient. Hence the combination of deep 

learning and machine learning has produced a higher accuracy of 100%, which shows the model is 

highly meticulous. 

 

Fig. 4. Confusion Matrix 

1) RATIONALE BEHIND KNN and CNN: The coopera- tion between The precise pattern 

recognition of deep learn- ing and the methodical approach of machine learning im- prove the 

efficiency and accuracy of brain abnormality detec- tion. CNN is a better deep learning neural 

network which has a high advantage in feature extraction. This advantage of feature extraction was 

taken to account. KNN is machine learning neural network which is weaker in feature extraction. 

Hence the CNN has taken a supportive role for KNN by providing its feature extracted output as 

input for the KNN. Also KNN is way more better in classificatiom purpose and the classification of 

the model is happening using KNN. From these as both there bonding together brought up an better 

result. 

V. CONCLUSION 

In our project, a variety of datasets with brain abnormali- ties and normal conditions were 

combined to provide a com- prehensive approach for tumour and stroke detection. Effec- tive 

classification has benefited from the later use of neu- ral networks. Through feature extraction, 

the Convolution Neu- ral Network (CNN) model successfully learned to differ- entiate between a 
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variety of brain conditions, such as tu- mours, strokes, and normal states. Additionally, the ad- 

dition of a K-Nearest Neighbours (KNN) classifier im-proved the precision of detections by 

improving the accu- racy of identifying abnormalities based on feature similar- ity. This hybrid 

approach shows its promising results of 100% accuracy. 

A. ADVANTAGES 

The integration of deep learning and machine learn- ing methodologies in brain 

abnormality detection presents no- table  benefits  for  medical  diagnostics.  Deep  learn- 

ing is particularly good at automatically extracting hier- archical features from complicated data, 

like medical im- ages, so it can identify minute patterns that point to anomalies. Combining 

machine learning and deep learning improves de- tection performance while addressing the need 

for a trust- worthy and understandable medical imaging diagnosis. This helps in early 

diagnosis and reduce the errors from manual diagnosis. Also very helpful to medical experts 

in the diagnosis process. Less time consuming than the manual diagnosis hence can provide the 

timely treatment. 

B. DISADVANTAGES 

Training data quality and quantity have a major impact on the success of deep learning and 

machine learning models. The model can have trouble extrapolating to real-world situations if 

the dataset it was trained on is neither diverse or represen- tative. Another drawback of the 

model is its computational complexity. In medical applications, it could be detrimental to lack 

of interpretability because it is important to comprehend the logic behind a diagnosis. 

C. FUTURE SCOPE 

CNN excel at image recognition and feature extraction from medical scans. By using 

them for automatic feature learning from brain scans, we can potentially achieve higher 

accuracy in abnormality classification. Future research could focus on integrating 

interpretability features from KNN into CNN models. We can integrate the model in the 

software of imaging modalities and improve it by adding on a self analysis and diagnosis feature. 
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