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ABSTRACT  

Predicting body weight by scanning only footprints is an emerging topic of research. 

There are lots of statistics in different regions of the earth. There are several techniques 

to detect body weight from footprints. This study reviews some recent phenomena. But 

the inputs or scanning of images are vague in major cases. Crisp measurements deliver 

results with an error. Fuzzy logic captures the uncertain systems perfectly. In this study, 

a fuzzy logic model has been designed for predicting body weights from footprints. 

Here length, area of feet and gender are taken inputs for the Mamdani FIS system. 

These inputs are perfect for detecting body weights. This study also compares similar 

results. This study also includes discussing human body weight prediction from 

footprints by deep learning method and statistical analysis for male females’ body 

weight through their footprints. 

 

Keywords: Footprints; Body weight; Fuzzy logic, Statistical analysis, Deep learning.  
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CHAPTER 1 

 

 INTRODUCTION  

1.1 Introduction  

 

Footprints have been extensively researched because of different factors. Many persons 

worldwide have based their knowledge on the study of fossilized footsteps [1-4], 

orthopedic , prosthetic [5-12] and other surgical research, anatomical and 

anthropological studies [13-22], dermatoglyphic and genetic studies [23-25], 

biomechanical studies [26-34], ergonomics [35] and forensic driven studies of 

footprints. It can be useful for forensic science in a country like India, Bangladesh, 

where people walk barefoot for different reasons like religion, environmental, social 

and economical Footprints are typically used. Footprints [36,37] can be quickly 

collected from nearly any kind of crime scene. These techniques may be used for 

determining body size (stature, weight, etc.), human characteristics and foot 

morphology of the offenders. A variety of experimental experiments have been carried 

out on the determination of stature from observations of footprints. A few experiments 

have demonstrated the correlation between fat and footprints. There is a strong 

connection between height and body sections as we know. There must be a connection 

between your weight and footprints. These findings have been validated in recent 

forensic research [38, 39]. Any scholars have looked at the connection between 

anthropometric proportions and body weight. The new research assesses the 

associations between weights and footprints. This research investigates the impact of 

extra body weight on the measurements of footprints. Crisp data sometimes, put 

vagueness in input images. Thus exact measurements and shape are not captured in 

scanning photos.  

Fuzzy logic treats knowledge that is imprecise and ambiguous. The first presentation 

of Fuzzy logic, algorithm and decision making by L.A.Zadeh [46 - 48]. After the 

automatic stream engine control, Mamdani [49] applied fuzzy logic. Several industries, 

such as automated management, banks, hospitals, and academia, have been used. Elley 

et al. [51] applied fuzzy logic to student assessment in laboratory implementation 

results. Dekeseredy [50] suggested the use of fuzzy logic in the teacher's performance 
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analysis in an educational institution. This research also aims to measure body weight 

through fuzzy logic techniques. 

 

1.2 Motivation  

Footprints have been extensively researched because of different factors like fossilized 

footsteps, orthopedic, other surgical research, anatomical and anthropological studies, and 

genetic studies etc. So it is very useful for forensic science in a country like Bangladesh, where 

people walk barefoot for different reasons like religion, environmental, social and economical 

footprints are typically used. Footprints can be helped in any kind of crime scene.so these 

techniques may be used for determining body size (stature, weight, etc.), human characteristics 

and foot morphology of the offenders. Hence, we have been highly motivated to work on this. 

1.3 Rationale of Study  

If we complete our project then it will be very helpful for our country. Predicting human 

body weight accuracy is very important for a country. If we predict accuracy of body 

weight properly then we can 

 

          -identifying the culprit. 

          -be able to do biometric authentication. 

          -can make people aware of their obesity. 

          -can find out the difference between the footprints of men and women. 

 

1.4 Research Question  

Here are some primary questions those are the key point in this thesis are outlined 

below: 

 

 Can you give the right input to make decisions? 

 

 Can you show the difference between male and female footprints? 

 

 Can you predict body weight through fuzzy logic? 

 



©Daffodil International University                                                                         3 

 

1.5 Expected Outcome  

This research aims to measure body weight through fuzzy logic techniques. Identifying 

the difference between Male and Female footprints by statistical analysis. And also give 

the concept of deep learning. 

 

1.6 Report Layout  

The project report contains six chapters. Summarization is given below:  

Chapter 1: The introduction, motivation, rational of study, expected outcome have been 

discussed in details in chapter one.   

Chapter 2: The background of our project which is covered with related works, scope 

and challenges is discussed in this chapter.  

Chapter 3. In chapter three there will be a segment named “Research Methodology”.   

Chapter 4: Chapter four will contain the experimental result and discussions. 

 Chapter 5: The impact on the society, environment and sustainability will be described 

in this chapter.  

Chapter 6. Conclusion and implication for future research are available in this chapter.  
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Chapter 2  

BACKGROUND  

 

2.1 Preliminaries  

In our country, there are no such related works was done which can predict accuracy of 

body weight from human footprint accurately. So the background is to predict the body 

weight of the people of  Bangladesh from their footprints. 

2.2 Related Works  

The study of K. Krishan [52] includes 50 adult males from a North Indian village 

situated in Siwaliks mountains' foothills. This Gujjar group is a sedentary, agriculture-

based society with a range of agriculture-based occupations. Both participants involved 

in the analysis were stable and free from any obvious sign of foot deformity. The 

research subjects' body weight was assessed using spring-loaded scales. 

A total of 300 footprints from 50 persons were entered manually and examined. First 

of all, the left and right footprints were drawn from the subject's usual weight. After the 

topic had an additional bodyweight of 5kg, impressions were taken. It means 20 pairs 

of bilateral footprints of the same subjects of 5 kg excess weight were also obtained. 

The procedure used was found in Cummins and Midlo. Before the feet were lifted off 

the paper, following anatomical landmarks of the feet were recorded and labelled on 

the paper. 

(a) Mid-rear heel point (pternion); 

(b) Medial metatarsal point (mt.m); 

(c) Lateral metatarsal point (mt.l); 

(d) Calcaneal concavity medial (cc.m); 

(e) Calcaneal tubercle lateral (ctu.l). 

Nine measurements were taken on each subject's heel and toe. A baseline or extensional 

axis was formed following Robbins. The context information regarding designated 

longitudinal axis (DLA) and base line (BL) can be found here. 

 

 

Following measurements were taken on each footprint: 
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1. T-1  length (pternion–d1.t). 

2. T-2  length (pternion–d2.t). 

3. T-3  length (pternion–d3.t). 

4. T-4  length (pternion–d4.t). 

5. T-5  length (pternion–d5.t). 

6. Breadth at ball  (mt.l–mt.m). 

7. Breadth at heel (cc.m–ctu.l). 

8. Big toe-pad length (d1.t–d1.ps). 

9. Big toe-pad breadth (d1.pm–d1.pl). 

 

 
 

The calculations and contrasts were then made on the three kinds of footprints (normal 

weight, the additional weight of 5 kg, and the additional weight of 20 kg). The 

footprints of people taking extra weight are weighed with a bigger ruler than the 

footprints of people who did not. In this way, t-test was used to analyse the statistical 

importance of the mean variations. These correlation coefficients demonstrate the clear 

ties between the scales of these three kinds of footprints and body weight. Regression 

formula was used to assess the estimate of normal body weight from different measures 

0 1 2 3 4 5

T-1 length (d1.t–pternion)

T-2 length (d2.t–pternion)

T-3 length (d3.t–pternion)

T-4 length (d4.t–pternion)

T-5 length (d5.t–pternion)

Breadth at ball (mt.m–mt.l)

Breadth at heel (cc.m–ctu.l)

Big toe-pad length (dl.t–dl.ps)

Big toe-pad breadth (dl.pm–dl.pl)

Statistical results

Normal weight footprint/ body weight* Left

Normal weight footprint/ body weight* Right

Footprints
with 5 kg weight/ body weight Left

Footprints
with 5 kg weight/ body weight  Right

Footprints
with 20 kg weight/ body weight*
 Left
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of normal weight footprints and footprints of 20 kg added weight. The data is analysed 

using the Statistical Package for Social Sciences (SPSS). 

Results show the scale of the daily calculated footprints of the 50 participants. 

Comparison of all three sets of footprints showed that there is a substantial gap between 

the left and right foot dimensions. The meaning of the measurements on standard 

weight footprints is then subtracted from the measurements' means on the four 

footprints. Thus left side measurements were subtracted from like side measurements. 

These findings in the table explicitly demonstrate that the calculation of a person's 

weight on their feet with 5 kg weight is higher on both sides than with 20 kg weight. 

As anticipated, the 5-kg increased weight did not impact our participants. This figure 

does not indicate any major variations. Even though the weight variance in both height 

and weight dimensions is minor, they are substantially high. On the right hand, we have 

found mean variations on T-1 and T-5 are statistically important. The right-hand side 

displays statistically important variations for T-1, T-4 average length and width at ball 

in both JA and FA. The largest disparity in percentage disparities is on the left side. 

It reveals that both left and right regular weight footprints are positively associated with 

body weight and also with feet dimension. A positive and important link have been 

identified between measures and body weight. Longest T-1 and T-2 has the greatest 

association with body weight. On the upper left, the maximum (0.75) is conferred by 

T-1 duration and the lowest (0.40) is received by T-3 length. Various foot length 

dimensions report between 0.69 and 0.74 inches on the left and right feet. The ball is 

well aligned with the body weight (0.71). There is less clear association between body 

weight and width at foot, big toe-pad length and breadth. 

The extra weight of 5 kg and more or less close associations between these dimensions 

and body weight, one may safely achieve the same findings by utilising the usual weight 

footprints 

The regression equations are described in tables 4 and 5. Assuming that a man with a 

left regular weight foot print (T-1 length) of 24.3 cm will have an average weight of 

1.20 × 24.3 + 36.56 = 65.70 kg. This can be allowed for the difference using a plus- or-

minus factor.  

68.12 T 2.88 (mean error). 
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2.3 Comparative Analysis and Summery  

Bangladesh has a huge population with less land. The people here have very little 

knowledge about their footprints. Many types of crimes are organized here. Most of the 

people here walk barefoot and get involved in various crimes. Although our 

government and administration are very much aware of this, but sometimes it takes a 

lot of time to investigate or the culprit is hard to identify. Another thing is, it can also 

be used for biometric authentication. So hopefully, this system will play a 

groundbreaking role in the context of crime scene of Bangladesh. 

 

2.4 Scope of the Problem  

We recognize that a broad range of expertise is required for this entire project, ranging 

from image processing, visual analysis, motor control, development and potentially 3D 

printing, wireless communication, battery charging and database management. These 

subjects go far further than this thesis. This research focused on the perfection of the 

predicting body weight. Sometimes the error occurs. Thus fuzziness is appropriate for 

the representation of uncertainties. In this study, fuzzy logic (Matlab Mamdani version 

2.0) is used for predicting body weight.  

2.5 Challenges  

In this research, we work with Fuzzy Logic method, Statistical analysis, and discuss 

about deep learning. Nowadays, Fuzzy system can be used to resolve numerous 

decision making problems. It often gives outstanding decision inputs and knowledge 

based rules. Fuzzy systems are designed based on human judgment. So, the most 

difficult challenge is to get the right input so that the level of accuracy is high. 
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Chapter 3  

RESEARCH METHODOLOGY  

3.1 Research Subject and Instrumentation  

We are working to predict body weight from human footprint. In this study a fuzzy 

logic model has been designed for predict body weight. Basically, this model works 

according to the rule where the rules are based on data analysis. and also we used 

statistical analysis with T-test method. and also we are trying to solve this topic by using 

deep learning.    

3.2 Data Collection Procedure  

The data was collected through the presence of rural and urban people between the ages 

of  30-35. That also includes both male and female. As such, their body weight, height 

and the size of their feet were taken through the presence of each participants. 

 

3.3 Statistical Analysis  

Zadeh initially implemented fuzzy logic, algorithm and decision-making [1], [3, 4, 5, 6]. In the 

automatic streaming engine control, H. Mamdani [7, 8] has applied fuzzy logical. Fuzzy's 

reasoning was implemented [9, 10] in many fields, for instance, automated control decisions 

[11, 12], banks and hospitals and universities [13, 14, 15, 16]. In [18] Srinivasan et al. 

introduced perception-based performance analysis of higher institutions, ranking performance 

analysis and promotion [17] in Korea's military organizations. In this document, the authors 

considered expectations of students, teachers, investor researchers and the public and this model 

is also based on a number of parameters. The KSM index of ranking educational institutes based 

on fugitive systems was introduced in [19]. According to the Mamdani law, input membership 

values according to the weight of input data are assumed in this analysis. The simple result of 

the defluence in the Mamdani method is obtained. It takes lots of rules to combine more than 

two inputs in crisp results. In teaching, for example, Analysis received 70 percent, and 

Infrastructure received 50 percent. These rules are going to offer a performance. Similarly, 

adjusting somewhat like teaching earned 89% credit, Analysis received 72%, and facilities 
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received 51% credit. There must also be prepared an infinite number of laws. Realistically, 

Fuzzy logic is updated. Regulations 

are restricted as parameters in low, medium, high or few more categories are divided. 

There is no further survey. 

3.4 Proposed Methodology/Applied Mechanism  

A. Membership function: A membership function is a function that determines how 

a membership value between 0 and 1 is mapped to each point in the input space. Figure 

1 has shown an example of a membership function. Also, Figure 1 has shown an 

example of a triangular membership function. 

 

B. Fuzzy logic: One of the branches of the fuzzy set theory is fuzzy logic. It is distinct 

from standard logic because there are two values for an element in the set: 1(true) and 

0(false), which mean that either the element belongs fully to the set or not. These real-

world ambiguities and fuzziness can be operated with fuzzy logic. To save time and to 

save resources, many home appliances are updated every day using fuzzy logic. 

 

 

 

 

 

 

 

 

 

 
Figure 1: Triangular membership function 

 

 

 

 

 

Figure 1: Triangular membership function 
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C. Linguistic variables: In the implementation of fuzzy logic, linguistic variables play 

a significant part. In a language, linguistic variables are variables whose values are 

terms. "Height of a man" is a linguistic variable because the values of this variable are 

very low height, low height, tall height, very tall height. Figure 2 has shown an example 

of a linguistic variable.  

     

                                    Figure 2: Example of linguistic variables 

 

3.5 Implementation Requirements  

A. Fuzzy Inference System: The method of constructing a mapping of fuzzy logic 

from an input data set to output is referred to as the fuzzy inference method. There are 

four components of the Fuzzy inference system: fuzzification, fuzzy rule foundation, 

fuzzy inference, defuzzification. Figure 3 has shown the fuzzy inference system. 

 

 

 

 

 

 

 

  

  

Figure 3: Fuzzy inference system 
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Chapter 4  

EXPERIMENTAL RESULT AND DISCUSSION  

4.1 Experimental Setup  

The measurements taken on these three kinds of footprints (normal weight footprints; 

footprints taken with an additional weight of 5 kg and then with 20 kg weight) were 

recorded and compared with each other. The differences between the normal weight 

footprints measurements and the footprints taken with additional weight of 5 kg and 

then of 20 kg were calculated separately. The body weight does not depend only on 

foot print. It is depends on some parameters like  

1. Size of foot print  

2. Area of foot print  

3. Gender  

So, body weight calculation from the foot print depends on some critical variables. In 

this article, we demonstrate a mathematical model by Fuzzy logic. Here we calculate 

the value of body weight by some parameters. 

  

4.2 Experimental Result & Analysis  

1. Correlation of Foot Length with Height and Weight in People Ageing 

from 31 to 35 years in the urban area of Bangladesh 

  

The research sample contained 5093 people (2535 males, 49.77 percent, 2558 females, 

50.23 percent). The response ratio was 96.93%. The survey averaged 33.47 ± 2.71 

years. In Table 1, descriptive statistics such as means or normal differences for the 

dependent variables (height and weight) and the independent variables (age, right foot 

length, left foot length) are listed by sex. The findings reveal that a substantial 

difference between the two sexes has been observed in the right and left foot length. 

There was no major variation in age, height or weight. For both genders, Table 2 shows 

basic Pearson r bivariates between the dependent and the independent variables. All 

coefficients were statistically significant (p<0.001) and showed that the variables were 

linearly linked. The described relationships were very solid, not below 0.733. In males, 

the connection between the right and the left foot was greater than in females (0.903, 

0.898 vs. 0.855, 0.856, respectively). The discrepancy between the two primary 

independent variables and weight was also found (0.818, 0.808 vs. 0.756, 0.757,     
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respectively).Table 2 graphically describes in these matrices the linear association 

computed using Pearson r. 

 

 Table 1: Descriptive statistics of the main characteristics of the study and comparisons between sexes. 
 

 Male   Female  

Height (cm) Weight 

(Kg) 

 Height (cm) Weight 

(Kg) 

Age 

(years) 

Pearson 
correlation 
p-Value 

0.877 

<0.0

01 

0.766 

<0.001 

 0.84

1 

<0.0

01 

0.733 

<0.001 

Left foot 

length 

(cm) 

Pearson 
correlation 
p-Value 

0.898 

<0.0

01 

0.808 

<0.001 

 0.85

6 

<0.0

01 

0.757 

<0.001 

Right foot 

length 

(cm) 

Pearson 
correlation 
p-Value 

0.903 

<0.0

01 

0.818 

<0.001 

 0.85

5 

<0.0

01 

0.756 

<0.001 

   

 Table 2: Simple bivariate correlations between dependent variables (height and weight) and    

independent variables (age, right and left foot length) by sex. 

 

 Sex  

Male     Femal

e 

    

Mean SD Min Max  Mean SD Min Max p-Value 

Age 
(years) 

33.3
7 

2.69 31.49 35.06  33.3
6 

2.73 30.99 35.46 0.989 

Height 
(cm) 

 
170.44 

    16.78 140.00 195.00   
152.80 

    14.49 121.0
0 

183.00 0.145 

Weight 
(Kg) 

80.0
4 

    16.77 55.00 119.00  70.7
9 

    14.44 44.00 109.00 0.573 

Left foot 
length 
(cm) 

24.5
0 

2.54 20.00 29.00  21.7
1 

2.01 17.00 26.00 <0.001 

Right 

foot 

length 

(cm) 

24.4

3 

2.56 19.00 28.00  21.6

1 

2.01 16.00 25.00 <0.001 

           

Age 

categori

es 

  N Percenta

ge 

   N Percenta

ge 

 

31 Years   140 5.52    135 5.28 0.062 
32 Years   685 27.02    630 24.63  
33 Years   943 37.20    942 36.83  
34 Years   670 26.43    721 28.19  

35 Years   9

7 

3.83    130 5.08  

Total   2535 100.00    2558 100.00  
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Discussion 

This study shows that the right and left foot's height and weight are correlated in 

Bangladesh urban area. This thesis illustrates and quantifies this relation as a linear 

formulation of the equation. Determining the height and weight of a crime scene using 

the footprint can be immensely helpful not only so a criminal or a witness can be 

mentioned and because an attestation can be endorsed. Forensic science and 

criminologists are looking for a missing human. (1,3) Our findings indicate an important 

relationship between height, weight, and foot length regardless of sex and age or the 

adjustment. The large sample size contributes to the research's strength and makes our 

study in this age group the largest of its kind. 

Other scholars, but never in this age group, have written on this subject. (1,2,3,4) Although 

the findings show that the foot length and stature are linear, physiological, dietary, 

environmental and behavioural influences also play a major part. (5,6) The stronger 

relationship between foot length and weight was found in the Indians by Bavdekar et 

al. and Ashizawa et al. (7,8) Due to age, diet trend and climate, this disparity will occur. 

The differing development patterns in men and women result in a different skeletal 

maturity before and after puberty because of hormonal causes. (9,10) The growth rate is 

slower for women, while after three to four years for men is higher. The truth is that, 

when the length of the left or right foot differs greatly between men and women, we 

build a multivariant model that is adaptable to gender. 

 

2. Bodyweight prediction from an image of human footprints  

Footprint on the human is the biological gauge. Every person has a unique typing 

pattern Drinking two glasses of wine a day will protect you from heart disease. People 

with diabetes do not experience any discomfort when they have ulcers on their feet' 

high pressure points. Biometric security can be used as an alternative to a password 

scheme, since it provides a stronger assurance level. Without a password, the machine 

cannot check that the person's identity. That is, complex pressure patterns allow for 

authentication or patient classification instead of the more generalized one. Traceable 

imprints can be very useful in diagnosing and classification. The human footprint is 

being used as a new biometric for biometric authentication, measuring both 

identification and biometric parameters such as weight and height. Here, an input 
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collection of raw footprints is reconditioned with both their orientation and location 

information removed. The key points are marked on the foot picture. 

 

Methodology: - 

Scanning Technique: - 

The calculated output parameters for scanning techniques are more consistent and can 

be used for biometric authentication. Correlation analyses were also conducted, and the 

current height and toe, the real height and foot length, height and weight were strongly 

correlated. 

The methodology is: -  

a) Database acquisition using scanning. 

b) Enhancement techniques applied on footprint images.  

c) The algorithm for feature extraction from footprint images. 

d) The experimental results and statistical analysis. 

 

a) Data Acquisition: - 

A database of the footprint images is created for a number of individuals of different 

age groups, gender and of different regions of Bangladesh using scanning. In scanning, 

footprint impressions are acquired using a high-resolution flatbed photographic scanner 

(HP Scanjet G2410). This scanner is selected to get a footprint image with prominent 

edges, which helps extract outlines of footprints. Cleaned feet of each individual have 

been placed parallel on the scanner, and scanning has been done in a dark environment 

at 300 dpi. An individual's footprint images are scanned and saved in a database with 

their actual height, weight, age, and gender. MATLAB functions, represented in italics, 

have been used for computation and database acquisition of the footprint images. 

 

b) Footprint Enhancement: - 

The input quality of the footprint images is of the utmost importance in improving any 

extractor algorithm's efficiency. Foot pictures taken by scanning usually involve some 

errors, such as irregular backgrounds, salt and pepper noise and reflections that can 

occur because of the staining particles on the scanner or the presence of the background 

light that needs to be deleted to be properly measured. Standard methods have also been 

used to refine and improve the standard footprint efficiency for the calculation of the 

foot length, the correspondence parameters and the foot classification. The proposed 
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frameworks include the following steps: (I) image pre-processing and (ii) filtering. For 

reliable foot recognition, pre-processing of image is essential. The scanned images of 

a footprint were enhanced during the pre-processing phase by extracting the red-green-

blue (RGB) blue layer input image from the database and the image output is stored as 

𝐼𝑠 (𝑥, 𝑦), where 𝐼𝑠 (𝑥, 𝑦) is blue at column 𝑥𝑡ℎ and 𝑦𝑡ℎ. In order to preserve edges for 

feature accurately extraction and the most important edges, the images 𝐼𝑠(𝑥, 𝑦)  is 

combined with a black background using the make mask () function.  Ms (x,y) is stored 

as masked image. In filtering process applied in stage (ii), to remove noise from the 

image, ten different filters namely, median, order-statistic, Wiener, mean, circular-

mean, Gaussian, Laplacian, Prewitt, Sobel and Gabor available in MATLAB have also 

been applied on these images. It has been observed that the median filter is 

comparatively good as it shows regional boundaries of footprint image clearly. 

Therefore, median filter is applied over the masked image Ms (x,y) using the 21 × 21 

sized median mask. The filtered image is stored as 𝐹𝑠 (𝑥, 𝑦) which will be used in 

extraction process of features. To detect the edge of 𝐹𝑠 (𝑥, 𝑦) image the edge() function 

is used. The image is further divided into two equal halves that contain right and left 

foot edge, respectively. The output of 𝐹𝑠 (𝑥, 𝑦) is stored as 𝐿𝑠 (𝑥, 𝑦) and 𝑅𝑠 (𝑥, 𝑦) for 

right and left foot edges, respectively 

c) Algorithm for Feature Extraction: - 

The steps involved in the algorithm to find the category of footprints are as follows:  

Step 1: Image masking is done using the make Mask () function and 𝑀𝑠 (𝑥, 𝑦) the 

masked image is stored. 

Step 2: Masked image 𝑀𝑠(𝑥, 𝑦) is filtered using a median filter to remove “salt and 

pepper” noise, and the output is stored as Fs (x,y).  

Step 3: Edge detection is applied on filtered image 𝐹𝑠(𝑥, 𝑦) using edge () function and 

the output image is stored as 𝐿𝑠(𝑥, 𝑦) for the left foot and 𝑅𝑠(𝑥, 𝑦) for a right foot. 

a) A set of points is obtained having neighbouring pixels at the same horizontal level 

from left foot image 𝐿𝑠(𝑥, 𝑦). 

b) The first three maximum points have been computed from the set of points obtained 

in step 3(a). c) First white pixel is obtained from the bottom of the image 𝐿𝑠 (𝑥, 𝑦).  

d) The difference between the point obtained in step 3(c) and the maximum points gives 

the length of first three toes  
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e) The relative positions of the points in step 3(b) give the length of Toe-1, Toe-2 and 

Toe-3. Step 4: The length of Toe-1, Toe-2 and Toe-3 obtained are converted from a 

number of pixels to inches, using the formula: 

              Length (in inches) = Length (Number of Pixel / P) 

P represents the number of dpi and is stored in the database as T1 , T2, and T3 , 

respectively. The T1 , T2 and T3 are the lengths measured from the first toe, second 

toe and the third toe to the heel, respectively.  

 

Deep learning: - 

 

Deep learning is part of the methods of machine learning focused on the representation 

of learning data. Deep learning models are inspired by biological nervous system 

information processing and communication patterns. It uses a multi-layered cascade of 

nonlinear processing units to retrieve and transform functions. For profound learning, 

this paper employs a simple neural network. The biological processes in 

communication between neurons influenced revolutionary neural networks (CNNs). 

They are important resources for profound learning and are ideal for the identification 

of images. Below is the architecture of neural convolutional networks: 
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First, the resulted grayscale images (before colour coding step) from digital image 

processing section were loaded in image datastore. The CNNs automatically labels the 

images based on folder names. The resulting images come from 40 subjects (male: 16 

subjects & female 24 subjects) with the optical sensors system, 400 images for each 

subject. Define the data into training and validation set, in training set contains 750 

images for each subject and the validation set contains the remaining images for each 

subject. Second, we define the convolutional neural network architecture include image 

input layer, convolutional layer, classification layer, and others. For example, the image 

input layer is the detail of the height, width, and channel size. The size of the image is 

120*120 pixels (left and right foot in each image) and grayscale images were used in 

CNNs, so the channel size is 1. Third, after defining the CNNs architecture, we specify 

the training options such as initial learning rate, the maximum number of epochs. An 

epoch is a full training cycle on the entire training data set. Fourth, Training the network 
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using the CNNs architecture, the training data, and training options. Fifth, we calculate 

the validation accuracy by testing the validation data using the trained network. 

Accuracy is the fraction of data that the network predicts correctly. Finally, Try the 

trained network with a new image which is not used in the training and validation set 

from an old subject.  

Since the characteristics of the images produced by different models are different, we propose 

a deep neural network ensemble to combine this discrepancy. In order to build more unique 

footprint features for experiments, we connect the extracted features with three different 

models. We also train models based on transfer learning with the building of the floorpiece 

image dataset. 

Our approach consists of four main steps: 

(1) data cleaning and pre-proceedings  

(2) model structure and model training 

(3) Extract footprint data set characteristics by means of certain profound neural network 

models and our ensemble-neural network for establishing vector index  

(4) Calculate footprint distance and result recovery (output recovery) 

3.Mamdani fuzzy logic: 

 
 we calculate the value of body weight by some parameters like foot print size, foot 

print area, sex. So, here are three inputs, and one output is the value of body weight. 

Also, every parameter is taken as low, mid and high. Suppose, a parameter "foot print  

size" consider as "small size", "normal size" and "big size".  The fuzzy logic algorithm 

rule is given as follows.  

 
MAMDANI RULE FUZZY LOGIC  

 

1.if (size is short) And (Area is low) And (Gender is female) then weight is low. 

 

2.if (size is short) And (Area is low) And (Gender is male) then weight is Medium.  
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3.if (size is short) And (Area is Average) And (Gender is female) then weight is low. 

 

4.if (size is short) And (Area is Average) And (Gender is male) then weight is medium. 

 

5.if (size is short) And (Area is High) And (Gender is female) then weight is low. 

 

6.if (size is short) And (Area is High) And (Gender is male) then weight is high. 

 

7.if (size is Medium) And (Area is low) And (Gender is female) then weight is low. 

 

8.if (size is Medium) And (Area is low) And (Gender is male) then weight is Medium. 

 

9.if (size is Medium) And (Area is Average) And (Gender is female) then weight is 

Medium. 

 

10.if (size is Medium) And (Area is Average) And (Gender is male) then weight is 

Medium. 

 

11.if (size is Medium) And (Area is High) And (Gender is female) then weight is 

Medium. 

 

12.if (size is Medium) And (Area is High) And (Gender is male) then weight is High. 

 

13.if (size is Long) And (Area is low) And (Gender is female) then weight is low. 

 

14.if (size is Long) And (Area is low) And (Gender is male) then weight is Medium. 

 

15.if (size is Long) And (Area is Average) And (Gender is female) then weight is 

Medium. 

16.if (size is Long) And (Area is Average) And (Gender is male) then weight is High. 

 

17.if (size is Long) And (Area is High) And (Gender is female) then weight is High. 

18.if (size is Long) And (Area is High) And (Gender is male) then weight is High. 
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Figure 4: Fuzzy logic rule for calculation of body weight 

 

In Figure 4, fuzzy rule base for the calculation of body weight has been shown. Figure 

5 demonstrated that if the inputs parameters are low, then the value of body weight is 

low. Here, the input parameters value consider as 0.1, 0.1 and 0.1 then the output value 

is 0.239. The results are shown in Figures 6 that if two inputs parameters are low, and 

one parameter is medium and the value of body weight is medium. Here, the input 

parameters value consider as 0.1, 0.1, and 0.5 then the output value is 0.402. 

Also, Figure 7 shown that all inputs parameters are medium, and the value of body 

weight is medium. Here, the input parameters value are considered as 0.5, 0.5, and 0.5 

then the output value is 0.589. Figure 8 shows that two inputs parameters are high, and 

one input parameter is low then the value of body weight is high. Here, the input 

parameters value consider as 1.0, 1.0, and 0.1 then the output value is 0.869. Also, 

Figure 9 shown that all inputs parameters are high, and the value of body weight is very 

high. Here, the input parameter values are considered as 1.0, 1.0, and 0.9 then the output 

value is 0.869. Figure 10 has shown the 3D surface view of the value of body weight. 
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Figure 5:  All inputs parameters are low, and the value of body weight is low. 

 

 

Figure 6:  Two inputs parameters are low, and one parameter is medium and the value of 

body weight is medium 
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Figure 7:  All inputs parameters are medium, and the value of body weight is medium. 

 

 

 

Figure 8:  Two inputs parameters are high, and one input parameter is low then the value of 

body weight is high 
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Figure 9:  All inputs parameters are high, and the value of body weight is very high 

 

 

 

Figure 10: 3D surface view of the value of body weight 
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The result is summarized as follows 

 

Table 3: Summarization of Results 

 
Input linguistic variables Output 

Foot print 

size 

Foot print 

area 

Sex Body weight 

0.1 0.1 0.1 0.239 

0.1 0.1 0.50 0.589 

0.5 0.5 0.5 0.589 

1.0 1.0 0.1 0.859 

1.0 1.0 0.9 0.869 

  

The result shows that there are significant effects on body weight.  In several fields, fuzzy 

logic has applications in decision-making and measurement processes 
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Chapter 5  

IMPACT ON SOCIETY, ENVIRONMENT AND 

SUSTAINABILITY  

 

5.1 Impact on Society and Environment  

This study can helps us to predict the accuracy of body weight of men and women. And 

we can learn from this study that the feet of men and women have an important 

difference. And another thing is, this study can also be used for biometric 

authentication. 

So, it can be said that in a densely populated country like ours where people are 

constantly getting involved in some or other crime. So, this study has a great impact on 

that society and environment.  

 

5.2 Ethical Aspects  

Predicting body weight from human foot print is a very important for our country and also for 

our life. In our country, there are no such related works was done which can predict accuracy 

of body weight from human footprint accurately. So our system can predict body weight. And 

also can differentiate between male and female feet. Not only this, it can also be used for 

biometric authentication. This research investigates the impact of extra body weight on the 

measurements of footprint. This system can be used for determining body size (stature, weight, 

etc.).  

This work has not been copied from anywhere. but the work has been done with the help of 

many resources of online. 
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Chapter 6  

 

CONCLUSION AND IMPLICATION FOR FUTURE RESEARCH  

  

In this article, a suitable fuzzy logic inference model for causes of body weight is 

explored, and realistic conclusions are calculated. Expertise in performance 

measurement is used in this article. Researchers can create any evaluation-based model 

with the help of this paper's idea. Not only does body weight rely on schooling. Other 

parameters depend on it, and this model has proven to show this. The study concludes 

that the body weight has a strong and positive correlation with the various 

measurements of the footprint. 

This study discussed about the relation of foot prints to weight by deep learning method, 

by statistical point of view and by using fuzzy logic FIS system.  

  

  

  

  

 

 

 

 

 

 

 

 



©Daffodil International University                                                                         27 

 

References  

[1] T.D. White, G. Suwa, Hominid footprints at Laetoli: facts and interpretation, Am. J. Phys. Anthropol. 

72 (1987) 485–514. 

[2] P. Mietto, M. Avanzini, G. Rolandi, Human footprints in Pleistocene volcanic ash, Nature 422 (2003) 

133. 

[3] W.I. Sellers, G.M. Cain, W. Wang, R.H. Crompton, Stride lengths, speed and energy costs in walking 

of Australopithecus afarensis: using evolutionary robotics to predict locomotion of early human 

ancestors, J. R. Soc.Interf. 2 (2005) 431–441. 

[4] S. Webb, M.L. Cupper, R. Robins, Pleistocene human footprints from the Willandra Lakes, 

southeastern Australia, J. Hum. Evol. 50 (2006) 406– 413. 

[5] D.J. Arenson, S.C. Proner, A clinical evaluation of the total first metatarsophalangeal joint prosthesis: 

the use of footprints in assessing foot contact, J. Foot Surg. 20 (1981) 117–123. 

[6] C.K. Low, P.W. Shew, B.Y. Low, The ratios of an area of footprint to area of foot outline and diabetic 

sole ulcer formation, Singapore Med. J. 34 (1993) 49–52. 

[7] C. Sforza, G. Michielon, N. Fragnito, V.F. Ferrario, Foot asymmetry in healthy adults: elliptical 

Fourier analysis of standardized footprints, J. Orthop. Res. 16 (1998) 758–765. 

[8] U. Kanatli, H. Yetkin, E. Cila, Footprint and radiographic analysis of the feet, J. Pediatr. Orthop. 21 

(2001) 225–228. 

[9] R.M. Queen, N.A. Mall, W.M. Hardaker, J.A. Nunley II, Describing the medial longitudinal arch 

using footprint indices and a clinical grading system, Foot Ankle Int. 28 (2007) 456–462. 

[10] A.K. Leung, J.C. Cheng, M. Zhang, Y. Fan, X. Dong, Contact force ratio: a new parameter to assess 

foot arch function, Prosthet. Orthot. Int. 28 (2004) 167–174. 

[11] C. Giacomozzi, M.G. Benedetti, A. Leardini, V. Macellari, S. Giannini, Gait analysis with an 

integrated system for functional assessment of talocalcaneal coalition, J. Am. Podiatr. Med. Assoc. 96 

(2006) 107–115. 

[12] K. Hassan, M.A. Rashid, V. Panikkar, S.J. Walters, A.P.J. Henri, Forefoot reconstruction: 

effectiveness of Stainsby operation in treating dislocated lesser toes, Foot 17 (2007) 136–142. 

[13] M.J. Wilkinson, H.B. Menz, A. Raspovic, The measurement of gait parameters from footprints, 

Foot 5 (1995) 84–90. 

[14] M.J. Wilkinson, H.B. Menz, Measurement of gait parameters from footprints: a reliable study, Foot 

7 (1997) 19–23. 

[15] I. Mathieson, D. Upton, A. Birchenough, Comparison of footprint parameter calculated from static 

and dynamic footprints, Foot 9 (1999) 145– 149. 

[16] A.R. Bird, H.B. Menz, C.C. Hyde, Effect of pregnancy on footprint parameters. A prospective 

investigation, J. Am. Podiatr. Med. Assoc. 89 (1999) 405–409. 

[17] C. Sforza, N. Fragnito, G. Serrao, V.F. Ferrario, Harmonic analysis of footprint symmetry in healthy 

adolescents, Ann. Anat. 182 (2000) 285– 291. 

[18] S.R. Urry, S.C. Wearing, A comparison of footprint indexes calculated from ink and electronic 

footprints, J. Am. Podiatr. Med. Assoc. 91 (2001) 203–209. 



©Daffodil International University                                                                         28 

 

[19] P.S. Igbigbi, B.C. Msamati, The footprint ratio as a predictor of pes planus: a study of indigenous 

Malawians, J. Foot Ankle Surg. 41 (2002) 394–397. 

[20] S.A. Curran, D. Upton, I.D. Learmonth, Dynamic and static footprints: comparative calculations for 

angle and base of gait, Foot 15 (2005) 40–46. 

[21] O. El, O. Akcali, C. Kosay, B. Kaner, Y. Arslan, E. Sagol, S. Soylev, D. Iyidogan, N. Cinar, O. 

Peker, Flexible flatfoot and related factors in primary school children: a report of a screening study, 

Rheumatol. Int. 26 (2006) 1050–1053. 

[22] M.E. Nikolaidon, K.D. Boudolos, A footprint based approach for the rational classification of foot 

types in young school children, Foot 16 (2006) 82–90. 

[23] K.M. Fox, C.C. Plato, Toe and plantar dermatoglyphics in adult American Caucasians, Am. J. Phys. 

Anthropol. 74 (1987) 55–64. 

[24] P.S. Igbigbi, B.C. Msamati, Plantar and digital dermatoglyphics in Malawi, Cent. Afr. J. Med. 45 

(1999) 264–268. 

[25] P.S. Igbigbi, B.C. Msamati, Plantar and digital dermatoglyphic characteristics of Zimbabwean 

subjects, East Afr. Med. J. 78 (2001) 536–539. 

[26] P.R. Cavanagh, M.M. Rodgers, The arch index: a useful measure from footprints, J. Biomech. 20 

(1987) 547–551. 

[27] S.H. Scott, D.A. Winter, Biomechanical model of the human foot: kinematics and kinetics during 

the stance phase of walking, J. Biomech. 26 (1993) 1091–1104. 

[28] T.S. Gross, R.P. Bunch, A mechanical model of metatarsal stress fracture during distance running, 

Am. J. Sports Med. 17 (1989) 669–674. 

[29] A.P. Hills, E.M. Hennig, M. McDonald, O. Bar-Or, Plantar pressure differences between obese and 

non-obese adults: a biomechanical analysis, Int. J. Obes. Relat. Metab. Disord. 25 (2001) 1674–1679. 

[30] M. Birtane, H. Tuna, The evaluation of plantar pressure distribution in obese and non-obese adults, 

Clin. Biomech. 19 (2004) 1055–1059. 

[31] A.M. Dowling, J.R. Steele, L.A. Baur, Can static plantar pressures of prepubertal children be 

predicted by inked footprints? J. Am. Podiatr. Med. Assoc. 94 (2004) 429–433. 

[32] S.C. Wearing, A.P. Hills, N.M. Byrne, E.M. Hennig, M. McDonald, The arch index: a measure of 

flat or fat feet, Foot Ankle Int. 25 (2004) 575–581. 

[33] J. Taranto, M.J. Taranto, A. Bryant, K.P. Singer, Angle of gait: a comparative reliability study using 

footprints and the EMED-SF1, Foot 15 (2005) 7–13. 

[34] S.R. Urry, S.C. Wearing, Arch indexes from ink footprints and pressure platforms are different, Foot 

15 (2005) 68–73. 

[35] M. Rys, S. Konz, Standing, Ergonomics 37 (1994) 676–687. 

[36] L.M. Robbins, The individuality of human footprints, J. Forensic Sci. 23 (1978) 778–785. 

[37] S.R. Qamra, B.R. Sharma, P. Kaila, Naked footmarks-A preliminary study of identification factors, 

Forensic Sci. Int. 16 (1980) 145–152. 

[38] L.M. Robbins, Footprints—Collection, Analysis and Interpretation, Charles C. Thomas, Springfield, 

IL, USA, 1985. 



©Daffodil International University                                                                         29 

 

[39] L.M. Robbins, Estimating height and weight from size of footprints, J. Forensic Sci. 31 (1986) 143–

152. 

[40] O.P. Jasuja, Calculation of stature from foot and shoe impressions (Ph.D. Dissertation, 

Unpublished), Punjabi University, Patiala, India, 1987. 

[41] G.E. Laskowski, V.L. Kyle, Barefoot impressions-a preliminary study of identification 

characteristics and population frequency of their morphological features, J. Forensic Sci. 33 (1988) 378–

388. 

[42] E. Giles, P.H. Vallandigham, Height estimation from foot and shoeprint length, J. Forensic Sci. 36 

(1991) 1134–1151. 

[43] O.P. Jasuja, S. Harbhajan, K. Anupama, Estimation of stature from stride length while walking fast, 

Forensic Sci. Int. 86 (1997) 181–186. 

[44] S.L. Barker, J.L. Scheuer, Predictive value of human footprints in a forensic context, Med. Sci. Law 

38 (1998) 341–346. 

[45] O.P. Jasuja, Manjula, Estimation of stature from footstep length, Forensic Sci. Int. 61 (1993) 1–5. 

[46] L.A. Zadeh, Fuzzy Sets, Information and Control, 1965. 

[47] L.A. Zadeh, Fuzzy algorithms, Information and Control, 94-102(12), 1968. 

[48] Bergman, L. (1992). Dating violence among high school students. Social Work, 37, 21–27. 

[49] Bograd, M. (1990). Why we need gender to understand human violence. Journal of Interpersonal 

Violence, 5, 132–135. 

[50] F. Esragh and E.H. Mamdani," A general approach to linguistic approximation," in Fuzzy Reasoning 

and Its Applications, E.H. Mamdani and B.R. Gaines (eds.), London: Academic Press, 1981. 

[51] Dekeseredy, W., & Schwartz, M. (1994). Locating a history of some Canadian woman abuse in 

elementary and high school dating relationships. Humanity and Society, 18, 49–63. 

Elley, W. (1985). The Elley-Irving Socio-Economic Index 1981 Census Revision. New Zealand Journal 

of Educational Studies, 20, 115–128. 

[52] K. Krishan, Establishing correlation of footprints with bodyweight—Forensic aspects, Forensic 

Science International 179 (2008) 63–69. 

 

  

  

  

 

 

 



©Daffodil International University                                                                         30 

 

Appendix  

  

  

  

  

  

  

  

  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



©Daffodil International University                                                                         31 

 

 
 

 

 



©Daffodil International University                                                                         32 

 

 

 

 
 

 

 

 



©Daffodil International University                                                                         33 

 

 
 

 

 

 

 



©Daffodil International University                                                                         34 

 

 

 

 
 

 

 



©Daffodil International University                                                                         35 

 

 

 

 


