
 

 

Title: Prediction of Functional Leg Length from Foot length 

 

1. Introduction 

The interrelation between different body measurements is an interesting area of study with 

applications in forensic anthropometry. The final objective 

ofusing anthropometry in forensic medicine/science is to assist the law enforcement agencies 

in achieving 'personal identity' in case of unknown human remains (Krishan, 2006). 

Body measurements is a collection of measures of length, width and height of various sections of 

the Human Body. The dataset of overall body measurementsincludes measurements of various 

sections of the human body like Height, Foot Length,Functional Leg Length, Chest 

circumference, etc. in millimeters which the main source of information for anthropometry. 

The task involves, finding a relation between any of the two body measurements and check if an 

accurate prediction is possible. The objective of the work is to create a mathematical model that 

can predict the Functional Leg length from the observations of Foot length as available in the 

dataset. Predictions with bivariate datasets is generally done by developing regression models 

that fit the distribution of the dataset in X-Y Plane(Alexopoulos, 2010). The type of regression 

model best suited to preform this task has been explored in this work like linear bivariate model, 

logistic bivariate model and a popular machine learning model known as Support Vector 

Regression (Debanjan Parbat, 2020). The model has been developed in Python 3 and the 

inferential as well as descriptive statistics is calculated in Excel 2016.  

2.  Observations 

As we proceed further in developing the model for prediction of one body measurement from the 

other, we need to observe the dataset and proceed with certain assumptions as and when 

necessary. Some of the observations are as follows: 

 The dataset has entries of full body measurements of 1998 male and female participants. 

 The mean age of the participants is 31.5 ± (8.84) years. 

 The mean height is 176 ± (9.1) centimeters and weight is 83 ± (14.9) kilograms. 

 In bivariate regression, one is dependent (y) and other is independent (X) variable. The 

distribution of the bivariate relationship between Functional Leg Length (y) and Foot 

Length (X), is non-linear as shown in Figure. 

We have assumed that Foot Length andFunctional Leg Length are interrelated and one can be 

predicted from the other. So, we can say that if we know someone’s Foot length then we can 

predict the Functional Leg Length of that same individual. The distribution and nature of the 

dataset is observed by calculating the descriptive statistical measures as shown in Table.1 and the 

interrelationship between X and y is obtained by calculating the Correlation and Covariance 

matrix as shown in Table.2. The metrics of the goodness of fit and spread of the data is shown in 

Table.3. 



 

 

The preliminary observations suggest that we should be trying with non-linear fitting using radial 

basis function and check if the accuracy can be improved to the desired level using machine 

learning techniques. The statistical values of X and y column as seen from Table.1. shows the 

distribution and spread of the dataset. Before going for modeling, information on the nature of 

the dataset is retrieved from Table.1 and Table.2. 

Table.1 The observed value of the descriptive statistics of X and y column for the regression fit. 

X 
 

y 
 

    Mean 267.2537538 Mean 1123.19019 

Standard Error 0.356605967 Standard Error 1.383367386 

Median 268 Median 1126 

Mode 274 Mode 1127 

Standard Deviation 15.93992771 Standard Deviation 61.83512949 

Sample Variance 254.0812954 Sample Variance 3823.583239 

Kurtosis 0.060474565 Kurtosis 0.177105014 

Skewness -0.353500543 Skewness -0.066801776 

Range 100 Range 481 

Minimum 210 Minimum 835 

Maximum 310 Maximum 1316 

Sum 533973 Sum 2244134 

Count 1998 Count 1998 

 

Table.2 The observed spread or distribution of the dataset in X-y plane for further regression 

modelling. Correlation (X, y) = 0.75 || Covariance (X, y) = 740.82 

Cor Column 1 Column 2 Cov Column 1 Column 2 

Column 1 1 
 

Column 1 253.9541 
 

Column 2 0.751981 1 Column 2 740.8171 3821.67 

 

The relationship between X and y is positively correlated and the variability of the dataset is high 

as indicated from the covariance value. Therefore, we can assume that increase in the value of 

Foot length increases the value of Functional Leg Length. 

The variability in the dataset is very high, so we can assume that our line fitting model will 

exclude a lot of points, but the high value of correlation gives us hope that our prediction model 

will work significantly. 

3. Solution 

Based on our observation of the data we have implemented a Machine Learning regression 

model to predict the Functional Leg Length from Foot length. We have chosen a Support Vector 



 

 

Regression model with radial basis function (RBF) Kernel. The basic working formula for the 

regression is shown in Eq.1. 

 The training dataset {(x1, y1), (x2, y2) ….(xn, yn)} belongs to the ⊂ 𝜒 ×  Ɍspace. 

𝑓 𝑥 =  𝑤, 𝑥 + 𝑏 − 𝜀 𝑤𝑒𝑟𝑒 𝑤 ∈ 𝜒 𝑎𝑛𝑑 𝑏 ∈  Ɍ 𝑎𝑛𝑑 𝜀 𝑖𝑠 𝑡𝑒 𝑒𝑟𝑟𝑜𝑟 𝑚𝑎𝑟𝑔𝑖𝑛….Eq.1 

 

The derivation of the detailed Support Vector Regression Machines is beyond the scope of this 

report. The detailed proof can be found in (ALEX J. SMOLA, 2004). In fig.2 the separation of 

the classes using support vectors along the linearly fitted line with 𝜀 margin of error is shown 

graphically. The graphical representation of the Support Vector Regression algorithm used to 

predict certain values of y from input X based on the interrelationship of the distribution of the 

XY bivariate data. 

 

Fig.2 Graphical representation of the basic working principle of the Support Vector Regression 

Algorithm as used in our problem. [Image credit:https://www.researchgate.net/figure/Schematic-of-the-one-

dimensional-support-vector-regression-SVR-model-Only-the-points_fig5_320916953] 

 

https://www.researchgate.net/figure/Schematic-of-the-one-dimensional-support-vector-regression-SVR-model-Only-the-points_fig5_320916953
https://www.researchgate.net/figure/Schematic-of-the-one-dimensional-support-vector-regression-SVR-model-Only-the-points_fig5_320916953


 

 

Fig.3 The architecture of the Support Vector Regression algorithm used to fit in our 

dataset.(ALEX J. SMOLA, 2004) 

The steps taken in implementation of the Support Vector Regression (SVR)(Debanjan Parbat, 

2020) in solving the task is as follows: 

1. Import the dataset in .csv format 

2. Create the X and y column where X is the descriptor and y is the predictor 

3. Create the training and test dataset using train_test_splitfuntion 

4. Scaling the dataset using standard scalar function  

5. Transform the training and test dataset as scaled using fit_transform function 

6. Fit the SVR model 

7. Plot the result 

8. Obtain the model performance measures like Mean Square Error, Root Mean Square 

Error and Regression Score (R
2
) 

 

We have implemented the SVR algorithm with three different line fitting type such as linear, 

polynomial (deg. = 3) and finally radial basis function and 𝜀 = 0.1. The plot of the original data 

in magenta and predictions from the test data in green are shown in fig.4 – fig.6. Table.1 contains 

the performance metrics of the said linear, poly and rbf model. We can see that R
2
score is more 

or less similar for RBF and Linear which is much higher than Poly, moreover the MSE value is 

lesser in RBF and Linear than Poly. 

 

 



 

 

Fig.4. Linear fit 

 

Fig.5 Polynomial fit 

 
 

Fig.6 Radial Basis Function nonlinear fit 



 

 

 

Performance 

Metrics 

Linear Poly RBF 

MSE 0.466768784664 

 

0.65053227821 

 

0.46759282986 

 

RMSE 0.683204789696 0.80655581221 

 

0.683807597106 

R
2
 0.541030049969 

 

0.360336901195 

 

0.540219773029 

 

 

Table.3. The performance metrics of the linear, Poly and RBF is shown here, RBF and 

Linear has similar R2 score and minimum MSE and RMSE than Poly. 

The final model that was found to be suitable is shown in Fig.7 with the line of best fit and the 

equation of the line of best fit along with R
2
 score. 

 

Fig.7. The final model showing all the necessary parameters along with the line of best fist for 

prediction and classification. 

4. Evaluation 

 

The model performance parameters are evaluated and the plots in Fig.4 to Fig 6 are seen 

thoroughly to find the best model. The linear relationship between Foot length 

andFunctional Leg Length is found to have a positive slope. 

Some points are very much away from the fitted line suggesting high variance and 

presence of outliers. A high value of correlation does suffice the shortcomings occurring 

due to variability since increase in X is accompanied by increase in y. 

y = 2.9171x + 343.58
R² = 0.5655
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5. Conclusion 

 

We have established a relationship between two Foot length andFunctional Leg Length. 

In the performed task, we have implemented Machine Learning technology in the form of 

support vector regression. We have successfully developed a model that can predict 

Functional Leg Length from Foot length based on linear fitting and rbf fitting. The results 

are satisfactory enough considering the variability and spread of the dataset. We can say 

thatFunctional Leg Length and Foot length have a linear increasing trend. 
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