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ABSTRACT 

Arm is an important and most useful organ that is used extensively in both verbal and non-verbal communication. 

Predicting geometrical features of arm is a challenging task. In this paper an attempt is made to estimate all the geometric 

features of the arm and foot using middle finger width. Geometric features of both the arms and foot from 75 female and 

78 male subjects were collected as a dataset. The proposed method can be used to predict various arm features like palm 

width and length, width of elbow, wrist, forearm, biceps, length of arm from middle finger tip to elbow, elbow to shoulder 

using taalamana system. The estimation accuracy of more than 90% is achieved for all the estimated features of the arm 

except for biceps width which is 85%. 
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INTRODUCTION 

Reconstructive plastic surgery is often performed on burn and accident victims. It may involve the rebuilding of 

severely fractured bones, as well as skin grafting. Reconstructive surgery includes such procedures as the reattachment of 

an amputated finger or toe [34]. Number of road, rail and air accidents is increasing. Human ability to transplant organs 

and reconstruction of lost parts of the human body is also increasing. So also the computing facility is becoming more cost 

effective. In case of accidents, if only partial knowledge of the finger is available, then the proposed method can be used to 

obtain complete knowledge and reconstruct the damaged part to its original form. Taalamana system is the concept utilized 

by the proposed method.  

TAALAMANA SYSTEM 

Iconography is the branch of art history which studies the identification, description, and the interpretation of the 

content of images. The word iconography literally means "image writing". The idea of constructing human arm is derived 

from Silpa Shastra. It has developed its own norms of measures and proportions. It is a complex system of iconography 

that defines rigid definitions [1, 21, 22]. 

The shilpa shastra normally employ divisions on a scale of one (eka tala) to ten (dasa tala). Each tala is subdivided 

into 12 angulas. It is called Taalamana paddathi or Taalamana system, the system of measurements by Tala, the palm of 

hand i.e. from the tip of the middle finger to the wrist as shown in figure 1. 

The paper is organized into five sections. Introduction to taalamana system is discussed in first section. Literature 

evaluation is given in the second section. Arm dataset generation is presented in section 3. The proposed method of arm 

and foot feature extraction is discussed in section 4 and the estimation analysis is illustrated in section 5.
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Figure 1: Extraction of Angulam 

LITERATURE  RECAPITULATION 

Geometric measurements of the human hand have been used for various commercial applications like identity 

authentication systems. Anil K. Jain and others have worked extensively on hand geometry specifically for identification 

and verification systems [6, 7, 8]. Literature addressing the research issues related to hand geometry-based identity 

authentication is mostly in the form of patents [2, 3, 4]. Yaroslar and others have put forth that Hand geometry recognition 

systems may be used to provide three kinds of services like verification, classification and identification [12]. A novel 

contact-free biometric identification system based on geometrical features of the human hand is developed by Aythami 

Morales and others [11]. A component-based hand verification system using palm-finger segmentation and fusion was 

developed by Gholamreza and others [15]. 

Windy and others have used geometric measurements to study the sexual orientation. The ratio of the length of the 

second digit (2D) to the length of the fourth digit (4D) is greater in women than in men. This ratio is stable from 2 years of 

age in humans [9, 10]. Gender classification from hand images in computer vision is attempted by Gholamreza and others 

[16].  

Issac Cohen and others have shown that using 2D silhouettes of hands it is possible to construct 3D hand structure 

[13]. T.F.Cootes and others have worked on active shape models [17,18] which laid foundations for statistical shape 

analysis using Procrustes analysis, tangent space projection and Principal Component Analysis[19]. Sanjay Kumar and 

others have used geometric hand measurements in classifying hand gestures [20]. Geometric hand measurements are also 

used in hand gesture classification using a view-based approach for representation and Artificial Neural Network for 

classification [21]. 

Nataraja Moorthy and others are able to distinguish between athlete and non-athlete with the help of foot prints 

[35]. Anitha and others have tried to establish a normal range for the hand length as well as foot length when one 

parameter is known. This can be of tremendous use in medico-legal cases especially in the identification of severed body 

parts. The data can also be of help in plastic and re-constructive surgery [36]. A positive correlation between height and 

foot length was observed in both sexes by Shinde and Bokariya and found statistically significant. Regression equation for 

stature estimation was formulated using the foot lengths for both sexes [37]. Patel and others have estimated height from 

measurements of foot length in Gujarat region [42]. Chikhalkar and others have proposed a method to estimate the stature 

of a person from long bones, hand and foot dimensions [38]. Kumar and others have estimated stature by examining 

forearm and hand [39]. Krishnan and Sharma have estimated stature of north Indian population from hands and feet 

dimensions [40]. Athawale has performed a study of height of person from forearm bones. He considered one hundred 

Maharashtrian male adults of ages between twenty five and thirty years for his study [41]. 
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Arm and Foot Dataset Generation 

Anthropometry describes the dimensions of the human body. The name is derived from anthropos, meaning 

human, and metrikos, meaning of or pertaining to measuring [30]. Classical anthropometric data provides information on 

static dimensions of the human body in standard postures. Most measurements of the subject are taken in the most 

desirable position of standing [31]. The data collection is based on Traditional Anthropometric methods. The equipments 

used are Calipers, Scales and Tapes. Data is measured in centimeters with precision up to 2 decimal places. Figure 1 and 2 

illustrates various arm features. 78 Male and 75 female subject data are collected. 

Arm Feature Estimation 

Middle finger width is called as an angulam. One tala is equal to twelve angula. One eighth of an angulam is 

called as yuva. Using Tala, Angula and Yuva all the features of the arm are estimated. Palm width is estimated with the 

help of equation 1 and as illustrated in figure1. Palm length is the distance between middle finger tip and wrist as shown in 

figure 1. Distance between middle finger tip and elbow as shown in figure 2. Label 5 in figure 2 indicates distance between 

wrist to elbow. Label 6 shows length of the arm from elbow to shoulder. Label 7 indicates the length of the arm from 

middle finger tip to shoulder.  

 Palm	Width = 4 ∗ angula + 6 ∗ yuva⋯																																																																																																																												(1	) 

 Palm	Length = 12 ∗ angula⋯																																																																																																																																														 (2	) 

 	Wrist	Width = 3 ∗ angula + 4 ∗ yuva																																																																																																																																(3	) 

 Mid	Finger	Tip	To	Elbow = 28 ∗ angula⋯																																																																																																																						(4	) 

 Wrist	To	Elbow = 16 ∗ angula⋯																																																																																																																																								(5	) 

 Elbow	To	Shoulder = 20 ∗ angula⋯																																																																																																																																	(6	) 

 Mid	Finger	Tip	To	Shoulder = 48 ∗ angula⋯																																																																																																																	(7	) 

Width features of the arm like wrist, forearm, el bow and biceps width are marked on the arm in figure 2.                     

All these features are predicted using middle finger width using equations 8 to 13. Width features are estimated both from 

frontal and side view. Side width features can be used when three dimensional view of the arm is needed. 

 Biseps	Width	Front = 5 ∗ angula⋯																																																																																																																																																										(8	) 

 Biseps	Width	Side = 4 ∗ angula + 3 ∗ yuva⋯																																																																																																																																							(	9) 

 Forearm	Width	Front = 4 ∗ angula																																																																																																																																																				⋯ (	10) 

 

Figure 2: Arm Feature Extraction 
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 Forearm	Width	Side = 3 ∗ angula + 3 ∗ yuva⋯																																																																																																										(	11) 

 Elbow	Width	Front = 5 ∗ angula⋯																																																																																																																																	(12	) 

 Elbow	Width	Side = 3 ∗ angula + 7 ∗ yuva																																																																																																														 ⋯ (13	) 

Foot Feature Estimation 

Measurement of foot features is of peculiar interest to all anthropologists. Foot length is measured as the distance 

from the top of the foot to the floor in standing position. 3 features of left foot and 3 features of right foot are envisaged 

using equations 14 to 20. 

 Foot	Height = 3 ∗ angula + 4 ∗ yuva⋯																																																																																																																										 (14	) 

 Left	Foot	Length = 16 ∗ angula + 4 ∗ yuva⋯																																																																																																														(15	) 

 Left	Foot	Width = 6 ∗ angula − 5 ∗ yuva																																																																																																																		 ⋯ (16	) 

 Left	Heel	Width = 3 ∗ angula + 4 ∗ yuva⋯																																																																																																																		 (17	) 

 Right	Foot	Length = 16 ∗ angula + 4 ∗ yuva⋯																																																																																																												(18	) 

 Right	Foot	Width = 6 ∗ angula − 5 ∗ yuva⋯																																																																																																																	(19) 

 Right	Heel	Width = 3 ∗ angula + 4 ∗ yuva⋯																																																																																																															(20	) 

ESTIMATION  ANALYSIS 

In order to quantify the difference between an estimated value and the true value of the quantity being estimated, 

the mean square error or MSE is used [32,33]. In statistics in order to know how close is the estimated feature to its actual 

feature MSE (Mean Square Error) is used. More frequently RMSE or root mean square error is used to show how close the 

estimate from actual value and computed as in equation 21. 

The mean absolute error is a quantity used to measure how close forecasts or predictions are to the eventual 

outcomes. The mean absolute error (MAE) is an average of the absolute errors computed as in equation 22, where fi is the 

prediction and yi the true value. 

2
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Table 1: Statistical Analysis of Arm and Foot Features of ALL Samples 

Features Min Max Mean 
Std 

Deviation 
RMSE MAE 

Prediction 
Accuracy 

Left 
ArmFeat

ures 

Palm Width 6.3 8.5 7.356 0.42625 0.3526 0.27967 96.11 
Palm Length 15.3 19.2 17.301 0.8229 1.2314 1.032 94.414 
Wrist width 4.5 6 5.26 0.32962 0.29297 0.25867 95.142 
Mid Finger tip to elbow 34.2 43.9 40.229 1.8428 3.0317 2.494 94.237 
wrist to elbow 19 26.4 23.162 1.4063 1.9066 1.5447 93.733 
Elbow to Shoulder 24 32.2 28.596 1.8435 2.5148 2.0333 93.362 
Mid Finger tip to 
Shoulder 

59.1 74.6 68.823 3.269 5.2392 4.308 94.179 
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Biceps width (front) 4.8 9.5 6.8013 0.97641 1.2562 1.088 85.774 
Biceps width (side) 5.1 11.5 7.324 1.3129 1.4412 1.014 84.707 
Fore arm width (front) 4.5 8.5 6.0253 0.6611 0.68147 0.532 91.316 
Fore arm width (side) 4.1 8 5.312 0.728 0.74015 0.54167 89.457 
Elbow width (front) 6 11.2 7.8813 0.80197 0.82503 0.59333 92.21 
Elbow width (side) 4.8 7.6 6.136 0.53692 0.5997 0.46067 92.109 

Right 
Arm 

Features 

Palm Width 6.7 8.5 7.4 0.38695 0.36751 0.28 96.346 
Palm Length 15.5 19.2 17.289 0.86048 1.2575 1.0387 94.373 
Wrist width 4.5 6 5.264 0.34313 0.30039 0.26133 95.085 
Mid Finger tip to elbow 35.3 44 40.655 1.7461 2.6964 2.2227 94.859 
Wrist to elbow 19.9 26.8 23.661 1.2846 1.5785 1.2747 94.798 
Elbow to Shoulder 23.8 32 28.632 1.8315 2.5319 1.9867 93.531 
Mid Finger tip to 
Shoulder 

61 76 69.391 3.0284 4.7354 3.756 94.943 

Biceps width (front) 4.9 9.3 6.8187 0.81285 1.1172 0.98933 87.024 
Biceps width (side) 4.8 10.5 7.288 1.0268 1.1858 0.8645 86.933 
Fore arm width (front) 4.2 8.3 6.0427 0.66904 0.64146 0.496 91.848 
Fore arm width (side) 4 8 5.3853 0.77402 0.78523 0.57533 88.71 
Elbow width (front) 6 11.5 7.8907 0.8328 0.89308 0.66133 91.278 
Elbow width (side) 5 7.5 6.1733 0.56934 0.63279 0.51917 91.159 

Foot 
Features 

Height of foot 4.6 10 6.9059 1.5705 1.6659 1.3088 77.961 
Left Foot Length 19.9 28 24.554 1.721 2.7397 2.1317 92.339 
Left Foot width 7 11 9.0556 0.95732 0.71278 0.52101 94.134 
Left Heel width 4.7 7.4 5.7144 0.63341 0.53025 0.3915 93.32 
Right Foot Length 19.9 28 24.572 1.7507 3.4249 2.8463 89.992 
Right Foot width 7 11 9.0565 0.95497 0.69536 0.50801 94.263 
Right Heel width 4.1 7.4 5.7118 0.66143 0.72769 0.59902 90.464 

 
Table 1 demonstrates the statistical features like Minimum value, Maximum value, Mean, Standard Deviation, 

RMSE, MAE and Prediction Accuracy of all 13 features of the Left and right arm and 7 features of the foot that are 

estimated using only middle finger width. 

All the features have estimation accuracy of more than 90% except biceps width and foot height. Table 2 tabulates 

statistical analysis of the estimated features of left and right arm of only 78 male samples. Similarly in table 3 tabulates the 

statistical analysis of envisaged features of both the arms of only 75 female samples. 

Table 2: Statistical Analysis of Arm and Foot Features of Only MALE Samples 

Features Min Max Mean 
Std 

Deviation 
RMSE MAE 

Prediction 
Accuracy 

Left Arm 
Features 

Palm Width 8 9.75 8.7519 0.44652 0.86412 0.63205 92.25 
Palm Length 17 20 18.828 0.77286 2.9301 2.4801 88.679 
Wrist width 5.6 7.3 6.1821 0.42457 0.63498 0.48205 92.239 
Mid Finger tip to elbow 41.2 50.2 46.005 2.0916 5.273 4.1513 91.882 
wrist to elbow 24 32 27.187 1.9066 3.0167 2.3532 91.715 
Elbow to Shoulder 26 37.1 31.186 2.7526 5.5764 4.6551 87.133 
Mid Finger tip to 
Shoulder 

68.5 84.9 76.645 4.1928 11.012 9.1795 89.476 

Biceps width (front) 6.2 10.3 8.5103 1.0854 1.259 1.0372 88.365 
Biceps width (side) 7.6 12.6 9.266 1.3261 2.1005 1.6071 78.718 
Fore arm width (front) 5.7 9.1 7.4929 1.0626 1.2289 1.0968 84.331 
Fore arm width (side) 6 8.5 7.2135 0.62214 1.4393 1.2651 78.343 
Elbow width (front) 6.5 10.2 8.334 0.96344 1.1617 0.925 89.635 
Elbow width (side) 6.4 10.1 7.7109 0.9257 1.4204 1.0564 84.07 

Right 
Arm 

Features 

Palm Width 8 9.75 8.7506 0.43816 0.82047 0.60962 93.103 
Palm Length 17 20.1 18.774 0.78739 2.9388 2.4955 88.61 
Wrist width 5.6 7.3 6.1853 0.4242 0.63273 0.48141 92.246 
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Mid Finger tip to elbow 41.2 50.2 46.035 2.0828 5.2558 4.1468 91.887 
Wrist to elbow 24 31.5 27.235 1.8758 3.023 2.3417 91.773 
Elbow to Shoulder 26 37.2 31.112 2.8735 5.7099 4.7673 86.811 
Mid Finger tip to 
Shoulder 

68.5 84.9 76.728 4.2555 10.885 9.1038 89.552 

Biceps width (front) 6.2 10.2 8.5532 1.109 1.2653 1.0353 88.396 
Biceps width (side) 7.6 12.6 9.2878 1.3171 2.1073 1.6212 78.536 
Fore arm width (front) 5.7 9.1 7.4904 1.0493 1.2184 1.0814 84.548 
Fore arm width (side) 6 8.5 7.2288 0.59905 1.4442 1.2856 78.011 
Elbow width (front) 6.4 10.3 8.2276 1.0213 1.295 1.034 88.448 
Elbow width (side) 6.4 10.2 7.8026 0.95727 1.4628 1.101 83.458 

Foot 
Features 

Height of foot 6.4 10 8.2859 0.78343 2.2581 2.0936 65.669 
Left Foot Length 23.4 28 25.854 1.0632 3.451 2.842 90.362 
Left Foot width 8.8 11 9.8591 0.50345 0.90296 0.69971 92.44 
Left Heel width 5.4 7.4 6.1718 0.53686 0.67378 0.52244 91.459 
Right Foot Length 22.6 28 25.891 1.1187 4.208 3.6026 88.12 
Right Foot width 8.8 11 9.8609 0.49159 0.87591 0.6742 92.695 
Right Heel width 5.4 7.4 6.1756 0.54229 0.84096 0.69904 89.568 

 
Table 3: Statistical Analysis of Arm and Foot Features of Only FEMALE Samples 

Features Min Max Mean 
Std 

Deviation 
RMSE MAE 

Prediction 
Accuracy 

Left Arm 
Features 

Palm Width 6.3 8.5 7.356 0.42625 0.3526 0.27967 96.11 
Palm Length 15.3 19.2 17.301 0.8229 1.2314 1.032 94.414 
Wrist width 4.5 6 5.26 0.32962 0.29297 0.25867 95.142 
Mid Finger tip to elbow 34.2 43.9 40.229 1.8428 3.0317 2.494 94.237 
wrist to elbow 19 26.4 23.162 1.4063 1.9066 1.5447 93.733 
Elbow to Shoulder 24 32.2 28.596 1.8435 2.5148 2.0333 93.362 
Mid Finger tip to 
Shoulder 

59.1 74.6 68.823 3.269 5.2392 4.308 94.179 

Biceps width (front) 4.8 9.5 6.8013 0.97641 1.2562 1.088 85.774 
Biceps width (side) 5.1 11.5 7.324 1.3129 1.4412 1.014 84.707 
Fore arm width (front) 4.5 8.5 6.0253 0.6611 0.68147 0.532 91.316 
Fore arm width (side) 4.1 8 5.312 0.728 0.74015 0.54167 89.457 
Elbow width (front) 6 11.2 7.8813 0.80197 0.82503 0.59333 92.21 
Elbow width (side) 4.8 7.6 6.136 0.53692 0.5997 0.46067 92.109 

Right 
Arm 

Features 

Palm Width 6.7 8.5 7.4 0.38695 0.36751 0.28 96.346 
Palm Length 15.5 19.2 17.289 0.86048 1.2575 1.0387 94.373 
Wrist width 4.5 6 5.264 0.34313 0.30039 0.26133 95.085 
Mid Finger tip to elbow 35.3 44 40.655 1.7461 2.6964 2.2227 94.859 
Wrist to elbow 19.9 26.8 23.661 1.2846 1.5785 1.2747 94.798 
Elbow to Shoulder 23.8 32 28.632 1.8315 2.5319 1.9867 93.531 
Mid Finger tip to 
Shoulder 

61 76 69.391 3.0284 4.7354 3.756 94.943 

Biceps width (front) 4.9 9.3 6.8187 0.81285 1.1172 0.98933 87.024 
Biceps width (side) 4.8 10.5 7.288 1.0268 1.1858 0.8645 86.933 
Fore arm width (front) 4.2 8.3 6.0427 0.66904 0.64146 0.496 91.848 
Fore arm width (side) 4 8 5.3853 0.77402 0.78523 0.57533 88.71 
Elbow width (front) 6 11.5 7.8907 0.8328 0.89308 0.66133 91.278 
elbow width (side) 5 7.5 6.1733 0.56934 0.63279 0.51917 91.159 

Foot 
Features 

Height of foot 4.6 7 5.4707 0.57652 0.59869 0.49267 90.744 
Left Foot Length 19.9 25 23.201 1.1271 1.7108 1.393 94.395 
Left Foot width 7 9.5 8.22 0.48015 0.43415 0.33517 95.895 
Left Heel width 4.7 6 5.2387 0.27257 0.31849 0.25533 95.257 
Right Foot Length 19.9 25 23.2 1.1189 2.348 2.0598 91.939 
Right Foot width 7 9.5 8.22 0.48015 0.43415 0.33517 95.895 
Right Heel width 4.1 6.6 5.2293 0.36047 0.58716 0.495 91.397 

 



Forecasting Arm and Foot Features of Human Body               153 

 

In figure 3, a random subset of eighty samples are selected to plot indicating the actual and predicted values of all 

the 13 features of both left and right arms. Blue line in the plot shows the actual or true values and red line indicates the 

predicted values. In figure 3a left and right arm palm width feature is shown. The features of the hand palm length, wrist 

width, middle finger tip to elbow length, wrist to elbow length, elbow to shoulder length, biceps width from front and side, 

forearm width from front and side, elbow width from front and side are represented in figure b-m respectively. 

    

                                                  a)                                                                    b) 

    

    c)                                                                         d) 

    

      e)                                                                      f) 

    

      g)                                                                        h) 
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                                        i)                                                              j) 

    

       k)                                                                   l) 

 

m 

Figure 3 (a-m): Actual and Predicted Features of Left and Right Arm 

Foot features are forecasted using only middle finger width. Figure 4 a displays the plot of height of the foot. In 

figure 4b, predicted and actual foot length of both left and right foot are plot. Figure 4c demonstrates left and right foot 

width and similarly in figure4d heel width is plot. Blue line in the graph depicts the predicted or forecasted features while 

red line indicates actual value. 

    

                                                               a)                                                                       b) 
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     e)                                                                f) 

Figure 4(a-d): Actual and Envisaged Foot Features 

CONCLUSIONS 

The challenging task of predicting arm and foot features is accomplished with the knowledge of Taalamana 

system. Using only known middle finger width geometrical features of both the arms and foot are estimated. The graph of 

hand features in figure 3 and foot features in figure 4 indicates close association of the actual and the estimated feature 

values. Proportions of the human structure would be stable after age of 10 years. Estimation of length features is more 

accurate when compared to width features. Estimation accuracy of more than 90% is achieved for most of the features. 
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