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Abstract

Objectives: Given the benefits of controlling Body mass index (BMI) on the quality of
life, BMI classification based on facial features can be used for developing telemedicine
systems and eliminate the limitations of existing measuring tools especially for
paralyzed people, that enable physicians to help people online when faced with
situations like the COVID-19 pandemic.

Methods: In this study, new features and some previous-work features were extracted
from face photos of white, black and Asian people, ages 18 to 81, with normal and
overweight BMI. Faces were evaluated in three different steps. First, all faces were
considered as one group. Second, they were divided into elliptical, round and square
shape groups and third, they were separated based on gender. Then for each step, the
performances of Random Forest (RF) and Support Vector Machine (SVM) were
evaluated with all of the facial features and with selected features based on Pearson
correlation coefficient. Matlab R2015b was used for implementation.

Results: The results revealed that features with higher correlation improved the
accuracy of both algorithms. RF best performance using highly correlated features for
97 women and 92 men was in women and square-face groups (91.75% and 87.30%
respectively), and SVM best performance was in women group (94.84%), square-face
and round-face groups (84.12% and 84% respectively).

Conclusion: Accuracy of BMI classification based on facial features can be improved
by categorizing faces into shapes and gender, and selecting appropriate features. The
findings can be used for performance enhancement of telemedicine applications,
especially for helping the differently-abled.
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Extended Abstract

Background and Objective

Obstacles in height and weight measurement tools to
calculate BMI, such as lack of access or inability to use
due to a person's disability or mobility impairment
cause people to be excluded from the statistical
population of many scientific-medical researches.
Previous studies show the relationship between facial
obesity with BMI and the impact of BMI changes on
the face. BMI classification with facial images can be
used in the development of telemedicine systems, BMI
calculation for disabled people, and helping a person or a
system to provide services in the field of health and
fitness. The aim of this research is to find suitable
features, use random forest and support vector machine
classifiers and compare them to determine the BMI
category of people and investigate the effects of
classifying faces based on shape and gender and
selecting features which have a higher correlation with
BMI.

Materials and Methods

In this study, 97 women and 92 men who were white,
black and Asian with neutral face expression between
the ages of 18 and 81, along with height and weight
information, available on the 3d.sk site, were analyzed.
After calculating the BMI of people (23.41 £ 4.51), 138
people were in the normal weight range and 51 people
were in the overweight range. In order to equalize the
images, after placing the faces in the center of the
image, to straighten the faces, the images were rotated
based on the angle of the line connecting the two pupils
with the horizontal line and converted to 300x300
dimensions and grayscale. This database was evaluated
in three stages with different divisions. In the
classification of faces based on shape, 76 oval faces
(57 normal weight and 19 overweight), 50 round faces
(30 normal weight and 20 overweight) and 63 square
faces (51 normal weight and 12 overweight) were
considered. With regards to gender, 10 women and
41 men were found overweight. In order to extract
features, points are determined (or specified) on faces
and 64 features from other articles and 100 new
features were defined and to improve the performance,
normalization was done on the feature values. To select
features with stronger correlation with BMI, features
with Pearson correlation coefficient greater than 0.40
were selected. Then, the performance of random forest
and support vector machine in BMI classification, with
all features and with selected features, was investigated
and compared.

Results

In the phase of feature selection with Pearson's correlation
coefficient, features with stronger correlation with BMI
have been identified in each group. Among the selected
features, in the first group of features IPHPJP_12,34,35,
IPOPJP_4,28,30, IPOPJP_12,33,35, Dist5_11, Dist6_10,
Area4,549 and HNose sum2, in the ellipse group
SecHeight_Sumg3, Dist5_11, FHeight_Sum3,
HNose_Sum3 and HNose Sum4, in round group
IPOPJP_4,28,30, IPOPJP_12,33,35, IPHPJP_12,34,35,

Aread 549 and IPHPJP_4,29,30 and in square group
LFH_SecH, CWJR and IPOPJP_12,33, 35 have the
highest correlation with BMI. The features with the
highest correlation in the female group are
IPOPJP_4,28,30, IPOPJP_12,33,35 and SLPRatio_9 and
in the male group Dist6_10, Dist5 11, SecHeight Sum4
and SecHeight_ Sum3.

Based on leave-one-out cross validation technique,
the performance of random forest with 20, 50, 70 and
100 trees and support vector machine with RBF, linear
and polynomial kernels for each group, once with all
features and once with selected features was evaluated.
The results show that random forest in the groups of
women and square faces with accuracies of 91.75%
and 87.30% and support vector machine in the groups
of women, square and round faces with accuracies of
94.84%, 84.12% and 84% had the best performance.
Also, using selected features instead of all features has
improved performance.

Discussion
In this research, by classifying faces based on shape
and gender, without racial discrimination, the
performance of algorithms was investigated. Random
forest performs better than support vector machine in
round, square and male groups by using all features
and in first, ellipse, square and male groups by using
selected features. The use of selected features has
improved the overall performance of algorithms. In the
first group 56%, oval group 74%, round group 60%,
square group 58%, women's group 10% and men's
group 75% of the selected features were new features.
In previous studies, as in Lee et al.'s article, the best
performance is for men over 60 years old (83.3%) and
women from 21 to 40 years old (80.8%). In Jiang
et al.'s article, the best overall performance of the FIW-
BMI database was 79.1 + 0.3% for men and
75.7 + 0.8% for women and the Morph-ur database for
black and white men was 78.4 + 0.4% and 76.7 + 0.6%,
respectively; and for black and white women it is
70.3 £ 0.8% and 73.2 + 0.8%, respectively. In the 2020
article by Jiang et al., the highest accuracies for black
and white males of the Morph-i1 database are 77% and
75.6%, respectively, and for black and white women,
67.3% and 73.8, respectively. And in the VIP-attribute
database, it is 72.6% for men and 85% for women. The
results of this research show that in the group of
women and men, the accuracy of random forest is
91.75% and 70.65%, respectively, and the accuracy of
support vector machine is 94.84% and 66.3%,
respectively. Also, random forest in the square face
group with an accuracy of 87.3% and support vector
machine in the square and round face groups with an
accuracy of 84.12% and 84%, respectively, had the
best performance compared to other groups. According
to the best performance of the algorithms in the first
group (81.48% random forest and 79.89% support
vector machine), it can be concluded that the
classification of faces based on shape and gender is
effective in BMI classification and the proposed
methods and features improve the performance. The
limitations of this research include the lack of obese




and overweight samples and limiting the samples to
frontal face images with neutral expressions to
investigate the effect of new features. In the future
studies, the effectiveness of new features and the
performance of algorithms can be evaluated with larger
statistical population or images with different facial
expressions, or challenge feature selection by using
images which the enitre face areas are not shown.

Conclusion

The findings of this research showed that by dividing
faces based on gender and shape, defining suitable
features and using efficient algorithms, it is possible to
determine the BMI Categories of people based on
facial features. The practical importance of the findings
of this research is the development of telemedicine
systems and removing the limitations of measurement
tools so that doctors can use the proposed method.

Please cite this article as follows: Heidari M, Babapour Mofrad F, Shah-Hosseini H. Body Mass Index Classification based on
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