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ABSTRACT--- Comparing the selected features of a digital 

facial image with those images in database is considered as face 

recognition system. Several methods have been developed in last 

few decades based on biometric artificial intelligence. The 

variability in the angle of facial images and facial expression 

posed challenging problem in recognition system. This paper 

develops face recognition methodology based on 7 invariant 

moments with respect to rotation, translation and scaling using 

Neural Network classifier. Methodology and demonstrations are 

being provided. Bio id face benchmark data base is used for the 

proof of concept. It is noticed that 97% accuracy is attained on 

randomly selected sample of 10 individual’s faces. 

Keywords: Face Recognition, Face detection, Feature 

extraction, Hu moments, Neural network classifier. 

1. INTRODUCTION 

An interest in face recognition system has been growing 

greatly during the past two decades. This growth is, a result 

of the demand for automatic recognition in surveillance 

systems in public places like airports, metro stations etc., 

Forensic applications, passport, driver’s license, the desire 

to development of human-computer interfaces, interactive 

movies & games, smart homes, the need for more secure 

ways of protecting information for both corporate and 

federal interests, and many more. Research into face 

recognition draws on knowledge from a variety of fields, 

such as neuroscience, psychology, computer vision, pattern 

recognition, image processing, and machine learning. [1].  

Various methods of face recognition systems based on 

statistical approaches have been proposed by researcher in 

past. In [2], the first successful demonstration of machine 

recognition of faces was made by Turk & Pentland in 1991 

using eigenfaces. In [3], Brunelli and Poggio describe a 

correlation based method for face recognition from frontal 

view. In [4] Suhas, Kuehe and Khanale proposed 

recognition system using Principal Component Analysis and 

Linear Discriminant Analysis. The current paper provides a 

statistical approach for feature extraction with moments and 

a neural network approach for classification. 

Among the various methods for face recognition, 

biometric-based techniques have been the best option. A 

useful and applicable face recognition system requires the 

overall speed from face detection to recognition to be 

acceptable, easy to update, easy to expand the number of 

images that can be recognized, and should have high level 
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accuracy [5]. The proposed recognition system in this paper 

proves to be useful and applicable as defined. 

A work flow of image-based face recognition system 

proposed by Wei-Lun Chao depicted in the Fig 1 

 
Fig 1: General face recognition system 

A questioned image will be pre-processed and a region of 

interest will be fetched from that image. It is then, submitted 

to the face recognition system. This paper assumes that the 

given questioned image is in Toto as a region of interest. 

Hence this paper is not considering the pre-processing stage. 

Also, the questioned image may be in different orientation, 

which will have an influence on the face recognition. 

A feature set which will be free from different kinds of 

imaging like translation, scaling and rotation will be handy 

to overcome problems in face recognition. The present study 

considers 7 HU moments which were invariant with respect 

to rotation, translation and scaling. A brief account of this is 

provided in section II for completeness. 

The Hu central moments [7] of the image function f(x,y) 

is a piecewise continuous bounded function and the 

moments of all orders exist with p as the order of  and q 

as the of у and defined as 

 (1) 

Scale invariance can be obtained by normalization. The 

normalized central moments are defined as 

 (2) 

Based on the normalized central moments, Hu introduced 

seven moment invariants. The seven moment invariants are 

unchanged under image scaling, translation and rotation are  
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The following section of this paper provides feature 

extraction from the given image and the corresponding 

illustration. Mean, SD, CV and 7 invariant moments are 

considered as features and be computed for the given 

images. The individual person id of the image is labeled as 

class. The Data is divided into two parts. One will be 

training part and the other will be testing part. Data 

preparation is explained in section II along with statistics. 

In this paper a neural network classifier has been built in 

SPSS package by using training data set. The performance 

of the model is tested on the test data set. 

Bio id face benchmark data base is considered for the 

demonstration of the proposed methodology. Rest of the 

paper as follows 

2. DATA PREPARATION & PROPOSED 

METHODOLOGY 

Ten features namely Mean, SD, CV and 7 invariant 

moments for each image were computed as a real vector of 

size 10. A class label is the person id of the image and it is a 

categorical data type. Thus each image is represented by a 

vector of 10 real numbers and with one categorical data 

item. Fig 2 is the given image for which the features are 

computed and represented as vector is shown below. 

 
Fig2: A Given image (S_id 180) 

Mean = 107.5078 IM3= 2.39E-11 

SD= 67.10222 IM4=1.41E-11 

CV= 62.41611 IM5=1.63E-22 

IM1 =0.001377 IM6=-6E-15 

IM2= 1.84E-07 IM7= 3.91E-23 

Bio Id Face Database: This dataset consists of 1521 gray 

level images with a resolution of 384x286 pixels of different 

individuals with different frequencies. The Database was 

recorded and published for the researchers to work in the 

area of face detection and compare the quality of their 

algorithm with others algorithm. During the recording the 

images a special emphasis has been laid on "real world" 

conditions. Therefore, the test sample set features a large 

variety of illumination, background and face size. For 

sample images please visit the BioID Face DB page. 

 

Images pertaining to 10 individuals with reasonable 

frequency has been selected for demonstration purpose. The 

data set consist of 445 images belonging to 10 individuals 

with ids 180, 260, 322, 418, 449, 483, 519, 660, 741, and 

973. A sample image of each of 10 individuals is given in 

the Fig 3 and their labelled ids in Table I 

Table I: Selected Persons Ids (S_id) 

S_id: 180 260 322 418 449 483 519 660 741 973 

 

180 260 322 418 449 

     
483 519 660 741 973 

     
Fig 3:Sample faces of Selected 10 individuals 

corresponding to Table I 

In Table II, ISNo represents the image id, S_id represents 

the person id, mean, SD, CV, IM1, IM2, IM3, IM$, IM5, 

IM6 and IM7 are the features of above listed 10 individuals. 

Class is nothing but S_id. The images in Fig 4 provides a 

sample of 6 different images of an individual labelled 180. 

Table II: Features of the images given in Fig 3 

ISNo S_id NR NC min max mean SD CV IM1 IM2 IM3 IM4  IM5 IM6 IM7 class 

1 180 286 384 0 255 107.5078 67.10222 62.41611 0.001377 1.84E-07 2.39E-11 1.41E-11  1.63E-22 -6E-15 3.91E-23 180 

43 260 286 384 0 255 113.6477 64.99283 57.18797 0.001417 5.65E-08 7.49E-11 1.44E-10  1.45E-20 3.11E-14 8.53E-22 260 

91 322 286 384 27 255 154.3289 60.80314 39.39841 0.001142 1.08E-07 2.82E-11 3.47E-11  2.71E-22 1.01E-14 -1.2E-21 322 

183 418 286 384 0 255 138.5516 73.16693 52.80844 0.00127 1.34E-07 3.01E-12 4.07E-11  -4.1E-22 -2.6E-15 1.77E-21 418 

214 449 286 384 0 255 135.5407 72.46299 53.46215 0.001298 1.29E-07 4.37E-12 4.65E-11  -2E-21 6.39E-15 1.37E-21 449 

247 483 286 384 0 255 143.214 82.13398 57.35054 0.00114 3.2E-08 2.2E-11 5.43E-11  -2.8E-21 7.96E-15 -8.6E-22 483 

283 519 286 384 0 255 131.3982 61.39059 46.72101 0.001359 1.4E-07 3.51E-11 8.39E-12  -4.4E-23 2.88E-15 -3.8E-23 519 

320 660 286 384 0 255 122.423 61.04817 49.86656 0.001533 2.36E-07 6.64E-11 4.25E-12  -5.5E-24 6.13E-16 1.79E-23 660 

366 741 286 384 11 255 134.4783 56.12519 41.7355 0.001198 7.04E-08 5.71E-11 4.79E-11  1.06E-21 1.13E-14 -2.5E-21 741 

404 973 286 384 0 255 141.8279 66.46154 46.8607 0.001216 1.83E-07 8.04E-11 1.65E-11  4.34E-22 6.68E-15 -1.9E-22 973 

 

 

http://www.bioid.com/support/downloads/software/bioid-face-database.html


International Journal of Recent Technology and Engineering (IJRTE) 

ISSN: 2277-3878, Volume-7, Issue-5S4, February 2019 

54 

Published By: 

Blue Eyes Intelligence Engineering 
& Sciences Publication  Retrieval Number: E10110275S419/19©BEIESP 

1 2 

  
3 4 

  
5 6 

  
 

Fig 4: A sample six faces of person S_id =180 

The Box plots of the 6 image in Fig4 is given in Fig 5 

respectively. These Box plots displays range and 

distribution of data along the number line. 

Fig 5: Box Plots corresponds the image data given in 

fig4 

Analysing the box plots, one can notice variation in the 

plots corresponds to 6 images of the same individual. 

This challenges the face recognition system.  

The composition of 445 images in our demonstrative 

data base related to 10 individuals is in Table III. 

S_id  Number of Images 

180  42 

260  48 

322  92 

418  31 

449  33 

483  36 

519  37 

660  46 

741  38 

973  42 

Table III: Representation of faces of the selected 10 

individuals in the demonstrative Data set of size 445 

The abstract aspect of the features of the 445 images is 

given in the Table IV and Table V. The average of the 10 

features listed in table IV and Standard deviation of these 

10 features is listed in Table V respectively. 
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Table IV: Averages of the Features of the images of the considered Data Set 

S_id # 

Average of 

mean 

Average of 

SD 

Average of 

cv 

Average of 

IM1 

Average of 

IM2 

Average of 

IM3 

Average of 

IM4 

Average of 

IM5 

Average of 

IM6 

Average of 

IM7 

180 42 107.8923299 66.68177405 61.80275916 0.001406273 1.62381E-07 7.05213E-11 6.6784E-11 -2.99866E-21 8.76015E-15 -3.29988E-21 

260 48 126.0425167 61.07764908 49.1227703 0.001300714 6.44151E-08 5.32655E-11 6.78438E-11 5.02982E-21 1.39462E-14 2.15414E-21 

322 92 127.4163091 70.0131882 56.45131684 0.001390854 1.6056E-07 1.00354E-10 1.26747E-10 1.82485E-20 4.72295E-14 -2.3999E-20 

418 31 138.1173217 69.7933661 50.53478523 0.001313717 1.58056E-07 1.13629E-11 3.49127E-11 -9.8822E-22 1.75065E-15 4.52984E-22 

449 33 139.9084734 69.98050072 50.03894005 0.00124647 8.87394E-08 1.55169E-11 2.31632E-11 -4.17611E-22 2.00903E-15 4.00224E-22 

483 36 142.5492677 76.92565848 53.98176995 0.001266475 7.64848E-08 2.23992E-11 4.5745E-11 -1.86136E-21 7.925E-15 -6.19209E-22 

519 37 132.9486781 63.0344515 47.41231889 0.001331525 1.16865E-07 3.5038E-11 6.98535E-12 -4.81473E-23 1.977E-15 -3.73271E-23 

660 46 112.0124274 58.67501109 52.62362422 0.001654063 2.33206E-07 7.10076E-11 1.00689E-11 1.93599E-22 3.89548E-15 2.69373E-22 

741 38 132.4420561 56.62398146 42.75627727 0.00121522 6.82216E-08 6.07489E-11 5.03811E-11 1.69671E-21 1.20425E-14 -2.54219E-21 

973 42 124.6726149 69.11499711 55.53676556 0.001357795 1.89596E-07 4.42072E-11 1.58041E-11 -2.24356E-22 

-1.31438E-

15 2.02166E-23 

(blank

) 

           Gran

d 

Total 445 127.3593933 66.2959909 52.67542088 0.0013606 1.36791E-07 5.65165E-11 5.50912E-11 3.92157E-21 1.44788E-14 -5.21998E-21 

Table V: Standard deviation of the Features of the images of the considered Data Set 

S_id # 

StdDev of 

mean 

StdDev of 

SD 

StdDev of 

CV 

StdDev of 

IM1 

StdDev of 

IM2 

StdDev of 

IM3 

StdDev of 

IM4 

StdDev of 

IM5 

StdDev of 

IM6 

StdDev of 

IM7 

180 42 0.824533435 1.150398815 0.864460715 2.80865E-05 2.11973E-08 2.83865E-11 2.52226E-11 1.47033E-21 8.49118E-15 3.73173E-21 

260 48 12.14403886 3.046182802 7.127712865 0.00012223 2.02334E-08 2.39815E-11 4.83394E-11 5.40814E-21 1.11935E-14 3.3284E-21 

322 92 19.60362721 6.044078985 11.16742099 0.000214785 6.57497E-08 1.63525E-10 1.37027E-10 6.66102E-20 5.68488E-14 6.85424E-20 

418 31 1.614422904 1.409036464 1.001779154 2.39539E-05 1.50694E-08 5.45695E-12 6.46398E-12 6.00396E-22 3.27828E-15 5.2999E-22 

449 33 2.151265997 1.75029161 1.752143468 3.76088E-05 2.83473E-08 6.76047E-12 8.67483E-12 3.29444E-22 1.25919E-15 4.95687E-22 

483 36 1.679530631 2.302396832 2.065828019 4.66729E-05 1.71783E-08 7.1987E-12 8.42904E-12 7.49398E-22 2.04678E-15 3.28875E-22 

519 37 0.709928523 0.498878652 0.218464273 1.10895E-05 8.02267E-09 2.95093E-12 3.60617E-12 3.59379E-23 1.34861E-15 3.00704E-23 

660 46 10.48716471 2.576502386 2.652843016 0.000119239 1.16519E-08 1.40471E-11 8.74462E-12 2.91676E-22 3.82551E-15 3.32096E-22 

741 38 1.729263129 0.697334405 0.42905652 2.46653E-05 3.19654E-09 1.13057E-11 6.02517E-12 8.91562E-22 1.98721E-15 4.70879E-22 

973 42 4.966164976 1.420885015 2.674078596 5.81373E-05 2.91341E-08 1.72529E-11 6.35678E-12 2.70874E-22 3.91712E-15 4.04054E-22 

Gran

d 

Total 445 14.60524583 6.541528751 7.596274292 0.000163257 6.38067E-08 8.08687E-11 7.70735E-11 3.11547E-20 3.14213E-14 3.25518E-20 

Histogram of all the 10 features of the selected data set 

is provided in Fig 6 

Mean SD 

 
 

CV IM1 

  

IM2 IM3 

  

IM4 IM5 

 
 

IM6 IM7 

  

Fig 6: Histograms of the Features of Data Set 

3. PERFORMANCE OF PROPOSED 

METHODOLOGY IVMNN & RESULTS 

The given images are divided into Training and Testing 

Image Sets.  
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The corresponding features are extracted and instructed 

as training and testing data. 

Training data is then used to train the classifier Neural 

Network. 

After training the classifier with training set, the 

Testing data set is used for validating the trained 

classifier.  

In this paper the features are invariant moments and 

classifiers are the Neural Networks, hence the proposed 

system is named in short as IVMNN. The work flow of 

IVMNN face recognition system is explained in next 

three charts. 

The fig7, fig8 and fig9 explains the building process of 

IVMNN 

 
 

 
 

 

The considered 445 Images of Bio Id face bench mark 

data set are divided into training and testing data sets with 

sizes 299 and 146 respectively by maintaining proper 

representation of each individual. The training data set 

matrix of 299X11 is fed into SPSS for building a Neural 

Network Classifier. The model produced by SPSS is as 

given in Fig 10 by following the method given Fig 7 

IVMNN  

 

Fig 7 Training IVMNN 

 

Fig 8 Evaluation/Validation 
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Fig 10: IVMNN Model 

A classification table generated by SPSS for the 

considered Bio Id face Bench Mark data is given in the 

Table VII. It is the classification of Training and Testing 

data sets by IVMNN. 

The correct and misclassification are compiled in Table 

VI 

 

 

 

 

 

Table VI: Table showing the classification accuracy 

of Training Sample 299 and Testing sample of 143 

Observed 
Classification 

 
Correct Misclassify Total 

180 30 0 30 

260 38 0 38 

322 55 0 55 

418 23 0 23 

449 23 0 23 

483 25 0 25 

519 23 0 23 

660 32 0 32 

741 24 0 24 

973 26 0 26 

Total 299 0 299 

180 12 0 12 

260 10 0 10 

322 37 0 37 

418 8 0 8 

449 9 1 10 

483 11 0 11 

519 14 0 14 

660 14 0 14 

741 14 0 14 

973 14 2 16 

Total 143 3 146 

Table VII: Classification of Training and Testing data sets by IVMNN 

 

Sample Observed 

Predicted 

180 260 322 418 449 483 519 660 741 973 
Percent 

Correct 

Training 

180 30 0 0 0 0 0 0 0 0 0 100.00% 

260 0 38 0 0 0 0 0 0 0 0 100.00% 

322 0 0 55 0 0 0 0 0 0 0 100.00% 

418 0 0 0 23 0 0 0 0 0 0 100.00% 

449 0 0 0 0 23 0 0 0 0 0 100.00% 

483 0 0 0 0 0 25 0 0 0 0 100.00% 

519 0 0 0 0 0 0 23 0 0 0 100.00% 

660 0 0 0 0 0 0 0 32 0 0 100.00% 

741 0 0 0 0 0 0 0 0  24 0 100.00% 

973 0 0 0 0 0 0 0 0 0 26 100.00% 

Overall 

Percent 

10.

00% 

12.

70% 

18.

40% 

7.

70% 

7.

70% 

8.

40% 

7.

70% 

10.

70% 

8.

00% 

8.70

% 
100.00% 

Testing 

180 12 0 0 0 0 0 0 0 0 0 100.00% 

260 0 10 0 0 0 0 0 0 0 0 100.00% 

322 0 0 37 0 0 0 0 0 0 0 100.00% 

418 0 0 0 8 0 0 0 0 0 0 100.00% 

449 0 0 0 1 9 0 0 0 0 0 90.00% 

483 0 0 0 0 0 11 0 0 0 0 100.00% 

519 0 0 0 0 0 0 14 0 0 0 100.00% 

660 0 0 0 0 0 0 0 14 0 0 100.00% 

741 0 0 0 0 0 0 0 0 14 0 100.00% 

973 0 0 2 0 0 0 0 0 0 14 87.50% 

Overall 

Percent 
8.20% 6.80% 26.70% 6.20% 6.20% 7.50% 9.60% 9.60% 9.60% 9.60% 97.90% 

Dependent Variable: class 

     

In the Table VI, the training data 299 are classified 

perfectly as the model is trained by the training set of 

299. For the testing data of 146, a sparsely 

misclassification of 3 images is noticed and 143 images 

are classified correctly. 

The percentage of classification accuracy is depicted in 

the Fig 11 with overall performance as 97.9%  
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Fig 11: Performance IVMNN 

4. CONCLUSIONS 

The proposed IVMNN face recognition system 

performing 97.9 % accuracy on testing data set for the 

selected imaged of Bio id data set. 

This methodology considers only 10 features which is 

significantly low compared to the existing face 

recognition systems suggested. 

The features in our model are invariant with respect to 

translation, Scaling and Rotation. Hence this system will 

be robust and one need not employ skew correction 

proposers. 

The study can be extended by considering different 

classifier in place of Neural Network classifier for hoping 

better results. 

The figure % Accuracy indicates that the performance 

of the proposed model is inferior in 2 cases (id 449 and id 

973) indicating that one can explore a hierarchical 

classifier for better performance. 
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