
RESEARCH 
www.commprac.com 

ISSN 1462 2815 
 

COMMUNITY PRACTITIONER                                   28                                             APR Volume 21 Issue 04 

NEURAL NETWORK-BASED FACE DETECTION INCORPORATING 
IMAGE INVARIANTS AND NEURAL SYNTHESIS 

 

Yogendra Narayan Prajapati 1, Dr. Upasana Pandey 2, Dr. Manu Singh 3, 
Dr. Shivani Agrawal 4, Umesh Kumar Patel 5 and Dr. JaiShree Jain 6 

1 Assistant Professor, CSE Department, Ajay Kumar Garg Engineering College Ghaziabad.  
2 Professor, CSE (AIML) Department, ABES Institute of Technology, Ghaziabad. 

3 Associate Professor, CS Department, ABES College of Engineering & Technology, Ghaziabad. 
4 Assistant Professor, I.T Department, Ajay Kumar Garg Engineering College Ghaziabad.  

5 Assistant Professor, GNIOT Institute of Professional Studies, Greater Noida. 
6 Associate Professor, CSE Department, Ajay Kumar Garg Engineering College Ghaziabad. 

Email: 1Ynp1581@gmail.com, 2coe.upasana@gmail.com, 3drmanuajaykumar@gmail.com,  
4kasishivani@gmail.com, 5umesh.20778@gmail.com, 6jaishree3112@gmail.com 

 
DOI: 10.5281/zenodo.10991517 

 
Abstract  

This paper unreels the old-style issues of human face acknowledgment. The issue of face 
acknowledgment has been tended to by practically partitioning it into face location and face 
acknowledgment. Various ways to deal with the issues of face discovery and face acknowledgment 
were assessed, and were proposed and carried out utilizing the Matlab specialized processing 
language. The model created is straightforward, quick and precise in obliged conditions. The objective 
is to apply the model to a specific face and differentiate it from a large number of stored faces, with 
some real-time variations thrown in for good measure. Various ways have been proposed to tackle this 
issue. The first step in face recognition is to find a good way to reduce the dimension. The dimensions 
are reduced to a single dimension when the face is considered to be a matrix of values. In the executed 
face recognition frameworks. Face location was accomplished utilizing Gabor Channel Component 
Extraction and ANN in view of picture invariants. Victories are gotten for robotized face discovery and 
for mechanized face acknowledgment. 

Keywords: Gabor, ANN, NN, Face detection,  Neural Synthesis. 

 
1. INTRODUCTION 

A computer-driven application for automatically identifying or verifying a person from 
still or video images is known as a face recognition system. It does that by contrasting 
chosen facial elements in the live picture and a facial data set. Face acknowledgment 
procedure attempts to track down a face inside a huge information base, where the 
framework returns a potential rundown of countenances from the data set. 
Furthermore, the pictures of different countenances have been embedded into 
information base as preparing information. 

Each face has various, discernible tourist spots, the various pinnacles and valleys that 
make up facial elements. This method basically refers to these landmarks as nodal 
points. Every human face has around 80 nodal focuses. Some of these measured by 
the software are: 

 Distance between the eyes 

 Width of the nose 

 Depth of the eye sockets, 

 The shape of the cheekbones 

 The length of the jaw line 
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These nodal focuses are estimated making a mathematical code called a face print, 
addressing the face in the data set. 

Before, facial acknowledgment programming has depended on a 2D picture to look at 
or recognize one more 2D picture from the data set. To be successful and precise, the 
picture caught should have been of a face that was looking straightforwardly at the 
camera, with little fluctuation of light or look from the picture in the data set. This made 
truly an issue. 

In many examples the pictures were not taken in a controlled climate. Indeed, even 
the littlest changes in light or direction could diminish the viability of the framework, so 
they couldn't be matched to any face in the data set, prompting a high pace of 
disappointment. Presently a days, researcher and specialists are attempting to 
fabricate the entire procedures on 3D pictures. 
 
2. RELATED WORK DONE 

2.1 Face Detection System 

2.1.1 Gabor Filter 

Face identification is a multi-class issue, hence, to utilizing Gabor Channel for 
characterization, In view of a huge data set of pictures; Gabor Channel chooses a little 
arrangement of accessible Gabor highlights from the incredibly enormous set. The 
final strong classifier, which combines a few hundred weak classifiers (Gabor 
features), can determine how similar two face images are to one another. The 
following is the system's recognition process flowchart: 

A Gabor channel is a straight channel whose drive reaction is characterized by a 
symphonious capability increased by a Gaussian capability. In view of the duplication 
convolution property (Convolution hypothesis), the Fourier change of a Gabor 
channel's motivation reaction is the convolution of the Fourier change of the 
symphonious capability and the Fourier change of the Gaussian capability. 

 

Where       

 

Figure 1 
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In this equation, λ represents the wavelength of the cosine factor, θ represents the 
orientation of the normal to the parallel stripes of a Gabor function, ψ is the phase 
offset, σ is the sigma of the Gaussian envelope and γ is the spatial aspect ratio, and 
specifies the ellipticity of the support of the Gabor function. 

 

Figure 2 

2.2 Face Recognition Systems 

Mechanized face acknowledgment is a fascinating PC vision issue with numerous 
business and policing. 

While investigation into this area traces all the way back to the 1960's, it is, without a 
doubt, as of late that satisfactory outcomes have been gotten. Be that as it may, face 
acknowledgment is as yet an area of dynamic exploration since a totally effective 
methodology or model has not been proposed to take care of the face 
acknowledgment issue. 

People's ability to identify you is largely determined by your face. But on account of 
indistinguishable twins, the face is ostensibly an individual's most remarkable actual 
qualities. While people have the inborn capacity to perceive and recognize various 
countenances for a long period of time, PCs are a few seconds ago getting up to 
speed. 

All ID or validation advances work utilizing the accompanying four phases: 

a. Enlistment and furthermore in ID or check process 

b. Extraction: A template is made and unique data are taken out of the sample. 

c. Examination: the format is then contrasted and another example. 

d. Match/non match: the framework chooses if the highlights separated from the new 
examples are a match or a non match. Face acknowledgment innovation break 
down the exceptional shape, example and situating of the facial elements. 

Face acknowledgment is extremely complicated innovation and is generally 
programming based. 

When compared to our own natural ability to recognize faces, automated face 
recognition systems fall short. We perform face acknowledgment, a very mind 
boggling visual errand, momentarily and our own acknowledgment capacity is 
definitely more strong than any PC's can expect to be. 

We can perceive a recognizable person under extremely unfriendly lighting conditions, 
from shifting points or view focuses. Scaling contrasts (a face being close or distant), 
various foundations don't influence our capacity to perceive countenances and we 
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could in fact perceive people with only a small part of their face noticeable or even 
following quite a long while have passed. 

Throughout the course of recent many years numerous strategies have been 
proposed for face acknowledgment. A large number of the procedures proposed 
during the beginning phases of PC vision can't be viewed as effective, however 
practically each of the new ways to deal with the face acknowledgment issue have 
been noteworthy. 

As per the examination by Brunelli and Poggio (1993) all ways to deal with human face 
acknowledgment can be partitioned into two techniques: 

• Format coordinating. 

• Mathematical highlights. 

 2.3 Face recognition using Template matching 

This is comparative the layout matching method utilized in face recognition, besides 
here we are doing whatever it takes not to characterize a picture as a 'face' or 'non-
face' yet are attempting to perceive a face. Entire face, eyes, nose and mouth locales 
which could be utilized in a format matching system. 

 

Figure 3: Face recognition using Template matching 

2.4 Face recognition using Geometrical features 

This procedure includes calculation of a bunch of mathematical elements, for example, 
nose width and length, mouth position and jaw shape, and so on. from the image of 
the face we need to perceive. This arrangement of highlights is then coordinated with 
the elements of known people. A reasonable metric like Euclidean distance (tracking 
down the nearest vector) can be utilized to track down the nearest match.               

 

Figure 4 
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2.5 Face recognition using Geometrical feature 

Problems arise when performing recognition in a high-dimensional N * N space 
mapping the data into a lower dimensionality space. 

 

Figure 5: N Space mapping data into a lower dimensionality space 

Here then most face identification frameworks endeavor to separate a negligible 
portion of the entire face, consequently killing the majority of the foundation and 
different region of a singular's head, for example, hair that are excessive for the face 
acknowledgment task. This is typically accomplished running a "window" across static 
images. This window imaging this research is provided using Neural Networks. 

 

Figure 6: window image 

2.6 Neural Network Theory 

Brain Nets are basically organizations of straightforward brain processors, organized 
and interconnected in equal. Brain Organizations depend on our ongoing degree of 
information on the human mind, and draw in interest from the two designers, who can 
utilize Brain Nets to tackle many issues, and researchers who can utilize them to assist 
with encouraging comprehension we might interpret the human cerebrum. Since the 
beginning phases of improvement in the 1970's, advantage in brain networks has 
spread through many fields, because of the speed of handling and capacity to take 
care of complicated issues. 

 

Figure 7: Neural Network 
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As with all techniques though, there are limitations. They can be slow for complex 
problems, are often susceptible to noise, and can be too dependent on the training set 
used, but these effects can be minimized through careful design. 
 
3. METHODOLOGY USED FOR  

3.1 Gabor Filter Scheme 

Face acknowledgment is a difficult field of exploration not just due to the intricacy of 
this subject, yet in addition due to its various reasonable applications. Much headway 
has been made towards perceiving faces under controlled conditions, particularly 
under standardized posture and lighting conditions and with nonpartisan demeanor. 
In any case, the acknowledgment of face pictures obtained in an open air climate with 
changes in light or potentially present remaining parts a generally strange issue. 

This is because of the way that the vast majority of face acknowledgment strategies 
accept that the posture of the face is known. 

We propose the utilization of a Gabor Channel way to deal with separate an expanded 
Gabor-face vector to tackle the posture assessment issue, remove a few factual 
highlights like means and differences. And afterward the characterization is performed 
utilizing Eigen Face distance. 

Highlights in view of Gabor channels have been utilized in picture handling because 
of their strong properties. The primary qualities are the likelihood to give a multi goal 
examination of the picture as coefficient networks. Using an extraction feature, these 
are used to extract changes in facial appearance as a set of multiple scale and 
orientation coefficients. 

Gabor filter is shown to be robust against noise and changes in illumination. Gabor 
kernels are characterized as localized, orientation selective, and frequency selective. 
A family of Gabor kernel is the product of a Gaussian envelope and a plane wave. 

 

Figure 8: Overview of Gabor filter scheme 
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A 2D Gabor filter is expressed as a Gaussian modulated sinusoid in the spatial domain 
and as shifted Gaussian in the frequency domain. The Gabor wavelet representation 
of images allows description of spatial frequency structure in the image while 
preserving information about spatial relations. 

Where 

 

Where 

(x,y) is the variable in spatial domain and k is the frequency vector which determines 
the scale and direction of Gabor functions. k(kx,ky)=(kvcosθw,kvsinθw) and kv = kv 
=v = (0, 1, 2, 3, 4) is the discrete set of different frequencies and w= (0, 1, 2...7) is the 
orientation. 

 

Figure 9: Gabor filter scheme 

The multiplicative factor ensures that the energies of filters tuned to various spatial 
frequency bands are roughly equal. 

In our application, f= √ 2, kmax = Π/2 and θw= Π w/8, and σ = Π, the standard deviation 
of the Gaussian envelope. A very much planned Gabor channel bank can catch the 
pertinent recurrence picture of Gabor channel can be composed as a connection of 
information picture I(x) with Gabor Bit. 

The component vector comprises of all valuable data extricated from various 
frequencies, directions and from all areas, and subsequently is exceptionally helpful 
for articulation acknowledgment. However, in actual use, evaluating all 40 filters to 
convolve the face image takes a significant amount of time. The real part of Gabor 
feature vectors with eight orientations and five frequencies is given in Figure 10  
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Figure 10 

The results created by convolving the picture with the amount of Gabor capabilities 
more than eight bearings with the proper scale. Accordingly we have five arrangement 
of various results for the portrayal. Take the normal of every one of the five pictures. 

The results produced by convolving the picture with the amount of Gabor capabilities 
more than five frequencies with the decent heading. Here eight arrangements of 
results can be addressed. Take the normal of each of the eight pictures. The separated 
data is considered as component vectors to a Brain Organizations in the event that 
the informational collection is little. Brain Organizations revises the data of interest as 
indicated by a numerical capability or parts and changes it into a component space, 
which permits the characterization. 

There are "k" subblocks that separate the two average images, one for fixed scale and 
one for fixed orientation. For each subblock, the mean and standard deviation are 
calculated. 

The Gabor Channels certainly stand out in light of the fact that the qualities of these 
channels have been displayed to gangs ideal restriction properties in both spatial and 
recurrence space and accordingly are appropriate for surface division issues. Gabor 
channels have been utilized in numerous applications, for example, surface division, 
target location, fractal aspect the executives, report examination, edge discovery, 
retina distinguishing proof, and picture coding and picture portrayal. 

A Gabor channel can be seen as a sinusoidal plane of specific recurrence and 
direction, balanced by a Gaussian envelope. It tends to be composed as: 

 

3.2 Principal Component Analysis 

Face recognition can benefit from Principal Component Analysis (or Karhunen-Loeve 
expansion) because it identifies arability between human faces that may not be 
immediately apparent. Head Part Investigation (from this point forward PCA) doesn't 
endeavor to arrange faces utilizing natural mathematical contrasts, like nose length or 
eyebrow width. All things considered, a bunch of human countenances is broke down 
utilizing PCA to figure out which 'factors' represent the difference of countenances. In 
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face acknowledgment, these factors are called eigen faces since when plotted they 
show a creepy likeness to human appearances. The result obtained is 

 

Figure 11 

a) The face space and the three projected Images on it. Here u1 and u2 are the Eigen 
faces. 

b) The projected face from the training database is figure 6. 

3.3 Artificial Neural Network (ANN) 

A artificial neural network (ANN), generally called "neural network" (NN), is a numerical 
model or computational model that attempts to reenact the design or potentially 
utilitarian parts of natural brain organizations. It comprises of an interconnected 
gathering of fake neurons and cycles data utilizing a way to deal with calculation. Much 
of the time an ANN is a versatile framework that changes structure in light of outer or 
inward data moves through the organization during the learning stage. Stages of ANN: 

Stage One: A Neural Network-Based Filter 

Stage Two: Merging Overlapping Detections 

Stage Three: Arbitration among Multiple Networks 

Possible Outputs 

P > 0.5  FACE 

P < 0.5  NOT FACE 

P = 0.5  DON’T  KNOW 
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Relatively different histograms are plotted as Input X: The 3 histograms of the RGB 
values 

 

Figure 12 

 

Figure 13 
 
CONCLUSION 

Programmed acknowledgment is a huge and current examination area of PC vision, 
coming to from acknowledgment of countenances, looks and motions over related 
subjects, for example, naturally identifying, finding and following countenances, as well 
as extraction of face direction and facial elements, to such supporting fields as the 
treatment of uncontrolled and wild circumstances like brightening and shadows, and 
the 3D remaking of countenances specifically, or the age of new perspectives from 
given symbolism overall. 

Later on, this sort of consistent perception could be utilized in smart computers, for 
example to raise a client's singular work area climate consequently. Results: 
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Figure 14: Faces detected after NEURAL SYNTHESIS on test images 
 
References 

1) Hjelmas, E. and Low, B.(2001). Face Detection: A Survey. Computer Vision and Image 
Understanding. 83, 236-274. 

2) Sakai, T., Nagao, M. and Kanade, T. (1972). Computer analysis and Classification of photographs 
of human face. Proc. First USA – Japan Computer Conference, 2.7. 

3) Y. N. Prajapati and M. Sharma, "Designing AI to Predict Covid-19 Outcomes by Gender," 2023 
International Conference on Data Science, Agents & Artificial Intelligence (ICDSAAI), Chennai, 
India, 2023, pp. 1-7, doi: 10.1109/ICDSAAI59313.2023.10452565.. 

4) Govindaraju, V.(1996). Locating human faces in photographs. Int. J. Comput.Vision. 19. 

5) Hoogenboom, R. and Lew, M.(1996). Face detection using local maxima. IEEE Proc. of 2nd Int. 
Conf. on Automatic face and gesture recognition, 334- 339. 

6) Yang, G. and Huang, T.S.(1994). Human face detection in a complex background. Pattern 
Recognition, 27, 53-63. 

7) Terrillion, J.C., Shirazi, M., Fukamachi, H., and Akamatsu, S. (2000). Comparative performance of 
different skin chrominance models and chrominance spaces for the automatic detection of human 
faces in colour images. Proceedings Fourth IEEE International Conference on Automatic Face and 
Gesture Recognition. 8. De Silva, L.C., Aizawa, K., and Hatori, M.(1995). Detection and tracking 
of facial features by using a facial feature model and deformable circular template. IEICE Trans. 
Inform Systems. E78-D (9), 1995-1207. 

8) M.S. Bartlett, J.R. Movellan, and T.J. Sejnowski, “Face recognition by independent component 
analysis,” IEEE Trans. Neural Networks, vol. 13, no. 6, pp. 1450–1464, 2002. 

9) M. S. Bartlett, H. Lades, and T. J. Sejnowski, “Independent component representations for face 
recognition,” in Proceedings of the SPIE, Vol. 2399: Conference on Human Vision and Electronic 
Imaging III, California, 1998, pp. 528–539. 

10) D. Burr, M. Morrone, and D. Spinelli, “Evidence for edge and bar detectors in human vision,” Vision 
Research, vol. 29, no. 4, pp. 419–431, 1989. 

11) R. Chellappa, C. L. Wilson, and S. Sirohey, “Human and machine recognition of faces: A survey,” 
Proc. IEEE, vol. 83, no. 5, pp. 705–740, 1995. 

12) P. Comon, “Independent component analysis, a new concept?,” Signal Processing, vol. 36,pp. 
287–314, 1994. 

http://www.commprac.com/


RESEARCH 
www.commprac.com 

ISSN 1462 2815 
 

COMMUNITY PRACTITIONER                                   39                                             APR Volume 21 Issue 04 

13) J. G. Daugman, “Complete discrete 2-d Gabor transforms by neural networks for image analysis 
and compression,” IEEE Trans. Pattern Analysis and Machine Intelligence, vol. 36, no. 7, pp. 
1169–1179, 1988. 

14) K. I. Diamantaras and S. Y. Kung, Principal Component Neural Networks: Theory and Applications, 
John Wiley & Sons, Inc., 1996. 

15) G. Donato, M. S. Bartlett, J. C. Hager, P. Ekman, and T. J. Sejnowski, “Classifying facial actions,” 
IEEE Trans. Pattern Analysis and Machine Intelligence, vol. 21, no. 10, pp. 974– 989, 1999. 

16) S. Edelman, Representation and Recognition in Vision, MIT Press, 1999. 

17) M.J.; Er, J. Wu, S.; Lu, and H.L. Toh, “Face recognition with radial basis function (rbf) neural 
networks,” IEEE Trans. Neural Networks, vol. 13, no. 3, pp. 697–710, 2002. 

18) J. Fdez-Valdivia, J. A. Garcia, J. Martinez-Baena, and S. R. Fdez-Vidal, “The selection of natural 
scales in 2D images using adaptive Gabor filtering,” IEEE Trans. Pattern Analysis and Machine 
Intelligence, vol. 20, no. 5, pp. 458–469, 1998. 

19) D. Field, “Relations between the statistics of natural images and the response properties of cortical 
cells,” J. Opt. Soc. Amer. A, vol. 4, no. 12, pp. 2379–2394, 1987. 

20) D. Field, “What is the goal of sensory coding,” Neural Computation, vol. 6, pp. 559–601, 1994. 

21) P. Foldiak, “Forming sparse representations by local anti-Hebbian learning,” Biol. Cybernetics, vol. 
4, pp. 165–170, 1990. 

22) Rowley, H.A., Baluja, S., and Kanade, T.(1998). Neural network-based face detection. IEEE Trans. 
Pattern Anal. Mach. Intelligence, 20, 23-38. 

23) Feraud, R., Bernier, O., and Collobert, D.(1997). A constrained generative model applied to face 
detection. Neural Process. Lett., 5, 73-81. 

24) Prajapati, Y.N., Sharma, M. (2024). Novel Machine Learning Algorithms for Predicting COVID-19 
Clinical Outcomes with Gender Analysis. In: Garg, D., Rodrigues, J.J.P.C., Gupta, S.K., Cheng, 
X., Sarao, P., Patel, G.S. (eds) Advanced Computing. IACC 2023. Communications in Computer 
and Information Science, vol 2054. 

25) Colmenarez, A.J. and Huang, T.S.(1997). Face detection with information based maximum 
discrimination. IEEE Proc. of Int. Conf. on Comnputer Vision and Pattern Recognition, 6. 

26) Osuna, E., Freund, R., and Girosi, F. (1997). Training support vector machines: An application to 
face detection. IEEE Proc. of Int. Conf. On Computers Vision and Pattern Recog, 33, 1369-1382. 

27) Terrillion, J.C., Shirazi, M., Sadek, M., Fukamachi, H. and Akamatsu, S. (2000). Invariant face 
detection with support vector machines. Proceedings of the 15th International Conference on 
Pattern Recognition, 4, 4B. 

28) Schneiderman, H. and Kanade, T. (1998). Probabilistic modelling of local appearance and spatial 
relationships for object recognition. IEEE Conference on Computer Vision and Pattern 
Recognition, 6. 

29) Schneiderman, H. and Kanade, T. (2000). A statistical model for 3D object detection applied to 
faces and cars. IEEE Conference on Computer Vision and Pattern Recognition. 

30) Huang, J., Gutta, S., and Wechsler, H.(1996). Detection of Human Faces Using Decision Trees. 
2nd International Conf. of Automated Face and Hand Gesture Recognition. 

31) A Bhatia, A Kumar, A Jain, A Kumar, C Verma, Z Illes… - Heliyon, 2022 Networked control system 
with MANET communication and AODV routing. 

32) Yogendra Narayan Prajapati, U. Sesadri, T. R., M. ., Shreyanth S., Ashish Oberoi, & Khel Prakash 
Jayant. (2022). Machine Learning Algorithms in Big Data Analytics for Social Media Data Based 
Sentimental Analysis. International Journal of Intelligent Systems and Applications in Engineering, 
10(2s), 264 –” 

33) P Verma, T Bhardwaj, A Bhatia, M Mursleen - Artificial Intelligence in Cyber Security: Theories 
and …, 2023 “Sentiment Analysis “Using SVM, KNN and SVM with PCA” 

http://www.commprac.com/


RESEARCH 
www.commprac.com 

ISSN 1462 2815 
 

COMMUNITY PRACTITIONER                                   40                                             APR Volume 21 Issue 04 

34) Manish Kumar Anubhav kumar,Virat Sharma,Praveen Verma,Abhay Bhatia “ Use Of Artificial 
Intelligence And Machine Learning In Medicines With Implementation Of Bayesian Techniques” 
IJPUBLICATION | www.ijcrt.org | ISSN : 2320-2882. 

35) A Bhatia, P Jain, P Verma, G Gupta, D Arya… - Webology (ISSN: 1735-188X), 2019 “Data Mining: 
A Process Of Extracting Patterns” 

36) A. Bhatia, A. Kumar, P. Verma, M. Kumar and J. Kumar, "Cyber Threat: A Review on Dark Sides 
of Dark Web," 2023 3rd International Conference on Advancement in Electronics & Communication 
Engineering (AECE), GHAZIABAD, India, 2023, pp. 306-310, doi: 
10.1109/AECE59614.2023.10428580. 

37) A Revıew Paper On Cause Of Heart Dısease Usıng Machıne Learnıng Algorıthms. (2022). Journal 
of Pharmaceutical Negative Results, 9250-9259. 

38) Y. N. Prajapati and M. Sharma, "Designing AI to Predict Covid-19 Outcomes by Gender," 2023 
International Conference on Data Science, Agents & Artificial Intelligence (ICDSAAI), Chennai, 
India, 2023, pp. 1-7, doi: 10.1109/ICDSAAI59313.2023.10452565. 

39) M. S. Ram, A. Sreeram, M. Poongundran, P. Singh, Y. N. Prajapati and S. Myrzahmetova, "Data 
Fusion Opportunities in IoT and its Impact on Decision- Making Process of Organisations," 2022 
6th International Conference on Intelligent Computing and Control Systems (ICICCS), Madurai, 
India, 2022, pp. 459-464, doi: 10.1109/ICICCS53718.2022.9788232. 

 

 

 

http://www.commprac.com/

