
 

 

553 

International Core Journal of Engineering 

ISSN: 2414-1895 

Volume 7 Issue 8, 2021 

DOI: 10.6919/ICJE.202108_7(8).0079 

Face Recognition Algorithm based on Image Gradient 
Compensation 

Lan Li1,2, Zengya Lan1 and Zhongling Liu1 

1Sichuan University of Science & Engineering, Zigong 643000, China; 

2Sichuan Provincial Key Laboratory of Artificial Intelligence, Sichuan University of Science & 
Engineering, Zigong 643000, China. 

 

Abstract 

With the rapid development of computer hardware, artificial intelligence and rapid rise, 
in the field of artificial intelligence, facial recognition as the image processing using 
artificial intelligence method of the most successful landing area, already has a large 
number of face recognition algorithm, this paper will talk about several kinds of common 
face recognition algorithms, and analyzes the advantages and disadvantages of each 
algorithm, and in the future,Face recognition technology needs to break through. Several 
common face recognition technologies include: convolutional neural network face 
recognition, face recognition based on edge computing, face recognition based on image 
gradient compensation, face recognition based on transfer learning, face recognition 
based on deep learning. 
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1. Introduction 

Face recognition technology began to be studied in the 1960s, and the development of this field has 

experienced nearly 30 years. In 1990, Kanade's research group of Carnegie Mellon University in the 

United States and the research group led by PCNTland of Massachusetts Institute of Technology 

achieved good results in the field of automatic recognition [1], which has accumulated rich scientific 

research experience in this field. Face recognition is a hot topic in the field of computer image 

processing. There are two schemes usually adopted: one is to detect, recognize and extract the global 

features of the face [22], which can reflect the overall situation of the face. The second is to analyze 

and recognize the local features of the face. This scheme is used to extract the detailed information 

of the face, local binary (LBP) and scale invariant feature transform (SIFI) and gradient histogram 

(HOG). The emergence of deep learning provides a new idea for face recognition, namely 

convolutional neural network, which extracts different eigenvalues from the face, and then corrects 

each parameter in the model through the back propagation algorithm, and finally makes the judgment 

through the neuron output analysis [23]. Method for gradient algorithm described in this article, is to 

use the image shift to produce more [2] image gradient, using the algorithm of image gradient, 

gradient operator is to transform to compensate with the original image fusion, finally the 

characteristic values of the fused images are extracted, this algorithm is compared with traditional 

algorithm not only improve the recognition rate and efficiency is also very efficient. [3] were 

calculated based on the edge of facial recognition technology compared with traditional of CNN, its 

characteristic is to use a gateway to the nearest to deal with the related data and do not need to send 

the data to the cloud server, as this can help to reduce the pressure of the cloud server, and also can 
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be used directly, which can identify the cloud and the gateway training data set can be sent to the 

cloud server, Enhance cloud recognition capability. The feature of face recognition technology based 

on transfer learning is to cut the face image in the traditional CNN network [4], remove the 

unnecessary part, and pass it into the MtCNN network, and then connect all the model parameters 

designed by ourselves to the MtCNN neural network model [5] to form a new neural network model. 

This method reduces the sample demand and network computation. It can not only quickly complete 

the training task, but also achieve satisfactory identification accuracy [6]. 

2. Face recognition compensated by gradient algorithm 

2.1 Gradient of image  

The gradient is not a real number, it's a vector, it has a magnitude and a direction, let's say a function 

of two variables 𝑓(𝑥, 𝑦) Its gradient at a point: 

𝑔𝑟𝑎𝑑𝑓(𝑥, 𝑦) =▽ 𝑓(𝑥, 𝑦) = {
∂𝑓

∂𝑥
,
∂𝑓

∂𝑦
} = 𝑓𝑥(𝑥, 𝑦)𝑖̄ + 𝑓𝑦(𝑥, 𝑦)𝑗̄ 

After sorting out: 

(
∂𝑓

∂𝑥
,
∂𝑓

∂𝑦
)𝑇 

It's essentially its directional derivative, the direction in which the function changes the fastest is in 

the direction of the gradient, and it's easy to find the maximum along the gradient. 

Let's make the monochromatic image at any coordinate (𝑥, 𝑦)  The intensity (gray scale) at is 

expressed as 𝑓(𝑥, 𝑦) I take the derivative of x and y 

𝜕𝑓(𝑥, 𝑦)

𝜕𝑥
= lim

𝜀→0

𝑓(𝑥 + 𝜀, 𝑦) − 𝑓(𝑥, 𝑦)

𝜀
 

𝜕𝑓(𝑥, 𝑦)

𝜕𝑦
= lim

𝜀→>0

𝑓(𝑥, 𝑦 + 𝜀) − 𝑓(𝑥, 𝑦)

𝜀
 

The function of the image is a two-dimensional discrete function, so the limit cannot be taken as a 

mathematical formula. The minimum pixel value 1 is used to replace the limit approaching 0 in the 

formula, and Formula (2) and (3) can be converted into 

𝜕𝑓(𝑥, 𝑦)

𝜕𝑥
= 𝑓(𝑥 + 1, 𝑦) − 𝑓(𝑥, 𝑦) = 𝑔𝑥 

𝜕𝑓(𝑥, 𝑦)

𝜕𝑦
= 𝑓(𝑥, 𝑦 + 1) − 𝑓(𝑥, 𝑦) = 𝑔𝑦 

Grxis the right gradient of the horizontal direction, and Glx is the left gradient of the horizontal 

direction. Its calculation formula is as follows: 

𝐺𝑟𝑥 = |𝑓(𝑥 + 1, 𝑦) − 𝑓(𝑥, 𝑦)| 

𝐺𝑙𝑥 = |𝑓(𝑥, 𝑦) −𝑓(𝑥 − 1, 𝑦)| 

Guy is the upper gradient in the vertical direction, Gdy is the lower gradient in the vertical direction, 

and its calculated fraction is: 

𝐺𝑢𝑦 = |𝑓(𝑥, 𝑦 − 1) − 𝑓(𝑥, 𝑦)| 

𝐺𝑑𝑦 = |𝑓(𝑥, 𝑦) − 𝑓(𝑥, 𝑦 − 1)| 

The sum of the left gradient and the right gradient in the horizontal direction is defined as the 

horizontal composite gradient of the image, denote as: 

𝐺ℎ𝑜𝑟 = 𝐺𝑟𝑥 + 𝐺𝑙𝑥 

The sum of the upper gradient and the lower gradient in the vertical direction is defined as the vertical 

composite gradient of the image, denoted as: 
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𝐺𝑣𝑒𝑟 = 𝐺𝑢𝑦 + 𝐺𝑑𝑦 

The sum of the upper gradient and the lower gradient in the vertical direction is defined as the vertical 

composite gradient of the image, denoted as: 

𝐺ℎ𝑠 = 𝐺𝑟𝑥 − 𝐺𝑙𝑥 

The difference between the upper gradient and the lower gradient in the vertical direction is defined 

as the difference gradient in the vertical direction of the image, denoted as: 

𝐺𝑣𝑠 = 𝐺𝑢𝑦 − 𝐺𝑑𝑦 

The sum of the horizontal synthesis gradient and vertical synthesis gradient of image A is defined as 

the fusion gradient of image A, denided as: 

𝐺𝑓𝑢𝑠𝑖𝑜𝑛 = 𝐺ℎ𝑜𝑟 + 𝐺𝑣𝑒𝑟 

The sum of the difference gradient in horizontal direction and the difference gradient in vertical 

direction is defined as the difference fusion gradient of image A, denoized as: 

𝐺𝑠𝑢𝑏𝑓𝑢𝑠 = 𝐺ℎ𝑠 + 𝐺𝑣𝑠 

2.2 Image gradient compensation IGC algorithm 

The process of the algorithm can be summarized as follows: First, image features are extracted by 

IGC algorithm, then the image is divided into multiple 3×3 template sub-graphs, and the gray level 

of each sub-graph is statistically histograms to form feature vectors. PCA is used to reduce dimension. 

Finally, vector machine is used for classification training and recognition [7]. 

2.3 PCA dimension reduction 

The image feature vector obtained by IGC algorithm still has a high dimension, which may reach 

more than 1000 dimensions, which is not conducive to the image recognition effect [8], and it will 

take more time and storage resources to train the model with high dimension. Therefore, PCA 

technology is used for dimensionality reduction. PCA technology theory of the core is to find a set of 

orthogonal coordinate axes, and thus find out or variance biggest axis coordinate system to the 

original data, until find out n coordinate axis, the axis before K contains most of the variance, and 

then the coordinate axes is almost variance is zero, so K before extraction of coordinate axes as a 

feature vector [9], The purpose of dimensionality reduction for higher dimensional vector is realized. 

3. Convolutional Neural Network Face Recognition 

3.1 Introduction to Convolutional Neural Networks 

The structure of convolutional neural network is similar to the traditional form of neural network. It 

belongs to the multi-level network structure and contains a large number of neurons in each layer. It 

can be regarded as a simulation of the neural structure of human brain. It mainly contains three parts: 

one is the input layer, the second is the pooling layer and the n-layer convolution layer, and the third 

is the fully connected multilayer perceptron classifier. At present, Convolutional Neural Network is 

a hot topic in large enterprises and high efficiency research. 

3.2 The basic structure and working principle of convolutional neural network 

A typical convolutional neural network is mainly composed of five parts: the input layer, the 

convolutional layer, the lower sampling layer (pooling layer), the full connection layer and the output 

layer. The following figure is the construction of Lenet-5 Convolutional Neural Network. 

The work flow of convolutional neural network can be divided into the following three steps: 

definition, training and testing. Definition is the definition of the convolutional neural network model, 

which needs to be defined according to specific experiments and data characteristics [20]. Training 

is a process in which parameters in the model are modified by the back propagation algorithm, and a 

trained model is obtained by substituting these parameters into the existing model. The test is to first 

pass the data set into the model for pre-processing [10], and then reach the output layer through 
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forward conduction. The output layer will make judgment by the value of the neuron and then classify 

the category. 

4. Image gradient compensation IGC algorithm 

4.1 Architecture 

Edge computing [11] refers to replacing the cloud server with a gateway to train the training data set, 

and then returning the training results to the cloud server or end-users, so as to avoid excessive load 

and delay caused by too many requests or too much data on the cloud server.So the system structure 

design of edge computing should include two parts: the development of the edge side system and the 

development of the server side. This system will collect data through the camera in the edge segment 

and send the data packet to the cloud server. The edge management platform will be used on the 

server side to train the face image, and the final trained model will be saved to the server [12]. When 

face recognition is used at the edge end, the training model is downloaded from the cloud server for 

recognition. 

The edge end uses Yue embedded GEC3399 artificial intelligence [17] embedded development board, 

configuring Ubuntu16 operating system, and configuring OpenCV visual library of ARM version at 

the same time. The edge end uses the camera to collect the face data, and then uses OpenCV to 

grayscale the face image [18], and transfers the grayscale image after processing to the server end. 

The operating system [13-16] is Ubuntu16 of server-side, with OpenCV, QT andarm-linux-gcc[21]. 

4.2 Implementation of gradient compensation algorithm 

Read the image and convert it to grayscale image to obtain the matrix A of order M × N of the image. 

Step 1: Generate the offset matrix 

Move all the elements of matrix A up 1 bit in the positive direction of the Y axis to form the matrix 

GT1. 

Step 2: Obtain the image gradient  

To extract the contour information in the image, we set the vertical direction upwards.The gradient 

𝐺𝑢𝑦 = |𝐴 − 𝐺𝑡1| at this point, if the pixel matrix A and its line of pixel values within the same column 

on the same or similar, after the operation has A value of 0 or A very small number, if the pixels in 

A row with the column of pixels with the value of the [19], there is A big gap indicates that the pixels 

is likely to be the outline of the image, the value after the absolute value computation is positive, can 

reflect the image contour. 

Step 3: Extract the mergence gradient.  

The above horizontal left and right gradients are accumulated as shown in Equation [11] to obtain the 

horizontal synthesis gradient Ghor; the upper and lower gradients in the vertical direction are 

accumulated as shown in Equation (12) to obtain the vertical synthesis gradient Gver. Then, Ghor and 

Gver are accumulated to obtain the matrix fusion matrix Gfusion. 

Step 4: Denoise Gfusion. 

There are many scattered points in Gfusion generated by the above process, and most of these scattered 

points are not characteristic information related to the image contour. In order to eliminate the 

influence of scattered points, an appropriate algorithm is used to de-noise the matrix. 

Step 5: Extract the differential fusion gradient 

Extract the horizontal and vertical difference gradients;  

Extract the image difference fusion gradients 

Step 6: Generate eigenvectors 

1. Gfusion matrix is used to make positive compensation for matrix A to obtain A new matrix Gm 

𝐺𝑚 = 𝐴 + 𝐺𝑓𝑢𝑠𝑖𝑜𝑛 



 

 

557 

International Core Journal of Engineering 

ISSN: 2414-1895 

Volume 7 Issue 8, 2021 

DOI: 10.6919/ICJE.202108_7(8).0079 

2. Use Gsubfus to make negative compensation for Gm 

Step 7: Block the above feature matrix Gfig with a specific template, and conduct histogram statistics 

on the pictures of each block, and then connect the histograms of each block in a certain order to form 

feature vectors. 

5. Conclusion 

Through the understanding of various face recognition algorithms, it can be seen that in the field of 

face recognition, the most popular is deep learning, that is, the use of convolutional neural network 

to recognize. Convolution neural network also has a lot of versions and change today, so if you want 

to continue on the recognition accuracy and speed of the neural network improved, need to understand 

a lot of knowledge or, at the same time as a result of the neural network is a very complicated system, 

individuals to achieve a more accurate and practical neural network is very difficult, Now all of the 

tools are built in the forefront of high-tech enterprise based on the designed neural network for some 

parameters to improve and adjust the, subversion and transcend the existing technology there are a 

lot of difficulties, but as far as the present stage, the accuracy of neural network is very high, only the 

computation is not generally the host can be, It needs to be carried out on a server with multiple high-

speed CPUs and GPUs. Therefore, the problem to be solved is how to deal with the centralized storage 

of data and improve the speed of data operation and data transmission on the cloud server.
 

Acknowledgments 

Project of Sichuan Department of Science and Technology (2020JDJQ0075, 2021YFSY0027);  

Project of Sichuan Provincial Key Laboratory of Artificial Intelligence (2020RZY02). 

References 

[1] Fu Yaowei, Meng Xianjia. Development status and countermeasures of edge computing technology[J]. 

Science and Technology China, 2019(10): 4-7. 

[2] Li Shengwen, Bao Susu. Face recognition technology based on PCA+AdaBoost algorithm [J]. Computer 

Engineering and Applications, 2010, 46(04): 170-173. 

[3] Wei Luqi, Lian Dongben. Improved MSF-V face feature extraction method. Computer System 

Applications, 2018, 27(3): 283–287. [doi: 10.15888/j.cnki. csa.006264] 

[4] Ma Jie, Cai Yiheng, Sheng Nan. Three-dimensional facial expression recognition based on block CBP 

features and sparse representation. Computer System Applications, 2019, 28(2): 196–200. [doi: 10.15888/ 

j.cnki. csa.006692] 

[5] Wu Jun, Chen Weimin, Shu Yuejie, etc. Anchor head implanted strain-equalizing fiber Bragg grating 

force sensor[J].Acta Photonica Sinica,2015,44(7):95-100. 

[6] An Dahai, Jiang Yanjun. Face recognition system based on BP neural network[J]. Software, 2015 (12): 

76-79. 

[7] Gan Junying, Zhang Youwei. Face recognition based on BP neural network [J]. System Engineering and 

Electronic Technology, 2003, 25(1): 113-115. 

[8] Li Hui, Shi Bo. Face recognition algorithm based on convolutional neural network [J]. Software Guide, 

2017 (3): 26-29. 

[9] Xue Yanjie, Deng Yanni. Research on Face Recognition Based on Improved Convolutional Neural 

Network[J]. Science and Technology Wind, 2019, 11: 106-131. 

[10] Yang Huixian, Zhai Yunlong, Cai Yongyong, et al. Single-sample face recognition based on 

centrosymmetric gradient amplitude phase mode. Optoelectronics·Laser, 2015, 26(5): 969-977. 

[11] Yang Zhaoxia, Lu Feng, Li Yuesheng. The calculation of image gradient and divergence and its 
application in edge extraction. Journal of Sun Yat-sen University (Natural Science Edition), 2002, 41(6): 

6-9. 

[12] Jiang Zheng, Cheng Chunling. Improved HOG facial feature extraction algorithm based on Haar 

characteristics. Computer Science, 2017, 44(1): 303–307. 



 

 

558 

International Core Journal of Engineering 

ISSN: 2414-1895 

Volume 7 Issue 8, 2021 

DOI: 10.6919/ICJE.202108_7(8).0079 

[13] Hu Shaocong. Research on face recognition methods based on deep learning [J]. Electronic Science and 

Technology, 2019(6): 82-86. 

[14] Fu Yaowei, Meng Xianjia. Development status and countermeasures of edge computing technology [J]. 

Science and Technology China, 2019(10): 4-7. 

[15] Yao Lisha, Xu Guoming, Zhao Feng. Facial expression recognition based on local feature fusion of 

convolutional neural network[J]. Progress in Laser and Optoelectronics, 2020, 57(4): 338-345 

[16] Du Yang, Wang Zhanqing. Handwritten digit recognition based on improved convolutional neural 

network[J]. Computer Measurement and Control, 2018, 26(7): 256-261 

[17] Hinton G E, Salakhutdinov R R. Reducing the dimensionality of data with neural networks. Science, 2006, 

313(5786): 504−507 

[18] FENG J. Is the integrate-and-fire model good enough?-a review[J]. Neural Networks,2001,14(6):955-975. 

[19] Ai Xin. Research on face recognition based on deep convolutional neural network [D]. Beijing University 

of Posts and Telecommunications, 2019. 

[20] Xie Yingqiang. Face feature extraction based on deep convolutional neural network [D]. Liaoning 

University of Science and Technology, 2018. 

[21] Zhang Yiwei. Research on face recognition based on convolutional neural network [D]. Jilin University, 

2019. 

[22] Li Yongkang. Research and Implementation of Face Recognition Based on Convolutional Neural Network 

[D]. Central China Normal University, 2019. 

[23] Wang Yan, Wang Shuangyin. Research on Face Information Enhancement Recognition Based on 

Convolutional Neural Network[J]. Computer Science, 2018, 45(8): 268-271. 


