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Abstract: With the development of society, the world's population mobility, mobility speed 

and mobility area are increasing, and face detection and recognition technology also plays 

an important role in the management and statistics of mobile population, and has great 

application prospects in digital entertainment. The aim of this paper is to study face 

detection based on cascaded support vector machines. The performance metrics specified 

in the training are reduced, effectively simplifying the structure of the cascading classifier, 

which is then used as a filter, followed by the introduction of a nonlinear support vector 

machine main classifier based on rectangular features. Experimental results show that 

although the detection speed does not reach the real-time level of Viola's method, it is still 

a significant improvement over the pixel-based method, along with a higher face detection 

rate. 

1. Introduction 

In all walks of life, more and more people are questioning the security and trustworthiness of 

traditional means of identification [1-2]. It is true that effective identification and authentication 

technology has become an important issue in the field of information intelligence research, as 

traditional identification methods are easy to forge and lose, and authentication methods such as 

citizen ID cards, smart access cards and network login passwords are cumbersome to use and not 

easy to carry or forget [3-4]. 

In recent years, the study of algorithms related to face detection and their implementation has 

started to attract the attention of many scholars as an independent research topic [5-6]. Slim Ben 

Chaabane proposed a histogram (HOG) based and support vector machine directional gradient 

algorithm for human eye localization. In addition, an image pre-processing method was designed to 
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greatly improve the localization speed of unique grey-scale distribution features of iris images 

under near-infrared light sources. The human eye localisation algorithm based on HOG and SVM 

has high real-time accuracy, wide distribution and high performance [7]. Pablo Negri proposed a 

high accuracy and fast spatial object detection algorithm based on cascading support vector 

machines (SVM) in order to achieve high accuracy detection of optical image objects for spatial 

surveillance systems. A first two-stage linear cascade SVM classifier is trained by extracting binary 

normalised features of spatial objects at different scales. And features such as area, perimeter, 

greyscale and Hu moment of the objects are used as combined features to train the third stage SVM 

classifier. In the object detection process, the first two-stage SVM classifier is used for window 

prediction and scoring of candidate objects, and the third-stage SVM classifier is used to determine 

the final candidate window to complete the object detection [8].Abdessamad Amir proposed a face 

detection method based on Adaboost and PCA algorithms to improve the face detection accuracy. 

The method uses a two-stage detector to detect faces. Firstly, the Adaboost algorithm is used as the 

primary detector to quickly scan the face image and combine all the recognised face windows, and 

then the accuracy is finally verified by sending the window features to the secondary detector [9]. 

Overall, research into face detection based on cascading support vector machines holds great 

promise. 

In this paper, different methods for the detection of face images are introduced, the basic theory 

of support vector machines is analysed, the classification method of cascading support vector 

machines is studied in depth, a cascading classifier with rectangular feature-based support vector 

machines is proposed for face recognition, and the recognition efficiency of the algorithm is 

verified, and finally, future research is looked into. 

2. Research on Face Detection Based on Cascading Support Vector Machines 

2.1. Detection of Face Images 

Face detection consists of many elements and depending on the type of image, video sequences 

can be divided into still images and face recognition. In the case of still images, it is important to 

adapt the detection algorithm to a wider range of image types. In the case of dynamic video 

sequences, the speed of detection is fundamental [10]. Face detection can be divided into colour 

images and greyscale images, depending on the classification of the colour information. The former 

can use skin colour information, so the former is faster than the latter [11]. In the case of static 

images, the algorithms studied so far are mainly aimed at complex contexts [12-13]. If the number 

of faces in the image is known, face detection at this point is also called face location and only the 

position of the face is determined. When detecting faces, it is usually necessary to consider the 

number of unknown faces in the image, the need to determine whether the image contains faces, 

and the number of faces and their corresponding positions if the image contains faces [14]. 

2.2. Cascading Support Vector Machines 

Cascaded support vector machines use the idea of multi-level feedback to divide the problem of 

a global support vector machine into local SVM problems [15-16]. the SVM model is integrated 

into the final SVM model through a recovery tree. Theoretically, the sub-model algorithm can use 

currently supported vector machine algorithms, including the interior point method and minimum 

sequence optimisation [17]. The entire dataset is randomly partitioned into subsets of equal size, as 

shown in Equation 1. 

),...,2,1,2(  Niimm                            (1) 
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Each subcomponent is trained and modelled by the SVM, and the final model of the SVM is 

obtained by log2m+1 level iterations [18]. If the last layer does not meet the accuracy requirements, 

it returns to the first layer and starts a new iteration. 

2.3. Cascaded Classifier with Rectangular Feature-based Support Vector Machine 

Due to the high performance requirements of face detection systems, cascaded classifiers often 

require a large number of levels to meet them, taking Viola's system as an example, which has 32 

levels of cascaded classifiers. On the other hand, the non-face samples used in the training of each 

level of the strong classifier in the cascade structure are false alarms generated by all the previous 

classifiers, so the more complex the non-face training samples of the later strong classifiers become, 

the closer they are to faces, and the more difficult it becomes for the strong classifier to classify, 

making the convergence process very long. 

In order to change this situation, we introduced a non-linear support vector machine classifier 

with rectangular features as input vectors to reduce the pressure on the cascading classifier. The 

main improvements are in the following two areas first. 

We add a non-linear support vector machine classifier after the cascade classifier, which uses 

rectangular features in the image as input vectors. 

Secondly, we have reduced the requirement for the cascaded classifier to have a false alarm rate 

F in its training. 

3. Investigation and Research on Face Detection Based on Cascading Support Vector 

Machines 

3.1. Training Sample Set 

The training sample set has a sample size of 24x24, with 5000 face samples obtained from the 

Internet and 160,000 non-face samples randomly selected from the CMU test set. 

For both training and detection, all samples and detection windows are pre-processed using a 

variance normalisation method to reduce the effect of lighting conditions on the detection results. 

We can quickly obtain the variance of the detection window in the integrated image using the 

following equation: 

 222 1
x

N
m

                              (2) 

where σ is the standard deviation of the detection window, m is the mean value, N is the number 

of pixels in the window and x is the grey scale value of each pixel point in the detection window. 

Here the mean value of the detection window can be easily obtained using the integral image, and 

the calculation of the sum of squares of pixel greyscales can be solved by introducing an integral 

image of pixel squares (i.e. keeping two integral images at the same time). 

3.2. Training Process 

In the construction of the cascaded classifier, each level of the strong classifier is trained using 

all 5000 face samples, except for the first three levels, where the non-face samples are all false 

positives (up to 10,000) collected by all previous strong classifiers, and the first three levels of the 

strong classifier directly use 10,000 randomly selected non-face samples from the training set. We 

specified the minimum acceptable face detection rate d for each level of strong classifier as 99.9% 

and the maximum acceptable false alarm rate f as 45%; the overall false alarm rate F for the 
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cascaded classifiers was up to 0.1%. 

The nonlinear support vector machine still uses a Gaussian radial basis function as its kernel 

function with g of 0.15 and a constrained optimisation condition . The input vector is the first 200 

rectangular features obtained using the strong classifier training algorithm. The training samples are 

2000 face samples and 5000 non-face samples randomly selected from the training sample set, and 

the remaining face samples and false alarms generated by the cascaded classifier are used as its 

expanded training set. It is also worth noting that the rectangular features fed into the nonlinear 

support vector machine, both for training and detection, need to be normalised to between 0 and 1. 

4. Analysis and Research of Face Detection Based on Cascading Support Vector Machines 

4.1. Classifier Structure 

The final cascaded classifier obtained has 10 layers with a total of 1127 rectangular features. The 

strong classifier consisting of two rectangular features in the first - level has a face detection rate 

close to 100%, while excluding about 60% of the non-face window; the strong classifier in the 

second level contains five rectangular features, which achieves a face detection rate comparable to 

that of the first level while filtering out 80% of the non-face, and the number of rectangular features 

in the subsequent levels is 20, 50, 95 and 152 respectively. The training of the cascaded classifier 

can be completed in a few hours, which is a significant improvement over the original several days, 

as the total number of rectangular features is only a quarter of that in the Viola method. The training 

yielded a total of 746 support vectors for the nonlinear support vector machine classifier. 

4.2. Comparison of Classifiers 

In order to verify the effectiveness of the two face detection methods in this paper, we conducted 

test experiments using two sets of tests that were completely independent of the training set: the 

first was our own test set, which included 150 various images containing faces collected online for a 

total of approximately 224 fronts, and the second was the CMU frontal test set, which included 150 

images for a total of 208 fronts more or less. The experiment assumes that the number, proportion 

and location of faces in the images are unknown. 

Tables 1 and 2 show the statistics of the experimental results on the two test sets respectively. 

Table 1. Comparison of the results of the two classifiers on the self-built test set 

Algorithm Face detection rate Number of error detection 

Sampling SVM+pixel based 

SVM 
95 12 

Cascading classifier+SVM 

based on rectangular features 
98 6 

Viola's method 97 8 

A comparison of the three algorithms for self-built test sets is shown in Figure 1. 
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Figure 1. Comparison of three algorithms for self-built test sets 

Table 2. Comparison of results of two classifiers on CMU test set 

Algorithm Face detection rate Number of error detection 

Sampling SVM+pixel based 

SVM 
92 18 

Cascading classifier+SVM 

based on rectangular features 
96 9 

Viola's method 94 13 

A comparison of the three algorithms for self-built test sets is shown in Figure 2. 



Machine Learning Theory and Practice 

41 
 

 

Figure 2. Comparison of three algorithms for CMU test set 

The detection times are given in Table 3 for an image size of 256x256, with a total of 128,536 

detection windows. 

Table 3. Comparison of detection time between two classifiers 

Algorithm Time in seconds 

Sampling SVM+pixel based SVM 44 

Cascading classifier+SVM based on rectangular 

features 
6 

5.Conclusion 

Face recognition technology is not only a popular research direction in the field of biometrics, 

but also a very challenging problem. This paper first introduces the importance, content, difficulties 

and development of face recognition research. Then the technical problems of face recognition 

technology are studied and analysed. An improved face recognition algorithm based on hierarchical 

support vector machines is proposed. Due to the limitation of time and own level, this paper does 

not study the subject of face recognition to a certain depth, and there are still many areas that need 

to be improved. Firstly, how to design an algorithm for face detection on colour images with 

inconspicuous skin colour areas and complex background colours is a technical difficulty and a 

common and urgent problem to be solved. Secondly, improved algorithms for feature extraction of 

those face images affected by drastic changes in light intensity, expressions, occlusions and other 

factors are also a future research direction. 

Funding 

This article is not supported by any foundation. 



Machine Learning Theory and Practice 

42 
 

Data Availability 

Data sharing is not applicable to this article as no new data were created or analysed in this 

study. 

Conflict of Interest  

The author states that this article has no conflict of interest. 

References 

[1] Shereen Afifi, Hamid Gholamhosseini, Roopak Sinha: Dynamic hardware system for cascade 

SVM classification of melanoma. Neural Comput. Appl. 32(6): 1777-1788 (2020) 

https://doi.org/10.1007/s00521-018-3656-1 

[2] Muhammad Bilal, Shehzad Muhammad Hanif: High Performance Real-Time Pedestrian 

Detection Using Light Weight Features and Fast Cascaded Kernel SVM Classification. J. Signal 

Process. Syst. 91(2): 117-129 (2019) https://doi.org/10.1007/s11265-018-1374-7 

[3] Alexandros Gavriilidis, Jörg Velten, Stephan Tilgner, Anton Kummert: Machine learning for 

people detection in guidance functionality of enabling health applications by means of cascaded 

SVM classifiers. J. Frankl. Inst. 355(4): 2009-2021 (2018) 

https://doi.org/10.1016/j.jfranklin.2017.10.008 

[4] Gunaseelan JayaBrindha, E. S. Gopi Subbu: Ant Colony Technique for Optimizing the Order of 

Cascaded SVM Classifier for Sunflower Seed Classification. IEEE Trans. Emerg. Top. Comput. 

Intell. 2(1): 78-88 (2018) https://doi.org/10.1109/TETCI.2017.2772918 

[5] Abdessamad Amir, Korichi Mokhtar El Amine: A deeper Newton descent direction with 

generalised Hessian matrix for SVMs: an application to face detection. Int. J. Math. Model. 

Numer. Optimisation 11(2): 196-208 (2021) https://doi.org/10.1504/IJMMNO.2021.10035562 

[6] K. Mohan, P. Chandrasekhar, K. V. Ramanaiah: Object-specific face authentication system for 

liveness detection using combined feature descriptors with fuzzy-based SVM classifier. Int. J. 

Comput. Aided Eng. Technol. 12(3): 287-300 (2020) 

https://doi.org/10.1504/IJCAET.2020.106213 

[7] Slim Ben Chaabane, Mohammad Hijji, Rafika Harrabi, Hassene Seddik: Face recognition 

based on statistical features and SVM classifier. Multim. Tools Appl. 81(6): 8767-8784 (2022) 

https://doi.org/10.1007/s11042-021-11816-w 

[8] Pablo Negri, Sandro Cumani, Andrea Bottino: Tackling Age-Invariant Face Recognition with 

Non-Linear PLDA and Pairwise SVM. IEEE Access 9: 40649-40664 (2021) 

https://doi.org/10.1109/ACCESS.2021.3063819 

[9] Abdessamad Amir, Korichi Mokhtar El Amine: A deeper Newton descent direction with 

generalised Hessian matrix for SVMs: an application to face detection. Int. J. Math. Model. 

Numer. Optimisation 11(2): 196-208 (2021) https://doi.org/10.1504/IJMMNO.2021.10035562 

[10] K. Mohan, P. Chandrasekhar, K. V. Ramanaiah: Object-specific face authentication system 

for liveness detection using combined feature descriptors with fuzzy-based SVM classifier. Int. J. 

Comput. Aided Eng. Technol. 12(3): 287-300 (2020) 

https://doi.org/10.1504/IJCAET.2020.106213 

[11] J. Raja, K. Gunasekaran, R. Pitchai: Prognostic evaluation of multimodal biometric traits 

recognition based human face, finger print and iris images using ensembled SVM classifier. 

Clust. Comput. 22(Suppl 1): 215-228 (2019) https://doi.org/10.1007/s10586-018-2649-2 



Machine Learning Theory and Practice 

43 
 

[12] Nikunja Bihari Kar, Korra Sathya Babu, Arun Kumar Sangaiah, Sambit Bakshi: Face 

expression recognition system based on ripplet transform type II and least square SVM. Multim. 

Tools Appl. 78(4): 4789-4812 (2019) https://doi.org/10.1007/s11042-017-5485-0 

[13] Geetika Singh, Indu Chhabra: Effective and Fast Face Recognition System Using 

Complementary OC-LBP and HOG Feature Descriptors With SVM Classifier. J. Inf. Technol. 

Res. 11(1): 91-110 (2018) https://doi.org/10.4018/JITR.2018010106 

[14] Christos Kyrkou, Theocharis Theocharides, Christos-Savvas Bouganis, Marios M. Polycarpou: 

Boosting the Hardware-Efficiency of Cascade Support Vector Machines for Embedded 

Classification Applications. Int. J. Parallel Program. 46(6): 1220-1246 (2018) 

https://doi.org/10.1007/s10766-017-0514-1 

[15] Wallison William Guimarães, Cristiano Lacerda Nunes Pinto, Cristiane Neri Nobre, Luis 

Enrique Zárate: Cascade Support Vector Machines applied to the Translation Initiation Site 

prediction problem. J. Inf. Data Manag. 9(2): 179-195 (2018) 

[16] Boglárka G.-Tóth, Eligius M. T. Hendrix, Leocadio G. Casado: On monotonicity and search 

strategies in face-based copositivity detection algorithms. Central Eur. J. Oper. Res. 30(3): 

1071-1092 (2022) https://doi.org/10.1007/s10100-021-00737-6 

[17] Christian Rathgeb, Daniel Fischer, Pawel Drozdowski, Christoph Busch: Reliable detection of 

doppelgängers based on deep face representations. IET Biom. 11(3): 215-224 (2022) 

https://doi.org/10.1049/bme2.12072 

[18] R. Vinodini, M. Karnan: Face detection and recognition system based on hybrid statistical, 

machine learning and nature-based computing. Int. J. Biom. 14(1): 3-19 (2022) 

https://doi.org/10.1504/IJBM.2022.119543 


