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ABSTRACT 
 This paper focuses on the challenging task of 
counting the number of people in digital still 
images, which has important applications in 
many fields such as security, management, 
education, and commerce. This paper 
proposes a system that is based on the 
Viola-Jones face detection methods. This 
system consists of two parts: a) face detection 
and b) counting the detected faces. In the face 
detection part, the Viola-Jones (LBP and CART 
feature extraction) algorithm is applied to the 
input image. In the counting part, the detected 
faces are counted to estimate the number of 
people in the given image. The Viola-Jones 
algorithm is applied using 133 images from 
the People Image Groups dataset, and the 
best precision achieved is 96.9%. Overall, this 
paper presents a promising system for 
accurately counting the number of people in 
digital static images using a simple and 
cost-effective approach.  
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INTRODUCTION 
The introduction should briefly place the study in a broad context and highlight why it is important. 
ItPeople counting in digital images is one of the most active research areas in the field of computer vision, 
which can be applied in many areas of our daily lives. Estimating the number of people in an image can be 
used in many practical domains, such as, security, commerce, and management, where the output of 
counting people systems can be passed to other management systems like in public transport and airports. 
For instance, people counting systems provide an estimation of the total number of people in a building; 
such information can be used for security purposes to control the number of visitors. Also, knowing the 
number of people in retail stores can help to measure customers’ flow, which in turn helps managers to 
optimize their staffing levels and improve customer services. Moreover, people counting can be used for 
pedestrian traffic management [1-4] and for fire management. People counting techniques are categorized 
into two main categories: vision-based counting systems and non-vision-based counting systems. The 
vision-based techniques are also categorized into tracking-based and non-tracking-based counting systems. 
The non-vision-based people counting systems include all systems that use data from devices such as a 
heat sensor, light from an infrared beam, or pressure sensors, in other words, not data from a video or an 
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image captured by a camera. Each class has strengths and weaknesses that are discussed in detail in [5]. 
The main problem discussed in this study is “how to count the number of people in different still images?”. 
Face detection identifies human faces in an input digital image, hence it is the first step of automatic face 
recognition, where people can be counted based on the number of faces detected in a digital image. 
However, there canbe many challenges in the images that hinder the process of face detection and people 
counting. For instance, occlusion between people in the image, the dimensions and quality of the image, 
and varying environmental conditions are some of the challenges of people counting systems. The aim of 
this study is to overcome these challenges and to achieve this, the introduced system works on Viola-Jones 
face detection using LBP (Local Binary Patterns) feature extraction and Viola-Jones face detection using 
CART (Classification and Regression Trees) feature extraction algorithms [6-8]. This is to determine the 
number of people in a static image. The People counting systems based on Viola-Jones face detection using 
LBP and CART feature extraction provide more information, such as the location and appearance of 
people, that is not detected by visionless traditional counting systems like the infrared beam systems, 
which are limited to people counting data only. In addition, the performance of people counting systems 
based on an infrared counter is less accurate than digital image and video systems. This paper has been 
divided into five main sections: Section 1 provides a general background on people counting systems in the 
field of computer vision. Section 2 discusses related work on the field of people counting and its methods. 
Section 3 provides an overview of the proposed system including: the datasets used in this study, the 
pre-processing of the used images from this dataset, Viola-Jones face detection algorithms and how people 
are counted in still images using these algorithms. Then, in section 4, a discussion of the obtained results is 
introduced. Finally, in section 5, conclusions are presented. 
 
 
 
 
 
 Related Work 
Face detection and counting people have been active research areas in the field of computer vision, and several 
studies have been conducted in this domain. Below is a summary of some of the important works related to face 
detection and counting people. Face detection is the process of locating and identifying human faces in digital images 
or videos. One of the most popular face detection algorithms is the Viola-Jones algorithm, which was proposed by 
Paul Viola and Michael Jones [9, 10] in 2001. It uses a cascade of classifiers based on Haar-like features and AdaBoost 
to detect faces in images. The algorithm has been widely used in various applications, including security, surveillance, 
and human-computer interaction. While traditional methods such as Viola-Jones algorithms have been successful in 
detecting faces under controlled conditions, they may struggle with complex scenarios such as occlusion and varying 
lighting conditions. Recent advancements in deep learning have led to improvements in face detection performance, 
particularly with the development of convolutional neural networks (CNNs). A notable method is the Single Shot 
MultiBox Detector (SSD) proposed by Liu et al. in 2016. The SSD is a convolutional neural network (CNN) that can 
detect faces in 3 real-time with high accuracy. Other deep learning-based methods, such as Faster RCNN and YOLO, 
have also been proposed for face detection [10,11]. The RetinaFace algorithm uses a single-stage CNN model to 
detect faces while achieving significant accuracy [12]. Similarly, the CenterFace algorithm uses a lightweight 
backbone network to detect faces in images and video streams [13]. Counting people is another challenging task in 
computer vision, especially in crowded or complex scenes. One approach is to use object detection algorithms, such 
as the Viola-Jones algorithm, to detect faces in images and then count them. Ittahir et al. proposed a system that 
presents a basic yet practical approach for people counting in still images using skin color face detection. The 
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proposed method provides reasonable accuracy given its simplicity, demonstrating its potential as an initial solution 
for applications where approximate people counts are sufficient [5]. Recently, deep learning-based methods have 
shown superior performance in crowd density estimation, where CNNs are used to estimate the density of people 
from input images. One notable study in this area is the work by Chen et al., where they proposed a method for 
counting people in crowded scenes using a combination of scaleinvariant feature transform (SIFT) and support vector 
regression (SVR) [15]. The SIFT algorithm is used to extract local features from the image, and the SVR is used to 
estimate the number of people based on the extracted features. The method was tested on several datasets and 
showed promising results. Zhang et al. proposed a method for counting people based on deep learning [16]. They 
used a convolutional neural network (CNN) to extract features from the image and then used a fully connected layer 
to estimate the number of people. Zhang et al. proposed a method for crowd counting using a deep neural network 
that is trained to estimate the density of people in an image [17]. The method uses a multi-column CNN architecture 
that can handle different scales of people in the image. The method was tested on several datasets and showed 
superior performance compared to state-of-the-art methods. A recent study by Chen et al. proposed a method for 
counting people in videos using a spatiotemporal attention mechanism. The method uses CNN to extract spatial 
features and a recurrent neural network (RNN) to capture temporal dependencies in the video sequence [18]. The 
spatiotemporal attention mechanism is used to focus on the most relevant regions of the image and video frames, 
leading to improved accuracy. The main difference between using Viola-Jones face detection methods and deep 
learning is the type of algorithms used. Viola-Jones face detection methods use supervised learning algorithms such 
as CART and LBP, while deep learning uses unsupervised learning algorithms such as convolutional neural networks. 
Viola-Jones face detection methods are more accurate for face detection and classification, while deep learning is 
more accurate for object recognition and image segmentation [19]. In conclusion, face detection and counting people 
are important research areas in computer vision with several applications. While deep learning-based methods have 
shown promising results in recent years, the Viola-Jones algorithms are popular face detection algorithms with high 
accuracy. Therefore, for this study, Viola-Jones algorithms are used for face detection and people counting in still 
images. 

 
 
 

METHODS 
In this paper, Viola-Jones methods were applied to detect multiple faces in a digital still image and then those faces 
were counted to estimate the number of people in an input image. This section introduces: the dataset used, the 
pre-processing required for the selected images from this dataset, and an overview of the Viola-Jones algorithms for 
the face detection and people counting processes (see Fig. 1 for the main steps). code. 
 
 
 
 
 

RESULTS  
This section should provide a concise and precise description of the experimental results, their interpretation, as well 
as the experimental conclusions that can be drawn. All figures and tables should be cited in the main text as Figure 1, 
Table 1, etc. 
 

Table 1. This is a table. Tables should be placed in the main text near to the first time they are cited.  

Title 1 Title 2 Title 3 

entry 1 data data 
entry 2 data data 1 

1 Tables may have a footer. 

 
The text continues here (Figure 2 and Table 2). 
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Figure 1. This is a figure. Schemes follow the same formatting. 

 

  

(a) (b) 

Figure 2. This is a figure. Schemes follow another format. If there are multiple panels, they should be listed as: (a) Description 
of what is contained in the first panel; (b) Description of what is contained in the second panel. Figures should be placed in the 

main text near to the first time they are cited. 

 

DISCUSSION 
Authors should discuss the results and how they can be interpreted from the perspective of previous studies and of 
the working hypotheses. The findings and their implications should be discussed in the broadest context possible. 
Future research directions may also be highlighted. 
 

CONCLUSION 
This section is not mandatory but can be added to the manuscript if the discussion is unusually long or complex. 
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