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ABSTRACT

Counting the number of people in many estimation systems, such as still images or video frames, is a buoyant research area
that is challenging in the field of computer vision. It plays a considerable role in a variety of applications, such as security,
management, education, and commerce. The purpose of this paper is to suggest a system to estimate the number of people in
digital still images based on the Face Detection method. This system composed of two parts: face detection and counting of
detected faces. In the detection step, the Skin Color Face Detection method was applied on the input of a digital still image. In
the counting part, the obtained detected faces by the Skin Color Face Detection method have counted to estimate the number
of people in an input color image with simple software and simple low-cost hardware. The skin color face detection algorithm
was tested using 133 images from the People Image Groups dataset, which contains about 2573 color images of people, to test
the proposed system. based on the obtained results, the best precision achieved of the proposed Skin Color face detection
algorithm was 85%
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INTRODUCTION

People counting is a process used in many computers vision and pattern recognition systems to estimate the number of
people in a digital image or video. Such information can be used for further analysis in a wide range of practical applications
related to education, commerce, security, management etc. For instance, people counting systems used for security provide
information about the total number of people in the building and number of people on each floor in order to control the
number of visitors. People counting can also be used for pedestrian traffic management [1-4] and for fire management,
where it is considered one of the most important tools in the event of a fire. Additionally, people counting applications are
widely used in commerce domains to measure marketing effectiveness. As the given examples show, people counting
research is one of the most important active areas in the field of computer vision which can be applied in many areas of
daily life. The output of people counting systems may be passed to other management systems used in different areas such
as public transport, industry, stations, airports, etc. Many examples illustrate the importance of people counting systems.
For instance, in the commerce domain, shopping centers, hypermarkets and others depend on visitor statistics to measure
the marketing effectiveness and attractiveness of a merchant site, and to make new decisions. There are different people
counting techniques, which are broadly classified into two main categories: vision-based counting systems and non-vision-
based counting systems. The vision-based techniques can again be categorized into tracking-based and non-tracking-based
counting systems (Figure 1). Each class has specific strengths and weaknesses. In general, the class of non-vision-based
people counting systems includes all systems that are not based on video or image data from a camera, but on devices such
as a heat sensor, light from an infrared beam, or pressure sensors [5, 6].

In recent years, vision-based systems have become more popular in different scenarios like hotspots, streets, and buildings
because vision-based systems make excellent use of the infrastructure provided by security networks. In addition, vision-
based people counting relies on information provided by a security camera's video feed to count people crossing.
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Figure 1. Classes of people counting system

The main strength of these systems is that they are not limited to narrow corridors or doorways, but the disadvantage is that
they are limited by the coverage area of the cameras. Additional challenges for vision-based systems include differences in
environmental conditions and occlusions between people. Some systems solve this problem by installing cameras looking
directly down to the floor [9]. The non-tracking vision-based approach counts the number of people without any human
tracking of groups or individuals. Thus, this approach is suitable for a large number of people in a frame, unlike the tracking
approach, which is not well suited for a growing number of people. Due to their ability to count large numbers of people,
these systems are generally known as crowd surveillance systems. The main weakness of the non-tracking approach is that
it provides the number of people that are included in a frame, but it does not provide information on the directions of people's
movements [ 10-12]. In this paper, the number of people in a static digital image based on skin color face detection technique
were counted and estimated; It plays a very important role in the field of computer vision, which is used in various varieties
of applications, such as facial recognition, photography, and marketing. Face detection identifies human faces in an input
digital image with an emphasis on frontal human face detection. Therefore, face detection is an important part and the first
step of automatic face recognition.

Additionally, people can be counted based on the number of faces detected in a digital image. The main problem was
discussed in this study is how to count the number of people in different images. People may look different in pictures. For
instance, counting the number of people in an image with people with light faces is different from counting the number of
people in a crowd. Besides that, there can be a lot of different challenges in the pictures. For instance, occlusion between
people and varying environmental conditions are some of the challenges of people counting systems. Input digital images
have a broad degree of variation in unrestricted environments, illumination level, image dimensions, skin color, similarity
between background color and clothing of people, the quality of the image, people’s closeness to each other, which makes
it difficult to detect people. Therefore, the aim of this study is to overcome these challenges. To achieve this, the process of
the introduced system works on the skin color face detection algorithm to determine the number of people in an image. In
addition, the proposed method requires hardware components of low cost and complexity. People counting systems based
on the skin color face detection method provide more information, such as the location and appearance of people, that is not
detected by visionless infrared beam systems, which counts the number of people without further information.

In other words, its information is 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. The information obtained from
a people counting system based on digital images can provide useful information for further analysis in different practical
applications, for example, during a fire, the approximate number and the location of people in a building can be obtained.
This paper has been divided into five main sections. We begin by providing a general background on people counting
systems in the field of computer vision with a summary of potential issues that can arise when working on a people counting
system. In section 2, we provide a review of the literature related to the field of people counting and its methods. Next, in
Section 3, we explain the people counting method in detail step by step. Additionally, we present an overview of the datasets
used in this study. In section 4, we discuss all the results obtained from our experiments. Finally, in section 5, we summarize
the conclusions. Additionally, we list future work to give readers ideas on how to improve people counting systems.
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LITERATURE REVIEW

Counting the number of people in images is an interesting study area and has been given significantly attention in recent
years. In addition, it is perceived as a substantial module for many computer vision applications and provides useful
information that can be used for further analysis in a wide range of practical applications related to education, commerce,
security, and management. Counting the number of people in videos and digital images are types of the vision-based classes.
Counting the number of people from images counts the number of people without any humans tracking of groups or
individuals. Moreover, this approach is suitable for very large number of people in a frame, unlike tracking approach that
does not scale well with a growing number of people. Nevertheless, it does not give information about the movement
directions of people. Although counting the number of people from images and counting the number of people from videos
have many mutual ingredients, they might be diverse in the core approaches of classification. Therefore, in following
sections, different methods and approaches were presented that have been proposed in order to estimate the number of
people.

There are many different People Counting Systems of Vision-based systems, which are the most commonly used class
People Counting Systems, which requires multiple frames for processing. In addition, the counting process of vision-based
systems is extended with the direction of blobs to enrich provided information. Vision-based systems are the most widely
used class of people counting systems, requiring multiple frames for processing. Also, the counting process of vision-based
systems is extended with the blob direction to enrich the provided information.

Much research has been done in this area. For instance, Zhao et al. [13] developed a people counting approach based on
face detection, trajectory tracking and classification. A standard face detection method was used in addition to a face tracking
method by combining a kernel-based tracking algorithm with a Kalman filter. They extracted the histogram of angles of the
neighboring points of each potential face trajectory. K-NN was then used to classify the extracted data. As a result, by
applying this approach to a dataset with more than 160 possible person trajectories, the approach achieved an accuracy rate
of up to 93%.

Lempitsky and Zisserman [14] proposed a very flexible MESA-based distance learning framework for counting people in
images. They confirmed that using a limited amount of training data can lead to much higher accuracy than regression
counting, which directly optimizes accuracy over the image. The advantages of their system are its accurate counting and
fast processing time. Using 2,000 frames of video from a camera overlooking a busy pedestrian street, they achieved a
detection accuracy of 96.5%.

Liuetal. [15] present a surveillance system composed of crowd segmentation, visual tracking, counting recognition module
and automatic calibration. The system was able to count the number of people leaving or entering a specific location by
segmenting groups of people into individuals. To evaluate this system, they recorded a 10-minute video taken from a fixed
camera about 6 meters above the ground, and the system worked effectively.

Bansal and Venkatesh [16] presented a method that uses SIFT, Fourier analysis, wavelet decomposition, GLCM features,
and low-confidence head detections as multiple sources to estimate the number of people in high-density crowds from
images. fixed. Using a dataset with 100 images, the method reported an accuracy of 99.4%.

Subburaman et al. [17] estimated the number of people in a crowded scene as a function of the detection region of the head
using a state-of-the-art cascade of boosted integral features. Two different databases were used to assess their approach: the
PETS 2012 database and the Turin Metro Station database. Therefore, an accuracy of 95% was achieved.

Rahman and Islam [18] identified the object boundaries of the entire image by converting it to a grayscale image and finding
an appropriate threshold value there. Based on these limits, they counted the number of objects in the image. Additionally,
the method used a watershed segmentation technique to overcome the problem of image noise, which results in counting
fake objects. The method gives an accuracy of up to 96% with high definition images.

Topkaya et al. [19] presented a people counting system based on the use of different characteristics such as time, place and
color. In their system, they used the HOG feature and the nonparametric nature of Dirichlet Process Mixture Models
(DPMMs) to detect the number of groups and count the number of people.

The system was evaluated on the PETS [20], Peds2 [21], and BEHAVE [22] data sets and achieved an accuracy of 95.1%.
Wang et al. [23] attempted to present a simple method to count the number of people in an image using feature extraction
and pattern recognition techniques. First, a Gaussian masking method and morphological background modeling were used
to more efficiently detect image targets. then the HOG feature was used to extract meaningful features from the shape and
appearance of people. In addition to the edge functions and texture functions, the HOG features were used to train an 11-
support vector regression machine and present the number of people in the image. Thus, the method was able to achieve a
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counting performance of 97.12% by applying the method to the UCSD dataset, which was partitioned into 600 images as
the training set and 1,200 images as the training set.

Chan et al. [24] showed how to estimate the size of inhomogeneous crowds without using tracking techniques. Its privacy-
preserving system relies on the use of the dynamic texture motion model to segment the crowd into homogeneous motion
groups. then the features from each segmented region was extracted., the Gaussian regression process was then used to
evaluate the consistency between the number of people and the characteristics per segment. Finally, the system was validated
on a large pedestrian dataset containing 2,000 images. The result of this method was a success rate of 98%.

Dan et al. [25] present an accurate people counting system based on sensor fusion, which is robust to crowding conditions
and lighting variations. The proposed system is composed of person detection based on human models, a lost depth data
recovery algorithm, and individual tracking using color and depth data. First, a morphological operator processes the depth
image to relieve depth artifacts such as data loss and optical noise. The human model then extracts the object from the pre-
processed depth image. Finally, by applying the bidirectional matching algorithm, the track of the detected object is
established. Therefore, experimental results in various test environments show that the algorithm achieves an accuracy of
more than 98%. Teixeira and Savvides [26] used a lightweight method on indoor camera sensor networks to count and
locate people. The algorithm uses a motion histogram to detect people based on size and motion standards. Their algorithm
was tested and implemented on a network of iMote2 sensor nodes. As a result, the method was able to achieve a counting
accuracy of up to 88.6%.

SYSTEM OVERVIEW

In this paper, skin color-based face detection was tested 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. People's skin color was used as an effective means of
feature extraction. The skin color method used in several existing face detection applications. The skin color face detection
workflow used to find the region of the face in an input image based on the color model. It is a simple and popular approach.
Skin color pixels are represented by different color models such as RGB [27-29], Hue Saturation Intensity (HSI), or Hue
Saturation Intensity Value (HSV) [30, 31, 32, 33], YES [34], CIE LUV [35], YCbCr [36,37], CIE XYZ [38] and YIQ
[39,40], normalized RGB [41-47], etc. Detect a human face the skin color feature is not enough to achieve sufficient results.
If only skin color information is used, it may cause an increase in the rate of incorrect face detection. For instance, when
human faces are close to each other, it is difficult to distinguish them. Therefore, many modular systems use a combination
of various features, such as size, shape, skin color characteristics, and color segmentation to detect heads and faces [32, 35,
48, 49]. The overview of the proposed system is illustrated in Figure 2.The general algorithm of this method can be divided
into seven steps, which are:

i. Input adigital image.
ii.  Alter the color space.
iii. Detect face region.
iv. Extract face model.
v. Reduce noise.

vi. Detect face.

vii. Count people

To improve skin detection performance in color images the combination of HSV and YCbCr color spaces was used. then
the faces and count each detected face in an input digital image was perceived.
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Figure 2. Steps of people counting based on Skin Color face detection.

Color Space Alteration

There are many types of color space that can be used to label the pixels in an image as skin color such as RGB, HSV or
HIS, normalized RGB and YCbCr, etc. The skin color model requires selecting a suitable color space first before locating
candidate face regions. Therefore, in order to improve performance of skin detection, this method combines two types of
color space that are HSV and YCbCr. Thus, in the first step the input image is transformed from RGB color space to HSV
and YCDCr color space individually (as shown in Figure 3) because the variance in illumination environments cannot be
described by using RGB. Equation (1) shows the conversion from RGB color space to HSV color space, equations (2) and
(3) show the conversion from RGB color space to YCbhCr color space.
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Figure 3. The result of the color space conversions: (a) RGB color image (b) YCbCr image (¢) HSV image

Detection of face region
To extract skin color, the input color image (see Figure 4) is segmented based on a combination of two types of color

models: HSV color space and subcolor space. YCbCr, to increase the accuracy of classifying an image region as skin. . or
non-skin. Therefore, the intensity of HSV color space was calculated for each face in an input image. And then calculated
the Ch and Cr color space intensity for each face in an input image to get the average value for each face in the image to
obtain an adaptive threshold value for that feature. A threshold value must be applied to decide whether it is skin-related or
not. Next, the image was segmented based on HSV, Ch, Cr components to detect facial skin regions and used thresholds for
each pixel to estimate face area. All pixels are classified as face region if Cye, Chpew, HSV, e vValues fall within the
following ranges:

Cr —1 < Cryeyw <Cr+1

Chb—1<Chyey, <Cb+1 4)

HSV — 1 < HSVpe, < HSV + 1
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(@) (b)

Figure 4. The result of face region detection: (a) Original image (b) Segmented skin regions image

Extract face model

This step uses morphological reconstruction from morphological mathematics and robust image processing transformation
to extract the shape of the facial model as a human face. Morphological reconstruction has two unigue processing properties;
they are a structuring element and two images, which are a marker image and a mask image, instead of a structuring element
and an image. The structuring element is commonly used to specify connectivity. Also, the marker image includes start
points that can be used for transformation and other images, but the transformation is limited by the mask. However, the
determination of the marker and the structuring element plays an important role in the morphological reconstruction.
Therefore, this method uses the open morphological reconstruction operation as a creator image with an 8*7 pixel structuring
element to reconstruct the shape of detected faces, which can almost describe the shape of human faces. After extracting
candidate face shape information, the skin region is classified as a facial region if:

« The height of the skin area "h" is greater than the width of the skin area "w".
« The "h/w" ratio is less than 2. In other cases, the region is classified as a faceless zone.

Reduce noises

After finding the area that contains the face pixels, some pixels may have noise and be erroneously determined to be the
face. Therefore, these pixels must be removed by discarding the connected region, which is smaller than a typical face
region. The proposed method used a simple binary morphology erosion operation to reduce the noise by filling the voids or
gaps as shown in Figure 5.

(@) (b) (©)
Figure 5. The result of noise reduction: (a) Remove a small-connected image (b) Filled-hole image (c) Color image
after hole-filling

Face detection
After implementing the above steps, people’s faces are detected with a bounding box drawn around each face in an image,
as shown in Figure 6.
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(a) (b)
Figure 6. The result of face detection based on Skin color: (a) Original image (b) Final-result for face detected.

Count people
In the last step, the number of people are counted based on the number of faces detected in an input image, as shown in
Figure 7.

Sl Number of People is: 5

e |

e

Figure 7. The final-result of people counting based on Skin Color Face Detection: (a) Original image (b) Final-result
for counting people.

RESULTS
This part discusses and presents the results of experiments counting the number of people in an image based on the skin
color face detection method; several results have obtained which are presented in the following sections. The performance
of the experimental results has evaluated using the following parameters:

*  True Positive (TP): Represents the number of correctly detected faces.

» False Negative (FN): Represents the number of lost faces.

» False Positive (FP): Represents the number of non-facial features detected.

* Total Heads (P): Represents the sum of true positives and false negatives.

*  Correct Detection Rate (CDR) = Recall: represents the true positive divided by the total number of faces.

» False detection rate (FPR): Represents the false positive divided by the total number of faces.

* Missing Data Rate (MR): Represents the number of false negatives divided by the total number of faces.

* Precision: Represents the True Positive divided by the sum of the True Positive and the False Negative.

*  Measure F: Represents ((Precision * Recall) / (Precision + Recall))* 2.
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DISCUSSION

Count people

To count the number of people using the skin color face detection experiment, 133 color images have used as the test dataset,
which were selected from the Groups of Images of People dataset. There were 2,573 people in the images in the dataset.
When the Skin color Face Detection method was used, the people counting system correctly detected 709 people with a
recall value of 79%. The system failed to detect 185 people and had 124 error detections. Table 1 summarizes the results of
this method.

Table 1. The final result of people counting system based on Skin Color Detection method

P 894

TP 709

FN 184

FP 124

CDR 79%
FPR 13.8%
MR 20.5%
Precision 85.1%

F-Measure 82%

CONCLUSION

This paper introduced a system for estimating the number of people "how many faces of people are there and where they
are in a digital still image" which is based on the skin color face detection method. The face detection method was tested
by skin color using the people image cluster dataset. There were 2,573 people in the images in the dataset. According to
the results, the conclusions have obtained are as follows:

. People counting based on skin color face detection method achieves 79% recovery.
. People counting based on skin color face detection method provides accuracy values of 85.1%.
. People counting based on the skin color face detection method results in an F-measurement of 82%.

Based on these obtained results, it shown that the proposed method works at more than 10 fps and its accuracy is greater
than 80%.
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