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ABSTRACT

A SYSTEM PROPOSAL FOR COUNTING THE NUMBER OF PEOPLE IN
STILL IMAGES

AL-ZUBAIDI, Waleed
M.Sc., Information Technology
Assoc. Prof. Dr. Murat KOYUNCU
JANUARY 2017, 66 pages

Counting people in images is a challenging task in the computer vison. This
thesis targets to estimate the number of people in images accurately. Our focus is on
implementing a robust counting algorithm that depends on different approaches
together to detect humans having different appearances in images. Three different
approaches are taken as the base of the proposed people counting method. These
approaches are frontal face detection, human whole body detection, and people head

detection.

The main contribution of this thesis is using different approaches together for
counting people in still images. We have done that by using Viola-Jones algorithm for
face detection, the HOG features and SVM classifier for human body detection, and
Hough transform and morphological image processing for head detection in crowded
images. Any image is processed by three detectors in parallel and detected people are
counted. Then, their results are combined for a final decision. The proposed method is
implemented in the C++ language with the help of the OpenCV image processing
library. The proposed method is tested and compared with some other approaches.
The experimental results show that the proposed method achieves more successful
results compared to other approaches when test dataset includes various image

categories.

Keywords: Counting people in still images, face detection, human body detection,
head detection, Viola-Jones algorithm, HOG, crowded images,
morphological image operation, circular Hough transform.
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DURAGAN RESIMLERDEKI iNSANLARI SAYMAK iCiN BiR SISTEM ONERISi

AL-ZUBAIDI, Waleed
Yiiksek Lisans, Bilgi Teknolojileri
Dog. Dr. Murat KOYUNCU
OCAK 2017, 66 sayfa

Resimler iizerindeki insanlarin sayilmasi, bilgisayar goriintii isleme alaninda zorlu bir
gorevdir. Bu tez, insanlarin sayisini resimlerde dogru sekilde tahmin etmeyi hedeflemektedir.
Amacimiz, farkli yaklagimlarin bir arada olmasina dayanan, resimlerde farkli goriintiilere sahip
insanlar1 belirlemek icin basarili bir sayma algoritmasi ortaya ¢ikarmaktir. Onerilen insan sayma
metodu ti¢ farkli yaklasimi temel almistir. Bu yaklasimlar, 6n yiiz tanimlama, tiim insan viicudu

tanimlama, insan kafasini tanimlamadir.

Bu tezin ana katkisi, degisik resimlerde insan sayabilmek i¢in farkli yaklagimlarin bir arada
kullanilmasidir. Yiiz tamima amaciyla Viola-Jones algoritmasini kullanarak, insan viicudu
tanimlamada HOG betimleyicileri ve SVM tanimlayicisi, yogun goriintiilerle kafa tanimlamada
morfolojik goriintii isleme ve Hough dontisiimii kullanilmigtir. Sisteme verilen herhangi bir resim
i¢ tanimlayici tarafindan paralel olarak isleme alinir ve tanimlanan insanlar sayilir. Daha sonra,
bu islemlerden elde edilen sonuglar nihai bir karar ile birlestirilir. Onerilen metot OpenCV gériintii
isleme kiitiiphanesi yardimiyla C dili ile gerceklestirilmistir. Onerilen metot test edilmis ve diger
yaklagimlarla karsilagtiritlmistir. Test sonuglari, veri setinin gesitli resim kategorilerini i¢erdiginde,

onerilen metodun digerlerine gore daha basarili sonuglara ulastigini géstermektedir.

Anahtar kelimeler: Hareketsiz goriintiilerde insanlari sayma, yiiz tanimlama, insan viicudu
tanimlama, Viola-Jones algoritmasi, HOG, yogun goriintiiler, morfolojik goriinti islem, dairesel

Hough doniistimii
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CHAPTER 1

INTRODUCTION

1.1 People Detection and Counting

Computers have become ubiquitous in our daily lives. They perform repetitive, data intensive
(like feature extraction) and computational tasks, more efficiently and more accurately than
humans. It is natural to extend their capabilities to perform more intelligent tasks such as analysis
of visual scenes or speech, logical inference and reasoning. Human visual system is one of the
high-level computer tasks performed subconsciously hundreds of times every day. Face detection
and people counting are examples for the human visual system [1]. Our daily lives are filled with
thousands of objects ranging from manmade classes like cars, bicycles, buildings, tables, chairs to
natural ones like sheep, cows, trees, leaves, rocks, mountains and humans. Any given class has a
huge intra-class variation. For example, we are able to detect people under widely varied
conditions irrespective of the color or kind of clothing, pose, appearance, partial occlusions,
illumination or background clutter. Computers are currently far behind humans in performing such

analysis and inference [2].

People counting systems have been widely studied in many commercial and public locations,
such as theaters, shopping centers, stations, etc. There are many passing persons in these areas so
it is important to recognize aspects of their movements. This information can be used to determine
the value of a lease, to decide on effective advertising and to display relevant types of merchandise
for high sales. In addition, in public places, this information can be applied to arrange safety and



subsidiary facilities effectively [3]. For all these reasons, researchers have been concerned with

studying methods for counting passing persons.

People counting through image processing is to estimate the number of persons in input
images. The information of persons including their number and the positions from a people
counting system based on image processing is expected to reduce the surveillance cost and the
observers’ fatigue. Persons information can be used in a variety of potential applications. Various
methods which estimate the number of people in input images have been previously proposed [4].
They can be divided into three approaches [5]:

1. Visual feature trajectory clustering.
2. [Feature-based regression.
3. Individual person detection

Person detection and counting are challenging tasks with many applications and have
attracted lots of attention in recent years. Consider the case of personal digital content analysis,
where typical content is images taken during a vacation, at a party or at some family occasion.
Statistics show that even digital camera owners who use their cameras only occasionally can take
as many as 10,000 photos in just 2-3 years, at which point it becomes tedious to manually search
and locate these photos. Intelligent digital content management software that automatically adds
tags to images to facilitate search is thus an important research goal. Most of the images taken are
of people, so person detection will form an integral part of such tools. For commercial film and
video contents, person detection will form an integral part of applications for video on demand
and automatic content management. In conjunction with face and activity recognition, this may
facilitate search for relevant contents or searches for few relevant sub-sequences [6]. Figure 1.1

shows some images containing people from a collection of personal digital images [7].

People detectors and counters are also being explored for the detection of pedestrians by
smart algorithms. Typically, information from multiple sensors such as stereo and infra-red
cameras is fused and domain specific knowledge such as the fact that pedestrians often traverse

cross walks is exploited, but performance is still far below than needed for such systems to be used



in the real world. More robust person detectors and counters would certainly help to improve the

overall system performance [8].

Figure 1.1: Some images from a collection of personal digital photos

1.2 Related Studies

People counting in still images is a crucial and challenging problem in visual surveillance.
Automatic monitoring and counting the number of people in public areas by using images is very
important for safety control and other purposes. There are different approaches that have been
proposed for estimating the people count from images and videos. Some of the approaches use
background subtraction to segment humans from the background [9, 14]. Other approaches depend

on the density on the crowd image since the issue is that as the crowd increases the estimation



deviates from true density due to occlusion and it is not easy to figure out just by foreground pixels

if it belongs to the same or different person [15, 16].

Park et al. [18] propose a new method which depends on area-based decision rule that can
count people more accurately and can also measure direction of their paths. They claim that there
are two main ways to define an area-based decision rule. By depending on the whole image size
that is divided into 72 sectors and by relying on the size of a person which is trained to calculate
the mean and variance values for each divided sector. By changing the size of persons in each
sector depending on the length variation of the projected person, the person’s body was
approximated as a rectangular form and the lengths of the projected line in each sector are
calculated. Second, various movements of people, that occur in the real world, are analyzed to treat
merging and splitting relations among them.

Do [19] uses simple features template of the bounding boxes of target people such as position
and size in each image. When two people are in partial occlusion and in the same box, they are
segmented into each independent person by analyzing the shape of the binary foreground within
the bounding box. In that work, each foreground is identified in independent, partially occluded,

or completely occluded state. Then, the state is updated during tracking.

Hou and Pang [20] propose an effective method for estimating the number of people and
locate each individual in a low-resolution image with complicated scenes. In this work, post
processing steps are performed on background subtraction results to estimate the number of people
in a complicated scene, which includes people who are moving only slightly. Second, they use an
Expectation Maximization (EM)-based method to locate individuals in a low-resolution scene.
Third, the number of people is used as a priori for locating individuals based on feature points.
Hence, it means that the methods for estimating the number of people and for locating individuals

are connected.

Venkatesh and Adrien [21] propose people counting for crowded images by using a density
estimation which is still one of the important tasks in video. In this work, to estimate the count of

people in a crowded scene, head region has been used for detection since this is the most visible



part of the body in a crowded scene. The head detector in this work is based on using a cascade of
boosted and integral features which is depending on the interest point detector feature to locate

regions that are similar to the top of head region from gray level images.

1.3 Research Topic

This thesis focuses on developing a general-purpose human counting system using different
approaches for face and object detection algorithms. We rely on using different approaches for
doing more robust detection and counting. Since we have different people pose and positon in each
image, we use different algorithms for doing that. The first algorithm that we use is the Viola Jones
which is used for frontal face detection and counting algorithm. The second one is whole body
people detection algorithm which is based on Histograms of Oriented Gradients feature and
Support Vector Machine classifier. Finally, the last one is the adaptive algorithm which depends

on the circular Hough transform to detect and count people heads in a crowded image.

Considering this explanation, the main research questions of this thesis can be defined as

follows:

1. Can the proposed system be applied to all kinds of images?

2. Can the proposed system give accurate and stable results for different image types?

1.4 Methodology of Research

In this thesis, we mainly study the detection of fully visible people in more or less upright
poses. The human face, body, human head models and appearance are relatively constrained in
this work. One can thus learn relevant feature vectors or descriptors for either the face, whole body,
and just the person head image or for various sub-parts (e.g. legs, arms) and build a detector based
on those. We have implemented those algorithms by using OpenCV 3.0.1 and visual studio using

C++ language.

We use a dataset in which there are three main groups of images: people with frontal face
images, whole body human images, and crowded people images. We have selected 300 images

5



from the WIDER test dataset. The image has been randomly selected which has 100 images of
a frontal face, 100 images of whole body images, and 100 images with crowded people. We test

each algorithm separately and then our proposed method and, then, we compare them.

1.5 Contribution of Research

The main contribution of this thesis can be described as developing a general people
detection and counting system which uses different algorithms for people detection and counting

on still images.

The main objective on this thesis is to develop a robust system for people detection and
counting in various images, for example, frontal face, side and back of human pose detection and
counting, and very complicated image scene like people detection and counting in a crowded
people images. We depend on using different techniques and methods to find a combination of
different view of people detection and counting by using those algorithms. Voila Jones, Human
detector, and Head detector have been proposed to use together for people detection and counting
in this thesis. The aim of using those different methods is to count people in different pose and
part in the images. In other words, to get a higher and better accuracy for counting people in
images, we try to use different algorithms to do that. For example, a back-side person view cannot
be detected if we use the Viola Jones algorithm which depends just on the frontal face image.
Therefore, we have to use another algorithm to detect such persons. Another example is that, in a
crowded image, Viola Jones and Human detector (HOG+SVM) are not successful, so we need to
use another algorithm which is appropriate to detect and count number of people in crowded

images.

1.6 Organization of Thesis

The thesis is organized as follows: Chapter 2 discusses the recent studies related to people
detection and counting in images. Chapter 3 summarizes our own approach design and
implementation. Chapter 4 presents and discuss obtained results. Finally, Chapter 5 gives obtained

conclusions and future work.



CHAPTER 2

LITERATURE SURVEY

2.1 Introduction

Nowadays, counting people in images become a significant case in many applications such
as security systems [22]. The capability to automatically determine the number of people in many
stored images would make it usable in different application [23]. Counting people in images
depends on people position which is important information that helps us to do counting system in
an accurate and stable way [23]. There are a lot of different positions that people may appear in an
image. Depending on these positions, we focus on developing a method which combines multiple

approaches to detect and count people in still images in this thesis.

2.2 Basic ldea

Developing a general counting system for still images depends on using different approaches

together in a system.

The first approach that can be used for counting people in images is face detection
algorithms. For images having people with clear faces, this approach may give effective results.
However, it is affected by various factors like pose, occlusion, shape, illumination and reflectance
[24]. There are a lot of different situations that the face detection algorithm is not accurate to detect
the people in images. For example, non-frontal face images, crowded images, and side or back

view of people in images are some examples that face detection algorithms could not be successful.



The second approach for people counting in images can be the human body detector. Since
the whole-body of the people can be detected successfully by some detectors, they can be used for
people counting. The Histograms of Oriented Gradient (HOG) descriptor significantly
outperforms existing features for human detection [23]. Therefore, a detector using HOG for

human body detection seems a good solution.

The third approach for counting people in images can be head detection in crowded images.
For head detection, one solution is based on the skin color detection and we have planned to use it
to count people in crowded images. Skin can vary in color very quickly when one is confused or
becomes cold or warm and the reflectance characteristics of the skin differ as the perspiring level
differs [24]. The head of person is a highly deformable object. Time-varying changes comprise
growth and head hair, wrinkles and sagging of the skin caused by changes in skin color and aging

because of exposure to sunlight [25] [26].

2.3 Literature Survey

Counting number of people in still images is a crucial and challenging problem in visual
surveillance [27] [28]. It is very useful in the image field where a high accurate automatic counting
of pedestrian flow through a gate or a door is essential to surveillance, traffic control and sales
projection based on walk-in statistics (i.e., number of customers) [29]. The early automatic
counting methods, such as turnstiles, rotary 4 bars, and light beams had one inherent problem: they

only allow one person through the gate at one time [30].

The need for detecting people in images by using face detection algorithms in security,
general identity verification and image database investigations have attracted the attention of

several researchers [31].

Different efficient algorithms have been developed in the literature for human detection
and counting. For example, background modeling and subtraction, viola jones face detection [32],
human detection (HOG) [33] and head detection are some of the techniques used in this domain.

Important studies related to this work are given in the following paragraphs:



Mehta et al [34] make use of classifiers such as neural networks trained to recognize the
background in order to facilitate the location and counting of objects in the scene. Moreover, they
use motion features to classify each pixel as moving, stationary or background, and then group
similar pixels together into blobs. They compare the blobs later with the average human size

varying with positions in the scene to estimate people number inside.

Chan et al [35] segment crowd by motion model and extract features from each segment. The
correspondence between features and the number of people are learned by Gaussian Process
regression. In the second phase, authors either count tracked people at a defined counting line or

count people trajectories from tracking.

In [36], a tracking region is partitioned off from the scene with counting line on the edge.
People are tracked by motion prediction combined with background subtraction and counted at the
line. This approach consists in getting feature trajectories in the scene using Kanade-Lucas-Tomasi
(KLT) tracker, and then clustering trajectories with similar movement together which represents
one moving object [26]. This kind of methods is generally able to count many people in a
homogeneous crowd. From the state of the art, most of people counting approaches that rely on
the assumption that any moving objects in scenes are humans and suffer the miscount of other

moving objects.

In [37], a model of humans is defined based on average people size and a skin color model
is used to detect human. In order to avoid miscounting, the basic idea of the approach is to use the

most discriminant human features.

Ankan et al [38] present a method for estimating the number of people in high density
crowds on still images. The method estimates count by fusing information from multiple sources.
Most of the existing work that have been applied on crowd counting deals with very small crowds
(tens of individuals) and use temporal information from images. They use still images to estimate
the counts in high density images (hundreds to thousands of individuals). They use a method for
estimating the number of people in extremely dense crowds on still images. The counting problem

at this scale has barely been tackled before. They present a method that uses information from



multiple sources to estimate the count in an image. They use head detection, interest points based
counting and texture analysis methods (Fourier analysis, GLCM features and wavelet analysis) as
different sources of information. Each of these constituent parts gives an independent estimate of
the count, along with confidences and other features, which are then fused to give a final estimate.

Hsiang et al [39] present a real-time people counting method with surveillance cameras
implemented as an embedded system. This work presents an image-based method to estimate the
number of crowded people in a large-spaced indoor environment. They use background subtraction
method to extract people objects in an image. Additionally, an adaptation scheme is employed to
update background model for conditions of sudden lighting changes and abandoned objects. The
extracted foreground objects in this work depend on the accumulated weighted pixels to estimate
the number of people, where the weights are automatically calculated by considering camera
settings. Experimental results in this work shows that the proposed method performs well on
estimating the number of people. This work addresses a method for estimating the number of
people. Additionally, the method is further implemented as an embedded system. To deal with
optical deformation, a weighting model related to positions ahead of cameras is first introduced
and is applied to calculate weighted foreground pixels. Furthermore, human templates are
employed to count people from the extracted foreground objects or groups. From the experiments
with different situations, the proposed method has good performance on estimating the number of

occupants.

Satoshi et al [40] proposes a system for counting the number of pedestrians in real-time. This
system estimates “how many pedestrians are and where they are in image sequences” by the

following procedures.

1. Candidate regions are segmented into blobs per background subtraction.
2. A set of features are extracted from each blob in the tested image and a neural network is

used to estimates the number of object corresponding to each set of features.

To realize real-time processing, they use only simple and valid features, and the adaptive
background modeling using density estimation, which realize fast and accurate object detection in
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input images. Furthermore, they also validate the effectiveness of the proposed system by several
experiments. In this work, they have shown that their proposed method is executed faster than
10fps and its accuracy is higher than 80%. In the proposed method, background subtraction is used
for segmentation. For background subtraction, they have used the background model using density
estimation. Because this model is based on pixel values observed in a sequence of the latest N
images, pedestrians staying at the same place are incorporated into the background. That means in
this situation a model cannot be correctly extracted objects from an image. Therefore, a neural
network tends to output incorrect estimation, such as the wrong number of pedestrians. This
problem will be solved by adaptive modeling of detected blobs, where the background model
around stationary blobs is not updated. There might be better features than those that used in the

proposed method.

Liu et al [41] present two concepts in their approach: counting people and event detection. There
are several surveillance scenarios requiring the detection and tracking of people. Even though
person detection and counting systems are commercially available today, further research is
needed to address the challenges of people counting for real world scenarios. The focus of this
work is the segmentation of groups of people into individual’s image. The relevant applications of
this algorithm are people counting and event detection. Experimental results show that the
presented approach leads to robust people counts. To conclude their work, they present a
surveillance system that consists of the following four components: visual tracking, auto
calibration, crowd segmentation, and a counting/event recognition module. Their experimental
results document that there is a significant benefit of making extensive use of the site geometry to
constrain the people detection problem and to extract relevant scene and related information. The
system is capable of segmenting groups of people into individuals and tracks these overtimes. This
model-based approach also allows making effective use of spatial context which enables the

system to detect certain events automatically in each tested image.

Ya et al [42] presents an approach for people counting and human detection in a very challenging
situation. Reliable people counting and human detection is an important problem in visual
surveillance. In recent years, this field has many advances, but the solutions have restrictions:

people must be moving, the background must be simple, and the image resolution must be high.
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This work aims to develop an effective method for estimating the number of people and locate
each individual object in a low-resolution image with complicated scenes. The contribution of this

study is given as follows:

1. First, post processing steps are performed on background subtraction results to estimate
the number of people in a complicated scene, which includes people who are moving
only slightly.

2. Second, an Expectation Maximization (EM)-based method has been developed to
locate individuals in a low-resolution scene.

3. The number of people is used as a priori knowledge for locating individuals based on
feature points. Hence, the methods for estimating the number of people and for locating
individuals are connected.

In conclusion, in this method, there is a new cluster model which is used to represent each

person in the scene. The method does not require a very accurate foreground contour.

Kheir et al [43] presents an approach for fast people counting using head detection approach from
skeleton graph images. In this work, they present a new method for counting people which is based
on the head detection approach after a segmentation of the human body by skeleton graph process.
The skeleton silhouette is computed and decomposed into a set of segments corresponding to the
head, torso and limbs. This structure depends on capturing the minimal information about the
skeleton shape. No assumption is made about the viewpoint; this is done after the head pose
(position) process. In this approach, a new head-based detection was applied to extract the head of
each person crowded with other persons in the same blob. Further, the head pose was estimated by
finding the rigid transformation between the reference system of the model head and the reference
system of the camera. This method can be made more robust with an integration of the tracking
process. There are several results presenting the efficiency of the labeling process, particularly its
structural properties for the detection of heads within a crowd. The proposed method has been

tested with an experiment of counting the number of pedestrians passing in a specific area.

Venkatesh et al [44] present crowd counting with density estimation which is still one of the

important task in images. Usually a regression based method is used to estimate the number of
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people from a sequence of images. In this approach, they investigate to estimate the count of people
in a crowded scene. Since the head region is the most visible part of the body in a crowded scene,
the method depends on a head detector which is based on state-of-art cascade of boosted integral
features. To prune the search region, they propose a novel interest point detector based on gradient
orientation feature to locate regions which is similar to the top of head region from gray level
images. Two different background subtraction methods are evaluated to further reduce the search
region. They evaluate their approach on PETS 2012 and Turin metro station databases.
Experiments on these databases show good performance of the method for crowd counting.
Although, they present a method for counting crowd in images using head detection with interest
points based on gradient orientation, experiments on PETS and Turin databases show the potential

for such an approach in different conditions of people moving in the scene.

The approach proposed by Damian R. et al [45] is devoted to the problem of estimating the
number of people visible in an image. It uses a portion of foreground pixels in each cell of a
rectangular grid on image as features. Using the features and data mining techniques, they have
achieved accuracy up to 85% for exact match and up to 95% for plus-minus one estimate. The
architecture of a real-time people counting estimator is suggested in this approach. The results of
analysis of experimental data are provided and discussed. The described approach estimates the
number of people in an image using rather simple features — a portion of foreground pixels in
rectangular areas that cover the image. These simple features fed into modern machine learning
algorithms which can produce very impressive results and can be used for creating a real-time
people counting estimator for surveillance applications. Their count estimator approach is divided
into two tasks:

1. zero-person detection.
2. counting people in an image with one or more persons present in it.

For each task, they compare different classifiers based on their accuracy and execution
times. The next step of this approach is creating a prototype to count persons in real-time with
architecture. In this approach, they assume that features are independent in consecutive frames. To
conform to these requirements, they shuffle the dataset before applying the classifiers. In an actual
real-time implementation, their person counter will receive frames in chronological order and the

system should be able to exploit this.
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CHAPTER 3

PROPOSED SYSTEM

3.1 Introduction

Nowadays, counting people in images using different algorithms become a significant issue
in many applications like criminal and security systems. However, counting people on still images
in various and different pose, position, and illumination is very difficult to implement and require

a lot of processing power.

This chapter describes the proposed people counting system using different algorithms
together. We have focused on three types of images and counting the number of people on these
types using different algorithms. Three types consist of images including: (1) people with clear
faces, (2) people with whole body, and (3) people with distinguishable heads in crowd. The
proposed system and the algorithms used in it are described with examples in the following

sections.

3.2 The Proposed System

The main idea of the proposed system depends on the fact that images may have multi person
in different scale and position. Person (people) views are different from one image to another based
on their faces, bodies, or heads. Since people can be seen differently in images, different techniques
must be used together to develop a general system to count the number of people in still images.

For example, counting the number of people in an image with a few people with clear faces is
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different than counting the number of people in a crowd. Using the same technique for these two
different images will not give a successful performance. Therefore, firstly, we have analyzed
images to determine image categories according to people inside. Our result is that there are three
main categories which require different techniques for people counting. The first category includes
images which contain people with detectable faces (see Figure 3.1) and we hypothesize that face

detection algorithms may give successful results for this category.

Figure 3.1: People with detectable faces

The second category includes images having whole bodies. For this type, face detection
algorithms cannot produce successful results since faces are not clear (see Figure 3.2). We assume

that whole body people detection algorithms can be used for this category.

Figure 3.2: People with whole body
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The last category includes images of crowds for which neither face detection nor people

detection algorithms can be used (see Figure 3.3).
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Figure 3.3: Crowds of people

In this thesis, an attempt is done to propose a general system to extract persons and counting
them by using three different detectors (person face image detector, human body detector, and
person head detector). These algorithms depend on extracting features from face, or human body,
or head to find association rules between these features to recognize face, body, and head of

persons.

In this thesis, we use the OpenCV libraries which contain main functionality to implement
most of face detector based on the Viola-Jones method. Pre-trained models are available in XML
format which can be loaded. Then, we implemented a person body detection algorithm which uses
Histogram of Oriented Gradients (HOG) as feature and Support Vector Machine (SVM) for
classification using OpenCV libraries. HOG is a feature descriptor that is used in computer vision
and image processing for the purpose of object detection. Finally, we implemented the Hough
Circle Transform on the skin color detector after we transform those images to binary images and
using morphological image operation to generate a blub head objects to do people head detection

in crowd images.
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3.3 Proposed System Layout

The overall framework of our proposed system has three phases: input phase, detection and
counting phase, decision phase as shown in Figure 3.4. Each phase has specific functions, as

follows:

Input Phase

———

Images Database

I
Image Acquisition

(

Detection and counting
phase

N

1 ]
1 ]
I ]
| ]
1 ]
1 [l
1 [}
i ]
X People (face, Body, Head) .
1 ]
] [
I [
I ]
] [}
I [
1 ]
1 [
| ]
1 ]
| ]

object Extraction
N

People (face, Body, Head)
Counting

Figure 3.4: The Framework of Proposed People Counting System

. Input phase: This phase consists of uploading images from datasets into application:

e Database image selection: In this step, we select the datasets that we want to test.
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e Image acquisition: In this step, the image is loaded from hard disk to the memory of the

application.

Detection and counting phase: This phase consists of the following main steps:

e People image detection: In this step, three algorithms work in parallel to detect people in
an image. First algorithm tries to detect people from their faces; second algorithm tries to
detect people from the whole body; and the last algorithm tries to detect people from their
head.

e People counting: in this step, the number of detected people by each algorithm is counted

for each image.

Decision Phase: Since three algorithms are executed and three different numbers are
obtained, these numbers must be aggregated using an aggregation method. We have used
maximum operator for final decision. It gives the result of the algorithm which has produced the

maximum number as the final result of the system

3.4 Flowchart of the People Counting System

A flowchart of the proposed people counting system is illustrated in Figure 3.5. As seen in
the flowchart, three algorithms work in parallel and each one detect people in images and then
detected people are counted for each algorithm. All the algorithms that we use in the people
counting system have been implemented using OpenCV 3.0.1 and programmed by C++
programing language using Visual Studio 2015. The details of each algorithm are given in the

following sections.
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Figure 3.5: The Flowchart of Proposed People Counting System

3.4.1 Viola-Jones Face Detection Algorithm

The first algorithm that we use in the people counting system is the Viola-jones face
detection approach. The whole algorithm is visualized in Figure 3.6. The Viola-Jones Object
Detection is a generic framework for object detection, and it is particularly successful for face
detection. In this implementation, we use a simplified version of Viola-Jones algorithm for face
detection, which is implemented by using OpenCV functions and libraries. The simplified
implementation that we use does not include the training part of the framework as assumed in the

original framework. We depend on the pre-trained classifier and the pre-trained parameters for the

19


http://en.wikipedia.org/wiki/Viola%E2%80%93Jones_object_detection_framework
http://en.wikipedia.org/wiki/Viola%E2%80%93Jones_object_detection_framework

cascade classifier to test our dataset. The main steps of the algorithm are explained below one-by-
one [46].

e Step 1 (Image Pyramid): In this step, image pyramid is a multi-scale representation of an
image, such that the face detection can be scale-invariant which is detecting large and small
faces using the same detection window. Alternatively, in this step, it can also scale the filter

window, which is more cumbersome in this case.

e Step 2 (Integral Image): Integral image or (summed area table) is a way that sum up the pixel
values within a rectangular region (a region that defined by point A, B, C, D). Summed area
table becomes very efficient if we need to sum up the pixels within many regions of interest
within an image. Moreover, for an image of P pixels and N regions of interest each covers W
pixels. Depending on the naive algorithm which has a complexity of (NxW), the integral
image based approach has a complexity of (P + 4N). In this case of face detection, a sliding
window shifts around the image, which needs to sum up pixels for each shifted window.
Therefore, N is approximately equal to P. The integral image approach reduces the complexity
from (PxW) to (P + 4P). That means there is two orders of the magnitude reduction for a

sliding window of size 10x 10! [46].

e Step 3 (Sliding Window): A detection window or (sliding window) shifts around the whole
image at each scale to detect the face. In the provided implementation, the sliding window
shifts pixel-by-pixel. Each time the window shifts, in this step the image region within the

window will go over the cascade classifier [46].

e Step 4 (Cascade Classifier): A cascade classifier consists of multiple stages to do the
classification part in the viola jones algorithm [46]. Each time the sliding window shifts, the
new region within the sliding window will go over the cascade classifier stage-by-stage. If the
input region is not successful to pass the threshold of a stage, the cascade classifier will

immediately reject (labeled) the region as a face. If a region passes all stages successfully, it
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will be classified and labeled as a candidate of face, which may be refined by further

Load Theimage

{

Image Pyramid

)

Integral Image

{

slidingWindow

v

Cascade Classifier

Figure 3.6: Flowchart of the Viola Jones Algorithm

processing.

3.4.2 Human Body Detection

The second algorithm that we have used in the counting system is the human body detection
using Histogram of Gaussian (HOG) approach. The whole approach of this algorithm is described

in Figure 3.7.
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Figure 3.7: Flowchart of Human Body Detection Algorithm

HOG person or human detector is simple to understand and implementation. One of the
main reasons for this is that it uses a “global” feature which describes a person rather than a
collection of “local” features inside the image. The entire person in the image is represented by a

single feature vector, as inverse to many feature vectors representing smaller parts of the person.

The basic principle of the HOG person/human detector depends on a sliding detection
window which is moved around the image by a factor. At each position of the detector window, a
HOG descriptor is computed for the detection window depending on the position of this window.
This descriptor is given to a trained classifier which is an SVM, and SVM gives the result either
as “a person” or “not a person”. To recognize persons at different scales and position, the image is

subsampled to multiple sizes then each of these subsampled images is searched.
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This algorithm has the following steps [47].

Step 1 (Gradient Histograms): the first step of the person detector using HOG constructing a
detection window which is 64 pixels wide by 128 (64x128) pixels tall [47].

Step 2 (Compute the Gradient Histograms): To compute the HOG descriptor, we need to
operate it on 8x8 pixel cells within the detection window inside the image. These cells will be
organized into overlapping blocks inside the image for each window. Inside the cell, the
gradient vector at each pixel has been computed. The 64 gradient vectors have been taken (in
our 8x8 pixel cell) and put them into a 9-bin histogram to draw the final histogram of the
HOG. The Histogram ranges from 0 to 180 degrees [47].

Step 3 (Normalizing Gradient Vectors): The next step to compute the HOG is normalizing
the histograms. In this step, we can add or subtract a fixed amount of brightness to every pixel
in the whole image, and we will still get the same gradient vectors at every pixel in that image.
It turns out that by normalizing the gradient vectors, it can also make them invariant to
multiplications of the pixel values [47].

Step 4 (Histogram Normalization): In this step the value in each of the nine bins in the
histogram of the HOG is based on the magnitudes of the gradients in the 8x8 pixel cell over.
If every pixel in a cell has been multiplied by 1.5. Then the magnitude of all the gradients in
the cell will be increased by a factor of 1.5 as well. By normalizing the histogram, we can
make it invariant to illumination changes [47].

Step 5 (Block Normalization): In this step of the HOG, the normalization of each histogram
has been done individually. The cells that are first grouped into blocks and normalized based
on all histograms in the block for the whole image. The blocks having more than 50%
overlapping means that it is best described through the illustration. This block normalization
is performed by concatenating the histograms of the four cells within the block in image into
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a vector with 36 components which means that (4 histograms x 9 bins per histogram). Then it

should divide this vector by its magnitude to normalize it [47].

e Step 6 (Final Descriptor Size): As a final step, the 64 x 128 size pixel detection window will
be divided into 7 blocks across and 15 blocks vertically. It produces a total of 105 blocks, each
block contains 4 cells with a 9-bin histogram for each cell. So, for a total of 36 values per
block, it will fetches the final vector size to 7 blocks across x 15 blocks vertically x 4 cells per

block x 9-bins per histogram which is equal to 3,780 values [47].

3.4.3 People Head Detection using circular Hough Transform

The third algorithm that we have used in the people counting system is the people head
detection in crowded images using Hough transform. The whole approach of this algorithm is

described in Figure 3.8.

The basic idea of this algorithm is using the Hough transform which is based on two types
of features: lines and circles. Both of them involve transforming the image from feature space to
parameter space. We are looking for head detection since we are interesting to detect and count
people in crowd images. We assume that any person head is like a circle shape, so a method to

distinguish circles is a candidate for this purpose.
Circular Hough Transform transforms between two different spaces, which are Cartesian

space and a parameter space. The transformation space should be in a straight line (or other

boundary formulation) can be defined.
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Figure 3.8: Flowchart of Head Detection using Circular Hough transform

This algorithm has the following steps:

Step 1 (Skin color detection): Color is a useful piece of information for skin detection. The
skin detection is the most common and first approach for detecting meaningful skin color.
From different type of color models, in HSV color model, Hue (H) is not reliable for the
discrimination task when the saturation is low. Also in YCbCr color model, the distribution

of skin areas is consistent across different races in the Cb and Cr color spaces. The RGB color
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model is lighting sensitive. Therefore, when we use different color models together under
uncontrolled conditions, we get good result for skin color detection. These are RGB, YCbCr,
HSV and CIELAB color models. The combination of these color models overcomes all
varying lighting conditions and changes in illumination, and it gives better result than

individual color model result [48].

Step 2 (Convert Skin image to binary image): Thresholding is an image processing technique
for converting a grayscale or color image to a binary image based upon a threshold value. If a
pixel in the image has an intensity value less than the threshold value, the corresponding pixel
in the resultant image is set to black. Otherwise, if the pixel intensity value is greater than or
equal to the threshold intensity, the resulting pixel is set to white. Thus, creating a binarized
image, or an image with only 2 colors, black (0) and white (255). Image thresholding is very
useful for keeping the significant part of an image and getting rid of the unimportant part or
noise. This holds true under the assumption that a reasonable threshold value is chosen. The
threshold value operates by first reading the grayscale value at the first entry and coming up
with a pixel intensity between 0 and 255. It increments the total number of pixels and then it
will move on to the next row, column entry until it finishes reading all the raster data.
However, while it’s reading each entry, if it picks up a pixel intensity value more than once it

will increment that value [49].

Step 3 (Non-circular object removal using Morphological Operations): In this step, we tried
to remove the non-circular shapes by using size filtering and roundness filtering after we do
the Dilation and erosion on the binary image. Dilation and erosion are two essential
morphological operations. An opening is erosion followed by dilation with the same
structuring element. Erosion is a tool to removes some pixel from object boundaries in an
image and dilation adds some pixel to the boundaries of objects in an image to keep and create
the roundness shapes in the binary image which assume that the people heads in the crowded

images [50].

Step (4) Circle Extraction in the binary image: The algorithm for detecting circles in images.

The steps are as follows [51]:
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Step (4.1): Turn the colored image into grayscale

Step (4.2): Create a 3D Hough array (accumulator) with the first two dimensions
which are representing the coordinates of the circle origin and the third
dimension represents the radix

Step (4.3): Detect the edges that using the canny edge detector. For each edge pixel
(point), increment the corresponding elements in the Hough array.

Step (4.4): Collect candidate circles, then delete similar circles.

Step (4.5): Draw circles around the objects.

3.4.4 Requirement to Distinguish between Face and Head

Although face and head are related to the same part of human, we need to distinguish them
to develop a successful system. Since most the crowded images do not have any clear people
faces (which are almost blub of people head), people face detection algorithms cannot produce
successful results. So, to do people counting in such a difficult situation, we need an
appropriate algorithm to detect the people head by locating the blubs of heads in each image.
On the hand, if we use only head detection, it does not give good results for clear frontal face

images. Therefore, we propose a new approach to distinguish faces and heads and count them.
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CHAPTER 4

EXPERIMENTAL RESULTS

4.1 Introduction

This chapter presents test results of the people counting system which is developed
integrating three different algorithms based on detection of faces, bodies, and heads. Since our aim
is to develop a general counting system that is able to count the number of people in different
image categories, we have collected a dataset which includes three types of images from different
datasets. The first type is a collection from almost the frontal face images for people, which is
more accurate for the face detection approach. The second type includes people images which are
more suitable for the human body detection approach. The third type has crowded images, which
is more accurate for the head detection approach. Our system is tested on those different images.

Some example test results are given in Appendix A.

4.2 Implementation Environment

The developed system is implemented using OpenCV (version 3.1.0) and C++ programming
language. Tests have been implemented on Windows 10 operating system with a laptop computer
having Core 5 Duo CPU T6400, 3.6 GHz, and (8GB) RAM. The overview of the hardware

environment of our system is shown in Figure 4.1.
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4.3 Datasets

Figure 4.1: Specifications of test computer

To test our proposed system, we have used (300 images) from three different types. We

have selected 100 people images from each type. Since we try to develop a general purpose

counting system for still images, we have collected images from WIDER test datasets. Generally,

existing datasets includes images suitable for a certain purpose, for example for these types of

images: frontal face images, human body images, and crowded images. Table 4.1 shows the

dataset information.

Table 4.1: Dataset Information

Description
Dataset size
Frontal face images | Human body images Crowded images
300 images 100 images 100 images 100 images
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We have taken Frontal face images from the WIDER test datasets randomly. Selected face

images are 24 bit RGB, in BMP format. Some example images are shown in Figure 4.2.

Figure 4.2: Some examples for face images

The second type images include whole body visible people. We have randomly selected 100
people images from the WIDER test dataset and used them in our dataset. The human body images
are 24 bit RGB images in BMP format. Some example images for this type are shown in Figure
4.3.
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Figure 4.3: Some examples for human body images

The third type of images includes crowded people images. Generally, the head part of the
people is distinguishable in the images. Also, we have randomly selected 100 people images from
WIDER test dataset and added to our dataset. They are again 24 bit RGB images in a BMP format.

Some examples for this type is given in Figure 4.4.
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Figure 4.4: Some example for crowded people images

4.4 Evaluation Criteria

A confusion matrix contains information about actual and predicted classifications done by
a detection system. Performance of such systems is commonly evaluated using the data in the
matrix. Each column of the matrix represents the instances in a predicted class, while each row
represents the instances in an actual class. The confusion matrix shows the classes which are
correctly classified and the classes that are misclassified. Confusion matrix is used to evaluate
these parameters as shown in Table 4.2.
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Table 4.2: Confusion Matrix

Predicted Class

Yes No

Yes TP FN

No FP TN

Actual Class

The performance of detection system using different counting people algorithm can be evaluated

using various parameters. Standard parameters include:

e True Positive (TP): true positive results refer to correct detection of positive cases.

e False Positive (FP): false positive results refer to incorrect detection of negative cases into

positive class.
e False Negative (FN): false negative results refer to incorrect detection of positive cases

(missing values).

The performance evaluation of our people counting system is performed using three

measures which are Recall, Precision, and F-measure. The formula for calculating these measures

are given in equations (4.1), (4.2) and (4.3), respectively.

Recall: Recall, in information retrieval, is the number of correct results divided by the number of

results that should have been returned.

No.of True Positive

R Il = 4.1
p-c Positives (41)

Precision: Precision is defined as the ratio between the numbers of retrieved prediction that are
relevant to the number of retrieved prediction. In other word, precision is the number of correct

results divided by the number of all returned results.
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No.of True Positive

Precision =
No.of True Positive + No.of False Positive

(4.2)

F-Measure: It is a measure that combines precision and recall, the harmonic mean of precision

and recall.

FeM PrecisionXRecall g 43
— —_— * .
casig (Precesion + Recall) (4:3)

4.5 Experimental Results

In this section, we explain the different experiential results for each dataset in our proposed
system for counting people in images. In our experiments, we compare different approaches for
counting people in images. In order to assess the validation of counting number of the experimental
results, a confusion matrix is established.

We compute the mean average of the F-measure for each 100 images, it illustrates the

behavior of each approach in specific images, and our proposed system as well

4.5.1 Counting People using Face Detection Approach

In the first test, we use face detection approach with Viola-Jones algorithm for counting
people in images. We have used Viola-Jones algorithm to detect faces of people in images. Then,

we count the total number of people in each image.
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Figure 4.5 shows the performance result of the first approach (face detection approach with Viola-
Jones face detection algorithm) for counting people in image. We tested each category separately
(100 images from each category). We notice that the higher counting result of this approach is
about (93.3%) on the Frontal face images. However, we can see that its performance results on
human body images and crowded images are lower with f-measure values of 18% and 66%,

respectively. Confusion matrix for this evaluation is given in Appendix B.

It is clear that this approach gives good performance on the frontal faces images. Because
the Viola-Jones is a successful algorithm specifically for faces. Since human faces are not very

clear in other types of images, the performance of the algorithm is not at a satisfactory level.

Counting People using Face detection Approach

1 0,933145554
0,9
0,8
0,7
0,6
0,5
0,4

0,3 0,180216912
0,2

-
0

First 100 images Second 100 images Third 100 images

0,660530238

Face Detection Approach

Figure 4.5 F-Measure results of Face detection (Viola-Jones algorithm)

4.5.2 Counting People using Human Body Detection Approach

In this approach, we use HOG feature and SVM classifier for counting people in images.
We have applied the algorithm again to all type of image categories. Figure 4.6 shows the
performance results of the second approach (human body detection using HOG) for counting
people in images. We see that the higher counting result of this approach is about 92.5% on the

second image category. However, we see that the other performance results of the same approach
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are 10.5% on the frontal faces images and 2.8% on the crowded images. Confusion matrix for this

evaluation is given in Appendix C.

We conclude that this approach gives good performance on the human body images, since

it is specifically developed for human detection. However, it is not so successful for other images.

Counting People using whole body
detection

1 0,925324796
0,9
0,8
0,7
0,6
0,5
0,4
0,3
0,2 0,105072883

0,1 0,028592446
0 - I
First 100 images Second 100 images Third 100 images

Human Body detection approach

Figure 4.6 F-Measure results of Human Body detection

4.5.3 Counting People using Head Detection Approach

In this approach, we use head detection (with circular Hough transform and morphological
image) for counting people in image. Similar to other approaches, we have tested all image
categories with this approach. Figure 4.7 shows the performance result of the third approach (head
detection with circular hough transform and morphological image operation) for counting people
in images. We see that the higher counting result of this approach is about 97.1% on the third

category (crowded images). Confusion matrix for this evaluation is given in Appendix D.

We conclude that this approach gives good performance on the crowded images, because
the algorithm is developed specifically to detect head part of humans. However, if head part is not
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so clear in images, then the algorithm is not satisfactory. For whole body images, its f-measure is

36% which is not a satisfactory result.

Counting People using Head Detection

1,2
" 0,971878125
0,812891194
0,8
0,6
0.4 0,367228509
0’2 .
0
First 100 images Second 100 images Third 100 images

Head Detection Approach

Figure 4.7 F-Measure results of Head detection

4.5.4 Counting People using Our Proposed Approach

In our system, we have applied the all three algorithms together and then, we have chosen
the result of the algorithm which gives the highest number. In this approach, we argue that different
algorithms should be used together to count the number of people in various images. Figure 4.8
shows the performance result of the fourth approach (our system) for counting people in still

images. Confusion matrix for this evaluation is given in Appendix D.
Our approach gives best performance for frontal face images with a f-measure value of 95%.

Its performance values for whole body images and crowded people images are 92% and 89%,

respectively.
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Counting People using our Approach

0,98

0,959516742
0,96

0,94
0,924888628

0,92

0,9 0,895280599

0,88
0,86
First 100 images Second 100 images Third 100 images

My System Approach

Figure 4.8 F-Measure results of Our System

4.6 Comparison of Four Approaches

Figure 4.9 compares recall values for these four approaches. We see that our system gives

the higher ratio with 90.3% in the recall performance for whole dataset (300 images).

Recall

0,90327297
0,9

08 0,716651942
0,7

06 0,533282084

0,5

04 0,333331782

0,3
0,2
0,1

voila-jonce HOGsvm Crowded My system

Figure 4.9 Comparison of recall measurement
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Figure 4.10 shows that overall performance results according to precision measurement. We
notice that our proposed system gives the higher counting result ratio with 96.2% in the precision

performance. This result clearly outperforms the other results.

Precision

1,2

1 0,962581341
0,8 0,739769096 0,716651942
0,6

0,465305759

0,4
0,2

0

voila-jonce HOGsvm Crowded My system

Figure 4.10 Comparison of precision measurement
Figure 4.11 shows that overall performance results according to F-measure measurement.
We see that our system gives the higher counting result ratio with 92.6% in the F-measure

performance for whole dataset.

F-Measure

1 0,92656199
0,9
0,8
07 0,683477789

' 0,595264999
0,6
0,5
0.4 0,356081124
0,3
0,2
0,1

0

voila-jonce HOGsvm Crowde My system

Figure 4.11 Comparison of F-measure measurement
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Finally, all the calculated performance values are shown in Figure 4.12 to compare the
obtained results at a glance.

Overall Performance Results

1,2

1
0,8
0,6
0,4
- 11l aln

0

Face Detection approach Body Detection approach Head Detection approach my system
(Volia-Jones) (HOG) (Crowd image)

M Recall M Precision M F-Measure

Figure 4.12 Overall performance results
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CHAPTER 5

CONCLUSION AND SUGESSIONS FOR FUTURE WORK

In this chapter, we summarize the achievements of this thesis as well as provide some

suggestions for future work.

5.1 Conclusions

In this thesis, we have proposed a method for estimating and counting the number of people
in images using different approaches together. Our proposed system consists of three different
approaches: face detection, whole body detection and head detection. We test our method on a
dataset consisting of 300 images which includes images from 3 different categories.

The frontal face images, human body images and crowded people images are the main image
types that we use in this study. We depend on three different approaches for counting people in
images. The first one is based on face detection with Viola-Jones face detection algorithm and this
algorithm gives successful results for frontal face images. The second approach is based on the
human body detection which uses the HOG features and SVM classifier to detect human bodies in
images. The third approach is the head detection in crowded images. In this approach, we use the
skin detection method with the morphological image operation to detect the people heads, and the

circular Hough transform to do the counting.

The experimental results show that our proposed system gives accurate and stable results for

different image types. It is not feasible to develop a single algorithm to count the number of people
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in still images having people in different positions. Our test results show that when one of the
approaches is used alone, its success rate is not at a satisfactory level. Therefore, our test results
prove that we have to use different algorithms together to obtain a robust people counting system
for still images.

Using a single approach cannot achieve a satisfactory result since it has been specifically
designed for a certain image category. Our approach solve this problem by combining different
approaches together, evaluating images in parallel and aggregating the obtained results for final

decision.

Our research questions were;
1. Can the proposed system be applied to all kinds of images?

2. Can the proposed system give accurate and stable results for different image types?

Considering obtained results, we can conclude that our system can be applied to different
kinds of images, for example the frontal face images, the human back-side images, and crowded
images. Our proposed system gives successful results for these images. The obtained performance
results for precision and recall is more than 90% which is a prove of accuracy and stability of the

proposed method.

5.2 Suggestions for Future Work

For the future work, we consider that our system can be extended to include other images
including people in different positions and to increase its performance. The system can be extended

in the following ways:

e Adding other algorithms to detect and count people in different positions that cannot be
determined with the existing algorithms.

e For the aggregation of the results of three approaches, we have used MAX operator.
Other aggregation operators can be tested to increase performance of the system.

e Some techniques can be applied to eliminate wrongly detected people to increase

precision.
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APPENDIXES

Appendix A: Some Examples from Test
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Appendix B: Results of Face Detection Approach
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Appendix C: Results of Whole Body Detection Approach
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Appendix D: Results of Head Detection Approach
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Appendix E: Results of Our Approach
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