D«l g Aﬂ
prE g
fid e

FE TR IR S A e

A Study of Human Tracking and Face Detection

on A Pan-Tilt-Zoom Camera

TR E L RARE
T BT P

FIEE Sl Jud Y F = ]



F|2 | B BRSO, AR R e 1

A Study of Human Tracking and Face Detection

on A Pan-Tilt-Zoom Camera

TR E AR Student : Linda Siana
Tﬁﬁ:ﬁ‘%} CMERS Advisor : Prof. Chin-Teng Lin

sl o ) A S
R il e
AL

LU% Al

NES
» S
» PI\

A Thesis
Submitted to Department of Electrical and Control Engineering
College of Electrical Engineering and Computer Science
National Chiao-Tung University
In Partial Fulfillment of the Requirements
For the Degree of Master In
Electrical and Control engineering
July 2005
Hsinchu, Taiwan, Republic of China

e ke N



FIR BB U R PALEE - AR [ 1

PeRE AR FR 1 fey 99

ERES RN Lk e

W

L 2 I BB AR e O
R TS TSR T R AT o Y- AL TR
EVRLREY (IS » e 3 MR ¢ S (i) AILRLSTE pan-tilt-
zoom FHS AL PO IMIAC © T o Z5PR2 ]~ B e Al el 17
MH s BIRPE IRV connected component $5 T M g PF‘ FIE RS &)~ Yy
YA B 5P (P A - R I LIRS 6
PR G IR R R RS B B R RO ¢
FEIEIL % A S 0 SR AL N 1S R B O 0 S
TERRYAG SV A T SRR PRy Jek i -
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Student: Linda Siana Advisor: Prof. Chin-Teng Lin

Department of Electrical and Control Engineering

National Chiao-Tung University

ABSTRACT

This thesis presents a study -of human tracking and face detection on a pan-tilt-zoom
camera. In our approach the system is divided into two parts: detection module including
human and face detection, tracking module including pan-tilt-zoom camera control. We
model a human for human recognition and combine HSI skin color with connected
components for face detection. HSI skin color is implemented by using multilayer neural
network trained with back-propagation learning algorithms. We use the recognizable face
index to describe the definition of detected faces. Active camera will track a human and
keep it in the FOV (Field of View) camera. The controls in camera zooming will be
automatically started when the detected face of moving humans is not clear or the face
index is smaller than a threshold value. We also apply local motion vectors to increasing

the capability of our tracking system.
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Chapter 1

Introduction

Detection and tracking of moving object are important task in computer vision field
particularly for visual-based surveillance system. Video surveillance system has been
generally applied in recent years. The strong need of it comes from security-sensitive
areas such as banks, department store, parking lot, etc. There are two types of video
surveillance system: video surveillance system with_continuously human monitoring but
finding available human resources to sit and watch that imagery is expensive otherwise it
can not issue the alarm in real-time.; The other is video surveillance system recorded
video by camcorder without human.monitoring: It is already prevalent in commercial
establishment with camera output being recorded periodically or stored in video archives.
The system is more efficient and effective if has a camera which can track the movement
of human and detect the face because face is important information of human then the
system will store or send face image to alert security officers.

Visual tracking has been important topic in computer vision and surveillance system.
There are two different categories of tracking, tracking a target with stationary camera
and active camera. An active camera can move up-down direction (tilt), left-right
direction (pan) by controlling the motor and has ability to do zoom-in/out. Tracking with

active camera can keep the target in the camera scene wherever the target moves by



driving the pan-tilt-zoom. Visual tracking is implemented in indoor and outdoor, moving
object in these environments are varying such as trees, people, vehicles, animals, etc. and
tracking system must distinguish the object that we want to track with other objects. In
this thesis we integrated the real time human detection, face detection, tracking human
and zooming human face using an active camera (pan-tilt-zoom camera) to achieve the

goal of surveillance system.

1.1 Motivation

Face detection determines the location and size of each human face in an image. A
successful face detection system can provide valuable insight on how one might approach
other similar feature and pattern detection system., The pre-process of face detection is to
extract moving object from background (human' detection system). There are many
existing of human detection system [11,712, 13, and 14] are used to detect the human that
presence in an image but usually the size of human too small to process so the face image
somehow is not clear or blur and has low resolution.

Face tracking is used to follow a face through the sequence. There are two types of
real-time tracking system that incorporate the face changes over time, in term of changes
in scale, position and localize the search for the face. One is to track a target with fixed
camera [11, 15, 16, 17, 18, and 19]. The other is to track an object by active camera [20,
21, and 22]. Tracking face with an active camera can keep the object in the scene of
camera by controlled camera motor so the object can not disappeared from scene and
some active cameras have zoom-in/out operation that can be used to zoom-in/out the

object when it is too small to track. Many face detection and tracking work for front view



face although the face has several angles and scales but in real-environment is impossible
to detect only front view of face, somehow face or head can be sided-view, backed-view
or several angles of view.

Consider for instance video surveillance the images are not necessarily monitored
continuously. In many such systems each camera covers a fixed-large area. This has the
serious drawback that the resolution of the video pictures is frequently too poor to be able
to extract anything but the most basic conclusions as to the appearance of the person in
question and as such is virtually useless for convicting criminals in courts. If instead the
camera is able to zoom-in on the suspect, the problem of insufficient image resolution
can be solved [46].

The several reasons above motivates us to develop a face detection and tracking
system use an active camera with controlling pan-tilt-zoom, so it can track and zoom the
human or human face if the size too-small to proeess. In human detection we use
deformable model to modeling the"human. This human model can be used to detect
moving human that has variation of size. In face detection system we combine skin color,
connected component, and recognizable face index to define clearance index of face

which can be used for tracking and zooming process.

1.2 Related Work

1.2.1 Human Detection Method

In recent years, many human detection approaches have been developed. There are

two parts of human detection system, segmentation of moving object from background



and human detection by distinguishing the human with other moving objects. Several
methods for moving object segmentation are optical flow method [24, 25, and 26], stereo
based vision, and temporal difference method. Optical flow is used to detect
independently moving objects but it has complex computation and sensitive to change of
intensity. Optical flow used in [25, 26] used to detect vehicle. Zhao et al [11] exploited
stereo based segmentation algorithm to extract object from background and to recognize
the object by neural network based recognition. Although stereo vision based technique
have been proved to be more robust it requires more than one camera at least two camera
and can be used only for short and middle distance detection. Smith et al [27] used
background subtraction method to segment isolate human. The serious problem of this
approach is the changeable background or the illumination that is almost different in each
frame.

To distinguish human with other object (human recognition), several method can be
implemented such as shape-based,”metion-based, and multi-cue based methods. The
shape-based approach uses shape feature to recognize human. Motion based use Fast
Fourier Transform and its periodicity against time [28]. Some system integrate multiple
feature to recognize human such shape pattern, motion pattern, skin color, etc. Curio et al
[29] used the initial detection process that is based on geometry feature of human. Then,

motion patterns of limb movements are analyzed to determine initial object hypotheses.

1.2.2 Face Detection Method

In recent years face detection including face recognition and facial expression have

attracted much attention though they have been studied for more than 20 years by



psychophysicists, neuroscientists, and engineers. A first step of face processing system is
detecting the locations in images where faces are present [30]. Two face detection
approaches are feature based and image based approach [7]. Feature based approach
divided into three areas: low level analysis, feature analysis and active shape model.
Image based approaches divided into linear subspace method [32, 34], neural networks
[30, 38] and statistical approach [37]. Most of it apply a window scanning algorithm is in
essence just an exhaustive search of the input image for possible face locations at all
scales. Figure 1.1 shows details the existing techniques to detect face.

Low level analysis first deals with segmentation of visual features using pixel
properties such as gray-scale and color. Edge in low level analysis was applied in earliest
face detection work by Sakai et al+[31]. In this method, edge need to be labeled and
matched to a face model in order to verify correct détection. Beside edge details, gray
information within a face can also be used as_features.Facial features such as eyebrows,
pupils, and lips appear generally darker than their surrounding facial regions [32, 33].

Another low level analysis is color method. Human face can be modeled as skin
color model. Some methods of skin color that have been used for detect face are RGB
color model, HSI color model, YCbCr, etc. [32-36]. If the use of video sequence is
available, motion information is a convenient means of locating of moving object. The
straightforward way to achieve motion segmentation is using frame difference analysis.
This approach is simple and able to discern a moving foreground efficiently regardless of
the background content [7].

Features generated from low level analysis are likely to be ambiguous. For instance,

in locating facial regions using skin color model, background objects of similar color can



also be detected. In many face detection techniques, the knowledge of face geometry has
been employed to characterize and subsequently verify various features from their
ambiguous state. There are two approaches in face geometry, feature searching based on
the relative positioning of individual facial feature [33, 34]. The confidence of feature
existence is enhanced by the detection of nearby features. The technique in the second
approach group features as flexible constellations is using various face models [34].
Active shape models depict the actual physical and hence higher level appearance of
features. Once released within a close proximity to a feature, active shape model will
interact with local image feature like edge and brightness then gradually deform to take
the shape of the feature [7].

Edge

Gray levels

Color

L

Low level
] analysis

Motion

Generalized
measure

Feature searching

Feature based .
Feature analysis
approach Constellation
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Snakes

- Active shape | Deformable
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Point distribution
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Figure 1.1 Face detection divided into approaches [7]
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There are generally three types of active shape models, the first type uses a generic active
contour that is called snakes and first introduced by Kass et al. Deformable template were
then introduced by Yuille et al to take into account the a priori of facial features and has
better performance of snakes. Cootes et al later proposed the use of new generic flexible
model which they termed smart snaked and provide an efficient interpretation of the

human face.

1.2.3 Tracking System

Tracking is used to follow an object through the sequences in this case the object is
face or moving human that changes over time; in terms of changes in scale and position,
and to localize the search for the face. As-mentioned m motivation and contribution part,
there are two type of real-time tracking system. One is tracking object with fixed camera
and the other is with an active camera.

A real-time detection system for color image sequence is present by G. L. Foresti
[10]. The approach is using in video-based surveillance system for monitoring indoor
scene. J. Steffens [14] presents real-time face detection and tracking system for face
recognition by using stereo CCD camera to capture an image. L. Wang [8] presents a
real-time face tracking by using digital camera which fixed on a tripod. For single
tracking, it provides a robust tracking result even in presence of slight scale and
orientation changes of human face. K. Schdwerdt and J. L. Crowley [40] discuss a new
robust tracking technique by applying histogram of intensity normalized color. The face
tracking procedure described in this method has certain advantages, such as grater

stability, higher precision and less jitter, over conventional tracking techniques using



color histograms. R. C. Verma et al. [5] present a new probabilistic method for detecting
and tracking multiple faces in a video sequence. D. Comaniciu and V. Ramesh [21]
present a real-time system for detection and tracking human face with an active camera,
this paper focuses on techniques that prune the face candidates for case when the
background color is similar to the skin color. J. Yang and A. Waibel [39] present a real-
time face tracker using a stochastic model to characterize skin-color distribution of
human face. The frames are captured by active camera, this system hardly achieve good
performance because time delay of pan-tilt-zoom camera control. M. Scheutz et al [13]
present a real-time system for a mobile robot that can reliably detect and track people, the

camera has pan-tilt controller.

1.2.4 Zooming System

On automated tracking of scene ‘motion, auto.zoom control is a rather unexplored
area [45]. However, it is an area which progress over the last few years in the theory of
structure from motion and self calibration of cameras lays open to practical investigation.
Under human operator control, camera zooming is initiated in two ways [45], the first is
called purposeful zooming, where some higher level process indicates that it would be
valuable either to zoom-in to collect more object details, or to zoom-out to obtain
surrounding context. The other way zooming is used is more reactive. In this case, the
camera operator adjusts the zoom to preserve the image size of the target object as it
moves away from or towards the camera.

Many tracking system are used active camera work only on pan-tilt although the

camera has zoom operation otherwise using zoom without pan-tilt operations. Some



literatures [45, 46, 51] work in zoom operation by using affine camera. B. Turdoff and D.
Murray present a method for visual control of the zoom setting of an active camera
during tracking. The method assumes an affine projection and tracking achieved using
affine transfer, a process which is fundamentally invariant to zoom. H. Shah and D.
Morrell [51] proposed an adaptive zoom by adaptively changing the camera focal length.
The target tracker is implemented using Rao-Blackwellized particle filter. The simulation
of it demonstrates that the adaptive zoom algorithm has a smaller average squared
position estimate error than a comparable fixed zoom algorithm. The proposed system is
doing tracking by using pan-tilt-zoom. E. Hayman [46] developing and analyzing
algorithms that function in spite of zoom, algorithm for visual tracking, camera
calibration and Euclidean reconstryction. An approeach grounded in visual geometry is
adopted, motivated by the notionl that the geometric descriptions of point (corner) and

line (straight edge) features are zoom-invariant.

1.3 Thesis Organization

The remainder of this thesis is organized as follows. Chapter 2 describes system
overview including software and hardware architecture. Chapter 3 shows detection
system including human and face detection system. Chapter 4 describes the tracking,
zooming module and camera control system. Chapter 5 shows the experimental results.

Chapter 6 is the conclusions of this thesis and the future works.



Chapter 2

System Overview

2.1 Hardware Architecture

The system uses an active camera Sony EVI-D100/P that has pan-tilt-zoom function
to acquire image frames. These frames are captured and processed by Personal Computer
(PC). The specification of the computer'is AMD. Athlon XP 2000+ 1.67 GHz, 512 Mb
RAM. As shown in Fig. 2.1, the active camera has two interfaces which are RS-232 and
video interface. RS-232 interface is used-to send a-command to control the camera
movement including pan-tilt and zeom Operation. Meanwhile video interface is an analog
input that needs video grabber card, so PC (personal computer) can read out the image

data.

Figure 2.1 System Architecture
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The parameters of RS-232 are communication speed 9600 bps, 8 data bits, 1 start bit and

stop bit, non parity and MSB first. The packet structure of it shows in Fig. 2.2.

Packet (3 to 16 bytes)
-~ -
Header Message (1 10 14 bytes) Terminator
it -
Byte 1 Byte 2 Byte 3 FF
Sender's . —_—
1 addresls 0 Recei\l.rer's agdress i i i 1 1 1 i 1

1 1 1 1
Bit7 Bité Bit5 Bit4d Bit3 Bit2 Bit1 Bit0 Bit7 Bite Bit5 Bit4 Bit3 Bit2 Bit1 Bit0
(MSB) (LSE) (MSB) (LSB)

Figure 2.2 Packet structure of RS-232

(b)

Figure 2.3 (a) The rotation angle of pan range, (b) The rotation angle of tilt range

Table 2.1 Camera control specifications

Camera control Angle Maximum speed
Pan Horizontal £100 degrees 300 degrees/s
Tilt Vertical 25 degrees 125 degree/s
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In order to track object (human/face) we control the angle of pan-tilt and focal
length of zoom-in/out. The specification of camera control shows in Table 2.1 and Fig.
2.3. EVI-D100/P uses 10x optical zoom lens and its digital zoom function allows zoom
up to 40x. The horizontal angle of view is approximately 65 degrees (wide-end) to 6.6
degrees (tele-end). The digital zoom increases the picture element size and reduces the
resolution. The camera focal length is 3.1-31 mm and the object is two meter away from
the front surface of the lens, and minimum object distance WIDE (zoom-out) 100mm,
TELE (zoom-in) 600mm.

Table 2.2 shows some RS-232 commands for drive pan-tilt-zoom camera and its
return commands. The pan-tilt camera moves by its relative position so it moves from
current position to desire position by using diffetent reference coordinate on the other
hand we take current position as.reference position. It-is different with absolute position
condition which still has same reference coordinate wherever camera moves.

Home command is used to drive pan-tilt to original reference position in 3D
coordinate the position is (0,0,0). Reset command is used to drive pan-tilt to maximum
and minimum position. Pan control is used to drive camera to left and right side in the
other hand tilt control is to drive camera to up and down side. When pc sends a command
through RS-232, it will return two commands to indicate that has been accepted and
executed (completion message) otherwise RS-232 will return an error message. When
command messages are sent to camera, it is normal to send the next command message
after waiting for the completion message or error message to return, however EVI-
D100/P has two buffers (memories) for commands so within these buffers the camera can

execute command and receive new command at the same time.

12



Table 2.2 RS-232 commands

Command Set

Command

Command Packet

Comments

Pan-tilt drive

Relative position

8101 06 030VV WW

0Y 0Y 0Y 0Y 0Z 0Z 0Z 0Z FF

VV: pan speed 01 to 18
WW: tilt speed 01 to 14
YYYY: pan position

FA60 to 05A0 (center 0000)
7777 tilt position

FE98 to 0168 (center 0000)

Home 8102 06 04 FF Back to origin position
(x,y,2)=(0,0,0)
Reset 8110106 05 FF
Zooming Direct 8101 04 47 Op 0q Or 0s FF pqrs: zoom position
Command Set Command Reply message Comments
General 81010438 02FF | 9041 FF/ 90 42 FF(ACK) - Return ACK when a
command 90 51 FF /90 52 FF(completion) | command has been accepted

- Return completion when a

command has been executed

Pan-tilt status

810906 10 FF

90 50 pq rs FF

pq rs=02 04: pan-tilt moving
pq rs=02 08: pan-tilt

operation is completed

Zoom position

810904 47 FF

90 50 Op Oq Or Os FF

pqrs: zoom position
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When pan-tilt camera is still moving the system does not send another command
until RS-232 return a command that indicate pan-tilt operation is completed and zooming
operation also do the same thing. The system will process new zooming commands until
RS-232 returns a command that zooming process is already achieved the desired focal
length. The zoom has four steps depend on the focal length value which camera can be
used to do zoom-in or zoom-out on this focal length. Table 2.3 shows the camera focal
length.

The camera in reference condition or condition without zooming is using focal
length equal to 3.1 mm. The zoom-in step one will increase focal length from 3.1 mm to
4.65 mm, zoom-in step two will increase focal length from 4.65 mm to 6.2 mm, and so on.
On the other hand, zoom-out step one will decrease focal length from 4.65 mm to 3.1 mm,

zoom-out step two decrease focallength from 6.2 mm to 4.65 mm, and so on.

Table 2.3 Camera focal length

Zoom-in Zoom-out
Step
(focal length-mm) | (focal length-mm)
1 4.65 3.1
2 6.2 4.65
3 9.3 6.2
4 12.4 9.3
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2.2 Software Architecture
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Figure 2.4 Facedetection-and Tracking System

Input frames are captured by ‘Sony-active: camera EVI-D100/P with resolution
320x240 then pre-processed it by using down-sampling. Its result is processed in human
detection module to extract the moving human region as shown in Fig. 2.4. The system
use face detection module to extract human face and apply recognizable face index to
calculate percentage face index that indicate clearance of human face for zooming and
tracking application. The front view and back view in Fig. 2.4 are the conditions of
moving human depend on human face position to camera. On back-view condition, the
system only do tracking otherwise front-view condition the system will do tracking and
zooming then the system will capture face image region for further application of

surveillance system such as face recognition.
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Face Detection Block
HSI Skin Color
Component
Fitting Ellipse
Function

Note: ths1 = threshold value one
ths2 = threshold value two

Down-Sampling

Temporal
Difference

Image Projection

Human Model

Model Matching

Human Detection Block

Capture
Face Image

Up-Sampling >

Figure 2.5 shows flowchart of our systm. The system is divided into three blocks:
human detection block, face detection block, tracking including pan-tilt-zoom camera
control. The left block is human detection block, up-center block is face detection block
and block under face detection is tracking and zooming block. The human detection
system consists of temporal difference, image projection, human model and model
matching. The human detection result is moving human bounding box and its position in
an image. The face detection system consists of HSI skin color, connected component
and fitting ellipse function, the result is human face location. The tracking and zooming
block consist of recognizable face index, pan-tilt-zoom camera control and local motion

vector.

16



The human detection system is used to detect moving human in a scene and
distinguish it from other objects. We use deformable human model to achieve this goal.
Projection an image in human detection system is processed to find and extract location
of moving object by applying change detection technique. It works by using difference
between two frames: current frame I(x,t;) and previous frame I(x,ty) that representing in
monitored scene. The thresholded output is a binary image represents the moving object.

The face detection system is used to extract face pattern from moving human. It
applies HSI skin color that is trained by back-propagation neural networks to find human
skin region and labeling it by connected component, its label is arranged from large size
to small. We fit the best possible ellipse to every label to find the human face position.
The clearance of face is obtained from recognizable face index. Large percentage index
means face could be recognized than small percentage face index.

Sometimes some positions ‘of meving human are back-view so the face detection
system can not extract the human face: In this condition the system still can do tracking
by using moving human information. In the human tracking system, camera drives pan-
tilt to follow movement of human and will track face in a further step when the face is
visible (front-view, several angle view of face). Figure 2.5 show the zooming operation
block is worked automatically when face detection system obtain face index smaller than
threshold one and larger than threshold value two. The zooming operation includes
zoom-in and zoom-out that has four steps by change the focal length camera, its work
step by step from zoom step one until step four and it will stop if the recognizable face

index obtain face index between threshold one to threshold two.
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Chapter 3

Detection Algorithm

In this chapter we will describe how to determine location of moving human and its
face in image sequence. The detection system is divided into two parts: human detection
and face detection. We use deformable human model for human detection and HSI skin
color performed by using multilayer neural networks, connected component and fitting

ellipse function for face detection.

3.1 Human Detection

Human detection system is subdivided into two parts: segmentation of moving
object and distinguishing human with other objects using template matching. Figure 3.1
shows our human detection system. Successive two frames are taking as input of
segmentation process which are current frame f(n+t) and previous frame f(n). These
frames are captured by active camera with frame rate 30 frame/second after down-sample
these frames by two, we apply segmentation process which consist of temporal difference,
median filter and image projection. The result of its process is used to model a human. So

by using the human model we can distinguish moving human from other moving objects.

18



Captured frames

Downsample by 2
C ~
=)
£ =
s =
S 2
G a

Segmentation Temporal
Process Difference
Y

Human Model Median filter

A

Model Matching Image Projection

Moving Human+

Figure-3.1 Human detection system

ic) {d)

Figure 3.2 (a) Current frame, (b) Previous frame, (c) Difference image, (d) Difference

image after thresholded
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3.1.1 Segmentation of moving object

The main idea of segmentation moving object is to extract foreground from
background. It consists of temporal difference, median filter and image projection.
Temporal difference uses difference between current and previous frame as shown in Fig.
3.2. The input and result of difference image are gray-level images. After filtering the
result is automatically thresholded and the output is a binary image as shown in Fig.3.2 (d)

whose pixels can assume as two possible states, a static or moving pixel.

When foreground already extracted from background, size of image still same with
input image and important data or movingrobject somehow is appeared in a region of an
image which is shown in Fig. 3.2 (d). Then apply herizontal and vertical projection to
extract only the moving object region. Vertical projection is used to find Xstart and Xstop
position, and by applying these positions in-horizontal projection we find Ystart and
Ystop position. The result is a rectangular” bounding box from left-top coordinate

(Xstart, Ystart) to right-bottom coordinate (Xend,Yend) as show in Fig. 3.3(d).

Figure 3.3 consists of image after filtering and binerization which is same with
image that show in Fig. 3.2(d), graph of horizontal projection, graph of vertical projection
and bounding box of moving object in binary image and color image. The binary
bounding box is extracted from difference image in Fig 3.3(a) and color bounding box is

extracted from current frame shows in Fig 3.2(a).
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3a

Figure 3.3 Image Projection, (a) Differencenimage, (b) Horizontal projection, (¢) Vertical

projection, (d) Projection result

3.1.2 Human Recognition

We apply human model to distinguish moving human from other moving objects.
There are many methods in fields of human recognition. Its technique can be classifier
into shape-based, motion-based and multi-cue-based. We combine multi-cue and human
shape to model a human.

Around 540 B.C., Polycleitus published his treatise on ideal proportions of the
human body known as the Canon [47]. He divided the human body into seven equal parts
(seven and a half counting the foot), each part being equal to the height of the head.
Modern view of human proportions in [47] is determined by related measurement one to

another human body parts and the proportions put forth by Polycleitus.
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Each division is equal to distance between chin and
crown of head
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7 1% bottom of foot
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[27]

Figure 3.4 (a) Division of body according to Canon by Polycleitus, (b) Modern view of

human proportions

The philosopher Leonardo da Vinci has indicated that the ratio of human being’s
head and body is 1 to 7. The head-body ratio structure is painted by Leonardo da Vinci
with the architecture theory of Vitruvian. Although this artistic creation is not finished, it
expresses the relation of human body clearly. Figure 3.5 is simplified graph of human

body ratio and another human body ration is shown in Fig. 3.6. It is human body ratio has

been used in Korea.
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Figure 3.5 Simplified graph of human body ratio
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Figure 3.6 The measure of human body ratio in Korea

In human body dimensions the most interested parameters are height and width of human
body. The length of head is proportional to the height of human body. The width
parameter is defined as width of the torso. According to modern view and Leonardo da
Vinci the ratio of head and body approximates to 1:7, so we use this ratio to model our

human.
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We model human shape by applying two ellipsoids corresponding to head and torso.
It is because human head and torso are more fixed than other human parts such as arms
and legs. Each ellipsoid is controlled by two parameters called long axis and short axis.
The long axis parameter determines height of the head and torso, short axis parameter
defines width of the head and torso. This model is sufficient to capture the gross shape
variations of most humans in the scene. The length and width of head and torso are
defined by proportional relationship of body dimension in human being. The human head
and torso can be generally described as being roughly elliptic in nature. The elliptic
parameters are,

2

2
X=X Y=y
( azo) +( bzo) =1 (3.1)

Given point is (x,y) and the parameters are the center point (xo,yo), the semi major axis a,

the semi major axis b of the ellipse:

The proposed human model is shown in Fig. 3.7. It is created by define moving
object as height and width, and use human body proportional ratio which is
approximately 1:7 then take 4/8 height of moving object to model human head and upper

body. We modify general ellipse function to construct ellipse head model and upper body

+(0—00)j (y—wj
+ 4 <=4

B RO R

2

model.

( width
x p—
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2 (3.3)

2
( wzdthj ( —4dd+dj I
> < 4(7j 1256
&) lS)
2 2
Equation (3.2) is ellipse function for head of human model and Eq. (3.3) for upper side of

human body. Width of head is (0-00), diameter of head is d and diameter of body is dd

These parameters are shown in Fig. 3.7(b).

1
4/8 of Moving Object

Human Model

Moving Object

Template Matching (SAD)
—>
if cmp < threshold

i

Moving Human

(b)

Figure 3.7(a) Human detection and recognition, (b) Parameters of ellipse
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Figure 3.8 Ellipse human models

Figure 3.8 shows some ellipse human model. The size of head and body of human
model changeable depend on size of head and body that is already detected in human
detection system.

Correlation between moving object’and human model is calculated by template
matching, it is used to localize and to iderntify a pattern.or template in a full content image.
Nowadays, the template matching techniques is widely applied to the video coding in
order to perform the faster compression, pattern recognition, and visual tracking. There
are several methods that are popularly used for template matching: normalized cross-
correlation (NCC) method, sum absolute difference (SAD), and sum squared difference

(SSD). The mathematic formula of it as follow

S > G+ y+ TG, )
NCC(x,y)=">E (3.4)
][]
SAD(x, y) = ._ Z|I(x+i, Y+ N=TG ) (3.5)
SSD(x, ) = z Z(I(x +i,y+ =T, J)) (3.6)
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T and I denote the template and the image block in the same size of the template
respectively. B denotes the size of the matching block, (x,y) is the reference point under
current comparison process within the searching area, (i,j) is the local coordinate in the
template and in the image block within the searching area with the reference point (x,y).
The larger value of NCC will have the higher similarity between the template and
aforementioned image block becomes. Unlike NCC method, SAD and SSD are image
subtraction method. If the value of SAD or SSD are closer to zero, then the image pattern
are more similar. Consequently, the position (x,y) with respect to the maximum NCC
value is the most likely position of the target that we want in the searching area, whereas
the position (x,y) according to the minimum SAD or SSD value is the most likely the
target position desirable.

The correlation of moving.object in our.approach is calculated by matching the
human model and moving objectiusing. SAD as shown in Eq. (3.5), if the value of SAD is

closer to zero, the moving object and human modelis more similar.

3.2 Face Detection

The face detection system is shown in Fig. 3.9. It is divided into three blocks: HSI
skin color connected component and fitting ellipse head model. The HSI skin color
obtains three skin regions, head and two hands. The connected component will have three
different labels and fitting ellipse function using these labels to find human head as

shown in Fig. 3.9.
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Figure 3.9 Face detection system

different skin color, several studies have shown that the major difference lies largely

between their intensity rather than their chrominance. Several color space have been
utilized to be label pixels as skin including RGB, HSV, YCbCr.
1. RGB skin color

In RGB color space, every pixel values are very sensitive to lightness and
normalization RGB color space is reduced the effect of lightness. The transfer function is
shown below,

R

= - 3.7
" R+G+B S
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G

= 3.8
" R+G+B G8)
The skin color distribution can be writing as combination of three functions below,
fi(R)=-1.3767R> +1.0743R, +0.1452 (3.9)
£,(R)=-0.776R’ +0.5601R, +0.1766 (3.10)
w=(R,—0.33)" +(G, -0.33)’ (3.11)
RGB skin region represents as S region defined in Eq. (3.12)
L (G, < [(R) &(G, < f,(B;) & > 0.00004 & (R > G > B)) _
0, Otherwise (3.12)

2. YCDbCr skin color

Color appearance is often unstable'due to change drastically under varying lighting or
luminance condition. Consequently the original RGB image which incorporates
luminance information must be transformed into a color space that separates the
luminance and chrominance components (YCbCr). In this transformation, luminance
information is stored in Y component and chrominance information is stored in Cb
(chromatic blue) and Cr (chromatic red) components. Cb-Cr is natural model associated
to jpeg images and for mpeg stream. Transformation from RGB color components to Cb-

Cr color space is given by the following matrix:

YY) (029 0587 0.114)(R
Cb|=| -0.169 0331 05 |G (3.13)
Cr 0.5 -0.419 —0.081)( B
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3. HSI skin color

When humans view a color object, we describe it by its hue, saturation, and
brightness [48]. Hue is color attribute that describes a pure color (yellow, orange, red).
Saturation gives a measure of the degree to which a pure color is diluted by white light in
the other hand, the saturation refers to the relative purity or the amount of white light
mixed with a hue. Brightness is a subjective descriptor that is practically impossible to
measure. It embodies the achromatic notion of intensity and is one of the key factors in
describing color sensation. The following formulas show how to convert from RGB

space to HSI:
1
1:§m+G+w

=2 dwin(RG.B
> R+G+Bbmd’a )

; (3.14)
S(R=6)+ (k- 5)
JR-G)-+(R- B)G-B)

H =cos™

The HSI color space is an ideal tool for developing image processing algorithms
based on color descriptions that are natural and intuitive to humans [48] and more stable
due to drastically under varying lighting or intensity than RGB and YCbCr skin color
model. For that reason our system is used HSI model to find skin region in an image. HSI
skin color is performed by neural networks trained by back-propagation algorithm. The
neural networks consist of offline training and online skin classification as shows in Fig.

3.10.
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Figure 3.10  HSI skin color, (a) training part, (b) testing part.

The network consists of input layer, two hidden layers and output layer. Back-
propagation algorithm is based on the error correction learning rule. The error signal at

the output neuron j at iteration n is defined by
e (n)y=d,(n)-y,;(n) (3.15)
d,(n) refers to the desired response for neuron j and is used to computee;(n), y;(n)

refers to output of neuron j at iteration n.

The model of each neuron in the neural networks includes a nonlinear activation

function. The important point to emphasize here is the smooth nonlinearity [49]. A
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commonly used form of nonlinearity that satisfies this requirement is a sigmoidal

nonlinearity defined by the logistic function:

1

1+exp(—v,) (3.16)

Y=

The training set is composed of 250 RGB face images which have been extracted from
real-time video capture then converts it to HSI color space by Eq. (3.14) and using its

components as input training. Some of training set are shown in Fig. 3.11.
‘ . ! .
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Figure 3.12  MSE of training process
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Training part is processed to get the weighting and bias values. The mean square
error (MSE) during training process is shown in Fig. 3.12. The goal of MSE is 0 and the
training performance is 0.0898.

Testing part in Fig. 3.10(b) is applying in real-time system (online). The process is
similar with training process. Input is moving human image and converts it into HSI
color channel and classification by using weights and biases that obtained from training

part then apply median filter to get smooth skin image and reduce some noise.

3.2.2 Connected Component

Connectivity between pixels is a fundamental concept that simplifies the definition
of numerous digital image congepts, such as regions and boundaries. To establish
whether these two pixels are connected, it is determined by their neighbors and finds their
gray levels satisfy a specified criterion or similarity [48]. For instance, in binary image
with values 0 and 1, two pixels maybe 4-neighbors, but they are said to be connected only

if they have the same value.

Let V be the set of gray-level values used to define adjacency. In a binary image, V = {1}
if we are referring to adjacency of pixels with value 1. We consider three types of
adjacency/connectivity [48]:
1. 4-connectivity

Two pixels p and q with values from V are 4-connectivity if q is in the set Na(p).
2. 8-connectivity

Two pixels p and q with values from V are 8-connectivity if q is in the set Ng(p).
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(a) (b) (c) (d)

Figure 3.13 (a) Arrangement of pixels, (b) pixels that are 4-connectivity, (c) pixels

that are 8-connectivity, (d) m-connectivity [48]

3. m-connectivity
Two pixel p and q with values from V are m-connectivity if
(1) qisin Ny(p), or

(i1) q is in Np(p) and the set Na(p).2¥Na(q) has no pixels whose values are from V.

Figure 3.13(a) shows binary image which uses to find the connectivity between every
pixel. Figure 3.13(b) shows the 4-Connectivity, pixelp has 4-connectivity to its neighbor
whose in horizontal or vertical position and contain V= {1}. If pixel p has connectivity to
neighbor pixel in horizontal, vertical, or diagonal position, it will define as 8-connectivity.
The last figure is m-connectivity, it is a modification of 8-connectivity which introduced
to eliminate the ambiguities that often arise when 8-connectivity is used. The three pixels
at the top of Fig.3.13(c) show ambiguous of 8-connectivity, as indicated by the dashed

lines. This ambiguity is removed by using m-connectivity, as shown in Fig. 3.13(d).

Connected component works by scanning an image, pixel-by-pixel in order to
identify connected pixel regions [50]. Its works on binary or gray-level images and

different measures connectivity are possible. Choice of the connectivity is among 4, 8, 6,
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10, 18, 26 connectivity which are 4 and 8-connectivity for 2D connected component
extraction and the others for 3D connected component extraction. However in this thesis,
the input is binary images and the connectivity is 8-connectivity. The connected
components labeling operator scan the image by moving along a row until it comes to a
point p where denotes the pixel to be labeled at any stage in the scanning process for
which V= {1}. When it is true, it examines the four neighbors of p which already been
encountered in the scan. Based on this information, the labeling of p occurs as follows:
[50]

(1) If all four neighbors are 0, assign a new label to p, else

(i) If only one neighbors has V={1}, assign its label to p, else

(ii1)If one or more of the neighbors have V = {1}, assign one of the labels to p and make

a note of the equivalence. For:this case, we are labeling p with minimum label value.

Connected component with 8-connectivity have neighbors as shown in Figure 3.14. The
center of 3x3 mask is a pixel that we want to assign to a new label and it has eight
neighbor which indexes ‘1’ to ‘8’. When we scan an image from left to right and up to
down, pixel which already labeled is shown in Fig. 3.14(b) which has indexes 1, 2, 3, and
4, and other neighbors have not assigned in a new label. So, based on this information,
labeling rules will be valid in these neighbors. We take other connectivity such as 4-
connectivity as another example and it shows in Fig 3.15 (c) and (d), the labeling rules

will be valid in neighbor whose have index 1 and 2.
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Figure 3.14(a) 8-connectivity, (b) Neighbors of 8-connectivity (a) 4-connectivity, (b)
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Figure 3.15  Labeling process
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Figure 3.15 shows labeling process by using rule (i), (ii) and (iii). In rule (i) all
neighbors of pixel p (center of 3x3 mask) is ‘0’ so we assign it to a new label. This figure
shows the new label is ‘4’. Rule (ii) is applying in next pixel. Pixel p in this position only
has one neighbor with V = {1}, so we label pixel p same with its neighbor and the label is
‘4”. Scan image pixel by pixel, the last image is shown rule (iii) condition where pixel p
has more than one neighbors contains V = {1} so we label it to minimum label of its

neighbors. In our example all of its neighbors have same labels ‘4’ so pixel p is labeled to

‘4’ If there is another labels value such as ‘2’ we take its label as pixel p label.

2

Sy

Figure 3.16 Connected component (a) skin color region, (b) connected component result

(a)

Figure 3.17  Connected component labeling [50]
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Figure 3.16 and Fig. 3.17 show the result of connected component. Figure 3.16
shows skin regions obtained from HSI skin color and its connected component labeling
result. It has four different colors which indicate different labels. The labels are arranged
by large size to small which label ‘1’ has largest size and label ‘4’ has smallest size.
Every label is fitting into ellipse model and this process is concerned to component that
has small label or large skin region because face region is larger than human hand as
shows in Fig. 3.16. The ellipse function is fitting to this label to find the face region. The
fitting process will stop if there is obtained match skin region although the system still

has another labels which its skin region smaller than match region.

38



Chapter 4

Tracking System

Tracking system uses PTZ (pan-tilt-zoom) camera to track object position on an
image by drive pan-tilt camera to keep the object in FOV (field of view) camera. The
system divided into two types, tracking using human information and face information.
First condition will work automatically if face of moving human is back-view position

AR “‘_'.2.: S

and the other condition will work if face of G;Jing human is front-view or side-view

| = L

>m . modulg, it is included pan-tilt-zoom. The
L, s "‘.-"'.. E—:
zooming system will work by usii}'g reeo, *mt;‘a%ﬂ‘rﬁfacq"fﬁdex information.

Moving Human _ Local
Position " | Motion Vector
Tracking (PT)
camera control

Face Image

Figure 4.1 Tracking system
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4.1 Active Camera

Figure 42" “FOV camera

|y R )
| -
1

FOV camera is shown in Fig. 4.2. Imége n thifé figure is captured after human
detection part and the human regi;)n is éﬁﬁré ﬂ‘lﬁé'bo‘uhding box. In this condition, position
of human is not in the center of FOV or imagé, so camera will drive pan-tilt by 6 angle
therefore human position in FOV center. In FOV camera, tilt upward is negative and pan

right is positive.

The Camera drives pan-tilt by using angle values but human and face position in an
image by pixel. We convert a pixel value to an angle by multiply it with a scale value
which is called ‘step size’. The step size is divided into x-axis direction and y-axis
direction, if center of moving object close to center of image, step size will decrease,

otherwise if far from center of image, step size will be increased.
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Figure 4.3 Step-size regions

Based on these rules we divide an image into two regions (x-axis and y-axis) as shown in
Fig. 4.3. Every region is represented by a _st'ep-sj.ié value and the region inside bounding
box has step-size smaller than regions outls'id'e'béi'iﬁdihgabox.

4.2 Tracking and Zooming Process

Tracking and zooming are working together to follow a moving human. Figure 4.4
shows the tracking and zooming flowchart. It is started by detect location of moving
object, if there is a human then we apply face detection to this image, otherwise the
system will return and capture new images until we obtain moving human. If face
obtained from face detection system has index smaller than a threshold value and its
position in zooming region as shown in Fig. 4.5, the system is worked automatically to
zoom-in face region therefore the result is contained a face with larger size and more
clearly, otherwise if face index larger than other threshold value the system will do zoom-

out.
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We also apply local motion vector to find the direction of moving object then uses the

direction information to drive the pan (left-right direction) of camera.

Figure 4.5 Zooming region

Weights and biased in back-
propagation neural network

Figure 4.6 Training of recognizable face index
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4.2.1 Recognizable Face Index

Recognizable face index is used to give an index that face image can be recognized.
The index is a percentage value i.e., high percentage value indicates the face is very clear
and can be recognized. When we work in real-time face detection, our system still can
detect a face although its size is small, i.e. 15x15 pixels, but a face image with this size is
very difficult to recognize as face or non face because some details or features face is not
available or to small to extract. In this case face index is needed as indicator to system

therefore we can obtain a clear and high resolution face image.
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Figure 4.8 Recognizable face index training

Figure 4.9(a) Original image, (b) After Filtering, (¢)-After filtering and binerization

Recognizable face index is performed by multilayer feedforward networks trained
with back-propagation learning algorithm. It works offline but testing process works
online. Figure 4.6 and Fig. 4.7 shows its training and testing process. The network
consists of three layers. Input layer has 25 dimensions, two hidden layers, and output
layer. Face images is captured by real-time face detection for several positions and
classify it into three classes of percentage values. Front-view face is classified into index
90-100%, side-view 50-60% and 0-20%. Figure 4.9(a) shows a front-view face which has
index 90%. The pre-processing steps are including low pass filter, image binerization,
and find image features. Low pass filter is used to reduce small detail of face and find

smooth image as shown in Fig. 4.9(b). By thresholded it with its median value we find
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binary image as show in Fig. 4.9(c). This binary image is divided into 25 non-
overlapping blocks. The feature of every block is calculated by averaging face region
(pixels) in every block. These features will train as input neural network.

First hidden layer of neural network has forty neurons, second hidden layer has
eighty neurons and output layer is a face index result. The activation function is sigmoid
function that shows in Eq. (4.1)

2
l+e™*

o(x) -1 (4.1)

Figure 4.10 shows some face images which used for recognizable face index training data.
These face images already classified into three percentage values, first row images are
face images with percentage value 20%,'Sécond row images are face images with
percentage value 50-60%, and the"l;lsf row!'iJInl'c_lgleSaré'.face images with percentage value

90%.

(a)

(©)

Figure 4.10 Training face images, (a) side-view faces with percentage index 20%, (b) side-

view faces with percentage index 50-60%, (c) front-view faces with percentage index 90%
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The testing process is worked online, its process similar with training part which
consisted filtering and feature extraction. Apply weighting values and biases which
obtained from training part in the testing image and the output is percentage of face index.
Some face index result shows in Fig. 4.11. The index of first image is 60%, second image
is 20% and the last is 91%. Small index indicates a face is difficult to recognize because
the information is not enough. Meanwhile, face index 60% and 100% shows a face is

clear and can be recognized.

Figure 4.11°:Recognizable face index

Recognizable face index is applied in zooming process, as shown in Fig. 4.12. If
face index smaller than threshold value ‘ths1’ camera will zoom-in face region, otherwise
if face index larger than threshold value ‘ths2’ camera will zoom-out face region. This
threshold values is changeable depends on users define. Zooming process has four steps
which are step 1 until step 4 and it will zooming face region according to face index so on

until we get clear and high resolution image.
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Note: ths1= threshold value 1
ths2= threshold value 2

Figure 4.12  Zooming procedure
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4.2.2 Local Motion Vector

Motion vectors are typically used to compress video by storing the changes of an
image from one frame to the next. It can used to find the movement of a pixel or block of
pixels in a frame f(n) to next frame f(n+1) to extract moving object direction. We use the
direction to predict position of moving object in the next frame. To compute motion
vector in entire image it need high computational cost and spend long time. To achieve
real-time system, we combined motion vector and segmentation to reduce the
computational cost. The motion vector is using binary difference image as reference
position to find the motion vector.

We apply local motion vector.to predict the diréction of moving human. It is worked
automatically when the object in érea as showﬁ m Fig.j 4.13. Because in this region the
moving human is easily walk outsideFOV ‘c‘:‘amer‘a when moving human change its
direction, so we predict the direction of moving human to make sure camera movement
can follow the moving object by using local motion vector. We only work in x-axis
direction, because in our experiment only a human which walk from left to right or right
to left can cause it walk outside the FOV, meanwhile if the human walk-away of walk-

approach, it still in FOV.

Figure 4.13  Region of motion vector
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Local motion vector is worked by scanning binary difference image pixel by pixel.
Difference image in Fig. 4.14 contains ‘1’ and ‘0’ value, ‘1’ is edge of moving object and
‘0’ is background. If pixel p has V = {1} and refers to Fig. 4.14, motion vector is applied
in shaded pixel in position (x,y) = (6.4) by using its position as center 3x3 image block of
previous frame as shown in Fig. 4.15(a). By using SAD method in Eq. (4.2) we find its
correlation in 7x7 image block of current frame. The center position of 7x7 image block
same with center position of 3x3 image block shows in Fig. 4.15(b). Based on this rule,

the movements of 3x3 image block only in three pixel of any direction.

N-1N-1
SAD(i5 j) = ‘]previous (x + k’ y + l) - ]current (x + i + k’ y + j + l)‘ (42)
k=0 1=0
01 23 475 6789 10111213 ———160
0
| -
2 H
3 -
4 11 -
5 11 1 ]
6 1 1 -
7 1 1 B
8 1 1] |1 -
9 —
| —
ol | [ LT PP Pl

Figure 4.14  Difference between two frames
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Figure 4.15 (a) Previous frame, (b) Current frame

Local motion vector is simulated by Matlab; Figpre 4.16 shows two image frames,
current and previous frame, and differencé BétWéen ‘th‘¢se two frames. The local motion
vector of it shows in Fig. 4.17. Diréctions of-motion yector are left, right and fix. Most of
directions in this image are from riﬂght to left hence we decided the object is moved from
right to left side. The tracking system receives information about next position and left
direction and so camera can move pan-tilt to new position and if index of human face

larger than 50% than we capture that face.

current frame previous frame difference frame

Figure 4.16 (a) Current frame, (b) Previous frame, (c) Difference between two frames
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Figure 4.17  Local motion vector result

So, we can resume the tracking and zooming conditions as,

e Tracking us worked automatically when hurﬁa‘n in back-view condition and outside

region zooming as shown in Fig. 4.5 =

e Zoom-in is worked automaﬁéally when the face index is smaller than 50% and
moving object position in zoorriing‘region.
e Zoom-out is worked automatically when the face index is larger than 50% and

moving object position in zooming region.
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Chapter 5

Experimental Results

This chapter will show detection and tracking under condition without zooming

camera control and with zooming camera control.

5.1 The Experimental System

The experimental system is using4ollowing compenents,

The system uses SONY EVIE-D100 active camera for capture image sequence. The
sequence is composed of 320x240 color images.-acquired at a frame rate 20 frames
per second.

The system is developed in Borland C++ Builder 6 and has been tested on color
image sequences acquired on indoor environments.

The system has been implemented on an AMD Athlon XP 2000+ 1.6 GHz CPU
computer under Microsoft XP and 512 Mb RAM.

The active camera has two interfaces which are RS-232 and video-in. RS-232
interface is used to drive pan-tilt-zoom camera and video-in interface is an analog

input that needs video grabber card so computer can read out the image data.
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5.2 Environment Setup

The environment of our experimental locates in our laboratory. The complexity of
the environment is enough to verify our system while tracking and detecting moving
human. Figure 5.1 shows several images of the environment using focal length 3.1 mm
which a normal condition without zoom-in/out operation. For zoom-in and zoom-out
condition, Fig. 5.2 shows several images from zoom step one (focal length 4.65 mm) to

zoom step four (focal length 12.4 mm).

Figure 5.1 Indoor environments at reference focal length 3.1 mm
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zoom-in step 4 = 12.4

Figure 5.2 Frames at several focal lengths

5.3 Experimental I

This experimental will detect and track without recognizable face index and zooming
camera control. It is worked by drive pan-tilt camera to follow movement of moving

human. The results are shown in figure below,
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Figure 5.3 Tracking without zooming operation

This figure shows the system is successfully tracked the human by drive the pan-tilt but
its face is too small to recognize and has low resolution. Some of human faces that have

been extracted from this image sequence are shown in Fig. 5.4.
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The human has been detected within a few frames after entering the field of view

camera. The bounding box is shown moving human region and the detected face is shows
in the small upper-left window. The camera is tracking the human during back-view face

or tracking the human face during front-view face.

The detected face images more difficult to recognize because size of image face too

small and has low resolution so the face feature is more difficult to extract.
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5.4 Experimental 11

This experimental will detect and track moving human with recognizable face index
and zooming camera control. The zooming process includes zoom-in and zoom-out
which has four steps. The steps are depended on camera focal length. Zoom-in and zoom-
out have same focal length which are the changeable focal length in zoom-in is opposite
with zoom-out. The tracking and zooming experimental II results are shown in figure

below,

zoom-in step 2 zoom-in step 3

Figure 5.5 Tracking and zooming image sequence (zoom-in)
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zoom-out step 3 zoom-in step 3

zoom-in step 4 zoom-in step 4

Figure 5.6 Tracking and zooming image sequence (zoom-in and zoom-out)
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Figure 5.7 Tracking and zooming step-4
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Figure 5.5 shows zoom-in image sequence from reference focal length 3.1 mm until
zoom in-step three. In this condition the camera is not increase the focal length to zoom-
in step four because human face already clear and has face index larger than 50%. Figure
5.6 is continued from Fig. 5.5 which is the first image has same step with the last image
in Fig. 5.5 (zoom-in step three condition). In this condition we obtain face index larger
than 70% so the system automatically do zoom-out step three. When it is already worked
we obtain face index smaller than 50% so system do zoom-in step three and zoom-in step
four. In this condition the system can not increase the camera focal length because we
limited focal length until step four (12.4 mm) therefore in this condition the system only
do tracking and zoom-out depend on face index. Figure 5.7 is shown tracking its image

sequence for several positions.

]

The face images which extr'z}étedﬂoiﬁ_pj;(_l_cess above are shown in Figure 5.7. Face

images are obtained from experirﬁéﬁtal Il more’ cl‘éarly and have high resolution than

experimental 1.

Figure 5.8 Human tracking and face extraction (1)
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Figure 5.9 Human tracking and face extraction (2)

The image frames in Fig. 5.8 and Fig. 5.9 are captured after down-sample by two so the

face region in these images looks like smaller than face regions that have been extracted

in up-side image. The up-side image is face image that extracted from original image.
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5.5 Experimental 111

This system is processed in indoor environment so the possible moving objects are
human, animal, chair, etc. In our experimental, tracking and human detection is tested by
using chair. We push a chair from one position to other position as shown in Fig. 5.10

and the system is not track it although it moves.

Figure 5.10  Moving object
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Chapter 6

Conclusions and Future Works

6.1 Conclusions

The experimental results show that the system is capable of tracking moving humans
and zooming operations can use the information in face indices, both of which will make
the system work well on the faces with the size larger than 25x25. Face images obtained
from this system are clearer and haye:a highér resolution than those from the system
without zooming operations. The-CPU performance approximately 10-35% depends on
the resolution of moving objects which the average value is 20%. The local motion vector
applied in this system can work well to predict the directions of moving objects although
the driving pan-tilt becomes slow.

There are several contributions made out of this research,

1. The system can distinguish human with other moving object based on deformable
human model.

2. The system provides intelligent camera control (pan-tilt-zoom) technique to obtain
the clear human faces and the face images in the higher resolution for some
applications like face recognition.

3. We proposed recognizable face index to classify face based on the percentage
clearance of those faces, such as front view face 90-100%, side view 30-50%, and

side view 0-10%.
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4. The system is based on tracking framework that involves a real-time system

6.2 Future Works

So far, our tracking system works in indoor environment with one moving target
although it still can detect multiple humans and extract their faces but the tracking and
zooming system only work on one moving human which is randomly chosen from the
scenes. In order to solve that problem, we must deal with the system in a more complex
situation which might have multiple targets and track moving humans that has
information which the system want to know.

The local motion vector is used to predict moying human directions but it causes the
high computational cost in the system althoughuit is already combined with temporal
differences. So we must improve and modify this ' method to decrease its computational

cost.
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