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ABSTRACT

This thesis applies image processing techniques for hand gesture recognition
system based on hand motion analysis. The system is established into the following steps. Firstly,
hand detection and tracking from image sequences to obtain region of interest. Secondly, feature
extraction from hand motion that provides the important information of hand movement including
size, angle and orientation which are reformulated into the features description of hand gesture
characteristic. Finally, hand gesture recognition that we focus on two study cases: simple hand
gestures recognition and hand symbols recognition. For simple hand gestures recognition such as
moving hand to up, down, left or right direction. In this case, the finite state machine is applied to
define the condition of recognition command from the hand’s features. We have used hand
command for controlling computer application in real situation. In the case of hand symbols
recognition such as moving hand as square circle or other symbols. Hidden markov model is
applied to generate the model that describe gesture characteristic from data training. The symbols
is chosen from the 12 groups of Thai alphabet that considering from its similarities. The
experimentation result of hand symbols recognition is around 84%. However, the recognition rate

will depend on data training that used to train the system.
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2.3. AINTOIVUAIANNY (Kalman Filter)
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A I~ 1 i I~ [ Y o VoA L&) 9
wioneuanumsszyin % dumdszanalaeldiaieuaesia ldun
a { { Y] 1 ~— { 4 1 1 {
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1) Compute the Kalman gain

prediction T

K, =P H,(PH} +R,)""
1) Estimate the next state
2) Update estimate with measurement z,
X =D X N ~ a
x; :xk +Kk(Zk _Hkxk)
2) Estimate the error covariance
3) Update the error covariance

of next state
B =(1-K.H )R

- 2
B =0 P + O
A

\/

Initial estimates for X,_, and P,
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2.4. !!‘lJ‘I.IitimmaﬂlﬂuNﬁﬂﬂﬂ (Hidden markov model)
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a; (i)aijbj (Ot+1) t+1(j)

ft(i’j):
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(2.32)
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Kalman Filter)

@ o ¥ A A A a a A A
@']ﬂﬁf’]\?ﬂ1ﬂlluugﬂu1u11%lWﬂlWNﬂigﬁVI‘ﬁﬂ"IW(luﬂjg']J'guﬂ"IS@ﬂ@]'nJll@mJﬂﬁJ

o a 49! 1 A v A .i’ o A1 A [ 1 A I
dyaasuniunavumelumsunin iy Biagrsenunainimaedluganaule dlu
Y
Au M3uveIRInsoImauNuiiog 2 Tuaou fio
o 1 .. I o { @
1). mMsiemaniug (Prediction) iunisihdeyavinanruginaifagaiulilg

wneaauzuesszuunoadlullldnnaidaly sousluntiamnsosionldaail
X, =[xty yoy vo0) v, 0f (3.4)

4 o ' @ o
o x(@,y® Ao dundegaguinalauiavedie uaz V(.50 Ao anuisalu
o ' kY A o a 4 A
UUAUNU X, Y TﬂElﬁ”lmia‘muwmﬁamz'lﬂinﬂﬁuﬂ”mn (2.16) mmumﬂcﬁmmmitﬂaﬂu
.. . v W . I @
a01ue ( D : State Transition Matrix) AUAUUIUIUNIUADIUL (W : noise) Wuaualslums

[ ' = v A4 Y o A A A ! A
Tl"liﬂflf’ﬂﬁﬂ"luﬁ/llfm"lﬂﬂllﬂ 11!‘1/]‘1!“1§°WI1ﬂ"|§‘1]5$3J"I€1!ﬂWELﬂﬂ’O‘LlTI"]Ji’NiJ@GLH§$W31QLW§3Jﬂ1WTI

Y ]

a @ 9 d' 1 1 [ s 9
ﬁﬂﬂui”ﬂ’ﬂﬂlugﬂlmﬂlﬁu@]S\ilu’f)\ii]"lﬂﬂ’ﬂlllmﬂ@N53‘1(?’JN"H’NL’JE]"I"]J’ENLWS?Jﬂ1WlI‘Ll@EJ§J"Iﬂ (

U

Y
% o

o J a 4 = Y v dy
AT ) @N‘L!‘Ll'ﬁ"IZJ"Iiﬂﬂ1ﬁuﬂﬂ1lﬂ\lﬁiﬂcﬁﬂlﬂﬂﬂ"ﬁl‘ﬂﬂﬂuﬁﬂ1u$1ﬂﬂ\1u

1 0 AT 0
|0 1 0 AT
1 0 (3.5)
11

Predic%?

(b)

kY a

aMmalsgneu 3-11 mshweaaniug (a) sunisilon Idanmsaamudenuainiavesd

(b) MmIvnedursaienotndlu 1 1a



43

v 9 A

v 1 < o 9 S oy o
2). MSIAATDI1UL (Measurement) L‘IJ‘L!ﬂ'li'lﬂellf]ig]ﬁ‘l’]’)ﬂl’lﬂﬂ'lﬂl’)ﬁ'lﬂﬂﬂqﬂuﬂﬂ“llﬂll”ﬁﬂ
Y o A o ' ' A Y1 A
Vlﬂﬂ'lﬂﬂ'l'iﬂTquJ%TﬂL’)ﬁWﬂWWuﬂﬂ 3JW]'lfﬂi‘lJ333J1’Lllﬂﬂ‘l’iﬂﬂl’ﬂ\‘lﬁﬂ'lugl.Wf]Glﬁulﬂﬂ'lﬂlﬁiﬂzﬁﬂJ
~ @ v 9 A a Y] I 1 o T A A 9
ngea Iﬂﬁl’)ﬂﬂTﬁ'ﬂTu%l’lﬂﬂ'lﬂﬁiJﬂ'liﬂ (2.17) UAUDINITIA (z,) Lﬂummgmmmma"lmm
Aa o 9 a AR A ' Y o o
NITAANTNIANAIYAUTNUAVDITEINAD AITDIUL (x) U’Jﬂﬂ’)ﬂﬁﬂluillﬂﬂ\liﬂﬂﬂualuﬂﬁ’)ﬂ (
a 4 @ { @ 1 1

Vi) Lm%ﬁmﬁiﬂ“ﬁﬂlﬂiﬂﬁ?ﬂ (H : Measurements Matrix) ﬁﬁ'ﬁ]ﬂﬂg@QﬂUﬂTﬁﬂ'lum!ﬁgﬂ'leUEN

[

[ ° ! Y dy
N137A Iﬂﬂﬁ1u1§ﬂﬂ1ﬁuﬂﬂ1llﬂ N

T
x(1) o 1000
Z = =
T lye 0100 (3.6)
(% o 1 1 1 d‘ 9 ) (% 1 d' [ Y Aa
@l’Jﬂ’if]\iﬂRiL!Nu%%“VH\‘H‘L!I@El“ri‘1Wﬁ¢l1\‘l'§$1’i313ﬂ1ﬂ1ﬂ%1ﬂ15ﬂ1u1&1ﬂﬂﬂ1ﬂ’Jﬂl’lﬂ‘ﬂ'ﬁ\i

v Y ' ° H
nintdwhinIfihminTaensgudremaaununy (Kalman Gain: K) udaiwahnIdunls

A ) o A J q A
!Lﬁnl"uﬂTVIhlﬂﬁnﬂﬂ151/]']u]EJLWf’)1]53llﬂlmf"l1ﬁﬂ1u$m@\iigﬂﬂiwulﬁlﬁu1$ﬂlﬂ/]q@

Musznou 3-12 Msdsznamaniug () sunmisudy (b) Mmsdsznamaniuzyed

]
A A

331U () M3tlszanamaniusioldyanasuniueglussuu
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3.2.3. msmeuIndnamnes (Vector Quantization)
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Real Time Hand Tracking as a User Input Device
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Abstract

In this paper, we propose a system that facilitates
the two dimension user-input as general mouse device
for controlling applications. The method is based on
hand movement analysis by applying image
processing technique. The Haar-like with a cascade of
boost classifiers is applied for hand detection, and then
tracked with skin color using CamShift. Extracted
hand features are computed and used for recognizing
commands via a finite state machine. We evaluated the
performance of system under real time constraint in
real environment with demonstration application.
Keywords: Hand detection, Hand Tracking,
Command Recognition

L.Introduction

Trends in human machine interfacing have
invented very rapid in consumer devices such as multi-
touch of mini-computer like iPad, mobile phone
iPhone, motion sensing of game devices, and etc.
Relatively, many applications to support these
platforms are actively developed. In this paper, we
introduce a hand motion capture system using single
camera that enables to track 2D hand position for
commanding the desirable applications in real-time.
The system offers very easy way of short range human-
machine interfacing, which is very effective in terms of
application constraints and prices, and generally very
appropriate for the PC-based applications without any
additional integrated material devices.

There are many research try to solve the same
problem. Wei Du [1] introduced a system with one
camera that can recognize four gestures and tracking
hand by extracting the feature points on hand contour.
Nebojsa Jojic [2] developed a real-time system for
detecting pointing gestures and estimating the direction
of pointing using stereo cameras for controlling the
cursor on a wall screen. Juan [3] proposed a vision-
based system that can interpret a user’s hand gesture in

real time to manipulate objects and optimized for the
medical data visualization environment.

‘We propose a very simple system that used only a
consumer grade webcam as additional material,
generally installed on top of the computer screen
locking down towards the user’s hands, for interfacing
with applications. Our main contribution is then
focused on the image processing techniques that try to
detect hand pose and extract hand featres, such as
position, axis, and angle, which are used later in the
command recognition process. Figure 1 shows example
of system.

T
y v
3
¥,

Figure 1. Hand movment tracking as user input device.

2. Proposed System

In this section, we introduce the system for
command recognition based on hand motion by
analyzing the image sequences, obtained from the
consumer grade webcam attached over the computer
screen. Iimages are captured and analyzed in order to
extract the essential parameters of the specific pose of
hand. The parameters are reformulated into hand
featres which is necessary for command recognition.

There are two main parts of our system: hand
detection and tracking, and command recognition. The
overall of system is illustrated in the figure 2. First part,
a hand detector is implemented using a cascade of
boost classifiers, which allows obtaining very robust
object detector. Two types of hand pose with vertical
position are considered such as open and close hand,
which is necessary for executing a command as statrt
and stop symbol respectively. However, hand pose can
have many figures caused by translation and rotation in
3D, which needs to be found. The tracking method,
CamShift and Kalman filter, is then applied in order to
extract hand through image sequence. In the second
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part, hand parameters are determined such as position,
axis, area, and angle, which are defined as hand feature.
A Finite Stage Machine is established based on these
features for recognizing commands.

Figure 2 (left) shows the sequence of steps for hand
detection and tracking; figure 2 (right) shows the
recognition process. These two parts will be detailed in
the section 3 and 4 respectively. In section 5, the
experimentation result is discussed for evaluating the
performance of systein. For testing in real environment,
we have implemented the system in windows 7, which
our module can control any applications as a mouse
interface. In the last section, we conclude our method.

Features Extraction |
T

vy v v

Axis Angle

Arca

Hand Detcetion

v T

et
Hand Tracking Jv'
+ Command Recognition
Using FSM
Kalman Filter i3 ¢

|
Position i o
¥ | Application control
L

Figure 2. System overview: (left) detection and
tracking. (right) recognition process.

3. Hand Detection and Tracking
3.1 Hand Detection

A Boost Cascade of Classifier [4][5] for object
detection is originally developed by Viola and Jones.
This method uses Haar-like features and a cascade of
boosted tree classifier as a supervised statistical model
of object recognition. Haar-like feature consists of two
or three connected “black” and “white” rectangles.
The feature value is defined by the difference between
the sum of pixel values within the black and white
rectangles. Figure 2 shows a basic set of Haar-like
features.

surround fearures|

1med we

)

Line
m
R a

Figure 3. A set of Haar-like feature.

The AdaBoost algorithm is introduced to improve
the classification performance that designed to select
rectangle feature which best separates the positive and
negative example. In the first iteraton, the algorithm
train a weak classifier i(x)using one Haar-like feature
that achieves the best recognition performance for the
training samples. The classifier consist of a
feature f(x), a threshold &, and parity p, indicating
the direction of inequality sign.

h[(x):{l if p,f,g)q,@,
0 otherwise

In the second iteration, the training samples that
were misclassified by the first weak classifier receive
higher weights. The iteration goes on and the final
result is a cascade of linear combinations of the
selected weak classifiers H(x) , which achieves the
required accuracy.

T
H(x)= 72, ahy{x)
=1

In the detection process by using the wained
cascade, the sub-windows must be test each stage of
the cascade. A negative outcomme at any point leads to
the immediate rejection of the sub-window.

In our technique, a command begins with open
hand gesture and stop using close hand gesture. Each
frame, these two gestures must be detected. In the
training processing, we have collected ~5,000 positive
samples for each hand style from students in our
university in various conditions such as: indoor with
neon light and outdoor with nawmral light
Systematically, around 10,000 negative samples are
selected from landscape, building, and human faces or
body images. Figure 4 show some of these samples.

Figure 4. (left) positive samples. (right) negative
samples.

Each gesture type was trained two rounds. The
first round is for discriminating quickly the target
gesture from the outliers with small samples. By
observing the false positive and false negative, we
determine the additional positives and negative
samples in order to overcome the better recognition
rate while reducing noise.
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s Le g R 5 7
Figure 5. Hand detection results: (left) 1™ round.
(right) 2™ round.

Table | show the detection rate results form our
experimentation of the two hand gestures with respective
tconfigurations. We notice that a good detection rate is rised
at least more than 91% with |6 trainning stage at minimum.

Tablel. Hand detection rate.

Iand Window Training and Performance -
. 0 o N oc.
Gesture Size Paositive Negative Stage Rate
Open 32x32 3,058 10448 19 S1.17%
Closc 32x32 3,678 10,448 16 Y9.06%
3.2 Hand TracKking

CamShift [6] is a non-parametric technique using
for color object tracking deriving from the Mean Shift
algorithm. The main difference between CamShift and
Mean Shift algorithm is that CamShift updates
continuously its probability distributions; in generally
the target object in image sequences changes
significantly its shape size or color, while Mean Shift
is based on static distributions. That why CamShift is
suitable for tracking the rigid object.

In the hand tracking, the process can be described
as the following.

Step 1: the color probability distribution of
detected hand image is determined from its histogram
via hue component of HSV color space, related to skin
color.

Step 2: this target distribution of detected hand is
systematically tracked on the searching window of
next frame in image using mean shift algorithm. The
mean shift vector, which is aimed for finding an
optimized path that climbs the gradient of a probability
distribution to the mode (peak) of nearest dominant
peak, is necessary to be computed.

Step 3: the back-projection technique, which
associates the pixel values in the image (tracking
hand) with the value of the corresponding distribution,
is applied.

Step 4: the center of mass and size of tracking
hand (projected image) is computed and defined as

hand features. This step will be detailed in the next
section (hand features).

Step 5: on the next iterative, the current position of
hand in image is used for defining the searching
window on the next frame. The process is repeated at
step 2 continuously.

Note that the step 1 will be re-executed
systematically if the detected hand by Haar-like
features with boost cascade of classifier found in the
searching window. We found that Haar-like method
provides very accurate results when hand is paralleled
to the vertical axis, compared with CamShift, but
missed mostly in other directions, so that CamShift is
applied in order to solve the problem.

Figure 6. Hand tracking with CamShift.

3.3 Hand Movement Estimation

The Kalman filter [7] is a recursive linear filtering
method. It addresses the general problem of trying to
estimate the state of discrete time process that is
described by the linear stochastic differential equation
by the following.

Xp = AXp_y + Bip_j+ Wiy
With a measurement ze®™ thatis
25 = Hy +v;
The random variables w, and v, represent

Gaussian noise of the process and measurement
respectively. The algorithm of Kalman filter estimates
a process by using feedback control technique:
estimating the process state by an appropriate model
and doing feedback by noisy measurements. As such,
the equations of Kalman filter are formed into two
groups: prediction and correction equations.

In the post tracking of hand, the algorithm can be
described as the following.

Step 1: Initialization state

Initial estimates for %,_, and #_,

Step 2: Prediction state
1) Estimate the next state $ = A%, + Bug_,
2) Estimate the error covariance of next state
o =
B =AP AT 40
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Step 3: Measurement state
1) Compute the Kalman gain
Kp= b H g HT + 1)
2) Correct with measurement w,
R = e+ KoM %)
3) Update the error covariance
Po= (- K H)P
Step4. Repeat the prediction at step 2.

Experimentaly, we found that hand detector by
Haar-like features with beost cascade of classifier
cannot provoide total results and CamShift may
wrongly track espectially when there are other parts of
body such as face or background, having color in skin
color range, move close to tracking hand. Therefore,
the Kalman filter is applied in order to predict hand
position in the next frame based on previous frame,
obtained by CamShift. To apply the Kalman
algorithm, two principle equations needed to be
declared: tracking process and measurement. The state
of tracking process is measured from hand poistion
and velocity in each image frame. So, we define the
process of state X, by the following:

x 1o A 0T x
¥ 01 0 Ay

- [
vy 00 L 0w e
vl oo o ]y,

Where X, ¥, v, v, are the position and the velocity
of hand in the k" image frame respectively. Here, we
assume that that the motion of hand between two
successive frames can be uniformly approximated as
straight line, the frame interval At is very short. For the
measurement z,, we define directly by the position
value obtained from CamShift algorithm.

4. Command Recognition
4.1 Hand features

During the step 4 of hand tracking process by
CamShift algorithm, in each frame, the hand
characteristics are computed. The following parameters
are considered: center of mass (p), axis angle {9), areca
(2) and distance (d). The center of mass of the hand in a
frame can be easily computed from the 0" and 1* order
moments of pixels in hand’s region.

Step 1: Find the 0™ moment: My, = S (xy)

Xy
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Find the 1" moment:
Mig=22x(xy), My =22 ¥l(x.y)
x y x ¥

Find 2™ mement:
Moy =T xy), My =TT v (xy)
X oy

Step 2: the center of mass x.,¥.is calculated as
Yo=Y and yo= MO0
Mo Mo
In the above equations, I(x,y) is the pixel value at
the position (x,y) of the image, x and y are range over
the hand’s region. At the same time, calculate the 2™
moment; obtain length-axis, short-axis and angle of
the hand’s region.

Step 3: the angle of hand is
2{7’”' L XcYc]
Moo
{Mz() : XCZJ7 {M ) YCZJ
MOy MO0

Step 4: the long-axis 1, short-axis w of tracking
hand can be presented as :

|
&8 = —arctan

](qu L’)*\/bz‘F((l*U)z

l:‘/(H+L')+ ‘/b2+ (a—c)2

L w=
2 = 2
y B 7 _MQ2 2
(l—w*)(c‘. bZZ{ﬂ*XcYCJ 15*_0*}71‘
MO0 M) MO0

‘When used in tracking, the above equations give us
angle, length-axis and width-axis. Then, we use axis
for determined area (z) is / x w and distance {d)

isviZ+w? .

Figure 7. Features of the hand’s region.

By considering the parameters with respect to time
¢, we formulate the hand feature f()by the following :

f(!):[p,(xﬁ,yl.) & dl]



4.2 Command recognition

A simple recognition system of commands based
on grid is established in order to interface the hand
movement as user input of interactive application. The
following commands are considered: (1) cursor
displacement in four directions, and (2) clicks: left,
middle, right. The main idea for designing the
command recognition system is that to use the
extracted parameters as features £

For displacement commands, only & 4 is used for

constructing command gird. A dynamic grid is used
for command recognition. When hand has detected,
which the 3x3 grid is created enclosing its center
p(x,v.).Then, move hand from center to the
neighborhood cells will activate the displacement
command with respect to the specific direction. For the
click commands, we consider the value of 5% and
61%’dcﬁned by the following: click left if only
ifa%is positive, click right if only ifa%is negative,

. s - ; .
and middle click if only if /6,15 less than%A Figure

8 summarizes the FSM states and transitions.

Figure 8. Finite State Machine for command
recognition.

Figure 9 shows the example result of move
command and click commands, fer click left, middle
click, and click right respectively.

Figure 9. Example of move command, left click,
middle click and right click commands respectively.

5.System Performance and Discussion

Our system is implemented using OpenCV library.
Testing system is run on Intel processor Core 2 Duo, 2
Ghz, 2 GB memory. The video sequence is analyzed
with image resolutions 320x240 pixels at 30 fps.

5.1 Hand tracking

We evaluate the precision of trajectory obtained
from hand tracking process. The test is done by
executing the hand movement following three types of
ideal path: straight line, curve and v-shave respective.
Then, we compute the errors, defined by the difference
between ideal path and tracking position. Table 2
shows results of ten times test with average. We found
that the error in average of curve is bigger than v-
shape and line respectively.

Table2. Hand wracking with errors

No Testing crrors (pixcls)
Line Curve V-shape

| 154 379 8.05
2 1.70 361 331
3 139 6.87 422
4 1.59 6.68 9.13
5 1.97 755 498
6 097 893 351
7 1.40 8.09 431
8 2.2 423 444
9 1.76 6.05 705
10 1.84 6.97 6.38
@ 161 627 553
o 029 1.74 1.89
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5.2 Command recognition

The performance of command recognition is tested
depends on two factors: distance of hand from camera,
and hand speed for executing a command. Testing is
done under indoor environment, no change of light
condition, with the following test: three fix distances
with three levels of speed, ten times of testing in each
case.

Table3. Experimentation results

Distance Hand speed (s}

(emy .55 s 25
30 L0/10 10/10 10/10
60 10/10 10710 10/10
90 71 8/10 9/10

Table 3 shows our testing results. We note that at
low speed commands can be executed more precise
than high speed one. Intuitively, during recognition
process more frames are analyzed under low speed
that increases eventually the effectiveness of the
method. We found that the commands at near distance
provide high recognition rate than far distance.
Certainly, when the image region of hand in image is
too small, then hand cannot be detected.

We also demonstrate our system as a user input
that interface to Window Media Center application on
Windows 7. You can see video showing the real-time
interactive at
hitp://www.voutube.com/watch?v=lo VXPEPSIME.

Figure 10.0ur module is implimented in Windows 7
for controlling Window Media Center.

6.Conclusion

We have introduced the image processing
methods for hand detection tracking and recognition
aimed for human applications interfacing like a
general mouse input. The hand trajectory and other
features are precisely extracted, using for command
recognition. Eleven basic commands are recognized at
very high rate with respect to different speeds and

distances. The implementation of our system on
Windows 7 shows an example test under real-time
constraint with real application.
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Abstract — 1In this paper, we propose a system for Thai
alphabet recognition from hand movement trajectory, as a
human-computer interaction method. Thai characters drawing
by hand movement are analyzed and recognized by our system,
which can apply for controlling any specific tasks. The method
is based on hand motion analysis combining with Haar-like
with a cascade of boost classifiers, as hand detection method.
Hand is tracked with skin color using CamShift and Kalman
filter. Trajectory features of hand are extracted and used for
recognizing 12 Thai alphabet letters though the Hidden
Markov Model.

Keywords- Thai Alphabet; Hand Movement Trajectory
Recognition; HMM.

I INTRODUCTION

In the field of computer vision, communication between
human and computer becomes more important.
Human-Computer Interaction (HCI), which allows humans
communicate with computer have been a popular research
field for many years. Some active research in this field are
human face recogmition, eye gaze tracking, lip reading, hand
gesture recognition and body pose tracking. In this paper, we
emphasize on hand movement, which can freely moves and
gesticulates more than other parts of body therefore hand
movement gesture recognition can be applied in many
applications such as sign language recognition, computer-
controlled game, teleconference, and so on. Many researches
of hand gesture recognition have been proposed, covering a
wide variety of methods and approaches. For example,
Mahmoud et. al. [1] has developed a system that could
recognize gesture for alphabets from hand motion using
Hidden Markov Model (HMM). Juan et. al. [2] introduced a
vision-based system that can interpret a user’s hand gesture
in real time to manipulate objects within a medical data
visualization environment. Dinh et. al. [3] proposes a hand
gesture classification system that able to efficiently recognize
24 basic signs of American Sign Language with Haar-like
feature and AdaBoost learning algorithm.

In this paper, we proposed a system that can recognize
the 12 important Thai alphabet letters selecting from the
specific group using hand movement trajectory features. The
paper is organized in six sections by the following: proposed
hand movement recognition system, hand detection and
tracking, trajectory feature extraction, experimentation
results, and conclusion respectively.

II.  PROPOSED SYSTEM

In this section, we introduce the system for hand
gesture recognition based on hand motion by analyzing the
image sequences, obtained from the webcam attached over
the computer screen. There are three main parts of our
system: hand detection and tracking, hand feature extraction
and gesture recognition. The overall of system is illustrated
in the figure 2. First part, a hand detector is implemented
using a cascade of boost classifiers, which allows obtaining
very robust object detector. Two types of hand pose with
vertical position are considered such as open and close hand,
which is necessary for executing a command as start and stop
symbol rtespectively. However, hand pose can have many
figures caused by translation and rotation in 3D, which needs
to be found. The tracking method, CamShift and Kalman
filter, is then applied in order to extract hand through image
sequence. In the second part, the gesture trajectory features
are extracted and enhanced by the Douglas—Peucker
algorithm which gives us a smallest number of control points
trajectory. The features are selected to give a discrete veetor
that use as input to discrete HMM for recognizing commands
in the final part.

These three parts will be detailed in the section 3, 4 and 5
respectively. In section 6, the experimentation result is
discussed for evaluating the performance of system.

| Gesture recognition |

Camshift

Kalman Filter |:

! 1
Hand detection and i -P| Features extraction !
tracking HI ¥ [
i
=2 . i The Douglas—Peucker H
! algorithm ’
1
1
ah ¥ :
'
o : 1 Orientation and vector :
i 1 A
A cascade of boost HI quantization [
classifiers : i 1
] H— =
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1
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1
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!
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Figure 1. System overview : (left) detection and tracking, (right) feature
extraction abd recognition process.
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III. HaND DETECTION AND TRACKING

A. Hand Detection

A Cascade of Boost Classifier [4][5] for object
detection is originally developed by Viola and Jones. This
method uses Haar-like features and a cascade of boosted
tree classifier as a supervised statistical model of object
recognition. Haar-like feature consists of two or three
connected “black”™ and “white” rectangles. The feature value
is defined by the difference between the sums of pixel
values within the black and white rectangles. Figure 2
shows a basic set of Haar-like features.

Edge features Center-surround features

ITme@®d m

@ b o

@

Linc features

o $€LS

Figure 2. A set of Haar-like feature.

The AdaBoost algorithm is introduced to improve the
classification performance that designed to select rectangle
feature which best separates the positive and negative
example. In the first iteration, the algorithm train a weak
classifier A(x) using one Haar-like feature that achieves the
best recognition performance for the training samples. The
classifier consist of a feature f{x}, a threshold g, and parity p,
indicating the direction of inequality sign.

Lif p fi(x)<p6,
OfBtherwiselERE i

In the second iteration, the training samples that were
misclassified by the first weak classifier receive higher
weights. The iteration goes on and the final result is a
cascade of linear combinations of the selected weak
classifiers H(x), which achieves the required accuracy.

()= (1)

H(9= Za ) @

In the detection process by using the trained cascade,
the sub-windows must be test each stage of the cascade. A
negative outcome at any point leads to the immediate
rejection of the sub-window.

In our technique, a command begins with open hand
posture and stop using close hand posture. Each frame, these
two gestures must be detected. In the training processing,
we have collected around 5,000 positive samples for each
hand style from students in our university in various
conditions such as indoor with neon light and outdoor with
natural light. Systematically, around 10,000 negative
samples are selected from landscape, building, and human
faces or body images. Figure 3 show some of these samples.
Each posture type was trained two rounds. The first round is
for discriminating quickly the target posture from the
outliers with small samples. By observing the false positive

and false negative, we determine the additional positives
and negative samples in order to overcome the better
recognition rate while reducing noise as shown in figure 4.

) 4 | . . -

Table 1 show the detection rate results form our
experimentation of the two hand postures with respective
configurations.

Tablel. Hand detection rate.

Hand Window Training and Peyformuance
Posture Size Positive Negative Stage Rec Rate
Open 32x32 5,058 10,448 19 91.17%
Close 32x32 5,678 10,448 16 99.06%

B. Hand Tracking

CamsShift [6] is a non-parametric technique using for
color object tracking deriving from the Mean Shift
algorithm. The main difference between CamsShift and
Mean Shift algorithm is that CamShift updates continuously
its probability distributions; in generally the target object in
image sequences changes significantly its shape size or
color, while Mean Shift is based on static distributions. That
why CamsShift is suitable for tracking the rigid object. In the
hand tracking, the process can be described as the following.

Step 1. the color probability distribution of detected
hand image is determined from its histogram via hue
component of HSV color space, related to skin color.

Step 2: this target distribution of detected hand is
tracked on the searching window of next frame in image
using mean shift algorithm. The mean shift vector, which is
aimed for finding an optimized path that climbs the gradient
of a probability distribution to the mode (peak) of nearest
dominant peak, is necessary to be computed.

Step 3: the back-projection technique, which associates
the pixel values in the image (tracking hand) with the value
of the corresponding distribution, is applied.

Step 4: the center of mass of tracking hand is computed
and defined as hand trajectory. This step will be detailed in
the next section (trajectory parameters).

Step 5: on the next iterative, the current position of
hand in image is used for defining the searching window on
the next frame. The process is repeated at step 2
continuously.

V1-190
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Note that the step 1 will be re-executed systematically
if the detected hand by Haar-like features with boost
cascade of classifier found in the searching window. We
found that Haar-like method provides very accurate results
when hand is paralleled to the vertical axis, compared with
Cam$Shift, but missed mostly in other directions, so that
CamShift is applied in order to solve the problem.

Figure 5. Hand tracking with CamShift

C.  Hand Movement Estimation

The Kalman filter [7] is a recursive linear filtering
method. Tt addresses the general problem of trying to
estimate the state of discrete time process that is described
by the linear stochastic differential equation by the
following.

A=Ay +Bu g+ (3)
With a measurement ze®" thatis
Zp=Hy+vy (4

The random variables w, and v, represent Gaussian
noise of the process and measurement respectively. The
algorithm of Kalman filter estimates a process by using
feedback control technique: estimating the process state by
an appropriate model and doing feedback by noisy
measurements. As such, the equations of Kalman filter are
formed into two groups: prediction and correction
equations. In the post tracking of hand, the algorithm can be
described as the following figure 6.

prediction -~

1) Estimate the next state

A correction
1) Compute the Kalman gain
Ky=BH (P H +R)
2) Correct with measurement z;

T = Ay + Brtyy
2) Estimate the error
covariance of next state

- -1
B 4B 47 +0 &

B =R + K (e Hite )

3) Update the error covariance

B =U-KH)E

~_
Initial estimates for ,?JH and B,

Figure 6. The operation of the Kalman filter.

Experimentally, we found that hand detector by Haar-
like features with boost cascade of classifier cannot provide
total results and CamShift may wrongly track especially
when there are other parts of body such as face or
background, having coler in skin color range, move close to
tracking hand. Therefore, the Kalman filter is applied in
order to predict hand position in the next frame based on
previous frame, obtained by CamShift. To apply the Kalman
algorithm, two principle equations needed to be declared:
tracking process and measurement. The state of tracking
process is measured from hand position and velocity in each
image frame. So, we define the process of state x, by the
following:

10 At 0=
01 0 Arfy
= Wy
1 00 1 0¥ ! (5)
Iy s 0.0 0 L |vy o1

Where x, y, vy, vy are the position and the velocity of
hand in the k™ image frame respectively. Here, we assume
that that the motion of hand between two successive frames
can be uniformly approximated as straight line, the frame
interval 4¢ is very short. For the measurement z,, we define
directly by the position value obtained from CamShift
algorithm.

IV. FEATURE EXTRACTION

A.  Trajectory parameters

In order to form the trajectory of hand position from the
step 4 of hand tracking process by CamsShift algorithm and
Kalman filter. We choose to use the center point of hand and
the trajectory can be obtained by joining this point in every
frame in the sequence, in each frame, we obtained the center
point of hand’s region that can be easily computed from the
moments of pixels in hand’s region, which is defined as :

My = zzdy iy (6)
Xy

In the above equations, I(x,») is the pixel value at the
position (x,y) of the image, x and y are range over the hand’s
region. The center point of hand (X,Y,) is caleulated as :
SO g 2 @)

= > o —
M0 Moo

B. Trajectory approximation

Since during gesturing the hand does not move very
fast, the position of hand does not change much from one
frame to the next one. Therefore, for trajectory formation it
may not be necessary to consider all the frames in a gesture
sequence. Accordingly, we propose to select key trajectory
point to be stored in the new sequence. This reduces the
memory requirement as well as speeds up the trajectory
matching during recognition process. The algorithim that we
use to extract key trajectory point is the Douglas—Peucker
algorithm [8]. The algorithm recursively divides the line.
Initially it is given all the points between the first and last
point (figure 8 (a)). It marks the first and last point. It then
finds the point that is furthest from the line segment with the
first and last points as end points (this point is obviously
furthest on the curve from the approximating line segment
between the end points). If the point is closer than threshold
to the line segment then any points not currently marked to
keep can be discarded without the smoothed curve being
worse than threshold. If the point furthest from the line
segment is greater than threshold from the approximation
then that point must be kept. The algorithm recursively calls
itself with the first point and the selected point and then with
the selected point and the last point (which includes marking
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the selected point being marked as kept). When the recursion
is completed a new output curve can be generated.

e
Figure 7. Smoothing a piecewise linear curve with the Douglas—Peucker
algorithm.

C. Features
After getting the key trajectory points, we calculated

the orientation between consecutive points to obtain a
sequence of angle.

%q—1;
ﬁtzarcfzn[L] S1=12,2T 1 )
X — X,

Where T represents the length of gesture trajectory. The
angle’s domain is [0, 360] degrees. We divide this angle by
20° to quatize them to 18 directional codewords from 1 to
18. The codewords is used as input to HMM recognition
model.

9
(Xrﬂs Yr-v-z) 7 6 4 3

8 2
9 1
10 18
11 17

12 16

13 14 15

Figure 8. Codewords form orientation

Figure 9 show the result of gesture that was approximate
by the Douglas—Peucker algorithm and define a gesture asa
sequence of directional codewords which are O={ 13, 5,3,

10§ ™5 "™ el * s o P oE R B o

—— A

15 10
Figure 9. (a) gesture curve (b) gesture curve after approximate by the
Douglas—Peucker algorithm

V. RECOGNITION MODEL

A. Hidden Markov Model

In the recogmition process, the probabilistic approach,
such as the Hidden Markov model [9], is applied for
characterizing gestures representing the Thai alphabet
letters. The HMM model can be defined by the following:

1). The set of states S = {s;, &3 ..., sy} Where N is
number of states.

2). An initial probability for eachstate 7z, i =1, 2, ..,
N such that 7 = P('s;) at the initial step.

3). An N-by-N transition probability matrix, 4 = {&;},
where a; is the transition probability of taking the transition
from state 7 to state j.

4). The set of observation symbols @ = {o;, 05, ..., o}
representing our 18 directional codewords, M is the number
of observation symbols.

5). An N-by-M observation matrix, B = {hj(o,)} where
by(or) give the probability of emitting observation symbol o
from state 7.

An HMM requires specification of two model
parameters (N and M), specification of observation symbols,
and the specification of the three probability measures: 4, B,
andz For convenience, we use the compact notation to
indicate the complete parameter set of model.

A={(A B ©

There are three basic problems for HMM. These
problems are the following:

Evaluation problem: Given the observation sequence O
= 0,0,...0r, and model A = (4, B, #), calculate the
probability that model A has generated sequence O.

Decoding problem: Given the observation sequence O
= 0,0,...0r, and the model A, calculate the most likely
sequence of hidden states s; that produced this observation
sequence O.

Learning problem: How do we adjust the model
parameters A = (4, B, 7) to maximize P(O[L).

The solutions to these three problems are Forward-
Backward algorithm, the Viterbi algorithm, and the Baum-
Welch algorithm respectively.

VI. EXPERIMENTATION RESULT

Our system is implemented using OpenCV library.
Testing system is run on Intel processor Core 2 Duo, 2 Ghz,
2 GB memory. The video sequence is analyzed with image
resolutions 320x240 pixels at 30 fps. The 12 Thai alphabet
are chossen as commmand symbols, selecting from the 12
groups of 44 thai alphabet [10] considering from its
similarities, as shown in table 2.

Table2. The 12 groups of Thai alphabet
Group 1 aynyon Group 7 el Wl
Group 2 UL DG Group 8 28
Group 3 A Ao A Group 9 3879
Group 4 a Group 10 aa
Group § % Group 11 DH
Group 6 u o Group 12 ET-EEN
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Figure 10. Simples of hand tarjectory ofthe 12 Thai alphabet.

A.  Thai Alphabet Recognition

In the evaluation, HMM topology is a fully connected
with 3 types of states. About the number of state we take in
our consideration the number of segment parts that are
contained in possible gesture. The main direction part of all
gesture in configuration consists of 8 directions (up, down,
left, right, up-right, up-left, down-right and down-left).
Intuitionally, we use 8 hidden states with 2 auxiliary states
as imtialization and output. However, the number of HMM
camnot defined precisely by that consideration, it need to be
tested with variation. Therefore, we also evaluate the HMM
with 5 and 15 states for comparison with 10 states.

For each alphabet, we use 50 observation sequences for
training and 100 observation sequences for testing. The
table3 and figure 11 show the result, we can notice that the
HMM with 10 states improvement significantly the result
comparing to HMM with 5 state (9%). Although the HMM
with 15 states give in global better result than HMM with 10
states but the improvement of correction rate is very
insignificant (1%). In conclusion, the HMM with 10 states is
good enough for our Thai alphabet recognition system. The
demonstration of our system in real-time show in the video
at
http://www youtube com/watch?v=jEZi02EuweY

Table3. Recognition rate for the 12 Thai alphabet.

Gesture orrect recog nitio
model S state 10 state 15 state
f 96 82 86
1l 99 90 87
4 92 95 86
8 95 98 96
i 24 65 68
g 21 69 59
u 96 93 97
] 77 75 75
il 58 70 72
N 68 69 95
a 76 95 98
) 91 97 91

Gesture Correct 2.
model S state 10 state 15 state
i 7441 83.16 84.16
T 2740 12.81 12.79

1

Figﬁre 11. Recognition rate comparision for the 12 Thai alphabet.

VII. CONCLUSION

We have introduced the recognition system for the 12
Thai alphabets using hand trajectory features with Hidden
Markov Model. The appropriate feature parameter and
HMM topology were applied in our system. The result
shows that the system can recognize in overall about 84 %
of recognition rate. For the best case « alphabet.

Additionally, more features may be introduced in order to
improve the correction rate.
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