~a -
B -

=
o
-

* Shaheul AZnanogh Azizi Abdullah

- Haslina Arshad Azuraliza Abu Bakar
Zu@wmm“%mmyn Sahran

»

__Nazlia Omar  Zalinda Othman (Eds) -

L -
i R R =
T

e

Communications in Computer and Information Science 378

\

Second International Multi-Conference
on Artificial Intelligence Technology, M-CAIT 2013
Shah Alam, August 2013, Proceedings

@ Springer



Communications
in Computer and Information Science

Editorial Board

Simone Diniz Junqueira Barbosa
Pontifical Catholic University of Rio de Janeiro (PUC-Rio),
Rio de Janeiro, Brazil

Phoebe Chen
La Trobe University, Melbourne, Australia

Alfredo Cuzzocrea

ICAR-CNR and University of Calabria, Italy
Xiaoyong Du

Renmin University of China, Beijing, China
Joaquim Filipe

Polytechnic Institute of Setiibal, Portugal
Orhun Kara

TUBITAK BILGEM and Middle East Technical University, Turkey

Igor Kotenko

St. Petersburg Institute for Informatics and Automation

of the Russian Academy of Sciences, Russia
Krishna M. Sivalingam

Indian Institute of Technology Madras, India
Dominik Slezak

University of Warsaw and Infobright, Poland
Takashi Washio

Osaka University, Japan
Xiaokang Yang

Shanghai Jiao Tong University, China

378



Table of Contents

Real World Coordinate from Image Coordinate Using Single Calibrated
Camera Based on Analytic Geometry ........... ...
Joko Siswantoro, Anton Satria Prabuwono, and Azizi Abdullah

Articulated Human Motion Tracking with Online Appearance
Learning . .. ..o
Wei Ren Tan, Chee Seng Chan, Hernan E. Aguirre, and
Kiyoshi Tanaka

Arabic-Jawi Scripts Font Recognition Using First-Order Edge Direction
M atriX oot
Bilal Bataineh, Siti Norul Huda Sheikh Abdullah,
Khairuddin Omar, and Anas Batayneh

A New Initialization Algorithm for Bees Algorithm...................
Wasim A. Hussein, Shahnorbanun Sahran, and

Sitt Norul Huda Sheikh Abdullah

Part-of-Speech for Old Malay Manuscript Corpus: A Review...........
Juhaida Abu Bakar, Khairuddin Omar,
Mohammad Faidzul Nasrudin, and Mohd Zamri Murah

A Novel Baseline Detection Method of Handwritten Arabic-Script
Documents Based on Sub-Words .. ......... ... ... i
Tarik Abu-Ain, Siti Norul Huda Sheikh Abdullah, Bilal Bataineh,

Khairuddin Omar, and Ashraf Abu-FEin

Brain Tumor Treatment Advisory System .......... ... ... .. ... ....
Suri Mawarne Kaidar, Rizuana Iqbal Hussain, Farah Aqilah Bohani,
Shahnorbanun Sahran, Nurnaima binti Zainuddin, Fuad Ismail,
Jegan Thanabalan, Ganesh Kalimuthu, and
Siti Norul Huda Sheikh Abdullah

Age-Invariant Face Recognition Technique Using Facial Geometry .. . ...
Amal Seralkhatem Osman Ali, Vijanth Sagayan a/l Asirvadam,
Aamir Saeed Malik, and Azrina Aziz

Mamdani-Fuzzy Expert System for BIRADS Breast Cancer
Determination Based on Mammogram Images .......................

Wan Noor Aziezan Baharuddin, Rizuana Iqbal Hussain,
Siti Norul Huda Sheikh Abdullah, Neno Fitri, and Azizi Abdullah

12

27

39

93

67

78

89

99



XVIII Table of Contents

Comparison between Record to Record Travel and Great Deluge
Attribute Reduction Algorithms for Classification Problem ............
Majdi Mafarja and Salwani Abdullah

Neural Network Algorithm Variants for Malaysian Weather
Prediction . ...... .. e
Sitt Nur Kamaliah Kamarudin and Azuraliza Abu Bakar

Automated Evaluation for AI Controllers in Tower Defense Game
Using Genetic Algorithm. ... .. .. ..
Tse Guan Tan, Yung Nan Yong, Kim On Chin, Jason Teo, and

Rayner Alfred

Artificial Bee Colony Optimization Algorithm with Crossover Operator
for Protein Structure Prediction .......... .. .. .. .. .. .. ..
Zakaria N.M. Algattan and Rosni Abdullah

Frequent Positive and Negative Itemsets Approach for Network
Intrusion Detection. .. ... .. .. .
Anis Suhailis Abdul Kadir, Azuraliza Abu Bakar, and
Abdul Razak Hamdan

Detect Anchor Points by Using Shared Near Neighbors for Multiple
Sequence ALignment . ........ ..
Aziz Nasser Boraik, Rosni Abdullah, and Ibrahim Venkat

A PSO-Based Feature Subset Selection for Application of
Spam/Non-spam Detection . ........ ..o
Amir Rajabi Behjat, Aida Mustapha, Hossein Nezamabadi-pour,
Md. Nasir Sulaiman, and Norwati Mustapha

The Effect of Normalization for Real Value Negative Selection
Algorithm . . ... o
Mohamad Farhan Mohamad Mohsin, Abdul Razak Hamdan, and

Azuraliza Abu Bakar

Base Durian Ontology Development Using Modified Methodology . . .. ..
Zainab Abu Bakar and Khairul Nurmazianna Ismail

Enhanced Arabic Information Retrieval: Light Stemming and Stop
Words . .o
Jaffar Atwan, Masnizah Mohd, and Ghassan Kanaan

Multilingual Ontology Learning Algorithm for Emails ................
Magjdi Beseiso, Abdul Rahim Ahmad, Roslan Ismail, and
Mohammad Taher

Measuring the Compositionality of Arabic Multiword Expressions . ... ..
Abdulgabbar Saif, Mohd Juzaiddin Ab Aziz, and Nazlia Omar



Table of Contents

Joint Distance and Information Content Word Similarity Measure. . .. ..
Issa Atoum and Chih How Bong

Definition-based Information Content Vectors for Semantic Similarity
MEASUTEINENIE . . ¢ . vttt ettt
Ahmad Pesaranghader and Saravanan Muthaiyah

Enrichment of BOW Representation with Syntactic and Semantic
Background Knowledge .. ...... ... .
Rayner Alfred, Patricia Anthony, Suraya Alias, Asni Tahir,
Kim On Chin, and Lau Hui Keng

Learning Relational Data Based on Multiple Instances of Summarized
Data Using DARA . ...
Florence Sia, Rayner Alfred, and Kim On Chin

Author Index . ... ...



Real World Coordinate from Image Coordinate Using
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Abstract. The determination of real world coordinate from image coordinate
has many applications in computer vision. This paper proposes the algorithm
for determination of real world coordinate of a point on a plane from its image
coordinate using single calibrated camera based on simple analytic geometry.
Experiment has been done using the image of chessboard pattern taken from
five different views. The experiment result shows that exact real world
coordinate and its approximation lie on the same plane and there are no
significant difference between exact real world coordinate and its
approximation.

Keywords: real world coordinate, image coordinate, analytic geometry.

1 Introduction

The determination of image coordinate of a point in real word coordinate system can
be easily calculated using a transformation after camera parameters that are used in
image acquisition are known [1],[2] and [3]. Generally the reverse of this problem is
cannot be performed, since the transformation from real world coordinate system to
image coordinate system is not invertible. Information about the depth of position
loses during the transformation. But under certain condition, such as the point in real
world coordinate system lies on a ground plane, determination of world coordinate
from a point in image coordinate system still can be performed [4]. The determination
of real world coordinate has many applications in computer vision including robot
positioning [5], object reconstruction [6], and measurement [4],[7] and [8]. Therefore,
determination of the real world coordinate of a point from image coordinate is
challenging problem in computer vision.

Common method to determine real world coordinate of a point from image
coordinate is triangulation. Triangulation is problem of determining the real world
coordinate of a point from a set of corresponding image locations and known camera
parameters [3]. Mohamed et al [9] and Zhang [10] have used triangulation to
determine the real world coordinate of a point using two corresponding image
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2 J. Siswantoro, P. Anton Satria, and A. Abdullah

coordinate acquired by two cameras in order to measure the accuracy of their
proposed camera calibration method.

Many methods have been proposed to determine real word coordinate of a point in
image coordinate system. Some of them do not apply camera parameters in
determination of real world coordinate. Bucher [4] has proposed a decomposable
image to world mapping where the transformation of vertical coordinate is
independent from the horizontal position. Memony et al. [11] have proposed a
multilayer artificial neural network model (ANN) to determine real world coordinate
from matched pair of images. Vilaga et al. [8] have proposed method for
determination of real world coordinate in a plane using two cameras and laser line.
Polynomial was used to relate between image coordinate and real world coordinate.
Xiaobo et al. [12] have used direct linear transformation and back propagation neural
network in the determination of real world coordinate in a plane from image
coordinate.

Currently the determination of camera parameters is not a hard problem. Using
established camera calibration method, such as method proposed by Tsai [13] and
Zhang [10], and supported by computer vision library that provides functions for
camera calibration such as OpenCV [1] and camera calibration Toolbox for Matlab
[14], camera parameters can be easily estimated. Therefore using estimated camera
parameters and analytic geometry, the real world coordinate of a point on a plane can
be easily obtained from image coordinate. Furthermore previews method can only be
used to re-project a point in image coordinate system to its original position in real
world coordinate system. They cannot be used to re-project a point to a plane that is
different from its original position. This paper proposes the algorithm for
determination of real world coordinate of a point on a plane using single calibrated
camera base on analytic geometry. The algorithm can also be used to re-project a
point in image coordinate system to any plane in real world coordinate system which
is not perpendicular to image plane

2 Camera Model

Camera model is usually derived from simple pinhole camera based on collinearity
principle. The origin of camera coordinate system is projection center. Each point in
real world coordinate system is projected into image plane system by a line through
projection center. The z-axis of the camera coordinate system is principle axis. This
axis is perpendicular to image plane and intersects image plane at z = f, where f is the
focal length of camera, as shown in Fig. 1. Projection from real world coordinate
system onto image coordinate system in image plane consists of two transformations.
The first one is transformation from real world coordinate system to camera
coordinate system and the second one is transformation from camera coordinate
system to image coordinate system.

Camera parameters are needed to construct the transformation. Camera parameters
consist of extrinsic and intrinsic parameters. Extrinsic parameters are used to transform
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point in real world coordinate system to camera coordinate system. The parameters
consist of rotation matrix R and translation vector T as the following form.

o ha N3 t,
R=n, n, n|T=|t

&

Rotation matrix is the product of three rotation matrices RX(W),R),(@ and

R.(6). Where R (¥).R, (@) and R_(6) are rotation matrices around x-, y-, and
z- axis with respective rotation angles y,¢ and@. Translation vector is a shift from

real world coordinate system to camera coordinate system
Intrinsic parameters are used to transform point in camera coordinate system to
image coordinate system. The parameters consist of the focal length of camera f and

the center of image plane coordinates C (cx,cv ) All camera parameters are obtained

from camera calibration process.

f: = 7

¥
Image coefdinate L :
e ~ Principle axis 0

/ = y
5 K —
Camera coordinate ‘/ prd Image plane
C.~

V. world coordinate
X

Fig. 1. The geometry of camera model based on pinhole camera model

Suppose P (xw, Voo Zw) , Pc(xc, V.52, ), and p (x,.m, yl.mw) are coordinate of a point in

real world coordinate system, camera coordinate system and image coordinate system
respectively. By assuming that camera used in image acquisition has very small
distortion such that its distortion coefficients can be neglected, then transformation
from real world coordinate system to image coordinate system can be describe in the
following equations [1],[2] and [3].

=
=

)
=

=R|y, [+T ey
z
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‘xim f X O cx ‘xc/ Zc
Y [Z1 0 Sy e | vz 2
1 0 0 1 1

Where f, = 5,f, f, = s,fare focal length in x , y direction respectively and s,, s, are the
size of individual imager elements in x , y direction respectively.

3 Real World Coordinate from Image Coordinate

In order to determine the real world coordinate of point P (xw, Voo Zw) from its image

coordinate p(x,.m,y,-mw), camera calibration is firstly performed to estimate camera

parameters. Suppose P is located on plane A or we want to re-project point p to point
P on plane A, where A is not parallel to line / through projection center O, and image
point p. Under this assumption, the coordinate of P is intersection of plane A and line
1, as shown in Fig. 2. Therefore real world coordinate of O.and p must be determined
firstly. From Eq. (1) the real world coordinate of O, can be expressed as the following
equation.

0.=|o, |=R'T 3)

From Eq. (2) and the fact that p lies on plane z = f in camera coordinate system, the
coordinate of p (x,m., Vimes Zim,) in camera coordinate system can be expressed as

follow

'ximc = - - (4)
s X
y im ¢
y imc = : (5)
N y
Zimc = f (6)

Using Eq. (1), (4), (5), and (6), the coordinate of p()cim‘t,,yim‘t,,zim‘t,) in real world
coordinate can be expressed as follow
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-T @)

imc

According to geometry analytic [15], a line in 3D space is determined by a point
and a direction vector of the line. Direction vector of a line is a vector that parallel to
the line, as shown in Fig. 2. The vector

V= Ocp = ('ximw - Ocl )i + ( yimw - 062 )j + ( Zimw - 0('3 )k (8)
is parallel to line /. Therefore the equation of line / is given by

xzocl +t(ximw _Ocl)’ y :0c2 +t(yimw _OL'Z)’ < =0L'3 +t(Z _0(.'3)’ re R (9)

imw

Fig. 2. Line / is line through O, and p. Vector v is direction vector of line /. The real coordinate
of P is intersection between plane A and line /.

Suppose the equation of plane A is given by following equation

ax+by+cz=d (10)

where a(x,,, =0, )+b( ¥, —00)+¢(Zpm —0.5) #0 . This condition will guarantee

imw
that plan A and line / are not parallel and have an intersection point. The point

intersection of plane A and line / is obtained by substituting Eq. (9) to Eq. (10) and
found

d—(ao,, +bo,, +co)

t= .
a('ximw _04:1)+b(yimw _052)+C(Z[mw _04:3)

Y
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Substitute back ¢ in Eq. (11) to Eq. (9) and the coordinate of P in real world
coordinate system is approximated by

[d - (aotl + bo('Z + CO('} ):| (ximw - 0('1 )

ap =0 T 12
xwapp 001 a (ximw - 001 ) + b ( yimw - 002 ) tc ( Zimw - 003 ) ( )
d —(ao,, +bo,, +co, Vi — O
Viap = 02+ [4-(a0s +bos oo ) 2 (13)
a (‘ximw - OL'I ) + b ( yimw - 0('2 ) tc (Zimw - 0('3 )
d—(ao,, +bo,, +co, -0,
Zwapp — 0C3 + |: (aoLl 0L2 C0(3 ):'(me 0L3 ) (14)

a (ximw _Ocl ) + b(yimw - 0(,‘2 ) + C(Zimw - 0(,‘3 )

From the above explanation, we propose the algorithm for real world coordinate
determination of point P(xw, yW,ZW) on a plane from its image point p (x,.m, y,.mw) as

follow:

Step 1. Perform camera calibration to obtain extrinsic camera parameters R, T and
intrinsic camera parameters f,, f;, ¢y, ¢y .

Step 2. Find the coordinate of point p (xl.m, Vim ) in image coordinate system.

Step 3. Find the coordinate of projection center O, in real world coordinate system
using Eq. (3).
Step 4. Find the coordinate of P (X, Yiy»Zm,) in real world coordinate system

using Eq. (7).
Step 5. Approximate the coordinate of P in real world coordinate system using Eq.
(12), (13), and (14).

4 Experiment and Result

Experiment was performed in the laboratory to validate proposed algorithm. Proposed
algorithm was implemented in C++ using OpenCV library. The methodology used in
this experiment consists of camera calibration, real world coordinate system
construction, image acquisition, corner detection, real world coordinate
approximation, and error analysis. Fig. 3 shows the methodology used in the
experiment.
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[ Camera calibration ]E:>[ Image acquisition ]<] Real world
Iz coordinate system

N construction
[ Corner detection

Real world
coordinate
approximation

~~

[ Error analysis

J

J

Fig. 3. Methodology used in the experiment

Web camera Logitech C270 was used for image acquisition in the experiment. The
camera acquired image with dimension 640 x 480 pixels and resolution 96 dpi in both
vertical and horizontal directions. The camera has very small distortion both in radial
and tangential distortions. Therefore the distortion coefficients can be neglected.
Camera calibration was performed base on Zhang’s method [10] using OpenCV
library. A 9 x 6 corners flat chessboard pattern with 24.65 mm x 24.65 mm in each
square was used in camera calibration, as shown in Fig. 4. Ten views of the pattern
were acquired to estimate intrinsic camera parameters and one view was acquired to
estimate extrinsic camera parameters.

Fig. 4. Chessboard pattern used in camera calibration

Fifty four inner corners of chessboard pattern were used as points in real world
coordinate system by assuming the points lie on plane z = 0 for simplicity. Therefore

the real world coordinate of the corners have the form(x;,y,,0),i=12,...,54. For

the construction of real world coordinate system, the following assumptions were
used. The center of real world coordinate system is located at top left corner of
chessboard pattern. Positive x-axis lies along top left corner to bottom left corner and
positive y-axis lies along top left corner to top right corner. Positive z axis is
perpendicular to x axis and y axis according to right hand rule. Fig. 5 shows
constructed real world coordinate system used in the experiment.
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The images of chessboard pattern were acquired from five different views which
are three from top view with an angle of approximately 90° in different distance and
two from side view with an angle of approximately 45° in x and y direction, as shown
in Fig. 6. The corners of chessboard pattern were located to determine the image
coordinate of the corners using sub pixel detection technique [1]. After all image
coordinate of corners were calculated, these coordinates were then used to
approximate its real world coordinate on plane using proposed algorithm.

Fig. 5. Constructed real world coordinate system used in the experiment

Fig. 6. The images of chessboard pattern from five different views: (a), (b), and (c) top view
with an angle of approximately 90° and different distance (d) side view with an angle of
approximately 45° in x direction (e) side view with an angle of approximately 45° in y direction.

The accuracy of proposed algorithm was measured using absolute error between
exact real world coordinate and its approximation in x, y, and z direction using the
following equation.
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P "

E,={Yy = Yuar (16)

E, =|2, = Zyup| (17)

Where X, =(x,,%,,2,) and X, =(%,, Youp+Zuep) ar¢ exact real world

coordinate and its approximation respectively.

The result of experiment shows that the approximations of real world coordinate of
54 corners are also on plane z=0. The exact coordinate of 54 corners and its
approximation from image coordinate using proposed algorithm on plane z =0 are
shown in Fig. 7. From Fig. 7, it can be seen that there are no significant different
between the exact coordinate of 54 corners and its approximations. The absolute
errors between real world exact coordinate and its approximation are summarized in
Table 1.

200 e » = & & # 200fa & »# = u @ 200 = a & & = =
[ | L ) L I
150 e » & ¢ a4 4 150 e ¢ 4+ + » 180F 4 = + # 4
—_ LI I T L A Y s 4w o8 s o
E E E
E W0fw « « v w a7 E WOfs v = =« v v E 100r= & » v = o
= = =
P P T I -+ n o= o
Ells =« a u = = Fifa = = &« = &» Flfe « = u = ad
Ol = & = = = OFe & = = & & Of= = & & = a-
-5 35 85 136 -5 35 85 136 -5 3B 85 135
x {mmj % {mmj) % {mmj
(a) (b) (c)
200fa o = = & a7 200fe o = & = &= 200 e » & = = w
150w w = = = =7 150Fa o o = u & T8l e = & = = wf
—_ . s o oo o= e s owow e L
E E E
E 100f= = & & 4 w7 E 00pe & # »« w o E 100+ » & & + +
= LA T = LI D = = v = & & =
BOla & & & a4 @ BOFe o 4 & + & BOla & v % a4
P A I 3 [ | 4 0F = 4 o4
Ofa =« » » n # Ofw » = * » a Of e = = 5 = #
-5 35 85 1356 -5 35 B85 135 -6 3/ 85 135
* (mimy) x {mmj x {mmj
(d) (e) (f)

Fig. 7. (a) The exact coordinate of 54 corners on plane z = 0 and its approximations from image
coordinate using proposed algorithm: (b) — (f) from image in Fig. 5 (a) — (e) respectively
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Table 1. Absolute error between exact real world coordinate and its approximation in x, y, and
z direction (in mm)

View Mean E; Std.dev.E, MeanE, Std.dev.E, MeanE, Std.dev.E,

Viewa 0.2188 0.1456 0.2117 0.1371 0.0000 0.0000
Viewb  0.2839 0.1990 0.2874 0.1732 0.0000 0.0000
Viewc  0.3271 0.2265 0.3616 0.2168 0.0000 0.0000
Viewd  0.3206 0.2052 0.2786 0.1879 0.0000 0.0000
Viewe  0.2399 0.1673 0.3381 0.2730 0.0000 0.0000

Since the approximation of real world coordinates of 54 corners lie onz =0,
therefore the absolute errors in z direction are zeros. In x and y directions the largest
absolute error means are 0.3271 mm and 0.3616 mm respectively occurred in
approximation using image from view c. The standard deviation of absolute error is
less than 0.27 mm for all views and all direction. It indicates that the entire absolute
error tend to be very close to the mean. Therefore proposed algorithm gives a good
approximation for real world coordinate from image coordinate.

In this experiment error can be occurred due to error in camera parameters
estimation and inaccuracy in locating the image coordinate of corners. Absolute error
mean increases with increasing distance between camera and plane, as shown in view
a, b, and c. In addition, decreasing angle between camera and plane z=0 also has
impact on increasing absolute error mean. In both case, increasing absolute error
mean may be occurred due to inaccuracy in determining the image coordinate of
corner when the distance from camera to image increases. Therefore camera
parameters estimation and locating the image coordinate of corners play an important
role in reducing the error of real world coordinate approximation.

5 Conclusion

In this paper the algorithm for determination of real world coordinate of a point on a
plane using single calibrated camera base on analytic geometry was proposed.
Camera calibration was performed firstly to estimate extrinsic and intrinsic camera
parameters including rotation matrix, translation vector, focal length, and the center of
image plane coordinate. These parameters together with camera model and simple
analytic geometry were used to approximate the real world coordinate of a point on a
plane from its image coordinate. The experiment result shows the absolute errors have
mean less than 0.37 mm and low standard deviation. It can be inferred that proposed
algorithm gives a good approximation for real world coordinate from image
coordinate.
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