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The Guidelines of Parameters in the Implementation of Local Monocular Vision
System for Robot Soccer Using the MiroSoT Platform

ABSTRACT

The conception of robot that plays soccer was a major step in autonomous multi agent
system, many agents that work together to achieve a common goal. This research field
was promoted with the introduction of two international events, th eral
International Robot Soccer Association (FIRA) and Robot Soccer Cup « Cup).
Similar to the real human game of soccer, the player rely the most on his ﬂ i0h as the
source of information about his environment and this duplicated i bot soccer,
which allows for the use of cameras as the single sensor. This resear¢h Will experiment
five concepts to determine the guidelines needed in the implénientation of local
monocular vision system. The experiment are (a) the mini frame rate for the
establishment real-time vision, (b) various color model gmentation techniques
and its efficiency in terms of frame rate, (c) the t object detected (d) The
processing of the video as a complete video frame — 0, separated video for each
camera — split video and (e) The influence of displ the video or not displaying the
video, during gameplay, on the frame rate. on the findings, the guideline of
parameter was established are the minimum fcaniie rate of 16 frames per second (fps).
The experimented color models were R V and YUV in which RGB showed a
mean value of 21.38fps, HSV with a value of 16.00fps and YUV with a mean
value of 15.60fps. RGB will be the ¢§for model of choice as it achieves the concept of
real-time video.The objects to be ted are of basic geometry shapes, namely circle,
small rectangle and large recta@, which are currently employed in other robot soccer
leagues. In terms of distancg-gstination, the calibration method proves worthwhile even
though it give erroneous It when the object being detect is close range or long
range. The way to solv. situation is to use these ranges by creating certain strategies
such as near rangg efense or kicking. Another issue tackled effects to display the
real-time video orN\tiding (not displaying) the video. The result showed that by not
displaying thé ¥iko the frame rate increases by as much as 3% or an increase of about
0.8fps in&&e. Being the only sensor applied, the video processing that is required
has to @.e a minimal impact in terms of processing time, which will result in the
increas frame rate. Based on the findings of these experiments, a guideline of
parameters can be established in the implementation of local monocular vision system,
which consist of multiple wireless camera system, processing the RGB or the raw video
format coming from the camera, using the full video mode when displaying an
processing, lastly to provide an option the display or not display the video hence
increasing the frame rate when not needed to debug. Calibration method distance
estimation can be utilized but four ranges should be define and strategies set for these
ranges.

Xviii



Penetapan Parameter dalam Pelaksanaan Sistem Visi Monokular Tempatan
Untuk Bola Sepak Robot dengan Menggunakan platform MiroSoT

ABSTRAK

Konsep robot yang memainkan bola sepak merupakan langkah utama dalam
autonomi sistem ejen pelbagai, banyak ejen-ejen yang bekerja bersama-sama_untuk
mencapai satu matlamat. Bidang penyelidikan ini telah dimajukan dengan p lan
dua acara antarabangsa, Federal International Robot Soccer Association @ and
Robot Soccer Cup (RoboCup). Sama dengan permainan bola sepak ya mainkan
oleh manusia, pemain bergantung sepenuhnya kepada deria pengli ya sebagai
sumber maklumat tentang alam sekitar dan ini dapat diulang ke dala sepak robot,
yang hanya membenarkan penggunaan kamerasebagai sensor . Kajian ini akan
menjalankan lima eksperimen untuk menentukan garis panduamyang diperlukan dalam
pelaksanaan sistem penglihatan monokular tempatan. Ek ent tersebut adalah (a)
kadar bingkai minimum untuk visi masa nyata, (b agai warna model dan
segmentasi teknik dan kecekapan dari segi kadar bingkai jenis objek yang dikesan,
(d) pemprosesan video sebagai bingkai video len - video penuh atau dipisahkan
video bagi setiap kamera - video perpecahan d pengaruh memaparkan video atau
tidak memaparkan video, semasa permaina asarkan kadar bingkai. Berdasarkan
kajian ini, garis panduan parameter d&\;\s: n adalah kadar bingkai minimum 16

bingkai sesaat (fps). Model warna diek men adalah RGB, HSV dan YUV di mana
fp% "HSV dengan nilai min 16.00fps dan YUV
enjadi model warna pilihan kerana ia mencapai
konsep video video nyata. Obj ang dapat dikesan adalah bentuk geometri asas, iaitu
bulatan, segi empat tepat dan ségi empat tepat kecil besar, yang kini digunakan dalam
liga bola sepak robot. Dai,segi anggaran jarak, kaedah penentukuran membuktikan
kebolehpercayaan wa n ia memberikan ralat apabila objeck yang dikesan adalah
pada jarak dekat atadjatak jauh. Cara untuk menyelesaikan keadaan ini adalah dengan
menggunakan julat\iti dan mewujudkan strategi tertentu seperti strategi pertahanan pada
Jarak dekat afaBtrategi menendang. Satu lagi kesan isu ditangani untuk memaparkan
video @ta atau bersembunyi (tidak memaparkan) video. Hasilnya menunjukkan
bahawa/dengan tidak memaparkan video kenaikan kadar bingkai sebanyak 3% atau
peningkatan kira-kira 0.8fps dalam purata. Sebagai satu-satunya sensor digunakan,
pemprosesan video yang diperlukan perlu mempunyai impak yang minimum dari segi
masa pemprosesan, yang akan menyebabkan peningkatan dalam kadar bingkai.
Berdasarkan dapatan eksperimen ini, satu garis panduan parameter boleh diwujudkan
dalam pelaksanaan sistem penglihatan monokular tempatan, yang terdiri daripada
pelbagai sistem kamera tanpa wayar, pemproses RGB iaitu format video mentah dari
kamera, menggunakan mod video penuh untuk paparan dan yang akhir sekali untuk
menyediakan pilihan paparan atau tidak memaparkan video seterusnya meningkatkan
kadar bingkai apabila tidak diperlukan untuk debug. Penentukuran kaedah jarak
anggaran boleh digunakan tetapi empat julat perlu menentukan dan strategi yang
ditetapkan untuk julat ini.

RGB menunjukkan nilai min 21.
dengan nilai min 15.60fps. RGB

XixX



CHAPTER 1

INTRODUCTION

1.1  Research Background \Q\’
O

It began with an idea to promote multi-agent autonomous ,Q?At using the
popular game of soccer as a platform, hence the birth of robot 5\c¢£d Two researchers,
namely Hiroaki Kitano and Minoru Asada, had a vision tl-@& become the goal that
researchers in the field of robot soccer are working oné@ oal is

O
“By mid-21st century, a team g{ autonomous humanoid robot
soccer players shall win thg@cgr game; comply with the official rule
of the FIFA, against tl@ucr?ncr of the most recent World Cup.”
, iR s el oinoire Asesdss (ianlct Ehvios & Asnds; 1998)
4 s\\@

The id’s@f a group of robots playing a popular game was first mentioned by
Profes@n Mackworth, from the University of British Columbia in Canada, in a
paper entitled “On Seeing Robots”. This paper was later published in the book
“Computer Vision: System, Theory, and Applications” (Mackworth, 1993). From this,
two groups started international competitions games based on the game of soccer,
namely RoboCup and FIRA.

The history of RoboCup dates back to June 1993 when a group of researchers,

including Minoru Asada, Yasuo Kuniyoshi, and Hiroaki Kitano, decided to launch a



robotic competition, tentatively named the Robot J-League, where J stood for Japan, but
later renamed as the Robot World Cup Initiative, ‘RoboCup’ for short (Matsubara,
Asada, & Kitano, 2002). The history of Federation of International Robot Soccer
Association or FIRA dates back to September 1995, when Professor Kim Jong Hwan of
Korea Advanced Institute of Science and Technology or KAIST, formally initiated an
International Organizing Committee for Micro-Robot World Cup Soccer Toumaxg{r’lt or
MiroSoT. MiroSoT’ 96 was first held in KAIST, between November 9 au@ 1996
(Chiou & Wang, 2008). Since then the MiroSoT, has been the test be any fields
related to robotics. This tournament was participated by 23 te{’ggy nine countries
competing for the Hanminjok Cup (Kim, 1997). o\Q(b'

The term robot soccer refers to the system whi ‘\%sist one or many robot that
is placed in a platform. These robots, which c@ of two teams, will compete with
each other in a game very similar to soccgr\@ term soccer robots refer to a specialized

or custom made autonomous robot @s a mobile robot that is used to play variants
of soccer. Q&

The league has evo‘h@ from the global vision to the local vision as per the ideas

of the founding fa;b@ he global vision utilizes one stationary camera that is attached
N

above the p\la& fields and can capture the whole playing field, its markings, the
robots @&all. The image processing system for the global vision converts this
information to X and Y coordinates. The local vision utilizes cameras that are mounted
on the robot itself and moves with the robot. The image processing system for the local
vision depends on the camera mounting orientation. There are three type of local vision,
omnidirectional, stereo and monocular. The omnidirectional has cameras that are
mounted facing upwards towards a convex mirror hence has a 360° field-of-view, thus

image processing is the distance and angle of object and markings relative to the robot



itself. The stereo has two front facing cameras similar to human eye and does distance
and angle processing based on what it can capture in its field-of view.

The leagues started with the introduction of Micro Robot Soccer Tournament
(MiroSoT) and Android Robot Soccer Tournament (AndroSot) where the utilization of
the global vision, to Robot Soccer Tournament (RoboSot) with omnidirectional camera
mounted on-board the robot and finally, Humanoid Robot Soccer Tourx‘a\r:lent
(HuroSot) with two cameras on-board the robot which provides stereo visio\@e the
commercially available Aldebaran Nao (Aldebaran, 2013) and@ Dynamic
Anthropomorphic Robot with Intelligence—Open Platform (%@Qn-OP) (Robotis,
2013). The vision system evolution in robot soccer stanede\Q@é global vision system
and has evolved to the local vision system; and in B:q\f’ ision system the evolution
began with Omnidirectional (single camera plae@ the robot facing towards a convex
mirror — used in RoboSot league) and ,s\ (two cameras placed side-by-side and
facing the front — used in HuroSot L@é). The evolution poses an interesting part for
research in term of vision ﬁem where the monocular vision system was not
experimented, tested or utflk% in any league.

s s\\@
1.2 Motiw&@:

©&

As mentioned above, the evolution poses an interesting part for research in the
vision system utilized on Robot Soccer which is to create a guideline of parameters that
supports the utilization of a single front facing camera on each robot, the guidelines for
the utilization of local monocular vision system in Robot Soccer. The platform that will
be used for the testing of this guideline will be the MiroSoT League Robot Soccer, due

to this league being the test bed since the creation of robot soccer.



The robot soccer leagues mostly are custom made and have its development
basis is from researches. The global vision provides simple and easy method of vision.
Omni directional vision was also born from research with vision system. Dueto the
development of commercially available robots, stereo vision from robot such as the Nao
and DARwIn-OP were directly used. Monocular vision has not been utilized, especially
when considering the use of vision sensors as the only sensor. Monocular ’v\ifion
provides an interesting application of vision in robot soccer because of cost\&i}ems,
but provides challenge in terms of video or image processing. QQ

The question why there is a need to shift from global to J{&Domonocular vision
is the need to have soccer robots which have the ability u@ts image processing and
decision making. Currently the global vision systebibx a computer to do image
processing and decision making, which is then @%itted to the soccer robots. Hence
the robots do not possess any intellige@Qnother reason for the creation of the
guideline of parameters is that the cn@mage processing for global vision has a huge
capability whereas when the Qcce?sing has to be done on-board the robot, image
processing capability has n:nh@ constrains.

In order to,q\{'@nonocular vision, a guideline of parameters has to be developed.
This guideli{lé\@l be based on the existing image processing requirement for vision
system @&ot soccer, namely the information obtained after the image processing in
global vision systems. The information obtained after image processing in the global
vision system are frame rate, color detection, shape or object detection and distance
estimation. This requirement will be identified and applied to the monocular vision
system guideline so as to achieve a desirable balance between performance and

resources and the image processing will be implemented on-board a soccer robot which

has very limited resources.



1.3 Problem Statement

Before diving farther into the thesis, the definition of each term of the title will
be explained. The definitions for the term are;
* ‘guidelines of parameters” is a basic structure or requirement of an underlying
system, X,
¢ ‘local’ denoted the placement of a device on individual robots, "K\@Q
® ‘monocular’ is the application of a single vision device, OQ§
e ‘vision system’ is a device used for the purpose of provid'\n&he ability to see,
specifically focused on the use of cameras, 2 ’\Q
e ‘MiroSoT’ is an abbreviated term for Micro Roboé}cer Tournament, which is the
oldest and popular league in robot soccer. \Q*
Grouping it to gather, the title’s dq@mn is a basic structure or requirement that
utilizes a single front facing camera m attached on-board each robot in a MiroSoT

league. The gist of the issue@he image processing requirement, the experiments

conducted and finally ¢ “Suitable video processing parameters to have a balance

between perforrnm(@bd reliability.
T%&mem here will be

. Fra@ate — to obtain a real-time video processing capability similar to biologically
inspired vision system, the frame rate has to be as high as possible. The higher
frame rate produces better real-time data but the requirement of a minimum frame
rate so that it can be declared as real-time will be review and established.

¢ Color detection — the ability of the video processing to classify colors so that it can

differentiate the object detected based on color codes.





