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ABSTRACT infrared sensors are usually used to detect olestdnl
the soccer game [3-6].
In this paper, a path planning of humanoid robot
for obstacle avoidance by using infrared sensdrs)lis Although the robot has been investigated for many
proposed. An autonomous humanoid robot TWNHR-3 isyears, there are still many issues to be studiub@ally
used to implement the proposed strategy. Four IRin the humanoid robot area [7-10]. Hardware and
sensors are mounted on TWNHR-3 to detect obstaclesoftware architectures, walking gait generation and
Based on the obtained information from IR sensars, artificial intelligence are the main research fietd
decision tree method is proposed to decide thewbeha humanoid robot. A compact size humanoid robot dalle
of robot so that the robot avoids obstacles andsgime @ TWNHR-3 developed by Intelligent Control Lab of
the destination. Obstacle avoidance simulations andTamkang University for artificial intelligent reseh is
experiments of TWNHR-3 are presented to confirm itsconsidered in this paper. The objective of develgpi
effectiveness. TWNHR-3 is to build a platform to investigate the
walking gait generation and artificial intelligencéhe
Keywords: Humanoid robot, Autonomous mobile robot, work is focusing on the static and dynamic walkomg
Obstacle avoidance. even and uneven ground. More research on artificial
intelligence is carried on with TWNHR-3 to makeait
intelligent robot. Four infrared (IR) sensors and a
1 Introduction electrical compass are installed in the robot tectethe
environment including obstacles, the distances haf t
Robot soccer games are teams Organized by Severﬂbstades and terrestrial magnetism angle of th®tro
robots to p|ay soccer games under fixed restricind Based on the obtained information from IR sensa a
rules. Two soccer alliances of the robot are tHeAF]1] electrical compass, an obstacle avoidance method is
and the RoboCup [2]. They hold the robot soccerchat Proposed to determine the angle of robot so that th
of world cup and international congress every y@ar robot can avoid obstacles and go to a destination.
the FIRA Cup event, several main categories are
organized: the Microtobot Soccer tournament The rest of this paper is organized as follows: In
(MiroSot), the Simulated robot Soccer tournament Section 2, the architecture of the robot TWNHR-3 is
(SimuroSot), theRobat Saccer tournament (RoboSot), described. In Section 3, the strategy of obstacle
and theHumanoidrobot Saccertournament (HuroSot)_ avoidance controller is described. In Section ameso
In the HuroSot category, the humanoid robots have t simulations and experiments results of the proposed

detect all information from the game field and decits ~ Strategy are described. Finally, in Section 5, some
strategy by itself. conclusions are made.

There are many robots in the match field, so the _
robot must have the ability to avoid the collisiafith 2 Architectures of TWNHR-3
other robots and move to an appropriate destination
Obstacle avoidance is also a competition categothe ) o ]
FIRA Cup. The main idea of the competition categery 1 WNHR-3 is developed for realizing and analyzing th
testing the ability of obstacle avoidance of thbato In human movement and behaviors. Playing soccer game i
this paper, an obstacle avoidance method basettedit the test platform to verify the ability of TWNHR-3he
sensors is proposed for the autonomous humanoat.rob "0bot needs to play a soccer game autonomously. In

In general, vision sensors, ultrasonic sensors, and'der to play a soccer game, three basic skills are
designed and implemented on it: environment peiazept



move ability, and artificial intelligence. Thereeamany
robots in the match field, so the robot must hawe t
ability to avoid the collision with other robotscamove

to an appropriate destination. Figure 1 shows the
photograph of TWNHR-3. In the electronic desigrihef
robot, 26 servomotors with high torques are used as
actuators of the robot. In order to build a fully
autonomous vision-based humanoid robot, a 16-bP DS
processor with a CMOS sensor is chosen to protess t
vision image of environment. The image of the fiad
captured by the CMOS sensor and the position
information of the ball and goals is processed and
extracted by the DSP processor. The digital compads
these four IR sensors are used for interaction With
environment and recognition of own situation. TiRe |
sensors are mounted on the robot to detect obstadhe
positions of these four IR sensors are illustrabed
Figure 2. The relative angle of goal direction andot
direction is shown in Figure 3. The digital compéss
mounted on the body to detect the head directiothef
robot and the goal direction respectively. In order
reduce the weight of robot, the concept of SOCgtes
applied in the complexity design of biped robot.eTh
implemented FPGA chip can process the data obtained
from the digital compass and generate desired putse
control the angles of servomotors. Many functions a
implemented on a FPGA chip to process the data and
control the robot so that the weight of the robst i
reduced. che system block diagram is described in

Figure 3: The diagram of the electrical compass.

Human-

machine Nios
interface
|
- cj i Rsz:u_ System control center g
r s module = Data -
Analysis =, g
— - _ module Flash 5
ransmission
ey 8 oy g ECY [
’W‘ Motion o I~
= execution %
CMiOS Q module g
_S Receive ] =
ensors |:> module Motor
Electrical confroller L
compass Q—‘ o

‘ Gyroscope

=

26 Servo motors

(2 for neck,2 for loin 4 for each hand and 7 for each leg)

« T: Transmission module

Figure 4: System block diagram of the robot in the

electronic system design.

Figure 4.

Figure 1: Four IR sensors and an electrical compess
mounted on the robot.

Figure 2: The detectable range of the IR sensors.

3 Decision tree of the obstacle avoidance

Obstacle avoidance is a competition categoryén th
HuroSot league of FIRA Cup. There is a finish line
marked on one side of the playing field. This sifi¢he
playing field is called the finish side. The oppesside
of the playing field is called the start side. The other
sides are called side lines. A robot has crodsedinish
line when either foot of the robot crosses thesfirplane
and touches the ground in the end zone. During the
competition, the robot does not allow to touch any
obstacles. Figure 5 shows the diagram of the olesta
run competition. The robot has to detect the locabf
obstacles and the direction of the goal line. Aigioal
implemented decide tree method base on the IRidata
shown in Figure 6. The design of the decision tree
method is based on the IR and electrical compass
information. The behavior output of the decisiogetiis
the robot’s five basic movements including go fordya
30 degree right turn, 30 degree left turn, slightjcand
slip left.

The robot strategy will check the relative behavio
from the decision tree before robot move. TWNHR-3
will adjust the robot direction to face the goaledtion,
when robot is in the safe situation (B16). Once TMRN
3 detects the obstacle via the IR sensors, thet noiilo
do the relative behavior to avoid obstacles. TWNBR-



able to cross some obstacles by the proposed decisi
tree method. Figure 7 and Figure 8 illustrate thstacle
avoidance ability of the robot by MATLAB simulation
results. In Figure 7, there is an obstacle onrtt®t’s
way to the goal line. When robot detects the olstac
robot will choose the Behavior 10 (B10) to avoic th
obstacle. The robot kept slipping to the right sidsetil
there is no obstacle in front of the robot. Théawor
interchanges B10 with B16 until robot is away fréme
obstacle. In Figure 8, there are two obstacles ten t
robot’s way to the goal line. The robot also chcothe
behavior from the proposed behavior strategy. At
location “Safe point”, the robot is already in thafe
situation. Therefore, the robot chooses B16 turtintpe
goal direction. As the robot moving forward, robot
detects the obstacle again. The behavior interdsng
B10 with B16 until the robot is away from the olzéta
Figure 8 shows that the proposed method can
successfully avoid obstacles.

Figure 5: The diagram of the obstacle run cometiti

Table 1: The behavior table of the decision tree

Behavior Sensor Obstacle Decided
situation situation situation movement
) (v
B1 (] reo  q] OHQ%%O Turn left
) [’y L
B2 i row o8 | slipright
oF) (R Q _ Figure 6: The decision tree of the obstacle avaidan
B3 [] rowo [1] | ©—F===0 | Turn right strategy.
jwe s —
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B7 i] ww [ | om0 | Gostraight o s
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B10 [ rowo [A QL | slipright o
) 100+
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B12 i M Slip right
B13 m I g Slip left Figure 7: The simulation result of the robot avaide
— obstacle.
B14 i e 19 s Slip left
B15 nh Slip left
B16 o (rry Move to
Rabo [1] Goal line
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Figure 8: The simulation result of the robot avdide
obstacles.
4  Experiment results

The computer simulation results discussed

Section 3 show that the robot can effectively avoid

obstacles and successfully arrive the goal linethis

section, the proposed strategy method on the TWISHR-
in the real test ground is discussed. The dimessain
TWNHR-3 are: length, 460 mm; width, 250 mm; and

weight, 3.1 kg. Two obstacles are on the robot'y tea
the goal line. Figure 9 shows that the proposeatedy
method can let the robot successfully completedbe

Figure 9: Six sequential image stills for real alott
avoidance experiments

5 Conclusions

Four infrared sensors are installed in a humanoid
Based on the obtained
information from these four sensors, a decisiore tre

robot to detect obstacles.

method is proposed. From the simulation resultscare

see that the robot can avoid obstacles and go o th

destination based on the proposed method.
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