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1. Based on Short Motion Paths and Artificial Intelligence Method for Chinese Chess Game.
2. Design and Implementation of the SCARA Robot Arm.
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The 2017 International Conference on Artificial Life and Robotics (ICAROB2017), Seagaia Convention Center, Miyazaki,
Japan, January 19-22, 2017

1/19(Thu.) 17:30-19:30 Welcome Party (Conference Site: Gibraltar)

1/19(Thu.) - 1/22(Sun.) ICAROB Secretariat

1/22(Sun.) 16:45-17:15 Farewell Party (Conference Site: Gibraltar)

TIME TABLE (1/20)
1/20(Fri.) Fountain Room (A1) 2nd F Orchard Room (A2) 2nd F, N Orchard Room (A3) 2nd F, S

8:40- Registration

9:00-10:15 0514 Advanced Control (5) GS6 Human-Welfare 0515 Recognition and
Robotic System & Medical Control (8) & 0S16 Image
Application (5) Recognition and Chaotic

Systems (8)

10:15-10:30 Coffee break

10:30-11:00 Opening Ceremony (Fountain Room (A1) 2nd F)

11:10-12:10 Chair: Takao Ito

Invited session 1S-2, I1S-4 (Fountain Room (A1) 2nd F)
Henrik Hautop Lund

12:10-13:10 Lunch
13:10-13:50 Chair: Jangmyung Lee
Invited session I1S-1 (Fountain Room (A1) 2nd F)
Luigi Pagliarini
13:50-14:10 invited session IS-3 (Fountain Room (A1) 2nd F)

Ismael Baira Ojeda

14:10-14:30 Coffee break

14:30-16:00 | OS3 Intelligence 0S5 Human Interface and GS7 Micro-Machines &
Control Systems and Content Security (5) Robotics | (6)
Applications (11} (6)

16:00-16:20 Coffee break

16:20-17:50 | 052 Intelligence 059 Theory and 0S7 Advances in Marine
Control Systems and Implementation of Robotics and Applications (6)
Applications (1) (6) Neuromorphic Systems (5)
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The 2017 International Conference on Artificial Life and Robotics (ICAROB2017), Seagaia Convention Center, Miyazaki.
Japan, January 19-22, 2017

TIME TEBLE (1/21)
1/21(Sat.) Fountain Room (A1) 2nd F Orchard Room (A2) 2nd F, N Orchard Room (A3) 2nd F, S
8:40- Registration
9:00-11:00 0S6 Software GS2 Automated Guided 054 Human-In-The-Loop
Development Support Vehicles | {6) (HITL) Systems (4) & 0511
Method (6) Robot Control and
Localization (4)
11:00-11:15 Coffee break
11:15-12:00 GS5 Filtering & Control GS8 Micro-Machines & GS1 Artificial Neural
Systems (2) Robotics 11 (3) Network and Bio-Signal
Controlled Robotics (3)
12:00-13:00 Lunch
13:00-14:00 Chair: Yingmin Jia
Plenary Speech PS1{Fountain Room (A1) 2nd F)
Kazuo Ishii
14:00-14:20 Coffee break
14:20-15:50 0S20 Image Processing 0513 Intelligent Control (6) 0S8 Multiagent systems and
and Computer Graphics (6) Reality Mining (4)
15:50-16:10 Coffee break
16:10-17:25 GS9 Neuromorphic Robotic | 0522 Robotic Technology for | GS4 Biological Systems (4)
Systems (5) Competition (4)
18:00-20:00 Banquet: Tenzui (4th F)
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The 2017 International Conference on Artificial Life and Robotics (ICAROB2017), Seagaia Convention Center, Miyazaki,
Japan, January 19-22, 2017

TIME TABLE (1/22)
1/22(Sun.) Fountain Room (A1) 2nd F Orchard Room (A2) 2nd F, N Orchard Room (A3) 2nd F, S
8:50- Registration
9:10-10:25 0510 Biological Signal 0519 Kansei Engineering 051 Informational
Sensing Technology, Device | and Applications (4) Narratology and Automated
and Its Applications (5) Content Generation (5)
10:25-10:40 Coffee break
10:40-11:40 Chair: Makoto Sakamoto
Plenary Speech PS2 (Fountain Room (Al) 2nd F)
Tomoyuki Nishita
11:40-13:00 Lunch
13:00-13:50 Chair: Takao Ito
Invited session 1S-5 (Fountain Room (A1) 2nd F)
Peter Sapaty
13:50-14:10 Coffee break
14:10-15:10 0518 Advanced 0S17 Natural Computing and | 0S12 Machine Learning
Management and Biology (4) and Its Applications (4)
Technology (4)
15:10-15:30 Coffee break
15:30-16:45 | GS10 Reinforcement & GS3 Automated Guided 0521 Computer Science
Evolutionary Computations Vehicles 11 (3) and Information Processing
(3) (5)
Farewell Party (16:45-17:15)

©ICAROB 2017 ALife Robotics Corp. Ltd.
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The 2017 International Conference on Artificial Life and Robotics (ICAROB2017), Seagaia Convention Center, Miyazaki,
Japan, January 19-22, 2017

0s3-6

Surface Defect Detection for Anodized Aluminum Tube Based on Automatic Optical Inspection
Hsien-Huang P. Wu and Hsuan-Min Sun
(National Yunlin University of Science and Technology, Taiwan)

16:20-17:50

0S2 Intelligence Control Systems and Applications | (6)

Chair: Kuo-Hsien Hsia (Far East University, Taiwan)

Co-Chair: Kuo-Lan Su (National Yunlin University of Science & Technology, Taiwan)

0S§2-1

052-2

0S2-3

052-4

0S2-5

0s2-6

Develop Low Cost loT Module with Multi-Agent Method
Ir-Hung Guo, Kuo-Hsien Hsia, Kuo-Lan Su
(National Yunlin University of Science and Technology, Taiwan)

Based on Short Motion Paths and Artificial Intelligence Method for Chinese Chess Game
Chien-Ming Hung, Jr-Hung Guo, Kuo-Lan Su
(National Yunlin University of Science and Technology, Taiwan)

Design and Implementation of the SCARA Robot Arm
Jian-Fu Weng, Bo-Yi Li, Kuo-Lan Su
(National Yunlin University of Science and Technology, Taiwan)

Transmission Power Control for Wireless Sensor Network
Kuo-Hsien Hsia*, Chung-Wen Hung?, Hsuan T. Chang, Yuan-Hao Lai?
(*Far East University, Taiwan, *“National Yunlin University of Science and Technology, Taiwan)

Mechanism of Autonomous Mowing Robot for Long Grass
Kuo-Hsien Hsia®, Yao-Shing Huang?, Kuo-Lan Su? and Jr-Hung Guo?
(‘Far East University, Taiwan, 2National Yunlin University of Science and Technology, Taiwan)

Design of Optimal Position Controller for Three-Phase Brushless DC Motor Applying Adaptive

Sliding Made Control
Tai-Huan Tsai, Mei-Yung Chen (National Taiwan Normal University, Taiwan)

Orchard Room (A2) 2nd F, N
9:00-10:15 GS6 Human-Welfare Robotic System & Medical Application (5)

Chair:

G56-1

Virtual surgery system with realistic visual effects and haptic interaction

Vlada Kugurakova, Murad Khafizov, Ruslan Akhmetsharipov, Alexei Lushnikov, Diana Galimova,
Vitaly Abramov (Kazan Federal University, Russia),

Omar Correa Madrigal (University of Informatic Sciences, Cuba)

_20.

©ICAROB 2017 ALife Robotics Corp. Ltd.

T



o) B2 24 R P

(= 2z K S 32
The 2017 International Conference on Artificial Life and Robotics (ICAROB2017), Seagaia Convention Center, Miyazaki,
Japan, January 19-22, 2017

0S2-2 Based on Short Motion Paths and Artificial Intelligence Method for Chinese Chess Game
Chien-Ming Hung, Jr-Hung Guo, Kuo-Lan Su
(National Yunlin University of Science and Technology, Taiwan)

The article develops the decision rules to win each set of the Chinese chess
game using evaluation algorithm and artificial intelligence method, and uses the
mobile robot to be instead of the chess, and presents the movement scenarios
using the shortest motion paths for mobile robots. User can play the Chinese
chess game according to the game rules with the supervised computer. The
supervised computer decides the optimal motion path to win the set using
artificial intelligence method, and controls mobile robots according to the

programmed motion paths of the chesses moving on the platform via wireless e L
RF interface. We use enhanced A* searching algorithm to solve the shortest P P i e

path problem of the assigned chess, and solve the collision problems of the R :
motion paths for two mobile robots moving on the platform simultaneously. We E a
implement a famous set to be called “wild horses run in farm” using the A e R
proposed method. First we use simulation method to display the motion paths

of the assigned chesses for the player and the supervised computer. Then the

supervised computer implements the simulation results on the chessboard

platform using mobile robots. Mobile robots move on the chessboard platform

according to the programmed motion paths and is guided to move on the centre

line of the corridor, and avoid the obstacles (chesses), and detect the cross point

of the platform using three reflective IR modules.

08S2-3 Design and Implementation of the SCARA Robot Arm
Jian-Fu Weng, Bo-Yi Li, Kuo-Lan Su (National Yunlin University of Science and Technology, Taiwan)

The article designs a four-joint robot arm using PLC-based control system. The
control system is all in one device to be produced by the DELTA Company, and
contain four axis controllers and drivers. The robot arm contains four AC
servomotors, four driver devices and a vision system. The PLC-based controller
also programs motion commands of the gripper to finish the assigned tasks
using Ladder Diagram (LG), Function Block Diagram (FBD), Sequential
Function Chart (SFC), Instruction List (LL) and Structure Test (ST). Each
driver has been tuned the parameters of the PID controller for the robot arm.
The human machine interface (HMI) is a touch panel to be used for the robot
arm, Users can control the motion path of any joint on the user interface. In the
experimental results, users can program English or Chinese words or plot
assigned graphs on the human machine interface. The SCARA robot arm
catches the pencil, and put down to touch the assigned position repeat on the
platform, and identifies the precious of the robot arm, and catches various
objects to put down the assigned positions.

= 45 =
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Based on Short Motion Paths and Artificial Intelligence Method for Chinese Chess Game
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Abstract

The article develops the decision rules to win each set of the Chinese chess game using evaluation algorithm and
artificial intelligence method, and uses the mobile robot to be instead of the chess, and presents the movement
scenarios using the shortest motion paths for mobile robots. User can play the Chinese chess game according to the
game rules with the supervised computer. The supervised computer decides the optimal motion path to win the set
using artificial intelligence method, and controls mobile robots according to the programmed motion paths of the
chesses moving on the platform via wireless RF interface. We use enhanced A® searching algorithm to solve the
shortest path problem of the assigned chess, and solve the collision problems of the motion paths for two mobile
robots moving on the platform simultaneously. We implement a famous set to be called “wild horses run in farm”
using the proposed method. First we use simulation method to display the motion paths of the assigned chesses for
the player and the supervised computer. Then the supervised computer implements the simulation results on the
chessboard platform using mobile robots. Mobile robots move on the chessboard platform according to the
programmed motion paths and is guided to move on the centre line of the corridor, and avoid the obstacles
(chesses), and detect the cross point of the platform using three reflective IR modules.

Keywords: Evaluation algorithm, artificial intelligence method, wireless RF interface, enhance A* searching
algorithm

shortest path for mobile robots (chesses) moving to the

1. Introduction | :
target points. Player moves the chess to the assigned

Chinese chess game is one of the most popular games,
and is similar to Western chess to be a two-player game
with a complexity level, and is classified red side and
black side. In the recent, the Chinese chess game has
gradually attracted many researchers’ attention, and
many evolutionary algorithms to be proposed. Darwen
et al. proposed the co-evolutionary algorithm to solve
problems where an object measure to guide the search
process is extremely difficult to device [1].

In the paper, we use the multi-robot system to
present the scenario of the Chinese chess game, and
uses enhance A* searching algorithm to program the

location or takes the chess of the supervised computer.
Then there are two chesses (robots) moving in the
platform simultaneously. The assigned two robots may
collide on the programmed motion paths. The proposed
algorithm can solve the collision condition of two
mobile robots and improve the shortest motion path
using enhance A* searching algorithm [2, 3].

In some condition, the mobile robot must programs
the shortest path and avoids the other chess moving to
the next position. A" heuristic function is introduced to
improve local searching ability and to estimate the
forgotten value [4]. Flavio et al. presented a multi-robot

© The 2017 International Conference on Artificial Life and Robotics (ICAROB 2017), Jan, 19-22, Seagaia Convention Center, Miyazaki, Japan



Chien-Ming Hung, Jr-Hung Guo, Kuo-Lan Su

exploration algorithm that aims at reducing the
exploration time and to minimize the overall traverse
distance of the robots by coordinating the movement of
the robots performing the exploration [5].

2. System Architecture

The system architecture of the Chinese chess game
system is shown in Fig. 1. The system contains a
supervised computer, some wireless RF modules, a grid
based platform, thirty-two mobile robots and some
wireless modules. The game is classified red side (User)
and black side (The supervised computer), and belongs
to two players. Each side includes sixteen chesses.
Player moves chess using the mouse on the user
interface, or takes chess of the other side. The chess
game will be ending until the king of each side to be
taken by another side.

We want to increase the entertainment function using
mobile robots to present the movement scenarios of the
chesses. The supervised computer is a player to compete
with the user, and programs the shortest motion path
using enhance A* searching algorithm and transmits the
ID code and motion command to the assigned mobile
robots. The assigned mobile robots receive the self-ID
code and the target positions via wireless RF interface,
and move to the assigned positions to avoid the collision
paths according to the programmed motion paths.

Motion Programming Artificial intelligence Enhance A*
method method searching algorithm
“ 8 Ise! ute!
| upervised computer
{ Player = (Userinterface) ™ Evaiuation algorithm

I

Wireless RF
interface
=

¥
Mobile Rokots

Black side Red side

Fig. 1. System architecture
In the collision problem, player moves chess to take
chess of the other side. The user interface programs two
motion paths for the assigned chesses. Two mobile
robots avoid collision points and paths according to the
programmed motion paths moving on the platform.
Players can set game time of each set and limit moving

time of each step. Players don’t obey the game rules to
move chess using the mouse. The supervised computer
can’t permit and display the movement status on the
user interface.

3. Motion Planning

The mobile robot has the shape of cylinder, and it’s
equipped with a microchip (STC12C5A6082) as the
controller, two DC servomotors and two driver devices,
some sensor circuits (contain compass circuit), a voice
module, three Li batteries, a wireless RF interface
(2.4GHz) and three reflect IR sensor modules (One
module contains two reflective IR sensors). Meanwhile,
the mobile robot has four wheels to provide the
capability of autonomous mobility. The structure of the
mobile robot is shown in Fig. 1.

The mobile robot uses three reflective IR modules to
detect the wall of each grid and obstacles. Two
reflective IR sensors are fixed on the both sides of the
mobile robot. The detection distance of the front side is
shorter than the behind side shown in Fig. 2(a). In the
both side’s modules, two reflective IR sensors of the
front side can detect distance to control the mobile robot
moving in the centre line of the corridor shown in Fig.
2(b). Two reflective IR sensors can detect the maximum
distance to be equal to the width of the corridor minuses
the width of the mobile robot to be fixed on the behind
side of the module shown in Fig. 2(c). The other
reflective IR module is fixed on the front side, and
detects the object or the mobile robot on the motion path.

I
oL

(a)

Tune IR sensors on the front side

2
/ >,

L3

(b)

Fig. 2. The detection range for reflective IR modules

Tune IR sensors on the behind siie
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A" searching algorithm solves the path planning
problem of multiple nodes travel system. The formula
of A" searching algorithm is following
f(n):g(n)+h(n) (1)

The core part of an intelligent searching algorithm is
the definition of a proper heuristic function f(n) .
g(n) is the exact cost at sample time # from start point
to the next point. 4(#1) is the minimum cost. In this
study, # is reschedules as »' to generate an
approximate minimum cost schedule. The equation (1)
can be rewritten as follows:
f(n)=g(n)+ hln') )

The A* searching algorithm can program local
minimum motion path. We improve A* searching
algorithm that is called enhance A* searching algorithm,
and searches the shortest motion path for mobile robots
[7]. In the Chinese chess game, the chesses of red side
must face to the black side. In the same way, the chesses
of black side must face to red side, too. The enhance A*
searching algorithm can delete the turn numbers to
decrease the total motion distance, and select all cross
points from the programmed motion path to cut down
redundant motion path in the rectangle region.

4. Experimental Result

We make an example to explain how to implement in
Chinese chess game, use evaluation algorithm and
artificial intelligence method to decide the moving chess
with the highest evaluation score, and use enhance A*
searching algorithm to program the shortest motion
paths of the assigned chesses from the start positions to
the target positions. There is a famous set to be called
“wild horse run in farm” shown in Fig. 3.

There are eight chesses (one king, two elephants,
two rooks, one horse, two pawns) in red side and nine
chesses (one king, two advisors, two elephants, one
rook, and three pawns) in the black side. Movement
process of the set is belonging to the player and the
supervised computer shown in Table.l to be classified
four steps. In the first step, the player moves red rook
form (8, 5) to (8, 1). The motion path of the chess “red
rook” is programmed using enhance A* searching
algorithm. The movement scenario of the assigned chess

is shown in left-up side of Fig. 4(a) on the user interface.

Based on Short Motion

The movement status of the mobile robot is instead of
the assigned chess shown in Fig. 4(a). Then the
computer moves the black advisor to protect the king
from (5, 2) to (6, 1). The movement scenario of the
assigned chess is shown in Fig. 4(b).

R :
T
§~l= *1#— o T b
| #g 't i
BS. B uE|
® —% ==
: | 2
H o %

Fig. 3 A famous set “Wild horses run in farm”

The player moves the red horse to take the black
king from the position (7, 5) to the position (6, 3), and
the computer moves the black king from the position (5,
1) to (5, 2) in the second step. The movement process of
the grid based platform is shown in Fig. 4(c) and (d).
Each step of the computer must calculate the score of
the moveable chesses shown in Table 1. Then the
computer decides the optimal motion path of the
selected chess. In the third step, the player moves the
red rook from (8, 1) to (8, 2), and the computer moves
the black elephant from (3, 1) to (1, 3) shown in Fig. 4(e)
and (f). Then the black king will be taken by the red
rook in the fourth step of the red side, and the game will
be ending. The movement scenarios of two chesses (two
mobile robots) are shown in Fig. 4(g). The motion paths
of two mobile robots have collision problem in the case.
The supervised computer must re-program the new
motion paths to avoid the collision path. The black king
is taken by the red rook, and moves to the assigned
position 28. The set will be ending. The final
arrangement positions of the remainder chesses shown
in Fig. 4(h).

Table 1 Movement process of the assigned set

Computer (black side, using

Player (red side) evaluation algorithm)

Movement process | Score
: Rook Advisor (5,2)
FISHET | @A) —(6.1) o

© The 2017 International Conference on Artificial Life and Robotics (ICAROB 2017), Jan. 19-22, Seagaia Convention Center, Mivazaki, Japan
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Second Horse (7.,5) :
e 63 King (5,1) —(5,2) | -18888
Third Rook (8,1) Elephant (3,1) -19991
step —(8,2) —(1,3)
Fourth Rook (8,2)
step —(5,2)
Result Winner
— .
G e =
A A
P
- s .-
Jean
o Al A

(a)The first step (player

(b)The first step(computer)

LS e

(c)The second step (player) {d)The second step (computer)

R | R

i « i
(i)The final step (player) (j)The final arrangement
Fig. 4. Moving process for the set

5. Conclusion

The Chinese chess game system contained a supervised
computer with the user interface, some wireless RF
modules, a chessboard platform and thirty-two mobile
robots. The computer can select moveable method of
the assigned chess using evaluation algorithm and
artificial intelligence method. We program the shortest

motion paths of assigned chesses using enhance A* -

searching algorithm to obey the rule of Chinese chess
game. The proposed methods can program two motion
paths for two chesses, and solve the collision problem

for multiple mobile robots moving on the chessboard
platform simultaneously. We implemented a famous set
to be called “wild horses run in farm” using the
proposed method. The paper used the set to implement
the evaluation algorithm, artificial intelligence method
and enhance A* searching algorithm. The proposed
methods are not only used in the Chinese chess game,
but also applied in various game, and entertainment
field, and manufacture process and production
management. Further the moving process of mobile
robots can be used in the simultaneous war using the
proposed algorithms.
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Abstract

The article designs a four-joint SCARA robot arm using PLC-based control system. The control system (ASDA-
SM) is all in one device to be produced by the DELTA Company, and contains four axis controllers and drivers.
The robot arm contains four AC servomotors, four driver devices and a vision system. The PLC-based controller
also programs motion commands of the gripper to finish the assigned tasks using Ladder Diagram (LG), Function
Block Diagram (FBD), Sequential Function Chart (SFC), Instruction List (LL) and Structure Test (ST). Each driver
has been tuned the parameters of the PID controller. The human machine interface (HMI) is a touch panel to be
used for the robot arm. Users can control the motion path of any joint, and uses the DOPSoft language to design the
human machine interface. In the experimental results, The SCARA robot arm catches a seal, and falls to stamp the
assigned positions step by step, and identifies the precious of the robot arm, and moves eight objects to the assigned

positions.

Keywords: SCARA Robot arm, PLC-based controller, AC servomotors, PID controller.

1. Introduction

How to find a fast and effective way to program the
motion ftrajectory of the robot arm becomes an
important problem. A robot arm is a mechanical device
driven by some electronic motors, pneumatic devices or
hydraulic actuators. A well-trained robot arm can help
human to complete assigned tasks automatically. The
purpose of the paper is to design and implement a four-
degree-of-freedom SCARA robot arm. The robot arm is
composed of four AC servomotors. In the control aspect,
a PLC-based (ASDA-MS system) controller is used to
control the robot arm.

There are some researches regarding the robot arm
in the past. For example, Shafik et al. presented an
innovative 3D piezoelectric ultrasonic actuator using
flexural vibration ring transducer for machine vision

and robot guidance applications [1]. Homayounzade et
al. developed an observer-based impedance controller
for robot arm during a constrained motion. The
proposed controller required the measurements of link
position and interaction force [2]. Sim et al. presented a
binocular stereo vision to decide the desired location of
the SCARA robot arm [3]. Kenmochi et al. proposed a
motion control method based on environmental mode
for a dual arm robot. By controlling mode information,
particular features or trends can be given to the robot’s
motion. Then a distinctive complex motion can be
realized [4].

In some conditions, the robot arm catches the
assigned object using the feedback signal of the image
system. Karthikeyan et al. presented a simple active
tracking system, using a laser diode, a steering gear box
setup and a photo-resistor, which is capable of acquiring
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two dimensional coordinate in real time without the
need of any image processing technique [5]. Cao et al.
designed a 5-DOF SCARA robot arm for welding, and
built the model and the kinematic equations using D-H
method [6].

2. System Architecture

The system architecture of the SCARA robot arm
system is shown in Fig. 1. The system contains a
computer, a PLC-based controller (ASDA-SM), a image
system (Open CV), four AC servomotors, a solenoid
and a gripper. ASDA-SM and four AC servomotors and

a solenoid and a gripper integrate the SCARA robot arm.

The solenoid drives the gripper to catch the assigned

object.
DOP-HOT
MODBUS

solenoid Gripper

Servomotor ASDA-MS
Fig. 1. System Architecture of the SCARA robot arm

The SCARA robot arm has four DOFs, (Degree of
Freedom) to be shown in Fig. 1. The first and second
joints rotate along the Z axis. The rotation radius of two
joints is the same to be 205mm. the rotation angle of the
first joint is 157", and the second joint is +142° .

The movement displacement of the third joint is 150mm.

the rotation angle of the fourth joint is +180° . The
specifications of the SCARA robot arm are shown in the
tablel.

The prototype of the controller (ASDA-SM) shows in
the Fig. 3. We explain each function of the controller.
“A” part is the communication port. The controller can
use MODBUS, RS485 or RS232 interface to connect
with the computer. “B” part can display the operation
status and error codes. Four AC servomotors will
connect with the part “C” of the controller. “D” part is
the standard input and output terminal with digital
signals. The limit positions of each servomotor connect
with the part “E”, and decide the moveable range of

each joint. “F” part connect with the encoder of each
motor as feedback signal and measure the real-time
rotation angle. The power input is the “G” part. The
arrangement method of the controller is shown in Fig. 4
with AC servomotors. The connection pin of the power
system is shown in Fig. 5.

Joint 2

! Joint 3
Joint 4

Fig. 2. Prototype of the SCARA robot arm

Table 1. Specifications of the robot arm

Functions Joint Range
Length of the robot First joint 205mm
arm

Second joint 205mm

First joint +157°

Second joint | +142°

Rotation and
displacement range

Third joint 150mm
Fourth joint | +180°

Fig. 3. The PLC-based controller(ASDA-SM)
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In the assigned task, the SCARA robot arm can
complete various assigned tasks such as coming and
going on two points, moving multiple objects to the
assigned positions and working on the multiple
positions. Finally the robot arm can catch the color
object moving to the assigned position according to the
detection result of the image system..

3. Experimental Result

We implement the functions of the SCARA robot arm
in two aspects. The robot arm catches a seal to stamp
the seal on eight positions in the first experiment, and
moves eight objects to the assigned positions in the
second experiment.

Design and implemenitation of

In the first experiment, the robot arm executes catching
a seal and stamps the seal on eight positions. The
positions of the working space are shown in the right
side of Fig. 6, and the relation distance of each working
position is shown in the left side of Fig. 6. The robot
arm must control the seal to stamp in the circle. The
radius of the circle is 12mm. The robot arm programs a
series trajectories using point to point control
technology. First the robot arm moves to the initial
position shown in Fig. 7(A), and catches the seal
moving to the assign position “A”, and falls to stamp
the seal on the position shown in Fig. 7(B)-(D). Then
the robot arm rises up and moves to the second position
“B”, and falls to stamp the seal on the assigned position
shown in Fig. 7(E)-(H). The robot arm finishes the
others step by step shown in Fig. 7(I)-(O). Finally the
robot arm moves to the eight position, and falls to stamp
the seal on the assigned position. Then the SCARA
robot arm moves to the initial position and puts down
the seal on the original position to stop shown in Fig.
7(P).

Fig. 7. The first experimental result
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In the second experiment, the robot arm catches eight
objects with the same size on the left side of Fig. 8, and
moving to the right side with the same relation position.
The size of each object is cube to be lcm in length,
width and height respectively. The robot arm programs
a series trajectory using point to point control
technologies, too. First the robot arm moves to the
initial position shown in Fig. 9(A), and catches the first
object on the right-up side. The object moves to the
same position on the right side show in Fig. 9(B) and
(C). Then the robot arm rises up and moves to the left-
up position shown in Fig. 9(D), and catches the object
moving to the assigned position shown in Fig. 9(E) and
(F). And then the robot arm catches the others step by
step, and moves and falls to the assigned position show
in Fig. 9(M)-(Q). Finally the robot arm catches the last
object on the left-down side and moves and falls on the
assigned position show in Fig. 9(R) Then the robot arm
moves to the initial position and stop.
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Fig. 9. The second experimental result

4. Conclusion

The papers designed and implemented a four joints
SCARA robot arm, and controlled the robot arm using
PLC based system. The PLC based system is ASDA-
MS that is produced by DELTA Company in Taiwan.
We calculated motion displacement and rotation angle
of each joint from the inverse kinematic equations. In
the experimental results, first the SCARA robot arm
catches a seal, and falls to stamp the on eight positions
one by one. Then the robot arm catches the eight objects
moving to the assigned locations according to the
programmed motion paths..
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