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Off-Line Programming System with Strategic Inverse Kinematics for Industrial Robots
- Modularization of Link Parameter Expression -
Kanazawa university Kazunobu NAKAMURA,Naoki ASAKAWA and Masatosi HIRAO

The study deals with modularization of link parameter expression of an industrial robot. In general, off-line
programming system for articulated robot consists of two parts; main-processor, which generates pose of a robot hand
and post-processor, which coverts the pose to a configuration of a robot. Since many of solutions are possible, we have
studied "strategic inverse kinematics" with "evaluation module” to obtain appropriate configurations in post-processor.
In the article, the concept is expanded to a field of mathematical expression of a robot with "link parameter module"
to ease replacement of robot type by a user. From experimental results, the system is found to be effective to improve
user interface to cope with variety of types of robot.
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Fig.1 System configuration
J3 16 <conf>
<robot>
14 <name>Robot</name>
I3 <linl_para>
<link_num ="1">
12 <rotation>
J1 <alpha>90</alpha>
<beta>0</beta>
; </rotation>
(a) Joint layout of the robot <translation>
Link| 6 Joa [B]L[M]N <I>90</1>
<m>0</m>
J1 01 (90| 0[50]0]0 <n>0</n>
J2 {621 0f0]090] 0 </tranlation>
. : T T </link>
. . M L I N <link num = "2">
J6 |66 0]J]OJO[O]O :

(b)Link parameter (c)An exsample of the module
Fig.2 Link parameter and its XML data of the robot
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Table.1 Map of module combination possible

Evaluation| Strategy 1 [Strategy 2 | Strategy 3
Robot EM1 EM2 EMI1 & EM2

A A-1 A-2 A-3

B B-1 B-2 B-3

C C-1 C-2 C-3
EM1: Amount of CS
EM2 : Collision detection
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Fig.3 Environmental setup
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Table.2 Link parameter of AW-8060

Link [ 6 o B L M N

J1 [ 81 ] 90 o [ 250] o 0
2 [ 82] o 0 o [ 80] o
33 63 o 90 | 1000] 150] o0
J4 |64 -9 o 0 [ 225] o
J5 | 85 9 0 0 [ -165] 0
6 | 66 o 0 0 0 0

Fig.4 Result of experiment 1
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Table.3 Several generated CS for AW-8060

ntial Configuration (J1~J6) [deR]rateqy1 [ strategyz] strategy
CS J1l J2 J3 Ja J5 J6 A-1 A-2 A-3

A-a 0) 0] 0 q q 1 FALSE FALSE

A-b -3| -39 14 -6 11 -11p 2 TRUE TRUE
A-c 28| -9 9q  -22 -6 -14p 4 FALSE FALSE
A-d 28] q -9 13! -6 14p 3 FALSE FALSE
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Table.4 Link parameter of VR-008A

Link | @ a B L [ m [N

J1 |61 ] 90 | o [ 155] o | 420

2 |e2] o 0 0o [ 620] o

3 | 83| 0 | 90 | 208] 100] o

J4 |64 0 | 90 o 0 | 492

5 | 65| 0 | 90 | 155| 65| o0 ]
6 | 66| 0 0 0 0 0

Fig.5 Result of experiment 2
Table.5 Several generated CS for VR-008A

Intial Configuration (J1~J6) [dePdategyr| strategyp strateg)a
CS J1l J2 J3 J4 J5 J6 B-1 B-2 B-3
B-a -36) -4 3 1 -12p -105 4 FALSE FALSE
B-b 36 -§ 19 2. -13p -9 1 TRUE TRUE
B-c 39 11 1 2 -11p 49 2 FALSE | FALSE
B-d 30 q 3 3 -13p -OfL 2 FALSE | FALSE
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Table.6 Link parameter of Js-2

Link [ 8 o B L M N
J1 [ e1]-90] o | 120] o 0
J2 [ 82180 ] o | 250] o 0
33 |63 o 90 [ 250 o0 0
J4 84 o | 9] o 0 0
B | 65| o 20 [ 80 0 0
6] | 66| 0 0 0 0 0

Fig.6 Result of experiment 3
Table.7 Several generated CS for Js-2

Intial Configuration (J1~J6) [delgdirategy| strategyh  strateg)s
cs |1 J2 J3 34 J5 36 c-1 c-2 c-3
C-a -34 93 -3 7 -11p 7 1 FALSE | FALSE
C-b -15) 91 24 -12 1 -4 7 TRUE FALSE
C-c -15| 91 29 12 1B 176 4 FALSE | FALSE
C-d -15) 91 24 23, 114 44 6 TRUE FALSE
C-e -15) 91 29 23 11 1765 FALSE | FALSE
c-f -34) 9 -3 289 -11p  -343 8 FALSE | FALSE
C-g -34) 9 -3 -289  -11p 7 2 TRUE TRUE
C-h -34) o3 -3 7 -11p 342 3 FALSE | FALSE
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