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Experimental Task Control System of Robot Manipulator

Using Visual Information

Eiji WATANABE and Hikaru SHIMIZU

ABSTRACT

As a trial of the realization of the intelligent robot control system, we

construct a task control system of robot manipulator using visual

information and show the effectiveness of the system by blocks rearrangement

experiments.

The task control system consists of following three sub systems.

(1) Visual information processing system :

The blocks in the inital

state are recognized based on visual information aquired from
CCD(Charge Coupled Device) camera.

(2) Task planning system : The task procedures of blocks rearrangement
are generated from the task procedures data base described by the

robot macro language.
(3) Task executing system :

The task procedures are translated into

robot manipulator commands, and the blocks rearrangement task
can be achieved by robot manipulator.
Finally, we show the effectiveness of the proposed task control system

of robot manipulator from the experimental results of blocks rearrangement

task.
Key words :

Task control of robot manipulator, Visual information

processing, Task planning, Task executing, Blocks rearrangement

experiment
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(a) Initial state

(c) step.1
Move block A to working space.

(d) step.2
Move block C to P:.

(e) step.3 ; D
Move block B to Ps. ' T

(f) step.d
Move block D to P».

(g) step.b
Move block A to Pa.

Fig.2 An example of rearrangement task



174

Host Computer

A T T S e

Robot manipulator

/\2\ Blocks

-

tmage
Processing
Board

CCD camera O

Table

el

L1

CD camera 1

Fig.3 Configulation for task control system of robot manipulator using visual

HEXBIRELERT 5, K, fEEtER T, BAD
TRBERD O EAOYHIREE L BRI & OE# R
L. BARZY~EZ B O OVEEFIRAFEFIRT — 4
N—2EAWTERT 5, BB, fEERTH TR, F

EHER CER I IAEEFIEL Y T2 A VG5B,
rEy b=t alb—2iEx a7V FEERERL.

Block
features

Task
procedures

. |TaSsk planning systemI- Goal state

information

Video signal

|

Visual

information
data base|wmma-l, . ..csing system

' -Recognition blocks

l -Generate task procedures

Task execution system

Robot maniputator

-Generate

robot

manipulator command

command

Fig.4 Blockdiagram of robot task control system

TERBT %,

4, HETEIRNITEL
AETIE, 2BDOCCDAATHhHANIhARERE

BAOW OB MEEAETT Do VAT LLEONE 7
0—%M4 iR, T T, 37 Y27 AaE8Hieon



1756

Video signal from CCD camera
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Table 1 Blocks features data base

Blocks recogniton rule

Rule for determination of the status (“stand” or “lie”)

Block A If (7£De=10) and (7<D,<10)

r - " ;li;"_ ___________________________________________
Block B If (7£Dy<14) and (6=D,=<14) or (0= Dy—D, [£2) and (8 <45°)

|7 I u=0.65 then “lie” else “stand”

Block C I (125D,217) and (12=D,=18) or (0= Do—D: |£2) and (6 >45")

| If u<0.65 then “stand” else “le”
Block D I (7=D=30) and (7<Di=30)

| If u<0.65 then “lie” else “stand”

where D, shows the distance between the centroid and the vertex of image data

from the i-th camera
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Table 2 Recognition results of blocks

(a) Translation vector and rotation matrix

Camera 0
Translation vector T (—595.6055, —580.2590)
Rotation matrix R 0.0683 2.1062
2.3794 0.0313

(b) Computation results from camera 0 and camera 1

camera 0
Image 1 Image 2 Image 3 Image 4

Image center (198,414) (225,414) (263,414) (308,410)

Distance D 8 14 17 26

Direction 85° 90° 88° 86°

camera 1
Image 1 Image 2 Image 3 Image 4

Image center (224,179) (251,178) (290,178) (335,179)

Distance D 8 9 14 10

Direction 6 90° 0° 2° 4°

(c) Recognition results
Image 1 Image 2 Image 3 Image 4

True center position (310, —120, 85) (310, —50, 85) (310, 50, 85) (310, 170, 85)
Estimated Center position (308, —118, 85) (312, —47, 85) (311, 52, 85) (315, 170, 85)
Position error (2 =2 0O (=2, =3, 0 (—-1, —2, 0) (=5 0, O
True direction 90° 90° 90° 90°
Estimated direction 85° 90° 88° 86°
Direction error 5° 0 2° 4°
Kind of blocks Block A Block B Block C Block D
State lie lie lie lie
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Table 3 Task procedures data base

Rule . . Task procedures
No. N Comparison condition Action Object Status Object Status
1 2 EXCHANGE Py S, P, So
2 3| I,#Gyor I,#G3 MOVE P, Sy w Sy
MOVE P, Sy Py S,
MOVE P, S3 P, So
MOVE \ Sy P Sa
3 3| If 12¢G1 or I3¢G2 MOVE P1 Sl W 51
MOVE P, S3 Py S,
MOVE Py S, P, Sy
MOVE w S P, S,
4 4 If 11:G4 and Ig':Gl MOVE P1 S] W 81
MOVE P, S, P, S,
MOVE Pj Sa P, Sy
MOVE Py Sy Py Si
MOVE W S, Py Sy
5 4 If I):G3 and IZZGl MOVE P; S] w Sl
MOVE P, Sy Py S,
MOVE Py Sy P, S,
MOVE P, Sj Py Sy
MOVE W S, P, S,
6 4 |If I;,=G4and 1,=Gzand 13=G; |MOVE P, S w SH
MOVE P, S3 P, Sy
MOVE P, S, P, S,
MOVE Py Sy P, Sa
MOVE W S, Py Sy
7 4 It Ilsz and 12:G4 MOVE Pl S] W S]
MOVE P3 S3 P, Sy
MOVE Py Sy P, Sa
MOVE Py Sy Py Sy
MOVE W S, P, S,
8 4 If 11:G3 and 12:G4 and IgZGz MOVE Pl S] W S]
MOVE Py Sy P, S,
MOVE P,y S, Py Sy
MOVE Pj S, P, S,
MOVE W S; P, Sa
9 4 | If I,=Gyand 1,=G,4 MOVE P, S, W S,
MOVE Py Sy Py Sy
MOVE Pj S, Py Sy
MOVE P, Sy P, S,
MOVE W S, P, Sy
10 4 If 11:G4 and I4:G1 EXCAHNGE P] S] P4 S4
EXCHANGE P, S, P, Sq
11 4 If IIZGZ and IQZGI and 13:G4 EXCHANGE Pl Sl P4 S4
MOVE Pj S, W S3
MOVE Py Sy Py Si
MOVE W S, Py Sy
12 4 It IIZGa and IQZG‘; and 13:G1 EXCHANGE Pl Sl P3 Sa
MOVE P, S, w So
MOVE Py Sy P, S,
MOVE W S, Py Sy
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Fig.11 Schematic figure of robot manipulator RM101
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(a) Motion of arms picking block A (b) Motion of arms carrying block A (c¢) Motion of arms putting block A

(d) Motion of arms picking block D (e) Motion of arms carrying block D (f) Motion of arms putting block D

(g) Motion of arms picking block C (h) Motion of arms carrying block C (i) Motion of arms putting block C

Fig.12 Photos doing a series of rearrangement tasks
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(j) Motion of arms picking block B (k) Motion of arms carrying block B (1) Motion of arms putting block B

(m) Motion of arms picking block A (n) Motion of arms carrying block A (o) Motion of arms putting block A



