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Manipulator Motion Generation Considering Ratio of
Segment Length in String Shape Operation
o Takayuki MATSUNO (Okayama University), Tomotoshi WATANABE(NICS),
Mamoru MINAMI (Okayama University)

Abstract : In this paper, we propose a method of generating a robot operation trajectory considering the ratio of the segment
length of the string in the target shape, so as to improve the operation. Based on the shape abstraction data of the target
shape and the planned operation group, the ratio of the segment length in the shape after one operation is calculated to
generate the operation trajectory of the robot. The method was conducted on an actual robot with figure-eight knot, and the

effectiveness was verified.
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2) Pianning of Shape Operation

(1) Shape Recognition

(3) Robot Motion Generation

(4) Execution of Operation

Fig. 1: Four phases of string tying operation
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Fig. 2: (a)Projection of string, (b)Projection of string

with numbered segments
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Fig. 3: Shape operation by RM I in outer face
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Fig. 4: Shape operation by Cross in outer face
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Fig. 5: Flow chart of trajectory generation of manipu-

lator considering length of segments

ooooooooooooooobobooooooooon
0000 [1,20000000000000000000

obooboooooobooobooboooboooon

oooooooooooooooooooooooooo
ooooooooooooboboooooooooooo
doooooboooobooooooooooooooo
oooooooooooooooboboooooooooo
ooooooooooboboooooooooooooo

000 Figs0DO0OO0OD0ODOODOOOOOODOOOOO
doooooooooboooooouooooooooo
oooooooooooboooooooooooooo
goooo

G

| Capture point data of a string using RGB-D camera |

i

| Construction of tree diagram of shape operation |

1

| Getting optimal shape operation array (SOA) |

| Setting ideal segment length ratio in target shape |

| Reducing P-data columns based on SOA |

1

Calculate ideal segment length ratio in
next shape from cut P-data

1

Calculate hand trajectory from ideal
segment length ratio in next shape

Fig. 6: Flow chart of trajectory generation of manipu-

lator considering length of segments

=l wo
\/

P-data (

[ B
= N
cl oow
[
(=B SRS

0 1 2 3 4 5 6 7
4 5 6 1 2 3
extended - - - - - -
P-data Uu L U L u L
P P S PR O
Fig. 7: Extended P-data
0112 314 5 6 7
415 6111 2 3
UL UL U L
P P O PR R T
(W)
0 21 3 516 7
3 50 6 121 3
0.\5 2 LU iUl L
Ll g Ltls il L
© oD
7 FTTTITTTR
\6 0 ! 3 116, 7
' 6 3
3 A
LU L
il b 1
7

| (
U ll+l2+l3+l4+15+16+l7

Fig. 8: Example of extended P-data changing
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Table. 1: Measured segment length in 1st step

Segment ID S1 Sy S3

Desired length :L*[mm] | 333 | 556 | 111

Measured length 302 | 609 | 161

after operation:L,, [mm]

R=1L,/L*[] 0.91 | 1.09 | 1.45
Table. 2: Measured segment length in 2nd step
Segment ID S Sa S3 Sy S5
L*[mm] 333 | 111 | 333 | 111 | 111
L,, [mm] 256 | 71 | 502 | 27 | 193
R=1L,/L*[]]0.76 | 0.63 | 151|025 | 1.73

Table. 3: Measured segment length in 3rd ste
Segment ID S1 Sa S3 Sy | S5 Se S7
L*[mm] 111 | 222 | 111 | 111 | 222 | 111 | 111
Ly, [mm] 106 | 193 | 91 70 | 402 | 50 | 208
R=L,/L*[]]|095|0.87|0.82| 063 | 1.81 | 0.45 | 1.86

Table. 4: Measured segment length in 4th step
Segment ID S1 So S3 Sy S5 Se Sz Ss So
L*[mm] 1t | ot | | oo | o | | o | o
Ly, [mm] 73 | 88 [ 112 [ 188 | 60 | 254 | 97 | 58 | 208
R=Ly,/L*[]]065] 079|101 169|054 ] 228087 053] 187
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Fig. 9: Initial shape and target shapes of rope in this experiment

Fig. 10: Appearance of experiment
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(a) Ist step (Operation: Ryy) (b) 2nd step (Operation: R, )
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Fig. 11: Sequential target shapes of rope and its P-data

in the experiment
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Fig. 12: Measured Shapes of rope after operation and
its ID of segments
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