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Environmental Design for Palletizing Tasks

with 6DOF Manipulator using Takt-time Map

Ryosuke Cuisa*, Takehisa Fusra*, Jun O1a*,
Tamio Arar® and Tsuyoshi Uevama™**

This paper presents a method to design the work environment of a manipulator for palletizing task. Cycle
time can be reduced with an effective design of the working environment such as position of manipulator, shape
and position of pallet. However, it takes long time to search the effective working environment because of high
dimensions of the searching space and large number of motion planning of a manipulator. In this paper, we
propose the method with tatk-time maps which can reduce the computation time for the design. Though simula-
tion experiments, we can obtain the results that the effectiveness of a palletizing task with the proposed method
increase by about 40 % compared with an empirical method.

Key Words: placement design, palletizing, environmental support
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6DOF manipulator

objective products

conveyor

Fig.1 Palletizing task with 6DOF manipulator

gooooooooooooooboooooooooooboo
goooo
goobooooooooooooboooooobooooon
gobooooooooooocOoooooobocboOooooon
pooooooOoOo200000000000C0O0O0O0O0AO
poooooOoOOoOoOoOooboOoOooO3000000b00bO0OO
poooooOoOoOoOoOoobooooboOOo4000000O0O0
gobooooooooooocoooooOooooooboOon
gooosooooooocooon
1.3 0000000
gobooooooooooooooooooooobooo
gobooobooooooooooooooooood
goboooooooooooooooooooooboOoo
goboooooooooooooooobooooboOooOon
gobooooooooooooooooooooooooo
gobooooooooooooboooooobooooooa
goboooooooooooooooobocooooobon
goboooooooooooboooooooooooboond
gooooooooooooooboooooooobooon
gooooooocooooooboooooooooboooon
gooooo
goooooooooboooooboooobooooboooo
Fig20O0O0O0O0O0OOOOO0OOOOOOOODOOOOOO
goooooooooooooooooooooooooboo
goooooooooo
ej0000O00OO0ODOOOOOOOOOODOODOO
oooooooogoooo
ej0O0OO0O0O0OOOOOOOCOOOOOOOOOOOO
goooooooooooooboooooon
ooobooool1ooooocoooooooboooooon
gobooooooooooobooooooooboOoooog
goboooooooooooooooobocOooooooog
gobooooooooooocooboOooooooobooon
ooooo
ej000O0O00OO0ODOOOOOOOOCOODOODOO
goooooooooooobooono



( Start )

| Input Task information |

Y

| Input initial parameters |

Y
| Evaluate parameters |

4 | Search neighbor parameters
A

No better neighber parameters?

Yes

Y

End

Fig.2 Problem-solving algorithm

ejJ000O0O0OO0O0ODOOODOOOOOODOODOO
oooooooood
gooooooooooo3oobooon

2. 00000

2.1 0O0O0OOOO

010000000ooooooooooooooooo
00o0oooooU0oUoUoUooooooooooooooooo
0000000000000 000ooOo0o0ooooooo
o0o0o0oO0oo10000oo

2.2 JO00OOOOOO

goodooooooooobobbbO enODOODODO
goodoobobobobobooobbbboooooobooo
00060000 (RPPRPRO)ODOOOOO

gdboobodoboobooboobooboboobooooo
00000 TablelOOOOODOOOOODOOOOOO
go0oooOo0obDo0obobobOobooooob enoonOO
goodoobobbobobuooooooooboboboboooodgd
000000o0oooooooooooooo

00oo00oOoooooooOoooooooooo

e N: JOOJODOOODOODOOOOOOOOD

od: DJDOODUODOODOODOONO picking point 0000

0 [mm)]

e0;: 00 :000 [deg]

e/,; 00000 000000 [mm]

00000 picking point 000000000 OO0OO
goodobbbboooooobobobbbbuoouoooo
goodoobobbobbtbdoooooooooooobooo

92

Table 1 Manipulator spec.

Range of 6; | Max velocity 6;
(deg) (deg/sec)
joint 1 +165 48
joint 2 | +150, -65 30
joint 3 | +155, -50 64
joint 4 + 160 90
joint 5 + 115 120
joint 6 + 360 150

ocooooooocoOoOoooooooooooobooooo
oooooooobooOoOoooooooooooooooo
oooobodoooooooooooooooooooon
oooooooooOoooooooooobOz00000O
oooOoooooOoo (3210000)000000o0O
odooooooOoopooooooooOodoooooo
godoooooooOoOoU0UOUoopoooooUoooooo
Oo0do0ooOoo0oUooooooooooOoooooogo
oodooooooOdoOoooooguoooooooogoo
oodooooooUdUooooooooooooooogog
gooooooOoOodoooooOoUoooooooogooo
0o0d0o0opooooUooooooooOooOoooooooo
oo0d0o0opoOooOoUOooopoooOoUooooooOooooo
ooooo
010 000000C00000000 picking point 00O
gooooooocoooOooooooooooooooo
gooooooOoooooooboooooooooooo
gooooooooooooooooooooooooo
goooooooo
020 000000000 DOOO00O000OD Opicking point
00000000 dropping point O (dropping point O O
00000)00000OU00LO00o0ooOoOUOOoOO drop-
pingpoint OO OD0OO0O0OODOOOO
030 J00OoDO0oUooooooooooooooooog
000000000000 dropping point 0O0OOOOO
gooooooor’0oogoogr’o’ddgoooroo
O 20000000000000O0C0O0O0PO0OO0DOO
O”00000C0C0COoOOOoOOoOoOoOOoOoOoOoOoOooOoODOOOO
ooooooorooooogor’oool1obobooooooon
oooooooooooooooOooooooboo

2.3 0DO0O0O0OOoOooOoOoboOOd

ooboooooooooooboOooooooooooon
oooooo
eJJ00OO0OO0OOOOOOOOOOOOOOI0O000
goboooooooooooooooooooooooo
ooooooooo
e00O0”’N’ODO0DOODOO0OOODOOOODOO
e0000000O0O’N’00O0ODOODOODOOOOO



000000000000000000000
0000000 picking point 10000000000
00000000000000000000000000
0oooooo

0000000000000 0000000000ODO
000000000000000000000000000
0ooooo

3. 0000O0OO0ODOOOOCOOOOOOO

3.1 00000000
00000000000000000000000000
000000000000000000000000
O0000D0Fig200000000000000000
00000000000000000000
010 D0000D000000D000000000000
00000000000000000000000000
ooo
020 D0000D00O000000D0000000000
00000000000000000000000000
000000000000003.21000000000
030 00000000000000000000000
00000000000000000000000 3.3.1
oooooo
040 D0000D0O0O0D00D0O0O0O00O00O00000
050 0D0000000000000000000000
00000000000000000000000000
00000000000000
060 DO0OD0ODOODOO0ODOODOOOODOOOO
00000000000000000000000000
0000000000
00000000000000000000000000
000000000000000000000000000
000000000000000000000000000
0ooooooo
0000000000000 0D0DNOO0D0OO0DNO
oooooo
e00000000000000000D01000000
00000000000000000000000000
00000020000000000000000000
00000000000000000200000000
0000000000000000000000 picking
point 00 0000000000000 00000000
00000000000000000000000000
00000000000000000000000000
3.3000000000
3.2 000000000
3.2.1 00000000000
00000000000000000000000000
000000000000000000000000000

93

000000000000000000000000000
000000000000000000000000
000000000000000000000000000
000000000000000000000000000
000000000 picking point D000 (0,0,0) 0000
e000000000000D000O0DNO00DNDNDN0O0ODO
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000 100000000
00000000000000000 00000000
oooooo
e000O00D0ODDOODD0ONDNOONNOODONOODOO
0000 (3.300000)0000000 picking point
00000000000000000000000000
000000000000000 2,y0 20000000
000 ((ps,py,0)000000000000000000
000000000000000000000z0000
00000000000000000000000000
00 wODOOOOO
000000000000 0DD0000ODNDNDNOODO
00000 (0,my,m.)000000000000000
0000000000000000000000 6000
00000000000000000000000000
000000000000000Tablel 00000000
00000000000000000 600000000
00000000000000000000000000
00000000000000 00000000000
00000000000000000000000000
picking point ] 0000000000000 00000O
00oOoooooooo
0000D0D00000000O00000 6000000
0 (a,w,my,m=,py,p-) 0000000000000000
ooo
3.2.2 000000000000
000 600000000000000O0O0OOOOOO
000000000000000000000000000
000000000000000000000000000
000000000000000000000000000
000000000000000000000000000
000000000000000000000000000
000000000000000000000000000
000000000000000000000000000
000000000000000000000000000
000000000000000000000000000
00000000000000000000000000
00000000000000000000000000
000000000000000000000000000
000000000000000000000000000



Orientation Moving

Moving on radius

Fig.3 2 moving directions at horizontal moving
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Table 2 Manipulator shape

l12 l22 l23 I35 lse
500 [mm] | 60 [mm] | 500 [mm)] | 500 [mm] | 90 [mm]
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Table 3 Result of simulation (cycle time)

Number of objects 100 200 300 400 500
Proposed method (sec) | 107 | 234 | 372 | 520 | 680
Empirical method(sec) 169 | 348 | 538 | 738 | 944

Proposed/Conventional | 0.635 | 0.672 | 0.691 | 0.705 | 0.720
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