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Real-time Synchronization Between Two Industrial Dual-arm Robots
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Abstract: There is an increasing need for manufacturing systems to produce batches in small quantities. Such manufacturing
systems are significantly difficult to develop with conventional automation equipment. Recently, several research groups have
applied industrial dual-arm robots to cell production lines. A synchronization method for robots is necessary for the cell
production process when robots work in a shared workspace. Conventional automation factories do not need this method
because the main control system operates all of the machines or robots. However, our intended application for the developed
robot is in small manufacturing environments that cannot install an expensive main control system. We propose an inexpensive
and high-performance method with a simple digital in/out channel using a real-time communication protocol. The developed
method was validated in a pilot production line for cellular phone packing.
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Fig. 1. Conceptual design of target manufacturing process with
two dual-arm robots.
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Fig. 2. The developed dual-arm robot.



Real—-time Synchronization Between Two Industrial Dual—arm Robots 1029

WA a1, ZF o] BAE 15kgolstR shEA FEES
Ao Fsh= TkeZMA 7He s g2l vis|A FH9E
o] wWolt 4l YFEHolth w3 g TR}
g 3lgol 2= AFARES T oA =Y
Ztol Zw, A A3 B3-S 3= Ao| 7Hssith
ZE AHE TEEES TP BH, dudd,
4:7), RE|EgloliE TIATE F 9o W] mE
cElolHE 93 AL Faw 32 &Uy) wEd FAH WA
3} A $1A] olFo] ok ol AYRE Y] Brbsd)
of 3] ofy Fto vk FelE RISkt

7 FERES AARE B2 < EherCATO 2 94
Ht} EtherCATS Z/jEFoZ 2AA7F EAL Q3= o}

gk Aulo] F2 251 Aohs). Aol B He
dole] BT dee FFEeR 2R B
Ttk B ATOIN AgHE FBREY FS 24 mE
o] FF=E E3lE AL LAN BAlo] ¢xog Fde
3:'1_
o]

ox H

ofd it

r (

e

Ml

44 wire®}, ¥ T8 YA, 2HE52E Zd_%*d 5

HFolty HFHOE= &JFol U&= PCIINE AAIE A
o]7]19} Shielded LANM S 21F AAE T weba Zdio] 4
T e o] 9tk E3E EtherCATS ¢ AAIZE
Al WPHO 2 Ethernetol] g 100 Mbps o] tHE ARE
EtherCATEIO|E] ZFol] st} 27] wjie] JA3]
2tH6]. 7ol by BE2ARE =9 AlElE ™ 10
A7 ZE MEE Aosh=t e AATE FA&E=
2 RoF3 Quk 53] EtherCATS A|oj7]ol] BEo] =
dolE a73tA obA, ARt s=o] o] -
o] gtk &, Uuk PC2} Lan card®} Shielded lab’igko)
8757 W), b2 EF 5L 7t=9) AolEs
3= fieldbus 14 A2l S4lo] vls|A €5o] Hlgo]
At

[¢]

off

M. AA[ZE 37|38 2

1. AAIZE Mo AIARL JHet

AGE 2E2 O AUAH S5 ufEo] AARE AoA
2B A F&EjoF gtk B sidelx AR
EtherCAT 3+ AAIRE BAZREZo|7] wZo] AT
0Sellxl 1 Aol vehdth 2 shelxe AAIRE Ao
A 2<B1S microsoft windows 7]8FO. 2 FABIATE YrkA o
Z 714480 EA wEol linuxol] AAIZE PatchE 3|4 AR
3= AS Msata, A9l wetde 0S flo] TFEskE
AeE gk AR @] M HHY 749 windowsE
I A wRe] B NdAEe] Mgtk ok
windows + A-¥ 0S7} ofyyr] wjitol] 7EHoz= 4
/\]7]- OS/] __A-] 0 7]_x]—/ o];q 0}1;} W“lndows7} Al A Zl’
£ THEE 7] flaix] B Aol GEAZE QI
[719] intervalzero®] RTXE ARE3IIT). EtherCATEAIS <
3t EAISE [8]9] FEAZE 1] Koenighte] KPAE
ARESIATE PC7INE AAIZE Alo] AlaHolls BRI T
A AZF Qo= AoE 98] EEE AL AARE 715
9 98 duEEE HASAL, E09] CPUE ARS]H
S 2A nAMESt] gt E Skt 19 304 N

O_L;

o

*
| l Packing I I | User Algorithm I -

-Task space
target trajectory

hd
-Task Space Interpolation
h 4
T — -Joint Space
i Kinematics Interpolation
+ L
-Torque controller I -Joint controller
A4 v

27 3. g AAZE Ao Alz=Hle] 74 Bl R
Fig. 3. The concept and configuration of the developed real-time

control system.
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