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Multi-Robot Simulator for Collision Avoidance
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Dept. of Control & Instrumentation Eng., Seoul National University

Abstract

Robots working in the multiple robot system can perform
the variety of tasks compared to the single robot system,
while they are subject to the various tight constraints such
as the precise coordination and the mutual collision
avoidance during the task execution.

In this paper, we provide an algorithm and graphical
verification for collision avoidance between two robots
working together. The algorithm calculates the minimum
time delay for collision avoidance and the graphical

verification is performed through the 3-D graphic simulator.
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Fig2.2 PUMAS560 Display Example
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Fig2.3 Animation Algorithm
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Fig2.4 Screen Display of Simulator

z’ Zo VERTEX NUMBER
o | o SURFACEL| 1 2 3 4
100 0 SURFACE 2 5876
100 0 SURFACE3| 1 4 8 5

0 |10 SURFACE4| 37 8 4

1

5 1% iuwwcss 2673
100 | 200 RFACES | 1 5 6 2
Fig2 I Modeling Example
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(Is.x, Isy, Is.z) = (0, 0, -123)
(lex, le.y, le.z) = (0, 0, 473)
LENGTH OF AXIS =-596mm
RADIUS 1 = 134.87mm

Fig3.1 Approximation For Link3,4

y5
r-‘ z3
x5

(center.x, center.y, center.z) = (0, 0, 58)
RADIUS 2 = 58mm .
Fig3.2 Approximation For Link5,6

Fig3.4 Minimum Distance
Between Axis And Center
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Fig3.5 Minimum Distance Between Centers
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19368 3FE TA £ sEEClT
33 4§ 9 ¢a2Z(Collision Avoidance Algorithm)
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5 28 38 Y dAnFEY F IESE 193879 ¢
.

€ =8dME £33 AQ AMsuboptimal delay time)&
37l A8 oA /A ¢nedF - dekds F4(blind
searth), F2l2€ @ M(heuristic search) - & At}

oA AN FE ¥ T a2 ZEEE Yuty
A U= &4 g vEpY, E Foi3 F2d Uy &
€ 8] A% €43 Nd ALE o g9 7] 4
@ FA2Y B PHe o Ao olsh FAW B4 @
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[Stepl] F2 Axst A FEAMDE Yt
(& Td=0, Ttmp=0, Ts.d=0)
[Step2] wlelelo] wWa}l & FA& @t
[Step3] $& LA Ttmp « T2, Td « T2
2¥Aged (Step7]2 At
{Stepd] Ttmp=>Tsol¥ dlojelof e} 3§ HA&
Wt 28X goW [Step7]2 vt
[Step5] Ttmp < Ttmp/2°
38 4 Td « Td + Ttmp
a28Agod Tsd « Td, Td « Td - Ttmp
[Step6] [Stepd]2 3ir}.
[Step7] Tsd& & ¥ @ch.
( 714 Td : delay time
Ts.d : suboptimal delay time
Ts : sampling time )
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CALCULATION APPROXIMATE ROBUT ARM
POSITION FROM EACH JOINT ANGLES

I

[ COLLISION CLECK BETWEEN

LINK 3, 4 AX1S OF ROBOTL AND
LINK 3, 4 AXIS OF ROBOT2

l READ JOINT ANGLES Th=Ti+Te
FOR ROBOT1, 2 AT TL T2 T2 -T2 ¢ Te

CALCULATING MINLMUN DISTANCE
BETWEEN AXES

DISTANCE < (3* HADIUSI+MARG!
CAL(‘ULA TING MINIAMUM DISTANCE

HETWEEN LINK 3, 4 AX1S OF ROBOT1
AND LINK 5, 6 CENTER OF ROBOT2

ADD DELAY Td TO
KOBOTI |
Td = Ta +Te
Tu : DATA SAMPLING TIM
Te : CHECKING u(rzkvu. = & Tu (w is positive integer)
Td : DELAY TIME (for Rebet3)

.ff‘“:;‘é%"ﬁ.: L ?};{}ﬁ?‘fﬁé Fig3.8 Collision Avoidance Motion Plan Algorithm
ol AHAIY RelAE B bl gubalel gele ®

'“ A e wla el ®128} el

¥1. search algorithm ®]3L o (1)

CALCULATING MINIASUM INSTANCE INITIAL CONFIGURATION (degree )
BETWEEN LINK 3, 6§ CENTERS OF
EACH ROBOTS ROBOT 1 (180, 0, 90, 0, 0, 0)

_ROBOT 2 ( 0,0 9,0, 0 0)
FINAL CONFIGURATION (degree)
ROBOT 1 (7776.70.790, 0,70, 0 )
“"ROBOT 2 {-180, 0, 90, 0, 0, 0 )
TOTAL DURATION STEP 50 step % sampling time
@E@ " "SUBOPTIMAL DELAY TIME 17 # sampling time
HEURISTIC SEARCH 5 step

Fig3.6 Collision Detection Algorithm _BLIND SEARGH 17_step

H2. search algorithm ®|aL off (2)
INITIAL CONFIGURATION (degree)

—— ROBOT 1 (7180, 7-80, 90, 0. 0, 0)
MOV Rotor? s Locationt ROBOT 2 (0, -45, 45, 30, 60, 60 )
: FINAL CONFIGURATION (degree)
"ROBOT 1| (77730,70, 120, 0, 0, 0 )
ROBOT 2 | ( -180, 0, 90, 0, 0, 0 )
TOTAL DURATION STEP 50 step * sampling time
SUBOPTIMAL DELAY TIME 7 * sampling time
HEURISTIC SEARCH { step
BLIND SEARCH 7 step

COLLISION AVOIDANCE
MOTION PLANNER

FIND (SUB) OPTINAL
DELAY N1, N2

120042 o] £33 A Aol Ad 48 FolaH
BH bio] W whe] g ohdg o 4= glch

BEGIN BEGIN
MOV Robotl 16 Location Detny NI MOVJ Rabotl 10 Locallonl Delny 0
MOVJ Robot2 1o Location Delay N2 MOVJ Robot2 1o Localond Delay 0
END END

(generally Ni=0 or N2=0)

B2 ael A4 -
Fig3.7 Modified Programming By Collision 4 Agseld A3
Avoidance Motion Planning 41 Folzl HAo) iyt 35 H¥ F3

Az AlFao] 4 FojA WA wlel F 2ol Fae
gtu) FEo| YAUch oluf oM AR wWhioR °1"¥7ﬂ
A& viRo] 35S Hush=a§ RojFc) HAde 5{3494
Utk
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E3 4% A Fon 2xel WY
Folx 242 3 (degree)

e B T e e e

él(z)zo.omeat:—o. 126t20135 18,(1)=0. 00168LI—30.126& ;30
62(¢)=0.00144t°50. 108t*,90  |8,(1)=-0,000724*+0. 054¢°-45
a3(t)=-0. 000481 °+0, 036t%+90 [83(t)=0.001441°-0,108¢%+135

84(t)=0 04(1)=0.000481 -0, 0361 +30
B5(t)=0 Bs(t)=0.00048t>-0, 036¢7+30
85 £)=0 85( £)=0. 00048t*-0. 036t°+30 |

o _ ER Hol2 ¢4
ROBOT 1 (0, -750, 0) ] ROBOT 2

X 4 25 5 98 +3d =22 A
] A ¥ 28 33 (degree)
28 1(0<t <50) EE2(1<t <61)
Gl(t)=0.00168t3~0.126t20135 9\(1):0.00168(t~ll)33-0.126(141):-30
02(t)=0,00144t 50. 108t 590 Bz(!):-l).l)DO?Z(bll) '0.054(l~]l) -{5
83(t)=-0.00048¢"+0.0361°+90 6y{t)-0. 0L44(t-11)"-0.108(t-11)",135

[ (0, 750, 0)

04()=0 Ba(1)=0.00048 t-11)7-0.036(t-11)!+30
B5(t)=0 eﬁ(z)=o_ooo48<z-n);~o,oas(«~n)2'30
06(1)=0 0(¢)=0. 000481 t-11)°-0,036(t-11)2+30

o714 eik it %2 A Z=§ vehie 3 53 A2
& (50*sampling time)e|d p}a & 100mmojct. ofm HAlH
2E Yy F3 ¢z Fel 3 P A A A2
(11ssampling)oit}). 21@4.12} 27428 o] Hul Fatel oyt
aglolch
42 2R o]l A Widlof ulE 2o Al vl

Tz AEdeldE R solate] 2] widle] ule}l &
23 2 A|2hg wlas] Holth BE AlBuo)ld HAL 3
Waf AlFdeld B2 SUBICHEL wola Az2] x2)). olul
¢] At 2y433 yrh

227 dolae A7} 180mm ool Hm £ Eo]
wABA] 42 & ¢4 stk old HE |8l 2R A
izl gl ZE 2] dd 4R Bol H&3 = qlch

Fig4.1 Display for  Fig4.2 Display for Collision
Collision State Avoidance Motion
32
%]
26 4
204

SUBOPTIMAL DELAY TIME
(t * sampling time)
iaa
R

T T T 7 —T—7 T
950 1000105011001 15012001250|300|a'5m4'0014'50|.';00| 550\3‘0.]!0’5017’00! 7'501500
BASE DISTANCE (mm}

Fig4.3 Relation Between Base Distance & Delay Time

5 ZAE

o] EEoiM e 32k el FelM ke tiE 2R Al
Adlol N 2R 25 Y, 24 AL g ol W 3F
ol B3 AY Py 9 Ag wag Austach £ ol
2E E& ex-zildlMd A AU 4 A 3xd
iy AlEeolelgt HH/Il AR HEY 4 Uct. B
3] oei7ia] 35 ¥ B3} AYol 2ajYAtoly} AL AfE
o 2Rt Al AHgHoU B E=RoAE 3xd
PUMASE0 22& tigd e ¢ne&S HEAZed ol ¥
Astol oY AlH PolBof iyt & ¥¥ YnFoF
A4 A2 4 gk

aeu 222 #HF Jsadd f1A27) o 259 32
Aol $]X 4 whE o] ¢REFoRE £ES Y + U= ¥
ol alrh D@22 gio2 oAgrtx] vl $5 ) §3 A
Y wys FEA7n, Iy 2P E9 pdckd 8y
o t}E 24 AARolN F-8% Alawde] Hilolt)
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