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Analysis’of Acceleration Bounds and Mobility for Multiple Robot
Systems Based on Null Space Analysis Method
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(Fill Youb Lee, Ji Hong Lee, and Bong-Huan Jun)

Abstract : This paper presents a new technique that derives the dynamic acceleration bounds of multiple cooperating robot systems
from given individual torque limits of robots. A set of linear algebraic homogeneous equation is derived from the dynamic equations
of multiple robots with friction contacts. The mobility of the robot system is analyzed by the decomposition of the null space of the
linear algebraic equation. The acceleration bounds of multiple robot systems are obtained from the joint torque constraints of robots
by the medium of the decomposed null space. As the joint constraints of the robots are given in the infinite norm sense, the resultant
acceleration bounds of the systems are described as polytopes. Several case studies are presented to validate the proposed method in

this paper.

Keywords : friction contact, multiple cooperative robotic systems, null space analysis method, mobility, acceleration

L AE

2% Azdle) 223E H4e o e P30t Jdz o
A% w9y 239 AAsk 459r} Bokld AeHos 4
£50] gojf13). A2 24w e HE ARee 2R
2 o]y} 05 BHRR 53} o] nr} BY OF HE 2
2 AzRe) 2w dHoR HET o0l O |
5 23ol 24w e 2RA2Ee s|TEd 28t
of 23 AzEo] B 4 Q= £E WS m=E P Y9
WS dol e A1TE NEsT 2% Aawe) B
galg o 2RA20] Ae £ gl JlEEe) WS
e 539 Yol WeE Jolule BHEH e100R
the & olok @, 23 Alawe) B fae oF g
% 2R A2vozRE 9 & Qe ARE 2R /)78
A 5249 o] Uik wor 2Re) Mg} /e g%
Hww AbgE)
Bicchil4] 5-& 337k 34 WS olg3led E WE =
o] 7)78 HoaRE HE ER A2YORNH dg

10 4

£5 8 FMHo T TE (kinematic analysis) 5F3)
H, o]& &&= 2% A ALArh4]. 12 o] B
of =gtEo] gjom gl 2F I i

Al Atolo] HE Aol A9 uhEe] e HHZA] ¢kar 9l
of B} v AEg jAE o gt B0 E tHE ¥
T 2R BHEFT IAE T vo= /gL o2
H 2R Als"e] VIER HAE vy duE 3dEsie
T4 AR AL o] EF HE: HolA wlze] &
Aol aejEA gston Foizl Ao=2RE 2R 78t

g o o do i
= 4
Moo

2
o
& 4
o K
=

* A1) 2] 2{Corresponding Author)

=R 12006 1,31, AHEA 1 2006.3.29.
o]8q], o|AF : Fetdtaw AFIERH AT
(powerman2(@empal.com/jihong@cnu.ac.kr)

25 g kA 7Y (bhjeon@moeri.re kr)

A 548 A ew Tlof & glE AP Ut

2 =2dAe s 8% 22X s 21 2 89
AE Z7ozRE 2R A2y FHAS T PP
o7 §xslm o|2¥E wulgy A /& 224 3|
Mg e WES Al At WA E HAY F
2 YA PR FrE 2R Alage] FHEA A JF
b2 WS Aestd wlEy S st e
HEE miviESte] T WAAG 20 2R T £
HE 2 o2RE 2R Aagle] A8 £ e R I

AT 3 vpEdE Jd[16,1718 =Ust
FE 33 o) 23 A7l =N
71E9 T 24 A EHE-101e S siich Al

o g
k)
3

i)
[t
N
J

. olE s 2Re| S35 4
o7 el 2ol I 13} Zo] shte] EAE FaL IS
o, A9 2FUYLe ZIEdhs 3 AL o o] 1
e o ok

Q=Li+Q,, )

o5 | o o]

a8 B4 T KT 2 v o] ArkEEe}
3A 7z gEEY



498

J% 135 99 HEER
Fig. 1. 3-DOF cooperating robots.
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Fig. 2. The friction cone between robots and object.
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Table 1. Parameters of robots and object.
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