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Nonholonomic Motion Planning of Space Robots
with Prismatic Joint for Obstacle Avoidance
via Hierarchical Lyapunov Methods
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(College of Mechanical Engineering, Fuzhou University, Fuzhou 350002)

Abstract Based on hierarchical Lyapunov methods, the motion planning of free-flying space robots
with prismatic joint for obstacle avoidance is discussed. First, with the momentum conversation and
the Jacobian matrix, the system state equations and the control output equations for control design
are established. And then the primary and secondary Lyapunov functions are selected. The primary
function insures the movement of the endeffector from the start point to the end point. The secondary
ascertains obstacle avoidance of the endeffector. Combined the primary and secondary functions, the
endeffector implements the specific movement and realizes obstacle avoidance. A planar space robot
with prismatic joint is simulated to verify the proposed methods.

Key words Space robots with prismatic joint, Hierarchical Lyapunov methods, Motion planning

for obstacle avoidance

* MR ARFERETE (10372022) FfEE ARRFEEMA (E0410008) # s ¥k
2004-08-23 WrRIEHS, 2005-01-10 HE#E M



WEFE: AHRTEMEARTH A Lyapunov 7 ik a8 HEAFIE 7 312 31 HL%] 155

1 5

i

fEARRZAEOEE TR, SEILFAN
HR BB Aoz ER V-6, H BEERS
s ERRIsehRM . HTFZRPLESAKEAES
5 B HF ARG, R ER kR TE
MBh 1R, mishEEFHE X R AR,
13 RE LRI AR RSN S 5rE, AKRMMT R
Hizshy, N RERRERITHMER, 8
o REiEshFE R SREE T R LU LR A 69 3k 2
TLARE. ek [9) FIH R8s J12# 1 R
TR T 2 [ HLAF A K532 3h R i B D4 i) 1) 1
SR (10] $2H T 2 ELES A JE 2 EE ShHLR) I XU
Lyapunov J¥#; 3CHK [11] WIFI A RS 3L 28T
R, T ZSEAL RS AR RS R BERY 53 2% Lyapunov
FHik EHFEEROR, ERAWREERHYRAEHD
B ELEARG K, K OPFREN, MK
Z2E) P38 A R G 00 TAEZS |8 A2 K AR a] BiA 693h
JrEr s, HFEERXABIRT ZEPLEARSERE
sheptife. HRIFBERAREREIEFHEEH
EEEERE, MZATIBE ML ARG mELX
. ASCET 24K Lyapunov Jiik, Wig THAES
5 BYAZEHEEBE S RYLEAKRZ 5
DE BRI MR . HaEURGshRET
fEX R K RGIZ B Jacobi K R AR, BT 26
RERIHTBRREF B RIERSEHE S,
£ Lyapunov pR ¥ 3EH L 3 AT RE 47 85 24 K LK)
H, BP: 04 Lyapunov bR i fR=5EIMLEE ALY
KEIMFNVIEAN Bz shBie E A AN E, MK
%% Lyapunov p& # MIH {5 I1 T B FF T AE =5 [R)
ROBETS X Ik, B A AR I B 2R g R (i B e 25 1A
PLAS A B R YR IR BE ST T 16 A (1 B 8 3h U8 T
THEBRXE. HUEAETATERERZ LA
BARBA, D T ARG A SRR S HE,
AKIEK T AP ABARMEHFH REKME
P53, R T T ERA

2 RBuzshFEMslE

WA 1R, B P Esh KB e RIS
BILRARSE. RAGHAHRFNOEE Bo Kl

fﬂﬁ’% By, By ?ﬁﬁi. ﬂﬁﬁ-‘ﬁ“ﬁi Bz'(f =0, 1a2) E‘]EE
HAIRFR (0; — eel)), i 00 5 Bo HIFL Oco
w4, 0, NEkE By Ml By shEtity, O ABK
4 By f1 By fEBEHD, e (i =0,1,2) MR
BRI % 01 7 0ol B LY 0o MEEEH
lo, By 5 &) BAROKEN L, B 1y e S ER
lo;B1 i O 7 0169) WitS O WEEEA d,B2
KIMTE Ozel?) W L5 O, WIEE AR «; KoMk
BRI S HIH ms F T (6=0,1,2).

1 ERBE=ESARS

Fig.1 Space robot systems with prismatic joint
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