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Research on motion planning of dual-arm service robot
based on improved RRT algorithm

Guo Junfeng, Yuan Junping,Zhu Hongxia
(School of Mechanical and Electrical Engineering, Lanzhou University of Technology, Lanzhou 730050, China)

Abstract: To address the problems of end-effectors navigation efficiency, real-time performance, robustness, and path global optimization
of a dual-arm service robot, a dual-arm service robot end-effectors path planning method is proposed based on the improved rapidly-
exploring random trees algorithm. The method uses random sampling of two random tree parent node links, combines the target deviation
angle, and random values to change the fixed-step search strategy, and introduces the artificial potential field method to locally optimize the
random sampling, effectively balancing the randomness and blindness of the original algorithm, thus improving the path quality and
shortening the planning time. After that, the path redundant points are removed and the path is smoothed by a cubic B-spline curve to
optimize the end motion of the dual arms and reduce jitter. The master-slave planning method is used to plan the obstacle avoidance of the
master arm first. Then, the slave arm plans the obstacle avoidance and collision avoidance paths according to the path of the master arm.
Through MATLAB simulation and a real experimental platform, it evaluates that the algorithm outperforms the traditional RRT and other
improved algorithms in terms of the number of iterations, the planning time, and the final path length under an environment of the same
complexity. It significantly improves the efficiency and quality of the path planning of the dual-arm service robot.

Keywords :rapid exploration of random tree; dual-arm service robot; master-slave planning; path planning

S HEBIR FKERSs ABRRIN A AR 55 55 S, 18
53 Sl AR AT 1] [ S AR 7 AR AR v R R AN TR AR
PRI R U R 45 L2 A A BUHLAR T T X 3k

B HLA NS BRI 5 BLas ASERE IR A iR IR A 4 B 2 18], S0 B TS0 T4
ROR RAFRGENE R AR, B B TR SRORCR NI, R AL R e R B A LR A A B T

0 3l

i3

S H 9. 2024- 09-09 Received Date; 2024-09-09
# BLATH HIR A TS AT R—— Tk 2850 H (24YFGA022) %2 B



5512 1

IRREE A AT U0 RRT SE0E A XU I 55 Bl iz sh LRI IFFE 211

T PRI [R], E T 025 4 i A RO

BLes NSUE (14 B A LR 30800 — PP Al b o (LRl i
] AR BE S ) | HALA T 0 2503 fe 5 A o] s 1400 flf 43
AR ) BT N L E BT R T 2R, W
L 38 R B A R v A4 Diijkstra BUE AT BRIADY
N T 3#377 (artificial potential field, APF) O A R P2 R
(probabilistic roadmaps, PRM) BETS FIGE Y B
28 (rapidly-exploring random trees, RRT) "/,

Dijkstra F7E i if 22 TS HURL % FAK e Wb
1959 4F4H , 2Ty 0 1 SE A A ke A5 21 4% TR 1Y
PR P VPR A B AR AR N BT A . SCR[ 14 ] 4 2k
kAT RE S B DA RS AR RE 7 2 ik s A
FRIR, SCHR 15 51X N T3 1 e/ N B Tl
PR T — AL S G B ASE R | T ST b ] Rt
IR G AT RO A s Ak 2 S Sk ARG 3 45
RERFY) . SCHR[ 16 1 BEXHESE APF TEEEAR AL P i Jar i
/N FVEBRAS AT Ik )@, % T 35 89 5 1m) R
R 7 M40 H AR AP AL R, SCER( 17 B 1T A A
P2 1] S5l Do BE AL SRR S, B 1 i 2 ) Y B
VR (L, 8 RG0SR H L ) 484 ok, A0 A il A D00 9 P e
B P TR A R

FREG AR B R R TR E R
TR, B 5 B A Jmy S /B, PR R R BE HLARY
RRT 5735 M Lavalle 551 1998 4F42 1 A5
BUE TR, VRN IR A LR L Z —  RRT AE6S
e 2 4235 [A] v R O R B AR 8 )5 T A e R s
FNBHAS B 5 ) Y PR 58, 38 2o BE WL R R A R T 25 4
RRT BEMRE IR AT AR Ik TF B i3 4, 13z v T T AL
PR 1) AR R

M1 T RRT S BEALAE 0 Re e, 4 iy A2 Jo
KRB, e, WFSE N SR T 2R s Ty &R, X
BR[ 20 ] 7ERC B S [ LA T 58 3 i JF 0 TR 2 4 B, LA
PP A A PR Z R SCHR 21 48 T = AR5
i) RRT ( rapidly-exploring random trees-connect, RRT-C) 55
2 SR RWNZ A AT AR B> 1 16% o SCRR[ 2214
RRT S 580 8545 K Dijkstra 5035 F1 2 FhF- U S0 4 45
G BCE AR IR (HH R R, SCER[23 IR Bk 1
JERMEN) RRT-C 503 Rt 456 H AR SCR A, 32T+ B 42
Pk, FARFE BRI T AR i (BRI SR,
PRI RIA o 2 5 T, E AT A% B AR R B3 0 5 o oA 3k
) g D S i s i A o e AL ) R

R, 35 F RRT B9k 7 8 46 B2 25 1) o i e 34, 1
TRV LRI AR B AT AT A48 R . {2 RRT B3 06 78 XUH L
R AFAE R e 03 1) P | 5 2R 03 AT R ok e e ) 2
SRR, R EOSUE MR Y PR AR o IR B R L. MR B
IRIALEE, B T —FPJE T 2kdk RRT A9 U % A2 A0 53 7

(RRT-connect random artificial stepsize, RRT-CRAS) , i
IO REALRAE | [ 2K DLOT ) iR SR T T A
ST I BIL LRI SURE %42, 4803 MATLAB {5 X1l
LSS 15 22 YR S I 0 UE B () S R O 5 A
FEIEATX oA . SRR 55 Bl as A DU A i I3 J2 15
TR I 4 S B DR B AR BT e 8 B A K 2 e XU i 55
BLas NSV 18 U i 22 AT AT

1 &% RRT EEREHE X

1.1 {58 RRT &%

RRT Bk ST Pk | v 250 R i e e, e HoAe
o 2 25 ] e BEATLR R4 R R, R — il R S5 FH Y
AR RN . R TR B BEHLRAFEHLG , A il e s 4 23
[i) v F 98 2R M AR A T T R T 5 R S B 2 WU B
e ey BARE R, RRT Bon BRI 1
FR o

K11 RRT %
Fig. 1 Schematic of the RRT algorithm
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BN Qouees qgout 3 Stepsize ; threshold
M. time;pathlength; RRTree;

1: Initiate parameters;

2: Fori<1tokdo

3. Grana < sample( ) ;

4. Gear<— closestNode (RRTree,q,,.q)

5: ooy neWpOInt (g s Grand ) 3
6: distancecost ( RRTree , sample) ;
7. return true;

row € Gnear T StEpsize * movingvec;
9. if //qm,M = Gyoul //< threshold
10:  RRTree. addnode(q,,, ) ;
11:  return false;

12 end for
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Fig. 2 Diagram of the bidirectional RRT
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