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Rapidly-exploring random trees motion planning for non-holonomic
robot with collision-test and regression mechanism
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(1. Institute of Automation, Hangzhou Dianzi University, Hangzhou Zhejiang 310018, China;
2. Institute of Automation, East China University of Science and Technology, Shanghai 200237, China)

Abstract: An improved rapidly-exploring random trees (RRT) algorithm is proposed to deal with the motion planning
for non-holonomic mobile robots. The RRT algorithms using a bias towards the goal while choosing a random config-
uration, that will leads to the problem of local minima. Therefore, a novel method called collision-test and regression
mechanism (CR) mechanism is presented, in which the collision detection mechanism and the regression testing mechanis-
m are combined to enable the robot to escape from the local minima. The CR mechanism takes the global constraints into
consideration, avoids exploring the directions which have been explored repeatedly. The repeatedly regression testing and
detection for obstacle avoidance to the edge nodes are prevented in the CR. The ultimate goal of the algorithm is to im-
prove the real-time performance of the planner, especially in the environment with highly-constraints. Simulation results of
several improved RRT algorithms in the environment which is apt to generate local minima problems, verifies the proposed
algorithm can improve the real-time performance significantly without obviously negative influences.
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BT U R R OGO TR S8 B LY R )3z B K
Ty,
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HE77 =007 LB 24 SRRT I R P BE, RN, A7 AE
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92 O 1TV Al R[] (collision-test and
regression mechanism, CR)#L il F T-RRTHE %I, 12F ifiy
M T — Rt B AR 58 B2 R RRTIE 3R RI J7
¥, X ek R RRT 50925 4 S F AR AS: I 55 =] U= L6
(R IE Y REBH LB, 18] B RRT-CR(RRT with colli-
sion-test and regression mechanism). 5 1% Z;RRTHL &)
SRANTR], CRALIE A ek (R SR e R I 2552
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constraint and RRT algorithm )
2.1 JE5EEZI W (Non-holonomic constraint)

TR T B IRS
q = t: _'7 )
G g(qq r) 0
g(tv q) Q) = 0’

X GHRELHR, e R rd i N L H, 7 e R,



872 ok o® 5 N A

33 3%

RIS L (1, 7, ) R RAMIEALIA, ¥R A7 e
£t @)W P4

WD o1, .9) @
WIS RIRH SRR, g (t, G, 7) WeFroh et
23K,

U5 A S HLB A RSB B
B, 76 T ARSI P LA A3/ B, S
ARG = (0,2, y): 2B A AT AR O AL
5, y O HAHR, ORHLI AR b5 A R
. U HLE BT R By L. AR 35
i AR T 1 M, DB A IS0,
HLAS NS T A oI B A IBSILE B

Bl 1 AR S L ALY

Fig. 1 Model of classical wheeled mobile robot
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Fow:

j—i = tan6. 3)
7'7% = % HOHLAR NFE T I 20RO RT LA
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FEISPIES]
L=p-tanp, 5)
df = (tan /L) - di,. (6)

1L, i AR S L N R ALY, Kral(5) Bt
(6)RIPIIL 73 S INFTI SR 3, RS, Al A R oA
0 = (tany - v)/L, (7)

L = (ry, 1), Y2 (T LU 5 AL 56
B, AARIRASHR TR T

T =cosf-ry,

Y =sinf -1y, (8)

0 = (tan(r,) - 7, )/L.
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2.2 RRTHVL(RRT algorithm)

K2 RRTY" Jid s i 161, RRTHEA Jgt B - A
WIEAG T R R b, SCH AR SO B BE AL
AR TR MIEAGL R AW REBEN LR, HLh AR
'k, HerbSelect (- ) BT RAE BURFERAMALL 5

RRT _Pseudo(-)

Tree;yigial (qinitial ) ;
while! flag

Grana < Point_sample(-);

nearest < NOd€nearest (Grand; T);

Gnew Ubest < Select (Grand, Gnearest )

if (free of collision)

tree <— {quew } U tree;
i | dgon — uen] < d
flag = true;

© 00 N O Tt =W N

10 else flag = false.

Kl 2 RRTH LT
Fig. 2 Expansion process of RRT

23 H t5 X % B ] B RRT (Goal area oriented
RRT)
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— I R XL SR LI A T BE LR AR T
23 ) b B 4 2R R, A BRI T P SR A B A0 1) i .
BFRF I ), — SERIF 50 NRRTARI Al 17— 280
o, SRR ERRTHIRI TV R SN, (R, fREF
LB LA Z A8y, B an: 55 T B bx i 4F FORRTJ7 ¥4
(goal biasing RRT)!!'*1 5 X [i]RRT(bi-directional RRT,
bi-RRT)[13,

BT H AR 4F RRTH 1 (goal biasing RRT)7E -
FLRZYE NS HBR K Grana R BEHUBCEE, T LB/
(IR N H AR DX S8l A2 e 2R, A e L H
Frr 2s, NI 51 P AR 2B m) H AR DCOREENT. 55T Hbx
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RRTGoal Biasing ()

1 Point_sample(-)

2 T = rand_number € (0, 1)
3 if T'> Tinreshold

4 Grana = Rand_state(-);

5 else

6 Ggoal = Qrand;

] W EHXRRT H bR IR BEA L H FR A7 2215,
MEZT W NI 51 0 A1, T EER BIE T reshold» 14 HI{E
JR BT R Tinreshola € [0.05,0.1]. & T KT H{H
Tinresnotas JBEAL H AR 23 I H A5 D8k ) 20 18] BEATL 3R
I A5, Tinreshotds W LA 22 qgoa A RRTREHLAY T
— AR HFF.
bi-RRTiz 3 # %I 5 72:(bi-RRT motion planning
algorithm) J& T~ 53— JE T~ B Ax X 38 5 10 I RRT L,
LR A BT DA 2 55 H A 23 m) £F
e P TARBEALR 0] H B 21, 828R BEA LR LA
S VARBREHT B R UV HFR T 2K g, A2 552
YCEARIN, 75 2L T PIARBEA L 1K A AU, bi-RRT
RN O ARSI T -
bi — RRTY(+)
1 Treeqr, Treeqs <— Treeiniial (dgoal ;s dinitial);
2 while! flag
3 flag = false;
Grana < Point_sample(-);
¢1 < Tree_grow(qrand, Treeqs );
if ¢; turn

qo < Tree_grow(q;, Treegs);
if go turn

© 00 J O Ot =

Treeq; < Treeq; + q1;
10 Treegs < Treeqs + go;
11 if |lg1 —qof < A

12 flag = true;

13 Treeq; < Treegs.

Treeq; < Treeqo KK ERBEN LI HEATACHe, AFRIR
— AN IE R

RRTIE s LRI LG IZ T RE, ik aEmEN B
SRR IE SRR, 5T Al RRT5bi-RRT
YIUL AR s e X380 5 5, AR REN LA ) H AR X 384
Ko, KRR T AR 1R APFRL R, 35 DABS BT FF 1)
Ji T H bR, BARAEAE iR /IN. SR iy g 2 K
JTEY AT REAE— 2L Ry X 3 A ) L FE S 2% TAEIR
R Il ey S DX I ATAE AT e v, 5 SR AR
(AT BEPE R R, 3N R B AR /N X 35, RRTRLKI
R AAERR A SR SR s X YR, FERT I

3 RRT-CREZF#LI (RRT-CR motion plan-
ning)
3.1 [B] U330 3K i) J& B2 (The principle of regression
testing)

i EHIPTE, HFRX 5] 5 00 PR RRT IR 47
FEJR NI, SCRR (17182 T —Fh Bl a5 72,
AL FEAR VA B N R B AR/ O %, IR L
RRTES &, M 1 Ff i DL QPR 3™ e B A LA
(rapidly-exploring random trees-blossom, RRT-Blo-
ssom) &y, (AR 7 v R M LER A R . ZE VT REAF
T J5y AR /N DX, BEATLAR 7T BA 1A DU R 4R R, JFrT L
(1R S 2B, B A RS0 et A BT AT A K %
JIERIEE T — Bl g AL S AW Sl (1 4K
AEAT RS, FHOE A KBS agdiR=idm

NSRSV NGRS /R RS e S UNIDREDSE ek iV
PERI I R FN IR 77 W e AR R I 1) 7 1%
Wh: P A R gnew 5 B LRI K2
1] £ RK 2K 8 7 T Guew 5 BETT K gparent £ [ (1 2 2
I, DR 28 R, BRI (10) Fros:

Jq € tree,
(10)
||Qparent7 queW” > an QHewH .

RRT-Blossomiz &) il ¥l FVEAT) IR A7 Ar — 28 [ i,
PEAT I T IR, 2 SLRRTHLKN 77 V4% 2R IR EE IS, 5 Rl
R IT AW s S 22 R, X n) JA) 8K A7
1 TRRT-Blossom ', BARKI N AERFIOERIL R H,
SRVE VAR B I S AT R s SLREAT (RIS I 5 i
BRI, 2™ F AR RN 2 AT 80%. [N, i
BRI 7 VA — OB A () R AT TE T JCVEAS B A
A, SLHRAS J DA s Ak m] LI sk 8 2 3 T8 1R 7 A
A M s AR B REH LA ) HAth DG 20T ROKa,

T5 1 RRT-Blossomid #& £ MLRRTH v, 4 F B Rk

EHIEEIRRIMIAEE L.
3.2 FEE RS WAL (1) J5 B (The principle of detec-
tion for obstacle avoidance)

BERESCHR (17170 B S = B A2 A 1 —
6 ) i, ASSCWE T RRERER  T S5 R
(]I, A T — OB R CRAS I L. 2L
RRTHE AT LAR 5 /D (1 s 1) B 25 JR s Al /N X 33, BAUE
PE RN SE ) S .

RIS B RIEAREAS I 5 SR AR ) 7 2 I 3 s,
T AR 2% B) R A S N BB B 4R B A, BEAILRY
AR R Qs 7 T T, L5 & & 2797 PR R
Wo WA RS PRSI RERENE R, IR RAS IR, BTy
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I Gearest TR N (R o {1 23 B2 R 1/m, 11 8530 (10 4004
RREZERIRE RO I O RE R A N 5 1/m?, Ttk
R T ) K B R BTG I Rl A R AR e
1/mF L BRET RUREEREA oHS RA 67 A

B KON N ) o B AT DA I 4 R i AT A AR DL,
Horb, o = TRERA %Y sl A- S A 7 17 B2 S S0
$, 12T 2 R B AR A K AL, M0 o
N ROURRA B0 R RO (L, A7 SRR
WALy AR AT L AR R AR RN, T LR
TSR LA, 3 5T AL R UK, R 7R
T RIA DT AR BB B g, Rk B L
LA AR R A AR R BT T, XA A 15 3 AL
PAEIE R R AP I BB ASY). — B Gnearest BEIHIE, 1
AR A MAZ T R AL R 1075 18] P Bk, T o i Ry
(I R IERE RS . B, A P ARG A [ 03
PEALH P AL PR RUR AT A 2K,

wwwww

+1/m'

3 il EORAE
Fig. 3 Collision-information collecting

filf % {5 JEL K 4 B S Collision _inf(+) 55 [A] I 46 )
bR 4 Regress_test(-) £ A8 15 '~ i o, 3L o bR 2K
Regress_test(+) LAZ(10) 4 3.

Regress_test(Tree, gnew, Gparent)
1 for giree € tree
2 if [|gnew, Gree|l < ||gnew, Gparen||
3 return 7T
4 else
) return F’;
Collision_inf(Tree, ¢yearest)
1 A+ 1
2 G4 Gnearest’
3 while ¢
4 A — Mm;
5 04— A+ o;
6 q < parent node of q.

Al AR AT 0 6T RRTER KN ) = A 45 4 I e, K2k
AR R dpe R AN RTAZE HE L RSl AR 1 UKL+, —
1 O AR 15 K Nodepearest (Grand, tree), Select(grand,
(nearest tTe€).

Nearest node and input selecting
Nodepearest (Grand, tree)

Apin < 00; d + 00;
for Vg € Quusecarched
d < ||qrana, qll ;
if dpin > d
Ain < d;
Nearest < ¢;
Select(qrand; Gnearest > tree)
Ubest — Dy dmin < [|q2 — 1] 5
10 foruelU

© 0 N O Ot = W N+~

11 if u € Uunsearched

12 Gnew — TeStintegrate (U, Qnearest);
13 if Regress_test(gnew, gparent, tree)
14 Usearched < U;

15 test ug11

16 else

17 if Disable(gnew s @parent, U, )

18 test ugy1;

19 Collision_inf (gyearest, tree);

20 d < || Grana = Guewl| ;

21 if dpin > d

22 Upest < A, Amin, U

23 Return upest, Guew-

TEAE B T IR AR I, 5 B AR R (1
PR AT R, Frh AR AR A RS N T
Tinreshold, HLAZT RUTISRAT J7 1) W AR A 48 & B A
NI P 5 28 SRR AN K %8 J8 Ty R RS Rt A7 15—
SEANIE, WA S AR T RISk SO
N BRI NS, XA 1) BT A B
GIREDSRS S ¢z B ACIVE IR PN S CR L AT
R, DU G CAR VL. UG, 075 B0 el (140
T NI LHT I B BETY RS R R A . RS
ML I T R 248 O (n), AR RO (n),
RRT-CRIZ BRI LI A= M I O (n), IS
284 0(nlog(n)).

4 1 E3E % 5 43 Pr(Simulation experiments
and analysis)

9T DRI FEAS I 5 1] U I AH &5 A (I CRATL T
TEISENFIRI R B, 1B R TR R e 4 i e
LB B HLA N Bk, K JURNE = WL 20 T
bi-RRTIz gL, LA LT Hbrfl FIRRTIZ B
W IRIEREAT T2 T 2 BUR SN/ A B R B4 T4
FCIAA. KT bi-RRTHVEFIET H AU FIRRTHT A7
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KRBT KRN AN LRI AR S R L L N Ddd RERIN Lz 2l k) 875

(1.5 B N S A /N T 1) R, AR 5K F B ) B A
BRI | TRYBERSAS LT CRATLHI ) 52t 5
LR TERER B IR, &1 % RRT-Blossom i i [1] )
DURRATUHRAE AT A7 AL (PIERN, AHF TR T P D
AN 56 FE B 7S al T8, FEAE AT B, DA 56
SO SEAEAN RIS A 10 1 H TR I
5 LI B R Hlgs NI o3 mis, p €
(—7/6, 7/6), A 1A 1) 2 $LLEL0.5 m, 5K £f 0] At =
0.3 s. ¥l A5 Baa 481 i S A (8), fEAL L,
PLEC (9) BB ML AL ZE quen. D1 BT EHLECE 40
N BT 7s: 4b PR 28 Intel Core(TM)2(2.10 GHz), N 1%
2.00 G, 1)j ELIREZ K TIMATLAB R2010b, LA R4 E
IREE (R HAABR 2 e b e Ry, AL
¥ hm.
4.1 {FESE% (Simulation experiments)
HLAE N2 530K TR A LA AT CR WL H A
i if RRT 1z 8 LRI AH 45 4, - AET R Fii b 24 B 458 7Y
(Bl4(a))~ JF F0 000 B 15 24 58 A5 70 (Pl 4(b))~ Bk 78 Tl T A
(El4(c)) g7 1 B (& 4(d))REAT 0 FLS, LA E
TR R a4 TR, A OGN E s g T an =& 1
N, 22 VR B A LT (I S0UR SE B IE AT BT A3 B 1)
PIHE, o Nyoae BI85 REH, Lioaa M52
TS, Topan 27 RIS 8]
501
45
40
35r
30

251
20

y/m

0 5 10 15 20 25 30 35 40 45 50

x/m

(a) TRUERFIR AR

y/m
v

0 5 10 15 20 25 30 35 40 45 50

x/m

(b) ARREMI GRS

501
asr
401
351
301
251
20
15+
10

5L

0

y/m

0 5 10 15 20 25 30 35 40 45 50

x/m

(c) PATIEA

y/m
&

0 5 10 15 20 25 30 35 40 45 50

x/m
(d) PeAsiiiaB

4 Tl HARE (RRT R
Fig. 4 Improved RRT planning based on goal biasing

A1 AT ot B AMRET 9 RRTALX
Table 1 Improved RRT planning based on goal biasing

ﬂ:ﬁ HL%IJ EEIjJﬁl% Nnode Lroad Tplan

e FH g0 245 91566 7.098
] WA

CR 100 244 91674 1251

P P 00 197 74268 3.266
[ pIRES

CR 100 200 75870 1217

sz M g 138 70902 1.106
TWIEA W

CR 90 111 72288  0.858

pe U 71 132 71424 1304

CR 65 140 72342 0.856

WESHTR, B shplas A 2 5 % H 03 AL )
FICRHLH 5 bi—RRTIZ 2 FU R V5 AT 45, IFET
T [ 15 A AR R (P15 ()~ I ) s A A 455 A5 784 (1
5(b)) Bk 7% T B C(E5(c)) 1k 745 T8 IED (K 5(d)) 4
ST EIRR. CLE 7 B 25 w5 Fr s, A
KMRREHE G K2R, R2 P 2 Z4500K12
ATHTAS AR r3MA.
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y/m

30

y/m
(3]
W

x/m

(b) AFHEIBRAGERIT ALY

y/m
3

0 5 10 15 20 25 30 35 40 45 50

x/m

(c) PAIHIEC

y/m
5

0 5 10 15 20 25 30 35 40 45 50
x/m
(d) BAEEIED

5 Uiki¥bi-RRTIZ
Fig. 5 Improved bi—-RRT motion planning

& 2 PAEDI-RRTHLR] 69403t 43E
Table 2 Statistical data of improved bi—RRT planning

ﬂ(% *ﬂfﬁ?” EEI]j%l% Nnode  Lroad Tplan
EE|

TH 100 1239 161.966 28.367
e IR
Prfis
CR 100 1253 162.562 18.289
]
AERR ) EE 100 818 146.851 8.880
B[ }7.8
Fihis
CR 100 787 147.097 6.217
|
e ﬁli 96 200 100.577 1.386
i ARF
CR 94 192 92,596 1.304
|
P ﬁi 89 207 102.161 1.336
D ARF
C 89 181 93.570 1.106

4.2 iR (Result analysis)

bi-RRTIZ K 55T H b RRTAZ 2K
DRI A 0 BEATL AR K R A7 A H AR X I = m 1
I, AR AT FELO G L T 257 A2 SR i A /N R B B 7
DL E A ol A A D05 R U= 0 AH &5 5 () CRATL
I Tbi-RRTIZ K 5 2T H An b 4f (RRTIZ 5y
FKI, B LRI B9 AT LR R 28 A s, B
A7 5 R () S 3 T CRALA IRRT A2 5
K BRI RRT SEH T LU S 2 an R 4518

1) HE45RIT I, TER ek CRILE] i 24 ]
VAR T 1 H br i IRRTELK, FURI Pk #
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