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Motion planning based on adaptive parameters under kinodynamic
constraints

CUI Bing', LI Guang, HU Fei-yang, GAO Han, XIA Yuan-qing
(School of Automation, Beijing Institute of Technology, Beijing 100081, China)

Abstract: Stable sparse RRT(SST) is a sampling-based asymptotically optimal motion planning algorithm. Compared
with the traditional asymptotically optimal algorithm RRT*, the SST employs random forward propagation to generate
new nodes, without solving the two-point boundary value problem(BVP), and can directly plan a feasible trajectory that
satisfies the system's kinodynamic constraints. Considering the issues associated with SST's sensitivity to parameters
and challenges in adapting to complex and dynamic environments, an improved SST algorithm with adaptive
parameters(ASST) is proposed. By utilizing known information such as node collision rate and node density during the
planning process, the environmental area and neighborhood information of the node are estimated, and then the node
selection radius and node pruning radius are adaptively changed. Simulation experiments have evaluated various types
of system dynamics and complex environments, and the experimental results show that the proposed algorithm can
reduce the dependence on parameters, improve the success rate and computational efficiency in complex environments,
and have strong adaptability to different motion planning problems.

Keywords: motion planning; random forward propagation; kinodynamic constraints; adaptive parameters; SST
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Algorithm 1 SST(X, U, zy, T,0p; N, 05, 65)-

D Viive < {Z0}, Visetive ¢ 03

2) G ={V + (Vauie U Vinactive), E <= 0}

3) So ¢ T, So.TED = T, S  {S0};

4) for N iterations do

5) Tgerocted <— Best_First_Select(X, V,iver 05N );

6) Lnew Montecarlo-Prop(Isclccted; [Ua ﬂ)rop);

7) if CollisionFree(Z e — Zoor) then
8) if Locally Best(x,., S, d,) then

9) Vietive < Vietive U{Toen }5

10) E + EU{Zwt = T}
11) Pruning(2 e s Vactives Vinactiver )3
12) end if

13) end if

14) end for

15) return G5.
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Spn T HIEMN W, B85 3 AR IES S 50K
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2.1 HIERI,

FEY MBI EOS R, 0, ME N BT R 42, Pl A5 BY
FETE R/, B K 0,8 B T 30T 52 2 (BT R #R4F,
PRAFE 52D BT m DAYk /D v B A7 (H A SR 6, 0 Ok
TR B A W TE B SRAE ] BTG VE R IR AT, PR KIE
BNFRI SR AFE T 2.

Uk 6, ARG, B v I8 e A I 1) R )
FRATHERCEE, R RE—MEIER S, HIE, I
RURIEFE 28 cr 3R 7 24 1T UK AR G AR ) A e, AR
cr A K H 3 B 2502 0, AL 1% A4S A T R AE
JC AN PR EEH X 38050 A B B, 1T L B RS A AN AR R
IS IX 80 A B 4. HIE NS4

5. — {550 + Y05 wax = s mi), cr = 0;

: 0. (1 —cr), cr #0.

Fore 6, P10, i 73 RS R 6, 1 5 R AR A
BME; v < LRIET R 2, FnSHNY RIE
FEs ., 27 AT AALTT s 4k 2 I AME, oot
ORI 2 s, B RE SE A R B i
Lselected B H$E , N Shearest - i "ﬁ‘)ﬁ\ Lhew il Shearest 3]
FEEBS R T Zatectoa B9 0y WPBE T groerea 1 0.9 K HTRAB 25
Lo FI Oy 5 U IR 0 FE: S e HI 23 V0 B A HLJR) P 85
B, W H 52 IR S et TP BOHT 1T BARE, 20 BF
AR AR BE B 41 U0,

Algorithm 2 Init Delta(2,.,, Zustecteds O)-

(1)

1) Sncarost — neareSt(Sa xnew);
2) if ||‘rne\n' — Shearest H > ‘rselected'és then

3) xncw'éso — xsolcetnd'és + 7(53_ max 53_ min);
4) else

5) xnew"(sso — Snearest'rep'(ss;

6) end if

7) mncxv'(ssg — min(max(xncw-(sso7 5.97 min)) 63 max);

8) return x,,,.J,, .

FEAS 375 VA O, J5, R4 0,00 B & B4 R
(1) AT UF S F A B IS RO AR, SRR A B 3 P

A ZEVESRILT O, HIE MR, Her UK, BT
I s SR AL BRSO, & B & NI/ BLR
I R AT R T er BN, R AT R
KEAE B 5 R 1Y) TG R i X, 6, 2 B E Rty K B
Y i L 10 B 4 A, D T R DA

Algorithm 3 Update Delta(Z ect0q)-

1) if Zeiecrea-cr = O then

2) xselected'(ss — ‘Tselected'(ssn + 7(657111‘4); - 65 min);

3) else

4) Lselected '65 <~ Lselected '650 (]- — Tselected .CI') )

5) end if

6) Lselected '55 — min(ma‘x(xselected '650 ) 657 min) 9 657 1nax> )

7) return 2. ieq-0s -

FEARTT SIS mUREE R er 2 LRI 2 i 2
RIS S, R TS R AR R, T S BRAE 45 52 A
BN ST AR IR BT S AL A er UK, AR
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Rom HAT R TR BARE T CRER
FRORIE 8 2 e JF AN S5 7] - HE A B R S, (ELRE — 2
REFE b S 2 | AL 3, AT A O BT B4R
0, B IE AR . 7 Rl fa

cr = ﬁm(p) (2)

Forb O 2R R RETE G p oy R R A R
REG m(p) &5 p R IERR L, 75 2 LU 2601

m'(p) > 0, (3)
lim m(p) =1, (4)
A
mm(PJr A) < gm(P) < ;j__ Am(P+ A),
(5)

A K I A% R . AR AR SO A2 I B Bk B

(p) = - AR () ATLLE 204 2

BB, I802% er PR AR A4, 32 5 or R 7R All 8 Mk
R BASTEE. B pr3Ghn, flf 1 2% cr 274845 50
K a0, R4S IE B B (p) B 2 X (3) 1 (4). i 1E
1F PR BB AN 7 5028 DR A T R I A R R K/ R R
P& IE B Hom (p) 38 75 3 2 38 (5).
22 HEMpy
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RV BRI X RE DR BN LR, IR e R
WFEFEITIR AT A, TR .
HIE RN 2

S e,
6BN = 5BN_free(1 - %) (6)
Forbrs er, SR 56549 TS AL Opn pee SYTCRR
3 X b B E SR S O pn (E, AT
6BN7free =

6BN7max7 n g ns;

In, 0N max )

d s _ max .

6BN7max )y ns <n g ((5 ) ns? (7)
n BN _min

OpN min, Otherwise.

HA1: 0N w1 Opn i 73902 E TR 6 5 AR Y
M) f K f /ME; d3RoR RV YEJE 5 nfe T R
Onn ma PARTEE N 4B 55 58 n, £ FVE B E
4k 7 531\77&% P TR 30 R 0 JE Y R A 5BN7free’fE7~EE 55|
Onn e IRAE T T RUB L (RN Opn s Y0 FEL Y 28
J& 75 R ) WA BN, H B AR 2K Opn e 1T 3]
—E A, A RS SR T,
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e I(SBNin;ax" :

e =TSN

= 2 6 ree
X / l /) BN‘X
| -
”~ 5BN. '
x X selected_new x
\ sexecte _ne . l
. W \ - / o
. xacl ted_free
- L]
&
Start

1 BiENEHyHIEE

SST ik 11T riae ¥t R i 1 oleidk, 12 X 4E T
S A B & N6 gy KB 20 T 0 — LIRS,
T S B 144 55 4 4 5 SR o . i R o
I Opn o TR ITAT AT HEH AT JE T R BB X e
(5 2 25), IFE X NI, RAE R JE 1 1 B
T EHER Oy (5 3 5~ B 7). 5, Plraa N
s, AR R B IENLS 5y NEAR, BIRIERES X
HH L IR AT S 3T 05 TR X (BB 8 20). WIR X N
AR, WIFE R R IR 18]V A 53 79 s, 75 TUDRE 3R [ 42
B Xoope T BRARHITT 5 (5 9 28 ~ 55 1220,

Algorithm 4 Adaptive Selection(X, V).

1) Zyuua < Sample_State(X);
2) char — Near(V7 Lrand s 6BN7max);
3)if X, = () then

4)  return Nearest(V, Z,,4);

5) else

6) n < Get_Nodes Number(X,.,.);

7) 0pn « Calculate_Radius(n, n,, X, );

8) Xadapt — Near(Xnean xmnd; 6BN);

9) if X, upe = 0 then

10) return Nearest(V, 2,,.4);

11) end if

12)  return argmin,cy,,,, cost(x);
13) end if
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Selection 5%, PAAE F H & N 0p x5 F Zoctectea- O 75
[ 5 6, 280, UMEFH FLER G, . WS —ANH 1 s e JRil
B AER, M Init_Delta B304 4 08T vk EATAG 1)
8oy HHE 2o IR TE R cr B BN O, 20, B 2T H R 5
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Algorithm 5 Adaptive SST(X, U, z,, s V).

1) Vactive — {:BO}) Vinactive — w’

2) G = {V < (Vactive UVinactive)v E — @}:

3) zg.cr < 0,80 ¢ Tg, So.reP = Lo, S < {0 };
4) for N iterations do
5) TLselected Adaptive_Selection(X, Vactivu);

6) T new — Montecarlo-PrOP(xsclcctcd7 U? Tprup);

7)  if CollisionFree(Z e — Zoer,) then

8) if Locally Best(,cy, S, Talectea-0s) then
9) Lo -0y € INit_Delta(Z e s Tctecteds S)s
10) Znew-0s = LTnew-0sg 5

11) Lpew-CT < 0;

12) Vaetive € Victive U{ e }5

13) E + EU{Zwtcred = Tuen }

14) Pruning(2 v s Vactives Vinactive, B3
15) end if

16) end if

17) Tetected-CT <— Update_cr(Tygected );
18) Tgerectea-0s <— Update_Delta( X geotea )
19) end for

20) return G.

3 fHERAIERS RS

R T BAEAR ST W 5V A R, AT
WHE T 4 MM E VX AR S 50T 1) SST H kM
ASST HEMERIvERE. BTl 1 BTE R —F & Lt
17, % F 6 % H 16 GB RAM #1 3.20 GHz x 8 AMD
Ryzen 7 5800H Kb EE#%.
3.1 AREERZGRGTEXTH

N T HAIE ASST BikRe a2 MBS R AT A

RUBAT , AT 755 A4 8 18 R0 2% L B 05 400 (1) VR & A 855
TR 3INBERGM T U EXS L, & RGMIEE)F)
IR R

1) AR 8% R G0 MR ds Rk — P RA T
BARIEN 17 R G, BA NGRS = (A A — 4 4%
i) 2% ) PR 75 ) B 5 oz 8 1) e p R T [ o,
LK E Np €[0,150] % [0,100]. v €[—5,5] x [-5,
5], FE4E 2[R o, 4 N L R w € [—10,10]
x[—10, 10], AL A T,,,, € (0,1.2].

2) ENFERG: TE N RGK R 5 2 5 1)
B, R — AR R R G, IS 3 F AR

. . tand 1T

[xy@]zv[cosgp sing  — }
Hdr: [z, y, o] AL E R HFPRES FE, v N EANE
HI S, o N NZERIMUR A, 6 T NAERTHE f % 1A
i, LTG0 4hEE. RS2 B A R BN [, y, ]

€ [0, 150] x [0,100] x [—m, «], ¥ il % N34 5% AN
[v,0] € [0,10] x [—x/6,n/6], HFEEENL = 4. K

FERF IR T, € (0,1.2].

3) Cart-Pole 3|37 241 Cart-Pole R4t &—ME
MR IR B AR R R G, BA DY4ERES ) A —
et a1 /g r:

=160 p 0 pl,

—3m,10? sin 0 cos O — 6(m, +msy)g sin@_

é p—
4l(my + my) — 3myl cos? 0
6(u — bp) cos b
4l(my + my) — 3myl cos? 0’
. 27”112l02 sin @ + 3m,g sin 6 cos 0 + 4u — 4bp
b=

4(my + my) — 3myl cos? 0

Hor m RN ERIE, my R B, RS
K BE, ORI R BE, pRNEMNE, bRRNE
HETE 2 B R B R AL, g KRR EITIEE. DL RS
BB NmM, =0.5,m,=0.5,1=0.5,b=0.1,9 =
9.8, IAZ A L F B Ap € [0, 10], F5 64 AL 7
Wu € [—20,20]. REERET,,, € (0,0.5].

5 IR 3 Fah R E M E TR W
Ry 28 R G R ~F 9 150 mx 100 m, H &6 4 —
ANTEFE N 30 ma [A]EE A 2 m (9% 2 383 DA K@ E A
M BEHLA B ) 25 NN T 10 m B REASYI; B A
ZEH R ~F 9 150 mx 100 m, % & TN F A5 B
AR, B S — NN 30 m. [AIFE N 4 m
(15 7 e 1 LA K a1 A7 BE AL AR BRI 15 NI/
T 10 m HI4E RS, Cart-Pole 3] 3745 i & ) 61,55
R A BEALA R 4 NEEA S m i IETTTE
FEEhs4s), b T PN IEIE A PR 4309 3 m A1 1 m. ASST
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FVRAE 3 M ARG BTSRRI 2 Fiow. FIUEAR, HORMEN TR 51BN 11.50 s, FAIECH 7.71 s;

9T VRAL TR B B ASST S AR TAE 48 SST
HIEAETERE B S5, (0 SST HE®E 7 9 A
AR SHA G, H5 e 1) ASST Bk AT Xt
Eb 43 #T. SST 5ykFl ASST BVEEAR[H RG WS H
WEWER 1 Fr, ASST HikrHE iy e KLU
A1 S BUR M 258 43 BE EU Ny = 0.1, n, = 8.
175 LW AT U6 SR g Bsf TR AR KR B Th 2 AN $E AR AT
VAL R TR HERR 0T LA R, BAHB SRR
10 KA [R] (1) 4 B A 53730 3647 10 IR 475 3L, ASST Hv2:
55 SST Skt e 4abrxt L i & 3 B, 1 B 45 3
T, FEXUR /> 28 R Gi R, SSTS fE 441 SST &%

.

e

b

| n."

(a) MR RS

¥

i

(b) EANERG

FHEZ T, ASST Bk B SR s [ 2514 9 9.73 s,
RBUN 6.45 s, LT SSTS. £ L NZE &%, SSTS 1
HH SST ZHh RN E A, FRAERS [A)IME Y 12.07 s,
H AL EN 6.68 s; T ASST 5592 ) SR i i 1) 24 A
9.80s, H A7 %M 6.03 s, LT SSTS. 7E Cart-Pole f3
SRR G, SST3 754 SST S Huh £ UL &AL, I
KA 518N 4.56's, AL 3.11s; #HLLZ T,
ASST B HRAFI RISSME N 4.19 s, HA7ECH 3.18 s,
BEAR T SST3. FEMKI Ll 2 b, ASST BIEAE XA
ARG ENTERG LU Cart-Pole #3742 R KM
R Th 2253 )4 0.97, 0.96, 0.98, I AME AT —4H.

||
[
“if m L
g TSy T H W NN
m N
] |
|

(c) Cart-Poleff| 74 &%

E2 ASST EZEAEARARG FHHEER
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