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Multi-objective path planning based on improved RRT and GA:
taking UAYV forest inspection as an example

Zhang Biao Kang Feng Xu Shuting
(School of Technology, Beijing Forestry University, Beijing 100083, China)

Abstract: [Objective] To address the path planning problem of UAVs in plantation areas for inspection
tasks (such as pest and disease monitoring and fire prevention), which involves solving the optimal traversal
sequence of inspection points and generating collision-free flight trajectories, this paper proposes a multi-
objective path planning algorithm by integrating and improving the rapidly-exploring random tree (RRT)
algorithm and genetic algorithm (GA). [Method] First, the traditional GA was improved to enable traversal

of all inspection points in 3D space and solve the optimal sequence. Second, based on this sequence, the path
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search was conducted by improving the random sampling principle of RRT algorithm. Obstacle avoidance
was achieved through target and tree-avoidance strategies, and redundant turning points generated by
obstacle avoidance were eliminated by continuously selecting parent nodes. Finally, the final path was
generated through three iterations of B-spline curve optimization. [Result] Simulation results showed that
the proposed algorithm can traverse all inspection points and plan high-quality, collision-free paths in
complex forest environments within a short time. Compared with particle swarm optimization (PSO), ant
colony optimization (ACO), and RRT algorithms, when the number of inspection points increased from 3 to
9, the search times of PSO, ACO, and RRT algorithms increased by 221.77%, 332.42%, and 184.78%,
respectively, while the proposed algorithm only increased by 102.35%. In a complex environment with 9
inspection points, the path cost of proposed algorithm was reduced by 14.46%, 30.28%, and 24.76%
compared with PSO, ACO, and RRT algorithms, respectively. The path quality was significantly improved,
eliminating path crossing and overlap. Additionally, the algorithm was successfully validated through
simulation flights on forest point clouds using a UAV on the ROS platform, demonstrating its applicability
for multi-objective path planning in forest inspections. [Conclusion] For the path planning problem of
UAVs in artificial forest inspections, the proposed algorithm successfully planned a collision-free path that
traversed all inspection points while avoiding obstacles in the forest. Compared with PSO, ACO, and RRT
algorithms, the proposed algorithm shows significant advantages in path quality, path cost, and search time.

Key words: multi-objective optimization; path planning; rapidly-exploring random trees (RRT); genetic

algorithms (GA); unmanned aerial vehicles (UAV); particle swarm algorithm (PSO); ant colony algorithm

47 %

(ACO)

Te NALER H /NG R s HH 2% Seimf ks I §e ), 78
PR DX G I 0 A4S B T Rk B
BE N AR X TH AR AWK, 1 5 s 0k 58 i
IR A 55 IR 4 R MR D L, DS I H 3 fhs 0 AR bR
KR FE YT DIRE, T AN B £ AT RE I
o L BR PAT & SL IR AT 45 15 B o0 H EP, A,
A2 BRI BRCR SEBLTE AL B AT SR 1 O B )
R PR DX I P M 2 A A R TR — H AR
PR AR IR RINAE AT TC 3 2 TG AN UAE AR DX I8 AT 55 75
Ko Bk, 2 HARBE AR A T ALK XA (1)
FEMES W, KO0 s MR —%EEZ A
H b s H G () #6475 o 7E T R AR XORAS (19 22 H br
FRACIRII T, T B RPN S ) . — 2 e Uy vl
H s s 91 — 0 AR % H bR s 18] G Ailk
HIEEATE o BEAL, e 8 A 2%, I8 75 H Ui 7T an ]
TE G AN R B4R 2 TR B B R A

fE TAERREE b, FHU7 P A B A s sl
7 B AT LA A T AT HE B 51 IA) @ (traveling salesman
problem, TSP — & H 37 = Pl. 1E 4 JLf¥) TSP
w8 O TR BT el AR E T, BN T AL
o] — o BT 258 My < (R B S, B brje ik
R B A T 1 B R AR AR AR N —
ANFETE I TT H A, Zad i HeAth Ik i S 3R [a] A6
m, HAT, TSP &2 3z K00, IFkEHIF 2 A
R SR AR, ol an S e s a8 A% 55 (genetic

algorithm, GA). #5480 iB K 5 % F i H¥ 5 7% (ant
colony optimization, ACO)%M, hAb, 75 =4k =S [a]
N I8 A% 2R i TSP A CUEUASAH ST FU R . 451
1, Yang S5 SO A AR SRR SR AT L R AT, IF
B HEAT AR T AN ASE, TR A p AT A AT,
et T e R AT I B A B [ AR . SR, TSP
I 038 R 5 RE H bR [A] B% AR 1 8 i 75 5K o 7 5K
B 2 FH A, B A R AN 75 B i B AR VG 18] 4, 38
LR H AR 2 18 P ok e . 0, Yang S50
EFXEHLES NAEQ PR g IR TR W) ) ), St 1 —Fb
BT YRR AR 1) B AR IR B, R AR G R
AT R ZE AR AR, JETIN “leRi 2l
27 IR, T 7R ERAR SR T SR A [T BT B ir
BRI . R AR ARE T, MR S e
R P EVE R AT AE A, T AE A B b B 3 R
B BRAE LR, 45 SRR KRR A R A, 2L
BT AL FEAEIRAT R ) R N . T S AR
D3 SO AR G SO R, Wk T — A
NN S E ey AR Y A e o = WA E L EAY A I AP
TR RS FP)R E 2 SIS, T2 20 49 SCR, 1%
T3 VEAE /N FUA R AT 75 1) B 3 Tt e 1 3R i AL
B MAh, TEBNAIRAT R R R, ) A T
— PR R ] R g FE AR, Sl g AR
FLIR KRE R ORAF I O0 PR B e A
RPN R AR E . R A WFFLAE TSP HIsK



%48 B RS T HOE RRT 5 GA 12 B AREREM —— DUIE AHUA X 846 9 1 131

fif 7k EHUS T REE EERE, (HIX e K 2 R &
AR BT P S [ ) R PR, 6P T AMLAE B 2R BR
B B AR R, AN OCE R B VT R T A, 38 7
PRERAE B Ol 3 1, 3 O B A2 BRI [ @05 >R 1B
Ptk .

H A 7] [ 3 e % A4 20028 T) LI et 22 o e e B
ok BT, R SRR T C U K E IR,
HICH T 275 . IRk B2 )5
%42 BRI B3 (i A* 53580 RRT (rapidly-exploring
random trees, TRIBEIRZR B FED . =& E A2
RIS N T3/ DR, DL RER A2 M
X B vk (ki B 5 7% (particle swarm algorithm,
PSO). ACO il GA). #: T H5IBEHL KAL) RRT 51
VRV LR SE M, O A R AR LRI R 1
BT, UHAENLE N TE AALATEAS 2 1) 2 B
F o #R1M, RRT FIEAEE— AR, a0 K% B kAT
FEHL BRI BT . R RIX L ) B, B
FEAVR N T 2 Mk 771, 10 RRT-Connect 18
o BT 5 b0 R g AR B R FE UYL Q-RRTHL
Informed RRT*') BIT*' S5 A48 fA ik — AR AL T %
RIREAMMRIRE . o, RIEFENE T RRT &
2, A HOE T B B T PR B, I R AR S 2 AR
PO B I R BRI AR R T — Mah s AR
RFE XS AT R 77, BEAK T B N EAEAE S RRT
PRAZRI P T S R E H A BEHLME : Kang S50
£ X% RRT-Connect $2H 1 — & T =M A& AR HE
WA &Ik, Btk 7 RIE FE s Wang SEPUEZ
H 7 — R 2 T 5 9K A (CAF-RRT*) [ #% 42 #i &l
Bk, B A B AR e, WE R T B AT A
Zhong 5FPR H 52 SRR 5 R (1) B A 3 1) SR W R {5 ik
RAFIB NG, AP SR U &, TR %
R AR R ) 8, R I e gk B R T
RRT BVEAE L IR BB T e, (HAE 2 B 42 FL K
Hh, G %A 2 (8] AE B2 M AT 75 3 — P AR .

% H A5 AL KI5 2[RI A ok TSP A 28k i i)
P, FEAR SRR TT b, 8 e A B bR
Z BRI TE Rl A B AT, SR JE B T IR B ER AT 4T TSP
KA, LA B — 2% 1B A B Ar sl H S 28 A% 5 A0 1
TR P AR Y SR, 72 B AR SRS Y EE A Z 1
IR EE R, JREXT B bR A B R TC R A AR
THE A =2 Bl A PRI A 2% FE (3G, X Rk
FAH TR ETE o BT A AR R, A AR X
TN Z H AR B AR RIAE AT BT SR IR AN 2 .
2 M RSEE T W £E A2 2% AR X RR I R R H v 5
ORI A, [N 2R G AN [R] B8 AT 2 8] R A8 CE
B o BEAE BT R LR A H bR S, X —

i) R ) 9 B SR AR B Ko BT B i, A SO
fe t —Fh S#E ) RRT 5 GA 45 & 10 2 H br ik 2
MRS FT AP X . &5, £ GA F3l
N B SR, AR AR H Bl A e 5 XA
AR AR, W A5 L B 0% A = 2 2 1) F R SR
TSP. %4, $Eth—FhSe i S ANBE.C 50, X RRT
SRR EAT i, (L RE G ARAE Ui 17 7 51 [ 45 € H AR
BEAT T B AR R, 38E G A2 1) FU At H BRI A% o B
Ja» 3R Rl oy NG, IS ST 10 S S TS
% PUALEAR T 2 AR KRS A I 25 i, 7] IS 38
AN H bR (8] B8 42 A TP

1 B¥# 1 GA 5 RRT &%

1.1 HMEXIFERE

MRIX PR A 2%, W] 1a Fros . fEJC AHLIR
AT AT AT 25 I, 0620178 5 B AN A L (& 1a FR AR
ML H AR 5D, HRET SR B 28 M RASY), E24
FERFFOREL . 9 7 A8 TE A B REFE P 2 A AR IR S8l
SRR AR I H AR, T E S — P Ui e )
3 7 A S8R 5, A 1a v o R 2R AR 1935 1)
NG o RN, 3 T EF R - AL 45 S R B AS A, IR
KT — R AT, W la Rl g . H
T, ASHEF0 % B8 AR X RS R 23 A A T

2L m NI A, B OIBZONTIRTFS, @il
e o

a NTARIX

PROBUACERM TR (TR, L@ AFRE .
b i EATARIX

1 AKX

Fig. 1 Forest area environment



132 b mw # kK % R

47 %

THT A S AR DX AH 9% 38 350 0t 45

R4 PR DX B 5 40 1 20 AT, 5 8205 AR X 3R 85
(10D o FRIX R A2 AR 8 3 SR DX B A= B 1),
AREIAT I FELE 3 ~ 5 m Z (A BEAL A A5, B0 i B AE
4~ 7 m Z HBENLA B AT R E . K
ANFITT B S AR TR S 2 H bR g2 BRI 7
E, SRS B b 5 2 TR Rk e AR 1 7 5K
EEB RAERIE . 4 H b S E R 2 I, X Pk
BN RS . BRI, AR SCER B S e
BB BB — W B, 3 P BT & A, A A Sk i
GA B € B Vi 0741, TELLI FE v, AN 25 e ik e )
A, DL LA A2 IR IR T BE B A N B A A s 5
B, A FAHE FC it 1 4B RRT(BT-RRT), MR ¥ 25
— B B 5 (1) 05 10) 7 5100 K e i 45, AT SR 75 0%E
EFTA H A s B AT MR AE .
1.2 REFEFEIIKE
12.1 BAKMTE

TEEE— M B, % BRI e (U7 1) P 510 0 = 4
AT A 1] @ (3D-TSP) . FEAKIX H a4 i, Jo AHL
FV7 I N A A S CH BRSO A A 25— IR, 2
DA AR A SR AT A IR 1] 5 Ao B 304k X R«
WHAE—NEEEBRE G=V, E), HH v=1{0, 1,
2, - N—= IVERREE TR SAE N N AN IS 5 1 T
REEG: ENEEWAAIE L Fj RIELR 4 B i
45, Hpi4j,iev, jev. §%4G, )HE E5—
ANMBUE dy ORI, dyy 271846 1 i Fj 22 18] FR) 75 1]
JRAEFE B o T8 A R RS kL, R R
KK PG PR Bk A

2 B AR R R — 2R B8 AT, A0 AHLAN R A
Ry IR Te) AN R il — IR, I3 5] J5 R, [R] A g
IMEETRAT AR o 3D-TSP (4% 0 78 T 1 72 S AL I
Yy i) G, DA S/ 6 A HLEE 3 [ 50 AT ) RAT B
BN, HARAS SRR E] 5 AT A 17— IR

3D-TSP [ AR RIS R s 5l N —A
kIR R x, R TANEBERLLG H, HH
Y TN NLE G PR, x =1, Hobi# 4, d,
JEV: T, x;= 00 %I H by ek B S/ METEA
HLURAT B Fo

N-2N-1

minF = ZZdijxij (1)

i=0 j=1
Z UL AR R . B, TANNGR T R
0 A s G2 RO &, FFIR B2k A, R

N-1

D ix=1 Q)

=

xi0 =1 3)
Bx 70 LAANIREAS 5 5K s T AMLAL FUE 4
] —x, Bl

i
S

)Cij =1 (4)

inj =1 (5)
=y

NG e AMLTE B A2 T BT IR 3F, 5I A—A
WA uy Vi €V, ;= 00 Horr, p o s 5
i BT R o BN, 2 p= 5 I, KR A0 A2 D AT
FRUETT I FI 5 S A sk o BT g, B 52 BN KA 5 B
W G, AT 75 HE B A B0 5 1 7 31
122 R E ik

GA FH RIFH4 R Rie )1, 5T 5 AR
gh Aok, DLRTE TSP R 0 32 M, #7iE N
B BOR R AT A T SR, =4S )
1) TSP WA A 2, HoRMBEREMZ A HE
Heo TEMRDX AT AT 25 1, 80K s Bl B 2 AR PR AT 553
A4k, IR 3D-TSP SRR B e H I,

£ GA W, 28 XA AE 2SS e 5 S (48 &
eI TG AR F, e AT B B R A SRR R S
AU . A8 XS J MR IR, 525 (R A 4
UER A, BIEE AR T, TR 5 2ol Flksl,
PN R st o AH IR, 24258 ORI S 5 s i, A
SR A (3G K, (EAR TS R AR Y mT Re PR3, 5
BBCRBEAL . Rk, &GS R TR, DF
48 2R AR R I, S AL M RE I O

& B 35 4% 5772 Cadaptive GA, AGA)IE T 8 4
VAR AR 2, T IR T A% G kT S 4
[i] 5 1) 73, 451 40, Srinivas 25 2SR HY 0 22 8L AGA
SR, AR o B (138 B B2 B A R R A R P, AR
FMER P HIHBEARN
ki (foax = f))

fnax = fave J2 fave (6)
kys f' < fave

k max —
[ 3(Ji f)’ F> fue
Pm:

P, =

Jmax — fave @)
kas f < fave
T2 fonan 2T FORE B B KBS fovg 79 24 BT RRRE R
SEEAEL RN AE SO0 R dE N R S ORI
B, fNERFAEIE, ks ks ks by N O~ 1 22
B PR R BN ks ks g kg IR, 7EREAT I
AR BRI AT DA 3 S U 48 58 MR 5 28 e MR 11



%48 B RS T HOE RRT 5 GA 12 B AREREM —— DUIE AHUA X 846 9 1 133

B SCHk 28] @ AT S8, ®E k=05 k=
0.5, LU FH R v Ol LB T 358 0 /M A oR 48 R
AR, [FIRHESE k= 1.0, k5= 1.0, Srinivas %51**
B H 1 B & A X5 7R S 2 B AR RR S AR 4 A
N FEAB AT B A R, (RLE BRI, TS MR AC
X 578 MR AT REEA T % . XA ANARTE
i R i TR, M LS AR AT A RO A
DR AS 40 B S A4 o DRI, 4% )R FORR B, ST
REPR Bk = S 9% 10 22 FE PR T BN R 38 e A, TRV 2K
B4 R AR

AAECH AGA BIAE XFIAS SRR 2 il |-,
—P Ul TR U SR R A Bk
M5, AT 3G B AE SO oR) Hi bl 5 31 48 20k 25
b, PR SRR R B S B = A R S, IR I NIEAR
UREON A2 SURE R B 52 o 3 Ik e ik, A8 SO
SRANAR S Ak RS B 2R 3% LI 7 SV L R, A
M EEN 2 R R s A S . BAR AN

1
ky X » >
Pe = 1 1+exp(—f/_favg ><3—g) S 8
° frnax_favg G ( )
kz’ f, <favg
_ S = Jfmin T
P =kj3 ><cos(fmax_favg X 2) )

A g A HTIEAIKEL, G i IS AR EL
Jrnin TR /IME - 83 5 NIERSHL Ky
Wi 52 SRR S B, 38 e 17 S A S A B A 3
PR R S BT M2 7 i L A F I O, IF
FLIE B BEBRAI, A2 AR e sy, Bl S VLT
IR, 58 SORNA S BE 3 SB i el o 72 AN 5 FBIEAX
KBTE LT, SHEEERE W 2 Pros. £%8
ANIEAERE A, A AN S R B R S A
AR RIS o AT U e A O R N
PRI 2 2 8] s e I DLIE FEAR e R O 3 AR

a

e Iz

F5 AR IR B 3G 5038 2R B8 ) o IX Bl A 1 AL
G T S50V DRI AN A 3 I B R 5 35058 SRR S g
R, F AN R s, Widem T HIEN AR
R B SRR AR .

1.2.3 %t GA #¥ KT 3%

U GA SRR N LLTR 7 25, Bk E
3 FiR.

(DR BB KANA M, MRS g0 &%
KIERKECN G, IEFEANEEE N N, I %
P AR 2 P W E N B IE MR S

X PR HEAT SE U ImA, R FH 7O B AN
B RIS VI LRI, 2E I E R pop.

OB RN 1 B bR U

(IR PR : KRB VR AT IR 5, W38 M
JEE A %% A0 R 0 AL 2 I B B 0 B I I AR e, & N
P R AR B B R I B R, AT B2 A AT R
B 356 R SRR AT A SHRAE, AR B AR R BRI

(5 M HAE: A 2 A X, 28 AR
R8I H.

(6)78 S 4« A FE AR AR 57 07 20, A8 e
R4 RO

(T VA 75 95 J2 A5 10 2%, 5 T A2 DU s e
fift, 75 3R (0] 555 (3) 25 Ak B3 AT .

1.2.4 3D-TSP #L%

TER G (B 4), SE 9 AR L, it et
(1) GA k13 T 751 1B 4 w1 2k 38R 55
1 AR AN L T I 5 B PR K PR B U5, KRB
FERERG Y, DR L P 22 Ab s 2 2 6 T RS A . AR 3R
1R BAEVT T 5 5, 5 20K 1 B Y 4 a3k ATl e
R
1.3 EREEREMR
13.1 BERAXM L

TERBIEBAEVIIN T 5 )G, NS I B, fRYE %

A

by WHBHL P S XML Py BT Sy ZAHIFARE OSSN JEE 1 JIMEL 7. PN A2 SO0 B @ 87 FERRUR AR f, 4738 SR R0 Y2 PEE L
K2 ZEX(a). R

Fig. 2 Graph of crossover (a) and mutation (b) probability variations



134 b mw # kK % R

47 %

)

ST A HAR A
E‘JEZ&’E‘;MT&

W RN M,
ERIRE G

WL
v
[ sraae il i |

i LR

gk )

| mismis st |

[ g=g+1 |

T AR

3 U GA AR
Fig. 3 Improved GA flowchart

WRAIOR B RIPEAR
K14 3D-TSP #ikl
Fig. 4 3D-TSP planning

Li =

(k1 = Xis Yk1 = Yi» 2kt — Zi) X2 — Xk1, Y2 — Ykl» 22 — Zk1)

R B3 A7 I A 42 T B B B . 72— B
Bt BRREE B A d (LT R B B 5L 20 T
BRI TR . TOTESE BB, 5 R R i
U, B P SR 1 S BRAC Y Dy R, 7
Fy LB B8 S N M T A LB i K

N-2N-1

mianZZZDijxij (10)
=0 j=1

FE 75 RS =, SR A TE AL AR AT AR D9
— RGN AR RUE R A LB R, SR S H g
17 SO0 B AR AT Y, R IR N Gy 2 o
Xp Vi 2 PN FRORES i AR SAE xu y Az Bl B
ARG =1, 2, =+, n), n NEEET S EUR .

5 LT (0 B AS ) E E O AT, A ST
KHAFERAN LB T7 ) B AR AT @A Cn ] 1
PR XA FEAA R B R os N

re =P (20 (22

a C

' (xg yor 2O N TIHF ORISR, B8 a=b,d=
e=1,f>1; I (e) = 1 i, PrA sl B i /& —
AMEFE, Hor g vor 20) FIZRFE AR (1) 0o AR o

BB G m AN B ARG, H o R
N kAN EMARR AR, Kt ke {1, 2, 0, m)o BB
kAN A AR I ot i BN B B Hy Fo A S A1) A
FR 53 3N Gepgs vips ze) T e Vior 21005 e KE {1,
2, =, mbe AT EERERAE S RATY) R AL, K
HE 0 420 e T A I P £ T

, kem, ien

ury <Ly, kem, ien
K x RARXFGMD; |13 M &K
Ly 7R 5 1 AW s B0 58 & A B A o0 22 B B
B w NIEIK 2 AT 1S, A s B RS I
P AE N T BN A .

P R T QIR AT e, BEREPIAS H AR KU TH]
HER A N Dy 842 B p,; ML R, BEATE
FRER AT 2 B O FLSE R B AR AN Do

Pij
Djj= Z \/(xi+1 =)+ Qis1 =y + @i —2)* (13)
i1

132 ¥eoike
& 48 [ RRT 535 8 25 18] o Bl AL A 7R A
(1 5a), HrP g (i) mi O RAE i BARIX ARl AL
A B 75 AT DL S B R O, B 5 S H A
BT, § DR SH M HIE H AR A goal

(k2 — X1, Y2 — Ykts 22 — Zit)l (12)

[ A%, SRTIAE S RRT 53208 1 8 B LA Bk

FERG IR D m#e 2 55— A B A5 i goal 1. £ H
B AR BRI A 3 i A% 2 o o 2% B AR IR 27 AR
R EEM o 9 T fiff PR IX — 0] R, S8 SR A s B 7 b
5 PRAR H bR AT R ALK, AN 1) oAl B AR A, A
SCHINT RO SRS (AN 5b BT ). 1SR IS AR 4R
& start point HU&, # T —AN AR goal [ ¥ MEE
L Gyo BRI U RAT i R REAESE 0o S L Bl Y
P BE BL 5> A, 9] a0 Bl e AR BRI SR A BN G Gos
Gy 5 o IXLERNE R AR 2 BIME R R 2 P AU,
HEZEARWMRADIR. ZEEEE P I E, Kk
RSO RIIEE J i, HA SRR, R 2R
SR kX A7 20, AT DA R R A B KRR
G A B — B B ELZRBR AT, AT PR A 1) oAt H AR
A% BRI



%48 B RS T HOE RRT 5 GA 12 B AREREM —— DUIE AHUA X 846 9 1 135

a e goal II b
goz-tl 1
Rand point
Obs‘ d
Start point
Start point
Gs Gys Gy AP BEAE KR A 5, d JoRbE il S RE O I BE RS
Bls  fLOsEm
Fig. 5 Bullseye strategy
P——L- 14
- ed/k ( )

b d N5 BAs S RS k NIRT S5, R
W EAR R, ARSCHL 0.75 R B AT
133 ZedtRnk

FINEER LR BRERAE T — A B AR SURAE, H
18 B FEAF P, 3200 SRS 2 0, Toik T . DR,
A SCHE G SRS (U P 6a) . 4 K AF s rand point
AT RS A, BER AT 7 O B G ) (U ] 6a Hh 4%
OB 2R ERAT OIS, B RAE rHE R RS A o HHE H J7 1)
439 10 P Can 18] 6b): T BT 4% 4l T Gy ~F T
A 8 M5 ), ST ) (2 DA 2 Fl e FEASCHE
ERIFREE R, IR0, SRR Ak HE 1 R S
1.25 P KEBECHAIE . HEH 5 R OB KR
new point, 55217 fiEH: . % new point {3 {EFEAF Y
P, Bl L 5 A2 T A P I A A W B D R, U 4k
4 new point fE4ME, JEIF LI R, B A=A 20 HE
HEERAT, INMGIT RS -
134 HZRFLH 5

2L G SRR ST, WA L B RS ) IR R A AL new
point 5 H:AC i £ parent point ZEHEN, RS A
KAwHT, el o BER, BN tHBEZ 3 I (& 7a)
PRI, A5 R R U [0 A5 s B[R I, 3dF— 257 ) A7
FURAC T A (RHLA2 Y A5 grandparent point), BRI R
FE ARV 7 ) A2 s AR AL 25 JERAE i 5 4H

V4
_—

7 )

Next goal

g
z\‘
=

b SRAE R T 16

Ble Semsm
Fig. 6 Strategy of going around the tree

Next goal
Next goal

Grandparent point Grandparent point

Start point
a Yim AT £
o NEETR A .

Start point
b P TIHAC T £

Bl 7 SRR M
Fig.7 Sequential selection of parent nodes

AT RUERR G BRI N T4 T 5 AT RUERR I
ARARYY, TR AT A, EAEERAH AL S & 7b) 6
X7 A 2 BRI ER AR IR AT, el B ARARAR
135 4kH

N TE G IX MU DL, AR SCHR A R TR .
A B A s [R] a4 R A R 3 S — AN L
HRERWIEA . R REREM D, RAEAHRER
[F] 0B BT S Bln, H AR s goal 5 goal
[ Z (A4 9 T R, X REEE (LB 4% H bR A goal
15 goal 1z [8] 1) 26 42 A TTLZEM, X741 €4 2% 1%
(B 8b) o AN A ) i A58 ) 719 s 2R ELAN 52, A
TR E A

goal II goal I1

goal I
a PRI A b 125326

P1~P2P3 A

8 4
Fig. 8 Classification tree

1.3.6 3R B#H#L& &M

G BT N A2 S, BRI R e, A
B, S SRR SRS TR K TR
BE /b o SR, T AR — Lo B A, BRAR
P AT A IS BIFIARIRAS o B RES I 4R 1y —Fhy
TRIFEZ I 2R, B Mt JURIASAR M R S e
PEAIFE PR SE L AL, BRIE RIE RSP R AR, B 4 th
& A S PR SR . R ORGSR A
LR SR B AR A JERFRE S I FE, A SR
151 3 R B FE & i 28 0] B A2 3 AT S AL . SR
o B T e S R AR 5 RS A AR I R Y XU



136 b mw # kK % R

47 %

NIE, BT BRI BEAT TR, 2K R
w B 15, DARERZ 5] 3 Ik B A 2% i 42 b PR S 1Y
BRARAN S 5 RGN .

2 i Rieit

N T B AR AR FIEAE 2 B bR AR RUR A AL
PE, AT T — R0 HAR G . RIGHEE T R
FAE A 55 9 Fh A [A) B R X M B CIEL 9 10D, FFAR B
PRI R /N B A R 80  ader s AT R B o 208k
RIS B 9 NI, JKORE [X 48] 78 55 R ], H
A TR A, TR H AR s S0 3 2 i 5 47
bR 565 B 1 3 5 14 R o T B PR BT AR R R RS A B
R RIBEBCR. AT Fg s 52 AR5 b A e
TFYIBE R Z | MBI/ 74 .

N T B A B B A Y, 36 = 4 (A
RO I RRT 595 BB 5LVE (ACO) AR T
FE(PSOYHEAT X bL, F2HEXT LU 2R i (] B AR FEHK
MR SR bR . TEIXREEIAET , TAEZS (]2 5E
2R, BAREEEY NS . PSO M ACO H
RS R I TA) DU 38 g e i 2 B2 B v A B B[R] Dy
#E o B 07 IR B N IR /R (TMD Core(TMDi7-
12700H 2.70 GHz Al 16GB RAM [{) 210 7 Ha figi | 3k
17, K] Matlab 4 FES2H

600
Sa00
5200

2500

5400

2.1 EERIMEHEIRXKE

T R RILA L I e, S Tk R A 55
2 9 BB (3 x 3IIAR X BR8] 9), 43l 2 & 3.
6+ 9 NIKKE AT 2 B AR AR MR, B 45 R LS
17 20 IRIFIME . NI & A O IR A2 =R S BT
AR RE IR BB R . SR, BT AR X RS )
5%, PSO B4 BB R B 4T, RRT BIEA7
ERKIE R AR . AT #) BT-RRT 59551 N4
R, LY AR T I, A T RILR . ACO
R BEE B AR SRS N, B2 I AR A
Ro AL R F] SR SR I R T 288 e 36 A 19 s 3
W%, B E IR T AR SR IX RS E S
BB HLA BCRAE A5 N B AS  11 10) 8, AR S B
fSRAFE S ) R — A B bR AR i, 25 7E B S 4 P UK
FHEH, B> T A BORFE S ), P 7k
R o (R, G o SR R ALY B A I R AT
1, R T AR

T fR] BRI S o, AR AR RS 0 i, 4 P SRV 1 i
T FEHI 22 FE AN K, R A 2% 1) B A R 28 e /b
(F . fEHZEEJ5TH, PSO fl ACO FiLEHFEA
Wk AR DASRE S f 45 SR, FERTEC s T BT-RRT Fifk
4 RRT B RIRAE, FER B . 23806 SN 34
¥ n®| 6 i, PSO. ACO. RRT F1 BT-RRT £32: (1)

800
g 600

Y200
0
2500

BT-RRT. Z&#% RRT; RRT. PRIEEEHLY M ; PSO. K FHEEIE; ACO. B HEE. TH.
9 TEHIAEE T £ HARBAE MR
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Fig. 10 Multi-objective path planning under complex environment
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Tab. 2 Search time and path dissipation of various
algorithms in complex environments
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