PES: TP242. 6 FRARED: 10363
= % NI 2= 2. 2220320125

L]

77, Z

it F A X

B H =T RRT*-DWA BAHD:

R BEE BRI EIERE A
it X 15 & T
S S 7 S (PR
B’ 9 5 U il e
Ll F 2R 5
xAE (GiE) AT H R

WX IR AHY: 2025 F 5 F 16 H




\

3>

b
il

. TP242.6 BAIARES: 10363

2
P
>
=

¥ 5. 2220320125

HE T RRT*-DWA R S E X BEE IR X

2 H
MR
R FH

Research on intelligent vehicle path planning

e = algorithm based on improved RRT*-DWA hybrid

algorithm
S O T E
(S T i HhiE (I
(N L I 7R
ok C A B D ISR DS
WF5¢ U7 1m0 C A D - NLHfe

WA R H: 202545 H 12 H



R ITRERZANR SR A B
ANEFEY] . FARTEARTERE, S X 238107
W, —RANEFIMHES T, MILHATHIR TSR . BR
SCHE L EABRE AN S B N A, A SOV S AR H Al A N Bl ik
C2 Rk R BT A i S BCOR N . WIONARNR A, 35t
PR MW AT, e e RIRBIA R B R A N KH.

SRRSO # 4 4 T A

H#: 2025 £ 5 H 16 H



T TR R AR SR fE A AL A5
QTSI A T R SRR L R SO, R
AR DR B O 0 8 AT XS LR 6 5 S SRR b 1,
VFUS SCHEE B A 1] o A N 22 TR A 1T LA A S S 4
HS TS P 2 i N AT KR P TR R, T LR AR . 4 B B 4
S AT T BURAE AN S A5 B 3

RO, f£ AR e i AR S

A i R T
A B,
SERESEE 4 T A s 0 - P

H#. 20254 5 A 16 H HEH: 2025 £ 5 H 16 H



ZRUTAR R A 22 A 18 S

E T2t RRT-DWA SE S BIAR B REE B EMXIE AR

w2

BEERHL R, BReEE R B AR B TRE
LLZFINRE T — I — B ERIEART G, L K BTG
R ZE A . BRI E N BE R D ER, E Iz
(ORI 0B 5. RTT, BEE R REAEMI N S HIE %, T ZERRI AT
AT B A% 1 10 B S TSI P2 5 22 4 i L O 6 4 R R B89 i 5 A v 1
KB P ASCUUTRIEY R BEAL 5.9% (Rapidly-exploring Random
Tree Star algorithm, RRT*) M%) 7 & K% ( Dynamic Window
Approaches, DWA) ABEMERE, B0 E RIS IR B A2 R i) R 8
FRFIE, FETAEMPFRAEMT:

(1) BFoxd 4o Br AR LRI VA R 2R R B i Sl B . AR AR
A A I R, P TR A R P PR B LR SRV (Precise
Sampling Rapidly-exploring Random Tree Star, PSRRT*). &%¢, il
FERAF AR AL A f H bR T ) PR 20 AT A BRI SRR £, IR AR ik
SICHFE s FL, 5INBIE R R R AL, 25 TR EEY iy 5 1),
B PR R RS EE ) &)E, EEAERIEM B BT
TSR AT, AR T 2R BRI B R RRAR T
BAR M. TSI R, PSRRT*HIFEM R4 7 A2 A E AR
BOEWCSICE FE TR, B 08 B A M T A PR (R B A MR T oK

I



e 2RSS

(2) J#TH PSRRT*FALESNASM G SEif Ve 5 &M, A
SCHE P R T AR 3 B A& B 1% (Bi-Dynamic Windows
Approaches based on Heat Transfer, BDWAHT). 156, @SSR
PRI PR (5 S, DU TF R RS, $R e B sEm 1, K,
BT BT PR30 1 B 1 H & SR TS AL, DL 5 S0 AN RIS ) 1
FIREST: WJE, MIEB PR AN KA, DR PSRRT*HE S
BDWAHT S ml& il 12 o R A e 50 o) @, - AT v R R A 1) )
PR . JFESEZIGIGUE T PSRRT*-BDWAHT @l A 5575 5 805
R RE .

(3) #F ROS @& 7T HRENMA LR F&, X
PSRRT*-BDWAHT il & FA#EAT 230 . 7207 Bl s, A
Gazebo XA AL F ASBRAST Y FI BN A B AG ) (10 2 20 M HA 5, DA
B E S b I AR . A, {5 Bh Rviz PTG TR0 %A%
MR R AT BES BRI, AT E AL 5 A8 [ 5 B A P18 1 45
HHEFIERER DL, AKAE PSRRT*-BDWAHT il & 5015k 1 S2Br N g
73, WHE T RERE T WSRESRR, JHEd S A BT AT,
SR 1SR A RO ST AT

LHEA. ALK, RRT*HE L, DWA HiL, ROS

1I



ZRUTAR R A 22 A 18 S

Research on intelligent vehicle path planning algorithm based

on improved RRT*-DWA hybrid algorithm

ABSTRACT

With the development of science and technology, intelligent vehicles,
as a new generation of autonomous mobile technology platform
integrating  intelligent  perception, path  planning, dynamic
decision-making and other functions, play an increasingly important role
in social development. Path planning, as the core technology of intelligent
vehicles, has become the focus of research in this field. However, with
the increasing complexity of the application scenarios of intelligent
vehicles, how to plan feasible paths while considering real-time and
safety has become a key problem to be solved by path planning
algorithms. In this paper, Rapidly-exploring Random Tree algorithm Star
(RRT*) and Dynamic Window Approaches (DWA) are taken as the
benchmark algorithms to study the path planning problem in complex
environments. The main work and research contents are as follows:

(1) Aiming at the problems of slow convergence speed and high path
cost of global path planning algorithms in complex environments, a
Precise Sampling Rapidly-exploring Random Tree Star (PSRRT*) is
proposed. Firstly, the precise sampling model generates goal-oriented and
reasonably distributed sampling points to accelerate the convergence
speed of the algorithm; secondly, the adaptive node expansion model is
introduced to dynamically adjust the expansion direction of the nodes,

which further improves the global convergence ability of the algorithm;
i
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finally, the path optimization is performed by combining the greedy
algorithm and the B-spline smoothing algorithm, which -effectively
improves the overall smoothing of the global path and reduces the path
cost. Simulation experiments show that the PSRRT* algorithm plans a
global path with lower cost and faster convergence, which can better meet
the needs of path planning in complex environments.

(2) In order to enhance the real-time and robustness of PSRRT*
algorithm in dynamic environment, this paper proposes a Bi-Dynamic
Windows Approaches based on Heat Transfer (BDWAHT). Firstly, the
Bi-Dynamic Windows model is established to optimize the evaluation
information for reduce the computational complexity and improve the
real-time performance of the algorithm; secondly, the adaptive adjustment
mechanism of the window based on heat transfer is designed to enhance
the adaptive ability of the algorithm for different environments; finally, a
new trajectory evaluation function is constructed to solve the fluctuation
problem of paths in the process of fusion of the PSRRT* algorithm and
the BDWAHT algorithm, so as to increase the planning path's local
smoothness. Simulation experiments verify the performance of the
PSRRT*-BDWAHT fusion algorithm in complex environments.

(3) A simulation experiment platform for intelligent vehicles was
built based on ROS to experimentally test the PSRRT*-BDWAHT fusion
algorithm. In the simulation test session, Gazebo is used to construct a
complex test environment containing static and dynamic obstacles in
order to simulate the diverse road conditions in real scenarios. Meanwhile,
the path planning process is dynamically presented with the help of Rviz
visualization tool in order to analyze the performance of the algorithm in
terms of dynamic obstacle avoidance and path smoothness. In order to

verify the practical application capability of the PSRRT*-BDWAHT

v
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fusion algorithm, real vehicle experiments in real environments are set up,
and the effectiveness and feasibility of the algorithm are verified by

comparing and analyzing with other algorithms.

KEY WORDS: Path Planning, RRT* Algorithm, DWA Algorithm, ROS

Zhuoyue Yu (Electronic Information)

Supervised by Professor Chao Han
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IR TR 5| D03 R U B IE LR J1 28, T LR B R AR R T 1 [
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Hr =V, E) N A AR BENIR, V) Oy LR s AR s i 7 BERLR o O
A1) RandomSamplie(+) FNFEHRAARR, JEFANXG-D IR,
Rk 1 PUEY RV L (RRT+)
Input: Xomestart:XgoalaV = ¢,E=0¢,step
Output: G

1: Vi.i?lrited(Xsmrt)
2: form=1— M do

3: Grand = RandomSamplie(-)

4: Gnear = GetNeareastNode(qrand1, V')
5 Gnew = Expend(grand, Gnear, step)

6 if CollisoinFree(qnear, Gnew) then
7: Q@near=Near(V gnew)

8 parent = ChooseParent(Qnear, Gnew)
9 V1.append(qnew)

10: E append(gnew, dparent1)

11: E_, Rewire(V1 qnewt, @near)

12: end if

13: if Xgoqt in V then

14: V=W

15: end if

16: end for

17: return G = (V, E)

X ., 7, < 0.1
R(Xﬁee,m:{( oot Vi) T G-
(xrand ’yrand) ’VR 201
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BIEARATRAE RUR R BE B3 2D A step  BENLI _E B0 5 0 FIR
FE RS G B R BOIT M T 15 G, » AT EBEALAY o

% qrand qnear

qrand qnear

A AL AU AT 2RI R RN T AR BB 1 ), SR BR AR AR
WACRY 8-12 4T i o

B J5 VB I A A5 R AR BRI R e R . AR RRTHET
V2R P LRI AT R B AT R AR T T SE LRI e, (EL HAS F I BE AR AE
REARRIE 52 - Fe 7 2, PEOZ IR B A T M AR R 3 42 R i p e o

qnew - q near +Step

(3-2)
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(C:(xq,yq),R:D*é(“_g,e 125 )) ,i’l>125

HX(3-5)F ¢ Jy BN SRR oA FR, ROV HEMNFSRITEAR, (x0,) T
sABER,  DONEETT SR S WGBS, n N REALR Y A

FEBRARY RPN B, NIRRT R 5 7 R FR N & B, A QeI B
R R RFEIA , BRI S XS B AR EAT KA, A iRiE msE . %K
FESRME A OR T IR R DI 7 o 1, RN ROHEIE 1 e ) SR AR X sk, T2
THT KA R AT IS 2R IRk SR & ik s Ly T ), #2556
PR EEREE AR AR AR S e, AR R AR s B S (), i AR
S AR 6= AN DN (VPR S

.-@®
f =8 + h P qgoal
—— .
/ >
2\
\\ qstate /I
qstart N - _ /

K 32 JARICRIEE
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AR AR R 3-2 frow, R kAR [ AT HiR .

f(q*)=g(q*)+h(g¥) (3-6)
2(q*) = 8(q,00 ) TM (4,0, 9%) (3-7)
h(q*) = M(q*9 qgoal) (3_8)

b q* NBIE I, e N, (0% N BB, h(g*) NTRMEA, M)A
BISEIE . SR R AR, 2T DAk BRE ] 2 AR B ki SR,
T2 IAGEE B S T OREI (KT RIJT 738 58, FL T i ot (AR A M i 5
ZePE M O BEAIRZE O(n) , BB BHAR T S5 R A

i b, i R R

H(X free>Dnear> V)= arg min( /(g *)) (3-9)
q €0
0=R(C) (3-10)

Horh g Rk, QNRIERSES, RC)NWMERFRE, CONHENE.

O fz — ///.qgoal
7

-

qparentq v - f 1
A \q'dl/ \
qstate /
- 7

qstart

Bl 3-3 FERARAE
R T, TRt yE e, 22 RER KT, ATy A s
REAL TR UL 28 TE R RAE X I A, 3 B AE BRI RAE A LA 5| S BE LA 5] 17 B
PUERARY i, BERS 75 22 51 NSO Rl A5 BORIUACR AL SR . A 3-3 P, A0y
3 Gane FITAE O RAFE I AR A BB R B2 SRAE 1 G W A0S A A2 I B BBl 20 0 22
Ry AT KT Gparen FTAE X I BEHE 2 AL HEINIL TN RAE K G » RIS JEIE
AR PR B PR B IR A, AT DR 19 i 3 R R RS S AT RO e s - 9l 1) 22 )
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RAREAR R o TR R I R QB35 2 P

B 2 KRR
IHPUt: Anears 4goal s Xf’l‘€67 V
OUtPUt: drand

. if random < £ then
if randomR < 0.1 then

Grand = (xgoab ygoal)

else

1

2

3

4

5: Grand = Sample(Xyree)
6 end if

7. else

8 D = Dist(qnear, Tgoal)

9 if n < 125 then

10: R=Dx2 %"

11: else

12: R=Dxi(143e5")
13: end if

14: end if

15: O = (Gnear-T, qnear-y)

16: Grana1 = HCS(O, R)

17 Qrand2 = HCS(O.parent, R)

18: Grand = ChooseOpt(Grand1s Grand2)

19: return q,qng

Horp HCS (o) e BRI RAE 5 Granar T Qe 700009 Z T ALY R

A RAE R ChooseOpt(e) R B @, AN G, FHEFE H B3 170 1 B 588 FRIRAT: A5

322 BENT R RIZE

FEFE T RAF I AR R S AR AT e SRS BRI S AU SSoR
SigieiE. il Ry R A EaE A EY RiEE N LY RIENR T
o FIEY IR HRE AP RS Z —, HoAz O BAEE DL TR 5 5 R A A
Z IRV 7 T ) AN AR R [, 408 e A B B0 T o 2 T R
WRFE R B, AT MRS 1 ARG R, B0 45w feIF
PITRY Re, B 7R IURMIE AT N TRy kNS — T M
R ARG RN, TN TR R AR SS . iR iE e
A E AR S ARG T BRI R TN DS A, R L A S5
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BRI, 52 775] A B AR XSO A . 1% G0 N L3553 11 S # n F
3-4 FI7R > 28 53 o X AW G T2 AT Ty 5 BRI X XS A2 E S5 T Fyp s D,
NFFIHERTERE, &1 F 51 S EMR A mgs).

.qgoal

BAKE

K 3-4 RN THIY R
BN LRI E R I N AFAE 5] A e S ELARE B 0L, S BEERR AN R

i, TSR Y . R 3-5 BroR, SRl gy F, AR 1 F,
MEIRE, SEEIIF=0, FENRICIEERT R, FMEA SRR, N1k
JEER AL IRl L, AN PRSEEIWCSIGER L, AT BEE 1A HE R R AR A, AR
AU B &R TSR UM AT R, 3 RETT AR 28 A1 28 5o AESNE T AT
IR Y B 3 NN L0 R AT R, AR Y O R
A Sy RN R R A, UAE ] R Rt R A

K 3-5 Rt
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BEXTAORIAET T, N L3I0 A7 A5 R s doe fE 1) R U S B PR R e, st —
MG AMRAFETT T R E . MRS HARAE 5 e FIBEHLRAE R g, R
DURAE R 7 18], AR =) T B D 19 e 1 [ R AN AR 5 I B FE ) B 2 I HLH &
VAN REDEPARZ L i T AP SRR N 8o/ B = BANYNBE B )62 £ (b

1
Uattl ZEyDg(qnear)z (3_11)
1
Uatt2 = EyD(qsample,qnear )2 (3- 1 2)
U = Uattl + Uatt2 (3-13)
F:Jll = _V U - _7(Dg (qnear) + D(qsample > qnear )) (3' 14)
i = P07 P Xobs tuear) (3-15)
1 1 1,
Nk (=) . D(X,,,.4,0,) < D,
U — 2 D X , D A near _
rep ( (b)s qnear) 0 D(X bs,qnem ) > D (3 16)
1 1 VD(X,,.q...)
’7 : (— - )¢ XO s 2 A near
Frep=-VU,, = D(X,,:q0n) Dy D(X,,0G,00) DEXb 4 ;>D (3-17)
0 obs qnea;
att Z rep (3- 1 8)
qnew =4q near +St€p * F (3' 1 9)
Fort Dy (uear) N IR Grear 3 o FIBREEE RS, 7 51 IS 5 Usr NEE R S G

K151 133755 Usr PIRGERAFE R Qsampie ANBEHLRAF 53 Grana A 50 PETT 1) KX G, 151 70

Fo NG J10 K NETERLA T DXy Gear) NI e BIFFHFHI X, RIRK IR EE S,
Uy BT X e X G WIF T33510 Fooy 9T T3, 1 MR S35 K7, DONFFIH
YRRV, ster g b K. FONETT, § BT s AR G- 19) R .

HIEN N THZE 3-6 P, HAROLENA 9. XBINGIIF,
OSLEEN I Ge ZRNIF I By AL OSREGE 1 4, BB F « HENA
L3I AR R PR AL 51 7307 IR SR WSIGE ., [RIIN A8 B & LT 98
FAERITH R S
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K 3-6 HiEGM A L#HIE
3.2.3 ETHBE AT B HELEBEEZNBRRMNKL

HAR PSRRT* VLA 1 42 R AR AL T RRT* B4 R /b, (H 2 AF
FEARZ TURI T SOF BRI A R . R, it — B2 R,
T ECR AR T DO SRR IR B AR BY BV, DA TUAR AT T 3R TR AR T . 1E
PR AR, B e B AR 25 5 28 i A R AT R A, DAPRAL LT
ATV BZELR R AR, D0 TT 22 A B A R B AR AT i 5 48 S RN BT A T i
Rl TSR EE A, $R SRR . Ak B4, U)o 4k SR B AT Rl A
I, AR R AR RS BRI AN AR R IE L R AT, EERIEAER
— ) R A% 5T G A 5 (1) g 328 T 2 o 7F SR At b, GRS A s (R i ] B 42 250
B (A R AR R I R, 2 P A B AR O S ORI 5 A o 1 i iR R
IR, AR BRARTUAR, TR B S AT, AR SRR 5 FE i
PR R LI BR AR IEAL . B T PO AR NS AR BT RO VE I & 3-7 B, |
PSRRT*ELiE KK HH I 46 B AT L5 BEAT 5 (D1 Do PyoPasls:Dely Peols) - o id T2
WS BT S 14 SR B AR A AL B BR AR R (2 20) 5 RO T R AR AN R

S BIRR 14 R AR BT BUD 0 15 ORI B AR AR, AR A
RICIT7 EHAT RS RS2, 3X W] BE XS A2 5038 B0 (1P Fak 5 A% e P P A AR
Wi, BT I AR r L TS 6 S 1o 38 ) e 1) AN RS 1) 1) i B
RERRE, ATRA B MEFMIA N 2 RTINS T, DR SR
ST EERT AT AT M, AT MY SR B AR IS B T SR AR e
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Bl 3-7 BT AR A
B 2% i 2 2 B A2 FL R S50 T OB AL U7, el i@ i — A ) ok
A, e REAENEE n+ I AN ER A BE=010,m) M AT S B
U = (gttt} R m=n+k+1, MRIKIEBX Sz 5 n] LI R — 27
THHIZE, k+1B B #E 2k i RIEH0N:

plu) =Y PN, @) (320

K(3-20)F N, () Hy k Tk B REZAILFREL, Hi Cox-de Boor A RMIK, #ikwk

1 ,u,<u<u,

N[,o(u)z{o oA
(u—u)N,, (W) (W —wN, W)
- + - U

Ui — Y, Uit — Uiy
B 25 B S AT A OR PR AR Hh R I AR A, A R RIS B AR, 1M
Fo YRR PR AT R AT AR A LR T4 ) m e X A XK, AT HR T B A BRI 1) 22
VS EEM

(3-21)

N, (u)= Susu

k=" = "n+tl

33 MESLESHIES T
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TR SEIG 25 SR B AT SEE , B Fe et 1 2 4EBERS LSS 22 B 500 X 500 cm
5 1000X 1000 cm WAL RE, FFAERERI R N BCE 20%. 35%. 40%—
ATV LA R . AEREN SRR S, 70 R A RRT*5%. Informed RRT*5
PRIOT PRRRT*SIEOSILL L A2 H (1) PSRRT* 53347 100 YOS50 . BT
SCIOHAE, MERARLE SR IR AT [AURI AR BT s B = A PR Re Fa Ao
PAT RAVEVA S b B 3-8 I 3-13 Xt RN B AR AR 25 SRt
EASR

AT NI 25 SR L B rh (S 0 0 2 B, 1 X SO I AT X, Rt
LN B LR, 2160 it 2RI R B 28 B8 A T I X EEAS RIS R g
RIGERATLLR DL, #HET RRT*. Informed RRT*MI PFRRT Hy%, AFiHEHK
PSRRT*SVELE T I PEAN T SR AN R R b B3R B

0 100 200 300 400 500

(a) RRT* (b) Informed RRT* (c) PFRRT* (d) PSRRT*

K 3-8 500X 500, FERGH G L 20%E5 s B4 A0k

(a) RRT* (b) Informed RRT* (c) PFRRT* (d) PSRRT*

Kl 3-9 500X 500, FEIGY) L EL 35% %42 A0 K

500

s
38

400 500 -100 0 100 200 300 400 500

(a) RRT* (b) Informed RRT* (c) PFRRT* (d) PSRRT*

K 3-10 500X 500, RS9 h b 40% 42 0 1 B
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800 1000 o 200 400 600 800 1000 4 200 400 600 800 1000

(b) Informed RRT* (c) PFRRT* (d) PSRRT*

3-11 1000 X 1000, FERGH) 5 HE 20% 842 HR) B

1000

1000

400 600 800 1000 o 200 400 600 800 1000 0 200 400 600 800 1000

(b) Informed RRT* (c) PFRRT* (d) PSRRT*

K 3-12 1000X 1000, BEfG¥r 5 b 35%E 45 00 k1

1000

1200 1000

| AN 1000
800 Y O \ .
N
y 4 800
& —n J I
y - / L,

800

600

400 600 800 1000 0 200 400 600 800 1000 1200 0 200 400 600 800 1000

(a) RRT* (b) Informed RRT* (c) PFRRT* (d) PSRRT*

K 3-13 1000X 1000, 54 & Lb 40%#8 45 K%
33.1 BEKRNDHH

Kl 3-14 MIZ& 3-1 0l R T AEEL S AE T RRT* . Informed RRT*.PFRRT
J& PSRRT* 53 (1 8% 1A AN 46 20 PRI %o L &85 SRR S0 B0 o 76 B4 % B 20% 119
MARFFEZH, 500X 500 cm A1 1000 X 1000 cm R~ K, RRT*SH LA
554 820.60- 1463.86, Informed RRT* 535 (1) #2484 43 314 813.331490.56,
PFRRT* 5% (B A2 A0A 43 BN 823.84. 1470.26, & HIA PSRRT* 5L MM
Hror iy 814.87. 145145, LIRS REY], PSRRT*HEILHELT RRT*HLR{AE
A5 B 0.70% 0.71%, AT Informed RRT*HEEAE A 4 5l
-0.19%- 2.69%, FHELT PFRRT*EEBAZAM 73 51D 1.09%. 1.35%.

BEE B N 20%I2 T E 40%, - NFIEMER AN & BRI B AR AR
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Wil EIARLMEIE K&, (H PSRRT*HIL A B 6 A ORFFRURAIZKT, 31X
—IBAERE 3-14 R E A2 7 PR RIRE. BAh, ald ot IR0 A 25
AR L, PSRRT*SVEBAT B KU R AR B B = I o0 A R, X R Bk
FEEAR A BAT DL RS E VERTT 2 (K37 s i N1

R 3-1 BRARARHN T RS B R

A2 /em
R~ /em  BERSY)TE
RRT* Informed RRT* PFRRT* PSRRT*
20% 820.5963 813.3261 823.8361 814.8673
500 X500 35% 871.6885 878.5655 889.3611 865.4433
40% 918.9084 910.4335 959.1127 914.5516
20% 1463.8564 1490.5636 1470.2602 1451.4535
1000 X 1000 35% 1492.5246 1368.5365 1461.1566 1398.9358
40% 1599.7865 1445.4342 1506.7996 1432.7064
2900 500x500 1000x1000 500x500 1000x1000 500x500 1000x1000
RRT*
2000 | Informed RRT*
[ PFRRT*
1800 - [ PSRRT*

o T TT R ETRR FEN

&
~—

2 -~
,ggl 00

1000 '] | |

L A I ;=
800 li i 4 § = % + "= é
{ /
600
100 20% 35% 40%

Kl 3-14 BARAH X EE B
3.3.2 BITETEI 534
Kl 3-15 FIEE 3-2 7pol R T ARIREZ T RRT*. Informed RRT*.
PFRRT* }z PSRRT*Hy% 173247 B ()46 2L B0 be 45 AN SL I Bs . 7EREAS4)% 5
N 20% 5, 500X 500 cm A1 1000X 1000 cm 1R FE T, RRT*HEENIE
FTRFIE S35 3.164 4.21, Informed RRT*ELIEMIiEATH B> 5N 1.77. 1.36,
PFRRT* 5% {132 AT I 18] 43 54 0.7641.13, PSRRT* 535 (938 47 5 8] 43 514 0.44
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0.69. 556 25 R B, PSRRT* A AL T RRT*SHIE 13847 I 6] 23 53l 982D 86.133%
83.63%, H#Z T Informed RRT*SH% IS 4T BT [H] 73 7018 /D 74.52% 49.21%, IR
 PFRRT* 55K IZ AT I 18] 7 73 il 2L> 44.08% - 38.32%.

B PR RS HE BEN 20%IZ 552 THE 40%, SEIRIES AR BT 5 s 47 i TR
TEYG AN, {H PSRRT*BIEMISATRS A BB T HME . I+ HAE 3-15 TLLE
o, BRISYE B AN 22X PSRRT*SIE IS AT I [A]P= AR R RE I o 1X — Rtk 78
SPUEBA T PSRRT*HVEE A LT ML MRS e, Befi 2 a5 R ki
R FE K

R 32 3BATIN A7 R E 4

BAT ) /s
HERF/em  FEESY)EE

RRT* Informed RRT* PFRRT* PSRRT*

20% 3.1563 1.7721 0.7640 0.4382

500X 500 35% 6.2950 2.3892 1.5939 0.7448
40% 11.7355 8.4496 2.6892 1.0968

20% 4.2129 1.3643 1.1265 0.6908

1000 X'1000 35% 7.0929 4.3914 2.5461 1.0900
40% 9.6207 7.0875 3.4605 1.5994

500x500 10001000 500x500 1000x1000 500x500 1000x1000

82 |RRT*

;g 1 |informed RRT*
26 I PFRRT*

24 [ PSRRT*

22

£l . |

l‘f)f): - | I
e ‘ = _ E}"ﬂg

33%*;+%é£.~ ']'%'}é-‘%i; i’é o

20% 35% 40%

K 3-15 @47 1Ext e

333 BEHOh
K 3-16 f1R 3-3 3 lJE7 T ANFEIAEE S5~ RRT*. Informed RRT*,
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PFRRT* J¢ PSRRT* ik 112 1T iof (A1 FE 2 0] bl 4 SR S0 504l . 72 e ) 3
N 20% 5, 500X 500 cm A1 1000X 1000 cm #iE R JE T, RRT*HEEA R
FI5 55 5099 514 1108910, Informed RRT*SLVEAE AT A1 %04 14 1300, 944,
PFRRT* 5754 A5 80 5~ 497, 435, PSRRT*HEVEAE AT m 50 A
236 179, SLIRZERKH, PSRRT*EIAMHELT RRT*HIEA BT S0 hil ek
1> 78.70%- 80.33%, AH%: T Informed RRT* 35 A 5 i 7 s 8000 5l /b 81.85%.
81.04%, AHHLT PFRRT* AL BT s 38000 /b 52.52%. 58.85%. MK 3-16
R AL T DUE , BEAE RS % BE B3N, SRR AR B RO AR R
SRITE R AT 2R B R UTE K, (H$E Y PSRRT* HIE IR AR R S /D 171 s 2
THE R R B I I T HoAh =M AR
K 3-3 WA AR LA

1 R E/n
W RS /em  BebSY)% E
RRT* Informed RRT* PFRRT* PSRRT*
20% 1108 1300 497 236
500 X500 35% 1030 1076 429 339
40% 1074 1267 564 280
20% 910 944 435 179
1000 X 1000 35% 1188 1103 645 225
40% 1565 1431 626 289
9200 500x500 1000x1000 500x500 1000x1000 500x500 1000x1000
RRT*
2000 Informed RRT*

1800 [ PFRRT*
1600 I PSRRT*

1400 X
w009 [T
= 8 |

20% 35% 40%

K 3-16 9 55506 L
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3.4 KEN

BEX AR GE 0 42 R AR LRI SR AE SO A B S CBIOAR PG L A LR Bl AR {42
FE R, AATSEH A PSRRT*5Li% . B Se I BEvH RS AR AF R AL SR IR A H
P 3 TR PR IR RAE s D JERCRAE IR, SRR A B G S AR ALy Je B
PR, BEARTH S BEIRRTHRE, e Xt A il 10 4 R AR 2E AT BY BT A 2R, gD
AR . T E SRR, AT PSRRT*SHVEEAT /AR K

HyIg A7 i IR DAY R 8L e PERe
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F4E ET BDWAHT EZEHEER MR E LM R

ELZA PSRRT* SR AE 5 25 PR BE R R U5 AT 200 MRV BE A M R, (B e B S
R F T IR S e Y B 2, W LLREBR AR 0 22 A . i, A S JET- DWA
BV T —FREGH ) BDWAHT 5%, 665 PSRRT*ELEAISE &, LU
AR R B A HIIAE /7. BDWAHT 803 1 565 i i B4 & Ul Ak 12 3
B, SRR PR BN S B R R AP A (5 ., 50 10 P A P A o 8
S E I 0 TR BT A A R BB o BN, AR 853 T B3 RR U T i B
CRAHLE, DOMBREER R RN, MR T LA R RS R RS A R
07 ECIRIR S, CABGAIE T4 S35 (1 A

4.1 DWA B XJRIE

DWA $35 2 — Pl 180 2 (AR AL IR R S0 B AR NI B0, a5 FH R A 2
P RIS Bl AR DL R At R 2 RO ADL A2 0 R SR — U A) B e AR, LA S8 A
AL T RIESS . DWA FOEERIRIFUER A T FIs s Ay, KR
R B2 R 2 s AW, R 7 EERSe . Bl ERREERA
T, ST, MR DWA FikCERT 2N . 2%k
HE S B RAE . B TR 5 R P A A0 Mk, AT TN XA 47
4.1.1 JRERHE

DWA S350 5 0] 2240 15 B 1 P L RSRA SRRV ], B S 7R 23 B A
FFH R MG B HEAT A, 1530 2 AT & R 2 TR B 8 1) 2% 1 o R i
SRR B S YL R e AL

5 8 S HE P v, A HON:

Y =0, 0NV [V s Vi | O € [0, 0, T} (4-1)

Forbr v R © 43 5 R 2R SR AN AL, Vi FH 0 73 1 9 2250 1R B R 2 3 22 A
FRNFELE s Vo M 0,0 73 500 N 250 ) B /N Bk 2 R /N TR

22 A 2 R N T8 FE L R ARSI 2 o . I BE RS (T B v, Z950R

v ={v0)vely, ~a, ALy +a Al oelo, -a, Ao +a,-Af]} (4-2)
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(@4-2) v, Mo, 73RN AR SR LA AIESE,  a, Al a, 735 N2 IE
JERAINIELE, At JRAERT 7] o
FEAF YIS N L v, 2T 40N
v, ={0,0)vel0,\/a, 2d,(v,0)]0c[0,\/a, -2d,(,0)]} (4-3)
Herbrd, (v, o) Jy 2250 B2 A 470 80 20 ) /ML o 2% 5T 2 e PSSR ¥ B ) BIR A
ZERRIR L v, RV
Vv, =V,NV, NV, (4-4)
ZERRIE R (v, 0,) s
v, 0,)=,, Ti-Av,0,, + j-A®) (4-5)

iﬁ@LS)#ﬁi:(LLZP.”‘%“Z:vmm, ~j:(),l,z,...,fﬁ@—ﬁ;if)—““—“-, Av Al Ao 43 1) 9 25 3k
Vv (O]

JEESRARE 1) I R A 3 PSR TR G

4.1.2 FIEFMN 5 ik
EaRE s AN Q-D TR, FFRTES K A, B B2 S Ei s
B TN 2(4-6), BT IR AAEAEE o, KA A @ v oRIE,

X X, cos(9,)
Vea |=1 », |+]| sin(e,) v |- At (4-6)
(Pt+1 (Pt Y

Hrfve oy At RPN INEGSEREE . AR TN R AR o
AR5 3 (4-5) 38 P RAFAELAN 2 (4-6) T A= 59 AR R T 1 8] A KD » {ELRE |l A

FE 22 H I, G fe] PRIE (8 I\ 22 2% RN ERZE v iz #e e U2, TX0f - BR AR ALK
HIPEREA A BRI . DWA SLVAME T PR e 8 G (v, w) SR B AL I
AFE e B8 A2 AR R 1 BE o P VF A B EC L & = A1 BB A (v, w) i8] A PR 1 R AR
d(v,w) BEE AN T BR L, v(v, w) B EE TR T BR B UL PR B A G (v, w) Bn(4-10)
FoR.

h(v,0)= -9 (4-7)

d(v,0) = mm(\/(x —x) (=2 =) (4-8)

v(v,0) = V] (4-9)
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G =o(0- h(v,0) +B-d(v,0)+7v(v,0)) (4-10)
Hor 8 N AT E S B AR IS, (x,0,) NZERIR A RTAAAS, (%, ,,7%)
NI E . o) NA—LALH, B =7 B EI ER SOR A 5 223t
A A BEREATPR, v By Y WX RAIALE

42 BDWAHT &%

EEXT 2R S AR DWA SBERURI (A K T3 44 E R A5, AT
H—Fh BDWAHT 5035, DI IR )88 N5l s R SIA M Se i o o7
g, BEXMELSE DWA LRI [ 1 in) L, $2 tH—MoEh A & A, ZEXF)
AW OB, Bh T RAEYE L, PR SEE S D TR, DO EER
FRITHEIE . JLIR, 7 ISR SE & F M R D T R, T i R
THTE D EERORRA TR, B AS AS  AN WORE A (R AR
LA R ] PR A3 11 A A A R P T ) R T B A T 1 (R KD SR T B ]
B Ja A8 SO R U P R B R AR, 5 R S B A LRI 55
BDWAHT SLAHERI AN 4-1 Fir.

8

» P
e “ - ED e "’5-3'»'-:‘ i
(56.0P) s 3 e o

S

&
I—\?:.‘ l =

& it
LY ‘
1] o

feli

4-1 BDWAHT &%

421 WEhisEORE



TR R A A8
Ho S EASE LT

IS ) 3 52 49 2% 2 ) ok
&

MBS T OB ST B0 & A BRS3034S
ZEAIE B 2R P RN 2 4 20 R 254 TR e 1A T T AT 3k, i
MR e, HENS

iz
BEARE AR R BT R 2R 5, (R DR AT

A

4‘2 Fﬁﬂ—‘—\‘ o
VS 90 cm/sec
/ P
II //
Vva I’I ////

|/
/ /

i l/ »

-90 deg/sec 90 deg/sec

Bl 4-2 AR L E
&, VOB 5N 1

oAy W i NS Y, SRR N B A
FEVEEE, V, AR 2R SR EEVER, V, RS2 R R EVERE, V.o

(4-11)

LB F R .
WRYE 5 B S BN FEHLI 2R, SV, 29908
=LV €[V Ve [ © €[00, 0,0, 1}
ZUPSKE =N Sr IR

Hrp v Ao 73RN EM I SEANATESL v M 0 23
A @, 7350 R A2 5 ) i /N R P2 AT B /N R TS

SR FEE, Vi
o BERAA R IR EE V, 2150

JipE
={(v,o)velv,—a, -At,v, +a, - Atl,oe[o, —a, - -At,o +a,  At]} (4-12)
>N BN A

Va_ s S
AR ARPRS LR LA EE,  a, Ma, 735

Hrfv Mo, 7
FIESE, At N RFERT (A

FEAS LI T IRV, 2] K
V,={(v,o)vel[0,{/a, 2d, (v,0)],w<[0,{/a, 2d, (v,0)]}
Horp d,(v,0) NZERHALE 2 AT EE B 1 e/ ME o £8 0T 2400 B2 R A7 B I PR 1

(4-13)
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V.=V, V,nV, (4-14)
G E DR S E DA NS 1, BT PO Al 20
FITA IR BEAS D AT 2 SV VAl o (ERAT M BRAS D S PR _E AN BEA ) 22 4 VEd i
SO, I LS PRSI REAT 2 e VEVEAE BN 1 SRVARTH S R, 3 EON I R
e FFEAFYIAI W 4-3 Pos, 0ROV MRS RTALE, RO Ry
RIS i, Ho i) =S BRI B AR ) & VRS RO, BRI 5 Al
XL RGN S fURE AR A AT T o (RN 3K 2 s S 1 2 A0 ) o7 B B
WRAEPFAEPUL I R LS 5T E ST R %, KIS T
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ZEi
uE

K 4-3 Ho RSN
N T iR T A R, AR T S A E L ANE B T N RSB '
H, TR TSR, PRI . BEAGYIEh S T Do RN E 4-4 s,
RO NESEIAE N, A TS wW DL, RAERGYEIESE
H N IRERGI 4 2 SPETHAL ITH .

Ay

\ N
/. FERSIE O

/
TR E

S \ 4

K 4-4 BESYIZAE HRER
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0 R LN ERUET 203 ST ) 2R A AR SR PILIZE o A5 R S 1 2 ) A Xk
FEBNZ T AT RAE, IRIBGE R PHE I A i . 285, @itk
S A RSB A B A R RR RS A 0 AT B HT 2R AR TS ) R, S RENS
PERT & FEA LR TG R . ZMOE LR AORIE T BUMBIL Y 22 41,
[ I B 2 B AR T SR R IR

b

[y

A y
e
% \\BEE?;%EJJ
B~ AEO
/ SRS
/ &0
R

v

Bl 4-5 XUEh T s
WA T AT DA SO AR EE T R, IR R R FE
[FJ I Tz A AR i B A & ARS8 & AT T RlG, B DUF ARG
JRA PR RRRIRE

422 ETHRFSEHEENEOFET

HAR AN B DR R A ROt BT SR 2, PRl sl 52, R 2 L [ e
T L 1 RS A RO B A PR I AT A7 A8 SRy IR P o A% 8 ] B 1 RS I S AE T
XIS, AEAE iR T RS A AT R B RS DL K R S BR
IR & NS RIEE AL . XX — 1, AR T g i O iR et
TS FR AL AL A% O AR R A BEAG)SE EE  HE, GId dd T H
s Jy RESR FE AL B 1 X3 RS AR AL, BEITT SR 1RSSBS
TP W) P AR (R S R BE S A A N B B B AL 7 K
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NEERRIR . WIRE YL RIERRG N o(x,,,), RIFEEE N, FEIR
(D AMEN(LY) -
WIHR PARE— & (x5, ) N
(x.,3,) = (x, + pcosO.y, + psind) (4-15)
Hrp pel0,r] AHRIRZERIFER, 0<€[0,27] NAHE.
W (R BN AEER D R

D =(x, ~ (x, + pcos®))* + (v, — (v, + psind))* (4-16)
WHIR ERa s QB A, BALEAR LG S N:
5= % (4-17)
nr
BT RSP A dO
d0=5-p-dpd6=2"Ldpdo (4-18)
nr
I E SR H A
ag _ Q-p
dH = - dpdo 4-19
27D 27*r*D p ( )
2r p
0d0 4-20
27r P’ I I ( )
4%%%5‘%\% Hs y\j:
H = H, (4-21)

WL, N
1.5-, ,H. >H,

[ = ;
Hs-zo+o JH. <H, (4-22)

Horb H) ONIa G SRE, 1, WCE /N D TERE, o sV I R

BT RALE MBS E D WE 4-6 Fon, HOERNESYSIEE D, X
O E I AMORERGY), RO ROV E 1A RS, & HAARBIEREAR
ARSI . B N RIREAGY) (SEREAED AW MBI E, BRI I T A
kY = PEINAT K37 M DN N
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PERS4Eh

SEO

Kl 4-6 T AL EhASE H

4.2.3 FUBTEN R

L HTTN, PSRRT*SVEM /AT AT LUK I, PSRRT*HVETEFH AT R I
AR AR HRIRE 77, AR AR MBS ARMIG, R athm . SRR IR A2
(B SR AE BN A FREE 1K) S RERR 5 77 B SR AN A2, M DATH 2 8 B ZEAE SIS A B
IR T 3K o 53— 5 T, ELAR DWA BLVETE SIS N A KA A 92 B RE /),
HRIEE R T E G AN R EA . I BAE2 R ISA S R m AR, DWA
SVE AL G VR bR B T BORR AT R ) RIS SACE 18 45 ) . %o Bk BV AE
ANAMBE PR EIRTE, AT PSRRT*5H% S BDWAHT S04 &, T
— M PO IEN R G,, (v,0) , W1E(4-23) TR

G, =o(0-h(v,0)+B-d(v,0)+y-v(v,0)+1-g(v,0)+1- p(r,w))  (4-23)

H(4-23) T h(v,0) | d(v,0) | v(v,0) NEGHIEAL R ECH LT R, g(no)
HEsT7 17 B, p(v,0) NP TR, o0 By Yy ML ROXTR TR
KA

FERRE 4 RIATIN A% ST AU DAy R HRASUASE T ) P A6t 2R 280 (v, 0) SR AT
LA 5 2 4 R R A RN IR IO, X R RO PR A HILA 2 TR — A R R A
WAL EE R, XS T BAREE) . T PGX AR, AT 57 454 R
PEAR A TR 2% SRR — 2 R B AR S I T LRI R R e TE T H AR J7 191 BR 4L
gv,0), Wx(4-24)F7R,  DLSEILTE S I R AZE PR A .

HIRIE 5 148 R AR AT R IO BE RSP, (BB S R XE LOdE R B 25
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MIFHIAR A, M AORAIE JR) R B AR BT 1 o Dy 1 4 sy J) S A ) Y- 9 P2 DR B 2
WATBEET S, AR T AR IR T e p (v, 0) o %R BOE T /MR
P B AN 4 JR) R A T PRI 1) A O 2 R SR AR T, na(4-25) s

g(V, 0‘)) = _\/(xnext - xrarE)z + (ynext - ytarE)2 (4-24)
Y next Y ar.
- | arctan(%er) - (ptarE |’ qnext = qcurrem‘
p(V, 0)) — next ~ tark (4_25)
_ | arctan(ynext ycm’rent ) _ (P,a,.E |,0thers
next — ““current
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AR R AR SR L, PRI Dy R AR R Sk, BRI A it
BAE R, TR BRI . BRI, A& Rle PSRRT* 5 BDWAHT 5%,
LA 22 7 B (U IE 5 S ek fR g /g, (s A R BE R % e RO Rs v, X REAT 2L
BT AR KBNS ERGY) . Ba EIERAE A 4-7 PR,

B, MEEIENIG AN E SR, Jy PSRRT*HIL M 4 R
RIS IR EE S HF . BJE, R PSRRT*SR0EA e R s Lk Ae, JFH2i
AT DI R DA R R B AR R G o BE, BDWAHT FUEMR O % R H Ax gt
ITBRAR R, RN B A 25 LRI B bs i, W2 BRI 4t e & 4 15
W, ARSATXS —ARE H b /AT E AR AL, BRI SR

4.4 (MELRSHIEDH

N7 B UESE H PSRRT*-BDWAHT 577% 18 2, A& A% H Intel(R) Core(TM)
i7-8550U CPU A1 8G RAM HJit5HL, 7E Visual Studio Code 4 43 HITEERASIA
SRS AN T 5 R B8 42 AT B R ) A #T o
441 BSIMETAESIE T
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SRR R E bR A (EBER M ER LA F(250,110) . (440,230) , (760,560) 4b
HEIMR RS, 7096 PSRRT*-DWA 525 A1 PSRRT*-BDWAHT 5%
ZHAIK], BRIX A 4-11 foR, sciont EdR iR 4-1 Bos, St B
BIAEWE 4-10 Fis.
B 4-1 BRI KR

PSRRT*-DWA & PSRRT*-BDWAHT %1
78
IEAT I 8] AR CEEE BiTEE SRR TR
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JE4T I ] AT (]
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PSRRTs-BDWAHT 535

THE LN & ] BRI
A ] A R EIESE R X RAES

K 4-10 {5 HHdE LA
4-11 FPER gLy PSRRT*FIEMRIN 2 Rz, K EOX IR AN F
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FRIACRE T LLE 1, PSRRT*-DWA H% A PSRRT*-BDWAHT HiEX TAE7E AR
NG 0 A PRI 38 B 50 ORI A RERE (1) 4155, 171 PSRRT*-BDWAHT %K
R ARARECT PSRRT*-DWA VLMK B4R TP — 28, [RII AR 4-1 (15K
PR AT DL H, AR EVEM T PSRRT*-DWA HiL/EIZ/TH []_ 4T+ T
32.27%, TERSAEMPIE RIRTF T 5.42%. SO0 LRI AR RN SE 06 2005 K 0,
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442 ISMEHESLE S

RN L T S P00 10 P S it B I R R0 R B AS B AS Y, PSSR SR
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Yo, B EESRr, HE— B 7RI A .

4-14 NENEZIAE T WA EIE MR X LL I, MWE A BUE H,
PSRRT*-DWA HyLEAE IS N # 5, 1 PSRRT*-BDWAHT Hik¥H KK
IR REN s, RebASERRE . SEARAEEEATSE: PSRRT*-DWA %1 M 8 FEAES)
BB N sh#k, 1 PSRRT*-BDWAHT SiEH e K AEE, LR
gE SRRSO HAE R, AT A PSRRT*-BDWAHT SE7E 5 24 IZh 3015
REME TN L R E B 58 ORI B AT 55

M 4-1 (2 BE i LLE ), PSRRT*-BDWAHT HIE7E B & MBS
IZATI AN T 51.96s, FHET PSRRT*-DWA HiEfEs T [A]_ LT T 49.26%,
AN 6.98, #H#LT PSRRT*-DWA LR B4R KV LRI T
19.83%. PSRRT*-BDWAHT 5LikAE 5 2% (8 A EE AT I A AR T 3 A ML
AT 7.89%, 1fi PSRRT*-DWA HykizATBI [AI32F T 30.99% . [FFF11
PSRRT*-BDWAHT Hi4% () B A1~FIE FEAU IR T T 5.67%, PSRRT*-DWA HiZL42 7}
1 20.04%.. HIAEEJRIZIARALIT, DWA SRR AR B AR R 7] T iEAR b 4
AT, EETE R TR IR . AT ) BDWAHT S 11X
AT A B R LE] BT R B e 8 7E AR SR AR S R AR
RI~F 487 o

4.5 KREBINGE

NIRTE PSRRT*SLIAFESNASFAEL I S 1 5 &, A& E 580 DWA 5
R EHT T R EAA, RGN DWA SVETESh S IABEH) ) B 7 —F
BDWAHT 5% . /£ BDWAHT S350 15 Ja il W a8 & DR s b i S R,
SRIGHE T Pt U AR BIE R TR B B A B LR/, ALz i, s 1E
JHBSCHE EZEPPAN B 50K PSRRT* V%S BDWAHT HikfhG . 17 5 52505 50
O], AZHHH PSRRT*-BDWAHT S5 A58 T 7 5 HLRI i seit:,
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58 ET ROS FERIE GEZE LG M

554 F 42 H ) PSRRT*-BDWAHT 53k 78 BEAR PRSI0 58 o 2 I 40 7 AR 1R
N T AT EIVETESERRM B th PR RS, AT T AT ROS “F & HI7 ZK
SRS NS ESER . ATEX ROS “F AT T RIERINHE, HIREETH
REZE M SRUF 6, B im0 AR SCH IR SR AT 4 SRR S 2K, 23 B PR,
BRHE S A R

5.1 ROS ¥E£&

R R PG E R T AZ BB MR AR E . o,
e 4 I AR IR A1 DA PAR B8 2 BN 7S 2278 HL 7R il AN 8 P 1Y o DA o e R0 56
BRI G 5 SEE IR, FLE8 AN #R1E & 48 (Robot Operating System, ROS)
B

ROS & — 3K H T84 M AR 5ITRITERRE RS, B 2007 4
H LK, ROS A H SRR MDA R UG I BEH, BN B AE 22 S ¥ B 2 7 T
H. ROS &ilifs. W% XHRGSHEALX T —&, AFFRERMET -2
TR HESS, BEEPR T AR EMNIE AN REIT R E Atk

-
o
&2

5.1.1 ROS BYZEH

ROS 320 T BEAHE =AMz 0 1+ K2 (Computation Graph Level )+
X RG)Z (Filesystem Level) FIFFJE#EX (Open Source Community). 11541
P 2 4 53 73 A0 0T R AV RDEAS S5 PME s SO RGE= R A 1 BB S T HAESC
R JRUEAL X M IF R B4R T 8 MR BIR S HOR SR . DUN BRI =
AP AT PG4

(D HHHEIEE

fE ROS REiH, FAEZEMS TR B ALY s A AOE 4y
SEEE NG AT B H, LEME T —sRE RO ARG, BT E
(Computation Graph). Zit 5 K2 ROS IE5 2%, Ssn 5 A2 i
Bl AL S OhReME, AR RSBl m s AL B A T BEAL
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T KU B e e, 0T Ik 2 R R B A8 3k

HR%5 (Service): FRALIFID KX i@ E MM, 1A A0 I (] 17 KA 37 5%,
U A AR BT B IRE B i 4

THE (Message): 11 sila] 3 RAA K s X, @ W A& 40mER, 6
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52



ZRUTAR R A 22 A 18 S

FEfid s A AVE BRI, X PP E5 AR B BT AN DR B BT A RIS
NI REDVER M T b BERIRESESCRF . S R SR I 32 2 A R 4«
Tigetl: ROS XM ARGRIIZLHIT, REAMEARRE — MO D REf e,
L5 SEDURF E DI RE T B
RS BN TEEE SO, BRI R VFIHESFCRAE R .
TAEZSIA]: AR (B2 FF R & #E4T ROS T H K IR AE AT 1) E A8 .
TR E SOMARSS E 3L ROS A SCHY s IR 5 A% AU B2 B0, 5 R
5 SCUE AU A Bt (0 4548, AR 55 SO 5 SO 55388 45 175 SRR 2 R 3o
DR R S R GZ IR% L, BT TIRERITT A BRI R e Th e Jg
TFo fIR SCAFERE DI 5 AN AR, A DR A A AT I AR . AR 23 A)
K2R aE &, NFPRERBS IIFR WS, 18 E SCRR
55 € XONIBERM G — G, 1 Rl X S S AR S D AE . ROS
ISP RS R S5 5-2 Fos.

— gz | WA

i ST = BEEY
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%
Kl 5-2ROS XM R4 )2

(3) JFJEALX

ROS [FFIFAL: DB FFIRARRS . SORY BHIRRIE R I TF R #4174
BRYE B B BE EBOR (P & JE 5008, ROS JFIRAX hioF k. M. ook
. P EE SO, XA A% I, JLEHES) ROS K. TR
X SRR IIAZ 0 T e
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Request sk U5, JT & 2 IR P it T g
THESCH 552 B B 7 SR m S, B ATTHRE. APLS %, JF
RIGFHM RGBT R . ROS Wiki A2 4k XAESF R IR, SRt LAl 22 3 31 5
2N T R B FRE AR B4 .
THASKEBEM: ROS #HX4Ey 7 KERBREMNSH =TT 0fE, XeaE
i rosdep L HBRFEMEI T T H , FIRE 7 5Edt 7 — s NS E (
ROS Index), J5jfHIF A EHRAEHITHEIIBER

5.1.2 ROS B4

ROS 1EA—NEEKITFENLE A R REETFRHESE, B&Vr2 W8,
L RO e R R U ) R R . LA 2% ROS A s (1 AT 224

(1) ity

PR A, BRPAC B RGBT AT AL 3 3, WRBE O . Bk
BOUHE T A GRS, AR R T AR ERT, B R G SR 4)
ok, AR AR IERIZ1T. £ ROS HHCRFEA TSI, KR
iy N2 AL D AR, &N E) D B Af A, wT LB R AT T R I,
[ FH P ] DA RS B N T e

(2) AT E

AR Z IR T AR S R 2 A TAES, SN2 E LS b
I REAT BATAES, BGEREAT 4 R ATIC AL B . ROS AL )T B HLAE
55 KR4 H e v B IR FE B R AT 55, R T ek b H SR B UR B S RE R o T
Y4 R4t 24, ROS KA T A i E ML . ROS did M 2 s SRl 2 A
W RAEANRITHE B B TCSEIB1E , S5 R ST 55 20 L B 2 AN e #E 47 0 A K
fift, LR RGVEREFIIZATROR, RIS 70 A SRV S VAR AN RIS A1 & B RE
(R 05, IR T ROS BB A 1M

(3) JEEHLH

ROS &L AN AT GERERTHIIT &, SR B S A4 4 (1 Sk
FEHEIE, HNE T RIE S EENH], BeiEE N 2 Fh & 28 5 A A8 555
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Ko T RAT-T AR P EEEH TR WOt R sF iR N5
b, BARERAGHITHE UL 5115 K- B[R] 20 8 15 I B i)
SIS P A BN 25 R 75K o BeAh, 3 el Uy sOCRF I TRME S5 BRI it
W], PRI T RGUIE N R IR E AR

(4) KM H A

ROS £/ T ZF i H T E, I RE AR UMABTH I ThRE, B 1
FEISFEFT T IR B IR . SEAKIY) Gazebo 17 FL 4% 3¢ RFHE H ASURT B St PR B A
L, AE T IR RE R AT A RVIZ AT AL T H ] AR S 50408 e o A28
HIife, T EMPBMEVESCR. AN, ROS HIMNAIA G SRl S35 It
A2 A A

5.2 ¥ ROS AEIFMNE

Linux /& —FITJRIIZE Unix #4E RS, DIHRREN. 2attMmidtis
AU Z N, MU T ROS FAEEIEFE Ubuntu 18.04 1E AR ZEIE R G A&
T EAEH] Gazebo 17 H -V G R R 2 RN BRI Msh AR, R
i/ Rviz =#EnfMACT & BN AR EMYESH. e e EdE . 4
FAEIMIAAEE . RS2 Gazebo i H T 5 Rviz =4Er[ LT 6 AR IA
i AIE TS U

5.2.1 Gazebo (HE¥E &S

5-3 Gazebo ¥IUH 1L FH1H
Gazebo i BV & & —aIhaess KRR 5 T B, £ e shblas Nk E
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