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RESEARCH ON PATH PLANNING OF
INTELLIGENT VEHICLES BASED ON ACO-DWA
FUSION ALGORITHM

ABSTRACT

In the context of the vigorous development of modern technology,
intelligent vehicles are being increasingly applied in industries such as
industry and logistics. Their path planning ability has become a core factor
determining the efficiency of task execution. Traditional path planning
algorithms have issues like being prone to getting trapped in local optima
and having low real-time response efficiency in complex indoor
environments, which severely limit the performance of intelligent vehicles.
With the continuous expansion of the application scenarios of intelligent
vehicles and the continuous increase in environmental complexity, there is
an even more urgent need for efficient path planning algorithms. To address
these issues, this paper conducts an in-depth study of the path planning
algorithms for intelligent vehicles, aiming to enhance their path planning
ability and work efficiency in complex environments. The specific research
contents are as follows:

(1) In terms of global path planning, aiming at the problems of slow
convergence speed and easy trapping in local optimal solutions of the

traditional Ant Colony Optimization (ACO) algorithm, a series of
Vv
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improvement measures have been proposed. In this paper, a potential field
heuristic function that integrates risk assessment and historical frequency
factors is designed, enabling ants to effectively avoid high-risk areas during
path selection, accelerating the convergence speed of the algorithm and
improving the path safety at the same time. A pheromone difference
mechanism is introduced to prevent the algorithm from falling into local
optimality prematurely. An adaptive adjustment mechanism for the
evaporation coefficient is adopted to balance the global and local search
capabilities. A pruning strategy is applied to remove redundant turning
points and optimize the global path. Simulation experiments in the
MATLAB environment show that the improved ant colony algorithm
performs excellently in key indicators such as path length and the number
of iterations, significantly outperforming the traditional algorithm and
other related algorithms.

(2) In terms of local path planning, aiming at the deficiencies of the
traditional Dynamic Window Approach (DWA) in local path planning,
such as the lack of global path guidance and poor adaptability to dynamic
obstacles, this paper also proposes effective improvement strategies. A
global deviation function is introduced, comprehensively considering the
distance and direction angle between the current position of the robot and
the global path points, enabling the movement trajectory of the intelligent

vehicle to better conform to the global path. The obstacle evaluation
VI
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function is improved, and kinematic formulas are used to predict the
positions of unknown moving obstacles, enhancing the ability to deal with
dynamic obstacles and achieving dynamic obstacle avoidance. A self-
adaptive local target point insertion method is adopted, intelligently adding
local target points near obstacles to guide the robot back to the global path
and prevent path deviation. A priority obstacle avoidance strategy for
multiple intelligent vehicles is proposed, comprehensively considering the
path length and the number of turning points to sort the intelligent vehicles
by priority, achieving efficient coordinated obstacle avoidance for multiple
intelligent vehicles.

(3) To verify the practical effectiveness of the improved algorithm,
this paper designs an autonomous navigation experiment for intelligent
vehicles based on the ROS (Robot Operating System) platform. An ROS
intelligent vehicle simulation experiment platform including the Gazebo
simulation software and the Rviz visualization tool is built. The gmapping
algorithm is used to construct a global map, and the AMCL (Adaptive
Monte Carlo Localization) algorithm is used to achieve autonomous
navigation of the intelligent vehicle. The experimental results in both static
and dynamic environments show that the improved ACO-DWA fusion
algorithm can effectively help intelligent vehicles achieve collaborative
obstacle avoidance in unknown environments, can achieve a global

optimum, and has high safety, significantly improving the path planning
Vi
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ability and work efficiency in complex scenarios.

This paper provides a more effective solution for the path planning of
intelligent vehicles through the improvement and integration of the ACO
and DWA algorithms. In the future, the performance of the algorithm can
be further optimized, its adaptability to complex environments can be
enhanced, the collaborative capabilities of multiple intelligent vehicles can
be expanded, and emerging technologies can be integrated to promote the
continuous development of the field of path planning for intelligent

vehicles.

KEY WORDS: intelligent vehicle, path planning, ant colony optimization

algorithm, dynamic window approach, ROS
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TENMUBAFEIE s, R 1 ARS8 059% 0P KA

123 ZEREIFEHARIMIK

Z 8687 (Automated Guided Vehicle, HZhF51%E) KRG IFATER
J& HLSCR A=t i B B, [R] I A0 T i i 22 Pkl

FER LSS T T, AR 2 AR 55 o WL ol k28 i S B2 B AR i
% LRI LN F) 22 6 B RS 45 R 2 7 10 (MAS A, 38 22 T B A/ BE U CCARD
NI T FF IR (] ) A BC RN COTARD SRR TE R Re 4 TRk, REZM L
VRS ZEAH LI, 125208 1 LS5, AR E st T B RE 2 T 1 S A I 1) 4
T2 20%. [RINE, 22 B ARTABE RO TRIFFE 5 19, AT RS PR T 1% GE i) 52 J i 7]
BRRL BT RO SE H bR, M2 mlek. REFE%E. a0 (—MET DQN ) Memetic
BEE SR AR AR A PR e 2 AR A L 4 TR 8 R Bl RBY — Sy, 3 o g A 5 R
Q M5 Memetic HIEMRL, )T IR  FRAK Sk 58 T [A) 5 S REFENS), S8
SEIRR M, M TR G 5 2 JNVETE REFE BRI T T A 2 B 32 TF, |2 W BRI 15%
T M RERE

PEAT R, SOHEIh TV R SR RO TLIR R R G AR ST B4 Hh
3T SO P 9 R BB AR RIS (ICBS - PRD), 8t B A il 7 B e
T RFRF B, 1 52 T8 FH DXI0RT 55 2 JK 1) SIS, BROR SR TH BE 28 A B
R AL e OB NI b, SRAZE A )G, tHNERCR IR & 140 30%.
B N LR RENSGES, TRIE SRAG S 2] S e B HORBE SI N R AR R o G kR SCHIE 72 R
RIS S S SR, AR BE 2 e G A1 S AR B A rh SE I IR AN AR B 42, AL
W BASBRAGY), H98 T BEAR AR IS R 5 S 8],

ERGEBEMATIH, Petri W) 2R TR RGURAEL I E ¥
JEAEC, B 1A seet. Mo, WA oK 2E R Petri I FE H SISk £
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B RGULHUR R, $EH 1A RSB TR s, 7 R AW R e,
REAEAR . BRI 5, SRRt T IR AT 1 3CFF . BN, £ Bl Flexsim B X
B A E R e L RS ER S T H, TERZ2IRGETRO, =Tk
LR AE 1) F0 A 2 K000, 35 By oo lb A SR 28 BT TG AR e R e B A

W S SOR R, BRI Bt T g, KA. SN, AR
BEFRTT. W VR BE 45 R T ik 70 Wi, RN 2 BB PRk /5 oK. 72 SRR 2
» TP SRR RE AR DO S AT S L SR S BOR, e AR RTE £ 5mm.
AT WAE 5G LBl m AR E L, FIREER, 3—TH AR, R AT
IR B, SIASGEfEE, BRI BRI R T 80%LL B, &
Gehi MR L RME ST, AR ROR S = 2T 10%.

A, ZEGETE ARG IR ARG VAR, s RESY. ek S i
AR ST WX R A0S, B REF AL AL s 2 Bl A, SECRT
s KM R GUE A URPRAL, SRR Bea e e I, A RRE
JE 2 IR, Tkt i LS SUB AORFRPE e - RSt 55 HAl R SRRl 17
AR gE . AP E B RGN, MRAF R, AFE RGBSR L RO
PRAEA 2, 1IN T R GRS

h"

1.3 EEMREABRMERHE

e, ASSCHRIFT IR 7T BT 55 3, AR R AE 25 R AR e A [ A A1
WHFILR,  BIRRL & SO SO AT DWA S92 H]T ROS B BE AR A AR IR 3o
B, PRABEFCBR AR SR, R e SO 5% 5 DWA Sk G Se il Sl
b BRea, AR EIR TSR IIE S 8 R . ARSI N E
HEFEENEFEWT:

B1E: k. NEVIAIHE R SR 5B AR 2 QU N B T i Y
Pk, DASASSCH B AL BR R . AR Y AMI SR, B A R G sk S 1Y
- BTN E S E T 2.

B2 RERGRETE. STy 2f i LmEigaiash 2,
Hzsh . N HNEH R 7%, RN ERE . LT 2 A
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Hb P o T A o R R AT LR ROS MIERAE R4 R AIE R E ML .

83 E: BT OO EIE N 2RI . N AEGBEEEE R,
WAL VAR S H . SR G RSIIR S5 1, ot fa s, R RERE
IIAL S A5 BB SRR AR S Y s BT R S o I8 I 7 FLIE eSOk SR AL
P

4 & BT 0l DWA BER R AR AR 7T . iR % 42 DWA HE R
B, BN RS- O N, AR R AL R R SIN A R ZE R L
BE RGP PR BRI E0RR B SR R H A A B S A ANV R 22 R B R A0 S Tt 5t SR
T I FLSR IR IO IE 0 DWA HE S e O Sk Rl G 5 It R ER T .

%5 5 BT ROSFERIMEEE A X FN. N ROS FEMRH S RSHE
28, 3T Ubuntu #:1E R 5 2 ROS 7 LT 6 . FIH Gazebo #4114 I8,
KH gmapping FIEM IR, S MBS T T T ROS A ES
Fig AR, B SO WO RS DWA BVE R R

HoE: MaiGRE. DA LGB A DWA BEHE H 1 SO 15 it
PASSERGIGUEZE R o JREBARMIT T T 0], AL SRR IERE . B s BE&E e L 46
JEZHLE N UME . RGBT M HOR K0 R B 4
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F2E ERFHEMESEZEDN
2.1 5|8

bt AR MV AR 5547 M I SRR A Je, B RE R AR 21 1R 2 RN A,
Bt Hia g2 tha 32 SRR AR BTG E BE 4 RS RITIRARY, WA
LBt i AR AR TE 2 AN T5 T o R 3 ] e s e ) L AT B A IE Bl A
R, TR RE R s A B R R R AL, RS HE ST R AT
MRIPR BT PR HEADY . [FIF, (FBREH LT ) ROS HESE, SEBL 13 &
GBI R AU B SRS S EAE . AERXMERTS, A ThREMHUH I UME, {3
AR REO PR . HEMRILAC B 2RE R, I SRR . ik — R 5wt
Ao AR, ARARTE TR R AR LRI B R K B EEALENAE, ARG HOR
(Rt — 2B R AR 2 NI B 1 S HEAR 5 S i A i«

22 MRS REBHFDH

FERRE AT, B e 2 4 F) SR A5 RS 55 O i 3. 45 M DY e g
SR REDE IR T — P LT Z2 AR R T 5, R0 T AN AR EL A i A —
BUR iR, SOl 1L N TR B P RE

M BN, AL RE I B SE AR R JE PR N B i HL A 3 e P ) 5% o
P31, BET-Broe S 5L A BAL, ASOWHL R ARSI RE . YA a] 507 B 5% £ DL &
J2 5% 5 BB I 18] ) AR AR FRE T VR4 3 BT o X — 0 BT VA BE WS A 1 18 75 B e AR A A
BITRE PRI OCBEAAEL, DU LAE B AR R I BEAT B AL ) R SRR it AR

I RE T, AR, 7 — RIS ERB. BEHLN, XHENL
NI, ZIEE (4 J7REsl; EERREREE A5k
HIRT3R T, Aot R iR I N, AN R85 — MR Re BTl s (RIS, (R
PLES NIIEAT A 5], BAERE md R b s ORISR, ANRAELW, JF H A4k
TR LR AWIVEES 4 o

AN, M P T 2 R A ) e IR Ehis s A A, 5 = AR =1
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St o B oe 2 SEH JE PR S PR ZE 0 IREL SR, Mot IR IS IR YER AR E . TN
FeHHACHLIRSD, FEHLEE M E o AT BT 7, 5ARZ 8IS R EAMR. @i
MERCAE S, SRE AT R R REIRI . AUPIER AT A AR R
WP AL A AR S, B MIEs AR S8 TR, B 84S
s AN 2 ARER TS SHNERR, WErEr S8, e
TR, AR, NRAAIUC T SR HETE ) SR AR S

FEEARAR R T, AR MAsX o alja i, #t— i i br . 5
fhoCo AR AR HT RSO L G R . SRR AR . TR
i 150 1 S5 2 B0 B e ) iR P AR s Lo O A DRI AR, BRI ZE i I A 1) <12
L TE H R A ARAN R, R AR X 2R A0 i b e O AR TR PE AT 5 1 A

X AT R R AT IZ B i, RIE AT RS LT SR R AT HER, &
RBE[ BN s AR 2R RS R 1R B R AR 5 2 R AL IS K ig
ZIRES, NJESEN AR IR AIZ S IS Ot 1 e se BB EA, A B F3ETH g
TEAE R RIS (132 LRI e A A 1

ZRtr BRI BN B e DR T s AR, BT 2 I A R Bl S A A s [

2-1 fios, B DWW, H =N (Vs Ve O) =T X Y. o«

.

s

o

C:

R

~ Hi#

/ R
////-)\8 L
A il
I I

| |

:
:
:/
I
|
|
I
I
|
|
|
:
2
I

L:::::::}

jhia2d

4|

|
|
L gmgmr-— — — — — — -

Bl 2-1 Fif 5 2 e A A Y
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Bl v 2 IR AL AL TSI, RO RC AT 22 5, AMIERT N, B O AR e 1A
gi ar iz sh A A SR, REHE S AR MBS PR E I, B E
Rk E, BT aEshiEh] 5 ke

YA R (2-1)
R R-d R+d
Ve
R="‘r ™YLy 2-2
V. -V, (2-2)

FE A5 2] 10 22 0 A 38 2 SR AR 25 240 20 T DAHE 3 H 4 00 A g P2 4 2k
TS 55 A e A J e R 2 A {00 i e 2 AT 2 0 i A T B )R AR

— VR _ V%RV

= 2-3
R+d 2d (2-3)
V=R = "R—;"L (2-4)

MRAE = A pR B4 3R] DLHE 3 HH Al Re 58 A5 R G 75 AR RN 22 A0 i s 2
AP

I
tanfd =— 2-5
R (2-5)
R=— (2-6)
[0}
¢ =arctanl @ (2-7)
\

HT A5 2R 5 2 25 A RIS 3 A AR i T

VeV
2
v:VR +V, (2-8)
2
tan @ IQ
\'
Vg =V+ad
v, =vV—ad (2-9)
Hzarctanlg
v
A, I ——FEWET R AR (em);

2d——7EA 5 P S Z 18] B (cm)
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TR R R A A2 1 S

O —ZERRT AT H1 1)
v —— A e M e 2T (m/s) 5
Ve —— A5 A M JE e 2 (m/s)5

V —— AR (m/s);
O ——E5F A (m/s) .

Y A / b
oy )

4 2-2 e RSB Bk [ 2-3 g R R

i 2-2 F1EE 2-3 FioR, FEBIEASKS R xov K, IR Tz T oK fiont 7T,
AR5 38R rear Jo:

(X, Y ) ——Hir 0o A8 HR 5

(X,,Y,)—— = S Ae by

v, — R R (m/s);

V, — i Gl A0y (ms)s

| ——ZE AT S AP (em)

o —— AL A ()

S, ——FEATRTHAR 7] £1(°)

N ——ZE S Tl O

M ——ZE 40 i Al 5
R—Waie s+t (cm);
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P—— il s ot

AR AL 2 1 T A o L O s 3 DR 5 AL, BRI I A [ 42 L T i i
PR A

XA Ja O AL TR AT A, WA 2-4 PR

A

K 2-4 il JE e A kA

oo 2-4 v
X, A R A o RO B A

Y ¢ SR AL A R AR AT Al e 0 B AR

X, —— SR A A 2R A I B o 0 B R A

Y o SRS A 2R 2 O AR B

¥, ———J PS4 R 2 ZE AR e B SR

i, ———J A 2% I e R

0+ S —— I HAL AT ZA AR ) AR ) ZE AL I A

RIS R0 O Ak B B N G AT T 4RI T In) o) E
X:sing =Y cose (2-10)
115318 2 2 LA G RS W 3 BT R 005 7 1) 4y

X:sing =Y cosg (2-11)
15
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AL, A
Xr =
| V, COS ¢ 212
Y=V, sing

TR P 8 (18 3 S 2R AR 6 R W 3R LT 2R P T oy

X sin(go+5f):Yrcos(go+5f) (2-13)

RIEATEF LTS R, AT E:

X; =X, +1cos¢
Y, =Y +1sing @14
XA P IL AT R T
Xt = Xr—lsin(p-a)z Vv, cos@p—1sing-w
(2-15)

Yi =Yr+1c0sg-w =V, sinp+1cosg-w

R Hoaty Nz gl 2 2R & U P R T IF AL e -

Vv, sing; =1coso; - @ (2-16)

[F) BN 5 281 4 25 P A2 RN T 58 A 1) A
R=Vr
@ (2-17)

o; = arctan £l
R

MR LA A, BATHRIE S, RS R R 2 TR A A ]

s s AR R R 2 3

X
oS @
Y. |=| sing |v, (2-18)
@ tan o;
I I O

2.3 IMEHEEE
Bl B 2 AU e R AR R A

FER BE TR MIISAT AR R B, A B A2
EHEE R R “REARNT 7, 1L AR REN “BIG 7 PTALIE R

16
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B SRFL . ARTER PR S B AN CRETT B BE R SE AT AR & B A2, IR REAEAT BT
FE A R ETF b 4, R PRIZAT R 2 et S . AR IVE A H 5 Bl
RS AE 35, X B RE 2 PR RERC M 25 o FERBIHL a8 AW FE I, 035
MR TT AR 2 s AT BN SR AN EEROS1, LA AIE i [V VR A% s &
EPIAR S A T R BT

2.3.1 #RIMEEE

AN ENE LA N A P B R TEZ —, KA EER s s 45 R oK
EFRA A AN G5 BT, Fh it B 40 405, R IRl RO H T R AR
RIx2% o el 2-5 Fron e VARE T /L, R B, RS B
G va L s DVAR IV L b B o 87 4T ONR € = o N 1 = /B :8 29 7S ) AN P ]
e A B ORI Al A E o M U7 AT 2 AR A, MO IS AHLE
BHAL WA I TR, A0t BRI SRR I E 0 mUOERE . A N
s Rim HRABI &N ORI B3hE . IR
SRS T, BEBNAIHLER AR AR v R It RS &
RS ARLR . AR AR T, Siffa i, fARESE, MRk, Bl
Jiblas NERARASE 4 M LRI R AZ . SRR %5 5, I etk o, fEalASA S
BRE, WML, REDZHEALS LIRS EE, BT 28 Nk,
EEBAER, BRI, Ty SR, EEEAR, W&k

Mo Ho At A AR

K 2-5 A

17
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2.3.2 L4 &%

JUARTARFAIE 92502 2 TR AR5 S A B R T ik, EEAREE R Sl a8 AN R
RIS B h SR HURA TUARAE RS R i i BN, ] 2-6 firs .

I L2

K 2-6 JLATRFAE A

JUATARFAE IS A 2 LA NS A% AR R IR NS S, 1RBUR. & 28
U IE R I B 5% FARS R, BEERE, RANETEAES IR
SRR, B LS NS HEREAT AL B AS TH S HAR U . 78 R R IX 4z H R 2R 280
AT RO A B 25 R, TR AN K A = AR LES N, SESE UG BE B 4L
FAVE HAEARFE, BB AR . S E B EAL .

A ZITEAAE R IR . FER A BRI, s ARk, BERES MR, &
G IRE T, IAEEAREL TG =, R AR AR HME P SR , R TR R R NS BRI 2
WAL, HWRRKESE S, dREEBREN . 2 I, b, FE, sh
DR EMERE, HLas A5 RBUE MR %, RAELERPRE B AL bR 5 5, PR 7
TERB SN o BT A, A8 FH LRI SR il P2 088 5 5 250 2 BB () R A1 1R AT T
ALER, DA AR AR R P B I, RIS R 008 RN B SR AT i 24 25 2R 102,

2.3.3 Mg EE

TEFE N3 N IS AR A, WA BRIV N FH B oA T 72 R S A 75 163-651,
HoRE WK 2-7 Fiw.
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TR R R A A2 1 S

- -
&1 2-7 Mk )
A 1t BV AZ O AE T X PR S B S AR A A 3 o AT A A S5 3 A
— RIBTHUTIIERS ST A IS SooI TR e, Athe & I FOIRAS . 7E5E
Brig e, R A T B T AR RN, R BN “1” ARFRZMHE B S A, BISREH
FATERRISY), F2ENLES N TCVEMIEALIEAT: LL “0” RESINRE, BwE#)
HLES NBERSEIZIX I8 ER G2 o 175 B, BN S oo I T — A, I 7E
Mo B TR E L BT IXRE (AT b B R R A, RS BN AE N SR A S 2 i 2
FERURIAE R, 575 Wb Al g AR AR A% SR e A5 H BRIk SR G (R R T, 3
— AR R BRI T R AR AR ) LR, AEARAL &8 N BE S AR IR MR IR S TN AR AR B R
A I A SRV O G HY A RES 5 B 2 R B AR BT AT A, BRI SE B s A B 2R )
FEZAEA S, KM MO S BRI Ay v B 0 A 1 AR B X, DS
ERITEAE . ERAIRIMCR . XA ZMEEET, o RFEE BME, 1 #oR
BEISPIMS . AAHSEME B BRI, MBS ARSI T 8 . 7E MxM
(RItiAE IR rp M 75 0 AR s i) I5E R AT DU A B R
{m=ammdammam]

yi=a[M-+a/2—ceil(i/M)] (2-19)

He: o ALK, XBE a=1, mod NEURIZHE, ceil F£xlm Bz
B lE PSRRI A SR B B < M s AE, LRI A AT BL&
A L, R H AR E .
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24 BeeEHERY
2.4.1 ROS #Z#ERGEN B

ROSICCSLR LN GE 4201 R et HHESL, 2R e 4 BT A b B A
A BRI EZEN . el R S TR E, Wb 7R a4 gt
MERE, TPRELTHI RIS KBRS, 7T EEHH ROS =41 T RER
B, IR Aa R AR Biln, AR AL N A RERT, T A W] AR
JI ROS A K AU R IR, PR SE UL A B AS R A E A1 T g

ROS SCHRAIFATHAT MBERE EAE, X452 AME 55 T LAAE R — I 18] 4 2K
1B47, ANE T EAR B TR e 8 N 1t AT A S #oNT P [R] A o AR HAE A4
fy o P P (R 1 ATy Bl N AR 2 30, O3 T DA (5 SR ORI Ask Y At
TF R oTRRAACRS B8, NI A JF R R . RIS, IXRPE St 12 (A
MBI, 13 R G R A R RIS TEAY ettt . 7% EZOuHLEs Nds g 2h aé
i, AFTE ROS HESLHAMIIAHR. (OB SR, FRACE 4 5 HAM BB A B 01, Rl
FASKILIhREY JiE o

2.42ROS &R% 54

ROS WJZEH F B A R G HBVE PR 7 0 R E = A0,
K 2-8 s

K] 2-8 ROS ZEH4 &
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(1) Xf#%

W 2-9 Fros, XHFRGEEAFE NS TAEZ A (workspace) i3
PrEiE) (sre)s DIREEL (package). Zwi¥=S[A] (build). JFAZ[E (devel). X4t
LRI T — ARG HT SRR RISl ARk, 7E ROS ¢
tr, DhRet g pt 7 —REIE 0, MEREMM, e Ihae RS H
A AT R P 70 RS ELARIE PRI R T B S EZET RS DR ErE R .
L 2 T R 5 2 RS T F) 4 A 1 5 D0 b D e B35 SR i 4R 2 0 IR 55 ST A1)
SE VREE RIR G, T8 SUIRSS T SR AR B Es 45 K BRIV

iR =S E AL
X

B2 iE]
Tzl 4 == 18]

N N s

- [

2-9 ROS X RAZE5HE

(2) ROS iHHKEZ

ki 2-10 s, FERS AT AR REENIH], @ s L IUE g, 1B
ROS 4k, tHE K@ AL R RS SEHLE], (23 T Bt
5o s . 358, AEAPITREEAT S MEERE, 81 R AT A RO AL AT
WA, Hrhead B Il SRR TE, SEOL TR R S . X R
(G581 IS AT IR R BRI FTAAL, IESCRET 271 s P A, Gl R A
BWCE A, SEIL T At Bm s s . Bk, ROS N R4 RGtHh 4L E
B s g S ALt T — 8 RS HA I E, RE R IR E ST
ATACER, JIREN . PRERAT AR AL T o IR A S H . ARAIBER, R AT & AU
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RS T A RO, anE 2-11 B

K 2-10 ROS H T ok R &

&L

2

K 2-11 ROS K AR T [ il =

(3) ROS FFJE4EIX 2K
ROS FFJEAE X id L BRI, IniE 7 ALEs AR AR . ROS FFEAEX 2
RS U 2-12 s

BB

K 2-12 ROS FFJEAE X )= YR L5

22



74 GREIN 2R S VAT

ROS i 7 — A2 HAES RS, B 7 RATHG BAFE. ROS 4i2k. i
PFFIZRM Bug 1R RGERMITEK, ROV S 52 B I SR i1
AU FATRREAL T 2RI A2 2 AR K, B et 1 AR A Ak
5735, ROS 4EILAF 95 BAZH-T- G A 7 STk B HEPFF1R A Bug $258
RGBSR BN ] i 5 SR AL IRIE, MRt X BB 5 R g EE

2.4.3 ROS &R {EHE]

7E ROS A B 4EM (5 RIS LRI T — BB M 5 %8
BLL, ARAE T B KAT (Talker) 594 E3T 0 (Listener) 2 8 1@ R A, it
FEARIL T ROS Master 7E77 fi )@ G B AEEA, REXAEESY
AR, (HEE A SENHE B BRI C R R %, Hafr T R4+
(RIV8 S RERE HERA . = RO AE &1 AR BT X — ML AR & T R
PRI R, T HARRRE T /R R RN IR EE R AR e lAE, /& ROS 40 XU
AT EGER ) — 3 . ROS R G0 B AAHEAT 1 U 15 s 2 B & 2-13 s .

_ 3)iERE( “TUTE” ,TCP)

4)TCP server-f00:2345 "
5)i%E#%(fo0:2345)

6) KR IHE TCP

2-13 ROS il &5 HL AL &

AR T
LATIEAE B AT T /i 24 Talker 15 538 300, i@ 7€ 1) RPC I 1 (]
i 1234 3 1) 7] ROS A% 86 (Bl ROS Master) $#£38 H e FEMME B, X
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S5 SR E AR T HoR 2R A T B HIE L4 R ROS Master il f5 5 1X 5615
SN SLYE 1 M e

2T BT BT 5 S EI, Listener 7 £~ 1 H2USCHRR 2 5 8 1 B
2@ RPC ML ROS Master $& 38 HAT Bl &, B#AHE H T =5 1 ALAA R

345 LA SHhtA%i%:: ROS Master £EWC RN BiE K Ja, 3T CiEMrI K
A RS BT LS R . HAIPILEL ), ROS Master M RPC LR A
AT S AL BARIB S TS i A ULECAS BT, WA A5 7 A R AT 9 s o

4 N R EAE R SRAF RN S5, T R AR bl ke B
EFER, WRROE AR W SR IR E(E P (TCP 5 UDP).
RATT FAERIRNE K5, 18T RPC BN, JF R O S 80 1% 5 I 75 (1) TCP
EEER

580 AEXUT W RERANERGE B R, B I R E R TCP M
SOERE, KA R BEENFAG R T B AR IS AR T B .

2.5 KRB

ATERERRE- T8 RITZ NI fEBs) ot b, Bl v =2 e m L
TER MR, WM e SO R, VAR R E R (e S0 . 3
b AT T, FIBTHR AN JUATRRAE RIS M ENE AR 25, D SERR S R BEA
G PRI . BRI Ry, FEA ROS BIERS, HER
THL Bt s RaB E L], R WA R, JRIIPRACR. B2, K
BT FUSR N B AL E I T I AT SRR Kotk — B R RS 1 2R AN
TR
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#38 BTN B E AN S BEARRIWLR
3.1 515

AR N H ) ZRE =N, R EE TR &5 o0, T4
g te ], RPN HT S B R R, B A YIS 5HE
RAE T HREBIUERATS, DRI R ABEARRERE . AL GEBUR A A B IE R
bk, WA T E AR R, (HUSR . B R R R R Y, AER
MR T, = PEWLS ANBERIRCR 2, RS HATRCR. ik, &
BTG WO SR AE 2 R AR R o (B HT , 38 BT A SRR S e
=, RS HERE IS, (EHLAEE iGN B sy, blas NRILIL 4 R
BRARRIRITT %, ORI G K AR GIEREIR T HIE R AL .

32 RGWEEREE

TR BE AR 1) 2 JR AR IR A, BCHFR B892 e LR 1) SR BRI R 428 o o
FAL . BRSSO (A AE B Fr AR Pl A B R A UOR SRR R AR AT Y
AR AR 0] R L T — A RO U i EE B A S TR RS
A ST AR IR TS /L BB AE RIS B B D R B A%, 7L 2 UK
BRIz 2RI, BEE N H Bk, AR GUBUR SRRAE SERR B o B
e b L R, X ) R E RN 1 SRR AR BE AR BE A BB A R RIROR kA
Bt s TR VRN AL SR O SR FAR A, DA B o S B A I 82 At
it RV P AT

(DR R FER 20 ¢, 3000 & AL T 550 i, DI qu(qr<[0, 1R EE R R
PR KA BRI BRI vl IR F RS 2 5T

agica, Max[zff ()7 (1)), <y

j =
(3-D
P (1), 4>y
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Q)FeBLIEILEFE: MR KT g, WIFZRREE AL 7 O # F — A1 A 15t
SEARRNATJE T IIRER, AR5 I AR A X S R N — AN A
[Tij oI [77ij 1)’ i

€a,

Pijk ® = Z[Tij O [ v (3-2)
jeay
0, otherwise
1
”MU:E‘ (3-3)

J
A a ABEIRIE PR AMS RS, o AMEERBERE T, g ABEERK
R dy R BN 1 R IRREBE
Q) fE B BT AR ¢ I 2, W80 & RPN 5 i BB BT ) e
R SIS R AT 1 B R AR B IE B RIRE . 2R E B R R AT

L+ = Q- p)r, O+ D AT (CE+D (g

k=1

Hrh, p AEREREREERE, FoR2REERENR BRI, H
0<p<l. FEERWEGENTHEAXWT:
1 -
k L—k,tour(l, Jepy
Arij (t,t+1) = (3-5)
0, else

Horf, Lol k R BN 2R R K POz 2L H ris
P SRS

3.3 HOHRIMBEE L

g SO SRR B 2 R T B e M, BRI 56
N JE B BRI A ), 1 A 20 HAE R A I AR R OR - R THSRETERE
T AL B BE TP AE R AR TP R R AR R A R R, R SGRE Sk AT B o e B
S A T AR B R, WA R R BB RIS, AR RS
IRAEREE, AR R S FILRE ST, MESIRREE A G N R 2 B AR AL, A
REZE SR L SO0 1 2 JR A R 7 %6
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3.3.1 B & iR ALt

FEAL GO, R 3R 3000 A P D L LA 8 SRV Al 1 s iR
5177, SRR R A RPEROR IR Bud S, Ed TR RS H AR R
RIBEES, IG5 H B S RPPAG RS S 5] 77

TSI T BB R AR pi BART R E BARARN p

(k) -

o(k) = )
1+ak (3-6)
fa =o(k): diE2 (3-7)

X, a BEGELBOHN T, die AR 0 5 EY R E WKLRAEE,
oy RANBIE B, o(il W LRHH . HRIE B R A1
SR IR AR A B A SRR L« B I HUE = R i i i R AT
ANFLEICSE, o MMERUR, BB N — N1 sl b BT Tk #E 2 R
IR R EAR: o) FIME RN, SRR EE N — AN s I BT ) ik 38R K
5 R R BR AT .

fa*(1+cosg )
——*(1-R@j)*@A-H(j)), ifi=E
-] &+ Q=R *A-H(j) (3-8)

” 100, if i=E

Horbe AR KR, O NEBCESE T — AN S5 [ A5 37 7375 181 1Y
Kffo WHAEOT, B A ARSI R RS, RSO 3 H bs Ty
FAENT 2o RFRSRIN 50 B j IR EAEAE, H GG R N i 2] j 1
P s vs IR

AL N RS PP Al 2R3, AR SCLE B A% 106 R I e A RSGRETT v KU [X 2k, 41D
It T AR g et HK, PRI TE 2 M R e Bl A i A
[ PV E 3 G e A i S NI A VA R S 532 P e X N T E T G

Wk 3-1 foR, iE NI F1R0T5 1, 2 5 GE A BCR, - g8,
JA R BRBEROR, AN B O AT ) e B R AR By N, i s E =
L, FORHETY RS T W RRA A, TN R ol S BRI R AT
Mo
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g5 7 EAERIERe: 37708 0 I, BURFE &G R FEE 1(/di+die)fF
FH 5 6 G A 2 TR P R N BB B IE L

332 EEREVIREERL

RS IET, 5 B R TG E X BIE R R s A SI0H A o8 H L R
W ZE RIS B R, 12817 Dijkstra H R — KX R R4, I
% BB B R BOAWILATE, 8 Dijkstra Sk vH 5 ME s BIAEAN T AR R R AT
K, 330 E K EHA D=[dy,da,...,dn], HoHp di RS S BIT A | 15
(GNP

TR R AR, TFERRRD e BB B ERIKEE . (A — M ERNE 0 Ko
IaaE BRIREL, AR5 MR A B ) A BOM A2 K L R Z AT T 8

1 B
n?=fbxe“°”X£——j (3-9)

ij

R

Horb: o0 ZHAR 13 | FAIAE B KT o2 RIIHE S RKFE: Oy
AR B ERRERS ARG L A 1R ) K. o 1 BRI SH, 0
F PR A B B AR B 52
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Ty =T + ATij (3-10)
Heb, At RN SRR R VIIEE B R E. EH0E K25 SE0E
VIR BCE 2 R F s 42, IRm BRI S 2

333 EEEZENNF

G B R R B R AN R AR E R R, RISk,
EREZ AN R Ik B . £t BSOS ST, B R RWEF LS
R, EEE R R E LS, FANE bR R BRSBTS BRI ERT,
111 £ 422 JRy 45 2R AN Ry B DA T DA B A 0 2SR DS v o 4 o (1 B AR AL 8o

FECGEE R A o, AR SR DO i 22 A2 BRSO R RS B R R
CIeEiAE LIS I /A WAR

(1-p)xzd) + f *(i+ IO*Q),bestpath
I‘km I‘min

Ti§k+1): (1_p)*ri(jk)+f*(|_g— Q ), worst path
ki

" W*Lax

(3-1D

(1-p)xzl) + *Li,else

km

15 if PL_ <0.8*minkl
f =412 if 0.8*minkl <PL_<minkl (3-12)
1 otherwise
r o if T, (k) >z
7, (k) =47, (k) else (3.13)
. it r (k<7
fRANRSHE, LAY, 0 2 MHEE, RRERRTIRAEE: M
S ML s Lo F558 k G I m P ERRAS KR b e 2 HIJEFA
R B R AT ISR Lo RN AR P BB AR IS s w R fE S
ATPEIA R B K B AR D IS R s Loner RN IR P K R AR I K
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Hrb: g ABRVMERRIRE, tra NERKEERIRE . EHEFEE RN, &
L RS B B BUEVEE DR ORFF 5 B A B 2 FE 1, B 1R (5 S 0 B s 3 = 1
BAIUARE, AT RES BE B H8E 5 B N R B B LA

3.3.4 BENIFENE

B AL B ST 1 o — AN E R H L S5 B 3k R 80
LGN B E R BRI, R 15 2 E A R R BN S I A AR HE IR T 30
STEBIME. SotEmE S =R R AN

p(k) = A*(B+—) (3-14)
l+e*
p_pmin
P =03+04*(————) (3-15)
pmax _pmin
Forr: ke B EEAIREL K N RIERIEL, BIERIRE K 73 x DB e,

LR A B RN A DUEHIAS R BUE B3 R R BVEE, pmin A pimar 7E
R FZB B MER S AE, A5 B R R AT A LA, DL
RFEAE— N TR . il 3-2 R i fap (b MR IE.

PRI A2 £l it 2
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TN EATER B S PR RS A0 AR AL, 75 X SR R AT R XA cross NEEUE,
FORBAE SRS PBAARSE, AR AT
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3.4 BHEMBEENESES S

17 ELSERG IR : 7E windows 10 64bits 58 T iaAT, i 5-F 6 4 MATLAB 2021b,
HHEHNACTERS Intel(R) Core(TM) i5-7400 CPU, F4iN 3.00 GHz, WAF 8GB.
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X, = X +VvAtcos(6,)
Y., =Y, +VAtsin(8)
0., =6 +wAt
Her, x Oy (O 6 (o) 73R8 ¢ MHLESAALE x 1y J7 18] BRIz
BEANA L 2l B v () AR AR Y [ T 8 B S 47 i AU 1 B 10 AR e K R I
FRIE o (o) ARAH P92 H PR 0 A A7) o 3 ) B ) AR e K DT 2 TR
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422 HBEANEERME

TEIEEEZSH] R, DWA B as N sk in) @R — AN B A 2R i
W], AR ALES NI TE B B2 WL NG5 /I 8l 1 2R AR IR 20 0R
K 4-2 pos.
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4-2 WA NLIHRIE
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Vo = {(V. W) |V € Voo, Vi ] W € [Woio, W ]} (422)
(2) UL AR AT -
v, = {(v, 60)|V€[Vc —a™At, v, +av’“axAt],a)e[co —a™At, m, +a At]} (4-3)
b, ve A we 23 AR NLES NAE BT 20 SR LRI AR TRE . o™ Al @™ 43

I BN P AN B /N ARG L 5 @™ T o™ 53 il s B R AL Tt FEE R e
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(3) HIBNFEE LT
W:&wwnvstmummeM@sJumumme}<¢@
Hp dist (v, w) RBPES &ITFESY) AP EE . RIERIEL
0—vi’==2dist (v, w) a"Fl 0—wg’==2dist (v, w) a,™", FLLLIHEFE DA A2 J7
FRHIZME, 7 REAE 3 KA LR RALEs Nisah i) 2 4k .

423 FHHERE

BNAS B 550 DAl R B0 Al TS, A T R AR s DR S o A%
GEIIVTAL R RSN T
G(v,w) = o[ - heading (v, ®) + 7 - vel (v, ®) + y - dist(v, )] (4-5)

ORNLEF NIZsh 5 1A 5 B A T R B e, vel(v, w)REEPAGREL —
FARHL S NI, dist(v, w) & FRAS )RR PEAl oA 28, 2R TN B2 A s 3]
WSPINIBREEE R, 5 iy AR VR R BUBUE R H o/t o PP R AL
—AEIPPAL R E
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MARFNFASREYE 20, HLas A PR E 2 R MK

(3) St ER BRI TR : 58 DWA HELE RSB LI
R IR B M VAT RE R , (F PRI 272 (8] o HH I v BE RS ) I BRI, R REAR A5 TC
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global (v, w) = min[d((x, y), R ), angle((x, ¥), R)]  (4-6)
oy, o, p)RHLEF N ZETALEALYR, 0 ZHLas NZFIT A, Pje4Rigie b
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d((x, y), P
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Forfr, A SRR Z 5 =4I 2 I T8 TR) g o 285 (R PL &S N AT 2 & (s
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