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Motion planning of differential driven robot based on tracking

LIU Yan-bin't, JIANG Yuan-yuan®

(1. School of Mechanics and Optoelectronic Physics, Anhui University of Science and Technology, Huainan 232001,
China; 2. College of Electrical and Information Engineering, Anhui University of Science and Technology,
Huainan 232001, China)

Abstract: When using the triangular mesh method in path planning, aiming at the problem that the maximum threshold
of the D-P algorithm for extracting waypoints is not easy to determine, this paper proposes a method for extracting
waypoints based on collision detection. The Pure Pursuit algorithm is used to track the way points and plan the motion
of the differential driven robot. The experimental results show that the collision detection method is better than the D-P
algorithm in extracting waypoints. Finally, the motion planning experiment of the differential driven robot shows that the
motion trajectory planned by the Pure Pursuit algorithm tracking waypoints is a smooth curve, which can effectively avoid
obstacles on the map. The angular velocity and linear velocity of the robot are smooth functions with gentle changes.
There are small fluctuations near the waypoints, and the fluctuation range is within the allowable value. The motion
planning time is 0.049 s, which can fully meet the actual needs. The results show that the motion planning of mobile
robot based on road marking tracking is a simple and effective motion planning method.

Keywords: motion planning; triangular mesh; collision detection; waypoints; tracking way points

0 51 § R A2 SR IS o AT REAR AR T S BR). 3@ S

BEHR G BRI R R A A S, e ELITROMI T A A h R — 4% LA B R A 38 Bl
FRL) 2 Bl JUAT (] B, AR E LB AR A e B, (AR LAS AN BENE S TTUE I8 3. 12 3 MLk i
BB SIS 5 A S TR R R, R B S B S 4 R 5 5, AN R B AL LA
2 AL 2 ) (R R L R, R IS g sy O T A 7 B L 18 3 5Eh 2 £ R 23
2RI b T e BRI L A IR RIS IURIR E R AU i ST 57 [, AT

WS HER: 2021-11-21; FF BHEA: 2022-04-27.

EEWA: 288 = AR S5IF R R H (202104g01020012); 223088 TR 2 FREE A IF R RS B 6 BERF 92 e A
KA TEE T H (ALW2020YF18).

RERE: W

VA IAA/EH . E-mail: liuyanbin1974@126.com.



2530 # % 5

IS FH T 8 Tl SR TR () R, LA B O B A S
X As8 BRI R AR 3 A IS ARB:

1) 3% B, NIE S RIS L 25 1515,

2) ZHBRATIRER, AT RN 8 B | 47 &
FE B M R IB Bl 2 B ) RS

3) il AN, 76 57 T 223 1] ks R R I8 B Ik &
T 5RERGY) K A 00, 45 B TGRS Zh L.

P A2 R K1 H bR 2 IR0 AT 46 O B B i 2
BT B SR A0l 2R, A RIE AR
W7 L2 . H A, B BRI 5T 08 5
UL 1) s A i 2 1R 5 -8, 2) T o Aeo-190; 3) A
T3 yk-120; 4) B REFVEISI8T, §) FE T BE ML RAE )
PR AT R UO-22) BT B LR A 1) B A R K v A
A W Fh, RRT 1 PRM J7 92, SCHR [1] R W, ©A17E £ 4
A AR R B B E R A B Tz 0%
V. BT B RE 7 92 10 B A% 0 R 1 B B e 1, %
RICRT B2, A BAHEE M. T8 ZH B
BB A T8 38 11 1 18], B AR AE 7 5T RE AR A B
R A R A DR Bt AL SR A R0V 1) AN ] B 5 P A

0 o 3t P ) o, AT 10 E SRR, R A B S5
1o, 2T D-P HIRAE S 25 AR TUAR Y A, SR U b

AR R % 4%, TMM J7 56 b B B A AR S 38 S v, 2
— AR 75 O B 4 BRI B9, SOk [23] % B, D-P 5%
FEHE B b fUF, AR HE 25 HA 5 O 0 9 B0, EL 3 5 1
(B UAS & B, BRI B A2 2 5 s P 7 A T

X D-P B2 R B R, A S Tl A DU
HB b 251 75 5. [ K B Pure Pursuit 5775 BR B %
i i, 0 22 OB HL A N AT I8 AR 38 ok S0 56
EU 43 B B6IE 7 A R U B AR R, B S, e i A 2k
P 11 Z2 SR BX S AL N2 Bl 0K ) RS I P 4 vk
[ R FE .
1 ET =P H R AR R R

Xof A 82 T AT DR 1) 23 (%) i AR B TG T AR R L
NZSHTE DAY il T4, T = A T A o) i P
038 L P B i, HL TMM 5 i 2 — R AR 75 1) 56 42 10 K1)
BRI A AR B b SR A 2 b P AR L B N B AR
Kol i 8, AR ST FH = A T A
1.1 =AMt ERENRRGE

= AT WA o 40 LT AR = A R RS AT
FH T R B P B 0 3 4 B O, R 43 JG IR RT AT
WA m A R EAN BT, B AN 8P AR RR N
(@4, yi, 20), W R RIR R

* R %38%
T
r1 X2 ... Tm
P=1vyi v .. ym| > (1)
Z1 22 ... Zm
HIUEREH P R ROR A
T
C= p(12) p(22) p,(f) . (2)

Forp pl? g A 0 TT B B 6 AN G B A,
PR G R B0 T R I O R BIESS A
g, p\Y 5P i, p(P 5\ e, plY 5 pl) i
2. LU O, 28 5 AN FRoc &y s 3.4 A6, by
M35 6, T M 6 5 4R, T 45 38

oz

2 ¢ ¥ 3
E1 =A35ME

e = A A% SRR R P A ], 75 20
F B ICHEAT 22, A B FR R PR O R T 3R R A
R R G TR AR RUORIBE R . T A
A AE R — BT AR SRIBR K Y 5 A = AR B A SQIRAE R
FHRZ BIAT RB1 B, SO B (AR R v, i SR X A7 A
K 0 FE R, BE ARG 9 M AR . s 3R
B, AR I8 T R RERAE R T A S, A

T=1t; ty ... tn], (3)

S:[Sl S92 ... Sn], (4)

HAr TS HR ) JC R I AT s S. TH AR
MNICE 5 SR N ICE s e BB, Row
TSt 5 s R BT A ] R B AN R, ok
PR T 5 S (R B HFE D R

D=1d dy ... dy. (5)

1.2 SEREFREN

BT = IO i P 1 R AT R AE 25 7€ 1T R
P4 i BATE b 5 B [ 2%, 75 = A XU b ] o 4
R —%E BE FRIAAT AR, & %, £ =M %
SR B 5 B BE RS S (67T s BRI EL 7R A
B, R H B A EARE B E; 88 )5, R A kX
HRFENRBE @ E G ERE — &S



% 9#

X AEM K T RRAREE 3209 £ R IRFH AL R AE ALK 2531

BY ERWATIAR. BR N EEASET AR
Sk R e B A3 R L UL Dijkstra % %
SRR, R SCR H Dijkstra 8 2 5H 5. 18R W EE R
TR R, XA R INAS R, R Fi TR AN [, HL PR
R E A R, A RE T8 4 7 5 A B A 1A, A
B[ B LB FE AT B AL R AR, T SR AR = A X A%
i B 1 B AR R AT
1.3 BT RSN A B AR = 52 BY

FEIS BRI IS AR, 0 i 2 2 R 28 I
i BT =AM HLE ) B A2 sl 2 P N AR
B3 R A A T AN A R R A 2 B
B B st 25T 8 B AR, HLES AN AT B
B 0. 2R SR FH Al 3 A 0 7 ¥ 50 B 2 2% Bk AR R 1Y)
TUART e, PEECE T s AF B A pit il 4 o ) Jir 2
W2 frs. 25 24 AL B S 22 15 5
TG R A= il 4, W) 75 %) B 28 AB #EAT &5 B A, B A
KM RAE ST Py, Py, .., Py e B AT RSV E.

B2 AlER

T T AR G U A O b iR B 0 P 3 TR, (BRI
ZH AR KON Q1, Q2, Qs, Qu M Qs FEHUHRAR A7
IR,

step 1: FEIMTTH Q1 5 Qs HIEL ST EMER

AR A, F ORI, U5 SR R Qo, TR B Qs TRV B R
=8

B3 AlifESNRE SRR

step 2: Rl T AR Qs 55 Qq HIIEL 2 1 5 B e K
Al AR, A TG AR, DR B T AR QR R bR AL

step 3: F T M Qs 5 Qs HIEL 215 5 B ik
ARG A O, U BT A Qu, TR T S Qs 1E R
PEFF A

step4: 45 AR ST H Q1, Q3 F1 Q.
2 BEHLY

AR 3 ER SN N R RZ —. 1
Wi R U203 383 32 53 /1 # LR BRI R R, 183
R 7 ZAENLA AN L0 by B 2 () rpo R — 2% B
B FEHF B E B 8008, AR SRR DU F6 22 3 SR B AL
28 N\, X FH Pure Pursuit 5y R B2 B A5 25 10 5 VL 52 1%
peeaib3 bl
2.1 MEERRF[AGHE

ZE IR N iz 3l 2 an B 4 P, SN (% i)
BN IEE vp(t) MR v (8), r AE
AR, LR A R0 6] 1 PR BS, SUICR LA AAT

B P L, R(t) AMLAEE AAT BB I I I 42,
AL NS L w(t) N
oy = 2l )
R(t)—§ R(t)+§

H13(6), 7321

wit) = 20, )
W 3525 A2
L ’UR(t) + ’UL(t)
R(t) = 2 vp(t) —vL(t)’ ®
H
o(t) = w(tyr(n) = O
W IB B E R AR RTTREN
roor
t
AN
@ w(t) I I
(10)
1BF) A R bR RITRE N
z cos(p(t)) 0 o(t)
g | = | sin(e(t)) 0 lw(t)] . (11)

@ 0 1

SR A 56 W 2R T RN (K8 B)) 2 42 R A bR RO R

N

cos(p(t)) 0 | [ vr(t)+vL(t)

sin(p(t)) 0 2 ] . (12)
0 1

vr(t) —vL(t)
L

X
y =
¢



2532 # % 5

xR ¥38%

0]
B4 ZERIRNHZEANBENF
2.2 Pure Pursuit B #5 52 BRER

PEBR OB BE TR EAL S ANAT B2 A, i b
PLES N AR 2 Hi Az B 5 T B AR TR I 22, S AL 2%
NHEAT i [ 2 i), WIS AR LA NI 5 S B2 B A AT
B Pure Pursuit 77252 5 T JLAA 77 5 B B A AUIE I
SVE. BT R T LR 5 v 4 ) B0 1 B HL B, A
FZE AL N3 g B, =5 B i (1 2 400, id
FHYEHE E iz 2420,

1 5 7R, Pure Pursuit 255 & FR i 50 LAZ 3)
BLESF NG ot SOV R B BIHLE N BN R A4y
DIZe, ik =4  shplas N A, S s pLas A
VR — 5 40 B A I B AT k. B PR B R

IEB%5E B AT
La(t) R(t)
sin(2« AL ) (13)
(2a(t))  gin (5 — a(t))
La(2) _ R(t)
2sin(a(t)) cos(a(t))  cos(a(t))’ (14)
i (14), 755
L)
sin(a() ~ 2B®:- (15)
¥R FRN (15), 1592
vr(t) +or(t) Lt
vr(t) —vr(t)  Lsin(a(t))’ (16)
[l
vr(t) +ur(t)  la(t) .

vr(t) —vr(t)  Lsin(a(t)
3 (7) R (17) mT 45 31 4lii8 B4 ) FyE st &N

on(t) = olt) (14 Z),
v (t) = v(t) (1 - LS’;((‘:)“))) (18)

A Z B E s HLE NS H AR bR AR AN
ot), B HARERAR A AT ALEE B O 14 (2), HH 72
ZhHLas N AR L [, WA AT (18) FIAS 21 2 Fe )

?ngEUR(t) *D?)L(t)

5 HUEEERER

B R AL A R bR b R
1B 22 g e, W9 SR IE 3%
sin(a) = 20 (19)

la(t)’
[ A5 7] 5 oy

K (20)

= l?jt)el(t).
HH 2 (20) AT %01, Pure Pursuit 18 8747 ] 48 /2 1 7] 7% A 11
P g, P45 i & 52 5000 EE B I R AR K. ZEAN [
RS JEE T 7 e AN (R PR AT AR B AR SCH AT ER
BRI N R e T P e A e 2T,

la(t) = ku(t), @1
DAL b, e A e PR ARy

on(t) = ol0)(1+ i),
v (t) = v(t) (1 - L;:Ei?) 22)

FH 2 (22) AT %0, Pure Pursuit 438 B2 4% il 85 19/ 5 A8
FH K 1) R 3l R AT R R B ATRLEE BS 4y
SRR R B R K (1 A R R LA B i R
TR T i /I P U P A 45 0 T R R IR A,
SR HI AR R .
3 PiESER

S 56 3K 35 9 Windows 10 £ 4t, Matlab 2021 a, %t
IR 75 s AL FE 2% CPU 3.60 GHz (8CPUs), N 17 16 GB.
ML#S NECBE 0.4 m, 75 BE A2 K1 A AR R 9 o it 5
THLEE N SE bR RST KN, S BRASHEAT T I K Ak 22,
Bij (E AL NAEIZ AT Hh 5 Rt ) R AR il 4
3.1 HifESNE LS D-P BIAXTEL

T D-PHEE, kg s RIEE e, At 2
AR, 1 BURH X g P AR, HL 8 K B9 e 52 1) D-P 5032
FEMUEE bR RO RO, WA ST 53 ) 5 AN TR R de K EE S e



% 9#

X IEH S K T IEAR SGE SR A £ 3R IR LR ALS B ALK

2533

BEAT XS EE. a6 i 1 A0 X R 351 23 2 L 6 BT s, Bl as A

ARG SN[, 0]

VR EONT12,2] He= 0.6, e

B 7, e = 0. 78, ST ELan & 8 Frw; 24 e = 0.8 1,

Xt EE AR B 9 B,

SYAVAVAVAVAVAVAVAVAY < \NAVAVAVAVAVAVAVAV
\VAVAVAVAVAVAVANY SVAVAVAVAVAVAVAN
N TAYAVAYAVAYAv by

12

10

&7

& 8

N

AN
\/
AN

AV

YAV
VAVAYAVA
Avavall
FAYAVAVAVAVAVAY,
Ay,

AVAVAV%VA

AVAVAVAVAV
VAVAVAY

N
</

N

N
O

=

L~
<

XA
N S "AV
AV ALY,
s

<

v

)

5

B

il

>

AVAVAVAVAVAVAVAY

TAN

AVAVAY

N/
4#'%1#3:"‘"
LS

&

vAVAY
Aﬁﬁ

) VAVAVAVAVAN
'v »"
et SN

VAVAV,
SAVAVAVAY
%
<AVAVAVAV/
AVAVAVAVAVAV

2\
S
<]
JAVAVAVAVAVAVAVIN

</
'
&

OO

KL
Vi
P
I
iV

v
avi O

i
>
IR

ATATATETAN ST

LY
VAVAVAVAVAVAY,

7Y
AV

rAV.YAVA

TAY
VAYA
ﬂ
]
YAV
AAVAVA
AVAVAVAY/

xa.
8

7

TAVAVAV
7

ANVAYaY
SAANK
I SVAVAVAVAYA

LS

N AVAVAVAYAY
AvﬂLVAvmmﬁ
VAVAVAVAVAVANIZ b b
FAVAVAVANANPATAVAW,
VAVAVAVAVAVAVAVAVAVAVAN

<J
]

K]
T

<>
rAY
N/
VAYd
AN
JAVA

K/

K
N7
K

&
<)
<

/>

AVAVAVAVAVAN

YA

5

>
<V
S
VA
ggAVAVAVAVAVAVA

/N

—e— original path

% collision detection
O D-P

X/m
€=0.6 B, B ¥R 2 BUXT EE

—e— original path
% collision detection
O D-P

2 4 6 8 10 12
X/m

e=0.70}, BFR IR BT EE

FH P 7 R DL R AR R B R R IR AR 982 7% 1 4%
Y TUAR T A5, ELREAE OR B OGS AR A0 Af 8 A0 W) 7 923 42
BB AR SN 54, D-P BRI B b5 55 745, 17
FH2ANICA . E 8 D-P BVRFEEU B AR 1A 6,
T3 1A T4 5. B9 D-P SV B B bR 2N 5
AN B D-P SRR BRI S RS 4 B ARRAE, B 9
ABIEL 2 5k R AT, BUES bR aS BRI, B

—e— original path

% collision detection
O D-P

9 =0.8K, BBAREIRENNTEE

7~ P9 T L, [t A fie KRR e FO S, D-P SR
I E b AN EOR TR (B2 22 B RS 5 BRI

DEEER

BB TR R L Nz sh R 7 oK. xS

TR, AL R R e, A RE2 X, 45
Y AF 0T 5 4 1D e AL, T LA DN SR A 2 S B R
M. H DA b 234 g R, A s I B S A8 D-P 5.
3.2 BEMLEAEHHK
AN I8 I B A A A PR S PR i i 4 A
A RO DI I D 25 m x 20 m, b PRI 9 A

IR 10 firs. SRk IR RARAR O 1, 0]

&5

PRI

4

[18,18]. HI P 10 0] WL, = ff A% 43 A 38 50, R~F AH 2%
AK, Mk i B AR 1. Pure Pursuit 595 () 2 5% & 10
R 2 Kp = 0.5, RAER 8] Tp = 0.5, F0 i K
HLIEE Vi =1m/s, s KB wyy = 1rad/s.

20

VAVAVAAVAVAVAY
\VAVAVAVAVAVAN}
VAVAVAVAVAVA G
VAV AN 7N
A\VAVAVAVAV,

AVAVAVAVAVAVAN

VAVAvaYs
OORREX

VAVAVAYS
OB
KA
OO0

o

<

¥4 WAVAYAVAYY
<E>

Y,
AﬂéAV

N
VAR

[

%

!

<]

N

IGAX

V)
ok
‘%‘1

il

n
AN
PR
Avﬁgﬂﬂh E<AVAVAVAV§
NS <%
X
Vi VAVAVAVAOI VAVAVAVAVASI VAVAVAVAVAN

<

VN
Ay

<A

NVAVAVAVAVAVANYY
NAVAVAY OSSN
RO
SKPOOOKK]

AVAY
%
SR
AN

iy

\
N
YAVA
AVAY

N
AéA >
VAVA

NNINININT

VAY
N

AV)YAVAVAN
W
Wi
AN
YAVAVAA}
YAVAVAVAVAVA

\VAN)
SV

\VAVAVAVAVAVAVAY \AVAVAVAVA%Y ROAVAVAVAVAVAVAS
RSO IRROR K
s S SE s
AR X SO
YAVAVAVAVAVYAAN. SVl AV
]
h%muu%évjv:vﬁgr
wavaviey SOVANSg
avavathy SVAVAN
2avaravid SNAVAVNYA
POORIBA AN

S
S
S
1>
S
1>
1>

VAVAVATVAVAY
VAV
e
S
SN

v iAvas
RAPA
OKR
N

S
vl

AY
YAVAVAVY
K

VAV
T
i)

AR

<N
o
X

AVAVAVAVA&VAVAVAVAVAV
1A%
X0
AVAVA

VAVAYAVAY

AVAVAYAVA
VAN
AVA

\/
N

%
)

HVAVAVAVAVAVAVAYS,
KRS
DaSZava Y aTAA%
gg%?ﬁ sgb "AVAVA
KX VAV XAy
S ORI )
ESOVATAN VAVAVAVANS WaTAVANANANN

0 5 10 1
X/m

10 SZEFMAEE]S

AVAVAAYY
ORI
VAVAVAVANG

DAANSA

\
A

AV
A
A
<\
(val

Wy,
AN AV
s

e
AVAY

K
A

A%
%)
\/\
N
N
AN
KA
RAKE

Way

(%]
N
(=]
[\
W

3.2.1  ETREER A RZE SR
Tl o A DN ) B AR s 1L R, R T
IBATHF AN 0.049 s, BB 11 7] WL, 36 F = A WS 732
R 275 B A2 Be A RCRET B34, e B M 5
LRSS HEREHRIIRT RRZ, A H R
ik 2, A& G AL AT E. B 11 A il A
MEEA A B T ZE AR RITR T AL iU
TZHE AT RAE NS NS SRR ) B A5 A
Pure Pursuit 5% 18 B8 B A5 55 112 2 $02E 4



2534 ECR )

5

xR ¥38%

20

16 * waypointl
-eo-original path boos,

e
=
_L1a
1 Pl
o il
0
0 5 10 15 20 25
X/m
E 11 SEFREMHERNRRS
20
16 * waypoint ; I
p— —
—tracking path
£ 12
=
g //I
T
0
0 5 10 15 20 25
B 12 BT aHEE N RS s Pk
3.0
20
=]
s
s
1.0
O 1 1 1 1 1 1
0 5 10 15 20 25 30 35

t/s

13 BT Rl A0AR 2 A BER E] 2 (L Hh 2k

R

w/(rad/s)
[w]

|
—_

5 10

0 15 20 25 30 35
t/s
(a) MIRSE
206}
g
=04
=
0.2 L L L ! ! .
0 5 10 15 20 25 30 35

t/'s

(b) AFCLRHE
2 0.6
i T
= 04F

0 5 10

15 20 25 30 35
t/s

(c) FriekisE
14 ETHHERNMNRIERE | 2R ERERTE T L ihik

12 {7, J 1) £ 28 4 1 28 4 P 13 BT, A Ok R 28 3
FE£ A5 Ak i 28 a0 B 14 B, B B 12 ~ B 14 7] I, Pure
Pursuit 5215 2 (328 S0 e ik (— M S 50%
S, A AHEE T T M B R RS . B 13 A 14
AL, A7 1) A TR R0 T % S ih 2%, 75 B A i A B A i
FEV22, A HBLRAS, 147 I, AT o, A%
LR IR E Vi RUAC R LR THE Vv, 38 T 452 R 55, AR AL AR
-2, FURETE B bR A5 BRI H B A /N B i 3, ik 3 Y
BITERVHE A, e AT RN NS TZE K. f UL b
Sy M AT L, FE T B bR A0 B ) 7V RE AR AR I 5 RS
FeHh AL ES N d2 k).
322 ETD-PEERIESIHR

52T D-PRGEIREUP B AR s B 15 s, FE s
ATHFE 4 0.052s. I 15 7] 0L, D-P 532 38 BUAC % b
RN 244,33 22 T RS I SR SR IR B A K

Pure Pursuit 5751E B2 AR ) IZ sh AL an ik 16

P, W 16 A AR A 1 e V1 17 BT, 3 2 AR 24 ek
20

16 * waypoint

h |

=

—e-original pa

12 I

g H
=
4 r - —I_“
ols
0 5 10 15 20 25
X/m
E 15 SEREFEMD-PEARIRS
20
16 * waypoint / I
—tracking path H
g 12 r I
=
; ya
P
0
0 5 10 15 20 25
X/m
El 16 ET D-PEEMIZENHKIFNIE
3.5
2.5F
B
= 1.5¢
S8
—0.5
5

15 20 25 30 35

& 17 EFD-PEZEMMERAMEAEE AL



% 9HA pUE

53

F: AT AR,

%36 3789 £ R IRS) AL R AIE B ALK 2535

w/(rad/s)
(e}

_1 1 1 1 1 1
10 15 20 25 30 35

0 5
t/s
(a) fik
—~ 0.6 U
E
<04
=
0.2 L L
0o 5 10 15 20 25 30 35
t/'s
(b) H¥eLHE
—~0.6
E
J04
Ny
0.2 1 1 1 1 1 1
0O 5 10 15 20 25 30 35

t/s
(c) Fekpekiy

E 18 ETD-PEZERIAIRE . LiEERERTE L

A2 W E 18 BT, 1 16 1] WL, Pure Pursuit 5%
AR 2 Bk bR AU T B R, BRI A5 B IZ 5)
Bhage. 5 E 12 % B, F5 T D-P BEIE LRI ) Bk
REZ, Bk

XTECE 13 518 17 07 W, B 17 B ) A ) A2 AL
A 2 R B9 L AR X B 14 5 E 18 1T I, B 18
) AR T S FE AR A A, ML 2% N T AN B b O
e A R L B X L AT R, RS Bl L R K B,
T A A 0 R B A B BRI AR T T D-P A
BB bR RUBER

4 & ®

ASCHEH T T B bR AR ER RS B ML A Nis B
FIA 77 2. SR FH Rl A A W 7 v 250k 7 TMIML i 45 R 1)
HRT S bR R ER EOOR. XS DA Z2 S IR B LA N, K
FH Pure Pursuit 592 2R 155 26 A5 £ 14 77 7 56 BCI2 31 R
R, W TR s R

1) 7E 32 BURE AR AU, Rlf A8 A W 75925 B AR T~ D-P
HE.

2) Pure Pursuit 5518 BEB& AR 27 E LRI 112 3

U A& — 2B SRR 2R, BE 08 A R ke T 1
F - r RS 4.

3) Hlas NI L w 28 L Ve DRV BIONOGH
B B, AR AU AR P 22, R AE BEAR 5 BRI /N 1Y

BB, e B B I AE SRVHE N, 58 4 W] R HLES 5
K.

4) F T BR bR OB ER (I8 BRI P is A7 3 TR,
BARIZATHS [A]240.049 s, 5E R RE T 2 TRETR 2L

5) F= T BR bR RUB BRI 22 A2 Sh AL A% N iz sh k)
e ] B HAT R 7T %
S E 3k (References)

[1] Elbanhawi M, Simic M. Sampling-based robot motion
planning: A review[J]. IEEE Access, 2014, 2: 56-77.

[2] Tzafestas S G. Mobile robot control and navigation:
A global overview[J]. Journal of Intelligent & Robotic
Systems, 2018, 91(1): 35-58.

[3] Lashkari N, Biglarbegian M, Yang S X. Development
of novel motion planning and controls for a series of
physically connected robots in dynamic environments[J].
Journal of Intelligent & Robotic Systems, 2019, 95(2):
291-310.

[4] GeS, CuiY. Dynamic motion planning for mobile robots
using potential field method[J]. Autonomous Robots,
2002, 13: 207-222.

[5] Mackawa T, Noda T, Tamura S, et al. Curvature
continuous path generation for autonomous vehicle
using B-spline curves[J]. Computer-Aided Design, 2010,
42(4): 350-359.

[6] Bhattacharya P, Gavrilova M L. Roadmap-based path
planning-using the voronoi diagram for a clearance-based
shortest path[J]. IEEE Robotics & Automation Magazine,
2008, 15(2): 58-66.

[7] JanGE, Sun CC, Tsai W C, et al. An O(n logn) shortest
path algorithm based on delaunay triangulation[J].
IEEE/ASME Transactions on Mechatronics, 2014, 19(2):
660-666.

[8] Elbanhawi M, Simic M, Jazar R. Autonomous robots path
planning: An adaptive roadmap approach[J]. Applied
Mechanics and Materials, 2013, (373/374/375): 246-254.

[9] Cowlagi R V, Tsiotras P. Multiresolution motion
planning for autonomous agents via wavelet-based cell
decompositions[J]. IEEE Transactions on Systems, Man,
and Cybernetics, Part B: Cybernetics, 2012, 42(5):
1455-1469.

[10] Pun-Cheng L S C, Tang M Y F, Cheung I K L. Exact
cell decomposition on base map features for optimal
path finding[J]. International Journal of Geographical
Information Science, 2007, 21(2): 175-185.

[11] Rasekhipour Y, Khajepour A, Chen S K, et al. A potential
field-based model predictive path-planning controller
for autonomous road vehicles[J]. IEEE Transactions

on Intelligent Transportation Systems, 2017, 18(5):



2536

xR ¥38%

1255-1267.

[12] Garcia M A P, Montiel O, Castillo O, et al. Optimal
path planning for autonomous mobile robot navigation
using ant colony optimization and a fuzzy cost function
evaluation[J]. Analysis and Design of Intelligent Systems
Using Soft Computing Techniques, 2007, 41: 790-798.

[13] Zou Q, Cong M, Liu D, et al. Robotic path planning

based on episodic-cognitive map[J]. International Journal

of Control, Automation and Systems, 2019, 17(5):

1304-1313.

Zhang J H, Zhang Y, Zhou Y. Path planning of mobile

robot based on hybrid multi-objective bare bones particle

[14]

swarm optimization with differential evolution[J]. IEEE
Access, 2018, 6: 44542-44555.

Tsai C C, Huang H C, Chan C K. Parallel elite genetic
algorithm and its application to global path planning for

[15]

autonomous robot navigation[J]. IEEE Transactions on
Industrial Electronics, 2011, 58(10): 4813-4821.

Kumar S. Generalized sampling-based feedback motion
Texas A & M

[16]
planners[M]. Texas College Station:
University, 2011: 22-34.

INEEHE, AR, TR E. B pLas g sk
R FEE B8R A 2 51 7 15 D). 43 ) 5 TR K, 2021, 36(6):
1281-1292.

(Sun H H, Hu C H, Zhang J G. Deep reinforcement
learning for motion planning of mobile robots[J]. Control
and Decision, 2021, 36(6): 1281-1292.)

R, WM, Eal, & — AT A HL B E
PERE B & % A2 BRI BE 0], 21 5 DK, 2021,
36(10): 2418-2426.

(Fan J Y, Chu Y, Yue D, et al. A path planning
algorithm of deterministic mobile robot based on immune
Control and Decision, 2021, 36(10):

[17]

(18]

mechanism[J].

2418-2426.)
[19] Marble J D, Bekris K E. Asymptotically near-optimal
planning with probabilistic roadmap spanners[J]. IEEE
Transactions on Robotics, 2013, 29(2): 432-444.

[20] Kim J, Woo S H. Reference test maps for path planning

algorithm test[J]. International Journal of Control,
Automation and Systems, 2018, 16(1): 397-401.

YL, k%, EUR, 55, 2> ZEEHLRAE 55 BEHL RRT 5
R AER AL & Nz sh R BRI HT 0], B AR,
2021, 42(9): 1172-1181.

(Zheng W, Zhang T, Wang H B, et al. Hierarchical

random sampling weak random RRT algorithm and

(21]

application for motion planning of mobile robot[J]. Acta
Metrologica Sinica, 2021, 42(9): 1172-1181.)

WS, WS, EMEE, &5 & T Uk RRTHFN 5 ik
BB N B A2 H I [0]. S 3R, 2021, 36(8):
1834-1840.

(Tan J H, Pan B, Wang Y N, et al. Robot path planning
based on improved RRT*FN algorithm[J]. Control and
Decision, 2021, 36(8): 1834-1840.)

Liu Y B, Jiang Y Y. Robotic path planning based on a

(22]

(23]
triangular mesh map[J]. International Journal of Control,
Automation and Systems, 2020, 18(10): 2658-2666.

Ahn J, Shin S, Kim M, et al. Accurate path tracking
by adjusting look-ahead point in pure pursuit method[J].

(24]

International Journal of Automotive Technology, 2021,
22(1): 119-129.

Yu L L, Yan X X, Kuang Z X, et al. Driverless bus path
tracking based on fuzzy pure pursuit control with a front
axle reference[J]. Applied Sciences, 2019, 10(1): 230.
Wang L H, Liu M J. Path tracking control for autonomous

(25]

[26]
harvesting robots based on improved double arc path
planning algorithm[J]. Journal of Intelligent & Robotic
Systems, 2020, 100(3/4): 899-909.

[27] Wu X, Angeles J, Zou T, et al. Receding-horizon vision

guidance with smooth trajectory blending in the field of

view of mobile robots[J]. Applied Sciences, 2020, 10(2):

676-684.

fEE T
RIZEM (1974-), 5, BIESR, HL, NFHLSEAEES
JL~ FRBE RSN AE A 7T, B-mail: liuyanbin1974@]126.com;
FURIE (1982-), 2, #18%, -+, WFH b2 W A5
FIZETH 5C, E-mail: jyyll672@sina.com.



