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Mobile Robot Path Planning Based on Improved Ant Colony and
Dynamic Window Approach

Cai Xiaoming, Zhang Hui, Gu Longyi, Li Guanjian, Wang Qinruo
(School of Automation, Guangdong University of Technology, Guangzhou 510006, China)

Abstract: Path planning is the key to realize the autonomous navigation of mobile robots. Aiming at the problems
such as low search efficiency of traditional ant colony algorithm, proneness to falling into local optimal and
insufficient dynamic obstacle avoidance ability, a path optimization method combining improved ant colony and
dynamic window approach (DWA) is proposed to realize global path optimization and improve local dynamic
obstacle avoidance ability of mobile robots. In the global path planning, the heuristic function is established by
introducing the artificial potential field factor to enhance the orientation of ants to the target point in the process of
path searching, so as to accelerate the search speed of the algorithm. Secondly, in the pheromone update strategy,
the extra increment of pheromone concentration difference between the optimal path and the worst path in the
previous generation is added to adaptively update the pheromone concentration and enhance the global
optimization ability of the algorithm. Then, the triangular pruning method is used to delete the redundant transition
nodes of the global path and shorten the path length. Finally, cubic B-spline curve is introduced to optimize the path
inflection point and improve the path smoothness. In the local path, an obstacle avoidance cost subfunction
considering the speed factor is added to the evaluation function of DWA to increase the local dynamic obstacle
avoidance ability of the algorithm, so that the robot can detect and avoid obstacles in real time while moving. The
simulation results show that the proposed ant colony algorithm with DWA can improve the path length, iteration

times, number of turning points and path smoothness compared with the traditional algorithm, and can effectively
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improve the dynamic obstacle avoidance ability.

Key words: mobile robot; path planning; ant colony algorithm; artificial potential field; dynamic window

approach(DWA)
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Fig.1 Raster map of environmental model
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Fig.2 Robot motion direction diagram

12 REGWEEE

WSCHE RV ) R A i 3 a T ABE 7 SR T s i i
i B AR PR R ROR B 2 2R 3R B B A
1 W AEAT B AR h S E A W k42 B T E
RBEMENGIFE T, F T 520 fa S0 s i) 25 A2 v £
AT o 24 5 R IS LA THT i B AT TR SR, 2R 565
TR BB LR = AR B A Z U0 B R
FIRFER R AR 2 1B B S LR AT

RGO EE R R an (D) P

[Tij(t)]n[nij(t)]ﬁ .

S mornor”’ wlloved n

Jj=allowed;

0, HAth

s P I PRS2 s o N5 B E
K75 BN AR 3 R AT B M R 5 7,(0) B2 (5 )
5 FRIKEL : allowed, Mt b ] o] 42 3 X 385 4
(O R a8 R EREL, 5715 5B 52 1 P S R
b, Rk L= Q2)Frs

Pfj(t) =

n:;(#) = 2

i
di./‘
A d, T s R TR BRI EE B, anx(3)
i

d;; = \/(-xi —)Cj)2 + (i _)’j)z (3)

R AT G B R A (4)~(6)
F7R o

43 %
7t +n) = (1 —p)Ti() + Ati;(2) 4
At;(t) =Y ATh(D) (5)

k=1

arky = | L BBV R B . )
ij = "
0, /i\ ,f ]

X: p WG BRI R RE 1 - p NI IUE B 2R
FH AT NI AR RIS R TE R ARG, j)
THIEEE; ONME B RWE R LIS BUA IR %
RIGEL B EKIE.
2 HOHWBEE K
21 MFEBEERRH

TEAE GG, TR G A N B R AE B R
B FE T AR AR, Hot i i 420 3% 4% 10 51 S4E
B, 5 B SCE ] R AR R AT A BN BE
B, SR = BRI E bR, 28 0 (0] AR 18 R B AR 1 R &
AN, T ISORE B0 BT 1E RN, 3t — 253 ]

R B R 1 R 218 H G SR AR S TR IR

AT IR, SRR N R A R £
TR [ R, A S B R AR S R ol SR, 76 )
RAG B R 5N 3351 TR T, 38 R W Hi A
PR AR 2R FR T X H b A 77 1 S S TS
TEMTREIY BB R IR R AR

SO 1A KA B R A (D~ TR .

n,; (@) = % @)
a=g¢ ®)
k=Ad(j,E) )
B @)~ B (7)H 15
AdLE)
n;,;(®)" = (pd__ (10)

P o NG N LI 1 k9 ST 55 2 H
PR RN T 383551 715 N H & BUE(O,1) 5 d(j, E)
DTS B HARY R ERIBE

R S R R AR IS R A B R A i
RSN T 51 R E bR RIS R,
8 0 Pt A 48 R T W O AR B S AR
FEAR R AR I R T A HARTEATT [ A EeAR G R
e BR B, DA JR R BR B B AR TR B B BE R AR
I BENE HEINORTE H AR X8, 18 5 H R 0L I



13

LONY, 25 BT OO B B VAR AR S A Las N B AR 99

AR AR, > R R AE RS S B B AR R
AERAIORE N JR3 F8 B I XU

22 MHBBHEEREHRE

FE RGBS DR BRI E 2R E B R
A BEANHE RO R K 5 SR, 8= A 2 HL R
PSR IR R IR T, A H L8 B AR DR ] B AL R 2R
HRZ G B RN, IOl EE R R, 33
PR ZR A TR (1) 22 R 1 KM FRAEC, R ) 1 IR o JF A v
FEDLIT BB AT AR ZR o X A i 1) P ER B8 AE — € R L
S AL A7 38 B 1A R LA, B (s I ASCRE A s N JRD 3
s LA MR 0] R, AR SR Y — P sh S A S
FEIMLE: R AIEN)E, e RS R 28T LG
BENEME, BEMNAREERKEUERRE
EAE VY B, 5 4T ARG BRI T B
3T R, B R BR AR 1S B R A, (R 38 G
FAL R AT LAE R RE R R, B RBA
SR AR o

HREREH WA D~13)Frr.

T+ 1) =(1=p)r,+ At (1) + At (1) (11)

ATty =Y A1) (12)

k=1

A'T{(1) = Q(u/Ly - e/Ly) (13)
2 Az () WA 5 B AR RIS TS A 15 S,
TR Z A s AT () NID B B A2 G j) HER (S
BEWE, u e WA RIS R RS & Z %5 L
MR, Ly L, AR VORI R il 5 i = %
BKE.

T (1 3) Sk 5 S 3 TR SR, N i %
A5 R g e 0 A RV TR YT, N 1 %o AR BRI A% 11
B, BIES T XA BRI, (15 FIA R R i
AR} B N e R A BN R R B, S LR T R AR
R MSIOEE .

23 BERGIIILRE

WCRESL R H BB AR A 2 I U AR B
A IR A, ¥ S EFRE SN NAE SRR
T BT 2 RS TR I, AR SCHEWIE 58 IR 42 0
RIFEERE b, 3 — 25 5] N = M BTAE xR 4%
HEAT IR AL B, 2B B4R A E I 2 R G
A PR BT R i AT R LA A B« £E PR
FERRI P 25 SR v, oo 2RI % A2 AR 3 BUAH 408 1) 2

Provw s 2 AT R, R R A
AR5 BT ARl A B 5 R, R % Bk A% 8]
(717 R R TU A A, WM R 2 AN 25 2 R R 0 4% %
17, I ES RS IXBIRE . A s B
K3 o

K3 e E
Fig.3 Path clipping optimization diagram

K3, SO9EAGE =3 T H bs 1 AR GG S
RIFIRIUR R 15 N S-e -e,me5-e,- T K F = FI BTG 1 e
XF R AR HEATARAL , FTHILES-€, v e,-e, Z [A] R 225 [ 15
Y, the NIURIEZS T R 28T MBR, K S-e JEHIF
WA R, s e5-e, Z AR 2T BEAG),
VUM TO AR Ky JE MR er-e, NEHT R AT . 20
AL G B B8 12 N S-er-e,- T, AL G B RR AR A ELRAL
(IEEEAERESERVC G

2.4 3RBREFHRIZMML

CACHE ISR SR AR LR v BE A RO R B 42 T
ARFAT R GRS KL (AR B AR AT &
Jai) e 25 A 1) i G P4 7R » JE L 51N AR
SEPRERAR K 2T AL AR TR

\ Ve
N
N - _
~ —

—

(a) FAFEHT 111

Kl 4 AR R AR =8
Fig.4 Path smoothing diagram of different turning points

BFERPRAT SR I 2R I RF R R IR 2, g — 4
P i) i A R B eR BOR TR 42, Be X R AR 2EAT R T
1B CATT AN 520 B 2% B AT IR SR A T ARASHAIE - B 25 T 28
F (1 FTR.

(b) XAt #i~Fi



100 - N NI - 3

43 %

P(t)=>_ Nu(OP; (14)
i=0

o PR 2R L (P ] s AR s n R 45 1) 55 P
B N (1) Foom 581N ) SO0 N ZB N BEE S5 JE bR
B, AR an=(15) Fiw.

1 k—i
Nu(t)= 72> 'CLye+k=—m=" (1)
* m=0

bR 2 B HI SR 15 O Rk e,

T BRE K 2k R BE SRR AU A R S, 1H
L5 LA AE T e T 20 AR L AE PR 5 o L I
B BLG, 3G AR i 25 22 2l AT X4 IRBTBAE 2%
i 2k B AR T SR ] L, (ELE P ) A AL eV PR A2
FRIFT 1 o WA SR I 3 UK B 2% 1l 2R EAT B A 11
AbFE GBI AN 2P Py Py PR E LR B3I Z
AT ER, RS A 25| T M2 TR, SEETR R
A

3 HUEDWA

3.1 DWARIE

DWAZE THLAF N2 3 B8 IR 45 B DL S A
1 B 2 AR DR 2%, 7 L 2 53 5 R0 A 3 1) Fe VR
Bl PR 2 AN TR 2HL A5 FF R FH 3 3ok 1 20 5 140
WL NAE— 5 i 8] 18] [ P9 1032 B 08, e #  f e
HWEHEERT —EHEshE4.
3.1.1 AMBAEFHEA

 FEHLAR N B SEBR N, e g iz s A an =X

(16) A7 o
X Xi-1 cosb,_, 0 ;
V| = |y | +Ar| sing, 0 [1 (16)
Gr 9:—1 O 1 “

s [x030 0] FR I 2 WL AT AR R o £
LB [x0m1.y,0. 0, ] TR - T ATE HE SEAS AR
AFHIRE.
312 ®ERAME

DW A Jo) 2454 ] 0,y 7 35 2% ] P o
FRA3 A LA AL 1 R

(1) R 2405 WL TR [ S B 1 5% B

HIB Bl 258k By 5 138 L o (K /N 24 32 B FR A

HORAEIR LR A (17) Frs

‘/x = {(V,U))|v € [vminsvmawa € [wmin’wmax]} (17)

I Vi MV, 73 I LS A REIE 21 R 03 FE R e K
(AN IMEL s A e 73 3 RS BB A5 BEIL 1)

Fh P PR B KA AT /ML

(2) FEHUINIBIR 29 5 - 42X HL & N P HEAT AT
I, 75 B DR AL A% N\ B 06 28 DR 45 2 F0 VR AN 2 VS
F A« 2R A K (18) s

(V, 0.))|V € [VL‘ - MdmaxAt7 Vet uimaxAt]v
V, = (18)

wE [wc - a’dmaxAt’ w, + CYimaxAt]

A e v o, LA N 22 IR 221 10 2 P52 M A 3k 2
Ugmax » Uimax SI L3 A FRY 35 KB B2 AR B K T3k 2
Ohgoer O AL NIRRT FEE AT B KA I

(3) ZaHIZNHE LA BaPLas B EIREGY)
I, 7 EARE — € 2 e E, R R EN S
bEfG A A g, AR A A (19) P

(V, U_))|v < 2diSt(V, (U) * Udmax >
(19)
w < ZdiSt(V, Cl)) * dmax

s dist(v, w) AN NAE 24172278 BEFN A TR T il
M2 B3I 5 BERGA) 2 TR] () d A B 2
3.1.3 IFREL

TEDWAH, RS RG4S PR 4230 H br
A B OB B AR, Pz P sk 5 1k B 2 I0m
B Fabr 2 R 25 G bR 3 VPN BR A Rn X(20)
FiR e

a

G(v,w) = A[a-head(v,w) + B dist(v,w) +y - vel(v, w)]
(20)

31 head (v, w) Jy i i A AT R K, 467 6 >4 e
AEIHLE NPT )5 B AR s AR L ; dist(r, w)
N R B DA R VPN A T (v,0) N EUELLE S
5T FERS ) 2 0] B B FBE S 5 vel (v, w) NI FE VR BB
5, T VP RAF T B (R 2 FE K/ s @By 57
TRV BR BN B R E 2R3

3.2 HUHDWAEEL

fEGDWA R BE B PP B A G THLSR A S
JE R 5 542 22 D) P ) LA L 2 B 25 ok ) O i A8 22 4
P, 0% T L2 N 411 1328 BlehR A5 e 8 B pe 58 11 52
Wil o 24 AL 2% N TR 52 2% B 400 A1 Ja) PR A2 A 1) 31
AIREEHT, 7T g B2 R I R B A5 1 175 O, L 48
BN R IR o AR L0 ), 3 AL AN
BN AR I Bh A RERE BE T AT ZE LA VA BRI E
Bl b, VS0 — PP A P R R 2 O FE S
kAN ek B =0(21) B

H o -0y
JEr e e @)

obsdist(v,w) = Z




13

LONY, 25 BT OO B B VAR AR S A Las N B AR 101

AP p IR S, B B g ) R A KD
1, NEEES REESHL o /N ER T RAERR NIRRT
Az IR AR 5L o AR R, H TP H
bRJT 1) 5 R ) 2 8] ) E A 6, A6, 73 A AL
i NARAR AL B B S m A B AH be K A
Y, ) 75 FENL S N 2 A RS A BR A N LS
WAL s NAEISBPRAS T IR M, Bey(v, 0) = y1v*+
YValeol s Ty Ay, 72 T 5 258 v AT A 38 B o o i it
RO I 24

FINEHE AP AEEACA s AU S 1AL
YN L IR C VN SES 2 5= pudi Ry Cibopiid
P SR (KIS0, (EATLAS N fE S 53 Hh R X B 2 M 58
ANB AR o G R B 2 T A T 58 o 3k s A X

UM, B DRI AR P AR E AN S B

33 RLEEZERTE

ASCHE ) SO OGRS R R ) 4 R R AR
AT, BAETH X A S A 8 A RS 21637
SCINE N MR ZE , R R 3R S SO O S Ak JE 1
DW AR 45 & 1 BE AR R ST32% , 18 S dsORE 5923 56 1
2 R R AR R () JE A R = A BB E A3 B %
i 265 B AR AT IR AL, LR (R 42 R B 12 A i 48
PRSP M o AE SR BB B A2 R R A G FIDW A,
R S PR 845 B B AT Bh A& B, i R 2%
NTE R B 4 oy 8 A58 110 TR B 2 F e R B v 47 1 o 30 %
12, CAIRETT 59R BRI B RS 40, 3 v B AR LRI 1) 22 4
PSR A BRI AR E W S s o

v
MR R e A 558

v
B A P | W R |
v
P A SR BREA MR L 4o 7
¥
| |

AL ETNT DN T e

»
Lg

e AL ELNEE SES S S
T BRI E

Sk A MBS R BRAR S A2

=]

e
SR AR IS R B A2 I F 5
EUES RN DR YN

k=k+1 |<-

RIS R

R AT S 3R SR R (5 K
HEAT S

B AL as NIRESHL (x)

TR RAE 2 AR

VaEE] IEEE R

gl I R Ui

Fﬁﬁi‘ciﬁi‘—

T RINR R
RikiEaigsd

FETF AR R
KIEBHIEA

B3k A S

K5 Rl SRR
Fig.5 Fusion algorithm flow chart

4 mMEHESLSSTH

41 HHBBEEARESHH

SR8 UE AR SC ek SR SRR I T AT M S R
fEMatlab2021b 35 KT 930x30 A%t Bl 24T
15 B2 06 XF b, W MRS S B B RS ) AN T
30% W A SR S AR GG TR 50 3T
BR[2 1 EVETEM S — B 0 T AT M REXT EL

A SCAT H 2B A8 : Windows11, CPU 3.3 GHz,
MATLAB R2022b, i it 5256 73 M7 Ja A SR i A L2
R EIMR IR,

AT RN LA A Sl 6 TR , S

gk B T 2R2,
gEE TR 2R

(1) FEHSATAK B 7 I, A% GeisGiE B2 B AR R 1



102

7R Ll R R

43 %

R IAERSHR

Table 1 Simulation experiment parameter table

ZH Hfi
W s B N A 100
& RFRHEEMEN T 1
ERFELE T 0.8
ERERBEQ 10
FE S b 5
AR AS BB 1B 2
IERIEK 100

REAR 2, AEAE A B AU AR R A% o AR SO O B/ R
H AR JE AT 2 Ak, 1 A K AR B itk — 2D 4
Ji o EH 2R 2 AT R A SCB HKI B A5 K B 0 L T STk
[ 2110530, 2 45 T 1.8%F14.8%, X144t
FIEAER T 14.6%.

(2) LEWSCSIGHE B 7 T , 4% G WU S e R i
PR S it 2 BRI Z, T B S 1R A

30

25

20

i ]
. el

At y
"

I

I

| - m=s
0 5 10 15 20 25 30
ABbg x
(a) LG
30
25
1
20
: i
= 15
H
10
5
0 5 10 15 20 25 30

ALFR x
(c) SCHR [21] 509k

AR R B RAS, B IAR  STHR[ 1]~ [2 1] S AE
WSt RE 7 T A BT, 20 283 1 7RI 13 AR
ATk B E RS A S BUE s A S B R
FEHHLE S B R AE BT 531, AR TGS AR 52
AR T USSR, R 23 1 e A AR e . 515 4
WORE BLVE AR L, AR B D T 86.3% , AH L SCHR
(1] [21]B9FE 5 R T 58.8%4146.2%, Hlk K42
i 1 B SR R R RE ) o

F 2 FIGHE RN

Table 2 Comparison of experimental results

Hk BRI /m AR EL B R
TE G ER 50.53 51 26
SCRR[L1LVE 43.96 17 14
SCHR[2 11578 45.35 13 15
PNl i RN 43.16 7 9
a0
=
0 5 10 15 20 25 _30
AR x
(b) SCHR [11] ik
~
#
0 5 10 15 20 25 30
ABFR x
(d) AT SUHE

K6 AFFEERHT
Fig.6 Path of the different algorithms

(3) FEREZS IR BUT T, AR GE WU ELIEAFAE 2 AN
DA BT, SRR AR K HAFE A2
T, SCRR[11]~ [2 1) EIEAE B8 42 T8 5 T A BT

I, BRAR S H00) B 14N RN SAS  an B 6(d) BT
ST PR AR A SC U R R R A2 TR B BR AR P
T A3 5 B8 AR, AR SOt BV SN = A BT RV X



13

LONY, 25 BT OO B B VAR AR S A Las N B AR 103

FEREAT 2R » 38— 20 B3k s A2 o T AR R e 47 4
R [R5 S BAY 2% ih 2 HEAT BR AT AL B, A 2%
&7 Pl

%0 AR SCHGIEBURE
SCHR [11] dSCRE
80 ¥ S-SR [21) BB

............. e RIS

70
60 [

SO\i

40 t

AR /m

10 20 30 40 50 60 70 80 90 100
LA
K7 ARSI £

Fig.7 Convergence curves of the different algorithms

42 HHBBRIEDWAREHES SR
NGRS R R sl A R RE ), I

3030 (M A% b B 2 B, SSCiE SORE 503 (1 2 2

RUFR, Bt s 6 M S Hos B InR3 R .

£3 RS

Table 3 Experimental parameters
SH Hll ZH Ul
KR /(m-s") 1.5 L E R /(ms™) 0.01
K fHE (rad s ™) 20 FE R (rad-s ™) 1
BN E/(ms™) 0.2 WIS /() 45
KA L/ (rad s ) 50 PRGN L /(mes™) 0.25

PR bR H R & TR Ea=0.15, f=0.1, y=0.37E M}
% 1 P v 52 S RN bR A SR AR R S O (1)
4 R A%, AE IR B, NN T A BG4 DL
KN ASBERFY AT 25, 45 R U ISR

TEFEI8(a) T, 3 T A S S B s 4 S %
BRI, HAEB AR b B AT RN SRS A Bh A B AS
Y. 8 (b) Tz, AL s NAEFF Gk Lh A S et 4 2
S W e 4 SR B AR AT 8 s 76 AT R R Hh 2 mi A D01
FIEE1N RN BEAS Y0 BB, HLAS AR U e 5 o it
(FIDWAREAT J5) S RE R , B T e T B iS40 Ji5 P IR [
SRR AR , Ak H br Tt

KI8(c) B~ T HLgs N FH ml o vk il oh Ho 22 4
H BT 28 2 R A B S BRSO = B8 B AR T
WLAR N 2 4l it e A% B B 8T R Fn B SRS 1)
1 5, T A ST I B AS PRI REA AN T R 2, AL 23S
N AR 5 Bh 7S AP I AR X R 25 Bh 28 A B R 5 4)
FHIREACAY 5 5 28 Tl LUK XoF 22 4= P B 8 30 - S 30T 1)
SRSV . B EI8(e)it % T 58 BRI AR R AL i) 5E

30
25
=~ 20

0 5 10 15 20 25 30 0 5 10 15 20 25 30

AR x HFR x
(a) &R AR L RSB E (b) PEBEZE 1N A5
30
25
= 20 = 20
£ 15 b

0 5 10 15 20 25 30 0 5 10 15 20 25 30
AT x AEHR x
(c) SR B 24N BEf5 ) (d) S A FEhE )

0.5 0.5
0.4 04 _
T 03 03 @
) 01(1) 821 E
£ i
= Y. 2] Y. +Eré)
ix 03 03"
04 L 048

0 51015202530
AbE x
(e) A2 pl e Bt P 2

K8 Rl a Rk A R

Fig.8 Fusion algorithm path planning simulation results
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