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Ant colony pheromone aided ()-learning path planning algorithm

TIAN Xiao-hang', HUO Xin't, ZHOU Dian-le*, ZHAO Hui'

(1. Control and Simulation Center, Harbin Institute of Technology, Harbin 150080, China; 2. College of Advanced
Interdisciplinary Studies, National University of Defense Technology, Changsha 410073, China)

Abstract: When QQ-learning is applied to the path planning problem, due to the randomness of action selection and the
limited update range of the @ table, the agent will repeatedly explore sub-optimal states and paths, resulting in slower
algorithm convergence. To address this problem, this paper introduces an ant colony pheromone aided @-learning path
planning algorithm, an optimization method for the optimization range is proposed to reduce the invalid exploration
times of the agent. In addition, in order to improve the purpose of the initial iteration of the algorithm, according to the
characteristics of the relationship between the current grid and the end point and the selection of the agent’s action, an
initialization method of the () table is designed. In order to make the algorithm have suitable exploration probability in
the early, middle and late stages of operation, a method of dynamically adjusting the exploration factor is designed in
combination with the concentration of pheromone. Finally, in a variety of environments with different specifications and
different characteristics, the effectiveness and feasibility of the proposed algorithm are verified by simulation experiments.
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PAAR YRR b 3 [ BT A AR BR 2 2 ) 25 g
i, 2 St RIS FE 2S5, Ak HE A BOIR S = AR
TR IRR B 7 IR A K R
e=¢c/(14e 78%/5), (14)
Hop e RIRBMER, o R EW AL, As A BOREE
PN, S AR B

3.4 ETWEESHRNHNQFEIEERIZ
AL RN E 8 .
SR
< kR

[ emzmr | Y

R

NI

[Gar ks i |

[ &REEEEH |

[ Btk 125 B ok

TR RE ML A

\ 4

AR BN 1F L SR
B

A

J L B R )2

B8 ANXEARIE
step 1: 8 FH MRS v 4 57 b 1, ff o G 0 T 48 A
X (D) WA Q B MIiE 1tk Q = I IS S 4,
AT R o, FIAR . REMER o, WIHHER

BMRSHL B ERE
BRKHEER . BUER
B St

BRERZ N p. WWHE
HRRBEKL &

%‘%%7‘2\

step 2: 4 B BEAAR TR B LT A

step 3: A2 B — AN E BRI 7E 0 21 1 22 18] 1) Bl AL 3, AR
P AZHE e B R/ R RIEFER BEAR I BIAE LSS —
BRI

step 4: | BT 2 BEAAR 2 15 B N B B, W 52, 78
SR BF AL EE 5 IR [F] step 2, 75 D 4% 48

step 5: 52T Q 3% I Wr 2 75 [F) I ik A2 311k 2% ki
P T R OB M, 40 B B 1k 2% R, 3R (8] step 3;
AR EIE 1R B R R BUEE SR, W3R 7] step 2; 41 2R

FIL T H 2 BSR4k 2k

step 6: %30 (9) R Re A E AL L TEER,
FREEEAR — 4 (10) BT — kM5 B R i, w5
22 (6) AT & R fE B R T

step 7: GiTHAT RICIR A 2R I A W 1531 22 St ik
LS AL, an SR, kAT T B AR A AR R
2R B, 75 54 N step 2 1R 4R SEIE AR, BLEIEAR
AR KIR.

step8: HiLHE Q F ki th I AL B A2
4 fiESER

17 L SEB BCTE P A RS 1 P 23 0l 9 BE LA 4)
A VR R T, £ 3 T A 3 1] o 255 % EE BAS-Q
(Basic Q-learning). SCHR [7] W 5HE R E1E B &=
B (FHEYE B AL) B IMP-Q (improved @Q-learning) Al
A T8 S &5 B # PIMP-Q (pheromone aided IMP-
Q), LAIS IR B Rl AT 1 AR R (IMP-Q AT PIMP-
Q FAE A FI A LT I Q R WI I AL T L M B A
IR TRNE, T a0 90 B Ak 2 W o ) o — 22
o). V5 FSRIRIE AT IR A 22 48 Windows 10 (64 £i7),
1247 P15 Matlab 2019b, 403 %% Intel (R) Core (TM) i7-
10710U CPU 1.10 GHz. A7 A BB MR &
BZHMEB PR, Q#ABHWR2 PR,

1 EERHEXBHAKRE
EEEZHM ©n ™ p St Kt M

AgE 0.5 1 05 2 00625 20

FT2 QFIHEXSHENHE

Bk € «
BAS-Q 0.1 09
k(7] 0.1 0.9

IMP-Q 0.1 09
PIMP-Q 0.1 09

$1 P2 Pz Pa o

AN W W A
AN U W U
1
1

1.1 13 1.4 1000
1.1 13 14 1000

—__ =2

4.1 REHBERSIIETHHESXR

fitf B B AE Matlab 7173 ) A2 BB RS A7) o HE 20 %
130 % (A5 FEFRAS Y E &) 1 5K 40 x 40 [
PR A A () 0 L B0AIE PR 85, ¥ s SR aE AR IR B L R
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20000 K (K = 1000). FEFEIEBAT 100K, fE R
PG TR KR TR BRI T 38 SR
FEINE, B b — R R R AR 2 SR 2 ) i AR 2 0 HE .
4.1.1  BEREY) (5 H 20 % F 40 < 40 & 3R]

ME9. B 10 F13 3 7] LUF 2): 4 P RER B
PR RAMAR R, 4 25 BE AR TE K B A SE, #0042 i A
IMP-Q F1 PIMP-Q 1% Fh 525 117 1A 1 it 28 e % 10 ek 1
8T AR AR, KIBAR T BAS-Q STk [7] Bk X &
[A 24 IMP-Q 1 PIMP-Q B FH T A1) Q R A UH 4L T5
T, RME R > T8 B AT 3 B4R 2 BRI R I [,
TR T A5 8 25 B () PIMP-Q 8532 e A6 A 2
O 0 VR UK AR IR R IR B I AECIR S, el 2D 8 e A R
VG, FLIEAR M 28 58 % LAAEH P i)l B T e AR
file, 37 HAEEAUG IR FE T AR, A R A B3N IR AIK
kA, PIMP-Q HIIE IR E A A BAS-Q 1939 %, X
R [ 711141 %, IMP-Q 1] 70 %, 7E I 18] J4 & _EAH BT 3%
A G BRI IMP-Q thid> T 42 %
40
35 &%&

30

25

20

15

10

#

9 20 %FEHIEISIAE 4 MEEISRIEE
2.0

1.5

RABRATKLE/(10°m)

ERKEL/ (10°1K)
----- BAS-Q - HK[7] -— IMP-Q — PIMP-Q

10 20 % FEH FEISYIFE h B AIA K HIZE 3T EE

=3 20%PEVIBERSIME PR E A REXTEE

i FH R T HIER T
KJE /m VS YR/ FEIT /s

BAS-Q 62.769 6 7322.1 36.3403

CHK[7] 62.769 6 6923.8 11.901 6
IMP-Q 62.769 6 4068.8 5.0195
PIMP-Q 62.769 6 2885.8 2.8882

4.1.2  FEREY HE 30 % FR1 40 < 40 A% 3 &

MBI B 12 F03 4 1T DUE 2I: 4 F0R0E 1) 2642
KM, R T A S B R Y UH 40 56 5 IMP-Q
SR, Foad AR il R AE A WIAR B T STk (7] — e R
AL H. IR EB ORI AT LG 21, R H 115 B & B
) PIMP-Q L2 AX il 28 BE7E IMP-Q 1) S il |- B i 3k
Hb UG T 5 PG, JF HLAE 2056 1000 (0% AR 22 S5 PR FF
T W R SRS IR AR BN A 3 580.1 1K,
e AW S RIS R SN A (O T

—_
W

o ot
o) =)

A KE/(10°m)

(e

ERUEL/ (10°1K)
----- BAS-Q - WHR[7] —— IMP-Q — PIMP-Q

B 12 30 %FEHFERIFE P E AR IE K L XTI
F 4 30%PENFERYIE R E A M REXTEE

_ THEE  OTEBR IR
KE /m WL/ K FET /s
BAS-Q 66.2843 7494.6 23.3465
SCHR[7] 66.2843 7066.3 11.6298
IMP-Q 66.2843 5792.5 7.0166
PIMP-Q 66.2843 3580.1 3.5188

42 FFHEME THAESE

AT 225 SR [14] TR P K HE L 25 1130 x 30
R T LT A2 SCHR [14] FF 0 5 P, A AT B AL B 6
Wy, 1%t B ) S ) AR AR EE K, B — e a1
B 5470, 3X 2 45 S OB A 1) B 55 2 1 30 % 30
[ JER P2 2 Sk [14] H 10 x 10 3] 87 Hb & 0 7750k R,
XA (] AR A 4 P 2 A N T3 I b ik Q R AE—E
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FREE b 28, A H A RRARAE BEA LS P A 5 —FE K
R T B0 1 R, sE A, B K ) T R ok o B 2 (1 4R
ZA A, XA A R R .
4.2.1 30 x 305 RRHTE

MBI 13 FE 14 7] LU H: 4 Fh RS 2R 812
K AR [F]; 5 76 Bl AL IS A5 420 Hh 2R 480, PIMP-Q 03 1)
IR AR 2 B8 T b I A A AR R BRIk AR S R
SEFa. WNFR 5 AT LLE B, IMP-Q B A R B B 14
T B AL B 15 42 B4 35 v — BEAH B SCHR [7] A K42
Tt AR B IEARRT RTS8 BT /b ; PIMP-Q AHER
T IMP-Q, HoaB AR B, i AT [ 98, (5 B 5
LIV E RS

30

25

20

5 H i
5 30
- - BAS-Q - 7\@}\[7]
—— IMP-Q — PIMP-Q
B 13 30 x 304F% s 4 FHEE T BRIKRE

1.0 u
1

RABRATKLE /(10'm)

ERIREL/ (10°7K)
----- BAS-Q - HR[7] -— IMP-Q — PIMP-Q

B 14 30 x 30455kt 2 h EA RIS R B X T L

=5 30 x 30FFRM L P RVE LM RERTEE

i Tz T HIER T
K /m VS YR/ FEIT /s

BAS-Q 48.0416 4841.2 11.5669
SR [7] 48.0416 40452 5.0209
IMP-Q 48.0416 4017.1 3.3821
PIMP-Q 48.0416 1808.7 1.5614

4.2.2 30 x 30 [E] ERHLTE

[ B b P 0 B2 i B R RS AT 15
16 F132 6 1] LB 3): ELAR 4 PP ik 20403 T AR,
ELSCHR [7] P AL IR AR RS 8] I 5 BAS-Q JL-F-#H [H,

FEARREE AN FF ST IR AT LA 31, 76 3R} [2]
JER T, PIMP-Q A7 9 B % R s b i 307 a5 I e - A
IEAUR W ORRF AR, HL b B BE A (135 A, 5
T PR R B e LR AR

30 .

25

20 7

15 |

5 10 15 20 25 30

- - BAS-Q thji[ﬂ
— PIMP-Q

15 30 x 30 I ERit s Fh 4 FhE A S BRUER R

_
W

0 0.14

1 0.12

0.10

—_
(=)

(=}
W

B KE /(10°m)

ARIEL/ (10°TK)
----- BAS-Q - XHR[7] -— IMP-Q — PIMP-Q

16 30 x 30 Bl st BSERYIA R LR X EE

T 6 30 x 3045 RV E SR RERTLE

i V3545 PEIEAR Py TR
: KJE /m /& YR/N FERT /s
BAS-Q 89.698 5 7766.8 34.6348
SCHik [7] 89.698 5 94952 33.2395
IMP-Q 89.698 5 5794.4 21.4843
PIMP-Q 89.698 5 49423 19.2623
5 & ®»
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TR FAVE B AR VE. ZIOVEEH T 2 R E
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URE, DR SRV FR IS AT R JBE . AR SO B A2 4 ) A
MR BT T Q5 A1 1 Q RATIAA T LM BN i #
SR X T 3 IE N D0 A 8 s o 1 8, S 5t 32
BE 7RI DT . AR SRR IR, FE 2 AR
A ASTFRS R U A ST R AIE 1 5 3 B4 2k
ANRTAT V. ARSI 7 32 BEAT 0020 Bk (1 AR KL



%12 31

HBEAL 5 A TR & RHYNQF I REAXH & 3353

AN 18], {E A B PRAE T 15 S VLA, Ji5 SR I FE A S5
T2 FRMACSIC I T e, o JH S A F) B DIC A R AT O PR

1.

SE 3k (References)

(1]

(2]

(3]

(4]

(3]

(6]

(7]

(8]

(9]

Josef' S, Degani A. Deep reinforcement learning for safe
local planning of a ground vehicle in unknown rough
terrain[J]. IEEE Robotics and Automation Letters, 2020,
5(4): 6748-6755.

Viswanathan S, Ravichandran K S, Tapas A M, et al. An
intelligent gain based ant colony optimisation method for
path planning of unmanned ground vehicles[J]. Defence
Science Journal, 2019, 69(2): 167-172.

IS, AL B, HORE. T R AL ST AN I RAT
FERRIGE [1]. 42115 3, 2022, 37(4): 851-860.
(Wang S P, Du C P, Zheng Y. Local planner for
flapping wing micro aerial vehicle based on deep
reinforcement learning[J]. Control and Decision, 2022,
37(4): 851-860.)

Ma Y N, Gong Y J, Xiao C F, et al. Path planning
for autonomous underwater vehicles: An ant colony
algorithm incorporating alarm pheromone[J]. IEEE
Transactions on Vehicular Technology, 2019, 68(1):
141-154.

Watkins C J C H, Dayan P. Q-learning[J]. Machine
Learning, 1992, 8(3/4): 279-292.

Tan B, Peng Y Y, Lin J G. A local path planning
method based on Q-learning[C]. International
Conference on Signal Processing and Machine
Learning (CONF-SPML). Stanford, 2021: 80-84.

KRE, o, ZRAL B bl s A Bk R Rk
MGG D). TR E W 5 N, 2012, 29(12):
1623-1628.

(Song Y, Li Y B, Li C H. Initialization in reinforcement
learning for mobile robots path planning[J]. Control
Theory & Applications, 2012, 29(12): 1623-1628.)
e R, A T R ST B b A A
B A2 LRI 7 3% (0], R BOR 22 4R, 2019, 27(3):
314-320.

(Xu X S, Yuan J. Path planning for mobile robot based on
improved reinforcement learning algorithm[J]. Journal of
Chinese Inertial Technology, 2019, 27(3): 314-320.)
Yan C, Xiang X J. A path planning algorithm for
UAV based on improved @-learning[C]. The 2nd
International Conference on Robotics and Automation
Sciences (ICRAS). Wuhan, 2018: 1-5.

[10] PeiM, AnH, Liu B, etal. An improved dyna-( algorithm

for mobile robot path planning in unknown dynamic
environment[J]. IEEE Transactions on Systems, Man,
and Cybernetics: Systems, 2022, 52(7): 4415-4425.

[11] 35, 20, FEERE, 55, 3T ho SR AR Wt /1
JA KA Q52T [7]. =l 5 R, 2014, 29(3): 425-430.
(Zhu M @, Li M, Cheng Y H, et al. Heuristically
accelerated Q-learning algorithm based on Laplacian
Eigenmap[J]. Control and Decision, 2014, 29(3):
425-430.)

[12] Konar A, Goswami C I, Singh S J, et al. A deterministic
improved -learning for path planning of a mobile
robot[J]. IEEE Transactions on Systems, Man, and
Cybernetics: Systems, 2013, 43(5): 1141-1153.

[13] Dorigo M, Gambardella L M. Ant colony system: A
cooperative learning approach to the traveling salesman
problem[J]. IEEE Transactions on Evolutionary
Computation, 1997, 1(1): 53-66.

[14] EBME, /K, 5k T, & 5T B0 83 WU 5L

FI AL S5 N I8 42 B0 R [T]. % 1 5 v 3R, 2018, 33(10):
1775-1781.
(Wang X Y, Yang L, Zhang Y, et al. Robot path planning
based on improved ant colony algorithm with potential
field heuristic[J]. Control and Decision, 2018, 33(10):
1775-1781.)

[15] 5K¥h, Sk, &R, 55 BT SO R E- SO R &

TR Be R B A PR R AR AR (D). $ ) 5 5, 2019,
34(2): 335-343.
(Zhang W, Ma Y, Zhao H D, et al. Obstacle avoidance
path planning of intelligent mobile based on improved
fireworks-ant colony hybrid algorithm[J]. Control and
Decision, 2019, 34(2): 335-343.)

[16] SKAE, {70, 3= 5%, &5 F T o0d X2 8O 5% 1
ML AR RI ). 6] 5 ¥ 5K, 2022, 37(2):
303-313.

(Zhang H, He L, Yuan L, et al. Mobile robot path planning
using improved double-layer ant colony algorithm[J].
Control and Decision, 2022, 37(2): 303-313.)

fEEEN

H AT (1998—), B, i +-4E, NERZhPLEE AR
IR 7E, B-mail: 1152895287@qq.com;

FEFE(981-), 5, #¥#Z, L, NFRKX NS TN ZR
155 5%, E-mail: huoxin@hit.edu.cn;

J LR (1983 ), 35, dbm, b, AEZEHERRSTA
RALW ST, E-mail: laffiche@]163.com;

B (1971-), J, 2=, WL, A i+ 5 bl
B 5T, E-mail: zhaohui@hit.edu.cn.



