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Mobile Robot Path Planning Algorithm Based on Improved Deep Q-network
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Abstract: The rapid advancement of automation technology and robotics requlres mote precision in mobile robot path
planning. To address the problems of poor convergence stability, low sample efﬁ01ency, and insufficient environmental
adaptability in deep reinforcement learning for path planning in complex environments, this study proposes an enhanced
path planning algorithm based on dueling double deep Q-network (R-D3QN). By constructing a dual-network architecture
to decouple the action selection and value estimation processes, this method effectively alleviates the Q-value over-
estimation problem, thereby improving convergence stability. In addition, this method designs a temporal-prioritized
experience replay mechanism combined with the spatiotemporal feature extraction capabilities of long short-term memory
(LSTM) networks to impro.Ve sample utilization efficiency. Finally, this method proposes a multi-stage exploration
strategy based on simulated annealing to balance exploration and exploitation, thereby enhancing environmental
adaptability. Experimental results demonstrate that, compared to the traditional DQN algorithm, the R-D3QN algorithm
achieves a 9.25% increase in average reward value, a 24.39% reduction in convergence iterations, and a 41.20% decrease
in collision frequency in simple environments. In complex environments, it shows a 12.98% increase in average reward
value, an 11.86% reduction in convergence iterations, and a 42.14% decrease in collision frequency. Furthermore, the

effectiveness of the proposed algorithm is validated when compared with other enhanced DQN algorithms.
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FAFAEA R ENE. | e
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S AL LI, ARSCHR T G I T SR Q
SRR, B K AT I 45 (LSTM) FIEN 2 A
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1 sRfb e I HE e
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W T M2 R Q 18, AT LUK A v AEhfEA 2

AREN, 9 7 RBUZ A AT HE R, 78 ORUETE B8 10 [ I,
XFIER AT S AL 3. BAARSR UG, 3 F A T e S)
TERIF RIS ERBIE Q 1H.
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2.1 R-D3QN &%

D3QN (dueling double deep Q-network) 5% [ J5i
L NTE Dueling DQN 532 H 264l At T Double
DQN S0k i) AR, R I X0 Q W 2% PR A ity 1, 3l

T P} 90 24 T R SRR B2, AN T A % A5 R 1 T e

A St T T R I EE AR v
SR e Bl NIRES (E BBV, I BN AE R 5 R A,
AR E e BRI AR IR s T R IR AR S ms I, 912
GESTCE AW
Vi = Eqn(s)[Qr(s,a)] 3
HEAL S R RIEIRAS s T, BN EatfiS T
TEAZRAS T BN EE AR 35 . Bk AT
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o(s,a;a,B,0) =V(s;a,0) + A(s,a;5,0)
1

2
Hoh, sFORE, aFma e, o H R 5T B 1
Y BH, BRI BB BN S5, 09 A FEE 43 1)
R4 B8 we SRS, 1140000 F
Wy =Wy +1-ALoSs (11)
oo, K, ALoss FoR R B KL AR AL B, 24
SEAENIE 1 Q LB I, S IR g i 2 10
Wy R2Z, A M ) SR R AR, 7T LA 4 AR
AL,
R-D3QN 1 I P A~ EL A5 40 7 45 ¥ AR 4 2 0011 1
Y BV TR 2 I BRI 4, KRR BT S0 1E T4 1 ) b
¥4 o ) F A Q 14, B

Vg = r+yQ(spe1,argmax Qsp1.a:0):07)  (12)

HA R s EON:
Loss = E[(yg—r]g);QN - Q(s,a:0))*] (13)

R, Qo1 ma: 07) 9 E ARV (B B 2, O(s.a:0) N
19 2 08 R

LGV Q % (DQN) Sk, fil B 3 2
0 2 I 4 5 2 T 4B F 55 65 2T T
ELPE T A HAE K P 91 P 4 e R A 7R R 7. A
THRTI B Ak B ), R-DION 31 A T 4 i
Z %% (2D CNN). KA IiE 12 M % (long short-term
memory; LSTM). Dropout J2 15 4 4 2 (041 & 4,
LSTM ik 31 X LA 13 HLA (2878 (355 AT
SR TRV T T) SR O AP i S T, M
T A 5 41 5P 0o B K TR TR TE RS B LB
B G HRIAT 5550, LSTM At it G BIpL 28 A 1535
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1
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1+exp( T )

Forpr, THEMLLLR KA AR . B IR T 132 i B

(14)

&=

1%, & Z@TIR/N, T A £ e e 3h 1 B i 20 1Y

K, WA RER, BEK L2 Q 1. IE R A
AU -

Ti1 =098T, (15)
DAtk 7 26 2 R R R o, 2 BB A A R R
RE S TR K, KRR R AR BR, X 15
HU3E S 1 R-D3QN SVEAE W HA B % TR MR M 2R 2 oK S
X3, AT AR 2w AR B0 00 B 5 B9 (1 2 ) ok 2
B HERE, IR S HOB W RIS, R MR AH Rk, &
Gt Q A AT FBE R T 184 00, S S AT e 3B % 24 i
LA 1 S D 38 2. 30K o L B 36 R L 1) AN AN A 254l T
WRGRIHM KR, BB & FIETE R A
2 SRR AL RE 7).
2.3 DUAZRERE
TEIAT I Ak 5 ) vk o, 3ok 67 5 1 2 ) R 2
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VT 1) LK 77 10, B 10122 B TR R A B, AT TS 7
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1 T A £ 7 3 300 0R 25 Bl 78 V2 2 Joh B B, DA sk
e ST T, B HE RO A AR BURK B 1 1, I
G L BRI R A R RS AR R G, (78
BB VT ST PR T 1 T T A f

WL (16) Fim. 248 Atk iR 33k 2k &
(0 EAFRLE R, 2T 3 — N B AU (+100), LAIRFLK
R i AR AR B L 1. 7580 R A, OOt o £
W (-2), FE IR 44T A, AN, T8 Btk i — 25 7
Beh, 25k R A RS B R FE BRRRLE, 4T — A
ST (+1), SRR e AR e SE AT 5, B TE A KB
AR,

100, RPN
—2,  REEFIREEY
R(st,ar) =4 1, B3 (16)
0.5, MHWEIL
-0.5, [ HbrzE
MREE G, RS B bR E 2 6 10 6 B it
A B A ST I R B BN A I B T
15 S8 Rl PRI R R SR AR LB . AT T
d(s, goal) = X, = Xgoull + Vs — Vgoul (17)
o, (xpnys) 9B AR AR, (ofoat Weoi) 29 B B2 54
b AR U, (s, goal) < d(s1, goal),
B B 015, K2R,
24 WHEHRIERARED
R-D3QN B3k M AR n & 3 FioR, B EihLa
DS SFR A T, AT DS B GIREA (s.a.r,57), FEAF
TR 226 (B JHC P S M et A A 26 2 %
THC I SRR 7% s i E 28 3 MR R A HE AT U1 6. A0 %6
I 7 9 28 53 30 B A p SR BDURFAE, 06 i3k g
E 43 0 30 WA 150 160 66 50 IR A5 08 B 0 V) B 1
R34 B BLACs, @ 0) . IR 1 5 50 T 574 24 RIR 265 5 10
PR, 1T 20 FF AR 35 B0 BB VR A e IR s
BB 1E o MR T H A T RS SH 1R AR

argmax (s, a; 0)

A(s, a, 0)

.\ N
e —TL S e ET R

S A
SEH AR I 45 S8
max A(s,.,a; H’)I a | Sn
VhoN = H ks

r

&3 R-D3QN JIZifE

I 190 265 2 S 68 306 2 3 5 B ACs, ) BT HYJEAT
REBE, 3 DA RER T F AR R Ry o - SR T
T BR AR B0 5 8 190 2% 0000 £ 18 R K 1 22 5, o
USSR BB Loss. 12451 5% R K 1ot Ut Ak 8384 I A
3, ST S B T4 BB S X AR AR,
BBV A Th B34 H bR A B, 503 I 2500k B T3
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g LR IR, S5A AR KBS T AR ot A,
L FA TR E R, &S T E0t AR
A A 1 R T IR e B sk M RE DAY, e
N T Bt ) SR AE BAR S R v )0 PR AT 4

% 1. R-D3QN 535

N WGRREL N, IREEES, BIERA, 223 Fa, FrHIE Ty, ¥R
FETo, BARER T epin, MBS HOR L K.
s AL (E B H O(s.).

1) WIRHANE LS V(S 0,0 I AL As,0:8,0), ¥ Q (K %% (10)
BEATHIARAL.
2) WG HAr M 48 2 o~ =0, TR R Fe=so, ITA SER IS %L
wge=1.
3) TE M £ 254 i LSTM 454481 Dropout AL, DLER & 26 132 44
A&,
4) for i=1:N
5)  WIAAIRASHELs.
6) While sNE& IR
7) RIEN S e-greedy SHIGIEFENFa: ¢ ©
BENLIGEE—A3ME, (D

- argmax 0(s,a:6), PDIMER -2 -
8) PATENE a, FAFEIRA T — MRS 57
9) R MG L PR —EFEa
10)  AR4EC (12) T E R Q fHy.
1) AR (13) T Q (MR 15 5k s 4.
12)  SFME S Ho UL /MR k.
13) AR (D) A HBEIE RIS,
14) K ERMESEEE N LMK S o =0.
15)  R#ER (14) ShERBHRER.
16)  HEHARE 5=y

3 SEIGE
3.1 HEFE

SEIG AR HOC B 0 R - AT T, S B A AR

25 WHL 4 T EAN 3.2 GHz 1 h e AL BE 2% (CRU) LA
32 GB N AF. FAFHEZER A T TensorFlow 2.6.0, 4w f2
2 6 Python3.10.9. (7 H 52 43 5 1 7 LA
TR Sy HRER RS 1, () B3R A B,
PL#S NPT CATE B B diA% - R sl Hlas A nl i@t
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