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Research on Mobile Robot Path Planning Based on Deep

Reinforcement Learning and Mayfly Algorithm

ABSTRACT

Advanced path planning technology can enhance the efficiency and
safety of mobile robots in diverse tasks, leading to significant energy
savings and possessing considerable research importance. Path planning
research has evolved in recent years, with numerous sophisticated
methods addressing various planning challenges. However, deep
reinforcement learning algorithms typically address only local path
planning in simple environments and may struggle as environmental
complexity increases. Similarly, the mayfly algorithm suffers from slow
iteration speeds, a tendency to converge on local optima, and is ill-suited
for dynamic settings. Consequently, this paper posits that integrating the
mayfly algorithm with deep reinforcement learning and the dynamic
window approach can effectively tackle dynamic path planning in
complex environments. The principal contributions of this study are:

First, to address the limitations of the traditional Deep Q-learning
(DQN) algorithm in path planning, an enhanced DQN algorithm is
introduced. Key improvements include an optimized exploration strategy,
the use of an artificial potential field for Q-value initialization, and a
jump point strategy, all validated through simulation. The findings
indicate superior path length performance by the algorithm presented in
this section.

Second, in response to the deficiencies of the traditional mayfly
algorithm in path planning, a refined ephemerfly algorithm is developed.
This version employs an adaptive dynamic parameter adjustment strategy,
incorporates energy consumption into the fitness function, and leverages
the Levy flight strategy to refine the ephemerfly’s trajectory. Simulation-
based path planning tests confirm the improved algorithm’s efficacy,
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demonstrating shorter paths and accelerated convergence.

Next, to overcome the mayfly algorithm’s drawbacks in dynamic
path planning, a phased dynamic path planning method is proposed. The
initial phase focuses on global planning, while the subsequent phase
addresses local re-planning. Global planning integrates the DQN and
mayfly algorithms within a deep reinforcement learning framework,
enhanced by a memory mechanism. For local re-planning, an advanced
dynamic window approach facilitates real-time obstacle avoidance.
Simulation results affirm the improved algorithm’s capability to
efficiently execute dynamic path planning tasks.

Lastly, the improved mayfly algorithm undergoes simulation testing
on the ROS platform, with data analysis and real-world experimental
validation to assess performance.

Keywords: Mobile robots; improved mayfly algorithm; path
planning; fusion algorithm; deep reinforcement learning
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241 REF3]

VR BE 2 5] R M8 2 ST I — AN BBy 3, Bl 22 J2 B B A A SR AL i
S FRAE BRI EHATT 30, TR ) s i S R AR SCUATFAE . Torsten Wiesel Al
David Hubel HJF 78 R 52 I 52t T A7 ERVR R, TR & BRI 1 = 2%
AL BRAEAR 50 R G b i B . AT R G s 7 R A A B AR R T e
— MELEPER G IR R X — R B TN BRI 2 RGN R AR MR
fit 7 E WA AR NIRRT U@ I B A S5 B AT A B, SRIEATE B
[R5 HH b o RIS 25 21 R e AL — i R R A B R 1)

DRPES: ST AR RAWTR S, MR T B2 W, HE S, HRE S 0%
BRI B AR GG ) SR S AR X B 2-3 fioR. EEAZ
s, BT AR B SRR, VRIS ST CAROIE W RE S SR S E R 2% R
il o IX G I 2 AR AR BRI T RO R EAT AR 2 A R 88080 1 43 R 3R
e MILLZ N, WREMZML (DNN) REWS ML 2k, m Ak i S A
S WA AR LR 22 44 P 1) 5 2% 1)
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EE
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i
M
v

K 2-3 TRIE 2 3] SR GipL a8 % ST R Lk
1998 4, Yann LeCun #2H T LeNet-5, X2 —/MIN CNN 288, it
530 IR 52 B AR L G AR e T S PR RO X — R T S SRR
VMR R BT TR, M4 WL T 5 TG, R, BRI A AT B
%, R th e — e R L m 7 it il & iR s,
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LeNet-5 /& — & M B RIAI L MR8, PN EPUZAM, X828
AP AL R BEATRAIE R 4 . AL I 2ERE LG, RAET softmax
[ U R S T 22 J A H 40 20 BRI, —AMEAH CNN M B GRZ
ML AR R,

(D EBHZ

EERET, BRESEMARE B3, I 5 EG R R X AT 3R
B, DUEF AR RHE R XA S E A RHEE RS T, B
BEE M T ITA TR B . XEEEPUZM R T ERUZ, & CNN BER AT &
G BT KB

BRI A XGE C(2-10):

s(, j) = (xxw)(i, )= x(i+m, j+mw(m,n)  (2-10)

R@2-5%, x(i+m,j+n) N, wimn) 2B, GHRENSHLEH—

AT 22 S P A R R, 1% S 5 FRURZ 38 o ot i N RS 3 AT 26 AR R SR 3R BUEY
fiEo — 3x3 BT LR RN — NS AN FECT 1 347 3 ZIRIERE, anf
2-4 Fi7R o

1 1 1
1 2 3
4 1 2

K 2-4 BRI

(2) HfkZ

BRER — PR BRIE, RA TR, PaAfLEREA TR
AR O, SRS 5 I AL 2 SR8 X — ) R . i
WEARTERE, R—MARZM R, 32 H 1R RE B 1 S HON T
R SEE, KA AR E i E . LETE ONN R B = A FEIhRE: 1
SRAFAE AR, D B 4 B2 DL AR, DA FE By A I LA
ML T VE B IR RENLIEAL . PR A AT K AL 25 053), HLad Rl 2 B — 5 Y
35 2 M8 PR BE LB P 3 B B B KA R AR i R R ALE B R AR SR

(3) AHg)E
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|

SRR E AT ERME MK R, B4R BMO. BRI EEIRE
TG AT G E AL R R U R EREE B, S A E SRR SR E R,
AT 156 B AR R

(4) HRmE

T35 oA PP Al A Y TR B HE R M, SRR B OR E B R AE IR
PR A e R A I S5 R R PR RE . TEDRRT A3 28 AT 55 R A R BR AL A
Softmax 22 XM TH4ixtiRzE (MAE). ¥77i%2% (MSE) FHit& AR 4%
K(@2-11), Q-12)F1Q2-13)Fi7R.

el

¥

L:_zyi In p, (2-11)
) (2-12)
i=1
1 & ~
L2:;Z:(yi_yi )2 (2-13)
i=1

24281E3]

AL IR ML I — B, AR AL N ERTZ A, 5
PRESBE W TF IR 2R A B 2 STAH B, SR 2 ST — R BRI LT SR
USR5,k 2-5 Fivs. XA S, BReid w20 Kb W 533 B

AR BB ], MR AT Sy sims . sl sy >3 vl AR B BE AR 530 5
R HMAIRBIRHATE ], W HR N AT EE AR TR,

!

BN

h 4

4

K& 3 il ik

B8

K 2-5 5idl 7 =) i
Q-learning /& 1 Watkins F1 Dayan #& tl () —Fh & e sl fb 7 =) B0, e 2T
ERIEAT I EIR LS, W KRR e B RA T 5B HE, Q %2+
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BALE 4 NBEEWFS: RS E. QBRI . ER—-IEA, Q (s
REBERERSE s (SES) THATHNE a (a€A) Pragr R HUII . 5
SRR BRI B 1 SOBAR I A2 o DRI, ZBEVERIROERS R — A Q
%, ROIRASMBNVER R Q (EAFE b, JRH b £ BENE AT BRI 28 AT 30 6
B BEARAEREIRES T I T RS ERHEAT AW 122 2], My E,
1SR RS E L PN o

Q-Learning 5 VATE AL F R HUBDIR 75 2% (0] B 2 i@ BME R I K8, N T
ff X — 1 R, B E AR S B RS Q-Leamning 454, €& T Deep Q
Network(DQN)71, DQN Fi| FH R B i 28 W 4% K Il Q {5, A b HE 7144 Q-
Learning 5% FIFR 1 o
2.4.3 DQN &%

Q-Learning H VL 7 b 3 K FUARIR 75 2% 18] B 23 38 BANME Rk K00 1) . 1%
X—A &, DeepMind HPATE 2015 42 H T DQN H %P8, DQN H ik nT LLg
WO IR CNN 5 Q #2IM 45 &, &G T IRES: 2 5586 % ST AR AL
WK 2-6 T o

BRI SR AL 5 2

E ) BEER ) RK

L

MEE Tl Nk
A |
v
70T A

B 2-6 TR a5 2]
DQN SLESE & T IREZ S IR ST L% . e 460 RGB BUEE A,
SXRE T DAL v 4 P R A5 25 1H) o Q-learning 30543 U 1 5 A 8 242 il ok B8 3 S i
DAL A K IAT N . DON HIKEZ — AR, AR 21, LA
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BUNCE BTS2 5], R8> TR AR PRI e 1SR SRR . A
R R HERM S, ERBEERE IR, Bk BAMEPR A S B AR
o MR, DQN HE XS EIHP IR, RO R 1R sE S
R -

(1) Hbresi%. DON i H AR AR T Q A iy e ify, Has T

0'(s,a) < Q(s,a)+a[r+max Q(s',a")—0(s,a)] (2-10)
WUk R B TR ERURRE, AFRN:
L(0)=E(y'-(s,a,0))’] @-11)

(2) HARMZE . DQN FF H A0 28 F0FI0 )4 22 A EE ff PP Al =4 BIIR S T /Y
NEME R BT M TR B AR Q fE, I AL NERti Fil RS
M QME, AR 1 Q-learning H XIIRAS- ) 2 1A] 3L K 51 & ) “HE R R AE™ o

(3) LB [nlTs. 2l [l ORI il AE e A ok Kt A A 18] ) S I () LR B2 v A
AR, it 72l e . b, PLas AR B RS iR A
WAL B, INZRI N Rib T EEA L B A A2 AT U 2. @i —
RS, AUIESR TR Z R, SRR RS UEZ IO EE A,
PRIRTT T2 21808
2.4.4 DQN B AR Bl

RE DQN FIkAE Bt AR LRI 5 2 e L L 2 S AE, (BT
frdt 2 ik flin, ZEIETTRE AR AR, HAESE SRR R T
RRBCRITHRIAE . KA L ATHEIRT LU U AR

(1) BRI

f&4E 1) DQN SEALE Q RMWIAA LI I8 H s H s o S sl se e fEmL, 7E 28
WS T AT EM S T UL B2 R i, BRI B i B, (€45
E AT A B ARG XA R BRI AR A B, B 57 A K E TR
AR

(2) BHRIRRICRMT

fEB AR RN A, DQN SEA N & id 20 5 il S K3,  BIgIR=R, S
ROR TR NIRTHERE, NBOE & HIRZR RN, BORNLES A 21 o7 ) PR 5000,
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8 3 8 BT B0 RERL S TMBEE ABERLTR

e SR AR IR SO AN PR A B, PR T LA R A U B R . (R
BB I 1 IR RANZE ST RE S0 T R B R R & 06 BB, Xt R VR O
2 5152 B EAL R A

A5 45 DQN S 7E 5t I I 4R 2% 5 W SIo FE I 08, LTI B 42 T 1
JE B KB B R AL AR T T 0] I e ) AT . 05 55 DQN
SOVEATE R T R AR R 10 BN A7 AE IR, AR B R — P Gk i) DN B3,
BT R ERR NS, BN THIAIA L Q (5 5 T XUR i BR A2 R
TLHEmS, IFHEAT 07 LA HER AR PR A -

3.1 HRIR R RS

TERR UL BRI AR, B RE AR L IR R R B AT AR B M5 B 2 Ik 5
T, KRR ST P L B — . TSI, R REAR R ER s
DL A AT AR R o BB I I HOHERS B REPR SBT3, I RERE TR
AT A BV TE IR . 9 T RO — (DR, — 2 S 0 ) PR 2R S S o
NeT AR .

e- AR NS S TR AL 2 ST b P — RO i, T TIERR R AR 2 IS4 .
TEXFNHNE R, AR Ll 58 e 0<e< 1 )P —ANBENLEIME, BL 1-sPAHK
TGP BRI . X REBEARAE T RS AR R, AR A
AR A e

{E3X — MR A2 76 R PR, BATE R LGB E# A Mk BRI T RE, (B
BT, R FHUT SRS EIN T LA S 4 R iefl, (X —3hfE
TEVIUE LI LR B A, e M 0 A MR R . LI FR e O A RE AR 4T
TAHRZ SR, BT B e AT 0 2 it 276 TR G S5 5,
JE B A SR G S AN A, A Pf

Bt — ), A SR R O S L M O SRS, W e — ANk
PRURBTTIZ IR/ D, 33 R T D455 B 7 T 05 11 5 28 00 IO ZE R R 7 1
ANE L, RIS HPE IR 2 O R A5 B, A RO T R R BB 1
FORI PG 5215 RGP o AR B e RAE B A -
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iteration/0.literation _max —iteration/0.literation _max
B - 3-1
&= 80 + 5 X eitemtion/O.literat[an7max ( - )

—iteration/0.literation _max

+e

&y BRIRRH T IWIUGIE, iteration RFIERIREL, iteration I HUETE 1%
E N[0, iteration_max], I iteration max 5& B RIEARIREL, & &—AEH
RENES AR, HWMETEREN 0<&e<1. EARATHFH =01,

iteration_max=1000, &=0.8, Kt e F{EZIIEE 0.1, 0.9], HEKFFeM
HBEIEARE G s, AR Zan & 3-1 Fros.
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0.8+
0.74

H._O.é-
J
%0.5

0.4
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0 200 400 600 800 1000
JEAR s

Kl 3-1 TRER BT

3.25|h#E15

7E DQN FE G R, Q XA EFE FEHL, FEEER R FENIE.
B REARAEFOIRAS I T RO 22 o U ek . R R mT ge AR, (HY)46
MEZRAC, b LA, £ RAUCR ANPGRS RIWIY, X AT RS 8O 0%
R MR,

TEARFH, X DQN Bk AT 1o, I T AN LH#GEEUYISEL Q E.
H T ERESYIARZ, BEUTERANEEN RS S Kk,
WATEWIIEN Q R, WA BEBERYIMF /1, MARFEE T B mm5 7.
NG FEEL R QEM KT MR E, AT T — M5 E U L5
HHBRE, BT G Y. BARIN G 1 E Rk B A T B, WA E(3-
2).
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2
U — lé/(laiml) ( 3_2 )

max aim

Hrpg BATINRAT, L ZAMERRKEE, [, 2 BirsKE.
WA (3-3) KK Q EAIFILL .
As,a)=r+al(s,) (3-3)
r AR TR, 0 N[0, 1THIBENLEL.
3.3 BT XEFTRVER R UL SRR
ISR RREL R R, B Ae A RE 08 £E 0 55 b H 21) Fi A1 46 w5 31 H bR UK AT
ITHA . IXEEBRARHA TR 1B BEAR BE NI R BIIA 28 i SE R AR R RIME 55 - 28T
XEEERAT I —sE R M), PO EAT AT BEAN I 2 e 3T i fe /b BUBR A% B i 45 0
At
N T R BRAR AT R b . AR RS IR R, BN Ah— Le 0 R R
IR ZOD KT 1 ek,  anscR[60]1, Kefe Mg i 1 ARS8 IR
A, FEBESE P H A SR T B0 AT 5. A RTACE TS TT 1A
ZOCHRE 712 BAR A 1 BERE, (BSE N3l 5 1 A S 8T Q R4E L Y
T, A AR ) SR AR AR I
BT, ARFESE W MR T R I B AT UL AL SRS SR BR AR AT LA, T
FREEAETURI > IR AR e . 207 E B I Ta s e, HAiRIRst e,
LA W = AP BRA R
(1) Hkas fi 2 B AR KT ERAR AR AR A E Ve 4G i T
(2) HHPs s RIS S BB RRIKAE Y B bR4E%
(3) KA B IGTEE 2 H bRIaEHE B AR X 350N () & P bS4) 2
EIRTRE 2 H AR s IS HA RIS, JRAIBEE R R O KT 2 e e, Wi
TN ELZIEE RS d, 2 159 2 (3-4).

d =24, (3-4)
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3.4 BERIE
A2 DQN FyE ARSI R s

B3 DQN S

BN RS S, SMERE A, BT g, FARa, WRHT ¢
Bt ATBIRNG
IR BT it D 1Y) 25 5 M s
BERLRT A AL S 1B R QI 2 446 ;
BRI AL H Rl R QI 246 = 0
For iterations=1,M
I AR Fr 51 AN AL B PP 471
For t=1,T
R ASPEIVAT]
LIMERIEFEBNE a
WATEIEa, BRHOIRESs TR
(s, a, 7, sHYMADH;

MDHRFE 22 H A
B r,if end at j+1
Vi = 7, +y max,, Q(sj " a, '07),otherwise

LUK BN (3, — OCs a3 0)) YL B WUt 4701

’

S s';
BRCE, ¢ Q;
End For
End for
Xt TS Rt AT oA

3.5 EM

IGAE M SO BE I AU, B RTERRAS 25%25 8% T ig H python 15 5 4
FEHEAT BE AR R0 FOI K, 10 5 20 AUAE SCHR[61 T B 11x11 5 1515 B3~
5CHR[61FE AT I . ARSI HIES BN ERN: ¥R a=03, K
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T =095, &Lk (Memory Size) K4 500, HREHF ¢ MAILHEN
0.1, 51 IHT¢ H05.

N T IRUEA & SO SR AT R E RIS E P, B SR A S 2-1 F 25%25 1
WS AL, FEIZIABE P X IZFERAAT I K, IF 51650 DQN HIkM A*SiLET
LB, O T ORIESEIG S5 R AT FENE, X =R A RS Y BE AL 8 AN
() 25%25 MR AR R 04T 8 IR MMALSE S, R AL I RIEKIES
BEARK LRI MBS SRR R AR A NS LU G SR AN 18] 3-2 P, BRI 1 %
AKX EEan ] 3-3 B, 2 IS SR AME Ge T 4 R a3k 3-1 B
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-
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K 3-3 KI5 T SEIR AR KX B
2% 3-1 BT e gh R

AR K P24 (E /m
48 DQN 5% 48
AL 39.786426740
2k DQN Hik 35.989629704

P 3-2, B 3-3 Al AN E SO BVETERR R LRI T P HLBE B R —
FUgAE, %9 DON HER G 4 Mg e KERK Hig 2, A*RIERR
J7 BB 8 A7 Al AR K B T4 AR AT) B A K I RS K B S 2 I 9T
T AR 2 O3E S i A2 K B I R 35 AL 48 DQN Sk 5 Ak g, HEdrs D,
CAAVERLF, REREEAC. R 3-1 LR, ATOSUEELTE A KETY
fEI R4, 54 DQN Sk 14 R B A2 K B P38 R 48, A* ST Ak %
1A BT BE Y 39.786426740, 1M A B 2t VAN N 35.989629704, HiAL 4t
DQN 555 A*EE IRTT T 33.4%5 10.6%.

N TR DI U A T O R A R, A AR R S SRR SR [6 1]
1 1111 5 15%15 f3R85 T 5 H AGR-DDQN SiE#E 1T e, 1 Bt gs 3
W 3-4, B 3-5 s
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8 4 5 BT KT E RN BN 28 AR BRI

DQN SV 7E fiff o fa] R IR BT I R AT A 1) N B T — @ R, 2R 24
WM ERERFEIE NG, S5SNI B < KRER N, ik
A RGE RBRAT N RIE 55

g i B — Fh o R R RE LA B, TETRON i 4 2 AR AR A Tl 3t st R G i SRS
B TRPEERAR AN & S bk (HRR ISR B T B AR LRI ) N, IR
ERER AR RE SN AL, AR B MR 10 B o 0] % e i 3 A B AR R 1]
HRIAS R, ASCHE ) — M ecgb i e B, SR 3 N 30 25 2 B0 S S o) e i
BIEZANSHOAT T, KREEEFRIMACGE N E R, 5l A RYE RAT SRR
XA AT RREAT AL,

4.1 BIEEaNSHHEERER

ZHU B BN BV O 45 B SR KA, S0 & B B AT DA vk
RENR K, EARRNHFEEIE P EESHE . BMENE g, ERG R
ar ax Ml as o FREVESEUEEAT B S0 T, MEPESRUEEIT D, H0K g @
I ar B E R AR AR, a5 BEB N — [ R {H

TEAL GEbp i S, PR, BRG] RECE T R E N el X AR
REAME RS2 REREIIA T, SN RERN, IR TIEAEE.
LK I VERLE ¥ BN FE R SRR, T LAAE T b e 0 e i, R
BUBATRZR A, TAE o A s e et 57 FRAIG, 39 ey e -

FEA SO SR AR AR A B L

-0.55
g=T+l.2 (4_1)

1=/ 1005
e 2

A PR RVER R WO B IE R, AR 0 R v Bt 8 SR s A A 1) e 0 75 1H A
A ORI G BB B BENAE, XA AR S A AR SR T
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2 AT A 22 55 DARE 5 JR) S i A o

R 1EMR 51 R s BN
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3
“h= 1 (/13X yo.0s (4-2)
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s e (4-3)
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Hrr, @ AXTEIRIE, Levy &34E AT K, AU Mantegna J5 754 il
R MSELE ST A IBENL D, Rk =R
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_ 1 é (4-6)
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