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BVEAE S b B AR AR Tz JRRR A B T
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TNHUENL AR R SEE, A E SR T B B AR
PRV R, HLUCHE VI B O RE T AR b R B D a6 (8 2 AT B
BUIIC, 5 Je e A KL 1~ 5 S5 A ol P 2 SR A8 2R L
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Sl R BERE TR TT RAEIREE R, At
UE AR SRS — 5 . XHE R TT I R AT S 56 AN 8 e Ry
R $RE TR AR Wb T B ABFE.
P AR B T — R T Ol AR S AN TR
AH R A B8 3 10U G 3 3 B8 2 MR 59 (fusion of
improved A* and artificial potential field, FIA*-APF) ,
I 5L NBA A TR A* RPN R, I3
TR RS T, AERR SIS0 A B A6
FIA-APF SVEAE RIS (6] 5475 R8s, R AR KR I


https://doi.org/10.11975/j.issn.1002-6819.202405192
https://doi.org/10.11975/j.issn.1002-6819.202405192
https://doi.org/10.11975/j.issn.1002-6819.202405192
https://doi.org/10.11975/j.issn.1002-6819.202405192
https://doi.org/10.11975/j.issn.1002-6819.202405192
https://doi.org/10.11975/j.issn.1002-6819.202405192
http://www.tcsae.org
https://doi.org/10.11975/j.issn.1002-6819.202405192
https://doi.org/10.11975/j.issn.1002-6819.202405192
https://doi.org/10.11975/j.issn.1002-6819.202405192
http://www.tcsae.org
http://www.tcsae.org
mailto:xiao@bistu.edu.cn
mailto:solarguo@bistu.edu.cn

176 flk TR (http:/www.tcsae.org)

2024 £

HMETMEN G, R, ZREENSESETITEE
Ky RIGHEARR. HLLEN B RAERTBN, HHXT
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S5 TR B BRARAE H bR 218 F R 2 0T BT A%
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TARAL, AR FT 75 RS 3 b TR RS FE AR A X AL ES N Hh
i B2 DL REJR AR 75K, [RIB, DRL 2 T164:
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B BRI R AT . — 5, IREAREE A H
AR, e e ik =L AN EEE 5305
AW Z B H F5E AR TAE, R SRSy
il 4 (1) [ B e B AR LRI B 0. o — 7, IR 2 Hh
THAREL RS P52 738 A0 X AL s NS 48 F b 77 iy A B i v o) ) 2k
[PsZme, B SE ST AT LU B CAE A R B, R
= HLES N R ALE LRI B i SR AT B s it K &
BOTAERLER . BRI FH 28 110 AR AN BT 75 R R b T 47 gk
SRR TF A LB R, e BRIk, [
B, % 5£48 Q-Learning(QL) HI DKL EMMAL S35
PN JR B A WCSCRAR DA I R 6 ) T, AR ST
HIHFR T T AMQL. AEQL. AMEQL &y (A1 A AN &
R, UHPREENLSE RS B EB R e 5%

1 REQLEZX

1848 QL 52— Fh B T E AR A 2 S 0%,
T R R W] K P 72 (markov decision process,
MDP) [ g e s i 1] 2122, 5 T A AR (R 2 5
JiEAA, Q-Learning AN 75 #5150 1) 58 B 3) &
B, iR 5B B kAT 2. [, Q-
Learning R — & W& ¥, BIE H A7 B A7 £ i 22,
B2 23 1) SRS ATY Re AE — € 12 B b ORAEAT: 55 B9 MUR) 58 B o
ZEFE I I GRR RE AR AR Ry E A ik B AT B,
M B KA BEAR I il . A Dy a2 =3 v ) — Fh B T
5 1 5% (value-based) , Q-Learning B it it % O 1,
BITEIRTES s (SES) TREENME a (a€4) WITUHAIL S,
KR F R BRI IOE . ZEEN OB RIEEIHE O
Bk O RAFME SIRE-BNE (S-4) XF O HME, FFIK
O kPR EE, W& 1 P,

1 BAEEOEMORX
Table 1 Partial O-table for storing Q-values

IRA Status Al A2
S1 Q (slal) Q (sl,a2)
S2 0 (s2,al) 0 (s2,a2)
S3 Q0 (s3,al) 0 (s3,a2)

I 0 (sLal) FoR(ERA S1FHEIE AL 0O, &F.
Note: O(s1, al) represents the O value of taking action Al in state S1, the
following as the same.

FERIRZ O A TUR 2RI (D fos:
0(s,a) < Q(s,a) +aly-maxQ(s ,a) - O(s,a)] (D

A sBAFRE, aR4uIaE, s REBIK T4
W&, d REBREZIEIATHENNE, yR¥IHR (3%
H OEEHKILK), eIl T T P A
Jih R A SR B il (¥ B B ) o 12 B R R IR 22 0 O ¥k
R th i P SR RS S UL SN = R 59 N (S o= P e
'SR i/ o B2 8 Y RN DK RPN PUNE B2 I I - 27|
JHJE kRS (0 E B BORAS T 2 BRSO (B R KL, SEELR
A H e XA ITEA DR G 70T 58 BEIA B R R KR
ERFEDR T AL 8 R O RIS,
THHLEF NAEA B PR R IR BT A i e R i, B 1
NFRRAEE .

+l-r

RE A0 Al A2 - I

S0 | 000, a0)| 00, al) | Q(s0.a2) | - Vs +H
st [ost.an|ostan| st a) | - "
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Fig.1 Flow chart of the traditional QL algorithm
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IR S PRI S SR EL, AR ZRIE e AT
TR BOL TR AR R R, WX 2R, AREK
HTHTHELRS P AL P AR R I e 1 i 2%,
ETn = R, AT Rl ST B R E R
BEATERAR LR M RE T, BB B SIS IR N T X
FIAR, PENsRALSE 2] R B B AR A . 2SR AR T
ELAEPIEE 7> FELIAE A [R] b ThREU RS 52 1) 25 i BA S A
BRI TEIL . ML MRS AR RN 2 P

F2 HhEMENEE
Table 2 Ground roughness

TRET 53 22
: HLHEE Pre-scoring reward it Fom
Hh 78 554 - - 7
Ground cover  Roughness B G Eﬁllﬁﬂ_ﬂa 1 ~ Color
(Zy) /m Battery lif Battery utilization indication
atery e efficiency
WA A X ,
(Level D 0.60 0.167 1.67 oS!
i (Level 2) 0.20 0.5 5 o
B HH (Level 3) 0.10 1 10 s
KB, 3k "
(Level 4) 0.050 2 20 FRey

TE: BB R [23-24] SR level 1 ~leveld PUANAS DRSS B b T LA S
DRIAT 53

Note: Four different roughness levels of ground, namely levell to level4, were
extracted from references [23-24] to achieve graded pre-scoring.

R0 i

Pitch angular velocity(o,) §

Roll angular velo(w,)

B2 FaRALATA
Fig.2 Vehicle coordinate system
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Fig.3 Flow chart of the AMQL algorithm
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E: B L

Note: In the figure, n is the number of time steps .

B4 454 QL ¥£¥ K5 AMQL *fib
Fig.4 Comparison of traditional QL single step length
and AMQL

3.2 BUHAVBEIER &-greedy BY QL EX (AEQL)

e -greedy & R 22 ) R H B —FPOERS, H TR
K5 H 34T B8, Rl & 7E Q-learning 55 & T-{H
7T E A .

TE45 ¢ -greedy TRBE 2 FERF UOE FEENIERT, Lhef Al
REEVLIEEE—DEME R, DL -l MR G £ 470
it s fE CRIAD, efffs—ik R 5E 2 fa 2 PA

HiEMN £ 5K (AMQL)
Adaptive multi-step length (AMQL)
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eNRESEE, fANE. X (5) XRAFCREIREN
KIE S L — MRS RREZ B ER . X (6)
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s v AR B e A A I, ViR s/ 1R L
Ry vill/helg /b RIMEE N 5L (8) RIRZv N HUE IS
eI AN, vEBOR et KRR, vl e K
W FEB /N o T e 2 A 33 ) T 3SR D R 0 2 i i
A Z R & B SE BN e R 3, AT & e —greedy .
LSRR, WlEl s R .

Cr

TR

e=¢/(1+f*N)

B S5 HBiEM e-greedy 49 Q-Learning At i7A42
Fig.5 Flow chart of Q-Learning optimization with adaptive
e-greedy

33 B@E& (AMEQL)

AMQL 5955 AEQL Fik %A 1AL, (HbHEfFE
B Gk IE: EAR AMQL 4@ 1St R s AR
ERTERERBKR, SERBPEERR, Fikk
SEVERUG: RN, 28R 51N SR 2 FiE A 2
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TR ] DU iR R AR, MR AR e, Hili T e
FEVNGRATBENBOR, 380 7 IZRIt ). O 1 i phix
il #, ARSCK AMQL 5 AEQL #EATRLG, #2 iRl & 5

% AMEQL, BLERAMMR T B, mHE S
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B, HEEFEEWE 6 Prs.

= R s

N Ea

w5
EEEIA BB
PATEN e, UL e Wi be 2
W AR
s’

=N

B mkaHikiAAH
Fig.6 Flow chart of the fusion algorithm
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MEEESE. &8 P FBIIRA 70 mx50 m K4}
R, W& 3KEE (MHEKX) 54%dE (TF
DO, Hp B B OIS R, SIER SR EE MU
TR A 4 FAS [RDHEL K B2 st 45 2 7

A7 RLIFFEFRRE
Fig.7 Actual scene capture of the agricultural environment
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NBEFTHE 5 ke, AR SCEAREE 4 3 e
f£4; Q-Learning 53 (QL) . T H &N £ KMk
HiE (AMQL) LLERhE T AMQL 5 Hi&E M AE e-greedy
Pt 5L (AEQL) Mtk 5k (AMEQL), A LLsE
A JEC A P A R AR SRR AT 0 AR 7RO B,

Y/m

45+
30 1‘() 2.0 3b 4.0 5.0 é() 70 3%*5@»1’&%2ﬁ/§§ﬁ %Z%Sj‘j()l; Tﬁ?ﬂ%iﬁO%
Wmﬁ WIRIRZEZE AN 1, BMREZFEF 001, QL. AMQL HiZ%

ol s stmdon model F 4R % 56 W% 0.99, AMEQL H #4%% 5 ik % 51 I =

a. Agricultural scene simulation modeling

(5) - (&) THHIRG; HEARIERIRECH 400, HAIRE
HHCN 300, QL MIFIIEIRZE P KN 1, AMQL. AMEQL
MAIEIRE S K ABAEN Z S K. B 9K 3 FHEETE
400 LR Z G IR AR LRI L, T A BT R R AR
WK s Cal LI 3L & NP KA IR H e A
BV 3 PV iR, Ep gl s Ronig
B, MHABRAEMERRRDK, 48 RoRATE
2. BT, 3FERATERAEYIONE =28, &
AT 73 HT o

Wi AES QL Bk . AMQL H %Ll M AMEQL &
EREAT X AT AT 0. A48 QL SRS 1S, FasE

b. ZEdHed il PR 117 57 5t
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Reinforcement learning-based optimization algorithm for energy
management and path planning of robot chassis

LI Xiaoyu' , ZHANG Junhua® , GUO Xiaoguang™ , WU Gang®

(1. School of Mechanical and Electrical Engineering, Beijing Information Science and Technology University, Beijing 100192, China; 2.
Institute of Agricultural Environment and Sustainable Development, Chinese Academy of Agricultural Sciences, Beijing 100081, China)

Abstract: Ground roughness can significantly impact the battery performance in greenhouse environments. In this study,
battery energy management was integrated with path planning to address this challenge. A systematic investigation was also
implemented to explore the effects of ground roughness on the battery life and utilization efficiency of greenhouse vehicle
platforms. A graded pre-scoring model was constructed using prior knowledge. Additionally, the Manhattan distance between
the vehicle's current position and the target point was incorporated into the reinforcement learning reward function, thus linking
travel distance with battery life to optimize both battery utilization efficiency and life during path planning. An Adaptive Multi-
step Q-learning algorithm (AMQL) with adaptive step sizes and an Adaptive e-greedy Q-learning algorithm (AEQL) with an
adaptive exploration rate was proposed to enhance the performance of the Q-learning algorithm. The traditional Q-learning
algorithms were associated with some issues, such as long iteration times, low convergence efficiency, susceptibility to local
optima, and excessive path turns. The AMQL algorithm was used to adjust the step size, according to the forward reward
assessment, if the reward at the current position increased corresponding to the previous reward, the step size increased. The
step size gradually decreased to prevent suboptimal path optimization, as the current position approached the endpoint. The
AEQL algorithm was used to adaptively adjust the exploration rate ¢ using the difference between adjacent reward values—e
increased when the adjacent reward value increased, and & decreased when the reward value decreased. Although AMQL
improved the convergence efficiency and iteration speed, the variations in the step size caused significant fluctuations in
rewards, resulting in lower algorithm stability. Additionally, there was no outstanding impact of multi-step length on the
convergence efficiency and iteration speed. Furthermore, the AEQL enhanced the exploration efficiency and algorithm stability
through dynamic adjustments. But its fluctuating rise during the initial training phase also increased the training time.
Therefore, the AMQL and AEQL algorithms were combined to develop an Adaptive Multi-step and e-greedy Q-learning
algorithm (AMEQL), in order to ensure faster and more optimal global path selection during path planning. In a simulated
environment, the models were first used to simulate a realistic greenhouse tomato scenario. Then, an Inertial Measurement Unit
(IMU) was used to record the changes in the aisle roughness in real time. This data was then incorporated into the simulation
model. Finally, 300 rounds of simulation experiments were carried out to test the traditional Q-learning, AMQL, and AMEQL
algorithm for path planning in the single-row (30 mx20 m), double-row (50 mx50 m), and triple-row (70 mx50 m)
environments. Simulation results show that the AMEQL algorithm reduced the average training time by 44.10%, the average
number of iterations required for convergence by 11.06%, the number of path turns by 63.13%, and the post-convergence
average fluctuation by 15.62%, compared with the traditional Q-learning. Due to its higher convergence speed in 400 iterations,
the AMEQL algorithm averaged 14 fluctuations per 100 iterations after reaching the maximum reward, while the AMQL
algorithm averaged 15 fluctuations. This algorithm can provide a theoretical reference for the autonomous path planning of
greenhouse platforms.

Keywords: greenhouse; path planning; reinforcement learning; energy management; multi-objective optimization
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