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Study on Hydraulic Support Alignment Strategy Based on Multi-agent Cooperative Game
YANG Yi"**  WANG Jing-Yi"? QIAN Wei"? WANG Tian’

Abstract During the alignment of hydraulic support clusters in fully mechanized mining faces, the strong coupling
between support clusters and the friction-slip nonlinearity of hydraulic cylinders create a typical “coupling-nonlin-
earity” dual complexity, making it difficult for traditional control methods to model the system effectively. Existing
multi-agent reinforcement learning methods can achieve parallel decision-making, while they face challenges such as
the inability to precisely attribute global rewards to each support action, and the difficulty of capturing the tempor-
al evolution of the support cluster’s posture based solely on observed states, which hinder effective policy conver-
gence. To address these problems, this paper proposes the multi-agent reinforcement learning algorithm CG-LSTM-
MATD3, which integrates cooperative games with long short-term memory networks (LSTM). This algorithm mod-
els the hydraulic support alignment process based on a decentralized partially observable Markov decision process,
introduces Shapley values to reasonably attribute the marginal contributions of each hydraulic support, and designs
a Coalition network to reduce computational complexity through coalition formation. Furthermore, LSTM modules
are embedded in the Actor, Critic, and Coalition networks. By storing information such as state sequences, the
model can capture temporal dependencies among states, thereby enhancing its ability to perceive the dynamic char-
acteristics of the environment and the true state. Experimental results show that the algorithm achieves an 80.59%
improvement in linearity compared to the baseline algorithm in the seven-support task. Ablation experiments fur-
ther validate the effectiveness of the cooperative game mechanism and the LSTM modules.

Keywords hydraulic support; multi-agent reinforcement learning; cooperative game; MATD3 algorithm; long short-
term memory; Shapley value
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(a) Cooperative operation scene of equipment in
a fully mechanized coal mining face
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(b) Schematic diagram of ahgnment adjustment for hydraulic supports
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Cooperative operation of hydraulic supports in fully mechanized coal mining face
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PR G 2R R 2R R B AR, PR e G
T SC AR RO MO R Re A, R e Al i i N )
SR ERIRAS, MR SR M B B ZE s R, PRI AR PR
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Table 1 Algorithm hyperparameter setting
P ig\t?r' Srltlc ‘,Hﬂ? #r4n &k;ft%ﬁ o ‘Ulléﬁ\ éﬁﬁg«m - z:M’FT%E ?ﬁ%ﬂgf&ﬁ “z:jJT’I‘?) Actor, Eiiﬁ; %Wﬁﬁfg
ESIE S E - DR SEE AR B WD 2R B ETER YR
MATD3 3x107*3x107* — 099 5x107% 10 2000 10000 256 — — — — —
CG-MATD3 3x107%3x107* 3x107* 0.99 5x 10~ 10 2000 10000 256 — — — — —
CG-LSTM-MATD3 3 x 107 3x 107% 3 x 107* 0.99 5 x 1072 10 2000 10000 256 — — — — —
DIPO 3x107*3x107* — 099 5x107% 10 2000 10000 256 4 4 0.04 1.0 0.1
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e 6 fros, EENEBEEIFT, S5 E
ERIRE S R BUF B E . CG-LSTM-MATD3 i@
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N —H A CG-LSTM-MATD3 &k #%
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SN CoRE) R R 308 2 T R SE 56, TR B &5 A T A2
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ATATPE. BARSEIR S AP — R A5 B 5
LSTM H B 78 B A b H 5 B R A1F 3 2 - 1) B 4
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DRl L AR VR b S 36 7E 7 G W SC 48 Re ik - JT .
[ B 76 fil S 56 HR AR T 3247 B R GPU (5 A
BT 2 B = %O TR RSB R, NEIRN T
EIE AR

SRR VP 75 A B TR Y S 280 AT 45
SETHRS W RIS, VA S 6 35 4 FH 22 R RE AR R4
B SICZ Ja R 347 %) B 2 #r
4.5.1 ZWEHKS LSTM RAZIEIEIE

200 H 5 LSTM 435l WFE A S 4 RS 7
RRAE A BE P AN 4 BE T A B AN, BRI IE — 3% B kb
PR R Se bRl as, 48 3C LAREl MATD3 895 h
Bt BT =2 BRSEES 43 ) IR AN AR B 42 56 [
BN “BIN LSTMAF AL “RilG LSTM+45%
[E] 50 =Rl B R AR R D, Sk B VR U8k
Je B E R AT X LA AT, B A SRl A H S
FLEZR T L T 2 22 i = AN 4 B 56 IE 4535 4 A R

S AE RN 3 Fis.

SEG W], AR 458 [ ) MATD3 5%k [A
T PR A B 7 R, & R RS & it ok
W&, PRI ELLE N —5.301, “FH% A 5.001. (£4
56 [l LA Bl A LSTM 5k e, P B LT
& —1.497, WHR—ZB R T T 71.76%; 3%
4T 2 6.320, FKIEIL 26.37%. X —45 LW, &4
I ER S LSTM HIah & A AR TE Tk S 28 1)
VR TR TR A A R L ROR B BRI BB P BDIR A
T RIE T H B EAME S

X HE “LSTM AT KA 5 “LSTM+ 4 5
[E] 50 AT 0, @A LSTM ) MATD3 78 % 45 1]
TR, U SRR BT 40 180 8] &k B 8 W sl
o L EFIMETE T 5.62%, 2R T T 15.43%.
XA, GG R B LR AL IR T S 28
W R ER U SIOR I HLRE T Bh AT Be A4k 21
AR P RIS 2R 5, 3 — P I0E T Rl 256 A1 i
AT LSTM 4G %tk
4.5.2 HEMASLWKRER S

TERASE T B 7 SRR AR S5 i 2tk b A SCadt
—BERIT T LSTM #id 5 & 1EEZRALH 1 b [H] 5T
k. TERFFEESH— S AT &, A0 H MATD3
By 5l N LSTM K LSTM-MATD3. 5| A\ Shap-
ley fHF CG-MATD3 LA Kl & P 1) CG-LSTM-
MATD3 PUHp 5 & J 5 Eb. 3 Rl Sz o o b 45 S dn
FAPIR. RAFH Avg 5 Std 43 RN & FIEAE
WA B 1R P S A v 22

MATD3 FiEAE NSk, i 17 (A
6.88 ms, GPU HH N 7.71 MB, A S & N
344.9 KB, THE AR, (HEEN T ELEN
—5.301, EZEIREZ RN, R REARTE R E
EURTN= RS S e R C BN SR S S kA s
5.001, HEkrEZE N 0.89, TR :FE A R
. ARSI AR PR 2, LSTM-MATD3 8%
FBIEATIALN 9.34 ms, GPU & A 17.42 MB,
R SRR N 363.7 KB; “FHELE N -1.497, 5
MATD3 MLLIRTE T 71.76%, B LLFEFRAEZER B
Bk PN 6.320, KhbRAEZ H 0.89 &
0.47, IX R B 2 ML) A8 165 fe PR SR E = [ 4R,

#* 3 LSTM 5256 oStk HAME S Hr

Table 3 Complementary analysis of LSTM and experience replay modules
MATD3 HikRE lies{EEES T ELE BRI RE2E40] Bhie Tt
2256 [ ik ERi ESdn —5.301 — 5.001 —
LSTM-HF KA 530 —1.795 66.14% 5.548 10.94%
LSTM+Z55 A1) 350 —1.497 71.76% 6.320 26.37%
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Table 4  Ablation experiment
B i
CG  LSTM = = TR (ms) GPU 5 (MB) BURZHE (KB)
Avg Std =T+ Avg Std Tt
MATD3 X X —-5.301 1.71 — 5.001  0.89 — 6.88 7.71 344.9
LSTM-MATD3 X v —1.497 1.61 71.76% 6.320 0.47 26.37% 9.34 17.42 363.7
CG-MATD3 v X —1.675 0.54 68.40%  5.428 0.53 8.54% 9.34 8.37 357.1
CG-LSTM-MATD3 v v —1.029 0.43 80.59% 6.477 0.44  29.51% 9.34 19.73 378.9
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