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Method of tail beam posture prediction of top coal caving hydraulic
support based on LSTM

YAO Yupeng, ZHANG Jinglin, XIONG Wu
(Beijing Tianma Intelligent Control Technology Co., Ltd., Beijing 101399, China)

Abstract: Fully mechanized caving is the main mining method for extra-thick coal seams in my country. The control accuracy of the cav-
ing actuator depends largely on the data feedback of the tail beam posture. In order to improve the control accuracy of the caving actuator,
a method for predicting the inclination of the support tail beam based on the long short-term memory neural network (LSTM) was pro-
posed. The absolute coordinates of the support bottom plate, the inclination of the tail beam, the relative height of the tail beam, the frame
shifting rate and the column pressure related to the tail beam caving action were used as the input variables of the RNN convolutional net-
work and the LSTM neural network. The historical data of coal caving in a fully mechanized caving working face of a coal mine were used
to train and verify the support tail beam posture prediction model, and the support tail beam posture prediction model was established. The
tail beam inclination was predicted for 16 consecutive hours. The fitting degree of the predicted tail beam inclination curve and the actual
tail beam inclination curve reached 98.7%. In the fully mechanized top coal caving face, 3 ~ 4 production shifts of hydraulic support tail
beam inclination prediction tests were carried out. After comparing and analyzing the predicted tail beam inclination curve with the actual
tail beam inclination curve, when the confidence interval was (0.98, 1.02), the prediction accuracy for 16 hours of continuous production
was 98.40%. The LSTM-based support tail beam inclination posture prediction method solved the problem of tail beam inclination control
in the electro-hydraulic control system's adaptive coal caving operation, laying the foundation for unmanned coal caving in the fully mech-
anized top coal caving face.

Key words: tail beam posture of hydraulic support; tail beam angle predict; LSTM neural network; chronological processing; top coal

caving process
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Fig.1 ZFY10800/22/42D type coal caving hydraulic support
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Fig.2 Hydraulic support structure model
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Fig.3 Prediction process of tail beam inclination angle of

hydraulic support
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Fig.5 Tilt angle data after eliminating the abnormal data collected by sensors
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Table 1 Original data for model training
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2023-10-15 07:59:59:943 (14,89, -1.4) 68.9 137 0 272
T E LSTM it 28 0 26 45 1Y (1) B A s TR 25 Ky S E R 256 1. 64 N, J21A] dropout 20K B
1220, B RPAC 1=1, (1 2 ARG, Bas)z T 0.2, B R ACIRER 150 ¥R, 2% 2] %558 0.005,

365



2025 4F5 5 11

#HEHMFHAK

53 %

I 25 40 ViR 22 R UL I 8 R AR InF 2 1k 1 25, £
Adam PRALARFRBSRE R BN, S ARUAACR I 6
s kAT 50 YGEUR, BREBREIGT 0.05 L
T, BERIYIZRAE SR EA L PN K o

eI 25 ANEGAEAR, Fiy ARG 10 S AR T3
IR, 75331 2 B BEIEZE 16 h (19 S AR R A
T £, W& 7 B, Xk BRI B S BRoR A 1Y 52
DR A £k, LSTM AR FIIN 45 5 5 H S TC

1.0 N %

0gl W CPEE)
&= 0.6

*

X 04

oaf \\

0 20 40

60 80 100 120 140
IEARIEL

o6 HRINARE

Fig.6 Iterative training effect

R
THI b £

9O AL AL DO R YDA SR T T Y
AN N RS RN Y RIS R RS SH RO U PR R PARRREN NSS!

@@@@&#&ﬁﬁ*&*@ﬂ&@&@@@@@@»@»&@&ﬁ@@ﬁ&@ﬁ@&&&@&&&ﬁ&@@@@g@

"7

T2
RLEE S g

Fig.7 Comparison of prediction results

2.3 REVERE

V4630 2% MAE, ¥ 7% 22 RMSE I
28 1 [ U A 56 2R 80 R A g A58 500 (] U 5 4 35
B, MAE PEAN SR S AT 158 22 , 1% (8 /)N ]
AR B s RMSE TP 45 784 1 il 4 -5 000 54 1Y) i
BB, AN RO s R DA R T30 {1 %
FLALH AL A O, (BRI 1 RO A

R T IR (4B, BE AR A
FEREFR bR BRI FE b, 158, 8 R R A
SUEN y, BOME RS, Hor i=1,2,- NN B4 b
(REA B, 1225 | 43 He (Percentage Error) 1] L5
wr.

PE = ’y;y’ x 100%
Vi

FE FE TR PRELL, RN | EA TR L E
Fo/INT BB 25 F
0 if ’

(9)

A

Yi—Ji

Vi

< threshold

(10)

i

1 otherwise
Horp, threshold & S AR X% 22 RIME, AT 55
Xf 22 S A5 AL BEAN[A], AT LATEE AN AR, 104 T X6 152
FEBREL , B B threshold 2y 0.03, #5545 1 AU
BRI F i 2 SRR RCE n 5 EREAR KL N /Y
FOAE:
366

F:% (11)

PEAf LSTM 455 AU 7E 191 0 52 42 2 3% il 1 Jy Thl
PERE, 15 1 LU A 45 5 : MAE=1.778 4, RMSE=
2.364 1, R*=0.997 04, 45FE 1, S0 240 2320 £y 0
AR ELA W o (A FL B RN YL 2

FRA(9), (10), (11), HEAE LR B35
H 98.7%, 7% W] LSTM H5 7U 7 4b P 57 240 2 S {1t il
DR R 1 e B £, BRSSO B A0 1 & AR 4k
PEOCER, SRS BE TR0

3 MABR

H TR

T IS 2R R G 2 T AR R A £ i AR T
P TN L, R TIP3 AR B P2 R G T AR
WG AL, 85 AL T LK R %
$e, PEAT SNBSS o SRR AR T SRR
{UF B AR AN P 8 FT 7R, BEALIEH 5 4> 28, Ul
PERGLIMRAE 16 h R A, s A D S8
JoE, VR R K () o oR A SRS | b
IR B AR A AR S ] 7 K, 22 P g 4L, 11 0 1l
DAEA R A BOIAE T, X6 A, 6 LU Y i 2
SR B2 31 A JE G AR RS R L — B 22 SR AR A A
L B T S A AN S F) TR

31



WRERMSAE . T LSTM IR S A8 AR T 77 vk

2025 455 5 1A

()

2 SuES

L H i |

Tk YA

{ BEERT LA )

r_J

LSTM #& 7
N L — W ZIM S 7
SN ETINEA A Tt

|

R ARG
KEEAH TiiE

| B IE D |

o

[ B R A A ]

SN Bl P
JIE SRS

B8 LR TIeT R X R R R0 M A2
Fig.8 Prediction process for tail beam inclination angle of

hydraulic supports in fully mechanized top-coal caving face
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