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Abstract

The precise adjustment of the height of the coal shearer drum is one of the key technologies for the
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intelligentization of fully mechanized mining faces, involving mathematical challenges such as
small sample time series prediction, nonlinear fitting, and closed-loop control. This paper, based
on the “Science and Technology Mine” cooperation platform jointly established by the School of
Science of China University of Mining and Technology (Beijing) and Meilin Data Technology Co.,
Ltd., and drawing on the real case of the prediction and control of the height of the coal shearer
drum in the student innovation training project, systematically reviews the core mathematical
methods in this scenario, including grey system theory, neural networks, time series feature en-
gineering, intelligent optimization algorithms, and PID control theory. The article focuses on elab-
orating the modeling logic, applicable conditions, and engineering adaptation strategies of vari-
ous methods, and summarizes the complete practical process of students from data understand-
ing, feature construction, model selection to control implementation driven by real engineering
cases. This study aims to provide transferable methodological references for similar industrial
time series prediction and control problems through the analysis of real cases, and to demonstrate
the supporting role of the university-enterprise cooperation platform in the cultivation of mathe-
matics-oriented talents.
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PR AE IR E — VR BEVR 45 M b K ) 54 2 S, 2024 AR B & AT 56%. 45K 4T IR IR
P, SRIGENIR 1 = FE IR TR 2 B SR IR R R R Wi 5= 4. ARG 7 U F K
FN 2256, 1% 22 i 7E 150~200 mm 2 [8] s e AZ AR ATE S 4 b5 54 T 115 22 751 80~120 mm [1];
MHT R EEE T EE SR R, B T AUME AR 1, (AL GO AL (0 S R R E] ) . BP
(Back Propagation) £ (X 26 5 )k LA ROAG HE S 1 o AR 26 1 5 o fl S ke e, TR 2 4EFF7E 50~80 mm
[2] [3]e (MR BEAL WA R (2025 4 hR) )[4BRI, 3 2027 4= K AU 8 Re A0 K8 TAETH o5 Hik
95%LA b, VR ESATRSE TR AEHIE 30 mm LN . TR, B NEESR. SR FES .
PR R RS TARE TR SR S5 R, SO 2R R B R &

JEA SR BN T VEE 7 N E BRI 2 R85 I [2] . A B RAR B AR (I B SR 26 a04h
W) N R AR AR SRS B, WA AR A, BT SZIR[5]. MRl R R T )
B WUEED) . AEGERESETSH, B E L S S DG R SEIL TN . AR T VR M SR )
[ R e E BP #4448, I A 44 TRMINASE Y (G K €046 22 0 288 ) NI 038 0, SHE /N R A3 o7 2 5
LG HESI[6] [7], AEAIAESEAARIGE B0 BERL ] ARk A (L 56 1) . VR 425 1) 5w LA PID (Pro-
portional-Integral-Derivative) ¥ il Ay &Ali, 0% TOUE ARREME, BFAE KR T PID. #H& M4 PID J
AR AR ST VA 8], 18 22 B FUKG TN 5 4% I A Bk SRS AL B, SR B 7o 21 i AR AL AL [3] [9] -
G RE, AR EEAA/ELL T ER: 1) BUNEELS TR H A, K% &R RS 3 UIAER AR
2) T SRR TR, U AT E VR A R B g T 3) BRI REA L, LU EHE R
JS7 AT R S5 B [ R

DOI: 10.12677/aam.2026.155235 360 N He it


https://doi.org/10.12677/aam.2026.155235
http://creativecommons.org/licenses/by/4.0/

i s

KIEN R B T R G LRI B KA. PRI, BT HI YRR R, TR “Bn
- TR - PSR - BAT” PR GER (1] PR T . WERR . AR TIE S S RIS
G TN, B HGE T PD (Proportional-Derivative) {5 i) 28 BRI R S5 BRI E . AER
TN 77, K RS (W GM(L,1) (Grey Model(1L, )R & H T “/DHdR . TUEE” BI/IEARES
FM[6]; N LAPZ /% (41 BP. LSTM (Long Short-Term Memory))48 K AE£E e, 7] F T4 1E K fa g
BRI TN 225 A TR BY il & — 35 05, el MAEAIE R SRR A RE 7). 7E42 %I 5T, PID
Pl e Tk A i) et 50, HAVERR K S 308 BHE RS seth ik nld it 4 R R i 2
B E LA, G AR AR T W RGN )2 G (an FE L 1) - Y3 HR BT R ) 2 1) 2 1L
THE A AEAR[9].

AR SCARFE A AR 2% (A6 00 B2 B 5 SE MR EAR BRI A BR A m L “RBHE 17 S1ET7 6,
I FH A AR A PR SRR 15 v FEE A 5 A A s S B B R R VR s 0 B DR N e A R 1) 0 LA 4R
ARG TR RETN 5 ¥ ) o A% OB 7 v . F AR T N E SR G 32k T I n B 8 %, W
FRITERPE A RS TARIERC RN, B MR A & Re Rl ECE I S HESE, SRR L RAE R
R % AR ) b ) EARA R, 9 R RIS R T 5 5 T S IR T e B

2. WERERHRETRERIFHEA

AFTEL BBy SO AR ] e B N 5 bl R ER, RGELZI 5N W L s
TPk, BRI RAE TR SERA S ).
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SRARHLIR T R RE A R 4 P B B0 2 R R I, ELIE T MR R A A e R A B
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2.1.1. ¥R GM(1,1)1E8!
PRt GM(L, L) 2R3 3o X6t B 6 7 81 AT — IR BN AE i (AGO, Accumulated Generating Operation) 3k~
R AN A TR RO KA T 5, SR 8L — B kMo R T LA
B2 R 0 8 1 17 900 X = (X0 ()X (n))(n24) B e X (k)= 30 X0 (i) 5 i A
2 (k)=0.5x" (k) +0.5xY (k —1) « K5 2 X (k) +az (k) =b 2% a,b tif/h —3RIEAG i, XRIH
UX G wop i) SE
x®w+n:(%may9je*+9 &

a a
PRI R SR A 2 B A P 51 T -
RO (k+1) = ¥ (k+1) - %" (k)

2.1.2. REFMERBUATR

BEXHE FRUE RIS, ATHE— 2R A AR B R SR T i1«

FORARW GMQ AR AR 2, @HEE OKE I m (E52), W BEIRF 5
X (k)= (X (n=m+1),xO (n=m+2),--,x% (n)) - 2457 B O (n+1) Bk B, I B
X0 (n—m+1) , fREFFEFIKBEARAE, TS50 a,b o R A3 A5 I8 IR A 1k, 427 TN 21 «

REFIERARRL . AR EEARE L 24 GM(LLBIR, I S 1 o K & 3 B0
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213 REBHEMEHEERE

IR RIS AR 2R MR B B I 2 B8 TG B, b5 BP #1120 WX 48 06 Ak B 7Y [ T Ak 2= AT RS OE %
TH=)Z BP M4, A AKERSRRH G TR), BEE 6 Wa(RMEME), Mtz 135S, HEA—
h22[0,1], Ba& ERH Sigmoid HuE B3, it Z & MEBEGE, CLTT R ZE NSV REL, i BT FRLI
ro WM A —EZ RIA— 10 5 AR A TINEE R . W THRIZRAE . K PRS00, o)
HE—2KH LSTM. £3LiER /7 LSTM 8¢ 1D-CNN (One-Dimensional Convolutional Neural Network)%% g
BELE o

2.1.4. GM(L,)ER 5 ERI M sELL &L

N T B S DO AU HAR T GM(L, L)AL i PR RE SR TR B2, A SCEE T R TR il L FHJE SRR, R
3 b 5% B R = SCER R SR AR SIS, r it TOBTBRARE GM (1,1). & GM (1,1) BA AR
22 W 2% 4H A 1AL MAE (Mean Absolute Error). RMSE (Root Mean Square Error)fl MAPE (Mean Absolute
Percentage Error) AR ELHY, 45 R4k 1 .

DOI: 10.12677/aam.2026.155235 362 N H it e


https://doi.org/10.12677/aam.2026.155235

i s

Table 1. Comparative performance of individual models against the GM(1,1) model
1 FEASHES GM(L1)HIERIMERERTEE

gt MAE F&1i% RMSE [&1% MAPE [#1IC
B GM(L, 1) A 121.7% 116.9% 121.9%
3 GM(L, 1) 7 1 16.0% 1 9.4% 116.9%
TR A2 P 4% 41 A Y 112.1% 1 10.0% 110.3%

WRAE =BT () SCHR B T AT . BT I SO BRI TA5HE GM (1,1), H & BRH T 5t LA
SRECEHE AT, & BB R AN RIS 1 58 LG R Bt i 1 DL R STk Bl GM(L, 1)1
5 GM (L,1)EEexf tb 2 E[10]; H &N GM (L)AL S GM (L, 1)1 REXS L S MR [11]; A (h i 22 o £ A 1Y
5 GM (1,1)E R M Rex L 2 12]

2.2 BET R SHEMLE

221 H5IEMESHETLE

IR BN AT S MU FI PP FITRRE A b, ELE A\ JEUUA 5 MU 5% s R B R R . 4 T
PRI K R R E, TR G R R AN, It R AR A P 1 L A P A
MK T, SRR T BTN, 93 DA AR

WEHHE: h(t-1),h(t=2).h(t-3), MR AL

%5 AR(t)=h(t)-h(t-1), BRI, PR,

z@m@@%ﬁ=ﬁmﬁmwﬁam,ﬁ%ﬁﬁ@ﬁﬁ@ﬁ@m:%zgmpnsﬁﬁﬁ@%

oy (tw), RIZTIMES . (LAY, 5 2m R

B AR A A R PR o 2 20, BRI SR I, SR TR T4, SEHLM
BRI B HHEALSCRHIN” B0 WO UL B 645 5 3 (R 5 59 Sk (b S T,
SRR I 257 Bt

2.2.2. FHERHIES STRRIEIE

TERXGE S ARFE 22 70 RRAE I 2 T RS GETHRFIE B 2R _E, D9 SRR R TU AR R ST A2 AL R
BE— 20 R LA 25 BRAAT R 07 08 5 TR G LE »

(1) MRS HERBERIE S F AR B R & B L 1] 0 B /R R 3R, I BRAH OGR4t
(AT 0.1 FISSHASCASE . WIS IIEIE (R IAHAEAE: h(t-1). h(t=2). Ah(t). REHM(L,3).
EENKFAE o, (1,5) -

(2) FHAEEEMHFT: JE T RENUARMBR T LR R IE A B B AS0 CR TR JE SRR i) 4530,
h(t—1) A Ah(t) 9 FBEME G, BT TTRE 600%; TRANFRIIERIKZ s T h(t—3) 55 h(t,10) ) B PE B2
T%, FLAIER.

(3) VHRLSCIOTAIE: 7EAHFIUIZEEAMNERE T, DL BP M MZ BRI, X LA [FIRHIEZH & (14 Tl
MVERE . VEALTR bR G T M % 22 (RMSE) RIS 4853 25 (MAE) . 45 R 4n# 2 s

THRSEIG R Y], WS R IE S 22 o R AR R M BE SR T B o ok, VR BN GE TR AL AE P I e A T R
WINER, MAFHEH G RMSE #1824 40%. FIREEESEET LN Citiiafife: A4 1 Lh CC-
GRU (Causal Convolution Gated Recurrent Unit) B 74 (1) 5256 2% 5 oy 2 [ [13]; 414 4 UL AR-AIGA-FRRBFNN
(Attribute Reduction-Adaptive Immune Genetic Algorithm-Fuzzy Rough Radial Basis Function Neural Network)
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BERAE SR B A RE LIRS H[14]; A& 2. 3 &2 FETHIR FEARIRRAIE TAR SR 5 TR 2 50
Zia gL [7].

Table 2. Comparison of predictive performance under different feature combinations
2 2. TEIFHELAE TRITU M REXTEE

FHIE & 7 % RMSE (mm) MAE (mm) RMSE %5 5: 2k b
1 TR IE (IR 46w 5 PP 51) 52.3 41.7 —
2 MNHFEHRE (h(t-1),h(t-2)) 38.6 30.2 26.2%
3 BIAZESPRFAE (Ah(t)) 34.1 26.5 34.8%
4 MANESH G (h(1,3), 0, (1,5)) 3L5 24.3 39.8%

2.3. BERISBMUSHIT: BERES PD 124
TE TN H 5 5 v B i, 0 T 2 1) 2R Gt 9K FELVR L A8 ) — VAR s (AL ) SIS A7 v R AR E R
2.3.1. PID $=HIsR M FRiA
BRI TR (), SERTEEN Y (), R e(t)=r(t)-y(t). FELERF PID HhE:
U(t) = Koe(t)+ K, ['e(r)dr+ KDded—(tt)

H Ko K, Ky 2SN B, B 280 BIBULIRCREERINIT, ):
(e(k)—e(k-1))

Ko
TS

0(0)= K, ()+K.T. 3e( )

I8 RIS A AE R WA S ELS SR 1 SR e s, ASHE 7R A PID 424 (3 A2 AL 20 36 15),
A
u(k):er(k)+%(e(k)—e(k—1)) )

Hrre(k) MRz, K, Ky MRS H.

2.3.2. BEEEML PD SRR FER
&M TOL AR LR PE 5 i AR e, SR B IS N 35 % 5775 (AGA, Adaptive Genetic Algorithm) s
Kp, Ko AT 2 RAL
o GIBSHBAIEL: RASEGTD, BINMERTN0=(Ko K,) o MIEGHEEPC = {00, 0| 124
SEAZ N [ Kp s Ko o | X[ Kt ins K | PIEISIBERLAE AR
o ERERB: IERIERELF(0) &SN RGERERR 3 (0) 1AL

Horh 3 (0) Srer A ERER R 2 SRR
M
3(0)=2(ale(k)+ Blae(k))+7 1y

k=1
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A =09, F=01, HIHEHIMETT y =100-le(k)| -
o MEHT: RAAMLER, MG Bk R :
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o RXEERRHET: ZTXRMFARLXL:
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Gla GOle

P =i +(pp — pp")

Horprg v, G N EREL
o ZIEFAM: WL LU SRR 2L BRIRERINELG,,, s ESE L RRMENZEUNTBE e .

2.3.3. M - #E=HAF RGN B FHR
F1 R GM(L,1) TR 5 PID 5 2845 &, MR T HI3F 245
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