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Abstract; Taking a tunnel project under construction in Suzhou as the research background, this paper
proposes a shield attitude prediction model and correction method based on the machine learning tech-
nology. Firstly, the spatial features of shield posture data were mined through a convolutional neural
network. Then, the temporal features of data were mined through a bidirectional long short-term memory
neural network. Afterwards, the important temporal feature information was mined through the attention
mechanism. On the basis of the prediction results, the Apriori algorithm is introduced to extract the as-
sociation rules of shield data, and the shield attitude correction method is proposed. Experiments show
that the proposed prediction model in this paper has good generalizability. Compared to the three selec-
ted baseline models, it achieves the smallest root mean square error and mean absolute error values, in-
dicating higher prediction accuracy. Based on the attitude theory control model, a multi-loop attitude
control model is constructed to obtain parameter suggestions for attitude adjustment, which provides a
theoretical reference for intelligent attitude control.
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Fig. 1 Project profile
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Tab. 1 Parameters of shield machine

Tt H 248 ek Fek
JE ML S FPRAE £ 2804 kA% 385#
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JIFLHEH/ (r + min™") 0~3.7 0~3.7
B RHES1/T 4 255 4 255
P/ kW 1 647.55 1 720. 45
FIRSNBEHF/ (KN - m) 6000 6 000
FIRSIBEHFLIE/ (KN - m) 7 200 7 200
IREDLE A/ (KN - m) 210 210
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Fig. 3 Model structural diagram
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Fig. 4 Model training loss curve
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Tab.3 Comparison of evaluation indicators

fiISE 7R R iRz FIgaxiiR

AR SRR 2.36 1.89

Pk RNN 9.57 8.94
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SR 3.36 3.10

J& Rk RNN 10. 53 8.21
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CNN 14.45 12.79

AR AT 4.12 2.95
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Fig. 5 Prediction results of shield attitude
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Tab. 4 Parameters of experients
ST ({373t 3 AR RS S e FRESKY  BERESKF
eIl /(mm + min™") /(r+min") HJ1/MPa Hij/mm F1/mm
[700,750] [30,38] [1.1,1.3] [1.8,2.0] [1,21] [-12,8]
[750,800] [10,14] [80,85] [160,180] [1,21] [-12,8]
(800,850 ] [14,20] [75,80] [160,180] [1,21] [-12,8]
[1300,1350] [30,35] [50,60] [1.1,1.3] [-32,-12] [-27,-7]
[1350,1400] [25,30] [40,50] [1.3,1.5] [-32,-12] [-27,-7]
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Hi R I X XY, i 2 ok JH SCRE BE (Sup-
port) B {5 (Confidence ) A S 42T ( Lift) =~48

PRORIT I IR , HAer kU (7) (8) (9) .

Support(X —Y) =

P(X—Y) _o(XUY)

P(AIL) N
(7)
. _P(XY) _a(XUY)
Confidence(X —Y) = P(X)  o(X)
(8)
Lift(X —Y) =Im )



88 modk TR R ¥ W (A %R ¥ W 2024 4E
R5 LHHER
Tab. 5 Experimental results
il Se g Jo 4R YFE NCR =120
1 {EHESEE P =[-5,15]"} [ EHESEEAT=8,28]" | 0.209 091  0.741 935
FL) 2 (RS KET = -32,-12]" | RS STEEF=(-86,-66]"} 0.209 091  0.741 935
L 3 CRSERESAE E=[2.1,2.7]") | JEWEEEE T = -45,-25]"} 0.201 244 0.709 677
' EEHE S =11100,1300]" ," JEH4
CEPERIE S =[2.6,3.1]", BEFHT=[-45,-25]"," JI#EFE
1 )]
P 155 VEBERE A F=[2.0,2.5]" ) H=[1.1,1.3]" " HEFEE =10, 0-200 644 0.758 621
40]" |
VR ERENL F=[2.2,3.1]", {' B3PS =[800,100]"," JEHH %
] 156 "FIAFRELA F=[2.0,2.6]", AdEEP=[-45,-25]", JI#EEHE  0.200587  0.814 815
MR =[10,40]" | =[1.1,1.3]"}
" EdEYEF7=[900,950]" ' [l vE
U EBERIENL F=[2.6,3.0]", FHIEHAE=[2.0,2.5]"," JEHE
B 157 e E = [10.30]" | = [—45,-05]" Tkt 0-200245 0.758 621
=[1.1,1.3]"}
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Tab. 6 Parameters of experients
AR MRE/mm  REALE (JF4E00) S (ST
639 7.29 [5,10] (" BEE S =[1000, 1200]", '[WAEEKENAEL=[2.1, 2.8]"}
" EdfEHE 1 =[900,1 050]" ' [F2b 3R A =[2.0,3.1]",
640 533 [5,10] RSN | =2.4,2.8]" |
641 595 [5.10] ST =[1000,1340]" ' R EKEII AL =[2.6,3.0]",
' ’ "R E A E=02.0,2.5]" , HEFEEEE =[20,30]" |
{ B Sy =[800,1 000]" ' MR 22 E=(2.3,2.9]",
642 5.78 [5,10] e R <[ 30,37 |
643 12.25 [10,15] | A =[800,1 000]" ' M HRK K4 1=[2.0,2.5]" |
[ RHESE S =[980,1 040]" ' MR E A F=[2.1,2.9]",
644 935 [5,10] EEEERE = [20,36]" ' IR =[1.1.1.3]" |
645 11.28 [10,15] [ ISt )1 =1760,890]" ' R2BiERKE A E=[2.1,2.8]" |
(7 - vva/l.:‘;l‘ » - . . '
646 435 [0.5] {rEMESE I =11000,1080]" ' RIAEKENAL=[2.6,3.1]",

"FRERE A E=02.2,2.7]" , HEFEEEF =[20,35]" |
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B¢ minSupport = 0. 2, minConf = 0. 5, X J& 4 [J;
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Tab.7 Experimental results

o #H HHIES T{E 2 1k

/T /MPa /mm /mm
1 900 2.1 2.63 3.29
2 920 2.15 2.95 3.29
3 940 2.2 3.02 3.29
4 960 2.25 3.96 3.29
5 980 2.3 3.69 3.29
6 1 000 2.35 2.26 3.29
7 1020 2.4 4.58 3.29
8 1 040 2.45 3. 15 3.29
9 1 060 2.6 3.96 3.29
10 1 080 2. 65 4.63 3.29

RS SHIFABAR

Tab. 8 Parameter adjustment program

Wy IR WU RN ) A

i /T /(kN+m) J3/MPa /(kN - m) (r- min™")
639 1040 — 2.45 — —
640 1 140 — 2.65 — 1.12
641 1180 1300 — 45 —
642 1220 — 2.45 — —
643 1320 1350 — 41 1.32
644 1140 — — — —
645 1200 — 2.55 44 1.38
646 1100 1150 — — —

2) LASE B A 9 Bl 1 O B B, X AR S
B L PR T ASE R A7 S 6 A B . AR SCHR H i A 7Y
R FT LA 40 A 8 285 500 F) Ik ] R 25 ) R i
0 il 5 P T T T LA 5 Y B I 220 R R
2R A EC T BEA 3 P RE R A A SOy A A
AT B i TR R A R

3) HET RIS PRI B M 2 IR
IR | SO 8 25 I A AR IS Hod BUH, (57 BE
LSRG TS B IKYE, A SR Ik s
BTN TRt T ) 22 28 e 2 R A 4R AT T A S
Al PUE I, R B Rt TN B3 AT 2 A, 5 B
AR R TSR 0 M B S RO TR A
TABGESE ST T 2 AN IR X 0 £ BT 2 3k ik
ik AR THA DL Rt TN B DA i s % 2 B
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