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Abstract: Aiming at the derivation of the tunnel excavation track and the coal production
inefficiency and safety problem caused by poor posture control accuracy of tunnel boring machine
(TBM), a model identification method based on the particle swarm optimization (PSO) and a
fuzzy neural network control method of attitude control are proposed. Firstly, the relation
between the posture error and the tunnel section is analyzed, and the structure of the control
system transfer function is determined according to the kinematic and hydraulic system model.
Through the PSO searching character and the response of the input and output signals, the
transfer function parameters could be fitted. Simulation results show that the identification

accuracy based on PSO is 96.75% and 95.15% higher, respectively, than that based on least
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square or genetic algorithm identification method. Making use of the fuzzy logic control’ strong

nonlinearity adaptability and the neural network’ self-learning ability, a posture PID control

algorithm is proposed, and a EBZ-55 tunnel boring machine attitude control experiment system is

designed and established. Experiment shows that compared with the fuzzy PID, the proposed

fuzzy neural network PID control system could mostly reduce 57. 1% overshoot error and 53. 5%

response time in different conditions, and the posture of the tunneling boring machine could be

controlled in 1° stably.

Keywords: tunnel boring machine; posture angle adjustment; particle swarm optimization;

model identification; fuzzy neural network PID
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Fig. 1 The posture angle of the tunneling boring machine




5 6 30

TR S o Al AL 2 A R A RS B L R A

11

RS IR SR AL B S AT VR R R R A

ﬁ%ﬁﬁﬁ&%ﬁTL‘ﬁJmﬁ%%@%ﬁ@
P 17T 3 o A AL A 2 AT O BILATL B 2 A Y i
Hrh e 2 S HLE B AR A0 A S TR AR A
SRk LTRSS (P12 NS

A T W 1A A8 A o AL B AT A BRI A T

T2 7 R 4R

v, =cosa. (rcosf. +e)

x, = cosysina, (rcosB. +e) —siny(rcosB.) }
(2)

=sinysina. (rsing.) +cosy(rsing.)

VA
| g\ S
f oo bR
i/ \/@&ﬂm
I/
j \
[0 | X
- '
Ca) LB A T M A7 iR 22
,_L\ k*[J ”
r | Md&*mu

EEJEE

ﬁ

KL,//, O] Wl Eer X
— ]

(o) LB A7 18 A0 i 22

T

A
A AL
b )
"

s [0 ‘ ¥

(O HLEY 718 TR IR 1 i 22
& 2 LB AF 7R Y 25 0% 22 I 1 A T8 T T T
o 1 T TR T AR

Fig. 2 The cutting face when the posture error exists

B s v 5oz 200 0 A LEAREAN £ 5% 22 I Y A
L DR TE 2910308 5 A 5 SH AR B T L AR

3= sina. (rcosf. +e) 1

vz =sinB(rcosp.) + cospeosa. (rcosf.+e) + (1)

zy= cosB(rsinp.) —sinfBcosa, (rcosp. +e) J
e B A 1 BIL A O A0 A 5 o R A 2R AL AR
KPR s r I AREVE I 5 e Dy fi UEHLACENE T
Ui 1 B[] 2 v BE RS

B, 2y, 5=, 5300 R A7 78 B R AR 22 0 1Y

http: // zkxb. xjtu. edu. cn

H1EK4Tﬁ§ék$U§§74éE§J o A Rl AN AL B
BT
[B<<arcsin : IS Peonin —
7SN s T (rcoSBe,min T€)°
. H— Ho
arcsin
Vrsing i T (reosfemn €)'’ (3)
y<larcsin —H, -+
v Hy*+(0.5D)*
arcsin rsinfemi :
v H,*+(0.5D)*

A B AL 5 e o T A OGS AL B 4
A0 7 B e /IMELs D o A8 T8 W T 952 5 H Ol 8 5E 8
H o, by 7K TR Z8 480 1 I 2 iy o 1) 2 L
BT R AT AR AN [ AL B RS A 3 2 AL A
AN [] RO G A 8 AL B 28 285 A e R M43 L A [
3 It o AN TR} RUSE 19 4 22 AL 788350 ML ALY 1 ORF A0 £ 3 %
Oy 8. 4°~15. 3% BRI B i Oy 4. 6°~5. 9%, 44

LY 222540 Ml 22 K T M 90 L o 5 28 e i 2 AL S 4
PLA BEAT HIL B 25 Y I 2
1.2 EHNESAAZERFEER

2 4 1 BB B 42 2 R 25 o O AR Y R R

FEL o U)o 20 308 3o 52 45 Y PR 4T 32 20 S0 B S AR ) PR
3 0 LA i A ATL T iy JEL 34 2 R 1) 38 2l AR R 43 B
mE 4 PR,

B da LA HE AL 5™ B [0 2 e o Ak b a5 2 57 A
B2 YOZ o 1 HaiH M T A5, FoA AR (0005 A
B 5 A VB BT 5 sd g A B3 O 8
B 5 AT A 47 1 i 2 WL 7 AR Bl L AN o

[5%3 0
(=} (=1

—
=

AEAOD #1794/

5 5 Y
) 12 16 ks /\‘fﬁi“‘
Ca) IS A0 £ 9] 8 it




12 [ . ]

H.
*
4

Eird i 55 4

D R 2 ()

(b) BHVR I/ % &
Pl 3 OTR) B8 L 4 2 AL 1 483 AL 7R A ) A8 18 1Y
A
Fig. 3 The posture angle compensation of different tunneling

machine in different roadway

<
[
=
S
3
Y [oxe]
Nl | N
~

(b) 385 iy VR 4 B J ST 4492 2y 2 A Y
4 FRE v AT R AL A AR R IR
Fig. 4 The posture adjustment schematic diagram of the

tunneling boring machine

AR R T 13z sh 2 05 B AR
01, = arccos| (¢* +d* —15)/2¢d ]
0, =arccos[ (¢*+d*—13)/2cd]— 0y
yi=r;cos(—0;+0;)
2 =r;sin(—0,+60;)
Krfie H OZ Bl B BAZ S Z MRS 1 7 O
2B A T i 149 B 5 00 SR 7 W TOL 8 2l 3 R o G A
R

-
|

http: // zkxb. xjtu. edu. cn

[ B, G 4b B LR SCEE 1] o U5
AL AAR R ZOY ., L R Ja ST A bR Ry Gy
000 s M R 2 25 )8 RO L S 04 R N O R S S
LRVRAMGT B S e I N SR O GEE: f R
M B O 50 BE S 5 3G AR 45 18 45 J5 S & A B
B HA MR o O FJa S8 T 1Y BE S5 0w
N SAE T s sk B AR AR AR {5 . ]
RIS s g2 T

@2 = arccos[ (¢" + [* — i) /2ef ]

0. = arccos[ (e’ + f2 — 1) /2ef ] @10} (5)

vy = rpcos(— 0, + 610)
2z = risin(— 0, +01)
H X (4) 55 (5) T A4 HLREAD £ -5 R # ) it
BRI
B = arctank
y = arcsin(rpycos(— O +—010) — (6)
ri2cos(— O, +—00) /D
Aern 5 re 500 5 SCHE 22 A PN s ) s
FR iz 1 8 R T B BE 855 000 5 0, A A5 A W )5 52
FER TS AR AR 5 D 8 FE LTS S8 AU Z 18] B RS 5
kI HLE RN A 3R R TR T R R

_ TISiIl((91 +610)7Zp
! TICOS(01+010)_yp

_ rL Sil’l(@L +0LO ) e
* ricos(0LF0u) — e

_ r,sin(@, +010 ) 77‘1‘Si1’1(01,+51‘0)72'()’
* ricos(0,+0) —ricos(0, 00 — o

N RN O oL I T AL E £ SO
MRSV SRR E A A 3 B TOUT LS M
TR 52, 5, .20 5 yo 25 R MRS )5
i S7 VR 28 A N A ALY T AT 3t s B 1 AR R

TeAE i HEHLAE ] Ff S BORZS T BEATHIL 5 250
e SIS Oy 2% SPEEAIUAA T R IO 4 98 G ) 62 3%
PEM L PEHL LS WOE R G ANE S B .

- (D

R 8 : 5o
el
BB, e >< X
O i —
I_IJ

RS

L1
K5 Rt lE SR RS
Fig. 5 The hydraulic system of the TBM

it I




%563

TR S o Al AL 2 A R A RS B L R A 13

BT W 7 G W B0 Ay 1 5 9 E DL S
JERGEEEAR JE I 0T AR X o = AR & R
G M T AT T — R LR L, B RS
e LB, PR I 5 B e — 2 0 TR O 1k Sk A A AR
PEATAE B HE
2 RFREILAE RGP L
2.1 MFHRLEZXRE

WP RHERRZ TR Z S HAEL RGN &
JaAG R A D 4E A3 [ AR 0 AR
B FAERPRE R A B X R A VL
> O AWNIE R 7=l ] = M T S o YA R VA W [P DA 1)
X SR, R okt e LA AR P 5 R B P, 7E
B AR A AR T B A — A JR A AR
SE U TR I R

\%a =w(t)V§'+c1r1(p:’*Xﬁ’)+czr2(Sﬁ,*X',’)1
Xrtl= X1yt [
(8)
A w (O R ERCE sn R HEAARE Nk R R
AL g 0 2] 1 A BEHLEG 1 oo R RS 4 R )
P 5 S kg BRE 1) o A i
2.2 EFHFHERUNESENRSEHA

LT FEAE ARSI 1) R G U B R T R
SRR S 4 A 5 AR e O X A 3 R
B BIAT A Mt R 3 T LS A 5 SR R 4
F ) S B, H AL 338 AR R AT R KR

K o
(as’ + D (B + D

PG AP LA KB X =[a. 5. K. TR
T RPN S P o B8 A — BT K
NIRRT NIER RE, TR R G AR
FEAE I o 5 AT 1R 228 T A 5 30 5 L T A4S AR ]
RE 5 AR A0 B ST R AL, [N I 7 A A AR AL o i A
We2e e=d.— [ Hob di 8 0 AN INRREAS B it
S B T S AR 00 bR S A . R A IR BRI
55 AU AT 8 Y 42 00T S PR AR AL, DL HE TR 1% 22 48 A pR AR
VE AR RS 1 E A bR B8, 36 8 5 19 1R 22 48 B
ORI R 0 B R T SR AR 2% 46 % B
JINERF A TS A SR HER R 22 48 A R A A TR R
mF

G(s) = (9

B BN S B B e O X YV
BT WU L E A . 2T EIRSHOT

http: // zkxb. xjtu. edu. cn

B AR 25O B R0 LR E RNAE S (XD s TR s R
AR AR VAL 1 S B A R B0 5 M K VA - i R . 04
2, TS AR fy 0 e oA
f,»[ar,,(/€+1):|:f,»[AT,,(/e)e;’"‘—0—1‘,,71(k)(l*e;“)jl
d Gkt D=z, (k+1—0Q 'T) /
(1D

KT QAEITAE LK, @A FREMN £
5d, Waf o) TS R R 22 i R 22
F4) 248 ot (LR /N o D) 0 0 A5 750 % i T S AR AR, 24
TRZFEFRRE J BWHEVT 0 B, W 52 i R A HEH L I
s A Y e 42 3T S BRABEARY
2.3 REHIAHE

BRI BE R T v 09 AT M F EBZ-55
PEHL 2R 48 2 B ig i RS VR o B &L i AT B
IS . B XL ST SRR FR T B =B R EHIRAI T B
MEFE  BURL T BEANB0R 80, B RIEAR IR B 200 ¥k, R
LRUE KL FhHE A JR 3 18 &K B ) & R % R B 1 11
flis b F I RIZBEhHE Vo B 1.0 m/s, X, 1 4 NS
B RIEE A0,1].[0,1].[0,10]5[0,1 ], 2
SHETFE e, =1.1.c,=1. 3, % I 28 P 35 ), 19 98 14 A
LB PEACE SR M 0.9 PRI E 0. 1 fUREE . B
i bR B0 B BRVE Ry A AR B A R B pR B O TR R
ZEVE R B AR R . FR G i O BEHL — 3 P 0 (5
SR A R T A D3 s B S S A i A
B BENLEE 3D . [R5 EE Al L A 4 B8 B 7 BE b AT HE
BB UEAR SCHER Tk g e A R gk 1
7R o

A1 FRAPIRF EOHINEEL

Table 1 The identification error of different methods

‘ PR 2
ViR
a B K t
BN RHING: 8X107° 1.23X10°* 0.43  0.004
SRAEPHREE 3.1X107° 6.3X107°  0.35  0.002
RFBEBEHRY: 1X107°  3X107°  0.04  0.000

HR 1 Al A, B I AL 8 pR AR Y 4 HFER S B &
TR T PE AL T S HE R 25 A AT BN e
AL B IR T 96. 75% 5 95. 15 %, [Al i %if
250 48 I I R 5 25 123 T 0, fl b mT A LR
JEE AR T HA D O A B A 4 R PR OR R
TR 0 A] X R ML A R G S AR e Bl
ALY S R R B

3 AL HLLE A A A 2 0 4%
Fh T 0 3 1L 1L 4 5 R 5 R 2




14 [ . ]

P

R

Eird i 55 4

A% 48 PID 2 il ¥l LS BH i A JEE ol » D9 G 42 o 3
o P RRHE 42 ) 55 i 22 T 2% 45 G T 8 1) SR At 25 1) 245
PID 4% il ik A2 S 2% T 00 T SE AR HEAL AL B L 25
R RE R g I 2 A PR 6 T, Hoh r (R R
RGNy (k) R G Ry ki 5 ke 5350 PID
P L) B S o R R S

R
WML
kp k| kd

k) e(k) k)
L Sl I vy I e M

de/dt
R i ——

K6 g dEHL %S AR R g
Fig. 6 The control system structure of TBM

7O RER R M 2g 5K I A S RO B S
T 25 e KM 228 e it PID 426 28 &, £,
5 kB AT AR 42 8 (ALB.C.D.E.F,
Gy={fR. farp. fuh . FL IR/ IER L IER T, B
B IBEO =3, —2,—1,0.1.2.3} AR/ N
{—1.5,—1,—0.5,0,0.5,1,1. 5} 5{—0.3,—0. 2,
—0.1,0,0.1,0.2,0.3},

BRI R 57

PR 7 BRI 2 0 4 25 A [

Fig. 7 The structure of the fuzzy neural network

BWABETE e(R) 5 e (B X B H HL KO, (1,
PDECO 2, ) B Z i A S by

LO; Giuj) by]zl
0,(i,5) = JRRATNIN

s
- (12
i:1,2;j:1,2,---,7 J

T by R S S5 R Y PP O s o R SR
JEE BRVRCH) G T 5 o, R RUIEL R KR, LM IS SRS L DU 55
JZ SO R R R A S S e oy 5

12(17]) -

http: // zkxb. xjtu. edu. cn

I, (m) = O, (1.0, (2,k)
O;(m) = I, (m)

49
14 (7’1) - Z ()3 (7n)wnm
m=1

O, =1,(m)
m=1,2,+,49; bk=1,2,,7; n=1,2,3

(13)
Iy PID #2802 e~
AuCk)=[e(k)—e(k—1) ]k, +e(R) b+
[e(k)Ze(/el)—’—e(kZ)]kdl (1)
uCk)=uCk—1)+Aulk)
k. =kt Ak, J

Lrak, S PID #EHI S50 k.o 53 590 2 PID 45 i) 241
PRI ER M . 1 R G0 1R 25 Il B v i) M BB 48 A o L
K EMR) =0.5[r(k) —y(R) "4 r(k) 5 r(k) 3R
B, ECe) Fa 3l T e/ IME L 1T 15 0 SR & R 80 s 0
Vi B ey LA RIS W AU @, AT DL 2 1 25 00 246 5
AR L A 1F , HR B A 430 Ry

o (k1) = wny () + 00k "’T
P

IE

by k1) = by (B + 00 5 (15)
&) (k+1) = ¢, (&) +3(k) 2E [
. IE 9 I, g 2 o »
At 98 28508 s s e o 2

R A KB 0 () Sy i 28 0 4% 1) 2 > 5k %] 3 o iR
2 AL R AT R S O sk R
5(k) =
E(k) > 1.04E(k — 1)
E(k) < E(k—1)
E(Gh—1) < E(k) <1.04E(k—1)
(16)

1.018Ck — 1),

{O. 996(k — 1),
otk— 1),

4 35 56 IE

Shy 38 IR R - B UG AL B TR R L R 2 I 2%
PID (% #2 il 80CR 35 & 7 5T EBZ-55 4 #E ML AL &
A W R G A8 L5 R RS O 78 400
mm X1 500 mmX1 315 mm; #EHl ZG 5 KE RS
K HI B&RI005 R . M0 5 S £ A L AT A2 Ky 106
mm ; 2K ] SME-90 {8l £ 1% J & i £ ML B 2235 fA . Tl
BHOWEFRN 0.1° R H GUCL000 i 7 # 14 J& &%
0 ek Vi A TR A A BER N 0. 01 mm . SR
it Leica 4> H 2l OG0l A0 AL 48242 75 I i 1% 8 4%
TE ] — A8 b5 R T #EA7 bR 8 5 R e U5 3 37 &l 8




TR S o Al AL 2 A R A RS B L R A 15

(o) ZEAEE A5 B
P8 R HE BN A 7 % 7 i 5 B 4

Fig. 8 The experiment scene of the pitch angle control

B TRE R B 5 1 0 AU 8 e % i AL
A S R G AT BN 225 100 Wk AUE H
A AR R B P B R 22 5264 X 10" HAR AL
Hlsad B AanE 9 Fras . fad AR BRI AT
FISCPR T 00T (9 4 25 AL A A 28 25 15 1 15 138 R %K
wnr

G(.S) — 5' 67 ef(). 02s

4,037 X 10 % +8.137 X 107 *s* + 5

an
FRASCRBRILETT RS T 3 45 /N5 A 47

W A0 48708 A PR A P PRT A BT 10 7 o Sy 36k B PR
R MERAYE 72 AMESim vf 57 A ) 105 A8 2 L 5
W B 3 (5 EL AN IET 11 f 7 Heh R S5 R i I S
W 137 [1] 45 2 S A 78 B B S A A B A — B, BN
S5 2R B [ R ) 7 ) e 24 A B AR R 5 ) LA Y
2070, FL R o7 N (] Y 3 30 4 7Y 5 iy AR A A 22 0. 1
120p
100f
8o
60f
40t

HRIRZE/%

20

0 10 20 30 40 50 60 70 8 90 100
IEAUEL
P9 RLHEBE IRk B IR R 22 s B A AR

Fig. 9 The optimization procedure of the PSO identification

http: // zkxb. xjtu. edu. cn

20

{t/dB
o
o

M

FABL/(°)

e
10 20 30 40 50 60 70 80 90 100
% /Hz,
10 WL HFFF U ik B R R £ 350 oA 45010 A 1]
Fig. 10 The bode diagram of the PSO identification model

12r
10[+
H — RA AN
il Pringh
] P R
—— AMESim £/

7 #/mm
N

0 05 1.0 1.5 20 25 3.0 35 40 45 50
IRFiv) /s

B1T BT PR 4 L 5 2 S AR T By K o 3 i 1L
Fig. 11 The step response of the identification model and
AMESim model

s+ PR S s B A B AL A 3 5 A 4k B ik, o )
5 W 7 o T8) 7 A — 5 2501 D IE W BL 5L

i PEAL 2 A5 45 i L op, SR HL A EBZ-55
B FEDL A 55 SR TR T R A S R AT TR
A P i e o Dy B0 A ) 2R 0 AN [ i A5 Y
Wi 175 23 K I 5K 7 B = A AR S AR AR S
FEATOREAD 4 o BRLER 2, SR PID 45 45 S X 1o
ARG A R AN 12 B FLOR B S 360 808 X e ik
2 PR

----- B 22 I 45 PID
of v BEHIPID

WA /()

|
=

0 1 2 3 4 5 6
I Ta) /s

() IEBH AL




16 DT 7 - I N S S 3 %55 %
il D 9 A ) B 4R 0T — T T B 3 1 2 L
N HE6IPID A A B R o K R R 22 R % PID

MM AR ZE/(°)

1 2 3 4 5 6

IRFi) /s
2PN R
10
-~ BRI 22 M 45 PID
----- BLHIPID

!

=3

dia

P AIRZE /(%)

I I‘il /s
() =M ARG5S
Bl 12 SR PR Sk AE 3 b 00T i
il 5% 22 X e

Fig. 12 The pitch angle control error of 2 different control

I HLARE A £ 452

methods

F 2 REIEH RS IAEAT AEHR £ R R
Table 2 The TBM pitch angle control error of different

control methods

REA £ 43 o 152 2%/ ()
1 vk
—“f¥fEYT LERES FHEGES
B PID 1. 62 2.23 2.37
TR A 25 3 4% PID 1.01 1. 04 1. 49

I LS R L B, 5HOM PID A k. £ 3 Fh R [H
50 T 00 R S AU fh 22 X 46 PID 45 il 5532 1) 8 I
TR WIFEAR T 57. 1% .12, 3% A1 44. 6 % , Homp Jif
I 1) 43 S RAAR T 37. 690,53, 4 1 37. 1%, A ik BT
IS T8 5 o o AR ) S B0 S A A 1 AE LR UE PR
M) JO7 1) Sy b AT S B AR E 1T LA O B R A ARG
P

5 &

Oy i ke el HE ALY S 2 Bl RS E R 1Y
R s S AL B i AR T B0 AR T R B 22 SO OG

http: // zkxb. xjtu. edu. cn

W59 . BT T R LML S A 5 A T T
BRI R T L I UE VLA B R 3B B R R
B, ZJa TR R T AL RS
i RS RY (1w KGRy ikl LS UE T AT
PR BT T 35 T BOM b 2 W 2% 1 PID $H Bk .
J& A T B UEAR SCHE B HER O vk S s S R
THE AR A T T Y B 1 HL AR A A g K 5 7
o RIS R BT RPN L0 7E 100 K %
FEEEIN 5. 26 X 10 ° LA PN 4 B 1HORG B2 L 500 1t 25 1) 2%
FEHIPTAEA R T80 F 5280 1° DL N Y 2245 Dk &
R RE s 1 5 HoAth 7 M B R R UL RS
T ) T TR A PN S B R R S TR A [ B AR
P22 I 28 PID 4 il 337 W] 76 £ UE DR 3 me 1 1Y) i B2
T S IR R R A A A L DT S B A L
AR BE A s SRR R BCR R S K
A (B B 2 55 0 SR s OF A A 2 AL B At R R
WA IR RS A LSS %,

S 230k

(1] Apfadad. skom, Fa, & B 2006 P11k wf

FEIAR G K (1], M4, 2020, 45(8): 2995-
3005.
YANG Jianjian, ZHANG Qiang, WANG Chao, et al.
Status and development of robotization research on
roadheader for coal mines [J]. Journal of China Coal
Society, 2020, 45(8): 2995-3005.

(2] WER, Xk, BEEF ., %, A E6A ST 4

B4 By P BT LT mﬁﬂqﬂﬁk,mw,u<M:
30-36.
ZANG Fuyu, LIU Dan, LYU Fuyan, et al. Study on
anti-skid control of roadheaders on roadways floors
with varied dip angles [J]. Coal Science and Technolo-
gy, 2019, 47(6): 30-36.

[3] Bk, BRE3%, H %, 5. TBM W1 J] &5 W gL )

By v REXd W ar o [0, 79 %2 323 K 2E % 4l
2015, 49(3): 121-128.
GENG Qi, WEI Zhengying, MENG Hao et al. Com-
parison of mechanical performances between the two-
stage cutterhead and the flat-face cutterhead for rock
tunnel boring machine [J]. Journal of Xi’an Jiaotong
University, 2015, 49(3). 121-128.

(4] SREL32, 2R, B85, . 2R E 2 H XA
AR AL B E L mAEE L] AR ILR =, 2018,
39(3): 62-70.




%563

TR S o Al AL 2 A R A RS B L R A 17

(5]

(6]

[8]

(9]

[10]

[11]

(12]

ZHANG Minjun, CAI Xiuhang, LYU Fuyan, et al.
Research on roadheader auto rectification in limited
roadway space based on regional grid [J]. Chinese
Journal of Scientific Instrument, 2018, 39(3). 62-70.
sk ERR. B AL A 3 2] T AL 2 R A5
[D]. dbst: EG LR s) . 2019 22-24,
ZHANG Minjun., TANG Xiushan, JI Xiaodong, et al.
Analysis of vibration of roadheader rotary table based
on finite element method and data from underground
coalmine [ J]. Shock and Vibration, 2018, 3: 1-9.
R . EELA, HRA, SR B IR SE LN AT A
WERGHSE ). T A g1k, 2019, 45(5).
62-67.

ZANG Fuyu, WANG Kaishuo. JI Xiaodong, et al.
Simulation re-search on pitch angle control system of
boom roadheader [J]. Industry and Mine Automation,
2019, 45(5) . 62-67.

ZHANG Minjun, LYU Fuyan, FU Shichen, et al.
Study on the pitch angle control of a robotized hydrau-
lic drive roadheader using different control methods
[J]. Journal of Mechanical Science and Technology,
2018, 32(10): 4893-4901.

TRIRG, b, PSR, AR T 2% SR R A A 22
D0 BE 0 48 R ML 2R 0 O ik [0, B4R, 2020, 45
(6): 2056-2064.

ZHANG Xiaoguang, YANG Yue, SUN Yanjing, et
al. Pose recognition method of roadheader based on
multifrequency continuous-wave phase-difference ran-
ging [J]. Journal of China Coal Society, 2020, 45(6) :
2056-2064.

MR, ST, BN, 4E. BRI RS DR UE R 4
ARG AR [T]. PUB AR %4, 2017, 53(22).
206-212.

PENG Xiongbin, GONG Guofang, LIAO Xiangping,
et al. Modeling and model identification of micro-posi-
tion-control hydraulic system [J]. Journal of Mechani-
cal Engineering, 2017, 53(22) . 206-212.

FALLL, M. WEIEYE AL AR R Y X ) I AL
R [, BEsasdR, 2013, 38(4) . 707-714,
DONG Lihong, ZHAO Pengbing. Internal type-II
fuzzy control on work device of hydraulic excavator
[J]. Journal of China Coal Society, 2013, 38(4): 707-
714.

SUN Zhenchuan, ZHANG Bing, LI Gegiang, et al.
Parameter identification of shield hydraulic propulsion
system based on neural network [J]. Machine Tool &

Hydraulics, 2019, 47(24) . 24-32.

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

http: // zkxb. xjtu. edu. cn

kPR, REDY, AR, S5, WA RO 48 O HLIEOE R
GRS S (] WL K 2 i (2 D
2015, 49(10): 1870-1877.

ZHANG Zhen, GONG Guofang, WU Weiqiang, et al.
Adaptive attitude control of thrust system for hard
rock tunnel boring machine [J]. Journal of Zhejiang
University ( Engineering Science), 2015, 49(10).
1870-1877.

Rk, BSOS BT A RIS A R 1Y
BHA LA B EW A U KRR,
2015, 40(11) . 2596-2602.

WU Miao, JIA Wenhao, HUA Wei, et al. Autono-
mous measurement of position and attitude of boom-
type roadheader based on space intersection measure-
ment [J]. Journal of China Coal Society, 2015, 40
(11): 2596-2602.

ZHANG Minjun, LYU Fuyan, LI Chunzhi, et al. The
roadheader auto-rectification dynamic analysis and con-
trol based on the roadway floor mechanic characteris-
tics [J]. Arabian Journal for Science and Engineering,
2021, 46(3): 2649-2661.

LI Xiaoping, WANG Wenjie, ZHANG Weile, et al.
Phase-detection-based range estimation with robust
Chinese [J]. TEEE Transactions on Vehicular Tech-
nology. 2016, 65(12): 10132-10137.

MELO H, WATADA ]. Gaussian-PSO with fuzzy
reasoning based on structural learning for training a
neural network [J]. Neurocomputing, 2016, 172
405-412.

HARGRAVE C O, JAMES C A, RALSTON J C. In-
frastructure-based localisation of automated coal [J].
International Journal of Coal Science &. Technology.,
2017, 4(3): 252-261.

KR, R, HIRA, L IREVLE R E RS
WSRO B E (1], BB HR, 2018,
46(12) . 48-53.

ZHANG Minjun, ZANG Fuyu, JI Xiaodong, et al.
Design of remote monitoring system for roadheader and
accuracy verification of position and posture detection
[J]. Coal Science and Technology, 2018, 46(12): 48-
53.

YANG Wenjuan, ZHANG Xuhui, MA Hongwei, et
al. Infrared LEDs-based pose estimation with under-
ground camera model for boom-type roadheader in coal

mining [ J]. IEEE Access, 2019, 7(3): 33698-33712.
(i X #)




