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Digital twin-driven method for Pose monitoring of roadheader
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Abstract: Addressing the challenges in position detection and visualization monitoring for roadheaders, this study introduces a digital
twin-driven method for roadheader pose monitoring. Initially, a three-dimensional positioning model and pose solution model for the
roadheader, leveraging ultra-wideband technology, are developed. To mitigate the impact of underground non-line-of-sight environments
on UWB positioning accuracy, a C-T fusion algorithm based on maximum correlation entropy Kalman filtering is proposed. This algorithm
significantly enhances the precision of positioning tags under NLOS conditions. Subsequently, employing digital twin technology, a
digital twin system is constructed using Unity3D software, with a MySQL database serving as the medium for data exchange, thereby
facilitating real-time three-dimensional visualization monitoring of the roadheader’ s position in virtual space. Ultimately, an experimental
platform is assembled to conduct position detection experiments for the roadheader. The experimental outcomes demonstrate that the
positional error in the roadheader positioning experiment does not exceed 3. 44 ¢cm, and the angular error is within 0. 34°. The system’s
monitoring capabilities are real-time and effective, ensuring the synchronization and consistency of the system, which aligns with the
demands for roadheader pose detection and visualization monitoring during the operation at the mining face. This approach offers a novel
perspective on the application of digital twin technology in underground tunneling operations within coal mines.
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Table 1 Results of some postural measurements

20 5 D X/cem Y/em Z/em M/ (o) WA fa /() IR M/ (°)

1 100 100 70 -3.12 2.13 -0. 88
2 200 100 70 -1.23 1.84 1.58

514/ ESE

w Tl 3 300 100 70 1.78 1.31 0. 00
4 400 100 70 -3.87 -0.48 -0.79
1 102. 98 101. 12 71.24 -2.98 1.79 -0.61
2 198. 02 102.31 72.02 -1.11 1.71 1.31

1 /MR

w WEH 3 302. 12 103. 41 71.23 1.65 1.10 0. 00
4 403. 11 103.31 73.12 -3.64 -0. 61 -1.03
1 150 100 70 2.98 -1.21 0. 00
2 250 100 70 2.99 3.72 0. 00

2 W/ BESEH

% I 3 350 100 70 0.55 1.08 -0.19
4 450 100 70 -3.12 1.21 -0. 48
1 152.75 98.24 69. 03 2.71 -1.16 0.26
2 252.35 98. 12 68. 45 3.08 3.57 0.32

o5 2 4/l

® WEE 3 347. 14 103.31 70. 47 0.23 1.26 0.03
4 452.56 102. 24 72.13 -3.02 1.07 -0.59
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Table 2 Error analysis of some of the position measurement results
4151 X %2/ em Y i#22/cm Z 1%/ cm i iR (°) W2 (°) BHREMRZE/(°)
2.98 1.12 1.24 -0. 14 0.34 -0.27
-1.98 2.31 2.02 -0.12 0.13 0.27
B4
2.12 3.41 1. 11 0.13 0.21 0.00
3.11 3.31 3.12 -0.23 0.13 0.24
2.75 -1.76 -0.97 0.27 -0.05 -0.26
2.35 -1.88 -1.55 -0.09 0.15 -0.32
524
-2.86 3.31 0.47 0.32 -0.18 -0.21
2.56 2.24 2.13 0.10 0. 14 0.11
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Fig. 10  Posture measurement error

AYHTEE 2 AL 10 (0457 00 S A5 T AAS | e v 5K
65 P 150 2 R A TR 1) 1R 25 Y TR O, 7 058 25 I KA
L 3. 44 em, A IRER KA AL 0.34°, LIRZER
UEBH , SR FH BT 57 10 037 25 figp SRS TR AT DA AR IS M kG
TR S S

5 & i

BEXTER™ LA Ml i i v o7 28 S92 ik M 00 e A i
T — R AR A K B R L S N DN T v EESE T

FET UWB AR 5938 3 HL = 2 5 {57 B TR ] 25 B
SEA BT AR EOR  SEELT AL 2 A SIS I I N =
el AL, EFXFHET NLOS Xt UWB &7 H A i , 41
T ET MCKF (9 C-T @il A 53% i 51 A i R AH
Y D She R 1o 5 2R 12 30 U 7 Ak A g T MR I A
4 Chan BIEAE N Taylor FURTE B, 3EmE T 2N REMW
WERAYE, SCELT B E LR b 2 AR A BR U A T K e
B OIFH TR, SR R B TR S N
it 3. 44 em, TR ZEANBRL 0. 34° ;3810 Unity3D #1145
5, R MySQL B8l AR A B A, 528l T



- 206 - LSRR R e o $39%
Wy B 2 [ R0 R A0 2 () ) 23 A TG 0 R S 52 Ll g 1214-1229.

YT 2 R bl ok 2 A AR R A SN R Bl 58 A T 9l E AL
(125 R BV 7, AT Al B 4R A E 3, ARG
37 2 W D00 DIy RE S I A 24, 3 AL 4 A AR 20RO
RO 25 A BORAEIRED I T 9 2E A 1w % 1 4 3t 13

Egl%[\%o
S 3k
(1] FEXUBRGE I, 22 %, 25, B & (0 0T 4 JB 1

(2]

[3]

[4]

(5]

[6]

[7]

R R g [ )], 1 MR S5 4, 2023, 51 (1),
33-43.

WANG SH M, GENG J SH, LI P F, et al. Construction of
geological guarantee system for green coal development[ J].
Coalfield Geology and Exploration, 2023, 51 (1):
33-43.

1 SR N e [ N Y VP Kl R A
RTAEMEE AR T]. T8 A1k, 2022,48(7):
1-12.

GE SH E, WANG SH B, GUAN Z L, et al. Digital
twins meeting the technical challenges of intelligent
synthesized mining face [ J ]. Industrial and Mining
Automation, 2022 ,48(7) :1-12.

TR, Eitd. B R BRI 5 5
B[ J ] S R, 2023 ,51( 1) < 44-54.

WANG H J, CAO Y, WANG H L. Research and practice
of key technology of coal mine intelligentization [ J ].
Coalfield Geology and Exploration, 2023, 51 (1)
44-54.

R A: . A R T R A SRR R R R [T ].
Bl HAR 2014 ,42(8) 69-74.

HAO J SH. Current status and outlook of key technology
of coal mine roadway boring equipment[ J]. Coal Science
and Technology, 2014, 42(8) : 69-74.

SRIOEHE A7 SCUR , BB T, 45, R0 1o 52 28 4 32 T i
Bk IS ST [ D). R A, 2022, 47 (1)
579-597.

ZHANG X H, YANG W ],

Challenges and research progress in remote intelligent

XUE X SH, et al.
mining in coal mines[ J]. Journal of China Coal Society,
2022, 47(1) ; 579-597.

s, B, B4, 5. 004 B R A 18 o OC
INEEOR[T] . SR, 2021,46( 1) :310-320.

MA H W, WANG SH B, MAO Q H, et al. Key common
technologies for intelligent tunneling in coal mines[J].
Journal of China Coal Society, 2021, 46(1) : 310-320.
TH ik R, A SR e bR A R OC B R A
WEoE SR S e B[] M O % i, 2024, 49 (2)

[8]

[9]

[10]

[11]

[12]

[13]

[14]

MAO J, YANG R K, XIE M, et al. Current status and
prospects of research on key technologies for intelligent
rapid excavation in coal mines[ J]. Journal of China Coal
Society, 2024, 49(2) . 1214-1229.
FEER, &%, W, 55 BT 2 6] 5E S HOR BT
AT, TARRLEZIR 2024 ,46(10) 1713-1727.
WANG G Q, ZHAO X, YANG CH Y, et al. Research
progress on positioning technology in underground coal
mine space [ J ]. Acta Scientiae et Engineering, 2024,
46(10) : 1713-1727.

U, 2222 XI5 LT 5G+UWB FIBHSHOR 1Y
HFANREMARGE[I]. T A31k,2024,50(1)
25-34.

LIMF, LI' Y, LIU Y, et al. Underground personnel
positioning system based on 5G + UWB and inertial
navigation technology[ J]. Mining & Automation, 2024,
50(1): 25-34.

A B I IR E S BOR BRI (D). T A
21k,2023,49(S1) :44-46.

LI F. Current status and application of precise positioning
technology in coal mines [ J]. Mining & Automation,
2023, 49(S1) . 44-46.

Wk, B R BT UWB FR G0 0 SR T A T i
KRN A FEE AL T BRI [T]. AL AR A
2022,43(10) . 108-117.

CAO B, WANG SH B, LU CH. Research on autonomous
positioning method of coal mining machine at the head
end of coal mining face based on UWB system [ J].
Chinese Journal of Scientific Instrument, 2022, 43(10) .
108-117.

TR, SKTERE A% SCIR , 55 BET2180 LED £ L34t
8 LA B8 R AL AT ST [ 0], BEaR 22 4k, 2024,
49(s2) :1173-1183.

WAN J CH, ZHANG X H, YANG W J, et al. Research
on Visual Positioning Method of Tunneling Machine
Based on Infrared LED Linear Target[ ] ].
China Coal Society, 2024,49(s2) ;1173-1183.
ZEHA B, TR A T SRR A A B 0 A TR
Yy LB R S (T ik [T ] o B B R 2 4l
2023,31(8) :783-789.

LI L L, ZHONG AO, LIANG L, et al. Visual-inertial

Journal of

positioning method for lowlight scenes based on improved
image enhancement [ J ]. Journal of China Inertial

Technology, 2023, 31(8): 783-789.
Bk, B fh, oA, SO A WIET I TR



5510 3]

By 2R A ) 4 i AL 2 M D D EE WS =207 -

[15]

[16]

(17]

[18]

[19]

(20]

ZPLAE A SLAM B3k [J]. B4, 2022,47(9)
3523-3534.

YANG L, MA H W, WANG Y. SLAM algorithm for
underground coalmine mobile robots based on laser-
inertial fusion[ J]. Journal of China Coal Society, 2022,
47(9) : 3523-3534.

B B K IR IR SFL R T iGPS IR R
[Ea) i R AL 2 08 2 6K BERIFSE [0 ] AR AN SR~ 4,
2016,37(8) :1920-1926.

JIAWH, TAOY F, ZHANG M J, et al. research on the
absolute positioning accuracy of tunneling machines in the
narrow and long space of coal mines based on iGPS[J].
Chinese Journal of Scientific Instrument, 2016, 37(8) :
1920-1926.

W SCHR , TN, Kk, AF. S5 T = BOR AAR IR i
TR B B 6E s 7 7 s [0 ] BE R AE I, 2022,
47(2) :986-1001.

YANG W J, ZHANG X H, ZHANG CH, et al. A long-
distance visual positioning method for underground coal
mines based on three laser beam targets[ J]. Journal of
China Coal Society, 2022, 47(2) . 986-1001.

SRABHE , VLA W, 4 SCIR , 45 T = 06 /bR #E A9
HENUOL LS8 L E AR BEFE [ 1], Al S5 A 5 2
#%,2022,36(6) ;178-186.

ZHANG X H, SHEN Q F, YANG W J, et al. Research
on visual positioning technology of tunneling machine
Journal of

2022,

body based on three laser point targets[J].

Electronic Measurement and Instrumentation,

36(6) : 178-186.

IhE TR X, B4k ] A5 S AR B R A 2 LA
FrsE O D7 1 BF 9L [ J/0L ). M B¢ BL o R, 2024,
52(12) :300-310.

SUN L F, LIU Y, PENG J G, et al. Research on the
combined positioning method of tunneling machine based
on inertial technology [ J/JOL ]. Coal Science and
Technology,, 2024,52(12) :300-310.

FH L. 3 T B E AR SEALIB I SR E AL Tk [T ]
TH Azshk,2019,45(8) :70-73.

TIAN Y. Inertial navigation positioning method of road
header based on zero-velocity update[ J]. Industry and
Mine Automation, 2019, 45(8) . 70-73.

P SR, SRR, 55, T iGPS HUHRHENL RS 2 5
G AIL B 07 2SR Ty (1] AR 541, 2015, 40 (11)
2611-2616.

TAO Y F, ZONG K, ZHANG M J, et al. A position and

orientation measurement method of single-station, multi-point

[21]

(22]

(23]

[24]

[25]

[26]

[27]

and time-sharing for roadheader body based on iGPS[]].
Journal of China Coal Society, 2015, 40 ( 11):
2611-2616.

ILIUTA E M, MOISESCU A M, POP E, et al. Digital
twin—A review of the evolution from concept to techno-
logy and its analytical perspectives on applications in
various fields[ J]. Applied Sciences,2024,14(13) ;5454-
5454.

W R L, B AF BT T T T i SR
AR S R A s AT R AR R [ ] R 2 4L
K ,2023,51(10) :266-279.

XIE J CH, ZHENG Z Y, WANG X W, et al
Preliminary exploration of the virtual and real fusion
operation mode of the fully-mechanized mining face based
on the industrial metaverse [ J |. Coal Science and
Technology, 2023, 51(10) : 266-279.
SISk, E Wb =, 45 B 28 A 9K 5l i B 4
U IABRFEBOAR [T ], TR HLAE il 1 & 45, 2021,
27(6) :1617-1628.

ZHANG X H, ZHANG CH, WANG M Y, et al. Digital
twin-driven virtual control technology for boom-type
(11
Manufacturing Systems, 2021, 27(6) : 1617-1628.

W SCHE X B, B 45 0T AR A B Bl 10 4 5 A
BRSNS [ 0] R B B
2024,52(5) :160-173.

YANG W J, ZHAO D, ZHANG X H, et al. Research on

tunneling  machines Computer  Integrated

tracking, positioning, and collision detection methods for
drilling and anchoring equipment driven by digital twin[ J].
Coal Geology & Exploration, 2024, 52(5) : 160-173.
B E IR, AT AR T Taylor-Chan R g
UWB N =i 7k (1], BTTR=2 24 ( A AR
2FhR) ,2024,63(4) :679-686.

GAO P, CAO L C, HE D W. Improved UWB indoor
three-dimensional positioning method based on Taylor-
Chan algorithm [ J].
('Natural Science) , 2024, 63(4) . 679-686.

M, 84 UWB 45 IMU Rl 28 N S R[]
FL I AR, 2023,46(10) :76-83

WANG P, HOU ZH SH. Research on indoor dynamic

Journal of Xiamen University

positioning algorithm of roadheader based on UWB and
IMU fusion [ J].
2023, 46(10) ; 76-83.

Wi, SKIDEJ. BT MVO-SVR (% R SUE R F% [T ].
FL I 5 AR A4, 2024 ,38(9) 145-53.

CHEN J, ZHANG X L. Indoor fingerprint positioning

Electronic Measurement Technology,



- 208 - G R - C I T 39 &
algorithm based on MVO-SVR[ J]. Journal of Electronic 1EEZ®/N
Measurement and Instrumentation, 2024, 38 (9): 1B BE, 2023 4E TS JRIRFBE R 152
45-53. B A DS RN R BN 3 110 o 0l A S =
[28] TIAH, IRIE. JLT Mahony-EKF 573k i T 18 5h & BT TT 1) AR B AR
AW RGE[T]. A 7B R2024,43(2) E-mail; 835967979@ qq. com
123-130. Ji Zhongyan received his B. Sc. degree
WANG Y M, XIA ZH H. Arm motion posture measurement from Harbin College in 2023. He is now a
system based on Mahony-EKF algorithm [ J ]. Foreign M. Sc. candidate at Henan Polytechnic University. His main
Electronic Measurement Technology, 2024, 43(2) ; 123- research interest includes coal mine digital twins.
0. R Gl (51 ) 2002 TR AE 2%
e S FEL ML f N il B 2
[29] FFHCER. T UWB I B f4 2 2 4 E AL A7 28 46 I o7 ﬁ @B% :%itf:M, 2005 @fﬂ%ﬂ Ti;
WEBFFELD]. AL, Bk 2018, = J ?’fﬁ@\if%‘m‘m ﬁﬁwflzcjﬁﬁ
FU S C. Research on the pose detection method of boom- & 1?@+%‘{i ’ i}bﬁ{ﬂﬁ‘jfﬂfﬁ‘%?ﬁﬁ it
: : . s A, SR B SE 5 1) A REAG I S ] R
type tunneling machines based on UWB ranging [ D]. et
: o . AE i i
Beijing China  University = of  Mining  and
E-mail; zhanghw@ hpu. edu. ¢n
Technology, 2018. . . . .
P B o Zhang Hongwei ( corresponding author ), received his
[30]  akJERE, TR, 5k, 5. Ho7 28 4 90 2l 1 8 X ik

BLIE #0078 2O A2 #H) 7 s [ ], BE 7 4l 2023,
48(11) :4247-4260.

ZHANG X H, WANG T, ZHANG CH, et al. Virtual
teaching memory cutting method for boom-type tunneling

machines driven by digital twin [ J]. Journal of China

Coal Society, 2023, 48(11) . 4247-4260.

B.Sc. degree from Jiaozuo Institute of Technology in 2002,
M. Sc. degree from Henan Polytechnic University in 2005, and
Ph. D. degree from Henan Polytechnic University in 2014,
respectively. Now he is a Professor and Master’ s supervisor at
interests

Henan Polytechnic University. His main research

include intelligent detection and control, and intelligent

manufacturing.



