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Design of automatic tunnel shotcrete system for 8-DOF manipulators

QIN Mi', SONG Di', WU Di', LIN Shubin’, ZHANG Huibin’, ZHANG Wenting',
LIN Xuebin', QIU Wenjie', XIE Bin'
(1.School of Automation, Central South University, Changsha 410083, P.R.China;
2. Keda Intelligent Equipment Co., Ltd, Changsha 410000, P.R.China)

Abstract: This paper designs a fully automatic shotcrete system for an 8-DOF tunnel shotcrete
manipulators. For the forward kinematics model, virtual joints are introduced and combined with D-H
table to solve. The original point cloud data created by lidar is pretreatment. Trajectory planning is
done with point cloud slicing. Finally, the fuzzy self-tuning PID control algorithm is used to control
the joint movement of the arm to achieve automatic shotcrete. In this paper, the real machine
experiment verification is carried out under the simulated tunnel environment, which can realize the
three-dimensional scanning, the surface to be sprayed, the trajectory planning and the motion control
function. It shows that the robot system designed in this paper has the feasibility for tunnel automatic
spraying.

Keywords: 8-DOF manipulators; 3D scanning; trajectory planning; motion control
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Fig.1 Physical Drawing of Manipulator
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Tab.1 The D-H table after the introduction of virtual joint

EF 0; d; a; a; offset
1 o, d, 0 90° | 0
2 0, 0 a, | 90° | pir
3 0 ds 0 0 0
4 0 |Letd,| 0 | -90° | o
5 05 0 as | 90° | o0
6 0 dg 0 90° pi/2
7 0, d, 0 | 90° | o
8 0 dg 0 0 0
9 0 |Lotds| 0 0 0
10 | 6, | dio 0 90° | 0
1| 6y | dy | an | 90° | pin
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Fig.3 Comparison chart before and after zero adjustment
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Fig.4 Tunnel point cloud processing flow chart

HA > WA R R
D w2

0l IR BB 2T LA SR
N, IS RS R B A R LG, 7 22
EE ) ML AT S E e ARSCLURAE S B
W% T % 1 = ELIPR 2 e A R A, A MBS E
R T BRIZE FR) e 75 A B g o AR S ¥ ) S5 P
o ) 4B 22 R3] E AT R PR TE SR T e SRR S IR ET
FE R ARYERAE kO 20 P R T B, e R
PR EE— DRI o R R ZE VG, TR
B LR 47 X L A7 ) v 25 e T P 2 K R
MNP 7 B T 290 ok o
2) RTRKE

FERRAG 5 2 Bl Ja R AR 2 D8 AT 1 SR
HI AR 120 22 540 46 2 80 LA, BA
R = A2 .
3) fRMEIE H o EE

BEIE rp el TARAEAT BRI TN G2 5T 2R A
S, XA R AT &R AR, A
SO =Y R AT TR ISR T E],
Jr FLE & T REIE ) 2 b ORI — 8, Pl
oz T BB TE T BB SR B R .
4) 2SR

AR ERE TE r il £ 2 ) BE 8 BE AT 2 B AR Y
Bhk, TR IE AT AT AL AR AR AL, Xt
T b B AS BRI REIE 1 PAT UL A 8007 SR BGR
TV U6, 6 R T [ AT BO B A A RIS 5
B EC XS AR E AT B — NP AT TR il 2 10
Sl T 170 o RS RAS ) P A T 1) ) R EOT- EE IR A A
HERRE T £= (0, y0, 20). BEIEHHHEH—
A ERLREIN—NIT AR ERFIR, AL AR

0(Xo, Yo, 20) = Xi=1(Xi, ¥i, zi) /n (D

5) BEEYIA

FERRE PR S, g s i Pl I 1 1 1A
Dy, RVRTERAAR g T A — MR R I HE
T Ja SRR R o

3 BRI

AICHETE T AE— DR LA IEE T A, R
fif = 4 T A5 B 1) B R A5 S AT BRI Y
Ao Dy T BRI R 2, 7T AR 50 35
HIXT T R 7 A REAT PO H ATH B 20
WS HUETEH s TEPUERIRFEIE L . O 1 fiifk,
AR FH U BB T AT 2 72 A IR LI BEAT 5K

T R BB AL, TR EEANH A
FEATHLRR], ASCRA S S A BAR ™ b =
iR mBdE . HeRM RIS = 4Rk E s+
X=0 VP PAT B £ DI H = 4ERE TR T, HUTH
- I8 5] 4 2 B 45 T IR L) YR e L WA B 220
DIRPPE AL 2 )5, TS 3 2 Bod = e, AR
BRI B R =Bl —4H, W 5(a) T El.
B2 E3 N PATUIEIF 1, #5208/ MEod = s - it
SRR IR 2L ¥ P B 2 s b L Rl B DL S
S P UN Y =pa b2y SRS R7IEAITI T s e A
B’ 5(b) ffr, VIHITH E2 5% VLHC R AR LR 122 A
B 9 I TE T 1 A 158 o

7 8 B SIZ R 8 2 A AL P A i 5 S 7 B
WEIETE 1 oK UL ERIBEE, JF HmELR ) fes 515
BRI, A SOHs 2 BT AL B P e I s R E T
IRETT R A BRIE N B 1K, 52 5 I PE
I R BB R 2 Ty A D AR S Sk A s 1)

Ey E; E;
| ]

]

AW EL!
IPERVAPENNS

() RatIRREE (b) 3R 3ZFRERFEBE 2
B 5 HEHXIRBFFE R R B E
Fig.5 Trajectory planning to obtain a schematic diagram of the

point to be sprayed
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Fig.6 Picture of Simulated tunnel
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Fig.8 Extract tunnel point cloud body result (after processing)
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Fig.9 Position error of Actual and expected trajectory
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Fig.10 Angle error of Actual and expected trajectory
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