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Abstract: Aiming at the problems of manual pushing, difficult operation and low work efficiency of load-
ing arm docking, a machine vision-based automatic docking system of LNG land loading arm is designed
and studied, including target detection, positioning and control methods for automatic docking in the delim-
ited parking area to realize intelligent docking in unmanned state. The first is to control the joint angle
through the servo motor position ring and record the rotation position; Secondly, based on the geometric

projection method and the structural characteristics of the loading arm, the kinematics algorithm is simpli-
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fied to improve the calculation efficiency, and the kinematic model is established by the D-H method, the
motion range is calculated and the geometric projection method is verified. Subsequently, object detection
is realized based on deep learning and image processing algorithms. Finally, according to the camera inter-
nal parameters, multi-point depth information and target detection results obtained by camera’s calibra-
tion, three-dimensional vision is realized through the principle of monocular positioning, and finally auto-
matic docking is realized. The test of the flange in the parking area of the vehicle shows that the success
rate of the system docking is 99%, and the time is shortened by 40% compared with the manual docking.
The automatic docking system of loading arm can be effectively applied to the loading and unloading truck
work of the LNG receiving station, and has certain reference value for realizing automatic docking.

Key words: LNG land loading arm; Robot kinematics; machine vision; object detection; automatic

docking

0 3| &

HAT, LNG 34876 LNG s )z i A,
{25 228 X 422 H AT S AR S T sl A 5 o8 ot 2
BN T4, 276 A SRR AR, 553h
5K, XTEERCRARAE M, 25 LNG Fis i ki
ZIRME . B A S R G MR B EMILNG
HR G 0 P NG 2 ) 42 1) 25 42 55 ) 452 5 DX I N
R0 [ Bl B ) R, ELR SN %6 4 [ s
AT SR R B ) B AR 20 A Sz

Bifi 5 B L o B AR N W & R v, WL R i
1E A A P2 Bl AU AT, Bt e SO
SERCTAEY o MKEEAE W7 2058 R VE I PLER A,
R H AR LA E 7 AL R e O B, AR R
R I X R A AR B G T i S O R
L Z T, MLES o8 R G0 B AT SERT PR AT | Ak
JE R SRR A PTA O n e R I R P S
fRRRRE",

gl f L B AR AL 2% 32 3l 2 S BE X
LNG %6 4208 AT ke, SEB B AL WLARE 45 il
FETHLE O E A, e B H bR I B
NEIEE, &FXF LNG B8 445 5, B2 % A 3
XTERRR , AT S LNG A %2 b HFREE 22 A3 2
. BEERE I [ shs 25 A, i iR 5
WET RGEM AT Rk

1 B3hXERS%
1.1 WERFEFEE

LNG Ffi H1 408 h R S8 B P AR S48 41
B, AR N th B IE L 90" AR Rl FE sk
o B TR — R 50 AT e 57 4 T

iz shEE, BIEFT-S553h T 4UmpL .

Wl 1 s, AR A shxHE R GURYE D BE
A O PR « o7 24 il A HR A A i AR
v, 07 3 4 ol A B SR ] i ri AL B 42 ol 5%
TERE , R G  f 10 S L ALOL B, B T LT
SVE B3 Bl SR S B ORT f BE 5 R S o7 2 ()
e, I SEBN RE ARFiE s . H bR IR B
R HIAILR AR G, ST IR HE 2 ) M AL 5
LA H bR 4R A AR, NS AR HLAR 2 B AR BLIN
2 R B HE A R BT A b = 4 A
br, SEBUENIIIRE.

H xRS
Rrgsr | HAzsEd |

1 MRS
Fig.1 Principle of docking system

1.2 MERSIZIT

F B0 R G 32 B4 45 R AR
gy BOHFRIX DT AN 2 fis , Ry 28
A1 LNG Rl A% 4258 | (Rl ik sl as Kol . Tl A
BL WAL IR AR L o 2 A XA A, 11 5%
fris LNG; TV ARMLIE E % 4208 R, R4
DX P15 5 A Al PR ATL 38 o 147 8 A sl X 8 S e e
I AR SR A I A L2 3 22 ) 22 IR (R B 5 K
P 23 35 R R A B A B 5 SRAE RO KU £
58 FURRTE N B9 Fp R 5 ABLE H Am i 22 1
TR IE AR AN 25 Fi 25 519 AL MUK b (07 2 5 Ak BRAR 3K



CEVEE 166 )

ST HLATLIE I 48 A Bhxh R ST (AN R 45D 429

W R AL P R Rk 22 Y H ARG
IR E bR 220 = AR TR

F S p B AR E : H Je, R E Akl
FEASRE DX, Pl A s s MM A, Toll
FHLR AR H AR XS A5 s Ble , i H b 6 5
LR R 0 R BEAT RN, Sl H b 3k
AR YL LR AR YRR ok A, H
B0 28 g 2% i BEAT R AR LR, ARAT — 2H B AR A
S A5l i R AILSE B A Bl Xt i A o

EEZTE

| RES Al | &l
HEER
LB

IR

it
| | g
ol

fr g
—ﬂ HARE L
B2 xHERGEOT
Fig. 2  Docking system design

s
s
L
I\I!!!
oy

Fh FARE
S U e AL
A
" ey
| rmtxmmg |
AN
FARA

K3 H B
Fig. 3 Automatic docking process
AR X 1207 S B, w0 L
T, B AR S PR X R G B A 4
B

2 HExd#E
2.1 D-HEEKXT S

Kl 5 BT Ay % 42 5L T Khalil #1 Kleinfinger
P& A O D-H B S A, g SRS ih 6 AT
N, HAS HHE

a *H*}la- e R
4 MHERGRRFA
Fig.4 Docking system test platform

a3
0;\>Z; d; 2 %;
0 X %Lﬁ )
4 i DX
X; VA 0, a; ,
gz 9:;'\3 , , Z! ds
aj 3 Z>305 X'
% n
740 Z,
dlg 4 0> D X X
> d Z, 5
Z, 3 ﬁ as d
[q 0, x. ) s
[0, X, 0] . e
d 3 4
Z; ! 7, AL,
X 0, a3 2

K5 LNGH 48 D-HAR
Fig.5 Model of LNG loading arm D-H
VIVRABES R 4], 2 Modified D-H Z:48ic
FAERR 1o
#1 EEFD-HSH

Tab.1 loading arm D-H parameters

EFF a; /(%) a; /mm d;/mm 0./(%)
1 0 0 261 9,
2 0 1500 0 0,
3 —90 0 —86 0
4 0 1915 0 0,
5 90 0 315 05
n 0 662 0 0
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Tab. 2 Automatic docking test results

____
P v BHC/s R /mm REH/Y
(z,y,2)/mm

1 (—1378,1809,915) 131 (4,4) 3.43

2 (—1130,1439,915) 149 (—3,6) 4.07

3 (—1787,1664,915) 141 (5,—5) 4.29

4 (—1662,1427,915) 130 (4,—3) 3.03

5 (—1564,1983,915) 143 (—3,—5) 3.53

6 (—1419,1845,915) 124 (4,6) 4.37

7 (—1033,1800,915) 136 (5,—6) 4.73

8 (—1461,1653,915) 167 (—7.,5) 5.21
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