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Real-time Obstacle Avoidance for Industrial Vehicles Based on Binocular Positioning and Ranging

ZHANG Yi-Fan, QIN Xin-Yu, WANG Wen-Liang, LIU Shi-Hao, NIU Yi-Long
(CSSC (Zhejiang) Ocean Technology Co. Ltd., Zhoushan 316021, China)

Abstract: A real-time obstacle avoidance method for industrial vehicles based on binocular positioning and ranging is
proposed to solve the problems of environmental influence and signal interference faced by the current obstacle avoidance
technology of industrial vehicles. Firstly, the binocular depth camera is calibrated, and binoeular stereo correction is
performed on the images of the operating environment directly behind the Vehiclé.. Secondly, the SGBM algorithm is used
to calculate the parallax map, and the 3D point cloud reconstruction is carried out by the trigonometric transformation
principle in combination with internal parameters of the camera. N‘exi, the ground calibration and ground equation fitting
are conducted, and the effective detection range and safety warning range are defined. Finally, the orientation of
pedestrians is detected, and the distance calculation of pedestrians detected in the range is carried out by the algorithm of
straight and turn ranging, and'the rénge warning and obstacle avoidance are realized in real time. Four groups of
experiments show that the errors of the pedestrian ranging algorithm are lower than 0.1 m and 0.2 m in 0-3 m and 3-5 m
in straight and turning states, respectively. The identification accuracy of the pedestrian detection algorithm is 97.38%,
and the detection frame rate is 22.12 fps. The method has high sensitivity within the set range and good real-time obstacle
avoidance effects.

Key words: binocular stereovision; lightweight network; SGBM algorithm; positioning and ranging algorithm; obstacle

avoidance for vehicles; object detection; 3D reconstruction
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FT 5% R AE IR X 38K FE T [ P, AR 4 7 25 X A R4
YERVEHI K d 5 IR AR R R 2K &R SR AFIUE X
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0 C(x), Y 20) T B 0] B pe, R RIP (X, yp,2p) 5 15 0
C(x{, vy 20) H BT I B pl, W pe 5 pl BT GRS A £ FEE
O, THHEITT:

|mwu]
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pCp C

(35)

S T 2 75 A T 9T K e I B £ 5 BB 1, 45
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‘55‘% SUVE N AT N7 AL ) B FEER BB, 4T A
T REHE N AF G BERE SR K s 300 55 6 SR 11 3
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B 7 5 B e R B A AR e S 500 R 9IUR X 35
Ja AT N5 S HE I B R R .
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BT AT NS A (1 B B B, % G o ) e MELAR
MR AR (DMHBLEE Oy E) Bl 947 N BE BB dimin,
D) SE i 1) 215 9k 3 e 0 2
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(3) Hlyop > dimin > OBF, il CAN 3 15 B % K i A
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CAN 85 W& ST IOR B R GK AN [F U
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%mq&%ﬁ%i%%?ﬁ‘d‘ O T R A Ay
AL TR A WU S 5 A3k E*JMHE.*T AU i i 45

semse 2 i
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TR/ (MB) 9 25 ¢ B9 T ssd_inception HIIUTEE AT AU

K 9-K 12 ETTWWﬁ&/\”UEJ&EE% S
F3mbPAN). @i (Eﬁi):' 3 qZWF) iZJE-\—FE’J
NARRCR, 18 fﬁﬂﬁ%%"@iﬁﬁuﬁ* TR B X
7 RSB 17 AT 543 B H B 0 R, 5
FUETIFG S B A 5E#E, ssd_mobilenet &7 5 35545
1T NAFTEIRAS, T ssd_inception #5574 SR AT DALE 461
AN T8 B IO T AR ARG ) HE B L TG 11
AT N AE 0 R B 43 A it T e, pR TR TR R
BOR AT N HFRBN, X T BRIk Ui AR 2 D,
FEANBH I, S EUE RS II(E S 4%/, ssd_mobilenet 1557
Tz R B BAT AR SR 2 R A 1 0, 1T ssd_
inception 5 W] LAZE AT A SBL/D (R 0L T At b A U

L R I T H AR AT

- A

K11

K12

ORI X

IR T FEE Y B A PR B A

Software TechniquesAlgorithm #1F4 AR 5%: 199

© ERSEBIK T

http://www.c-s-a.org.cn


http://www.c-s-a.org.cn

i E RSN

http://www.c-s-a.org.cn

20224F #5314 5 81

gx BT, 854 fovE L T G B R A O
T, % ssd_inception BB 1% 5 iR B H A 5
RITENT RS . e R B 35 Rk BB HOAT ARl SR
3.2 ERSNEEREE

PEELAT IR BT, FHEBEAIHLR L 0.5 my 1 m.
I5m. 2m. 25m. 30m. 3.5m. 4m. 45m. 5Sm
AL B, IREE XA, S50 N RAARIRALE BB A7 B w57,
MELC R B R A, 7R — A& 3 Rl
P48, v 5% AL B A A A pE B AE 5 iz A B AL
B PR B A BT iR 22, WAL R AN 3 R,

® 3 EATEIGIRD R RERSIEESS R (m)

[0.5, 3.0) X [A) 76 4, PRI FE IR ZE7E 0.1 m Z W,
(3.0, 3.5) X[A)YG I A, MR IR ZAE 0.2 m Z . FF
B, FEREERA TR, B8 RE IR B IIOE JE PN 52
DR S5 5. 200 Hrnl 0, WA R 2 547 N E B 42 R i
LA 5%, JET IR S Bl 37 P 0 P 5% 2 B 0N, I A R v
s A ze PR B AT N IEE R 22 AR SR TE W 82 52 IR 226 2
PN, UE BH T AR SO PR Y (R AT AT

R4 RO R RS SR

SR B XH e T3 SRR %

0.5
0.5 0.5 0.53 0.03
0.6

1.0 -
1.0 1.0 1.00 * 0.00
1.0 v

L7
1.5 1.5 1.43 -0.07
14

2.1
2.0 2.0 2.03 0.03
2.0

2.5
2.5 2.5 2.50 0.00
2.5

3.1
3.0 3.1 3.07 0.07
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