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Binocular distance measurement system based on saliency detection

AN Guowei, WANG Yaonan, ZHOU Xian’en, TAN Jianhao

(National Engineering Laboratory for Robot Visual Perception and Control Technology, Hu’nan University, Changsha 410082,
China)

Abstract: To improve real-time image matching and ranging accuracy in binocular vision ranging systems, this paper
proposes a binocular distance measurement method, in which saliency detection and focal length fitting are combined.
The method first corrects the distortion of the binocular camera and then fits the relationship between the camera focal
length and object distance by using the characteristics of the binocular camera imaging and further applies the obtained
image for saliency detection, and then the target object area is extracted. Finally, the surf operator is used to perform fea-
ture matching on the extracted region, and the matching point is substituted into the ranging model to obtain the dis-
tance of the target object. The results show that the saliency detection method can significantly improve the execution
speed of the algorithm, and the focal length fitting can reduce the error of binocular ranging model, which significantly

improves the binocular ranging system accuracy.
Keywords: machine vision; surf operator; binocular distance measurement; feature points match; camera correction
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Fig. 1 Real object drawing of binocular vision system
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Fig.2 The principle diagram of the binocular vision
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Fig. 3 The projection on X-Zplane
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Fig. 4 The flowchart of the proposed method
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Fig. 5 Image before distortion correction
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Fig. 6 Image after distortion correction
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784 69 872.5
811 67 876.4
836 66 889.9
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968 60 936.8
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Fig. 7 Linear fitting image
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Fig. 8 Renderings before significance detection
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Fig. 9 Renderings after significance detection
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Fig. 10 Renderings after erosion and dilate
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Table2 The time comparison before and after the

algorithm processing ms
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2 281 47
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9 281 47
10 281 46
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Table3 Distance measurement results before fitting of
focal length

Hs SEBREE Eienzipll] E{yensliplllivs
F5 & /mm = {H/mm RE%
1 300 306.63 1.65
2 400 397.43 0.64
3 500 485.03 2.99
4 600 565.54 5.74
5 700 641.72 8.33
6 800 714.25 10.72
7 900 782.48 13.06
8 1 000 848.19 15.19
9 1100 909.90 17.28
10 1200 970.41 19.13

F4 EHEMSENEIHERITLL
Table4 Distance measurement results after fitting of

focal length
S SEBREE A I PG S I
e #5/mm It fE/mm W%
1 300 301.85 0.62
2 400 403.65 0.92
3 500 508.21 1.64
4 600 610.23 1.71
5 700 712.58 1.80
6 800 815.76 1.97
7 900 918.25 2.02
8 1 000 1022.36 224
9 1100 112571 2.33
10 1200 123391 2.83
4 HAE

ARSC AR T — b0 H AL I R S
o A P AGE I O RO AR AR, LR A
ik A AT XU A58 Hh 2 A AL 1T A DC E, ok o Af
AR YIRS BT ik o AR SCHEXS AL AL A5
1B, MAPLEEAT T RS, S AL A AT Y
SLER A R PEAT X LG, A9 B TR 25 NI S B 4
Mo ARIOTTL B HER AT H FPLIE R S d
PERF TR A B TR A5 B, o i SE 38 T 45, AR5
J7 LA BN F bR B TR AR S T 58, O i
L RAT AR HLEMUBUE A9 4E 55 JTUBER L 1 n] S 6
BBl SCFF

£ % Lk

(1] #sese, XU, XIPH, 55, SH SR8 R bR
[J]. Y2 K% T2, 2016, 24(2): 300-308.

YANG Jinghao, LIU Wei, LIU Yang, et al. Calibration of
binocular vision measurement system[J]. Optics and preci-
sion engineering, 2016, 24(2): 300-308.

(2] BRI, X -Eo%. He T ST ML 0 H M ig iz 3h F
PRERER SE A7), HLERA, 2011, 33(1): 181-190.
QIU Xuena, LIU Shirong. Moving objects tracking and
localization with binocular vision based on sequential de-
tection mechanism[J]. Robot, 2011, 33(1): 181-190.

(3] HRER, FHAR, BRI, 45 3 A 2 ARIE A X H Mo 23
7525 0] 62240, 2014, 34(10): 1015003.

ZHAO Zhenqing, YE Dong, CHEN Gang, et al. Binocular
vision method of measuring pose based on perpendicular
lines[J]. Acta optica sinica, 2014, 34(10): 1015003.

(4] XUEEREF, WIHIZE, A5, BCHMSE R SRR € 7 ()], 3t

HEHLT A5, 2011, 32(4): 1508-1512.

LIU Fengcai, XIE Minghong, WANG Wei. Stereo calibra-

tion method of binocular vision[J]. Computer engineering

and design, 2011, 32(4): 1508-1512.

AR, XVEAE, 55, 4. KBRS TR 3 H MLE

WIEFRRE [T]. RAERFFW: HIRBIHAR, 2013, 39(4):

455-459.

GUO Hui, LIU Yafei, WANG Yong, et al. Calibration of

binocular vision measurement of large gear workpiece

[}

(5

welding[J]. Journal of Donghua university: natural science,
2013, 39(4): 455-459.

D, BEE, XUTHL. B TRHME A 3D AR AR
ER[T]. H T INEHSALE AR, 2016, 30(4): 605-612.

LI Yankun, MAO Jianxu, LIU Renming. 3D face pose

tracking based on feature matching[J]. Journal of electron-

(6

[

ic measurement and instrument, 2016, 30(4): 605-612.

(7] SR, Erra i, B FAALSCHRHIE A SAR EHE HARIR
ST EAM T EE R, 2015, 34(9): 22-25.
ZHANG Guogang, XU Xianghui. SAR image target recog-
nition algorithms based on weighted texture features[J].
Foreign electronic measurement technology, 2015, 34(9):
22-25.

[8] BAY H, TUYTELAARS T, VAN GOOI L. SURF:
speeded Up robust features[C]//Proceedings of the 9th
European conference on Computer Vision. Graz, Austria,
2006: 404-417.

[9] A/, i, Tk, &5, B T UL H ML M T APLE
N 3 dEd IR D). £5 B S, 2014, 43(4): 392-397.
YU Xiaohuan, HAN Bo, ZHANG Yu, et al. Binocular ste-
reo vision based 3D mapping for micro aerial vehicles in

an indoor environment[J]. Information and control, 2014,



<920+ O R

S S

13

43(4): 392-397.

[10] 2T, T30, A7t 55, 25 FRTDOUH AR SEAUI Y e =

AT THABUNI]. PIL TR AR
%, 2014, 41(4): 130-136.
GONG Yanchao, WAN Shuai, YANG Kaifang, et al.
Real-time 3D bare-hand gesture recognition using binocu-
lar vision videos[J]. Journal of Xidian university, 2014,
41(4): 130-136.

[11] CHENG Mingming, ZHANG Guoxin, MITRA N J, et al.
Global contrast based salient region detection[C]//Pro-
ceedings of 2011 IEEE Conference on Computer Vision
and Pattern Recognition. Providence, RI, USA, 2011:
409-416.

[12] ZHANG Zhengyou. Flexible camera calibration by view-
ing a plane from unknown orientations[C]//Proceedings of
the 7th IEEE International Conference on Computer Vis-
ion. Kerkyra, Greece, 2002, 1: 666—673.

(13] T3, Juiid, KRR M. S LRSI 2R 58 1 ) fx

AL T R 5T [T]. AR R F 3], 2016, 37(3):
650-657.
DING Ying, FAN Jingtao, SONG Tianyu. Optimal for-
ward design method for the binocular stereo vision in-
spection system[J]. Chinese journal of scientific instru-
ment, 2016, 37(3): 650-657.

[14] HOU Xiaodi, ZHANG Liqing. Saliency detection: a spec-
tral residual approach[C]//Proceedings of 2007 IEEE
Conference on Computer Vision and Pattern Recognition.
Minneapolis, USA, 2007: 1-8.

[15] YAN Qiong, XU Li, SHI Jianping, et al. Hierarchical sali-
ency detection[C]//Proceedings of 2013 IEEE Confer-
ence on Computer Vision and Pattern Recognition. Port-
land, USA, 2013: 1155-1162.

[16] GOFERMAN S, ZELNIK-MANOR L, TAL A. Context-
aware saliency detection[C]//Proceedings of 2010 IEEE
Conference on Computer Vision and Pattern Recognition.
San Francisco, USA, 2010: 2376-2383.

[17] KANAN C, COTTRELL G. Robust classification of ob-

jects, faces, and flowers using natural image statistics
[C]//Proceedings of 2010 IEEE Conference on Computer
Vision and Pattern Recognition. San Francisco, USA,
2010: 2472-2479.

[18] VALLERAND S, KANBARA M, YOKOYA N. Binocu-
lar vision-based augmented reality system with an in-
creased registration depth using dynamic correction of
feature positions[C]//Proceedings of 2003 IEEE Virtual
Reality. Los Angeles, USA, 2003: 271-272.

[19] BANKS J, CORKE P. Quantitative evaluation of match-
ing methods and validity measures for stereo Vision[J].
The international journal of robotics research, 2001,
20(7): 512-532.

[20] BAY H, ESS A, TUYTELAARS T, et al. Speeded-Up ro-
bust features (SURF)[J]. Computer vision and image un-
derstanding, 2008, 110(3): 346-359.

EE =

LY B 1992 4 W -AFT
A EBARGE T [ LA 5 E R
ALI\IEO

THERG, B, 1957 4R, #42, =
BT 0 et i BIs 5B e (5
BURER, ERFEZRRIH 2, kFRF
RIS 320 4355, FAE 8 #B.

JR A, B 1988 44, ST
A, FEWFSY 5 a oA R | B AL
B R FAARIE 10 R




