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Underwater man-made object localization based on line
feature of image and surface feature of point cloud

Xie Zexiao, Pan Chengcheng, Chi Shukai, Wei Zheng
Engineering College, Ocean University of China, Shandong, Qingdao 266100, China

Abstract: Objective Accurate visual guidance information is needed when unmanned underwater robots are implementing
interactive tasks. Structured light measurement system is widely used in 3D reconstruction of an underwater target because
its measuring accuracy is basically unaffected by light refraction and attenuation effects. However, the positioning of an un-
derwater target becomes more difficult considering the underwater unstructured scenarios, the overlap and occlusion between
a target and other underwater objects, and the single visual and scattered measurement data. For the problem of position es-
timation of an underwater man-made object, a 3D object localization algorithm is proposed based on the line feature of an
image and the surface feature of a point cloud. Method Owing to the edge characteristics of the image and surface features
of man-made objects, the proposed algorithm describes the object as a combination of line feature and surface feature, and

the combination is provided for the localization algorithm as prior information. First, the whole field-of-view image is seg-

Y F5 H #7:2014-01-14; &[5 H £ :2015-05-05

BEEWE MR ARB ARG (61171162) s HAE TR L L% 451 H (20110132110010)

E—EEE M MULE(1968— - ), 5, 82, [T ,2000 45 T RAA AR M HEHOR 540 Ll Lo P f2n i, T2 NS Pl s A AL
NI S BLE DN T TS . E-mail: xiezexiao@ ouc. edu. cn

BASEE R, AT, Eomail . pecouc@ 163. com

Supported by: National Natural Science Foundation of China (61171162) ; Doctoral Fund of Ministry of Education of China (20110132110010)

© H[H K G BT AR AT AT



PEERERF IR

JOURNAL OF IMAGE AND GRAPHICS Vol.20,No. 8,Aug. 2015

mented into several regions of interest (ROIs) that contain different targets, and then the edges of the ROIs are detected.
According to the specified line type in prior information, the feature lines are identified from the image edges of the ROls.
The position of the target in the whole field is confirmed with the region of potential target being selected on the basis of
identification results. Second, the point cloud that was projected onto the object region is extracted based on the mapping
relationship between the image and the point cloud of structured light measurement system. The random sample consensus
algorithm is adopted to detect the surface feature from the extracted point cloud, which includes the points of the target,
other partial objects, and noise in the field of view. Meanwhile, the parameters of the surface are approximated and the
points of the target are extracted. Finally, taking superquadrics as the part-based model for the 3D object, a nonlinear ob-
jective function for the 3D object parameter estimation is established using the aforementioned initial approximations. Then,
the objective function is minimized using target points, and the optimized parameters can be used as localization result.
Result The reproducibility experiment indicates that the proposed algorithm for ellipse detection is robust; even semi-el-
lipses can be identified accurately. The validity of the proposed localization algorithm is verified through underwater experi-
ments. For multi-targets whose symmetry axes are parallel to each other, the localization results show that the axis deviations
are less than 2°. The relative position deviation of the two spheres, whose center distance is known, is no more than 1% . The
time consumed for single-object localization in a complex underwater environment is no longer than 5 s. Conclusion Unlike
other localization algorithms, the proposed algorithm needs to neither segment the point cloud from the target scene nor tar-
get offline modeling. Autonomous positioning can be achieved by simply providing the line feature in target imaging edges
and the contained surface feature. To verify the validity of the proposed algorithm, some practical experiments are per-
formed. Experimental results show that the proposed algorithm can obtain accurate localization results, is fast and effective
for a man-made object of unknown size, and has good applicability to complex underwater environments.

Key words: machine vision; man-made object localization; ellipse detection; RANSAC; superquadrics
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Fig. 4 The object coordinate system is created according

to the parameters of the two planes
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HpreR % e — i A A N AR A
X st =1, N AR AR 25 A2

N
min > [F(x,;A) - 1]° (17)
i=1
#:1 B#s#HE5EXRHENRTSEMENLRE

Table 1 Object parameters and the size parameters

and tapering coefficients of superquadrics
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o a, =a, =h xtan w/2 k =k, =
ay =h/2 a;y X tan w/a,
Kk  a =U/2a, =w2 ay;=h/2 k,=k =0
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W AR 5 RE T 45 A g R d s B AR R
0,8
R=./a,a,a;(F(x,;;A) 1) (18)
% H AR R BCE I min > R B 15 BT Al il R
S a, a, Ml ay /o LM AL AL
RIZH A B HAR RO i S 240
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ARAEBEATIAE . S5 Y ER A 2 il 25
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WK BB o HE R 09 576 x T68 R 5, ¥ i = I
52 HARE T 55 007 52 2% BE R o, L08R e i B0
AN RE o ARSI AR 3 AT UCIA AR G
Ao 1.3 my G2z & 1 o [5G N A

M 22 B FIAA LA 25 o 73 310 3 pixel F16°, A [
H P R o, B 0. 45 i KL B A o
Gl 3 mm i1 6°, i i AR R B (E N,
BEH 400 4~

Targer

| Seann

Bl 5 SEitaiia Re 5K T L
Fig. 5 Structured light 3D measurement system

and underwater experiment scene
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Fig. 6 The image and point cloud of multi-objective field
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Fig. 7 Effect diagram of image edge and coarse localization
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Table 2 Size, shape and pose parameters of the objects in Fig. 6
Hb#f ¢/mm a/mm a/mm & & k, k, o/rad  @/rad  y/rad  /mm ¢ /mm  /mm
B 40.21 40.21 49.41 0.1 1 0 0 -1.074 1.552 -0.421 508.1 11850 -89.2
ER 30.12 30.12  30.12 1 1 0 0 0.0 -0.0 0.0 .05 -331.1 -1297.0
fRif4 50.02  50.02  37.27 0.1 1 -0.117 -0.117 0.282 1.54 -1.581 580.1 1101.9 -91.0
gy &  47.04  50.84 37.78 0.1 0.1 0 0 0.4 1.53 -1.1 1006.4 683.5 -113.1

K8 &6 s HARmE MR E

Fig. 8 Localization effect diagram of the objects in Fig. 6
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Table 3 Results of localization
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2 R 521 Ho 3012 — — (-2.57.330.02,1297.7) (1.0, 0.0, 0.0)
3 BlsE 1688 {RfEd 5002 8.89 7454 (83.31,265.48,1217.2) (0.999, 0.03, —0.0)
1/ / h/
4 Kk 3265 lahe om M (86.84, 127.88, 1212.6) (0.999, 0.035, 0.018)
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Fig. 9 Image and point cloud of object
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Fig. 10  Reproducibility localization experiment results of left sphere’ s and right sphere’ s radius and center distance
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Image and point cloud of underwater complex field

Fig. 11
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Fig. 12 Effect diagram of image edge and coarse localization
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Table 4 Localization results of the cylinder in Fig. 11

a/mm  a/mm  a/mm e & k. k
39.98  39.98 49.22 0.1 1 0 0
0/rad  @/rad y/rad  t,/mm t,/mm ¢,/ mm

0.2677 0.2903 -1.2713 352.0 945. 01 -563.0

B13 & 1T AP A O
Fig. 13 Localization effect diagram of the cylinder in Fig. 11
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