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Abstract A novel recognition method for laser active lighting system based on contour torque features and
bag of features (BoF) is proposed. The concept of torque is introduced and a multi- scale contour torque
feature region detector and a contour torque local invariant feature descriptor are proposed. The multi-scale
contour torque feature region detector can extract the smallest feature region that contains the whole
contours. The contour torque local invariant features can commendably represent the size, position, shape
regularly of the contours, and they are also invariant to image transformation. What’'s more, the features are
efficiently to compute. The contour torque local invariant features of an image with BoF algorithm is added up
to generate normalized feature histogram, which is then input into the trained support vector machine (SVM)
for recognition. The experimental results indicate that compared with existing laser active lighting recognition
algorithm based on Hu moment and BP neural network, the recognition rate is increased by the proposed
method by 7.33% in rotation transform and 19.08% in affine transform, respectively.
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Fig.5 Recognition results of rob at night using Hu moment + BP neural network

& 6 7] Fr $2 553k H AR iR ] 45

Fig.6 Recognition results of rob at night using proposed algorithm
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Table 1 Statistics results of target recognition at night

Target transform Recognition rate using method in Ref.[3] Recognition rate using proposed method
Rotation 76.21% 83.54%
Affine 40.06% 59.14%
Rotation+affine 62.26% 75.80%

5 % 8

I S8 T 0 R U A A A R T — P T A O SR B R AT 1 RN e . AR T — R 2 R
S U T X A T T 3 B I TR 1 O 0 5 S A A X SR 0 e A O M R T 8 R R
BoF Hi AR 75, I 45 & SVM HEAT 40 200, 52 56 T1F I 5 HH Ay 4 0 X 358 00 7 1 RS AT 1) 41 BT 1 3 LA
R RS 07 S AR A T L T OE £ 3 R R S

& % X #k
1 Li Ziqin, Li Qi, Wang Qi. Noise characteristic in active laser imaging system by statistic analysis[J]. Chinese J Laser, 2004, 31(9):
1081-1085.
A, 2 B, T O RGTHERE T EOG 32 3 R R SRR 1. " E O, 2004, 31(9): 1081-1085.

0109002-6



A R S

2 Wang Canjin, Sun Tao, Chen Juan. Hybrid filter based on pixel classification for laser active imaging[J]. Chinese ] Laser, 2014, 41
(3): 0309001.
EaE, 9N, BRI TR R SRR M IOE E SRR S BB )] T E 0L, 2014, 41(3): 0309001,

3 Wang Canjin, Sun Tao, Shi Ningning, et al.. Laser active imaging and recognition system based on double hidden layer BP algorithm
[J]- Optics and Precision Engineering, 2014, 22(6): 1639-1647.
FHHE, AN AT T, AF TR AR BP R IE I HOL T SR PO R L ()] 67 K TR, 2014, 22(6): 1639-1647.

4 D Shen, H H S Ip. Discriminative wavelet shape descriptors for recognition of 2—D pattern [J]. Pattern Recognition, 1999, 32(2):
151-165.

5 X Zhou, M D DeVore. Shape recognition from three— dimensional point measurement with range and direction uncertainty[J].
Optical Engineering, 2005, 44(12): 127-202.
6 M D Devore, X Zhou. Minimum probability of error recognition of three—dimensional laser—scanned targets|C]. SPIE, 2006, 6234:
623407.
7 Q F Zheng, S Z Der, H I Mahmoud. Model- based target recognition in pulsed ladar imagery[J]. IEEE Transaction on Image
Processing, 2001, 10(4): 565-572.
8 A N Vasile, R M Marino. Pose—independent automatic target detection and recognition using 3D laser radar imagery[J]. Lincoln
Laboratory Journal, 2005,15(1): 61-78.
9 A E Koksal, J] H Shapiro, W M Wells. Model-based object recognition using laser radar range imagery[C]. SPIE, 1999, 3718: 256—
266.
10 Y Xu, Y H Quan, Z M Zhang. Contour—based recognition[C]. Proceedings of the 2012 IEEE Conference on Computer Vision and
Pattern Recognition, 2012. 3402-3409.
11 Li Jiang, Guo Lihong. Target threat assessment using improved SVM[J]. Optics and Precision Engineering, 2014,22(5): 1354-1362.
Zr 3, AL T R SR ML H AR UG D). O R % TR, 2014, 22(5): 1354-1362.
12 T Tuytelaars, G L Van, L D' haene, et al.. Matching of affinely invariant regions for visual servoing[C]. IEEE International
Conference on Robotics and Automation, 1999, 2: 1601-1606.
13 T Tuytelaars, L V Gool. Matching widely separated views based on affine invariant regions[J]. International Journal on Computer
Vision, 2004, 59(1): 61-85.
14 T Kadir, A Zisserman, M Brady. An affine invariant salient region detector[C]. European Conference on Computer Vision, 2004,
3021: 228-241.
15 J Matas, O Chum, M Urban, et al.. Robust wide—baseline stereo from maximally stable extremal regions[J]. Image and vision
computing, 2004, 22(10): 761-767.
16 K Mikolajezyk, C Schmid. Scale & affine invariant interest point detectors[]J]. International Journal of Computer Vision, 2004, 60(1):
63- 86.
17 G Csurka, C R Dance, L X Fan, et al.. Visual categorization with bags of keypoints[C]. ECCV Workshop on Statistical Learning in
Computer Vision, 2004. 1-22.
18 He Zhiyong, Sun Lining, Huang Weiguo, et al.. Thresholding segmentation algorithm based on Otsu criterion and line intercept
histogram[J]. Optics and Precision Engineering, 2012, 20(10): 2315-2323.
)5 B8, A2 T, B I, A T Ovsu 7 ORI LA 4B 17 18T B B2 1 ()], D2 K4 T 22, 2012, 20(10): 2315-2323.
19 Wang Canjin, Sun Tao, Chen Juan. Hybrid filter based on pixel classification for laser active imaging[J]. Chinese ] Lasers, 2014, 41
(3): 0309001.
T, 7N V&, BE 1. TR R AR BOE E SRR A IR ). T EOE, 2014, 41(3): 0309001.
20 Jiang Li, Wu Weiren, Zhang Zhijing, et al.. Automatic detection of micro image edges for micro accessories[J]. Optics and Precision
Engineering, 2013, 21(1): 224-232.
LB R, AL, S BN SE R 1 B MR R 2 B BRI, sk R TR, 2013, 21(1): 224-232.
EEERE: RiEa

0109002-7



