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Abstract: The multi-scale orientation (MSO) features for pedestrian detection in still images are put forwarded in
this paper. Extracted on randomly sampled square image blocks (units), MSO features are made up of coarse and
fine features, which are calculated with a unit gradient and the Gabor wavelet magnitudes respectively. Greedy
methods are employed respectively to select the features. Furthermore, the selected features are inputted into a
cascade classifier with Adaboost and SVM for classification. In addition, the spatial location of MSO units can be
shifted, are used to the handle multi-view problem and assembled; therefore, the occluded features are completed
with average features of training positives, given an occlusion model, which enable the proposed approach to work
in crowd scenes. Experimental results on INRIA testset and SDL multi-view testset report the state-of-arts results on
INRIA include it is 12.4 times the faster than SVM+HOG method.

Key words:  object detection; pedestrian detection; multi-view; occlusion
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Table 1 Description for training set
x1 IHES U]

View Positives Negatives
Frontal view  3500,MIT,INRIA,SDL Sets””7 5000, obtained by boosting
Side view 3051,INRIA+SDL Sets??”) 5000, obtained by boosting

Table 2 Description for test set
F2 WAL GUN
Name Count Description
INRIA Dataset'® 288 Pedestrian dataset of France National Informatique and Automation Insitute.

Samples in this dataset have occlusion and multi-views
SDL Dataset™””! 110 Pedestrian dataset of the Chinese Academy of Sciences. Samples in this dataset have multi-views
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Fig.10 Training positives and negatives
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Fig.11 Detection examples
K11 A sl

AT A4 F (recall) . BAR7 T 544 % (false positives per window, {5 # FPPW){E P BE T bk e W 5175

5 AR VLI LB A SO ST AR 1) 8 B AR 1 AR B AR I SEVEEAT T LU, B4 HOG #¢
FE+SVM 4325327510 Edgelet+COV+HOG i 1iE+Adaboost 432 2275752 COV HrfE+Logiboost 432 #% 77
P4 HE e SR [O] H 1 7 9 2 M AR i SR 2 P2 S T 1, T by 3 2 2 IR L R I SR b 1 45 SR ] 12(a)

© VEBEERSAWIFUT  hpd/ www. jos. org. cn



3012 Journal of Software # 4k \Vol.22, No.12, December 2011

PR AR SCER IS T B P IO E FPPW 107 i A SCHIA 2 T 98%f) 75 4 % (recall), Ltk HOG+SVM J7
it 2 8%, b Edgelet+Adaboost [z COV+Logiboost J5 i i H £ 5%. 7 FPPW g 107° i, ] AR Hy A SCELIAT
R T A2

JEPHRT I 4 ] 12(a) T 7, T B HE PR Ak R AR v T ARSI B (LU AN SR R A B AR R K &Y 1.5%01)
HAF).15% AR AN BE IR JRFEE INRIA WERES S T IE5 D 15 A AR5 78 5256 v 0l
[ 20 AR A ARFEF AT 15 AN E RTINS T, 10 2E GBS A F e AR AT I B 2L ) 4 A4

Z AR I AR FRATTT AN, H AT AR BT B X 2 A A H AR RS I B I N AR S AR SR I T — 1M
£ 110 18 2 WL AREA AR AR A LR IR 4 A b SE BT A 22 LA K 5775 Tree Adaboost J5 M9 j %
HOG+SVM 7 i3 5%t 0,30,60,90 FEAEA I 25/ S48 HEAT T LA 72 1 12(b) AT LA HH A SCHR R B i
A .

FRESHOE B AP FRESR UL R b SR B0 500 1 2 RUE AL S mtkRe AL B 12(c) A T 5~7 R
Gabor JE B 38 SR B A A 1~3 REBERT PR RERL 23 T B X — RUR A SO R AR AE S HOG HFRAE AN [R], HT #A
Shy U AN J2 e T8 SRR AE A i 119 DB R 358, 10 B AT AR A vp RS 2 — AN B R 3%

—&— Dalal’ method (HOG feature)
—&#— Tuzel’ method (COV feature)

Wu’ method (Edgelet feature) —— Our method
~—&=0ur method (MSO feature) -m— \Wu’ method (tree Adaboost)
—#— Our method (with view and occlusion handling) —— Dalal’ method (multiple SVM-HOG classifiers)
0.50 : : ; ; ; 0.50 : : : :
0.80 et — oo S — oo 0.80 = TR i — — —

— 0.90 — 090 [ NG """""

[ [+ . H H H

3 3 !

@ 095 O 095 R N
0.98 0.98 f=rmmnosos --------- s
0.99 i i i i * 0,99 Fmmmmmmm — g -

10° 10°% 10° 10** 10®* 10 107 10° 10°% 10° 10** 10* 10 107
FPPW FPPW
(® (b)
—4—1scale -m— 3scales —4—SVM+MSO -m—Adaboost+MSO
5 scales ——7 scales —— Adaboost+SVM+MSO
050 H H H 050 H H H H
0.80 - ! freoemees fooeeeeed foeaoeee
- oo R . -
< ! 4 ! ! <
o ' ' : : ' &
o 0.95 F-----ao- EEEEPSERRE SE R e rm e meas 14
0.98 farmreeees e e R SRR
0.99 : : : : ;
10° 10°%% 10° 10** 10* 10 107
FPPW
(c)

Fig.12 Performance and comparisons
K12 Kk e b LA

P REF R 12(d) LB T TR R AEAE AN R 2 SR 4% B AP BE. T DL R 2005k Adaboost B
SVM 3 Fa 8 LU A SO F IR 40 8% M R ARV SVM 0 88 10 B A 4 FPPW>10*° IR T A e 57,

© HEBEERAET hipd/ www, jos. org. cn



ot FAF SR T 3 R 7 Q4R ik S ARSI J ik 3013

ST 52 o 7 P 0 SCAN KR Ay 52 o 8 i K 48 B SR AT 0 15 AL 0 2R (FPPW<107°).

A WS FE < 0 o I P R G 000 9 R AT A — AN SR 1 TR R AR R 9 SR T R BRSOk o s £
A9 T VAR RO 2 Ja0 ) R Al N A, LA A D B B 1 S SR ERORS R AE 306 ARG 23 28 38 BLVATE Pentium IV 3.0 GHZ
CPU %} 400x500 15 2 /I ¥ BEGAS I ()1 343 i ) K 249 24 0.5, 3% AN BE K402 SVM+HOG 77711 12.4 £,
EAIE T S0 i pesd

5 & &

AP T T N A H A 00 £ 4 A 2 A 78 SR Aty ERIE ST T bl ph R 0K (0 A4 B bR A
J7id, JF HAS RS S ) REREAT T8 5C 0 B TRA AL PR BOREAS 15 1 22 A0 A E R Rl S 43 17— (R
FUAIL R, B T I 20 b e (630 4 A B AR e 7 AR P 900 AR E 2 il AL A R D R AR S A 3R VP AR 5 1
(K145 SRR W], B4 Hh (K SVAAE RS R 55 T2 AR B T i ACRME N A H AR I SVE KK 0 T RZAE 5 £
PSS TP A5 D0 AT B (K 8 B SR IO AS AR AE T AN BEAR BRAT IR H Ao AR (R385, 10 22 28 25 1K AR H A
U i) Ut A 1S XL ) REURE AE R OK B T P K

References:
[1] LiL, Leung MKH. Unsupervised learning of human perspective context using ME-DT for efficient human detection in surveillance.
In: Proc. of the IEEE Int’l Conf. on Computer Vision and Pattern Recognition. 2008. [doi: 10.1109/CVPR.2008.4587725]
[2] Dai CX, Zheng YF, Li X. Pedestrian detection and tracking in infrared imagery using shape and appearance. Computer Vision and
Image Understanding, 2007,106(2-3):288-299. [doi: 10.1016/j.cviu.2006.08.009]
[3] Wren CR, Azarbayejani A, Darrell T, Pentland AP. Pfinder: Real-time tracking of pedestrian body. IEEE Trans. on Pattern
Analysis and Machine Intelligence, 1997,19:780-785. [doi: 10.1109/34.598236]
[4] Ogale N. A survey of techniques for human detection from video. Technical Report, MARILAND University, http://www.cs.umd.
edu/Grad/scholarlypapers/papers/neetiPaper.pdf
[5] Wojek C, Walk S, Schiele B. Multi-Cue onboard pedestrian detection. In: Proc. of the IEEE Int’l Conf. on Computer Vision and
Pattern Recognition. 2010. [doi: 10.1109/CVPR.2009.5206638]
[6] Xu R, Zhang B, Ye Q, Jiao J. Cascade L1-norm classifier for pedestrian detection. In: Proc. of the IEEE Int’l Conf. on Computer
Vision and Pattern Recognition. 2010.
[7]1 Viola P, Jones M. Rapid object detection using a boosted cascade of simple features. In: Proc. of the IEEE Int’l Conf. on Computer
Vision and Pattern Recognition. 2001. [doi: 10.1109/CVPR.2001.990517]
[8] Mohan A, Papageorgiou C, Poggio T. Example-Based object detection in images by components. IEEE Trans. on Pattern Analysis
and Machine Intelligence, 2001,23(4):349-361. [doi: 10.1109/34.917571]
[9]1 Dalal N, Triggs B. Histograms of oriented gradients for pedestrian detection. In: Proc. of the IEEE Int’l Conf. on Computer Vision
and Pattern Recognition. 2005. [doi: 10.1109/CVPR.2005.177]
[10] Zhu Q, Avidan S, Yeh MC, Cheng KT. Fast human detection using a cascade of histograms of oriented gradients. In: Proc. of the
IEEE Int’l Conf. on Computer Vision and Pattern Recognition. 2006. [doi: 10.1109/CVPR.2006.119]
[11] Mu Y, Yan S, Liu Y, Huang T, Zhou B. Discriminative local binary patterns for human detection in personal album. In: Proc. of the
IEEE Int’l Conf. on Computer Vision and Pattern Recognition. 2008. [doi: 10.1109/CVPR.2008.4587800]
[12] Wang X, Han TX, Yan S. An HOG-LBP human detector with partial occlusion handling. In: Proc. of the IEEE Int’l Conf. on
Computer Vision. 2009. [doi: 10.1109/ICCV.2009.5459207]
[13] Wu B, Nevatia R. Detection of multiple, partially occluded humans in a single image by Bayesian combination of Edgelet part
detectors. In: Proc. of the IEEE Int’l Conf. on Computer Vision. 2009. [doi: 10.1109/ICCV.2005.74]
[14] Serre T, Wolf L, Bileschi S, Riesenhuber M, Poggio T. Object recognition with cortex-like mechanisms. IEEE Trans. on Pattern
Analysis and Machine Intelligence, 2007,29(3):411-426. [doi: 10.1109/TPAMI.2007.56]
[15] Tuzel O, Porikli F, Meer P. Pedestrian detection via classification on riemannian manifolds. IEEE Trans. on Pattern Analysis and
Machine Intelligence, 2008,30(10):1713-1727. [doi: 10.1109/TPAMI.2008.75]
[16] Sabzmeydani P, Mori G. Detecting pedestrians by learning Shapelet features. In: Proc. of the IEEE Int’l Conf. on Computer Vision
and Pattern Recognition. 2007. [doi: 10.1109/CVPR.2007.383134]
[17] Bileschi SM. A multi-scale generalization of the HoG and HMAX image descriptors for object detection. Technical Report,
Cambridge: MIT, 2008. http://dspace.mit.edu/bitstream/1721.1/41093/1/MIT-CSAIL-TR-2008-019.pdf

© HEBEERAET hipd/ www, jos. org. cn



3014 Journal of Software # 4k \Vol.22, No.12, December 2011

[18] Munder S, Gavrila D. An experimental study on pedestrian classification. IEEE Trans. on Pattern Analysis and Machine
Intelligence, 2006,28(11):1863-1868. [doi: 10.1109/TPAMI.2006.217]

[19] Wu B, Nevatia R. Cluster boosted tree classifier for multi-view, multi-pose object detection. In: Proc. of the IEEE Int’l Conf. on
Computer Vision. 2007. [doi: 10.1109/ICCV.2007.4409006]

[20] Ye QX, Jiao JB. Multi-Posture pedestrian detection in video frames by motion contour matching. In: Proc. of the IEEE Asia Conf.
on Computer Vision. 2007. [doi: 10.1007/978-3-540-76386-4_85]

[21] Lin Z, Davis L, Doermann D, DeMenthon D. Hierarchical part-template matching for pedestrian detection and segmentation. In:
Proc. of the IEEE Int’l Conf. on Computer Vision. 2007. [doi: 10.1109/ICCV.2007.4408975]

[22] Enzweiler M, Dariu M. Gavrila monocular pedestrian detection: Survey and experiments. IEEE Trans. on Pattern Analysis and
Machine Intelligence, 2009,31(12):2179-2195. [doi: 10.1109/TPAMI.2008.260]

[23] Wu B, Nevatia R, Yuan L. Segmentation of multiple, partially occluded objects by grouping, merging, assigning part detection
responses. In: Proc. of the CVPR 2008. [doi: 10.1109/CVPR.2008.4587750]

[24] Andriluka M, Roth S, Schiele B. People tracking by detection and people detection by tracking. In: Proc. of the IEEE Int’l Conf. on
Computer Vision and Pattern Recognition. 2008. [doi: 10.1109/CVPR.2008.4587583]

[25] Sharma V, Davis JW. Integrating appearance and motion cues for simultaneous detection and segmentation of pedestrians. In: Proc.
of the IEEE Int’l Conf. on Computer Vision. 2007. [doi: 10.1109/ICCV.2007.4409035]

[26] Eshel R, Moses Y. Homography based multiple camera detection and tracking of people in a dense crowd. In: Proc. of the IEEE
Int’l Conf. on Computer Vision and Pattern Recognition. 2008.

[27] http://coe.gucas.ac.cn/SDL-Homepage/resource.html

[28] Gao W, Al HZ, Lao SH. Adaptive contour features in oriented granular space for human detection and segmentation. In: Proc. of
the IEEE Int’l Conf. on Computer Vision and Pattern Recognition. 2009. [doi: 10.1109/CVPR.2009.5206762]

[29] Li TZ, Ding XQ, Wang SJ. Human detection with a coarse-to-fine cascade linear SVM. Journal of Image and Graphics,
2008,13(3):566—570 (in Chinese with English abstract).

[30] LiuYZ, Shan SG, Zhang WC, Chen XL, Gao W. Granularity-Tunable gradients partition (GGP) descriptors for human detection. In:
Proc. of the IEEE Int’l Conf. on Computer Vision and Pattern Recognition. 2009. [doi: 10.1109/CVPR.2009.5206724]

[31] Sun QJ. Study on Human Detection in a Static Image [Ph.D. Thesis]. Beijing: Graduate University, the Chinese Academy of
Sciences (Institute of Software), 2004 (in Chinese with English abstract).

[32] Wu B, Nevatia R. Optimizing discrimination-efficiency tradeoff in integrating heterogeneous local features for object detection. In:
Proc. of the IEEE Int’l Conf. on Computer Vision and Pattern Recognition. 2008. [doi: 10.1109/CVPR.2008.4587749]

Mt 325 % 3k
[29] Z=[)3A, T et £ AZEE R ZBE SVM I ARSI 75 2. v ) 45 DT 2241, 2008, 13(3):566-570.
[31] FhRAS, 5 M e 4 G o N AR I B A 9 [ - 24718 30]. A6 5t o [ R e 3P 97 31,2004,

RESTHE(1978—), 55, T g BT 18 £, Rl
AT, B BT AT A B T R
Ak 3.

RSB (1977 —), U 1 4 B 2R, T
AR h BB RHA.

FEMW (1969 —), T, 1+ 22 W E/E &
Ui, 2= AU B U RE R A

© HEBEERAET hipd/ www, jos. org. cn



