i %

wm =

N AR W88 W ol Ay 30 ke v SRR o R ABE 2 PR ) R0 3 R — AN B S B
HZ bl g o)yt, F2HTLUR AR 1D BARAARK IS 5 — o 2 -0
() AR, AE A T ) A 5 FAg ek, DTS A5 50 T2 Il i 1 A 2580
RE 8 6 SLAt 6t G R0 ) AR IR A 4 2) N BT SRk — 20 HEB) T A AR I
TIERI R, BRI IE K% HEhE RS AWML RG LT
VA2 R AR A5 P R G v R N F

ARSI P A i) 7T LAY 5 4 A 7 T, R A e B A 55 e v o IR A5 Mg
EE I 48 N A ES 4t o g 75 T o B A8 B KT B8 8% 4 FH T 060 A A BEAT 0 1) R4 S AFDRS
Bb o S9ICHER TR A TE S 10 22 57 1T AR Ky N AR A 3820 HEAT EE B AT fA) %)
FFo XN HME L) 2R S A T 45 SR N AR s BAT AR ORISR N RS o BT
XA AE SRS, AR S0 R T I 28 g Al RN 2R R IE R s I HR B 2, JF HL
TEHE RS ZE 148 T T, A P4 BN AR SR E P AN 7 T3 T — RV
DA RS R T7 V%

WICHIAE 5 E STk R A b

(1) A T —Fh 5 Fr iz 34 fiE (Contour-Motion Feature, CMF) 31T & #%
RN AR IR o AR AR A FH INF -2 %2 A 9 NAR TR I Z 38, R )5 A1) R34 1 BR 25
A W AR 1 AE R 5C 3R A5 AT e BIBLE (1) 7% B] o 3l b X Fh 07 3, SR EB A B 2 A
K Z AT L B sC i e AT R0 . T 3 Al I 34E il HaarkF ik % 1+ 5 25 A1 80 2 1) 4 ik
AT — e, v — AR B AR R Rk Is 838 B R k. 5 )a A
FBoosting|#) 77 72 A ik £ H AT S5 v F ol B8 0 IREAEH T 4028 SEae 45 R W], 1%
D79 0] LA B Fo At [W] 28 07 v 2 AT B iR U R B A R e VR . AN, R TR
B NARRIN TS S5 R, 207kt — 2 H TAT b, 9 RIS TR
USESNEEE N

(2) ANSCHEH T — M 2 R0 BERFAE R 75 73, FR kL B W A% 1 77 1) &l 4y 4 ik
¥~ (Granularity-tunable Gradients Partition, GGP) . £ X A A& s #fE LA EAT FE AE 1) 7]
A, ARSCHR T NARI 2200 BERFAE R 7R T v o 1 HURE B IX AN B3 R R R T 4K
P 08 5+ RS AR LR AR T A SRR S i 5, FAT BT ) 40 1
RE T, TE A FH TR B AT A PR A s AR R E PR AR AR T O A
FERE &, SLPARBILI I8 0 2 — Mgtk REPE. R, 22 R0 B RFAE A =R m]

.



I 7R R A7 T2l 2 A1 S

LU NARE G BEAT AN R 2 O il S, AT A 280 AN 7 M I8 20 e v PRk 11— &R
FIBA A R R E AR R R

A SCAEAE KA PO T H 2 5 AT T3 R, F H 4o T I M1 1)
A MR S AR B B2 e X arh, FRRIRREE ) L HZ, HEH: -1
¥ AN E ME R E S 2, BE—20a%) T SCHZe /e BE T, R AN AR 2R AT i
Mo T RE I RORL B SR, IR T AT DLAE AN [R] $8 58 R 1t 2 1A) U] $fe o A0 RS 4I0RL R ) —
v, GGPA] LAAZ Sy — i o 1 i 438, anBEdgelet: 177 /5 FH AL B2 1K) — i, GGPAJ
PAAZ kg — M 2 AT S8 v e R 43R 1, a0 5 7 In) U7 ¥l (Histograms of Oriented
Gradients, HOG) . [RJIN}, #f BEMAL B J7 ) 58 B2 R 3 A1 45 50408 2 i 20 1 08 1
FRARFAIE 1) 5 2 v, SRR W] DARE— 0 19 9 R 1R (1) R IR e ) o AEINRIA R A A& 4k e
PRI S5 SRR W, %079 AT LA B 5 24 F 5T 1 7 VAR 2 A UK, (H 2
HAZITE RN G 7> 2R 4R FR 7 B PR 1K), Py AAE S A v S A 2% B 1 A Ho Ay
AP

(3) AL T —Fl 2200 B 45 ML 2R 7 L5 I 23 20 A A 45 i AR g 2%,
B Ay k-2 350k BE R] AR 1 U 1) Xl 43 4 ik 7+ (Spatial-Temporal Granularity-tunable
Gradients Partition, STGGP) » X Fl ik - fil &5 1 I 25 73 ¥ 5 2 R0 BE e iR R 7 A
Fy, PR AT T o R B T AR N R AE R S A Tl R B AR SR PEANTR], g
T 3FISTGGPHi A ¥ 1) H ARSI o

R — M, A% BiZE B S AN B2 A R, Kriash(E
BHIDGVRR B2 3 2o, FUR I 5 A A S e AT Bl B 1 A 42, X R iR 1 PRl
LT OL M B2 3% (MISTGGPHE A 1, HISTGGP of & 7k (658 Al sz i, J i 2
A bR L TE AT R 3AN U1 1K 3 s = AN AR AR Sl g 99 2 TR R A OGP, IR AR = A
TR b 23 il B 2 R FE AR IR, X B IR 1 BR A R T IS ) P 1 STGGPH ik
¥, MISTGGP_op# 7n: fE% =R SEILH, 7870 7% & N AK iz 5l ik 72 ) inp-=5 4
KAk, B NAR R I35 3 A 8 34 = 1) of i — A SEAK, I HLAE3YE % K &5 W) b g
SO SC TN FEREAT AR AT, PR M IR 1 Ok T34 R AR i (STGGPH A T,
HISTGGP_3h& 7R i fi7, K STGGPHA 11 T N A I ANAT AR, Seit 45 R
W], STGGPHii 1 A 5730 B A B 2 A 3

(4) Ay Tk — 2 3 e N A 00 ) S MRS B, S SORE s SRR iz Bl A U
ARy — WIS, IR AR A ARG I B A BRI AR, BLIK 21 4 /A i X
DR H 8. R T R T AR S BRI T s Tis s H
ARAI, DA B AR N ARG U ARG 3 A A UG . ¥ 58, 9IN T — N8

. | =



i %

FE RS, 52 K & B iR (Effect Components Description, ECD), KX} 5t i) 48 4k,
AT B, G IX AR, W] DR TS S A A A 1A T B A0 A R AR B DG TR
{EECDI SRR b, B4 T — MR8 5o A RO v ATEET S (Most
Reliable Background Model, MRBM) . fEMRBME i [#) i #2 7, 12 Himean shiftol %
AHR B BEME R 53 A0 I ARE . 2T A AL AR = A7 556, ES
FORE AR ] DL 1 Ak B 22 W8 3 A B8 s &7 VAN TR B A 1) s AR 2k, T B
T A E 2458 3RS 00T I SRR AR e SRR, AR e i s UG i i 5
LA BB T T R 40 T SO BN BA B IANER; E, HST AR
IO HEAR AL L W 7S RIS B 2% 1/ 3 HA S b

R NAAN 47000, BB SN RAL, IS 2R LR S KL

W AR IR 5 1) ) o3 8 15 IR SORE B R AR IR 5 1) ) o3 itk s TR T
AR

- I -



I R Tk Ko7 o i e A i 3

Abstract

Human detection is one of the most challenging and active research topics in com-
puter vision and pattern recognition. This topic is attractive for the following two main
reasons: 1) Even though human detection is a special case of the general object recog-
nition, the problems it faced are generic and can provide valuable reference for the other
topics. 2) The increasing demands in the practical applications, such as smart surveillance
system, on-board driving assistance system and content based image/video management
system.

The main challenges for human detection come from two aspects: low SNR (Signal
to Noise Ratio) and weak alignment. Low SNR means that comparing with the noise,
the discriminative information is very limited in the human data. Weak alignment means
that the shape of human can not be easily normalized due to the articulation and pose
variation. These two challenges lead to a huge inner-class variation of human data. From
methodology point of view, we use spatial-temporal analysis and multi-granularity rep-
resentation to deal with these two challenges. Based on these methodologies, a series of
models and feature extraction methods have been developed.

The main contributions of the paper can be summarized as follows:

(1) A contour-motion feature for robust pedestrian detection is proposed. The
space-time contours are used as the low level representation of the pedestrian. Then
we apply 3D distance transform to extend the 1-dimensional contour into 3-dimensional
space. By this way, the relations between the local contours can be maintained implicitly.
Further, by encapsulating the static and dynamic information by 3D Haar filters, we can
generate the middle level pedestrian representation: contour-motion features. Then we
use boosting method to select the most representative features. Our experiments demon-
strate that the proposed approach can outperform Viola’s well-known pedestrian detec-
tor in both detection accuracy and generalization ability. In addition, even though our
approach is presented in pedestrian detection scenario, it has been extended to human
activity recognition application and remarkable performance has been achieved.

(2) A multi-granularity representation method for human detection is proposed,

which we refer to as granularity-tunable gradients partition (GGP). The concept of gran-
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Abstract

ularity is used to define the spatial and angular uncertainty of the line segments in the
Hough space. Then this uncertainty is back projected into the image space by orientation-
space partitioning to achieve efficient implementation. By changing the granularity pa-
rameters, the level of uncertainty can be controlled quantitatively. Therefore a family
of descriptors with versatile representation property can be generated. Specifically, the
finely granular GGP descriptors can represent the specific geometry information of the
object (the same as Edgelet); while the coarsely granular GGP descriptors can provide
the statistical representation of the object (the same as histograms of oriented gradients,
HOG). Moreover, the position, orientation, strength and distribution of the gradients are
embedded into a unified descriptor to further improve the GGP’s representation power.
A cascade structured classifier is built by boosting the linear regression functions. Ex-
perimental results on INRIA dataset show that the proposed method achieves comparable
results to the-state-of-the-art methods.

(3) A a spatial-temporal granularity-tunable gradients partition (STGGP) descriptor
for human detection is proposed. This method extend the GGP feature into the spatial-
temporal domain. Therefore, it has the merits of both spatial-temporal analysis and gran-
ularity space representation. In addition, we present three methods to incorporate motion
information with the appearance information. Specifically, in the first method, we repre-
sent the human body by two channels: spatial gradients field and optical field, then by
calculating the GGP features on these two channels, we extract the appearance and mo-
tion information of human body. In the second method, we extract the GGP features on
the three orthogonal planes (X — Y, Y — T and X — T planes) to explore the correla-
tion between the spatial and temporal axis. In the third method, we consider the human
motions as 3D entities in the spatial-temporal domain and use the generalized planes to
parse these entities. The generalized plane is defined in the 3D Hough space with explicit
angular and spatial uncertainties ( granularity parameters ). By varying the granularity
parameters, we can generate the granularity space representation of human motion in the
spatial-temporal domain. We evaluate these methods for both human detection and activ-
ity recognition on the public dataset. Experimental results show that the propose methods
can yield the comparable results as the state-of-the-art methods.

(4) A nonparametric background generation method is proposed and be used as the

preprocessing step for human detection. By this means, the detection speed can be in-
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creased and the false alarm can be reduced effectively. We introduce a new model, named
as effect components description (ECD), to model the variation of the background, by
which we can relate the best estimate of the background to the modes of the underly-
ing distribution. Based on ECD, an effective background generation method, most re-
liable background model (MEBM), is developed. The basic computational module of
the method is an old pattern recognition procedure, the mean shift, which can be used
recursively to find the nearest stationary point of the underlying density function. The
advantages of this method are: first, backgrounds can be generated from image sequence
with cluttered moving objects; second, backgrounds are very clear and without blur ef-
fect; third, robust to noise and small vibration. Extensive experimental results illustrate

its good performance.

Keywords: human detection; activity recognition; contour-motion feature (CMF);
spatial-temporal analysis; multi-granularity representation; granularity-
tunable gradients partition (GGP); space-time granularity-tunable gradients
partition (STGGP); most reliable background model (MRBM)
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