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Abstract

Moving objects detection and tracking in dynamic scenes are the fundamental and
challenge research topics in computer vision area at present. They have great research
and application values in modern industry, military, avigation and spaceflight area.

While to now robust object tracking is still an open problem, especially when the
background is complex. The main obstacles in the research are the scale of objects,
occlusion, background complexity and non-rigid deformation. In this research our goal
is find a real-time and robust object tracking algorithm by employing the novel object
feature representation, layer idea, multi-scale analysis, filter and prediction.

An effective moving object tracking algorithm is proposed by combining Kalman
filtering method and template feature points matching. Firstly, SIFT (FULL NAME)
feature points are extracted to represent the moving object, which are then matched with
these feature points on the object template to obtain motion vectors of the objects.
Secondly the motion vectors of the object will be processed by a clustering algorithm to
reduce noise and mis-matching. Finally, the tracking algorithm is developed by Kalman
filtering method on feature matching result. Experiments show that the SIFT features
are invariant both to scale and rotation. It is insensitive to object deformation and
illumination variation. The feature point clustering algorithm together with Kalman
filtering is robust to scale variances and partially object occlusion.

Despite of the precision and robustness of the above mentioned algorithm, its
efficiency is very low since the feature extraction of SIFT has a very large
computational cost. In a PC platform, it is quite difficult to obtain a real-time
performance. That is the very reason why we proposed the following modification.

To obtain both precise tracking result and tracking efficiency, an improved moving
object tracking algorithm is presented using the multi-scale Histograms of Oriented
Grads & Colors (HoGC) based on the framework of traditional Kalman Filter and
Mean-Shift optimization. Firstly, based on the fusion of oriented grads and color
histogram a new HoGC is proposed, which is invariant to moving object’s rotation and
Deformation. Secondly, HOGC pyramid is constructed to characterize the multi-scale
objects more robustly. Then, by coupling kernel-based Mean-Shift algorithm with
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Kalman Filter, HOGC matching is optimized in the scale and position spaces and the
position of the candidate object is identified. Finally, experiments on representative
video sequences are accomplished. Experiments validate that the proposed multi-scale
HoGC is robust to represent the object and is invariant to scale and deformation, and the
proposed tracking algorithm not only can improve the reliability and accuracy which
traditional histogram-based tracking algorithm cannot, but also can improve the
real-time performance which scale-invariant tracking algorithm fails. The improved
tracking algorithm is better than the traditional algorithm in accuracy and speed.

Our work can be applied in video analysis, intelligent surveillance, activity analysis
and synthetic(???).

Key words: Moving object tracking, scale variances & occlusion, Kalman filter,
Mean-Shift
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ATE B TIN5 fie Ak F b B AR B T3 — JBOR UG, Aot {5 2 1) et
[ ] B LE BN CRZDY 40ms), I H H AR s GE IE SR, IR BRI 2
RIS B9 B ARAE T — W EHG P A B AT TN, AR5 BT B L
ARG BEAT AR, IR TR AR i P R T RN TIRE, BT
FABAALH AR FIURULECIR %, $m 1 IREAHIREJE .

AT B IR R SR S B8 TN S92« 32 3l A AR UG P S B A foU ik
FERM T 8 LIS N 5A T Kalman JE%. ¥ Kalman JE3 AR TIE
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JiiRAE . AR sl HAs RIS RILEC &N 7%, B8 HbrERESSE Al Ao DY k.
BTG R TRAERT % 3T DO G TR PR A TR T ik
PREZ LIS BEAR KRR EHGR T XS 1230 H AR ) 8 R IL T & .

Z & BRIRERE AR 773K

P PR R B AR I A PR AP B AR @ R H AR SR AT IR ER @ 1L 12 3 H AR
R R AT BR R o FT— P SR B AR @ 1 U0 B — it ) PR R ER H AR, SR 8 1%
123 B AR A BN SR BR s i FVABAEAE T BRI AT B FRULEC P EE 5. 1
Je — PR B R AR E T A A R ILIZ B H b, IR 1230 H b AL E 34T BRER,
CITEATTEZHE G B FRIIRIR . RF, A DR AT 4

PR B BV AR R % B AR IR IE T VAR R 2 077, T BURE 0 e 2
TREPREE B FE TR ERER R BT XS TR 1 1 R R SR A B T
BIRN PR ER BV . TR0 R0 B R R k@ T x) H AR 2 IAA A2 L, SeBixTiE
B EARERER, (HI2 Y H R iR o S iRy, ERER EAZ 2R R B PR . 2
TR PR, R AR B AR @A, A S H iR EBIE R,
PRl ek 3D AL BRIER SRVE R e S 1, (ERAETE e IR MR A SRR ER R 48 PR XEAS
BIEHPRREBAY . R THAIERIE M ERER VR, R EE A REMRYE. et S
PERIRAE 55 (i SIFT. KLT. Harris Cornerss SUSAN Corners 28), fiEy R &1
A FNER 4 WEFLEE 10 L, STFT 72 D. Lowe $& H 19— BAT R AT 3 AN VERRAIE s 42
WL 1(1) [23], RFET EBE&FI 2 R R IS B2 77 18 2R B 7
7 B O AR PR R D7 T H A R =y VL RO RS FE A B M, (HR AR B B Bkl A g
BT AT o155 52 0 X DA A BRI R 0 G IR AR B A SR o BT XS e v H e P ) R R O
%, MR BRGNS RERERS, RERmi e A E, Fr-SE
S HoAt B AR XSG TR A AL IS, R SR 2 R AL (AT B R
R FEE T EI R EE D o

2.2.1 ETHHERIREEE L

ST RS AL RS BRER T A5 88 30 A ARV BARFIE, RSO HAR 4,
FUETE A AR R — LSRR AT ER R . i T BRI [8] R B 38 H AR /1, mTBA
WK LKL B B A LA I, DRI AT PA e B A AR B B AR R B A
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TNz g) B Arik 2 IENIRIZ s HAx, 25 TRAEVLEL ) 77 04T H AR iR
AL FEREAE F PR ORI R AE DL AC P A e A2 o FEARFAE SR O 0 5608 Y 1 ER ERRRAIE
It HAE T — Mot BUE 52 BURFAIE ; 78 RFE DL 0 Heoks 3 B 4wt B8 B R R REE
SRFERIAOAE LA, AR LU 25 ki H b, MM SEIl B AR R ER . ] s
FHRHIE RO NAR AT 2 8 R ER [[33] o 710 TR Z R ER R — DN AN — DM EAE
BIFER, B PANE R BUOBOE RN H AR RERRHE . B T 5 — DR AR SR S LR
EEAL, AT LR 2 AR B4R G 1 — A N IRERRHIE, SR s R ER I RUR
FIHZ A HARFRIER A AT BRI 552, 40 Stan Birchfield $2iH 74 HARHIEH
0 8 7 B R RN K A FE R Y IG5 (1) 7 v, SO N SRR IR Se it BR R [ 4)
H. Chen A1 T.  Liu K& H AR B EMERR 70 A1 FL 2% 55 AT B 58 ot JERIA B AR
PRI [is})

W F) AR fal 5, A] DL B B AR E VR IE R AT BRER , X AP 712 48
PRAFEARILHL .

2.2.2 ETFXiSgit4F RS X

BT X UL B R R 5 7 V252 18 BB a2 3l B b 1038 3 X sk ) 3 AT RS AR A5 R AR
PIBREAATIE B — Rk SR E BT 2R XEAE S, BlmBitsss. 4
BURFIESESE . IXRN 5 VAN 7 EEAE ALY 51 [ 45 Pk 2152 2 R R RS L,
RS X SR 4R bR 2 18] AR S PR 5 BB AR AL B o B T XS R B Ty
PRBATT AT LIk HUCEEAS DI B A RFAE R SEBLER R, ELE SERRER i R o #— 1)
FAEAS RS 1E3, Fir LA—ReR A8 3l H AR 2 ANRFIERBEATERER . 1401, Wren} 34]
FIFH NI HEAT 3 N BN IRER . VM NEB Rk KT DUREE &
ARFR 0 I 0 /N DXCISBR R BB 15 4%, 385 2 J31) R 2% A /1 X sl i 2% 5 Jlon 2 A
MR B ERIER o

BT XIS PR I 2 T DO 0 B FE R R BON R, Bt LA aT AR AT 7 3 1)
PRIEFAHSE B I 5 2RI AT ER S . B4 Francois) 3s) i H 1 XIBER B2 7 VA AT LA
HT ARSI OR X 183 B AR, SR BRER H bn . 12 FIDEBER ERBORRE i v 17 X 3L
RN L . Jorge} 36} 25 N F i HY X IER ER IR A DO A 170 B 45 R R 45 B
RGN AR HERER prd L 0015 B B8 o SRR, JEIESEMR) H brILAC
ELRIA B PRI H AR H o
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223 ETRAEWNREEZE

BT VLRC ) BRER 72 2 R RORZOR AR A, Bl 2@, RefERIER
Fr 51 i BR R IXAS G 3 (AR RO SC L F AR ERBR . XS FRIA B ARk, Hagahikas
AR BT BERE S, A AR AT iR S PR ER R . (H A2 SRR H P ER I
I RAEAE R ARNIR R, H DI U R AN S 5 21, DRkt ) DUR 2S5
FERASORILRC 2 B AR BEAT IR R . F AT P AR AT AR PER AR  —F2 B SN A2 T
R, 2 B L — LR B DRk GEZRE . i VESE) TR AT 2B IR i3
HHER. HMERSHAIRNRY ., ZMIEH S8 AN, BN EREAR
KAfthid H bR AR o

FEIAE HARERETES, A — ML AR B RS TT SMAR  ER il B
Mean Shift ik, XFSEVAEMARS AT, o BB E ARSI BArK
MR, ATIAEAR AR R P R H s 2SR B 4% b — i g 1) H A B 45
KA T G BARMRIAE A B . AR SCHER M Mean Shift HZER PN IE
) H AR PR B o

2.3 VRN E ek

1230 H bR ERER H I TN A Kalman 383 97/ Kalman JE9% DL R KL T- 383
SRR, AEX EBAT R E T 1 A L R G T R M T Kalman
JEPANARLENE B JE Kalman JEPHEHIE .

231 &M AREGTEE

KR BRI TR e 55 [ 35 44 2% Kalman A1 Bucy T+ 1960 4F4 HY A —Fh s HE £
ML TR ZANTF T, RS R L& 5 A BIBEALG TR e T, 445
SN AESEER TR ANERERG R L, RS A X Fif N —
R R, ATHRE R RGURAS TR I T FEFN (0 7 Rl (R G he 75
DN 7)) B VAR T R s, BT BT S B S &, Bt DAAMETT
DA R 1) — 4 B BE AL FEREAT A5 11, 0 mT DX RSP R 1) 2 4 b B i R b A T Ak 1T

RIRZ PGP TTEHAR S R ZNEIE U8R 7%, 7T LME R — R EAI86
WIS, THEE/N, ATSEN A R o R M LR R e




WEAARFMETHREF ML FE13 M

e OV DA H BRI A A 1 BRIk, B e TR, R AE
PLER NS J20] . AR RS EER G DU AR 2 F SRR 2] 7T Z M. B
AT, RR SUEPITE AR BR FR AR R AR T 2N, AR T

Hbr T~ ZIMALE, PLAE s SR IL R R It s, AN iz 5
L o

RGMPRETTHE

X, =AxX,,+Bxu,_, +W, (2-1)
URIAE R
z, =Hx X, +v, (2-2)
W AT v 73 53l AR ST ANHE 5 IR S e A AU R 7, I EL 73 A i 2 »
p(wW)UN(0,Q)
p(v) N(O, R)
RETTHE Gl flitt):

X(k|k-1)=Ax X (k—1|k -1) + Bxu, ,

(2-3)
2 WLHEAE 1E 33 1 Ja B A 1

X (K [K) =X (k|k=1) + K (z, —H X (k | k -1)) (2-4)

Horr, X(k|k-2) 72k I ZI @S5 At BIEH k — LI Z0 iR 1a) & Tl 45 3 k i
ZIBPIRZS [ 5

X (k|k) 72 k Iz 8 Ja Sefitivt, RIAS20 k i ZB0IME 2, )5, 2 WEZIE S
HPRZS 1)

7, —HX(K | k=D FRAZAE, DAk RS BRI 2 18] iR 22
K, 72 Kk IS ZI e G a8, FH R /M Kk I 20 B e S Ad v H iR Z2 i 7 2 .
A2 K B 2 B A B A TR 22 A S B A TR 22 2 oA -
X (k[k—=1) =X (k) - X (k |k -1) (%)
X (k [K) = X (K) = X (k | K)
Je 50 Al v 5% 22 A B Al v R 22 B T 22 0 N
P(k|k—1)=E[X(k|k—1)XT(k|k—1)J (2-6)




E 14 ] WEAARFMEMREFMILX

P(k|k)=E[X(k|k) XT(k|k)}
= [ (X (k) = X (K K)) (X (k) = X (k| K))" |
=E[(X(K) = X(k|k-1) - K(z, —H X (k |k -1))) (2-7)
(X (k) = X (k |[k-1) - K(z, - H X (k| k=2)))"]
—P(k|k-1) - P(k|k—1)H K™ —KHP(k |k —1)
+K(HP(k|k—D)HT + R)K”

REJERAMTHRZE DT P(k | k) R TIRBIE a8 K, FRIEX, T HmMUER
fThRED %, ZPKIK) X KRG, SHEREFTE, MR K, 1

kA
K, =P(K|k-D)HT (HP(k|k—1)HT +R)™ (2-8)

RSP BTG L, DEHE 2 S B0 Al TR ZE P T 22 P(K | k —1) ATRL

T2 R LR E .
lim X (k [k) = X (k[k=1) + H™(z, ~H X (k |[k-D) = 2,
lim X (kTK) =X (k [k =1) + 0x(z, ~HX (k |k-D) (2-9)

=X (k|k-2)
Kalman JEEAERE—N ZIk i) B FRRE 7 & 895 3 A5 THE R Z P77 Z 87,

FH TN A AE 1E 20 SR 2 Al s SO0 3508 20 B0 i DR 285 Fau A0 20 565 A 5% 22 B 22 Pl 5
16 15308 43 LG 8 VR 8 2 (1) 1 F SR0RN R FH 988 184 2 o PR S POUIAEL AN Ji5 B8 Ay TH R 22 W
ZATZIE, HEAZPRE R ERN ERA TR MUR R A TR E T £, B
(NI
TR ER 5 -

X (k |k -1) = AX (k1] k —1) + Bu, , (3-10)

P(k|k—1) = AP(k —1|k —1)A" +Q

1BIERR )




G| ——————————~——~=11‘h‘hhhxw
AR Bk
Xk |k-1)= AX (k- 1]k~ 1) + Bu,_,

_ T T ool
R EHRE ST, & = PR DEAPE|E-DI + ) il

P(klk_ljzﬂp(k—llk—])ﬂr—l—g HEIEE:

Rk =Xk k-D+E (z,- HX (k| k-1

\—_1 IR fTRENAEELE

Plc| k) = (1 - K H) Pk |k—1)

Haat
Z0|0. PO

B 2-1 #HpifE Kalman YIRS EE AR PN DR

K, =P(k|k-1)HT (HP(k|k-1)HT +R)™
X (k)= X (k |k -1)+K,(z, - H X (k |k —1)) (2-11)
P(k k) = (I —K,H)P(k |k —1)

e 2 S R BS B . 4 BTN BAZR A Kalnan 3625, R

MY/ Kalman ¥ 35, £ XMESR Kalman eI 2 K0T D7 s &, — Bt ia) 52
2 Kalman 38 75 98 /N0 2R L PE S OAE A, DRI b e odk i By 3 o T YH B IR

y (¥ >1), F&AKDT s E sz, S8 ie AR A uE s i EA . todt Kalman
JEWE I T = T T R
P(k|k—1) = y Ak —)P(k —1/k —1) A" (k —1) + Q(k 1) (2-12)

2.3.2 ¥ Kalman BE3EE %

PRUER) Kalman JEPRFENEMO | St B HPRZS A THRE,  SEBRR I AeIRES
FFE I FE— MR AR LR MR, 7R Kalman SRR N T MBIIX KRG HIRA
(ERA TP

ARLRPE PR A 7 FE R 75 FE AT AR IR A :

X = £ (X0 Ut Wi y)
z, =h(%.,v)

M1 IR SR 7 RO e 75 i 45 RS AL A A 11, BRI

(2-13)
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x(k|k—-1) = f(x(k—-1|k-1),u, ,,0)
2(k |k -1)=h(x(k|k-1),0)

N TATHELR R, A A (2-13) BTN, 2 BITHE R % f () 6 x F1
WK, SRSE1S BT v LUFERE AFIW 5 XT R h() 20 mlkE x Flv SR w5, I HAS
FIMETE LLAERE H ATV 5 2RI RE A

X, = X(kK|k =1+ A(x,_, —x(k-1|k-1)) +Ww, ,

(2-14)

. (2-15)
z, =z(k| k=D +H(x, —x(k|k-1))+Vv,
of.
o=—1 (x(k-1]k -1),u, ,,0
Atl,J] aX[j] ( ( | ) k-1 )
8fm
W 5, = —— (x(k-1]k -1),u,,0)
W)
o (2-16)
Hin= — (x(k |k -1),0)
2
oh.
1i]
Vii.ii :W(X(k |k —1),0)

[
LEVEAL A RS T RE AL 5 REAE Ja Bl TR 2 5 2 /MR SR AE R TR
Ji& Kalman JEHHIPIE TR, FINAIZIE

B ER 5 -
RS -
x(k|k-1) = f(x(k-1|k-1),u,,,0) (2-17)
Saler il THR ZE 7 ZE T -
P(k|k-1)=APK-1k-DAT +W.Q_W," (2-18)
BIEE
JE I i
K,=PKk|k-DH (HPKk|k-DH," +V,RV,")™ (2-19)

& I RS m) &2 1 5 B A 1
x(k | K) = x(k | k —1) + K, (z, —h(x(k | k -1),0)) (2-20)




T

thsHI, =
(k| k=1) = F(xCk—1]k=1) 2,0) T

E =Fk|lk-UHT(F k| k-DF T+ R

Sl AR thA 2 T o = POk =BT (H, P | k- DH,T + KRV
PUELE-1) = A P(c -1k -1 AT +,0, 7 e A

4 at Xk | &) = x|k~ 1)+ K, (2, — {2k | 1), 0))

K ERiEHEEhAZBE
Plic| &)= (] - K H)Plic|k-T)
Atait

Z(0|0) P(0|0)

B 2-2 ¥ /& Kalman JEIREZEFRPT DR

EIE G W JE A THR ZE T T 22
P(k|K)=(1—KH )P k-1 (2-21)

2.3.3 NFIREEZE
biFyEd; (Particle Filter), JFFK Bootstrap JEi#. Condensation ik,

5545 R 2 (Sequential Monte Carlo) JE#G%%, f&—FlH AW 2 MAEL M
R AR N PR TF R . B2 T Kalman J8UE 7V, R U8R EIE0 LUK

— il S BE G A A F AR BRI B . 2SR I A AR R SR — L A A DG AL
TERIBENIREAR,  LABCHE T I SRR A il TSR R IR A 1 5 SRR 0 A p(X, | Zy) o
2 Xy @) } TR AR AN p(X, | 2y ) PTBENLIMIAE , N2 RFE SHL o) 2 k B
ZE5 T RAESUAUE, HFHIE Y. ol =1, K I 215 AR AT (X, | 2) LA
H:

N . .
P(Xox | Zuk) = Za)lI( S (Xoy — X;:k) (2-22)

i=1
ER A o AT LLE EECRAE (Importance Sampling) J7iEfS 8], 5 KAE M 4E

5 Xy 1T B P HE S TR HL X, | 23) BRI, SR §ANRL T B 00— 1AL A
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o p(xci):k | Z,)

i (2-23)
q(XO:k I Z1:k)

FRR Markov S REIEAMES, JEIMERAMI DX, | 2,) INTT LA RN
p(XO:k | Zl:k) = p(Zk | Xk) p(Xk | Xk_l) p(XO:k—l | Z:L'k—l)

P(Z, | Zy4y) (2-24)
o P(Z, [ %) Py | X 1) Py | Ziss)

2.3.4 Kalman &R RN B

FIH Kalman JEHE#RAGTHEIRZE), MRG0T Hisash i EMEEA 7 nf
AL TR, AT CAEAR XTI X IR AT R, SE RO B AR BAR LIS, T H 4 H
PRy IESSES, A Kalman JERE A8 X0T H AR 2 S0 3EA T nf ST, 7] DAJT (8 724
SEXIRAN IR B bR, SR ERREDT I

Kalman JiEJ 857 T3 R IR R G0 0O AL PRI FE M B 5 W L S BB R . 1Rk
HirZaPRESEONE N Z B A0 EFEEE . ERESFES, BHTALH
Mot PR A5 (4 s T) T) B8 P A K, B PR 7 3K J PRV IR T ) TR i IR S 2840 Be AN, AT BAIR
T H ARLE LA TH] [A] R P9 2 S0 Is 3l Bt DAsEE 2 DL B H AR s sl

5E X Kalman JEE A RGIRE N X, HHE AU RE(S,,s,.v,,v,) > 7
ARZRIB BN H AR AE AL bR b b (0 AL AR RN LE A8 Rl 7 1) AR o MR I8 B B ARTE B4
IsF 1) ) B P A 2182 Bl I, s SRS FE R . A TG B H

10 At O
01 0 At
A:
0010 (2-25)
0 001
1000
H=
0100

Kalman JEHFLIET, WAL AARRPIRES S (0. 3D, RIEAEAHER TS
DR, S HRIREERIERIZH, Kalman JERRAIIR AT CAVERHLAG U1 H B AR E
SLBAPRESE (N AED, AR E M.

2.35 HEENH

HABUETH SR, v LR B & R A 7 IR B L SLE AT A k. F T
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TP BLRBOR A P EAL, 3 B A2 X S SR s PR, 1y LA 75 227
IR i A\ 00 vl 9 VR ik M 6 3R A B IA BRI o H BTSSR & B BLVE NS SMI
M G-S IEacAufSEk, SOy NMITE RS EXRSEAELF, G-S IEX
WAL SMI Sk BA B4 BB R R RO FAT AL B 1%, EANTR Z R RTHE
T 2R PHIRARR BE SR SE LB ] 5, PRRE LU AT 58, AN EAE M K EHE
1B 3 B A ST B HEBUEL IV I 8] B R+ B R (B 0 A, A2 T30 A s
OUT CHRHE(E Z SRR R, SR SR AR H 1 .

2.4 HHIVEEE X

T0FAAK M, R.O.Schmidtig it 17 2 #5538k (MUSIC) HT-llm), BA N
G RE R PR A BEX 2 AN SRS 5 (RIS I [r) Ak s 45 B ) 45 otk
J& . FETRHE S ARSI 2 2 (B AG THRoR A B 7 2 M EAMBE T, feh T
VL5, Ins/NAEE (MND . MUSICHRTE . e AR H A S 55 1EESPRIT
&, VAR T AE A5 5 U0 i) 1) 23 ()RS . EEARIE LT, e TR A AT
BAPE R, M H B ARG 7R T L T 1R 4 PR RE 1

2.4.1 Bxs=XIEZE (Euclidean Distance)

MUSICH 722 R A B 8 1 B 7 22 R 00 88 A5 5 1 S AL AN 7= 1 1,
A FHAG 5 7 17 [7] 5 M s 2 ) () DRSS PR A s TRl i, seBLE 5 IS

d[(xq, Y1), (X2, Y2)] = \/(Xl - Xz)z +(h - Y2)2 (2-26)

2.4.2 fNFEEES (Weighted Distance)

a’o|X1—X2|+601|Y1—Y2| if |X1—X2|>|Y1—Y2|

(2-27)
@0 |Y1— Yo|+ @1 [ X — X else others

d[(xg, ¥1): (%2, Yz)]={

Hi, 0 =0,i=12 o Yay=1o =18, MBEEE LS X I (City-Block

Distance ): *j ap=Le =0, OB B AL i 7 B4 85 & ( Chessboard
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Distance ) : 4 ap=Lay=v2-1 B, Ik BE 8% a5 R T 3¢ W o8 B B

(Quasi—-Fuclidean Distance).

243 BiFEET A (Bhattacharyya)

Bhattacharyya &%, HiE X AN:

p(¥) = PLP(Y),G(Yo)] = b% P (V) (Yo) (2-28)

U R SR m 41 (P P ) B (e, ) TSI 223

2.4.4 Hausdorff &8

Hausdorff FFE (Hausdorff Distance, HD), Hhi& T P/ MFAE S B H 2 18] Y
MR —MEE, BIARRGE R SEES M —MEE g OB

CAIPHALAT RS A A={ay, 3,2 } A1 B ={o, b, b} U HD B X

W

H (A, B) = max{h(A B),h(B, A)} (2-29)

Hr

, BN AZIBRIAR HD, FRonmifE AT miE Al

h(A,B) = ng\( TIQHbJ -q

» RN BIESIIE, 2

EBHIFERE d, (a) I KMH, HFH dy(a) = rmeHa1 —b,
BUR B B iR — R A R/ IME

2. 4.5 2Ry Hausdorff B

HD F) 5 ik SRR #R A2 XA 1) HD F) 58 A T IE
5y HD Jesk H AR AT SR AR B IEE R, SRR SR B /N B R HE

Fe, HA RSk S Ah (A B); #4> HD fIAG 7 HD & XU R
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h (A B) =K, ds(a) (2-30)
BT P BE B E A MAD, A5 1) MED f Sk tn
hMHD(A' B):izds(ai) (2-31)
NA aeA

#0053 HD AP35 #R B9 B ¥ MHD ()R R 5 5 LR

1
hLTS (A, B) = W dB (ai )(m) (2-32)
A

2.5 LECIRFMMUEZE

AR A T A BRI R U, &S T RS EAE T R
KGR (ML) AT J7 k50 WMl v A s i —FRe ], R AE G e A 15 00
TR AT, R ML SR, OB TR AE T BB R R E SN R
FIZ B SRAT R LR L H AR I E R KNS B A A R pe U T g
I R ALK B R IR A 2 R RSO — Ml

FAME (SF) & 20 et 90 R JEHH R, HEABEETH
GIRFE T, B A R R B 5 RS s (1 7 22 (B Z TR AE — NS 6
Fo SFEIES ML FUEROME R T ZMERABE R/ MR L
SRRRBOR R 1), 05 PT 3 5 oK s /M ALK R 5K H R A S B — Al T,

2.5.1 Mean-Shift IBifE 4
s N A d gz RO e i Odmzn | mimi s KOO | mmseaseh
71 2 X R R

X —

X; ]
0 ) (2-33)

1n
f(x)=—7= ) K
(=5 2K(
4 OB 2 Epanechnikov BRI, SRS A HY:

1
Epanechnikov #: Ke(x) = EC
0, if |[x||>1

a [@d+2)@-[x[), if x| <1 (2-34)
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A% K, (X) = (27) " exp(—%||x||2) (2-35)

= - _4r
ot (23 O d despbro L, b, S 2% =% =
RESURR MK BT (Profile) mAyK, Ik Hai g K0 >R gy
2
KOO= KA gy s Mt T 5305

1 ., ) .
kE(x)—{_C" (d+2)(1—x7), if x<1

2 (2-36)
0, if x>1
() = 27) " exp(-5 ¢ (2:37)
IS 22 20 (2-33) I T B E R s A -
13 x—xi2
f(x)—mék( =) (2-38)

R A
b s Yo A R P g o g e i e R
1 Vo) borzm 3y,

0 (¥6) = k(2 ot (%) b1, b=12,-m  (239)

i=1

$oep B (Vo) g g, m 2 g rEgmA L. 1O 2 X g Ewe, e
1
Yo — %

—X
h,

C

2u

2
. )
o 1,
e, 2 Cr st 2% 00 =gy gy o

R, X Tk H AR, g D T=020 N e s o B
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FGE Y, W B AR R ey e AP (VD =12 m oy

pb(y)=C2ik(Hy;X‘ )L (%) —bl, b=12,---m (2-40)

AT UG R, ik B bR X3S B bR 2 T8 AL R Bhattacharyya &R
BEE, e XA (2-28) F1H Bhattacharyya REUN:

p(y) = plp(y), a(¥,)] =Z Py (Y)d, (Vo) (2-41)
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Kalman 70067 & Yo FRaa 0. %A (4-6) 78 Yo kb8 e ¥ 48 W8 2 U I 45 51«

PP A0 = 5 3P0, (%) + Zpb(y),/qbiy‘))) @42

R AL A FE e E At TG Yo A AN R S 45 301« B A 3 (4-5) Fo N 3k
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=
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AFERHLGERW T 5 1 W EOis s B AR FERER 0 0] AT SR,
5 2 VR SIFT RHIE skl fE UKL, TEAAUARE T SIFT FFEVLEL a3 H
PRERERBVE, 2 3 R SIS R bL, 28 4 R4 ME R,

Frame 198 Frame 220 Frame 222 Frame 224
3-1 WA E G Rz sh B R~ =

3.2 SIFT $E~ RN E E

PR AL B o i W SR B G n B A A SRR AT F AR IR BRER AR 27
By R MR R B S R R T AE A M R S R
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Fig. 1 a. Eight sub regions of gradient’s orientation
b. Calculation of oriented grads in hue image
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Fig. 16 Comparison of proposed HoGC Tracking Algorithm with
Traditional Histogram Tracking Algorithm and SIFT Tracking

B 4-16  HoGC FRERSHVE S5 H )7 AT STFT B iEE S ) R ERHaE L 55

]
Tracking Algorithm ARTS+ Nean Error+ Nax Error+ Kin Error+
Ta A. B032+4 20, 52884 017114 re
HIST+
T 9, A38T+ 2T, 2084 0. 2409+ +
s 0. bEd 0 16, 4326+ 0. 4326+ P
HoGC+
T T. T3 8 24, AEhE 0. 334+« o
Ta 4. 22624 16. BETd+ 0.4328+ 7
5IFI+
T 3. 06154 11. 6656+~ 0. 334+ +

B 4-17 HoGC EREFE I S54E4 B 7 I SIFT BREZSEE MR Z 04
X TR AIREE, Y RonIEET AR E

4.6 KREIN,
K SCHEAE S Kalman JEBR Mean—-Shi £t BEALHELE T3 H T — R A4S 20

HFRERERSE. B, SOkRG 7 O E T BT M H T, BT —
1256 BT BRAIE, il okizzh BRI fRAs ;. SRJEt i 15l H br R X I




%54 ] WEAARFMEMREFMILX

e, DLl REZH B AR ERER AT, B 550K M Kalman I8 FROIAS &
Mean-Shift $ik, ERUZ. (AR NBEATIALILACIE R, € fe ik H AR X
A BRSNS . KESRAREY, AR EZE B 7 BIRFIERE 08 R 10 1E
PEBER ARG . e MR A2 3 HARERER, ] DURE oA% Gt BT B BR BER SR 1 A
SE TEZE AR FEAS R IR 1), 8 SO AN UL RO AR AL AE 28R (M BR R SE B A HAR i Bk o
e PR E AT

ARSCHEH T U B IAESE N 3T 2 RUZ 46 B 7 IR ER B, SR (e
BhIEE T M5 a BT B RIZ s H s, A2 LK) Mean—Shi ft SEEALE R .
SEIEE RARW], A SCHENS BLVLRENS LN R AR . TR MRS 15 4 N 1)z 3h B
PREEAT RIS, BRERSSCR VRS ARG E VE I v T 2 TR G B 7 B ER RS, w]
PUEANERIEE T STFT BRERSLAMIRSEE, [FIRFnl U@ O IE T STRT Rk BRER SR
REIA F| (1) S AL B R

izzh HAREBRER (I R b PR U . TRARSEARAL, I TR ERER 68 P 1) R
BRI 5 EOE I B SR H AR . DRI, SEHT SRS S T — P AW T A




WEAARFMETHREF ML 5571

BESRE

(s

INEA

AT ENE T TP R B 2 WSk v R R, T R T T RE SRR
TEREB B 256 T7 1A B, FFREZ2 B0 5 B ) Re AR T PRI 73 A 76 22 1 P 1) L A
b AT TR A AL T B S R JE AR R, R R AT TR A
2 B [B] F 1 ) SEH

SO E ARSI B TR R 2677 [a) BRF R EAT T LR AN R S 7T
WAL T 2SS T Rk (MPD k. Z2EE 5028 (MUSIC) 5%, MPI
LR ER T B TR REFI BT A Bk EG, FFERG S PEMPL A, RIS, K RTE
BB 4R AU I 2, R LR B [RIR 256 T [ BE AR BRI a8, AT LA HE 360
FERIVE R, B B = AR S AR 13dB . AR AR U e At _E B P MPI 5092
IS AT L AT AT H ERARREZI S (% HH D 2R BEAR D), (HE TR T LR RE,
BISJ B MR AR FE SR B R A, BRI TEEARE S MBI Re R, 155551
EAE 577 IR Re B 5 tH B R 3E n. $&% 1 BESINHE S 3 HEeE 71 . £ MUSIC 832
B, S T4 8 MUSIC 535 SRR MUSIC 532 L 36T R 25 1l JE i MUSIC
Bk, BT HAETH MUSIC 5%, FER &R EIERT &R, Ml 170 1 EE
BEAT 43 BT B2 o 3 3 43 B AT AAE HY MUSIC Sy AE 85 € 0 261 N B IR = 4 95
i TH R B S AR E
2. RE

AT AR AU 2 EAS 5 AN SU T R ER AR, JFRAS 7 2IAR,
(EERE AT E IR S EORC H i l#h, 2 (BER) MR reaRZ,
BT AR NI Re IR A PR, A 28 o) BT AN BB IR %), T VT 22 1) i e R i 2
NS R R BUIR-S BATH LA 20 N — D HE FOE R A
-

Rl B S 3R A DRI N 50925« UL PE BR00s DA K B PR AR Ak TR AN T ST o 45
Feit R, ARG iz 2l H bs AR AT BRIER3E— 2 Ji T AR LR R 51 ] 7L

1) AEREIRNI s (WoegAe i, RELIEE) ,  H bR e B R ER o

2)  RUEZ. BirS5E LA ERE 5B 7 2S5 S R




% 56 I WEAARFMEMREFMILX

HR PRI O HE AT DA BIAR G PR e

3)  FEWERER DRSS, Hn. BTG L. EIISE. TS
EESY =g NI

4) Rzl S8 S; ERJTHR e S 8N ST
BWATE N IZ N .

5)  JedtMTHENL RS AU BA N N R %4 BHE. T AR R
ARSCR AR B




WEAARFMETHREF ML E57

25

FEBOEMT L 220 ) = E 2 2 30, e Ik, T 75570, AR T
RRIGR . RIS Py, RN = SR B 2245 T B A B2 0
2 HAFIR AN

BGOSR I X e R B MR A R, BRI A U,
PATG BE TR O AE = AF RN AT s R AN B 5% o X2, 1 K™, A
WA R8T T BRIRKIIF D), AN NAEHEAT AR SE EBa® T RZ M
U RFA RS B A ALK, ARSI, Ao TAESEE R, ™l
HS R R A A 2 2 UM AE AT P R A B DBl E T M, IFER
R0 SCE IS RE R 45 7 TARZ IU9R 3. N3RARMOE 7 HORHE Bl i AKS ik
715 B

S R A T E LS (5 B DR A B M BBk e A B TRE A 22 Be, 13k
AN B EREEBE A PRGBSI X, B3 TR ZH
XFRULBOA IS I RHRAREAR, 93 H & B2 2 TR L SC S EIT R TR
0y B At o

FERX =, WIREATAE RIS AR AR, G SDL Sk = (i 5F
FERE L, AR ISR L KRR 22 SRAS BB F-HE 70, AEERIR 7 IR A A 2
g AR AL 1RG5 S ATFE s SR R R S S B = I IRV R L RIAL
BEZE . FREss, BADLAETHE. KA, TR SIS ER W 7RG
I

PRI SCRPER I S BEAN S 2« UROK,  ARATTICAL ) AN TE 26 PF B S HF — HLIR
SIIRA K B L, AT A 2 R 2 AR 5

wJa, BORNZN, AR ANERET —BECRR. Sdihdk, LAY
2RI R SR E Sk,

AR S SR T AE 2, BoA AT ARl R, i TR L
T !

B Je s SR SN SCPF R 8 (10 25 2 T A SRR A LT B
T L




AREARFMEMREFZAMILX




WEAARFMETHREF ML E59 ;1

S22 3R

[1]. Jianyu Wang. Sequential Monte Carlo Filtering Based Visual Tracking. Dissertation for the
Doctoral Degree in Engineering. Harbin Institute of Technology, February, 2006.

[2]. D. Comaniciu, V. Ramesh. Real-time Tracking of Non-rigid Objects Using Mean Shift.
Proceedings of IEEE Conf. on on Computer Vision and Pattern Recognition (CVPR2000),
2000.

[3]. D.Comaniciu, V.Ramesh, P.Meer. The Variale Bandwidth Mean-Shift and Data-Driven
Scale Selection. ICCV’01. VOI: 438-445. 2001.

[4]. D.Comaniciu, P.Meer. Mean Shift Analysis and Applications. ICCV’99. 1997.

[5]. US patent Pending. Real Time Tracking of Non-Rigid Objects using Mean Shift.

[6]. V. P. Namboodiri, A. ghorawat, S. Chaudhuri. Improved Kernel-Based Object Tracking
Under Occluded Scenarios. In the Int. Conf. on ICVGIP, pp. 504-515, 2006.

[7]. J. Lee, S. Kim, D. Kim, J. Shin, J. Paik. Feature Fusion-Based Multiple People Tracking.
In Int. Conf. on PCM, pp. 843-853, 2005.

[8]. N. Saunier, T. Sayed. A feature-based tracking algorithm for vehicles in intersections. In
Proceedings of the 3rd Canadian Conf. on Computer and Robot Vision (CRV’06), 2006.

[9]. J. Shi, C. Tomasi. Good Features to Track. In Proceedings of the IEEE Conf. on Computer
Vision and Pattern Recognition, pp. 593-600, 1994.

[10].C. Tomasi, T. Kanade. Detection and Tracking of Points Features. Technical Report
CMU-CS-91-132, Carnegie Mellon University, Pittsburg, PA, April 1991.

[11].C. Harris, M. Stephens. A Combined Corner and Edge Detector. Proc. of the Fourth Alvey
Vision Conference, Manchester, pp. 147-151. 1998.

[12].W. Du, J. Piater. Tracking by Cluster Analysis of Feature Points and Multiple Particle
Filter. Int. Conf. on Advanced Video and Signal based Surveillance, pp. 165-170, 2005.

[13].D. Lowe. Object recognition from local scale-invariant features. In Int. Conf. on Computer
Vision, pp. 1150-1157, 1999.

[14].D. Lowe. Distinctive image features from scale-invariant keypoints. In Journal of

Computer Vision, 60(2):91-110, 2004.




%60 | WEAARFMEMREFMILX

[15].A.E. Abdel-Hakim, A.A Farag. CSIFT: A SIFT Descriptor with Color Invariant
Characteristics. IEEE Computer Society Conf. on Computer Vision and Pattern Recognition
(CVPR2006), pp. 1978-1983, 2006.

[16].Adam Stanski, Olaf Hellwich. Spiders as Robust Point Descriptors. In Int. Conf. on
DAGM, pp. 262-268, 2005.

[17].Qiang Zhu, Shai Avidan, Mei-Chen Yeh, and Kwang-Ting Cheng. Human Detection Using
a Cascade of Histograms of Oriented Gradients. Int. Conf. on Computer Vision and Pattern
Recognition (CVPR’06), pp. 1491-1498, 2006.

[18]. Amit Adam, Ehud Riviliin, llan Shimshoni. Robust Fragments-based Tracking using the
Integral Histogram. Int. Conf. on Computer Vision and Pattern Recognition (CVPR’06), pp.
798-805, 2006.

[19].Feng Zhao, Qingming Huang, Wen Gao. Image Matching by Multiscale Oriented Corner
Correlation. In Int. Conf. on ACCV, pp. 928-937, 2006.

[20]. Navnnet Dalal, Bill Triggs. Histograms of Oriented Gradients for Human Detection. Int.
Conf. on Computer Vision and Pattern Recognition (CVPR’05), pp. 886-893, 2005.
[21].Stanley T.Birchfield, Sriram Rangarajan. Spatiograms versus Histograms for
Region-Based Tracking. Int. Conf. on Computer Vision and Pattern Recognition (CVPR’05), pp.
1157-1162, 2005.

[22].Haibin Ling, Kazunori Okada. Diffusion Distance of Histogram Comparison. Int. Conf. on
Computer Vision and Pattern Recognition (CVRP’06), pp. 246-253, 2006.

[23]. Guangyu Zhu, Dawei Liang, Yang Liu, Qingming Huang, Wen Gao. Improving Particle
Filter with Support Vector Regression for Efficient Visual Tracking. In the Int. Conf. on Image
Processing (ICIP2005), pp. 422-425, 2005.

[24].Yun Lei, Xiaoging Ding, Shengjin Wang. AdaBoost Tracker Embedded in Adaptive
Particle Filtering. 2006.

[25].K.Smith, D.G.Perez, J.M.Odobez. Using Particles to Track Varying Numbers of Interacting
People. CVPR’05. VOI: 962-969. 2005.

[26].Ganesh ~ Sumdaramoorthi, Jeremy D.Jackson, Anthony Yezzi and Andrea
C.Mennucci.Tracking with Sobolev Active Contours.Int. Conf. On Computer Vision and

Pattern Recognition (CVPR'06), pp.674-680, 2006.




WEAARFMETHREF ML 61

[27].Hwasup Lim, Vlad I.Morariu, Octavia I.Camps, and Mario Sznaier. Dynamic Appearance
Modeling for Human Tracking. Int. Conf. On Computer Vision and Pattern Recognition
(CVPR'06), pp.751-757, 2006.

[28].1.Matthews, T. Ishikawa, S.Baker. The Template Update Problem. IEEE Transactions on
PAMI,pp. 810-815, 2004.

[29]. Arthur E.C. Pece, the Kalman-EM Contour Tracker. http://www.diku.dk/users/aecp. 2003.
[30]. Zhiwei Zhao, Xueqin Li, R.W. Gunderson. A novel fuzzy entropy clustering algorithm. In
Proceedings of the 3rd IEEE Conf. on Fuzzy Systems, pp. 636-641, 1994.

[31].Yizheng Cai, Nando de Freitas, and James J. Little. Robust Visual Tracking for Multiple
Targets. ECCV. 2006.

[32].Junxian Wang, George Bebis, Ronald Miller. Robust Video-Based Surveillance by
Integrating Target Detection with Tracking. CVPR. 2006.

[33].David Ross, Jongwoo Lim and Ming-Hsuan Yang. Adaptive Probabilistic Visual Tracking
with Incremental Subspace Update. ECCV. pp. 470--482, 2004.

[34].N. Pé&ez de la Blanca, J.M. Fuertes, M. Lucena. Deformable Object Matching Based on
Multi-scale Local Histograms. AMDO 2004, pp.154-162, 2004.

[35]. Tony Lindeberg. Feature Detection with Automatic Scale Selection. Int. J. of Computer
Version.1998.

[36].Bastian Leibe, Bernt Schiele. Scale-Invariant Object Categorization using a
Scale-Adaptive Mean-Shift Search. DAGM'04 Pattern Recongnition Symposium. 2004.
[37].B.Leibe, B.Schiele. Scale-Invariant Object Categorization using a Scale-Adaptive
Mean-Shift Search. DAGM’04, 2004.

[38].N.P.Blanca, J.M.Fuertes, M.Lucena. Deformable Object Matching Based on Multi-Scale
Local Histograms. AMDO 2004. pp. 154-162. 2004.

[39]. Krystian Mikolajczyk, Cordelia Schmid. Scale & Affine Invariant Interest Point Detectors.
ICCV. 2004.

[40].Bo Wu, Ram Nevatia. Tracking of Multiple, Partially Occluded Humans based on Static
Body Part Detection. CVPR. 2006.

[41].Serge Belongie, Jitendra Malik, Jan Puzicha. Shape Matching and Object Recongition

Using Shape Contexts. EEE Transactions on Pattern Analysis and Machine Intelligence. 2002



http://www.diku.dk/users/aecp.%202003

%E 62| WEAARFMEMREFMILX

[42].Krystian Mikolajczyuk, Cordelia Schmid. A performance Evaluation of Loacal Descriptors.
IEEE Transactions on Pattern Analysis and Machine Intelligence.

[43].Krystian Mikolajczyuk, Cordelia Schmid. An Affine Invariant Interest Point Detector.
ECCV. pp.128-142. 2002

[44].Daniel Freedman. Effective Tracking through Tree-Search. IEEE Transactions on Pattern
Analysis and Machine Intelligence. 2003

[45].Changjiang Yang, Ramani Duraiswami, Larry Davis. Fast Multiple Object Tracking via a
Hierarchical Particle Filter. ICCV.2005.

[46].Tao Zhang, Daniel Freedman. Tracking Objects Using Density Matching and Shape Priors.
ICCV. 2003.

[47].Ying-Tung Hsiao, Cheng-Long Chuang, Yen-Ling Lu, Joe-Air Jiang. Robust multiple
objects tracking using image segmentation and trajectory estimation scheme in video frames.
Image and Vision Computing. 24(2006) 1123-1136. 2006.

[48]. Lius M. Fuentes, Sergio A. Velastin. People tracking in surveillance applications. Image
and Vision Computing. 24(2006) 1165-1171.

[49].B.W, R.Nevatia. Detection of Multiple Partially Occluded Humans in a Single Image by
Bayesian Combination of Edgelet Part Detectors. ICCV’05. VOI I: 90-97. 2005.

[50].T.Zhao, R.Nevatia. Tracking Multiple Humans in Crowded Environment. CVPR’04. VVOI
I1: 406-413. 2004.

[51].P.Viola, M.Jones. Rapid Object Detection using a Boosted Cascade of Simple Features.
CVPR’01. VOI: 511-518. 2001.

[52].P.Viola, M.Jones, D.Snow. Detecting pedestrians using patterns of motion and appearance.
ICCV’03. Pp.734-741. 2003.

[53].L.Davis, V.Philomin, R.Duraiswami. Tracking Humans from a Moving Platform. ICPR’00.
VOI: 171-178. 2000.

[54].S.S.Intille, J.W.Davis, A.F.Bobick. Real-Time Colsed-World Tracking. CVPR’97.
Pp.697-703. 1997.

[55].S.Huwer, H.Niemann. Adaptive Change Detection for Real-Time Surveillance
Applications. Proceedings of the IEEE WorkShop on Visual Surveillance. Pp.37-43. 2000.
[56].R.Rosales, S.Claroff. Improved Tracking of Multiple Humans with Trajectory Prediction




WEAARFMETHREF ML FE 63

and Occlusion Modeling.CVPR’98. 1998.

[57].J.Davis, V.Sharma. Robust background substraction for Person Detection in Thermal
Imagery. CVPR’04. 2004.

[58].J.Davis, M.Keck. A two stage Template Approach to person Detection in Thermal Imagery.
CVPR’05. 2005.

[59].D.Hall, J.Nascimento, P.Ribeiro, E.Andrade, P.Moreno, S.Pesnel, T.List, R.Emonet.
Comparison of Target Detection Algorithms using Adaptive Background Models. 2005.
[60]. ;& it Hs, HIFPR. 3 H T8 45 In) el () H AR BRER S, tH AU B h 5 BB 2 224
2003.

[61]. B S5, XUEET, T, DXIRIGK AR ERER A RIBT AT, D65 H0R.2005.

[62]. tAMI 52, AEMII, M T, —Fhd: T B 7 BB HIZ 3 H br St BR RS, THEAHLN
M5 WF7E. 2004.

[63]. BT T AR RIS IEBEE IS H AR EREE. 18224718 3. 2006.

[64]. http://homepages.inf.ed.ac.uk/rbf/CAVIAR/.



http://homepages.inf.ed.ac.uk/rbf/CAVIAR/

% 64 ] WEAARFMEMREFMILX

B F AL HAE) SE BV SR S e RH 1 B

SEAHIIL X ;

(1], Wk, FRdmW, Xided, W55FE. 2T SIFT 4FAEULACAT Kalman JEJ )
B HArBRE L. HEBERER AR (CFHH) .

(2], W, MR, XId, BEW, FIRE. B TEREG QBT M E
J7 B3 5l H AR ERER S,

S MR A .

[1]. ExREARBERETIH, “EX35 TN BhrahAS 0. 550 &R E
AW (60672147).

[2]. rEBEREE N RIEBIE, “ER5E TS HARRERAR” .

[3]. 2005 4E, VA EAANLEIAA BEIIE .




