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Motion Perception Model and Its Application

ABSTRACT

Motion perception and analysis remains one of the fundamental issues in the interdisciplinary
research of neural computation and computer vision. Its purpose is to build novel computational models
for motion processing based on experimental results of neurophysiology and psychology, with solid
theoretic analysis and computer stimulation. The study on visual signal processing and motion analysis
not only helps to reveal the principles of brain networking and computing, but also contributes greatly
to the development of information engineering and technology, such as artificial visual system, visual
rehabilitation of the blind, and brain-computer interface system ezc. Furthermore, brain-like motion
detection algorithms also have wide application potential in pattern recognition, identity verification
and intelligent transportation systems.

Generally speaking, motion perception and analysis is one of the most important modules in hu-
man vision system. It actively perceives and captures the information in the external environments,
represents those information in an efficient way, and finally generalizes them to the higher visual cor-
texes which account for decision making. The classical vision science dichotomizes the human visual
pathways into TWO parts, the ventral stream which is called as what pathway and the dorsal stream
which is called as where pathway. The former processes and represents the appearance of the objects
and the latter represents the spatial position and motion. This dichotomy of visual pathways help input
channels efficiently represent all-round properties of attentative objects. In our research, we concentrate
on exploring what the computational mechanism of where pathway is. Furthermore, our visual system
is more sensitive to moving objects than still objects, motion perception is an important task in our daily
lives. Because of the importance of motion analysis towards human, how to extract the computational
mechanism of motion perception and then to implement it into the algorithms on artificial visual system
become a meaningful challenge to be solved.

This thesis first introduces the psychophysical experiments on human motion perception in natural
scenes, in which the quantitative numerical analysis is performed to test the consistency of the subjects’
labeling data. After that, the labeling data from different subjects are used to form the ground truth of a
new benchmark for performance evaluation of motion detection algorithms. Then, along with the result
of former psychophysical experiments on human motion perception, a novel computational model for
motion perception is constructed. Furthermore, this model presents a surprisingly simple algorithm to
detect moving objects in dynamic scenes. After evaluating it on the proposed benchmark, our model
shows priority over other state-of-art motion detection algorithms compared, the great efficiency of our
computational model for motion perception also reveals great potentials in wide engineering applica-

tions. Main contributions of this thesis are listed as follows.
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First of all, we collect and build a new database for the evaluation of motion detection algorithms,
it would be available to public in future. This database contains 20 video clips collected in natural scenes
with hand-hold camera, the moving objects in those clips are various, such as auto, bicycle, pedestrian
and sport players. 11 subjects are instructed to annotate the moving objects in these clips, respectively.
After that, numerical analysis is performed on those labeling data to test the database consistency, the
result proves the fact of inter-subject difference on interpreting object movement. On the other hand,
deriving from this fact, a generalized evaluation metric is normalized with these labeling data to form a
compact benchmark for motion detection algorithm evaluation. Our motion perception database holds
following properties compared with other similar test databases: 1) The total of videos are clipped in
natural scenes, the class of scenes and category of objects are various, such as the auto and bicycle
on the road, the pedestrian on the street and the sport players on the ground. This variation of targets
could solidly measure algorithm’s generalization ability and robustness; 2)since all of the videos are
clipped by hand-hold camera, the assumption of static camera which is common among other databases
is released, so that the newly developed algorithms should be encouraged to work under dynamic scenes.
3)The video clips in database is labeled by 11 subjects, the statistical consistency and inconsistency of
subject on interpreting motion are taken into consideration when setting the evaluation methodology
of database, which would make the evaluation results more accurate and objective. We believe, this
database would make real contribution to the research of motion detection

Moreover, from two different views of theoretic analysis our novel computational model of mo-
tion perception is well justified. The fundament of our theory is that the Fourier phase discrepancy
part represents solely the frame-to-frame movement of objects in spite of the spatial complexity of
object appearance. Generally this fact could be understood in the context of the dichotomy of what
pathway and where pathway in human visual system, in which the where pathway encodes the motion
information efficiently. While motion could be represented efficiently by phase discrepancy part, the
model complexity would be much reduced, which make our model avoid over-fitting. Finally, our mo-
tion perception model could be implemented as computer algorithm in 9 lines of MATLAB code. In
the following experiment part, this algorithm is evaluated in our proposed database along with other
state-of-art motion detection algorithms. Our model achieves the greatest performance. The efficiency,
robustness and ultra speed of our algorithm make it hold a wide engineering application potential.

At last, our motion perception algorithm is implemented on ARM9 embedded system for engineer-
ing test. It is no doubt that the high-efficiency in computing and low-requirement in hardware resource
make this algorithm demanding in engineering application. Furthermore, we apply this model to fit and
predict the eye saccade data of human being. In comparison to other two computational models of visual
perception, our model performs better to fit the behavior of human eye saccade. This indicates the our
model’s generalization ability in predicting neuropsychological phenomena. In the future, it is hoped to
see more experiments are performed to explore the connection between our computational model and

the neurological mechanism of where pathway in analyzing object motion.

Key words: motion perception, motion detection, motion representation, saliency map
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1.1.2  # R G whatfllwherelid &

FEZ BRSNS I FE T, e 1 K B J2 Hhoin AR [R50 A [R] 75 T8 2 HH 53 25 1)
22, Blwhatflwherell#4[3], BEATACER o A whati B RL I FR ORI A0 B 2 )50
17 (ventral stream) , 32287 TN ARV B TERAIRRE CRP RS0 B 40 B0 A1
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IR SCHIE 7T 0 T T P 25 BRI AN B 2R Gt i where i 545 (438 sl AL FRALHBEAT 05 B 70 AT
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1.2.1 7L (background modeling)

T SRR IAZ O R F T SR LG A, T WUE 1 B AT S
B 2 35 1 22 S B 280 20 MR 4 LS Bk« 491l Stauffer A Grimson [S]F] H & ik
G AR (mixture of gaussian) X EUE G R AT, EXNI7VEF, YRrbiE —MEER T
BN R ST AT, B RS AR B AN ULEC I S A . IR AR
B, MIXAME R K SRSy, IXABEUCED I TS 5 R 53 1 e 357 40 A7 1 3 (B R0 7 22 gk
ITHEL TR, B AR TE A BIME, WX — R S KRR . Bl S I — 28776
Xf i o A R AT TR, PR R BE & AR S A, e E TR SRR R
TENE . HR T S AR T — MZ OB, BIAREE A8 2002 b ] 2 i 1 B LA
o ERBHLIZIMIEIL T, FERE RTS8 SRR AR SR ER AL, 1 SR Y
RORAEHE 2 (1]

1.2.2 WA JLENE (view geometry)

WA UTE RS0 7 BB LA LT S R AT M, SRR X B LAS St AT 4
R (9] FE—EHI3DJUATIREI T, $RAEHUL B A HAERE S BT DLBAt T ik, RIS T
HSR AR, AT DAAME SRS 2 S Bz 3, TS a5k 2% th oy 8 iz sh R o) .
SR, WA LTI 0 58 A TSGR I S EUs TS EARR, fEBRET, BT REL
WIRE B ICIE T, ) EE— U 5 2 B FT AT Al U, IF B2 R THRERE R 5 52 2 5 (g
PP, SR T3 ARMEAE TR 5 AT AR KA R

1.2.3 YA IH5Z: (detection by recognition)

T RAR AT 138 B W A A I B 2 B T WA R ) B B %% 2 (supervised learning)
T SEAE SR o 3 I 0] B i B PR AR E AAAE &M A T B R EAT I, 0 88 mT AZEA A P )
gl ELBE AR RE AR, AT BT 51 SRR o AT 20 B i, — Sk ) DUGHRE 8 28
A, W AR EE AT A 2], @470 H2, XREEEE TESLRIN%, H AR
AE R — /N E IR, JF B, BEFREA AN ROGIRAR L R IR R AR T A
U T EAAR o 5T — S HE R
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BRI RIS . B): MR B . ©): i8I 4 253 S IR K SRIER S, T DA
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1.24 EEMRNE (saliency-based detection)

TE A MNER R, YIERE 515 SN0 AR B E S22 7 R E. X T 245
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HIIRS), SZ2E e S B Bk 52 R I EEGHK Fi (S 520 [06] . X PP 77708 B P A
E:

1, SEH 45 B 2 e e, msk/b g A 74

2, 45T HZ RS T, 2N T A R EO0 N RIS SR S, 45 A5 I8
1EH R R A BAAIR RS &M e, ANEB RS s shi& a2 g my s LT
SC(7], PAK IS A R A2 00 S 35 1 R R DA A 3 5 b AR P AR A i e 0 4%

5T, THENUALSE S X 12 B BN TR LE AT AR T . R IE Bl s N
G P ik R 6o — e S B ) T S LA b TRER FH , Wig sh 45 M B M (structure from motion), ¥
PRERERFIR 0, PUBTARSE, 5 R RPER . LA Ia sh B an i H B A AR AN
HI, AR X e SR AR R S AT YA AT LU, 3 i H R B RAS 2 DA TR R tH i 1 5
BRRUAISEIR, WO 1 — DN E A R 3 LSRN 1 — Sl E sl AN R R S ) A 38
#&FE, WIPETS [18] MICAVIAR [19]. A | XA &, BFFE N St el PL B C R SVEET
W, DT A HR 0 58 R Bk o BRI Se s PR sh i Fig shis il it 1 BOR 5T
Bk, EATAEAELL T — LA AL

1, B PErh LS s s AR —, i S AT KB A2, XA € BRI 7 Xz 3l
o B ) 3 P 7 K

2, B P B AR 2 d i [ E SRR LA 3% . IXAREAS 2 B0 BRI B AR & “ 5
B E ” BV, BRI T i L 2 BN . BEAnZE s oE RG22 2 E 3,
WG A5 5, ORISR SVEE SR L SRS N AR IEH TAE.

FETUAEJUR, BATESL 7 IZA IS B BN e o XA Hs 2 H Ry /A R P A

55— Bl AL BB SV H 11 S B E , AT X LR e B AR
FEVERIBEAT IR, R XAz B B B A AE 1 22 e A — B S 31 1 B e v
AL 2 rh, A A5 Hicts PR & B8 08 X0 iz Sk U G723k 47 50 2 UM B ) EE X

B HURPEP S S REE R, IR, AT NG, AT LU RO iE Sl I S Y
12 A58 71 (generalization) F1E- M (robustness)o

W= T B R AR R A SRS, s T CRABALE E 7 R
BIRAT, AAHEIT R B SE R AR S B PR RIS 00 T IEH LAE . USRS FERAE M B A
IF, RFFRAT RIS S A I S5t T — DN RF &, XTCEERHES) 5 T 18 s R A A A
FERIBE AT K .

22 BIBERNRESHRE

BB A 7R PR SR AU E A S = AR SRS LT . B AU B
Pl — PR REIR S, MBI BEYA —E B30 (ego-motion), HREHLK)

el L3411



BRI EEENMRESNA

ZH/E: ZJEDCR-SRATE, RKFfEZ20Hz, X LEASN 7 B R AL & T 2R RIRis shia, aifr
N, REMBATE, FTHEIRIE) 75 AT DAAT R A& i — Pk s s A i o 122, 1
BEINY 38 B IR 1R 22 R0 B9 (R R O A

FEHCHE FE bR i R T, CECRIFAR [FRAE 2B OL T, S0 B R A ik )38 Bl 1 Dl A
FAALL, BRI AS 4 — i N TARSE . FEMATLABMEE F A 19w E T — A BA GUI A TR
SEFEIT, AR LL0.SsIIbr 58 5] R % BT EHiE 122 AR BOEAT b g, X8 S04 45 € 1
P BESRAZAE F T HERE AL P B OB g s k. S 102 E S Shre T
FIAG RRAI . AERE 5 e, FRATE N T 208 B AFR 280 o B8 R R v 1 o
WRETFTR

EEE=3
AT 20
kA 2557
ZRE | 1
ERML | 297
FRERE | 4785

R 2.1 TEIRABIREGE.

Bl 2.1 Bl e S AR . T EEHLEAT B30, R i iR R s 3]

23 BERIRHANEERESH

XS Hh e S R SR Nl A AE 22 57 o JUILAE HARIRUT . NBIRLIE R GEXS Ah 5 %
%1 (perception) FIf#HT (interpretation) 23 52 F1# 2 5N, W37 AR S B AR FE, R IR FEE

HTO 347
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2.2 BEURIMAMAZE R X PIKEIE S T 112 0T F AT O T (¥4 1 o AH (7]
BIbR EHETRARTE — 2k . JATAT LU B A A F 32l B R 5 b g sh ik &
ANFRI AW AIRRIE , IR AR 7 A RE S 1 RS

S, DUR S BB S WARAE R 22 57 o (HAE, FEREEAMAZE R IEZ 5, FRATTIER AT AR
SR — LI LT R TH SE R GE TR, DA TS T S s A LA

FERRE 4F H IS BB EE B b, JRATULEE R 1 WY (2 sh B i) M 22 57, 0 2
o AT HEI NAE B IR 5P IS BRI AR BRI R PERGETE B — 2k, AT
SRR HE I b e e 1 R s

FEVEASHEN T, Fe UL 2 IO AR A€ 45 R AT 92k (ground-truth), TN 32 1)
PRESS R . BATHNAZRE bR E, A2 0E (€ 1T LS Hofth 104> 32 503 AR € 2E AT
DA, A AFATAT G2 1104 MRER o HARNCE AT 1102 45 R ge i 2 48 i
PIANTVER o

2.3.1  PEAR N
32 B BB BE (6 AR A v U 5 A A FIPETS (0] AR R AT A I — 3. LARGr 48

RAEAFEME (ground truth) FISZIEARIER THEX 3o Rp RIS AR 5
HEDX I e — U 24 True Positive, 1R 2 -

Area(Rer N Rp)
>Th 2.1
Area(RgTr URp) — ’ @1

KHTh = 0.5 . T False Positive. KORE, ML H FRHEM BTA 7 HEBE o True
Positive &}, # False Positive.

Hith SR bR E AR NI, jh 2 AR EAE Sy EEE (ground truth) | X F-nth LS,
BATHGT TP FPHI 4y 5 Fa L ground truth 1144, true positive [ TH4L, Flfalse positive 11
. & HDetection Rate(DR) FlFalse Alarm Rate (FAR) iXFE 1155

Fe Ul 34T
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1 1
DR L
r;;f*iﬁ? s
0.8 i L. 0.8+
‘iftﬁ oy
06/ 06/
0.4 04
0.2 0.2} I HH H
0 0
0 02 04 06 08 1 FAR
FAR
A) B)

2.3 A): FoRFTA 1L A2 iR MR S5 B 1100 B A 0 BIFAR-DRZS 8]« HH A (7 1+
FRREANZ IR E MR R . X TR ZIRE, 2304 DR 7£0.65 21 W30,
FAR 7E0 220.4 ¥ 3. NBNSBERAREIE XN EERFE ERFRIN: FAR = 0.15 £ 0.08,
DR = 0.84 £ 0.08. B): A [RIFAI 1 SKARK AN 52134 IFAR FIDR.

prr. — LT
Y Gy
FARy, = 1T
" TPy + FP;
N n
DR;; = 2n=y DR
] N
SN FAR?,
FAR,; = —n=l" "7y
»J N

DR, FARBIME NI 1) 7> £ . DRE B IEHIZ, FARMRERIZHIZE, DREES, FAREL/NM
WSS BT o X T — WO AT 2 N TAER AR, S50 SRy B AE K 5 HE
VR IR A . — ANUTAME R IESE, KR A f 5 AE 5 S5 HE A R A — — 34T IT IS, AR5
U . SERBR SIS X P g e S0 e fm 25 RS2 M R E /N

232 4R

FE_EAT P HEN R, AT AERN104L(FAR; j, DR, ), ¥iX 48 555 #FAR-DR A
i), nEE3FTR. BATTLAE W, STFARPSZRE, @305 45 DR 7£0.65 21 3
3)), FAR 7£0 220.4 330 . NBEaNEA e IR M s E PRI FAR = 0.15+0.08,
DR = 0.84 + 0.08. 1XRIFRIA T NHZ IR BRI Fh £ R . BATELZHE
Wiz s mm 2 7w m At E T ok, aTLUE H, MEAZERIESLI IR B3, A4 51
SRFEAZAR D BN ECH 52 SRS PRI WL 28 v i 75 B 523 7R b e i R () MR 2 5
PEF X . TEJS T S50 A i, FRAMEIE T PRk HEN,

FAN, ERAESA, LRBEESHTL = 0.5 FIEFLRNAN TR EN. XS5
(TR E T S50 A HEFE AL PR o N T AT R X6 5286 45 B R4, FARFIDR 7] A5 AT R
(25 I B TS B UREFTR .

Foml L34



¥ SEBS

AR RS S R
| Th | o Jor]o2]o03]04a]05]06][07]08]09]10

Human Detection Rate 092 | 091 | 091 | 090 | 0.88 | 0.84 | 0.77 | 0.62 | 0.37 | 0.15 | 0.00
Human False Alarm Rate | 0.07 | 0.07 | 0.07 | 0.08 | 0.11 | 0.15 | 0.22 | 0.37 | 0.62 | 0.85 | 1.00

< 2.2 ABIEEhREANHISCIE 2% R (DR, FAR)BESZIE S{ETH B L.

24 AKREBINGE

ARFEWIR T H I8 ) BB AN R, DL RO B RN b i O R U o B
g i 'ENA o, ATER 7 AL B RS 5 s R AF e B2 R4,
I EIFEH T AE BRI E T IS EN R 2 R KN, 1R O8 JE T gL A RIS S
BT T il

MNHTE BERANTE A S PR E RIS KR, MR N, 1R85 bt sy ig it
ARSI AS REALE 100% 5E L IR I, TR 2438 WA ML A8 S 70X N e adh A7 ki
DU e B R PR A 5 ke e M R 2. SEBR b, ST HLES SRR B P, R
Yo O UE, AR AR I F AR MBIE A S, s 77E R 12 R rEan LA
(1038 BB S 56 1 B S 45 18D o SR, A LEE FEF bR 2 B0 6 Fsoe 1k 1) RO =2
FIIVZHIEAL, List er.al. [20] 34T 7 CAVIAR [T 504 4 FR F Lhr o Bis I ge i vE o, F8 R
5 N BT AR AR AR BN 22 e it , X Fh 22 S M L8 Y2 35 PR A 5 ) B A 5 ML 28 B2 ek
Mgs R FERATEAE E v, BATRMER ST [F— A AT LU AS 5] 52338t b A [ 177 %
A, WEEARTR, —2eZ i LA FFHEE (015 DU — AN 7 HERR 8 H R, T — L8523
fii ) FAEEEANMT NESFH — A 7 HERR € R

TE B 5 T SRR R R SR i LU s B rp , BT LA AN T2 Bl A Bl 2 1 & R ER
NVESLIXAN SRR, 15 R8skl SEE AT X

o

F10T 34T

N
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E=ZE THRMERBELHEER

3.1 5|8

FER T, WATEN 7 DH RS s BT AR, IR AT 1 B S A )
B, smea g b 7 AR T S SIS .

311 MHSRTAE

20014, Vernon [22] $&H T —ANFI FH s Bt 22 [A) AR 3k o) i 37 e sp A ARag B G « 7E
TR R, IS SR IR 43 B A AR B P T ) LIS SR — et RS RE I 3R AS o A A
6 FEL AR (R I RS DT, — N AARAE 2 [) R (32 3 SR BAN S DA A Af BL ISR AE T fR A7
BEBN . W T BEAEm MR 5, w0 TH SRR 45 B AN TE B R E R — AN B 2m A
RENB LTI XNTTEA WM T AL : R Em LI RiE; 2, @XM E&MTT
PR 7 ZER B 2m M U s 3, FEIX 2mMEN (] 77 51 G A )4 (1) 3 B 0 A0 R FF— B X S PR
{475 Vernon 1) 77 1L AR AEAE SE R TAZE 45 2R

3.1.2  BERFIH TR

PATTHI 25 Vernon 2R ARL: FEAR 26 2 [A) BL 43 A1 B9 52 245 5 ] DAAE (o 5L i 2 i) L 797 IR A
RHLRAE K o 5 HA— /B e M )R B MR R, A e R ] Re /D B s T SR A ) i
APl PV

HNT NS PBEHIEsR, AT EREE 7 M2 5% (predictive coding) [
SR, 1oL, FRAEE TS SR IS s EAH T — iR AR BRI INEG RS T
— M) LSS AT R L, IX AU AR AR BT S 3 o I 2 R g TR0 AR B 2 17 e IR
HR o AR S B EIR 2 AT, FRA PREETHE S I8 S AR (1) SHE FH9ATMATLABA S S8 H K

32 IBRHES

BAVE S (x, ) WAL 2 EGRAED, X Bx = (21, 20] T RRAMEAZ R B PI4E ] &
25 (0], — 1R EUR AR R R AE T LS o g
Foet) =Y fx,1) - 6, (), 3.1)
x; €T
ZERT BRIERNES. TR —EEAG=EE, T NT = {F, B} BMEERE
THIFF, BE S 5B, T R 0K, (x) & XA
1 WHx =x,,
0 HAth.
X HAG SRR R R R SR FRAT AT DUE 5 3545 Sk 8 Bhisk il 14 ot 21 it (1) 12 3y mT
PLERUCNE St — B PR, W R ATAE X PR IR KNy = [v1, 0] T, iR 4% & 5%
U T R BB & LR B G B AT BEISHE S, RGBS AL TERE 5 10 v sl B N 4

0x; (x) =

1T HE3470
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— 3tk Cintensity constancy) BB A 23], RIG 2= 75 BUE 23 [ PR AN U AR R AE B K

/J\;
f(x,t) = f(x+v,t+1). (3.2)

FATHE 0T AT A2 — Wi BRI E . X AMBS SR B RO 7 EAE xR %
Mx +v fEt + 1 B THE R EXBEBRINHAB, MB, ., RIS ARG RES.

REBERATTHR W T 548k H 8l (ego-motion) Fir i K B #2 2:(R1 5 SR AL &), XAEIRAT
st T DL K M mT i) A 8 FEx B3N Ex + v, DU H N — Wi, {H X P = A 78 24 i
RN T — B,IME RS, B E IS S I RT S sy, 2 IR Z2 6. Rk, 2k i
FERR AL B R R AT S sh AR I s (AL B b ih ok, IX M E A I 22 R e s (x, ¢) FT RABE
FRIZ B BN H 2 2 B (saliency map) [13],% k& B € X U0R:

s(x,t) = [f(x byt 1) - fxt)] ) (3.3)

320 (HEMAEA ZE S AT
N T RSV, AT HNE R SRS R . 7R LR AE R ), 7E A5 B
2% (AU % AT D8] B AT 250 2 A1 Dy () B I R g R o 2.
PAFy i (w) = F (f(x,1)-0x, (x)) FEAN—MERAI2-DEAUH AR, X Hw = [wy,w] .
R UG Al B AR e £y (w) BT RAER G 3RS

W) = Y Fea(w)

x; €T

ERCACINE et =io] i M2 i ) e [T B A e o AR o 7.3 A o B A U G P TR VS S A
A AN A

Frivir1(w) = Fy(w)e M), (34)

KHO(v) = w'v = wiv + wovs, FEFEJE TR, FATEEE X Jytate £ (phase discrep-

ancy) .

R AN S — S0 T R v, % 283 B, A se & 1Rk
Y Franiw) = Y Fe(w)e . (3.5)

XiEBtJrl x;€B;
XFEFRATTAT AT AR An T 43 i

Fipq(w Z Fy, 141 (w
x; €L

Z Fxmt(w)eii@(V) + Z in,t-‘rl(w)

x; EB; XiEI_Bt+1
— Ft(w)e—i-{)(v) _ Z Fx’ht(w)e—i&D(v)
x,€Z—By
+ Y Fran(w). (3.6)
%, €L—Bi1
EIRIX B RN AN FIE 1 ST S 2 S G O, R AFRETHE @ (v) , FERE 5 &1
BATEUETE— 2 PR E P, X B AR AL 22 ] DUREF AT 5.

FI2 0 34T
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3.2.2 RN ZE RIE R

HI T TOVE BRI BIAET — B & AR R AE RN, FAMERRX LR R A B
KIEEBAF—51t 040 (uniform distribution). 7Ef8 B 22 (8], XAMERERIER T Fy, (w) 2
i AL [F]— AT 1

| Fx, t(w)] ~U(0,1)
/Py, 1 (w) ~ U(0,27).

Pz}, i = 1,2,...,n TaR— RIVHSLBENLE, X H 2] ~ U(0,1), Lz ~ U(0,2n). {2}
HAWEp Ty %02 hZ, = 30 2z R — REIBEHAZ BRI ARG b AR R M (2s],
M R KIS, Z, WA 2w, Wz, Z, ~ N(np,no?). BTN RERLA MR
MIARALZE, WIEATE ARG, (6450 = 0. BHILATAN, |Z,| 76— RG24 B R 21

p(|Z,| = 2) = /nowe /2. (3.7)
DAL, S9005 1) S 2R 2 AR A R R I B e 1, B
BR@) _ VED .
E(| Y Fa@)) /%8,
x; EBy

BSOS SR & AR 2 B w] LA el i T PR 32 S B 80 R I b 45 R Ad . Pk
Yo, FATHT SIS S YAEHIFR EHER L) S8 1 — iR 5% . XANEER, 45655 B8 NIBRA]
B, 1 PR AE AR B ) A0 32 2 e SR TR E . AN B ET S BRI .
DAL, FATT] DA 4 X B A A 22 1 A
B(v) = LF41(w) — ZFy(w). (3.9)
For, Atk BOBE R H AT S R R A SR PR R R A R X AR w R
THIVERR T DL Y RAE 25 BB N E, (w)e =) 350 1 oy, /YL:

T S SR )

x; €EL—By xiEI—BtJrl
R BER, ATIEF, (w)e 2™ ¥ N1, PLEHEEy 10 4:
24(T — B
By = VEEB L e
#(By)
Zn ~ U(0,2m).

B, ZARZEN LR (v) THEA:
max [®(v) — &)(v)] = max { tan™' [E(|n|)]} ~ 0.31. (3.10)
R4 (B B ROL, JATATBLE Fy (w) FIQEMHF, o (w) :

Fii(w) = Fiw)e ®W)

= |F(w)|- o iLF (w)+@ (V)]

= |F(w)|- e~ HLF i1 (w)]

FI3 0 34T
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T ow »

3.0 AR A R ZE R EEL BE(|n]) = V0.1, MR R ZE I B R0.31 (17.6°), AH
I A PR ZE TR M0.21 (12.3°)

B, 18 BT 2 1 B R R B R R A
- 2
s(x,t) = {971 [Fri(@)] = F 1 [Frpr (w)] }

—{F (P @) - |Fw)) - e<rm] ) @311

3.23 JHBRIAGHN

2-D B B AR e B A <S5 B B M B . X AN 45 25 B P R 1L 2 11
AL T — WA BN B IXKE, (f15:38 50 IR0 ) 5 25 P PR3 6 70 S0 A e K I UL 452
DABR i 52 J 38 SRS I 1 45 SR O IEIBAC I R), BRATIFR 2 il 4 3808

BT IS B EE. FAT1LLC, FIC, KeFe R S EUh L8 G 2. IXFE:

Cr={x;|x; €B1,x;+v ¢TI}
CQZ{X»L'|XZ'€BQ,X/L‘7V¢I}

WRBATLLEE 1 Wi G R AL 552 iR 220 BT Fiow), BRATIEC, FH B RIIHR.
SR, A5 BTk AG HCy PR R B R [FIEE AT A5, A SRR AT R 4B 1) 5 51— DAER2
M G SRAG TH S 1 WG, AU R Cy IR R 7= HE I R

5RO BT 2K, FRATIHE DS B 55 1 R Ak v B 2 it G T A 1) TR 8] R 8 (32 3
TGN TV 52 SUNTS (x, 1), BAR DAL 52 Wik At 58 1 ot 45 7 A= B4 S st T 2 81 f
BENRE B ERCNS (x,t 4+ 1). F4:

Xi,t) > e, i—'lxiecl
?(Xi,t+ 1) <eg, i—/IXZ’ ey

?(Xht) S g, %Xl S C2
<?Xi,t-i-l)>z’:‘, %XiECQ,

X He 550 BI04 K.
A5 5 LA & 1E S B 1] e 1) 1) i s Sk e 35 225 VR R VB B i 3 v, 5 I ge — I T 24
Bl Sy

s(x,t) = /T (x,0) - S (x4 1) (3.12)

HFvxi € CLUC, HHE Hs(xi,t) = 0 1 (xi,1) = 0, MHF (.t +1) - 0. WILH
2T 9 A E B R 3 P 0 L DR,

o140 34T
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C) D)

K 3.2 LGN HIREEL A) & B): BTKAARML £E 4 H Wb % AL g ) DO Al A,
MCy o C): FAMARE I SN 8] 7 517 A2 8 sl g i 2V 16T o mT DU Y A 808 7 AR iR 72
WREEN | i Ja 45K, ARERIG. D): REIZ3EAEE K.

3.3 F—HWIBRHS

2t oA, FATHIZ SR T SRR T DL EL - A 5 SR 0 B A A Rt
TR S, TR

ABBE fi (, ) AEAEST IS 20 B0 — T LR PR 22 T RAIE "B FRAN T S A (R A1) ARl
SR 2EL A B

fla,y) = @)+ Y f@,y) (3.13)

k=1
fP (@, y) SN RIIY, ff(2,y) RRTERD -
FEIS R [R] R ot

frast(w,y) = f£+5t(377y) + Z fthr(St(xay) (3.14)
k=1

X BLBRATTAT DAMBBEAE S [ [ BE AR 25 2 PR 11 o X AMB e R DL s i 5 4R
ZOoRJE — BRI (intensity constancy) [23]:
fivsi(x,y) = fi(x —vidt,y —vyot) (3.15)

KL = 0,1, m, (b, vf) it EMRARAME 2 AT o 5 7 A A (00, 00) 75
ROME 2 A
A BRI O L A A 9 F (g, 10,)

F(wg,wy) = F(fi(z,y)) (3.16)

S AH B AR 4y
fi@,y) = F 1 (fl(x,y)) (3.17)

FIs T 347
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AR5 5 L2 [R] F I A2 ANAR 1R (3],

F(fi(x —vidt,y — v;(St) = Fj(x, y)e_i(w”;‘sﬂ'wwéét) (3.18)
PIEIRATE LAD), = emi(wsvadtiu,dt) prsg,

Fti+5t(x7 y) = Fti(x’ y)Aq)fSt (3.19)
x4 (B3 AN 4G A ETadh A7 (5 I A e, 3RAT115 3
Fy(wy,wy) = F (we,wy) + Y FF (wg, wy) (3.20)
k=1
Fyist(we,wy) = Fp (wy, w, ) ADY, + Z Ff (wg, w, ) ADE, (3.21)
k=1

o0 8 SRETI F A DL, 8 2 28 AR A1/ 5

U ADE 1
FF(wyywy) (78t — 1) = Fryse(wy, wy) g — Fi(wa, wy) (3.22)
Z_: PV ARY, AR, © Y
X BEATE X
PDI, FX( Mﬂgt -1 3.23
ot wmawy Z wwawy A(I)g ) ( . )
t

Fy(wy, wy) TESRZRIR I AH A7 22 5 B PDI (Phase Discrepancy Increment). Hi%5:\B23 FA1A]
DL B AH A7 72 38 B i B PDUT) A& 1T 52 7 A, AN 5ol s A®Y, FEAMZR I A 72 HAS—
PR HARE = AGY,, NE Fi 5t S PDIAZEATIE

DRIE, PDIfY e B A2 e

E( (A5
ipdsi(z, y) ZF We, Wy ) ( AT0, 1)) (3.24)

EERAL T HTF R B (A, s 4ij]ﬂ§ FRX B 5 (5 [ 4545

H—0, BHUEHBIZ M| FY (0, wy)| > |FF(we,wy)k=1,..m» WA®Y, ~ Ads , IX
BIF (wg, wy)| BF} (wg,wy) i = 0,1,...,m KMHEHIE, Ads, /&F,(w,, w,) FESE N 25
W P A5 ) LI AR S o XM P DASRRE A I 55 s 7 )4 B % B0zt oz /) 17 5t A
I RE R, IR H., BTSSR E M R B Sl i S 2 SRR I E R .
FERMRBZ T,

1
FH&(wm,wy)@ — Fy(wg, wy)
1
= Ft—&-ét(wxawy)m - Ft(wx>wy)
1
= |Ft+5t(wa:7w1/)|q)t+5t A(I) Ft(w;mwy)

= |Ft+6t(wz,wy)|q)t Ft(wszy)

KHEQ, = eWews) ZFy (wy, w, ) FE R ARG A, R F B 5 Ban] 15, AR A7 22 5
= PDI (Phase Discrepancy Increment) B DL & B b iy b i 54«

PDIEt(wwawy) = |Ft+5t(wa:a wy)|(bt - Ft(wa:awy> (3.25)

o6 0l 34 T
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Fy(w, wy) P 2B — UL £, (o, o) B I 22 [0 AE, By, A2 2B S 5105 8] ]
W IR EE B — IR £ 50 (0, ) FUE BT 28 )R AE o | P50 (wa, w,) | @y BEWRAS LAF, (g, w,, )
FREAREE P50 (w, wy) HIKIGE

SORE, FRATTIE B2 18 B4 43 AT 0 A4 PE A 5 ) T S8 BRI SRR . S B T 3
S AN TR 3 585 A 4 AT R 1

b S

34 FHIEKI

FEMATLAB Y, - HH A7 72 (1328 2l RS Y AT LA DL G T 17 B R 505 S
FFT1=fft2 (Framel) ;
FFT2=fft2 (Frame2) ;
Ampl=abs (FFT1);
Amp2=abs (FFT2) ;
Phasel=angle (FFT1);
Phase2=angle (FFT2);
mMapl=abs (1fft2 ( (Amp2-Ampl) . xexp (1*xPhasel)));
mMap2=abs (1fft2 ( (Amp2-Ampl) . xexp (ixPhase2)));
mMap=mat2gray (mMapl.*mMap2) ;

Framel MFrame2 ;& HARFIPIML. 7EFRATHSLE0 H, FRAR ) B —WiA120 x 160 [ K FE K]
4. #5518 112.2GHz Core 2 Duo il AT EAL b, X ANFIE ) L0 PR IE FE = IA 75 fpse

TR B A EUR, —Fh B AR EEAE R IRGB R — B s TE B AL 3, A JE 3K
A2 S BN R 2 B R R . SRTT, XA (AR AR FR A (R 3G 3, HARXS T K RE )
REFERUR, ARG MR A, XAER S SR A VUL o BT IRATT X AN R A R
EE B E R L, T AZE R 5 ) S e v FAT T 72 UK BE RGO 1 EAT S

AN, BANFEREBAR SR, BE R E —E % (intensity constancy) HIRHE[23]%Z 2
2 R B, W Sl BENLIZ B Clss i (B XUREND « SRFEIE . CCDMe 5, —
A2 I NG I 77 VR R S M S N 22 W I8 Bl BN B PR R i R RS, X R T
SN IB BN AL BRI ZE o FESEER R, FRATE N T WSS MG ™ AR )32 3l R
TENEE] FERFEF20Hz, SMIFE D025, AT Rig N 1R, TS 51 R BRI
BENYIARAT B A 1R 22 (45 R L IEIB3).

3.5 ARE/hEE

FEIX — o rf, FRATTIEL A AN [ (K BEAR 0  J7 iExE S T SR R AT T A S Ay
B, SRR TG Masie, B L R AR AL 2 B AR IS SR K R rh B
WAEH, EAROUERAE N TR RIRRIZE o X IR AT IS B IR T AR A%
0o S, 8B AL I BI% B 94T MATLABARAD fa] B M S H Ok o 7R B IS (1 5236356 4)
AITRAE B 2837 5 I FE R RCR AR, DRI BA T 132 3 BRI (1 DLBR 1 RE -

o

F170 34T

N
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C) D)

K 3.3 BN s s R 2 PRI S5 R IFEM. A): S IE 2 o 25 VE . 1 SR
AL B): B INSWOE BRI 2 R S5 R T SRR A AR A 2 I s A A AL
BEAKORAER . C:) Bin20mtia s Bk &2 P K R 45 R RS BN 8] & 1 9 1s, I8 s IR LE
RS TR XN = A BRI BN, I8 s s A AL B 52 1 AN R o

o

F18 Tl 34T

N
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BT S

41 5|8

fE b, AES 7RSS B R R SR, IR SR AT 7 B R )
Bro IX—5rh, A PRAE LI I SR A BT 6 2 EINRIZ SR TERE, JF 5 At )
i B I i) S AT LU

4.2 TG AEN

X BAL2S B VR A A AR B 2 — Frp ST IR E I, Bl PARqr ¥RARAE NEEHE
(ground truth) FJ N TARMEMTHEX I . RpfaAREVE I H s s X . — R 24
i True Positive, U015 :

Area(ReT N Rp)
Area(RgT U Rp)
KHETh = 0.5 . T AFalse Positiveo IXHFE, FLZATI 1 19I5 HEHE T A True Positivesk
# False Positive
X Fnth A, Lhith A2 3R PIAREAE Jground truth, BATHGT., TP:, FP? 43 56X ground
truthf) 1144, true positive i+ %%, Flfalse positivelI 1T 5. H kMR 45 B Detection Rate(DR)
FlFalse Alarm Rate (FAR) X Ff 115

> Th, @.1)

TPl
DR, = i n

> GT},
FAR, = 2 P

S, TPi+ FPi

DR, FARRIE M 734 . DRI IEMZE, FARIRRIZHAIZE, DRERE, FAREE/NM
S BB AT o X —WOCER IR A 2N AR AR, SR A a5 B ) 5 AE Y
VERCAEH A o — MR IEIE, KR A 1) 75 A 5 B A 1 A — — AT TR, 4R )5 Bt
B SEBRSZE A I R P IR E N i 45 R BRI AR

43 SLIGLER

N T MIEsh A H L AR R E M (saliency map) b4 ) A R ) i2 shAg I X 48, —
AN EIRE R EMERGRE, XEHEESH. N RN XN esh B FiE R A
&M, FATTF) I Non-Maximal Suppression [26] /7 72: 2K MR 25 P4 B 43 E32 2460 X 35 . NMSH.
AN ZHL01,02,05). TEEEIREFELT .

TG, 1ZEVRAE R 2 M AR AR 0, R R e B ME K T 0, 1R AR
KL B — I T HERI R il BEJE, 235 M AR YR BIE 05 B9 K/ — i Ak . e
For I 7 A R ) 10 IX s B LA 1 DR/ N Rl 70 B — AN T AE

19T HE3471
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PATAT DMEE, NMSHE S H0 B (1) i R 2 M 37 738 3 BN Eidls e v 1020 R8I SO A
1o BRI, AR 22 XA (cross-validation) )77 72k Gt BEL G Cover-fitting) » 7EAFIR
SEXERAEA T, FATHEEBH 195 A E N IR TR BENMS S8, 1 KAk

> DRn(1-FARy),

me{training}
SRJE R T 1R LN S SR R D2 o X R, BV 10 5805 45 DR FTFAR 2 7E201K
A2 X3 T IR A 1 1 o BB o 7 — S8 3RA T2 3 R SEdAs A2 sh W 4 (4
PEER . FE B SR RETd .

s e

4.1 BB B LRSI ) (RIS sh ik X . AERETEI R, 0BT HE R AT
THEAR ARG 1) (12 2 X, B0 5 HE A2 08 e i N A (K Bl X 3

4.4 BN AL

’ Detection Rate | False Alarm Rate

Human average 0.84 £0.08 0.15 £ 0.08

BATHIHFE 7Y (Phase Discrepancy) 0.46 4 0.14 0.58 4 0.24
BA&VER /7 (Dynamic Visual Attention) [14] | 0.32+0.22 0.86+0.10
Ul 34503 (Bayesian Surprise) [15] 0.12-0.09 0.92+£0.04
% 5.3 1 (Saliency) [I73] 0.09+0.08 0.98+0.01
BEEY (Mixture of Gaussian) [B] 0.00+0.00 1.004+0.00

* 4.1 AEHRBEAMING R FRATHREEE T HED

R T VA FRATT B2 BB AR AL, FRATTEAR [R) I £ APEAL o U B4R
FAREMERE SR 7 AT A IR G S HTELA (the Mixture of Gaussian model) [8], 317

207 Jh34 T
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VER J1H7 (the Dynamic Visual Attention model) [14], Ul 1 4 7%! (the Bayesian Surprise
model) [I5]A1E % &2 AR (the Saliency model) [13]. AT ELEAH AL [ MATLAB/C-++ 515 5K
BLIEIR B AR I T &ANEEAE B 12 S A T 1 1) 7 A 46 SR dn Eleafros. 78 2080
b g EMRA, 23 #5112 S Akl B ) SR AR TH R NMS, H 2 350 B 1) 777 DA S X858 53 )
BEAT, BANENERE B R R ER. A THIE 3R AN AR A A TR IS T SR O3

A3 1R, KR ILR MR T, FFAEFTT R SRR AT i H I #RA XE )
SFRIE A RATIEI . SEFR E, — ADNRIERIRIUE Be SR B A B R R E
o FEFATHIIZEN DR R RAHE B L, “WIAR” 1 S8 e 5 18 58 AR XHB 2 (1 22 57
PR, ARSIk 1A BAR R B 1 o B — B0, Bl IR e iRE
FEFRATHAZ Bl RN HE 2 A R AN B R R 22—

42 AR ARSI XA . A): JELEML B): FATHIALAL (phase discrepancy).
C): #1777 /1 (Dynamic Visual Attention) [14]. D): VI 1F (Bayesian Surprise) [I5]. E):
K14 B2 VE (Saliency) [13]. F): V8 & i (Mixture of Gaussian) [H].

45 LERDH

4.5.1 FEE AR BIbRE BoE ik g R

N7 IR PR AN R bR E 3 AN R 08 22 S g BRI 5 R e, FRATIK IR
PAREAN 203 0 8 B VR A AR HE D 7 3RAT M B, A R EE3fR . BIE R4
RIEFAR =0.59+0.12, DR = 0.47 £ 0.19.

A DAE H, B LIRS S bR g EER L8 BE R AR RO R 22, SR 1E X
NGB BANEE AL 28 R, RBG T E 2R E Bbs e s (oS efrs),
RS 25 R e, RS R e 71, X HIER 7RI A, AfEIE 5K
AR R E M e, ARSI AR T A ZE

452 SERBEThSFIERIRIELR R

FAb, EEIREE R, L BESThY = 0.5 FEFELRIMA L RER. XS
IR E T SRBe A MEFE SR o D T kT T R S S B 5 SR 52, FARFIDR 1HEL AT (I,
SLAED IR E, ZRERER . KRR W TR R AR e 1k

21 347
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BRI ERENMRSNA

‘ 1
qu'I ++r+2;+f++
ﬂ}%ﬁ# i 08!
0.8 jﬁ?@%}i ++ 1 .
06 ) 06"
§eo

04, °% 04+
0.2 0.2+

0 ‘ : : : 0

0O 02 04 06 08 1 FAR
FAR
A) B)

43 A): 11 A2 MR 45 SR A FRATT B0 i K 5 SR 4% 4 BIFAR-DR 7S [A] . B4 [
B )+ FRARTEAS 2 MRS R o o A T AN R 52X B e B A o o ) 225
Fo B): NEBUE ) BB FZRE 1P IIFAR FIDR. K018 240K FL - ik g5
HFFARFIDR.

| Th o Jor]o2]03]04a]05]06[07]08]09]10]
human Detection Rate 092 | 091 | 091 | 090 | 0.88 | 0.84 | 0.77 | 0.62 | 0.37 | 0.15 | 0.00
Human False Alarm Rate | 0.07 | 0.07 | 0.07 | 0.08 | 0.11 | 0.15 | 0.22 | 0.37 | 0.62 | 0.85 | 1.00
Model Detection Rate | 0.83 | 0.82 | 0.80 | 0.75 | 0.63 | 0.46 | 0.20 [ 0.07 | 0.02 | 0.00 | 0.00
Model False Alarm Rate | 0.18 | 0.20 | 0.24 | 0.31 | 0.43 | 0.58 | 0.80 | 0.93 | 0.98 | 1.00 | 1.00

= 4.2 ANHIEEHRENRY SIS 45 R (DR, FAR) FIAR BY 19 1Z B B HIHY SE 56 4% SR (DR, FAR)BiE S48 5
BHTh BT

4.5.3 BRI LRI R

FERAAY PR HE T (0 45 Agmorh, B SR R TR NIRRT Rt — X T
BRIZEWIRA AR LW TR, BAMEIZShEREE Ehk i 172 B EE s ik
FIREE, SRR IRATHI L o BTS2 XK/ R 2 2 G OR /MR 10% O BT R 5K
K5 4E5% ). B ISR A R Y T Re3r.

JF SR

BRI

Detection Rate

0.46 +£0.14

0.41+0.14

False Alarm Rate

0.58 £0.24

0.65 £ 0.08

43 BAEHIFANEE RS, ATUEL, BENIRERARTHR TR —<.

o2 It
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4.54 RZERIE

S v — MR R RIBR X A PR B B3 14 1 22 S RIS BG4 1) (B
BB R R). 30 S A I A AT, ) 7 PSR A R B 0 B B 5 Rt 5 1 PR P X
B E.

FESEERE LR, AT 75 B Aok AR IR B B BT F (top-down) 5 B o BT T-FAN
B RS R TR R E SR, SR T A I RIS B R 4 (TR
T, IR, —ANH BRI 778 KEDD P FATHIEIERN T T Rk -r—4
BER RIS . SRTTAE SIS FE b g I R b, VoA 2B RIS S A R RIS AR L RIS 3l
Ik o

4.6 ARENGE

FEIXFE T, BATHES I s BT R SR AT 1 — RV SR I, MK
e BT 6ok BB R T bR € IS SR B . RIS, SRATTEE ISkl 2 o Bk
T4 BAARRIERZ SRR R AL, € BB RIEN] T JATX AN 23 BRI 1)
RUFPERE

o

F23Tl 347
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FHE HENNMH

5.1 R ST AR SEATN

511 HHFE

‘ndlyARM

®

5.1 A):FE T ARMOR AN R GiF- EMINIR440, FRATFEIXAF-G IRz sh e Sk )t 5
At 1. BB B B AN SR RINL S R A SRR/ NERIEH RGBS, XFE/NER]
PURTEAL 2340 58 R Gt F 2 R it4T B shisil,

NT SERRIARIE 2 A A TR R, AR RN 2UF & MINT2440 F32HL T %
Hik,

KIS 7%, MINI244042& —HARMOTF AW, HAgfF g s

CPU A 3288

- Samsung S3C2440A, F#400MHz, %= 533Mhz

SDRAM 75

- {fE4264M SDRAM

- 32bit FH 0 4L

- SDRAM i £ 45 2 1571 100MHz

FLASH 771

FEHR256M/1GB Nand Flash, f51H1LE 5 2k (H 7 7] 7€ il 64M/128M/256M/512M/1G)

TEM2M Nor Flash, i 3ES K, T4 %2EBIOS

LCD &7Rr

- BR AR R4 2k e B A B 11, T DA BB B DU £ i P ik g

- SRFRA . 4 FOKE 16 HOIKFE L 256 0. 4096 TASTN WS B, 3.5 ~F&12.1 <F,
%03 HEE AT LLIA £1024x768 B35

- WERE AL 4 BIKIEL 16 FIKTE . 256 i, 64K (0. EEATET WAL, R ~FM3.5 <
2.1 ~F, FRAESFEEA UL 1024x768 R

- FRUERC E N E3.5” HHELCD, 4353 240x320, 5 fli#BiBe; #2 1F1 51 A

2470 JL3471
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-1 M100M LUK MRI-45 $2 1R FHHDM9000 945 85 1)
-3 ERATH

-1 /NUSB Host

-1 USB Slave B 42 [

-1NSD RAFfEE A

- 1 LA E A A 1, — R EE v R
-1 4~2.0mm [A] 10 £1TAG $#: H

- 4 USER Leds

- 6 USER buttons (i 5| H i)

-1 NPWM F8 il Bt 25

- 1/NALEELRE, T AD B 45

-1 AN2C B ZRAT24C08 o5 A, FF12C B 2RIk
-1 /2.0 mm [8] #20pin % 42 1

- R A S A I LY

- BRI L1(SV), A7 BT R FR R AT
RGRTHR

- 12M JCiE d R

I REO

1 /34 pin 2.0mmGPIO 2 [

1 440 pin 2.0mm F 4t & 254% 0

MigR~

- 100 x 100(mm)

BRIERG X H

- Linux2.6.32.2 + Qtopia-2.2.0

- WindowsCE.NET 6.0(R3)

FATHARM ADS(ARM Developer Suite1.2)>R 4 %12 sl BN HECIE & SePl, JHFidEdH-
JTAGIHHT U R, TN BIMINIR440E4T K. T34, FAT@ I FedoraR A5 AR AN
MILinuxidt AT R0 40, X FEYR S CHE T v] DL E 2 T 4 BIMINIR2440 ) Linux R B 04T, LURT
— PR N TR B CERAT TR B S AT 2 AE RN SALinux PR AT .

5.1.2 AR EEINALE

FATE A A Linux RGN N T — BUE BRI B BRI LB, X B 3L B
sk, XEAEE) (ego-motion), Xz sl 15NN Z AR H w . FlE&nak
TR A Linux A AZ T HICTE 5 SEIL A AE Bl B 200 FodEAT A PR, 70 3 SR b PR 45 SR A
KIE27r . W] LU AR IR A SIS JRATHIZ S BN FRAR AR I €, X iizsh
PIRHEAT T R . X R T BADT R Rs s VAR T2 i TR A5

51.3 SNSRI ERRES

BB EETT UAE ML 8 R AT i, A BIPLE NSE RN ERG
i WERTRT RN, FRATIELE 203012 2 B B A& FHR A X R EMINIR440 5 L2 /N FE 11 8)
NARGIATEE, X, ENTEREEH REIAE T, R4 1230 B o6 4 F A5 1 &
W1, BRE/NETT DL E BhEH T SRR E AT RES S . NASA K E B RERG M RS & TitH

25l 34T
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inj;fdjo\mn Unéarslt E=hE . =Eadl 23
: ¢ ! EHRATTERENMRSNA

SRR T SR T SRR e u%lﬁé-”’i -

RS S S s W S e

- I
N —— v - = Y} B

K52 fEARMOHR A SLinux 5 T X8 s B ENEAT NG R . L — 172 i) 25k
ERAULIREA I, MU Berp By 2 s sh ik, HERBHIA S A BEKK B3l (ego-motion) .
T AT RIS SR EEA I B (IS 3 VR T RUE Y, AT B BN SR AE RN (R
BN AR AR RAF, RIS T2 #9 TR BT AT 5

WU B SN S F A5 BG5S ABEAT SR 5 DB, T2 ) KR R IR W AT 2E . sy

3
7
:

52 BRIREATTEARBXSERHY TN

20064, Itti (T3]0 72 A 52 A ATT (¥ Bayesian Surprisef: 4 Sk T AL &40 5 v = A7 ATHR
SNEE, DA IR T SRR X B A B R I TR 50 o 7E AR TE SR 7T AT, — A
DA 7 T 20 A 3 2 LG ) U SR TR A 2 T A AR B AR B o R, AT R R IR 3
(B R k32 BTy B A 28 17 T

SEHG (0 AR E Qu (s R BT IR, 1 S T SR N HR B A X R 38 B R a2
LRISRE Iy AT, SRS AE R VLK B BEALRAFETE R 73 A g, 9RJ5 K FlKullback - Leibler
divergence J& & [Z71R V5 AN 70 A7 (1) FE B«

Z
D1 (grllgs) Z% Z.) (5.1)

26 01 34T
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K53 KEFAMEE (B RIFTNASA) . BRI ARG RAEE . 5. BotdE, Hln e
FLAR SRR A E FAEH K. BATRIEsh B FE A BN IR R R G2 P &

KL (Kullback - Leibler divergence) (BB, Ui A THE ARG HR B A7 B 1) X 4 FEROR, 1
TR IR B 0 G A 0 A i . e R EIRafh s, AT EE 7 R AN v AR A
B T 2 AR (Saliency Model) [I3] 12257 & /7 (Dynamic Visual Attention Model) [14], &
AT IS B IR ALY BUAS 1 5 e (1) 00 45 5

53 KRB/

ERXR— 3, ALK IZ 3RS ) BIEEARMOIR A T & Hadh AT 17500, Sk
FEMR AR Linux RAHI81T RIF, KIEHE, BRI T TRERGH R . LG0T
fErb, AT RSN RS R InE R se Nz b 25, INRGZ T Ea ok SRR ()
HE o

A7, FATVR S SR AR AU A T i3 = IR B A B 2= 4, (e RSt
SRR A S5 IR0, ULEH T2 s B EB MY B T2 ) TR N, b R P s A 3
IR AT, xR s NS R G EALSE E BRI S S LU, AT
EE B PG AR B S I AE O S0 RIS IR TR AT B8 B BN v B 2 15 T LU SRR s N B
W F5 48 (1) 3 B A DL o

o

F27 0 34T

N



EHRMHBEERENMRSNA

KL=0.4360
60

40

20

0 0.2 0.4 0.6 0.8 1
A: sample frame B: our model

KL=0.2493 KL=0.3403
60 60

40 40

20 20

0 0.2 0.4 0.6 0.8 1 0 0 0.2 0.4 0.6 0.8 1
C: saliency model D: surprise model

K 5.4 ARBDI R AALSURIEOR B T 051 AU A 5@ s YRR B 3. X AN
Hrh, A 137 3970 (saccade) HCT, WA HIIE . FATHERATHIBI 5 5
ARSI HEAT 1 0 B SEG: FESRAFRE AL AL i s R IR S, FERR B B ) B35 1R R
ﬁﬂ‘ﬁ R AR S0H) AERERLAL B R VESR A (er 98 26 ) mT ARSI . X

AN A BOKLER 28 PR BT AR MR A 73 K. AT DR Y, AT IZ S AR R IS 1 i Al

,mo)

o

28 il 34T
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ERE FiL

i

A SR NI ST N AT QR BE 22586, 6 NAEIE Bl B R A ) 22 S
A — AT BUE AT, BE IS A2 I € B 7E v A HEN (ground-truth) #5371 —
ANIRGE B S HURRT I S 1 o FL A e s AR5, 456 LB B 2 siIn i) g5 R, RATTHE
PRGN T — AN S shE A R, FEX T LR AT TIRA B A &
Ja » BAESCATE LI A LG e ENN 1 I8 S B AN BRI RE R AR, 5 A RTmAT )
Bk LR AN EE AT 1 RS, Se 45 SRR T iZas S B AL i AR ik e, A P
BRIz TN SRk, A0 E E STk A G R BE DU R JLAN 7T : R
FATE AR EE T/EMuTHR S S5 -

TEEE 5, JATREMBESL | —EH HIs s AL 7 . X EHER F 20N AN
H SR 7 5 A T2 R, MR h I s iR MR 20, 58 1A 32l & o Kb iz
BMEIATAR E o BEJG, AT 1A 3203 W bs € B 3ET 7 8UE Gt 0, TR T ALE
H S8 5 I8 Bl IR AT AR AR MR 22 e e S L — B ) R/ g —20, FRATBL LA 23
AR HAR A E 2L (benchmark), 256 28 R G RIVPALEM, 257 1 — 28 i F T ia sh s il
WL BE AT AN LR A P G o AR T IR (38 shka il Bk LU R Eds e, AT
BN 6 A R S S, BRE R A B R B AR, AR R
FIMEZFE, JEH, 2RI IERMEBR 2N, GEFIINARE. BITE ITALLRE
B 4%, EahR il FE 2 AL RE 1T (generalization) FE& 41 (robustness) 7] LTS 248 &7 f0)
s =, BT P A AR S A B BT, X A T RR AL E R
A A1 R B B AR AL V2 VG R IR AR 35 =, FRATAEdE 2 i A el
2 N IE , TATO bR 8 HE e PR EAT 7008, IR 200 00/ 22 e A — B g
BNV HIRAAE N 2, AEARAE A Pk 0 25 SR e B I 2 W i . FRATTAEAE, X
AR TEI I Bl SRR & K0 AH DG A S AN T A HESh PEAE A .

TEEE = Fh, 256 @I 3 BN EE e 1 SL s AR S B E A IR, FATEE N E
ANE IR HE S AT ik, B T R R RS S B AT B . X NS Bl BT SR R (A%
o A8 ) A B 23 (8] (R A AL 22 100 SR SR IR R AL B SR 3 5 R AR IS B i oy o IX PR AE 1]
DA R SR T3 SR AR B (1 AME B 28 FE T & — PR IR i a5 B, 5 ANEPI%&A
i 18 £ HH > what” M1 where” 2 [8] 143 B LA E B EIECR . Wikiash(E BAEIRATIZ3)
SRR BSERY Hh BE f] BH SR A H ok, AR A B 1 5 A FE ARG, thosks b 1B s 5
HME 5, TS o B, 5 T over-fitting ) M) /. H¢ 5, 1XANHT R 118 Bl Jak p 77
(5% FHOATMATLABAAD fif B b L3 H K

PRV FE R, AT K& SLIR X M B AR A AT T IS AT EL . RS R 2RiE3)
il SR B bR s v, FRATT IS Bl R A R BV IS T BRI . — RV S5 U0,
IS BN EE I RAF AR Ve B R, DARARP T BOEE (BB 1A Bk B]70fps),
S ERA 7T Z W TN R 5.

ERHEF, AT 3BT R N EEBAE R T ARMOR AT & Rk AT 1 S,
FIEAE AR Linux RFEHISIT RUF, Aras AR SEMRAR, RIH 77E TR RS+ 1R
J1o Bl JG, N7 Sk — 0 B IE SR T R AR B DR i e 2 A B B ) B2, FRATTRI
BT A T A TE = IR B i A BE 2R sL IG5 R, 105 [RS8 A 40 28 B 2 1 B

2001 HE3471
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RPN, FATHY IS SRR TH AR 3005 S5 SR e, XU T I8 SRR R AU AT A
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