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3.4 # =

AN EHE O FEERIZ BT, Real AdaBoost 12
LD EIRE N7z Joint L EICOWTEREZIT ).
9 (a), 10(a) I 1 P& H @ Real AdaBoost,

(a)The first-stage (b)The second-stage
Real AdaBoost

(c)Two cells and Joint features
Real AdaBoost by the second-stage Real AdaBoost

9 MRILIIBIT2FRS N/ Joint FFBEDWHAL
Fig.9 Visualization of selected Joint features for hu-
man detction.

=

Eﬂml 2
(a)The first-stage

Real AdaBoost

(b)The second- stage
Real AdaBoost

(c)Two cells and Joint features
by the second-stage Real AdaBoost

10 HEFHREIC BT 5B E N7z Joint FHEDTHAL
Fig. 10 Visualization of selected Joint features for
vehicle detection.
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BRI 7 FZLIORY. 7, HOG F#EO 29
Bl T4 A 9 Jrim, B 18ﬁmf%ﬁbfﬁb,
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ZCERENTWD, KIZK 10(b) TiX, B 10(a)
TREIRS N7 HOG BE0H 25, 2 BEH D Real
AdaBoost IZ £ DR 5N L REFANEFICL Y, EEO
BRI i6 - 72 Joint SR ESTEN S Tnws 2 &
PHERTE A, TICK D, HEOBWEET I 72
HOG R E 278 & B R 2T 5 OITHER 2488
BTHLHIEWDH L. BEICH 10(c) ITHEBT 5.
FED1, 297 FHTREEZIBREATIIE
O EBEBIBINEN TS, £/-3 57 FETIX
TR E R DMEBBROEVSRBIRENTWAS. 15
Ty FEHTIER R & 5 2 2 EERO LA
W, KEHFAOFHHEIER SN TS LA
A, RE L7 Joint FrE L, BEBIROMTFRMER
EHME L O XM EAD O P LORAB LR T,
FEICE D BENOTHERCEREERA L2 VD
ERRE B, MEROBIICERI 2Ly b2
BEIENTES.

4. HOG E#E L PSAEBE+RH W~
Joint HHEIC L 2 HTTERHEE

2. TH~7- HOG & x #lAE b 72 Joint £
BEIC X 2R, EREBELIEL, BEER
MR TH D T L aR L7z, BICEBE LR %
79720121, BIREEIUAOBHREB VS Z & H
ErbNb., £2C, REFHELMEFEO 7L — 27—
7 %#FMAL, HOG ##EIZ Y 7 L IVIRESHT (Pixel
State Analysis : PSA) [10] (23D Wz B2 BE# T
H5HPSAFHELZHAEDLEALZ LT, N\ORZE
BEAMABICESZAZEDNERER L. ZhICKD,
B bHEEoOR EAYFETEX S, AZE T, HOG
FefiE L PSA B E 7 H 72 Joint Fr B2 &L A%
TEBRBIZODOVWTHRRS,

4.1 BT wIIIRESHR

Y7 BVIREESHT & 13, ¥ 7 EVIREEORB 2L
ETMET AT LICLD, FEZEVEER, IREE,
kD 3 IRBICHRT 2 FEETH S (K 11). 3K
BICHBIT 572010, DTFTo-21I2FHLEZ L
DEEOBRLEALL L6 250D 5.

o EEEMHEO IR ZRZEAL (Motion Trigger)

o NEEGIRENPLLEEL/IIRENDOHE (Sta-
bility Measure)

TPRM, BMEEEERLELOZ5E—Ta v
NI —%EZL, ZZC, I #FBEOTL—405
k7 V—LRiOMEMEE TS, MEBEOLLE T 235K
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Initial state ﬂ

)

Background

Foreground
B 11 EZELoREBERY

Fig.11 Diagram of state transition for a pixel.

(if((M =5t OR M = bg) AND (T > th_1)){ T
M=tr
}
if((M = tr) AND (S < th_s)){
if(I = background intensity){
M=bg
telse{
M=st

}
N y

12 ¥ 7 eVIRESHO TV Ty X L
Fig.12 Algorithm for pixel state analysis.

DB, t IV LET BE) O V—LIZEBT 5.
FIALE T EXRRICLhkHENS

T = max{\[t — I(t,j)\,v_j S [1, 5]} (18)
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H 5. ZEE S 3Rk hkoons.,

k k
2
2
k Z Ity (Z I(t+j))
=0 i=0

S =

W= 1) (19)

CHIEZTL—At Do t+kEFTOFTHTHY, &
ELZREDE X SIT/ME{%R5.

ZIT, HETLVOREEZERET ML, BROLE
bg, BIREDO L & tr, BB L S st ¥ & B X912,
2R TTAITYALZEVHRESNS, 1T, B
Gt 2B BEEMEETH. Thy ZEMAELLEHE
TAHLEWHE, Th, IREMEZHETSHLEVETD
% . background intensity IZEREEE LT, H5»
CoRBELTBL.

4.2 MBZEEBHMOHRE

Bl 13 12, ¥ e VIRREGHIEI L IKREe 2 b 75 4
DEMFEEIRT.
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Stability ]
Measure 7 [

frame T+5

Motion _
Trigger T

# of Pixels

& cT
~ " Input images

PSA image

State Histograms

frame T-5

13 ¥7 LU REGHH L RKBEL X b7 T 4
Fig. 13 An example of pixel state analysis and state
histograms.

HOG featuers

P11 9,14 ll . Human/
H ( H ) - Others
14,39 - = Human/ Human/

o H (R

Others ™ Others
> H5LS8 (
\ :

Joint featuers

Human/
Others

fnput images PSA featuers

14 HOG H# & PSA f#E LA L7 Joint HHE
Fig.14 Human detection by Joint features using
HOG features and PSA features.

BOY 7Y LVEBEMETAHZ ETCREL AN 54 %
e T 5. K7 VI3 REBIZHBENREDT, —
DSOLANTTADPL=ODEMENEH SIS, &

O PSABHELHWVWAZ LT, HOG HHE L 3

BORLZLEE R ELZDEHMEZIRD 2 LM REL
%A, BlE LT, K13 OAEHIFZS 7L —4AHICB
WTHREZEEL L, FREAEMICLTHITLTNS.
ZO—EDEEIT HOGCHEED L) oy YNR—2X
DOEMENILIZELZLILETERW. L2L, ¥
7 VIR OMERE BB & A RISERIREE, LN
FREERLTBY, 1 ROWEEDL SBREXRIED
I BFEERL TP LH26NA. ZOK
IBAL LVEIESAFHEL L TEH252ET, &
% ABIMEEOR EPHETE 5.

HOG H# & & PSA Fr&E ¢ A L 72 Joint F¢i%
B2 X A REHRIGEZE 14 1TRT.

4.3 EBHE

3.2 THRIADTF— ¥ N— 2% FHWCEHEER %
IT9. EBRSA—F|2onTiE, E1 EFELID
AT 5. EBRIZ, BRETFE (Joint(HOGHPSA))
&, ek LT HOG = (Single HOG), H#
FiE L LT Joint 5= (Joint(HOG(2))) & D HE
179

100 T T
Single HOG[4]
Joint (HOG(2))
s Joint (HOGPSA)
= 105
)
8
.g
1 E
0.1 L

0.1 1 10 oo
False positive rate[%]
15 HOG ¥ E & PSA HiE 2 HV> 72 Joint J¥HE
12 & B NikBIEERD DET A —7
Fig. 15 DET curve of classification result for Joint

features with HOG features and PSA fea-
tures.

(@HOG ' (b)Joint(HOG+PSA)

16 HOG ##&E L PSA F#E* 72 Joint =
12 & B Y ol -

Fig. 16 Examples of object detection for Joint fea-
tures with HOG features and spatiotemporal
features.

4.4 EBRER

B 15 2 DET 2 X AR &3, SR= 1.0%
DA, TERETH 5 HOG e i3 B IEE 14.8% T
HBHDIH L, REFETH S Joint(HOGHPSA) 1&
TR 0.7% 2D, 141%MEEE LA EXE5 2
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Rz, BELZENSEEFHCTABRHEEIT). B
MFHEIE 3.3 LD FELZHWS, B E L,
HOG Fi &2 X 2 KSR =M 16 (a), HOG F#
L PSA B#MEL AW Joint BEEIZ X S HHE
B2K 16 (b) 12T

16 (a) & W5 L BEHHIZALE L TV 5 ERICER
BB 5. LHL, M 16 (b) OETIE I OREM
EHHITE TS, Thid, BIE 0B TH 5 PSA
FFET 6256281250, NIBPFRE oW
MR TR I L CEBELRHSTRETH S 2
EBGND.
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Table 2 Average processing time.

# of low-level features | time[ms]
single HOG 1000 0.0191

Joint(HOG+HOG) | 20(1st stage features)x | 0.0378
50(2nd stage) = 1000
Joint(HOG+PSA) | 20(1st stage features)x | 0.0607

50(2nd stage) = 1000

(a)Mean gradient

(b)Background (c)Stationary

B 17 BKRED WMBURE O THALE %
Fig. 17 Visualization of occurrence ratio of each
states.

(d)Transient
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3 AR AR 2 1ORT. FEEREREE CPU
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Microsoft Windows XP 12 CHll %47 - 7z, SFEH LR

R OB X 1000 ™7 4 ¥ FY BT 5 WE O AN

R, WEEOBED, BT 5T COREEEY ¢ > F
THTEALZ LK VER LA, 2, @AY
low-level BEHE O, 1000 ETHE— L7, %P
BETH 5 Joint(HOG+PSA) Fr & Cldftsfe: & i
L, ¥3FOMBMFEER2LEL TS, L2L, QVGA
YA XDOANTIE R EEEL, BT 1~ F7%%3000
W72- 72346, BEEICH L TH 55fps TOA 7
A VLD EETH 5.

4.5 *= =
FREREIR SN E» ORETHEOESR AT
J. B 17(a) 12, FBHERY T4 7H TV E
EEOFH T HEHIE, K17 (b), (c), (d) IZ5EH
RYTF 4 T TNDE 7 LVIRRESHT O RO WS
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HMALLZ-b %R, K17 1k, HEFNGWIZED)
BEATRV, &L CREESBNI L 2ET. B 17(D)
OERIREOFHEZICEE L2 X, ADI LIy
FEFEBHLTWLE I 20 0n5s. I, 7R
RSP EREENDND 2 77 AREE LTk Z
&), BREFMFBERINT LI EDHREE LT
Wbl ERT.

1600

Gradient direction
[] Background
“#% Stationary
% Transient

Ratio of selected featured%]

— 33 56 75 00
Training round[round]

18 FHRICLDBERENFHELEE
Fig. 18 Selected Features and the ratio by training.
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