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Segmentation of Multiple Human Using Subtraction Stereo
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In this paper, we propose a method for segmentation of multiple human in a projection plane. Our algorithm
requires a stereo camera system called Subtraction Stereo, which extracts foreground information with a fixed stereo
camera. The main contribution of this paper is how the image sequences that include partial occlusion of the
foreground objects can be accurately segmented using mean shift clustering in real-time processing. The proposed
method is suitable for inside a medium-sized environment, such as a room and an entrance. Finally, we try to segment
the image sequences that include partial and full occlusion and show the accuracy of the proposed method.
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Fig.2 Flow of the object detection

3. BEFETOEITAVT—ay

AR SRR 8 TfF 7~ Y 7t kY,
HEBZR S IO ESOF TV PELTERBEIND., 4
TV FORBHERER 2 (d) ICRWERTET. 22T
M & 72200, BEPIZEEO NBFEL, 71—
a UBRETHEE, BEONYE 1 >OFT V= FEL
THBLTLES ZETHDH(H3@Q). 2D L&D Emicsny
T, R TIERRD 3WILHEREITCITE T AT —a
2179

B AT ONE, BEBBEHTHDIEE, AT LAEDATNDG
BoENDH A TEEZTO 3 RITIER & AR~
LHZENTED. KFHETIE, RGO Bk & 1 RE
TROFRIZERT DL TEEANWOE T AT —va v
ATV, XV IEfER B AT =Y a U EARRICT A T20IC
Mean shift 7 7 A% U > 7 & W 5.

3.1 ®’ETE@H

MmN bR SN 7Y hoR¥%E n &L, #n%
NoOF7Vx27 F&{Bli=0,..,n}ETEETH. £, RS
NTAT V=7 N 3 Wl & R R X-Y S (H)
T 5. 22T O MRS X-Y SEE &L B AW
IR L7-mAaRD L, 5% 2 O % Bog Em & 5.
3(c) ITIX 3 (a) DRI A B FmEICHRE Lok T25R7.
T T, EREEAE (o, v D EFE O TE ETOME S
p(x,y) L EFRTD.

B TR CONIZ BT D720, BERADENY 25
JEIZ A, BESE@EIIC 5em x 5em OBV ERERET 5. LT,
ZORNPITEOBREEDBEE I N TWDINEI T b
L2k, lTRbEND R NI T AEHRTD.

H(C) = {z N(x,y,c)

1,if p(x,y) € c}
0,otherwise

V(x,y) € Bi}
2
where Nixye) = {

ZIT, clEIBETHE EOBALDE SOEREET.

EA ST T NERE LR, B R NI T AOBENBEIFEL
OBV ERRIZ, 8 T Y 7T K o THASGE A R
W%, A%, R YE Lo diGER %2 Projected blob
ERESL X3 (d) 12X3 (c) A5 45547 Projected blob Z 7~ L,
LA NI TLAOBEEERR@E)NLEIR) DS T - a T
#J. T Z T, Projected blob ™#8%k% m & L, % Projected blob
%{PB|(j=0,..m)} L EHETH. BANLE L BB IR
RABELR 2 8 B DT, Projected blob & & 2B A L 38k 5 Z &
THEBEE EICBWNTHK 3 () WWRT LI e AT —
TaryNARETHD.

LA L, BR L7 K DI A OB NS 22548,
Projected blob Z#&RE 95 721 Tl k7 A T — 3 3 N EE
Thod. NHREBES NS WGEOFI %X 4 () O 2 A K
2R L, 24 2 AL Projected blob %X 4 (c) (2779, X 4 (c)
MHRATEND LI, ANWEERED/ NS WRHTEENMET
T 5D, AT &I S H1E7T D Projected blob 73 HIf
LCLEIZENEREARD. 22T, AFETIIZOLD
RHERIZBWT, WETHRH1 5 Mean shift 7 724 Y v
THEHND.



(a) Error of object detection  (b) Result of the projection plane
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Fig.3 Comparison with and without a projection plane
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(a) Bahadori’s method [1]  (b) After the mean shift clustering
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Fig.4 Comparison with and without mean shift clustering

4, EBRER

ARFETIIAIEE TICHA LR R EoF AEZHMET 5
e, Ao N—2a OB T 52— TEBREITo 7.
FERIFD AT LA 1 A 7 1% Bumblebee2 (Point Grey Research,
VGA) #fEH L, 30 [fps] THRATF LBy L TR Z1T 5
7o ALERIZ V72 PC I CPU 73 Intel Core2 Extreme (2.93 GHz),
AEYHN3GBRAM ZH# L7 b D& L7z,

RETFEEZFMT 512H72 0, Bahadori 5O FiE [1] &
L, EFELOMBREITY. BREFIEEHOWIZEZRHER
ZH 5T/ L, FNENOEET 1,000 7 L— A5 & ARFE
& Bahadori HOFiE [1] & THAML, i L7fRER1IC
RY. T, TPos JZIE LUVEH, FNeg :H%*ﬁm F.Pos.
TR EZRT. ’IEPDRTEND LT, RFETITA
PE LN AW D FHENCB W T H BT AT — a LN
BRTHY, TOEE, £10X 52 Bahadori 5O FE[1]LY
FWRBERME LN EB 26N, Fiz, EBREFOFE0LE
#fi]1Z Room 7% 56[ms], Elevator 73 66[ms]& 72> CW5. A
7 T A T ORI AR U CRIAIAT IR RITH
MDD, ERFUENFEETH DL B LND.

REFIETOREI %X 6 1IZRT. X 6 (a) TIEEFIZ
ANIBBEEN TR0 DbMD. ZhiT, ﬂﬂUV~Va
URERLTET, BT AHBHERA AR T HZ LI LT
EUD. EMICBRET 2012, AMOYXFRENRLLZT
WAHZ EMFEED. E, 6 (b) TIEAMA R Z T

WHBDL T, HFOAWBKRE S TH e, 2, Mean
shift 7 5 A%V 7 OERIZE A b7 T LD RFTRKRIEICH
—FADBRKLTCLESZI ENFERTHS.

BRFIEIHEMERZ b LI A LT =2 a v &7 T
WBHZ ENG, HBEEEHIEEIZIEFITEKGE L T D FIEEN
FTENEZRD. —FH, AT UAN AT OEHERHEE TR
BED 2 |ITHHGI L CRAENKRE LS 25720, BETFIETILE
HHfCoO® AL T—va VBREETH D, FHATR A E N
BHEORHGERZX 7 IR, 2070, REFIEOEMMN
7REHRIEERE L 10m FREE DN T2 EOBRBEICRE SN D.



@ | (b)

Fig.7 Example of the detection in a far place
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Table 1 Evaluation result

Sequence T. Pos. [%] F. Neg. [%] F. Pos. [%]
Room 88.9 11.1 0.2
Room [1] 80.7 19.3 4.8
Elevator 88.4 11.6 15
Elevator [1] 81.3 18.7 2.4
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