070 LSIIPO0OO0OOOOOOOOODOO

oooon

00o00oooDooooooooooo LsIooooood
ooooo
oo0oo0ooooooooooooon
oooo
00 00000 Ob0obO0 bo0O0ob bob0oO0 oooob bOoOoMattausch Hans Jiirgen
ooooo
0000o0oo0oooooooooooooo
0O ooooo

gbooooboboooboooobooooooooooooboooboooboooboobooboobooboobboobobooooon
0000000000000 /0000000000000 0000000U00O00O0O0U00O0O0ooDoOOooooOOo
gbooooboooooobooobooooboooboobooboooboooboobOboobDOoboboobobOoboboOoboooboOoon
gbboooboooooobooooooboooboooooooooooooboboobobooooooooboooooooooboooon
gbboobooooooboooboooboobooobooboobooobOOoobOOoobOOoobOOoOoooOoOoooOoOoOoooOoon
gboooooooboooooooooboooooooooobooboobooobOoobOoobOooooboooobooboOoon
goooooooooooooooo LSIcogooooooo

Ooooooo

() 000000000000 0D000000000000000000
(2) 0OO

e JO0DODDODODODODODODO LSIDOODOOOOOOOOOOOOOOOOOOO

e JO00DO0O0OOODODOOOOODOOLOOODOODLO

e JO0ODODODODODODODODOODODOLSIDOOOOOOOOOOOOOOOOOOOOOOOOOO0O00O
e 00D OOIDOIDOULOOIDOODULDODODODODULDOODUODLOOUODUODOUODODODODOODO

(3) 00O0OOD0D00 VO
0000

goobooboboboboboboobooooooboboooboooooooooobooboooobooooooooon
gboooooboboobooboooboobooboobooboobobooboboobobooboboobooooboobooooboOooon
gboboooooooboboobooobbooboboobooooooboooboboobbooboooboooboobooboooooooon
gboboooboooooobooooooobooobooobooobooooboobbbobbooboobooobooooboobobooon
goooooooooooooOoOoOOOOOOOOODOOOOOOOOOOOOOOOOOO0OOQVGAOOOOOO
gbobooobobooobooobooobooooooooboobooboobooooooobooooOoooooooOooboooobooon
obobooooobooooobooooboobooboobobobooooboo

gboooooobooobogoobooboo



1 0000

0000000000000000000000000
000000000000000000000000000
000000000000000000000000000
000000000000000000000000000
000000000000000000000000000
000000000000000000000000000
0 [1]0

00000000000000000000000000
000000000000000000000000000
000000 ([2,3,400000000000000000
00()0000000000000000()00000
000000000000000000(3) 0000000
00000000004 000000000000000
000000000000000000000000000
000000000000000000000000000
000000000000000000000000000
000000000000000000000000000
00000000000000000000000000
00000 1000000000000000000000
00000000000000000000000000
000000000000000000000000000
000000000000000000000000000
0000000000

00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
000000000000000000000000000
0000000000000000000(5,6,70000
000000000000000[8,9,10)00000000
000000000000000000000000000
000000000000000000000000000
00000000000000000000000000
000000000000000000000000000
000000000000000000000000000
000000000000000000000000000
00000000000000000000000000

0000000000000000000000000
000

e JO00I0DOOOOODOOODOOODLOOODOODOOO
obooooboobooboboooobooon

e JO000D0OOODOODOOOOODLOOODOODOOO
oboooooooooon

e JO0O0O0OODODDOOODODOOOOODDOOOOOODO
gbooooooboooboooboooboobbooonn
ooooon

o OO UOOUOOLOODLODLDOODLODLOODLODN
oboooooooooo

gobooooboooboboooobobooobooobooo
gboooooboooboobooboooon
gooooooooooobooo LsIocooooooog
obobooobooooooooboooooooboooboog
uboboboooooooooooooooooooooooo
gbooooobooooooobooooboobo

oooooo ooooo

oooooo

ooooooooao
ooooOoooooo (-]
——

ooooood

I

O
ooo

U l.gbodbooboooboobobbobooog

oooooooooo

pooOOCOODOOOO
poo000D00000000

|

| 0000000oo |

!

’ 0000000000000 |

L]

ooooOOOOOOooo

g200000000b0boboboobobgooo
gobobbooboo

2 Doooobobodao

21 0OO0O00OO0O0DOO

00000000000000000000000000
000000000000000000000000000
000000000000000000400000000
000000000000000000000000000
0000000000000000000O02z0y00000
O00D000OROGOBOOOOOOO 200000000
0000000000000000000000000
()00000000000000000000000
() 000000000000:000y00000000
000000004000000000000 30000
(3)000000 «000 A000000000000 (z,y)
00000000000000

u}::)gnaww
)(max41+')gnhuy

h'::}cnaw,y'_'y;nhuya

o __)ﬁnaxg/+'}gnMLy

T = 2 , Y= 5 .
gdobddooouooooboooobooobooog
000 PeminD PemazD PyminD Pymaz 000000000
000000ORGBOOOOOODDODOOOOOOODOOO
0goooooooooooooooboooooooogg
ogo100o0ooboboooooooooooooooog
Joooooobobobboooooooooooooooo
goooooooboooobooobbooooboooo 4

_'A;nhux )




[

mein=(Xmin,x B Xmin,y)

—-=

Pymin:(Ymin,x B Ymin,y)

p—— goooo
Aa
h ‘\\\\\
—a—
meax=(Xmax,x , Xmax,y)
Pymax=(Ymax.x, Ymax.y)

U3 0b0oboboooooaon

X
(x(0,y)
’ 0oooooooo \\\
(x@-0,-1) /;
0ooooooooo

0ooooo ooooo

______

oooo
X' (ty=x(t-1)+tmx(t-1)
ooooooooo VOy=y(e-1)+my(e-1)

(X(-2),(1-2))

U4 000000000000000

gbooooboooooog
(0000000000000 00000O00O0O00O0

gbooooooboboooobooboboooooon
gooooooooboobooboooooooooooon
(5) 0000000000000 00DO0O0ODOODOO0

goboooobooobobooooboooooooboog

gobooboobooboobboobbobobooboo

gbobooboboboboobobooboboboogoo

gboboooooobooboooobooboobooobooooon

000000000000000000000000000
00000000000 400

(6) ()00 (4 0000000000000000000
oooooooo

22 0O0O0O0OO0ODOODOO

000000000000 MathWorks 0O MATLAB O
00000000 500000000 860000000
(30fps) DO OO

0000 100000000000000000000
000000000000000000000000000
000000000000000000 6()000000
00000000000000000000000000 2
0000000000000000000O0000000 o0
000000000000000000000000000
00000 (t,4)0¢t00000000000¢00000
Ojooo0Oo0o0o0ooooooooooooooo
00200000000 2200000 2*00000000
0000000000000 000oo0ooooooooo
000000000000 000o00oooooooooo
000000000000000000000000000

ooo0oo

ooooo

oooo 1 oooo 2

oooo 3 oooo 4

05 0dboouboooooooooobooon soxeodd

ooboooobobOoooboooobobooobooooooo
gboooooboooboobooboooobooboooonog
oobooO2000000000000O000DOO0O010
gobooobooooobooooooooboooooboo
0000000 6() 000000000 20000000
goboooboobooboboooboooboooooooo
gbooooobodoboooooboobo
goboobooobooooooooooooooogoo
oobooooobooooooooooobooooooo
ooboooooboooobooooooooobobooooog
ooooobooooooooooooooooobooooooo
oboooooobobooooboobobooooooon
oobooooboooooboooobooooooooboooog
obooooooobooooobooboobooboonoag
oooO0o0oO0O03ofpsODOO0OOOODOOOOOOOOOO
gbooobooboooboboboobooobobooobooooo
goooboooobooooboooobobooooboooooog
OO0000000oooooooooo QveAOOOOoOo
gobooobooboooboooooooooooooo
goboooooooboooooobooobooooooo
goboooobooobooooobboobooooooo
gooooooooooooboo

3 0DOOoOoLSsioobooooogn

3.1 0DO000OO0o0bOoobooobooobg

ooboooobooooobooboooToboooooon
goboooobooboooooobooooboooobooooog
obobooooOoobooooboobbobooobooooooooo
gboboooboboooboooobbooobooobooobooog
goboOooobooooboboooboooooboobooooa
gobooboboooboooooboooooooooooo
goooon



(@O00000000000000000000O0

(LD | (1,2) | (1.3) | (14) @ | 22| @23) | 24
@n| 1 19 10 | 10 GhH| 2 17 10 | 13
22| 18 | 4 | 19 | 21 3219 | 6 | 19 | 26
23] 12 |18 | 1 11 G310 |19 ] 2 |15
24 ] 13 | 23 12 2 G4 10 | 25 14 3

G162 33|64
@D 2 17 12 | 10
42) | 19 2 23 | 27
@3] 10 | 21 2 14
@4 | 11 24 13 1

() 0000000000 O0OO0OOOOCOO0OO0

(LD | (1,2) @1 | 2.2 3.0 | (32
en| 1 12 GhH| 2 |13 @h| 2 |10
22)| 12 1 32| 11 2 42) | 12 0

o6 0000 102000000000000000000
gogboobobbooboobodd

[ ooooog
L A A

¥ ¥ —

5 [ 0O0ooo00oo0oo0oo E

: 1 Q1 Q1 Q71 Q1 |3

0 1g A Aot of.. of |B
2 0 o8 Ios los s lex s I

: . 11 41 Q.. f |8

. it e B S PR R

000 a00 O

— Q1 Q1 @11 .. J§ |

| oo(@oo)oooo |

ooooooo

[R T [ B [soofpoofJoo] o Joo]

[ T T T

OoOOoO0oOoO |

e — T

oooooooooo

x00 [yoo

oooooooo

or7nooobooboooobooboooboon

3.2 OUOOodgbbOboooon

goboooooooobooobooboooboooboooon
goboooboobooooboobobooooobooobooobooog
00000000o0ooooooooooooog [5, 6,70
ogrobo0oooooobobooooooobooobooo
gbobobobOotbeobOODbOOOODOOOODOOOOODOOO

jdo0odo0Odo0dOdo0ddoO0O0oOdOooOoOooooo

U8 ooboooobooboobooboobooooonoo

gbooooboooooobooog

3.3 Ugaoboo

0800000000000 0DOO0O0O0DNOOONnOO
0000000 000000000000000000
000000000000000000000000000
00000000000 00000000000 OROO
000000000000000000OROOOOOOO
000000000000000000000000000
000000 Xpmin00000000 Xpnar, 0000000
000000000000000000000000000

000000 y000000000000000000
000000000 YmingYme,0 0000000000
00000000000000000000000000
0000000000000000

3.4 UOO0ogogoOoOoO

gboogobgobogoosbobooooobobobooo
oobooobooobooobooooobooooooooo
oo0o8i0oooooooooood.000y00ORGB
gboooooboboooobooboooobobooonog

ooboooooooobooobooobooo 30000 4
oboboooboobooooboobobooo400b000000
ooboooboooobooooooooooboooooog
booooobooooboboooooboooog

3.5 Ugooboboboodaob

000000000000o0oooooooooooo s,
9,100 00000000000 OO0OO0O0UOOOOOO
oobooOoooboooooooobooooooobooboooo

00000 2000000000000000000nnn btobboodoooooboodoobooobooboon

gboooooooo
0000000000o0o0ooooooooooo [e)o
gboobooguooobuobooooobobooobobo
gobboooboboooobooobobooooboooooog
gbobooboooobooooboooooooboooooog
gobooooboboooobooboooooboboooboog
oboooooooobooboobooobobooooogoo
gboobooooooboobooboooooboobooooooo
gobooooboobooooboooboobooobooooog
gbooobooboooboboooboooobooooDbo
oboboooobooooboooboooooooooobooooog
oboboooooooooooobooooooboboooboog

gboooooboooboood
gbooboobooboooboobooobooboooobooboo
gbooboobooobobooobooooboboooboo
goboooboooooboooooboooobooooooo
oooboooooooooooboooobboooobooo
ooobooobooobobooobooboooboooooo
oooobboooobooooooooboooobooboooo
oobooobooboooobooooooobooboooboooo
oooobooobooobooboooobobobooooooo
oobooooboooobooooboooooooboooooo
ooboooobooooboooobooooobooboobooooog
ooboooooooooooooooooooooooo
obooobooboooboooobooooboooobooobooo



leier ‘ Xmin.y ‘ Xmax.x‘)(maxv)r" Yminx ‘ Yminy ‘ Ymaxﬂ Yma.x.y‘ ooo ]
I T T
| | |

T T T
T T

—

1
[ooo [ooo [ooo [ooo]

ooooooool
P B I - Toon [oco |
[ooo [ooo[ooo [ooo] S
[0o0 Jooo[ooo ]

ooooooo

FHDHDDDDDDDD‘

G 1B o]

[xDID [yEID [0 Joo [ R |
T—:’_‘
IHH‘HII'\*H‘HI I:HHIHHTI

H L 1]
\ ) I

O00oo0ooOooooooooo
000000000000000000O0

oooo
oooo
oooo

oooood

U9 gbooobooooboobooboobooooooog
gboooobooobooobooo

ooo l

oooooo
ooooooo

oooo DDDDDDDDDDDDDD|DDDDDD|

ooo

DDDD|DDDDDDDDDDDDDD|DDDDDD

ooo l

DDDD|DDDDDDDD|DDDDDD|DDDDDD|

U 10: obobobobooboboboboboobooboo
gbooooboooboooogoboo

gboboooooooooooboooboooboooboooog
gbobooboooooboooobooooobboooboog
gbobooboooobboooboooobobooooobog
0000000o0oo0ooooooooooo (8,9, 10]0

3.6 JUgoooboooobooog

gboboooooobooobooobboooobooboooon
gboboooooobooooboooooobooooooog
gboooboobooobobooobooboooboooobo
gbogoboooboooboboboobobooogoboooo
ggobobbooooobboooooboboooboobogo
gboobooboobobobooboobobooogoo
gbgboboboboooobooboobobboooog
ggobbboooobbbooooboobobooobobooga
oooon

4 0ODOOOOO0O0ODOObOOOO0n

gooooooooo LSIgooooogooooog
gbobooboboboboboooobobgoobooobo
gbbogoboboogbobboboboboboboooa
oboboooooboooboobosoxeooonooon

4.1 0O0OO0OO0O0OO0OO0OO

gbobboooooobooooooboboooooobobooo
fps0000O0OCO00OO0DOOOOODOOOOO

01000000000000000000000000
000000000000000000000000000
000000000000000000000000000
000000000000000000000000000
0000 20MHz OO0 048usec0 00000
0000000000008x600000000000
0000000000000000 350nm CMOS 000
0000D0000000000000200usecd00000
20MHz0OOOOOOOO00O0000O [7J0000000
000000000000000000000000000
0800000000000 0O0O0OO0OOONONONONONOO0O
00000000000000000000 1000000
000000000000000000000000000
000000000000000000000000000
000000000000000000000000000
000000000000000000000000000
00000000000000000000000
()0000000000000000000000000
0000000008 00000
(2)0000000000000000000000000
00006000000
000000000000 100000 1400000000
000000000000000000000000000
00000 20MHz 000 7usec 000000
00000000000000000000000000
000000 350nm CMOSOOOOO000000000
0000000000000000000000 1280 80
000 HSPICEOOOOOOOOD0O190nsec 010000
00000000 (8, 9]0
0000000000000000000000000
00000000000 11000000000000000
00000000000000000000000000
000000000000000000000000000
0000000000000000000LSID0000O
00000000000000000000020MHzO0
00000 400000000000 33msec0000000
0000000000000000000080x600000

gboboobooboooooboobobooboooboooobooon

ooo

goboboooooobooooobbooooobooooo
Ooooo0oooooooono QVGADDOOO 1000 O
oobooob 383msec0000DO0O0O0O0OOO0OOOOOO
gbobobobooooooobobobobobooobo
gbobobobobooooobooobbobooboobooobo
goobooboooobboooobboooobobooa
goood

4.2 0000000000

ooboooooooboooooboooooboooooooo
0000 Verilog-HDLOO OO 80x60 0 OO OCOOOOO
oooogoooooooooLsicoooooooogd
ooooooooooooooooovbECOOOooOod
obo30003mmOb000ooooooooooonog
ooboooobooooboooboooboooobooOooooo
ooboooOoOoobooooboooboooooooooooo
0000000000 [(fjDUuo000o0o0oooooooo
gobooobooooooobooooboooobooobog
0000000000000000000 8,9000000



pooooo gooooooo
goobooooo oooo gi1oo0oo0o000 noooono
48usec 200usec Tusec <0.19usec

(@ 80x600000000000000000O0

1200

1000

800 /

600

0000 (usec)

400

2000 20 40 60 80 100 120

ooooooo
() 000000000000 O0O00020MHzOOOOOO

Ul 000000000000 8xe0b0OOOOoOO
goooooooooooboooooboooOoO2o0MBEzOO
gbooooobooo

0 1:0000000000350nm CMOSOO

oo 000 mm20
gboobgoobobobob 2.97
gboogobooboboo 124.22
gboogbgooogan 0.41
ooooboz2000 3ro0n 6.48

_xe0 OO DD DOODOO0DDODOODoDDLOOoOOoDOoOoOoooo
oo0ooodo1000000030mnmm 000000000
0000 4omm?>00000000018mmO00000
0000000000 3mm?0000000000000
opooooogoo
dodooDooooDooooooooooooooo
Jo0do000oo00DoooO0ooooOooooooonog
0000000000000 Subdivided-Image-Approach
(STA)D00D0O000 [7oSIA0D00D0ODDO0 41x33
J0oo000oooooooooooono vGAOOOoOoOd
00o0o0ooooOoooUooo (rooooooooo
Jo0d00oU0o0DU0oo0DO0DO0Ob0DOooUOODOoOoDO
goooooosoxeodDOoooooooooooood
gdooooooooooooooooooooooooo
doo0ooDdoooooooooooooooog

5 Uo0o

goboooooooobobooooooboooooobooooon
oobooooooboooooooooooboooooobooog
goboooooooobooooooooooooD LSIog
gbobooooooono

o00o0o00ooO0O00OooOO0OOMATLABOOOO
fps000000C00OOODOO0OOOOODOCOODOOOO
gboboooboooboooobooooobooboooboong
gbooooooboooooboboooobooo

gboboooooboboboooobooboobooooog
goboooobooooboooobooooooooobogog

gobooooboooobooboooboooboobooobooog
ooboooobooooooobooooooooobobooog
oobooboooooobooooooobobooooog
ooboooboobooooboobooooooooooo sog
oobooobooboooooooooooobooobooog
oobooooboooboboooboboboboooooDo
oooobooooooooobooooooooooooog
ooooogossmm cMOSOOOOoooooooood
oobooooooooooooooooobooooooo
oboboooboooooobboooooooboboboooooo
ooooooooooboooobOo20MHzOOODOOOO
oxeooooooooboobobobooooooon
gbooooboobobobooboobobon soxeodnod
oo00oO0o0ooooooooo0On 18nm CMOSO OO0
gboboobooboooboobbooolooooooog
oooooooooooon
oO0o0orPGAODODOOODOODOOODOOOODODOO
OO0D00000018mm CMOSOOODOO 80x60000
ooboooobooboboooboooboooboooobooooo
oboooooboooboboooboboboboooooboo
ooboooooobooooooobooooooboooboooo
gboooobooooooobobooooboobooon

gooo

[1] 0000,0000,000,¢00000000000000
0000007, pp. 138-146, 1998.

[2] C.R. Wren et al., “Pfinder: real-time tracking of the human
body,” IEEE Trans. Pattern Analysis and Machine Intelli-
gence, Vol. 19, No. 7, pp. 780-785, 1997.

[3] H. Kimura and T. Shibata, “Simple-architecture motion-
detection analog V-chip based on quasi-two-dimensional
processing,” Extended Abstracts of the 2002 International
C40nference on Solid State Devices and Materials, pp. 240—
241, 2002.

[4] S. W. Seol et al., “An automatic detection and tracking sys-
tem of moving objects using double differential based mo-
tion estimation,” Proc. of International Technical Confer-
ence on Circuits/Systems, Computers and Communications,
pp. 260-263, 2003.

[p) DOOO,0,“000000000000DO0O0DOO0ODOO
oooooooo, 040 LSIIPOOODOOODOO OO
ooo, 2002.

[6] T. Morimoto et al., “Efficient video-picture segmentation
algorithm for cell-network-based digital CMOS implemen-
tation,” IEICE Transactions on Information and Systems,
Vol. E87-D, No. 2, pp. 500-503, 2004.

[7] T. Morimoto et al., “Digital low—power real-time video seg-
mentation by region growing,” Extended Abstracts of the
2004 International Conference on Solid State Devices and
Materials, pp. 138-139,

[8] Y. Yano et al., “Fully-parallel nearest Manhattan-distance
search memory with large reference-pattern number,” Ex-
tended Abstracts of the 2002 International Conference on
Solid State Devices and Materials, pp. 254-255, 2002.

(9 0000,0,“00000000000000000O0ODO/0
00ooooooooooooooo, 060 LSITPOODO
ogoooog 1p 0O, 2004.

[10] T. Koide et al., “Bank-type associative memory for high-
speed nearest Manhattan distance search in large reference-
pattern space,” Extended Abstracts of the 2004 Interna-
tional Conference on Solid State Devices and Materials, pp.
360-361, 2004.



