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CMOS 5] 21

21 CCD
CCD
CMOS
CMOS
(Fixed Pattern
Noise, FPN)
CMOS
CDS
(Correlated Double Sampling) AD 128x 128
CMOS
21
T. Spring[2] Y. Oike[3] Our proposed device
Modulated light Charge transfer In-pixel circuit Charge transfer
detection with CCD with PG and TX
Technology 2-um CMOS 0.6-um CMOS 0.35-um CMOS
Pixel size 80 x 87.5 um? 60 x 60 um? 30 x 30 um?
Pixel # 320 x 240 pixels 120 x 110 pixels 128 x 128 pixels
Transistor #in pixel 47Tr 43 Tr 9Tr
Fill factor 17.1% 13.5% 26.2%




2.2

2.2 2.2
PG (Photo Gate) PG

TX (Transfer Gate)1l/TX2
FD (Floating Diffusion)l/FD2

ON/OFF
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2.3(a)-(c)
FD Vdd
FD 2.3(a) ON PG
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TX1 ON PG OFF FD1
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2.3(a) TX2 ON
FD2 2.3(c)
ON/OFF FD1
FD2
FD outl, out2
outt 'OW sel _| out?

77 p substrate
n* diffusion
polysilicon




row_sel 4

outl

|- reset reset
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MOD: ON Lo Ve |1 | MOD: OFF
1 1 : o [ ) o : 1 !
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7777 3 7/
@
TX1 PG TX2 TX1 PG TX2

of\ """"" :
Ly -0 v
777 77
FD1: BG + MOD
(b) FD1
2.3
2.3
2.2
2.4
FPN

| oo J . .\ |
BG: Background light - oi

MOD: Modulated light | !

A “
FD2: BG
© FD2
ON/OFF
FD
FPN
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Modulated light —  L— L L

TX1 n n - ——l [
TX2 n n f
| reset level offset !
bt

.

out2
(Background light) signal level- 2.\
outl with offset . i tShug]E][;}ed output
(Modulated & ~ — Sgnal level 1 || V| (Modulated light)
Background lighty | With offst | ‘
‘— 1 Frame e time
24
2.3.1 CDS
FPN
FPN CcDS
4 APS (Active Pixel
Sensor) FD
X
FD
CDS
2.2 CDS
2.4 FD
CDS 25
Gl FD
Gl G2 PG
2.3 PG
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2.6 2.5

PG ON/OFF PG
PG G1(G2)
PG OFF TX1(TX2) ON G1(G2)
G1 +
G2
FD Vdd Gl TX3 G2 TX3
FD
CDS
FD 2.2

pixel_out

p substrate
n* diffusion
polysilicon

2.5
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Accumulation \\ Readout
Modulated light | | [ || || i I_—
ST e e O i |
™ ] |
™2 (I N O T
reset .
Gl | i
TX3 Ii E
G2 I —
TX4 1
R signal level 2
row_sel ; E i without offset
reset level I

signal level 2 with offset
(Background light)

signal level 1 with offset

(Modulated & Background light)

Subtracted output
without offset ‘—@
(Modulated light)

_I\L“~\ signal level 1
without offset

pixel_out
» time
2.6
2.3.2
2.2 25 PG
PG
PG
650 nm 500 nm
65% 20% (6] CMOS
0.35-um
PG
PG PG PG
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2.7(a)-(d)
100% A1 65%
A, 41% As  34% Ay

13



(c) Pixel typeAs (41% PG) (d) A4 (34% PG)
27 PG
2.3.3
25 ON/OFF
2.8
70
[7]
2.9(a), (b) 2.9(a)
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A, TX1 TX2 (TX3 TX4)
2.9(b) B
Substrate ' Substrate  Asymmetry
2.8
PG
X1 [TX
<+ o =
Gl [, G2
— FD EEEn
TX3 TX4
(@ Az ( )
(b) )
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2.4 128x128

CMOS
AMS (Austria Micro System) 0.35-pm CMOS 2-Poly 3-Metal
2.3 128x 128 CMOS
[8] 2.10 CMOS
2.2 128x 128 6
2.2 2.7(a)-(d)
A1-Aq 2.9(b) B 2.7(b)
Az
CDS AD
211 AD 211
AD AD
10-bit 10-bit
CDS
10-bit
10-bit X
AD
2.2
Technology 0.35-um CMOS 2-poly 4-metal
Chip size 6.4 x 6.4 mm?
Pixel number 128 x 128 pixels
Pixel size 30 x 30 pm?
Fill factor 26.2%
Power supply 3.3V
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128 x 128 pixe array

(106 x 128 pixel type A,
4 x 128 pixel type A,
4 x 128 pixel type Az
4 x 128 pixel typeA;
4 x 128 pixel type B
4 x 128 previous pixel type
2 x 128 pixel typeA,)

o
3
8
i
>

_ Row decoder
( for switching operation mode)

1] Column parallel ADC

ol Ramp wave
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Comparaior | ["\_ | Ramp wave |
<=
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I____________I W
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Vis '
ramp_out i
Vierge
: L time
2.15
2.5
2.16
FPGA (Field Programmable Gate Array)
(HUMANDATA  CSP-024-12)
/O (Interface  PCI-2772C) PC
(Integral Nonlinearity, INL) INL
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2.17(a), (b) INL 2.17(b)
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FPN

13 uW/cm?
FPN
2.3 FPN CDS
2.56%
0.09%  10-hit 1%
4.09% 1.36% 1/3
FPN
650nm LED
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2.20
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0.2 é
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polysilicon
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12 | ;
. ’
Pixel typeAg,:
L 4

Pixel typeAag

Sensitivity [a.u.]
o
0]

. Pixel typeA,

... Pixel typeA,
e

06 ’
wl Simulation (Leff > 2Weff)
- —-—-—Simulation (Let < 2Wer)
02 | ¢ Mesurement
0
0 20 40 60 80 100
Ratio of photogate area [%]
2.22 PG
2.6
CMQOS
CDS
AD 0.35-pm CMOS
AD 128x 128 CMOS
PG 1.36
150 nm 650 nm 65%
[6]
0.35-pm
CDS CDS
FPN 1%
FPN 1/3
FD
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ID CMOS

3.1
ID (ldentification)
CMOS 3.1 ID
CMOS
0" "1 ID ID
ID
ID ID
(Augmented
Reality, AR) [1] AR
ID ID

ID

k 1
IL. : Today's weather
ki =N

hitfp:/www.qqqq

1D beacons

Display (Sceneimage + ID)
Mobile terminal
equipped |D image sensor

3.11D
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15 30 fps (frame per second)

fps 33.3 msec
100 Hz
1
CMOS
[2] ID
ID
ID
10 mwW
3.1
3.11D

1D CMOS

1 30
CMOS
ID
[1,2]
[1] ID
ID

SONY ID Cam[1]

Univ. of Tokyo[2]

Our proposed device

ID detection High speed readout In-pixel Readout of Multiple
of all pixels ID receiver Region-of-interests
Technology 0.35-pum CMOS 0.35-um CMOS 0.35-um CMOS
Pixel size 11.2 x 11.2 pm? 26 x 26 pm? 7.5x 7.5 um?
Pixel # 320 x 240 pixels 128 x 128 pixels 320 x 240 pixels
Frame rate of 14.2 kfps 80 kfps 1.2 kfps
ID detection
Power 82 mW @ 3.3V 682 MW @ 4.2V 3.6 mW @ 3.3V

consumption (3.3 kfps)
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3.1

x 7.5um?

3.2 ID

3.2.1
3.2(a)-(¢)

fo

fID

1.2 kfps
3.6 mW
ID CMOS
ID
ID CMOS
ID CMOS
ID
ID
ID CMOS
ID
ID
ID
30 Hz
30 Hz/4 = 7.5 Hz

ID
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ID
ID
3.2(a) ID
ID
ID
3.2(b)
3.2(c)
LED Low High
3
—_ Pilot signal ID signal
El |
z |
« |
|
fy fio f[HZz]
(a)
Power [a.u.] . /_ Envelope
A (Pilot signal)
Highlevel --- [ ________ ||
Low level ---
Packet tid
(b) 2
Power [a.u] D Envelope
A / (Pilot signal)
Highleve 1 --- 4 m=rmmi------ — Il_
Highlevel 2 ---4FqH- [._ {1 4L e |,|_
Lowlevd ---
. Packet tisl
(c) 3
3.21D
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3.2.2

2% 2
ID

3.3

3.3

6x 6

ID
ID
ID
ID
ID
2 ID
ID
2 (ID#1, |D#2)
ID
1
1 ID
ID
2 ID
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1 2 3 16 7 8
ID#1 —, ,
11 (4, (12), 5, (13), 116 17 18
24, 44 24, 45 ]: rlD#Z ~—
21 9, (22), 10, (23), J: 26 (14, 27), |15, (28),
\29, 49 30, 50 I 34, 54 35, 55
31 32 33 :36 19, (37), |20, (38),
: \39. 59 40,60
41 42 43 146 47 48
:
51 52 53 156 57 58
:
3.3
D 1 1
ID Fip
N
Fp = I:image ) NID,max\'(NID,Y -D (3.1)
Fimage Ny
Nip, max ID Nip, v 1 ID
D Fimage =
30fps Ny =280 QVGA (320x 240 )
Nip,max =7 Nipy=5 D=5 Fip =
1,200 fps 30 fps 7
ID 1,200 fps
2
ID
40
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3.3 ID CMOS
AMS (Austria Micro Systems) 0.35-um CMOS 2Poly-3Metal LSI
ID CMOS
3.4 3.2
3.2 7.5%x 7.5 pm?
30 fps 7 ID
1,200 fps ID
3.6 mW
3.5(a), (b) ID CMOS
(Sample & Hold, S/H)
ID
CMOS ID
ID
ID
S/H 2 XY
1
£
G
<
N
3.4 ID
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3.2 1D

Technology 0.35-um CMOS 2P 3M

Pixel count QVGA (effective area: 320x240)
Chip size 4.2 x 5.9 mm?

Pixel size 7.5 x 7.5 pm?

Fill factor 25%

Random noise 0.4 mV s

Dynamic range 54 dB

Frame rate (scene) 30 fps

Frame rate (I1D) 1,200 fps/ ID

Number of 7 (max)

detectable IDs

Power supplies 3.3V (analog and digital)
1.8 V (source follower in pixel)

2.4V (reset voltage of photo diode)

Power dissipation 3.6 mW
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idmt_xdec —+¥| X-decoder i ID map table

idmt_sel | D#l-i'* LlH|H| L] ]L L | L | L |fe-idmt_data
idmt_sel_|D#2 - Ll | d | ulw <—i—idmt_rn
idmt_sel_|D#7-—T L|L | b | R i
== « idmt_sdl_mode
row_reset— | i Pixel array
row_sel —» i |
- JI.[_ﬂ o (Y1, Y [,¥ v] [—‘D o ||
g | |
S| h
Q : 1
gl . :
ydEC - >'_ : i . i
i |D#7 i
sh_image —! E—> image_out
shid —! !
- ! 4= read sw
xdec X-decoder !
S/H circuits
(a) (idmt_sel_mode=H)
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idmt_xdec ] X -decoder | 1D maptable

idmt sel ID#EL-H{ L | H|p|L|ccfco]|tL T R <-E—i dmt_data
idmt_sel_ID#2 —i--b T I O O O A I I LlwH|H <-i-i dmt_rn
idmt sedl ID#— L [ L | L | v |n]|H]|L oL
e e+ idmt_sel_mode
I_::::::::::_:::::::::::::::::::::::::::::‘I_l
row_resst—» | [ i Pixel array
4 Yil Yy )
row_sd—> : |
! | D1 ID#2 |
o i
©
al |
g . |
ydec —=>| | . !

sh_image — image_out
sh.id 1 read sw
xdec i
T T S diraits
(b) ID (idmt_sel _mode=L)
3.51D ID
() (b)ID
3.3.1
3.6 3 APS (Active
Pixel Sensor) 1 Mcr

XY
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CMOS

3.6
ON
column_reset
M cr vdd_pixel
y
photjo diode L
row_sel
row_reset
vdd_reset
pixel_out
3.6
3.3.2 S/H
ID
S/H 2 3.7
Mbp
column_reset High
ID
sh_image, sh_id
S/H
read_sw

xdec<i> X
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pixel_out column_reset

S/H circuits

readout circuits

————————— ?————herirzontal signal> line
xdec<i>
3.7 S/IH
3.3.3 ID
3.5 ID X
ID (Nip, max) 1-bit
ID
"H” ID
X idmt_xdec
"H (1)” "L (0)” idmt_data
ID idmt_sel ID#i idmt_rn
idmt_sel _|ID#i ID "L
ID
FPGA (Field Programmable Gate Array)
ID
3.5 ID
3.5 (a)
3 ID#1
ID#2 ID

idmt_sel mode "H”
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3.5(b)

ID
ID
S/H sh_image
ID
1D ID#1
idmt_sel _ID#1
ID#1
sh_id ID
idmt_out<i>i
idtm sel mode [
idmt en ¢
idmt data L
idmt sel 1D#1 ‘
_ )
ﬂ;} A
idmt sel ID#2 = =5
]l
11} a
idmt sel ID#3 =
L 1] 0 Di
L | ]
11} -
idmt sel ID#4 = =
e ] 0 j
L | 1]
1}* A
idmt sel ID#5 = =
[0
L | 1
i} sl f
idmt sel 1D#6 = =
1 ] u——D—
L[ 1
’_‘:(1} NRMH_
idmt sel |D#7 = =
| [ o—
L [ 1
.—‘;7 Mo U~
idmt rn e
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3.8 ID 1 1
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ID 7 1 5
ID
1
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1 33 msec 1
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ID ID
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2 ID
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ID 1
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ID ID 1
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ID
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PC ID
ID
FPGA
ID
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30 fps 3.2
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FPGA PC
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; Digital I/O board _l
<Sceneimages> | | <ID images>
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<Tableof ID
image ) Timing | positions and size>
sensor ) generator
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3.13(a)-(c) ID
3.13(a)
ID
ID
3.2(b)
3.13(b)
7.5 Hz
ID
ID
5x5 ID
3.13(c) 5x 5 ID
1 833 usec
ID 1.6 msec
ID "0", "1
40 ID
LED
ID
ID
ID
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TED

emitting ID
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Detected ID

(b)

833 pisec

10010101100212100101201 1D
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1 Frame number 40
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3.5 ID

3.4
CMOS 4
ID
30 fps 7 ID
1,200 fps ID
ID CMOS ID
ID 100 Hz
ID ID 30 fps 40
1,200 fps ID
1/40 ID
1,200 fps
ID
ID S/N
ID
[3]
S/N
ID
CMOS
3.5.1 ID CMOS
ID CMOS
AMS 0.35-pm CMOS 2Poly-3Metal
3.14 3.3
3.15
ID
S/H ID
3.3 ID
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3.14

3.3

Technology 0.35-pm CMOS 2P 4M

Chip size 4.28 x 8.78 mm?

Array size 320 x 240 (effective area)

Pixel size 7.5x 7.5 pm?

Fill factor 25%

Random noise 0.65 MV s (Gain = 1)
0.46 MV s (Gain = 16)

Fixed pattern noise 0.30 mV,ns (Gain =1)

Saturation signal 0.57V

Dynamic range 59 dB (Gain = 1)

Frame rate (scene)

29.5 fps(scene), 1.2 kfps/ ID(1D)

Number of detectable IDs

7 (max)

Power supply

3.3V (analog and digital)
1.8 V(pixel source follower)

2.1V (reset voltage of PD)

Power consumption

99.8 mW
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ID map table

idmt_xdec —{>] X -decoder
idmt_sel_1D#1 > HIH|L|L|L|L L{L|L]||* idmt data
idmt_sel_ID#2 > LiL|jL|L|L]|L H|L]||* idmt_rn
igmt_sel_1o#7 —{ L[ Lo o[l e lmlml{e] [l :
<— jdmt_sel_mode
row_reset —»
- 15 b 4 b 4
—>
row_sd |4 e
&
o
Q
dec —¥] '§ ;
y . Pixel array .
> ..
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Column Amp (Gain x 1/x* 16)
N 1 N I Y Y [y B
sh_image — : S — id_out
sh.id —> S/H C|rc§i§u|ts — read o
xdec — X-decoder
3.15 ID
3.5.2
3.16 ID
3.3.1
[4] 3.17
kTC

oV
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1C 16C 1

1C 100 fF
gain_gn
1/16
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J d
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row_reset
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3.5.4
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16 S/N
ID
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ID ID
ID
5 1
1 5% 5 1 ID
32 ID
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1 1 40
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3.22 1D
FPGA HuMANDATA
CSP-024-12 FPGA 7 1D
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12-bit AD Analog Devices

FPGA FPGA
e (Humandata PCI-2772C)
2 /0
/0
PC
1V
Analog Devices AD817
/0
ID
1 ID
FPGA ID
FPGA PC
12-bit ADC
"| Memory "| Digital 1/0 board [
<Sceneimages> | | <ID images>
Level shifter | |
<Tableof ID \
image ) Timing |« positions and size> <ID codes>
sensor ) generator |

AD9225AR
PC
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FPGA
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ID
ID
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3.22 1D
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3.23 1 16
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1 LSB (Least Significant Bit)
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16
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(3.2)
KT

Vhktc = g (3.2)
k Cep T
T=300 [K], C,,=10.27x10"*° [F] Vokre  0.62
MV rms kKTC
SIN
kTC
4
kTC SIN
3.4 0.40 MV s
3.4
ID
1 16
ID ID ID ID
ID ID 890 nm LED
ID 1 5 ID
2 ID
1 ID ID
50% 1 16 12
ID 3.24
ID 800 pW 1
LED 6 mm
1.2 m 3 mm
F 13 CS FUJINON  YV2.6x3B-2
ND
3.23 1 16 ID
100%
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0.02 1
1 mV
16 ID
1
50% 1/2
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column_reset

vdd_reset

row_reset
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vdd_reset row_reset
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High
20

2.27(b), (c)

Voltage [V]

Voltage [V]

5 row_reset High
1w = column_reset
7| row_reset 1 msec
1+ Vpp
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‘8 row_reset 1 msec
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vdd_reset row_reset
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. row_sel

row_reset (9]
vdd_reset pixel _out
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3.6.2 ID

ID
3.29 3.4
3.4
25% 20%
ID map table
E
>
3.29
3.4
Technology 0.35-pm CMOS 2P 4M
Pixel count QVGA (effective area: 320x240)
Chip size 4.3 x 6.0 mm?
Pixel size 7.5 um sq.
Fill factor 20%
Frame rate (scene) 30 fps
Frame rate (ID) 1,200 fps/ ID
Number of detectable IDs 7 (max)
Power supplies 3.3V (analog and digital)
1.8 V (source follower in pixel)
2.4V (reset voltage of photo diode)
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ID#2 LaibLll LR
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3.30 ID

3.30 ID
3.30(a)-(c) ID
ID 3.30(a) ID

(b) ID

v

(c) ID 5x5 , 1,200 fps/ID
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3.7

ID
ID
ID
1
ID
mw
AD
ID
1/40
kTC
[3]
S/IN
mwW

CMOS

CMOS

3.6 mW

10 mW

1,200 fps

ID S/IN

ID

1.4

[6,7]

99.8 mW

16

CMOS

kTC
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3
LED
ID
ID
30 fps
ID

CMOS

ID CMOS
4.1
ID
ID
15 fps 30 fps
3 ID
[3, 6]

HDD

100 Hz
PC

10
CMOS

1.2 kfps ID

kHz

Data (LAN, RF)

4.1
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music02.mp3
movieO1l.avi
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LAN IrDA Bluetooth Zigbee Wireless

USB IP

ID 4.1 ID

[5]
PC
Window
& HDD
3 ID CMOS
4.2
LAN  Bluetooth  TCP/IP
ID
ID
1D LED
1D CMOS 1D

ID
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Terminal

r-===s F-===1 r

‘Downloaded: :

Javal applets

Downloaded
resources

Network appliance

Windows
application

:

Java application

A

T

(display/ user operation)

CGI application

Resources
(property/ icon/
Java applet)

!

T

¢

'

GUI

Communsation | | 1y etection Apache
PP and v 1
¢ acquisition ID beacon v
TCPIP | controller Tepap | Software
| Parallel I/O
Control Hardware
logic
ADC
Eih ID image LED ID Eth
thernet sensor (o [_L_____ f{ beacon thernet
4.2
HTTP (Hyper-Text Transfer Protocol)
WWW (World Wide Web) HTTP
GUI (Graphical User Interface)
CGI (Common Gateway Interface)
Java
Windows
ID ID
ID ID
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ID
AD
ID
4.3 ID
ID CMOS
ID ID
ID
4.3.1 ID
43 ID
ID
3k 0’
8
1010101010101001
8
2
0’
1
100 msec
5 Hz

ID CMOS

1/0 PC
1D
ID 1D
ID 1D Hz
1D
b 1 b 30’
ID 01 10’
00000001
1D 1D
16 8
01 1001
5 ID
40
200 msec
40 bps

72



Packet format

16-bit 8-bit data 4-bit 8-bit data 4-bit
preamble (Manchester coded separator (Manchester coded separator
4-bit ID data) 4-bit ID data)
LSB ' | MSB
16-bit data (Manchester coded 8-bit ID)
Example

8-bit ID: 10010101 — >

Manchester coded data: 0110100110011001

P > ¢ 2.5msec 1 Packet (100 msec) g
Pilotsignal e e
1 Packet (40-bit) 1 Packet (40-bit) | 1 Packet (40-bit) -
h 200 msec g
4.3 1D
4.3.2 1D
ID ID
M(X, Y)
Ngpr (Fast
Fourier Transform, FFT) (fpiLoT) DC
| F (x, Y; fpror )|2
D F(xy: )
f#fpLor,0
Min,piLoT ID
FFT
ID
1
1
4.2)
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(NX/NBXME%4NY/NBYME)

NFFT

NX, NY NBX, NBY
Nhic

Nxx Ny = 320% 240 Npie = 3

FFT M(x, y)
ID ID 1
ID ID Nsx* Nsy

ID
0
ID 1 2Nsx* 2Nsy
0
I[:IiiXeTs Nov T\ Level3 NuNgoc Ny/N'gy pixels
Level 2 Ny/N’gxx Ny/N’gy pixels

A
N

\ Level 1 Ny/N'gxx Ny/N'gy pixels

(4.2)

40x 30

ID

\\ Level 0

[ Search area
Peak area

Binning area: Ngx* Ngy pixels

4.4 1D
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N NXX NY
NEEN pixels



FFT Nxx Ny
Nip ID
(NX/NBYNhie )X (NY/NBYNhie )+ Nip - 2Ngx - 2Ngy - Np;e (4.3)
320%x 240 3 2% 2 ID
5% 5 Nx=320, Ny=240, Npie=3, Ngx=Ngy=2, Nsx=Nsy=5
76,800 3,300 4.3%
4.3.3 ID
1D I/0 1D
ID
1.2 kfps ID ID
4.5 1D ID
1D
1 1D
ID 2
2 N.v 1D
ID
1D 2
Nay
ID 1-bit ID 3
1
3 0 Nt
0’ ’00° 1
Npi=3
”1010101010101001>
01-1 10-0 ID
’00° 11°



4.4

4.4.1
4.6

Sum up pixel values in each frame
of ID images

Y

Low-pass filtering

Y

Binarization

Threshold value:
average value of backward N,, frames
(packet tail)/
average value of forward N,, frames
(otherwise)

A 4

Remove isolated single-frame code

A 4

Decode to 0/ 00/ 1/ 11

Number of successive frames of identical
code < Npi: O or 1
otherwise: 00 or 11

Y

Search preamble

Y

Decode Manchester code

(01-1,10-0)

Any error happened in
decoding packet?

End

451D

PC
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Network appliances

ID beacon ID beacon ID beacon ID beacon ID beacon
Windows PC TV Image viewer Door phone HDD recorder
‘\‘\‘ v )‘/{
ID image Terminal 80 &
sensor ||
4.6
PC
TV
4.1 PC
LAN IEEE802.11g
4.7 USB 2.0
USB ID
ID LED
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4.1

ID light source

Infrared LED

(A,=890 nm, average output power: 0.8 mW)

Pilot signal

5 Hz, duty 50%

ID data rate

40 bps

Imaging lens

FUJINON YV2.6x3B-2
(focal length: 3 mm, F/1.3, CS mount, FOV: 44°

(horizontal))

ID data rate

40 bps

Terminal

Gateway 7430JP (Mobile AMD Athlon™ 64 3700+,
operation frequency: 2.4 GHz, memory: 1.5 Gbytes,
OS: WindowsXP Home Edition Service Pack 2)

Network appliance

Gateway 4546JP (Intel Pentium M processor 725,
operation frequency: 1.6 GHz, memory: 512 Mbytes,
OS: WindowsXP Home Edition Service Pack 2)

Wireless LAN

IEEE802.11g

Wireless LAN access point

Air Station™ G54 WHR-G54S/U (Buffalo)

WWW server Apache 2.0.54
Perl Active Perl 5.8.7.813
. Java SDK 1.4.2.08
ID beacon
. AL
1
: Usfofl(i]gzzuel 8-bit | Micro-controller Infrared LED
! ID =890
| USB2.0 1 USB-008 R H;(;agng | LED driver (%,=890 nm)
i | | | (HUMANDATA) (Akizuki Elec) circuit A
: (FT-2232C ' 1
! (FDTI) used) )
L
4.7 1D
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4.8

4.4.2
49 ID
ID
ID
ID

ID

2.2 m

4.8
4.9(a) ID
49(0b) ID
4.9(a) D
ID
4.9(¢c)
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(a) ID

o I I
D TR RUTIE

D43 R R LTI

ID#4 TR IR RIS

D#s LILTH] TR RTTNTIT N

Time

(b) ID

4.9 1D
4.10

PC  4.10(a)

PC

TV 4.10(b)
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4.10(c)

4.10(d)

4.10(e)
4.10(e)

4.10(e)

Q7 AT EBely BAThe T g

(RS T

(d)

(c)
4.10
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4.5

ID CMOS

PC
ID
ID

ID
ID
ID
ID
ID
ID
ID

ID

PC
ID CMOS
1D
ID
1D
5 Hz
5 Hz
1D
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ECHONET Web http://www.echonet.gr.jp/

DLNA Web http://www.dlna.org/
HAVi Web http://www.havi.org/
UPnP Web http://www.upnp.org/
, , , , , “ID Cam ID
,” Vol.43, No.12, pp.3664-3674,
2002.

Y. Oike, M. Ikeda, and K. Asada, “A Smart Image Sensor with High-Speed Feeble
ID-Beacon Detection for Augmented Reality System,” Proc. IEEE European
Solid-State Circuits Conference, pp.125-128, 2003.B
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CMOS
CMOS
(2)
CMOS
AD
AD
PG
CDS
FPN 1%
(2)
ID
ID
ID
1 4
ID
3.6 mwW
ID 1,200 fps
ID SIN
16
2

CMOS
CMOS
ID CMOS
CMOS
CDS
0.35-um CMOS
128x 128 CMOS
1.36
FPN  1/3
ID CMOS
ID
CMOS
30 fps
1,200 fps ID
ID 1/40
ID 50%
ID CMOS

85



(3)ID
ID CMOS

PC ID CMOS

ID CMOS
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CMOS

ID CMOS
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, Vol.57,
No.9, pp.1108-1114, 2003.
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Koji Yamamoto, Yu Oya, Keiichiro Kagawa, Masahiro Nunoshita, Jun Ohta and
Kunihiro Watanabe, “A 128 x 128 Pixel CMOS Image Sensor with an Improved
Pixel Architecture for Detecting Modulated Light Signals,” Optical Review Vol.12,
No.2, 2006. (to be published)

Koji Yamamoto, Takao Hirai, Keiichiro Kagawa, Jun Ohta, Masahiro Nunoshita,
Masashi Yamada, Yasushi Yamasaki, Shozo Sugishita, Kunihiro Watanabe, “A
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signal,” Opticsin Computing 2002, pp.83-85, Taipei, Taiwan, April, 2002.
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a frequency- demodulation image sensor to motion capturing,” International
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