ob 2200 000000

gboooooog oo oo

No. 21417633

Moriya Takahiro

1 O00o0n

0000000000000000000000 A-DO
00 000000000000000000000000
00000000000000000000000000
00000000ICO000000000000000
0ICO0000000000 OTADOOOOOOOD
00000000000000000000000000
00000000000000000000000000
00000000000000000000000ICO0
00000000000000

00000000000000000000IC0000
00000000 Wave Active Flter 0 000 000 Wave
Active Filter 0 LC 00000 Wave 00000000
000000000 1000000 Wave 00000
00000000000000000000000000
000000000000000000000000000
000000000000000000000000000
000000000000000000000000000
0000000000000000000000 [2000
00000000000000000000000000
00000000000000000000000000
0000000000 30

0000000000000000000000000
00000000000000000000000000
00000000000000000000000000
0000000000000000000000000

2 Wave Active Filter
2.1 OO

Wave Active Filter 0 LCOO0O0OO OO0O A, 0 O
00 B;0 Wave 0000000 0O0D0O0OO0DOODOO
A,0B; 0000 SO0000000000 (1)00000

(1a)
(1b)

Bi = 51141 + 51242
By = 591 A1 + 52042

Wave Active Filter 000 S-0000000000OCO
gboobooobooooobbooboobooooooboog
gboooooboobooooboobooboobooonog
0O00OWave Active Fiter 00000000 DOOOOOO
gbooooogoboo

22 JUodoooooon
gboooooboooooboobooobooobooooooo
obooboooobooOooobooboobooboooog
gboocooooobooon
ooo0o0ooooooooooooooooodd we O
ob100b00o0ooooobooooboooboooog
0000o0o0oooooooooo (2)oooo

1

By = ﬁ (811A1 + 812A2) (2a)
1

By = @ (821A1 + SQQAQ) (Qb)

0 (2)000000o0o0oU00oU0oUooooooo 3
gboobooboobooboobooobooooooog
gbooooo 10000
glbbooobooboboooboobboooboonbn
gbbooooboobooooobooogoboboooo 1
0000000000 0000000000 Wave Active
Fitee OO0OO0O0D0OOOO0O0DOOOOOOOODOODOOOO

10

-10

-20
-30 \

Gain[dB]

-50

6o Ideal ‘
20k Real Model

-80 :
100 1k 10k 100k M
Frequency[Hz]

01.30000000000000

R G,

0200000000

obooobooooboooboooooooboooooooo
obooboooboboooooobooooboooonoo
ooboooooboooboooboooooboobooooo
oboooboobooooono

3 Uoooood

goboobooobooobooobooboobooooon
ooooooobobooooooooooobobooooda
O0000000O0PSpice0000O0OOOODOOODOO
gboooobobooobooobooooobooboooo
gbooobooobooooboobooobooobooobo
oboooooboooobobooobooboooooboan
obobOoooooooboooboooooboboobooonoo
obooooooboooboooboooobobooboooo
000000000 40000000000ooooo
oboooboooooooon

oobooo0O 20000000 «.O0OO0OOOOODOOO
000 20000000 (2)O00OO0OO0OOOUOOOO
OO00O00O0ooooooPSpice0OODDOODDDDOO
ooooO00o 30ooboboooboobboobooooog
uobooobooobboo1bo00oboooboogooo
gbobooobobooobooobooobooobooboooo
000000000000 00000 B)ooooooo
gboooooobooobooboooobbooboooboo
gboooooobooboobooooobobooboobo
U0 ~O0obO0O0b0OO0oO00obOOoobooobboooooa
booooooboobooobooooobooboooo
good

4 0JUo0ooogogd

000000 x000000000000000000
00000000000000000000000000
00000000000000 700000000000
000000000000000 [5|000000000



10
0
-10
-20
i S
T -30 =
2 1o T ;
S “ el 4 \\ /fll
-50 =
/ N i
60 [~ I el
20 H - Real Mode!
-0 b
100 1k 10k 100k M
Frequency[HZ]

U3 0000bd0~00000D00O0O0O0O0OO0

+
B (1

&) B,

A

04 00000000000000O0

0000 Wave 00000000 Series arm C 0000
00000000000000000000000000
00000000000000000000000000
0000 Shuntarm C 000000000 ¢O00O000
00 V,00000 7=RC/200000 Wave 0000
00 (3)00000

B1 =By + Ay — Ay 3&)

By =2V, — Ay (3b)
1 1

T (8¢)

0 3)00000000ooouoouoooouoooo
oooooonbo 40000000
joooooooooooooo 3boobooolooo 3
OO0000000O0O0O0O0O00000D0D0O0O Series arm
Co0DO0O0O0DOOOOODO

5 0o

obooobOooooboooboboobooooboooobooon
oboooooooooboooboobooobboobooonog
oooooooooobobooono 3boooooog
Wave Active Filter 00000 500000000000

10
0
-10 \
— -20
)
g \
3 \ i
O 40 \ L V)
.50 p{— Ideal 3 S \
—-— Conventional (Simulation) Al
-60 I - -~ Proposed (Simulation ) N
-70 } —-— Proposed (Implementation) 2
80 R RN
100 1k 10k 100k im
Frequency[Hz]
Oe6:0000

0000000 3000 ChebyshevD OO D000 10kHzO
0000000 0.18[dBjJD00OOD —40[dB]O0OOOO
O00000PSpice 000000000 OODODOOOOOOO
0000 600000000000 Texas Instruments O
O pA741 00000

O0000000bO0oboOobOOobO0oooooooooon
Jdoo0oboObOo00o0o0o0oooooOoooooooooon
gooooooooooo

6 Udg

0000000000000 Wave Active Filter 00O
gboobooooobooboobooobooooooog
gboooooooo ~r0O0OO00O0DOOOODOOOODOO0OO0
gboooooooooboooooooboooooao
gboboooooooodo ~nOO00ODOODOOOODOOO
gboboooooboooobobooooboboo

gboobooboooobooboobooobooboonbo
oboooobooobooboooooboooboobon
oboobooooooono

goon

[1] H. Wupper and K. Meerkotter® New Active Filter synthesis
based on scattering parameters,” IEEE Trans. Circuits Syst.,
vol. 22, no. 7, pp. 594-602 (1975-7)

2] DD OO ¢ OO0ODDO0DDOO0DO Wave Active Fitler 00000
O07”000000000000020080

(3] OO OO ¢ 00O Wave Active Filter 000000000000
oo,"0000000000002008.

[4] A. Nisihara and N. Nagano; High-frequency Monolithic Wave
Active Filters,” in Proc,Inst. Symp. Circuits Systems, 1991, pp.
1749-1752.

[5] G. Souliotis and N. Fragoulis? Differential current-mode tunable

wave active filters based on single-ended wave port terminators,”
IEEE Trans. Circuits Syst. I, vol. 53, No. 4, pp. 821-828 (2006-4)

0 5: 0000 Wave Active Filter 0 OO



ub 2200 OO0OO0OO0O0

gboooood oo oo

FPAADODODODOOO AXYOOOO
gboooooboooon

No. 21417508

Amano Hiroyuki

1 0000

gogopoooooooobouoooouoouonoogooogo
ggdbooboobobooobobooboboboooo
gogbooboobogbuooboobouoooobooooa
goooopoooooDoDoDDOOOoOoOOoOoOoOoOoOODOO A-D
ggboobooboooooboobuooboooboo
00000o000oooouoooo A-boooooooo
000ooooooooooo Icoooooooooo
0000U0ooooooo 1o

000o0oooooooo0oooooo Axgoooo
gooooooooogg lIcoooo A-boooooo
0AY000DDOODOOO0O0000ooooogooooo
gdoodoobbuoooooobobobbooooboboo
ggdogooobobobbooooobbbbboooogo
gooooobbobood

0000 A-DO0OOO0OODDOOO0DOOOOOOOOO
00000AY 0000000000000 00D 100
0000 (boooooOoOoOoOo)ooOoOoOOoOOoOOoOOoOoO
goddooooob 1o oooo
0000oooOo (SNR)DUOODOO0OO0O0oooooooo
(ENOB;Effective Number of Bit) 00000000000
ggboobooboobooboobooobboooboo
ggbooboobooboooobuooboboooo
0000 ENOBOOOOOOODOOOOOOOOoooo
O0000OO0SNROODOOOOO ENOBOOODO AX O
gboboobobooboboobobobooooboooo

ggbogbuoobooboboooboooobooboo
00000o0O000oOo0oooooOooooooo (DR)O
00000 SNRODOODOOOODOOQOOOOOODOO
ggo

2 JOogooo

DROUODOUOOOODOOLOODODUOUODODODbDOODODO
A 00D0O000Doo0ooooooooooooon
00000o00oooooAXOO0oooooooooon
ggbooboooboobooboobooboooa
ggbooooboobuoobuoobuoooobooooa
gbodbooboboobouooboooboooboobooog
ggboobooboobooboobuoobooobga

godd1l1bboooooooooooobobboooooa
AY 0000000 e400000000DDOODO 30
ggoooobobboobbooooobD s obuoooa
gooboboboooobbooooooououooooooo
goboobooboobbooobobobooboboo
goo00pROODODOODOOOOOOOSNROODOO
godogooobobobbdooobbboooobbbooo
go0oo00o0obOooOOoooboOo cobooobgooood
00000000000000 AX 0000 FPAA(Field
Programmable Analog Array) 000000000000
FPGA(Field Programmable Gate Array) 0000000

f,, = 363636 [Hz]
oo
o—20 A0 00

—(640 0000000000 x3 —

f,,=5682[HZ]

oo
—||64—|800000000000x2 >0

010000000

3 Uooooboooooon

O1o0000000oooobo cooooooooood
goboboooboooboobl1oooboooooooon
oooOooDbooD 3w OOoOoOooboOobooooo
oboooooboo 200 300b0boo0o0ooco0ooooooa
oooooooo SNrROOOOODOOOOOOO 20
oo0ooobooboobobooo ooooooooooo
ooboooboooobooo1vooooo 20003V O
voOooooooooooooooD DR O 110.46dB O
gbooooobooobooboooobooboooooboon
000 SNRO e4.10dBOCOOCOOODDODOOODROO
000 1800000D0OSNRODODOOO 1000000
goooobooboooboboboooobobooobooono
ooooooooooooo0oOgooo 3gooon 10dB
OO00o0oo0oobOoO0O0o0o0ooooDoooooooO0no 10dB
gbooobooboobooboobooboooooogooa
000 2000SNROO 4dBO0OCOOOOODOOCODO
gboooooboooooooao

0O 1.0000
goooood fin[Hz] 60
0o0oo0ooogn fa [HZ] 363636
ooogd fy [Hz] 480
goooooo A [V] 1
FFT OO 131072
ooo TO000000000oa
OSR 512
15 T
— Input
10 — Filter Output
s ° '
=
Tz
2 0
=4
g
s
-10
-15
0 0.02 0.04 0.06 0.08 0.1
Time[s]
02 0000000000000
—— AZ Output
—--— Filter Output
-50 Signd Band | A
g -100 19820
€
= 9.17dB4 1A
§—150 Al
\) I Py
-200 I
|

-250
1 10 100 480 1k 5.682k 10k
Frequency[HZ]
03 0000b0000ooooonoo

181.818k




goog

0 2:.SNROOOOOOOOOOOOOOOOOOOOO [1] 000 : “000000000 AADODOOO’00

O0O00O00 V][ SNR 00000000 [dB] 0 BP 0O 019900
3 1 (min) 4.35 -128.29
1 (max) 64.10 -17.83

-5.9

— Input

4 Jgoooggn -6 —— Filter Output

-6.1
0100000000000 FPAADODOO FPGAOO N

gbooooobooooboobooooboobooooon o
ol L AN AL A

gbboobooobooboobooooooboobooonoa 6 \F /\A
IR VAR VLAY

ooooooOooooooobD 400 500000000
-6.5

00000000000000 SNROOOOOOOOO
0000 30000000000000000 FPAAOD
00000000 1.5V 00000 300 0.1mV O 1.5V
000000000000000 DRO 82.23dB 000 66
00000000000 0000000000 SNR O
47.01dB00000000000DROOOO0 13000 o7 002 ood o006 oo os
O00O0OSNROOOD 800000000000000 Timels
00000000000000000000000000

00000000 500000 4dBO000O0O0000 04000000000
00000000000000 14dBO000000000
00000000000000000000 3000SNR 0
00 6dBO000O0D0DO00O0O0ONODOOOOOOO
oooooo

5 DO0O0O0O00oOo0Od ' ~

gboboobooboboboobooooobooboooboao
ooooobooboooboooobooboooon 0.1mV
0000000000OD0000 2A=02mVO0O0O0O0O0O

gdobooooooboboood
24 -150 }-|{—— AX Output
max <24 (1> —--— Filter Output

2n Signal Band
00 n=14000000000 140000150000 oo LI TITIT
Oo00ooooooooooooooooooooooono 1 100 480 1k 5.682k 10k 181.818k
00 140000100000000000000D0O°6 Frequency[HZ]
ooo0o0e6e00 150000000 0ODODOOOOO
OO0000ooO00ooooooDoooAXY0Dooogoooo Os5 00000000
0o00ooooooooooooogooo4oooooon
Oo00oooooooo 1LsBoooooogooooon
OO0000o0oO0oooooAXOO0OgooDoooooog O3 SNROODOOODODODOOOOOOOO
00000o000Dooo000O 400000000000

AmplitudelmV]

-100 [*13.00081 T ; '

Spectrum[dB]

O00000 V] | SNR 00000000 [dB]
O000000000000000000 0T (o) — s
6 OO0 1.5 (max) 18.34 16.49
O000000000000000000000000
0000000000000000000 (DR)0OOOO 5.9 : :
00 SNROOOOOOOOOOOOOOOOOOOOO0 :j%@mmm
O000000000O0000000000000O0non -6 —— 14bit Successive Approximation
0000000000000 0000000000000 - - - 15bit Successive Approximation
SNRO 0 10000000000000DROO 1800 ;@4 o =
000000000000000000 SNROO800  E oL Asin i
OD000O0O0OC0O00 DROOD 13000 00OOOO0OO g SN A
O0000000000000000000000000 £ 63 3 s —
00 SNROOOSNRO 5dBO00O000O00O00O0 \ﬁ“ﬁd 'ﬁdj
O00000000000000000000000000 6.4 tem Ve
O0000000000000000000000000
O0000000000000000000000000 6.5
00 10dBO000O00O00O0OONO0ONOOOONONOOO
0000000000000000AYS 0000 1400 O T e 00l 0015 002 002 003
D00000000000000000000000000 Timelg
O000000000000000000000000
00000000000000000000000000 o6 oOoooooooo

O00 A¥XOoOoOOoO0OO0O0ooooooooooooooo
gbooooooboooooboobobooon



ub 2200 000000

gbooobooooobooboo

oooooobooog oo oo

No. 21417626 Kazuhiro Matsunaga

1 0000

gooobobbooooobobboooogoooboog
00000000o00ooUoouuooouooooo
OgooFIROOODOOODOODOObOObOObOOobobOOoboo
jdboo0obo0obo0oboob0oUobooobOoUonoFIR
gooobobooobuobouoobobooboobooboo
gobobdooboboboboboobobooboobo
goobobooboboooobuoobobooobooboog -
gobobdooboboboboboboobuoobooobo
gobooobouoobobuooboboobooooboo
000o0o0DooO0oDooOoooog RLSOOOOOO
OLMSOODOOOODOoOoOooooooooood

gboboboobooooooooboboooooonog
RLSOOODOOOOODOOOOUOOODOOOOOOO
ggbogobdoobooboobobuooboboooooo
ggbgbuobobooboboboobobooobooboooo
gboooooooooooooooboooooooooon
LMSOOOQOOOOoOOoOOoOooooooooooooag
g0oo00ooo0ooDoOooooOoooooO RLSO
gobobdooboboobuobuoobobuoboooboo
gboboobooboobobooboobuououob oo o
U0 000000 DOOOO0O0ODbOOODOO0ObOobobOobo
goooooo0ooooboobob «cobobobobo
gboobooboobooboooboobbob «obobobo
gobobdoobobuoobobuoobobooobobo
goboboboobobooboobooboobobobooo

gooooooooLMSOOOOOoOoOoooooooo
000 «0O00000oboboboboobooboooo
gbbooboooobbooobooubb c0ooooo
gboboobboooboooobobooobooubbboo
goooooooDoOoooooogooooogooocon
000000000000 DSP(Digital Signal Processor)
gogbgooboooboobooboobboobooo

2 JOoooobogada

0100000000000000000000000
000000000000000000 =(») 00000
0000000000000 wy(p) 0000000 d(n)
00000000000000000 wy(p) O FIRODO
00000000000000 hy(p)000000000
000000000000000000000000wy(n)
00000000000000 yp) 000000000
00000000000 y(p) 0 dip) 000000000
00000000000000000000000000
00 0000000000 e¢(r) 00000000000
000000 hy(n) 0 wy(n) 00000000000

21 LMSOOOOOO

LMS 0000000000000000000000
00 hy(n) 0 wy(n) 00000000

hy(n+1)=hy(n)+ ae(n)zy(n) (1)

000 zy(r) OONDOOOODOOOOODDOOOOOOO
obooobobooobbOe0Ob0OOobOOobOoOoobooonog
obooboooobooboobobe0obOooonbooOoo
000000000oO00oU0oooooooooono (2)0
goooo

0<a<2/> Ay (2)

oo

ooo gooog [din) oo
x(n) Wy(n) Y e(n)=d(n)-y(n)
/
ooooooo Y™
hy(n)

U1l.g000o0cobooboooobooboo

0000MA OONOOOODOOOO0O0O0000000
00 A(n) = Elzy(n)2(n)) 0000000000

22 00O0O0bobOooooooboo

00000000000000000000000 a,
000000e, 000 (2)00000000000000
000000002000000000000 0000
0@3)000000

N
0‘7:2/72/\n (3)

00000 o, 000000000000 ADODDOO
00000000000000000000000000
000000000 ADOOOOOOOOOD0D0000
0000000 [20

00000 nx nO000 AODOODDOO (4)0000
A0000000

Az = \x (4)

00000000000000000000000000
00000000000000000000000000
00000000000

n00000000 ADODOOODOODO0O0O000
00000 U00000000000000000 AO
00000000000000000000000 (5)0
0000000000 (6)0000000000AD0DO
000000000UDO000000000000 (6)0
0 (70000000000

AU = UA (5)
U AU = A (6)
UTAU = A (7)

O0((7)000000000000000000O0oUoDO
Ooo000D0 AQ0O00OO0O0O0QOOOUOOOOOOon
oooooooo

0oo0oooono AgOdOoooooooooogd
ocooooooOoooooboOoOobOObDOOOOO Uy
00000 8)oUooooood

A, =UT AU, (8)

00000000 A, 0000000000000 000
00000000 U, 00000000000 (30 (9)0
ooo

Ay, =UT AU, (9)

0000000 m(AOOOOODOOOOO0)00000
0000000000 000000000 (10)00 (12)
0000000000000000000000000




0000-,000000000000000000000
0(3)000 o, 0000000

A, ULA, Uy,

= ULWUL_A,_2U, 1)Uy,

= ULlut_,...ufAUU,---U,

= (WU, -U,)TAUU,---U,)  (10)
A = A, (11)
U U\Us - Uy, (12)

gooooooooo0O LMSOOOOOOoOoOoOoooo
boooboobooobooobobooboobooooo
000 o, 000 LMSOOOOOOOO0O0O0O0O00O0

3 uouobogd

obooboobooobl1ooboooooobooon
gboooooboooooobooo

1. 0000000 wy(n) O Raised-Cosine 00000
0O coOOoO0oooooooo

2.1. 000000000000 10001000 CO
goooooobooo

3. 0000000 wy(n) DOODOOOOO TMS320
C6713DSK OO0 DSPOOOOOODOOOO

00000000000000000000000000
0000000000000 LMSOO RLSOOO0O0O00
0000000000000000000 o, 00200
0000000000000 10 200000IRER(DO
00000000)000000002000000000
0000000000000030000IREROOOO
000 hy(p) 00000000 wy(n) 0000000
00000000000000000000000000
0000000000000000

0000000000000000000000000
000000000000000000000000000
RLSOOOOOLMS00000000000000000
000 26.)0020b)0000000000000000
00000000000000000000000000
000000000000000000

O00ODSPOO0OODOO0O0D0O0O0O0D00040
00000000000000000000000000
0oooooooo

4 000

ocoooooOoobooooob LMSOOooooooo
obooobooobOooboobboobooboooobooboog
coooOOoOoooooobocobooboooooooooooo
ooooo0oodood o, 00000000000000
oooOOooooooooOoOOOOOoOoboooooDbSse O
obooobooboooboooboobooobboobooboog
Oo0000oo0ooDDOO00000ooooooooooLMsS
oboooboooboooobboobooboooboooog
gboooooogoboo

oo
(1] 00 OO0 : “00000070000019950
2 00 0O : “000000000700000020050

U1 000000o0goad

oooono ooooooo
goooooobooo 22050 Hz
obooooobooono N 50
gooooon v 2
LMSOOOOOOO N 50
LMSOODOOOOO0 « 1.0x 1071
RLSOOOOOOO N 23

02.0000000000000 ay

(00000000 [0000000 a |

1

1.429237x 10~ 1Y

2

1.432205x 1078

3

8.767358 x 108

03 CO0000000000000

0000 [dB]

oooooooo

00000000 1]00000000 2

goo -83.1 -83.1
LMSOOOOOO -78.8 -5.1
RLSODOOOOO -149.7 -109.6

0 4. DSPO0OO0OOOOOOOOOO
(00000000 [0000 [dB] |
ooao -37.3
LMSOOoOoooad -7.63
RLSOOOOOO -4.25
| — Proposed  --- LMS —-- RLS]|
160
140 T C — -
120 2
100
= &
s S R—
= e e
40 o
" s - -
P 8820 13230 17640 22050
Data Number
() 00000000 1
| — Proposed  --- LMS  —-- RLS
120
o S — I -
_ 8| e
g ) I
& 60 .
o
20

0 4410

8820

13230 17640 22050

Data Number
(by DODODODOOD 2

020000000000 (IREROOOO)




ob 2200 000000

oooooobo ooon

oo oo

Total Variation 00 0O OO0
oooooooo

No. 21417646 Watanabe Mitsutoshi

10000

0000000000000000000000000
00000000000000000000000000
000020070 1000000000000000000
0000000 POOOOOOOOOOOOOO0 SO0
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000 [1)2000
00000000000000000000000000
000000000000D00000000000000
00000000000000000000000000
00000000000 Total Variation 00000 [4] O
00000000000000000 Total Variation O
00000000000000000000000000
0000000000000

20000000000000

gboooooooobooboboooobooboobbooon
obooboooooboooboobobooboooobooog
obooooooooboooboooobbooboooog
gbooboooooboooooboooboobooooog
gbooboobooboobboobooboooboooog
gboobooboobboobooooobooboooog
gboobooboooboobooboobooboooog
gboobooobooboobboobooboooboooog
gboooooao

21000

oooooboooo 11000000 2400000000
gboobooboooboobooboobooboooog
gboobooooobooooooooooboobooog
gboobobooooooobooooooboobooog
gbooboooboooboobboooboobooboooog
gbooboobooboboobboooboobooboooog
0000 kkmeans DO O0OO0ODOODODOOOOOODDO
gbooboooobobooboooooboobooog
go00oooOooooOoooooooooooog LpC
goooopooooooopoooooooooogrLecOd
gbooooooboooboooboobboobooobooboog
00000o0oooo00ooobOez(n) 000000, O
000o0do0oz(n)000O0OO0DOOOOOOOOOOOO
0000000 (1)oooooooooo

z(n) = —a1z(n — 1) — -+ — apx(n — p) (1)
gooooooooo e(n)l:ll]l:ll:lD

e(n) = z(n) — &(n) (2)

gboooboooboobobboobooboooboooog
gboobooboobooboboobooboooboooog
000000000000 e(n) 000000O0O0O0OODO
gboobooobooboobooboobooboooog
gboobooboobboobooboooobooooog
00 e(n) 000000000DO0O0ODOODOODOOO
goooo

22000

gbobooboooooobooobooboobob 20
0000000 Total Variation 000000000000
ooo00o00bO0o0oDoo0o0DO0D0DoO0000dTotal
Variation 0000000000000 OO0OOODOOODO

000000000 oooooooDOoooooOoooon
0000000000000 0000000000 Total
Variation 0 00 0 00O RudinO Osherd Fetami O 0O 0 O
OROFO 4 D0000ROFODOOODDOOOOD
Fu)DOOOOODOODOOODOO 3)00o0oooooo
ood

i%f F(u) =
f =

00000 (3) 0000 10000000 2000000
O000AND0O0D0O0O00O00D0000D0o0ooOOF(u)
ubobooboobd«.0b0ooboobooboobooooo
0000 (400000000000 fO00000O0O0OO
Ov00000000000000 3)00o0ooooo
OO00000O0oDOOO0DOO0OO0dTotal Variation 00O
ooooooboooobooob 30cobooo 30000
obooooboboooboooboooooboboobboooo
obooooooooobooboboooboooobooo
ooboooobooooboooobooooboooobooooon
obooobooobOooboobooooooboobooono
oboooboooboooboooboooooobooboooo
gobooobooooboooooooboooboooon
gobooooboooboboobooooooogon
Total Variation 0000000000000 OOO0OOOO
gboooboooboobooboooooobooboboooboo
ooooooobOo00oooooDb 2400000000
gboooobooobooboobooooobbooboooboo
gbooooboooboobooboobobooobooboboooboo
gbooobooobooboobooooobooboooboo
oo0000oooooooo0o0ooooooooooLpC
gboooboboooobooobooooboooon

u+v

/|Vu|dt+/\/|ffu|2dt (3)
(4)

oooog —— 0ooo:24
¥ — . pooo:1
gooooo
0oooooo — oodaon
— D LPCOO |~
20000 Y 0ooo
@
gooooo
oooo

0l1.0000000
—— 000024

oDooo,
! ——0ooo:1
[Total VariationO O O |
ogooooo
0000000 ooooooo
D]
oooo
oooo <>
020000000
&
=
[ o
@[ Time[seq]
\MMWMWW%L Dooo0o0o0
Il i I
=H ey
Time[sec] @
oooo e AVAWAWAWAYIAW
al VLV \/
Time[sec]
0ooooooo

0 3: Total Variation 0000000000



Jogboooooogd

oobooobooooooboooboo 24000 2000
o0 40000000000000000000O0O00OO0
OOoo0ooooOoo0oo024000000000 k-means O
ooboooboo sbbooooooboboobobooooboo
OO00OD0OO00D0O00O0 Total Variation 00O O O0OOO
obOooooobooobob 10000000b00000b
LpCO0O0OO0DOODOO 2000020030 50 2600
gbooobooboooobboobooboooboooog
gooostboboobbooboooboobbooood
gbobooobobooooooooooobobgo 30n
oooooooooboboo0o 4000000000000
gobodo sboboooooooobboobobed
gboboooboboooobooboobooboo

Usbb0booooboooboobooobooobobooon
gbooobooboobooboobooobobooboooog
oboooboobboobbooboooooboosg 26
gbooobooboooboobboobooboooboooog
gbooobooboooobooobooboboobooooboog
obooooooobooboobooono ioooooboooo
oboooboobooboooboobooboooboboog
obooobooooboooooboooooboobooonog
oboooooooooooobobooooboobooon

oed0oOolo0 7vOobooobooboOoOoobOoOoOoon
obooobooooboobbooboboobooooboog
obooobooobooobooobooboobboobooboog
obooobooboooboooboobooboobbooboboog
gbooobooboobobooooobooboobooog
gboooboobooboooobooboooboobooog
gboooboobooboobboobooobooboooog
gbooobooooboooobooooooboobooog
gbooooobobooobobobooobobooobooog

4000

Total Variation 0 OO0 00000 LPCOOOODOO
gboooboooooboooboooobooboobooboog
goboooooooooboobbo sboobooooo
gboooboobooboobboobooboooboooog
ooooooboooboooboooobooboooog
gboboooobooboooboboooooobooog s
gbooobooboooboobboobooboooboooog
gboboobooobooboobooboboooboobob
gbooooobooobooboooobooboooog
gooooooboooboooboooobboobooog
gbooobooboobboobbooboobooooooog
gbooobooooooooobooboooboobooboog
obooobooboooooobooooboobbooboboog
obooobooooobooboooobobooooooog
oboooboooobooboooooboooooooog
oboooboooboooobboobooboooooboog
ooooooo

gooo

[1) M.Hata, I. Takumi, and H.Yasukawa : “Electromagnetic-
wave radiation due to diastrophism of magma dike growth
in Izu-Miyake volcanic eruptions in Japan in 20007, Natu-
ral Hazards and Earth System Sciences, pp. 43-51, 2001.
[2]00 00,00 00, Andrzej Cichocki, 00 O, 00
0,000 : “Non-negative Matrix Factorization O O O
ooooooor,029000000000000000
OO SITAO, Vol. 1, pp. 375-378, 2006.

(3|00 00,00 00,00 0,00 0,000:¢“0
oo0oooooooooooDoooooooooooon
oo0ooooooooooor, 02000000000
OOOOOoOoOOoosITAO, Vol. 1, pp. 363-366, 2006.

[4] L.I.LRudin0 S.Osher and E.Fatami : “Nonlinear Total
Variation based Noise Removal Algorithms” 0 Physica DO
Vol.600 pp.259-2680 199200

0 1: 0000 (Total Variation 0000 DO)

iteration | 1000
A 0.138
« 0.010

02 0000 (LPCODO)

O00oogogog [ 5760
0ood p 20

O3 o0uoooooood
| Date | Time [ Magnitude | Depth | Place |
[2003/5/26 | 18:24:33 | 7.1 | 7%km 0000 |

oooooo

MEFLE,
T 01— T Raaas s MAmaamsassanasssaindnes
2o0sf | EEE e
U] S — xR |
E) T st u“‘?‘l‘ o AL 5 V:\d\».’e AN "J,Av'\",«/v'\m"uw"v‘w« »_J‘ / \~"r."(, i 1‘3‘,&,“' Y
2003/4/1 4/10 4/20 5/1 5/10 520 5/31
Date[day]
(a) DOODO
o B,
m . rrrrrrrrrrrrrrrrrrrrrrr T rrrrr rrrrrrrrrrrrrrrgrrrrrrrrrees
< 0.08f
Z0.06 -y
g 0.04 1 1§
E 0'00 ML MMM Sdarid M Sadadd apl Mo WY
2003/4/1 4/10 4/20 5/1 5/10
Date[day]
(byOOOO

Us5 dbobobooboobooooboobooog

o 0.1
< 0.08
20067
I | H|

5 0.047‘\‘} e
O 0.02[7Y

(-9

- _0
2003/10/1 10/20 10/31

(a) DOOD

o 0.1
< 0.08}
5 0.06f
& 0.04 ly Al
O 0.02fN T ¥

a9

.

- _0
2003/10/1

10
Date[day]
(byooOGOoOo
06 0000000DO0OODOoO0bOoOoboon



uob 2200 000000

gbooooogoobooo

oo oo

goooocooo
oboooboooooobooog

No. 21417515

Shuji Ito

1 O0o0od

gbooooobooobooooooooboooobooDbo
ubobooboooboooooboooobbooboooog
ubocoooooobooboooobooooboonog

uoboooOoobooboobooooboooboooboon

ubooboobooooboobooobooooooog
gboooOobooooboooooobooog
gboooboobOooooboboobooboooobo
ubooooooobboooboooobbooboooog
ggbogboboooboooobooboboboobo
ggobogbobgoboboobobooboboobo
ggoboboobooboboobobooboobo
gogboogbgoboooboboobobooboboobo
ggbogboooobooboooboobobooboboo
gogbogooboboobuoobboobooooboboo
goboboooboooobod
goooboboobobobboboooobooo
gbbooobooooobbobbooooboogooo
ubboooOoo0ooboooooboooboboobooonog
ubooboooboooboooobooooobooboooog
gbooboobooooboobooobooboooonog

gobooooooobooboobobobooooonooo
gobooOoooboooooooboboooooobooboooon

gboobooboobobOooooboobooboooog
gbooooboboooboobooooboooooonog
gbboooooboooboooooooobooboobo

gboboobooboooooobooooooooooooon

go0o0oooooooooooobooobOooooona
gooo0o0oooooobooooooaon
0o0oooooooPSFOOODOOOOOOOODOOO
0000000oo00o0ooO0o0obooOoooooooooa
00000000000 o0o0oooooogPSFOO
000 Total Variation 0 0 O 0O Shock Filter 0000 0O
jo000000o0o0obOo0ob0oooobOOoooooooa
000000oo0ooOg pPSFO0O0OO0OOODOOOOOO
Jo00o0o00o0oo0o0obOo0bOOo0bOOo0ooOoooan

2 0JOouobouoobuooboboo

00000000000 (C000)0D0o0o0ooOoooo
00 ¢g0O00O0 fOOO0OOQOOCOPSFAODOOOO
O000.00000000000000 (O (1)0

g = fRh+n (1)

gdgbdb0obooboboobobooboobooo
googboooboooboobooobb

PSFOOOOOOOOOOOOOOODODOODOOODOO
ggobogboobgooooboobbobooboboooo
gogbogbobooboooboobobooboboo
ggoboboobooboboobooboboooo
ggogobobooboboobobooboboooo
oooooooooopSrO0O0O0DOOOOOOOOOO
ubooboobooooboobooboooboooog
ubooboooooooobobooobooboooonog
gbooooobooobooooboobbooboooonog
gbooooboobooon

3 dg

oooooopSsrO00O0ODOOCOOOOOOOOOOO
goboobobooboooobbooboobooooooog
oobooboobooobobbooboobooooooog
oooooooooooooooOogpsrO0O0ODODOO
ubooboooboooobooboooobooooooog
ooooogoopSrO00O0O0OO0OO0O0O0OOOODOO

gboooboobooboboobobooboboogoo
gbooobooboood

0000000000000 000000000(a) 0O
O0000U0oooUooOMPSFOOO(c)DO0DOODOODO
Oo00ODOoOOoODoOODOOOOO PSFOOOOODOPSE
gboogboboobobooooobobooboboo
gbooobbooboboobooooboooonboon
gbooobogbooooboboobobooboboo
O0oo0oo0oooooooooobooooobooPSFOO
00 (000000000000 oo0oooooouo

() 00000000000

PSFOOODOOODOD000D00O0D0O0DO0O0DO0O0OO0
0000 (2)00000 ROFOOO0O0O000000 Total
Variation 0 000 000000000000000000
00000000000000000000000000
000 Shock Filter 0000 0000000000000
00000000 (2)000000 FGP[1]00000

fo = argming {||f —gll3+2\TV(H)} (2)
Jerr = fi —sign(Af)|[V fil| (3)

gbobooboooboboooboooobooooooa
gbooobgbgoboooboobobooboboogo
00000000000 0oo00oo0D 100000 (4)
ooboooobogoobbod4sbOooUnssoo40ono0
O00000000o0DbOdz0dy0000000oooo
oboboooooobooooobooobooobocoboonbo
002x+/P,000000000 70000000 7,0
ocoooooOooOoDOoOOoOoOoOoDOpR,OPSFOOOO
obobo2000000100000000000000
0070 0,(0<0,<1)000000000000O00
ooogood

tan = @
dx
oooad —0.4142 < tan < 0.4142
45000 0.4142 < tan < 2.4142
[ ANENRN [tan| > 2.4142
135000 —2.4142 < tan < —0.4142 (4)
(b) PSFOO

00000000 oovf/0oooooooo vgoo
OO0 PSFAOOODOOOOOOUODO (5)000D00ODO
OO0000ooOo00ooooOoOono pSFOOOODOO

En(h) = RV —Vgli+Mlhl? (5

Ooo0oN0OO0DO0O0ODO0OD0O0DO00O00 (h)0Doooo
oooobooooooooonog

OO00000oO0ooooooooo pPSFROOOOOOO
ooooooooooOoAROODOOD 1IDODOODOOOO
gooooooooooooooOo ARODOOO OO
gboboobOOoOO0OOOOODO i, ODODOOOCOODOO
0O (00000 ,000) 0000000000000
oooooboooon,0, 0000000 1000000
00000000000o0O0UoooO0 (Liooo)o
1000000 AR000D0000

(0000000000

(h)PSFOOOOOOOO PSFAOOOOOOODOO g
00000000 (p)000000oo0oooooooon
ooooooooo foooon

Edf) = If@h—bl3+X|fI} (6)

000o0oNU0O000O0O00000000 ()0oooo
0O Amir BeckOOOOOO0O0O FISTA2]OOOOO



(d) 000000000000

00 (a)0(c)0000000000000000 PSF A
00000000000 ¢g00000000 (7)0000
000000000000000000000 f0000

Ei(f) = |f@h—0bl5+ATV(f) (7)

0o0oMN00000000000D000 (mOOoDoOo
goooooooobod

4 0000

0000 C++000000000000000000
Oo0oC++0000000000000000000O0 (&) 000 (b) Shan(3]
O OpenCVOOOODO

0000000000000 000000000000
0000000000000 00000000 10200
0000000000000 0000000 10000

0100000000000000000000000
0000000000000 00000D00000000
0000000000000 00D0000000000O0
0000000000000 000000000000

0200000000000000000000000
0000000000000000 20000000000
000000000000 00000000

0200000000000000000000000
000000000000 PSFOOOOOOOOOOOO
00000000000 200000000000000 0 1nooool
000000D00000000 100000000000
0000000000000 000000000PSFOO
0000000000000 0000000000000
0000000000000 0000ooOn

5 oo

000000PSFOOOOO Total Variation 0 000
Shock Filter 000 00000000000000000
PSFOOOOOOO0OO0000O0O0O0O0000O0O0O000
00000000000000000000000000
0000000000000

000000000 C++00000000000000 () 000 (b) Shan(3]
00000000000000000000000000
00000000000000000000000000
00 Total Variation 10 00 0000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
ooo

0000000000000 PSFOOOODOOOOO0O
00000000000000000000000000
00000000000000000000000000
000000000000000000

(c) Xu[4] (d) 00O

P10

(c) Xu[4] (dDOoo
010000
oooo 01 02 ‘ 0200002
ooooo 724 x 905 | 800 x 532
PSFOOO 31 x 31 31 x 31 DDDD
e IEEEEEEE
Esjs|sps)s|s)s)u)s]s] 5 [1] A.Beck and M. Teboulle: “Fast gradient-based algorithms
hock filter L0000 1 for constrained total variation image denoising and deblur-
shock fter di 08 | 038 ring problems”, IEEE Trans. Image Proc., Vol. 18, No. 1,
ooooooooooo rGpo 10000 100 pp- 2419-2434, November 2009.
Ar 0.03 0.15 . . .
& 07 095 [2] A. Beck and M. Teboulle: “A fast iterative shrinkage-
000 100 thresholding algorithm for linear inverse problems”, STAM
By 50 50 J. Image. Sci., Vol. 2, pp. 183-202, 2009.
PSF OO k 53 o
Ta’ﬁo o o [3] Qi Shan, Jiaya Jia and Aseem Agarwala: “High-quality

motion deblurring from a single image”, ACM Transac-

Hooooooooo S DLD J 118% tions on Graphics (SIGGRAPH), 2008.
Ad 001 ] 001 [4] Xu Li and Jia Jiaya: “Two-phase kernel estimation for
oooo 300 robust motion deblurring”, Proceedings of the 11th Euro-
ubboobboobooo joogoogoood 0.5 pean conference on Computer vision: Part I, ECCV’10,

As 0.00I | 0.0001 pp- 157-170, Berlin, Heidelberg, 2010, Springer-Verlag.




00 2200 0O0OO0O0O
0oooo0ooo 0oooooooo 00 OO
nooooooooon No. 21417644 Yoshikawa Akihiro
1 0000 0(2)0000000000000000000000

000000000 19600000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000 HDTV OO0
00000000000000000000000000
0000000 (10

0000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000
0000000000000000000000000
Total Variation (TV) 00000 [2][3)00000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
0000000000000000
0000000000000000000000000
000 (5000000000000000000000
00000000000000000000000000
oooooo

2 TviUloooooooooobo
21 000

01000 30000000 TVOooooooooo
goooooooooboo Tvooooooooooog
0o0o0ooooooooooTvoooooooRrROF OO
0000000 (1)0o0000o0o000 FluyOoooo
DDDDDDDDDD%EDDDDDDDDD

PMQ:T%+A23mehﬁ2 (1)

oono fi’jDDDDD]DDUMDDDDDDDDDP,Q
gooooooobooooaxgoboboogooobooo
000 Flu)0OOOOOOOOOODOOUOEuler-Lagrange
goooOooobooOoOo ROFOOOOODOOOODOO
uoooooooooooooooooodn w,; 000
gbobooooobooobooboboooboobooooo
ooooooooon fy;00000000000000
goooodoooooooood «; 000000
TVIOODOooooooooooooooo Tvooo
gooodobobobobobobobbbobobon
goooooobbbbboooobbboooooooo
goooooobbobbboooouobobbooogooo
goooooobobobbooobbbooobboobogg
gogoboooubooobbooboboobbooboo
TVOOOOOODooDooooo (1)0 ROFOOOO
ooooooooTvVioOOooDoooooooooobooo
oooooo w ;000000 sO0O0O00000gooo
goooooooooooTvoooooooooooo
00000 (2)0oooooouoo
MP,MQ
FU)=TVe+A Y (U~ F)?  (2)
i

oooou,; 0 MOOOOOOO MPx MQOOO
ooooooooooouom; 0000000000
0O MPx MQUUOODOOOODOOOOODOO

oooooooooooooo U, 0000000 (2)0
Euler-Lagrange 0 00000000 (3) 00000000
gooooobobooobooo

v\
U~ A div [ ==
o e { v (|VU|)M

2\ Z Gm—in—j ° 6,];?” }

m,n

N+1
2

(4)

¢;,; 000000000 sO0000000o0o0o000o
em, J00000000000O0DOOOO0 3)0O00ODO
oooooo U, 000000000000000000
googoboobooboon

ooooooooooD v, doooooooooooon
oobooooooo v;; 00o0o0o0o0vu,,; 0 Vv;; 000
gboooooboobooobooboooooobooog

22 000

0000000000000000000000000
00000000000000000000000000
00000000000000000000000000
DO0ooooooo

0200000000000000 (5000 Px QOO
000 XfO00O0OO0O00000 MOOOOOOMPx MQ
0000000000 v O0oOoooooooo vEo
000000000000000000000000000
0000000000000000 Xf0oooooooo
00000000000 XA OooOooooooooooo
000000000000y oOooooooooooo
000 xPooooooooXxf o XxEooooooo
000000000000 00000000000000
0D0000000000000000000000000
00000000000000000000000000
00000 Y 0oooooooooooo vP ooo
0000000000000 YA O yYytoooooooo
DO0oo0ooooooo

0000000000000 000000000000
000000000000000000000000000
03000000000000000000000000
0000000000000 0000000000000
0000000000000 0000000000000
00000000000 0000000000000000
00000000000000000000000000
D000000000000O000

€m,n

E ¢m—k,n—l : Uk,l - Fm,n
k,l

0000 u 0ooooo

LPFOOOO
TVOOoo

0ooo f

TVOoOoOooo

0DDooOO000 Fy

oooooo

Doooooo vy 0DoDoooooo vy

g1goo



23 TviOOooOoooobooboboooooo

04000000021 0000 TVOOOODOODO
gboooooooobooboooooobboobooonoo
gbooooooooon

o0ooooooo Tvooooooooooooogoo
gooboboboooobooooooobooobboooboong
gboooboobooooboobobooobobooobog
gbooobooboobobooooobooooooood
gbooobooboobdobooooobooboboooooboaon
gbooooobobooooobdoboooooboobooon
goooo

3 duobuobuoooooobbd

gsgbebbobobOoOoOoobooboooooboooonon
obooooobooboobo 400000000000

ooooooooooboooboo Tvoogoooo
gbooooooobooobOoooooooooobooonoo
Oo0oOo0DO0o00o0OD LPFOOODOODOODOO
gboooooboooood

gbobodooooobooboooobooboooobooonog
gbooobooboooooobobooooboobbobog
gboooboobobobooboooooobooboood
gboobobooobooboobdoboooooboobooon
gboooooooboooooogobao

4 00O

ooooOo Tvoogooooogooooogobooo
goooopoooooooooooOoOoOoOoOoOooooO
goooooOooooooooooooooooo,ooo
goooooooooooooOooOoOOOoOoOoOoOO™
ooo0o0oooooooOooooooooooooooog
gooooooooooo

ooopooogooooTvoooooooboood Euler-
Lagrange 00000000 OOODOOO Chambille 00O
gooooooooooooooooooooobobooo
OTviooooooooooooooooooo

Jodd

1] OO OO, “00000000000O0O0”, 00000000000,
Vol.64, No.5, pp.684-686, May 2010.

[21 00 00,”000000000000000O010O000O00OOO

0000000000007, 00000000000, Vol.62, No.2,
pp.181-189, Feb. 2008.

[3] T.Saito and T.Komatsu, "Image Processing Approach Based

on Nonlinear Image-Decomposition”, IECE Trans Fundamentals,
pp-696-707, Vol.E92—-A, No.3, Mar. 2009.

[4) DOOO0O,00000,0000,000,000, “Total Variation

ooboooooooOooooooOoO0OoooOoooooOooor, oo
O0ooboooooon, D-11-41, Mar. 2010.

[ DO00O00,0000,0000,000,000,“00000000
0000000000000000” 00000000000000
000, Aug. 2010.

0oooox 00000 X 0oooooo Y

| | |
{ HPF | I

ooooo |_

DDDDDK‘] ] gooooog Y

0ooOoooo X' o0Oooo0ooooo Y

020000000000

IDDDDDD F—g
D— oooo Yy,

= + .'*J'h'h"l."lJW%"l |||' WA

BRI S =14
() D0DOOD
m = +  MWWWAWWWWAM
[FiES FiERLS TOAF v

(b) TVODOOODO

03 000o00booood

0o0oo u oooooo oy,

gooo

LPFODOODO
TVOoOOoOO

oooo f; ooooooF

ooooooo Y

goooo X

oooooo

@
000000000V
HPF |—0| ooooo

ooooo X I I goooooooY!

0000000 v

ooooooo X oooooooooY

04000

() TVOOD
(0o0)

O50000000TVOOOOOODO

() 0O0DDOO

(b)y TVOOD
(ooo)

() TVDOOD
(0oo)

O 60000000 TVOOOOOODO



