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CSON el Flwale] AGH O Had AEEe AY ALESY FAA AL FEAFL YAk 7
- A7) CE A7) AL AR SR, A7) AL BERE 5t BAse 248 15 2 47 AL 9

o W= kel Aol A)aste] AW -5 2

=~

Mg 3l FAA watel WA H24 ABe A B4

=9 @2 vig] Aod Wl el 49 @hEse 271wl Ha wel, 2%

2SS Ak WU

7l € & °F

obelel AAdEe AW Aue) Ao dAuct.

9 OBASHIE, oblel AAdEe SEE A BENE, VB 25 je) AFHoR AaW WHE
= HE

(jointly sparse vectors)ol|A tH<T
oju|x], ~HFEH e v I3

2l
) = E]=(measurement vectors)=Z2HE AlF,
AE YAEY AA e 8715 3-FZ (acceptable—quality) S ZHe ATA

(reconstruction)S 7}s3atAl k= W o}

2o e 7 38k Ao oS
o8] o]Fojx Aottt wl= ARE
W o gk AR (NEST) (5. 2009-0081089)¢l ol&) A=w = 73 2 dxjol=) Aj(Korea Science

and Engineering Foundation; KOSEF)2] <<9lo 23t BT dhoAel Jhar AHo X & wsoix
Ao},

¥l CCF 06-35234" 2 CCF 10-18660H K ZF &lo|A el nlar HE %9
%ﬂéﬂ] s 54 d8ES #4E

¢

iy PE

I

Ao = oolmx] Al SEEY HS HAd AoAM, AAE ge] SH A (neasurement) B2 A& 7] Al
SIE AFAAY, 47 Az B3 JRE F52T QU)o

SAAEY M7 vA Y A(unknown) £ JIGHEY o oW F7HAQ1 ARIF Mgk @S AS 4] Al
SE I AAHE 4 gl

otz AALS 3 AA Aok(sparsity constraint)?] o]HE HETo =M, A9 AA FH(matrix)ol] ) A=
Y A3 W (linear transformation)S &3, PR g4 #HEe A=A HL& VG SHAES 2= A
HE 2R 34 HMEHE A7 A BE=2 3. 34 WHEHe AHPES T wx] dirlo] o] ofd )
Elo|t},

B A Aoke] Gio, AAsY]o EFE3(underdetermined) Ad A|2®l Zx}F a1F73F s(solution)ES 74
T Ak

etEw AYS 2006 29 9Y Ly vl E3F %Y "Method and Apparatus For Compressed Sensing"ollA A
WY, AV 292 AN SHES 98 Fxe o 2EH I, 45E AdES AMESte] gAY 43 e
omAE FA4st7] Y% WS ATt
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#HE S8 (application)e 3)& FHolt}, 3l&x YL dAY g (dictionary)dn <& HE S A4
(collection)oll Al U2 Ago] WE S AE gl 93], Fo "o gk ﬂ@@(succinot) T3 = 2

AH(approximation)& Al4bstct, €M uE] U9 HEHEL2 olE(atom)Eolgt EHUT).

Ay Alzmgloge] 84 AL dlE Atele A, FAIMQ 3] F(statistical regression) B AlE Al W
&5 A, AE AdelA e FELNF (subset) AE ZAlEA AFEH AT

ole1dt Tt TAE AAA, AEE(support)E AHEsl= o]l =3 T3 (essential). AELE+= A
glel 7]ofst=(contribute) oFFES QAuUAEe] Fjo|tt, AMNEEE AE3l= #AE A& AXE Y A
2ZA dE A

P S8E9 oA, tF A WEHEC] Jdon, AYA(snapshot)Eolgta EHTE. 7} AYsEe Aol b
Z| o] WEo] it AWAEL RE nx|e WEHES ¥E MIEES ¥R EWI A (property) S
pAS Y=

olelgr Ajt(joint) T THHE A7]9] i e A i 5
= % =4 ¥ (multiple measurement vector; MMV) EAlglz E#tk, Be& A9 9

A= @9 54 HE(single measurement vector; SMV)E zie 34 59 FAHT ¢ oﬁéo}ﬂ 2
Aelw, v Age AHRE ATE 5 Art.

1990t 4, Bresler ¥ Feng2 "2HEH-EZQJE ME (spectrum-blind sampling"S ZA7N3FATE. (P,
Feng and Y. Bresler, Spectrum-blind minimum-rate sampling and reconstruction of multiband signals,
Proc. ICASSP, 1996, and P. Feng, Universal minimum-rate sampling and spectrum-blind reconstruction for

multiband signals, PhD thesis, University of Illinois at Urbana-Champaign, 1997) —— A W] == A
2% =7 9 o),

59 A7L wx 9, i}t A3 AFEY NEEE JX 1 HE-H multi-band) AT E(SY o]Ate] A}
AE oMY, obdZ1(analog) T=E o]iH(discrete))d] H-rfo ]ﬂ (sub-Nyquist) & Z-8]&(minimum-
S R L e =i B ot 7 I o = e B= S *J—J.‘E%—%E} = AFE EAE F-2d AF g

_‘—;_L_‘_ pi)
& %9 BAZ FaAAT

Rao 52 A% 34 5Y F(formulation) Z 34 B A(brain) A= (excitation)E9 UL 93 HHE
S 42708k er. ((ef. (B.D. Rao and K. Kreutz-Delgado Spaprse solutions to linear inverse problems with
multiple measurement vectors, Proc. IEEE DSP Workshop, 1998), % Ab7] &3 o H=x%)

Malioutov & A3t 34 EBY EAZA AA o]#lo] ZZ A4 (sensor array processing)ollAe =z W3k
(direction of arrival; DOA) FAHe EAE T3}ttt (D. Malioutov, M. Cetin, and A. Willsky, "A
sparse signal reconstruction perspective for source localization with sensor arrays," IEEE Trans.
Signal Process., vol. 53, no. 8, pp. 3010--3022, Aug. 2005) 15 o]# 3t FAld gojA, drtxoz =
& IFe AA(source)Eo Wste], FAslE (quantized) = ZF(arrival of angles)E9l AA A} FE
(indicator function) &g Ao HHAE 4= qlrpe= AMES o] 83l

Obozinski 5&& thHSo(multivariate) 3|7 (regression) WolAe W Melo] EA2 A% 34 29 &
AZA F2 st (formulated). (G. Obozinski, B. Taskar, and M. Jordan, "Joint covariate selection

and joint subspace selection for multiple classification problems," Statistics and Computing, vol. 20,
no. 2, pp. 231--252, 2010)

a5 F4 deld, AF H BY Ao A Axg o] vhgeks A (regression) velAe] ]l
WY % Fol vlolEe] FR(nostly) 7lelshs WS Auage] A H4% Aow Agac,
X

A3 sl4a B FAVE UFEHE gds 85 77171 98, ol A Ule] F2E o]&(exploit)dtr] 9
3 duE|EEo] N (develop) = of gk}

¢

ol=x oz 49 "0 His(minimization)ol W3, €S el Aol SNV EAle} o], Ankxor AFHoR
43 AT ES Hdsts £Als NP-sk=(hard)oltk.  olo] diste], & WA(full rank)E Zte PIA 9] A5
gd 9] Hl-0(nonzero) E&°] EAStE H$E 98], Bresler ¥ Feng2, 159 =+ (P. Feng and Y.
Bresler, Spectrum-blind minimum-rate sampling and reconstruction of multiband signals, Proc. ICASSP,
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1996, P. Feng, Universal minimum-rate sampling and spectrum-blind reconstruction for multiband
signals, PhD thesis, University of Illinois at Urbana-Champaign, 1997, Y. Bresler and P. Feng,
"Spectrum-blind minimum-rate sampling and reconstruction of 2-d multiband signals," in Proc.
ICIP)oll A, Schmidtell <z 7ids, A4 ofge] Z2ANES 3 s A& EFMUltiple Slgnal
Classification; MUSIC) Zag]Fel o WA (version) & AHEE AL A¢Hsglth. (R. Schmidt, "Multiple
emitter location and signal parameter estimation," IEEE Trans. Antennas Propag., vol. 34, no. 3, pp.
276--280, 19865 HZg}.)

Bresler ¥ Feng T3 5 S8E0A ool Adx¥(mentioned) 18] (greedy) HA E& gy F
(pursuit)(#al(orthogonal) & (matching) 37 A3¥ (normalized) W)o| 7]¥3l WHES Aots
ok AVe Yy A e gy 9 DA FAH| dojM el wxb(alternating) T4 (projection)E ¥ar
ol os] mdE AHelth.  (I. Ziskind and M. Wax, "Maximum likelihood localization of multiple
sources by alternating projection," IEEE Trans Acoust., Speech, Signal Process., vol. 36, no. 10, pp.
1553--1560, 1988) o]3F, o]e]dt WHEL A FHA Xﬂ#"ﬂ*(orthogonal least squares; OLD)el&}al A& Atk
(dub). (S. Chen, S. Billings, and W. Luo, "Orthogonal least squares methods and their application to
non-linear system identification," International Journal of Control, vol. 50, no. 5, pp. 1873--1896,
1989) .

A3 g4 HAE fsk a8420 siHERA, A w3 FF(Orthogonal matching pursuit; OMP)e] ®ZE(Y.
Pati, R. Rezaiifar, and P. Krishnaprasad, "Orthogonal matching pursuit: recursive function
approximation with applications to wavelet decomposition," in Proc. Asilomar Conf. on Signals,
Systems, and Computers, 1993)7} AIQFE AT}, d7]e] ®FEELS MV Aal w3 FF(MMV orthogonal matching
pursuit; M-OMP) S. Cotter, B. Rao, K. Engan, and K. Kreutz-Delgado, "Sparse solutions to linear
inverse problems with multiple measurement vectors," IEEE Trans. Signal Process., vol. 53, no. 7, pp.
2477--2488, Jul. 2005), ®A] Zul w3 F*(simultaneous orthogonal matching pursuit; S-OMP) (J.
Tropp, A. Gilbert, and M. Strauss, "Algorithms for simultaneous sparse approximation. Part I: Greedy
pursuit," Signal Processing, vol. 86, no. 3, pp. 572--588, 2006) % p-OMP(R. Gribonval, H. Rauhut, K.
Schnass, and P. Vandergheynst, "Atoms of all channels, unite! Average case analysis of multi-channel
sparse recovery using greedy algorithms," Journal of Fourier analysis and Applications, vol. 14, no.
5, pp. 655--687, 2008)E ¥ 33t}

Ake] ERelA 1Y Bed dudEE F SR, p-FEA (threshold) FMeFE A9 (actual) HEE
Agte]l 2 SA4E 2WEY 71 ddE (correlated) Al AE k 79 9E9 JY2ES FHATOEZN &
Z+&kck. (R. R. Gribonval, H. Rauhut, K. Schnass, and P. Vandergheynst, "Atoms of all channels, unite!

Average case analysis of multi-channel sparse recovery using greedy algorithms," Journal of Fourier
analysis and Applications, vol. 14, no. 5, pp. 655--687, 2008.& *%)

714 Z=F(basis pursuit)Sh e, "1 m(ormyomel 0 ol EZ(convex) ©]9H(relaxation)S AREEHE
H A3 (optimization) 25 U LASSOE &+ =4 wE(single measurement vector; SMV) #Alo]~E 3+ <F
S8 AEE A% AFY GuFERA ATHoR AEHAT. S, A7) ofoltjol= MV AlolA= gy

53], EFH(mixed) o2 4ud, g SHES 2 o719t HAsE FA 3 (formulation)E°] AT
Hag., (2L F=x3 o D. Malioutov, M. Cetin, and A. Willsky, "A sparse signal reconstruction
perspective for source localization with sensor arrays," IEEE Trans. Signal Process., vol. 53, no. 8,
pp. 3010--3022, Aug. 2005, S. Cotter, B. Rao, K. Engan, and K. Kreutz-Delgado, "Sparse solutions to
linear inverse problems with multiple measurement vectors," IEEE Trans. Signal Process., vol. 53, no.
7, pp. 2477--2488, Jul. 2005, J. Tropp, "Algorithms for simultaneous sparse approximation. Part II:
Convex relaxation," Signal Processing, vol. 86, no. 3, pp. 589--602, 2006, J. Chen and X. Huo,
"Theoretical results on sparse representations of multiple-measurement vectors," IEEE Trans. Signal
Process., vol. 54, no. 12, pp. 4634--4643, Dec. 2006 G. Obozinski, M. Wainwright, and M. Jordan,
"Support union recovery in high-dimensional multivariate regression," Annals of Statistics.)
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A719] =8((D. Malioutov, M. Cetin, and A. Willsky, "A sparse signal reconstruction perspective for
source localization with sensor arrays," IEEE Trans. Signal Process., vol. 53, no. &, pp. 3010—-
3022)0ll4, Malioutov %9 AAELS loypz Bas= dugzs Aosgdar, 22 298 (source
localization) 2 DOA Ao Fwialo|xe], Ad 34 2Ae 93 l-syp Sdza]Ze] H4E 29 (empirical)

dse ATkl

+=-(S. Cotter, B. Rao, K. Engan, and K. Kreutz-Delgado, "Sparse solutions to linear inverse problems
with multiple measurement vectors," IEEE Trans. Signal Process., vol. 53, no. 7, pp. 2477--2488, Jul.
2005) 4, Cotter 52 HAEL Hl-EF(nonconvex) TFYA H4E HAasgdo=2HN T2 sk MMV-2EZ(focal)
A48 A28 g (MIV-Focal Underdetermined System Solution; MMV-FOCUSS)E A¢t&litt. 3+, Cotter %
o] AAHES MMV-FOCUSS7F A1 FH Aghkell d o= S BT

"Method and apparatus for distributed compressed sensing,"® A|&S ztil
ol I EF WE. 7,511,643, AYAESo] Aoldt AMERRE BEH T,
AdAow 543 N5 S5 MY SAUS (2SS Ayl A W

2009 3¢ 31¢ ¥ Barniuk
Aolgk A4 FEES 7 o,

Qlolo] WhlHol ol , 1A i 713 AT FH B (guarantee)> HEOR 179 A¥Hel HF - A
A H]g& 7)x9 23 A(key importance)©]t}.

ARAow, g S5 Agett 48 295 29 dudzE v § e A5 na
=

=8, A% 92 B9 HTFE(success rate) e, WA9] AYAo H43 A5 FHe] 54 fu dolA
kel

- o =
(beyond) Z7Fet ®A(rank)vH A= =t

FALEHAL, mRe] A A As 3qEe AT Ao(rank deficiency) EE ¢ ZZA(ill conditioning)¥}
22, EF 3 (unfavorable) MH(setting)E stollA, AF ix 5SS A EAsE dugFE2, 234
Rool ETsta, o] H 5 e AR i e digh o234l dlgge] A Al(theoretical algebraic

bound) S EAsE AZdE ATyt drh. ol#dk AREE, Chen E Huooll o3 A=tk (J. Chen and X.

Huo, "Theoretical results on sparse representations of multiple-measurement vectors," IEEE Trans.

Signal Process., vol. 54, no. 12, pp. 4634--4643, Dec. 2006)

A48 2050 Y AweFEel val APAOR o e 4B wolt wd, odd BAE Ave
d e A WEe weled,

14

loovp 2 25 LASSOSIA A8 A e 2= thebyd A4S Qolr, HAse 23k 9% Zz o
(second order cone programming; SOCP)9] &#=Z whEo&(cast) 4= ATk, (D. Malioutov, M. Cetin, and A.
Willsky, "A sparse signal reconstruction perspective for source localization with sensor arrays," IEEE
Trans. Signal Process., vol. 53, no. 8, pp. 3010--3022, Aug. 2005)

a8y, SOCPE A%t 23 1k Akl wHEA (iterative) LAEFELS ZHZF WIkeH(poor) EEA
(scalability) ¥ =9 &3 ¥]E&=2 gt 2&& Aeth, ¥4, 28y adSE 9 MUSICA lolAe] &

(step)E9 7MEe sid ddd T53 x %

SHoA S BA S

njxje] Agtgor 343 AlF HEE2 H-0(nonzero) FEZ FAE dHo] E(full) FFE 7, 23
(favorable) A& WellA, MUSICE - EE(row-support)S HHUsl= AL B33, weha di=ste] FAAS
ddgitt. oSo], MUSIC wl$- AIEE<] SHAA &&4ojr).

a8y, F A3 24 5 dddA Yaldct. dE EW, AWAEY g Nl FAA kR 2
o, N ujRke] gEo] APHoz HHY 4 9, H|-0 P52 PA 2D = Ut

AT, AMEY-BerE AEY EE DA BAS 2

o

2 S850A, N AAY, Ao FIdd
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Ak, HE o]gd ALk B, A= kHY FAS 4 Adx, EE -0 FER FAHAE E3d
(submatrix)® %7 F*(condition number)® ®l-¢- & 4 v}k, & A% (coherence) T HE| 2
(multipath) Z 23 Ao (propagation)el] 7]13le] T Absto] wbAlel 4= 9]

MUSICS o213t AAAom Fad AWag-Aod(rank-deficient) ASoA Asjati= Aol & dulx]l Urt.
Lk, o3t Ao oyt TAE S5 9, d8 BE7lsg(infeasible) -2 (multi-dimensional) 3
M(search)dl &A% F=, &= Be ANEES 198 dH(motivated).

gy, olyd BE ojde] WHELS, T.-J. Shan sol o3 AWE AAF, o]&n T7HA<Q Heksl(spatial
smoothing) & #§3t= A& 7M5stAl 3t FIZE EW(shirt invariance)™ 2 A3 Alxdle] E¥H3 3%
=2 ARg3lgk. (T.-J. Shan, M. Wax, and T. Kailath, "On spatial smoothing for direction-of-arrival
estimation of coherent signals," IEEE Trans. Acoust., Speech, Signal Process., vol. 33, no. 4, pp.
806--811, 1985)

wEkA, MUSICO] o] sHgE2 kARl 29 34 59 ZAd 484 < it

T5hsld, MUSIC €ug)se ZAgxoz gith gdo] Pt 83 =& vt A4S 86 2182 5+ 9
o, HbE, CSAMMV daElFoEA FAdXoz AmE, AV a8y e HAS-7e dagFES S
gdo YT FHstA ATAEE 8 2 5 Aok

ek, CS-MMV dagFEdl oJdl E(recover)d 7 AT A HEe, 53 AFHOE 34 Ao Pd
o A7l =& w, WisshAl(algebraic) [, AAll el o]2Ho g oZd  groll % 38FA (approach)
=

HEol, HAs-78F W Ee] 18t dagFEd vE o ¥ Aes Bd® Eeta, HAHs-|uk iy
E9] A4t g E4 o =

o] +AA(brevity)E Hdll, T3 AA ofglo] TEAA E(literature)olr] AFEFH+E &o(terminolog
y)eFel  dX4d(consistency) & 3, Azol i HAWSF H-0 HEIEES ), FEsHAE
(equivalently) 3l& AlZ9 AMEE Yo Qi(element)E9 e BA(target) 59 =
A (refer) .

w59 1§
EE R

el O AAE (SN 27 SR PR NEE B9 % nehHe) AEE 22 FYshs Wy 9

ol it Ay i
X0,
oo

2 odgo] o %1 n2H, AFHor siag AEE(jointly sparse signals)e] E 7o) 3 WE
(measurement vectors)EZHFE 21& HFI AGH(signal subspace information)E F&E3dh= 52, 7] 55
Mol 542 HHES AR&ste] Aok shte] A3 HEE(joint support)®] 45 zhe FEHFS ALtshs
A Y A7 AE e AR Y A7 B EE ARgEte] Y] Af ARE 249 Aok she] F7hERL
8425 Aitste 528 E2ddete, AFHoR it B B¢ e A HWHEZRE HRE FEI)
= el AlTEnt

A7 AE BEN BARY FEHE 1Fx EH(Singular Value Decomposition; SVD), & FHHUE FEA
(Principal Component Analysis; PCA)EE+ 7F213k(robust) PCAol 9l&f =32 4 A . A7) S5 71 A
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s=s4

rvie)

B
s
o
T
o7

_~
o

L

N

o

HEe A

)
il

Z(partial

(greedy algorithm)<

=

i=]

gy CS-MMV &arE

i

k)
w

SRR

E

execution)

[0055]

o

A

[0056]

o

I
e

#

ol

T
o

o

A

[0057]

5ol

o) %k (magnitude)

45 )

g

s

T F

]

<

ol

o~
T

(thresholding) st o =4

=
T

=]

=

=

(measure)

#

A

o

=

3 3 (spanned)

9

dEol 9

JJ
Ly

@

HFHe] A7

]

30

o

, 37

1o
)
wK
el
o

5!

_~
o

Hol s

9= = (Euclidean norm)S 2=

Pt

[e)
B AgH

=
=

LR

=74

9]

i
sk A5 o] 8|44 d¥l(sparsity)

7

A=
g

@ AEE
1

Ea

o

2]
o

o

1l
K

el
T

2 3a

qo

VS
5

2]

el

1Ho

|
—_
o

-
el

=]

7] ~9

A
e}

MMV(Compressed Sensing-Multiple Measurement Vector)
Zz} =1
hl =

>

o

[0062]

2]

I

2]

, 7871 Al

A7 Al

=i}
=

dde] A=

ke

sl 448

S

AgEHE

=

=

=

RLl

WSS A
ol

o]
=4

E (complementary support)

-
X

ShE A g8 9™y (dictionary)®] 714
A

-
£

I

o]

AbgEo 2 (S-

I

[0065]

EREE

=1]
=

z}sﬂl—

]

X

H B3
T

P B, 71 Al

tol 449
_11_
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s=<s5

[0069]

0

}6]—

A7] Al FES ALET

L
T

7] CS-MMV

-
A7) Al

)
2l

1o
)

g A= ko] Aol ]

m

23]

oy

o
SR A2

4 gholl o

=

9l el Ao =

=3
=

ne) Aelq

[e]

.

o A

tho]o] 181 (diagram) ©] T},

o &9 @

L
T

3t

S

B2 ofe] 2
=A]

CS-MMV

] &7}
=W g

471 A&

[0070]
[0071]
[0072]
[0073]
[0074]

3

873

o
=

ijl
<X

<]
n

3

i

EEES

SA-MUSICe]
SA-MUSICe]
CS-MUSICS]

=

p—.

=4

p—.

=

p—.

ool u}
ool u}
ool

ToR

ojp

at7] 9]

(¢}
Hermitian

A2

)

=

[
=

)

3L
s Y

=
=

E
HOEHE Efx

k)
w

toh ey, &

=

=

a7y

SHA|

[e)
transpose)

)

=

ArE

nNE
7} (complex-valued)

I

dd50] AAdEA AMgEY. Ty,

taL,
]

=

°©

=1
A

A

135

A
fus

Ci.ﬂ

F A QD &
transpose)® Ao 2R, EHA-F

[ 54

P
T

5
s

h=h
L=

[e)

=

st7] 9

o
7} (real-valued)

o

b oas R

o]

gge A
A5k

[0075]
[0076]

Eal

Z2A

L
.

& Al

bl
vzel
Ar

of
P

W

o

[0077]

tho]o 1 (diagram) o] t}.

p

L

3

[<)

1 o7} A E A

O

I

o
el
]

rvie)

X
Ar

719

NEge| B

i3

£

o

o]
X
o
T

101

s
a

[0078]

_12_

[0079]



[0080]

[0081]

[0082]

[0083]

[0084]

[0085]

[0086]

[0087]

[0088]

[0089]

[0090]

[0091]

[0092]

[0093]

[0094]

[0095]

[0096]

A3
SAAES A,

AA T (processing) Fol, AWHAREL 3}7]o F3H4

AZHE T},

A:[al,__.,an]ERm_E ok

=
5 )
S 19 mHe 2

o] 7] A,
(perturbation)©]t}.

Bk 2, Aolm shtel Al

gHolan, =

E o2k ¥ wgel o oo W 2RO 2w NE WHERZYE 534 UEE,
Y 29 BASHE tholol o]t

SES46 10-1172641

=
uf

-2

i
o,

2 5ol

=S5 Yehya, 34 Y e R™% o] A7 A HjX

71(120)= vAo] AFH o -34g 2FE9 7|9 FAHAAES AAYste], i N5 AF

W e R™Y

nAe Eee €

e

B—‘]H xeR"g] *1.‘-3_57‘3 X9] H]—O @ﬁﬂggg] 1) uﬂigg] X]ﬁl—o]]:]._

A, 9 Xe) AF MZEE ) -0 YE AezE
o Aol Jold NEESS 7bA W, Y AEE: RE
w ool o AAdE AESe] 54 gAY dictionary)

ol gt omel A, A& Eo] AR e YUY e
XE 5o BEe X9 AF MXES
e $8EIMe FIHA BEY 5
"A sparse signal reconstruction perspective for source
Signal Process., vol.

XA #4& G5 Aol aTHE $8EA, AW ALE} F4H4

P AT e, 3|
min,, "Y—A-‘I’”
=, SAA HA AFE A Fan

dxN
% x=0z @1, ZERT e agy

1*14 AZ giAE= A4 dgs 7k

atar,
oA LR E(arise) A8 A|xEle SEka] 1w %—i%

AES 9% Ao g#x
A ZTRAF7F &

PEo] MEXEE T (union)S ERATE

= 7] A (basis) DER"X%G] A=A (over) A%

o% k-8aolt,
At vxe] gx

p

?Qd

ol AlA o] ZEA A
t}. (D. Malioutov, M. Cetin, and A. Willsky,
localization with sensor arrays," IEEE Trans.

53, no. 8, pp. 3010--3022, Aug. 2005)

L Xel M0 dES TEE B

- a B
2™ (submatrix) 7 o 7

&2 gt
G570l

3ol A Z=AIEH ST}

Al (numerical) YHES Q&



[0097]

[0098]

[0099]

[0100]

[0101]

[0102]

[0103]

[0104]

[0105]

[0106]

[0107]
[0108]
[0109]
[0110]

[0111]

[0112]
[0113]

[0114]

[0115]

[0116]

[0117]

SSE50d 10-1172641

$A, AEE ARV SAANEZREH 5490(310), oz, A7) MEE ARZS ALgFgozH Amr) &
HETH(320).
T 4E B dge A do ©E X 39 A WA =S gL AASH LAEE 5= thojo]adlo|t},

NEE Bge T oA od fad 4 vk 1) PR(partial) AZE B¢ % 2) mebHql
A

AEZ 77z 49 A Ad(embodiment )52 F(family)o] 7WAl(present)®Tt. @ 1) A& H
4 52H410), 2) i AXE 59 52H420), 3) HAHA AXE H¢ EXL(430)
shu o)) A d FHEY T 4 T2 AlFEALE(detail)Eo]l AEET. AAGEL SH]oA AW EH

R h
=7 AR 98 TaEe o) 23l @ 4 9

T AAYE, 5 FFded gt ARE A% FE¥de] A, 4As FFEE & (span)dhi= 71 A (basis),
7] AE BF3F ozl Fd(projection), 7] A% F-F7re] A o F7H(orthogonal complement)ol] tf
S V1A e AT AlE ke A ¥t oo £ F Hox suEs 3 4 ).

AE FF F4 52410)2, AFHeR g 2a B4 Ul SAHA AHEZRH M5 RIL ARE
&3}

Ao F 3t F4 GA410)= 84719 Q1A (argument) &S Al g

D a4 g9 ko oole FAHE AXES A7

3) 2WNES] P4 v
A71A, duE ke vEl-HAE(pre-specified) 4= o™, VY2ZRE FAHE 4 . V2RE sy k
o] FAL Uzl At
Y FolRE W, A% FE3re] A r2 r < kol oJ@l Aok,
EA(410)S 2WAES AT S vk EE, AR 2WskEl o) AW gHoe] AdE 5 At

o]& £W, "Schmidt, IEEE Trans. Antennas Propag., vol. 34, no. 3, pp. 276--280, 1986"el 2l 7t=2 4%
A o], Az BFe FAHS Axdste shuel HAe F HAHYUE 4 (Principal Component Analysis;
PCA) (Jolliffe, Principal Component Analysis, Springer-Verlag, 1986) T+ 3dd reo] 1fx &3
(Singular Value Decomposition; SVD)©|t}.

= AT BF AR AL ufH B mE F AYUE B o8 aE 4 gt

A r& o2 AfFAE 8l A (dominate) Vo] 7 & AFAEQ Aol 95 At & ko] YUl
o] ¥ (scaled) ©9 FH(identity matrix)d FU3H(equal) FEAH(covariance)S 2zt 3lolE xo]=<)
Aoz FA(assume)H = 5T HAf-oA, UL FAeE Ao gk(magnitude) E9 A9 AFAE9 HAS Al
ot RHAES H3e A7l 93 ditde= Axdd 4 ).

s g]-3lo]EY (pre-whitening) (&, 4% wldg}w=r]~ M3 (Mahalanobis transformation))d A, A A

_14_



[0118]

[0119]

[0120]

[0121]

[0122]

[0123]

[0124]

[0125]

[0126]

[0127]

[0128]

[0129]

[0130]

[0131]

[0132]
[0133]

[0134]

[0135]

[0136]

SES4d 10-1172641

Ak, wolz=o] At dHo] AHHAY, A4 AA(scaling factor)7HA] F4 5]

o= FIAre] Al (inverse square root)E HH Yo wsk= ol o8] A7le] FARE A

Tre] otolAl M F -3l (regular eigenvalue decomposition) THAl PCA ZEA]Fo] Ujof
—L

| (generalized eigenvalue decomposition)E ARESto 2 479 f-ASH

4 & <y
=
o
rﬁ’
i
Ju ox
M
ol

5 wEg s 24 8=y - A A% 5 1nf MEE(dominant left
A

w
=
0Q
=
o
-
<
@
(@]
S
(@}
-
w
2
Jr
i
£

24 8o a5 2 sl o8 veheld & 9,
S s o2
1) 2o 3 AF-Aul 7] A (orthonormal basis) S

St v giram A4

ro

2) S94 T2 9 (perpendicular) &3t

)

3) Siiﬂ T (projection)

1) WA 4) 5= ro] A4 ¥ (truncated) SVDEH-E AA=E 4 ).

AF EW, Sk 1ol r e $AR A5 ak WEEe o5 Fold + Ak,

A-dE Sl AL Es A= (equivalently), HA-=F3 = (revealing) ofolAlEF 3, oAU dx~

(Lanczos) WY 2 829 4% dagFo o3 2 4 At}

A% (randomized) Lad]FEC] T3 AFEE 4= 9t} (Rokhlin, Szlam, and Tygert, SIAM. J. Matrix Anal.

& Appl. 31, pp. 1100-1124, 2009)

qkok 7} off-2lolof(outlier)E HE 3 EZAS-(impulsive noise)d] EAd] 71918 AL 4= UE, iz

Lolzg ¥slsid, FHAe AH-AA(1

(decompose)dh=, 723 F HAHIE B4 (robust principal component analysis) @alg]Fo] AL H-F-7to

g o ¥ F4HS ATd 5+ Ak, (J. Wright, A. Ganesh, S. Rao and Y. Ma, Robust Principal
1

Component Analysis: Exact Recovery of Corrupted Low-Rank Matrices by Convex Optimization, Neura

%

ow-rank) Al(approximation) % 34 9 F(sparse error)®E E3a

Information Processing Systems (NIPS), 2009)

HE

i

%, NE RE AR FHe PBAd F A

S

Mo ol +9" 5 k.

AEE B9 B0 25 Jle H4A MHES Agstel Holw shiel AF MmES axE 2t

Rl -
AgS Aatsith, o] wl, F2(410)0lM BAW A& BF Awrt ALEE = Qo
ZH420) o AAEE, Holx shte] A MEEEZ & o Al MEERZ W3},

i AEE B9 52(420)2 81719 dAES Al

_15_



[0137]
[0138]

[0139]

[0140]

[0141]

[0142]

[0143]

[0144]

[0145]

[0146]

[0147]

[0148]

[0149]

[0150]

[0151]

[0152]

SES06 10-1172641

4) A ¥4 A
o] T@AI(420)9] HxE A7] 1o FE AXEE AFsE Ho

A s A6, AAR wd(effor)® FAAZII, B 490 glojq Awe)
i

71818t = k- ro) AgE 2 5 9l

NEE 548§ 98 o] aet daudF(elEs W, N-0MP, S-0MP, F-Z1H-0MP 2 OMP)e] ©] 52H(420) el A
Aed = Sl

S SaelEe A ¢ A WRES aTH PR NEES ATV

ol gk daue]FES] o] H(benefit)> RS w2 AXAQl HFzoltk,  olYd gt duelFEe 4%
= A7 st A AlEe] el TiM Y (preconditioning)o] A-8&= 4 9tk (K. Schnass and P.
Vandergheynst, Dictionary preconditioning for greedy algorithms, IEEE Transactions on Signal
Processing, Vol. 56, No. 5, pp. 1994-2002, 2008)

roi'

%, BA(4200& AEE BAS A% a9y SueEe PEA £ I 5 Aok,

ek, p-F-El X (thresholding) &iag]EE0] o] E2H420)S 3] AHgdE +

o =2 A4 B35 3 ¢ 2 A4S ¢, 599 A5 duigtE(nagnitudes) ] (5, 54) A
9] FElX|(threholding) & F4s}=(followed by) A ul3k(sophisticated) AEH oz 343 AT HY Ly
50| ALE 5 Tt

TA(420)2 Ao s4h% AE EFE Y3 deojo W 7uksie] F5H s FAXES dUHEY
=3 E EF(thresholding) ol 98 3= 4 Ut}

dE &9, MMV 7]A4 FF(MMV Basis Pursuit) (3Jde] &3td 5o osf Folx kAl (diversity)S HA 3}

b= BE A8 W), 1F LASSO B AlE] Adb(belief propagation) Wil H&d 4 9l

sl7]9] =8k 2% FFI-0MPE 7FA AL o] 24200 Fds] Y% 7% A= (pseudo code)olth. (K. Lee
and Y. Bresler, Subspace—augmented MUSIC for joint sparse recovery with any rank, IEEE Sensor Array
and Multichannel Signal Processing Workshop (SAM), 2010).

784 2

J, <D

While |J, |<t do

O.P  .a

JelloniN\Jy 5" R(4,)
J < Julj}
end while

j <« argmax
2

S~

< FHF(empty set)o 2 Z7|stdtt. 7] s 7 wbEdA], S, 18] 2717 o =EE wirt
A, H]§ s HUlgsls shbe] FUEHHQ 84S SUteig. S, L9 A7) ol =EE wizkx], 471

dare]Fol Zb ROl Hg s Huislels 247 oAl FrbE

de=d AAH, (42002 AMZE 55 93 oo Wyorhy 5 MxES Fi AFS AL 5 3
ot
T2H420) 2 FAE 2HREES AREShE CS-MMV el Z)Rbste], AgbHor 3% ANeE Xo| A AEE

_16_



[0153]

[0154]

[0155]

[0156]

[0157]

[0158]

[0159]

[0160]

[0161]

[0162]

[0163]

[0164]

[0165]

=50 10-1172641

0|ﬂ

-z
S
>
e
(m
-z
S
e}
o
=
2
=
olo
s
ui

BEATS S & . o Al FEAEL o
AAE PH L Jo] g 7|4 (cardinality) tZ AR S Yt

N5 e BAEY FAE NS k 2 AWEES AHgEtel AR o] 93 rre] A k - ro] Jwetel 44

f
e
)
r o
>
=]
[
do
rj(g
oft
Y
N
w
2
flo
>
}o{v
4
of{
)
o
f
HE
-z
S
>
=]
[
-z
S
e}
o
=
tlo

>
>
oo
ol
ol
2
iy,
ot
>

M

m
Lo

2

FEH(430) A, A2 FEATS 2iE e dES AE5Y
719 dEe 2YakE 9 F2H(420) ol A 1 ¥
o7l AHEE TRAFOE F¥I-=dl¥ MUSIC(Subspace-Augmented MUSC; SA-MUSIC)So. & <1-g&¥ T},
(K. Lee and Y. Bresler, Subspace-augmented MUSIC for joint sparse recovery with any rank, IEEE Sensor
Array and Multichannel Signal Processing Workshop (SAM), 2010)

Byl Zluke el uheh 4gE 5 vk,
E

2g9 wpn 8 37 o] BB g¥E 5, 2 544 99 ko] FolAW, SAMSICE k-Ale] R

_%‘
Sz guag. Se o oga adsn 4o Ase)  od ZgE Hage  eg De

Zt (augmentation)°]t}.

o A, S—E 88 A3 (concatenated matrix)

AJ] :[ajl,---,ajt]}‘_:__ Jl :{.]l""s.lt}oﬂ o5 olgla® A9l AE5S zk= EagHS eIt

S% 15k Ay 7149 AAS dAY 2HE-9FE] E(Gram-Schmidt) W EE QR ¥l (factorization)}f
2o, 4R $A dagFES AHES 2 4 g
kol dlE X(Ew, 3™ X9 H5 1f ¥EE)7F gibdd 1A dlel Ao, &, Hl-0 dES 2 BEE A

3 meado] T 932 2rnw O o A9 Ul B k= E 93 A9(case) o]

SA-MUSICS- N Aoz FEA(project)FUS W, FZF8= #H(EBuclidean norm)oll A 73 & AolZ zh= A9 &k
MY HES e, Az Jo 98 cdayE FE5L HHeA(trivially) A8 Wol| ®3hgc},

¢

olgl olf &, k- t /e FIHARl HRXIEESS 7] fJal, J, v Jd9xasd dis) AAss Ao F
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[0166]

[0167]

[0168]

[0169]

[0170]

[0171]

[0172]

[0173]

[0174]

[0175]

[0176]

SES46 10-1172641

#5443
O, < QR([D.; 4, ]) (QR factorization)
forke{l,...,n}\ J, do
T

Zj (_||(D3a"||2
end for
J <« J, L {indices of the (k —7) largest z 's}
&5 (equivalent) ZREA|FO7}, HEHE ‘§ L S% A%k 1A S (bases) thalell, HF3t ‘§ L S Jo g

o] Eo A} (operator)E2] WolA(in terms of) Fo1& F 3l

2

Asd AAH, F2U430)2 A4 FHe] dSo s &

(augmentation)ol] & dAdw Zh¥ (augmented) 21
O~ [e)

AL FRAF 93} A9nd S ek,

fol
4t
of
(I
ftlo
>
>
oo
]
&
%o,
i)
0%
N
lo
2
il
rlo
i)
e

Aero, 243002, A PFde] sy (7] Fde] A9As2 A AEES] ALl F2 Wl
A Aeg), Holx shte P2 22 & 9
= shtel Aol Hu FYe A A 43
e setle ko] F4E AHgH

2WNEE YRRE KE FASY] S8, odE 9, dlolE HH @AY (data fitting residual)ell o3 o=
A 71 (stopping criterion) ¥ A, & A& AT4E A8 FlA 288 Ao F&(incremental) L
gt] ¢ad]F(J. A, Tropp, Average-case analysis of greedy pursuit, in Proc. SPIE Wavelets XI, pp.
590401.01-11, San Diego, Aug. 2005)¢] k] &g 484 (upper bound)S A Fghct.

kel 4 9% e ol ¥ g ®

E e oA Ao A, BE AEE B gA120)E B4 e B AREd d@ Fn BEUTES
hyA ko) l:é

] |
Agetes N ATk Qg B MIXE R d(430)= 4 (complete) AEXEE 9% FH 3

Ut w8 k=g 7)ol A AE 525(410, 420 2 430) Zbz)

A ool wWEt(context) WollA o]F Aw ),

gl

C=L..Lo gyo gysh 7 50 2e Axed g wie

o)

Fu RE ATES 3 H49) Aol av]e) 4514 4o WE HE S ArsATlE sy dund,

5, HIE ol 7Iukete] mx|e) By we] AdE 4 glew, W& ol EF e viE] Ao W

_18_



[0177]

[0178]

[0179]

[0180]

[0181]

[0182]

[0183]

[0184]

[0185]

[0186]

[0187]

SES06 10-1172641

=
Lo
jincs
)
)
il
Lo
P
N
oL
o
Lo
BN
[
=
e
4
%0,
ui

Beol ATE Bel BA(430)9] E che AAd]

e o g w UE AA 7L A,

rel $AE #S5 af d9"HE ol 93| ®§7P FojH}, ggoz, ®xFHA A A¥ g
UHE(EAY, IH-FHE Z2A|F0) S AMSgoz2x, As FFte]l A ofFIH(orthogonal complement

Qﬁiﬂﬁﬂ%lﬁﬁig%ﬁﬂEﬁ}@ﬂ7vﬂmm@mﬂb%m)W}Qg%ﬁlﬂq.

o

2oz, Ji o3 X9 3 MEXEE YeEdlE, "dE2 A (compressive) MUSIC'o]gtal B2, AAld9 E o
2 EF(form)e 31719 48+ 6o W& FZF(observation)ol ol&] FoZtk. (J. M. Kim, 0. K. Lee, and J.
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