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FE45 B En T =5k & o) (Signal Recovery Problem in Compressive Sensing)

L EpXniBHFEC, nxnEfEV. px L& &y, KiE:
min ||s]lo
s.t. CVs = y.

[Isllo X i I s ) T TERAEL

_______________________________________________________________________________

RERIRE A (QFAL) firgt Eik
R ENE, 525

& A FEC
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(1) RE(EEXREAIOBEEIBE S
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g inllsllo g g, RN
s.t. CVs = y.

H 2 AL )8 (convex optimization) ?

min f(x) «—— HiFHEREMES
S.t. X € C. +—— W[{7i 24

* s AR IR DL il /M TR
*x € CAJ LR Ty /A E, BiR e o U 5




Y/ ALp

min f(x) «—— HAREEUE R
s.t. X € C. «— WfTHE Mk
Ph4E (convex set)

SATERRA R, PRI ZB L
wETHEE

WS S| LES
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min f(x) «—— HiFHEREMEH
S.t. X € C. +—— W[f7i 24

4L (convex set) :

WAL, PRILEB RS fl: al7i{Co, x2) |xf + x5 < 14
wETHEE

Bl AT Cop, x2) | X 4 x5 = 1,0 < xq, x5 < 1R

S FIMEEx,y € CKRA€E[0,1], HAx+ (1 -y €, NEACHME.
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min f(x) ~—— HFRBEE "N E 5
s.t. x € C. «+—— {7l MmE

hEE (convexset) : XfEEx,y€eCKkA€[0,1], HiAx+ (1 —-A)y€EC,

HE{s € R"|CVs = y B M4E?
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min f(x) ~—— HFRBEE "N E 5
s.t. x € C. «+—— {7l MmE

hEE (convexset) : XfEEx,y€eCKkA€[0,1], HiAx+ (1 —-A)y€EC,

HE{s € R"|CVs = y B M4E?

251, S e CVs, = y5CVs, =y, Fikis; + (1 — D),/ ECV(As; + (1 —)s,) =y
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min f(x) ~—— HFRBEEE "N E 5
s.t. x € C. «—— W[f7ig R ME

FhEE (convexset) : XfEEx,y€eCKkA€[0,1], HAx+ (1 —-A)y€EC,
e {s € R"|CVs = yHE A2 imaR?

251, S e CVs, = y5CVs, =y, Fikis; + (1 — D),/ ECV(As; + (1 —)s,) =y

fil: His = (s1,52) ER?, HERAFRNs, +52 = 1. BUsHIAITHRE K EHZK
fil: s = (s1,52,53) € R®, HERAFRNs, + 52+ 53 = 1. FRsHWTHR—FH
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min f(x) ~—— HFRBEEE "N E 5
s.t. x € C. «—— W[f7ig R ME

R EL:
PR R HL DA b B XS R T AR

f(z)=az+b

\

f(z) = quadratic

W17 e

7

flz) ==
E| LT3R

Jr BUH Tim Roughgarden and Gregory Valiant <CS 168 - The Modern Algorithmic Toolbox>
. A
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min f(x) ~—— HFREEE N 5
s.t. x € C. +—— W[f7ig R ME

R HMERx Yy € CKAE€[01], MBS OWRES(Ax+ (1 -Dy) <Af () + A - Df )
Q)

N—

v
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min f(x) ~—— HFRBEEE "N E 5
s.t. x € C. «—— W[f7ig R ME

R HHMERx Yy € CKA€[01], BB OWRESAx+ (1 -Dy) < Af () + A - Df )
fC)

fax+ (1 -2Dy)
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min f(x) ~—— HFREEE N 5
s.t. x € C. +—— W[f7ig R ME

R HMERx Yy € CKAE€[01], MBS OWRES(Ax+ (1 -Dy) <Af () + A - Df )
Q)

fx+ (1 -2Dy)

X Ax+ (1 - Ay y

v
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min f(x) ~—— HFREEE N 5
s.t. x € C. +—— W[f7ig R ME

R HMERx Yy € CKAE€[01], MBS OWRES(Ax+ (1 -Dy) <Af () + A - Df )
Q)

M)+ A =-DfY)

fx+ (1 -2Dy)

X Ax+ (1 - Ay y

v




Ak a8

min f(x) ~—— HFRsE M5
s.t. x € C. «+—— W{7hE 4

e MEEx,yeCkAe[0,1], lAx+ (1 —-ADy€EC,

R HMERx Yy € CKAE€[01], MBS OWRES(Ax+ (1 -Dy) <Af () + A - Df ()
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min f(x) ~—— HFRsE M5
s.t. x € C. «+—— W{7hE 4

e MEEx,yeCkAe[0,1], lAx+ (1 —-ADy€EC,

R EAMERx Yy € CRA€ [01], BESOWRS(Ax+ (1 —-Dy) <Af () + A -Df )
AR AR A AR HEE 3X

min f(x)
st. gi(x)<0,i=1,..,m,
hl(x) - 0;] — 1; ---;p;

> HJAX — bﬂ%ﬁ

var. x € R",
Her, £, g:C) A e Ch () A 5t i %k

\/
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min f(x) ~—— HFRsE M5
s.t. x € C. «+—— W{7hE 4

e MEEx,yeCkAe[0,1], lAx+ (1 —-ADy€EC,

R EAMERx Yy € CRA€ [01], BESOWRS(Ax+ (1 —-Dy) <Af () + A -Df )
AR AR A AR HEE 3X

min f(x)

st. gi(x) <0, L= 1,...,m,

var. Jiclléxlén: R i L, BlAx — bjE

Ho, £, i) BGChs () 3105 56 iR £
v

QAT RIT BB A R B B A BB IR AT, R AR R R A I AR (AT )
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min f(x) ~—— HFRsE M5
s.t. x € C. «+—— W{7hE 4

e MEEx,yeCkAe[0,1], lAx+ (1 —-ADy€EC,

R EAMERx Yy € CRA€ [01], BESOWRS(Ax+ (1 —-Dy) <Af () + A -Df )
AR AR A AR HEE 3X

min f(x)
S.t. gi(X) <0,i=1,.
hi(x) = Or] = 1 'p' -
var. x € R™. Ly BlAx — bIE
=, (), 9:()AMeaECh () A1 5 e %k
v
QAT F T R BRI R A REC IR ATA, HYEREME RS PIE e (407mg)
2f(x1,x2)  02f(x1,x2)
ax% 0x10x,
W KIf G x2)s R g2 azf(xl,xz>]

0x,0x1 dx3
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min f(x) ~—— HFRsE M5
s.t. x € C. «+—— W{7hE 4

e MEEx,yeCkAe[0,1], lAx+ (1 —-ADy€EC,

R HMERx Yy € CKAE€[01], MBS OWRES(Ax+ (1 -Dy) <Af () + A - Df ()
AR AR A AR HEE 3X

min f(x)

st. gi(x)<0,i=1,.
h;(x)=0,j =1,. .,p,

var. x € R"

Het, ), 9iCORMBEL h () A5 R EL

I OCAE R DU B RER S A — 2 2 R AL A
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min f(x) ~—— HFRsE M5
s.t. x € C. «+—— W{7hE 4

e MEEx,yeCkAe[0,1], lAx+ (1 —-ADy€EC,

R EAMERx Yy € CRA€ [01], BESOWRS(Ax+ (1 —-Dy) <Af () + A -Df )

L )

min f(x)

st. gi(x)<0,i=1,..,m,
h;(x)=0,j=1,..,p,

var. x € R".

Het, ), 9iCORMBEL h () A5 R EL

e AR RS AR A — e R 2 R A
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g inllsllo g g, RN
s.t. CVs = y.
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g inllsllo g g, RN
s.t. CVs = y.
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g inllsllo g g, RN
s.t. CVs = y.

> AT A
> HiweRZog AN %L

Wil: EseR lIsllo fl: #s € R?, 4307 BFREEAE(L0), (0,1) T A I HUE
t PLRAE(A, 1 — ) MBUE, o R] 3 Yy

1\,

ol 0

R EAMERx Yy € CRkA € [01], BB (Wi
fAx+ (A =Dy) < Af(x) + (A = Df ).
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g inllsllo g g, RN

s.t. CVs = y.
J& TH &b e
- | I
pxnififf cv px 1l & & y

nX ¥ = s
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g minlisllo  papm g, NP

s.t. CVs = y.
JETALE LA ARG
_ U S 1 ks AR TR A B L
L ELICR A AE s %76 K 14U A
pxniil: cv px iy  WARITEAF TR
. n n (M _on
)+ @)+t ()2
AR S HRHON 32 5 12

SIHTI BB AR SRR <BURBUA 5 5 Ak BE2>
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g inllsllo g g, RN
s.t. CVs = y.

frgrge: R BAre Baa OUR HAnes Blisllo  fi:  [Islly PR Isll:

n
L1-fE% leil L2-{E%
=1 V l

Il
=
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g inllsllo g g, RN
s.t. CVs = y.

frgrge: R BAre Baa OUR HAnes Blisllo  fi:  [Islly PR Isll:

n
L1-fE% leil L2-{E%
=1 V l

Il
=

Gy k| sl R s 2 #82 ™ e %

-z + (1 = Dyl < Aixlly + (2 = Dllylly

-2 2N Ax + (1 = Dyllz < Alxllz + A = Dllyllz (FEZRIKRTFEH =34)
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g inllsllo g g, RN
s.t. CVs = y.

frgrge: R BAre Baa OUR HAnes Blisllo  fi:  [Islly PR Isll:

'M:
95
~ON0

Il
=

n
L1-36% leil L2-Ji%k
l=1 V A

£l - min [|slfo
s.t.s; + 2s, = 2.

Sz,
N
S1
0
AJAT
AIAT I8 WL i X R E || s | o Bpe 2N ?




Ak a8

g inllsllo g g, RN
s.t. CVs = y.

frgrge: R BAre Baa OUR HAnes Blisllo  fi:  [Islly PR Isll:

'M:
95
~ON0

Il
=

n
L1-3t %k leil L2-3ti %k
i=1 V l
7 min [|s]|o
s.t.s; + 2s, = 2.

S2
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g inllsllo g g, RN
s.t. CVs = y.

frgrge: R BAre Baa OUR HAnes Blisllo  fi:  [Islly PR Isll:

n
L1-36% leil L2-Ji%k
l=1 V A

Il
=

1) - min ||s||o min ||s||;
s.t.s; + 2s, = 2. s.t.s; + 2s, = 2.

Sz SZ

) \
0 0
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g inllsllo g g, RN
s.t. CVs = y.

frgrge: R BAre Baa OUR HAnes Blisllo  fi:  [Islly PR Isll:

'M:
95
~ON0

Il
=

n
L1-36% leil L2-Ji%k
i=1 V A

1) - min ||s||o min ||s||;
s.t.s; + 2s, = 2. s.t.s; + 2s, = 2.
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g inllsllo g g, RN
s.t. CVs = y.

frgrge: R BAre Baa OUR HAnes Blisllo  fi:  [Islly PR Isll:

'M:
95
~ON0

Il
=

n
L1-36% leil L2-Ji%k
i=1 V A

1) - min ||s||o min ||s||;
s.t.s; + 2s, = 2. s.t.s; + 2s, = 2.

SZ SZ

N
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g inllsllo g g, RN
s.t. CVs = y.

frgrge: R BAre Baa OUR HAnes Blisllo  fi:  [Islly PR Isll:

'M:
95
~ON0

o~
Il
=

n
L1-36% leil L2-Ji%k
i=1 V

1) - min ||s||o min ||s||;
s.t.s; + 2s, = 2. s.t.s; + 2s, = 2.
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g inllsllo g g, RN
s.t. CVs = y.

frgrge: R BAre Baa OUR HAnes Blisllo  fi:  [Islly PR Isll:

n n
Lt ) sl 12 | ) s?
=1 V =1
1) - min ||s|[, min [|s||, min ||s||,
s.t.s; + 2s, = 2. s.t.sq +2s, = 2. s.t.s; + 2s, = 2.
S, 52,
\
S1 S1
0 0
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g inllsllo g g, RN
s.t. CVs = y.

frgrge: R BAre Baa OUR HAnes Blisllo  fi:  [Islly PR Isll:

n n
Lt ) sl 12 | ) s?
=1 V =1
1) - min ||s|[, min [|s||, min ||s||,
s.t.s; + 2s, = 2. s.t.sq +2s, = 2. s.t.s; + 2s, = 2.

S2
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g inllsllo g g, RN
s.t. CVs = y.

frgrge: R BAre Baa OUR HAnes Blisllo  fi:  [Islly PR Isll:

n n
Lt ) sl 12 | ) s?
=1 V =1
1) - min ||s|[, min [|s||, min ||s||,
s.t.s; + 2s, = 2. s.t.sq +2s, = 2. s.t.s; + 2s, = 2.
S2
S1
0

B U H AL B S LO-E RS S5 LA )
o



PeAb I s

min lIsllo g e, p g, NP
s.t. CVs = y.

frg i s FIHT B AR BOE U HbneigtIsllo  fa: sl RAKIsl,

&

7]

| 3\ :
. B - B
B 5 B H
. mE"a"n"E n
@
: .
min |[|s]|, A min ||s||
s.t. CVs = y. = s.t. CVs = y.

28 Y148 K12
Cd: ASNREEI TN Fr BUH Steven L. Brunton, J. Nathan Kutz

<Data Driven Science & Engineering - Machine Learning, Dynamical Systems, and Control>
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Robust uncertainty principles: Exact signal reconstruction from highly incomplete
frequency information

EJ Candés, J Romberg, T Tao - IEEE Transactions on ..., 2006 - ieeexplore.ieee.org

This paper considers the model problem of reconstructing an object from incomplete

frequency samples. Consider a discrete-time signal f/spl isin/C/sup N/and a randomly

chosen set of frequencies/spl Omegal. Is it possible to reconstruct f from the partial

knowledge of its Fourier coefficients on the set/spl Omega/? A typical result of this paper is

as follows. Suppose that f is a superposition of| T| spikes f (t)=/spl sigmal//sub/spl tau//spl

isin/T/f (/spl tau/)/spl delta/(t-/spl tau/) obeying| T|/spl les/C/sub M//spl middot/(log N)/sup ...

Y¢ Save 99 Cite Cited by 17967 Related articles All 32 versions

A typical result of this paper is as follows: for each M > 0, suppose that f obeys
#{t, f(t) # 0} < (M) - (log N)~" - #Q,

then with probability at least 1 — O(N~™), f can be reconstructed exactly as the
solution to the #; minimization problem

N-1
min Z lg(t)], st §(w) = f(w) for all we Q.
7 =0

In short, exact recovery may be obtained by solving a convex optimization problem.

A DAHIER, R AR T, Ll MEMBIRRIUEREGES (B s
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2 RLR

e g Y Ao BT min ||s|[4
SR DK i) 7 s.t. CVs = y.




ZMERLR

kfpsrpm  minllsl
s.t. CVs = y.

I ACAR TR B 2 5 SR A ) IR 2 — R ZePE MR (linear programming)

P LA T R R TR 2K LR AR 1]

min f(x) min apgX + bO

S.t. gi(x) <0,i=1,..m, st. ax+ bi <0,i=1,..,m,
hi(x)=0,j=1,...,p, djx+cj=0,j=1,...,p,

var. x € R™ var. x € R"™.

Hrp, £, giC)AMNBREG hy (o) A 5t e

21 (), gi ()t 0 5 el Bt




—— i
FIa) Mk F R R B R )

x+2y-5>0,

B2 2018URFR I, 14,558 )4 x il R LI R G54 4 %20 1 3> Ol z=x+y ) fi K

ST EREAELI AR A T AT S P R S R TR ).

Firh oy EAR A AL |

kfpsrpm  minllsl
s.t. CVs = y.

M H Lhxty-z=022 Ik 11 A(5,4) I z=x-Hy B S5 KA, 5 KB RO,
BEE 9

I CAR TR B 2 5 SR A ) IRl 2 — R ZePE MR (linear programming)

P LA T R R TR 2K LR AR 1]

min f(x) min apgX + bO

S.t. gi(x) <0,i=1,..m, st. ax+ bi <0,i=1,..,m,
hi(x)=0,j=1,...,p, djx+cj=0,j=1,...,p,

var. x € R™ var. x € R"™.

Hrp, £, giC)AMNBREG hy (o) A 5t e

21 (), gi ()t 0 5 el Bt

fras TEEMLRIAE TSR W32, B4 2002 B R EE AT DS RORG R ML Gt & |
THARRAL T ) LAl il L i ey e DLt

FEF A R RAR T, el A R B o e B g 5 P i)



AR 2 P B
n .
_ min aox + bo
SRAFIE (o) 7] 5 mmzlsil st. ax+b;<0,i=1,..,m,
(=1 dix+c;=0,j=1,..,p,
var. x € R".

s.t. CVs = y.

D) R RAMEALR T EC R

o




LR

n
Kb 0 s
i=1
s.t. CVs = y.

R RAMERMRI? ] 5 B e R ?
\Amﬂ

IR L, 44 B A e Pl
n
min t;
2
s.t. CVs =y,
ti = Si, Vi,
tiZ —Si,Vi.

ts € RMABR YA it

2RI 1a] et

min aox + bo

st. ax+b;<0,i=1,..

djx+Cj :O,]: 1,
var. x € R",

)ml
e D)




AR 2 P B
n .
_ min aox + bo
SRAFIE (o) 7] 5 mm}}ﬂ st. ax+b;<0,i=1,..,m,
(=1 dix+c;=0,j=1,..,p,
var. x € R".

s.t. CVs = y.

D) R RAMEALR T EC R

o

SINHA R, A4 S A e R

n *t; = s; 5t = —s; 5Vt = max{s;, —s;} = |s;]

minz t i
— WAL s, —REAL = Isi] (AT RGER)
s.t. CVs =y,
ti > Si,Vi,
tiZ —Si,Vi.

t,s € RUHPRIRAL &
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g RISl e e R AR
s.t. CVs = y.

S s HhR) 25 g ) H Tl AR TS 5K

min ||s||, min A[s|[; + [|CVs — y/|;
s.t. [|CVs —yl|, <e.
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AT AERECV IRy, XFEL AT WAL AR ] 78 d DLk B9 7 i JEE

min ||s], min [|s]|;
s.t. CVs = y. s.t. CVs = y.

= 10"4;
p =10"3;
matrixCV = randn(p,n);
y = randn(p,1);

1544 % H Steven L. Brunton, J. Nathan Kutz
<Data Driven Science & Engineering - Machine Learning, Dynamical Systems, and Control>
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AT AERECV IRy, XFEL AT WAL AR ] 78 d DLk B9 7 i JEE

min ||s]|, min [|s]|,
s.t. CVs = y. s.t. CVs = y.
= 10"4;

p = 10"3;
matrixCV = randn(p,n);
y = randn(p,1);
cvx_begin; Matlab >R A ™ DR AL ] 38 i 4

variable s(n);

minimize(norm(s,1));

subject to BUTI I 381138

matrixCV*s==y;
cvx_end;

1544 % H Steven L. Brunton, J. Nathan Kutz
<Data Driven Science & Engineering - Machine Learning, Dynamical Systems, and Control>
o T
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AT AERECV IRy, XFEL AT WAL AR ] 78 d DLk B9 7 i JEE

min ||s]|; min [|s]|,
s.t. CVs = y. s.t. CVs = y.
= 10"4;
p =10"3;
matrixCV = randn(p,n); | |
y = randn(p,1); . - ]
cvx_begin; . OO: . ‘:Z:
variable s(n); | =
minimize(norm(s,1)); . ool
subject to - - oo
matrixCV¥s==y; . 1

r 1 L L 1 1 L L 1 L 0 L ! L L L
CVX e n do 0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 -0.08 -0.06 -0.04 -0.02 0 0.02 0.04 0.06 0.08
(3

H
figure(1) el
plot(s);

figure(2)

histegram(s); 1544 % H Steven L. Brunton, J. Nathan Kutz

<Data Driven Science & Engineering - Machine Learning, Dynamical Systems, and Control>
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R AEMECV I Ry, XFEL DA PN EAR [R]85 DIC gk F) i i 1

min ||s]|; min [|s||,
s.t. CVs = y. s.t. CVs = y.
n =10"4; T T LIRS R A5 R Rl 1Al
p =10"3; nJ DAHES HH 2 SR (U B A AT TE 3K

matrixCV = randn(p,n);
y = randn(p,1);

s = pinv(matrixCV)*y;  pinv(matrixCV) 3| & CV L3 46 fE(CV) T

SR

1544 % H Steven L. Brunton, J. Nathan Kutz
<Data Driven Science & Engineering - Machine Learning, Dynamical Systems, and Control>
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AT AERECV IRy, XFEL AT WAL AR ] 78 d DLk B9 7 i JEE

min ||s|l; min ||s|l,
s.t. CVs = y. s.t. CVs = y.
= 10"4;
p =10"3;
matrixCV = randn(p,n); w015 0

y = randn(p,1);

0.01

0.005

s = pinv(matrixCV)*y;

) 0
figure(1) .
plot(s);
figure(2) o
histogram(s); 0 e S0

1

1544 % H Steven L. Brunton, J. Nathan Kutz
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2 AL MECV I [r) 2y, X Eb LA WA AR Tv) 3R f5e Ve ik e s i
min ||s]|; min [|s||,
s.t. CVs = y. s.t. CVs = y.
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B i C {5 BRI, #3513
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A=imread('animal’,'png');
Abw=rgb2gray(A);

imwrite(uint8(Abw),'csoriginal.jpg');
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RN (JIAHAL)
& AEFEC

SEIS 0 R 4R AN

B 5 Y 7 -
A=imread('animal','png’);
Abw=rgb2gray(A);

imwrite(uint8(Abw),'csoriginal.jpg');

[rsize,csize]=size(Abw); BEE AL
n=rsize*csize;

p=round(0.2*n); FE45%20%
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A=imread('animal’,'png');
Abw=rgb2gray(A);

imwrite(uint8(Abw),'csoriginal.jpg');

[rsize,csize]=size(Abw);
n=rsize*csize;
p=round(0.2*n);

x=reshape(Abw,[],1);
C=normrnd(0,1,p,n);
y=C*double(x); T 43 2 2000X 1A By
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[0/ » Users » haoranyu » Documents » MATLAB »
Command Window
V—dct(eye(n,n)); Calling SDPT3 4.0: 20000 variables, 2000 equality constraints
matrixCV=C*V; .
num. of constraints = 2000
dim. of socp var = 20000, num. of socp blk = 10000
. SDPT3: Infeasible path-following algorithms
cvx_begin; _
- version predcorr gam expon scale_data
: . NT 1 0.000 1 0
Varlable S(n)> it pstep dstep pinfeas dinfeas gap prim-obj dual-obj cputime
mlnlmlze(norm(s’l)); 0]0.000|0.000|1.0e+00|1.0e+02|7.7e+08| 7.431660e+06 0.000000e+00| 0:0:30| chol 1 1
1]1.000|0.841|1.3e-09|1.7e+01|1.8e+08| 1.022502e+07 1.906350e+05| 0:1:00| chol 1 1
b' 2|1.000|0.965|6.6e-11|8.2e-01|1.6e+07| 8.853295e+06 5.046843e+04| 0:1:58| chol 1 1
subject to 3|1.000(0.822|7.1e-11|2.5e-01|2.8e+06| 2.289119e+06 5.478894e+04| 0:2:57| chol 1 1
. 4]10.914]0.529|4.4e-10|1.5e-01|7.1e+05| 6.835456e+05 8.139438e+04| 0:3:55| chol 1 1
matrIXCV*S::y' 5]0.843|0.518|6.3e-11|8.8e-02|2.6e+05| 3.399570e+05 1.108943e+05| 0:4:53| chol 1 1
? 6]0.823|0.566|1.1e-10|4.7e-02|1.0e+05| 2.214542e+05 1.322548e+05| 0:5:52| chol 1 1
CVX (311(1’ 7]10.726]0.608|1.4e-10|2.3e—-02|4.5e+04| 1.827298e+05 1.422268e+05| 0:6:50| chol 1 1
p— b 8]0.734]10.605|4.4e-11|1.1e-02|2.0e+04| 1.640164e+05 1.457914e+05| 0:7:49| chol 1 1
9]0.709|0.636|1.1e-11|5.4e-03|9.6e+03| 1.560941e+05 1.473191e+05| 0:8:47| chol 1 1
10|0.762|0.607 |2.9e-12|2.7e-03|4.2e+03| 1.517348e+05 1.479353e+05| 0:9:46| chol 1 1
11|0.722|0.584|2.1e-12|1.4e-03|1.9e+03| 1.499273e+05 1.482083e+05| 0:10:44| chol 1 1
12|0.713|0.661|2.0e-11|6.4e-04|9.7e+02| 1.492084e+05 1.483353e+05| 0:11:43| chol 1 1
13|0.798|0.773|2.5e-11|2.4e-04|3.9e+02| 1.487549e+05 1.483969e+05| 0:12:42| chol 2 2
14|0.797|0.759|1.4e-11|1.0e-04|1.6e+02| 1.485584e+05 1.484157e+05| 0:13:41| chol 1 2
15]0.784|0.620|1.6e-11|5.8e-05|6.8e+01| 1.484791e+05 1.484202e+05| 0:14:39| chol 1 2
16|0.886|0.814|3.8e-11|2.3e-05|2.3e+01| 1.484423e+05 1.484224e+05| 0:15:38| chol 2 2
17]0.805|0.725|1.0e-10|6.4e-06|8.5e+00| 1.484296e+05 1.484220e+05| 0:16:37| chol 2 2
18]0.744|0.851|1.2e-10|9.5e-07 |3.6e+00| 1.484256e+05 1.484221e+05| 0:17:35| chol 2 2
19|0.859|0.847|2.5e-10|1.4e-07|1.3e+00| 1.484235e+05 1.484222e+05| 0:18:34| chol 2 2
20|1.000|0.741|1.2e-09|3.7e-08|4.0e-01| 1.484227e+05 1.484223e+05| 0:19:32| chol 2 2
21]0.704|0.942|4.7e-10|2.2e-09|1.7e-01| 1.484225e+05 1.484223e+05| 0:20:31| chol 3 2
22|0.860|0.801|1.5e-09|4.7e-10|2.6e-02| 1.484224e+05 1.484223e+05| 0:21:30| chol 2 2
Jfx 23]10.928|0.966|4.6e-10|7.2e-11|2.3e-03| 1.484223e+05 1.484223e+05| 0:22:28|
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V=dct(eye(n,n));
matrixCV=C*V;

cvx_begin;
variable s(n);

minimize(norm(s,1));
subject to
matrixCV*s==y; 468 5220% J5 ik & B4
cvx_end; (p = 2000,n = 10000)

xrecovery=V*s;

rematrix=reshape(xrecovery,rsize,csize);

imwrite(uint8(rematrix),'recovery.jpg');
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V=dct(eye(n,n));
matrixCV=C*V;

cvx_begin; 1 L2850/ ME [R]85 L
variable s(n); B/ ME ) 3
minimize(norm(s,1));
subject to s = pinv(matrixCV)*y;

matrixCV*s==y;

cvx_end;

xrecovery=V¥*s;

rematrix=reshape(xrecovery,rsize csize);

imwrite(uint8(rematrix),'recovery.jpg');
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(p = 2000,n = 10000)
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Robust uncertainty principles: Exact signal reconstruction from highly incomplete
frequency information

EJ Candés, J Romberg, T Tao - IEEE Transactions on ..., 2006 - ieeexplore.ieee.org

This paper considers the model problem of reconstructing an object from incomplete

frequency samples. Consider a discrete-time signal f/spl isin/C/sup N/and a randomly

chosen set of frequencies/spl Omegal. Is it possible to reconstruct f from the partial

knowledge of its Fourier coefficients on the set/spl Omega/? A typical result of this paper is

as follows. Suppose that f is a superposition of| T| spikes f (t)=/spl sigma//sub/spl tau//spl

isin/T/f (/spl tau/)/spl delta/(t-/spl tau/) obeying| T|/spl les/C/sub M//spl middot/(log N)/sup ...

Y¢ Save D9 Cite Cited by 17967 Related articles All 32 versions

Signal recovery from random measurements via orthogonal matching pursuit
JA Tropp, AC Gilbert - IEEE Transactions on information theory, 2007 - ieeexplore.ieee.org

This paper demonstrates theoretically and empirically that a greedy algorithm called

orthogonal matching pursuit (OMP) can reliably recover a signal with m nonzero entries in
dimension d given O (m In d) random linear measurements of that signal. This is a massive
improvement over previous results, which require O (m 2) measurements. The new results

for OMP are comparable with recent results for another approach called basis pursuit (BP).

In some settings, the OMP algorithm is faster and easier to implement, so it is an attractive ...

Y% Save YU Cite Cited by 9783 Related articles All 34 versions

CoSaMP: lterative signal recovery from incomplete and inaccurate samples
D Needell, JA Tropp - Applied and computational harmonic analysis, 2009 - Elsevier

Compressive sampling offers a new paradigm for acquiring signals that are compressible
with respect to an orthonormal basis. The major algorithmic challenge in compressive
sampling is to approximate a compressible signal from noisy samples. This paper describes
a new iterative recovery algorithm called CoSaMP that delivers the same guarantees as the
best optimization-based approaches. Moreover, this algorithm offers rigorous bounds on
computational cost and storage. It is likely to be extremely efficient for practical problems ...
Y% Save Y9 Cite Cited by 4776 Related articles All 24 versions
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1EARPLACE a0y (Orthogonal Matching Pursuit, OMP)

Algorithm 3 (OMP for Signal Recovery):
INPUT:

* An N X d measurement matrix ®

¢ An N-dimensional data vector v

» The sparsity level m of the ideal signal

OUTPUT:
* An estimate 3 in R? for the ideal signal
* A set Ay, containing m elements from {1,...,d}
* An N-dimensional approximation @, of the data v
* An N-dimensional residual r,, = v — @,

FHEJA. Tropp, AC. Gilbert <Signal Recovery From Random Measurements Via Orthogonal Matching Pursuit>
. A

PROCEDURE:
1) Initialize the residual 79 = v, the index set Ag = (), and
the iteration counter £ = 1.
2) Find the index ), that solves the easy optimization
problem

A= argmax;—i .4 [(re-1, @) .

If the maximum occurs for multiple indices, break the
tie deterministically.

3) Augment the index set and the matrix of chosen atoms:
A=A U{N}and B, = [D,_; ¢, |. We use the
convention that ®y is an empty matrix.

4) Solve a least squares problem to obtain a new signal
estimate:

x; = argming |[v — P, |, .

5) Calculate the new approximation of the data and the new
residual

a =P,z
Tt =0V — Q.

6) Increment ¢, and return to Step 2 if £ < m.

7) The estimate 3 for the ideal signal has nonzero indices at
the components listed in A,,,. The value of the estimate §
in component \; equals the jth component of Z;.
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KA s.t. CVs = y.

1E AR DU B B a5 (Orthogonal Matching Pursuit, OMP)
FER A e o

(1) Fagitk: MEsHAVPHOCEANEF (RAEEE)
(2) “AMT": HEFECVAYAF A& A 85
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i i B min ||s|lo
KA s.t. CVs = y.

fil: HESEGAnx 1 EsNAEE s B2 BT EREIEE, s=10,080.12,0.16,0,...,0]"
anAn] BEAR SRy & for H [ 2 s HEiX = AL HUE AESR?

px 1l & r &yik Ly = CVs = Y-, s;CV; = 0.8CV, + 0.12CV; + 0.16CV,

pxnififf cv px 1l & ] & y

nX1FG A & s




cy,

— .-
min [|sl[o

e f T
KA s.t. CVs = y. pxnififf cv

fil: HESEGAnx 1 EsNAEE s B2 BT EREIEE, s=10,080.12,0.16,0,...,0]"
anAn] BEAR SRy & for H [ 2 s HEiX = AL HUE AESR?

px 1l & r &yik Ly = CVs = Y-, s;CV; = 0.8CV, + 0.12CV; + 0.16CV,

H Wt 1) B s AERALE I I 3% FICV], CVy, ..., CVy 43 3 DA ) ity
BAX(E, T
I CVI D) [n & y450.8CV/ CV, + 0.12CVICV; + 0.16CV/ CV,: {HIR/]

CVR [F) %) ] & o) R AR 4 %
{EAR /I
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AT ] min |[s|[o
KA s.t. CVs = y. pxnfEfE cv

fil: HESEGAnx 1 EsNAEE s B2 BT EREIEE, s=10,080.12,0.16,0,...,0]"
AT REAR PRy 52 Aot [ 2 s 71X S A BB AR 22

px 1l & r &yik Ly = CVs = Y-, s;CV; = 0.8CV, + 0.12CV; + 0.16CV,

FIW ) s AL BALE N ik FICV], CV], ..., CVI 43 IRV Bty

I CVI D) [n & y150.8CV/ CV, + 0.12CVICV; + 0.16CV/ CV,: {HIR/

FACV; T DA [ &y £30.8CV; CV, + 0.12CV; CV3 + 0.16CV; CV,: {HARK  CVA [RIF [ 5 B P9 F 4 %o
FFICVT 5 DA [ Bt y£20.8CVI CV,, + 0.12CVICV; + 0.16CVICV, : fifde  TERAD
FCVI P [ & yf50.8CVICV, + 0.12CVI CV; + 0.16CVI CV,: {HIRK

FHCVI e ) Jnj & y150.8CVICV, + 0.12CVICV; + 0.16CVICV,: {HIR/
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px 1l & r &yik Ly = CVs = Y-, s;CV; = 0.8CV, + 0.12CV; + 0.16CV,

T R sIERALE M HCV], CV], ..., CV; A JI s DA Ry PRARESN: 32T (4a%F)
(I HEES
EILE

I CVI D) [n & y150.8CV/ CV, + 0.12CVICV; + 0.16CV/ CV,: {HIR/
FCVI P [ &y 50.8CVICV, + 0.12CVI CV; + 0.16CVICV,: {H1R
FCVI sk D) & yf50.8CVICV, + 0.12CVICV; + 0.16CVICV,: {HIR
FCVI kD) & yf50.8CVI CV, + 0.12CV/ CV; + 0.16CVI CV,: {HR
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AT REAR Py s AL HH [l 2 s I = AL E AR ?

px 1l & r &yik Ly = CVs = Y-, s;CV; = 0.8CV, + 0.12CV; + 0.16CV,

Fr e s BALE R Tk FICVL, CVZ, ..., CV IR DAl Ly SLAIE:

FCVI el jn &y 50.8CVICV, + 0.12CVICV; + 0.16CV] CV,:
FCVI Pl [q & yf50.8CVICV, + 0.12CVI CV; + 0.16CVICV,:
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FCVI P & yf50.8CVIcCV, + 0.12CVICV; + 0.16CVICY,:
FCVI Pl [n & yf50.8CVICV, + 0.12CVI CV; + 0.16CVI CV,:

FCVI D) jnj & y150.8CVICV, + 0.12CVICV; + 0.16CVICV,:
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px 1 & [r Eyif /£y = CVs =

m . s;CV; = 0.8CV, + 0.12CV; + 0.16CV,

FIl s IE R B M CVT, OV, ..., CVI 4 BiIsR D By

FACV] 3 DA & y450.8CV] CV,
FACVY e DA [y #30.8CV] CV,

+ 0.12CVICV; + 0.16CVICV,:
+ 0.12CVJ CV; + 0.16CVI CV,:

{EAR/N
{EAR K

FACVI e DA [y #30.8CVS CV,
FACVY e DA [y #30.8CV] CV,

FACV; e VA 1] y#40.8CV;,; CV,

+ 0.12CVICV; + 0.16CVICV,:
+ 0.12CV/CV; + 0.16CV] CV,:

+ 0.12CV,ICV; + 0.16CVICV,:
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px 1l & r &yik Ly = CVs = Y-, s;CV; = 0.8CV, + 0.12CV; + 0.16CV,
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px 1l & B yik Ly = CVs = Y, 5;CV; = 0.8CV, + 0.12CV; + 0.16CV,
EfESHE AT RIER, ARG SERIE R R CV RIS /N L, F g n &y
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px 1l & r &yik Ly = CVs = Y-, s;CV; = 0.8CV, + 0.12CV; + 0.16CV,
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FHCVI D3k 2 n & 1r5K0.8 — §,))CVICV, + 0.12CVICV; + 0.16CVICV,: {HIR/)
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px 1l & r &yik Ly = CVs = Y-, s;CV; = 0.8CV, + 0.12CV; + 0.16CV,

F e E s S AR RALE M T ACV], OV, ..., OV 43 B e ABR2E 1

) - o\ ale
FCVT e L5k 2 Al & r45](0.8 — 5,)CVICV, + 0.12CVT CVy|+ 0.16CVTCV, : {ER/ fﬁﬁigl?v{j; ’ ﬁéh;gj‘{igé,j(
N = = 2, ¥ 3 r = S VAN B .
FHCVI e L3k 2 &ri540.8 — §,)CVI CV, + 0.12CVI CV5 |+ 0.16CVI CV,: {HIR/I W5 AT Ky s
FCV] e A3k 2% n) Bir5}(0.8 — §,)CV3 CV;, + 0.12CV] CV5|+ 0.16CV] CV,: {HR K AN IERIE

FACV.] 3 DA%k 2 [n) & 45](0.8 — §,)CV] CV, + 0.12CV, CV5|+ 0.16CV] CV,: {HIEK

fEfa gl e, KK

| o ) o CVar CVa SR BN e 4
CVI e § 0.8 — §,)CVICV, + 0.12CVI CVs|+ 0.16CVICV, : A ,
B CV T VB 22 ] R (0.8 — §,)CVCV, + o+ ot LB it o It He B B




ERFOLEE

3 AN e min [|s|[o
R s.t. CVs = y.

f): ESLEGHEInx1aEsNES . B2 BT EIYEIEZE, s=[0,0.80.12,0.16,0,..,0]7
T REAR BE Y e AL [l s TR = AbBUAAE S ?

px 1l & B yik Ly = CVs = Y, 5;CV; = 0.8CV, + 0.12CV; + 0.16CV,
CESH v B=InRIESE, AIKECV,, CVsHRIIX A R/NT L Em), FE sk &y

EHBERET T =Y —@Wz —@Kvg PERXTS,, WA

(83, 83) = argmin||s,CV, + s3CV; — y|,
’fﬁﬁ‘ E@SZ, S3 EI{H’E: (52,53)

ARSI LA B HAR R (B4R pA~Zd)
AL, i BA R, St




v,

ERFOLEE

R ] 5 min ||s]|,
KA s.t. CVs = y. pxXniifE cv

fil: HESEGAnx 1 EsNAEE s B2 BT EREIEE, s=10,080.12,0.16,0,...,0]"
AT REAR PRy 52 Aot [ 2 s 71X S A BB AR 22

px 1l & r &yik Ly = CVs = Y-, s;CV; = 0.8CV, + 0.12CV; + 0.16CV,

FIUT R B B SE =AM R AL E M T FICVL, OV, ..., OV 43 SIS DA BRI /5 Y Bk 22 [ Bk

FICVT e D)3k 24 [ rf80.8 — §,)CVI CV, +[(0.12 — 5;)ICVT CV; + 0.16CVICV,: {HMR/N 2B =[F & :

CV] DL AR e {08 — S CVICY, + 0,12 = 5PV Vs + 0160V eV, firivh AFRILTTLRME,
FHCVI e L3k 2 m Erf5K0.8 — 5,))CVI CV, +{(0.12 — §3)CVICV; + 0.16CVICV,: {EHR/N ASHER AR
FHCV/] 3 DAk 2% n B f50.8 — §,))CVS CV, +](0.12 — §3)CVS CV; + 0.16CV] CV,: {HIRK

FACVT e DAB% 2 A8 r43{(0.8 — 5,)CVICV, +/(0.12 — 35)JCVICV; + 0.16CVICV, : {E1R/]
$3i0 £ Ul




ERFOLEE

AT Bl min |[s|[o
KA s.t. CVs = y.

fil: EEG <M EsNAESE = = B RPAIEE, s=10,08,0.12,0.16,0,...,0]"
Aoy REAR I y & L H ] & s7EiX = Ab E AE SR

px 1M EyifEy = CVs = ¥, 5,CV; = 0.8CV, + 0.12CV; + 0.16CV,

gSfiEsE = B= BUTRESF, WTiEks?

(§2, §3, §4) - argmin”SZCVZ + SSCVS + S4CV4 - y”Z

(52,53,54)

R R RS = [0,5,,55,35,,0,...,0]7




1E A2 DU B B a0 (Orthogonal Matching Pursuit Algorithm, OMP)

Wi\ FEFECV. HRy. WEn R EK

Wil : A &S

0 WIipfk: EmEr <y, EFMABEEFO <« 0

1 fori=1,2,..,K

2 8o = aljgmax|CViT r| o Z MG B MAERITL R ALE

3 FHHHEFNMELEFO <« 0 U {o}

4 G, i € 0) = argmin||X;co siCV; — ¥l fhHIEZTTEME

(s;,i€0
R ZE M Er « y — §CV;
65 =0,Vi¢g0




ke Mol R T R A ] KA BB

fth: RS
O fotpfl: REMEr <y, FEEMELEFO < 0
1 fori=1,2,..,K

o = argmax|CV]r|  oRZEIGHEIHAEF IR KN E
BHIEFMNEEFO « 0 U {o}
TGS, i € 0) = argmin||Xieo siCV; — ¥yl f5HIERTTHEME

(s;,i€0
R ZE M Er « y — §CV;
65 =0,Vi¢g0
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IERFLEE

min ||s]|,

SRAE ]

s.t. CVs = y.

@ |Users/haoranyu/Documents/MATLAB/OMP.m

LoD
= function [s]=OMP(K,y,matrixCV)
res=y;
[p,nl=size(matrixCV);
backmatrix=zeros(p,n);
s=zeros(n,1);
saveindex=zeros(K);

-1 for i=1:K

parts=pinv(partmatrix)xy;

for j=1:i
l=saveindex(j);
s(l)=parts(j);
end

res=y-matrixCVxs;
- end

OmP Ln 7

[~,index]=max(abs(matrixCV'kres)); 1 fori = 1, 2, oo g K

saveindex(i)=index; ‘\\\\\\\\\\\\\\

backmatrix(:,i)=matrixCV(:,index); “\\\\\\\\\\\\\\\
: 1.1),

|5 mymEmnErey-

B I 5 DG i3 i

Tl GERECY. Y. FRBLA BB EK

frti: s
O ftptk: FEMEr <y, EFMEEFO « 0

5o = argmax|CVTr|

En HHAEE JE%/D‘O < 0 U{o}

4 31485, 0 € 0) = argmin||Y;cp 5;CV; — yll,
(s4,i€0)

5;CV,

65 =0Vigo
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A=imread('animal’,'png'); 55 e :

Abw=rgb2gray(A);
[rsize csize]=size(Abw);
n=rsize*csize;

p=round(0.2*n); FE45%320%

x=reshape(Abw,[],1);
C=normrnd(0,1,p,n);
y=C*double(x);
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Sy = . OMPALY: | :
A=imread('animal’,'png'); 55 e :

Abw=rgb2gray(A);
[rsize csize]=size(Abw);
n=rsize*csize;

p=round(0.2*n); FE45%320%

x=reshape(Abw,[],1);
C=normrnd(0,1,p,n);
y=C*double(x);

V=dct(eye(n,n));
matrixCV=C*V;
s=OMP(1000,y,matrixCV); | fJOMPREE KGR & (b B 1% 4 1000)
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S = OMPE

A=imread('animal’,'png"); K
Abw=rgb2gray(A); @ TTTTT T T e e m e e
[rsize csize]=size(Abw);
n=rsize*csize;

p=round(0.2*n); FE45%320%

x=reshape(Abw,[],1);
C=normrnd(0,1,p,n);
y=C*double(x);

V=dct(eye(n,n)); o
matrixCV=C*V; Ji 45 22209 5 PR 2 11

(p = 2000,n = 10000)
s=OMP(1000,y,matrixCV);
xrecovery=V*s;

rematrix=reshape(xrecovery,rsize,csize);
imwrite(uint8(rematrix),'recovery.jpg');
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R i 1] 5 min ||s]|,
KA s.t. CVs = y.

> FETAMARIRRARE: WA FHFER

> BT IEAZ LR SR Al B S THAR/
o OMPHE

Signal recovery from random measurements via orthogonal matching pursuit
JA Tropp, AC Gilbert - IEEE Transactions on information theory, 2007 - ieeexplore.ieee.org

This paper demonstrates theoretically and empirically that a greedy algorithm called

orthogonal matching pursuit (OMP) can reliably recover a signal with m nonzero entries in

dimension d given O (m In d) random linear measurements of that signal. This is a massive
improvement over previous results, which require O (m 2) measurements. The new results
for OMP are comparable with recent results for another approach called basis pursuit (BP).
In some settings, the OMP algorithm is faster and easier to implement, so it is an attractive ...
Y¢ Save D9 Cite Cited by 9783 Related articles All 34 versions
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