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Abstract:

Different from 1D signals,2D images have obvious texture information. Based on the basic framework of block-

based compressed sensing, we propose a block-based adaptive compressed sensing of image using texture information, which exploits

the property that different texture would produce varied information content. The adaptability lies in two aspects: one is the adaptive

sampling and another is the adaptive threshold. Two different filters are introduced, which forms two kinds of new algorithms, re-

spectively. The proposed algorithms are applied to nature and medical test images. The results show that our improved algorithms

provide superior performance on both the reconstructed image quality and the visual effect.
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ASCHE Y BACS B9k, IEZE T BCS-SPL 4% 5%
TR e S0 2 A R Mg 11 R A A 4, %o R JE e T
I Sii
(1) 224807 A3k 1A rb B0 28 40 8 0l A L (SR 40 4
FEG A — IR AE 208 . AE 50 v 2 30, 48 90308 B %) T 80
PRI I XS 2 S AR, A8 EE A 45 SR T,
ek TR Z 455 B, . ¥ BCS-SPL BY4ELNIE I , 4% 5,
TR, PRI B2 1 U 2P 484 AR 18T o — R 8% i —
R UE W AR LR A
) UEWEEEAE P, BEAS P18 8 AN AR, T 2 AR 45 1]
BN SCHRAE L, E IS N AR AL
Q) VIR FEA TR @y JrikAS 3, 1M & A k[ 13 ]
Hr %) MMSE 75 23K 15 . MMSE J7 145 21 (19490 46 fife 1) Jo o
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3.2 FIRAYEERENBEEN KL ESRE
Jit BCS-SPL 35032 1) U8 I B A, X1AS W) B4R, ZEAS TR
AR R I A TRZOR AR — [ 2 1. SR A M
nfar e S X g P 45 R A AR KA . 2 E R K,
REARAT A UG s (H 232 4N 5 85 4 (e /N, £
BT AT R A o R B T MR R A SR Y A B %
FRAT FR L i D A 7 30 (8) . B AR 3 A IR
J R AR WTR T, MR D A A BEZ )N, I8 M Y [
A AR - i £ BR A0 15 8 I8 Wl R AR R 3 0, w0 4R
PG e 25 e, DTS B A A0 A© Bt 5 SR
SR L3 0
A8=ple D30 Q0 A (11— SR)  (8)
B A B S Y, B MR B o (E A REHL, %
T AT DR R BRSO E B B S N AR A (9).
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SR FHORUAS 155 WSO 4 1 {5 32 18 U 5 180/ i 742 46 ( Dual-
tree Discrete Wavelet Transform, DDWT) /' i % #% , 5 —Fh
JELS A HLICEL AN 3D JE 3 A9 (Block-Matching and 3D filter-
ing, BM3D) MO I & ik % . 3.2 1 4R 1 B AR 58 I 0 4 7
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4.1 HERHSLILRER

A 45 ) BACS B A BLARSCHUE B A R AE A
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Algorithm: Block-Based Adaptive Compressed Sensing
Stagel : [ & N RAF

Input: JRE I,RAER SR, WURFER P KN B,
TN A @

LI {x" xme R

2: 07 = @ L

3:1ri"} = CASR({yP}, SR, ™)

4:for each block i, {y™|y¥ = @,,l?"“x X0

Output: WP A SEEE A 1y, 1y, = [y il
Stage2: [ 1 i F 4
Input: 55 31 B8 HL WL 00 6 [ @, UL o AR
AN
Initialization: Fl MMSE J7 515 2] 4] 46 f# | X ii"i boirE
BEA WG AR —AE IR BEIR | A AR X (9) 3157 p.

£

%Xg}

x!H x! = Wiener(x™) |, g =1.
Repeat
1:for each block i, {X¢1%¢=2(x¥,y,®""")|
2:28 = plem 30
3. %Ef% l_,ig’xign} — 7(Xg’Ag)’Xg+l l_’%ifgiﬂ%
4:g=g+1
Until stopping criterion is satisfied
Output: X * = ) A
4.2 HEMBSERESH
HFASCHY BACS 535 ) 7F BCS-SPL 53k JEAAE
ZR e, PR TR EORT B S BT T e B 2 T A O
9225 . BACS Fll BCS-SPL 395 , &l ia A7 I 1] 45 ph SR A b
(8] T FE R ] 7y PR LL.
BCS-SPL [ RAERF A Ry TS = b+ 0 (mn ). BACS
e, BARIET 1 U A8 P UCRAE , (HLECR AR FE
75 T LA R A B G T b O (mn ) AH R LE
BCS-SPL, Z i T35 A i R AR BT R E] Tepsg-
BT K EERRRAE AR 0 T 5 I ], 52 A B 2
BB 0(1), FZIHHE L MMSE 45 14 i 5] AR 4% MMSE

A XS 0 BB, AR Tyvse
= 0(m™n?). W43, BACS [ISREERT ] g TS = -
O(mn) +b-0(m"n?).
PR 1 1 A B ) 2 R AR AL Ty, 4R R
T, AEANEUE T, A0TSR ARG SE b ul P i T, B e ] 4
B AR A W SEHRE TR O Wis BN, S AL TS
AR .
TR = T+ G (Toy + b T+ T+ b+ T,)
=b-0(mn)+ G (T, +2b°0(mn) + Tj) (10)
TR = T+ G (b T, + T.)
=(b-0(mn®) + T,) + G (b O(mn) + T7) (11)
HI T T, LT, AR ) 52 2% B 4O HC B A 1y 52 307
%L RIS 0 MFRREE R . X A AT LR
HLTE T IR LT, BACS 90 afb i ] 44, (1
IR — IR A B ] B 8 /> T BCS-SPL. 2765 L 1 R A
AT A0 Hr 48 28 13 BACS [ SIS AT ] -
TBAS = (b= O0(mn) + b O(mPn?))
+(b-0(mn?) + T,) + G..(b-0(mn) + T-/)
(12)
MIZ AL AT LAVE RE B, B R0 25 A4S By b
HOR AT B s AL S2 B, A K P i e Bk b = 1,
A BRI [ 29 R SR 176, P LA R AR B 1]
AR
5 XRMMESERSH

Scae A IS E R A, VIE E AR KSR Lenna,
Barbara, Peppers, Mandrill, Couple, Boat, Camera Man FI
House, A} MRI Fl CT Wi & 5 24 B4 . g E {5+, Cam-
era Man £l House /N 256 x 256, Fo4y /AIE AR 512
512.

X P AT SR 7% BCS-SPL-DDWT!™! , bkt 1 i
W HE 48 8% 1 (fast Bayesian Compressive Sensing, fast-
BCS)', 4 R UC i 25 ( Compressive Sampling Match-
ing Pursuit, CoSaMP) (12] , T BE RS 6 15 B2 44 ( Gradient Pro-
jection for Sparse Reconstruction, GPSR)!!, Jik - 455 71 fy
CoSaMP( Model-CoSaMP) 7 I £5 4 /N i FE 45 11 ( Tree-
Structure Wavelet Compressive Sensing, TSWCS) 1A s
BHRTE MATLAB R2010a R 8E T 52 1, B 1 55 11 Sy S 4
IRMUE% CPU A 1.83GHz, N AT 1.97GB.

5.1 BHILE

ISR B IBEE /N B, Pt WA=

)/ Bk AT U R B AH, A 45 R AR BE AT

% BCS-SPL-DDWT: http: //www. ece. msstate . edu/ ~ fowler/BCSSPL/,
BM3D: http: //www. cs. tut. fi/ ~ foi/GCF-BM3D
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B, b S R B REARIREL G, = 500 A3
BACS Bk, WEH R E NS H R A A" X F BACS-
DDWT, Bt AM* = 30, Xf F BACS-BM3D, Ht ™ =
10. Model-CoSaMP I CoSaMP 1, & i ZF % B N K =
M/5. RPN S E R FBOAE. BT A 45 35
RPN EIE ST 1T 5 RIG WFHAE.
5.2 BACS HAEIMH RS KIGTLL SR S
BACS Jrik i, B AY SR B A B 35 W R AL T 3 1
WAL B L. A T 4 00 8 I T e 6 s o B0 32 1 e R

Xof JEL A A T A 4 — ook S b R T O R
FESEIE I FH 3 J5 BCS-SPL-DDWT %51 1 , 3 J5 10 7 24
ARIFR K astBCS-SPL-DDWT. 75 — Fh &85 BACS H- ik
PR B A BE g Ay I AL, TR o 0 3B 8 6 2 1 1A 8 i
AIFEEE 751 BACS-DDWT( A, = 15) F1 BACS-BM3D( A,
=5) k8B I FEM Y Barbara, House, #1 EE 2% MRI = I
PG 56 UL PR SRS O PERE . 26 1 R4 TSR AR
FEAR SR = 30% 1 SR = 50% B, 4% [ T4 €114 ) PSNR
FEFTRFIR]

F1 BACSARIMEREEHIITLLER

SR =30% SR =50%
Reconstruction Algorithm Barbara- House - MRI Imag‘e Barbara‘ House 4 MRI Imag-e

PSNR Time PSNR Time PSNR Time PSNR Time PSNR Time PSNR Time

(dB) (s) (dB) (s) (dB) (s) (dB) (s) (dB) (s) (dB) (s)

BCS-SPL-DDWT 25.63 93.1 32.82 30.1 32.06 93.2 28.83 95.2 36.32 30.6  40.28 96.4
asrBCS-SPL-DDWT 26.16 101.8  33.89 39.4 37.03 110.7 | 29.87 106.84 37.58 44.50 44.91 119.80
BACS-DDWT( A4, = 15) 27.98 124.1  36.35 40.4 42.05 134.3 | 32.00 206.2  38.92 65.7 46.66  251.4
BACS-DDWT * 29.70 116.4  36.41 38.6 42.39  126.8 | 35.42 167.89 39.16 54.60 47.60 200.66
BACS-BM3D (A, =5) 28.68  136.7  35.19 40.2 38.96 135.0 | 32.23 235.7 38.03 68.1 43.66  251.6
BACS-BM3D" 33.10 149.0 37.10 40.9 40.74 115.0 | 37.64 218.92 40.33 60.23 46.52 209.70

TE A SRR AR SO Y B MR 4

X b2 1 9 BCS-SPL-DDWT Fll asrBCS-SPL-DDWT f¥]
SR AT LUE Y, I8 DRAE S LG [ SR A, % T =
FR  TEPI R R EE R T PSNR (HARA 4 5, L HXT T
S T Z B House Al MRI %, BC itk P RE O B 3% .
T TF 2 PR A R mT LA 1 3 7 bR O - o HR R
YRR A 0 SR Al T P, ST BR T
GHRYSIEC. B 3t A HOR AR R R R T 0% b4
B AWIEBH] T X — .

0.9 0 0
——adaptive sampling rate
osl —— fix sampling rate
N 7
07t L - i

13 21 23—57"45 3 61 i
i141‘22 36-38do E:ez 05 Pt
15 23 31 39847 55-63R!
616 24 32 40 48 56 64

ol ¥ v ¢
0 8 16 24 32 40 48 56 64
sub-block

Blocked Image(B=32)
El3 Houseif %5 i) B &M RAER (SR=50%)

e 1 G DURR SR BT B SR R TEIE X R
#ir DDWT i J& BM3D, SR H [ 325 7 W5 4 13 {5 B 119 BACS
B 153 1 B R B2 Y PSNR E, #B Eb B [ 5 5 ik
. G H X T 80 F B £ (1) Barbara B 4, BACS-
DDWT L [# % B{H , PSNR 45 1 1.72dB, BACS-BM3D b
[i] 2 [ {5, PSNR #2855 T 4.42dB, s PEREHR IR 5.2

4 J& Barbara A4 2 5 (1% Jm) BB KT EE L, DA 0 50 5R
KA, R T A4 (R A 1Y PR, SO
AT , J 08 T 0 A5 Ak F A 15 B T e

BACS-BM3D(1_=5)

&

BACS-BM3D

e

PSNR=28.78dB PSNR=33.16dB
El4 BarbaraZE 445 R R BK E (SR=30%)

5.3 BACS MUEMEMBEIHEXLERS N

FH RTS8 B 2K A B 22 00 AR, LA oS
Bl CS FAF 0 LG UEAS SCHE H A P Fh BACS-DDWT
1 BACS-BM3D B3 (1 8 (R PERE .

B 5Ca)- () /\Fh A % AS ] A%, 78 A8 AL i R
FER TN H A S5 L1 PSNR (H. B 5 & 3 T
% 75 A SR AE#R T, BACS-DDWT 1 BACS-BM3D [ §
Myl 5 i 5, L L BCS-SPL-DDWT v, %54 i & 1)
P, R i O T At R 3 TN AR B A R T
T HEMEAL IR & A 15 2 6L B 4l /N SGR Y Mandrill
FI(E 5(d)) , Al Bk sl B T B S A sl iR
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Sample Rate Sample Rate Sample Rate Sample Rate Sample Rate
(@) ® © @ ©
Boat C.Man House MRI Image CT Image
50 45 55 65 65
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451 0
o4 @3B /A -e]
C] Gl C] Cl
& & = 4or 245
2% Z3of Z z
= |- A 351 &40
30 35
25 30p
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25
20 e 25

o
0.10.20.30405060.70.80.9

20 ol v v sl 1 1
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Sample Rate Sample Rate Sample Rate Sample Rate Sample Rate
N ) (1) U] )
—*— BACS-BM3D —+ BCS-SPL-DDWT —— GPSR —— CoSAMP
—— BACS-DDWT  —— TSWCS —— Model-CoOSAMP  —=— fastBCS

AT e BACS-DDWT #1 BACS-BM3D 5 HAth 7S Fh 8 7k

Bs RRSRERE ST & E

N

PG AT I Tl e T 10%s, iy HL I 56 J5 4 . 3 e

BT ] AR , 3R 2 s Y NP A A SR8 SR = 40%
BF, 6 DU i AR L5 RN G R S 2 TR R A5 R
PSNR {E Az f 7 1] %F Fe 36 2 PS5 SR A kA0 34k
FIE T CoSaMP 1 B ] d5c PR, (H 25 A4 45 K 19 i i A

Uf. TSWCS Sk A AL T/ N AR B 5005 v, EA 2

AN =Fp BCS Bk 45 5. SCH 4R H B T A BACS B
% HTMA T — Sk S mg, BT LA L BCS-SPL-DDWT
FAE AT I B) K, 249 Ok DR T A T A5, (HLI 2tz Je 1K T
fastBCS, GPSR , Model-CoSaMP 1 TSWCS PU Fh &9 ()38 17
ifA] . H G BCS-SPL-DDWT, -5 PSNR 42 T £ 6dB.

R ey B

BATHF AR K, B X F 256 x 256 1

F2 BACSBEMERERIITLLEE R (SR =40% )

. Lenna Barbara Mandrill House CT Image MRI Image Mean
Reconstruction
Algorithm PSNR Time PSNR Time PSNR Time PSNR Time PSNR Time PSNR Time  PSNR Time
@) () W ) W) () @B (@B () @) () W) (s
fastBCS 26.87  590.1 21.02  596.5 18.68  616.8  27.79 142.8  27.59 579.3  27.49  358.2 24.91 480.6
CoSaMP 28.26 59.8 22.29 97.6 19.94 126.7  29.25 12.2 28.95 96.3 28.78 71.4  26.25 77.3
GPSR 30.39 640.2 24.58  687.4  22.23 849.3 31.17 147.2  31.07 497.7 30.88 291.2 28.39 518.8
Model-CoSaMP | 29.14  369.8  22.51 618.0  20.25 791.6  30.06 85.2 29.98  560.0 29.84 420.6 26.96 474.2
TSWCS 30.91  4611.7 25.39 4610.0 23.16 4681.8 30.49 1148.3 31.97 4640.1 31.23 4258.7 28.86 3991.8
BCS-SPL-DDWT | 35.17 9.5 27.19 94.8 23.99 94.2 34.66 30.7 37.19 95.2 28.66 95.9 31.14 84.2
BACS-DDWT | 37.51 144.8 32.84 142.4  25.60 141.5 37.85 47.2 45.14 163.6  43.39 182.9 37.06 137.1
BACS-BM3D | 37.48 153.3 35.49 173.9  25.59 168.8  38.67 48.7 43.65 157.1 41.94 175.3 37.14 146.2
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Pl %5 ) PR P e R L 1 6, KT 7 43 ) BACS-DDWT # BACS-BM3D, % /\ i [ 4% [ 1% F11 7 i B2
25 T F AP YE Model-CoSaMP, TSWCS, BCS-SPL-DDWT, 2R RMG E A g SR A R R R A
Original Image Model-CoSaMP TSWCS BCS-SPL-DDWT BACS-DDWT BACS-BM3D

Mandrill . PSNR=22.96dB
i ' “Ev

W\

R=25.25dB

(g) Camera Man PSNR=22.63dB PSNR=23.40dB PSNR=27.12dB PSNR=2.72dB PSNR= 1.21dB
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(h) House PSNR=27.97dB PSNR=28.70dB

PSNR=32.89dB PSNR=36.52dB PSNR=37.23dB

Ee6 BHREKREMLSFERIMBKE(SR=30%)

Original Image Model-CoSaMP TSWCS

PSNR=26.63dB PSNR=28.84dB

(b) MRI Image

/4

BCS-SPL-DDWT

BACS-DDWT

BACS-BM3D

PSNR=37.22dB

PSNR=27.80dB PSNR=38.11dB

E7 EXEKENLSEFHITBOCE(SR=20%)

M 6 FIlE 7 Hal LLE W TEie T A SRR, 18
SRR, WIFP BACS B X1, 30 &, Fdn 1 A
(RS HRZE AR 1 X 38, 75 31 %) 7 4 &5 SR AR 2 0 T HoAth =
PR, IR 0T 2 8 v, 98 2R O 4. L BACS-
BM3D B3, BT BM3D J I a4 o A A T UG A9 Al SR
H AL , B2 1 BACS-DDWT 232 (1 1 RE 51k

6 SES5RETE

T EMGA A SORE S e ERERS A
S, 3G RN S5 A [) 30 B4 A 1) DX e . A SCIE T
SRS R3] S BRAF B0 22 51, 7 73 B e 4 Jak
ySIK R R i VR I S 0 w7 I E B VAT i}
JEJNE % BACS-DDWT A1 BACS-BM3D. % Fi /\ g A 4R &
G AP IR B 2R MG B0 0E T PR ET Bk e RE . 5 HAh
PSPPSR A R X FE SR S R R AT
3 0 SR ARE R 1 35 S (R (1 SR e T A B B R 4
VS R oy i A L KR O = o S S e 1 S S A
3.

Ja gk TAEFT 5 N LLF W J7 1H B JF . B 5%, BACS-
DDWT 1 BACS-BM3D W4 53.32: 45 21| () A [A] 52 B 45 L %
W 4 fR e D% 2% AT LA T BACS B9 iy 2 A v BE . H Al
TE R MR Sk, A7 1R 22 LA BB I A5 53005 X S ik
AT IAR 2 5 454 5] BACS HEZR v, DT TE AN [ £
Sy HL B N R AR DR AE BACS AL

B 73 Ve L KR AT MMSE 535 5, RERS PR sk A5 21 it 4%
U BT R R AU I i) L A B, €S PR
FOF (R AT LA A g Xk 40 iy PSR 114 Ak B ) AT, 5 e A
PG a5 i, e 0 2 g 26 Tox 86 P 5 Ak B 4503
R — L8357 A4 4 5 %, it wT LA 21 CS &1 45 EE A ) et
L R CS R AR R R AT LA

S5 30k
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