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Smoothed projected Landweber image compressed sensing reconstruction
using hard thresholding based on principal components analysis

Li Ran, Gan Zongliang, Zhu Xiuchang
Jiangsu Province Key Lab on Image Processing & Image Communication ,

Nanjing University of Posts and Telecommunications, Nanjing 210003, China

Abstract: While using compressed sensing to measure and recover images, the approach to divide an image into blocks
may improve the speed of reconstruction but will bring strong blocking effects. In order to solve this problem, we propose an
adaptive block compressed sensing based on edge detection at the encoder, and a smoothed projected Landweber ( SPL)
reconstruction algorithm based on principal components analysis (PCA) at the decoder. The reconstruction algorithm uses
PCA to train a dictionary adapting to image structure using hard thresholding, thus the image blocking effects are eliminated
effectively and the reconstructed image quality is improved. In order to improve the efficiency of the hard thresholding and
to reduce the training complexity, three hard thresholding schemes using patch based PCA are proposed: global PCA, local
PCA, and hierarchical PCA. As a comparison between our experimental results and the traditional block compressed sen-
sing shows, the peak signal-to-noise ratio (PSNR) of the recovered images using the SPL reconstruction algorithms com-
bined with the adaptive block compressed sensing is improved by 1 ~3 dB; Regardless of which method is being used at

the encoder, the SPL reconstruction algorithms using PCA based hard thresholding are better than SPL algorithms using
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directional wavelet based thresholding on PSNR.

Key words: block compressed sensing; edge detection; adaptive measurement; principal components analysis; hard

thresholding; directional wavelet; smoothed projected Landweber reconstruction

0 3

T

UTAFR, TR 4 O (CS) 52 3] 1 BOR 2 1 5%
TEo JEARRINBIE R, W RAE S e A s B
ARRBRN , WE 1 A AT E A B UL
AT FEA H BRGSO L i g o SR A £
SUTREYLBLRE AR, B AT Nyquist JitF e B
JIr it BOHAEE , T AT RO b 1 R AR R BT A2 2%
B AR R GENAS . HATiZ IS C s e T
FRGR AR TCL AR M 4 BT R R IA AR i
W RSOV 2R

SR , R 40 SR B2 a2 T2 R FIL s
Il o MRS, T2 B AR - BEHLIN 2 AR P A e e
RGBS P 2B o X T REALIN i
R RO T T, 2 B A DR ] e o AP i R s
A B [N AT PR s B PR B A . T
FAAERTT S IS 1) R FIATAE DU I vk 1y B AL
ORI A AR A A T A a2 T AT T A IE
B A A LR EE A I SO R I i, A
T Y TR A ) S B E L He 2 PR ) 32
FEAEJE DU LM I8 30 | B R XA i Wy IR 3 A8 4
Bt AR CS B ARFH S i BE , do A5 28 07 i
AN EATARG (038 5 2) SR BRIy B sk, iz
AR I 4 0 R o — A PR R B A 0 R LA
H1 T MRS RREA /I , JT LA AT SR P S Sy e Y
SEF M (i de ) v 30T BEATLI 8 0 4, £ 3R A IR AT
fif i PRI A ) ) 473 RE AR UE RS b A9 B L EE
SRR RS P s B 75 5 SR PR AR S L, HL X
HAA AR Y BRI (AN SR PR I B3 ),
TE MG A R 56 ARG T2 K1 R
YT EATAEAR BRI , T2 2 B PR BRI
TR [ B I R, B B AT R (] B 0 R
FERLZ MG T A YA R R (1% B08R A ) 1Y
bR, AR E] T H A R SCER[10-11 ] $ i
TARIEBRFAE [ 3 AR B R A T 5 A RO
M7 IR AR TR RO . e LIRS AR
IR JT RAORESE T, B TR 2 5 Z AHIC BCAY R
HRR . X TR TR IR R CS IS, 3

BRL12-14 1205082 T L Yoo/ Mk &8 22 i
MU GRS EAY Tk, HY SR BA TR
Rk A BERLIN R e o X TR T LAY CS
Jrge, BT Al iR e g CS FA S kAN, SR
[ 1S PR EEBEE L M (W A i 45 ARk, JR HI Y
TP Landweber (PL) ) CS B M 30 51 1 &
FEG B . SCRR(9, 16 7 EERS E AT
AP B dE 9N BB A, B2 ) T TP PL Y
HHL (SPL) , GG T AAR L, XA SPL FE 45
EICIE A P e T X A — @ R
Mo AEBIAU R B 2 R s (MH) |, SCRR[ 17 ] &
S TG 23 18] TUAR 0T S Aty PR A B0, P 1
TGl SPL S A2 i oy PR 15 5 00 =22 i) ) 5% 2%
F A% 22 FUIRIMRAS B B HAT A e 4 1, e DL T s
KGRI R . BRILZAb, 162 70 B3 4 B
MEARS(CS ) R AR M 3 K A /N R, 3
BRL19 ] B4 th OIZAE S T /Y SPL S0k A% 14
WRCR

SR FHHE T 5 0 R 4 T 406 S R 75 58, 53
A ZE R 70 Hr (PCA) Beadk 125 F SPL iy CS HHY
Bk o ANFIT SCHRT 16 ] R F A 7 a0 /0N A2 e kA
BE AR, 32 T SR A PCA N7 i M B ok 2% AR AL
FROR B PG v 2 T Y T 8 8 6 R R A 1 (I
AA o P TR AL S M RO IR T R AT A
(B S, TR T T MR R iR . 53 4h,
AR T — P T G AGIN ) 3 AR A el 3R
(75 %, 5 AT 4R 9 32 T SPL 1 CS S A3 A1 4%
B WARFFAMBHRCR . il 5 BSese R W, Jeie 2
SR FH BRI 125 [ R 1) 7 R e 4 T 5 5% e R
SR T I IO A A He R A T 58, B A Sk T
PCA By A 535 B0 T 56 T 05 1 /Nl A2 4 1) T

1 SREFEBRMEBENUNES S

L1 SRIELEREM

ARESCHR [ 9 ] $7 i /9 73 B 1 45 & (BCS ) T
FLEK N=1 <, MEEER x 73l n K
/N B x BB, 5 AN B A R e X,

© I B R BT AR ST A



506 i EE R EIE R www. ¢jig. en

518 &

i=1,,n, n=N/B*, 2L B> xB* [} i.i.d. =i
BEMLAE B, 4 R T 21013 B IESC AR BE @,
BEALBEE T My (<< B*) 47, 18I K/INA My x B 1)
ARG B @y, S8 5 (il FHEXT , SE4 7000 6, 45 2100
DA [v)
y, =®,x,,i=172n (1)
T A 2R ER A M A CS WIME , M = nx My,
TR AR, S P @ = A iy B A
B ,n DXHICRE N @, B
D,
D,
D= ) (2)
D,
AT UL 2, 8 A B s 4 SR ) 2 B i 15 A
DA OEAC: 1) B RS8N B L @, (1A
AV L0 3 PR 52 ) i A s AN 20 DN 2 2 S (115 B
R LIRS | T 2 AT A B 8 iR B e i, X
AT — e SEE R 53 ) AT A SR /N 4 T 1R
ZEUEN (MMSE ) Al T H 24 090 46 Z T i
it . BRI MMSE ¥lta it a=h
%" =R ®y(D,R, ®;) ' ,i=1,,n (3)

f2(B-1)
1 p p
V(B-2)2+(B-1)2
R - p 1 ep
JS2(B-1) v (B-2)2+(B-1)2
p p 1

(4)
A ,p BUEHR 0.9 ~ 1, FEL5 p HL0.95, 73R
<+ B H 32,
1.2 HENWNERR
H AR EHR AL & A — € 1Y Jey SR RRAE - P30 30 2%
FECHRAE N 3K 26 He R 47 A48 4 (o] /N A2 46 )
MRYEA [FRHAE , EAT A0 A Bt B A 2200, Bk
Ui, PIHIRERR G , 1 SR 2, SCE R AN TR B
JIT LhF B A% Gt 43 MR A0 IR 5 38, 6 e AR R AR
[] P 23R 3 B T CS & JRKOFE A — 2, BB
BN o A BH A AR SR SR A O A T R, X A
i B A B it A7 /0 0 i, X AN R A 1) B A7 %
Z Mg, A TE R0y, 78 78 5 BH) Wy B 0 7 i
FREEEAI S, X B/ T CS (1 AKS #ir, BD7E
A5 1) () B B R AR AR 5, BT LA A 7R AR & Bl A
VT R B DA 2 A BRI £ vk B, BN R
IR 2 . BUR I 2 A5 B A1 R % S L

HARAZ WIS Wi i 2 BE , i i 2 R E R R
SRR 2 | e B A A R R A, T L X
PR HEAT 31 G0 G DN AT AAR S o 7 45 2 3 422 1 W
BRAYM B o Sobel A I &7 AT S 24 AR H
60 50 G5 R, I LA TT R L AT s G 2
HAAHY A D7 2 ANF

1) 2R Sobel i1 2 6 &5 52 MU B 245 B,
BOE R T F i G R —fE RS 1AL
G nd 0 AUERARA G

2) BRI BN M, 5G4 R B B i i

0.3M

n
3 GNP AG RS, TR A
R A TR K

Ml’: 71::1’.."’1 (5)

S; x (M -M;)
L

>8,

4) B B Hg MR R Sk M,,,,, = 0,987, 4%
ity e, A OB 4 M, B
AT AR (RO TR US4 M 43 24 B T 1 B, B
S A Al S 2 th B L e, TS 4 T ik
B FTAT R AR M ko A T ) i 24
H 24 MU R M,

S) IIESEHEIE @ iy M, 134 A Hehg
WA @,

6) K JH U4 o, I A I B g R A

L

M, =M =1,,n (6)

y,=®x,,i=1,,n (7)
WE 1 Fras, X 512 x 512 ) Peppers E{% %
1R GE I 53 BB 4 BN E A4 i 1) MMSE %) 45 [#145 (1#]
1(b) ) 552R FH T2 i 09 1 3 0 73 B T 4 J2% R0 e A4
() MMSE 116 5 (18 1 (e) ) A XS He, AT Hh A S
I 77 58 A H I AR A7 A A B I 8 B G
H PSNR {HEZE Lb & il & )7 2 i 1 dB 2245,
WCRTRT, B4 HE A I R e A P, H 2
T B R X FPPERE A PR T 2 ATt — 2 A
1) ARSI AR TR ZAEAE T A I 56 0 &, , {1
WAL 0,0 FfE a2 KT @, 1Y, Fir LA
BRI T —E WA R 5 2) A B I R OO M, A
DJUAE S B A A i, 1400 T — 5 B0 AR i AR T A 53)
St i s HEAT Sobel AT, G T — & M IHE
RAE,

© I B R BT AR ST A



LRR Ul

IR A5 SET PCA BERR (R V- 1Y Landweber (K184 B A 4 507

() IR EE

2 FEiB#E Landweber E)E L FN
PCA T HEW 45

2.1 ETFiB# % Landweber fJ CS BGEWME

FEOTHUE SR N AE 2L T, R AL 5 CS A 5E.
P HRB B YOS, AT B, T MR ) JR B A
AN, Sl A B B SR KR — B, 7= A HeOn, B
ELE g AT 3 I N REAR - b i i )
B, AN, Ay B N BR ] T 1558 CS H A vk
() FE ARG B, (75 T AG M R e B R RS
BEXF X Sl R, SCHK[ O 14 M AR 52 vk e (A 4
AL IR P ARSS A 82 th T 56T SPL () CS EIMRE
2 R EE SR A S e EA i R A
—E MR, BRI

BANZH CS WIAEL y, i = 1, -+, ny 00 6
D, TG R W R A TR S8 A & kT TR e

WML :x" =R, @y (DR by) ' i=1,-,n,

FE R

D) 3 3 W3 Hxd W BEATHE A e DY, B

x" = Wiener(x™" ,[3,3])

2) AR BT S BEE B

" =x" v p(y, -, x"), i=1,-,n

3) fl R AR R W a2 VEAS e, R4 TR (L
W , B

¥ = g®

v _ median(1x" 1)
- 0.6745

" = Threshold (x* 1) =
{ﬂ“lﬂ“>mwﬂmw
0 HAth

FONSSIG

(b) /BRI MPSNR=27.3 dB  (c) [13f N 50 BRI 4 B4 IPSNR=28.1 dB
1 MMSE %745 ER X L (CS Rk 0. 1)

Fig. 1 The comparison between MMSE initial images( CS measurement rate is 0. 1)

) XA FRHSEFT I G 1)
00 30 L@y, - d,EY)

5)#”%%?%&2@&/@5!”%{%& | D(k+1) _

DY <o FEATF—kieft, Horp DY =L 50 _
N

i=1,,n

x5

i x

MMSE ZAEA T ) 1 G AF AR R i 1 HRsl
LA BT ATERE R LA, SR 3 x 3 i 4
YRR A PO DL UG SRS R IR S
PG HASZ RN EE C = {xiy, = @px,, =1,
ni s BESE SRR W X EG AR A S, 6471
B4 , dE— L TH BRI S s IR B2 AR €
WARAR, E R R 2N, XFhVEIEIRE 5 5
P Y B 2SN T RARES G K A S B0 [
FEM S @, TS H B O F& He il & )AL
M AR T FH X S 2800k 18 25 R I 122 46 o,
TPl MMSE 4] 4 B8 Al T O 2852 A
1y @, RITT,
2.2 ETF PCA WESEKSE*®

FI ] SPL 55 vk i A G 14 R 4 SR DG BEAE T
Vo P AT 4 ) 2 2 75 R 08 A 80 T B R P, SCRiR [ 9]
K 8 i 1Y P8 A 5% 48 e ((block-based lapped
cosine transform ) A1 3 3 #£ /N JE 25 4 ( undecimated
wavelet transform ) FE47 A [ (B 23 1%, (H 23X PR A S 46
FEAREAR G A 2% R 19— 2607 [ R AE (5 4630
) AT A USSR R BAR, O TG X
J5 TR, SCHRL 16 ] 5 R F 5 1) /N (8 o U8
MU SO NI ) VEAZ 4, 25 R BN /N o i Rz
[i] FR R S | SR TR i ek 2 A RS B (s 4 , AR A T
i R MR R BT, XS R R I i 1 A
FlRE o 1)/ NIRRT MR A RGBS i 2 S e

© v [H R BT AR BT A



508 i EE R EIE R www. ¢jig. en

518 &

AR PR i 2 R L, DA R 4 R T BE £ 1
TR G A G B I BRJC MRS AR SOk [ 21-
22 | A BB DA I G b 2 20 35 R T YR I
B TCA 7B P 8 3 A 4 M, 9% 2 LU 5
TE /NS G AR R A S B B2 2 TUR T
MR (1 an K-SVD B8 FEA R R A 4R
WA KIES THT SPL i CS BB B, SCHk[ 23-
24 4R A BT PCA AT 5 (B IS 48 L MR R,
Mg [ 5 b R BUAMG B SRR AR SR FH PCA BRI
i T LA R BREME F IR R M GO 1 1IE 28 AR e
FERE | SR A2 R X0 UG B AR e, T DAAR 47 Hb 53
BRI T 5 TR 75 DA T o 75 B3 1 Wi 4 2
MRS AL, BRILZ Ah, 36T PCA (1 fif [ (i 4 2
M AR AN B LA omE A T SPL Y CS
FEHE . DITFHE T 3 MORE T PCA (¥R
B IR T 28, o Pk B AT T3 SPL 1 CS &
PR AR v e T (A 4 e R
2.2.1  FETHRAYER PCA RF R (E 412

BT Y 42 Jsy PCA (PGPCA ) B 1] R 0 4 5 .
PR S R T G F 3, iz PCA I 25 iE
FH 25 A DG IE SRR [ , P4 T2 W %o BT A 1 A
ARt EATRE (A IR JE , FR A e MR F I, Bk
AR

1) N E G x O BB R d = W, x
W, A m AR FH, ek p,, i =1, m,
BFIp, WA LA FHE T NMEE, F—1BR
YR — G, BUR Tz oA & a5l EE
DR F IR m = (L -W,) x (I, -W,)

)i d x d T T 2256 1

——1

X - izplp;" -pp'. P
3) DT EMHE Y A EE A, ==, A
AR R AR ) 5 e, ,e,, o e,
AYHM d xd IERRZEHIEE T=e, ,e,, -,
e, | SRR MG FHAE IE 22 A8 4, H

1 m
;Zpi (8)
Ay

ﬁi,:FT.Pi’ i=1,---,m (9)

5) B4 T BRI 4, JD

A p, |p;1=)
ﬁi:{pl ‘Pl‘ 7 yi=1,,m (10)

0 Hith

di p A
=%7(4‘g‘), p=0pl.p;,.pn] (11)

6) AR Bl R 1)
i’i:F.ﬁn i:1,"',m (12)

7)) S A 18] ) - B R A 0T ORI R
BT FIRZ AR B S, N TREEZNAE,
WOz E AR R 41

o1 T B ARG & A T Bz i BT — & BUAHAL
£, FrLld st PGPCA k] LI BN T RA m 7 22
HOES % A INTIE /R S LA PN 9 0% g £
RO BR 75 KB IC R
2.2.2 HETHAYJRER PCA A 1 (S 46 v

PGPCA Y SPL B SEIEMLE & , BAR T LISk
P 1) R B A o i, (HLJ2: T T A 1 R 3k
— AN IEALAR BRI, (i 5 53X — T EEAFAE T B E -
1) o3P ph T MG R 7 22 STRRE /N, Bir LAAE
N FHIEAZ AR SR R 38 # B Mg 38205 2) 21
T FHUE B8 748 805 B () AR A ) g h AN /D3840 5 14
ARG, KR S ARG . T v sk 2Lk
fe il 7T Yy J5 8 PCA (PLPCA ) fiff 15 1B i 46
:o PLPCA ¥EF ] 5 1 Jm 8 AH B4, 4 181 45 )
I3 R A AN . B o A AR DX, X 4 1R X A
7Pk PCA YNk tH & I IE A2 AR A B, 3k
T I 28 78 8 R S A3 T PR T LS T
REE 118 PG Ry B X3, PR ot PR - He ] LA
C LR AR B B, 15 2 E N M i iy ik 0, B
AL BRINT

DERS R = W x W, s &0,

W, -1
AR s =—5 FEG RS x Y s o, 2

WA R d = W, x W, (AT h A4 Tk
Pni - 1’...,ho

2) i PGPCA B 925 2)—6 ) 1o 31 i (E
G B (DR B T I T i =1, b

3) W TR BT LA T 2%, (A A TR 4%/
Tl ) A A I TR HCE 1

&) HeAb T3 (1 FH B A R R 1
TP A R 0 TR (8, I
VAL AT 1902 1P (.

PLPCA 175 43 il FH T Pl {5216 J5 s A 1, %
PCA P55 0 05 S 11 5 1 4 P 0 1 58 A5 B
SRE AT P T BB T Lo PR T 2 T 10
AR I A7 38 15 B AT T 135 55,0 08 6 T T R 75
PLPCA ¥t B SR &R fE G T PGPCA %, (HiX J&
S A AR T B A2 B HE R A T A
(HA B 32 0 R B
Z X BRI PCA A i b T 400 B4 7

© I B R BT AR ST A



555 1

ZEIR,AF JET PCA B B {ECAR ) - B Landweber (41501 46 UM F 44 509

Az 2 KR 32 BR A U1 25 Bl il A PCA JC 4 1
it BG4 7 1w
2.2.3  FEFHAYS4YE PCA B BB O 12

T e PLPCA 155 M PGPCA Tkl
WG R R R IR 48 T —Fp i 5 58 36 F
Y43 )7 PCA(PHPCA ) 8 [ (Wi 4 7% . PHPCA 1
AMUEEH H /D F PLPCA 3, 1fif H b PGPCA L il
AT EMG R X g, AR

1) B S x rp U RF R d = W, x
W, WETAH m ANEGFH ek p, 0 =1, ,m, F
JH PCA S BS i A 1Y d, A F 1057, BT A
T Uy 2255 M R A S RRRAE ARG I 19 %y
fE[ i e, ,e,, e, o

) BIEFTA T K A p, B Z R
RIGFHAET & e, ey, e, SR T 25 0] b
P FARRAE 1] i 22 B A BB 3E, T DB IE 3 1) F- B 1E
LT d, A F e, ey, 00 e, 0

3) F B SRI ROT AR R Y 4 A X8, B~ X
BN TR AL 2) BIEd R T, L
THH A XA R R FRAE 0] £, i T8 I
ITFIRIESE T e, ,e,, - e, ITLUHTAE A RFAE [5) &
WIEZL T e, ,e,, e, o XDHFEF 28 H AT
ELEN 53 F D RS R B e/ ME G X 6o

4) MEATF I p, K3 HAH R Y 1F 38 A8 8 B
o T AL T PRI S —aR o AP Bk 1) 2E
BRI PITA EUGR T HRATRT d) SFERIT e, ey, e,
552 WAL B AT S AR IR 3) v AR i
JA AR ) B TP SR p, AR AEAS I 2545 21 1Y
FRAE M), SR 5 PR AL R Pk BE S O T d - d, N ERK
REAEAELGT I A REAIE ) £

SHER I XARRL 0 73 p, AE28 40, RS
PGPCAKH [] Fr) fiff 5 {5 g 47 3 Ak B 4% > 1 e, PRI
A MR R B

6 ) 1 S A% i [n] (1 - B 5B G O B0 IR B
H P FIRZ A E S, X TREEENOE,
WOz AL B T A BRI A

PHPCA ¥ B 7E#2t— 4~/ F PLPCA 71 PGP-
CA 2z [a) 4 v 18] fife , HE 1T 25728 0 20 4 38 8 2
JEART PLPCA 3, {H % T PGPCA ¥, SR 1M, Y2k 13
(AR 4R B L PGPCA 75 T e MG Rl e, (H
A I PLPCA %,

(B T 0 S, 5 SCHR [ 17 ] 4t A9 530 (MH-
BCS-SPL) A [A], b 3 FliJE T PCA A 5 {H L1

SPL 5052 H AR T ISR RS, T F AN 1 Jexd st ih
P ASC T500 , PR T SPL SRS It 45 55 1l
ZIER2E o PRI, Bk 3 RhAAk LSk [ 17 ] kA
BRI E . Bz Ab, ik 3 RhiRA W el
I SCHRL LT VLR —0 o3, - T IR A 55k 2%

3 SRWERKS

ST T A R B A I T 5 R T
PCA () CS EUR AT, fE g it R PRI 7580 1)
FE G843 e A8 TR i (B0 I S B vk 80) e
44 o BCS;2) JEF Gl it B 35 1 43 e 1 45 Jak
T oA 44 K ABCS, 7E fift il 3 F T % e 1Y
FIYER A LLT 4 FpoJ5 ik SCEk[ 16 ] 82 H AR
0 R U AR 48 R FH AU 2 550/ N D AR 4 1) SPL L1
(5394444 SPL-CT 1 SPL-DDWT) , TV &y F
GPSR & 31 (#5532 JiE % F Daubechies4 1F %2 /)
U s AR SO HE Y 3 FPIEF PCA /Y SPL 533k 4)
W4 A SPL-PLPCA .SPL-PGPCA , SPL-PHPCA , %
Hish ity (4) PR o RN RS g ) 7 e AR AR kiR A T 4
G153 14 Ry %, Hrp SPL BE & R 240 & a0
F1Fim. RS R 512 x 512 f 5 B B8 X
14 Fhr 28 09 PR RE , PE RE 8 Fr o P Bl . 5 4 BAR Y
PSNR {E AN S AG S [H] o 5256 0 B A9 A 4~F- & o 2000
4 2. 80 Ghz ffik%F iS5 CPU HEAML, #4564
{718 Windows7 #E4F 2 G2 il Matlab 7. 9 {5 B 5256 4%
o T B R AR T D0 R i B AL , A ]
15 7% o2 R o R 4 DR O TGOS, 9T L PSNR B Al EE
P s ] #2057 M 2B AT 5 YR A -3 1

22 HN T AE St v R AR Gt 3 V45 B0 Ty
T AL E D EIR A PSNR A A IS [E] AT
F AR H 0.2 ~ 0. 5 i}, SPL-PLPCA T #4 H
I %) PSNR {E 4B W 2 & T HA 7%, 7 SPL-PHP-
CA F1 SPL-PGPCA {; T GPSR B H1 TV &1k {H Ik
AL SPL-DDWT 83 fil SPL-CT B3 435575 720 &
0.1 B, A8 3C 3 FhiA k5 SPL-DDWT, SPL-CT
TV AR ML T GPSR Bk . 4R,
A B SC 3 PPk i E AL ) [R] 22 Lk SPL-DDWT |
SPL-CT 1 GPSR Fykmihif 2, iX 3R 73T PCA
) SPL A BB m i R 42 B (B AR SC 3 Fh
PR I RS AR T TV 5. 28 Brd A 3¢ 3
TR A 4 N AR A R P ek T R E A B
it (HFEMEEMSTE 1~ 2 min N, frAEA &1

© I B R BT AR ST A



510

HEEREE 4R www. ¢jig. cn

518 &

PR R, X HEARSC 3 FhLE, WT A £ PLPCA
f¥) PSNR {E %% %5, PGPCA # PSNR {E %5 %, PHPCA
FEAA T Z 8], X ELE T B AT 7 A
WER A {5 2 H BE 1KV PLPCA B4y PHPCA

x1 MEAX-SPL EMEEHNEMSEILE

Table 1 Parameter settings of measuring modes & SPL reconstruction algorithms

KZ PGPCA #5722 fEEAYMF(H] I, LA 7 5] PLP-
CA %1%, PGPCA B, PHPCA [A]FESE A T
ZI) XU T 3 MOTIE AR R R 2 B2 R
PLPCA % \PHPCA ¥k Z \PGPCA &,

SRR
Ty K-
TR IR ST 7 S 'L S SR S Y] 1R
ZH A HR e R WEET  RTW, X W, RXEG,, i d,
BCS-SPL-PLPCA 2.5 0. 005 — =t 7 21 — —
BCS-SPL-PGPCA 2.5 0.010 — — 7 — — —
BCS-SPL-PHPCA 2.5 0. 008 — — 7 — 32 1
BCS-SPL-CT 10 0. 001 — — — — —
BCS-SPL-DDWT 25 0. 001 6 — — — — —
ABCS-SPL-PLPCA 2.5 0.010 — 20 7 21 — —
ABCS-SPL-PGPCA 2.5 0.010 — 20 7 — — —
ABCS-SPL-PHPCA 2.5 0.010 — 20 7 — 32 1
ABCS-SPL-CT 2.5 0.010 — 20 — — N
ABCS-SPL-DDWT 5 0.010 6 20 — — — —
&2 &4 BCS EE %A PSNR [EMEM R 8] LL 5L
Table 2 The PSNR and time of reconstructed images with traditional BCS
/dB,/s
CS 3
K% L9 W TR RS
0.1 0.2 0.3 0.4 0.5
BCS-SPL-PLPCA 28.20,45.0 31.35,62.3 33.70,87. 1 35.55,78.4 37.27,75. 4
BCS-SPL-PGPCA 28.01,34.7 30.84,32.0 32.91,30.6 34.75,27.9 36.52,28.0
BCS-SPL-PHPCA 28.03,30.8 30.91,41. 1 33.00,41.2 34.85,41.3 36.62,41.3
Lena BCS-SPL-CT 28.08,31.3 30.96,13. 8 32.95,10.6 34.65,7.8 36.22,6.6
BCS-SPL-DDWT 28.07,47.9 31.32,24.2 33.46,15.8 35.20,11.7 36.76,9.6
BCS-TV 28.08,495.4 30.66,721. 8 32.64,1222.0  34.38,989.3  36.02,10066.1
BCS-GPSR 20.66,45. 1 24.31,43.5 26.90,35.7 29.18,26.8 31.26,21.3
BCS-SPL-PLPCA 22.76,74.9 24.57,59.9 27.66,197. 8 30.09,170.9 32.34,149.9
BCS-SPL-PGPCA 22.63,33.3 23.89,31.9 24.99,33.3 26.20,34.7 27.56,34.8
BCS-SPL-PHPCA 22.60,30.7 23.94,41.0 25.09,45. 1 26.33,51.3 27.69,51.3
Barbara BCS-SPL-CT 22.73,25.7 24.27,15.6 25.85,8.9 27.54,7.2 29.33,7.2
BCS-SPL-DDWT 22.59,59.4 24.12,34. 1 25.69,13.2 27.21,11.7 28.82,11.7
BCS-TV 22.51,491.4 23.65,658.6 24.59,965.8  25.60,1449.6 26.72,1051.7
BCS-GPSR 18.17,46. 8 20.95,47.0 22.69,40. 6 24.31,31.8 26.06,24.7
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Continued table 2
/dB,/s
CS P
K% 75 - A Bk
0.1 0.2 0.3 0.4 0.5

BCS-SPL-PLPCA 28.06,57.0 32.17,134.7 34.27,119.9 35.81,105.1 37.16,90.2
BCS-SPL-PGPCA 27.95,26.3 31.47,34.7 33.95,47.2 35.61,41.8 37.02,35.0
BCS-SPL-PHPCA 27.87,30.6 31.64,59.5 34.12,81.9 35.76,71.6 37.16,61.5
Peppers BCS-SPL-CT 28.40,28.8 31.44,14.5 33.21,10.5 34.61,7.6 35.88,5.9
BCS-SPL-DDWT 28.96,42. 8 31.99,21. 8 33.72,14. 8 35.12,11.2 36.38,8.7

BCS-TV 28.49,433.5 31.77,569. 4 33.63,696. 1 35.08,818.7 36.34,984.6
BCS-GPSR 19.80,45.9 23.99,45.4 27.04,37.3 29.51,27.7 31.68,22.3
BCS-SPL-PLPCA 20.46,341.2 22.03,105. 1 23.34.90.3 24.62,96.5 25.92,93.4
BCS-SPL-PGPCA 20.43,43.0 21.80,66.5 23.05,55.5 24.32,41.7 25.64,34.9
BCS-SPL-PHPCA 20.47,126.6 21.82,122.7 23.15,83.9 24.45,75.7 25.82,57.4
Mandrill BCS-SPL-CT 20.49,21.1 21.78,11.0 22.89,7.6 24.00,6. 1 25.19,5.2
BCS-SPL-DDWT 20.67,43.2 21.85,17.9 22.90,11.8 23.96,9.8 25.09,8.7

BCS-TV 20.21,433.5 21.45,591.8 22.59,721.7 23.76,851.2  25.02,1019.3

BCS-GPSR 17.67,50. 1 19.15,50.5 20.29,45.3 21.57,37.9 22.79,29.4
BCS-SPL-PLPCA 27.02,44.8 29.29,44.9 31.09,60.0 32.73,75.2 34.27,75. 1
BCS-SPL-PGPCA 26.94,40. 1 29.15,33.3 30.84,27. 8 32.43,26.5 34.03,27.9
BCS-SPL-PHPCA 26.99,30.7 29.22,30.7 30.94,34.9 32.58,41.1 34.19,41.2
Goldhill BCS-SPL-CT 26.77,45. 4 28.91,19.5 30.47,12.2 31.87,8.6 33.25,6.4
BCS-SPL-DDWT 26.91,37.0 28.90,20.9 30.37,13.7 31.70,10.3 33.05,8.0

BCS-TV 26.66,409.0 28.94,566. 8 30.71,694.3 32.26,817.1 33.75,986.6
BCS-GPSR 21.60,42.0 24.51,41.2 26.46,35.7 28.35,27.6 30.11,22. 1

2 3 BT A Gt i R FH 8 N 0 R s 4 U
77 %8R A Sk E R Y P50 PSNR AR A1 A
o 5, S50 B 48 A J7 SR L, H 3
Sy PR A 7 SR A 5015 TG A 181 PSNR
H¥E 1 ~3 dB, X R TAEEMEGREE LA
SEINIIE SV NS B 35 W i SR (NS B Ay i S R oL
A2 o T A% 5807 S8 19, X Ul B T A i Y
$RTHE L —E BT 5 52 20 B2 DA 5 L, A A
Xt EIE N T S A REZ PR, T A B S
587 S AL, 72 AR 0 0. 1 BF, A SCRR Y

PSNR {37 5 SPL-DDWT.SPL-CT 1 TV & y: £
S eI M 0.2 ~ 0. 5 [, SPL-PLPCA B & 75
FH A, i SPL-PHPCA Fi1 SPL-PGPCA 37 5
SPL-DDWT #1 SPL-CT 4%, i ft T GPSR 24 ¥ I
TV Bk M EAE RN, fFHEN TR, A
SCHER TR R e B AR B, (HE IR F TV 55
Besieda X AR S 3 AL U RE AR R S5 ST
RIS L .

K2 o8 T 4R 0.3 fif, SPL-PLPCA  SPL-
DDWT DA% TV & 3T kg H i 512 x 512 Barbara [&]
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Table 3 The PSNR and time of reconstructed images with adaptive BCS
/dB,/s
; \ ; CS Il &

B W7 - 0.1 0.2 03$ 0.4 0.5
ABCS-SPL-PLPCA 29.62,68.0 33.59,81.8 36.25,97.1 38.27,111.7 39.89,117.1
ABCS-SPL-PGPCA 29.24,46.9 33.05,60.9 35.75,76.6 37.77,91.5 39.40,95.2
ABCS-SPL-PHPCA 29.24,40.7 33.12,52.2 35.93,65.6 38.12,93.0 39.77,108. 4

Lena ABCS-SPL-CT 29.22,12.2 32.98,23.6 35.64,38.6 37.65,52.5 39.22,66.9
ABCS-SPL-DDWT 29.24,12.3 33.09,24.5 35.90,38.9 38.04,52.9 39.69,67.3
ABCS-TV 29. 86,426.9 33.29,577.2 35.69,732.3 37.54,876.2  39.06,1028.5
ABCS-GPSR 20.97,47.5 24.86,46.0 28.54,47.2 32.08,50.0 34.90,40.7
ABCS-SPL-PLPCA 23.97,134.5 27.72,197.7 30.39,179.3 32.93,173.2 35.38,174.3
ABCS-SPL-PGPCA 23.04,42.8 25.29,53.1 27.85,71. 4 30.57,78.7 33.14,99.6
ABCS-SPL-PHPCA 23.04,39.7 25.35,49.9 27.87,63. 1 30.66,80.0 33.47,107. 1

Barbara ABCS-SPL-CT 23.02,10.3 25.24.,21.6 27.68,35.6 30.33,50.5 32.86,68.4
ABCS-SPL-DDWT 23.02,11.6 25.25,26. 1 27.86,34.8 30.74,51.7 33.51,73.0
ABCS-TV 22.82,442.8 24.94,596.5 27.25,753.5 29.64,910.5 31.65,1071.7
ABCS-GPSR 18.95,50. 4 21.08,53.4 23.91,48.3 26.85,46.7 29.61,42.9
ABCS-SPL-PLPCA 29.43 .91.7 33.26,126.4 35.21,142.7 36.57,138.5 37.78,134.3
ABCS-SPL-PGPCA 28.95,33.4 32.85,57.9 35.12,83.4 36.56,89.8 37.81,107. 4
ABCS-SPL-PHPCA 28.91,39.4 32.72,61.8 35.19,102. 4 36.63,106.2 37.87,123.7
Peppers ABCS-SPL-CT 28.98,10.5 32.54,23.5 34.62,38.6 36.08,55.3 37.31,72.9
ABCS-SPL-DDWT 29.19,12.8 32.97,27.2 35.07,43.7 36.50,57.5 37.73,74.3
ABCS-TV 30.21,436.7 33.25,586. 1 34.84,741.2 36.05,900.6  37.13,1063.6
ABCS-GPSR 20.83,49.8 25.21,45.8 28.36,43.6 30.99,43. 1 33.19,42.8
ABCS-SPL-PLPCA 20.81,87.9 22.77,106. 8 24.54,129.0 26.35,150.5 28.39,156.3
ABCS-SPL-PGPCA 20.73,47.6 22.49,76.6 24.19,92. 1 26.06,94.7 28.21,114.2
ABCS-SPL-PHPCA 20.75,61.8 22.57,85.6 24.32,106. 5 26.22,119. 1 28.40,138.3
Mandrill ABCS-SPL-CT 20.70,11. 1 22.42,22.5 24.03,39.8 25.79,57.5 27.89,76.6
ABCS-SPL-DDWT 20.71,14. 4 22.46,27.6 24.22 41.7 26.10,58.6 28.22,73.5
ABCS-TV 20.44 ,441.2 22.11,602.3 23.75,755.4 25.54,923.6  27.72,1109.9
ABCS-GPSR 17.73,53.8 19.56,57.3 21.18,53.6 22.98,48.1 25.04,47.7
ABCS-SPL-PLPCA 27.57,59. 4 30.28,88.5 32.09,102.9 33.73,118.4 35.41,129.6
ABCS-SPL-PGPCA 27.43,51.2 30.00,60. 6 31.84,73.2 33.44.87.7 35.05,100. 3
ABCS-SPL-PHPCA 27.46,39.6 30.10,49.9 32.05,74.0 33.74,91.5 35.40,107.7
Goldhill ABCS-SPL-CT 27.40,10.2 29.91,21.4 31.72,35.6 33.33,51. 1 34.92,67.0
ABCS-SPL-DDWT 27.45,11.5 30.04,22.8 31.93,37.0 33.57,52.3 35.15,68.2
ABCS-TV 27.53,427. 4 30.00,580. 5 31.76,740.2 33.37,897.6  35.01,1048.1
ABCS-GPSR 22.14,45.8 25.28,45.4 27.65,43.0 29.63,42. 1 31.58,42.7
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(b) BCS-SPL-PLPCA (¢) BCS-SPL-DDWT (d) BCS-TV
(PSNR=27.66 dB) (PSNR=25.69 dB) (PSNR=24.99 dB)

(¢) ABCS-SPL-PLPCA (f) ABCS-SPL-DDWT (g) ABCS-TV
(PSNR=30.39 dB) (PSNR=27.86 dB) (PSNR=27.85 dB)
&2 AS[A)SE B 5 2 PSNR {E (CS #2465 0. 3)

Fig. 2 Reconstructed images and PSNR with different algorithms( CS measurement rate is 0. 3)
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