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B E XHEFRIANRAMGCREARERAEAGEREEALESRAETERONKR. EGRoB KAWL EE—ERE LB
RTEZPA, A AARGR AL EGENSFMBAGLEZNMRERRGR A, E2AREARERITHIARGEERmEMN
Ak, B, A F2RESH0 SBETAMNHM . BE—FHHROER SBETHLE, TLALFT o aE B KB B4 &
Pt AT TRAL 2R AR TR R AT 0 A0 X AR AR, LR SRR R F 2 e Kb MR EARME A R F 2 A TR SR AT HE AL 4
HSRERNBETTORARRAK SO SMMAMNE, AR SBETAMNG EHEGL, LKA KRB EAR XM K Fo g B A
FHBARERTER,ERRRBE T RAEELRANG LB REGE R EM AL EARARAHER BET S BRETAN
AR, FRERAVN TREZAARFORERIT, EARBRET AALBHAHERBALT EREFANGEHH
FOTREEBRBFT —ZORAFET. LEFHRASARY T 17.5%.28. 7%, o.M mardif he k. AMA BGE
T RFES>MERT 1.16dB,1.43dB #4939 PSNR 42, A& 36, 1%,21. 5% 69 P34 E47et M v s AR B E T, P14
iR IKMAT 1.64dB,1.97dB #9-F 3% PSNR 42 7, A B F 35 28.6%,26. 10069547 aF A ik O . B4R m = BT 4% ok LA 80K
et R AR REHEWMRIRA T RAME T,

KBER:EH B EM; SREAMN; AT E R aEm; FHERE

FESES TNI19.8

Order-adaptive Multi-hypothesis Reconstruction for Heterogeneous Image Compressive Sensing

ZHENG Yongxian, LIU Hao, YAN Shuai and CHEN Genlong

College of Information Science and Technology, Donghua University, Shanghai 201620, China

Abstract The arrival of the big data era poses challenges for processing and transmitting large amounts of image data. The com-
pressive sensing technology and related algorithms have solved some of these problems to a certain extent. However, existing
compressive sensing algorithms still have problems when adapting to heterogeneous image sets. Therefore, it is necessary to de-
sign a highly generalized compressive sensing reconstruction algorithm for such image sets. In this paper,an order-adaptive multi-
hypothesis reconstruction algorithm is proposed according to a multih-ypothesis prediction mechanism with high generalization.
The proposed algorithm preprocesses each block using a window-adaptive linear predictor and changes the size of the multi-hy-
pothesis searching window according to the correlation index obtained from preprocessing. The prediction blocks within the
searching window are sorted according to block-wise similarity and different numbers of highly similar prediction blocks are se-
lected from the adaptive searching window for the reconstructed image of multi-hypothesis prediction. Experiments are conducted
on a natural image set and two heterogeneous image sets of X-ray chest and brain MRI. At different sampling rates,many experi-
ments and analyses are carried out by comparing the traditional multi-hypothesis compressive sensing reconstruction algorithm
and two recent algorithms of multi-hypothesis prediction. The experimental results show a good performance improvement of the
proposed algorithm compared to the traditional multihypothesis compressive sensing reconstruction algorithm. On the natural
image set,the proposed algorithm maintains a certain recovery quality and achieves an average runtime decrease of 17. 5% and
28. 7% respectively,compared to two recently proposed algorithms. As compared to two recent proposed algorithms:on the X-ray
chest image set,the average PSNR value of proposed algorithm increases by 1. 16dB and 1. 43dB,and the average runtime decrea-
ses by 36.1% and 21.5% ,respectively. On the brain MRI image set, the average PSNR value increases by 1. 64dB and 1. 97dB,
and the average runtime decreases by 28. 6% and 26. 1%, respectively. Overall, the proposed algorithm has low computational

complexity and high recovery quality with better tradeoff performance.
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11, Xi=Pounn(Xy,®r,w,B) tawsifurt1 3% M A B A% 4 B < tawsifur _covid19” “ tawsifur _

Normal” #l “tawsifur_Viral Pneumonia”3 4~ F2& X St H
BRI, 25 F AT 200 IR EIR. 3) 544 KR % Brain-
MRI™ 12 M 6 1) 4% 4 o i 288 I s P15 i, &% T 28 &
R e o kR e e b pe 100 WERL 5 T 1A 5 A R0 £
. P AT L 3 AP 8 1 P ) L LA 9% 5 0 1 44
e BRI Setl1 55 53 T/ [ R S 174 1 0 5% Bt

12, xi=x+ BCSSPL(y— ®gX; . ¥, 1)

13. s =SSIM(Xi- % ).Ri= || yu—®ux || 2
14. if b << B then

barbara

x10*

a
8

I ’ I
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Fig.5 Histogram comparison of representative image from different image sets
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4.2 EHEBEEE

S Sy e R g5 R SR MR, RBE R E S 0.1~
0.5, FERTA LS R K/ANEH 512, Be RN E Ry 32X
32, WRED wil &N 5~8, ik OAMH B3 w K &
SO BEE R 1~2, DU OB R RN, AT T
1096 (5% 45 %) W P T s 48 R o 1 K /IN, T A 00 0 46 B4 Oy
FIHTBEALE BE . MH, HSSE 5 GSC-WLP 5334 19 50 58 S 50
7 R XE R SCHR P R HE S B AT B MH SR i R e
KANBEBEM T RAER 0.1~0.3 WIBRE D KNREN 6.
FFER 0.4~0.5 MEERED K/N&EN S, HSSEH LG
GSC-WLP ik Rt 05 MH S kA .

&6 2511 T Setll BIMGAE d R “boat” 1 n,, .. BIT I, &
WOR T B4 H 5 B 2 8] A 56 BE A A . N R ] LB
L Y 5 R R HORE OGN 43 A A A R L X R
FAEZS 40 A AR . X AT DA T 2 B, 5 R B B e
FHOGTE By He H o UG I A B i BN 43 3 2R st i BB B 1Y
oAb PR B AR A R . O T AR B T RNy 4
R B RERE L, BTN 9% .7 % .5 % A 3% B9 [A] L 45 (ra-
tio) ZHAT T30 . B 7 45 T AE 0. 3 SRAE T LA & %
“boat” il EEA™ 2 £ L Bl i OAMH 3515 19 8 # 8 % PSNR
o BRI F“boat” M EIF 5 % Y 2 5 3K 453 T &
FER PSNR PEfE . X T 3 A B %, 38 i sk 2> 5% % 0
B b H Al HE A 092 A T RSP BRSO R T R AN 23 R A
o i B0 sl 1 1 10
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Fig. 6 Histogram of ny,,; distribution in image “boat”
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Fig. 7 PSNR of image “boat” at different selection ratios

4.3 BERERESW

U E QB E BT R B B X 2 B T ARk A T
D0 A i R AT R G DR AR I ZE R0 G B B I T Ak T
Tk B Bk A A BE A S /. AR L Z R HSSE Fit GSC-
WLP Sk F T 8 22 00 36 T He iy =k R 38 3 A (L4 28 50 F0 4k
WIS AIH, SBORLE R E R ER M., Wik, 7

vk 2R B L BT HR OAMH 3k 8 %t T HSSE Ml GSC-
WLP 8k, Fredfk o s rmtm £ 2 h WALP /35
PesE , H It HSSE Ml GSC-WLP 2= T 41 3 a4 3 181 4% 5% 56 it
e/ S T/ RIA N RN -E R E

21 MR 2 TN T A SR AR R T BG40 & 3558 17 0 A,
AH L HSSE #1 GSC-WLP 5%, T2 56 78 [ AR ER 4E 1
BATI R 2 > T 17, 5% 5 28. 7%, FE i) i B4R 4 LRz
A3 50 A T 36, 1% 5 21.5%.

F 1 Setll EUGLERY EI L Z 171 A

Table 1  Average runtime of Setll image set
()
XHR MHL GSC-WLPLIS] HSSEL] OAMH
0.1 77 106 117 84
0.2 69 98 116 78
0.3 60 96 122 80
0.4 81 113 123 99
0.5 79 106 122 87

# 2 Tawsifur EIME S K E Y8 17 15 8]
Table 2 Average runtime of Tawsifur image set

(s)

FAE MHL? GSC-WLPLLS] HSSEL16] OAMH
0.1 102 192 131 112
0.2 80 175 153 100
0.3 67 137 166 71
0.4 68 141 158 89
0.5 90 135 126 97

MWHE R ERERE, MH BB H A 3 B 209 Sk ab
W R E 2 L, A A H T Tikhonov 1E M 4k, 5%
HIAREER OCpkn®) s p MR ERKE n YA T £ 2R
1B P & i s HSSE 76 MH 7 A4 F% 09 Sl 1A T P9 3 A 4b
WA R E, MR OCpkn® +qgm®) g [0F
HSSE Bk R B, m o 80t s GSC-WLP Bk B 4= E N
OCpkn® +rm?®) o r FHIERWE BT OAMH 85U MH
FERE BN T WALP i 4b T, 38 5 4% He gt 47 480 o B R 1% 4%
AL VA A VA, B R AR OCpkn® +sm) o s 18 WALP
e 2 AR Y B, B > T HSSE 5 GSC-WLP 19 % 8 ¥k 5.
g5 ik, OAMH %3 52 28 £ IR T HSSE 5 GSC-WLP, #f
L MH B A 32T, 3 5 45 BB AT I 52 3 25 31— 3L,
4.4 LIGER

2 3BT Setll EMERAEZRLE 0.1~0.5 Z KT
P {E {75 M b (PSNR) 19 52 56 45 5. OAMH % 3% 19 PSNR
F MH %, (H{L T HSSE 5 GSC-WLP, % 4 51 T
tawsifur BIRERTE 0. 3 SR AR F & 575 197 £ PSNR, FAi]
X tawsifur BURAE P 600 0@ BRHEAT T 9050, 25 R %W, 78
tawsifur 5 H E 4% T . HSSE #l GSC-WLP & ¥ 3 K5 E1R 1
PR B L] R B EAR T MH 5 OAMH Bk, &
ST ARSI R B B S A I R T R S UE T X R
MG AR | T P9 38 5 A1 355 56 50 2 30 0 P 45 JE A o 4 5 1
WA PERERR . MH 5 OAMH &3k BB T i [ 5 4 181 {3
0 R AR OAMH ARE T MH 14 5 4 7Y 5 F 5501
RELT BB 3 N HLE A PR RE G 25 . B 8 R T X F EMR
“Peppers”, KRN 0. 3 If B EEREM EWLE ., TRUE
B, 5 MH B, B8t Bk B o & Ay o T i, 7E BR
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B JE B8R 4Y, T $R 5 vkt MH, HSSE il GSC-WLP 83k B A
T e HLME S T D e B 8 R Y i K IX 4k, HSSE
5 GSC-WLP 8 T W] Wi th3 5528, MH 5 OAMH %4
A R AR I H OAMH F 58 H B0 7 1 75 52 B0, 3 46 0E T
JT B Bk Y el R AE . 9 R T B 1% “tawsifur_covid19-
667 7ESRAEF N 0. 1 B A [F) 5832 1 32 UL BT 42 %) LG, BT 3 B3 0k 1
WA X M A B R B T A 0 s2R HSSE 5 GSC-WLP
BRI BT R B DR 1 O, B9 P R K A R
B XM A 5L A0 4 O B WA R 8 T 4 5 R LR L R
19 BESUA W Rk X A R KR AR R R BTN
T4 A BT BT T Rk 534G, kA R =
FEMGR SN X 6 A B @ B RO, MH X ER A &
AT Z R EM B THRZ97 . OAMH 2R f M4, H&
F MH, H B 5 5 530 G0 B 5, X358 4075 3 2k 0 1) 2 45 )
iR

# 3 AFRFERTF Setll FIRELE H:FH PSNR
Table 3 Average PSNR of various algorithms on Setll image

set at different sampling rates

(dB)
FAE = MHLJ GSC-WLPLIS] HSSEL!6] OAMH
0.1 24.6465 25.1609 24.84413 24.78269
0.2 28.2716 28.5498 28.53829 28.32808
0.3 30.24411 30.7249 30. 61680 30. 32516
0.4 31.94079 32.3512 32.39257 32.11741
0.5 33.54771 34.0491 34.03625 33.62347

# 4 Tawsifur FHREETE 0. 3 RAERA R PSNR
Table 4 Average PSNR of various algorithms on Tawsifur image

set at 0. 3 sampling rate

GSC-WLP HSSE

& 8 “Peppers” @ #4 B4 1Y T WX L

Fig. 8 Subjective comparison of reconstructed image for “Peppers”

GSC-WLP

K9 “tawsifur_covid19-66" & ¥4 FEI {4 1 3 W XT He
Fig. 9

Subjective comparison of reconstructed image of

“tawsifur_covid19-66”

F5HIHT 0.1~0.5 REEFRT , tawsifur BHREN 3 2K
AR RER Y EH PSNR 5 SSIM {8, Hp &% 10,13,
23,34 3k B tawsifur_covid19; 1% 25,34,38 3k B tawsifur_
Normal; 1% 43,103,118 3¢ H tawsifur_ Viral Pneumonia,
IR EURFE 5 F AR [F] SR B R 1Y fe K 55 50 45 R 8 A RLIR
0. ATLIEREME B AE D RUE 0T HSSE B ki T MH
Bk B2 4 HSSE 5 GSC-WLP Bk #% MH 83 13
W FE bR T W IR B T B AT AR R X S AR A i A B
FoJa R FIATE tawsifur BURAE BRI EAG b, 78 T A R A
KR T MH,HSSE 5§ GSC-WLP 5, H PSNR {4 % I
W3 RS AT B 4R TF 0. 13dB, 1. 16 dB, 1. 43 dB, SSIM {i
ST 0.00023,0.005162,0. 01034, HI, Z LW KIE T

dB)
, . , GSC-WLP Hl HSSE 5. 3 16 Ak 20 55 # IR 18 4R J7 1 14 J=) PR 44
methods tawsifur_ tawsifur_ tawsifur_
covid19 Normal Viral Pneumonia PL M OAMH B3k AE 50 R A Rz At FERR 76 IR 7 5%
o o (G HE 1) 52 5 2 T 52 T B {0 S it 0 ERE A SC 10
HSSE6] 15.9362 43.9163 45.7555 BEUAE BT R 40 B T A 1 M BE L T PR R OAMH 5% X 5=
OAMH 46.6127 45.6856 45.8709 T’Q{%%E‘J‘ZZ{K‘@G
#5 RRRHERET Tawsifur fLRER 44 PSNR/ SSIM
Table 5 PSNR/SSIM of various algorithms for Tawsifur representative images at different sampling rates
(dB)
tawsifur_covidl9 tawsifur_Normal tawsifur_Viral Pneumonia
B 5%
10 13 23 34 25 34 38 43 103 118

MH5] 40.4390 42,7279 42.1695 42.4533 37.5733 37.4945 36.1263 36.5011 36.6969 36.8407

0.9628 0.9714 0.9798 0.9723 0.9574 0.9550 0.9432 0.94710 0.9451 0.9471

GSC-WLPLS] 38.9803 41,3443 40.9435 40.9936 36. 4862 36.3436 35.0932 35.5355 35.6042 35.8337

0.9505 0.9624 0.9733 0.9639 0.9453 0.9422 0.9268 0.9322 0.9291 0.9320

0-1 HSSELS] 40.5136 42,6678 42,1795 42.5192 37.7082 37.3559 36.2084 36.7352 36. 8244 36.9124

0.9627 0.9706 0.9797 0.9724 0.9583 0.9563 0.9483 0.9484 0.946 4 0.9476

OAMH 40. 6490 42.7916 42.1824 42.6089 37.7924 37.4161 36.2213 36.8012 36.8912 37.0763

0.9640 0.9717 0.9803 0.9729 0.9588 0.9559 0.9483 0.9491 0.9466 0.9482

MHLS) 44,5310 46.2922 45,9684 46.1156 41.7184 41,5486 40.3451 40,8135 40,8778 40. 8815

0.9821 0.9853 0.9890 0.9858 0.9793 0.9782 0.9726 0.9760 0.9741 0.9740

41.6398 43.1341 43.664 43.2684 40.2934 40.0079 38.7415 39.2768 39.1369 39.2639

GSC-WLPL1) _

0.2 0.9723 0.9741 0.9841 0.9785 0.9692 0.9671 0.9574 0.9615 0.9590 0.9597

HSSEL16] 44,2093 45.5365 45.996 3 45,7243 41.2351 40.0144 39.8362 40. 4645 40.2229 39.3951

0.9797 0.9820 0.9882 0.9839 0.9801 0.9794 0.9739 0.9759 0.9750 0.9753

OAMH 44. 6926 46.4434 46. 1046 46.1756 41.7942 41.6187 40. 4433 40.9512 40.9862 41.0034

0.9823 0.9875 0.9892 0.9861 0.9794 0.9785 0.9730 0.9770 0.9747 0.9741
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(8:3%)
tawsifur_covidl9 tawsifur_Normal tawsifur_Viral Pneumonia
10 13 23 34 25 34 38 43 103 118
MHLS) 46.7986 48.4985 48.1267 48.2073 44,6214 45.0024 43.7734 45.1371 44,9817 45,3816
0.9886 0.9905 0.9931 0.9907 0.9878 0.9883 0.9857 0.9881 0.9874 0.9880
GSC-WLPL5] 44,5124 45.2990 46.7381 45.9895 44,6845 44,0763 42,9941 43.5214 43.3004 43.5706
i 0.9793 0.9801 0.9883 0.9838 0.9839 0.9833 0.9801 0.9809 0.9797 0.9802
0-3 HSSELS] 46.2616 47,3179 47.9925 47.5850 43.8264 44,3528 45.9231 44,1789 43.8320 44,2221
0.9861 0.9873 0.9919 0.9886 0.9873 0.9882 0.9863 0.9870 0.9863 0.9870
OAMH 46.8701 48.5230 48.1457 48.2886 44.6912 45.1251 43.8441 45.1983 45.0531 45.4058
0.9888 0.9906 0.9932 0.9910 0.9879 0.9893 0.9864 0.9884 0.9876 0.9882
MHLS] 49.3803 50.3635 51.4865 50.6154 48.9917 48. 8606 47.5329 47.3793 47.1518 47.59180
0.9929 0.9935 0.9958 0.9941 0.994 3 0.9942 0.9928 0.9923 0.9920 0.99240
GSC-WLPLS] 46.1126 46.6685 48.6715 47.5082 46.3615 46. 2275 45.2732 45.2326 45.0194 45.26710
0.4 0.9846 0.9848 0.9914 0.9878 0.9888 0.9885 0.9866 0.9862 0.9855 0.99857
HSSEC16] 48.2266 48.8610 50.7906 49.3114 48.3526 47.2098 46.2612 46.1364 45.9142 46.30310
0.9904 0.9906 0.9946 0.9918 0.9929 0.9928 0.9919 0.9912 0.9909 0.99140
OAMH 49.4334 50. 4040 51.5335 50.6739 49. 0484 48.9325 47.6512 47.4275 47.2298 47.70420
0.9934 0.9937 0.9960 0.9946 0.9944 0.9948 0.9933 0.9925 0.9922 0.99240
MHLS] 51.1865 52.0124 53.5821 52.3647 50.9844 50.8491 49. 6004 49.4166 49.0903 49. 58760
0.9952 0.9954 0.9971 0.9959 0.9962 0.9961 0.9953 0.9950 0.9946 0.99500
GSC-WLPL5] 47.5944 48.1301 50.2028 48.9923 47.9154 47.8163 47.0295 46.9897 47.7231 46.93010
0.5 0.9887 0.9888 0.9936 0.9910 0.9918 0.9916 0.9907 0.9902 0.9897 0.98990
HsSELS] 49.7979 50.3060 52.3412 50.7721 49.0279 48.9227 48.1685 47.9985 47.7546 48. 14750
0.9931 0.9931 0.9960 0.9939 0.9949 0.9949 0.9945 0.9921 0.9938 0.99410
OAMH 51.2769 52.0318 53.6376 52.4255 51.1193 50.9252 49.7423 49.4967 49.1578 49. 66440
0.9955 0.9955 0.9973 0.9960 0.9963 0.9964 0.9957 0.9950 0.9947 0.99250
S BT 4R Bk iz Ak v Fe i 3 — ] BrainMRI F 6 TR E R S 1973 PSNR
SHEGEEIT R LR, TSR E RERT® Table 6 Average PSNR of various algorithms in ablation
MH, HSSE 5 GSC-WLP &) PSNR {E 43 J#£ T+ 0. 25 dB, experiments
1. 64.dB, 1. 97 B, e P A BT 41 M 159 50 0 57 ¥4 32 47 1 1) 4 0 “w
S A%y =g b Bl R E MH®] e FEET Y OAMH
286%’261%0 ﬂﬁ%mhﬁ{fﬁﬁﬁ#*@@{%%?ﬂﬁb 0.1 38.82395 39.02194 38.62395 39.09194
TRAFAR ST J B H AR THIR & o ot . 0.2 43.13885 43.21885 12.90885 43.27742
4.5 iﬁﬁmgﬂtgﬁ 0.3 45.66947 45.66947 45.34947 45.84947
BFACHI OSBRI OAMH B 0 s s somie st
T BIEN BB WALP B8t 5 Poamh Bidk, 25 T #i &
BERE T 2 0N Y R 46 R R Bk H R

PP R 2 g 5 R e T B AT A g . B
P BEH Bl 2 5 Sk AR 40 AT A SE 5

DAL WALP %8 & 68 0 /NS T T4l 3045 T
BT RN BN B O AT I8 R RN B A

2) kit WALP £ 8e, B H:3 K MH 535 oh fir 5 Yo 1
RE E RN I AE R R 0938 26 10 R/ A AR i B ] BRUL T
FHEE B R 5 R vk A IR Y A LT e, 2 5
MR,

M tawsifur FIG4E R EEHLEEE 100 16 ER HEAT 525,
6 A T ALSCES 1 T A BEA MR ER A BR L FEIUR R TR
g B R TE A TE R B OAMH 5 6: 109K 5 5 &5 78 5
KRR T #IT MH 236 9 PSNR i, (2% T OAMH & % i
PSNR fH . X UiBA7EE 17 B A B 5 75 ik — 2D % R i 0
DAY TR B A7 Pk 3 L LAAR SSRGS HE 0 RS S S A . T
BhSEES 2 97K T T B 094 R 6 17, B PSNR B LR BEGY
T B L T H AR B SR RE R P RS AR T A Bk L RN S S A
TR ZAVBENICRBER GXWEHE T 3.2 3 i g 38 4597
JEEA L PR BT O RN, L TR, B 5
il S 6 A4 T A R R AR A A 8 R O AR L fE WALP R B ik
T2 A58 J5 o il Poamh ARH6F T30 He 3#F 47 1 £ A ik 35 5
HAEMERE.

=2

PEAG P9 358 o A1 358 5 38 308 A7 R 45 8% RS 5 1 A R 52, O3 i
HEGRENTT SN, LS | REGRRENEGRE
At 2 I T RE 4 R R LT 25 A 0 AVL 1) 5 e R LS R
AT AR E AR BT A Wz A RS X B — e B
BB AE b A7 7 T I0 ASE AR I KR 1 ) B, BT $E OAMH 53 3%
B F A I R T A L O AR R % T B S
BT L MH B T i 04 PSS 0T 4t A [ 52 24 B A0 i 334
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