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HMRF Prior based MAP Block Super-Resolution Reconstruction Algorithm

WANG Huabin'*, TAO Wancheng®, LI Yu', ZHAO Quanhua
1. Liaoning Technical University, Institute of Remote Sensing Science and Application, Fuxin 123000, China; 2. National Bureau of
Surveying and Mapping Geographic Information, Satellite Surveying Application Center, Beijing 100048, China

Abstract: The detailed information in super-resolution reconstruction of hyper-spectral image is usually lost
after using the Maximum A Posteriori (MAP). To improve the quality of a reconstructed image, this paper
presents a MAP block super-resolution reconstruction algorithm based on the prior Huber Markov Random Field
(HMRF) model. Firstly, Principal Component Analysis (PCA) is used to obtain the main components for a given
hyper-spectral image, and then the initial image is obtained by spline interpolation technique. By using main
components from the PCA operation, the proposed algorithm can not only effectively reduce the usage of
computation memory but also reserve most of the information from the image. After calculating the Q statistic of
the initial image, it is found that stratifying the hyper-spectral image into several (e.g., seven in this study) spatial
heterogeneities is an effective way to characterize the complexity of the hyper-spectral image. To this end, a
suitable partitioning scheme for obtaining an optimal super- resolution reconstructed image is adopted after
comparing the reconstructed results by using different blocks with different sizes. As a result, the domain of the
hyper- spectral image is split into several sub-blocks. The HMRF model with an adaptive threshold is then
established for each sub-block image, and an objective function is defined by combining the fidelity terms of the
sub-block images. The objective function can be solved by using the gradient descent method to obtain the high
resolution sub- block images, which are then combined with the interpolated secondary component images.
Though some cross artifacts occur in the process, they can be removed by extending edge based methods. The
effective extending edge-based method is also proposed in this paper. Finally, the final high resolution image can
be obtained by using the inverse PCA operation. In order to verify the validity and the superiority of the
proposed algorithm, we test the proposed algorithm, the representative Tikhonov-based algorithm, total variation-
based algorithm, and the traditional HMRF model- based super- resolution reconstruction method with the
simulated and real images, respectively. The testing results show that the proposed algorithm is superior to other
methods in the peak signal- to- noise ratio (PSNR) and the Structure Similarity Image Measure (SSIM).The
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qualitative evaluation indicated that the proposed method could obtain more obvious edge structure and detailed
information at the same time.

Key words: image segmentation; adaptive threshold; hyperspectral image; HMRF model; principal component
transformation
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Fig. 2 LRH image sequence super-reconstruction process

I 98 s P A 3 AR ST, ) o s o A

BT RG FE— M= F VAR BT, BEAS SR A R e
A — PRI Y, PR S a4 i S
PG (R R 5 S A o, R o e P rh A A
S Sk 1) SRy B DX A AR A, L PSNR AT SSIM AR
Bt iR B T E s

3.2 RIUKL

AR SCHERE Y S I B R LA AT WO/ A S
Y614 (Airborne Visible Infrared Imaging Spectrom-
eter, AVIRIS) 75 3 [E AN AR J& M1 214 5 3t X114 i

GG . Hzs [ 533050k 17 mx17 m, 2 224 P Bz,
F AT INR 400 15 50x 400140 g 5
YE S}y 52 36 ¥4, 7F Intel (R) Core (TM) i7- 4790

CPU@3.6GHz 64 i #:E & 4t , MatlabR2014b - 5
TR AR SO AR R b R R AL
P AT R SO S50, AR U 1) Lz 8l e K 3
HrmiEs, 435140, 0) .(0,5) .(5,0) .(5,5); @i
SRR 3 x 3, 2550 1.5 WY TS 5 1M S MEF TR
FE TR 2 A HRAE A5 51 4 5 73 %R 34 mx 34 m
A GBS . Hor, i AR 55 I B
R AL AN I 3 T/ o

K13 il UG B A AL e Jo i

Fig. 3 Simulated degradation process of hyperspectral image bands
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B S W T RS E AL — S R

*1 FRMSHQFEITE

Tab. 1 Q statistics of different components

[SEES IYIAER QfH EEES I3 QM K% IrIER QfH
4 0.9048 4 0.9199 4 0.8962
5 0.9425 5 0.9459 5 09312
B 6 0.9593 = 6 0.9670 = 6 0.9521
7 0.9701 7 0.9774 7 0.9654
8 0.9770 8 0.9813 8 0.9751

K4 RIS POk — R LA R

Fig. 4 Experimental results of different blocking scheme in the first major components

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

http://www.cnki.net


Administrator
高亮

Administrator
高亮

Administrator
高亮


322 ok 7 B R

20194F

*2 F—FENPEBHTRESR
FEHIPSNR{EFNISSIM{E
Tab.2 PSNR and SSIM for different blocking schemes of
the first principal component image

Koy 2x2 /3 5x53Ek  10x10430bk
PSNR 19.4530 20.8295 21.9662 22.1437
SSIM 0.8623 0.8779 0.8973 0.9016

PASE , 5T & B S PR R BT G AR R UL
AN—HE TSR 21 40 B 5 15 BE 0 A S e 1 )
W, R T UL T B EUSOR [R5 X i
RIS, SIS = R8T AR o %
BRAE, S5 R E 5 R

SRR R 121 77 G A A5 PSNR Al
SSIMA{H, HRE5 R L3 3,

¥ 5 W R R 10 7 58 F A AR HRER L 24
PG oeh LGP R, 5 R AR B 5L
PREGHER , 4018 5 (c) A1 (d) BT zm 5 2497 1% 50 2
it OB aT UL, ik 5(e) B s 249 1500
SRy 3N A B, 4 Jey G SCHE A TR i, an 1 5 (F)
(9) 7R ; 4525 3 T 1Y PSNR 1 SSIM 3082 4E 8%, Tt
P11 1% PSNR F1 SSIM i i f5 /)N , BV E A0 AR e 22

B D AR 2R ARG N, 5 A5 EUR AN (5 SRk
&, TR R . MY g T 3 4R,
H:PSNR F1 SSIM Hidis 5 Jy #2230, 3 W HE AU A
FHIE) . I 22 YO H SR B2 AR Y R e R
JURT 3WTRENE A &Gk S O, AR S
PN AR ANGITIH T
TS R AR ) A R P S 5558 5 PSNR,
SSIM F8 F5 Al 2 25 J & % Tikhonov!!, i 75 432
& 58 HMRF #52 BRI PSRIAS SR 1) B gl 45 R ilE A7
HEMEE ., Ho, PSNR HISSIM 45 b5 & M 4%
R4,
K522 4 R R BUE VEXT HE , AR SO A R
) PSNR 1 SSIM {EL 15z =5 , 2% BH 1 4 J 19 A5 o 3
S5 5 R R PG d ARG, BV RO R . TR
FHEAE 4y J5 1 A HMRF #8571 5 ik 5 45 SR ) 58
PEA BRI R B RO 5 FH AR TR . M
Tikhonov J7 7 5 i 45 S A 50 Fee 1%, B o A s R A
XPH 25 5 B 2= 4 A BB VEXT LE 55— FE s
PSNR 1 SSIM it dii e e, 25 — F MR Z 5 =&
BB, T A — , R = R % 4 Bl
SRR BRI, PT ah s RO ARG T & 5 B =

K5 5 = B AR 7 R E A4S
Fig. 5 Reconstruction results of different expansion scheme in the third major components

3 F=EERSWAET LA R PSNR{EFISSIME
Tab. 3 PSNR and SSIM for different extension schemes

T4 P 1500 P 24800 P 31500 P agon
PSNR 15.556 15.813 16.101 16.257 16.271
SSIM 0.7865 0.8004 0.8115 0.8120 0.8123
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Tab. 4 Comparison results of PSNR and SSIM

ST EE AN Tikhonov Ay {54 HMRF AR

B — R PSNR 19.6534 20.9329 21.0243 22.1437
SSIM 0.8587 0.8755 0.8766 0.9016

E ey Wi PSNR 18.1071 18.8795 18.8601 19.7133
SSIM 0.8134 0.8270 0.8312 0.8695

9= PSNR 14.8539 15.1122 15.1198 16.2710
SSIM 0.7191 0.7696 0.7653 0.8123

FHOC, IR L Wt G A3 R~ DX RIDREL AR DX 3l 53 3] e o7 AN [

R T 2 e PRV EE S R, SR fE I
1) SRR MG A X E o 1T 3 A B H T AR IR
Y FH A5 B AR B Bl A B4 U T 38 1 1T D
A AR NE 6 Fros, K (al)-(f1), (a2) -
(f2), (a3)-(f3) 75 M8 — , —F = o R 5L 56
g5, Hrb, (al)-(a3), (b1)-(b3), (c1)-(c3),
(d1)-(d3), (e1)-(e3), (f1)-(f3) 43 A A&, LRH
BB KI5 22—, Tikhonov, B84y, 1545 HMRF FiA
SCR o B E 6 i RO IR B & B, AN [R]
PR oy A 45 AR T LRH B AL G S v
Wit Hirp, Tikhonov J7 345 S g A | i 2 K
PTG FE I LA R B 1T, AR RR IS Ak
LN Y RO eI (B R S VAR ST i) B4
FELanE 6(c1)-(c3) Fim 5 B AR 43 J7 1k BB A AL Ut
(1% B MR B A 5 B, (R B g SR R & B
BEEEN, 40P 6(d1)—(d3) B/, X 2 R i okt
PG FH A BT 1 S BN 45 5 4% 48 HMRF #7

JE B AT I, L AR T Tikhonov J7 v, &£
FRAR S ik E RS R, nE 6(el)—(e3) IR, i
T S X H R AR SRR T A R AT S L
S RSN BB BN, BB A AR T BRI %,
F& T HAnE R, anE 6(F1)-(£3) iR

HEARAT 1Y 2 RSy B S AR B S 1)U B oy
MR 2 A i H PCA 3 28 4015 21— i HRH BI&, 4K
P B 29,20 F 11 & B R g an 1€ 7 B | i
i E TN B T Y 4 RO A S SR BT LRHAR
A UG A T v i, 18] 7 (o) B e 235 SR A OM
B 7 () FIE 7 (e) F RS AL, A AL R
PR, I B T AR X S O P 7 (F) Bl 3% T
A RNGE R EEHEE R, Py
PRBRAR SCRE B

R T PP AU A G 43 A I AR Sl
JH PSNR 1 SSIM AE R b, EAREE WL 2 5, Horp
Tikhonov, & A8 73, 1% 485 HMRF A5 Y AR SCR L 1Y

K6 iy 34~ EE M o B R

Fig. 6 Super-reconstruction results of the first three main components
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K7 B (Bl o E 4

Fig. 7 Simulation image super-resolution reconstruction result

*5 FRIBHEZHIPSNRFISSIME
Tab.5 PSNR and SSIM of different
super-resolution algorithms
Hy: Tikhonov  BVESY  (ELTHMRFBIRD AL
PSNR 19.1243  20.2719 20.6865 22.0645
SSIM 0.8565 0.8723 0.8786 0.8927

PSNR F1 SSIM B & 5% P4 7 36 184 1) HLAS SCR kX
o7 B BB R F i Y, R IAAS SCRE B A R

3.3 EXRE

i AVIRIS FREZS [H] 43 HE% 4 17 mx 17 m, i
BERECH 224, AR 20 1 4 8 v i R P, Kk
RICH A — 3 56800 K/ hy 150 x 150 Q& 8(a) , 55

U E R BBk 2,9 g 4, 5K 0.1, 1E
WAk 2% 0.01, >R ] p # q #8 10 (9 56w, i JH
AR SR A5 215 78 K /)N 300x 300 1 R 25 R 5]
8(e), Horp JLfi[ iz ) 43 %1 4 (0,0), (6,4) , (8,2) ,
(4,2)c MR SEBREEE , A TR LG = P
FEURAE AT, PN RE (] PSNR 1 SSIM 22 54
PRIEAY , TR e PR PP LS R . S TR AR
SCRE A RO S 08 |, 5256 %8 Tikhonov, A&
A4y AL 5 HMRF SRR L S2 56, JF e B i 5
U B 29 .20 A1 11 A o e B s WnE 8(b)—(e) ,
W o A 2 R R ) S R RSR AN L JRy K EI 25 He
5k P, Tikhonov B 4 45 5 3 2% F1 N 25 40 X AN T
B, W 8 (b) TR 5 AR 4 Jy ik a2 SRR & R BY

K18 BRI Gl oy B A A

Fig. 8 Actual image super-resolution reconstruction result
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2R Rl ) BT BRSO, (E I G R T 0, &L 8 (¢) e 5
%48 HMRF 5L [ (5 70 DXt AR, L A
RAYH G AN WAL T B2 537 1 H 25,
8(d) Fr7i 5 B HIA S5 T AL o SRR Bl s T
JEEB NG A SO E B LT e B 4
A, anE 8(e) s o

4 Zhig

Y SR AN R 2] LRH R AE Y FH MAP #33
P R AN 5 B B 8, A S 3T
SE50 HMRF H1 71 (1) MAP 3-8 73 B i Rk
IR F PCA H A B I B 4 9 A7, L Ak id 7
MAP 532 (1) S ity 25 5 T G v [) o X3 5 o 1
R R, E TG N7 1 3 B {E HMRF AR K4 B
T 7 [ (T 43 RS 104 - e PR 0 0 S o DXk, T i
P A AS [RAEST 2 2N B bR eR 5 L4 = 1
G SCI0 S M RN A2 e T PR,
PG I3 45 R ARG | A PCAEAER EMZ 5 He
TR 5 1) AR SCETEAE AR G P iy G 285 40 A b )
SRR A 27 1 HAT AT, A #CT Tikhonov, A48
Sy L 5 HMRF ARG Okt o b ten] UL, 38 5
LSRR 5 T A B8 ] DA R s A
A Y HRH S . SR, AR SR U6 LRH &
GFHNIEAT T M4 R 50N 2 B E L SE G BT
{147 3 72 3R Q] R 8 B A 1) B it = A1 R 1)
R TERE T ORI TAE TR — 2D 5T
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