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Compressed Image Regularized Spatio-temporally Adaptive
Super-resolution Reconstruction

. . 1
XU Zhong-qiang, ZHU Xiu-chang
(Information Indusiry Ministry and Jiangsu Province Key Laboratory of Image Processing & Image Communication ,

Nanjing University of Posts &Telecommunications, Nanjing 210003 )

Abstract Super-resolution (SR) technique is the task of estimating High-resolution ( HR) images from a sequence of
Low-resolution (LR ) observations, which has been a great focus for compressed images. Based on the theory of
regularization, a novel spatio-temporally adaptive SR algorithm is developed and analyzed using the information from the
compressed bitstream. A new form of regularized cost function to control the balance between temporal data and spatial prior
information is proposed. An iterative gradient descent algorithm is utilized to reconstruct the HR image. The regularization
parameter is simultaneously estimated at each iteration step in the reconstruction process of the HR image. Experimental

results demonstrate that the proposed algorithm has an improvement in terms of both objective and subjective quality,and it

is applicable for compressed images.
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Fig.1 Relationships between the HR and LR images
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Fig.2 PSNR for different bit/pixel from synthetic sequence
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Fig.3 Results from synthetic image sequence

4.2 HIXEKFIIXE

2 A Sy, HR FIRIERGHLEMER T
FAEEEN Y, RSP 720 x 576 pixels |, %5 514 P i
A T A B - e, R ) 515 R e R A
PRI B E LAY, e 5 Y= 1 s sh A ¢ HOK,
HR BB (A ) B R FTREARTE LR BZ bl ),
AR R REMNARMER (R R bk A izs))
s H B AT ) B R R B AR e s R M T o
QPR VCILF TR LR OER E AT R, A 2 8
[ PP S 2 56 o A% TRk Y A {1 R L il £t T
4 R o



118 e R 5 AT ¢ 45 PG s B O 0L I D) Ak A 43 R T 2091
330 U 7 4 s 3 8 7 T s A B g A R i
325 TR, i HR LT [ 55 57 H % A5 %, FLiE 4k

@i? At ) B A5 5], B O A A 0 5 7 0 25 % v L

& LV VAT 5 A B R AT A BT A 0 T

C%30.5 G EsiEEs, DR, XEHRTHATRENS
300 —=— RSTA % R M 2 IS (A AT, AN T RE 65 £ 5% 1% 4 9% SR
- , , o ReRR F 7 e o T
0.25 0.50 0.75 1.00 1.25 1.50

2 (bpp)

P4 LSBT 3078 A R it % K 5 5 PSNR i £&
Fig.4 PSNR for different bit/pixel from real image sequence

HEWF IS gAML, 5 A TE 1. Obpp R T
RS ge 4 o SRt HR JEGOR 44 19 LR &5 0 &1
5(a) W 5(b) iz, RSA I RSTA 57k 5 1 (8118
e an S (e) (B S (d) Bros, H PSNR AE 7351 4

31.42dB #131.79dB,

(c)RSAﬁ ESINER A (d)TSC% R EAELR
K5 FLSEEGT 5 Y SE B 45

Fig.5 Results from real image sequence

MEL LA~ S8 v AR B, X5 i EHE T 5)
T, EE AR PSNR i 4G L T 501 8 5 1
SR MG R 91 5 B R A PSNR T 22 9% 8l 8%
Ko & EZIE W T =38 sh b 50K 8 1A TR e 5|
I, AR, A B B L LS EAGUT 5 Y iz B A

TR

738k, i T RSA B3k 22 51 A G #5250 0, i HL R
B SGONE F R ONE FT DL PR e A PR G T
X B TR 2T R R R P 5 S R4
F A P T B AR MR S R BT B, T RSTA 599K

5 & i

AR SO XF T 4 1 A, B T — bR A S
I 3 R o B Rk . R S IR A
P BRI F- 7 I Js K 30 A 2 8] 2 86 £ 8L, T OE
) £ 5 A1 U P ok 2R B P8 310 Y s A G AR
J5 F 2 AR BE T M vk ok SR A HR P&, T 1E )0 4k
A 3K AR o AR b oan R A R S g SR
WA, A SCHR H B o0 H R Rk SR G R AR
HARGNE FUREA —EMRS, E5 Tk
26 PR B L

£ % 3Lk ( References)

1 Kang M G, Katsaggelos A K. Simultaneous multichannel image
restoration and estimation of the regularization parameters[ J]. IEEE
Transactions on Image Processing, 1997, 6(5) . 774 ~778.

2 Lee E S, Kang M G. Regularized adaptive high-resolution image
reconstruction considering inaccurate subpixel registration[ J]. IEEE
Transactions on Image Processing, 2003, 12(7) : 826 ~837.

3 Shen Huan-feng, Li Ping-xiang, Zhang Liang-pei. A regular ized
super-resolution image reconstruction method [ J ]. Journal of Image
and Graphics,2005,10(4) :436 ~440. [ vo#e e, 227, 9k KBS,
— P T IE WL E AR B Ay B R Ty [T]. T E R R EDE
2#4% ,2005,10(4) :436 ~440. |

4  Yang Y, Galatsanos N, Katsaggelos A K. Projection-based spatially
adaptive image reconstruction of block transform compressed images
[1]. IEEE Transactions on Image Processing, 1995, 4 (7):
896 ~908.

5 Hong M C, Yon C M, Park Y M. An efficient real time algorithm to
simultaneously reduce blocking and ringing artifacts in compressed
video[ A]. In: Proceedings of International Conference on Image
Processing[ C], Kobe, Japan, 1999:899 ~903.

6 Wu Xian-jin, Wang Run-sheng. Adaptive regularized image
restoration based on noise distribution estimated in wavelet domain
[J]. Journal of Computer-Aided Disign & Computer Graphics,
20006,18(14) :502 ~506. [ 5 ki 4 , T8 A= /1 Pl 3 MR 75 43 i Al
T & R IE AR PR S (). 3 LR B Bt 5 B o o
% ,2006,18(14) :502 ~506. ]

7 Choi M G, Galatsanos N P, Katsaggelos A K. Multichannel



2092

B 4 DR 2R

B3 %

10

regularized iterative restoration of motion compensated image
sequences[ J]. Visual Communications Image Representation, 1996,
7(3): 244 ~258.

Altunbasak Y, Patti A J, Mersereau R M. Super-resolution still and
video reconstruction from MPEG coded video[ J]. IEEE Transactions
on Circuits and System for Video Technology, 2002, 12 (4 ).
217 ~226.
Gunturk B K, Altunbasak Y, Mersereau R M. Super-resolution
reconstruction of compressed video using transform-domain statistics
[J]. IEEE Transactions on Image Processing, 2004, 13 (1)
33 ~43.

Park S C, Kang M G, Segall C A, et al. Spatially adaptive high-
resolution image reconstruction of low-resolution DCT-based
compressed images [ J].

2004, 13(4) ; 573 ~585.

IEEE Transactions on Image Processing,

Segall C A, Molina R, Katsaggelos A K. High-resolution images
from low-Resolution compressed Video[ J].

Magazine, 2003,20(3) . 37 ~48.

IEEE Signal Processing

Segall C A, KatsaggelosA K, Molina R, es al. Bayesian resolution

enhancement of compressed video[ J]. IEEE Transactions on Image

Processing, 2004, 13(7) . 898 ~911.
Kang M G, Katsaggelos A K. General choice of the regularization
functional in regularized image restoration[ J]. IEEE Transactions
on Image Processing, 1995, 4(5) :594 ~602.

Hu He, Kondi L P. An Image Super-Resolution algorithm for
different error levels per frame[ J].

Processing, 2006, 15(3) : 592 ~603.

IEEE Transactions on Image

Mateos J, Katsaggelos A K, Molina R. Resolution enhancement of

compressed low resolution video [ A ]. 1In; Proceedings of

International Conference on Speech, Signal Processing [ C ],
Istanbul, Turkey, 2000, 6: 1919 ~ 1922.

Han Yu-bing, Wu Le-nan. Super resolution reconstruction of video
seguence based on adaptive filter[ J]. Chinese Journal of Computer,
2006,29(4) :642 ~647. [ i EI%, R R . HE T H M U P 090
BT B0k Gy B R R A [T ] 3 5 B0 2= 4, 2006, 29 (4)
642 ~647. ]

Bierling M. Displacement estimation by hierarchical block matching
[A].
Processing[ C], Cambridge, MA, USA,1988,1001. 942 ~951.

In: Proceedings of SPIE Visual Communications and Image





