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Effective Image Super-Resolution Algorithm Using
Adaptive Weighted Interpolation and Discrete Wavelet Transform
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ABSTRACT

In this paper, we propose a super-resolution algorithm using an adaptive weighted interpolation(AWI) and
discrete wavelet transform(DWT). In general, super-resolution algorithms for single-image, probability based
operations have been used for searching high-frequency components. Consequently, the complexity of the
algorithm is increased and it causes the increase of processing time. In the proposed algorithm, we first find
high-frequency sub-bands by using DWT. Then we apply an AWI to the obtained high-frequency sub-bands to
make them have the same size as the input image. Now, the interpolated high-frequency sub-bands and input
image are properly combined and perform the inverse DWT. For the experiments, we use the down-sampled
version of the original image(512x512) as a test image(256x256). Through experiment, we confirm the improved
efficiency of the proposed algorithm comparing with interpolation algorithms and also save the processing time

comparing with the probability based algorithms even with the similar performance.
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k Low-freq. | Highfreq. | Lowfreq. | Highfreq.
Division | Division | Synthesis | Synthesis

-4 | 0.02675 0 0 0.02675
-3 | -0.01686 | 0.09127 | 0.09127 | 0.01686
-2 | -0.07822 | -0.05754 | -0.05754 | -0.07822
-1 | 0.26686 | -0.59127 | -0.59127 | -0.26686
0 0.60295 | 1.11509 | 1.11509 | 0.60295
1 0.26686 | -0.59127 | -0.59127 | -0.26686
2 -0.07822 | -0.05754 | -0.05754 | -0.07822
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4
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714 Lena | Barbara | Baboon | Boat
Nearest
Neighbor 0.8946 | 0.7840]0.6932| 0.8684

Bi-linear |0.8992|0.7741|0.6668 | 0.8683
Bi-cubic |0.9126|0.7961|0.7157 | 0.8880
Proposed |0.9448|0.8434|0.7898|0.9272
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Table 3. Performance comparison proposed

algorithm and other algorithms(PSNR :dB)

ik Lena |Barbara | Baboon | Boat

Nearest
Neighbor 29.2 24.0 22.1 27.3

Bi-linear 30.0 24.1 22.2 27.9
Bi-cubic 30.6 24.4 22.5 28.4
HMT-MAP | 34.7 25.5 24.0 31.7
IMRF-MAP | 35.2 25.7 24.0 31.8
Proposed 34.4 25.5 23.7 31.3
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Table 4. Performance comparison proposed
algorithm and other algorithms

(Processing Time :sec)

714 Lena |Barbara | Baboon | Boat
HMT-MAP | 580.1 | 585.3 | 592.4 | 599.7
IMRF-MAP | 252.1 | 245.7 | 253.8 | 255.2

Proposed | 0.068 | 0.066 | 0.073 | 0.068

V.3 E
=l DWTSh 484 7454 Babgs o
galo] Tl el M8 5 Sl 2R 7)Y
& ARSIk, AR 1Yol A 9 Gl

Bhslel DWTE alsto] 55 27t Yohelol of

sol A 7heA wabHe Mgl 4 st

U e st el e AR 1 Fel,

IDWTE alste] sl 34t AP 27}

& qHgeh. 1 A} ke 7]e] 71E] 1Ak

] lated 3 e el 4

SI3ich. w0 e AEe) wlaled whe AeldEd

71—1—14,— 74 0 g]—o]zs]- 3}\044
WY FEE IS B8 7] a7

WS Ao ge] ohd B F& thpel U

. F?L

o

_1

ARgshE 7IHEe] g 5 ’“*L—(PSNR HHof| 4]
s

= sopal el ¢
che sblel sich. of e ARk} T %412t
JOCTV #5 5o A0t 23l A
Aa}) o] A9 BAP} H) @A AL A S
gee ) TVel 2L sl=slelel] Hiv=

3 Al-k=E Ak AATE Mo s e 2A
= HAZF 2F 30ms(30 fps)oltl. Zz =i

Mol Abgsl= ™ =2 aegmlolt GPU

2ads AEsd skedleld s Tz
AT = el HaliM = AskE 7] AA

7+ Ao} st

(1]

(2]

(3]

[4]

(5]

(6]

(7]

8]

Ao FetElc)

References

S. Park, M. Park, and M. G. Kang,
“Super-resolution image reconstruction: a
technical overview,” IEEE Signal Processing
Mag., vol. 20, no. 3, pp. 21-36, May 2003.
M. Irani and S. Peleg, “Improving resolution
CVGIP: Graphical
Models Image Proc., vol. 53, no. 3, pp.
231-239, May 1991.

by image registration,”

R. R. Schultz and R. L. Stevenson,
“Extraction of high-resolution frames from
video sequences,” I[EEE Trans. Image

Process., vol. 5, no. 6, pp. 996-1011, June
1996.

W. T. Freeman, T. R. Jonesm, and E. C.
Pasztor, “Example-based
IEEE Comput. Graph. Appl. (IEEE CG&A),
vol. 22, no. 2, pp. 56-65, Mar. 2002

H. K. Kang and J. C. Cheon, “Texture
mapping with bilinear interpolation,”
Inst. Inform. Security (KIISC), vol. 26, no. 1,
pp. 644-646, Apr. 1999.

Litakathunisa, C. N. R. Kumar, and V.K.

Ananthashayana,

super-resolution,”

Korean

“Super resolution
reconstruction of compressed low resolution
images using wavelet lifting schemes,” in
Proc. 2nd Int. Conf. Comput. Elect. Eng.
(ICCEE 2009), pp. 629-633, Dec. 20009.

M. Belge, M. E. Kilmer, and E. L. Miller,
“Wavelet domain image restoration with
adaptive edge-preserving regularization,” IEEE
Trans. Image Process., vol. 9, no. 4, pp.
597-608, Apr. 2000.

M. D. Robinson, C. A. Toth, J. Y. Lo, and S.
“Efficient

Farsiu, Fourier-wavelet

247



A18}+3]:=H-2] *13-03 Vol.38A No.03

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

248

super-resolution,”  IEEE  Trans.  Image
Process., vol. 19, no. 10, pp. 2669-2681, Oct.
2010.

L. Pu, W. Jin, and Y. Liu, “A post wavelet
filtering MAP
algorithm,” in Proc. 4th Int. Conf. Fuzzy Syst.
Knowledge Discovery (FSKD), pp. 226-230,
Dec. 2007.

G. Anbarjafari and H. Demirel, “Image super

iterative super-resolution

resolution based on interpolation of wavelet
domain high frequency sub-bands and the
spatial domain input image,” ETRI J., vol. 32,
no. 3, pp. 390-394, June 2010.

P. P. Gajjar and M. V. Joshi, “New learning
based super-resolution: use of DWT and
IGMREF vprior,” IEEE Trans. Image Process.,
vol. 19, no. 5, pp. 1201-1213, May 2010.
Y. H. Baek, S. B. Oh, and S. R. Moon,
“Super resolution based on reconstruction
algorithm using wavelet basis,” Inst. Electron.
Eng. Korea Trans. Smart Process. Comput.
(IEEK SPC), vol. 44, no 1, pp. 17-25, Jan.
2007.

K. Kinebuchi, D. D. Muresan, and T. W.
Parks, interpolation using wavelet
based hidden Markov trees”,in Proc. IEEE Int.
Conf. Acoust., Speech, Signal
(ICASSP), pp. 1957-1960, May 2001.

J. M. Lim and J. S. Yoo, “Super-resolution for

“Image

Process.

single-image using discrete wavelet

transform,” Korean Soc. Broadcast Eng.
(KSBE), pp. 139-142, Hanyang Univ. Korea,
Nov. 2011.

X. Li and M. T. Orchard, “New edge-directed
interpolation,” IEEE Trans. Image Process.,
vol. 10, no. 10, pp. 1521-1527, Oct. 2001.
J.. M. Lim and J. S. Yoo, “Depth map
resolution enhancement based on adaptive
weighted  interpolation,”  Korean  Soc.
Broadcast Eng. (KSBE), pp. 26-28, Jeju Univ.,
Korea, July 2012.

Y. H. Seo, J. H. Kim, D. G. Kim, J. S. Yoo,
and D. W. Kim, “An effective method to treat
the boundary pixels for image compression

with DWT,” Korean Inst. Commun. Inform.

Sci. (KICS), vol. 29, no. 6A, pp. 618-627,

June 2002.
[18] S. Zhao, H. Han, and S. peng,
“Wavelet-domain HMT-based image super

resolution,” in Proc. IEEE Int. Conf. Image
Process. (IEEE ICIP), pp. 933-936, Beijing,
China, Sep. 2003.

[19] Y. Yang and Z. Wang,
super-resolution method in the
domain,” IEEE Int. Conf. Image Graphics
(IEEE ICIG), pp. 163-167, Hefei, China, Aug.
2011.

“A new image

wavelet

2l & M (Jong Myeong Lim)

2012 29 Fuska A
Fab} s

201240 3L~ Feehstal
AAgS) Ay

<ZAlHok>  super-resolution,
3D A ddAE], oA

P P

-

T Xl A (Jisang Yoo)

198511 24 Aledsta Azt
3kt st

19879 24 g=dista Azt
3kt At

19931 5% Purdue Univ.
EE, Ph.D.

1997 94 ~&A P23t

AT}
<o 3D YA A
yAte], uAlY B ALEAe

ot el 1




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


