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Abstract Aframe rate up-conversion scheme is needed when moving pictures with a low frame rate is played on
appliances with a high frame rate. Frame rate up-conversion methods interpolate the frame with two consecutive
frames of the original source. Thiscan be divided into the frame repetition method and motion estimation-based the
frame interpolation one. Frame repetition has very low complexity, but it can yield jerky artifacts. The interpolation
method based on a motion estimation and compensation can be divided into pixel or block interpolation methods. In
the case of pixel interpolation, the interpolated frame wasclassified into four areas, which wereinterpolated using
different methods. The block interpolation method has relatively low complexity, but it can yield blocking artifacts.
The proposed method is the frame rate up-conversion method based on a block motion estimation and compensation
using the linearity of motion. This methoduses two previous frames and one next frame for motion estimation and
compensation.

The simulation results show that the proposed algorithm effectively enhances the objective quality, particularlyin ahigh
resolution image. In addition, the proposed method has similar or higher subjective quality thanother conventional
approaches.

Keywords : Frame rate up conversion (FRUC), Bi-directional motion estimation, Frame Interpolation, Overlapping
Boundary Matching Algorithm (OBMC), Motion Linearity-based Frame Rate Up Conversion Method
(MLFRUC)
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Table 1. The comparison of objective video qualities of frame average, biliteral(forward), biliteral(backward),
biliteral(bi-directional), and proposed method.

fest sequences frame biLiteral biLiteral _ bi_Lite@l proposed
Average (forward) (backward) (bi-directional) method

foreman_qcif 34.44 32.70 32.62 37.05 37.21
QCIF grandma_qcif 47.23 43.95 43.74 46.86 47.11
news_qcif 40.22 38.10 38.11 40.06 40.19
bus_cif 18.49 20.29 20.37 21.72 23.01
CIF children_cif 20.74 21.17 21.11 22.10 23.22
mobile_cif 24.93 2275 22.76 25.77 27.89
city_4cif 22.03 25.00 24.99 25.76 27.38
4CIF harbour_4cif 23.67 2431 24.30 25.52 24.72
soccer_4cif 21.70 21.74 21.77 23.17 2341
bigships_720p 40.02 36.39 36.40 39.92 40.27
720p city_corr_720p 27.06 28.68 28.62 29.89 34.67
night_720p 27.16 26.00 26.00 27.66 27.84

738



HY 2AY A zAYE B )Y

456780210
112 18 14 1608 17

B .'23?""'1-53-
4567880210
N1213 14616 1

P

,.l_ 4 56 78010
112 13141516 17
1B 192021 2223 %4

1 > b i

el IS G Y )
10121314 15 16 17

'J' 22%30123
pe RG] T el L)
N #2135 e Y

BRDARDNH

1B 19202 22

1819202 2

Fig. 6. The comparison of subjective video qualities of frame average, biliteral(forward), biliteral(backward),
biliteral(bi-directional), and proposed method to left-to-right

5 A= 3kl o]2 Fal Ze Y Bike st AE A 7]

£9] of2] WS Hluste] fAlsAY w2 AuH

Hagdoel 7171 Aee] FEor w8 Zad &l S nols A & dlon 53] G gt

A AA PEEIL vk v VEe) vtk 9 2 4S Anshd e gs Feagn a4 8

THlze AUAoR W 2] &5 VMM ol5 2 oA o]de) WwEY vlasle] ¥ Ao Yo

dlzxe] Z el dEs FIATI7] A Agkehs ¥ ol Zeduie] Axedgel AP 1]

2 A AP olgste] Habs FaAshE ol HPAQ Jog Helste] nh A8HQ T AE Py
T ZUQ o] % 3 TS ol &Sk w A ME F & A7) ekl giE ArE A o) Fol)

QA o5 FEILy Y B 1PsHE SADFS 49

739



FFAS & =B A8 ATE, 2017

(1]

(2]

(4]

(3]

(6]

(7]

(8]

(9]

References

C. K. Wong, O. C. Au, “Modified motion compensated
temporal frame interpolation for very low bitrate video,”
IEEE Conf. Acoust. Speech, Signal Processing, vol. 4,
pp. 2327-2330, May 1996.

DOL: https://doi.org/10.1109/ICASSP.1996.547748

K. Hilman, H.-W. Park, Y.-M. Kim, “Using motion
compensated frame-rate conversion for the correction of
3:2 pulldown artifacts in video sequences,” IEEE Trans.
on CSVT, vol. 10, no. 1, pp. 869-877, Sep. 2000.
DOI: https://doi.org/10.1109/76.867925

P. Moulin, R. Krishnamurthy, J. W. Woods, “Multiscale
modeling and estimation of motion fields for video
coding,” IEEE Trans. Image Processing, vol. 6, no. 12,
pp. 1606-1620, Dec. 1997.

DOI: https://doi.org/10.1109/83.650115

T. Y. Kuo, C. -C. I. Kuo, “Motion- compensated
interpolation ~ for  low-bit-rate video quality
enhancement,” SPIE Proc. Visual Communications and
Image Processing, vol. 3460, pp. 277-288, July 1998.
DOI: https://doi.org/10.1117/12.323181

T. Liu, K. T. Lo, J. Feng, X. Zhang, “Frame
interpolation scheme using inertia motion prediction,”
Signal Processing: Image Communication, vol. 18, no. 3,
pp. 221-229, Mar. 2003.

DOI: https://doi.org/10.1016/S0923-5965(02)00141-8

Y.-K. Chen, A. Vetro, H. Sun, S. Y. Kung, “Frame-rate
up-conversion using transmitted true motion vectors,”
IEEE Multimedia Signal Processing, Second Workshop,
pp. 622-627, Dec. 1998.

DOI: https://doi.org/10.1109/MMSP.1998.739050

J. Zhai, K. Yu, J. Li, S. Li, “A Low Complexity Motion
Compensated Frame Interpolation Method,” IEEE Proc.
International Symposium on Circuits and Systems, pp.
4927-4930, May 2005.

DOL: https://doi.org/10.1109/ISCAS.2005.1465738

B.-T. Choi, S. H. Lee, S. J. Ko, “New frame rate
up-conversion using bi-directional motion estimation,”
IEEE Trans. Consumer Electronics, vol. 46, no. 3, Aug.
2000.

DOL: https://doi.org/10.1109/30.883418

Y. Guo, L. Chen, Z. Gao, X. Zhang, “Frame Rate
Up-Conversion ~ Method for  Video  Processing
Applications,” IEEE Trans. on Broadcasting, vol. 60, no.
4, pp. 659-669, Dec. 2014.

DOL: https://doi.org/10.1109/TBC.2014.2354951

Z S #(Donghyung Kim)

A

[H3| 3]

* 19999 24 : TEUg At

(&5t
©2001d 8¢ : FHugtun Axpaet
FHFAAD

02007 2€ : FgUigtu HAAEAl
A vl-g-stal(F-shakal

02007 69 ~ 20084 8¢ : I
HAAREAIAF(ETRI) AP A7+¢

©2008d 9¢¥ ~ 20113 2¢¥ : Shebopsta HREFAYEEE
5 QA

02011 3¢Y ~ AA : FFoz st HFEHAFRIY 2a g

Hl

Aok

FEAY, BEVHFA, U=




<<
  /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
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


