
  
Abstract — In this paper, a method for translation of 

coding parameters such as macroblock type, quantizer scale 
and motion vectors from MPEG-2 to H.264 video format is 
presented. The presented method can be used for direct 
MPEG-2 to H.264 video format transcoding, where no 
additional refinement is used. The paper is mainly focused on 
transcoding of spatially downscaled video sequences, but it 
can also be used in situations where no downscaling is 
performed.
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I. INTRODUCTION 

PEG-2 is currently one of the most used standards 
for video compression and it is used in many 

standards for digital television and digital video storage 
such as DVB (Digital Video Broadcast) and DVD (Digital 
Video Disc). 

In recent years, many new standards for video 
compression were published, including ISO MPEG-4 and 
ITU H.264 (also included in the MPEG-4 standard as part 
10). Compression tools defined in new standards provide 
much higher compression ratios than MPEG-2, while 
preserving the same picture quality. 

In order to provide interoperability between systems 
based on MPEG-2, and systems based on new standards, 
video bit stream transcoding is required. One way to do the 
video transcoding is to implement the complete MPEG-2 
decoder and H.264 encoder. This approach is the most 
efficient in terms of picture quality and compression gain, 
but is also the most computationally demanding. The other 
possibility is to re-use some of the coding parameters from 
the MPEG-2 video bit stream in order to decrease the 
complexity of the encoder [3]. However, if the coded video 
sequence must be spatially scaled because the target 
system uses different resolution, coding parameters can not 
be directly used. This paper presents a method for 
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parameter translation that can be used in situations where 
picture scaling is required. Section II of the paper 
describes the translation of parameters such as macroblock 
type and quantizer scale. Section III describes translation 
of motion vectors in detail. In section IV, the testing results 
are presented. 

II. MACROBLOCK PARAMETER TRANSLATION 

When translating macroblock parameters from the 
original picture to the resulting picture scaled horizontally 
and vertically by a factor 2, four original macroblocks are 
merged into one resulting macroblock. That means that the 
parameters from four original macroblocks are used to 
calculate the parameters for each resulting macroblock. 

However, when video sequence in HD resolution 
(1280x720, for example) is transcoded to the sequence in 
SD resolution (720x576), horizontal and vertical scaling 
ratios have non-integer values. This means that non-integer 
number of original macroblocks must be translated into 
one resulting macroblock. To overcome this problem, the 
parameters from each macroblock that covered 
(completely or partially) by resulting macroblock are used 
for translation and a weight factor corresponding to the 
percentage of the covered macroblock area is assigned to 
each original macroblock. Weight factors associated with 
original macroblocks are calculated as follows. 

First, the horizontal and vertical indices of macroblocks 
that are covered by resulting macroblock are calculated. 
Horizontal index Xmin of the left-most original macroblock 
is calculated as: 

 

)(min xSRXtruncX ⋅=                                         (1) 

 
Where X is horizontal index of the resulting 

macroblock, SRx is horizontal scaling ratio and trunc() is a 
function that removes the fractional part of the number. 
Horizontal index Xmax of the right-most original 
macroblock is calculated as: 

 

))1((max xSRXtruncX ⋅+=                                  (2) 

 
If the fractional part of (X+1)SRx is 0, Xmax is subtracted 

by 1. Weights are calculated separately for horizontal and 
vertical direction. Horizontal weight associated with the 
left-most original macroblock is calculated as: 
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1min0 +⋅−= xSRXXW                                          (3) 

 
Horizontal weight associated with the right-most 

original macroblock is calculated as: 
 

max)1(
minmax

XSRXW xXX −⋅+=
−

                          (4) 

 
Obviously, all other horizontal weights must have the 

value 1. 
Vertical indices and weights are calculated similarly. 

The resulting weight factors for original macroblocks are 
calculated by multiplying the appropriate horizontal and 
vertical weight factors. 

Macroblock mode is determined as follows. If any of the 
MPEG-2 macroblocks are intra coded, the resulting 
macroblock will be intra coded. If all MPEG-2 
macroblocks are skipped, the resulting macroblock will be 
skipped. In all other cases, the resulting macroblock will 
be inter coded. For inter coded macroblocks, prediction 
direction is determined based on the prediction direction of 
the MPEG-2 macroblocks and weight factors. If most of 
the MPEG-2 macroblocks use forward prediction, the 
resulting macroblock will use forward prediction and if 
most of the MPEG2 macroblocks use backward prediction, 
the resulting macroblock will use backward prediction. 

Quantization parameter of the resulting macroblock is 
calculated as the weighted average of quantization 
parameters of the MPEG-2 macroblocks. 

III. MOTION VECTOR TRANSLATION 

Motion vector translation is the key element in direct 
video transcoding, because of its impact on the bit rate of 
the resulting video bit stream. Its purpose is to map 
multiple original motion vectors into one resulting motion 
vector that represents motion of the resulting macroblock 
as good as possible. In order to translate the motion 
vectors, the following 3 operations must be performed:  

 
• Motion correction 
• Mapping 
• Scaling 

 
All motion vector mapping methods assume that all the 

original motion vectors are of the same kind, i.e. that all of 
them are in the same format (field or frame) and that all of 
them point to the same reference picture. 

Since only field-to-field transcoding is considered in this 
paper, all motion vectors will be in the field format.  
However, MPEG-2 assigns additional field selection bit to 
each field motion vector, which tells if the motion vector 
points to the top or bottom reference field. Motion vectors 
from different original macroblocks may point to the 
different reference fields. Reference field for the resulting 
macroblock is chosen based on the reference fields of the 
original macroblocks and weight factors. If most of the 
MPEG-2 macroblocks use top field as a reference, the 

resulting macroblock will also use top field as a reference. 
Otherwise, bottom field will be used.  

When the reference field is chosen, motion vectors that 
point to the field of the opposite parity must be corrected 
prior to mapping. If a field of the same parity as the coded 
field is chosen as a reference, motion vectors that point to 
the reference field of the opposite parity must be 
multiplied by the factor C1/C2. Similarly, if a field of the 
opposite parity than the coded field is chosen as a 
reference, motion vectors that point to the reference field 
of the same parity must be multiplied by the factor C2/C1. 
Motion vector scaling factors C1 and C2 are calculated 
under the assumption that motion vectors represent motion 
of the objects in the picture, and that this motion is linear 
with constant speed. For example, if the top field (Field 0 
in Fig. 1.) is chosen as a reference for the top of a P frame 
(Field 6 in Fig. 1.), motion vectors that point to the bottom 
reference field (Field 1 in Fig. 1.) must be multiplied by a 
factor 6/5.  
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Fig. 1. A sequence of 4 frames with 2 consecutive B 

frames 
 
Tables 1, 2 and 3 summarize the values of C1 and C2 for 

P, first B and second B frames, respectively (it is assumed 
that two consecutive B frames are coded between the two 
reference frames). 

 
TABLE 1: CORRECTION FACTORS FOR P FRAMES. 

Field C1 C2 
First 6 5 

Second 6 1 

 
TABLE 2: CORRECTION FACTORS FOR FIRST B FRAMES. 

Forward reference Backward reference 
Field 

C1 C2 C1 C2 
First 2 1 4 5 

Second 2 3 4 3 

 
TABLE 3: CORRECTION FACTORS FOR SECOND B FRAMES. 

Forward reference Backward reference 
Field 

C1 C2 C1 C2 
First 4 3 2 3 

Second 4 5 2 1 

 
For mapping of motion vectors, four different methods 

were used: 
Average: 16x16 macroblock partition with motion vector 
derived as a weighted average of the MPEG-2 motion 
vectors 
Dominant: 16x16 macroblock partition with motion vector 
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from the dominant MPEG-2 macroblock (macroblock with 
the largest weight factor) 
16x8 Average: 16x8 macroblock partition with two 
motion vectors derived as a weighted average of the 
MPEG-2 motion vectors 
Median: 16x16 macroblock partition with motion vector 
derived as a weighted median of MPEG-2 motion vectors 
(the vector with the lowest distance to other MPEG2 
motion vectors). 

Finally, the resulting motion vector (or a pair of motion 
vectors in the case of 16x8 average) is scaled by the 
picture size scaling ratio. Also, motion vectors must be 
multiplied by two in order to convert them from half-pixel 
precision (used in MPEG-2) to quarter-pixel precision 
(used in H.264). 

IV. RESULTS 

Motion vector translation methods presented in this 
paper were tested using two test sequences, “Pedestrian 
Zone” and “Park Run” in 1920x1080 resolution. Both 
sequences were coded in MPEG2 format using the 
reference encoder. The GOP (Group of Pictures) size used 
was 24 for both sequences, and two consecutive B frames 
were coded between two I/P frames. Each sequence was 
encoded at bit rate that gives the same PSNR as the 
sequence in 720x576 resolution coded at 6Mbit/s. The 
sequences were then decoded using the reference MPEG2 
decoder and scaled to 720x576 resolution using AviSynth. 
Coding parameters were extracted from the MPEG2 bit 
stream and stored into a textual file. The downscaled 
sequences were encoded with modified H.264 encoder at 
different bit rates. Fig. 2. and Fig. 3. show the resulting 
rate-distortion curves for the two test sequences. PSNR of 
the MPEG-2 coded sequence is also included for 
reference. 

V. CONCLUSION 

In this paper, a method for translation of coding 
parameters such as macroblock type, quantizer scale and 
motion vectors from MPEG-2 to H.264 video format was 
presented. The presented method can be used in direct 
MPEG-2 to H.264 video transcoding when picture 
downscaling by an arbitrary ratio is required. The results 
show that the motion vector translation method named 
“median” gives the best rate-distortion performance. The 
quality of the sequences coded using “median” translation 
method without any motion vector refinement is 
comparable to the original MPEG-2 sequence. 
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Fig. 2. Rate-distortion curve for “Pedestrian Zone” 

sequence 
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Fig. 3. Rate-distortion curve for “Park Run” sequence 

REFERENCES 

[1] ITU-T Recommendation H.262 “Information technology – Generic 
coding of moving pictures and associated audio information: 
Video”, International Telecommunication Union, 2000 

[2] ITU-T Recommendation H.264 “Advanced video coding for 
generic audiovisual services”, International Telecommunication 
Union, 2005 

[3] Ishfaq Ahmad, Xiaohui Wei, Yu Sun and Ya-Qin Zhang “Video 
Transcoding: An Overview of Various Techniques and Research 
Issues”, IEEE Transactions On Multimedia, Vol. 7, No. 5, October 
2005 

[4] AviSynth, http://avisynth.org/ 

514



<<
  /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


