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Abstract— In this paper, a content-based image retrieval 
technique applied to compression domain for the newest video 
coding standard, high efficiency video coding (HEVC), is 
developed. We propose to extract the features from intra frames, 
which are only partially decoded. The directions of intra mode 
are taken as a part of the feature when the corresponding sizes 
of prediction unit are divided into two groups. The second part 
of the feature is the histogram of the signal power of residuals.  
The experimental results show that the proposed method can 
reduce the resource consumption and achieve a good retrieval 
performance in Oxford 5K dataset.  
Index Terms—Compression domain, Content-based image 
retrieval, Intra prediction, HEVC 

I. INTRODUCTION 

Content based image retrieval (CBIR) technology is 
developed to search similar images in a database by the 
content of the query image. A typical CBIR system is 
divided into two parts: feature extraction and feature 
matching. The features such as color, shape, texture, and 
so on, are extracted from image contents in the spatial 
domain and stored in a feature database. Feature matching 
is a process when a user submits a query image. The 
CBIR system calculates the features for the query image 
and computes the similarity between the query images 
and database images. According to the similarity scores, 
the CBIR system ranks the retrieval results for a query 
image. 

Traditional CBIR technologies can be categorized into 
two kinds of approaches: pixel domain approach and 
compression domain approach. CBIR in pixel domain 
means extracts the image features directly from the image 
data such as color, texture, shape, and so on. Since most 
of the media data is stored in compressed format, images 
need to be fully decoded to produce the feature before 
retrieving. It wastes computational and storage capacity 
in the system. On the other aspect, the CBIR methods in 
compression domain extracting features directly from the 
compressed image with partial decoding are more 
beneficial to process the huge amount of multimedia data. 

II. PREVIOUS WORKS AND THE PROPOSED METHOD 

A. Previous works 

Most CBIR researches used characteristics such as 
color [1], texture [2] in pixel domain. On the other hand, 

some CBIR techniques in compression domain used 
information from compression domain such as statistics 
values of DC and AC coefficients [3]. Furthermore, [4] 
and [5] introduced the compressed domain image 
retrieval methods for I-frame coded images of H.264 
standard. 

B.  Proposed Method 

In this work, we propose a content based image 
retrieval technique in the HEVC compression domain. 
We adopt two kinds of information in I-frame as features: 
directions of intra mode and signal power of residual 
coefficients. Since the coding modes can represent the 
directions of edges in the images, the histogram of intra 
modes is built as a feature. On the other hand, the 
histogram of residual power is also considered as a 
feature since it provides rich information about the 
textural characteristics of the contents. The two features 
are combined to score the similarity in the retrieval 
process. 

C. Direction mode; 

As shown in Figure. 1, the map of the intra mode index 
can efficiently describe the texture characteristics.  
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Figure 1. (a) Original image (b) Intra mode map 
 
We divide each image into 16 patches with size  
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where the height and width of image is � and �. An 
image is divided into 16 patches, and the local mode 
histogram is calculated for each patch. In HEVC intra 
prediction, there are 5 PU sizes and 35 prediction modes. 
Each prediction mode with PU 4x4, 8x8 or 16x16 is 
regarded as one mode while others with PU 32x32 and 
64x64 is considered as another in this work, which results 
in 0 to 34 bins corresponding to mode 0 to 34 with PU 
4x4, 8x8 or 16x16 and 35 to 64 bins for mode 0 to 34 
with PU 32x32 and 64x64. To form the histogram, we 
first map the mode index into prediction angle 
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nonlinearly and use a moving averaging method, which 
weighting neighbor modes in Gaussian function (2), to 
increase the correlation of neighboring mode.  
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D. Residual map 

The residual signal can efficiently indicate the texture 
characteristic of original frame as shown in Figure. 2. 
Therefore, residual signals are also adopted as a feature.  
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Figure. 2 (a) original image (b) residual signal map 
Mean of residual powers of each PU is defined as 

follow: 
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where #($, %) is the residual coefficients, P is the sample 
of each PU in the histogram of the residual power. 

E. Feature matching 

In this work, we intersect the query image feature 
histogram (56) and database image feature histogram (57) 
to score their similarity: 

8* = {56($) 9 57(%)}&   
:;<              (5) 

Two proposed features, intra mode histogram and 
residual histogram are separately matched:  

8:>7? = 5:>7?(@) 9 5:>7?(d) (7)

8A?B* = 5A?B*(@) 9 5A?B*(d) (8)

Then the two similarity are combined to get the final 
results. 

S = C × S:>7? + (1 D C) × 8A?B* (9)

C = 0.85 in experiments.

  
Fig. 3 The proposed image retrieval system 

III. EXPERIMENT RESULTS 

Oxford 5k database [6] is used in this experiment. The 
software is HM12.0 with RDO and QP = 30. As shown in 
Table 1, the size combination improves the MAP value 
obviously. That convinced the PU size grouping 
procedure in the section of direction mode. 

As to weighting the neighbor modes, we test different 
parameters for Gaussian filter, as shown in Table 2. 

Finally, we integrate the scores of mode histogram 
similarity and residual mode for ranking the result. In our 
work, the proposed system can achieve the performance 

MAP=0.247 and ANMRR=0.693. Different retrieval 
methods are compared in Table 3. Our pmethod achieves 
the best retrieval performance among these cases. 

 
Table 1. Experiment results for different size combination 

 
 
Table 2. Experiment results of using different filter orders 

 
 

Table 3. Comparison of different methods in HEVC 

 

IV. CONCLUSION 

In this work, we analyze the performance of image 
retrieval by utilizing HEVC coding information in the 
compression domain. Experimental results show that the 
propose method that uses the intra mode combination and 
residual coefficients distribution in HEVC improves the 
performance of image retrieval. Experimental results 
show that the MAP can be increased up to 53.4% in 
average and the full decoding is avoided. 

REFERENCE 

[1] M. J. Swain, and D. H. Ballard, “Color Indexing,” 
International Journal of Computer Vision, pp. 
11-32, 1991. 

[2] N. P. Doshi, and G. Schaefer, “A Comprehensive 
Benchmark of Local Binary Pattern Algorithms for 
Texture Retrieval,” 2012 21st International 
Conference on Pattern Recognition (ICPR), 
pp.2760-2763, 11-15 Nov. 2012. 

[3] (F. E. Malik?) and B. Baharudim, “Effective 
Content-Based Image Retrieval: Combination of 
Quantized Histogram Texture Features in the DCT 
Domain,” 2012 International Conference on 
Computer & Information Science (ICCIS), 
pp.425,430, 12-14 June 2012. 

[4] F. Zargari, M. Mehrabi, and M. Ghanbari, 
“Compressed Domain Texture Based Visual 
Information Retrieval Method for I-frame Coded 
Pictures,” IEEE Transactions on Consumer 
Electronics, vol.56, no.2, pp.728-736, May 2010. 

[5] R. J. Wang, Y. T. Yang, and P. C. Chang, 
“Content-Based Image Retrieval Using H.264 Intra 
Coding Features,” Journal of Visual 
Communication and Image Representation, vol. 25, 
no. 5, pp. 963-969, July 2014. 

[6] Oxford 5k ,dataset 
http://www.robots.ox.ac.uk/~vgg/data/oxbuild 

 5H.-.I [1] DCT [3] [4]HEVC [5]HEVC 5L.3� 1 M GF3 + 5I�Q$  

MAP 0.139 0.076 0.139 0.156 0.247 

ANMRR 0.809 0.898 0.809 0.785 0.693 

303



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /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 true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. 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 PDFs that match the "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


