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Abstract. Literally billions of images have been uploaded to photo shar-
ing sites since their inception, comprising a staggering wealth of visual
information. However, effective tools for querying these collections are
rare and keyword based. Since users rarely annotate their images, this
approach is only of limited use. Content-based image retrieval (CBIR) ex-
tracts features directly from images and bases searches on these features.
However, conventional CBIR approaches require a dedicated system that
performs feature extraction during photo upload and a database system
to store the features, and are hence not available to the average user. In
this paper, we present a very fast content-based retrieval method that
performs feature extraction on-the-fly during the retrieval process and
thus can be employed client-side on images downloaded from photo shar-
ing sites such as Flickr.

Our approach is based on the fact that images uploaded to Flickr are
stored in a JPEG format optimised to minimise disk space and band-
width usage. In particular, we exploit the optimised Huffman compres-
sion tables, which are stored in the JPEG headers, as image descriptors.
Since, in contrast to other approaches, we thus have to read only a frac-
tion of the image file and similarity calculation is of low complexity, our
approach is extremely fast as demonstrated by the bandwidth used to
retrieve images from the Flickr photo sharing site. We also show that
nevertheless retrieval performance is comparable to CBIR using colour
histograms which is at the core of many CBIR systems.

1 Introduction

Visual information is becoming more and more important and at a rapid rate.
One of the prime examples where this can be observed is the exponential growth
of images uploaded to photo sharing sites such as Flickdl] where literally billiond4
of images are available. Although this clearly comprises a staggering amount of
visual information, retrieval tools are typically rather simplistic and implemented
as simple keyword based searches. Since users rarely annotate images [I], searches
thus often do not return useful images.

' http://www.flickr.com
2nttp://blog.flickr.net/en/2011/08/04/6000000000/
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Content-based image retrieval (CBIR) techniques [2I3/4I5l6] extract image
features such as colour or texture features directly from the image data and can
hence be employed also when no textual annotations are available. However,
conventional CBIR requires the features to be extracted during image upload
and thus a dedicated system as well as a database to store the feature data.
As such, this approach would not be available to users who want to perform
content-based queries from a site such as Flickr.

While a client-side solution is in principle possible, this would require all
image data to be downloaded during the retrieval process, then the features
to be calculated and finally retrieval based on these features to be performed.
Unfortunately, in particular the first step is prohibitive in terms of the time it
requires, even with today’s bandwidth provisions.

In this paper, we therefore present a very fast method to perform content-
based retrieval of images stored on the Flickr photo sharing site. Since our
method relies on data contained in the header of JPEG images, only a fraction of
the whole image file needs to be downloaded during the retrieval process, leading
to a significant speedup in terms of retrieval time. Experimental results confirm
that while this enables interactive online retrieval for a database uploaded to
Flickr, retrieval accuracy is comparable to classical image retrieval using colour
histograms and colour based retrieval in the JPEG compressed domain.

The remainder of the paper is organised as follows. Section [2] briefly intro-
duces CBIR concepts, while Section B] describes the JPEG image compression
algorithm. Section M then describes our contribution which allows for very fast
JPEG image retrieval from online photo sharing sites. Experimental results are
given in Section [ and Section [B] concludes the paper.

2 Content-Based Image Retrieval

Colour was the first type of feature exploited for CBIR. Swain and Ballard [7]
introduced the use of colour histograms, which record the frequencies of colours
in the image, to describe images in order to perform object recognition and
image retrieval. As similarity measure they introduced histogram intersection
which quantifies the overlap between two histograms and can be shown to be
equivalent to an L; norm. Starting from early CBIR systems such as QBIC [§] or
Virage [0], colour histograms or related features have been at the core of many
CBIR implementations [2]. Other kinds of features that are commonly used for
CBIR include spatial colour, texture and shape features for which various types
of algorithms have been suggested in the literature [2If3].

Almost all CBIR techniques operate in the pixel domain; that is they are
calculated from pixel values in the images. On the other hand, virtually all im-
ages are stored in compressed form, most commonly in JPEG format, to reduce
storage and bandwidth requirements. Consequently, for feature calculation the
images need to be fully decompressed to first arrive at pixel data leading to a
computational overhead during feature generation.
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Faster feature extraction is possible using compressed domain CBIR algo-
rithms [I0/TI] which operate directly on compressed image data and hence re-
quire only partial decoding. However, these methods are still not sufficiently fast
for online image retrieval, e.g. retrieval from highly dynamic databases from the
web such as photo sharing sites, or without access to internal feature databases.
Here, pre-calculated features are not available (to the query process), and there-
fore must be calculated client-side “on-the-fly” during retrieval. As this must be
conducted for every image in the dataset, the time taken is significant as the
complete image file needs to be read in and partial decompression conducted.

3 JPEG Image Compression

JPEG [12] is not only the most popular image compression techniqueﬁ, it has also
been adopted as an ISO standard for still picture coding. JPEG compression is
based on the discrete cosine transform (DCT), a derivative of the discrete Fourier
transform. First, an (RGB) image is usually converted into the YCbCr space.
The reason for this is that the human visual system is less sensitive to changes
in the chrominance (Cb and Cr) channels than in the luminance (Y) channel.
Consequently, the chrominance channels can be downsampled by a factor of 2
without significantly reducing image quality, resulting in a full resolution Y and
downsampled Cb and Cr components.

The image is then divided (each colour channel separately) into 8 x 8 pixel
sub-blocks and DCT is applied to each such block. The 2-d DCT for an 8 x 8
block fiy,x,y =0...7 is defined as

C.C, L T s
Fyy = 4 Z mey cos ((2x ?ﬁl)u ) cos <(2y J1F61)v > (1)

xz=0y=0

with C,,C, = 1/v/2 for u,v =0, Cy,C, = 1 otherwise.

DCT has energy compactification close to optimal for most images which
means that most of the information is stored in a few, low-frequency, coefficients
(due to the nature of images which tend to change slowly over image regions).
Of the 64 coefficients, the one with zero frequency (i.e., Fyo) is termed “DC co-
efficient” and the other 63 “AC coefficients”. The DC term describes the mean
of the image block, while the AC coefficients account for the higher frequen-
cies. As the lower frequencies are more important for the image content, higher
frequencies can be neglected which is performed through a (lossy) quantisation
step that crudely quantises higher frequencies while preserving lower frequencies
more accurately.

The AC and DC components of the image are stored in separate streams
for each colour channel. While the AC coeflicients are zig-zag, run-length and
entropy encoded, the DC stream is differentially encoded. That is, rather than
storing the actual DC values, the differences between DC values are saved. As

3 Up to 95% of all images on the web are JPEG images [13].
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DC values range in [—1024;1024], the range of possible differences between DC
components is [—2048; 2048]. The difference values are stored as two components:
the first component, known as the “DC code”, represents the size of the change in
number of bits, while the second component stores the actual difference between
the DC blocks.

The DC codes are then entropy encoded, and Huffman coding [14] is employed
for this step. A standard Huffman table is provided by the JPEG group and is
commonly used to compress images.

4 Fast JPEG Retrieval from Online Photo Sharing Sites

While normally JPEG images need to be fully decompressed to arrive at pixel
data and hence enable feature calculation, it is also possible to derive image
features directly in the JPEG compressed domain [I5/16]. These features are
based on the DCT coefficients expressed in Equation (Il) and hence still require
partial decoding of the file to undo the entropy, run-length and differential cod-
ing stages as well as the reversal of the quantisation step. To further reduce
the computational load, it is possible to utilise only the DC stream (and hence
ignore AC data), e.g. to calculate a colour histogram of the image [I7/13]. For
online image retrieval this approach is however still not nearly fast enough as
the overhead associated with downloading the complete image files is dominant.
Consequently, it appears to be impossible to perform content-based image re-
trieval from photo sharing sites such as Flickr, by applying CBIR methods on a
set of images retrieved from there, within a reasonable time frame.

In this paper, we present a method that allows for exactly this kind of image
retrieval. Our approach performs extremely fast image retrieval based solely on
information contained in the header of JPEG files. Our method also utilises only
the DC data of JPEG images which, since the DC term represents the average
of an 8 x 8 block, corresponds to a downsampled version of the image [I7]. That
retrieval based on subsampled images can give similar results to retrieval based
on full resolution pictures has already been demonstrated in [7], and we hence
do not necessarily eliminate crucial information when using only the DC stream.

Now looking closer at how DC data is encoded (see Section B]), we see that
rather than the DC terms themselves the differences between neighbouring DC
terms (that is differences between the averages of neighbouring blocks) are
stored. This data is however directly useful for content-based retrieval as has
been shown in [I8]. This comes from the fact that differences of neighbouring
DC coefficients essentially give a description of the image gradient and hence
a feature that encapsulates image variance as well as edges and uniform areas
(the latter giving O-differences between neighbouring blocks). Interestingly also,
a histogram of these simple differences has been shown [I8] to provide better
CBIR performance than other, more sophisticated features such as the LBP
operator [I9] applied to DC terms as in [I7].

Speedwise this approach is fast but not significantly so compared to other
JPEG compressed domain algorithms [I5]T6] as it still requires entropy decoding
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and hence also reading in of the complete image files. We therefore go one step
further and present an algorithm that is based solely on data available in the
header of JPEG images.

Following the JPEG compression scheme, the DC differences are then entropy
coded using Huffman coding [14]. While, as mentioned, standard tables (one for
luminance and one for chrominance channels) defined by the JPEG group are
typically used for this assignment, the Huffman tables can also be optimised to
lead to increased compression in an image adaptive way. For this optimisation, a
frequency table is built for each DC code and each code is then assigned a unique
prefix code that assigns shorter bit strings to the most frequently occurring DC
Codes (i.e. the most occurring DC differences), and longer strings to those less
common. This optimisation is commonly employed by major image websites
such as Flickr or Google Imagesﬁ. For the former it is performed during photo
upload and does not require any user intervention, while all JPEG images that
can consequently be downloaded from Flickr contain image adapted Huffman
tables.

The Huffman tables contain statistical information about DC difference
occurrences in the image and hence provide an approximation of the DC dif-
ference histograms that were used in [I8]. This indeed is the core of our idea and
we therefore employ the optimised Huffman tables directly as image features.
Since they are stored in the header of JPEG files, only a fraction of the image
file needs to be downloaded for feature extraction. Our methods should hence
be extremely fast for online image retrieval which we will seek to demonstrate
in Section Bl

To compare the Huffman tables of two JPEG images, we use the length in bits
of the prefix code assigned to each DC code directly as a feature. To calculate
a distance representing dissimilarity between images, we utilise the L; norm
between the feature vectors. Thus, for two images Iy and I with bitlength
vectors fr, and fr,, the dissimilarity between the images is calculated as

IlaIQ Z|f11 flz )| (2)

where ¢ indicates the DC code of which there are at most 12 in a JPEG Huffman
table. In cases where an entry does not exist in the Huffman table, the corre-
sponding bitlength in the feature vector is set to the maximum over all other
bitlengths plus 1 to indicate that the corresponding DC code appears even less
frequently than all the other ones.

To incorporate both intensity and colour information, distances between lumi-
nance and chrominance DC tables are calculated and added to give a combined
distance measure.

4http://images.google.com
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5 Experimental Results

In our experiments we performed retrieval of images from the photo sharing
site Flickr. As mentioned, all Flickr images contain optimised Huffman tables
which we can hence readily exploit for our presented image retrieval algorithm.
We uploaded the UCID dataset [20], a database of about 1400 images, to Flickr
and wrote an application that, given a Flickr query image, performs online re-
trieval on the UCID images hosted on Flickr. That is, it performs feature ex-
traction both on the query image and all database images, before calculating
distances between query and model images and presenting the images to the
user sorted by visual similarity. Our Flickr Browser application is available at
http://www-staff.lboro.ac.uk/~cogs/software/flickr-browser/.

For comparison, we also integrated two other methods into our application,
one from the pixel domain and one from the compressed domain. For the former
we chose colour indexing [7] based on RGB colour histogram due to its popularity
and wide spread in CBIR systems. As compressed domain method, we use Jiang
et al.’s direct content access algorithm [I3] where the authors exploited the fact
that the average colour of an 8 x 8 block can be obtained directly from the DC
component of the block. While they also showed that it is possible to extract
the average value for 4 x 4 blocks through simple operators involving the first 3
AC components, they found this to be less effective, and we therefore also use
DC based colour histograms calculated in YCbCr colour space (i.e. the colour
space JPEG images are usually encoded in).

In Table [l we give the average bandwidth required (as averages of more than
200 separate queries) for all implemented methods. We chose the bandwidth to
give a measure that is independent of network load and connection speed; clearly
low bandwidth indicates high retrieval speed while high bandwidth requirements
equate to low speed retrieval processes. Since Flickr stores images at multiple
resolutions, we give results for large images which are 500 pixels along the larger
dimension and are hence of similar size to the original uploaded images as well as
for small images which are thumbnails with a maximal dimension of 100 pixels.

Looking at Table [ we can see that colour indexing based on large Flickr
images is clearly prohibitive in terms of required bandwidth as it results in a
download of almost 150 MB of image data. Using the small images significantly
reduces the bandwidth requirement to under 6 MB, however it is also known

Table 1. Average bandwidth requirements of an online query for all CBIR methods

bandwidth [KB]

colour indexing [7] (large) 146,012
colour indexing [7] (small) 5,751
Jiang et al. [13] (large) 146,012
Jiang et al. [13] (small) 5,751

Huffman table (large) 1,398
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Fig. 1. Sample query on the UCID dataset based on colour histograms (left) and our
Huffman method (right). The query image is the image on the top left (and hence
also the first ranked retrieval) while the top 20 retrieved images for both methods are
shown.

that retrieval based on thumbnails typically does not match that based of the
original images.

While Jiang et al.’s method operates in the compressed domain of JPEG
and calculates colour histograms based on DCT data, we can see that this does
not affect the amount of data that needs to be downloaded since the complete
image file needs to be read to arrive at the coefficient data. While the feature
calculation itself is about 7 times faster than that for colour indexing [15] this
speedup is negligible in comparison with the time required for downloading the
images.

Finally, we look at the results of our presented method. Since we require only
the JPEG headers, the bandwidth requirements are much lower even for the
large images for which we report the results here. With less than 1.5 MB of data
downloaded this corresponds to a reduction of more than 3 orders of magnitude
compared to the other methods, and still leading to a more than 4-fold speedup
when comparing it to retrieval of the small images for the other algorithms.
Furthermore, as we utilise the Huffman tables directly as image features, feature
calculation itself is not necessary which results in a further speedup compared
to other approaches.

That we do not compromise in terms of retrieval accuracy is demonstrated
in Figures [1l to Bl Figure [1l gives a retrieval example and comparison between
colour indexing (based on large images) and our method. While it is clear that
the bandwidth required for our algorithm is significantly lower (our application
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Fig. 2. Retrieval results of the same query as in Figure [[] using Jiang et al.’s method
and our approach
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Fig. 3. Another retrieval example using Jiang et al.’s method and our Huffman table
algorithm
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actually performs retrieval for both methods concurrently which results in the
grid for our method to be “filled” much faster than for other methods), we still
get good retrieval results with both approaches retrieving two matches in the
top 20 ranked images.

Figure [2] shows results for the same query using Jiang et al.’s method (on
small images) and our approach. Clearly, for the latter the results are the same
as in Figure Dﬂ while for the compressed domain colour histogram algorithm
none of the top 20 images contain the building of the query image.

Another retrieval example is given in Figure[Bl again for Jiang et al.’s and our
algorithm. Clearly, for the chosen query image a colour-based approach works
very well while our approach, based on differences between neighbouring blocks
lacks somewhat behind yet still retrieves some relevant images.

6 Conclusions

Using current algorithms, content-based image retrieval in an online fashion
from photo sharing sites without access to internal feature databases and hence
requiring client-side feature extraction and comparison does not allow for inter-
active retrieval times since the complete files of all images need to be downloaded
during the query process. In this paper, we have presented a fast method for re-
trieving images from Flickr based on information contained solely in the header
of JPEG files. In particular, we exploit image adaptive Huffman tables, which
are generated during photo upload to Flickr, as image features and hence re-
quire only a fraction of the files to be downloaded during retrieval resulting, as
demonstrated, in a significant reduction of bandwidth requirements while still
providing good retrieval performance.
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