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ABSTRACT
This paper proposes a hybrid approximate pattern matching/
transform-based compression engine. The idea is to use regular video interframe prediction as a pattern matching algorithm that can be applied to document coding. We show that
this interpretation may generate residual data that can be efficiently compressed by a transform-based encoder. The novelty of this approach is demonstrated by using H.264/AVC,
the newest video compression standard, as a high quality book
compressor. The proposed method uses segments of the originally independent scanned pages of a book to create a video
sequence, which is encoded through regular H.264/AVC.
Results show that the proposed method outperforms AVC-I
(H.264/AVC operating in pure intra mode) and JPEG2000 by
up to 4 dB and 7 dB, respectively. Superior subjective quality
is also achieved.

1. INTRODUCTION
In multiple pages document compression, each page is typically individually encoded by some continuous-tone image
compression algorithm, such as JPEG [1] or JPEG2000 [2, 3].
Considering the recurrence of text patterns across pages, or
across different areas of the same page, the main idea here
presented is to use the many improvements brought into
H.264/AVC [4, 5, 6], the newest state-of-the-art video compression standard, to enable a hybrid approximate pattern
matching/transform-based scanned book compressor.
It is important to place our proposal within the proper
scenario. First, the use of one single coder is required, thus
avoiding the inconvenience of handling multiple coders, as in
the MRC (Mixed Raster Content) imaging model [7, 8, 9, 10,
11]. Second, the encoded document should be decoded by a
codec that common users have access to. Third, the codec
must output high quality reconstructed versions of scanned
documents. This is specially important when rare books of
historical value must be digitally stored. In this case, one must
guarantee a reconstructed version of the document which is as
close as possible to the original one.
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Fig. 1. Proposed page processing algorithm.

2. THE PROPOSED METHOD
Recently adopted, H.264/AVC leads to substantial performance improvement when compared to other existing standards [12, 13], such as MPEG-2 [14] and H.263 [15]. Among
such improvements of we can mention [4, 16]: interframe
variable block size prediction; arbitrary reference frames;
quarter-pel motion estimation; intraframe macroblock prediction; context-adaptive binary arithmetic coding; and in-loop
deblocking filter.
Giving that the book will be compressed using H.264/AVC,
the proposed encoding method organizes the scanned pages in
such a way the interframe prediction may find on previously
encoded macroblocks (16 × 16 pixels blocks) text patterns
that are similar to those on the macroblock currently being
encoded. Figure 1 illustrates the proposed page processing
algorithm.
First, each scanned H × W pixels page is segmented into
four H/2 × W/2 pixels sub-pages. Then, these sub-pages
are used to build a video sequence. The only reason page
segmentation should be used is that in some cases similar text
patterns are more likely to be found on the same page rather
than on different pages. If the text style is constant throughout
the whole book, each page may be converted into one single
frame and segmentation may be skipped. The final step is to
compress the resulting video using H.264/AVC.
The basic idea of the interframe prediction is to exploit
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Fig. 3. Configuration parameters that have greater influence on the encoder performance: Rf (number of reference
frames) and Sr (search range).
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Fig. 2. Approximate pattern matching using interframe prediction: (a) reference text; (b) current text; (c), (e) and (g)
predicted text (block size: 16 × 16, 8 × 8 and 4 × 4 pixels, respectively); and (d), (f) and (h) prediction residue (block size:
16 × 16, 8 × 8 and 4 × 4 pixels, respectively).

similarities between video frames in order to reduce the
amount of information to be encoded. Based on previously
encoded blocks, it first constructs a prediction of the current
frame and then creates a residual frame by subtracting the
prediction from the current frame. In H.264/AVC, the luma
component of each current macroblock is predicted as one
16 × 16 partition, two 16 × 8, two 8 × 16 or four 8 × 8
macroblock partitions. In case partitions with 8 × 8 pixels
are chosen, the 8 × 8 sub-macroblocks may be further partitioned in one 8 × 8 partition, two 8 × 4, two 4 × 8 or four
4 × 4 sub-macroblock partitions. The prediction of each luma
block is constructed by displacing an area of the reference
frame, determined by a motion vector and a reference frame
index.

Figure 2 illustrates the effect of using interframe prediction as an approximate pattern matching algorithm. Figures 2
(a) and (b) show examples of a reference and a current text
area, respectively. Figures 2 (c), (e) and (g) represent the predictions of the current text using 16 × 16, 8 × 8 and 4 × 4
block partitions. Figures 2 (d), (f) and (h) are the corresponding residual data. Notice that the 4 × 4 prediction generates a
lower-energy residual, when compared with the 16 × 16 and
8 × 8 prediction. However, smaller partitions require a larger
number of bits to encode the motion vectors. This implies
that partition size selection has a major impact on compression performance.
Examples shown in Fig. 2 suggest that previously encoded
text areas (reference frames) can be seen as a dictionary used
by the pattern matching (interframe prediction) algorithm.
The dictionary is updated in parallel with the encoding process, since new reference frames become constantly available.
Furthermore, a rate-distortion optimization algorithm is used
to estimate which intra/inter modes combination should be
applied.
Once the residual data is available, H.264/AVC uses an
integer transform with similar properties as the DCT (Discrete
Cosine Transform) and the resulting transformed coefficients
are quantized and entropically encoded using CABAC.
In the next section we show results that demonstrate the
efficiency of the proposed method.
3. RESULTS
Two configuration parameters have greater influence on
the encoder performance. One is the number of reference
frames, Rf , the other is the search range, Sr , as illustrated by
Fig. 3. In our tests, different page sets were compressed using
JPEG2000, AVC-I (H.264/AVC operating in pure intra mode)
and regular H.264/AVC. In JPEG2000 and AVC-I compression, the pages are encoded separately. As for H.264/AVC,
the first frame of the sequence is encoded as an I-frame (only

intraframe prediction modes are used) and all the remaining
frames are encoded as P-frames (in addition to intraframe
prediction, only past frames are used as reference by the
interframe prediction). Initially, we evaluated the effect of
choosing different values for Sr and Rf . Figure 4 (a) and
Figures 5 (a) and (b) show the first page of test sequence
“guita” and PSNR plots comparing JPEG2000, AVC-I and
H.264/AVC, for different combinations of Sr and Rf , respectively. The PSNR was calculated using the global mean
square error (MSE). The higher Sr and Rf values, the better
rate-distortion performance. In particular, for Sr = 32 pixels
and Rf = 5 frames, H.264/AVC outperforms AVC-I by more
than 2 dB and JPEG2000 by more than 5 dB, at 0.5 bit/pixel
(bpp).
Four other page sets, whose first pages are shown in
Figs. 4 (b)-(e), were also compressed using the proposed
method (with Sr = 32 and Rf = 5). PSNR plots are shown
in Figs, 5 (c)-(f). In all cases, JPEG2000 and AVC-I were
objectively outperformed by H.264/AVC. Figure 6 (a) shows
a zoomed part of the original “principia” sequence. Its encoded and reconstructed versions using AVC-I, JPEG2000
and H.264/AVC, at approximately 0.25 bits/pixel, are shown
in Figs. 6 (b), (c) and (d), respectively. H.264/AVC also
yields superior subjective quality.
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Fig. 4. First pages of test sets used in our experiments: (a) “guita” (total number of pages: 2, page size: 1568 × 1024 pixels);
(b) “samkhya” (total number of pages: 3, page size: 1568 × 1008 pixels); (c) “sanskrit” (total number of pages: 4, page size:
1088 × 768 pixels); (d) “fedon” (total number of pages: 5, page size: 1408 × 1056 pixels); and (e) “principia” (total number of
pages: 8, page size: 1600 × 1152 pixels).
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Fig. 5. PSNR plots for test sets shown in Fig. 4. (a) and (b) “guita”: comparison between JPEG2000, AVC-I and H.264/AVC,
for different combinations of search ranges (Sr ) and number of reference frames (Rf ); (c) “samkhya” (Sr = 32 and Rf = 5);
(d) “sanskrit” (Sr = 32 and Rf = 5); (e) “fedon” (Sr = 32 and Rf = 5); and (f) “principia” (Sr = 32 and Rf = 5).
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Fig. 6. Subjective comparison between coders: (a) zoomed part of “principia” sequence; encoded and reconstructed versions
using (b) AVC-I, (c) JPEG2000 and (d) H.264/AVC, at approximately 0.25 bits/pixels. H.264/AVC yields superior subjective
quality.

