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Abstract—It has been veri ed that H.264/AVC, the newest

Differential PSNR (relative to JPEG-2000)

video compression standard, can also be used to encode still 6r ' :

images. In many cases, it outperforms state-of-art coders —— Compound1
. 5t |——Compound2

such as JPEG2000. For compound documents, the gains over . DSPG

JPEG2000 are even more expressive. In this scenario, the ab ;

contributions of the present paper are distributed over four o

document encoding methods that use the H.264/AVC as a Z 3t

basic functional element, namely: method 1Advanced Video £

Coding - Compound which, based on a macroblock content o2

analysis, adaptively encodes text and image regions; method 1+

2, MRC Compression of Electronically Generated Documents

using H.264/AVC-I and JBIG2 which combines MRC (Mixed o

Raster Content) with H.264/AVC and JBIG2, and proposes

a new data- lling technique based on the H.264/AVC intra -1 02 0z o8 1

prediction; method 3, MRC Compression of Scanned Documents Rate (t?b?a)

using H.264/AVC-I and JBIG2 which offers pre/post-processing

techniques as extensions of the MRC imaging model; and rigyre 1. Differential PSNR (relative to JPEG2000) plotevparing AVC-
method 4, Compression of Scanned Books using H.264/AVC | against JPEG2000 for “compoundl”, “compound2”, and “DSP@ages.
which explores pattern recurrence to encode pages of scanned The compoundN images belong to the JPEG2000 test set. Bechtrse o
books. Many experiments were carried out in order to verify  very large size of “compound2” we selected only a portion dbittests.
the ef ciency of the proposed methods. Results showed objec-
tive and/or subjective gains over known approaches.

Keywordslimage processing; compound document compres- H.264/AVC implementation to work on a sole intraframe
sion; Mixed Raster Document; H.264/AVC; scanned book it il behave as a still image compressor. We refer to this
compression. coder as AVC-Il. The big surprise is that it also outperforms

previous state-of-art coders such as JPEG2000 [9]. Gains
. INTRODUCTION of the AVC-I over JPEG2000 are typically in the order of

The newest video coding standard, the H.264/AVC [1],0-25dB to 0.5dB in PSNR for pictorial images [6], [7], [8].
has been well explained in the literature [2], [3], [4], [5]. However, for compound images (mixed pictures and text) the
Many papers have illustrated its performance showing manf?SNR gains are more substantial, even surpassing the mark
comparative results against coders such as MPEG-2. Apa@f 3 dB improvement in some cases, as shown in Fig. 1.
from the factor-of-two improvement over other standards, Given the perspective of storing human intellectual pro-
there are a few unexpected advantages that come with thiction using digital media and the need for executing this
AVC package. H.264/AVC is a video compression standardask in an economic way, the present paper assembles the
and it was not conceived to be applied as a still imagenost advanced techniques on image coding, in order to
compression tool. Nevertheless, the many coding advancd¥0pose new methods that enable ef cient digital document
brought into H.264/AVC, not On|y set a new benchmark forCOI’ﬂpl’ESSiOﬂ. Since H.264/AVC has revealed itself to be a
video compression, but they also make it a formidable comvery ef cient encoder also for still images, the contrilmuts
pressor for still images [6], [7], [8]. One of the componentsOf the present paper are distributed over four methods that
of these advances is the intraframe macroblock predictiottse this standard as a basic functional element.
method, which, combined with the context-adaptive binary
arithmetic coding (CABAC), turns the H.264/AVC into a
powerful still image compression engine. If we set our

Il. METHOD 1: ADVANCED VIDEO CODING -
COMPOUND

Compression algorithms are developed with a particular
Note: This work relates to a Doctoral Thesis. image type, characteristic and application in mind and no



single algorithm is best across all types of images orl
applications. When compressing text, it is important to
preserve the edges and shapes of characters accurately P
facilitate reading. The human visual system (HVS), howgever rﬁ -
works differently for typical continuous-tone images, tbet UM
masking high-frequency errors [10].
Compound raster documents (mix of text and pictorial}f Vg
contents) have typically been compressed as a single image. ) (b)
However, different compression algorithms may be applied
to each of the regions of the document. That is the wayFigure 2. Classi cation algorithm: (a) original grayscalendge
multiple-coder based algorithms work [11]. Instead of a(2592x1952 pels); (b) its coding map.
multiple-code approach, the method here presented prepose
a single-coder algorithm based on a modi ed version of the
AVC-| that adjusts itself as an effort to encode text and H.264/AVC allows for the change of the quantizer param-
pictorial regions differently. eterQ, at each macroblock. The adjustment gfor ;, in
: . . the gquantization step, is translated into an adjustmeof
A. Segmentation-driven rate allocation by an exponential equation. The quantizer adjustment is the
A few authors dealt with compressing documents withmost effective way to control rate and distortion. It cotgro
one single coder. For example, Konstantinides and Trettefore intensively the RD balance than for example using RD
[12] used adaptive quantization within the JPEG extensiongnalysis to select the best macroblock prediction mode, or
framework to compress compound (mixed) images. The idege size of the DCT. Therefore we can cut corners and adjust
is to use less aggressive quantizer steps for text regions IRD by modifying directly the quantizer parameter at each
order to keep edges sharp, while being more forgiving tdmacroblock.
high frequency losses in pictures. Ramos and De Queiroz \we propose to adapt the analysis on a macroblock by
[13] used a single JPEG coder for the compression of mixeghacroblock basis to be more economic in some blocks as
documents, stealing bits from background and images to givpposed to others. First, we apply a region classi cation
to text and sharp graphics edges. algorithm that will identify text and pictorial regions. ih
In general, for RD (rate-distortion) optimized transform ¢|ass; cation algorithm is derived from an edge detectod an
coding, the signal is divided into units, each congibuting needs to identify edges belonging to text as opposed to tex-

DSPG

Digital Sigrel Pricessing Group

to the overall bitrateR by R; bits, ie. R = ;Ri.  tyres. We assume that in these text regions the viewer would
Distortion is some function of the quantization erRr Xi,  nay greater attention to edges. Since text segmentation is
where; is the reconstructed unit. By using,a well behavednot the focus of this paper, any text segmentation algorithm

distortion function such as MSE, théd = ;D where  gch as the one proposed by Fan [14], can be used.

D; is the distortion for the-th unit asD; = jj& xjj. RD The next step is to classify each macroblock (16x16 pixels

optimization involves _the minimizqtion of a _cost function block), denoted here as MB. The binary image containing
J =R+ D, where isa Lagrangian multiplier. Hence, e segmented text is analyzed and each MB is classi ed
X . . as type 0, 1 or 2 and a coding map is constructed. MBs
J= Ri+ JR X (1) of class 0 (pictorial regions) are composed exclusively by
‘ pixels marked as background. Class 1 MBs (text interior
We imply a space varying meaning for distortion as opposegegions) are those composed exclusively by pixels marked
to adapting the algorithm, i.®; = jj&  Xijjui, whereu;  as text. MBs which present a mixture of background and
is a distortion weighting factor speci ¢ for theth unit. In  text interior, in any proportion, are considered as class 2
conventional human visual system weighted error measuregtext border MBs). Fig. 2(b) shows the coding map for the
we can use a frequency-based weighting system in thgnage shown in Fig. 2(a). To make it easier to visualize,
transform domain. Since the HVS response is not completelyIB classes 0, 1 and 2 were represented as white, black and
understood and cannot be easily modeled, one can classifyray, respectively.

the image blocks into a discrete number of representative The coding map is passed on to a modied version of
classes and devise HVS weights for each of the classes. Fag/C-I, which will adapt the value ofQ, for each MB,

simplicity we assign weightsi; for the error norm rather according to the class it belongs. The idea is to “transfer”

than weights in the transform domain. Hence, quality of a MB class to another. Class 0 and 1 regions
X B B are encoded with a quantizer parame@y, while class
J= Ri+ iji& X (2) 2 regions are encoded with a quantizer parameigre: ,

i being Qprext < Qp. This means that more compression
where | = u; . is applied where there is texture, and less compression is
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Figure 3. Objective performance comparison between AVC-CCA\And JPEG2000 for “DSPG” image: (a) global PSNR; (b) pielaregions PSNR;
(c) text regions PSNR. Notice that text regions quality cancbnsiderably improved with little global quality loss.
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applied to the text letter borders. This algorithm is reddrr over AVC-I, the proposed AVC-C encodes text regions at
to as H.264/AVC-INTRA Compound, or simply AVC-C. higher quality. Furthermore, the proposed AVC-C encoder
. is compatible with AVC-1 decoder.

B. The text vs. picture balance

We want to lower the quality of pictorial and text interior
regions to improve text border regions until they become ELECTRONICALLY GENERATED DOCUMENTS USING
suf ciently clear, without compromising the quality of the H.264/AVC-1AND JBIG2
whole document. OuQ, and Qurex Selection algorithm The Mixed Raster Content (MRC) ITU document com-

IIl. METHOD 2: MRC COMPRESSION OF

works as follows: pression standard (T.44) [15], [16], [17], [18], [19]. spes
a multi-layer representation of a compound document. In
ALGORITHM 1 this section we present a basic 3-layer MRC codec that uses
1 The document is encoded using all possible the H.264/AVC operating in intra mode (AVC-I) to encode
(Qp, Qprext ) cOMbinations. BG/FG layers and JBIG2 [20] to encode the binary mask
2 A bitrateR is chosen. layer. The main objective is to show that MRC coding based
3 A bitrate variationr aroundR is set. on H.264/AVC and JBIG2, combined with appropriate layer
4 Among all possible@,, Qprext ) COMbinations, segmentation and data- lling procedures, can yield better
those which present bitrates inside the intefRal r compression rates than schemes that use other state-of-the
are selected. art still image coders.
5 Among all selected combinations, the maximum The basic 3-layer MRC model represents an image as two
PSNR valueP SNRmax, is determined. image layers (foreground or FG and background or BG) and
6 A PSNR variationq is set, and a minimum PSNR a binary image layer (mask or M), which determines if a
value,PSNRmin = PSNRmax q, is calculated. pixel belongs to BG or FG. Figure 4 illustrates the described
7 Among all selected@,, Qprext ) in step 4, model.
those whose PSNR values are greater than Once the original single-resolution image is decomposed
P SNRmin are chosen as candidates. into layers, each layer can be processed and compressed

8 Select the candidate with the largeist Q, Qprext - using different algorithms. BG and FG processing operation
C. Results can include a resolution change and a data- lling procedure
' The compression algorithm used for a given layer would
The image shown in Fig. 2(a) was compressed by AVC-Che matched to the layer's content, allowing for improved
AVC-I and JPEG2000 with different parameters, and resultgompression while reducing distortion visibility [18], 1R
are shown in Fig. 3. [22]. The compressed layers are then packed and delivered
to the decoder. At the decoder, each plane is retrieved,

decompressed, processed and the image is composed using
AVC-l is very effective for compound documents becausethe MRC imaging model.

of its intraframe prediction mode. With AVC-C, for the same _

bitrate, it is possible to improve signi cantly the qualigf A Layer segmentation

text regions, with a user controlled quality loss to pictbri The rst step of MRC compression is the layer segmen-
regions. Even though there is not an overall objective gairation algorithm [23]. This paper uses a variation of the

D. Conclusions
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As for the weights, without loss of generality we can
normalize one of them (e.g.,, = 1). The choice of the
other two weights is empirical.

B. Data- lling

Once the image is segmented there will be “don't care”
regions on BG and FG layers. Pixels assigned to the BG
will be marked as “don't care” on the FG, and vice-
versa. These pixels can be replaced by anything to enhance

Figure 4. lllustration of MRC imaging model. The original dotent is ~ compression [23], [24], [25]. There are many methods for

represented using 3 layers: Foreground (FG), Backgrou®) éhd mask. the replacement (data- lling), such as the Iter-based and
iterative block- lling algorithms [23]. If the coder is kiven,
there are ways to optimize the data- lling process. Since

block-thresholding segmentation algorithm proposed by De\/C-I is used to encode the FG and BG layers, this section

Queiroz [11], which will be described next. proposes a method based on the intra prediction of H.264,

As the FG/BG planes will be encoded by macroblockswhich will be described next.
(16 16 pixels block), we want to nd each macroblock | et F and B represent the pixel positions where M
mask mn (i;j ). In macroblock thresholding the mask is indicates FG or BG, respectively. First, we compute avesage

found as: as,

mn(i;j) = ultn  xn(i;j) 1) 3 mee = mean(x(i;j )i(i;j) 2 B) @)
wheret, is the block's thresholdx,(i;j ) represents the Mee = mean(x(i;j )i(i;j ) 2 F);
original image macroblock and(k) is the discrete step wherex(i;] ) represents the original image. Then we com-
function (equals 1 fok 0 and O otherwise). t

In a macroblock there are 256 pixels and therefore uppu
to 256 thresholds. For each macroblock, we select a set of
n 256 sorted thresholdg, (k), and seek to minimize the BGo
following cost function: FGo

M(i;j) x(i;j)+ mee (1 M(i;j))
T M(i5j)) x(i5))+ meg (l\/l(i;j)):8

Jn= 1Vec + 2Vekc + 3Nt 4) Let BGY and FGJ represent the AVC-I
encoded/reconstructed versions dBGy and FGy,
respectively. If BGyed and FGpeq are the predicted
versions ofBGY and FG{ (using thel6 16 pixels intra
prediction of H.264/AVC), then, after the the data- lling
rocedure, the processed BG and FG layers are de ned by,

where ; are weighting factorsVgs and Vkg are the

variances of pixels in the BG and FG layer macroblocks
respectively.N; is the number of horizontal transitions of
the mask block (the rst column of the current block uses
as reference the last column of the previous block). For £
given threshold, a mask macroblock;, (i; j ) is obtained and

we de ne two sets, BGq

M(i;j) BGo(i;j)+ BGprea (1 M(iij))

Xew f xo(i)ima(ij)=0g FGq = (I M(i5j)) FGo(i;j)+ FGprea (M ('(;39))):
o . (5) Figures 5 (a) and (b) show an exempleBt o andBG 4 ,
XBG f XH(I;J )Jmn(H ) = 1g respective|y.
We de nengg andngg as the number of pixelsinthe set  The last step is to encode the processed layers. In our
Xre andXpg , respectively, where obviousiyg + Ngg = method we use AVC-| to encode BG/FG layers and JBIG2

256 and, then, variances are computed as, to encode the binary mask layer.
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Figure 7. Objective performance comparison between cod&NRPplots
for “mixed1” document.

layer is binary, it is dif cult to deal with scanned data
and soft edges. The edge transitions do not fully belong
to FG neither to BG, and cause some “halo” to the object
edges using the MRC model. This section presents an
algorithm that builds an edge sharpening map and itergtivel
parameterizes the original edge “softness” at the encoder.
The generated map and the “softness” parameters are, then,
used to reconstruct the original soft edges at the decoder.
C. Results Regarding data- lling and compression, we propose a 3-
The documents shown in Fig. 6 was compressed ustayer MRC codec proposed in Sec. lll. Experimental results
ing AVC-I, JPEG2000, MRC-JPEG2000/JBIG2 and MRC- are presented, showing that the method can yield 1.5 dB
H.264/JBIG2. PSNR plots are shown in Fig. 7. gains in PSNR, in the compression ranges of interest.
AVC-I single-coder seems to have an extra capacity of
adapting itself to heterodox content [8]. In spite of thisrax A. Edge sharpening and Softening

capacity of AVC-I, the multiple-coder MRC model proposed |, order to remove the halo effect we are forced to change
here offers results that outperform the AVC-I single-coderine ata itself. The rst step is to estimate where the halo
approach, surpassing the mark of at least 4 dB improvemenfi nossibly occur. Our approach is to nd transitions by
at 1 bit/pixel. PSNR plots shown in Fig. 7 also demonstrateapp|ying the Sobel operator to the binary mask. The regyltin
that the MRC model based on AVC-I outperforms the anitions are morphologically dilated byda d  pixels
MRC model based on the state-of-the-art still image codegy,ctyred element in order to mark a neighborhood. The

JPEG2000. image pixels that coincide with the dilated mask transgion
D. Conclusions are marked as possible processing targets H-&e the set

Results show that in most cases the MRC model achieve%]c pixel locations comprising .thls regon.
The next step is to nd pixels which are supposed to

better performance than single coder approaches, such as .
JPEG2000 and AVC-I. Furthermore, using AVC-I to com- cause the halo effect. First we c_omp_ute averages, as de_ned
press BG and FG yields better results than schemes based B}ﬁ Eg. 7. Then, we mark any p|xel_ in the candidate region
JPEG2000. Without a doubt MRC schemes based on AVC—YVhose gray level is far apart from its layer average, i.e.,

set a new level of performance that is unrivaled by other

Figure 6. Example of compound document: “mixed1”.

standards. We just carried tests for electronically comput _ _ 0 : jx(@Ej) meej> j(ij)2(F\ E)
generated documents. 1 otherwise
IV. METHOD 3: MRC COMPRESSION OFSCANNED 0 : jx(@i5j) mesj> j(i:j)2(B\ E)
DOCUMENTS USINGH.264/AVC-I AND JBIG2 Cec = 1 . Gtherwise ’ ;
MRC model is very ef cient for representing sharp text (20)

and graphics onto a background. However, since the maskhere is a tolerance value.
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Figure 8. (a) Original scanned material; and (b) pixels to lengedC.

Next, we nd the pixels marked b¥gs whose values
are less thannfrg + ) and transfer them to the FG layer.
This means that pixels in the candidate regiBn\ (E) that
are distant fronmgg but are close enough tagg will not (© (d)
be pre/post-processed. Similarly, we nd pixels marked by
Cec Whose values are greater thangg ) and transfer  Figure 9. Original (a) FG and (c) BG; processed (b) FG and (@) Bote
them to the BG |ayer, i.e., those in candidate regiér\l E) the halo around the unprocessed FG/BG text. Pre-processprgves the
that are distant froomgg but are close enough tagg will quality of FG/BG planes.
not be affected by pre/post-processing. The mdskas well
as the map€rs andCgg are updated to accommodate the
inter-layer pixel transfer.

ALGORITHM 2

For the image in Fig. 8 (a), and for= 16 (out of 256 ; h ho;,
gray levels), the map of the pixels to be changed, Ces 3 for 0 to
Crc [ Cgg, is shown in Figs. 8 (b). In order to clean up 0 k .
- . 4 do Generate map C using
the edge spots, we replace the values of the pixelSeig 4
. : 5 Sharpen the edges usiy
by mgs and the values of the pixels i@gc by mgg . o - X
o ) . SR ; .6 Run data- lling algorithm;
This is equivalent to changing the original image itself in .
. . 7 MRC encode/decodeG, BG andM ;
order to make transitions sharper. Figure 9 shows FG/BG )
8 Encode/decod€;

planes before and after halo processing. Note how the pre-
processing improved the quality of the FG/BG planes. If we
send the JBIG2 encodédl map as side information, we can

Filter edges using a Gaussian lter
with parametershp, o);

blur only the pixels that belong to this map usingtan h 0 Calculate and store cod( , ho, o);

. ; - 11 Find that results in the minimum cogt and
Gaussian lter with standard deviation. make it )
best

12 Generate mafpest USING pest;
13 Sharpen the edges usigest;
14 Run data- lling algorithm;
B. Estimation of Pre- and Post-Processing Parameters 15 MRC encode/decodeG, BG andM ;
16 Encode/decod€pegt;
for h  hg to hy
do for oto
do Filter edges using a Gaussian lter
with parametersh );
Calculate distortio;
) pair that minimizedD and make it
best);

Since the edges are sharpened to accommodate the ma%é
in order to reconstruct soft edges, we have to someho
estimate the transition of the image edges. The quest is to
determine the best values of parameterdr and in a
rate-distortion sense. For this, we determine the solutipn 21 Find b
minimizing the following cost functiod (;h; )= D+ R, (Nbest '
where is a weighting factorD is the distortion incurred '
by the pre-processing, MRC encoding/decoding and post- Since FG and BG are encoded using AVC-l, a design
processing algorithms, aridl is the bitrate for compressing quantizer parameteQPp, needs to be set for the MRC
the document layers. Algorithm 2 is used to determine theencoder in stepg and15. The H.264/AVC quantizer param-
best values for pre-processing parameter$, and . eter, QP, may vary from0 to 51. Since we are interested
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Figure 10. AVC-l and MRC performance for a scanned text/geph CY
image. The proposed MRC with pre/post-processings( =28, hpest =25, Effect of FG/BG resolution change
pest =1.5) outperforms MRC without pre/post-processing by mointh : : ‘
1.5 dB and AVC-I by more than 2 dB, at 0.13 bpp. s
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in very Iqw biFrates, a higlQPp (above30) is.suggested. 31l V/
MRC imaging model also allows resolution change of @ /
FG/BG layers. Resize facto§, of 1, 1=2 and 1=4 were EZ? ;D
used. The performance of the codec was evaluated for thos¢ @ 30
values, as described by Algorithm 3.
29¢
ALGORITHM 3
—*—AVC-|
1 for Sd fl; 1=2 and 14 28 —o— Proposed MRC codec
2 ofor QP  QPg To QP v ‘ ‘ ‘ 3
. . . 0.12 0.14 0.16 0.18 0.2
3 do Generate rate-distortion pointR(D); Rate(bpp)
4 Sort R, D) points alongR, in ascending order; (b)
5 N number of R,D) points;
6 fori 1ToN Figure 11. Effect of FG/BG resolution change: (a) MRC codes- p
7 doif D:i <D formance evaluation for resize factors S = 1, 1/2 and 1/4; (BNR
8 thlen Sellei:t Ri, D;) point; performance after running Algorithm 2 for the curves showrFig. 11
i i 1 (a)
C. Results

Figure 10 shows a PSNR plot comparing AVC-l and MRC . . -
erformance with and without the pre/post—processingsstepafter running AIgor'|thm 8 for the curves shqwn n Fig. 11
P a). Note how the bitrate lower bounds are shifted left ared th

for one typ_lcal document. No FG/BG resolgtlon change wa SNR upper bounds are shifted upwards for bitrates closer
applied & = 1). MRC with pre/post-processing outperforms 0 0.12 bpp

MRC without pre/post-processing by more than 1.5 dB
and AVC-l by more than 2.0 dB, at 0.13 bpp. However, .
. . : . .'D. Conclusions

there is only a short interval wherein there are gains using
the proposed scheme (from 0.12 bpp to 0.18 bpp, when We have proposed a method that counter balances the
compared to AVC-l). This occurs because the method ieffects of soft edges in MRC compression of scanned
bounded in PSNR due to the edge sharpening/softenindocuments.
procedure. Also, the achieved bitrate has a lower bound Although the proposed method is meant to deliver a re-
because of the number of bits needed to endodend M constructed image which should be as similar as possible to
losslessly. the original scanned one, in some particular applicatibes t

Layer downsampling procedure has been included as apost-processing procedure may be turned off. Subjectively
effort to improve the compression range of interest. The-rat sharpened (pre-processed only) documents may present bet-
distortion effect of this procedure is shown in Fig. 11 (a).ter quality than re-softened (post-processed) ones. Hence
Figure 11 (b) shows the resulting rate-distortion perfaroga  the decoder might chose between softening or not the text.



Furthermore, regular MRC decoders would ignore e
map and decode the sharper version. F11 | F12

The proposed approach improves the reconstruction -
delity in the MRC compression of scanned documents. In
effect, our results have shown that the method enables com- F13 | F14 Fn3 | Fn4
petitive MRC compression of soft-edge document images.

Fn1 | Fn2

Page 1 Page n

V. METHOD 4: COMPRESSION OFSCANNED BOOKS wWi2 I I b
USING H.264/AVC

This section shows how H.264/AVC can also be used
as an efcient compressor for scanned books. In such
documents, the pages are tipycally individually comprésse Video sequence
by some continuous-tone image compression algorithm, ) ) ]
such as JPEG [26], JPEG2000 or AVC-I. Considering the Figure 12. Proposed page processing algorithm.
recurrence of text patterns across pages, or across differe
areas of the same page, the main idea here presented is
to use the many improvements brought into H.264/AVC
to enable a hybrid approximate pattern matching/transformcomponent of each current macroblock is predicted as one
based scanned book encoder. 16 16 partition, two1l6 8, two8 16 or four8 8

It is important to place our coder within the proper macroblock partitions. In case partitions wh 8 pixels are
scenario. First, the use of one single coder is proposed, thichosen, th& 8 sub-macroblocks may be further partitioned
avoiding the inconvenience of handling multiple coders, asn one8 8 partition, two8 4,two4 8or four4 4 sub-
in the MRC imaging model. Second, the encoded documenhacroblock partitions. The prediction of each luma block is
should be decoded by a codec that common users hawwnstructed by displacing an area of the reference frame,
access to. Third, the codec must output high quality recondetermined by a motion vector and a reference frame index.

structed versions of scanned documents. This is specially Figure 13 illustrates the effect of using interframe pre-

important when rare books of historical value must be digi- ,. .. : . . )
. diction as an approximate pattern matching algorithm. Fig-
tally stored. In this case, one must guaranty a reconsttucte
ures 13 (a) and (b) show examples of a reference and a

version of the document which is as close as possible to the Vel .

original one current text area, re§pect|ve y. Figures 13 (c), (e) and (g)
' represent the predictions of the current text uslitg 16,

A. The Proposed Method 8 8 and4 4 block partitions. Figures 13 (d), (f) and

Giving that the book will be compressed using ih) Zre r:ar:fct(':grrlresepnlnrgltgg ;elsc')du;l_eiztf' '\rlgé'%e atlhat ht:r?

H.264/AVC, the proposed encoding method organizes theOm a[r)ed \I/vitlh th9&6 16 and 8 W8 redic?t?/on I—I|ol\J/ve’v:rl

scanned pages in such a way the interframe predictio b . . P . '

smaller partitions require a larger number of bits to encode

may nd on previously encoded macroblockd6( 16 . S . . :
pixels blocks) text patterns that are similar to those on thé[]he m°“°’_‘ ve_ctors. This implies that partition size s t
Jas a major impact on compression performance.

macroblock currently being encoded. Figure 12 illustrate
the proposed page processing algorithm. Examples shown in Fig. 13 suggest that previously en-

First, each scanndd W pixels page is segmented into coded text areas (reference frames) can be seen as a dictio-
four H=2 W=2 pixels sub-pages. Then, these sub-pagesary used by the pattern matching (interframe prediction)
are used to build a video sequence. The only reason pagggorithm. The dictionary is updated in parallel with the
segmentation should be used is that in some cases similancoding process, since new reference frames become con-
text patterns are more likely to be found on the same pagstantly available. Furthermore, a rate-distortion opmtion
rather than on different pages. If the text style is constanalgorithm is used to estimate which intra/inter modes com-
throughout the whole book, each page may be converted intbination should be applied.

one ;lngle frame and segmentqmon may be_sk|pped. The nal Once the residual data is available, H.264/AVC utilizes
step is to compress the resulting video using H.264/AVC. : . i :
an integer transform with similar properties as the DCT

The basic idea of the interframe prediction is to exploit, .. . :
Lo . . (Discrete Cosine Transform) and the resulting transformed
similarities between video frames in order to reduce the

amount of information to be encoded. Based on previouslyCoef cients are quantized and entropically encoded using
; e CABAC.

encoded blocks, it rst constructs a prediction of the catre

frame and then creates a residual frame by subtracting the In the next section we show results that demonstrate the

prediction from the current frame. In H.264/AVC, the luma ef ciency of the proposed method.

H2 | F11 | F12 | F13 | F14 Fn1 | Fn2 | Fn3 | Fn4




(a) (b)

Figure 14. First page of test set “guita” used as examplet tatamber of
pages: 2, page siz&568 1024 pixels.

frames are encoded as P-frames (in addition to intraframe
prediction, only past frames are used as reference by the
interframe prediction). Figure 14 and Figures 15 (a) and
(b) show the rst page of test sequence “guita” and PSNR
plots comparing JPEG2000, AVC-lI and H.264/AVC, for
different combinations ofS; and R¢, respectively. The
PSNR was calculated using the global mean square error
(MSE). The higherS; and R; values, the better rate-
distortion performance. In particular, f& = 32 pixels and

R; = 5 frames, H.264/AVC outperforms AVC-lI by more
than 2 dB and JPEG2000 by more than 5 dB, at 0.5 bit/pixel

(bpp).

C. Conclusion

() (d)

(e) ®

In this section we have shown how H.264/AVC, a video
compression standard, may be used as a book compressor.
Once the proposed method uses the pages of a book to
construct a video sequence, H.264/AVC enables a hybrid
pattern matching/transform-based encoder for this cléss o
documents. Results show that the proposed method objec-
tively outperforms AVC-lI and JPEG2000 by up to 3 dB

(@) (h) and 5 dB, respectively. Furthermore, the encoder outputs
Figure 13. Approximate pattern matching using interframe iptiech: documents with superior subjective quality. Future works

(a) reference text; (b) current text; (c) predicted texbhl size:16 16 may include single-page compound document and multi-

pixels); (d) prediction residue (block siz&6 16 pixels); (e) predicted page compound book compression_
text (block size:8 8 pixels); (f) prediction residue (block siz& 8
pixels); (g) predicted text (block sizet 4 pixels); and (h) prediction
residue (block size4 4 pixels).

VI. CONCLUSION

This paper presented four document encoding methods
that use H.264/AVC as a basic functional element, namely:
B. Results method 1,Advanced Video Coding - Compoynahethod
2, MRC Compression of Electronically Generated Doc-
Two con guration parameters have greater in uence onuments using H.264/AVC-l and JBIGnethod 3, MRC
the encoder performance. One is the number of referendc@ompression of Scanned Documents using H.264/AVC-|
frames R; ), the other is the search rand® |. In our tests, and JBIG2 and method 4Compression of Scanned Books
different page sets were compressed using JPEG2000, AV@ising H.264/AVC Many experiments were carried out in
| and H.264/AVC. In JPEG2000 and AVC-I compression,order to verify the efciency of the proposed methods.
the pages are encoded separately. As for H.264/AVC, th&esults showed objective and/or subjective gains over know
rst frame of the sequence is encoded as an I-frame (onlyapproaches, thus contributing with more ef cient document
intraframe prediction modes are used) and all the remainingompression alternatives.
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Figure 15. PSNR plots for test sets shown in Fig. 14. (a) ahdgita”:
comparison between JPEG2000, AVC-l and H.264/AVC, for diffe
combinations of search rangeS; § and number of reference frameR¢();
(c) “principia” (Sr =32 andR; =5).
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