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MRC Compression of Compound Documents usin
H.264/AVC-I

Alexandre Zaghetto and Ricardo L. de Queiroz

Abstract—The Mixed Raster Content (MRC) ITU docu-  which, combined with the context-adaptive binary arithimet
ment compression standard (T.44) specifies a multi-layer multi- coding (CABAC), turns the H.264/AVC into a powerful still
resolution representation of a compound document. It is expecte image compression engine. If we set our H.264/AVC imple-

that higher compression can be achieved if more efficient com- . “ N .
pression standards are used to compress each layer. In this mentation to work on a sole “INTRA" frame it will behave

paper we present an MRC Compound document codec that as a still image Compressor. We refer to this coder as AVC-I.
uses the H.264/AVC operating in INTRA mode to encode back- The big surprise is that it also outperforms previous state-

ground/foreground layers and JBIG2 to encode the binary Mask of-art coders such as JPEG-2000 [16]. This is a surprise to
layer. The result is an unrivaled performance for compressing many because it was not meant to be an image coder at
compound documents as demonstrated by our e.Xpe”ments' all. However, results are consistent and unison. Gains ®f th

Keywords— H.264/AVC, JPEG-2000, Image coding, Compound AVC-| over JPEG-2000 are typically in the order of 0.25dB
documents, Mixed Raster Content. to 0.5dB in PSNR (peak signal-to-noise ratio) for pictorial

images [14], [15], [17].
I. INTRODUCTION
The Mixed Raster Content (MRC) ITU document comB. JBIG2

pression standard (T.44) [1]-[6] specifies a multi-layertiu  jB|G2 [18] is an international standard for lossy and lcssle
resolution representation of a compound document. In ”Hémpression of bi-level images developed by the Joint Bile
paper we present a basic 3-layer MRC codec that uses fRifyge Experts Group. Published in 2000 as the ITU-T Rec-
H.264/AVC [7] operating in INTRA mode to encode backpmmendation T.88, and in 2001 as ISO/IEC Standard 14492,
ground/foreground layers and JBIG2 [18] to encode the Binasg|G2 outperforms JBIG1 [19] and Group 4/MMR [20] by at
Mask layer. The main objective is not to propose a new layRiast a factor of 2 and 3, respectively [21] . Typically, aGBl
separation nor a data-filling algorithm, but to show that MREgyqer decomposes a bi-level image into regions (text, draft

coding based on H.264/AVC and JBIG2 can achieve betighq generic) and encodes each region using a different hetho
compression rates than schemes that use other state-aftthe

still image coders.
C. Compound Documents
A. H.264/AVC-INTRA Electronic _documents are br_:tsically represented in two
forms: vectorial or raster [3]. It is not much of a challenge

The newest video coding standard, the H.264/AVC [7], hag compress vectorized documents since each object can be
been well explained in the literature [8]-[13]. Many papergompressed individually and the whole file can be compressed
have illustrated its performance showing many comparatiygssiessly. The real challenge is to compress rasterized do
results against coders such as MPEG-2. All results point to gnents. Compound documents are assumed here as raster
least a factor of two improvement over previous standarts. Tgocuments which contain a mix of text and pictorial contents
reasons why the AVC is so good are many small improvemertgmpression algorithms are developed with a particulagena
over previous methods. Each improvement brings a sM@lhe  characteristic and application in mind and no single
coding gain, adding up to significant gains. Apart from thgigorithm is best across all types of images or applications
factor-of-two improvement over other standards, thereareynen compressing text, it is important to preserve the edges
few unexpected advantages that come with the AVC packag@q shapes of characters accurately to facilitate reading.

H.264/AVC is a video compression standard and it Wagman visual system, however, works differently for typica
not conceived to be applied as a still image compressigBntinuous-tone images, better masking high frequency er-

tool. Nevertheless, the many coding advances brought inigs [22]. Fig. 1 shows an example of a compound document.
H.264/AVC, not only set a new benchmark for video com-
pression, but they also make it a formidable compressor .
for still images [14], [15]. One of the components of thesE- Mixed Raster Content
advances is the intra-frame macroblock prediction method,Compound raster documents have typically been com-
pressed as a single image. However, different compression
The authors are with the Department of Electrical Enginegrin algorithms may be applied to each of the regions of the doc-
Universidade de Brasilia, e-maizaghett o@ mage. unb. br . . .
pument. That is the way multiple-coder based algorithms work
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Brasil. [3]. The mixed raster content (MRC) imaging model [1], [2],
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Dear Pam,

I uas delighted to hear from you last veek, Patti and [ had a
uonderful tine during our wsek-long sunner vacation, The wea-
ther uas excellent, and the food was absolutely exquisite, |

hope that ue can repeat this next year and that you will join

us too.
e cane back with & lot of fantastic wenoriss, uhich we usuld Basic 3-layer

Like to share uith uou throush sone snapshots that ue took.

model

MRC

Our faverite is this picture of us sboard the "Top Hat", which [

Basic 3-layer

have pasted inte this letter using somwe really neat advanced dig-

ital imaging techhology on my home computer, We will ship the mOdeI
rest to you on a CO-ROM soon,  Mishing you the best.
Love, FG Mask BG
Susan
Fig. 2.  lllustration of MRC imaging model. The original docurhdas

represented using 3 layers: Foreground (FG), Backgrou) é&d Mask.

Fig. 1. “Compoundl”: example of a compound document, assumedalsere
a raster document which contain a mix of text and pictorial eotst

has been proposed as a multi-layer multi-resolution reotas
tion of a compound document. The basic 3-layer MRC model
represents an image as two image layers (Foreground or FG
and Background or BG) and a binary image layer (Mask),
which determines if a pixel belongs to BG or FG. Fig. 2 illus-
trates the described model. Once the original single-uéisol
image is decomposed into layers, each layer can be processed (@ (b) (c)

and compressed usmg dlﬁerent algorlthms. Background aHS 3. Layer decomposition of “compoundl” before data-fjliprocedure:
Foreground processing operations can include a resoluti@roreground:; (b) Mask; (c) Background.

change and a data-filling procedure. The compression algo-

rithm used for a given layer would be matched to the layer’s

content, allowing for improved compression while reducing

distortion visibility. The compressed layers are then pack mpg = mean(z(i, j)|(i, j) € B) )
and_ delivered to the decoder. At the decod_er, eaqh plane is mre = mean(z(i, §)|(i,§) € F)

retrieved, decompressed, processed and the image is cethpos

using the MRC imaging model. MRC has been proposééherez(i,j) represents the original image.

and/or accepted for several standards [1], [23], [24], [@§] Let Io be the starting FG plane with “don't care” pixels

has been used in several products [26]-[29]. replaced bym . Also, let],, be the compressed and decom-
pressed version of,, using a given coder at a target bit rate.

If we plan to use a wavelet coddt, can be approximated as:

Il. DATA-FILLING

The first step of MRC compression is the layer segmentation L, = W= (round(W(I,)/Q) * Q) @

algorithm [3], [30]. In this paper, we consider a basic 38y \yhere 177 denotes the Wavelet Transform of 5 or 6 levels,
MRC modeI,.wh|ch uses a BG, FG and Mgsk representatlo,rbund(_) is a rounding operator, and) is a step size to
Once the image is segmented there will be “don't cargyantize the wavelet coefficients. It is expected to useequit
regions on BG and FG layers. Pixels assigned to the Bljge  numbers, like those that would yield very high
will be marked as “don’t care” on the FG, and vice-versgompression ratios. Then, for = 0 until n = v, wherev
These pixels can be replaced by anything to enhance compigits the number of cycles to the maximum of let us say 3
sion [3], [31], [32]. There are many methods for the replacgy 4 we compute
ment (data-filling). This paper uses the iterative wavbkted
plane filling proposed by De Queiroz [33], which we describe Lrlisj) = In(i,j) + (i,))€F 3)
next. nt D)= U L6,5) - (4,5) € B.
Let F' and B represent the pixel positions where the Mask :
indicates FG or BG respectively. First, we compute averages;We stop the loop either after cycles or when
as: mean(| L, (i,7) — In—1(3,7)]) <&, (i,j) € B, (4)
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Fig. 4. (a) Foreground and (b) Background of “compound1’rafea-filling

procedure. Fig. 6. PSNR plots for “coumpoundl”, comparing: (a) AVC-l; BPEG-
2000; (c) MRC: FG and BG encoded using AVC-I and Mask encodgagu
JBIG2; (d) MRC: FG and BG encode using JPEG-2000 and Maskdeaco
using JBIG2. PSNR plots show that the MRC model based on HAY&H
INTRA outperforms the MRC model based on the state-of-thestdtimage
coder JPEG-2000 by more than 5 dB at 1 bit/pixel.

The most famous pleta is Michelangelo's Pieta In the Vatican. This is considered by some to
be one of Michelangelo's greatest works of art, completed when he was 24 years old in 1499
AD. 1t s the only work signed by Michelangelo (on & diagonal ribbon carved across Mary's

breast) possibly indicating his satisfaction with his work

The term "pieta” originated from & custom of the Roman Empire around the time of 64 C.E,

referring to the act of prostrating oneself, and putting forth an "Emotion...of great love

accompanied with revering fear....of the [Roman] Gods.”

Fig. 7. “PieR”: example of compound document.

both encoded using JPEG-2000 and AVC-I. PSNR plots are
shown in Fig. 6.
(b) The document shown in Fig. 7 was also compressed using

Fig. 5. Zoomed part of the Background of “compoundl™ (a) Qi the same encoders. PSNR plots are Shown In Flg_' 8'_
document; (b) After data-filling. AVC-| seems to have an extra capacity of adapting itself to
heterodox content [17]. For the compound documents shown
in Fig. 1 and Fig. 7, the PSNR gains are substantial, even
where¢ is some tolerance number, i.e. it stops when the fillingurpassing the mark of 4 dB improvement over JPEG-2000
in the “don’t care” region converges. The same processepplft 1 bit/pixel. In spite of this extra capacity of AVC-l, the
to the BG plane, replacing foreground by background natatignultiple-coder MRC model proposed here offers results that
and vice-versa. Fig. 4 shows BG and FG of “compoundputperform the AVC-I single coder approach, surpassing the
processed using the above method. mark of 4 dB improvement at 1 bit/pixel. PSNR plots shown

Fig. 5 shows a zoomed part of the BG, where the effect éfFigs. 6 and 8 also demonstrate that the MRC model based
the data-filling algorithm can be observed more clearly. ~ on AVC-I outperforms the MRC model based on the state-of-
the-art still image coder JPEG-2000.

Ill. RESULTS

The Image “Compound1” was encoded using AVC-I, JPEG- IV. CONCLUSIONS
2000 and using the proposed MRC model. In MRC compres-In this paper, we presented a basic 3-layer MRC codec that
sion, the Mask was encoded using JBIG2. BG and FG warses the H.264/AVC operating in INTRA mode to encode
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