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ABSTRACT

Inthis paper we propose a newtechnigque for compressing
steeo images nsing muoltiscale recunent patterns. The idea
congistzon lepresenting blocks of the image nsing variable-
sized elements of a dictionary. Move specifically, blocks
of the image ae epresented by contracted, expanded or
displaced elements of the dictionary. The patterns leamed
along the reference image process are included in the dietio-
nawy. The novelty of this wouk is the absence of the disparity
map in the stereo image coding puocess. That is, the bor-
den of its calcolation, the pre- and post-processing phases,
the generation of the enor images, as well as their coding
and transmission ame not necessaly. In brief, the propozed
method cots off the load of the whole disparity estimation
process vet presenting high-goality results at the decoder
end.

L. INTRODUCTTON

The practical nse of stereoscopic video systems can bring
redlism to many applications such as 3D movies, medicine
sugery, videoconferencing, multimedia, and remote oper-
ations, among others, due to the depth perception otfered
by these systemns. Having an efficient method to compress
the stereo images is one of the main challenges for anonre-
stricted nse of stereoscopic systerns. This is becanse stereo
images require the transmission of, at least, dooble the
amount of data nsed in monocolar image coding systerms,
and we have to cope with limited channel bandwidth. An
etficient encoding of stereo video systerms requires exploit-
ing the binocnlar redondancy between stereo images as well
as the tempoial redondancy between consecutive frames of
each view [1]. The technigues nsed to code binocolar im-
ages are similar to those nsed in monocolar video coding.
Usnally, the reference image (the right-view ar left-view)is
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encodednsing a known method Lilke MPEG-2. MNext, the dis-
pauty map nsing both views is estimated [2]. The remain-
irg view can be either motion estimated fiom the previons
reference frame, or dispanity estimated from the reference
view. The resoltant eror images, the Displaced Frame D
Jerenee—DBD [ steren viden), and the Disparity Cortper-
satad Differenne—DCD [ stereo pairs) are coded and tians-
mitted. The main step to obtain the DCD is the disparity
estimation process that tackles an ill-posed pioblem. The
quality of the disparity map rulesthe amonnt of information
caried by the DCD and the number of bits 1o code it. Mev-
eitheless, accorate disparity maps demand a high bit @te to
be transmitted. One solotion is the nse of block-based dis-
parity estimators which may prodoce very inaccolate dis-
pavity maps because they are not, in many cases, blockwise
constant. One possible way of tackling this problem is as
in[3], where an hierachical MRF (Markovy Random Fields)
model and selective overlapped block dispanty compensa-
tion isemploved. Inthis paper, we propose arother alterma-
tive. Tt alsonees a hierarchy of block sizes, but the disparity
map does not peed to be obtained. Ouwr methed is based on
the concept that, since a stereo image pair involves two sim-
ilar images, we can use 3 (ecuent pattems method [4, 5, 6],
where the learned pattems of the coding processof the refer-
ence image can be nsed to code the other image. We employ
a new classof coders nsing multiscale tecutent patterns. A
ecently proposed method mefened to as Multidimensional
Muftiscale Barser— WINPE [T, 8] nzes contractions and ex-
pansions of elements belonging to a dictionary to code each
segment of an image. This method is efficient for monoc-
olar image coding, especially when the image is composed
by pictures ard text.

In BMMP [T, 8], the image is initially divided in blocks
of size W ® I¥. Bach block is further segmented in smaller
variable-sized blocks. These smaller blocks ae then ap-
proximated by contiactedfex panded versions of matrices in
a dictionary. These contiactions and expansions ae per-



formed osing a procedure similar to the nsual decimation
and interpolation operations [¥]. The owtpot of WMMP is
composed by the dictionary indexes conesponding to each
block, as well as infoumation regading the segmentation.
This segmentation is specified by a binary tree that is en-
coded using a sequence of binary flags, in a top down fash-
ion. The sequence of dictionary indexes and the seguence
of binary flags are encoded by an arithmetic coder [13]. The
seg mentation tree is optimized in a rate-distortion =ense by
the nze of a pruning algoiithm operating from the bottom
[leatsh of the tree to the top (wot). The WMMP algorithm
staits with a small initial dictionacy that is opdated as the
input data is encoded, by the inclusion of concatenations
of previonsly coded blocks. As the dictionary grows it is
expected that it shoold cortain elements more aliloe the pre-
vionsly coded blocks, decreasing the number of twee split-
tings. Conzequently, a smaller number of indexes and flags
are generated, lowering the bit iate and improving the com-
plESSion.

Inthis paper we propose avaration of MMP that inclodes
displacements of previonsly coded blocks in the dictionary,
etficiently exploiting the redundancy between the two views
of the sterea pair while avoiding the nse of disparity maps.
Initially we used the same dictionary to encode both views.

The omganization of the paper is as follows. Section 2
staits with a description of the method Mufrdistensionaf
Mufnscale Barser - BAWME. Mext, we desciibe the modifi-
cations implemented o MMP focosing the exploitation of
steleo image pairs charactenstics. Sections 4 and 5 present,
respectively, the experimental resnlts and conclusions.

2. DESCRIPTION OF THE MMP

The MMP represerts a new class of compression ago-
rithms. Tt is based on matching moltiscale recoert pat-
temns. Tttriesto represent an inpuot block nsing contracted or
expanded versions of processed blocks. The MMP dictio-
nacy isadaptive, it learns pattens occured in image blocks
already processed.

The MMPF algorithm has basically four stages:

s Obtaining the costz for each segment of the blocls;
m Obtaining the optimal segmentation tree;

s Coding flags and indeves of the optimal segmentation
tree;

s Updating the dictionary.

Initially the image is divided in blocks of size IV = Y.
Each block is processed inomerto find the best appiowima-
tion forit. This approximation is formed by expansions and
contractions of elements of a dictionary. The largest pos-
sible element has size IV ® IV, and it can be segmented in

smaller elements. The segmentation can be represented by
2 binary tree. An example of binary tree coresponding to
2 segmentation procedure is shown in figue 1. The wot of
the tree conesponds to the lagest element [of size IV »x IV
Each node of the tree, if divided, can generate two children
nodes. The division can be made horizomally (as in fig-
ore 1) or vertically. The segmentation can proceed antil the
element iz the size of a pixel.
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Fig. L. An example of a binary segmentation tree, repre-
senting the best segmentation for a block WV = NV, where
N =g

Each bleck cowesponding w0 a leaf (a node withont a
child} is represented by an index denoting an element of
the dictionary. The dictionary elemernts can be expanded or
contiacted using a scale tanstomation [9], preserving the
block dimension, in oder to match the size of the taget
block. Wherever two leafs of the tree corresponding 1o two
children of the same node are encoded, the resulting ele-
ment from their concatenation is included in the dictionary.
The =egmentation tree is obtained by an iterative procedore
that arternpts to minimize the Lagrangian cost J [11] given
by:

JF=D+AR

where IF is the distortion, | is the rae, and A is a con-
stant [Lagrange multiplierh. The distortion is given by the
mean sguare eror between the original and decoded image
blocks. The ate is the number of bits per pixel nsed to tians-
mit the indexes of the elements of the dictionary as well as
the segmentation tree.



The procedure to minimize the Lagiangian cost is as fol-
Lows:

Let Jp be the cost of a parent node whose children nodes
costs ae Sy, and Jg, where L and R conespord respectively
to the nodes on the left and on the right of the parent node
of the binary tree. We compare the cost Jp to the sum of
the costs Jg + Jp. If the sum Jg + Jn of the costs of the
children nodes is smaller than the cost of the parent node
Jp, then the tree should not be prored. that is, in thiscase,
it is betterto nse the two smallerblocks than the bigger one
to represent the input. If we decide not o prune, the cost
associated to the parert node Jp most be eplaced by the
smaller value Jg + Jp before we resume the optimization
procedure of the tree. The pruning procedure mns nntil all
the tree has been traversed. The segmentation tree is tans-
mitted to the decoder using a sequence of binary flags. The
sequence of dictionary indexes and the sequernce of binacy
flags are encoded by an arithmetic coder [10].

The dictionary is initialized with 1x1 matiices containing
all pixel values in the @ange [MinPixel, MaxPizel], where
MinPixel is the smallest pixel valoe fourd in the inpot im-
age and MaxPixel isthe greatest. Asthe encoding proceeds,
the dictionary is updated whenever the blocks conespond-
ing to the two children of a parent node are already encoded.
Then, the two childen podes representations ae concate-
nated ard incloded in the dictionary.  As the dictionacy
glows it is expected that it should contain elements more
alike the previcosly coded blocks, decreasing the numberof
tree splittings. Consequertly, a smaller nomber of indexes
and flags are geneiated, lowering the bit rate and impioving
the compression. The decoder starts with the same initial
dictionary as the encoder As it receives the flags defining
the tree and the elements corresponding 1o the tee leafs, it
staits reconstiucting the received image. The dictionary op-
dating process at the decoder should be eqoivalert to that
at the encoder. Whenever the decoder receives two telmi-
nal nodes they are concatenated and the resulting rode is
included in the dictionary. The decoding is 2 much faster
operation than the encoding process, as the optimization of
the segmentation tree is not Necessary.

3. STEREO MMP: AN IMPLEMENTATION BASED
ON MMP, EXPLOITING THE CHARACTERISTICS
OF STEREO IMAGE PATRS

The stereo WMMP is an algorithm based on MME, whose por-
pose is to directly encode a stereo image pair, composed by
a reference image and a target image. It exploits its stereo
chamacteristics, withoot explicitly evaluating the DCD. Here
we n=ed the lefi-view as the reference image, and the right-
view as the target image.

The stereo MBP is based on two main points. One is
the inclusion in the dictionary of elements corespording to

Bk k Block k+1

Fig. 2. Dicplaced elements obtained fiom two reighbor re-
constiucted blocks of 2 mow of blocks (ROB)Y of the efer-
ence image. These displaced elements ae inserted in the
dictionary and probably will be nsed for coding the cone-
sponding ROB of the target image.

the displacement of previoonsly coded blocks of the refer-
ence image, and the otherwise isthe nsage of variable-sized
blocls, a basic property of WMMP. If the cost of using a large
block is greater than the cost of using two smaller blocks, a
segmentation is performed. Therefore, a block in the target
image can be represented as accniately as needed.

In the stereo BAMPE, the inclusion of displaced elements
in the dictionacy teplaces the disparity estimation process.
These displaced elements are obtained directly from the re-
constiucted reference image, composed by the concatena-
tions of previonsly encoded blocks. Borexample, for IV <V
blocks, a block whose npper-lefimost pixel is at position
(VN %4, ¥ 3 + dj, with i and § integers, conesponds to
a dictionary element displaced d pixels to the tight in rela-
tion to the one at {IV » {, W # 7). These displaced elements
are obtained from a window sliding horizontally over two
neighboring blocks, as shown in figure 2. These displaced
bloclks ae gererated and inserted in the dictionary before
processing the conmesponding row of blocks (ROB)Y of the
target image.

When the choice of an element resalts in a high cost,
the decision process that specifies the best segmentation
tree decides to split the block This is equivalent, in DCD-
ba=zed methods, to obtain the disparity using smallerblecks,
yielding more accurate dispavity estimates. Elements cou-
respording to half-pixel displacements were also included
to improve the resolotion of the estimation. Parallel-camera



corditions are assumed so that dispavities are purely hori-
zontal, decreasing the number of displaced elements to gen-
erate. In addition, this number is limited by a search win-
dow given by the minimom and maximom disparity values
for the image. These disparity values can be determined
priorto coding. These values are sent to the decoder in owder
tocompose the dictionary with the same elements present in
the coding process.

We nsed the =same dictionary to encode the left and the
right views. The statistics of the nsage of the dictionary
elements by type show that, when the taget image is be-
ing coded, the displaced elements tend to be nsed more of -
ten than the others (initial, concatenated, contracted or ex-
parded). Therefore, the dictionary was split in two: one
cortaining the displaced elements, and the other containing
all the other types. A flag was nsed to signal which dictio-
nary was selected. This appmach leads to a better estima-
tion of the probability of the dictionary indexes, improving
the coding efficiency.

4. EXPERIMENTAL RESULTS

The stereo KM P was tested in two versions: the first, that
we called StereoMMFP _1dic, nses just ore dictionary con-
taining all the types of elements (initial, concatenated, ex-
parded, contracted and displaced) to encode both views,
and the other, that we called 5tereobbIFP 2dic, nses two
dictionaries: one containing initial, concatenated, expanded
and contracted elements and another dictionary containing
justthe displaced elements. The formerdictionary is always
nsed to encode the reference image. For encoding the tar-
get image [right view) we alen nse this dictionary, but we
have the option to use the latter dictionawy (containing only
displaced elements), when this offers a smaller cost. A flag
signals which dictionary has been chooszen. The cost of this
flag is aleo incloded in the optimization. We can =ee that,
for all the stereo image pairs tested, the stereo MMP asing
two dictionaries performes better than the one nsing just ore.

The two versions of stereac MMP were un to compress
the stereo image paire CORRIDOR &, AQUA, SAXO 2 ard
MAMN * Fignre 3 shows the rate x PSNR (Peak Sionafl to
Notse Ratio) performance resalts for the pair CORRIDOR.
The improvement obtained with the nse of two dictionar-
ies is lager for the taget image (right view, in figue 3
(b33 This iz expected becanze displaced elements tend
to be frequent for the target image. The figue 4 shows
the rate x PEMER performance resulte for the pairs AQUA,
SAXO and MAN,
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Fig. 3. Rate » PSNR for sterea MMP nsing just one dictio-
nawy incloding all the elerments types (initial, concatenated,
contracted, expanded and displaced) to encode both views,
and stereo MMP using two dictionaries, ore incloding all
the types of elements, except displaced ones, and another
ircluding only displaced elements, applied to the stereo im-
age CORRIDOR. 1a) left-view, (b) right-view, and [} both
views,
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Fig. 4. Rate » PSMR for stereo MMP osing just one dictio-
nawy including all the elements types (initial, concatenated,
contracted, expanded and displaced) to encode both views,
and stereo MMP wsing two dictionaries, one incloding all
the types of elements, except displaced ones, and another
including only displaced elements, applied to both views of
the stereo images (a) AQUA, (b} SAX O, and (c) MAN.

The rate » PSMR peiformance results of stereo WP ns-
irg two dictionaries, including also lower rates, are shown
infigures 5 and 6, for CORRIDOR and AQUA respectively.
The results of [3] are also shown for comparison. We have
that, for rates above 0.5 bps, the stereo MMP ontperforms
the BMREF-bazed hiemchical block matching (HOQBM) of
[3]. Although forrates below 3.5 bps, HOBM performs bet-
ter, note that, for those rates, the quality of the pair AQUA
isvery poor [PEMR < 26 dB).
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Fig. 5. Rate » P3MNR for stereo MMP and HQBM [3] with
the stereo image CORRIDOR (ROOM in [3]3.
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Fig. 6. Rae » PSMNR for stereoc MMP and HOBM [3] with
the stereo image AQUA.

5. CONCLUSTONS

In this paper we hawve presented a new method for com-
pressing stereo image pails, based on muoltiscale recorent
patterms. The two views are encoded taking in account the
similarity between then, without the necessity of calculating
the disparity map. The algorithm avoids several well-kerow



drawbaclks of stereo codecs, presenting efficient altermatives
and producing high-guality reconstiucted images.

We hawve developed an efficient coder based on this prin-
ciple. The analysis of its performance has shown that the
inclusion of displaced elements in the dictionary is an ef-
fective way of encoding the target images. The algoithm
performed very well for image pairs obtained osing paal-
lel camera conditions. In addition, its structore allows its
adaptation to non-pacallel camera geometries. Borexample,
besides the dictionary of displaced blocks used to encode
the target flame, one could add dictionaries of elements dis-
placed and distorted taking into accoont the non-parallel ge-
ormetly, thas increasing the mach probabilities. In briet, the
proposed method is quite promising, opening a new Jvenie
in stereo image coding.

6. REFERENCES

[1] M.G. Strintzis and 5. Malasiotis, “Chject-based cod-
irg of sterecscopic and 3d image sequences: A re-
view,” IEEE Signal Processing Magnzine, Speciaf fs-
sue on Steves and 10 Imag- ing (Inited paper), vol.
16, mo. 3, pp. 1428, May 1999,

[2] O. Fangeras, Theee-Dimensionnl Computer Vision: A
Geometrle Viewpotnt, BIT Press, Cambridge, Bias-
sachnsetts, 1993,

[3] W. Woo, A. Oitega, and Y. Twadate, “Stereo im-
age coding using hieramuical mf model and selective
overlapped block disparity compensation,” in 1999
fEEE Intermational Conferenes on Imnge Processing,
Kobe, Cctober 1999,

[4] TZiv and A Lempel, “Compression of individoal se-
guences via variable-rate coding,” IEEE Transactions
on mformmation Theorp, vol. it-24, no. 5, pp. 530536,
September 1975

[5] M. Atallah, ¥ Genin, and W. Szpankowslki, “Pattemn
matching image compression: algovithmic and empic-
ical mesults,” JEEE Transactions on Pattern Analysis
and Machine Intefligencrs, vol. 21, pp. 615677, 1999

[6] M. Alzina, W Szpankowski, and A Grama, *“2d-
pattern matching image and video compression.”
IEEE Transactions on Image Processing, 2001

[7] M. B. Carvalho, E. A. B. da Silva, and W. A. Fi-
namore, “Rate distoition optimized adaptive muolti-
scale vectorquantization,” in 2000 IEEE Intermational
Corffersrce on fmage Processing, Thessalonikd, Octo-
ber 201, vol. TI, pp. 439447

[E] & B. Carvalho, E. A B. da Silva, and W. A. Fi-
rnamore, “Multidimensional signal compression ns-
ing multiscale recurrent patterns,” Sigral Processing
- Speciafl Issue on Image and Wideo Coding Bepord
Stardards, 2002, To appear

[9] B Vetterli and J. Kovacevic, Wawfers and Subfand
Ceeling, Prentice Hall PTR, Englewood Cliffs, Mew
Jersey, 1995,

[10] T . Bell, 1. G. Cleary, and I. H. Witten, Text Com-
pression, Prentice Hall, Englewond Cliffs, M1, 1990

[11] K Ramchardiman and A. Ortega, “Rate-distortion
methods for image and video compression,” JEEE Sig-
mal Processing, vol. 15, mo. 6, pp. 2350, Novernhber
1998,



