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Abstract- In this work, we study and analyze the contourlet
transform for low bit-rate image coding. This imagebased
geometrical transform has been recently introducedo efficiently

represent images with a spars set of coefficientén order to

explore the potentiality of this new transform as aool for image

coding, we developed a direct coding scheme that Eased on
using non-linear approximation of images. We code th
guantized transform coefficients as well as the siificance map
of an image in the contourlet transform domain. Basd on the
proposed approach, we analyzed the rate-distortiogurves for a
set of images and concluded that this coding approh, despite its
redundancy, is visually competitive with a direct vavelet
transform coder, and in particular, it is visually superior to

wavelet coding for images with textures and osciltary patterns.

l. INTRODUCTION

Mallat and Falzon [5] showed that the performanta o
transform-based image coder at low bit-rate modépends
on its non-linear approximation capability. Howeveood
non-linear approximation results do not necessairiply
efficient coding schemes [1]. The contourlet transf is a
new geometrical image-based transform (Fig. 1),ctvhis
recently introduced by Do and Vetterli [2][3]. Thephowed
that, when compared to wavelets, the contourletstcam
better approximates images in which textures amila®ry
patterns have a significant presence. However, sit ai
redundant transform with a redundancy factor of #iat
would increase the rate for a given distortion.. Rigllustrates
the contourlet transform of the imad&oats using 3 LP
subband levels and 8 directions at the finest lekrelthis
study, we design and simulate a low bit-rate imagding
scheme based on the contourlet transform and andtgz
performance for a set of images.
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Fig. 1. A flow graph of the contourlet transformhelimage is first
decomposed into subbands by the Laplacian pyranddten
each detail image is analyzed by the directioiftel banks.

Fig. 2. The contourlet transform of tBeatsimage using 3 LP levels and 8
directions at the finest level. For better visuatiian, the transform
coefficients are clipped between 0 and 15.

In Section 2, we describe the algorithm of the psmul
approach. In Section 3, we analytically examine thiethod
and some of the numerical results are presentatl fiaally
Section 4, briefly summarizes the main resulthaf study.

Il.  METHOD

In non-linear approximation, one retains tkelargest
transform coefficients of a signal and set the tegtero. If we
inverse transform these retained coefficients, Weaio the
best k-coefficient approximation of the signal for an
orthogonal transform. This is the underlying idear fa
transform coder based on a non-linear approximation
However, the positions of the retained (signifigant
coefficients have to be coded as well. In the psepo
contourlet-based image coder approach, and follgwimilar
procedures used for the wavelet transform, we stne
positions of the significant coefficients in a hipaignificance
map, where a 1 accounts for a significant coeffici&o, the
total bits required for coding an imagelis- b + Iy, whereb,
is the number of bits needed for coding the quedtiz
significant coefficients, andis the number of bits required
for coding the significance map. To efficiently eodhe
significance map, we first scan it and then rurgtercode the
resulted vector. Fig. 3 shows the significance noépthe
Barbara image with k =4096. It is noteworthy that the
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Fig. 3.(a) TheBarbaraimage (in half of the original scaldp) The significance map of the contourlet coefficteot theBarbaraimage using
k = 4096 largest coefficients (the white pixels espond to the significant coefficients).

significant coefficients are close together in fiosi hence,

compared to the wavelet coefficients, that leada &maller D(R) =1+ K)D, , (D)
rate to code the significance map. In our methoel seanned n+r
the significance map column-wise.

Fig. 4 depicts the normalized histograms of thet@aret b b b+b b
and wavelet coefficients of the image ®#rbara, GoldHill, where r+r =—+—; R=———=— is the rate;
Mandrill, and Peppersall with the same size equal to k k N N
512x512. Similar to wavelets, most of the contdurle (L) _ |a[rﬂ|2 is the non-linear aporoximation error
coefficients are around zero; therefore, for a Ibiktrate N pp

coder, we used a (scalar) quantizer with a zerdHainis twice e . o
as large as the other bins [4]. The other imporaint is that that results from retaining the molktsignificant transform
the histograms of the contourlet coefficients hees variance ~coefficients (a[m|> T, m=1,.., N) out of the totalN
compared to those of wavelets. However due to the

redundancy of the contourlet transform, we requiae bits  transform coefficients, and :ng—zl. For an orthonormal
for coding the significant coefficients.
The contourlet transform that we used in our expenits  transform{g } .. ..
decomposes an image into 6 subbands using the 7-9
biorthogonal Daubechies wavelet transform, wherehea ,
subband is fed to the directional filter banks etagth 32 D,(k/N) =] x- x|, ()
directions at the finest level. In addition, we Iepented a
direct wavelet transform coder using the fully deaied 7-9 N-1
biorthogonal Daubechies wavelet transform for cartispa. wherex is the input signalx=anjg, &rh :< f g),
m=0
. ANALYSIS AND DISCUSSION and x_is the approximation of usingk significant transform
We analyze our scheme using a similar approacheo t coefficients: x = g g, . Similar to the wavelet coder,
one proposed by Mallat and Falzon [5]. They deritredrate- fatmil>T

distortion function for low bit-rate transform-baseoding Since the ratio of the zero-bin to the quantizatstep is 1,
using the following formula: g =1 for the contourlet coder. Also we assume tgat=1,
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Fig. 4. The normalized histograms of the wavdkft (mage} and contourlet coefficientsight images.

1 transform, the contourlet coder provides rate-dito curves

which yields a value oK =—. To estimater, +r,, we plot  that have lower performance (based on the PSNR ursas
12 than those resulting from the wavelet coder. Howesimce
the contourlet transform is more efficient in regaeting

b k . ... b
Eversuslogz N - Fig. 5 shows the variation elf for both textures and contours when compared to waveletsimhges

the wavelet and contourlet coders. We see thatatleeage
r,+r, is about 6.5 for both of these coders. Howeveresthe
contourlet transform is a redundant transform,i¢2fot true
and D,

Therefore, and based on the proposed approachytiaaby
one expects lower performance for the contourleiecavhen
compared to wavelets. Fig. 6 depicts the PSNR sunfi¢hese
transform coders for the tested image set.

We observe that in spite of the lower rate requicedode
the significance map in the contourlet coder (whempared
to the wavelet coder), due to the redundancy ottmourlet
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coded by this approach preserve textures and figtails

found in natural scenes. Therefore, for Babaraimage that

mostly consists of textures and oscillatory paterthe
contourlet coder provides a rate-distortion cunhattis

is more than that of an orthonormal transform.COMPpetitive to the one resulting form the waveletler in a

range of the rate. Meanwhile, Fig. 7 shows an gtarof the
GoldHill image. The textures in this image are significantl
better approximated and retained by the contotrdgtsform
coding scheme. This superior visual performance tfor
contourlet performance is not captured adequatglythe
PSNR rate-distortion measure.
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Fig. 5. r_+r  for the wavelet and contourlet transform codergife image set.
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Fig. 6. The PSNR values vs. rate for the waveldt@mtourlet coding schemes.

IV. CONCLUSIONS

In this study, we explored the capabilities of thew
image-based transform, the contourlet transform,ifitage
coding. We designed and analyzed a direct codihgme and
observed that although it provides a lower perforceawhen
compared to a direct wavelet transform coder imseof the
rate-distortion curves (due to the redundancy efdbntourlet
transform), the contourlet coder is capable of gmeésg and
retaining textures and oscillatory patterns and ieacs
superior visual quality for images that contain mhatextures
and fine details.
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Fig. 7. The codeoldHill image as well as a close-up at ré&de= 0.250.



