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Abstract — Our goal is to obtain a downsized version of an
image in terms of its 8x8 block-DCT coefficients without passing
through the spatial domain. DCT-domain scaling allows for fast,
on-the-fly, resizing in DCT-based picture formats (like the widely
used JPG) without the need for decompression, bilinear resizing
and recompression. The ability of the human vision to
compensate for resolution difference in the stereo image pair
allows for smaller file sizes with preserved stereo perception.
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I. INTRODUCTION

In this work will be discussed some algorithms for resizing
in the DCT-domain (Discrete Cosine Transformation) and
their application for stereo image compression.

A known fact is that picture resolution directly influences
the bandwidth requirements for its transmission, so a
straightforward approach is to downsize it for purposes of
image compression. Stereo pairs consist of two similar images
intended for each eye in order to achieve depth perception.
Human vision is able to compensate the lack of higher
frequency information in one of the images if it is present in
the other [9], [7]. This allows us to downsize one of the
images before transmission and upsize it to its initial
resolution again before stereoscopic visualization. Most visual
materials in Internet and visual information systems, including
stereo image pairs, are stored in a compressed form, DCT-
based JPG format [10] being most common. So if resizing is
performed directly in the DCT frequency domain instead of
the spatial image domain, we don’t have to perform inversed
DCT (iDCT) transform, spatial resizing and DCT transform
again. Without recompression, the process is much
computationally simplified and allows for faster, on-the-fly
resizing according to the user and/or bandwidth requirements.

When considering stereo image compression, it is important
to measure how well the depth perception is preserved in the
reconstructed images. The evaluation of the reconstructed
compressed images is still an open problem. We offer
objective measure (PSNR), but it doesn’t take into account the
peculiarities of the human visual system [8]. Subjective
experiments are performed also.
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Works on DCT-resize have been published by Dugad and
Ahuja [1], Mukherjee and Mitra [2], Merhav and Bhaskaran
[3], Yim and Isnardi [4] and others. They all use implicit
iDCT — DCT conversion. A scheme of Dugad and Ahuja’s
method for 1D signal is shown below (Fig. 1).
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Fig. 1. 1D downsizing using Dugad and Ahuja’s method

We see that iDCT is performed on 4 samples instead of 8
and low-pass filtering in the spatial domain is omitted thanks
to the property of iDCT to smooth the edges i.e. we receive a
low-passed and down-sampled version of the original 8-point
block [5] with much lower computational complexity.
Similarly the up-sampling is done by padding the DCT block
with zeroes.

Our main goal is to suggest and implement an algorithm for
DCT domain resize based on this principle and apply it on
stereo pairs for compression purposes. The quality of the
stereoscopic visualization before and after compression will
be evaluated also.

II. DCT-DOMAIN RESIZING SCHEME
The developed scheme works in the following steps:

1. The stereo pair is split into two images left (L) and
right (R).

2. The leftimage blocks L; ; are sent to the decoder
without processing.
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3.

I; ; are obtained after iDCT transform in the
decoder.

The right image DCT coefficient blocks R; ; are
truncated to a smaller size, determined by the user.
The new smaller nxn (n<8, n>1) blocks Ri‘ j can have

either standard square shape or triangle shape,
proposed by the authors (Fig. 2) for energy
compaction reasons. Zig-zag scanning is performed
on the remaining coefficients. Block size and/or
shape information (up to 4 bits) is sent to the decoder
once for the whole image.

Sgquare truncation 5z5

Triangle truncation 5x5

Fig. 2 DCT block square and triangle truncation
with subsequent zig-zag scanning for n=5

258

5. The Iii’ j blocks are restored in the decoder after zig-

zag scanning using the block size information. The
truncated part is padded with zeroes — thus

R; ; blocks are obtained.

6. iDCT transform is applied on the restored to full size
R; ; DCT blocks and the reconstructed image blocks

ﬁ’ jto be displayed are obtained.

DCT and iDCT are implemented in the following form:

S(v,u) =?@iis(y, X)cos[(2x +1)ux /16]
cos[(2y +1)vz /16] o

s(x,y) = ;g%%s (v,u)cos[(2x +urx/16]
cos[(2y +1)vr /16]

Cu)=1/42 for u=0 C(v)=1/42 for u=0 @

Cu)=1 for u>0 C(v)=1 for u>0
Ii’ i and the reconstructed image blocks f, jcan be displayed

and/or joined and saved by the user. The scheme is shown on
Fig. 3.

Fig. 3 Stereo pair DCT-domain resizing scheme



I11. EXPERIMENTAL RESULTS

The scheme from Fig. 3 is implemented in Matlab 7.0.3
working environment. A PSNR evaluation module is added,

. . [ .
comparing the processed image blocks '“Jto the original

Fi right image according to Eq. 2:
2
PSNR =10 log., ['\I"\AA—?E'] - 20 log 10( MAX | j[dB] 2

+MSE
MAX | = 255
Here MSE is:
l p-1 g-1 o PN
MSE =—> > [1(i, )~ 1, j)]
~ Fig. 5 Processed stereo pair from Fig. 4.
p,qare the dimensions of the image, I'and ! - pixel
intensity values before/after processing, ranging from 0 to TABLE |
255.

A monochrome stereo pair of a juggler (resolution PSNR VALUES FOR THE JUGGLER IMAGE

784x600) has been processed (Fig. 4). 8 versions for square | DCT block size 8x8 7 6x6 5x5
and triangle truncation have been obtained. Their PSNR |PSNR (square trunc.) oo 48.6737 42.2547 37.4448
values are shown in Table 1. The graphical representation is | pSNR (triangle trunc.) 44.4462 40.0701 36.6419 33.6821
shown on Fig. 6 - PSNR as function of the DCT coefficients. .

The resulting stereo pair for n=1 (1 DCT coefficient used - | DCT Plock size ax4 3x3 2x2 Ix1
maximum compression, lowest quality) is shown on Fig. 5 PSNR (square trunc.) 33.3659 29.8392 26.5579 23.0081

PSNR (triangle trunc.) 30.9855 28.4413 25.9459 23.0081

PSNMR (dB)

Fig 4 Stereo pair of a juggler
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Generally triangle truncation yields better results, up to 5o mie Nurﬁger of SiT Saffp,es B4 de e HD
2.5dB in this case. But as we mentioned, PSNR doesn’t take
into account the subjective visual perception. Fig. 6 The dependence between PSNR and the number of DCT

o . samples. Thin line represents the proposed triangular

For the purposes of subjective evaluation the processed truncation. Thick line — square truncation.
stereo pairs are visualized using the anaglyph method, based
on color separation [6], and the shutter glasses method (we
used 120 Hz ViewSonic VX2268wm LCD screen with For n=1 stereo perception is lost and the image quality is
NVidia 3D Vision stereoscopic glasses). very bad. For n=2 stereo perception is acceptable, image

quality is still bad (noticeable pixelization). For n=3 and
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square truncation stereo perception is excellent, but image
appears somewhat blurry. Triangle truncation gives noticeable
artifacts and some pixelization, the stereo perception is good
though. For n=4 stereo perception is excellent as well as
image quality. Triangle truncation yields a bit blurrier image,
but it uses only 10 coefficients as opposed to 16 for square
truncation — the compression achieved is much better. For 5x5
DCT blocks (triangle or square) image quality is almost
indistinguishable from the original stereo pair (and at n=8
images are identical and PSNR — o),

Two of the visualized anaglyphs are shown below on Fig. 6

Fig. 6 Anaglyphs created from the stereo pairs from Fig. 4
(left-best quality) and Fig. 5 (right-best compression, worst

quality)

IVV. CONCLUSION

The DCT-scaling scheme can be applied in conjunction
with most other schemes for stereo image compression like
joint pyramid encoding, block based disparity map encoding,
pioneering block-based predictive encoding and others.
Optimal results are achieved for 4x4 and 5x5 truncation.
Reducing block size further hampers image quality first and
even stereo perception (for 2x2 block size and lower).
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