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Image Browse for JPEG Decoder
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Abstract
Due to expected wide spread use of DCT based image/video coding standard, it is advantageous to process
data directly in the DCT domain’ rather than decoding the source back to the spatial domain. The block
processing algorithm provides a parallel processing method since multiple input data are processed in the block
filter structure. Hence a fast implementation of the algorithm is well suited. In this paper, we propose the JPEG
browse by Block Transform Domain Filtering(BTDF) using subband filter banks. Instead of decompressing the
entire image to retrieve at full resolution from compressed format, a user can select the level of expansion

required? x 2%). Also this a proach reduces the computer cpu time by reducing the number of multiplication
p

through BTDF in the filter banks.
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I. Introduction

Direct transform domain processing removes the
necessary of inverse transform and reduces the amount
of computation comparing to time domain processing.
Block processing algorithm provides a parallel processing
method since multiple input data are processed in the
block - Block

Filtering(BTDF)[1][4][S] provides an approach suitable

filter  structure. Transform  Domain
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for processing of JPEG coded image and other block
base coded video. This paper focuses on JPEG browsing
using BTDF in subband filter banks. The purpose of
BTDF is to process data directly in the DCT domain.
Since the number of nonzero elements after quantization
is significantly smaller than in spatial domain, we can
save on the number of multiplications as well as
computer cpu time. The DCT coefficients of input data
for filter banks are retrieved through proper inverse
quantization at JPEG decoder[2]. We briefly review the
BTDF
computational complexity of subband filter banks using

the BTDF.

in section 2. In section 3, we analyze the

In section 4, the BTDF based approach to
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the subband decomposition and reconstruction  are of the BTDF are given as
introduced. Computer simulation results are discussed and B = BmT'l, m = 0,1, --- M %)
conclusions are given in section 5. Finally, we get the desired BTDF as follow.

v = BoXi + BiXio + -+ + BamXiom 6)

1. Block Transform Domain Filtering(BTDF)

The BTDF can utilize any block transform data for

equivalent spatial domain processing. In the JPEG

browser application, DCT coefficients are input to the
filter banks and  outputs are the spatial domain data.
Since the number of nonzero DCT coefficients are small,
the amount of computation is significantly smaller than
the equivalent spatial domain filtering. For the
completeness of the presentation, we briefly introduce
BTDF. The transfer function of an N-th order FIR

filter is represented as

Y(2)
X(2)

input and output

H(z) = by + byz" + -~ + bz = B(z) =

6]

The Z-domain
Y(z) =

relationship of the

signals s B(z)X(z) or the time domain
representation is y(n) = &(n) * x(n), where b(n) = b,, n
= 0,0, --- ,N are real coefficients of B(z). The block

matrix equation'” is given by
@

where xi, yx and B; are the block input, the block

Ve = Boxy + BiXk1 + -+ + BuXim,

output and the block filter coefficients respectively. Also,
M is the block filter order. Applying the Z-transform to
the above equation with respect to the block index k, a
Z-domain relationship between input and output vectors
is obtained as

Y(z) = (Bo + Biz' + - + Buz™)X(z) 3)
The block transfer function in the sampled z-domain is
given by

H(z) = By + Biz' + - + Byz™ @
The block FIR filter equation (4) can be represented
using the relation X = Tx or x = T'X, where T is the
forward DCT transform kernel. Direct substitution gives

the block transform domain transfer function,

Y =
H(2)X(z) where H(z) = H(z)T'l. The matrix coefficients

on

The direct form structure in the block transform domain
is shown in Fig. 1.

Equation (6) means that the DCT input data, X are
directly processed in the BTDF without the inverse DCT

of input data.
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Fig. 1. FIR direct form of BTDF

[1I. Computational Complexity of Wavelet

Transform

The 1-D BTDF developed in section 2 can be directly
applied to 2-D image blocks for wavelet transforms. A
single 2-D forward wavelet transform of an image is
accomplished by two separate horizontal and vertical 1-D
transform. The input 2-DCT image Vo(x,y) as shown
Fig. 2 from the JPEG/MPEG decoder is first blocked by
a blocking mechanism and then filtered along the x
dimension, resulting in a low pass image and a high
pass image. Both images are then filtered along the y
dimension, resulting in four subimages. The way to
count the number of multiplications for BTDF in this
section is as follows; Let us consider a p X p input
DCT image and an N-tap separable FIR filter with block
size L. The number of multiplications for column and

row filtering in one band are given by
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r,=1L* ‘Z:][( ;_z‘o(nq,k,o + gty o Ngy0,m)

+ ﬁl(nq,l,o + Mgkt + o0+ ngou))] (7)

where,

L : block size

M : Block filter order

p:p X p DCT input image size
ne,np : the number of blocks per column and row
Ng,ksiNg,li © the number of nonzero coefficients of k-th
block image in g-th column and I-th blocked image in

g-th row.

Block Transform Domain Filtering(BTDF)

DCT input
Vo (xy)

forward wavelet transform using BTDF

IV. Image Browse using Subband

Decomposition

In this section, we explain how to get the browsing
image from the DCT compressed format. We can get
the DCT coded source between the Dequantizer and the
IDCT from JPEG decoder for the DCT input data of
filter bank as shown Fig. 3.

After BTDF and unblocking signals, we can downsample
each of the filtered images in the x dimension by 2 and
also y dimension by 2 without loss of information,
resulting in four subimages. Note that all filtering
process except the BTDF of first decomposition stage is
same as the conventional 2-D block filtering process in

subband filter banks. Also, the filters in the filter banks

98)
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are satisfied by a paraunitary perfect reconstruction
conditions. We can see that the decomposition provides
subimages corresponding to different resolution levels.
We get the browser image (2N X 2N) at synthesis part
whenever we need it as shown Fig. 3. The user can
select up to the entire image at full resolution. Note that
since the filter banks guarantee the perfect
reconstruction, the full resolution image is same as the

output of JPEG decoder.

DCT-Based Decoder

Entrapy » ol Conventional
[: Decoder R JPEG Outpat
A 3
[ 4 [ 1|
Image Daia Table Table
Specification Specification
jete  Browser Point
B Conventional
T | Browser Point 2
Subband *
D .
F . Filter Banks .
F—=  Full Resolution
Fig. 3. Structure of JPEG Browse

V. Simulation Results and Conclusions

The experiments are presented to test the proposed

algorithm. The filters used to compute the wavelet

coefficients are Daubechies 4-tap filters”.

256 x 256

Test images,

"lena" and "airplane” are used. In this
example, the block size L is equal to 8, the block order
M is equal to 2, and the number of block for column
n. and row m, are equal to 32. Table 1 shows the
relative computational complexity for BTDF based on
the number of multiplications of the spatial domain
block filtering. The number of multiplications in the
BTDF are less than those of spatial domain block
filtering at same quantization scale, Q-i(i=1, 2, 3) which

means the degree of quantization in the JPEG coder for



the original image. For example, at Q-1 quantization
scale, 0.19 bpp for lena image case, the columns of the
blocked DCT image are filtered with H(x) in Fig. 2.
The number of multiplications per column filtering are
35200. Then the rows of the blocked intermediate
signals are filtered with FI(y). The number of
multiplications per row filtering are 233792. So, the total
number of multiplica'tiohs for one band by equation (7)
are 268992. Similarly, repeating it for other bands, we
get 1.075M multiplications in Table I. for overall bands.
The number of multiplications in the spatial domain
block filters are similarly done including the inverse
transform. Since we have quantized DCT data for
storage or transmission purposes, we can save
multiplications through the BTDF. Also, we measured
the computer cpu execution time comparing BTDF to
spatial domain block filtering on SUN 4 unix systems.
The results are shown in Table 2. Especially, we could
save about 10 seconds(25%) for Q - 1 scale quantizer.
As shown in Fig. 4, we can get the different browse
size at the end of synthesis part. We can see a
difference in the blocking artifacts from various sizes of
browse images because as the browser get smaller, we
can barely see the blocks. Also the proposed algorithm
can be applied to wireless communication through the
progressive transmission scheme of wavelet transcoding
of JPEG or MPEG.

Table 1. Block time domain filtering and BTDF for

quantized image(M : mega)

spatial domain BTDF
block filtering (relative complexity %)
Q-1 Q-2 Q-3 Q-1 Q-2 Q-3
1.075M |2.836M | 5.946M
lena | 8.491M |8.684M 9.100M
(12.7) | (32.7) | (65.3)
air 1.121M | 2.850M|5.876M
8.521M|8.759M |9.111M '
plane (13.2) | (32.5) | (64.5)

Image Browse for JPEG Decoder
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Table 2. Computer cpu execution time(seconds)
spatial domain
. BTDF
test image block filtering
Q-1 1 Q2] 0Q3 | Q1 | Q2] Q3
lena 39.35 | 39.98 | 41.17 | 29.65 | 33.28 | 39.80
air plane | 39.51 | 40.22 | 41.42 | 29.80 [ 33.47 | 39.55

PSNR : 32,91 db at 0.904 bpp PSNR : 33.95 db at 1.022 bpp

Jpeg decoder output Jpeg decoder output

Browser point 1 " Browser poiat 1

Browser point 2 Browser point 2

Browser point 3 Browser point 3

Fig. 4. Examples of JPEG Browse
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