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Abstract

Still frame, gray and colour image compression is ap-
proaching an International Standard. Results from
testing the algorithm on gray level images indicate that
it performs well with respect to SNR and visual quality
at sufficiently high encoding bitrates. At low bitrates,
the reconstructed images suffer from visually impair-
ing artifacts.

In this paper, we report the results of applying var-
tous preprocessing techniques to achieve an improve-
ment in the image quality at low bitrates: Spatial Re-
duction, Gray Level Reduction, Block Rotation and
Block Ordering. By preprocessing, it is meant that
the original image is processed in a particular manner
before it is passed to the standard algorithm.

Compression of the preprocessed images resulted in
improved image quality at low bitrates as seen by the
SNR and visual quality. The proposed Reduction and
Block methods are transparent and compatible to the
Standard’s baseline algorithm.

1 Introduction

The image compression algorithm [1, 2, 3] brought
forward by the Joint Photographic Experts Group
(JPEG) is on its way to becoming approved as an
International Standard in the area of still frame, gray
and colour images. It offers advantages of reducing
a digital image’s storage requirement or transmission
time. Practical applications include colour fax, med-
ical imaging and image data bases. Other emerging
and related standards cover binary images (JBIG) and
motion pictures (MPEG).

JPEG’s algorithm accommodates gray and colour
images, multiple colour models, various pixel preci-
sions and a wide range of modes of operation. A
mode within JPEG’s algorithm, called the Baseline, is
the minimum functionality defined for all JPEG com-
pression systems. It performs compression at a user-
selectable level of compression and the degradation in
image quality is usually minimal (at low compression
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ratesg according to the observer. JPEG’s algorithm is
based on the Discrete Cosine Transform (DCT) [4, 5]
working on disjoint 8x8 blocks within the image. The
frequency coefficients produced by the DCT are quan-
tized and subsequently encoded without loss to make
up the compressed image data file. It is the quan-
tization of the coefficients which gives rise to both
compression and image degradation. The coarser the
quantization, the more degraded the reconstructed im-
age.

The decoder on the receiving side of the communi-
cai(;lion link is symmetrical and the inverse of the en-
coder.

A secondary source of error is in the implementa-
tion of the Forward DCT (FDCT) and the Inverse
DCT (IDCT). Although one of the aims of JPEG
is to have tractable computational complexity, JPEG
did not restrict the FDCT nor IDCT to any partic-
ular implementation, thus permitting various fast al-
gorithms [6, 7, 8]. Potentially, different implementa-
tions of the DCT may result in slightly different re-
constructed images. Recently, Gordon and Redemann
[9] proposed two test images to identify sources of in-
accuracy within any DCT implementation.

This article presents the results of applying four
methods for preprocessing the original input image |
with Spatial Reduction, Gray Level Reduction, Block
Rotation and Block Ordering [10] in order for JPEG
to obtain a high degree of compression yet maintain
a level of image quality which is not objectionable to
the viewer. An inverse process must be applied to
the reconstructed image from the Standard’s decoder.
Compliance with the JPEG standard is maintained.
Furthermore, the use of the methods is transparent to
the Standard.

Section 2 discusses the motivation behind the use
of Reduction and Block algorithms. Following that,
Sections 3 4, 5 and 6 briefly outline the algorithms of
Spatial Reduction, Gray Level Reduction, Block Rota-
tion and Block Ordering, respectively. Results of the
methods are covered in Section 7. Concluding remarks
are provided in Section 8.
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2 Motivation

At compressed image representation bitrates of 1.0
2.0 bits per pixel (bpp), the reconstructed images are
ezcellent or indistinguishable (from the original). In
the range of 0.5-1.0 bpp, the images are good. When
the bitrate is down around 0.08-0.5 bpp, the image
quality is moderate. The compression ratio refers the
bitrate back to the original 8 bits per pixel for gray
level images.

Some applications may be able to make use of the
low bitrate (high compression) feature but the candi-
dates are few. The reconstructed images suffer from
block artifacts at the low bitrate range because of
two reasons. First, too much spatial information is
lost when the high frequency FDCT coefficients are
coarsely quantized. Secondly, 8x8 image pixel blocks
are treated disjointly from others although the blocks
may be adjacent.

The approach taken in this article is to apply pre-
processing algorithms, such as Spatial Reduction, Gray
Level Reduction, Block Rotation or Block Ordering, to
images before inputting to the JPEG algorithm. Post-
processing of the reconstructed image is required to
restore the effects of preprocessing. Whatever infor-
mation may be lost in the preprocessing will be com-
pensated by using JPEG at a compression level which
preserves image quality quite well.

Reduction techniques transform an input image into
a similar image which requires less bits per pixel to
represent it. Obviously image degradation occurs.
However, the fewer representation bits per pixel al-
lows the JPEG algorithm to encode the reduced image
at a much higher bitrate than if the image were not
preprocessed. The benefits resulting from a higher bi-
trate are diminished block artifacts. When the input
image representation is smaller than it normally is, an
increase in the encoding bitrate will produce a com-
pressed data file which is at par with the compressed
data file from encoding the original image without pre-
processing.

Block techniques rearrange the pixels within each
8x8 block before the block is passed to the JPEG en-
coder. The effect is that the arrangement of pixels
produces FDCT coefficients which lead to higher im-
age quality upon reconstruction.

3 Spatial Reduction

The approach of preprocessing using Spatial Re-
duction on the input image involves reducing the in-
put size of the captured image and passing it to the
encoder. The encoding process takes place according
to the Standard.

On the decoder side, the compressed image data
is reconstructed as normal. The reconstructed image
will be smaller in size than the captured image. An
inverse process (expansion) must be applied to return
the reconstructed image to the full size of the original
image.

The method for obtaining a smaller image size
from an input image is the application of a commonly
known subsampling technique. The operation is sim-
ple, fast and requires no excessive computation. Given

the original image, the pixels of the subsampled im-
age consist of every other pixel along a row or column
from the original image. Subsampling from the origi-
nal image must include the pixel from the upper left
corner of the image by convention. In essence, the
subsampled image compared with the original image
is really every other pixel taken from the original.

The inverse operation to reduction is expansion; it
must return the decompressed image to the original
size. The method applied uses the interpolative filter
mentioned in the JPEG standard.

For the described pair for reduction and expansion,
the resulting image size passed to the encoder is 1/4
of the original. This allows the smaller image to be
encoded at 4 times the desired encoding bitrate. For
example, if the effective bitrate is to be 0.25 bpp, the
actual encoding bitrate used by the JPEG compres-
sion algorithm can be 1.00 bpp.

4 Gray Level Reduction

This Reduction technique operates on a similar
principle as Spatial Reduction. However, with Gray
Level Reduction, the original image’s gray level range
is modified rather than its size.

The process of reducing the information! rate is
carried out by a method called halftoning, introduced
by Peleg, et al. [11, 12]. It takes the original image
and essentially divides every pixel value by two after
slightly altering the image. What will result is an im-
age which is closest to the original, according to some
distance measure. Halftoning can be applied succes-
sively to reduce the gray level value of each pixel by
two, four, eight and sixteen.

Similar to Spatial Reduction, the altered, original
image must be restored to its former structure after
it has gone through compression and decompression.
Expansion is simply carried out by a multiplication
of the reduction factor. If, for example, halftoning is
applied successively to the original image three times
(dividing every pixel by eight), the expansion should
multiply every pixel by a scalar value of eight. Thus,
we use the terminology 8 Isb’s lost to describe the de-
gree of Gray Level Reduction since it is like losing the
information of the three least significant bits of every
pixel.

With the aim of keeping the effective encoding bi-
trate the same as the desired rate, the use of Gray
Level Reduction also increases the actual JPEG com-
pression encoding bitrate. The increased bitrate de-
pends upon the amount of halftoning applied to the
original image. Assuming an 8 bit gray image and the
degree I Isb lost, the actual bitrate is 8 + 7 times the
effective bitrate. Similarly, with 2 Isb’s lost, the actual
bitrate is 8 -~ 6 times and so the pattern continues.

5 Block Rotation

Block Rotation transforms an 8x8 pixel block
with a reversible operation, as opposed to Reduction
schemes. The rows of the block or the columns are

1t is defined in [11] as the product of the number of pixel
rows and pixel columns and the bits per pixel. For example, an
8 bit, 512x512 image has an information rate of 2,097,152 bits.
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altered with successive applications of a primitive ro-
tation operation.

Such a primitive takes a row or a column and moves
it in its entirety to the row below or the column to the
right, respectively. Rows or columns at the end of the
block move to the top row or to the leftmost column
of the block, respectively. The operation number is
the number of times a single row or column primitive
is applied. Thus an operation number of 0 means no
rotation and an operation number of 7 means 7 rota-
tions are done in succession to the same block. Other
primitives can be derived from Block Rotation Right
and Down; such as, rotation along the block’s main
diagonal and along its subdiagonal [10].

Given a default Block Rotation operation, every
block in the image has the operation applied one of 0
through 7 times. Each time the block is transformed
according to the operation and the number, the block
is immediately passed through the FDCT, coefficient
quantization, dequantization and IDCT. The SNR is
recorded for that particular operation number. When
all eight possible SNR values have been determined
and the operation number with the highest SNR iden-
tified, the block is transformed according to that num-
ber. Encoding follows as usual but the operation num-
ber is also passed to the decoder.

The decoder will reconstruct a pixel block according
to the standard. However, the associated operation
number specifies an inverse Block Rotation operation
to return the block to the original pixel arrangement.

The amount of additional information is minimal.
The primitive operation can be assumed by default.
Each block requires only 3 additional bits to identify
the operation number associated with each block.

6 Block Ordering

Block Ordering is a challenging academic problem
which offers dramatic improvement to JPEG’s algo-
rithm at low encoding bitrates. Unfortunately, no
viable solution is known at the time of writing but
the potential gains warrant further investigation. By
virtue of being a Block technique, it is reversible. The
transformation takes place on an 8x8 block before it
is input to JPEG’s algorithm.

The Block operation receives each block and sorts
the 64 pixel values into descending order. All 64 orig-
inal pixel locations are saved in an efficient form. The
sorted values are then written into the same block from
largest to the smallest value in an manner such as, for
example, row major order (suitable for C implemen-
tations). Hence, the largest pixel (duplicate values
permitted) is placed in the upper left corner of the
block. The second largest is placed to the right of the
first. The smallest pixel value would then be situated
at the lower right corner.

The sorted block is then passed to the standard
algorithm as usual. The decoder reconstructs the in-
dividual 8x8 blocks as usual. Original pixel location
information received from the encoder by the decoder
is used to unsort the pixels back to their original po-
sitions.

Block Ordering reduces the spatial frequency
within the block of 64 pixels. The individual pixel

values and the average pixel value are unaltered. How-
ever, by arranging the pixels in a row major order, for
example, the spatial frequencies and consequently the
FDCT AC coefficients are reduced. The use of FDCT
coefficient quantization would force much of the higher
order coefficients to zero. This property has been seen
with sample images [10].

7 Results

Both Reduction techniques have been applied to a
test image?. The results are compared against the
straightforward use of the Baseline mode. It has been
observed that both techniques serve to improve on the
performance of the Baseline at low encoding bitrates.
The improvements can be seen in the SNR. At bitrates
greater than a threshold, the Baseline mode surpasses
the Reduction techniques. This can be seen in the
graphs of Figures 1 and 4.

Figure 2 shows an original of an image and the
reconstructed image using the baseline algorithm.
Examples of images processed with both Reduction
schemes are given in Figures 3, 5 and 6. From a vi-
sual inspection of the Reduction preprocessed images,
compared against the straight Baseline mode, Reduc-
tion methods serve to remove (or lessen) a visually
annoying impairment such as block artifacts.

The results of Block Rotation showed marginal im-
provements over the standard algorithm. The perfor-
mance plot can be seen in Figure 7.

A dramatic result can be seen in Block Ordering.
For the sake of argument, each pixel’s original posi-
tion within its 8x8 block may require 6 bits to identify
the position. The graph of Figure 8 shows the SNR of
Block Ordering associated with the upper abscissa and
the Baseline algorithm associated with the lower. If
we can assume that the location information can be ef-
ficiently represented with a negligible amount of data,
the lower abscissa scale on the graph would be appro-
priate for both curves and a much improved SNR is
realized. In fact, the latter assumption is appropriate
for highlighting the upper boundary of improvements
to the SNR using Block Ordering.

8 Concluding Remarks

From the results presented, the use of Spatial Re-
duction and Gray Level Reduction significantly im-
proves the SNR of the reconstructed images over the
straight use of the Baseline mode. Improvement to
visual quality can be seen as well. All the benefits are
seen at the low, effective compression bitrates. After
a certain bitrate threshold, the Baseline excels.

Spatial Reduction performs well in lessening visual
impairment caused by block artifacts. The side effect
is that the reconstructed images are blurry and suffer
from a loss of edge definition due to the use of the
interpolative filter; low pass effect on the image.

Another added advantage of Spatial Reduction is
that the Baseline encodes a preprocessed image which
is 1/4 of the original size. This very fact leads to a
savings in execution of the Baseline mode. There is

2The work in [10] included two images from the JPEG test
bed and a number of bank cheque images.
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merely 1/4 of the computation of the FDCT, coeffi-
cient quantization, entropy encoding, entropy decod-
ing, coefficient dequantization and IDCT.

Gray Level Reduction also results in a gain in SNR
and visual quality. Again the gain is at low, effective
encoding bitrates and tends to fall below the Baseline
system after a certain threshold. With the degree of
reduction at I Isb lost, the improvement in SNR and
visual quality is not very significant because of the
marginal increase in the encoding bitrate. At the other
end, reduction at 4 Isb’s lost leaves the reconstructed
image with false contours because the reconstructed
image has only 16 remaining gray levels.

The use of Gray Level Reduction does not reduce
the execution time of the Baseline. In fact, added
processing on top of the Baseline mode is required to
perform the reduction and expansion aspects of the
algorithm.

The use of Block Rotation always found the opti-
mal improvement in SNR, according to the method,
over the use of the Baseline mode. However, the gain
is marginal. The other drawback is that the method
is computationally intensive in the encoder in deter-
mining the optimal Block Rotation operation number
for each block. The decoder’s computational intensity
is much less of an increase.

Block Ordering offered the most potential in im-
provements to the SNR and visual quality . At the
time of writing, there is no efficient implementation
to pass each pixel’s original location from the encoder
to decoder. If such information can be stored with
negligible data, then the plot of the SNR, as seen ear-
lier, defines the upper bounds on the gain in SNR.
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Figure 1: Spatial Reduction Comparison
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Figure 4: Gray Level Reduction Comparison
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Figure 7: Block Rotation Comparison
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