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Abstract—Medical image compression is an active research
area owing to the growth of the volume of medical image data in
digital form. A method for lossless compression of medical images
was proposed using logic minimization. The grayscale medical
image is split into bit planes, and each bit plane is divided into
blocks of fixed size, e.g., 8 X 4. The binary bit stream resulting
from each of these blocks is treated as the output of a Boolean
function, and logic minimization is attempted for a compact form.
If this step fails to give a compact representation, the bits are
stored as such. In this study, an extendable framework for lossless
compression of medical images is presented. The bit plane is
adaptively divided using a Quadtree to capture large uniform
areas as leaf nodes. The non-uniform blocks at the leaf node are
subjected to a logic minimization approach, as in the case of fixed-
size blocks in previous related work. To improve the result
further, the original image is gray-coded as a pre-processing step.
On the bit plane, an XOR operation is done for the current block
with the neighboring block for redundancy removal. This
framework allows further exploration with the incorporation of
other Boolean function representation techniques to enhance the
compression.

Keywords—Medical image compression; lossless compression;
Quadtree; logic minimization; bit plane encoding; XOR operation;
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L INTRODUCTION

Medical images such as X-rays[1], CT scans [2], and MRIs
[3] contain critical diagnostic information and therefore must
be stored and transmitted withoutany loss of information [4].
As healthcare systems increasingly rely on digital imaging, the
volume of medical data has grown manyfold, creating
challenges in storage, network bandwidth, and real-time
clinical access. This has seen the lossless compression methods
gain prominence in this area since they are used to maintain
image fidelity as well as to decrease size and thereby enable
efficient telemedicine workflows, long-term archival, and
quickerretrieval of information in hospital information systems
[5]. Close to perfect compression ratios and at the same time
containingno loss is an unsolved research problem, particularly
when it comes to heterogeneous medical imagery, with

different textures and intensities. This study proposes a lossless
framework of medical image compression that builds upon
Quadtree-based [6] spatial decomposition together with
Boolean logic minimization. The gray coding method is used
on the input grayscale image in order to increase the inter-pixel
correlation across bit planes [7]. A hierarchical Quadtree
structure is then used to process each bit plane, starting with a
64 x 64-block then a 32 x 32 block, and then further on 16 x
16, and then finally an 8 x 8 block, depending on block
uniformity. The leaf-level code produced during this
decomposition is coded with the ESPRESSO logic minimizer
inorderto leverage theredundancy between binary patterns [8].
There are also blocks that fail to minimize well; these blocks
are considered to be incompressible. In such situations, to
further reduce entropy, an XOR-based prediction step is then
used, with each incompressible block being XORed with its
spatial neighbor to extract further regularity. The blocks that
have been XOR-processed are then minimized with
ESPRESSO, and blocks that return compression coded in this
manner. The blocks that fail to yield compression shall be
coded as incompressible. The suggested hybrid loss-less
compression scheme, consist of gray-coding, multi-level
Quadtree partitioning, logic minimization, and XOR-based
refinement, is a customized scheme for medical images [9].
With the rise in the need for efficient handling of medical data
in a modern healthcare setting, this stratified structure will
strive to achieve maximum compression ratio, as well as pixel-
perfect reconstruction to meet the increasing demands. The
compression can also be optimized by incorporating any other
methods to the incompressible blocks at the leaf level through
this framework.

1L RELATED WORK

A Quadtree is a hierarchical representation or structure,
which recurrently divides an image into smaller and smaller
parts[10, 11, 12]. Each block is checked at every stage to find
out if the pixels of every block are of the same binary value. In
such a way, the block turnsinto a leaf, otherwise it is divided
into four equal quadrants, as illustrated in Fig. 1.
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Fig. 2. Function generation and logic coding.

The adaptive representation enables the representation of
large homogenous areas by a fewnodes, which does notrequire
the storage of redundant pixel data. Thus, for a binary image of
size 2"x2"_the entire region forms the root of the Quadtree, and
subdivisions continue until each leaf contains only Os or only
Is. Images with large homogeneous areas naturally stop at
higher levels of the tree, producing a compact description. In
this framework, the grayscale input image (8 bits per pixel) is
first separated into eight bit-planes, from the least significant
bit so to the most significant bit s7. Each bit-plane is there- fore
a binary image that captures one layer of intensity information.

The Quadtree process is then applied to every bit-plane
independently. Initially, each plane is divided into non-
overlapping 64 x 64 blocks. Thisblock size is chosen under the
assumption thatuniform regions are unlikely to extend beyond
this scale. Each of these 64 x 64 blocks becomes a Quadtree
root and is examined for uniformity. If the block is not
homogeneous, it is subdivided to 32 x 32, and subsequently to
16 x 16 and 8 x 8, depending on the spatial variation of pixels
[13].
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Fig. 3. Format of compressed image.

At the 8x8 stage, a change is incorporated. Rather than the
Quadtreeprocess,any non-uniform 8 X8 block s furtherdivided
vertically to two 8 x 4 blocks. This is refined to capture to
vertical structures and narrow column-oriented features thatare
seen in medical images. In lower bit-planes (s0-s3), these 8 x 4
regions often contain fine-grain details resembling noise, while
in the higher bit-planes (s4-s7), they tend to preserve strong
anatomical edges [14]. This stage prepares the binary data for
logic minimization more effectively. Each 64 x 64 region is
tested to ensure the Quadtree-based representation is actually
beneficial. If the compressed representation produced by the
Quadtree requires more bits than simply storing the block row-
wise, the original block is kept instead. A single flag bit is
stored to indicate whether Quadtree coding was used:

e 0 —the block is compressed using Quadtree rules
e | —the block is stored directly as raw pixels

Two bits are used at each internal node of the Quadtree to
indicate the nature of the region:

e 00 —region is entirely black

e 01 —region is entirely white

e 10 —region requires further subdivision

e 11-Ileafnode (special handlingbegins atthe 8 x 8 level)

For a mixed region, subdivision continues until the 8 x 8
scale is reached. At this point, the region is split into two 8 x 4
blocks, and each 8 X 4 block is classified using two bits:

e (00— block is all black
e (01 —block is all white
e 11 -Dblock contains mixed pixels and must be encoded

For mixed 8 x 4 blocks, the corresponding 32 -bit pattern is
encoded using Boolean logic minimization through the
ESPRESSO  algorithm. If ESPRESSO produces a
representation shorter than the raw block, the minimized form
is stored and marked using:

e (- logic coding successful

If the minimizer is unable to reduce the block size, raw pixel
data is stored instead:

e 1 —logic coding unsuccessful; retain original bits

Such a combinationof multi-level Quadtree decomposition,
non-uniform 8x8 areas being treated with special care and
Boolean minimization allows the representation of structured
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and unstructured regions in the image to be made efficient and
ensure that compression isno higher than the cost of storing the
raw block.

A. Logic Coding

Jacobetal. [15] proposed an extension of the block-based
binary image codingto the use of logicminimization principles.
A grayscale image s split in their method into single bit-planes
and each bit-plane is divided into blocks n x m size, both
dimensions beingpowers of two [ 16]. Each block would belong
to one of three groups, namely, all-black, all-white, and
interracial. Short predetermined codes are assigned to uniform
blocks, whereas mixed blocks get translated into switching
functions and simplified using ESPRESSO logic minimizer
[17]. The technique makes sure that only minimization causes
compression of the number of bits; in case the original block
cannot be compressed, the original block is kept [18].

The pixel positions are mapped to minterms by a process
known as gray coding, such that adjacent pixels in the image
can be translated to adjacentones in the truth table [19]. This
neighboring adds the probability of cube combining in the
entity of minimization. In order to maintain this adjacency
between rows, the algorithm switches forward and reverse
scanning of rows [Fig. 2(a)]. Logic minimization [20] is
sometimes capable of encoding a block of 32 pixels with a
significantly smaller number of bits than necessary, e.g.,32 bits
to around 15 bits, together with any overhead. The conversion
of a 4x8 block into a five-variable switching function, the
associated Karnaugh map groupings [21], and the number of
alphabets in an ON-set and OFF-set cube, respectively, are
shown in Fig. 2 [22]. There is always a frequency of cube
occurrences and, based on these, prefix codes like 0, 10, and 11
are given to cube types [Fig. 2(e)]. The format of encoding of
every block of bit-planes is shown in Fig. 3. A two-bit header
identifies the block type:

e 00 for all-black blocks

e 01 for all-white blocks

e 10 for blocks successfully minimized
e 11 for blocks where minimization fails

In the case of incompressible blocks (type 11), original nm
bits are simply stored at the end ofthe header, [23]. Another bit
is used to show whether the best ON-set or OFF-set
representation has been chosen in compressible blocks. A
further code allocation step (summarized in Table I) uses a p-
bitfield, whose size varies from 1 to 6 dependingon the block’s
minimization characteristics.

TABLE. I. PREFIX CODE ALLOTMENT TO SYMBOLS
Code Allotment
Allotment Indicator
0 1 X
0 0 10 11
10 11 0 10
11 10 11 0

The pixel values are replicated through an annual
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assessment of the minimized cubes on all minterms of the block
during decoding. One of the pixels is given a one in the end of
a minterm held by any cube in the ON-set; a zero in the end of
a minterm held by the OFF-set, or at the end of a minterm not
subsumed by any RAM-ON cube. This subsuming cube- based
reconstruction approach guarantees that the representation by
the compression creates the binary framework of the block
accurately (once the binary structure) [24].

1I1. PROPOSED METHODOLOGY

The suggested approach (illustrated in Fig. 4) starts with
changing the input grayscale picture into its Gray-coded
counterpart, suchthatadjoiningintensity levels are a singlestep
apart [25]. The changes make the binary transitions seen within
the bit-planes more continuous to allow an even more
compressible representation. The source pixel addresses with
adjacent pixels represented by one bit difference are mapped
to pixel positions using gray coding to allow those pixels to
be packed in a narrow band together. The significance of this
property is that it conserves the locality of space when a pixel
block is viewed as a Boolean function [26]. As an example, a
pixel value of 120 (binary 01111000) gets converted to gray
code 01000100, the neighboringvalue 121 (binary 01111001)
becomes 01000101, indicating that there is a change in the
value of only a single bit between neighboring pixels. The
Gray-coded image is then decomposed into eight bit-planes,
each containing the 0t to 7t bit of all pixels. Since each bit-
plane is now a binary image, further processing is performed
independently on every plane. To capture spatial uniformity
effectively, each bit-plane is divided into non- overlapping
blocks of size 64x64. Every block serves as the root of a
quadtree and is recursively split into 32 x 32, 16 x 16, and
finally 8 x 8 regions. The splitting of an image recursively is
shown in Fig. 5.

A block becomes a leaf whenever its pixels are uniform;
otherwise, subdivision continues. This hierarchical partitioning
concentrates detailed processing only on non-uniform regions
while compactly representing large homogeneous areas. Once
the 8 x 8 level is reached, the block is considered the
fundamental unit for logic-based encoding.

Each non-uniform block at the finest level is treated as a
Boolean switching function whose output corresponds to the
binary values of the n x m pixels in the block [28]. The block is
mapped to a functionofloga(nm) variables,and the widelyused
ESPRESSO logic minimizer is employed to reduce the number
of cubes required to represent this function. Blocks for which
minimization yields a reduction in bit count are stored in
compressed form, while the remaining ones are labeled as
incompressible and preserved in their original pixel format.

Vol. 17, No. 2, 2026

To further reduce the number of blocks that remain
incompressible after the first round of logic minimization, an
XOR-based refinement step shown in Fig. 6 is applied. This
step uses a left-predictor model, where each block is predicted
usingits immediate left neighbor. Let B(i, j) be the currentblock
inrow i and columnj, and B(i, j — 1) be the block to its left. The
residual block is computed as:

The first block in every row, B(i, 0), has no left neighbor;
therefore, prediction cannot be performed and the block is
retained in its original form [29]. When neighboring blocks
share similar structures, which is typical in medical images, the
XOR operation cancels out the common patterns and produces
aresidual with a larger number of zeros. For example, consider
a left block L and the current block C from a bit plane:

L=10110110
C=10100111
The XOR residual R is obtained as
R =L & C = 00010001.

The resulting residual block contains long runs of zeros,
which makes it more suitable for subsequent minimization
using the logic-based compression stage. The residual block
R(i, j) is therefore passed through ESPRESSO for a second
minimization attempt. In the proposed Scheme, heterogeneous
leaf blocks are encoded using a compact header structure to
indicate the applied transformations. For leaf blocks of size 8 x
8, a one-bit XOR headeris first used to signal whether left
predictive XOR has been applied betweenthe current block and
its immediate left neighbor, and logically minimized.

e 1:indicates that the XOR transformation is performed
e 0: denotes that the original block values are retained

After the XOR operation, the resulting block is subjected to
Boolean logic minimization [27] using the ESPRESSO
algorithm. After that, a one-bit storage type header is employed
to show the state of whether the block is held as raw pixels or
as minimized Boolean cubes.

e 1:represents raw storage
e 0: denotes logic-minimized representation

This combined encoding of Gray encoding, adaptive
Quadtree partitioning, and separable steps of logic
minimization with refinement of XOR is to improve
compressibility without any relationships to the image being
altered during the encoding process to maintain the lossless
input of the reconstructed image.
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A. Decompression Process

During decompression, each bit plane is reconstructed by
decoding the compressed blocks in the same sequence used
during encoding [29]. For blocks classified as all-black, all-
white, or incompressible, recovery is direct since their pixel
values were stored without applying logic minimization. For
logic-coded blocks, the minimized switching function
associated with the block is first rebuilt. The encoded data
provide the block type, the phase bit, and the symbol-to-code
mapping, from which the minimized ON-set or OFF-set cubes
are recovered. Once these cubes are obtained, the switching
function is expanded back to its truth-table form using cube
subsuming: each minterm generated in Gray-code order is
checked against the recovered cubes. A minterm that is
contained within any cube of the ON-set is assigned a pixel
value of 1, whereas a minterm subsumed by a cube of the OFF-
setis assigned 0. Minterms not covered by the minimized cubes
receive the complementary value. These values are then placed
in their respective positions in the block, producing the

reconstructed binary region and is depicted in Fig. 7. For blocks
that underwent XOR-based refinement during compression, an
additional reversal step is applied, as shown in Fig. 8. Because

XOR is self-inverting, the original block C;is reconstructed by

XOR-ing the decoded residual block R™i with its left predictor
Li:

Ci =Li © Ri 2)

Only the first block of each row omits this step, as it was

stored directly during compression [30]. By combining logic-

coded reconstruction with XOR reversal, each bit plane is
recovered exactly as in the original grayscale image.

IV. RESULTS AND DISCUSSION

The experimental evaluation was carried out on grayscale
X-ray images (shown in Fig. 9) to examine the compression
performance of the proposed multi-stage coding scheme which
was carried out using Python version 3./3.3 on a Linux
platform. Various images which are used here are collected
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The compression efficiency was evaluated using the

compression ratio, defined as:
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The compression ratios reported in this section, as shown in
Table II, reflect the pure logic coding technique [ 15]. Adaptive
segmentation technique [32] and cumulative effect of Gray
coding [33] adaptive block partitioning, logic minimization,

Compression Ratio = and XOR-based residual processing is compared with standard
(Size of original image)/ PVRG-JPEG Lossless [34] compression technique available.

(Size of Compressed image)(3)

I Fized Block Size
[ Adaptive Segmentation

I Gray Coding-X0R

PVRG-JPEG (Lossless)

I Fiz=d Block Size

[ Adaptive Segmentation
I Gray Coding-XCOR
[IFVRG-JPEG [Losslasg)
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[ Adaptive Segmentation
I Gray Coding-XO0R

[IPVRG-JPEG [Lossless)

(c) Image 3
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Fig. 9. X-Ray images used for compression.
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Fig. 10. Comparison of compression efficiency, time, and decompression time for different compression methods.
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TABLE. II. SUMMARY OF COMPRESSION RESULTS
Image | Image 1 | Image 2 | Image 3 Image 4
Logic Coding with Fixed Block Size
Compression Ratio 1.97 1.67 1.52 2.17
Compression Time (s) 63.8 121.2 108.8 106.5
Decompression Time (s) 041 0.97 0.67 0.87
Logic Coding with Adaptive Segmentation
Compression Ratio 1.99 1.61 1.51 2.13
Compression Time (s) 70.7 1433 1173 91.58
Decompression Time (s) 0.54 1.21 1.06 1.00
Gray Coding—XOR Technique
Compression Ratio 2.24 1.94 1.81 2.30
Compression Time (s) 72.90 137.04 120.60 121.71
Decompression Time (s) 0.93 2.27 1.75 2.07
PVRG-JPEG (Lossless)
Compression Ratio 1.12 1.08 1.08 1.12
Compression Time (s) 0.02 0.03 0.03 0.03
Decompression Time (s) 0.001 0.001 0.001 0.01

For bit-plane s6 of image 1 (as shown in Table III), the
Quadtree analysis at the 64 x 64 level shows that 32.50% of
blocks are all-black, while no all-white blocks are observed,
indicating the presence of large uniform dark regions but
absence of bright uniformregions at this scale. The remaining
67.50% of blocks are mixed and therefore require further
Quadtree subdivision. At the 32 x 32 level, the percentage of
all-black blocks reduces to 18.52%, and all-white blocks
increase slightly to 2.56%, while 81.48% of blocks remain
mixed, suggesting that significant structural variations still
persist. When the block size is reduced to 16 x 16, the
proportion of homogeneous blocks in- creases to 16.76% all-
black and 2.56% all-white, and the mixed blocks reduce to
80.68%, indicating gradual isolation ofuniform regions. At the
final 8 x 8 level, 15.67%blocks are all-black and 8.80% are all-
white, while a dominant 75.53% blocks become leafnodes and
are forwarded to the logic minimization stage. After applying
the ESPRESSO logic minimizer on these 8 x 8 leafblocks, only
43.63% of blocks are identified as compressible, whereas
56.37% remain incompressible, showing that despite spatial
uniformity, logical redundancy is insufficient in many blocks
of this higher bit-plane. To further improve compression, left-
neighbor predictive XOR coding is applied to these
incompressible blocks, followed by a second pass of logic
minimization. After XOR, the compressible block percentage
becomes 5.53%, while 94.47% blocks still remain
incompressible, indicating that although XOR introduces some

decorrelation [31] and simplification, the dominant edge and
anatomical structures present in the s6 plane limit further
Boolean simplification [35]. This behavior is expected for
higher bit-planes, where major structural information is
preserved, making them less amenable to logic-based
compression even after predictive coding. Table Il to Table VI
shows the statistics of all four images. Fig. 10 compares four
approaches to compressing an image: Fixed Block Size,
Adaptive Segmentation, Gray Coding-XOR, and PVRG-
JPEG (Lossless). The figure is made up of three subplots,
which show different performance measurements of each
method. The first subplot shows the compression ratio that
shows the efficiency of each method in reducing the image
size. An increased compression ratio implies increased
compression efficiency. The second subplot depicts the
compression time which is the duration every method
requires to compress the images another important aspect
when comparing the speeds of compression techniques. The
third subplot revolves around the decompression time as it
shows the time needed to restore the images back to their
original state. This ratio is most suitable when the
application requires details that are real-time. In
combination, these subplots present the in-depth evaluation
of the compression effectiveness of each approach,
processing speed, and decompression effectiveness of each
approach, which is of great importance in terms of
identifying which one to use in each practice.

TABLE. III. OVERALL STATISTICS FOR IMAGE 1 (PER CENT VALUES)
Block Level Code Type s0 sl s2 s3 s4 s5 s6 s7
All Black 17.50 17.50 17.50 20.00 25.00 26.25 32.50 37.50
64x64 All White 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.00
Quadtree 82.50 82.50 82.50 80.00 75.00 73.75 67.50 57.50
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All Black 13.64 13.64 13.64 12.11 10.00 14.83 18.52 7.07
32x32 All White 0.00 0.00 0.00 0.00 0.00 0.50 2.56 6.52
Quadtree 86.36 86.36 86.36 87.89 90.00 85.17 81.48 86.41
All Black 7.13 7.35 7.57 7.33 6.94 14.30 16.76 11.79
16x16 All White 0.00 0.00 0.00 0.00 0.12 0.50 2.56 10.22
Quadtree 92.87 92.65 9243 92.67 92.94 85.20 80.68 77.99
All Black 3.63 4.11 433 4.62 8.19 13.83 15.67 14.77
3x8 All White 0.00 0.00 0.00 0.27 3.21 3.61 8.80 14.82
Leaf Node 96.37 95.89 95.67 95.11 88.61 82.55 75.53 7041
Compressible Blocks 0.77 1.51 7.47 16.74 23.21 35.83 43.63 40.87
Incompressible Blocks 99.23 98.49 92.53 83.26 76.79 64.17 56.37 59.13
Post-XOR Logic Minimization Applied to the above Incompressible Blocks
Compressible Blocks after XOR 0.03 0.06 0.20 1.04 1.53 2.28 5.53 3.39
Incompressible Blocks after XOR 99.97 99.94 99.80 98.96 98.47 97.72 94.47 96.61

For the compressible blocks, the distribution of ON-set and
OFF-set cubes is computed. Between the two, the smaller setis
chosen for encoding to ensure a more compact Boolean
representation. This adaptive selection contributes to improved
compression efficiency without increasing reconstruction
complexity. Although in higher bit planes, pixel values mainly

represent sharp edges and major structural boundaries.
Applying left-predictive XOR across such edges produces
irregular residual patterns, which reduces block uniformity and
limits the scope for Boolean minimization. As a result, some
MSB planes show a slight negative gain in compression after

XOR.

TABLE.IV. QUADTREE STATISTICS FOR IMAGE 2 (PER CENT VALUES)

Block Level Code Type s0 sl s2 s3 s4 s5 s6 s7
All Black 0.00 0.00 0.00 0.00 0.00 26.52 31.06 51.52
64x64 All White 0.00 0.00 0.00 0.00 1.52 0.00 6.06 0.00
Quadtree 100.0 100.0 100.0 100.0 98.48 73.48 62.88 48.48
All Black 0.00 0.00 0.00 4.17 0.00 7.99 8.73 26.56
32x32 All White 0.00 0.00 0.00 0.00 6.35 0.26 9.34 0.00
Quadtree 100.0 100.0 100.0 95.83 93.65 91.75 81.93 73.44
All Black 0.00 0.00 0.33 7.61 1.28 12.92 6.43 30.32
16x16 All White 0.05 0.57 0.85 1.14 8.83 1.47 16.64 4.52
Quadtree 99.95 99.43 98.82 91.25 89.89 85.60 76.93 65.16
All Black 0.14 0.98 5.43 8.34 5.14 12.65 8.81 32.24
3x8 All White 1.08 231 243 4.62 12.11 8.31 18.76 11.28
Leaf Node 98.78 96.71 92.14 87.05 82.75 79.04 7243 56.48
Compressible Blocks 9.26 14.55 20.14 21.33 31.99 34.85 43.15 4291
Incompressible Blocks 90.74 85.45 79.86 78.67 68.01 65.15 56.85 57.09
Post-XOR Logic Minimization Applied to the above Incompressible Blocks
Compressible Blocks after XOR 0.23 041 0.63 1.35 1.39 2.25 2.64 3.96
Incompressible Blocks after XOR 99.77 99.59 99.37 98.65 98.61 97.75 97.36 96.04
TABLE. V. QUADTREE STATISTICS FOR IMAGE 3 (PER CENT VALUES)
Block Level Code Type s0 sl s2 s3 s4 s5 s6 s7
All Black 0.00 0.00 0.00 0.00 0.00 0.93 14.81 38.89
64x64 All White 0.00 0.00 0.00 0.00 0.93 3.70 8.33 0.00
Quadtree 100.0 100.0 100.0 100.0 99.07 95.37 76.85 61.11
All Black 0.00 0.00 0.00 0.00 0.00 291 16.57 28.79
32x32 All White 0.00 0.00 0.00 0.00 1.87 12.14 20.18 7.20
Quadtree 100.0 100.0 100.0 100.0 98.13 84.95 63.25 64.02
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All Black 0.00 0.00 0.00 0.29 3.33 6.29 14.88 2322
16x16 All White 0.00 0.00 0.00 0.00 5.48 12.50 19.52 9.76
Quadtree 100.0 100.0 100.0 99.71 91.19 81.21 65.60 67.01
All Black 0.00 0.00 0.06 2.18 6.61 12.95 16.61 2539
8x8 All White 0.00 0.00 0.07 223 10.51 11.81 20.05 12.36
Leaf Node 100.0 100.0 99.87 95.59 82.88 7524 63.34 62.25
Compressible Blocks 0.06 3.33 20.53 38.20 41.99 4237 38.42 49.02
Incompressible Blocks 99.94 96.67 79.47 61.80 58.01 57.63 61.58 50.98
Post-XOR Logic Minimization Applied to the above Incompressible Blocks
Compressible Blocks after XOR 0.00 0.06 0.08 0.48 0.73 1.13 1.55 3.13
Incompressible Blocks after XOR 100.0 99.94 99.92 99.52 99.27 98.87 98.45 96.87
TABLE. VI. QUADTREE STATISTICS FOR IMAGE 4 (PER CENT VALUES)
Block Level Code Type s0 sl s2 s3 s4 s5 s6 s7
All Black 11.11 12.05 13.19 12.50 12.50 12.50 13.19 28.47
64x64 All White 0.00 0.00 0.00 0.00 0.00 0.00 4.86 0.00
Quadtree 88.89 87.50 86.81 87.50 87.50 87.50 81.94 71.53
All Black 9.18 9.13 9.00 9.72 9.92 10.12 11.23 24.76
32x32 All White 0.00 0.20 0.20 0.40 0.40 1.98 13.35 1.70
Quadtree 90.82 90.67 90.80 89.88 89.68 87.90 7542 73.54
All Black 7.20 7.82 7.71 7.89 8.08 9.09 11.52 25.58
16x16 All White 3.33 542 5.78 5.68 6.36 13.71 19.66 14.69
Quadtree 89.46 86.76 86.51 86.42 85.56 77.20 68.82 59.74
All Black 5.03 6.15 6.52 6.77 9.63 12.61 15.97 30.39
3x8 All White 4.52 498 5.19 548 8.14 1851 20.18 14.12
Leaf Node 90.44 88.87 88.29 87.76 82.22 68.88 63.85 55.49
Compressible Blocks 4.73 4.54 13.30 31.12 36.00 40.57 4427 50.90
Incompressible Blocks 95.27 95.46 86.70 68.88 64.00 59.43 55.73 49.10
Post-XOR Logic Minimization Applied to the above Incompressible Blocks
Compressible Blocks after XOR 0.09 0.06 0.42 0.62 1.31 2.07 343 342
Incompressible Blocks after XOR 9991 99.94 99.58 99.38 98.69 97.93 96.57 96.58

Overall, the results demonstrate that progressive spatial
refinement down to 8 x8 blocks, combined with selective XOR-
based preprocessing of incompressible regions, enhances the
effectiveness of Boolean function minimization across all bit
planes.

V. CONCLUSION AND FUTURE SCOPE

A lossless compression framework for grayscale medical
images using logic minimization is proposed. Core of the
scheme is treating the bit stream at the blocks of the bit planes
of the image as a Boolean function, and representing it in its
minimized form. All blocks do not yield a smaller
representation this way. When a block does not result in a
smaller representation, the bits are stored as such. A switching
function of n variables has 2" minterms which are combined by
the logic minimizer ESPRESSO into cubes. Each minterm is a
vertex onabinary hypercube and the minimizer try to coverthe
vertices belonging to ON set into a cube which is a compact
representation. ESPRESSO minimizer was developedfor VLSI
synthesis (of Programmable Logic Arrays) of Boolean

functions with many variables. This minimizer is not the
optimal one in the compression experiment where the number
ofvariablesis 5 or 6 andnot50. This minimizer was used owing
to the fact that it is a proven tool and good enough to establish
the proof of conceptthough not optimal in terms of execution
time. It is always possible to create an optimal minimizer
suitable for functions with a smaller number of variables. So,
the time of execution reported for both compression and
decompression can easily be improved with an optimized logic
minimizer.

The total combination of functions for an n variable
Boolean function is 212"}, One of the functions is tautology
(always 1) and the other is XOR function. Cube based
minimizer do not yield optimal representation for all type of
functions. For example, XOR function has a poor
representation in the cube form but has an efficient
representation if Binary Decision Diagrams (BDDs) are used.
It is planned to explore these techniques to target blocks which
are incompressible in the current scheme. As there is a general
framework, new approaches can be incorporated easily.
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The experiment based on the method proposed in this study
is an improvement on the coding using fixed block size on the
bit planes. With Quadtree, gray coding and prediction, an
improvement in compression ratio is achieved though not
significantover the previous method based on fixed block size.
Incorporation of other techniques to handle incompressible
blocks canbe tried to push up thecompression ratio. By looking
at the statistics presented in experimental result, it is evident
that some of the incompressible blocks will yield result with
another representation of Boolean functions. These are some of
the future directions planned for exploration.
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