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Abstract

This study proposes a method for developing the Triangular Inequality
Elimination (TIE) rule and applying it in image compression based on block
quantization. The study employed a dynamic rule to enhance and refine the TIE
method. Applying the dynamic rule to the TIE algorithm reduces the computational
complexity during the compression (coding-decoding) process, speeds up execution
and transmission, and eliminates the need for large storage spaces. The dynamic rule
is useful because it changes blocks close to the reference block during each attempt
(S) to find the smallest number of blocks closest to the reference block. These
blocks were then placed in a set. The higher the blocks in the set, the higher the
image quality is at the expense of the compression ratio. The results of the dynamic
rule that modifies the TIE algorithm are high compression ratios, quick
implementation, low storage space for the image, and good reconstructed image
quality. In other words, the suggested method, Triangular Inequality Elimination
with Dynamic Rules (D-TIE), will significantly reduce the time required for
matching searches; therefore, it is the least computationally demanding.
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1. Introduction

Owing to the digital revolution that has unfolded in the last few years, there has arisen a
critical necessity of coming up with digital image processing methods for various practical
[1], scientific [2], engineering [3], and industrial applications in various fields of life, such as
medicine [4], art [5], astronomy [6], data analysis [7], satellite image enhancement [§],
restoration, and compression [9], [10], as well as remote sensing [11], [12], [13], and [14].
The most significant challenges in digital image processing are the large size of high-
resolution color images, the large size of images, and the high level of detail in highly detailed
maps. Storing and transmitting many of these images on the internet requires a significant
amount of memory and considerable [15]. This requires developing compression methods for
image and digital data to increase transmission speed and significantly reduce storage space
[16].

The proposed method increases transmission speed and storage space, and reduces
calculations, making it more efficient than the vector quantization method. This is because
there is no need to search through the codebook, and no need to generate and send the
codebook, which consists of many blocks, to achieve high image quality. In the proposed
method, only the reference blocks are sent or stored. As a result, the proposed method
improved the efficiency of transform-based image encoding using the Triangular Inequality
Elimination (TIE) rule over the vector quantization method.

2. Block Quantization

Several image compression techniques have emerged based on Block Quantization (BQ),
which involves dividing images into small, equal-sized blocks. A compression technique was
then applied to each block. These techniques include Vector Quantization (VQ), developed by
Y. Linde, A. Buzo, and R. M. Gray [17]; the Discrete Cosine Transform (DCT) [18]; k-means
clustering [19]; and other BQ-based techniques [20]. These techniques have helped reduce file
sizes and transmission speeds while maintaining high image quality and improving the
efficiency of compression techniques.

VQ is one of the Block Quantization methods in digital image compression. It works by
using a large number of blocks and a finite set of blocks (i.e., a codebook) to compress the
data, such as images [21], [22], which maps an image's blocks from a large number of blocks,
a long vector space, into a smaller set. There are three steps in describing VQ: The initial step
is to create the codebook, the second step is coding, and the last step is decoding. The
advantages of VQ include a high compression ratio and a simple decoding step; however, it
also has disadvantages, such as increased computational complexity and the fact that it is a
lossy method [23], [24]. To enhance the quality of image decoding, a large memory space is
required for storing the codebook [25]. If the codebook is large, the search time will increase,
and the encoding step will lag because each input vector will be compared to all blocks in the
codebook [26]. Additionally, the reliance on a large codebook can lead to inefficiencies in
both encoding and decoding processes, making it less suitable for real-time applications [27],
[28], [29]. As a result, while this method may offer advantages in certain contexts, careful
consideration must be given to its limitations when selecting an appropriate coding strategy.
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3. Triangular Inequality Elimination Theorem:

The Triangle Inequality Elimination Theorem states that the sum of the lengths of two
sides of a triangle is always greater than the length of the third. Where, L1+L2 > L3, L1+L3 >
L2, L2+L3 > L1. The TIE algorithm is defined as equation 1:

TIE = d(C;,C;) < 2 xd(Cj,x)..... (1)
Where the value of C; which is nearest to x value [30], [31].

In this study, to improve the performance of block quantization, the TIE algorithm was
employed to reduce search time and simplify the search process, resulting in more than 50%
computational savings in image coding. However, the TIE algorithm's efficiency depends on
the continuous property of an input image. Therefore, the description of the TIE algorithm in
block coding can be mentioned as equation 2:

TIE = Dis(C;, C;) < 2 X Dis(C;, Gy)... ... (2)
Where Cj represents all the image blocks, and Cr represents the block nearest to the reference
block Ci, this equation significantly reduces the search time.

4. The Dynamic Rule -TIE Algorithm (D-TIE):

The study introduces the dynamic rule to enhance the performance of the TIE algorithm.
The dynamic rule was applied to all blocks in the original image. The use of the TIE
algorithm with the dynamic rule is clarified in this example.

GGG v e v e e G

Image's blocks
1. Using the TIE algorithm, let C1 be the reference, and C2 be the nearest to C1.
Dis(Cj,C1) < 2 X Dis(Cy, Cy)
‘C5‘C19‘C11‘C7‘ ......... ‘Ck‘

Set S1, k<j

2. Using the TIE algorithm, let C1 be the reference, and C5 be the nearest to C1.
Dis(Cy, C;) < 2 X Dis(Cs,Cy)
[CulCr]Cs] ... ... [Cu |

Reset S2, m<k<j

And so on... one can continue to find S3 and S4 according to the required speed and quality.
3. Apply the above steps to the other block, which is not included in any final set, using it as
an additional reference.

This example can be described by following the steps. The first step is to select C1 as the
reference and let C2 be the block nearest to C/. The second step is to compute the distortion
between Cj and the reference C1 to generate the first set S1 of blocks nearest to the reference
C1. In this case, there are k blocks within the first set whose distortions are less than 2 x Dis
(C2, C1). It can reduce the transition time, search time, and store space in coding and
decoding processes, where k < j. The third step was to choose a block within the first set
whose distortion is the least and nearest to the C/. In this example, it is C5. In the fourth step,
the C5 was used instead of the block C2. The distortion between Ck and the reference C1 was
calculated to create the second set S2 of m blocks nearest to C/. In this example, block C11
replaces block C5 to create a new set of S3, and so on.

Using the dynamic rule with the TIE algorithm increases the transition speed, decreases
search time, and reduces storage space. The steps used are as follows;
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Initialize: divided an image into small, equal-sized blocks (i.e., C1, C2, ...Cj). Determine the
number of tries that are necessary. Calculate just the first set, S1, for each reference block,
then go to the second set, S2, or third set, S3, and so on.

Step 1: Choose a block from the input image (C/) as the reference.

Step 2: Using Eq. 2, calculate the distortion for matching this block C/ with C2 (i.e., Dis(CI,
C2)).

Step 3: Calculate the distance of matching each block Cj with C/ to determine which of their
distances is less than 2xDis (CI, C2) and put it in set (S1). In this case, the number of blocks
in S1 (i.e., k) is less than the original number of blocks (j); therefore, the search space was
reduced from j to £.

Step 4: Replace the C2 with the block in the first set with the least distortion; in other words,
the nearest block to the C/ is C5.

Step 5: The Dis(C1, C5) was calculated.

Step 6: Calculate the distance of matching each block Ck in the first set (S1) with C/ to
determine which of their distances is less than 2 xDis(C1, C5) and put it in a new set (i.e., S2).
In this case, the number of blocks in S2 (i.e., m) is less than S1 (m < k <j). The search space
was reduced from & to m blocks.

Step 7: Take the block that has not been drawn in any final set and use it as a reference
instead of C1. Then, repeat from step 1. See Fig. 1a and b.

Comparing the new reference block with the rest of the image blocks that are not included in
any set means that each block in the image is either a reference block or is part of a set
specific to a single reference. That is, a block cannot be in two places at the same time. This
means that each block belonging to a specific reference has been compressed by sending only
its location number relative to the other blocks in the reference.

Image's blocks Ci, C3, S1's blocks Cs, ...,Cx
w0 Gi
C; as the C; as the
reference reference

Dis(Cy, Cy)
< 2 % Dis(Cs, Cy)

Dis(C;,Cy)
< 2 X Dis(Ca.C.)

Yes L Yes J/

Put C; in Put Ci in
S1 S2
a. b.

Figure 1: The flowcharts display the use of a. the TIE algorithm to find S1 and b. the D-TIE
algorithm to find S2 when the reference is C1.
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5. Results and Discussions

Table 1 compares the suggested approach using TIE for the first attempt (S1), D-TIE for
multiple attempts from S2 to S4, and the conventional VQ method with a 256-block
codebook. The data highlights the performance differences across the methodologies,
indicating that the TIE and D-TIE approaches yield superior results in accuracy and
efficiency. Furthermore, the analysis reveals that the VQ method, while effective, falls short
when handling complex datasets compared to the innovative techniques proposed. It was
noted that the suggested method, D-TIE, is faster in transmission and requires less storage
space, as it generates a smaller number of blocks in the codebook and eliminates the need for
search time to find the closest block. As a result, the computations were reduced, as the
computations were less than S1 because the number of reference blocks is less than S2, S2 is
less than S3, and so on. In other words, S1 is an ensemble of references (Set), where the
references are image blocks instead of codewords in the VQ method. As seen in the example
above, reference C is associated with the remaining blocks of the image that are close to it. S2
is also a set, but each reference represents fewer blocks closer to it. As a result, S2 will have
more references than S1. S3 is also a set, but each reference is associated with a significantly
smaller number of image blocks, which will only include those that are highly similar to that
reference. That explains why S1 has fewer references than S2, S3, and S4. The table also
displays the compression ratios of the TIE and D-TIE methods in comparison to the VQ
method. It is noted that the higher the number of attempts, the higher the image quality at the
expense of the compression ratio. However, the efficiency of the proposed method (D-TIE) is
improved with a lower number of attempts, as it involves smaller reference blocks that
represent the compressed image blocks, as shown in Fig. 2.

Table 1: The C.R., PSNR, and Computational Decreasing of TIE, D-TIE rules compared to
the full search of the VQ method.

o Elimination rule Dynamic and Elimination rules
Vector Quantization (TIE) D-TIE
VQ) S S> S3 S4
No. of references Codebook
block 256 (code words) 20 31 60 125
Compression
Ratio (C.R) 8 28.211 21.331 16.00 11.631
MSE 32.146 58.317 44.201 38.254 34.110
PSNR 33.643 30.674 31.002 33.203 33.818
Computational — 73.431% 68.218% %59.091 | %51.031
Decreasing
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Figure 2: displays a) the griginal image (Iraq and Surrounding Reggons), b) the outcome of
the VQ method with a 256-codebook size, c) the result of using the TIE algorithm alone, and
d, e, and f) the results of the proposed method D-TIE (S2, S3, and S4), respectively.

6. Conclusions

1- The study demonstrates that the dynamic rule, combined with the TIE algorithm, enhances
the efficiency of the traditional TIE algorithm in image compression. Compared to vector
quantization, the dynamic rule aims to reduce transition time and storage space by simplifying
computation and accelerating search time in both coding and decoding steps. The results show
that using the D-TIE leads to savings in computation, reaching 50% for the image of Iraq and
the surrounding regions with good image quality, as shown in Table 1.

2- Using the VQ method with 256 codewords can achieve a higher picture quality (33.643)
with a lower MSE value (32.146), but at the expense of a lower compression ratio of just 8. In
the suggested method, using 20 references in group S1, the compression ratios are much more
than 8, reaching 28.211. However, the image quality (30.674) decreases slightly as the
execution speed increases. The speed of execution is attributed to the 20 references in group
S1, which is significantly fewer than the 256 codewords. On the other hand, higher image
quality (up to 33.818) with excellent compression ratios (better than the VQ method) can be
achieved when the method is implemented for S4 = 125 due to the increased number of
references in the set. The number of references in the set depends on the image, the proximity
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of the blocks to the reference, and the proximity of the blocks to each other. The closer the
blocks are to each other in the image, the fewer the references, because many image blocks
will belong to the same reference.

3- The numbers (20, 31, 60, and 125) represent the number of references in each group (S1,
S2, S3, and S4), respectively. They were considered a codeword. The number of references in
each group depends on the application of the proposed method, based on the number of
blocks closest to each reference, as mentioned in the example above. Noticing that the number
of references in S4 is 125 or more. This is due to the selection of only the blocks closest to the
reference. The greater the number of references, the lower the compression ratio and the
higher the image quality.

4- The running time of the proposed method varies from one computer to another, but this
method is noticeably more efficient than the VQ method. Instead of sending and storing a
codebook containing 256 codewords (256 blocks), this method only sends or stores a small
number of references located in S1, S2, S3, and so on. Since the references are much smaller
than 256 blocks, the transmission speed is faster, and the storage space required for the image
is reduced.
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    T I E = d ( C  j ,   C  i ) < 2 × d (   C  j , x )


    C  j


  x


    T I E = D i s ( C  i ,   C  j ) < 2 × D i s (   C  i ,   C  r )


    D i s ( C  j ,   C 1 ) < 2 × D i s (   C 2 ,   C 1 )


    D i s ( C  k ,   C 1 ) < 2 × D i s (   C 5 ,   C 1 )


    𝑫 𝒊 𝒔 ( 𝑪  𝒌 ,   𝑪  𝟏 ) < 𝟐 × 𝑫 𝒊 𝒔 (   𝑪  𝟓 ,   𝑪  𝟏 )


    𝑫 𝒊 𝒔 ( 𝑪  𝒋 ,   𝑪  𝟏 ) < 𝟐 × 𝑫 𝒊 𝒔 (   𝑪  𝟐 ,   𝑪  𝟏 )

