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ABSTRACT

This article presents the implementation of a modified parallel-pyramidal algorithm for the efficient processing and
identification of images. The method involves creating a systemic model that supports spatial, temporal, and network
data integration, forming a dynamic pyramidal-hierarchical network. The article details the techniques for sorting
vectors, G-transformations for modifying vector elements, and the shifting procedure that facilitates efficient data
transformation. The described procedures are integrated into the overall data processing sequence, which includes the
iterative application of these methods until the final result is achieved.
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1. INTRODUCTION

This work presents the software implementation of an enhanced parallel-pyramidal transformation algorithm for image
processing and identification. In the context of rapid technology development, the creation of innovative parallel
processing environments using optical data is becoming increasingly relevant. The foundation of progress in the field of
technical vision systems and image analysis is the emulation of human vision and the brain processes that occur during
the processing of visual information. One of the challenges in recognizing dynamic images is the need to quickly process
large volumes of data. Parallel approaches are used in various fields of science?. This is especially important in fields
where laser technologies are applied, such as laser navigation and atmospheric-optical communications>®. Interaction
between humans and robots contributes to maintaining competitive production value through the harmonious
combination of human skills and technological capabilities of robots®. However, an important task is the development of
universal principles for the systematization and effective application of neural networks in various spheres of activity®*.

2. MATERIALS AND METHODS OF RESEARCH

SORTING OF VECTORS.

Let's represent an array of data by a matrix A of dimension m x n, where m is the number of rows, and n is the number

of columns. Then A can be represented as®**:

a1 Qg Ain
a21 a22 e aZn

A = H . H 1 (1)
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vectors of the matrix v; = [ay1, A2, -, Qinls V2 = [A21, A2z s Qo ]y Vi = (@1 Amzs - Gmn - LEE V' be the vector
rusulting from sorting the vector v;. In the sorted vector for any consecutive elements v; and v;, of the vector v;, where
i=12,..,n—1, there are three variants of sorting elements: v;>v{, wv;<v;, or permutation
v = [v;T(l),v,’,(z), ...,v,’r(n)] where m represents a random permutation of the indices of vector v, and m(i) denotes the
index in v that is pointed to by the i-th element int permuted vector. It is important to note that each element v; from v
appears exactly once in v’ but the order of elements in v’ is determined randomly. All possibilities for permuting the
elements of v are equally probable. Formally, 7 is a function from the set of indices {1,2, ..., n} to itself, satisfying the
condition of bijection, and each value r(i) is chosen randomly in such a way that every permutation is equally likely
(algorithm (Fisher-Yates shuffle))*?™,

DESCRIPTION OF G-TRANSFORMATION OF VECTORS.

For each vector v,,, € A an empty vector v,, is created. To this vector modified element v,,,, are added, calculated as the
product of the first nonzero element and the sum of nonzero elements in the vector****:

!

VUmn = Vig =1 1vi¢0 . (2)

Here, if = min{j|vj #0,j=1, n} identifies the index of the first nonzero element in the vector, and 1, .., serves as
the indicator function.

The transformation function applies to vector v, as follows: if i = i, the vector elementis setto 0, ifi > i and v; # 0,
the vector element is replaced with v; — v,

(0, if i=i .
f(v)_{vi—vf, if i>iiv;#0° ()
In the transformed matrix A’, each element is defined by:
[ a1 $; (a1 —a;1)(S; — 1) N S a1n—1)(51 -(n— 1)) ]l
A = | az1 82 (A —az)(S; — 1) .. (@ — a2n—1)(52 -(n— 1)) | , )
|~am1 Sm (amz - aml)(sm -1 . (amn - amn—l)(sm -(n- 1))J

where S,, = X711 1, .+ is the sum of nonzero elements of the vector A,.

The actions are cyclically repeated until 3i € {1,2,...,n}:v,,; # 0 for each vector. The obtained vectors are then
combined into a new matrix A; = [v1; V3; ...; Uyl
BIAS

The matrix A, of size m x n, (where m represents the number of rows, and n the number of columns)is transformed into
a new matrix B of size m X (n + m — 1). For each element a;; € A, where i = 1,2,..m, and j = 1,2, ..., n, its new

position in matrix B is designated as b; ;;_1). All other elements in matrix B, which do not receive a value from 4, are
initialized as 0. The element a, , is selected from matrix A, and the first column is removed*®°,

For every column j, where j = 1,2, ..., n, it is determined whether the condition Vi € {1,2, ..., m}, M;; = 0 is satisfied. If
this condition holds, indicating the entire column j contains zeros, it is required to be eliminated from the matrix.
Subsequent to the deletion of one or more columns, the matrix's dimensions are modified tom x n', withn' < n.

In a similar vein, for every row i where i = 1,2, ..., n, it is verified whether the condition Vj € {1,2,...,n'},M;; = 0 is
fulfilled. Should this condition be met, signifying that row i is comprised solely of zeros, its removal from the matrix is
necessitated. Following the elimination of one or more rows, the dimensions of the matrix are adjusted to m' x n’,
where m’ < m.

e C++ code implementation of the shift function
/I Function to shift the elements of a matrix diagonally to the right

std::vector<std::vector<int>> shiftMatrixDiagonally(const std::vector<std::vector<int>>& matrix) {

Proc. of SPIE Vol. 13400 134000N-2



if (matrix.empty()) return {}; // Check for an empty matrix
int numRows = matrix.size();
/[l Calculating the number of columns in the new matrix

int numCols = matrix[0].size() + numRows - 1; std::vector<std::vector<int>> shiftedMatrix(numRows,
std::vector<int>(numCols, 0)); // Creating a new matrix with zeros

for (inti=0; i <numRows; ++i) {
for (int j = 0; j < matrix[i].size(); ++j) {
/1 Filling the new matrix taking into account the shift
shiftedMatrix[i][j + i] = matrix[i][j];

}
shiftedMatrix = removeLastColumnIfAllZeros(shiftedMatrix);

return shiftedMatrix;

}
GENERAL SEQUENCE

The overall process follows a sequence where A’ is obtained through the application of three functions on matrix A

A=t (g(s(A))) , (5)

where s(A) denotes the sorting function applied to matrix A, g(A) represents the G-transformation function, t(A)
signifies the transposition function.

Then iteratively:
Y YnL Ay #0] =1 (6)

Within each iteration, A" undergoes an update according to the formula:

a =t (h(g(s))) ™

In this iterative step, A’ is the matrix that is continually updated, and h(A) is the bias function introduces a bias function
into the sequence®.

C++ CODE IMPLEMENTATION OF THE ALGORITHM
/I Sorting vectors in the matrix

matrix = shuffleRows(matrix);

[ First iteration of G-transformation of the matrix

matrix = gTransformation(matrix);

/I Transposition

matrix = transpose(matrix);
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intcnt = 2;

while (matrix.size() 1= 0) {
/IG-transformation of a matrix
matrix = shuffleRows(matrix);

matrix = gTransformation(matrix);

/l Bias

matrix = shiftMatrixDiagonally(matrix);

/I Outputting the tail element
resultVec.push_back(matrix[0][0]);

matrix = removeFirstColumnFromMatrix(matrix);

/I Transposition
matrix = transpose(matrix);

cnt++;

}

3. NUMERICAL EXAMPLE OF THE IMPLEMENTATION OF THE MODIFIED PARALLEL-
HIERARCHICAL TRANSFORMATION ALGORITHM FOR PROCESSING OF OPTICAL

Input Information Matrix
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10 15 X

18 18 X 10 18 X X 10 18 X
M=% & 30 MI=|15 18 8 Xx| sortedM,=|8 15 18 (11)
Y x 1 X X 30 1 1 30 X
Further iterations follow similarly
20 8 X X
My;=|X 24 14 3| = a? =20, (11)
X X 2 29
16 16 X X
M,=|X 4 12 0| = d3 =16, (12)
X X 6 26
8 12 X
Ms=|X 12 6| = a}, =8, (13)
X X 26
24 X X s
Me=[3 2 20] = af, =24, (14)
12 X 6 _
M, = 20] = ab =12 (15)
Mg =20 = aj, =20 (16)
For this numerical case, the main property of the PI network used for its training procedure:
Xt M, =112 Y1 ai, =112 (17)

4. CONCLUSION

This work makes a significant contribution to the development of methods for processing and identifying images,
proposing an effective algorithmic approach based on parallel-pyramidal data processing. This new approach paves the
way for the development of adaptive sorting methods that take into account the specificity of the data before processing,
which, as demonstrated by previous research, can lead to more optimal solutions with a reduced number of iterations.
The application of an adaptive sorting mask contributes to achieving these results, opening new prospects for improving
the quality and efficiency of image processing across a wide range of applications, including computer vision and optical
communication analysis.
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