HIGH-SPEED ALGORITHM FOR PRELIMINARY IMAGE PROCESSING

S. K. Alekseev and M. I. Shlezinger UDC 681.3.01

In this article, we examine a means of implementing a well-known method of image pro-
cessing, consisting in the following [1].

Let T (the field of view) be a set of number pairs (i, j)}, where i = 1, n and j = 1, m;
the pair (i, j) will be called the cell with coordinates i and j.

The image V is a function that determines the value of the brightness v(i, j) in each
cell (i, j) of the field of view T.

Let configuration C be some subset of the field of view. In this case, the C-transfor-
mation of image V will be called the image X, the values of which are calculated using the
rules
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where 6 is some threshold value, and the value of x(i, j) is determined only in the case where
for any pair (k, [) = C we have (i+k, j +))=T.

Transformations of this class are a repeatedly verified — by us as well — means of pre-
liminary image processing. In particular, intelligent selection of configuration C and
threshold 6 permits image enhancement by eliminating, for example, defects in the form of
small errors.

The C-transformation is often related to hopes for obtaining more significant results,
up to detecting objects in the field of view that have a particular configuration in the
sense of making a final decision and/or determining the coordinates of some symbol on a graphic
image.

As a rule, these hopes are not realized in practice for the following reasons.

1. The image of any symbol unfortunately exhibits a very changeable configuration, and
therefore, its relisble detection requires not one, but several fixed C-transforma-—
tions.

2. Software for image transformation requires significant time even for a fixed con-
figuration C, while hardware requires large quantities.

Thus, this image processing method may be applied to preliminary processing with the aim
of enhancing the image and identifying places in the field of view that are "suspected" of
having one or another configuration. To achieve such intermediate goals, the computational
and hardware complexity is the fundamental obstacle in the path of applylng the method under
consideration [1].

Let us describe a set of means and methods that would allow us to obtain effective soft-—
ware for this class of transformations, which would remove the basic obstacles to their ap-—
plication.

Premises for Algorithm Design

In a system of discrete coordinates X0Y, let us define a plane figure bounded by segments
consisting of vertical and horizontal lines (Fig. 1) where each cell (i, j) having a bright-
ness v(i, j) is related to a unit square bounded by the lines x = i + Ax/2, x = 1 — Ax/2,

y =3+ Av/2, y =] — Ay/2, where Ax, Ay are incremental steps of the abscissa and ordinate,
respectively.
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We denote the set of pairs of discrete coordinates of the form (x, y) by T.

We assume that the given figure corresponds to cenfiguration C, and pose the problem of
calculating the overall brightness Sg for all cells of the given figure:

Se= X vk ). (2)
*DhcC
With this aim, we define a so-called secondary image F in the points of set T, which N
represents a set of values f(x, y), or F-values, that are specified at each point (x, y)< T
as follows:

Flo n) =2 2 v, y)- (3)
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The following assertion is the basis of the proposed algorithm: to find the overall
brightness S¢ it is sufficient to determine the F-values at points where a vertical segment
of the figure contour changes into a horizontal segment, or vice versa, and then to sum these
values, each taken with its sign.

Let us prove the validity of this assertion. We transform the right-hand side of (3):
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Hereinafter, we set Ax = Ay = 1, and for convenience also consider the average cell
brightness to be related not to the center, but to the upper right-hand corner, i.e., v(x —
Ax/2, v — Ay/2) is now denoted v(x, y).

Thus, with the help of transformation (3) we arrive at a recursive formula for calcula-
ting the value f(x, y):

foo, p=fx—L ) +fle y—1) ==L y—1)+0v y), (4)
which allows the brightness insidea cell to be expressed as:
v Y =f@ P—Ffuy—D+fx—Ly—1) —Ffx—1, p), (5)

i.e., to calculate the brightness inside one cell we must perform a clockwise trace of its
contour and then, from the sum of its F-values, which are determined from the starting points
(i.e., the points first encountered) of the vertical contour segments, to calculate the sum
of the values found for starting points of horizontal segments.

Since the method of determining brightness inside one cell is known, we will use this
method to calculate the values of the overall brightness Sg for all cells of the given figure.
Here, each value f(x, y), defined at a node of a coordinate network within the figure contour,
may contribute to the sum for determining the quantities S¢ from one to four times with
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different signs in accordance with the number of cells in the figure using this node as an
apex for one of its angles.

Each value of f(x, y) for a point lying inside and not on the figure contour corresponds
to a node in the coordinate network, used as an apex by four pairwise adjacent cells (Fig. 2);
a result of the same direction of traversal for each of the cells is that f£(x, y) twice enters
positively and twice negatively into the sum for the determination of Sgc.

Thus, the finite result of combining F-values for points lying inside the figure contour
will be zero.

This is also valid for values of f(x, y) at points lying on the figure contour and used
as apices of two adjacent cells.

Consequently, in determining the overall brightness Sy, only those values of f(x, y)
that correspond to points where the vertical segments become horizontal (or vice versa) are
significant. Such points are hereinafter called defining.

We now go over to the question of the sign of values f(x, y) at defining points. We
observe an arbitrary vertical segment of the figure contour, bounded by points P;(x;, yi1) and
Po(x2, y2), and let the figure cells lie to the right of the segment under discussion (Fig. 3).

Regardless of the orientation of adjacent horizontal segments the value f(x;, y1) enters
into the sum with a plus sign, while f(x;, y2) enters with a minus sign.

We show this using point P, as an example. Actually, let the horizontal segment of the
contour be directed to the right from this point (Fig. 4). 1In this case, only one cell uses
the point P, as an apex, and in accordance with the accepted direction of cell transversal,
f(x1, y2) will be negative.

If the horizontal segment from point Py is directed to the left (Fig. 5), then the ap-
pearance of another two adjacent cells that use point P, as an apex of one of their cormers
does not lead to any changes since one of these cells f(xj;, y») is negative; the other, posi-
tive,

Performing similar analysis for the case where figure cells lie to the left of the ver-
tical segment, and/or having examined horizontal segments the same way, it is easy to see
" that if we number defining points in the order of contour traversal, then points with even
.numbers will correspond to values of f(x, y) with signs different from those of such values
at points with odd numbers within the limits of the same contour.

Thus, the sought-after value for the overall brightness Sg may be expressed using the
values f(x, y) of the form in (2) in the following form:

N
Sc= 3\ Cif (xis 43)- (6)

=1

Here N is the number of defining points over the entire figure contour, xj, yi are the
coordinates of the i-th defining point, and Ci is equal to either +t or —1, depending on the
number i of the defining point and the accepted numbering method.

The following rule may, for example, be adopted: the outside figure contours are tra-
versed in. a clockwise direction; internal contours, in a counterclockwise direction. At the
same -time four numbers must correspond to the starting points of the vertical segments; then
Ci = (-1,
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TABLE 1

i - . Sign multd-

igi?ti DUm= | Abscissa, X; | Ordinate, i phger, C;
] —1 -3 —1
9 -3 -3 KN
3 -3 —1 2
4 —4 —1 41
5 —4 1 1
6 —3 1 +1
7 —3 3 2
8 1 3 +1
9 —1 4 —1
10 1 4 +1
i i 3 —1
12 3 3 +1
13 3 ! —1
14 4 1 41
15 4 —1 —1
16 3 —1 +1
17 3 —3 —1
18 1 -3 L
19 1 —4 —I1
20 —1 —4 +1

Now, relying om the result in (6), we describe in detail the technique of the C-trans-—
formation for a processed image in accordance with (1).

Description of the Algorithm

We will accompany the algorithm description with an example of solving the formulated
problem of identifying places on the image that are suspected of having a specified symbol.

As an example, we take the case when the analyzed image is two-level, the configuration
C has no internal contours, and finally, threshold 6 [see (1)] is chosen equal to the number
of cells in configuration C. Solution x(i, j) = 1, i.e., the solution that the sought-after
configuration has been detected on the analyzed image, obtains only when all cells with coor-
dinates (i + k, 3 + 1), (k, 1) € C, are blackened.

The above conditions are actually valid, for example, in the practical case of detecting
contact fields on printing plate phototemplates, where the configuration of the contact field,
i.e., the specimen symbol, either has no internal contours, or may be ignored owing to un-
blackened cells in the specimen are sometimes blackened.
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Understandably, all these conditions affect only the example, and are not limitationms
on the applicability of the proposed algorithm.

We examine the sequence of operations that are required to solve the formulated problem.

1. We state the number and coordinates for each defining point of the contour of the
specimen symbol; the origin of the system in which the symbol is defined will be called the
base point of the specimen.

The specimen symbol is shown in Fig. 6 and the corresponding data are presented in Table
1.

2. We define the general area of blackened cells Ssp in the specimen symbol. In this
case Sgp = 44,

3. 1In accordance with (4), we calculate the value f(x, y) for each point in the image
with discrete coordinates (x, y), and £(0, y) = f(x, 0) = 0.

The analyzed image is shown in Fig. 7 and the F-values are presented in Table 2.

4. We now utilize (6) to .find the overall area of blackened cells inside the contour
-of the symbol for each possible position of the specimen on the image, specifically: when all
blackened cells of the specimen are found in the limits of the field of view, and the coor-
dinate axes of the image and the specimen are parallel and directed identically.

TABLE 3
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This means that for all points of the image with coordinates (%, y) we must calculate the
quantity N
Sc(ts §) = X F(x + 20 g+1:) Co 7

i==]
and if one of the coordinates from the pair (x + xj, y + y;) falls outside the field of view,
then we will consider the quantity Sg(X, §) to be undefined.

For this case X =0, 1, 2,...,23, § =0, 1, 2,...,18, the number of defining points N =
20, and their coordinates xj, yj and sign multipliers Ci are given in Table 2,

The results of calculations performed in accordance with (7) are presented in Table 3.

In the final step, we equate the values found in accordance with (7) with the specimen
values Sgp, and where they are equal

Sc(x ) =Sgp (8)

we accept the hypothesis that a specified specimen symbol may be found at the image point
having coordinates (%, §), i.e., if the specimen base point is made coincident with (%, ¥)

for parallel and identically directed axes of both the specimen and image, then each blackened
specimen cell coincides with-a blackened cell in the image. 1In the opposite case, the hypo-
thesis is rejected.

In this case, the role of the threshold value 6 is played by Sgp» and the points of the
initial image, for which (8) is valid, determine [in accordance with (1)] the image X, ob-
tained by a C-transformation of the initial image V via the method described above.

For the given example, such a transformed image is shown in Fig. 8.

Let us estimate the speed of the proposed algorithm. In accordance with (4), calcula-
tion of f(x, y) for each image point requires four operations; consequently, for an m X n
image, step 3 will require 4mn operations.

Calculation of Sg(X, ¥) in step 4 in accordance with (7) for each image point, where
this quantity is defined, requires N operations.

Consequently, the order of the number of operations to execute the algorithm may be esti-
mated as O(Nmn), where N is the number of defining points in the specimen symbol, and m x n
is the number of points in the analyzed image. :

Thus, the speed of the proposed algorithm, by comparison with known methods [1], is as
many times higher as the number of defining points of the symbol is less than the overall num—
ber of its blackened cells, and the solution of the problem for an arbitrary number of speci-
men symbols for the same image requires only the execution of step 3 of the given algorithm.

In conclusion, we note that selection of the configuration of the specimen symbol and
the threshold values must be experimentally supported so as to eliminate the influence of
unavoidable distribution error and noise in real images. 1In particular, the specimen con-
figuration, shown in Fig. 5, was constructed from a discretized image of a contact field,
i.e., a blackened circle with radius 5. However, in more complex cases that may occur in
practice, selection of configuration and threshold value significantly depends on the makeup
of the entire collection of specimens and requires particular examination.
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