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METHOD FOR ESTIMATING PROBABILITIES OF TARGET DETECTION AND
RECOGNITION BY THEIR DIMENSIONAL SIGNATURES IN DIGITAL IMAGES
FROM THE SIGHTSEEING COMPLEX OF ARMOURED VEHICLE WEAPON
SYSTEMS

The rapid development of computer vision technologies and artificial intelligence (Al) has opened up new
opportunities for real-time battlefield monitoring, while simultaneously creating the challenge of efficiently
selecting meaningful electronic images from massive data sets. This paper addresses the problem of automated
assessment of the quality of target displaying in a digital image (QTDDI) to improve the efficiency of detecting and
recognizing weapons and military equipment (WME). A system of indices of target conspicuity and salience is
proposed, which enables quantitative measurement of QTDDI and the introduction of success criteria for
performing visual detection and recognition tasks based on a 50% threshold probability of detection and
recognition. It is claimed that only such images that meet the success criteria of visual task performance should be
considered suitable for further Al-based target recognition, consequently reducing the number of false recognitions.

Special attention is paid to recognition as an intermediate stage in target data acquisition. It is proposed to
employ geometric distinctive features of WME samples as their recognition signatures. An analytical expression for
the recognition probability as a function of signature dimensions has been theoretically derived, and a criterion for
successful performance of the visual recognition task has been established. Such an approach significantly reduces
the number of false object identifications in images that do not provide the QTDDI sufficient for Al processing.

The practical implementation of the method has been demonstrated with experimental data obtained from
images of the T-64BV main battle tank, collected under field conditions. Images were captured with a digital
camera at various distances from the target. For these images, detection probabilities were determined based on the
overall target size as the object of interest, and recognition probabilities were determined based on shape
anisometry and the dimensions of characteristic signatures. The results confirmed the consistency of the
theoretically developed criteria with visual analysis.

The practical significance of the work consists in establishing the methodological basis for the automated
selection of sufficient-quality digital images without the involvement of an operator, which allows one to
significantly reduce the amount of processed data, increase the accuracy and speed of computer vision systems, and
decrease the number of false recognitions. Perspective directions for further research include extending the
methodology to thermal images and using digital images for the determination of the distance to a target based on
the dimensions of its signatures in electronic images.

Keywords: target data acquisition, digital image, image processing, image fusion, artificial intelligence,
visibility, conspicuity by a signature, target saliency, detection, recognition, identification, reconnaissance,
unmanned aerial vehicle.

1. Introduction and Problem Statement detection of military equipment and weapon (MEW)
systems, including our armored weaponry (AW) by the

enemy, as well as for detection of enemy anti-tank
weapons (ATW) by our own AW using computer vision
and artificial intelligence (Al) technologies.

With the rapid development of computer technologies
and their penetration into the sphere of military
applications, previously inaccessible capabilities have
emerged for real-time battlefield monitoring and
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These modern computer technologies imply the
registration of the target-background situation in the form
of a digital image, at least in two spectral bands: visible
and thermal (infrared).

The enormously bulky flow of TFE images obtained
from multiple sources requires a tremendous amount of
human labor to review, reject low-quality frames, and
select meaningful video materials. Currently, this selection
process — identifying frames suitable for target data
acquisition (detection, recognition, and identification) — is
still being performed manually by the operator.

The presence of low-quality video content can be
caused by various factors such as adverse weather
conditions, excessively low or blinding video/thermal
signal levels, or FPV unmanned aerial vehicles leaving
the target’s field of view. Without prior rejection of poor-
quality video materials, the Al’s task of target data
extraction becomes analogous to a prospector sifting vast
amounts of sand in search of a few grains of gold.

In addition to substantial time consumption and
computing resource load, the absence of preliminary
selection of video/thermal imagery inevitably leads to a
significant increase in the number of false target
recognitions by Al — for instance, misidentifying
buildings, buses, or trucks as armored vehicles (AV).
This selection process of choosing the most significant
and high-quality images should therefore be delegated to
the computer.

To accomplish this, it is necessary to have methods
for assessing the quality of target displaying in a digital
image (QTDDI). Available image quality assessment
(IQA) methods for civilian use are unsuitable for this
purpose. For evaluating the QTDDI, specialized target-
oriented express methods are in great demand [1-3].

The system of quantitative indices of the QTDDI
developed at the Hetman Petro Sahaidachnyi National
Army Academy (NASV) [4, 5] — in the form of target
conspicuity indices by individual features and saliency
indices by a set of distinctive features — enables
quantitative evaluation of target detection performance
based on saliency indices computed from image
brightness tables. According to this system, an image
with a higher target saliency index is considered of better
quality for detection purposes.

The computation time required to determine the
target conspicuity and saliency indices on a single digital
image is less than 1 ms and can potentially be reduced to
1 ps [6], enabling evaluation of up to 10° — 10° video
frames per second. The developed QTDDI index system
allows for quantitative estimation of the probability of
target detection (varying within the range [0,1]) in a
digital image.

However, not every non-zero detection probability
implies successful detection during reconnaissance.
Developing quantitative criteria of detection success

based on the target’s distinctive features — such as its
luminance-contrast signature and apparent size in the
digital image — constitutes one of the key objectives of
this work. As such success criteria, we propose the values
of target conspicuity indices corresponding to a 50%
probability of detection by a given distinctive feature.

The next stage in the target data acquisition process
after detection is recognition. In this study, we introduce
distinctive geometric features of the object’s design — the
so-called recognition signatures — which allow differentiation
of a specific MEW sample from other objects. Analytical
expressions for the probability of target recognition as a
function of signature dimensions have been derived.
Based on this analytical form, a recognition success
criterion is proposed — the threshold signature size
corresponding to a 50% probability of recognition of a
given MEW (including AW) sample.

One of the main causes of false target recognition
on electronic images by Al systems is the neglect of the
fact that not every object in the image is recognizable.
According to our concept, a necessary condition for
successful recognition is that the probability of recognition
by a given signature must exceed 50%. This threshold
applies to both the size and the contrast of the signature in
the image.

Before applying Al tools for object recognition on
an image, it is necessary to verify that its saliency and
recognition indices by the given signatures meet the
criteria of successful solution of visual detection and
recognition tasks. Images that fail to meet these criteria
should be considered unsuitable for recognition. This will
enable automatic rejection of low-quality imagery and
significantly reduce the number of Al misrecognitions.

To demonstrate the practical application of the
proposed approach, we conducted an experimental
collection of images of the main battle tank (MBT)
T-64BV at various observation distances. Using these
images, we measured the probabilities of tank detection
based on its overall dimensions and the probabilities of
recognition based on the anisometry of its shape and the
dimensions of different recognition signatures.

Aim of the Study

This study aims to derive theoretically an analytical
expression for the probability of recognizing an AV in a
digital image based on the characteristic geometric
features (signatures) of its shape, to develop a method for
estimating the probabilities of target detection and
recognition by its dimensional distinctive features, and,
on this basis, to establish criteria for successful
accomplishing visual detection and recognition tasks in
digital images as well as to verify the obtained theoretical
results experimentally.
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2. Method for assessing the quality of target
representation based on its dimensional
features of detection and recognition in

digital images

2.1. Target data acquisition by digital means of
target-field environment imaging.

2.1.1. Indices of target conspicuity by specific
features, saliency, and concealment of the military
equipment sample in a digital image. In military
information sources, several approaches were reported
for the quantitative determination of saliency and
concealment indices of a military equipment sample.
What all these approaches have in common is that the
saliency/concealment of an object (a military equipment
sample considered as a target) reflects the success/
failure of the target data acquisition procedure.

Accordingly, the quantitative level of target saliency
or concealment is defined as the probability of success
or failure of the statistical random event of collecting
information about the military equipment sample as a
target.

The probability of the failure event in target data
acquisition is defined through the probability of its
antipodal (complementary) event Q — the successful
event of target data acquisition. The statistical event Q
of target data acquisition is the result of three
independent internal component events — detection (D),
recognition (R), and identification (I) of the target,
which correspond to the three stages of the target data
acquisition process.

Each of these events — the overall event Q and the
internal component events D, R, and | — is associated
with a probability (index) of its occurrence, denoted
respectively as Pq and Pp, Pg, P;.

The internal component events D, R, and | are
independent and favorable to the overall event Q.
Moreover, these events are such that the failure of any
one of the three component events results in the failure
of the overall event Q of target data acquisition, which
is mathematically expressed as

R

=R

R=0 :PQ‘PR=O :%‘F}=O R,=0,R,=0,R=0 =0. @

Indeed, if the target cannot be detected (Pp = 0),
then it cannot be recognized (Pr =0) nor, much less,
identified (P,=0), which implies the failure of the
overall target data acquisition event (Pq=0). If the
target is detected (Pp=1) but cannot be recognized
(Pr = 0), then it also cannot be identified (P, = 0), which
again implies failure of the overall target data
acquisition event (Pqo=0). If the target is detected
(Po =1) and recognized (Pg =1) — for example, as a
tank — but cannot be identified as a hostile target

(P, = 0), then the entire target data acquisition process is
nevertheless unsuccessful (Pq = 0), because these data
cannot be used to make a strike decision: the inability to
identify the target as hostile creates a risk of fratricide
(friendly fire).

Expression (1) is a sufficient condition for classifying
the events D, R, and | as being multiplicative with
respect to the overall event Q of target data acquisition.

In this case, according to the methodology presented
in [7], the probability Pq of the target data acquisition
event Q is equal to the product of the probabilities Pp,
Pr, and P,, which correspond respectively to the events of
detection, recognition, and identification

PQ:PD'PR'Pl' 2

The probability Pp of target detection depends on
the method of target observation, which in turn is
determined by the type of image formed as a result of
observation. If the observation is carried out by the
operator’s eye (including with the use of optical
observation devices such as binoculars or optical sights)
or by an analog video camera with image output to a
cathode-ray-tube (CRT) monitor, then the observation
deals with an analog image. The procedure for
calculating the probability of object detection on an
analog image has been described in numerous monographs
(see, for example, [8-10]). One of the approaches to
determining the probabilities of accomplishing visual
target acquisition tasks (detection, recognition, and
identification of a hostile target) in an analog image is
based on the methodology proposed by John Johnson
[11, 12] or its more modern version — the so-called TTP
model (Targeting Task Performance) [13]. An analysis
of these models was presented in [12, 14, 15].

The essence of Johnson’s criterion lies in the
assumption that visual target acquisition tasks — namely
detection, recognition, and identification — are considered
successfully accomplished if the probability of solving
the corresponding visual task exceeds 50% (0.5 on the
probability scale [0;1]). The same criterion is followed
within the framework of the TTP model (Targeting Task
Performance). To apply this criterion, a target saliency
criterion on the image is introduced. In Johnson’s
approach, the saliency of the target is represented by the
apparent size of the target on the image, expressed in
terms of the number N of line-pair divisions of a reticle
that cover the target image. The number of line pairs
corresponding to a 50% probability of successfully
solving a given visual task is denoted as N2 . In the
TTP model, the corresponding integral saliency indices,
denoted V and ve«, are introduced. The target saliency
index V is defined by a specific expression representing

the integral of the functions of target contrast and size.
The probability of successfully accomplishing the
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corresponding visual target acquisition task is then
determined by the following expression [16, 17]

Ptask (X) = M ) (3)
1+ (x/x;?fk )y

task

where the variables X, Xy,

Nz and y=27+07(N/NG¥) in

take the corresponding

values X =N, x® =

50
the Johnson model, and X=V, x5 =v3*

y =1.51+0.24(v/v*) — in the TTP model. The

50

task
quantities N2* and Vs, are considered to be tabulated
values. It was shown experimentally in [16] and proved
theoretically in [17] that the variables in the Johnson
and TTP models are related by the following relationship

v=xN v 4)

When performing calculations for a specific visual
task, the superscript of the task in expression (3) should
be replaced by the index corresponding to the respective
visual task - detection (D), recognition (R), or
identification (). According to the literature data [17]
the resolution thresholds for detection NZ, recognition

NE&, and identification N}, are related as
ND :N& :NJy =1:4:8. Itis important to note that this
ratio NS : N& : Ny =1:4:8 numerically coincides with
the ratio &, :¢, :¢, =1:4:8 of the threshold contrast
values for the human visual system [16]. This indicates
that, although de jure in Johnson’s methodology the
parameter N2 is ascribed the physical meaning of the
target size in the image, de facto it is also indirectly
related to the target’s contrast in the image. The reason
is that the quantities N 2* are determined experimentally,
based on expert visual observations, where observers
subconsciously react not only to the target’s apparent
size but also to its contrast. Therefore, it is not
surprising that the same ratios NS :NJ :Nd; =1:4:8
were found to hold both for the threshold contrast
values ¢, :¢,:¢ =1:4:8 and for the resolution
parameters v vl :vi, =1:4:8.

Indeed, the experimental data obtained in [16]

task
indicate that the value of Vs, can be considered related

to N by the approximate relation via ~ 2. 7N for

all three visual tasks — detection, recognition, and
identification. From this it follows that, for the resolution

thresholds of detection v2, recognition v& , and

identification v, within the framework of the TTP model,
the same ratio also holds v2 : v :vi, =1:4:8.

The presence of the common variable x in
expressions (3) for all visual tasks (detection, recognition,
and identification), together with the fulfillment of
relations

D.,R.,I D.nR ! D..R ., A
XSO'XSO'XSOZNm‘Nm'N5O:V5O'V5O'V50:1'4'8 (5)

may suggest that the probabilities of detection p, (x),
recognition Pg (x), and identification p (x) are not

independent functions. This, in turn, would mean that
the statistical events D, R, and | are not independent.
Intuitively, it may seem that the higher the probability
of detection, the higher one can expect the probability of
recognition to be; and the higher the detection and
recognition probabilities, the greater — at first glance —
appears to be the probability of target identification.
Such a relationship could imply that the probabilities
P, (x), Pg (x),and R (x) are dependent functions.

In that case, the analytical dependence of the
functions Py, (x), P (x) and R (x), given by expression

(3) could imply that expressions (3) and (5) form a
system of equations. If this were true, then by eliminating
the common variable from this system of equations, one
could expect to analytically express the probability of
accomplishing one visual task through the probability of
accomplishing another visual task. The possibility of
analytically expressing one visual task’s probability in
terms of another would cast doubt either on the validity
of expressions (3) and (5) themselves, or on the
assumption that the events of detection, recognition, and
identification are statistically independent.

Verification of the assumption that the events of
detection (D), recognition (R), and identification (I) are
independent is important, since the existence of a
functional relationship between different visual tasks
contradicts the generally accepted premise that the
statistical random events of detection, recognition, and
identification are independent.

For example, if the numerical value of the target
detection probability P, on an electronic image was
obtained as a result of measuring the target saliency
index I for a specific image, one might expect that the
probabilities of recognition p, and identification p,

could be determined through the known value of p,,

taking into account the relationship (5), according to
which However, such an

approach is impossible for several reasons, and there is
no contradiction between expressions (3), (5), and the
statement that the events of detection, recognition, and
identification are independent. The arguments supporting
this statement are presented below.

Xeh Xy i Xeo =1:4:8.
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It should be noted that the term dependence/
independence of functions has a broader meaning than
the term linear dependence/independence of functions.

Two functions (x) and g(x) sharing a common
variable x may be linearly independent but still might
exhibit a nonlinear dependence. A rigorous mathematical
proof of the independence of the functions P, (x),
Px (x) and P, (x), defined by expression (3), goes beyond
the scope and objectives of this paper; therefore, it will
be the subject of our subsequent publication. Here,
however, we briefly present several arguments that support
the mathematical independence of the probabilities
corresponding to different visual tasks.

Firstly, the presence of a common variable x in the
dependencies P, (x), Pg(x) and R (x) is only a
necessary condition for their functional dependence, but
not a sufficient one. There exist analytical functions of a
common argument that remain independent. For
example, the functions f (x)=x and g(x)=sin(x) are
independent, even though both are functions of the same
variable x.

Secondly, one of the ways to test functions with a
common argument for dependence is to construct the
inverse dependencies of the argument with respect to
the functions, thatis, x(P, ), x(Pg ), and x(R,)

Since x is the common argument for all three
functions, the relationship  x(Py)=x(Pg)=x(P,),

should hold, from which the dependencies P, (Po)>
P, (Py) or P, (Pg) could, in principle, be determined.

However, according to formula (3), the dependencies
Po (x), Pg(x) and p(x)are transcendental sigmoid

functions, and therefore, it is impossible to express the
inverse functions  x(P, ), x(Pg ), and x(R) in

analytical quadratures. The impossibility of expressing
the common argument x of the functions f(x) and

g(x) in terms of the functions f and g themselves

within analytical quadratures is an indication that the
functions f (x) and g (x) are independent.

Thirdly, in order to determine, for example, the
dependence P (P, ) by eliminating the common

variable X, the values of the function x(p,) must be

evaluated at those values of x > x& for which,

according to the Johnson criterion, the visual task
of recognition is considered successful. Taking into
account relation (5), this condition can be written as
x > 4xgy . Since the probabilities P, (x) are

sigmoid functions, in the case when x> 4x5 , the

detection probability PD(4X5%):4V/(1+4V) approaches

saturation, so that P, — 1. In the Johnson model,

Y(4NG ) =2.7+0.7(N/Ngg**") =55, and therefore, as,

we obtain PD(4X§2,)=O.9995. For large values of

x > 4xg, , as the argument x increases, the computational
error in determining the value of x (P, ) from expression

(3) tends to infinity. Indeed, the error in determining x
from the function p, (x) can be expressed as follows

AR,

AX X>4X5% - dPD !
()

x>4x5DO

(6)

where the numerator APy - the error in determining

the detection probability as the target saliency in a
digital image according to expression (8) — is a nonzero
finite number within the range Jo;1[ , and the denominator

represents the derivative of the detection probability
with respect to its argument at a given value of x > 4xg,
. For the lower limit of the Johnson criterion N = 4N 5
, within the Johnson model we obtain a relative error in

determining the parameter N on the order of 2x10%%,
which increases following a power-law dependence as
the value of N grows. For the lower threshold of the
criterion corresponding to the successful
accomplishment of the identification task N =8Ng, ,

the relative error is on the order of 2x10%%. Thus, for
large values of x > 4xgy , as x increases, the value of the
derivative in the denominator

)

calculating the value of x(p,) from expression (3)

of expression (6)

—0, and consequently, the error in

x>4x5%

tends to infinity. A value of x(P,) determined with

infinite error, when substituted into the dependence
Pz (x(Pp)). results in an infinite error in determining

the recognition probability p, (P, ) as a function of the

detection probability B,. An infinite error in determining
Pr (Pp) and P, (P, ) therefore indicates that, in reality,

there is no functional relationship between the
probabilities p,, P, and P, , and hence, that the events
of detection (D), recognition (R), and identification (I)
are independent.

Fourthly, another argument in favor of the
independence of the events of detection, recognition, and
identification is that, according to definition (3), the
probabilities of all these events take on the same value when
the corresponding argument assumes the same value
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1

Ptask |Vxé%5k = E (7

or all values of NZ* or v, despite the fact that a

functional relationship (5) exists between the quantities
N&@sk, and v . Thus, under the imposed condition

(7), the entire range of values of x{2s corresponding to
different visual tasks (detection, recognition, and
identification) is projected onto a single point P,q =1/2.
In other words, a single value of the probability
Pask =1/2 corresponds to a nontrivial domain (set) of

values of x2% for different visual tasks. In turn, this

means that there is no functional relationship between
the quantities corresponding to different visual tasks,
i.e., the functions Pp, Pr and P, are independent, and
therefore the statistical events D, R, and | are
independent.

The probability Py of detecting a target in a digital
image defines the target’s saliency index I” for that
image. Note that hereafter in the text the term target
denotes an object of interest in the image, as commonly
used in computer vision theory — a notion broader than
the term military target. On the battlefield, an object of
interest may be a potential military target. An object of
interest becomes a military target only after the data-
collection process for that object has been successfully
completed, i.e., when the object has been detected,
recognized and identified as hostile and therefore
warranting engagement.

The saliency index I” of a target in a digital image
is defined as the probability of detecting the target based
on the set of conspicuity features, and is computed from
the individual conspicuity indices associated with each
feature

r=Vv: PS : Pclutter ) (8)

where V is the target visibility index, which in essence
represents the conspicuity index based on luminance
contrast; P, is the conspicuity index based on the target’s

size in the digital image; and p

index of the target against a cluttered background. The
procedure for determining the conspicuity indices and
the overall saliency index is described in detail in works
[4-7, 18].

It is important to note that in the model of the
QTDDI, the size-based conspicuity index p, is an

is the conspicuity

analogue of the probability Rask(N/Né?fk), which is

determined by the target size N on an analog image in
the Johnson model, as given by expression (3). However,
the experimental determination of the parameter N &%

through visual observation and expert evaluation imposes

an implicitly (hidden) expressed functional dependence
of this value on the local contrast of the target.

Therefore, in practice, F{ask(N/ Né%Sk) represents an

implicit combination of the target visibility index V and
the size-based conspicuity index P .

v
In the TTP model, the dependence Py (HJ explicitly
V50
incorporates the parameter’s dependence on both the
target’s local contrast and its size. Thus, the probability

Pask (\F%] in that model corresponds to a combination
50
of the indices V and Ps. The advantage of our QTR-EI
model is that the indices V and Ps are treated as
independent functions, whereas in the TTP model they
are functionally combined under the integral sign. This
combination makes it impossible to determine separately
the individual contributions of conspicuity due to contrast
and conspicuity due to size.

The saliency I" of an armored vehicle (AFV)
sample in an electronic image can be evaluated through
experimental measurements performed on images
obtained from the digital cameras of the tank’s sighting
and observation complex (SOC), as well as from cameras
mounted on an unmanned aerial vehicle (UAV), using
expression (8).

3. Criterion for successful accomplishment
of the visual task of target detection by a
conspicuity feature

For analog images, the Johnson criterion has proven
to be an effective measure, according to which the
visual task of target data acquisition is considered
successfully accomplished if its probability exceeds
50%. Similarly, in the QTDDI model, parameters can be
introduced for the conspicuity indices corresponding to
different features, which represent a 50% probability of
accomplishing the visual task based on a given conspicuity
feature.

3.1. Criterion for successful target detection by
the luminance contrast feature.

Similar to the Johnson criterion, the task of target
detection by the luminance contrast feature is considered
successfully accomplished if the target visibility index

1
V>V50 :E. (9)

According to definitions [15, 16], the target visibility
index is determined by the expression

K] 1Kl at[K|>|K,|
V =1 K]+ [Ky | (1-2[K]) . (10)
Oat K| <[Ky]
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where |K| is the absolute value of the target’s local
contrast, and |K,,| is the threshold value of local

contrast that can still (or just) be distinguished by the
human eye.

By substituting expression (10) into expression (9),
we obtain an expression for the normalized local
contrast |Ky|, which corresponds to a 50% probability

of target detection by the luminance contrast feature

3|Ky|

1+2[K, [ (11)

|K50|:

and consequently, the expression for the criterion of
successful target detection by the luminance contrast
feature

3K

IN >|Kso|=m-

(12)

The value of the threshold contrast |K,| is

determined by the so-called Fisher threshold p-level
|Kip|=0.05 [19, 20]. By substituting the value of

|K|=0.05 into expression (12), we find that the visual

task of target detection by the luminance contrast feature
is considered successfully accomplished if the normalized
local contrast of the target satisfies the condition

|K|>0.14. (13)

3.2. Probability and criterion for successful
target detection by the size feature in the image.

Detection of a target as an object of interest in a
digital image is reduced to the perception of the object
as a whole; therefore, its 2D size — the area S — is the
key dimensional parameter in the case of target detection.
For this reason, within the framework of the QTDDI
model, the size-based conspicuity index for target
detection is defined as a Bayesian geometric probability

[4, 5].
S(y_Sa)_Sufy_S
p_SU s) sU s
TS Sn ), Snfy_ S )
S S S S

where S, s and sy, are the 2D sizes, the areas of the
target, the target expectation zone (TEZ) [21], and the
minimum threshold image element area that can still be
distinguished by size, either by a human observer or a
computer, respectively. When target detection s
performed by a human operator, s, =12 corresponds to

the area of a square subtending a solid angle of one
square arcminute, which represents the average angular

(14)

resolution of the human eye. The minimum distance
between two points that can be resolved by the human
eye at a viewing distance of 50cm from the monitor,
corresponding to the average angular resolution of one
arcminute, is ly, = 0.145mm. Hence, for target detection
by an operator on an image displayed on a computer
monitor, the condition is | > 0.145mm. On the image
plane, the average visual resolution of one arcminute
corresponds to an area of s, =12 =0.145%(m7) =0.021(m) .
For a 13.3-inch Retina laptop monitor with a resolution
of 2560x1600 pixels, the threshold length I, = 0.145mm
is approximately comparable to the size of one pixel
(=0.112mm). For monitors with significantly lower
resolutions, for example 800%600 pixels, the pixel size
is larger and equals 0.254mm for a 10-inch diagonal,
0.381mm for a 15-inch diagonal, and 0.432mm for a 17-
inch diagonal. Since a digital image is displayed on a
monitor, the visual resolution of the human eye cannot
be better than one pixel. In addition, according to
Nyquist [22, 23], the maximum spatial resolution
frequency (1 line pair per millimeter), which corresponds
to the minimum resolvable spatial period of the monitor
(or a video/thermal camera), equals ln=2pixels (px).
Accordingly, the visual resolution of the eye when
observing an image on a monitor should not be assumed
to be better than two pixels. Therefore, in the following,

we assume that |y, = 2px and Sy, = Iti = 4( pxz) .

Before proceeding, it is necessary to clarify the
meaning of the terms TEZ and geometric probability.
The TEZ refers to a strip (region) within the image where
it makes sense to search for the target. The reasoning is
that a significant portion of an image may correspond to
areas of space where the target definitely cannot be
located. For example, it is unreasonable to search for an
armored vehicle in the sky, on a water surface, in tree
canopies, or in dense forest areas. Therefore, TEZ is
typically much narrower than the entire image frame. In
most cases, the vertical dimension — the height of the TEZ
H — is smaller than the image height, while its length
may equal the image frame length L, or it may be
smaller L, < L if there are reasons to restrict the search

area on one or both sides of the image. For instance, this
may occur when a road along which armored vehicles
move passes through a forest, or when there is deep
water on both sides of the road.

As for the term geometric probability, according to
definition [24], it is the probability that a random point
will fall within a certain region when that region is
defined by a geometric figure. In the case of target
search within an image, the “falling of a random point”
is understood as the random gaze of an observer falling
within the area of interest (the target) with an area s,
which is located within TEZ of area S =L xH_ in the
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image. Therefore, the ratio s/S is nothing else but the
geometric probability of detecting a target with area s
located within the TEZ background of area S. The
quantity sq represents the area of the forbidden zone,
into which the observer’s gaze cannot fall on the image
background. Hence, the ratio sy/S corresponds to the
probability of non-detection of the target due to the
nonzero value of the threshold area sy With the
condition sy, #0 imposed, the probability of target
detection in an electronic image reduces to a Bayesian
probability, given by equation (14), where — up to a
common coefficient — the numerator represents the
conditional probability, and the denominator represents
the total probability of detecting a target of area s within
a TEZ of area S, under the condition sy, # 0.

After simplification, expression (14) can be rewritten
in the form

S(S—5y)—Sn(S-9)

P =15(S-5,)+5,(S—s) at s, <s<S (15)
0 at 0<s<s,
or, in a more compact form, as
1 S
s
R= 1+Sth(1_25j at §, <$<S (16)
S S
0 at 0<s<s,

The representation in the form of (16) is convenient
because it can be easily analyzed both in units of
ordinary length (e.g., in mm2) and in square pixels (px?),
since all variables enter the formula as dimensionless
ratios sy/s and s/S.

The areas of the TEZ S and the target s for a given
electronic image can be determined from the digital data
of the image itself. For example, if the monitor
resolution is 800x600pixels, the image occupies the
entire screen (a full-screen image), and the TEZ covers
the entire image, then the horizontal dimension (width
or length) of the TEZ is L=800pixels, and the vertical
dimension (height) is H=600pixels. In that case, the area
of the TEZ is S=LxH=800x600=480,000 px>. If the
image does not occupy the entire screen but is
embedded in a document — for example, in Microsoft
Word (MW) — then, to determine the image size, one
needs to right-click on the image and read its width (L)
and height (H) from the bottom part of the drop-down
menu (Fig. 1a). Alternatively, one can select “Size and
Position” from the drop-down menu, and in the window
that appears, click on the “Size” tab (Fig. 1b) to view
the corresponding dimensions.

U

Fig. 1. Reading the image size: a from the drop-down
menu; b — from the “Size” window

As a rule, in MW the image size is displayed by
default in centimeters or inches. The image size in
pixels can be calculated using the formula

Image size (in cm)

DPI, (17
254 ) n

Number of pixels =

where it is taken into account that 1 inch=2.54cm, and
DPI (dots per inch) represents the image resolution. By
default, in MW the value is DPI=96. (One can verify
this by right-clicking on the inserted image file in MW
and selecting Properties — Details from the drop-down
menu.).

It is important to emphasize that formulas (14)-
(16) are intended for calculating the probability of target
detection by its size feature specifically in a digital
image. A distinctive advantage of digital electronic
imagery is that it can be rescaled, increasing the image
frame size to an area S convenient for visual
observation. Moreover, using the “zoom” function, the
image can be enlarged so that the target appears
magnified. The zoom procedure consists of cropping the
image so that the target, as the object of interest, is
centered in the frame, and then stretching the cropped
image so that its frame coincides with the frame of the
original uncropped image (i.e., “mapping” the cropped
image onto the original frame). This mapping occurs
due to an increase in the linear pixel size. Equivalently,
the zoom procedure can be interpreted as an increase in
the linear dimensions of the pixel, which results in an
enlargement of the image frame itself; therefore, the
frame of the enlarged image is cropped again along the
contour of the original (pre-zoom) frame.
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If the target size s is significantly larger than s,
the zoom procedure can be used to enlarge the target
size s until it becomes comparable to the image size S;
in this case, the size-based conspicuity index of the
target PS|HS — 1. In other words, if s = s;;,, the zoom

operation allows the target size in the image to be
adjusted so that s=S and therefore, according to
expression (15), we obtain P, — 1.

The zoom procedure changes the target size s in
millimeters, while the size of the image frame remains
unchanged. That is, due to the zoom operation, the
variable in expressions (15) and (16) is the target size s,
whereas S=const if the dimensions are measured in units
of length (e.g., mm?). As a result, we arrive at an evident
conclusion: during the zoom procedure, an increase in s
leads to an increase in the ratio s/S, and consequently, to
an increase in the probability of target detection Ps.

If the analysis is carried out in units of square
pixels (px?), then when the target size increases in
conventional metric units of length (e.g., mm?), the
number of px? corresponding to the target remains
unchanged, i.e., s[px¢]=const, while, due to the cropping
of the image to match the frame size of the original
(non-zoomed) image, the total number of pixels
corresponding to the entire image S[px2] decreases by
the same factor by which the target size increased in
square length units. As a result, we again arrive at a
logical conclusion: the zoom procedure leads to an
increase in the ratio s/S, and consequently, to an
increase in the probability of target detection Ps.

Thus, the higher the image resolution, the greater
the number of pixels that correspond both to the entire
image and to the target. The resolution of an image is
measured by the number of pixels along the horizontal
and vertical axes. For example, if the monitor resolution
increases from 800x600 to 1320x990, the number of
pixels s corresponding to the target increases by a factor
of 2.73. The same applies to the image resolution
measured in DPI (dots per inch). Therefore, the higher
the monitor resolution and image DPI, the higher the
probability of target detection. Moreover, higher monitor
and image resolution values mean a larger number of
pixels per target, while the threshold resolution remains
constant at sy, = 4px%. According to expression (16), this
also leads to an increase in the size-based conspicuity
index of the target.

It is important to note that due to the nonzero value
sy #0, zooming (magnification) cannot be performed
indefinitely. Therefore, for values of S close to sy, the
question arises:

What should be the value of the target size relative
to sy #0 for the task of target detection by the size

feature on an electronic
successfully accomplished?

Similar to the criterion for successful accomplishment
of the target detection task by the luminance contrast
feature, we introduce the criterion for successful
accomplishment of the target detection task by the size
feature on in a digital image

image to be considered

1

P, >(PS)50 ==,

5 (18)

From expressions (18) and (15) (equivalently,
(16)), we obtain the value of the target size in the digital
image that ensures a 50% probability of target detection

Sy = —35”1 (19)
5 .
1+ 2i

When using formula (19), it should be highlighted
that for a nonzero P, = 0, the condition s>s, must be

satisfied, and therefore the condition s, <s<S must

also hold. The condition s > s, is practically always
satisfied, and therefore

(20)

550|s>>sth = 35t

Considering that sy =4px®, we arrive at the
conclusion that the condition for the successful
accomplishment of the visual task of target detection
can be written in the form

s>12px°. (21)

In other words, for successful detection in the
image, the target must have at least the shape of a
rectangle with sides of 4x3px? or a square with a side of
at least 4px.

It is evident that increasing the resolution of both
the monitor and the image enhances the successful
accomplishment of the visual task of target detection by
the size feature on an electronic image.

4. Probability of target recognition by its
characteristic dimensional features in a
digital image

4.1. Characteristic recognition features and the
probability of target recognition by a specific
conspicuity feature.

4.1.1. Recognition features. The success of
recognizing an object in a digital image depends on the
conspicuity of its recognition features. The conspicuity
features used for target detection — such as target
visibility (luminance contrast), image size, and conspicuity
against a cluttered background — are not recognition
features. In essence, the process of target recognition
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also reduces to a detection process, but not of the target
as a whole; rather, it concerns the detection of a distinct
geometric characteristic or structural element that makes
it possible to distinguish, for instance, a combat armored
vehicle (CAV) from other types of vehicles. For a tank,
such characteristic recognition features include the turret
with the gun barrel and the tracks. Therefore, target
recognition in an electronic image is based on a separate
and independent set of recognition features. It is precisely
this property of an independent set of recognition features
that determines the independence of the recognition (R)
and detection (D) events. In military literature, the
recognition features of a target are referred to as
signatures, which is the Ukrainian transliteration of the
English term signature, literally meaning “personal
signature” — in the sense of a distinctive or characteristic
feature.

The most important recognition feature (signature)
of a target is the characteristic shape of the vehicle’s
contours. Shape signatures such as the elongated form
of the gun barrel and the distinctive outline of the turret
make it possible to recognize a combat vehicle as a
tank. However, these features alone are not always
sufficient to distinguish a tank from a self-propelled
howitzer on a tracked chassis. For example, a self-
propelled artillery system (SPH) such as the M109
howitzer (Fig. 2) in its various modifications — M109A2
(a), M109A7 (b), and M109L with anti-drone protection
(c) — resembles a tank in overall shape. An auxiliary
distinguishing feature that differentiates an SPH from a
tank is anisometry of form, meaning the difference in
dimensions along different spatial directions.

Firstly, the height-to-length ratio for a tank is
noticeably smaller than that for a SPH. Secondly, as a
rule (though not always), the barrel length of an SPH is
greater than that of a tank, so that the ratio of barrel
length to vehicle length is higher for an SPH compared
to a tank. Tanks are designed for close combat, infantry
support, and breakthrough of the enemy’s front line;
therefore, they rarely operate individually and usually
act within a tank unit, at least in pairs. In contrast, SPHs
are intended for long-range fire support, destruction of
fortifications and enemy artillery positions, and providing
covering fire, and thus operate at a distance from direct
engagement zones, using artillery positions to support
friendly forces. Hence, the nature of combat employment
also serves as a recognition feature.

Moreover, the nature of combat operations of AFV
leaves a clear imprint on their design characteristics.
Because tanks are required to perform missions
demanding mobility, maneuverability, and stealth, the
turret of a tank is noticeably smaller and lower than that
of a SPH. The superstructure above the tracks is also
lower in tanks. In contrast, both the turret and
superstructure of SPHs are higher and bulkier due to the
larger dimensions of the artillery installation they
accommodate.

Thus, at least the following recognition features of
CAVs can be distinguished, listed in order of their
significance:

1. Presence and characteristic shape of specific
components:

e gun barrel,

* turret,

* tracks.

2. Anisometry of the hull shape: ratios of

« vehicle height to its length,

e track height (road wheel diameter) to total
vehicle height,

« turret length to overall vehicle length.

3. Nature of combat employment.

4. Sound of the running engine.

Fig. 2. Self-propelled howitzer: a— M109A2; b — M109A7;
¢ — M109L with anti-drone protection [25]
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Only the first two recognition features listed above
are geometric conspicuity features of target recognition
in an electronic image.

Both of these features reduce to the size-based
conspicuity index, but unlike the conspicuity features
used for detection, in this case we are dealing not with
the size of the target as a whole, but with the size of a
characteristic shape or detail of the vehicle that enables
its recognition — for example, the gun barrel or the
turret, identified by their distinctive shapes or by
characteristic differences in overall dimensions, such as
the anisometry of form.

In particular, the T-64BV tank has the following
dimensions: length [=9m and height h=2.16m. Hence,
h/l1=0.24. For the M109A2 self-propelled howitzer,
[=9m, h=3.25m, and thus h/l=0.36. Therefore, the ratio
of vehicle height to its length (h/) could serve as one of
the recognition features (signatures) for distinguishing
between a tank and an SPH. However, due to the mobility
of the wvehicle, namely its ability to rotate around its
vertical axis, this signature can only be used effectively
when the vehicle is observed side-on (perpendicularly).
For example, in Figures 2a-c, the self-propelled howitzers
are viewed partially from the side. As a result, instead of
the true vehicle length [, only the projected length
I,~=I sing on the image plane can be measured, where
is the angle between the line of sight and the longitudinal
axis of the vehicle.

Since the value of the projection may vary within

the range |, [0;1] depending on the angle  formed by

the normal to the image plane and the side plane of the
vehicle (the viewing angle), it is clear that the parameter
h/l,. cannot always be used to reliably distinguish a tank
from a SPH.

The problem with using the ratio h/l for vehicle
recognition lies in the fact that only the value of h is
invariant (remains unchanged) with respect to rotations
around the vertical axis, whereas on the image we
measure not [ itself but its projection L, which is not
invariant with respect to such rotations. Hence, we are
led to conclude that for successful vehicle recognition, it
is necessary to use the geometric lengths of structural
elements that are invariant with respect to the same axis —
whether vertical or horizontal.

Such a signature could be the ratio of the total
vehicle height h to the height of the tracked running
gear, i.e., the diameter of the road wheels dy. In this
case, both quantities — dr and h are invariant with
respect to rotations around the vertical axis.

From Table 1 it can be seen that for the T-72, T-90,
and Challenger 2 tanks, the ratio h/d,=3, whereas for the
self-propelled howitzers “Akatsiya” and “MSTA-S”,
h/di=5. Thus, as a rule, SPHs have a higher superstructure

together with the turret above the track system compared to
tanks, which is due to the significantly larger dimensions of
the SPH’s artillery installation.

Table 1

Road wheel diameter dx, vehicle height h, and their ratio
for tanks and SPHs

. Road wheel .
Vehicle model Hh?'ﬁ]ht diameter, '?]%':’
d, m
T-64(tank) 2.17 0.55 3.8
T-80(tank) 2.20 0.67 3.2
T-72(tank) 2.23 0.75 2.9
T-90 (tank) 2.22 0.75 2.9
Challenger 2 (tank) 2.49 0.70 35
2C1 "Gvozdika" (SPH) | 2.28 0.67 34
2C3 "Akatsiya" (SPH) 3.05 0.63 4.8
2C19 "MSTA-S" (SPH)| 3.30 0.52 5.0
2C?55V',',K(ga;,'t|j)'ya' 35 0.75 47
2C5 "Giatsint" (SPH) 2,76 0,63 4.3
2C4 "Tyulpan" (SPH) 3.25 0.63 5.1
M110 (SPH) (USA) 3.28 0.82 4
M109A2 (SPH) (USA) | 3.28 0,61 5.4
'\"(18%9:)6(5""5%'” 3.28 0,61 5.4
AS-90 (SPH) (Britain) 3.00 0,62 4.8
PZ"('éeor?f]’a(nSy';H) 3.50 0.70 5

Another possible recognition signature can be the
ratio of the turret length b to the overall vehicle length L.

In a SPH, the turret is long and tall due to the large
dimensions of the artillery installation, extending all the
way to the rear end of the hull. In a tank, on the other
hand, to ensure high maneuverability, low visibility, and
enhanced crew protection — with the crew occupying a
significant portion of the turret — the turret is relatively
flat and low compared to the overall height of the tank.
Its length b, measured along the longer side of the hull,
is significantly smaller than the hull length, so that the
rear edge of the turret is clearly set back from the rear
end of the hull by a noticeable distance. This distance
o , measured from the rear edge of the turret to the rear
of the hull, can also serve as a recognition signature
distinguishing a tank from a SPH.

4.1.2. Probability of recognition using a single
signature dimension. Given that an image has a finite
size resolution, the probability of recognition by shape
depends not only on the signature size but also on the
limiting size that can still be resolved by the computer.
Specifically, the size of the characteristic detail must
exceed the threshold resolution size. In this case, the
probability of recognizing the target as an object of
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interest in an electronic image is a geometric Bayesian
probability, provided that the size of the characteristic
detail of the vehicle in the image is larger than the
threshold resolution size of the image.

It is important to note that the term size of an
image element may refer either to its two-dimensional
(2D) size — that is, the area s of the image element — or
to its linear, one-dimensional (1D) dimensions. The
concept of dimensionality (2D or 1D) of an image
element’s size is a key distinction in defining the size-
based conspicuity indices for target detection and target
recognition in an image.

When accomplishing the visual task of detection
during reconnaissance we deal with 2D dimensions,
such as the image area S, the area of the target s as an
object of interest in the image, and the threshold area of
the lower limit of resolution sy,

When accomplishing the visual task of target
recognition, we deal with comparing 1D dimensions
that define the shape of the combat vehicle or the
anisometry of the forms of its structural elements.

In the case of an image obtained from ground-
based cameras, during recognition we deal with pairs of
1D dimensions of image elements (length, diameter,
thickness, distance) such as

« length [ and height h of the vehicle;

e length [ and diameter (thickness) d of the
vehicle’s gun barrel,

« turret length b and hull length [;

« distance from the rear edge of the turret to the
hull’s rear end, and so on.

If the image is obtained from UAV cameras or
from the frontal projection of the vehicle, then, in addition
to these 1D dimensions, the width w of the image element
must also be considered.

When recognizing by 1D dimensions, the image-
characterizing lengths are the length of the SEZ L and
the threshold length of the lower resolution limit ly,. It is
important to note that, unlike the detection task, in
recognition L is not the length of the entire image frame
but the length of the SEZ — the zone in the image where
the given recognition signature is expected. The reason
is that once a combat vehicle has been detected in the
image, the observer no longer needs to scan their gaze
across the whole target expectation zone (TEZ) along
the entire line parallel to the horizontal side of the image
frame, as was necessary for detection. For vehicle
recognition, it is sufficient to scan the gaze within the
signature expectation zone (SEZ), which covers all
extreme points of the target contour — for example, a
rectangle with sides parallel to the image frame that
encloses the contour points so that the most distant of
them lie on its sides. In fact, during recognition the

target area s=I h becomes the SEZ area, and its length
and height become the horizontal and vertical 1D
dimensions of the SEZ if the given signature is observed
against the vehicle hull. However, in the case when the
signature is located significantly outside the vehicle
contour — for example, the gun barrel of an SPH in
Figure 2 — the SEZ is defined somewhat differently.
Such an example will be analyzed below. For example,
if the recognition of a combat vehicle is performed by
the length of the gun barrel, then the probability of
recognition is determined as:

1t
|

> (22)

P= 1+Lh(1_zlij at I, <ly <L; d =1,
I, L

0 at 0<l,<l,; d<l,

where Iy is the signature length, the gun barrel in this
case; d is its diameter; L is the length of the horizontal
side of the SEZ rectangle; and Iy is the threshold
(minimum) length (per Nyquist) of an image element
that is still visualized on the display.

For the image shown in Figure 2a, the SEZ covers
almost the entire frame. According to formula (17), the
image frame length is L =(7.75/2.54)x96 = 293px,

while the SEZ length, corresponding to the length of the
SPH in the image, is [=254px. In Figure 2a, the gun
barrel of the SPH is clearly visible, and there is no need
to enlarge the image using the “zoom” operation. The
measured horizontal projection of the SPH gun barrel
length in Figure 2a is Iy = 169px. By substituting | =
254, Iy = 169 and Iy, = 2 into formula (22), we obtain
the size-based conspicuity index of the SPH gun barrel
in the image (Fig. 2a) B =0.996. Intuitively, such a

high value of the size-based conspicuity index (i.e.,
recognition probability) indicates an unambiguous
recognition of the SPH as a combat armored vehicle.
Expression (22) takes into account that the key
conspicuity feature for recognizing a tank is the length
of its gun barrel, but at the same time the barrel
diameter d in the image must be greater than the linear
resolution d > 1, of the monitor. If d <l,, then

according to expression (22) the probability of detection

is zero R , =0 for any barrel length I,.

d<ly, Vi

4.1.3. Probability of recognition using the sizes of
two signatures. An important distinction of the
recognition procedure from the detection is that in the
detection the target is perceived as a whole. That is, the
variable that characterizes the target size is its area. In
recognition we deal with the anisometry of the combat
vehicle’s shape, i.e., with at least a pair of linear

© Crax T.M., XaycroB JI.€., baran B.P., XaycroB f1.€., Kupruayk O.A., Hactummn F0.A.



BilicbkoBO-TeXHIUHMI 30ipHIK
Military Technical Collection

80

Tom 33 Ne 2, 2025
Vol. 33 No. 2, 2025

dimensions such as: the tank’s length and height, the

length and diameter of the combat vehicle’s gun barrel,
the vehicle length and turret length, turret height and
hull height, etc. Each of the two lengths l; and [,
belonging to the same pair is characterized by its own
detection probability P,and PB,, respectively. For the

12
target to be recognized with probability P, =0, it is
necessary and sufficient that both recognition events by
the two size features in both directions occur
simultaneously with nonzero probabilities. If at least one
of the two probabilities P, =0 or B, =0, or both

together, equals zeroR, =R, =0, then we have P, =0
that is:
PR|P.1:0 N PR|P.z:0 N PR|P.1:0, po-0 @3
Condition (23) means that the events with
probabilities P, and B, are multiplicative with respect

to each other and to the resulting event P, therefore

PR = Pll ' F>|2 . (24)
To within the physical meaning of the variables,
the quantities P, and P, are determined by expression

(22), that is

1_It7h
2
Fia=y 1, ln 1_22 Vip <h <l ln <l <L, (25)
1,2 Lo

0V L<ly b <l

where L, and Ly are the lengths of the sides of the SEZ
rectangle, i.e., the lines in the image along which the
gaze scanning is performed.

By substituting expressions (25) into formula (24),
we obtain

(Il_lth)(lz_lth)

: I[ Vi, =1,
P,= {I{l—zi}rlﬂi{lz [l_ZL:JH‘h:I . (26)
0 Vi, <l
After transformation, expression (26) for v, >1,
can be rewritten in the form
Stn Ell +1, J
1-n Ii—l
P _ S\ (27)

R
1450 hth +2$12[2—L1+L2—L1—L2]
S L S 1,

where s, =12 —is the threshold area of resolution, and

S, = I1I2

is the area of the signature (the area of the gun
barrel of a tank or SPH, for example) by which the
combat vehicle is recognized against the SEZ of area
S= L1L2.

Comparison of expressions (16) and (27) shows
that the probability of target detection p,_ by its size

feature and the probability of its recognition p, by the

size feature of a particular signature in a digital image
differ by at least the following characteristics.

First, the area of the recognition signature in
expression (27) is smaller than the target area S in
expression (16), which by itself reduces the probability
of recognition compared to the probability of detection.

Second, since the CAV as the object of interest
(target) in the image has already been detected, the
search for the signature is carried out not within the
TEZ but within a much smaller the SEZ bounded by the
vehicle’s contours. This, in turn, increases the probability
of detecting the signature — that is, the probability of
recognizing the vehicle by that signature.

Third, expression (27) includes not only the signature
area S3» but also its linear dimensions I; and |5, which
implicitly accounts for the anisometry of the signature’s
shape.

Let us determine the probability of detecting the
barrel in image Figure 2a, from which we find
I, =169 px, I, =11px. The length and height of the

SEZ rectangle are estimated to be half of the vehicle’s
length and height together with the barrel, whence
L, =130px, L, =80px and for |, =2px substituting
these data into expression (26), we obtain Pg =~ 0.71.
There is no doubt that, at a probability B =0.71

the detection of the signature (the SPH barrel in Fig. 2a,
in this case) by the size feature will be successful.
However, the sizes of the vehicle and its characteristic
details in the image are not always so large relative to
the image frame dimensions and the threshold resolution
Iy Therefore, the probability of solving the visual
recognition task can take much smaller values for
significantly smaller I; and I,. Hence, similar to the
criterion for successful accomplishment of the detection
task, the question arises of a criterion for successful
accomplishment of the target recognition task by the
size feature of a signature on an electronic image.

4.2. Criterion for successful target recognition
by the size feature of a signature.

Similar to the criterion for successful accomplishment
of the target detection task by the size feature on an
electronic image, we introduce a criterion for successful
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accomplishment of the target recognition task by the
size feature of its signature on the same image

Pe>(Fr)yp =7 (28)

To determine the signature dimensions (l;)so and
(1,)s that satisfy the condition (Pg)so = 1/2, it is necessary to
solve the equation

((Il)so_lth)((lz)so _Ith) _

{(Il)w (1_2'2]”@{@2)50 (1_2'&]”4

Vi, >,

N |-

. (29)

Equation (29) contains two unknown variables,
(I)so and (1)s0. However, for a specific type of CAV to
be recognized by a given signature, the ratio k = /1, is
generally known. Hereinafter (without loss of generality),
for convenience, we assume that I; is the longer and I,
is the shorter dimension of the signature, i.e., 1;>1,. For
the gun barrel of an SPH or tank, k is simply the number
of calibers corresponding to its length, the tabulated
value of the barrel length measured in its calibers.
Therefore, substituting (11)so = k(l2)s0 into equation (29),
we obtain an equation with a single unknown (l,)s.
Equation (29) thus reduces to a quadratic equation

a((IZ )50 )2 _b(|2)50 -¢=0,

)
o))

c =312,

(30)

where ! p

which accordingly has two roots. Since the free term in
this quadratic equation is negative, by Vieta’s theorem
we conclude that one of the roots is positive and the
other is negative. Because (l,)s0 has the physical
meaning of a length, its value cannot be negative.
Therefore, among the two roots of the quadratic
equation, the positive one is taken. The analytical
expression for (l,)so is rather cumbersome and is not
presented here. Instead, expanding it into a Taylor series
with respect to the small parameter Iy, and retaining only
the first-order term, we obtain

3 1 14 9
(1) =§(1+;+\/1+?+k—2}m Y

From expression (31), one can determine the range
within which the quantity (l,)so varies for k e [1;oo]. For
the value k=1, which corresponds to an isometric

signature in the form of a circle or a regular polygon
(triangle, square, pentagon, n-gon), we obtain

(L),

element k [ 1, we obtain (1)

=12, For a markedly elongated signature

) ~6l, . Thus, we find

that the criterion for the successful solution of the
recognition task varies within (l;)so = [6;12] .

For the target recognition task by the sizes of its
signatures to be successfully accomplished, the
following condition must be satisfied

|2 >(|2)50 ) (32)
that is, the smaller of the signature dimensions in the
image must exceed the threshold signature size that
ensures a 50% probability of its detection. Expression
(32) is the analytical form of the criterion for successful
target recognition by the sizes of its signatures.

To compare the values of the success criteria for
detection and recognition tasks, we introduce the
notation (1,), =15, where the superscript R (from

50 !

50 [k

recognition) denotes recognition.

Let us recall that the criterion for successful
accomplishment of the target detection task is given by
expression (20) through the area ss. For convenience of

comparison, we introduce the notation 12 = /s, , where

the superscript D (from detection) denotes detection.
From expression (20), we obtain

15 =3x1,. (33)

Since according to expression (31) the value of

I5, (k) is a function of the parameter k, to compare it

50
with the corresponding parameter 1> for the detection
task, we perform averaging of the quantity 17 (k) over
the interval of values k < [k;;k,]. Taking into account
expression (31), the averaged value is determined as

r 3y k[ 1 14 9
LR==—__fl1+=4 1+—+— (dk.
P2k, -k kﬁ( k k kz] 39

For the given values of k <[1;40], we obtain

log = 7xly . (35)

And thus, from expressions (33) and (35), we
obtain the comparative estimate

121X ~1:4, (36)

which correlates well with the empirically established

relationship (5) for the Johnson and TTP criteria of
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successful accomplishment of visual detection and
recognition tasks

D.yR _1-
Xgg i Xeo ®1:4 .

37)

The quantitative agreement between the success
criteria for solving the target detection and recognition
tasks by the size feature, given by expression (36) and
theoretically derived in this study, and the corresponding
empirically obtained criteria given by expression (37),
confirms the adequacy of the developed approach to
target recognition based on the geometric Bayesian
probability of detecting a specific recognition signature
by two dimensions.

4.3. The role of the proposed method for
estimating the probability of target recognition by
the sizes of its signatures in a digital image in target
recognition performed by a human operator and by
artificial intelligence (Al).

It is important to note that the method developed in
this study for estimating the probability of target
recognition by the sizes of its signatures in a digital
image can serve both as a means of assessing the
adequacy of Al-based target recognition and as an
independent alternative tool for target recognition by a
human operator during reconnaissance.

4.3.1. A posteriori verification of recognition
adequacy. Regarding the first application — the verification
of target recognition adequacy using Al — it should be
noted that the initial iteration of Al-based recognition,
for example of armored vehicle samples in an image,
often includes objects marked by the Al as targets that
are, in fact, not targets. In such cases, the operator must
manually filter out falsely marked objects (e.g., trucks
or buildings instead of armored vehicle samples).

The causes of erroneous object recognition as
targets by Al may vary. One of them is the neglect of
the fact that not every object in an image can be
successfully recognized. In the previous subsection, it
was shown that for the recognition task based on the
sizes of target signatures to be considered successfully
accomplished, the condition I, >(1,)so, must be satisfied —
that is, the smaller of the signature dimensions must
exceed the threshold signature size that ensures a 50%
probability of detecting that signature. In other words, to
avoid recognition errors associated with insufficient
signature sizes, it is necessary to ensure that condition
(32) is satisfied for the recognition signatures. However,
to do so, the Al must first detect the signatures on the
electronic image of the object of interest by which it can
be recognized, for example, as an armored vehicle
sample. This task may be too ambiguous and hard for
Al. Nevertheless, this is not required. To verify whether
condition (32) is met, one can use the known ratio

between the size of a signature and the overall size of
the target, which is typically a tabulated value. For
instance, by using tabulated ratios of a tank turret height
to its total height, the Al can apply the recognition
success criterion not to the size of specific signatures of
an armored vehicle sample but to its overall dimensions —
such as height or width — in the digital image.

Below, in the following paragraphs, this possibility
will be illustrated with specific examples. However, for
the reader’s convenience, it is first necessary to briefly
explain the relationship between the number of pixels in
an image and the metric units of size (length, height,
width in millimeters or centimeters). To convert the
number of pixels into metric units (e.g., millimeters), in
the examples given above, we used the image resolution
value in dpi (dots per inch), which is commonly used to
describe the quality of printed images (on paper) and is
included in the image file metadata. If the image is
viewed on a monitor, instead of dpi, one should use the
monitor resolution value in ppi (pixels per inch) — the
number of pixels per inch. Some programs display
images on a monitor while taking the image’s DPI into
account, while others do not. For example, Microsoft
Word considers the image’s DP1 when inserting it into a
Word document; inserting an image of 300x300 pixels
with DPI=300 will display it as 1x1 inch (2.54x2.54cm).
Knowing the screen width and height in pixels and its
diagonal in inches, one can calculate the pixel size in
metric units, such as in millimeters.

4.3.2. Examples of adequacy assessment and
recognition of an armored vehicle sample by its
signatures. For example, if an armored vehicle sample (a
tank or an SPH) is recognized by the presence of a
turret, then according to expressions (32) and (35), the
turret height in the image must exceed
1P ~7x2= 14( px) . According to expression (17), for

an image with a resolution of 96 dpi, 14 pixels
correspond to 14x2.54/96~3mm. Considering that for an
armored vehicle sample the ratio of its total height to the
turret height is approximately 3:1, it follows that, in
order for the armored vehicle to be recognized by the
presence of a turret, its image must have a total height
of at least 14x3 = 42px, which on an image with a
resolution of 96 dpi, according to expression (17),
corresponds to 42x2.54/96~10mm. Given that for tanks
and SPHs a typical ratio of hull length to vehicle height
is about I/h=3, it follows that, when viewed from the
side (as in Fig. 2c), an image of an armored vehicle
sample with a turret height of 3mm and a total height of
10mm on an image with a resolution of 96dpi would
correspond to a hull length of approximately 30mm.

If the armored vehicle sample is observed not from
the side but in a frontal projection, as shown for
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example in Figure 3, it can be recognized by using
pairwise ratios, such as the ratio of the turret height to
the total vehicle height, the turret height to the hull
height (from the ground to the lower level of the turret),
and the total vehicle height to its width.

Fig. 3. Image of the T-64BV tank captured by a digital
camera with 1x magnification at distances of a — 10 m;
b-20m;c-50m;d-100 m

In the first two cases, recognition is performed
based on the sizes of the recognition signatures (the
heights of the turret, hull, and total height), while in the
third case — based on the characteristic feature of the
vehicle’s shape anisometry (height and width). If the
recognition of an armored vehicle sample, such as the
T-64BV tank, is carried out using its image in a frontal
projection, it can be considered that the ratio of the
turret height to the total height typically equals 1:3, and
the ratio of the turret height to the hull height equals —
1:2. Then, for successful recognition by the size features
of the signatures, the turret height in the image should
be at least 14px (=3mm for an image with a resolution of
96dpi), while the hull height and total vehicle height
would then be 14x3=42px (=9mm) and 14x2=28px
(=6mm), respectively.

For the T-64BV tank, the ratio of its width to
height measured from Figure 3 is w/h=1/6, which agrees
well with the tabulated value wh=3460mm/ 2190mm=1.58
[26]. Therefore, for successful recognition of the tank
by the characteristic feature of its shape anisometry in
the image, for a tank image with a total height of
14x3=42px (=9mm), the vehicle width should be at least
68px (=15mm). The estimates of minimum signature
sizes and shape anisometry of AFV (including armored
vehicles) samples in the image, according to the
recognition success criterion (32), should be applied not
only for recognition by a human operator when viewing
the image on a monitor but even more so for Al-based

recognition. To achieve this, using the tabulated ratios
I, = kl, between the signature dimensions I, of an AFV
sample and its overall dimensions |, (height h or width/
length | of the vehicle), the criterion (32) can be

reformulated as:
I1 > (|1)50 - (38)

The Al-based algorithm for recognizing armored
vehicle objects in electronic images should reject image
elements whose dimensions do not satisfy criterion (38),
as such elements do not ensure a recognition probability
higher than 50%.

In addition, it should be taken into account that
recognition errors (especially in Al-based recognition)
may result not only from insufficient sizes of the
recognized object in the image but also from excessively
low values of its luminance contrast. In other words, the
second necessary condition for successful recognition is
condition (13). The Al algorithm should therefore reject
image elements whose recognition signature contrast
does not satisfy criterion (13). For convenience and to
simplify the evaluation procedure, instead of measuring
the luminance contrast of individual signatures, the
overall luminance contrast of the armored vehicle
sample can be used. Thus, the Al algorithm should
reject recognition objects whose contrast is lower than
[Kso| = 0.14 (for |Ky|=0.05), as such objects do not
ensure a recognition probability by the luminance
contrast feature higher than 50%. It is worth noting that
in some publications the threshold contrast value is
considered to be more than twice lower, |Ky| = 0.02, for
which, according to (12), one finds |Kso| = 0.05. Which
of the two values of |Ky| should be used in the
estimation of |Kgo| deserves additional studies. For the
time being, the higher value |K| = 0.05 is preferable to
ensure correct recognition.

The procedure for experimental determination of
the detection and recognition probabilities of an armored
vehicle sample will be illustrated in the following (fifth)
section of the paper, using as an example images of the
main battle tank (MBT) T-64BV, evaluated by the sizes
of its signatures on images obtained at different
distances from the target.

5. Experimental determination of detection
and recognition probabilities of an MBT
sample based on the sizes of its signatures as
a function of distance

To determine the detection and recognition
probabilities of the MBT sample (T-64BV) based on the
sizes of its signatures as a function of distance, an
experiment was conducted with the aim of collecting
images of the T-64BV tank at distances ranging from
10m to 750m. Examples of some of the obtained
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images, specifically for distances D=10, 20, 50, 100m,
are shown in Figures 3a-d, respectively.

5.1. Experimental conditions.

5.1.1. Image acquisition was carried out using a
Nikon Coolpix L830 Black digital camera at the
International Peacekeeping and Security Center training
range during winter, under overcast daylight conditions.
Images were obtained over the distance range of
[0;100]m with a 10m step, over [100;500]m with a 50m
step, and over [500;750]m with a 100m step; the final
image was captured at a distance of 750m.

5.1.2. Measurement of signature dimensions of the
armored vehicle sample — the tank’s height (h), width
(w), turret height (h), and hull height (hy) — on the
collected images (in pixel units) was carried out using
the QTDDI computer application [27] and can also be
performed in commonly available programs, for example,
in XnView.

The probability of detection was determined using
expression (16), where s=hxw is the area of the
rectangle enclosing the target, with width w and height h
Sth = 4px2 is the threshold 2D resolution of the monitor
according to Nyquist, and S = LxH is the image size in
pixels. An advantage of a digital image over an analog
one is that it can be magnified on the monitor using the
zoom operation, which significantly increases the
accuracy of measuring signature dimensions. The absolute
measurement error of signature dimensions can be
reduced to 1 pixel by using a brightness profile graph
plotted along a horizontal line through the target and the
pixel brightness table for the given image, in accordance
with the QTR-EI index determination methodology [6].

5.2. Results of measurements and calculations.

5.2.1. Probability of detection. The probability of
detection of the tank was calculated using formula (16),
where s=wxh — the area of the tank on the image, and
S=LxH=4608x3456(px’) is the total image area
obtained at a distance D from the tank. Since the ratio
between the tank’s width w and height h is a constant, it
was unnecessary to measure both parameters on all
images. Measuring only one — preferably the more
distinguishable one - is sufficient, while the other can
be computed using the known proportion w/h=1.6. This
approach not only simplifies and accelerates data
acquisition but also improves computational accuracy.
As the distance D increases, both the apparent size and
contrast of the tank’s image decrease, thereby reducing
measurement precision. Among the two dimensions,
width w exhibits higher contrast and is therefore more
reliable for measurement. In the collected images (some
shown in Fig. 3), width w was measured directly, while
the height was computed as h=w/1.6. To demonstrate
the validity of this simplification, experimentally measured
height values h(D) is shown as red open circles in

Figure 4, while black squares represent the corresponding
computed values obtained from width data using
h=w/1.6.
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Fig. 4. Experimentally measured values (red open circles)
of the tank height h and the corresponding values
calculated as h=w/1.6

The coincidence of the experimentally measured
and calculated values shown in Figure 4 confirms the
validity of the simplified measurement procedure.

The dependence s(D), expressed in square pixels,
was computed from the experimentally measured values
of wand h (Fig. 5). For convenience, the vertical axis is
presented in a logarithmic scale.

Similar to Figure 4, in Figure 5 the red open circles
represent the values of the tank image area obtained
from independently measured w and h, while the black
squares correspond to the values derived from width
data using the expression s = w?/1.6.

The agreement between both datasets in Figure 5
once again confirms the adequacy of the simplified
measurement procedure. Therefore, this approach will
be further used to obtain the dimensions of other signatures.
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Fig. 5. Experimentally obtained dependence
(in logarithmic scale) of the tank image area s(D) on the
distance D from the tank: red open circles — values
obtained as s=wxh from independently measured w and h;
black squares — corresponding values calculated as
s=w1.6
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The probability of tank detection in images acquired
at various distances D, calculated using equation (16)
from the data presented in Figure 5, is shown in Figure
6. It can be seen from the figure that the probability of
detecting the tank by the distinctive feature of its size
remains higher than 0.5 (50%) even at a distance of
600m.
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Fig. 6. Probability of detecting the T-64BV tank in an image
captured with a digital camera at a zoom factor of x1 as a
function of the distance to the tank

Analyzing the images corresponding to different
distances to the tank, it can be concluded that with
increasing distance not only does the apparent size of
the tank on the image decrease, but also its contrast, i.e.,
the target visibility index V.

Furthermore, as the distance increases, the target
conspicuity index on a cluttered background Peyyger
decreases. Due to the significant reduction in contrast
with distance and the diminished conspicuity of the
target against a cluttered background, it becomes
impossible to detect the tank in images acquired at
distances larger than 600m, even though the probability
of detection by size remains above 0.5 (50%).

The reason lies in the fact that, according to
equation (8), the target saliency index 7" on an electronic
image is the product of the target visibility index

10m
20 30
HEnns.... .

(conspicuity by brightness contrast) V, the size conspicuity
index, and the background clutter conspicuity index Pgjyger-
Thus, because of the low overall saliency resulting from
small values of V and Py, the target’s visibility on
images taken at distances D>600m is too low for successful
detection — therefore, points corresponding to D>600m are
absent on the graph (Fig. 4).

To illustrate that the low saliency of the target at
distances D>600m is not a consequence of its size
conspicuity, we constructed model images of the tank in
Mathematica as rectangular shapes with a visibility index
V=1 on a uniform white background, thereby ensuring
Peutter- The model rectangles had the same dimensions
(in pixels) as those shown in Figures 4 and 5, which were
used to calculate the detection probabilities presented in
Figure 6. Accordingly, for this model case, in accordance
with equation (8), the target saliency index reduces to

the size conspicuity index I}, , =K. Model

clutter —

images of the target with sizes corresponding to the
tank’s dimensions at distances within the range
[10;600]m is shown in Figure 7. It is evident from
Figure 7 that even the smallest rectangle with dimensions
wxh = 10x6(px°), corresponding to a distance D = 600m,
remains clearly visible — i.e., it can still be detected by
the distinctive feature of its size on the image — consistent
with the data presented in Figure 6.

5.2.2. Probability of recognition. The probability
of recognition of the tank was calculated using
expression (26), based on the dimensions of two
signatures: the height of the turret h; and the height of
the hull hy. Since at the recognition stage the target has
already been detected, the SEZ is simply a rectangle
with sides equal to the tank’s width w and height h.
When searching for the turret and hull on the image, the
visual scanning is performed along a vertical line from
the ground to the top point of the turret (or vice versa);
therefore, in equation (26), we take L; =L, =h.

600

Fig. 7. Model images of the tank represented as rectangles with visibility indices V=1, Pyuwe=1, and dimensions
corresponding to those used for calculating the detection probability at the distances (in meters) indicated above each image
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Dependencies h(D), hy(D), and hn(D) — corresponding
to the total height of the tank, the turret height, and the
hull height on the images as a function of distance D —
are shown in Figure 8.

Since the ratios between the overall height h, the
turret height h, and the hull height h, of the tank are
constant tabulated values h; /h = 1/3, h,/h = 2/3, there is
no need to perform independent measurements of h;and
hy. These parameters can be derived from previously
obtained height values h, which in turn can be calculated
from the measured tank width using h=w/1.6.

The data presented in Figure 8 were used to
calculate the probability of recognition of the tank,
shown in Figure 9 with blue dots, based on the size
features of the turret and hull as recognition signatures.
Additionally, in Figure 9, the probability of recognition
by the gun barrel length and diameter is plotted with red
triangles. For comparison, the probability of detection
data from Figure 6 are included with green squares.

From Figure 9, it is evident that, as expected, at
short distances (~10m) the probabilities of detection and
recognition are close in value and nearly equal to 1.
However, as the distance increases, the recognition
probability becomes significantly lower than the detection
probability.
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Fig. 8. Dependencies h(D) — open squares; hy(D) — blue
filled circles; hy(D) — green filled triangles

At distances D=350m, the recognition probability
based on the turret and hull heights drops below 0.5
(50%), indicating that recognition becomes unreliable or
even impossible, even at high zoom magnifications.

This observation is confirmed in Figure 10, where
the bottom row shows 500% magnified image
fragments taken at distances of 300m and 400m. Indeed,
at D=300m the turret and hull of the tank can still be
distinguished separately, whereas at D=400m the tank
can no longer be reliably recognized by any of its
signatures.
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Fig. 9. Probabilities of recognition based on turret and
hull height (blue dots), recognition based on gun barrel
dimensions (red triangles), and detection based on image
area (green squares) as functions of distance to the tank

This conclusion indicates an agreement between
the recognition range limit (~350m) corresponding to
the theoretically calculated 50% recognition probability
(Fig. 9) and the empirically observed recognition limit
(300-400m) established by visual inspection of the
photographs.

Another signature by which the tank can be
recognized is its gun barrel. The probability of barrel
detection, calculated using expression (26) from its
length 1, and diameter I, on images obtained at various
distances, is shown in Figure 9 as red triangles.

In the calculations, considering that the tank is
already detected in the image and the visual scanning is
performed not across the entire frame but only within
the SEZ, the SEZ is taken as a rectangle in which the
tank gun axis lies along its diagonal. From Figure 9, it is
evident that the recognition probability based on the gun
barrel signatures drops below 50% at distances D>100m.
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h, l
E

400m; 500%

Fig. 10. Fragments of magnified images at different
distances. The magnification factor and the
corresponding shooting distances are indicated below
each image
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This conclusion is consistent with the visual
inspection of the magnified images. Indeed, in the image
taken at a distance of 100m, the gun barrel is still visible,
whereas at 150m it becomes difficult to distinguish it
with confidence. Thus, it can be concluded that the
theoretically derived criterion of recognition success is
consistent with the empirical visual observations of the
photographs, also with respect to the signature features
of the tank barrel.

6. Research prospects

It should be noted that this study focuses on the
probability of recognition of military equipment samples
based on the dimensions of their signatures. The influence
of the luminous contrast of signatures on the probability
of target recognition will be the subject of our
subsequent publications. At this stage, it can be stated
that the overall probability of recognition based on both
the size and contrast of the signatures is the product of
the respective probabilities. Therefore, for successful
recognition, both conditions (32) and (13) must be
simultaneously satisfied — corresponding to the signature
dimensions and their luminous contrast, respectively.

In this work, a methodology for determining the
probability of target recognition based on the geometric
dimensions of its signatures has been developed, and
criteria for the successful accomplishing visual detection
and recognition tasks based on distinctive features have
been established. The method was applied to images
obtained in the visible spectrum using a digital camera
with a single zoom factor. In addition, during the
experiment described above, we obtained a set of images
using the same camera with maximum zoom, as well as
with a mobile phone camera at both 1x zoom and
maximum zoom. Comparative studies of the detection and
recognition probabilities for images obtained under
these different optical conditions are ongoing and will
form the basis of our future publications.

An independent interest is the application of the
theoretical approach developed in this work to images
obtained with thermal imagers, including at different
zoom levels. Corresponding thermal images were also
acquired during our experiment and are currently being
processed.

Another promising possibility afforded by the
digital format of images is the ability to measure the
distance to a target from its size in the image, measured
in pixels using the image brightness table. Figures 4, 5
and 7 demonstrate a clear one-to-one functional
relationship between the target size [ (in pixels) in a
digital image and the distance D to it. For a given
sightseeing complex of an AFV sample, this functional
dependence (D) can be tabulated experimentally or

obtained theoretically in the form of an analytical
relation. Using the brightness-profile plot along a line
drawn through the target, the size [ of the target on the
image can be measured with an accuracy up to 1 px.
Thus, having the target size [ on the electronic image
and the dependence [(D), the distance to the target can
be determined.

Conclusions

The capability to obtain information about the
target-background situation in the form of digital
images opens previously unavailable opportunities for
real-time battlefield monitoring. However, the enormously
bulky stream of video content acquired from various
sources requires equally enormous human effort and
computational resources to analyses these datasets. It is
no secret that, in most cases, the lion’s share of the
collected video content contains no information about a
target or is of insufficient quality. The development of
theoretical basis for assessing the quality of target data
acquisition (detection, recognition and identification)
based on quantitative measurements of target displaying
in digital images enables automated selection of the
highest-quality digital images without operator involvement.

In this study, we analyzed existing approaches to
measuring the probability of target detection on both
analog and electronic images. As a continuation of our
previously developed the QTDDI approach aimed at
target detection, this work extends the concept to the
next stage of the target data acquisition process —
recognition. To achieve this, we theoretically derived an
analytical dependence describing target recognition
probability based on the dimensions of its signatures in
a digital image. The derived analytical expressions for
the probability of detection (16) and probability of
recognition (26) serve as the theoretical basis for a
method of evaluating detection and recognition
probabilities according to the dimensional features of
targets in digital images (including those obtained from
multi-channel sightseeing systems of armored vehicles).
Based on the proposed method, we developed success
criteria for accomplishing visual tasks of target
detection and recognition, which can be implemented
using brightness data tables of digital images.

The application of these criteria to specific images
enables automated filtering of low-quality digital imagery at
the input stage, before initiating the process of Al-based
target search and recognition. This approach can
significantly reduce image-processing time, improve
recognition efficiency, and minimize false detections.

To verify the theoretical results obtained, we
conducted an experimental study involving the collection of
digital images of the T-64BV main battle tank at various
distances using different imaging devices. For the images
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acquired with a digital camera at a 1x zoom level, we
calculated — from the quantitative data of the image
brightness tables — the probability of target detection based
on its size and the probability of recognition based on the
dimensions of its signatures as functions of distance to the
target. The agreement between the 50% success criterion
(for detection and recognition probability) and the visual
analysis of the experimental images confirms the adequacy
and reliability of the proposed approach.
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METO/ OIIHKY HMOBIPHOCTE BUSIBJIEHHSI TA PO3II3HABAHHSI HIJIEM 3A IXHIMA
NPUKMETHHUMHU PO3SMIPHUMH O3HAKAMHU HA IM®POBUX 30BPAKEHHSAX 3 ITPULIJIBHO-
CIIOCTEPEXHOI'O KOMIUIEKCY 3PA3KIB BPOHETAHKOBOI'O O3bPOE€HHA

T.M. Crax, JI.€. Xaycros, B.P. baran, f.€. Xaycros, O.A. Kupnuyk, }0.A. Hactumma

CmpimKuil po3eumox mexHon02ii Komn 1omepHo2o bauenns ma wmyunoz2o inmenexmy (L) 6iokpus HO8I MOdCIUBOCHIE Oist
MOHImMopuHey noasi 6010 Yy pexlCUMi peanrbHo20 4Yacy, B00HOYAC CMEOPUBUIU Npodnemy eekmusHozo 6i0bopy 3HAUYWUX
€1EeKMPOHHUX 300padCerb cepeo 2ieanmcbKux Macusie 0anux. Y pobomi po3enanymo 3a0aqy agmomMamu308anoi OYiHKu AKOCHi
si0o0padicenst yini na erexmponnux 30opasicentsx (ABLHE3) onsn niosuwens epexmueHocmi GUAGLEHHS MA PO3NIZHABAHHSI
030poenns i siiicbkosoi mexuiku (OBT). Ha ocHo8I 3anpononoeanoi cucmemu iHOeKcie npukmemnocmi yini 3a i posmipHumu
O3HAKAMU ™A MEOPEMUUHO BUBEOEHUX AHANIMUYHUX 3ALEHCHOCMEN UMOGIDHOCMEN GUABNIEHHS A PO3NI3HABAHHA YiNi 6i0
Po3mipie il ceoMeMPUYHUX CUSHAMYP 3aNPONOHOBAHO MemOO GUAGNEHHS MA PO3NIZHASAHHA YiNlell 3a IXHIMU NPUKMEmHUMU
PO3MIpHUMU O3HAKaMU. 3anpononosanuti memoo 0036014€ KinbkicHo sumiprosamu ABLHE3 3a ii posmipuumu npuxmemuumu
O3HAKAMU Ma 88eCcmu Kpumepii YyCniuHOCMi 6UKOHAHHS GI3YANIbHUX 34044 BUSGNIEHHS MA PO3Ni3HABaHHs yini Ha ocnosi 50%
nop02068020 3HAUEHHS UMOSIpHOCMEll 8uAsNeHHs ma posnisnasanns. Ilokazano, wo nuue mi 300padicents, sAKi 8ionogioaroms
KpUmepiam YCniluHOCMi GUKOHAHHS 8I3YANbHUX 3A0a, MOXCYMb 68ANCAMUC NPUOAMHUMU Ol NOOATbULOT 0OPOOKU 3acobamu
LI ona posniznaganma yineul, wo 0038018€ 3HUSUMU KITbKICMb XUOHUX PO3NIZHABAHD.

Ocobnugy ysazy npudiieHo npoyecy po3ni3HA6aHHs K NPOMINCHOMY emany 360py iHgopmayii npo yine. 3anpononosarno
guKopucmogysamu ceomempuini npukmemui o3naxu 3paskie OBT ax cuenamypu ixnvozco posniznaganus. Teopemuuno eugeoeno
AHANIMUYHY 3ATIeHCHICMb UMOBIPHOCII PO3NIZHABAHMA 3A POIMIPAMU CUSHAMYD A BUSHAYEHO KPUMEPIU YCNIUWHOCTI GUKOHAHHS
8i3yanvHoi 3a0aui posniznasanns yini. Taxuil nioxio 3HAYHO 3HUIICYE KINbKICMb XUOHUX i0enmugbikayitl 06 ekmié Ha 300padicenHi,
wo He 3abesneuyioms ons LU oocmammuio ABLHE3.

Tpaxmuyna peanizayis memody NPOOEMOHCMPOSAHA HA eKCHEPUMEHMANbHUX OAHUX, OMPUMAHUX ONAd 300padceHdb
0CHO8HO20 60oti060c0 manka T-645B, 3ibpanux y nonvosux ymosax. 3o6pasicenns peccmpysanucs yugposoio gomokamepoio na
Ppi3Hux iocmansx 00 yini. {1 HUX 6U3HAYEHO UMOBIPHOCII GUSI6ICHHSL 30 3A2AIbHUMU PO3MIpaMu yii K 06°’cxma inmepecy ma
PO3NI3HABANHS 34 aHizoMempiclo opmu I posmipamu XapakmepHux cueHamyp. Pezyiomamu niomeepounu yzeoooicenicmo
meopemuiHo po3pobieHux Kpumepiia i3 6i3yanbHUM aHWII30M.

[Ipakmuune 3nauenns pobomu NONAAE y CMBOPEHHI OCHO8 Ol ABMOMAMU308AHO20 BI0OOPY AKICHUX eNeKMmpPOHHUX
300padicens 6e3 yuacmi onepamopa, wjo 0ae 3Mo2y CYmme8o 3HU3UMU 00csie OaHuX, Ki 00poOIAIOMbCsl, NIOBUWUMU MOYHICMb |
WBUOKICMb pobomu cucmem KOMN IOMEPHO20 OaUeHHs MAa 3MEHWUmY KilbKiCmb XUOHUX posnisnasanbv. Ilepcnexmusnumu
HAnpsAMamu nooanbluux OO0CTIONCEHb € POUUPEHHST MEMOOUKY HA MENI0BI3IUHI 300PAadCeH s MA GUKOPUCAHHA YUDPOBUX
300paicens OISl GUSHAUEHHS! 8BIOCIMAaHI 00 Yili 3a po3Mipamu il cueHamyp Ha Yyu@dposux 300PadiCeHHsX.

Knrouosi cnosa: 36ip oanux npo yins, yugpose 300pasicentsi, 0OpoOKa 300padceHb, KOMILEKCYBAHHA 300PANCEHb, WNTYYHULL
iHmenekm, GUOUMICHb, NPUKMEMHICIb 3G NEGHON O3HAKOW, NOMIMHICMb YiNl, 6UAGNEHHSA, PO3NIZHABAHHS, I0eHmugikayis,
Ppo36i0Ka, 00 'exm, 6e3NINOMHUL TIMATLHUL ANApam.
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