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ABSTRACT: The urrent research refers to electronic-optical devices working in
conditions of different levels of background luminance. The aim of the research is to define
the influence of the background luminance upon the resolution of different types of electronic-
optical converters. The aim is achieved by experimental research and dispersion analysis
when mathematically processing the received data. A possibility to select the converters has
been created according to the direct aspect of their usage. Four types of electronic-optical
converters are used for official use and this is the reason why their technical characteristics
are not presented.
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The research is about electronic-optical devices which work at different
background luminance and which are used in machines for the defense and
military technics [1], as well as in aerospace research [2,3,4].

The task is to choose an optimum electronic-optical converter (EOC) for
identification of distant objects and for this reason it is necessary to define what
influence has the background luminance over the resolution of the converters.

The resolution of four different types of EOC (for official use) at three
levels of background luminance at contrast equal to 0,5. Devices for objective
evaluation of the characteristics of electronic-optical converters have been used

[5].
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At level I:

Ni(B;) — maximum resolution of EOC at optimum Iluminance for
observation of the test object;

At level II:

N,(B,) — normal resolution of EOC at background luminance 2,6 cd/m?;

At level III:

N3(B3) — normal resolution of EOC at background luminance 0,024 cd/m?;

The registered values for N;(B;), N2(B) and N3(Bs) for the respective types
of EOCs are presented in Table 1.

Table 1. Values of N;(B)), N2(B) and N3(B3) for different types of EOC

EOC EOC 1 2 EOC 3 EOC 4
N J X1 e '] X 2e J x3e '] X 4e XOe
I | II| I |1 |10 I |11 I|1II |1

Ni(B1) 3533 (34| 34 |36[37[38[37]27[28[29|28]29]30|2829 32
N2(B2) |32 30 31| 31 [33[33[33]33|25[23]24|24[25|27[26|26| 28,5
N3(B3) |25 27 |26 | 26 |28[29[30(29|22|23|21|22|23]23|23|23 28

Xie 33,33 33,36 24,66 26,0 28,5

When the calculated results are mathematically processed, a two factor
dispersion analysis is used.

The basic equation of the dispersion analysis of two factors — the
researched EOCs and the levels of the background luminance is: [6,7]

(1) 0=0,+0,+0, +0,
where @  —  sum of squares total;
Q, — sumof squares of EOCs;
Q, — sum of squares of background luminance;
O, — sum of squares between the variants of interaction between
the EOCs and the background luminance;
Q, — sufficient sum of the squares.

The number of degrees of freedom r of these sums of squares is
respectively:

(2) r=N—-l=nkq—1=343-1=35
where n — number of the experiments;
k —  number of the researched EOCs;
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4  — number of the researched background luminance;

(3) r. =k—-1=4-1=3
r,=q—-1=3-1=2
r, =(k-1D(@-1)=6
r. =kq(n—-1)=24

where r, —  degree of freedom of EOC;
r, — degree of freedom of the levels of background luminance;
r, — degree of freedom of the variants of interaction between
EOC and the background luminance;
r. — degree of freedom of residual sum of squares.

Evaluation of the dispersion S is obtained when dividing the sums of the
squares Q,0r,0p,0py and Qp into the respective degrees of freedom

r,rg,rgty and r,. The quotients are presented in Table 2.

Table 2. Values of the dispersion

Sum of squares Degrees of | Evaluation of the
freedom dispersion
k4 - r=35
0= 3 (ry-x) =1604,09 s2=2_4s8
=1 =1 j=1 r
— =3
0y =ng¥ (xio —x) =63837 e s2-96 o108
i=1 "e
9 [— — =2
0, =k (xio —x) =147 s 52=28_735
I=1 g
Iy — — =6
QV :z Z(xie — Xio — Xlo +X)2 =798,72 i Sl3 _&:133’12
=1 -1 7y
q r, =24 0
Or=2. 2. (xilj_xil)zzzo i Sz="%=083
P "R

In order to check the validity of the null hypothesis Hy for the different
types of EOC and for the background luminance influence, the dispersion
relations are calculated:
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(4) S}

F= =156
2
Fr="8_ggs
R
2
F=5E _1615

R

The table values of the dispersion relation F, (taken from Tables 5 and
Table 6 [6]) are respectively 5% and 1% significance levels o at number of
degrees of freedom 7, =3, r; =2, 1, =6 and r, =24 are:

for a=0,05 for a=0,01
Fp="£-301 F} =472
"'
Fr="8 =340 F)'=5,61
rR
Fr=lr =251 F}'=3,67
rR

Consequently the null hypothesis that the resolution of the different type of
EOC is not influenced by the value of the background luminance cannot be
taken as valid because F'>>F/,F">>F; u F'">> F;" for the two levels of

significance, i.e. the influence of the background influences significantly the
value of the resolution of the researched EOC.

Defining the numbers which characterize the change of the information
signal depending on the dark current is performed in order to define the
possibility to register weak signals. The mutual dependence of the information
signal by the dark current is taken into account. It is known that when there is
lack of information signal, the dark current is minimal. Consequently, there are
variations of the dark current. Its identification is performed when we accept
that the dark current is a random variable. The reason to accept this is the data
from experimental measuring performed by devices for evaluation of the
characteristics of EOC [5] and the data from the 100 measurements performed
by ADC, DI and PO [9] when we use the dependence of dark current of this

type:

6 . .
(©) I :Z l}.ﬂ=z i, b =2,34
» a9 "N T
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where P - frequency of appearance of i, values of the dark current;

N — number of the measured values of the dark current.

The fixed in (6) value of the dark current is the average value from the
measurements. And because every random variable has a basic characteristic its
average value [7,10], so this characteristic will be a basic one for the dark
current. If we interpret from a physical point of view, this means that all the
possible values of the scintillations in the central zone of the EOC are grouped.

A characteristic of the random variable is the expected value. In this case
it is described as:

7
) M(It)ZZ it,—B‘ =23
i=1
where i, —  Possible values of the dark current;
P - Probability of the possible values of the dark current to
appear.

The received numbers of expected value, however close to the average
value of the dark current, is enough to define fully its variations. In order to do
this, we use another characteristics of the random variable — the dispersion D(I).

If we describe it as an expected value:

(8) D(I)=M(I})-M?*(I,)=0,218.

The dispersion defines the scattering of the possible values about the
center.
Mean squared deviation o; allows us to compare the random values

according to the level of their dispersion.
By the calculated values of D(I) from formula (8) we define mean squared
deviation:

) o, =/D(,) =0,466.

Consequently, expected value, dispersion and mean squared value can be
used as numerical characteristics which characterize every random variable and
which define the change of the information signal depending on the dark
current.

The numerical values allow us to draw a graphics depicting the law for
distribution of the dark current. For this purpose we use Lopunov Limit
Theorem. [8].
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So, for the probability density for normal distribution of the dark current
i, the formula is:

(10) (i,—m,)
1 20,

1) :Ui,\/ﬂe

where m, and o, are parameters of the normal distribution and m, = M(i,)1s the
expected value and o, is mean squared deviation.

The distribution law 1s normal. This is evidence that the dark current is a
random variable with normal distribution. Besides this, the maximum of the
function is received at:

S ymax = 0,865
The following conclusions can be drawn:

1. The data from the experiment prove the credibility of the defined
numerical values which characterize the change of the information signal
depending on the dark current at given background luminance.

2. The performed dispersion analysis proves that the background luminance
influences at a different degree the resolution of the respective types of
EOC. At lower level of background luminance the best results for visual
observation of distant objects are registered by means of EOC-2 and
EOC-1, and at observation at dusk — EOC-3, EOC-4 and EOC-I.
Combining the type of EOC with the conditions of the conducting the
experiment is basis for creating optimum conditions for discovery and
identification of objects at different degrees of background influence,
when predicting of the probability by means of the calculated resolution
of the researched EOC.
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