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Abstract

The frequency-contrast characteristics is an important criterion to judge
the quality of electronic-optic systems, which boast an increasing application in
space research, astronomy, martial art etc. The paper provides a brief description
of the methods for determining the frequency-contrast characteristics of optic
systems, developed at the Space Research Institute of the Bulgarian Academy of
Sciences. The suggested methods have been used to develop a couple of electronic-
oplic systems participated in the designed grournd-based and aerospace scientific-
research equipment. Based on the obtained practical results, the conclusion was
made that the methods provide to obtain sufficiently precise data, which coincide
well with the results, obtained when using other methods.

Electronic-optic systems boast an increasing application in space

rescarch, astronomy, physics etc. [1, 2, 3]. They are used not only as
amplifiers and converters of UV and IR emissions, for registration of
continuous signals, but also as autonomous image receivers, inclusive for
the purpose of determining the coordinates of remote subjects,
An important evaluation criterion for the quality of electronic-optic systems
is the measured value of the frequency-contrast characteristics (FCC) [4, 3].
The well-known and most widely used methods to determine the FCC are
based on using the Mira tables with sine contrast change and mechanical
scanning of the generated image [6].

The paper provides a description of suggested methods for
determination of the FCC of clectronic-optic systems that has been
developed at the Space Research Institute of the Bulgarian Academy of
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Sciences in relation with the ongoing work on the developed electronic-
optic systems for ground-based aerospace research apparata.

The image from the stroke Mira is projected by the object-glass onto
the photocathode of the electronic-optic converter (EOC). Then, from the
screen of the EOC, the image is scanned perpendicularly to the strokes and,
through a photo-electronic multiplier (PEM), in photon-counting mode; the
illumination brightness of the EOC’s screen at some particular point
(coinciding with the screen radius) of the Mira table image along the
scanning axis is recorded.

Using a set of Mira touch tables of various spatial frequency v, the
contrast K(v} may be calculated:

L. —L.

) K(U)= max mie

Lmax + Lmin

where L. and L, are accordingly the maximal and minimal brightness
of the Mira touch image.

The FCC is determined by the expression [7, 8]
2) Flo)= i[K(u)- K{(3v)+K(50)] .
X

Formula {2) makes it possible to determine theoretically the FCC.,

In the present contribution, using Universal Night Vision Device
Verification .Equipment (UNVDVE) [6], scanning the image from a single
slit of width 2t, the amplitude corresponding to N touches from the Mira
table has been recorded.

The FCC of an image representing a set of N touches of a slit of width 2 will
be:

3) F(v) = sin 2mutN

2n0tN
The analysis of (3} reveals that, when the number of touches in the Mira

table is increased, the expression tends to zero; therefore, it is expedient to
operate with a single slit. Moreover, at:
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4) u—>—2—tF(u)—>0 :

Consequently, to expand the measured area of v, 2t should be reduced.
Using the a.m. equipment [6] and the suggested formulae, the FCC of
electronic-optic systems with a micro-channel plate (MCP) has been
measured. When the size of the used Mira is commensurable with the
diameter d of the MCP plate, the contrast of its image depends on the
position with respect to the center of the MCP channel, whereas at
coincidence with insensitive boundary between channels it is minimal, and
at coincidence with the center it is maximal.

The determination of the FCC is reduced to measurement of the FCC
of the overall system

) ' F(u) = F, ()., ()., (v) ,

where:  F,(0) —the FCC of the object glass;
E,(v) —the FCC of the EOC with MCP;
F;{(v) —the FCC of the eye-lens of the electronic-optic system.

The most essential and precise moment here is to determine the
F,(v}, accounting that F(v) and E(v) featurc higher resolution, i.e. higher

FCC. The measurement time of the FCC of the EOC with MCP with spatial
frequency of 2 to 22 double lines per mm is 5 min.

The results from the measurement of the FCC are shown in Fig. 1, Fig. 2
and Fig. 3,

A major factor determining the FCC is the system’s focusing
property. As a result of the insignificant dissipation by direction and energy
of the outgoing electrons from the MCP channels, a point at the MCP’s
input is pictured on the EGC’s screen as a circle.

Apart from this, the FCC is influenced by system noises, mostly
spatial ones. Temporary noises are caused by the fluctuations of the
recorded emission and by the channels’ amplification factor. They are
manifested when weak signals are recorded and they deteriorate the
resolution of the electronic-optic system.

Spatial noises are caused mostly by dissipation depending on the
diameter of the MCPs and accordingly, the amplification factor K,
depending on the ratio between the channel length I and diameter d.
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The dependence of the FCC of an electronic-optic system with MCP
on the voltage of the MCP is shown in Fig.1. It can be seen from the shown
curves that when increasing the electric voltage u, the system’s FCC
gradually deteriorates. This can be atfributed to the increase of the
dissipation by direction and energy of the outgoing electrons from the MCP
channels.

The dependence of the FCC on the potential difference applied
between the MCP and the cathode-luminescence screen is shown in Fig.2.
Increasing the voltage up to a certain value enhancing the focusing
properties of the clectrostatic lens and contributes to a more contrast image
of the Mira table touches on the cathode-luminescence screen, whereas the
FCCC increases as well.

In Fig. 3, the FCC of an EOC with MCP depending on the diameter
d of the MCP channel is shown. The measurements were performed by an
EOC with MCP with channel diameter d of 8 um, 10 pm, 12 pum, 20 pm and
40 pm, Because there is no EOC with MCP with d = 6,4 um, no such study
was performed. Comparing curves 2, 3, 4 and 5, it may be seen that, when
the MCP channel diameter is increased, the FCC deteriorates as a result of
lowering the FCC of the individual channel [9].

Finally, based on the obtained results it may be concluded that the
suggested method provides to obtain data with sufficient reproducibility and
precision, coinciding well enough with the results obtained by using other
methods.
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The authors believe that it is expedient to use the FCC as a unified
parameter in selecting electronic-optic systems for construction of scientific-
research equipment, inclusive for acrospace application,
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o L

METOJHKA 3A OIIPEJEJISIHE HA
YECTOTHO-KOHTPACTHATA XAPAKTEPUCTHUKA
HA EJEKTPOHHO-OIITUYHH CUCTEMHA

Iapo Mapoupocan, JKusxo XKexos
Pezrome

YeCTOTHO-KOHTPACTHATA XapaKTepUCTHKA ¢ BaXeH KpUTepuil 3a
Ka4eCTBOTO Ha €IeKTPOHHO ONTHYHHUTE CHUCTEMH, KOMTO HAMHpPAaT BCE II0-
TONAMO IMPHIOKEHUE ¥ B KOCMHUCCKUTE M3CICABAHMSA, ACTPOHOMHATA,
BOCHHOTO J€JI0 U T.H. B cratuara ¢ onucaHa HakpaTko paspaboTeHara B
VHCTHTYT 32 KOCMHMYECKH H3CNIeflBaHUs TpH Beirapcka akageMus Ha
HAayKMTC ¢JHa METOAMKA 3a OIpElciIsHE Ha JeCTOTHO-KOHTPACTHATA
XapakTepHCTHKA Ha ONTHYHMTE CHCTEMH. IIpemioxkeHaTa METOAMKA ©
H3II0/I3BAHA [IPH CH3JABAHETO Ha HAKOJKO €ICKTPOHHO-ONTHYHH CHCTEMH B
ChCTaBa Ha pa3pabOTEHMTE Ha3eMHH M aepOKOCMHYECKH Hay4HO-
H3CISAOBATENCKN amapaTypu. Ha 6azara ma NOAYUEHHTE PpEe3yJITaTH OT
peanHara NpaKTHKa pPE3yNTaTH € HalpaBeH H3BOABT, Y€ METOAUKATA
NO3BOJIABA HOJy4aBaHE Ha MAOCTATEYHO TOYHH JaHHH, KOHTO HoOpe
CBBIIAJAT ¢ PEIYNTATHUTE, HOAYIESHH TP M3IOA3BAHETO HA APYTU METOIM.
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