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Introduction

Discrete  stroboscopic conversion represents a
sequential measurement of instantaneous values of signal
by comparison of signals with the known threshold.

The simplest measurement method of instantaneous
value of the signal is the “up-and-down” method
(hereinafter ud method). In accordance with this method
measurement of instantaneous value of a signal is done by
automatic selection of the threshold of the comparator to
be strobed as follows [1]:
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where
t; - measurement phase of instantaneous value of the
signal,

¢;,j - threshold of the comparator in j’h time of

strobing, where J varies from 1 to 7,
n — number of strobings in each phase of the signal,
Uy = u; t X - sum of the value of the signal to be

measured ¥; and normally distributed additive noise X

with variance DX = ¢ 12 ,

S - step of the ud procedure.

The measurement result of the instantaneous value of
the signal is the last value of the threshold #2; = €; 5.

The development of the ud method is the modified
“up-and-down” method (hereinafter the wudc method),
according to which changes of the threshold are similar to
those in case of the ud method, but the result of
measurement is determined as follows [1]:
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Noise suppression in case of ud and udc methods of
signal measurement

The discrete stroboscopic converter which is used in
case of ud method, may be regarded as a relay system of
self-adjustment. Suppression of the noise interference in
such system of adjustment was studied in the work [2].
Using the results of this work, noise suppression with the
ud method may be expressed as follows:

05 = 4/0.6250 5+ 0.2552 (3)

where

0 1- standard deviation of noise at the input of the
converter,

0, - standard deviation of noise at the output of the
converter.

The main source of the noise is the shot noise of the
active elements of the comparator to be strobed. Practically
this noise may be regarded as uncorrelated white noise.
Then, according to the expression (3) to sufficiently
suppress the noise, the step s should be decreased.

In case of the udc method the result of noise
suppression does not depend on the size of the step S and
is determined as [3]:
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From the expression (4) it follows that in order to
sufficiently suppress the noise, it is necessary to increase
the number of operations of comparison of the signal with
the threshold. During elaboration of highly sensitive
stroboscopic converters (in the region of 5-10 pV RMS) it

0,=125

turns out, that the performed theoretical calculations 7 1 of
concrete schemes of the comparator and further
calculations of corresponding values of 0, do not
correspond to the experimental results of testing of the
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converters. It can be explained by impact of
electromagnetic pollution of the environment both on the
source of the signal to be converted, and the converter
itself. In case of application of the discrete stroboscopic
converter as the superwideband radar receiver, the input of
the converter is affected not only by return signal but also
by electromagnetic disturbances in their passband of the
receiving antenna. Due to the fact that electromagnetic
pollution contains periodic fluctuations, for suppression of
the impact of the latter in superwideband radars
desynchronization of the converter is introduced by means
of connection to the clock generator of the converter of the
noise generator [4], [5], [6]. Experimental researches we
have carried out have demonstrated that suppression of
disturbances with the aforesaid methods in many cases is
inefficient. This may be explained by the large correlation
distance of the disturbance in comparison with the clock
period of the converter (in our appliance the clock period
was equal to 1.67 ps). In order to test the hypothesis about
impact of the disturbance correlation, as well as testing the
eventual way of overcoming this impact, the following
experiments were carried out.

Experimental testing of the hypothesis about impact of
disturbance correlation

In order to test the hypothesis about impact of
disturbance correlation, there was used an experimental
appliance of a superwideband radar receiver with the
passband of 3.5 GHz, allowing switching operation modes
of the converter from the ud method to the udc method.
The appliance also allowed decimation of the selections to
be processed with the processor with the udc method. For
down-scaling of the conversion results at the input of the
converter voltage step weakened to 200V was delivered.
Other conditions of the experiment were as follows:
strobing frequency (frequency of operations of comparison
of the signal with the threshold) f = 600kHz | increment
of the threshold s= 2.66V  number of points on the
scanning-line 300.

Experiment 1:

Input signal - voltage step of 200 UV; udc method,
number 7 of operations of signal comparison with the
threshold in each point is equal to the number averaged
selections ;" = 255 . Thus there are averaged all sequential
selections (threshold values). The result of such processing
of the signal is given in Fig. 1. The standard deviation of
the output noise obtained in this experiment equals to
0y = 12.8 U V.

Experiment 2:

The udc method, number 7 of signal comparisons
with the threshold in each point is equal to 10710 , number
of selections to be averaged " = 255. Thus every 42™
threshold value is taken for averaging. The result of such
processing of the signal is given in Fig. 2. The standard
deviation of the noise obtained in this experiment equals to
0d,=74uV .

Fig. 1. The result of conversion of 2001V voltage step with the
udc method. For averaging all selections in succession are taken,

output noise 0 5 = 12.84 V",

Fig. 2. The result of conversion of 200 PV voltage stap with the
udc method. For averaging every 42™ selection of the ud

procedure is taken, output noise 0 » = 7.4V .

As we see in the second experiment there was
obtained almost twice smaller standard deviation of the
noise with the same number ;" = 255 of selections to be
averaged.

Differences of the standard deviation of the noise
may be explained by correlation of the selections to be
averaged in the first experiment and with significantly
smaller correlation between the selections in the second
experiment.

For illustration of the dependence of 0, from the
number of decimations the aforesaid experiment was
carried out with different number of decimations. The
obtained dependence of 0 , is given in Fig. 3.

From the obtained results we can see that with the
increased number of decimations 0 » is decreasing, though
very slowly because of the long interval of noise
correlation. Theoretically, all  selections may be averaged,
but it is not resulting in great improvement in suppressing
the noise influence. So in the given experiment with



averaging all 10710 selections 0 = 6.2V was obtained.
Thus, despite the huge amount of averaged selections, the
improvement we get is only 16% in comparison with
0,=744V in case of ;" =255 averaged selections
using only each 42" threshold value. The small
improvement of averaging of all selections in succession
also supports existence of noise correlation.
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Fig. 3. Dependence of 0 » from the number of decimations

between the selections using udc method, in UV .

Suppressing of noise influence by means of selections
decimation requires large span time. Therefore for
decreasing the noise impact, first it is necessary to use all
possibilities of electromagnetic shielding both of the
source of a weak signal, and the converter itself.

In addition to the aforementioned researches there
was carried out an experiment for determining 0 ; using
the ud method in the same circumstances of noise impact
and with the same step §. In the result of this experiment
there was obtained 0, = 13.44V | which differs slightly

from the 0, obtained with the udc method in the mode
without decimation between the samples. Obviously, in
case of the ud method decimation of the selections can’t
result in any improvement of noise suppression, because
the result of the signal measurement is the last value of the
comparator threshold. From our previous researches [3] it
is known that the results of noise suppression with the ud
and udc methods differ very little, if the step s is much
smaller than the standard deviation of the masking noise.
On the grounds of that we can conclude that in our
conditions of the experiments the standard deviation of the
disturbance was much greater than the step s = 2.66 V"

It should be pointed out that application of averagings
for improving the sensitivity of stroboscillographs in not
new. For instance, in the stroboscopic converter [7] with
the bandwidth of 6 GHz, strobing frequency of 250 kHz

and 1000 averagings was obtained sensitivity of 30UV
RMS. Time of this measurement reached 4 s. In our
experiments suppressing of disturbance influence is
attained not by means of scanning-line averaging, but by
means of sample averaging on each phase of scanning. The
aforementioned researches show that with such method of
disturbance suppression there should be taken into account
the impact of disturbance correlation interval. Therefore in
converters with constant number of averagings it is
reasonable to envisage the possibility of switching the
number of sample decimation.

Conclusions:

1. One of the factors that prevents increasing the
sensitivity of discrete stroboscopic converters s
electromagnetic pollution of the environment.

2. For suppressing the activity of
disturbances, caused by electromagnetic pollution of the
environment, there can be used the udc method (modified
“up-and-down” method).

3. With the aim of more efficient
suppression of disturbances by means of the udc method,
the taking period of samples to be averaged should be set
longer than the interval of disturbance correlation.
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IIpuBonsTCSs pe3yNnbTaThl SKCIEPUMEHTAIBHBIX HCCIEJOBAHIH IIOMEX0YCTOMIMBOCTH TIPH AUCKPETHO CTPOOOCKOINYECKOM
npeoOpa3oBaHuy CIIa0BIX (HECKOIBKO JECATKOB MUKPOBOJIBT) CUTHAJIOB B YCIIOBHSX AJIEKTPOMArHUTHOTO 3arpsi3HEHNUS OKpYKaromei
cpenbl. J{is npeoOpa3oBaHus CHUrHAIA UCTIONB3YIOTCs ““up-and-down” MeTon u MoaubUIUPOBaHHBIH “up-and-down” MeToj.
MoaudunuposanHsiii “up-and-down” MeTon OTIIHYAETCS TEM, YTO COACPKUT YCPEAHEHHE BRIOOPOK — yCpPEAHEHUE 3HAUYCHHU T TOPOTOB B
3a1aHHOM (a3e curHana. ITo co3aeT HEKOTOPbIE MPEUMYIIECTBA METOAA MPH ITOJABICHHS IOMEX, CO3aBaEMBbIX 3JIEKTPOMArHUTHBIM
3arpsi3HEHNEM OKpyXarommel cpenpl. ITokazaHo, 9To 3¢ peKTHBHOCTH ITOAABICHNS JEHCTBHUS IOMEX ITyTeM TaKUX YCPEIHEHUI
MIPETATCTBYET KOPPEIMPOBAHHOCTh MOMEXHU. B TakoM ciydae B mpeoOpa3oBaTere nenecoo0pasHo MPeayCMOTPETh BO3MOXKHOCTD
TIePEKITFOYEHHS JUTNTEIFHOCTH HHTEPBAJIOB MEXAY yCpeIHsIeMbIMI BeIOOpKamu. V. 3, 6ubmn. 7 (Ha aHmmiicKoM si3bIKe; pedepaTsl Ha
QHIVINICKOM, PYCKOM U JIATOBCKOM $3.).



