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Introduction

Stroboscopic converters are divided into analogous
and discrete converters. In analogous converters during the
activity of narrow strobopulse accumulative capacitor is
charged, voltage of which is proportional to the
instantaneous value of the signal to be converted. In
discrete stroboscopic converters instantaneous value of the
input signal at the moment of clocking (strobing) is
compared with the known threshold of the clocked
comparator. If the threshold of the comparator is selected
so that in case of multiple clocks response and refusal of
the comparator becomes equiprobable, the obtained
threshold is proportional to the instantaneous value of the
input signal.

From the industrially produced converters to the said
type one can relate, for example, converters PSP-1000 and
PSP-750 produced by Hypress. Converters of this type are
currently being intensely investigated because of the
possibilities of increasing sensitivity and bandwidth [1, 2,
3].

The simplest method for selection of the threshold of
the comparator in discrete stroboscopic converters is the
so-called "up-and-down" method (hereinafter – the ud
method). Measurement of instantaneous values of the input
signal according to this method is done as follows.

Let in the phase it of time the instantaneous value of

the signal be equal with iu ,1 , masked with Gaussian

additive noise X with variance 2
1DX and mean value

0EX . Thus, it may be assumed that the input signal of
the converter is

XuU ii  ,1,1 , (1)

which is compared to the threshold jie , . After comparison

the following value of the threshold 1, jie is set in

accordance with the expression:

)(* ,,1,1, jiijiji eUsignsee  , (2)

where s - step of the ud procedure.

After sufficiently large number of n clocks, we

obtain the result of the measurement of the signal iu ,1 in

the form of voltage nii eu ,,2  . After measurement of the

instantaneous value of the input signal in phase it , the

measurement phase is moved to 1it and the ud procedure

is repeated with the initial value of the threshold

nii ee ,1,1  .

The result of such conversion is masked by the noise
with the mean square deviation [4]:

2
12 25.0625.0 ss   . (3)

In the expression (3) it can be seen that, for achieving
the necessary noise suppression, a sufficiently small value
of the step s should be set. It should be noted that
decreasing of the step s causes increasing of the number
of n clocking operations, since with
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where
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4
 , the form of the signal is distorted [5].

Modified "up-and-down" method

Measurement of instantaneous values of an input
signal according to the modified ud method (hereinafter
the udc method) is carried out as follows. Comparison of
the signal with the threshold and establishing each
following value of the threshold is done in the same way as
in case of the ud method. The result of the measurement of
the instantaneous value of a noisy signal is determined in
accordance with the expression
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After measurement of the instantaneous value of an

input signal in the phase it , the phase of measurement is

moved to 1it and the udc procedure is repeated with the

initial value of the threshold nii ee ,1,1  the same as in

case of the ud method.
In case of a noiseless signal the measurement result

of the instantaneous value iu ,1 in accordance with the

procedure ud will be  susuu iii  ,1,1,2 ; . It is clear

that in case of the udc procedure the measurement result of
the noiseless signal will be displaced and the form of the
converted signal – distorted. Therefore it is advisable to
use the udc method only in case of severely noisy signals.
To illustrate this, a statistical modelling of conversion of a
noisy signal by means of the method ud and udc was
carried out. As a signal to be converted there was used

harmonic mono wave with the amplitude 1A , masked with

Gaussian additive noise with the mean square deviation

11  . The results of the modelling are given in the Fig. 1

(method ud) and Fig. 2 (method udc) with the following
conditions: 11 A , 1000n , 1.0s , number of points of

the phase in the period of the mono wave 50Tn ,

number of points of the phase during the whole time base
350N .

Fig. 1. Conversion result of a severely noisy signal by means of
the ud method

Fig. 2. Conversion result of the same signal by means of the udc
method

Comparison of the obtained results shows that the
method udc with the same conditions provide more
efficient noise suppression.

In order to compare the methods ud and udc for
conversion of a relatively high amplitude signal, a
modelling with the following conditions were carried out:

351 A , 1000n , 1.0s , 50Tn , 350N .

Fig. 3. Conversion result of a relatively high amplitude signal by
means of the ud method

Fig. 4. Conversion result of the same signal by means of the udc
method

The obtained results show that the method udc (Fig.
4) with a relatively high amplitude signal is also more
efficient than the method ud (Fig. 3), though not so
significantly.

Properties of the modified "up-and-down" method

In accordance with the previous studies [4], the mean
square deviation of the result of noise conversion by means
of the method udc is expressed as

n

1
2 25.1


  . (6)

From the expression (6) it is obvious, that the mean
square deviation of the noise conversion does not depend
on the size of the udc procedure step. To illustrate that, a
statistical modelling of the noise conversion was carried
out by means of the method udc with the following

conditions: 11  , 1000n , 5.0001.0 s .
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Fig. 5. Dependence of the mean square deviation of the noise at
the converter output on the step s : 1 – method ud; 2 – method
udc
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As the obtained results show (Fig. 5), in practically
applicable range of the step s the mean square deviation
of the result of the noise conversion does not depend on s .
The results of the modelling match well with the results of
theoretical calculations. In accordance with the expression

(6) using 1000n we obtain 0.0395282  . According

to the results of the modelling, for example, if 0.1s and

1000n , we obtain 0.0402  . This feature allows

using large values of the step s and thus ensures wider
range of the amplitudes to be converted with the same
noise level at the converter output.

Another feature, which may be used in practical
implementation of the udc method, is based on auto
correlation of the ud process. That allows averaging out
not all n threshold values, but only an effective amount of
selections [4]:

 2
*

1

ns
n  . (7)

Fig. 6. Dependence of the mean square deviation of the noise at
the converter output on the amount of the non-relevant in
succession selections

In our example with 11  , 1000n , 1.0s in

accordance with the expression (6) we obtain 40* n ,

which corresponds to 26
40

1000

*


n

n
non-relevant in

succession selections. This matches well the results of the
modelling (see Fig. 6).

This feature allows with the given throughput of the

processor to increase the clocking frequency by
*n

n
times.

Implementation flowchart of the modified "up-and-
down" method

Implementation flowchart of the udc method is given
in Fig. 7. The proposed equipment operates as follows. The
input signal u and the compensation signal e , meant for
changing the compensator’s threshold, is supplied to the
clocked comparator. The comparator is clocked by the
clock signal v . At the same time the clock signal is
supplied to the synchronisation input (clock input) C of the
up-down counter. Binary signal (1 or 0) from the
comparator output is supplied to the counter up-down input
U/D. The code from the up-down counter is sent to the
digital-analogous converter (DAC), forming the
compensation signal e . At the same time the signal from
the output of the up-down counter is sent to the input of the
microcontroller MCU, calculating the value of the
measurement result. The amount of the selections to be
averaged is determined by the divider, installed between
the strobe former (clock generator) and the RS-trigger. The
output signal of the trigger is timing signal for acceptance
of the date by the microcontroller. The measurement result
from the output of the microcontroller is sent to the LCD
indicator.

Phase shift of clocking is carried out by known
methods (e.g., [6]); therefore phase shift in the flowchart is
not depicted. The results of the theoretical calculation were
confirmed by physical experiments with produced
converter.

Fig. 7. Flowchart of implementation of the modified "up-and-down" method
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Conclusions

1. The modified method provides more effective
noise suppression in comparison with the standard "up-
and-down" method.

2. Efficiency of noise suppression by the modified
method may be improved by increasing the amount of
clocking operations.

3. The modified method is not critical in selection of
the step size of the threshold changing.

4. Autocorrelation feature of the converted noise
allows using fewer values to be averaged. That makes it
possible to increase the clocking frequency of the
comparator with the given throughput of the
microcontroller.

5. The physical experiments have demonstrated good
match with the theoretical calculations.
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