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The article presents the modified structure of the two-level digital frequency synthesizer (TLDFS), which combines the properties of
classical digital frequency synthesizers (DFS) and Poisson pulse sequence generators (PPSG). The analysis of the statistical characteristics
of synthesizer output signal, obtained in computer modelling with the use of appropriate software, has been carried out, which allowed
determining the effective range of values of its control codes. The proposed generators can be effectively used to simulate various natural
and technical processes, in particular, to simulate the output signals of dosimetric detectors during the design, adjustment and testing of
dosimetric devices.
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1. INTRODUCTION digital storage device (accumulative adder) and a
comparison scheme, which is also the basis of DFS. The
latter are a subset of CSM with the two-level output signals.
The papers [24], [25] show the improved structures of DFS
with the extended functional capabilities, in which the
possibility of changing the output frequency controlling is
implemented.

Simulations of many natural and technical processes
which follow the Poisson probability distribution often use
PPSGs as a tool. The implementation of the PPSGs can have
different  structures [26]-[28], these include the
pseudorandom number generator (PRNG) as well as the
comparison scheme [29].

The disadvantage of existing PPSGs is the inability to
control the step of changing the average frequency of the
output signal, which complicates their use in many
applications. At the same time, existing digital frequency
synthesizers allow this to be done, but they are not designed
to generate an output signal that is corresponding to the
Poisson distribution law. This work is aimed at solving these

Digital frequency synthesizers (DFS) are widely used in  disadvantages.
various fields of technology. Their main advantages, The similarity of TLDFS and PPSG constructing
compared with analog devices, are the accuracy of output principles allows combining them into one structure, in
signal, resistance to external factors, reliability and high  which the extended possibilities for managing the output
performance [21]-[23]. The basis of their structures is a  signal frequency are combined with its formation according

Various measurement sensors [1] and systems [2] are used
in industry, science [3], [4], and technology [5], [6]. All of
them need metrological service [7]. That is why the market
of metrological service constitutes a considerable share of
GDP in developed countries [7], [8]. The progress of
instruments and instrumentation lies in standardization [9],
error  elimination techniques [10] and increasing
metrological reliability of measurement results [11],
developing new metrological techniques [12], [13],
developing new verification and calibrating techniques,
including calibration in-situ [14]-[16]. This progress is
called for, because proper measurement instruments and
sensors lead to considerable gain in ecology [17], [18],
economy [18], science [19], medicine [20] and other areas,
therefore studies in the field of metrological service are
relevant and topical [11], [15].
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to the Poisson probability distribution. Such a frequency
synthesizer can be used to simulate different processes, in
particular, to simulate the output signals of the dosimetric
detectors, because the activation of wvarious types of
extremist and terrorist organizations around the world puts
on the agenda the problem of control over the movement of
radioactive materials both within a country and through
borders of countries, in particular strengthening control over
their movement through sea ports and airports. This makes
new requirements to increase the accuracy, speed and
reliability of dosimetric measurements.

The researches given in this paper are a continuation of the
studies initiated in [30].

3. STRUCTURE SCHEMES OF TLDFS

The TLDFS can be implemented on the basis of the
accumulative adder (AA), which includes a combinational
adder CA, a register Rg, and an element of logical
multiplication (Fig.1.).
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Fig.1. Structure scheme of the TLDFS.

The average value of the output signal frequency of such a
device is determined by the equation

Y
f=—fF. 1)
Nm
where Y - the control code, fC — pulse generator
frequency.

In case of the synthesizer implementation in the binary
code: N, =2" (m - the number of binary digits), and
when it is implemented in the binary-decimal code -
N, =10 (m - the number of decades).

An improved version of such a synthesizer is implemented
using two combinational adders CA1 and CA2 [24]. It also
includes the commutator C (Fig.2.).

Its main advantage is the ability to change the step of an
output frequency grid. The average output frequency of the
device is determined by the expression

Y1l
5 (2)
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where: Y1 and Y 2 - control codes.

The structures of the TLDFS output pulse sequences are
given in Fig.1. and Fig.2. They are not uniform. Their
nonuniformity is considered in [25] and the ways of its
minimization are considered in [31].
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Fig.2. Structure scheme of the improved TLDFS.

A. Structure schemes of the PRNG

The well-known structure of the Poisson pulse sequence
generator (PPSG) is presented in Fig.3. [29]. The average
output frequency is described by (1). It consists of a
pseudorandom number generator (PRNG), a comparison
scheme CS, and an element of logical multiplication. Input
clock pulses pass to the device output when the
pseudorandom number at the PRNG output is smaller than
the control code G.
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Fig.3. Structure scheme of the PRNG.

The average frequency of the generator output pulses
equals

3)

where D, - the maximum possible value of the numbers
at the PRNG output.
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B. Structures schemes of the PPSG

The purpose of this work is to construct a PPSG with the
possibility of implementing an equation similar to (2). This
will expand the functionality of the PPSG. On the other
hand, such PPSG can be considered as TLDFS, whose
output pulse sequence is subject of the Poisson probability
distribution, which can be used, first of all, to simulate the
output signals of the dosimetric detectors [29].

The proposed structure of the PPSG is given in Fig.4.
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Fig.4. Structure scheme of the modified PPSG.

The structure of the generator additionally includes the
code multiplier CM, which generates the product of
D,..—G
pseudorandom numbers D by the value —™&% ——2
max
The average value of the output frequency equals

~

)

where G, and G, are control codes.

The membership of a pulse sequence to the Poisson
probability  distribution depends on the statistical
characteristics of pseudorandom number sequence at the
output of the PRNG and can be verified using the methods
described in [32], [33]. PRNG can be implemented in both
hardware and software in different structures or algorithms
[34], [35].

Some particular results of researches of the PPSG,
constructed according to the structure shown in Fig.4. are
presented below.

The dependences of the PPSG output frequency f_ . on

out

the value of the control code Gl with two different fixed

values of the control code G, are shown in Fig.5.

Dependencies are obtained as a result of simulation for the
PPSG program implementation, including the software
implementation of the PRNG using the function random (it

67

is for Delphi), with D, ., =1000. Output frequency was
determined by the number of output pulses in one second
with the value of the clock frequency f, =1kHz . Here the

theoretical dependences of (4) are shown by the solid
straight lines. The bounds that allow us to estimate the
membership of the initial pulse sequence to the Poisson
probability distribution are marked by the dashed lines. The
mathematical expressions are given below (see (7) and (8)).
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Fig.5. The dependencies of the PPSG output frequency fout on the
value of the control code G, : (a) — with fixed values of the control
code G,=0, (b) — with fixed values of the control code
G, =300.
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4. ESTIMATION OF THE MEMBERSHIP OF THE OUTPUT PULSE
SEQUENCE TO THE POISSON PROBABILITY DISTRIBUTION

In [32], [33] the methods for estimating the PPSG output
signal quality using the interval estimates and the Pearson
criteria [36] for mathematical statistics are presented. They
are sufficiently versatile, but at the same time tied to the
estimation of generators constructed according to the
structure shown in Fig.3. That is why, for the estimation of
generator quality realized on the basis of the new structure

(Fig.4.), these methods require a certain correction, which is
done in this work.
The flow of PPSG input pulses can be divided into n

identical groups, each of which consists of imax pulses
(Fig.6.). We will denote the maximum number of groups

Nmax and the interval that corresponds to them - T,. The
groups of input pulses correspond to the groups of output
pulses with the number of pulses K, , k,, ..., K, .
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Fig.6. Divide of input and output pulse flows into groups: (a) — input pulses of PPSG, (b) — output pulses of PPSG.

Taking into account equation (4), the average number of
output pulses in a group can be defined as follows:

®)

To research the statistical parameters of the PPSG output
pulse sequence it is necessary:

- to select a mathematical device for estimating the
statistical characteristics of the pulsed flow, taking into
account its division into groups (Fig.6.);

- to select the value i, and n_,  depending on the
number of digits (range of source code values) of the
selected PRNG.

To estimate the statistical characteristics of the pulse flow
in accordance with the Poisson probability distribution, one
of the interval estimates can be used, according to which the

number of pulses, during a fixed time T, , with a probability
p = 0.95, is within [36]

ke —2ke <k <ko+2k.

Accordingly, the limit values of the output signal average
frequency are:

X

(6)

fout_h =T+ 2 fout ()
fout_l = fout -2 \ fout 8)
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where f_ , =K. /TB — the theoretical value of the output

signal average frequency, which is determined by equation
(4).

Graphs of dependency of functions f, , and f,, , on

out _ out_

control code Gl, which show that for this simulation

experiment, the parameters of the generator output signal are
close to the Poisson probability distribution, and they are
presented by dashed lines in Fig.5.

In this paper we also propose the technique based on the
classical method of testing the distribution hypothesis about
the general population by the Poisson probability

distribution by using the Pearson criterion (criterion ;(2)
[36]. It differs from the known [33] by the method of the

value forming I__ that is necessary to take into account the

max
peculiarities of the PPSG construction, which is studied

(Fig.4.).
In accordance with this methodology:

- the nominal (theoretical) average value of numbers K,
k,, .. Kk

value G ;

is fixed - K, regardless of the control code

2 - Ninax

- the value i, is variable, it depends on the value G

X
and is determined by the equation

“max — 2 y 9)
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Fig.7. PPSG Statistic characteristics at fixed G, =0: (a) -
dependency i on G, , (b) - dependency K, (x_v) on G, (c) -
dependency ;(cz (SS_n) on Gl, (d) - dependency }(czp
(SS_n_pot) on G, (e) - dependency K, (level)on G, .

Further testing of the hypothesis occurs in this way.
1. According to the empirical distribution obtained as a
result of the modeling of the PPSG operation, an average

mean of values k;, k,, ..., K, -k, can be found.
max

2. Take as a parameter A of Poisson distribution a
sample mean - A =K, .
3. Find, using Poisson's formula

(10)
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the probabilities of the equal j pulses appearance (on

interval i, )in n_ trials(j =0,1,2,...).

4. Find theoretical frequencies

Qj = I:)j “Niax (11)

5. In the simulation process empirical frequencies are

found —

defined

1 max

N -
6. For each value | using the Pearson criterion are
(N;-Q))°
=1 =7 (12)
Q;
) Jmax
% =25, (13)
j=0
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Fig.8. PPSG Statistic characteristics at fixed G, =300: (a) -
dependency imax on G, , (b) - dependency kg (x_v) on G,,
(c) — dependency ;(f (SS_n) on Gl, (d) — dependency }(CZ »
(SS_n_pot) on G, (e) - dependency K (level)on G,.
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7. If necessary values N;, P;, and Q, that correspond to

probabilities F’j are combined in one or two groups, and

calculations (12) (13) are carried out on the basis of this
fact.

8. The number of degrees of freedom is determined as
follows

r=d-2 (14)

where d - the number of groups remaining after the
possible integration.
According to the tables of critical values of the distribution

;(2 [36], for the selected level of significance o (usually
a one of the three values - 0.1; 0.05; 0.01) and the number
of degrees of freedom I, the critical value ;(fp is found. If

22 < 2, - the null hypothesis, that the pulse sequence is

distributed according to the Poisson probability distribution,
is accepted.
For the convenience of evaluating (defining) the range of

control code values G, and G,, for which the generator

output sequence corresponds to the Poisson probability
distribution, taking into account the probabilistic nature of

the process, we additionally introduced the value ;(czp —the

current average mean of the last five values y”, as well as

the value K, — the number of values )(fp greater than
2

pr )

In Fig.7. and Fig.8. the results of research of the output
signal of the PPSG (Fig.4.) are presented using the proposed
method - in Fig.7. for G, =0, and in Fig.8. for G, = 300.

Just as the results are presented in Fig.5., the dependences
are obtained as a result of simulation for the program
implementation of the PPSG, including the software
implementation of the PRNG using the function random (it

is for Delphi), at D, ., =1000 and clock speed fc = 1 kHz.
It was set: n_ =1000, k =10, }(sz =25. In Fig.7. and
Fig.8. graphs of values i ., K, (x_v), x> (SS_n), )(fp
(SS_n_pot), and K (level) are shown, depending on the

control code G, .

The presented results allow us to determine the range of
the control code values G, , in which the output signal of the

generator corresponds to the Poisson probability
distribution. When G, =0 this range is approximately

0+125,and at G, =300 - 0+110.

5. CONCLUSIONS

The analysis of the structures of the two types of digital
devices was carried out in this paper, such as the two-level
frequency synthesizer and the Poisson pulse sequence
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generator. The similarity of approaches to their construction
allows creating a new type of devices that combine the
useful properties of two previous ones - the ability to control
the step of the output frequency changing and the formation
of output pulse sequences in accordance with the Poisson
probability distribution.

The new structure of the Poisson pulse sequence generator
is presented, statistical characteristics of its output signal
have been researched.

The proposed method for evaluating the statistical
characteristics of the synthesizer output signal provides
determination of its parameters, in which the output pulse
flow corresponds to the Poisson probability distribution.

The proposed generators can be effectively used to
simulate various natural and technical processes, in
particular, to simulate the output signals of dosimetric
detectors during the design, adjustment and testing of
dosimetric devices.

Further researches in this direction will be, in particular,
directed to optimizing the hardware implementation of

synthesizers based on programmable logic integrated
circuits.
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