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SYNTHESIS OF THE BINARY ENCODER
WITH PULSE-FREQUENCY DATA REPRESENTATION

A possibility of synthesis of radio-frequency encoder is considered using known methods developed for
the case of pulse-potential representation of information and pulse-frequency method for synthesis of radio-
frequency logic elements. It is shown that application of physical schemes for synthesis of the encoder with
radio-frequency pulsing data representation enables significant simplification of the flowchart compared
with traditional methods using radio-frequency logic elements as the basis.

Key words: radio-frequency logic elements, pulse-frequency data representation, encoder, decoder, total
intermediate result, radio-frequency pulse, filling frequency.

Introduction

If radio-frequency (RF) or pulse-frequency signals are the informative parameters characterizing
the object state (e.g. in non-linear radar systems where multiple-frequency signals are the probing
ones and this allows to receive gain in the range of target detection without increasing the radar
power), it is expedient to process information signals directly at carrier frequency. First, this will
allow to avoid additional transformations and accuracy loss connected with them, and second, to
increase interference immunity of data transmission and processing systems, to use the same and
significantly lower voltage levels corresponding to logic “0” and “1” as compared with discrete data
representation with pulse-potential signals. Besides, this makes it possible to avoid one of the main
disadvantages of discrete data representation with pulse-potential signals — the necessity of trans-
mission of signals with low-frequency spectrum components.

Basic logic and operational elements with frequency data representation have been developed
lately [3, 4] as well as methods of their synthesis. Corresponding research was conducted. The aim
of this paper is synthesis of one of the common elements of data processing systems — the encoder
designed for transformation of input m-digit unitary code into n-digit positional code.

Synthesis of radio-frequency pulse binary encoder

Let’s consider synthesis of binary encoder for frequency data representation when radio-
frequency pulse with filling frequency @, corresponds to logic zero and RF pulse with filling fre-
quency @, - to logic unit.

It is known that the relation between the number of encoder inputs and outputs is defined by the
expression m = 2", For the case of encoder being used for the operation of the unitary code trans-
formation into output binary position code, the logic of its work is presented in Table 1.

For synthesis of the flowchart of RF pulse encoder traditional method [5] will be used first. Ac-
cording to it, flowchart of the encoder in “OR” basis has the form shown in fig. 1.

Table 1
1 X3 X2 X1 Xo Yi Y2 I
0 0 0 0 - - 0
0 0 0 1 0 0 1
0 0 1 0 0 1 1
0 1 0 0 1 0 1
1 0 0 0 1 1 1

Using the flowchart of RF pulse element “OR” [3], it is easy to build flowchart of encoder with
RF pulse data representation (fig. 2). As fig. 2 shows, in order to build this encoder, it is necessary
to use 6 converters of frequency F, 6 high-pass filters @5, 5 output splitters 7, 4 power combiners,
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2 band-pass filters @.’ for the frequency of logic «O» and 2 — for the frequency of logic “1”, 2 gene-
rators of auxiliary signals at frequencies w, u @,. So the diagram is rather complicated and its prac-

tical application is inexpedient.

Y1

Fig. 1. Flowchart of the encoder with pulse-potential data representation
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Fig. 2.Flowchart of the pulse-frequency encoder
Using the method of synthesis of RF pulse logic elements, suggested in [4], and taking into ac-
count equations describing the encoder operation [5]
Yo = X1+X3
Y1 =x2txs, ey

we shall perform synthesis of such encoder.
Taking into account that RF pulse with filling frequency wg corresponds to logic zero and RF

pulse with filling frequency @, corresponds to logic “1”, the truth table for RF pulse encoder has
the form (Table 2):

Table 2

X3 X2 X Xo Vi Y2 |

Wo Wo Wo Wo - - Wo
Wo Wo Wo W1 Wo Wo W1
Wo Wo w1 Wo Wo W1 W1
Wo W1 Wo Wo W1 Wo W1
W1 Wo Wo Wo (O] (V) W1

Each of y functions can be written as operator equation of the form
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Y=PX. )

This equation establishes the relation between two information sets ¥ and X and one operator se-
quence P. Proceeding from (2), the problem of the encoder synthesis consists in the following. For
given X and Y it is the necessary to find operator sequence P, satisfying equation (2), i. e. it is ne-
cessary to synthesize the encoder described by operator sequence P that performs the transforma-
tion of input signals set X into output signals set Y.

As operator sequence for each Y function will have common parts, it seems possible to build
common operator sequence. Taking into account characteristic features of encoder equations (i. e.
the fact that not all information sets X are included into both equations (1) ), we shall first consider
synthesis of operator sequences for each of the equations (1).

The analysis of the truth table separately for functions Y, and Y; shows that there exists a
unique dependence between them as different values of the functions correspond to different values
of total intermediate results (TIR) and equal values of the functions correspond to equal values of
TIR. In this case TIR are calculated by the expression:

VA :ia)i .
i=1

Let’s determine operator sequences for each of the functions..

As separate set of input signals x, x,...x, , on the one hand, corresponds to definite TIR values
Z;, and, on the other hand, — to the values of functions Y;, deviation of the values of Z; from Y; can
be found:

A =Z Y

From the set of values of deviation functionA; we select all of its different values. The number
of different A, values determines the number of additional signals, and the values of these functions
are the signal values..

When Y; functions are being realized, it is not known a priori what frequency set arrives at the

given moment. So it is necessary to check if values of Z; correspond to the values of ¥; by consid-
ering all possible values of A, of the function A ,i. e.

5,=24,, (j=12..2). 3)

)

And only when A=A, the values of J; will be equal to Y;. Function C; corresponds to each
Jj value. At each frequency set function C; takes the value 1 or 0 and
{l,ecnn A=A,
o 0,ecmn A £ A

Taking this into account, the values of ¥; are found by the expression:
Y; = 6i1Cit +8Ci +...+8;,Cig -

Here the values of Cj; provide filtration, 1. e. they show if the values of function ¥; belong or do
not belong to the values of J; . Each operation (3) is realized by a separate element described by
operator F. To ensure the arrival of signal Z; at all F’ elements, it is necessary to provide its branch-
ing using the elements realized by operator 7. To provide the output signal of RF pulse encoder, it
is necessary to derive K information signals from each difference of signals formed by elements F.
This is provided by filters @¢” and @¢'. In general case filters can extract signals coming from one
element F. Considering this, elements of branching 7" and union 4 can be located between element
F and the filters. Output signals from r. F. Pulse encoder are formed directly by the combination of
signals from the outputs of all filters. This function is realized by element 4. Proceeding from this,
all the above-mentioned calculations for function Y, are presented in Table 3, that we call a sum-
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mary table.
The analysis of deviation function shows that it can take only one value wo, and so for the reali-
zation of function Y, one auxiliary signal is necessary. Membership functions are given in ~ Table

4.

Table 3 Ttable 4
X X3 Yo z; Zi— Yo C C | flwg) | flwy)
Wo Wo Wo 2wy Wo 1 1 1 0
W1 Wo OF Wotw, Wo 1 1 0 1
Wo Wo Wo 2wo Wo 1 1 1 0
Wo w1 w1 WotWw1 Wo 1 1 0 1

Using these tables, operator description of function Yy is built:

1 4 4

x, Tx, %wo%:iiF@B TiiF@BT%i"(i@f%i@j %]ijA:YO.

Let’s compile summary table for function Y; (Table 5).
From the analysis of this table it follows that for realization of function Y; only one auxiliary
RF signal with filling frequency wy is required. Membership functions are given in Table 6.

Table 5 Table 6
C f(wo) f(w1)
X2 X3 Y1 Z; Zi— Y C
Wo Wo Wo 2&)0 Wo 1 1 1 0
Wo Wo Wo 2w0 Wo 1 1 1 0
[V Wo [OVF] w1tWwo Wo 1 1 0 1
Wo w1 w1 w1two Wo 1 1 0 1

Using tables 5, 6, we build operator description for function Y;,
1

M to, 1 o, %iim;%%{i@g tla) %jiiA;yl.

From the analysis of operator descriptions for functions Yy, ¥; it follows that for the encoder rea-

lization only one RF signal with filling frequency , is required. i
Taking this into consideration as well as operator descriptions for each function, we build gener-

al operator description for the encoder.
4 3 5615 726 8 47
x M, mn%mwﬁ[wm tlre, 1l

111210 131411 1512 16 13 17 14

Fo, ML Fo, Pt irt i Lap f ol 1ot Tl

181516 191718 20 19

D! ML ATl 4Ty, iY

Flowchart, presented in fig. 3, corresponds to this operator description.
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Fig. 3 Flowchart of RF pulse encoder

Comparison of encoder flowcharts, presented in fig. 2 and fig. 3, shows that application of the
suggested method makes it possible to simplify the flowchart: the number of F elements is de-
creased by 2, @5 anemenToB — by 2, T and A4 elements — by 2 and there will be one additional RF
signal source less.

Conclusions

Synthesis of radio-frequency pulse encoder of binary code has been performed using physical
charts, which enables flowchart simplification as compared with the same encoder synthesized ac-
cording to the traditional method with the application of radio-frequency logic elements as the ba-
sis.

REFERENCES

1. Homos JI. H. O6paboTka MHOrO4acTOTHBIX cUrHanoB // Paguosnekrponmka. — 2001. — T. 44. — Ne 3. —
C. 26 -30.

2. Bepuuropos U. C., bopucos A. P., Xapun b. B. K Bonpocy 0 npruMeHeHHH MHOTOYaCTOTHBIX CHI'HAJIOB U
HEJNUHEeWHOH pagnosiokaimy // PagrorexHuka u snekTponuka. — 1998. — T.43. — Ne . — C. 63 — 66.

3. Kuuak B. M. CuHTE3 YacTOTHO-IMITyJbCHHX €JIEeMEHTIB IudpoBoi TexHiku. Monorpadis. — BiHHHUIS:
YHIBEPCYM-Binunns, 2005. — 266 c.

4. Kuyak B. M., CemenoBa 0O.0. PanioyacToTHi Ta UIMPOTHO-IMIYJIBbCHI e€JeMEHTH LU(PPOBOI TEXHIKH.
Monorpadist. — Binauist: YHIBEPCYM-Binnuus, 2008. — 163 c.

5. babuu H. I1., KykoB U. A. KomnbroTepHas cxeMoTeXHHKa. MeTO/bl TOCTPOSHHS U MPOeKTHpoBaHus. — K.:

«MK- IIpeccy, 2004. — 576 c.

Kychak Vasyl — Dc. Eng., Prof., head of the Department of telecommunication systems and tel-
evision. Tel.: 598-219, e-mail: v.kychak@mail.ru.

Kychak Volodymyr — Student of the group 1ITCM-06 (Faculty of radio engineering and tele-
communications).

Nassir Mansuor Mahmoud Abuhamoud — post-graduate student of the Department of telecom-

munication systems and television. E-mail: nassr237@mail.ru.
Vinnytsia National Technical University.

Haykosi npani BHTY, 2009, Ne 3 5



