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The paper considers several logical variables transmission describing regular and emergency modes of op-
erations of the inspected control object by means of a single-channel communication line. The method is based
on multizone frequency-width-pulse modulation. The block diagram of receiving and transmitting channels and
example of modulation zones allocation algorithm between logical variables are given.

The authors present the block diagram, time diagrams of signals and main equations for static and dynamic
modes of the multizone frequency-pulse-width scanning converter with zero conjugation of modulation zones.

The paper gives the results of analysis of the correlation between the number of relay elements and the
number of modulation zones for the basic structure of the multizone integrating scanning converter.

The block diagram of single-wire transmission system of the logic data about control object condition is
considered. The principle of single-wire logic messages transfer is discussed. Algorithm of the modulation
zones distribution on a code condition of the inspected control object is shown.

The paper may be of interest for specialists in the field of power and information electronics, of the electric

drive and automation of technological processes.

Keywords: single-wire communication line, frequency-width-pulse modulation, multizone modulation, mul-

tizone integrating scanning converter.

At reconstruction of technological objects in re-
liance on modern means of electronic regulation of
parameters, as a rule, it is necessary to run additional
cable communication lines on the board of the opera-
tor, for example, to input the information about a con-
trol system functional elements condition [1-5].
It inevitably results in significant economic and labour
expenses, and frequently it appears to be difficult to
perform task because of control object remoteness and
originally incorporated design features of the cable
communications. In these conditions it is absolutely
essential to apply devices providing transmission of
several messages along the single-wire communica-
tion line.

One of the possible variants of such systems
based on the principle of multizone frequency-pulse-
width modulation is considered below.

Basic principle of the multizone scanning conver-
ter with zero conjugation of modulation zones (MSC)
is illustrated with a block diagram in fig. 1 which is

made on the basis of adders X1, X2, an integrator
I with a transfer function W (p)=1/T,p , where T} is

time constant, and group of relay elements RE1-REn.
The following condition is satisfied: »>3 is an odd
number.

The output signals of all RE1I-RE#n change dis-
cretely within limits £4/n. Relay elements are sym-
metric with respect to zero non-inverting hysteresis
loop, and the switching thresholds of relay elements

RE1-RE#n satisfy condition |ib1| < |ib2| <...< |ib

nl
where the index at “b” corresponds to a serial number
of RE in a fig. 1.

For consideration of the operating principle of
MSC we restrict ourselves to the case n=3. The fol-
lowing assumptions are accepted. The transfer coef-
ficient of MSC from the information input is equal to
unit. The change in the level of the input signal coin-
cide with the start of the next cycle of the scanning
conversion.
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Fig. 1. Block diagram of multi-zone frequency-pulse-width scanning converter
with zero conjugation of modulation zones
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If MSC is turned on and the input signal X, is

equal to zero, then relay elements are established in an
arbitrary way, for example in the state +4/3 (fig. 2 c—e).
The sequential switching of RE1, RE2 is happening in
position —A4/3 (fig. 2¢,d; time moments ¢y, ¢y, ), un-
der the influence of the scanning signal Y, (¢) from the
output of the integer (fig. 2 b). After that the direction
of the scanning conversion changes, and the signal
increases Y, (¢) to the positive direction.

If the condition Y, (¢) =5, is true, then MSC is
included in stable self-oscillation mode. In this case
the amplitude of the scanning signal is limited to am-
biguity zone of RE1, and the output signals of RE2,
RE3 are located in static and opposite in sign
Yrpo (), Yrps (1) (fig. 2d,e). The output signal of

MSC is formed by switching of RE1 (fig. 2¢) in
the first modulation zone, which is limited within

range +A4/3 (fig. 21).

With no signal X, (fig.2a; 1<¢,) the mean
value ¥, of the output pulses Y, () is equal to zero.
If the condition X, < (4/3) is true (fig. 2a; 1, <t<fy),
then frequency and duty cycle of Y,,,(¢) change.
As in the interval # (fig. 2 c) the signal Y, (z) (fig.2b)

changes due to the difference of signals are coming to
an adder X1 (fig. 2a, 1) and in the interval ¢, the sig-

T B

a) o0

nal depends on the sum of these actions. As a result
Y, = X,y (fig. 29).

We assume that at time 7, the signal X, is in-

creased discretely to a value (4/3)< X, <4 (fig.2a).

This violates the stability of self-oscillation mode in
the first modulation zone, and the MSC initiates the
reorientation of states of RE2 and RE3. The reorienta-
tion ends at time #,;, when RE3 is switched to posi-
tion —A/3 (fig. 2 ¢). Output signal reaches the level —4
(fig. 2 f) and the MSC switches in the second modula-
tion zone. Where in the intervals ¢, ¢, (fig.2¢c) for-

mation rate of scanning function Y,(z) (fig.2b) is

determined by the difference or the sum of signals are
coming to an adder X1. In this case the signal Y in-

cludes DC component —4/3 of the first modulation
zone and the mean value of the pulse stream Y, (¢)

of the second modulation zone (fig. 2 f).
The transition of MSC from one modulation zone
to another for small increments of coordinates X is

accompanied by transition of the system through cha-
racteristic points with zero frequency of self-
oscillation. It is called the mode of zero frequency
conjugation of modulation zones.

Modulation and amplitude characteristics of
MSC for odd number case of RE are presented in
the fig. 3.
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Fig. 2. Time diagrams of signals of multi-zone integrating frequency-pulse-width
scanning converter with zero conjugation of modulation zones

BecTHuk OYplY. Cepus «QHepreTukay.
2015. T. 15, Ne 1. C. 34-40

35



YcTtponctBa aHanorosou n LMpoBON IANTIEKTPOHUKN

y Your (1)

-

-
-
- \

-
-

f

<+

—" A

- - ll
-

<« I

_ X w =Ty,

A

I Zone Zl
\

Modulation
zones

Modulation and amplitude characteristics
of MSC

Allowable changes
range of the input
signal of MSC

25T,

t = ———L—;
n - X

.tz

n' o+ X
Yo = (—1)A(2y—l)n" =-X

26T,

0< X,y

2h,T,

2b,T,

fH=—=
3nT - Xy

s

.tz

X]N—I’lil, n
Yoo = (=1)4Q + 29!

X IN

t, =

2b,T,

(2Z,-3)n" < X}y <

7 2

X -@2z,-3m
Yo = (_I)A[(zzi - 3)+ 23’]’771

-1

__x, |2z -

b, = ‘b, / A|— normalized value of the switching threshold b, ;
X,y =|X v/ 4— normalized value of the MSC input signal;
n —number of relay elements, # >3 — odd number;

Z, =1,2,3... serial number of the modulation zone;

v =t /(t, +t,)— duty cycle of the MSC output pulses;

+ A— the maximum amplitude of the MSC output signal;
T, — the time constant of the integrator

Fig. 3. Modulation and amplitude characteristics of multizone integrating frequency-pulse-width
scanning converter with zero conjugation of modulation zones

They show that:

e MSC in each modulation zone is a system with
frequency-pulse-width modulation. With increasing
the signal X,y the frequency of the output pulses de-

creases and becomes equal to zero at the boundary
between of the modulation zone;

o throughout the range of variation of the input
signal X, the amplitude characteristic of MSC is

linear, due to the insular character of the MSC struc-
ture and the presence of an integrator in the direct
channel of regulation.

The analysis shows that the relationship of the
number of relay elements of MSC with the number of
the modulation zones is determined by the ratio (1) on
the fig. 4.

So if the minimum allowable value is equal
n =3, then a number of the modulation zones is 2.0
(fig. 4a). If n=3, then a number of the modulation
zones is 3.0 (fig. 4b). And for bipolar modulation the
first modulation zone “captures” the second and fourth
quadrants of the amplitude characteristic of MSC.

The transmission method of the logic data along
the single-wire communication line using MSC is
considered through the example of thyristor control
station for smooth start asynchronous electric drives
(fig. 5) [6, 7].

The block diagram of single-wire transmission
system of the logic data on control object condition
includes the multizone integrating scanning converter
(MSC) [6-9], key switchboard KS, decoder DC of an
object condition including logic gauges Q,, and also

data reception and division channels on the board of
the operator.

The principle of single-wire logic messages
transfer is based on the following. The digital, for ex-
ample, binary code is given to each of logic sensor of
control object (fig. 5). Then the regular and emergen-
cy condition of the object is characterized by final
number of the code conditions, e.g. five, as it is shown
in the code table in a fig. 6. Thus every logic variable
transmitted on the board of the operator is allocated
with its own modulation zone in the second or fourth
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Fig. 4. To analysis of the correlation between the number of relay elements in the basic structure
of the multizone integrating scanning converter and the modulation zone number
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Fig. 5. The block diagram of single-wire logic data transfer system on the board of the operator
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Fig. 6. Algorithm of the modulation zones distribution on a code condition
of the inspected control object

quadrant of the “input—output” MSC characteristic
(fig. 6). The decoder DC forms on one of the target
buses a signal “1”, which is typical only for certain
regular or emergency situation of control object.

The key switchboard KS contains normally
opened keys and sources of basic signals X, the

number of which is defined by quantity of used target
buses DC. Amplitude and mark X, are chosen so that

at switching on of the appropriate key element the
target coordinate Y, (f) would appear in required

modulation zone of the second or fourth quadrants of
the “input —output” MSC characteristic, and with rela-
tive duration of pulses equals 0,5 (fig. 6).

As a result each situation arising on objects and
formed on DC inputs as combinations of “0” and “17,
is transferred to the board of the operator as a logic
signal “1”, representing a flow of pulses of the appro-
priate MSC modulation zone (fig. 6).

Each channel of data division (fig. 5) contains the
comparator C with switching thresholds adjusted to
the “middle” of the appropriate modulation zone,
proportionally-differentiating part PD, demodulator
DM and target element of indication, for example,
LED. The pulses frequency of each MSC modulation
zone corresponds to a proportional section of the PD
frequency characteristic. As a result the signal “1” will
be formed on a DM output only of that channel of data
division where the comparator C is in a mode of

switching with pulses frequency appropriate MSC
modulation zone.

As the practice has shown, it is expedient to
choose the frequency of MSC carrying fluctuations
within the limits of 10-20 kHz. Thus the modern ele-
ment base allows creation of MSC to transfer up to
the 30—40 logic data on control object condition along
a single-wire communication line. However, it is ne-
cessary to take into account that with growth of num-
ber of MSC modulation zones the permissible level of
the outside handicaps is reduced, as a result of ampli-
tude modulation of the basic information carrier by a
handicap signal that the comparators of adjacent data
division channels can periodically turn from dynamic
into static condition and vice versa [10—14].
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OAHOMPOBOAHAA JIUHUA NEPEOAYU NOTUMYECKUX OAHHBLIX
HA OCHOBE MHOINO30HHOU YACTOTHO-LWMPOTHO-UMNYJIbCHOM

MoaynAaAuuu

J1.U. bimoeuy, O.I'. BpbinuHa, A.B. Tro2aes

PaccmatpuBaetcst cioco6 mepenady 1o OfHOKAaHAJIBGHOW JIMHUM CBS3M HECKOJIBKUX JIOTHYECKHX HMEePEeMEHHBIX,
XapaKTepH3YIONMX IITATHBIA ¥ aBapUHHBIN PeKUMBI pabOTH KOHTPOJIMpYeMoro 00bekTa. B ocHOBe MeToza exut
MHOT'030HHAs1 YaCTOTHO-IIIUPOTHO-UMITYJIbCHAsE MOYJIIusL. [IpyuBeieHbl CTPYKTypHas cxeMa pHeMo-TepeJatoIero
YCTPOICTBA ¥ IPHMED aJITOPUTMA PACTIPEIETICHHS JIOTHIECKUX MIEPEMEHHBIX M0 MOIYJISAIMOHHBIM 30HAM.

IIpuBeneHs! CTPYKTYpHAsl CXeMa, BpEMECHHBIC TUArpaMMbl CHTHAIOB M OCHOBHBIC COOTHOIICHUS Ul aHa-
TH3a CTAaTHYECKUX M JUHAMHYECKHX PEKHUMOB pabOThl MHOTO30HHOTO YaCTOTHO-IIUPOTHO-MUMITYJIBCHOTO pa3-
BEPTHIBAIOIIETO IIPEOOPa30BaTENs C YACTOTHO-HYJIEBBIM COMPSHKEHIEM MOAYIISIIHOHHBIX 30H.

JlaHbl pe3ysbTaThl aHAIN3a B3aUMOCBSI3U YUCIIa PENEHHbBIX JIEMEHTOB C YHCIOM MOIYJIILMOHHBIX 30H AJIS
6a30B0ii CTPYKTYPbI MHOTO30HHOTO HHTETPUPYIOIIETO Pa3BEPTHIBAIONIETO IpeoOpa3oBaTes.

PaccMoTpeHa cTpyKTypa OJHOIPOBOAHOIO YCTPOICTBa Iepeadn JOTHYECKUX JaHHBIX, XapaKTepPU3YIOIIX CO-
cTostHMEe 00BbeKTa yrpasieHus. [10sSCHeH OIHOMPOBOIHBII IPUHIIUIT MIepeiadn JOrndeckux coobmieHnii. [IpuBenen
ANTOPUTM pacTipeIeTIeHUS TI0 MOIYJIIIMOHHBIM 30HaM KOZOBOTO COCTOSIHHS KOHTPOIIMPYEMOT0 00BEKTa YIPABIICHHUS.

CraTbs MOXET OBITh HHTEPECHA AJIS CIICIIAAIUCTOB B 00JIACTH CHIIOBOK M HH(POPMAIIMOHHON AJICKTPOHUKH,
SJIEKTPONPUBOAA M aBTOMATH3AIIH TEXHOJIOTHIECKHX MTPOIIECCOB.

Kniouesvlie cnosa: 00Honposoonas iuHus nepeoaiu, YacmomHo-wupomHO-UMRYIbCHASL MOOYIAYUSL, MOOY-
JIAAYUOHHAS 30HA, MHO2O30HHbII UHMEZPUPYIOWUL PA36epMbI8alouuii npeodopazosamerbs.
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