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Abstract: The paper presents the analysis of the
operation of a quadrature demodulator of a signas
modulated with the use of Quadrature Phase Shift
Keying (QPSK) taking into account the influence of
parameters of a low-pass filter. Such quadrature
demodulators are used in modern telecommunication
systems because of the problem of separating out two
Phase Shift Keying (PSK) modulated signals (in-phase
and quadrature) from the QPSK-modulated signal arising
at the receiving end, which is followed by detecting and
determining the binary signa as “one’ or “zerd”. This
task is performed by a two-channel demodulator of the
receiver separately for in-phase and quadrature
components of the QPSK-modulated signal. A wrong
decision can be made due to the influence of the parasitic
signal components, which occur at the inputs of decision
devices. In the environment of the system UDF
MAOPCs (User-Defined  Functions  Multivariate
Analysis and Optimization of the Parametric Circuits)
the influence of parameters of input signads and
parameters of the synchronous detector on the output
signals of the in-phase channel was analyzed. On the
example of the synchronous detector, it is shown that
application of the frequency symbolic method makes it
possibl e to determine the effect of selected parameters of
the circuit elements on the characteristics of functional
units of telecommunications equipment in explicit form.

Key words frequency symbolic method, UDF
MAOPCs sysem, linear periodically-time-variable drcuits,
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1. Introduction

In modern telecommunication  systems  the
multipoint methods of digital modulation of carrier
motion are widdy used, and their advantage in
comparison with binary shift keying is the smaller
bandwidth of the transmission of a communication
channel which is necessary for the transmission of the
modulated signal [1].

In practice the multipoint phase-shift keying, which
is stable in relation to the amplitude changes of a signal

during its transmission through the communication
channel, isthe most often used.

A popular option of a multipoint phase-shift keying
is the QPSK (Quadrature Phase Shift Keying), during
which a certain pair of bits corresponds to each possible
value of the phase of a modulated signal.

Quadrature signas are two-dimensiona signals,
whose instantaneous values can be mathematically
determined by one complex number containing two
components:. in-phase (rea) and quadrature (imaginary).

During the formation of QPSK-modulated signals at
a transmitting end the flow of input information bits is
divided into two subflows consisting of odd and even
bits respectively.

Each of the subflows is used to conduct a binary
phase-shift keying (PSK) of a respectively in-phase and
quadrature components of carrying oscillation. After
both components are added, we obtain the QPSK-
modulated signal.

At the recelving end, the problem of separating out
the QPSK-modulated signa into two PSK-modulated
(in-phase and quadrature) sgnas arises followed by
detecting and determining a binary signal ("on€' or
“zero”).

This task is performed by a two-channe
demodulator of the receiver separately for in-phase and
quadrature components of the QPSK-modulated signd.
The wrong decision can be made due to the influence of
the parasitic signal components which occur at the inputs
of the decision devices.

The paper presents the analysis of the operation of a
quadrature demodulator of the QPSK-modulated signa's
taking into account the influence of the parameters of a
low-pass filter.

2. Model of the quadrature demodulator and its
analysis

Fig. 1 shows the flow chart of a quadrature
demodulator, where the following notations are used:

X(t) isan input QPSK-modulated signal; X,(t) isa
signal obtained as the result of the detection of an in-



52 Bohdan Mandzy, Ksenia Chaban, Yuriy Shapovalov, Dariya Bachyk

phase component of the QPSK-modulated signal; X, (t)

is a signal obtained as the result of the detection of a
guadrature component of a QPSK-modulated signdl;

G isacarrier frequency generator; SD is a synchronous
detector (multiplier); F is a low-pass filter; D is a
decision device (resolver); M isamultiplexer.
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Fig. 1. Flow chart of a quadrature demodul ator

The mathematical mode for the k-th symboal of the
input QPSK-modulated signal can be presented in the
form of

X, (t) = X Cosgw, % + (2k-Dp &

A
where theindex k can take the values of x =1,2,3,4.
Using the known trigonometric identities, expression

(1) can be represented as the sum of in-phase and
guadrature components of the QPSK-modulated signal
respectively:
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During the demodulation of the QPSK-modulated
signal the generator frequency G should be synchronized
with carrier frequency (W =w,, ). Synchronous detectors
SD are parametric multipliers multiplying the input
QPSK-modulated signal by the in-phase and quadrature
components of carrying oscillation. Fig. 2 shows the
equivalent circuit of the parametric multiplier with a
simple RC-filter, where the following notations are used:
X(t) isthe voltage of an input QPSK-modulated signal;
i(t) is the source of parametric current controlled by
voltage X(t) ; C, R are the parameters of filter elements.

In general, the filter can be of any complexity.
The dependence of the current of the controlled
source on the input voltage is described by aformula

i(t) = B(t) (1) 3

where B(t)ZBO(l+m>COS(Wn>¢)), B, is a

coefficient characterizing the sengitivity of the current
source to the changes of controlling voltage; mis the
coefficient of modulation depth of a parametric circuit

(0<m<1l)
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Fig. 2. Equivalent circuit of the parametric multiplier
with a RCfilter.

The spectral structure of voltage at the outputs of
the low-pass filters of the quadrature demodulator will
be determined with the help of a frequency symbolic
method (FS-method) [2, 3], which is based on
L. A. Zadeh’ smethod [4] allowing usto switch over from the
differentia equations of a parametric circuit, functioning
in the time domain, to the equation describing a circuit in
the frequency domain and allows us to obtain a solution
in a symbolic form. The FS-method is implemented
through the software in the system of UDF MAOPCs [5,
6], which combines the advantages of numerical and
symbolic methods of circuit analysis. In our case the
differential equation of the circuit in Fig.. Lisasfollows:

dx,

R>C x% + X (t) = RxB(t) xx(t) (4)
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From expression (4) and according to [2], we obtain
the equation describing the given circuit in the frequency
domain (1/ R=Y):

CAWEst) + (Y +Cxs) W(s,t) =B(t) (5)
where
W(s,t) =M is a conjugate parametric
X(s)
transfer function, which is equal to the relation of the
depiction of an output signal of the synchronous detector
Xk (s,t) to the depiction of its input signal X(s,t);
Sis complex frequency. It should be noted that for the
parametric circuit the conjugate parametric transfer
function depends smultaneoudly both on time and on
frequency, while in case of the circuit with constant
parameters, the complex transfer function depends only
on the frequency.
The conjugate parametric transfer function W (s,t)

will be approximated by one harmonic component:
W(s,t) » W, (S) +W, (s) cos(wt) +
+W51(S)sin(vvt).
As a result we obtain the symbolic expressions of

the conjugate parametric transfer functions:
A) for thein-phase channd!:

(6)
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The complex amplitudes of the output voltages of
the low-pass filters in the synchronous detectors equal:

A) for thein-phase channd!:
w2 1K ) mBy Cow
s (2%j >C v %Y +Y?)
L Xoep(j 4 ) mB, ¥
2X2 %] xCxv XY +Y?)
L Xoexp(j W) exp(j f ) By ¥
22 xj xC A XY +Y?)
L 2Xoexp(j wt) exp(jf )8, .
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B) for the quadrature channd:
__ Xexp(jf ) meg Cow
(2jCwY +Y?)
L 1XRp(j 4 ) M8, A
2X2%j >XC XY +Y?)
_X0exp(j w x)? sexp(j ) xmxB, XY
2X2%j xC v XY +Y?)
L Xep(jwt)ep(j] )8
(jCw+Y)
Thefirst terms of expressions (9) and (10) are useful

low-frequency components that pass through the RC-
filters and are used for determining the phase j of the
input modulated signal. The second and third terms in
these expressions describe high-frequency parasitic
components of output signals with frequencies w and
2%N respectively.

(9)

+ (10)

3. Computer experiment

In the UDF MAOPCs environment, usng expression
(9), the andysis of the influence of the parameters of input
signads and parameters of the synchronous detector on the
output Sgnas of thein-phase channd was conducted.
Fig. 3 presents a fragment of the program code in the
UDF MAOPCs environment corresponding to the
conducted computer experiment.

C=[5*10"-6; 1*10"-6; 0.5*10"-6; 0.1*10"-6; ]
Mat_Y=subs(Mat_Y,C,Ck(1));

TrFunc(1,'s,'t) %

OutVar('cdassc',2,TH{1,1},'s,'t') % XF(st);

Re_OutVariables{ 1,1} =real OutVariables{1,1}{4,1} (1)
Re_OutVariables{ 1,2} =real OutVariables{1,1}{4,1} (2)
Re_OutVariables{ 1,3} =real OutVariables{1,1}{4,1}(3)
Re_OutVariables{ 1,4} =real OutVariables{1,1}{4,1} (4)
AvaregePower (1,[Re_OutVariables{1,1});

AvaregePower (1,[Re_OutVariables(1,2});

AvaregePower (1,[Re_OutVariables{1,3});

AvaregePower (1,[Re_OutVariables{1,4});

AvaregePower_0= AvaregePower{ 1,1} + AvaregePower{ 1,2} ;
AvaregePower_1= AvaregePower{ 1,3} + AvaregePower{ 1,4}
TransferCoefficientOfPower=([ AvaregePower_1;AvaregePower_0])%

Fig. 3. Afragment of the program codein the UDF MAOPCs
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Fig. 4 shows time dependences of the output voltage  numerical parameters: B, =50mA/V,m=0.082,
of the in-phase channel that were calculated for such =540%Sj =p/4w=2p50040%rad /s, X = 0O.V.
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Fig. 4. Thetime dependences of the output voltage of thein-
0.18r- phase channd of the quadr ature synchronous detector for
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Table 1 shows the values of average powerS'

& 6] X exp(jq ) mxB,Cow u0

Table 2 shows obtained values of the ratio of the
sum of average powers of parasitic components to the
average power of useful component for different values

¢ e o
2 XY +Y? >
P (; ( XJ >C>VV ) UT _ iS
¢ e Xxexp(j 3 ) xmxB, xy u:
§ 22 cw+y) G
the average power of the useful low-frequency
component,
1Tee, Xoexp(jwt)” exp(jj )*mxBOWO
F?ivl Re > dt
T 0e 2(2xj xC Y +Y9) g
and

_ 1a  Xoexp(jw ) exp(j f )8 6

dt -
T o (Cow+Y) P
are the average powers of paradtic high-frequency
components of output signas with frequencies w and
2w , consequently, for different values C and phase j
of theinput signal.

av2

C andphasej of theinput signal.
Table 2

(Pavl + Pavz)

R

C j =45 |j =135°|j =225°|j =31%°
5mF 0.1499e5 | 0.1499e5 | 0.1499e5 | 0.1499e5
1mF 0.3747e-4 | 0.3747e4 | 0.3747e4 | 0.3747e4
0.5mF 0.1499e3 | 0.1499e3 | 0.1499e3 | 0.1499e-3
0.1mF 0.3747e2 | 0.3747e-2 | 0.3747e-2 | 0.3747e2
0.05mF | 0.1499e1 | 0.1499e1 | 0.1499%1 | 0.1499e-1

4. Conclusions
1. On the example of the synchronous detector it is

shown that the application of the frequency symbolic

Table 1
Values of average powers
j =45
C I:)0 I:)avl I:)avz
5mF 0.0338 0.8561e-11 0.5066e-7
InF 0.0338 0.2140e-9 0.1266e-5
0.5mF 0.0338 0.8561e-9 0.5066e-5
0.1mF 0.0338 0.2140e-7 0.1266e-3
0.05mF 0.0338 0.8562e-7 0.50666-3
j =135%°
C I:)0 I:)avl I:)avz
5mF 0.0338 0.8561e-11 0.5066e-7
1mF 0.0338 0.2140e9 0.1266e5
0.5mF 0.0338 0.8561e-9 0.5066e-5
0.1mF 0.0338 0.2140e-7 0.1266e-3
0.05mF 0.0338 0.8562e-7 0.50666-3
j =225
C Po I:)avl I:)avz
5mF 0.0338 0.8561e-11 0.5066e-7
InF 0.0338 0.2140e-9 0.1266e-5
0.5mF 0.0338 0.8561e-9 0.5066e-5
0.1mF 0.0338 0.2140e-7 0.1266e-3
0.05mF 0.0338 0.8562e-7 0.50666-3
j =31%°
C I:)0 I:)avl I:)avz
5mF 0.0338 0.8561e-11 0.5066e-7
InF 0.0338 0.2140e-9 0.1266e-5
0.5mF 0.0338 0.8561e-9 0.5066e-5
0.1mF 0.0338 0.2140e-7 0.1266e-3
0.05mF 0.0338 0.8562e-7 0.50666-3

method makes it possible to determine in an explicit
form the effect of selected parameters of the circuit
elements on the characteristics of functional units of
tel ecommuni cati ons equipment.

2. Analytical expressions obtained in this paper can
be used for calculating the signal / noise ratio at the
output of synchronous detector and assessing the missing
error probability in the device.

3. The conducted computer experiments confirmed
the computation efficiency of the symbolic anaysis in
the environment of the UDF MAOPCs system, as the
calculation of one variant of the circuit takes 5 seconds,
alowing us to anadyze complicated circuits of
multipliers of signalsand filters.
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3ACTOCYBAHHSA YACTOTHOI'O
CHUMBOJIBHOI'O METOJIY
JIJIST AHAJII3Y KBAJIPATYPHOI'O
JEMOJIYJISITOPA
TEJEKOMYHIKAIIIMHOI CHCTEMH

Bornan Manzii, Kcenis Yaban,
IOpiii lIamoBanos, Jlapis baunk

INpoananizoBaHo po0OOTY KBaJpaTypHOIO AEMOAYJSATOpa
curHaniB tunmy QPSK 3 ypaxyBaHHAM BIUIMBY HapameTpiB
¢binbTpa HWKHIX YacToT. Takuil KBaJpaTypHUH NEMOLYISTOP
IIUPOKO 3aCTOCOBYIOTh Y CYYacHHMX TEIEeKOMYHIKalliiHUX
cucreMax, TOMY IO Ha MPUHMaIbHOMY IIyHKTI BHHHKa€e
3aBaHHs posnineHHs curHainy QPSK na nBa curnamm PSK
(cuncasHuil 1 KBagpaTypHHUii) 3 HACTYIHUM JETEKTYBaHHAIM i
HNPUHHATTAM DIIICHHS PO XapakTep OTPUMAHOro OiHAPHOro
curnany (“omununs” uu  “Hyap'). Ile 3aBIaHHS BHKOHYE
JIBOKAaHAIBHUI  JEMOJIYIISATOD OKpeMo IS
cuHOpa3Hoi Ta KBaapaTypHOI ckianoBoi curHamy QPSK.
IMomunkoBe pilneHHs MOke OyTH NPUITHATE BHACTIZIOK BIUIBY

npuiiMaya

[IAPa3UTHUX CKI3JOBUX CHTHANy, $Ki [ilOTh Ha BXOJax
BUpIIYBJIBHUX NPUCTPOiB. Y cepenosumi cucremu UDF
MAOPCs (Multivariate Analysis and Optimization of the
Parametric  Circuits) npoaHamti3oBaHO BIUIMB IIapaMeTpiB
BXIJHUX CHIHQJIB Ta IapaMeTpiB  E€JIEMEHTIB  CXeMH
CHHXPOHHHMX [ETEKTOPiB Ha BHUXiJHI CHTHaIM CUH(DA3HOrO
kaHamy. Ha mnpuxnmam aHamizy CHHXPOHHOTO —JETEKTOpa

II0Ka3aHO, IO BUKOPUCTAHHA YaCTOTHOI'O CHMBOJIBHOI'O
Meroay na€ 3MOry B SBHOMY BI/IFJ'IHI[i BHU3HAYWUTHU BIIJIUB
napaMeTpiB BI/I6paHI/IX €JIEMEHTIB CXEMH Ha XapaKTCpUCTUKU

(bYHKLIOHAIBHUX BY3JIiB TEJICKOMYHIKaLliliHOT aniapaTypH.
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