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The improvement of digital communication lines of radio information transmission systems in the direction of
increasing the complexity of the signal-code structures used, increasing the speed of information exchange, the use
of modern channel compaction technologies, on the one hand, and the high complexity of the surrounding elec-
tromagnetic environment, on the other hand, objectively determines the need to improve the radio receiving sys-
tems of digital communication lines in the direction of increasing their noise immunity. In this regard, in order to
justify the technical requirements for noise immunity to radio receiving systems of the designed transmission lines,
it is advisable to take into account the basic indicators of the quality of functioning of the radio receiving device, in
order to obtain analytical expressions and graphical dependencies for evaluating the noise immunity of receiving
signals with more complex combined types of modulation (QAM-64 and higher), used and planned for use. Of the
large number of indicators that characterize the dynamic range, the most informative and sufficiently character-
ize the quality of the linear path are: the dynamic range for reducing the transmission coefficient (compression)
by 1 dB and the dynamic range for third-order intermodulation distortion. The effect of interference received on
the side channels (which include combination and mirror), as well as on neighboring channels, limits the lower limit
of the dynamic range of the receiving device and, as a result, reduces the resulting signal-to-noise ratio at the out-
put. The degree of suppression of the combination channels is determined, first of all, by the frequency plan and
the linearity of the amplitude characteristic of the mixer of the first frequency converter, the mirror channel - the
quality of filtering the mirror frequencies in the input preselector, the neighboring channel - the selectivity of the
filters of the main selection. In this article, an analytical model and the resulting graphical dependencies
are developed to assess the degree of influence of compression distortions on the noise immunity of
receiving multi-position quadrature-amplitude modulated signals, and the requirements for the value
of the dynamic range of radio receiving systems are theoretically justified.

Vitaly G. Dovbnya, 
Southwest State University, Kursk, Russia, vit_georg@mail.ru

Dmitry S. Koptev, 
Southwest State University, Kursk, Russia, d.s.koptev@mail.ru

Ivan G. Babanin, 
Southwest State University, Kursk, Russia, babanin_ivan@bk.ru

Alexander A. Knyazev, 
Southwest State University, Kursk, Russia

DOI: 10.36724/2072-8735-2021-15-6-65-69

Manuscript received 24 February 2021;
Accepted 30 March 2021

Information about authors:
Vitaly G. Dovbnya, Doctor of Engineering Sciences, Associate Professor, Professor at the Department of Space Instrumentation and Communication
Systems, Southwest State University, Kursk, Russia
Dmitry S. Koptev, Lecturer at the Department of Space Instrumentation and Communication Systems, Southwest State University, Kursk, Russia
Ivan G. Babanin, Candidate of Engineering Sciences, Associate Professor of the Department of Space Instrumentation and Communication Systems,
Southwest State University, Kursk, Russia
Alexander A. Knyazev, Student of the Department of Space Instrumentation and Communication Systems, Southwest State University, Kursk

ELECTRONICS. RADIO ENGINEERING



T-Comm Tом 15. #6-2021
66

ELECTRONICS. RADIO ENGINEERING

Introduction

One of the main indicators of the quality of the receiving de-
vice, which determines its ability to transform the signal without 
introducing additional nonlinear (compression) distortions, is the 
dynamic range. Signals with quadrature amplitude modulation 
are the most critical to this type of distortion, since their quadra-
ture components are signals with multi-level amplitude manipu-
lation. One of the dynamic range indicators that sufficiently 
characterizes the quality of the linear path is the value of the dy-
namic range to reduce the transmission coefficient by 1 dB. 

The paper [1] evaluates the degree of influence of compres-
sion distortions on the noise immunity of digital signal reception. 
However, the expressions obtained in this paper for calculating 
the probability of bit error are limited to considering signals with 
quadrature amplitude modulation with a positionality of no more 
than 64. The disadvantage of the analytical model proposed in 
[1] is that not only the amplitudes of the quadrature components 
of the signal are subjected to compression distortions, but also 
the decision thresholds, which is not the case in practice. In addi-
tion, a significant increase in the amount of computational costs 
with an increase in the positionality of quadrature-amplitude 
modulated signals significantly limits the possibilities of using 
the analytical model used.  

Materials and research methods 

The value of the dynamic range of the radio receiver by re-
ducing the transmission coefficient by 1 dB  can be esti-
mated from the amplitude characteristic of its linear path, the 
typical form of which is shown in Figure 1. 

Figure 1. Typical form of the amplitude characteristic of the linear path 
of the receiving device 

The dashed line indicates an idealized characteristic that has a 
slope of /4 radians and an offset along the ordinate axis by an 
amount equal to the power gain of the linear path Kp; solid – a 
real characteristic that has a deviation from the linear depend-
ence in the range of small and large values of the power of the 
amplified signal. 

The deviation of the amplitude characteristic from the linear 
one in the region of large power values ( . .maxP P ) leads to
the appearance of compression distortions of signal realizations, 
the peak power of which falls into the specified region. As a rule, 
at peak power values below the upper limit of the dynamic range 

by 10 dB, the level of compression distortion is reduced so much 
that they can be ignored [2, 3, 4]. 

To evaluate the influence of the dynamic range on the noise 
immunity of radio receiving systems, we find the dependence of 
the bit error probability on the degree of non-linearity of the am-
plitude characteristic, for which we use the method described in 
work 5. In this case, the degree of non-linearity of the amplitude 
characteristic will be evaluated by the relative change in the 
transmission coefficient of the linear path. 

Without violating the generality of reasoning, we set in the 
model of radio receiving facilities equal to zero 
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Then, taking into account the assumptions made, the enve-

lopes of the quadrature components of the distorted signal 
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where 
0 0G G  – the value of the envelope of the impulse 

response of the channel at the time of decision-making; 

00 0 0Rx Rx Ry RyN N , N N  – the values of the enve-

lopes of the quadrature components of the noise at the time of 
decision-making; 

0 – nominal transmission coefficient of the linear path; 
,xr yr

 – the transmission coefficients of the linear path, re-

spectively, for the common-mode and quadrature components of 
the r-th signal realization. 

The decision in the radio receiving system is made for each 
of the envelope quadrature components of the signal implemen-
tation separately in accordance with the following inequalities: 
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0

0
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yrk –– relativ changes in the

transmission coefficients of the linear path for the common-mode 
and quadrature components of the r-th signal realization. 

Assuming that the quadrature channels are identical, we ob-
tain an expression for the conditional probability of error in re-
ceiving a symbol in the form 

sgn p r 0,5 p r krr ,r p ,  (5)
s rP k 2P

where  

,r p L 1 , 3L , (L, 1) ;

0 0 0/RxN dG  ce– ntered normally distributed random

variable with dispersion 2 2 2
0 0 0d G TN2 / .

Therefore, the conditional probability matrix of size L (L-1) 
in the considered case will be equal to 
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where 

k 3( /p r,k )
1,p r r r rQ p r 0,5 p rP P hsgn k r

M
– the probability that when transmitting the implementation of a
signal with the parameter r, will be accepted the implementation 
of a signal with the parameter p.

Omitting the intermediate transformations and assuming the 
elements of the matrix (6), for which 0,5 p r 1 equal to

zero, we obtain an expression for the conditional probability of 
error per bit: 
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where 
l 1k  – linear path transmission coefficient for signal reali-

zations with the level of amplitudes of quadrature components 
l( 1 ;) l L 2 , 4 ,L , (L 2) .

Results and discussion 

Figure 2 shows the dependence of the equivalent energy loss-
es of receiving signals QAM-16, QAM-64, QAM-256, QAM-
1024 respectively, on the values of the dynamic range for the 
probabilities of bit errors 10-7, 10-5, 10-3, calculated by the itera-
tive method in MathCad 11 using the expression (7). In the cal-
culation, it was assumed that the relative deviation of the trans-
mission coefficient of the linear path in the range of values 

. .maxP P  is minus 1 dB per decade of change in the input sig-
nal power. 

From the analysis of the obtained graphs, it follows that to 
ensure high-quality reception of digital signals, the minimum 
value of the dynamic range in the linear path of the radio receiver 
device should be at least 35, 42, 49 and 55 dB, respectively, for 
the signals QAM-16, QAM-64, QAM-256, QAM-1024. When 
justifying the requirements for radio receiving devices, the above 
values should be adjusted upwards to the level of the predicted 
resulting equivalent energy losses of reception. 

For engineering calculations, the minimum required value of 
the dynamic range for compression by 1 dB can be estimated 
using an empirical dependence [7] 

P 22
01 bbDb h 20lg(L 1) h 10 ,    (9) 

where h2
b 0bP  – the ratio of the bit energy Eb to the one-way

spectral noise power density N0, required to obtain the required 
bit error probability in the limit, dB; 

h2  – predicted resulting equivalent energy losses when re-
ceiving signals, taking into account interference on the combina-
tion channels of reception, dB. 

The correction factor in expression (9), equal to ten, charac-
terizes the difference of 10 dB between P .max P .-1 .

Given that the signal-to-noise ratio per bit and per symbol of 
information 

bh2  and h2 are related by the expression [8, 9] 
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let's rewrite the expression (9) in the following form: 
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For multi-position signals, we have: 
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Then the minimum required value of the dynamic range is 
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Figure 2. Dependence of the equivalent energy loss on the dynamic range value for the signal: 
 – Q -16;  – Q -64;  – Q -256;  – Q -1024 

If you set the probability of a bit error of 10-7 (Figure 2) and 
the value of the expected equivalent energy losses at the level of 
4 to 6 dB (which corresponds to the technical requirements for 
signals of the QAM-256 and QAM-1024 types), then the mini-
mum value of the dynamic range of the linear path of the receiv-
ing device should be from 52 to 54 and from 58 to 60 dB, respec-
tively for signals of QAM-256 and QAM-1024. 

Conclusion 

The developed analytical model and the obtained graphical 
dependencies allow us to assess the degree of influence of com-
pression distortions on the noise immunity of receiving multi-
position signals, as well as to theoretically justify the require-
ments for the value of the dynamic range of radio receiving sys-
tems. For high-quality (with an acceptable level of equivalent 
energy losses from 0,2 to 0,3 dB) reception of signals with com-
plex types of modulation (up to QAM-1024) in the receiving 
device, it is necessary to provide a dynamic range for compres-
sion of the transmission coefficient by 1 dB of at least 60 dB. 
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Аннотация
Совершенствование цифровых линий связи радиосистем передачи информации в направлении усложнения используемых сигнально-кодовых
конструкций, возрастания скоростей информационного обмена, использования современных технологий уплотнения каналов, с одной стороны, и
высокая сложность окружающей электромагнитной обстановки, с другой стороны, объективно обусловливает необходимость совершенствования
радиоприемных систем цифровых линий связи в направлении повышения их помехоустойчивости. В связи с этим для обоснования технических
требований по помехоустойчивости к радиоприемным системам проектируемых линий передачи целесообразно учитывать базовые показатели
качества функционирования радиоприемного устройства, для того, чтобы получить аналитические выражения и графические зависимости для
оценки помехоустойчивости приема сигналов с более сложными комбинированными видами модуляции (КАМ-64 и выше), применяемых и
планируемых к применению. Из большого числа показателей, характеризующих динамический диапазон, наиболее информативными и в
достаточной степени характеризующими качество линейного тракта являются: динамический диапазон по уменьшению коэффициента передачи
(компрессии) на 1 дБ и динамический диапазон по интермодуляционным искажениям третьего порядка. Воздействие помех, принимаемых по
побочным (к которым относятся комбинационные и зеркальный), а также по соседним каналам, ограничивает нижнюю границу динамического
диапазона приемного устройства и, как следствие, уменьшает результирующее отношение сигнал/шум на выходе. Степень подавления
комбинационных каналов определяется, прежде всего, частотным планом и линейностью амплитудной характеристики смесителя первого
преобразователя частоты, зеркального канала – качеством фильтрации зеркальных частот во входном преселекторе, соседнего канала –
избирательностью фильтров основной селекции. В данной статье разработана аналитическая модель и получены графические зависимости,
позволяющие оценить степень влияния компрессионных искажений на помехоустойчивость приема многопозиционных квадратурно-амплитудно
модулированных сигналов, а также теоретически обоснованы требования к значению динамического диапазона радиоприемных систем.

Ключевые слова: радиоприемное устройство, динамический диапазон, помехоустойчивость, эквивалентные энергетические потери, 
цифровые линии передачи информации.
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