2020 SYSTEMS OF SIGNAL
GENERATING AND
PROCESSING IN THE
FIELD OF ON BOARD
COMMUNICATIONS

19-20 March 2020

Moscow Technical University of Communication and Informatics, Moscow, Russian
Federation

IEEE sponsors: Russia Section CAS Chapter IEEE Region 8, Russian Section
Chapter, MTT/ED

Other sponsor: Moscow Technical University of Communications and Informatics

IEEE Catalog Number: CFP20083-ART
ISBN: 978-1-7281-4772-7



2020 SYSTEMS OF SIGNALS GENERATING AND PROCESSING IN THE
FIELD OF ON BOARD COMMUNICATIONS

Copyright © 2020 by the Institute of Electronics Engineers, Inc. All rights reserved.

Copyright and Reprint Permission

Abstracting is permitted with credit to the source. Libraries are permitted to photocopy beyond the
limit of U.S. copyright law, for private use of patrons, those articles in this volume that carry a code
at the bottom of the first page, provided that the per-copy fee indicated in the code is paid through
the Copyright Clearance Center, 222 Rosewood Drive, Danvers, MA 01923.

Other copying, reprint, or reproduction requests should be addressed to IEEE Copyrights Manager,
IEEE Service Center, 445 Hoes Lane, P.O. Box 1331, Piscataway, NJ 08855-1331.

IEEE Catalog Number: CFP20083-ART
ISBN: 978-1-7281-4772-7

Additional copies of this publication are available from

Curran Associates, Inc.
57 Morehouse Lane
Red Hook, NY 12571 USA

+1 845 758 0400
+1 845 758 2633 (FAX)
email: curran@proceedings.com



Robert R. Gubaidullin, Timur A. Agliullin, linur I. Nureev, Airat Zh. Sakhabutdinov, Vladimir lvanov
APPLICATION OF GAUSSIAN FUNCTION FOR MODELING TWO-FREQUENCY RADIATION FROM
ADDRESSED FBG

Bayram G. Ibrahimov, Mehman H. Hasanov, Nail T. Mardanov
RESEARCH AND ANALYSIS EFFICIENCY OPTICAL TELECOMMUNICATION NETWORKS ON THE
BASIS OPTICAL WDM AND DWDM TECHNOLOGIES

Ivan S. Ignatikov, Irina A. Ovchinnikova, Izyaslav B. Peshkov, Eduard Ya. Gecha, Peter A. Semenov
RADIATION-RESISTANT OPTICAL CABLE FOR SPACE TECHNOLOGY OBJECTS

Zoya V. llyichenkova, Svetlana M. Ivanova, Andrey Volkov, Alla Yu. Ermakova
PREDICTION OF AUTONOMOUS OBJECTS POSITION USING NEURAL NETWORKS

Viadimir V. lonov, Alexander V. Pestryakov
METHODS OF LABORATORY TESTING OF RADIOMETRICS OF SPACE MONITORING SYSTEMS
FOR MOBILE OBJECTS

Dmitry V. Ivanov, Viadimir A. Ivanov, Nataliya V. Ryabova, Aleksey A. Kislitsin, Andrey A. Chernov
MITIGATION OF DISPERSION DISTORTIONS OF TRANSIONOSPHERIC COMMUNICATION
CHANNELS WHEN TOTAL ELECTRON CONTENT MEASUREMENTS ARE CORRUPTED WITH
STOCHASTIC ERROR

Victor I. Kalinichev, Vadim A. Kaloshin, Le Doan Trinh, Nguyen Cong The
LEAKY WAVE ANTENNAS WITH WIDE SECTOR OF FREQUENCY SCANNING AND A FIXED BEAM

Vadim A. Kaloshin, Le Doan Trinh
MULTI-BEAM TRIFOCAL WAVEGUIDE SLOT ANTENNA ARRAYS

Kirill V. Kamenskiy, Konstantin Yu. Gavrilov
ANALYSIS OF DISTORTIONS IN THE DE-RAMPED LFM-CW SIGNAL OF AN EXTENDED TARGET

Vladimir L. Karyakin
METHOD FOR ESTIMATING THE SFN STABILITY RESERVE

Vasily I. Kazakov, Oleg D. Moskaletz, Artur S. Paraskun
SPECTRUM FORMING AND DETECTION IN THE SYSTEM OF MONITORING, BASED ON A
DIFFRACTION GRATING

Gennady, N. Kazakov, Alexander M. Petrakov, Vyacheslav A. Shevtsov
RADIO MONITORING OF WIRELESS NETWORKS USING LORA DATA TRANSMISSION
TECHNOLOGY

Igor N. Kirillov, Grigory M. Aristarkhov, Varvara S. Medvedeva, Alexey G. Shigontcev
MICROSTRIP FILTERS ON CODIRECTIONAL HAIRPIN RESONATORS WITH SPLIT WORKING
ATTENUATION POLES

Alexander S. Konstantinov, Alexander V. Pestryakov
THE NEW NEURAL NETWORK BASED FRAMEWORK FOR FADING
CHANNEL PREDICTION FOR 5G

Maxim A. Konovalyuk, Yury V. Kuznetsov, Andrey B. Baev, Anastasia A. Gorbunova
DIRECTION OF ARRIVAL ESTIMATION USING CYCLOSTATIONARY PROPERTIES OF WI-FI
SIGNALS

Pavel S. Korolev, Anton . Sosnin, Kirill D. Sedov
DEPENDABILITY AND QUALITY SATELLITE TELECOMMUNICATION EQUIPMENT IMPROVING AT
THE PRODUCTION STAGE



Dependability and Quality Satellite
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Abstract—This paper presents the urgent problem of
improving the developed satellite telecommunication equipment
reliability and quality. An analysis of the approaches used in the
Russian Federation and the United States to assess the
"production quality factor" is made, that directly affects the
dependability and quality of the telecommunication equipment.
Particular criteria are developed to evaluate the efficiency of the
quality management system at the enterprises. Recommendations
for the implementation of the developed criteria in the
mathematical model for assessing the '"production quality
coefficient” for the failures category related to the systems
management process factor are given.

Keywords—quality management system; dependability; quality;
satellite telecommunication equipment; artificial earth satellite.

I. INTRODUCTION

Nowadays, a promising direction in the field of formation,
reception, processing and transmission of information over
long distances is the use of technology based on satellite
telecommunication equipment (STE) in the optical wavelength
range. Indeed, there is a transition from the range of radio
waves to the optical. Indeed, there is a transition from the
range of radio waves to the optical [1] for communication with
artificial Earth satellites (AES) [2]. There are two reasons for
this: the first is the acceleration of data transmission by tens of
times, the second is the compact size of optical receivers and
transmitters, which indicates their low energy consumption. In
order to maintain competitive advantages in the market for the
provision of such communications services, satellite
telecommunication equipment enterprises need to pay special
attention to their dependability and quality. In fact, ensuring
the STE dependability and quality is one of the priority tasks
in the design and production [3, 4]. It is possible to achieve the
production of dependable and high-quality STE not only by
compliance the necessary actions specified in the regulatory
and technical documentation (RTD), but also with the
effective use of the quality management system (QMS). The
QMS efficiency can be achieved only if it is introduced and
maintained in working condition at all stages of the satellite
telecommunication equipment life cycle, taking into account
the all parties concerned needs.
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However, the AES failure statistics from different
countries [5] indicates drawbacks in the strategy of ensuring
dependability and, consequently, quality. Not the best
situation in this indicator is observed in the Russian
Federation: one failure occurs in every fifth AES, at the same
time, most of the failed equipment is telecommunication.
Therefore, the aim of this work is to increase the dependability
and quality of the STE using the QMS requirements.

II. PROBLEMS OF MODERN RUSSIAN ENTERPRISES IN THE FIELD
OF QUALITY

A description of the quality management principles is
given in the standard [6], similar to international standard (IS)
[7]. And the standard [8] is based on the principles specified
in [6, 7]. However, the principles are not requirements, but
they form the basis for requirements that are established in
standard [7]. There was another version of IS earlier [9]. Table
1 shows the similarities and differences in the principles of
quality management (QM) in standards [8] and [9].

TABLE L COMPARISON OF THE QM PRINCIPLES

QM principles according to
91

Customer focus

Ne | QM principles according to [8]

1 Customer focus

2 | Leadership Leadership

3 | Employee engagement Employee involvement

4 | Process approach Process approach

Systematic approach to

5 | -
management

6 | Improvement Continuous improvement

7 | Evidence-based decision making Factual decision making

Mutually beneficial

8 | Relationship management relationships with suppliers

It is known that the QMS development and
implementation in the production processes at enterprises is a
difficult task, but it is even more difficult to ensure its
effective functioning. Indeed, after the development of
documentation and the QMS introduction at electronic



enterprises developing telecommunication equipment in
general, in particular the STE, the problem of its low
efficiency arises. According to experts [10, 11], about 20% of
Russian enterprises that have the QMS certification,
successfully use the opportunities provided by the quality
management system to improve the quality of the STE.

Such measures are indicated by foreign experts in the field
of dependability and quality [12]. However, a certified QMS
not only does not bring benefits to manufacturing companies
and does not contribute to the growth of business efficiency,
but even gives negative results. This fact, in some cases,
discredits the idea of the QMS creating and certifying [12].

Modern standards of quality management ISO 9000/9001
[6, 8] systematize the successful global practice of the best
companies and enterprises, building on the latest
developments in world management science, based on the
total quality management (TQM) approaches. Over 100
international committees bringing together leading experts to
take part in their development. In fact, these are the only
universally recognized standards for general enterprise
management. Therefore, it is necessary to draw the attention
of the Russian enterprises heads to the documents [6, 8].

However, statistics suggest otherwise. In the Russian
Federation, as in other CIS countries, only 20% of enterprises
passed certification for compliance with the quality standard.
In the EU such enterprises are about 75%, in China - about
50%.

In most cases, the term “quality” is mistakenly interpreted
as “compliance with internal requirements and standards”, i.e.
“quality” — is not a marketing, but a technical characteristic of
a product, which is a key mistake.

This is due to the quality standards. They are formed
exclusively as a system of basic concepts, requirements and
recommendations (see Table 2). They is no evidence of the
proposed management principles correctness. Therefore,
depending on the mentality, this approach does not cause
rejection in other countries, however, it is completely
unacceptable for modern Russian leaders. For such leaders, in
addition to credibility and the international status of a quality
standard, it is necessary to provide convincing arguments
regarding the benefits gained from its implementation.

TABLE IL MS VERBAL FORMS [6]
Ne Verbal forms
1 “Shall” indicates a requirement
2 | “Should” indicates a recommendation
3 | “May” indicates a permission
4 | “Can” indicates a possibility or a capability

The incompetence of external auditors is associated with
the lack of proper quality of telecommunication equipment.

As a result, the causes of the ineffective functioning of the
QMS in Russian enterprises are identified, which are shown in
table 3.

TABLE IIL REASONS FOR INEFFECTIVE QMS FUNCTIONING AT RUSSIAN

ENTERPRISES

Ne Verbal forms

1 Top management detachment

2 | The ISO 9001 requirements are not fully implemented.

Incompetence in the interpretation of the ISO 9001
requirements (excluding industry specifics)

The organization misunderstanding of the QMS by the vast
majority of staff

5 | The QMS fictitious “implementation”

6 | Certification processes violation

Non-compliance by the organization with the full ISO 9001
7 | requirements to ensure customer satisfaction and the lack of
orientation of certification bodies to verify this requirement

Based on the analysis, it could be concluded that the
drawbacks that exist in Russian enterprises in the field of
dependability and, consequently, the quality involved in the
design and manufacture of telecommunication equipment, can
adversely affect the design and manufacture of the STE. This
fact will not allow creating competition for world leaders in
the provision of space communications services.

Therefore, it is necessary to develop a new rational
approach to improve dependability and quality. The
implementation of the approach is based on the refinement of
“production quality factor” K4. With the help of K4 can be
assess the attainable level of dependability and quality of the
STE for AES in the design stage.

III. RESEARCH OF APPROACHES TO THE EVALUATION OF
“PRODUCTION QUALITY COEFFICIENT”

This section discusses approaches aimed at assessing the
“production quality factor” K4 used in the Russian Federation
and the USA.

A. Approach in the Russian Federation

The approach is aimed at fulfilling the requirements of
RTD to ensure a high level of quality: standards, industry
standards that are established in the Regulations for the
creation, production and operation of telecommunication
equipment. But despite the changes in the RTD and the
correctness of the fulfillment of these requirements, K, is
integral and has two constant numerical values. The reference
book [13] regulates for complexes of state standards (CSS)
"Moroz-6, 7" to take K4 = 1, and according to the Regulation
"RK- ..." to take K4 = 0.2. The second case is related to the
AES telecommunication equipment. This means that using K4
= 0.2 and substituting into expression (1), the failure rate 4, is
reduced by 5 times, which increases mean operating time to

failure ]_:, by expression (2) by 5 times.

A, =K, A, (1)

where Ay is the total failure rate of the electronic devices (ED)
included in the AES STE.



= 1
I,=— (@)

A,
However, the failure statistics provided in an open source
[5] indicate the imperfection of the approach used to obtain
the correct numerical values of the characteristics of a simple

dependability measure - reliability.

B. Approach in the USA

The approach is described in the source RIAC-HDBK-
217Plus [14] and is considered in detail in [15]. In this case,
the K, estimate is presented in the form of a mathematical
model (3), after which, the result obtained by model (3) can be
used in expression (1).

K,=1,-1, -1, +1, -1, +
+, -0, -0, -1, + 10,11, +, 3)
I+ 01, + 1T,

where each coefficient included in the model (3) characterizes
a certain category of failure [14, 15]. The percentage
distribution of electronic means (EM) failures by category is
also presented in [14, 15].

An analysis of the source [14] allows to conclude that all
the coefficients of model (3), in addition to I, I1r and I1g,
are estimated according to the results of expert evaluation
(external audit). Consider in more detail the coefficient of
model (3) IIs - systems management process factor, which is
directly related to the QMS and enterprise management. An
analysis of the questionnaire (100 questions in total) regarding
the I1s coefficient is presented in Figure 1. It is noticeable,
that in Figure 1, there is a distribution of questions by
direction, namely staff, product, process. Most preference is
given to processes with the following classification according
to [16]: agreement, organizational support of the project,
technical management, technical.

Staff Product

4% 2%

Process
O04%

Fig. 1. The percentage distribution of the questions direction for the
coefficient I1g

¥ Organizational support of the project ™ Technical management
¥ Technical W Agreement

Fig. 2. The percentage distribution of the questions classification of the
coefficient 1 for the direction "Process"

However, a study of a questionnaire intended for an expert
shows that the questions for each of the coefficients used are
not structured and there is no indication of affiliation with
specific RTD.

It is also necessary to evaluate the QMS efficiency
according to certain criteria, which is not taken into account in
the considered approach.

IV. DEVELOPMENT OF CRITERIA FOR EVALUATING THE QMS
EFFICIENCY

The quality of the manufactured STE (products) directly
depends by which principle the QMS is formed and whether its
potential is used to the maximum at the enterprise. It is
necessary to develop criteria for numerical evaluating of the
QMS effectiveness and how fully the company uses its
capabilities. It is proposed to evaluate the QMS effectiveness
using particular criteria R; (see expressions (4-8)).

i%’si
_ =l

R =,
N7
i=1

1
where R is the coefficient characterizing customer satisfaction
with the quality of products manufactured by the enterprise
with a weight coefficient f = 1; S; is the value of the i
indicator; y; is the weight coefficient i indicator; n — is the
number of quality indicators.

“4)

R

R=E )

i=1

where R, is the coefficient characterizing compliance with
product requirements with a weight coefficient f = 1; T; is the
value of the 7 indicator; J; is the weight coefficient i indicator;
m — is the number of requirements.



It is proposed, using the coefficient R; with a weight
coefficient f = 0.9, to characterize the stability of fulfilling the
requirements depending on the enterprise type of activity.
There are only two variations of the numerical value for R3: in
case of non-compliance with the requirements is assigned “0”
and, conversely, if is met “1”.

'—. s (6)

where Rs; is the coefficient characterizing the degree of
fulfillment of established criteria for the effectiveness of
processes with a weight coefficient f = 0.9; P; is the value of
the 7 indicator; b; is the weight coefficient i indicator; / is the
number of processes.

K
R, =1—Kif, (7

sup

where Rs is the coefficient characterizing the quality of
suppliers’ products with a weight coefficient f = 0.8; K. is
the defective products; Ky, is the total number of delivered
items.

Ry =Su (8)

where Rs is the coefficient characterizing the implementation
of the quality policy and the degree of fulfillment of quality
goals with a weight coefficient f = 0.8; C,. is the actual
number of goals achieved among the established; C.. is the
established number of goals.

Note to formulas (4-8) is: weights f; are assigned by
expert.

Evaluation of the QMS effectiveness Rous is determined
by the formula (9):

i/’)j'R,-
X5

where R; is the value j particular criteria (total 6); f; is the
weight coefficient j particular criteria.

; ©)

RQMS

The main data used in the calculation particular criteria
determination are:

e Generalized results of the QMS internal and external
audits.

e Customer satisfaction measures of the products (STE)
contained in reports on assessing customer satisfaction
on complaints received, claims, consumer complaints
on manufactured products.

¢ Quality measures of defective products: identified at
the input control, during the quality control, identified
at the input control, during the quality control

acceptance tests of finished products (STE) at the
production stage.

e Copyright data supervision during the life cycle of
products (STE) for the consumer (customer).

e Product (STE) test results.
e Goal completion results in the field of dependability.
e Supplier assessment and selection results.

e Information about process efficiency measures, their
dynamics.

It is worth noting that each particular criteria R; has
measures, the significance of which is determined using
weights and individual values assigned by experts

V. CONCLUSION

The article analyzes the approaches used in the USA and
the Russian Federation aimed at assessing the dependability
and quality of satellite telecommunication equipment, taking
into account the QMS requirements. Their advantages and
disadvantages are revealed. The problems in the field of
ensuring the dependability and quality required level in
Russian enterprises manufacturing the STE are identified and
justified. The main reason is the non-compliance with the
necessary requirements (actions) specified in the QMS, in
addition to RTD. The reasons of problems of quality
management system introduction at the enterprises are
revealed.

The paper examines the "production quality factor", a
numerical evaluation of which allows to determine the
characteristics of a simple dependability measure — reliability.
The use of particular criteria is justified, with the help of
which a numerical efficiency evaluation of the existing QMS
can be carried out.

It is proposed to introduce the coefficient Rous
characterizing the QMS efficiency into the mathematical
model for estimating the “production quality factor” (3) for /7s
using particular R; criteria.

A refined assessment of the “production quality factor”
taking into account the QMS requirements allows to timely
monitor the implementation of actions to produce dependable
and high-quality satellite telecommunication equipment used
to ensure the formation, reception, processing and
transmission of information. Such approach could lead
Russian enterprises to the world market and make them
competitive with foreign leaders in the provision of space
communications services.
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