ITM Web of Conferences 35, 04021 (2020) https://doi.org/10.1051/itmconf/20203504021
ITEE-2019

Computer Simulation of Complex Electronic
Systems of Navigation Systems

Victor V. Shcherbinin®2, Ravil R. Zagidullin?, Georgy A. Kvetkin'2, and Marina S.
Sidorova?”*

!Bauman Moscow State Technical University, 2nd Baumanskaya str., 5/1, 105005, Moscow, Russia
2JSC “CNIIAG”, 127018, Moscow, Russia

Abstract. The paper proposes ways to reduce the time and improve the
quality of development of electronic equipment using computer simulation.
The paper considers an example of the development and debugging of a
radio-electronic module, which has found its direct application in a local
navigation system that operates on the basis of the method of point
landmarks. The paper considers a hardware-software complex for the
implementation of the study of the health of both individual functional
units and radio rangefinder equipment as a whole, as well as for the
modernization of the radio-electronic module of the navigation system.
The various computer simulation environments available today allow the
development and design of electronic equipment at various levels. In the
proposed work, computer simulation was carried out in MATLAB /
Simulink, LabVIEW, Multisim and MicroCap. The work also provided for
the possibility of using data collection and processing modules, which
provides the opportunity in one software development and modeling
environment to compare the results obtained using simulation modeling
and physical research of the object. The result of the work is a hardware-
software kit of the radio-electronic module of the navigation system
through which it is possible to evaluate the influence of various external
influences on the accuracy of determining the range from the interrogator
(moving object) to the transponder (stationary beacon).

1 Introduction

The development of electronic systems and devices of various levels of complexity is a
multi-stage complex process that requires large expenditures of time, financial and human
resources.

In the framework of the work performed, the hardware-software complex is a
simulation model of the radio-electronic module (SEM) of the navigation system (NS),
considered both at the system and circuit design levels.

The proposed approach is the creation of software and hardware complexes of complex
electronic equipment using simulation modeling. Today, in the framework of the
dynamically developing world of computer technology and market for electronic
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components, it is relevant because it can significantly simplify the design of complex
electronic systems and allow you to visualize the processes that occur in all functional units
of electronic equipment.

One of the tasks is to create a hardware-software complex of the radio-electronic
module of the navigation system.

A hardware-software complex is a set of hardware and software tools that work together
to perform one or more similar tasks.

2 Article text (Article body)

As part of this work, the creation of a hardware-software complex of a radio-electronic
module, which underlies the radio-technical local navigation system from the automatic
landing system, is considered.

The principle of operation of the RTSLN is based on measuring navigation parameters
using the method of point landmarks, i.e. by measuring distances from the on-board
electronic interrogator module to ground-based radio beacons (SEM transponders), it is
possible to determine the coordinates of an aircraft (A) taking into account information
about the coordinates of ground-based radio beacons (RB).

The development of a hardware-software complex includes: phased construction of a
simulation model of a radio-electronic module of various design levels; integration of
elements of the simulation model from one computer modeling environment to another.
Also, the hardware-software complex provides the opportunity to use the interaction of the
simulation model with both test equipment and a real device under various operating
conditions.

The hardware-software complex was built taking into account the tasks of research and
modernization of the radio-electronic module of the navigation system (SEM). The
software implementation uses the concept of a distributed solution in which each block of a
real complex can be represented as a macromodel implemented in the LabVIEW
environment, a circuitry solution implemented in the Multisim environment, or as a set of
experimental implementations obtained using data acquisition and processing devices
implemented in the LabVIEW environment.
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Fig. 1. The principle of building a simulation model.

Designing at the macromodel level is the definition of a specific structural
implementation of the radio range-measuring equipment, the interaction of the functional
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units of the electronic device with each other - i.e. Connections between modules are
defined. Design at this level consists of determining the structure of the electronic device,
and then determining the optimal values of the structure parameters of this device. All
functional blocks at the design level of the macromodel are considered as signal converters,
regardless of their internal structure.

In turn, at the circuitry level of creating the simulation model, a detailed design of the
internal structure of all functional units of the radio range-measuring equipment is carried
out.

The data obtained as a result of the solution is saved on disk as files of the lvm format,
which is widely used in modeling environments such as LabVIEW and Multisim. This
approach, from the experience of the authors, can reduce the time for analysis of a specific
functional unit of the SEM, carried out without changing the parameters of other modules
of the device. Files of the same format are used both to represent the solution of the model
and to solve the process of experimental analysis of the operation of the SEM functional
block.

The solution for integrating Multisim and LabVIEW 2012 is implemented using the
Multisim Automation with the LabVIEW Multisim Connectivity Toolkit add-on, and
experimental data is obtained using the PXI Express RF platform.

Multisim API allows you to: open and close existing schema files; form separately and
use ready-made signals for current and voltage sources; start, stop and pause the modeling
process; get calculation results in nodes where Multisim (Probe) probes are installed;
replace Multisim components with other components from the Multisim database; read and
set the values of resistors, capacitors and inductances; create reports on the composition of
the scheme, receive a listing of the components of the scheme, including the cost of
materials and a list of connections; create a schematic image file.

All components for working with Multisim are shown in Table 1.
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Table 1. Components for working with Multisim.
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A fragment of the front panel of the software solution is shown in Fig. 2
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Fig. 2. Receiving path software solution.

For any calculation sequence, the user at each stage of development can select the
simulation using the block macro model, its circuitry solution, or use the experimental
solution data (Fig. 3.).
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Fig. 3. Equipment design capabilities at various levels.

The simulation results can be displayed in the usual representation for the developer of
electronic equipment- in the form of oscillograms, as well as in the form of the results of
spectral analysis, an example of a solution for two options is shown in Fig. 4 and 5,
respectively. Such a presentation of the results, as a rule, facilitates an understanding of the
physical processes occurring both in the radio engineering system as a whole and in its
specific functional units, and contributes to the development of correct solutions to the
problem.
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Fig. 4. The result of the simulation in the form of an oscillogram.
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Fig. 5. The result of the simulation in the form of spectral analysis.

The receiving path in the SEM NS is built on the principle of a superheterodyne
receiver. The advantages of this type of construction schemes are the ability to obtain high-
frequency amplification and selectivity at a fixed intermediate frequency. The latter is
selected in the range for which amplifying devices are available and it is possible to provide
the necessary quality factor of circuits, greater stability of high-frequency amplification,
part of the gain is received at the frequency of the signal, and part is at the intermediate
frequency. In receivers of this type, the main amplification to the detector is carried out by
stages of an intermediate frequency amplifier (IFA) tuned to a fixed frequency, which is
formed in the mixer as a result of the interaction of the input signal and the local oscillator
signal. The dynamic range of the signal is quite large, and the determination of spatial
coordinates requires a stable signal arriving at the processing system. In this regard, the
automatic gain control (AGC) system is used as part of the SEM receive path. The AGC
system includes an attenuator and a comparison device, which are controlled using a
programmable logic element. Stabilization of the voltage level is achieved due to the
operation of the AGC system based on the binary weighing algorithm. The front panel and
a fragment of the AGC routine for SEM are shown in Fig. 6 and 7, respectively.
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Fig. 6. The front panel of the AGC system.
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Stacked Sequence Structure
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Fig. 7. Fragment of a simulation model of the AGC system.

It is known that the functioning of any electronic equipment always occurs when
exposed to various external factors. In this regard, for developers of electronic equipment of
any complexity, the actual task is to determine the effect of various external noise
interference on the accuracy of signal reception and processing.

Such an approach to the implementation of hardware and software systems will allow
you to create a simulation model for analyzing the interference situation by introducing
noise signals with various parameters into the model, as well as for analyzing the accuracy
of determining the coordinates under the influence of these interference. The parameters of
the interference signal are determined by the user depending on the requirements for the
interference environment.

The front panel view to demonstrate the possibility of introducing a noise component
into the signal supplied to the input of the comparator of the system for determining the
coordinates of further calculation is shown in Fig. 8.
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Fig. 8. Simulation front panel to demonstrate the ability to incorporate a noise component into a
useful signal.
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Fig. 9. The results of the simulation model in the analysis of the accuracy of determining the
coordinates.
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3 Conclusion

Due to the capabilities of constructing such software and hardware systems in the form of
simulation models, the user can analyze the accuracy of determining coordinates using the
construction of histograms of measurement results, as well as post-process the results in
mathematical programs Mathcad, MATLAB and others, using the data obtained from the
analysis of work simulation model. The authors have previously shown the creation of a
simulation model using the MATLAB / Simulink environment.

Today, at the time of the dynamically developing world of computer technology, it is
necessary to introduce such an approach as simulation, since the development of complex
systems in general, and individual functional units of the system in particular, is becoming
evident.

Obviously, this approach to the creation of software and hardware systems in the form
of such simulation models is promising not only in the educational process at universities,
but also in the application at various engineering courses.

Computer modeling is necessary both for the modernization of engineering courses,
since the operation of the system as a whole and its specific units is clear and easy to
understand in the training of engineers, and for the advanced training of engineers who
already have experience working with both REA and measuring equipment.

References

1. O. Starikov, Metod FAPCH | principi sintezirovaniya visokochastotnix (PLL method
and principles of high-frequency signal synthesis), Chip News, 6 (2001)

2. 1. Chernykh, Modelirovanie electrotexnicheskix  ustroistv v MATLAB,
SimPowerSystems i Simulink(Modeling of electrical devices in MATLAB,
SimPowerSystems, and Simulink), Litres (2017)

3. G.V. Troshina, Modelirovanie dinamicheskix obectov v srede Simulink (Modeling
dynamic objects in the Simulink environment), Sbornik nauchnix trudov
Novosibirskogo gosydarstvennogo techicheskogo universiteta (Collection of scientific
papers of Novosibirsk state technical University ), Vol 1, 3, pp. 55-68 (2015)

4. SG. hcherbakov, V. Lindval & Yu. Evdokimov, LabVIEW dlya radioinzhenera: ot
virtualnoi modeli do realnogo pribora (LabVIEW for radio engineer: from a virtual
model to a real instrument), Litres (2017)

5. P. Butyrin, F. Shakirzyanov, L. Alekseychik, T. Vaskovskaya, V. Gerasimenko, V.
Karataev, ... & A. Rubtsov, Avtomatizaziya fizicheskich issledivani | ecsperimenta:
computernie izmeneniya | virtualnie pribori na osnove LabVIEW 7 (Automation of
physical research and experiment: computer measurements and virtual devices based
on LabVIEW 7), Litres (2019)

6. V.V. Barkaline, A.S. Chashynski, D.A. Glushak, Modelirovanie canalov peredachi
informazii v srede MATLAB + SIMULINK (Modeling of transmission channels in the
MATLAB + SIMULINK), Uchebno-metodicheskoe posobie dlya studentov spezialnosti
«Integralnie sensornie sistemi» (Modeling of transmission channels in the MATLAB +
SIMULINK, a Teaching manual for students of the specialty "Integrated sensor
systemsy»), Minsk: BNTU, p. 56 (2012)

7. R.Sh. Zagidullin, A.S. Chernikov, Sozdanie integrirovannoi sredi v universitete dlay

distanzionnogo | cmeshannogo obucheniya inzhenernogo (Creating an integrated
environment at the University for distance and mixed engineering education),



ITM Web of Conferences 35, 04021 (2020) https://doi.org/10.1051/itmconf/20203504021
ITEE-2019

Nanotechnologii: razrabotka, primenenie XXI vec (Nanotechnologies: development,
application of the XXI century ), No. 1, pp.27 — 39 (2017)

8. John O. Attia, Pspice and Matlab for Electronics: An Integrated Approach, Florida:
CRC Press, p. 360 (2002)

9. B.R. Mahafza, Radar Signal Analysis and Processing Using MATLAB, Florida: CRC
Press, p. 500 (2009)

10. B.R. Mahafza, Radar Systems Analysis and Design Using MATLAB Third Edition,
Florida: CRC Press, p. 772 (2013)

11. MathWorks. MATLAB. Getting Started Guide. The MathWorks, p. 276 (2011)

12. S.T. Karris, Signals and Systems with MATLAB Computing and Simulink Modeling,
Orchad Publications, p. 287 (2008)

13. R.V. Dukkipati, Design and analysis of control systems using Matlab, New Age
International (P) Ltd, p. 269 (2006)

14. J.0. Attia, Electronics And Circuit Analysis Using MATLAB, Florida: CRC Press, p.
386 (1999)

15. S.T. Karris, Electronic Devices and Amplifier Circuits with MATLAB, Orchard
Publications, p. 625 (2005)

16. Er. Vivek, Power Electronics Using Simulink, Digital Services LLC, p. 134 (2015)

17. MathWorks, Inc. Signal Processing with Simulink, SLBE-G1114V2 Training Course
Notebook, MathWorks, Inc., p.534 (2014)

18. Wang Weizheng, SIMULINK Communications Toolbox. User’s Guide
Communications Toolbox User’s Guide, The MathWorks, Inc., p. 718 (1997)

19. Klee Harold, Allen Randal, Simulation of Dynamic Systems with MATLAB and
Simulink Third Edition, Florida: CRC Press, p. 815 (2018)

20. MATLAB & Simulink RF Blockset: Reference. The MathWorks, Inc., p. 514 p (2018)

10



