Available online at www.sciencedirect.com :
Transportation

ScienceDirect Research

Procedia

www.elsevier.com/locate/procedia

. s,
ELSEVIER Transportation Research Procedia 20 (2017) 68 — 73

12th International Conference "Organization and Traffic Safety Management in large cities",
SPbOTSIC-2016, 28-30 September 2016, St. Petersburg, Russia

Models for Implementation of Linear, Non-Linear, and Parametrical
Circuits in Traffic Safety Control Devices

Anatoly Bondarenko'? Nikolay Korovkin?®, Alla Lebedeva®, Tatyana Minevich?

'Saint Petersburg State University of Architecture and Civil Engineering,4 2"Krasnoarmeyskaya str., Saint Petersburg, 190005, Russia
%Peter the Great Saint Petersburg Polytechnic University, 29 Polytekhnicheskaya str., Saint Petersburg, 195251, Russia

Abstract

The range of new approaches based on interconnected circuit theorems was considered to implementation, synthesis, and
diagnostics of devices providing the traffic safety. The methodology for new devices implementation is based on the mathematical
tools: theory of operators, Laplace transformation, modern methods for synthesis of the named classes of circuits and systems,
possibility of excluding inductive elements use. It allows applying micro-electronic devices and hybrid systems together with
computing machinery which makes it possible to decrease volume and weight, improve structures functionality and optimize the
quantity of input elements as well as sensitivity functions which can be received with an accelerated method. An example of
circuits’ implementation without inductive elements is provided.
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1. Main text

Invention of new electric and radioelectronic devices partially or fully presupposes solving issues related to
circuits: the necessity for creating mathematical models (macromodeling of various levels and requirements). Thereby,
as a rule, preliminary complying with the set quality criteria (usually preliminary optimization of the elaborated
solutions) requires elaboration of synthesis and implementation methods based on microelectronics — operating

* Corresponding author. Tel.: +0-000-000-0000 ; fax: +0-000-000-0000 .
E-mail address:avh38@mail.ru?nikolay.korovkin@gmail.com®, alla280318@mail.ru¢, tm_21@rambler.ru®

2352-1465 © 2017 The Authors. Published by Elsevier B.V. Thisis an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Peer-review under responsibility of the organizing committee of the 12th International Conference “ Organization and Traffic Safety
Management in large cities’

doi:10.1016/j.trpro.2017.01.015



Anatoly Bondarenko et al. / Transportation Research Procedia 20 (2017) 68 — 73

amplifier (OA), resistors, capacitors, signals multipliers, and newly-invented special active devices with set quantities
[Korovkin et al. (2009)] including negative immittance converters (KOI) and multipole negative immittance
converters (multi- KOI), gyrators and multigyrators, and other multipole multi-dimensional devices.

In general there are linear, non-linear, parametrical, non-linear parametrical, and hybrid elements among the used
elements. For example, a tunable transistored non-linear amplifying converter contains either one of the elements or
their combination. The respective operators as to implementation of these properties do not impose any essential
constraints on possible structures of the implemented circuits. Henceforth we admit for the implemented systems that
the clamp device inputs and outputs numbered as 1 ... n are inputs and outputs of the entire system; capacitive part is
connected to clips (n + 1) ... m; the non-linear elements — to the clips numbered as (m + 1) ... p and, finally, the
parametric ones —to (p + 1) ... q.

To generalize the description henceforth we accept the following operator presentation for values in C blocks(the
capacitive part) and NP (the non-linear parametrical part) (see Figure 1):

[R(s)] [Q.(9)]
[P ()] = diag{[W, (9)],[Wi (5)].[W.()]}-[Qu (5)] = [P(5)] =diag {[W () }[Q(s)] @
[P.(s)] [Q(5)]

where S=0+ j0); L, N, ~ relate accordingly to the linear, non-linear, and parametrical circuits;

[Wk (S)],k e{L,N,~} is the transformation operator of the vector of images of values [Q, (S)] to the vector

[R.(s)]. W.(s)]e L{dn /dt,j( )dt} N=0,1. Ingeneral, the multipoleAR is difficult to be implemented for the

likelihood of incompatible requirements.
Further, we address a random system which can be of the following type:

[UETHETT =T, (SIIN(S)], )
where [U(S)] =[[U ()T, U)o |+ [HE=[THO)T,, [1(5)]'., | are the block matices of terminl

source voltage numberedas 1 ...nand (n+ 1) ... q; [To (S)] is some rectangular matrix with dimensions kx(k —k)

; [N(S)] is the column vector of values with dimensions (k—k)xl (k is the number of constraints) also

t
represented in block type [N(S)]z[[Nl(S)]t,[NZ(S)]t:I (index 1 points to the values appurtenance to the

multitude {1, 2, ..., n}, and index 2 —to {n+ 1, n + 2, ..., g}); t is the transposed matrix, Ais the dimensionality of
the accepted basis.

n+1

1 T C
2 AR m
(OA,R) —
m+
m%_ NP
a9, | M
- =

Fig. 1.The investigated system.
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