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FOREWORD

On behalf of Riga Technical University (RTU) Faculty of Power and Electrical
Engineering Institute of Industrial Electronics and Electrical Engineering and Organizing
Committee I have a great pleasure to welcome you at the International Symposium and
Doctoral School of Electrical Engineering.

I am pleased to welcome the participants in the year of the 150th anniversary of the
University. This Symposium is dedicated also to the 150th Anniversary of Michael Dolivo-
Dobrovolsky, the inventor of 3 phase AC machines and transformers. He had been studying in
Riga Polytechnic Institute (now RTU) for 3 years since the 1st of September 1878. In the year
1887 M.O. Dolivo — Dobrovolsky was invited to company AEG (Allgemeine Elektricitats-
Geselschaft), where he had been working all his life from the position of an electrician to the
director of the company. In incredibly short terms he developed 3 phase power supply system
as well as asynchronous motor, the construction of which remains almost the same nowadays.
It is an excellent opportunity to share our knowledge and experience with new generation of
scientists - PhD students, as well as to generate new ideas, exchange results of ongoing
projects with colleagues, to give presentations, to have discussions and help PhD students to
be successful researchers in the field of electrical engineering and especially power
electronics.

The Symposium programme is accompanied by the technical presentation of Latvian
power supply company — concern Latvenergo.

I would like to express my gratitude to the invited speakers for their time and efforts during
the Symposium.

Many thanks to the members of Scientific and Organizing Committees of the Symposium.

My best wishes in your scientific work

Rector of Riga Technical University,
Director IEEI EEF,

Full Member of the

Latvian Academy of Sciences
professor, Dr. habil.sc.ing.

Leonids Ribickis



LATVENERGO RESEARCH, PERSPECTIVE DIRECTIONS OF
POWER SUPPLAY

LATVENERGO PETIJUMI, PERSPEKTIVIE ENERGETIKAS
VIRZIENI

Maris Kunickis

AS Latvenergo/ concern Latvenergo

Valdes loceklis (RazoSana)/ Energy generation

maris.kunickis@latvenergo.lv

Latvenergo

Latvenergo ievérojamu uzmanibu pievers
perspektiviem pé&tfjumiem. Tas ir saistits gan ar
Eiropas Parlamenta un Padomes direktivu
2009/72/EK  par nepiecieSamibu izanaliz&t
iesp&ju ieviest viedos skaititajus, gan kopuma ar
stabilas kompanijas ilgtermina attistibas biitibu.

AS ,,Latvenergo” ir uzsacis
energoefektivitates pilotprojektu. ST projekta
mérkis ir uzstadit viedos elektroenergijas

skaititajus majsaimniecibas, nodroSinat slodzu
profila nolastjumus un nodro$inat nolasito datu
attélosanu klientu portala. Tas laus izpéetit
majsaimniecibu reakciju un patérina paradumu
mainu, ja tam tiek sniegta iesp&a sapemt
ieveérojami vairak un detalizetaku informaciju par
savu elektroenergijas patérinu. Iegtta informacija
noderés, lai varétu precizak definét jaunus
elektroenergijas produktus un pakalpojumus gala
patérétajiem. ST informacija ir nepiecieSama ari,
lai ieviestu inovativo viedo tiklu tehnologijas.

Projekta ietvaros planots iegadaties un
uzstadit viedos elektroenergijas skaititajus ar
nolasiSanas  iespgjam, slodzes limit€Sanas
funkciju un attalinatas atslégSanas iesp&ju 500
majsaimniecibam. Dalai klientu tiks uzstaditi ar1
majas energomonitori ar lokala patérina uzskaites
un vadibas iekartam.

Projekta realizacijas rezultata tiks veicinata
klientu energoefektivitate, vietam samazinats
elektribas patérins un dalgji izlidzinata diennakts
maksimalas slodzes likne. Veikto pasakumu gaita
ir sagaidams CO2 izmeS$u samazinajums. Apgiito
tehnologiju rezultata valsti noteikti attistisies
ekspertize viedo uzskaites sistemu un majas
automatizacijas tehnologiju joma. Tiks raditas
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Latvenergo draws significant attention to
prospective researches. This is due to the
European Parliament and Council Directive
2009/72/EK of the need to analyze the possibility
of implementing smart counters and stable long-
term development of the whole company.
"Latvenergo" has launched a pilot project for
energy efficiency. This project aims to install
smart electricity counters in households to
provide load profile readings and display all the
data online at customers’ profile, using special
web-portal.

This will allow exploring households’ reactions
and behavior changes, when they have the
opportunity to get much more and detailed
information about their electricity consumption.
The obtained information will be useful to give a
clearer definition of new energy products and
services to final consumers. This information is
also needed to implement innovative smart grid

technologies.
The project is planned to purchase and install a
smart  electricity counters with reading

capabilities, load limitation feature and remote
disconnection to 500 households. For some of the

clients  in-home-energy-monitors  will  be
installed, with local counting and control
equipment.

It is expected that the project will promote
customers energy efficiency, reduced electricity
consumption in some areas and partially adjusted
the maximum daily load curve. Enforcement
activities are expected to decrease CO2
emissions. As a result of acquired technology
some expertise will be developed in country in



jaunas darba vietas un biznesa iesp&jas Latvijas
informacijas tehnologiju kompanijam.

Vienlaikus, tiks izstradatas procediras
iespgjamo risku un problému novérsanai,
pieméram, teoretisku kibernoziegumu

identificé$anai un novérsanai.
Projektu realizés AS ,Sadales tikls” Rigas
pilsétas un Centralaja regiona.
Projekta vizija:

smart counting systems and home automation
technologies. This will bring new jobs and
business opportunities for Latvian information
technology companies.

At the same time, will be devised procedures for
the preventing potential risks and problems, such
as identification and prevention of cyber-crime.
The project will be implemented in Riga city and
in Central region by the company AS ,,Sadales
tikls”.

Project vision:

Atslégianas’ pieslégianas,

> jaudas ierobezo$anas komandas
HAN —pny v

.
i

|

Kopé&i
patérina
informicija

atslégiana
pieslégiana

AS ,,Latvenergo” ir noslégts jumta Iigums par
sadarbibu ar Rigas Tehnisko universitati un
Latvijas Lauksaimniecibas universitati.
Sadarbibas darba témas aptver energijas
razoSanu, elektroenergijas parvadi un sadali, ka
ari normativo dokumentu izstradi. Sobrid ir
nosleégti sesi ligumi par izp&tes darbiem, no tiem
pieci — ar RTU un viens — ar LLU. Ka pieméru
var mingt izpéti ,20 kV gaisvadu EPL
mehaniskas noturtbas robezu analize un
ekspertize ekstremalos klimatiskos apstaklos”.
Sis izpétes rezultati tiks izmantoti, ekspluatgjot
vidsprieguma EPL, ka ar kalpos ka ekspertizes
sledziens.

Interesants ligums bija noslégts ar LLU
2011.gada. Ta ietvaros tika izpildita Latvenergo
piederosa  elektroautomobila  Fiat  Fiorino
Elettrico testéSana. Ta paredz€a ar1 uzlades
parametru parbaudi. Izgatavotajriipnicas noraditie
parametri tika sasniegti, ka aril ieglta vertiga
analize par tehniskajiem raksturlielumiem.

Latvenergo specialisti kopa ar Latvijas

vy R

Izstradatiju
WEB

" Stodzes profils,
kop&ais pat&rins -

Kopga
patérina
informicija

‘ KANS

patérins

(T [H
e

"Latvenergo" has an agreement on cooperation
with the Riga Technical University and the
Latvian University of Agriculture. Collaborative
working themes covering power generation,
electricity transmission and distribution, and
regulatory texts. There are now signed six
contracts for exploration, five of them - with
RTU and one - the LLU. An example is the study
of "20 kV overhead line mechanical stability
limit of the analysis and expertise in extreme
climatic conditions." These research results will
be used in the operation of medium voltage
overhead line, as well as serve as expert opinion.

An interesting contract was signed in 2011 with
LLU. It was completed within Latvenergo owned
electric cars Fiat Fiorino Elettrica testing. It also
provided for charging parameter checking.
Manufacturer's specified parameters were met, as
well as gain valuable analysis of the technical
specifications.

Latvenergo specialists together with the Latvian
University and several Estonian universities
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Universitati un vairakam Igaunijas universitatém
piedalas starptautiskaja projekta GORWIND.
Projekta mérkis- sniegt informaciju par jiras
v&ju, kas iegiita no augstas izskirtsp&jas attalinatu
mérjjumu datiem, krasta v&ja mérfjumiem, ka ari
regionalajiem klimata modeliem. Papildus tiks
sagatavota informacija par ronu izplatibas
vietam, putnu ziemoS$anas, migréSanas un
vairo$anas apvidiem.

Latvenergo Personalvadiba organizgja
stipendiatu konkursu. Ta rezultata stipendijas tika
pieskirtas astoniem studentiem — cetri rakstis
bakalauru darbus un Cetri magistra darbus. Ar
Siem studentiem ir noslégti Iigumi, un vini
sanems Latvenergo stipendijas Iidz 2012.g.
junijam — bakalaura grada pretendenti, bet — Iidz
2013.g. vasarai. Bakalauranti par darba izpildi
Latvenergo sniedz atskaites reizi divos ménesos,
bet magistranti — reizi trijos ménesos. Stipendiatu
darbu t&mu loks ir loti plass un aptver Latvenergo
darbibas sferu.

participating in the international project
GORWIND. -The project aims to provide
information on offshore wind, derived from high
resolution remote measurements, the offshore
wind measurements, as well as regional climate
models. Additional information will be prepared
for the location of seals, birds wintering,
migration and breeding areas.

Latvenergo Human recourses held a Fellowship
competition. As a result, grants were awarded to
eight students - four articles undergraduate work
and four master's thesis. With these students have
contracted, and they will receive grants of up to
2012 Latvenergo June - Bachelor's degree
candidates, but - by 2013 summer. Bachelor’s
students the performance Latvenergo provides
reports every two months, but the masters - every
three months. Fellows work in the range of topics
is very broad and includes Latvenergo scope.
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LESLIE ROBERT ADRIAN

Promocijas darba nosaukums: Mobilo robotu
briva cela sekoSanas sistému izstrade un izpé&te

PhD title: Research and development of obstacle
avoidance systems for robotics

Zinatniskais vaditajs:
Dr.Habil.Sc.ing., profesors Leonids Ribickis

Scientific adviser:
Dr.Habil.Sc.ing., professor Leonids Ribickis

Pétijuma kopsavilkums

Petijuma mérkis ir izveidot Sensoru sisteému
tira cela robotu tehnikai. Sist€mai ir vairaki slani
pirmais slanis sastav no 24x sensoriem/3600
fotovoltazas matrica tiek konvertéta speciala
masiva aptverta spektrala diapazona aptuveni no
A=200nm Iidz A=1100nm un nepartraukti skeng
apkartgjo vidi. Kustibas matrica tiek sastadita ar
notikumu gaismas sensoru palidzibu, kas
pastavigi kontrolé un pielago kritériju sensoru
merjumu svaru koeficientus. Signalu
pastiprinaSana eksist€ $aja limeni. Otra Iiment
notiek pastiprindjuma meérjjumu nolasiSana un,
izmantojot izpliduSo logiku mikroprocesorus,
nodroSina tulitgju atbildi vai nodrosSina signala
nodoSanu nakama Iimepa mikrokontrollerim,
nodro§inot nepartrauktu datu uzglabasanu un
poziciongSanas datu izmantoSanu. TieSaja Iiment
tiek izmantots iebiivétais piroelektriskais sensors
(PIR), kas tiek speciali izmantots, lai nodroSinatu
iesp&ju izvairities no $kérsliem (OA), izmantojot
gandriz infrasarkana spektra skengSanu. PIR
sensori ir pa tieSo savienoti ar analogo shému,
kas vada robota galvenas piedzipas sistému, kas
ir robota svarigaka dala. Tadg] sistéma kopuma
ieklauj sevi sensoru sekcijas, pastiprinajumu,
modulaciju, izpluduSas logikas algoritmu,
iz8kirtsp&ju, mikrokontrollera apaks sist€mu,
galvenas sist€mas mikrokontrolleri un atrdarbigu
analogo mehanismu mobilitates nodroSinasanai.
Sisttma var but arl paplasinata, lai
fotogalvaniskos datus varétu izmantot
poziciongéSanai apkartgja vide.
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Summary of the research

The goal of the research is the development of
a Clear Path Sensory System for robotics in
general. The system is multilayered with the first
layer consisting of a 24x  sensor/3600
photovoltaic array covering a spectral range of
approximately A=200nm to A=1100nm and
continuously scanning the robot environment.
This array is completed with an incident light
sensor which recurrently monitors and adjusts the
weighting system of the sensors. Amplification of
signal occurs in this layer. The second layer
delivers the amplified readings to a
fuzzification/defuzzification microprocessor for
immediate response and/or transfer to the second
level microcontroller for subsequent storage or
mapping usage. The third layer refers to the
peripherally mounted modified pyroelectric (PIR)
sensors which are specifically arranged to handle
obstacle avoidance (OA) utilizing near infrared
spectrum detection. The PIR sensors, connected
directly to analogue logic circuitry, control the
main drive systems of the robot yet may be
overridden by the main microprocessor when or
if required. Therefore the overall system
incorporates sensor selection, amplification,
modulation, fuzzy logic algorithm refinement,
sub-system  microcontroller, main  system
microcontroller and high speed analogue
response mechanisms for mobility. The system
may also be expanded to utilize the photovoltaic
data retrieval for environment mapping.



Petljuma novitate

Petjjuma novitates labakai izpraSanai jamin,
ka eksisté vairakas iekartas, kas lielakoties ir
izstrades stadija vai razoSanas stadija, kas
nodro§ina dazadu Skér§lu noteikS8anu un
autonomo robotu pozicion&Sanu apkartgja vide.
Lielaka dala no Siem risinajumiem ir biivéta pec

vienota principa, ka robots izstaro zinama
rakstura  radiaciju  vai  radio  signalu.
Hidrolokatoru, infrasarkano un ultraskanpas

attaluma méritaji ir tikai dazi no $adu tehnologiju
izmantoSanas piemériem. Tas ir veidots, lai

izstradatu  modeli, kas izmanto esoSos
traucgjumus, troksni vai daba sastopamo
radiaciju, lai lautu autonomam agentam

(robotam) izvairities no $k&r§liem un veiksmigi
parvietoties attiecigd vide, neizdalot radiacijas
izstarojumus.

a) Projekt€jamais robots nav aprikots ar
izstarojos$am iericém;

b) Autors modificjis PIR sensorus un to
izmanto;

¢) Izméginajuma rajona kartes sastadiSanu
veic, izmantojot tikai apkopotos fotogalvaniskos
datus, neizmantojot CCD attélveidoSanas
tehnologijas.

Sasniegtie rezultati

a) Piem@rotu sensoru izvéle. ModeleSana
programmatiiras vid€ un provizorisko tehnisko
prasibu definéSana ir pabeigta. Matematiskais
formulgjums tiek balstits uz  problémas
matematisku atrisinaSanu ar pastiprinajuma un
sistémas svara kritériju defingjumu.

b) Primaras pamata mobilas platformas
montaza (veiksmiga testéSana). Pamata sensoru
masiva montaza (veiksmiga testéSana). Gala PCB
pastiprina$anas shémas modificéSana (paveikta).
Elektromotora piedzinas un logiskas shémas
modifikacija (paveikta). Apaks —
mikrokontrollera arhitektiiras izvéle;

¢) Sensoru masiva logiskds vadibas sistémas
model&Sana, ar izplidusas logikas izmantoSanu
programé$anas vide (veiksmigs). Izplidusas
logikas algoritms (procesa). Jauna sensoru
masiva adaptacija (procesa). Jauna pastiprinataja
PCB izgatavoSana (procesa). Apaks- kontrolleris
Atmega 16 ieskaitot PCB (paveikta). Vésturisko
datu salidzinasanas masivs PCB (procesa);

d) Tika uzsakta izpéte par RGB Color
frekvences sensora ieklau$anu sensoru masiva. S
sensora izmantoSana ir arkartigi lietderiga, un tas
tiks izmantots kopa ar sensoru masivu, stiprinot
kopgjo sistemu.

Novelty of the research

To better understand the novelty of the project
it should be noted that there are many devices
under development or offered as a final solution
for mapping and obstacle avoidance in
autonomous robotics. Most have one thing in
common in that the robot is emitting or
transmitting some type of radiation or signal.
Sonar, infrared and ultrasonic range finders are
but a few. It is envisioned to develop a model that
utilises existing disturbances, noise or naturally
occurring radiation, already present in the
environment, to enable an autonomous agent
(robot) to avoid obstacles and to move
unobstructed throughout any given environment
with a high degree of success and without need to
emit its own radiant sources.

a) The project robot is devoid of any emitting
devices.

b) PIR sensors modified by the author are
utilized.

c) Attempting area mapping using only
gathered photovoltaic data without use of CCD
imaging technologies.

Achieved results

a) Selection of appropriate sensors. Software
simulation,  amplification  simulation and
preliminary design requirements completed.
Solving mathematical problems associated with
amplification and weighting of system.

b) Assembly of the first basic mobile platform
(successful testing). Assembly of basic sensor
array (successful testing). Re-design of final
amplification PCB circuitry (completed). Re-
design of motor drive and logic circuitry
(Completed). Selection of sub-microcontroller
architecture.

c¢) Software simulation of sensor array Fuzzy
Logic control system (successfully completed).
FL algorithm (in progress). Assembly of new
sensor array (in progress). New amplification
PCB  production (in  progress). Sub-
microcontroller Atmega 16 including PCB
(completed). Legacy comparator array PCB (in
progress).

d) Commenced investigation for inclusion of
an RGB Color frequency sensor. This inclusion is
imminent and will operate in conjunction with
the array sensor unit strengthening the whole
system.
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Institute of Industrial Electronics and Electrical
Engineering

e-mail: euro.robotics@gmail.com
phone: +37125902335
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UGIS SIRMELIS

Promocijas darba nosaukums: Intelektualo
energijas uzkrajéju vadibas algoritmu izstrade
sabiedriska elektriska transporta energijas
patérina optimizeéSanai

PhD title: Development of intelligent control
algorithms for energy storage systems to
optimize the energy consumption of public
electrical transport

Zinatniskais vaditajs:
Dr.Sc.ing., asoc. prof. Leonards Latkovkis

Scientific adviser:
Dr.Sc.ing., assoc. prof. Leonards Latkovkis

Petljuma kopsavilkums

Aprikojot sabiedriska elektriska transporta
sistemu ar superkondesatoru energijas
uzkraj€jiem, ir iesp&jams paaugstinat tas
efektivitati, jo tiek saglabata transportlidzeklu
bremz&Sanas energija. Energijas uzkrajéjam var
uzstadit  dazadus uzdevumus, piemé&ram,
atmaksasanas laikam jabiit péc iespgjas 1sakam,
maksimali jasaglaba bremzESanas energiju,
janolidzina jaudas maksimumus no apaks$stacijas
utt. Realizgjot kadu no Siem uzdevumiem, janem
veéra ir gan transportlidzeklu kurséSanas grafiks,
gan kontakttikla, vilces apaksstacijas un energijas
uzkrajéja parametrus (energoietilpiba, jaudas
spgja, kalposanas ilgums, piclaujama
temperatiira), gan elektroenergijas cenu politiku.

Izmantojot elektriska transporta sisteémas
matematisko modeli un eksperimentali noméritas
transportlidzeklu jaudas diagrammas,
datorsimulaciju cela iespgjams gan veikt
optimalu energijas uzkrajéja dimensiong$anu, gan
izveidot optimalu vadibas algoritmu izvélétajam
uzdevumam.

Petljuma novitate

Superkondensatoru ka energijas uzkrajéju
pielietojums elektriskaja transporta starptautiski
ir atzits par loti perspektivu nakotnes tehnologiju.
Tacu pagaidam ir tikai dazi eksperimentalu
iekartu uzstadiSanas piemeri. Lai sasniegtu
maksimalo energijas uzkrajéju uzstadiSanas
efektivitati, vilces apaksstacijas, Iidzstravas
kontakttikli ar transportlidzekliem un uzstaditas
rekuperativas energijas uzkraSanas iekartas tiks

Summary of the research

Installation of energy storage devices in a
public electrical transport system allows
recovering the braking energy of vehicles, thus
increasing system efficiency. Energy storage
device can have various tasks for example:
payback period must be as short as possible, save
all the braking energy, limit the power peaks
from substation, etc. Besides to reach the
maximum efficiency for selected goal, vehicle
schedule, parameters of DC transmission lines,
traction substations and ESSS (energy and power
capability, cyclability, temperature) and price of
electrical energy and power must be taken into
account.

Using of the mathematical model of electrical
transport system and experimentally measured
vehicle power diagrams makes possible to
perform optimal sizing and energy management
of energy storage device to provide its maximum
efficiency for selected goal.

Novelty of the research
Application of supercapacitor based energy
storage systems in electrical transport is
recognized as a very perspective technology for
recovery of regenerated energy. However only
few energy storage systems have been installed in
real life. To maximize the performance of energy
storage devices, the overall efficiency of the
system containing traction substation, DC
transmission lines, vehicles and energy storage
devices will be examined. Besides to simulate
vehicles operation, experimentally measured
13



pétitas ka vienota energosistéma, turklat
transportlidzeklu simuléSana tiks izmantotas
eksperimentali noméritas jaudas diagrammas.
Attiecigi  uzstaditajam  energijas  uzkraj¢ja
uzdevumam tiks veikta energijas uzkrdj&ja
dimension&$ana, veidoti intelektuali algoritmi un
parbauditas intelektualo vadibas metozu (neironu
tikli, fazilogika) pielieto$anas iespé&jas.

Sasniegtie rezultati

Ir izstradats sabiedriska elektriska transporta
sisttmas matematiskais modelis. Modelis ir
veidots Matlab/Simulink vide un ietver sevi
tramvaju, kontakttiklu, vilces apaksstaciju un
superkondesatoru energijas uzkraj&ju.

Ar eksperimentali nomeritam tramvaja jaudas
diagrammam veikta zudumu novértéSana Rigas
10. baroSanas apaksstacijas robezas.

Daliba projektos

Projekta  izpilditajs, projekta: ,Eiropas
energotehnologiju stratégiska plana Latvijas
aktivitasu atbalsta zinatniska grupa”

Liguma numurs:

2009/0213/1DP/1.1.1.2.0/09/APIA/VIAA/027
Projekta izpildes termins: 2010. gada 1.
janvaris — 2012. gada 31. decembris
Projekts tiek izpildits Fizikalas energétikas
institata, LV900021289.

Latvian Academy of science Institute of Physical
Energetics

e-mail: Ugis.Sirmelis@gmail.com
phone: +37129342486
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power diagrams will be used. According to the
goal of energy storage device optimal its sizing
will be made and optimal control algorithm
developed. The use of intelligent control methods
(fuzzy logic, neural networks) will be
investigated as well.

Achieved results
A mathematical model of the -electrical

transport system is developed in
Matlab/Simulink. It includes DC transmission
lines, wvehicles, traction substation and

supercapacitive energy storage device.

Energy losses in the feeding zone of 10th
traction substation (Riga) have been evaluated by
simulating the model with experimentally
measured tram power diagrams.

Participation in projects

The project contractor, project: "European
Strategic Energy Technology Plan supports the
activities of Latvian research group"

Contract Number:

2009/0213/1DP/1.1.1.2.0/09/APIA/VIAA/027
Project completion date: 2010. On the first
January - 2012. On the 31st December.
The project is being executed at the Institute
of Physical Energetics, LV900021289.




GUNDARS ASMANIS

Promocijas darba nosaukums: Trisfazu EMI filtru
augstfrekvences parazitiskie parametri

PhD title: High Frequency Effects of Parasitic
Parameters of Three Phase EMI Filters

Zinatniskais vaditajs:
Dr.Habil.Sc.ing., profesors Leonids Ribickis

Scientific adviser:
Dr.Habil.Sc.ing., professor Leonids Ribickis

Petljuma kopsavilkums

Pettjums ietver trisfazu EMI filtru parazitisko
augstfrekvences parametru izpéti un
kompensésanu frekvenéu diapazona 150kHz-
30MHz. EMI filtri, kas paredz&ti vadamibas
trauc€jumu ierobezosanai sastav galvenokart no
kapacitativiem un induktiviem komponentiem. Ir
labi zinams, ka So komponentu augstfrekvences
parazitiskie parametri iespaido EMI filtru
parazitiskie parametri - parazitiska kapacitate un
mijinduktivitate, kas parasti tick ignoréta. Si
pStijuma gaita Sie parazitiskie parametri tiek
izverteti un analizéti. So parametru tiea mérisana
nav iesp&jama to izkliedéta rakstura dgl, tadgl
jaunas metodes un metodika tiek izstradata
trisfazu EMI filtru parazitisko parametru netieSai
merisanai.

Petljuma novitate

Trisfazu EMI filtri tiek pirmo reizi tiek
raksturoti, izmantojot S-parametrus. Filtru
starpkomponensu parazitiskie parametri tiek
netie§i meriti, izmantojot S-parametru merjjumus
un to sakaribu ar Z-parametriem attieciba uz T-
veida divpoliem. S-parametru mérfjumi tiek
izmantoti trisfazu  EMI  filtru jinaj
aprékinasanai un ta atkaribas noteikSanai no
starpkomponensu parazitiskajiem parametriem,
komponensu parazitiskajiem parametriem un
filtra topologijas. Viskritiskakie
starpkomponensu parazitiskie parametri, kas
iespaido EMI filtra augstfrekvences parametrus,
tiek noteikti un analiz&ti.

Summary of the research

The research is devoted to three phase EMI
filters parasitic parameter extraction and
elimination in frequency range 150kHz-30MHz.
EMI filters for conducted emission suppression
consist of capacitors and inductors. It is a well
known fact that each component, especially in
high frequency range, has parasitics that have
impact on filters insertion loss. Therefore, there
exist couplings between components- capacitive
and inductive, that usually are ignored. Those
most important of them are discovered and
analyzed. Direct measurement of inter-
component parasitics is impossible because of
their dispersed character, thus new indirect
techniques are developed for three phase filter
parasitic extraction.

Novelty of the research

The three phase EMI filter is first time
characterized by scattering parameters. Mutual
couplings between the filter components are
extracted using scattering parameter
measurements and their relationships with Z-
parameters for two port T-networks. S-
parameters are used to predict filter insertion loss
and its dependence on filters layout configuration
and mutual couplings and filter component self-
parasitic parameters. The most important mutual
couplings that distort high frequency insertion
loss of three phase filter are discovered and
analyzed.

15



Sasniegtie rezultati
Izstradata metodologija trisfazu EMI filtru
parametru

starpkomponentu parazitisko
aprékinasanai un izveértéSanai.

Achieved results
Developed methodology for three phase EMI
filters mutual coupling extraction and analysis.
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Daliba projektos Participation in projects

»  Starptautiskais Era-Net projekts: ,,Power
Quality and Safety Requirements for People and
Electrical Equipment in Smart Grid Customer
Domain” (Téma L7678). Darba uzdevums:
Izstradat Iidzeklus STATCOM parveidotajiem
saisto§o izstaroto traucgjumu elektromagnétiskas
savietojamibas normativu ieverosanai.

« ES 7.IP ICT for energy efficiency and
sustainibility in urban areas, Ligums Nr. 238916,
LITES (Led-based Intelligent street lighting for
Energy Saving). 2009.-2013. gads. Darba
uzdevums: Pétit LITES shému elektromagnétisko
savietojamibu.

*  VPP-V7640 (Valsts pétijumu
programmas) projekts Nr.6 ,,Energoelektronikas
tehnologiju izstrade elektroenergijas patérina
samazinaSanai un atjaunojamo energijas avotu
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*  The International Era-Net project "Power
Quality and Safety Requirements for Electrical
Equipment and People in the Smart Grid
Customer Domain" (Subject L7678). Terms of
reference: Development of tools STATCOM

converters  binding interference  radiated
electromagnetic compatibility comply with
regulations.

« EU 7.IP ICT for Energy Efficiency and
sustainibility in Urban Areas, Contract No.
238916, Lite (LED-based intelligent street
lighting for the Energy Saving). 2009 to 2013.
year. Terms of reference: To explore the LITE
circuit electromagnetic compatibility.

. PPP-V7640 (National Research
Programme) project No. 6 'power -electronic
technologies to reduce consumption and



izmanto$anas veicinasanai Latvija”. 2010. -
2013.g. (Téma 2011.gada — Nr. 7682) Darba
uzdevums: Izstradat  elektromagnétiskas
savietojamibas filtrus daudzlimenu invertora
laboratorijas modelim.

Institute of Industrial Electronics and Electrical
Engineering

e-mail: asmanisgundars@inbox.lv
phone: +37126175504

renewable energy sources in Latvian. "The

2010th -2013.g. (Subject 2011 - No. 7682) The
role: Develop EMC filters multi-level invertor
laboratory model.
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VLADIMIRS KAREVS

Promocijas darba nosaukums: Dzelzcela
automatikas un telematikas sistémas monitoringa
un diagnostic€Sanas metozu izp&te un izstrade

PhD title: Investigation and development of
monitoring and diagnostic methods for railway
automatic and telematic systems

Zinatniskais vaditajs:
Dr.Sc.ing., asoc. prof. Mareks Mezitis

Scientific adviser:
Dr.Sc.ing., assoc. prof. Mareks Mezitis

Pétijuma kopsavilkums

Dzelzcela  automatikas un  telematikas
sistémai nepiecieSams augsta Iimena droSums un
drosiba, ko apliecina IEC EN un I'OCT, OCT
prasibas. ApkalposSanas stratégijas izvéles mérkis
ir nepartraukta sistémas darbiba ar minimalam
izmaksam. P&tljuma aplikoti instrumenti, kas
lauj uzbiivét monitoringa un diagnostikas
apakssistemu un kriteriji apakssistémas kvalitates
novérosanai. Informacijas pliismas apjoma
optimiz&Sanai un iesp&jai veikt informacijas
apstradi bez mervienibas lielumos ,,konveijera”
tipa procesa ar defin€to rezultata izveidoSanas
laiku, definéts stavokla funkcijas jédziens.
Petijuma izstradata monitoringa un diagnostikas
metode specializétiem  automatikas un
telematikas sistémas elementiem, un aprékinats
metodes sasniegtais dzilums.

Petijuma novitate

Petijuma pirmo reizi izskatits  dross
mérinstrumenta izmantoS$anas algoritms;
piedavati skaitliskie kritériji monitoringa un
diagnostikas apakssisteémas uzbtives kvalitates un
funkciongSanas novertésanai; izskatits adaptéta
gatavibas  koeficienta  jedziens; izstradats
matematiskais  pamats elementa  stavokla
funkcijas p&c parametru kopuma aprekinasanai;
piedavata metode impulsu releju atkartotaju
elektromehaniskas sist€tmas diagnosticéSanai,
veidota paplasinata ekvivalenta releju shéma;
izstradata elektromehaniska cela kodu
transmittera  elektroniskais prototips  droSas
uzbives metodologijai; piedavata metode
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Summary of the research

Railway automatic and telematic equipment
require high level of safety and reliability (IEC
EN, I'OCT, OCT). Commonly used for railway
systems is availability factor. Thev selection of
maintenance strategy of a device is a way for
protection from sudden failure and faulty and
define cost of maintenance. Research proposes
instruments for monitoring and diagnostic
subsystem design with criteria for processing
quality. For high quality and validity of
monitoring and diagnostic results processing in
research is applied state function of element state
definition.  State function performing is
dimensionless processing engine with predictable
decision accepting time. Research kernel is
methods for state function estimation for concrete
railway automatic and telematic element with
penetration of depth estimation.

Novelty of the research

The research first time introduced and
developed: safety measurement algorithm for
handheld instrument; numerical criteria for
monitoring and diagnostic subsystem; adopted
availability factor for system; mathematical base
for state function of element estimation via
number of parameters;, impulse relay repeater
anchor and contact group diagnostic time based
method; extended equivalent circuit of relay with
anchor effect including; design prototype with
self diagnostic for electromechanical code
transmitter; method for storage battery state
monitoring and diagnostic via internal resistance



akumulatoru  baterijas  stavokla  funkcijas
noteikSana, izmantojot slodzes generaciju.

Sasniegtie rezultati

Praktiskie rezultati ir: elektromehaniska kodu
transmittera aizvietoSanai ECT prototipa (P-11-
161) KIIT-3 ar aprékinatu MTBF 6.4 gadi SIL 3
droSuma pakape izveidoSana; impulsu releju
monitoringa un diagnostikas metode ar
diagnosticeSanas dzilumu PD = 35%; baterijas
stavokla noteik§anas metodologija (P-11-160).

with tracing load generator.

Achieved results

Practical results are: ECT (patent application
P-11-161) for old electromechanical transmitter
direct replacement with high reliability MTBF
6.4 year and SIL 3(IEC EN 61508, EN 50128,
EN 50129); impulse relay testing based on
anchor presence effect for electromechanical
system wearing achieved PD = 35%; battery state
monitoring and diagnostic via internal resistance
measurement prepares patent application P-11-
160.

TST-2

Daliba projektos
RTU DzTI ,Drosu dzelzcela transporta
vadibas algoritmu izp&te”.

N

"ECT KIIT-D

Participation in projects

RTU Institute of Railway Transport

“Research of safety control algorithm for railway
transport”.

19
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ANDREJS POTAPOVS

Promocijas darba nosaukums: Elektriska
transporta adaptivas sist€mas un ieblivetas
intelektualas iekartas

PhD title: Adaptive Systems and Built-in
Intelligent Devices of Electric Transport

Zinatniskais vaditajs:
Dr.Sc.ing., profesors Anatolijs Levcenkovs

Scientific adviser:
Dr.Sc.ing., professor Anatoly Levchenkov

Pétijuma kopsavilkums

Iebuveto intelektualo ieri¢u izmantoS$ana
paver lielas iesp&as dazadu sarezgitu un
dinamisku vadibas sistemu uzlaboSana, to
atrdarbibas, precizitates un automatizacijas
Iimena paaugstinasanai.

Tiek izvirzits pien€mums, ka tiesi iebiiveto
intelektualo iericu pielietoSana, izmantojot
bezvadu datu parsttiSanas sist€mas, dos iespgju
sasniegt izvirzito darba mérki un Tstenot
uzstaditos darba uzdevumus.

Promocijas darba galvenais mérkis ir izstradat
jaunas dzelzcela elektriska transporta bremzu
sistémas vadibas ierices, kuras darbosies
balstoties uz adaptiviem vadibas algoritmiem un
stradas uz iebiivéto intelektualo iekartu bazes.

Tas dos  iesp&u  palielinat  dzelzcela
elektrotransporta  marsrutéSanas dro§ibu un
energoefektivitati.

Petljuma novitate

Ta ka pedgja laika kliist arvien aktualaki klast
jautajumi, kas ir saistiti ar dzelzcela transporta
marsrutéSanas energoefektivitates uzlaboSanu un
tas vadibas sisttmu automatizacijas Ilimena
celSanu, var teikt, ka izv€l&tais promocijas darba
izveleta tema risinas Sos aktualos jautajumus.

Adaptivo vadibas algoritmu izmantoSana
vadibas sisteémas ieverojami palielina to darbibas
efektivitati un precizitati, lidz ar to palielinot
kopgjo vadama objekta energoefektivitati un citus
svarigus raksturlieclumus. Savukart bezvadu
sakaru sisteémas pielieto$ana paver liclas iespgjas
datu apmainas procesa, lidz ar to paaugstinot

Summary of the research

Use of built-in intelligent devices opens up
great opportunities in improving various complex
and dynamic control systems, for the purpose of
increasing their speed, precision and automation
levels.

It is assumed that exactly the application of
built-in intelligent devices, using wireless data
transmission systems, will provide an opportunity
for reaching the goal set for the research, and for
realizing the research tasks.

The main goal of the promotion paper is to
develop new control devices of a braking system
for railway electric transport, which will work
grounding on adaptive control algorithms, and
will operate on the basis of built-in intelligent
equipment. This will give a possibility to increase
the safety and energy efficiency of electric rail
transport routing.

Novelty of the research

Because of the matters concerning the
improvement of energy efficiency of rail
transport routing and raising automation level of
its control systems have become more pending
recently, it can be said that the chosen topic of
the promotion thesis will address these specified
pending issues.

The application of the adaptive control
algorithms in the control systems noticeably
increases their operation efficiency and other
important  characteristic ~ values. Moreover,
application of the wireless communication
systems opens up great opportunities for the
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kop&jo vadibas sistémas automatizacijas Itmeni.
Visas iepriek§minétas tehnologijas pedéja laika ir
pieradijusas savu lielo potencialu transporta
industrijas attistiba.

Sasniegtie rezultati

Pec adaptivo vadibas algoritmu un dzelzcela
transporta marSrutéSanas dro$ibu paaugstinoSo
izgudrojumu analizes, tika izstradats jauns
adaptacijas algoritms, kur§ ir paredzets jaunajai
dzelzcela dro§ibas  sistémai. Sis  sistémas
uzdevumos ietilpst dzelzcela ritosa sastava
bremzu sistémas vadiba, lai realizétu dzelzcela
rito§a sastava laidenu un precizu apstadinasanu
nepiecieSamaja punkta, ka arT dzelzcela ritosa
sastava  apturéSanu  pirms  neparedz&tiem
Skersliem. Tika izstradats jaunas dzelzcela ritosa
sastava adaptivas vadibas sist€émas datormodelis.
Sis modelis Jauj testét izstradato adaptivo vadibas
algoritmu laboratorijas apstaklos un analiz&t ta
darbibas efektivitati, vadot speciali izstradato
dzelzcela ritoSa sastava kustibas datormodeli.
Rezultata tiek iegtti teorctiskie dati par ritosa

sastava apstasanas precizitati un vadamo
parametru (esoSais, realais un teortiskais
kustibas ~ atrums, distance lidz objektam,

bremz&Sanas paatrinajums u.c.) vértibas katra
bremz&Sanas procesa laika vieniba un to atkaribu
no teorétiski uzdotajiem dzelzcela ritosa sastava
kustibas modela parametriem. Tika veikta ari
izstradatas iekartas prototipa testéSana realajos
darba apstak]os, kur tika pieradits, ka laboratorija
sasniegtie iekartas darbibas rezultati atbilst
realiem datiem, vadot istu lokomotivi.

Daliba projektos

+ FLPP-2010/34 ,Ritosa sastava jaunas
diagnostikas iekartas
droSuma testéSana avarijas situacijas”.

+ FLPP-2010/32 ,Ritosa sastava jauno
kustibas vadibas iekartu droSuma testéSana
avarijas situacijas”.

« FLPP-2011/13 ,Vilciena bremzé&Sanas
cela noteikSanas patentétas iekartas un vilciena
kustibas posmu parbaudes patentétas iekartas
starptautiskais patentmeklgjums”.

*  FLPP-2011/14 ,,Dzelzcela parbrauktuvju

intelektualo droSibas iekartu un algoritmu
izstrade”.

e 2-04829, 06.10.2011.  pSAFECER
(1.posms)
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process of data exchange, along with increasing
the general automation level of the control
system. All the earlier mentioned technologies
have recently demonstrated their great potential
for the development of the transport industry.

Achieved results

After having analyzed the adaptive control
algorithms and the safety increasing devices for
the rail transport routing, a new adaptation
algorithm, meant for a new railway safety
system, was developed. The objectives of this
system involve the control of a braking system of
a railway rolling stock, for the purpose of
performing smooth and precise stopping of the
railway rolling stock at the required place, as well
as, an emergency stopping of the railway rolling
stock before unforeseen obstacles. A computer
model of a new adaptive control system for a
railway rolling stock was developed. This model
allows testing of the developed adaptive control
algorithms under laboratory conditions and
analyzing its operational efficiency, controlling a
specially developed computer model of a railway
rolling stock movement. As a result the
theoretical data was achieved about a precision of
the railway rolling stock stopping and the values
of controllable parameters (a current real and
theoretical movement speed, a distance till the
object, braking acceleration, etc.) in a time unit of
every braking process and their dependence from
the theoretically set parameters of a railway
rolling stock movement model. In addition,
testing of a prototype of the developed device
was carried out in real conditions, and it was
proved that the results of the device operation
achieved in the laboratory correspond to the real
data controlling a real locomotive.

Participation in projects

*  FLPP-2010/34, ,,Testing of Reliability of
New Diagnostic Equipment of Rolling Stock in
Emergency Situations”.

*  FLPP-2010/32, ,, Testing of Reliability
of New Movement Control Equipment of Rolling
Stock in Emergency Situations”.

« FLPP-2011/13, ,International Patent
Search of Train Stopping Distance Determination
Patented Equipment and Train Movement
Section Testing Patented Equipment”.

«  FLPP-2011/14, ,,Development of



Institute of Industrial Electronics and Electrical
Engineering

e-mail: Andrejs.Potapovs@rtu.lv
phone: +37126231108

Railway Level Crossings Intellectual Safety
Equipment and Algorithms”.
o 2-04829, 06.10.2011 pSAFECER (Stage

1)
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JURIS EGLE

Promocijas darba nosaukums: Jonizgjosas
radiacijas dozimetru, ar Geigera-Millera
skaitTtajiem, mériSanas metozu, shému un
algoritmu izp&te, optimizacija, izstrade un
realizacija

PhD title: Ionizing radiation dosimeter, with a
Geiger-Muller counters, measuring techniques,
schemes and algorithms research, optimization,
development and realization

Zinatniskais vaditajs:
Dr.Habil.Sc.ing., profesors Ivars Rankis

Scientific adviser:
Dr.Habil.Sc.ing., professor Ivars Rankis

Pétijuma kopsavilkums

Darba ir izpétita jonizgjosa starojuma fizikalie
pamati, eso$as meérisanas metodes, shémas un
algoritmi. Pamatojoties uz Siem pétijumiem, tika
veikti uzlabojumi, izstradats un izgatavots
dozimetra prototips, izmantojot firmas Microchip
mikrokontrolleri PIC18F4220. Prototipa tika
parbauditi un uzlaboti mikrokontrollera darbibas
algoritmi. Pamatojoties uz Salaspils radiacijas
laboratorijas merjjumu rezultatiem,
mikrokontrollera aprékinu formulas lietotas
konstantes tika precizétas.

Petljuma novitate

Apvienotas viena shéma abas tradicionalas
merisanas metodes: stravas mériSana caur
Geigera-Millera skaititaju un izlades impulsu
frekvences mériSana.

Lielaka dala no funkcijam, kuras tradicionali
veica diskréeti elektroniskie elementi, tika parnesti
uz mikrokontrolleri, kas lava samazinat elementu
skaitu, dozimetra paSizmaksu, ka arT biutiski
uzlabot ierices modific€Sanu, izmantojot tikai
mikrokontrollera programmas modific€Sanu.

Izstradats pilnigi jauns aprékinu algoritms, kas
lauj dozimetram automatiski izv€l&ties precizako
mérisanas metodi atkariba no jonizgjos$a
starojuma intensitates.

Sasniegtie rezultati

Pamatojoties uz pétjjumu rezultatiem tika
izgatavoti dozimetra paraugi, tie tika testéti
elektromagnétiskas savietojamibas un radiacijas
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Summary of the research

The research the physical grounds of ionizing
radiation, as well as measurement methods,
schemes and algorithms. Based on these studies,
the improvements were made. The dosimeter
prototype was designed and produced, using
"Microchip PIC18F4220" microcontroller. The
prototype was tested and microcontroller's
algorithms have been improved for better
performance. Based on radiation measurement
results taken from the laboratory in Salaspils,
some constants used in microcontroller's
calculation formulas were specified.

Novelty of the research

Combined into one scheme, the two
traditional methods of measurement: current
measurement through a Geiger-Muller counter
and pulse-frequency discharge measurement;

Most of the functions traditionally carried out
by discreetly electronic components, was
transferred to the microcontroller. This allows to
reduce the number of items, as well as to reduce
the cost of dosimeter and give the possibility to
improve modification of the device by using
microcontroller's program modifications only;

A new calculation algorithm was developed
allowing the dosimeter automatically choose the
best method of measurement, depending on the
ionizing radiation intensity.

Achieved results
Based on the research results, dosimeter



laboratorijas. Dozimetrs ir ieviests razoS$ana
uznémuma ,,JCD electronics” ar nosaukumu
RDO1 un tam ir pieSkirts Eiropas sertifikats.
Tehnologija un atlauja ari razot izstradato
dozimetru, ar nosaukumu DX3 vai DX4, tika
pardota ASV firmai ,,Industrial test systems”.
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Institute of Industrial Electronics and Electrical
Engineering

e-mail: vucins@gmail.com
phone: +37129299105

samples were designed and tested in
electromagnetic compatibility and radiation
laboratories. Designed dosimeter is put into
production on enterprise "ICD electronics" with
the official name - RDO1. It received a European
certificate. The Technology and licence to

produce the dosimeters with names DX3 or DX4
company

was sold to U.S. "Industrial test

systems ".

ﬂL
LERR
EEER
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I3

Dozimetra RDO1 principiala shéma / Principal
schematic of dosimeter RDO1
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ANATOLIJS ZABASTA

Promocijas darba nosaukums: Kritiskas
infrastruktiras datorvadibas metozu izstrade

PhD title: Development of computer control
techniques for Critical infrastructure

Zinatniskais vaditajs:
Dr.Sc.ing., asoc. prof. Nadezda Kunicina

Scientific adviser:
Dr.Sc.ing., assoc. prof. Nadezhda Kunicina

Pétijuma kopsavilkums

Tiek izanalizéti literatiras avoti par
kritiskajam infrastruktiiram un to savstarpgjo
ietekmi un atkaribu. Ir apskatitas metodes, ar
kuram var vertét kritiskas infrastruktiiras
savstarpgjo ietekmi. Tiek salidzinatas pielietotas
metodes un tiek izveléta atbilstos§a metode, lai
veiktu infrastruktiiras savstarpgjas ietekmes
analizi. Ir izpétita metode, ar kuru izveido
noveértéSanas metrikas un darbibas raditajus
savstarpgji atkarigajam kritiskajam
infrastruktiram, pamatojoties uz to informacijas
saturu, ekspertu viedokliem un riska analizes
rezultatiem.

Petljuma novitate

Petijuma ir izklastita pieeja, kas lauj uzraudzit
un kontrolgt kritiskas infrastrukttiras, apsverot CI
sniegto pakalpojumu stavokli, ka arT savstarpgji
saistito CI  pakalpojumu stavokli. Tadg]
merjumi, kas apraksta katras  kritiskas
infrastruktiiras stavokli un pakalpojumus, tiek
abstrah@ti par vienotiem parametriem, kas varétu
bit izplatiti starp savstarpgi atkarigajam
kritiskajam infrastruktiram. Sada piecja lauj
konkrétas infrastruktiiras ekspertiem novertet citu
saistito CI ietekmi uz savu CI un uz tas
sniegtajiem pakalpojumiem.

Sasniegtie rezultati

Ir izpétita teorétiska pieeja un ir apskatits
piemers, kura tiek modeléta tdensapgades un
telekomunikaciju pakalpojumu atkariba no
partraukumiem elektriskaja tikla, izmantojot
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Summary of the research

The literature on critical infrastructures and
the mutual influence and dependence has been
analyzed. The methods for the evaluation of
mutual influence of the critical infrastructures
have been observed. The methods used have been
compared and the appropriate method is chosen
to make the infrastructures interdependences
analysis. A method of establishing evaluation
metrics and  performance  indices  of
interdependent critical infrastructures, based on
their content, expert opinions and risk analysis
has been researched.

Novelty of the research

The study presents an approach to monitor
and control critical infrastructures, considering
the CI services provided by its own CI, as well as
interdependent CI services conditions. With that
objective measurements that describe the state of
each critical infrastructure and services are
abstracted by means of the common indicators
that could be distributed between the
interdependent  critical infrastructures. This
approach allows particular infrastructure experts
to evaluate the impact brought by other related CI
on their CI and on the services it provides.

Achieved results

The theoretical approach and outlines have
been studied. An example of dependence of
water supply and telecommunication services
from the outages happened in power greed has
been described using unified modelling language



universalo model&Sanas valodu (UML).

Daliba projektos

*  COST Action 0806 IntelliCIS, Kritiskas
infrastruktiiras sisttmu gudra uzraudziba, vadiba
un drosiba”, 200.9 -2013.g.

* Inovativi e-pakalpojumi tidens apgades
vadibai” (E-Water), 2010-2012, Latvijas -
Lietuvas parrobezu programma 2007. —2013.g.

* ,Smart Metering”, 2012 - 2013.g,
Latvijas — Lietuvas parrobezu programma 2007 —
2013.g.

Institute of Industrial Electronics and Electrical
Engineering

e-mail: Anatolijs.Zabasta@rtu.lv
phone: +37129232872

(UML).

Participation in projects

*  COST Action 0806 IntelliCIS, Intelligent
Monitoring, Control, and Security of Critical
Infrastructure Systems, 2009 —2013.

* Innovative e-services for water supply
management (E-Water), 2010 — 2012.g., Latvian
— Lithuanian Cross-border cooperation program
2007-2013.

*  Smart Metering, 2012 — 2013.g., Latvian
— Lithuanian Cross-border cooperation program
2007-2013.
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GLEBS GOLUBOVS
Promocijas darba nosaukums: Mainstravas
piedzinas ar frekvences parveidotaju vadibas

sistému optimizacija

PhD title: AC drive with frequency converter
control system optimization

Zinatniskais vaditajs:
Dr.Sc.ing., asoc. prof. Anastasija Ziravecka

Scientific adviser:
Dr.Sc.ing., assoc. prof. Anastasija Zhiravecka

Petljuma kopsavilkums

Petijums  ietver  detalizétu  asinhronas
piedzinas vektorialas vadibas sisteému izp&ti un to
turpmako  optimizaciju.  Tika  izanaliz&ta

vektorialas vadibas metozu klasifikacija, apskatiti
un arT analizéti galvenie parametri, péc kuriem
tika veikti §1s vadibas pieejas pétjumi. Uz to
bazes tika piedavata arT kritériju sistémas ideja,
kuru tiek planots detalizéti izanalizét peéc katra
vadibas  apak$veida, salidzinat to, atrast
vektorialas vadibas optimizacijas iespgjas.

Petljuma novitate

Asinhronie dzingji ar frekvencu
parveidotajiem tiek plasi pielietoti, it Tpasi
sistémas, kuras prasa augstu vadibas precizitati
un vismazakas izmaksas. Arvien pieaugosais
pieprasijums péc asinhronajiem dzingjiem ar
frekvencu parveidotaju vadibu prasa detalizétu
§adu sistemu izp€ti un jaunu vadibas metoZu
radiSanu.

Sasniegtie rezultati

- Tika veikta asinhronas vektorialajai
piedzinai pakartotas reguléSanas izp&te un
optimizacija.

- Tika noteikti galvenie optimizacijas kritériji
un attistita kriteriju sistéma (1. attéls), péc kuras
ir iespgjams novertet, analiz€t un salidzinat
eso$as un jaunas vadibas pieeju.

- Tika izanalizeta vektorialas vadibas metozu
klasifikacija, apskatiti un ari analiz&ti galvenie
parametri, péc kuriem tika veikti §1s vadibas
pieejas pétijumi. Uz to bazes tika piedavata ari
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Summary of the research

The research includes a detailed investigation
of field-oriented control system of asynchronous
drive and its further optimization. The
classification of the control approach types is
analyzed as well as main parameters are
considered and analyzed according to which the
control method was observed. An idea of the
criteria system is proposed for further planning of
deep analysis according to each type of control,
compare it and search for opportunities of further
optimization of the control.

Novelty of the research

Induction motors with frequency converters
are widely applied especially in the systems
requiring high accuracy of control and lower
expenses resulting in further deeper investigation
of these system and development of new control
approaches.

The achieved results

- The opportunities of cascade control of
induction motors vector systems and its
optimization were investigated.

- The basic optimization criteria were
determined and a criteria system was developed
(fig.1) according to which it is possible to
evaluate, analyze and compare the existing and
new control approaches.

- The classification of the control methods
was analyzed, the main parameters of them were
considered. On this basis an idea of the criteria
system is proposed for further planning of deep
analysis according to each type of control,



kriteriju sistémas ideja, kuru planots detalizéti compare it and search for opportunities of further
izanaliz€t p&c katra vadibas apakSveida, to optimization of the control.
salidzinat un sistematiz&t informaciju.

Institute of Industrial Electronics and Electrical
Engineering

e-mail: gleb.ohotnik@inbox.lv
phone: +37128627355
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VIESTURS VECKALNS

Promocijas darba nosaukums: Elektrodinamikas
metodes elektromagnétiskas saderibas problemu
risinajumos

PhD title: Methods of Electrodynamics in
Problems of Electromagnetic Compatibility

Zinatniskais vaditajs:
Dr.Habil.Sc.ing., profesors Leonids Ribickis

Scientific adviser:
Dr.Habil.Sc.ing., professor Leonids Ribickis

Petfjuma kopsavilkums
Staroto emisiju analize:
*  emisiju avoti;
*  EM vilgu izplati§anas un vilpu modas;
*  EM vilgu izplatiSanas un izkliede.

radiacijas profls; rmar=13, K"a=14.8636

il

N
Q“//

Emisiju avotu izpéte (a)
Emission sources diagramm (a)

Magnétiska  dipola  starojuma analize ar
ortogonaliem multipoliem. Attélos ar sarkano
krasu ilustréts precizs starojuma profils, bet ar
zilo krasu — multipolu komponentu summa.
Attela b) izmantoti augstaki multipoli neka attéla
a), tade] att€la b) multipolu komponentu summa
ir tuvaka precizajam starojumam.

Petljuma novitate
Jaunas elektrodinamiskas
30

metodes

Summary of the research
Analysis of radiated emissions:
e sources;
*  propagation and modes of EM waves;
»  scattering and diffraction of EM waves.

radiac |jas prodls; rmad=17, k™a=14 8635

Emisiju avotu izpéte (b)
Emission sources diagramm (b)

Emission analysis with orthogonal multipoles.
The red contours correspond to the exact
radiation profile, whilst the sum of the multipole
components is marked by the blue contours.
Higher multipole orders are used in b), hence the
multipole sum bears closer resemlance to the
exact profile.

Novelty of the research

Novel electrodynamic methods in



elektromagnétiskaja saderiba.

Sasniegtie rezultati
Teorijas apguve, pieméru apskats.

Daliba projektos
Vgja un udenraza elektroapgades autonoma
sistéma.

Institute of Industrial Electronics and Electrical
Engineering

e-mail: Viesturs.Veckalns@rtu.lv
phone: +37128844522

electromagnetic compatibility.

Achieved results
Theoretical research, case studies.

Participation in projects
Stand-alone system of hydrogen and wind
energy.
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ANTONS PATLINS

Promocijas darba nosaukums: Integréta sisteémas
risinajuma izstradasana sabiedriska transporta
ilgtspejigai attistibai

PhD title: Integrated system solution
development for public transport sustainability

Zinatniskais vaditajs:
Dr.Sc.ing., asoc. prof. Nadezda Kunicina

Scientific adviser:
Dr.Sc.ing., assoc. prof. Nadezhda Kunicina

Pétijuma kopsavilkums

Darba ietvaros sabiedriska transporta sistéma
ir apskatita ka licla méroga dinamiska sist€éma un
ir piedavats tas vadiSanu organizét, balstoties uz
sistému teorijas pamatiem.

Apkopotas ilgtsp€jigas attistibas definicijas un
definéti transporta ilgtspgjigas attistibas principi,
izveidots indikatoru saraksts, kas lauj novértét
transporta ietekmi uz apkartgjo vidi, piedavats
algoritms $o indikatoru apstradei, ka ari
piedavatas metodes saliktu vides ietekmes
indikatoru novértesanai.

Izpétitas LIDAR tehnologijas un analizéta
iesp&ja izmantot LIDAR sabiedriska transporta
sistéma, lai palielinatu dro§ibu,
transportlidzeklim veicot arkartas bremzeSanu.

Piedavats risinajumus sabiedriska transporta
sisttmas drosibas paaugstinasanai, izmantojot
videokameras gan transporta Iidzeklos, gan ari
arpus transportlidzekliem.

Piedavats algoritms un bloku shéma
trauksmes signalizacijas sistémas risinajumam
arkartas gadijumiem transporta sisteéma.

Tiek piedavats vienots trislimenu sabiedriska
transporta vadibas sist€émas risinajums.

Piedavats trislimenu sabiedriska transporta
vadibas sist€émas risinajums, kas nodrosinatu
transporta sistémas ka vienotas lielas sistémas
vadibu.

Pétijuma novitate
Promocijas darba zinatniskais jauninajums ir

saistits ar:
Integrétas vadibas

transporta sistémas
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Summary of the research

During this research the possibility to control
public transport system from large scale
dynamical system view was investigated and
described. Different references are researched
and definitions of sustainability are summarized.
Principles of sustainable transport were
summarized and environmental indicator list to
assess transport impacts was proposed as well as
environmental impact aggregation procedure was
suggested. The possibility to jointly consider
indicators was discovered and joint consideration
algorithm was suggested. Methods for building
aggregated or composite indicators are
researched and suggested.

An overview towards the ITS-related aspects
of development of urban transport systems
provided. LIDAR sensing technology used in
transport systems researched and solution for
public transport safety to reduce “human factor”
in the case of the need for vehicle emergency
braking was offered.

Riga city public transport safety system
solution development using camcorders and
vision based traffic measurement system was
suggested.

Alarming system solution for Riga city public
transport system is suggested.

The three-level integrated control tools system
solution for public transport system control is
suggested.

Novelty of the research
Novelty of the work involves:



risinajuma izstradi, nemot veéra esosas lielas
sistémas monitoringa iesp&jas un statistikas datu
apkopoSanu, ilgtsp&jigas attistibas kriterijus,
sistémas  geografiski sadalito struktiru un
sistémas dinamiku, nemot véra arkartas situacijas
un avarijas.

Tiek piedavats vienots trislimenu sabiedriska
transporta vadibas sist€émas risinajums.

Lielas  sisttmas  neatkarigas  darbibas
nodro§inasanai  tieck  piedavats  trauksmes
signalizacijas sistémas risinajums, kas nodrosina
pazinosanu par arkartas gadijumu sistéma.

Sistemas droSibas raditaju uzlaboSanai ir
izstradats  arkartas =~ bremz€Sanas  sh€mas
risinajums, ka ar1 video noveérosanas integrésanas
risinajumus.

Sasniegtie rezultati
LIDAR tehnologijas, kas var tikt veiksmigi

izmantotas sabiedriskaja  transporta pilsétas
apstaklos.
Videokameru izmanto$ana sabiedriska

transporta sisttma un pardomatas trauksmes
signalizacijas sisteémas ieviesana.

Pasazieru uzskaites sist€émas risinajums.

Trislimenu sabiedriska transporta vadibas
sistémas risinajums.

Veiktie petjumi un to rezultati uzlabo
sabiedriska transporta sistémas darbibu Riga.

Daliba projektos

*  COST 356 - Towards the definition of a
measurable environmentally sustainable transport
(EST).

+ COST ICO0806: Intelligent Monitoring,
Control and Security of Critical Infrastructure
Systems.

+ COST IC0902 “Cognitive Radio and
Networking for Cooperative Coexistence of
Heterogeneous Wireless Network”.

Institute of Industrial Electronics and Electrical
Engineering

e-mail: Antons.Patlins@rtu.lv
phone: +37129674747

Integrated transportation control system
solution development, taking into account the
larger system monitoring capabilities and data
collection, sustainable development criteria,
geographically distributed system structure and
dynamics of the system, taking into account the
emergency situation.

It is proposed that a single three-tier public
transport system management solution.

Large systems of independent operation of the
proposed alarm system solution that provides for
emergency notification system.

System security is designed to improve the
rate of emergency braking circuit solution, as
well as video surveillance integration solutions.

Achieved results

LIDAR technology can be successfully used
in public transport.

Video camera to use the public transport
system and alarm system.

Solution for passenger counting systems.

Three levels of public transport control system
solution can provide a passenger transport system
that a single large system.

The research results can improve public
transport system in Riga city.

Participation in projects

*  COST 356 - Towards the definition of a
measurable environmentally sustainable transport
(EST).

+ COST ICO0806: Intelligent Monitoring,
Control and Security of Critical Infrastructure
Systems.

+ COST IC0902 “Cognitive Radio and
Networking for Cooperative Coexistence of
Heterogeneus Wireless Network”.
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IVARS ALPS

Promocijas darba nosaukums: Intelektuala
elektrotransporta vadibas sistému sarakstu
problému model&Sana neparedz&tos gadijumos

PhD title: Modelling of scheduling for intelligent
electrical transport control

Zinatniskais vaditajs:
Dr.Sc.ing., profesors Anatolijs Levéenkovs

Scientific adviser:
Dr.Sc.ing., professor Anatoly Levchenkov

Pétijuma kopsavilkums

Petijuma izstradatie algoritmi un piedavatas
transporta sistémas vadibas procediras var tikt
pielietotas pilsétas transporta, tai skaita ari
sabiedriska elektrotransporta vienibu vadibas
uzlabosanai. Algoritmi paaugstinas pilsétas
transporta sistémas krustojoSos plismu vadiSanas
droSuma  pakapi.  Pielietojot  izstradatos
algoritmus ir iesp&ams samazinat dikstaves
laiku. Tapat izstradatie algoritmi sp& nodrosinat
sabiedriska  transporta  kustibas  saraksta
ieveérosanu.

Petljuma novitate

Petijuma tiek izstradati jauni matematiskie
modeli, procediras un algoritmi intelektualas
transporta  sisttmas vadibas  daudzkritériju
uzdevumu risinasanai izmantojot evolucionaros
algoritmus un sarakstu teoriju.

Sasniegtie rezultati

Ir izstradats dzelzcela transporta vadiSanas
modelis ar  sarakstu teorijas  algoritmu
izmanto$anu summara parbrauktuvju atraSanas
laika slégta stavoklt samazinaSanai un pilsétas
transporta vadiSanas modelis ar iebiivéto iekartu
izmantoSanu  optimalai  transporta  vienibu
vadiSanai ievérojot kustibas sarakstu un noversot
iesp&jamas sadursmes.

Daliba projektos

. ZP-2009/35 "Sliezu transporta
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Summary of the research

The developed algorithms and the proposed
procedures can improve the urban transport
system, including public electric transport,
control. The proposed algorithms increase the
safety level of urban transport traffic control
reliability, especially in intersecting of several
transport flows. Using the developed algorithms
can reduce downtime and could provide the
public transport timetable compliance.

Novelty of the research

New mathematical models, procedures and
algorithms to solve multi-criteria intelligent
transport system control tasks using the
evolutionary algorithms and the scheduling
theory are developed in this study.

Achieved results

The railway transport control model for level
crossing capacity increasing using the algorithms
of scheduling theory and the city transport system
control model using embedded devices to control
public electric transport to follow the predefined
schedule and to avoid possibility of vehicles
collision has been designed.

Participation in projects
e ZP-2009/35 ,The Immune System
Modeling of Intelligent Control for Rolling Stock



intelektualas vadibas modeléSana neparedzétas
situacijas ar imiinajam sist€émam".

e ZP-2009/36 " Sliezu transporta optimalas
vadibas  gendtisko algoritmu izstrade un
model&sana."

+ FLPP-2010/34 ,Ritosa sastava jaunas
diagnostikas iekartas

droSuma test€Sana avarijas situacijas”.

 FLPP-2010/32 ,Ritosa sastava jauno
kustibas vadibas iekartu droSuma testéSana
avarijas situacijas”.

« FLPP-2011/13 ,Vilciena bremzé&Sanas
cela noteikSanas patentetas iekartas un vilciena
kustibas posmu parbaudes patentétas iekartas
starptautiskais patentmeklgjums”.

FLPP-2011/14 ,,Dzelzcela parbrauktuvju
intelektualo dro§ibas iekartu wun algoritmu
izstrade”.

« LZP 09.1611. " Elektronisko iekartu un
sistému vadiba un optimizacija"

Institute of Industrial Electronics and Electrical
Engineering

e-mail: Ivars. Alps@rtu.lv
phone: +37129248234

in Emergency Situations”.

 ZP-2009/36 ,,The Developing and
Modeling of Genetic Algorithm for Optimal
Control for Rolling Stock”

*  FLPP-2010/34 ,,Testing of Reliability of
New Diagnostic Equipment of Rolling Stock in
Emergency Situations”.

*  FLPP-2010/32 ,,Testing of Reliability of
New Movement Control Equipment of Rolling
Stock in Emergency Situations”.

« FLPP-2011/13 ,International Patent
Search of Train Stopping Distance Determination
Patented Equipment and Train Movement
Section Testing Patented Equipment”

FLPP-2011/14 ,,Development of Railway
Level Crossings Intellectual Safety Equipment
and Algorithms”

« LZP 09.1611. "The Optimization and
Control Of Electronical Devices and Systems"
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PETERIS APSE-APSITIS

Promocijas darba nosaukums: Publisko un
bezvadu informacijas tiklu pielietojuma
optimizacija elektrotehnologiju vadibai

PhD title: Optimisation of wireless and Internet
network applications for computer controlled
electro- technologies

Zinatniskais vaditajs:
Dr.Habil.Sc.ing., profesors Leonids Ribickis

Scientific adviser:
Dr.Habil.Sc.ing., professor Leonids Ribickis

Pétijuma kopsavilkums

Petljuma mérkis ir optimizét esoSo publisko
informacijas tiklu - interneta, WiFi, ZigBee -
pielietojumu  elektrotehnologiju - AC/DC
elektrodzingju, solu un servodzingju,
konvertoru/invertoru, LED gaismas avotu u.c. -
vadibai reala laika. P&tfjums ietver vadibai
nepiecieSamas informacijas apjoma optimizaciju,
lai palielinatu vadibas atrdarbibu un nodro$inatu
aizsardzibu pret divvirzienu datu plismas

partraukumiem. Petljuma paredzéts definét
iespgjas izmantot “cloud computing” un
“network computing” principus
elektrotehnologiju datorvadiba.
Petljuma novitate

Publisko un bezvadu informacijas tiklu
pielietojuma  apjoms  nepartraukti  pieaug.

Veidojot specialus optimizétus programmatiras
un iekartu modulus, ir iesp&ams veidot jauktu
elektortehnologiju datorvadibu - dalu uzdevumu
risinot lokali, dalu- izmantojot min&tos tiklus.

Sasniegtie rezultati

a) lIzveidots e-Laboratorijas 1.posms, kura
studenti attalinati var veikt laboratorijas darbus
uz realam iekartam, reala laika ar interneta
starpniecibu (1.att.);

b) Izveidots “data over wireless power line”
modelis uz rotgosas dzingja ass novietotu
izpildmehanismu un sensoru vadibai un datu
iegianai - ar datu plismu vadams rezonanses
konverteris (2.att.);

c) patéretaju

36

elektroenergijas  patérina

Summary of the research

The task of the research is optimisation of
wireless - WiFi, ZigBee - and Internet network
applications for computer controlled electro-
technologies - AC/DC drives, step and servo
motors, converters/inverters. LED drivers - in
real time. The research includes optimisation of
data amount to increase data exchange speed as
well as protection against data flow interruptions.
Also research possibility to implement cloud
computing and network computing solutions into
electrical technologies.

Novelty of the research

Usage of interent and wireless is rapidly
increasing. Specially designed equipment and
software modules allow to implement mixed -
partially on site, partially over network - electro-
technologies control.

Achieved results

a) 1st part of the distance laboratory allows
providing laboratory tasks via internet ir real time
by means of real equipment. (Fig.1)

b) Experimental “data over wireless power
line” model to get sensor data and power on
rotating motor axle fixed actuators are designed
and tested. (Fig.2)

c) Wireless data exchange energy
consumption monitoring system is deployed.

(Fig.3)



monitoringa sistéma, izmantojot bezvadu datu
apmainu (3.att.).
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Daliba projektos

*  VPP-V7640 (Valsts pétijumu
programmas) projekts Nr.6 ,,Energoelektronikas
tehnologiju izstrade elektroenergijas patérina
samazinaSanai un atjaunojamo energijas avotu
izmanto$anas veicinasanai Latvija”. 2010. -
2013.g.

*  ERAF 2010. -2013.g. ,,Uzném¢gjdarbibas
un inovacijas” papildinajuma 2.1.1.1. aktivitates
,Atbalsts zinatnei un pé&tniecibai”, projekts
,Intelektualu hibrido elektrogenergjosSo iekartu
izstrade un izpéte energoefektivitates
uzlabosanai” ar Identifikacijas Nr.
2DP/2.1.1.1.0/10/APIA/ VIAA/160. Brivpratiga
piedalisanas ierices izstradé neviedu paterétaju
pieslégsanai pie vieda mikrotikla.

e KPFI (Klimata parmaigu finansu
instrumenta) finanséto projektu ,,LED ieclu

apgaismoSanas gaismeklu ar inteligento vadibas

Participation in projects

*  PPP-V7640 (National Research
Programme) project No. 6 'power electronic

technologies to reduce consumption and
renewable energy sources in Latvian. "The
2010th -2013.g.

* ERAF 2010th -2013.g.

"Entrepreneurship and Innovation" in Appendix
2.1.1.1. activity "Support for science and
research" project "Intellectual hybrid Generating
equipment development and research to improve
energy efficiency" with REF.
2DP/2.1.1.1.0/10/APIA / VIAA/160. Voluntary
participation in the development of devices for
connection to the consumer does not make smart
micromesh.

e KPFI (climate change financial
instrument) funded project "LED street lighting
luminaires with intelligent management system
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sisttmu prototipa izstrade”. Sadarbiba ar SIA
,»WestNord”. Liguma Nr. KPFI-2/3. Gaismekla
elektroenergijas patérina sensoru ierices izstrade.
«  ZP-2010/9 - RTU 2010.gada
fundamentalo un lietiSko pé&tljumu projekts:
»~Miisdienu apgaismojuma tehnologiju izpéte, lai
palielinatu energoefektivitati Latvijas riipniecibas
uznémumos.”
. ARTEMIS projekts Nr.269265 pSafeCer
2011-2013; RTU PVS - 1571. pSAFECER)

Institute of Industrial Electronics and Electrical
Engineering

e-mail: Peteris.Apse-Apsitis@rtu.lv
phone: +37129184559
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prototype." In cooperation with "WESTNORD".
Contract no. KPFI-2/3. Luminaire power
consumption sensor device development.

» The NC-2010/9 - 2010 Technical
University of basic and applied research project:
"Investigation of modern lighting technologies to

Increase  Energy  Efficiency in Latvian
manufacturing enterprises."
. The ARTEMIS project Nr.269265

pSafeCer 2011-2013, Technical University of
PVA - the 1571st pSAFECER).



ALEKSANDRS SUZDALENKO

Promocijas darba nosaukums: Vadibas lidzeklu
izpete un izstrade intelektualajiem sadales tikliem
ar regulgjamam LED lampam

PhD title: Research and Development of Control
Means for Intellectual Distribution Grids with
Dimmable LED Lamps

Zinatniskais vaditajs:
Dr.Sc.ing., profesors Ilja Galkins

Scientific adviser:
Dr.Sc.ing., professor Ilya Galkin

Pétijuma kopsavilkums

Energija ir viens no galvenajiem resursiem,
kas Jauj cilvécei sekmigi attistities, diemzel ta
izraisa arl globalas izmainas pasaule — fosila
kurinama ieguve ietekmé klimatu uz Zemes CO2
izmeSiem. Vadosas pasaules valstis §o problému
risinasanai ievie§ energoefektivitates planus,
pateicoties kuriem tiks samazinata CO2 gazes
emisija, paaugstinasies atjaunojamo
energoresursu  izmantoSana, ka arT  tiks
modernizéti elektriskas energijas sadales tikli, lai
izveidotu brivo elektroenergijas tirgu, kura cenas
mainitos reala laika, un kas lautu labak izmantot
es080s energijas resursus un samazinat energijas
pieprasijuma maksimumu. Atseviskas valsts
programmas atbalsta gala lietotaju
energoefektivitates pasakumus, tadus ka: vgja
generatora vai Saules panelu instaléSana. Taja
pasa laika rodas perspektiva veidot intelektualus
energijas sadales tiklus, kas sastav no energijas
genergjosiem  avotiem,  uzkr@j&iem  un
patérétajiem, kurus kontrol&jot, biitu iesp€jams
efektivak izmantot lokalos energijas resursus un
kontrolét slodzi. Tadu intelektualo sadales tiklu
ideja ir aprakstita ,,Microgrid” koncepcija, kur
gala lietotajs tiek uzskatits gan par elektriskas
energijas patérétaju, gan par razotaju. Tade]
nepiecieSami valdibas Iidzekli, ar kuru palidzibu
biitu iesp&jams realizét So koncepciju.
Petljuma novitate

Eksistéjoso elektroenergijas sadales tiklu
intelektualizéSana Jautu elastigak un efektivak
izmantot jau instalétos energijas resursus, ka ari
motivétu ieviest atjaunojamas energijas avotus.

Summary of the research

Energy is a key resource that allows humanity
to evolve successfully, but on the other hand it
also causes global changes - fossil fuel
acquisition, impact on the Earth's climate due to
CO2 emissions. The leading world countries
tackle these problems by introducing energy
efficiency plans, which will be aimed to CO2
emissions reduction, increase the use of
renewable energy resources, as well as upgrading
electrical energy distribution networks, to make
free electricity market in, where prices would be
changeable in the real time, allowing better
utilisation of existing energy powers and
reducing energy demand peaks. Individual
country programs support the end-user energy
efficiency initiatives, such as: installation of wind
generators or solar panels. At this point, there is a
prospect to build an intelligent power distribution
network, which consists of energy generators,
storage elements and loads, controlling which
would utilise more efficiently the existing energy
resources and managed the total load. The idea of
intellectual distribution grids is described in
"Microgrid" concept, where the end user is
considered both as electric energy consumer and
a producer. For this purpose, control means are
necessary to develop to realize this concept.

Novelty of the research

The intellectualisation of distribution power
grids would better utilise the installed power
resources, as well as would motivate end-users to
install renewable energy sources. Dimmable LED
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Viens no tipiskakajiem piemeriem patérétaji -
izmantos regul&jamas LED apgaismes lampas.
Sasniegtie rezultati

Petot LED gaismas regul&Sanas metodes, tika

konstatéts vienas metodes parakums, kuru
izmantojot, ir iesp&jams dabut vislielako
efektivitati,. Ka ar1 tika analizétas vairakas

iesp&jas komunikacijas organizésanai starp LED
lampam, tas tika atspogulots vairakos zinatniskos
rakstos, kas arl attiecds uz autonomo

energosistému  ievieSanas  perspektivam  un
prieksrocibam.
Daliba projektos

« KPFI (Klimata parmainu finansu

instrumenta) finanséto projektu ,Inteligentais
vgj$”. Sadarbiba ar SIA ,,HM Engineering”.
Liguma Nr. KPFI-2/31. Brivpratigais darbs —
realizét datu ierakstiSanas iekartu ar rezerves
barosanu.

*  ERAF 2010. -2013.g. ,,Uzném¢gjdarbibas
un inovacijas” papildinajuma 2.1.1.1. aktivitates
,Atbalsts zinatnei un pé&tniecibai”, projekts
,Intelektualu hibrido elektrogenergjoso iekartu
izstrade un izpéte energoefektivitates
uzlaboSanai” ar Identifikacijas Nr.
2DP/2.1.1.1.0/10/APIA/ VIAA/160. Brivpratigais
darbs — veidot elektroniskas iekartas viedgjam
tiklam ar komunikacijam pa spéka vadiem.

« ES 7.0P ICT for energy efficiency and
sustainibility in urban areas, Ligums Nr. 238916,
LITES (Led-based Intelligent street lighting for
Energy Saving). 2009.-2013. gads. Asistents:
veidoju elektroniskas iekartas, veicu
eksperimentus, apstradaju datus.

*  Power Quality and Safety Requirements
for People and Electrical Equipment in Smart
Grid Customer Domain/Elektroenergijas
kvalitates un droSuma prasibas cilvékiem un

elektroiekartam no viedo tiklu  klientu
perspektivas (ERA-Net projekts). Asistents,
veidoju elektroniskas iekartas, veicu

eksperimentus, apstradaju datus.

Institute of Industrial Electronics and Electrical
Engineering

e-mail: Aleksandrs.Suzdalenko@rtu.lv
phone: +37167089918
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lamps are going to use as the typical load of
intellectual distribution grid.

Achieved results

The experiments on LED lamp’s supply
methods, revealed the superior one, which allows
getting higher efficacy values. As well as various
techniques of LED lamp communication
functions were discussed in the scientific papers.
The same was made with the idea of autonomous
energy systems.

Participation in projects

*  Project supported by “Climate change
financing instrument “ - ,Intelligent wind”. In
collaboration with ,HM Engineering” Ltd.
Contract Nr. KPFI-2/31. Volunteer —development
of electronic data logger with reserve supply.

*  ERAF 2010. -2013. project ,,Intellectual
Hybrid Uninterruptible Power Systems and
Component Development and Research to
Improve Energy Efficiency” agreement No.
2010/0225/2DP/2.1.1.1.0/10/APIA/  VIAA/160.
Volunteer — design of electronic control means
with power line communication.

« ES 7.0P ICT for energy efficiency and
sustainability in urban areas, Contract Nr.
238916, LITES (Led-based Intelligent street
lighting for Energy Saving). 2009.-2013.
Assistant: design of electronic equipment, make
experiments, analyse data.

*  Power Quality and Safety Requirements
for People and Electrical Equipment in Smart
Grid Customer Domain (ERA-Net project).
Assistant: design of electronic equipment, make
experiments, analyse data.




OLEGS TETERVENOKS

Promocijas darba nosaukums: Apgaismosanas
iekartu un sist€ému izstrade un optimizacija

PhD title: Development and Optimization of
Lighting Equipment and Systems

Zinatniskais vaditajs
Dr.Sc.ing., profesors Ilja Galkins

Scientific adviser
Dr.Sc.ing., professor Ilya Galkin

Petljuma kopsavilkums

Misdienu apgaismojums ir cie$i saistits ar
gaismas diodem (LED). Viena no LED
prickSrocibam ir iesp&a plustosi regulét
apgaismojuma Itmeni, kas paver plasas iespgjas
intelektuala apgaismojuma joma. Ir iespgjami
vairaki apgaismojuma reguléSanas pan€mieni gan
ar savam priekSrocibam, gan trikumiem:
pakapienveida reguléSana, PWM reguléSana un
plustosas stravas regulésana. Plastosu
apgaismojuma Itmena reguléSanu ir iesp&jams
sasniegt ar divam pé&dgam metodem. Toméer
PWM reguléSanas gadijuma var rasties
nevElamais  stroboskopiskais  efekts. LED
apgaismojuma Itmena reguléSanai ir ieteicams
izmantot plistosas stravas metodi. Ja S§im
nolukam tiek izmantots sprieguma
impulsparveidotajs, tad visa apgaismojuma
Iimenu diapazona vadibas parametrs mainas |oti
Sauras robezas, kas sarezgi vadibas realizaciju uz
mikrokontrollera bazes. Lai sasniegtu labas
reguléSanas iesp€jas, ir nepiecieSams izmantot
shémas, kuram vadibas parametrs mainas plasas
robezas. Gaismas diodém $adas shémas ir stravas

impulsparveidotaji.
Sa pétTjuma ietvaros tiek apskatitas tris stravas
impulsparveidotaju  topologijas: pazeminosa,

paaugstino§a un pazeminoS$i-paaugstinosa. Tika
veikta visu iepriekSmingéto topologiju shému
modelésana, ka ar1 eksperimentalo prototipu
efektivitates noteik§ana pie mainiga vadibas
parametra. Eksperimentali uznemtas efektivitates
vertibas ir lidzigas model&$anas rezultatiem.

Summary of the research

Modern lighting systems are based on light-
emitting diodes (LEDs). Ability of fluent light
regulation is one of the LED advantages. This
property of LEDs makes them an excellent light
source for intelligent lighting. There are several
LED dimming methods with their advantages and
drawbacks: step regulation, PWM technique and
fluent current regulation method. Fluent light
regulation can be achieved by two last of them.
But in the case of PWM regulation undesirable
stroboscopic effect and flickering may appear,
thus fluent current regulation technique is
preferable. If voltage regulator is used for this
purpose then there is a narrow range of changes
of control parameter, making control process
inconvenient for usage with microprocessor. To
make control process more convenient it is
necessary to use schematics where the control
parameter is changed in wide range. For LEDs
such schematics are current regulators.

In this study three different topologies of
current regulators are examined: buck, boost, and
buck-boost. The models of current regulators
were analyzed and efficiency of experimental
prototypes of regulators was examined in the
whole range of control parameter. Experimental
results are similar to simulation results.
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Petijuma novitate
Sada tipa shému izmantoSana, ka ari to
efektivitates noverteSana LED apgaismojuma

Iimena reguléSanai iepriek§ literatira netika
apskatita.
Sasniegtie rezultati

Ir sniegts efektivitates novertg§jums trim
stravas impulsparveidotaju topologijam, dots
salidzinajums ar sprieguma

impulsparveidotajiem. Sada tipa shémas var
atteikties no elektrolitiskiem kondensatoriem,
tadejadi palielinot kalposanas laiku.

Daliba projektos

*  VPP-V7640 projekts Nr.6
,,Energoelektronikas tehnologiju izstrade
elektroenergijas patérina samazinasanai un
atjaunojamo  energijas avotu izmantoSanas
veicina$anai Latvija”. 2010. -2013.g. Amats:
tehnikis.

* ERAF 2010.-2013.g. ,,Uznemgjdarbibas
un inovacijas” papildinajuma 2.1.1.1. aktivitates
,,Atbalsts zinatnei un p&tniecibai”, projekts ,,V&ja
un tdenraza elektroapgades autonoma sist€éma”,

ar Identifikacijas Nr.
2DP/2.1.1.1.0/10/APIA/VIAA/031. Brivpratiga
piedaliSanas.

*  ERAF 2010. -2013.g. ,,Uznémgjdarbibas
un inovacijas” papildinajuma 2.1.1.1. aktivitates
,Atbalsts zinatnei un pé&tniecibai”, projekts
,Intelektualu hibrido elektrogenergjoso iekartu
izstrade un izpéte energoefektivitates
uzlaboSanai” ar Identifikacijas Nr.
2DP/2.1.1.1.0/10/APIA/ VIAA/160. Brivpratiga

piedaliSanas.
« KPFI (Klimata parmainu finansu
instrumenta) finanséto projektu ,,LED ielu

apgaismosanas gaismeklu ar inteligento vadibas
sisttmu prototipa izstrade”. Sadarbiba ar SIA
,»WestNord”. Liguma Nr. KPFI-2/3. 2010-
2011.g. Amats: vecakais laborants zinatniskaja
darba.

+ RTU 2010.gada fundamentalo un lietiSko
petjumu projekts: ,,Moderno apgaismoSanas
tehnologiju izpéte energoefektivitates
paaugstinasanai Latvijas razoSanas uznémumos”
2010-2011.g.  Amats:  vecakais laborants
zinatniskaja darba.

+ RTU 2010.gada fundamentalo un lietiSko
petijumu projekts: ,,LED gaismekla prototipa
izstrade ielu apgaismoSanai”. 2009-2010g.
Amats: vecakais laborants zinatniskaja darba.
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Novelty of the research

There are no considerations in literature about
using of such a type current regulators in LED
dimming process.

Achieved results

The estimation of efficiency of three different
current regulator topologies is given in
comparison with voltage regulators. It is not
necessary to use electrolytic capacitors for
current regulators, thus increasing reliability of
device.

Participation in projects

* VPP-V7640 Project No. 6 'power
electronic technologies to reduce consumption
and renewable energy sources in Latvian. "The
2010th -2013.g. Position: Technician.

*  The ERDF 2010-2013 "Entrepreneurship
and Innovation" in Appendix 2.1.1.1. activity
Support for science and research project "Wind-
hydrogen autonomous power system", REF.
2DP/2.1.1.1.0/10/APIA/VIAA/031. voluntary
participation.

« ERAF 2010 -2013. "Entrepreneurship
and Innovation" in Appendix 2.1.1.1. activity
"Support for science and research" project
"Intellectual hybrid Generating equipment
development and research to improve energy
efficiency" with REF. 2DP/2.1.1.1.0/10/APIA /
VIAA/160. voluntary participation.

« KPFI (climate change financial
instrument) funded project "LED street lighting
luminaires with intelligent management system
prototype." In cooperation with "WESTNORD".
Contract no. KPFI-2/3. 2010-2011.g. Position:
Senior laboratory assistant in scientific work.

« RTU 2010, basic and applied research
project: "Modern lighting technology research to
improve energy efficiency Latvian producers,"
2010-2011.g.  Position:  Senior  laboratory
assistant in scientific work.

« RTU 2010, basic and applied research
project: "Development of a prototype LED
luminaire street lighting". 2009-2010g. Position:
Senior laboratory assistant in scientific work.



Institute of Industrial Electronics and Electrical
Engineering

e-mail: Olegs. Tetervenoks@rtu.lv
phone: +37126634206
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KRISTAPS VITOLS

Promocijas darba nosaukums: Viegla elektriska
autotransporta piedzina un ta elementu izstrade
un izpéte

PhD title: Research and development of car
electric traction drive elements

Zinatniskais vaditajs:
Dr.Sc.ing., profesors Ilja Galkins

Scientific adviser:
Dr.Sc.ing., professor Ilya Galkin

Pétijuma kopsavilkums

Petijums apliko galvenos viegla elektriska
autotransporta elementus: vilces dzingjus, dzingju
vadibu, kustibas vadibu, energijas avotus. Darba
mérkis  ir  izstradat  viegla  elektriska
autotransporta ekvivalentu modeli ar uzlabotam
ipasibam. Ta ka kartings p&c savas bitibas ir
maza izmera automasina, tad tas ari ir izv€l&ts par
modela bazi. Lai wuzlabotu transportlidzekla
sniegumu, tas ir aprikots ar diviem vilces
dzingjiem, kuri principa veido divas neatkarigas
piedzinas sistémas. Katrs dzingjs piedzen vienu
aizmuguréjo riteni. Sadai sistémai ir priekirociba,
ka nav nepiecieSams mehaniskais diferencialis, jo
ta funkciju var izpildit elektroniski. Ir
nepiecieSams merit stlres poziciju un ritenu
grieSanas atrumu. Talak, izmantojot iegiitos
merjumus, centralais kustibas vadibas bloks
izbraucamajam  likumam var  aprékinat
vajadzigo ritepu atrumu diferenci un nosutit
atbilstosu komandu uz dzingju vadibas blokiem.
Sadam autotransportam ir samazinats svars un
uzlabota veiktsp&ja. Kustibas vadibas bloku ir
iespgjams izmantot, lai panaktu vE&l citas
transportlidzekla vadibu uzlabojosas Ipasibas.

Petljuma novitate

Picaugot bazam par globalam klimata
izmainam, tiek ieviesti dazadi pasakumi CO2
izmeSu samazina$anai. Lai samazinatu degvielas
patérinu, automobilu tirgi pamazam paradas
jauni elektrisko transportlidzek]u modeli. Tirgus
analitiki paredz strauju elektrisko automobilu
pieaugumu. ST situacija ir loti labvéliga
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Summary of the research

Research includes the main parts of electric
vehicles: motors, drives, and motion control and
power sources. The aim of this work is to
develop a practical model of electric vehicle with
improved performance. Kart was chosen as the
base model since it is a lighter and more compact
version of standard vehicle. To improve vehicle's
performance it is equipped with two traction
motors. Each of them forms a separate drive and
provides torque for one of the rear wheels. This
system has an advantage — it does not need a
mechanical differential, because its function can
be achieved through electronic control. It is
necessary to measure steering wheel angle and
the speed of both traction wheels. Motion control
block can use these measurements to calculate
the appropriate rear wheel speed difference for
correct movement in a road curve and produce
command for the motor drives. Such vehicle has
reduced weight and improved performance.
Motion control block can be used to achieve
other improvements in vehicle performance.

Novelty of the research

Due to the rise of concerns about global
climate change different actions take place to
reduce CO2 emissions. In order to improve fuel
efficiency new electric cars are appearing in
vehicle market. Analysts predict a rapid growth
of the share of electric vehicles. This situation is
favorable for development of electrical drives,
thus it is necessary to perform new research
about electrical drive usage in vehicle traction



elektriskas vilces piedzinas attistibai, Iidz ar to ir
nepiecieSams  veikt jaunus p&tjumus par
elektriskas  piedzinas  pielictosanu  viegla
transporta vilce. Ta ka elektriskie dzingji butiski
atSkiras no iekSdedzes motoriem, tad ir
nepiecieSams pétit jaunus automobila uzbiives
variantus — tadus, kuros ir vairaki vilces dzingji,
lidz ar to paverot iesp&jas uz uzlabotu
transportlidzekla sniegumu un vadamibu.

Sasniegtie rezultati

Izstradats kartings ar diviem lidzstravas vilces
dzingjiem uz kura bazes talak tiks realizeta
dzingju vadibas sisteéma. Ir izveidots divu dzingju
vadibas modelis, kur§ nodroSina elektroniska
diferenciala funkciju.

Daliba projektos

* RTU ieksgjais zinatniskais projekts ZP-
2009/1.

»  Starptautiskais projekts Lites L7615.

*  Nacionalais projekts 1522.

*  VPP-V7640 projekts Nr.6
,,Energoelektronikas tehnologiju izstrade
elektroenergijas patérina samazinasanai un
atjaunojamo  energijas avotu izmantoSanas
veicinaSanai Latvija”. 2010. -2013.g. Amats:
tehnikis.

Institute of Industrial Electronics and Electrical
Engineering

e-mail: K. Vitols@rtu.lv
phone: +37126407575

systems. Since electric motors are significantly
different from internal combustion engines it is
necessary to explore new layouts of vehicles —
with multiple traction motors. This provides new
possibilities to better vehicle performance and
improved control.

Achieved results

An electrical kart with two DC traction
motors has been developed. Control system for
kart traction is to be researched. Preliminary
model of two motors control with electronic
differential has been developed.

Participation in projects

. RTU's internal research project NC-
2009/1

*  The Internationale project Lites L7615

*  National Project 1522

e VPP-V7640 Project No. 6 ‘'power
electronic technologies to reduce consumption
and renewable energy sources in Latvian. "The
2010th -2013.g. Position: Technician.
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ALEKSANDRS ANDREICIKS

Promocijas darba nosaukums: Alternativo
energijas avotu energoelektronikas parveidotaju
izp&te un optimizacija

PhD title: Power converter for alternative energy
sources research and optimization

Zinatniskais vaditajs
Dr.Sc.ing., asoc. prof. Oskars Krievs

Scientific adviser
Dr.Sc.ing., assoc. prof. Oskars Krievs

Pétijuma kopsavilkums

Atjaunojamo  energijas resursu  izpétes
konteksta pasauleé strauji attistas ar1 tdenraza
energétika. Degvielas elements, kas energijas
ieglSanai izmanto tikai Udepradi, ir pilniba
ekologiskas, jo Gidens ir vienigais blakusprodukts,
ko tas izdala apkartgja vidé atskiriba no t.s.
metanola degvielas $tinam. Udenraza degvielas

elements (DE) ir augstas efektivitates
elektrokimisks  energijas  parveidotajs, kas
katalizatora klatbtitneé sp& razot elektrisko

energiju, ka blakusproduktus radot siltumu un
fideni.

Pasaulé plasi tiek pétiti pusvaditaju spéka
parveidotaji, kas spétu veikt $adu elektroenergijas
parveidoSanu, tacu tudenraza degvielas elementa
specifisko dinamisko parametru un zema izejas
sprieguma d€] ir iesp&ami aizvien jauni,
efektivaki speka parveidotaja tehniska risinajuma
varianti. Tiek izstradati aizvien jauni spéka
elektronikas parveidotaji tdenraza degvielas
$tinas pielietojumam elektrotransporta,
alternativaja energétika, ka ari daudzas citas
sféras, tostarp pat mobilo telefonu un klépja
datoru baterijas.

Petijuma novitate

Nakotnes alternativas energétikas komandai ir
nepiecieSsams 10 kW DC / DC parveidotajs, kurs
butu loti efektivs un zemu izmaksu produkts.
Starp visam parveidotaju topologijam tikai dazi
sp&j nodrosinat lielu jaudu un augstu efektivitati.
Lai to nodro$inatu tika izveléts LLC rezonanses
parveidotajas, kuram ir vairakas priekSrocibas,
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Summary of the research

The renewable energy sources as well as the
fuel cell have gained a growing interest during
the recent years. Most of the applications, which
involve these energy sources, are grid connected
and thereby a power conditioning system must be
utilized in order to transform the source energy
parameters to be compatible with the grid. In
order to use hydrogen fuel cells in domestic
applications either as main power supply or
backup source, their low DC output voltage has
to be matched to the level and frequency of the
utility grid AC voltage. Such power converter
systems usually consist of a DC-DC converter
and a DC-AC inverter. For this purpose new
power electronic converters were developed.
Hydrogen fuel cells are for the use in alternative
energy, as well as in many areas, including even
a cell phone and laptop computer batteries.

Novelty of the research

The future is looking towards alternative
power sources all of which will need to be
regulated in one form or another. Furthermore,
the Future Energy Challenge team requires a 10
kW DC/DC converter for the competition. To
make this possible, a highly efficient low cost
product will have to be designed. Among all the
different converter designs available, only a few
are capable of providing high power with high
efficiency. A design was proposed to provide this
output with the lowest amount of losses. This
design will be firstly verified by computer
simulation, and then tested in the laboratory with



salidzinot ar pargjam parveidotaju shemam — tas
lauj stabilizét izejas spriegumu plasakam ieejas
sprieguma un slodzes izmainu diapazonam pie
salidzino$i nelielam komutacijas frekvences
izmainpam, ir sasniedzama nulles sprieguma
komutacija visa darba diapazona, ka arl
rezonanses procesa lietderigi tiek izmantoti visi
galvenie sheémas parazitiskie elementi.

o Lidesprieguma | Rezerves
Kfumﬂ?a Paaugstino#s Batareja
BlEMELILE Parveidotds 400 W

the application of non-linear loading. With
loading conditions, a 400V output voltage (with a
differential of 10V) and a 5 kW power output
must be maintained to achieve an acceptable final
product.
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Sasniegtie rezultati

Izveidots LLC rezonanses parveidotaja spéka
un vadibas sistemas datormodelis un veikts to
komponentu aprékins. Aprekinats un uztits
transformators un uztaisits LLC parveidotaja
plates projekts. Izgatavota un samontéta LLC
parveidotaja prototipa pirma darba versija.
Uzsakta parveidotaja prototipa eksperimentala
izpte. Veikta vadibas sistémas izstrade uz
DSpace platformas bazes.

Daliba projektos

*  RTU ERAF projekta ,,V§a un tudenraza
elektroapgades autonoma sistema”,
Nr.2010/0188/2DP /2.1.1.1.0/ 10/APIA/
VIAA/031.

* Rigas Tehniska universitate,  Valsts

petjumu programmas Nr.l projekts Nr.6
,,Energoelektronikas tehnologiju izstrade
elektroenergijas patérina samazinasanai un
atjaunojamo  energijas avotu izmantoSanas
veicinasanai Latvija”
. Rigas Tehniska universitate, projekta
»PAM tdenraza degvielas S§tnas
energoelektronikas parveidotaja izstrade ar
daudzlimenu invertoru”.

Institute of Industrial Electronics and Electrical
Engineering

e-mail: Aleksandrs.Andreiciks@rtu.lv
phone: +37129680271

Achieved results

The LLC resonant converter power and
control system computer simulation model are
made. The power converter components are
calculated. Transformer and LLC power
converter circuit board design were developed.
The first working prototype of the LLC converter
was designed. Power converter prototype
experimental investigation has been started.
Control system development based on Dspace
platform.

Participation in projects

*  RTU ERAF project "Wind and hydrogen
power autonomous system", Nr.2010/0188/2DP /
2.1.1.1.0 / 10/APIA / VIAA/031

* Riga Technical University, the National
Research Programme Nrl. Project No. 6 'power
electronic technologies to reduce consumption
and renewable energy sources in Latvian "
. Riga Technical University, the project
"PAM hydrogen fuel cells to power electronic
converter design with multi-level inverter".
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DAVIS MEIKE

Promocijas darba nosaukums: Industrialo robotu
energoefektivitates paaugstinasanas metozu
izstrade

PhD title: Development of the Energy Efficiency
Improvement Methods for Industrial Robots

Zinatniskais vaditajs:
Dr.Habil.Sc.ing., profesors Leonids Ribickis

Scientific adviser:
Dr.Habil.Sc.ing., professor Leonids Ribickis

Pétijuma kopsavilkums

Petjuma  apkopotas dazadas  metodes
industrialo robotu energoefektivitates
palielinasanai. Ka robotikas nozare kopuma, ari
darbs ir multidisciplinars un aptver gan
elektrotehnikas un mehatronikas nozari, gan ari
sniedzas kustibu vadibas planosana. Darbs ir
orientéts uz praktiski realiz€amiem raZoSanas
uzlabojumiem un visas mingtds metodes ir
eksperimentali parbauditas.

Darbs sastav no 4 dalam. Pirma dala sniedz
p&tijumu rezultatus par augstas un vidgjas klases
celtsp&jas robotu izmantoSanas specifiku, robotu
sisttmas komponentu energopatérinu un to
ipatsvaru razo$ana autoindustrija. Saja dala
analiz€ta optimala robota tipa izvéle dazadiem
razoSanas uzdevumiem.

Otraja dala apskatitas energoefektivitates
celSanas metodes, izmantojot  uzlabotu
programmu logiku un optimizétus kustibu
vadibas algoritmus. Sniegti priekslikumi esoSo
robotu programmu optimizacijai un jaunu
trajektoriju generéSanai manipulatoriem,
izmantojot maksliga intelekta elementus.

TreSaja dala sniegti priekslikumi
rekuperativas energijas efektivai izmantoSanai.
Standarta  manipulatora  kontrollera  speka

elektronika atbalsta rekuperativo bremze&sanu,
taCu ieglta energija lidz Sim nav tikusi vadita
atpaka] tikla vai  uzglabata, piemé&ram,
kondensatoru baterijas augsto izmaksu un
mainstravas tikla kvalitates saglabaSanas dgl.
Darba veikta virkne eksperimentu ar vairaku
robotu kontrolleru lidzstravas posmu
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Summary of the research

This work summarizes various methods of the
energy efficient use of medium and high payload
industrial robots. As robotics in general also this
is a multidisciplinary research that covers topics
both  in  motion planning and the
electrical/mechanical engineering.

The work consists of 4 parts. In the first part a
detailed analysis of typical characteristics of
industrial robot usage in the automobile
production is evaluated. Here, the options of an
appropriate robot selection for a particular
application are investigated as well as a general
overview of the energy consumers in robotic
systems is given.

The second part deals with an intelligent
motion planning of robotic manipulators.
Optimization of existing robot programs and
partial generation of fresh trajectories in
workspace using artificial intelligence are
distinguished. Also a cost efficiency analysis of
the implementation in large scale factories is
given.

The third part reveals the benefits of an
effective use of recuperation. State of the art the
drives of robot controller are capable to supply
the regenerative energy from motors, however,
it’s rarely fed back to a network or stored locally
due to quality issues or increased costs. Here a
novel power converter enabling DC-Bus sharing
among the robot power-team is proposed.

The fourth part emphasizes all the secondary
consumers in the robotic system. The normal-
close mechanical brakes of the motors are large



koplietosanu,
parveidotaju.

Sekundaro patérétaju loma robotu sistémas
uzsvérta ceturtaja dala. Seit apskatitas iespgjas
samazinat robota manipulatora un ta kontrollera
visu pasivo patérétaju patérinu. Sniegta detalizéta
analize motoru mehanisko bremzu vadiba gan
reducgjot to vidgjo jaudu, gan aktivi vadot
iesléegSanas rezimus, nemot v&ra kopgjas
razo$anas Tpatnibas.

izmantojot jauna tipa jaudas

Petljuma novitate

Auto industrijd razosanas Imijas, kuras 80.
gados tika izmantoti vien dazi desmiti robotu,
Sodien ir gandriz 98% automatiz&ti, kur uz vienu
autorazoSanas liniju ir vairaki simti industrialo
robotu. Pateicoties speka elektronikas un
skait]oSanas tehnikas attistibai, ir panakta augsta
manipulatoru  precizitate, atrums, celtspgja,
drosums, funkcionalitate un citas ipasibas. Tacu
energoefektivitate robotu sisteémas Iidz $im bijusi
sekundara, atkariga no pieejamam komponentém
un té€ma nav tikusi analiz€ta no raZotaja
skatupunkta. Akademiskaja vidé ir izstradati
trajektoriju planosanas algoritmi, tacu vairums to
ir parak teoréetiski, lai vidgja termina tiktu ieviesti
realitaté. Pe&tljuma novitate slépjas detalizéta
razoSanas specifikas analizé un tehnologiju
parnesé industrialas robotikas konteksta.

Sasniegtie rezultati

Gandriz  visas  optimizacijas  metodes
eksperimentali parbauditas, no kuram vairakas ir
pieteiktas Vacijas patentu valde. Mehanisko
bremzu vadibas stratégija paSlaik tiek ieviesta
ripnica, kas ietaupis vid€ji 2% no robotikas

koppaterina.
Daliba projektos

+  “Nakamas paaudzes robotika — Energijas
efektiva ~ izmantoSana  robotikas  sistému

VAS94307, Daimler AG/

Institute of Industrial Electronics and Electrical
Engineering

e-mail: Davis.Meike@rtu.lv
phone: +37129578966,; +4917656188388

static consumers in the robotic system. Methods
to release the brakes dynamically and to reduce
their power are proposed.

Novelty of the research

Industrial robotics has a history of over 30
years, when the first hydraulic manipulators
appeared. In 80’s as much as 10 of robots per
automobile production line used to be deployed.
Along with the advancement of power electronics
and computing capability, nowadays, in a
premium class vehicle production around 1000
industrial robots are being wused. The
development of the robotics has largely been
stressed on accuracy, speed, payload, reliability,
functionality and other factors. Energy
consumption has been rather secondary and
strongly dependent on components. However, an
overall analysis of the robotic hardware system
and its software by energy means promise high
economical and environmental benefits in a large
scale highly automated production.

Achieved results

Most of the proposed approaches are already
approved experimentally. Some of them are
patent-pending. Factory rollout of the optimized
mechanical brake usage is in progress in an
automobile factory, that is about to save 2% of
the overall robotics consumption.

Participation in projects

*  “Next Generation
Energieeffizienter Einsatz
Robotersystemen”VAS94307, Daimler AG

Robotics—
von
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GENADIJS ZALESKIS

Promocijas darba nosaukums: Elektrotransporta
hibrida energijas uzkraj&ja izpéte

PhD title: Research of the electrical transport
hybrid energy storage system

Zinatniskais vaditajs
Dr. Sc.ing., asoc. prof. Viesturs Brazis

Scientific adviser
Dr.Sc.ing., assoc. prof. Viesturs Brazis

Pétijuma kopsavilkums

Petijuma mérkis ir samazinat elektrotransporta
energijas zudumus rekuperativas bremz&Sanas
laika, nodro$inot visu elektriskas bremzéSanas
energijas uzkraSanu neatkarigi no pieejama
baroSanas avota veida, uzlabot vilces piedzinas
palaiSanas energijas patérina vienmérigumu,
uzlabot elektrotransporta kustibas drosibu.

Petljuma novitate

Zinatniskais jaunums saistits ar
elektrotransporta hibrida energijas uzkraj€ja
energoefektivitates paaugstinasanas problémas
risinajumu, veicot energijas optimalu pardali
starp ierobezotas jaudas iebuveta baroSanas
avotu, kombinéta uzkrajja baterijam un
kontakttiklu, atkariba no citu patérétaju energijas
patérina iesp&ju apjoma, izmainu dinamikas un
bateriju uzlades Itmena.

Sasniegtie rezultati

Tiek izstradats hibrida energijas uzkrajéja
stacionarais stends un ta datormodelis. Tika
paveikta elektriska transportlidzekla dazadu
darbibas rezimu datorsimulacija. Rezultati
liecina, ka stacionarais stends var nodroSinat
transportlidzekla modeléSanas  paatrinajuma,
ieskrgjiena un bremz&Sanas rezimu tikla un
autonomas baro$anas gadijuma un energijas
rekuperaciju neatkarigi no barosanas veida.
Daliba projektos

* V&a un
autonoma sistéma.

Gdengraza  elektroapgades

50

Summary of the research

The objective of the research is a decrease in
losses of electric transport energy at recuperative
braking, having provided accumulation of all
brake energy irrespective of a type of the power
supply, and also improvement of quality and
traffic safety of a vehicle.

Novelty of the research

The innovation is connected with a solution of
the electrical transport hybrid energy storage
system power efficiency increasing problem,
carrying out optimum distribution of energy
between the built-in limited capacity power
supply, batteries of the combined store and a
contact network, depending on possibility energy
consumption other consumers and level of a
charge of batteries.

Achieved results

The stationary stand is developed for research
of hybrid energy storage system and its computer
model. Simulation of various modes of a vehicle
is made. Results demonstrated that the stand can
provide vehicle modeling at acceleration, run out
and braking modes and also energy regeneration
irrespective of power type.

Participation in projects
*  Wind and Hydrogen Based Autonomous
Energy Supply System



Institute of Industrial Electronics and Electrical
Engineering

e-mail: Genadijs.Zaleskis@rtu.lv
phone: +37128380558
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MIHAILS ZILENKO

Promocijas darba nosaukums: Tehnologisko
procesu vadibas mikroprocesoru sisteémas
izstrade un izpé&te iecirkna un kravas stacijas

PhD title: Research and development of
microprocessor-based process control system at
local and cargo stations

Zinatniskais vaditajs
Dr.sc.ing., asoc.prof. Ludmila Sergejeva

Scientific adviser
Dr.Sc.ing. asoc.prof. Ludmila Sergejeva

Pétijuma kopsavilkums

Petfjums ietver kravas un iecirkna dzelzcela
staciju tehnologisko procesu izpé&ti, optimizaciju
un automatizaciju. Ir zinams, ka iecirkna staciju
manevru parvietojumu automatizacijas situacijas
analize parada, ka §ie parvietojumi nav pilnigi
automatizeti, taCu vagonu apgrozibas parka
atrumu paaugstinaSanas kritiskais faktors ir katra
vagona atraSanas laiks vilcienu forméSanas un
izform&sanas stacijas. Sa pétfjuma gaita tiek
piedavati un izanalizéti dazadi dzelzcela kravu

stacijas darba algoritmu varianti. P&tjjuma
izstradatas stacijas un lokomotives vadibas
kompleksas funkcion€Sanas shémas un to

realizacija. Lai savienotu stacijas un lokomotives
iekartas, salidzinati dazadi sakaru kanalu
organizgSanas veidi, péc ka izveleéts un aprekinats
sliezuvadu kanals.

Petljuma novitate

Par informacijas nodosanas kanalu no stacijas
iericem uz lokomotivi manevru automatiskas
lokomotivju signalizacijas (MALS) sistéma tiek
izmantots sliezuvadu kanals, kas darbojas 1.000-
2.000Hz  diapazona  frekvencg.  Sistémas
sliezuvadu kanals kopa ar augstrazigu datoru
nodroSina lokomotivju vadibas operativitati un
kontrolé to atraSanas vietu, kas nav sasniedzams
ar  tradicionaliem  Iidzekliem.  Paredzéta
informacijas sanemsanas iesp&jamiba par stacijas
elektriskas centralizacijas (EC) stavokli, un
informacijas par EC stavokli nodosana S§tm
sisttmam. Savienojot MALS ar EC aparatiiru,
rodas iespga noraidit marSruta uzdevumu uz
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Summary of the research

The study includes cargo station and railway
station process research, optimization and
automation. It is known that the circuit shunting
the transfer station automation case study shows
that these movements are not fully automated,
but the car park circulation rate increases the
critical factor is the location of each vehicle of
the train formation and the phasing-out stations.
This course of study shall be proposed and
analyzed a variety of railway cargo station the
algorithm variants. This paper develops a
management of stations and locomotives
complex functional circuits and their realization.
To connect the station and locomotive equipment
compares different forms of communication
channels, after which the selected and calculated
rail-wire channel.

Novelty of the research

As a communication channel from the
stationary devices in the locomotive system is
used automatic shunting locomotive signaling
(ASLS) with rail-wire channel operating in the
frequency range 1.000-2.000Hz. Rail-wire
channel system and high-performance computer
provides speed control locomotives and track
their locations, inaccessible by traditional means.
We can get information about the centralization
of the station, and transfer of information on the
status of centralized traffic control (CTC) stations
for these systems. When docking ASLS with
hardware EC is possible to route the transfer of
jobs directly to locomotive from the station



lokomotivi  tieSi no  stacijas  deZzuranta
automatizetas darba vietas (ADV), kas layj
pilnigi  automatiz€t manevréSanas  vadibu

dzelzcela stacija.

Sasniegtie rezultati

Izstradati  elektriskas  centralizacijas un
manevru lokomotives darba algoritmi, aprékinati
sliezuvada kanala parametri. Izv€leta un izvertéta
sistémas aparatiira.

Daliba projektos

Vilcienu  kustibas  vadibas  automatisko
sisttmu modernizacija (Latvijas Austrumu —
Rietumu dzelzcela koridors). Darba uzdevums:
PiedaliSsanas  riipnicas un  ekspluatacijas
izm&ginajumos un parbaudes.

Institute of Railway Transport

e-mail: michle@inbox.lv
phone: +37129532239

operator workstation that allows you to fully
automate the management of shunting work.

Achieved results

Algorithms for centralized traffic controls and
shunting locomotives are developed; parameters
of the rail-wire channel are designed. The
systems equipment is selected and evaluated.

Participation in projects

Modernization of the signalling system
(Latvian East — West rail corridor). Terms of
reference: Participation in the factories and
running the trials and tests.

T"!"i,f
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JANIS DONINS

Promocijas darba nosaukums: Vienfazes tiltveida
kompensgto taisngriezu izp&te

PhD title: Single-phase Compensated Bridge
Rectifier Research

Zinatniskais vaditajs:
Dr.Habil.Sc.ing., profesors Ivars Rankis

Scientific adviser:
Dr.Habil.Sc.ing., professor Ivars Rankis

Pétijuma kopsavilkums

Tiek veikts literatlras parskats un analize par
liclas jaudas elektropiedzinpas taisngriezu
lidzsprieguma  gludinasanas metodém. Tiek
analizéta zinamo metozu efektivitate un izvertets
jaunu metozu pielietojums un esoSo metozu
pilnveidosanas iesp&jas. Petljums paredz izveidot
un izp@etit jaunas taisngriezu sisteémas, kuras tiek
samazinats pusvaditaju sprieguma stress un
uzlabotas izejas lidzsprieguma 1pasSibas. Visas
apskatitas sistémas sava starpa tiek salidzinatas.

Petijuma novitate

Petijuma ir dotas principiali jaunu taisngriezu
shémas ar izejas sprieguma gludinasanu un to
pétijums. P&tijuma merkis ir uzlabot lielas jaudas
taisngriezu sistému izejas sprieguma formu un
samazinat sistemas pusvaditaju darba sprieguma
Itmeni.

Sasniegtie rezultati

Ir izpétitas zinamas liclas jaudas taisngriezu
sistémas, sastadits to apskats. Izveidotas
kompensétu taisngriezu sh&mas un veikta to
teoretiska izpéte.

Institute of Industrial Electronics and Electrical
Engineering

e-mail: jdonins@gmail.com
phone: +3712927351
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Summary of the research

Doing research is carried out a literature
review and analysis of high-power DC rectifier
output voltage smoothing methods. It provides
analysis of the known methods and evaluated the
effectiveness of new methods and applications of
existing methods and improvement opportunities.
The study provides the establishment and
research of new rectifier system, which reduces
the voltage stress in the semiconductor and
improves output DC characteristics. All observed
systems are compared with each other.

Novelty of the research

The study gives a new rectifier circuit with
smoothing of the output voltage architecture and
its research. The study aims to improve high
power rectifier systems output voltage shape and
reduce the system operating voltage level of the
semiconductor.

Achieved results

High-power rectifier systems have been
investigated, a review of these systems is created.
Compensate  Rectifier Circuits and their
theoretical studies were designed.



ANDREJS MORS - JAROSLAVCEVS

Promocijas darba nosaukums: Intelektuala
elektrotransporta vadibas sistému modeléSana ar
imtnajiem algoritmiem

PhD title: Modeling of the electric transport
intelligent control systems with immune
algorithms

Zinatniskais vaditajs:
Dr.Sc.ing., profesors Anatolijs Levéenkovs

Scientific adviser:
Dr.Sc.ing., professor Anatoly Levchenkov

Pétijuma kopsavilkums

Petijums ir saistits ar intelektualam
iebliveétajam ieric€m un to izmantosanu transporta
vadibas sistemu uzlaboSana.

Darba merkis ir izstradat jaunu intelektualo
dzelzcela elektriska transporta droSibas vadibas
sistému, kura darbosies uz iebiivéto ickartu bazes
un izmantos iminos vadibas algoritmus, dodot
sliezu transportam iesp&ju izvairities no avarijas
situacijam un palielinat ta kustibas drosibu.

Petljuma novitate

Maksligas iminas sistémas ir salidzinosi
jauna té€ma; tas izmanto evolucionaro datu
apstrades paradigmu, kura pamatojas uz
biologiskam imtnajam sistémam. Imidnie
algoritmi tiek izmantoti anomaliju atpaziSana,
datu  ievakSanai un analizes uzdevumu
risinasanai. No datu apstrades viedokla imiino
sistemu aktualakas T1pasibas ir paSmaciba,
diversitates uzturé$ana un atmina.

Viena no galvenajam anomaliju atpaziSanas
imiino sistéemu priek§rocibam ir to sp&ja atpazit
jaunas, Iidz §im nezinamas, bistamas situacijas.
Izmantojot imiino atminu, $adas sistémas var ne
tikai dot atskaiti par raduSos situaciju, bet arl
sniegt informaciju par iespgamam sekam un
automatiski veikt nepiecieSamas darbibas, lai
izvairitos no tas.

Sis tehnologijas tiek aktivi pétitas un rada
lielo potencialu to izmantoSanai transporta un
drosibas nodrosinasanai.

Summary of the research

The research is about intelligent embedded
devices and their usage for transport control
systems improvement.

The research aims to design and develop a
new inteligent railway safety control system
based on embedded devices and immune
algorithms, giving a way for the electric railway
transport to avoid dangerous situations and
enhance its safety.

Novelty of the research

Artificial immune systems are a relatively
new topic; they use an evolutionary data
processing paradigm based on biological immune
systems. Immune algorithms are mainly used to
solve anomaly recognition, data collection and
analysis tasks. From the computational point of
view immune systems’ most interesting features
are self-learning, diversity maintenance and
memory.

One of the key advantages of immune
anomaly detection systems is their ability to
detect novel dangerous situation patterns for
which no signature exists. Together with the
immune memory feature such systems could also
provide further information about the
consequences of the encountered situation and
perform possible future actions instead of simply
reporting the happening.

The technology is being actively investigated
and has shown great potential for transportation
and safety.
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Sasniegtie rezultati

Tika analiz€ti iminie algoritmi un to
izmanto$anas iespgjas transporta un drosibas
nozarés, ka arT esosas transporta droSibas vadibas
sistémas.

Tika izstradats dzelzcela  transporta
intelektualas droSibas vadibas sistémas shéma,
tas kopgjais darbibas algoritms un dazu tas
sastavdalu datormodeli. Sie modeli lauj parbaudit
izstradatos vadibas algoritmus un analizét to
darbibas efektivitati.

Tika izstradats iekartas prototips uz
mikrokontrolleru bazes ar bezvadu sakaru un
poziciong$anas moduliem. Sis prototips tika
parbaudits realos darba apstaklos uz lokomotives.

Daliba projektos

+  ZP-2009/35. Sliezu transporta
intelektualas vadibas modeléSana neparedzétas
situacijas ar imiinajam sistémam.

*  ZP-2009/36. Sliezu transporta optimalas
vadibas  gendtisko algoritmu izstrade un
model&Sana.

+  FLPP-2010/34. Ritosa sastava jaunas
diagnostikas iekartas droSuma testéSana avarijas
situacijas.

 FLPP-2010/32. Ritosa sastava jauno
kustibas vadibas iekartu droSuma testéSana
avarijas situacijas.

*  FLPP -2011/14. Dzelzcela parbrauktuvju
intelektualo dro§ibas iekartu un algoritmu
izstrade.

2-04829, 06.10.2011 pSAFECER (1. posms).

Institute of Industrial Electronics and Electrical
Engineering

e-mail: andrejs@rtu.lv
phone: +371 26518338
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Achieved results

The author has analyzed immune algorithms
and possibilities for their use in transportation
and safety industries, as well as existing transport
safety control systems.

A scheme and a general algorithm of railway
transport intelligent safety control system has
been developed together with its modules’
computer models which allow testing the
developed control algorithms and analyze their
effectiveness.

A device prototype based on microcontrollers
with wireless communication and positioning
modules has been developed and tested in real
conditions on a locomotive

Participation in projects

e ZP-2009/35. Modeling the railway
transport intelligent control with immune systems
in emergency situations.

*  ZP-2009/36. Development and modeling
of genetic algorithms for railway transport
optimal control.

*  FLPP-2010/34. Testing the reliability of
the new diagnostic equipment for rolling stock in
emergency situations.

*  FLPP-2010/32. Testing the reliability of
new movement control equipment for rolling
stock in emergency situations.

« FLPP -2011/14. Development of
intellectual safety equipment and algorithms for
railway level crossings.

e 2-04829, 06.10.2011 pSAFECER (Stage

).



OLGA PODSOSONNAJA

Promocijas darba nosaukums: Dzelzcela sastavu
nolai$anas procesa kompleksas automatizacijas
sistémas model&sana

PhD title: Modeling of the complex automatic
system for the downtake of railway wagons
system

Zinatniskais vaditajs
Dr. Sc.ing., asoc. prof. Mareks Mezitis

Scientific adviser
Dr.Sc.ing., assoc. prof. Mareks Mezitis

Petljuma kopsavilkums

Promocijas darba specifiskie uzdevumi:

- Skirosanas tehnologijas izvéles optimizacija
ir atkariga no vagonu bremzg$anas raksturlikném
un uzkalninu parametriem

- Skiro$anas uzkalnipa vertikald pac&luma
aprekinu optimizacija;

- Prasibas, kuras tiek uzstaditas
uzkalnipu aprikojumam.

Skirosanas

Petljuma novitate
Petljumu novitate ir saistita ar
specifiskiem p&tjjuma mérkiem:

$adiem

1. Vadibas modeléSanas principu analize
sisttma Modest Marshall, EFW, Prvni Signal;

2. Vienotu prasibu SkiroSanas staciju
sisttmam adaptacijas programmas ievieSana
SkiroSanas stacijas ar sliezu platumu 1520 mm;

3. Salidzinat prasibas sistemu izstradei
1435 un 1520 mm sliezu platumam

4. Apakssistému ievieSanas iesp&ju izpéte
1435 un 1520 mm sliezu platumam dzelzceliem
“vienotas sisteémas” izpratng;

5. Publikacijas sagatavoSana ‘‘Tehniskas
prasibas un regulas MSR32  sist€mas
projektésanai”;

6. Patenta pieteikuma sagatavoSana

“Tehnisko prasibu specifikacija MSR32 sisteémas
projektésanai 1520 mm sliezu platuma dzelzcelu
sisteémas”.

Summary of the research

During the research the three main tasks are
executed:

- Optimisation of choosing the hump
technology in dependence on parameters of hump
and of braking characteristics of the wagons

- Optimisation of calculation the hump
elevation;

- Requirements for engineering of hump
equipment

Novelty of the research

The following objectives to be achieved
during the reaserch:

1. Analyze of the principles of control
modeling in systems Modest Marshall, EFW,
Prvni Signal

2. Implementation a program of adaptation
of the united requirements for hump systems at
gauge 1520mm

3. Compare of design regulations of
systems for gauges 1435 and 1520 mm

4. Researching of the possibilities to
implement subsystems for gauges 1435 and 1520
into the common system

5. Prepare a publication of the “Rules and
regulations of design of system MSR32

6. Apply for the patent “Approval of
design regulations of the system MSR32 for
gauge 1520 mm®.
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Sasniegtie rezultati

Paveikta vadibas modeléSanas principu
analize sistéma Modest Marshall, EFW, Prvni
Signal.

Paveikta vienotu prasibu izstrade SkiroSanas
staciju  sisttemu  adaptacijas  programmas
ievieSanai SkiroSanas stacijas ar sliezu platumu
1520 mm.

Salidzinatas prasibas sist€ému izstradei
un 1520 mm sliezu platumam

Paveikta apakSsisttmu ievieSanas iesp&ju
izpete 1435 un 1520 mm sliezu platumam
dzelzceliem “ vienotas sisteémas” izpratné

Sagatavota publikacija “Tehniskas prasibas un
regulas MSR32 sistémas projektésanai”

Sagatavots patenta pieteikums “Tehnisko
prasibu  specifikacija =~ MSR32 sisteémas
projektésanai 1520 mm sliezu platuma dzelzcelu
sisteémas”.

Institute of Railway Transport

1435

e-mail: Olga.Podsosonnaja@rtu.lv
phone: +37128615444
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Achieved results

Analysis of the principles of control modeling
in systems Modest Marshall, EFW, Prvni Signal

Implementation a program of adaptation of
the united requirements for hump systems at
gauge 1520mm

Compare of design regulations of systems for
gauges 1435 and 1520 mm

Researching of the possibilities to implement
subsystems for gauges 1435 and 1520 into the
common system

Prepare a publication of the “Rules and
regulations of design of system MSR32

Apply for the patent “Approval of design
regulations of the system MSR32 for gauge 1520
mm
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Pétijuma kopsavilkums

Tradicionali energosistémas tiek biivétas p&c
vertikala principa, no augstsprieguma Iidz
zemsprieguma elektroparvades tikliem.
Elektroenergija tiek generéta lielas spékstacijas,
piem&ram, kodolenergijas, siltuma un
hidroelektrostacijas, kas ir savstarp&ji savienotas
un energija tiek parvada masveida pa elektrisko
tiklu. Visbeidzot, §1 energija tiek sadalita uz gala
patérétajiem  dazados  sprieguma  Iimenos,
izmantojot dazadu topologiju sadales tiklus,
visbiezak tiem ir radiala struktira. Izskatitaja
scenarija ir $adas galvenas iezimes:

 Elektrostacijas ar vadibas sp€jam, kuram ir
skaidri definéta vienota vadibas sistéma, izejvielu
uzkrajumi, degvielas/izejvielu cenas un stacijas
jauda;

* Vienvirziena jaudas pliisma (iznemot parvades
sistémas), kas vienkarso sistémas monitoringu un
aizsardzibas nodro$inasanu;

e Tikla stabilitate, kuru nodroSina lielas
spekstacijas, kas savukart nodroSina aizsardzibu
pret  issavienojumiem un  citiem  tikla
partraukumiem, frekvences un sprieguma Itmena
stabilitati, kas tiek nodroSinata ar reaktivas
energijas plismam;

» Tikla atbalsts tick nodroSinats, izmantojot
rezerves elementus.

Sadalita elektroenergijas razoSana (tiek saukta
arT par sadalitajiem elektroenergijas resursiem
(DER), sadalitajiem resursiem vai sadalito jaudu
(DP)). Sadi apzimé elektroenergijas razosanu,
kad tiek izmantotas maza méroga energijas
razoSanas tehnologijas, kas atrodas netalu no

Summary of the research

Conventional scenarios of power systems are
configurated vertically. Energy is generated at
large power plants such as nuclear, thermal and
hydroelectric plants which are interconnected and
the energy is transmitted massively through
electrical grid. Finally, this energy is distributed
to the end consumers at different voltage levels
through radial or meshed networks, usually
operated as radial ones. Main features of this
scenario are:

*Power plants with management capabilities,
in which the stock, fuel prices and the generator
availability are well-known;

*  One-way power flows (except in
transmission system), which simplify the
measurement and protection systems;

* Grid stability supported by the large power
plants, which provide a high short circuit power
levels, a stable frequency and the voltage level is
controlled by reactive power flows;

* Network support is carried out by redundant
elements.

Distributed generation, (also called distributed
resources (DR), distributed energy resources
(DER) or dispersed power (DP)) is the use of
small-scale power generation technologies
located close to the load being served. These
technologies include reciprocating engines,
microturbines, = combustion  gas  turbines
(including miniturbines), fuel cells, photovoltaic
plants and wind turbines.

Solar energy is one of the most relevant
distributed energy resources taking an important
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slodzes/  patérétajiem, ko apkalpo. Sis
tehnologijas ietver dizelgeneratorus,
mikroturbinas, deggazes turbinas (ieskaitot

miniturbinas), degvielas $iinas, fotogalvaniskos
panelus un véja turbinas)).

Saules energija ir viens no svarigakajiem
sadalitajiem energijas avotiem, tai ir atvéléta
svariga loma jaunaja scenarija. Sis fakts rada
vairakas problémas un iesp&jas attieciba uz
elektroenergijas razoSanas uznémumiem, kas
cenSas ieviest optimalu tikla vadibu, uzlabot
elektroenergijas  kvalitati ~un  nodroSinat
elektroapgades nepartrauktibu.

Sakara ar plasu fotogalvanisko panelu
pielietosanu, jauna likumdoSana un tehniskie
noteikumi  tika  izstradati. Sie noteikumi
galvenokart nosaka prasibas invertoriem, kas
nodro$ina elektroenergijas kvalitati un stabilitati,
nododot to no fotogalvaniskiem paneliem tikla,
tai skaita tiklu bojajumu gadijumos.

Vel viens svarigs aspekts ir pret — izolacijas
principa nodro§inasana, invertori tiek izmantoti,
lai atvienotu saules panelus tikla bojajumu
gadijuma, un noveér lielakus bojajumus. So
algoritmu zema efektivitate multi-invertoru vide
ir svarigs izpétes jautajums, lai izstradatu un
ieviestu algoritmus, kas atbilst ilgtsp&jigas
attistibas principiem.

Petfjumam ir identificéti pieci galvenie merki:

* Sprieguma Iimepa vadiba PCC (pamata
komponentes un harmonikas), galvenokart veicot
sprieguma harmoniku filtraciju;

* Planot aktivas un reaktivas jaudas integréSanu
sadales tiklos;

* Nestandarta situaciju identificéSsana un
signalizacija, izmantojot integrétas
telekomunikaciju sistémas;

 Pret — izolacijas situaciju noteikSana

daudzinvertoru vidg;

* Traucgjumu identifikacija un apraksts un tikla
stavokla identifikacija.

Projekts buitiba sastav no tris galvenajam
sadalam.

Pirma sadala saucas SIDER-PQH (aktiva
jauda, reaktiva  jauda un  harmoniku
kompensacija). Saja apaksprojekta ir paredzéts
izveidot jauna invertora shému un prototipu,
vadibas shému ar topologiju, kontroles
stratégijam, atsauu sekoSanas tehniku un
kontroles signdlu generé$anu pusvaditajos. Sim
parveidotajam ir janodroSina divas galvenas
lictas: sprieguma Iimepa pie PCC (pamata
komponentes un harmonikas) kontroles un
sarazotas energijas vadibu.
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part in this new scenario. This fact presents
several challenges and opportunities for the
electrical companies that try to achieve an
optimum operation control of their grids in order
to improve the power quality and to assure the
power supply continuity.

Due to these high penetration levels of
photovoltaic plants and their inverters, new
regulations have been established. These
regulations have as main deal that these inverters
work providing support and stability during grid
fault events and the necessity of injected reactive
power in order to restore the voltage at the point
of common coupling (PCC) should be noted
when voltage sag occurs.

Another important aspect is the anti-islanding
algorithms that inverters have incorporated in
order to disconnect the photovoltaic plant when a
grid fault occurs and prevents several damages.
The low effectiveness of these algorithms in
multi-inverter environments has to be important
the study all of these factors achieving suitable
control algorithms for the current situation.

The complete project has five fundamental
aims:

* Controlling the voltage level at PCC
(fundamental  component and  harmonic
components), mainly during a voltage sag occurs.

* Planning the active and reactive injected
power into the electrical grid.

* Detection of anomalous events though
advanced protections using communication
systems.

* Detection of anti-islanding in multi-inverter
environments.

* Detection and description of disturbances
and detect the state of the grid.

The structure of the project is divided into

three parts.
The first part is called SIDER-PQH (active
power, reactive power and  harmonic

compensation). This subproject has as main deal
the design and the develop of the new inverter
composed by the topology, control strategies,
reference tracking technique and generation of
control signals in the semiconductors. This
inverter has to be of two principal capabilities:
voltage at the PCC control and management of
the generated power.

The second part is called SIDER-PROCOM
(protection and communication) and it is focused
on the provision of the inverter that will work in
Smart Grid environment three capabilities:
security, protection and communication. The



Otra  dala  saucas SIDER-PROCOM
(aizsardziba un komunikacija), un ta ir vérsta uz
invertora, kas stradas Smart Grid vide, tris
iesp&ju noteikSanu: drosiba, aizsardziba un
sakari. lesp€jamais risinajums ir balstits uz fazu
sinhronizatoru. Galvena pétfjuma probléma $aja
gadijuma ir sekcionéSanas paradibas izp&te multi-
invertoru vidg.

Tre$a dala ir SIDER-HOSAPQ (harmonikas
kartibas analize un neironu tikls), kas pétis
dazadus notikumus un anomalus notikumus, kas
ietekm& piegades kvalitati. Lai sasniegtu Sos
rezultatus, tiks izmantota dazada veida statistika,
un $is process tiks automatizéets.

Petljuma novitate

Elektrisko tiklu topologija nepartraukti tiek
uzlabota. Sadalitds razoSanas un viedo tiklu
izmanto$ana sniedz vairakus izaicinajumus un
iesp&jas attieciba uz elektroenergijas parvades
uzn€mumiem, kas grib panakt optimalu darbibu
un sava tikla vadibu, lai uzlabotu elektroenergijas
kvalitati un  nodro$inatu  elektroapgades
nepartrauktibu, tika izstradati jauni tehniskie
nosacljumi un likumdoSana. Jaunai tikla
topologijai ir nepiecieSams attistit jaunas vadibas
stratégijas, kas lauj nodroSinat invertora darbibu,
ar augstu veiktsp€ju un uzticamibu.

Paslaik tiek veikta piedavatas topologijas
analize, lai izstradatu tas optimalu konfiguraciju.
Sai topologijai ir tris Iimeni, nulles punkts ir
saistits ar kvazi pretestiba avotu, kas invertacijas
rezultata lauj palielinat ieejas spriegumu, un tas ir
loti noderigi sadalitas energosistémas, dazadu
parametru svarstibas del.

Sasniegtie rezultati

Vairums ierosinato pieeju jau apstiprinatas
simulacijas pie nominalas skalas un arT neliela
merogaeksperimentos.

Vairakas starptautiskas konferences
publikacijas un zurnalu publikacijas ir piepemtas
iespieSanai.

Daliba projektos

Projekts SIDER (Viedie invertori Sadalitiem
Elektroenergijas Avotiem) TEC2010-19242-C03
un grants BES-2011-043390.

Tallin University of Technology

e-mail: croncero@peandes.unex.es

possible solution is based on syncrophasors. The
principal situation to study is the islanding
phenomena in multi-inverter environments.

The third part is SIDER-HOSAPQ (harmonic
order analysis and neuronal network) that will
study the different events and anomalous events
that affect in the quality of supply. In order to
achieve these deals, different statistics will be
used and this process has to be automatated.

Novelty of the research

The electrical grid scenario is in continuous
changes. Distributed generation and smart grids
present several challenges and opportunities for
the electrical companies that try to achieve an
optimum operation control of their grids in order
to improve the power quality and to assure the
power supply continuity and new regulations
have been published. Because of that, it is
necessary to develop new suitable control
strategies that allow the inverter operation with
these new requirements and capabilities with
high levels of performance and reliability.

At this moment, a new proposed topology is
being studied as a possible improvement. This
topology is a three level neutral point clamped
quasi impedance source inverter allowing boost
the input voltage and it is very useful in
removable energies due to the high variability of
the different parameters such as irradiance and
temperature.

Achieved results

Most of the proposed approaches are already
approved in simulation at nominal scale and also
in experimental at small scale.

Several international conference publications
and journal publications have been accepted.

Participation in projects

Project SIDER (Smart Inverter for Distributed
Energy Resources) TEC2010-19242-C03 and
grant BES-2011-043390.
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Pétijuma kopsavilkums

Sliezu kéde ir galvenais elements vilcienu
kustibas intervala  reguléSanas sistéma.
Austrumu-rietumu koridors aktivi tiek izmantots
dzelzcela kravu parvadijumiem. Sis dzelzcela
posms ir aprikots ar tresas paaudzes sliezu
kedem. Lai samazinatu izdevumus,
augstakmingtaja dzelzcela posma planots izveidot
mainstravas tiklu. Vilciena kustibai tiek
izmantota stipra strava, kas var ietekmét
dzelzcela automatiku. Petijums ir aktuals, jo laus
laikus atklat trikumus sliezu kédes wun
automatiskas lokomotivju signalizacijas darbiba.

Petijuma novitate

Apgrieztas vilces tikla un automatiskas
lokomotivju signalizacijas  matematisku un
datormodelu izstrade, trukumu analize un

uzlaboSanas metodes izveidoSana.
Sasniegtie rezultati

Literaturas analize, aizvietoSanas shémas
izveidoSana, nepiecieSamo programmatiiru
izvéle.

Institute of Railway Transport

e-mail:Nikolajevs.Aleksandrs@gmail.com
phone: +37126880562
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Summary of the research

The track circuits are the main elements in the
system of interval regulation of the trains’ traffic.
The information about free sections of the
railway lines and about the integrity of the
railway's track wires provides the interval
regulation of trains' traffic. By track wires of
track circuits, which at the same time is the floor
channel of the automatic locomotive alarm, the
information about traffic lights forward is given
to the locomotive.

The east - west transit corridor is actively used
for the cargo transport. This section is equipped
by the system of tonal track circuits of the third
generation. In order to reduce costs for the cargo
transport it is planned to electrify the section by
the alternating current.

Novelty of the research

The purpose of the modeling is to research the
changes of the asymmetry coefficient of AC
traction current under the coils of the automatic
locomotive alarm, when the train moves on
various railway track circuits. To implement such
tests experimentally during operation is quite
difficult; therefore, we propose to use software
simulation in Matlab environment, as well as to
check the values in the Electronics Workbench.

Achieved results

Analysis of literature, equivalent circuit
diagram engineering, selection of the necessary
software.
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Comparison of different topologies of LED dimmers
Olegs Tetervenoks
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Abstract- This paper deals with assessment of efficiency of current switching regulator
LED dimmers of three different topologies: buck, boost and buck-boost. SPICE models of
circuits have been built, and the results obtained in these simulations are compared with
experimental measurements. Estimation of power losses and controllability in comparison
with voltage switching regulators is also presented in this paper.

INTRODUCTION

Nowadays intelligent lighting systems are becoming more popular. These systems are able
to increase lighting efficiency by several orders in comparison with the conventional lighting
system [1], [2]. For such a system LED lamp should be dimmable. LED produced light
amount is proportional to the current flowing through it. Therefore smooth current regulation
technique is vital feature for such a kind of LED lamps. There are several LED dimming
methods with their advantages and drawbacks: step regulation, PWM technique and fluent
current regulation method. Fluent light regulation can be achieved by two last of them. But in
the case of PWM regulation undesirable stroboscopic effect and flickering may appear, thus
fluent current regulation technique is preferable, it is advantageous from many points of view
[3]...[6]. If voltage regulator is used for this purpose then there is narrow range of changes of
control parameter, making control process inconvenient for usage with microprocessor. To
make control process more convenient it is necessary to use schematics where the control
parameter changes in wide range.

COMPARISON OF TOPOLOGIES
A. Description of Current Regulator Topologies

LEDs are current consumers and therefore to regulate the amount of produced light it
would be easier to use a current regulator rather than voltage regulator. Topologies of voltage
and current regulators discussed in this paper are summarized in Fig. 1.
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Fig. 1. Comparison of different topologies of LED dimmers
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Here are three classical voltage regulators topologies. According to their likeness output
value relation with duty cycle for current regulator also can be written as in Table 1.

TABLE L. OUTPUT VALUE RELATION WITH DUTY CYCLE FOR DIFFERENT TOPOLOGIES
Buck Boost Buck-boost
Vi -V, xD
Vo ltage Vout = Vi" <D Vout = ﬁ Vout = ],li D
I; -1, x(1-D
Current Iout - Ii" % (l - D) Iout - % Iout = . l() )

For current regulators inductors L1 and L2 are performed as current smoothing elements,
capacitor C is energy storage, similar as capacitors C1 and C2 are voltage smoothing elements
for voltage regulator and L is energy storage.

B.  Comparison of Controllability

To make comparison of controllability of different topologies several experiments with
prototypes were held on testbench shown in Fig. 2. To ensure in correct measurements the
same components were used to make prototypes of different dimmer topologies, if it was
possible. The LED lamp prototype was built from 7 10W W724C0 Seoul Semiconductor
LEDs with 90 lumen/watt efficiency [7].

Fig. 2. Testbench for experimental measurements for comparison of different LED dimmer topologies: a)
testbench; b) LED lamp prototype

To characterize controllability process LED lamp prototype provided illuminance level at
different duty cycles (control parameter values) were measured. The results of these
experiments are summarized in Fig. 3, where both parameters are shown in relative units.
Current regulator control parameter changes in a wider range. It can be concluded from this
data that current regulators are more convenient from the controllability point of view.
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Also it should be noted that it is quite difficult to achieve full regulation range for current
regulator boost topology. In this case input current should be equal to current of smallest
illumination level. This leads to significant input voltage increase to achieve required power
for higher output current values.
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Fig. 3. Comparison of controllability of different topologies: a) buck topology; b) boost topology; ¢) buck-boost
topology.

C. Comparison of Losses

The same testbench (Fig. 2) and LED dimmer prototypes were used for comparison of
losses. The results are summarized in Fig 4. For buck topology efficiency of voltage regulator
is significantly higher than the efficiency of current regulator. For good current smoothing
inductance values of L1 and L2 should be relatively large that leads to additional losses. This
is the main drawback of current regulators. It is quite difficult to evaluate losses of boost
topology because of the problem described in previous section. But in the case of buck-boost
topology the current regulator shows smaller losses.

Also for proper efficiency evaluation it is necessary to take into account losses of primary
power supply, which is a topic for further researches.
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Fig. 4. Assessment of losses of different topologies: a) buck topology; b) boost topology; ¢) buck-boost
topology.
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Abstract - The paper considers the problem of choosing the optimum size for an on-board
energy storage system (ESS) based on supercapacitors (SCs) taking into account both the
braking energy and the braking power of an electrical vehicle. Numerical simulations on the
ESS model allow the calculating of the saved braking energy vs. the SC number and their
discharge depth thus it is possible to find a compromise solution between the ESS efficiency
and its cost.

1. INTRODUCTION

In the literature, variously sized on-board ESSs for different types of electric vehicles
are described. Most of them are sized for d=0.5 [1-5], which is recommended by SC
manufacturers and gives the maximum available useful energy. This value of d is chosen
taking into account only the energy requirements. However, at d=0.5 the power capability of
the ESS in the discharged state Prss=IcmaxVsc.max'd 1s only a half that of a fully charged ESS.
If the braking power exceeds Pgss, a portion of the braking energy is lost, and the ESS energy
capacity is not fully utilized. The situation can be improved by reducing the energy capacity
and increasing the power capability if the discharge depth d is increased. Obviously, the
optimum d value can be found for each braking process if the braking power profile is
predictable. The necessity to take into account both the energy capacity and the power
capability of the ESS in the stage of its sizing is accentuated in works [5, 6]. The authors of
the former, have chosen the stationary ESS with the energy capacity of 20.55 MJ at d=0.7,
while in [6] the SC discharge modes with a constant current and power are studied, with
d=0.758 matching 90% energy efficiency. This paper is focused on the on-board ESS sizing
taking into account both the energy capacity and the power capability of ESS when for this
application a specific braking power profile [1, 4, 7, 8] is applied.

2. ESS MODEL AND SIMULATION RESULTS

To find optimal number of SCs and their discharge depth a simple mathematical
model of the on-board ESS was developed and relevant simulations performed.

The model is described by the following equations:

2 .
=P = icRe +vcic , (1)
I..
Ve = Ejlcdt + dEVSC,max > (2)
Vse =Ve TicRe 3)

and constraints ic <Zc s Vse <Vscomax s
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where py — vehicle braking power;
n — ESS power converter efficiency;
ic — SC charging current;
vc — SC capacitive voltage;
C — SC bank capacitance;
vsc — SC bank voltage.

The Matlab algorithm of the model performs iterative calculations of Eqs (1), (2), (3)
with the iteration step of 0.01s, and provides limitations on ic and vsc according to the
constraints. The simulations were carried out for the braking power profile E;=820kJ,
Phrmax=236kW, 1,=6.9s, which characterizes fully loaded trolleybus Skoda 24Tr braking at
the speed of 50km/h with the deceleration factor a=-2m/s”. It was assumed that ESS bank
contains Maxwell BCAP3000 SC cells (3000F) and ESS parameters are /cmax=400A and
converter efficiency 7=0.98.

Figure 1 shows the simulated saved energy (p.u.) as a function of d for three N values:
200; 250; 284.
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Fig. 1. Saved energy p.u. vs. discharge depth d.

For N=284 no current or voltage limitation in ESS operation is ensured in a
comparatively wide range of d=0.77-0.84 with the maximum energy saved at d,,~0.84. At
d<0.77, current limitation occurs at the beginning of braking. For #>0.84, voltage limitation
takes place at the end of braking, and the saved energy falls dramatically with increasing d
value. For the reduced number of cells: N=250, N=200, the d,, values are 0.81 and 0.78,
respectively. The amount of saved energy is smaller and more sensitive to the d variations. At
a reduced number of cells both current or voltage limitation is always present, and a portion of
the braking energy is dissipated in the braking rheostat.
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However, the reduced number of cells is of interest from the viewpoint of a
compromise between the saved energy and the ESS cost. Figure 2 shows the saved energy per
unit and per cell vs. the number of cells N for the optimum value d,,(N). As it is seen in the
figure, with N increasing above 284 the saved energy grows slightly as the ESS efficiency
grows due to reduced SC current. At the same time, per cell saved energy is small and
decreases with N increasing. The cell number reduced below 284 might be an option for the
cases when the ESS payback time is more important than the amount of energy saved.
Therefore, e.g., reducing N by 30% (i.e. choosing N=200 instead of N=284) gives only 6.7%
less saved energy while per cell it will increase by 23%.
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Fig. 2. Saved energy p.u., saved energy per cell and the optimum
discharge depth vs. the number of SC cells
3. CONCLUSIONS

1. Sizing of the on-board ESS should be performed taking into account both the braking
energy and the braking power of a vehicle.
2. The optimum discharge depth of supercapacitors in an on-board ESS in the most cases
is in the range 0.75-0.85 instead of the widely recommended d=0.5.
3. The reduced number of cells could be proposed as a compromise solution in the cases
when the payback time for ESS is more important than the amount of energy saved.
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Railway automatics and telematics require high level of safety and reliability as a norm.
Criteria for safety level and reliability is uptime, in other words to prolong operation lifetime.
Availability factor is commonly used for railway systems.

Reliability or railway automatic and telematic device’s based on maintenance approaches.
We now approach with schedule maintenance and maintenance after real state notification.
Both approaches elements are replaced and renewed. It is a way to protect from sudden failure
and faulty

Maintenance after real state notification has the most economical efficiency. The state of
the art maintenance approach requires necessary instruments, main additional equipment and
software.

Introduced research accepts information streams integration from different information
sources. First of all, in research proposed information stream direction dependently from
“speed” of failure or faulty. Information direction switched between support and service staff.

For high quality and validity of monitoring and diagnostic results processing in research
is applied three state function of element definition. Performance of three state function using
is dimensionless processing engine with predictable decision accepting time.

For subsystem optimization in research proposed numerical criteria for subsystem.
Numerical criteria for diagnostic subsystem allow the comparison of different subsystems.
The PD penetration deep is most important criteria for approach used for element diagnostic.

The next important moment is maintenance necessity for monitoring and diagnostic
subsystem. This criterion, named as direction, needs feedback from end user to subsystem.

Research kernel is three state function estimation for concrete railway automatic and
telematic elements or elements group. Information validity is ultimate goal of all diagnostic.
Diagnostic approaches from system producers in match cases technological secret and stays
of copy right laws.

Practical results of research are diagnostic approach for impulse type of relay, electronic
code transmitter with self diagnostic for old electromechanical transmitter with SIL 3,
principles of storage battery state notification without disconnection in automatic mode.

Impulse relay testing based on anchor presence effect, then transient process depended of
anchor, contact system wearing. The research introduces the reason for time based approach
choice. In time based approach achieved PD = 35% for commonly used TI type of impulse
relay. Approach realization may be similar as introduced testing device TST-2 for TLL type of
impulse relay shortening time measurement. TST-2 modernization to notification of anchor
and contact system state is possible.

Electromechanical code transmitter, named KIITIL, according to schedule is replaced
annualy. EMCT is an element with heavy weight and high cost of maintenance. Therefore the
research proposes the direct replacement ECT with high reliability MTBF 6.4 year and SIL
3(IEC EN 61508, EN 50128, EN 50129). The research contains a reason for functional circuit
with strong function detachment. Detachment allows realize hardware with high level of
reliability and low level of logical errors on firmware. Both “west” and ‘“east” philosophies
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for reliability and safety are compared. ECT prototype, named as KIIT-3, prepares patent
application P- 11-161.

Figure 1. Experimental stend

Elements group monitoring and diagnostic and power efficiencies acceleration located on
add on equipment design. For example in research proposed local power sources estimation
and application. Performance of local power sources application is electrical parameters of
elements stability with efficiency coefficient rising. Power option monitoring is a way for
element group state notification. Local power source for direct current railway track, named
IDM-MT, is introduced.

Storage battery of UPS at any time needs to be state in normal condition. In research
introduced energy of battery estimation and state monitoring and diagnostic based on unique
parameter such as internal resistance. Problematic of battery state monitoring is in railway
automatic and telematic system layout. System equipment decentralization with staff load on
maintenance time is second. In research automatic measurement of internal resistance of
battery one disconnection with tracing load generator is proposed. Simulation result analyzing
gives a necessary form of load current. Analog machine allows approach simplification. Add
on equipment for power supply PS-2 for battery internal resistance measurement prepares
patent application P- 11-160.

The power plane efficiency depended of power supply principle of operation shortly
introduced. Result after power supply modernization gives efficiency rising up 25%. In this
way it is same as local power source for elements group.

The practical result of research is promotion of maintenance after real state notification
based on add on equipment design, direct replacement analog design with self diagnostic,
normal operation condition of elements holdback.
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Abstract- Basic structure of electronic differential for electric vehicle with two traction
motors has been discussed. A differential model has been proposed and tested in simulation
and necessary improvements for experimental testing are discussed.

Introduction
Electric vehicles are slowly appearing not only in fancy manufacturer showrooms but in car
shops as well. One could say that electric vehicles are finally returning to the vehicle market.
Electric vehicles are our new hope in better and greener future, because of the much more
efficient drive system if compared to common internal combustion engine.
If vehicle is equipped with multiple drives it is possible to realize an electronic differential.
One case is a vehicle with two motors - a drive for each rear wheel. Such a system has the
advantage that mechanical differential can be replaced with electronic control, which could be
called electronic differential. Since the mechanical differential is gone, the vehicle becomes
lighter and more efficient. There is less maintenance. And the fact that everything is
controlled by electronic — software, allows to achieve special, enhanced performance of the
vehicle.
The aim of this article is to analyze the operation of electronic differential through the
operation of the vehicle itself. This is the first step to build a laboratory prototype electric
vehicle — an electric kart for studies in this field.

Electric kart
Two permanent magnet DC (PMDC) motors are used to achieve traction and drive the kart.
Each motor is connected to one of the rear wheels through pulley sheave-belt coupling. The
coupling reduces motor speed by ratio 3:1. Because each motor has its own power converter
the speed and torque of individual wheel can be controlled separately, hence electronic
differential can be implemented. Electrical energy is stored in two lead-acid battery packs.
Each pack is used to supply individual power converter. Weight of the kart is approximately
230 kilograms. Assuming that average driver weights around 80 kilograms the total weight of
the kart is 310 kilograms. From known parameters such as tire diameter, coupling ratio and
motor speed, the maximal speed can be calculated to be 91 km/h. The average time of kart
operation in steady state driving mode is estimated to be 15 minutes [1].
Since DC motor torque is proportional to motor current, sufficient control can be achieved
using closed current loop regulator. By regulating current, the system can be protected from
undesirable over current which can harm power converter. Each buck converter is operated by
individual regulator circuit.
Regulator has two input signals. First signal is the desired motor current which can be
interpreted as torque command or current command. Second signal is the feedback signal
from the motor. Current transducer is used to measure motor current. Difference between
current command and actual motor current produces current error, which is fed into PI
regulator. PI regulator controls PWM generator. PWM signal is used to control buck
converter power switches.
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The kart can be controlled without electronic differential function. If so, then accelerator
pedal is used to provide the same current command for both regulators, which in turn control
power converters so that both motor currents achieve given current value. Under such
operation both motor currents are equal and so are the torques.

In reality there are differences in motors, converters and mechanical systems. With no wheel
speed feedback, it is highly probable that rear wheels will have different torques when the kart
is driving straight forward. Such behavior is unacceptable.

Electronic differential is meant to regulate wheel speed difference according to steering wheel
position [2][3].

Electronic differential
Most simple electronic differentials relay on multiple sensors. One of the most important is
the steering wheel position sensors. An absolute value encoder could be used. Other option is
to use linear displacement sensor, but it might be a bit more difficult to install such a device.
The main purpose of steering wheel sensor is to provide curvature angle, out of which speed
difference command can be calculated according to differential system equations [4].
Since electronic differential is assisting the driving process in curve, it in theory could do all
the necessary “steering” so that front wheel turning is not necessary. Yet, such a system is
more appealing in case of four traction motors — one for each wheel. A four wheeled traction
vehicle has several advantages over traditional two wheel traction vehicles: since all four
wheels provide traction, the main locomotive force is distributed to four wheels thus lowering
the chances of slipping. If correct control is used the vehicle is able to turn without moving
forward or backward — in a similar manner as a tank [5].
Other user input signal comes from accelerator pedal. To determine pedal position same
sensors as for steering wheel could be used. One of most the traditional sensors is a double
potentiometer. In current system accelerator pedal is used to generate current command value
for both motor power converters. With electronic differential, the accelerator current
command is to be altered specifically for each of the drives in order to achieve different
torque and in turn different rotation speed.
Main feedback signals are speed signals from both wheels. Usually encoders are used to
measure rotational speed. In this case it is better to use encoder to measure speed of the motor
shaft rather than the speed of the wheel. Due to the fixed reduction ratio, motor will have
three times larger speed. Placing an encoder on the motor shaft will provide better precision.
Another approach is to measure front wheel speeds. This approach gives the correct speed of
the vehicle even in the case if one or both rear wheels are slipping. But using signals from
front wheels to determine rear wheel speed difference is more complex. For faster
development and to ease the calculation, encoders are installed on the motor shaft for this
particular kart. The vehicle can be upgraded by placing encoders on all wheels. Such system
makes more sophisticated control, which can further improve vehicle performance.
To begin the analysis of the operation of the electronic differential control system (fig 1.) it is
assumed that accelerator pedal is pressed and torque command is given to both drives. Kart is
moving forward in straight trajectory with constant speed and steering wheel position angle is
zero. Speed difference between two traction wheels is zero.
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Fig. 1. Differential control system
The first block of the electronic differential is the reference speed difference calculator. It has
three input signals: steering wheel position which is expressed as angle a and both motor
speeds oright and mleft. All three values together with kart specific constants L and d are used
to solve speed difference equation which product is to be used as desired speed difference
command or just as reference speed difference Awref [6].
Another block is used to calculate the actual speed difference. Signals from both encoders are
subtracted one from another and resulting difference Aw is subtracted from reference speed
difference. Resulting value is speed difference error Awer which is used to calculate the
necessary changes in each drive torque command to achieve correct differential operation.
Some sort of regulator is required to achieve smooth regulation of torque command. Most
usual a PI or PID regulator is selected for particular task [7].
Regulator output is providing torque difference ATq signal. In the final electronic block,
torque difference value is added to one drive torque command and subtracted from other.
Torque reference Tq is provided by accelerator pedal As a result one of the motors is
providing less torque and it rotates slower, while other provides more torque and rotates
faster.
Such system can provide stable speeds for both wheels under different loads as well as
different wheel speeds when kart is moving through road curve (fig 2.).

L

Fig. 2. Wheels speed with straight trajectory and step load (left) and with constant load and
step steering angle command (right).
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N

A plane wave with wave vector kg is incident on a thin conducting sheet with a circular
hole A of radius ¢ in it (Fig. 1). If the wavelength of the incident radiation is comparable to
the geometric parameters of the aperture, diffraction occurs. The incident radiation can be
polarized parallel or perpendicular to the plane of incidence. Kirchhoff approximation of the
scalar and vector diffraction theory can be applied. In the scalar diffraction theory the
diffracted fields can be written as

k eikr eikr'
P - | = O ' '
qo( ) 27 L ror (G’Q)da ,

where 0(9’9') is the obliquity factor , and P is the observation point.

The corresponding expression for the fields in the vector diffraction theory is
ikR
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where 7 is the normal to the surface inscribed by the aperture, and R is the distance from
the point of source to the point of observation.

When the point of observation is located far from the aperture the term AR can be
expanded:
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Fresnel diffraction occurs if the third term or higher terms are relevant, but to most systems
Fraunhofer diffraction applies, where only the first two terms are relevant. In the case of
polarisation in the plance of incidence, the Fraunhofer result for the diffracted fields in the
Smythe-Kirchhoff approximation is:
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where €2 is the direction of the incident magnetic field, but S is an angular function:
1

E= (sin2 0 +sin” o — 2sin Osina cos¢)5
Other quantities of interest are the time averaged diffracted power per unit solid angle and
the ratio of the transmitted power to the incident power.
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Fig. 1. Geometrical configuration for diffraction by a circular aperture

The author also analyses diffraction where the incident radiation is polarised perpendicular
to the plane of incidence, as well as mixed polarization (both perpendicular and parallel). Also
the Fraunhofer fields are analysed and the results from vector Kirchhoff approximation and
the Smythe formula are compared.

Furthermore apertures in conducting sheets can be viewed as energy sources that produce
radiation, as could be the case for an aperture in a waveguide. With the effective electric and
magnetic dipole moments of the apertures, the radiated fields of the apertures can be analysed
through multipole expansion.
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Abstract — In this article the authors describe a possibility of use of the adaptive control
algorithms for a braking system of a train.

The following assumption was put forward: a programmable logic controller with a control
programme on the basis of an adaptive control algorithm and a current braking control system
of a train allow to ensure an automatic smooth and precise braking of a train.

For this purpose, in the beginning of the article, a part of the available adaptive search
algorithms is discussed and the most suitable and the most effective of them for this task was
selected.

Further a control programme of a programmable logic controller (PLC) is designed and a
motion model of a train is constructed in the Matlab environment, which makes it possible to
carry out the first testing of the developed system.

In the conclusion of the article, an analysis of the results is carried out and an effectiveness
of the selected control algorithms is evaluated.

Keywords — railway transport, adaptive control algorithms, programmable logic controllers.

[. INTRODUCTION

Nowadays the most topical questions are those, which are connected with safety routing of
a rail transport and an observation of a train motion timetable. This is caused by such factor as
an instant increase of train motion intensity and speed, which raises the demands for an
observation of the train motion timetable and of an overall safety level of train motion.

The authors put forward an assumption that having combined a programmable logical
controller (PLC) with a control programme based on an adaptive control algorithm and an
existing train braking system, it is possible to create a new adaptive braking control system of
a train, which will provide for an automatic smooth and, at the same time, precise (according
to a stop point) braking of a train.

A development of the system based on an adaptive control algorithm is enabled exactly by
the fact that it does not require considerable investments into the existing train braking control
systems (pneumatic or electro-pneumatic), and does not require any modernization of a
railway infrastructure (setting up of an additional transmitter is not necessary). The system
does not need expensive elements or complex transmitters, because all the information
necessary for calculations can be obtained from a global positioning system (GPS) and a
mechanic speed detection unit existing in a train, and it can be reckoned in as a positive
quality of the offered system.

Hence, the authors consider that it is necessary to perform a more profound investigation
of the given system and a development of a necessary model, with the purpose to test the
selected control algorithm under the laboratory conditions. For this purpose, a pneumatic
braking control system of exactly freight trains is investigated more thoroughly.
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II. GOAL FORMULATION

The goal of the present article is to analyse a possibility to apply the adaptive control
algorithms in the management of a train braking system, with the purpose to accomplish a
smooth and precise (according to a stop point) braking.
The objectives of the work are:

e To review and to analyse adaptive control algorithms;
To select control algorithms according to the addressed goal;
To develop a PLC control program on the basis of a selected algorithm;
To design a train motion model in a Matlab environment;

To test a designed adaptive braking algorithm under laboratory conditions and to
generalise the results;
e To analyse the results and to evaluate an effectiveness.

[II. REVIEW OF ADAPTIVE CONTROL ALGORITHMS

Before reviewing the adaptation algorithms, let us provide a definition of an adaptation. An
adaptation process is an instrument of a self-organizing system for a targeted efficacy with the
following objectives:
e To adjust the system to a fixed environmental or external factors conditions (a passive
adaptation);
e To find the most suitable environment for the system operation (an environment
search);
e To adjust the environment to the most effective functioning (an active adaptation).
Simple objects after each cycle should return to a control synthesis stage, where a new U’
control should be defined depending on the changes of the environment, while a control of
complex objects requires all control systems — adjustments of control stages, which are also
an adaptation.
An adaptation as a specific control process contains several specific features:
e A stable nature of an adaptation goal (the preferable and the existing parameters of
the object at each moment of the adaptation process are known);
e An extremizing criterion Q and a limitation S either do not change, or change slowly
or rarely (a selected stop point of a train does not change in the process of braking);
e An adaptation is effective only with smaller changes of the object parameters (it
follows that it is possible to use it effectively in the given task).
Furthermore, an adaptation can be divided into the following two types:
e Parametric adaptation — can be used in case when the change of a controlled object can
be characterized using its parameters (Fig. 1).
e Structural adaptation — can be used in case when it is comfortable to change not the
object parameters, but its structure.
Therefore, the type selected is the parametric adaptation (Fig. 1), because the structure of
the object (a train) cannot be changed physically during the braking process.
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In the continuation, let us pay attention to the definite adaptive control algorithms, with the
help of which it is possible to perform a parametric adaptation and which could be effectively
used in the system under discussion.

Search with even attempts.
A formula of an algorithm:

u,, =u, —asignOu, +g)+ 0, — g)] (D
where
u; — a state of the object in the i™ search stage;
a — a size of a step according to the parameter u;
g — a size of a step not smaller than &/2;
sign — a sign function.
+1 withy>0o
signy=<1 0 with|yl|<o
-1 withy<o
0 — insensitivity zone.

The given algorithm requires a constant regulation of controllable parameters, because it is
necessary to carry out an adjustment of the parameters within all the possible regulation limits
of the parameters (for example, we decrease the braking acceleration and we increase the
braking acceleration), in order to evaluate that other system parameters get changed (whether
they approach the set theoretical value, or move away from it). Exactly because of that this
algorithm is not the most optimal for the given system, because its use a braking system
physical formation (a number of changes of control signals within the definite period of time
1s limited).

Search with odd attempts.

Let us scale down an even attempt algorithm to one attempt. The formula will be the
following:

u,, =u,—a FlQ®w, +g)—0u,)] (3)
where

u; — a state of the object in the i™ search stage;

a — a size of a step according to the parameter u;

g — a size of a step not smaller than &/2;

F — a sign function.

+1 withy>d
F(y)=9 0 with|y|<d 4)
-1 with y<d

d — insensitivity zone.
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A search with the united attempt and work steps (Fig. 2).

In the algorithm with the united attempt and work steps, the work steps are taken at once
and the object quality function is evaluated.

If a work function value reaches a theoretical value, then a previous work step is repeated,
in its turn; if a work function deteriorates, then the step, which is opposite to the proceeding
one, should be taken.

Au; =—Au,;_; sign(AQ,_, +96) (5)

0 — a positive threshold (6>0).

> ut+Au
¢ memory
T,Q ¥
¢ @)
AQ 4------:

memory

Fig.2. Adaptive Search Algorithm with United Attempt and Work Steps

This control algorithm is the most corresponding to the system under development from all
the reviewed algorithms, and after some modernization it allows to achieve the best regulation
efficacy and the best interaction with the existing train braking control system (corresponds
the most to the existing conditions of a train braking system control).

An improvement of the algorithm manifests itself in an introduction of a differentiation
unit (Fig. 3), which follows a change of the controllable parameters in a time, and makes a
common system operation considerably effective (reduces the pulsations of the adjustable
parameters, in relation to the theoretical values and increases the precision of a stop point).
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Fig. 3. Adaptive Search Algorithm with United Attempt and Work Steps with Differentiation Unit

IV. DEVELOPMENT OF PLC CONTROL PROGRAM ON BASIS OF CHOSEN

A PLC control program was developed in the Step-7 programming environment, which was used

ALGORITHM

for programming SIMATIC S7-200 series controllers.

Metwork 5

LD MO.0

HOVE T _real :¥D112, t_br count:VDES
-R T_memor: VD32, t_br count:VDLE
Metwork 6

LD HO.0

HOVE a_breaking:VD14, ACO

*F t_br count VD58, ACO

*R =1.0, ACOD

HOVE V_memor: VD28, V_teoretiskais: VD104
-R ACO, V_teoretiskais=: VD104
HOVER V_memor:¥D28, ACIL

=R Y_memor:¥D28, ACL

HOVE V_tecretiskai=:¥D104, AC3

*F V_teocretiskai=s: VD104, AC3
HOVR a_breaking: VD14, ACZ

*R 2.0, ACZ

*R —1.0, AC2

MOVE AC1, ACOD

-R AC3, ACOD

/R AC2, ACOD

HOVE X _memor:¥YD36, ¥ _calc _moment: ¥D40
+R ACO, X calc moment: VD40

A control program consists of an initialization block, a calculation block of a theoretical
bend (a road driven S, a current motion speed J and a current braking acceleration a) and an
adaptation block which generates a control signal, which is sent to the model of a train control

system.

Figure 4 demonstrates an excerpt of a PLC program code, where a train braking time and

Fig. 4. Excerpt of a Program Code

theoretical coordinates are being calculated.
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V. DEVELOPMENT OF TRAIN MOTION MODEL IN MATLAB ENVIRONMENT

For a development of the train motion model it is necessary to investigate a train as a
complex object. This object consists of a physical part, which includes locomotive engines
and coaches (their inertia, resistance moments, etc.) and a braking system, which is
characterized as a large set of variable parameters.

A model, which is depicted in Fig. 5, was used for a physical model of a train.

El% . oo e s

,,,,,,,,,

In the model it is possible to set up the total mass of a train, the different motion resistance
coefficients, the coefficients of adherence with rails, and the processing of a braking system
control signal.

This model allows to find out a current train coordinate, speed and acceleration, which are
necessary PLC control programs.

VI. TESTING OF DEVELOPED ADAPTIVE BRAKING ALGORITHM AND
GENERALIZATION OF REZULTS

The testing of the developed control algorithm was carried out under the laboratory
circumstances in the following way. The train motion model was launched in a Matlab
environment, but the developed PLC control program was installed in a controller, which was
connected with the mentioned train motion model in the Matlab environment through an OPC
server.

During testing, the following situation was modelled — a train departs from the coordinates
x=1500m. In the physical model of the train also an initial speed of the train motion is set up.

In its turn, in the PLC control program a desired braking acceleration @, and the following
baselines of control elements (a driver’s stop-device)of a bake system are set up:

II — a brake release,
IV — a crosspiece with a feeding,
V —a service brake.

On average, when performing modeling without a differentiation unit of the adjustable
parameters, the results, which are illustrated in Figure 6, were obtained. In this figure the first
graph represents the changes of the road S (m)driven by the train in relation to time, of the
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speed V (m/s) of the train in relation to time and of the braking acceleration ay, (m/s”) of the
train in relation to time. Each value is represented by a theoretical (green) and real (blue)
curve, which is obtained from the train motion model.

Fig. 6. Train Motion Parameters for Algorithm without Differentiation

This adaptation algorithm allowed to achieve the following results:

a) atrain stops +- 25-45 m from a set point;

b) noticeable fluctuations of the adjustable parameters take place (the value of the road
driven S fluctuates between +- 100m, the value of the current speed V fluctuates
between +- 3my/s, the value of the current acceleration fluctuates between +- 0,15 ms?)

On average, when performing modeling with a dynamic control of the adjustable

parameters, the following results were obtained (Fig. 7.).

Fig. 7. Train Motion Parameters for Algorithm without Differentiation

On average, when modeling a motion with a dynamic control of the controllable
parameters, it is possible to obtain the following results:
a) a train stops +- 2-7 m from a set point;
b) fluctuations of the adjustable parameters are much lower (the value of the road driven
S fluctuates between +- 20m, the current motion speed V fluctuates +- 1 m/s, the
current braking acceleration fluctuates between ay, +-0,7 msz).

VII. ANALYSIS OF RESULTS AND EVALUATION OF EFFICACY

The results obtained demonstrate that the developed PLC control program on the basis of an
adaptive search algorithm allows to control the train motion model parameters agreeably with
the set theoretical curves with the comparatively not big differences of the parameter values.
For an evaluation of the efficacy of the operation of the algorithm it would be necessary to
improve the train motion model, which would allow to achieve more precise modelling
results.
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VIIIL CONCLUSIONS

The offered algorithm of adaptive and precise braking of a train operates sufficiently
effectively, it would be useful to carry out its improvement also in the future.

The use of the developed algorithm allows to realize a sufficiently precise braking of the
train model, regulating the values of a current road driven S, of a speed V and of a braking
acceleration according to the set theoretical curves in the process of braking.

For a more precise testing of the PLC control program, a more thorough train model
development is required, with an observation of delays of the braking system and moments of
inertia, effectiveness in different operation modes, inertia of a train, a model of a pneumatic
brake control system, etc.

An installation of a built-in intellectual equipment does not hamper an operation of the
existing braking system and increases an efficacy of its operation.

After an improvement and testing of the PLC control program, an undertaking of the
experiment using the given prototype in real work conditions or in similar to them (i.e. an
experiment with the use of a car) should be considered.
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Abstract- In this paper, the three phase EMI filter is for the first time characterized by
scattering parameters. Mutual couplings between the filter components are extracted using
scattering parameter measurements and their relationships with Z-parameters for two port T-
networks. S-parameters are used to predict filter insertion loss and its dependence on filters
layout configuration and mutual couplings and filter component self-parasitic parameters. The
most important mutual couplings that distort high frequency insertion loss of three phase filter
are discovered and analyzed.

INTRODUCTION

Mains filters for conducted emission limitation are of great importance in three phase
power electronic devices with reduced cost and reduced dimensions and high insertion loss, as
well as in one phase devices. As commutation frequencies of power semiconductors rises
endlessly, it is important to improve filters insertion loss in high frequency region. In
electromagnetic interference (EMI) passive filter design, it is well known fact, that component
parasitic parameters, such as parasitic inductance of capacitors and parasitic winding
capacitance of chokes and their self-resonant effect, play an important role in filter
performance, but mutual couplings between components can introduce more undesirable
effects on filters insertion loss.

There have been proposed various models for one phase filter component mutual
parasitics evaluation on filters performance [9], [12]. More scrupulous research on mutual
coupling between chokes with various placements have been made in [13] and researched for
coupling between capacitors in [11]. Inductive and capacitive coupling direct measurements
are complicated because of the dispersed character and superposition of number of these
parasitics at the same time, thus, few methods have been described for mutual coupling and
parasitic capacitance extraction in [14] and more convenient in [5], [17].

Still there are no research devoted to three phase EMI filter mutual inductance and
parasitic capacitance evaluation between components. Although three phase filter can be
constructed from three separate one phase filters, the phase to phase symmetry, component
placement and PCB layout gives a great contribution to filters insertion loss distortion, that
can’t be predicted basing only on upper mentioned papers. However, some articles are
devoted to three phase inductive component self parasitic component cancelation [2], [15],
[16].

In this paper three phase filters mutual couplings are analyzed, the most sensitive
couplings are discovered and their contribution to filters high frequency IL characteristic are
determined using Pspice simulations.

| THREE PHASE EMI FILTERS MUTUAL COUPLINGS

For mutual coupling extraction, three-phase filter, shown in Fig. 1, are chosen, where
capacitor branch C1 consists of capacitors C11 C12 C13 and capacitor branch C2 consists of
capacitors C21, C22, C23. Common mode (CM) and differential mode (DM) inductance of a
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three phase CM choke L1 is estimated as in [2], [3], therefore measured CM inductance
Lcn=0.2 mH and DM inductance Lg4,=6.45uH for the horizontal alignment and L.,=0.22 mH,
Lam=7.67uH for vertical alignment CM choke.
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Fig. 1. Three phase filter prototype schematic

Filter prototype PCBs with vertical CM choke is shown in Fig. 2.a. and horizontal CM
choke in Fig. 2.b. Capacitors and PCB layouts are the same for both filters. PCB contains two

layers, where the top layer is used for component routing and bottom layer is used as ground
plane.

a b

Fig. 2. (a) Filter prototype with vertical CM choke; (b) Filter prototype with horizontal CM choke.

Applicability of circuits, that used for insertion loss measurement of multiphase EMC
filters according to EN55017 [19] are complicated for extraction of parasitic couplings
between three phase filter components, so here are developed three phase filter DM model for
the filter each phase separately as described in [2], [4], [17] and is shown in Fig. 3. Scattering
parameter measurements are made modifying filter as in Fig. 4., that enables two port
measurements of three phase filter.

My

ERL-

e N w"‘w\\

ot

BB

= =)
;\ %

Fig. 3. One phase model of three phase filter
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Fig. 4. Three phase filter modification to enable 2-port S-parameter measurements.

CM choke is connected using all three windings instead of two winding connection when
differential mode insertion loss is measured. Connection of CM choke in this manner denies
proposed model usage for insertion loss calculation for the whole filter according to [19], but
it enables simple extraction of mutual couplings that can be used to further improve the filter.

1I. MUTUAL COUPLING EXTRACTION PROCEDURE

Mutual couplings are extracted using two port network S-parameter measurements, made
with vector network analyzer ZVRE R&S. Mutual couplings are extracted using methodology
that is stated in [5] and [17]. Capacitor branch C2 impedances and angles with and without
couplings are plotted in Fig. 5, Fig. 6, respectively. Using the measured data and
mathematical model in [5] and [17] M1 and M4 are calculated.

= apacfior eanch 3
Capaciion baanch T2 with ceupling M1
Capacitor beanch £ with ceupling M1 s

== Capacior branch G2
Capacior branch G2 with cospling M1
A= Capacior bramch 3 with cospling M1 and b4

Fig. 5. Capacitor branch C2 impedance magnitude Fig. 6. Capacitor branch C2 impedance angle with
with M1 and M4 inductive couplings. M1 and M4 inductive couplings

CM choke construction and location in respect to other components and PCB, defines the
coupling polarity and coupling magnitude, due to CM choke leakage inductance Lgy,. There
are no such possibilities of winding configurations for three phase common mode chokes as
for one phase common mode chokes as in [9], so two types of common mode chokes-
horizontal and vertical placement configurations are examined. M2 and M5 are extracted in
the same manner as M1 and M4.

Mutual coupling C, represents total coupling of parasitics in parallel with CM choke
equivalent paralel capacitance EPC in Fig.3. For high frequency noise, coupling C, and
parasitic capacitance of CM choke creates a high frequency shortcut between input and
output, lowering the filters performance.
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This paper presents a systematic approach for computing metrics and performance
indices of interdependent critical infrastructures based on their information content, expert
views and risk analysis capabilities. The paper also proposes a risk-based methodology based
on generic risks and assurance levels using security properties: availability, confidentiality
and integrity. Unified Modelling Language (UML) is proposed in order to define a model for
research of critical infrastructures interdependences.

INTRODUCTION
Most researchers represent a generic view at critical infrastructure (hereafter abbreviation
CI will be used) and its services interdependencies, which support overall concept, but not
rather practical for real world. Therefore an approach that awares heterogeneous nature of CI
interrelating at observed territory (for example city, region) is needed.

Let us assume that each critical infrastructure is composed of services that are provided to
customers. Services may be self-contained or may depend on other services, which may be
provided by the same or by another service provider. Current risk analysis methods do not
provide a way to share risk knowledge between providers forming CI. Usually providers have
expertise on risks on their own infrastructure, but not on related infrastructures of other
providers. Also, since different critical infrastructures are very divergent in nature, risk data
gathered from particular infrastructure cannot be easily interpreted by non-domain experts.

This work presents an approach that allows monitoring critical infrastructures by
considering the state of the services as well as the states of interdependent services. This can
be achieved by abstracting data gathered from the CI to a common set of parameters that can
be shared with interdependent infrastructures.

We also propose an extension to the Unified Modelling Language (UML) in order to
define a model for research of CI dependences. The approach taken in defining the UML
extension has been towards establishing a fair basis for multi-agent modelling and simulation
of critical infrastructures. However simulation of critical infrastructures is not a task of this
work.

| METHODOLOGY
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The goal of the presented approach is to address the challenge of monitoring of the state
of critical infrastructures and their interdependent services. Our hypothesis is, that it is
possible to reduce the complexity of a service through abstraction to a common (risk related)
set of parameters. This enables to compare critical infrastructures designed to serve a very
different purpose (energy, telecommunication, water supply, transport and etc.) and composed
of very different infrastructure components. It enables also to monitor important system
parameters like availability, confidentiality and integrity. The abstraction to a small set of
common parameters will encourage service providers to share them with interdependent
providers. The authors used considerably adjusted methodology described in [1] and [2] .The
four modelling steps are detailed as follows (see Fig. 1):

. Service components assurance and risk assessment;
. Measurement aggregation;
. Services interdependencies linking
. CI interdependencies modelling using UML
/ Service
; cl
;:;:E'::'l]z:t:n d Measurement isnig‘lc;::; ande interdependenc
risk Sgaregation ncies linking :E:'oggl'_"g
assessment 9
*Availability Receive Risk
Infrastructure -Confidentiality Data
\ * Integrity /
Fig. 1. Four modelling steps of CI interdependences.
IL. WATER SERVICE PROVIDER CASE STUDY

In order to show the feasibility of the methodology a reference scenario is applied in this
section, the UML use case diagram is created and the appropriate object interaction expressed
in terms of the UML sequence diagram is summarized in the UML class diagram.

The reference scenario is composed of a high level representation of water utility (Talsi
Water), which presents interdependencies with energy provider (Latvenergo CI) and a
telecommunication provider (GSM Operator CI). This scenario is demonstrated as an example
for validating the risk based methodology. A more complex and realistic representation is not
possible due to the lack of the data and this work space constraint.

The risk analysis of Talsi Water CI has identified the critical services and
interdependencies shown in Fig. 2.
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Fig. 2. Interdependencies between services and services providers.
In order to create the UML model of interdependent CI we apply StarUML, an open
source UML tool, licensed under General Public License (GPL).
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Fig. 3. Interdependencies Class Diagram.
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A class diagrams in Fig. 3 shows thirteen classes, where five of them represent water
supply service and its services components, five classes represent power supply, one class
data transmission services and one class starts and controls services risk level assessment
process.

The parameters of attributes and operations in each class have been omitted in the interest
of figure clarity. One particular class, namely “Metrics”, have been created in order to
describe parameters of classes’ attributes and classes’ operations. The class has attributes
“value”, “weight” and “reference level” that are referred to service parameters (availability,
confidentiality and integrity). Creation of particular class makes sense since unified
normalized parameters are applied to divergent CI. The ontology proposed in Fig. 3 was
created in order to study CI interdependencies of the particular city, but can be readily

adapted to other cases, taking into account the specifics of each city.

I11. DISCUSSIONS AND FUTURE WORK

The four modelling steps are described in this work, they are service components
assurance and risk assessment, measurement aggregation, services interdependencies linking
and CI interdependencies modelling using UML. In this work we employed an idea to
abstract and to decompose services to a small set of common parameters; therefore three
parameters were chosen to evaluate the state of services of different CI (confidentiality,
integrity and availability), which are widely used for evaluation of systems security. The main
advantage is that the model is easily extensible for including additional parameters and is
ubiquitous for heterogeneous CI.

REFERENCES

[1] J. Aubert, T. Schaberreiter, C. Incoul and D. Khadraoui, “Real-Time Security Monitoring
of Interdependent Services in Critical Infrastructures. Case study of a risk-based
approach”, ESREL 2010, Rhodes, Greece, September 5-9, 2010. pp.1-8.

[2] A. Zabasta, N. Kunicina, Approach for Monitoring and Measurement of Interdependent
Services in Critical Infrastructures, Proceeding of the 11th International Symposium,
Faculty of Power Engendering, Tallinn University of Technology, Parnu, Estonia, 2012,
pp.51-56

95



Development of the Energy Efficiency Improvement Methods for Industrial Robots

Davis Meike
davis.meike@rtu.lv

Abstract This work summarizes various methods of the energy efficient use of
medium and high payload industrial robots. As robotics in general also this is a
multidisciplinary research that covers topics both in motion planning and the
electrical/mechanical engineering.

Introduction

The vehicle production industry today is highly automated, where the robotic systems
is one of the key components. Along the complexity that the automation degree of these
factories exceeds 98%, in recent years also the energy efficiency has a growing importance. It
1s interesting to note that 15-28% of a vehicle’s energy consumption (EC) during its overall
lifecycle occurs within the production phase, whereas the electrical energy consumed by the
Industrial Robots (IRs) on the assembly lines amounts to about 8% on the average [1].
Besides the European Union has set a target of saving 20% of primary energy consumption by
2020 in reference to 2007 [2]. Therefore, as previously highlighted in [3], it is self-evident
that EC minimization in existing automated manufacturing systems impacts both production
costs and total CO2 emissions.

The work consists of 4 parts each covered in one section respectively. In the first
section a detailed analysis of typical characteristics of industrial robot usage in the automobile
production is evaluated. The second section deals with an intelligent motion planning of
robotic manipulators. Optimization of existing robot programs and partial generation of fresh
trajectories in workspace using artificial intelligence are distinguished. An effective use of
recuperation is analyzed in the third section. Here a novel power converter enabling DC-Bus
sharing among the robot energy-team is proposed. The fourth section emphasizes all the
secondary consumers in the robotic system.

1 Industrial Robot Usage in Automobile Production

According to ISO an industrial robot is an automatically controlled, reprogrammable,
multi-purpose, manipulator programmable in three or more axes, which may be either fixed in
place or mobile for use in industrial automation applications [4]. In vehicle production body
shop and assembly lines typically 200 - 360kg payload robots are used. An average IR yearly
consumes around 8 MWh, if production takes 52 weeks a year in 3 shifts, 5 days a week [3].

The Figure 1 presents a detailed analysis of measured actual pause and standstill
durations of 20 robots in the 3 shift automotive assembly plant and the respective EC during
this time. Despite of the fact that the movement takes only 19% time most of the EC is spent
for this block. However, the other 28% of the EC during standstills are not negligible.
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Thus, the analysis serves as a motivation for enhanced motion planning and reuse of
recuperated energy that has a direct impact on EC minimization.

« Time scale * Energy scale

holidays, weekends |

L
o

standstill 20%

Figure 1: Evaluation of usage/EC relation

2 Intelligent Motion Planning

Robotic manufacturers in the last decade have done a significant research increasing
the precision, repeatability, velocity, modeling tools [5]. According to robot manufacturers
targeted programming may save up to 25% of the total consumption over the badly
programmed applications using even typical programming commands [6]. A trajectory
smoothing of a robotic manipulator is applicable in handling applications with many point-to-
point movement commands, thus, skipping many unnecessary accelerations. Depending on
path variation degree EC reduction may exceed 10% [7]. Robot movement optimization may
be divided into several types:

* changing the program and subprogram structure,

* time scaling of trajectories within a robot cell,

» generation of new paths using gradient-based algorithms,

* speed and acceleration adjustment depending on application needs on given paths [8],
» enhanced use of movement commands with FLY-BY.

Not all of them are complementary and many aspects like dynamic and kinematic
boundaries, collisions, reliability, minimal influence on application or factory standardization
must be considered.

3 Reuse of Recuperated Energy

Industrial applications today often require rapid motion control where many fast
acceleration/ deceleration phases and reversals are present. Such behaviour is typical for
industrial robotics and CNC-machinery. Many drive systems today are capable to use
regenerative braking of the motors. However, the recuperative energy is rarely fed back to a
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network or stored locally due to AC network quality conservation issues or increased costs of
the storage systems. Previous research shows impressive energy savings using an increased
capacitive energy buffer on drive’s DC-Bus [9]. An additional capacitor bank of about 18mF
within typical DC-Bus voltage fluctuations equals to c.a. 1.6kJ storage in difference to
originally 0.1kJ. Thus the brake choppers that normally limit the DC-Bus voltage and
therefore dissipate the braking energy can even be replaced with energy-buffers. Tests with
commercially available storage devices [10] approve that DC-Bus voltage limitation can be
realized without brake-choppers.

An alternative, a common DC-link applications in means of single rectifier and
multiple variable frequency drives are state of the art for many years. Multiple rectifiers and
multiple drives that share the DC-links are typical in some high power variable frequency
drives with nominal power ratings reaching several megawatts in order to equalize the load
between IGBT switches. Modular DC-Bus sharing for functional purposes in lower power
range are available from some manufacturers [11].

However, for a common DC-Bus a synchronized control of drive switches is required,
so that these DC-links are equalized. But the capacitors are still relatively expensive to be
used per each drive system. The research work proposes a solution for recuperative energy
exchange system between DC-links that are controlled independently. The energy storage is
realized in an independent DC-subgrid, to which any drive system can transfer its
recuperative excess energy and again take back when needed. Thus only one energy storage
device is required for multiple drive systems which reduces the costs. Many tests with
industrial robot drive systems have been done showing high reliability and significant EC
reduction.
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Figure 2: Block schematic of DC-subgrid for energy exchange

4 Strategic Use

Below the subtitle Effective strategic use of robotics is to be understood all the
activities that are not directly connected to motion planning or robot drives, like the secondary
consumers in robot system. Referring to Figure 1 here the blocks Holidays/weekends and
Pauses and standstills are minimized.

As a first to mention are the normal-close mechanical brakes of the motors that are
used within production standstills to keep the manipulator firmly. Because these are large
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static consumers in the robotic system, methods are proposed to release the brakes
dynamically depending on running robot program. Recently implemented is the robot
shutdown during the production free time that involves enhanced communication to robot cell
PLC to enable controlled shutdowns and startups. Thirdly, a detailed analysis reveals the fact
that often for certain robotic applications not an appropriate type of the IR is being used; i.e.
many robotic measuring tools weight less than 15% of the total IR’s payload, which
obviously is not optimal from the viewpoint of energy-efficiency.

Summary

This paper provides a summary of a PhD thesis on energy-efficient industrial robotics.
It covers topics in both hardware enhancement and motion planning of robotic manipulators.
Nevertheless as an important factor also the robotic hardware dimensioning for certain
applications is discussed. Combining multiple optimization methods an energy-consumption
reduction over 30% per annum is achievable. Many of the proposed approaches require only
minimal hardware or controller software modification.
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Abstract

This study is devoted to the FPGA-based control system for a three-level neutral-point-
clamped quasi-Z-source inverter. The discussed topology combines the advantages of the
three-level neutral-point-clamped inverter with those of the quasi-Z-source inverter. Due to its
characteristics the above inverter is especially suitable for renewable energy sources. Since it
has been proposed recently, no reports are available on the implementation of the control
system based on FPGA for this converter.

Introduction

A three-level neutral-point-clamped (3L-NPC) inverter has many advantages, such as lower
semiconductor voltage stress, lower required blocking voltage capability, decreased dv/dt,
better harmonic performance, soft switching possibilities without additional components,
higher switching frequency due to lower switching losses and balanced neutral-point voltage,
in comparison with the two-level voltage source inverter. As a drawback, it has two additional
clamping diodes per phase-leg and more controlled semiconductor switches per phase-leg in
contrast to the two-level voltage source inverter. The 3L-NPC can normally perform only the
voltage buck operation. In order to ensure voltage boost operation, an additional DC/DC
boost converter should be used in the input stage [1-2].

To obtain buck and boost performance the focus is turned into a quasi-Z-source inverter
(qZSI). The qZSI was first introduced in [3]. The qZSI can boost the input voltage by
introducing a special shoot-through switching state, which is the simultaneous conduction
(cross conduction) of both switches of the same phase leg of the inverter. This switching state
is forbidden for traditional voltage source inverters because it causes a short circuit of the DC-
link capacitors. Thus, the qZSI has excellent immunity against the cross conduction of top and
bottom-side inverter switches. The possibility of using shoot-through eliminates the need for
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dead-times without having the risk of damaging the inverter circuit. The input voltage is
regulated only by adjusting the shoot-through duty cycle. In addition, the qZSI has a
continuous mode input current (input current never drops to zero), which makes it especially
suitable for renewable energy sources (e.g. fuel cells, solar energy, wind energy) [3-6].

Recently, a new modification of the qZSI was proposed [7]: a three-level neutral point
clamped quasi-Z-source inverter (3L-NPC gZSI, Fig. 1). The new converter combines the
advantages of the two topologies described above.
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Fig. 1. Three-level neutral point clamped quasi-Z-source inverter

System Description

Fig. 1 illustrates the proposed topology of a 3L-NPC qZSI. Each leg of the 3L-NPC qZSI
consists of two complementary switching pairs and four anti-parallel diodes. As an advantage,
this topology has continuous input current, the possibility to use shoot-through, lower
switching losses and balanced neutral-point voltage than the traditional two-level voltage
source inverter.

. . B. [“m /)
The inverter output voltage has three different levels: 0, B - (U w/ 2) 2/and B-U,,

B -Un in positive and negative directions, where B is the inverter boost factor. The shoot-
through vector is generated separately. Finally, the shoot-though vector is mixed together with
other control signals.

Fig. 2 illustrates the proposed structure of the system. The control system is based on FPGA
(Cyclone II EP2C5T144C8 from Altera) and in addition to FPGA also contains Matching
Board and Driver Board. In order to implement the control algorithm the VHDL was used.
VHDL is a VHSIC (Very High Speed Integrated Circuits) Hardware Description Language.
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Fig. 2. The structure of the proposed system

An optical connection between the Matching and Driver Boards has been provided. In this
way, the system can be managed as far as it is limited by the length of the fiber. The Driver
Board contains eight channels, each of them consisting of receivers (HFBR-2528Z), driver
ICs (ACPL-H312) and necessary passive components. The drivers are directly controling the
MOSFETs of the NPC-qZSI. The output voltage from the NPC-qZSI is connected to the
power grid through the output filter.

Experimental results

The signals applied to the gates of the power converter switches in the case without the shoot-
through state are shown in Fig. 3, a). The signals applied to the gates of power converter
switches when the shoot-through state was used are shown in Fig. 3, b). In both of the figures
only the gate signals of the switches T1, T2, TS, T6 have been presented because the above
switches have the complementary state with the others, respectively (T3, T4, T7, T8). The
output voltage of the NPC gZSI controlled by FPGA is shown in Fig. 4.

Fig. 3. The control signals applied to the gates of switches without (a) and with (b) the shoot-
through state
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Fig. 4. The output voltage of the 3L-NPC qZSI after and before the output filter

Conclusions

The control system for a three-level neutral point clamped quasi-Z-source inverter based on
the FPGA Cyclone II EP2C5T144C8 was described. This system allows different PWM
signals to be obtained for different power switches and the necessary boost factor to be
achieved using shoot-through signals. The results of the experimental investigations both with
and without shoot-through states have proved the FPGA-based control system to be suitable
for the 3L-NPC qZSI.
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There are several pulse width modulation (PWM) techniques that could be applied for the 3L-
NPC qZSI [1]-[6]. All of them generate the shoot-through states when the output voltage is in
the zero state (Uyp = 0) in order to maintain a constant value and not alter the normalized
average voltage per switching period. These techniques present some problems, such as larger
size of the passive elements, more input current ripple and capacitor voltage disbalance due to
the low shoot-through state frequency when the desired frequency of the output voltage is 50
Hz because Uy has only two zero states per period and shoot-through states can only be
placed during these two intervals. Furthermore, a higher THD face to the obtained THD is
produced in comparison with sinusoidal PWM techniques.

The main advantage of the proposed modified sinusoidal pulse width modulation technique is
to achieve spreaded zero-states (Uyp = 0) and consequently spreaded shoot-through states can
be obtained in the whole output voltage period. It has, as consequence, a lower total harmonic
distortion (THD) of the output voltage, smaller sizes of the passive elements of the qZ stage
as well those of the output filter, higher DC-link voltage stability and more possibilities of
control. Fig. 1 shows a sketch of the proposed technique.

Two modulating sinusoidal waves disphased 180 degrees that modulate each leg (mod, and
modp) are compared with two carrier waves, the first one being of a saw-tooth form (carrier;)
and the second one triangular (carrier;). The different states of 7, T,, Ts and Ty are generated
and T3, Ty, T7 and Ts have the complementary state of the other, respectively.

The shoot-through state is generated during zero states (1):
U, =0, (1)
and it occurs when (2):
U, =Up. (2)

Non-zero states (Uyp # 0) occur when the condition (3) is fulfilled:
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Sy Sy =S5 =87 =0, (3)

and the condition is used in order to obtain the maximum value of the shoot-through state (¢,)
during a period (T), applying a not-operator to the condition (3).

The shoot-through duty cycle is defined as (4):
Dy ==, 4)

and in order to modify the Ds, the shoot-through factor (Fs-7) is defined. This factor scales
mod,4 and modp and these new waves are compared with the two carriers, as shown in Fig. 2.

The obtained results of these comparisons are added or subtracted respectively according to
(3) and a not-operator is used again in order to obtain the real shoot-through.
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Fig. 1. Sketch of the proposed technique.
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Operating in this way, the symmetry between the maximum value of the shoot-through and
the real shoot-through time is assured (Fig. 3) and the THD of Uyp is reduced. Furthermore,
we can see how the shoot-through states are generated during the whole output voltage period.
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Fig. 4. Obtained simulation results.

To verify the proposed SPWM technique, a simple simulation study using Matlab/Simulink
has been developed.
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Fig. 4 shows the scheme from top to bottom: the SPWM signals, control signals of transistors
T;, T>, Ts and Ts, the maximum shoot-through and the real shoot-through states, output
voltage UAB, and the voltage after filter.

We can see that spreaded shoot-through states are obtained in the whole output voltage (U,z)
period and the average voltage U,p is compensated through the increasing of the maximum
voltage ( (Ug) or — (Uy.)) duty cycle Dy, and meanwhile the half voltage ( (Ugz)/2 or — (Uge)/2)
duty cycle Dy is decreased.

The disadvantage of this technique is that the shoot-through states are not uniformly
distributed during the output voltage period and they have different pulse widths as well as a
non-linear connection between F, and #; due to the modification of the modulating sinusoidal
waves, resulting in a complicated control system for this topology.
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Abstract: The goal of the project is the development of a Clear Path Sensory System for robotics in general.
The system is multilayered with the first layer consisting of a 24x sensor/360° photovoltaic array covering a
spectral range of approximately A=200nm to A=1100nm and continuously scanning the robot environment. This
array combines an incident light sensor which recurrently monitors and adjusts the weighting system of the
sensors. Amplification of signal occurs in this layer. The second layer delivers the amplified readings to a
fuzzification/defuzzification microprocessor for immediate response and/or transfer to the second level
microcontroller for subsequent storage or mapping usage. The third layer refers to the peripherally mounted
modified pyroelectric (PIR) sensors which are specifically arranged to handle obstacle avoidance (OA) utilizing
near infrared spectrum detection. The PIR sensors, connected directly to analogue logic circuitry, control the
main drive systems of the robot yet may be overridden by the main microprocessor when or if required.
Therefore the overall system incorporates sensor selection, amplification, modulation, FL algorithm refinement,
sub-system microcontroller, main system microcontroller and high speed analogue response mechanisms for
mobility. The system includes generic design parameters to allow the inclusion of many sensor types and may
also be expanded to utilize the photovoltaic data retrieval for environment mapping.

INTRODUCTION

In dealing with autonomous robot mobility and addressing the inherent problems
associated with dynamically changing environment analysis, this part of the research proposes
a Fuzzy Logic (FL), topology for the processing of amplified photovoltaic data from an array
of sensors operating in photovoltaic mode, forming a 360° scan of a given environment. The
resulting “fuzzified” data may be utilized for the purposes of obstacle avoidance, item
location or safety applications such as fire detection and human detection.

The application of FL techniques has been chosen especially due to the imprecision of the
multitude of signal intensities which may be collected from random ambient radiation
sources. “Imprecise” or “vague” expressions are appropriate adjectives when describing fuzzy
logic. As human beings we express ourselves in terms like "nearly", "about" or "far" which
have little or no relationship to the absolutes of first-order logic and terms attempting to
describe radiation wavelength intensities within dynamic environments cannot by their nature
be absolute. A true or false mode of analysis merely emphasizes the fact that we wish to attain
the highest possible precision without accounting for the inherent, imprecise nature of reality.
In essence, FL is a precise logic of imprecision [1].

A further option was that of utilizing probability theory to present a closer to real-world
model however this model as such still requires the collecting of information about the
environment of an autonomous device with a high precision factor. FL therefore allows for
vagueness in collected data and is in fact able to exploit these variances with a high level of
tolerance. Ease of implementation and cost-effectiveness has resulted in FL becoming popular
where differential equations offer no solution or have become cost prohibitive. The author has
also looked at subsumption architecture as described by Brooks [2], however this architecture
has its own inherent problems as described by [3,4,5] who developed a subsumption based
system using FL based techniques to fuse certain output behaviours [6].
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THE PHOTODIODE SENSOR ARRAY

The sensor array is designed with eight banks of three differing types of sensor. The lower
sensors as depicted in Fig.1 are near-infrared sensors with a wavelength value, A of
approximately 700nm to 1100nm with a peak sensitivity of 900nm, which allows an accurate
measurement covering 400nm of the near infrared spectrum. The second row of sensors, are
covering that portion of the visible spectrum, with A of around 400nm to 700nm and a spectral
peak of 550nm inclusive of infrared rejection filters. The last row consists of light emitting
diodes (LED’s) which in reverse bias mode, offer the feature that an LED will be receptive to
wavelengths of light, less than their own peak wavelength and covering that area of the visible
spectrum of A = 520nm to 400nm with some incursion into the ultraviolet region of the
spectrum to as low as 200nm.
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Fig.1. Sensor array configuration.

PHOTOVOLTAIC AMPLIFICATION

The project utilizes 24 transimpedance amplifiers as the method to convert the
photodiode current to a voltage and keep the diode voltage at zero. The amplifiers accurately
amplify the signal from the sensors and this data may be collected for fuzzification.

Amplifier Saturation Sensor Amplification
6 4
4 g3
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. . . o Fig. 3. Amplification adjusted for infrared, upper-visible
Fig. 2. Trans-resistance amplifier limits. and low-visible light.

The output voltage vs. incident light can be linear over 7-9 orders of magnitude as in
(Fig.2). Electrical response depends on the response of the detector due to incident radiation
across its substrate [7], and adjusted amplifications are denoted in (Fig.3). The sensor system
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outlined in this paper has three basic elements. These are the sensors and the amplifiers with
the addition of a governing FL controller.

MEMBERSHIP FUNCTIONS

As the primary purpose of fuzzification is to more accurately assess the variance of the
many voltages produced across the array sensors, the control scheme has been left open
ended, leaving the overall output to be adjustable in line with the subsequent usage, be that
mapping, obstacle avoidance or any number of other applications.

Three sets of functions were created to express degrees of membership for each set of
three sensors, all having a membership from 0 to 1. The crisp values, represented in
millivolts, mV, specify a range of OmV to 4500mV, presenting the broadest range available
before saturation occurs in the transimpedance amplifiers. A one third membership input
graph is denoted in (Fig. 4-a), representing the limit of the lower visible spectrum photodiodes
as 0 to 1000mV, in (Fig. 4-b), the limit of the visible spectrum photodiodes as 0 to 2500mV
and in (Fig. 4-c), the limit of the infrared photodiodes as 0 to 4500mV, representing the real
time capabilities of the selected sensors.

The scheme requires three membership functions for each bank, totaling eight sets in all,
giving a total of 24 input membership functions with eight output membership functions.
Simulation has been accomplished using linear, triangular functions in line with the
requirement for simplicity of modification and high speed computation and computational
times in simulation resulted in data analysis every 0.05 seconds, (50 milliseconds). The
resultant membership functions allow the photovoltaic data to be fuzzified then de-fuzzified
for an output value based on various weighting of the system. In the paper the output function
was related to PWM motor drivers and as such would be synonymous with the autonomous
device navigating using photovoltaics however it must be noted that with the ease of
adjustment in any of the membership functions many varying behaviours may be attained,
dependent only on the requirements of the user.
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Fig. 4-a. Membership function of visible spectrum low. Fig. 4-b. Membership function of visible spectrum high.
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WEIGHTING ASSUMPTIONS FOR SENSORS IN THE FUzzy SYSTEM

Upper level sensors:

These sensors have two tasks, being to determine the ambient light level in
conjunction with the incident light meter located at the apex of the array. The “incident light
meter” is not specifically referred to within this paper however provides an active light
monitoring and control to all array sensors. The upper level sensors measure that light in the
level of the spectrum from midway (green) to the lower range (blue) infringing marginally
into the ultra violet region. So for testing and evaluation the preliminary assumption is that for
the upper level sensors, the brightest illumination in the environment will be the priority.
Middle level sensors:

These sensors measure light over the whole visible spectrum. The mid sensors, having the
whole of the visible spectrum as their source would set of course the brightest zone as priority
as unlike the other sensors, have a greater ability to detect shaded areas. Shaded areas of
course represent a voltaic decrease or variance in each particular sector and logically either
indicate an object of low reflectivity or the entrance to a darker environment within that
sector. Shaded areas indoors (photovoltaic decrease), generally would point to an obstacle in
close proximity, therefore initial priority would be high.

Lower level sensors:

Measuring the near-infrared spectrum, the IR sensors will always detect infrared radiation
as it is everywhere in the environment however we may assume that a higher level of infrared
could be damaging to our mobile robot so from this perspective the lowest IR emission should
be more preferable and set initially as the priority low. This statement of course reflects the
particular goal programming of the mobile robot and may be opposite when searching for hot
spots or fire danger.

Modification of all membership functions may be applied within the rule blocks of the
fuzzy system which will adapt the output outcome (Fig. 5), in line with user requirement.

very_low low medium high very_high [¢ N
107 - — 1.0 L; ‘ Sensor IR Lower_level CPU
08 A fiA— e B Rule Block
0.6 \— |06 E_ Sensor Med —{ Fuzzification /
0.4 !". 04 B de-fuzzification
02 \— D2 s q n ]
0.0 b 0 0.0 w _h(‘ll.'iﬂl' L.ow

: L J
Array = 8 x Sensor Modules
Fig. 5. Module output function.
Fig. 6. Function block for single sensor module.
RULE BLOCKS

De-fuzzification rule blocks consist primarily of if/and/and/then statements followed by a
“degree of support”, DoS function where either random values or a constant user defined
value is assigned to a rule set. For the existing system 135 individual “rules” are developed
for each three sensor module of the array (Fig. 6).

The membership function module as described within this paper is replicated eight times
to complete the array in (Fig.1). Three possible scenarios are denoted in (Fig.7) as a
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simplified example of the associated” if/and/and/then” statements from the rule block. In the
first example, infrared radiation is high, mid spectrum light is medium and low spectrum light
is high therefore according to the chosen priorities of the system this equates to a danger zone
and should be avoided, producing a “then” status of negative 50 PWM which in essence is a
reversal at high speed of the motors. Similarly in example two, all sensors indicating “high”
likely would denote that the mobile robot has come into contact with direct sunlight and
according to its DoS it must stop to recharge its solar batteries, therefore PWM = 0 (stop).
The third example simply indicates that all sensors are medium and so we should proceed
cautiously, half speed. These are verbal examples only to provide a generalized idea.

if and and op then
IR_High | Mid_S_Med | Low_S_High| => [PWM=-50
IR_High | Mid_S_High | Low_S_High| => [PWM=0
IR_Low | Mid_S Med|Low S Med| => |[PWM=+25

Fig. 7. Function block for single sensor module.

The resultant 8 output blocks becomes individual responses which may be directed to a
logic array for direct response to drive systems or to an MCU embedded algorithm for further
analysis. Further, the generated eight outputs may also become input membership function
blocks for additional fuzzification/defuzzification providing perhaps only 2 outputs for “H-
Bridge” motor control.
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On the main railways the status ahead of laying sites to the driver of the locomotive is
transferred with the automatic locomotive signal system. It is the code automatic locomotive
signal system of continuous type more often [1], [8]. Under indications of this system the
driver of the locomotive is guided for a choice of speed of movement of a train, and at an
entrance to station defines as also a direction of movement on station. At large stations there
is a shunting automatic locomotive signal system which informs the driver of the locomotive
on a status of a shunting traffic light in front of the locomotive [1], [6].

If railway station to equip with system of automatic control of the shunting locomotive,
opportunities of such locomotive signal system are limited, because the quantity of their
statuses 1s not enough. For coordination of the managing computer complex by centralization
of railway station and the managing computer complex of the shunting locomotive it is
necessary to develop program and the hardware of such signal system which can liquidate
these lacks. Such signal system can be the frequency-code shunting locomotive signal system.
By its development requires the solution of the following problems [4], [5], [6]:

1. Connection between managing computer complexes of railway station and the
locomotive should be bilateral. It will allow locomotive devices not only to receive the
information, but to exchange with the results of calculations and those of the equation
of the data.

2. For connection between devices of the central post and the locomotive the rail-wire
line which provides this bilateral connection should be used. In this line it is maximum
necessary to use already existing communications, for example cables, rails, etc. Such
line can be rail-wire line of inductive connection which will consist of the cable
communication line and a rail way [3], [4].

Generally in such line without taking into account influence of other lines wave
processes describe system of the differential equations:

- dU/dx = xi1; + xp00 + x3313

dUy/dx = x5 + X111 + xp313

dUs/dx = x315 + x3111 + X321
- dly/dx =yU; - yioUs — yi3Us
- dl,/dx y2U2 - Vi JUp — Y23U3
- dl/dx =y3Us - y13U1— y23Un

Where
X1, X2, Y1, Y2 — specific resistance and specific conductivity of rail circuits.
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X3, y3 - specific resistance and specific conductivity of a vein of a cable.

11,1, Is, U, Uy, Us - currents and voltage in rail strings and a vein of a cable.

X12, Y12 - mutual resistance and mutual conductivity of rail strings.

Xi3, X23 , Y13, Y23 - mutual resistance and mutual conductivity between a
corresponding rail string and a vein of a cable.

3. The type of the signal system should provide an opportunity of transfer of a plenty of
the information for short time of a presence of the shunting locomotive for a concrete
rail site. Such signal system of the code shunting signal system can be frequency. The
structure of codes of this signal system will consist of a set of pulses of active and
passive frequencies. They are formed with the equipment connected to the station
computer complex (signals of management) or the locomotive computer complex
(signals of the control). The equipment of decoding of codes transfers the information
to control the locomotive. In the case of reception with the locomotive computer
complex of the information resolving movement, the shunting locomotive will begin
movement in the set direction, with the set speed, on the certain distance.

Thus, with the frequency - code shunting locomotive signal system’s help it is possible to
solve the problem of automation of shunting movement on railway station without
intervention of the locomotive’s driver.

10.

11.

12.
13.
14.
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Analyzing location data with an embedded device in a railway electric transport safety
control system

Andrejs Mors - Jaroslavcevs

Objective of this paper is to design an embedded device for an intelligent rolling stock safety
system which would provide a possibility for railway transport to avoid dangerous situations
based on its location data. The authors examine data analysis algorithms used in artificial
immune systems and ways how they can be used together and provide data for each one via
communication protocols.

The authors review data analysis methods used to detect, predict and control undesirable
rolling stock travel conditions.

During journey the rolling stock driver may experience many undesirable situations and have
to make decisions on how solve them. The situations may include such examples as:

o the last car from the flow is still on the level crossing 25 seconds before the train arrival, while
the safety regulations require the crossing to be cleared at least 35 seconds before train arrival,

e adaredevil is running across the tracks somewhere in the urban zone;
e there is a wide but harmless rod lying between the tracks, etc.

Each of these situations requires different actions or no action at all. The driver may have to
apply brakes, speed up, continue the steady movement and in any case communicate the
information to the control center and other drivers.

The desired result conforms to at least two requirements:
e the train is on schedule;
e there are no casualties.

A common situation is illustrated in Fig. 1, where L is a locomotive and I is an invading
object on tracks.

Y
- i

Fig. 1. A common undesirable situation on the railway tracks.

The authors offer the intelligent rolling stock safety system functional design which is
presented in Fig. 2.
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Fig. 2. The intelligent rolling stock safety system functional design.

The invading object I is picked up by sensors S and the data is transmitted to the nearest cell
tower CT, which relays it to the control center CC and nearest locomotives wireless modems
M. Through the same modem the locomotive L receives data about closest neighbors’ rolling
stock position and status, railway segment profile and maximum allowed speed.

L also hosts: a positioning receiver G which receives data from a positioning satellite ST; data
analysis module AIS which communicates to the immune detector database DBD and control
cell database DBC. Depending on the results of control cell maturation the module makes a
decision and executes it by sending a control signal or displaying an alert to the driver.

The information is also communicated to the device on a level crossing LC through a similar
modem M.

The principles behind AIS, DBD and DBC are discussed further in the article.
Variables:
e Let U € R be problem space containing all the possible sets of parameter values (“situations”),
e P e U— set of known “good” situations,
e S(t) € U— current situation which changes with time ¢,
e D={D, D, ..., D,} &P —setof detectors produced by the initial training procedure,
o C={Cpiap Coip -+ Coigy Cpap, -+, Congy} — set of control cells affiliated to detectors,
o FE={E|E,, ..., E,} — set of encountered situations,

o w= {WE]D], WE]DQ, ceey WE]Dn, WEQDj, veey WEmDn} — set of detector Weights in different
situations.

The intelligent rolling stock safety system for an embedded device general algorithm:

1. Fill in the initial values D for DBD by running the negative selection training routine.
Run in real time the detection routine using the negative selection algorithm.

3. Determine the possible situation identifiers (detectors which matched above a given
threshold).

4. Assign weights to the detectors based on their “distance” to the situation.

5. Retrieve a population of control cells C from DBC which are related to the activated
detectors.

6. Run the control cell maturation routine using the clonal selection algorithm.
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7. Execute the found optimal solution.
8. Communicate the information to the control center CC.
9. Continue from step 2.

The incoming data from the sensors is the set of antigens. The data includes but is not limited
to speed, acceleration, voltage, rotation and operational temperature.
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Research of single phase compensated rectifiers
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Many electric technologies have a necessity to use single-phase AC voltage uncontrolled
rectifiers, and the rectified voltage quality must be high enough — with small voltage pulse
and a small rectifier effect on the AC network - secure network with high current THD
indicator and power factor close to unity. In addition, single-phase rectifiers often must be
with high power, such as in the single-phase AC electric train and locomotives. AC electric
locomotive rectifiers have capacity of up to 2-3MW and with output voltage up to 2.5kV.

Such uncontrollable rectifiers of electric trains and locomotives are used, either directly
through the DC motor pulse regulator control, or are used as the DC link for frequency
converter systems, where AC motors are used for traction. In both cases, system quality is
dependent on the quality of uncontrolled rectifier

The large capacity electric power is divided into two groups: AC motor drives with
inverters and DC motor drive with rectifier. Currently, electric rolling stock, locomotives
have a large proportion of the DC motor drive type, as it is a Latvian and other European
countries. It is expected that the DC motor drive locomotives will be operated for a long
period. Sometimes the locomotive rectifiers no longer meets the current requirements and
needs improvement or replacement. Locomotive with asynchronous or synchronous motor
drive as well as DC motor drive in case if used network is taken as alternating current and
most often it is rectified, then inverted AC motor needs a way rectifier process quality, this
way it is a topical issue in cases with an AC motor drive.

There have been several proposals for the technical quality of single-phase AC voltage
rectifier creation. For example, it is proposed to install output LC filter to a high power
rectifier. The main disadvantages of such a system are large filter element dimensions and
weight, as well as the high cost of active material. This system should be used in conjunction
with the rectifier input filter, as well as reactive power compensation units to significantly
reduce system efficiency.

In recent times there is gained wide popularity of active rectifiers, which are also
relevant to the uncontrolled rectifier class, in such rectifiers, diodes, contrary to the added
transistors in parallel, and the output capacitor and the input AC choke circuit, from the
network consumed current is almost sinusoidal and regulation of reactive transferable power
quantity is possible, including the full operation of active power mode. In most cases, when
the train or locomotive traction transformer is installed, there is no need to use the input
inductance filter.

Such active rectifiers can be created as a multi-level, which reduces the high voltage
drop across diodes and transistors load operating voltage can be reduced. With the use of
multilevel active rectifier it can also simplify the creation of the traction transformer, creating
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a multi-level transformer. It should be noted that the active rectifier application allows for bi-
directional power flow, enabling the effective implementation of the traction motor
regenerative braking.

However, the active rectifier creation requires high-power transistor implementation in
the system and the creation of a sophisticated control algorithm, which greatly increases cost
and complicates the establishment of the rectifier, as well as reduces the system reliability.

It should be noted that it is possible to create so-called rectifiers for power correction
principle, such systems can be both symmetric elements and asymmetric, and may be several
phases of the bridge rectifier output. It is possible to create a system with so-called high-
frequency electronic transformer; the rectifier DCV is inverted, transformed and re-rectified.
But all of these systems are rather complex and requires use of sophisticated control
algorithms.

Having regard to the above, the work offers a new type of unguided dual rectifier
system, the first channel operating at partial capacity uncontrolled conventional bridge
rectifier mode, the second channel by lowered voltage pulse regulator with partial power fill
the rectified voltage drops of the first channel. Such a system allows getting high quality
rectified voltage by two reduced capacity channels, and provides a reasonably good result in a
total network current. The aim is to study such systems and to evaluate the use for electric
traction systems.
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Ionizing radiation dosimeter with a Geiger-Mueller counters —
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Abstract

The paper studies the physical foundations of ionizing radiation, the measurement methods,
schemes and algorithms. Based on these studies, improvements were made; a prototype
dosimeter was designed and produced, using the company Microchip PIC18F4220
microcontroller. Prototype was tested and improved algorithms for the microcontroller. Based
on the Salaspils radiation laboratory measurements, microcontroller calculation formulas used
constants were specified.

Introduction

Traditionally, the ionizing radiation dosimeters with a Geiger-Mueller tubes use two methods
— counting electric discharges through the Geiger-Muller tube in the time unit (frequency
method) and measurement of electric current through a Geiger-Mueller tube (current method).
In this work we use these two methods simultaneously, according to the measurement results
(or, depending on the intensity of ionizing radiation) the microcontroller automatically selects
the best method to perform calculations. Another novelty of the work is that the same
microcontroller, performing the calculations, is used for DC-DC type voltage converter,
which feeds the Geiger-Mueller tube voltage, control. Also, all other functions that are
traditionally carried out discrete elements were integrated into the microcontroller program.
This allowed reducing of the number of components and dosimeter’s costs, as well as
significant improvement of the device modification, by using only the microcontroller
program modification.

1. Geiger-Mueller tube power supply

Geiger-Mueller tube power supply, see schematic in figure 1, is the DC-DC type voltage
converter, which is formed by elements R6, Q1, Q2, T1, DI and C2. Same Step-DC converter
circuit is conventional [1]. This voltage converter provide a voltage on the capacitor C2, so
that it is within the limits laid down by the Geiger-Mueller tube type [2], [3] (this should be a
voltage on the meter response of the Plateau).

Converter output voltage is adjusted by changing the pulse width and freqency supplied from
microcontroller (port RA1). Since the converter is a low power, the output voltage is highly
dependent on the load current. Current through the Geiger-Muller counter is measured with
the same microcontroller, which deliver pulses to the converter. This allows the delivered
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pulse parameters change automatically, depending on the load current, thus stabilizing the
voltage on C2.
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Figure 1. The electrical schematic of dosimeter
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2. Radiation dose rate and dose measuring

The radiation dose rate is continuously measured by the two (frequency and current) methods.
Electrical discharge through Bl is smoothed by C3 (the value of which depends on the
particular tube type technical regulations) and pulses through R4 to the microcontroller input
RA4. Input RA4 is configured as asynchronous pulse counter and counter value is used in
dose rate and total dose calculations.

The electrical discharges through B1 cause an electrical current through the resistors R1, R2
and R3. Voltage drop across R3 through an integrating filter C4, RS, C5 is fed to the
microcontroller port RAO. RAO port is configured as an analog to digital converter (ADC)
input. For batteries E1 resources saving, ADC is automatically turned on when the radiation
reaches a certain level.

The total dose, received by the dosimeter since dosimeter is powered on, is obtained by
integrating the dose rate measurement. Both dose rate and cumulative dose measurement is
continuous, as long as the dosimeter is switched on. The method of measurement and
calculation formulas is automatically selected by the microcontroller, eliminating the need for
operator intervention. User can only choose what the displays show or audible signals.

3. Implementation

Based on the results of the studies were made dosimeter samples. The samples were tested in
different laboratories; design and circuitry have been repeatedly modified and improved. Most
of the elements are placed on printed circuit board (PCB), mainly using surface-mounting.
Plate of cells and dry cell batteries are inserted into the pocket-sized plastic case, see Figure 2.
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Proposed methods of dosa rate and dosa measurement, circuits with microcontrollers, and the
algorithms for microcontroller were tested in laboratory for electromagnetic compatibility and
several radiation measurement laboratories. Calibration measurements of example are given
in Table 1. The dosimeters are tested in sertificied radiation measuring laboratories in
Salaspils, Latvia and by Steven Snay in U.S.A. showed that high accuracy of radiation dose
rate measurements in a wide range of dosa rate is achieved. Figure 3 shows the dependence of
the electrical discharges of radiation dose rate. We can see that dose rate measurement using
only one - linear counting method when radiation is with high intensity is not accurate;

4. Results

therefore the author's proposed method is fully valid.

Table 1. The example of Calibration measurements

. Air
It:ys;far;g: Etalon Distance Source toTeor::cie Kerms Xav Calibration 2 2s/Xav
[uGy/h] [ecm] M] o power [mR/h] factor [%]
[cm] [£%]
[MR/h]
50 24 59.4 74 4.5 0.2 0.16 1.25 0.022 14.0
80 9.1 83.2 74 24 1,0 0.65 1.54 0.037 5.7
50 23.2 58.8 74 24 2,0 1.20 1.67 0.044 3.6
40 36.3 48.0 74 24 3,0 1.75 1.71 0.067 3.8
100 61.0 120.6 740 2.1 5,0 2.80 1.79 0.070 2.5
90 746 101.4 740 2.1 7,0 3.69 1.90 0.084 2.3
80 94.4 84.9 740 2.1 10 4.78 2.09 0.071 1.5
70 122.4 77.2 740 2.1 12 5.46 220 0.123 2.3
60 166.9 69.1 740 2.1 15 6.17 243 0.082 1.3
50 240.2 59.0 740 2.1 20 6.93 2.89 0.079 1.1
50 240.2 53.5 740 2.1 25 7.31 3.42 0.060 0.8
50 240.2 48.8 740 2.1 30 7.38 4.07 0.049 0.7
40 J
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’s /
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Figure 3. Frequency discharges (relative units) dependence on the radiation dose rate
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Dosimeter has technology and manufacturing in company "ICD electronics" with the name of
RDOI and it has been awarded with the certificate CE (Figure 4.). Technology and permit the
production of the developed dosimeter, called DX3 or DX4, was sold to U.S.A. firm
"Industrial Test Systems".

Figure 4. Certificate of conformity
5. Conclusion

The proposed methodology for measuring, circuit and microcontroller operation algorithm
allows the increase of the accuracy of measurement of ionizing radiation dosa rate and dosa.
Microcontroller with flash memory makes it possible to improve the quality of measurement,
making changes only in microcontroller and allows calibrate each individual dosimeter copy,
further increasing accuracy. The author continues to work on the dosimeter design.
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Optimisation of wireless and Internet network applications for computer controlled

electro - technologies

Peteris Apse Apsitis

I.  PRACTICALLY ORIENTED E-LEARNING WORKSHOP

Practically oriented e-Learning workshop (Fig.1.) in electrical engineering studies, are
developed and implemented in study courses like control of electrical drives, power
electronics, lighting control as well as in automatic control. Network based e-Learning semi-
vocational workshops are considered as a way to:

give possibility for students to have semi-vocational practice on basic parameter
relationships, control methods and algorithms,

provide better understanding and improvement in quality and creation speed of
knowledge,

give opportunity for professionals to practice in areas not well known for them or for
life-long learning,

extend possibilities of evaluating student’s overall knowledge and understanding of
the course material with the help of workshop’s log file.

The gained knowledge can later be tested by carrying out one of “must know and
understand” vocational tasks on site under supervision of educational staff.

Student / User ‘Workshop
Web browser E : Server / Database Video camera
Safari, Firefox, . Internet : FileMaker Instant
Internet Explorer, etc. . . Web Publishing
- # N L . £
WLy
computer N -

3 commands / requests / Bi-directional converter
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Fig.1. e-Learning workshop structure.



All controls and value readings are provided locally on site or remotely via Internet.
Equipment observation and readings also can be done via Internet.

The main (but not the only) elements of e-Workshop are:

e web-server (the well known Apache web-server);

e FileMakerPro database with enabled Instant Web Publishing engine. Database stores
user information, enables access to workshop via Username and Password, activates
commands to drives, displays readings and activities and logs them;

e bi-directional TCP/IP - logic converter for each load. Converters are based on Arduino
board and Arduino compatible modules. One converter can serve several loads in some
cases;

e separate hardware driver for each load, for example driver to experiment with stepper
motor control;

e sensors: current, voltage, tilt, acceleration, torque etc., installed on each load (if
necessary);

e sensors driving digital oscilloscope;

e video camera for load and instruments observation;

e necessary safety switches and protection devices;

¢  GSM module for SMS information to workshop administrator in case of fault.

Fig.2. partially show e-Workshop DC drive-generator and step motor practicing equipment
for illustration purposes.

II. Low-COST ENERGY MONITORING SYSTEM

The uprising SmartGrid technology with alternative energy sources is demanding for a
“smarter” consumer with ability to monitor and manage his loads. The new concept of
household energy consumption monitoring system is developed - energy consumption
apportionment between consumers instead of precise energy consumption metering for each
consumer type. Data readings wirelessly are transferred from monitoring points to monitoring
base station and can be observed via Internet. Structure of the monitoring system is shown in
Fig.3.

127



LINE—9

MAINS 220V

LOAD

AMPLIFIER RECTIFIER

NULL

1-BIT POWER SWITCH POSITION

CALCULATIONS

I1I.

1-BIT “TRANSMIT"

12T

CONVERTER
in

fix = Xix— AT
0 i1

—

— TRANSMITTER

[ INTERNAL 6-BIT GROUP ADDRESS

MICROPROCESSOR

3-BIT ADDRESS

ZERO-CROSS DETECTOR

3-BIT ADDRESS

1-BIT REQUEST

RECEIVER

INTERNAL 6-BIT GROUP ADDRESS

WIRELESS DATA EXCHANGE
FROM - TO MAIN POINT

SELF-TUNING CORE-LESS SERIAL RESONANT DC/DC CONVERTER

Sensors or another electro motor can be fixed on more than 360° turning or rotating servo,
stepper or DC motor shaft, pan/tilt system or robotic systems, for example. To feed sensors
and motors (fixed un rotary part) and receive sensor data, widely used wire loops cannot be
applied in this case. Wireless energy transfer from stationary part to rotating (moving) part
solves the problem. Self tuning resonant converter is applied. Control signals and data
readings are provided over mentioned wireless link. Simplified converter circuit is shown in

Fig.4.
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IV. LED LAMP ILLUMINATION DIMMING DRIVER

Implementation of LED light sources are rapidly growing in-spite of higher LED price.
Also LED drivers currently are expensive, especially with light dimming capability. Simple
and inexpensive new type of LED driver are developed. Driver can power up to 100W led
lamps, have wireless dimming capability as well as consumed power monitoring and fault
detection over local ZigBee network and Internet. Two variants are shown below (Fig.5).
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Implementation of LED light sources is rapidly growing in-spite of higher LED price. Also
LED drivers currently are expensive, especially with light dimming capability. Simple and
inexpensive new type of LED driver is developed. Driver can power up to 100W led lamps,
have wireless dimming capability as well as consumed power monitoring and fault detection
over local ZigBee network and Internet. Two variants are shown below (Fig.5).
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V. ICT TODAY

Mainly ICT are divided in to consumer ICT (PC’s, cell phones, home electronics etc.),
industrial ICT (PCL’s, automatisation electronics, embedded microprocessors etc.),
networking and networking equipment (wired or wireless), global positioning and navigation
systems and satellite communications. In many cases there are practically the same equipment
for consumer and industrial applications.

ICT consist from hardware and software. For the same hardware are possible several
different software operating systems. And the came operating system can run on different
hardware (not so many practical examples and mainly achieved via virtual machines).

For the same task and the same operating system is possible to find several application
programs.

Production and manufacturing authorities and other involved specialists mainly share the
point of view that only proprietary software applications, developed by big brand names, must
be used in serious applications. This not clearly true because we can count that open source or
freeware software designed by individual or groups of programmers dominate against brand
name developed proprietary software.

Big and expensive example of proprietary software are Microsoft products|[1].

Examples of popular open source products include[2] UNIX OS, Linux OS, FreeBSD OS,
OpenBSD OS, Android OS, Emacs, GNU toolset, Apache, HTML, PHP programming
languages and others. The development of Perl is an example of the open source process.

Open source project SourceForge: “2.7 million developers create powerful software in over
260,000 projects. Our popular directory connects more than 46 million consumers with these
open source projects and serves more than 2,000,000 downloads a day.”|3]
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Apple OS X and 10S4 partially are open source and partially proprietary. Based on UNIX,
Cocoa and Ruby on Rails OS X include developed by Apple Inc. software groups (for
example - drivers) and applications still are low cost proprietary software.

“Mac OS X is far from perfect. But Windows is far from adequate. Mac OS X remains the
single safest GUI operating system on the planet. Only OpenBSD and FreeBSD have better
security reputations. Sorry Linux.”’[4] Authors 20-years long ICT experience prove that too.

OS X is UNIX certified computer operating system|[5].

Regardless of software proprietary, practical “field tests” - millions of users every minute,
hour and day- and achieved “test” results are one of the main points (or general point) to
choose - can or cannot software be used for safety applications.

Are consumer targeted 10S4 based applications enough reliable for safety applications?
Yes.

1054 equipped consumer equipment sales are rising every month and now (iPhone and iPad
sales, first quarter 2011) they count 7,78 million per month[6]. Sales cannot and don't rise if
product isn’t reliable.

Mission-critical applications use OS X and Apple hardware platform - US Army has video
surveillance based on the Mac OS X platform[7] as well as more than 1500 OS X Servers
installed from 2004. OS X version OS X 10.7 “Lion” are designed that only one software
will be use for both - desktop and server - applications. Such possibility significantly
decrease overall system servicing downtime, increase service stuff availability as well as
make more easy to keep spare computers it to the stock.

OS X “sister” 1054 are specially adopted OS X for iPhone, iPod Touch and iPad mobile
devices. These devices have installed GPS receiver, accelerometer, magnetic compass, WiF1i
data exchange and Safari internet browser as well as many (more 200 000) applications are
available to install. We can find several navigation or position on the map applications. Or it
1s possible to design special application via 10S4 SDK (Software Development Kit).

All the mentioned above cannot be taken as advertisement - we are talking about safety and
are interested to choose the best solution available - equipment and software.

References for par V - ICT today.
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INTRODUCTION

The problem of minimization of electrical energy consumption is very topical these days,
due to rapidly rising cost of the electricity and in some cases also insufficiency of installed
electrical power, which may cause the electrical energy crisis. The same relates to
autonomous energy systems, which by definition should have minimized power consumption,
for example, so called “island mode” of microgrid concept, when some community users are
disconnected from utility grid and load is supplied from the local energy sources.

This could be solved by managing the load of the end user by means of modern
communication equipment, which allows sending commands and controlling the load over the
same power lines. For this reason each load should be equipped with data transferring
module, and some microcontroller to realize the communication protocol with some master
controller of the local grid. However, this implementation could be costly for the end user.

Another strategy to minimize the energy consumption is to analyze acquired consumption
data during some period of time and make corrections in usage of load or replace them with
more efficient ones. This solution could be realized in different ways. First, is to use various
monitoring devices, each for one load. This is the most precise, but the bulkiest solution,
because it requires stand alone monitoring device for each load and getting the information
from each monitoring device (by means of some communication equipment or by removing
storing device and manually downloading data) could be inadmissible because of additional
costs or time investments. Another variant is to analyze the load pattern in non-intrusive way,
by putting load monitoring device in central point of electricity distribution, which is more
preferable due to minimal number of installed devices and easy data acquisition. This
approach is called non-intrusive load monitoring (NILM). The process of energy consumption
analysis becomes simple, if additional functions of load analyzer are realized, such as drawing
diagrams of energy consumption, or generation of report showing total energy consumption
of each appliance by the end of some period.

Currently proposed solutions [1-10] are aimed to load disaggregation in simple (analyzing
step changes) or more difficult (analyzing also changes in frequency domain, multi-state loads
and time periods of different loads) manner. However no one of them propose solution for
households with connected local energy sources, such as small wind turbine, PV
(photovoltaic) panels, local energy storage equipment etc, which also change the total
consumption by decreasing it. In this article the case study on defined problem will be
discussed.

| UNDERSTANDING THE PROBLEM

The NILM technique allows disaggregating energy consumption by different appliances.
However, this technique is faced with some problems in identification of some type of loads,
like: constantly on load, variable in time load, multi-state load. Different approaches try to
solve this problem by using special algorithms or analysis techniques.
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Considering modern trends, many households are getting equipped with local electrical
energy generators, mainly from renewable energy sources — wind and Solar energy. The
inconstancy and unpredictability of such type of generators faces with the problem of it
disaggregation, as it has influence on the total energy use. For this reason additional
equipment or special analysis are proposed as a solution.

:: |
NILM

=¥
o

Fig. 1. Scheme of currently recognized household electrical appliances.

II1. PROPOSED SOLUTIONS
This chapter describes the proposed solutions for defined problem in previous section.

A. Using additional meteorological sensors

First solution may be realized by installing additional sensors to monitor solar irradiation
and wind speed. In this case NILM controller will be possible to correlate electrical energy
consumption changes with provided data from sensor and disaggregate generated energy form
variable in time loads. In this case special firmware improvements of NILM device should be
done realizing this approach, as well as additional inputs are required.

This solution may not be the best one, due to imprecision of irradiance sensor or
anemometer data comparing it with generated energy by the corresponding generator, because
of some delays or nonlinearity of sensor’s and generator’s curves.

B. Installing additional current sensors

Another approach is based on assumption, that some electricity distribution boxes are
localized, where all appliances are divided in groups and connected to different circuit
breakers, as well as different generators may be connected through separate circuit breaker
also.
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Fig. 3. Proposed solution with additional current sensors

In this case additional current sensors (see Fig.3.) may be useful for precise measurements
of generated electrical energy that allows identifying variable loads more precisely.

From the technical point of view, this approach can be realized with additional smart energy
meters connected to NILM device or with additional inputs for current sensors in case, if
NILM device calculates energy consumption by itself.

Proposed solution has also advantage of disaggregation of identical loads connected to
different circuit breakers. For example two bedrooms are electrically supplied from one
switch board, but from different circuit breakers, and both has identical load appliances. In
this case NILM device, which is located closely to switch board and has various inputs for
current sensor, may properly identify the certain load in certain bedroom.

C. Analysis of spectral pattern change

This solution is based on the assumption, that power converter is always used, when
connecting RES to the grid. Each switching converter has specific “spectral envelope” —
special content of information about active and reactive power, as well as harmonic content of
an appliance. By using this method, NILM device could identify the amount of generated
energy by the RES, by analyzing total consumption and harmonic pattern change in time. If
the harmonic pattern of power converter is known, then the amount of generated energy could
be disaggregated from the variable in time load.

This solution requires significant computational resources, as it requires not only energy
calculation and analysis, but also spectral analysis of the electrical energy consumption, thus
making it most complicated

111. CONCLUSIONS

Despite a big number of publications about non-intrusive load monitoring, which describe
different approaches of load identification, no one describes the problem of connected local
generators, such as wind turbine or solar panels, and its power consumption disaggregation
and identification approaches, as they may be mismatched with variable in time loads.

Present article describes three approaches of electrical energy consumption disaggregation
from energy, generated from local renewable energy sources.

Proposed solutions have different advantages and disadvantages that are summarized in the
table below (see Table I).
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TABLE I
COMPARISON OF PROPOSED SOLUTIONS

Solution Accuracya | Computational Additional
load hardware

Meteorological Low Low Yes

Sensors

Current sensors High Low Yes

Spectral analysis Moderate High No

As it can be concluded, the second approach (with additional current sensors) may have
been most attractive, due to most precise load disaggregation method. Nevertheless, last
approach (with spectral analysis) requires no additional hardware for installation, however
requires high computational potential, which may cause to change NILM device.
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Abstract- Detailed simulation study of the most appropriate resonant converter has been
carried out to be used for SkW proton exchange membrane (PEM) fuel cell. The proposed
SkW LLC resonant converter is designed for boosting from the low input voltage (25Vdc-
48Vdc) to high output voltage (400Vdc), the predicted maximum efficiency is 1>95%.

Introduction

The research of renewable energy resources, as well as the hydrogen energy has gained a
growing interest in the recent years. The hydrogen fuel cells are fully ecological, taking into
account that heat and water are the only by-products, which are excreted into the
environment. In order to utilize the electrical energy which is produced by the fuel cells,
characterized by slow dynamic response, low output voltage and large voltage variations,
static power converters are researched widely throughout the world. [1]

The fuel cells used in domestic application, either as main power supply or backup
source, need to be connected to the grid. Thereby, their low DC voltage has to be converted
by means of a power converter into AC voltage in accordance with the grid voltage
parameters. Such power converter systems usually consist of a DC-DC converter and a DC-
AC converter. To reach a suitable DC voltage supply for the inverter, it is necessary to use a
transformer or a boost DC/DC converter. When the required voltage amplification is large, the
boost topology is not appropriate due to the lack of galvanic insulation between the input and
output. In such cases DC/DC converters with high frequency transformer are preferred. In
order to minimize the switching losses in high frequency DC/DC converters, different
topologies of resonant converters have been investigated [2], [3] using the soft-switching
power conversion techniques.

For the purpose to increase the overall efficiency of the system it was decided to use
several converters in parallel. First advantage is to reduce the power handling of transformers
versus the case of single converter. This will result in smaller size of the transformer.
Secondly the conduction losses for the switches are drastically reduced, due to smaller current
that flows through them.

Resonant DC/DC converter

For many years, it has been a world-wide trend to reduce the volume of the switching
power supplies by increasing the switching frequency. However, the high frequency causes
low efficiency because of high switching losses. Since the resonant converter has ZVS or
ZCS function for reducing the switching losses, the resonant converter has been widely used
in the power industry. Resonant DC/DC converters are constituted by an inverter followed by
a rectifier and an output filter. Many structures may be employed to realize a resonant DC/DC
converter; the two basic structures are characterized by a different position of the capacitor of
the resonant circuit that can be placed in series (Series Load Resonant, SLR), or in parallel
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(Parallel Load Resonant, PLR) to the load. Other structures, denoted as series parallel
resonant converters, employ two capacitors (LCC) or two inductances (LLC). [2]

LLC converter displays many advantages over other resonant converter topologies; it can
regulate the output over wide line and load variations with a relatively small variation of
switching frequency, it can achieve zero voltage switching (ZVS) over the entire operating
range, and all essential parasitic elements, including junction capacitances of all semi-
conductor devices and the leakage inductance of the transformer, are utilized to achieve soft-
switching [2].

LLC Resonant converter

The circuit diagram of a half-bridge LLC Resonant Converter is shown in Fig. 2. The
behavior of the LLC conversion system is quite similar to that of the SLR as concern the three
operation modes, but this circuit presents two different resonance frequencies. When diodes
D3 or D4 are turned on, resonant circuit becomes composed by Lr and Cr , so resonance
frequency is equal to 10:

1

fo= 2n4L,C, ~ M)

On the contrary, when both diodes are open, inductance Lm is in series to Lr ; therefore
the resonance frequency becomes equal to f1 :

1

he i @

Fig. 3 shows the DC gain characteristic g of the LLC resonant converter assuming a value
of L,, equal to that of L, . The DC gain characteristic g is defined as:

V. 12" ®)

m

The characteristic factor Q is the ratio between the characteristic impedance and the load.
(Fig. 2) - shows, for different values of characteristic factor, O defined as:
_ 27#0[41‘
0= R 4

[

A ratio k between the switching frequency and the resonance frequency is:

/s
k=25
fi ©

Comparing with SRC, the converter can achieve both Buck mode and Boost mode. When
the switching frequency is higher than resonant frequency, voltage gain of LLC converter is
always less than one, and it operates as an SRC converter and zero voltage switching (ZVS)
can be achieved. When the switching frequency is lower than resonant frequency, for different
load conditions, both ZVS and zero current switching (ZCS) could be achieved. At the
boundary of ZVS and ZCS regions, converter voltage gain reaches its maximum value.
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Resonant converter

As shown in Fig. 1, the primary switches S; and S, conduct alternately to generate a
symmetrical square waveform with the magnitude of V;,/2. D; (D) and Copss; (Cossz) are the
anti-paralleled diode and the equivalent output capacitor of S; (S2). The resonant tank is
formed by the resonant capacitor C,, and the leakage inductor L, and magnetizing inductor L,,
of transformer. The center-tapped rectifier is constructed by connecting diodes D3 and Dy to
the secondary windings of transformer.

Simulations

To describe the operation of the LLC resonant converter for fuel cell application,
simulation results were obtained using PLECS simulation software (Fig. 3) shows a model of
a 5 kW converter with 100 kHz switching frequency. Scopes are connected to measure
resonant output voltage, driving pulses and load voltage. Waveforms are presented in the
following order: gating signals; output of the inverter; resonant tank circuit output voltage;
output of the rectifier and load voltage.
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Generator
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Operator Blanking Time:

-20
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Fig. 3. LLC Converter schematics in PLECS Fig. 4. Simulated waveforms of the LLC
environment converter at full-load and 25Vdc input, from the
top — S1, S2 control voltage, current through Lr
and Lm, voltage of the transformer primely side
resonant capacitor Cr

As it can be seen from the simulation, the converter operates as desired, providing 100 V
output voltage at rated input and load conditions.
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Experimental tests

Experimental testing of one LLC converter was carried out as well. The testing was
performed using two 12V 50Ah car batteries in series as the input voltage source and
connecting the LLC resonant converter to a resistive load. To calculate the efficiency of the
converter, measurements of the input current, transformer’s input voltage and load voltage
and current were done.

The results of experimental testing are summarized in Table I. The step-up HF
transformer used has a turn’s ratio of 1:7.6. The transformer was built using two E-cores and
has the leakage and magnetizing inductances given in the design example. The converter was
tested at constant frequency at variation of the load. The operating waveforms of power
transistors with fixed input voltage for various load conditions (from full load to about 5.1%
load) are represented by Fig. 5. The maximum output power obtained from the converter was
approximately 400 W (Fig. 10). Since the component values used were not exactly the same
as the design values, the output voltage and the output power is smaller than the designed
values.
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Fig. 5. Efficiency curve for the proposed converter at minimal input voltage

Table 1. The measured quantities

Vout Tout Vin Lin R,
88,2 0,574 22,01 2,454 164
87,9 0,671 21,99 2,865 138
87,1 0,8802 21,94 3,77 102,5
86,7 1,705 21,97 7,42 49,5
72,5 2,323 18,26 10,55 29
71,4 4,38 20,5 17,21 17
59,5 5,09 17 20,55 12
35 9,854 15 26,06 6
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Conclusions

In this paper, the design considerations for LLC resonant converter for fuel cell
application are explored. The analyzed converter gives many advantages over other resonant
converter topologies; it can control the output over wide line and load variations with a
relatively small variation of switching frequency, it can achieve zero voltage switching over
the entire operating range and all essential parasitic elements, including junction capacitances
of all semi-conductor devices and the leakage inductance of the transformer, are utilized to
achieve soft-switching.

The voltage gain characteristics were analyzed based on the theoretical analysis and
computer simulation, which has confirmed the conducted analysis. Every switching
component is operated in the soft switching condition of ZVS state for primary MOSFET
switches and ZCS state for secondary diodes.

References

8. Lazar J. F., Martinelli R., Steady-State Analysis of the LLC Series Resonant Converter / IEEE APEC’01. —
2001. - vol. 2. - P. 728-735.

9. Hsieh G. Design Considerations for LLC Series-Resonant converter in two-resonant regions // PESC. — 2007.
- P. 731-736.

10.Lu B., Liu W., Liang Y., Fred C., Jacobus D., Wyk V. Optimal design methology for LLC Resonant
Converter / APEC 2006. - P. 533-538.

11. Bellini A., Bifaretti S., lacovone V. Resonant DC-DC converters for photovoltaic energy generation systems
// SPEEDAM 2008. - P. 815-820.

12. Jovanovic M. Princeple of Resonant Power Conversion // house seminar. - Toulouse 2004.

13. Steigerwald R., Roshen W., Saj C., A High-Density 1 kW Resonant Power Converter with Transient Boost
Function // IEEE Trans. On Power Electronics. - Vol. 8. No. 4. — October 1993. - P. 431-438.

139



Optimization of control systems of AC drives with frequency convereters

Glebs Golubovs

Kronvalda bulv. 1, Riga
gleb.ohotnik@inbox.lv

Abstract

Analysing the well-known investigations in the field of vector control of induction
motors it can be concluded that practically all types of the control methods existed as a result
of improvement or optimization of previous methods. Therefore it seems possible to create a
joint optimization system of these control methods that could allow selection of an optimal
approach for each separate application as well as give an opportunity for further optimization
of each approach. The classification of the field-oriented control methods is studied, main
parameters according to which the optimization could be realised are considered, analysed
and classified. On this basis an idea of criteria system is proposed with the aim to analyse it in
details according to each control method, compare them and systematize the information.

One of the significant advantages of vector control in the area of the system
optimization, is a possibility to construct a cascade control system for the induction motor
regulation.

Introduction

Due to wide application of induction motors (IM) in different technological processes
and installations the problems of control and regulation of IM are of high importance and in
details investigated from the theoretical as well as practical point of view. The devices
requiring the most accurate and fast response operation widely and successfully are equipped
with so-called field-oriented control that provides IM control similar to that of DC motor
significantly simplifying the essence of IM control as well as provides the most accurate
control of transient processes as in comparison with scalar approaches (U/f=const) the field-
oriented control operates with the instant values of current, voltage, etc. [11].

With the widening of field-oriented control application increases also a necessity in
more theoretical investigations of these processes that in its turn caused a full set of changes
and approaches for improvement and optimization of parameters as well as an investigation
and solving of mathematical description of the control method for its better realizing. It
resulted in the division of IM control method into several methodologies similar in basic
principles but different in its realization approaches and therefore in the result and effect. [7,8]

Evaluating the level of complexity of the field-oriented control system and its
mathematical apparatus one can conclude that the system of optimization criteria and
parameters is branched and complicated enough. It seems rational to consider a general
optimization criteria components of vector control approach providing an opportunity to take
into account simultaneously all the mentioned above technical economic indices as well as the
level of complexity of control realization (i.e. method) and purpose of control (i.e. field of
application).

1. GENERAL OVERVIEW OF THE METHODS.

Scientists [11] propose full available at the moment classification of field-oriented
control. It is demonstrated in fig.1.
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Fig.1. Classification of vector control methods

2. PARAMETERS OF THE METHOD EVALUATION

One of the instruments by means of which the control systems can be evaluated and
investigated is the block scheme and equations system describing the system. In addition the
defining of such criteria can be mentioned like speed, torque, current and flux regulators
parameters and tuning of the system according to the classical optimization criteria.

A user should have an opportunity to estimate such parameter like the expenses of the system to make
the most suitable decision. The technical-economic indicators can not be considered separately from the really
produced industrial converters applying the field-oriented control [12].

The upper limit of the frequency regulation range is an important factor applying the
motors with high rated frequency 200 ... 1000 Hz Usually these are the instruments with a
very high speed - mills, centrifuges, etc. It should be assured that the converter can provide an
appropriate frequency. The number of the control inputs can be also considered as a
evaluative criterion. The discrete inputs are necessary for different commands (start, stop, fix
speed, reverse, emergency braking, change place of operation - usually can be programmed),
Analogue - inputs for the pre-set tasks. The digital inputs are necessary for supplying the high
frequency signals from the decoders (digital sensor of speed and placing. The large amount of
inputs is necessary if it is planned to realise a complex control system with several control
signals.

The number of output signals is used by the digital outputs in the complex system
realization (e.g. pump stations) and output signals - for realization of different regimes and
analogue - for displaying supply equipment and production of control system.

The type of control with which the motor is controlled in the operation regime. It can
be controlled through an embedded output or remote or computer control (form the personal
data processor or computer). A combined or switched over control is often available. As it is
seen these parameters mostly refer particular converters.

The frequency converters with pulse-width modulation most of all applied in field-
oriented control contain also a DC-link.
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The structure of methods parameters evaluation 1s given in fig.2.
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Fig.2. The structure of methods parameters evaluation

3. Cascade control of IM realised possible applying field-oriented control

The investigations of cascade control in the scheme of field-oriented control have been
started to investigate. A program calculating the parameters of IM substitution scheme
according to the rated parameters of the motor and therefore the parameters of cascade
scheme regulators according to the selected optimization criterion is being created as well as
all the steps are tested by means of MatLab/Simulink software environment (fig.30. [14, 15]
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Fig.3. Block scheme of cascade control of IM realised possible applying field-oriented control
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Abstract- Public transport system control as a large system control for system sustainability is
offered. Public transport system sustainable development was defined and formalized.
Passenger traffic monitoring system solution is developed and offered during the research for
public transport system sustainability. The possibility to use Lidar technologies in transport
systems is discussed; it is offered to use them for braking control for safety system
development to reduce human factor effect in transport system. There are some experiments
made; and results are offered and discussed. Developing three-level public transport control
tool for public transport system control, the authors suggest, that this system solution can
improve all the public transport system performance in Riga city, taking in account ecological
problems, priorities of passengers and also economical effect. Integrated tools discovered,
such as communication system solution for public transport network, alarming system
solution and safety system solution will work together, as good as technologies and
algorithms offered will be used for making public transport system safer and better. Public
transport system sustainability monitoring tool is developed and offered by author and
computer-based model is developed. Offered system solution is open for further researches in
the whole and in each component in particular.

According to automatic control, transport system functional scheme can be shown as
in figure 1.

Dispatchers
contral

A lv: Controls
B cC

)

Feedback. Dispatchers cnntrnl|7

St

-
-
-

Fig.1. Transport system functional scheme

Public transport system sustainable development is formalized as:
PTSSD(AT) =<E1,Qs,E2,G>(AT) (1)
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Where:

PTSSD(AT) - public transport system sustainable development in time period (47);
E1 — Environmental sustainability;

Os — Quality of service for passengers, including safety, security and comfort level.
E2 — Economical sustainability aspects of transportation;

G — Influence of Governance;

(AT) — Time period.

In world practice, there is no general analytical solution of nonlinear systems found, so
it 1s possible to use the method of intervals, as the unit of measurement for each parameter
using a subjective evaluation - the levels.

For example, evaluation scale can be defined as 5 levels scale. For each criteria of the
system let’s describe such levels system:

1-the best condition;

2-good condition;

3-normal condition;

4-bad, but still suitable condition, situation would be improved;

5-extremely bad condition; situation would be improved immediately.

For each condition it is possible to attach the color for better visual system monitoring,
for example, in this sequence: (1=white; 2=blue; 3=green; 4=yellow; 5=red).

Using this scaling it is possible to monitor the system also visually:

E1l co, I L
Qs Time Schedule | ... | ...
E2 Price | | | | | | .

G Restrictions | | ... | ...
Fig. 2. PTSSD visual monitoring concept

Use of modern technologies of monitoring and the transport control integrated in
intelligent transport system have received wide popularity all over the world. Such systems
are the means of considerable reduction of non-productive expenses for transport and
increases of an overall performance of transport system as a whole. The first step in Riga city
is bus control system ASOS [1]. Systems of satellite monitoring of motor transport now are
widely used in the transport, however the strategic development in city and implementation in
tree levels of control is not just engineering issue, it is also an issue for decision makers. In
the article the usage of such system for passenger’s transportation is discussed.

The necessity of developing of the centralized system of wireless dispatching
management of city passenger transport in Riga is obvious. The centralized management of
city passenger transport presumes to use more effectively transport resources and to provide
higher level of service for passengers. It will be promoted also by integration of railway
transportation into system of passenger transport of the city of Riga, with including into the
general control system.

Analyzing world experience in designing and use of control systems of city passenger
transport, it is possible to assume that introduction of similar system in the city of Riga will

145



have a positive effect [5]. Considering experience of other countries, it is possible also to
assume approximately-necessary functionality of system.

It is offered to create Riga city passenger transport three-level centralised control
system solution.

At first level — vehicle equipment and processes control.

At the second level the control of each type of transport separately (something similar
now well only for the Riga buses) will be carried out (ASOS system).

The third level will allow supervision system as a whole. It will allow to plan more
competently work of transport system using corresponding methods of the theory of
management, more effectively to transport passengers.

Thereby the system of passenger transport will work more in coordination, in the best
way carrying out the main function - timely delivery of passengers in the place of a city
necessary to them.

According to the control theory and system theory fundamentals, it is offered scheme
to global control of public transport system.
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Fig. 3. Transport control system solution structure. Third (global) control level

Where:

St — transport system; {St;-St,} € St — subsystems in whole transport system; {Tr;-Tr,} —
kinds of public transport; {V;-V,} — vehicles of public transport; {I;-1,} — infrastructure
objects in public transport system; {P;-P,} — passengers; {Cr;-Cr,} — public transport system
sustainable development criteria list: (environmental sustainability; passenger safety and
comfort level (quality of service); economical/technical aspects; influence of governance).
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The authors also have developed a computer-based model for public transport system
sustainability monitoring.
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Fig.4. Administration tool for public transport system systainability monitoring — criteria
editing

The main idea of this model is, that pressing the button “Data” — all the criteria values
are generated and uploaded into the system. Values for each criterion are generated randomly.
After that, input values are evaluated, using 5 level scale (described in first part of thesis) for
each criteria. So it is possible to receive visual results and visually monitor the system
sustainability. It is possible to use checkboxes for viewing criteria only for vehicle level, only
for transport mode level, only for global level, or in combination for different levels. If the
criteria value is on alarm border or can damage system sustainability, then this criterion is
shown in yellow or red colors and short name of this criterion is also shown. In this case it is
possible to “click” the criteria short name and see full name of criteria, current value and
possible comment, as good as all the system levels where this criteria is shown. This tool
gives the possibility to edit groups of criteria, as good as add and edit criteria for each group.
It is also possible to edit values which could be used for criteria evaluation (see figure 4).

RESULTS

The main result of current researsh is a three-level system solution and monitoring tool
development that provides public transport system sustainable development. This is reached
by formalizing the concept of public transport system sustainable development taking into
account ecological problems, priorities of passengers and also economical effect, therefore,
developed monitoring tool give the possibility to monitor all the sustainability criteria level to
keep the system in sustainable and safe position. Developed by author monitoring tool show
also all the criteria which are in critical level and can threat the system sustainability, so it is
possible to react maximally fast to keep the system in sustainable position by normalizing the
level of critical criteria. Other hand, increase the level of security is achieved through the use
of video-cameras in vehicles, as well as outside the vehicles, emergency alerts are also sent to
the system's monitoring tool, providing a response to the alarm causes and consequences. The
possibility to use LIDAR [2], [3], [4] technology in vehicles to provide higher level of safety
in cases of emergency braking has been tested and proven experimentally. The results are
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positive and allow to conclude that these technologies allows to avoid the crashes, which are
dependent on the "human factor", in emergency braking cases, thereby also increasing the
level of public transport system safety.
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The track circuits are the main elements in the system of interval regulation of the trains
traffic. The information about free sections of the railway lines and about the integrity of the
railway's track wires provides the interval regulation of trains traffic. By track wires of track
circuits, which at the same time is the floor channel of the automatic locomotive alarm, the
information about traffic lights forward, is given to the locomotive.

The east - west transit corridor is actively used for the cargo transport. This section is
equipped by the system of tonal track circuits of the third generation. In order to reduce costs
for the cargo transport it is planned to electrify the section by the alternating current.

The main feature of the railway automatic devices system is the use of railway lines, where
the back - draft currents flow, as the lines for transmission the automatic locomotive alarm in
the code combinations to the locomotive, as well as for the control of free railway line.

The electromagnetic compatibility of these devices is provided, using the frequencies,
which differ from the harmonics of the traction current. However, modern electric
locomotives are a powerful source of the interference in a wide range of frequencies. The
applied high-voltage filters not always may provide the reduction of the interference level.

The increased traction current of the asymmetry in the elements of track circuits and the
automatic locomotive alarm leads to the generation of direct currents, which could worsen the
quality of the functioning of these elements, causing the disruptions in their operation and the
overlapping of automatic lock signals in front of moving train. As a result the safety of train’s
traffic is worse; the costs increased due to additional stoppages and delays of the train[1].

The complexity to solve the problem of interfering effects of currents is determined by the
variety and the difficulty of identifying the causes of malfunctions and failures in the
operation of track circuits and the automatic locomotive alarm devices. These difficulties are
related to the complexity of the physical processes of traction currents’ distribution along the
metal parts of electric locomotive, as well as on back-draft of the railway network.

The main source of the interferences on the electrified sections of the AC current is the
traction power frequency and its harmonics. For the operation of track circuit the receiver and
the radio transmitter are used.

Depending on the type of track circuit, the different code combinations and forms of the
electrical signal are used. For example, in tone track circuits of the third generation the
amplitude-modulated signal is used, as well as the alternation of the different carrier
frequencies (420,480,580,720,780 Hz) and the frequency modulations (8,12 Hz).

The intervals of code combinations may be filled by pulse or harmonic interferences. The
impulse interferences usually are the result of abrupt changes in the traction current in the
rails and the locomotive, as well as the result of the magnetization of the rails. The main
source of the impulse interferences is the electric draft of the locomotive equipment.

The power lines also impact on the track circuits, creating the additional inductance. The
impulse interferences appeared at random moments and may to misrepresent the duration of
the intervals. As a result, in the cabin of the machinist, on the locomotive traffic light, the
signal, which prohibits the traffic, appeared.

One of the reasons of inferences’ appearing in the apparatus of the railway automatic
devices is the asymmetry of the traction current. The level of the mentioned inferences is
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proportional to the value of the traction currents difference in the railway whips. In
accordance with the current standards, the relative value of the traction currents difference has
to be not more than 4%, when the value of the inverse AC traction current is equal to 300 A.

The absolute value of the traction currents difference has not to exceed 15 A [2,3,4]. The
difference between the traction currents in the track wires is directly proportional to the value
of the longitudinal asymmetry and transversal asymmetry of the electric resistance of the
railway line and the value of the traction current [5].

The longitudinal asymmetry appeared, if the resistances of track wires are not equal, when
the sum of the resistances of joint connections within the track circuits, which are limited by
isolating joints, are not the same.

The transversal asymmetry appeared, if railway wires have the different resistance to the
ground. The transversal asymmetry always presents in places, where the railway wires are
connected to the grounding circuits of the contact network [6].

The analysis of the literature and new publications shows that there are many unsolved
problems related to the railway sections, which are electrified with the alternating current,
including the effect of reversal traction current to the nonlinear elements of track circuits
equipment and the automatic locomotive alarm equipment, as well as the influence of current
harmonics on the stability of the locomotive receivers in automatic locomotive alarm.

The purpose of the modeling is to research the changes of the asymmetry coefficient of AC
traction current under the coils of the automatic locomotive alarm, when the train moves on
various railway track circuits. To implement such tests experimentally during operation is
quite difficult; therefore, we propose to use software simulation in Matlab environment, as
well as to check the values in the Electronics Workbench.

The input resistances of railway wires are the main parameters of the distribution of the
traction current under the coils of the automatic locomotive alarm. During this simulation the
scheme of the back-draft railway network replacing was used within the non-regular lines [4],
which were supplemented by the leveling choke-transformers. This model is characterized by
the following sections:

- for the stages of non-joint track circuits, when grounding of the traction substation is
connected to the midpoint of the Drossel - Transformer, which is established on the border of
stage to the station;

- for the stages of track circuits of automatic lock code and for track circuits of the station,
when grounding of the traction substation is connected to the midpoint of the Drossel -
Transformer, which is established on the output - point of the track circuit.
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In such sections the reversal traction currents in the rails have a maximal values [7]. The
intensity of automatic locomotive alarm failures and track circuits malfunctions in such
sections are the highest.

For example, the input resistance of the track wires PH1 can be calculated by the formula
[1,2]:
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To know the values of the input resistance of the track wires of various lengths, we can
calculate the distribution of back-draft traction current under the coils of the automatic
locomotive alarm by the formulas[3,4]:
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