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Introduction

This work is based on authors’ previous research of intelligent transport systems and optimal speed
control of electric vehicles as well as electric railway transport. The previous research task was
devoted to energy saving and scheduling. The following investigation includes the modelling of
acoustics emissions of electric train and usage of optimal speed control algorithm to reduce railway
noise.

Noise reduction becomes more actual problem every day, taking in account progressive improvement
of high speed railways. By Computation of Railway Noise (CRN) model, which is used to evaluate
and calculate noise level, main argument of acoustic level function is speed of a train. Acoustic
emission of high speed trains may be dangerous for human health. Even noise level of Latvian railway
is higher, than it is set up by EU standards. It reduces comfort level and as a result service level for
passengers.

There are different ways how to reduce noise of rolling stock by developing of new electric drives,
new shock absorbers, new sound isolation system of cabin and passenger compartments and so on. All
previous methods need the development of new technical equipment. Authors proposed to use optimal
speed control algorithm for intelligent transport control system, which solves multi-objective
optimisation task by noise reduction and energy saving criteria without infringements of the schedule.
Problem Formulation

The purpose of research is to develop new mathematical models and algorithms for intelligent
transport system for optimal electric railway speed control to reduce acoustic emissions of the train.
Main goals are
o Development of multi-objective target functions and algorithm for optimal control of electric
railway transport by criteria of:
=  minimisation of acoustic emission;
= minimisation of consumption of electrical energy;
o Research of using of developed procedures in computer modelling of electrical railway
transport systems’ optimal control.
o Creating of dynamic visual model of electric railway and simulation of proposed speed control
algorithm in comparison with existing human control of electric railway.

Mathematical Model

Following mathematical model based on CRN (Calculation of Railway Noise) model of acoustic
emission is proposed

The reference SELref at a given speed and at a distance of 25 m from the near-side rail of the track
segment taking into account the length of the train and the type of track and track support system.
Note that, if the track sleepers are laid on ballast, a correction of -1.5 dBA is applied, except if the
railway is a single track or the vehicle is a locomotive on full power.



Unpowered vehicles:

SEL, =31.2+20Igv+C,
Locomotives:

SEL, =112.2-101gv+C,

Total for N identical vehicles:
SEL, =SEL, +101gN

N
SEL,, =101g) 10%7"° + C,

i=1

Corrections to the SELref for distance of the reception point from the track, ground and air absorption,
the effect of screening by barriers, and the angle of view at the reception point.

C,, =-10lg(d'/25) d>10m
C,, =0.2-0.008d

—3P,1g(d/25) H<Im | 5dB
=<—0.6P,(6—H)lg(d/25) 1m<H<6m+{0 '
0 H>6m 10m<d<25m

C

ground

Corrections to SELref to take account of reflection effects at the reception point. The most usual is a
Facade correction at 1 m, of +2.5 dBA

The SELref at the reception point by applying the corrections determined at stages 3 and 4 to the
SELref, and convert the resulting SEL values to values of LAeq taking into account the time period
required and the number of trains, N:

SEL=Y SEL,, +) C

LAeq, 6-hour = SEL —43.3 + 10log1 0N
LAeq, 18-hour = SEL —48.1 + 10log10N.

Stage 6. Combine the LAeq for each segment to obtain the total day and night LAeq for the railway.

Ltotal = IOIg(ZIOL/IO)

Stages 1-6 are carried out using a chart-based procedure similar to that detailed in the CRTN. The
method allows us to predict the levels of noise for:

o multi-tracks

o freight and passenger trains

o diesel and electric haulage

o maximum speed up to 250 km/h.

Electromechanical Parameters for Train.

o Railway net voltage Ut

o Railway net current ®,

o Railway net resistance R%

o Train motor excitation current 7',

o Train motor armature current /'

o Train motor magnetic flux s

o Train motor torque constant c'n=cr/6.28
o Train motor rotation speed n'

o Train motor voltage U,

o

Duty ratio of pulse regulation g’



o Used net energy by train E,
o Recuperation probability of train a
o Recuperation energy of train ~ E',;

Coordination System between Trains

o A set of processors P — stations and points;
where P = {P', P’}, P € N, where
o Stations: P' ={p/,p},..,pi} = P
o Points: P> ={p],p;,..p’}c P
o Asetof jobs V' —trains, where V = {v,,v,,...,viL,, };
o Train’s schedule: &, : P' — {t,,,t,,,....t,,} R
o Stations’s schedule: OV Attt} SR

o Additional payments matrix A with criterions r,
where A = {a,, 212, ... , &na}, F€Z, n=[S|, t=|UJ;

o A negotiation set B, where B = Ny, — J;
Element conflicting objects and time to negotiate.

o A set of time crossings C c B;

o A set of directive terms infringements E — B.

Algorithms for Problem Solution

Authors have proposed speed control algorithm for reduction of acoustic emission of electric railway
Algorithm consists of the following steps:

Step 1. Detect next checkpoint - chp

Step 2. Calculate breaking point and breaking time:
brp = chp_dist — breaking way(vmin — ()
brt = breaking time(vmin — 0)

Step 3. Calculating rolling way and rolling time :
rw = rolling way(v — vmin )
rt = rolling time (v — vmin )

Step 4. Evaluating the rolling way: brp =s + rw ?
Yes — Step 5; No — Step 3

Step 5. If checkpoint type is a point: type[chp]="“X""?
Yes— Step 6; No — Step

Step 6. Start negotiations with point agent;

Step 7. Signal = green ?
Yes — Step 1; No — acceleration = false

Step 8. If checkpoint type is station: type[chp]="“S”?
Yes — Step 9 No — acceleration = false

Step 9. Start negotiations with station agent;

Step 10. Satisfies directive term r¢ + brt <t(chp) ?
Yes — acceleration = false; No — Step 3

Proposed algorithm takes in account also optimal energy consumption that is achieved by optimal and
safe control of electric vehicle using intelligent devices. The algorithm of optimal speed control is

provided for train's agent. The algorithm includes intelligent speed control procedure and negotiations
between intelligent agents.



Computer Experiment

The specific environment is developed by authors for the dynamic modelling of intelligent railway
system for noise and energy saving control. The interface is presented on Fig.1.

The algorithms were checked for different mechatronic system of different public electric transport
types. As an example, a railway system with real parameters is taken for optimal energy consumption.

Net power (ea): 17.725| kWh
Moment acoustic emission: dB

Average emission: dB

Time : 59

i 110 krah
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Fig. 1. Interface of dynamic model of electric transport
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Negotiation result

The graphics on the figure presents noise level, which is increasing during acceleration. Also electric
energy is consumed when accelerating. This way optimal speed control gives the results presented in

table 1.

Comparison of algorithms

Table 1

Schedule | Electric energy, kWh Average acoustic emission, dB
Existing control OK 36,52 74
Intelligent speed control OK 27,48 67
Comparison 24% 9%

The results show the possibility to reduce consumption of electrical energy by 24% and reduction of

acoustic emission by 9%



Conclusions

Proposed model and algorithm may be used for intelligent transport system to control speed of railway
transport, taking in account noise, electric energy and schedule criteria. Results of modelling of these
procedures show efficiency of proposed methods in railway task solutions.

Developed procedures give possibility to realize algorithm of optimal speed control for modelling of
intelligent agents to reduce consumption of electrical energy and acoustic emissions.

The result of computer modelling does not include costs for installation of necessary devices. Realistic
value should be not less than 12% of reduction of electric energy consumption and not less than 5%
for acoustic emission.

References

9.

10.

11.

12.

13.

14.

S. J. Russel, P. Norvig. Artificial Intelligence. A Modern Approach, 2nd edition. Prentice Hall,
2006, 1408 p.

Levchenkov A., Gorobetz M.. The Algorithm of Negotiation for Software Agents for the Open
Conveyor Schedule in Logistics Tasks. // In: HMS2003, Riga, Latvia, 142-148.

M. Gorobetz, P.Balckars, A. Levchenkov, L.Ribickis. Modelling of Neural Network Controller for
Scheduling Task in Intelligent Transport Systems //In Proceedings of 16th International
Symposium ,,Towards more competitive European rail system”, Zilina, Slovakia, 4-5 June 2008,
279-289 p.

M.Gorobetz, P.Baltskars, A.Levchenkovs, N.Kunicina, B.Vinogradova. Modelling of Operational
Rules and Algorithms for Safety Assessment in Railway Transport //In Proceedings of 15th
International Symposium ,,Towards more competitive European rail system”, Zilina, Slovakija,
2007

Rankis 1., Gorobetz M., Levchenkov A.. Optimal Electric Vehicle Speed Control By Intelligent
Devices. Rigas Tehniskas universitates raksti. Energétika un Elektrotehnika. Sérija 4, s€jums 16.
2006. 127-137. lpp.

Gorobetz M., Levchenkov A., Ribickis L. Intelligent Electric Vehicle Motion and Crossroad
Control. //In Proceedings of 12th International Power Electronics and Motion Control Conference.
Portoroz, Slovenia, 2006 — 1239 - 1246 p.



Gorobecs M., Levéenkovs A., Balckars P., Ribickis L. Optimalas atruma vadibas un akustisko emisiju
modeléSana intelektuala elektriska dzelcela transporta

Petijuma meérkis ir izstradat jaunus matematiskos modelus un algoritmus intelektualai elektriska transporta
sistemai elektriska ritoSa sastava optimald atruma vadibai, lai samazindtu vilciena akustiskas emisijas un
elektriskas energijas patérinu.

Autori piedava izmantot optimalds atruma vadibas algoritmu intelektualai transporta vadibas sistémai, kas
risina daudzmérku optimizacijas uzdevumu péc trokSpa samazindsanas un efektivas energijas izmantosanas
kritérija bez kustibas saraksta traucéjumiem. Piedavatais algoritms npem vérd ari optimalo elektroenergijas
paterinu, kas tiek sasniegts ar optimalu un drosu elektriska vilciena vadibu, izmantojot intelektualdas iekartas.
Algoritms ieklauj sevi intelektualo atruma vadibas procediiru un sarunas starp intelektualam iekartam.

Autori izstraddja specifisko modelésanas vidi, lai modeletu intelektualas dzelzceja sistémas dinamiku un trokspa
un elektroenergijas izmantosanas vadibu.

Algoritmu un procediiru modelésanas rezultati parada piedavato metozu efektivitati dzelzcela transporta
uzdevumu risinaSanda un dod iespéju samazindat elektroenergijas paterinu par 24% un samazinat akustiskas
emisijas par 9%.

Gorobetz M., Levchenkov A., Balckars P., Ribickis L. Modelling of Optimal Speed Control and Acoustic

Emission for Intelligent Electric Railway Transport

The purpose of research is to develop new mathematical models and algorithms for intelligent transport system
for optimal electric rolling stock speed control to reduce acoustic emissions and consumption of electrical
energy of the train.

Authors proposed to use optimal speed control algorithm for intelligent transport control system, which solves
multi-objective optimisation task by noise reduction and energy saving criteria without infringements of the
schedule. Proposed algorithm takes in account also optimal energy consumption that is achieved by optimal and
safe control of electric vehicle using intelligent devices. The algorithm of optimal speed control is provided for
train's agent. The algorithm includes intelligent speed control procedure and negotiations between intelligent
agents.

The specific environment is developed by authors for the dynamic modelling of intelligent railway system for
noise and energy saving control.

Results of modelling of these algorithms and procedures show efficiency of proposed methods in railway task
solutions and give the possibility to reduce consumption of electrical energy by 24% and reduction of acoustic
emission by 9%.

M.I'opoben, A.JIepuenkos, Il.Bannkapc, JI. Puounkuc. MoaeanpoBaHue ONTHMAJIBHOTO YNIPABJICHUS
CKOPOCTHI0 H AKYCTHYECKIMH YMHUCCHSIMY /IUISI HHTEJJIEKTYAJIBHOTO0 YJIeKTPHYECKOT0 7KeJIe3HOTOPOKHOTO
TpaHCHOpTa

Lenvio uccnedosanus s6semcs  paspabomKa HOGbIX MAMEMAMUYECKUX MOoOerell U aneopummos Onsi
UHMELIEKMYATIbHbIX MPAHCIOPMHbIX CUCMEM OJsl ONMUMAIBbHO20 YIPAGLEHUs. CKOPOCHbIO NeKMPULECKO20
HOOBUIICHO20 COCMABA, YMOObL COKPAMUMb AKYCIMUYECKUe IMUCCUU U NOmpebieHue dNIeKmpUecKoll dHepeuu
noesoa.

Aemopul npednnearom UcnoIb306amsb AI0PUMM ONMUMATLHO20 YNPAGLEHUs CKOPOCMbIO 8 UHMELIEKMY AIbHbIX
MPAHCROPMHBIX CUCIEMAX YNPABTIeHUsl, KOMOPAs peuldem MHO20Yenesyio 3a0aiy OnMmuMU3ayuu no Kpumepusm
CHUDICEHUSL YDOBHSL WYMA U IKOHOMUU dHepauu, be3 Hapywenus epaguxa. [Ipedrazaemviil aneopumm npunumaem
80 GHUMAHUe MAKdHCe ONMUMATbHOEe NompebneHue dHepaull, Ymo OOCMUSAeMCs 34 CHem ONMUMAIbHO20 U
0e30nacHo20 KOHMPOsSL INEKMPUYECKUX MPAHCIOPMHLIX CPeOCm8 ¢ UCHONIb308AHUEM UHMENIEKMYalbHbIX
yempoticmg. Aneopumm onmuManbHO20 KOHMPOTA CKOpOCMU 00eCneyusaemcs UHmeNIeKmyaibHolM d2eHmom
noesoa. Aneopumm @kuouaem @ ceds npoyeoypy UHMeLIeKmydibHO20 YHPAGIeHUsl CKOPOCIbIO U NePec08OpO8
MeHCOY UHMELIEKMY ATIbHLLMU A2eHMAMU.

Asmopamu paszpabomana cneyuguueckas cpeoa 015 OUHAMUYECKO20 MOOEIUPOBAHUS UHMENLIEKMYANbHOU
JHCENEZHOOOPOIICHOU CUCEMbL 051 YIPAGLEHUSL ULYMOM U IHEP2OCOEPENCEHUEM.

Pesynomamol Mooenuposanus 5mux aieopummos u npoyedyp, noKazvleaom 3Q@exmusHoCms npeoroHCeHHbIX
Memo008 Ol peuleHUs HCee3HOOOPONCHLIX 3a0ay U Oaiom B03MONCHOCMb COKPAMUms nompeodienue
anekmpoauepeuu Ha 24% u coxpamumo axycmuyeckue smuccuu na 9%.
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