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Introduction

This work is based on research in a field of intelligent agent systems, negotiation algorithm solving tasks of energy saving, optimal electric
vehicle control and transport flow control in traffic jam.

Public electric transport should have higher priority than private cars, by criterion of transported passenger number, electric energy consumption
and service level evaluated by schedule fulfillment. Public electric transport, such as trams and especially trolleybuses, which are more sensible
to traffic jams, uses more electric energy during frequent acceleration and braking in traffic jam and infringe scheduled time. Also traffic lights
are not synchronized and working independently from transport flow.

Evolutionary algorithm with dynamic input parameters can be very useful to synchronize traffic lights with each other, with transport flows and
with public electric transport schedule to avoid idle time, directive term infringements and to provide faster service to passengers.

Paper presents a practical example to test proposed mathematical model and workability of evolutionary algorithm. The specific dynamic model
of city transport system is created and results of evolutionary optimization are simulated.

Problem Formulation

The purpose of research is to develop new mathematical models and new algorithms for intelligent devices to control in electric transport system
taking in account dynamic parameter of city transport system. Models and algorithms are proposed for multi-criteria optimization.
Main goal of research is energy saving for public electric transport. Mathematical model and evolutionary algorithm is proposed in the paper to
solve multi-criteria optimization task minimizing idle time and electric energy used by public electric transport and maximize average speed of
the flow in traffic jam.

e Set of electric transport vehicles: T = {t, tp,...,ts}

e Set of traffic lights: L = {1}, 1, ..., I}

e Intelligent control system : S

e Set of electric drives for each vehicle: Dy = {d;, d, ..., dp}

e Sets of sensors for transport and traffic lights - M, M

e Sets of transmitters for transport, traffic lights and control system: Rr, Ry, Rg

e Sets of actuators for transport and traffic light: At, AL

e Electronic control devices for transport, traffic lights and control system : Vr, Vi, Vg

e Database for transport, traffic lights and control system: Dby, Dby, Dbg

e Software with artificial intelligence procedures for transport, traffic lights and control system: Pgr, Pg;, Pgs

e Power supply for transport, traffic lights and control system: B;, B,, B3
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Figure 1. Structure of electric transport system with intelligent control

Mathematical Model

Mathematical model of public electric transport system has a set of dynamic parameters. Such parameters can be number of cars waiting on the
crossroads, number of passengers waiting on passenger stops. Also number of lanes, which is very significant parameter for traffic jam problem
solution, may be changed in case of breakdowns and crash of cars. All these variables are changing continuously. That is why evolutionary
algorithm is necessary to adopt optimal solution to current input dynamic parameters.

A. Variables and functional dependences for for optimal control of electric transport

For transport task following mathematical model can be defined:
Set of processors P — stops, crossroads and streets, where P = {P', P P’}, P € N, where

Stops: P' ={p|,p},...,p.tc P
Streets without traffic lights: P*> ={p.,p:,...p>} C P
Streets with traffic lights and crossroads: P* ={p;,ps,...p .} C P
Set of jobs Q — vehicles, where O ={0',0*}, where
Electric transport: Q' ={q,,q5,....q.}
Non-electrical vehicles: Q° = {q.,¢3,....q.}
Each  electric  vehicle has fixed schedule, which defines directive terms for each  passenger’s  stop:
¢'€Q'. o,:P'>(DN.D}. . .D)CZ
Each electric vehicle ¢' € Q' has processing time on each processor p € P, d :l eZ".
Let us define processing time for job ¢' € Q' and ¢ € Q on each type of processors:
o stop:p'eP', l:ll qupll,

where

1 . . .
t! - processing time, which depends on number of passengers;
q

. : . A
o free street without traffic light and traffic jam peP’, 1y = —,
v
q
where
17 - length of street;

v, - average moving speed on the street taking in account acceleration and braking

3 P 3 3
o traffic light (and street before crossroad): peP’, 1 = [{3_ (x” +y"),
x’v,
where
X7 - time of green light;
yr " time of green light;
17 - length of street before traffic light;

p— . . . . 3 . . . .
v,, - average moving speed on the street in time interval x” , taking in account acceleration and braking.
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B. Definition of fitness function for optimal control of electric transport

Fitness function for optimization for all electric transport vehicles Q':
oMinimization of electrical energy:

zjz Udt+zjz U'dt |- min (1)

qqulpf =

1
“q

where
U’ — voltage of contact network;

iql () — current.

Total moving time minimization:

ry lp/ qu

Z Zd“i s

q'=q; | i=1 Jj=1 ql k= qu

(xpk +y”k) — min (2)

with constraints:
Pq L =(Pys Paoees Dy o re ), D€ P' U P? U P? - strictly defined route, which includes stops, streets and crossroads;

gj +d:,1 < D;’ll forall p'e P, - schedule, where

gj , - time of arrival to passenger stop p' € Pq .

Average speed maximization:

Yy Z Z Z (V('n 1)+a(’))+z Z (v(’l 1)+a(’)) T, —> max (3)

q'=qi| =1 t= t'/+1 ”’< +1
where
a;’l) - acceleration of a vehicle at time moment € Z*

Also optimization functions for non-electric transport units Q° should be defined.:
o Total moving time minimization:

Qi rqz lpf qu Pi 5 5
T,=>. — |+ (x” + ") || > min 4)
=gt | =1\ V2 k=1 X7*V_,

with constraint

Pq 2 =(P1sPoses Py e, ) P € UP?> U P? - strictly defined route without passengers stops. Let us assume that it can not be changed.

o Average speed maximization:

z
q m

z z z (v(’z 1>+a(t))+z z (v(’z l>+a(”) T, — max (5)

¢’=q | =1 41 tt +1

Using normalization formulas all optimization functions should be converted to common optimization target. As a result following function are

defined:
E 1 - E 1
E'Ql —_9mx 9y max (6)
Ql max
T 1 1
T, = gmx _C 5 max (7)
Q] max
_ ‘_}Q‘
V' 0 == — max (8)
VQI max
-T
2 2
T'Qz —_gmx 9 s max 9)
Tmax
= VQZ
Vi == — max (10)
VQZ max

160



Ql max ’ T'Ql max ’ le max ’ T'Q2 max ’ vQZ max
unknown any positive number may be used for normalization.

Using optimization criteria priorities ¢, ,a, ,o; ,a, ,o, fitness function is defined for evaluation of genetic algorithm population:
o o o 0 0

e R" are normalization values, which usually is maximal possible value of function. If maximal value is

F=a, £' +oa, T' +,0. V' +a, T' .+a. V' , — max (11)
o @ o @ "ot 0 ¢ 'o?

0 0

C. Population mathematical definition for optimal control of electric transport

Let us assume, that population S is a set of traffic light schedules
S =1{5,,8,,...,8, }.

max

Each schedule s € S is vector containing optimization variables of traffic light time intervals:
3 3 3 3 3 3
—(+P J I p pe 4P
s=(x" 0 o xP oy xleyl),

where
x? ‘€ Z" - k-th traffic light’s green light time;

y% e Z* - k-th traffic light’s red light time.

Initial population is generated with random numbers defined in predefined limits:
SO = (5,50 501,
where
$ = (0 <2/ Xy SISVl i S Sy <0 <),
x:fn - k-th crossroad’s traffic light’s minimal time for green light;
xr’r’fax - k-th crossroad’s traffic light’s maximal time for green light;
yr’r’f; - k-th crossroad’s traffic light’s minimal time for red light;

)’ff;x - k-th crossroad’s traffic light’s maximal time for red light.

Population should be evaluated and arranged by efficiency. Each schedule s € S is evaluated by function:

V.=F@s)=a, E' +o, T' +,a, V' +a, T' ,+a, V'
o @ o @ o' 02 @ 0?

0 o

By evaluation of the whole population § a set of evaluations is defined:
Vo= VsV )

For arrangement of population following rule is used, according to optimization goal, which is maximization in this case. So, set S is arranged by
i<j, ja V(s;)>V(s;). Inresult arranged set is created:

S =(8,,5,55, ),

max

where
§, - the best (by target function) schedule of traffic lights in population S;

s, - the worth (by target function) schedule of traffic lights in population S.

A set of elite individuals is created to save the best results, which contains copies of f percents individuals from set S. So, elite set is
defined:

S, = 5y 8apsB ).

Algorithms for Problem Solution
D. Selection procedure for electric transport optimal control

Stochastic roulette individual selection procedure for task solution if defined.
1. step: For each state of traffic light s € S selection probability
p -G _ O
V(S e,
b) ( ) z V( ‘Sj)
j=1

and cumulative probability

C‘e‘. = Zl:Pk
k=1

are calculated.
2. step: Random number are generated
ge[0,1]eR.
3. step: Such s, is selected, for which

Cgt_ <g< C§M .

4. step: Selected schedule is added to set of individuals for crossover and subtracted from the set S:§=Su {s.}, S=8\ {s,}
S.step: If | K |H S| and S=@ , then end of selection procedure. Else repeat from 1. step.
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Procedures result is arranged set where elements are grouped in pairs:
S =(<8,8, >,<583,8, >, <S8, ,8, >)

E. Crossover procedure for electric transport optimal control.

3 3 ~ ~ . . . . . . .
As xP,yPr e Z*, § €S, are real numbers, for crossover operation by genetic algorithm weighted arithmetic crossover procedure is defined.

1. step: From set of traffic light schedules S @ where i — number of current generation pair is selected:
<FOF0 >,

2. step: Defining crossover weight
we(0,)eNR.
3. step: Generating of new schedules for traffic lights by following rule:

() _ o 3 () SO _ P P P P
s =ws U+ (1 =w)s =l + (T=w)xl ,.owyl +(=-w)yl,

s/ S1+1 S} S/+1
(i+1)

J+l

v ()

(i 3 3 3 3 :
iy =ws i+ (1= w)sj(’) = (wxZ, +(I=w)x,,..,wpls, +(A=w)pL)
Sl Sj Jj+ 5

4. step: If j+1=s,,,, then procedure ends with new (i+1) generation set of traffic light schedules: S = {s{"", sV 5"V} else j= j+2

and procedure repeated from step 1.
F. Mutation procedure for electric transport optimal control.

For mutation in traffic light scheduling task arithmetic mutation procedure is defined. Initialization: Mutation parameters are defined:
number of mutated schedules - 7 €[1,s__ 1€ N;
number of mutated variables in each schedule - 4 €[L,|s[]eN, seS;

value of mutation (usually small number) - ve Z.
1. step: Generating of set of random numbers:

U={y,..7;}, wherey e[l,s  1eN, yel.
2. step: Selecting traffic light schedules from population S:
S, = {syl,...,sy;}, §,cS.
3. step: Generating of random number set:
A={A,.., Az}, where L e[L|s]/2]eN, AeA, seS§,

4. step: In each schedule s, € S, variables mutation value is added, getting:

max ]

max

3 3
— p P
s, = {...,xsj% +u,ysj? +u,.}, A€A, s, € S, cS

3 3
_ P D
S, —{...,xsj_‘ +u,y" +v,..}, A€A, S, eSS, cS§

Sj

5. step: End of mutation procedure.
Computer Experiment
The specific environment is developed by authors for the dynamic modelling of intelligent system for energy saving algorithms. The interface is

presented on figure 2.
This research presents results of traffic control using evolutionary optimization of traffic light working time.

Time: 138

Total time for
N all vehicles:

Figure 2. Computer model for traffic control
Figure 2 presents the model of traffic jam without evolutionary algorithm. Model shows current situation in Riga, where traffic jam is very actual

problem.
Results of evolutionary algorithm show the necessity to set up maximal allowed time for green light.
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Figure 3a show total waiting time for usual traffic light working mode.  Figure 3b provides total waiting time with evolutionary algorithm
results.

Time: 1538 Time: 1392
Total time for | Total time for
all vehicles: | all vehicles:
13784 12673
a) b)

Figure 3. Results of simulation a) without optimization b) using evolutionary algorithm results

On current stage of research 8% of time is saved by using of evolutionary algorithm results.

Conclusions

The results of using algorithms of artificial intelligence in public electric transport systems show the possibility to avoid crashes and detect
dangerous points on the way. They advance safety improvement, optimization of energy usage, profit increasing, idle time minimization and
coordination. Simulation results prove the efficiency of provided algorithms in mechatronic systems. Usage of algorithms and models allow to
reduce charges for energy consumption and to provide more safe service.

The additional value is the possibility of the developed systems to prevent accidents and to avoid different problems by intelligent diagnostic and
coordination devices. General algorithm for diagnostics in intelligent agent systems gives possibility to detect the problem of electric vehicle
immediately, to fix it in some cases without human intervention or inform all other participants about the problem.

Negotiations in intelligent agent systems give the possibility to coordinate actions of all participants in transport systems and to realize multi-
criteria decision-making in control, diagnostic and scheduling for city electric transport.

Intelligent agents system based on the proposed models and algorithms are created using web-technologies, a database and the appropriate
programming languages that allow to realize negotiation easy and effectively.

This work has been partly supported by European Social Fund within the National Programme "Support for carrying out doctoral study
program's and post-doctoral researches" project "Support for the development of doctoral studies at Riga Technical University" (grant Nr.
.2004/0002/VPD1/ESF/PIAA/04/NP/3.2.3.1/0002/0007)
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Gorobecs M., Levéenkovs A. Evolicijas algoritmu modeléSana intelektuala elektrotransporta sistemai

Petijuma merkis ir izstradat jaunus matematiskos modelus un jaunus algoritmus intelektualam iekartam, lai vaditu elektro transporta sistemu, nemot vera pilsetas transporta
sistemas dinamiku. Modeli un algoritmi tiek piedavati daudzkritériju optimizacijai.

Petijuma galvenais mérkis ir samazindt pilsetas elektriska transporta elektroenergijas paterinu. Matematiskais modelis un evoliicijas algoritms tiek piedavats, lai atrisinatu
daudzkritériju optimizacijas uzdevumu elektroenergijas patérina un stavésanas laika samazinasanai un vidéja transporta plismas kustibas atruma palielinasanai satiksmes
sastrégumos.

Sabiedriska elektrotransporta sistéemas matemadtiskaja modeli ir dinamisko parametru kopa. Visi mainigie nepartraukti maindas. Lidz ar to ir jaizmanto evoliicijas algoritms,
lai adaptétu optimalo risinajumu aktualo dinamisko parametru vértibam. Evoliicijas algoritmu ar dinamiskajiem parametriem var izmantot, lai sinhronizétu luksoforus sava
starpad, ar transporta plismu un ar sabiedriska transporta sarakstu, ta izvairoties no dikstaves, direktivo termipu parkapumiem un piedavajot labaku servisu pasaZieriem.
Raksta tiek apskatits art praktiskais pieméers, lai parbauditu piedavato modeli un evoliicijas algoritma efektivitati.

M. Gorobetz, A. Levchenkov. Modelling of Evolutionary Algorithms for Intelligent Electric Transport System

The purpose of research is to develop new mathematical models and new algorithms for intelligent devices to control in electric transport system taking in account dynamic
parameter of city transport system. Models and algorithms are proposed for multi-criteria optimization.

Main goal of research is energy saving for public electric transport. Mathematical model and evolutionary algorithm is proposed in the paper to solve multi-criteria
optimization task minimizing idle time and electric energy used by public electric transport and maximize average speed of the flow in traffic jam.

Mathematical model of public electric transport system has a set of dynamic parameters. All these variables are changing continuously. That is why evolutionary algorithm is
necessary to adopt optimal solution to current input dynamic parameters. Evolutionary algorithm with dynamic input parameters can be very useful to synchronize traffic
lights with each other, with transport flows and with public electric transport schedule to avoid idle time, directive term infringements and to provide faster service to
passengers.

Paper presents a practical example to test proposed mathematical model and workability of evolutionary algorithm.
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M. I'opobeu, A. JIesuenkos. Mooenuposanue 3601104UOHHBIX AJ1I20PUMMOG 0J151 UHMEIEKMYATbHOU ITEeKMPOMPAHCROPMIHON CUCT EeMbl

Lenv uccrnedosanusn pazpabomams HoGble MamMeMAMuyecKue MOOeIU U al20PUMMbl 0I5l UHMELIEKMYATbHbIX YCMPOUCMS 01 YIPAGIEHUsT CUCEMOU DIeKMPOMpPaHchopma,
NPUHUMAS 860 BHUMAHUSL OUHAMUKY 20p0OCK020 mpancnopma. Moodenu u aneopummvl npednoxiceHsl st MHOLOKPUMEPUATIbHOU ONMUMUSAYUU.

Tasnas yenb uCcne008anusi SmMo yMeHbueHue 3ampam 371eKmpodnepeull 0jisk 20p00CKo20 dnekmpompancnopma. Mamemamuyeckas MoOenb U IGOTIOYUOHHBII AN2OPUMM
nPeOodicenbl OISl PEULeHUsT MHO2OKPUMEPUATbHOU 3a0ayu ORNMUMU3AYUY Ol MUHUMUSAYUU 3APAN INEKMPOIHEP2UL, MUHUMUZAYUL 8PEMEHU NPOCMOSL U MAKCUMUZAYUS
cpeonetl ckopocmu 0BUIICEHUS 80 8PEMsL 3amopa.

Mamemamuueckas mooensb cucmemvl 0OUECMBEHHO20 INEKMPOMPAHCIOPMA COOEPAHCUM PSLO OUHAMUYECKUX NAPAMEMPO8, KOMOpble HeNnpepvleHo usmensomcs. Illoasmomy
B03HUKAEN HEOOXOOUMOCMb UCHONB308AMb IEOTIOYUOHHBIIL ANCOPUMM O A0ANMAyUY ONMUMAIbHO20 Peuenuss no0 meKyujee 3HaueHue OUHAMUYECKUX NApamempos.
Deomoyuonnslil anzopumm modxcem Obims npumenen 0 CUHXPOHU3AYUY pabomul c8emo@opos opye ¢ OpyeoM, ¢ NOMOKOM MPAHCHOPMA U PACNUCAHUEM 0OUeCMBEHHO20
MPAHCROpMA, YMoObL YMEHLUUMb 8PEMS. NPOCMOS, HAPYUEHUs OUPEKMUBHBIX CPOKOG U NPeONIONCUMb yHulee Ka4ecmao cepeuca 01 NACCaiCupos.

B cmamve paccmompen maxowce npaxmuyeckuti npumep 075t npoepKu dPhexmuerHocmu Mooeau u 360II0YUOHHO20 AN2OPUMMA
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