
 158 

ENERĢĒTIKA 
UN ELEKTROTEHNIKA  

ISSN 1407-7345 POWER AND ELECTRICAL 

ENGINEERING 

 

 
2008-23 

 

MODELLING OF EVOLUTIONARY ALGORITHMS FOR INTELLIGENT ELECTRIC 
TRANSPORT SYSTEM 
 
EVOLŪCIJAS ALGORITMU MODELĒŠANA INTELEKTUĀLĀ ELEKTRISKĀ TRANSPORTA 
SISTĒMAI 
 
 
Mikhail Gorobetz, M.sc.ing, researcher 
Riga Technical University 
Faculty of Electrical and Power Engineering 
Address: 1, Kalku St., LV-1658 Riga, Latvia 
e-mail: mgorobetz@latnet.lv 

 
Anatoly Levchenkov, Dr.sc.ing, Professor 
Riga Technical University 
Faculty of Electrical and Power Engineering 
Address: 1, Kalku St., LV-1658 Riga, Latvia 
e-mail: levas@latnet.lv 

 
 
Keywords: electric transport, evolutionary algorithm, intelligent transport system, scheduling theory 

 
 
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. 
 

• Set of electric transport vehicles: T = {t1, t2,...,tn} 

• Set of traffic lights: L = {l1, l2, ..., lm} 

• Intelligent control system : S 

• Set of electric drives for each vehicle: DT = {d1, d2 ..., dn} 

• Sets of sensors for transport and traffic lights - MT, ML  

• Sets of transmitters for transport, traffic lights and control system: RT, RL, RS 

• Sets of actuators for transport and traffic light: AT, AL 

• Electronic control devices for transport, traffic lights and control system : VT , VL, VS 

• Database for transport, traffic lights and control system: DbT, DbL, DbS  

• Software with artificial intelligence procedures for transport, traffic lights and control system: PgT, PgL, PgS 

• Power supply for transport, traffic lights and control system: B1, B2, 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 = {P1, P2, P
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where 

3px - time of green light; 

3py - time of green light; 

3pl - length of street before traffic light; 

xqv - average moving speed on the street in time interval 
3px , 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 1Q : 

o Minimization of electrical energy: 
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U’ – voltage of contact network; 
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Average speed maximization: 
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where  
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q
a  - acceleration of a vehicle at time moment +∈Zt  

 Also optimization functions for non-electric transport units 2Q should be defined.: 

o Total moving time minimization: 
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with constraint  
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∪∪∈= +  - strictly defined route without passengers stops. Let us assume that it can not be changed. 

o Average speed maximization: 
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Using normalization formulas all optimization functions should be converted to common optimization target. As a result following function are 
defined:  
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v +ℜ∈  are normalization values, which usually is maximal possible value of function. If maximal value is 

unknown any positive number may be used for normalization. 
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C. Population mathematical definition for optimal control of electric transport  
 
Let us assume, that population S is a set of traffic light schedules  
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Each schedule Ss∈  is vector containing optimization variables of traffic light time intervals: 
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Initial population  is generated with random numbers defined in predefined limits: 
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min
kpx - k-th crossroad’s traffic light’s minimal time for green light;  

3

max
kpx - k-th crossroad’s traffic light’s maximal time for green light;  
3
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kpy - k-th crossroad’s traffic light’s minimal time for red light;  
3
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kpy - k-th crossroad’s traffic light’s maximal time for red light. 

  
Population should be evaluated and arranged by efficiency. Each schedule Ss∈  is evaluated by function:  
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By evaluation of the whole population S a set of evaluations is defined:  
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For arrangement of population following rule is used, according to optimization goal, which is maximization in this case. So, set S  is arranged by 
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 A set of elite individuals is created to save the best results, which contains copies of β  percents individuals from set Ŝ . So, elite set is 
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Algorithms for Problem Solution 
 
D. Selection procedure for electric transport optimal control 
 
Stochastic roulette individual selection procedure for task solution if defined.  
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2. step: Random number are generated  
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5. step: If ∅== SandSK ˆ||||  , 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: 
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 E. Crossover procedure for electric transport optimal control.  
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4. step: If max1 sj =+ , then procedure ends with new (i+1) generation set of traffic light schedules: },...,,{ )1()1(
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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 - ℵ∈∈ ],1[ maxsγ ;  

 number of mutated variables in each schedule - Sss ∈ℵ∈∈ ,|]|,1[λ ;  

 value of mutation (usually small number) - Z∈υ .  
1. step: Generating of set of random numbers:  
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2. step: Selecting traffic light schedules from population S: 
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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. 
 

 
 

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. 
 

    
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., Ļevčenkovs A. Evolūcijas algoritmu modelēšana intelektuālā elektrotransporta sistēmai 

Pētījuma mērķis ir izstrādāt jaunus matemātiskos modeļus un jaunus algoritmus intelektuālām iekārtām, lai vadītu elektro transporta sistēmu, ņemot vērā  pilsētas transporta 
sistēmas dinamiku. Modeļi un algoritmi tiek piedāvāti daudzkritēriju optimizācijai. 
Pētījuma galvenais mērķis ir samazināt pilsētas elektriskā transporta elektroenerģijas patēriņu.  Matemātiskais modelis un evolūcijas algoritms tiek piedāvāts, lai atrisinātu 
daudzkritēriju optimizācijas uzdevumu elektroenerģijas patēriņa un stāvēšanas laika samazināšanai un vidējā transporta plūsmas kustības ātruma palielināšanai satiksmes 
sastrēgumos. 
Sabiedriskā elektrotransporta sistēmas matemātiskajā modelī ir dinamisko parametru kopa. Visi mainīgie nepārtraukti mainās. Līdz ar to ir jāizmanto  evolūcijas algoritms, 
lai adaptētu optimālo risinājumu aktuālo dinamisko parametru vērtībām. Evolūcijas algoritmu ar dinamiskajiem parametriem var izmantot, lai sinhronizētu luksoforus  savā 
starpā, ar transporta plūsmu un ar sabiedriskā transporta sarakstu, tā izvairoties no dīkstāves, direktīvo termiņu pārkāpumiem un piedāvājot labāku servisu pasažieriem. 
Rakstā tiek apskatīts arī praktiskais piemērs, lai pārbaudītu piedāvāto modeli un evolūcijas algoritma efektivitāti. 

 
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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М. Горобец, А. Левченков. Моделирование эволюционных алгоритмов для интеллектуальной электротранспортной системы  

Цель исследования разработать новые математические модели и алгоритмы для интеллектуальных устройств для управления системой электротранспорта,  
принимая во внимания динамику городского транспорта. Модели и алгоритмы предложены для многокритериальной оптимизации. 
Главная цель исследования это уменьшение затрат электроэнергии для городского электротранспорта. Математическая модель и эволюционный алгоритм 
предложены для решения многокритериальной задачи оптимизации для минимизации затрат электроэнергии, минимизации времени простоя и максимизация 
средней скорости движения во время затора. 
Математическая модель системы общественного электротранспорта содержит ряд динамических параметров, которые непрерывно изменяются. Поэтому 
возникает необходимость использовать эволюционный алгоритм для адаптации оптимального решения под текущее значение динамических параметров. 
Эволюционный алгоритм может быть применен для синхронизации работы светофоров друг с другом, с потоком транспорта и расписанием общественного 
транспорта, чтобы уменьшить время простоя, нарушения директивных сроков и предложить лучшее качество сервиса для пассажиров. 
В статье рассмотрен также практический пример для проверки эффективности модели и эволюционного алгоритма 
 


