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Abstract
This paper describes mathematical formulation of multi-stage scheduling task and algorithm for its solution using artificial immune system in intelligent electric transport system.
The task of scheduling in transport system is represented as one of the most well-known flow shop problem. Artificial immune system finds conflicts in existing schedule and propose optimal schedule of electric transport by waiting time and electric energy consumption criteria.
As numerical example public transport schedule in Riga is proposed to be optimised.

1. Introduction

Nowadays in metropolis number of vehicles is increasing day by day. It is a reason for a lot of problems for public transport, causing traffic jams, schedule violation, etc. The tendency is to combine different transport types such as tram, trolleybus and bus in one stop. In city centre it causes scheduling conflicts in peak hours. 

This is the cause for electric power overconsumption and public transport delay. To provide quick, cheap and comfortable passengers delivery with public electric transport in metropolis there was and will be topical problem. On the one hand, the amount of vehicles in the streets and electricity expenses are going up day by day, traffic jams become from bad to worse, public transport stays in traffic jams longer time and use electricity increasingly, but on the other hand the citizens require public transport as fast and as cheap as possible. Optimal traffic organization, coordination of traffic lights operation with transport moving on the routes according to an optimal schedule will help to solve this actual problem for any big city worldwide [6]. 

This paper describes a new application of artificial immune algorithm, to create schedule for optimal electric transport flow on routes. In terms of artificial immune systems, multi-criteria target function is defined as antigen. Schedules which are the solutions of the problem are defined as a set of antibodies. Each antibody represents a sequence of stages to perform all operations of each vehicle on public transport route. Randomly generated schedule is evaluated according to the target affinity function. As genetic based methods, artificial immune systems create new population of antibodies using specific procedures as diversification, clonal proliferation and hypermutation, which imitate features of biological immune system [10]. Processing continues until the solution is found or predefined stopping criteria is achieved.

2. Problem Formulation

To organize an optimal electric transport units schedule on crossroads is very important for standby time decreasing and prevent the dangerous situations. Currently in inspected part of route transport units motion schedule is create without regard some unexpected delaying in peak on time and so on. They have not shared control system and have not coordinated schedule along public transport routes. 

This paper proposes to use immune algorithm for multi-stage scheduling as solution for traffic jams eliminating in the city. Route is divided into several separate nodes – stages ad thereby each section of route are examine as one stage in multi-stage task.  If electric transport unit’s motion is coordinated according to optimal schedule, this could decrease electric transport standby time, eliminate often breaking and acceleration, finally save electricity and prevent dangerous situations. Main task of research is to create programmable model for transport unit motion in selected part of Riga public transport routes. Main goal of this research is to find out optimal motion schedule used immune algorithm. 
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Fig. 1. Transport motion organization block diagram
Purposed optimal intelligent electric transport motion organization block diagram is shown in Fig.1, where:
· T – transmitter

· E – engine

· B – brake

· S1, S2, ...Sn  - sensors for each stage

· P – power supply

· CC – control centre

· CB – control block

· CL1,CL2,...,CLn – crossroads lights

· SL – location sensor

· SSp – speed sensor

· So – other sensors

Electric transport units send signal about current location, motion speed, schedule etc. to control centre. Sensors from stops send information about current maintenance stage. According received several information artificial immune system of the control centre creates optimal transport units motion schedule and through transmitter sends signal to traffic lights and in same time relevant information to vehicle’s control block, which accelerate or brake vehicle’s drive according to the received signal. 

3. Mathematical Model of Artificial Immune System for Multi-stage Scheduling
A. Model of multi-stage schedule for artificial immune system
The following definitions are proposed for mathematical model of artificial immune system [10]:

-
Processors – 
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 - crossroads, streets and passenger stops;
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Jobs - 
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Set of prior operations of each route – 
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Each vehicle 
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Duration for each operation 
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Antibody – 
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- size of antibody is a number of operations in each route of each vehicle;

-
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- sequence of operations, which can not be disarranged for each route 
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is represented as a following tuple: 
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 - vehicle, which performs operation of gene g 
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 - duration of operation of gene g, which performs vehicle tr on processor p.
t – movement time between passenger stops.
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Each antibody 
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is represented as the following lists combined with the elements of genes tuples:


[image: image28.wmf]}

,...,

{

1

q

tr

tr

JL

=

 - job list, which consists of vehicles operation of each gene in antibody;
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- machine list, which consists of crossroads, streets and passenger stops to perform operation of each gene in antibody;
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-
Antigen – target function 
-
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– total time to fulfil all operations of each vehicle according to schedule AB;
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B. Parameters for immune system

Antibody population size – z
Memory pool size – M
Replacement rate – 
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Clonal proliferation rate – 
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Hypermutation rate – 
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Donor rate – 
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Tournament pressure - 
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Inducing rate – 
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Diversity probability - 
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Bit number in Gene shift - 
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Bit number of nucleotide - 
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Number of proliferation - 
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C. Additional conditions for traffic control task 

Each electric vehicle 
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 has following parameters, which depends on time t:

Current – 
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Acceleration – 
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Deceleration – 
[image: image51.wmf])

(

u

u

b

t


Velocity – 
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Therefore, the duration of each operation of vehicle 
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The difference between usual flow-shop scheduling task and traffic control task is that duration of each operation is not predefined and is in functional dependency on the performance of other operations as well as criteria such as conditions of the streets surface, weather conditions, distance considering ratio among two contiguous vehicles, drivers acquirements, etc. 
Due to this reason the evaluation of the schedule may be solved using simulation of each result of artificial immune system for public transport system model, which takes in account the following variable parameters [8]:

· green light duration limits, 
· relative number of electric transport in the traffic flow, initial street fullness, 
· average length of a vehicle, 
· minimal distance between vehicles in traffic jam, 
· maximal speed, 
· weather – clear, cloudy with rain and heavy rain with reduced visibility, that has influence on

· driver’s reaction time, 
· acceleration time to maximal speed.

4. Algorithm for Artificial Immune System for task solution

D. General steps of immune algorithm

Step 1. Random schedule initialization. According to immune algorithm operation sequence, the first step is random initialization of possible antibody (schedule) population.
Generate initial population 
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Step 2. Procedure for simulation of transport system according to schedule. The results of simulation is total time and total energy spent by all vehicles according to schedules:
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Step 3. Evaluation of schedule affinity to target function. Each schedule is evaluated by target function using the results of simulation:
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Step 4. Clonal proliferation of the most matched schedule. In the IA scheme, the most matched (Maximum affinity value) schedule derived from the earlier step is chosen for hypermutation after clonal proliferation process.
Step 4.1. Selecting schedule with best affinity for clonal proliferation:
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Step 4.2. Proliferating selected schedule 
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Step 4.3. Light chain hypermutation in each schedule.
Step 4.4. Simulation of hypermutated schedules.
Step 4.5. Affinity evaluation for each hypermutated schedules.
Step 4.6. Preliminary donor schedule set creation.
Step 4.7. Memory pool update.
Step 5. Tournament selection for donor schedule. Several schedules according to the predefined tournament size are chosen randomly for competition with the surviving winner being turning into a donor schedule.
Step 5.1. Select schedules from preliminary donor schedule set.
Step 5.2. Tournament stage. 

Step 5.3. If the defined number of schedules is selected, than finish, else go to step 5.2.
Step 6. Germ-line DNA library construction. In IA components from the memory schedules and the donor schedules construct the germ-line DNA library.

Step 7. Gene fragment rearrangement.  In IA new schedules are created via gene fragments rearrangement process.

Step 8. Schedule diversification. Matching a large variety of antigens/tasks requires an equal level of diversity in schedule type. In the IA this was achieved by mimicking the following six diversification mechanisms:
· point mutation;
· recombination;
· conversion; 

· inversion;

· shift;

· nucleotide addition.

[image: image67]
Fig. 2. Schema of electric transport routes in Riga city

Step 9. Stop criterion. The whole process will stop when the generation equals to a pre-defined number. Otherwise the process reverts to Step 2 for iteration. Finally the best and most diverse solutions are stored in the memory pool. 

5. Computer Experiment in Developing of Artificial Immune System 

For the example part of Riga centre is selected, where six electric transport routes are crossing (Fig. 2).

Passenger stops “Grecinieku iela”, “Valguma iela” and “Centraltirgus” have scheduling conflicts, where 2 or 3  electric transport vehicles must be on the stop simultaneously.

Following routes JL are defined:

JL(Tram2) = <Centraltirgus, Grecinieku, Valguma>
JL(Tram4) = <Centraltirgus, Grecinieku, Valguma>
JL(Tram5) = <13.janvara, Grecinieku, Valguma>
JL(Tram10) = <Centraltirgus, Grecinieku, Valguma>
JL(Trol9) = <13.janvara, Grecinieku, Kugu>
JL(Trol27) = <13.janvara, Grecinieku, Akmenu>
Let us assume that d = 1 minute for each operation. 

Movement time TL is constant between the stages-stops is proposed for each route:

TL(Tram2) = <4, 3>
TL(Tram4) = <4, 3>
TL(Tram5) = <3, 3>
TL(Tram10) = <4, 3>
TL(Trol9) = <3, 3>
TL(Trol27) = <3, 4>

The experiment proposes calculation of optimal schedule for 3 hours – 180 minutes using immune algorithm.

For each route time intervals between arrivals and floored number of vehicles in 180 minutes are given:
Tram2 – 15 minutes – 11 units
Tram4 – 5 minutes – 35 units
Tram5 – 12 minutes – 14 units
Tram10 - 12 minutes – 14 units
Trol9 – 13 minutes – 13 units
Trol27 – 9 minutes – 19 units
Therefore antibody of each schedule contains of 318 genes. – 106 transport units for 3 stops for each unit.
Following steps are performed in initialization step 
Step 0.1. Routes are defined as an objects containing following parameters:

· name of route

· sequence of passenger stops

· sequence of moving time between stops

· minimal interval between vehicles of the same route

Step 0.2. 106 vehicles have been generated and routes have been assigned to them (Fig. 3.)

Step 1. Generation of antibody consists of following operations:
Step 1.0. Initialization. Gen number is set to 0.

G = 0;

Step 1.1. Generating of random numbers in interval from 0 to 105. 
RND = [0, 105];

Step 1.2. Each random number RND is vehicle’s number selected to job list JL perform operation of gene G. 
JL(G) = RND;
Step 1.3. Sequence of passenger stops can not be infringed, therefore operation number of vehicle N must be recorded:
OP(RND)= OP(RND)+1;

Step 1.4. If number of operation is bigger than number of stops on the route of vehicle RND then Step 1.1. is repeated:

IF OP(RND) > NUMBER(STOPS(ROUTE(RND))
THEN GOTO STEP 1.1
Step 1.5. Passenger stop as an operation OP of the route of vehicle RND is selected to antibody’s machine list ML of gene G:
ML(G) = STOP(OP(RND), ROUTE(RND));
[image: image73.png]


Fig. 3. Fragment of vehicle generation step

Step 1.6. Duration of each operation OP of the route of vehicle RND is assigned to time list  of  antibody to gene G.

TL = DURATION(OP(RND), ROUTE(RND));
Step 1.7. Repeat step 1.1. if gene’s number does not exceed size of antibody.

IF G < 318 THEN G=G+1; GOTO STEP 1.1;
Step 1 repeats until maximum population size z = 20 is reached.

Example of computer generation of antibody is shown in figure 4, where vehicle number, stop, duration and type of chain are calculated.
[image: image68.png]3 http://localhost/iafia2. php - Microsoft Internet Explorer

Ele Edt View Favortes Toos Help

Qs - © - 1 B G Do Forwns @3- &

address @) htpsfflocaiostiafia2.pho

JHO3

®
Antibody 1 2
75 0 & 59 3 s 23 0 & e o 38 13-
15 javara 13 janvara o e 15 fnwara 13 jawra 13 anvara Valguna eliguma Valgana Valgama Akems Crecisicks Kuga Valgana
ela  iela e ila  iela il e e wla el s el el el
1 1 1 1 1 1 1 1 1 11 11 1
Heawy Heay  Hewy Heawy Heawy Heay Heawy Heay Heawy Hewy Lht  Ligw Ligw  Lighw
Goal: 0
Evaluated: 331 L
< I 5

(@ ooe & ocairane:





Fig. 4. Fragment of randomly generated antibody
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Fig. 5. Example of affinity evaluation of antibody.
Step 2. Simulation and calculation the affinity of each antibody AB.

Step 2.0. Initialization of cycle to process all genes of antibody AB sequentially. 
G = 0;

Step 2.1. Passenger stop S is selected from machine list  ML for gene G.

S = ML (G);

Step 2.2. Vehicle V is selected from job list JL for gene G: 

V = JL (G);

Step 2.3. Free time is calculated for the stop S taking in account duration of the operation from time list TL for gene G:

FREE(S) = TL(G)+MIN(FREE(S),FREE(V));

Step 2.4. Free time for next vehicle of the same route of vehicle V is calculated taking in account interval between vehicles on the route.
FREE (S, ROUTE(V)) = FREE(S)+INTERVAL(ROUTE(V));

Step 2.5. Repeat step 2.1. if gene’s number does not exceed size of antibody.

IF G < 318 THEN G=G+1; GOTO STEP 2.1;

Step 2.6. Affinity is the maximal last free time value of antibody AB between all stops in machine list.

F(AB) = MAX(FREE (STOPS))

Step 2 repeats until maximum population size z = 20 is reached and all antibodies are evaluated.

Computer example of evaluation is shown on figure 5. The beginning of evaluation is presented. 
Evaluation of affinity is the simulation of the schedule presented as antibody. In figure 5 the results of simulation is shown where each row means the state of the passenger stop when the vehicle is standing, and schedule is showing arrival and departure time.

It is possible to see that interval between vehicles of the same route is not infringed. For example, trolleybus nr. 75 of route 9 departs from 13.janvara stop at 1, but next trolleybus nr. 86 arrives after 13 minutes at 14.

Step 3. Clonal proliferation if performed for the antibody with best affinity according to proliferation number 
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AB(z+1) = AB*

…

AB(z+100)= AB*
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Fig. 6. Example of hypermutation.
Step 4. Clones of the best antibody are selected for hypermutation procedure. It means, that light genes L of antibody are changed with heavy genes H of antibody with the condition that passenger stop is the same. Therefore, machines, jobs and durations also should be changed.

IF 
ML (L) = ML (H) 

THEN 

TMP = ML(L); ML(L) = ML(H); ML(H) = TMP

TMP = TL(L); TL(L) = TL(H); TL(H) = TMP

TMP = JL(L); JL(L) = JL(H); JL(H) = TMP

An example of hypermutation is shown in figure 6. 
The best antibody is antibody with affinity 328. After hypermutation better antibodies are created. The best has affinity 309.
After hypermutation the better antibodies are saved as preliminary donors. Worse antibodies are deleted.
Step 5. Rearrangement of antibody according to donor antibody contains following steps:

Step 5.1. Generate random number from 0 to size donor set.

RND = [0, SIZE (Donorset)];

Step 5.2. Select stop from machine list of antibody. 

STOP = STOPS(ML);

Step 5.3. Create array of arrange of donor set for each gene G of donor antibody.

IF (DONOR(ML(G))  = STOP) 
THEN ARR(i) = DONOR(JL(G))
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(41) 7(42) 22(44) 43(46) 20(47) 34(50) 33(51) 24(60) 30(62) 0(63) 45(72) 70(77) 6(79) 61(81) 12(36) 29(88) 21(96) 17(97) 25(105) 2(110) 44(114) 38
(117) 68(126) 4(148) 27(149) 15(150) 60(153) 28(169) 69(170) 31(171) 67(185) 40(187) 35(200) 10(205) 16(217) 71(251) 72(259)

Amanged

18(1) 66(2) 19(5) 8(6) 42(11) 3(12) 73(14) 5(18) 64(20) 63(23) 9(24) 26(25) 41(26) 62(27) 65(28) 1(29) 23(32) 11(34) 39(35) 13(39) 14(42) 37(45) 36
(46) 32(51) 7(52) 22(53) 43(55) 20(56) 34(61) 33(71) 24(75) 30(77) 0(79) 45(80) T0(82) 6(34) 61(36) 12(87) 29(90) 21(95) 17(96) 25(119) 2(120) 44
(124) 38(127) 68(132) 4(142) 27(145) 15(150) 60(153) 28(163) 69(197) 31(199) 67(214) 40(215) 35(223) 10(225) 16(226) 71(282) 72(312)

Antibody 19
Goal: 0
Evaluated: 310

Best value after rearrangement is 297 of antibody 8

[
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@ oone & ocairane:





Fig. 7. Fragment of rearrangement procedure
Step 5.4. Select vehicle from job list JL and set new job order of seed antibody

IF (SEED( ML(G))  =  STOP) 
THEN SEED(G) = ARR(i);
Step 5.5. Repeat step 5.2. for another stop from ML until number of stop exceeded.

Example of rearrangement procedure is shown in figure 7. This fragment finds vehicle numbers of donor antibody 58 and set the same order of vehicle numbers in seed antibody 19 on positions of seed antibody.
Best value of rearranged antibodies is 297 of antibody 8 which is better than the result after generation, which was 328 and better than the result after hypermutation.
After repeating steps of immune algorithm the optimal schedule will be found.
6. Conclusions

Application of artificial immune algorithm in multi-stage scheduling tasks shows great promise. To solve multi-stage scheduling problem for public electric transport flow optimization with artificial immune algorithm application is plan for the nearest future and expecting goal of this investigation is decreasing make span time.

Mathematical formulation and investigation of immune algorithm application for scheduling tasks on this stage of research provides following conclusions:

•
On biological immune system based artificial immune algorithm can be applied to create optimal multi-stage schedule 

•
Transport flow optimization tasks solving result mostly will approximate, due to several transport flow dependent criterions could not be defined unequivocal

•
Artificial immune algorithm can be applied to solve multi-stage optimization tasks

•
Optimal multi-stage schedule can be applied for minimize electricity consumption, decreasing waiting time and causes of accidents.
References

1. L.Ribickis, M.Gorobetz, A.Levchenkov. Intelligent Electric Vehicle Motion And Crossroad Control. //In Proceedings of 12th International Power Electronics and Motion Control Conference. Portoroz, Slovenia, 2006 – 1239 - 1244 p.

2. J.Greivulis, A.Levchenkov, M.Gorobetz. Modelling Of Artificial Neural Network Controller For Electric Drive with Linear Torque Load Function //In Proceedings of 7th International Conference Engineering for Rural Development 2008, Jelgava, Latvia, 81-87 p.

3. I. Rankis, M. Gorobetz, A. Levchenkov.  Optimal Electric Vehicle Speed Control By Intelligent Devices. Rīgas Tehniskās universitātes raksti. Enerģētika un Elektrotehnika. Sērija 4, sējums 16. 2006. 127-137. lpp.

4. M. Gorobetz, A. Levchenkov. Evolutionary Algorithms and Dynamic Parameters for Public Electric Transport Modeling //In Proceedings of 16th Mediterranean Conference on Control and Automation, Ajaccio,France,25-27 June 2008,215-219 p

5. M. Gorobetz, A. Levchenkov. Modelling of Stochastic Parameters for Control of City Electric Transport Systems Using Evolutionary Algorithm //In Proceedings of International Workshop on 22th European Conference on Modelling and Simulation, Nicosia, Cyprus, 3-6 June 2008, 207-212 p.

6. A. Levchenkov. M. Gorobetz, Multiple Criteria Decision-Making Using Genetic Algorithms for Transportation Systems. //In Proceedings of International Conference on Multiple Criteria Decion-Making, January 7-12, 2008, Auckland, New Zealand, 41 p.

7. 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.

8. M. Gorobetz, Research of Genetic Algorithms For Optimal Control of Electric Transport. Doctorate work, 2008, 189 lpp.
9. P. Musilek, A. Lau, M. Reformat, L Wayard-Scott “Immune programming” proceedings of Elsiever information sciences 179, pp. 972-1002, 2006

10. Guan-Chun Luh, Chung-Huei Chueh ”A multi-modal immune algorithm for the job-shop scheduling problem” proceedings of Elsiever information sciences 179, pp. 1516-1532, 2009.
Tram 5








Tram 2








Tram 4








Tram 10








Kuģu iela





Grēcinieku iela





13. janvāra iela





Akmeņu iela





Valguma iela





Centrāltirgus





Trolleybus 9








Trolleybus 27











PAGE  

_1304504766.unknown

_1304505804.unknown

_1304588644.unknown

_1304608436.unknown

_1304608917.unknown

_1322130632.unknown

_1322130653.unknown

_1322130692.unknown

_1309775353.unknown

_1309775370.unknown

_1304608943.unknown

_1304608524.unknown

_1304608546.unknown

_1304608517.unknown

_1304590883.unknown

_1304590958.unknown

_1304590824.unknown

_1304590840.unknown

_1304589234.unknown

_1304590806.unknown

_1304589180.unknown

_1304505825.unknown

_1304505934.unknown

_1304506383.unknown

_1304506406.unknown

_1304506499.unknown

_1304506527.unknown

_1304506412.unknown

_1304506393.unknown

_1304505939.unknown

_1304505833.unknown

_1304505838.unknown

_1304505848.unknown

_1304505829.unknown

_1304505815.unknown

_1304505821.unknown

_1304505810.unknown

_1304505134.unknown

_1304505144.unknown

_1304505149.unknown

_1304505154.unknown

_1304505139.unknown

_1304504854.unknown

_1304504858.unknown

_1304504849.unknown

_1304504642.unknown

_1304504677.unknown

_1304504747.unknown

_1304504762.unknown

_1304504687.unknown

_1304504651.unknown

_1304504656.unknown

_1304504646.unknown

_1304504613.unknown

_1304504622.unknown

_1304504636.unknown

_1304504617.unknown

_1304504602.unknown

_1304504606.unknown

_1304504583.unknown

_1304504597.unknown

_1304504572.unknown

_1304504578.unknown

_1304325679.unknown

