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Abstract

The traffic systems in cities and urban centers are complex and require efficient planning in order to achieve an optimal traffic flow.The simulation of traffic systems is one of the most promising strategies in order to generate traffic information. It can be used in several ways: to validate traffic impact on environment, to analyze changes in transport infrastructure or to estimate the traffic distribution.

During the past decades computer simulation has become a widely used technology for analyzing, planning, developing and organizing traffic systems. This paper seeks to implement computer simulation techniques in traffic system planning. The research was conducted in a large Croatian city as a part of education process at Polytechnic of Rijeka. Data were gathered on the basis of the traffic counts on selected bus station, petrol station and intersection. The findings can be used as a guide for improving the traffic systems and making them more efficient and safer.
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INTRODUCTION
Level of competence and capability of graduated experts depends upon various factors. Possibility of interdisciplinary approach to different substances they meet during their business career is one of the preconditions of fast and qualitative inclusion in a working environment. Realisation of the concrete working assignments will require competence and effectiveness in solving different problems. Though each problem has characteristics which make it specific, there always are a possibility and an opportunity to classify it and place it in a determined group or class. That way the opportunities will arise for creation of models and application of patterns for their execution. Furthermore, existence of the corresponding model allows imitation of a real-time system through different forms of event’s simulation.

The Polytechnic of Rijeka, through professional undergraduate and specialist studies, educates personnel whose readiness and capability should correspond to different situations and possibilities of employment. [1] With this purpose, Professional Undergraduate Studies of Transport and Information Science are supplementary in several fields. Students of Information Science are thus being put in a position to work together with students of Transport when preparing various studies that require team work and supplementary knowledge. Following those efforts, a whole line of studies has been prepared that used an assistance of computers in modelling different systems and their simulations. Specialised computer languages and software packages can be applied in specific conditions. Among numerous researches connected to systems’ simulations with so-called “service spots”, such as banks, ambulances, post offices and stores, course “Modelling and Simulations” taught at Specialist Study of Information Sciences gave a special attention to the researches connected with transport simulations. These could refer either to separate spots such as toll houses, pumps, railway stations, crossroads or pedestrian crossings either to integral systems and planning the networks of platforms and gas pumps. 

For the purpose of this research an experiment has been made that has measured “a flow” of one pedestrian crossing. During the experiment all important data about people crossing the road by using the observed pedestrian crossing have been noted. 

There are different computer programmes and languages that can produce computer application and programme for simulation of a real-time system. In the same sense, there are numerous ways of collecting input data used for creation of corresponding outputs and a platform for making decision in a real-time environment and concrete conditions. 


This paper represents all accumulated data and calculations required for carrying out a simulation of the observed pedestrian crossing. The simulation itself has been made by programme written in GPSS language[2] and a special application written in Delphi language[3]. 
MODEL AND SIMULATION
II.1.  Data About The Monitored Pedestrian Crossing
The monitored system - pedestrian crossing - is located in a Rijekas city region named Rastočine, the Osijek Street (Fig. 1). 

Pedestrian crossing in the experiment can be defined as a “service spot/place” that presumes a possible application of line theory, appropriate statistical methods and computer tools. [4],[5].
Elementary demands put before model are: structuralism, replicative and predicative character. Model that was introduced in the experiment is mostly simple and it satisfies the above mentioned conditions, respectively it reflects a real-time system by its ability to imitate and produce the same structure. Nevertheless, its predictive character requires creation of several model replicas, change of determined parameters and eventual addition of supplementary parameters. 
Duration time of a green light for pedestrians is quite short due to high density of traffic. The street has 3 lanes and a pavement wide app 9.6 meters (according to the regulations). Duration time of a green light for pedestrians is 8 seconds, while duration time of a red light is 56 seconds. Due to system of “smart” traffic lights, duration time of a specific light probably fluctuates, but this hasn’t been noticed during the experiment. It can be concluded that one cycle endures 64 seconds. The beginning of servicing is usually a second or two after turning on a green light due to a slower reaction of people. Some people don't react later (mostly people who access the traffic after the green light). 
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Figure 1.: The pedestrian crossing

The pedestrian crossing has two waiting lines but all pedestrians in these two lines can be summed in one virtual line since the speed of servicing does not depend upon number of persons in line. Besides, the beginning of servicing is the same in both lines.  
II.1.1. The Illustration Of A Pedestrian Crossing
The illustration of a pedestrian crossing; since there are two sides, there are also two waiting lines. There is only one service provider but it can “service” all persons in both waiting lines at the same time (Fig 2).

Therefore we can simplify the system as one waiting line (that contains people from the both formerly mentioned waiting lines). (Fig. 3) 
Duration time of the experiment is app 10 minutes and it has been recorded by a video camera with purpose of an easer ex-post analysis. Each person who entered the waiting line has been given an ordinal number and their absolute time of arrival has been recorded.
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Figure 2.: The pedestrian crossing model
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Figure 3.: The pedestrian crossing (simplified) model

When the green light has been turned, a person’s time of movement has been recorded (beginning of servicing) together with time of crossing the road (end of servicing). Within an interval of 10 minutes 76 persons have crossed the road. 
EXPERIMENTAL DATA
Table indicates the measuring data; ordinal number of each person, cycle number of traffic lights, number of waiting line, time of arrival, starting time of servicing and ending time of servicing. Information about arrivals and starting time of servicing were used for calculating the waiting period of each person in line. Besides, the values of ∆t arrivals and ∆t servicing time have been calculated (duration time of servicing, not important for the continuance of an experiment). Red and green were used in Table to indicate the condition of traffic lights in the moment of person’s arrival (Table 1)

	Mesauring
	Calculated

	Num
	No. cycle
	No. Queue
	Arrival
	Service

start
	Service end
	∆t arrival
	∆t service time
	Waiting

time

	1
	1
	1
	13
	26
	32
	13
	6
	13

	2
	1
	2
	18
	28
	36
	5
	8
	10

	3
	1
	2
	19
	26
	32
	1
	6
	7

	4
	1
	2
	24
	27
	34
	5
	7
	3

	5
	1
	1
	30
	30
	39
	6
	9
	0

	6
	1
	2
	32
	32
	39
	2
	7
	0

	7
	2
	1
	35
	91
	101
	3
	10
	56

	8
	2
	1
	45
	91
	98
	10
	7
	46

	9
	2
	2
	48
	91
	101
	3
	10
	43

	10
	2
	2
	48
	90
	97
	0
	7
	42

	11
	2
	2
	48
	92
	101
	0
	9
	44

	12
	2
	1
	49
	90
	96
	1
	6
	41

	13
	2
	1
	52
	92
	102
	3
	10
	40

	14
	2
	1
	57
	90
	98
	5
	8
	33

	15
	2
	1
	69
	90
	100
	12
	10
	21

	16
	2
	2
	76
	91
	99
	7
	8
	15

	17
	2
	2
	79
	90
	100
	3
	10
	11

	18
	2
	2
	91
	91
	101
	12
	10
	0

	19
	2
	1
	93
	93
	100
	2
	7
	0

	20
	3
	1
	108
	154
	160
	15
	6
	46

	21
	3
	2
	122
	155
	163
	14
	8
	33

	22
	3
	2
	133
	155
	165
	11
	10
	22

	23
	3
	2
	140
	154
	161
	7
	7
	14

	24
	3
	1
	146
	156
	166
	6
	10
	10

	25
	3
	1
	146
	155
	161
	0
	6
	9

	26
	3
	2
	158
	159
	165
	12
	6
	1

	27
	3
	2
	158
	159
	169
	0
	10
	1

	28
	4
	2
	172
	220
	225
	14
	5
	48

	29
	4
	1
	185
	219
	227
	13
	8
	34

	30
	4
	2
	186
	219
	227
	1
	8
	33

	31
	4
	2
	194
	219
	226
	8
	7
	25

	32
	4
	2
	206
	218
	228
	12
	10
	12

	33
	4
	2
	206
	220
	226
	0
	6
	14

	34
	4
	1
	207
	218
	225
	1
	7
	11

	35
	4
	2
	215
	215
	222
	8
	7
	0

	36
	5
	1
	226
	283
	290
	11
	7
	57

	37
	5
	1
	229
	283
	289
	3
	6
	54

	38
	5
	1
	236
	284
	290
	7
	6
	48

	39
	5
	1
	239
	284
	291
	3
	7
	45

	40
	5
	2
	241
	283
	289
	2
	6
	42

	41
	5
	1
	284
	284
	294
	43
	10
	0

	42
	6
	2
	290
	345
	350
	6
	5
	55

	43
	6
	1
	293
	346
	354
	3
	8
	53

	44
	6
	2
	307
	346
	356
	14
	10
	39

	45
	6
	2
	321
	350
	358
	14
	8
	29

	46
	6
	2
	330
	346
	352
	9
	6
	16

	47
	6
	1
	332
	347
	356
	2
	9
	15

	48
	6
	1
	334
	347
	353
	2
	6
	13

	49
	6
	2
	345
	346
	354
	11
	8
	1

	50
	7
	1
	355
	411
	417
	10
	6
	56

	51
	7
	2
	369
	411
	421
	14
	10
	42

	52
	7
	2
	378
	411
	417
	9
	6
	33

	53
	7
	2
	387
	412
	420
	9
	8
	25

	54
	7
	1
	388
	413
	419
	1
	6
	25

	55
	7
	2
	397
	410
	417
	9
	7
	13

	56
	7
	2
	403
	411
	420
	6
	9
	8

	57
	7
	1
	416
	416
	424
	13
	8
	0

	58
	8
	2
	422
	475
	481
	6
	6
	53

	59
	8
	1
	422
	476
	484
	0
	8
	54

	60
	8
	1
	435
	475
	482
	13
	7
	40

	61
	8
	1
	437
	477
	487
	2
	10
	40

	62
	8
	1
	449
	475
	481
	12
	6
	26

	63
	8
	2
	463
	476
	484
	14
	8
	13

	64
	8
	1
	476
	476
	482
	13
	6
	0

	65
	9
	2
	490
	539
	545
	14
	6
	49

	66
	9
	1
	491
	539
	549
	1
	10
	48

	67
	9
	2
	495
	540
	548
	4
	8
	45

	68
	9
	2
	509
	539
	549
	14
	10
	30

	69
	9
	2
	516
	541
	551
	7
	10
	25

	70
	9
	2
	531
	541
	549
	15
	8
	10

	71
	9
	1
	541
	541
	550
	10
	9
	0

	72
	10
	1
	546
	603
	607
	5
	4
	57

	73
	10
	1
	556
	601
	611
	10
	10
	45

	74
	10
	2
	569
	602
	611
	13
	9
	33

	75
	10
	1
	584
	605
	614
	15
	9
	21

	76
	10
	2
	598
	605
	613
	14
	8
	7

	AS
	
	
	
	
	
	7,868421
	
	26,35526


Table 1:  Experiment Data
 Based upon waiting period a table has been prepared with different periods of waiting (from 0 to 57 seconds) and their absolute and relative frequencies. (Tables 2)
	Waiting 

time
	Frequency
	Relative

Frequency

	0
	9
	0,118421053

	1
	3
	0,039473684

	2
	0
	0

	3
	1
	0,013157895

	4
	0
	0

	5
	0
	0

	6
	0
	0

	7
	2
	0,026315789

	8
	1
	0,013157895

	9
	1
	0,013157895

	10
	3
	0,039473684

	11
	2
	0,026315789

	12
	1
	0,013157895

	13
	4
	0,052631579

	14
	2
	0,026315789

	15
	2
	0,026315789

	16
	1
	0,013157895

	17
	0
	0

	18
	0
	0

	19
	0
	0

	20
	0
	0

	21
	2
	0,026315789

	22
	1
	0,013157895

	23
	0
	0

	24
	0
	0

	25
	4
	0,052631579

	26
	1
	0,013157895

	27
	0
	0

	28
	0
	0

	29
	1
	0,013157895

	30
	1
	0,013157895

	31
	0
	0

	32
	0
	0

	33
	5
	0,065789474

	34
	1
	0,013157895

	35
	0
	0

	36
	0
	0

	37
	0
	0

	38
	0
	0

	39
	1
	0,013157895

	40
	3
	0,039473684

	41
	1
	0,013157895

	42
	3
	0,039473684

	43
	1
	0,013157895

	44
	1
	0,013157895

	45
	3
	0,039473684

	46
	2
	0,026315789

	47
	0
	0

	48
	3
	0,039473684

	49
	1
	0,013157895

	50
	0
	0

	51
	0
	0

	52
	0
	0

	53
	2
	0,026315789

	54
	2
	0,026315789

	55
	1
	0,013157895

	56
	2
	0,026315789

	57
	2
	0,026315789
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Table 2.: Frequencies of waiting time

Waiting periods have been grouped in intervals of 22 seconds and it has been noticed that waiting periods can be described by exponential distribution. [6] (Tables 3)

	Interval
	Frequency
	Relative f
	Cumulative f

	0 22
	34
	0,45
	0,45

	22 44
	23
	0,30
	0,75

	44 66
	19
	0,25
	1,00
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Table 3.: Fitting to exponential (theoretical) distribution
SIMULATION
     Computer simulation was carried out by usage of GPSS/H tool. GPSS is block language organised by events and oriented toward process due to simulation of the discreet events.[7] Input data are prepared and adjusted to model after being harmonised with corresponding statistical distributions. Other details can be observed in the enclosed GPSS programme.
IV. 1. Gpss Simulation
     Here is  a simple program written in GPSS with short explanation of statements.
SIMULATE

* function of exponential distribution according to accumulated data 

EXP FUNCTION RN3,C3 

0.45,22/0.75,44/1,66

* generation of transaction within intervals of 0-16 seconds, a random number calculated upon a pattern 

GENERATE 8,8
* entering transaction into a waiting line 

QUEUE RED

* waiting in line determined by EXP function 

ADVANCE FN$EXP

* exiting the waiting line 

DEPART RED

* deleting of transaction 
TERMINATE

 * simulation clock
GENERATE 605

TERMINATE 1

START 1

END

Results of the above mentioned code are prepared in Table 4.
	Queue
	Maximum in queue
	Summary arrivals
	Average time per  transaction

	1
	8
	73
	33,542


Table 4.: GPSS results (one simulation)

If the simulation lasts an hour, the following should be entered into the code for simulation clock block:
GENERATE 3600

TERMINATE 1

START 1

END

That leads to the following results (Table 5):
	Queue
	Maximum in queue
	Summary arrivals
	Average time per  transaction

	1
	13
	491
	33,408


Table 5.: GPSS results for one hour simulation
The simulation has indicated that this specific pedestrian crossing, within an interval of one hour, will be used by 491 persons. 
IV. 1. Delphi  Simulation

Delphi programme language is used in writing the application of pedestrian crossing’s simulation. In comparison to GPSS where discreet events are being monitored (arrival, entering the line, exiting the line etc.), Delphi application is written in such manner that it iterates itself one second at the time and afterwards it records the events. 

Here is a simple program written in Dephi: 
type transakcija = record

  rb:integer;

  dolazak:integer;

  cekanje:integer;

end;

var brojac:integer;

    trajanjeCiklusa:integer;

    transakcije:array [1..50] of transakcija;

    brTransakcija:integer=0;

    ukupnoTransakcija:integer=0;

    trajanjeSimulacije:integer=0;

    maxRazmakTransakcija:integer;

    razmakTransakcije:integer;

    zadnjaTransakcija:integer;

    ukupnoCekanje:integer=0;

    maxURepu:integer=0;

    i,j,k:integer;

begin

 randomize;

 trajanjeSimulacije := 605;

 maxRazmakTransakcija := 16;

 trajanjeCiklusa := 64;

 zadnjaTransakcija := 0;

 razmakTransakcije := random(maxRazmakTransakcija);

 for brojac:=1 to trajanjeSimulacije do begin

  for i:=1 to brTransakcija do 
transakcije[i].cekanje:=transakcije[i].cekanje+1;

  if (brojac=zadnjaTransakcija+razmakTransakcije) then begin

  
zadnjaTransakcija:=brojac+1;


razmakTransakcije := random(maxRazmakTransakcija);


brTransakcija:=brTransakcija+1;


ukupnoTransakcija:=ukupnoTransakcija+1;


transakcije[brTransakcija].rb:=ukupnoTransakcija;


transakcije[brTransakcija].dolazak:=brojac;


transakcije[brTransakcija].cekanje:=0;

  end;

  if (brojac mod trajanjeCiklusa = 0) then begin


for i:=1 to brTransakcija do begin



ukupnoCekanje:=ukupnoCekanje+transakcije[i].cekanje


end;


if brTransakcija>maxURepu then maxURepu:=brTransakcija;


brTransakcija:=0;

  end;

 end;

 writeln('Ukupno transakcija: ',ukupnoTransakcija);

 writeln('Maksimum u repu: ',maxURepu);

 writeln('Prosječno vrijeme čekanja ',FormatFloat('0.00', ukupnoCekanje / ukupnoTransakcija));

end.

The outcome data in a simulation lasting 10 minutes are (Table 6): 
	Maximum in queue
	Summary arrivals
	Average time per  transaction

	11
	74
	30,93


Table 6.: Delphi simulation results 

The output data in a simulation lasting an hour are (Table 7):
	Maximum in queue
	Summary arrivals
	Average time per  transaction

	12
	425
	31,75


Table 7.: Delphi simulation results for one hour 
Data are similar to the ones provided by the GPSS simulation.

CONCLUSION
      Empirical data are very similar to the ones accumulated in pedestrian crossing’s simulations. This way we can confirm the accuracy of a chosen model. The observed pedestrian crossing functions without difficulties even though a relation between a green and a red light duration period is relatively big. A maximal number of persons waiting and an average time of waiting of app 30 seconds are not critical so they don’t require any moderations. 
      It has been outlined that model is simple but it also meets the basic criteria of modelling. Predicative character, respectively a possibility of forecasting the specific situations requires moderations of input data used for simulation of specific conditions such as “rush hours” and behaviour of dynamic entities in different conditions. More complex version of model can also include meteorological conditions as a specific entity.                               

     Model is adjustable for modification and replication of individual situation common to the real-time system. In order to achieve a comprehensive approach, it is recommendable to prepare a diagram of activities’ cycles that can afterwards include earlier mentioned specificities.

      Choice of tools, GPSS/H and Delphi does not exclude application of other tools as well and they have been selected here due to fact that students manage them the best. 

      Team preparation of a model is desirable due to fact that information scientist doesn’t have to be introduced with some details which a traffic expert knows how to emphasize. That way, a team analysis of a problem and its solution will be more qualitative. 
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