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Abstract

Simulation has been a very important tool in schieduapid transit systems (metro). We took an risépendent
transit system comprising of metro and bus and ddoét the existing bus schedule from passengeriexjpe
perspective. Passenger experience of metro usdesésibed by typical waiting time. For buses, ssdisfaction of
commuters depends mainly on waiting time in queares length of queue. Also commuters get dissatisfiben
they wait in queue and yet fail to take the bus hade to wait for the next bus. In this paper, ifedent metro
stations, fixed schedule metro and bus arrivalinsulated and field data of passenger arrival iseadtb that.
Average waiting time for each bus is observed ia thgard. A bus schedule is changed here andffibet ef the
change on the waiting time also is observed. Faligvthis practice, feasibility studies for new lachedule can be
carried out to obtain certain levels of user satigbn. Three stations from the Montreal Metro egsiare taken for
this purpose. The system is simulated with simoitesioftware Arena.
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1. Introduction

Simulation is an important tool to create, maintaimd optimize transport system schedules. Repdrtsuch
simulation are observed in Proceedings of Simulamnferences [1-3]. Later some authors startedottsider
passenger experience while using simulation forpihgpose of scheduling. They mentioned typical wgitime
and typical traveling time as the passenger’s egtieo in metro services and suggested ways tmneghem
during scheduling the services [4-5]. The schedubi interdependent metro-bus transit system isngeresting
topic while high frequency metro service suppoetsifrequent bus services. This paper looks irastue with a
simplified approach and proposes a framework fgusdithg bus schedules to improve commuter expegienc
Theories and guidelines to treat the Simulation manly taken from books from Averill and Kelton-g.
Overview of simulation theories and model verifioatare consulted in more recent reports from thderence [9-
10]. Simulation software Arena and its Input andpDu Analyzers are used to model, run and analyeetriansit
system simulation and passenger experience.

1.1 Objective

The study simulated an interdependent transit systemprising metro and bus and added real passemgeal
information to that. The metro and bus systemsaomstatic schedules and given the schedules amgaired, it is
possible to figure out whether passenger expecdstioe met in terms of waiting time and queuessétager arrival
is a complex phenomena and a simple station bassskpger arrival approach is proposed. In thisrpzegssenger
and transit system interaction at three metro statiand corresponding buses are simulated. Intseanblysis
stage, one bus schedule is changed and its efiguagssenger experience is observed.

2. Methodology

The simulation proposed station based analysisaokit system and passenger arrivals. Here, passangval of
metro/bus does not affect adjacent stations. Pilityathistributions are made from time intervals mietro or bus
arrivals and frequency of passenger arrivals. Tlerg@ies named ‘metro’, ‘bus’ and ‘away’ are ugedgenerate
passenger arrivals/departures. Events like passangeal, walking, waiting in queue and boarding aonsidered
between metro and buses and away.
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2.1 Simulation Platform

Simulation software Arena, version 7.01.00, Rockv@gftware, Copyright © 2002-2003, is used to mothe
simulation. The Input and Process Analyzers ofdbfware are used to prepare inputs and analyzdtse®ell
Dimension 4600 Desktop PC with 2.4 GHz PentiumatBssor and 1 GB memory is used to run simulation.

2.2 Assumptions

a. The simulation is based on passenger activitiesaated stations. Effects of adjacent bus/metopsiges are
not considered. Arrival of the metro at the thrisians is sequenced.

b. The capacity inside metro is considered elastiabse people normally do not miss metro after wgitmnline.

c. Boarding into bus is simplified and availability efpty seats in bus is not considered.

d. The splitting of Metro commuters into different tnasites are calculated by proposed estimates.

2.3 Activity Analysis of the Metro-Bus Interaction System
The system shows two different activities in comensit People come by metro to specific stationsted use the
bus to go some other place, and people come tm#éte station by bus and then take the metro teagoe place.
The detailed activities within are described below
* From Metro to Bus: The metro from both directions come at the staibdifferent times and people get
down. Then they walk towards the exit of the mefmm the exit of Metro Station, they may board a
specific bus, or go away walking or by car.
* From Bus to Metro: People get down from bus and get into the entiMetro station or go away. Some
people join them from ‘away’ (the majority of comtats). They walk towards the platforms and aret spli
into two directions and board the metro when iivas.

3. Model Development

3.1 Proposals to model development

Some probability distributions and estimates arelent simulate the transit system. They are metw laus
arrivals, passenger arrival, distribution of arlisverom metro to different buses, delays to watknirmetro exit to
platform, waiting queues for buses and distribubbpeople from bus towards metro. The three statselected are
Chalevoix (X), Guy-Concordia (Y) and Saint Laur¢r}. Metro arrival directions are Angrignon (A) ahtbnore
Beaugrand (B). ‘Metro’, ‘bus’ and ‘away’ are thedh entities which generate or take boarding o$gagers.

3.2 Building Blocks for Model
The Arena building blocks used are Create, Waitihggign, Signal, Split, Hold, Delay and DisposeeTdreate
entities are used for both metro platforms for ediobction, bus stoppages at metro exit and ‘away’.

3.3 Segments of Model
The model has two different parts; the individuatro-bus interdependent system centering diffeseattons and
the integration of the different stations.

Component describing passenge
movement from bus/away to
metro

Synchronized system to
indicate metro arrival

Other metro stations and
end stations A and B are /V
connected this way.

Component describing|passenger
movement from metro o
bus/away metro

Two sections indicate
two directions of metro
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Figure 1: Arena Model for the transport systemtatien Guy-Concordia
3.3.1 Individual System Centering Metro Stations
a. Commuter Movement from Metro to Buses
When the Metro arrives, a signal is given to intBcarrival. People are created to come down frormarfellowing
a distribution. They are then assigned to splihyistribution to head towards the buses or ‘awalen they are
put in a delay using a distribution to reach thie ekMetro station. The people then either walkagvto dispose or
stay in queue. The queue is built with the holdhe are created from away and they share sameegBeople are
disposed (here it means they board the bus) fafigve distribution and this release is associatet thie signal
received after bus creation.

b. Commuter Movement from Buses to Metro

Buses arrive following a distribution from scheduReople are created with a distribution. A sigisaplaced to
release People from Metro queue. People are askihnee types; going away and going metro directioor B.
People are also created to come from ‘away’ withst&ribution. They are delayed to the metro stoppddney are
hold in queue until signal for metro arrival is ea@d. They are disposed (here it is boarding tbah

3.3.2Integrated System Including Different Metro Statiors

To build the integrated metro movement system,Mie¢ros are created at A and B following the disttibns of
arrival. Then they are delayed with a distributiorreach the next station. A signal marks this matrival which is
used by the Bus system. The arrival of people $sggasd which integrates this metro movement witmmmter
movement of this Metro station. The other statiares integrated the same way and metro is dispdstugk ather
end. This dispose shows how many metros are rthrigdine at run end.

3.4 Model Validation

The model validation was carried out while buildthg small segments. Each segment was run sepaaattivas
tested with values with known/calculable output.la®= segments were run separately and results fram
segments were compared. For example the metroabitata was generated from probability distributfoom
metro time table. A full day’s simulation showea thumber of metros that arrived during the daysWrs equal
to the actual number of metro departures of a dédys validated that the metro arrival system wagking
properly. Passenger movement through the modetegésd the same way by running the model over avkrtone
and comparing results.

4. Data Collection and Analysis

4.1 Data Requirement Related to Metro or Bus arrivh

Metro and bus schedules are required for the perpdkey are collected from transport authority. Sehelata
includes arrival intervals at different time segtseof the day. These data is used in Arena Inpatiyer to make
arrival distributions.

4.1.2 Commuter Related Data And Distributions
The distributions required to model the passengévads are the following. This is required for @astation and
each bus route considered in our project.
» People get down from metro towards A
» People get down from metro towards B
« Distribution to split people into Bus routes andiagy’
« Distribution of people getting into Bus from Metwo away
» People getting down from each Bus
« Distribution for people from bus into A and B ditien and away
To build the estimates the data were collected lsgmeously at different points in the station.
* How many people get down from each metro to A
» How many people get down from each metro to B
» How many people get down from each bus and theg te@@ards where (Metro or away)
* How many people get in each bus and from whereriVat away)
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4.2 Data Collection
Data was collected in the three stations for twareoOne hour of rush hour and one hour of non halir data.
The distributions are prepared with these two gkEtiata.

5. Model run and Result Analysis

5.1 Run Criteria

The model was run for 5 days and 2 replicationdays was selected as the 5 weekdays show simiiaitias in
the stations. Metro, bus and passenger arrivalaataeekends are different and hence not consideneah. Result
showed waiting time at different bus stoppage apttorplatforms. Result for Bus 66 was picked arsdiliteanalysis
was continued.

5.2 Result Analysis

After running the model once successfully, the atutdata was analyzed to make the improvement. A&s th
simulation was run for 5 am and to 00:30 am nextnimg, it is a terminating simulation. The confideninterval
for the result was calculated. For statistic cabede waiting time for each bus and metro was fodr model was
run for two replications. It was obvious that, émluce the half width of the confidence intervaleapected waiting
time of each bus, the sample size was to be inedeasere, Bus 66 from metro B was taken for furidnealysis.
Table 1 has data from run results.

Table 1: Running result from two replications ofaeb

Replications Average waiting time Half Width
1 11.836 0.97521
2 12.302 1.2406

From the two replications abov¥, = 12.069 and a sample standard deviation s = 0,329%he half width of the
95% confidence interval was calculated with theagiqu

S
tn-mlzﬁ (1)
= 12.7062>M3
V2
= 2.9605
To reduce the half width from 2.9605 to 1.5, thikofeing function was used

2
nOn, hhoz )
x12.069/1.5°
=5.6731
Following the results, 6 replications was then tekestead of the two originally made and analysés wontinued.

5.3 Output Analysis for bus 66

To reduce the passenger waiting time, bus frequesasyincreased. The probability distribution of lawsvals was
changed in the model. The frequencies of bus 666&idare given in table 2. Instead of varied irdés\from 23
minutes to 33 minutes, buses are sent at 28 mititesghout the day. After that, new output wasaoted for the
new schedule. The second schedule was definedsa88iu To compare these two alternative schediiesirena
Output Analyzer was used to get the comparison.

The ‘Paired-T means comparisaanalysis was run with Arena output analyzer. Thmilts are shown in table 3.
The Output Analyzer does the subtraction of thermaéa the direction A-B, A for bus 66 and B for bl&&1. The
waiting time of old schedule for bus 66 was fouadyer than 661, difference from results 0.015 imtbpositive.
This information supports that with increase in fresjuency, waiting time for passenger can be reduc
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Table 2: Frequency data for bus 66 and 661

Bus 66 Bus 661
Interval (minutes) Frequency Interval (minutes) (ferency

31 2 28 40

30 13

29 3

28 2

26 4

23 4

33 10

Total number of trips a day= 38 Total number of trips a day= 40

Average of interval times= 29.5 minutes Average of interval times= 28 minutes

Table 3: Paired-T Means Comparison

Identifier Estd. Mean Standard 0.950 c.i. Minimum Maximum Number of
Difference Deviation Half-width Value Value Observations
Wait for 661 0.015 1.2 0.0884 0 15.2 m2
0 13.3 712
Fail to reject hO => means are equaD.&b level

6. Conclusion

The study was part of a class room project. It feasmd that the proposed data collection techniqouesimulate
accurate passenger arrival require a lot of manpand time which only the transport authorities eapable to
generate. So, collected data was a little inadeqieatepresent the entire day’s simulation. Anothgrortant issue
is that frequency distributions from metro/bus titable were made to simulate the arrivals. Thisr@ggh holds
possibility to mix rush hour passenger arrivalshvttte off-pick hour metro/ bus arrivals. A solutit;mthis issue
might be scheduling the metro or bus arrivals thanerating random arrival times. Passenger arriaatg largely

with hour of the day, so does the arrival of meairobus; use of fixed schedule metro/bus arrival diffitrent

passenger arrival distributions for different timieday seem capable to improve the results. Thie tf metro or
bus arrival also can be achieved by Arena buitaineduling tools. Some results in this study shokigh levels of
error which might be a result of mixing of peak affipeak transport and passenger arrival ratesgaoison of
results from these two approaches would be vegyésting extension of this work.

Every station on each weekday/weekend shows vdfgrelit patterns of passenger arrival. So distiing to

simulate passenger on each day should be takendewaral data of same day. A run should last at leae week
to get the ‘real replication’. For this reason psoans need to be provided in the model so theatit use 7 different
‘input’ sets for a complete run of one week. Brelakvns may be added to the system also. It wasazerpected
that increased frequency of buses reduces waitimg of passengers. But additional operating cosedgiired for

this change in bus schedule to achieve targeteiteamprovement. Optimization of passenger expeéeand bus
scheduling can be another interesting extensidgheo$tudy.
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