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Abstract: This paper presents a modelling framework suitable for performance analysis of paratransit
services. The proposed model provides a methodology for the selection of operating strategies to suit the
level of demand. The proposed medel is based on simulation techniques and iakes into account access,
waiting and travelling components of the public transport journey. The focus of the analysis presented
relates to reliability aspects of the simulated paratransit operations. A review of operafing sirategies
adopted by public transport operators in Australian capital cities and other urban centres is included. Usage
Ievels of such systems are also discussed. Comparison of these case studies and results of the proposed
model reveals that the passenger demand is a significant determinant in selection of paratransit schemes.
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1. INTRODUCTION

Paratransit systems have a mixture of
characteristics found in both public and private
transportation systems. In other words paratransit
systems atiempt to provide personalised transport
service to generally unrclated groups of
passengers. Paratransit systems include demand
responsive systems and shared ride modes.

In this paper, the term of paratransit is adopted to
mean demand responsive services, which provide

Table 1. Characteristics of conventional and
paratransit systems.

Characteristic Conventional Paratransit
Route Linear between Non linear,
fwo terminals between many
small generators
Population Dense Thin
density
Ascess distance About 400m Short or non-
existent
Vehicle size Large or Range of size
articulated
Dispaiching Timetable bases Timeiable based or
dernand responsive
Journey type Mainly for journey  Range of activities
to work
Trip distribution Mary to one or Many 10 one or
one lo many many to many

Source: Modified from Sutton F19871

door-to-door service by deviating from the main
route to serve passengers. In different countries
these systems are known as dial-a-ride, dial-a-bus,
ring-a-ride, ring-a-bus or call-a-bus systems.

The concept of demand responsive is considered
to be able to provide transit service for users in
arcas of low-density and low-demand arcas that
are not cost effective to serve by comventional
transit operations. It s also argued that
communication  technology  would  make
paratransit efficient [Lave and Mathias, 20001

The origingl objective of paratransit systems has
been to provide a service not covered by
conventional transit systems, The main difference
between paratransit and conventional bus services
has been discussed by Sutton [1987] as described
in the Table 1. The simulation model presented int
this paper enable comparison of conventional and
paratransit systems in a quantitative manner.

2, PARATRANSIT MARKET

In the USA, the concept of demand responsive
(paratransit) was first launched in Mansfield,
Ohio in 1969, And some other large public transit
operators spon followed in Haddenfield, New
Jersey, Rochester, New York, and Ann Atbor,
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Michigan [Sutton, 1987], They became pionecers
in the fieid by serving for niche markets.

In 1998, an estimated 22 884 private paratransit
companies operated more than 370,94 vehicle.
Furthermore, Lave and Mathias [2000] reported
that during six years (1990-1996) paratransit
market in USA had increased from 68 million to
95.4 million passenger {rips. It was 1.2 percent of
the 7.96 billion total transit passengers trip in
1996, It 1s predicted that paratransit demand will
contimie to grow as a result of expansion of arban
sprawl that expands low density areas.

In Awustralia the paratransit concept has a short
history of about 25 years. Wonthaggy Community
Bus launched a demand responsive service in
1974, sponsored by the shire of Wonthaggy,
Victoria [BTE, 1980]. Another bus company in
Victoria, Invicta later introduced a demand
responsive system in selected number of suburbs,
Now, Invicta operates 12 minibuses in 5 suburbs.

In Febmuary 1994, Brisbane City Council
imtroduced a demand responsive cross-suburh
gservice to enable residents with betier public
transport around their own local areas. These
services featuwre distinctive 23 seat midibuses
[Transit Australia, 1994]. In 1997, paratransit
services called DoorStopper and ShopperStopper
were launched in Hobart, Tasmania.

Table 2 shows that aboui half of Australian States
have attempted introduction of paratransit systems
at least in a [Hmited comlext. However,
conventional {ransit systems are the dominant
variety in mietropolitan areas.

3. PERFORMANCE MEASURES

Research on evaluation of the performance of
iransit operations has gencrally focused on two
main aspects, First is the performance of public
transport system and its efficiency. This relates to

TFable 2. Number of paratmansit services in
Australia.

Number of urban routes

State Conventionsl  Demand
transit responsive
New South Wales 333 -
Victoria 243 5
Queensland 204 &
South Australia 128 -
Western Australia 298 -
Tasmania 46 8
Naorthern Temtory 23 -
Australian Capital Territory g5 -

Compiled from: ABS |1998], Bus Australia [2001], DoT NSW
[1998}

the relationship between cost of operation and
output of the transport system. Second is the
ability of the transit system to meet basic
objectives [OECD, 1980}, This covers the ability
{o serve passengers 1o {ravel 1o their destinations.

In general, there are number of key elements
considered by a person who travel by public
transport. These element consist of access irips to
and from a route or bus siop, waiting time, in-
vehicle fravel time, flexibility and on-time
reliability,

Some contrasting features related o performance
measures of the two operating stralegics are
shown in Table 3. The performance here is
considered from the passenger point of view.
Paratransit systems are able to provide minimal
access  distance  and  pleasant  waiting
environments. However, paratransit concept may
not be an sffective methed of improving public
transport reliability. '

Table 3. Selected Performance of Measures.

Performance Conventionad Demand
Measures tramsit responsive
Access Distance High Zero of low
Waiting May need sheiters Convenient
In-vehicle time Low High
Service flexibility Little High

O time reliability High Low

Measure of service reliability accounts for the
importance of providing reliable and predictable
service, Reliability affects the amouni of time
passengers must wait at a {ransit stop for a transit
vehicle to arrive, as well as the consistency of a
passenger arrival time at a destination on a daily
basis. Reliability encompasses both on-time
performance and the regularity of headways
between successive transit vehicles.

The. importance of reliability of bus services io
both passengers and bus operators has been
discussed in previous studies. For example,
Newell and Poits [1964] have investigated bus
schedule by considering a mathematical model of
maintaining a bus scheduole. Turnguist {1981] has
identified potential strategics for improving
reliability of bus transit service. Micholson and Bu
{1994] have described a framework for analysis of
transporiation system reliability. Those studies
have been limited to conventional service concepis
that provide fixed stop, fixed schedule bus
systems.

Transit operators have adopied an on-fime
measure based on an allowable range of tme,
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uspally from three to five minutes afler the
scheduled arrivat or departure time.  According to
Bates {1986], on-time performance of bus service
is measured as a bus arriving, passing or leaving a
predeiermined point along its route within a time
periods that is ne more than ¢ minuies early and
no more than / minutes late comparsd to a
published schedule time. The values of ¢ and /
vary among {ransit operators. However, a
definition of no more than 1 minuie early and no
more than 5 minutes late is the most commonly
used. On the other hand, National Research
Council of the USA {NRC, 1993] adopts on-time
performance as being within 5 minutes of the
scheduled time for conventional transii systerss.
For paratransit trips a window of 13 minutes is
allowed.

4. SIMULATION MODEL

This section explains the simulation model
developed to determine the performance measures
of transit operations., Therg are five main
components considered in the model. They are;

o Service corridor: The simulation program
requires the area coverage, tenminal
locations, stop Iocation and route location
(for conventional transit) to be specified. The
simulation considers a rectanguolar grid street
network as the defanlt setting In the
simulation of a conventional transit system,
busee stop omly at the designated siop
locations. It is assumed that passengers
access stops nearest to their respeciive origin
(home} locations. Stop locations are equally
spaced along the roule.

e Passenger distribution in space and fime;
The simulation mode!l allows varying the
passenger demand level along the corridor.
The transit demand can be uniform or non-
uniform along the corridor over time. In this
paper, only wniformly distributed demand
patternn is applied AN puassengers are
assumed to alight at the final stop in the
present simulation. In other words a many to
one demand pattern has been implemented.

e Transmission  of  passenger  requesis
Paratransit passengers request iransit service
by comtacting a central comirol center
Instantapeous (ransfer of requests  from
passenger to control center o bus driver is
assumed. Thas the first bus that passes the
passenger  waiting  location  guarantees
scrvice. This aspect will be explained in the
next section.

e Fehicle and passenger characteristics: The
simulation requires vehicle characteristics
related to  bus operating speed for
computation of travel times and door open
and close imes to compule dwell times at
passenger service locations. Also, passenger
characteristics related to boarding and
alighting times are requited by the
stmulation. There is no limit to the fleet size
and size of vehicles. Vehicles are assumed io
operate at & constant speed.

s Scheduling: Start time, headway and hours of
operation in a day can be specified by the
user of the simulation model,

~patial and temperal distributions of public
transport demand (passenger origin} are generated
from the input demand distributions. Random x
and vy coordinates within the specified area are
generated according to the specified demand
ievels to signify passenger origins.

4.1 Conventional Transit Systems

The simulation of conventional transit operation
computes the access distance for each passenger to
the nearest bus stop. Then, access time is
computed by division of walking distance to the
nearest bus stop and walking speed. Wallung is
the only access mode considered in this analysis.

Consider the catchment shown in Figure 1la. The
shaded area in the figure shows the catchment
area of service, with length of route L and width
of corridor w. The black dots are the passenger
origing, and the arrow lines are walking tracks
from origins to nearsst bus stop locations. It is
shown that each passenger has to walk in two
directions, both in lateral and longitudinal
direction 1o the route alignment. As mentioned
before, the access network 15 assumed (o be a grid

patiern.

{a} Parairansit

Figure 1. Operational siralegies.
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The passenger waiting time at & bus siop Is
calculated from the time of passenger arrival at
the bus stop and time of pickup by a bus. The
passenger boards the first available bus. The
waiting time includes the time taken for a queue
of passengers to board a bus.

The in-vehicie time for each passenger is
stermined by the time from boarding to alighting
at destination,

4.2 Paratransit Sysiems

Paratransit systerms provide door-to-door service
by deviaiing from the main rouie 1o serve
passengers, In this model vehicles operate on a
corridor rather then fixed a rouie. Figure Ib
shows the paratransit route strategy applied to
same passengers covered in Figure la. The vehicle
collects passengers from origin jocations and
continues to subsequent passenger origin locations
as shown by the dotied lines,

Fach passenger request is identified by location
and time. The simulation of paratransit operation
compudes the waiting lme at passenger origin
focations by the time of request and time of pickup
by a bus. The passenger is served by the first
possibie bus.

The simuiation computes the passenger travel
time by adding access time, waiting time and in-
vehicle time. The simulation keeps a detail record
of the progress of each bus along the route
between two termini. Therefore, the progress of
buses as a set of trajectories can be plotied from
the distance along the route on horizontal axis and
time on the vertical axis as shown later.

5, COMMUNICATION INTERFACE

An important aspect of paratransit operations is
how passengers make requests. This relies on the
communication system. Paralzamsit  systems
require a special process for bus drivers to know
passenger locations in advance. A mechanism is
needed to process information from passenger {o a
controfler and o the bus driver. The
commumnication system may consist of ielephone,
mobile phone or internet facilities.

According o McDonald and Lyons [1996], there
are three suitable in-vehicle communication
systems. They are autonomous navigaton aids,
one-way devices and two-way commumication
SYSieIns. The one-way and TWo-way
comununication systems are sufficient for the
present day paratransit systems. In one-way
communication sysiems, information is senf from

the control center to the vehicle without the ability
for a response or a query from the driver to the
comtrol center. On the other hand, two-way
communications enable information from the
vehicle to be passed to the central control as well.
This allows vehicles o be accurately tracked along
the route.

There are limited recent developmenis in
electronic communications and navigation aspects
in the Australian context although, there has been
number of recent paratransit case studies in
Aunstratia that has attempted deviations from the
conventional transit strategy.

§. SIMULATION ANALYSIS

The objective of this analysis is to account for
access, waiting and travelling components of the
public transport journey.

6.1 Effects of Journey Time

The effect of passenger demand on the average
joumney time of passengers for differemt
operational strategies is shown in Figure 2. For
the purposes of illustration, 1t is assumed that the
width of route corridor is 1 km; the route length is
10 km; the walking speed is 5 kmv/hr; the average
vehicle operating speed is 30 km/hr and the total
boarding and alighting time for each passenger is
6 seconds. For conventional transit operation, it is
assumed that the siop spacing is 0.5 km. Headway
of bus service is selected as 30 minutes. The
simnulation has been repeated 25 times to obtain
gach data point shown.

As seen in Figure 2, the average of watling time
increases rapidly as passenger demand level
increases for the paratransit operation. The
paratransit is suitable only in low demand density
areas. This strategy is not suitable for demand
density levels of more than 4 pas/km®/hr under the
service parameters adopted in the simulation,
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Figure 2. Average jowney {imes.
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Figure 3. Effect of route length.

6.2 Effect of Route Length

Figure 3 shows the effect of route length on mean
travel time. Here, the simulation has been
repeated for different route fengths. The demand
level for these conditions has been selected as 10
pasfkm®/hr, From the point of view passenger
travel time, the demand responsive strategy
provides lower mean journey time compared to
conventional operation for ap to 3 km of route
length nander these conditions.

6.3 Effect of Route Length and Demand Level

Figure 4 shows the effect of varying the level of
demand as well as route length on journey time,
These graphs are plotted by selecting points of
intersections of graphs in Figure 3 to identify the
operational strategy suitable under a given level of
passenger demand. The simulation has been
repeated for different values of passenger demand
to obtain the Figure 4.

Journey time is a minimnm with the paratransit
option at low levels of route length and passenger
demand as discussed earlier, There is an inverse
propertionality like relationship observed here.

Route Fengih (km)

Conventicnal trensit

Demnand responsive

0 0 20 3¢ 40 i 80 76

Passenger demand (pasfkmzihrj

Figure 4. Operation selection according to
travel time minimisation.
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Figure 5. Bus trajectories.

6.4 Effect of Bemand Level on Reliability

Identifying the level of reliability of bus operations
is achieved by comparing the simulated operation
with the scheduled trajectory diagram. The
performance measures considered are maxirmmn
and average of lateness and earliness, and average
passenger occupancy,

Figure 5 shows an example of trajeciories for a
sequence of buses collecting passengers by a
paratransit sysiem. The vertical axis represents
the length of corridor. The horizontal axis
represents the times of service.

Dotted lines represent bus irajectories when the
schedule is perfectly maintained. Solid lines
indicate the simulation result. Newell and Potis
{1964] have provided a theoretical justification for
this phenomenon in the context of conventional
bus operations. For example, if one bus is delayed,
it gets behind schedule and collects more
passengers than its target occupancy., Thus, the
next bus collects fewer passengers and gets ahead
of schedule. The separation between solid and
dotted lines in Figure 5 show the earliness or
latencss of buses.

A set of simulations has been conducted to
examuine the effect of different passenger demand
levels on reliability. Scven levels of demand
density has been considered for each operational
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Figure 6, Average lateness and earliness of
transit arrival time.
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Figure 7. Average occupancy of transit service.

stralegy. Demand density is varied from 5
pase/km (e to 60 pass/km’/hr. Each demand
density level is covered by 235 simulations. The
catchment area and operational parameters are as
mentioned in section 6.1,

Figure 6 shows average latemess and average
earliness of bus arrival time. It shows that as the
demand density increases the average lateness and
average earliness of bus arrival time increases. For
paratransit strategies the average lateness and
average earliness is higher than conventional
operation. Thus, Figure 6 shows that the
conventional strategy provides a betier on-time
performance under the range of demand densities
considered.

Figure 7 presents the average of maximum and
minimum of arrival occupancy at the terminus
under different demand densities along the route.
It is shown that increase of demand density
increases the average occupancy. This graph is
important to analyse the suitability of vehicle size
at the selected demand density.

7. CONCLUSIONS

A simulation model has been developed to accound
for access, waiting and in-vehicle component of
the passenger journey and mMiimic TOVEMEnts of
buses. Conventional transit and paratransit
systems have been analysed in this paper.

The model is able to determine the effect of
varying the level of demand and route length on
journey time. The simulation model reveals that
the passenger demand and route length are
significant determinants {n selecting the operating
strategy. :

Simulation analysis of level of reliability of bus
operations shows that the increase of demand
density reduces reliability of bus service. Tt Is
observed that on-time -performance behaviour of
parairansit systems require a relatively large
tolerance under ali demand levels considered. A

related performance measure Covering occupancy
fevels has also shown similar results according G
the simulation.
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