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INfERACflVE-GRAPHIC FACILlfIES FOR

BUS SERVICE DESIGN

p, BOWYER
senior Research Scientist,
Australian Road Research Boa~d,

R.. BOT fERILI
Computer Systems Officer,
Australian Road Research Board"

ABSTRACT' The total process of' planning and operating urban bus
services comprises a complex set of inter~related tasks.
One of these tasks, service design,tS concerned with
identifying opportunities for operational efficiency
gains (1)7,d assessing the impacts of proposed new or
modified services. This paper considers the information
needs for service design and the adequacy of' existing
data coLtection and processing techniques in providing
this information" It appears that there is need for
proaessing facilities >!hioh >!ould enable use of detailed
trip-end data and faciLitate the designer's search for
improved service arrangements" The paper then presents
and briefly demonBtrates an interactive and graphi,es
based proeessing system, designed to ~et these
requirements. Features of the system are that it: is
struetured for portability between design situations
and computing equipment; requires "l-01.J-eost digitising
facilities; OYLd, couLd aid in servi,ee design in a range
of urban situations" Several issues associated with
predicting the i,mpacts of servi,ce changes a;t'e briefly
discussed" The paper cemc"l-udes with an indication o,f
directions for further deveLopment of the system,
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SCALE
FREQUB

Frequency
Task

Time Scale

Physical Sea

are typically concerned with
networks or service policies"

Network planning studies
compar'isons of alternative bus

Ihis paper consider's the information needs at the
corridor level of investigation and the adequacy of existing
techniques in pr'oviding such information. It then pr'esents an
alternative technique, based on interactive and graphic
facilities, and indicates its potential as an aid to service
design"

Ihe efficiency-ef'fectiveness objective has given rise to
many studies at the ur'ban corridor' level (Hellewell 1979, Barrett
et al. 1979, Alan M" Voorhees 1979, Loder and Bayley 1977,
Melbourne and Metropolitan Tr amways Boar d 1979) , A f eatur e
common to these studies has been the detailed investigation of
par'ticular services, to either identify opportunities for
operational eff'iciency gains or assess the possible impacts of
new or modified services Barr'ett et aI" (1979) refer to this
as the 'service design' task.. fhey argue that it calls for
detailed and accurate data, particularly relating to travel
demand, and for analytical techniques which can provide
information appropriate to the design task,

Iasks and Iechniques Ihe total process of planning and
operating urban bus services compr ises a complex set of
inter-related tasks, As depicted in Fig" 1, the total process
spans from the broad, infrequent str'ategic planning task, through
to the very detailed, and frequent, task of scheduling vehicles
and crews to particular bus services" Many tasks lie between
these two extremes and they might be loosely classif'ied as either
network planning or service design" Of interest to this paper is
the relationship between network planning, ser'vice design and
resource scheduling tasks"

ACKNOWLEDGEMENT: The bus service and travel survey data used in
this paper were supplied by the Metropolitan Transit Authority,
Brisbane', The suppor't of Mr, M" Veitch and Mr. f" Scholes is
strongly acknowledged. The r'esponsibility for interpretation of
the analyses rests, of course, solely with the author's"

In recent year's there has been widespr'ead interest in
improving the eff'lciency and effectiveness of urban fixed-route
public tr'ansport systems. lhis efficiency-effectiveness
objective has given rise to the development of detailed network
analysis techniques to aid in comprehensive reviews of existing
bus networks and assessments of alternative networks (Last 1979a,
Rieple et al. 1978, Andr-easson 1977)" Bowyer and Last (1980)
indicate that these netwotk assessment techniques have met with
mixed success in practice and ther'€ now exists uncertainty as to
their utility in many urban situations, particularly at the urban
corridor, or sub-area, level (Barrett et al" 1979, Veitch 1979)"

INIRODUCIION



Figure 1 _ Bus Service Planning - Design ProcesS

As a consequence, recent attention bOth in practice and
in technique development haS focused on the intermediate task of
service design. The common interest is on identifying and
designing specific service improvements rather than on broad
comparisons of total networ ks. 1his requireS attention not just
to route locations and service frequencies but also to service

timing, cooT'dination and T'e§ource scheduling.
In the European context, thiS is still being viewed as a

network-wide task because of the high urban densities and complex
tr anspor t networkS (AndreasSon 1977) .. Network planning
techniqueS have been enhanced. 1hey now utilise interactive and
graphic facilities to aid in identifying and designing service
improvements, and detailed algorithmS to reflect service
coordination and vehicle scheduling processes.. Elsewhere,
service design practice appears to be related more to the
corridor scale and analytical techniqueS are much lesS automated.
In the MAP system (Barrett et al. 1979), for example, computer
facilities aid the processing and reporting of travel survey and
bus service data. However, the ser vice designer has then to
manually relate the resultant information and to identify and
design options for service improvements" A similar, but lesS
structured approach seems to have been taken in reported
Australian studies (Loder and Bayley 1977, Alan M. Voorhe

es

1979) .
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comparisons are usually made in terms of total system operating
costs and user benefits, based on networks defined by routes and
service policies defined by frequencies and fares on routes.
Netwo

r
k analysis techniqueS (Ur ban Mass 1ranspor tat ion

Administration 1977, last 1979a) are developed on this level of
detail and are intended as aids to the network planning task. In
practice, however, these techniqueS have met with mixed succesS,
the primary problems being related both to the data required
foy the techniqueS and to the utility of the information
generated from them" More particularlY, input data is costlY to
collect and maintain and information gener ated lacks detail on
travel impacts (Veitch 1979) and realism in terms of service
timing and coordination and, thuS, vehicle utilisation"
Significant manual 'adjustments' are often required to enable the
resource scheduling task (Fig. 1) to be undertaken (last 1979

b
) ..
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quantify factors inf'luencing travel

Travel constraints

Person Details

Age

Frequency of travel

Access. egress arrangements

Origin, destination

Ticket types

sex

Cb) describe existing services and quantify usage;

Cd) estimate the impacts of' new or modif'ied services on
operating costs and tr'aveller segments,

IABLE 1 _ Items Iypically Surveyed in Corridor Level Studies

Trip (or Journey) Details

On-board travel surveys and operating r'ecords pr'ovide the
primary data sources to meet these four needs. Travel-sur'veys
can vary in form but typically pr'ovide data on the items listed
in Iable 1, Several important issues arise with regard to the
pr'ocedures which have been used in practice for processing and
analysing these data sources, These issues relate to the storage
and use of data on tr'ip-ends and travellers, and to the
techniques for' predicting impacts.,

Information Forms and Analysis Issues Con idor -level
service design studies appear to have two common elements­
assessment of existing conditions to identify supply
inefficiencies or deficiencies, and prediction of the impacts of
proposed new or modified services" These two elements requir'e
information to:

(c) identify and
choice j and,

(a) descr'ibe and quantif'y the components of
person-journeys;
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CensUS collection districts for subdivision

1630 in BrisbaneKey:

Data on triP-end locations is commonly sought, rhis is
coded to some zonal reference system, from which travel patterns
can be gener ated, This raises the issue of the adequacy of
zonal-based data for bus service design, IntuitivelY, the
importance of this issue will depend on a number of factors.
These include zone size, zonal homogeneity, zonal orientation
about the bus route(s), and the form of investigations and level
of detail sought, zonal reference systems used in Australia are
commonly based on the census collection districts (CCD).
However, Figure 2 Suggests caution in the use of the CCD. It can
be seen that zones vary markedly in size and, in some cases, are
not oriented about the bus routes. Further, travellers who walk
to the bus will board at points nearest their triP-end. rhese
trips will not be accur ately represented by a zonal centroid and
associated connector to the bus network. Data based on the CCD
would therefore seem suitable only for coarse tr avel analyses.
To investigate existing services or assess the impacts of
proposed service changes on travellers it is necessary to go to
very fine zones (Barrett et al. 1979) or perhaps to a

person-record (Alan 1-1" Voorhees 1979),provide the
vel-surveys
terns listed
rd to
cessing
the ster'age
nd to the

es on

Studies

travel

f

i st ing

r

•• Bus route

(!) Zone centroid

Figur e 2 _ RelationshiP Between Census Distr icts and Bus Routes

Data describing travellers and their journeys varies in
form and use across reported studies, There is common interest

57
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INIERACIIVE AND GRAPHIC FACILIIIES
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It seems then that there is need for data pr ocessing
and analysis techniques to complement existing techniques in the
service design task. Processing facilities to aid the
investigation and assessment of existing conditions would seem to
be a first priority" These should enable storage and use of more
detailed trip-end data and facilitate the designer's search for
improved service arrangements, The processing system should also
be structured to enable interfacing with prediction techniques
appropriate to particular situations and travel data forms,.

Finally, the prediction of travel behaviour changes
resulting from service changes is commonly recognised as a
variable and potentially complex task, Minor changes to school
bus services, for example, are not likely to induce any change in
travel behaviour. On the other hand, restructuring of several
services to improve coordination and operational efficiency could
induce varied changes across traveller groups or segments (i.e
change in service used on a route, in route used, or in mode
used) In r'epor'ted studies a r'ange of prediction techniques has
been used and it would seem that no one technique is appropriate
to all situations.

in the segmentation of travel data on various items (including
travel purpose, traveller 'type', time period), to prof'ile a
corridor and aid in the assessment of existing conditions. Also
Veitch (1979) indicates that "in some situations, identificatio~
of impacts across traveller segments is highly desiT'able to
assist in gaining political acceptance of pr'opased new or
modified services. Standard sur'vey analysis techniques ar'e
suited to the general task of segmenting and tabulating travel
data, although they typically do not enable interactive search.
More importantly, such techniques do not aid the matching of
travel demand to particular seY'vices, which Barrett (1979) and
Veitch (1979) indicate are necessar'y for service design,

( a)

While interactive and gr'aphic facilities have been
extensively employed in network planning-design techniques, they
have not found similar use at the corridor level. This section
considers how an interactive-graphic system might meet the above
general statement of processing-analysis need.

System Structure

A necessary start point is to specify the basic function
and conditions which the processing system should meet, These
might be expressed as:

(b) use commonly collected and readily available data
sources;
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Corridor Definition The extent of a coiridor can be
difficult to specify in detail and, as Loder and Bayley (1977)
note, the corridor might vary within an investigation, depending
on the particular forms of enquiry being undertaken. Hence there
is need for a facility to enable the designer to easily define

Data
Preparation

Information
Sources
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A general system structure consistent with these criteria
is depicted in Fig, 3, The primary data sources which it
requires are on_board travel surveys and operating records for
the services covered by the corridor of interest In addition,
some form of mapping for the street network is required" 1he
main processing- analysis phases can be viewed as data
preparation, corridor definition, assessment and prediction. A
brief comment on the modules in the corridor definition and the
prediction phases is appropriate before considering the other two

modules in some detail.,

(c) be easy to use; and,
(d) be easily adaptable to different corridor and user

situations and computing equipment.
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and redefine a corl'idol'. Ihe Exr RACI module pr ovides such a
facility The user can define a time-space cor'ridar on a set of
criteria (e.g, a particular bus route aY' a service within a
route) and the module extracts all appropriate travel and service
data and produces files for subsequent phases" Ihis extract
pr'ocess is particularly important in situations wher'e one has
master files spanning a large part of the urban area or where one
is limited to the file handling capabilities of a
micro-processor,

Pr'ediction Phase Ihere are two common tasks in this
phase: predicting the response of traveller's and, perhaps,
non-travellers to some proposed service change; and, estimating
the impact of this r'esponse on bus services The complexity of
these tasks is likely to be strongly dependent on a number of
factor's, including the type and scale of service change; the
conditions prevailing in a corridor, the time period for
assessment, and the travel choice r'elated data items collected
in the travel surveys. At one extreme, minor changes in the
routing or timing of a school bus service is likely to induce no
change in tr'avel behaviour, since school travellers ar'e likely
choice-constrained. This prediction phase would then be
primarily concerned with estimating changes in operating costs.
At the other extreme, r'estructur'ing of several bus services to
act as feeders to a line-haul service (bus or rail) could induce
a varied set of changes in travel behaviour and service usage,.
For example, a restructured feeder service will load its
passengers on at an early point of the line-haul service and
could have an impact on those travellers who board at later
points. If line-haul capacity is limited, then some of these
travellers might r'e~pond by changing to a later service or
another mode. The detailed analysis of these changes is likely
to be complex and involve some form of interative analysis of
demand and supply changes, reflecting the varied impacts on
traveller segments"

Because of the diver sity and possible complexity of the
prediction phase, a r'igorous treatment is beyond the scope of
this paper and, in fact, the current development of the
interactive-graphic system. However, the person and service
based data files are consistent with the information detail
r'equired by existing tr'avel choice prediction techniques. It
would be feasible, therefore, to develop an impact prediction
module which provides options appropriate to a range of
situations either directly or by interfacing with other systems"

Digitising Module

Ihe portability and ease of use conditions, set as a
basis for the system, have implications for the form of the
digitising module. Two basically different appr'oaches can be
taken to the digitising task-, use a compr ehensive street index
reference system, or use a direct referencing system for bus
r'outes and person trip ends" A street index system enables any
address oriented data to be automatically converted to some set
of co-or'dinates" Comprehensive, metropolitan-wide index systems
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Figure 4 _ Maps for Digitising Routes and Tr ip-Ends for'
Bus Routes 322, 323, Brisbane
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In the interests of por'tabili ty and ease of use,
par'ticularly towards the small-scale or infrequent design
situations, a direct r'efer encing approach h"as been taken" While
lesS detailed than the str'eet index approach, it requlreS only
low cost and r'eadily available mapping, such as in urban street
directories" Digitising equipment costs will depend on the
user's existing computing facilities. If these r'equire only the
addition of a digitiser, then the equipment cost could be as loW
as $12000 (Computer Graphics World 1980). 1 data set relating to
the two bus routes shown in Fig. 4 has been generated using a
street directory and a Tektronix 4662 digitiser'/plotter,
interfaced to a Tektronix 4025 graphics display terminal" The

have been, or are being developed, in many cities overseas (Gehner
1978) and in some Australian cities (Field 1980). These ar'e
power'ful data sour'ces, usually related to a national grid.
However, they r'equire substantial effort and specialised
computing r esour'ces to develop and maintain. Thus they would
seem restr icted to use in situations where corr idor studies are
large and frequent and where service designer s have ready access
to computing facilities capable of accessing and processing the

index system,
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central processor is a Cyber 171/NOS, which is much more powerful
than is necessary for this particular' case, The co-ordinate
reference system is established by indexing the corners of each
directory map to some convenient reference point" In this case
the GPO is taken as the co-oY'dinate origin and thirteen dir'ectoT'¥
maps are sufficient to span the travel patterns for persons
travelling on the two bus r'outes,

Digitising of bus routes and person trip ends is
conducted under program control" It requires the user to place
and initialise the appropriate map on the digitiser,
successively locate points to be digitised, and pr'ess ~ button to
transmit the co-ordinates. For bus routes this lS a fast
process, r'equir'ing some 30 minutes for the 90 bus stops on route
322 (Fig. 4). The time requirement is much more variable for
person trip-ends. It depends primarily on the user"s knowledge
of the street system and on the spread of' trip-ends within a map.
In this case, with reasonable knowledge of the street system, 50
trips (100 tr'ip-ends) required of the order of one hour" A
survey procedur'e in which travellers indicate the trip end(s) on
a map (Loder and Bayley 1977) would substantially reduce this
time.

Assessment Module

Perhaps the most critical wor'd relating to this module is
'options'. The notion of interactive search and graphic display
is potentially powerful for the bus service designer, but
potentially hazardous for the computer system designer,

By its nature, inter'active search involves the user in
exploring a sequence of' questions, with the form of each question
being, typically, dependent on the outcome of the pr'eceeding
question(s), Such processes can become somewhat open-ended and
complex as the number of questions or options for sear'ch
increases. A simple example could involve the service designer
beginning by wishing to develop an understanding of the travel
and operating characteristics for a particular bus r'oute. This
requir'es the specification of an option on a bus r'oute, but not
on per sons. On the findings from this step, the designer might
wish to investigate other options, to provide a more detailed and
informative pictur'e of conditions. These options could require
specifications on ser'vices within the route (e.g. peak services)
or person segments (e,.g., those travelling to school, those who
walk to the bus)"

A processing structure such as that depicted in Fig., 5
facilitates such lines of enquiry. It pr'ovides options in
basically three ways- through the specif'ication of conditions on
buses and persons and on general output details, the formes) of
processing t.o be undertaken, and the device(s) on which output
is desired, A brief indication of the possible options is given
in Fig. 5" Ihe sequence of program instr uctions which the
designer might use in beginning to investigate existing services
is shown in Fig, 6" As indicated in Fig" 6, the system has its
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_ Call in bus selection routine

7,322
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IBUS
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Figure 6 _ Instruction Sequence for a Two Step Search
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own internal 'command language' (e"g" (BUS) which enables the
designer to interact with the system and specify options via a
set of simple commands and associated parameters. 1he command
language enhances the flexibility and ease of use of the system"
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(b) is bus-rail coordination feasible and at which station'?

(a) ar'e the bus routes and services eff'iciently designed?;
and,
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obvious bus-r'ail link prior to Salisbur'y
8a); and,
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Ihere is no
station (Fig"

Beyond Salisbury station, a high proportion of trip
ends are within close proximity to rail stations (Fig.
8b). This suggests that bus-r'ail coordination at
Salisbury could be feasible"

A long walk access occur s fr om out side the corr'idor
(inter'secting the Y-axis at -12 km)., This questions
the adequacy of services in that area;

(d)

(b)

(c)

Iwo other features are of general importance" Ihe first
ccncer os pr ogramming language and oper ating systems. Ihe system
is written in FORTRAN V and the internal command language uses
only FORTRAN facilities. Ihis therefore minimise the dependence
of the system on the operating system features of the host
computer (currently NOS on the Cyber 171). Operating system
independence is necessary to facilitate tT'aosf'er of the technique
to different computing systems" The second feature is also

related to device independence. The system does not use any
special-purpose graphics generating software" Rather, it
generates a unitised output file for all co-or'dinate data. Ihis
can then be interrogated during the interactive session by
separate device-related routines (e.g" DISPLAY, PLOT, PRINT in
Fig. 5) to gener'ate output files appropriate to the desir'ed
device ..

Application of the Assessment Module Data for the
'corridor' defined in Fig. 4 provides a base for seeing how the
assessment module might be used to investigate existing services.
The corr'idor is defined by two bus routes (322, 323 in Fig" 4)
and an adjacent r'ail r'oute" Two questions might be posed:

Both of these questions call for a detailed understanding
of the operating conditions and travel arrangements related to
the two routes. One start point for developing this
understanding could be to draw a sample of travellers on each
route and investigate their ttavel ar'rangements" The
investigation will involve specifying a sequence of program
instructions, of the form shown in Fig. 6, to select buses,
per sons, displays and pr ocessing options., One option, the
distribution of persons travelling on the two r'outes in the peak
period (7,,30-8,,30 am), produces displays of the form shown in
Figs. 7 and 8" Fig" 7 indicates a significant pr'oportion of
persons with long access distances - presumably by bus or car.
What do we find if we consider only those who walk to or from the
bus? Fig. 8 provides several inter'esting observations:

(a) Ihere are two sections of low utilisation in which
operational efficiencies might be improved without too
sever'e an impact on traveller's. These involve (Fig"
8a) r'unning the service short at A on route 322 and
route relocation along B for route 323;
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A number of lines of enquiry might be consider'ed from
this point PerhapS the most productive would be to draw a
larger sample of persons and services and test whether the
initial observations (a) and Cd) are suppor'ted by the larger
sample. Further enquiry into observation Ca) could be
facilitated by selecting only those travellers who have tr ip ends
within the areas of interest and by wind owing displays to obtain
a more detailed view. If the initial observation is supported,
then the digitising module (Fig" 3) could be used to gener'ate a
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CONCLUSIONS

and service file., In turn, the assessment module
a statistical report of the change in tr'avell

er

Existing processing and analysis techniques lose detail
in trip information, through zonal refer'ence systems, and have
limited facilities for aiding the investigation of existing
conditions and the design of improved services, The
interactive-graphic system presented in this paper could
complement and, in some situations, replace existing techniques.
It provides a flexible framework for interactive search with
graphic display or other output forms to facilitate the design
process. 1he system has a modular structure wioth isolated
device-dependent routines, uses only FORTRAN code and has
flexible low-cost digitising facilities lhese features should
enable its adaptation to suit a wide range of situations, in
terms of physical condit ions and user computing f acili ties,
Futur e development effort should be directed towar'ds increasing
the processing options in the issessment module and specif'ying a
prediction module appropriate to service design situations in

Austr'alian cities"

Corridor-level bus service design appears to be a widely
occurring task, While service design studies have location
specific features, they have several features in common.. These
afe the requirement for detailed investigation of existing
conditions and pr'ediction of impacts of service changes, and the
use of person-based travel surveys"

BOWYER AND BOTTERILL

Note: Conditions for the supply of the programs by ARRB can be

obtained from the authors,

Ihis example has been concerned- with modifying existing
bus services. 1he assessment module could also aid the design of
bus services in previously uncover ed areas.. Home-based travel
surveys could provide trip-end locations, desired times for
travel, and indications of the likely tolerable access-egress
distances for persons who would use a bus service. With these
data, the assessment module could aid in determining the best
location for the bus route(s) and timing of service(s)"
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