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Bow far can bus capacity be stretched 7
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1. INTRODUCTION

over the last decades many cities in the developing world have experienced rapid growth in their
population. Recent” trends (Bayliss, 1981) indicate that the total urban population in developing
ccuntries will reach the 2 billion mark by the year 2000, with 60 or so metropolitan areas expected
ro hold at least four nillicn iphabitants, i.e. doubling the 1980*s figures.

oue of the greatest challenges faced by these metropolitan areas is that of urban transport. Travel
ripes and congestion do not ccopare favourably with cities of equivalent size in the developed world.
tn many cases, fast growth in car owmership, not accompanied by supporting investments in traffic

engineering measures., vill contribute to further detericration of the present levels of congestica.
sublic transport is often considered incapable of coping with this aver increasing demand; users are
cnstantly pressing for better levels of service which usually require new investments in the sector.

ring the past two decades several developing countries decided to invest in heavy rail systems as
the only solution to cope with increasing demand for public transport. Thus, metres were built in
cities like Mexico City, Santiago, Sac Paulo, Rio de Japeiro, Seoul and Caracas. Cther cities
invested in suburban railways. There is no doubt that rail based systems are capable of moving large
nmbers of people and offer a very good level of service. Figures of the order of 25 to 60 thousand
passengers per hour and direction are often quoted as the ideal ranges of peak demand for metro
systems. Rail tecinology is well understood but expensive. In most cases the resources required were
fond to be well in excess of the origindl estimates and metro costs scmetimes reached 110 million

Unless curent trends are reversed, the overall situation of urban public transport in developing
comtries will tend to deteriorate even more over the short mun. Mini ge urban dwellers find it
bard to cope with the ever increasing transport-to-work expenditures; in some Cases fares may reach
uwp to 3% of total incomes (inisterio dos Transportes, 1985). In the past, many countries have
relied cn cheap foreign meney to either upgrade or built new transport systems where fare revenues
not even covered the full operational costs. On the other hand, externat funds for public transport
projects are likely to become scarcer as developing coumtries struggle to keep debt payments and
tanks re-evaluate previous lending policies to conterplate countries not in default with the systen.
¥ithin this cootext we address the subject of this paper: is it possible to stretch the capacity of
10“9: costs systems, like the humble urban bus, so that more passengers can be moved at a reasonable
cost? *
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2. BUS PRICRITY

It is conventionally accepted that the main differences between urban road and and rail based
transport systens ave the flexibility, speed, cost and capacity of the services provided,
authors in the field attempt to sumarise the alternative levels of service in terms of figu
tables vhere the cheap, slow, flexible and low-capacity small-bus stands at one extreme of e
whereas the sophisticated metro lies at the other; the intermediate region Favours a varg
altemative modes, ranging from buses of various sizes to other forms of rail trapsit
General, indicators of performance for such systems and parameters for cost vs. demand rela tonshi
can be found in Yuchic (1981} and Armstrong-Wright {1986). 5
There is no doubt that the performance of a bus cn its own, sharing the road space with othy
traffic, deteriorates very quickly as congestion increases. Many countries have adopted prig
measures to protect the hus from congestion and even favour its passengers as they ride z gy
efficient user of expensive road space. Bus detection and priority at traffic signals, with-f
contra-flow bus lanes, permitting entry or turms prohibited to other traffic and the provisigy
totally segregated or even elevated busways are scme of these measures. Many schemes result f
cambination of several features as it would be the case of one arising from the introductics
reserved bus lanes, bus detection and off-line bus stops. Most of the schemes are reviewed by
such as the ones by Levinson et all (1973}, Comuittee on the Challenges of Modern Society {197
Union Internationale des Transports Publics (1972).

Similar ideas have been tried in developing countries as well, scnetimes with limited success
flow, kerb—side bus lanes seen to work well for relatively low levels of bus flows or when s Pl
oontrol of stationary and moving violations is maintained. Enforcement seems to be crucial byt op
often difficult to maintain for long periods. In other cases, bus flows were high enough on th
to enforce a de facto priority over one and sometimes two lanes. The introduction of a sing)
lanes in those cases bemefits non-bus traffic much more than public transport operations. The
interference gencrated by numercus buses on some roads plus their scmetimes semi—chaotic beh
around bus stop areas with large mubers of passengers is a critical element in improving th
performance and capacity of such systens. These problems are seldom present in developed coumty
and therefore their priority systess do not cope well with them.

Some coumtries, Brazil in particular, have tried more innovative bus priority measures trying
solve precisely some of the points above. This paper discusses some of these technoiogical solut
currently available for transport professicnals willing to further explore the capabilities of
bus as an alternative mode to cater for high-passenger peak flows.

3. THE CHOTCE OF PRIORITY MEASURE
To help with the initial stages of deciding which priority to adopt, different guidelines
established by previous authors. They range from general ‘rule-of-thumb’ criteria to more def Y
indications expressed in terms of results generated by implemented schemes, test track éxperiménts
and computer models. A critical review of scme of these guidelines is incluwded in Lindau (1985)
swmacise minimm flow and capacity criteria for the introduction of different types of bus 1
along urban avenues for illustration purposes caly.

TYPE MINDOM FLOW{peak} CAPACETY

buses/h buses/h pass/h
:sﬂ'iixlr:u 30-40 150 1500
xti:;?w 4050 130 6500
.‘?::;le s 120 + 300 15000
glinane 60-90 420 21000 +

i i i i ities, in particular the case of

; cen, some of these options provide fairly high capaci s, art ar
r %t c;n;sbfa:&s a type of solution extensively tested and perfect(_ad_m Brazzlha.t.l c1t1&c.ﬂ;ﬂ:-r:ver,
rdion ia aJ.'-e only appreximations and should only provide preliminary guidelines for Ypes

:Tﬁliﬁélm consider. Each particular technology should be studied in detail and adapted to the
&

lacal conditions.

4. COVENTIONAL, BUS LANES

torb-side with-flow bus lanes are conventionally seen as a lm\a'n‘;aylc.t proteg:sirg bseiofzgz omgsr:fm
ic. rovision of a with-flow ane permi hlses‘ ] ahead
eraror o e ae controlled junctions. Such bus lane redistributes queues and

i i icular at signal e
ir;ffl;?l::e;;s;j zxr:;ﬂre passengers per PCU {passenger car wmit) the overall delay is reduced.
2elay

1f bus Flows are low, then it is advisable to interrupt gntt; hmsi 1%?;;:2% d;e msctt?;ni
i jon i it i desi t, &
his interruption is called a setback and it is so B, e s e teatric, thus
t irst een.thefullwidthoftheapproadl_atthest?pln_:exsa
ng:;;:ngg:he capacity of the juncticm. As a fus.t apmmm:tg, the 1erv;thj$ctﬂi):nsest::::rc::l“b;
imated as two metres per each second of effective green a dﬂnst.ream -
:1;1?: cbtained using detailed models {0ldfield et all, 1977) that estimate setback lengths that

=ininise overall delay to passengers.

Setback design guidelines assume that bus stops take place away frm} the s_tophfne and t;haeta dt]heorteh:rre
o violations to the bus lane. As bus flows incTease buses u}llbeganto J.nter:ax:eb\:;r:.ca mmem
in particular at stops. A bus ready to leave the stop area will be unable to do ansdowiu use gl
front is ot ready to depart. Others will not be able to access the_st?p area : mb?glnch ey
ad pick up passengers wherever possible. This generates a hlgh—fn_ct:.on w B e s
distressing to passengers. In some cases double bus lanes hat:'e been introd e 0 Cope e
bus flows {Pardo and Jofre, 1984); however, this may resul.t in passengers bemg ‘_‘]roppedt oty
on two parallel lanes with little protection and thus adding Lo the chaotn:: ennramenof sudl Lo
ad moving bus lane violations will further reduce the oqerahonal effectlva'!&csl o and
These conditions are typical of many cities in the developing world but there is lim eareh
wderstanding to support good technical soluticns to these problems. Scme of this resear

reported in this paper-

Gntra-flow bus lanes are often intreduced vhere one—way schemes make it. diff.iqxllatr ?mber ;lfem
access by public transport to an area. A contra—flow bus ﬁne can cope vith sm_ut savings. They
& with-flow bus lanes and in suitable cases may generate important time ard distance .
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have the added advantage of being almst self-enforcing as violations are far less likely to
However, they have the same problens with bus stops as with-flow lanes and are thought to be g
dapgerous unless very well signposted and marked. Moreover, good green wave progressions in
directions are mch more difficult to achieve.

Conventional bus lanes always pose access problems to roadside premises. Special a.rranga:m‘ .
needed for loading and unloading goods and passengers. If these are mot adequate static violati8
will take place further reducing the efficiency of the bus lane. .3

5. MEDIAN BUS LANES

Lecated in the middle of two—way avenues, many median bus lanes make use of the right-of-vay f
reserved for tram operation. Up to the Jate 70's- early 80's median lus lanes were extremely ;
one will find only little reference to them in the Buropean and American state-of-the-art sh
the 70's. '

Median bus lanes are reccmmended in the case of dense urban corridors with scmevhat wide 1a
avenues, a situation which is representative of many accesses to central areas of cities i
developing countries. Furthermore, if flows are greater than 60 to 90 buses (2400 to 3600 passes
during the peak-hour, and three or more lanes of traffic are available, median bus lanes as o
to the wore conventicnal kerb lanes, are recomwended by existing design criteria (Mational
Council, 1985). Median bus lanes have a big advantage in being easier to enforce; also, they &
disrupt access to roadside premises. They require, however, a greater effort in design (in pa
for turning movements) and are more expensive to implement than conventional bus lanes.

Perhaps the major contribution towards wderstanding the full capabilities of median bus lanes
been provided by bus priority schemes implemented in Brazil. Contrary to other locations where
schemes are implemented to overcome congestion, in Curitiba several structural radials routes s
built as part of a urban development package aimed at regulating the growth of the eity. Such 3
routes are formed by three sepirate roads running in parallel. The middle road consists of
exclusive Torwide 2-lane busway flanked on either side by single direction service roads. the,
outer roads are single direction multi-lane roads. The busway is separated frcm the service
continuous islands; this protection is only broken at signal-controlled grade intersections,
overall description of the concept is found in Fouracre (1975).

The median bus lane experience gained in Curitiba was later transposed to other Braziliam dti% ot
as Goianda, Recife, Sao Paulo and Porto Alegre. However, it was soon realised that unless majogy
modifications are also intrcduced at the operaticnal level, the sole inplementation of a prioriti
lane could even deteriorate bus—flow capacity during heavy peak—hour conditions.

6. BUS-FLOW CAPACITY 3

We have seen that the capacity of bus priority schemes is basically controlled by the traffi
behaviour at bus stops. Capacity is hereby defined as the maximum number of buses being served
critical bus stop during the period of ote hour. The critical bus stop is taken as the most b
used of the stops located along the road.

There is very limited understanding of the traffic behaviour at heavily used bus stop areas.
Highway Capacity Manual (Naticnal Research Council, 1985) swmarises previous research eff
conducted in the USA intc developing analytical equations to determine capacity at near side
stops as function of passengers boarding ard traffic signal settings. The model incorporates £
to compensate for-dwell time and arrival variations, as well as one to represent the cumulal

i i i i iti Studies
. ici esult; from varying the mmber of possible hus loading p?s1t1ms. d
capaﬂ“{’.fifcs:ﬁu;o, srazil {Conparhia de Engenharia de Trafego, 1979) established a fev simple
1 :;tms}ﬂps vhere bus flow capacity at critical bus stops is expressed in terms of the total
rela

per of passengers boarding buses.

o sunmarise the existing knowledge in the field. Ditfe.rmt bands are ux_'stmcted
rigwre 1 gﬁi::an and the Brazilian criteria. Far the sake of comparison, data_ from held_ and
?ca.l studies conducted in Sao Paulo was fitted to all equations; for details omceru;dlnmtg
theare and paraneters see Lindau (1587). The results produced by the two lower bands cate
equauﬁer usnal multi-loading bus boarding conditicns it is difficult to expect stop capacities
hat, 300 buses per bour for the case of 10000rmrepassengershaardi§uperlmr; mtgthatthe
e i‘i_mit of the Sao Paulo band {before introducing convoys) is determined by the chaotic peak hour
ﬁm conditions. On the other hand, cpe of the virtues of figure I is to show the potential

irprovenents in performance to be achieved if buses travel and stop in ordered groups, Or CONNOYS.

7. pUS COVOYS

s tests were conducted at the General Motors pn':wing ground (He.m'an et all, '19702?:;0
the potential of bus convoy operations. The investigaticn ccx_lcentrated in det‘erm_fm.ag

sy t characteristics of a convoy of buses starting and stopping at stations 1n similar

o to those of the operation of metros. Very high capacities were cbserved (Scheel and Foote,

codIEoe e way. The conditions tested were similar to the ones that would

g the exclusive bus right of ; :
i%med aleng freeways, in that there were no traffic signals between successive bus stops to

disrupt s convoys.

puring the 60°

. ‘ mevhat sodified convoy concept was introduced in Brazil (szasz, 1978). In Swo
:1 ;ge ;‘a;:n:gyséo—aor&s.'r;atim station was built on Av. ¢ de Julho in crder to improve the Perfomar.ce
h;ua :100 bus per peak-hour voluze. Along a 4 km section of the avenue pea.k—hlaur speeds mcreased

?f:m 10 to 18.5 Ya/h when coovoys of six huses were used. These improvements in speed and capaé:ety

;;sulted mainly as consequence of better passenger boarding procedures at stops. Itnstead l(é the
forper confusicn arising from passengezsnnmjngtoboardqueuedb:lsessmetm‘:e?as ar as ‘_tim;
frum stops, ordered convoys enabled passengers to assemble at previously specified loading pos: .

wis convoys are formed by dividing all bus lines sharing a specific .corridor in differeat groups
;-mrding to their routes and destinaticns. At a coordination station, usually located at thea
4-—-ntu-'n extremity of the corridor, Iuses assemble in different queues, one for eacn&?‘?f:n& ]
sooup. A convey is released upan its completion in such a way that the previously established or

of buses is guaranteed. Buses travel together and stop almost simultanecusly to set down and pick up

| jasSengers.

capacities very close to the lower end of rail rapid transit _sys_teu:s can be obtan_sed &h tm;\s
arrangezent, provided the bus drivers maintain the necessary discipline to operate in vay. :
several modifications have been recently introduced in Sao Paulo, perhaps nquadays the best examples
of tus operation in ordered convoys are to be found along corridors located in Porto Rlegre.

3. BUS CONVOYS OPERATING CN MEDIRN BUS LANES

In Porto Alegre, bus priority schemes started in 1980. Scme 30 1w of medJ.a.n lanes were built alor:g 5
radial roads with total infrastructure costs averaging 1982's US$ 1 million per kilawetre (EBIU,
1981).

The overall design comcept was greatly influenced by the previous Curitiba experiments. H_c;-rever, 'Lbe
initial plans had to be revised as the private operators failed to amalgamate part of their companies
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Fig 2: Median bus lanes in Porto Alegre

mempmvidethetrmkservioealmg the median lanes of the two main corridors: Farrapos and
*“t‘?s prasil. As consequence, bus stations had to be extended to acoommodate a mach larger flow of
;’;; 35 the ordered convoy concept had to be introduced.
® 1981 pesk bus flows totalling almost 500 vehicles per hour were registered along the Farrapos
weridor; 5002 of these consisted of old and slow moving enlarged buses and many vehicles were still
reind operated under mixed traffic conditions outside the pricrity lane. Consequently travel speeds
peter reached the 25 Jn/h lgvel pref!icted, by the former operational plan. After the recent upgrading
o competitive guburban L:aul services, bus flows have almost halved. There is now scope for
jgnificant frprovements in speeds; former comvoy settings should be reviewed and traffic signal
Metection equipment could be inplenented. Branco(1985) reports that bus travel times have reduced 14%
2long the assis Brasil corridor once loop detectors were inserted on some key junctions.
fiqure 2 depicts some of the typical features incorporated in corridors implemented in Porto Alegre.

affic signals at intersections and mid-block pedestrian crossings, specially devised

1t inclodes tral ! ossy :
pus-stops for simtltaneous boarding of passengers and a bus convoy co-ordination station,

9. RECENT DEVELOPHENTS

in the case of Sao Paulo, it has been difficult to preserve the necessary drivers' discipline to nm
convoys efficiently. In an effort to overcome system saturation in terms of tramsport capacity, the
carly 9 de Julho scheme in Sao Paulo has been recently upgraded. The rain improvements include a
ansiderable extension of the median bus lane to offer an 'espress system' along the Santo Amaro— 9
1 Julho corridor and a main design effort in providing off-line bus stops (Kato, 1986} . Along the
11.8 ku of the corridor, 16 of a total of 19 stops are provided with an extra lane to allow bus
~ortaking manoeuvres. The daily demand for bus jourmeys along the corridor totals 600 000 passengers

o day.

o corridor is being used by the same mix of privately cvmed buses that were forrerly running in
-yxed traffic oonditicos. Even before the design was fully jzplemented {bus lanes partially completed
ol no traffic signal co-ordination) bus operations improved considerably. The travel time by bus
mnSantoAmamtomecitycentrewasreducedfrmaotoSOminutesa.nd this has been achieved at
the expensa of adding 10 minutes to a similar jowmey by car. Hore penefits, including envircomental
aws, are expected to arise when the corridor is operated by trolleybuses. If operated according to
original plans the combination of partial stop routes ard off-line -stations would provide the
required grounds for further increasing the currently known levels of bus-flow capacity along median

bus lanes.

It is also worth mentioning the 33 kilometres of segregated trolleybus lanes being implemented
between Sac Mateus and Jabaquara by the Sao Paulo Metro (Secao Transporie de Massa, 19%6). It
incorporates operational.eoncepts such as on line computers and radio systems to control a fleet of
141 trolieyhuses, 55 stops and 9 terminals. The system is expected to serve 250 Q00 passengers (15
000 peak direction hourly flow) with average operational speeds of up to 25 k/h.

0. DESIGH HETHODS AND MODELS

The design of bus lanes relies ca a coobination of established manual methods. computer modelling and
pragmatic trial aod error. Sound design methods exist for conventiomal bus lames, with and contra-
tiow, These were established after several years of experimentation assisted by the wse of detailed
enputer similaticns. The role of these computer andels was to generalise guidelines and to study the
scope for optimisation in the design of such schemes, Probably the best kmow of this work was carried
ot at the Transport and Road Research Laboratory (TRAL) resulting in theoretical models to
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investigate the economic Justification for the installation of a with-flow and contra~flow bus 1;
see Bly and Webster {1977) and Oldfield et al. (1977).

These were detailed models considering road sections with two or three lames in each directs
"with 2 signal controlled intersection at each end. The models take into accoumnt the Qi ff
behaviour of pricrity and noopricrity vehicles in various parts of the links: at the beginnjng:
the reserved lane, along the section containing the reserved lane, and in the queuing area at.g
“signalised junction beyond the reserved lane. The models estimate delays.under different cond
and permit detailed calculations of time and fuel savings to different Iinds of users undar v
design conditicns. Results from these models were used to develop guidelines for practical
_using manual methods.

L
3

dogig

In attempting to overcome some of the tria! and error' shorteomings experienced in earlier gey
bus lane/bus convoy designs, a micvoscopic simuilation model was formulated. SIRUTA (Lindau,
enables the investigation of a wide range of geometrical and operational concepts behind high-f
bus priocity schemes. The model incorporates traffic data collected along radial corridors of P
Aegre and is the only program capable of simulating median bus lanes and bus convoys in detail

STBULA {Simulation of Bus Lanes} is written in FORTRAN and currently nuns oo a main-frame cogp
Its microscopic nature, which enables the detailed representation of individual vehicles in
traffic current, provides an excellent environment to test alterpative design concepts; it is
capable to simulate ‘donothing' conditions where road space is shared by buses, lorries, vans
cars. Aoongst its main features is the possibility of representing blocking effects of queues, -
overtaking and forced lane changing manceuvres in the vicinity of bus stops. On the other hand,
detailed representation can only be achieved after undertaking individual calculations for ey
vehicle being modelled and consequently detailed data collection and long conputer times apes
required, Nevertheless, much faster computer runs can be achieved if only median bus lanes are
simitlated in detail. :

Results produced by SIBULA show, for instance, that no advantage in terms of system capacity
operaticnal speed of buses was derived fram a priority scheme based solely on the provisican of
median lape for the exclusive use of buses at high-flow input conditions; a good treatment at
stops or bus convoys was required for major changes in capacity. It was also found that cars did;
always benefit from being physicaily separated from the bus flow. Implementing signal progressicq
benefit buses was shown to be an effective measure when fixed boarding times were the norm; _
suggests that variability in bus boarding times can disrupt any benefits that would arise from simg)
_offsets specially adjusted to give progression to buses - similar eonclusions were derived f
extensive field experiments with TRANSYT in Chile (Willtmsen and Coeymansg, 1987).

Bus fuel consurption was also investigated; it was found to be more related to variations in
nunber of stop-start cycles than to changes in average travel speeds. The relative fuel econcmigs
resulting from large increments in average speeds, such as the cmes achieved through the adoptionygf
ordered convoys, were not as significant as the relative econcmies resulting frem a good locationXf
the bus stop in relation to the downstream intersection. 3

AL B SO SR L s AN At o

Regarding bus-flow capacity, SIBULA shows that increments in the size of convoys consistentd:
improved system capacity. For practical reasons a maximm size of conwoys was considered to be
buses; very high input flows may cause disruption of conwvoys at the traffic signals which in ¢
severely affects the flow of buses. Porto Alegre data fitted to the model showed that capacities
to 420 buses/hour were achieved with corresponding journey speeds just below 15 kmvh, when ord
convoys were inserted in median lanes fitted with on-line bus stops and where no bus overtaking
mapoeuvres were allowed.

OHPUTER ASSISTED DESIGN CF BUS LANES

11, QAEREm ==
) i ideli ual methods for the design of
i mdels are of use in the development of guidelines _anr] man ¢

il demle;;ﬂevet, manual methods necessarily simplify the design pmblan therefore redu?mg the

bus 1ane!‘--majdm optimal decisions better adapted to the particular mﬁ':l.ta.ms anrl constraints of‘ a

scope forual methods may also fail to estimate the effect of implementations falling short of design

site, 10 Also, general purpose traffic management nodels like S.\'nfRN {Hall et al, 1980) are not

s;muatet.l to pr_"oper].y represent the performance of bus lanes for design purposes.

f

i i f estimating the performance of
i ed are computer assisted design methods capable of :
dat neaeiangemts at a site. The software should be easy t_o use and run on micro mmutg:l to
""ffﬂaEttS apptication. The model BLISS, developed at Uniyers:.ty College London by Iunes
tf{)_u:s;n {1988} attempts to play that role, at least for with-flow bus lanes.
w1

Lane Interactive Sizulation System) is a specially developed program _f.or mdellmqllt;us
ing each second of operation for a given set of fl?ws. and ge.msetnc features. .
lengths and average delays to priority and nm—_pnonty .ve_hlcla and t?t pa:sﬂfmgm;ner_

model tries to represent the different behaviocur and tr?.fflc carposition of pnor_lty e
e vehicles at three key points of the road being simylated: at the merge point a
:ﬂoj:nlt?ing of the bus lane; along the secticn containing the reserved lane; and in the queuing space
.:::the signalised junction beyond the reserved lane.

1,155 (Bus
1anes simulat
~stimates queue

i es of BLISS is the visual display of the build—u_p and decay .of queues which
'Tri'ogttl;;m:ln; a'i‘;?r;aitatim of the results. This display also contains mformat}m ca a.vr-,::::i
:Mh;ﬂ queue lengths at the critical points on the Iink. BLISS uses a platoon dispersion de
] to TRANSYT to study the potential for co-ordimating traffic signals to speed up tra_ff:.c
e The model is simple and fast; it can simelate an hour of operation of a bus lan‘e in less
e i in an IBM PC. This facilitates testing of alternative arrangements. BLISS is being

e i m - 4 s . + - -
‘mr-nen;edm?:tse;smlate bus stops in detail, this being the main limitation for its use in developing

wwntries.

i i j tical simutation models. The role of the
%:t1tz>e d;e:;g:r t:iass mre; n;ieectulfg ihuztrli):;te;ez:ua;a for a particular situation_. The d;om;sﬂ
;Tlldepend on Iocal conditions and practices, in partiqﬂar in rapect. to bus ?f;}?:ffégg :j By
tevel of development of private and municipal bus companies. drlm practices, A i,
h-'vels of enforcement, roadside land uses, and Pattems of behaviour of passenger.
~.ore are very few experts world-vide in this field.

sdvances in information techaology, artificial intelligence and e:_cpert systems m parumlar,tarle
1‘3'(e1y to change the way on which transport engineering expertise is translated into §oftware oots.
;';'pert systems provide versatile methods for representing andaimam. p\ﬂ:ut;;q hmal ]}m 1; tl:;e oanpuqr me;}
- . Iy . = s I 1 t m p ur .
and using it to complement more traditicnal programs implemen oS- e

i i f recent events conducted in
mportance of t systems in our field was subject o € » 1
"-!gj;eckat et f 1986; James, 1987; Kirby, 1987). A research preject covering ccnpu‘ﬁ;er assisted
lesign of high capacity bus priority schemes has just started at the Transpo_rt St;;e es (a:tniusi, @
Wuiversity College Londan. It aims at investigating the best way of }noorporatmgf e:ncp-e:::k <
the field into a CAD system. The tool is likely to be a sort of mtegra_ted sfo tware packag
vorporating a bus lane models with ap expert system and natural language interface.

the adequate environment for addrasin_; not cnl!r the_altematge
design concepts but also the much wider i.nstitutiona_l quastions related [:o mplerrz:;mg :;ght;a;agdty
s priority scheres. Some of the deterministic design concepts can be investiga maiy Sidz i
wrhining bus lane simulation wodels such as SIBULA and BLISS. On the institutis .

A successful CAD system will provide



challenges Lie in inserting advice trigyers aimed at overcaming scme of the factors reducintioh
effectiveness of technical solutions. ;

12. OCNCLHSICH

¥e have discussed the scope for obtaining the performance of low-cost and flexible byc. ng
uuspwtsystem-iehﬂeseenthtmvelschm.ﬁkemﬂhnhslanﬁ,caniwmtbe :
dfhstrmsythlevelsdosemthcseachiwedbymnyrailbasedsystem.&s&sﬂm
flexdbility to transit systems. They can mix with ‘other traffic outside heavily used oorridory’

themfcn:epmvidegmimsibﬂitytoawiderrameofusers. %

‘me'daignufimnvativehsmioritysystmismstadvancedinsrazﬂwheresevmlsd:.u.fa
been implemented and tested. Itisclearfrmuﬁse:qxerieucethatthesxmsofanh

depmdsmtheahilitytoadaptdmignprincipl&:mlccalroadspacearﬂoperatixuoaﬂitiqg'
experience in Brazil has showm that a good scheme can scmetimes introduce new arrangements b
private and public bus oompanies and that with a special effort it is possible to change.
behaviour of drivers and pedestrians. However, this is mot always possible and an effective dne

¢

vill make the best with the opporbmities and resources available. g

Bus lane violations are considerably reduced by the adoption, where possible, of physical:
segregation. Median bus lanes maiptain good operating conditions over a wide range of flows
require relatively wide avenues.for their implesentation as the provision of bus stops takes
additional road space. These high capacity bus lanes are generally more expensive than conven|
kerb lanes but considerably cheaper and more flexible than rail based systems. ¢
The critical elezent in the design of high-capacity bus priority schemes is the provisicn of sq
arrangerents at tus stop areas and the control of moving and stationary violations. Cur agp
understanding of the traffic behaviour at bus stop areas is Iimited and further research is
in this field. However, bus convoys and off-line bus stops help to reduce probless at bus stop
vhere heavy bus flows are involved.

operating ccnditiens, driving standards, traffic behaviour and competitive envircoment are imm
local elements in identifying good technicsl soluticms.
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MOBILITY AND TRANSPORT PERCEPTION IN
SOME MEDIUM SIZED CITIES OF JAVA

Introduction
Indonesia’s National Urban Development Strategy calls
for the development of medium sized cities in the country,

achieve a more spatially balanced growth. One ‘of the

to

xey factors for securing the successful development of
these cities is their urban transportation. MNevertheless,
jn Indonesia very few studies have been undertaken to

specially examine the urban transport needs, problems and
issues in these medium sized cities.

In this context, the Pusat Penelitian
Komunikasi - ITB (Bandung,

d’Eeconcmie des Transports with Economic

Transportasi
the
et

Indonesia) and

dan

Laboratoire

Humanisme {Lyon, France) have developed a joint research

on urban transportation in six medium sized c¢ities in

Cirebon, Kediri, Jember, Tasikmalaya, and

See Table 1 for an overview of the six cities.

Solo,
Serangl).
The study was expected to preseant an overview of the
quality of the public transport service, travel patterns
needs of the population and the most urgent problems
population.
all

surveys

Java:

and
experienced or perceived by the city’s
the study was not done uniformly for

In Solc for example,

as
However, six

cities. no household were

done, only interviews with city officials and transport

operators. Household surveys were administered first in

in 1984 (1592 households) then ia Jember,
and Serang in 1985 (50 households
Tasikmalaya

Cirebon . Kediri,

Tasikmalaya, each in

‘and Kediri and 60 households each
Interviews with city officials and transports

Jember in
and Serang).

operators were also done in these four cities.

{East
Jember

University
in

Research Center of Jember
cooperated in the household surveys

L The
Java) has
and Kediri.




