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ABSTRACT

The aim of the paper was to investigate effectadfutar automation public traffic flow system foolging the
Bengalure transport problem. This developed approsas investigated on fixed bus lane (FBL), tempraws lane
(TBL) and two way traffic instances are simulated ghe problem providing an adequate compressidhearfrom of the
basic diagram of speed-density fucntion graphsL §@ution can be applied to real transport netwarkorder to increase
the transport capacity FBL is only appropriate liw traffic flow in a two lane traffic system, anikis limitation can be
partly overcome by opening the bus lane to genteafflc intermittently when the bus lane is notuse by buses. A case
study based on an actual public bus route in Bemgalk used to demonstrate the usefulness of socimtegrated

simulation framework.
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INTRODUCTION

These covered several cities, including both Basrgahnd Chennai. A 2003 Confederation of Indiarusta
survey of urban populations in Southern India shb®w8% dissatisfied with roads, and 58% dissatisfiéth public
transport services. It is noteworthy that 65% af tespondents were willing to pay higher publici$ort fares to get
more comfort and frequency, and 89% of the respatsdeere willing to pay for good-quality toll roafl§. The narrow
roads and traffic congestion produces a direct ahma the economy, causes an increase of pollutod, reduces
citizens’ welfare [2]. According to the recent datailable, in Beijing the road transport sectanegates 23% of the total
air pollution [3], close behind the industrial sactwhile in the European Union the transport eioiss are accounted for
around 20% of total greenhouse gas emissions f4l$, urban traffic congestion caused during 20Gvaate of fuel
equal to $87.2 billion as well as 4.2 billion hoofdransport delay [5]. On the other hand, pdssible to exert an indirect
control of such externalities, by promoting polic@med at improving the quality and accessibiityhe public transport
network. In that regard, the provision of an intggd and high-quality transport system can repteaewalid tool.
To develop new public transportation solutionssitviery difficult or even impossible to use direciperimentation

considering legal, financial, material or time coasts.

Many researchers [6-7] are focused on traffic aadgportation problems, in general the public fpanssystem
is one of the most critical in general in urbarffitaThey have proposed many models to simplify tomplex transport
system, and the representative works are as follblagatani proposed time-headway model [8]; thefaidowing model
was presented by Nagatani and Huijberts, respdgi9F additionally, Jiang et al.[10] has introceet the bus capacity, as
well as the number of passengers getting on andtodfach stop into a new bus route model to makeoie realistic.
This process of review was repeated ten times uatlernative scenarios of attribute levels, eadmetirequiring the
individual to indicate the preferred main and asce®mde. The choice sets comprised all existinglaviai main modes

and access modes plus two of the new modal opfimm the full set of three evaluated across therergample.
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At present, the transportation problems about the Bpid transit (BRT) system, fixed bus lane (FBemraury bus lane
(TBL), transit signal priority (TSP) and public asyance model have studied extensively [12]. Th&rmontribution of
this paper is that it highlights the importancezbfi [13] proposed model and is implemented in Blorgaas per his work,
a traffic CA model with intermittent bus lane piitgris proposed. The property of two-lane urbaffficdlow is studied by

numerical simulation. The comparisons are made gri@L strategy, TBL strategy and ordinary two-lane
DESIGN NUMERICAL MODEL

In this model assumed that the two-lane traffic hdattice cells per lane with periodic boundaopditions.
Two types of vehicles move along one direction abtarized by two different speeds efwd vscorresponding to the fast
(cars) and slow vehicles (buses) respectively. vidiee assumed for,w 3 and V= 5. Similarly,ps andp; are density of

the cars and buses respectively. They are expressiedows [14]

and

Where N and N are number of cars and buses respectively, white Wl + N; is the total number of vehicles.
Then

N
p=" I

R is ratio of the buses and (1-R) is the ratichef ¢ars then
ps=pR and pi=p. (1-R)

In FBL strategy, cars and buses move along their lames strictly and the ordinary two-lane traffithout bus
priority, it is assumed that the symmetric lane ngiag rules are adopted, and then a vehicle chalayes with a

probability p provided: Incentive criterion:

dn < min (\, + 1, Vinay for safety geq > dy and dyce > dsare

where v, denotes the velocity of thé"rvehicle at the time t,,ds the current empty sites in front of the nth
vehicle, d(t) = X.+1-Xn -1, X%, and %.; denote the positions of th& and (n+1‘j’vehicles at the time t respectively;#is the
gap between theywehicle and the preceding vehicle on the target,lavhile d...is the gap between th& mehicle and
the succeeding vehicle on the target lang, @ the safety distance, i.e., the maximum possiipleed of the vehicle

succeeding on the target lane. For the sake oflisityp

The TBL strategy is proposed the rules for lanengiay, which is based on the asymmetric lane changi
rules[2]. That is to say, the rules are asymmaetiib respect to the vehicles, as well as with respe the lanes. Only the
fast cars need change lanes, and the left and leght are referred to as the ordinary lane andi¢kcated bus lane,

respectively.

Rule # 1:Cars moving from the left lane to the right lanéwprobability pprovided:
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dn < min (\, + 1; Vinay) Safety criterion geq> Vimax and dsucc > dsafe: This rule indicates that a Gaedwants to
change the lane when the current empty sites m fbhim is less than the minimum of accelerateglocity at the next

step and the maximum velocity.
Rule #2: Cars moving from the right lane to the left laniéwprobability pl provided:

Opreg™> Min (Vy + 1; Vg and dyec> hae A car driver wants to change the lane when e lietween his car and
the preceding car in the target lane is larger tharminimum of the accelerated velocity at thetrs¢sp and the maximum

velocity of his car and the gap between his carthadsucceeding car in the target lane is largar the safety distance.
RESULTS AND DISSCUSSIONS

In this section, an implementation of the differapproach is proposed. Also, several simulatioorder to select
their appropriated parameters are analyzed. Finthléyperformance of the algorithm on differentamses of the problem
is compared between FBL and IBL explained previgegtions. The initial assumption all vehicles agsumed randumly

arrnged and each vehicle occuiped miniumum 7-8 mete

Case |:FBL for short in which the right lane is dedicafed buses and the left lane is dedicated for otledicles

strictly, as per BMTC rule.

Case II: TBL, for short, in which the right lane is for msswhen a bus is approaching a given section, but

vehicles are permitted to change lanes into thddmeswhen the influence of the vehicles on a busriall.

Case llI: Ordinary two-lane traffic strategy with no busgoity t the fundamental diagrams of above thre@sas
are presented in Figure 1 with the factor R = @uthich is the ratio of the bus number to the totlhiele number. It is
found that when the bus lanes are dedicated, teesbmove in the free flow phase even when the tieasity is larger
than 0.17, at which point the bus flow begins tordase in cases Il and Ill. Then a large margithénbus flows between
case | and cases Il and Il corresponding to tineesdensity for a large density region. That isag, buses are interfered
with by cars due to the lane changing in the TBhtegy and the ordinary two-lane traffic strategthwhe increasing of

density, while buses can avoid being interferedh it cars in the FBL strategy.
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Figure 1: Basic Vehicle Flow Diagrams with Bus



4 Nagara& Shivarudraiah

On the other hand, the car flow in case | is lowdstn the total density is larger than 0.07. Asitlogease in the
number of cars is more rapid than that of the nunabduses on account of the bus ratio R, the amirgy number of cars
makes the lane jam-packed when lane changing Ediden. However it indicates that the FBL has tbgaatage of
freeing buses from traffic interference, and alss lhe disadvantage of disrupting traffic. Thenngxe the traffic
property in the TBL (case Il) and the ordinary tlaoe traffic strategy with no bus priority (case &)s shown that when
the total density is larger than 0.17, the bus flowase 1l is larger than that in case Ill. THigusld be ascribed to the fact
that the TBL strategy implements more restrictiaéety criteria in the lane changing rule from teé lane to the right
lane (bus lane).
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Figure 2: Profile of Velocity Density Profile of Buses

Then buses in the TBL strategy will be less interfiethan in case Il within the same density regimd they
will move faster than that in case Ill. Meanwhihe tcar flow in case Il is lower than that in casehen the total density is
larger than 0.12. And this is because of lessiotist safety criteria in lane changing rules oflTBtrategy from the right
lane to the left lane than that in case Ill. Corepato case Ill, more numbers of cars in the lefelabstructed the car
velocity when TBL strategy is adopted. However, ¢tae flow in the TBL strategy is higher than thathe FBL strategy.
So the TBL strategy is more efficient in improvitige bus flow than the case Ill, and maintainingdheflow in a higher
level at the same time than the FBL. It is obvithat the ordinary two-lane traffic (case Ill) supgses the public
transportation and is not advantageous to easarbian traffic congestion. Figure 2 presents theaigt density profiles
of buses in three cases. It is found that whendta density is low, the velocities in three casghibit the same behavior
and buses move in a desirable velocity because thdittle interference between them. With ther@asing of the density,
the velocities in cases Il and 11l begin to drofhile the velocity in case | with a dedicated bugelaemains the free flow
state, and the advantage of the FBL in improving fhow is shown. Also the difference between the belocities of the
FBL with different bus ratio is found in Figure 2@nd (b) when the total density increases. Howeterbehaviors of bus
velocity in cases Il and Il are almost the samthwlifferent R. This should be ascribed to the fhat the bus velocity in
FBL strategy is related to the bus density in the lane, while the bus velocity in cases Il anddltelated to the total
density instead of the bus density due to lane gihgn Then the behavior of bus velocity in casdthw® = 0:1 is different

from that with R = 0:2, and the bus velocities @&ses Il and Il exhibit similar behavior when thedue of R changes.
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It seems that the bus velocities in case Il (TBh)l @ase IIl have little relation with the bus raRofrom the
Figure 2, the ratio R has great influence on the flmaw. The fundamental diagrams of TBL strategyhwdifferent ratios
are presented in Figure 3. It is shown that theflmwg increases with the increasing of the R, amal ¢ar flow decreases

with the increasing of R when the total densitgesting large.
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Figure 3: Basic Flow Diagrams of TBL Strategy withDifferent Bus Ratio R. (a) Bus Flow; (b) Car Flow

This phenomenon coincides with the property showrhe Figure 3. The increasing of the value R means
increasing of bus density and decreasing of casitlerorresponding to the same total density. Then bus flow
increases because the bus velocity changes litihawn in Figure 3. Meanwhile, the opportunity ¢dars to change lane
to the bus lane becomes smaller with the increasfivglue R, and more cars remains in the left haitlk a lower velocity

due to the jamming. Then car flow decreases witmareasing of value R.
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Figure 4: Trafic Flow Comparison for Case A (FBL Stategy) with R = 0:1
(a) Vehicle Capacity; (b) Passenger Capacity
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Figure 4 gives the traffic flow comparision in tesrof vehicle and travelers capacity in case | (FBL) R.
It could be FBL is adopted, the small vehciles flmmterms of vehicle capacity is larger than the fow as p < 0:39
because of the low ratio of buses. Cars reach thakimum flow at very small densities, and thefffitgams appear with
the increasing of density. It can be imagined tian buses move smoothly in the dedicated bus tame,move slowly in

the car lane because of traffic jams.

This is the advantage of high-capacity in publansport, Figure 4 shows the traffic flow comparisio terms of
vehicle capacity and travellers capacity in cag@ BL strategy) with R = 0:1. From Figure 4(a)c#n be seen that the car
flow in terms of vehicle capacity is larger tham thus flow all the time. However, the value of dgnsorresponding to
the maximum flow of cars is larger than that inufig4(a). It indicates that cars can maintain a flew state for a wider
range of densities than that in the FBL stratedyatTs to say, the FBL strategy is only appropriatdow traffic flows in
a two-lane traffic system. This limitation can kertly overcome by opening the bus lane to genea#fid intermittently

when the bus lane is not in use by a bus.
CONCLUSIONS

In this study, is distinguished the objectives w¥gte cars and public vehicles based on the observthat buses
would obtain operation efficiency and service dyafiom the public transit system rather than tighHevel of driving
velocity. The comparison of the traffic flow irrtes of vehicle capacity and passenger capacitBimsFand IBLs are also
made based on the situation that the average tapHca bus is 100 passengers and the averageigapé@ car is 3
passengers. It is shown that the FBL strategy Iy appropriate for low traffic flow in a two-laneatffic system.
This limitation can be partly overcome by openihg bus lane to general traffic intermittently wtika bus lane is not in
use by buses. The system performance is then iragraith the cruise control strategy, which hasairerapplicability

and practical significance.
REFERENCES

1. K.M. Anantharamaiah and Vijay Raman, “A probabitistevenue estimation model for providing a magsda
transit system”, in X. Godard and I. Fatonzoun, Edban ability for All, Procedings of CODATU X Ctarence,
Lomé (Togo), 12-15 November 2002.

2. Bielli, M., Boulmakoul, A., & Mouncif, H. Object naeling and path computation for multimodal trawstems.
European Journal of Operational Research, 1756)j200705-1730.

3. Galvez-Fernandez, C., Khadraoui, D., Ayed, H., HablZ., & Alba, E. (2009).Distributed approach $otving
time-dependent problems in multimodal transportwoeks. Journal of Advances in Operations Research,
2009, 1-15.

4. Lisa Hansson, Solving procurement problems in putthnsport: Examining multi-principal roles in agbn to
effective control mechanisms, Research in Tranafiort Economics, Research in Transportation Ecoo®mi
29 (2010) 124-132

5. Matti Pursula, Simulation of Traffic Systems - Arvéview, Journal of Geographic Information and B&m

Analysis, vol.3, no.1, pp. 1-8, 1999

6. Huijberts H J C. Analysis of a continuous car-faling model for a bus route: existence, stabilitg &ifurcations
of synchronous motions. Physica A, 2002, 308(1489-517.



Investigation on Effect of Cellular Automation on Bengalure Traffic Flow with Fixed Bus Lane and Tempeary Bus Lane 7

10.

11.

12.

13.

14.

O’Loan O J, Evans M R, Cates M E. Jamming transitioa homogeneous one-dimensional system: The bus
route mode. Physical Review E, 1998, 58(2): 1404814

Nagatani T. Interaction between buses and passengex bus route. Physica A, 2001, 296(1-2): 320-33

Nagatani T. Bunching and delay in bus-route systeith a couple of recurrent buses. Physica A, 2001,
63(3—-4): 629-639

Jiang R, Hu M B, Jia B, et al. Realistic bus rontedel considering the capacity of the bus. The Bean
Physical Journal B, 2003, 34(3): 367-372.

Nagatani T. Kinetic clustering and jamming tramsis in a car-following model for bus route. Physica2000,
287(1-2): 302-312.

David Meignan *, Olivier Simonin, Abderrafiaa Koamk, Simulation and evaluation of urban bus-networks
using a multiagent approach, Simulation Modellimgdfice and Theory 15 (2007) 659-671

H.B. Zhu, Numerical study of urban traffic flow Wwitdedicated bus lane and intermittent bus lanesieay
A 389 (2010) 3134-3139

H.B. Zhu, Numerical study of urban traffic flow Wwitdedicated bus lane and intermittent bus lanesieay
A 389 (2010) 3134-3139






