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Improving Traffic Fluidity and Road Safety Using
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Abstract This paper analyses options for reducing congestion along a section of the motorway in Mauritius of length 7.56
km. The section consists of 6 roundabouts and is heavily congested during the afternoon peak hours. Using Traffic Cellular
Automata, we first model the impact of substituting either one of the roundabouts with a flyover bridge and find that the
congestion level remains unchanged. Furthermore, we find that even if one roundabout is present, the congestion level will
still remain unchanged. The only solution is to substitute all the roundabouts by flyover bridges that would allow
uninterrupted traffic flow. Besides we find that the number of possible rear-end crashes would also be significantly reduced.
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1. Introduction

Road traffic accidents and congestion have been
recognized as being adverse elements which contribute to the
suffocation of economic growth in the developing countries,
due to the high cost related to them. Hence they are of social
and economic concern. In 2005 the cost of road accidents in
Mauritius was evaluated to some 2.6 billion Mauritian
rupees [1] while the cost of congestion at around at around
MUR 2B per year [2]. Besides road accidents result in the
death of around 150 persons every year and some 200 more
are seriously injured. Therefore there is an increasing need
for measures to increase road safety. Road safety and traffic
congestion are two issues which are still retaining much
attention worldwide [3-6].

Traffic simulation techniques are now widely used
throughout the world by road traffic planners and engineers
to assist in decision making. Simulation in transportation is
important because it can study models too complicated for
analytical or numerical treatment, can be wused for
experimental studies, can study detailed relations that might
be lost in analytical or numerical treatment and can produce
attractive demos of present and future scenarios. Traffic
Cellular Automata (TCA), in recent years, has turned out to
be an excellent tool for the simulation of large-scale traffic
networks [7-13].

Two methods used for road safety works are Crash
Analysis and Traffic Conflict Analysis. Crash Analysis
consists of evaluating traffic safety by using accident (crash)
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data compiled by the relevant authorities. In Mauritius Crash
data is collected by the Road Safety Unit (RSU). The aim of
Crash Analysis is to identify hazardous locations and causal
factors or to evaluate new safety programs implemented in a
traffic system. On the other hand Traffic Conflict Analysis is
a method that does not require any accident data. Such
analysis can also be performed using TCA. Traffic conflict
can be described as an event involving the interactions of at
least two vehicles where at least one takes evasive actions to
avoid an imminent collision [14]. The advantage of using
conflict analysis on crashes is the possibility of examining
even the near-crash events which are not available in crash
report information [15]. In such analysis the situations that
may lead to accidents are identified. Measures obtained from
the model can be used as safety indicators. Svensson [16] has
suggested some criteria that can be used to justify the
usefulness of a measure as a safety indicator [16]. His
suggestions are that the proximal safety indicators have to:

e complement the crash data and occur more frequently
than crashes,

e have a statistical and causal relationship with crashes,
and

e enclose some near-crash characteristics in a
hierarchical scale that describe all severity levels at the
top and very safe movements at the bottom.

Thus, for a measure to be taken as a safety indicator, then
it needs to occur more often than the crashes such that its
frequency can be used to draw some inferences about the
safety/crashes on the concerned area. The second suggestion
emphasizes the power of the measure to predict crashes. The
final suggestion emphasizes their power to qualitatively
describe crashes compared to other traffic parameters like
speed and volume [15].
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2. Methodology

2.1. Traffic Cellular Automata

TCA fall in the category of microscopic models that in
particular can be used to simulate dense networks like cities
[17]. The model we implemented in our simulator has been
adapted from that proposed by Hafstein et al. [12] which in
turn was inspired by the one proposed by Nagel and
Schreckenberg in 1992 [18]. The differences between our
model and the one implemented by Nagel and
Schreckenberg are:

(1) the model uses smaller cells of length 1.5m,

(i1) a slow-to-start rule [19] has been applied,

(iii) the model includes anticipation,

(iv) two classes of vehicles are used. Passenger cars
occupy 4 cells while Vans, Lorries and Buses (VLB)
occupy 6 cells.

Consider three vehicles n, m and 1 occupying consecutive

positions as shown in Fig.1.
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Figure 1. Segment of road occupied by 3 vehicles

The different steps used for vehicle movement can be
summarized as follows:

Step 1: Read the values of v, (t), dym(t) and dp (t)

vi(t) is the speed of vehicle m.
di.m(t) is the distance between n and m.
dpi(t) is the distance between m and 1.

Step 2: Calculate v™(t) and d.g(t)
VI (£) = min(d,, ; (1), v,y () = 1) (1)

gy (1) = dy (1) + max (™ (1) = d,,0) @)

d;is the safety distance taken as 6 cells in our model
Step 3: Compare degr to vy(t)
If Vn(t) < deff, then

v,(t+1)=min(v, (#) +1,Vpax) (3)

Else, vy(t+1) = dym(t)
Step 4: Probability Randomization

With probability p = 0.1, the velocity of each vehicle (if
greater than zero) is decreased by one.

A more detailed description of the model can be obtained
from Ref.16. In our simulations we restrict to the afternoon
peak congestion which is the most severe one.

2.2. Accident Analysis Using Cellular Automata

Accidents do not occur in traffic simulation models
because safety conditions are strictly imposed on vehicle
movement. The presence of safety distance makes micro
simulation tools too ideal to model real world traffic. In 1997
Boccara et al. [22] proposed conditions that must be met by a
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vehicle in a TCA model for there to be a rear-end crash.
These conditions are:

(i) The gap of the subject vehicle is less than or equal
to the maximum speed [dy, < Vyu]—i.€., it will
arrive at the position of the leading vehicle in the
next iteration.

(ii) The leading vehicle is moving at the current time
step [vi.s, £ = 0].

(i) The leading vehicle stops suddenly at the next
iteration [v;;, t+1 = 0].

The speed of the following vehicle being equal to the
number of free cells in front of it, in the next time step it
will reach the position of the next vehicle and a collision
will take place.

Yang et al. [21] have modified the necessary conditions
for a traffic crash to occur in the framework of the stochastic
CA traffic model. The modified conditions are as follows:

o The speed of subject vehicle is exactly equal to the
number of empty cells [v, = d; ] - i.e., the position of
the leading vehicle can be reached by a careless driver
who will increase speed by one unit above the safe
speed.

o The leading vehicle is moving at the current time step
Vs, £20].

o The leading vehicle stops suddenly at the next iteration
[Vk_1, t+1 = 0]

From these conditions it can be seen that a collision will
only occur if the front vehicle is decelerating. The results
obtained by Yang et al. support that accidents do not occur
only at low densities. This finding was possible because the
number of stopped vehicles was the only variable used in
predicting crashes [15]. These conditions have been used in
the paper to determine N, the number of possible rear end
crashes over a number of time steps T. The accident
probability per vehicle per time step is then calculated using
the equation:

N,

— c
ac —
N, xTxn

Where, Ny, is the total number of vehicle motions during T
and n is the average number of vehicles per time step.

3. Region under Study

Mauritius is an island located in the Indian Ocean with a
land area of 1865 km®. As at end of 2010, the population of
the Republic of Mauritius stood at 1,283,415. The total road
length on the island is of 2066 km. The motorization rate in
Mauritius is of 230 and is likely to reach around 350 by the
next decade [23]. Port Louis, the capital city, faces severe
congestion problems in the morning and afternoon peaks.
Solutions to alleviate congestion along the south-bound
heavily congested Port-Louis to Curepipe corridor have
already been investigated in Ref. 24 and 25. This paper
concerns the North-Bound traffic which flows along the
motorway from the Quay-D roundabout to the Terre Rouge
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roundabout as shown in Fig.2. A series of 6 roundabouts is
located along a road stretch of 7.56 km. The implementation
of TCA to the network is as shown in Fig.3.
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Figure 3. Implementation of TCA along the road stretch
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4. Results and Discussions

4.1. Road Congestion

We first simulated with the actual traffic network to obtain
the hourly flux and the travel time along the motorway
segment. We then investigated the effect of individually
eliminating each roundabout. We next investigated the effect
of separately maintaining only one roundabout on the
segment and of eliminating all the roundabouts. In the case
investigated only the Jumbo round-about is maintained while

~ the others are replaced by flyover bridges. The results

obtained are summarized in Fig.4 and Fig.5.

The maximum gain in flux by substituting -either
roundabout is of only 3% while travel time experiences an
increase. Hence no benefit will be drawn if only one
roundabout is replaced by a flyover. For the case where only
one roundabout is present, the results again demonstrate a
very minor gain of 2.9% in flux while an increase in travel
time is seen. Eliminating all the roundabouts leads to an
increase of 67.5 % in flux while travel time drops to 360s.
Hence the first finding of this paper is that the only
appropriate solution would be to replace all the roundabouts
by flyover bridges.

4.2. Road Accident

In this section we provide the counts of the number of
times the conditions for there to be a rear-end crash have
been met. We focus solely on the actual case and the case
where all the roundabouts have been replaced by flyover
bridges. The results are summarized in Table 1.

Table 1. Number of possible rear-end crashes per hour

Number of possible Probability of
Condition rear-end crashes per Accident per time
hour step per car/ Pac
Actual 8297 4.28x 10"
Mo 103 512x 107
roundabouts

It is observed that with no roundabouts the numbers of
possible rear-end crashes will be greatly reduced. The main
reason for this is because without roundabouts vehicles will
slow down less often leading to fewer risks of rear-end
crashes. To confirm this argument we consider Fig. 6 which
shows the actual location of crashes recorded by the
authorities.

Fig.6 is a plot generated on Surfer™ software and shows
the number of cashes recorded from the years 2003 to 2005
along part of the segment considered. It can be observed that
accidents are clustered around the Tombeau Bay
round-about.

5. Conclusions

This paper investigates the possibilities of reducing
congestion along a road stretch consisting of a series of
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roundabouts. The impact on the flux, travel time and
rear-end crash possibilities of substituting the roundabouts 1.
by flyover bridges is investigated using TCA. It has been
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Some of the limitations of the study are:

Accident data over a period of only 4 years was
available for the study.

found that the only possibility. of reducing Fongestion is to 2. Feasibility studies as to whether sufficient space is
replace all the roundabouts with flyover bridges. A second available for the construction of flyover bridges at
finding of this paper is that a considerable decrease in each roundabout has not been performed.
rear-end crash possibility is obtained by substituting
roundabouts by flyover bridges.
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Figure 5. Travel time for the different scenarios
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Figure 6. Plot showing the location of accidents along part of the road
stretch
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