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Abstract
Due to increasing demands on transportation, traffic congestion has become
an increasingly common problem. It brings consequences such as increased
travel time and profound negative effects on health and environment. One of
the leading causes of traffic delays and queue formation occurs when drivers
make imperfect speed adjustments in relation to the vehicle in front. If enough
vehicles occupy the road, these imperfect speed adjustments can cause ripple
effects throughout the system which reduces average speed and traffic flow.
This is why drivers should aim to use safe distance as it dampens the effect of
imperfect speed adjustments by providing space from the car in front, a sort of
buffer. The aim of this report was to investigate the impact of varying safe dis-
tance on traffic flow by defining safe distance as a time delta from the vehicle
in front, instead of a fixed distance. A traffic simulator was used and iterated
upon, based on the Intelligent Driver Model, and simulations were run with
varying speed limits and safe distance. Two different scenarios were studied: a
temporary obstacle completely blocking a one-lane road, and a reduced speed
zone at the end of a one-lane road. The results indicated that shorter safe dis-
tances may lead to higher vehicle throughput, but not necessarily better traffic
flow since it consistently led to increased queue formation when examining
average vehicle speed, maximum congestion and stopped time.
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Sammanfattning
På grund av ökande krav på transport har bilköer blivit ett allt vanligare pro-
blem. Detta medför konsekvenser som ökad restid och negativa effekter på
hälsa och miljö. En av de främsta orsakerna till trafikförseningar och köbild-
ning är när förare gör bristfärdiga hastighetsjusteringar i förhållande till fordo-
net framför. Om tillräckligt många fordon är på vägen kan dessa bristfärdiga
hastighetsjusteringar orsaka vågrörelser i systemet som minskar genomsnitt-
lig hastighet och trafikflöde. Därför bör förare sträva efter att använda säker-
hetsavstånd eftersom det dämpar effekten av bristfärdiga hastighetsjusteringar
genom att ge utrymme till bilen framför, en slags buffert. Målet med denna
rapport var att undersöka effekten av varierande säkerhetsavstånd på köbild-
ning och trafikflöde genom att definiera säkerhetsavstånd som tidsintervall till
fordonet framför, istället för ett fast avstånd. En trafiksimulator utvecklades,
baserad på Intelligent Driver Model, och simuleringar kördes med varierande
hastighetsbegränsningar och säkerhetsavstånd. Två olika scenarier studerades:
ett tillfälligt hinder som helt blockerar en enfilig väg och en reducerad hastig-
hetszon i slutet av en enfilig väg. Resultaten indikerade att kortare säkerhets-
avstånd kan leda till högre fordonsgenomströmning, men inte nödvändigtvis
bättre trafikflöde eftersom det konsekvent ledde till ökad köbildning när man
undersökte genomsnittlig fordonsfart, maximal trängsel och stopptid.
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Chapter 1

Introduction

With today’s ever growing need for transportation, traffic congestion has be-
come an increasingly common problem. The most notable problem that comes
to mind is increased travel time. Data from the Bureau of Transportation
Statistics shows a steady increase in time spent in traffic due to delays prior
to the COVID-19 pandemic in 2020 with the average American commuter in
2019 spending 54 hours a year stuck in traffic delays i.e time spent travelling at
congested speeds rather than regular free-flow speeds [1]. Other factors to con-
sider are health and environmental factors. Internal combustion engines are a
source of particle pollution which is associated with decreased lung function
and increased respiratory symptoms, premature death in people with heart or
lung disease and nonfatal heart attacks [2]. Internal combustion engines are
also a major source of greenhouse gas emission which has a profound negative
effect on the environment. These problems are enhanced by traffic congestion
since it leads to increased fuel consumption and emission per distance trav-
elled, especially when frequent acceleration and deceleration occurs.

One of the leading causes of traffic delays and queue formation occurs
when drivers attempt to adjust their speed in relation to the vehicle in front.
With enough vehicles occupying the road, subpar speed adjustments, either
by slowing down too much too early or maintaining too high of a speed which
leads to a more vigorous braking window, can cause ripple effects throughout
the system which reduces average speed and traffic flow [3]. A solution to this
is in the form of a safe distance between vehicles as it dampens the effects of
imperfect speed adjustments by providing a buffer.

A prior study done by Näsman and Sävås [4] also investigated the relation-
ship between safe distance and traffic flow using a traffic simulator. However,
safe distance in that study was defined as a fixed value and not dependent on

1



2 CHAPTER 1. INTRODUCTION

the speeds at which the vehicles were travelling, something that is an impor-
tant factor when determining the appropriate safe distance. This is mainly due
to the fact that braking distance is directly related to vehicle speed [5]. Addi-
tionally, some of the scenarios in their study involved a majority of vehicles
starting from a standstill, which nullifies the purpose of maintaining a safe dis-
tance in the first place. Hence, this study will revise the subject with a new
driver model, metrics and scenarios.

1.1 Research Questions
The aim of this study is therefore to investigate the effect of varying safe dis-
tance on traffic flow where safe distance is described as the distance at which a
vehicle starts to adjust its speed in relation to the vehicle in front. To account
for varying speeds, safe distance will be expressed as a time period, i.e. 3 sec-
ond safe distance, from the vehicle in front. Two scenarios were developed,
one incorporating a temporary obstacle completely blocking a one-lane road,
the other incorporating a reduced speed zone at the end of a one-lane road.

The first scenario was selected because traffic incidents and accidents are
a main cause of traffic congestion, commonly caused by vehicular crashes,
breakdowns and debris in travel lanes. Events such as these disrupt the normal
flow of traffic, usually by blocking the travel lanes, which further results in
capacity reduction. [6] [7]

The second scenario was chosen because reduced speed zones, such as
work zones, are another major cause of traffic congestion. Referring to the
construction activities on the roadway by making physical changes to the high-
way environment, these changes lead to a reduction in the number or width of
travel lanes and speed limit. [6] [8]

To achieve the aim, the following research questions were formulated:

• RQ1: What impact does varying safe distance have on traffic flow given
a temporary obstacle completely blocking a one lane road?

• RQ2: What impact does varying safe distance have on traffic flow given
a reduced speed zone on a one lane road?

1.2 Scope and delimitations
Since this study confined its research scenarios to a single lane, it left out ele-
ments such as lane changing present on many roads today. Incorporating this
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would in all likelihood lead to different results due to drivers having to speed
up or slow down to make room for other cars, as well as increased capacity
due to more lanes. In addition to this, the agents in the simulations were only
aware of the vehicle in front of them, and all used the same driver model, which
means that no human variance in driving style existed. In a real world scenario,
drivers can exhibit a wide range of behaviours that can impact traffic flow and
safety, such as aggressive driving, distracted driving, or following too closely
[9]. Varying vehicle types and road conditions were not incorporated in the
simulations, as was variance in driver visibility. Real-world conditions such as
rain, fog, or snow can lead to poorer visibility and thus different results [10].
Finally, a straight road was assumed, without bends, slopes or intersections.

1.3 Outline
The background starts by introducing the Intelligent Driver Model, and the
mathematics behind it. Traffic congestion and traffic flow is then defined in the
following two sections, after which a broader perspective is taken when fuel-
efficient driving is discussed. Finally, related work on the topic is presented.

The methods chapter describes the traffic simulator used, and how it was
iterated upon to fit the needs of our investigation, as well as a description of
the metrics used to quantify traffic flow throughout the report. Additionally,
two simulation scenarios are presented, along with their implementation.

The results chapter presents the findings obtained from the simulations,
followed by a discussion of these results, including potential issues as well as
broader implications. The key takeaways are summarised in the conclusion
followed by suggestions for future work.
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Background

2.1 Intelligent Driver Model
The Intelligent Driver Model (IDM) developed by Treiber, Hennecke, and Hel-
bing [11] is a continuous microscopic single lane car-following model for sim-
ulation on freeways. As a microscopic driver model, it describes the behaviour
of a single driver, which, in a multi-agent system, means that each driver’s be-
haviour is dependent on its environment. In IDM, the vehicles are driven on a
straight path where the α-th vehicle follows the (α−1)-th vehicle in which xα

denotes the α-th vehicles position on the road, vα its speed and lα its length.
For each vehicle, the following equations apply:

∆vα(t) := vα(t)− vα−1(t)

sα = xα−1 − xα − lα

Here, sα denotes the bumper to bumper distance between α and α − 1

whilst ∆vα denotes the difference in velocity between α and α− 1.
IDM also describes the acceleration of the α-th vehicle as a function of its

variables and those of the vehicle in front. The equation is described as:

v̇α = a(α)[1− ( vα

v
(α)
0

)δ − ( s
∗(vα,∆vα)

sα
)2]

The desired gap between vehicle α and α− 1 is described as:

s∗(v,∆v) = s
(α)
0 + s

(α)
1

√
v

v
(α)
0

+ Tαv + v∆v

2
√
a(α)b(α)

• s
(α)
0 : minimum desired distance between vehicle α and α− 1

4
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• v
(α)
0 : maximum desired speed of vehicle α

• δ: acceleration exponent that controls the "smoothness" of the acceler-
ation

• T (α): reaction time of the α-th vehicle’s driver

• a(α): maximum acceleration of the α-th vehicle

• b(α): comfortable deceleration of the α-th vehicle

• s∗: actual desired distance between vehicle α and α− 1

To simplify the model and ensure that all parameters have intuitive mean-
ings with plausible and often easily measurable values, we will follow the ap-
proach of the original study by setting s

(α)
1 = 0. This adjustment allows for a

clearer interpretation of the model’s parameters.
Looking at s∗, the desired distance each vehicle wants to hold in relation

to the vehicle in front, we see that it is composed of 3 terms after disregarding
s
(α)
1

√
v

v
(α)
0

. The first is the minimum desired distance, the second is the reaction

time safe distance or the distance in which the vehicle travels before the driver
brakes and the last one represents the distance it takes the vehicle to slow down
without hitting the vehicle in front and without the brake intensity exceeding
b(α).

The equation for the acceleration can be divided into 2 terms, free road ac-
celeration and interaction acceleration. Free road acceleration is the acceler-
ation on an empty road without vehicles ahead whilst interaction acceleration
controls the acceleration of the vehicle in relation to the vehicle in front.

vα = afree road + ainteraction afree road = a(α)(1− ( vα

v
(α)
0

))δ

ainteraction = −a(α)( s
∗(vα,∆vα)

sα
)2

2.2 Traffic congestion
Since this study is based on traffic scenarios involving only a single lane, ve-
hicle speeds will be determined by the speed limit and the speed of the vehicle
in front. Due to the nature of human reaction time and the fact that cars take
time to slow down and accelerate, safe distance is essential for both safety and
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good traffic flow. When the vehicle in front slows down, it takes time for the
driver behind to react and act upon this. Hence, when a vehicle slows down,
the ones behind it slow down even more. With enough vehicles, this chain re-
action can lead to vehicles further down the chain stopping completely to avoid
a collision with the vehicle ahead. This is proposed by Pipes [12] in his traffic
wave theory where he explains that when a vehicle slows down momentarily,
it will evoke a wave that gets amplified as it travels further back the chain of
cars until at some point, vehicles further back the line will come to a complete
standstill.

2.3 Traffic flow
Traffic flow refers to the movement of vehicles on a road network or trans-
portation system. It is the study and analysis of how vehicles interact and
move within a given area, such as a road, intersection, or highway. Traffic
flow is influenced by various factors, including the volume of vehicles, their
speeds, and the capacity of the road infrastructure. [13]

In this study, good traffic flow will refer to a smooth and efficient move-
ment of vehicles on the road, characterised by minimal congestion, short travel
times and a decent volume of traffic (amount of vehicles passing through the
system). It generally indicates a situation where vehicles move at a steady
speed, maintain safe distances between each other, and experience minimal
disruptions such as traffic jams or delays.

2.4 Fuel-efficient driving
Fuel-efficient driving is a driving technique that aims to reduce fuel consump-
tion and carbon dioxide emissions when driving. A large part of this technique
is drivers anticipating traffic flow to maintain steady speeds and avoiding un-
necessary acceleration and braking. Cars consume more fuel when trying to
get up to speed than when maintaining it. Therefore, best practice is to ac-
celerate quickly up to desired speeds, skipping gears if possible. When brak-
ing, engine braking should be used as much as possible since manual braking
means wasting energy that was used to build up the speed in the first place.
[14] [15]

With the UNDP’s goal to create a more sustainable environment, efforts
have been made to decrease vehicle emission with fuel-efficient driving being
one of them [16]. A study by Alam and McNabola [17] found that eco-driving
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could reduce a drivers fuel consumption and carbon dioxide emissions, with
the value ranging from 5% to 40%. Hence, finding a safe distance which pro-
vides good traffic flow and minimises the stopping and starting of vehicles
could prove crucial to reach these goals.

2.5 Related work
This study draws inspiration from the study Unity 3D Traffic Simulation inves-
tigating the impacts of safe distance on traffic flow conducted by Näsman and
Sävås [4]. In this study, the authors simulated and tested the impact of varying
safe distance, measured in metres, on traffic flow on a straight 30 km single
lane road with a speed limit of 72 km/h where traffic flow was measured in the
form of total vehicle throughput. They presented three different scenarios:

• Scenario 1: An accident occurs at the end of the road causing a complete
stop for 10 minutes after which the traffic was allowed to resume for 3
minutes

• Scenario 2: Same as scenario 1 except heavier vehicles are now intro-
duced with a spawn probability of 20%, 35% and 50%

• Scenario 3: Same as scenario 1 but instead of an accident that com-
pletely halts the traffic flow, a 4 km long section of the road has a its
speed limit reduced to 30 km/h

They found that lower safe distances led to higher traffic flow when faced
with a complete stop. However, when vehicles did not have to stop completely
but instead merely reduced their speeds, no significant difference in traffic flow
was found between safe distances unless the road was heavily congested in
which longer safe distances led to lower average speed and traffic flow. This
was due to cars slowing down to accommodate for the increased safe distances.

A parsimonious model for the formation of oscillations in car-following
models by Laval, Toth, and Zhou [3] investigated the propagation of traffic
oscillation in correlation to driver behaviours. The study began by creating a
desired acceleration model where desired acceleration is defined as the accel-
eration the vehicle has under free-flow conditions. This acceleration model
was then used in a car-following model with a single lane. Furthermore, a
car-following experiment was performed on two-lane urban streets, without
lane changing, using a six-vehicle platoon during off-peak hours in the vicin-
ity of Georgia Tech campus in the United States. The authors concluded that
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randomness in the drivers acceleration process can be responsible for traffic
instabilities, average speeds at bottlenecks and periodisation and amplitude of
traffic oscillations.

Safe-following distance based on the car-following model by Lertworawanich
[18] set out to develop a methodology to estimate safe car-following distance,
with the objective of minimising the occurrence and severity of rear-end col-
lisions. This was done for speeds ranging between 80 km/h and 120 km/h.
The method was based on maximum likelihood estimation and the perturba-
tion technique to derive a safe following distance based on the calibrated GM
5th car-following model. The National Highway 7 (Chon Buri Motorway)
in Thailand was then used as the study facility where the calibrated model
was applied. After gathering the results from the calibrated GM model, these
were then compared to results collected from other well-known following
distance rules such as Pipe’s model, Forbes’s model and the two-second rule
using a driver’s reaction time of 1.5 seconds. Although the study focused
on speed limits ranging from 80 km/h to 120 km/h, the results included safe
distances for speeds ranging from 0 km/h to 130 km/h with 10 km/h incre-
ments. Lertworawanich found that when speeds were lower than 90 km/h, the
recommended following distances of the calibrated GM model was greater
than those of the other models. However, when looking at speeds greater than
90 km/h, the recommended following distances of the calibrated GM model
were lower than those of the two-second rule but not Pipes and Forbes’s. The
safe distance results from the study were presented in metres but converting
them to seconds we are left with the values presented in Table 2.1 for speeds
ranging from 50 km/h to 110 km/h for the calibrated GM model.

Table 2.1: Safe distance in metres and seconds in relation to speed limit for
the calibrated GM 5th car-following model

Speed limit (km/h) Safe distance (metres) Safe distance (seconds)
50 44.88 3.23
60 46.71 2.80
70 48.32 2.49
80 49.76 2.24
90 51.06 2.04
100 52.26 1.88
110 53.36 1.75
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Methods

3.1 Building the traffic simulator
In order to gather the required data, an agent-based traffic simulator in Python
was developed, based upon the previous work of Bilal Himite [19], hosted on
GitHub [20] and provided free of charge with the MIT licence.

The selection of this particular traffic simulator was based on its favorable
attributes in terms of usability and flexibility for customization. Furthermore,
our prior familiarity with the Python programming language contributed to
the decision.

The traffic simulator is a microscopic model, representing every vehicle
separately, attempting to replicate driver behaviour using the IDM described
in Section 2.1. An object-oriented approach is adopted, where every vehicle
and road is defined as a class. A global simulation class updates every road for
each timestep, every road then updating every vehicle that occupies it using
the IDM to calculate acceleration based on the vehicle in front. Other classes
representing traffic lights and road curvature are available but were unused in
this study.

However, in order to better fit the needs of the research question, the traffic
simulator was heavily modified and iterated upon in order to allow for added
features and improved performance.

The inclusion of temporary obstacles and reduced speed zones in the sce-
narios meant that these had to be developed and integrated into the simulator.
The temporary obstacles work by causing the first vehicle on the road to brake
as hard as possible when the obstacle is reached and then be at a complete
stop for a programmable amount of time. After that period of time has passed,
the vehicle can freely accelerate away. The other vehicles decelerate and ac-

9



10 CHAPTER 3. METHODS

celerate accordingly, according to the IDM. The reduced speed zone sets the
speed limit of every vehicle entering it to a specific value, then returning to
the original speed limit once the vehicle leaves the reduced speed zone.

Performance enhancements were implemented in order to run many sim-
ulations with different parameters in a reasonable amount of time. Firstly, the
simulation time step was decoupled from realtime which allows the simulation
to run as quickly as the host system can run it. In addition to this, multipro-
cessing was introduced to allow several simulations to run in parallel. The
GUI was also disabled during the data-gathering simulations to reduce the
corresponding overhead.

Finally, data collection had to be introduced. This includes the metrics Av-
erage Vehicle Speed, Vehicle Throughput, Maximum Congestion, and Stopped
Time, which will be discussed in the following section. These were saved in
Excel spreadsheets using the pandas Python package, for each combination of
speed limit and safe distance.

3.2 Metrics
The goal of this section is to explain the metrics used to measure the impact
of safe driving on traffic flow. The four metrics that were used are Average
Vehicle Speed, Vehicle Throughput, Maximum Congestion, and Stopped Time.

3.2.1 Average Vehicle Speed
This metric is used to determine the average speed of all the vehicles that have
travelled down the road during the simulation. The velocity of each vehicle
is saved during each and every timestep, and at the end of the simulation, the
sum of the average speed for every vehicle that has travelled down the road is
calculated. This value is then divided by the throughput, which gives the total
average speed for all vehicles. This metric helps to measure the impact of safe
distance on the overall speed of traffic flow.

3.2.2 Vehicle Throughput
This metric is used to measure the number of vehicles that have made it to the
end of the road within the allocated time for the simulation. The number of
vehicles that make it to the end of the road is counted, and this value is used to
calculate the vehicle throughput. This metric helps to measure the impact of
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safe distance on the number of vehicles that can pass through a given stretch
of road in a given time.

3.2.3 Maximum Congestion
This metric is used to determine the maximum number of vehicles that are
stationary at any given time during the simulation. The number of stationary
vehicles is counted for every timestep, and the maximum number of stationary
vehicles is then calculated at the end. This metric helps to measure the impact
of safe distance on the length of queues that form on a given stretch of road.

3.2.4 Stopped Time
This metric is used to measure the amount of time that at least one vehicle is
stationary on the road during the simulation. The simulation checks whether
any car is stationary for every timestep, and if so, a timer is incremented. At
the end of the simulation, the total time where at least one vehicle is stationary
is calculated. This metric helps to measure the impact of safe distance on the
time it takes for queues to clear up.

3.3 Simulation scenarios

3.3.1 Scenario 1
The first scenario depicts vehicles driving down a 10 km stretch of a one-lane
road, with a temporary obstacle present at the end, i.e. in the form of an an-
imal crossing the road, an accident, or similar obstruction. The first vehicle
emergency brakes from the speed limit all the way down to a complete halt,
and is then still for 60 seconds simulation time. After those 60 seconds have
passed, the vehicles are free to accelerate, and the simulation is run for an ad-
ditional 300 seconds simulation time while data is gathered. This time period
was chosen during testing as it was found to be sufficient to gather the required
data, while not being too long to be impractical.
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Figure 3.1: Screenshot of scenario 1. The straight horizontal line represents
a road where each blue rectangle is a vehicle and the black line indicates the
place where the first vehicle emergency brakes. We can see a queue starting to
form as the first vehicle remains still until the black line disappears. The run
time of the simulator is shown in the top left.

3.3.2 Scenario 2
The second scenario depicts vehicles driving down a 10 km stretch of a one-
lane road, with a 1 km long reduced speed zone at the end, set to a typical
30 km/h [8]. The simulation runs for 1200 seconds simulation time from the
moment that the first vehicle reaches the slow zone while data is gathered.
This time period was chosen during testing as it was found to be sufficient to
gather the required data, while not being too long to be impractical.

Figure 3.2: Screenshot of scenario 2. The straight horizontal line represents
a road where each blue rectangle is a vehicle and the orange part of the road
indicates the reduced speed zone. We can see the vehicles keeping a fairly
consistent distance between each other in the reduced speed zone. The run
time of the simulator is shown in the top left.

3.3.3 Parameters
Both scenarios were run with different safe distances and speed limits. All
simulations were run with a constant driver reaction time of 1 second to ac-
commodate for real world perception-reaction time [21]. The safe distances,
expressed as time delta from the vehicle in front, were varied from 2 seconds
to 4 seconds, in ½ second increments. These bounds were chosen as shorter
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safe distances than 2 seconds presented themselves as too short for the IDM,
causing vehicles to slow down, and longer than 4 seconds only led to marginal
differences when compared to a 4 second safe distance. The speed limit was
varied from 50 km/h to 110 km/h in 10 km/h increments.

The other parameters, which are constant between runs, are vehicle length,
minimum distance between cars, maximum acceleration coefficient and max-
imum braking coefficient, set to 4.5 metres [22], 3 metres, 1.44 and 4.61 re-
spectively. The latter two values were left unchanged from the original traffic
simulator [20].

3.3.4 Implementation
To implement the first scenario, a 10 km long stretch of road was created. To
simulate a temporary obstacle leading to a complete halt, an obstacle object
was placed 1 km from the end of the road. When the first vehicle reaches
this obstacle, it is told to brake as hard as possible. Since the simulation is
agent-based with one vehicle only being aware of the vehicle in front, the other
vehicles will brake accordingly so as to not hit the vehicle in front. After the
first vehicle has been stationary for 60 seconds simulation time, it is free to
accelerate again. The vehicles are then allowed to travel for 300 more seconds
simulation time while the data is gathered. The same basic procedure was
used when implementing the second scenario, except that a reduced speed
zone was introduced at the last kilometre of the road, instead of the temporary
obstacle. Vehicles are allowed to travel down the road for 1200 additional
seconds simulation time from the point that the first vehicle reaches the slow
zone, while data is gathered.

The parameters that are varied for each run are safe distance and speed
limit. Safe distance is set by spawning vehicles at varying intervals, i.e. adding
a vehicle to the road every 3 seconds representing a safe distance of 3 seconds.
Speed limit is set by releasing each vehicle with a given velocity, which the
vehicles then return to without exceeding when the outside parameters allow.



Chapter 4

Results

This chapter is divided into two sections. The first section describes the results
from the first simulation scenario whilst the second describes the results from
the second simulation scenario.

4.1 Scenario 1
Given our method, the average speeds of vehicles in the system remained sim-
ilar between simulations with different safe distances, except when the safe
distance was set to 2 seconds, in which a slightly lower average speed from
the speed limit of 80 km/h and higher is observed, presented in Figure 4.1.
Although, as seen in Figure 4.2, a shorter safe distance did allow more vehi-
cles to pass through the system compared to longer safe distances except when
comparing the difference between a 2 and 2.5 second safe distance in which
the difference in vehicle throughput was minimal. It is expected that vehicle
throughput increases with shorter safe distances, as more vehicles occupy the
road at a given time, but we indeed see that 2 second safe distance did not sig-
nificantly increase vehicle throughput as opposed to 2.5 second safe distance.

14
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Figure 4.1: Average Vehicle Speed in relation to speed limit and safe distance.
The average speed remained similar between different safe distances, except
for when the safe distance was 2 seconds in which speed was slightly lower
from 80 km/h and onward.
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Figure 4.2: Vehicle Throughput in relation to speed limit and safe distance.
A shorter safe distance allowed significantly more vehicles to pass through
the system compared to longer safe distances, except when comparing the dif-
ference between a 2 and 2.5 second safe distance in which the difference in
vehicle throughput was minimal.

However, even though vehicle throughput was higher with shorter safe dis-
tances, it also resulted in a higher number of stationary vehicles and longer
time for queues to dissipate which is illustrated in Figure 4.3 and Figure 4.4
respectively. In fact, the latter figure shows that for speed limits greater or
equal to 60 km/h and a safe distance of 2 seconds, the queues did not dissolve
before the simulation ended.



CHAPTER 4. RESULTS 17

Figure 4.3: Maximum Congestion in relation to speed limit and safe distance.
We can clearly observe that shorter safe distances led to more congestion.

Figure 4.4: Stopped Time in relation to speed limit and safe distance. Shorter
safe distances led to longer total time where a vehicle was stationary, especially
when the safe distance was 2 seconds in which for speeds 60 km/h or greater,
queues had not dissipated before the simulation ended.



18 CHAPTER 4. RESULTS

This highlights the fact that, given a temporary obstacle blocking the road,
shorter safe distances may lead to higher vehicle throughput, but not necessar-
ily better traffic flow since queues are longer and take more time to dissipate.

4.2 Scenario 2
As seen in Figure 4.5, the average speeds between safe distances were quite
similar except for when safe distance was 2 seconds in which, no matter the
speed limit, average speed was notably lower than for the other safe distances.
However, as in the first scenario, vehicle throughput remained the highest for
shorter safe distances but with little to no difference when comparing 2 to 2.5
second safe distance which is illustrated in Figure 4.6.

Figure 4.5: Average Vehicle Speed in relation to speed limit and safe distance.
Average speed remained similar between safe distances except for 2 second
safe distance in which average speed was notably lower, no matter the speed
limit.
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Figure 4.6: Vehicle Throughput in relation to speed limit and safe distance.
Vehicle throughput was higher for shorter safe distances except when com-
paring 2 seconds to 2.5 second safe distance in which there was little to no
difference.

Looking at Figure 4.7 and 4.8, we can observe a very interesting fact in that
2 seconds was the only safe distance where queues formed. For every other
safe distance, no vehicles throughout the simulation had come to a standstill. In
Figure 4.7, a steady decrease in Maximum Congestion can be seen as the speed
limit increases. The same cannot be said about Stopped Time which shows no
significant difference between speed limits, as seen in Figure 4.8. However,
the latter figure can be interpreted as slightly misleading, since it seems as
though queues had time to dissipate before the simulation ended, which was
not the case. In reality, the queues appeared after a certain time, and did not
disappear before the simulation ended. Figure 4.9 was constructed for this
very reason and represents a timeline of the simulation for a safe distance of
2 seconds. From it we can see that queues took varying amounts of time to
form depending on the speed limit, but no clear pattern of how long it took
for the queues to form could be found. Additionally, once the queues formed,
they did not dissipate.
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Figure 4.7: Maximum Congestion in relation to speed limit and safe distance.
Stationary vehicles were only observed with a safe distance of 2 seconds and
a decrease in Maximum Congestion can be seen as the speed limit increases.

Figure 4.8: Stopped Time in relation to speed limit and safe distance. Station-
ary vehicles were only observed with a safe distance of 2 seconds. Also, no
significant difference was observed across different speed limits.
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Figure 4.9: Simulation timeline for a safe distance of 2 seconds, displaying
how long before queues appeared. The queues appeared at different times
and showed no clear pattern in how long it took them to form in relation to
the speed limit. After forming, none of them dissolved before the simulation
ended.

Our results showed that given a road with a reduced speed zone, shorter
safe distances led to higher vehicle throughput but that a safe distance that is
“too short” i.e 2 seconds was detrimental to traffic flow as it causes vehicles
in the system to become stationary.



Chapter 5

Discussion

This chapter begins by discussing the results for each scenario in more detail
and providing an analysis on how they help us answer our research questions.
Additionally, comparisons to related work will be performed. After that, we
go on to identify a potential issue with our method and the impact it could have
had on the results. Finally, we will discuss the environmental and real-world
implications of our findings.

5.1 Scenario 1
The results presented in Section 4.1 demonstrate that reducing the safe dis-
tance between vehicles leads to higher Vehicle Throughput. However, it is
important to note that this also results in consistently lower Average Vehicle
Speeds, higher Maximum Congestion, and an increased Stopped Time. These
findings highlight the trade-off associated with shorter safe distances on traffic
flow: while they allow more vehicles to exit the system, they also make it more
prone to queue formation. Furthermore, these queues tend to last longer com-
pared to situations where longer safe distances are maintained. This outcome
is not surprising since shorter safe distances imply smaller buffers, making
the system more sensitive to changes in traffic flow. However, shorter safe dis-
tances alleviate the bottleneck caused by maintaining large gaps between cars
in the queue when they attempt to accelerate away. This could be a significant
factor contributing to the higher vehicle throughput observed in the system
with shorter safe distances.

When compared to related work, our findings align with the study con-
ducted by Näsman and Sävås [4] in Section 2.5, which demonstrated that lower
safe distances resulted in a higher number of vehicles exiting the system. How-

22
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ever, it is important to note a limitation in their study: the prolonged standstill
caused by the accidents in the first and second scenarios undermines the in-
tended effect of a safe distance. Assuming that the majority of vehicles start
from a standstill after the 10-minute period, it is not surprising that shorter safe
distances resulted in higher throughput compared to longer distances. There-
fore, in our approach, we ensured that the temporary obstacle was present for
a shorter duration. Thus, given the different research scenarios and method-
ology, we can see that shorter safe distances seem to lead to higher Vehicle
Throughput, but lower Average Vehicle Speed, higher Maximum Congestion
and longer Stopped Time.

A comparison of the results presented by Lertworawanich in Table 2.1 re-
veals some differences in the calibrated safe distances, converted to seconds,
when approaching higher speeds. Although, this variation can be attributed
to the different objectives of the two studies. Lertworawanich aimed to de-
termine safe distances that minimise the occurrence and severity of rear-end
collisions, whereas this study focused on traffic flow. Consequently, Lert-
worawanich measured the safe distances in metres, representing the necessary
space to avoid colliding with the vehicle ahead. Converting these distances to
seconds can be misleading since it may imply that maintaining a shorter safe
distance is more beneficial at higher speeds, which is not technically accurate
since, while the safe distance in seconds may get shorter with higher speed
limits, the physical distance in metres still increases.

5.2 Scenario 2
Studying the results from Section 4.2 we see that average speeds remained,
for the most part, similar across different safe distances, with one notable ex-
ception. When the safe distance was set to 2 seconds, regardless of the speed
limit, the average speed was significantly lower compared to longer safe dis-
tances. This indicates that a safe distance of 2 seconds may result in decreased
traffic flow efficiency and slower overall vehicle speeds. However, as in the
previous scenario with a temporary obstacle, shorter safe distances generally
led to higher vehicle throughput, except when comparing a 2 second safe dis-
tance to a 2.5 second safe distance. In this specific comparison, there was little
to no difference in vehicle throughput which suggests that keeping a 2 second
safe distance instead of 2.5 second safe distance may not provide a substantial
improvement.

Examining Figure 4.7 and 4.8 provided us with interesting observations
regarding the formation of queues. It was evident that a safe distance of 2
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seconds was the only value at which queues were formed, while all other safe
distances resulted in no stationary vehicles throughout the simulation. Addi-
tionally, Figure 4.7 showed a steady decrease in Maximum Congestion as the
speed limit increased. This indicates that higher speed limits can help allevi-
ate congestion and reduce the likelihood of queues forming which is a result
of less vehicles occupying the road with longer distances between vehicles.

For the reduced speed zone scenario, Näsman and Sävås only measured
average speed and found that longer slow down thresholds i.e safe distance led
to lower average speed. This finding contradicts our own observations, which
is intriguing considering the similarity of our scenarios. However, upon closer
examination, it becomes clear that the discrepancy can be attributed to their
use of metres as a measure of safe distance instead of seconds from the vehicle
in front. As stated in Section 2.5, the reason behind the lower average speeds
was that when longer safe distances were enforced, cars had to slow down to
accommodate this distance. This implies that even if cars were travelling at
lower speeds, they would still aim to maintain this fixed distance which could
be unnecessarily long. The same issue does not arise when using time delta
from the vehicle in front as a measure of safe distance, as it makes the distance
to the car in front dynamic, based on vehicle speed.

5.3 Method and metrics
While the results may have been interesting for both scenarios, the metrics
used to quantify traffic flow were primarily targeted and developed to fit the
first scenario, especially when looking at Maximum Congestion and Stopped
Time. Since the second scenario did not include the reduced speed zone being
lifted, traffic never got better with time, and in the case of 2 second safe dis-
tance, only got worse. This means that the results presented in Figure 4.7 and
4.8 were directly correlated with the length of the simulation, in that longer
simulation time led to higher Maximum Congestion and Stopped Time. In ad-
dition to this and as previously described in Section 4.2, Figure 4.8 presents
some results that could be interpreted as misleading, which is why Figure 4.9
was constructed. In any case, these results do show that 2 second safe distance
is by far the worst when it comes to queue formation.
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5.4 Environmental and real world implica-
tions

When considering the environmental implications, it becomes evident that
longer safe distances have more advantages in promoting fuel-efficient driv-
ing when faced with a temporary obstacle. This is because fuel-efficient driv-
ing, which, as explained in Section 2.4, aims to maintain steady speeds and
minimise acceleration and deceleration, is harder to adhere to when traffic is
congested. As depicted in Figure 4.3 and Figure 4.4, longer safe distances
led to lower Maximum Congestion and shorter Stopped Time. By keeping a
greater distance from the vehicle ahead, drivers have more room to react and
adjust their speed without stopping abruptly. This smoother and more con-
tinuous flow of traffic reduces the need for frequent braking and acceleration,
resulting in improved fuel efficiency. Additionally, the reduced number of sta-
tionary vehicles contributes to a decrease in overall emissions and promotes a
healthier environment.

However, in the context of reduced speed zones, Figure 4.7 and 4.8 indi-
cate that no stationary vehicles were observed for safe distances longer than
2 seconds. This diminishes the impact of choosing between longer safe dis-
tances in such scenarios. In reduced speed zones, where vehicles are required
to slow down and maintain lower speeds, the impact of safe distances on fuel
efficiency and traffic flow is less pronounced since the reduced speed promotes
a more gradual and controlled driving style, minimising the need for frequent
acceleration and deceleration. As a result, the specific choice of safe distance
becomes less influential in these situations.

Nevertheless, implementing longer safe distances in the real world is not
always feasible since we live in a stressful world where time is precious.
Hence, people may not always be willing to maintain longer safe distances
when shorter ones lead to higher traffic throughput, as shown in Figure 4.2
and Figure 4.6. Therefore, it is important to consider and carefully weigh
various factors when determining an appropriate safe distance. While longer
safe distances have environmental benefits and can contribute to smoother
traffic, they may not always align with the practical realities and priorities of
drivers.
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Conclusions

This study aimed to investigate the impact of varying safe distance on traffic
flow using a traffic simulator based on the Intelligent Driver Model. Two sce-
narios were examined, both including vehicles driving down a one-lane road at
varying speed limits and safe distances. The first scenario had a temporary ob-
stacle blocking the road, while the second scenario had a reduced speed zone
at the end of the road. For both scenarios, the results indicate that shorter safe
distances may lead to higher Vehicle Throughput due to increased car occu-
pancy, but it significantly worsens queue formation. On the other hand, longer
safe distances demonstrate notable improvements in Average Vehicle Speed,
Maximum Congestion, and Stopped Time. As traffic flow is a combination of
all these metrics, it is impossible to say which safe distance is optimal, but we
do observe certain trends as described above.

6.1 Future work
The scenarios in this study were limited to a one-lane road which simplified
studying the impact of varying safe distance on traffic flow. Hence, it is im-
portant to consider that modern roads often have multiple lanes, allowing for
lane changes. In such scenarios, the results would likely differ because drivers
need to adjust their speed to accommodate other drivers, as well as the road
having higher capacity. To simulate these situations, a more complex driver
model would be necessary, one that is fully aware of its surroundings and not
solely on what is in front. Additionally, incorporating human variance into
the simulation could introduce more realism since real-world drivers exhibit
diverse driving behaviours that can impact the outcomes.

Furthermore, to enhance the research, it would be valuable to introduce
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various vehicle types and road conditions. Different vehicles have distinct
acceleration and deceleration capabilities, with larger vehicles such as trucks
being more inert than smaller passenger cars. Additionally, road conditions,
such as slippery surfaces or uneven terrain, can affect factors such as braking
distance. These additional factors could have a significant impact on the results
of the study and contribute to a more comprehensive understanding of the
subject matter.
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