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ABSTRACT

The desired gap headway of drivers, while close following, represents the main parameter in determining
the following distance between vehicles. This paper uses the raw individual vehicles data taken from
loop detectors for millions of vehicles used M25 and M42 in order to estimate the gap headway
distributions between successive pairs of vehicles. The dataused in this paper were filtered s as to
focus on the cases of close following behavior only and more than quarter million pairs of close following
casesis used to presentsthe results. Such huge sample size takenfrom loop detectors will increase the
results reliability as previous research used limited sample size. T he results presented the cumulative
distribution of drivers’ gap headway and suggested that the mean gap headway of driversisabout 1.1 s
with standard deviation0f0.42 s. Thelane choice found to be significantly influencing the desired gap
headway for speed higher than 70km/h only. Theeffect ofthe follower vehicle type of the desired gap
headway was also examined and theresults suggested that such effect is insignificant. Thefindings of

this paper are suggested to be used as inputs for traffic micro-simulation models.

doi: 10.5829/ije.2019.32.05b.06

1. INTRODUCTION

Gap headway (in seconds), as shown in Figure 1,
represents the time spacing from the rear of the leading
vehicle to the front of the following vehicle. This is
different from the time headway that represents the time
spacing from frontto front of successive vehicles. Based
on gap headway values, the movements of vehicles
regarded as either “free following” or “close following”.
Free following represents the cases with high values of
gap headway while low values of gap headways represent
the close following situations. Previous literatures [1-3]
suggested a range for gap headway varies from 2 to 5
seconds to distinguish between these two situations.
Therefore, desired gap headway drivers, in close
following situations, could directly describe the
following distance (clear spacing as shown in Figure 1)
which is an essential skill in driving [4]. This explains
why some traffic agencies in some countries make this
parameter as a driving guide for safety reasons. For
example, the UK highway code adopted the 2-second
rule to advise drivers to keep a safe separation distance
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between vehicles [5]. It is obvious that most drivers
prefer notto react with such policies and that explains the
increasing of accidents rates everywhere [6-7].

Gap headway represents one of the important
parameters used traffic microsimulation models. As a
part of such microsimulation models and in applying
most of the existing car following rules (see for example
Gipps [8] and Al-Obaedi & Yousif [9]), the gap headway,
at steady state condition (i.e. when the speeds of the
leading and the following vehicles are approximately
equal) is used to describe the reaction time for the
follower’s driver. Therefore, in such simulation models,
the terms of reaction time and gap headway were both
used in similar manner. For example, Gipps [8]
developed a car following model and assumed that the
follower will leave a clear spacing with a vehicle ahead
equal to 1.5 the follower’s reaction time. Al-Obaedi and
Yousif [9] developed a simulation model for motorway
merges and assumed that the minimum gap headway is
equal to the follower reaction time. The reaction time was
estimated based on Johansson and Rumer [10], which
suggested that the mean reaction time is 0.73 s.
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Figure 1. A grapﬁ showing time headway, gap headway and
clear spacing

Considering previous research focused on close
following  behavior, Brackestone etal. [3] used
instrumented vehicles for limited sample size and
reported that the mean gap headway is about 1.25 s for
speeds higherthan 55km/h. Their work did notfocus on
the distribution of this factor among the drivers. Zhang
and Bham [11] used car-following following trajectory
data at steady state (when the difference in speed does not
exceeding 5.4 km/h between the leader and the following
vehicle) and found the mean gap headway of 0.6 s.
Considering the effect of vehicle type on close following
behavior, Yousif and Al-Obaedi [12] examined the effect
of'leading vehicle’s type (i.e. small car or a truck) on the
following distance behavior and reported no significant
difference. Similar findings were also obtained by
Brackestone et al. [3] when examined the effect of
“Vans” on the following behavior. Little attention was
paid to the effect of follower’s vehicle types. Robert, et
al. [13] examined the effect of three values of gap
headways on following behavior and reported that
drivers feel less comfort with short headways while
following slower vehicles. Risto and Martens [14], based
on data obtained from forty participant drivers, reported
that drivers cannot always maintain a desired headway
evenwhen they are informed. While there is a remarkable
research focuses on distribution of time headway (see for
example, Badhrudeen, et al. [15]), the gap headway
distribution for drivers at close following situations got
little attention in previous research, so far. As a
continuumto the previous work by Yousif and Al-Obaedi
[12], this paper uses the raw individual vehicles data
taken from loop detectors for millions of vehicles used
M25 and M42 in order to estimate the gap headway
distributions between successive pairs of vehicles. In
addition, the effect of driving lane and follower’s vehicle
type on gap headway are considered. The findings of this
will help in providing the most important parameter
based on real traffic data to be applied by traffic micro -
simulation models.

2. METHODOLOGY

The data used in this work represents a full 14 days of
individual vehicles raw data, extracted from inductance
loop detectors on sections from two UK motorways.
There are M25 and M42 motorways that have four and

three lanes per direction, respectively. The data extracted
from inductance loop detectors on sections from the so
called “Managed Motorways” [16] of M42 between
Junctions 5-6 and M25 between Junctions 15-16. The
data represents about four million cases of
leader/follower cases where speeds, headways and length
of vehicles for all vehicles were given in the data. Since
the data represents a full 14 days of successive vehicles,
the flow rates at these two motorways were varied from
minimal to maximum volumes reaching the capacity of
about 6000 veh/h and 8000 veh/h for M42 and M25,
respectively. According to UK regulation, the heavy
vehicles are banned from using the offside lanes at these
motorways.

It should be noted here that this source of data is more
reliable to estimate drives’ gap headway than other
sources of data since drivers’ behavior is usually not
affected by loop detectors. The gap headway (GH) is
estimated using Equation (1) as follows:

GH =hd — = 1)
Sk

In order to focus on situations of close following
behavior only, the data should be filtered properly to
remove the cases of free following. As reported
elsewhere [3], the close following situations could be
determined by selecting appropriate maximum gap
headway and maximum speed differences between the
pairs of leader/follower vehicles moving at the same lane.

The use of a maximum gap headway threshold is
important in defining close following situations since it
is well known that with an increasing in spacing between
vehicles, the follower vehicle becomes free to increase its
speed. In addition, the use of a threshold to define a
maximum speed difference between the leader and
follower pairs of vehicles is essential as the traffic at
close following situations nearly has similar speeds.
Therefore, similar method has been used to that
suggested by Brackstone, et al. [3] and Yousif and Al-
Obaedi [12] when they used a value of 2 seconds as the
maximum gap headway at car following situations (i.e.
close following). This means that the cases when the gap
headways were greater than the maximum limit, such
cases are excluded from the data. The use of 2 seconds
value is consistent with the finding of Johansson and
Rumer [10] when they found that the maximum drivers’
brake reaction time of 2 seconds. It is believed thatthe
use of such 2 seconds’ limit will not influencing the
accuracy of estimation average gap headway as it is
widely reported that higher values may not representing
“close following situations”.

Considering speed difference between the successive
peers of vehicles, avalue of 1.5 nvs (5.4 km/h) is selected
as the maximum relative speed difference between the
leading and the following vehicles as suggested by
previous studies (see for example [2] and [11]). This
means that the cases when the speed differences were
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greater than the maximum limit, such cases are excluded
from the data. In addition, and to be confident that the
data used in estimating drivers’ gap headway repres ents
only vehicles which are influenced by their leaders (i.e.
vehicles ahead), all vehicles with speeds higher that
100km/h were excluded from the data. This is based on
previous research work when suggested that motorways’
speed at capacity is mostly less than 90km/h (refer to [12]
and [17], for example). The selection of 100km/h value
is not affecting the results of other speed groups as each
group were analyzed individually.

Considering the effect of leading vehicle type, Yousif
and Al-Obaedi [12] found no considerable effect for the
leading vehicle type on clear spacings between vehicles
for all ranges of speeds. Therefore, the effect of leading
vehicle type (i.e. Car or HGV) is ignored in this study.
However, the effect of follower vehicle type is examined
in this work as will be discussed later.

Using manual analyzing or even using of Excel
worksheet to analyze data with millions of vehicles is a
time consuming process. Therefore, a computer program
using FORTRAN is written and used for data analyses
purposes. The program is prepared to separate the
successive vehicles according to their lanes and their
directions to apply the methodology as described above.

3. RESULTS AND DISCUSSION

This section presents the results obtained by applying the
methodology described above. It should be noted here
that the sample size used in this study after filtering the
data represents more than quarter million pairs of close
following. Such huge sample size taken from loop
detectors will increase the results reliability as previous
research used limited sample size.

3. 1. Average Gap Headway with Average Traffic
Speed Figure 2 shows the mean gap headway and
standard deviation for average speed ranges from 10 to
100 km/h for M25 motorway based on middle lane data
(Lane 2). The mean gap headway for all ranges ofspeeds
from 60 to 100km/h were about 1.15s with standard
deviation of 0.43 s. The maximum and minimum values
were 0.2 and 2.0 s, respectively. For M42 motorway, the
results seem similar to those for M25 as shown in Figure
3. The results of average gap headway for the otherlanes
has also considered as will be discussed in this paper.
Figure 2 also shows that the average gap headway is
increased with an increase in congestion severity (i.e.
with reducing of speeds). For example, the average
desired gap headway for average speed of 15knvh is
about 1.5 s, while the average gap headway is 1.1 s for
the speed of 75knvh. This may be due to a fact that
drivers during traffic congestion may feel by the
uselessness of keeping their desired gap headway.
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Figure 2. Average gap headway and standard deviation
based on M 25 data
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Figure 3. Average gap headway and standard deviation
based on M 42 data

The differences in average gap headway between
normal and congested traffic conditions, seems to be not
practically important when considering their effect on the
following distance (i.e. clear spacing between vehicles).
For example, when the average speed is 15km/h, the gap
headway differs from that for the average speed of
75km/h by about 0.3 s; which means only about 1.25m
difference in the gap headway. Such small difference
could easily be considered by applying the following
regression equation (Equation (2)) which suggestsstrong
relationship (r2=0.99) between speed and gap headway
for speeds below 70km/h.

Considering the mean value of 1.1 s as a mean
drivers’ gap headway for speed higher than 70knvh, the
desired gap headway could be corrected during traffic
congestion using the following regression equation
(Equation (2)) which is derived based onresults in Figure
2.

GH = { 1.5—0.006speed speed < 70km/hr 2
1.1 speed > 70km/hr

3. 2. Effect of Desired Lane on Gap Headway

Selection  This section examines the effect of desired

lane on the average gap headways for each speed range.

Figure 4 shows the average gap headway with speed

ranges on lane bases using the datafromM42. This figure
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suggeststhat even forthe same average speeds, drivers in
the offside lanes, for speeds higherthan 70knvh, tend to
choose lower gap headway than that selected on the
inside lanes. For speeds less than 70kmvh, similar gap
headways were observed. This indicates that drivers in
congested situations (at low speeds) choose to keep their
minimum gap headways as there are insufficient gaps in
other lanes operating more or less with similar speeds
[18].

3.3. Distribution of Gap Headway  Figure 5shows
the distribution of drivers’ gap headway for M42
motorways and for speed ranges of 60-70 km/h and 70-
80knmvh. This figure suggests identical distributions for
both ofthese speed ranges. The figure suggests that about
15 percent of drivers maintain gap headway of 0.5 s or
less. This supports the close following behavior reported
by some literatures (e.g. Brackstone and McDonald [19]).
It should be noted here that the same findings were also
obtained based on M25 motorway’s data.

The normality of the distribution has also been tested.
Figure 6 shows the histogram for actual and predicted
(from normal distribution) gap headway’ frequencies.
This figure shows that the actual curve skew to the left
compared with the normal distribution curve. The
hypothesis of having normal distribution for gap
headway is rejected with confidence level of 95%.
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Figure 4. Average gap headway on the lane bases for M42
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Figure 5. Gap headway distribution based on M42 data

Therefore, in applying the results in traffic micro-
simulation models, it is suggested to use Figure 5 with
generated random numbers derived from uniform
distribution.

3. 4. Effect of the Follower Vehicle’s Type on Gap
Headway The effect of the follower vehicle type of
the gap headway was also examined. Figure 7 compares
the gap headway distribution between small cars and
heavy goods vehicles (HGVs) drivers for speed ranges
from 60 to 70km/h. This figure suggests only slight
differences, for example, the 70th percentile of gap
headway for HGVs drivers is only higher than that for
“small cars” drivers by less than 0.1 s. Such slight
differences are regarded as “insignificant” according to
Kolmogorov-Smirnov  statistical test with confidence
level 0f95%. Therefore, the effect of the follower vehicle
type on the gap headway is recommended to be ignored.
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Figure 6. Histogram for actual and predicted gap headway’
frequencies
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Figure 7. Gap headway distribution based of follower’s
vehicle type

4. Summary
This paper used the raw individual vehicles data taken

from loop detectors for millions of vehicles used M25
and t M42 in order to estimate the gap headway



J. T.S. Al-Obaedi / IJE TRANSACTIONS B: Applications Vol. 32, No. 5, (May 2019) 661-666 665

distributions between successive pairs of vehicles. The
data used in this paper were filtered so as to focus onthe
cases of close following behavior only and more than
quarter million pairs of close following cases is used to
presents the results. The results presented the cumulative
distribution of drivers’ gap headway and suggested that
the mean gap headway of drivers is decreasing with
increasing of traffic speeds of upto 70knvh with about 1.1
s with standard deviation of 0.42 s at thatspeed. The lane
choice found to be only significantly influencing the
desired gap headway for speed higher than 70km/h. The
effect of vehicle type of the desired gap headway has ako
been examined and the results suggested that such effect
is insignificant. The findings of this paper are suggested
to be used as inputs for traffic micro-simulation models
for either desired gap headway or reaction time
parameters. Further research is recommended to test the
applications of these findings on traffic micro-simulation
models’ behavior.
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