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Abstract: Modeling driver behavior is the corner stone for any traffic simulation model.
Driving behavior is a complex task to mimic the reality by simulation model. This study has
focused on collecting field data from several rural road sites. These data include lane
utilization, lane changing and headway. Then, a simulation model has been developed for
representing the driver behavior at rural roads. Car-following model developed in this
study is safety one. Then, lane changing hybrid model has been developed according to
the suggested assumptions by previous studies and collected field data to match the real
behavior. Gap acceptance model has been adopted from previous studies which show
good consistency with real driver behavior through comparing with other characteristics
such as lane changing and lane utilization. The developed model has been calibrated with
field data and showed encouraging results.

Keywords: car-following model, lane changing model, simulation model and rural roads.

INTRODUCTION

The need to modeling the behavior of the driver comes from the desire to improve the efficiency of the
driver interaction with different types of modern automated systems, after completion of the model. These
systems are able to predict the future procedures and are able to solve many problems occur at different
levels of traffic conditions. Moreover, these systems operate flexibly so that they can be tuned to suit
different behaviors of drivers [1].

The behavior of the driver during driving is complex and varies according to the condition of the driver
as well as the circumstances surrounding it either from other users of the road or characteristics of the road
itself, so study the characteristics of the driver and the characteristics of the vehicle comes first to understand
the interaction that occurs between the driver and the vehicle on the one hand and between vehicles on the
other [2, 3]. Interaction between vehicles can be defined in three terms: car-following, lane change models,
and implicit model between car-following and lane change models which is gap-acceptance model [4].
Details of the models will be explained in the following sections.
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The microsimulation model is one of the tools used to understand the relationship between the three
models. It focuses on the interaction between vehicles and has the ability to see the immediate results of
virtual reality to implement many scenarios expected to occur on the road network. In order to determine
what are the important parameters involved in building a model to understand driver behavior. It is important
to define a specific algorithm for the three models to be followed as the basis for developing the simulation
model [5, 6]. The aim of the present research is to modeled and represent driver behavior in rural highway by
using microsimulation technique

1. PREVIOUS STUDIES

It is necessary to review some of the previous studies with regard to the three models (i.e. car-
following, lane change, and gap-acceptance models) to further understand what these models are and to
prove which algorithm of these models can be used to model driver behavior to suit reality. The following
sections briefly review previous studies on the three models.

1.1. CAR-FOLLOWING

The car-following model (CF) plays a major role in the theory of traffic flow modeling, where it is the
interaction between a vehicle and another in a single lane. The introduction of this model dates back to the
1960s. Several stages of development and calibration have been carried out to make these models more
reflective of reality. The safety distance model is among the most widely developed by many researchers,
including Gipps [7], Benekohal and Treiterer [8], Yousif [9], and Al-Jameel [10]. The basic principle of this
model is to avoid collisions between vehicles at any time of traffic and this is achieved by leaving enough
space between successive vehicles.

1.2. LANE CHANGE

The lane change model (LC) comes in second place after the car-following model in participating in
traffic flow modeling and has a close relationship with the driver's behavior, which is to change the location of
the vehicle from one lane to another to achieve more comfortable driving conditions or as a result of
circumstances forced the driver to change the lane, these conditions either from other users of the road or
from the effects of road characteristics [11]. The lane change model is divided into a mandatory lane change
(MLC) and discretionary lane change (DLC). MLC occurs when the driver is forced to change the lane or
change the lane to convert to the intended destination, while DLC occurs in order to reach desirable driving
conditions such as overtaking a slow vehicle [12].

1.3. GAP-ACCEPTANCE

In order to perform a change of lane, a motive for change must be provided and then an examination
is made of whether there is an acceptable gap to achieve this. Whereas, the gap acceptance model (GA) is
responsible and controls whether a change will occur to the lane or not. Among the models that have been
developed is the model proposed by Wang [13] , where the developed model is more reasonable for reality.
In the present study, the model developed by Al-Jameel [14] was based on Wang [13] model, and
Equations (land 2) show the critical gap of lead and lag. The critical gap is the minimum time that, if
available, will make the vehicle driver have sufficient time to maneuver and change his lane to another lane
[15]. Figure 1 shows the process of changing the corridor and the critical gap.

Page 432 Copyright © 2017 Al-Qadisiyah Journal For Engineering Sciences. All rights reserved.



ﬁﬁ ﬁ ¥ AL-QADISIYAH JOURNAL FOR Vol. 10, No. 4
£ = S Y ENGINEERING SCIENCES
X, N ke W 3 ISSN: 1998-4456
=TT S g l".l:
LG, LD,
I .. \:| '“ D Lane 2
D & @G ©
—
LG,: Lag gap LD, :Lead gap Buf,
‘Direction of movement Buf : Buffer space
Figure 1. The process of changing the lane and the critical gap.
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Where; SPe is the speed (m/sec) of following vehicle.
SP, is the speed (m/sec) of leader vehicle.
SP_ ¢y is the speed (m/sec) of lane change vehicle.
B1, B2, B3, and B4 are parameters of calibration.
MDCk is the maximum deceleration (m/secz) for following vehicle.
MDC, ¢, is the maximum deceleration (m/secz) for lane changing vehicle.
MDC,,; is the maximum deceleration (m/secz) for leading vehicle in the target lane, and
Riime is the reaction time (sec).

2. DATA DESCRIPTION (DATA COLLECTION AND ANALYSIS)

Data collection is a basic step for the calibration of the developed model and is also used to find some
values of the parameters involved in the evolution of the model prior to calibration.

One of the most widely used methods of collecting traffic flow data is video recording. This method is
still used to collect different data from traffic volumes, time headway, frequency of lane change and other
data. The stage prior to data collection is to select suitable sites for case study. To choose sites there are
several criteria adopted for this: It is essential that the site be free of curvature and grade, the site is free of
roadworks and also the possibility of collecting data from the site easily. Whereas, there is a suitable place
(e.g. footbridges or bridges) in order to erect a recording camera away from the driver's sight.

Table 1 describes the data collected from four sites of rural roads with normal sections. Two sites with
three lanes for each direction are: The first site is The Expressway No.1 Section R4 linking Baghdad and
Hilla, and the second site is the road between Baghdad and Mahmudiyah. The two sites with two lanes for
each direction are the first site the road link between Najaf and Karbala and the second site the road
between Baghdad and Al-Kut, as is shown in Figure 2. In addition to using the camera to record traffic, radar
velocity was used to measure the desired velocity, speed measurement conducted a traffic volume less than
300veh/hr [16].

Table 1: Details of data collection from different sits of Iraqi rural highways.

Site Direction Recording time for each direction Date
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Both 5 hr (08:00 AM to 01:00 PM) 22-09-2016
Baghdad-Hilla | direction 3 hr and 50 min (06:25 AM To 10:20 AM) 23-10-2016
3 hr (05:30 AM to 8:30 AM) 21-06-2017
2 hr and 15 min (06:45 AM To 08:55 AM) 10-10-2016
Baghdad- Both . . . 10.
Mahmudiyah | direction 3 hr and 15 min ( 1:30 PM to 4:40 PM) 17-10-2016
3hr (8:00 AMto 11:00 AM) 28-12-2016
Baghdad-Kut Both 2 hr and 20 min (08:30 AM To 10:45 AM) | 27-10-2016
direction 2 hr and 30 min (06:00 AM to 08:30 AM) | 14-05-2017
_ Najaf to 5 hr (07:30 AM to 12:30 PM) 12-04-2017
Najaf- Karbala karbal
arbala 3 hr (03:00 PM to 6:00 PM) 22-06-2017

Figure 2: Data collection sites on the map.

Data analysis also took a rather long time because most data collection was done by camera
recording. Vehicles were classified into two groups: Cars include passenger cars, motorcycles, taxis, small
vans, and small pickups; and heave good vehicles (HGVS) include buses, lorries large van, and, trailers.
Figure 3 shows the traffic volume for each of the total traffic volume and HGVs. Whereas, Figure 4 shows
the traffic volume for each lane.
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Figure 3: Total flow of vehicles and flow of HGVs (veh/hr) with time ,a-three-lane and b-two-lane.
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Figure 4: Flow for each lane with time (veh/hr).

3. MODEL BUILDING AND DEVELOPMENT

As noted in the literature review, to develop a simulation model for traffic flow, it is necessary to
choose the appropriate algorithm for sub-models (CF, LC, and GA).

This study was based on the simulation model developed by Al-Jameel [14] on the roads for the UK,
and was based on the code built by Al-Jameel, but was rewritten in the programming language Compaq
Visual FORTRAN (version 6.6) and developed to suit the rural roads in Iraq. Figure 5. shows the general
structure of the developed model and details of each step will be explained in sequence.

3.1. MODEL PARAMETERS

3.1.1. Time headway

The characteristics of both vehicle and driver should be determined either from previous studies or
from on-site investigations. The characteristics are time headway, vehicle length, acceleration/deceleration
rate, buffer space, desired speed, and driver reaction time.

By using a recording camera and stopwatch program, the time headway was calculated, where is the
difference of time between two consecutive vehicles as they pass the same point and on the same lane.
Determine the theoretical distribution that fits the distribution of field data time headway it is important in the
process of generating vehicles into the system when you build a microsimulation model [17]. Figure 6. shows
the field and theoretical distribution of the data for a three-lane section where the shift negative exponential
distribution was used with the shift values 0.8, 0.5 and 0.37 of the first, second and third lanes, respectively,
under the volume of traffic 349(veh/hr) for the first lane, 1203(veh/hr) for the second lane, and 1651(veh/hr)
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for the third lane. The Kolmogorov-Smirnov (K-S) test was used to ensure that the distribution of field data
was fitting with theoretical distribution and Table 2 show the results of K-S test.

¥
Vehicle generation/define characteristics
for each vehicle/driver, time headway,
lane distribution.

L4
Load the vehicle/driver characteristics
into the system and encode each
vehicle

Y

¥
Car-following subroutine

L
Lane changing subroutine

Y

Gap-acceptance subroutine

|
hJ

Update vehicle's information (e.g. position and speed)

I

Collecting data by loop
detectors and reporting results

Ttotal= Ttotal + At

Ttetal > simulation
period

No

Tiea” Total time for simulation
Al Time for scan (0.5 sec)

Figure 5: General flowchart for model development.
Hiime = shift — [1/q —shift] In (RND) 3)
Where; Hiime : the time headway (sec).
Shift: the additional time such as 0.25, 0.5 and 1 in sec.

RND: the random number generated by sub-program, and
g: flow rate (veh/hr).
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Table 2: Kolmogorov-Smirnov results for testing the time headway distribution.

] Site: Baghdad-Mahmudiyah (10-10-2016)
Kolmogorov-Smirnov test (K-S)
First lane Second lane Third lane
Flow (veh/hr) 349 1203 1651
Dmax (shift pegatl\{e exponential 0.042 0.051 0.040
distribution)
D, (Critical value) 0.103 0.057 0.048

Lane three with flow=1651veh/hr
Observed data

----- Theoretical for shift negative exponential distribution

0.8 -
06 - 24
04 -
0.2

Cumulative distribution

0 2 4 6 8 10 12 14
Time headway (sec)

Figure 6: Observed and theoretical cumulative distribution of time headways for lane-3 with shift=0.37.

3.1.2. Vehicle lengths

The distribution of the length of vehicles on the road can be calculated by sensors implanted on the
road surface. Due to the lack of these sensors in the Iragi roads, the task of calculating the length of vehicles
is not possible at the present time. Therefore, it was based on a previous study conducted by Al-Hanna
(1974) in UK and Table 3 shows the mean length of vehicles for both cars and HGVs, where Al-Hanna
found that the distribution of the length of vehicles fit with the normal distribution.

3.1.3. Acceleration/deceleration rate

With regard to the rate of acceleration/deceleration, there are two types of acceleration used
according to ITE (1999) and is the normal acceleration (i.e. comfortable acceleration) and the maximum
acceleration rate, where the normal acceleration used for example to reach the desired speed, while the
maximum acceleration rate used in the case of stop the vehicle suddenly. Table 4 and 5 show the values of
acceleration/deceleration according to the ITE (1999).

Table 3: Length of vehicles by Al-Hanna (1974).

Category of vehicle Mean (m) Standard deviation (m)
Cars 4.2 0.2
HGVs 11.2 2.4
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Table 4. Normal acceleration/ deceleration rate (m/sec2), according to ITE [18]

Category of vehicle | acceleration (m/sec?) | Deceleration (m/sec?)
Cars 1.1 3.0
HGVs 0.37 1.8

Table 5: Maximum acceleration/deceleration rates (m/sec2) with speed value [18].

Speed (km/hr) | 0-32 | 32-48 | 48-64 | 64-80 | >80

Acceleration Cars 2.3 2.0 1.8 16 | 1.4
(m/sec?)

HGVs 05 0.4 02 02 | 01

Deceleration

(misec?) 4.9 for cars and HGVs [9]

3.1.4. Buffer space

The buffer space (BUFs) or the distance between stopped vehicles under congestion condition, as
shown in Figure 1, and was adopted 1.7m as its initial values for the buffer space which is subsequently
adjusted by the calibration process.

3.1.5. Desired speed

The desired speed measurement was done by using a speed gun. Table 6 shows the rate of speed
for a three-lane section, and by chi-square, the data distribution is tested and it is found to be fit with normal
distribution. Figure 7 shows the normal distribution of desired speed for the second lane (cars and HGVS).

Table 6: Desired speed measurement from the site of Baghdad-Hilla (data collection on 21-06-2017).

Lane 1 Lane 2 Lane 3
category Mean St.Dv. Mean St.Dv. Mean St.Dv.
(km/hr) (km/hr) (km/hr) (km/hr) (km/hr) (km/hr)
Cars 88.9 18.2 118 24 132.8 22.0
HGVs 78.2 16.0 90.4 16.3 94.7 16.4
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Figure 7: Normal distribution of speed.

3.1.6. Reaction time

The reaction time of the driver in both cases (i.e. surprised and alerted) was adopted from a previous
study as suggested by Johansson and Rumar [19] and Figure 8 shows the cumulative distribution of
reaction time.

100 _x-X
80 '
80
70
60 ,
50
40
30

20 X

Surprised

- =X= = Alerted

Cummulative frequency

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
Reaction time (sec)

Figure 8: The cumulative distribution of the reaction time of the driver, according to Johansson and Rumar
[18].

3.1.7. Traffic distribution

As for the distribution of vehicles on each available lane, the traffic volume of each lane was
calculated. Due to the absence of loop detectors for the purpose of collecting enough data to determine the
distribution of vehicles on each lane correctly, the data was collected by recording the camera towards
determining the distribution of vehicles on each lane. Therefore, all data obtained were combined into a
single data set for each of the three-lane and two-lane section.

Figure 9 shows the distribution of vehicles for a three-lane section, where the distribution of vehicles
on the second and third lane is higher than the distribution on the first lane. This is why most drivers avoid
using the first lane because of the large number of surface defects [20], which increases the traffic volume
on the second and third lane.

As for the two-lane section, the distribution of vehicles on the second lane is higher of its distribution
on the first lane as shown in Figure 10 because of the behavior and desire of the driver. Table 7
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summarizes the equations obtained by the Excel program, noting that the data was filtered from some
abnormal data to strengthen the relationship. As for the distribution of HGVs on each lane, at this stage of
the research and based on the site's investigations, it was based on a fixed percentage from the total traffic
flow (HGVs%-= 0.20).

2500

< First lane
A Second lane
X Third lane

= 2000

1500 -

1000 1

Flow for each lane (veh/hr

500 1

Total flow (veh/hr)

Figure 9: Distribution of vehicles per lane for a three-lane section.
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Figure 10: Distribution of vehicles per lane for a two-lane section.
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Table 7: Estimated equations of field data.
Section Equation R?
Qlane—l: Qtotal - Qlane 27 Qlane—3 -
Qiane-2 =0.2864* Qiora +210.85
- 0.93
Three-lane for Qua = 315veh/hr
section
Qlane-3 =0.63495* Qupa) - 242.5 0.96
for Qu = 385veh/hr '
Two-lane Qiane-1= Qrotal ~Qiane -2
section Qiane 2=0.0001* Qqoia” +0.342* Qyora +124.1 0.92

*Q = flow (veh/hr)

3.2. MODEL RULES

In this section, sub-models and hypotheses used in the development of the model are identified. The
model developed consists of three sub-models, namely the car-following, lane change and gap-acceptance.
Some of these concepts are explained in the literature review section, but in this section, each sub-model will
be addressed individually and the most important features of each model will be defined.

3.2.1. Car-following rules

For the sub-model of car-following, the safe distance model assumes that there is sufficient distance
between a vehicle and another that prevents collisions in all traffic flows situations. Where it is highly efficient
in the representation of reality, the reason is that it has been developed in many stages and different
geometric sections of road (For example, roadworks section, weaving section, narrow lane section) and in
the levels of microsimulation [9, 14, 21, 22].

Therefore, in this study will depend on the model developed by AL-Jameel [14], where AL-Jameel
based on Benekohal [23] in the development of its model. This model consists of five cases of acceleration
control of the longitudinal movement of the vehicle along the road and these accelerations are:

Acceleration of comfortable conditions.

Acceleration of the mechanical capability of the vehicle.
Acceleration to moving from stationary conditions.
Acceleration from slow moving conditions.

e. Acceleration of stopping the distance conditions.

aoow

One acceleration of these accelerations is used according to the situation in which the vehicle is
selected and the appropriate acceleration is chosen according to a flowchart as Al-Jameel [24] note.

And then apply Equations (4 and 5) to update the location and speed of the vehicle every 0.5sec (scan
time was adopted 0.5sec according to Alterawi [22]).

SPenew = SPg + ACL#(AY) @)

POSknew = POSE + SPr(At) + 0.5ACL(At)? (5)
Where; SPgey is the new speed (m/sec) and POSg,e, is the new position (m), of following vehicle at the
end of the scan time interval.

SPr is the speed (m/sec) and POSE, is the position (m) of following vehicle at the beginning of the
scan time interval.

At is the scanning time interval (sec),and
ACL¢ is the acceleration (or deceleration if negative) rate of following vehicle (m/sec?).
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3.2.2. Lane change rules

As for the sub-model of changing the lane, several hypotheses have been adopted to develop a model
suitable for the behavior of the driver when changing the lane. As mentioned earlier in the literature review,
the model of LC is divided into MLC and DLC, and since the study area is a normal section, the LC is the
type DLC. Therefore, the type of DLC will be developed only in this study. The change of the lane either
towards the right lane (i.e. the slower lane) or towards the left lane (i.e. the faster lane) will occur according
to the driver's interaction and desire.

3.2.2.1. LC to the left lane

The driver changes his/her lane to the left lane to achieve a higher speed or to reach the desired
speed in the case that it is preceded by a slow vehicle and this happens if one of the following conditions is
met:

o |f the speed of the driver's vehicle is higher than the speed of the vehicle preceded by the value
of R (The value of R suggested by Ferrari [25]).

R = 1040 / SPy (6)
Where; SPgq desired speed (km/hr) of following vehicle.

* If the speed of the vehicle is less than the speed desired by the value of R and the rules of the
CF sub-model does not allow the speed increase and provided there is sufficient distance
between the target vehicle and the new leader vehicle.

3.2.2.2. LC to the right lane

In the case of changing the corridor to the right, for example, occurs when the driver wants to return to
the right lane after completing the process of overtaking and this is achieved if:

¢ The driver of the vehicle would prefer to change its lane to the right lane when its speed is less
than the speed of the vehicle followed by the value of R, provided that the speed of the vehicle is
less than or equal to the speed desired.

¢ A change may occur towards the right lane when the right lane is empty for more than 300m [26].

According to the field data, a percentage of drivers prefer to stay in the second lane, even if the first
lane is free of vehicles for a long distance. This percentage ranges from 15 to 20 percent of users of the
second lane, whether in the section with three lanes or two lanes. Figure 11 illustrates the flowchart of the
process of changing the lane of the type DLC.

The change to another lane is made if the previous assumptions are satisfied and there is a motive for
the driver to change his/her lane. The process of changing the lane is controlled by the critical gap. In order
to the driver to safely change its path, this gap must be provided as shown in Equation 7. To calculate this
gap, either for lead or lag, Equation 1. and Equation 2. mentioned in the literary reviews are based.

LGg 2 LGgmin and LDg 2 I-ngin (7)
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Figure 11: Flowchart for the process of changing the lane.

4. CALIBRATION OF THE DEVELOPED MODEL

After completing the development of the model it is important to conduct a calibration process in order
to ensure that the model has the ability to represent the reality. The calibration includes checking the results
of the model and comparing it with field data and correcting the parameters. This process is returned until
the minimum amount of error allowed for the results of the model [27]. For the sub-model of car-following, it
does not need to be calibrated at this stage of the research, but calibration will be done by comparing the
traffic flow of the model results with the field data and also calibrating the sub-model of lane change.

The outputs of the model is the flow of traffic and frequency of lane change and many of the outputs
can be used as needed, these outputs can be measured in the model by installing a virtual loop detector on
a section of the road. Figure 12 shows the comparison between the results of the traffic flow of the model
with the field data for a whole section of the road and Table 8 shows some statistical tests (see Equation 8.
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and 9.) Figure 13 shows a comparison between the modeling results and the field data for each lane and
Table 9: proves this statistically.

(x=yp)®

©)

The value of GEH is acceptable when it is less than 5, and if RMSEP value is less than or equal to 15,
it is satisfactory (as mentioned by Alterawi (2014)).

Where; n is the number of time intervals.
X; is the observed data at time interval i ,and
V; is the simulated data at time interval i.
a-Baghdad-Mahmudiyah(17-02-2017)

——— Observed
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b-Najaf-Karbala(22-06-2017)
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E
£
@
=
=
o
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0 t ':
0 5 10 15 20 25 30

Slice of time (5min interval)

Figure 12: Traffic flow calibration, a-for a three-lane section, b- for a two-lane section.
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Observed-first lane

A N Simulated-first lane
a'Baghdad'Mathdlyah Observed- second lane
----- Simulated-second lane
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0 e e ey
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Figure 13-a: Traffic flow calibration, for a three-lane section.
b-Two lanes:first lane b-Two lanes:second lane
e Observed- first lane = = = Simulated- first lane = QObserved- second lane = = = Simulated- second lane
900 - 1400
800 1 1200
700 N
0o g1000
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2 2
rg’400- z 800
2300 2 400
200 -
100 A 200
0 5 0 15 20 2% 30 3B 40 0 5 0 15 20 25 30 3B 40
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Figure 13-b: Traffic flow calibration, for a two-lane section (Najaf-Karbala).
Table 8: Calibration -statistical test results (flow for whole section).
) Statistical test
Section
RMSEP% <15%* GEH <5*
Three-lanes 1.09 0.89
Two-lanes 1.11 0.82

*acceptable
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Table 9: Calibration -statistical test results (flow for each lane).
Section Lane RMSEP% <15%* GEH <5*
First 6.39 4,54
Three lanes Second 1.96 1.57
Third 2.30 1.91
Two lanes First 4.16 3.20
Second 3.38 2.87

*acceptable

As for the calibration of the model of lane change has been used frequency of lane change for
calibrating. By means of gap-acceptance parameters (i.e. Bl, B2, B3, and p4), the best results can be
achieved between modeling and field data. Where a range of (0.1, 0.1, 0.1, and 0.1) to (1, 1, 1, 1) was used
for these parameters and using several runs and resetting of these parameters until the best values required
for these parameters were achieved: (0.3, 0.6, 0.4, 0.7) for a three-lane section and (0.4, 0.8, 0.6, 0.5) for a
two-lane section, where Figure 14 compares graphically between modeling results and field data. The
results show good consistency between the simulated and field data.

a-Baghdad - Hilla

i (22-9-20186)
S 1500 ¢ Observed
< 1250 _ A
< i Simulated i A *
g 1000 - oo Bl ad o
5 750 - gk sadia
g 500 - A BORE S5V
< x XTI
o | ® * 0 %N
2 250 >
e A
0 500 1000 1500 2000
Flow(veh/hr)
b-Najaf - Karbala
(22-6-2017)
1500 ¢ Observed
£ 2071, Simulated y
Imuiate
S 1000 - \F 0“‘
o ¥ Yarar? O
5 750 A W’ A *
==
2 500 - A‘_ *a 4
3 g ?
o 250 -
@
o T
0 500 1000 1500 2000 2500
Flow (veh/hr)

Figure 14: Comparison of frequency of lane change for modeling results with field data,a-for a three-lane
section, b- for a two-lane section.

5. VALIDATION OF THE DEVELOPED MODEL

After completing the calibration process, the model needs an additional testing process with other
data. Validation process is the stage of ascertaining the viability of the model to conduct and achieve several
applications.
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Figure 15 shows the process of comparison between the flow of the results of the model and actual data for
whole model and Table 10 shows that the modeling results match very acceptable with reality through
statistical tests. As for the results of the speed, the model has the ability to calculate the speed for each lane,
but cannot be measured realism speed with high accuracy acceptable by speed gun and for all vehicles,
where the speed gun has the ability to measure the speed of one vehicle during each run of the device
(speed gun). Therefore, the calibration and validation of the flow of traffic were conducted only. Figure 16
shows the comparison of frequency of lane change (FLC) of modeling with FLC of the field data.

Table 10: Validation-statistical test results.

. Statistical test
Section
RMSEP% <15%* GEH <5*
Three lanes 2.34 1.56
Two lanes 1.55 1.14

*acceptable

a-three lanes (Baghdad-Kut: Data was
collected in 27-10-2016)

2000 - Observed = === Simulated
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1000
800
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b-two lanes (Najaf-Hilla: Data was
collected in 28-02-2014)
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1200 +
1000 -
800 -
600 -
400 -
200 +

Flow (veh/hr)
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Figure 15: Traffic flow validation, a-for a three lanes, b- for a two lanes.

Page 448 Copyright © 2017 Al-Qadisiyah Journal For Engineering Sciences. All rights reserved.



e v AL-QADISIYAH JOURNAL FOR Vol. 10, No. 4

i( ' S ¥ ENGINEERING SCIENCES
Xy, O e IV N ISSN: 1998-4456

Baghdad-Hilla: Data was collected in 22-09-2016
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Figure 16: Comparison of frequency of lane change for model results with actual data.

CONCLUSIONS

The main conclusions that could be summarized from this study are:

1. Huge amount of field data have been collected for rural roads which could be used as calibrated
parameters for the developed simulation model.

2. The lane utilization has been investigated for three and two lane sections. It was found that most
drivers prefer to be in the high speed lane.

3. Other data have been investigated such as headway. It was found that negative exponential
distribution is the best one to fit the headway character. Moreover, normal distribution was found the
best for desired speeds at rural roads.

4. The LC developed model, which is the sub-model, has considered more Iraqi driver behavior during
the process of its developing.

5. The developed model shows good consistency with field data which is the most important stage
before using such model to study different traffic characteristics. The calibrated characteristics were
flow and LCs.
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