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Abstract: The lane changing model is one of the most important cornerstone models to build a traffic 

microscopic simulation model. To build such lane changing model, there is a need to investigate the 

drivers’ characteristics from field data.  Accordingly, this study has mainly focused on lane changing 

behavior of Iraqi drivers.  A huge amount of data has been collected from different sites in Iraq using 

specific type of cameras; these five sites (roads) are: Baghdad–Hilla, Baghdad–Mahmudiyah, Baghdad-

Kut, Baghdad–Diyala and Najaf- Karbala roads. In addition, gun-speed has been also used to collect data 

of desired speeds. Different data have also been collected such as flow, headway, and speeds. The results 

show that as the flow increases, the frequency of lane changing also increases up to specific range of flow 

then as flow increases the frequency of lane changing decreases. In addition, this study indicates higher 

number of lane changing over all observed sites comparing with other countries. Finally, this study also 

indicates that the violated number of lane change varies with different levels of flow. 
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. لبٌاء ُىزا ًوْرج لخغ٘٘ش الووش, لحشوت الوشّسلهحاواة  ُن ًوارج حجش الضاّٗت لبٌاء ًوْرج ُْ ّاحذ هي أ الووش ًوْرج حغ٘٘ش   الخلاصة:

ّفما لزله, ُزٍ الذساست سوضث بصْسة اساس٘ت علٔ خصائص حغ٘٘ش الووش لاسخىشاف خصائص السائك هي الب٘اًاث الحمل٘ت. ٌُان حاجت 

للسْاق العشال٘٘ي. وو٘اث وب٘شة هي الب٘اًاث جوعج هي هْالع هخخلفت فٖ العشاق باسخخذام ًْع هع٘ي هي الىاه٘شاث, ُزٍ الوْالع الخوست 

حن اسخخذام هسذط  . بالاضافت الٔ رله, وشبلاء –دٗالٔ ّالٌجف  -الىْث, بغذاد  -الوحوْدٗت, بغذاد  -الحلت, بغذاد  -: بغذاد )الطشق( ُٖ

 الٌخائجّالسشع.  الفاصل الضهٌٖ ب٘ي همذهت هشوبت ّ الوشّسٕ جشٗاىلجوعِا وا حنب٘اًاث هخخلفت  .اٗضا لجوع السشع الوشغْب بِا السشعت

فاى  ٗضداد اٗضا لحذ هع٘ي هي هذٓ الجشٗاى ثن بعذ رله ولوا ٗضداد الجشٗاى حشدد حغ٘٘ش الووش فاى الوشّسٕ جشٗاىصاد الولوا  بٌ٘ج باًَ

. ّفٖ . هضافا الٔ رله ُزٍ الذساست بٌ٘ج عذد حغ٘٘ش الووشاث ُْ اعلٔ  لىل الوْالع هماسًت بالالطاس الاخشٓ حشدد حغ٘٘ش الووش ٗمل

 ٗخغ٘٘ش هع هسخْٗاث الجشٗاى الوخخلفت.اٗضا باى عذد حغ٘٘ش الووش الغ٘ش لاًًْٖ )الوخالف للماًْى(  الٌِاٗت, ُزٍ الذساست بٌ٘ج
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1. Introduction 

 

Understanding the behavior of the driver has a great role in managing traffic and 

controlling the various types of problems that are caused by the constantly changing 

conditions on the transport network. Driver behavior varies from one country to another 

for different cultures, so driver behavior must be studied in a way that reflects a realistic 

reflection of what actually exists in the country. One of the important concepts that 
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directly affect the behavior of the driver is changing the lane, i.e. the process of 

changing the location of the vehicle from one lane to another (lateral movement) [1]. 

Lane change (LC) has a clear impact on the performance of the transport network, 

where the current study focuses primarily on collecting data to understand the 

mechanism of changing the lane which is so important step to build a hybrid model to 

represent the process of changing the lane as it is in fact [2]. 

In Iraq, very few studies which have studied this behavior.  Al-Jameel [3] developed 

a simulation model based on limited data taken from three roads around Al-Najaf city. 

The authors, Al-Jameel [4], and Al-Jameel and Kadhim [5], also studied the same 

behavior but for specific types of roads which are three-lane section. Therefore, this 

study tries to enhance both quantity and quality of such data by increasing the number 

of observed hours and sites in order to give a comprehensive picture for this behavior. 

Space with a font size 16 
2. Lane Changing Models 

  

The model of changing lane is considered as the second grade after the model of the 

car following in its importance in building the microsimulation model, and also has an 

impact on the evaluation of macroscopic characteristics due to the impact of 

interference on traffic characteristics [3, 6]. Lane change (LC) is the process of 

changing the vehicle's position from a lane to another lane for reasons related to the 

driver's behavior in response to a specific goal or for other reasons forced the driver to 

change the lane. LC is more complicated because the decision to change lanes depends 

on several targets, and sometimes some of them may conflict with the others [7]. LC 

behavior can be affected by several different factors such as driver characteristics, 

pavement surface characteristics and traffic flow condition, distortions in the surface of 

the pavement have an effect on the process of changing the lane and vary depending on 

the driver's age and gender and his/her conditions, and the speed of his/her vehicle [6,8]. 

The process of LC is linked to the characteristics of both the driver and the vehicle. 

To understand this process, there is a need to study these characteristics. Several 

researchers represented the behavior of LC, either through simulation, mathematical 

analysis or experimental analysis as mentioned by Xu [9] which summarizes the 

methods and models of analysis of the behavior of LC. The frequency of lane change 

(FLC) has an impact on safety in the roads. The more FLC leads to more traffic 

accidents [10]. Figure 1 demonstrates the general structure of LC [11].  Mostly, the 

driver of the following vehicle depends mainly on the availability of the appropriate gap 

to change the lane in another direction (either to the right or to the left) [1].  

The model of LC was classified as a mandatory lane change (MLC) or a 

discretionary lane change (DLC) [12]. MLC, it occurs when a driver is obliged to leave 

the lane or change the lane in order to reach his/her destination, for example, to use an 

off-ramp [13]. 

DLC, this is done to improve driving conditions and make them more comfortable 

and changing the lane is not required or unnecessary in this case [14], for example, 

change the lane  to achieve a higher speed  and to exceed the slow leading vehicle or to 

exceed the following trucks or to stay away from the merger sections in traffic stream. 
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The classification of MLC into three types namely free, forced, and cooperative [15], 

and for more details see for example, Choudhury, Ramanujam [16]. And for more 

information about LC in terms of types and classifications model, see Rahman, 

Chowdhury [17]. 

 

 
Figure 1. The general structure of lane change [18]. 

Space with a font size 

2. Previous studies on the model of LC 
 

Rorbech [19], developed a model to study the effect of LC on the delay in the queue, 

where to avoid queuing, and the driver of the vehicle lane change to escape from this 

queue. This model was developed for studying two lane of freeway using the stochastic 

Markov process, which concludes this process based on data collected from the field. 

The author found that a vehicle may be in one of four cases; which is the vehicle either 

to be left or right lane and the traffic condition either free or constrained. 

Gipps [20], was the first who developed a model of microsimulation that includes the 

process of LC. His model covers different situations such as traffic signals, transit lanes, 

obstacles and the presence of heavy vehicles. The model was based on three main 

factors: the possibility, necessity and desirability of LC (safety of change). The behavior 

of LC is governed by two basic considerations: achieving desired speed and selecting 

the correct lane for conducting maneuvers. The importance of these considerations 

varies with regard to the distance with the intended turn. Based on this distance, driver 

behavior is in one of three cases. These are; when the turn is far away, the driver 

focuses on achieving desired speed and there is no effect to change the lane [20]. When 

the turn is in the middle of the distance, a driver tends to stay in the lane pair and ignore 

the increase in speed if this involves changing the lane in the wrong direction. Finally, 

the turn is close, the driver focuses on maintaining the correct lane and speed is not 

necessary. 

Yousif [21], developed a microsimulation model to represent driver behavior traffic 

in dual-carriageway roads, under normal conditions and under roadwork conditions. In 

normal conditions, the driver changes the lane to the faster lane if he/she is faced by a 
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slower vehicle when the slower vehicle speed is less than the value of R. The value of R 

proposed by Ferrari [22] and shown in Equation 1. However, if the difference in speed 

for slower vehicle speed is less than the value of R, the driver will remain in the current 

lane. 

 

          ⁄                                                                   (1) 

 

Where;        is the desired speed of following vehicle (km/hr). 

Yousif [21], obtained a comparison in the behavior of changing the lane between 

different countries for similar sites (two lane section) and the study was based on the 

calculation of the FLC in a kilometer per minute. The results show that UK, Germany 

and Denmark are similar in behavior to LC, but unlike those in USA, as shown in 

Figure 2 and 3. 

 

 
Figure 2. The frequency of LC for different countries for a two-lane section [21]. 

 

 
Figure 3 The frequency of LC for different countries for a three-lane section in the UK [7]. 

 

Ahmed [23], has modeled the process of lane change of both cases, MLC and DLC, 

This process is done using three steps: a decision to consider the lane change, choose 

the target lane, and accept gaps in the target lane. Where it is assumed that the driver 
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can use nearby lane to enhance speed, since the accepted gaps are difficult to reach in 

the case of traffic congested. Therefore, a forced merging model captures the changing 

behavior of the forced and developed courtesy yielding. Ahmed [23] used the 

microscopic traffic simulator laboratory (MITSIMLab) to test and validate the 

developed model. Toledo[24] and Choudhury [25] followed the same approach as they 

used MITSIMLab to test and validate the models developed by them. 

Many researchers have proposed and developed many models and according to 

different assumptions designed to represent the behavior of the driver when changing 

the lane. Therefore, referring  will be made to some sources that relate to these models, 

for example, Yang[26], Halati et al., [27], Hidas [28], Al-Jameel [7],  Lv et al., [29], 

Nassrullah [13],  Li and Sun [30]. 

 
4. Duration of Lane Change 

 

Duration of lane Change (or time maneuver) is the total time required to make a 

complete lane change which is the time from starting the vehicle to change direction 

from the original lane to the target lane [31]. This time is affected by several factors 

such as the type of vehicle, the direction of change, the speed of the vehicle, and traffic 

density [11]. Worrall and Bullen [32], mentioned that, the time of maneuvering is 

divided into two parts: the time of the head and the rear. The importance of time 

maneuver because of the great influence in the process of LC, There are several 

researchers have obtained the value of this time and according to different study areas, 

both inside and outside the city, Table 1 shows different values of duration of LC. 

 

Table1. Summary of studies on the duration of the lane change. 

Study Mean or 

Median (sec) 

Standard 

Dv. (sec) 

Range(sec) Notes 

Worrall and Bullen [32] Mean=1.25 0.40 - Head Times 

Mean=1.95 0.50 - Tail Times 

Finnegan and Green 

[33] 

Median = 6.3 - 4.9 to 7.6 Including visual search time 

Yousif [21] Mean= 4.10 1.05 - Total  time maneuver 

Chovan [34] - - 2.0 to 16 Initial range for Collision 

Avoidance System 

Hetrick [35] - - 3.4 to13.6 City and highway segments 

Tijerina, Garrott [36] Mean = 5.00 - 3.5 to 6.5 City streets 

Mean = 5.80 - 3.5 to 8.5 Highway 

Hanowski, Wierwille 

[37] 

Mean = 4.80 1.71 1.1 to 16.5 Local short-haul truck 

drivers, speed <45mph 

Salvucci and Liu [38] Mean= 5.14 0.86   

Lee [39] Mean= 6.28 2.00   

Toledo and Zohar [11] Mean= 4.60 2.30 1.0 to 13.3 passenger cars and Heavy 

vehicles 

Thiemann, Treiber [40] Mean= 4.01 2.31   

Moridpour, Sarvi [41]   1.6 to 16.2 Heavy vehicles 

  1.1 to 8.9 Passenger cars 

Gurupackiam and Jones 

Jr [31] 

Mean= 4.19 0.81 2.6 to 6.0  

Al-Jameel [7] Mean= 3.30   average maneuver time 

Cao, Young [42] Mean= 2.54 1.29   
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5. Data Description (Data Collection and Analysis) 
 

Where this stage requires data collection, analysis and structure statement, data 

collection requires the selection of appropriate tools to collect and classify data 

according to reliable principles. In the current study, the video camera was chosen for 

collecting the flow of traffic and collecting FLC, time headway and distribution of 

vehicles on each lane. In addition, the radar (i.e. gun-speed) was used to measure the 

desired speed of each lane. Data collection was done by selecting several sites of rural 

highways, including two-lane and three-lane sections. The selection of suitable sites was 

taken into account; the site is free from curvature and grade, free of any damage 

affecting the movement of vehicles, and the lack of entrances or exits from and to the 

main road [1]. 

Five different sites of rural highways were selected to study the characteristics of 

driver as shown in Figure 4. Data were collected for different hours of the day in order 

to obtain the best acceptable results. Table 2 shows the duration and date of collection 

of data from each site, while Figure 5 shows details of data collection and how cameras 

are placed. 

 

 
Figure 4. Data collection sites from Iraqi rural highways are shown on the map (Source from Google Earth, 2017). 

 

Table 2. Details of duration and date of data collection from different sites in Iraqi rural highways. 

Site No. and No. of lane Date of data 

collection 

Direction under 

study 

Recording time for two directions 

1.  Baghdad – Hilla 

(three lanes) 

22-09-2016 Both direction 10hr (08:00 AM to 01:00 PM) 

23-10-2016 7hr and 40 min (06:25 AM to 10:20 AM) 

21-06-2017 6hr (05:30 AM to 8:30 AM) 

2.  Baghdad – 

Mahmudiyah (three 

lanes) 

10-10-2016 Both direction 4hr and 30min (06:45 AM to 08:55 AM) 

17-10-2016 6hr and 30min (1:30 PM to 4:40 PM) 

13-02-2017 8hr (1:00 PM to 5:00 PM) 

3. Baghdad-Kut (two 

lanes) 

27-10-2016 Both direction 4hr and 40min (08:30 AM to 10:45 AM) 

14-05-2017 5hr (06:00 AM to 08:30 AM) 

4. Baghdad –Diyala 

(two lanes) 

23-01-2017 Both direction 6hr and 20min (09:50 AM to 01:00 PM) 

26-01-2017 8hr and 30min (10:20 AM to 2:30 PM) 

5. Najaf- Karbala (two 

lanes) 

12-04-2017 Najaf to Karbala 10hr (07:30 AM to 12:30 PM) 

22-06-2017 6hr (03:00 PM to 6:00 PM) 
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Figure 5.  Layout of details  for installation of video cameras in the site. 

 

Figure 6 shows the details of some of the sites from which the data were collected. A 

large-size TV screen was used to display the recorded video for data analysis and by 

drawing a line on the screen for the flow calculation and vehicle tracking for a specified 

distance (Dv) to calculate the number of FLC.  

Figure 7 indicates the results of traffic flow for the total number of vehicles and the 

number of Heavy Good Vehicles (HGVs). 

Also, using the speed gun, the desired speed for each lane was calculated under ideal 

traffic conditions, i.e. the volume of traffic is less than 300vehicles/hour [39], and 

Figure 8 shows the normal distribution of cars and HGVs for the third lane of Site No.1. 

 

 
Figure 6. Geometric of Site No.2 (in left) and Site No.4 (in right). 

  



www.jeasd.org (ISSN 2520-0917)                                                               Journal of Engineering and Sustainable Development Vol. 23, No.03, May 2019                    

 

8 
 

 
Figure 7. Total flow of vehicles and HGVs (veh/hr) with time. 

 

 
Figure 8. Normal distribution for desired speed for cars from third lane Site No.1 

Space with a font size 16 
5.1 LC 

 

To determine the behavior of the driver during the process of LC (i.e. when a suitable 

gap is selected to complete the process of LC), data were collected from all the sites 

(see Table 2) and analysis of the results by each section (i.e. two lanes and three lanes). 

Space with a font size 16 
5.2 FLC 

 

The FLC is the number of times drivers change their lanes at a certain distance (this 

distance is Dv as shown in Figure 5 and Dv equal 250m in three lanes and 200m in two 

lanes). LC depends generally on the vehicle lane-changing speed and the vehicle speed 
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of the leading, as well as traffic density and time headway [21]. Some examples of three 

lanes and two lanes to the process of changing lanes are described below: 

A- Three lanes: From Site No.1 and Site No.2, data were collected for different hours 

of the day, analyzed by a time interval of 5min [18] and a distance (Dv) of 250m (This 

distance to calculate the number of times during which change the lane), Figure 9 shows 

the relationship between FLC and the total traffic flow. For three lanes, the peak-hour of 

traffic flow is 4272veh/hr from Site No.2 as indicated in Figure 10. According to Figure 

9, it was found that as flow increases the FLC increases, too, up to 3000veh/hr, then 

approximately as flow increases the FLC decrease which corresponds to the relations 

between flow and FLC. However, the FLC (about 1700LC/hr/km) is higher than other 

countries (see Figure 3) which is about 1100LC/hr/km. This is due to absence pavement 

marking and violated LC. 

 

 

Figure 9. FLC with flow within three lane from Site No.2. 

   

 
Figure 10. Total flow (veh/hr) with time from Site No.2. 

 

B– Two lane: As in the three-lane sites, where data were collected from the two-lane 

sites and analyzed by a time interval of 5min and a distance (Dv) of  200m, the highest 

traffic rate obtained is 1980veh/hr in Site No.5 where LC reached its peak, as shown in 

Figure 11. However, this behavior is different from other behaviors as indicated in 

Figure 11 which is so high. This could be attributed to the driver behavior and the effect 
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of pavement mainly absence. Therefore, in the Section 5.6 which is a violated LC has 

been included in this study.  

 

 
Figure 11. Frequency of LC with flow within two lane from Site No.5. 

 

a font5.3 Duration of lane Change (time maneuver) 
 

As mentioned in Section 4, the time of maneuver was calculated in this study for 

each vehicle (i.e. for cars and HGVs) and for both directions (i.e. for vehicles heading 

towards the right lane or left lane), it was found that the results follow the normal 

distribution by checking the chi-square test, and the results are shown in Table 3.         

However, when comparing time maneuver of the current study with the results of 

previous studies (see Table 1.), the results are close to some researchers such as Hetrick 

[35] and Al-Jameel [5]. This gives the possibility of using these values as determinants 

involved in developing the simulation model. 

 

Table 3. Duration  of lane change. 

Category Direction of vehicle movement 

From right to left From left to right 

Mean 

(sec) 

St.Dv. 

(sec) 

Mean 

(sec) 

St.Dv. 

(sec) 

Cars 3.05 0.587 3.04 0.583 

HGVs 3.69 0.631 3.9 0.731 
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5.4 Lane change and speed 

From Site No.2, data were collected in a 13
th

 of February 2017, analyzing the results 

in Figure 12, showing the relation of FLC with the speed of each lane. As is evident, an 

increase in LC leads to reduced speed, thus reducing travel time. 
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Figure 12. Relation between speed and frequency of LC/hr/km. 
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5.6 Unsafe Lane Change 
 

The unsafe lane change is a condition that occurs frequently on the road, It occurs 

when the driver changes direction from left to right, The reason for changing the lane 

incorrectly is the result of high speed and the presence of a vehicle in front of him slow 

and free of the right side of vehicles as shown in Figure 13. Also, the driver of the 

speeding vehicle does not give a signal to the rest of the drivers to change the lane from 

left to right. This process leads to traffic violations (according to the laws of the 

country) or crashes. During the current study, the unsafe lane change was calculated for 

all sites. For example, Site No.2 of the three-lane section was selected and the results 

are shown in Figure 14. 

  

 
Figure 13. Details of the  unsafe lane change status. 

 

 

Figure 14. The realtion between unsafe lane change and total flow. size  
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6. Conclusions 
 

      The main important points come up with study could be summarized as: 

1. The field results indicate that the FLC is higher than other countries by 600 

LC/hr/km in case of three lane section. This high LC is due to several reasons 

such as violated LC, absence of pavement markings and bad surface conditions. 

2. The LC for two-lane section was found to be 1040veh/hr which also is higher 

than other countries for the same reasons mentioning in point 1 above.  

3. Also, during the calculation of FLC, it was observed that in some cases an 

unsafe lane change occurs (ranging from 5% to 25% of the total frequency of 

LC), i.e. a traffic violation, which could lead to traffic accidents. These 

violations increase with increasing traffic volume. 

4. The Iraqi drivers mainly prefer to stay in the fast lane with doing   unsafe LC in 

some cases. 

5. The duration of LC was found to be similar to other countries such as the UK. 

Space with a font size 16 
7. References 
 

1. Mahapatra, G. and A. K. Maurya (2013). "Study of vehicles lateral movement in non-lane 

discipline traffic stream on a straight road." Procedia-Social and Behavioral Sciences 104: 

352-359. 

2. Ioannou, P., Y. Zhang and Y. Zhao (2016). "Traffic Flow Models and Impact of Combined 

Lane Change and Speed Limit Control on Environment in Case of High Truck Traffic 

Volumes". A National Center for Sustainable Transportation Research Report.  

3.  Al-Jameel, H.A. (2015). ''Lane Changing and Lane Utilization Behavior: Empirical Study''. 

The 2nd International Conference on Buildings, Construction and Environmental 

Engineering BCEE2, 17-18 October, Beirut, Lebanon. 

4. Al-Jameel, Hamid A. (2017). "Lane Changing and Lane Utilization Behavior for Three Lane 

Normal Section in Iraq Traffic Sites". Journal of Babylon, vol.25(2), pp. 774-785. 

5. Al-Jameel, Hamid A. and Kadhim, Ali (2017). "Some Traffic Characteristics   of Rural 

Roads in Iraq". Third International Conference on Buildings, Construction and 

Environmental Engineering (BCEE3) which was held in Egypt from 23-25 October 2017. 

6. Aydın, M.M. and A. Topal. (2017) ''Effects of pavement surface deformations on lane-

changing behaviours''. in Proceedings of the Institution of Civil Engineers-Transport. 

Thomas Telford Ltd. 

7. Al-Jameel, H.A.E. (2012). ''Developing a simulation model to evaluate the capacity of 

weaving sections''. University of Salford. 

8. Aydin, M. M., M. S. Yildirim, O. Karpuz and K. Ghasemlou. (2014). ''Modeling of driver 

lane choice behavior with artificial neural networks (ANN) and linear regression (LR) 

analysis on deformed roads''. Computer Science & Engineering, 4(1): p. 47. 

9. Xu, G., L. Liu, Y. Ou and Z. Song. (2012). ''Dynamic modeling of driver control strategy of 

lane-change behavior and trajectory planning for collision prediction''. IEEE Transactions 

on Intelligent Transportation Systems. 13(3): p. 1138-1155. 

10. Do, Q. H., H. Tehrani, S. Mita, M. Egawa, K. Muto and K. Yoneda. (2017) ''Human Drivers 

Based Active-Passive Model for Automated Lane Change''. IEEE Intelligent Transportation 

Systems Magazine. 9(1): p. 42-56. 



www.jeasd.org (ISSN 2520-0917)                                                               Journal of Engineering and Sustainable Development Vol. 23, No.03, May 2019                    

 

13 
 

11. Toledo, T. and D. Zohar. (2007). ''Modeling duration of lane changes''. Transportation 

Research Record: Journal of the Transportation Research Board, (1999): p. 71-78. 

12. Ghaffari, A., A. Khodayari, N. Hosseinkhani and S. Salehinia. (2015). ''The effect of a lane 

change on a car-following manoeuvre: anticipation and relaxation behaviour''. Proceedings 

of the Institution of Mechanical Engineers, Part D: Journal of Automobile Engineering. 

229(7): p. 809-818. 

13. Nassrullah, Z. (2016). ''Development of a micro-simulation model for motorway roadworks 

with the use of narrow lanes and lane closure schemes''. in School of Computing, Science 

and Engineering. University of Salford traffic. p. 247. 

14. Ramanujam, V. (2007). ''Lane changing models for arterial. Massachusetts Institute of 

Technology. 

15. Hidas, P. (2005). ''Modelling vehicle interactions in microscopic simulation of merging and 

weaving''. Transportation Research Part C: Emerging Technologies. 13(1): p. 37-62. 

16. Choudhury, C., V. Ramanujam, and M. Ben-Akiva. (2009). ''Modeling acceleration 

decisions for freeway merges''. Transportation Research Record: Journal of the 

Transportation Research Board, (2124): p. 45-57. 

17. Rahman, M., M. Chowdhury, Y. Xie and Y. He. (2013). ''Review of microscopic lane-

changing models and future research opportunities''. IEEE transactions on intelligent 

transportation systems. 14(4): p. 1942-1956. 

18. Toledo, T. (2007). ''Driving behaviour: models and challenges". Transport Reviews, 2007. 

27(1): p. 65-84. 

19. Rorbech, J. (1976). "Multilane traffic flow process: evaluation of queuing and lane-changing 

patterns". Transportation research record. 596: p. 22-29. 

20. Gipps, P.G. (1986). "A model for the structure of lane-changing decisions". Transportation 

Research Part B: Methodological. 20(5): p. 403-414. 

21. Yousif, S.Y. (1993) "Effect of lane changing on traffic operation for dual carriageway roads 

with roadworks". University of Wales. Cardiff. 

22. Ferrari, P. (1989) "The effect of driver behaviour on motorway reliability". Transportation 

Research Part B: Methodological. 23(2): p. 139-150. 

23. Ahmed, K.I. (1999) "Modeling drivers' acceleration and lane changing behavior". 

Massachusetts Institute of Technology. 

24. Toledo, T. (2003) "Integrating driving behavior modeling". Massachusetts Institute of 

Technology. 

25. Choudhury, C.F. (2007). "Modeling driving decisions with latent plans". Massachusetts 

Institute of Technology. 

26. Yang, Q. and H.N. Koutsopoulos. (1996). "A microscopic traffic simulator for evaluation of 

dynamic traffic management systems". Transportation Research Part C: Emerging 

Technologies. 4(3): p. 113-129. 

27. Halati, A., H. Lieu, and S. Walker. (1997) "CORSIM-corridor traffic simulation model". in 

Traffic congestion and traffic safety in the 21
st
 century: Challenges, innovations, and 

opportunities. 

28. Hidas, P. (2002). "Modelling lane changing and merging in microscopic traffic simulation". 

Transportation Research Part C: Emerging Technologies. 10(5): p. 351-371. 

29. Lv, W., W.-g. Song, X.-d. Liu and J. Ma. (2013). "A microscopic lane changing process 

model for multilane traffic". Physica A: Statistical Mechanics and its Applications. 392(5): p. 

1142-1152. 



www.jeasd.org (ISSN 2520-0917)                                                               Journal of Engineering and Sustainable Development Vol. 23, No.03, May 2019                    

 

14 
 

30. Li, X. and J.-Q. Sun. (2017). "Studies of vehicle lane-changing dynamics and its effect on 

traffic efficiency, safety and environmental impact". Physica A: Statistical Mechanics and its 

Applications. 467: p. 41-58. 

31. Gurupackiam, S. and S.L. Jones Jr. (2012). "Emoirical study of accepted gap and lane 

change duration within arterial traffic under recurrent and non- recurrent congestion". 

International Journal for Traffic & Transport Engineering. 2(4). 

32. Worrall, R. and A. Bullen. (1970). "An empirical analysis of lane changing on multilane 

highways". Highway Research Record, (303). 

33. Finnegan, P. and P. Green. (1990). "Time to change lanes: A literature review". 

34. Chovan, J.D. (1994) "Examination of lane change crashes and potential IVHS 

countermeasures". National Highway Traffic Safety Administration. 

35. Hetrick, S. (1997). "Examination of driver lane change behavior and the potential 

effectiveness of warning onset rules for lane change or "Side" Crash Avoidance 

Systems,electronic resource". Virginia Polytechnic Institute and State University 

Blacksburg, VA. 

36. Tijerina, L., W. Garrott, M. Glecker, D. Stoltzfus and E. Parmer. (1997). "Van and 

passenger car driver eye glance behavior during the lane change decision phase". in 

Proceedings of the 84
th
 Annual Meeting of the Transportation Research Board. 

37. Hanowski, R. J., W. W. Wierwille, S. A. Garness, T. A. Dingus, R. R. Knipling and R. J. 

Carroll. (2000). "A field evaluation of safety issues in local/short haul trucking". in 

Proceedings of the human factors and ergonomics society annual meeting. SAGE 

Publications Sage CA: Los Angeles, CA. 

38. Salvucci, D.D. and A. Liu. (2002). "The time course of a lane change: Driver control and 

eye-movement behavior". Transportation Research Part F: Traffic Psychology and 

Behaviour. 5(2): p. 123-132. 

39. Lee, G. (2006). "Modeling gap acceptance at freeway merges''. Massachusetts Institute of 

Technology. 

40. Thiemann, C., M. Treiber, and A. Kesting. (2008). "Estimating acceleration and lane-

changing dynamics from next generation simulation trajectory data". Transportation 

Research Record: Journal of the Transportation Research Board, 2088: p. 90-101. 

41. Moridpour, S., M. Sarvi, and G. Rose. (2010). "Modeling the lane-changing execution of 

multiclass vehicles under heavy traffic conditions". Transportation Research Record: Journal 

of the Transportation Research Board, 2161: p. 11-19. 

42. Cao, X., W. Young, and M. Sarvi. (2013). "Exploring duration of lane change execution". in 

Australasian Transport Research Forum. 

 


