
A
t the heart of the Next Generation  
SIMulation (NGSIM) program is the 
development of freely available driver 
behavior algorithms that represent the 

fundamental logic within microscopic traffic  
simulation models. A comprehensive survey of 
NGSIM stakeholder groups, coupled with an  
assessment of existing microsimulation systems 
and driver behavior algorithms, revealed a  
number of high-priority needs for algorithm  
development under the NGSIM program. As a 
result, researchers developed the Freeway Lane  
Selection (FLS) algorithm as one of the first of 
several algorithms under the NGSIM program. 

Description

The FLS algorithm will enable transportation  
professionals to more accurately model lane- 

changing behavior on freeways. Existing traffic 
simulation models typically simulate the behavior 
of drivers changing lanes only to the immediate  
left or right lane. The FLS algorithm, however, 
incorporates the “target lane” concept, in which 
drivers target the “best” lane on the entire  
freeway and may make multiple lane changes  
on their way to the target lane. This behavior  
is especially prevalent on freeways with high- 
occupancy vehicle (HOV) lanes, where a driver 
may target an HOV lane and need to make several 
lane changes to get there. Whereas existing  
simulation models consider only the adjacent lanes 
for each lane change, the FLS algorithm more  
realistically captures a driver’s intention to target 
an HOV lane as a single decision and make  
multiple lane changes to get to the target lane.

Based on a generalized lane-changing model, the 
FLS algorithm consists of two steps: choice of 
target lane and gap acceptance decisions. The 
target lane is the lane the driver perceives as most 
desirable by considering a wide range of factors 
and goals. The FLS algorithm assigns a “score”  
to each lane based on 22 variables, such as  
the average speed of drivers in each lane and the 
distance to an upcoming exit, to determine the most 
desirable target lane. If a driver decides to target 
another lane besides their current lane, then the 
FLS algorithm will determine whether the gap,  
or space between vehicles, in an adjacent lane  
is acceptable for the driver to then proceed with 
changing lanes. The structure of the lane-changing 
model is shown in figure 1. An illustration of a 
driver making a gap acceptance decision is  
shown in figure 2. 

Led by a member of the NGSIM team from the 
Massachusetts Institute of Technology, the FLS 
algorithm development process consisted of 
estimating the algorithm from the Interstate 80 
vehicle trajectory dataset and then validating the 
algorithm using aggregate data, such as the data 
available from vehicle loop detectors. (For more 
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Figure 1. Example illustration of the lane selection 
algorithm. In this example, there are five lanes on 
the freeway, so the driver can target any one of the 
five lanes.
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information about the Interstate 80 dataset, see the 
Interstate 80 Freeway Dataset NGSIM Fact Sheet, 
FHWA-HRT-06-137.) The NGSIM stakeholders 
provided valuable feedback throughout the process 
based on their diverse expertise in the field of 
traffic simulation. Once complete, the algorithm 
was validated using real-world datasets with 
commercial microsimulation software systems 
(VISSIM, AIMSUN NG, and Paramics). The 
developers of the software systems also were 
involved in the entire algorithm development 
process. Their willingness to incorporate  
and validate the algorithm illustrates the success  
of the public-private partnerships developed  
through the NGSIM program.

Benefits

NGSIM research indicated that the FLS algorithm 
is statistically more accurate than conventional  
lane-changing algorithms for estimating several 
performance measures, including average speeds, 
lane distribution, and lane changes by vehicle.  
Due to this improved accuracy, the integration  
of the FLS algorithm can improve traffic  
simulation models compared to typical state- 
of-the-practice models. 

As commercial developers incorporate the  
FLS algorithm into their simulation software,  
transportation practitioners will be able to  
use simulation software confidently, with the 
knowledge that traffic simulation experts  
developed the software’s core algorithms using 
high-quality, real-world datasets. Improving the 
core algorithms will ultimately lead to more 
reliable and valid transportation decisions, which  
is critical in the current environment of both 
shrinking transportation budgets and growing 
demand for accountable and efficient  
transportation investments.

Algorithm Availability

The FLS algorithm, along with supporting  
documentation, is available for download  
free of charge at the NGSIM Web site at  
http://ngsim.fhwa.dot.gov. In addition, the  
developers of VISSUM, AIMSUN NG, and 
Paramics plan to incorporate the FLS algorithm 
into the commercially available versions of  
their software, as do the developers of Cube 
Dynasim and TransModelerTM. 

For more information, visit the NGSIM Web 
site at http://ngsim.fhwa.dot.gov or contact:

John Halkias 
Federal Highway Administration 
Office of Transportation Management 
Room 3404, HOTM-1 
400 Seventh Street, SW 
Washington, DC 20590 
202–366–2183 
john.halkias@fhwa.dot.gov 
 
James Colyar 
Federal Highway Administration 
Office of Operations Research and Development 
6300 Georgetown Pike  
McLean, VA 22101 
202–493–3282 
james.colyar@fhwa.dot.gov
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Figure 2. This illustration shows how a driver 
makes a gap acceptance decision. In the 
illustration, vehicle C has chosen the left-most  
lane as the target lane primarily because it is 
less congested than the other two lanes (based on 
calculations from the FLS algorithm) and is now 
determining whether the adjacent gap between 
vehicles A and B is acceptable to make a lane 
change maneuver.


