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This paper presents the development and validation of a digital 
traffic simulator for use as a tool in the analysis of freeway 
phenomena. The simulator was constructed as a general model. 
Different freeway traffic situations can be simulated by merely 
inputing the descriptive geometric characteristics and pertinent 
traffic data including the total traffic volume on the freeway, 
speed distributions, and the percentage of commercial vehicles 
in the stream. The model has a capacity for the simultaneous, 
dynamic analysis of traffic flow on 5 freeway lanes, 4 on-ramps, 
ai1d 6 off-ramps. The ramps may be located either on the right
hand or left-hand side of the freeway. When the simulator is 
processed on a 256K IBM 360/65 system, freeway sections uo 
i.u 3% miies in iength can be simulated. However, with proper 
consideration for computer storage capacity, any of these limits 
can be modified via input information. 

The freeway simulation model was validated at both micro
scopic and macroscopic levels. Several different macroscopic 
comparisons were made between simulated phenomena and data 
collected on sections of the Eisenhower Expressway in Chicago 
and a Long Island parkway, and data reported in the 1965 
Highway Capacity Manual. The comparisons we1·e consistent 
and reasonable. 

•THE CONSTRUCTION of the proposed digital simulation model was realized in es
sentially two steps. First, models re~resenting the component functions of the system 
were constructed in a mathematical format and programmed for dynamic processing 
on a digital computer to synthesize changes in the state of the system. Then various 
freeway situations were simulated for comparison and validation of the simulated phe
nomena with real-wo1·ld traffic flow. 

COMPONENTS OF THE PROPOSED MODEL 

Mode of Representation 

Apart from the usual vehicle characteristics, such as desired speed and vehicle 
position, several indexes representing various modes of vehicle-driver decision pro
cesses are identified for each vehicle. This results in a total of 14 characteristics 
that are updated and stor ed in the computer for each vehicle at each scan interval. 
These 14 chal·acteristics are packed into only 4 computer words that can be unpacked 
at any point in time to give the stored characteristics for a particular vehicle. Figure 
1 shows the storage of characteristics in computer words. 

The entire system is represented by a two-dimensional array-the first dimension 
is an index for identification of a particular vehicle and the second dimension is an 
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Figure 1. Image of computer words in which vehicle-driver characteristics are stored. 
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index of the corresponding four packed words. A second two-dimensional array is used 
to generate the image of the physical layout of the roadway system in the core of the 
computer. The entire freeway section under study, including warm-up sections, is di
vided into a number of unit blocks that are each 17 ft long and one lane wide. The first 
dimension of the freeway image array represents the number of the block in which the 
vehicle is located; the second dimension of the array represents the corresponding 
traffic lane. Three different locations are created for the vehicle-index array to sep
arate the locations of through lanes, on-ramps including acceleration lanes, and off
ramps including deceleration lanes. The array itself contains the storage addresses of 
the characteristics describing the vehicles occupying the two-dimensional roadway. 

As vehicles are introduced into the system, they are numbered sequentially and stored 
in the system in one of the three vehicle-index arrays, depending on their location. Dur
ing the simulation process, the movement of any particular vehicle is represented by 
shifting its index number within the same matrix or from one matrix to another, and the 
general register is updated accordingly. 

Roadway Characteristics 

The logic to simulate ramp situations was designed without consideration for the 
angle of conve1·gence or divergence of the ramp with the freeway. The effect of these 
variables is introduced in the gap-acceptance models for the on-ramp vehicles and in 
the desired speed models for the off-ramp vehicles respectively. There is no provision 
for traffic control in the merging and diverging areas. The overall freeway section is 
assumed to be straight and level, but, with modification to the program logic, variations 
in vertical and horizontal geometry can be introduced. 
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Figure 2. Observed speed and free-flowing deceleration of vehicles. 

Vehicle-Driver Characteristics 

Minimum Desired Spacing-A mathematical model was developed to describe mini
mum desired vehicle spacing as a linear function of actual vehicle speed. The model 
generates minimum desired spacings that follow a statistical distribution based on a 
normally distributed parameter that was introduced into the desired spacing equation. 

Acceleration Model-In most of the previous simulation studies, both acceleration 
and deceleration rates were assumed to have constant values for all the drivers. These 
values were provided as input information and were held constant throughout the simu
lation process. Such a generalization is unrealistic . In this study the acceleration was 
expressed as an inverse linear function of speed. The parameters of the model were 
obtained by regression analyses of the data presented in the 1965 Traffic Engineering 
Handbook (1). 

Deceleration Model-Vehicle deceleration was also expressed in a linear form. A 
set of deceleration curves, obtained from information provided in the 1965 Traffic En
gineering Handbook (1), is shown in Figure 2. In this family of curves, the rate of 
change of deceleration remains essentially the same for all the deceleration curves. 
Pending further research, the normal value of the slope, Bd, was set at -0.2. This 
value approximately represents all the deceleration curves. The intercept, Ad, is 
computed at every increment of time on the basis of the action of the driver during the 
preceding time interval. Act is zero at the start of the deceleration process. If ave
hicle decelerates at a normal rate over several time increments, the deceleration can 
be expressed in the form of the following differential equation: 

dV 
dT =Ad+ Bd (V) 

or 

dV -dT 
Ad+ Bd (V) -

(1) 

The velocity vector, V, can be obtained by integrating Eq. 1 over time boundaries rep
resenting one increment of time, t and t + At, as follows: 
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(2) 

Equation 2 is a general model that describes the speed of a decelerating vehicle at 
the end of one time increment. If it is assumed that the vehicle begins to decelerate at 
time, t, the intercept, Ac1, is equal to zero at this point, and the resulting speed, Vi', 
is given by 

(3) 

If the vehicle continues to decelerate normally for another time increment, At, the 
resulting speed, V/, at the time, t 1 + 24t, can be obtained from the following equation: 

A 
,, 1 ( , ) Bd*At dl V = - A + Bct*V e - -

1 Bct dl 1 Bct 
(4) 

The value of the parameter, Act , is obtained as follows: 
1 

Ad =Ad + (V1 - V/)Bd 
1 0 

(5) 

V/ can then be computed by substituting the values of Act, V/, Bct, and At in Eq. 4. 
1 

If the deceleration continues over successive time increments, the resulting speeds can 
be obtained in the same manner, until the mode of vehicle behavior changes. 

Car-Following Model-A car-following model was developed on the basis of the ac
celeration and deceleration models discussed above. The most critical case in a car -
following condition is the situation in which the following vehicle is traveling faster than 
the leading vehicle. In Figure 3 a time-space diagram shows such a situation. The 
following vehicle is traveling at a speed, V 1, and the leading vehicle is traveling at a 
speed, V 2, at time, t. After a time increment, At, the leading vehicle is traveling at 

a speed, V /, and V 1 is faste1· than 
V /. If V / remains constant, the 
following vehicle traveling at a con
stant speed, V 1, will eventually col-
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Figure 3. Time-space diagram of a situation when the 
following vehicle is traveling faster than the leading vehicle. 

lide with the leading vehicle. In 
order to avoid collision, the follow
ing vehicle must adjust its trajectory 
so that after some time lag, teq, it 
will achieve the same speed as that 
of the leading vehicle and a safe spac
ing, dm, will exist between the lead
ing and following vehicles. The de
cision to slow down is obviously de
pendent on the available spacing be
tween the two vehicles at any instant 
of time. The critical spacing, dcr• 
at which the following vehicle must 
start to adjust its trajectory is de
veloped below. 

If the following vehicle decelerates 
at a normal rate, Eq. 1 can be solved 
over boundaries, V 1 and V 2', to com -
pute the time of equilibrium, teq, as 
follows: 
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The final speed of the following vehicle can be written as 

dX (Act+ Bct*V1) Bct*T Ad 
-= ------'- e --
dT Bd Bct 

The distance traveled by the following vehicle, x2, during the time period, teq, can 
then be obtained by integration: 

or 

(6) 

(7) 

(8) 

The value of x1 can be obtained approximately as x1 = 0.5 (V2 + Va') At+ V/ (teq - At). 
The value of the safe spacing, dm, can be established from the linear minimum spacing 
model. Then, from Figure 3, the critical spacing can be obtained: 

(9) 

At any point in time, the available spacing between the leading vehicle and the fol-
lowing vehicle can be computed, and there are three distinct conditions that might exist: 

1. The available spacing is equal to the critical spacing; 
2. The available spacing is greater than the critical spacing; and 
3. The available spacing is less than the critical spacing. 

Under the first condition, the vehicle will decelerate at its normal rate, and the re
sulting speed can be computed from Eq. 2. The distance traveled, Ax, can be obtained 
as follows: 

Act ( Bct*At ) V 1 ( B *At ) Act 
Ax = - e - 1 + - e d - 1 - - At 

Bi Bct Bct 
(10) 

Under the second condition, the following vehicle must either maintain a constant 
speed over the current time increment, or acceleration in accordance with the accelera
tion model. However, the vehicle must maintain the minimum safe spacing to the lead
ing vehicle. 

The third condition arises when the initial position of the following vehicle is within 
the critical region, and the available distance, da2, is less than the critical distance, 
as shown in Figure 3. In such a case, the time available for reaching the equilibrium 
is less than the time, teq• computed on the basis of either the nor.mal rate or its cur
rent rate of deceleration if it is already in the process of deceleration. It is obvious, 
therefore, that the following vehicle must decelerate more rapidly to reach the point D 
with minimum safe spacing. In Figure 3, the point C is the position of the following 
vehicle, tx is the elapsed time, and teq is the time available to adjust its trajectory 

X 
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so as to reach the point D. The elapsed time, tx, can be approximately computed as 
follows: 

or 

dcr - da2 
tx = - -------

V1 - 0.5 (V2 + V/) 

and 

(11) 

If teqx is known, a new value Bn (Fig. 4) for the slope of the deceleration curve can 

be obtained as follows: 

Act+ Bn•V/ ,Bn*teq 
----- -e x=O (12) 

This equation can be solved for Bn by a method of successive approximation (8) . By 
substituting Bn into Eqs. 2 and 10, the resulting speed, Vi', and the distance traveled, 
Ax, at the end of time increment, At, can be computed respectively. 

In the next time increment, the critical spacing can be computed on the basis of this 
updated rate of deceleration, and if it is still necessary for the vehicle to decelerate 
the necessary computations can be repeated. This process continues until the vehicle 
ceases to decelerate. 

During the actual simulation, vehicles are processed in an order moving from the 
downstream end to the upstream end of the roadway system. As any particular follow
ing vehicle is being processed at an instant in time, the vehicle ahead of it has already 
been processed and its characteristics have already been updated. In this way, the 
maneuver of a leading vehicle affects the maneuvers of the following vehicle, which, in 
turn, acts as a leading vehicle to subsequent vehicles. The car-following procedure 
provides continuity to this discrete chain process and affords a more realistic simula
tion model. 

Gap-Acceptance-In the proposed simulation 

VE LOCI TY 

DECELERATION 

Figure 4. Typical speed-deceleration curve for a car-following 
situation. 

system two variable, probit models 
were used to describe gap
acceptance. These models were 
developed by Drew et at. (5) for 
ramp merging situations. Gap
acceptance in the lane-change ma
neuver was assumed to be analogous 
to merging from a long, parallel 
acceleration lane. 

Vehicle Type and Length-All of 
the vehicles in the system were as
sumed to have geometric and operat
ing characteristics typical of either 
passenger cars or commercial ve
hicles. The overall length of pas
senger cars was set at 17 ft, and 
the length of commercial vehicles 
was established at 34 ft. 
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Traffic and Environmental Characteristics 

Generation of Vehicles-Based on a comparison of the resulting cumulative headway 
distribution with the data as presented in the 1965 Highway Capacity Manual (2), the 
shifted exponential model (4) was selected as the descriptor of intervehicular time spac
ings on the freeway. There were no data available to test the effectiveness of any model 
for ramp vehicle generation. However, the hyper-Erlang distribution as developed by 
Dawson and Chimini (3) was found to be an efficient descriptor of headways in one-lane 
streams on two-lane, l:wo-way highways. Although the characteristics of on-ramp traf
fic are probably governed by the geometric configuration of the ramp, on-ramp traffic 
can be expected to be similar to traffic on one lane of a two-lane, two-way highway with 
restricted passing. Thus, the hyper-Erlang function was selected for the generation of 
on-ramp traffic. 

Speed Models-Desired speeds were generated as normally distributed random varia
bles subject to the following conditions: mean, V d = Cd (maximum freeway speed), and 
standard deviation, Sd = 0.05 (Vd), where Cd= desired speed coefficient dependent on the 
lane and its location. The mean desired speed for trucks was established at 90 percent 
of that for passenger cars, whereas the standard deviation was assumed to be the same. 

Operating speeds for vehicles on entrance ramps were also generated according to 
normal distribution of random numbers with a mean of 28.0 mph and a standard devia
tion of 1.0 mph. Because there is little variation between the speeds for passenger cars 
and for h 0 ucks on ramps, the mean and the standal"d deviation for both types were con
sidered to be the same. This assumption is justified because the ramp geometry is 
generally more restrictive than prevailing traffic conditions on the ramp. 

PROGRAMMING OF THE PROPOSED MODEL 

Following the development of the mathematical models for the component parts of the 
simulator, these models were integrated into an operational system. This integrated 
system was then coded in the FORTRAN IV and IBM 360 Assembler Language codes for 
dynamic processing on an IBM 360/65 computer. 

Discussion of the Simulation Logic 

The overall logic of the proposed simulator is shown schematically in the flow dia
gram of Figure 5. A subroutine contained the necessary logic to preload the simulated 
roadways with vehicles and to assign distinctive characteristics to each of the vehicles. 
A routine was structured to simulate a real-time clock to be advanced at the start of 
each scan interval, which was set at 1 second. 

Vehicles on Off-Ramps-The logic for detecting off-ramp vehicles that would be pro
cessed out_Qf_Jll!) _syfil_el!). during the scan currently under execution is considered first. 
Upon detecting exiting off-ramp vehicles, this subroutine removes them from the system. 
Subsequent off-ramp vehicles are then processed (moved down the ramp) in accordance with 
logic that is dependent on whether the vehicle is a free-flowing vehicle or a vehicle under 
the influence of a leading vehicle. 

Then the freeway is scanned from the lane adjacent to the shoulder toward the median 
lane to locate the vehicle nearest to the downstream end of the simulated section. If the 
vehicle encountered is located on either a deceleration lane or an acceleration lane, the 
program control is passed to a subroutine that contains the deceleration-lane logic or 
the accelerat_ion-lane logic respectively. 

Vehicles on Deceleration Lanes-Vehicles on a deceleration lane are processed sep
arately from the vehicles on the following off-ramps. Although these vehicles are al
lowed to move only forward and the logic governing their movement is essentially the 
same as that for off-ramp vehicles, they are scanned along with the through-lane vehi
cles and updated accordingly at every time increment. As soon as the scanning index 
reaches the nose of an off-ramp, the order of lane searching is modified to begin with 
the deceleration lane instead of the shoulder lane. In this way the diverging maneuvers 
from shoulder lane to deceleration lane can be simulated in a more realistic manner. 
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Figure 5. Flow diagram of general simulation logic. 

Vehicles on Acceleration Lanes-A vehicle on an acceleration lane is processed into 
the adjacent through lane as soon as it reaches the nose of the on-ramp. The relative 
positions of the merging vehicle with respect to the prospective leading and following 
vehicles on the adjacent through lane are evaluated in a manner similar to the lane
changing maneuver. In order to select a merging speed, five different speeds are con
sidered in sequential order until a satisfactory speed is found. These five possible 
speeds include a speed based on its maximum rate of acceleration, a speed based on its 
normal rate of acceleration, its current speed, a speed based on its normal rate of de
celeration, and a speed based on its maximum rate of deceleration. 

The desired safe spacing in front of a merging vehicle is assumed to be half of the 
normal value if the leading vehicle merges during the same time increment. When the 
physical constraints for merging are satisfied, a test is made to determine if the merg
ing vehicle will accept the available time gap in the adjacent lane. The test involves a 
random decision process based on the gap-acceptance models. 

If the merging attempt is unsuccessful, the vehicle is maintained in the acceleration 
lane until it can merge into the through-lane stream. The processing of unsuccessful 
merging vehicles is divided into two parts. In the first part, vehicles that are already 
at a stop at the end of the acceleration lane are processed. In the second part, moving 
vehicles that are slowed down as they approach the end of the acceleration lane, or the 
tail end of a queue waiting to merge, are processed. 

If the vehicle encountered is on one of the through lanes, the vehicle characteristics 
are processed to determine if the vehicle will leave the system during the current span 
period. Those vehicles that will pass beyond the bounds of the simulation section are 
processed out of the system. Other vehicles are processed in accordance with logic 
compatible with lane position and desired system exit. 

Nonexiting Vehicles on the Freeway-As a nonexiting, through-lane vehicle i s pro
cessed within the critical region, it is decelerated if its current speed, Vi, exceeds 
the upgated speed of the leading vehicle, V / . Otherwise, a tentat ive speed, Vtn, is 
computed on the basis of a free-flowing acceleration model. Computations are made to 
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determine if a safe spacing will be maintained throughout the scan interval. If the fol
lowing distance is at least equal to the required distance, the updated speed of the vehi
cle is set at V tn. Otherwise, the possibility of lane-changing to improve status is eval
uated. In the event that it is not possible to make a lane change, a test is made to de
termine if it is possible to accelerate and still maintain a safe spacing. If it is not 
possible, the vehicle is updated at its current speed. 

On the other band, if V 1 is less than, or equal to, V /, it is cbeclced to determine if 
a safe spacing can be maintained at this speed. If it cannot be, a lane change is attempted. 
If this attempt is unsuccessful, the vehicle is decelerated at an appropriate rate and 
updated. If the vehicle can maintain its speed during the current time increment, it 
does so unless it can accelerate to achieve a speed nearer to its desired speed. 

Normal Lane-Changing Between Adjacent Through Lanes-The available physical 
distance between the leader in the adjacent lane and the merging vehicle, fdf, is com
pared with the distance required for merging, r df· This latter distance is computed 
using a tentative lane-change speed based on maximum acceleration for the merging 
vehicle. If fdf is less than rdf, the test is repeated using another tentative lane-change 
speed based on normal acceleration of the vehicle. If this speed is also unsatisfactory 
and the vehicle cannot maintain its current speed in its current lane, a check made 
to determine the feasibility of a lane-change attempt is abandoned. 

When the distance requirement between the merging vehicle and the new leader is 
found to be satisfactory, the relative position between the merging vehicle and the fol
lowing vehicle in the adjacent lane is evaluated. After all physical constraints have been 
checked, a test is made to determine if the lane-changing vehicle will accept the availa
ble time gap. This decision is effected by a random sampling process. If the outcome 
1s posiuve, i:he veiucie 1s moveri w the ariJacem: iane and updateri. Otherwise, u 1s 
maintained in the same lane and its movement is governed by the appropriate logic. 

The distance from the vehicle of concern to its desired exit is computed for vehicles 
in the shoulder lane that are exiting from the system via an off-ramp, and if the vehicle 
is in the proximity of the particular deceleration lane, control is passed to a subroutine 
containing the logic to diverge the vehicle into the deceleration lane. 

Exiting Vehicles on the Shoulder Lane-An exiting vehicle located on the shoulder 
lane attempts to diverge into the appropriate deceleration lane. This logic is separated 
into two parts: (a) for vehicles adjacent to the deceleration lane, and (b) for those vehi
cles just approaching the deceleration lane within the current time increment. In the 
first situation, if the current speed is greater than the maximum allowable off-ramp 
speed the diverging maneuver is attempted first at the current speed, then at a normally 
decelerated speed, and finally at a speed based on maximum deceleration. Otherwise, 
the exiting vehicle is accelerated to the maximum ramp speed for diverging. The spac
ings are evaluated in the same manner as described in the normal lane-changing ma
neuver. In the second situation, it was assumed that an exiting vehicle, approaching the 
deceleration lane, is only concerned with its relative position to the nearest vehicle 
located on the deceleration lane. If after necessary maneuvers the vehicle can maintain 
a safe spacing to the leading vehicle on the deceleration lane, and on doing so can reach 
the deceleration lane, diverging is possible and the vehicle is updated accordingly. If an 
exiting vehicle, located on an inner lane, has already passed an exit decision station 
(point at which signing is observed), control is passed to the logic to effect the lane
change process. 

Exiting Vehicles on Inner Lanes-Vehicles marked to exit and located on inner lanes 
attempt to weave to the right until they reach the shoulder lane. The logic for this se
quential lane-changing maneuver is essentially similar to that for a normal lane-change 
process with the following exceptions: 

1. An exiting vehicle might not increase its speed while changing lanes; and 
2. In order to satisfy the physical constraints on lane-changing, an exiting vehicle 

will decelerate normally or even at its maximum rate, if required. 

If the lane-cha...'1gin.g attempt is unsuccessful, a...-ri exiting vehicle is moved ahead at its 
current speed, provided that it is safe to do so. Otherwise, it is decelerated at a nor
mal rate. 
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Vehicles on the On-Ramps-After the vehicles on the freeway portion of the system 
have been processed for the current scan interval, the on-ramp vehicles are then con
sidered. Vehicles on the on-ramps are processed sequentially from the ramp nose up
stream to the local ramp terminal. The logic governing the movement of on-ramp ve
hicles is essentially the same as that for off-ramp vehicles. Subsequently, new vehicles 
are introduced into the system according to the vehicle-generation logic. 

VALIDATION OF THE PROPOSED MODEL 

As the model was being developed, simulation runs were made for short periods of 
time and the operating characteristics for each vehicle in the system were output at the 
end of each simulation time increment. The movements of each vehicle and the deci
sions involved in these movements were analyzed and compared to data available in the 
literature. These microscopic examinations were useful in the process of modifying 
the logic associated with different parts of the model. After the microscopic evalua
tions were completed, the program was ready for macroscopic verification. 

A detailed presentation of the simulation results is not within the scope of this paper. 
Therefore, only a brief description of some of the simulation runs devised for the 
macroevaluation of the model is discussed in the following paragraphs. 

Surveillance of Operating Characteristics 

As each vehicle is processed during a simulation interval, a check is made to deter -
mine whether it will pass any of several pre-established control points. If each vehicle 
will pass, several descriptive operating characteristics are computed and stored on 
disks outside the core area of the computer. When the total time for simulation is over, 
the stored characteristics are statistically analyzed and output to provide a description 
of traffic operations along the simulated section of freeway. 

Distribution of Headways Upstream of the On-Ramps 

Field data on time headways in lanes adjacent to right-hand and left-hand on-ramps 
were available for a portion of the westbound half of the Eisenhower Expressway in 
Chicago (7). Several simulation runs were devised to obtain headway data for compari
son with tlie field data. The input geometry for these simulation runs is shown in Fig
ure 6, and other input data required for the runs are given in the Appendix. The ex
perimental headways and the headways obtained from simulation runs for two cases are 
shown in Figures 7 and 8. The results for the simulation runs are in reasonable over
all agreement with the experimental observations, especially in the range above 3 
seconds. It is interesting to note that Kobett and Levy (6) also obtained the best agree-
ment in this region. -
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Figure 6. Input geometry for simulation runs to obtain distributions of headways upstream of on-ramps. 
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Because the minimum time headway in the vehicle-generation models was established 
at 0.75 second, headways smaller than 0.75 second did not appear in the simulation 
results. In addition, the simulated distributions present higher peaks than the observed 
distributions between 1.5 and 2.5 seconds. These discrepancies can be attributed to the 
empirical models used to regulate the minimum desired distance spacing. The empir
ical models forced long minimum-distance spacings that in turn generated long time 
spacings between vehicles in platoons. 

Weaving Behavior on a Freeway Section 

The output from several simulation runs was compared with experimental data col
lected on a section of a Long Island parkway with relatively heavy weaving movements 
(6). The results obtained from simulation runs are in general agreement with the ex
perimental observations. The input geometry for these simulation runs is shown 
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in Figure 9, and other input data required for one of these simulation runs are tabulated 
in the Appendix. Input volumes were specified on the basis of the information reported 
by Kobett and Levy (6). The results obtained from this simulation run are compared 
with the experimental observation in Figure 10. 

The through volumes upstream of off-ramp 2 compare very closely. However, the 
through volumes downstream of off-ramp 1 deviate from the observed volumes. This 
discrepency is due, in part, to the fact that the simulated on-ramp volume was 150 vph 
(vehicles per hour) whereas the observed on,-ramp volume was 50 vph. Simulator input 
parameters are not currently available for on-ramp volumes below 150 vph. Conse
quently a greater number of ramp vehicles merged into the shoulder lane and forced an 
excessive volume into lane 1. 

Traffic Characteristics on an Open Section of Freeway 

Several simulation runs were made to investigate traffic characteristics on an open 
section of a freeway that was essentially free of any influence from on- and off-ramps. 
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Figure 10. Results of the low-volume weaving simulation (numbers shown represent 6-minute volumes) . 
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A freeway section with five through lanes, two on-ramps, and two off-ramps was se
lected and runs were made at different levels of traffic flow. The distribution of vol
umes, headways, and speeds at each lane were obtained by sampling for a period of 10 
minutes during each simulation run. 

The results obtained from these simulation runs were consistent and reasonable. 
But, because there were no available field data for five-lane freeways, these results 
could not be verified with observed phenomena. However, some general observations 
can be made on the basis of the simulation findings. The percentage of vehicles in the 
shoulder lane is lowest and it increases in successive lanes. The average highway 
speed is also lowest in the shoulder lane and increases successively in inner lanes. 
Thus, lanes 4 and 5 were observed to be the most heavily traveled as well as the fastest 
lanes on the open section of a five-lane freeway. These observations are generally con
sistent with flow phenomena that have been observed on freeways with less than five 
lanes. 

Effects of an Auxiliary Lane 

The proposed general traffic simulation model does not contain any special design 
features for simulating flow on freeway sections, with unusual geometric configura
tions such as exist on highways with auxiliary or operational lanes. However, with 
minor modifications to the program logic this feature was readily simulated. J.A>..s an 
example problem, a study area consisting of two through lanes and a 629-ft long opera
tional lane between an on-ramp and an off-ramp was considered. Several simulation 
_, ............. , ... ,.. .......... ,J,. .... .: .... ,....J ...... .:4-J.. ...1.:~-4!,,,_ ............. ,,,.. ..... _1,....: ......... 4-.:,..._,... ...... ~ ,4! ........................................ ..:a ......... ..._,,.. .. .,.,..., ... .._,.. ... 
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The simulation results indicated that most of the entering on-ramp vehicles merged 
onto the shoulder lane within the first half of the operational lane. It was also observed 
that the most heavily traveled portion of the shoulder lane was at about the middle of 
the operational lane. These observations are consistent with the experimental observa
tions presented in the 1965 Highway Capacity Manual (2). Furthermore, the distribu
tion of traffic between lanes at different sections of the weaving area was in close agree
ment with the result reported in the same source. 

SUMMARY AND CONCLUSIONS 

1. The program logic for the processing of vehicles in the system was divided into 
five parts. Separate routines were prepared for processing vehicles on through lanes, 
on-ramps, acceleration lanes, deceleration lanes, and off-ramps. A basic premise for 
all vehicular movements was that vehicles must maintain a safe inter vehicular spacing. 

2. The proposed model can be utilized to analyze traffic flow on any freeway system 
with appropriate modifications to the program logic. 

3. The performance of the model is dependent on the adequacy of the submodels de
scribing the component functions of the system, and on the accuracy of the input infor
mation specified for the simulation runs. The micromodels were formulated on the 
basis of the present understanding of traffic flow theory. In some cases, assumptions 
were made due to the lack of experimental information. 

4. The common index for the efficiency of a simulator, namely the computer time 
to real time ratio, is misleading and perhaps even unimportant with third-generation 
computers. The amount of computer time required for a simulation run depends di
rectly on the size and complexity of the specific situation to be simulated. The re
quired computer time varied widely from problem to problem, and, even for particular 
runs, the ratio of computer time to real time decreased considerably as the period of 
simulation was increased. The actual ratios of computer time to real time, observed 
in the study, ranged from½ to 1/2.o for several different problems. 
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Appe_ndix 
INPUT DATA FOR SIMULATION RUNS 

Headway Distribution Runs 

Volumes in vph 

On-ramp 1 - 200 (400) 
On-ramp 2 - 200 (400) 
Lane 1 - 600 (1,200) 
Lane 2 - 1,080 (1,720) 
Lane 3 - 720 (1,380) 

Proportion of Commercial Vehicles 

On-ramp 1 - 0.03 (0.03) 
On-ramp 2 - 0.03 (0.03) 
Lane 1 - 0.06 (0.06) 
Lane 2 - 0.03 (0,03) 
Lane 3 - 0.01 (0.01) 

Factors of Mean Desired Speed 

On-ramp 1 - 0.75 (0.7) 
On-ramp 2 - 0.75 (0.7) 
Lane 1 - 0.85 (0.7) 
Lane 2 - 0.9 (0.7) 
Lane 3 - 0.85 (0.7) 

Maximum Freeway Speed - 60 mph 

Warm-Up Time - 200 seconds 

Sampling Period - 5 minutes 

Weaving Simulation Runs 

Volumes in vph 

On-ramp - 150 
Lane 1 - 1,000 
Lane 2 - 600 
Lane 3 - 450 
Lane 4 - 850 

Proportion of Exiting Vehicles 

for Off-Ramp 1 for Off-Ramp 2 

Lane 1 - 0.06 Lane 1 - 0.14 
Lane 2 - 0.033 Lane 2 - 0.05 
Lane 3 - 0.25 
Lane 4 - 0.04 

Factors of Mean Desired Speed 

On-ramp - 0.75 
Lane 1 - 0.8 
Lane 2 - 0.8 
Lane 3 - 0.85 
Lane 4 - 0.9 

Maximum Freeway Speed - 50 mp h 

Warm-Up Time - 200 seconds 

Sampling Period - 6 minutes 

NOTE: Numbers in parentheses represent input data for high-volume runs. 




