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Evaluation of Car-following Models Using Field Data 

Hamid A.E. Al-Jameel, University of Salford 

 

Abstract  

Traffic congestion problems have been recognised as a serious problem in all large urban areas.  It can 

significantly reduce urban mobility.  Therefore, it has become a major concern to the transportation and 

business communities and to the public in general.   Different techniques have been proposed to alleviate 

this problem.   One of these techniques is a traffic simulation.  It has been used effectively as it can 

represent real life, to some extent, and apply different strategies without the need to make physical 

changes. Car-following models represent the basic unit that governs the longitudinal movement for each 

traffic simulation model.   The efficiency of a traffic simulation model mainly depends on its core units: 

car-following and lane changing. 

In this study, three car-following models (namely, CARSIM, WEAVSIM and PARAMICS) were tested.   

The first two of these models were rebuilt using Visual Compact FORTRAN Version-6.5.   The models 

were tested using three different sets of data from single lane traffic.   These sets of data have been 

collected using two different methods of collecting data from three regions.   In addition, different traffic 

conditions have been included in this data such as high speed, low speed and “stop and go conditions”.  

 

The results indicated that CARSIM gave the most accurate representation of real life situations. 

Therefore, the assumptions of this model were adopted in a newly developed model to represent traffic 

behaviour in weaving sections to evaluate the factors affecting the weaving capacity. 

 

  Keywords: 

 Traffic micro-simulation, car-following model, CARSIM and WEAVSIM 

 

1. Introduction 

Traffic congestion problems have been recognised as a serious problem in all large urban areas.  It can 

significantly reduce urban mobility.   Therefore, it has become a major concern to the transportation and 

business communities and to the public in general.  Different techniques have been proposed to alleviate 

this problem.   One of these techniques is a traffic simulation.   It has been used effectively because it can 
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represent real life, to some extent, and applies different strategies without the need to make physical 

change on site before implementing such strategies.   Car-following model represents the basic unit that 

governs the longitudinal movement for each traffic simulation model.  The efficiency of any traffic 

simulation model relies mainly on the accuracy of its car-following and lane changing assumptions 

(Panwia and Dia, 2005).   

In this study, the algorithms of three car-following models are explained briefly and the results of testing 

these models using different sets of data are also illustrated. 

 

2. Car-following models 

Several car-following models have been proposed to govern the longitudinal movement of vehicles in a 

traffic stream as shown in Figure 1.   Pipes (1967) suggested that the follower normally maintained safe 

time headway of 1.02s from its leader.  This value was extracted from a recommendation in the California 

Vehicle Code (Choudhury, 2007).  These models were then followed by various models with different 

theoretical backgrounds and assumptions.  

In general, car-following models can be classified into three groups; sensitivity-stimulus, safety or non-

collision criteria and psychophysical models (Olstem and Tapania, 2004).  

Firstly, sensitivity-stimulus models, these models were introduced by GM Research Laboratories and 

represent the basis for most models to date. The Gazis-Herman-Rothery (GHR) model represents this 

group.   This model was tested under three sets of data with different parameters (linear and non-linear).   

Different thresholds have been suggested to indicate the following behaviour from free-following (Al-

Jameel, 2009).  However, this model is still unable to mimic most traffic conditions.  In addition, there is 

no obvious connection between the model parameters and driver`s characteristics as reported by 

Gipps (1980).   

Secondly, safety or non-collision criteria models assume that a driver maintains a safe distance between 

him/her and the leader to prevent a collision at any time of movement (Brackstone and McDonald, 1999).  

CARSIM and WEAVSIM are examples for this group.  

Thirdly, psychophysical models assume that a driver will respond (acceleration or deceleration) after a 

certain threshold.  This threshold can be represented by a relative speed or a distance (Brackstone and 

McDonald, 1999).  PARAMICS is a good example of this group.   
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     Figure 1 Longitudinal (headway) space between leading and following vehicles. 

 

 

 

 

 

 

 

The algorithms of CARSIM, WEAVSIM and PARAMICS are briefly explained in the following sub-

sections. 

 

2.1. CARSIM model 
 

CARSIM (CAR-following SIMulation) is a freeway simulation program.  This model has been developed 
according to some of the assumptions that have been introduced by Benekohal and Treiterer (1988).  In 
the model, five situations were used to describe the degree of response (acceleration or deceleration). 
These situations are: 

A. If there is no restriction from the preceding vehicle, the driver will drive to reach his / her desired 
speed or speed limit.  This speed represents the maximum speed that driver tries to reach it when there are 
no other constrains such as a vehicle ahead, speed limit, and bad weather conditions. 

The non-collision criterion that prevents the following vehicle from colliding with the leader at any time 

even if the latter brakes suddenly.  The deceleration will be calculated according to Equation1.  

POSL-(POSi F+SPF+0.5*`ACCs *Dt2) –L- BS>= max. of   

(SPF+ ACCs *Dt)RT or  

(SPF+ ACCs *Dt)RT+ (SPF+ ACCs *Dt) 2/ (2MDF)-(SPL) 2/ (2MDL)...Equation 1. 

Where: 

POSL= the position of a leader vehicle 

POSi F= the position of a follower vehicle at the beginning of the current scanning time. 

ACCs= acceleration/ deceleration (m/sec2). 

MDF or MDL= maximum deceleration for follower and leader, respectively (m/sec2). 

SPL= speed of leader (m/sec). 



�
11 

RT= reaction time (sec). 

Dt= scanning time (0.5 sec.). 

BS= buffer space. 

L=length of leading vehicle. 

 

A. Vehicle mechanical ability conditions 

As the vehicle generates in the system, the type of each vehicle is assigned also for each vehicle as 

passenger car and heavy vehicle.  Passenger car has more mobility in the movement and manoeuvre 

because of it short and light mass.  These differences in characteristics have been translated in the 

amount of acceleration/ deceleration that can be achieved by each type of vehicles.  Therefore, 

different values of acceleration/ deceleration have been assigned to represent the characteristics of 

movement for passenger and heavies as reported by ITE (1999).  

B. Moving from stationary conditions 

When vehicle stops in the platoon conditions and then tries to move due to the movement of leading 

vehicle, its acceleration in this case depending mainly on the type of vehicle. Therefore, the amount of 

delay that is taken by each vehicle to start movement is called start-up delay.   Yousif (1993) has 

reported that 1 second is suitable for driver with shorter reaction time and 2 second is suitable for the 

rest vehicles. Therefore, the same values have been adopted in this study. 

The headway of vehicles in the slow speed or stationary conditions should always be more than the 

buffer space. This buffer space has different values ranging from 3 m to 1.8 m (Benekohal, 1986 and 

Yousif, 1993).  In this study, it was used as 1.5 m.   

Basically, the acceleration from each situation is calculated and the minimum one will govern the 

situation.  For example, if the acceleration resulting from reaching a desired speed is higher than the 

acceleration resulting from the mechanical ability of vehicle, then the later acceleration will govern the 

situation. 

Aycin and Benekohal (2001) examined five car-following models, NETSIM, INTRAS, FRESIMS, 

CARSIM and INTELSIM, in terms of the stability, performances and characteristics of car-following 

behaviour.  They found that vehicles in NETSIM and CARSIM car-following models have 
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approximately the same headway which equals to the reaction times.  In addition, they also reported 

that INTRAS and FRESIM representing unrealistic acceleration variations and high maximum 

decelerations.  Then, they concluded that CARSIM represents greater headway than NETSIM and 

provide more realistic results. Finally, they argued that INTELSIM can provide similar speed and 

headway to those of drivers.  

 

2.2 WEAVSIM Model 

The car-following incorporated in this model is based on a combination of two conditions (Zarean, 1987 

and Iqbal, 1994): 

The following vehicles always seek a desired headway which will be a function of vehicle speed, relative 

speed and vehicle’s type. 

A collision criterion will be applied to avoid a collision. 

By using these two conditions, each speed and location of any vehicle will be determined.   Thus, three 

conditions are used in this model (Zarean, 1987 and Iqbal, 1994): 

As the leader has come to a complete stop the following vehicle should also come to stop while keeping 

space headway of at least equal to the length of the leader plus a safety distance (S.D). 

     POSL-POSf F >= L+ BS......................................................................................Equation 2. 

          POSfF = POSi F + SPF
 2/2* ACCs ….…….……...….....................................….Equation 3. 

By substituting in Equation 4 then: 

ACCs = - SPF
 2/ (2(POSL – POSf F -L- BS))..…..………………................…Equation 4. 

Where; 

POSf
F = position of the following vehicle at the end of current scanning time interval. 

When the updated speed of the leader is greater than zero but less than the current speed of the follower 

the follower should decelerate to avoid a collision.  The safe space headway is calculated as following: 

POSL-POSF >=L+ BS + RT * SPF
 2/2*ME D- SPL

 2/2*ME D …....................Equation 5. 

The basic concept here is that a follower maintains headway equal to the length of vehicle plus buffer 

spacing.  In order to determine the deceleration the updated position of the follower must be substituted 

into the above equation.  
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As the updated speed of the leader is greater than the current speed of the follower, the space headway for 
this case can be expressed as: 

POSL-POSf F >=L+ BS + RT * SPL ……….........….……........................…Equation 6. 

 

2.3 PARAMICS Model 

PARAMICS is traffic simulation software that is widely used to design and analyse different highway 
facilities such as intersection, merging section and roundabouts. A brief description     

of car-following model in terms of acceleration and deceleration was discussed in Panwia and Dia (2005).  

 

 Figure 2 Car-following phase-space diagram (Panwai and Dia, 2005).  

 

 
 
 
 
 
 
 

 

 

 

 

 

 

 

Five situations were investigated at which there were different responses of the following vehicles which 

were noted according to different thresholds.   Figure 2 indicates the location of vehicles depending on 

the relative speed and relative headway.   After identifying the vehicles’ situation in Figure 2, the correct 

equation of the response can be chosen.   For more details see ((Panwia and Dia, 2005). 
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3. Rebuilding The Models 

Visual Compact FORTRAN has been used to rebuild CARSIM and WEAVSIM depending on the 

algorithms of these models as discussed in section 2.   In each model, a warm-up and cool-off sections 

have been used to reduce the error from unstable conditions in the start and end of the sections.   A warm-

up time is also used to reduce the instability that may occur in the start time of the program.  

 

4. Statistical Tests 

To assess the difference between the simulation outputs with the field data, two measures are used: the 

Root Mean Square Error (RMSE) and Error Metric (EM) (Panwai and Dia, 2005). These parameters can 

be determined as shown in Equation 9 & 10. 

..................................................................Equation 8. 

..............................................................................Equation 9. 

�Where; 

    Ds = simulated distance (m). 

    Df = observed distance (m). 

The EM is used by Panwai and Dia (2005) as a measure of precision between the simulated and field.  

However, this measure is inadequate as noted during this study because it is affected by the number of 

points which are considered in the comparison of simulated data and field data.   Consequently, the values 

of RMSE were adopted in this study rather than the EM.  As the value of RMSE increases, the difference 

between the field and simulated data increases, too.  

 

5. Data sets 

Three models of car-following have been tested via three sets of field data.  These are: 
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5.1. First Set of Data 

This data was collected by the Robert Bosch GmbH Research Group under stop-and-go traffic conditions 

on a single lane in Stuttgart, Germany during an afternoon peak.   It was gathered by using an 

instrumented vehicle to record the relative speed and space headway. Moreover, this data has been used 

to test four car-following models: AIMSUN (v4.15), VISSIM (v3.70) {Wiedemann 74& 99} and 

PARAMICS (v4.1) (Panwia and Dia, 2005).   This data consists of two vehicles: the leader and follower.  

This set of data provides a comparison of the distance between the leader and follower as shown in 

Figure 3.  

 This set of data is characterised by: 

·  A range of speed between 0 and 60 kph. 

·  Three stop situations. 

·  Test duration of 300 seconds��

�

Figure 3 Field data via simulated data (CARSIM, WEAVSIM and PARAMICS). 

�

 

 

 

 

 

 

 

 

 

 

Figure 3 represents the field data from Germany and the results from the three simulation models.   The 

field data ranges from free-flowing conditions in the first part of curve (up to 30 sec.) to a slow speed 

condition at the end of test.  Through the slow speed conditions, the leader came to a complete stop at 

three positions as shown in Figure 3. 
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PARAMICS was tested by Panwia and Dia (2005) with this set of data.  The results, as shown in Figure 3 

indicate a significant difference between PARAMICS and field data.  The first variation is within the 

free-flow region up to 30 seconds.   This shows bad handling of the model under free–flow conditions.   

The second variation is within the slow speed and stop/go conditions.   Again, the behaviour of the model 

tends to give a shorter headway than what the real data suggests.  Therefore, in free-following the model 

seeks larger headway than real data and vice versa.  

Then, WEAVSIM is compared with field data as shown in Figure 3.  This model can represent the free-

following case better than PARAMICS.  The main difference between the model and PARMICS is that 

WEAVSIM adopts a shorter headway than the latter.   However, there is a difference between the model 

and the field data as shown in Figure 3.   Another factor, which determines the behaviour of this model in 

such a case, is the reaction time.   In the case of increasing this factor, the curve seems to give better 

results but this leads to more discrepancies in the slow speed region. 

 On the other hand, the RMSE for PARAMICS is 10.43 m whereas it is 7.5 m for WEAVSIM. So the 

latter is better than PARAMICS in the amount of error between field and simulated data. 

A third model, CARSIM represents the driver behaviour more accurate than other models as shown in 

Figure 3.  This model is similar to WEAVSIM but it is better than the latter in different experimental 

situations.  Moreover, the value of RMSE for CARSIM is less than WEAVSIM`s model (RMSE=7.0 m). 

5.2 Second Set of Data 

Two experiments were conducted to gather two sets of data by using an instrumented vehicle (Sauer et 
al., 2004).  Data has been collected by the following vehicle in this test and the previous one.  This data 
represents two vehicles: leader and follower.   

The characteristics of this set of data are: 

·  A range of speed between 27 and 108 kph 

·  The duration of the test is 162 sec. 

·  No-stopping situations 
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Figure 4 Field data via simulated data (CARSIM and WEAVSIM). 

 

Figure 4 illustrates the comparison between field data and simulated data, CARSIM and WEAVSIM.  

In this set of data, both CARSIM and WEAVSIM gave reasonably similar results.  However, the value 

of RMSE of CARSIM of 0.63 m/sec is less than that of WEAVSIM (1.0 m/sec).  Therefore, CARSIM 

is considered better than WEAVSIM in such situation. 

 

 5.3. Third Set of Data  

A new method of collecting data was adopted in this set of data from the USA.  In this method, hidden 

video cameras, they were covered by other things, were used to monitor the behaviour of drivers to avoid 

the effect of influencing the drivers who were used as part of the experiment.   In this method of 

collecting data, valuable information was obtained because the instrumented test vehicle is the lead 

vehicle.  The driver of the lead vehicle can be any normal driver who can drive legally.    

The specifications of this set of data are: 

·  A range of speed between 14 and 43 kph. 

·  The space distance between vehicles ranging from 3 to 15m. 

·  The duration of the experiment is 176 seconds��

�
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Figure 5 Test vehicle apparatus and connectivity diagram (Kim, 2005). 

 
In this case, the following vehicle was the monitored vehicle and the driver of this vehicle was not made 

aware that he/she was monitored by others.   Figure 5 indicates the components of the monitored system 

in the leading vehicle��

 

 

 

 

 

 

Figure 6 The field data via simulated data (CARSIM and WEAVSIM 
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Figure 6 shows the results of the two models compared with the field data.  The most important point here 

is that this data represents slow speed conditions.  Thus, the CARSIM model here gave better results than 

WEAVSIM.  In addition, the value of RMSE for CARSIM is 1.4m while that�for WEAVSIM is 2.7m.   

Therefore, CARSIM is preferred for this test.   

 Table 1 Results of simulated models with field data. 

 No. Of 

Tests 

Test one (First set) Test two (Second set)  Test three(Third set) 

CARSIM WEAVSIM PARAMICS CARSIM WEAVSIM CARSIM WEAVSIM 

RMSE 7.0m 7.5m 10.43m 0.62m 1.0m 1.4m 2.7m 

 

The results of the RMSE for the three tests are summarised in Table 1.  Firstly, the maximum value of 

RMSE among other models for the test one is belong to PARAMICS.  This means that PARAMICS is the 

worst one because as the value of RMSE increases, its difference with field data increases, too.  

Moreover, the first test is better than other tests because the second set of data includes different of traffic 

conditions ranging from free following to stop-and-go conditions.  Therefore, CARSIM is the best one 

among the other models under study because it has the lowest value of RMSE in this test and also in the 

second and third test as shown in Table1. 

  

6. Conclusions and Recommendations 

In this study, two car-following models have been developed using Visual Compact FORTRAN (version 

6.5) based on algorithms of CARSIM and WEAVSIM to produce a simulation model. This simulation 

model is able to mimic the reality using visual animation in representing the    movements of vehicles, 

spacing between vehicles, speeds of vehicles and other characteristics. These two models with package of 

PARAAMICS have been tested with three sets of data. The main conclusions of these tests are: 

PARAMICS gives the worst representation of the reality in terms of graphical and statistical test (i.e., 

RMSE =10.43m) among other models.  

CARSIM model gives the best results among other models (RMSE = 7.0m).   

Finally, the developed simulation model CARSIM could be used in representing the car-following model 

better than WEAVSIM and PARAMICS. Therefore, the assumptions which CARSIM is based on could 

be used in the newly developed model to evaluate the effect on capacity and delays of weaving sections 

on motorways. However, the difference between field and simulated data is still higher and there is a need 



�
20 

for more improvements for the developed model CARSIM to get a less difference than that in the current 

study.  
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Estimation of critical occupancy values for UK motorways from traffic loop detectors 

 Jalal Al-Obaedi & Saad Yousif, University of Salford 

 

 Abstract 

Occupancy is the percent of time a traffic loop detector embedded in the road pavement is occupied by 

vehicles.   This term is usually used as a substitution for the traffic density which is not feasible to obtain 

from detectors.  One of the recent applications for the traffic occupancy is in calculating the timing for 

traffic signals on motorway entrances (Ramp Metering, RM).  Most of the existing algorithms for RM 

assume that these devices will not operate until the traffic occupancy upstream or downstream from the 

merge area exceeds a specific value called “critical occupancy”.   This paper focuses on estimating the 

critical occupancy using Motorway Incident Detection and Automatic Signalling (MIDAS) data. The data 

is taken from loop detectors located on three motorway sites in the UK.   The results are compared with 

corresponding values as adopted by the Highways Agency for these sites to operate the ramp metering.    

The results show that the values which are currently used to operate the ramp metering devices in these 

sites are higher than those obtained from analysing the data.  This will cause delays in the operation of the 

RM until the starting of traffic congestion which ultimately causes reduction in motorway capacity. 

Keywords:  Occupancy, loop detectors, ramp metering 

 

  1. Introduction and background 

Occupancy is the percent of time a traffic loop detector embedded in the road pavement is occupied by 

vehicles.    Unlike the well known traffic density, occupancy can easily be measured from traffic loop 

detectors that are located regularly around a motorway’s junction. Hall et. al (1986) concluded that time 

occupancy can describe traffic conditions (congested, uncongested or transitional)  in the same way as 

traffic density could do.   Figure 1 explains the flow-occupancy relationship using data taken from an 

upstream detector from the M6 J23 Motorway site.   The figure explains how this relationship is similar 

to that for flow-density.  The relationship between traffic density and occupancy based on data from 5 

detectors on the M6 J23 is presented in Figure 2.  The density is estimated by dividing the motorway flow 

by the average speed. 
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Figure (1)   Flow-occupancy relationship bases on data from the M6 J23 

              

Figure (2)   Occupancy-density relationship based on data from the M6 J23 

 

The term “Critical occupancy” is extensively used to define the limit between normal and congested 

traffic situations.  In almost, critical occupancy corresponds with the motorway capacity 

Smaragdis et al. (2004).  Previous research suggests a range of values for critical occupancy.  For 

example, Hall et al. (1986) based on data from Queen Elizabeth Way in Ontario found that critical 

occupancy lies between 19 and 21%.  The Minnesota Department of Transportation used a value of 18% 

to separate congested and uncongested flow.  Sarintorn (2007) concluded that critical occupancy for the 

Pacific Motorway in Australia ranged from 17-20%.  Zhang and Levinson (2010) used time occupancy to 

indicate the occurrence of bottlenecks using data taken from loop detectors in the USA.  When the 
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occupancy is less than 20%, traffic is regarded as not congested, when occupancy lies between 20 and 

25% the traffic is regarded to be in the transitional phase while the traffic regarded to be in the congestion 

phase if the occupancy exceeds 25%. 

 

 2. Application of occupancy in ramp metering 

Recently, traffic signal devices (ramp metering) have been installed on motorway entrances on a part-time 

basis to regulate the entering traffic in an attempt to reduce congestion.   Previously, these devices worked 

on a fixed time plan where the traffic signal operated for specific periods with a set time.  Now, most of 

existing methods for ramp metering are reactive.  This means that the timing of the traffic signal changes 

based on the traffic conditions.   In the later extension of ramp metering, time occupancy is applied in 

different ways.   These are to judge the need to trigger the ramp metering devices, to calculate the 

required timing for traffic signal and finally to switch off the traffic signals after operating.    

Currently, ALINEA (Papageorgiou et al., 1991, 1997) and Demand-Capacity algorithms (Masher et al., 

1975) are the most applicable algorithms for ramp metering in the world.  Both methods use occupancy in 

updating the traffic signal timing.  ALINEA calculates the metering rate from equation 1 while Demand-

Capacity uses equation 2. 

                                                 ... (1) 

            ....(2) 

Where: 

r is the metering rate (veh/hr), 

r(c-1) metering rate during the last time interval (veh/hr), 

KR is the regulator parameter (veh/hr), 

Occd is the desired occupancy and usually equal to critical occupancy (Occcr), 

Occ(c-1) is the actual occupancy during the last time interval, 

rmin is the minimum metering rate (veh/hr), 
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Cap is the capacity of the downstream merge section, and  

flowin is the upstream motorway flow. 

 

It is worth mentioning that using inaccurate values for critical occupancy can lead to the improper 

applications for ramp metering and that will affect the ability of these devices in the alleviation of traffic 

congestion.  In addition, using values lower than the actual to trigger the traffic signals will cause further 

delays for merging traffic.  

The contribution this paper is to estimate the critical values for critical occupancy using data from loop 

detectors and to compare these values with such values currently used on ramp metering on the studied 

motorways of the UK.   

 

 3. Methodology 

In this paper, Motorway Incident Detection and Automatic Signalling (MIDAS) data from upstream and 

downstream loop detectors from 4 motorway sites is used.  These sites are M56 J2 (two lanes), M60 J2 

(three lanes), M6 J23 (three lanes) and M6 J20 (four lanes).   The data provided is taken over one minute 

for speed, flow and occupancy.     

Two methods are used to estimate the critical occupancy.   The first method is suggested by 

Hall et al. (1986) for finding the average occupancy for each given flow.  Obviously, there are two values 

of occupancy for each value of flow (i.e. in normal and congested traffic).   The method requires an 

assumed trial value for critical occupancy.  The purpose of that is not to average occupancies from normal 

conditions with those from congested conditions.  After doing some trials for critical occupancy, all 

values then should be compared graphically.  The critical occupancy value is then selected based on the 

point which gives the maximum flow at normal traffic condition.  To apply this method the occupancy are 

averaged for each flows within interval of +100 veh/hr.   A simple computer program is written to speed 

up the computational process.   This method also requires the removal of the transition points from 

congested to normal conditions from consideration.   

The second method is to inspect the raw data for values of occupancy which separate then normal and 

congested situations.  This method is known as “time series inspection method”.  The method is 

mentioned by Hall et. al (1986) to explain the nature of changes in operations.   However, they did not use 
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this approach in estimating the critical occupancy.   According to this method, critical occupancy will be 

the transition value from normal to congested situations. 

The results from these three methods are compared in this paper by existing values which are currently in 

use to trigger the ramp metering in some of the above referred sites.  

 

 4. Results and discussions 

Before applying the average occupancy approach for each corresponding flow, the data is filtered to 

remove the transition cases from congested to normal traffic situations.  Figures  3, 4, 5 and 6 show the 

possible shapes for flow-occupancy relationships for different trials of critical occupancy values using the 

approach of average occupancy at each specific flow for the M56 J2, M6 J23, M6 J20 and M60 J2, 

respectively.    For the M56 J2, Figure 3 shows that the critical occupancy value lies between 25 and 26%.  

Lower values are not considered because these lower values give flows for congested regime that are 

equal or higher to those in a normal regime.    

 In the same way, and based on Figures 4-6, values of 23%, 22% and 20-21% are suggested for the M6 

J23, M6 J20 and M60 J2, respectively:  

 

                  


























































































































































































































































































































































































































































































































































































































































































































































































































































