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Introduction 
Background 

Connected and autonomous vehicles (CAV) becomes popular 

as the autonomic technologies advances nowadays. But the 

current automation level that can be implemented into the real 
road is not still fully automated, but yet still continue 

progressing year by year. As the emerging of autonomous 

vehicles, the effect of autonomous vehicles need to be 

considered in order to implement further more in real world. 
However, the timing and penetration of autonomous vehicles 

still remains unclear due to the advancement of technologies 

and not enough industry productivity and demands, and lack 

of implementing policies and law for autonomous vehicles. 
So, transportation modelling and simulating becomes an 

important role to evaluate interaction and effects of 

autonomous vehicles and conventional vehicles to manage, 

plan and implement current and future transportation system 
and related infrastructures.  

 

Literature Review 
In the literature, many researches introduces different drivel 

model to implement in the autonomous vehicles which are 

usually addressed by traffic simulation as field experiments 

are difficult to carried out due to existing conditions. 
Treiber et al. presented that 30% of ACC vehicles in the rush 

hour traffic can reduce the regular delays at on-ramp [1]. 

Tientrakool et al presents that in 100% penetration of ACC 

vehicles, the capacity can be increased by 43% by setting the 
time headway of 1.1s [2]. Arnaout et al study shows that 

penetration of at least 40% of enabled vehicles is required 

before benefits are seen [3]. 

VanderWerf at el. presented about the effects that the 
introduction of ACC vehicles in the traffic network will have 

on overall traffic behavior such as congestion, delay, safety, 

etc., and they developed ACC and CACC mathematical 

model respectively [4]. 
In the research report of Atkins, CAV shows an effect of 

reducing average delay in the free flow network by 40% in 

100% penetration. But for penetration of 25%, the effect are 

quite low to be negligible. For the results of urban shows 
better effect at 25% penetration but lower effect of 30% 

reduced average delay at 100% penetration [5]. 

Current studies show that the effect of autonomous vehicles 

depends mainly on the three point which are the time 
headway between the vehicles, and the rate of acceleration 

and deceleration occurs, and the penetration of autonomous 

volume in the traffic. Time headway adopted in studies are 

ranging from 0.5s to 2.0s which is even greater than the 
conventional driver. In the following study of simulation with   

 

the external model, testing of model are performed with 

different time headway for evaluation. 
 
Methodology 
Car Modelling in VISSIM 
VISSIM is one of the microscopic traffic simulation 

softwares that can be used for modelling urban and rural 

traffic and it is oriented in time step simulation and is a 

behavior based simulation tool. In VISSIM, there are two 
ways to simulate car modelling which are internally and 

externally. In internal modelling, modelling can be done by 

adapting default driving behavior parameters where as in 

external modelling, by using one of VISSIM interfaces. 
 

Internal Driver Model 
For the internal driving behavior, VISSIM uses the psycho-
physical perception model developed by Wiedemann (1974) 

for longitudinal vehicle movement and a rule-based algorithm 

for lateral vehicle movement. There are two driving behavior 

adapted in the VISSIM which is Wiedemann 74, suitable for 
urban driving and Wiedemann 99, suitable for freeway. The 

concept of the Wiedemann model is defined as when the high 

speed moving vehicle is approaching a slow speed moving 

vehicle, the driver of high speed vehicle will start to 
decelerate according to his perception threshold. Since he 

cannot decide or determine exactly the speed and distance 

between of the leading vehicle, he will decelerate much more 

than necessary until he perceives another threshold to 
accelerate again to catch up the leading vehicle speed and 

maintain the distance between them. The behavior of the 

driver to accelerate and decelerate is depends on the speed 

distribution functions and the distance between the following 
vehicle and leading vehicle. 

 

External Driver Model 
In external modelling, there are three VISSIM interfaces that 

can be used to simulate the external driving behavior which 

are External Driver Model DLL, COM interface and Driving 

Simulator DLL. As the classical traffic simulator cannot 
simulate functions of ACC and CACC, the external driving 

behavior is implemented in the External Driver Model of 

VISSIM in this research. The External Driver Model DLL 

Interface of VISSIM provides the option to replace the 
internal driving behavior by a fully user-defined behavior for 

some or all vehicles in a simulation run. The modified driving 

behavior which is the user-defined algorithm must be 

programmed in a DLL using C++ which can be set specific 
functions for car following and lane changes. And when a 

simulation starts, VISSIM calls the DLL programmed code  



for external driver model set vehicles in each simulation step 

to determine and set the behavior of that vehicle according to 

the specific functions stated in the DLL. After that VISSIM 

obtains the current status and values of that vehicle and its 
surroundings data to the DLL and then as per specific 

functions, the DLL calculates the speed, acceleration and 

deceleration of that vehicle and also can set the lateral 

behavior which is mainly for lane changes and passes the 
updated state and values of the vehicle back to VISSIM [6].  

 

Simulation Setup 
First simulation network which is used in this research is a 
simple road section including curve section. That network is a 

sub section of actually expressway which is Sasson 

expressway in Hokkaido. The network and simulation images 

are shown in figure.1. In this network, several settings for 
external driving behavior are tested and evaluated the results 

between each settings and between the internal model. For 

autonomous driving behavior simulation, example external 

driver model and other modified settings are used and for 
internal car following behavior simulation, Wiedemann 99 is 

used as it is suitable for the expressway. The other network 

specifications and simulation settings are as follows.  

Link length   = 2.9 km (including curve section) 
Desired speed distribution (straight) =80km/h 

Desired speed distribution (curve)  = 70 km/h  

Period    = 900 simulation seconds,  

Number of simulation runs= 10 runs for each composition 
Vehicle input   = (1000, 2000, 3000 veh/h) 

Vehicle composition = (0%, 25%, 50%, 75%, 100%) 

 

 
 

 

 

 
 

 

 

 
Fig.1 Simulation network of a straight and curve section 

 

Second simulation network which is used in this research is a 

straight section including merging section. The network and 
simulation images are shown in figure.2. In this network, the 

optimum modified external model is used to evaluate the 

effect of autonomous vehicles by comparing with simulation 

results of using the external driver model and internal driver 
model of VISSIM. For autonomous driving behavior 

simulation, example external driver model and optimum 

modified setting are used and for internal car following 

behavior simulation, Wiedemann 99 is used. The main lane 
input are same as in previous simulation. For the merging 

input it is set as 10%, 20% and 30% related to main input on 

the main lane.  The overall link is divided into three section 

for data collection and evaluation of each sections. Desired 
speed distribution is set as 80 km/h for both models. And the 

other network specifications and simulation settings are same 

as previous settings. 

 
 

 

 
 
 
 

 
 
 
Fig.2 Simulation network of a merging section 

 

Third simulation network (figure.3) which is used in this 
research is a sub section of Sasson Expressway located in 

Hokkaido. The section is from Zenibako IC to Asari IC, two 

lane road section which is from 23.7 to 35.5 (kilo-post). For 

this network, as the traffic volume on Sasson Expressway is 
quite low, the simulation setting for vehicle input is set to 

500, 1000 and 2000 veh/h. 

 
 
 
 
 
 
 
 
 
 
Fig.3 Simulation network of Zenibako IC to Asari IC road 

section in VISSIM 

 
Two conditions are determined to simulate for this network 

which are normal road condition, setting the desired speed 

distribution to normal, and winter road condition, setting the 

desired speed distribution to low speed considering side slip 
friction and setting different headway for the external model.  

 
External Driver Model Setting 
The external driver model is programmed as a simple car 

following model. It controls the vehicle acceleration and 

deceleration according to lead vehicle speed difference and 

distance between lead vehicle and following vehicle.  
The external driver model first checks the leading vehicle 

speed difference to determine whether the leading vehicle is 

slower or faster and then decide whether to accelerate or 

decelerate. If the leading vehicle is faster than the current 
vehicle, the current vehicle will accelerate to minimum of 

leading vehicle speed or own desired speed. If the leading 

vehicle speed is slower than the current vehicle’s desired 

speed, the current vehicle will accelerate to achieve the 
leading vehicle speed. The desired acceleration of in this state 

is determined by speed difference between the leading vehicle 

speed and current vehicle speed or between the current 

vehicle’s desired speed and current vehicle speed.  
If the leading vehicle is slower than the vehicle, the model 

will first check the leading vehicle is standing still or not. If 

the leading vehicle is standing still, the vehicle will brake to 

standstill. If not, the model will check again the net distance  
 

 



to compare with desired distance to decide how much the 

vehicle will decelerate. The net distance is the distance 

between the leading vehicle and current vehicle excluding the 

leading vehicle’s length. The desired distance is determined 
as the lead vehicle speed in meter. If the net distance is 

greater than the desired distance, the current vehicle will not 

decelerate too much but it will decelerate to slow down to 

leading vehicle speed with 1s time gap. If the net distance is 
smaller than the desired distance, the following vehicle will 

try to increase distance by decelerating certain amount which 

is around the speed difference between the two vehicles. 

The modify settings are mainly focused on the following 
vehicle parameters which are desired distance, desired 

acceleration and deceleration under the condition of net 

distance is greater than or less than desired distance. Setting 

the example external driver as a setting 1, total of 10 settings 

are modified to evaluate the optimum effect of using external 
model as an autonomous vehicles.  
 
Results & Discussions 
Straight Section Network Including Curve Section 
The simulation result in figure.4 shows that the effect of 
external model is significant in this simulation network. In 

speed average, the speed average increased as the CAV 

penetration goes up but a little decreased back at 100% CAV 

penetration. And in the case of delay total, the delay total 
decreased as the CAV penetration goes up and it increased a 

little back at 100% CAV penetration but still less than that of 

internal model result. In the case of travel time total, the 

results of both internal and external are nearly similar.  
 

 
 
 
 
 
 
 
Fig.4 Results of simulation network with internal model and 

setting (1) 
 

After that different settings are carried out to use in next 

simulation section including merging section. Among the 11 

total settings, setting (8) gives the least delay with a 
decrement of 18% relative to internal model results in 100% 

penetration. The most reduced delay of 25% in found in 75% 

penetration due to mixed traffic flow.  

 

Merging section network 
In the case of merging network, the data are collected by each 

section. The first simulation is performed by using setting (1) 
and second simulation is performed by using setting (8). The 

simulation result shows that reducing delay by using external 

model is more significant as the penetration rises. And the 

effect is more significant in higher volume with large merging 
percentage. The effect under low volume is not as much 

significant as in high volume, but still the effect can be found 

as the penetration rises. Comparison of the results of average 

delay reduce is shown in figure.5. 

 

 
 
 
 
 
 
 
 
 
 
Fig.5 relative change of delay average comparison of external 

model setting (1) and (8) 

 

In every composition, the relative amount of delay reduced is 

higher in setting 8 than setting 1 with the most difference of 

around 20% in 3000 veh/h with 30% merging volume. And 
still all composition can reduce the delay significant compare 

to internal driver behavior model’s results. 

 
Sasson Expressway (Normal Road Condition) 
For the Sasson Expressway Section (normal road condition), 

the simulation result shows that speed average decreased 
steadily as the penetration rises due to the lower speed 

distribution of external model in curve sections. The travel 

time total is also a little bit increased as the penetration rises. 

Although there is speed reduction in sharp curve region for 
external model, the delay average is going down as the 

penetration of external model increases. But in 2000 veh/h, it 

increases back a little in 25% penetration, but going down as 

the penetration rises. Simulation result and relative change 
compare to internal model result are shown in figure.6. 

 
 
 
 
 
 
 
 
 

Fig.6 Results of simulation network and relative change of 

delay average 
Relative change comparison of internal model result shows 

that speed average is decreased up to 4% in all volume. And 

delay average is reduced up to 75% in 75% penetration in 500 

veh/h. But in 1000, 2000 veh/h, it is reduced up to 23% and 
15% in 100% penetration. Travel time total is increased due 

to speed average decreased and is only up to around 2% in all 

volume in 100% penetration. The drawback values of speed 

average and travel time total are not much significant to effect 
the whole traffic by looking at the relative change compare to 

internal model results. 

 

Sasson Expressway (Winter Road Condition) 
For the winter condition, desired speed settings for simulation 

are set by considering the friction value and radius of the 

curve section. The simulation network is divided into two 
section and one is for straight and curve section and another is 

for curve sections which radius are less than 700m. According 



to the friction and curve radius, the desired speed distribution 

are set for internal and external model respectively. The 

following is the formula for determining the maximum 

allowable speed considering friction and radius of the curve.  
V ≤ √𝑅𝑔𝑓, f = side slip friction coefficient 

 

The desired speed distribution for internal is 60 km/h for the 

whole link and for external is 60 km/h for straight and mild 
curve sections and 50 km/h for curve sections. But for the 

external model, different headway are considered during 

simulation. 

From the results, the average speed decreased as the external 
model penetration rises due to the low desired speed 

distribution for the external model at sharp curve sections. 

The travel time total is also steadily increased due to average 

speed decreased. The delay average also decreased as the 
penetration rises. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.7 Relative change of delay average compare to internal 
model by setting THW =1, 2, 3 s 

   
In terms of relative change compare to internal model results, 

which is shown in figure.7, delay average is reduced up to 
93% in 500 veh/h, 48% and 27% in 1000 veh/h and 2000 

veh/h respectively when the penetration rises up to 100% with 

THW value of 1s. But when the THW is set to 2s, the delay 

average is reduced up to 80% in 100% penetration for 500 
veh/h. But in 1000 veh/h and 2000 veh/h, the delay average 

increased up to 9% and 17% in 50% penetration, but it 

reduced back to 19% and 3% respectively when the 

penetration rises up to 100% in the network. But in THW is 
3s, the effect of reducing delay by external model is only 

present in 500 veh/h, with the decrement of 43% in 100%  

penetration. But for 1000 veh/h, it increased up to 20% in 

50% penetration and 5% in 100% penetration. For 2000 

veh/h, it increased steadily and up to 50% in 100% 

penetration. 
 

Conclusions 
The summary of the simulations results are shown in table 1. 
In winter road condition which is f=0.1, delay can reduce up 

to 93% in 500 veh/h, default THW. As the THW increases, 

the delay reduced is not as much as in default. For the 

compensation of THW increment, the speed average 

decreased is only around 3, 4% in normal road condition and 
winter road condition. For merging section simulation, effect 

of reducing delay by external model is present in moderate 

and high volume. And it is more significant in merging 

section. But in low volume, the current external model has no 
effect of reducing delay. Current modified model can be used 

for moderate and high volume for reducing delay at merging 

section. But if the whole network is consider, the effect will 

also be present at low volume. For winter road condition, 
even in low speed distribution, the external model can reduce 

delay in any volumes. And the compensation of average 

speed decrement and travel time total increment are very low. 

But for larger time headway (3s), it can only reduce the delay 
in low volumes. So, Autonomous driving behavior can be set 

to higher headway of up to 2s and low speed distribution for 

any volumes, resulting reducing delay with low compensation 

of average speed decreased. To summarize, the impacts of 
autonomous vehicles in the traffic related with delay are 

found to be positively significant, even setting reduced speed 

compare to conventional vehicles in the traffic. 
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Table 1.  Summary of relative change comparison results for Sasson Expressway section simulations 

 

speed average travel time total

500, 1000, 2000 500, 1000, 2000 500 veh/h 1000 veh/h 2000 veh/h 

normal default (0.9,1) -3.9%,  -4.0%,  -3.8% 2.16%,  2.45%,  2.19% -70.00% -23.00% -15.00%

 default (0.9,1) -3.4%,  -3.5%,  -3.3% 1.49%,  0.85%,  0.87% -93.00% -48.00% -27.00%

0.9, 2 -3.5%,  -3.9%,  -4.1% 0.94%,  0.93%,  1.01% -80.00% -20.00% -3.00%

0.9, 3 -3.8%,  -4.4%,  -5.9% 1.01%,  1.04%,  1.15% -43.00% 5.10% 49.00%

f  value THW

in 100% penetration

delay average

winter

(f = 0.1)

 


