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Abstract: The intersection with special width approach lane (SWAL) is a newly proposed unconventional intersection 
design. A microscopic traffic flow model was proposed for describing the operation of vehicles at signalized intersections 
with SWAL. The operation process of driving on the SWAL was divided into four segments, including entering segment, 
transition segment, special width lane segment, and exiting segment. The car-following and lane selection behaviours of 
vehicles in these segments are analysed. The parameters used in the model were calibrated using the field data collected in 
Germany. The proposed model was realized in a time-discretized simulation. The sensitivity analysis of geometric, traffic, 
and signal factors were conducted. The results show that for the car-following behaviour, the passenger cars on the 
narrowed lanes cannot drive as efficient as on the normal width lane. For lane selection behaviour, it mainly depends on 
the distance between the two nearest vehicles in front on the two narrow lanes. The effectiveness of the SWAL depends on 
whether it is long enough to accommodate the queuing vehicles, which is a combined result of the layout design and the 
signal timing. 
 

1. Introduction 
To date, there has been an influx in the number of 

vehicles in many cities all over the world. The main reason 
for this is the economic growth and development that has 
necessitated car ownership as a need rather than a luxury. The 
increase in traffic demand has deteriorated bottleneck 
problems on the road infrastructure, especially during the 
rush hours. 

To alleviate traffic problems, researchers and 
engineers have designed different solutions to traffic 
problems. Substantial attention devoted to the congested 
urban intersections, because more and more signalized 
intersections are operated with oversaturated conditions. This 
has led to the proposals of diverse designs that are 
unconventional to improve the capacity of intersections, such 
as median U-turn intersections [1, 2], superstreet intersections 
[3, 4], uninterrupted flow intersections [5], displaced left-turn 
intersections [6, 7], exit-lanes for left-turn intersections [8-
10], tandem intersections [11-14], and special width approach 
lane intersections (SWAL) [15].  

Of particular interest to this study is the intersection 
with special width approach lane (SWAL). The idea of 
narrowing carriageway for providing space for cyclists on 
urban streets [16, 17] and for providing more traffic lanes on 
unban freeways [18] was proposed in previous studies. 
Moreover, the concept of the shared space was promoted [19], 
and the interactions between the vehicular flow, cyclist flow, 
and pedestrian flow were studied in recent years [20-22]. 
Inspired by these studies, the SWAL was proposed [15].  

The SWAL consists of two narrow lanes that are 
utilized by either two passenger cars or one heavy vehicle. 
Under traditional designs, the lane width should be sufficient 
to accommodate the width of the design vehicles. Since the 
width of the buses and trucks are usually 2.4-2.6 m, a lane 

less than 3.0 m wide may be hard for them to progress. 
Therefore, a lane width of 3.3 m is used quite extensively for 
urban arterial street designs [23]. The design of the SWAL 
aims to increase the number of approach lanes while retaining 
the operational safety of heavy vehicles by offering lane 
width flexibility. The SWAL can be used by two passenger 
cars on two narrow lanes, while heavy vehicles use it as one 
lane. This is the main difference between the SWAL and 
traditional designs. 

In the existing studies on such design, the ideal state 
of the regular operations of the vehicles is assumed. However, 
the reduced lane width may pose a challenge to some drivers. 
It may lead to behavioural adaptation in terms of the decisions 
and perception-reaction of the drivers [24, 25]. Individual 
traits such as conservative, neutral, and aggressive profiles of 
drivers will have varying impacts on lane selection and 
saturation flow. Moreover, willingness to travel side by side 
(lateral positions) will also impact on the car-following 
behaviour of vehicles on the special width lane. These 
potential changes in operation are not taken into much 
consideration in the existing layout and signal control 
optimization models. 

In the research field of traffic flow, various 
microscopic models have been established to describe the 
operation of vehicles and analyse different complex traffic 
phenomena at both highways and urban roads [26-28].  

The car-following model is one of the most important 
parts in the field of microscopic traffic flow, which describes 
the running status of the vehicle under the influence of the 
surrounding vehicles. It can be divided into the stimulus-
response model, collision avoidance model, driving 
psychophysical model, and artificial intelligence-based 
model [29]. Among them, the optimal velocity model has 
received extensive attention due to its analytical tractability 
and ease to simulate. A series of improved models under 
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different conditions have been proposed. The typical research 
results include generalized force model [30], optimal velocity 
(OV) model [31], full velocity difference (FVD) model [32], 
and full velocity and acceleration difference (FVAD) model 
[33]. Some other studies focus on modelling the two-
dimensional movement at intersections [34]. Previous 
microscopic traffic flow models emphasized in numerous 
influencing factors [35-38]. From these studies, the 
microscopic traffic flow models have been used to simulate 
single and multiple vehicle-driver units and describe traffic 
flow in signalized intersections.  

Although the existing models can describe the 
microcosmic properties of the traffic flow, they do not 
explicitly reproduce the impact of the special traffic lane 
design (SWAL) on the driving behaviour and the 
corresponding changes in traffic flow. It is because the lane 
selection of the two narrow lanes should be considered for 
passenger cars. Moreover, the heavy vehicles should occupy 
the two narrow lanes, which will affect both the car-following 
behaviour. 

This study aims to extend the microscopic traffic flow 
model for driving on the SWAL based on field data to reflect 
the operational characteristics of the intersections with 
SWAL. The car-following and lane selection behaviours of 
vehicles on the SWAL are analysed. The rest of the paper is 
arranged as follows. The data collection is conducted in 
section 2. The model is established in section 3. The proposed 
model is calibrated and validated in section 4. The simulation 
realization is introduced in section 5. The sensitivity of key 
parameters is analysed in section 6. The conclusions are 
drawn in section 7. 

2. Data collection 
As shown in Fig. 1, the geometric design characteristic 

of SWAL lies in that it is consists of two narrow approach 
lanes (about 2.6 m wide for each narrow lane). Under such a 
design, two passenger cars are possible to travel alongside 
each other. For heavy vehicles, they use the SWAL as a single 
lane and occupy the two narrow approach lanes. Under 
traditional designs, the lane width should be sufficient to 
accommodate the width of the design vehicles. The lanes are 
operated independently, and the vehicles do not occupy two 
traffic lanes (except for the lane changing). The difference in 
the geometric design and traffic rules between the SWAL and 
traditional designs causes the difference in operation. 

The SWAL design has been applied in Karlsruhe, a 
southwestern city in Germany. The four intersections with 
SWAL design were selected for data collection. They are 
Rheinstrasse - Philippstrasse, Rheinstrasse - Nuitsstrasse, 
Rheinstrasse - Am Entenfang, Karlstrasse - Amalienstrasse, 
as shown in Fig. 2. 

The data were collected by a video camera, which was 
mounted at the side of the street. The collection of data was 
carried out for 6 hours at each intersection. The video 
recordings were collected during morning peak hours of 7 am 
to 9 am and the evening peak hours between 4 pm and 6 pm 
to ensure sufficient data collection and also to ensure proper 
visibility.  

A video data processing software, which has been 
successfully used in the development of the Highway 
Capacity Manual of Shanghai, is used in the extraction of the 
data [39, 40]. Then, the position of each vehicle at each 

discrete 0.1 seconds can be obtained. Then, the speed and 
acceleration can be obtained accordingly. From the video, 
one can find that most of the passenger cars observed would 
tend to use single lane in special width lane section, while 
heavy vehicles occupy both lanes, as shown in Fig. 3. 

 

 
Fig. 1.  Design idea of SWAL[15] 
 

 
(a) Rheinstrasse - Philippstrasse intersection 
 

 
(b) Rheinstrasse - Nuitsstrasse intersection 
 

 
(c) Rheinstrasse - Am Entenfang intersection 
 

 
(d) Karlstrasse - Amalienstrasse intersection 
Fig. 2.  Surveyed intersections 
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(a) Passenger cars use single lane in SWAL 
 

 
(b) Heavy vehicles occupy both lanes in SWAL 
Fig. 3.  Operation in the real world 

3. Modelling  
An approach with a special width lane is considered as 

the research object, as illustrated in Fig. 4. It contains four 
segments: (1) entering segment (normal lane segment), (2) 
transition segment, (3) special width lane segment, and (4) 
exiting segment. Due to the different geometric conditions of 
the different segments, the driving behaviour will vary. In this 
section, the car-following model will be established. The 
parameters in the model will be calibrated in section 4. 

 

Entering 
segment

Transition 
segment Special width lane segment Exiting segment

Lane selection
Lateral effect

Merge

Different 
movement

More consideration: 

Four segments:

Lane 1
Lane 2

Vehicle types
Driver types

 
Fig. 4.  An approach with a special width lane 

 
3.1. Car-following model in the entering segment 

 
In the entering section, since the width of the lane is 

normal, the traditional car-following models on a single lane 
can be used. According to the literature review, the optimal 
velocity model has received extensive attention among the 
existing car-following models. The full velocity difference 
(FVD) model is used in this study, as shown in Eq. (1).  

 

 ( )( )d ( )
( ) ( ) ( )

d
n

n n n
v t

V x t v t v t
t

κ λ= ∆ − + ∆  (1) 

 
where ( )nv t  is the velocity of the vehicle n at time t, m/s; 

1( ) ( ) ( )n n nx t x t x t−∆ = −  is the space headway between vehicle 
n and vehicle n-1 at time t, m; ( )nv t  is the velocity of vehicle 
n at time t, m/s; 1( ) ( ) ( )n n nv t v t v t−∆ = −  is the velocity 

difference between vehicle n and vehicle n-1 at time t, m/s; 
(.)V  is the optimal velocity function of the vehicle n, m/s, 

which can be selected as that proposed by Helbing and Tilch 
[30], as shown in Eq. (2); κ  and λ  are sensitivity 
parameters. 
 
 ( ) ( )( )1 2 1 2( ) + tanh ( )n n cV x t V V C x t l C∆ = ∆ − −  (2) 
 
where lc is the length of the vehicle, m; V1, V2, C1, C2 are 
parameters. 

 
3.2. Car-following model in the transition segment 

 
In the transition segment, one normal traffic lane is 

divided into two narrow lanes. The drivers of passenger cars 
should decide which narrow lane to choose, which further 
affects which car to follow. The basic car-following model is 
the same as that of the segment 1. The difference lies in that 
a decision should be made which car to follow. Therefore, 
this section is mainly about lane change.  

The outcome of the lane selection behaviour is binary: 
lane 1 or lane 2. Therefore, the logistic regression model is 
suitable for modelling the lane selection behaviour. The 
following two influencing factors are considered. The first 
one is the distance between the two nearest vehicles in front 
on different lanes, 12 ( )L

nx t∆ , given by Eq. (3). The second one 
is the velocity difference between the two nearest vehicles in 
front on different lanes, 12 ( )L

nv t∆ , given by Eq. (4). The 
reasons for selecting the two potential influencing factors are 
two-folder. First, car-following behaviour is mainly related to 
the space headway and the velocity difference between 
vehicles [32, 41]. Second, achieving higher speeds is one of 
the main purposes for lane changing of vehicles [42, 43].  
 12 2 1

1 ( ) ( ) ( )L L L
n n nX x t x t x t= ∆ = −  (3) 

 
 12 2 1

2 ( ) ( ) ( )L L L
n n nX v t v t v t= ∆ = −  (4) 

 
where 1( )L

nx t  and 2 ( )L
nx t  are the position of the nearest 

vehicle in front on lanes 1 and 2 at time t; 1( )L
nv t  and 2 ( )L

nv t  
are the velocity of the nearest vehicle in front on lanes 1 and 
2 at time t. 

Then, the utility of selecting lane 2, which is derived 
from the multiple linear regression function, can be specified 
as Eq. (5). It is the linear sum of β0 plus the products of 
coefficients and their corresponding independent variables. 
Please note that the utility function for lane selection, as 
shown in Eq. (5), can be replaced by any suitable models 
without changing the framework of the proposed model. The 
protentional influencing factors, such as the characteristic of 
the driver (plan-ahead distance and aggressiveness) [44] and 
the layout of the lane assignment [14, 45], can be added in Eq. 
(5). 

 
 0 1 1 2 2+U X Xβ β β= + , (5) 
 
where U is the utility of selecting lane 2; X1 and X2 are the 
influencing factors of the lane selection, namely 12 ( )L

nx t∆  and 
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12 ( )L
nv t∆ ; β0 is a constant term representing the intercept, 

which indicates the lane that the vehicles prefer when the 
condition is the same; and β1 and β2 are parameters associated 
with the influencing factors and quantifies their relationship 
with the outcome variable. 

With the probability of selecting lane 2 and lane 1 
denoted p(U) and p(1-U) respectively, then the probability of 
selecting lane 2 can be calculated using the Logit function, as 
shown in Eq. (6). 

 

 ( ) 1
1 Up U

e−=
+

, (6) 

 
where U−∞ < < +∞ , ( )0 1p U< < .  

As U approaches -∞, p approaches 0, and as U 
approaches ∞, p approaches 1. In the model, any p(U) value 
closer to 0 means that the probability for drivers to select lane 
2 is very low (closer to 0%) while a value closer to 1 means 
that the event of selecting lane 2 is very likely to occur (closer 
to 100%). Then, the probability p(U) can be compared with a 
threshold value R to determine the decision. If ( )p U R≥ , 
lane 2 will be select, otherwise, lane 1 will be selected. Since 
there are only two narrow lanes to select, the p(U) value larger 
than 0.5 means that the probability of selecting lane 2 is 
higher than that of lane 1. On the contrary, the p(U) value 
smaller than 0.5 means that the probability of selecting lane 1 
is higher than that of lane 2. We assume that drivers are utility 
maximisers and select the lane with higher probability 
(utility). Therefore, the threshold value R is set to 0.5. 

Apart from the through passenger cars, there is no 
need for the other three types of vehicles, namely left-turn, 
right-turn and heavy vehicles, to make a lane selection. The 
left-turn and right-turn vehicles should select the left-most 
lane (lane 1) and right-most lane (lane 2), respectively. The 
heavy vehicles have to occupy both two lanes because the 
width of a narrow lane cannot accommodate it. 

Therefore, lane selection can be given by Eq. (7). 
Motion behaviour is the same as Eq. (1). 

 

 

( ) ( )
( )
( )
( )

1 0, 2

1 0, 1
2 0, 3
3 1

n n

n n
n

n n

n

p U R H M

H ML
H M
H

 − + = =  
= == 
= =

 =

, (7) 

 
where Ln is the selected lane for vehicle n, 1 for lane 1, 2 for 
lane 2, and 3 for the occupation of both two lanes; R is a 
threshold value between 0 and 1; Hn is a binary parameter 
indicating the type of the vehicle n, 1 for heavy vehicle and 0 
for passenger car; Mn is a parameter indicating the turning 
movement of the vehicle n, 1 for left-turn, 2 for through 
movement, and 3 for right-turn. 
 

3.3. Car-following model in the special width lane 
segment 

 
In the special width lane section, passenger cars drive 

on one of the two narrows lanes, while heavy vehicles occupy 
two narrows lanes, which changes the car-following rules 
(which car to follow) and the parameters in the car-following 

model. Since the width of lanes is narrowed, the drivers 
should drive more cautiously to avoid the lateral scratches. 
Therefore, the optimal velocity will be affected. In the 
traditional FVD model, only the effect between the 
longitudinal vehicles is considered when calculating the 
optimal velocity. However, in the special width lane section, 
the effect from the lateral vehicles should be added because 
of the narrow lanes. The degree of the effect is related to the 
velocity of the vehicle in front on the adjacent lane, and the 
space headway between vehicle n and the vehicle in front on 
the adjacent lane. Therefore, the optimal velocity can be 
formulated as Eq. (8). Motion behaviour is the same as Eq. 
(1). 

 
( ) ( )( )1 2 1 2 3 4( ) + tanh ( ) ( ) ( )A A

n n c n nV x t V V C x t l C C v t C x t∆ = ∆ − − + + ∆  (8) 
 
where ( )A

nv t  is the velocity of the vehicle in front on the 

adjacent lane, m/s; ( )A
nx t∆  is the space headway between 

vehicle n and the vehicle in front on the adjacent lane, m; C3 
and C4 are parameters. 
 

3.4. Car-following model in the exiting segment 
 
In the exiting segment, the through vehicles on the two 

narrow lanes have to merge into a lane. The following two 
principles are used to establish the car-following model: the 
vehicles on two narrow lanes have the same priority, and all 
vehicles should follow the principle of first come first service. 
Then, the vehicles will follow the vehicle in front in the 
exiting section when they touch the end of the special width 
lane section. Motion behaviour is the same as Eq. (1). 

4. Model calibration and validation 
In this section, 80% of the collected data is used to 

calibrate the proposed model, and the remaining 20% is used 
for the validation. Please note that different types of vehicles 
should have different parameters for the car-following model 
[46-48]. However, the traffic pattern at the surveyed site is 
uniform. During the survey period, the percentage of heavy 
vehicles is 1.0%. Therefore, we cannot calibrate the 
parameters for heavy vehicles.  

 
4.1. Segment 1 

 
A total of 1026 vehicles were observed from the 

selected zone with geometric properties that match an 
entering section. The nonlinear regression was conducted 
using the Levenberg-Marquardt estimation method. The 
method is typically suitable for fitting a parameterized 
function to a set of measured data points by minimizing the 
sum of squares of the errors between the data points and 
functions. The calibration results of the parameters in Eqs. (1) 
and (2) are shown in Table 1. The R-squared is 0.887.  

 
Table 1 Parameter estimates of segment 1  

Parameter Estimate Std. 
Error 

95% Confidence Interval 
Lower 
Bound 

Upper 
Bound 

κ  0.202 0.009 0.183 0.220 
λ  0.442 0.008 0.426 0.457 
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V1 6.477 0.302 5.884 7.070 
V2 11.244 0.589 10.087 12.400 
C1 0.130 0.009 0.111 0.148 
C2 1.645 0.137 1.376 1.914 

 
The two-related-samples non-parametric test 

(Wilcoxon signed-rank method) was conducted to validate 
the accuracy of the model in segment 1. This method is 
carried out to compare two related samples to assess whether 
the population mean ranks differ. As shown in Table 2, there 
is no significant difference between the estimated results 
from the model and the measured values (p > 0.05). It 
indicates that the proposed model has acceptable goodness of 
fit and is effective to simulate the actual conditions of the 
phenomenon. 

 
Table 2 Model validation of segment 1  

Note: a. Estimated < Measured; b. Estimated > Measured; c. 
Estimated = Measured 

 
4.2. Segment 2 

 
A sample size of 998 vehicles was observed during the 

data collection. The results of the logistic regression are 
shown in Table 3. It shows that the selection of the two 
narrow lanes is significantly related with the distance 
between the two nearest vehicles in front on different lanes (p 
< 0.05), but not significantly related with the velocity 
difference between the two nearest vehicles in front on 
different lanes (p > 0.05). Therefore, the velocity difference 
variable is omitted, and the logit model is re-calibrated. The 
regression results are shown in Table 4. We also analyse the 
relationship between the accuracy of the lane selection and 
the threshold value R. It is found that setting R = 0.5 can result 
in the highest accuracy in predicting the lane selection 
behaviour, as shown in Fig. 5. 

 
Table 3 Original logistic regression 

 
Table 4 Parameter estimates of segment 2  

 

 
Fig. 5.  Accuracy of the lane selection against threshold R 

 
The comparison between the model estimation results 

and the surveyed data is shown in Table 5. There are four 
possible situations: the result of the proposed model is the 
same as the surveyed result (select the same lane), and the 
result of the proposed model is different from the surveyed 
result (select the different lane). In comparison, the model 
prediction for accepted gaps was based on a threshold of 0.5, 
which implies that any probability value below 0.5 was 
considered a selection of lane 1. The results show that 143 
times out of 200 observations, the model concurred with the 
observed lane selection behaviour. The average accuracy of 
the lane selection estimation is 71.5%. The lane selection has 
a certain degree of randomness, especially when the utilities 
of choosing the two narrow lanes are comparable (p(U) close 
to 0.5), e.g., the queue length of the two lanes are almost the 
same. According to Fig. 6, with the increase of the 

( ) 0.5p U −  value (the increase of the difference in utilities 
of choosing the two narrow lanes), the estimation accuracy 
increases significantly. It makes sense that the estimation 
accuracy is low when the calculated probability of choosing 
any of the two lanes is almost 50%. We further estimate the 
accumulate number of vehicles in the two narrow lanes, the 
accuracy is 95%. It means the traffic flow of the two narrow 
lanes can be well estimated although there is a kind of 
randomness when the utilities of choosing the two narrow 
lanes are comparable.  

 
Table 5 Model validation of segment 2  

Observed 
Predicted 

Lane selection Percentage 
Correct Lane 1 Lane 2 

Lane 
selection 

Lane 1 67 31 68.4 
Lane 2 26 76 74.5 

Overall Percentage   71.5 
 

 
Fig. 6.  Accuracy of the lane selection against p(U)  
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| p(U) - 0.5 |

Items N Mean Rank Sum of Ranks 
Negative Ranks 103a 108.90 11216.50 
Positive Ranks 100b 94.90 9489.50 
Ties 3c   
Total 206   
Z -1.030   
Sig. (2-tailed) 0.303   

Items B S.E. Wald df Sig. Exp(B) 
Constant 0.003 0.005 0.307 1 0.579 1.003 

12 ( )L
nx t∆  0.268 0.023 140.454 1 0.000 1.308 

12 ( )L
nv t∆  0.061 0.071 0.730 1 0.393 1.063 

Items B S.E. Wald df Sig. Exp(B) 

Constant 0.061 0.071 0.738 1 0.390 1.063 
12 ( )L

nx t∆  0.268 0.023 140.248 1 0.000 1.307 
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4.3. Segment 3 

 
A sample of 999 vehicles was observed and used for 

model calibration and validation. There is not much 
difference with section 1 as the same procedural steps were 
followed. However, two more parameters need to be 
calibrated. The nonlinear regression was conducted using 
Levenberg-Marquardt estimation method. The results are 
shown in Table 6. The R-squared is 0.777.  

 
Table 6 Parameter estimates of segment 3 

Parameter Estimate Std. 
Error 

95% Confidence Interval 
Lower 
Bound 

Upper 
Bound 

κ  0.320 0.011 0.297 0.342 
λ  0.155 0.010 0.137 0.174 
V1 -1.743 0.445 -2.616 -.870 
V2 0.001 36.649 -71.940 71.942 
C1 0.040 0.004 0.031 0.048 
C2 -3.390 15.003 -29.455 29.448 
C3 0.026 0.013 0.001 0.051 
C4 0.013 0.003 0.008 0.018 

 
The two-related-samples non-parametric test 

(Wilcoxon signed-rank method) was conducted to validate 
the accuracy of the model in segment 3. The results show that 
there is no significant difference between the estimated 
results from the model and the measured values, and thus it 
passes the validity test (p > 0.05) (Table 7). 

 
Table 7 Model validation of segment 3  

Note: a. Estimated < Measured; b. Estimated > Measured; c. 
Estimated = Measured 

5. Simulation realization 
The proposed model was accomplished in MATLAB 

(R2018a). The simulation process is described in Fig. 7, in 
which the time is discretized with a time step t∆ . The 
vehicular trajectories of a numerical example are shown in 
Fig. 8. The parameters used in the numerical example are 
defined as follows. The discretized time step is 0.1 s. The start 
and end of the analysis area are between 0 m and 500 m. The 
lengths of the entering segment, transition section, special 
width lane segment, and exiting segment, are 200 m, 40 m, 
120 m, and 140 m, respectively. The position of the stop line 
is 280 m. The signal cycle time is 60 s. The green time for 
through movement is from 0 s to 27 s in the cycle time. The 
total volume of vehicles is 600 veh/h. The heavy vehicle 
proportion is 10%. The maximum and minimum acceleration 
limitation are 5 m/s2 and -8 m/s2. The length of passenger cars 
and heavy vehicles are set to be 6 m and 12, respectively. The 
threshold value R for lane selection is 0.5. The parameters of 
the proposed model use the calibrated values in section 4.  

One can find that the proposed model can reflect the 
operational phenomena of the SWAL, e.g., the normal car-
following behaviour in the entering segment (segment 1), the 
lane selection behaviour in the transition segment (segment 
2), the driving behaviour of passenger cars (driving alongside 
each other) and heavy vehicles (occupying two lanes) in the 
special width lane segment (segment 3), and the merging 
behaviour in the exiting segment (segment 4).  
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lane selection 
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Vehicles on lane 2
Heavy vehicles
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Fig. 8.  Vehicular trajectories of the simulation result 

6. Sensitivity analysis 
Numerous numerical tests were conducted to 

investigate the impact of different geometric conditions, 
traffic conditions, and signal conditions on the effectiveness 
of the design. The other input parameters were kept the same 
as in section 5. The average vehicular delay is used as the 
indicator. The analysis duration is 1 hour for each run of the 
simulation. The results of 10 runs with different random seed 
are used for comparison to overcome the stochastic nature. 

(1) Impact of the length of the SWAL 
The length of the SWAL determines the number of 

queuing vehicles during the red time. It is set from 10 m to 60 
m. The comparison result of the average vehicular delay is 
shown in Fig. 9. 

Overall, with an increase in the length of the SWAL, 
more vehicles can be accommodated in the SWAL during the 
red phase. The effectiveness in reducing vehicular delay is 
very significant under high delay cases (over-saturated). It 
indicates that the setting of the SWAL can improve capacity. 
When the traffic condition is under-saturated (the length of 
the SWAL equals to 30 m in this case), the benefit of the 
SWAL in reducing delay becomes slight. It is in accordance 
with the changing tendency of delay with the degree of 
saturation in HCM [49]. However, with the further increase 
in the length of the SWAL, almost no benefit can be gain. It 
indicates that the SWAL cannot be too long because the 
passenger cars on the narrowed lanes cannot drive as 
efficiently as on the normal width lane.  

 

Items N Mean Rank Sum of Ranks 
Negative Ranks 95a 104.74 9950.00 
Positive Ranks 104b 95.67 9950.00 
Ties 0c   
Total 199   
Z 0.000   
Sig. (2-tailed) 1.000   
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Initialization and parameters input
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identification
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Fig. 7.  Simulation procedure of the proposed model 
 

 
Fig. 9.  Impact of the length of the SWAL. 

 
(2) Impact of the volume and heavy vehicles 
The SWAL design aims to improve the capacity of the 

intersection. However, the existence of the heavy vehicle may 
reduce the effectiveness because it should occupy the two 
lanes in the SWAL. Therefore, for traffic conditions, the total 
traffic volume and the percentage of heavy vehicles are the 
two key factors influencing the performance of the 
intersection with SWAL. In this experiment, the total traffic 
volume is set from 200 veh/h to 800 veh/h, and the percentage 
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of heavy vehicles is set from 0% to 30%. The comparison 
result is shown in Fig. 10. 

The average vehicular delay increases with the 
increase of the volume and the percentage of heavy vehicles. 
The increase is smooth at first. Then, the delay rapidly 
increases when the volume is higher than 600 veh/h and the 
percentage of heavy vehicles is larger than 20%. The 
changing tendency is in accordance with the result of the 
previous study that the SWAL design is more suitable for the 
condition with a low percentage of heavy vehicles [15].  

 

 
Fig. 10.  Impact of the traffic conditions. 

 
(3) Impact of the signal timing 
Due to the limited length of the SWAL, the cycle 

length and green ratio become the key factors influencing the 
performance of the intersection with SWAL for signal 
conditions. In this experiment, the cycle length is set from 30 
s to 120 s, and the green ratio is set from 0.3 to 0.6. The 
comparison result is shown in Fig. 11. 

With the increase of the cycle length and the decrease 
of the green ratio, more vehicles need to wait during the red 
phase. Then, more room is needed for queuing. One can find 
the vehicular delay increases gently when the cycle length is 
short and the green ratio is high. Then, the delay rapidly 
increases when the cycle length is longer than 90 s and the 
green ratio is lower than 0.4. It is due to the fact that more 
vehicles have to wait in front of the stop line in these 
scenarios. The SWAL is not long enough to accommodate the 
queuing vehicles. It indicates that for the design of the 
intersection with SWAL, the layout design and the signal 
control should be integrated. The limitation of the length of 
the SWAL should be fully considered in signal timing. 

 

 
Fig. 11.  Impact of the signal conditions. 

7. Conclusion 
A microscopic traffic flow model was proposed for 

describing the operation of vehicles at signalized 
intersections with SWAL. The proposed model was realized 

in a time-discretized simulation. The sensitivity analysis of 
geometric, traffic, and signal factors were conducted. From 
the analysis, the following conclusions can be drawn.  

(1) The proposed model and the corresponding 
simulation process can describe the operation of driving on 
the SWAL by combining the car-following and lane selection 
behaviours.  

(2) All the parameters are also calibrated using the 
field data. For the car-following behaviour, it shows that the 
passenger cars on the narrowed lanes cannot be driven as 
efficient as on the normal width lane. For the lane selection 
behaviour, it mainly depends on the distance between the two 
nearest vehicles in front on the two narrow lanes. 

(3) The analysis of the sensitivity shows that the 
effectiveness of the SWAL mainly depends on whether it is 
long enough to accommodate the queuing vehicles, which is 
a combined result of the layout design and the signal timing. 

Please note that the driving behaviour parameters 
recommended in the paper are based on the field data 
collected in Germany. The driver behaviour may be affected 
by many factors, including the time of day, surrounding 
traffic environment, and the site. Moreover, for 
unconventional design, the driver behaviour may also change 
with the time that it has been set for the study, which can be 
the direction of our further study.  
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