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INTRODUCTION
A temporary stop occurring in the signal-
ised intersection approach lane usually 
causes Lane Blockage (LB) on the right/
left (depending on driving-hand side) lane. 
The reasons for this stop are random (e.g. 
accident, malfunction, etc) or non-random 
(presence of a bus stop). In either case, LB 
can significantly affect the performance 
of the intersection. Precautions should be 
taken to prevent or alleviate intersection 
performance reduction caused by LB. 
Therefore, determining the traffic situation 
levels where the negative effects of LBs are 
high is important for regulating counter-
measures. In this study, the effects of LB 
Frequency (F-LB) and LB Duration (D-LB) 
at an isolated intersection were analysed 
at various volume/capacity (v/c) ratios. In 
addition, two ANN models were developed 
to predict Total Delay (T-Delay) and Move/
Total time ratio (M/T) using the analysis 
results. The (M/T) values are the ratio 
of the moving time of the vehicles in the 
intersection during the simulation period 
to the total time in the system.

Although studies about LB are limited 
in literature, from previous studies it was 
seen that researchers generally studied 
the effects of bus movements on the 
intersection. Wong et al (1998) studied the 
effects of bus-dwelling in an intersection. 

Research indicated that bus-dwelling has 
a negative effect on delay when it happens 
in the range of 200 m from the stop line. 
It was also found that the delay becomes 
worse the closer the bus-dwelling happens 
to the stop line. Qi et al (2009) attempted 
to develop probability models between 
delays and unwanted events occurring on 
the road. Ghasemlou et al (2016) examined 
the impact of bus stops on road capacity by 
using the Cell Transmission Model. Their 
research showed that the negative effect of 
LB due to bus stops is significantly increased 
closer to the stop line. Other related studies 
were done by Rodriguez-Seda and Benekohal 
(2006), Ghasemlou et al (2012), and Amita 
et al (2015). Ghasemlou et al (2014) also 
tried to determine the effect of heavy vehicle 
traffic on a signalised intersection. Although 
some attempts were made to resolve this 
issue, there are still situations that have 
not been fully clarified. For instance, as far 
as we know, most studies have examined 
non-random bus stops and the effects of LB 
on the system as a result of these stops. In 
our study, random occurrence of LB was 
also considered. In addition, control delay 
calculations as per the Highway Capacity 
Manual (HCM) (TRB 2010) are suggested 
for non-LB events. It is also stated that, in 
the case of an LB event, this effect should 
be taken into account for delay analysis. 
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Unexpected stops or entry/exit manoeuvres of vehicles on the road may cause the related lane 
to become blocked. When this blocking happens in a signalised intersection zone, it also affects 
intersection performance. Determining the extent of this effect will assist traffic engineers 
with intersection design and performance analysis. In this study, the effects of Lane Blockage 
(LB) on intersection performance under various traffic conditions were analysed according 
to two performance criteria. ANN (Artificial Neural Network) models were also developed to 
enable the prediction of intersection performance. As a result of the analysis, it was clearly 
determined that the effect of LB on intersection performance was limited at v/c <0.5. However, 
it was determined that the intersection performance may decrease between 10% and 110% 
under the condition of 0.5 < v/c, depending on the LB frequency and duration. Additionally, 
the developed ANN models have R > 0.95 and will therefore be useful in LB-related intersection 
performance analysis.
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With this study, if there is an LB event in 
the intersection region, it will assist in the 
performance analysis of the intersection and 
in determining the level of performance. 
This study therefore tried to address the gap 
in this important issue.

In the next section (the methodological 
section) the geometric and signal system 
of the experimental intersection are illus-
trated, the LB event is described, and the 
simulation parameters explained. In the 
section following that the results of the LB 
event analyses are given. Additionally, the 
models are developed via ANNs and tested 
according to the performance criteria. In 
the last section, the analysis results are 
discussed, and conclusions are reached.

INTERSECTION GEOMETRY, LANE 
BLOCKAGE AND SIMULATION
Because safety is a problem it is very dif-
ficult to perform tests on the road itself 
when determining how an LB event affects 
intersection performance. Therefore, 
and for the sake of safety and simplicity, 
these studies were done using simulation 
programs (today there are a number of 
sophisticated traffic simulation programs 
available for traffic studies). With the help 
of these programs, variables that affect 
traffic flow, including driver behaviour, 
can be analysed by keeping other variables 
constant. In this study, the simulations of 
the LB event were performed with the TSIS 
v6.3 program. In the CORSIM program, 
situations occurring in less than 60 seconds 
and blocking the lane are described as 
short-term events. Examples of these events 
are parallel parking, parking manoeuvres 
and stops, as well as drop-off and pick-up of 
passengers in the lane without a bus pocket. 
The frequency and duration of these events 
can be adjusted by entering them into the 
simulation program so that their impact 
on intersection performance can be ana-
lysed. TSIS v6.3 is a widely used program 
consisting of CORSIM which simulates 
microscopic traffic, TRAFED used for crea-
tion of CORSIM traffic network, and other 
auxiliary modules (McTrans 2012).

The intersection shown in Figure 1 was 
created with the TSIS program. A four-leg 
intersection was used in the simulation, 
which is widely used in field applications. 
This intersection has two lanes of which the 
width is about 3 m (10 feet) for all approach-
es. The intersection phase plan consists of 
four phases, as shown in Figure 1. The green-
light periods of this intersection for all phase 

plans are 30 seconds. The vehicle volume in 
each approach leg is distributed equally for 
the right, left and straight movements. In 
addition, it is assumed that there is no heavy 
vehicle traffic in the intersection, but that 
only passenger vehicles use this intersec-
tion. The aim is to decrease the number of 
variables and to observe the LB effect more 
clearly within these assumptions.

It is known that the negative effect of 
the LB event on intersection performance 
is elevated if the event is close to the stop 
line (Ghasemlou et al 2016). Therefore, 
situations in which an LB is 30 m away 
or closer to the stop line were examined 
in the simulations. Since the program 
can only analyse LB events for the right 
lane, the cases in which the LB happened 
in the right lane were investigated. Due 
to this restriction in the program, the 
study was only performed for right-hand 
drivers. The total duration (TimeSim) of 
each simulation was determined as 3 600 
seconds. Considering that the green phase 

is 30 seconds, the amber 3 seconds and the 
all-red 1 second, approximately 26.5 cycles 
would occur within 3 600 seconds.

Thus, the queuing effect, due to vehicles 
being unable to pass the stop lane during 
the green phase, formed part of the analysis 
results. In addition, the simulations were 
repeated 100 times with different arrival 
headways, by keeping other parameters 
constant. Then the average values of simu-
lation outputs were calculated and used for 
comparison purposes. The assumptions for 
intersection geometry, signal control and 
simulation are shown in Table 1.

Four-leg intersections with two lanes 
on each leg are the most common types of 
intersections. This intersection type has 
been dealt with in many simulation-based 
studies (Soh et al 2010; Yang et al 2012). 
The values of the mean start-up lost time 
and mean discharge headway were selected 
according to the Highway Capacity 
Manual 2010 (TRB 2010). In studies where 
capacity delay is investigated, the effect of 

Table 1 Assumptions for intersection geometry, signal control and simulation

Assumptions Type and value 

Intersection geometry Four-leg intersection

Number of lanes and width Two lanes and 3 m (10 feet)

Phase plan Four-phase signal plan

Green, amber and all-red phases 30, 3 and 1 second(s)

Vehicle types Passenger car

Vehicle movements Right, left and straight-through movements 

Mean start-up lost time Two-second phase

Mean discharge headway 1.8 seconds

L < 30 m

The vehicle blocking the right lane

The blocked vehicle, need to change lane

The moving vehicle

The standing vehicle

Phase diagram

30 sec 30 sec 30 sec 30 sec

φ1 φ2 φ3 φ4

Figure 1 �Four-leg intersection, phase diagram and lane blockage state
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heavy vehicles is also taken into account 
(Ghasemlou et al 2014; Qi et al 2009). Since 
only the effect of LB was investigated in 
this study, the passenger car was used as 
the vehicle type.

In the simulation, three variables (D-LB, 
F-LB and v/c) were analysed by constantly 
keeping two of them in simulation. D-LB 
and F-LB variables were considered as {10, 
20, …, 60 sec} and {10, 20, …, 60 LB/h} 
respectively; the v/c ratio was also utilised 
as {0.1, 0.3, …,1.1}. Therefore, the number 
of simulations reached were 21 600 (6 × 6 × 
6 × 100). Another variable used in the anal-
ysis and in the development of the models 
was the Event Total Duration (ETD). The 
ETD was calculated by multiplying the fre-
quency and the Duration of the LB Event, 
as illustrated Equation 1.

ETD = F-LB × D-LB� (1)

The fact that the ETD value is 3 600 
at the intersection arm, in other words 
(F-LB = 60 LB/h and D-LB = 60 sec), indi-
cates the situation in which the relevant 
lane is constantly blocked.

EFFECT OF LB EVENT ON 
INTERSECTION PERFORMANCE
Failure of traffic flow for any reason in the 
lane of a signalised intersection will affect 
the intersection performance. It can be 
predicted that the effect of the LB event to 
intersection performance will vary with 

D-LB, F-LB and (v/c). Therefore, changes in 
the performance of the intersection have 
been examined according to different values 
of D-LB, F-LB and v/c. As performance cri-
teria, the total delay time (T-Delay) and the 
Move/Total time (M/T) values were con-
sidered. The T-Delay is a value expressed as 
vehicle-hours and represents the total delay 
values of all vehicles in the intersection dur-
ing the simulation period (Roess 2011).

Scatter plots for the presence and 
absence of the LB event (LB vs No-LB) 
are given in Figure 2. These graphs are 
separated according to the two performance 
criteria and grouped according to the v/c 
ratios. It can be seen from Figure 2 that, as 
the v/c ratio increases, the T-Delay values 
increase and the M/T ratio decreases. In 
the case of No-LB, the values of T-Delay 
and M/T increase linearly on the dashed 
line shown in Figure 2, depending on the 
increase in v/c. However, with the change 
of F-LB and D-LB values, the spots begin to 
scatter. The figure shows that the T-Delay 
values started becoming affected after the 
v/c ratio reached 0.7. Because with v/c = 0.7 
(turquoise dots), the data started to scatter 
along the vertical axis. This situation shows 
itself more clearly when v/c reaches the 0.9 
and 1.1 values. This tendency is similar in 
the scattering of M/T values. However, M/T 
values started to increase their scattering on 
the graph after the v/c ratio had reached 0.5.

It is understood that the increase in 
delay value is linear in under-saturated 
traffic flow, in other words in the region 

where the v/c ratio is less than 1. However, 
it can be seen that the delay values expo-
nentially increase when the v/c value is 
1.1. For instance, in the case of No-LB, 
the T-Delay value, which is 3.27 veh-hr for 
v/c  = 0.1, increases to 25.5 veh-hr when 
v/c = 1.1. When the LB situation occurs, it 
can be seen from Figure 2 that the T-Delay 
value reaches 52 veh-hr for v/c = 1.1. For 
M/T values, it is observed that M/T is 
about 0.49 when the v/c is 0.1. With the v/c 
reaching 1.1, the M/T value drops to 0.30 
without the effect of LB events. When con-
sidering the LB effect, it is understood that 
this has decreased to approximately 0.16.

The effect of LB events occurring at 
distances close to the stop line on the delay 
is shown in Figure 3 as a percentage change. 
Depending on the v/c ratios, the percentage 
of change between the number of delays 
occurring in the absence and presence of LB 
events is calculated with Equation 2.

PCD = 
|NoED – ED|

NoED
 × 100� (2)

Where:
	 PCD	 =	� percentage change in the amount 

of delay (%)
	NoED	 =	� the level of delay when there is 

no LB (veh-hr)
	 ED	 =	� the level of delay when there is 

an LB (veh-hr).

When Figure 2 is analysed, it is observed 
that there is an increase of 2.11% and 5.18% 
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in PCD values respectively in cases where 
the v/c is 0.1 and 0.3, when the LB event 
times reach 3 600 seconds. When the v/c 
reaches 0.7, this value is approximately 17%. 
It can be seen that the PCD values increase 
linearly with the increase of the v/c from 0.1 
to 0.7. However, when the v/c value reaches 
0.9, it is understood that the effect of the 
LB event time has increased exponentially 
(blue point scattering). In this case, there is 
a delay increment of about 60% when the LB 
event duration is at its highest point (3 600 
seconds). The state of v/c = 1.1, where the 
traffic flow is higher than the capacity, is 
given as red dots in Figure 3. It can be seen 
that the PCD values, which had increased 
rapidly since the beginning, increase by 
approximately 103% when the LB event 
duration reaches 3 600 seconds.

The scatter graph of the M/T values is 
shown in Figure 4. The scatter pattern is 
similar to that in Figure 3. However, it is 
observed that there is a difference in the 
rate of change of M/T after short-term 
events. The percentage change of M/T 
(PCMT) is calculated by using Equation. 3.

PCMT = 
|NoEMT – EMT|

NoEMT
 × 100� (3)

Where:
	 PCMT	 =	� percentage change in the 

amount of M/T (%)
	NoEMT	 =	� the level of M/T when there is 

no LB (veh-hr)
	 EMT	 =	� the level of M/T when there is 

an LB (veh-hr).

When Figure 4 is examined, it can be seen 
that the maximum increase of PCMT is 
about 48%. It is understood that this point 
is where v/c is equal to 1.1 and the ETD 
value is 3 600 seconds. Similar to the PCD 
graphic in Figure 3, it is seen that the 
PCMT value decreases rapidly when the v/c 
ratio and ETD values decrease.

When Figures 3 and 4 are examined, it 
is seen that there are some multiple points 
corresponding to the same v/c ratios and 
the same ETD values. For example, for 
ETD = 3 000 seconds, it can be observed 
that two red points (v/c = 1.1) or two blue 
points (v/c = 0.9) occur at the same vertical 
axis. The reason for this is that they have 
the same ETD value after the multiplica-
tion of different F-LB and D-LB values. 
Hypothesis testing was performed to deter-
mine whether the different F-LB and D-LB 
values giving the same ETD duration in the 
delay and M/T graphs were effective, and 

the obtained results from the hypothesis 
test are given in Table 2.

In the case of the same ETD value, the 
results of the two-sample t-test showed 

that high Frequency (F) or Event Duration 
(ED) does not have a statistical effect on 
performance. In this case, it is expressed 
that ETD is the main effective.
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Table 2 Hypothesis test results of frequency and event duration

Performance Comparison t-stat P-value
Difference 

statistically 
significant

PCD [High-F & Low-ED] vs [High-ED & Low-F] –0.5394 0.5903 No

PCMT [High-F & Low-ED] vs [High-ED & Low-F] –0.4781 0.6331 No
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FORECASTING DELAY 
AND M/T WITH ANNS
As seen in Figures 3 and 4, different ETD 
and v/c values are effective in changing the 
T-Delay and M/T. It is also observed that 
performance values change specifically at 
different v/c ratios. Therefore, it is anticipated 
that the parametric models can be applied 
successfully. However, to be successful the 
models have to be designed according to 
each v/c value. For these reasons, it would 
be appropriate to develop models by using 
Artificial Neural Networks (ANNs) in order 
to estimate T-Delay and M/T values. An 
ANN is an artificial intelligence technique 
inspired by biological neurons. By connecting 
these neurons to each other with various 
coefficients, artificial neural networks occur. 
These networks are trained for different 
events and are now widely used to develop 
successful models. Various ANN-based stud-
ies exist, such as the development of delay 
models for signalised intersections (Murat 
& Baskan 2006; Murat 2006), signal control 
(Lin & Lee 1991; Srinivasan et al 2006) and 
queue length estimation (Chang & Su 1995). 
The ANN network used for prediction of 
the T-Delay and M/T were trained with the 
Levenberg-Marquardt algorithm (Levenberg 
1944; Marquardt 1963), and the network 
architecture is shown in Figure 5. The hyper-
bolic tangent function in the hidden layer of 
the network and the linear transfer function 
in the output layer were used.

It is understood from Figures 2 and 3 
that the ETD and v/c values directly affect 
T-Delay and M/T. For this reason, ETD and 
v/c variables were used as input variables in 
ANN models. In this study, two different 
ANN models estimating T-Delay and M/T 
values are given in Figure 5.

For the training of the ANNs, 70% of 
total data (216 × 0.70 = 152 data items), 15% 

(32 data items) for validation and 15% (32 
data items) for testing were used. The data 
used for testing and training was not con-
stant and consecutive but were randomly 
taken from the data set. Additionally, 
the performance of these models was 
compared with the Mean Absolute Error 
(MAE), Mean Absolute Percentage Error 
(MAPE), Mean Squared Error (MSE), and 
Root Mean Squared Error (RMSE) criteria 
given in Equations 4–7.

MAE = 
1

N 

N

∑
i=1

 |Fi – Oi|� (4)

MAPE = 
1

N 

N

∑
i=1

 |Fi – Oi

Oi
| ∙ 100� (5)

MSE = 
N

∑
i=1

 
(Fi – Oi)2

N
� (6)

RMSE = 
N

∑
i=1

 
(Fi – Oi)2

N

½
� (7)

Where:
	Fi	 =	 the prediction (forecast) value
	Oi	 =	 the observed value
	N	 =	 the number of observations.

In ANNs training, ten-fold cross-validation 
was used, i.e. ANNs were trained in ten 
different training and validation sets divided 
from the data set (McLachlan et al 2005). 
The average of the error values obtained for 
these ten sets was considered as the error 
value of the ANNs. Thus, the performance 
of ANNs with different network architec-
tures has been revealed more objectively.

To investigate the effect of the different 
hidden layers on the performance of ANNs 
for T-Delay estimation, the estimation 
errors of the ANNs models with the num-
ber of hidden layers between 1 and 40 are 

shown in Figure 6. The highest error value 
is observed in the T-Delay model with only 
one hidden layer neuron. In general, the 
error values of the networks with different 
neuron numbers than 1 are close to each 
other and the lowest error values for the 
T-Delay occurred in the 2 × 21 × 1 (number 
of inputs – hidden neurons – output) net-
work architecture. The MAPE value at this 
point is approximately 1.5%.

When comparing the estimates of the 
training, validation and test sets of the 
T-Delay model with the actual values, the 
correlation (R) values approaching 1 were 
found and are shown in Figure 7. It can be 
seen that the prediction and actual values, 
especially below 20 veh-hr delay values, are 
located at the R = 1 line. At higher delay 
values, it is understood that there is some 
scattering. There are cases in the dataset 
where v/c is less than 1 and larger. It is 
understood from Figures 4 and 5 that the 
intersection performance is affected dif-
ferently in these two situations. The model 
consists of data covering both situations. 
Therefore, situations where the v/c is less 
than 1 (much data) are better predicted. 
However, although the forecast was suc-
cessful in cases where v/c was higher 
than 1, it was not as good as the forecast in 
situations where v/c was less than 1. This 
situation explains the scattering in Figure 7.

The effect of the different number of 
hidden layers on the performance of ANNs 
for M/T estimation is shown in Figure 8. 
The highest error value was observed in 
the M/T model with one hidden layer of 
neurons, similar to the T-Delay model. With 
the increase in the number of neurons, these 
error values suddenly decrease. The lowest 
error value is determined by the 2 × 19 × 1 
network architecture. The MAPE value in 
this network architecture is below 1%.

T-Delay

: �Artificial neorun group

: �Hyperbolic tangent 
sigmoid transfer function

: Linear transfer function

ETD

v/c

M/T

: �Artificial neorun group

: �Hyperbolic tangent 
sigmoid transfer function

: Linear transfer function

ETD

v/c

Figure 5 �The network architecture which was used to estimate delay and M/T value input variables
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The correlation values and scatter 
graphs of the training, validation and test 
sets of the developed 2 × 19 × 1 ANNs 
model for predicting the M/T ratio are 
shown in Figure 9 (p 59). It can be seen 
from Figure 9 that the correlation values 
are very close to 1 for training, validation 
and test sets. It is understood from the fig-
ure that the actual and predicted values for 
above 0.3 of the M/T ratios are less scat-
tered than those below 0.3 for M/T ratios.

DISCUSSION AND CONCLUSION
In this study, the analysis of LB that 
occurred in the signalised intersection 
region was investigated. In the analysis, 
varied v/c rates, LB frequencies and dura-
tions were considered. The effects of these 
variables on intersection performance were 
determined by creating many simulations. 
T-Delay and MT ratios were observed as 
performance criteria. In addition, LB and 
intersection performance were modelled 
using the results of the analysis. Other 
results regarding analysis and models are 
listed as follows:
1.	 Increasing ETD and v/c values decrease 

the intersection performance.
2.	 If the ETDs of two LB events with 

different F-LB and D-LB are equal, the 
effects of these two different events on 
intersection performance are considered 
statistically the same.

3.	 The effect of the LB event on delay 
significantly increases from v/c = 0.7. 
This increase is also observed at lower 
v/c rates for M/T.

4.	 For v/c <1, the performance is seriously 
reduced only when the ETD gets closer 
to the simulation time. On the other 
hand, T-Delay and M/T ratios become 
very sensitive to the increase in ETD 
as it approaches the saturation level of 
the intersection. Therefore, planning 
should be organised for rapid response 
to LB events at periods of vc >1 at 
intersections.

5.	 At v/c ≤0.5, the increases in T-Delay 
and M/T as a result of the ETD increase 
are approximately linear. However, at 
v/c >0.5 these increases are exponen-
tial. Further studies to investigate the 
starting point of this change would 
contribute to a better understanding of 
the LB event.

6.	 The developed ANN-Latency and 
ANN-MT models have very high cor-
relations. In addition, model errors 

of training and test observations are 
close to each other and minimal. This 
indicates that models can generalise the 
event, that is they do not memorise it. 
As a result, the developed models can 
be used in real-world applications.

LB occurs for a variety of reasons and it 
is very difficult to prevent all of them. 
However, their negative effects can be 
alleviated by various measures. It may be 
advisable to develop controls to avoid LB 
events, especially in densely signalised 
intersections. It is recommended that bus 
stops be removed from within intersec-
tion zones, or that bus schedules are 
rearranged according to the v/c ratios. 
Additionally, designing increased shoulder 
and lane widths could help reduce the 
negative impact of an LB event. It is recom-
mended that response teams be located 
at critical intersections during periods 
of high v/c, thereby shortening the event 
response time.
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