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Abstract

The key role of this research is a comparison between traditional strategic transport modelling of intersections of a road network with 

the real-time observed and calculated data. The significance of this research is to evaluate the traditional strategic transport modelling 

on mesoscopic level, which able to study the network level impacts of smaller traffic engineering and traffic management interventions 

in a precise way. This research attempts to quantify the correlation between highway intersection capacity and traffic parameters, for 

this there is a need to determine the capacity values of different node types. This situation gives rise to a question that is dealt with in this 

research. "How different traffic parameters can be interrelated with the capacity of intersections by using different simulations?". This 

paper used assignment procedure, and usage of real-time data set with the calibration of Budapest Transport Model. Five contiguous 

intersections are selected on a small section of road network and traffic data was collected on them. The intersections are simulated 

by the assignment of intersection capacity analysis (ICA) method. During analysis of traffic parameters, the actual values of saturation 

flow rate are quite different from the base model value, which results in different capacities of all nodes. Comparisons have been made 

between the travel times at zones, links, and nodes' levels while each comparison demonstrates a huge difference in actual traffic survey 

data model and base model. It has been concluded from the analysis that Budapest base transport model is very far from reality.
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1 Introduction
Most of the macroscopic traffic simulation models and 
highway capacity approaches were studied for the high-
way networks only in literature. An important consid-
eration of the capacity of a highway network is that it is 
mostly driven by intersection impedance. There are dif-
ferent capacity estimation techniques that depend on data 
requirements, modelling effort, different parameter values 
and statistical differences across time and over geograph-
ically dispersed locations. This paper attempts to quantify 
the correlation between highway intersection capacity and 
traffic parameters. In order to do this analysis, there is a 
need to determine the capacity values of different node 
types. For capacity values, a macro-level transport model 
is presented for which, PTV Visum is a versatile tool that 
is used for the detailed analysis of intersections, such as 
relevant coefficients which are significant for dimension-
ing the road cross-sections and intersection types. In order 

to gain a more detailed relationship between specific con-
ditions in which traffic flow operates and the consequen-
tial relationship between basic traffic flow characteristics, 
the intersection could be characterized as a node with traf-
fic lines incoming to and outgoing from this point by only 
changing boundary conditions. For the purpose of deter-
mining the intersection capacity, it is necessary to conduct 
research of relevant traffic parameters on the observed 
intersections. For the analysis of relevant traffic parame-
ters such as speed, volume, flow, and headway; survey data 
for travel behavior analysis, annual traffic volume data, 
and Budapest Transport Model (EFM) database for data 
analyzing processes will be required. Operative model of 
EFM Model in PTV Visum format is used to observe and 
calculate the traffic condition on the observed intersection. 

Capacity is usually the maximum hourly passage of 
vehicles through the road network and intersection. Many 
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highway capacity approaches and simulations define the 
capacity of a network, albeit the traffic intersections are 
problem spots on a highway network.

The goal of this research is to develop a method that can 
be used to determine the capacity of intersection by node 
impedance calculation technique. Travel times for private 
transport vehicles are determined by the saturation flow of 
links, turning movements and bottleneck effect at inter-
sections which results from the traffic volume and capac-
ity of these network objects. The major objectives are:

•	 to calculate and analyze the performance of inter-
sections along with a network of an existing assign-
ment result with comprehensive models. To calculate 
the aspects of nodes, which are responsible for high 
impedance various parameters are required i.e. sat-
uration flow, intersection geometry, green time, and 
driver behavior;

•	 to execute a procedure that correlates the traffic flow 
parameters with traffic volume and capacity of net-
work intersections;

•	 comparison of model results with Budapest Transport 
Model (EFM);

•	 to execute a model that can be further used to gener-
ate complete city models.

2 Literature review
HCM defined the capacity of a facility as "the maximum 
sustainable hourly flow rate at which persons or vehicles rea-
sonably can be expected to traverse a point or a uniform sec-
tion of a lane or roadway during a given time period under 
prevailing roadway, environmental, traffic, and control con-
ditions" (National Research Council (U.S.). Transportation 
Research Board, 2010). The conventional theory supports that 
saturation flow is the steady maximum queue discharge rate 
of traffic across the stop-line and the discharge rate reaches 
maximum value after a short time from the green onset 
and then maintains constant during the green time until the 
queue is completely dissolved (Tang and Nakamura, 2008). 
In order to determine the saturation flow rate the base con-
ditions of a signalized intersection have to determine first. 
Base conditions for signalized intersections are defined for 
the through lane group while, turn radius also has a great 
effect on the capacity of those lanes which have a turn radius 
less than 45 meters in real life situation (Shao et al., 2011). 
Increase in the traffic intensity leads to a situation when it is 
difficult to provide a satisfactory level of service with traf-
fic light signaling systems. With a traffic signal if there is 
congestion at a section of the road traffic network it leads to 

the situation when the average duration of the vehicle delay 
exceeds the length of the traffic signaling cycle. In this case, 
the queue length can increase, reaching the length of the road 
intersection (Szabó and Török, 2019). If there is the further 
development of the road blocking it paralyzes larger parts of 
the road network and disorganizes the traffic in whole net-
work (Chubukov et al., 2017).

2.1 Methods for estimating the capacity of road 
network intersections
At intersections, the capacity is defined for each lane on 
each approach. Capacity of group lanes is the maximum 
hourly rate at which vehicles can practically pass through 
the intersection under specific prevailing traffic conditions, 
roadway conditions, and signal conditions. Traffic condi-
tions include distribution of vehicles, vehicle type, and 
volume on each approach. Roadway condition includes 
the intersection infrastructure and intersection geometry. 
Signalized intersection conditions include signal phasing, 
timing, and type of control of the signal (National Research 
Council (U.S.). Transportation Research Board, 2010). 
The intersection capacity is the capacities of approaches to 
the intersection, which depends on the green time allocated 
to each approach, the cycle length of the intersection, the 
saturation flow rate of the approach, and the characteristics 
of the approaching flows. The capacity of an approach of 
the intersection can be determined as (Tian, 2002):
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, 	 (1)

where, ca denotes the capacity to approach a, in vehi-
cles per hour (vph); sa denotes the saturation flow rate for 
approach a, in vph; C denotes the cycle length of the inter-
section, in seconds; and Ga denotes effective green time 
for approach a, in seconds.

Capacity is limited not only by physical space but also 
by the time available for the movements (National Research 
Council (U.S.). Transportation Research  Board,  2010). 
Daganzo discussed an actuated control strategy in 
which actuated systems end the green phase on each 
approach as soon as its queue dissipates (Daganzo and 
Geroliminis, 2008). This strategy operates with cycles and 
phases close to the minimum while avoiding overflows. 
Daganzo and Geroliminis (2008) derived the cycle length 
equation for this actuated control strategy, which can be 
determined as:
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where, yi denotes the effective green time ratio; L denotes 
the lost time in each cycle.

2.2 Traffic flow parameters
HCM 2000 used three basic parameters to describe the 
traffic on any highway which are volume or flow rate, 
speed, and density while mostly the macroscopic and 
microscopic traffic simulation models and highway design 
approaches have historically analyzed freeways in terms 
of traffic flow parameters, such as speed, volume, and den-
sity (National Research Council (U.S.). Transportation 
Research  Board,  2010). The use of lane-by-lane analysis 
reflects that most traffic flow parameters do not have uni-
form volumes across all available lanes on the road net-
work, and such non-uniformity may be of considerable 
traffic engineering consequence (Carter et al., 1999). The 
average travel time and speed is related to the number of 
commuters, which is further split into the bus and car pas-
sengers (Smeed, 1968).

3 Methodology
The methodology adopted for executing this research 
is presented in a flowchart format Fig. 1. External data 
sources used to collect the data regarding different param-
eters of intersections, databases of Budapest transport 
EFM model on PTV Visum and traffic signal data of 
Budapest road network were collected from Budapesti 
Közlekedési Központ (BKK) organization.

3.1 Model calibration
Good quality of counts is required for calibra-
tion (Szabó et al., 2019). Traffic counts are obtained from 
Manual classified counts which are significantly accurate 
for the calibration of assigned traffic flows in the base sce-
nario. Calibration of assigned traffic flows in the base sce-
nario was generally restricted to cars and all other vehi-
cles. Manual classified counts are used to determine the 
proportion of cars. Turning movement counts are more 
accurate for precise calibration which have been used to 
update the assigned traffic flows and used for the model 
calibration. During calibration the core purpose of matrix 
estimation is the adjustment of existing model based on 
traffic counts of surveys and to improve estimation of 
movements in the existing model. Calibration function 
in running the procedure sequence in PTV Visum is the 
function that uses count data to estimate the predicted 
factors based on assignment results of the model for sum 
of private transport demand matrix.

3.2 Modelled area
The study area was chosen near the city center of 
Budapest city. According to Hungarian central statistical 
data, the city of Budapest covers a surface area of 525.2 
square kilometers. With a population near 1.77 million, 
and population density is approximately 3,351 people liv-
ing per square kilometer. The Budapest transport model 
is based on the road network of about 30,000 links with 
10,700 nodes distributed in 1201 different zones. Five sig-
nalized intersections were selected. These chosen signal-
ized intersections with names: Moricz Zsigmond Korter, 
Lagymanyosi ut - Menesi ut, Gardonyi ter, Csiky ut - Orlay 
ut, and Szent Gellert ter Muegyetem are shown in Fig. 2. 
These are successive intersections on one route network 
with length 0.85km which is shown in Fig. 3. The spacing 
of the successive intersections has critical importance, as 
less distance between the intersections influences the effi-
cient functioning of the intersections.

3.3 Data collection
Data collection is obligatory in order to make a transport 
model and related parameters used in that model. Traffic 

Fig. 1 Flowchart of methodology
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data was collected at all selected signalized intersections. 
The data collected encompasses various parameters like 
traffic volume of all turning movements, traffic compo-
sition, and signal timing at different approaches. In this 

regard, a rational survey process was used. Random sam-
pling technique is used for the selection of intersections. 
Traffic data was collected at all signalized intersections 
by Videography method. Morning peak period turning 

Fig. 2 Layout of Selected Intersection a) Moricz Zsigmond Korter; b) Lagymanyosi ut - Menesi ut; c) Gardonyi ter; d) Csiky ut - Orlay ut;
e) Szent Gellert ter Muegyetem

a) b)

c) d)

e)
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movement data was collected to support the traffic anal-
ysis. The following parameters were collected and calcu-
lated from traffic survey data:

•	 the geometry of intersection;
•	 number of approaching legs and their order in each 

intersection;
•	 number of traffic lanes and width on every approach of 

the intersection;
•	 types of turns on each leg included prohibited turns 

(each turning movements on each leg;
•	 intersection control type (two-way stop, two-way 

yield, signalized, roundabout, uncontrolled);
•	 signal times and signal phases;
•	 saturation flows on each lane and leg of the intersection.

4 Intersection analysis
Data analysis of various traffic characteristics such as traffic 
volume, traffic composition, and peak hour traffic volume, 
etc. were done for each turning movement, each approach, 
and nodes of all selected intersections. Intersection 
maneuvers were assessed by using the PTV Visum soft-
ware package (Version 18.0), using 2010 HCM stan-
dards (National Research Council (U.S.). Transportation 
Research Boardl,  2010). Actual road network geometry 
and traffic control system were used for the intersection 
analysis. Intersections are analyzed by the assignment of 
ICA method in PTV Visum, Fig. 4 describes the flow hier-
archy of the overview of ICA method outcomes.

Two important requirements can be evaluated by using 
ICA intersection analysis:

•	 Accurate impedance modelling of the nodes in detail 
using intersection capacity analysis (ICA).

•	 The impedances and capacities evaluated by the means 
of ICA are not directly used to replace volume-delay 
(VD) function. As this method overcomes the prob-
lem of non-separable function computing them by 
approximation.

This method consists of interaction between equilib-
rium assignment method which also includes VD function 
and node impedance calculation method.

4.1 Quality of calibrated data
Before the analysis, traffic counts survey data is cali-
brated by assuming the confidence intervals. Good qual-
ity of traffic count survey data is essential for calibration. 
Calibration function in running the procedure sequence in 
PTV Visum is the function which balances the matrices 
of traffic counts survey data. Table 1 shows the values of 
traffic counts survey data and calibrated data. To check 
the accuracy of the generated calibrated data, Wilcoxon 
Signed Rank is executed, from which z value is calcu-
lated which is −0.4 and by considering 5 % significance 
level corresponding zcritical value is 1.96. By assuming null 
hypothesis z value should be between −1.96 and 1.96, the 
resultant value is −0.4 which is between the range. Hence, 
there is strong evidence that calibrated data is not signifi-
cantly different from traffic counts surveyed data. So, it 
depicts the real picture of surveyed data.

4.2 Interrupted flow parameters
As the selected intersections are the signalized, therefore, 
the following parameters are assessed: 

•	 saturation flow rate and time headways;
•	 capacity of intersections;
•	 delays and level of service.

Table 1 Total traffic volume at each intersection

Intersection name Traffic volume 
surveyed data

Calibrated model 
traffic volume

Moricz Zsigmond Korter 1572 1686

Lagymanyosi ut - Menesi ut 1998 1821

Gardonyi ter 1650 1435

Csiky ut - Orlay ut 1128 1307

Szent Gellert ter Muegyetem 3114 2937

Fig. 3 Selected area for modelling

Fig. 4 Overview of ICA operational procedure
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The geometry of an intersection affects the traffic vol-
ume of that intersection, while the saturation flow rate 
influences the supply of an intersection. The survey traf-
fic count data was collected for every turning movement 
from which saturation time headway is calculated for 
10 cycles of traffic signals for each turning movement of 
each approach of intersections, which proceeds in the cal-
culation saturation flow rate by using intersection capacity 
analysis (ICA) method in PTV Visum, by using HCM 2010, 
Eq. (3) (National Research Council (U.S.) Transportation 
Research Board, 2010):

s = s N * f f f f f f

f f f f

i o w HV g p a bb

Lu RT LT Lpb

( )( ) ( )( )( )( )( )( )
( )( )( )( ) ff f f f ,

Rpb WZ ms sp( )( )( )( )
	 (3)

where, si is saturation flow rate of lane group i, so is ideal 
saturation flow rate per lane (generally 1,900 vehicles per 
hour per lane (vphpl)), N is Number of lanes in lane group, 
fw is factor for lane width adjustment, fHV is HGV adjust-
ment factor, fg is adjustment factor for approach grade, 
fp is adjustment factor for parking, fa is adjustment factor 
for the position of the link to city center, f bb is adjustment 
factor for bus stop blocking, fLu is adjustment factor for 
lane usage, fRT is adjustment factor for right turns, fLT is 
adjustment factor for left turns, fLpb is adjustment factor 
for pedestrians and bicyclists on left turns, fRpb is adjust-
ment factor for pedestrians and bicyclists on right turns, 
fWZ is adjustment factor for work zones, fms is adjustment 
factor for lane blocking, and fsp is adjustment factor for 
persistent spillback these all values are automatically cal-
culated in ICA method.

Table 2 shows the saturation flow rate for all approaches 
of all selected intersections. EFM model has been designed 
on HCM 2010 standards, where the saturation flow rate 
value is 2000 veh/hr, while from the results as shown in 
Table 2 it is clearly obvious that saturation flow rate of 
real-time data is significantly variating from the standard 
values of HCM 2010 (National Research Council (U.S.). 
Transportation Research Board, 2010).

For signalized intersections, capacity not only depends 
on the saturation flow rate, but many other parameters 
affect it. Capacity accounts for road conditions such 
as number and width of lanes, signal timings of lanes, 
and lane use allocations. The capacity has been calcu-
lated by using Eq. (4) from HCM 2010 during ICA pro-
cedure sequence (National Research Council (U.S.) 
Transportation Research Board, 2010):

c s
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C
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i= ⋅ 
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where, ci denotes the capacity to approach a, in vph; si denotes 
the saturation flow rate for approach a, in vph; C denotes the 
cycle length of the intersection, in seconds; and gi denotes 
effective green time for approach a, in seconds.

The critical volume to capacity (V/C) ratio of selected 
intersections have been calculated by the assignment 
of intersection capacity analysis (ICA) method in PTV 
Visum, which is based on the number of lanes, and vari-
ous adjusted factors such as signal timings, saturation flow 
rate, and lane width by the application of Eq. (5):
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Table 2 Saturation flow rate and V/C ratio on all intersection approaches

Road 
name

Intersection 
name

Approach 
name

Average 
Saturation 
flow rate 
per lane 

(  Veh/hr/L)

Volume/
Capacity 
at each 

approach 
( Xc=V/C )

Bartok 
Bela ut

Moricz 
Zsigmond 

Korter

Eastbound 1671 0.40

Westbound 1445 0.53

Northbound 1395 0.74

Lagymanyosi 
ut - Menesi ut

Eastbound 1900 0.45

Westbound 1620 0.40

Southbound 1350 0.30

Gardonyi ter

Northbound 1267 0.90

Southbound 1519 0.50

Westbound 1440 0.58

Csiky ut - 
Orlay ut

Northbound 1486 1.00

Southbound 1231 0.90

Westbound 2000 0.41

Szent 
Gellert ter 

Muegyetem

Eastbound 1908 0.60

Southbound 1585 0.98

Right-turn 
W→S 1270 0.87

Northbound 1433 0.98
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where, Xc is critical saturation (v/c ratio) per intersection, 
[v/s]ci is volume/capacity ratios for all critical lane groups 
C is cycle time, and L is loss time total of the signal groups 
of all critical lane groups.

The V/C ratio values in Table 2 are referred as the 
degree of saturation, as discussed in Federal Highway 
Administration Research and Technology (US Department 
of Transportation Federal Highway Administration, 2004), 
that if the value of V/C ratio is less than 0.85, it refers that the 
satisfactory capacity is available at given lane or approach 
of the intersection. Calculated V/C ratio in Table 2 shows 
that the capacity at most of the approaches of the selected 
intersections is satisfactory because the V/C value is less 
than 0.85. But at some approaches the value is between 0.85 
and 1, it seems that the traffic volume somehow equals the 
capacity and delays may occur. But the data was recorded in 
morning peak hours then the values between 0.85 and 0.95 
are satisfactory because intersections are designed between 
0.85 to 0.95 values during peak hours.

In interrupted flow, the performance of the intersec-
tions can also be assessed by the delay time at that inter-
section. Many factors influence the delay time values i.e., 
slow vehicle movements, stops on intersection approaches, 
driver behaviour, total traffic volume, cycle time, and 
effective green time. For the calculation of mean turn time 
at nodes, node impedance calculation method has been 
used in PTV Visum which is ICA assignment method by 
considering many parameters i.e., uniform delay, delay 
calibration, initial queue delay, progression faction, and 
proportion arriving on the green.

Mean total delay on each lane has been calcu-
lated by HCM 2010 method for each lane by using 
Eq. (6) (National Research Council (U.S.) Transportation 
Research Board, 2010). Such delay depends on uniform 
delay, incremental delay, and delay residual demand:

d =d PF+d +d ,
i i Ii Ri

	 (6)

where PF is the progression factor, and all other variables 
has been discussed below.

According to HCM 2010 the uniform delay is that delay 
which is expected in the uniform distribution arrivals which 
has been calculated by considering Eq. (7) (National Research 
Council (U.S.) Transportation Research Board, 2010): 
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where, dui is the uniform delay for lane group i, gi is the 
effective green time, and Xi is volume by capacity ratio.

The incremental delay for each lane of the intersection 
is that delay which occurs when arrivals are not uniformly 
distributed and some cycles are overflow, then according to 
HCM 2010 it has been calculated in ICA analysis method 
by considering Eq. (8) (National Research Council (U.S.). 
Transportation Research Board, 2010):

d T X X
k I x
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⋅
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82
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where, dIi is incremental delay for lane group i, ci is the capac-
ity for lane group i, Xi is the volume to capacity ratio, T is 
duration of analysis period, and I is the upstream filtering.

According to HCM 2010 residual demand is the unmet 
demand at the beginning of analysis period, evaluated by 
using following HCM 2010 Eq. (9) (National Research 
Council (U.S.) Transportation Research Board, 2010):

d
Q u t

C T
Ri

bi i i

i

=
⋅ ⋅ +( ) ⋅

⋅
1800 1

, 	 (9)

where, Qbi is initial unmet demand (default value 0), ui is 
delay parameter, and ti is duration of unmet demand in 
time T.

Total delay at each approach has been calculated by 
weighted delay at each approach by using HCM 2010 
Eq. (10) (National Research Council (U.S.) Transportation 
Research Board, 2010):

d
d V

V
A

i i

i

=
⋅

∑
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where dA is the mean delay of each lane, di is delay for lane 
group i, and Vi is volume of lane group i.

The intersection delay has been assessed by using 
HCM 2010 Eq. (11) (National Research Council (U.S.) 
Transportation Research Board, 2010):

d
d V

V
I

A A

A

=
∑ ⋅
Σ

, 	 (11)

where VA is volume of approach.
In order to get clear picture of mean delay values Fig. 5 

reveals the average turn time (time for straight move-
ments also) for one vehicle at each intersection. From the 
mean delay value for each node, corresponding level of 
service (LOS) is assessed by using HCM 2010 standard 
threshold values for LOS which are given Table 3. From 
the given Table 3 Csiky ut - Orlay ut and Szent Gellert 
ter Muegyetem have "D" LOS which is due to traffic jam 
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conditions for some time during survey at only 1 lane in 
southbound and northbound direction respectively.

5 Comparison
The traffic volume recorded in the EFM Model was daily 
traffic volume, but the data is collected only for the morn-
ing peak hours, therefore traffic volume in the model first 
changed to morning peak hour volumes, by multiplying 
the 0.07 factor which is a rounded number based on daily 
traffic profiles of automatic traffic counts (ATC) data in 
city centre areas in Budapest to the car, LGV, and HGV 
daily traffic matrices in base version. After the modifica-
tion of the EFM model by generating real-time data in it, 
various analyses were done to assess the accuracy of the 
EFM model by implementing PrT assignment method con-
sidering assignment with ICA on actual data compare with 

the base version (without any interventions). From the PrT 
assignment travel times are assessed at various levels such 
as link, node, turn, and zones level.

5.1 Travel time analysis at link level
The actual travel time on links between selected intersec-
tions depends on actual velocity and real-time traffic vol-
ume. While base travel time depicts the EFM Model val-
ues. The actual and base travel times on links between 
selected intersections are calculated in Fig. 6, which 
reveals that there is a huge difference between travel time 
values. These differences are because of the different traf-
fic volumes in base data on links from real-time data. It 
means that there is an unbalanced assignment of traffic 
volumes on links in the base version of the EFM Model.

5.2 Travel time analysis at zone level
The total travel time of all passenger cars based on the ori-
gin-destination (OD) pairs between zones which are deter-
mined by considering the route network, then the relative 
difference is calculated between actual and base total travel 
time in Fig. 7. From results in Fig. 7, it can be seen that 
there is an effective increase in the total travel time. There 
is a significant difference in total travel times of actual 
and base scenarios. The travel time analysis at the zone 
level reveals that travel demand is effectively different in 

Fig. 5 Mean turns time at nodes

Table 3 Level of service at nodes

Intersection 
name Approach name Delay at each 

approach
LOS at each 
intersection

Moricz 
Zsigmond 
Korter

Eastbound B

CWestbound B

Northbound D

Lagymanyosi 
ut, Menesi ut

Eastbound B

BWestbound A

Southbound C

Gardonyi ter

Northbound C

CSouthbound C

Westbound D

Csiky ut - Orlay 
ut

Northbound D

DSouthbound D

Westbound C

Szent Gellert ter 
Muegyetem

Eastbound B

D
Southbound E

Right-turn WS C

Northbound C

Fig. 6 Travel time comparison on links between selected intersections

Fig. 7 Relative total travel time difference between zones
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EFM Model. The traffic volume values on which Budapest 
Transport Model is established are just expected values.

5.3 Turn time analysis at node level
Turns basically have the same correlation between travel 
time and capacity as the links, the only difference is that 
the turns have no actual length in PTV Visum. Turn 
travel time depends upon the free flow turn time, traf-
fic volume at turns, capacity of turns, and the imped-
ance at nodes. As we know the intersections are the bot-
tlenecks of a transport network. The impedance at turns 
is directly correlated to the turn travel time. Turns travel 
time is calculated by ICA method, therefore the imped-
ance calculation precisely considers the lane geometry and 
signal controls. Protected and permitted turns are con-
sidered correctly. In ICA method according to Highway 
Capacity Manual (HCM)  2010, volume-delay functions 
are usually used to model the volume-dependent travel 
times for turns or complete nodes (National Research 
Council  (U.S.) Transportation Research Board, 2010). 
Fig. 8 shows the comparison between turn times of base 
volume with the actual volume at each intersection based 
on the volume-delay functions which show that the turn 
times at each node of actual survey data is quite large even 
more than 70  % than the base version which represents 
that the traffic volume in base PTV Visum file is very less 
than the real-time situation during morning peak hours. 
The turn time differences are compared statistically by the 
Wilcoxon Signed Rank test, by considering normal distri-
bution, the z value calculated is 2.03 and by considering 
5 % significance level corresponding zcritical value is 1.96. 
By assuming null hypothesis, z value should be between 
−1.96 and 1.96, while the resultant value is 2.03 which 
is not between the range. Hence, the null hypothesis is 
rejected, from which it is quite clear that the EFM Model 
is significantly different from the real-time data.

5.4 Traffic volume comparison
Traffic volumes on links after generating subnetwork 
for morning peak hours are compared with subnetwork 
of base scenario for passenger cars. The results obtained 
by subtracting actual traffic volume with base traffic vol-
ume which is clearly shown in Fig. 9. From the results, 
it is obvious that traffic volumes in base network are 
just assumed values which are significantly less than the 
actual traffic volume in the morning peak hours. In Fig. 
9 there is only one link with less passenger car volume 
in actual volume data. In the light of these comparison 
results, it is obvious that the traffic volumes in the base 
network are just assumed values which are not represent-
ing the real-life situation.

6 Conclusions
The selected intersections are modelled in detail; in a way 
that the geometry and signal control have been edited cor-
rectly for each intersection to get the precise values of 
impedances, and capacities at turns and intersection levels 
by the PrT assignment with ICA. However, the procedure 
required more computations than the standard equilibrium 
assignment, since it determines the parameters after many 
iterations, therefore this assignment is more appropriate 
for delays calculations at turns level. From the calculated 
saturated time headways of surveyed traffic data, it is con-
cluded that EFM model was designed on some user-de-
fined fixed saturation flow rate. Furthermore, delays are 
calculated at node levels to execute the LOS for each inter-
section, which concludes that all selected intersections 
are operating efficiently except northbound leg of Szent 
Gellert ter Muegyetem intersection and southbound leg of 
Csiky ut - Orlay ut intersection which experienced conges-
tion for some time during traffic counts survey.

The uniqueness of ICA assignment is that it uses vol-
ume-delay functions at nodes, which increases with 
increases in volumes. In a network model, turn and node 
volume-delays functions have more importance com-
pared to the links because they have a more significant 

Fig. 8 Total turn travel time comparison at nodes Fig. 9 Traffic volume difference of passenger car
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influence on the network performance than the delays on 
the links. As the comparisons are done for travel times on 
zones, links, nodes and turns level in PTV Visum, besides 
the statistical analysis on the comparison results, it is evi-
denced that the base EFM model is significantly different 
from the actual simulated model.

7 Recommendations
In this research, only five intersections are selected in 
Budapest city for the analysis by random sample size tech-
nique, in which there is always uncertainty if the sample is 
randomly chosen. Therefore, for further future research, it 
is recommended that, to choose an appropriate sample size 
technique. This research can be extended on city level to 
simulate the whole city model precisely, but for those huge 
resources will be required for the traffic counts surveys 

along with correct geometries and control system of all 
intersections.

Based on the results obtained from this research, it is 
highly recommended to update the EFM Model because 
there is a significant difference between standard cod-
ing and more detailed junction coding in databases. 
Consequently, it is very important to have detail junction 
coding in Budapest Transport Model. If we would not do 
that then we are not aware of real-life situations.
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