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INTRODUCTION
The software program FLEXSYT is a simulation model which enables the simulation of traffic

at an individual vehicle level. The program was initiated by Mr. F. Middelham in the
seventies at the municipality of Amsterdam, ffid over the years has developed into a complete
software package offering the opporrunity to analyse most road traffic situations.
The experience gained from the first version of FLEXSYT and the desire to make it as
realistic as possible, has led to the development of a more precise and extensive version of the
package which is called FLEXSYT-II-.
The most significant differences between the first version and the FLEXSYT-II- version lie in
the more detailed specification of the vehicle models, the ability to simulate uncontrolled
situations, the number of available vehicle categories, the possibility for vehicles to take a
certain (predefined) route and the addition of an environmental module which provides
information concerning fuel consumption and emissions. An alternative approach has been
selected to define the network.
The Transport Research Centre (AVV) has instructed DHV Environment and Infrastructure to
validate the FLEXSYT-II- software package.
The following reports form the basis for this study:
Plan van Aanpak Validatie FLEXSW-U- (Transport Research Centre): The Validation
Approach Plan;
The ffierte Validatie FIEXSW-U- (DHV Environment and Infrastructure): Quotation

-

for Validation FLEXSYT-II-;
The acceptance report Evaluatieplan Validatie FLEXSW-il- (DHV Environment and
Infrastructure) : Evaluation plan.
This last report, Evaluatieplan Validatie FLEXSW4I-, has been produced in close cooperation
with the Transport Research Centre and provides the methodology for the investigation. The
guidelines for data analysis, as defined by ERTICO in the scope of DRIVE II (ERTICOCORD Project V2056) are applied wherever possible.

-

This report describes how the validation of FLEXSYT-II- has been executed and what the
results are. The conclusions and recommendations resulting from this study are also described.

The activities of this study can be divided into several parts:
general and preparation;

-

collection and processing of data;
simulation;
analysis;

Chapters are defined on the basis of these stages in the study process. In Chapter 2, the
general approach to the validation of FLEXSYT-II- is explained. The traffic situations used
for validation are also detailed, together with the data required to facilitate the simulation and
validation. Chapter 3 describes the collection of data necessary for this study. A distinction is
made between available historic data and the data collected within the scope of this study.
Chapter 4 explains the processing of the necessary data, applying the same distinction as in
Chapter 3. The simulation of the different traffic situations is described in Chapter 5. This
chapter also outlines the preparation of the input files and the related problems. In addition, a
Validation FLEXSYT-IITV/LV/SE9s1540
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number of statistical facets of the simulations are examined in more detail.
The final analysis is discussed in Chapters 6, 7, 8 and 9. Chapter 6 discusses the statistical
techniques employed and the sensitivity analysis undertaken. In Chapters 7, 8 and 9 the results
of the analysis of the 3 traffic sinrations are described separately.
Finally, Chapter 10 presents the conclusions and recommendations derived from this study.
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GENERAL SET I.IP OF THE VALIDATION
2,1

ïhe validation

process

The objective of the study is to validate FLEXSYT-II- by comparing the simulation against
survey results. The validation process is shown in the diagram below (diagram l).
: control program

FLEXSYT

Data+

+t-

Models

control spec.

\t:

Simulator

Survey

i

iflow

(Black box)

Results
Simulation

I
I

Results
survey

Aggregation

Comparison

Test results

VALIDATION

Diagram 1: The validation process

In this diagram 'Simulator' represents the total progrÍrm package FLEXSYT-II- including the
data input. The 'Data' component represents the input to the simulator and contains information such as: physical lay-out of the infrastructure (road network), traffic flows and the
specifications of the traffic control progrÍrm. The 'Models' component represents the progrÍrm
package FLEXSYT-II- incorporating the vehicle models. Simulation of each vehicle in the
network will deliver the'Simulation Results'. The simulator will be considered as a'Black
Box'.
The simulation results will be checked against the actual observations which are aggregated to
produce an equivalent time period. This comparison will determine the degree of similarity
between the modelled and actual results, i.e. the 'validation'.
The validation process involves the following steps

-

During a certain period, different and well defined traffic situations are extensively
observed.
These observations serve two objectives:

.

collection of control and flow data for the specification and adaptation of the
controller and the amount of traffic within the simulator, to achieve the most
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accurate representation of real conditions;
collection of information concerning the resulting traffic behaviour, necessary for
.
the assessment of the results obtained from the simulator.
using the simulation package FLEXSYT-II-, the same traffic situations are simulated.
Besides the above mentioned control and flow data, the design of the network is also
specifïed.
The results of the simulation are compared with the actual observations in that situation
at an aggregated level.
To be able to attribute differences in the results to the simulation package used, the
effects of adjusting several model parÍrmeters are investigated (sensitivity analysis).
Comparison of the simulated and observed results, allows one to make a value judgement regarding the success of the validation.
In the case of significant and relevant aberrations, the result is supported by additional
conrments.

2.2

Theoreticd comparison
This validation study also seeks to establish whether FLEXSYT-II- will simulate a traffic
situation on a motorway as, in theory, one would expect. This involves the theoretical
examination of a number of basic features of traffic, when the traffic flow is not subject to
controlled or uncontrolled conflicts (e.g. crossing traffic flows, traffic controllers). These
basic characteristics are flow, speed, headway distribution and the occupation rate of
detectors.
Using basic traffic flow theory, a comparison can be made between the results of FLEXSYTil- and the theoretically expected values, without considering the absolute values of the
features. In this respect the flow/speed curves are a good guide.

2.3

Actual trafïic situations

An important part of this study is the collection of reliable data from actual

situations.

Initially, four current traffic situations were selected, to ensure that the major application
of FLEXSYT-II- were covered.

areas

These situations are:

-

-

-

Situation A
A series of intersections partly controlled by traffic lights; this situation needs to be
validated because it is a frequently used application of the simulation package FLEXSYT-II-. The package can accommodate interconnected traffic controllers. In 1984
extensive surveys were conducted at the Catharijnesingel in Utrecht (NL). This historical data can be used for validating this type of lay-out.
Situation B
One single controlled intersection; this situation must be validated because it is the most
frequently used application of the simulation package FLEXSYT-II-, i.e. analysis of a
control progrÍrm. The chosen location is Rijswijkseweg - Wenckenbachstraat in The
Hague (NL).
Situation C
An uncontrolled roundabout: this situation requires validation because of the increasing
30 June
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popularity of this solution, and the capacity of FLEXSYT-II- to model uncontrolled
conflicts. The chosen location is the mini-roundabout Julianastraat - Broekweg in
Veldhoven (NL).
Situation D.
A section of a motorway which includes a bottleneck: this situation is sinnrlated because
it contains a number of basic traffic flow characteristics: flow, speed, headway and
occupation rate. Besides validation, this simulation allows the comparison of modelled
and theoretically expected results with respect to speed, flow and headway. For this
study, information is used from the pilot project 'Homogeniseren A2' (Abcoude-Breukelen). On this part of the motorway, seven section surveys were undertaken, which are
used in this study.

During the study it was decided that situation A, a series of intersections, partly controlled by
traffic lights, would not be considered. The reasons for this are given below:
- Major gaps were identified in the survey data. Observations were not available for the
same day across all junctions. For example, the flows on a number of intersections were
counted on 3 April 1984, whilst other intersections were surveyed on 5 April 1984. The
in flow are between 10 and 15 %, which undermines the reliability of the

-

f,;:frï*es
moreover it did not appear possible, with the current FLEXCOL-controller of FLEXSYT-II- to simulate the entire Catharijnesingel. Adaptation of the current version of
FLEXSYT-II- could not be carried out within the available period for this study.

Some of the data used and/or interpreted within this study is historical, while additional
surveys have been conducted during the study period. Chapter 3 will discuss this in more
detail.

2.4

Comparison
The standard tabulation output from FLEXSYT-II-, the so-called'RESFIL', determines the
information to be derived from the traffic surveys.
The simulation results of FLEXSYT-II- can be divided into four categories: flow, information
relating to the course of the traffic control program, queues and delays. However, there is a
fundamental difference between the flow and controller data, when compared to the queue and
delay data. Together with information relating to the infrastructure and control program, the
flow data is an input to the FLEXSYT-II- model. Information on the course of the controller
serves as a checking function for the specification of the control program. Queues and delays
are output data. If the simulated distribution of flow over the network and in time does not
really match the observed flow, it is useless to compare the resulting queues and delays. This
is also true for the specification of the controller. If the resulting traffic control program does
not resemble the observed control progrÍrm, comparison of modelled queues and delays with
actual values is worthless. Checks can be undertaken on the red times, green times, cycle
times and the number of times the green occurs.

V/hen checking and theoretically comparing traffic flows on the motorway, the following
points should be noted. In this case the initial reference point is the theory of traffic flows,
rather than the standard table output of FLEXSYT-II-. The relevant features in this case are
30 June
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speed, headway and occupation rates (described in the Plan van Aanpak Validatie
FLEXSYT-II-). However, there is again a fundamental difference between the flow and speed
with respect to headway and occupation rate. The function of the flow and speed data depends
upon the location where it is measured. Flow and speed measured at the beginning of the
network chiefly serve as input data. The remaining measures of flow and speed, as well as
headway and occupation rates are mainly output data.
As previously mentioned, if the distribution of flow and speed modelled at the first section
fails to match the observed values, it will not be useful to compare the calculated and
observed values of the remaining sections, or the headways and occupation rates of all sections.

flow,
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DATA COLLECTION
3.1

Historical data
The historical data for traffic situation D (motorway with bottleneck) was supplied by the
Transport Research Centre. For this study, the eastern carriageway of the A2 (direction
Amsterdam) between Breukelen and Abcoude was selected. This stretch of road only includes
the Vinkeveen junction. The data was available from the Motor ïVay Control Signalling
System (MCSS).

3.2

Srurey

3.2.1

Locations

For two pre-defined traffic situations for which FLEXSYT-II- has to be validated, additional
traffic research was needed. For traffic situation B, single controlled intersection, the intersection Rijswijkseweg/lVenckenbachstraat in The Hague \ryas selected. At this intersection a large
number of different vehicle types, including the tram, are present. This provides the opportunity to include the various pre-specified vehicle types of FLEXSYT-II- in the validation. Moreover, during peak hours, this intersection suffers from slight congestion. Unfortunately, this
was not the case on the day of the survey. Control of the intersection is partly vehicle
actuated. Appendix I includes a drawing of this intersection, with the locations of the various
loop detectors.
For situation C, an uncontrolled roundabout, the location Julianastraat/Broekweg in Veldhoven
was selected. This mini-roundabout serves both motorised and non-motorised traffic. All
motorised and non-motorised traffic on the ringroad itself has right of way. Appendix 2
illustrates this situation.
3.2.2

General set up of the survey

To obtain the required traffic

observations, video recordings were made and processed
afterwards at the office. This method of surveying has several advantages in comparison to
using individuals to record the information at the location itself. The advantages are that the
traffic is not influenced by the investigators, there is no limit upon the number of items that
can be registered, and the quality of the observations can be more effectively controlled.
The observations are obtained in the following way:
At both locations, a number of video cameras and recorders are installed, to monitor each
entrance and exit direction, ild each halt-line of the intersection or roundabout. All cameras
are equipped with a synchronised clock, allowing passing times to be determined exactly.
Furthermore, temporary marks are placed on the roads to ascertain the length of the queues
and the location of each section.

Validation FLEXSYT-IITV/LV/SE951540

30 June

1995, Final versiqr

-l0-

Transport Researcl Centre

DIIV Environment and Infrastructure

The recordings are then examined to establish the passing times of all the vehicles. This is
done for all sections, accurate to within one tenth of a second. In addition, the vehicle type,
the flows and the lenglh of queues are determined and taken down. All the information is
input into databases.
To collect traffic data at the controlled intersection (sinration B), some additional programming
of the traffic-controller is necessary. This was done by the municipality of The Hague.

3.2.3

Method of obserryation
The validation process involves comparing the results from the simulation with the actual
observations. The data from traffic surveys are collected and processed in such a way that the
final results can be compared with the output from FLEXSYT-II-. An example is the frequency distribution tables. This means that the definition of for example delay used within
FLEXSYT-II- must correspond to the definition applied to the actual observations.

Obsenation of flow
The flows are not directly used for the validation of FLEXSYT-II-, the input to the simulation
however, determines the final results. It is therefore essential that the flow input, which is
expected by FLEXSYT-II-, is actually used as input.
FLEXSYT-II- uses traffic supply for simulating the traffic situation. This means that the
traffic supply must be measured. This is done by observing the flows at the entrance of the
sphere of influence of the intersection or roundabout. By marking this point on the road
surface (and by doing so on the video recording), it is possible to evaluate each video tape at
exactly the same point, ensuring no differences in time or space.
The flows are also observed at the exit of the intersection and roundabout. This represents the
amount of traffic 'processed' by the junction. These observations serve as flow process control
data for comparison with the simulation.
The automatic flow measurements, derived from the available detectors, do not give the traffic
supply, but the amount of traffic 'processed' by the junction. Therefore these observations do
not serve directly as input for the simulation, but provide a very useful check of the visual
counts.

Automatic obsenations associated \rith of the counse of the controller

With some additional software programming of the traffic controller, the following data

is

collected:
number of times the green occurs for non-motorised traffic and public transport;
cycle, green and red time observations per signal.
The definition of this data within FLEXSYT-II- is consistent with the definitions applying to
the observations.
The original control program was accurately specified in FLEXCOL-76 for FLEXSYT-II-.
This was possible because the original control progrÍIm was already specified in FLEXCOL.

-

Observation of queues
The output of FLEXSYT-II- presents the queue information in two tables. In the segment
table, the length of the maximum queue for each segment is printed per subrun and per
timeslice. The queue table presents the mean and maximum value, together with the standard
30 June
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deviation and the frequency distribution per segment and per cycle. The queue table is used
for the comparison.
According to the FLEXSYT-II- nunual, Part 1, the simulation program estimates the queue
each time a vehicle leaves a network segment. This estimation is based on the assumption that
a vehicle is delayed for more than l0 seconds. After consultation with the Transport Research
Centre, it was concluded that this definition is incorrect. In FLEXSYT-II- a queue is calculated on the basis of the presence of a vehicle, without taking into account delay and/or speed.
The definition of a queue which is used for observing traffic, is the generally accepted definition:
A queue is a more-or-less stationary (or very slow moving) file waiting for the removal
of a (temporary) blockade (for example, a traffic light).
In the 'Analysis' chapter, the consequences of these different definitions are discussed.

From the traffic survey the length of the queue is determined by video recordings at the
intersection and roundabout.
By using a temporary mark, the length in metres is calculated. The cameras are positioned to
ensure that the maximum queue may be recorded. There was only one occasion when this was
exceeded. The use of a clock allows one to determine the length of the queue per cycle. For
reference, the real cycle time of one of the signals was used.
The length of the queue is measured in metres. For situation B (single controlled intersection)
this is monitored per observed cycle time and for situation C (uncontrolled roundabout) per 5
minutes.

Obsenations of travel time
In the output of FLEXSYT-II-, the delays are presented in the halt-line and intersection tables.
When a single intersection or roundabout is considered, a major difference in results is noted
between the two tables. This is due to the fact that delays incurred after the halt-line are taken
into account in the intersection table, but not in the halt-line table. For example, acceleration
time is not included in the halt-line table.
The travel times per vehicle are accurately measured to within one tenth of a second. This is
achieved by using video cameras to record all the vehicles and their time of passing certain
sections. These sections are at the boundaries of the sphere of influence of the intersection (at
the entry and exit segment), and also at the halt-line. Travel times from the entrance to the
halt-line and travel times from the entrance to the exit of the intersection are observed. This
information is recorded from each arm of the junction to each other ann.
In order to obtain comparable quantities (eg. travel time or delay), in this case modelled travel
time is calculated from the sum of modelled delay and theoretical free flow travel time.
3.2.4

Test site and study period
Annexes 1 and 2 present diagrams of the intersection and roundabout. To obtain all of the data
required, 10 cameras were used at the intersection, and 8 cameras at the roundabout. The
cÍtmeras tvere attached to lamp posts. The construction equipment was fitted the day before.
On all approach roads the video observations points are indicated for the intersection and the
roundabout. Distance markers are also shown, making it easy to gauge the length of the
queue.
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Surveys at the intersection were undertaken from 07.00 to 19.00 h. on a normal working day
at the end of September 1994 (28-09-1994). The observations at the roundabout took place
during the period 07.00 to 12.00 h. on a normal working day in October t994 (06-10-1994).
On both days the weather conditions were good (slightly cloudy, sunny and dry).
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DATA PROCESSING
4.1

Data structure

For the purpose of this project, several databases were developed. In these databases, all the
data needed for the analysis is stored (available in LOTUS 123). The original data (raw data)
is stored separately, so that later on new (re)processing is possible. The processing of the
original data to a form suitable for further analysis, was performed via a number of software
processing programs, specially developed for this purpose.
After the field-work, the results are processed as soon as possible and checked for quality.
The results are only accepted if this quality test is passed. The raw data is then processed,
aggregated into one uniform time period and included in the database.
4.2

Processing historical data

4.2.1

Available data
rWith regard to the simulation of situation D (motorway with bottleneck), all
of the required
data was available in digital form, which made processing quite simple. Beforehand, the
Transport Research Centre checked all of the available data. Surveys that were undertaken on
exceptional days, e.g. bad weather conditions, accidents and other incidents influencing the
traffic flow, were already removed from the dataset.
The data supplied was then inspected for consistency and completeness, in order to identify
any imperfections. In general the data was quite useful with a few exceptions:
data for 6 June and 3 September was not complete (only a limited part of the test period
was available);
data from 7 October was useless (data crashed);
for observations made on 1l June, no data was available from detectors 9, l0 and 11.
The surveys were conducted within in the framework of the pilot project 'homogeniseren' at
the A2 (Breukelen and Abcoude).

-

-

In consultation with the Transport Research Centre, it has been decided to take the mean value
of these daily observations and to use them.
4.2.2

Aggregation level
The time period for which the simulated results are available is detailed below, together with
the time unit selected for comparison.

-

Flow
FLEXSYT-II- uses traffic supply for the simulation. The unit of measurement is
vehicles per time unit. The flow input can be specified per vehicle category. Due to the
simulation duration (two peak periods of 3 hours), it has been agreed to specify the flow
per quarter of an hour. The traffic supply for the first section provides the flow input in
this case.
The standard output of FLEXSYT-II-, presents its flow in the form of a mean number
of vehicles per hour, per simulation. This time period is too long to ensure a reliable
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comparison. Flow per quarter of an hour is more valuable in this study. However,
FLEXSYT-II- cannot produce an output in this form, but this problem is solved by
using the so-called CNTFIL. This file contains the 'raw data' which is generated during
the simulation. Specific programming of the CONDAT-dataset makes it possible to
collect data from the CNTFIL and convert it into quarter of an hour data (accurate to
within 10 vehicles). To allow comparisons to be made, the survey data is also aggregated to produce observations for a 15 minute period.
It was agreed to compare the totals per section (instead of per lane) and per vehicle
category (types 1,2 and 3). It did not appear to be necessary to compare each lane, or
reduce the data to shorter time periods (l to 5 minutes).
Speeds and standard deviation of the speed
The mean speed in km/h, per road section, must be inputted into the simulation. In
consultation with the Transport Research Centre, the mean speed is regarded as being
equal to the actual driving speed under normal conditions (no traffïc jam). In this case,
one mean speed per vehicle type is used over the whole network.

The vehicle totals table in the results of FLEXSYT-II- includes the mean speed for all
vehicles per vehicle type, over the whole network. This result is not suffïciently detailed
for a useful comparison of the mean speed at the different sections. Mean values per
quarter of an hour, per section with standard deviations are also required for this study.
Again, this draw-back is overcome by using the so-called CNTFIL. By specifying the
loop detector configuration, in line with the MCSS, the mean speed and standard
deviation can be calculated in a similar way (accurate to within I km/h). Similarly, the
survey data is transformed into a corresponding format.
Again it did not seem necessary to undertake the comparison per lane or reduce the data
to shorter time periods (1 to 5 minutes).

Occupation rate
The standard output of FLEXSYT-II- does not include the occupation rate of the
detectors. The occupation rate of a detector means the amount of time, per time unit
during which a loop detector is occupied. The mean occupation rate per quarter of an
hour and per section (accurate to within l%) has been selected for comparison purposes.

By using the MCSS detector configuration, and collecting the results from the CNTFIL,
comparisons can be made.
Headway and standard deviation of headway
The headway data is converted in the same manner. Both the average value and the
standard deviation of the headways are compared at quarter of an hour intervals and per
road section (accurate to within 1/100 second accurate).
By using the MCSS detector configuration, and obtaining the results from the CNTFIL,
it is possible to compare the observed and simulated values.
It must be noted that the headways captured in practice are observed with an accuracy
to within 1/1000-seconds. FLEXSYT-II- does not offer this accuracy, the maximum
achievable is to within l/100 second. Considering the short distance driven in that time
under normal conditions, this degree of accuracy is sufficient.

30 June
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hesentation of speed limits
From the logfiles of the MCSS it can be seen at which points of time and at which
sections, the speed limits of 70 lsn/h or 50 km/h occurred. It has been agreed with the
Transport Research Centre that the presence of these speed limits is not taken into
account in the simulation and analysis.

Processing of data
In summary, it was necessary to aggregate all historical data from a time period of one minute
to a quarter of an hour data. This was carried out by DHV using a simple computer progrÍrm,
written in FORTRAN. The resulting data is available in ASCII-files. The processing of the
MCSS-logfïles is carried out according to the following method.
the data from the minute-files are converted to quarter of an hour data
the flows are simply added together and divided by the number of observation
days. The distinction between vehicle types is maintained;
the average speed per quarter of an hour is a weighted value. The following

-

.
.

formula has been used:
Y=E(I*Y)
DI

.

the standard deviation of the speed is calculated as follows:
5p=

E(r-1).(Sá)2

(Er)-l

+ 2Id2

(Er)-1

Where:

SD:
I:
Sa:
d:

Standard deviation;

Flow;
Standard deviation for each quarter;
The difference between average speed per quarter and total average speed.

.

the occupation rate is available as a percentage of the total time. The average
value per quarter of an hour is calculated by summing the values and dividing by
the number of observations.
The average per dimension, is an average over all of the observation days (generally
10). This means that for speed and standard deviation the numerator of the above
formula is calculated first over all of the files. It is then divided by the denominator
(sum of the flows of all files).

-

The vehicle-files are processed in such a way that the headway is obtained per quarter
of an hour. This is carried out in the following way:
. the headway is calculated by subtracting the activation and de-activation points of
time of the first and second detector.
. the average of the headway per quarter of an hour, is an average over all of the
observation days (generally 10).
. the standard deviation of the headway is defined to coincide with the formula for
the standard deviation of the speed.
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Processing of obsenation results
The video tapes were brought to DHV in Amersfoort after the recordings at the sites. There,
in the office surroundings, the processing of the video tapes took place under the supervision
of the project leader. To evaluate the video-recordings, rather simple data processing software
programs were written, which made it possible to store the results in a special digital format
(dBase tV). In this way it was possible to aggregate the results into the final format and store
the information in a database. The various tapes are examined several times (sometimes
accelerated, sometimes in slow-motion) to accurately determine the values.

The following text explains the (time) unit in which a parameter is processed, starting from
the necessary input and resulting ouput from FLEXSYT-II-.
- flows
Traffic situation B and C (single intersection and roundabout).
As explained before, the flows are pre-dominantly an input for the simulation. FLEXSYT-II- makes use of the traffic supply for the simulation, according to the number of
vehicles per time unit. It has been decided to aggregate the flow data to a period of one
hour. It is then possible to give FLEXSYT-II- a reliable outline of the flow without
being too detailed, which is particularly important for the peak period.
The final distribution of the flows from the simulation, as presented in the output from
FLEXSYT-II-, needs to be in line with the observed flows. It has been decided to
compare the flows, collected at the exit of the network. For this an observation period
of one hour has been chosen, in which a sub division is made in vehicle categories as
handled by FLEXSYT-II-. In this case, there is the opportunity to process the data from
the so-called CNTFIL via the CONDAT-dataset.

Automatic observations concenring the course of the control program
Traffic situation B (single intersection)
The processing of the survey data has been conducted so that the information is comparable with the output from FLEXSYT-II-. This means aggregation to the following
dimensions:

.
.

cycle time, green time and non-green time:
average, standard deviation, minimum and maximum values over all observations during the whole observation period (not per hour);
frequency distribution of all observations classes units of 10 seconds;
number of occurrences of the green light for non-motorised traffic and public
transport;
all occurrences of the green light during the whole observation period.

.

.
.

Queue obsewations
Traffic situations B and C (single intersection and roundabout)
The output of FLEXSYT-II- presents the queue results in the queue table, which gives:
a maximum value in metres over all observations. Each cycle is one observation.
an (absolute) frequency distribution of the queues, per segment and per cycle.
The classes in this frequency table change (low values in 5 metres per class, high
values in 10 metres per class).
The observations are carried out to ensure that comparable results are obtained. The
'cycle time' in the uncontrolled situation (roundabout) is set to 5 minutes.

.
.
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Obser:vations of delays
Traffic situations B and C (single intersection and roundabout).
The output of FLEXSYT-II- shows delays experienced by vehicles in the halt-line table
and the intersection table. As already mentioned, the difference between both tables is
the delay which vehicles incur after the haltline. Both tables give the following results:
average delay during the whole simulation;
the standard deviation of the delay;
the maximum delay during the whole simulation;
frequency tables in percentages, in which the distribution of the delays during the
simulation period is represented. The classes of these tables vary Qower values in
steps of 5 seconds, higher values in steps of l0 seconds);
The delays are calculated and printed per vehicle category.
The processing of the survey data was undertaken so that comparable results are
collected. However, in reality, observation of delays is in this case not possible. So
instead of delays, travel times are observed. Comparison of the observed and simulated
results, is only possible after calculating the simulated travel time by taking the sum of
the free flow travel time and the simulated delays (see section 5.6 of chapter 'simula-

.
.
.
.

tion').
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SIMULATION
5.1.

Creneral

FLEXSYT-II- consists of several sub-programs. There are four datasets which require input
data: the MANDAT-, CONDAT-, NETDAT- and SIMDAT-dataset. The information required
for each dataset is outlined in the following:
MANDAT-dataset:
This contains the control philosophy which needs to be applied, i.e. the general specification of parts of the control program. Also the names of, for instance, the detector and
time elements and the default values of these elements are part of MANDAT.
CONDAT-dataset:
This contains the more detailed specifications of the traffic control program for the
scenario under investigation; the control specification.
NETDAT-dataset:
This stores information relating to the network, such as flow, the physical structure, the
location of the halt-lines, the detectors and the bus stops. Any potential uncontrolled
conflict must also be specified here.
SIMDAT-dataset:
This dataset contains the simulation parameters such as the duration of the simulation,
the random seed value and the timeslices for the generator-flow.
when all these data are entered, the simulation can be started.
While testing the traffic control program, it is possible with the FLXREG program to obtain
a status report on the control plan for every second. This is used to compare the FLEXSYTII- control program with the real control progrÍrm.
The simulation results can be printed in tabular form after a successful simulation run with the
sub-programs FLXRES and FLXREG.

The traffic observations and the previous research findings provide almost all of the data
required to set up the input files for FLEXSYT-II-. Two essential input parameters are,
however, not readily available and must therefore be estimated. These are the capacity of the
road sections and the gap-acceptance in uncontrolled situations:

-

Capacrty
The capacity of a road section is normally defined as the maximum number of traffic
units which a road section can handle in a certain time period under the prevailing
conditions. Assessing capacity is a difficult and time consuming process. For this reason
the capacity is estimated in most studies, and in this case the 'CAPCAL-method' and
the 'ROTONDE-VERKENNER-method (developed by the Ministry of Transport, Public
Works and V/ater Management) is used in combination with the observed flow.

The CAPCAL method works as follows:
The basic capacity of the entire network is first deduced. By applying a number of
correction factors, the capacity of each road section is then determined. The level of
adjustment from the basic capacity depends, among other factors, on the direction of
travel, the presence of cyclists and or heavy vehicles, and the existence of parking
spaces. The capacity deduced in this way is compared with the observed flows per road
section to assess the credibility of the results.
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The basic capacity depends on the traffic sifuation and on the geographical location.

The ROTONDE-VERKENNER is a computer progrÍrm designed to study traffic
circulation at roundabouts. The calculation method is based on a validation study
performed by Rijkswaterstaat, Regional Directorate Gelderland. The capacity
model of Tanner (Tanner, 1962) is used to calculate the capacities per entrance
ann on the basis of the lay-out and the flow. The Tanner-model is a gap-acceptance model; this means that it is based on prioritised traffic flows and on the
behaviour of the drivers wanting to enter or cross this stream.
The capaeities in the traffic situations B and C (single controlled intersection and roundabout) are calculated with the CAPCAL and the Rotonde-verkenner method, respectively. In agreement with the Transport Research Centre, these capacities have been used in
the current study. The capacity in traffic situation D (motorway with bottleneck) has
been determined by the Transport Research Centre.

-

Gapacceptance
To simulate driving behaviour at uncontrolled conflicts a gap-acceptance model is used.
This means that a vehicle which has no priority only continues its route after a predetermined time has passed (the gap-time), from the moment when another vehicle passes
a particular point (the triggerpoint) on the segment with priority. In principle, the
vehicles are waiting until there is a sufficiently large gap in the traffic flow before
entering or crossing this flow. These times differ according to the behaviour of the
driver.
In FLEXSYT-II- a gap-time is specified. This must be a mean value. A spread around
this value is made by FLEXSYT-II-, by assigning an asseÍtivity-value to each vehicle.
This parameter determines the size of the gap that a vehicle will accept. A maximum
value for this gap-time also needs to be specified.
The mean gap-time and maximum deviation must be specified for each uncontrolled
conflict.
The traffic situations B and C (single controlled intersection and uncontrolled roundabout) both present uncontrolled conflicts. The mean gap-time and maximum deviation
are deduced from the video-recordings and final values are determined in accordance
with the Transport Research Centre.

5.2

The simulation process
The tasks directly related to the simulation of the different traffic situations are:
collection and examination of the site drawings:
Site drawings of the motorway with bottleneck (situation D) are available from
the Transport Research Centre;
Site drawings of the single controlled intersection and the uncontrolled roundabout (situations B and C) are available from the municipalities of The Hague and
Veldhoven, respectively.
preparation of the input file of the network in FLEXSYT-II- (NETDAT-dataset);
preparation of the input file detailing the general control philosophy in FLEXSYT-II-

-

.
.

-

(MANDAT-dataset);
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dataset);

simulation.

It is extremely important that the actual situation is described in FLEXSYT-II- as accurately as
possible. Small adjustments or errors can affect the results of the simulation. In particular the
specified flow, capacity and description of the control progrÍrm can significantly influence the
results. A number of checks have been performed to assess the quality of the input data (with
respect to typing errors, etc.). The sub-program FLXREG is used as a first step. By checking
the status report, it can be easily determined whether the simulation progresses as required or
not. To enable a more detailed check, a TRCFIL is made. This file logs every event (change
of status of a variable) which occurs during the simulation process (for instance, the triggering
of a detector by a vehicle, or a signal changing). In this way it is possible to check accurately
that the assignments specified in the CONDAT-dataset are carried out properly by FLEXSYTII-. Errors in the specification can be determined in this way. The TRCFIL can be extremely
large because of the detailed data that can be produced. Therefore, only the most relevant
elements of the specification are examined.

5.3

Input Íiles
The next sections describe the input files for each of the traffic situations to be simulated. A
more detailed account of the requirements for the input files and their specification is provided
in the FLEXSYT-II- manual. The choices made during preparation of the input files are also
outlined in the next sections, together with the problems encountered. As a result, a list of
recoÍnmendations has been drawn up for changes in the manual and the FLEXSYT-IIprogram.

5.3.1

Traflic situation B: a single controlled intersection

5.3.1.1 The network

(NETDAT-dataset)
Appendix 4 gives the NETDAT-dataset for the simulation of situation B, a single controlled
intersection.

The city of The Hague provided a drawing of the intersection RijswijksewegAilenckenbachstraat. The crossing consists of four approach roads. From the flows and the shape of the
crossing, the main and minor direction of travel can be determined. The main direction
(Rijswijkseweg) consists of 2x2lanes. The minor direction (Wenckenbachstraat) consist of 2xI
lanes. A tramway (2x1) is located in the middle section of the main direction. The tram stops
are just after the crossing. Cyclists use a dedicated cycleway in the main direction. In the
minor direction, the cyclists have to share a lane with motorised traffic. Pedestrians needs are
met by crossings at each arm of the intersection. A parallel road providing parking spaces, is
located just in front and just behind the crossing and is separated from the main lanes. Parking
is also possible on the main lanes. The crossing Rijswijkseweg/TVenckenbachstraat is part of a
series of controlled junctions on the Rijswijkseweg. Both directions on the Rijswijkseweg are
fed by controlled intersections. These junctions are about 400 m apart. Vehicles in the main
direction arrive in regular groups because of these junctions.
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The traffic supply, observed at the start of the sphere of influence of the junction, is the
amount of traffic which FLEXSYT-II- has to generate on the network. Twenty generators are
defined for the motorised traffic in FLEXSYT-II-; for each lane every vehicle type is produced by a separate generator. Sixteen generators are defined for pedestrians and cyclists.
Eight out of the twelve generators for the pedestrians function as regular generators (two
generators for each section). However, four generators have a special function: due to the
presence of the tram stops in the central lane, there are additional directions of approach for
pedestrians at these locations. The four generators at the tram stops must generate this traffic.
The number of pedestrians (requests) is assumed to be equal to the number of trams stopping
at these locations. The reason for this is that for each tram which stops, a group of pedestrians
put in one request for a green light. The arrivals of these groups of pedestrians are not
Poisson-distributed, since the arrivals of trams are not. Unfortunately it is not possible to
specify a regularity factor for pedestrians (as it is possible for trams).
The complete simulation period (7:00 - 19:00) consists of twelve parts of one hour. Before
starting the simulation, the network is filled with a flow equal to the flow of the fïrst hour.
The flows per vehicle type and per hour of the motorised traffic are available from the
observations and are used in the input file. The motorised traffic on the two lanes of the main
direction of travel is equally divided between each lane; each generator produces one half of
the total supply. The number of arrivals produced by the eight normal generators for pedestrians is set equal to the number of requests actually registered by the controller (not to the
total number of counted pedestrians). The reason for this is that the red light is ignored
regularly by the pedestrians who cross (sometimes) without putting in a request for green. Use
of the actual number of pedestrians would lead to an overestimation of the total number of
requests.

As trams are operating to a timetable, their arrivals are not Poisson distributed. The arrival
pattern of this type of vehicle (type 5) can be influenced by the regularity factor. The vehicles
arrive precisely at the mean time interval when a value of 100 is specified for the regularity
factor. The arrivals are Poisson distributed when a value of 0 is specified. The regularity
factor for trams at this crossing is not known. In agreement with the Transport Research
Centre a value of 80 has been used. To be able to recognise (for selective detection) the type
5 vehicles (trams), it is necessary to define the route in the network for these vehicles.
Each lane of the intersection is divided into segments. The number and length of these
segments is determined by:
- the number of lanes;
- the need to allow lane changing;
- the vehicle type which uses the segment (tram, cyclists and pedestrians have segments
of their own);
- the point where lanes merge and diverge;
- the entry and exit points of the sphere of influence of the intersection.
In FLEXSYT-II-, cyclists and motorised traffic cannot use the same segments, although this is
actually permitted at the intersection. This problem is solved by lowering the capacity of the
lanes for motorised traffic due to the presence of cyclists. Possible conflicts are taken into
account in the corresponding records ('/CRS').
The capacity of the different lanes for motorised traffic has been calculated with the CAPCAl-method. In addition, the capacity has also been observed from the video-recordings
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during randomly selected peak hours. The following capacities where derived in agreement
with the Transport Research Centre:
- Rijswijkseweg (directions 2 and 8) 1860 vehicles per hour;
- Wenckenbachstraat (directions 5 and 11) 1830 vehicles per hour.
The capacity of the tram segments is set to 2000 veh/h. A capacity of 5000 and 9000 veh/tt is
specified for the cyclist and pedestrian segments, respectively. These capacities are valid for
the whole network. There is no variation in capacity between the different segments.
The speed on the main road segments corresponds to the observed driving speed: 65 km/h.
The speed on the segments of the minor direction is set at 40 km/h. Both speeds are determined from the video recordings (random selected observations). In this case, different speeds
are used for different segments. A lower speed has been specified for segments where a lane
has a surve of 90 degrees. This also applies to segments on and just in front of the crossing
aÍea, reflecting the fact that the speed on these segments is also lower in reality. The influence
of speed on the simulation results are not insignificant. The chapter 'Analysis' will discuss this
in more detail.
The maximum deviations from the mean speeds are not known. A value depending on the
mean speed (25 % to 40 %) has been chosen.
The traffic flow input is based on the entire testing period. This means that the distribution of
flows in each direction (through and turning traffic) is determined from the total flows during
the whole observed day (8:00 - 19:00). Hourly flucnrations are excluded in this way. The
resulting flows (after simulation) can thus differ from the observed flows.

Although the traffic situation is controlled with traffic lights, there are also some uncontrolled
conflicts. This relates to the traffic from the minor directions and the pedestrian crossings
parallel with this traffïc. All traffic on the minor directions (motorised traffic, bicycles and
pedestrians) receive a green signal at the sÍrme moment. The following conflicts exist:
- traffic turning left (both motorised traffic and bicycles) with traffic from the opposite
direction;
- pedestrians and cyclists going straight on with traffic turning right;
The normal traffic rules apply here.

The gap times accepted by traffic giving priority are deduced from the video-recordings
(randomly selected). The gap times vary from 2 to 7 seconds with a deviation of L2 to 25%.
As access to the crossing for motorised traffic from the minor direction is controlled by traffic
lights, the triggerpoint has been positioned a few metres after the halt-line. This prevents both
traffic flows waiting for each other indefinitely. A "No-queuing-zone" has also been placed
right after the halt-lines of the minor directions for the same reason.
The detection configuration is specified in the network according to the configuration on the
drawing. It is a series of short, long and selective detectors. The specified length of the
detectors is the real length, with the exception of the short loops, which have no length in
FLEXSYT-II-. These detectors are required to correctly specify the control program in the
CONDAT-dataset. A number of detectors in the network have been specified in addition, to
calculate the flows at the exits of the crossing. Two short detectors have been used for each
lane. Two detectors were required to determine the vehicle type. These detectors are placed at
the so-called'exit-segments'.
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Signals with corresponding halt-lines are defined in the network. There are real as well as
dummy signals and halt-lines. The function of the actual signals and halt-lines are evident: to
control the traffic. The dummies are specified for the followiirg reasons:
- the detectors defined at the exit-segments, must have a corresponding signal to be

-

numbered;

the simulation results for the flows on the exit-segments are printed in the REGFIL (the
standard output file RESFIL does not provide this information). Signals must be defined
to produce these results.
The actual operation of the dummy signals and halt-lines (to show red, green and yellow) is
prevented by setting them continuously to green.

As mentioned before, the intersection Rijswijkseweg/ïVenckenbachstraat is part of a series of
controlled intersections on the Rijswijkseweg. Both approaching directions on the Rijswijkselveg are fed by controlled crossings, 400 m apart. As a consequence, vehicles arrive at the
RijswijksewegAMenckenbachstraat crossing in groups on the main direction. To simulate this
situation as realistically as possible, both crossings have been specified in a simplified form.
This means that well before the crossing, so-called 'gate-crossings' are specified (controller
002), which are simplified versions of crossings. Considering the distance between the various
intersections, it was not necessary to define these crossings accurately. Only the distance to
the Rijswijkseweg/lVenckenbachstraat crossing and the duration of the green time on the 'gatecrossings' are relevant for the creation of grouped flows.

5.3.7.2 The controller (CONDATdataset)
Appendix 5 gives the CONDAT-dataset for the simulation of situation B, a single controlled
intersection. Appendix 6 contains the original control program of the Rijswijkseweg/TVenckenbachstraat crossing.

The control program at the crossing has been discussed with the municipality of The Hague.
The original control program was already written in FLXCOL, which made it easier to specify
the control program in FLEXSYT-II-. A number of elements in the original control program
have been discarded in the FLEXSYT-II specification. These are the detection surveillance
system and the parts which rwere not operating on the survey day.
The control program is partly vehicle actuated; only the tram and some of the pedestrian
directions get green on request. The other directions are managed in a two-phase control
system (main and minor directions). The tram is handled separately and given priority over
the minor directions. This'intervention program for public transport is not required very often
as the green phase operates in accordance with the ratio of major flows to minor flows, i.e.
the green signal is likely to show on the main direction anyway, and will do so if there is no
traffic. The tram has no conflicts with the main directions. The specification of the control
progrÍrm is derived from the MANDAT- and CONDAT-datasets for vehicle dependent
control, as mentioned in the FLEXSYT-II manual (Manual FLEXSYT-II-, partZ). A number
of specific elements have been added to this, such as cyclic red and green. Their functions are
also described in appendix 6.
Controller '002' describes the simplified (fixed) control programs at the gate-crossings. The
specified red and green phases are provided by the city of The Hague.
The CONDAT-dataset is also used to determine the flows at the exits lanes (controllers '002',
'003' and '004'). As mentioned before, the standard output of FLEXSYT-II does not provide
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these results. However, they can be obtained

by using the CNTFIL. The results can be

presented in the REGFIL.

In the CONDAT-dataset, there are a number of specified algorithms which calculate the flows
per vehicle tlpe and per hour at the exits of the crossing:
- the flows are determined by counting the number of times that the first detector of the
couple is triggered. However, this does not provide the number of vehicles of each type
(except for types 5 and 6, which have their own detectors). The vehicle type is determined by calculating the length of the vehicle, using its speed.

-

The speed of a vehicle is determined in this study according to:

V=2

T2-TI

Where

-

-

V

is the speed in m/s;

Tr is the time (moment) when the front (head) of the vehicle triggers the first detector;
T2 is the time (moment) when the front (head) of the vehicle triggers the second detector;
The constant value of '2' is determined by the distance between the detectors (2 metres in this case).

The length of the vehicle can then be calculated as follows:
L=(T3-Tr)+V
Where

-

L

is the length of the vehicle in metres;

Tr is the time (moment) when the front (head) of the vehicle triggers the first detector;
T3 is the time (moment) when the tail of the vehicle leaves the first detector;
V is the speed in m/s.

The vehicle type is determined according to the following classification:
Type
length is smaller than 7 metres (FLEXSYT-II length is 5 metres);
Type
length is greater than 7 metres and smaller than 13 metres (FLEXSYT-II
length is 9 metres);
Type
length is greater than 13 metres (FLEXSYT-II length is 16 metres).
This classification is based on the default values of the lengths of the vehicle types in
FLEXSYT-II (given in brackets). Possible measurement errors are avoided by using
these large margins.
All these values are calculated for a period of one hour at the exit lanes. To print the simulation results in the REGFIL, some additional information must be provided to the MANDAT-

1:
2:
3:

dataset.

Two CONDAT-datasets have been created to improve the clarity and

ease

of testing of

the

CONDAT-dataset, and to prevent confusion:
- one dataset to print the status report on the traffic light control in the REGFIL;
- one dataset to print the resulting flows in the REGFIL.
The first dataset is not longer used after testing the specified control program via the status
report and the TRCFIL.

30 June

Validatim FLEXSYT-IITV/LV/SE951540

1995, Final version

-25 -

TranspoÉ Research Centre

5.3.

1.3

DI{V Environment and lnfrastructure

The control philosophy (MAMAT..dataset)
Appendix 7 gives the MANDAT-dataset for the simulation of situation B, the single controlled
crossing.

The MANDAT-dataset contains parts of the control philosophy. It also details the names for
each detector, time, memory, and logical elements and their default values. The specification
of the control philosophy is based on the standard MANDAT-dataset for vehicle actuated
control programs, as described in the FLEXSYT-II manual (Manual FLEXSYT-II-, part 2). A
number of specific elements have been added for this crossing, including cyclic red and green.
Their purpose is described in appendix 6. The MANDAT-dataset also specifies that all dummy
signals show green continuously.

Two MANDAT-datasets are also created to improve the readability and ease of testing of the

:o*o#hY,f,"Ti,lï'ïlmï,"*, report on the trarnc light control in the REGFIL;
- one dataset to print the resulting flows in the REGFIL.
The first dataset is no longer used after testing the specified control program via the status
report and the TRCFIL.

5.3.1.4 The simulation parameters (SIMDATdaaset)
Appendix 8 gives the SIMDAT-dataset for traffic situation B, a single controlled intersection.
This dataset contains the parameters for the simulation process. The parameters which need to
be provided, are extensively described in the section 'simulation duration and simulation
period'. It is sufficient to give the values of those parÍrmeters here.
The automatic significance parÍrmeters for each vehicle type are set to I0%, L5%, l0%, 30%
and 50% for type 1,2,3,5,6 and 7, respectively. Most types are given a larger automatic
significance due to the low number of vehicles during the total simulation period.
The period of the generator flow, the pre-run time and the length of the timeslices are all set
to 60 minutes.

Default values are given to the characteristics of the different vehicle types such as acceleration, deceleration, and length (Manual FLEXSYT-II-, paft 1).

5.3.2

Traffic situation C: uncontrolled roundabout

5.3.2.1 The network (NETDATdaaset)
Appendix 9 contains the NETDAT-dataset for the simulation of traffic situation C, an uncontrolled roundabout.
The city of Veldhoven has provided a drawing of the Julianastraat/Broekweg mini-roundabout.
The roundabout can be approached from four approaching directions. All approach roads are
single lane, as is the roundabout itself. Cycle traffic has a dedicated cycleway on two of the
approaching directions and on the roundabout itself (made in red asphalt). Cycle traffic
approaching from the other directions shares the infrastructure with the motorised traffic.
Pedestrians have facilities to cross all arms of the roundabout. Public transport vehicles mix
with the motorised traffic on the network. Parking is permitted in the parking spaces provided

Validation FLEXSYT-IITV/LV/SE9s1540

30 June

1995,

Final version

-26-

Transport Research Centre

DlMnvironment

and Infrastructure

on three of the four approach roads. The roundabout is part of a busy cycle and public
transport route from Veldhoven to Eindhoven. A corresponding direct connection to Eindhoven is not possible for other motorised traffic.
The traffic supply, observed at the entrance of the sphere of influence of the roundabout, is
the amount of traffic to be generated by FLEXSYT-II- on the network. Thirteen generators
are defined for motorised traffic: each vehicle type is generated on each lane by a separate
generator. Twelve generators are defined for non-motorised; four for cycle traffic and eight
for pedestrians (crossing in two directions).
The complete simulation period (7.00 -12.00 h) is comprised of five parts of one hour. The
flow with which the network is filled before simulation, is taken equal to the flow of the last
hour. The observed flows of motorised traffic are used in the input file.
The arrivals of buses are not Poisson distributed, since they follow a timetable. The arrival
pattern of this type of vehicle (type 4) can be affected by the regularity factor. As this factor
is not known, in accordance with the Transport Research Centre a value of 80 has been
chosen. To identify vehicles of type 4 (buses), one must speciff their route in the network.
Each lane of the roundabout is divided into segments. The number and length of these
segments is determined by:
- the number of lanes;
- to need to allow a change of lanes;
- the vehicle type using the segment (buses, cycles and pedestrians have their own

-

segments);

the point where lanes merge and diverge;
the entry and exit point of the sphere of influence of the roundabout.
Cyclists and motorised traffic cannot use the same segments in FLEXSYT-II, although this
occurs in reality. This is overcome by decreasing the capacity of segments for motorised
traffic, to reflect the presence of non-motorised traffic. Corrections were not necessary in this
case, due to the large widths of the lanes. Where appropriate, conflicts are taken into consideration in the corresponding records ('/CRS').

A distinction is made between vehicles which do and do not indicate their exit direction on the
roundabout, as this ultimately influences the accepted gap times for merging (see gap acceptance). This distinction is made by specifying two segments for vehicles which are on the
roundabout and are turning off: one segment relates to the vehicles which do indicate, while
the other relates to those which do not.

The capacity for motorised traffic on each entrance lane, is calculated using the 'RotondeVerkenner'. A check of the results against the video-recordings was not possible because the
required conditions did not occur (saturated traffic flows). The capacities on all of the
approach roads are set in accordance with the Transport Research Centre at 1650 veh/h. These
capacities are, however, not applicable to the entire network. The capacities at the roundabout
exit lanes are slightly higher than on the entrance lanes. A capacity of 3000 and 5000 veh/h is
specified for the cyclist and pedestrian segments, respectively. These values are valid for the
entire network.
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The speed on the segments, close to the start and the end of the sphere of influence of the
roundabout, is consistent with the observed mean speed: 50 km/h. On the intermediate
segments (towards the halt-line) and on the roundabout segments, the speeds are lower
(decreasing to 20 lsn/h). These speeds are obtained from the video-recordings (randomly
selected), and must be applied because:
- on the roundabout, a speed greater than 30 km/h is not physically possible (very narrow

-

span);

when approaching the roundabout, all vehicles must brake because they turn at 90
degrees. This restriction needs to be specified in FLEXSYT-II by the user.
The impact of segment speed on the simulation results is considerable and will be discussed
extensively in the chapter 'Analysis'.
The maximum deviation of the mean speed (deviation parÍrmeter) is unknown, ild therefore
the assumed value is dependent on the mean speed given (20 to 40%).
The traffic flow input is based upon the full survey period. Hence, the distribution of the
flows in each direction (through and rurning traffic) is determined by the total flows observed
during the survey period (7.00 - 12.00 h). Hourly fluctuations are excluded in this way and
one can expect the resulting flows (after simulation) to differ slightly form the observed flows.
The traffic flow on the roundabout is governed by the gap acceptance model. Traffic on the
roundabout has priority over the approaching traffic. There aÍe a number of potential conflicts:
- motorised traffic entering the roundabout with motorised and bicycle traffïc already on
the roundabout (both through and turning traffic);
- right-turning traffic on the roundabout with through bicycle traffic on the roundabout;
- crossing pedestrians with the motorised traffic;
- crossing pedestrians with the bicycle traffïc;
- bicycle traffic entering the roundabout with the traffic on the roundabout.
The potential conflict between crossing pedestrians and bicycle traffic is, however, not
specified due to the small number of pedestrians and the fact that this conflict has not really
occurred in reality. In addition, the possible conflict between bicycle traffic entering the
roundabout and traffic on the roundabout has been disregarded. Bicycles on the roundabout
have their own dedicated lane, and consequently their journey is not hindered (the videorecordings show that bicycles do not wait to enter the roundabout even if there is traffic on it).
The gap times, accepted by traffic giving priority, are derived from the video tapes (randomly
selected). The gap times vary between 0.5 and 3.5 seconds. The deviation parameter is
deduced in the same manner and is approximately 15%.

With the distribution parameter record, it is possible to distribute the vehicles (of a certain
type) passing the end of a segment over the segments downstream in a way different from the
default mechanism. This parameter record contains the distribution of the number of vehicles
which do and do not indicate their exit direction. This distribution is obtained from the video
tapes (randomly selected). The percentage of vehicles, indicating their exit direction is
approximately 50%.

In reality, there are no detectors in the network. However, a number of detectors are specified
to count the vehicles leaving the roundabout. Two short loop detectors per lane are used for
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to determine the vehicle type.

These

Signals and associated halt-lines are also defined in the network. Again, in reality they do not
exist, but they are required because:
- a defined detector is only assigned a number if it has a corresponding signal;
- the simulation results for the flows on the exit-segments are printed in the REGFIL (the
standard output of RESFIL does not provide the required results). Signals must be used
to print in the REGFIL.
- The travel time from the entrance of the sphere of influence of the roundabout until
merging in the roundabout traffic, must be determined (RESFIL);
- the calculation of the queues is related to halt-lines (RESFIL).
In the MANDAT-dataset, the actual operation of the signals and the halrlines (to show red,
yellow and green) is disabled by setting the signals continuously to green.

5.3.2.2 The controller

(CONDAT-dataset)

Appendix l0 contains the CONDAT-datasets for the simulation of traffic sifuation C,
uncontrolled roundabout.

a

The CONDAT-dataset is used solely to calculate the flows at the exist-segments. The results
are presented in the REGFIL.
In the CONDAT-dataset a number of algorithms are specified to calculate the flows per
vehicle type and per hour. These are the same algorithms as already described in section
5.3.1.2 (CONDAT-dataset for traffïc situation B).

5.3.2.3 The control philosophy (MANDATdaÍaset)
Appendix 11 gives the MANDAT-dataset for the simulation of traffic situation C, an uncontrolled roundabout.
The contents of the MANDAT-dataset for the roundabout simulation differs from the normal
dataset, because the traffic flow is not controlled by traffic lights and thus there are no
technical formulations to define the control program. Only the names of the detector, time,
memory and logical elements are specified, together with their default values.
The survey information relating to queues is collected at five minutes interval. To obtain
comparable queue data from the simulation an artificial cycle time of 5 minutes must be
specified. This is done by assigning a green time of 300 seconds and a yellow and red time of
0.01 seconds to all the signals. The traffic flow is not disturbed by these minimal red and
yellow times.

Finally, the print procedure for the REGFIL is described in the MANDAT-dataset. The
calculations, undertaken in the CONDAT-dataset, are printed according to the MANDATdataset specification.

There is one MANDAT-dataset for all NETDAT and CONDAT-datasets.
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The simulation parameters (SIMDAT.dataset)
Appendix 12 details the SIMDAT-dataset for the simulation of traffic situation C, an uncontrolled roundabout.

This dataset contains the simulation parameters. The section entitled "Simulation duration and
simulation period" describes in greater detail the parameters which need to be specified. It is
sufficient to give the values of the parameters in this section.
The automatic significance parÍrmeter for each vehicle type is set to t0% for types I and 6,
30% for type 2 and 7 , 5A% for type 3 and 35 % for type 4. Most vehicle types are assigned a
large value to reflect the small number of vehicles in relation to the simulation duration.
The generation period, the pre-run time and the timeslice period is set to 60 minutes.
Default values are used for the characteristics of the different vehicle types, such as acceleration, deceleration and length (Manual FLEXSYT-II-, part 1).

5.3.3

Trafïïc situation D, motorway with bottleneck

5.3.3.1

The network (NETDAT-dataset)
Appendix 13 gives the NETDAT-dataset for the simulation of traffic situation D, ê motorway
with a bottleneck.
Several drawings of the road section Breukelen-Abcoude (A2) have been provided by the
Transport Research Centre. In the "Plan van Aanpak Validatie FLEXSYT-II-" report, a short
description is given of the network.
The eastern road section (direction Amsterdam) between Breukelen and Abcoude has been
selected for the current study. Appendix 13 contains a schematic representation of the network. Only the Vinkeveen junction is considered as part of the network. The A2 road section
consists of three lanes, whilst the entry and exit areas at the Vinkeveen junction consist of
only one lane. A car park allowing entry and exit just after the Breukelen junction, is clearly
visible on the drawing in the report (a detector is present at this location).
On this section, which is approximately nine kilometres long, survey has been undertaken at
seven locations (MCSS). The exact survey locations are at: 40.0 km,41.5 km, 42.5 km,43.6
km, 44.6 km, 47.0 km and 48.9 km., where there are two short detectors on each lane. The
numbering of the detector couples is indicated in Appendix 13.
The provided drawings of the network and the in the report described network differ:
on the drawings, the car park is not present;
the drawings show 8 (in stead of 7) detector locations.
In agreement with the Transport Research Centre it was decided not to include the car park in
the network input file. Further, it was decided to include 7 detector locations in the network

-

input file.
The numbering of the observation points in the simulation is:
- Section 1: 48.9 km (detectors 25,26,27 and28)
- Section 2: 47 .0 km (detectors 2L. 22 and 23)
- Section 3: M.6 km (detectors 17, 18 and 19)
- Section 4: 43.6 km (detectors 13, 14, 15 and 16)
- Section 5: 42.5 km (detectors 9, 10 and 11)
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6: 41.5 km (detectors 5, 6 and 7)
Section 7 : 40.0 km (detectors 1, 2 and 3)
Section

Survey data is only available from the exit lane at the Vinkeveen junction. The number of
arrivals at the entry lane must therefore be calculated from the observations. The flow at
section 4 is subtracted from the flow at section 5. However, calculation of the arrivals of
vehicle type 2 (length between 5.1 and 12.5 metres) results in a negative flow. This may be
due to the fact that the flow data are mean values from observations over several days.
Alternatively the detectors may have failed to register the flows correctly. In agreement with
the Transport Research Centre, the number of arrivals of vehicle type 2 at the Vinkeveen
entry lane is set to 0.

The flow on the first section represents the amount of traffic entered on the network by the
generators in FLEXSYT-II-. In the FLEXSYT-II- network twelve generators are defined:
three for each lane (in total there are four lanes: three at the main road section and one at the
Vinkeveen junction). For each lane, each generator produces vehicles of a certain type (1, 2
and 3). Each simulation period (morning and evening peak) consists of twelve parts of one
quarter. The generator flows which fill the network prior to the simulation period, equate to
the flows of the first quarter. The flows per lane, per type and per quarter are available from
the observations which are used directly in the specifications. [n principle, two network
datasets have been created:

-

a network for the evening peak flows;
a network for the morning peak flows.

Each lane of the nine kilometre road section is split into segments to enable vehicles to change
from one lane to another. The lengths of the segments arc 200 metres, except for the entry
and exit segments at the Vinkeveen junction, which are 100 metres long. This adjustment is
made because the entry and exit lanes are about 300 metres long, and segments of 100 metres
provide more possibilities for vehicles to enter or leave the motorway. The network is built so
that vehicles in the shoulder lanes can only continue in these lanes or switch to the middle lane

when entering the next segment. Vehicles in the middle lane can continue in their lane, or
switch to the shoulder lanes.
The capacity of the different lanes has been determined by the Transport Research Centre. In
the right lane, the capacity is set at 1600 veh/h, in the middle lane, 2400 veh/h, and in the left
lane, 27A0 veh/h. The capacities of the entry and exit lanes are fixed at 2000 veh/h. These
capacities are valid for the whole network.
The speed on all of the main road segments is set equal to the actual speed limit, which is 120
km/h. A drop in speed (e.g. due to congestion) should be revealed in the FLEXSYT-IIsimulation. On the exit lane at the Vinkeveen junction, the speeds on the segments are defined
as decreasing from 120 km/h to 80 km/h, while at the entry lane the speeds increase from 80
km/h to 120 km/h.
The maximum deviation of the mean speed is set at t0%.

The traffïc flow input is specified with reference to the full testing period. More specifically,
the distribution of the flows in each directions (through and exiting traffic) is determined from
the total flows observed during the entire peak period (6.30 to 9.30 and 15.30 to 18.30).
30 June
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Quarterly fluctuations are therefore excluded, although this results
between the observed and simulated flows.

in some minor differences

The traffic situation around the Vinkeveen entry lane can be regarded as an uncontrolled
conflict. The traffic on the main road section has priority over entering traffic. However, in
agreement with the Transport Research Centre it has been decided not to specify uncontrolled
conflicts in the network, and this the simulation handle the traffic without priority rules.
The detector configuration is specified in the network according to the configuration on the
drawings. For each section there are three or four pairs of short loops. The loops are 2 metres
apart from each other in each pair. FLEXSYT-II- offers the opportunity to specify speed and
analogue detectors. However, these optior$ have not been used as the simulation results must
be produced using the same algorithms as were done in the survey, i.e. potential deviations
between the simulated and observed results cannot be caused by the method used.
Signals and corresponding halt-lines are defined in the network, although they are not present

Ï *"|'il;iffï,[iï::ïï::ffi;

a corresponding signar to be numbered;
in this specific case, the results of the simulation must be printed in the REGFIL (the
standard output in the RESFIL does not provide the required results). Signals must be
speciÍied to print in the REGFIL.
In the CONDAT-dataset, the actual operation of the signals and halt-lines (to show red, yellow
and green) is prevented by setting the signals continuously to green.
The number of signals in the network depends on the type of results which need to be printed
in the REGFIL (see section on 'The Controller'). To avoid confusion during the simulations,
per simulation period (morning and evening peak) three network files have been created,
resulting in the use of six network files to simulate the motorway with bottleneck.

5.3.3.2

The controller (CONDAT-daÍaset)
Appendix 14 contains the CONDAT-dataset for the simulation of traffic situation
motorway with a bottleneck.

D, the

As the traffic situation on the A2 is not controlled by traffic lights, the CONDAT-dataset is in
principle not required. Nevertheless, in this case the CONDAT-dataset is used to perform
some calculations. As previously mentioned, the standard output of FLEXSYT-II- does not
provide the information required certain characteristics of the observed and simulated traffic
flow. The desired results are flow, speed, headway, occupation rate of detectors, together with
the standard deviations of the speed and the headway for each section. These results can be
derived using the CNTFIL and presented using the REGFIL.

In the CONDAT-dataset, a number of algorithms are specified to produce the desired results:
Ftows per vehicle type
The flows are calculated by counting the number of times that the first detector of a pair
is triggered. The flow per section is determined by adding together per lane at each
section. This does not however indicate how many vehicles of a certain type have
passed the section.
The flow of each vehicle type is determined by calculating the speed and the length each
vehicle. This is done as follows:
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1=173-Tr)*V
Tt/here:

-

L

is the length of the vehicle in metres;

Tr is the time (moment) when the front (head) of the vehicle triggers the first detector;
T3 is the time (moment) when the tail of the vehicle leaves the first detector;

V

is the speed in m/s.

Average s@
The mean speed of a vehicle is:

V=2

T2-Tr

Where

-

V

is the speed in m/s;

Tr is the time (moment) when the front (head) of the vehicle triggers the first detector;
Tz is the time (moment) when the front ftead) of the vehicle triggers the second detector;
The constant value of '2' is determined by the distance between the detectors (2 metres in this case).

The speed is determined in this way for each vehicle. The mean per section is obtained
by adding together all of the speeds at a given section and dividing by the total number
cases.

No distinction is made between different vehicle types as the survey data does not
provide this information.
Average headway
The average headway is calculated using the formula below:
HeadwaY=7s-7*
rilhere:

-

T4 is the time (moment) the tail of the first vehicle leaves the first detector of the pair;
T5 is the time (moment) when the front (head) of the next vehicle triggers the first detector

of the pair.

In this way the headway between all vehicles is ascertained. The mean per section is determined by adding together all of the headways at a given section and to divide this by the
number of cases.
Occupation rate
The occupation rate is the proportion of time during which the detectors are occupied
with a vehicle, and is expressed in terms of percentages. This is calculated as follows:
occ'rate =lgg *

E (73

-Tr)

totaltime

rilhere:

-

Tr is the time (moment) when the front Oead) of a vehicle triggers the first detector;
T3 is the time (moment) when the tail of a vehicle leaves the second detector.

The occupation rate for each section is the sum of the occupation rates for each detector
pair at the given section, divided by the number of pairs.
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Standard deviations of speed and headway
In this study, the following formula for the standard deviation is used:

zxr-@
SD=

JV

Tlrhere:

-

SD is the standard deviation;

X is

speed

or headway;

N is the number of observations.

The standard deviations are calculated for each section.

In the specification of the formula in the CONDAT-dataset, it

has been taken into

account that the number of digits of values in FLEXSYT-II- is limited. The calculation

is therefore split into several parts in which constant parameters are used to prevent
overflows.

All

for every quarterly period. To print the simulation results
in the REGFIL, some additional information is specified in the MANDAT-dataset.
these calculations are performed

5.3.3.3 The control philosophy (MANDATdataset)
Appendix 15 gives the MANDAT-dataset for simulation of traffic situation D, motorway with
a bottleneck.
The contents of the MANDAT-dataset varies from the conventional dataset since the traffic
situation on the A2 is not controlled by traffic lights. No technical formulations of a control
progrÍrm are required. Only the names of detectors, time, memory, logical elements and their
default values are specified. Finally, the MANDAT-dataset describes the print procedure for
the REGFIL. The calculations undertaken in the CONDAT-dataset are printed according to the
MANDAT-dataset specifi cations .
There is one MANDAT-dataset for all NETDAT and CONDAT files.

5.3.3.4

The simulation parameters (SIMDATdataset)
Appendix 16 shows the SIMDAT-dataset for the simulation of traffic situation D, motorway
with a bottleneck.

This dataset contains the parameters used in the actual simulation process. In the section
entitled 'Simulation duration and Simulation period' the required parameters are extensively
discussed. Consequently, the values of the parameters will only be detailed here.
The automatic significance parÍrmeter for the vehicle types is set to L0% for type I and to
12% for types 2 and 3. Types 2 and 3 are given an automatic significance parameter of L2%
to reflect the small number of vehicles in relation to the duration of the simulation.
The generation period, the pre-run time and the timeslice period is set to 15 minutes.
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Default values are used for the characteristics of the vehicle types 1 and 2, such as acceleration, deceleration and length (Manual FLEXSYT-II-, paft 1). The maximum speed of the
type 3 vehicles (lorries) is set to 90 lín/h. Other characteristics values for type 3 vehicles are
fixed at default values.

5.4

Remarks about the preparation of the input files
Some difficulties \ryere experienced when preparing and testing the input files for FLEXSYTII-. A number of issues arose which are not clearly described in the manual or are simply
omitted. The following paragraphs highlight these problems. Changes to the program itself
(required for the current study or recornmended in the future to extend its capabilities) are also

mentioneï,

o,ro.ult to specify unconrrolled conflicts in FLEXSYT-II-. The manual

does

explain the workings of the gap acceptance model, but the required parameters are not
described very clearly. An example of this is the 'triggerpoint' (gap position). The gap
position can be the actual gap-position (the point at which the road user searches for a
gap) or it can be a derivative of the travel distance to the stop position in relation to the
gap time and the approach time. It is agreed with the Transport Research Centre that
the determining factor is the moment at which the priority giving vehicle can start
moving. To enter the crossing to the point of conflict, there must be a sufficiently large
gap in the traffic flow. This implies that the gap position depends on the travel distance
in relation to the gap time and the approach time. It is advisable to explain this more
clearly in the manual.
Only one traffic flow parameter record can be specified per crossing. Fluctuations in
each timeslice cannot be specified. Consequently, the simulation process is less accurate, as are the results.
In our opinion, the description of how to specify the segment speed requires further
attention in the manual, since:
the manual does not state that specification of a series of segments with different
segment speeds, lead to abrupt changes of speed when entering a new segment
(no transition speed is used);
the manual also does not mention that when vehicles in actual traffic conditions
change speed in reaction to physical road conditions (curves, slopes), this must be

.

.

specified in the input files;
the manual also does not stress clearly enough the influence that segment speed
has on the simulation results, by its direct relationship with delays.
The user should be made aware of the fact that the segment speed needs to be selected
with great care.
White testing the input files it became apparent that the duration of the simulation is
strongly influenced by the number of segments in the network. This must be taken in to
account when specifying, for instance detectors, halt-lines and uncontrolled conflicts in
larger networks. In the most recent version of FLEXSYT-II (version L.2), this effect is
already indirectly referred to in the readme.lst file.
The syntax of some of functions in FLEXCOL-76- is not described properly. It is not
clear which functions should be used for obtaining the square root or the squared value.
and Xv. The FORTRAN functions SQRT
The manual uses the mathematical notations
and ** should probably be used.

.

{
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It is possible to specify up to 99 signals for each controller in FLEXSYT-II-. However,
it is not clear which character should be used to move to the next line in the specification, when the signals to be specified do not fit on one line. The characters '+' or '.'
are not accepted by the program.
The classes of several frequency distributions presented in RESFIL are fixed. This
means that sometimes the impact of pÍuÍrmeters cannot be determined with sufficient
accuracy. It is desirable for the user to be able to specify these classes or for the classes
to be determined by the program according to the minimum and maximum values of the
parameter (see also chapter "Analysis").

The so-called TRCFIL is useful to trace errors in the specification. This TRCFIL
reports every event which occurs during the simulation. However, the user can be
misled since only the changes of the status of an element are listed. For example, to
check the calculation of several quantities during the simulation (motorway with
bottleneck) the TRCFIL is used continuously. When, however, the value of a parameter
does not change after a calculation, this value will not be listed in the TRCFIL. This
suggests that the calculation did not take place at all.

It is recommended

-

-

-

that an option is added to the selection list for the REG-parameter,
which allows the progress of certain (specified by the user) variables to be monitored.
Events should not only be presented, but also the status and the value of the variable
after each calculation.
Queues can only be presented in the RESFIL when they are related to a halt-line. As
there are no halt-lines in uncontrolled situations, spurious halt-lines must be introduced.
However, there are stop positions in uncontrolled traffic situations, which could possibly be used in future versions of FLEXSYT-II- to present the queues arising in uncontrolled conflicts.
It is only possible to specify a regularity parameter for vehicle of type 4 and 5 (public
transport). Implementation of a regularity factor for other types of vehicles, would solve
the problem of specifying the non-Poisson distributed arrivals of groups of pedestrians,
at pedestrian crossings near public transport stops. This group of road users cannot
actually be assigned to type 4 or 5 since the capacity of the segments for these types are
not high enough (maximum 3000 veh/h) and since a minimum length is required
(pedestrians have no length in FLEXSYT-II-).
The manual states that traffic can be sent to a certain segment by more than one
generator. The manual does not however mention that it is not possible for a certain
generator to send traffic to different segments. A note in the manual could prevent
inexperienced users building the network incorrectly, thus avoiding amendments.
Specifïcally for studies which compare survey results with simulated results (e.g. for
calibration) it is recoÍnmended that travel times are used in stead of delays. It is
assumed that this information can be derived in a simple way from the CNTFIL. The
user could be given the option to specify in the SIMDAT-dataset the manner in which
the value should be presented (travel times or delays).

Errors and constraints
The first tests of the input files for FLEXSYT-II- have been conducted using the older version
1.1. The following problems occurred:
In version 1.1., which was provided by the Transport Research Centre to DHV for validation, the maximum capacity which could be specified was 2500 veh/h. The capacity
on the left lane of the A2 is, however, 2700 veh/h. This limit has been raised to 3000
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veh/h in version I.2.
In the first version, it v/as not possible to specify the gap times in tenths of a second.
This was however required to specify the uncontrolled conflicts at the roundabout
sufficiently accurately. In version I.2 it is now possible.
A 'divided-by-zero' warning occurred when testing the input files for the traffic situation D, highway with bottleneck. It became apparent that this was due to a fundamental
eÍïor in the vehicle models, with regard to the handling of the so-called merge conflicts.
This error has also been rectified in version 1.2.

5.5

Simulation duration and simulation period

In the SIMDAT-dataset the number of subruns per run must be specified. One complete
simulation is one subrun in FLEXSYT-II-. This is considered to be the simulation of one
complete rush hour period (highway with bottleneck) or the simulation of a complete day
(single controlled intersection).

Traffic flows flucfuate from day to day, even if the mean load remains virtually the same.
This is also true within a period with a more or less constant load (e.g. within a peak or offpeak period).

To obtain reliable results it is necessary to execute more than one subrun. A number of results
(e.g. the delays) are calculated per subrun; the results per subrun are then treated as independent observations on which statistical calculations can be performed. The simulation period
selected must be long enough to yield sufficiently accurate results, which means that a
sufficiently large number of subruns (with different random seeds) are required.
The execution of a large number of subruns results in very long simulation sessions. To limit
the waiting time of the user on one hand and to obtain sufficiently accurate data on the other
hand, FLEXSYT-II- possesses an automatic significance mechanism.
The automatic significance mechanism estimates, after the completion of a subrun, the
signifïcance of the obtained data until that moment. This is done by calculating a so-called
confidence interval. This confidence interval indicates the margin within which the real delay
will lie, with a95% probability. These margins are expressed as a percentage of the calculated
delay, added for all vehicles of a certain type in a subrun. The user must specify a maximum
acceptable margin. When the traffic load of a certain vehicle type is small, a greater number
of subruns will be required to reach an acceptable significance.
In the current study, an automatic signifïcance of l0 % is selected for vehicle type 1 for all
three traffïc situations. The automatic significance of the other vehicle types depend on the
corresponding traffic loads in relation to the duration of the simulations.
Survey data is available for a large part of the day, from the historic data and the observations
obtained for this study. All of this data is used within the current validation study. The
following periods are used during the simulations:
Situation B: single controlled intersection
complete day: 7.00 - 19.00 h.
Situation C: uncontrolled roundabout
part of a day: 7.00 - 12.00 h.
Situation D: motorway with bottleneck
morning peak: 6.30 - 9.30 hours

-

-
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evening peak: 15.30 -18.30 hours

5.6

Processing the simulation results

Not all of the data presented in the output files of FLEXSYT-II- can be used directly.
The simulation results in the REGFIL are very extensive (the size of the output file can exceed
100 megabytes) and contain a lot of superfluous information. This is due to the way in which
the REGFIL is built (output per second). The data in this file is grouped per subrun and a
mean value over all of the subruns needs to be calculated. The results of the simulation are
processed to usable values via a number of software programs (FORTRAN) which have been
developed during the study. These values were then stored in the database.

In the RESFIL, only the delays of vehicles need to be processed as they are not directly
suitable for analysis. They must be transformed into travel times. Travel time from the entry
segment to the halt-line, and from the entry segment to the exit segment must be established.
Delays are available in the form of mean values and maximum values together with the
corresponding standard deviation and frequency table. The following steps are used to conveft
delay into travel time.
The mean values of the free travel times are deduced from the different segments of the
simulated networks, based upon the length and the speed per segment. The free mean
travel times are specified to within a tenth of a second.
The locations from which the free travel time are derived in the simulation corresponds
to the survey locations.
By adding together the free travel times of the different segments, the free travel times
from the entry segment to the halt-line and from the entry segment to the exit segment

-

can be determined.

It is assumed that

a any delays which occur before the measure location in the simulation are insignificant.
Finally, the free travel times are added to the mean and maximum delays produced by
the simulations. The standard deviations remain the same. The free travel times are also
added to the frequency distribution which adjusts the classes of the distribution. The
actual observations can now be compared with the simulation results.
Appendix 17 describes how the free travel times are deduced.
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6

ANALYSIS

6.1

Statistical techniques
There are three stages involved in the comparison of observed and simulated results"

Data related to the flow and the course of the traffic control program serve to unite reality
with simulation. If the distribution of the flow in the network and in time, during simulation,
does not correspond with the observed flow, it is not advisable to compare actual and simulated data regarding queues, travel time and headway (first level of comparison). This is also
true for specification of the traffic control program. If the course of the traffic control
program during simulation, fails to correspond with the observed course (verification via cycle
time, red time and green time), it is not useful to compare observed and simulated data
relating to queues and travel time (second level of comparison). V/hen comparison on both of
these levels is satisfactory, actual and simulated results concerning queues, travel time and
headway make validation possible (third level of comparison).

Traffic flow provides, on a more or less aggregated scale, input for the simulation. The
simulation produces, among other data, flow (on a more detailed seale). The degree to which
the observed and simulated flows in time correspond with one another, is determined by two
quantities (12-test and Root Mean Square Error Proportion) and by log-linear analysis of
contingency tables. Log-linear analysis makes it possible to analyse the flow on sections over
time, and to determine the degree to which actual and simulated data correspond. This method
is particularly suitable for this sfudy as the flow in time exceeds a limited number of intervals
(fïve hours or twelve hours/quarters of hours during a day). This technique is an extension of
the normal f-test used to assess the resemblance between the simulation results and a reference model (in this case the survey data). For the observed and simulated results, a separate
log-linear model is estimated for flow, as a function of a time interval and section.
Consequently, one can determine whether differences the differences between the observed
and simulated values are significant and relevant.
In addition, the flow frequency tables are also, when useful, investigated.

The Root Mean Square Error Proportion (RMSEP) value is calculated according to the
following formula:

*rrr=w

where:

x:
n:

reference-value or model-value (in this case the survey data);
observed-value (in this case the simulations);
number of observations.

There is no known RMSEP value which gives reliable conclusions. However, as RMSEP
r and x increases. RMSEP is always greater than
0, except for the unlikely situation when the observed values are identical to the reference
values. When RMSEP equals 0.1, this is regarded as a signifïcant difference.

becomes smaller, the resemblance between
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The t'-test is carried out using formula detailed below:

x2=E@
where:

x:

reference-value or model-value (in this case the survey d^ta);
observed-value (in this case the simulations).

Reliable conclusions can be drawn from the f value obtained (via statistical tables with n
degrees of freedom). As the resemblance between r and x increas€s, X2 becomes smaller. Like
RMSEP, X2 is always greater than 0, except when the observed values are identical to the
reference values. When t' equals approximately n (number of observations), the differences
between r and x are small and not significant. When / equals approximately 2n, the differences are large and significant.
Information on the course of the control program is used to match reality with simulation. The
degree to which the observed course of the control program and the simulated course correspond in time, is investigated by means of the t-test. In this test, average values of green time,
red time and cycle time are compared (observed and simulated results). In addition, the
variation in these quantities is taken into account (standard deviation). If these average values
match well, it is valuable to also compare the frequency tables. The degree of comparison
between these frequency tables is determined through normal / tests. The KolmogorovSmirnov test is also applicable in this instance.
The t-test is carried out as follows:
._ (R-D
sP.

ta.1r
nr
n2

(nz-D.i
nfnz-2

(nr-1)sr2+
sp=

Where:

R:
X:
srr
orr
Szr
trzr
\:

average value, observations;
average value, simulation;

standarddeviation,observations;
number of observations, observations;
standard deviation, simulation;
number of observations, simulations;
pooled standard deviation.

Reliable conclusions can be drawn from the t-value obtained (via statistical tables)
As the resemblance between r and x becomes larger, t becomes smaller. A t-value of about
1.60 indicates a small, insignificant difference, whereas a t-value of about 2.00, suggests a
large, significant difference (depending upon the number of degrees of freedom which in this
study are generally large). Pooling the standard deviations is possible when identical standard
deviations can be assumed. If this is not the case, an adapted version of the t-test is possible,
in which the standard deviations are presumed to be different.
When the similarity between the observed and simulated values of both flow and course of the
control program, is regarded as satisfactory, it is advisable to compare other simulated results
with the survey findings. This is initially undertaken using average values. By applying t-test,
the average values and standard deviations of each relevant variable such as queues, travel
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time, speed and headway can also be

If

assessed.

an acceptable outcome is achieved, a more detailed investigation is conducted to determine

whether the appropriate simulated frequency tables correspond with the actual frequency
tables. These frequency tables are presented as histograms. If the absolute number of observations per class is known, the normal t'-test is applicable. If only a distribution (in terms of
percentages) across the classes is known, a cumulative distribution is defined. In this case the
Kolmogorov-Smirnov test is applicable.

6.2

Theoretical comparison
This validation study also examines whether FLEXSYT-II- simulates motorway conditions as
theory suggests. This requires the theoretical comparison of a number of basic traffic flow
features when traffic is not subject to controlled nor uncontrolled conflicts (e.9. crossing
traffic flows, traffic controllers). These basic features are flow, speed, headway and occupation rate of detectors.
Using traffic flow theory as a basis, a comparison is made between the results of FLEXSYTII- and the theoretically expected values, without considering the absolute values of the data.
In this respect, the flow/speed curves are a valuable reference

6.3

Sensitivity analysis
The starting-point for this study is to ensure that the model parameters of FLEXSYT-II- are
plausible. A distinction is made between internal parameters, for example the start lag, and
external parameters such as capacity and gap-acceptance. The internal model parameters
cannot be modified by the user of FLEXSYT-II- as they are incorporated inp the Simulator
(Black Box). However, the external model parameters can be modified by the user via the
various input files.
In order to establish the cause of the differences between the observations and the simulations
produced by the applied package (the Simulator), the effects of the external model parameters
on the results must be investigated. This sensitivity analysis is carried out for the external
parameters of capacity, gap-acceptance, speed and for the regularity factor for public transport. The results for each relevant variable are compared, using average values and standard
deviations (t-test). If necessrÍy, amore detailed comparison may be undertaken as described in
section 6.1.
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aNALYSIS SITUATION B, SINGLE CONTROLLED TNTERSECTION
7.1

Quality obseryations
By additional programming of the controller at the Rijswijkseweg/Tvenckenbachstraat intersection, throughout the survey period the flow was automatically measured by loop detectors.
The flow on the intersection was also visually monitored by video-recordings. Comparison of
both results revealed considerable differences. The four loop detectors on the main direction
of travel registered a total flow of M96 veh. (signal 2) and 4245 veh. (signal 8) during the
survey period, while the visually observed flow delivered 4985 veh. and 5384 veh. respectively. The same proportionate differences were found for the other directions. The quality of the
observations could be verified as two of the four directions contain three loop detectors in a
row. These three detectors should record the same number of passing vehicles. It turned out
that the first detector of signal 11 counted 1006 veh., the second, 945 veh. and the third, 888
veh.

!

it was indeed possible that the
various detectors failed to register every passing vehicle. This was mainly due to the slowness
of the internal clock of the controller.
The Transport Research Centre has agreed that the information collected through the detectors
should not be used. Only the visually collected flow data is used in this study.
Inquiry with the municipality of The Hague revealed that

The course of the control program is automatically recorded by the controller. Checking the
data proved that, in some cases, the duration of a phase (green or red) was registered a second
too long or too short. This was verified from the specification of the duration of the minimum
times in the actual control program. While the minimum green time of tram signals is 4
seconds, in most cases a minimum green time of 3 seconds was reported. The cause of this
malfunctioning was again the internal clock of the controller. However, as the differences
between the automatically recorded data and the original control program are negligible, the
observations are usable for this sfudy.
rWith regard to the processing of the video information, the following points should be stated.
All of the necessary data had to be typed into a computer database. The quality of the input

was assessed by examining the plausibility of the resulting data. A further consideration of
travel times revealed that, on a few occasions, a car would have had to travel at an incredible
speed to pass the intersection (up to 230 km/h). A mistake in typing the moment of crossing
the section was the obvious cause of this. Such extreme speeds occur infrequently. The
maximum percentage of extreme values appears to be 0.5% of the total observations (direction
5). For the remaining directions this ranges from 0 to 0. L %. The effect on average travel
times is minute and amounts to n additional tenth of a second; the average travel time on
direction 5 increases from 18.5 to 18.6 s. Extreme values are not removed from the data.

7.2

Comparison
Appendix 18 contains the aggregated results of the observations and the simulations for traffic
situation B, single controlled intersection. All data relating to the sensitivity analysis are
included in this appendix.
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7.2.1

Flow
Flow data is collected for 5 vehicle types (I,2,3, 5 and 6), per hour, on 4 arÍns, on sections
where vehicles leave the network (12x1 hour, 4 directions). Rough examination of the first
simulation results led to the positioning of a second couple of detectors on the exit segments
(type I, 2 and 3). This additional set of detectors is expected to record the same amount of
vehicles of each t]?e.
Vehicle types l, 2 and 3 combined
Diagrams 2 and 3 show the resulting total flow during the entire period (types
combined), per direction (observations and simulations).
Please note the use of different scales for flow in the various diagrams.

Total Flow per direction

Tolal Flow per direction
Vehicletypes 1, 2 and 3 in all
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Diagram 2: Total flow directions 2/8
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Diagram 3: Total flow directions 5/11

The abbreviations Det. 1 and Det. 2 represent the flow recorded detector 1 and detector 2
(additional set of detectors).
The diagranu 4 to 7 indicate the resulting total flows per hour, during the study period (type
I, 2 and 3 combined), and per direction (observations and simulations).

30 June

Validation FLEXSYT-IITV/LV/SE9515,10

1995,

Final versisr

-43-

Transport Reserch Centre

DIIV Environment and Infrastnrcture

Flow per hour dirsction 2
I

ol--o-

Flow per hour direction 5

Vehicletypes 1, 2 and 3 in all
@ o* t
@l ottz

I

Vehicletypes 1, 2 and 3 in all

ob-..rton

El

o.,.

t

@)

oct.z

c00
800

,o0
@0

r
!
^

5o0

.00
3{10

200

r00
0
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Diagram 5: Flow per hour direction 5
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Diagram 7: Flow per hour direction I I

The question is: do the results of the simulation correspond with the results of the observations ? This question can be answered for the total flow by comparing the two contingency
tables (observations and simulation), i.e. log-linear analysis.

After simulation, the two pairs of detectors register a virnrally identical amount of vehicles as
far as the total flow is concerned. The flow in comparable hours and directions differs by one
vehicle at the most.
Looking at the total flow (all vehicle types, in all), no significant differences between the
observations and the simulation are found. Considering the total flow per direction, significant
differences are evident, although the amount of traffic in the directions 5 and 11 is small. The
total simulated flow in direction 5 is approximately half of the total observed flow, and in
direction 11 approximately three quarters of the observed flow. In diagram 3 these differences
are clearly visible.
V/ith regard to the directions 2 and 8, no significant differences are revealed when examining
the flow per hour. The result of the x2-test for direction 2 is 7.66 at LZ degrees of freedom;
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The difference between the observations and simulation in period 7 largely contributes to this
t'-value. However, this may well be coincidence (probability > 25 7o), so the difference will
not be judged as significant. For the same direction, the Root Mean Square Error Proportion
(RMSEP) equals 0.037, which suggests a minor difference between observations and simulation. The result of the t'-test for direction 8 is 4.89 at 12 degrees of freedom; again, this may
just be coincidence (confidence
95 %), so the difference will not be judged as significant.
In addition, the Root Mean Square Error Proportion for direction 8 equals 0.032, which
indicates a slight difference.
There is no use in carrying out these detailed tests for the directions 5 and 11, because
significant differences already occur at the total flow level.
The total observed amount of traffic is approximately 0.5 % higher than the total simulated

)

amount.

Vehicle types 5 and

6

(separate)

For the two vehicle types 5 and 6, no significant difference between observations and simulation can be proved. In general, the total observed flow is a little lower than the total simulated
flow. For type 5, only present on directions 2 and 8, the difference is 1.8 %, while for type
6 the difference equals 0.8 %.

I

Vehicle type
The diagrarns 8 and 9 illustrate the total flow derived during the study period for vehicle type
I per direction (observations and simulations).
Please note the use of different scales for flow in the various diagrams.
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The diagrarns l0 to 13 show the resulting total flows for type 1, per hour and per direction
derived during the test period (observations and simulations).

30 June

Validation FLEXSYT-IITV/LV/SE9s1540

1995, Final versiqt

-45-

DlMnvironment and Infrastructure

Transport Research Centre

I

Flow per hour direction 2
Type I
obonrto
6El o.t. :
@l o.t

I

z

Flow per hour direction 5
Type I
ob--rion
El o.r:
@) o"tz

900
800

t00
!o0

t!to

roo
300
200

.loo
0

Diagram 10: Flow per hour type

I

I direction 2

Flow per hour direction
Type Í
ob--.tton Gl o.,. t
@l

000

Diagram 11: Flow per hour type

I

I

direction

Flow per hour direction 1'l
Type

ort

5

I

z

ob--.tton

El

o"t.

t

1

o*e

@l

50

500

40

.00

!
Ê

30
3oo

20
200

t0

100

0

Diagram 12: Flow per hour type

I direction

8

Diagram 13: Flow per hour type 1 direction

ll

flow (type l, 2 and 3 combined) is mainly made up of vehicles of type 1
(95%), the conclusions concerning the total flow are also applicable to the vehicle type I flow.
Since the total

Vehicle type 2
The diagrams 14 and 15 contain the resulting total flow during the study period for vehicle
type 2, per direction (observations and simulations).
Please note the use of different scales for flow in the various diagrams.
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Diagrams 16 to 19 present the total flows for type 2, per hour and per direction (observations
and simulations).
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2 flows (limited to directions 2 and 8) gives the following con-

clusions:

-

In general, the average observed flow is 5.7 % higher than the simulated flow registered
by detector 1, but 36.3Vo lower than the simulated flow registered by detector 2 (average observed flow: 8 veh/h);
There is a significant difference between the detector 1 registrations and detector 2
registrations (42%).

Vehicle type 3
The diagranu 20 and 21 show the total flow produced during the entire period for vehicle type
3, per direction (observations and simulations).
Please note the use of different scales for flow in the various diagrams.
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The diagraÍns 22 to 25 indicate the resulting flows for type 3, per hour during, and per
direction (observations and simulations).
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Analysis of vehicle type 3 flow (limited to direction 2 and 8) produces the following conclusions:

-

In general, the average actual flow is 72.1% higher than the simulated flow registered
by detector 1, and 55.3% higher than the simulated flow registered by detector 2
(average observed flow: 4 veh/h);
A significant difference between the detector I registrations and detector 2 registrations
is evident (l6.8Vo).

The occurrence of significant differences between observations and simulations for vehicle
types l, 2 and 3 separately, despite the lack of any substantial difference in the total flow, is
probably attributable to a substitution effect. There may be an error in the assignment of
vehicles of a certain type. This suggests that the identification of the length of a vehicle (see
CONDAT-input file) is incorrect. However, ffi vehicles in FLEXSYT-II- have a fixed length,
the categories used for type-assignment appear to be more than sufficient (type 1 < 7 m.;
type2 ) 7 m. and ( 13 m.; type 3 > 13 m.). The formulas used for calculating speed and
length cannot be brought into question either.

By chance the functioning of the detectors in FLEXSYT-II- (short loops) require further
investigation. This is supported by the fact that both pairs of detectors show different results.

7.2.2

Course of control program
The diagrÍrms 26 and 27 show the average green times, non-green times and cycle times, per
direction.
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Diagram 26: Average green and non-green times (observation) Diagram?T: Average green and non-green times (simulation)

Generally, the average observed green times are comparable to the average simulated green
times. Signals rwith short green times are considerably underestimated in the simulation
(signals 5, 1l ,31,32,35 and 36). For example, the observed average green time of signal 35
is 11 s. with a standard deviation of 7.1 s. (based on470 cycles). The simulated green time
equals 8.7 s. with a standard deviation of 3.6 s. (based on 509 cycles). Applying the t-test,
this results in 1:$.46 (pooled standard deviation) or t:6.31 (non-pooled standard deviation).
Both t-values are so high that this cannot be coincidence. The difference between the observations and the simulation is significant. This finding is partly due to the inaccuracy of the
observed data, which is stated in integers. This is especially true in cases where the average
green time is short (signals 5, 11, 31 and 32 tl,ave an average green time of less than l0
seconds).

The simulated average non-green time is for almost all signals substantially less than the
average observed non-green time. Only the signals 42 and 48 (tram) show the reverse trend.
At most signals the differences turn out to be significant (non-significant at signals 3I,32,35,
36 and 48). Subsequently, the average simulated cycle times are shorter than the observed
cycle times (again, with the exception of the signals 42 and 48). Once more, these differences
are significant (non-significant at signals 3L, 32, 35, 36 and 48).
These findings can be illustrated by frequency tables, which in general correspond well.
Notable exceptions are the frequency tables for the signals 42 and 48 (see diagrams 28 and
2e).
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Frequency tabel Cycletima

Frequency table Cyclctime
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Diagram 28: Frequency table cycle time signal42

"

Diagram 29: Frequency table cycle time signal 48

It is believed

that the pattern of trarn arrivals in the simulation differs from the pattern in
reality. This is based upon the fact that almost every cycle time in the simulation is greater
than 200 s. The observed cycle times show much more variation, \4/ith a more variable
interval between two successive vehicles.
V/hen each signal is considered in detail, significant differences between observations and
simulation exist, despite the identical specification of the control progrÍrm. On the other hand
however, it is evident that there is a broad resemblance between observed and simulated
results.

7.2.3

Queues

The main directions (signals 2 and 8) display widely distributed queues. The majority are
between 0 and 14 metres long, but queues of 70 to 74 metres also occur (I% of all observations). The results of the simulation are more homogeneous; hardly any queues longer than
24 meftes arise. Moreover, in the simulation results, the largest proportion of queues are
between 5 and 9 m. in length. In the observations horwever, the greatest proportion of queues
are between 0 and 4 metres. Queues for signal 5 show a greater resemblance between
observed and simulated values. The diagrams 30 to 33 illustrate the above.
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Diagram 30: Disnibution of queues in direction 2

Diagram 31: Distribution of queues in direction 5
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Diagram 32: Distribution of queues in direction
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Diagram 33: Distribution of queues in direction
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In FLEXSYT-II- the calculation of a queue is based on the presence of a vehicle. Maximum
queues on a segment are derived from the total length of all vehicles passing the signal during
the cycle time concerned. The speed of the vehicle or the sustained delays are not involved in

this calculation.
The definition of a queue used when conducting traffic survey is fundamentally different and
is the generally accepted definition:
A queue is a more or less continuous, stationary (or very slow moving) file, waiting for
the removal of a (temporary) blockade (for example a traffic signal).
The length of the longest queue which occurs during a complete cycle is used as the maximum
queue.

The differences between observations and simulation are a result of the differing definitions of
the maximum queue. As a consequence, it is not possible to compare the results, or to carry
out more detailed tests.
It is recornmended that the method of calculating queues in FLEXSYT-II- is brought into
agreement with the method of measuring queues in reality.
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Furthermore, it is valuable to include a class in the frequency table which represents no
queues (0 to 0 metres). Using the current class of 0 to 4 m., it is not possible to identify when
queues do not occur.

7.2.4

Travel time

:"n*"':Ïlï;,'ffi,n',ïnfi:'ïï;il

lilffiiï:ll*

a vehicre enters the sphere or innuence or
the intersection and ending at the moment when this vehicle passes the halt-line (driving

-

up to the halt-line);
a travel time starting from the moment that a vehicle enters the sphere of influence of
the intersection and ending at the moment when this vehicle leaves the sphere of
influence of the intersection (crossing the network).

Driving up to the halt-line
The average travel times per direction are basically the same (see diagram 34).
Travel Time Entry - Halt-line
Vehicletype
I

obr-".tlon

Effil
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Diagram 34: Travel Time entry to haltline

The differences between the observations and simulation values are significant for the directions 2, 5 and 11. For example, the t-value for direction 2 is 6.4.
The observed travel times in all directions for almost every vehicle type show more variation
than the simulated travel times. Maximum observed travel times are higher than maximum
simulated travel times, as is also the case with the standard deviations. This phenomenon is
illustrated in the accompanying frequency tables.
Crossing the network
The similarity between the observed and simulated times is reasonable (see diagram 35).

30 June
Validation FLEXSYT-IITV/LV/SE9s1540

1995,

Final versiqt

-53-

Transport Research Cenhe

DIIV Environment and Infrastructure

Travel Time Entry-Exit
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Diagram 35: Travel Time entry to exit

Most directions reveal considerable differences (non-signifïcant directions are l, 4,7 and 8).
Again, the observed travel times for almost every vehicle type in all directions display more
variation than the simulated travel times. Maximum observed travel times and standard
deviations are greater than the associated simulated values. This outcome is also shown in the
accompanying frequency tables.

The simulated travel time is largely influenced by the specified average free speed per
segment. After all, when a vehicle cannot drive at its desired speed, a delay occurs. If a high
segment speed is indicated, the chance of incurring a delay is relatively higher than when a
low segment speed is specified.
In this respect, simulating this traffic situation in The Hague is problematic. When vehicles
enter the sphere of influence of the intersection, the traffic light is immediately visible. The
video-recordings show that when vehicles arrive during the green time, they pass the intersection at a relatively high speed (higher than the speed limit). On the other hand, when vehicles
arrive during the red time, the average speed is relatively low (discounting vehicles that are
not moving). In this case, the control program contains a 'waiting state' program for the main
direction. This implies that, because of slow traffic in the minor directions, the main direction
experiences a green light more frequently and for a longer duration. Subsequently, more
vehicles pass the intersection at relatively high speeds than at relatively low speeds.
This raises the issue of which segment speed (desired speed) should be specified in the input
file for FLEXSYT-II-. A speed of 65 km/h is selected as the segment speed. In view of the
fact that the observed and simulated travel times match one another to a satisfactory degree,
no sensitivity analysis is carried out with respect to segment speed. However, a more detailed
examination of the impact that the specified segment speed has on travel times seems desirable.

7.2.5

Sensitivity analysis

A few parameters

used in the input files for FLEXSYT-II- are not known for sure. In order to
attribute established differences between the observations and the calculations to the applied

package (the Simulator), the effects

of

these external model parameters on the results are

investigated.

By varying one of these parameters throughout the network, a comparable set of results arise.
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It is advisable to investigate common variations between the simulations (with modified input).
The question is: do the observations lie within the bounds of the sensitivity analysis? If this is
the case, it is possible to improve the match between the observations and simulation by using
a more appropriate value for the external model parameter concerned (calibration). If this is
not the case, one can conclude that the differences between observations and simulation are
not caused by an incorrect estimation of the external model parameters.
For the single controlled intersection (traffic situation B), the parameters for capacity and the
regularity factor for public transport are modified in the sensitivity analysis. The regularity
factor is investigated because data regarding the course of the control program suggests that
the pattern of tram arrivals is too regular. Gap-acceptance is not investigated because the
actual amount of uncontrolled conflicts is limited.
The parameters for capacity and the regularity factor are modified as follows:

-

-

Capacity

Variation l.: on all segments -200 veh/h
Variation 2: on all segments -300 veh/h
Variation 3: on all segments *200 veh/h
variation 4: on all segments +300 veh/h
Regularity factor
Variation 5: regularity factor -20
Variation 6: regularity factor -40

Capacity
None of the variations in capacity have a demonstrable effect on flow. With respect to the
whole range of variations examined (+300 veh/h to -300 veh/h), the following outcomes are
most notable:
Reduction of capacity leads to a slight increase (less than 1 second) in the green time. It also
leads to a small increase in the non-green time (about I second). Subsequently, the total cycle
time rises by between I and 2 seconds. However, the differences produced by the various
simulations are negligible when compared to the base differences between observations and
simulations. Catibration of the external capacity parameter is not sufficient to bring together
observations and simulation. Diagram 36 illustrates the sensitivity of the cycle time to capacity
changes.
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Diagram 36: Sensitivity of cycle times for capacity

Diagram 37: Sensitivity distribution of cycle times for regularity
factor

Reduction of the capacity does not have a marked effect on queues. A slight impact on travel
time is identified, although this is again found to be unimportant.

Regularity factor for public transport
Reduction of the regularity factor has no significant effect on flow or on green time, nongreen time and cycle time. Calibration is out of the question.
Also no effects are found in relation to queues and travel times. Diagram 37 illustrates the
sensitivity of the cycle time in direction 42 (public transport) in the form of a frequency table.
The conclusion to this sensitivity analysis is that variations in capacity or the regularity factor
for public transport are not responsible for the differences between observations and simulation. These differences are obvious but not extensive.
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ANALYSIS SITUATION C, UNCONTROLLED ROI.JNDABOUT

8.1

Quality obseryations
The following points are of interest with regard to the processing of the video-recordings. All
of the necessary data had to be typed into a computer database. The quality of the input was
assessed by examining the plausibility of the resulting data. A more detailed study of travel
times revealed that, on a few occasions a car would have had to travel at an incredible speed
to negotiate the roundabout (up to 75 km/h). This was obviously a typing error. Such extreme
speeds rarely occur. The maximum proportion of extreme values appears to be 0.6% of the
total observations (direction 8). For the other directions this varies from 0 to 0.2 %. The

effect on average travel times is negligible and amounts to an extra two tenths of a second; the
average travel time on direction 8, increases from 4.1 to 4.3 s. Extreme values are not
removed from the data.

8.2

Comparison
Appendix 19 contains the aggregated results of the observations and the simulations for traffic
situation C, uncontrolled roundabout. All data relating to the sensitivity analysis are included
in this appendix.

8.2.1

Flow
Flow data is gathered for 5 vehicle types (1,2,3, 4 and 6), per hour, on 4 arÍns, on sections
where vehicles leave the network (5xl hour, 4 sections). Also in this case, a crude examination of the first simulation results led to a second couple of detectors being placed on the
exit-segments (type l, 2,3 and 4). This additional set of detectors is expected to register the
same amount of vehicles of each type.
Vehicle types 1, 2, 3 and 4 combined
The diagrams 38 and 39 illustrate the resulting total flow during the test period (types
and 4 combined), per direction (observations and simulations).
Please note the use of different scales for flow in the various diagrams.
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The abbreviations det. I and det. 2 represent the flow registered by detector 1 and detector 2
(additional set of detectors).

The diagrarns 40 to 43 show the flows per hour, ffid per direction during the survey period
(type 1,2,3 and 4 combined).
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Diagram 40: Flow per hour direction 2
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Diagram 42: Flow per hour direction
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Diagram 43: Flow per hour direction 1l

To determine whether the results of the simulation correspond with the results of the observations, the two contingency tables (observations and simulation) can be compared, i.e. loglinear analysis.

After simulation, the two pairs of detectors record an almost identical number of vehicles with
respect to the total flow. When segregating the results according to hour and direction, a
difference of one vehicle at the most is found.
Examination of total flow (all vehicle types in all directions) reveals no significant differences
between the observations and the simulation. With regard to the flow per direction, particularly where the traffic volume is low, considerable differences occur (directions 2 and 8),
although these differences are not significant. The total observed amount of traffic is approximately 0.9 % higher than the total simulated amount.
Vehicle type 6
The diagran$ 44 znd 45 indicate the total flow derived during the study period, per direction
for type 6 (observations and simulations).
Please note the use of different scales for flow in the various diagrams.
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The diagranr 46 to 49 show the flows by hour and direction for type 6 (observations and
simulations).
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Diagram 47: Flow per hour type 6 direction
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Regarding the total flow, no differences between the observations and simulations are evident.
The observed flow is 0.4% smaller than the simulated flow.
The simulated flow in direction 11 is 35.1% smaller than the observed flow, and is therefore

significant (f :16.6 at 5 degrees of freedom, probability
simulated flow in direction 5 is 6.1% higher than the observed flow (not significant: x2:4.3
at 5 degrees of freedom, probability > 0.50, although RMSEP : 0.20). The simulated flow
in the other two directions (2 and 8) is slightly higher than the observed flows (2%).
Vehicle type I
The diagrarns 50 and 51 present the total flow for the test period, per direction for vehicle
type I (observations and simulations).
Please note the use of different scales for flow in the various diagrams.
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The diagrarns 52 to 55 show the flows for type 1, per hour and per direction (observations
and simulations).
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Diagram 52: Flow per hour type
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Following simulation, both pairs of detectors produce almost identical readings for the total
flow. The flow in comparable hours and directions differs by two vehicles at the most.
Since the total flow (type L, 2,3 and 4 combined) consist mainly of type 1 vehicles, conclusion relating to the total flow are also applicable to the vehicle type I flow.
Regarding the total type 1 flow, no significant differences between observations and simulation
occur. The total observed flow is 0.5 % smaller than that registered by detector I and 1.8%
smaller than the detector 2 recorded flow. The analysis is now concentrated on vehicle types
2, 3 and 4.
Vehicle type 2 and 3
The diagrams 56 and 57 contain the resulting total flows for vehicle type
(observations and simulations).
Please note the use of different scales for flow in the various diagrams.
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Differences betïween observations and simulation are clearly visible in these diagrams.
advisable to conduct the analysis by combining vehicle types 2 and 3.

It

is

The diagrarns 62 and 63 indicate the total flow for vehicle type 3, per direction (observations
and simulations).
Please note the use of different scales for flow in the various diagrams.
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The diagrarns 64 to 67 show the hourly flows for type 3, per direction (observations and
simulations).
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It is surprising that vehicle type 3 is totally absent from the simulation. Apparently this causes
the differences between observations and simulation with respect to vehicle types 2 and 3.
Besides, the behaviour of detector 2 is completely different from detector 1 (particularly for
vehicle type 2).
The differences identified between observations and the simulation of types 2 and 3 (and also
type 1) are probably due to a substitution effect. As already mentioned within the analysis of
traffic situation B, it appears that the assignment of vehicles to a certain type (via CONDATdataset) is defective. Also in this case, both sets of detectors in FLEXSYT-II- do not record
identical amounts of vehicles, and this must be examined further.
Vehicle type 4
In diagram 68 the resulting total flow during the study period for vehicle type 4, per direction
is represented (observations and simulations). Public transport (type 4) in this case only uses
the directions 2 and 8.
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Diagram 68: Toal flow type 4 direction 2 and 8

The diagraÍns 69 and 70 present the resulting hourly flows for type 4, per direction (observations and simulations).
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No significant differences between observations and simulations arise.

8.2.2

Travel time
The use of realistic speeds on the various parts of the network is essential. While testing the
various input files, it became apparent that the free segment speed has to be specified very
carefully. For example, in the early versioÍls of the network input file, a segment speed of 50
km/h was specified. This speed was used for all segments from entry until reaching the haltline. However, this produced travel times which \ryere not plausible when compared to the
observations. In later versions of the network input file, a falling speed from entry until the
halt-line was specified.

In this study, two kinds of travel time are defined:
a travel time starting from the moment that a vehicle enters the sphere of influence of
the intersection and ending at the moment when this vehicle passes the halt-line (driving
up to the halt-line);
a travel time staÍting from the moment that a vehicle enters the sphere of influence of
the intersection and ending at the moment when this vehicles leaves the sphere of
influence of the intersection (crossing the network).

Driving up to the halt-line
There is a reasonable match between the observed and simulated average travel times in each
direction (see diagram 7l).
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Diagram 71: Travel time entry to halt-line

The differences between observations and simulation are just significant for the directions 2
and 11 (in direction 2, t:2.3, in direction 11, 1:2.0). In directions 5 and 8 no significant
differences occur.
The observed travel times in all directions for almost every vehicle type show more variation
than the simulated travel times. Maximum observed travel times are greater than maximum
simulated travel times, which is also the case with the standard deviations. This finding is
shown in the accompanying frequency tables.
Crossing the network
The average observed travel times for crossing the network are significantly higher than the
simulated times (see diagÍarn72).
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Diagram 72: Tnvel time entry to exit

Only directions 6 and L2 have significantly lower observed travel times. In the directions
and 9, no significant differences are evident.
Again, the observed travel times show more variation than the simulated travel times.

3

The simulated travel time is largely affected by the specified average free speed per segment.
When a vehicle is unable to drive at its desired speed, a delay occurs. If a high segment speed
is specified, the chance of incurring a delay is greater than when specifying a low segment
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speed.

Selection of a suitable segment speed requires considerable attention. In the sensitivity analysis
this subject will be addressed further.

8.2.3

Queues

The diagrarns 73 to 76 show the percentage distribution of the observed and simulated queues.
The results of the simulation show a negligible proportion of queues shorter than 4 metres.
The greatest proportion of simulated queues can be found in the 5-9 metres class. However,
survey observations suggest that the largest percentage of queues are 0-4 m. in length (including no queue at all). The differences between observations and calculations are clearly visible.
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Diagram 73: Distribution of queues on direction 2

Diagram 74: Distribution of queues on direction
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Diagram 76: Distribution of queues on direction
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As previously mentioned when analysing traffic situation B, the differences between observations and simulation are due to the differing definitions of the maximum queue. It is therefore
not feasible to compare the results of observations and simulation, or advisable to conduct
more detailed tests.
It is recommended that the method of calculating queues in FLEXSYT-II- is harmonised with
the method of measuring queues in reality.
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A further proposal is to include a class in the frequency table which represents no

queues (0 to
0 meters). Using the current class of 0 to 4 metres, one is not able to identify when queues do

not occur.

8.2.4

Sensitivity analysis

A few quantities used in the input files for FLEXSYT-II- are not known for certain. In order
to assign identified differences between the observations and the calculations to the applied
package (the Simulator), the impact of these external model parameters on the results is
investigated.

For the uncontrolled roundabout (traffic situation C), the external parameters for capacity,
gap-time and segment speed are modified in the sensitivity analysis. The influence of gap-time
is investigated because, in this case, the whole traffic circulation is regulated by a gapacceptance model. Segment speed is investigated because of the large impact that this parÍrmeter has on travel times.
The parameters for capacity, gap-acceptance and segment speed are modified as follows:
$it"ifiïïïïïïïïÏ 1: au gap-times are reduced by 0.5 s.

-

Variation 2: all gap-times are reduced by 1.0 s.
Variation 3: all g"p+i*rs are reduced by 1.5 s.
Variation 4: all gap-times are increased by 0.5 s.
Variation 5: all gap-times are increased by 1.0 s.
After a few subruns, unrealistic congestion occurs
Segment speed
Variation 6: an increase

of l0 km/h on the ringroad itself

't:

onall segments *200 veh/rr
!:tttïrïïr
Variation 8: on all segments -600 veh/h

Gaptime
Four usable sensitivity analyses are carried out: three which reduce gap-time by 0.5, 1.0 and
1.5 s. and one which increases it by 0.5 s. Regarding the whole range in variation (-1.5 s to
+0.5 s) the following results are derived:
No effects on flow, queues and travel time up to the halt-line are evident. However, there is
an obvious effect on travel time for crossing the network. Differences among the simulations
are smaller than the differences between the observations and the original simulation, and
consequently calibration is not practical.
The diagrarns 77 and 78 illustrate the effect that gap-time has on travel time for variations 3
and 4.
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Sensitivity Gap-time and Segmentspeed

Seneitivity Gap-timo and Segmentspeed
I

Travel Time entry - halt-lino typ€

oo--r@

gwtao@ vtl

1

El v..+ @l vra

I

Travel Time entry-exil typ€ Í

oo-..t@l stut*to@ vas El v.'r

@l

v"ra

g

Ê

í0

Diagram 77: Sensitivity of travel time entry - halt-line for gap-Diagram 78: Sensitivity travel time entry-exit for gap-time and
time and
capacity

capaclty

Segment speed

In view of the major influence of segment speed on travel time, a sensitivity analysis is performed in which the segment speed on the ringroad itself becomes 30 km/h (was 20 km/h).
There is no impact on flows or queues. The travel time to the halt-line and at crossing the
network is slightly higher in all directions. However, the differences between observations and
simulations are not (yet) bridged. Diagrams 77 and 78 show the effect that segment speed has
on travel time in variation 6.
Further investigation of the influence of segment speed is desirable.
Capacity
The results are very clear: there is absolutely no effect on traffïc conditions. This is not
surprising considering the limited load of vehicles on this roundabout.
The conclusion to this sensitivity analysis is that variations in gap+ime and capacity are not
responsible for the differences between observations and simulation. Further investigation of
the impact of segment speed on travel times is desirable.
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9

ANALYSIS SITUATION D, MOTORWAY \ryITH BOTTLENECK

9.1

Quality observations
As mentioned before, the survey data was checked for quality. It appeared that in general the
data was quite useful, except for (a part ofl the surveys on 6 and 1L June, 3 September and 7
Oktober 1984. This information wÍls removed from the survey data.
In consultation with the Transport Research Centre, it has been decided to take the mean value
of the daily observations and to use them.
The number of arrivals on the entrance lane at the Vinkeveen junction, is deduced from the
available survey data. Surprisingly it appeared that the resulting number of arrivals of type 2
vehicles was negative. In agreement with the Transport Research Centre, it was decided that
the number of type 2 arrivals had to be set to zero.

It is possible that derivation of the traffic supply on the entrance lane at the Vinkeveen
junction, leads to a shift of supply in time, in relation to the actual supply. Traffic supply on
the entrance lane equals the flow on section 5 minus the flow on section 4. The distance
between both sections is about one kilometre, and it is not possible to take into account the
time vehicles need to travel from section 4 to section 5. Therefore it is possible that a shift in
supply occurs.

A shift in time may also be attributed to the length of the entrance lane at the junction.
Vehicles using the entrance lane have to drive for about two kilometres before reaching the
motorway. As a result, eventual peaks in flow on the entrance lane may not coincide with
eventual peaks on the motorway. The simulated traffïc circulation may therefore be better or
worse than the observed traffic circulation.

Analysis of situation D, motorway with bottleneck, is undertaken for two separate testperiods: morning peak and evening peak. The analysis of the two periods is described in
separate sections of this chapter.
Appendix 19 contains the aggregated results of the observations and the simulations for traffic
situation D, motonvay with bottleneck. All data relating to the sensitivity analysis are also
included in this appendix.
9.2

Comparison of the monring peak

9.2.1

Flow
The question to be addressed is does the simulated flow correspond with the observed flow?
The flow is collected for 3 types of vehicles (1 ,2 and 3), per quarter of an hour on 7 sections
of the motorway (12x1 quarter of an hour, 7 sections, morning peak). There are four stages
involved in the comparison of observed and simulated flow data:
1. total flow, all types over the entire test period, per section;
2. total flow, all types per quarter of an hour, per section;
3. total flow per vehicle type, over the entire test period, per section;
4. total flow per vehicle type, per quarter of an hour, per section.
Only when the comparison on an aggregate level is satisfactory, is it useful to conduct com30 June
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parisons on a more specific level. The t'+est, RMSEP and log-linear analysis are used.
Stage l.:
Diagram 79 illustrates the total flow (all types) over the entire test period, per section.

A2 Flow morning peak

A2 Flow morning peak
Totals per section (alle typ€s)
I

ob-*.tton

El

$-raton

Diagram 79: Total flow per section (all types)

S€ction 1 (all types)
I

oh-*.t,on

@

Diagram 80: Flow per quarter, section

s,t*ttton

I

(all types)

Although a fair resemblance between observations and simulation can be seen, the differences
are not coincidental and must be judged as significant and relevant.
Stage 2:

The diagraÍ$ 80 to 86 illustrate the total flow (all types), per quarter of an hour, per section.

A2 Flow morning peak

A2 Flow morning peak
Section 2 (all types)
I

oummtton

@

Et^Ltton

Diagram 81: Flow per quarter, section 2 (all types)

Section 3 (all types)
I

oó**.r,on

@l

s,-ut"tton

Diagram 82: Flow per quarter, section 3 (all types)
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A2 Flow morning peak

A2 Flow morning peak
Section 4 (all types)
I

oormoon

Zl

Sectíon 5 (all types)

$-ntnn

Diagram 83: Flow per quarter, section 4 (all types)
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@

Diagram 84: Flow per quarter, section 5 (all types)

A2 Flow morning peak

A2 Flow morning peak

S€ction 7 (all types)

Section 6 (all types)
I
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Diagram 85: Flow per quarter, section 6 (all types)

Diagram 86: Flow per quarter, section 7 (all types)

Significant differences between observations and simulations are evident. On section l,
however, the flows per quarter of an hour show a reasonable resemblance: x2:6.42 at 12
degrees of freedom. The difference between observations and simulations in period 6.45-7.00
(period 2) largely influences this value. Coincidence is believed to be the cause of this
(probability of 90%), and therefore the difference is not judged as significant. For the same
section, the RMSEP-value equals 0.021, which suggests a minor difference between observations and simulation.
Looking at the remaining sections, the observed flows per quarter of an hour differ significantly from the simulated flows per quarter of an hour. Downstream, proceeding from section
2 to section 7, the differences become larger. Eventually, on sectiofr 7, x2:284.7 at 12
degrees of freedom. Such a value cannot be purely accidental, and therefore the difference is
considered as significant. Furthermore, the RMSEP equals 0.12, which also suggests a large
difference between observations and simulation. With respect to section 4 (simulation), the end
of the morning peak shows a marked deviation, which may be explained by the fact that not
all the traffic generated in previous quarters is processed on the motorway. On sections 5, 6
and 7 this effect is more severe. At the end of each simulation-run, the simulated flows are
much higher than the observed flows. At the beginning of each simulation-run, the simulated
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flows are also much higher than the observed flows. Apparently, the simulated flow cannot be
processed effectively (insufficient capacity).
This may be partly due to the fact that the repetition of subruns influences the final simulation
results, as the results of one subrun, provide the starting-point for the next subrun.
The above mentioned phenomenon may also be partly attributable to the simulated capacity of
the sections being lower than the specified capacity (in the NETDAT-dataset). The simulated
data of especially sections 5, 6 and 7 in periods 6 to 12, gives rise to this belief. On these
sections, the total flow during these periods is almost the same. It appears that a maximum
value of about 1450 veh/quarter is reached, while the specified capacity is 1675 veh/quarter.
The section entitled 'Theoretical Comparison' returns to this subject.
Stage 3:

The diagraÍns 87 to 89 show the total flow, per vehicle type over the entire period, p€Í
section.

A2 Flow morning peak
I

oloryrtion

Totals per section type
@

g*n'ron

A2 Flow morning peak
ïotals per section type

1

Diagram 87: Total flow type I

I

ob."-.tton

lll-J

2

Slrul.tlon

Diagram 88: Toal flow type 2

A2 Flow morning peak
I

ob--tton

Totals per ssction type 3

Diagram 89: Toal flow type

@

3

For each vehicle type
tified.
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The observed vehicle t)?e 1 flow is3.6% higher than the simulated flow. At an average flow
of 1183 veh/quarter, this results in a difference of 43 veh/quarter. The observed vehicle type
2 flow is 18.7% lower than the simulated flow, a difference of 84 veh/quarter. The observed
vehicle g1pe 3 flow is also lower, by 42.0%, when compared to the simulated flow, a difference of 17 veh/quarter.

The significant differences between observations and simulations for each of the three vehicle
types, can be attributed to a substitution effect. The observed vehicle type 1 flow is higher,
whilst the observed vehicle type 2 and 3 flows are lower than the simulated flows. These
differences are offset when the total flow is examined.

It must be stated that in all probability, the observations for vehicle types 2 and 3 are not

totally reliable. Examination of the total observed flows in sections 1, 2,3 and 4, reveal a
pattern of decreasing flows. Looking at sections 5, 6 and 7, an increasing total observed flow
is notable. In reality, ffid therefore in the simulation, the decreasing and increasing of the total
flow in these sections is not possible, as it is not possible to enter or exit the motorway
between these sections.

9.2.2

Speed

The question is: does the simulated average speed correspond with the observed average
speed? The average speed is collected per quarter of an hour, on 7 sections of the motorway
(l2xl quarter of an hour, 7 sections, morning peak). The diagrams 90 to 96 indicate the
average speed per quarter of an hour, per section during the morning peak.
A2 Speed morning peak

A2 Speed morning peak
S€ction

Section 2

1

E

Ë,

100

|

Diagram 90: Average speed, section
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Diagram 91: Average speed, section 2
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A2 Speed morning peak

A2 Speed morning peak

Section 3
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Diagram 92: Average speed, section

Diagram 93: Average speed, section 4
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A2 Speed morning peak

A2 Speed morning peak

Section 5

Section 6
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Diagram 94: Average speed, section
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Diagram 95: Average speed, section ó
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A2 Speed morning peak
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Diagram 96: Average speed, section 7
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One can immediately see that the simulated average speed is greater than the observed average
speed. These differences are significant: t-values range from 10 to 60, which are too high to
attribute to coincidence. In exceptional cases, the t-values generally lie between 0 and 10. In
some cases however, the observed average speed is higher than the simulated speed (sections
3 and 4). In one single cÍrse, the difference between observations and simulation is not significant (also on sections 3 and 4).

Comparable effects occur on section 4 and to a lesser degree on section 3: congestion, without
quantitative resemblance between simulated and observed results. During the surveys, delays
tvere visible on all sections. At the beginning and end of the morning peak, the average speed
is about 100 to 110 km/h. In the middle of the morning peak, a considerable drop in speed
occurs: on sectioÍt 4, a reduction to 50 km/h, or section 3, a reduction to 55 km/h, or
sections 2 and 5, a reduction to 65 km"/h, on sections 1 and 6, a reduction to 80 km/h and on
section 7 a reduction to 95 lcdh.
The results of the simulation show a comparable effect exclusively, and to a lesser degree on
sections 3 and 4.

9.2.3

Standard deviation of speed
The diagrarrs 97 to 103 present the standard deviation, per quarter of an hour and per section.
A2 Speed morning peak

A2 Speed morning peak
Slandard deviation seclion
Obrmrtion

---

Standard deviation seotion 2

1

Obiwation

StmuLilon

Diagram 97: Standard deviation speed, section

---

Simuhllor

-

-

I

Diagram 98: Standard deviation speed, section 2
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A2 Speed morning peak

A2 Speed morning peak
Standard devialion seclion
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Standard deviation seclion 4
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Diagram 100: Sandard deviation speed, section 4

A2 Speed morning peak

A2 Speed morning peak
Slandard deviation section
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Diagram

Standard deviation section 6

5

Standard deviation speed, section 5

A2 Speed morning pêak
standard deviation seclion 7
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Diagram 103: Sandard deviation speed, section 7
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For the variation in speed, calculated as the standard deviation, similar conclusions can be
drawn. The simulated standard deviation is clearly higher than the observed standard deviation. Comparable effects occur only on sections 3 and 4: considerable increase of the
standard deviation, without quantitative resemblance.
In this case, one can ÍIssume that the speeds at which vehicles travel are normally distributed,
so that 95% of the observations lie within the range of + l- 2 * standard deviation. This
suggests that the maximum deviation of speed is approximately twice the standard deviation of
speed.

In the inputfile, a deviation

parameter of L0% is specified (approximately the standard
deviation value). Therefore, after simulation, this should result in a smaller standard deviation
than the observed standard deviation. However, generally this is not the case: the simulated
standard deviation is considerably greater than the observed standard deviation.

9.2.4

Occupation rate
The diagranu 104 to 110 illustrate the occupation rate of the detectors, per quarter of an hour
and per section.
A2 Occupation rate morning peak

A2 Occupation rate morning peak
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Diagram 104: Occupation rate, section I

Diagram 105: Occupation rate, section 2
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Diagram 106: Occupation rate, section
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A2 Occupation rate morning peak

A2 Occupation rate morning peak
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Diagram 108: Occupation rate, section

5

Diagram 109: Occupation rate, section 6

A2 Occupation rale morning peak
Section 7
Iating

--'

6iÍnrltll.

-

Diagram I l0: Occupation rate, section 7

The simulated occupation rate is clearly lower than the observed occupation rate. Again, on
sections 3 and 4 similar results are produced: a substantial increase in the occupation rate,
without quantitative resemblance. These difference are so obvious that more detailed tests are
not necessary.
On all sections in the survey, delays occur, expressed in terms of the time period in which the
detectors are occupied. In some quarters of an hour, (at the beginning and end of the morning
peak), the average occupation rate is l0 to l2%. In the middle of the morning peak, some
quarters show a considerable increase in the occupation rate. For example on sections 3 and 4
the occupation is 30%, approximately 24 to 26% on sections L,2 and 5, and on sections 6
and 7 approximately 18 to 20%.
The results of the simulation show a comparable effect to a lesser extent only on sections 3
and 4.

Validation FLEXSYT-II-

TV/LV/SE9sltm

30 June

1995,

Final version

-80-

Dllnvironment

Transport Research Centre

9.2.5

and Infrastructure

Headway
The diagrarns 111 to 117 show the average headway, per quarter of an hour and per section.
A2 Headway morning peak

A2 Headway morning peak
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Diagram 111: Average headway, section

I

Diagram 112: Average headway, section 2
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Diagram 113: Average headway, section
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Diagram 114: Average headway, section 4
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A2 Headway rnorning peak

A2 Headway morning peak
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Diagram 115: Average headway, section
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Diagram 116: Average headway, section 6

A2 Headway morning peak
Section 7
Obrnrtlon

---
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-

Diagram l17: Average headway, section 7

The resemblance between observations and simulation is reasonable, although the differences
are significant. The observed average headway is in general higher than the simulated average
headway. On section 2, the differences are not significant (t-values generally vary between 0
and 1.9, and twice a t-value of almost 3 was ascertained). On section 1, the difference lies on
the boundary between being not significant and significant (t-values vary between 0.9 and
4.7).On sectiom 3, 5 and 6, the differences are not significant during some quarterly periods
but clearly significant on other quarterly periods (t-values range from 6 to 16). On sections 4
and'1, the differences between observations and simulation are significant (t-values between 3
and 13). On section 4, the observed average headway is smaller than the simulated average
headway.
These conclusions can be supported by examining the frequency tables. However, the number
of classes containing observations is limited (2to 4), and therefore amore detailed investigation is not worthwhile. The similarity between both distributions is obvious.
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9.2.6

Standard deviation of headway
The diagrarrs 118 to 124 illustrate the standard deviation of the headway, per quarter of an
hour and per section.
A2 Headway morning peak

A2 Headway morning peak
Standard devialion section
obarïallon
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Diagram 119: Standard deviation headway, section 2

A2 Headway morning peak
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Diagram 118: Standard deviation headway, section
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Diagram 120: Sandard deviation headway, section
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Diagram 121: Standard deviation headway, section 4
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A2 Headway morning peak

A2 Headway morning peak
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Diagram 122: Standard deviation headway, section
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Diagram 123: Standard deviation headway, section 6

A2 Headway morning peak
Standard deviation section
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-

Diagram 124: Standard deviation headway, section 7

For the variation in headway, calculated as the standard deviation, similar conclusions may be
reported. The observed standard deviation adequately corresponds with the simulated standard
deviation. Only on section 4 are considerable and significant differences identified.
9.2.7

Sensitivity analysis

A few quantities used in the input files for FLEXSYT-II-

for sure. In order to
package (the
to
the
applied
attribute differences between the observations and the simulation
Simulator), the effects of these external model parameters on the results are investigated.
By modifying one of these parameters throughout the entire network, a comparable set of
results arise. It is advisable to investigate common variations between the simulations (with
modified input).
In this case, motorway with bottleneck (traffic situation D), the external parameters of
capacity and segment speed are varied for the sensitivity analysis. These external parameters
are modified as follows:

-

are not known

Capacity
Since the simulated average speed is higher than the observed speed,
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decrease the capacity of the network. However, in the mornlng peak an unrealistic form

congestion occurs, so increasing of the capacity may improve
Variation 4: the capacity of all lanes increases by 200 veh/h.

of

-

to better

results;

Segment speed

segment speed in the other investigated traffic
situations (B and C), a sensitivity analysis is performed in which the segment speed is
fixed at 100 km/h: Variation 3. The speeds on segments relating to the Vinkeveen
junction are also adjusted to this new segment speed.

In view of the notable influence of

Capacity (variation 4)
Increasing the capacity by 200 veh/tr has no impact on the total flow (all vehicle types).
However there is an effect on the flow per vehicle type: For vehicle type 1, the observed flow
is 4.9 % higher than the simulated flow, which results in a difference of 58 veh/quarter. The
observed vehicle type 2 flow is 26.3% lower than the simulated vehicle flow, a difference of
22 vehlquarter. In addition, the observed vehicle type 3 flow is also lower (40.5%) than the
simulated flow, a difference of 16 veh/quarter. Aside from this, increasing the capacity has a
positive effect on the distribution of the flows per quarter of an hour. The resemblance
between observations and simulations improves compared to the base variation.
However, this rise in capacity leads to a substantial increase in the average speed, and even on
sections 3 and 4, there is no more reduction in speed. The average occupation rate decreases
in line with the increasing speed, and the average headway also decreases.
The diagrarns L25 to 128 iltustrate the sensitivity of average speed and headway on sections
and 4 to the external parameters of capacity and segment speed.
A2 Speed morning peak

A2 Speed morning peak

Sensilivity analysis section I

Sensilivity analysis section 4
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Diagram 125: Sensitivity analysis
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A2 Headway morning peak

A2 Headway morning peak
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Diagram 127: Sensitivity analysis average headway, section lDiagram 128: Sensitiviry analysis average headway, section 4
(morning peak)

(morning peak)

Segment speed
Decreasing the segment speed leads to an increase in the flows. The variation in speed is
clearly influenced by the specified segment speed. The results of the simulation in general
show a greater resemblance to the observations, when compared to the base variation.
Reducing the segment speed also leads to a higher occupation rate, but no effect is identified
on the average headway.
At first sight, a decrease in the segment speed appears to improve the results of the simulation. However, the simulation of congestion, expressed in teÍïns of average speed, does not
correspond to the observed congestion. Also in this sensitivity analysis, speed reduction only
occurs on sections 3 and 4, while observed drops in speed occur on every section. Furthermore, no quantitative resemblance apparent.
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9.3

Comparison of the evening peal(

9.3.1

Flow
The question is: does the simulated flow correspond with the observed flow? The flow is
obtained for 3 types of vehicles (1 , 2 and 3), per quarter of an hour on 7 sections of the
motorway (l2xl quarter of an hour, 7 sections, evening peak). There are four stages involved
in the comparison of observed and simulated flow data:
1. total flow, all types over the entire test period, per section;
2. total flow, all types per quarter of an hour, per section;
3. total flow per vehicle type, over the entire test period, per section;
4. total flow per vehicle fype, per quarter of an hour, per section.
Only when the comparison on an aggregate level is satisfactory, is it useful to conduct comparisons on a desegregate level. Comparisons are conducted using the x2-test, RMSEP and
log-linear analysis.
Stage 1:

Diagram 129 illustrates the total flow (all types) over the entire test period, per section.
A2 Flow evening peak
I
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A2 Flow evening peak

Totals per section (all types)
GSI s,*t.,,on

Diagram 129: Toal flow per section (all types)

Section 1 (all types)
I

ob**.lon

Zl

st-t.t,on

Diagram 130: Flow peÍ quarter, section 1 (all types)

The observed and simulated total flows correspond well and the differences are not significant.

Stage 2:
The diagrarns 130 to 136 demonstrate the total flow (all types), per quarter of an hour, per
section.
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Diagram 133: Flow per quarter, section 4 (all types)
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Diagram 134: Flow per quafter, section 5 (all types)
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Diagram 135: Flow per quarter, section 6 (all types)
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Consideration of the flows per quarter of an hour and per section, reveals no significant
differences. For exÍrmple, on section 4, f equals 8.56 at 12 degrees of freedom. The difference between observations and simulations in period t7.15-L7.30 (period 8) largely contributes to this value. Coincidence may well be the cause of this (probability of 75%), and
therefore the difference is not regarded as significant. For the same section, the RMSEP-value
is 0.027, which suggests a slight difference between observations and simulation.
In some cases however, a larger difference is found. For example, on section 2 in period 6
(16.45-17.00) a t' value of 23.6 at 12 degrees of freedom is calculated. This value is too
large to be purely coincidental (probability < 2.5%). The RMSEP equals 0.043, which also
suggests a substantial difference between observations and simulation.
Examination of the other sections, show that the resemblance between observations and
simulations is even better than for section 4. Consequently, there is a greater resemblance
between observations and simulation in the evening peak when compared to the morning peak.
Similar results are also clear when a distinction per vehicle type is made.
Stage 3:

The diagrams I37 to 139 show the total flow, per vehicle type over the entire period, p0Í
section.

A2 Flow €vening peak

A2 Flow evening peak
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Diagram 137: Total flow per section, type I
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Diagram 138: Total flow per section, type 2

A2 Flow evening peak
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Diagram 139: Total flow per section, type
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For each vehicle type a significant difference between observations and simulation is evident.

The observed vehicle type 1 flow is 2.2% greater than the simulated flow. The observed
vehicle type 2 flow is 17 .7 % lower than the simulated flow, whilst the observed vehicle type
3 flow is also lower, by 35.3%, than the simulated flow. For type 3, this difference is
strongly dependent on the section concerned. On the first two sections (1 and 2), the observed
flow is almost 20% higher than the simulated flow. On section 3, observations and simulations
match well. On section 4, the simulated flow is more than three times greater than the
observed flow. Further downstream, the differences between observations and simulations
decrease again, until on section 7 the difference is 40%.
The significant differences between observations and simulations occur for each of the three
vehicle types, can be attributed to a substitution effect. The observed vehicle type 1 flow is
higher, whilst the observed vehicle type 2 and 3 flows are lower than the simulated flows.
These differences cancel out when the total flow is examined.

9,3.2

Speed

The question is: does the simulated average speed correspond with the observed average
speed? The average speed is collected per quarter of an hour on 7 sections of the motorway
(lZxl quarter of an hour, 7 sections, evening peak). The diagrams 140 to 146 illustrate the
average speed, per quarter of an hour, per section, during the evening peak.
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Diagram 146: Average speed section 7
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One can immediately see that the simulated average speed is higher than the observed average
speed. These differences aÍe significant: t-values vary between 9 and 25, which are too high
to attribute to coincidence.
Substantial reductions of speed are not evident on any section. The observed speed on section
105 km/h during the entire evening peak and 110 to 115 km/h on other sections. The
results of the simulation show a comparable effect. On section 4, the average speed equals 115
km/h, with speeds of 120 to 125 km/h on other sections.

4 is

One particular effect is notable: if the segment speed of the network is fixed at 120 km/h with
a deviation parÍrmeter of l0%, the resulting average speed on various sections is substantially
higher than 120 km/h (up to 125 km/h). The cause of this phenomenon is not known.

9.3.3

Standard deviation of speed

The diagrarns 147 to 153 illustrate the standard deviation, per quarter of an hour and per
section.
A2 Speed evening peak
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Diagram 147: Standard deviation speed, section I
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Diagram 149: Standard deviation speed, section

Diagram 150: Standard deviation speed, section 4
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Diagram 151: Standard deviation speed, section

5

Diagram 152: Standard deviation speed, section 6
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For the variation in speed, calculated as the standard deviation, the conclusions are similar to
those relating to average speed. The simulated standard deviation is clearly higher than the
observed standard deviation.

In this case, one can assume that the speeds at which vehicles travel are normally distributed,
so that 95% of the observations lie within the range + l- 2 * standard deviation. This suggests
that the maximum deviation of speed is approximately twice the standard deviation of speed.
In the inputfile, a deviation parameter of l0% is specified (approximately the standard
deviation value). Therefore, after simulation, this should result in a smaller standard deviation
than the observed standard deviation. However, generally this is not the case; the simulated
standard deviation is considerably greater than the observed standard deviation.

9.3.4

Occupation rate
The diagrarns 154 to 160 indicate the occupation rate of the detectors, p€r quarter of an hour
and per section.
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Diagram 154: Occupation rate, section I
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Diagram 157: Occupation rate, section 4
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Diagram 159: Occupation rate, section 6
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The simulated occupation rate is clearly lower than the observed occupation rate. On sections
3 and 4 comparable effects occur: a substantial increase in the occupation rate, without any
quantitative resemblance. These differences are so manifest that more detailed tests are not
required.
On all sections in the survey, delays occur, expressed in terms of the period in which the
detectors are occupied. The observed occupation rate on section 4 is 9%, and on other
sections approximately I0%. The results of the simulation exhibit comparable effects: the
occupation rate on section 4 equals 6%n ffid on other sections is approximately 8%.

9.3.5

Headway
The diagrarns 161 to 167 present the average headway, pêÍ quarter of an hour and per section.
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Diagram 1ó1: Average headway, section I

Diagram 162: Average headway, section 2
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Diagram 165: Average headway, section
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Diagram 166: Average headway, section 6
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Diagram 167: Average headway, section 7

The match between the observations and simulation is good, \ilith the exception of section 4.
The observed average headway is in general higher than the simulated average headway. On
sections 2, 3 and 7 the differences are not significant (t-values generally vary between 0 and
2). On section 6, the difference is on the boundary between being not significant and significant (t-values vary between 0 and 3.2).On section t however, the difference is just significant
(t-values lie between 1.6 aÍrd2.7). The same is true for section 5 (t-values between 0.9 and
3.2).On section 4, the observed average headway is smaller than the simulated average
headway. This difference is significant (t-values between 2 and 6).
These conclusions are confirmed by the frequency tables. However, the number of classes
containing observations is limited (2 to 4), restricting the usefulness of a more detailed
investigation. The similarity between both distributions is obvious.

9.3.6

Standard deviation of headway
The diagrams 168 to 174 show the standard deviation of the headway, per quarter of an hour
and per section.
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Diagram 174: Sandad deviation headway, section 7

For the variation in headway, calculated as the standard deviation, the conclusions are similar
to those relating to average headway. The observed standard deviation corresponds well with
the simulated standard deviation. Again however, on the section 4, considerable and significant differences are identified.

9.3.7

Sensitivity analysis
The question is: do the observations lie within the bounds of the sensitivity analysis? If this is
the case, it is possible to improve the match between the observations and simulation by
applying a more appropriate value for the external model parameter concerned (calibration). If
this is not the case, one can conclude that the differences between observations and simulation
are not caused by an incorrect estimation of the external model parameters.
For the case of the motorway with bottleneck (traffic situation D), the external parameters of
capacity and segment speed are adjusted in the sensitivity analysis. These external parameters
are modified as follows:

-

-

Capacity
As the simulated average speed is higher than the observed speed,
decrease the capacity of the network;
Variation 1: all lanes experience a drop in capacity of 200 veh/h;
Variation 2: all lanes experience a drop in capacity of 400 veh/h.

it is reasonable

to

Segment speed

In view of the established influence of segment speed in the other investigated traffic
situations (B and C), a sensitivity analysis is performed in which the segment speed is
fïxed at 100 krn/h: Variation 3. The speeds on segments related to the Vinkeveen
junction are also adjusted to this new segment speed.
Capacity (variations I and 2)
Reduction of the capacity has no demonstrable effect on the flow (all vehicle types), average
speed, occupation rates or headways. However, there are indications that the average difference between observations and simulation with respect to flow per vehicle type increases. The
base variation appears to have a more satisfactory match.
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The diagrars 175 to 178 illustrate the sensitivity of average speed and headway on sections
and 4 to the external parameters of capacity and segment speed.
A2 Speed evening peak

A2 Speed evening peak

Sensilivity analysis section

Sensilivity analysis section 4

obrÍ--.

vrl

êtnd

,,,-,..,

vr2

-

-

1

v.Ís

-

obrf,---

v!Í.1 ":{i'n' vsz

6lmut

-

-

I

vrÍt
-

Diagram 175: Sensitivity analysis average speed, section lDiagram 176: Sensitivity analysis average speed,
(evening peak)

(evening peak)

A2 Headway evening peak

A2 Headway evening peak

Sensitivity analysis section 4

Sensitivity analysis section I
ob.Í ---

v$ I :::.r:ni v.Í 2

6inut

-

ob6!t

v!í t
-

-

---

var

6lmul

I ,,,.,-, vrr 2

-

vaÍ

3

-

I

Diagram 177: Sensitivity analysis average headway, section lDiagram 178: Sensitivity analysis average headway, section 4
(evening

peak)

(evening Peak)

Segment speed
Decreasing the segment speed induces an increase in flow. The variation in speed is clearly
influenced by the specified segment speed. The results of the simulation show a greater
resemblance to the observations when compared to the base case. Reducing the segment speed
also leads to a higher occupation rate, but no effect is evident on the average headway.
At first glance, a reduction of the segment speed appears to produce more satisfactory simulation results. However, the resulting average speed does not correspond with the actual average
speed. The observed average speed on section 4 is 105 km/h, and on other sections 110 km/h.
The simulated speed equals 115 lffn/h on section 4, and on other sections is 120 km/h.
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9.4

lheoretical comparison

In order to determine whether the relationships between the investigated variables are simulated well, reference is made to the traffic flow theory and the speed/flow curves. The
absolute values of the variables are not assessed in this theoretical comparison.
The diagraÍns 179 to 182 illustrate the speed/flow curves on sections 1, 3, 4 and 7. The data
is gathered from the morning peak results of the simulation in which each subrun considers
one observation. The speed/flow curves of the other sections, and all of the speed/flow curves

of the evening peak, are illustrated in appendix2l.
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Diagram 181: Speed/flow curve, section 4
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Diagram 182: Speed/flow curve, section 7

The bottom X-axis denotes the flow per quarter of an hour, while the top X-axis indicates the
flow per hour.

The form of this function is broadly recognisable. On sections 3 and 4 (morning peak) only,
the diagrams suggest that when the capacity of the section is reached, an unstable traffic flow
arises (congestion conditions). This indicates that FLEXSYT-II- simulates the relationship
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between flow and speed well.
The results of the simulation suggest that the relationships between the other variables are also

simulated well. This conviction is based on the following:
at increasing flow and therefore decreasing speed, the simulated headway decreases.
Particularly in the evening peak, the curve of simulated values accurately matches the
curve of observed values (see diagrarns 161 to 167);
at increasing flow and therefore decreasing speed, the simulated occupation rate of the
detectors increases. This effect is particularly noticeable on sections 3 and 4 in the
morning peak, and on all sections in the evening peak. Again the curve of simulated
values accurately follows the curve of observed values (see diagrarns 106, 107 and 154

-

-

to 160);
on section 3 and 4 in the morning peak, and on all sections in the evening peak, the
curve of simulated standard deviations of speed accurately corresponds with the curve of
observed standard deviations (see diagrams 99, 100 and I47 to 153);
in the morning peak, as well as in the evening peak, the curves of simulated standard
deviations of headway accurately correspond with the curves of observed standard devi-

ations;
Because of the limited number of observations, these findings cannot be verified, particularly
with regard to the unstable flows.

Although the theoretical comparison does not involve a quantitative assessment, it is important
to emphasise:
The speed/flow curves give rise to the assumption that the capacity of the lanes, specified in
the input files for FLEXSYT-II-, does not correspond with the resulting maximum flow.
Examination of the speed/flow curves reveals a maximum flow of approximately 6000 veh/h,
while the specified capacity is fixed at 6700 veh/h. Apparently, the lanes cannot process as
many vehicles as they should be able to. The cause of this phenomenon is not known.
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CONCLUSIONS AND RECOMMENDATIONS

10.1

General

DlMnvironment and Infrastructure

The primary function of the FLEXSYT-II- software tool, is to study the effects of a traffic
control strategy, on traffic flow at junctions. The controlled intersection in The Hague is a
suitable example for this application. FLEXSYT-II-aIso has the facility to study traffic flow at
intersections with right of way rules (without traffic controllers). The uncontrolled roundabout
in the city of Veldhoven is a suitable example for this. In both of the above mentioned traffic
situations (The Hague and Veldhoven), there is no congestion (overloading) and the supply of
traffic can (easily) flow through the network.
The A2 motorway between the Breukelen and Abcoude junction, provides an example of more
or less congested traffic conditions, without external control (traffic controllers) or right of
way rules.
The number and types of traffic situations studied in this validation, however, are limited to
the types of traffic situations that can be observed. There are a large number of possible
situations in which capacity, flow, speed, lay-out, types of conflicts, vehicle types and traffic
rules vary. Besides, a combination of two or more traffic situations is also not examined (for
example a series of coordinated controlled intersections). Because of the existence of these
various traffic situations, validating a software tool like FLEXSYT-II- requires systematic and
thorough investigation. A database which provides information on observed and simulated
traffic situations (representative examples) is an indispensable device.

10.2

Conclusions

This study for the validation of FLEXSYT-II- follows a three stage. The first stage investigates whether the flow on the network corresponds with the observed flow (aggregated per
time period). The second stage determines whether the course of the simulated control
program resembles the observed control program (if present). Finally, the actual validation
takes place, in which, among other characteristics, queues, travel times and headways are
compared and assessed (third stage of comparison). The following paragraphs describe the
conclusions reached from the actual validation of each traffïc situation.

Traffic situation B, single controlled intersection
Significant differences between the observations and simulations are noted when comparing
travel times and delays. In addition, the observations show more variation than the simulation.
The flow of traffïc in the simulation is more homogeneous than the observed flows. The
conclusions of the sensitivity analysis are, that variations in the capacity or the regularity
factor for public transport are not responsible for the differences between observations and
simulation. Regarding the course of the control program, the differences between observations
and simulation are small, and can probably be attributed to the differences relating to flow and
speed.

The overall differences are limited in relation to the absolute values of the observations. A
traffic engineer would judge the traffic flow in the observations and simulations as being
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comparable. In other words, the differences identified do not lead to rejection of the package,
in view of the primary objective of the package (studying the impact of traffic control on
traffic at junctions).

TraÍïïc situation C, uncontrolled roundabout
The results of the simulation of an uncontrolled roundabout with FLEXSYT-II- are comparable to the results of the survey, although significant differences are apparent. In particular,
the observed travel times for crossing the network differ substantially from the simulated
travel times, which are underestimated. Once again, the observations show more variation
than the simulation. The conclusions of the sensitivity analysis are, that variations in the
capacity or the gap times do not account for the differences between observations and simulation. The effect of the specified segment speed (on for example travel times for crossing the
network), should be considered in a more detailed investigation.
In this case the differences are also small in relation to the absolute values of the observations.
A traffic engineer would regard the traffic flow in the observations and simulation as comparable. The differences do not therefor result in a rejection of the vehicle models, considering
the primary objective of the package.

Traffic situation D, motonilay \dth boffleneck
Quantitative comparison of observations and simulation reveals that, particularly in the
morning peak, both results differ significantly. Although the observations show congestion on
almost every section, in the simulation, similar effects only occur (to a lesser degree) on
certain sections (sections 3 and 4). In the evening peak, the differences between observations
and simulations are limited, but still significant.
Particularly in the morning peak, the flow results suggest the existence of vehicles from the
previous subrun, producing artificially high flows. Besides, there are indications that in the
input files the specified capacity of the lanes, does not correspond with the resulting maximum

flow.
One can conclude from the sensitivity analysis that variations in capacity and segment speed
do not cause the differences noted between observations and simulation. However, the effect
of segment speed should be examined in greater detail.
Especially in the morning peak, the differences bet\ileen observations and simulation are large.
A traffic engineer would judge the results as different (this is true for the morning and
evening peaks). In other words, it can be concluded that the present traffic models of FLEXSYT-II-, combined with the present values of the internal model parameters, do not produce a
satisfactory simulation of the investigated traffïc situation.

Without considering the absolute values of the results, FLEXSYT-II- appears to simulate the
relationship between the various quantities in a satisfactory manner. This belief is based upon
the fact that the anticipated positive or negative impact on the variables (trend) is achieved
when modifying the external model parameters. However, due to the limited amount of
observations of a particularly unstable traffic flow, no definite conclusions can be made.
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Recommendations

By comparing the results of three specific traffic situations, the functioning of the FLEXSYTII- traffic models can be assessed. However, the performance of the traffic models in other
specific traffic situations cannot be judged yet. Because of the existence of a variety of traffic
situations, validating a software tool like FLEXSYT-II-, demands a systematic and thorough
approach. The creation of a database providing information on surveyed and simulated traffic
situations (representative examples) is essential and is therefore the most impoftant recommendation of this study. The validation of FLEXSYT-II- is not finished yet.
Considering the first stage of comparison (the flow data), a few parts of FLEXSYT-II- require
further investigation:
the random generation of vehicles;
the assigning of a direction;
the subrun mechanism;
detection of vehicles.

l.
2.
3.
4.
1.:

It is recommended that the random generation of vehicles is designed so that for each time
period the exact amount of vehicles (per type) are produced as are actually observed. This is
currently not the case. To achieve this, techniques exist which maintain the variation of
coincidence of Poisson distributed quantities.
2.:
It is advisable to make a distribution of vehicles per timeslice possible (traffic flow parameter
records per timeslice). This because in the case of large differences in flow per direction and
per timeslice, the influence on the flow of traffic of 'wrong' assignments of direction is large.
3.:
The subrun mechanism operates so that the results of one subrun provide the starting-point for
the next subrun, if no 'between run' is used. Vehicles that cannot be processed in one subrun
(because of limited capacity), will be processed in the next subrun, in combination with the
'new' vehicles of this subrun. However, in reality, these superfluous vehicles are added to the
next time period, which is not included in the simulation.
The results of the analysis indicate that, when simulating a traffic situation which is affected
by congestion, a sufficiently large time period should be used, in order to prevent incomparable results. A sufficiently large period means a period in which the entire traffic supply can
be processed.

However, this is not a solution for cases in which the network is continuously overloaded, or
for cases in which only peak data is available. The use of the prerun and between run time is
in these cases required. The duration and load of the prerun and between run must be chosen
very carefully.

A desirable future supplement to the subrun

mechanism is the emptying of the network before
In cases of congestion, the congestion conditions play an important role in
determining the traffic flow (duration and length of the file, degree of saturation etc.). If a
network is not emptied, the congestion will feature in the next subrun, so the starting situation
a prerun is started.
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each submn. To obtain comparable results for each subrun, it is necessary
coÍnmence the subrun from the same starting point. This is possible by starting each subrun
with a prerun time in which the network is emptied first.

will differ for

4.:

Finally, the functioning of the detectors in FLEXSYT-II- (short loops) requires further
investigation. Identical detectors register different amounts of vehicles, although exactly the
sÍrme amounts are expected. In addition, there is strong evidence to suggest that vehicles, on
the basis of the occupancy time of a detector, are being wrongly assigned to a ceftain vehicle type. Consequently, certain vehicle t)rpes are over-represented, other vehicles types are underrepresented, while in general the total simulated flow corresponds with the total observed
flow. A substitution effect is probably taking place.

With regard to travel times, the specification of the segment speed and its deviation appears to
be sensitive input data. Careful specification of the segment speed and its deviation is the
responsibility of the FLEXSYT-II- user. However, the influence of segment speed and deviation deserves more attention in the manual accompanying the package. There are several
reasons for this:
- specification of a series of segments with different segment speeds, leads to abrupt
changes of speed when entering a new segment (no transition speed is used). This is not
mentioned in the manual;
- when vehicles in actual traffic sinrations change speed in reaction to physical road
conditions (curves, slopes), the specification of the segment speed in the network for
FLEXSYT-II-, must also be modified. The physical lay-out of the location is important
when specifying the segment speed. This is also not mentioned in the manual;
- the control philosophy also influences the segment speed. For control programs in
which certain directions have a continuous green phase unless there is traffic from
conflicting directions, an appropriate segment speed must be specified;
- in the manual, there is no clear explanation of the direct impact of segment speed on
travel time results;
The FLEXSYT-II- users attention must be drawn to the careful specification of the segment
speed.

It is recommended for a future version of FLEXSYT-II- that a (internal) transition

speed is

introduced if vehicles travel on linked segments with different segment speeds. This will
prevent sudden changes of speed (in reality vehicles also have a transition speed).
At the same time, it is recommended that further investigations are conducted with respect to
the influence of segment speed on the FLEXSYT-II- results. The sensitivity analyses are too
limited to draw conclusions on the possibilities of calibration of this external model parameter.
Finally, further investigation is recommended on the speed deviation parameter. If a deviation
of l0% and a segment speed of 120 km/h is specified, the resulting average speed (under free
flow conditions) equals up to 125 km/h. The cause of this phenomenon is not known.
The identified differences between the observed and simulated queues can be attributed to a
difference in definition. A FLEXSYT-II- queue is calculated on the basis of the presence of a
vehicle. The maximum queue is simply the sum of the length of all vehicles passing a segment
during a certain cycle time. The speed or delay of a vehicle is not taken into account. The
30 June
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definition of a queue provided in the FLEXSYT-II- manual is not correct.
The definition of a queue, used in the survey, differs substantially from the FLEXSYT-IIdefinition and is the following generally accepted definition:
A queue is a more or less continuously stationary (or slow moving) file, waiting for the
removal of a (temporary) blockade (traffic signal).
The length of the longest queue which occurs during an entire cycle time, is the maximum
queue.

In view of the different definitions, the results of the survey and the simulation cannot be
compared. It is recommended that the method of calculating the maximum queue in FLEXSYT-II- is modified to correspond with the method used in actual situations. In conjunction
with this, it is recommended that the current frequency tables are adapted to include a class of
0-0 metres. This is necessary in order to identify whether a queue is present or not (the
current class of 0-4 m includes a queue of 1 vehicle, as well as no queue at all).
Considering the flow/capacity ratio in the investigated traffic situations, different conditions
are evident. In one traffic situation the network is over-saturated, which is not the case in the
other two situations. Furthermore it is revealed that the results of FLEXSYT-II- are not
satisfactory, when simulating traffic flow in over-saturated conditions (motorway with
bottleneck). Besides, there are indications that the specified capacity of a lane does not
correspond with the resulting maximum flow.
Given the fact that the results of the sensitivity analyses rule out the significant influence of
the external model parameters, and with the conviction that plausible results occur concerning
the relationships between the variables flow, speed, headway etc., it is advisable to investigate
the internal model parameters of the simulator first, before examining the functioning of the
traffic models themselves.

1,0.4

User aspects

While creating and testing the input files for FLEXSYT-II-, a number of difficulties were
encountered of concern to potential users. Some aspects of the package are not adequately
described in the manual, whilst others are simply omitted. Other issues addressed here relate
to adaptation of the software package for the purpose of this study and in order to meet the
needs of users in the future.
All of these recommendations are extensively described in various sections of this report, and
summarised below. The adaptations that have already been applied to the package (during this
study) are not included in this list, which provides guidelines for further optimization of the

:tt*:J;i:.Llï'ff *iïïï,i*i#il',:i,
-

-

Ëï11;, a more comprehensive and crearer
description in the manual. In particular, the meaning of the various parameters needs
further explanation;
Specification of the segment speed and its deviation parameter also needs a more
detailed and clearer explanation in the manual. This is especially the case with regard to
the effect of segment speed on the simulation process and the results;
needs to be designed so that the exact amount or

trrïi*ïrt:ffi:ïlïri:ï*ï,'m

A traffic flow parameter record for each timeslice should be included;
Further investigation on the detector mechanism should be undertaken. Identical
Cetectors register different amounts of vehicles and the vehicle type assignment is
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defective;
Presumably

it is not possible to place a short loop detector and a selective detector at
the same location. It was discovered that selective detectors record more vehicles than
short loop detectors!
Adapt the subrun mechanism. The network must be emptied before starting the next
subrun;

Modify the method of calculating queues to conform with the generally

accepted

method;

Correct the syntax of mathematical functions in the manual;
In the manual, state how to speciff carriage refurns in the input files;
Modify the classes of the frequency tables to conform with user needs or minimum and
maximum values;
Add a 0-0 m. class to the queue frequency table;
Add an option to REGPAR which creates a file giving the status and value of a variable
each time it is used, pre-determined or calculated;
Relate queues in uncontrolled conflicts to, for example, stop positions instead of dummy
halt-lines;
Relate queues in uncontrolled conflicts to the user specified time period, rather than
dummy cycle times;
It should be possible to specify a regularity factor for each vehicle type, instead of only
for public transport;
The manual should state that a generator can be connected to only one segment;
Offer the user the choice of whether travel time or delay should be printed in the output

file;
Emphasise in the manual that motorised traffic and non motorised traffic cannot travel
on the same segments, so this must be taken into account when specifying the capacity
of a lane.
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LIÏERATI.]RE
Plan van Aanpak Validatie FLEXSYT-II- (Ministry of Transport, Public Works and Water
Management, Directorate-General for Public rJ/orks and Water Management, Transport
Research Centre, Report ID93 .263.0711)

Afferte Vatidatie FLEXSW-il- (DHV Environment and Infrastructure BV, ABe/LV/SE/942t37)
EvaluatieplanValidatie FLEXSW-U- (Acceptatierapport, DHV Environment and Infrastructure
BV, TV/LVISE/942791)

for data analysis and results presentation (ERTICO-CORD Project
V2056, deliverable no. AC08).

Recommended guidelines

Weg Nr. 2 van het Rijlcswegenplan (Tekeningen nr S2:|I2-A0-04 t/m 52/12-00-14, Januari
L987, Rijkswaterstaat, Directorate-General Utrecht).
Manual FLEXSYT-II- , part I & 2 (Directorate-Generaal for Public Works and Water Management, Transport Research Centre, January 1994).

A theoretical analysk of dehys at an uncontrolled intersection (Tanner, J.C., 1962)
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