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EVALUATION OF THE CALIBRATED MICROSIMULATION
TRAFFIC MODEL BY USING QUEUE PARAMETERS
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" Josip Juraj Strossmayer University of Osijek, Faculty of Civil Engineering, Osijek, Croatia
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and Architecture, Slovenia

Abstract

Application of microsimulation models in traffic analysis is a common professional prac-
tice. Methodology of calibration of microsimulation models is not finally adopted and va-
rious approaches are available. One of the available calibration methods is neural network
approach for calibration of microsimulation traffic model. The comparison of the simulated
and measured traffic indicators, in real traffic conditions, provides the best insight into the
success of the model calibration process. The traffic indicator, used for the calibration of the
model, is the travel time between the measuring points at a chosen urban intersection. The
calibrated model has predicted the travel time for new sets of measured data at the same
intersection with the prediction error smaller than 5%.

This paper analyses the simulation results for the traffic indicators that were not used in the
model calibration — the queue parameters. The selected queue parameters are the maximum
queue at the entrance and number of stops at the intersection entrance. The model has been
additionally applied to the otherintersection, in order to simulate its queue parameters. This
has provided us with an insight into the issue of whether the calibration model is applicable
only to the intersection for which the calibration has been done or it can have a wider appli-
cation. The VISSIM microsimulation traffic model was used for calibration, and two single-lane
roundabouts served as the research basis for evaluation of the calibrated traffic microsimu-
lation model by means of queue parameters.

Keywords: queue parameters, microsimulations, VISSIM, roundabouts
1 Introduction

Microsimulation models are frequently used in traffic analysis. They are able to model the
stochastic nature of traffic flow at a multi-modal level, through a detailed movement mo-
delling of each entity and its interactions. Microsimulation traffic model, which enables a
detailed analysis and a large number of iterations in real time, is based on testing of va-
rious traffic scenarios. Modelling results of each scenario are comparable. They focus on
the analysis of alternative solutions, short-term traffic planning or optimization of particular
elements of traffic objects and/or evaluation of specific traffic regulation. The microsimula-
tion models are, undeniably, a very useful tool, but it is questionable whether they can be
expected to give realistic modelling results that can be applied in the methodology, analysis
and the design in local conditions.

The functioning of a traffic system is under the influence of various aspects of human be-
haviour [1]. Studies show that the behaviour of traffic participants is, among other things,
territorially and culturally conditioned [2]. Microsimulation models include variable behaviour
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of drivers, at a level of each particular entity, and the reality of modelling results depends on
the initial choice of the model [3] and the efficiency of the calibration process [4].

In the calibration process, the parameters of traffic microsimulation models are adjusted
in such manner, that the model outputs are similar to the observed data. According to the
Highway Capacity Manual, calibration is the process of comparing model parameters with
actual data obtained by counting and measuring at a local network [4]. Identification of influ-
ential parameters, the range of their values and optimization of these parameters and their
values by some of the optimization tools, are an integral part of the calibration process [5-7].
In the last few years, there has been a lot of research work aimed at the procedures for cali-
bration of traffic microsimulation models, but there have been no attempts to identify general
calibration principles, based on the collective experience of the researchers [8].

Some studies deal with traffic calibration of microsimulation models, and they concentrate
only on the calibration of driving behaviour parameters [9, 10], but some others [11-13] incor-
porate this issue in a research of a broader problem, which includes the calibration of a route
choice model [14] and an origin-destination matrix too [15]. Analysis of acceptable time gaps
and determination of a critical time interval by means of Greenshield’s model [16] represent
a description of the calibration method for the VISSIM microsimulation model at roundabouts
in New York.

The method of calibration of microsimulation traffic models evaluated in this paperis the one
using neural network approach. Calibration methods, based on the neural network prediction,
have been analysed and the results show that a neural network is applicable in the process
of calibration of microsimulation traffic models [17].

2 Evaluation of the calibrated traffic microsimulation model

A traffic microsimulation model typically consists of several sub-models, each of which trying
to reproduce the mechanism of a single decision made by an individual driver, such as the
decision to change lane orto use a gap in the opposing traffic in order to enter an intersection.
Each sub-modelincludes several parameters, and a complete traffic microsimulation models
sometimes include dozens of parameters.

The VISSIM microsimulation traffic model has been chosen for the analysis of the calibration
process. Testing of all combinations of model input parameters by applying realistic VISSIM
simulations (separately run for every combination) would be very time consuming. A compu-
ter can examine a great number of combinations of input values of model parameters in real
time, if it can use a program for output simulation values of the observed microsimulation
traffic model (e.g. of VISSIM).

In Fig. 1 a simplified scheme of program calibration is presented. The program calibration
begins with the creation of a VISSIM simulation database for neural network training (Fig. 1).
The task of the neural network is to predict the time of travel between measuring points for
particular values of input parameters, obtained by the microsimulation model. The program
calibration (MATLAB) calls the prediction function, provided by the neural network within the
calibration program (subroutine), for each combination of values of input parameters within
the given ranges of values and by a chosen/defined step [17].
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Figure1 Scheme of computer program calibration [17]

The most common indicator used for calibrations of traffic models is the travel time [8,11,18].
In accordance with the best practice, the traffic indicator, which is used for the calibration of
the examined traffic microsimulation model, is the travel time between the measuring points
at a chosen urban intersection. The calibrated model has predicted the travel time for new
sets of measured data at the same intersection with the prediction error smaller than 5% [20].
The model validation is the evaluation of the efficiency of the calibration model by com-
parison between modelled and measured traffic parameters. The validation stage is meant
to confirm the predictive power of the calibrated model, using an independent set of data.
However, it is important to ensure that the validation test does not simply repeat what has
already been tested in the calibration process. The basic requirement, which every calibrated
traffic microsimulation model must meet, is that it can be successfully validated with a new
set of data of the same type. A higher standard of validation is reached, if it can be confirmed
that the model calibrated with one type of data can also give good estimates of other types
of traffic data, such as queue length or flows, [8].

In this case, for the purpose of the model validation, two queue parameters were selected
— the maximum queue at an entrance and the number of stops at an intersection entrance.
The queue parameters are the traffic indicators that were not used in the model calibration.
The selected parameters are also easy to measure in the real traffic conditions, as is the case
with the travel time between the measuring points. As the research basis for the evaluation
of the calibrated traffic microsimulation model using queue parameters, two single-lane ro-
undabouts were utilized.

2.1 Comparison of the calibrated and non-calibrated model outputs and the measured data

The calibration of the model has been done on the roundabout 1 (Vinkovacka — Drinska) by
travel time observation for left turn traffic streams (from Drinska to Vinkovacka South). The
validation of the model has been done by the comparison of the calibrated and non-calibrated
(default) model outputs of queue parameters and the measured data at all entrances into the
first examined intersection (Tables 1).
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Table1 Comparison of the calibrated and non-calibrated model outputs

ROUNDABOUT 1
Entrance MAXIMUM QUEUE (m) NUMBER OF STOPS

calibrated default measured calibrated default measured
FIRST MEASURING
1 27 24 26 88 84 89
2 108 108 110 660 646 685
3 24 21 25 30 30 31
4 65 65 62 333 304 324
SECOND MEASURING
1 22 15 21 58 60 61
2 106 106 103 462 509 475
3 18 23 18,5 34 14 33
4 60 60 62 225 204 221
THIRD MEASURING
1 15 23 15,5 52 50 54
2 107 77 110 152 178 158
3 17 17 18 15 14 15
4 46 37 48 135 129 140

1- Drinska; 2 - Vinkovacka North; 3 — Bosutska; 4 — Vinkovacka South

The fourth set of measured data has been gathered at the other urban roundabout (Opatijska
— Kirova) with the aim to check if the calibrated model is applicable only to the roundabout at
which the calibration was done or it can be applied wider (Table 2).

Table 2 Comparison of the calibrated and non-calibrated model outputs - fourth measuring

ROUNDABOUT 2
Entrance MAXIMUM QUEUE (m) NUMBER OF STOPS
calibrated default measured calibrated default measured
1 22 27 23 58 50 56
2 5 5 5 6 5 6
3 18 18 18,5 18 13 19
4 13 12 12,5 18 18 18
1-Sportska; 2 - Obilaznica; 3 - Opatijska; 4 — Kirova

3 Discussion

At the heart of any calibration technique, there is a comparison between simulation outputs
and gathered measurements of various traffic indicators. A comparison of the traffic indica-
tors, the ones measured in the field and the ones simulated with the calibrated and non-cali-
brated microsimulation traffic model, provides an insight into the efficiency of the calibration
procedure. The basic requirement, that every calibrated traffic microsimulation model must
meet, is that it can be successfully validated with a new set of data of the same type. In this
case, itis the traveling time between the measurement points. A higher standard of validation
is reached, if the model calibrated with traveling times data can also give good estimates of
other parameters such as queue parameters — the maximum queue and the number of stops
at the entrance of intersection.
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According to [18], the model approximates the real traffic conditions well, if the criteria for the
observed traffic indicators are satisfied (1).

and [STOPuos ~STOPygus
|  sTop

MEAS

Q MaXyop — QmaXMEAS
QmaxMEAS

I <5% M

Where:

Qmax,,,, — modelled maximum queue at the entrance;
Qmax,,.,. — measured maximum queue at the entrance;
STOP,,,, — modelled number of stops at the entrance;

STOP,,.,s — measured number of stops at the entrance.

The comparison of VISSIM simulation results for calibrated and non-calibrated (default) mo-
deland the measured values of queue parameters, according to the formula (1), is presented
in the Tables 3 and 4.

Table 3 Comparison of the simulated and the measured traffic parameters —first location

ROUNDABOUT 1
Entrance MAXIMUM QUEUE (%) NUMBER OF STOPS (%)
calibrated default calibrated default
FIRST MEASURING
1 3,85 7,69 1,12 5,62
2 1,82 1,80 3,65 5,70
3 4,00 16,00 3,23 3,23
4 4,84 4,84 2,78 6,17
SECOND MEASURING
1 4,76 28,57 4,92 1,64
2 2,91 2,90 2,74 7,20
3 2,70 24,32 3,03 57,58
4 3,23 3,23 1,81 7,69
THIRD MEASURING
1 3,23 48,39 3,70 7,41
2 2,73 30,00 3,80 12,70
3 5,56 5,56 0,00 6,67
4 4,17 22,92 3,57 7,86

Table 4 Comparison of the simulated and the measured traffic parameters — fourth measuring, second location

ROUNDABOUT 2

Entrance MAXIMUM QUEUE (%) NUMBER OF STOPS (%)
calibrated default calibrated default

1 4,35 17,39 3,57 10,71

2 0,00 0,00 0,00 16,7

3 2,70 2,70 5,26 31,58

4 4,00 4,00 0,00 0,00

The analysis of the two parameters of the queue (Tables 3 and 4 ) shows that the calibrated
microsimulation model provides good results of modelling with regard to the measured value
of parameters in actual traffic conditions. In conditions of a low traffic load (Table 3, third me-
asuring and Table 4), even the calibrated model provides the results that are a little bit more
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than 5% different from the measured values, but the differences are not significant (5.56%
and 5.26%). For the first parameter, the maximum length of queue, the result show that the
vehiclesin real conditions had a greater stop distances between the vehicles in queue. Forthe
second parameter, the number of stops at the entrance, indicates a little bit longer reaction
time of drivers in the local traffic network under conditions of low traffic load.

4 Conclusion

The traffic indicator, which is used for calibration of the model, is the travel time between
the measuring points at the selected urban single-line roundabouts. The comparison of tra-
velling times between measuring points shows that the calibrated microsimulation model
gives results that differ from the measured values of the travelling time by less than 5%, and
such modelling results are considered to be realistic. This paper has analysed the simulation
results for the other parameters that were not used in the model calibration — the maximum
queue and the number of stops. The parameters of queue for both intersections are measured
and compared to the outputs of the parameters modelled with the calibrated and the non-
calibrated (default) model.

The results show that the model was successfully calibrated. The calibrated model simulation
results have provided the expected accuracy in relation to the measured traffic parameters for
the traveling time, as well as for the queue parameters. By using a calibrated microsimulation
model VISSIM, it is possible to obtain results that reflect realistic traffic characteristics at the
examined roundabouts in local conditions.
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