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I. Zusammenfassung 

Seit etwa 30 Jahren gewinnt „ramp metering“ mehr und mehr das Interesse der Kommu-

nen, die eine Lösung suchen, die Staus auf ihren innerstädtischen Autobahnen zu ver-

hindern oder wenigstens zu minimieren. 

„Ramp metering“ wird im deutschsprachigen Raum als „Zuflussdosierung“ oder „Zu-

flusskontrolle“ mittels „Pförtnerampel“ bezeichnet. Es handelt sich hierbei um eine 

Einrichtung zur Verhinderung der Überlastung eines Autobahnabschnittes.  

Wenn die Belastung der Straße zu hoch zu werden droht, wird durch eine Beschränkung 

des weiteren Zuflusses an den Einfahrten versucht, eine Überbelastung zu vermeiden. 

Die Belastung des Abschnittes kann durch die Messung der aktuellen Verkehrsstärke 

bestimmt werden. Dazu werden entsprechende Detektoren benötigt. Die Dosierung an 

der Einfahrt geschieht im Allgemeinen mit Lichtzeichenanlagen oder im Einzelfall mit 

Sperren. 

 

Da die Montrealer Stadtautobahn „Metropolitaine“ zu den Spitzenverkehrszeiten ständig 

überlastet ist, wird vom Transportministerium (Ministère des Transports du Québec) 

nach einer geeigneten Lösung gesucht, das tägliche Verkehrschaos zu verhindern. 

Bei dem Versuch, einen Autobahnabschnitt der „Metropolitaine“ mit Einrichtungen zur 

Zuflusskontrolle mittels der im Ministerium normalerweise genutzten Software zu mo-

dellieren, wurde festgestellt, dass dies von der Software nicht einheitlich unterstützt wird 

und außerdem noch keinerlei Erfahrungen mit der Simulation solcher Probleme existie-

ren. 
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Es wurde daher beschlossen, die vorhandenen Simulatoren TSIS und AIMSUN2 vorerst 

auf ihre Eignung zur Modellierung von Autobahnabschnitten mit Zuflusskontrolle zu 

untersuchen und dann die Simulationsergebnisse im Rahmen der Möglichkeiten zu 

überprüfen. 

TSIS wurde für die U.S.-amerikanische Autobahnbehörde (FHWA) entwickelt. Es han-

delt sich um einen aus mehreren Programmen bestehenden mikroskopischen Verkehrs-

simulator, der in der Lage ist, ein komplettes Straßennetz zu modellieren. 

Für die Untersuchungen dieser Arbeit wurde der mikroskopische stochastische Simula-

tor für Autobahnen FRESIM verwendet. 

Da die Software auf DOS basiert und die Bedienoberfläche für Windows die Handha-

bung des Programms nur unzureichend unterstützt, erfolgt die Bedienung recht umständ-

lich über Parameterdateien. Die Simulation erstellt eine Datendatei, die dann von dem 

Visualisierungs-Werkzeug TRAFVU ausgewertet werden kann. 

AIMSUN2 wurde an der polytechnischen Universität von Katalonien entwickelt und ist 

inzwischen ein auf dem Markt erhältlicher professioneller Mikrosimulator. Er kann alle 

Arten von Verkehrsnetzen simulieren. 

Das Programm arbeitet komplett in einer Windows-Umgebung. Simulationen können 

bereits während der Berechnung direkt beobachtet und ausgewertet werden.  

Zur Kodierung eines Netzes steht der ebenfalls unter Windows arbeitende Editor TEDI 

zur Verfügung, der die Erstellung eines Verkehrsnetzes sehr einfach macht. 

 

Ein Vergleich zweier Simulatoren erweist sich grundsätzlich als verhältnismäßig 

schwierig, da sich sowohl die zur Simulation benutzen Daten, als auch die vom Simula-
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tor verwendeten Routinen unterscheiden. Um wenigstens die Grundvoraussetzungen 

möglichst identisch zu gestalten, wurde zur Simulation ein fiktiver Autobahnabschnitt 

benutzt. 

Es handelt sich hierbei um eine 3-streifige gerade und ebene Autobahn (es wurde nur 

eine Richtung simuliert) mit vier Ein- und drei Ausfahrten, die jeweils absolut identisch 

gestaltet sind. Vor einer Ausfahrt befindet sich ein 152 m langer Verzögerungsstreifen, 

nach einer Einfahrt eine 381 m lange Beschleunigungsspur. 

Die zulässige Höchstgeschwindigkeit auf der Autobahn wurde auf 105 km/h festgelegt; 

auf den Ein- und Ausfahrten gilt ein Limit von 56 km/h. 

 

TSIS stellt innerhalb des Autobahn-Simulators FRESIM die Möglichkeit einer Zufluss-

kontrolle in Abhängigkeit der aktuellen Belastung der Autobahn (demand/capacity 

metering) zur Verfügung. Allerdings sind die beeinflussbaren Parameter alleine durch 

die Placierung der Detektoren gegeben. Die eingebaute Strategie bleibt unbeeinflussbar 

und verborgen. Detektoren können außerdem nur im Hauptstrom benutzt werden. Es ist 

nicht möglich sogenannte „Check-In“ bzw. „Check-Out“ Detektoren in einer Einfahrt 

anzuwenden. 

Des weiteren ist die Zuflusskontrolle beschränkt auf einzelne, voneinander unabhängige 

Einfahrten. Es besteht keine Möglichkeit einen gesamten Autobahnabschnitt, also ein 

System von Ein- und Ausfahrten durch eine einheitliche und aufeinander abgestimmte 

Strategie zu kontrollieren. (systemwide metering)  
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AIMSUN2 bietet als eingebaute Routinen nur zeitabhängige (green-time und platoon 

metering) Zuflusssteuerungen an. Eine Regelung ist nur durch externe Programme mög-

lich. AIMSUN2 bietet hiefür ein Interface, über das sowohl der aktuelle Zustand des 

Netzes abgefragt werden kann, als auch auf Lichtzeichenanlagen und andere Stellglieder 

zugegriffen werden kann. Detektoren können praktisch überall im gesamten Netz einge-

baut werden. Die Nutzung der dadurch gewonnenen Daten bleibt wie in der Realität dem 

Nutzer überlassen. 

Allerdings existieren auf dem Markt keine fertigen Zusatzprogramme zur Simulation 

einer adaptiven Zuflussregelung. Ein solches Modul muss daher selbst entwickelt und 

programmiert werden. Dies setzt entsprechende Kenntnisse einer Programmiersprache 

(z.B. C++) und der Benutzung von Windows-DLLs voraus. 

Die Programmierung eines eigenen Moduls hat natürlich den Vorteil, dass es sowohl 

vollständig auf die jeweiligen Bedürfnisse anpassbar ist, als auch die Art der Regelung 

klar definierbar ist. 

Die Simulationen mit TSIS gestalteten sich sehr umständlich, da ein automatisierter 

Ablauf von Simulationen mit verschiedenen Parametern nicht möglich ist. Jede Simula-

tion muss separat gestartet und ausgewertet werden. Die Ergebnisse liegen dann nur im 

Beobachtungsprogramm TRAFVU vor und lassen sich nicht exportieren oder mittels 

anderer geeigneter Programme weiterverarbeiten. 

AIMSUN2 hingegen bietet die Möglichkeit, mehrere Simulationen vorzubereiten und 

vollautomatisch ablaufen zu lassen. Die Ergebnisse können zusätzlich zur direkten 

Beobachtbarkeit an verschiedene Datenbanken (z.B. ODBC) übermittelt werden. Eine 
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weitere Untersuchung und Aufarbeitung der Daten kann daher mit fast jeder beliebiger 

Software vorgenommen werden. 

 

Nach vielen Testreihen wurde klar, dass sich TSIS höchstenfalls für eine grobe Simula-

tion von Zuflusskontrollen einzelner Einfahrten innerhalb eines Verkehrsnetzes eignet, 

nicht aber zur Erprobung und zum Vergleich verschiedener Strategien zur Zuflussrege-

lung auf Autobahnen. Die fehlenden Möglichkeiten, Detektoren im Bereich der Einfahr-

ten zu modellieren, sowie ein systemweites Konzept zu realisieren, lassen eine 

realitätsnahe Simulation nach dem aktuellen Stand der Technik nicht zu. 

AIMSUN2 hingegen kann mit Unterstützung eines externen Reglers uneingeschränkt für 

die Simulation aller Strategien und auch ganzer Systeme benutzt werden. 

 

 

Diese Arbeit ist im Rahmen eines interuniversitären Austausches zwischen der Universi-

tät Stuttgart und der École Polytechnique de Montréal im Sommer 2000 als „Projet de 

fin d’études“ unter der Leitung von Herrn Professor Karsten Baass in Montreal entstan-

den. 
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II. Résumé 

Les trente dernières années, le contrôle de la circulation sur les bretelles d’accès des 

autoroutes a pris une importance de plus en plus croissante. En effet, rares sont les villes 

qui n’éprouvent pas de problèmes de congestion routière. Que l’on songe par exemple à 

l’autoroute « Métropolitaine » et aux énormes problèmes de circulation qu’elle pose à la 

communauté urbaine de Montréal. 

Voilà pourquoi l’installation d’un système informatisé de contrôle du trafic sur les bre-

telles d’accès devient urgente. 

Or, s’il existe plusieurs logiciels simulateurs de trafic, la plupart d’entre eux demeure 

inefficace en ce qui a trait au contrôle de la circulation sur les bretelles d’accès tout 

particulièrement. 

Ce projet vise d’une part, à évaluer l’efficacité des simulateurs microscopiques TSIS et 

AIMSUN2 en ce qui a trait au contrôle du trafic su les rampes d’accès et, d’autre part, à 

en comparer le fonctionnement afin de déterminer lequel répond le mieux aux besoins 

spécifiques de la circulation sur les bretelles d’accès des autoroutes. 
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III. Abstract 

Ramp metering has become more and more important during the last three decades. 

Every major metropolis uses it or plans to use it in the future for their city freeways. 

There are various tools to simulate traffic, but ramp metering support is not very good in 

most applications. 

As the city of Montreal has enormous problems with its often congested urban freeways, 

ramp metering is considered to solve these problems. Deliberations are being made to 

install ramp metering devices on the inner-city freeway “Metropolitaine”.  

It therefore has to be determined which software is suitable to model the network and 

appropriate to test various ramp metering strategies. 

This project tries to compare the advantages and disadvantages of TSIS and AIMSUN2, 

two microscopic traffic simulators. 
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A. GENERAL CONSIDERATIONS 

1. Ramp metering 

What is ramp metering? 

According to the Traffic Control Systems Handbook1, ramp metering regulates the 

number of vehicles entering the freeway, so that demand does not exceed capacity. 

Some traffic desiring access to the freeway mainline will wait on the ramps before re-

ceiving a signal to enter. 

BLUMENTRITT (1981) says that ramp control can be defined as a method of improving 

overall freeway operations by limiting, regulating and timing the entrance of vehicles 

from one or more ramps onto the main line. In locations where freeway entrance ramps 

have adequate storage capacity or where the surrounding street network can accommo-

date additional traffic, ramp-control systems can provide substantial operational im-

provements under certain combinations of traffic demand and freeway capacity.2 

Why ramp metering? 

Congestion will occur on a freeway when demand exceeds capacity. A section of a 

freeway where traffic demand exceeds freeway capacity is called a bottleneck. A bottle-

neck or congestion of this type occurs as a result of conditions which either have in-

creased demand to a level greater than capacity, or have decreased capacity to a level 

less than demand.1 



Simulating ramp metering  Jörg Kienzle  2 

 

The demand on a freeway section can be kept under its capacity by not allowing too 

many vehicles to enter this section.   

Therefore  ramp metering can avoid congestion on the freeway and that will lead to:  

• Increased mainline speeds (reduced travel time) 

• Higher service volumes 

• Less delay 

• Safer merging operations 

• Reduced user costs 

• Reduced fuel consumption and emissions 

Ramp metering has also some disadvantages: 

• Increased travel time and delays for vehicles that have to wait at a signal 

• Higher traffic (and eventually congestions) on the secondary network  

• Enraged drivers due to the waiting time at the ramp who increase the risk of acci-

dents on the freeway 
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Different types of ramp metering 

Pretimed 

Pretimed metering is the 

simplest form of entrance 

ramp metering. In the opera-

tion of a pretimed metering 

system, the ramp signal 

operates with a constant 

cycle.  

Even if the system provides 

different metering rates 

(peak-hour, weekend etc.) it 

can neither respond automatically to significant changes in demand, nor adjust to un-

usual traffic conditions resulting from incidents. 

Since pretimed metering systems do not need expensive controllers and fewer detectors, 

they are significantly cheaper and easier to install. 

Figure A.1– Layout of an entrance ramp of a pretimed 

metering system3 (see legend on page 69) 
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Traffic-responsive 

In contrast to pretimed meter-

ing control, traffic-responsive 

metering is directly influ-

enced by the mainline and 

ramp traffic conditions dur-

ing the metering period. 

Metering rates are selected 

on the basis of real-time 

measurements of traffic 

variables indicating the current relation between upstream demand and downstream 

capacity. 

Operator controlled 

An operator decides the actual metering rate. This can be an option if the freeway sec-

tion to be metered is controlled anyway by cameras or other adequate methods.  

 

All three types of ramp metering can either be standalone (local) or systemwide meter-

ing.  

Local ramp metering can be used  

• For safety improvements 

• To control one or a few ramps where downstream freeway sections experience recur-

rent congestion 

Figure A.2 – Layout of an entrance ramp of a traffic 

responsive metering system3 (see legend on page 69) 
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• Where systemwide metering proved difficult because metering is not feasible at 

certain ramps  

For all other purposes systemwide metering should be applied. 
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2. The history of ramp metering 

An expressway surveillance project was established in 1961 in Illinois, USA, where 

ramp control was first introduced. 

One of the results of this extensive study4 was: 

“Ramp metering as a technique for controlling expressway operations proved satis-

factory in maintaining free flow conditions, permitting maximum entry to the ex-

pressway and providing smooth merging operations.” 

 

Since then ramp metering has proven to be the most widely used form of freeway traffic 

control. 

It has seen application in at least 20 urban areas in the United States and other coun-

tries.1 

 

The development of computer technology and traffic flow theory as well as the continu-

ously rising traffic density in the last four decades has changed the used types of ramp 

metering. 

While in the early years of the application of ramp metering ramp closure (most restric-

tive form of ramp metering – the metering rate is zero) was thought to be an evident 

action to avoid freeway congestion, it is today avoided due to public opposition, even-

tual underuse of freeway capacity and overloading alternative routes. 
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Also, the first applications where pretimed stand-alone systems, while modern systems 

are mostly systemwide traffic-responsive and integrated in a traffic management plan, 

controlled by a sophisticated central computer system. 

 

In the last few years, new methods using new technologies of ramp metering were de-

signed. 

A fuzzy ramp metering controller5 demonstrated improved robustness. It prevented 

heavy congestion, intelligently balanced conflicting needs and could be tuned easily. 

Also artificial neural networks6 were used to design non-linear traffic-responsive ramp 

controls. The simulation results showed, that the non-linear control algorithms are quite 

effective in achieving the control objective and compare favourably with a leading exist-

ing ramp control algorithm. 

However, these new technologies never were applied to real systems. They showed their 

advantages only in simulations. 
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3. Vehicles per hour – An acceptable measuring unit? 

It is evident, that a huge truck has other dimensions and other acceleration capabilities 

than a passenger car. In Europe there are also other maximum speed limits applicable for 

trucks than for passenger cars. 

Therefore the usual unit used in all traffic calculations is “passenger car equivalent” 

[pce]. 

All vehicles are converted to passenger car equivalents with an appropriate conversion 

factor (e.g. heavy trucks, trucks, van etc.) 

Surprisingly, all ramp metering applications only deal with “vehicles per hour” [vph] 

and don’t even care about the different types of vehicles. 

MAY4 mentions: 

“However, metering in a uniform time spacing basis was not practical due to the 

presence of certain longer vehicles which required greater time for clearance.” 

This problem was easily solved by the use of a “check-out detector” and, therefore, there 

was no further need to worry about larger vehicles. 

Also the differences between trucks and passenger cars may be not that huge to justify a 

much more complicated calculation of the metering rate. As the average quota of trucks 

on the freeway and on the entrance ramps is usually known and does not alter too much, 

the calculation of metering rates is possible with negligible error. 

 

Furthermore the detection of different types of vehicles with inductive loop detectors 

was not possible (with affordable effort) until the 1990s. 
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According to the Traffic Control Systems Handbook1 I will also use the unit vehicles per 

hour in this analysis. 

 

However, with the new possibilities of detecting different types of vehicles the use of 

passenger car equivalents should be taken into consideration for forthcoming applica-

tions of ramp metering.   
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B. CALCULATION OF METERING RATES 

4. Integrated Metering – Matrix O/D known 

Integrated pretimed metering refers to the application of pretimed metering to a series of 

entrance ramps. The metering rate for each of these ramps is determined in accordance 

with demand-capacity constraints at the other ramps, as well as its own local demand-

capacity constraint. 

The method to calculate the optimal metering rates described below can be used both for 

integrated pretimed and traffic-responsive metering.  

Traffic-responsive metering is certainly the preferable metering technique. 

To be able to handle any possible cases of lack of actual traffic data (such as malfunc-

tion of detectors), a traffic-responsive system should have a standard set of pretimed 

metering rates available. 

 

Figure B.1 – Integrated entrance ramp control: Example3 
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The long-winded procedures to determine the optimal metering rates described in the 

Traffic Control Systems Handbook3 can nowadays easily be computed with standard 

software. 

I used the “Solver” of Microsoft Excel to calculate the optimal metering rates. 

I used the following conditions: 

• total metering rate of all four ramps should be maximal 

• actual traffic in a section must not exceed the sections capacity 

• metering rate of each ramp has to be at least the minimum metering rate 

The actual load of a section was calculated by using the O/D-matrix.  

nnnn OffXSS −+= ++ 21  

∑=
j

jiji XAS  

The results were the same as using the standard method described in the Traffic Control 

Systems Handbook3. 

The required O/D-matrix for the calculation of the metering rates is unfortunately not 

very easy to obtain. Costly traffic counts have to be made and even then the O/D-matrix 

is only valid for a limited period. This disadvantage was already known, but no other 

algorithms to calculate the metering rates were usable at that time3: 

“It is usually difficult to obtain reliable estimates of the Aij values, because they vary 

with time and generally exhibit a high variance. Also, the O/D type studies used to 

collect these data are expensive and do not provide real-time data.” 
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5. Integrated Metering – Exit ramp load known 

The problems to obtain useful 

O/D-data on the one hand and 

the price-reduction of detec-

tors on the other led to another 

approach to calculate metering 

rates. 

An additional detector has to 

be installed on the exit ramp 

so that the traffic leaving the 

freeway can also be counted. 

With the knowledge of the 

actual number of vehicles 

leaving the freeway, the O/D-

data is not longer needed. 

 

 

Again with the “Solver” of Microsoft Excel the results were achieved easily. 

The conditions used were the same as in the experiment described above. 

Figure B.2 – Results of the calculation of pretimed 

metering rates. 

Calculation of pretimed metering rates
According to "Traffic Control System Handbook"

Aij Values Exit Ramps
1 2 3 4

1 1.00 0.95 0.90 0.85 Off1 293 vph
2 1.00 0.75 0.70 0.60 Off2 267 vph
3 1.00 0.90 0.85 Off3 334 vph
4 1.00 0.90
5 1.00

Input demands Metering Rate
min: 240 vph

D1 4600 vph X1 4600 vph
D2 800 vph X2 253 vph
D3 600 vph X3 240 vph
D4 800 vph X4 667 vph
D5 600 vph X5 334 vph

Total 2800 vph Total 1494 vph

Capacities Actual Load
B1 5400 vph S1 4853 vph
B2 4800 vph S2 4800 vph
B3 5200 vph S3 5200 vph
B4 5200 vph S4 5200 vph
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The actual load of the section was calculated this time by simply adding the vehicles 

entering the freeway (On) and subtracting the leaving vehicles (Off) to the previous 

section. 

nnnn OffOnSS −+= ++ 21  

(The illogical use of indices is due to indices for entrance ramps and sections used in the 

Traffic Control Systems Handbook3 – See Figure B.1 on page 10)  

As shown in Figure B.2, with the metering rate of the first ramp, the maximal capacity 

of the following section (S1) is not reached. This is because we have to allow the mini-

mum metering rate (240 vph) on the second ramp. 

If we would allow a higher metering rate on the first ramp, either the metering rate of the 

second ramp would be below the minimum or the load of the section following the 

second ramp (S2) would be over the capacity. 
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C. SIMULATION 

6. General 

Introduction7 

In traffic engineering, the concept of traffic control is giving way to the broader philoso-

phy of Transportation Systems Management (TSM), whose purpose is not only to move 

vehicles, but also to optimise the utilisation of transportation resources to improve the 

movement of people and goods without impairing the community. 

One of the most important analytical tools of traffic engineering is computer simulation.  

If a traffic system is simulated on a computer by means of a simulation model, it is 

possible to predict the effect of traffic control and TSM strategies on the system’s opera-

tional performance, as expressed in terms of measures of effectiveness (MOEs), which 

include average vehicle speed, vehicle stops, delays, vehicle-hours of travel, vehicle-

miles of travel, fuel consumption, and pollutant emissions.  The MOEs provide insight 

into the effects of the applied strategy on the traffic stream, and they also provide the 

basis for optimising that strategy. 

 

Computer simulation is more practical than a field experiment for the following reasons: 

• It is less costly. 

• Results are obtained quickly. 
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• The data generated by simulation include several measures of effectiveness that 

cannot be easily obtained from field studies. 

• The disruption of traffic operations, which often accompanies a field experiment, 

is completely avoided. 

• Many schemes require significant physical changes to the facility, which are not 

acceptable for experimental purposes. 

• Evaluation of the operational impact of future traffic demand must be conducted 

by using simulation or an equivalent analytical tool. 

• Many variable parameters (such as weather conditions) can be held constant. 

 

The availability of traffic simulation models greatly expands the opportunity for the 

development of new and innovative TSM concepts and designs.  Planners and engineers 

are no longer restricted by the lack of a mechanism for testing ideas prior to field dem-

onstration.  Furthermore, because these models produce information that allows the 

designer to identify the weaknesses in concepts and design, they provide the basis for 

identifying the optimal form of the candidate approach.  Finally, because the results 

generated by the model can form the basis for selecting the most effective candidate 

among competing concepts and designs, the eventual field implementation will have a 

high probability of success. 



Simulating ramp metering  Jörg Kienzle  16 

 

Network layout 

To compare various simulation tools, it is very important that all simulations are based 

on the same parameters and data. 

This is not always very easy, as the different simulation software bundles are using quite 

diverse approaches and methods for data definition, data handling and of course the 

simulation itself. 

It is evident, that we cannot influence the software’s specific procedures and internal 

methods, but we have to pay close attention that all user-defined data and parameters are 

effectively kept the same for all tools.  

 

 

To keep the simulations clear and comprehensible, I simulated the freeway system that 

is also used in The Control Systems Handbook3 to explain the functionality of ramp 

metering. 

As shown in Figure C.1, I modelled a unidirectional freeway with four entrance ramps 

and three exit ramps.   

Geometrical layout 

The freeway itself is straight and plane. It has three full lanes in one direction. The free-

way is considered to be an urban freeway that is traced out on a higher level than the 

Figure C.1 – General layout of the simulated freeway. 
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secondary network e.g. on a viaduct. Consequently, the ramps are modelled with a gra-

dient of 5%.  

There are obviously an infinite number of possibilities to construct freeway entrance- 

and exit ramps but as mentioned before, we consider the freeway to be a viaduct. There-

fore the secondary road would be on a lower level. 

Thus an exit ramp has to be before a following entrance ramp.  

As shown in Figure C.2 there is an auxiliary deceleration lane prior to the exit ramp and 

an auxiliary acceleration lane after the entrance ramp. 

There is no further auxiliary lane between the two ramps.   

Speed 

The maximum free-flow speed (which corresponds to a speed limit) on the freeway was 

set to 65 mph [105 km/h] and to 35 mph [56 km/h] on the ramps. 

While the choice of the freeway speed is evident, the speed limit on the ramps seems to 

be quite low. This speed was chosen because our model is considered to be an urban 

freeway, which means that the streets connected to the ramps are immediately minor city 

roads with the according speed limits.   

I tried to model the identical network with both simulators. Further information is pro-

vided in the corresponding chapters. 

Figure C.2 – General layout of an entrance-/exit-ramp combination. 
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7. Traffic Software Integrated System – TSIS 

About the software 

Traffic Software Integrated System (TSIS) is a software bundle developed by ITT Sys-

tems & Sciences Corporation under the direction of the Federal Highway Administration 

(FHWA) of the U.S. Department of Transportation. 

 

The Windows version of TSIS provides an integrated interface and environment for 

executing the CORSIM traffic simulation model. Specifically, it is designed to support 

the CORSIM simulator and CORSIM output processor, TRAFVU. The user can extend 

TSIS’ functionality by adding other traffic engineering or analysis software tools that 

have been designed to conform to the TSIS traffic tool interface.  

The advantages of operating within the TSIS environment include a graphical interface; 

scrollable screen output; memory management for CORSIM; and on-line context-

sensitive help that encompasses the TSIS, TRAFVU, and CORSIM User’s Guides. 

 

TSIS provides an efficient mechanism for communicating results from traffic analysis 

tools, such as simulation systems. TSIS is evolving into a common repository to support 

the data requirements of many traffic models and simulation systems. 

 

As the software was developed for the use in the United States, the whole system can 

only handle British units instead of the units defined by the SI-system. 
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Therefore the units stated here are also British but the equivalent measures in SI-units 

are noted for convenience as well.  

 

The TRAF System is an integrated software system that consists of various component 

models. NETSIM is a model of urban traffic; NETFLO and FREFLO are macroscopic 

models of urban and freeway traffic. 

For the simulations of this study, FRESIM was used.  

FRESIM  

FRESIM is a microscopic stochastic simulation model for freeway traffic. The previ-

ously mentioned CORSIM is a simulation system that is capable to simulate both NET-

SIM and FRESIM models. 

ITRAF 

ITRAF is an interactive computer program with a graphical interface developed to sim-

plify and speed up the task of creating data files that serve as input to the TRAF family 

of traffic models. 

This means that with ITRAF the CORSIM input file can be created more easily than by 

editing the input files manually. 

TRAFVU  

TRAFVU is an interactive graphics processor designed to display and animate the re-

sults of CORSIM simulations. TRAFVU provides a window environment to view se-

lected input data and all output generated by CORSIM.   
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It enables the user to create multiple simultaneously displayed animated traffic views of 

the same or different traffic networks under the same or different traffic conditions. 

Network layout 

The general layout of the network as well as the capacity of the freeway and the demand 

of the ramps used for the simulations are described in chapter C.6.  

Figure C.3 shows the layout used for the combination of an exit and an entrance ramp. 

The values used were as follows:  

length of deceleration lane (exit ramp)  lxr  =  500 ft  (152 m) 

length of highway between exit and entrance lb  =  1400 ft  (427 m) 

length of acceleration lane (entrance ramp)  ler  =  1250 ft  (381 m) 

total length of the connector l = 3150 ft  (960 m) 

Possible metering types 

Five types of on-ramp control strategies can be implemented in the FRESIM model: 

• Clock-time metering  

• Demand/capacity metering 

• Speed control metering  

• Multiple-threshold occupancy control metering 

• ALINEA control metering  

Figure C.3 – Layout of an exit- / entrance-ramp combination. 
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For our purpose, the demand/capacity metering is the most appropriate metering strat-

egy. To test the system’s capabilities, I started with a demand/capacity metering on the 

first ramp. 

Simulation 

As mentioned before, the modelled freeway corresponds to the example described in 

chapter B.4. 

So demand was set to the following values: 

load before first ramp 4000 

demand of ramp #1 800 

demand of ramp #2 600 

demand of ramp #3 800 

demand of ramp #4 600 

It is also important, that the capacity of the freeway isn’t constant on all sections. The 

capacities used are shown in Figure B.1. 

The load of 4000 vph was varied during the simulations, while the ramp demand was not 

changed if not mentioned explicitly. 

 

For a single simulation, I chose to simulate 15 minutes of traffic on the freeway.  

After setting all data in the CORSIM-file, a simulation can be started. First, the software 

checks the input file for possible errors and then continues to calibrate the network. 

 

Table C.1 – Ramp demand values  
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If everything went fine, the main simulation starts. For 15 minutes of simulated traffic 

on the freeway a file of approximately 15 Mbytes is created. The simulation time is 

about two minutes on a Pentium II PC at 366 MHz. 

The duration of the simulation as well as the file size depend on the number of vehicles 

treated. This means, the more traffic on the freeway, the longer the simulation time and 

the larger the file.  

The output file of the simulation only contains data about each vehicle using the freeway 

and provides no information that can be used or viewed directly. 

To obtain the desired information (in our case the metering rates) the output file has to 

be processed by TRAFVU. With TRAFVU each single vehicle can be tracked on its way 

through the network. The software also computes statistics for every section of the net-

work (e.g. delay time, fuel consumption, various emission values, etc.).  

The processing of the data-file takes another two minutes. 

As the whole simulation process can neither be automated nor batched, a single simula-

tion will take at least 5 minutes before any results can be obtained and parameters can be 

changed for the next run.   

Simulation results 

The results of the first 6 simulations with TSIS were not very satisfying. It turned out 

that the desired demand (and therefore the metering rate) of the entrance ramps could 

not be obtained. 

The highest metered rate was about 750 vph. See Figure D.7 for the simulation results.  
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One approach to solve the problem of these too low metering rates is to scale down the 

value for the mean start-up delay, which obviously leads to quite good results. (Compare 

Figure D.7 with Figure D.8). Unfortunately, the value of 1.2 seconds used as mean start-

up delay for the B-simulations is not realistic. 

For municipal traffic lights, a value of 1.9 seconds is often used, while for ramp meter-

ing the default value of 2.2 seconds seems very reasonable as the cycles are very short 

and therefore the capacity of the ramp decreases.  

Nevertheless, it is obvious that the layout of simulation 1, 3 and 4 provides the worst 

metering rates. In all three simulations, the detectors were only placed in the very right 

lane, which results in a warped measurement of the freeway’s actual traffic.  

While in simulation 1, one detector is simply not enough to quantify the traffic correctly, 

in simulations 3 and 4, the second upstream detector can be used to obtain the actual 

speeds of the vehicles and slightly improves the result if the upstream volume of traffic 

is low. The additional downstream detectors in simulation 4 had very little influence on 

the resulting metering rate.  

The almost matching results of simulation 3 and 4 are evident as the upstream detectors 

used in both simulations are identical.  

Quite surprising is the discrepancy between simulations 2 and 3. While simulation 2 

provides good results, the results of simulation 3 are poor. Both simulations only use 

two detectors in the very right lane. In simulation 2 the detectors are installed very close 

to the ramp while they are over 5000 ft off the ramp for simulation 3.  
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Simulation 2 and the remaining simulations 5 and 6 – using detectors in more than one 

lane – are very similar up to an upstream traffic volume of 1200 vphpl. At higher up-

stream volumes, the metering rate of simulations 2 and 5 decreases significantly while it 

stays good in simulation 6. 

As described above, the mean start-up delay of 1.2 seconds was chosen too small. The 

value of 2.2 seconds seems to be a more realistic choice.  

So if we only take the series of “A”-simulations into consideration, even the best detec-

tor layout (simulation 6, see Figure D.7) only allows a metering rate of roughly 750 vph. 

This is not satisfying at all, because the capacity of our freeway is  

3 lanes × 1800 vphpl = 5400 vph 

So we expect the metering rate to be the full 800 vph until the upstream load exceeds 

4600 vph. 

Actually, we do not need any metering on this ramp until the maximum freeway capac-

ity is reached. But, unfortunately the feature to activate and deactivate the whole meter-

ing depending on the actual load of the freeway and the demand on the entrance ramp is 

not included in the TSIS software. I will discuss this disadvantage – amongst others – in 

the summary, following later in this chapter. 

The reason for the observed maximum metering rate of about 750 vph obviously is the 

mean start-up delay. On the other hand, the gradient of 5% on the ramp leads to a lower 

acceleration capability of each vehicle. A lower acceleration rate of a car could cause it 

to take a longer time to clear the metering signal. 
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The Control Systems Handbook3 also limits the metering rates: 

Metering rates used at an entrance ramp will usually be less than a practical maxi-

mum of 750 to 900 vph and greater than a practical minimum of 180 to 240 vph.  

To study the influence of the gradient of the ramp on the metering rate, another simula-

tion (simulation 7) was made without any gradient on the ramp but otherwise unchanged 

parameters. 

After comparing the results of simulation 7 to those of simulation 6 (see Figure D.10) 

we can be sure that a gradient of 5% does not have a very big influence on the metering 

rate even though the metering rates of simulation 7 are, as we expected, in most cases 

slightly higher than the ones in simulation 6. 

However, the metering rates are not always higher and the difference is marginal. 

With all the results described above, I decided, that a metering rate of 800 vph is not 

practicable with TSIS.  

Consequently, I changed the demand to the following values: 

load before first ramp 4400 

demand of ramp #1 600 

demand of ramp #2 600 

demand of ramp #3 700 

demand of ramp #4 600 

Table C.2 – Ramp demand values  



Simulating ramp metering  Jörg Kienzle  26 

 

Accordingly to these latter changes, all the in Figure B.2 expected metering rates also 

changed. 

Input demands Metering Rate
min: 240 vph

D1 4400 vph X1 4400 vph
D2 600 vph X2 507 vph
D3 600 vph X3 240 vph
D4 700 vph X4 669 vph
D5 600 vph X5 350 vph

Total 2500 vph Total 1766 vph

Capacities Actual Load % of capacity
B1 5400 vph S1 4907 vph 91%
B2 4800 vph S2 4800 vph 100%
B3 5200 vph S3 5200 vph 100%
B4 5200 vph S4 5200 vph 100%  

The demand on ramp #1 (D2) is now only 600 vph (as shown in Table C.3) and this 

value should also be metered, as the capacity of the freeway is not obtained.  

 

With the simulation of the whole network using the improved entrance demand values, I 

received quite satisfying results. See Figure D.11. 

The result is not exactly the same as the one calculated before but we have to keep in 

mind, that the ramps are totally independent from each other in the simulation. Each 

ramp has its ‘own’ detector and tries to set the metering signal in that way that the 

capacity of the following section of the freeway will not be exceeded. 

Table C.3 – Calculated metering rated with Input demand adjusted. 
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Summary: Simulations with TSIS 

Simulations with TSIS are not very user friendly and take a lot of time. The difficulties 

encountered during simulations are described below. 

Multiple simulations 

As briefly mentioned before, a simulation with TSIS does not return any results but only 

generates a huge file with the description of each vehicle in the network.  

To obtain the desired simulation results, this file has to be processed by TRAFVU. 

The whole procedure of simulation and processing cannot be automated, because each 

run of TSIS and TRAFVU has to be started manually. 

It is therefore impossible to batch more simulations and let them be computed during 

more favourable times. 

Program faults of ITRAF 

Even though the modelled network is relative simple, it was quite problematic to model 

it with ITRAF. The software often terminated with an ‘access violation’ while coding. I 

neither found any reason for these program failures nor a possibility to avoid them. The 

only solution was to save the network very frequently and restart the software every time 

it crashed. 

  

Also, the use of ITRAF to code the metering devices was impossible, because it didn’t 

allow linking sensors with the metering devices. So I had to code the detectors and the 

ramp metering devices directly in the CORSIM input file. 
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Processed by TRFUpdate  Fri May 12 18:10:19 2000                        
ITRAF 2.0                                                            00 
Joerg Kienzle                  4  30    Ecole Polytechnique       1   1 
[…] 
  1   2   17000  30       1  11    7000                              28 
  1   2   15500  30       1  12    5500                              28 
  1   2   27000  30       1  13    7000                              28 
  1   2   25500  30       1  14    5500                              28 
  1   2   37000  30       1  15    7000                              28 
  1   2   35500  30       1  16    5500                              28 
 21   2        1800                                                  37 
 21   1   2   15500   17000   25500   27000   35500   37000          38 
[…]  

Missing program features 

As briefly mentioned above, the ramp metering is always active. Even if there is no 

traffic on the freeway, the metering signal is in function. There is no possibility to acti-

vate the metering depending on the traffic density on the freeway. 

Only the activation and deactivation of the system at fixed times is possible, which does 

not satisfy our expectations. 

Furthermore, TSIS only allows using detectors in the main lanes of the freeway. This 

certainly permits a basic capacity/demand metering strategy but not more. 

There is no possibility to use any other types of detectors like check-in or queue detec-

tors, which are quite important for a well-functioning adaptive metering system.  

Moreover, it is not possible to develop more sophisticated metering strategies like the 

dependence of a metering signal on the whole traffic situation on the freeway and not 

only a few detectors. 

Besides, it’s only possible to meter independent sections of the freeway. This means, the 

metering rate of a ramp is adjusted only to the traffic of the following freeway section. 

Figure C.4 – Extract of CORSIM Source Code  
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TSIS will try to use a metering rate with which the load of the subsequent section would 

be as near to 100 % as possible. This could cause a too high demand/capacity ratio on 

the next section or a metering rate below the minimum on the following ramp. 

Modern ramp metering systems are mostly installed – and controlled – systemwide to 

prevent these problems. Consequently, the simulation tool should support this feature 

too. 

The lack of the possibility to simulate a systemwide traffic-responsive metering system 

is not satisfying our expectations at all.  
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8. Advanced Interactive Microscopic Simulator for Urban and 

Non-Urban Networks (AIMSUN2) 

About the Software8,9 

AIMSUN2 

AIMSUN2 (Advanced Interactive Microscopic Simulator for Urban and Non-Urban 

Networks) has been developed by the “Universitat Politècnica de Catalunya” (FERRER 

and BARCELO, 1992). 

It is a microscopic traffic simulator that can deal with different traffic networks: urban 

networks, freeways, highways, ring roads, arterials and any combination of them. AIM-

SUN2 simulates traffic flows either based on input traffic flows and turning proportions, 

or on O/D-matrices and route selection models. In the former, vehicles are distributed 

stochastically around the network, whereas in the latter vehicles are assigned to specific 

routes from the start of their journey to their destination. Different types of traffic con-

trol can be modelled in AIMSUN2: traffic signals, junctions without traffic signals (give 

way or stop signs) and ramp metering. Vehicle behaviour models (car following, lane 

change, gap acceptance, etc.) are functions of several parameters that allow modelling of 

different types of vehicles: cars, buses, trucks, etc. They can be classified into groups, 

and reserved lanes for given groups can also be taken into account. 

AIMSUN2 needs three types of input data: the network description, the traffic signal 

control plans and the traffic conditions. The network description contains information 

about the geometry of the network, turning movements, layout of links (or sections) and 
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junctions and location of detectors. The traffic control plans defines the signal stages and 

their durations for signal controlled junctions and the priority definition for unsignalised 

junctions. Two options are available to define the traffic flows in the network. Either the 

traffic flows for the input links and the turning proportions at junctions or an O/D-matrix 

can be used. 

The outputs provided by AIMSUN2 includes a continuously animated graphical repre-

sentation of the traffic network, a printout of statistical data (flows, speeds, journey 

times, delays, stops), and data gathered by the simulated detectors (counts, occupancy, 

speeds, queue lengths). 

AIMSUN2 is integrated into the GETRAM simulation environment, which consists of a 

graphical traffic network editor (TEDI), a network database, static assignment models, 

temporal simulation models and a module for storing and presenting results. 

TEDI10 

TEDI is a graphical editor for traffic networks. It has been designed with the aim of 

making the process of network data entry and model building user-friendly. Its main 

function is the construction of traffic models with which to feed traffic simulators like 

AIMSUN2. To facilitate this task the editor accepts as a background a graphical descrip-

tion of the network area, so sections and nodes can be built subsequently into the fore-

ground. The editor supports both urban and interurban roads, which means that the level 

of detail covers elements such as side lanes, entrance and exit ramps, intersections, 

traffic lights and ramp metering. 
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GETRAM/AIMSUN2 Extensions 

To cope with the requirements of simulating Advanced Transport Telematic Applica-

tions specific extensions to GETRAM/AIMSUN2 have been developed. These exten-

sions fall into three categories: 

• Adaptive Traffic Control, Traffic Management Systems and Incident Manage-

ment Systems  

• Vehicle Guidance, Fuel Consumption and Emissions  

• Public Vehicle Scheduling and Control Systems  

The approach taken in GETRAM/AIMSUN2 consists of considering the Advanced 

Telematic Application to be tested as an external application that can communicate with 

GETRAM/AIMSUN2. An ad hoc version of AIMSUN2 including a set of DLL has been 

developed for this purpose. This library gives AIMSUN2 the ability to communicate 

with almost any of the above-mentioned external applications. 

A sophisticated CPI for ramp meter-

ing has been developed by KOKA11 

et al. at the University of Missouri.  

The CPI is an interface that inte-

grates AIMSUN2 with an external 

user defined ramp control logic. It 

facilitates the exchange of informa-
Figure C.5 – Process of information exchange 
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tion between the simulator and an external control scheme. This is especially needed for 

simulating adaptive ramp control strategies, which use real time traffic measurements to 

determine current metering rates. 

Network layout 

The general layout of the network as well as the capacity of the freeway and the demand 

of the ramps used for the simulations is described in chapter C.6 above.  

 
 

 

The used lengths were the same as for the TSIS experiments. See Figure C.2 on page 17 

for details. 

Possible metering types 

AIMSUN2 considers three type of ramp metering: 

• Green time metering – This is modelled as an ordinary traffic signal 

• Flow metering – The meter is automatically regulated in order to permit the en-

trance of a certain maximum number of vehicles per hour. 

• Delay metering – This is used to model the stopping of vehicles due to some con-

trol facility, such as a toll or customs barrier. 

Figure C.6 – AIMSUN2 – Entrance ramp (while simulating) 
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For our application, green time metering is as well possible as flow metering. But as 

mentioned above, no adaptive control is possible without an external application. We 

can test the functionality of the meters by using fixed values for the platoon length and 

desired metering rate (flow metering) or the cycle length and green time (green time 

metering). 

Simulation 

For comparability with the TSIS simulations, the demands of the four ramps were set 

according to Table C.2 on page 25. Furthermore, the measurement units were set to the 

British system to allow an easy comparison between TSIS and AIMSUN2. 

The freeway capacities are shown in Figure B.1 on page 10. 

Generally, it is very problematic, to set capacities in microscopic simulators. Though, 

AIMSUN2 allows to set capacities for freeway sections, they are not really used in 

simulations. 

AIMSUN2 allows using detectors everywhere but they can’t be used to control the 

metering values without an external application. If we only want to use green time or 

flow metering with fixed values, we do not need any detectors but only have to set the 

desired values. I tested the network with the values previously computed. (See Table C.3 

on page 26 for these values.)  

Nearly all simulations with AIMSUN2 were made with 10 replications. This means, the 

same simulation is repeated 10 times; each time with a different (randomly chosen) 

seed-value. The following results are therefore mainly average values of these replica-

tions. 
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Simulation Results 

Flow Metering 

The demand of all four entrance ramps was set to a value of 600 vph while the upstream 

traffic was 4400 vph. The same O/D-matrix as for TSIS was used. (See Figure B.2 on 

page 12 for the O/D-matrix). 

The chosen metering type was flow metering with a platoon length of one vehicle per 

cycle and a desired metering rate of 600 vph. 

Figure D.13 (page 62) shows the occupation of the freeway measured by detectors 

1000 ft [305 m] before an entrance ramp. 

As shown in Figure D.14, the effective metering rate was only 450 vph what means, 

AIMSUN2 metered 25% less vehicles than desired.  

Various other simulations with flow metering always returned metering rates between 

400 vph and 450 vph. 

This too low metering rate was obviously caused by the fact that several vehicles accel-

erated too slow and missed the green-phase to pass the metering sign. 

I didn’t change the specifications of the car fleet as it represents the average North-

American fleet that is with good results always used at the MTQ. 

After various simulations, it became clear, that the value for the length of a single simu-

lation step – which is one second by default – was chosen too small and caused most of 

the latter described problems. 

Another simulation was made with input demands and desired metering rates according 

to Table C.3. The simulation step was set to 0.75 seconds. The results of this simulation 
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– shown in Table D.9 – are significantly better than the results of the simulations with a 

simulation step of 1.0 seconds. 

Green time metering 

The first simulation was made with a cycle time of 6 s and a green time of 3 s. 

This set of parameters should result in a metering rate of exactly 600 vph if we expect 

one vehicle to pass the metering device per cycle. (10 cycles per minute × 60 min/h = 

600 cycles/h) 

Actually, the simulation returned a metering rate of only 400 vph. Analogous with the 

flow metering simulations before, some vehicles missed their green phase and waited for 

a second cycle before the passed the metering device. 

As shown in Table D.10, the green time was varied between 3.3 s and 4.0 s for each 

ramp in the second experiment while the cycle length was 6 s for all four ramps. 

While the length of a green period was obviously too short on ramps 1 and 2, it was 

already too long on the other two ramps. 

Therefore another set of simulations was started with green times between 3.5 and 3.8 

seconds. The cycle time for this experiment was set to 7.2 s, which equals a metering 

rate of 500 vph. With all four different green time lengths, the desired metering rate of 

500 vph was exactly achieved. See Table D.11 on page 64 for more details. 

The next simulation was started with the cycle durations adapted to the desired metering 

rates calculated before. A desired metering rate of 507 vph equals for example a cycle 
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length of 
v
s

h
v
h
s

10.7
507
3600

=  where s/v is equal s, as we suppose only one vehicle to pass 

the metering sign per cycle. 

As shown in Table D.13, the rates of the first and the second ramp comply exactly with 

the desired metering rates, while the rates of the other two ramps differ significantly 

from the targets. 

On the third ramp, the difference between demand (700 vph) and desired metering rate 

(667 vph) is marginal. Therefore no queue is formed. This again means, that the vehicles 

are in movement while approaching the metering signal. They don’t have to stop and 

reaccelerate from zero. So the green time of one cycle is long enough for two vehicles. 

This problem could easily be eliminated by setting a very low speed limit for the section 

before the metering signal. 

The use of check-in and check-out detectors would also help to ensure that only one 

vehicle per cycle can pass the signal. 

Really interesting is the fact, that on ramp 4 the discrepancy between desired and ob-

served metering rate is very high. As seen before, some vehicles missed the green phase 

and have to wait for a second cycle. 

But why does the metering work fine with the first and second ramp and fails at the 

fourth? To study this phenomenon, I made 22 more simulations with various cycle 

times. The length of the green time was 3.6 s and every simulation was replicated 10 

times. 
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As shown in Figure D.15, the metering rates correspond to our expectations for cycle 

lengths longer then 6.0 s. However, for cycle lengths between 10.0 s and 11.0 s, AIM-

SUN2 somehow does not work correctly. While the results for cycle times between 6.0 s 

and 10.0 s and longer than 11.0 s are quite satisfying, the discrepancy between expected 

and simulated metering rate is over 20 % for cycle lengths between 10.0 s and 11.0 s. 

This means, metering rates between 327 vph and 360 vph are not simulated correctly. 

 

As seen with the flow metering before, all simulation results were significantly better 

with a shorter simulation step.  

The parameters for simulation C (see Table D.13) were the same as before. Only the 

length of the simulation step was changed to 0.75 seconds. The results were very good; 

the desired metering rates were exactly obtained. 



Simulating ramp metering  Jörg Kienzle  39 

 

Summary: Simulations with AIMSUN2 

Program faults of AIMSUN2 

While trying to change some simulation parameters, the program quite often caused an 

exception fault and was therefore terminated by Windows. 

This problem also occurred from time to time with the ODBC connection to the data-

base. AIMSUN2 terminated with the message, that the database is reputedly inexistent. 

As seen in the simulations, the flow metering does not work as expected with a simula-

tion step of 1.0 s. It never returned the desired metering rates but always significantly 

lower rates. 

The User’s Manual does not mention the simulation step as a possible source of incor-

rect simulations. 

Missing program features 

As described above, AIMSUN2 does not provide any built-in procedures for a traffic-

responsive ramp metering but only makes detector data available for external programs 

via an interface. 
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9. Comparison of TSIS and AIMSUN2 

General 

Units 

AIMSUN2 can handle either SI or British units while TSIS only supports the in the 

United States used British system. With AIMSUN2 the settings can be altered easily 

even if the project is active.  

Ramp metering strategies 

TSIS utilises a simple metering strategy for the capacity/demand metering. It is not 

possible to use any more sophisticated methods. The built-in strategy furthermore does 

not allow any detectors in the ramp itself. So the use of queue or check-in/check-out 

detectors is not possible. 

As briefly mentioned above, AIMSUN2 does not provide any built-in adaptable ramp 

metering strategies but only a fixed green time and flow metering. All other strategies 

have to be provided by an external application communicating with AIMSUN2.   

Obviously, the strategy of TSS not to integrate any control procedures in the simulator 

itself gives the user all opportunities to customise the simulator to his needs. 

Nearly everything is possible and the user is not restricted to any limitations by the 

software.  

On the other hand, a quick and undemanding simulation is also not possible because 

even not the simplest control strategies are implemented and the user is forced to pro-
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gram them which demands a quite good knowledge of a programming language and the 

use of Windows DLLs.  

In my opinion, some basic control mechanisms should be built-in to allow simulating 

simple networks ad hoc and use the powerful interface with external applications for 

more complicated projects. 

Simulation Results 

The simulation results of TSIS have to be viewed with TRAFVU. It is possible to define 

tables and plots of all values calculated in the simulation. 

Unfortunately, these tables and plots can only either be viewed or printed out. It is not 

possible to save the results. Also an export to other formats is impossible. 

AIMSUN2 also features the built-in graphics but allows in addition saving all simulation 

data to external text files for further processing. This is an important feature, but AIM-

SUN2 generates an own file for each time interval. This means, one hour of simulation 

with a data interval of one minute results in 60 files for the detectors and another 60 files 

for the freeway data such as flow, density, speed and many others. 

Fortunately, AIMSUN2 furthermore supports the ODBC technology, which means, it 

can save simulation data to all databases that also support ODBC. This is very useful, if 

the data is needed by other applications. I used this feature to save the data in a Micro-

soft Access database. 

Replications 

While TSIS does not allow any batched or in other way automated simulations, AIM-

SUN2 provides the possibility to run a set of replications without any user interference. 
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The number of replications can be chosen as well as the seed for each simulation. After 

that, AIMSUN2 automatically runs the whole set. 

Miscellaneous 

AIMSUN2 uses own definitions for the network layout, the control plan and the O/D-

matrix. Each definition can se saved for later usage. Therefore a network can easily 

simulated with various control plans and O/D-matrices without making any changes to 

the network itself. 

With TSIS, the O/D-values can be altered without too many problems – but quite cir-

cumstantially – by manipulating the CORSIM-file (see Figure C.4). Modifications of the 

control plan whereas are very difficult. However, always the whole simulation file has to 

be changed. 
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Synopsis 

For ramp metering applications, AIMSUN2 and TSIS are hardly comparable. 

While TSIS provides a basic capacity/demand metering strategy, which is not amelio-

rable, AIMSUN2 does not have any built-in strategies but is completely customisable by 

the use of external applications. 

As for contemporary ramp metering applications with sophisticated control mechanisms 

at least some check-in, check-out and queue detectors are necessary, TSIS is definitively 

not suitable to simulate such systems. 

Besides, the utilisation of TSIS is quite complicated. Simulations always have to be 

supervised and replications cannot be made automatically. 

With AIMSUN2 the modelling of integrated systemwide ramp-metering systems is 

possible but requires a high effort for developing and programming the necessary exter-

nal application. See KOKA11 et al. for an example of the implementation of a sophisti-

cated metering strategy in AIMSUN2. 

Summarised, TSIS is at the utmost capable to simulate standalone ramp metering sys-

tems for single ramps, while AIMSUN2 is capable to simulate sophisticated systems 

only with external applications. 
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