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Who are we? 

ETH Zürich 

Transport Planning Transport Systems 
Traffic Engineering 

(SVT) 

D-BAUG Eng. 

Institute for Transport Planning and Systems 
(IVT) 

Prof. Axhausen Prof. Weidmann Dr. Menendez 

SVT’s ultimate goal is to 

achieve more efficient and 

sustainable transportation 

systems mostly from the 

traffic operations 

perspective 
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Why am I here? 

• Ongoing collaboration with the institute 

- 2 researchers visited us in 2011 (Mr. Pingfan Li and Mr. Aibing Shu) 

- 2 researchers will visit us in 2012 (Ms. Yu Liying and Ms. Shuai Dai) 

 

• Looking to learn more about the institute and traffic 

management and operations in China 

 

• Interested in sharing experiences and strengthen existing 

relation  

 

• For more info, check our web page: http://www.ivt.ethz.ch/svt 
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Why do we talk so much about traffic? 
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Even in Zürich? 
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How can that be? 

6 
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What is the city of Zürich really doing? 

Speed limits Basic traffic routing Optimization of 
traffic routing 
based on real time 
information 

Actuated traffic 
control 

Züritraffic Improvement of 
short tem 
prediction and 
control 

Network level 
control 

Today 

The City of Zürich could become a center for research and development in the 
area of Traffic Operations and Control 

ZürichLAB 
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How are they doing it 

Transport Model 

Canton of Zurich (GVM-ZH) 

Microsimulation 

City of Zurich 

Control 

<<live>> 

Macro Level 

Micro Level 

Operating 

Level 

Sensors 

(>3’500) 

VISUM 

VISSIM 

VRZSim Count 

Start 

   

 

   

 

   

 

   

      

   

VRZ 

   

 

   

   

   

 

Tools: 

FCD 

   

 

TomTom 

Traffic Stats 

   

Source: Stadt Zürich, Dienstabteilung Verkehr. Presentation by Christian Heimgartner (2011) 
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How will they use the simulation? 

• Current traffic 
states 
 
 

• Specific 
projects / new 
strategies / 
transport 
alternatives 
 
 

• Construction 
sites 

• Development and optimization of traffic control logics 
and traffic routing 
 

• Analysis and visualisation of the traffic flow, and other 
traffic impacts 
 

• Operating simulation of Zürich Public Transportation 
System 
 

• Modeling and testing of multiple traffic management 
strategies 
 

• Combined use of modeling techniques and real data 
collection and analysis 
 

• Monitoring and control of the whole network both at 
specific locations and at an aggregate level 
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What is their study area? 
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How is the microsimulation being developed? 

Public Transport Zürich 
 

Public transport  
schedule 

Modeling & Simulation  
City of Zürich 

 
Network modifications 

& enhancements 

SVT  
ETH Zürich 

 
Model calibration 

 

Traffic Control 
City of Zürich 

 
Signal control 

algorithm 

TransSol / TransOptima 
 

Demand model 
development 

PTV 
 

VISSIM development 

Modeling & Simulation  
City of Zürich 

 
Microsimulation Zürich 

Inner City 
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Many 
param-
eters 

Public 
transport 

Hills 

• VISSIM model is complicated, and it behaves like a black box 
• Computational cost is very high (> 30 min per simulation run) 

• Cannot use a brute-force approach for the calibration 

Why is the calibration process so hard? 
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How did we calibrated the model? 

192 total VISSIM parameters 

148 relevant 

14 SA 

Parameters 

5 

for 

calibration 
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Did we have real data for the calibration? 

TomTom provides average speeds and cumulative  
travel times per route based on GPS data  
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What do we get with VISSIM? 

VISSIM video.avi
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What’s the aim of it? 

Simulation results should match reality as closely as possible 
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How can the simulation be used? 

• Development and optimization of traffic control logics 
and traffic routing 
 

• Analysis and visualisation of the traffic flow, and other 
traffic impacts 
 

• Operating simulation of Zürich Public Transportation 
System 
 

• Modeling and testing of multiple traffic management 
strategies 
 

• Combined use of modeling techniques and real data 
collection and analysis 
 

• Monitoring and control of the whole network both at 
specific locations and at an aggregate level 
 

• Current traffic 
states 
 
 

• Specific 
projects 
 
 

• Construction 
sites 
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Do we have an example? 

Use the simulation to create a 

 

Macroscopic Fundamental Diagram 
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Does this build on any previous strategy? 

The city of Zürich employs an already innovative 

traffic access control system: 

 

ZüriTraffic 
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How does ZüriTraffic work? 

• It measures the level of 
service (LOS) in certain links 
in the city 

 

• Then detects LOS changes 

 

• For given LOS changes, it 
modifies traffic signal 
controls in the roads accessing 
the city 
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Is ZüriTraffic good? 

• This system represents a clear step towards more 
efficient urban operations 

• However: 

i. It measures the traffic behavior in just a few city streets 

ii. It is based on a static and possibly out-of-date demand model 
(has not been updated since 2007) 

iii. It defines only two traffic scenarios, “congested” and 
“uncongested”, so it cannot adapt flexibly to continuous 
changes in network performance 

 

A more tailored and dynamic system could bring some benefits 
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What do we propose? 

Use a Macroscopic Fundamental Diagram 
(MFD) 

 

A proper MFD can be used as the basis for an 
operational scheme for network capacity control 
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What is an MFD? 

• Certain city areas have a relationship between the accumulation of 
vehicles and the number of trips ended, following a Macroscopic 
Fundamental Diagram (MFD) 

 

 

 

 

 

 

 

• That allows to know (through monitoring) how the urban area is 
performing 

• If the perimeter of this area is controlled, the system can be 
moved to more uncongested scenarios 

• The MFD continuously assesses the traffic states within the city and 
can adapt easily to the capacity and traffic requirements 
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What are the advantages of using an MFD? 

• It could be shown that the traffic states in the links that are 
measured by ZüriTraffic do not necessarily represent the 
performance of the entire network. The MFD does 

 

• The MFD is independent of the demand patterns, so there is no 
need to identify demand patterns on a regular basis; and the 
methodology does not become obsolete as demand patterns 
change 

 

• The MFD continuously assesses the traffic states within the city and 
can adapt easily to the capacity and traffic requirements. It can 
consider a high number of traffic states and the corresponding 
traffic lights control strategies 
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How do we create an MFD? 

• We need counts and occupancies throughout the city 

 

• Zürich currently has 3,500 loop detectors installed in the 
city; but the data is not easily available 

 

 

We carried an initial test using VISSIM 
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How did we do it using VISSIM? 

• VISSIM simulates traffic in the inner city of Zürich 

• The demand data correspond to the 5-6 pm period on a working day 

• All the transport modes interact in the simulation but the counts 

refer to: cars, vans, trucks and buses 

• We stored the flow and density of every link in the network for 

every 5 minutes period 

• In order to cover the whole MFD we considered 17 demand 

scenarios proportional to the original OD matrix 

• Every simulation was repeated 4 times with different random seeds 

• In total, 68 one-hour simulations were carried out 
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What did we find? 

ki: density of the link  
li: length of the link i 

𝑘𝑤 =
 𝑘𝑖 ∙ 𝑙𝑖𝑖

 𝑙𝑖𝑖
  𝑞𝑤 =

 𝑞𝑖 ∙ 𝑙𝑖𝑖
 𝑙𝑖𝑖
  

qi: flow of the link  
li: length of the link i 
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How can we get an even more realistic MFD? 

Obtaining the MFD from the microsimulation model 
presents certain inaccuracies, which could be avoided 
with real data 

 

• The real data needed to obtain a consistent MFD is 
provided by traffic measures at loop detectors 

 

• It is necessary that the loop detector network is dense 
and homogeneous enough so all the network is 
measured 

 

• The city of Zürich has 3,500 loop detectors, a rather 
large number for a city of its size 
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How many detectors would be necessary? 

• VISSIM considered 1707 links to build the MFD 

• We chose 6 different combinations of 25, 50, 75, 100, 125, 150, 175, 
200, 225, and 250 random links… 

• …To see how an MFD created with a limited number of detectors could 
look compared to the one obtained monitoring all links 

 

 

 

 

 

 

 

 

 

 

 

 

With less than 10% of the links covered (150 links), 

 the variability might be considerable 
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What are our next steps? 

• Refine the MFD based on VISSIM 

• Compare simulation results (MFD) with historical loop 

detector data 

• Perform cost-benefit analysis of both existing ZüriTraffic and 

a possible MFD related strategy 

• Further investigate the minimum number of loop detectors 

required for a proper MFD (placement of detectors according 

to street hierarchy or location) 
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What can the city of Zürich do now? 

• The city of Zürich has 3500 loop detectors, a rather large 
number for a city of its size 

• The monitoring scheme needs very efficient IT systems 
to bring and process the information at real time 

• With a better data gathering and more focus on the analysis 
of these data, innovative traffic management 
techniques could be applied (MFD as a ground for the 
new and improved ZüriTraffic) 

• That amount of detectors not only is enough for building an 
MFD, but if the data was efficiently collected, new traffic 
management techniques and cutting edge research could 
be carried out 
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How could they use the MFD? 

A Macroscopic perimeter control is a flexible and responsive 
mechanism to ensure a certain congestion state in the city  

 

 

 

 

 

 

 

 

 

 

Congested 
central area and 

uncongested 
surroundings 

 

Traffic more 
homogeneously 

distributed 
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Are there any limitations? 

• In the morning, the congestion might be spread to 
other areas 

 

• In the afternoon, the capacity of the system is 
given by the capacity of the perimeter 

 

To address these issues, you must address both the demand, 
and the operations of the system 
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What does that mean? 

• Special lanes 

• Variable speed control 

• Ramp metering 

• Signal control 

• … 

 

• Traffic rationing 

• Road pricing 

• Parking policies 

• Re-routing 

• … 

Macroscopic control strategies 
• Perimeter control 

• … 

Demand management strategies 

Operational strategies 
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Could we see a picture? 

• Demand management strategies 
• Macroscopic traffic control strategies 

• Microscopic (more operational) traffic control strategies 
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What are those strategies again? 

• Special lanes 

• Variable speed control 

• Ramp metering 

• Signal control 

• … 

 

• Traffic rationing 

• Road pricing 

• Parking policies 

• Re-routing 

• … 

Macroscopic control strategies 
• Perimeter control 

• … 

Demand management strategies 

Operational strategies 
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Stop! You cannot drive today 
Traffic rationing 
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No money, no driving 

Types of road pricing 

• Network fixed pricing 

• Zone pricing (fixed or variable) 

• Cordon pricing 

• Area pricing 

• Road pricing 

• Traditional tolls 

• Variable pricing 

• HOT (High Occupancy Toll) lanes 

Road pricing 
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No parking available  

Could parking become the 
equivalent of road pricing?  

 

  
Availability Pricing and time controls 

Parking policies 
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No parking available  

Source: www.sparkparking.com 

• Pricing (demand 
responsive pricing) 

• Sensors (to track 
parking availability) 

• Meters (accepting 
different types of 
payment,  incl. credit) 

• Computer apps (real 
time information on 
cells, text messages, 
computer maps, variable 
signs) 

• Garages (with variable 
pricing) 

• PayByPhone (add time 
without returning to 
meter) 

• Developers (free public 
data feed) 

 

Parking policies 
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Take that route! This one is not good 

Source: PTV 

Re-routing 
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No, this lane is not for you 

Temporary use of hard shoulder 

Bus lanes 

High Occupancy Vehicle (HOV) lanes 

Special lanes 
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Slow down please! 
Variable speed 
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You  must stop! The highway is full 
Ramp metering 
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You might be able to get more greens 

Source: Self-Stabilizing Decentralized Signal Control of Realistic, Saturated Network Traffic (Lämmer & Helbing, 2010) 

Signal control 
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With so many things, where are we going? 

Loop detectors, 
Video, Car2X 

communications, 
etc. 

Traffic control center, 
Simulators, Car smart 

systems, etc. 

Traffic signals 

Variable message signs 

Lane control signals 

In-vehicle navigation systems 
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What is our emphasis / goal at SVT? 

• Develop models to better replicate real traffic conditions 

• Improve understanding of traffic phenomena 

• Contribute to a better definition of the role of cars in cities, while assessing 

their external costs and impacts  

• Understand and quantify how different technologies and management 

strategies influence the performance of transportation systems 

• Develop innovative solutions to improve traffic performance and reduce 

congestion both in highways and urban networks 

• Identify new and efficient methods for using in-vehicle and infrastructure 

technologies to improve traffic conditions 

• Optimize the operations of transportation systems from a multi-modal 

perspective 
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Questions? 
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Backup 
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Traffic management strategies 

• Traffic rationing 

• Road pricing (cordon, area, toll roads, toll lanes, …) 

• Parking policies 

• Dedicated vs. shared lanes (static or dynamic), e.g., buses, HOVs 

• Perimeter traffic control 

• Signal control 

• Ramp metering 

• Variable speed control 

• Variable message signs 

• … 
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Traffic management tools 

• Traditional traffic data collection mechanisms (e.g., loop detectors, 

video cameras…) 

• New traffic data collection technology (e.g., Car2X communications, 

Bluetooth devices…) 

• Simulations (microscopic, mesoscopic, macroscopic) 

• Traffic information outlets (variable message signs, navigation 

devices, smart phones…) 

• Traffic control infrastructure (variable signs, traffic signals, ramp 

meters…) 

 


