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The objective of this project is to use a combined 
qualitative and quantitative approach to analyze the 
effectiveness of alternative strategies for improving 
intermodal connectivity at airports. The qualitative 
approach will involve a case study analysis of a selec-
tion of representative airports to identify and evalu-
ate the potential effectiveness of alternative projects 
to improve the connectivity between the airports and 
the rest of the intermodal transportation system. The 
quantitative approach will involve the development 
of Intermodal Airport Ground Access Planning Tool 
(IAPT) based on mathematical modeling of the system 
and the analysis of selected case study airports utiliz-
ing the tool. The IAPT will be designed to provide an 
analytical environment that integrates the following 
parts: (a) air passenger and airport employee travel 
choice behavior based on existing data sources; (b) 
transportation provider’s behavior (decision making 
for services and fares); (c) traffic network analysis 
software; (d) cost benefit analysis for evaluation for 
decision making on proposed projects to improve 
intermodal connectivity at airports. Based on the re-
sults of this case study analysis, policy recommenda-
tions and planning guidelines will be developed and 
reviewed with Caltrans and other stakeholders. The 
goal of developing the IATP is to ensure a consistent 
approach to analyzing alternative projects and simpli-
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The efficiency of air transport is important for 
the fast growing globalized economy. The ca-
pacity of an airport is mainly determined by 

two factors: air traffic and ground transportation for 
access/egress the airport. A major airport is usually 
a very sophisticated intermodal station for ground 
transport of goods and passengers. The Bay Area 
has three such airports: San Francisco International 
(SFO), Oakland International (OAK), and San Jose In-
ternational (SJC). They are naturally interconnection 
between air lines (air cargo and passenger) and ground 
transportation networks. As an example, SFO ground 
transportation includes several typical modes: BART 
(Bay Area Rapid Transit), Caltrain, self-driving and 
parking (airport and off-airport & shuttle), rental car, 
drop-off and pickup, shuttle vans, hotel courtesy bus, 
direct bus, and internal connection between terminals 
– Automated People Mover (APM). Passengers/air-
port-employees and goods have to access/egress the 
airport with certain modes. Most access/egress trips 
involve more than one mode, for example, self-driv-
ing to BART station and taking BART to the airport. 
They generate vehicle trips which have direct impact 
on the traffic at the airport and in the vicinity. In turn, 
it affects the capacity of the airport. How to plan the 
ground transportation to improve the intermodal 
connectivity is a critical issue. 
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Figure 2: Screen shot of 
the VISSIM microscopic 
I-210W model.

continued on page 7

Ramp metering is a widely used method for manag-
ing freeway traffic. In this method, the rate at which 
vehicles merge onto the freeway mainline is regu-

lated by changing the red- and green-phase lengths of traffic 
light signals installed on the on-ramps. The word “metering” 
refers to this regulation action.

Ramp metering algorithms can be categorized according 
to their scope and responsiveness. In local metering algo-
rithms, a metering rate is determined independently for each 
on-ramp, while in coordinated metering algorithms, actions 
for several or all of the on-ramps are coordinated simultane-
ously. In traffic-responsive algorithms, the metering rates are 
adjusted (automatically) based on the current traffic condi

tions, while in fixed-time algorithms, the metering rates are 
changed at different times of day, according to pre-deter-
mined plans that are constructed based on historical traffic 
conditions.

History and Development
The first ramp metering experiments took place in Detroit 
and Chicago in the early 1960s. The Chicago Expressway 
Surveillance Project, established in 1961, was the first com-
prehensive and well-documented evaluation of an automatic 
ramp metering system. Since then, ramp metering has been 
deployed in many metropolitan areas around the world. It 
was reported in 1995 that over 2300 ramp meters had been 
installed in North America.

ALINEA [1] is a local traffic-responsive ramp metering al-
gorithm developed by Papageorgiou et al. It uses integral 
control to regulate the mainline occupancy downstream of 
an on-ramp about a desired value. It has been field-tested 
and was shown to be robust and effective in improving traffic 
conditions. A coordinated version, METALINE, simultane-

ously determines the metering rates for multiple on-ramps.
SWARM (System Wide Adaptive Ramp Metering) is a col-
lection of local and coordinated traffic-responsive ramp 
metering algorithms, which can operate individually or in 
combination with each other. By means of a Kalman filter, 
the coordinated SWARM 1 algorithm forecasts the density 
at a downstream bottleneck location using the traffic data 
collected between two consecutive bottlenecks. If the fore-
cast density exceeds a “saturation density”, the algorithm 
will reduce metering rates within the region, so as to main-
tain the bottleneck density below this saturation value. The 
local SWARM 2a and b algorithms control one ramp at a 
time. They adjust the metering rate to prevent traffic in a 
nearby mainline section from exceeding the capacity, using 

the estimated average vehicle headway and vehicle storage, 
respectively. It was found in a field test that the combination 
of SWARM 1 and 2b, in which both algorithms were run 
simultaneously and the more restrictive rate was selected for 
metering, was able to yield slight improvements over a modi-
fied time-of-day (TOD) metering plan.

PATH I-210W Ramp-metering Project
The I-210W ramp-metering project (PATH Task Orders 
4136 and 5503) was initiated with the goal of developing 
innovative freeway ramp-metering control methods. A seg-
ment of Interstate 210 Westbound in Los Angeles county, 
California, as shown in the map in Fig. 1, was selected as a 
test bed for this project.

This freeway segment is approximately 14 miles (22 km) 
long, from Vernon Avenue (Mile Post 39.159) to Fair Oaks 
Avenue (Mile Post 25.4). The segment contains 20 metered 
on-ramps, 1 uncontrolled freeway-to-freeway connector 
(I-605N), 18 off-ramps, and 22 mainline loop-detector sta-
tions.

This site was selected as the preferred test location for the 
following reasons:

1. It is a heavily used freeway segment that experiences 
severe recurring congestion and can benefit greatly 
from ramp-metering strategies that reduce congestion 
and improve total travel time.

2. I-210 has most of the necessary infrastructure, such as 
loop detectors, on-ramp metering signal controllers, 
and a centralized advanced traffic management system 
(ATMS), that is needed to test new ramp-metering de-
signs.

3. New ramp-metering schemes, such as SWARM, have 
undergone testing and evaluation on I-210W.

4. District 7 of the California Department of Transporta-
tion (Caltrans D7), which manages this freeway seg-
ment, continues to support researchers in exploring 
innovative traffic management techniques.

A number of advances have been made under this project, 
including the validation and calibration of Daganzo’s [2,3] 
cell transmission model (CTM) and a switching-mode mod-

el (SMM) against I-210W data [1,8,13], the development 
of a coordinated ramp metering optimization algorithm 
[10,11,12], a calibrated VISSIM model for the test segment, 
the screenshots of which are shown in Fig. 2 [7,12], a traffic 
congestion mode and vehicle density estimator [6,9,15], and 
a localized ramp-metering strategy, consisting of switching 
mainline feedback control and queue-length estimation and 
regulation [15,16,17]. In this article, we will focus on dis-
cussing the new algorithms for congestion-mode estimation, 
on-ramp queue length estimation, and improved regulation 
of the on-ramp queue and mainline vehicle densities. 

Switching Ramp-metering Control

Switching-mode Traffic Model
The cell transmission model (CTM) [2,3] developed by 
Daganzo is a macroscopic traffic model. It can be viewed 
as an approximation and simplification of the LWR model 
obtained by discretizing the PDE of the LWR model in both 
space and time, and using a simple trapezoidal fundamen-
tal diagram (flow-density relationship). The CTM divides a 
highway into small segments, which are called cells. The traf-
fic flow going into a cell is considered constant between two 
consecutive time points and is determined by the minimum 
of three quantities: 1) the flow that can be supplied by the 
upstream cell, 2) the flow that can be absorbed by the down-
stream cell, and 3) the maximum possible flow (the capacity 
flow) between the upstream and downstream cells.

Despite the simplifications that are made in the CTM, it still 
captures many important traffic phenomena, such as queue 
build-up and dissipation, and backward propagation of con-
gestion waves. The simplicity and accuracy of the CTM make 

it very well-suited for traffic engineering. However, due to 
the nonlinear nature of the flow-density relationship in the 
CTM, it can be quite difficult to analyze the model and use it 
as a basis for designing traffic controllers. Therefore, we have 
piecewise linearized the CTM and derived a switching-mode 
model for each section of the freeway, based on the traffic 
congestion status (congested or free-flow) in each section.

This switching-mode model includes several modes. In each 
mode, the vehicle densities in the cells evolve according to 
a different set of linear difference equations. Among these 
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Figure 1: A map of the  
I-210W test site in southern 
California, composed using 
the U.S. Census Bureau 
TIGER/Line data.
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Highway Traffic Networks: Compared to general road traf-
fic, the traffic generated by the airport ground access/egress 
of both passenger and goods is a small amount in some dis-
tance away form the airport. However, it may have signifi-
cant impact on the traffic at the airport and its vicinity. The 
highway network traffic would affect passenger mode choice 
decision and the provider’s services in cost and travel time. 

Regional and State Government: Government needs to con-
sider the factors from social, economic, and environmental 
cost and benefit aspects. The role of government in differ-
ent levels is to affect airport planning through policies and 
guideline for funding of new projects which may involve 
establishing some new modes, improving current mode 
services, enhancing information systems to customers and 
transportation providers, and building some new roads. The 
expected effects of policy and guidelines involve relieving 
traffic congestions, reducing air pollution, and optimizing 
land use. 

Challenges in Modeling: 
Prediction for Planning: For planning purposes, the model 
is required not only to capture the system characteristics at 
the time point when the data are available, but also to predict 
the changes of the system when some critical factor changes. 
At least it should have the capability for prediction in the 
following cases: (1) changes in services for some mode(s) or 
transportation provider(s) such as capacity, scheduling, fare, 
and routing; and (2) some new mode(s) created. Under those 
circumstances, it is necessary to answer the questions as how 
the customer will change their behavior in mode choice and 
how the transportation providers to change their strategies 
in operation. It is also required to predict over time: how 
to model those behaviors to forecast the situation for some 
years to come. 

Dynamic or Static Modeling: The relationships among the 
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Figure 1: A major airport is 
a sophisticated intermodal 
station (Source: Google 
Earth)

Figure 2. Intermodal airport 
ground access planning is an 
iterative and feedback process. 
A combined quantitative and 
qualitative approach is 
necessary.

fy the complicated modeling and computational aspects by 
providing decision makers and planners with a user-friendly 
interface to a standard set of analysis modules.

Airport Ground Access Planning Problems
Ground egress/access to airports is divided into passenger 
(including airport employees) and air freight in planning. 
Although, operation and planning are essentially different, 
they affect each other. Operation is subject to the constraints 
of policies and guidelines recommended by the planning 
processes. The performance of execution of the policy and 
guide-line deduced from the planning will necessarily feed-
back to the decision making for further improvement of 
ground access through planning processes (Fig. 2). In dif-
ferent levels of planning and operation, it is necessary to 
have coordination between each party of different levels and 

across the levels to optimize the performance of the overall 
system. 

There are basically three stages for each in planning and op-
eration. In each stage, there are four levels: airport, intra-re-

gional, inter-regional, inter-states and international. Clearly, 
problems in different levels have different characteristics: (1) 
the geographical scope; (2) institutional scope; (3) project 
funding source; (4) different level government involvement; 
(4) the interactions between airports and those between air-
ports and ground transportation systems.

Stage 1 - Strategic planning: Provides long run and high-
er level planning [2], usually conducted with a qualitative 
method with assistance of quantitative analysis such at 
simple aggregated data analysis. It identifies the problems, 
deficiencies and needs in the institutional issues, political re-
lationships, funding strategies, recommendation principles, 
recommended policies and guidelines to solve those prob-
lems and to amend the gaps. However, strategic planning 
does not provide ways to evaluate a practical project and to 
make decisions if it should be funded. Particularly, it does 
not point out the best way to plan a project under specific 
circumstances.

Stage 2 - Refined (implementation related) planning: To 
conduct planning in this stage, a quantitative analysis is nec-
essarily emphasized more than in strategic planning. It is to 
answer the questions as how to solve the problems, to amend 
the gaps, and to remedy the deficiencies. The outcome is to 
provide the optimal solution to practical problems under 
specific circumstances. Since the end result of planning is 
to provide some recommendation and guideline changes, 
it is necessary to combine the quantitative analysis with a 
qualitative method such that the policy and guidelines thus 
recommended fit the practical situation. 

Stage 3 - Real-time Operation (Coordination): The function 
of coordination is prominent for both quantitative approach 
and qualitative approach for optimal planning and operation 
for a large scale system, like the intermodal airport ground 
access system. It may involve the coordination in the same 
level and across different levels. However, the coordina-
tion has different meanings in qualitative and quantitative 
approachs. In a qualitative approach, coordination means 
some institutional and political relationships among all the 
relevant government and planning agencies. A higher level 
government agency is necessary to conduct such a coor-
dination process. In a quantitative approach, it means the 
coordination of all the modes involved in the intermodal 
connections to optimize the performance of the overall sys-
tem, for example, in travel time, cost and traffic impact. 

A Combined Quantitative and Qualitative Approach

Traditionally, most planning uses a qualitative approach. 
Although some quantitative modeling has been proposed in 
research, they are seldom combined with qualitative consid-
erations in practice. This project suggests using a combined 
approach which adopts the advantage of both quantita-
tive and qualitative approaches. The combined approach 
is to capture the characteristics of the system with models 
as much as possible with available data and to account for 
those factors with a qualitative approach, which are difficult 
to quantify.

Qualitative Approach
The function of the qualitative approach here is to identify 
the most relevant factors in the implementation related 
planning, which are difficult to take into consideration 
in the quantitative modeling, to study how those factors 
would affect the improvement of airport ground access in 
California, and to combine those factors with the results 
from quantitative analysis. Those factors include political 
relationships, institutional issues, and information to pas-
sengers and transportation providers, which are often dif-
ficult to incorporate in the modeling. It may involve some 
data analysis which can only describe some characteristics 
of the system qualitatively. Obviously, such a combination 
is absolutely necessary for the application of policy and 
guideline changes thus obtained in the practically situa-
tions and to evaluate their performance. 

Quantitative Approach 
This approach is to use models to capture the characteristics 
of the system to the extent possible with the available data. 
The main parties involved in airport ground access planning 
include: (a) Passenger (air passenger and airport employee) 
behavior; (b) transportation providers at the airport (prima-
ry modes) and those in relevant zones (secondary modes); 
(c) decision makers: airport authorities and government in 
different levels (city, county, and the State); (d) traffic net-
works (highway and rail) that connect the airport and the 
influence zones of the airport. There exist some interactions 
among the four parties. Mathematical models need to cap-
ture the behaviors of those parties and the interactions [3]. 
The overall picture for modeling is depicted as the shaded 
parts in Fig. 3.

Passenger Behavior Model: This model is to capture the 
characteristics of mode choice behaviors of air passengers 
and airport employees [1]. Different passengers with differ-
ent travel purposes will weight differently the following fac-
tors when they make a decision as to choose which mode for 
airport access/egress: price, travel time, comfort, and service 
frequencies. Customers make decision for mode choice may 
subject to their income level, distance to travel, purpose of 
travel, car ownership, seasons, large events like 9.11. 

Transportation Provider Behavior: Transportation provid-
ers are divided into public and private sectors. They have 
slightly different characteristics in operation although they 
all hope to attract more customers. Transportation provid-
ers may affect customer mode choice by varying price and 
services such as adding/reducing service path and areas 
(nodes) and adjusting service frequencies. Customer mode 
choice behaviors will back affect the transportation provider 
behavior through ridership and eventually the revenue and 
profit returns. Transportation providers are basically com-
peting with each other within a mode and between modes 
for the fixed demand – the passengers who access/egress the 
airport. However, some collaboration exists between some 
modes and/or services if they belong to the same alliance. 

four parties involved are dynamical in nature. For predic-
tion, we need to answer the question as how to capture the 
dynamics in the model. A preliminary consideration is to 

continued on next page

Figure 3. Overall Structure  
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consider the system at their equilibrium similar to the traffic 
network modeling.

IAPT Design and Software Development
This project proposes to develop a computer tool (IAPT) for 
assisting airport ground access planning. This tool would use 
a graphical user interface (GUI) to link the decision maker, 
cost-benefit analysis, passenger, transportation provider and 
network traffic models to evaluate several types of alterna-
tives for comparison of the relevant Traffic Analysis Zones 
(TAZ) for the specified airport. This comparison will allow 
the decision maker to choose the optimal project for im-
provement in airport ground connectivity. The block dia-
gram of the IAPT is depicted in Fig. 3.

Concluding Remarks
To improve airport ground access for both air passengers 
and airport employees and air freight, integrated planning 
and coordination among decision makers of all levels is nec-
essary. To evaluate the system performance over different 
alternatives for decision making, it is necessary to predict 
the system characteristics over a time period and the changes 
of several key factors. This requires a combined quantita-
tive and qualitative approach. The quantitative part is to 

Airport
continued from page 5

modes, two are of greatest importance: pure free-flow and 
full congestion. For the purpose of designing the traffic es-
timator, we further simplify this switching-mode model by 
considering only these two modes.

It is important to point out that the dynamics of cell density 
evolution varies dramatically depending on the current con-
gestion mode. In free-flow mode, the downstream vehicle 
densities are affected by the upstream densities, because in 
this mode, traffic moves freely at high speed from upstream 
to downstream. On the other hand, in congested mode, the 
upstream densities are affected by the downstream densities, 
because in this mode, the traffic moves slowly and is restrict-
ed by downstream conditions. These observations, especially 
those for congestion mode, may be counterintuitive at a first 
glance. However they agree with the understanding in free-
way traffic theory that, during congestion, information (in 
the form of high-density waves), will propagate backwards 
along the highway. 

Congestion Mode and Vehicle Density Estimation
Currently, traffic data are usually obtained from inductive 
loop detectors embedded in the pavement. These loop detec-
tors provide percent occupancy (percentage of the time that 
the detector is occupied by vehicles) and volume (number 
of vehicles that have passed over the detector). Additional 
macroscopic quantities, such as flow (number of vehicles 
per unit time), vehicle density (number of vehicles per unit 
length of highway), and speed can be derived, although the 

last two depend on the availability of accurate vehicle length 
estimates. For the I-210 test bed, measurements such as flow, 
density, and speed were primarily derived from The Perfor-
mance Measurement System (PeMS) [14], which aggregates 
loop detector data from freeways throughout California.

Ideally, one would like to have access to these traffic data 
continuously across time and space. However, because of the 
high cost and difficulty of installing and maintaining loop 
detectors, oftentimes traffic data are not available at all de-
sired locations at all times. These missing data thus have to 

be estimated using the available data. Furthermore, the traf-
fic congestion mode (free-flow or congested) cannot be mea-
sured directly because the mode is determined by the flow 
conditions in the section. It has to be inferred from other 
quantities such as the speed. The general practice in traffic 
engineering is to set an upper threshold and a lower thresh-
old for the speed. When the speed in a section is above the 
upper threshold, the section is considered to be in free flow; 
when the speed is below the lower threshold, the section is 
in congestion; when the speed is between the two thresholds, 
the section is considered somewhat likely to be in conges-
tion. The problem with this kind of method is two-fold: 1) 
The selection of the thresholds is based on experience and, 
to a certain degree, is arbitrary, and 2) When the speed falls 
between the two thresholds, the mode of the section cannot 
be determined. 

We have developed a traffic state estimator based on the 
switching mode traffic model described earlier, and the mix-
ture Kalman filtering (MKF) algorithm [4]. This estimator 
is able to estimate the vehicle densities at unmeasured loca-
tions, as well as to determine the traffic congestion mode in 
a freeway section. The MKF algorithm is based on a Markov 
chain Monte Carlo method, in which a number of paral-
lel models with sequences of possible congestion modes are 
simulated. The simulated vehicle densities are then com-
pared with the measured ones and the most probable mode 
sequence is determined based the estimated a posteriori 
probability distribution. During this process, vehicle densi-
ties at unmeasured locations are also estimated.

This algorithm was tested on a short section of highway and 
its performance was evaluated using the measured data. It 
was shown that on average, a mean percentage error of ~10% 
was achieved for vehicle density estimation at unmeasured 
locations. It was also implemented on the entire I-210W test 
segment and interfaced with various traffic data sources and 
simulation tools, including aggregated PeMS data, a macro-
scopic CTM simulator, and the microscopic VISSIM model. 
The results were presented at the 2004 American Control 
Conference and the paper [9] won the O. Hugo Schuck Best 
Paper Award.

(a) Free-flow Mode (b) Congested Mode

Figure 3: Different Control Structures for Different Congestion Modes

continued on page 10

Ramp
continued from page 3

model the behaviors of main parties (passenger, transporta-
tion provider, traffic network, and decision maker) involved 
and interactions between them based on available data. The 
qualitative part is to address the factors which are difficult to 
quantify such as institutional issues, political relationships, 
and information factor. This project will eventually develop 
a computer tool IAPT to assist decision makers to evaluate 
different alternatives.•

Acknowledgement: 
This project is funded under the Caltrans-PATH Program 
TO5406. Other researchers in the team are: Dr. Geoffrey D. 
Gosling, Prof. Avishai Ceder, Dr. Steven Shladover and Jing 
Xiong (GRS).

References:
[1]  Kenneth, T., Discrete Choice Methods with Simulation, 

Cambridge University Press, 2002

[2]  Landrum & Brown, Ground Access to Airport Study, Pre-
pared for the California Department of Transportation, Divi-
sion of Aeronautics, Sacramento, August 2001. Executive 
Summary; Working Paper One: Roles and Responsibilities; 
Working Paper Two: Issues and Problems; Working Paper 
Three: Recommendations.

[3]  Zhou, J., Lam, W. H. K., Heydecker, B. G. , The general 
ized Nash equilibrium model for oligopolistic transit market 
with elastic demand, Transportation Research Part B 39, p 
519–544, 2005

On July 11th, 2005, University of California Chan-
cellor Robert Birgeneau and Vice Chancellor Paul 
Gray, with a group of high level university officials, 

toured the Richmond Field Station to become acquainted 
with the facility and its occupant research community.  

PATH was chosen to give a brief walk through of the Intel-
ligent Intersection.
After welcoming the Chancellor and his team, PATH Re-
searcher Ashkan Sharafsaleh provided a brief description of 
PATH, its goals, and how invaluable the Intelligent Intersec-
tion is to PATH’s research activities. He proceeded to point 
out the Intelligent Intersection’s various sensors and basic 
infrastructure. The group then heard from Dr. Ching-Yao 
Chan, who outlined the different research areas at PATH.  
Susan Dickey gave an explanation of the intersection’s cabi-
net including the hardware and software and Christopher 
Nowakowski showed the group the workings of the instru-
mented Ford Taurus. 

At this point, Chancellor Birgeneau and other visitors were 
invited to experience an Intersection Decision Support 
(IDS) demonstration.  Chancellor Birgeneau, Vice Chancel-
lor Gray, and a few others took turns sitting in instrumented 
Taurus and experiencing the left turn signal warning first 
hand.  

PATH’s presentation, including the driving demonstrations, 
was very successful: the group left both entertained and more 
informed about PATH’s research. A copy of a DVD contain-
ing many past and current PATH projects were distributed 
to the visitors.  In his comments to Mr. Sharafsaleh and Dr. 
Chan, the Chancellor, a renown scientist, expressed his plea-
sure about his visit to the Intelligent Intersection and was 
especially enthusiastic about the implications of the PATH’s 
research projects for the future.•

Berkeley Chancellor 
Visits PATH



From smart cars to rail-like bus systems, re-
searchers at California PATH Program, 
provided a glimpse of  transit’s future for par-

ticipants at one of the world’s  largest gatherings of 
transportation experts.

The  12th World Congress on Intelligent Transport 
Systems (ITS), was  held Nov. 6-10 in San Francis-
co, and brought together  international researchers, 
industry professionals and government  officials to 
present and observe advanced transportation  tech-
nologies and deployment activities. The annual event 
has  rotated throughout Europe, Asia and North 
America since it began  in 1994. This year, PATH 
partnered with the U.S.  Department of Transpor-
tation, Caltrans, the Metropolitan  Transportation 
Commission (MTC) and several other governmen-
tal,  industrial and academic institutions to present 
an Innovative  Mobility Showcase of ITS technologies. 
At the showcase, which was  held Nov. 6-9, visitors 
were given a unique opportunity to  experience live 
vehicle demonstrations – including “ride and  drives” 
– staged in the parking lots of San Francisco’s SBC  
Park and on some city streets. 

Some  of the projects presented by PATH, a multi-
disciplinary program  administered by UC Berkeley’s 
Institute of Transportation  Studies in collaboration 
with Caltrans, included: 

Vehicle-Infrastructure  Integration (VII) Technol-
ogy Smart roads with roadside antennas wirelessly 
communicate information from the 511/TravInfo 
system to cars equipped with on-board units. This 
communication  network provides information 
about travel times and about  warnings and locations 

tion showed how  radar, GPS and sensors can work 
together to track the position of  vehicles approaching 
an intersection and activate warning signs.  A “no left 
turn” signal will flash if the system judges  the gap be-
tween a left-turning vehicle and oncoming traffic to be  
too small. Partners included: Caltrans and Econolite.

The  Innovative Mobility Showcase is “the first time 
we’ve  brought together so many of our projects in 
one place for the purpose of demonstrating them to 
the public,” said Alexander  Skabardonis, UC Berkeley 
adjunct professor of civil engineering  and director of 
PATH. “More than 30 projects from a variety  of agen-
cies were demonstrated, so it’s a wonderful opportu-
nity  for people to get an early look at the potential 
future of  transportation.”

The  efforts were considerable and involved extensive 
time spent away  from home by a team of more than 
a dozen PATH research and  development engineers 
including: Bénédicte Bougler,  Fanping Bu, Ching-Yao 
Chan, Susan Dickey, Bart Duncil, Scott Johnston, Zu 
Kim, Jeff Ko, Paul Kretz, Thang Lian,  Xiao-Yun Lu, 
David Marco, David Nelson, Christopher Nowakows-
ki, Ashkan Sharafsaleh, Han-Shue Tan, Joel Vander-
Werf and Yongquan Zhang.  Their work schedule 
was governed by the limited availability of the SBC 
Park facility for testing in preparation for the demon-
stration. Caltrans, Federal Highway Administration, 
Federal Transit Administration, Samtrans, Carnegie 
Mellon University, TriMet, Econolite, NAVTEQ, Par-
sons Brinkerhoff Farradyne, DaimlerChrysler RTNA 
and Volkwagen of America ERL have participated the 
demonstration by providing funding, subsystems, 
technical support, and personnel to support the dem-
onstration. 

California PATH Showcases  
Innovative Transportation Projects  

at 12th World Congress on ITS in San Francisco
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of work zones or traffic incidents to the  driver. Partners 
included Caltrans, Metropolitan Transportation Commis-
sion, Volkswagen of America ESL, DaimlerChrysler RTNA 
and Parsons Brinkerhoff Farradyne.

Integrated  Collision Warning System Conference attend-
ees traveling  from the Moscone Center to the SBC Park 
demonstration site were  given a chance to ride in a San 
Mateo County Transit (SamTrans) bus fitted  with a front 
and side collision warning system designed for use  on both 
highways and in dense urban environments. Partners in-
cluded: Caltrans, SamTrans, FTA, Gillig Corporation, Carn-
egie Mellon University, Port Authority of Allegheny County, 
Pennsylvania Department of Transportation, The ITS Pub-
lic Transportation Forum.

Automated  Bus Rapid Transit Technology Buses subject-
ed to  unpredictable traffic can wreak havoc on schedules, 
but what if  they operated more like a rail system? To get 
a sense of what  that would be like, visitors were able to 
hop on 40-foot buses instrumented with  sensors, actuators 
and computer-based processors that allow the  vehicles to 
perform automated lane maneuvers and to dock  precisely, 
millimeters away from the boarding platforms at bus  stops. 
The buses traveled on an oval track within the SBC Park  
parking lot. Partners included: Caltrans, FTA, Econolite, 
The ITS Public Transportation Forum.

Smart  Intersection As many as 1.3 million crashes per year 
occur  at intersections, with over a quarter of them due to 
an unsafe  left turn into oncoming traffic. The demonstra-
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Switching Mainline Traffic Regulation
The properties of the switching-mode model described ear-
lier can be summarized as follows:

◆ In free-flow mode, traffic moves freely at drivers’ de-
sired speeds without restriction. Therefore, the infor-
mation travels from upstream to downstream, and 
the downstream vehicle densities are affected by the 
upstream densities. As a consequence, the vehicle den-
sity at one location is observable using a downstream 
measurement, and it can be controlled by metering an 
upstream on-ramp.

◆ In congested mode, traffic moves slowly and is restrict-
ed by the available space downstream, which means 
the information travels from downstream to upstream. 
Therefore, the upstream densities are affected by the 
downstream densities. The observability and control-
lability properties are opposite to those of the free-flow 
mode: the vehicle density at one location can be ob-
served using an upstream measurement and can be 
controlled by a downstream on-ramp. 

It is therefore natural to employ different feedback structures 
for the mainline-traffic responsive ramp-metering control-
ler, depending on different congestion modes, as illustrated 
in Fig. 3. The mixture Kalman filter (MKF) based traffic state 
estimator is used to estimate, in real time, the most probable 
congestion mode and the cell vehicle densities in a freeway 
section. The estimated congestion mode is used to determine 
the appropriate control structure, and the estimated vehicle 
densities are used as the feedback.

The ramp-metering controller is designed using a so-called 
LQI (Linear Quadratic control with Integral action) ap-
proach. It can be viewed as a combination of the Caltrans 
percentage occupancy algorithm, which is a kind of Propor-
tional control, and the ALINEA algorithm, which is an Inte-
gral control. This combination takes the advantage of both 
the proportional control for a faster response and the inte-
gral control for better disturbance rejection. In addition, we 
have employed a multirate approach with the LQI method 
to address the difference between the model sampling time, 
which has been chosen to be 2 seconds due to the geometric 
constraints on the cell lengths, and the field ramp-metering 
update interval, which is 30 seconds.

On-ramp Queue Length Estimation and Regulation

Queue Length Regulation
Whenever the on-ramp demand exceeds the desired meter-
ing rate, a queue will form behind the metering head. How-
ever, the storage capacity of an on-ramp is often very limited. 
Without proper control, the queue length will quickly exceed 
this capacity, causing the vehicles to spill over into the sur-
face streets and interfere with street traffic.

The current practice to regulate queue lengths on California 
freeways is the so-called queue-override. In the queue-over-

ride scheme, the signal controller compares the occupancy 
measured by the queue detectors with a prescribed threshold 
and determines whether the queue has reached the queue 
detectors. If the queue-detector occupancy is above the 
threshold, the metering rate is increased by a certain level, 
e.g., 120 vehicles per hour per lane, during every metering-
rate update time interval (e.g., 30 seconds). When the queue-
detector occupancy falls below the threshold, the metering 
rate is reset to the value determined by the controller. This 
queue-override scheme can be viewed as an integral control 
with a saturated integrating rate and with resetting. It has 
been noted by other researchers that this queue-override 
scheme leads to oscillatory behavior and under-utilization 
of on-ramp storage capacities.

To improve the performance, we have proposed a Propor-
tional-Integral (PI) controller to regulate the queue length. 
The additional proportional action in the controller damps 
the oscillation in the queue length, while the integral action 
helps in rejecting the disturbance caused by the unpredicted 
vehicle arrival rate. 

Queue-Length Estimation
Though it has a more stable response than the queue-over-
ride scheme, the PI regulator described in the previous sec-
tion needs the current queue length as its feedback, which 
unfortunately is not available in the field currently. A suitable 
estimator has to be designed using available information, 
such as the vehicle speed measured by the queue detector.

The queue-length estimator that we have designed is based 
on the following simplified model for the driving behavior 
of a vehicle that is approaching the end of the queue: the 
vehicle decelerates at a constant rate from its cruising speed, 
until it stops. A straightforward kinematic calculation gives 
a quadratic relationship between the vehicle speed measured 
at a fixed location, e.g., by the queue-detector, and the dis-
tance between this location and the position at which the 
vehicle stops. From this distance, the actual queue length 
can be computed. 

The coefficients of this quadratic speed-distance relationship 
can be determined through various means. For example, if 
the queue length data are collected in the field, the least me-
dian-of-squares curve fitting technique can be applied. If the 
field data are not available, an average deceleration value can 
be substituted into the formula to determine the nominal 
values for the coefficients. It has been found the coefficient 
values determined by applying the curve-fitting method to 
VISSIM-generated data and by a using nominal deceleration 
are very close.

Test Results
The switching mainline traffic-responsive metering control-
ler and the queue-length regulator were implemented and 
interfaced with the VISSIM I-210W model through the Di-
rect Data Exchange (DDE) interface. In the VISSIM micro-
scopic simulations, the desired mainline density set-points 
for the switching mainline control were set to 34 vehicles 

per mile per line (vpmpl) in the free-flow mode, which cor-
responds to the optimal desired occupancy of 21% for the 
downstream ALINEA (i.e., ALINEA applied to regulate the 
mainline density downstream of the on-ramp), and 44 vpm-
pl in the congested mode, which corresponds to the optimal 
desired occupancy of 27.2% for the upstream ALINEA (i.e., 
ALINEA applied to regulate the mainline density upstream 
of the on-ramp).

We also implemented the upstream version of ALINEA and 
combined it with the queue-length estimator and regulator 
that we have developed. This modified approach is needed 
to accommodate the loop-detector configuration on Califor-
nia freeways. Gomes (2004) has shown, using the calibrated 
I-210W VISSIM model, that this upstream ALINEA can 
achieve performance comparable to the original ALINEA. 
An optimal ALINEA gain of 7000 and set-point (i.e., de-
sired mainline occupancy) of 27.2%, were used in the simu-
lations.

The SWARM 1 and 2b algorithms were tested as well. These 
two algorithms were chosen for the simulation study be-
cause they were field tested on the same I-210W segment 
by Caltrans District 7 between the years of 2001 and 2002. 
The more restrictive of the two metering rates calculated by 
the two SWARM algorithms was set as the commanded me-
tering rate. In the simulation study, default values for the 
SWARM parameters were used.

In summary, the following ramp-metering scenarios, with 
different algorithms, were tested with the I-210W VISSIM 
model:

1. Switching mainline traffic control with queue estima-
tion and regulation,

2. Switching mainline traffic control only, without queue 
regulation,

3. Upstream ALINEA with queue estimation and regula-
tion,

4. Upstream ALINEA alone, without queue regulation, 
and

5. SWARM 1 and 2b with queue-override.

Under each scenario, 8 simulation runs were carried out, 
with 8 different VISSIM random seeds. The random seed 
was chosen to be the second of the computer clock at the 
time when it was changed, to ensure its randomness. 

For quantitative comparison, some of the performance 
measures for this freeway segment are listed in Table 1. The 
listed numbers are the averages from the 8 simulation runs 
for each scenario. 

Under all the scenarios, the freeway segment served almost 
the same amount of demand, as measured by the Vehicle 
Miles Traveled. Ramp-metering was able to reduce the con-
gestion under all the metered scenarios. For example, with 
the switching mainline control and queue-length regulation, 
the Congestion Delay was reduced by 16%, while with the 
switching mainline control only, the Congestion delay was 
reduced by 20%.

When only the switching mainline traffic-responsive meter-
ing was used, without activating the queue-length regulator, 
on-ramp queues can be accumulated to arbitrary lengths, 
sometimes hundreds of vehicles. In this case, almost all the 
congestion on the mainline was eliminated and the freeway 
test segment achieved even better performance than when 
the queue length limits were enforced, as measured by the 
Total Time Spent and the Congestion Delay, in which the 
times spent by vehicles while waiting in the on-ramp queues 
are included along with time spent on the mainline.

It can also be seen from the numbers in Table 1 that the 
switching control algorithm outperformed the upstream 
ALINEA, when both algorithms were combined with the 
queue-length estimator and regulator. It also outperformed 
the SWARM algorithms with queue-override. For example, 
the Congestion Delay reductions were 16%, 5.8%, and 2.3%, 
respectively, for the switching mainline control, upstream 
ALINEA, and SWARM. When the queue-length limits were 
not enforced, however, the switching mainline control and 
the upstream ALINEA had comparable performances, with 
their respective reductions of 20% and 19% in the Conges-
tion Delay. This observation can be attributed to the fact that 
the switching mainline control adapts to the different traf-
fic dynamics under free-flow or congested conditions, while 
ALINEA does not. Therefore, when the freeway mainline 
endured severe congestion, as in the cases where queue-
length limits were enforced, the switching control outper-
formed ALINEA by dissipating congestion more quickly. On 
the other hand, when the freeway mainline was mostly in the 
free-flow condition, the performance improvement due to 
congestion dissipation is much smaller.

Summary
In this article, a switching-mode traffic model (SMM) was 
first introduced. The linear structure of the SMM gives the 
advantage of simplifying system analysis, data estimation, 
and control design methods. Furthermore, the different ob-
servability and controllability properties in different modes 
motivated the design of a switching ramp-metering control-
ler.

Total Distance
Traveled

(103 miles)

Total Time
Spent

(103 hours)

Congestion
Delay

(103 hours)
No Metering 973 24 8.5

Switching + Q/R 972 22.6 7.2

Improvement --- 5.6% 15.5%

ALINEA + Q/R 974 23.5 8

Improvement --- 2% 5.8%

Switching 974 22.3 6.8

Improvement --- 7.1% 20.0%

ALINEA 973 22.3 6.9

Improvement --- 6.9% 19.4%

SWARM 973 23.8 8.3

Improvement --- 0.8% 2.3%

Table 1: Freeway 
performance measures in 
various ramp-metering 
scenarios.

Ramp
continued from page 3
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Based on the switching-mode model, a freeway vehicle 
density and congestion mode estimator was designed and 
implemented using data from the I-210W test site. Using the 
mixture Kalman filtering (MKF) algorithm on the switch-
ing-mode traffic model, the estimator was able to provide 
estimated vehicle densities at unmeasured locations, as well 
as the statistically most probable traffic congestion modes 
(free-flow or congested), which are not directly observed.

A switching traffic-responsive ramp-metering controller was 
designed. This switching controller adapts to the different 
traffic dynamics under free-flow or congested conditions. 
The approach of multirate LQI was used to compensate for 
disturbances and accommodate the difference in the model 
sampling time and the metering-rate update interval. 

A Proportional-Integral queue-length regulator was also 
designed to prevent the on-ramp queue from exceeding the 
storage capacity and to yield improved performance over 
the currently used “queue-override” scheme. In addition, a 
queue-length estimator was designed to provide feedback to 
the queue-length regulator, using the queue-detector speed 
data that are available in the field. 

Test results on the calibrated microscopic VISSIM simulator 
demonstrated the performance and effectiveness of this suite 
of newly-designed ramp-metering algorithms. In VISSIM 
simulations, the Congestion Delay was reduced by 16% over 
the unmetered case. As a comparison, simulation results of 
upstream ALINEA and SWARM were also presented. The 
switching mainline-traffic responsive control was able to 
outperform both ALINEA and SWARM, when tested under 
similar configurations. •

References
1. Markos Papageorgiou, Habib Hadj-Salem, and J.-M. Blosse-

ville, “ALINEA: A local feedback control law for on-ramp 
metering,” Transportation Research Record, no. 1320, 
1991, pp. 58–64.

2. Carlos F. Daganzo, “The cell transmission model: A 
dynamic representation of highway traffic consistent with 
the hydrodynamic theory,” Transportation Research Part B: 
Methodological, vol. 28, no. 4, Aug. 1994, pp. 269–287.

3. Carlos F. Daganzo, “The cell transmission model, part II: 
Network traffic,” Transportation Research Part B: Method-
ological, vol. 29, no. 2, Apr. 1995, pp. 79–93.

4. Rong Chen and Jun S. Liu, “Mixture Kalman filters,” Journal 
of the Royal Statistical Society, Series B—Statistical Method-
ology, vol. 62, 2000, pp. 493–508.

5. Laura Muñoz, Xiaotian Sun, Roberto Horowitz, and Luis 
Alvarez, “Traffic density estimation with the cell transmission 
model,” in Proceedings of the 2003 American Control Con-
ference, Denver, CO, Jun. 4–6, 2003, pp. 3750–3755.

6. Xiaotian Sun, Laura Muñoz, and Roberto Horowitz, “High-
way traffic state estimation using improved mixture Kalman 
filters for effective ramp metering control,” in Proceedings of 
the 42nd IEEE Conference on Decision and Control, Maui, 
Hawaii, Dec. 9–12, 2003, pp. 6333–6338.

7. Gabriel Gomes, Adolf D. May, and Roberto Horowitz, 
“Calibration of VISSIM for a congested highway,” in The 
83rd Annual Meeting of the Transportation Research Board, 
Washington, D.C., USA, Jan. 2004.

8. Laura Muñoz, Xiaotian Sun, Dengfeng Sun, Gabriel Gomes, 
and Roberto Horowitz, “Methodological calibration of the 
cell transmission model,” in Proceedings of the 2004 Ameri-
can Control Conference, Boston, MA, Jun. 30–Jul. 2, 2004, 
pp. 798–803.

9. Xiaotian Sun, Laura Muñoz, and Roberto Horowitz, “Mix-
ture Kalman filter based highway congestion mode and 
vehicle density estimator and its application,” in Proceed-
ings of the 2004 American Control Conference, Boston, 
MA, Jun. 30–Jul. 2, 2004, pp. 2098–2103. 

10. Gabriel Gomes and Roberto Horowitz, “Globally optimal 
solutions to the onramp metering problem, part I,” in 
Proceedings of the 7th International IEEE Conference on 
Intelligent Transportation Systems, Washington, D.C., USA, 
Oct. 3–6, 2004, pp. 509–514.

11. Gabriel Gomes and Roberto Horowitz, “Globally optimal 
solutions to the onramp metering problem, part II,” in 
Proceedings of the 7th International IEEE Conference on 
Intelligent Transportation Systems, Washington, D.C., USA, 
Oct. 3–6, 2004, pp. 515–520.

12. Gabriel Clemente Gomes, Optimization and Microsimula-
tion of On-ramp Metering for Congested Freeways, Ph.D. 
dissertation, University of California, Berkeley, 2004.

13. Laura Matiana Muñoz, Macroscopic Modeling and Identifi-
cation of Freeway Traffic Flow, Ph.D. dissertation, University 
of California, Berkeley, 2004.

14. PeMS Team, “The freeway performance measurement sys-
tem,” Web site, Feb. 2005, URL http://pems.eecs.berkeley.
edu/. Version 5.4.

15. Xiaotian Sun, Modeling, Estimation, and Control of Freeway 
Traffic, Ph.D. dissertation, University of California, Berkeley, 
2005.

16. Xiaotian Sun and Roberto Horowitz, “A localized switching 
ramp-metering controller with a queue-length regulator for 
congested freeways,” in Proceedings of the 2005 American 
Control Conference, Portland, OR, Jun. 8–10, 2005, pp. 
2141–2146.

17. Xiaotian Sun and Roberto Horowitz, “Localized switching-
mode ramp-metering control with queue-length estimation 
and regulation and microscopic simulation results,” in Pro-
ceedings of the 16th IFAC World Congress, Prague, Czech 
Republic, Jul. 4–8, 2005. To appear.

California PATH Signs Cooperative
Research Agreement with University of Tokyo

California PATH Director Alex Skabardonis signed a 
research cooperation agreement with his counter-
part, Prof. Katsushi Ikeuchi, Director of the Uni-

versity of Tokyo’s new Collaborative Research Center for 
Advanced Mobility, during the 2005 ITS World Congress. 
This new center at the University of Tokyo, the leading uni-
versity in Japan,  brings together researchers from a broad 
range of technical disciplines to collaborate on research 
involving ITS. They are interested in collaborating with re-
searchers at leading universities in other countries, and the 
agreement with PATH is their first with a U.S. university. 
The research collaboration with PATH was already begun 
informally when Dr. Steven Shladover spent the summer of 
2005 as a Visiting Professor at the University of Tokyo, and 
we are now exploring opportunities for other researchers at 
the two universities to work together on topics of mutual 
interest. •
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Robert Parsons, the founding Director of the Califor-
nia PATH Program, passed away on October 26th, 
2005 at his residence in Virginia. Bob Parsons is re-

membered for his vision in founding the California PATH 
Program, his involvement in the establishment of an Intel-
ligent Transportation Systems program in the United States 
and his leadership in innovating transportation systems in 
the United States. 

Bob Parsons had over 40 years of advanced-transportation 
experience in private industry, government and academia. 
He contributed much in conceiving and developing inno-
vative systems and applying system engineering methods, 
especially to facilitate acceptance of new and novel concepts 
by system stakeholders, who are generally reluctant to risk 
changing from the “business-as-usual” ways of providing 
service. He understood how individuals and organizations 
could pose challenges that thwart innovative solutions to 
many societal problems. 

Bob Parsons began his career in private industry, working 
with the Cincinnati Milling Machine Company in Cincin-
nati, Ohio and The Martin Company in Baltimore, Mary-
land. After leaving The Martin Company, he joined the U.S. 
Department of Transportation (DOT), where he became a 
charter member of the Senior Executive Service (SES) and 
served as the Deputy Director of Supersonic Transport De-
velopment in the Federal Aviation Administration, Director 
of R&D Plans and Resources of the Office of the Secretary of 
DOT, and Associate Administrator for Research and Devel-
opment in the Federal Railroad Administration (FRA). He 
was responsible for high speed rail and Magnetic Levitation 
research programs, technical oversight of the DOT Trans-
portation Test Center in Pueblo, Colorado and the National 
Bureau of Standards / Department of Commerce, where he 
directed a new “innovative policy initiative”, the Experimen-
tal Technology Incentives Program, that in part led to key 
(i.e. Stevenson-Wydler Technology Innovation Act) federal 
initiatives to address U.S. technology leadership problems.

Bob Parsons retired from federal service and joined the 
University of California in 1981 to successfully pursue ad-
vanced technology initiatives in the more receptive Califor-
nia technology policy climate. After joining the University 
of California at Berkeley, Bob Parsons devoted his energy 
to developing innovative research programs. He worked on 
a railway research program for the first three years, help-
ing California evaluate high speed rail alternatives. During 
a short leave from the University in 1984-1986, he managed 
the Las Vegas-Southern California Phase II Super Train 
Feasibility Study for the City of Las Vegas and the Federal 
Railroad Administration.

In 1986, Bob Parsons worked 
with the California Department of 
Transportation (Caltrans) and his 
colleagues at UC Berkeley’s Insti-
tute of Transportation Studies to 
found the Program on Advanced 
Technology for the Highway 
(PATH), which was later renamed 
Partners for Advanced Transit and 
Highways, to explicitly include all 
modes of transportation. Bob Par-
sons established PATH’s vision of 
using advanced technologies to ad-
dress California’s and the nation’s 
traffic congestion problems. With 
his vigorous efforts, PATH and 
Caltrans played a key role in the 
establishment of Mobility 2000 and 
later the Intelligent Transportation 
Society of America (ITSA). His vi-
sion of ITS became widely adopted 
by the transportation community and the PATH Program he 
established became the first research program on Intelligent 
Transportation Systems in the U.S. At PATH, Bob Parsons 
not only provided directions for ITS research but also par-
ticipated in research with his colleagues. As an example, he 
was the co-inventor of the magnetic guidance technology 
which has been applied for vehicle guidance applications 
worldwide.

Through the last twenty years, Bob Parsons played a key role 
in national ITS developments. He was the first Chairman of 
the ITSA System Architecture Committee and in that role 
was the prime mover behind the development of the Na-
tional ITS Architecture, which the US DOT has mandated 
for application to any federally-funded ITS projects. He also 
chaired the ITSA Interoperability Committee, which ad-
vocated one of the most important systems issues for ITS 
implementation. After he retired from UC Berkeley, Bob 
Parsons consulted for state and federal governments on ITS 
issues, providing advice to US DOT and the States of Cali-
fornia and Virginia.

Bob’s colleagues remember him as an inspiring leader, with a 
rare ability to define a large-scale vision and also understand 
the practical steps that need to be taken to advance it to re-
ality. He was a warm and caring colleague and supervisor, 
giving generously of himself to others. All who knew him 
remember him as a man of great integrity who expressed 
his opinions candidly and without artifice or pretense. Bob 
maintained the highest standards of honesty and integrity, 
inspiring others to follow his example. •

Please e-mail your memories of Bob Parsons to  
              publications@path.berkeley.edu 
and we will publish them on our website.
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