Increasmg the capamty of trafflc networks‘
with connected/autonomous vehicles

Dr. Anastasios Kouvelas
Traffic management in the era of connected and autonomous mobility
IVT — Institut far Verkehrsplanung und Transportsysteme

g%trnsmut ftir Verkehrsplanung und Transportsysteme Dr. Anastasios Kouvelas | 29.07.2019 | 1

Institute for Transport Planning and Systems



Agenda
= Traffic flow theory 101

= Traffic management
« Why capacity is important?

= Case studies
* Highway mainline control
- Ramp metering
 Variable speed limits (VSL)
 Urban traffic signal control

= |mplications of connected and autonomous vehicles
- Capacity, anisotropy, safety, traffic flow
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Different scales of traffic modeling
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Traffic flow as a fluid (or not?)
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Traffic flow on roads has some similarities to
fluid mechanics, but also some differences!

U%Hnsﬁtut ftir Verkehrsplanung und Transportsysteme Dr. Anastasios Kouvelas | 29.07.2019 | 4
I

nstitute for Transport Planning and Systems



Macroscopic modeling

A

q [veh/h]
Macroscopic traffic variables:
- traffic density p(x, t) in veh/km
- traffic volume q(x, t) in veh/h \
I
* mean speed v(x, t) in km/h A
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Analogy to fluids: LWR theory

Lighthill-Whitham-Richards (LWR)

Conservation law derived from fluid mechanics:
Op(z,t)  0¢(x,t)
ot or

p (xz,t): density at location z and time ¢
¢ (z,t): flow at location x and time ¢

0

Numerical discretization in space and time consistent with LWR model.
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Traffic network: Demand-Supply system

TRAFFIC
NETWORK
N(k)

Demands Exit flows

|
d(k)= Zdi (k) s(k)=Ys; (k)

(independent of

control actions)

Maximize Supply — Minimize Delays
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Capacity drop!
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Case study: Bay Bridge, Bay Area
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Bay bridge toll plaza set-up
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Simulation replication (NC)

Tuxsent
SERATIN
SYSTENS

Papageorgiou, M., et al., 2008. Real-time merging traffic control with applications to toll plaza and work
zone management. Transportation Research Part C, 16 (5).
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Simulation replication (metering)

Tuxsent
SERATIN
SYSTENS

Papageorgiou, M., et al., 2008. Real-time merging traffic control with applications to toll plaza and work
zone management. Transportation Research Part C, 16 (5).
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Can we achieve the same result with VSL?
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Evacuation of SF by using the bridges
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The bridges can serve
40°000 veh/h.

How much time does
It take to evacuate
120’000 veh?

Canldoitin 3 hours?
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Ramp metering Gour 4
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Ramp metering and capacity
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:

steady-state performance improvement:
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Coordinated VSL and ramp metering control

low-speed
- —
stretch

feedback control
algorithm

on-ramp
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Controlling the traffic lights of a city
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Traffic Management Center (TMC)
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Single region control (gating)

G(n)  Optimum
4" operational
point (max
throughput)

Outflow

/"
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accumulation

Internal inflow External inflow
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Case study: Chania network, Greece
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Extension to multiple regions
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Multivariable Pl regulator

u(k) = u(k — 1) — [Kp|[nk) — nk — 1)] - [K; [n(k) ~

s

— u(k): control vector of u;;(k),Vi e N,j € N;

— n(k) € RY: state vector of region accumulations n;(k),Vi € N
— 11 € RY: vector of the set points 7; for each region i

— Kp, Kj: proportional and integral gains.
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Simulation scenario for Barcelona

Pre-timed Controller LQI+AFT 4 Regions Controller (Delay: -25.09%)

....................................

Time: 08:01:30
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One day of taxi data, San Francisco

One day of Yellow Cab data: 2010-03-29 04:01:22.0
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Emerging Technologies
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City of Zurich: Roadmap V2X-Pilot
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EU Telecommunications Standards Institute
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Travel
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Trip
Planning

Toll Collection

Dr. Anastasios Kouvelas | 29.07.2019 | 28



Car sharing market growth

Investments in ride-hailing companies

% billion

i3
Other
Ola
Lyft
Didi
a3
Uber
02 0.2 s
2011 12 13 4 2015
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Levels of automation

01

Function specific
automation

Covers one or
more specific
control functions

Example
Automatic assisted
breaking

02

Combined
function
automation

At least two
primary control
functions designed
to work in unison.
Driver available
and in control most
of the time

Example
Adaptive cruise
control combined
with lane
management
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03

Limited self-
driving
automation

Vehicle is in
control most of the
time, but the driver
is expected to be
able to
occasionally retake
control with
reasonable
transition times

Example
Google’s self-
driving car

04

Full self-driving
automation

Vehicle is in full
control and
driver/passenger is
not expected to
take control at any
point

Example

None
commercialized as
yet
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Autonomous vehicles

2015 16 17 18 19 2020 21 22 23 24 25 2030
| | | | | | | | |
UK — Greenwich
Singapore Autonomous Shuttle
DEe Autonomous € 4 Tokyo Olympics Demo
Shuttle
Mobility & Uber / Volvo Autonomous V'S Ford Autonomous Ubﬁ;ﬁmiong énnzg: V'S
[ Fleet (Pittsburg) Mobility Service y
S (full deployment)
Volvo Ford
Drive Me Level 4 Driving
Nissan
Consumer S f=c ’ Autonomous Jaguar Land Rover
Super ’ ’ Next Gen 0
products : : : Autonomous
Cruise Autopilot ‘ Daimler
Autonomous Drive
Audi A8 VW : :
. . BMW iNext Daimler Truck
Highly ‘ ’ Highly ‘ Autonomous . Autonomous
Automated Automated
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Road signs already exist in many countries
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Intermediate state: Mixed traffic

Autonomous Car Normal Car
-
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Autonomous mobility and traffic as a fluid

= Capacity

Anisotropy
 Does traffic only propagate backwards?

Safety
* Protected environments
* Mixed traffic
* Dedicated lanes

Traffic flow as an artificial fluid
« Connectivity and cooperation
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ETH:zurich
Questions and discussion!

anastasios.kouvelas@ivt.baug.ethz.ch
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