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= Data is the new oil

« Search Data (Web, Google, ..) s *

» Social Network Data o
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Big Data and Al

Data is the new oil

« Search Data (Web, Google, ..)
« Social Network Data
(Twitter, Facebook, ..)
« Big Sensor Data (loT, ..)
« GPS, Radar, Canbus, Cameras

Traffic analysis (historical)
Traffic monitoring (on-line)
Traffic prediction (future)

Traffic control (on-line)

= Traffic design (future)
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in Transport £

=  What to estimate/monitor/predict
(machine learning)
Road-signs
Obstacles
Delays
Congestion of traffic
CO2 emission
Traffic jams
Unexpected events

=  What to control
= Car maneuvers
= Traffic Lights, Dynamic Road Signs
= Route suggestions

(game theory)

= What to design (mechanism design)
= Effect of new road Infrastructure (physical, digital)
= Placing of loading stations for electrical vehicles
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* Data
= Some 100 billion GPS records, 70.000+ vehicles
o , « 350+ million CAN Bus records
iy ; ' =« Conventional and electric vehicles, mini-buses, buses, taxis, trucks
« ~20 data sources, ~1 billion records per week
« Maps
« Weather data
« Software and hardware

« A complete software stack for handling traffic data, data cleansing,
Aim: Reduce CO? emissions and congestion multiple map support, maps-based analytics

« Modern servers (up to 2TB main memory)
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Personalized Routing DK

* Ca. 2 billion distributions for the 1.6 million edges

* There are 2.4 million cars.

« Each car (driver) has two contexts.

* Result: 10 million billions = 10 quadrillion distributions

» For each routing query, compute weights using a different
set of trajectories.

* Result: Weights cannot be precomputed.
* A new on-the-fly paradigm is needed.
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Background, Questions, and Goals 08@

» Background
» Estimated that 50% of delay in traffic is due to “unplanned events”
= Major issue for traffic planning, price goes up

* Questions

» Can GPS data be used to detect the impact on traffic when there
is an accident?

» Can we quantify for how long an accident has an impact?

dent/We
« Can we determine the area in which an accident has an impact? " > o &

* Goals
« Explain why late
« Early warning for traffic planners
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Summary

« Can GPS data be used to detect the impact on traffic

when there is an accident?

» Yes, but need a very large set of vehicles
» Works best on the major road network

« Can we quantify for how long an accident has an impact?

= Yes, quite clearly on main roads, less on smaller roads

Can we determine the area in which an accident has an
impact?

« Maybe, very hard to determine accurately!

Working on

= Real-time assessment

» Spatial/temporal impact assessment in a more generic fashion
+ Key Performance Indicators (KPIs)

« Opening up to the world

DiCyPS: 2019-05-23 13
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Intelligent Traffic Control

= Observation:
Unnecessary waiting
time

= Currently:
= Time triggered
= |nduction loops

= Exploit new e T
information from
radars
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= Light control =
a game between traffic and
control.

= Hard timing constraints
(minimum green time)

= Explicit optimization
criteria.

= Strategy calculated on-line
using Machine Learning
= Monte Carlo Tree Search
= Reinforcement Learning
= Deep Neural Networks

Al Transport 2020




Intelligent Traffic Control

= Light control = T
a game between traffic and 25
control.

= Hard timing constraints
(Mminimum green time)

= Explicit optimization
criteria.

= Hobrove]
= 2 km stretch

= 6 signalized intersections
= 20.000-30.000 vh/day
= VISSEM (7.00-9.00)
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Light control =
a game between traffic and
control.

Hard timing constraints
(minimum green time)
Explicit optimization
criteria.

Hobrovej
= 2 km stretch
= 6 signalized intersections

= 20.000-30.000 vh/day
= VISSEM (7.00-9.00)
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Autonomous Driving

Three Cars Attempt Crazy Maneuvers and Almost Crash on Highway - 1042032
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Adaptive Cruise Control £

Adaptive cruise control

INSURANGE INSTITUTE
FOR HIGHWAY SAFETY

Il » o) 009/059
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Adaptive Cruise Control in UPPAAL <.

VelocityEgo VelocityFront
YEg - b -

AccelerationFront

Distance

My Car Opponents Car

Objective: Control Acceleration of My Car so
1) Guaranteed No Crashes
2) As close as possible to Opponents Car

Al Transport 2020
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Runs of Safe Strategy

infimum: distance

72

strategy safe = control: A[] distance > 5
Safe Strategy
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strategy safeFast = minE (D) [<=100]: <> time >= 100 under safe
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7 adaptiveCruiseControl - Notepad - O
File Edit Format Wiew Help

state: { Ego.Megative_acc Front.Mo_acceleration System.Wait Monitor. _id12 ) gaction=o
distance=47 velocityEgo=6 accelerationEgo=-2 wvelocityFront=12 accelerationFront=a
kWhile you are in {waitTimer<=1)}, wait.

State: { Ego.No_acc Front.Positive acc System.wait Monitor. id12 ) #action=0 distance=2:
velocityEgo=13 accelerationEgo=8 velocityFront=14 screlerationfFront=2
While you are in (waitTimer<=1} .

State: { Ego.Choose Front.Mo_acy
distance=181 velocityEgo=@ ac
When you are in true, take /
¥
When you are in true, tak
maxvelocityEgo, tau, acc
When you are in true, t:
minvVelocityEgo, tau, ac

12 ) #action=8

MR LS I.LJ'I [

L hoose->Ego. Ho_acc =lerationEgo =

State: ( Ego.Megative ac {Istance=109
velocityEgo=7 acceleratic

While you are in

~oentpm, Minne faction=0

JionFront=2

State: { Ego.Negative acc Fro
distance=42 velocityEgo=4 acceld
While you are in true, wail?

State: ( Epo.Positive_acc Front.choose System.uwaw ceeonor, 1d12 ) #action=8 distance=88
velocltyEgo=0 accelerationEgo=2 velocityFront=11 accelerationFront=9
While you are in true, wait.

State: { Ego.Positive acc Front.Choose System.Done Monitor. id12 ) #action=0 distance=174
velocityEgo=18 accelerationEgo=2 velocityFront=17 accelerationFront=2

While you are in true, wait.

State: ( Ego.Mo_acc Front.Megative acc System.Done Monitor. 1dl2 ) #action=0 distance=147

4Mb

6 mio configurations
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velFront
acckgo

accFront
distance

Accelleration
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Ego.Choose <= 0: 3 (1481817.0) Learning Algorithms
Ego.Choose >0

| velocityEgo <= -10: 0 (39705.0/18380.0) for Decision Tree
velocityEgo > -10 (ID3, D4.5, CART)
| distance <= 200 .
| velocityEgo <= 18 9 65 |IneS

| velocityEgo <= 12

| distance <= 184

| velocityEgo <= 0: 2 (331464.0/208577.0)
velocityEgo > 0

| distance <= 122

| distance <=102: 2 (132918.0/80433.0)
distance > 102

| velocityEgo <= 2

| velocityFront <= 12: 1 (6255.0/4155.0)
velocityFront > 12

| velocityFront <= 13: 2 (162.0)
velocityFront > 13

| distance <=110: 2 (870.0/363.0)
distance > 110

| velocityFront <= 15

| | velocityFront <=14: 1 (207.0/99.0)
| | velocityFront > 14: 2 (63.0)

| velocityFront > 15

| | distance <= 116
|

|

|

(Jan Kretisnsky, Pranav Ashkot, TUM)

| | velocityFront <=17: 2 (126.0/54.0)
| | velocityFront>17: 1 (129.0/39.0)

| | distance > 116: 1 (108.0)
velocityEgo > 2

| velocityEgo <=4: 1 (7689.0/4929.0)

I valneitviEan > A 2 (9274A2A O/1711585 0O)
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UPPAAL Adaptive Cruise Control

8 distance sensors

“Optimal” Strategy
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ICAV Playing Games with «
Speed of Cars in Intersections

Improvements to
default SUMO traffic light

Avr Delay 68%
Avr Crossing Time 20%
Avr CO2 Emission 13%

ICAV Controller SUMO Default
. Traffic Light

Alexandre Bilgram,
Emil Ernstsen

Marco Muniz

Peter Taankvist
Morten Timmermann
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