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We Can’t Anymore Do “Business As Usual”

‘ \r; '

“Our financial, transportation, and health system are broken.”
D GESS Sandy Pentland, MIT Media Lab |



The Noble Goals of Traffic Planning

= Better mobility
= Less pollution
= Less noise

= | ess traffic
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But This Is Often the Reality ...




... and This: Urban Gridlock




Flow Towards A Center: Biological Cells Have
Figured It Out
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Modeling Freeway Traffic
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,Phantom Traffic Jams*“

At high densities, free traffic flow is unstable:
Despite best efforts, drivers fail to maintain speed

D GESS

Thanks to Yuki Sugiyama
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How to Analyze the Cross-Sectional Traffic Data

(a)
Velocity (km/h)
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How the Adaptive Smoothing Method Works

X
- . ¢ _ .
A t Cong_t Ccong_ const.
)
X 1+] fprmmmmm—pm—-——
0
X 1 ----------------------
¥

s X
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free C free

free
b (x—x, .t-t,) > const’.
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Complex Congestion Patterns
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Surprising Variety of Congestion Patterns

A5 South (b)
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Congested Traffic States Simulated with a
Macroscopic Traffic Model

Velocity (km/h)

’ A MLC Velocity (km/h)

0 0
100 ! 100
0 0

; . 10
Location Location
(km) 15 0 Time (h) (km) 15 0 Time (h)

Velocity (km/h)

0
o o
Phys. Rev.
Lett. 82, 5
4360 " 2 0 2
(1999). Location . . Location
(km) 15 0 Time (h) (km) 15 0 Time (h)

Similar congested traffic states are found for several other traffic
D GESS models, including “microscopic” car-following models.



IB I

reakdown of Traffic due to a Supercritical Reduction of
Traffic Flow

Negative Perturbation Triggering Oscillating Congested Traffic

Main Flow
Qsiinin Congested Flow
Density Qer
2, (veh./km/lane) A
O
%f "9 60
% 9
40

Ramp Flow =~

Qrmp N T =F

; - T S Outflow
@ & 0 A Q out
%, =
2 Downstream Flow

Qmain'*‘ Qrmp/rl

Perturbing traffic flows and, paradoxically, even decreasing them may
D GESS sometimes cause congestion. | |



Examples of the “Boomerang Effect”

®) A5 South
04/04/2001
Velocity (km/h)
0
100 -
470
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Transitions from Free to Congested Traffic

AS South, 09/25/2001 (Tue.)

V(x,t) (km/h)
0 -

AS South, 09/25/2001 (Tue.)

(a) (b)
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The underlylng dynamics of this transition is a “boomerang effect”

AS South, 05/10/2001 (Thu.) AS South, 04/04/2001 (Wed.)

V(x,t) (km/h) (c) V(x,t) (km/h) )
01 ‘ A 0r
50 50
100 100
480 480 EZ >’ P
: 720 \ 485 . 7:40

‘The boomerang effect was observed in 18 out of 245 cases of traffic breakdowns.



Boomerang Effects Are due to Overtaking Trucks

| | AS South, 09/25/2001 (Tue.) A5 South, 04/04/2001 (Wed.)
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Phase Diagram of Congested
Traffic States
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Phase Diagram of Traffic States and Universality

Classes

Phase diagram for small perturbations

Q tot= Qup+AQ
(a) 5000 tot= Qup+ (b)

1800
1600

1400

Q,, (vehicles/h/lane)

1200

Q,, (vehicles/h/lane)

1000
0 200 400 600 00 1000

AQ (vehicles/h/lane) Qg —-Qc3

D GESS

0
After: PRL (1999)

for large perturbations
Q tot= Qup+AQ

2000
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1400
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200 400 60 800 | 1000
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Empirical Phase Diagram
(b) A5 South: Junction Friedberg
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The Outflow Depends on the Weather
Conditions

D GESS

Outflow Q,;; (veh/h/lane)

2000

1900

1800 r

1700

1600
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1400

i W:wet road |
W (w): affected by showers
D: dry road
0 10 20 30 40

Range of Visibility (km)




Empirical Phase Diagram for Scaled Flows

A scaling by the outflow, that varies from day to day, gives a clearer picture.

(a) A5 South: Junction Friedberg (b)
1 1 T T T T T T T ! | ! | ! | ' |
Fig. 11b  Fig. 8 Fig. 11a Fig. 2tb 414

Fig. 21a .
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up / out

Fig. 12a Ss
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Fig.9a -~
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“General Pattern” and “P
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According to Boris Kerner, in the “generalized pattern”, synchronized traffic
upstream of a bottleneck breads wide moving jams based on the “pinch effect”. That
is, upstream of a section with “synchronized” congested traffic close to a bottleneck,
a so-called “pinch region” gives spontaneously birth to narrow vehicle clusters.
These perturbations should be growing while traveling further upstream. Eventually,
wide moving jams form by the merging or disappearance of narrow jams. Once
formed, wide jams suppress the occurrence of new narrow jams in between.
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Typical Freeway Design

Rottepolderplein S 17 Badhoevedorp
1 =2 '
i=1_ 1" "~ "rr- 17 1 "~ ~"==""~""~""-"-"--- I O
: AN /\ v :It N /
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D GESS



(Intermittent) Activation of an Off-Ramp Bottleneck

—_p A - -
Qup AQ off = Qup > Qcong =Qout —AQop,

b) Q:lp - Qup = AQoﬁ' - Q::ong - Qcong

, Q'cong= Qout + AQoft > Qout = Qcong=Qout ~AQ on —

/
AQ = max(AQon — AQug, 0) = max (Q’““’ - Q”,“".o) < AQen

n T

Milder form of congested traffic upstream of off-ramp expected, e.g. OCT or
SGW instead of HCT. Looks like the “general pattern” (see next slide).

D GESS |



Combination of an Off-Ramp with an On-Ramp

140
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Stop-and-Go Waves Emerging at a Gradient
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Wide Scattering as Effect of Heterogeneous Traffic

— 1800 2 1800

2 =

= 1600 = 1600 }

= =

< 1400 | Y 1400

< 1200 | = 1200 }

,;; 1000 d.% 1000

Z 800 ~ 800t

= 600 Lo . = 600l - . . .

= 40 50 60 70 80 90100 = 40 50 60 70 80 90 100
= Density p(ty) (vehicles/km lane) E Density p(ty) (vehicles/km lane)

1 p(t)
Q(t) = m (1 B pjam(t)>

The jam line with variable parameters can explain the observations quantitatively!
Scattering and stochasticity do not contradict models with a fundamental diagram,
just models with identical driver-vehicle units.
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“Synchronized Traffic” ConS|der|ng Cars+Trucks
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Traffic Congestion is Predictable

A5 South, June 25, 2001 A5 North, April 11, 2001
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Traffic Physics

An Analytical Theory
of Traffic Flow

A
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@ Springer




Freeway Traffic Control
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IC I

ooperative Driving Based on Autonomous
Vehicle Interactions

= On-board data acquisition (,perception®)

“Attention:

Traffic jam” = Inter-vehicle communication

= Cooperative traffic state determination (“cognition”)

= Adaptive choice of driving strategy
(“decision-making”)

= Driver information

= Traffic assistance (higher stability
and capacity of traffic flow)

Detection of an upstream front v
Detection of a downstream jam front
Vehicle trajectories —
Vehicle trajectories of the opposite driving direction
Encounters with transmitter cars and message reception ®

Vi Message reception
5-7 of the considered car /

Driving direction
Position (km)

In: Transportation Research
Record (2007) ol

Driving direction of vehicles on opposite road

5 ) . \ h
D G ESS 100 200 300 400 500 600

Time (s)



How to Detect the Spatiotemporal Dynamics of a
Traffic Jam?

A5
Velocity (km/h)

Junction

Friedberg 21

Accident 19:15

Intersection Bad Homburg 1 9

Downstream jam fronts

D GESS



Jam Front Detection — Intervehicle Communication

Inter-Vehicle-Communication (V2V):

Floating car (ACC) Message core:

Congested traffic
Velocity (km/h)

Change: Position, Time

Free traffic

Junction
Friedberg

21

-

Accident 19:15

Time (h)
Intersection Bad Homburg 19

D GESS



Statistics of Message Transmission

Distance between communicating vehicles exponentially distributed
— Distributions for T1, T2, and T3,

eg P(TQ & t) —0 (t _ Twp — 2T> (1 - e—;‘3(2r+1't—rup))

1
08 | #

0.6 |

Cumulative distribution

04 P(T4 <t) (simulation) + A
P(T5 <t) (simulation)
0.2 P(Ty <t) (simulation) = -
Analytical curves —
° 0 50 100 150 200
Time t (s)
t=T, t=To t=T,

D GESS




Example: Information about a Stop-and-Go
Wave

2000

Position x (m)

3000

4000

5000

D GESS

Trajectories of equipped vehicles
Message reception

Detection of upstream jam front
Detection of downsteam jam front
Trajectories of transmitter vehicles

2

7

ID-Number of t‘he messages, which are delivered
by the transmitter vehicles:

2 1).2) - 83).4).5)

T )
- Stop-and-Go Wave -
" (Freeway totally blocked
at x=3500 m from
t=60stot=180s)

Driving direction of transmitters

100 200 300 400
Time t (s)

500

1) Upstream jam front at x=3481 m, =68 s
2) Upstream jam front at x=3436 m, t=80 s
3) Upstream jam front at x=3302 m, t=111 s
4) Upstream jam front at x=3285m, =117 s
5) Upstream jam front at x=3236 m, =133 s
6) Upstream jam front at x=3065 m, =176 s
7) Upstream jam front at x=2966 m, =206 s
8) Free traffic at x=3719 m, =208 s

9)..u



Traffic-Adaptive Driving Strategy for ACC

Trajectories of equipped vehicles —
Message reception @

Detection of an upstream jam front
Detection of a jam

Detection of a downstream jam front

Detection of free traffic

Trajectories of transmitter vehicles

* O D«

1000 Color of trajectories

ACC operating state:

E 2000
x
= - Free traffic
& 3000
- Jam

4000 - Downstream jam front

5000 ‘
600

Time t (s)
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Design of Traffic State Adaptive Cruise Control

Invent-VLA: Intelligent Adaptive Cruise Control (IACC)
for the avoidance of traffic breakdowns and a faster
recovery from congested traffic

(

Free Traffic
- Normal driving mode

\

VLA Matrix for IDM

)
| aVLA/a bV'-Nb Tvia/T Downstream Bottom
£ of Congestion

mn Forceful and accurately timed

acceleration most important

L

Reduce desired deceleration
for safety and convenience

J

(I T ) Driving in
Driving in Congested Bottleneck Section
Traffic (Q_CT/ HCT) Increase local capacity by
Normal driving mode decreasing time gaps
(or reduce oscillations) (dyn. homogenization)
L J $
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Overcoming Congestion by Real-Time Feedback




Enhancing Traffic Performance by Adaptive

Cruise Control

p(veh./km/lane)

High impact on travel times
Reduced fuel consumption
and emissions

25 1

n
Q

20% Trucks

¢

Travel Time (min)
o

10

Temporal extension of stop wave (min)

o
S
[8)]

o
'S

18“Mechanism design’,
in cooperation with |

0.35

0.3
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Traffic breakdowns delayed
Faster recovery to free traffic

30 17:00 17:30 18:00 18:30 19:00 19:30 20:

20 % VLA-Vehicles
10 % VLA-Vehicles
No Assisted Vehicles

Time

16:

20 % Equipped Vehicles
10 % Equipped Vehicles
No Equipped Vehicles

‘00 17:30 18:00 18:30 19:00 19:30 20:00
Time | |

30 17



A Driver-Oriented Level of Service

Accident (Freeway A5 Aug, 4 2001)

Velocity (kOm/h)

Relative travel time (1)
~—NWE OO N ®©©

100
Connector
Friedberg 12 125 13 135 14 145 15 155
Zeit (h)
Accident (13:50h)
Connector

Bad Homburger Kreuz

Fuel consumption (1)

15 b e

10 ' ' ' ' ’ ’ 12 125 13 135 14 145 15 155
Zeit (h)
8

- 17 ¢
85 8 18
— 4 % 1.5
S 14
2 5 13
L 8
0\. A A A A A A o ’

12 125 13 135 14 145 15 ": |

Time (h) 12 125 13 135 14 145 15 155

Zeit (h)
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Travel Demand
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Is Zahavi’s Theory of a Constant Travel Time

Budget Correct?

Zahavi and others:
People spend
about 1 hour
traveling (on
average), and they
do it since ages.
There is a fixed
travel time budget.

D GESS
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The Travel Time Budget Is Not a Constant

D GESS
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Travel Time Budget Depends on Housing Costs
1.4 . . . .

—
w

eRoma

—
)\

ePalermo

—h
—
T
1

eGenova

o
©
T
|

eNapoli
eBari P

eMilano
eTorino |

Travel Time Budget (h)

o
o

o
M

*Bologna
eFirenze
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Traffic Light Control
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Adaptive Traffic Light Control

= for complex street networks
= for traffic disruptions (building sites, accidents, etc.)
= for particular events (Olympic games, pop concerts, etc.)

\

=
i

D GESS



IC I

omparing 3 Ways to Organize a Complex

System
Optimal top-down Bottom-up Bottom-up
regulation self-organization self-regulation

Central
Traffic Control
Authority

Central control, Travel time minimization, Same, but other-regarding
“benevolent dictator” “homo economicus” coordination with neighbors
D GESS | |



Bottom-Up Self-Regulation Can Outsmart
Optimal Top-Down Control

= 35 ‘ :
g 30 - Top-down ‘,»': e ) 8
o 25 - regulation e BT = 5
3 20 2
e/ :
15 G
10 - 3
. :
0 ——

0.2 0.3 0.4 0.5 0.6 0.7 0.8
Capacity utilization

D GESS Stefan L&mmer and Dirk Helbing



Bottom-Up Self-Regulation Can Outsmart
Optimal Top-Down Control

35 _‘ Selfish
= optimization, :
g 30 Top-down self-organization -/ Sy gt -
o 25 regulation . ,',‘.' - ’/ ot 2 %
3 E
8 20 ;§
15 - K
10 - 3
5 | .
0 T T T T T T —
0.2 0.3 0.4 0.5 0.6 0.7 0.8

Capacity utilization
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Bottom-Up Self-Regulation Can Outsmart
Optimal Top-Down Control

Adam Smith’s invisible

\ hand works
35 - Selfish
= optimization, :
g 30 Top-down self-organization -/ _ .= =7 o
= ' /; e S O
o 25 regulation T T e 55
3 3
8 20 ;§
15 - 3
10 - 3
5 | .
0 . - - - . i
0.2 0.3 0.4 0.5 0.6 0.7 0.8

Capacity utilization

D GESS Stefan L&mmer and Dirk Helbing



Bottom-Up Self-Regulation Can Outsmart
Optimal Top-Down Control

Adam Smith’s invisible

| : hand fails
35 A Selfish "
= optimization, :
g 30 Top-down self-organization 7:' e AN e
o 25 regulation R = 5
8 =
8 20 ;§
15 - 3
10 - 3
5 | .
0 T T T T T T —
0.2 0.3 0.4 0.5 0.6 0.7 0.8

Capacity utilization

D GESS Stefan L&mmer and Dirk Helbing



Bottom-Up Self-Regulation Can Outsmart
Optimal Top-Down Control

35 _‘ Selfish
£ optimization, :
g 30 Top-down self-organization -/ o 2555 .
— ' J; L= — O
o 25 regulation s i
= -' 5
- .
10 - . - Other-regarding : 3
T optimization, :
5 1 . self-regulation
0 — T T T T T T —
0.2 0.3 0.4 0.5 0.6 0.7 0.8

Capacity utilization

D GESS Stefan L&mmer and Dirk Helbing



Bottom-Up Self-Regulation Can Outsmart
Optimal Top-Down Control

Invisible
A : hand works
35 A Selfish '
£ optimization, :
g 30 Top-down self-organization -/ o 2555 .
= ' /; e — <)
o 25 regulation s 55
3 ; 3
8 20 T b H §
10 - . - Other-regarding 5
T optimization,
5 1 . self-regulation
0 — T T T T T T - —
0.2 0.3 0.4 0.5 0.6 0.7 0.8

Capacity utilization

D GESS Stefan L&mmer and Dirk Helbing



Decentralized Concept of Self-Organized Traffic
Light Control

Inspiration: Self-
organized oscillations
at bottlenecks

Optimal compromise
between coordination
0% 4 and local flexibility

75% —

50%

25%

traffic lights serving east-west

Published in JSTAT (2008)
D G ESS ]I 5 I l 5I l T'ime in mlin I IIO >




Towards Self-Organized Traffic Light Control in
Dresden
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The Measurement and Control Area
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Disturbance of Traffic Coordination by Bus and
Tram Lines

Tram 1 Tram 2 Tram 6 Tram 10
Tram 11 Bus 75 Bus 94 CarGoTram

N S >
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Gain in Performance

Public Motorized Pedestrians
transport traffic and Cyclists

o A

100 -
gL
80 -
70 -
60 |
50 -
40 |
30 -
20 1
10

2.02 vh 63.9 vh 59 s
- = 58.5 vh

38 s

56% 9% 36%

Total delay Total delay Average red times
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Production, Supply Chains, and
Logistics as Traffic Problems
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Analogies to Production Networks

D GESS

Road Networks
Directed Links:

Road sections
Travel- and delay time
Congestion, queues

Nodes:

Junctions

Different origin-destination
Conflicting flows

Traffic light scheduling
Green Wave
Accidents

$¢¢

s8¢ ¢¢9

Production Networks

Buffers
Cycle time
Full buffers

Processing units
Different products flows

Conflicts in usage of gripper
transfer cars etc.

Production scheduling
ConWiP strategy
Machine breakdowns



Analogies of Production with Traffic Dynamics
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92017 iijmong breakdown starts at inventory level of 60 %.
BHS

11.03.03 00:00 12.03.03 11:00
— 1hr.
11.03.03 00:00 ' 1203031100

" 11.03.03 00:00 ’

12.03.03 11:00
Last machine has to wait (after 25 hrs). \
90448 89720 92442 92448
N = ===
11.03.03 00:00 12.03.03 11:00
RS Diff.
U: 38
L: 26

11.03.03 00:00 12.03.03 11:00

First machine has to wait after 5.5 hrs (> mean value + 2 + std.dev. of TTR)

99999

12.03.03 11:00




John D. Sterman’s Beer Game

’ | | | ijcrfl»’\ i':j:JJL/\J\ m |
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Orders sold
to Customers

Customer % Orders Incoming Orders  Incoming Orders Incoming Production
Orders Placed  Orders PMlaced  Orders PMlaced Orders Requests
[4]] |[4] [4)] |« 4 @™ |[] s
[4] 3
? &
Retailer Wholesaler Distributor Factor
«— «— L4

Current Current Current Current

<«
Inventory Inventory Inventory Inventory
YY) PP oo YY)
: : : : Shipping Shipping | ®® ®® | Shipping Shipping : : : : Shipping Shipping : : : :
Delay  Delay 000 | pelay Delay Delay  Delay

\. e Bandbreite des bullwhip - Effekts
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Material Flows in Supply Networks

Open questions:
* Inventory vs. just in time production?
« How important is the network topology?

Supply Chain as a network structure:
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Automobile Europe : Car dealer Y
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Modeling Supply Networks

D GESS

Conservation of resources

. m (aij) input matrix A
Ni(t) = Qi(t) — Zaij@j(t) — Yi(?) N;(t) inventory level
—_ L Q;(t) delivery rate
supply re—entrant outflow Y;(t) consumption rate
P;(t) price level

Adaptation of delivery rates

Qilt) _ A<L?_>_A Nit) Yi(t)
deviati:);s from Q,(t) \Ij\—: ll‘ ;
desired level ;

Adaptation of prices
Pi(t) _ ( N 1)
= U _— — U

Pi(t) \Ni(t)
devistions from temporal fi A
desired level changes
Consumption ]
Yi(t) = [Y2+ &@)] fi (Pi(t) >

P! P,
D. H., U. Witt, S. Lammer, T. Brenner, Physical Review E 70, 056118 (2004).



Network-Induced Oscillatory Behavior

Input matrices with real eigenvalues only

D GESS

Im a
B }% It ] 01 N
AR H X —H—>
0.1 04 Re
| .01 1

Overdamped behaviour possible.
Oscillations are never growing.

Input matrices with complex eigenvalues

.....
ian Im A
t : 0.1

X
X

Always oscillating.

=z
inanun ‘01 =3
It

X

X x

))(()S( X x
;’:; X §
%81 0.4 Re

X%

Growing oscillations are likely.

Damped
oscillations

Overdamped

106§

10%4

1075

[ behaviour
102 10° 10 10% «
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EZ Growing

oscillations
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oscillations

»
T LAl >

102 10° 102 10° o



Global Logistic Networks:
Recessions Are Like Traffic Jams of the Economy

Commodity flow (average of FRA, GER, JAP, UK, USA)
Network structure

Mining and Industrial
quarrying — chemicals Iron and steel
Textiles, apparel \
and leather Rubber and
plastic products
Drugs and \‘
medicines
Motor
Petroleum and vehicles
coal products .
Agriculture,
Non-metallic forestry, fishing
mineral products Manufacturing
Food, beverages
and tobacco /
Wood products \
and furniture Restaurants aﬁfiagti)l)r (;rte
& ‘y Metal products g
Electricity. . Electrical Shipbuilding
chdli‘lliergas Construction apparatus and repairing

D. H., U. Witt, S. Lammer, T. Brenner, Physical Review E 70, 056118 (2004).
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Business Cycles as Result of Network Flows

Business cycles because of the structure of production networks?
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Structure of Supply Network Can Stabilize

20000 '
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0 1000 2000 3000 4000 0 1000 2000 3000 5000
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s
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5000
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Time t

D. H., New Journal of Physics 5.90, 1-28 (2003).
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Redundancy Matters: Distribution Network of
Intel Technologies

Famzo Source: Karl Kempf
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Network Representation of A Production Plant

) . T. Seidel,
o} C‘i‘:—\ﬁf & \ ) (ﬁ(:f:i‘:.__.?nkg‘_.}°g'4‘t J. HartW|g,
” Soches SOurces W A R.L. Sanders,
Noije Slnks Smks Sourcas Sources DH

p : Node Slnks Sinks

e LA /\/ < N
1 \/t\/ Sources A’ \/{
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Agent-Based Factory Simulation of Self-
Organized Production

FZAECHFTRE)

Play simulation

Player file

[Piayer_o.bin [~]

—.-v C .
. ¥ J
= — _ i -~— -
T
.\

Filter: *.bin (player files)

Simulation control
{}

II] 312:51:41.570 ]l

Speed factor

C {} i

0.1 1 10 100 1000 1044 1045
251

Data

L41 State =

Type: Lane (115)

Type of lane: automatic unidirectional
(FIFO)

Transfer lane: no

Input lane: no

Storage: FBS with max. WIP 60
Velocity: 0,162

Minimal cycle time: 166,7
Length/width/rotation: 27,0/ 2,8 / 90,0

]

Capacity: length oriented
Maximal WIP: 18
Density limit: 0,4 —
Min. cost rate: 1,0

Diff. cost rate: 1,0
Allowed movable units:

- BnardStack ( feedaichest )

4]
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T. Seidel, J. Hartwig, R.L. Sanders, DH




Specification of Information Flows and

Interaction Rules

A unit enters It decides to It sends a request The unit exits
the lane exit the lane for a transfer car the lane

=

% y b
| Ty, W
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Alternative Paths: Interaction-Based Routing

5,
Ny TC2

I
\!

Machine with input
buffer as sink

M

| TC5
\JEUNRNANNRANR ANNNANY AN
e 1l

Machine with k\.‘\l :

output buffer = g I TC3

as source K\\\H‘x\ e woo -

N6
| N N4
_Pciss;ble paths: % =\\' o N5
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Supportlng Desirable and Eff|C|ent Behawor




Self-Organizing Traffic Flow
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Pedestrlan Crowd and Evacuation
Dynamics

Dirk Helbing
with Anders Johansson, Wenjian Yu, Mehdi Moussaid,
llles Farkas, Peter Molnar, Tamas Vicsek and others




Lane Formation in Pedestrian Counterflows
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The Social Force Model

The social force model assumes individual goals (to reach a certain destination
efficiently), social interactions (e.g. avoidance of collisions), and institutional
setting (e.g. walls).

/ Forces from

/ walls
e

o oo o>
% = va(t) (equation of motion)

dv 1 i

d—ta = T—(’Ugeg —va)+ Y, Fli+ Fyalls

e att — < B(#a) boundaries . :
acceleration driving force g — Driving force into the

interactions
(acceleration equation)

desired direction of
motion

Forces from other
pedestrians

)
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Experimental Study of Individual Avoidance
Behavior

S
Avoidance of a static pedestrian Avoidance of a moving pedestrian

D GESS



Validation 1: Corridor Experiment

Observed and simulated pedestrian trajectories

Observed and simulated trajectories

Observed (N=180)
Simulated (N=500)

—-4000 —3000 —2000 —-1000 0 1000 2000 3000 4000

D GESS
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avoidance
side
100 —
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80 | _
. | standing
40 ’
20
0
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100 —
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80 |
& |Moving
20 | '
NN
0

Left

Right



Validation 2: Collective Dynamics

3
N
3
N
3
E)

: : N=2 N=3
(0]
3 5
= 7 5 j_‘“
©
S| 0 F |3
S | 2 L |2
wn % -5) n
— o
1 12:3" 45| 86
0.5
N=4 N=5 N=6

Proportion of pedestrians

1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6

Observations in a crowded Zone
street
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Visualization of the Cognitive (Heuristics) Model

+0
wall p2(+p4) P3 p,3
D Distance to collision f(a)
A
_d_méx_ - - -
P2
"(Il) 0 do +(Ii) -
Direction o

M. Moussaid et al, in PNAS
1. Walk into the least obstructed direction (“hunt for gaps”)

2. Adjust speed to keep time headway constant
D GESS



PTV VisWalk Planning Software
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" area did not

"‘gj provide
enough
capacity
anymore




A 20

15

—
O

Location x (m)
O

11

45

11:50 11:55 12:00
Time (h)
(/)

Start of stop—and-go waves

Average Flow (1/m/s)

D GESS

1/m/

g. local flow (

1?.45

12.00 12.15 12.30<00123456789

Time (h)

12:05

12:10 12:15 12:20

ho

—
™

Local density (1/m2)

10

Transition from Smooth to Stop-and-Go Flow

i I]W’ W’;

Mechanism is
very different
from stop-
and-go waves
in vehicle

traffic!
|



Transition from Stop-and-Go Flow to “Crowd

Turbulence”

—Laminar g
| —Stop and go
o 0.8
= —Turbulent -

0 5 10
Position x (m)

15

0.04r  Start of turbulence
0.03}

0.02-----
0.01

"Pressure” (1/s2)

Start of accident

18:00 12:10 12:20
Time (h)

D GESS

12:30

The density times the
variation in speeds
constitutes the hazard!
Pressure fluctuations
cause turbulent motion
and potentially the falling
and trampling of people.

Increased driving forces
occur in crowded areas
when trying to gain space,
particularly during “crowd
panic”



Crowd Turbulence as Final Cause of the Love
Parade Disaster

#24.07.2010 16:38:02




Crowd Safety by Information Feedback
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Building a Inetary Nervous System' fbr
Real-Time Measurements

Dirk Helbing and team




Photo: Sabina Bobst



All It Takes is You and Your Smartphone

D GESS



Because We Can Connect Smartphones
to Build a Global Measurement System

D GESS | |



Visualization of Acceleration Data

i 4!. A" “w ""rv e VNl
Time
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Identify Road Bumps Together

.

——accX

Acceleration

10 §v,¥4"
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Detect Earthquakes and Warn Our Friends

-
-

= Acceleration
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An Information System
Controlled by You!

= a
nervousnet

Accelerometer
Battery
BLEBeacon
Connectivity
Gyroscope
Humidity
Light
Magnetic
Noise
Pressure
Proximity
Temperature
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OPEN st ARCHITICTURT AND SAFIANSWIRS TEAM AND PARTNIRS

Personal Data with Privacy P riva cy an d D ata
Ownership

Personal Data Store

PERSONAL DATA

1
1
1 [ B
1
Collectit, Ownit 1
Shareit ' database
1
1
1
1 - e
1
1
| I )
' PDS frontend
1
1
DPEN pDS PHILOSOPHY ARCHITECTURE AND SAFEANSWERS TEAM AND PARTNERS :
Personal Data with Privacy 1
1

Pandora ,
Fitness

PRIVACY

openPDS helps
you protect your data

Pandora

web
browser
cell
Raw Data
Request phone

‘ Relevant Summarized Data
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IT n Web I

he ,,Internet of Things*“ as Citize
O

lllustration:Jac Depczyk, http://www.thisviewoflife.com/index.php/magazine/articles/climate-change-and-inter-group-cooperation
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A Participatory System
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An Open Data Source, but Real Time

7 £ -




With A Micro-Payment System...
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...YOUu Can Run Your Own Business...
|




... and Collaborate with Others

PRODUCERS + CONSUMERS

product end-product
promotion ‘ consumer
t manufacturing
creates Toarer
prosumer
distribution
§partner
profit

D GESS

participatory culture and the empowered media prosumer

by Eli Chapman
3/10/05
hittp:/Avww.chapmanlogic.comiblog

User
> 4 =
.
Customer Person Consumer
-
o8ee
oan
@6 .
Audience Participant Community



Let‘s Do This Together!
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English Proverb



Share Source Codes

SOCIAL CODING
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Grow a Powerful Information and Innovation
(Eco-)System Together ...
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... and Create New Opportunities
for Everyone
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Map Environmental Change and Who Causes It




Map Resources and Who Uses Them

- e < S
~ e o it ey
; — - "'/‘d’--"\'»n..,_

s

. o’ - - Y ARG

Would help to avoid shortages and recessions
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Map Conflicts and How They Come About

News News

n.2001.8 n.2002.6

n.2002.7 n.2002.8

D GESS Dirk Helbing, Professor of
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Get Ready!

B Eipse. wordpress.com/page/2/



Team Up With Your Friends + Colleagues




Join the nervousnet Community

- @
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lervoushne

nervousnet@ethz.ch



