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e Evacuation simulations help to:

— ldentify problems in the evacuation process (e.g.,
obstacles or congestion on road network)

— Incorporate public safety elements into urban
planning

— Improve evacuation procedures

— Reduce evacuation time

e Existing evacuation simulations:

— Based on simplified agent behavior and socio-
demographic context

— Rarely include real-time changes to the road network



Requirements for Enhanced Simulation

* Incorporating the behavior of individual
agents and socio-demographic factors

 Represent the dynamic aspects of the
environment (e.g., from sensors)

e Allow for different transport modes, and
switching between transport modes

* Represent different levels of geometric detail
e Use relevant standards to enable integration

of existing data into the simulation
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 Develop a generic
data model for
evacuation
simulation that
incorporates these

requirements

VGI (OSM)

e Develop a Sensor-
and-VGI-Enabled
Evacuation
Simulation




Generic Data Model for Evacuation
Simulation

M Environment data

Evacuation
scenario data
model




Environment Data Model
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Environment Data Model
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Evacuation Scenario Data Model
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Evacuation Scenario Data Model
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Using the data model to develop the
Evacuation Simulation

e The generic data model is a conceptual basis
to develop an evacuation simulation

e Sensor-and-VGl-enabled evacuation
simulation:

— VGI : OpenStreetMap (OSM) for road network

— Sensor data: GeoCENS to monitor dynamicity of
environment
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Crowdsourced Geodata: OSM

 Crowdsourced geodata (VGI) became popular in
the recent years

The Fres Wik World Map

Why OSM ?
In urban areas, the completeness and quality of OSM is
similar to official data (Neis et al. 2012)

e aims at the creation of a free global geodata database

UNIVERSITAT

HEIDELBERG

ZUKUNFT 15
SEIT 1386




Sensor Data from GeoCENS

GeEWICENS
& &

(1

s a2
el Y. o o

Ry P L

==

Geospatial Cyberinfrastructure for Environmental Sensing
platform

Remote access and visualization of sensor and satellite
imagery data

built on OGC’s SWE standard information and service models
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e Multi-Agent
Transport
Simulation based
on queue model

e Free Java
software

e Co-developed by
TU Berlin, ETH
Zurich and sennzon
Senozon AG
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.ég‘% Queuing model

 graph-based model of the road network
(Gawron 2008)

— nodes are intersections
— Edges are road segments

e Edges associated with three parameters:
— Free speed

— Flow capacity
— Storage capacity
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Sensor data

(from GeoCENS)

The global approach

Rule-based Reasoning
Service

Sensor Event Service

!

Traffic simulation

> (MatSIM)

Transportation
network and
buildings

(from OSM)

Population travel
plans




Sensor Event Service for Detecting
Changes in the Road Network

Event
/ Sensor Event Servia notification

-| !er

New road
attribute

Sensor data

Sensor location + data
value

-

Initial road Updated
network road '
network
4 7
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Network and Population Data Used for
the Application
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wmze  Simulation Results

Simulation in scenario 1:
-Snow quantity affects maximal speed
-Agents are not aware of this change

Time step 1: 8:30 Time step 2: 8:45 Time step 3: 9:00



@ = sinuiation Resuits

Simulation in scenario 2:
-Snow quantity affects maximal speed
-Agents are notified of this change by the event service

Time step 1: 8:30 Time step 2: 8:45 Time step 3: 9:00



Conclusion and Future Work

Contribution of the generic data model:

— formalizes the data required to develop a comprehensive
evacuation simulation

— Dynamicity of environment
— Behavior and socio-demographic aspects of agents
— Different levels of geometric details

Preliminary implementation with GeoCENS and OSM

Proposed simulation can help to plan more efficient
evacuation in real-time

Future work:
— More types of sensor data

— Dealing with data quality problems
— Implementing multi-modal simulation



UNIVERSITAT
HEIDELBERG
ZUKUNFT
SEIT 1386

Thank you very much!
Any Questions?
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Rule-based Reasoning Service

Domain specifications
- _ Extracted from (meteorological
lopological  Egel[¥e]= — ' — phenomena)
and temporal
rules ~— ——
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/ \i/
Input: Event
Ex: increase in snow Snow quantity included in [5, 10] -
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Syntetic population

<person id="241">
<plan>
<act type="home" x="123.4" y="445.6"
end_time="07:00:00" />
<act type="work" x="13.5" y="440.5"
end_time="17:00:00" />
<act type="home" x="123.4" y="445.6" />
</plan>
</person>
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Future developments

We need to create agents of various types, each agent being individualized.

An agent must be able to perceive its environment, to navigate autonomously and
to react to changes occurring in the VGE.

The agents characteristics must reflect various possible states (static, dynamic,

possession, etc.) and the agents’ behaviors must offer efficient planning
capabilities

Agents must be able to display group behaviors and to communicate with other
agents.

The system must be optimized and allow simulations involving several thousand
agents in relatively large spaces (a portion of a city for example).

An agent needs a memory capability in order to organize the knowledge about the
VGE that it obtained from past experience.

Simulation scenarios must be specified easily, including the initialization of agents
and the VGE and the introduction of specific events influencing the simulation



