Deliverable NoD1.1, Stateof-the-Art of ) <
Assessment Tools and preliminary user Public Copyright RCONAS
requirements (Grant Agreement No. 31271

RECONASS

7h Framework Programme
FP7SEG2012.43

Next Generation Damage and fuwiis Needs Assessment Tool for
Reconstruction and Recovery Planning
Capability Project

State-of-the-Art of Assessment Tools

and preliminary user requirements

Deliverable No. D1.1
\Workpackage No. WP1 Workpackage |User Requirements and System Architec
Title
Author(s) Kat r i nSchom® FedewaCAgency for Technical Relief(THW)
Michael Marku=ederal Agency for Technical Relief (THW)
Status Final
Version No. v1.00

'RECONASS _D1.1_State of the_ Art_of Assessment_tools_and_prelim
uirements V1.0@l o ¢ 6
30 Jung2014

File Name

Delivery Date

Project First Start aDec. 12013; 42 months
Duration

AThis project has received fundi
Programmfer research, technological develogmdeshtmonstratiemder grant
agreement no [312]7 18




Deliverable NoD1.1, Stateof-the-Art of
Assessment Tools and preliminary user

requirements

Public

Copyright ECONAS
(Grant Agreement No. 3127!

DOCUMENT CONTROLPAG

Title

Authors

Name

Partner

Michael Markus

THW

Kat r i nSchom® r h u ¢ THW
Contributors Name Partner
Angelos Amditis ICCS
Evangelos Sdongos ICCS
Niko Joram TUD
Rickard Forsen FOI
Corrado Sanna TECNIC
Dimitris Bairaktaris DBA
Reza Ghadim GS
Norman Kerle ITC
Peer Reviewers Name Partner
Markus Gerke ITC
Evangelos Sdongos ICCS

Format TexiMS Word
Language enUK
Work Package WP1
Deliverable Number D1.1
Due Date of Delivery 28/02/2014
Actual Date of Delivery 3006/2014
Dissemination Level PU
Rights RECONASS Consortium
Audience X public

[ ] restricted

[ ]internal
Revision V1.00
Edited by Miclael Markus, THW
Status [ ] draft

[X] Consortium reviewed
X] WP leader accepted
X] Project coordinator accepte

Page2 of 85




Deliverable NoD1.1, Stateof-the-Art of
Assessment Tools and preliminary user Public

requirements

Copyright ECONAS
(Grant Agreement No. 3127!

REVISION LOG

Version Date Reason Name and Company

V 001 07/01/14  Initiation Evangelos Sdongos (ICCS)

Vv 002 20/01/14 | Modification/extension Michael Markus (THW)

V 002 10/02/14 | Modification, input from all partners = Michael Markus (THW)

V 003 16/04/2014 Modification/definition/clarification Michael Markus (THW)

VvV 004 13/05/2014 Modification/definition/clarification Michael Markus (THW)

V1.0 3006/2014 gﬂzoﬁgggsz ?rllggﬁgltl)t;g?e/cciler:?jb]?rt\lgﬁs\;tilc gé%?‘;%s“/é?é‘glss)(THmangelos

Pages of 85




Deliverable NoD1.1, Stateof-the-Art of - .
Assessment Tools and preliminary user Public Copyright RCONAS
requirements (Grant Agreement No. 31271

TABLE OF CONTENTS

DOCUMENT CONTROLBPAG. ....cciiiiiitiiie s mreeee ettt mmmmee e e et e e mmmnee e e e s snne e e e e e e 2.
REVISION LOG.....ciiiietiiee it eeemmit ettt e e eeemm bt e e e e st e et e e e mmeamm s s be et e e e ansbe e e e e s mmmnm e e nseeeeeeens 3.
TABLE OF CONTERNT .....oitiiiiiitiii et cmmee sttt mmmnem st e et mmemn e s e sbbe e e e e e anbr e e e e mmnen s 4
LIST OF FIGURES........otiiiiiiititcmme ettt smmmn ettt mmmmmn et et e e s mmmmm e e 6.
ABBREVIATIONS ANCRBEIINYMS.....ccoiiiitiiiieiiiitammme ettt e st mmmmm et e s mmmmmm e e 8.
GLOSSARY OF TERMS. ..ottt ettt et e et mmnnee e e e abb et e e e e be e e mmne e 9
EXECUTIVE S ARY ...ttt eeeee ettt mmmma e skt e e e e bt e e mmmenn e e s e sbbe e e e e e annee e e mmneas 11
INTRODUGCTIQN......eiiiiiiiiiiie s mreeee ettt mmmeee e s be et e e e e sbe e e s mmmen e e e sssbe e e e e aanbbe e e mmnnneeesannees 12
1. STATE OF THE ARECHNOLOGICAL BENBRHKIS..........coviiiiiiiiiiemmeeee e e 13
1.1, INTRODUGCTION. ..ctttetiutttteesstmamammssseeeessasse e e e e s mmmmm s ks et e e e aasbe e e e e s mmmmm s e s beeeeeeannneeee s mmenan 13
1.2. ACCURATEOSITIONING AISBCURECOMMUNICATIQN. ....eeteeiurrreesesimmeaameserneeeesansnneesssmmmennss 13
1.2.1. Local Positioning SysStems (LPS)........ooiiiiiiaeeeee e mmmmme e 13.
1.2.2. Communications between Sensors and the Gateway..........cccceeeeeeeeeeeieeeeneen 15
1.3. INTRODUCTION OF THECONASBIRELESSENSORGATEWAY .....cuvtireeeiuirreeemmnmmeeessnnneeeenns 19
1.3.1. Necessary Improvements in theoFftdurate Positioning and Secure Communication
(0] 1] [ 1= [0 o L 20
1.4. DAMAGELOSS ANDEEDSASSESSMENVETHODS FOR RECOVERY RECONSTRUCTIOANNING 21
1.4.1. Post earthquake response and rECOVELY..........cuuiiccmmeuirrieieeeeiiaaiiieeeen e enneees 21
1.4.2. Damage simulation and asSeSSIMENL..............oicocccceieiiiiiiieeeeeeee e 25

1.4.3. Assessment of Structural Damage Due to Earthquakes, Explosives.and.Fire...38
1.4.4. Damage, Repair Needs and Functionality of Building Companents.................40

1.4.5. Necessary Improvements in the field of Damage, Loss and Needs Assessment Methods for

recovery and reconstruction plar@ImEIUSIONS............ccovvviiiiiceeeeereeeeeeieeeveeevveesceeeeneeeeeene 42

1.5. SYNERGISTIDAMAGEASSESSMENT WIAHR ANCSPACE BORNREMOTESENSING. .....cvvveerniienenns 44
1.5.1. Multiview obligque airborne image............cooo i 44
1.5.2. Satellite and airborne information gathering...........ccccciiiiiiiii i eeeeee e 45
1.5.3.  Multi SENSOr aSSESSMENL.......cciiiiiiiiie et eeeeee e eeeeeeeeeeeee e meeeeeeee e 4D
1.5.4. Conceptualization of sensor network extensiQn.............ccccceuvveeeeueeennnnennnncmaennnes 46
1.5.5. Necessary Improvements in the field of Synergistic Damaget Astessnand Space
borne Remote SenSiPNCIUSIONS.........uuuuuuiiiiiiet ceeeeeieiiieieieeeeeeeeeeeceeeeeeeeeeeenneennnnennnemmennnee 46

2. SPECIAL INCIDENTSTBIA.....cooeiiitttteeiiitaeimm et e e ettt e e ek mmmmmm et e e e e sbe et e e s e mmmmmm snnneeeeeaans 48
2.1. COLLAPSE OF SINGREBUILDINGFHEMURRAHBUILDING .....c.uvvereeeiinieeemmmeeeeeasiireeeeeaineeees 48
2.2, DAMAGES UP TO LARBEAS.........ccttttttitieteetamaaaaeeeeeteeeeeesensssss mmmaeneessessssnssbesssss s mmmmenssseees 49
pZ 0 N 1 11 {0 To [ ] 1o o PP 49
2.2.2.  RESCUE ANU IBCOVEIY ...t 50
2.2.3.  Assessment of structural damages..........coooiviccmmmiieee e 50.

3. USER REQUIREMENTS......ccoiiitiiiiimmmmae ettt mmeen et mmneen e e e e 52

Pages of 85



Deliverable NoD1.1, Stateof-the-Art of Copyright RCONAS

Assessment Tools and preliminary user Public
requirements (Grant Agreement No. 31271
B L. INTRODUCTION. ... ctittueeietteeeetaemmma e stt e eeestaeesess s mmmm—taseeestasaeesstnsssmmmmnnseesstansesssnnesssannnnn 52
3.2, THEQUESTIONNAIRE. ... cceetuieiittt e ceeaeesetteeesstaneesmmmmmneesssaneessssnseesssmnmmnnssasaeseraneeeens 52.
3.3, THERECONASS STEM. .. ciiituiieiititieeeitimmmmeeteeeeerteessttn s mmeateessttneeestneesmmannnessrnnss 53
3.4, RECONASSSER TYPES ...t iiiittitiitttieetseammeessttteesttaeesssmmmmnnsetaeesetaneeestnsmmm————nsesssranns 53
3.5, THE USER GROUR.....uuuiiiituieeitt i cmeetaeesetteee s st s mmmmmm s eesstansesestaseessmmmm——estaseerssansesessnnns 53
3.6. HRST EVALUATION GIEETQUESTIONNAIRES. .....uuiiiittieeeetmmmcce et eeeeettneeesstnsmmmmensneeeesnnnaaeens 55
3.7.  USER REQUIREMENTSHT ... ..cccutuiietituneeesmmmmmneettnteesstaeesessnmmmm———asssestnsessersn e mmmmnnsessrnns 57
3.8. PRELIMINARY USER REREMENT S, .uuuiittuiitteietsessmmmmssssersserssersssessanmmssssesssserssierssessnnnnns 58
CONCLUSIONS. ..t ermm ettt e e et mmmee e e e e et e e e e bt e s mmammm e eestaseesstasesssannnnnssranaeees 66
LR o N [ o T a8
ANNEXES. ... ettt e e mreem e e e et e et e tt e e st mmmm—— e st e eeata e eettn mmm————aaeaertaaaenrans 71
QUESTIONNAIHE. ... . eiiiiiiiiie e e e e s ceeeee st e e e e e e e eet bt mmmmmm e eeeesttan e eesesesmmmmnma s eeeeesesstnnn s errnnns 71
QUESTIONNAIRE. ......iiiiii e ee ettt e et eeemme ettt e e ettt ee s e st mmmmam s st eesta s eesstn s mmm———_nsessstnneesssnssesmmnnnneseran 78

Pages of 85



Deliverable NoD1.1, Stateof-the-Art of - .
Assessment Tools and preliminary user Public Copyright RCONAS
requirements (Grant Agreement No. 31271

LIST OFIGURES

Figure 1: A wireless sensor network with gateway for.3G. UplinK........cccceeviiiiiiiiiiiiceeeeenns 16
Figure 2: National instruments sensor gateway (National Instruments.2014)......cccceeeeeeernnnnnes 17
Figure 3Sensor Gateway by Libelium (Libelium.2014)............utceeeeeriiiiiiiiiiiiiiiiieiceeeeesennnennnannnns 17
Figure 4Sensor Gateway by Lord Microstrain (Microstrain.2014)..........ccceeeeeeiiiiiiiiniineeeeaeees 18
Figure 5Sensor Gateway by Siemens (SIEMENS.2014)........uuviiocccmniiiiiiiiee e ermeee e 18
Figure 6GDACSGIobal Disaster Alert and Coordination System hamepage.........cccceeen......... 22

Figure 7: IASC Operational guidance document, timeline of data source usage. (LASC.2012R4.

Figure 8: VEBE image from the computer screen showing a part of a city with point of explosion marked
PUIIAING 10 the &1L e et mmrnen e et e e e e e s s s mmmmmm e 25

Figure 9: An example of output from the VEBE code where a high explosive charge has been detonated ¢
first floor of a building type M1TN. To titeigighown different zones outside the building where debris is
falling (dark orange) or thrown (light orange). The small figure to the left shows the building divided
construction units (volumes divided {nedoid) walls) with different daragse inside the building (solid

redi floor collapse zone, redigvidll collapse zone, red hattloedck zone and red dot pattiake

Figure TOHAZUS output example: Comparison ofMIAB4SBmic Hazard Map for PGA in % g (left) and a
USGS 2002 Hazard Map (right) foiyg@dd(Return Period Ground Motion for a Typg BIE.Sail....28

Figure 11: Typical l nvestments in Building Con
RECONASS) From FEMAMBANUArY 20L1.........cooiiiiiiiiiaeec i e e e e mmmmee e e e e e e e e mmmae 41

Figure 12: Damages to north and east sides of Murrd&uilding...............ceeeeevvvvrvrrieiiiinnnnnnen. 48

Figure 13: Damages to the Murrah Building and shoringd@gasures...........cccccceeeeeeeeeeen... . 49,

Figure 14: Disaster response organisations: required building status classification (left) and need of a
Mmeasured data (FGhNL) ... ettt eeeaee e et ————————s 56

Figure 15: Disaster response organisations: required building status PCCDN.results...........56

Figure 16:iEaster response organisations: required data transfer.technalagy........cccceevvvvnnnee. 57

Pages of 85



Deliverable NoD1.1, Stateof-the-Art of - .
Assessment Tools and preliminary user Public Copyright RCONAS

requirements (Grant Agreement No. 31271

LIST OF TABLES

Table 1: COTS BOZAtION SYSIEMS.....coiiiiiiiiiiiitereeee ettt e e mmmmmn e et e e e e s s e mmmne e e e e e 14
Table 2: Research prototypes for LPS (TU Dresden)........oovocce e, 14
Table 3: Requirements in the field of accurate positioning and secure communication.........21
Table 4: Different types of buildings presently available for the VEBE computer.code...........26

Table 5: Different damage zones calculated Dy. VEBE............cocceeiiiiiiiiiiiiiiiiiiiiceeeeesereennnnnnnn. 27

Table 6 Comparison of damage, loss and needs asseSEMENLO..........ccoo oo 31

Table 7: Parameters describingtimural elements..............oooo e, 42

Table 8: Requirements in the field of Damage, Loss and Needs Assessment Methods for recovery and
FECONSIIUCTION PIANMING. ...ttt mmmm et erreen e e e e e e e e e mmmmm b e e e e e e e e e s s mmmnen s 43

Table 9: Requirements in the field of Synergistic Damage Assessment with Air and Space borne Remote Se
.............................................................................................................................................. 46

Table 10: Member organisations of the RECON#s®BdEadp (March 2014).........ccooeeeivicmeeeennn 54

Table 11: Preliminary USEr reQUIrCIMIEILS. ............uuceeeaeeeeeeeeitteee e e e s mmmmn e e e e e e e e e e mmmnan e e e e s 58

Pager of 85



Deliverable NoD1.1, Stateof-the-Art of
Assessment Tools and preliminary user Public

requirements

Copyright ECONAS
(Grant Agreement No. 3127!

ABBREVIATIONS AND ADR'MS

ABBREVIATION DESCRIPTION

DEC Disasters Emergency Committee

EC European Commission

GIS Geographic Information Systems

FEMA FederaEmergency Management Agency (US)

GDACS Global Disaster Alert and Coordination System

GSM Global System for Mobile Communications

HAZUS FEMA's Methodology for Estimating Potential Losses from Disasters
IASC Interagency Standing Committee (UN)

IRP International Recovery Platform

NATF Needs Assessment Task Force

NGO Nonrgovernmental organisation

OCHA Office for the Coordination of Humanitarian Affairs (UN)
PDNA Post Disaster Needs Assessment

UAV Unmanned Aerial Vehicle

UNDAC United Natiomssaster Assessment and Coordination team
UNDP United Nations Development Programme

UNOSAT United Nations Operational SATellite (UNITAR)

WB World Bank

WFP World Food Programme

WLAN Wireless Local Area Network

Pages of 85




Deliverable NoD1.1, Stateof-the-Art of
Assessment Tools and preliminary user
requirements

Copyright ECONAS
(Grant Agreement No. 3127!

Public

GLOSSARY OF TERMS

Term ‘ Definition

ATC58 Project

The Applied Technology Councili(&yBa)as entered into a contra
with the Federal Emergency Management AgendyJE Eivbieveloj
a next generation of perforrizased seismic design guidelines fo
buildings (project AS&). The avk includes a building taxonomy ar
damage states for several structural astcuntural components.

Business Requirement (BR)

A BR is a statement of the functions needed in order to accomy
business objectives. It is the highest tegeireinent, developed
through the dictation of policy and process by the business owr|

Business Rule (RU)

An RU is a statement that defines or constrains some aspect of
business. It is intended to assert business structure, or to contr
influene thebehaviowf the business. The RUs that concern the |
are atomic in that they cannot be further decomposed and they
processlependent, so that they apply at all times. Business rule
fall into one of five categories: taotss,derivations, assertions or g
enablers.

Damage or Limit State

For a particular component, or the building as a whole, a range
conditions associated with unigue consequences.

Floor Acceleration

At a floor level, the accelerationadrttre of mass relative to a fixe
point in space.

Functional Requirement (FR)

An FR is a statement of an action or expectation of what the sy
take or do. It is measured by concrete means like data values,
making logic and algorithms.

GEM (Global Earthquake Modg

In the GEM project researchers from different countries are dey
physical earthquake risk estimation model of global use. In it a
terminology or taxonomy is critical to document variations in bu
design athconstruction practices around the world

InPlane Behaviour

Behaviour that occurs in the direction parallel to the orientation
element, which is typically a wall. The term is often used to des
where for instance door and windowgspera wall may no longer
right angle corners.

Interstory Drift

The relative horizontal displacement of two adjacent floors in a
Interstory drift can also be expressed as a percentage of the st
separating the adjacent floors.

NonfunctiondRequirement (NR)

An NR is a ldevel requirement that focuses on the specific
characteristics that must be addressed in order to be acceptabl
product. NRs have a focus on messaging, security, and system

Nonstructual Components

In this work these are components that are a permanent part of
and are not part of the structural system.

OutofPlane Behaviour

Behaviour that occurs in the direction perpendicular to the orien
structural elemewich is typically a wall. The term is often used
describe failure, where for instance a wall may deform outward
completely collapse into the adjacent street or valley.

Scenario

A scenario is a sequence of steps taken to complete a user,req
similar to a use case.
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Term ‘ Definition

Structural Components

Building components that are part of the intended gravity, seisn
blast/impact or fire forces resisting system, or that provide mea
resistance to these forces.

Taxonomy

A hierarchical classificaystem

Unreinforced Masonry Wall

Clay brick or concrete or natural stone units bound together usi
cement mortar to form o wall, without any reinforcing elements
steel reinforcing bars.

Use Case

A use case i s abetaviewsitiegpondsdona
request that originates from outside of that system. The use ca
up of a set of possible sequences of interactions between syste
users in a particular environment and related to a particular goa
caseshould contain all system activities that have significance t
Use cases typically avoid technical jargon, preferring instead th
of the subject matter expert.

User Requirement (UR)

A UR is a statement of what users need to acttosplisiievel
requirement describing specific operations for a user (e.g., a bu
system administrator, or the system itself). They are usually wri
userds | anguage and define w
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EXECUTIVE SUMMARY

Rapid and accurate assessment of physical damage to constructed facilities is essential after disaster e
(Kerle, 2011). This is especially true for assets that are significant for response and recovery efforts, suc
buildingghatconstitute the physical backbone of modern society including public administration (e.g. ministrie
public utilities (e.g. water, elegtictymergency and security services (e.g. hospitals, police stations)

The first step to establish a basiefdevelopment of the RECONASS system is this first deliverable of Work
package.lAfter thanalysis of stadétheartassessment toddse collection of preliminary user requirements

is necessary to understand the user whaxds will be identifimainly through the completion of a
questionnaire and by participating in a dedicated workshop. These will assist us in generating the final
requirements for the upcoming deliverable D1.3.

First, e state of the art veasnmarigeconducting kteature revievEpecial emphasis was put on the
determined shortfalls and misfitstobted he di saster events in Haitd.i 2
2009 which were caused by severe earthquakes and the Oklahoma City bombing ofrtgel 88&rah Buildi
have been analysed focussing on the lessons learnt related to assessment tools

Based on that and on the input of the RECONASS partegpedadosfd THW members, a questionnaire
has been creatdd accomplish, specify and constlidaserequirements.

In parallel, a user group was estaltidoeither elaborate and consolidate the requirements and to accompany
the whole development process of the RECONASS system. Due to the scope of the RECONASS project, d
users arexpectetb interact with the system. These are planners and operators of buildings and of the technic
infrastructurenembers of emergency and disaster response organisations, providers of damage maps, insur
and further stakeholders. To cope with the differmments of these usergrains afisertypes were

defined.

The members of the user group were asked to complete the questianaimvdeahtb a workshop to
further work on the user requirements. The first 19 answers were usedttie elationatary user
requirements and to prepare the user workshop that is described in deliverable 1.2.

Based on these steps, a first list of preliminary user regufrei@2atdriesand a related classification
systenwas createdhe classificah of the user requirements comprises the classification of the RECONASS
subsystems, the relevant user types, different functionalfuamadionah requirement tyaed the
classification of the nedesgitust, should, couldp ) 6 t

The work ofishdeliverable is the basis farath@nuingrork and will be evaluated and further developed with
the members of the user group and the RECONASST pattiieeiscopiie next steps will be the user
meeting, further extension of the user groupendisemination of the questionnaire.
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INTRODUCTION

This first deliverable of Work package 1 aims to establish a basis for the development of the RECONASS s)
Preliminary user requirements are identifigd@meéition to prepare the firastsemadvorkshop. The results

from this workshop then will be used to generate the final user requiremensuniratngl ibe

deliverable 1.3.

At frst, the state of the iarsummarigk conducting a literatteeiew. Special emphasiput on the

determined shortfalls and mirsfike field of Arcuratgositioning and secure communi@itamage,

Loss and Needs Assessment Methods for recovery and reconstruction planning and 3) Synergistic Dar
Assesment with Air and Space borne Reemsieg resultédm the state of the art analysis. These results

are used to formulate requirementgiltHag included in tis¢ of preliminary user requirenMéottsover,
international projects and organsatich athe United Nations progranBDACS (Global Disaster Alert

and Coordination System) or the German AURIS research project are listed to consideestandards and
practiseof the development of the RECONASS system.

Subsequentip chapter,2 he di saster events in Haitd.@i 2010 an
Oklahoma City bombing of the Murrah Building 1995 aré&pareisfbedds put othe lessons leaamtd
on theeffect of the used damage, loss andaseedsment tools

In chapter 3, a questionnaire is crea@ecbtnplish, specify and consolidate the preliminary user requirements
based orthe previously obtaimeduirements and the input of the RECONASS partners and of experienced
THW membeisuser grouis estabithedwith the relevant user types. This user group will join user workshops
at the beginning, midterm and end of the RECONASS project and will support the development proces
answering questions and questionnaires. Thieldipsate and consaédhe requirements

Followinghese steps, a classificatymtem for theser requirememscreated. It includes the relevant user
types, theRECONASS sapstems, different functional andumctional requirement types and the
classification of thecessitiesn(st, should, could,0 h This system is used for the first set of preliminary
user requirements.

Based on the results of this deliverable D1.iuder ammakshop will be organised. Tiserngroup and
will be extended furtherrdoneg the work period ofREE€CONASSoject.
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1. STATE OF THE ARECHNOLOGICAL BENBRKIS

1.1. Introduction

The state of the art analysis comprises the different fields of resqrtofltabdRECONASS project and
highlights the shortfalls and mightssmresearch arelass divided into the sectioRscratgositioning

and secure communicafipiamage, Loss and Needs Assessment Methods for recovery and reconstruction
planning and 3) Synergistic Damage Assessment with Air and Spacte [8ensiferfihe analysis is one

of thesources for the development needs and the preliminary user refjugsenesgsirements are
summarigkin each section.

1.2. Accurate Positioning and Secure Communication

Accuratand redimepositiorestimatioof structural buildieementsike columns and beand secure
communication is necessary to estimate automatically, reliably and in near real time the structural conditiol
monitored building and its damages. In reinforced concrete buBtings,akighuation and multipath
propagation is a major obstacle to reach thikagtate of the art and tbquirements for thigticular
RECONASS research area witiMezed in the follovdagtios.

1.2.1. Local Positioning Systen(isPS)

CommercialTracking and Positioning Systems

The followirtgblesnamely Table 1 and Tabl#le&rib¢he recent widely used localization systems that are
available on the maddl the TU Dresden research protagpestively

Currently available wirelegardie measurement solutions like e.g., Ubisense, MeshTrack, nanoLOC, Symeo
LPR or ActiveBae¢Tablel) do nofulfilthe RECONASS expectgdtem requirementsegith terms of
nonlineofsight distance measurements, accuracy or in terms of resilience in multipath environments.
combination of FMCW radar techniques ithnRBteerirend/or a multi band RF front end will enable
wireless, ndimeofsight distance measurements within the RECONASS system specification. Furthermore tt
operation scenario which asks for distances measurements of fixed anchor nodes allowsrtled implementat
new post processing algorithms to further increase the detection accuracy based on thdisasteiay with pre
measurementsndvel apect of the RECONASS LBgpicted to beiitsegration into the building structure

which will lead to congbfatew requirements to the antenna design.

This leads to the following necessary advancements to the state of the art:

The system is to be used within a building structure, usually made of reinforced concrete. High signal atteni
and multipath propidgais to be expected. Therefore TUD wants to research ways to retain the accuracy an
coverage of a localization system within those complicated environments by different technical means:

I Use of directive antennas or antenna arrays for beam stetxaiiqiid can help to
attenuate multipath reflections, since the steered beam attenuates the unwanted signals, wh
arrive at the base station.

1 Use of multiple frequency bands to increase robustness. This technique allows changing
other bands, if teehe channel is impaired, e.g. by interference. Furthermore, measurements
from multiple bands can be combined to increase the overall positioning accuracy.

1 If system will be fixed within the structure, power management will be an issue to allow lor
opeation times without maintenance. Therefore, concepts have to be researched to enhanc
battery life and lower power consumption (e.g. usipgegakers). Furthermore, antenna
design is an issue for a system embedded in a structure.
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Tablel: COTS acalizatiorBystems

Name Manufacture| Technology | Range/ | Accuracy / m Realtime CommC| Base Stations/| Primary Application Cost
m capable? | hannel? | Deployment
Ubisense | Ubisense RF Pulse 160 4 yes yes several fixed | assets tracking in indus| ~15KEUR for 5 modules
LPR Symeo RF 400 <0.05 yes no several fixed | assets tracking in minin| custormade solutions, probably
2D/GPS FMCW/GPS and industry >1kEUR/module
nanoLOC | Nanotron RF Pulse 200 13 no yes several aloc ~5kEUR for 5 modules
fi 1 n-d o| Solcon RFID/LPS/ Not Not published| Not publishe( yes, several fixed | tracking in hospitals, custorrmade solution
Outdoor Systemtechn GPS published WLAN
Or t un| kGmbH
fiL oc a| Sarissa Ultrasound 4 <0.1 yes no single fixed tools and assets trackin| upon quote request
Positioning in industry
Syste
LPTS iTrack RF n/a n/a n/a n/a several, min. 2 person tracking, robotic| upon quote request
adhoc
IPCS 9Solutions | RF Bluetooth | 50 n/a yes yes several aloc | tracking in hospitals ~3.3kEUR for 10 modules
Table2: Research prototypésr LPSTU Dresden)
Name Status Technology Range | Accuracy /| Reattime Comm. Base stationg Primary Application Prototype Cost
/m m capable? channel? | Deployment
E-Sponder timq under RF FMCW/| 300 1.50 yes no several ad first responder tracking ~800EUR/module (base station or
difference of | develop | 2.4/5.8 hoc
arrival ment GHz
LommID done RF FMCW/| 100 0.02 depending ol possible, | 1 (measures ~1kEUR/base station, ~300EUR/t3
reflector 34 GHz (only no. of tags | butnotin | only
lineof current distances)
sight) version
Lynceus under RF FMCW!/| 500 (to| 50 (to be | depending of no 1 (on UAV) | tracking castaways ~5kEUR/base station, ~200EUR/t3
reflector develop | 2.4 GHz be verified) no. of tags
ment verified
)
RECONASS | planning | RF FMCW/| several| 1-2 3D yes yes? fixed, Structural monitoring in build to be investigated within RECONA
system Multband, | 10m? | (according (maybe for embedded in
mult thd. to DoW), maintenan| the structure
antenna spec. thd. ce) thd.
2.4/5.8
GHz
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1 Implementation of innovative processing algorithms the get the most out of the raw data frc
the system. This includes data fusion algorithms such as particle filter.

1 SotAcommerciglositioning systerasdtablel) are not desige for embedmertidte the
structure. A common application is assets tracking, which has different requirements tha
structural monitoring. Those systems usually relgtsighineonditions. Accuracy and
coverage range are contradictortirReapability depends on the number of users in most
systems. In RECONASS, a system will be developed which will mitigate those shortcoming
Besides the FMCW approach, hdécheemsed for several demonstrators for research
projects at TUD, also other ptswdike RF putbased or ultrasound solutions will be
investigated.

1.2.2. Communications between Sensors and the Gateway

Introduction

Smartsensorapplications continue to grow in the modern world in all fields of industrial or commerci
technological sectors like for example in building construction, civilian infrastructure, shipboard, indu:
automation, smart home applications, transp@oigidion and environmental awareness is a key concept

for the operation of thiggesof applications and thus the need for specialized sensors, and sensor networks
that provide useful readings of the surrounding environment like for exampleuraidjgraiteesure,
acceleration, is ever growing.

With the rapid growth of narrowband and broadband wireless technologies even in civilian or ISM bands an
with the rapid increase for the need of sensor networks in inaccessible locationstwinedssamesslowly
becoming fia thing of the pasto while wireless se

These wireless sensor networks (WSNs) in most cases operate without the support of a permanent power ¢
relying solely to a dedicatedrpdttetheir operation. This power constraint renders power efficiency a critical
consideration while designing such systems to ensure an extended life cycle of the WSN. Wireless technol
have emerged to support such networks with a desigrcapmdachpower efficiency and the need to
support a large mesh wireless network with short range wireless transmissions. While most wirel
implementations dedicated for such purposes are based upon the specifications offered by major standardi.
bodis such as IEEE 802.15.4, IEEE 802.15.6, IETF and ISO and in parallel by industrial Zii|ances such as
Bee, Wireless HART, Mi Wi and | PSO during the | at
specifications. For the latter receatalesetivities aim at the design fdowlwawer wireless applications.

Such specifications include PicoRadio, SyncWUF, WiseMAC .ahldeXast two specifications are offered

with even lower power limitations than the 802.15.4 based ones.

Wireless sensor network§WSN)and gateways

Wireless sensor nodes in a fAlow powero wireles:
powered by low power microcontrollers with limited computational resources and networking capabilities. In
scemrios it is difficult to retrieve useful data directly from all sensors (especially in scenarios whe
heterogeneous wireless sensors are used) and thus a sensor data aggregation point is required. This senso
aggregation point is often referred geasor gateway or a sensor relay.

This sensor gateway is a common endpoint for wireless sensors and it can be used as a

i.  Data concentrator point for logging purposes
ii. A sensor control point to forward operational parameters to wireless sensors
iii. A relay point for the uplink of sensor data with a different wired or wireless uplink technolo
(such as EthernétiFi WIMAX, UMTS etc.)
iv. A relay point between two or more separate wireless sensor networks that utilize differel
wireless access schermoebetween a sensor network and a similar redundant sensor network
for failover purposes.
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The proper design of the sensor gateway in a distributed wireless sensor network is crucial to ensure the
possible performance and reliability of theawmid:

Hgurelillustrates an 802.15.4 based wireless sensor network supported by a sensor gateway that provides :

802 154 Wireless
interface Sensor
Gateway

3G

uplink
interface

. Wirel nsor
Wireless Sensor Elessenso

Wireless Sensor
Wireless Sensor m m
'1'1,1,- f ireless Sensor
Wireless Sensor

-

()

[ 7

L

Wireless Sensc’?‘LLLL‘ m
m Wireless Sensor Wireless Sensor

Wireless Sensor

Figurel: Awireless sensanetworkwith gateway for 3G uplink

The WSN Gateway is characterized as omeast ingoortant components of a WSN by efficiently controlling,
aggregating and providing the communication routes for the overall sensing activity of such a network.
gateway collects the sensing information in dedicated databases and mailties ingilafiolerusually via

a wireless network. In that sense, it provides the interface between the sensor netesrland the
infrastructure. The design and the development of a typical wireless sensor netehodegintunga

processor arsveral microcontroller modules. For handling the operational functionalities further features of
mainboard include the different configurations of flash memories such as SDRAM, SD#idi@) DataFlash
addition, the embedded operating systerulthdtecosed, such as Liou}Yindowbased, affects and

depends on the level of further development and customization that is required to be achieved and the fee
that are expected to be supported such as multitasking, shared librariesnzorg.vidaendang also on

the operating system to be embedded there are a variety of services (http, ssh, etc.), programming environ
(C, C++, Java, PHP, Python, Perl, etc.) and database systems (MySQL, Postgre, etc.) that are supported.

Modern sensor geeways

Since the technology to support wireless sensor networks has already been around for more than a decax
this point there are numerous vendors manufacturing wireless sensors and wireless sensor gateways. Mc
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these devices are based upottiliae wariants of the IEEE 802.15.4 specification (fron2GBIR tth.4
802.15.48009 and other variations) for wireless sensor network part while in some cases proprietary ven
specific low power wireless protocols are used.

Some of the wkllown nmraufacturers of wireless microcontroller boards based upon the IEEE 802.15.4
specification are ATMELDigi Internatiorfd) Galifornia Eastern laborat¢@g®resden Electro(®gth

their own implementation of the specification (RiBderly Zigl in many cases customization software tools

for the MAC layer.

While there are numerous manufacturers of wireless 802.15.4obastdllenidboard and sensor
manufacturers offering a great diversity of products, in the case of wireless gateways for wireless sensors
manufacturers offer gateway solutions to support their own proprietary sensor network solution for aggrec
logging data formatting or backbone uplink and node authentication purposes.

Some noteworthy examples of such wireless sensor gateway solutions are the following:

a) The NI 9792 Programmable Wireless sensor(§sbgwgtiondnstruments, the purpose
of this gateway is to aggregate messages from wireless sensor measurement nodes, to provi
message buffering and wireless node authentication and furthermore to bridge the 802.15
based sensor network with an 802.3 basest Bdteork.

Figure2: National instruments sensor gateWdgtional Instruments 2014)

b) MeshLium extreme by Libdl@)nis one of the most versatile wireless sensors gateway
solutions with the abititynanage sensors and aggregate wireless sensor data from different
wireless sensor networks that utilize heterogeneous wireless transmission access scheme
(not just ZBee but also Wi, GPRS etc.) and plus to provide a data backbone
interconnection padility to these sensor networks via more than one access technology
(802.3, 802.11, 3G, etc.). However despite being so versatile the gateway is still limited to t
fact that it can support wireless sensor nodes provided by the same manufacturer.

Meshlium

Xtreme

Figure3. Sensor Gateway by Libeli@iabelium 2014)

c) Lord Microstrgin)provides reliable industrial wireless sensors and wireless sensor gateways
as well as ruggedized wireless sensor g§Mik&y$810 Standard compliance) mainly
for sensor data aggregation sensor control and remote management. This company uses its
house developed proprietary wireless sensor communication protocol LXRS which is base
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upon the 802.15.4 specificatiorextithsions that provide lossless transmission extended
range and wireless sensor node synchronization.

LORD MicroStrain
| WSDA"-Rco

Figure4. Sensor Gateway by Lord Microst(&iicrostrain 2014)

d) Siemeng8)utilizegshe WirelessHART based wireless sensor communication protocol (instead
of ZigBee) for its industrial sensorial network sttugiddiion utilizes a series of wireless
sensor gateways (like the IEWSNNK), which is merely for providingcannetgion
of the lower level WirelessHART devices to a higher level network (TCP/IP) network plu
offering network configuration node management for WirelessHART sensor devices through
web interface

-

& o
] 1

Figure5: Sensor Gateway by Sieméaemens 2014)

Despite the fact that a wide variety of gateways solutions in the field of wireless sensor networks are availa
this moment from numerous different vendors, it is clear that a common frameworkndfetaraerunicatio
different market solutions of wireless sensor networks is missing since vendors prefer to use their own prop
communication schemes and to support their own sensor products by their gateways.

In many modern wireless sensor applicatibich imore complex communication architecture scenarios (i.e.
interoperability among heterogeneous networks, different sensor technologies integration, need for pt
efficiency and adapting protocol parameters, etc.) are enabled a single vendosisglatisiredess

access technology is not sufficient to support all the different needs for customization and optimisation. In
cases, vendor specific wireless sensor gateways are incapable of supporting the requirements of such sy:s
and thus stom build sensor gateway solutions are required.

A simple literature search retrieves various different research projects on studying wireless sensor network
gateways attempting to address the problem of interoperability and cooperatierogetwees de

vendor specific wireless sensor networks by using custom sensor gateways. Some noteworthy example
presented below:

1 Philip Suba, Christian Prehofer, Jilles van Gurp from the NokizeReaednelr related
work ATowarSensaand [Céinamamade asefousdeffortto bridge two
diametrically different types of wireless sensor networks by building a separate abstractic
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1.3.

layer and a web services enabled communication API in a custeith gatewviy fault

tolerance and interoperability. However many vendor specific functions could not be
implemented on the common gateway and thus the end user would not be able to operate t
sensor networks in their full capabilities.

In their relatador k A A modul ar wireless sensor gat
Petri Mahonen frtmresearclilepartment of wireless nesvadrkachen Univers(B)is

exploitinghe concept of creating a modular wirekssnstwork gateway design. The aim

here is to create a common APl and a description language in XML to enable the
interconnection of heterogeneous wireless sensor networks that utilize different protocol stac
to wide area networks and plus the @lbiésctibe new networks that can be added to the
system.

A routing protocol is presented in the re
Routing Protocol for heterogeneous wirel:eée
Mathematics a@bmputer Science Department at Hassan 1 Ui@ytraity allows

coverage and connectivity preservation in order to ensure a predefined acceptable quality
service in the communication between heterogeneous wireless sensor networks, while als
ensuring power efficiency by selecting proper nodesayslfgathe optimal route of data.

The concept of wireless sensor networks with multiple gateways is considered and the scali
capacity of such scenarios with multiple gateway nodes is examined in the related work |
Panlong Yang from the InstituBorimunications and Engineering at P.L.A University
ACharacterizing the Scads nign CWipraeli ¢ ys 0% e

(4)
Introduction of the RECONASS Wireless Sensor Gateway

The RECONNASS projegprwitide all the tools and software required to implement a system that will suppor
constructed facilities by providing a near real time continuously updated assessment of their structural con
after a possible disaster in order to provide thannécfsmation for fast recovery planning by the
responsiblerganisation

For the purposes of achieving this goal a large rdegh wikdtess sensor network must be deployed with
various sensors being embedded in a numbdefaigueoints agrithe construction process of the target

facility.

Data from acceleration, strain and temperature sensors as well as accurate GPS positioning information mt
properly collected, stored, formatted and forwarded to a special assessment solwfardiresjeiaged

reporting of the current structural integrity of the target facilities. This data will have to be obtained by va
sensor networks and to be transmitted by utilizing different backbone uplink technologies such as:

1
1
1
1
1

GSM

UMTS

WiFi(802.11a/b/g/n)

WiMax (802.16d or 802.16e)
Wire line
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In addition the wireless sensor nodes that operate in these sensor networks willdfiisierno ingearina

of power consumption since the sensor network will be embedded or attached in the target facility starting
the construction procesktans wireless sensor nodes will have to operate for the years to come with a limitec
power supply.

To support such a sensor network a vendor specific gateway solution is not sufficient since multiple wir
sensor networks will have to coexigttaraperate, data will have to be transmitted over heterogeneous
networks, logic is needed to be applied for data control and operations and adapting protocol parameters v
optimizing the data traffic at runtime. For these purposes and fothsuggiartaggregation, storage,
message formatting, and validation interworked by these multiple data sources of multiple different wire
sensor networks a custom specialized sensor gateway must be designed and implemented.

To design such a sensorar&tthere are many challenges to overcome and considerations to take in mind.
Some of the most important consideirati@ienges that should be taken into account during the realization
of the gateway are the following.

i. Interoperability, the gatewast tme able to bridge different types of sensor networks and
convert different types of input sensor data into a usable format that can be easily used by t
assessment software.

ii. Energy efficiency of wireless sensor networks should be considens by takimgthe
power availability of sensor networks in the data acquisition process.

iii. Fault tolerance features should be considered that characterize failing sensors and possik
isolate with the assistance of a dedicated routing protocol thhe @bniges reroute
data paths from failing sensor networks.

iv. Interconnection capabilities between heterogeneous networks with different uplink technologi
should be realized and thus the sensor gateway should incorporate various different wirele
aacess technologies supported by their corresponding wireless interfaces.

v.  Security and wireless sensor network authorization and authentication should be considered
ensure the wvalidity of data and thee prop
system.

vi.  Bandwidth limitations of wireless or wired technologies utilized by the sensor network should
considered so that it is ensured that the available bandwidth is able to support all data sourc
reliably

By taking into account the curreimigfi€évendors in the market of sensor gateways and the recent research in
designpngpbmaebteensor gateways the design and i
will provide a significant level of innovation in the field dbgateelags sensor networks.

1.3.1. Necessary ImprovemeimstheFeld ofAccuratePositioning andecure
Communication Conclusions

In the field of accurate positioning and secure communication, the challenges and necessary improven
beyond the statetlod artvere indicated in the respective sections abowem@asthis in the field of local
positioning systgma high positioning accuracy and coverage must be reached within a building structure max
of reinforced concrete. Additionally the system must be embedded in the building structure taking into ac
power consumption, maintenance and reliability.

Thecommunication between sensors and gateways must be further developed in the field of interoperal
between different sensor network types and energy efficiency. Fault tolerance, data security and bandwidth
be enhanced to reach a sufficientitykedoilsecurity level.

Following th@receding informatioecessary improvements for the RECONASS piegetiadled):
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Table3: Reayirements in the field of accurate positioning and secure communication

Nr. | Requirement Specificdomaininvolved
1.1 | Accuracy of non line of sight measuremen{ Positioning and distance measurement
1.2 | Resilience in mipliith environments Positioning andistance measurement

secure communication

1.3 | Enhanced accuracy by comparison- @ingd| Positioning and distance measurement
post event measurements

1.4 | Integration into the building structure and { Positioning and distance measuresned
design secure communication

1.5 | Low power consumption to enhance batten Positioning and distance measureme
secure communication

1.6 | Enhanced range in reinforced concrete buj Positioning and distance measurement
communication

1.7 | Common framework of communication fof Secure communication
networks

1.8 | Communication gateway must be interopg Secure communication
bridge between different types of sensor n¢

1.9 | Fault tolerance: if sensor nodes fail Secure communication
communit¢i@n system must reroute the
paths

1.10| Interoperability: the gateway should be ca| Secure communication
operate different wireless access technolo

1.11| Measurement data must be transported| Secure communication
and not beanipulated.

1.12| Sensor data acquirement and data trans| Positioning and distance measurement
must be fast enough to allow near req communication
damage assessment

1.4. Damage, Loss and Needs Assessment Methods for recovery
and reconstruction planning

To ensure fast end effective response and recovery activities, the planning of these measures must be pre
prior to the event and must start early after it ondhadzpsiing reliable and comprehensive damage and

loss data from various souies state of the art and the requirements for this reseafrghimers

importance within RECON®iSe covered in the folloseotos.

1.4.1. Post earthquake responaed recovery

GDACS

The Global Disaster Alert and CoordinationGRAtSMww.gdacs.oygs a cooperation framework under
the United Nations umbrella. It includes disaster managers and disaster infornuatavidy stechaims
at filling the information and coordination gap in the first phase after major disasters.

GDACS provides alerts and impact estimations after majoisedagiaes) through a mdhazard

disaster impact assessment service managed by the European Commission Joint Research Celt
(http://globesec.jrc.ec.europd.etliv this end, JRC establisvgmntific partnerships with global hazard
monitoring organisations. Flood disasters are provided by the Dartmouth Flood Observato
(http://floodobservatory.coloradp.Badidvant data is integrated automatically into GDACS alerts and impact
estimations
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To support disaster managers worl@BRIAES provides thetealme coor di nati on pl at
(http://vosocc.gdacs)o@DACS coordinates the creation and dissemination of disaster maps and satellite
images. This service is facilitatee biNthnstitute for Training and Research (UNITAR) Operational Satellite
Applications Programme (UNOSAT). Relevant maps are integrated automatically in VirtualOSOCC dis
discussions.

Disdisimer |

GD/ ope: ork between t! iced Na
GDACS =
Global Disaster Alert and Coordination System

HOME

Latest disaster alerts @ §| current t emergencies B/ News about GDACS Members

EARTHQUAKES OPEN EMERGENCIES LATEST NEWS LOGIN
e ertc o (6 C jone
[ Puerio Rico (5.4M) [E1 Tropical Cyclone Haiyan — ]
= (Philippines) sio News Service: GDACS Satellite
updated: 22 Mov-2013TC-2013-000139-PHL | Mlapping Overview os san 0000UTC The ]
firstissues ofthe regular GDACS

Satellite Mapping Ovenview has been Loginto Virtual 0SOCC

ute released. This summary is compiled

T Guba (5.1M) 59 sen 203710 by the GDACS mapping & satellite Disaster alert account
rent for different services,

Password

imagery coordination mechanism,

operat

Satelit

TROPICAL CYCLONES (UNOS,

[ GOLIN-14 Off shore (212.4km/h e
3 Jan 09:00UTC

[} Colombia (4.6M) 03 Jan 11:07UTC

the UNITAR Operational
lications Programme

To cres!

Overview map of latest disastar alerts

! 4 Tonga (231 7kmih
3.Jan 09:00UTC

Disasters in past4 days.

* See smaller and archived aleris

COLIN-14
1aN-12

Figure6: GDACSGlobal Disaster Alert afordination System homepage

Many governments and disaster response organisationsHicblyasn GDACS alerts and automatic

impact estimationsitepgare and coordinate their international asSistarck4,000 disaster managers from
governmentaha@ norgovernmental organisations have subscribed to the VirtualOSOCC and use the tool fc
information exchange and coordination in the first disaster phase. Many governments and organisations
formalised the use of GDACS tools and services itiottadidisaster response plans, in particular its
automatic alerts and impact estimations and the VirtualOSOCC.

GDACS information is openly accessible through the GDACS platform interfaces. It can be directly integrate
other web portals or webgitesigh RSS feeds or other standard formats.

THWtakes the GDACS impact estimations into consideration when it decides about sending its internati
teams. More detailed damage maps are shared via GDACS whdineavadatider of the user group
ZKI/DLRCenter of Satellite Based Crisis Information (ZKI) at German Aerospace Ced#iyeBermany)
such maps via GDACS.

GDACS works as a data exchange provider on an interna@&@ONAES, which collects data on a local

level, aims in efficientaoration and data exchange with such systems utilising an open platform that is
expected to be developed to interwork with suchTegstetesoperability between GDACS and RECONASS

is a primary user requirement thaecachieveloly RECONASSerfaces according to the existing national
standardAdditionally, GDACS providggsiéimage and loss assessments, but the timely collection of reliable
and accurate data from the disaster prone area must still be improved. Additionally,oththeéntegrat
collected data into the GDACS data set must be realizedchedigtitakes more than three days to

review anplublish the locally collected data to the onsite teams.
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COBACORE project

COBACORE stands @Gmmmunigased ComprehensiveoRery and is a collaborative research project
funded by the European Commission involving Dutch, UK, German, Irish, Spanish and Slovenian partners
the FP7 framewofihe project started on AprdQL3 with duration of 36 MADMBACORE seekslase

the collaboration gaps between stakeholders involvaibis reastvery and aims to improve the matching of
needs with capacities, through building upon the community as an important source of information
capabilities. The COBACORE stotspfwhich are designed to complement existing practices and tools, shall
support common needs assessments efforts, damage recovery needs, economic needs, health and social r
and other critical humanitarian needs. The COBACORE assets aslwhstionitgide involvement in
information gathering, senaking, and needs assessment prgélices.

The project addresses two main challenges: 1) the adoption of a comprehensive approach to needs asses:
and recovery planning, and 2) the development of community building methods in disaster recovery. Main
of the project is on communication naeducation rather thansensor based damage and needs
assessment. But it is necessary to follow the results of the project because information exchange is crucial f
post disaster needs assessment.

IASC Operational Guidance for Coordinated Assess@ Humanitarian Crises

Experience has shown that coordinating needs assessments not only brings significant benefits but can als
save more |ives and restore more peopl-Agénsy | i vel
Standig Committee (IASC) established the Needs Assessment Task Force (NATF) in March 2009 to impt
coordinated assessment processes and strengthen the identification of strategic humanitarian prioritie
complex emergencies and natural dig@sters

Along with emergency preparedness, the timeliness and quality of assessments help determine an effe
humanitarian response. The credibility and accuracy of assessment results are the-H@ssd for needs
planning and can have-lasting effects on everything from the quality of interagency coordination, to donor
funding levels and relationships with national governments, local nong@arisatesiéNGOs) and
disasteaffected populations.

The NATF developed an OpelaGaidance for Coordinated Assessments in Humanitarian Crises to help
realize the goal of better quality and more timely assessments through coordinated processes. It was
developed to fill a lack of assessment guidelines and tools, but raghguittapeevidr those seeking to

make informed decisions on the coordination of assessments (harmonized or joint). The Operational Guic
was developed primarily on the basis of experiences gained during the early-ptaisequidtiasge
naturatlisasters, but it is also applicable to other types of crises. It provides guidance to coordinate assessm
as well as tools

The NATF developed this Operational Guidance through a collaborative and consultative process with U
Nations agencies, other internairgaalisatisn NGOs and donors at the global, regional and national levels.
The Guidance was developed wihacdbuntability framework of the humanitarian reform, and is fully in line
with the coordination structureduised by the cluster appr@ch
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(ineluding recovery considerations)

i Ad hoc/specialized P Remote sensing media » Remote sensing, media P Remote sensing, etc. P Remote sensing, etc.
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Figure7: IASC Operational guidance documengitimof data source usage (IASC 2012).

The guidelisedocumertoncentraseon thecoordination aspects and does not intend to provide technical
solutions. But it stresses the need of a coordinated approach and information exchange between diffe
stakéolders after an emergency or a disaster. It is based on the experiences gairszhldugnigkarge

onset natural disasters

PAGER / ShakeMap

PAGER (Prompt Assessment of Global Earthquakes for Response) is a system that provides fatality
economitoss impact estimates following significant ear{fijitakas developed by the U.S. Geological
Survey (USGS) to improve the accuracy of assessment of potential earthqrake ERmagesation
results are generalyai | abl e wi thin 30 minutes after an ear
supplementary information, including comments describing the dominant types of vulnerable buildings i
region, exposure and any fatality reports from prewoesrtieprbkes, and a summary of regionally specific
information concerning the potential for secondary hazards, such asczargiaaakislides, tsunami, and
liquefaction

PAGER will send update messages with more accurate maps and redireesi restiendtita becomes
available. Typical PAGER alert recipients are emergency responders, government and aid agencies.

DESTRIERO

DESTRIERO is a GIS based operi@batiecision support and needs assessment tool for disaster
managers. Its focus isngproving the data collection and information sharing between relief organisations an
their information systems for coordinated damage and needs assessment and reconstruction and recc
operations. It aims at supporting the continuous damage aaticcoassessment, monitoring and updating

as well as visualizing the common operational picture, and therefore incorporates satellite and aerial image!
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field data collected with mobile(@pptie DESTRIERO systetariently under development within the EU
FP7 framework.

Istanbul Earthquake Rapid Response System

The Istanbul Earthquake Rapid Response System is an earthquake alerting system based on about 100 se
and two data processiagtreslt aims at providi r e a | time estimations of e
recently developed methodologies-todbtg structural and demographic inventories of Istg@iul a@ity."

first step, ground motion estimations are bagedtmmglérom the systems sensors. In a second step, the
ground motion estimations will be updated as more earthquake parameters become available. Third and
step is the estimation of building damages and casualties based on the ground mmotion paramete

GEOCAN

GEOCAN is a wesised tool enabling a large team of experienced people to share the tdsk of building
building assessment over a large damaged area, so that an overall assessment can be produced very ré
( Acsowdc i ng A)Haiti dafthguake, the IBEOC2N téadn of more than 600 people was assembled
by EERI within a few days of the earthquake, and produced a first damage map of the taban area of Pol
Prince within a week of the occurrence of tHé@vent"

GEOCAN alloweeatingin approximate assessment of building damages after an earthquake &y conducting
buildindpybuilding assessment over a large damaged area. The assessment result is liulded to the top
view from aerial imagery and treetefe a certain level of wrongly assigned damage levels, as comparisons
with field assessments sHB®OCAN has been used after the Haiti (2010) and Christchurch (2011)
earthquakes

1.4.2. Damage simulation and assessment

VEBE damage assessment tool

The VEBE moddll)is made for simulations of attacks with military conventional weapons and improvise
explosive devices against urban areas, as well as major civil disasters like blasts and gas explosions. It des
how pessure and blast debris act upon buildings (incl. shelters), humans and underground supply systems,
fire is initiated and spread inside and between buildings and finally how the damaged buildings affect humar
shelters.

Figure8. VEBE image from the computer screen showing a part of a city with point of explosion marked
in a building to the left.
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