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GLOSSARY OF TERMS 

 
 

Term Definition 

ATC-58 Project The Applied Technology Council (ATC) ï US -has entered into a contract 
with the Federal Emergency Management Agency (FEMA) ïUS- to develop 
a next generation of performance-based seismic design guidelines for 
buildings (project ATC-58). The work includes a building taxonomy and 
damage states for several structural and non-structural components. 

Business Requirement (BR) A BR is a statement of the functions needed in order to accomplish the 
business objectives. It is the highest level of requirement, developed 
through the dictation of policy and process by the business owner. 

Business Rule (RU) An RU is a statement that defines or constrains some aspect of the 
business. It is intended to assert business structure, or to control or 
influence the behaviour of the business. The RUs that concern the project 
are atomic in that they cannot be further decomposed and they are not 
process-dependent, so that they apply at all times. Business rules typically 
fall into one of five categories: terms, facts, derivations, assertions or action 
enablers. 

Damage or Limit State For a particular component, or the building as a whole, a range of damage 
conditions associated with unique consequences. 

Floor Acceleration At a floor level, the acceleration of the centre of mass relative to a fixed 
point in space. 

Functional Requirement (FR)  An FR is a statement of an action or expectation of what the system will 
take or do. It is measured by concrete means like data values, decision 
making logic and algorithms. 

GEM (Global Earthquake Model) In the GEM project researchers from different countries are developing a 
physical earthquake risk estimation model of global use. In it a common 
terminology or taxonomy is critical to document variations in building 
design and construction practices around the world 

In-Plane Behaviour Behaviour that occurs in the direction parallel to the orientation of the 
element, which is typically a wall. The term is often used to describe failure, 
where for instance door and window openings in a wall may no longer have 
right angle corners. 

Interstory Drift The relative horizontal displacement of two adjacent floors in a building. 
Inter-story drift can also be expressed as a percentage of the story height 
separating the adjacent floors. 

Non-functional Requirement (NR) An NR is a low-level requirement that focuses on the specific 
characteristics that must be addressed in order to be acceptable as an end 
product. NRs have a focus on messaging, security, and system interaction. 

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

Out-of-Plane Behaviour Behaviour that occurs in the direction perpendicular to the orientation of the 
structural element, which is typically a wall. The term is often used to 
describe failure, where for instance a wall may deform outwards or 
completely collapse into the adjacent street or valley. 

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

Structural Components Building components that are part of the intended gravity, seismic, 
blast/impact or fire forces resisting system, or that provide measurable 
resistance to these forces. 

Taxonomy A hierarchical classification system 

Unreinforced Masonry Wall Clay brick or concrete or natural stone units bound together using lime or 
cement mortar to form o wall, without any reinforcing elements such as 
steel reinforcing bars. 

Use Case A use case is a description of a systemôs behaviour as it responds to a 
request that originates from outside of that system. The use case is made 
up of a set of possible sequences of interactions between systems and 
users in a particular environment and related to a particular goal. The use 
case should contain all system activities that have significance to the users. 
Use cases typically avoid technical jargon, preferring instead the language 
of the subject matter expert. 

User Requirement (UR) A UR is a statement of what users need to accomplish. It is a mid-level 
requirement describing specific operations for a user (e.g., a business user, 
system administrator, or the system itself). They are usually written in the 
userôs language and define what the user expects from the end product. 
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EXECUTIVE SUMMARY 

 

Rapid and accurate assessment of physical damage to constructed facilities is essential after disaster events 
(Kerle, 2011). This is especially true for assets that are significant for response and recovery efforts, such as 
buildings that constitute the physical backbone of modern society including public administration (e.g. ministries), 
public utilities (e.g. water, electricity) and emergency and security services (e.g. hospitals, police stations). 

The first step to establish a basis for the development of the RECONASS system is this first deliverable of Work 
package 1. After the analysis of state of the art assessment tools, the collection of preliminary user requirements 
is necessary to understand the user needs which will be identified mainly through the completion of a 
questionnaire and by participating in a dedicated workshop. These will assist us in generating the final user 
requirements for the upcoming deliverable D1.3.  

First, the state of the art was summarised conducting a literature review. Special emphasis was put on the 
determined shortfalls and misfits of the tools. The disaster events in Haiti 2010 and the region of LôAquila/Italy 
2009 which were caused by severe earthquakes and the Oklahoma City bombing of the Murrah Building 1995 
have been analysed focussing on the lessons learnt related to assessment tools.  

Based on that and on the input of the RECONASS partners and of experienced THW members, a questionnaire 
has been created to accomplish, specify and consolidate the user requirements.  

In parallel, a user group was established to further elaborate and consolidate the requirements and to accompany 
the whole development process of the RECONASS system. Due to the scope of the RECONASS project, diverse 
users are expected to interact with the system. These are planners and operators of buildings and of the technical 
infrastructure, members of emergency and disaster response organisations, providers of damage maps, insurers 
and further stakeholders. To cope with the different requirements of these users, six groups of user types were 
defined. 

The members of the user group were asked to complete the questionnaire and were invited to a workshop to 
further work on the user requirements. The first 19 answers were used to elaborate the preliminary 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 requirements with 102 entries and a related classification 
system was created. The classification of the user requirements comprises the classification of the RECONASS 
sub-systems, the relevant user types, different functional and non-functional requirement types and the 
classification of the necessities (must, should, could, wonôt). 

The work of this deliverable is the basis for the continuing work and will be evaluated and further developed with 
the members of the user group and the RECONASS partners. To this scope the next steps will be the user 
meeting, further extension of the user group and further dissemination 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 system. 
Preliminary user requirements are identified as a precondition to prepare the first end-user workshop. The results 
from this workshop then will be used to generate the final user requirements that will be summarised in 
deliverable 1.3.  

At first, the state of the art is summarised conducting a literature review. Special emphasis is put on the 
determined shortfalls and misfits in the field of 1) Accurate positioning and secure communication, 2) Damage, 
Loss and Needs Assessment Methods for recovery and reconstruction planning and 3) Synergistic Damage 
Assessment with Air and Space borne Remote Sensing resulted from the state of the art analysis. These results 
are used to formulate requirements that will be included in the list of preliminary user requirements. Moreover, 
international projects and organisations such as the United Nations programme GDACS (Global Disaster Alert 
and Coordination System) or the German AURIS research project are listed to consider standards and best 
practises for the development of the RECONASS system. 

Subsequently in chapter 2, the disaster events in Haiti 2010 and the region of LôAquila/Italy 2009 and the 
Oklahoma City bombing of the Murrah Building 1995 are analysed. Special focus is put on the lessons learnt and 
on the effect of the used damage, loss and needs assessment tools.  

In chapter 3, a questionnaire is created to accomplish, specify and consolidate the preliminary user requirements 
based on the previously obtained requirements and the input of the RECONASS partners and of experienced 
THW members. A user group is established with 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 process by 
answering questions and questionnaires. This helps to elaborate and consolidate the requirements 

Following these steps, a classification system for the user requirements is created. It includes the relevant user 
types, the RECONASS sub-systems, different functional and non-functional requirement types and the 
classification of the necessities (must, should, could, wonôt). This system is used for the first set of preliminary 
user requirements. 

Based on the results of this deliverable D1.1 the end-user workshop will be organised. The end-user group and 
will be extended furthermore during the work period of the RECONASS project. 
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1. STATE OF THE ART-TECHNOLOGICAL BENCHMARKS 

1.1. Introduction  

The state of the art analysis comprises the different fields of research that are part of the RECONASS project and 
highlights the shortfalls and misfits in these research areas. It is divided into the sections 1) Accurate positioning 
and secure communication, 2) Damage, Loss and Needs Assessment Methods for recovery and reconstruction 
planning and 3) Synergistic Damage Assessment with Air and Space borne Remote Sensing. The analysis is one 
of the sources for the development needs and the preliminary user requirements. These requirements are 
summarised in each section. 

1.2. Accurate Positioning and Secure Communication  

Accurate and real-time position estimation of structural building elements like columns and beams and secure 
communication is necessary to estimate automatically, reliably and in near real time the structural condition of a 
monitored building and its damages. In reinforced concrete buildings, high signal attenuation and multipath 
propagation is a major obstacle to reach this goal. The state of the art and the requirements for this particular 
RECONASS research area will be covered in the following sections.  

1.2.1. Local Positioning Systems (LPS) 

Commercial Tracking and Positioning Systems 

The following tables, namely Table 1 and Table 2, describe the recent widely used localization systems that are 
available on the market and the TU Dresden research prototypes respectively.)  

Currently available wireless distance measurement solutions like e.g., Ubisense, MeshTrack, nanoLOC, Symeo 
LPR or ActiveBat (see Table 1) do not fulfil the RECONASS expected system requirements either in terms of 
non-line-of-sight distance measurements, accuracy or in terms of resilience in multipath environments. A 
combination of FMCW radar techniques with RF beam steering and/or a multi band RF front end will enable 
wireless, non-line-of-sight distance measurements within the RECONASS system specification. Furthermore the 
operation scenario which asks for distances measurements of fixed anchor nodes allows the implementation of 
new post processing algorithms to further increase the detection accuracy based on the overlay with pre-disaster 
measurements. A novel aspect of the RECONASS LPS is expected to be its integration into the building structure 
which will lead to completely new 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 attenuation 
and multipath propagation is to be expected. Therefore TUD wants to research ways to retain the accuracy and 
coverage of a localization system within those complicated environments by different technical means: 

¶ Use of directive antennas or antenna arrays for beam steering. This technique can help to 
attenuate multipath reflections, since the steered beam attenuates the unwanted signals, which 
arrive at the base station. 

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

¶ If system will be fixed within the structure, power management will be an issue to allow long 
operation times without maintenance. Therefore, concepts have to be researched to enhance 
battery life and lower power consumption (e.g. using wake-up receivers). Furthermore, antenna 
design is an issue for a system embedded in a structure. 
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Table 1: COTS Localization Systems 

Name Manufacturer Technology Range / 
m 

Accuracy / m Real-time 
capable? 

CommC
hannel? 

Base Stations/ 
Deployment 

Primary Application Cost 

Ubisense Ubisense RF Pulse 160 4 yes yes several fixed assets tracking in industry ~15kEUR for 5 modules 

LPR-
2D/GPS 

Symeo RF 
FMCW/GPS 

400 <0.05 yes no several fixed assets tracking in mining 
and industry 

custom-made solutions, probably 
>1kEUR/module 

nanoLOC Nanotron RF Pulse 200 13 no yes several ad-hoc  ~5kEUR for 5 modules 

ñIndoor-
Outdoor-
Ortungò 

Solcon 
Systemtechni
k GmbH 

RFID/LPS/ 
GPS 
 

Not 
published 

Not published  Not published yes, 
WLAN 

several fixed tracking in hospitals, 
industry 

custom-made solution 

ñLocal 
Positioning 
Systemò 

Sarissa Ultrasound 4 <0.1 yes no single fixed tools and assets tracking 
in industry 

upon quote request 

LPTS iTrack RF n/a n/a n/a n/a several, min. 2, 
ad-hoc 

person tracking, robotic 
tracking 

upon quote request 

IPCS 9Solutions RF Bluetooth 50 n/a yes yes several ad-hoc tracking in hospitals ~3.3kEUR for 10 modules 

Table 2: Research prototypes for LPS (TU Dresden) 

Name Status Technology Range 
/ m 

Accuracy / 
m 

Real-time 
capable? 

Comm. 
channel? 

Base stations/ 
Deployment 

Primary Application Prototype Cost 

E-Sponder time 
difference of 
arrival 

under 
develop
ment 

RF FMCW 
2.4/5.8 
GHz 

300 1.50 yes no several ad-
hoc 

first responder tracking ~800EUR/module (base station or tag) 

LommID 
reflector 

done RF FMCW 
34 GHz 

100 
(only 
line-of-
sight) 

0.02 depending on 
no. of tags 

possible, 
but not in 
current 
version 

1 (measures 
only 
distances) 

- ~1kEUR/base station, ~300EUR/tag 

Lynceus 
reflector 

under 
develop
ment 

RF FMCW 
2.4 GHz 

500 (to 
be 
verified
) 

50 (to be 
verified) 

depending on 
no. of tags 

no 1 (on UAV) tracking castaways ~5kEUR/base station, ~200EUR/tag 

RECONASS 
system 

planning RF FMCW 
Multi-band, 
multi-
antenna 
2.4/5.8 
GHz 

several 
10m? 
tbd. 

1-2  3D 
(according 
to DoW), 
spec. tbd. 

yes yes? 
(maybe for 
maintenan
ce) tbd. 

fixed, 
embedded in 
the structure 

Structural monitoring in buildings to be investigated within RECONASS 
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¶ Implementation of innovative processing algorithms the get the most out of the raw data from 
the system. This includes data fusion algorithms such as particle filter. 

¶ SotA commercial positioning systems (see table 1) are not designed for embedment inside the 
structure. A common application is assets tracking, which has different requirements than 
structural monitoring. Those systems usually rely on line-of-sight conditions. Accuracy and 
coverage range are contradictory. Real-time capability depends on the number of users in most 
systems. In RECONASS, a system will be developed which will mitigate those shortcomings. 
Besides the FMCW approach, which has been used for several demonstrators for research 
projects at TUD, also other concepts like RF pulse-based or ultrasound solutions will be 
investigated. 

 

1.2.2. Communications between Sensors and the Gateway  

Introduction  

Smart sensor applications continue to grow in the modern world in all fields of industrial or commercial 
technological sectors like for example in building construction, civilian infrastructure, shipboard, industrial 
automation, smart home applications, transportation. Cognition and environmental awareness is a key concept 
for the operation of these types of applications and thus the need for specialized sensors, and sensor networks 
that provide useful readings of the surrounding environment like for example temperature, humidity, pressure, 
acceleration, is ever growing. 

With the rapid growth of narrowband and broadband wireless technologies even in civilian or ISM bands and also 
with the rapid increase for the need of sensor networks in inaccessible locations wired sensor networks are slowly 
becoming ña thing of the pastò while wireless sensor networks have become a common trend. 

These wireless sensor networks (WSNs) in most cases operate without the support of a permanent power supply 
relying solely to a dedicated battery for their operation. This power constraint renders power efficiency a critical 
consideration while designing such systems to ensure an extended life cycle of the WSN. Wireless technologies 
have emerged to support such networks with a design approach centred on power efficiency and the need to 
support a large mesh wireless network with short range wireless transmissions. While most wireless 
implementations dedicated for such purposes are based upon the specifications offered by major standardization 
bodies such as IEEE 802.15.4, IEEE 802.15.6, IETF and ISO and in parallel by industrial alliances such as Zig-
Bee, Wireless HART, MiWi and IPSO during the latest years, special consideration has been given to the MACôs 
specifications. For the latter recent research activities aim at the design for ultra-low power wireless applications. 
Such specifications include PicoRadio, SyncWUF, WiseMAC and X-MAC. The last two specifications are offered 
with even lower power limitations than the 802.15.4 based ones.   

Wireless sensor networks (WSN) and gateways 

Wireless sensor nodes in a ñlow powerò wireless sensor network are usually low power embedded devices 
powered by low power microcontrollers with limited computational resources and networking capabilities. In many 
scenarios it is difficult to retrieve useful data directly from all sensors (especially in scenarios where 
heterogeneous wireless sensors are used) and thus a sensor data aggregation point is required. This sensor data 
aggregation point is often referred to as a sensor 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 technology 

(such as Ethernet, Wi-Fi, WiMAX, UMTS etc.)   
iv. A relay point between two or more separate wireless sensor networks that utilize different 

wireless access schemes or between a sensor network and a similar redundant sensor network 
for failover purposes.  



Deliverable No. D1.1, State-of-the-Art of 
Assessment Tools and preliminary user 
requirements 

Public 
Copyright RECONASS 

(Grant Agreement No. 312718)  

 

 Page 16  of 85  

 

 

The proper design of the sensor gateway in a distributed wireless sensor network is crucial to ensure the best 
possible performance and reliability of the sensor network.  

Figure 1 illustrates an 802.15.4 based wireless sensor network supported by a sensor gateway that provides a  

 

Figure 1: A wireless sensor network with gateway for 3G uplink 

The WSN Gateway is characterized as one of the most important components of a WSN by efficiently controlling, 
aggregating and providing the communication routes for the overall sensing activity of such a network. The 
gateway collects the sensing information in dedicated databases and makes this information available usually via 
a wireless network. In that sense, it provides the interface between the sensor nodes and the network 
infrastructure. The design and the development of a typical wireless sensor network gateway include utilizing a 
processor and several microcontroller modules. For handling the operational functionalities further features of the 
mainboard include the different configurations of flash memories such as SDRAM, SD/MMC, DataFlash, etc. In 
addition, the embedded operating system that could be used, such as Linux, or Windows-based, affects and 
depends on the level of further development and customization that is required to be achieved and the features 
that are expected to be supported such as multitasking, shared libraries and virtual memory. Depending also on 
the operating system to be embedded there are a variety of services (http, ssh, etc.), programming environments 
(C, C++, Java, PHP, Python, Perl, etc.) and database systems (MySQL, Postgre, etc.) that are supported. 

Modern sensor gateways  

Since the technology to support wireless sensor networks has already been around for more than a decade, at 
this point there are numerous vendors manufacturing wireless sensors and wireless sensor gateways. Most of 
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these devices are based upon or utilize variants of the IEEE 802.15.4 specification (from 802.15.4-2003 to 
802.15.4d-2009 and other variations) for wireless sensor network part while in some cases proprietary vendor 
specific low power wireless protocols are used. 

Some of the well-known manufacturers of wireless microcontroller boards based upon the IEEE 802.15.4 
specification are ATMEL (1), Digi International (2), California Eastern laboratories (3), Dresden Electronic (4)ith 
their own implementation of the specification (mainly Zig-Bee ) and in many cases customization software tools 
for the MAC layer. 

While there are numerous manufacturers of wireless 802.15.4 based microcontroller board and sensor 
manufacturers offering a great diversity of products, in the case of wireless gateways for wireless sensors most 
manufacturers offer gateway solutions to support their own proprietary sensor network solution for aggregation 
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 gateway (5) by National Instruments, the purpose 
of this gateway is to aggregate messages from wireless sensor measurement nodes, to provide 
message buffering and wireless node authentication and furthermore to bridge the 802.15.4 
based sensor network with an 802.3 based Ethernet network.  

  

Figure 2: National instruments sensor gateway (National Instruments 2014) 

 
b) MeshLium extreme by Libelium (6) is one of the most versatile wireless sensors gateway 

solutions with the ability to manage sensors and aggregate wireless sensor data from different 
wireless sensor networks that utilize heterogeneous wireless transmission access schemes 
(not just Zig-Bee but also Wi-Fi, GPRS etc.) and plus to provide a data backbone 
interconnection capability 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 the 
fact that it can support wireless sensor nodes provided by the same manufacturer.  
 

 
 
 
 
 
 
 

Figure 3: Sensor Gateway by Libelium (Libelium 2014) 

 
 
 

c) Lord Microstrain (7) provides reliable industrial wireless sensors and wireless sensor gateways 
as well as ruggedized wireless sensor gateways (MIL-STD-810 Standard compliance) mainly 
for sensor data aggregation sensor control and remote management. This company uses its in 
house developed proprietary wireless sensor communication protocol LXRS which is based 
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upon the 802.15.4 specification with extensions that provide lossless transmission extended 
range and wireless sensor node synchronization.  

 
 
 
 
  
 
 
 
 
 

Figure 4: Sensor Gateway by Lord Microstrain (Microstrain 2014) 

 
d) Siemens (8) utilizes the WirelessHART based wireless sensor communication protocol (instead 

of Zig-Bee) for its industrial sensorial network solutions. In addition utilizes a series of wireless 
sensor gateways (like the IE/WSN-PA LINK), which  is merely for providing an interconnection 
of the lower level WirelessHART devices to a higher level network (TCP/IP) network plus  
offering network configuration node management for WirelessHART sensor devices through a 
web interface 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 5: Sensor Gateway by Siemens (Siemens 2014) 

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

In many modern wireless sensor applications in which more complex communication architecture scenarios (i.e. 
interoperability among heterogeneous networks, different sensor technologies integration, need for power 
efficiency and adapting protocol parameters, etc.) are enabled a single vendor solution or a single wireless 
access technology is not sufficient to support all the different needs for customization and optimisation. In these 
cases, vendor specific wireless sensor gateways are incapable of supporting the requirements of such systems 
and thus custom build sensor gateway solutions are required.    

A simple literature search retrieves various different research projects on studying wireless sensor networks and 
gateways attempting to address the problem of interoperability and cooperation between heterogeneous or 
vendor specific wireless sensor networks by using custom sensor gateways. Some noteworthy examples are 
presented below: 

¶ Philip Suba, Christian Prehofer, Jilles van Gurp from the Nokia Research Centre in their related 
work ñTowards and Common Sensor Network APIò (1) have made a serious effort to bridge two 
diametrically different types of wireless sensor networks by building a separate abstraction 
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layer and a web services enabled communication API in a custom gateway with security 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 the 
sensor networks in their full capabilities.  

¶ In their related work ñA modular wireless sensor gateway designò Lili Wu, Jane Riihijarvi and 
Petri Mahonen from the research department of wireless networks at Aachen University, (2) is 
exploiting the concept of creating a modular wireless sensor network gateway design. The aim 
here is to create a common API and a description language in XML to enable the 
interconnection of heterogeneous wireless sensor networks that utilize different protocol stacks 
to wide area networks and plus the ability to describe new networks that can be added to the 
system.  

¶ A routing protocol is presented in the related document ñCoverage and Connectivity Preserving 
Routing Protocol for heterogeneous wireless sensor networksò by   Ben Alla, S. from the  
Mathematics and Computer Science Department at Hassan 1 University (3) that   allows  
coverage and connectivity preservation in order to ensure a predefined acceptable  quality of 
service in the communication between heterogeneous wireless sensor networks, while also 
ensuring power efficiency by selecting proper nodes and gateways for the optimal route of data.  

¶ The concept of wireless sensor networks with multiple gateways is considered and the scaling 
capacity of such scenarios with multiple gateway nodes is examined in the related work by 
Panlong Yang from the  Institute of Communications and Engineering at P.L.A University 
ñCharacterizing the Scaling Capacity of Multiple Gateway Access in Wireless Sensor Networksò 
(4) 

1.3. Introduction of the RECONASS Wireless Sensor Gateway  

The RECONNASS project will provide all the tools and software required to implement a system that will support 
constructed facilities by providing a near real time continuously updated assessment of their structural condition 
after a possible disaster in order to provide the necessary information for fast recovery planning by the 
responsible organisation.   

For the purposes of achieving this goal a large mesh multi-hop wireless sensor network must be deployed with 
various sensors being embedded in a number of pre-defined points during the construction process of the target 
facility.  

Data from acceleration, strain and temperature sensors as well as accurate GPS positioning information must be 
properly collected, stored, formatted and forwarded to a special assessment software responsible for the detailed 
reporting of the current structural integrity of the target facilities. This data will have to be obtained by various 
sensor networks and to be transmitted by utilizing different backbone uplink technologies such as:  

¶ GSM 

¶ UMTS  

¶ Wi-Fi (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 will have to be ultra-efficient in terms 
of power consumption since the sensor network will be embedded or attached in the target facility starting from 
the construction process and thus wireless sensor nodes will have to operate for the years to come with a limited 
power supply.     

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

To design such a sensor network there are many challenges to overcome and considerations to take in mind. 
Some of the most important considerations ï challenges that should be taken into account during the realization 
of the gateway are the following.  

i. Interoperability, the gateway must be 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 the 
assessment software.  

ii. Energy efficiency of wireless sensor networks should be considered by taking into account the 
power availability of sensor networks in the data acquisition process.  

iii. Fault tolerance features should be considered that characterize failing sensors and possibly 
isolate with the assistance of a dedicated routing protocol that provides the ability to reroute 
data paths from failing sensor networks.  

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

v. Security and wireless sensor network authorization and authentication should be considered to 
ensure the validity of data and the proper validation of a sensor networkôs presence in the 
system.  

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

By taking into account the current offering of vendors in the market of sensor gateways and the recent research in 
designing ñmulti-purposeò sensor gateways the design and implementation of such a gateway is challenging and 
will provide a significant level of innovation in the field of gateways for wireless sensor networks.  

1.3.1. Necessary Improvements in the Field of Accurate Positioning and Secure 
Communication - Conclusions 

In the field of accurate positioning and secure communication, the challenges and necessary improvements 
beyond the state of the art were indicated in the respective sections above. To summarise this in the field of local 
positioning systems, a high positioning accuracy and coverage must be reached within a building structure made 
of reinforced concrete. Additionally the system must be embedded in the building structure taking into account 
power consumption, maintenance and reliability.  

The communication between sensors and gateways must be further developed in the field of interoperability 
between different sensor network types and energy efficiency. Fault tolerance, data security and bandwidth must 
be enhanced to reach a sufficient reliability and security level. 

Following the preceding information, necessary improvements for the RECONASS project are (see Table 3): 
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Table 3: Requirements in the field of accurate positioning and secure communication 

Nr. Requirement Specific domain involved 

1.1 Accuracy of non line of sight measurement  Positioning and distance measurement 

1.2 Resilience in multi-path environments Positioning and distance measurement and 
secure communication 

1.3 Enhanced accuracy by comparison of pre- and 
post event measurements 

Positioning and distance measurement 

1.4 Integration into the building structure and antenna 
design 

Positioning and distance measurement and 
secure communication 

1.5 Low power consumption to enhance battery life Positioning and distance measurement and 
secure communication 

1.6  Enhanced range in reinforced concrete buildings Positioning and distance measurement secure 
communication 

1.7 Common framework of communication for sensor 
networks 

Secure communication 

1.8 Communication gateway must be interoperable to 
bridge between different types of sensor networks 

Secure communication 

1.9 Fault tolerance: if sensor nodes fail, the 
communication system must reroute the data 
paths   

Secure communication 

1.10 Interoperability: the gateway should be capable to 
operate different wireless access technologies 

Secure communication 

1.11 Measurement data must be transported secure 
and not be manipulated. 

Secure communication 

1.12 Sensor data acquirement and data transmission 
must be fast enough to allow near real time 
damage assessment  

Positioning and distance measurement secure 
communication 

 
 

  

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 prepared 
prior to the event and must start early after it on the basis of acquiring reliable and comprehensive damage and 
loss data from various sources. The state of the art and the requirements for this research area of primary 
importance within RECONASS will be covered in the following sections.  

1.4.1. Post earthquake response and recovery 

GDACS 

The Global Disaster Alert and Coordination System GDACS ( www.gdacs.org ) is a cooperation framework under 
the United Nations umbrella. It includes disaster managers and disaster information systems worldwide and aims 
at filling the information and coordination gap in the first phase after major disasters.  

GDACS provides alerts and impact estimations after major disasters (see Figure 6) through a multi-hazard 
disaster impact assessment service managed by the European Commission Joint Research Centre 
(http://globesec.jrc.ec.europa.eu/ ). To this end, JRC establishes scientific partnerships with global hazard 
monitoring organisations. Flood disasters are provided by the Dartmouth Flood Observatory 
(http://floodobservatory.colorado.edu/). Relevant data is integrated automatically into GDACS alerts and impact 
estimations. 

http://www.gdacs.org/
http://globesec.jrc.ec.europa.eu/
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To support disaster managers worldwide, GDACS provides the real-time coordination platform ñVirtualOSOCCò 
(http://vosocc.gdacs.org). GDACS coordinates the creation and dissemination of disaster maps and satellite 
images. This service is facilitated by the UN Institute for Training and Research (UNITAR) Operational Satellite 
Applications Programme (UNOSAT). Relevant maps are integrated automatically in VirtualOSOCC disaster 
discussions. 

 

Figure 6: GDACS - Global Disaster Alert and Coordination System homepage 

Many governments and disaster response organisations such as THW rely on GDACS alerts and automatic 
impact estimations to prepare and coordinate their international assistance. Some 14,000 disaster managers from 
governmental and non-governmental organisations have subscribed to the VirtualOSOCC and use the tool for 
information exchange and coordination in the first disaster phase. Many governments and organisations have 
formalised the use of GDACS tools and services in their national disaster 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 integrated into 
other web portals or websites through RSS feeds or other standard formats. 

THW takes the GDACS impact estimations into consideration when it decides about sending its international 
teams. More detailed damage maps are shared via GDACS when available. The member of the user group 
ZKI/DLR (Center of Satellite Based Crisis Information (ZKI) at German Aerospace Center, Germany) delivers 
such maps via GDACS.  

GDACS works as a data exchange provider on an international level. RECONASS, which collects data on a local 
level, aims in efficient collaboration and data exchange with such systems utilising an open platform that is 
expected to be developed to interwork with such systems. The interoperability between GDACS and RECONASS 
is a primary user requirement that can be achieved by RECONASS interfaces according to the existing national 
standards. Additionally, GDACS provides first damage and loss assessments, but the timely collection of reliable 
and accurate data from the disaster prone area must still be improved. Additionally, the integration of the 
collected data into the GDACS data set must be realized, because actually it takes more than three days to 
review and publish the locally collected data to the onsite teams.  
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COBACORE project 

COBACORE stands for Community-Based Comprehensive Recovery and is a collaborative research project 
funded by the European Commission involving Dutch, UK, German, Irish, Spanish and Slovenian partners under 
the FP7 framework. The project started on April 1st, 2013 with duration of 36 months. COBACORE seeks to close 
the collaboration gaps between stakeholders involved in post-crisis recovery and aims to improve the matching of 
needs with capacities, through building upon the community as an important source of information and 
capabilities. The COBACORE suite of tools, which are designed to complement existing practices and tools, shall 
support common needs assessments efforts, damage recovery needs, economic needs, health and social needs, 
and other critical humanitarian needs. The COBACORE assets shall stimulate community-wide involvement in 
information gathering, sense-making, and needs assessment practices. (5) 

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

IASC Operational Guidance for Coordinated Assessments in Humanitarian Crises 

Experience has shown that coordinating needs assessments not only brings significant benefits but can also help 
save more lives and restore more peopleôs livelihoods. Bearing in mind this valuable lesson, the Inter-Agency 
Standing Committee (IASC) established the Needs Assessment Task Force (NATF) in March 2009 to improve 
coordinated assessment processes and strengthen the identification of strategic humanitarian priorities in 
complex emergencies and natural disasters (6) 

Along with emergency preparedness, the timeliness and quality of assessments help determine an effective 
humanitarian response. The credibility and accuracy of assessment results are the basis for needs-based 
planning and can have long-lasting effects on everything from the quality of interagency coordination, to donor 
funding levels and relationships with national governments, local nongovernmental organisations (NGOs) and 
disaster-affected populations. 

The NATF developed an Operational Guidance for Coordinated Assessments in Humanitarian Crises to help 
realize the goal of better quality and more timely assessments through coordinated processes. It was not 
developed to fill a lack of assessment guidelines and tools, but rather to provide guidance for those seeking to 
make informed decisions on the coordination of assessments (harmonized or joint). The Operational Guidance 
was developed primarily on the basis of experiences gained during the early phases of large-scale quick-onset 
natural disasters, but it is also applicable to other types of crises. It provides guidance to coordinate assessments 
as well as tools. 

The NATF developed this Operational Guidance through a collaborative and consultative process with United 
Nations agencies, other international organisations, NGOs and donors at the global, regional and national levels. 
The Guidance was developed within the accountability framework of the humanitarian reform, and is fully in line 
with the coordination structures introduced by the cluster approach (6). 
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Figure 7: IASC Operational guidance document, timeline of data source usage (IASC 2012). 

The guidelines document concentrates on the coordination aspects and does not intend to provide technical 
solutions. But it stresses the need of a coordinated approach and information exchange between different 
stakeholders after an emergency or a disaster. It is based on the experiences gained during large-scale quick-
onset natural disasters.  

PAGER / ShakeMap 

PAGER (Prompt Assessment of Global Earthquakes for Response) is a system that provides fatality and 
economic loss impact estimates following significant earthquakes (7).It was developed by the U.S. Geological 
Survey (USGS) to improve the accuracy of assessment of potential earthquake damages. PAGERs estimation 
results are generally available within 30 minutes after an earthquake, they contain ĂAlert message, as well as 
supplementary information, including comments describing the dominant types of vulnerable buildings in the 
region, exposure and any fatality reports from previous nearby earthquakes, and a summary of regionally specific 
information concerning the potential for secondary hazards, such as earthquake-induced landslides, tsunami, and 
liquefaction. ñ  

PAGER will send update messages with more accurate maps and refined estimates as more data becomes 
available. Typical PAGER alert recipients are emergency responders, government and aid agencies. 

DESTRIERO 

DESTRIERO is a GIS based operational-level decision support and needs assessment tool for disaster 
managers. Its focus is on improving the data collection and information sharing between relief organisations and 
their information systems for coordinated damage and needs assessment and reconstruction and recovery 
operations. It aims at supporting the continuous damage and contamination assessment, monitoring and updating 
as well as visualizing the common operational picture, and therefore incorporates satellite and aerial imagery and 
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field data collected with mobile apps (8). The DESTRIERO system is currently 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 sensors 
and two data processing centres. It aims at providing real time estimations of earthquake damages using Ămost 
recently developed methodologies and up-to-date structural and demographic inventories of Istanbul city." (9).In a 
first step, ground motion estimations are based on detections from the systems sensors. In a second step, the 
ground motion estimations will be updated as more earthquake parameters become available. Third and final 
step is the estimation of building damages and casualties based on the ground motion parameters. 

GEOCAN 

GEOCAN is a web-based tool enabling a large team of experienced people to share the task of building-by-
building assessment over a large damaged area, so that an overall assessment can be produced very rapidly 
(Ăcrowd-sourcingĂ)."After the 2010 Haiti earthquake, the GEOCAN team of more than 600 people was assembled 
by EERI within a few days of the earthquake, and produced a first damage map of the urban area of Port-au-
Prince within a week of the occurrence of the event" (10). 

GEOCAN allows creating an approximate assessment of building damages after an earthquake by conducting a 
building-by-building assessment over a large damaged area. The assessment result is limited to the top-down 
view from aerial imagery and therefore has a certain level of wrongly assigned damage levels, as comparisons 
with field assessments show. GEOCAN has been used after the Haiti (2010) and Christchurch (2011) 
earthquakes 

1.4.2. Damage simulation and assessment 

VEBE damage assessment tool 

The VEBE model (11) is made for simulations of attacks with military conventional weapons and improvised 
explosive devices against urban areas, as well as major civil disasters like blasts and gas explosions. It describes 
how pressure and blast debris act upon buildings (incl. shelters), humans and underground supply systems, how 
fire is initiated and spread inside and between buildings and finally how the damaged buildings affect humans and 
shelters.  

 

Figure 8: VEBE image from the computer screen showing a part of a city with point of explosion marked 
in a building to the left. 












































































































