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ABSTRACT

Efficient request and deployment of critical resources for urban search and rescue operations is vital to
emergency response. This paper presents a RFID (Radio Frequency Identification) supported system for on-site
data collection to communicate structural condition, to track search and rescue status, and to request and allocate
appropriate resources. The system provides a unified interface for efficient posing, gathering, storing and
sharing of building assessment information. Visualization and easy access of such information enables rescuers
to response to the disaster with better situational awareness. Resource requests are sent to the GIS resource
repository service that enables a visual disaster management environment for resource allocation. Request and
deployment of critical resources through this system enables lifesaving efforts, with the appropriate equipment,
operator, and materials, become more efficient and effective. System development at the Illinois Fire Service
Institute has shown promising results.
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INTRODUCTION

Urban Search and Rescue (US&R) operations, which involve the location, rescue, and initial medical
stabilization of victims trapped in confined spaces, are a key aspect to disaster response. To support US&R,
resources –such as construction equipment and materials– are required for shoring of structures, selected debris
removal, and lifting of heavy structural components. In addition, infrastructure restoration, such as the
transportation and utility networks, also requires construction equipment to restore critical services that facilitate
US&R. At the same time, safety of the rescuers is one of the most important responsibilities of US&R and
structural stability of damaged infrastructures is a key component of rescuers’ safety. Structural triage, used by
FEMA US&R teams, is the process of evaluating structurally compromised buildings to determine which will
receive operational priority. The priority is set based on factors such as occupancy, known victims, probability
of live victims, collapse mechanism and structural condition. To keep track of search and rescue information at
structurally compromised buildings, building marking systems (BMSs) are used in the current practice. As
technical rescue operations for major disasters tend to be in the order of hours/days, these marking systems are
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imperative for effective communication and allocation of rescue forces. In a lifesaving scenario, standardized
information for building identification, conditions assessment, hazards and victim status is of great importance.
However, challenges in the current practice have been identified. This paper presents an Information
Technology (IT) supported system that address the challenges for on-site data collection to communicate
structural condition, status of urban search and rescue operations, and to request resources for stabilization of
those structures for search and rescue within those structures.
GAP IDENTIFICATION

From lessons learned in recent disasters, information gathering for critical decision-making has been recognized
as one of the biggest challenges in disaster response. Response efforts cannot reach their full potential without
the information needed to make critical decisions. For example, after the 9/11 terrorist attacks, the authorities
were not fully aware of available resources and did not have complete access to available information. As a
result, resources were deployed inefficiently, which compromised the effectiveness of response operations (9/11
Commission Report, 2004).
Distribution of resources during disaster response operations has been characterized by various shortcomings
that inhibit efficient and effective decision-making. “Throughout the government, nothing has been harder for
officials than to set priorities, making hard choices in allocating limited resources” (9/11 Commission Report,
2004). Efficient information gathering and decision-making for prioritization and distribution of resources is
critical to support disaster response efforts.
A large number of engineering parameters such as the type of structure, patterns of collapse, and shoring
alternatives play important roles for decision-making such as prioritization of rescue activities and in some cases
are vital in ensuring the safety of the rescuers. For example, in-structure route selection is critical to access
victims trapped under a partial collapsed building. As such, structural triage and BMS has been one of the key
features carried out by the engineering workforce on US&R operations (McGuigan, 2002). The information
gathered (such as the structural triage) is then disseminated to the stakeholders for decision-making (setting up
operational priority for buildings). In other words, critical information needs to be communicated to or
retrievable by numerous levels of command at different times and stages of disaster response. However, the
information is usually transferred through paper copies, which cannot be effectively distributed.
For example, once a triage or BMS has been complete, the primary communication method in the current
practice is in paper format. It can easily take 24 hours for the paper copy to reach the Incident Command. Since
triage is a base of information decision makers use to set priorities of response efforts, the delay in information
dissemination compromises the timing for decision-making. An alternate would be through verbal radio
transmission but this can be both incomplete and unreliable. If other actors need access to the information,
locating and retrieving the information in paper format or radio transmission is also difficult. For example,
engineers develop structural stability information and stabilization plans for building structures. These plans
include critical information –such as needed equipment, material and manpower– required to carryout the plans.
Poor communication of this information compromises the effectiveness of underlying response efforts. As a
result, an effective communication mechanism for such critical information is of great importance.
BMS

Organization/s

National US&R Response System






INSARAG

ATC Applied Technology Council






FEMA
US Army Corps of Engineers
Local / Regional responders
International Search and
Rescue Advisory Group (UN)
International US&R teams
Applied Technology Council (ATC)
FEMA
US Army Corps of Engineers

Reference
(FEMA, 2003)

(INSAR,2005)

(ATC, 2001)

Table 1. Different Types of BMSs

Search and rescue information –such as stability of a structure, victim location within the structure, and search
assessment– are communicated through BMS. Though a prime objective of each building assessment method is
the safety of the rescuers, each method has a different focus and scope. Different types of building assessment
methods (Figure 1) and their building markings may be deployed at the same time in the disaster area each with
its respective purpose. However, when response teams do not conform to the standard BMS, information cannot
be properly communicated. This leads to confusion, which may require re-assessment of the structure. In the
current practice, the standard way of communicating BMS information on the field is through orange spray paint
markings on buildings. Re-assessment leads to re-marking and updating of the orange spray paint, which is also
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hard to maintain and organize due to its physical limitations. In addition, it is difficult to resolve, or even to
detect, contradicting assessment information. There is no unified interface to allow access to and collaboration
between various types of building assessment methods and BMS from various organizations (Table 1). This
could potentially lead to ineffective communication that adversely affects rescuers’ situational awareness and
safety. Additionally, the orange spray paint not only limits the amount of information that could be
communicated to the rescuers, but also hinders their access to and situational awareness of the structure’s
condition. The building markings are not visible to rescuers from time to time due to the weather conditions or
debris presented. As a result, a unified interface that communicates more and better information more quickly
and reliably improves decision-making and the underlying disaster response efforts. Table 1 depicts BMSs
among different organizations and Figure 1 shows building markings of 4 BMS categories established by the
FEMA National US&R Response System to be sprayed on building structures.

Figure 1. Four Categories of BMS Defined in the National US&R Response System

From past deployment of BMSs, issues in the following have been highlighted: information flow, coordination
of data and its integration, paper-based and error-prone forms, communication channels and information update
from the structure’s location to the Incident Command (Dawes et al, 2004). Table 2 summarizes these problems.
Problem

Origin

Marking Systems overlaps

Local / State / Federal Response

Remarking / Rework

Multiple Marking Systems

Communication Channels

Human work-cycle (TF / ICC)

Information Flow

Information not automatically updated

Building Marks Hidden

Smoke, debris, dynamic scenario

Table 2. Problems faced in deployment of BMSs

PROBLEM STATEMENT

As time is considered the most important factor in terms of lifesaving during disasters, delay of response efforts
could lead to unnecessary casualties (Gill, 2007). The probability of rescuing victims, trapped under a collapsed
structure, decreases more than 50% after the first 24 hours (Mituno, 1999). In addition, how required resources
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are efficiently deployed to the disaster zone to support US&R is considered of great importance. As a result, this
paper focuses on efficient information gathering at the disaster zone to enable a better resource distribution
decision-making.

METHODOLOGY

In order to resolve the communication and information retrieval issues highlighted, the use of Radio Frequency
Identification (RFID) tags with computer networks for posting, gathering, storing and sharing information in a
timely manner is proposed. The onsite information gathering will be achieved by a mobile application utilizing
RFID tags as storage for the assessment information. First responders will attach RFID tags on to buildings
during disaster response, equivalent to spraying orange paint. Furthermore, with the technology and assessment
information in place, efficient decision-making for resource deployment is enabled through a geospatial
resource management system, which could lead to improve the efficiency and effectiveness of emergency
response. A GIS server will compile the information gathered form the mobile application and process critical
decisions. Figure 2 shows a use case for the system. First responders, through this system, will be able to create
structural triage for a building structure, create BMS assessment, access and edit information for assessment
information on the map, and to request resources. The GIS resource management system, ARMS (Automated
Resource Management System), will receive the resource request for further decision-making. The challenges
aforementioned are expected to be addressed with the IT system.

Figure 2. Use Case
STRUCTURAL ASSESSMENT

The mobile application, Building Assessment Software (BAS), is developed to support building evaluation
procedures on the disaster site. BAS incorporates standard structural triage and BMS procedures from the
FEMA National US&R Response System (Aziz et al., 2009; Peña-Mora et al., 2008). Figure 3 shows the
structural/hazard evaluation marking embedded in BAS. In order to accommodate the situation where no
standard communication infrastructure is operational, BAS operates on an ad-hoc network (Peña-Mora et al.,
2009; Aldunate et al., 2006). It has been developed to run both on laptops and PDAs. The programming
language BAS was implemented with is C#. A user interface consisting of a map control through which the
disaster site can be seen (Figure 4) is embedded. The map control enables the visualization of all the assessed
buildings in the disaster site. As soon as a building has been evaluated, a reduced format of the evaluation is
broadcast to other nodes on the network. The complete format is stored on the RFID tag and on the local device
that assessed the building. The complete and reduced format is a design choice to reduce network utilization.
This can be changed to tune the system. Currently, simply the location and safety status is propagated. The map
shows a square marker, with color-coding of green, yellow and red corresponding to safe, restricted, or
dangerous of the building (Figure 3; Figure 4). Anyone within the network, as long as connected with sufficient
authentication, can view the map and access building assessment information for a particular building, simply
by clicking on the marker for that building. The network protocol will seek for the complete format on the
network, either from a local copy of a node or the RFID tag, if in range. Figure 3 shows the building structural
collapse hazard marking system.
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Scenario

During disaster response, first responders, such as the structural specialists or firefighters, are equipped with
RFID tags and 802.11 networking enabled mobile devices, such as PDAs or tablet PCs. Within the disaster
zone, first responders set up a wireless ad hoc network with these mobile devices (Mehta et al., 2010; Aldunate
et al., 2006). When arrive at a particular building, first responders place a RFID tag on the building instead of
spraying orange paint. The RFID tag stores assessment results for that particular building. Same procedure is
carried out for each building within the area. Color-coded square markers show up on the map representing the
assessed buildings (Figure 4). If a responder nearby needs assessment information of a particular building,
she/he can use the PDA to retrieve the complete information by clicking on the square marker on the map
associated to that building, rather than running to the building to search for orange spray marks on it.

Structure is accessible and safe for
search and rescue operations.
Damage is minor with little danger
of further collapse

Structure is significantly damaged.
Some areas are relatively safe, but
other areas may need shoring,
bracing, or removal of falling and
collapse hazards. The structure
may be completely pancaked.
Structure is not safe for US&R
and may subject to sudden
collapse. Remote search may
proceed at significant risk. If
rescue operations are undertaken,
safe haven areas and rapid
evacuation routes should be
created
Figure 3. Structural/Hazard Evaluation Marking and its Embedding in BAS

Figure 4 Graphical User Interface of BAS with a Map and Structural Triage Embedded
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RESOURCE DEPLOYMENT

Once onsite information is gathered, appropriate actions are required to respond to the situation. Critical
decisions need to be made for mitigation of the chaos resulting from the incident. As mentioned, access to heavy
equipment is critical to disaster response operations (Gentes, 2006; SBC, 2006; Kevany, 2005; Bissell et al.,
2004). Heavy equipment is a necessity during operations such as 1) rapid debris clearance of the transportation
network so that first response teams can reach blocked hazard zones, 2) careful lifting of damaged structural
elements in conditions when human power is not sufficient, and 3) selected debris removal to clear structural
materials which facilitates void space searches and tunneling under collapsed buildings (ELANSO, 2009).
However, in major disasters the social infrastructure is not always able to provide immediate supply of heavy
construction equipment to support disaster response operations. The delay in rescue operations could result in
more casualties (Bissell et al., 2004). As a result, based on the information gathered on site, timely decisions for
resource allocation need to be made (Chen and Peña-Mora, 2009).

Figure 5. GIS with Multiple Entities on the Map

Figure 6. Spatial Query of Desired Resource Type; highlighted are the resource matched
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The GIS server, Automated Resource Management System (ARMS), is also implemented in C#. Geospatial
visualization and processing capabilities are inherited from the ArcGIS Engine (ESRI, 2009). A map control
shows the geospatial information gathered onsite and resource information in the geospatial database maintained
prior the incident. Data is updated during the disaster response operations. Figure 5 shows critical information
within the database such as available resources, hospital and schools in ArcMap (ESRI, 2009). Figure 6 depicts
a spatial query for backhoe loaders with capacity type I, which follows the definition of the National Incident
Management System (NIMS) in ArcMap (ESRI, 2009b). The green (light) circle marker on the map (Figure 6)
represents the locations that have the backhoe while the red (dark) marker represents other locations.
By introducing proper NIMS-typing from the outset, when the resource is requested from the field, the right
resource can be secured from the right vendor at the right time, taking much of the guesswork out of the
equipment request process. This also enables resource request to flow smoothly into the planning section
(responsible for identifying the specific resources needed), the logistics section (responsible for the acquisition
of resource), and the finance section (responsible for making arrangements for payment and then actual payment
of a given resource).
ARMS is equipped with automated tools such as geocoding of incident location with address/coordinate and
shortest routes with partial roadblocks for resource deployment (Peña-Mora et al., 2009; Chen et al., 2008).
These tools are wrapped around with user-friendly interfaces and additional implementation of existing ArcGIS
tools. The graphical user interface (GUI) of the ARMS server is shown in Figure 7. The server listens to
incoming connections and reads in the gathered data from BAS. The incoming data is sent through XML. Figure
7 shows a resource request from BAS and a test run of the route generation from resource depots that has the
requested resources to the target location, which is the Illinois Fire Service Institute, on the map.

Figure 7. GIS Visualization with Fastest Route Analysis for Resource Deployment

When resource requests are received from BAS (Figure 7), the server matches the request with the inventory of
resources within the resource database. Once the resource is found, the server produces fastest routes from
depots to the demand location. This potentially saves time for vehicle routing if the traffic condition on the
network is up-to-date. The current assignment method for resource deployment is first come first serve, which
should be further extended to more complicated and realistic policy.
However, resource distribution and deployment decisions become complex once the number of demand and
supply locations/resources becomes large. As a result, decision models need to be formed and solved to help
make good decisions. For example, when there are limited trucks to allocate heavy-duty equipment,
arrangement of the route each truck should take for loading at depots and unloading at disaster sites is important
to minimize total traveling time. Such problem can be formed into a multiple traveling salesmen’s problem,
which can be represented into computational models such as a Mix Integer Program. Such a model, considering
constraints such as split delivery and fixed truckload for resource deployment route planning, has been proposed
(Chen et al., 2008). Figure 8 shows result from a test case of the model on the right. Integration of such model
with ARMS enables complex decision-making.

Proceedings of the 7th International ISCRAM Conference – Seattle, USA, May 2010

7

Chen et al.

A GIS Approach to Equipment Allocation for Structural
Stabilization and Civilian Rescue

1200

time(seconds)

1000
800
600
400

200
0
0

10

20

30

40

50

60

70

80

90

-200

total node

Figure 8. Exponential Running Time (left) and Its Sample Case Result (right)

TESTING

Field trials are carried out at the Illinois Fire Service Institute (IFSI) for system refinements. Field trials provide
the opportunity to discover challenges not seen in laboratory testing. The system was tested at the IFSI training
ground (Figure 9) surrounded with simulated fire and smoke. Tests such as operation of BAS with full
firefighting gear and measurement of transmission range of digital devices were carried out (Peña-Mora et al.,
2009). ARMS was set up on a laptop computer and BAS was loaded on two tablet PCs with ad hoc network
enabled. Three partially and totally collapsed buildings were assessed through Tablet PC A and RFID tags are
placed onto the building for storage of assessment information. Tablet PC B, in communication range of Tablet
PC A, successfully received assessment information through the network protocol. Required resources were
requested through ARMS and it produced simulation resource allocation routes from resource depots to IFSI.
Feedback on refinement of user interface layout and functional requirements were collected from firefighter
trainers. Challenges discovered include power limit of handheld devices, limited range of RFID readers, screen
visibility under sunshine, user interface improvement, and additional functional requirements for fast
visualization and processing of data. Moreover, the setting up of an ad hoc network requires a nontrivial
procedure; while one should make no assumption that any user would know how to carry out such procedure.
Therefore, a wraparound application should be implemented for the network setup. In addition, there is a
reasonable amount of uncertainty involved in using ad hoc networks for broadcast of critical information.
Concrete slab or steel plates between nodes easily interrupt network link between the nodes. There is also
potential risk of information overload when too many devices are presented in the network. Current data format
for transmission and storage of the assessment information on RFID tags are in plain text. Although
authentication is required to log into the system, packets send on the network can still be intercepted. In
addition, malicious write to the RFID tag cannot be prevented. Further hardware and software improvements
must be considered.

Figure 9. Testing at the Illinois Fire Service Institute

In addition, critical decisions or their problem formulations in general are sometimes too complex to be solved
by computers in a satisfactory amount of time. For example, the aforementioned mixed integer program for
truck route planning, by its nature, is not believed to be solvable in polynomial time. In Figure 8, the curve (left)
shows the exponential blow up in running time for the decision model in a laboratory testing. Special
formulations of such problems and solution methods are to be investigated to meet requirements, such as
running time, accuracy, and other disaster response characteristics and policies. Apart from the aspect of
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automation, ARMS needs to incorporate decision models for complex decisions to improve the efficiency and
effectiveness of resource allocation decision-making, such as prioritization of resources, in disaster response.

CONCLUSION

In this paper an IT system with two major components, BAS and ARMS, is presented for on disaster site
information gathering and resource allocation decision-making to support US&R. BAS embeds structural triage
and BMS used for post-disasters evaluation on a disaster site and resource request for US&R. Information
critical to decision-making is collected by first responders through BAS and is disseminated and retrieved
electronically by stakeholders. The resource management component, ARMS, processes and visualizes the
collected information for automated decision-making. With these data collection and data processing
components, the system is expected to expedite decision-making for a more effective and efficient disaster
response. Future research will include incorporation of sophisticated decision models and solution methods in
order for the system to process complex decisions. The challenges discovered from testing will be soon
addressed. Further testing is also expected to be conducted in on-field disaster response scenarios in
collaboration with different levels of public emergency management agencies.
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