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Abstract
Helicopters were used to assist in the location of
persons in inaccessible parts of the Thredbo
landslide disaster site. Unfortunately their use
had to be abandoned because the updraught
tossed loose material around the site and the
vibrations from the rotor blades shook the soil
generating a risk of further land slippage [Hand,
2000]. In this paper, we describe the search and
rescue environment, the application of robots in
urban search and rescue, an outline of robotic
competitions in simulating a real rescue
environment and describe the advantages of a
hovering search and rescue robot.
Figure 1 People Affected by Disaster [Nijhoff, 1994]
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Introduction

Disasters can affect anyone without warning. They can
disrupt the economic and social balance of society. Urban
and industrial areas are more disaster prone. Such areas
are usually heavily populated and have undergone
significant civil development. The urban environment is
liable to experience a variety of disasters that can be
categorised into natural disasters and human induced
disasters. Natural disasters include floods, storms,
cyclones, tsunami, storm surges, bushfires and
earthquakes. The urban environment is often far more
susceptible to human induced disasters such as
transportation accidents, industrial accidents, major fires,
incidents stemming from hazardous substances in storage
or transit, and acts of terrorism, sabotage or war [Cape,
1980].
A number of definitions feature the inability to cope
with disaster conditions. A disaster is an event over which
the community can exercise little effective control
[Gilmore, 1980]. The lack of trained rescue personnel,
and the risks involved in search and rescue operations, are
becoming major problems for emergency service
organisations [Murphy et al., 2001]. Specialised robots
may help alleviate these problems.
As the population changes, so does the potential threat
of natural or human induced disasters (Figure 1). An
Australian Bureau of Transport and Economics report
supported this trend indicating the number of Australian
natural disasters per year is increasing as population
increases [Bureau of Transport Economics, 2001].
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People are dependent on the urban environment. It is
the central hub of the economy and interruption can have
a catastrophic effect. These factors make the urban
environment a prime target for terrorism and sabotage.
The World Trade Center (WTC) had been the target of
several terrorist attacks before the events of September 11
2001.
Illustrated in Figure 2, the trend in the number of
significant disasters world-wide between 1963 and 1992
indicates that the number of deaths, significant damage
and persons affected is increasing over time.
Figure 2 Deaths, Damage & Persons Affected by Disaster

[Department of Humanitarian Affairs, 1994]

25

the Newcastle Workers Club, one of the worst hit areas.

2

The Search and Rescue Environment

An understanding of the disaster environment is necessary
in order to determine how specialised robots may assist in
search and rescue. A disaster can be divided into five
phases: pre-disaster, pre-impact, impact, emergency, and
recovery [Crane, 1980]. The emergency and the recovery
phases of a disaster are very time consuming. For
disasters that occur with no warning there is no predisaster phase.
Pre-Disaster
Pre-Impact
Figure 4 Newcastle Workers Club [Newcastle Regional Library,
1999]

Impact
Emergency
Recovery
Figure 3 Five Phases of a Disaster [Crane, 1980]

One of the initial tasks of the emergency phase is to
identify which areas to target first. This task, known as
site assessment and reconnaissance, is a mandatory
process to determine the extent of the search and potential
risks [National State & Territory Emergency Service,
1999]. The goal of this phase is to obtain an accurate
assessment of the number and location of casualties, any
dangerous situations such as gas leaks, live wires,
overhanging walls, unsafe structures or anything else
which might endanger rescue personnel or survivors
[National State & Territory Emergency Service, 1999b].
Reconnaissance involves determining access to casualties,
the extent and type of damage, the appropriate services
and support agencies required and an estimate of the time
required to complete the phase. Unfortunately, this is a
time consuming process and a search operation cannot
commence until it is complete.
Once this information is established, rescue teams can
recover surface or easily accessible casualties, explore
likely survival points, begin supporting and removing
trapped persons, and assist in the recovery of the dead.

2.1

1997 Thredbo Landslide
Another prominent urban disaster in Australia was the
1997 Thredbo landslide. The event occurred at
approximately 11.30pm on 30 July 1997 at Thredbo
Village in Kosciusko National Park [Hand, 2000].
Approximately ten thousand tonnes of embankment fill
supporting a road above the village collapsed impacting
two ski lodges and killing eighteen of the nineteen people
sleeping in the two lodges. The Thredbo landslide
remains the worst natural disaster in Australian history.
Figure 5 is an aerial photograph of the site the day after
the disaster. It illustrates the environment and conditions
the rescuers were faced with.

Prominent Urban Disasters

Australian urban disasters, the 1989 Newcastle earthquake
and the 1997 Thredbo landslide will be used in
conjunction with the 2001 WTC disaster to help illustrate
the problems with traditional response activities in Urban
Search and Rescue (USAR).
1989 Newcastle Earthquake
The Newcastle earthquake is one of the most significant
urban disasters in Australia. Occurring at 10.37am on
Thursday 28th December 1989 and measuring 5.6 on the
Richter scale, it was the first time in Australia that an
earthquake has caused death and destruction. 13 people
died, more than 100 people sustained injuries and over
10,000 buildings in Newcastle suffered modest to
substantial damage [Lewis, 1995/96]. Figure 4 illustrates

Figure 5 Aerial View of the Thredbo Landslide [Hand, 2000]

2001 World Trade Centre Collapse
On September 11th 2001, two fully fuelled Boeing 767
aeroplanes deliberately collided with the World Trade
Centre in an act of terrorism. The World Trade Centre
towers sustained significant damage and subsequently
collapsed. Many of the surrounding buildings either
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collapsed or suffered significant damage. Figure 6
illustrates the World Trade Centre site.

Figure 6 World Trade Centre, Tower Two, External View
[CRASAR, 2001]

2.2

Search & Rescue Difficulties

USAR can be defined as:
An integrated multi agency response which is
beyond the capability of normal rescue
arrangements to locate, provide initial medical
care and remove entrapped persons from
collapsed structures and other environments in a
safe and expeditious manner. [Emergency
Management Australia, 1996]
The definition of USAR introduces the challenges that
response teams have to overcome.
Efficient Response
Time is critical during search operations for urban
disasters. Rescue personnel do not have the luxury of
waiting for a robot to be initialised and prepared for the
field. A robot needs to be deployed without delay
otherwise the acceptance of the technology by rescue
personnel could prove difficult.
It is estimated that for a typical urban search operation,
emergency crews have approximately forty eight hours to
find trapped survivors in a collapsed structure, otherwise
the likelihood of finding victims still alive is very low
[Sensor Based Planning Lab, 2001]. The demands
generated by disasters require an efficient and effective
response.
Safety
Safety is one of the biggest concerns during search and
rescue. It is widely accepted that the safety of personnel
should always be put ahead of the provision of assistance
[National State & Territory Emergency Service, 1998].
The site of the 1997 Thredbo landslide was so unstable
that it was considered unsafe for anyone to attempt a
rescue. Large slabs of concrete were still moving and
water and mud were running through the site and over the
debris [Hand, 2000]. People were prevented from
entering the site, which delayed and hampered rescue
efforts.
Asbestos dust was identified as one of the biggest

safety issues during the rescue effort at the WTC [Nelson,
2002]. Built in the 1960/70s, asbestos was extensively
used in the construction. The collapse of the tower
generated massive quantities of asbestos dust that meant
much of the equipment exposed was removed and
destroyed. The asbestos problem was so large that it made
the site un-insurable resulting in no liability insurance or
contracts signed.
Asbestos was not the only hazardous material that
recovery workers had to contend with at the WTC disaster
[Nelson, 2002]. Freon gas was extensively used in the air
conditioning system. If the Freon gas cylinders were to
ignite, it would result in deadly hydrochloric and sulphuric
acid clouds.
Occupational health and safety legislation require a
certain level of dress and personal equipment.
Inappropriate dress and equipment is a concern because it
unnecessarily increases the risk of further injury to rescuer
and casualty.
No matter how severe the situation, rescuers must have
rest periods [Price, 1980]. Without rest, rescuers become
bewildered, disheartened and inefficient.
The
recommended rest period is 8 hours off every 24 hours
[National State & Territory Emergency Service, 1998].
The Environment
The urban disaster environment can be a crime scene so
disturbance must be kept to a minimum. In the case of the
WTC disaster, every piece of material removed from the
site was inspected three times by the New York Fire
Brigade before it was transported to the recovery site
[Nelson, 2002]. Locating a body resulted in machinery
being moved to a different part of the site so the debris
clearing could be completed by hand. Collecting real time
data for research purposes during an emergency can be
difficult. If the disaster is determined to be criminal in
nature, then information gathering is restricted pending an
investigation. The Thredbo landslide was another site
where data gathering was restricted.
Climatic conditions can also contribute to an unsafe
environment for rescue personnel. While rain provided
some relief for fire fighting crews at the WTC disaster, it
created slip and flood hazards for recovery crews trying to
locate survivors. The hostile climatic conditions at the
Thredbo disaster severely affected the capability of
rescuers and machinery to operate effectively [Hand,
2000].
A briefing hosted by the Property Council of Australia
in April 2002, highlighted some of the problems
associated with the WTC environment. The Senior Vice
President of Bovis Lend Lease, Paul Ashlin, detailed the
difficult site terrain. Much of the equipment needed to
shift the collapsed steel and concrete could not make it up
the ramps constructed to get to the lower basements.
Inappropriate Equipment & Resources
Having an abundant supply of resources does not ensure
adequate disaster response. The unexpected nature of a
disaster means that there is often a lack of trained
individuals available to perform the multitude of tasks
during a rescue [Casper, 2002]. Untrained personnel and
volunteers were some of the problems identified by Bovis
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Lend Lease at the WTC disaster. Although volunteers had
the best intentions, many were ill equipped and lacked
experience presenting further danger to themselves and
others. The same problem occurred at the 1997 Thredbo
landslide where untrained witnesses tried to climb over
the debris in an attempt to rescue those trapped. To undertake a search operation safely, efficiently and effectively,
the appropriate equipment and trained personnel must be
used.

robotics throughout the world. International competitions
such as the RoboCup-Rescue and International Aerial
Robotics Competition (IARC) provide the opportunity for
researchers to compare and contrast various designs
[Davids, 2002]. The desire to win is one of the reasons
why competitions, such as RoboCup Soccer has over 3000
participating researchers from 35 countries [Tadokoro,
2000]. Competitions are a popular method to promote
competitive international research co-operation.

3

4.1

Robots At The WTC Disaster

According to an Institute of Electrical and Electronic
Engineers (IEEE) report, researchers have been
developing reconnaissance robots for about five years
[Vonderheid, 2001]. Research interest increased after the
1995 Oklahoma City bombing and the Kobe earthquake in
Japan where rescuers witnessed how difficult it was for
humans to manoeuvre safely though the debris.
The World Trade Centre collapse is the first known use
of robots for USAR [Gibson, 2001]. Robots from the
University of South Florida, manufacturers Foster-Miller
and iRobot, and Space and Naval Warfare Systems
Command were used to search voids and surrounding
buildings, and to look for significant structural damage or
evidence for the investigation such as the aeroplanes'
voice recorder boxes [Vonderheid, 2001]. Robots used in
the WTC Search and Rescue Operation provided a means
to search small and hazardous spaces, a task usually
carried out by human rescuers and specially trained dogs.
One of the problems with some of the robots used in
the WTC robot assisted response was the high ratio
between operator and robot. The physical size of some
robots required several people to transport the robot and
set it up. Robots that had little or no autonomous
intelligence required additional operators to navigate and
control.
USAR robots are often at the mercy of the environment
that they have to work in. The tracked mechanisms of the
robots melted due to the temperature of the materials they
were trying to transverse at the WTC site [Casper, 2002].
Terrain is one of the most challenging problems a
USAR robot has to deal with. The power to weight ratio
becomes very important. Some robots had difficulty
negotiating an ascent or decent greater than 45 degrees.
Efficient and complex gearing systems are required to
maximise battery life.

4

Rescue Robot Competitions

One of the contributing reasons to the lack of robotics in
USAR is the infrequency of disasters. This reduces the
ability for developers to test and gain practical experience.
Training exercises and scenarios can only go so far in
simulating the real disaster environment [Casper, 2002].
Companies and institutions hold competitions in an
attempt to encourage the development of robotics in
USAR. The Association for Unmanned Vehicle Systems
conducts an International Aerial Robotic competition
annually providing awards for best design, technical paper
and presentation [Michelson, 2000].
Competitions are recognised as a way of standardising

International Aerial Robotics Competition

The 2000 IARC environment attempted to simulate the
disaster environment during and immediately after a
catastrophe [Michelson, 2000]. Robots where intended to
navigate wreckage, fire, smoke and aerosols, and cope
with acoustic shock waves, motion on the ground and in
the air. Points were awarded for successfully performing
tasks that would normally have to be done by human
personnel such as hazard identification, locating and
extracting casualties, equipment deployment and
extinguishing fires.
Illustrated in Figure 7, German Real Time Systems &
Robotics Group autonomously operated flying robot,
MARVIN – Multi-purpose Aerial Robot Vehicle with
Intelligent Navigation, won the 2000 IARC [Musial,
2000].

Figure 7 2000 IARC winning robot, MARVIN

MARVIN was the only robot to fly autonomously,
recognise target drums and persons and correctly transmit
the position. However, MARVIN did not fly near the
debris, it flew high over the disaster site and analysed
images to search for people in bright blue overalls lying
on a brown tarmac.

4.2

RoboCup-Rescue

It was the 1995 Hanshin-Awaji Earthquake in Kobe City,
Japan that killed 6,432 people, and crushed the houses of
one-fifth of the city’s 1.5 million inhabitants resulting in a
infrastructure damage bill of $100US billion that sparked
Japanese researchers Hiroaki Kitano and Satoshi
Tadokoro to develop RoboCup-Rescue [Tadokoro, 2000].
The purpose of RoboCup-Rescue is to promote research
and development in search and rescue robotics to
overcome problems with traditional methods of
emergency response.
RoboCup-Rescue began with a disaster simulation
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environment constructed on network computers that
creates a virtual environment to conduct search and rescue
activities. In 2001, the RoboCup-Rescue competition was
extended to contain a physical rescue robot competition
known as RoboCup-Rescue Robot League.
2002 RoboCup-Rescue Robot League
The goal of the 2002 RoboCup-Rescue League
competition was to accurately map the area and detect
casualties. The competition consisted of three fields, a
yellow zone, an orange zone and a red zone based on
testbeds defined by the National Institute of Standards and
Technology (NIST). The yellow zone simulated an office
environment, the orange a mock-up of a Japanese-style
room and the red zone a typical debris field faced by
rescuers after a major earthquake. Zones contain
casualties based on statistical data from Federal
Emergency Management Agency (FEMA) and
international USAR databases.
The RoboCup-Rescue competition attempts to make
the environment as realistic as possible. Robot operators
are required to face the opposite direction to simulate the
true rescue environment where the operator/s cannot see
the target area.

5

Hovering Robot Advantages

A restrictive feature of current robot technology used in
search operations is that they require a tracked or walking
mechanism in order to manoeuvre. This method of
movement can cause rubble to move further endangering
trapped people, is susceptible to snagging, and is largely
dependent on the surface topology.
Hovering robots can be used to gather intelligence, get
where people can't and to establish a connection that can
help them survive.
Robots can explore urban
environments contaminated by radiation or chemical or
biological agents. Traditional tracked robots can be too
big and heavy to manoeuvre in the terrain. Tracked robots
have difficultly climbing rubble that is hot and heaped in
steep piles.
A hovering robot may overcome some of the
limitations of current response methods given its
capability to reach destinations that may be obstructed by
downed power lines, flooding, fire and damaged roads.
The ability to fly offers a distinct advantage. A hovering
robot can be despatched to initial site assessment activities
while emergency crews concentrate on overcoming
impediments blocking the access of more traditional
rescue vehicles and equipment.
The speed and
manoeuvrability gains of a hovering solution will enable
emergency organisations to more effectively prioritise and
schedule rescue and recovery tasks [Millennium Jet Inc.,
2002].
One of the advantages a search and rescue robot has
over its human counterpart is the relative speed at which
they can enter a disaster site and begin to collect
information. There is no need for shoring up a structure
commonly required to permit human rescue - robots can
be sent in immediately because they are expendable.
A hovering robot provides a means to get lights,
cameras, sensors and microphones into rubble pockets or

confined spaces where casualties might be. They can be
used to help assess the number and location of casualties
and help identify dangerous situations such as gas leaks,
live wires, overhanging walls, unsafe structures or
anything else which might endanger rescue personnel or
survivors. Robots are unaffected by stench, fatigue or the
psychological effects of rescue situations. Robots are able
to perform tasks humans or animals cannot do, or cannot
do safely [Casper, 2002].
A feature that is found in most USAR robots is the use
of on board microphones and speakers to communicate
with rescuers and casualties. Establishing communication
with a casualty is one of the first steps in administering
first aid.
There are alternatives to a hovering robot. USAR robot
platforms vary considerably in terms of size, type, and
mobility. There are many different types including
tethered, marsupial, shape-shifting, and serpentine.
Researchers at the Sensor Based Planning Laboratory
from Carnegie Mellon University, Pittsburgh, are
investigating the possibility of 'snake like' or serpentine
movement mechanisms [Choset et al., 2001]. These
mechanisms have several advantages including more
degrees of freedom, a smaller cross sectional area, they
can work in confined areas, and are coupled with hyperredundant manipulators.
Californian company, Millennium Jet Inc, are
developing a concept aircraft called the MULE, Mobile
Unmanned Lift Enabler. This aircraft is designed to
efficiently and autonomously, act as a re-supply vehicle
and perform surveillance and reconnaissance. Powered by
ducted fans it is similar in concept to the hovering robot
solution proposed by the authors of this paper.
The advantages of a hovering vehicle for the initial
reconnaissance stage of urban search operations include
the speed at which such a device would be able to survey
the region quickly and thoroughly. Millennium Jet Inc.
argue that this is important because traditional
communication and transportation systems often fail
during and after disasters [Millennium Jet Inc, 2002].

6

Conclusion

A thorough understanding of the urban disaster
environment and an appreciation for traditional search and
rescue techniques are crucial to determining the success of
a hovering robot solution. Much can be learnt from the
urban disasters discussed. It provides an opportunity to
hypothetically apply the proposed hovering robot solution
to the 1989 Newcastle earthquake and 1997 Thredbo
landslide and compare and contrast its success with robot
assisted response at the WTC disaster.
Technology acceptance is crucial to the success of
robots in USAR. Until further research is conducted and
emergency services begin to accept the technology, the
price for USAR robots will remain high. The cost of
current USAR robots is between $10,000US and
$40,000US and can climb much higher depending on the
number of sensors and other features they have. They are
very expensive when compared to more traditional USAR
tools and equipment [Gibson, 2001].
The research area is very young and there is much to
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learn. One of the contributing reasons for the lack of
robotics in USAR is the infrequency of disasters. This
reduces the ability for developers to test and gain practical
experience. Training exercises and scenarios can only go
so far in simulating the real disaster environment [Casper,
2002].
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