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Abstract—Since the World Trade Centre disaster in 2001,
rescue robots have been present at disaster sites. At each site,
different issues presented themselves. Very sophisticated and
expensive robots are typically used and although these have their
place, rescuers frequently do not have access to, or enough of,
these robots for their first response teams. A General Purpose,
First Response Rescue Robot equipped with basic sensors, that is
affordable enough to be fully integrated into rescue teams, could
be instrumental in providing rapid and reliable deployment of
rescue robots at disaster sites. In this paper, various disaster
sites are analysed and the current state of the art is investigated.
From this the requirements and challenges for such a robot are
determined.

Index Terms—Earthquakes, Tsunami, Terrorism, Reconnais-
sance, Inspection, Nondestructive testing, Mobile robots, Er-
gonomics, Identification of persons, Remotely operated vehicles,

I. INTRODUCTION

The nature of the high-risk environments in which rescuers
work has been a challenge as long as there have been disasters
to rescue victims from. During the Mexico City earthquake in
1985, 135 rescuers died - 65 of these due to flooding in col-
lapsed structures [1]. Robots are able to go into places where
humans cannot. Environments with low oxygen, extreme heat,
high toxicity, or with small entrances are all better suited to
robots than humans. For several decades, rescue workers and
fire-fighters have used trained dogs to locate victims trapped
in collapsed, burning or unsafe structures and although this
strategy is still used today, it has several drawbacks. Not only
is the loss of a dog’s life undesirable, dogs can only lead a
worker to the victim and cannot provide further information
on the condition of the victim or their surroundings.

To this end, a body of research and development work
exists in the emerging field of Urban Search and Rescue or
USAR. It has been broadly defined as “the strategy, tactics,
and operations for locating, providing medical treatment, and
extrication of entrapped victims.” [2]

As early as 1996, John Blitch identified Urban Search
and rescue as a field which “. . . is a very dangerous job for
human rescuers, poses an almost infinitely difficult spectrum
of challenges, and yet provides an opportunity for robots to
play a pivotal support role in helping to save lives..” [3] Since

then, many research and commercial institutions have been
developing a multitude of rescue robots for various use cases.

The first documented use of robots in a USAR operation
was in September 2001 with the 9/11 terrorist attacks [4].
At Ground Zero in New York, several teams with a variety
of different robots were dispatched to assist in the inspection
and clean-up phases of operations [5].

Although the efforts of the robotic USAR deployments in
New York failed to retrieve any living victims, it provided a
strong starting point for USAR robotics as a serious, practical,
and relevant research field. Subsequently, robot-assisted rescue
missions in the aftermath of Hurricane Katrina in 2005 [6]
and the nuclear disaster at Fukushima Daiichi power station
in Japan in 2011 [7], [8] have proved the value of robots as
members of USAR teams.

G Anthes states in an article, “Real disasters are infrequent,
and every one is different. The robots never get used exactly
the way you think they will, and they keep uncovering new
bottlenecks and problems. So it’s an emerging technology.”
[9]. It is this ever changing and challenging terrain that creates
a significant challenge for rescue robot designers.

Each type or class of robot comes with its own advantages
and limitations. Larger robots can navigate over rubble, but are
not able to fit down small voids. Specialised robots that mimic
the locomotion of animals such as snakes and fleas, to name
a few, are able to move only in very specific terrains such
as water or sand. UAVs are excellent at scouting the rescue
area but cannot be easily flown in restricted terrain or confined
indoor spaces. USAR situations provide additional challenges
in that cables, piping, and broken structural elements often
hang from above or protrude from below into otherwise usable
airspace.

By contrast, Micro rescue robots, which are described as
shoebox sized [5], are able to fit down small voids and
be carried on the back of a single rescuer - although their
small size limits their ability to navigate over larger obstacles.
It is these characteristics that make micro-robots the best
candidates for General Purpose, First Response Robots.

RoboCup Rescue and AAAI Urban Search and Rescue
competitions have provided an invaluable resource to robot
developers (primarily teams from academic institutions) in the



form of competitions which pit robots against each other in a
series of challenge arenas that simulate disaster zones. These
are based on the National Institute of Science and Technology
(NIST) Standards for USAR robots [10] which provide a
system of benchmarking the performance of robots designed
for these applications. The University of Cape Town Robotics
and Agents Research Laboratory (UCT RARL) competed in
the RoboCup Rescue league in Mexico in 2012. Much of the
inspiration for this project comes from this competition and
the subsequent IEEE/RAS conference held in Turkey the same
year.

In Section II of this paper, various disaster rescue operations
are analysed for their use of robots and site specific challenges
are noted. Section III describes the need for rapid response
after the disaster has taken place. Currently available Peek
Robots are examined in Section IV and these are analysed for
the suitability for becoming a first response robot. Finally, Sec-
tion V concludes with proposed specifications for a General
Purpose, First Response Robot.

II. USE OF ROBOTS IN REAL DISASTER ZONES

Although many disasters can shed light on the topic of
rescue robotics, some of the most illuminating insights come
from the aftermath of the World Trade Centre collapse in
2001. Ten different robot models were deployed to the site,
although only three were used [5]. The rubble created terrain
too challenging for the robots to traverse and so the rescuers
had to carry them into the search areas. The difficulty of
carrying the larger robots and the fact that the voids were
very small meant that most of the robots delivered to the site
were too large to be effectively used.

The Inuktun MicroTracs and VGTV models were the most
used robots as they were able to be carried in a backpack to the
rescue site. The MicroTracs was used in 7 of 8 drops because it
was the smallest in size. A lack of trust in the robotic systems
also led rescuers to rely on dogs and other techniques even
when using a robotic system would have been faster [5] - and
quite possibly safer too.

The operators described numerous problems with many of
the robots at the site, including the fact that they were too
fragile and that their user interfaces were too hard to use. The
necessity of tether or rope management often left the rescue
workers themselves undesirably close to the hazards they were
aiming to avoid. This unpleasant and dangerous scenario is
depicted in Figure 1.

Stressed or sleep-deprived operators working long shifts
also experienced reduced cognitive capabilities and as such
found the robots more difficult than expected to operate.
Furthermore, when footage from the operation was reviewed
months later, objects such as human remains and watches were
identified that had been overlooked during the actual operation
[5].

The Inuktun VGTV was used again during two further
disasters, during the 2005 La Conchita Mudslides and after
Hurricane Katrina in 2005 [6].

Fig. 1. Rescue worker handling a robot’s tether at the WTC [11]

The terrain created by the mudslides caused the tracks to
fall off the robot and its performance was described as "no
better than could be achieved with a simple human operated
pole camera" [6]. During the Katrina rescue operation, the
robot was tasked to investigate partially collapsed buildings
to look for survivors. Although the teams did not succeed
in finding anyone, they did manage to successfully navigate
through buildings. They found it difficult to navigate over
larger obstacles, had trouble with lack of traction and were
under severe pressure to recover the robot as it was the only
one present at the disaster site. An apartment damaged by
Katrina can be seen in Figure 2. The front of the building is
structurally compromised and the partial collapse of the upper
floor makes it an environment particularly suited to robotic
inspection.

Fig. 2. An example of a damaged apartment building during hurricane Katrina
- taken from [6]

The collapse of the Municipal Archive in Cologne in 2009
created a different scenario in that an entire building collapsed
into a subway below [12]. This created a disaster area that was
mostly below ground level, filled with water and had very
small voids. Although two rescue robots were present at the



site they were not utilised because the larger robot could not
fit into the voids, and the smaller robot could not get to the
voids as it lacked the mobility and ruggedness to travel there.

In March 2011 a huge earthquake and subsequent tsunami
left four reactors at the Japanese power station of Fukushima
Daiichi severely damaged. Here again, robots were used, and
the recovery work is ongoing. Because there were no victims
left inside time was less of a pressurising factor; this enabled
existing robots to be tailor-made for the task at hand [13]. The
first robot to enter the building was the iRobot Packbot, a large,
multi-function track-driven platform. It allowed operators to
determine that the radiation levels were too high for humans
to enter; however since Packbot could not climb the stairs in
the plant, its usefulness was limited. An existing and similar
robot, Quince, was then reconfigured to carry out specific tasks
within the building. Quince was able to climb stairs and take
all necessary readings, although tether management was once
again an issue.

III. NECESSITY OF RAPID RESPONSE

There are many more disasters in which rescue robots
could or should have been used, but many factors including
availability, expense and complexity have prevented this from
becoming standard practise. The future of rescue clearly
involves robots, the question now becomes how they can be
seamlessly integrated into the rescue process.

In disaster zones where people are trapped, the following
two key pieces of information can be important in understand-
ing the need for a First Response Robot.

Firstly, Table I illustrates how time critical rescue operations
need to be. After only 2 days trapped in rubble, the survival
rate falls by almost 60%.

TABLE I
TRAPPED VICTIM SURVIVAL RATE (RE-CREATED FROM [14])

Time Survivor Percentage
30 minutes 91% survive

1 day 81% survive

2 days 36.7% survive

3 days 33.7% survive

4 days 19% survive

5 days 7.4% survive

In addition to this, it takes an average of ten trained
professionals four hours to remove a victim simply enclosed in
a void space and ten trained professionals ten hours to remove
an entombed victim [14]. This further illustrates how time
critical finding victims can be, especially considering that the
rescue site may be large; having only one rescue robot, or
having an unreliable rescue robot, is not a viable solution. It
is also important to note that flying in specialised teams from
across the world that invoke large set-up times can result in
a lowering of victim survival rates. If each rescue department
was equipped with a First Response Robot, then the locating
of survivors would begin immediately with these robots, with

the specialised robots arriving later and integrating seamlessly
with the search effort.

In 2002, Murphy, Blitch and Casper proposed the most basic
level of robots for AAAI/Robocup as "Robust teleoperation
with basic mixed-initiative capabilities". These robots would
be teleoperated and able to handle rubble and confined spaces.
Mapping and planning would all be carried out manually by
the operator, whose "user interface is visual and capable of
displaying multiple sensors simultaneously." These sensors "...
should be able to detect the basic affordances of a survivor:
heat, motion, sound, and color." [15]

In 2006 Messina and Jacoff corroborated this with their
proposal of a category of inspection robots they termed "Peek
Robots" which could "provide rapid audio visual situational
awareness; provide rapid HAZMAT detection; data logging
for subsequent team work...", would be deployed by throw-
ing (amongst other suggestions) and would "trade mobility,
duration [and] sensing for increased expendability". [16]

This idea was further validated during the IEEE/RAS Sum-
mer School conference in Turkey in 2012, where comments
from actual rescue workers often described the need for
simple, robust inspection-class robots for initial surveillance,
rather than large complex systems. Also mentioned were
concerns over the expense of acquiring these robotic systems.

It is felt that a General Purpose, First Response Robot could
be the key in realising this goal. This robot would be one that
could be integrated into each fire department or first rescue
team and could be rapidly deployed into all disasters.

IV. CURRENTLY AVAILABLE RESCUE ROBOTS

The rescue environments reviewed in Section II vary signif-
icantly and provide distinct challenges in response to which
various types of robots have been developed. The section
below contains a discussion of some of the commercially
available rescue robots. As a First Response Robot needs to
be either man-portable or man-packable, there is specific focus
on this area.

A. UCT RARL Prior Work

As previously mentioned, RARL has experience in devel-
oping USAR-capable robotic systems. The "Ratel" UGV, a
large, track-driven platform [17] equipped with a powerful
robotic arm [18] and multi-functional sensor payload. This
work culminated in the Ratel competing in RoboCup Rescue
2012 in Mexico. Like many others in its class, it has to be
transported in large cases and the robot alone requires at least
two people to carry. Due to the complexity of the robotic arm
and configurable track-flipper drivetrain, as well as the number
of different sensors in the payload, two operators are required
to drive the platform at all times. This robot is similar to a
number of larger robots, such as Quince and Packbot, and is
not discussed in further detail due to its unsuitability as a First
Response Robot.



B. Recon Robotics

Recon Robotics manufacture several similar robots under
the "Recon Scout ThrowBot" moniker [19]–[22]. Regarded as
a complete system, the Recon Scout offering is successful for
its simplicity and boasts an "instantaneous" deployment time
[20]. Each system is comprised of a robot and a controller.
They are designed primarily for military and tactical inspection
purposes in structurally stable environments, but their range
has expanded to include robots better suited to the rough
terrain typical of search-and-rescue scenarios [20].

The robot is a light, compact, two-wheeled tail-dragging,
“throwable” inspection robot carrying, at least, a camera. The
hand-held controller, called the "Operator Control Unit", has a
video screen and directional joystick, which is used to drive the
robot around and view the video feed. This is shown in Figure
3. The small size of the controller allows the robot to then be
controlled with a single hand, and the large stubby joystick
can be operated by a thumb, even when wearing gloves.

The robot is transportable in a backpack or attached to
a Molle vest, and the OCU hangs from a lanyard around
the operator’s neck. Upon reaching the area of interest, the
operator (who may require assistance to remove the robot
from the pack) removes a pin - similar from the firing pin
of a grenade - and the robot is then typically thrown into a
dangerous location.

Fig. 3. A ThrowBot and the OCU [23]

Full pricing details of the entire range are not freely
available, as some of the robots are considered "military tech-
nology" in the USA. However, with the civilian information
available, prices for the available "kits" (including one robot,
chargers, and one control station) range from US $7,500 to

around US $13,000, with single robots starting in the region
of US $5,000 [24], [25].

Initially, three models from the Throwbot range stand out
as potentially interesting to the topic under consideration: The
"Scout XL", The "Recon Rescue", and the "Scout LE". These
are briefly explored here.

Although some distributors [24] market the "Recon Rescue"
as a rescue-specific model, it appears to be a standard Throw-
Bot with no special abilities other than a coat of flourescent
yellow paint and the ability to be deployed with a tether.
It would be no better than the standard issue Throwbot at
climbing obstacles or traversing challenging terrain, and is no
longer featured on Recon Robotics’ main website.

The ThrowBot LE presents itself as a relevant subject
of study as it is marketed as "affordable" to police forces.
However it is unclear how this has goal has been achieved,
and no pricing information is made publicly available. Its
diminutive wheels appear unlikely to cope with challenging
terrains such as sand and debris, and as such would be
incapable of surmounting all but the gentlest of rubble fields.

The Scout XL (shown in Figure 4) is slightly bigger and
heavier than the others, at 216mm (wheel-to-wheel), 140mm
wheel diameter, and 0.64kg. It is rated to survive a drop or
throw from up to 4.6m - this resilience is partly achieved by
the design of the wheels, which have flexible elements that
deflect to absorb impact. These claw-shaped elements around
the driving surface of the wheel are designed with a dual
function of also providing grip on challenging surfaces such as
"rocks, grass, sand and debris" [21]. It is claimed to be capable
of climbing obstacles up to 102mm high, making it a more
suitable candidate for the harsh terrains often encountered in
USAR operations.

The Scout XL is equipped with the standard monochrome
camera, which has a 60 degree field of view and is addi-
tionally equipped with automatic infra-red lighting to enable
observations in total darkness. The robot is equipped with a
microphone, but it still lacks any method for communicating
with victims one might encounter in the operation, visible
lighting, or enough sensors to adequately detect "the basic
affordances of human life" as outlined in Section III.

Fig. 4. The Scout XL, with larger, obstacle-climbing, wheels. [21]



C. iRobot 110 FirstLook

The FirstLook (shown in Figure 5) is a small-to-medium-
sized throwable inspection robot also designed for military and
tactical use, but is more rugged and physically capable than
the offerings from Recon Robotics. It measures 229 x 254 x
102mm, and moves by means of tracks which are driven by
wheels at each corner. Additionally, it features two flippers
which can be rotated coaxially with, but independently from,
the rear wheels, providing the FirstLook with a means of
climbing up ledges, over obstacles, and autonomously righting
itself after a fall.

Fig. 5. The iRobot Firstlook, flippers raised in anticipation [26]

Physically, the FirstLook is capable of surmounting a
178mm ledge, easily lifting itself onto a pavement or over
small obstacles. The flippers can also be used to raise the
camera to look up at objects above its usual field of view. The
two tracks are driven by wheels with curved spokes, designed
to absorb impact when thrown or falling, and with these it
can travel at up to 5.47km/h across ground. It is capable of
surviving a fall of up to 4.87m. The main antenna is protected
from damage, as it is mounted on a highly flexible joint; it
simply folds down in any direction and springs back into
position when the robot autonomously rights itself. The iRobot
also carries a rating of IP67 and thus is submersible up to 1m
depth, a huge advantage in dealing with the challenges posed
by disaster sites.

The FirstLook is equipped with four built-in cameras (front,
rear, and side facing) and has a "payload accessory port" which
allows for other optional sensors such as "specialized cameras,
thermal imagers, chem-bio sensors and charge deployment
accessories", [26] however these can adversely affect the
robot’s ability to be deployed by throwing. It is controlled
wirelessly with a game-style controller, which requires two
hands to operate, and includes a 5" LCD screen to relay
video feeds to the operator. This functions at a range of
up to 200m in line-of-sight conditions but will presumably
deteriorate significantly as obstacles are introduced.

As a complete system the FirstLook can be transported in a
large backpack which a single operator would have to remove
in order to access the robot. Multiple robots can also be used to

form an ad-hoc communication network, extending the useful
range of a single robot by employing a second, intermediary
robot to relay information back to the operator.

D. Inuktun

The Inuktun VGTV (Variable Geometry Tracked Vehicle),
now also known as the R2i2 Delta Extreme [27] was success-
fully used during the World Trade Centre collapse. It moves
around on flexible tracks which allow it to traverse challenging
terrains. One of its defining characteristics is also the ability
to reconfigure its wheelbase, going from a wide, flat structure
to a tall, narrow structure depending on the shape of the voids
it must traverse; this is shown in Figure 6. The vehicle is
capable of operating over a cable as long as 300 feet (90
meters) and can operate submerged to a depth of 10 meters.
The standard system includes bi-directional audio, variable
intensity lights, and a colour zoom camera. Options include
a variety of sensors, a battery pack, Digital Video Recorder
(DVR) and laser lines for on-screen sizing. Because the vehicle
can change geometry, its dimensions can range from 280 x 430
x 150mm to 280 x 280 x 340mm [27].

Fig. 6. The Inuktun VGTV, in three stages of its variable shape [27]

Once again, pricing information is not readily available, but
at the time of writing a second hand unit can be bought for
approximately US $ 7500.

Casper and Murphy [5] report that these robots could be
set-up within 1.5 minutes by experienced operators. They also
mention a second Inuktun robot used at the WTC, named the
"MicroTracs". It had the same specifications, but appears to
be smaller and has non-reconfigurable tracks which it uses
to move around. This robot is no longer a part of Inuktun’s
product offering. Their current line does feature similar-sized
miniature inspection robots - however these products are now
oriented more towards use in pipe and duct inspection and
are commonly fitted with curving or magnetic tracks for this
purpose. As such they would be unsuitable in a USAR scenario
where challenging terrain - often incorporating scrap structural
metal - is likely to be found.

V. CONCLUSION AND POSSIBLE FUTURE DIRECTION

There is a clear, immediate need for smaller, general-
purpose rescue robots. Although there are some capable of-
ferings or larger robots, they are better suited to specialised
tasks, are expensive, difficult to transport and operate, and in
many cases are simply too large to enter challenging terrains
with small voids.

Although some of the small- and medium-sized robots
reviewed here could potentially be seen as meeting this need,



their cost - typically several thousand US Dollars apiece -
limits their usability in actual rescue scenarios. This is a
two-fold issue; for some rescue teams and organisations the
initial cost is simply prohibitive, but for others who can afford
perhaps one or even two robots, the financial risk of losing
a robot is a limiting factor in deciding whether or not to
deploy it. Additionally, the ThrowBot and FirstLook systems
are both focused more towards tactical or military operations
which typically have less challenging terrain than those found
in USAR scenarios. Furthermore, additional sensors may well
be needed to render these systems truly USAR-capable.

In order to implement the proposed General Purpose First
Response Robots, work needs to be done to address the
shortcomings mentioned in previous sections. The features that
enabled these robots to operate effectively, or were missing
from the rescue operations are as follows:

The robot must be:
• carried in a backpack by a single rescuer
• low cost - The operator’s decisions must not be con-

strained by the risk of losing it
• rugged and waterproof
• able to either operate in all orientations or be able to right

itself reliably
• have improved tether management - either operating

without a tether or having some automated tether control
• able to operate continuously for at least 20 minutes
• deployed "instantaneously"
• equipped with sufficient sensors to determine the exis-

tence of nearby human life, and possibly automatically
identify these and highlight to operators

• able to carry a variety of specialised sensor payloads for
different scenarios

• easy to operate by sleep-deprived or stressed rescuers
In addition to these specifications, additional features could

be added that would greatly improve the functionality of the
system. Allowing the robot to be thrown or dropped would
ease deployment and prevent damage if the robot were to fall
down a vertical void. Although the average drop times at the
World Trade Centre were under 7 minutes, should a victim be
found, a longer battery life would be desirable so that audio,
light and even video could be streamed during the rescue
process. This would greatly ease the stress on the trapped
victim. Some method of extending each robot’s operating time
such that it could be used for multiple drops, such as a mobile
charging station, would be useful; this is preferable to having
to call in another robot. Further research into networks of
interconnected robots would also be invaluable as these small
robots could act as breadcrumbs, streaming data to all rescuers
and robots. Multi-robot systems, where large, small, micro,
and flying robots are used simultaneously, could also add great
value to the rescue operations.
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