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Abstract 
 
The technical innovations increase in our society, so do 
robots. Looking back a decade, we would never imagine 
that the society will look like it do today, with principle 
every device containing a small computer. Rescue robots 
are one of these things, containing a computer that reacts 
with the robots hardware to become a lifesaving tool. The 
possibilities are high and the limitations are few. With 
the help of rescue robots, looking over recently used 
robots, the purpose of them helping us to save life and do 
general rescue work has gone mostly as wanted and with 
accomplished results. Still, like always, there are things 
to improve. This paper gives an overview of the 
development of where rescue robotics stands today and 
what might be the future for them. It will also give a 
briefly introduction to the concept of rescue robotics and 
what is important to think about when working with it. 
To be able to manage all possible obstacles and be 
dynamic we have to know in which environmental 
conditions the robots have to manage. Often it is an 
unpredictable environment which makes the navigation 
Hard, therefore it need smart systems and well thought-
out plans of how to manage every situation. 
Keywords: Robots, USAR, UAV, UGV,USV,UUV. 
 

1. Introduction 

Saving victims of natural and human made disaster 
demands sophisticated and organized rescue 
planning from a administration [1]. The plan is to 
get out to the ruin areas, find the sufferers and aid 
them as fast as possible. Disasters comes with 
many obstacles for the rescue team that makes it 
hard for them to reach the victims, for example 
rainstorms, collapsed buildings, obstructions and 
dangerous substance. The rescue team must quick 
and firmly find information of the disaster areas, a 
task that is both hard and dangerous [2]. 
 

Rescue robots, that  is a type of meadow robots, 
can serve as appreciated tools for human teams 
under disasters [3]. They can reach places between 
rubble and hazardous places that humans cannot, 
and effectively gather crucial information. The 
robots can also reach victims through narrow 
spaces and apply them with fluids and medication. 
To be useful equipment the rescue robots must be 
smart and dynamic so they do not become obstacles 
for the rescue team. Because of the unstructured 
and dynamic environment that occurs during 
disasters, the robots are nowadays in a degree 
teleported [1], which anxiety that the robots have a 
high-quality communication with the rescue team. 
 
There are several rescue robots still under process 
and some of them have even been used in some 
emergence situations. The challenge facing to get 
good reliable rescue robots working on the field is 
to make them smarter in software such as 
developing in intelligent systems and to use the 
hardware in the way that it can handle all possible 
obstacles found in the hazard zone [3]. The aim of 
this report is to get a good introduction of rescue 
robotics, their challenges, how they are used today 
and what improvements could be the future of 
rescue robots. 
  
Section (2) will provide the reader with background 
information of the terms involved in rescue 
robotics and how they are used in different 
environments. Section (3) will describe the 
challenge of developing rescue robots today and 
what categories are important to work with. In 
section (4) several selected robot development for 
harsh and risky environment rescue recently used 
are listed to get a good understanding of how they 
have been applied in different disasters. Section (5) 
will summarize the report , give a conclusion and 
possible further work. 
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 2. Background 
 
This section will embrace how the rescue robots are 
divided and sorted into groups depending on what 
they should do and the size. Then it will include 
how and which types of rescue robots can be 
applied in different emergency situations such as in 
natural and manmade disasters. 
 
2.1 Different types of rescue robots 
 
There are mainly four types of rescue robots 
according to [6], that can be categorized like this: 
 
UAVs – Unmanned Aerial Vehicles. These robots 
can easily transport medical treatments to victims 
and can give the responders a bird view of the 
situation. 
 
UGVs – Unmanned Ground Vehicles. These robots 
works on the ground and can help rescuers to find 
and interact with trapped or hurt victims, in areas 
were human cannot enter. 
 
USVs – Unmanned Surface Vehicles. These  robots 
works on the water surface, and can help rescuers 
to locate and bring the right equipment to the 
victims. 
 
UUVs – Unmanned Underwater Vehicles. These 
robots can search trough water and find victims, 
dangerous subject or substance. Cannot  use GPS 
signals yet. 
 
The rescue robots can further be divided in three 
groups, depending on the model size. When 
choosing the size its important to know what the 
robot should be capable of and how soon after a 
disaster it might be used. The sizes are: Man 
packable, Man-portable and Maxi-sized. 
 
Man-packable is typically small and they can easily 
be carried to the disasters hot zone immediately. 
 
Man-portable is little bigger in size and may need 
two person, or a vehicle to be carried. These robots 
often need to wait before the path is curved up. 
 
Maxi-sized robots is the biggest type and they need 
trailers for transportation, and they can be used in 
the hot zone and directly on the rubble. 
 
 
3. Rescue robot challenges 
 
The primary inspiration is to save life. Robots can 
assist in meeting this objective by interacting 
directly to the victims or structures or automating 
support activities [3]. Compared to military 

platforms[4] rescue robots has quite same structure, 
because they are using the same technology for 
searching, navigation  and control. But the 
difference that makes rescue robots unique from 
military robots is that the rescue robots have more 
human-robot interaction for civilian response. The 
strategy of rescuing for rescue robots is highly 
similar to the human way of rescuing. The rescue 
robot policies have several important categories 
that has to be covered to be able to work as they 
should. Therefore following categories are divided 
according to [1] as Searching, Reconnaissance and 
mapping, Rubble removal, Structural inspection, 
Medical assessment and intervention, Medical 
sensitive extrication and evacuation of casualties, 
Acting as a mobile beacon or repeater, Serving as a 
surrogate for a team member and Providing logistic 
support. 
 
Searching: The robot may have to handle searching 
in caves, tunnels, wilderness, unstructured and 
dynamic environment to find victims or unsafe 
hazard. It is significant that the robot can do it with 
speed under complete control without increasing 
the risk for the rescuers, sufferers or other alive 
creatures. For UGVs the challenge is the 
complexity of the environment, the robot needs to 
knob erratic combination of vertical and horizontal 
substance. One mechanical crisis in searching is 
that robots can get stuck in the rubble and can only 
work for a limited time because of the lack on 
power supply [5]. Even though its hard to get an 
overall picture of rubble because of its 
unpredictable conditions, it is clear that more work 
is needed for the robots mechanical design in order 
to act to the environment. 
 
Reconnaissance and mapping: This is broader than 
searching because the robot have to provide the 
human rescue team with general information about 
the situation and create a reference of the destroyed 
environment. It is important to coverage large area 
as fast as probable. The purpose is to have a multi-
agent [6] system to predict any catastrophes and 
disaster trough software. To let UAVs mapping the 
area will be much faster rather than waiting for the 
information from the pilots flying helicopters [1]. 
For UAVs the challenge is to handle the different 
wind conditions, and at the same time trough trees, 
power lines and any obstacle in its path it may 
crash with. The software should also handle 
mapping and detect victims. In areas where it to 
dangerous for human to enter UAVs are sent first 
before any other UGVs are sent [5]. 
 
Rubble removal: The robot should be able to move 
heavier rubble faster than it can be done manually, 
but of course with a small skeleton and without 
risking the lives of the victims or the human rescue 
team. Rescue robots can be used in the way that it 
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sense the environment using sensors to decide 
which rubble can be moved or what pieces are in to 
much danger to move. Rescue robots are also used 
to test stability and of several conditions and decide 
if it is safe for a human to enter [7]. 
 
Structural inspection: It is significant that the robot 
can find a optimal path into a ruins structure in 
order to prevent collapses. The sensors must be 
able to read the region from many favourable 
viewing angles to make it easier for the robot to 
find the best path into the ruins. UGVs are focusing 
in this division, but it desires even smarter 
resolution in both software and hardware to 
maintain better navigation. 
 
Medical assessment and intervention: Both visual 
and verbal contact with the victims are important so 
the rescue team can get a health assessment of the 
victim, and send fluids and medication through 
narrow tubing during the extrication that usually 
takes four to ten hours. Communicate directly to 
victims trough wireless connection is not always 
possible due to long distances between human and 
victims and such as interfering with other 
frequencies and minimal signal strength in tragedy 
areas [8]. 
 
Medical sensitive extrication and evacuation of 
casualties: The robot should be able to get into 
dangerous chemical, biological and radiological 
infected areas. With the help of the UGVs and 
USVs, the rescue team can reassign medicine to the 
victims in these areas. Still it is not sure that the 
robot can reach its objective due to the heavy 
weight and not be able to pass obstacles. 
 
Acting as a mobile beacon or repeater: The robot 
can serves as repeaters to extend the range of the 
wireless communication. If it not works it cannot 
compress and do the image processing to the 
responders [9]. This will allow the rescuers to 
localize themselves and the victims. When wireless 
communication do not work, a tether can be used 
but the possibilities of free wireless communication 
is highly prioritized. Several repeaters can be used 
for strength and pass the signal. 
 
Serving as a surrogate for a team member: The 
robot must be smart enough so it can communicate 
in areas where humans cannot. It must do it with a 
frequency that not collide with any others and be 
able to send information from victim trough voice, 
video or other sensors stating the condition of the 
environment and victim. 
 
Providing logistic support: It is an advantage that 
the robot can carry equipment, other robots and 
supplies to the hot zone from storage area. When 
transporting other robots, marsupial robots [10] are 

used and the small robots can be charged by a 
stationary one. 
 
 
4. Selected Robot Development for           
Harsh and Risky Environment 
 
Wide range of robots have been developed for 
different purposes and application domains. Main 
categories are: 
a. Unmanned Aerial Vehicles (UAV) 
b. Unmanned Ground Vehicles (UGV) 
c. Unmanned Surface Vehicles. (USV), 
d.Unmanned Underwater Vehicles(UUV) 
 
Let’s have some highlights on the first four 
categories: 
 
4.1 Unmanned Aerial Vehicles (UAV): 
Unmanned Air Vehicles are able to y in the free air 
space. They have one more scale of freedom than 
ground robots. Aerial robots are similar to known 
flying machines like helicopters. The usual 
propulsion systems comprises four (quadrocopters) 
or more (hexacopter, octocopter) propellers and 
motors. Flying robots still have problem of payload 
capabilities because the robot needs to oppose the 
earth gravity, carrying its own weight and most 
important its batteries. The weight of the batteries 
usually limits the air robot operational time.[11] 
Flying robots are very useful for inspections from 
above like taking pictures or environment 
reconstruction. The vertical distance from the 
ground allows aerial robots to have larger overview 
over areas and they are able to assist first 
responders as well as ground robots in tasks like 
search and rescue. Aerial robots recently become 
very stable and are able to deal with strong wind in 
the open areas. Moreover, they are capable to 
several kilometres from the base station. The final 
is subject to national aviation regulations.[11] 
 
In the following fig’s we will present some 
examples of commercially available UAVs. 
 

 
Fig. 1  Schiebel CAMCOPTERc S-100 
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Fig. 2  Honeywell's Aerospace T-HawkTMMAV 
 
 
 
 

 
Fig. 3 Survey Copter Tracker 120 
 
 
 
4.2 Unmanned Ground Vehicles (UGV): 
Ground mobile robots have skill to navigate on 
ground. Most common locomotion systems are 
wheels, tracks, legs or snake similar to. Two legged 
mobile robots are known as humanoid robots and 
become more and more interesting for research. 
Most of common reasonable rescue robots use 
wheels or tracks to overcome multifaceted ground 
structures in rescue environments. Rescue 
environments are that kinds of environments found 
after earthquake, tsunami, cyclone or other natural 
or man-made disasters in urban areas. Mobile 
robots are also found in industrial, military, 
security and service area. Household robots are 
consumer products, including entertainment robots 
and those that perform certain household tasks such 
as vacuuming or lawn mowing.[12] 
 

In the following fig’s we will present some 
examples of commercially available UGVs. 
 

 
Fig.4 Cobham NBC MAX 

 

Fig.5 Taurob Tracker 

 

Fig.6 Research platform Wowbagger 
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4.3 Unmanned Surface Vehicles. (USV): 
Unmanned Surface Vehicles are robots that can 
operate on the water surface. The robots have 
locomotion like boats or life-raft. With respect to 
navigation this type of robots can be compared to 
ground robots. USVs are used for oceanography 
,military, and research. Equipped with solar cells 
this type of robots could reach months of 
operations time.[12] 
 
In the following fig. we will present some 
examples of commercially available UGVs. 
 

Fig.7 Clearpath Robotics KINGFISHER 

 

4.4 Unmanned Underwater Vehicles 
(UUV): 
Unmanned Underwater Vehicles are designed to 
operate underwater. UUVs are usually used for 
deep-see explorations where it is too dangerous for 
humans. Moreover, they are used for search and 
rescue operations underwater, ground monitoring, 
or recording data. Due to the fact, that wireless 
connections to underwater vehicles are hardly 
possible, robots for underwater applications have to 
run the predefined mission autonomously or need 
an wired connection to the operator station.[13] 
 
In the following figs. we will present some 
examples of commercially available UUVs 
 

Fig.8 Sparus II AUV 

Fig.9 SeaBotix SARbot MiniROV 
 

5. Summary and conclusion 
It is without a doubt that the expansion and studies 
for rescue robotics is of great importance to the 
present society. Natural or human made disasters 
occur often and it is significant that help can arrive 
fast enough. In these cases a team of smart rescue 
robots would be a great extension of the human 
rescue team as they can be made to reach places 
that are too dangerous or too small for humans or 
dogs to reach. 
Rescue robots are making the transition from an 
motivating idea to a term actually being used in 
crisis response. Most of the robots that are effective 
in rescue cases are still at the same time 
unfortunately used as test machines. While still 
working as usual, it seems it is always something 
more to develop to gain improved performance. 
One reason to that may be the increasing level of 
all technical parts involved in our today life, 
increases the building and development of the robot 
such that it never ends with a finishing creation. On 
the other side it is always good that the rescue 
robots increases in development with better 
performance, such that it can handle all the 
situation as needed. 
Some future work that could appreciate some more 
research is multiple robots and swarms, to its smart 
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thinking of having collaborated robots helping each 
other working towards one goal. 
They could be used for mapping, navigate through 
various obstacles, searching and detecting. 
Conversely, constructing these types of swarm 
robots may be very hard and complex, but is 
certainly a worthy concept to develop in the future. 
One other part to develop is the quadrocopter, 
because of its independence of getting anywhere it 
wants, easy to manage and 
that it is more stable to manage strong winds than a 
fixed wing plane. It will be of great interest and 
positively dominate the UAVs because of its 
possibilities. 
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