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Abstract 

In the aftermath of disasters such as the 9/11 terrorist attacks and other calamities, it became 

clear that immediate rescue efforts must take place in such a way that it doesn’t put the lives 

of the rescue workers themselves at stake. It is in situations like these that urban search and 

rescue robots (USARs) can save lives and at the same time keep rescue workers safe. A 

mobile Robotic system for monitoring such disaster struck environment parameters using 

wireless network has been talked about in this paper and developed based on ARM-7 

platform.  The disaster environment and rescue conditions such as temperature, victim’s body 

temperature, body conditions etc. are continuously monitored and detected through suitable 

data acquisition systems and methods incorporated in the robotic system. A simple method 

for controlling the robot by the rescuer himself has been developed for precise position and 

speed control and navigation of mobile robot. Victims are searched for and detected by 

recording and matching any one of their templates such as skin and edge. The wireless 

control of mobile robot and monitored data acquisition is accomplished using zigbee wireless 

protocol. 

Key Words: Mobile robot navigation, thermal imaging, template matching algorithm, skin 

detection, canny edge detection, zigbee transmission. 

 

1.  INTRODUCTION 

Recovering survivors from a collapsed building has proven to be one of the more 

overwhelming challenges that face rescue workers in today’s world. Survivors trapped in a 

rubble pile generally have 48 hours before they will give in to dehydration. Unfortunately, the 

environment of urban search and rescue (USAR) does not lend itself to speedy survey or 

retrieval. The terrain is extremely unhinged and the spaces for exploration are often irregular 

in nature and very confined. Though these challenges often make human rescue efforts deep 

within the rubble pile highly priced, a robot designed for urban search and rescue would be 

very well suited to the problem. 

“Robot is a computer-controlled machine that is programmed to move, manipulate objects, 

and achieve work while interacting with its environment. Robots are able to perform tasks 

more quicker, faster, cheaply, and accurately than humans. The term robot means 

“compulsory labour.” This project develops robot used to explore a remote location by 

sensing temperature, processes it and transmits the collected data to the control station using 



International Journal of Emerging Trends in Engineering and Development              Issue 4, Vol.2 (March 2014)                                                                                                    

Available online on http://www.rspublication.com/ijeted/ijeted_index.htm                                  ISSN 2249-6149 

R S. Publication (rspublication.com), rspublicationhouse@gmail.com Page 675 
 

wireless means. The robot can also detect the obstacles in its path This project consists of a 

micro controller section and mechanical section. The micro controller section stores programs 

that control the movements of the rover, atmospheric parameter acquisition and obstacle 

detection. The mechanical section consists of motors for the movement of robot. 

Robot has a motor- driven mechanical device and a brain in the form of a computer or a 

microcontroller that control its movement. The microcontroller a program stores in its 

memory, detailing the course the device should follow. When the program is run, the 

controller activates the motors which move the robot. The controller is that which operates 

the mechanical section while maintaining contact with its environment. The device is a 

computer combined with hardware and software, to carry out its assigned tasks. 

The embedded system software includes the interfacing of the sensors like temperature 

sensors, gas sensors and ultrasonic sensors to the microcontroller. The analog outputs of 

sensors are converted to digital values for processing. The microcontroller, the controlling 

device, reads these outputs. A proper communication protocol is established for 

communication between the control room and the remote system. This project is helpful for 

urban search and rescue, military/ space expedition etc to verify the atmospheric situations in 

a particular area without any human intervention.    

The device catches both the audio and video signals and transmits it through the wireless 

media so that control station can verify it and can sense threats if any.  The canon is 

embedded with modules that provide thermal imaging module, which senses the human body 

temperature and an obstacle sensor to detect the obstacle in front of it. An ultrasonic sensor is 

implemented for this purpose.  Ultra sonic sensor continuously generates pulses that reflect 

back if an obstacle comes in its field. A gas sensor is also used to detect harmful gases (LPG) 

and warn the controller. The central processing unit receives the data and calculates the 

distance between the robot and object. 

 

Fig-1: Functional Block Diagram 
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2. ALGORITHM 

2.1 Control and Navigation 

The preliminary step of physical edifice was to determine the robot’s overall design. There 

were several factors that affected the overall construction. First, the robot needed to be able to 

move through the cramped up spaces often found in a collapsed building. Second, the robot 

needed to be very flexible in structure in order to easily move over and around obstacles. 

Third, the robot chassis needed to be designed in such a way as to maximize strength while 

keeping overall weight as low as possible. Ease of movement was an important aspect for the 

robot, considering how the debris from a collapsed building could often make it difficult to 

access an area for search efforts. The final  requirement was a adaptable means of mobility. 

As the irregular and unpredictable nature of the environment often called for creative ways of 

dealing with terrain challenges, a robot with a variety of methods to maneuver terrain had a 

greater chance of succeeding in such a difficult setting. 

 

The brief history of robotic involvement in urban search and rescue has seen designs that 

have almost completely relied on wheeled/treaded propulsion. Though there have been 

alternative designs, the adaptibility of a wheel in a variety of terrains combined with its 

simplicity and reliability have made it the common choice of mobility for search and rescue 

robots. The addition of track belt to a wheeled system has benefits and drawbacks. On the one 

hand the track belt applies force all along its surface, in essence transforming the side of a 

robot into one large wheel. Though track belts generally give robot an advantage in rugged 

terrain, the added complexity of a track belt and the need for specialized parts often make 

them highly priced. In the case of an urban search and rescue robot, the benefits of a track 

belt  in such an irregular environment outweigh the specialization and complexity problems. 

 

The rover is manually controlled by the rescuer himself situated at a geographical area far 

from the disastrous area. Live video feedback is send to the human controller so that it feels 

like the rescuer himself is controlling the robot. This is a teamed up work of the human and 

robot. 

 

2.2   Human Search and Detection 

Detection and identification of objects from images ignoring direction, scale and view is a 

very important research subject in computer vision. People detection in images and video 

sequences very much researched in this area. We are interested in this challenge from a 

robotic application point of view since we are currently in early development stages of a 

robotic application for search and rescue operations. Some challenges with person detection 

are:                                                                                    

Poseture: The human body is a non rigid object that can take a wide variaton of postures.                               

Structural components: Structural components (clothes) can vary.                              

Occlusion: Objects can be partially or wholly obstructed by debris.      
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Image orientation: The human body varies for different rotations. 

Image conditions: Lighting and camera characteristics may affect the appearance of the 

human body. 

The problem of people detection is very difficult and has not been solved in its generality, but 

there have been advances where the posture is fixed. There have also been advances in 

integrating greater lenience to variations using component based detection. Many of such 

systems for people detection use movement as a focus of attention, and use a large scale 

sorting system directly around the region that registered movement. These methods are 

clearly unfeasible for a robotic application. Recognizing objects in images taken by a moving 

camera is much more complex than real time tracking with a stationary camera. 

Our method uses fast template matching as a focus of attention similar to the system to detect 

victims. Basically, it neglects locations where there is no silhouette matching the human 

body. Our operative definition of a victim includes two indications: body temperature and 

some visible skin. Further, our method seeks to detect potential victims in non-vertical 

postures. 

1)  Skin Detection: Skin color is considered to be a useful and standing out image feature for 

face and people detection, localization, and tracking. Like in almost any other computer 

vision research, confusing imaging conditions (e.g., change of illumination, shadows, shading 

and highlights) complicate the skin detection problem. In addition, the color of skin may vary 

among different people. Furthermore, for the same person the skin color differs significantly 

in different places and in different times.  

There are three broad categories of methods for skin detection. The first method uses rules on 

the color values. In general, these methods are very simple to implement and computationally 

not so expensive. However, they are very robust and cannot cope with the complexity of the 

problem. 

The second category uses a nonparametric model for skin color distributions. These methods 

estimate the skin color distribution from the training data without deriving a clear model of 

the skin color. This category includes methods that construct and use the skin distribution 

map (SMP), which is the discrete probability distribution of observed colors of skin. These 

methods are fast, but, require significant storage space. Furthermore, their performance 

depends heavily on the selection of the training set. 

The third category uses parametric models for skin color distributions. These models usually 

consist of  Gaussian or  mixture of Gaussians and offer a more compact skin representation 

along with the ability to generalize and interpolate the training data.  

Except for the methods in the first category, almost all other methods build an extra non-skin 

model. In this case, the image pixels are detected as skin by comparing their color' probability 

of being skin or non-skin. All these methods use a number of images to construct their 

models in order to detect skin pixels in an image.  
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Here we use a segmentation method to detect skin using YCbCr chrominance information. 

This method is more rigid because it uses more domain information. In our current 

implementation, the presence of skin is used to relax the matching threshold  in case of 

presence of skin.  

If in the evaluation of a given rectangle of area α there is 2% to 20% skin, the matching 

threshold is increased by 10%. The skin presence indication helps solve some occlusion 

problems very elegantly.  

 

Fig-2: Skin Detection 

It is important to note that the presence of skin helps in the victim detection but it is not a 

controlling factor.  The performance degenerates significantly.The matching criteria is: 

 

where γ is an experimentally set threshold value, β is the measured correlation of the value 

pixels on the DT image over the template, and α is the measured percentage of matching non-

data points in the template compared to the outlined image. The matching criteria seek a 

balance of many matched points with low matching error. We formulate the skin detection 

task as a standard two-class classification problem. Taking color vector as input and 

producing binary output which is- 1 for skin, and 0 otherwise. Pixel-based skin detector 

works by sequentially and independently analyzing each image pixel's color. 

2) Edge detection: The purpose of edge detection in general is to significantly reduce the 

amount of data in an image, while retain the structural properties to be used for further image 

processing. Several algorithms exists, and this paper focuses on a particular one developed by 
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John F. Canny. Even though it is quite old, it has become the standard edge detection 

methods and it is still used everywhere. The algorithm runs in 5 separate steps: 

 

Fig-3: Canny Edge Detection 

1. Smoothing: Blurring of the image to remove noise. 

2. Finding gradients: The edges should be marked where the gradients of the image has large 

magnitudes. 

3. Non-maximum suppression: Only local maxima should be marked as edges. 

4. Double thresholding: Potential edges are determined by thresholding. 

5. Edge tracking by hysteresis: Final edges are determined by suppressing all edges that are 

not connected to a very certain (strong) edge. 

 

2.3   Thermal Imaging 

Thermal imaging is an example of infrared imaging science. IR detector array detects 

radiation in the infrared range of the electromagnetic spectrum and an analog  mux converts 

the output from the array into a value which is then amplified and filtered and fed to an A/D 

converter. The digital value is then given to a software in the pc to produce images of that 

radiation, called thermograms.The software which produce thermograms are based on signal 

processing. The black body radiation law enables thermography to see one's environment 

with or without visible illumination. It also allows one to see variations in temperature. If 

viewed through such an imaging camera, warm objects can be differentiated from cooler 

ones. Therefore, thermography is particularly useful to military and other users of 

surveillance cameras. 

http://en.wikipedia.org/wiki/Infrared
http://en.wikipedia.org/wiki/Imaging_science
http://en.wikipedia.org/wiki/Electromagnetic_radiation
http://en.wikipedia.org/wiki/Infrared
http://en.wikipedia.org/wiki/Electromagnetic_spectrum
http://en.wikipedia.org/wiki/Black_body
http://en.wikipedia.org/wiki/Planck%27s_law_of_black-body_radiation
http://en.wikipedia.org/wiki/Optical_spectrum
http://en.wikipedia.org/wiki/Surveillance
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1) Thermal Energy: Thermal images are visual displays of the amount of infrared energy 

emitted, spread, and echoed by an object .The phenomenon states that Incident Energy = 

Emitted Energy + Transmitted Energy + Reflected Energy where Incident Energy is the 

energy when viewed through a thermal imaging camera. Emitted Energy is what is to be 

measured. Transmitted Energy is the one that passes through the subject from a remote 

thermal source. Reflected Energy is reflected off the surface of the object from a remote 

thermal source. If the object radiates at a temperature higher than its surroundings, then 

power transfer will take place and power will radiate from warm to cold. So if there is a cool 

area in the thermo gram, that object will absorb the radiation emitted by the warm object. The 

ability to emit or absorb such a radiation is called emissivity of an object.  

Thermal imaging employs a series of mathematical algorithms. To perform the role of 

noncontact temperature recorder, it changes the temperature of the object being viewed with 

its emissivity setting. Other algorithms can be used to affect the measurement, including the 

transmission ability of air and the temperature of the transmitting medium. All these settings 

will affect the ultimate output. This functionality makes the thermal imaging an excellent tool 

for maintenance of electrical and mechanical systems in industry and commerce. By using 

proper settings and by carefully acquiring the image, we can scan and find problems in 

electrical systems.  

 

 

Fig-4: Thermogram showing fault with an industrial electrical fuse block 

3. IMPLEMENTATION 

Figure shows the rover fully built. 

 

 
 

Fig-5: Urban Search and Rescue Robot 

 

 

http://en.wikipedia.org/wiki/Energy_transfer
http://en.wikipedia.org/wiki/Emissivity
http://en.wikipedia.org/wiki/File:Electrical_fault.jpg
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4. CONCLUSION 
 

This paper has provided an overview of applications of USAR robots. Many of these methods 

have been tested using simulated environments. Speed control with precision and high speed 

of operation is important in robotic application. High precision control implementation 

requirements have been met on ARM board because it is 32-bit microcontroller; additionally 

it has all necessary facility for concurrent programming and real-time control for fast 

handling of events in Robotic applications.  

We have also presented an algorithm for recognition of victims in search and rescue 

situations based on template matching. The visible skin of victimized humans and their edge 

is set as one template and human body temperature is set as the other. It is performed from a 

computer vision point of view. The method applied is very simple and scales well to larger 

datasets and can be used in real time applications. The method copes well with natural 

variations in the pose of the object of interest. This application needs to be improved in order 

to become more useful since it would fail under many conditions: occlusion, low contrast, 

debris. It constitutes, however, a first step in using computer vision systems to detect victims 

in search and rescue operations.  
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