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Abstract. This work presents an explorer rover robot prototype, developed to work in high risk operations and to 

explore rough environments. Inside this context, the explorer robots have the objective to inspect a given environment 

and use its sensors to reveal the physical characteristics of the place, usina Raspberry Pi plataform to control its 

maneuvers, analysis and the manipulation of objects. The project is a mobile robot, attached with a manipulating clar 

which works integrated to a system with a movement controller, partially autonomous. The camera (RaspCan) allows 

precise joint operations with the help of a vision system, focusing in a given object so the robot could locate it so the 

system can inform the robot the position of the object (x and y coordinates). The movement is provided by treadmills, 

assuring the moving capacities even in irregular grounds. The manipulator is developed in order to allow safe and 

precise operations. Therefore, all communication uses a wireless conectioon using a C language software to the 

Wiringpi library, making the environment analysis to be made via the camera attache to the controller, ensuring a real 

time image transmision. The system can be controlled using cellphones, tablets or notebooks, allowing the operatior to 

be outside an unsafe area. 
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1. INTRODUCTION  

 

In order to improve and expand the usage of explorer robots, a study about the drawbacks of the existing systems 

was conducted. However, the common activities are the ones that expose people to many dangerous situations. When 

analysing the crescent needs of efficiency and safety in these kind of operations, the use of robotics and automation 

appears as possible options in order to solve this problem. 

However, in order that these advances can be used, the applications with the highest financial return should be the 

priority given the high cost of the equipment. In order for the equipment to be used in any kind of activity, the financial 

and ethical matters, safety and welfare of the workers, should be studied. In order to comply with safety and 

cost/benefits needs, it is necessary to produce a versatile and compatible system with the current technologies, with an 

attractive cost and with the same ability as a worker and, thus, replacing the human presence in hazardous 

environments.  

The mobile robotics studies the development of devices capable of movement in uncontrolled, noisy and unknown 

environments. A good example of robotics application, according to Barbosa et al. (2008) is the construction of terrain 

explorer vehicles. Another example of the application of robotics is the presence of many robots in Mars, collecting 

data for scientific studies and a possible attempt of a manned mission to the planet (TERRA, 2012). Other vehicles are 

currently being developed for terrestrial, aerial and aquatic environments (PAIVA, 2002). These robots have the 

objective to replace humans in places where access is difficult and can also collect data, such as air quality, soil 

composition and the presence of water and of living organisms.  

The existing mobile robots should have the ability to, for example, recognize a specific object among many. The 

Artificial Intelligence (AI) is responsible to transform a simple static device that can only repeat a given action into 

fully autonomous robots capable of making decisions. According to the situation that the robot will operate, the 

software project becomes more complex, making it possible that the robot had to execute some functions concurrently. 

The Operational System (OS) used is important, since the programmer will concern only with the program functional 

aspects. The operational system is responsible for interface between the robot’s hardware and software. In order to fulfil 

these objectives, it is necessary multidisciplinarity between fine mechanics, electric/electronics and computation, so this 

new and important area has the necessary support (Pazos, 2002). 
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The present work has, as main characteristic, the operational versatility and safety in applications of this genre. 

 

 

2.  GENERAL DESCRIPTION OF THE MOBILE ROBOT 

 

The prototype structure was constructed with the objective to support the planar platforms (acrylic layers), making 

it possible for the robot to carry many attached devices and components. The robot structure has 250 mm in length, 200 

mm in width and 150 mm high. The prototype components are shown in Figure 1: (1) robot chassis, (2) traction 

treadmills and pulleys, (3) camera, (4) manipulation claw, (5) flashlight, (6) refrigeration pump, (7) refrigeration 

reservoir, (8) radiator, (9) Raspberry Pi B+ and its electronic components. 

 
                  Figure 1. General description of the mobile robot 

 

2.1 Mechanical Project 

 

The initial process of the project the 3D modelling of the prototype was conducted using a CAD tool, as shown in 

Fig.2, showing the structural parts, which were later used in the mechanical fabrication. The improvements possibilities 

in the cost/benefit relation can also improve the construction of the prototype in order to show movement. 

 

 
 

                  Figure 2. Mechanical structure   

 

In order to move the prototype, treadmills were chosen once they can promote a better soil adherence and thus, 

improving the traction capacity in rough terrain. Also, they help in the prototype’s weight to be uniformly distributed on 

the superficial area of the treadmills. In addition to this, the option of the treadmills allow to the prototype to make turns 

around its axis, which cannot be achieved using conventional wheels. 
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2.2 Rapberry Pi B+ 

 

The Raspberry Pi is a small, low cost credit, card sized computer designed initial and specifically for education but 

providing interesting resources for embedded systems. Raspberry Pi Model B+ (Fig. 3) is based around an ARM 

processor which can run the open source Linux operating system well known as Raspbian which is a Debian-based 

Linux distribution specifically designed for the Raspberry Pi. Further description, including the specification of the 

Raspberry Pi B+ board, can be found in (Sachdeva and Katchii, 2014). 

 

 
 

Figure 3. Raspberry Pi B+ 
  

2.3 Electronic components Distribution 

 

The electronic parts that compose the rover are better characterized and detailed in Fig. 4. A lead 6V battery is used 

to power the actuators and a Lipo 11.1V battery powers the Raspberry Pi B hardware, ensuring 3.5 hours of operation 

without the need to recharge. After the batteries are powerless, an external source is used to recharge them. The CI 

74HC14N offers buffers that are able to transform the input signal, well defined, into noiseless output signals where 

they are connected to actuators and the H bridge which inverts the rotation of the device. 

 

 
Figure 4. Electronic distribution 

 

2.4 Communication Interface 

 

The control system embedded on the Raspberry platform have a camera included, a wire connection to 

manipulation and a faster response of speed to the other existing controls once the robot uses robotic vision which 

include: inspection, classification, navigation, recognition and manipulation. Using the communication interface Secure 

Shell (SSH), the robot’s navigation uses the Operational System Raspibian (GNU Linux), a software application which 

uses the C language of the WiringPI library in order to control the movements, to analyse the environment and the 

manipulation of objects. The communication topology is better characterized as shown on Fig.5, which demonstrate its 

control flow. 
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Figure 5. Communication Interface  

 

2.5 Image Processing 

 

The image processing is a very important step, once the grey image is filtered and transformed into a mask, a binary 

black and white image, where the object is white and the background is black, as shown in Fig. 6. 

 

 
 

Figure 6. Binary Image 

 
In order to process the camera’s real time image, the OpenCV (Open Source Computer Vision Library) tool was 

used. 

In order to put into practice the robot vision concepts and to demonstrate a possible application in the mobile 

robotic field, a recognition system was developed in order to recognize a predefined object in an image generated by a 

camera which commands the rover to follow it. 

Using the camera’s image, the computer start the object’s search process, using a digital reference as its basis. The 

process, which is repeated on every frame, follows the steps described as following:  

 

1. Get the image from the câmera. 

2. Smooth the image from the camera in order to reduce the noise. 

3. Convert the colored image into a black and white image (grey scale) 

4. Thresholds application, generating binary images (black and white only) so the searched symbol can be 

recognized despite light conditions. 

5. Shape detection routine application in the whole image 

6. Get the candidate square regions again in the form of image. 

7. Search for the quadrant with highest amount of white pixels in every region of the previous item. 

8. Rotate the images so they follow the reference orientation, based on the whitest quadrant and the formed 

angle between the inferior line of the shape and the image horizontal axis. 

9. Using the results from the previous item, calculate the binary image’s moments. The moments used are the 

order in X plus the order in Y be less or equal 3, with X and Y positives. 

10. A grade is composed by the square of the diference between the momento of each reference order and the 

candidate image. This is summed to ten times the difference between the amount of remaining figures in 

the reference and in the candidate, being an image any black portion wrapped in white and vice-versa. 

11. The lowest grade region, which is above an experimental stablished level, is considered a valid match. The 

level can be altered during the program execution, in order to change its tolerance. The control is made via 

a sliding bar. 

12. If any match is detected, the central point (square’s center) is considered to the evaluation of the position. 

If it’s located in the first 30% of the image, on the left side, the robot is commanded to turn left. If it is 

located in the 70%, on the right side, a command is sent so the robot turn left. In order to determine the 

distance between the robot and the object, the external square area is used. If it is less than 5% of the 

image, the robot should advance, if it’s more than 12%, he should walk back and put some distance. All 

those parameters can be changed in execution time. 

13. With the robot repositioned, return no step 1. 
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The whole process is detailed in Fig.7 and Fig.8:  

 
 Figure 7. Schematic of Vehicle System Operation 

 

 
 

Figure 8. Vehicle system programming 

 
3. EXPERIMENTAL RESULTS 

 

With the development of the research, it as possible the construction of a functional prototype, which behaved as 

predicted in simulation, where the operator needs only a cellphone or a computer in order to manipulate the rover’s 

distance in order to explore rough environments without being exposed directly to hazardous situations. While 

capturing images from the explored environment, the information were converted, as predicted, the information being 

extended by the operational system, allowing the environment reconnaissance and defining which action the robot 

should take based in patterns found on the captured images. 

The development of the system already shows a preliminary feasibility in many fields, on different applications. 

However, it is still needed to demonstrate in a more effective way the real viability of the project. 

A practical test was conducted, as it is shown in Fig. 9, showing the exploration in rough terrain service execution 

feasibility, maneuvering the rover using a cellphone connected to a wireless network. The rover’s access is granted via 

its IP address in a real physical system simulation. The demonstration was helpful in order to prove the developed 

controls efficiency, which act in a friendly and intuitively form even in delicate tasks such as exploration. 
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Figure 9.  Real physical system simulation 

 

4. CONCLUSIONS 

 

This study presents the Rover robot prototype, in order to explore environments with poor access. Real time images 

are transmitted using a rotating camera to the operator. The robot can inspect confined spaces or radioactive 

surroundings, such as a damaged nuclear reactor that has hazardous conditions to people. At last, the device’s structure 

allow for manipulation of small objects using a claw and, thus, allowing flexibility in the operation. 

Even though the device is a simple innovation, its implementation could improve significantly the work 

environment safety and in could expand the range of exploration of rough environments once it allows a riskless 

operation. The invention could save workers that have to expose themselves to dangerous conditions and, eventually, 

save lives. 
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