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ABSTRACT 

 

In this era of science and technology robotics is a very popular field of research. Many 

researchers all over the world try to implement various types of robots for using in 

different field instead of human. The main focus of the project is to develop a robot 

which is able to help astronaut indifferent planetary surface. The robot can be 

controlled by the command of human by the remote. Joysticks and Xbee transceiver 

module has been used for sending and receiving all the control signal from the remote. 

Video transmission has been done by mobile camera for controlling the robot by seeing 

the circumstances in the site. For mining and drilling a robotic arm with a driller has 

been used for drilling the regolith and a collector or digger has also been added for 

digging and collecting regolith. For storing the collected regolith main storage has been 

attached in the robot and actuators are used in the degrees of freedom of arm, collector 

and storage. This robot performs all the objectives almost satisfactorily. For using gear 

motors the performance of this robot is slightly slow. The robotic arm moves slowly but 

smoothly. The collector can collect sand and rock and can store them. It can also dump 

stored regolith in a specific box. 

Key words: Astronaut assistive Robot, Remote, Joystick, Xbee, Mobile Camera, 

Robotic Arm, Driller, Digger, Storage, Actuator. 
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CHAPTER 1 

INTRODUCTION 

 

1.1 Background 

Science has made human life easier with its magical technology’s. Now a day’s one of 

the most popular branches of science is robotics, which has made human life easier, 

developed and lessened workload. Robotics originated with the goal of building human‐

like machines, but it has become much more than that. Even though we are still decades 

away from human‐ like machines, the developing robotics technologies are proving 

useful in ways that nobody expected: robot‐ assisted noninvasive surgery; disposal of 

roadside bombs; automated lab science for drug discovery; auto‐ focus features in digital 

cameras, in battlefield, industries, space etc. In today’s world with the blessing of robots 

people need not go far risky works. Robots can be sent where human can hardly go and 

they can handle tough situations by human command. Robot also send video feedback 

and performs the job with more accuracy. 

1.2  Problem statement 

Earth is populated day by day and this huge population growth damages the well 

balanced environmental system day by day. The whole environmental system becomes 

unsuitable for lives. On the other hand, human mind is very curious. And this curiosity 

has made the technology prolific. For their curious mind human went in space. For first 

time, space research was just curiosity but for the today’s world it is very urgent need to 

find a new place for living like earth. People have to go different plants for finding the 

environment for living. But it is not an easy task to do. Many plants has risky 

environments for human. And that point robots comes into play. Astronauts can send 

robots in other plants for observing the environments, collecting different sample 

materials, sending video and images etc. It reduces the involvement of human at such 

risky work. This project is for designing an astronaut assistive robot for mining purpose 

in different planetary situations, such as no oxygen, poisonous gas, presence of different 

virus, bacteria’s etc. The robot can be remotely controlled and can send video feedback 

to the astronauts and collect sample materials. The communication builds up with RF 

serial communication. And video feedback established with the user with call phone 

camera. 
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1.3  Motivation 

The National Aeronautics and Space Administration (NASA) took a mission named 

‘’Journey to Mars’’. Mars is a rich destination for scientific discovery and robotic and 

human exploration as we expand our presence into the solar system. Its information and 

evolution are comparable to earth, helping us learn more about our own plants history 

and future. NASA arranges mining robot competition which is a part of “Journey to 

Mars’’ mission. They want under graduate students all over the world to design a robot 

which can work on Martian surface. This winners of the competition get opportunities to 

work with NASA and also awarded with scholarship. From Bangladesh many university 

students such as BUET, AIUB, BRACK, and IUB have participated in this mining robot 

competition and achieve top places different times. It is a matter of pride for all 

Bangladeshis and it is very motivational for this project. Technologies in Bangladesh are 

developing day by day. Neighbor country India use many developing technologies in 

space research. Bu in Bangladesh Technologies are not so much developed. For this 

reason contributions are very necessary in space research. 

1.4  Objectives  

The main purpose of the project is to design a robot for the assistance of the space 

researchers or astronauts. The robot can be used in the other planetary surface where 

human life may be at risk. The robot can be sent in unknown planetary environment for 

observation and for sending video feedback to the user end. It can be controlled by remote 

by the end user and sample material from that unknown surface can also be collected by 

this system. 

It can drill rock and also collect the drilled sample. The basic objectives of this robot are 

given bellow: 

 To design a robot with the capability of driving on rugged/rough surface. 

 To add the capacity of drilling rock with the robot. 

 To add the capacity of collecting sand and drilled rock and storing them. 

 To add the capacity of dumping the stored sample rock. 

 To add the controlling capacity with remote and transferring video feedback 

capacity. 

1.5 Methodology 

First of all, the purposes of construction and the specific requirements will be identified. 

Then, the information about construction’s and specific requirements will be gathered 
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and studied the information to do a design for the robot properly. It must be tried to 

design the robot such that it can match the purposes of construction and specific 

requirements. 

Achieving the capability of driving on a rugged or rough surface will be discussed in this 

section. This robot will be built such a way that it can operate on a rugged surface. 

Normal low performance robocar cannot achieve this purpose. For achieving this, there 

are two solutions: (i) if four wheels are used then a chain connecting round the two wheels 

in one side (multiple wheels can be used in one side). (ii)A six wheels robocar with six 

powerful DC motors (gear motor) can be used. 

Another important feature of the miner robot be, it will drill and collect the rocks and 

sands. A driller will be fitted in the front side of the robot and a chain of trays will be so 

assembled that the drilled rock or sands will fall on the chain of trays which continuously 

moving such that the sands or rocks are stored in the store box. Chain of trays can also 

be used when it will be needed to collect sands from surface level.  

Another two important features of the robot are video feedback capacity and controlling 

capacity with remote. Before knowing about video feedback and controlling the whole 

system, some specific things have to be known. For controlling of the whole system a 

microcontroller (Arduino / raspberry Pi) will be used, for recording video a smartphone 

will be used. Now it is time to know about transferring video feedback from robot to end 

user and transferring controlling signal from end user to controller. That is; now it is time 

to focus on communication. The user control the robot by sending control signal to the 

android smartphone through the internet. The smartphone then forwards these signal to 

the microcontroller, according to these signal the microcontroller controls the robot to do 

required task. The camera on smartphone is used to send video feedback to the remote 

user simultaneously over the internet. A computer can be used to see the video feed. A 

particular IP address will be used to transferring controlling signal and receive video 

feed. 

1.6 Outline of the report 

  Chapter 1 “Introduction” shows the background, motivation and objectives of 

the project. 

 Chapter 2 “Literature review” discusses about the history and literature 

importance of this project. The history of the development of the robotic research 

is discussed briefly.  
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 Chapter 3 “Methodology” shows the implementation process of the device. 

 Chapter 4 “Hardware Description” describes the hardware used in the projects. 

 Chapter 5 “System Implementation” shows the whole system implementation of 

the system that has been designed before. 

 Chapter 6 “Result and Discussion” Shows the performance analysis of the device. 

 Chapter 7 “conclusion” Shows the limitation and future works in this field. 
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CHAPTER 2 

LITERATURE REVIEW 

 

2.1 Introduction 

Today’s world stands at an era where human does not only see traditional science fiction 

movie, in which many robots are used for the replacement of human or for the assessment 

of human but also apply these kind of concept in the real world. Researchers around the 

world works in the field of robotics. They are developing so many robotic system of 

benefits for making, many robots for risky places and job. Human life is the most 

precious thing so they are trying to use robot instead of human. Astronaut assistive 

mining robots are also developed by many countries. They are still trying to add many 

fractures which are helpful for the astronauts and space researchers. For development of 

this type of robot many competition has been hosted around the world. 

2.2 Definition of Astronauts assistive mining robot 

The word ‘Robot’ is drawn from an old Church Slavonic word, ‘’Robota’’, which means 

“servitude’’, “forced labor’’ or “drudgery’’ [1]. 

A robot (also called a droid) is a machine especially one programmable by a computer-

capable of carrying out a complex series of actions automatically. Robots can be guided 

by an external control device or the control may be embedded within. Robots may be 

constructed to take on human form but most robots are machines designed to perform a 

task with no regard to how they look [2]. 

Almost every unmanned space probe ever launched was a robot. Some were launched in 

the 1960s with very limited abilities. Astronaut assistive mining robots can be defined as 

the robot that can be used as an assistance for the astronauts and also astronauts can use 

in different planetary surface for mining sample rock and sent and control them from 

spaceship or space station. 

2.3 Technology on Astronaut assistive mining robot 

The concept of discovering a new world for habitation is not recent. The need for humans 

to explore beyond the realm of the Earth is driven by our inherent curiosity. Throughout 

our history, new world has been discovered by baring explorers who set out to discover 

new lands, find riches or better understand these little known territories. Most recent 

program take by NASA is ‘’journey to Mars’’. This is a program to explore Marian 
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surface. As a part of this program NASA hosted a competition all over the world among 

the undergraduate students. With the help of this competition they want to spread the 

basic of system engineering. NASA defines systems engineering as “a robust approach 

to the design, creation and operation of system” [3]. They wanted under graduate student 

to design a robot which can mine in Martian surface. Now NASA is arranging this 

competition every year, And many new concept are added with the robots every year. 

Some of them are discussed below alone with their advantage and limitation 

2.3.1 Regolith Advanced Surface Systems Operations Robot (RASSOR) Excavator  

RASSOR is a teleoperated mobile robotic platform with a unique space regolith 

excavation capability. The physical structure of RASSOR is shown in Fig. 2.1.The 

primary challenge for any digging robot operating off Earth is that they have to be light 

and small enough to fly on a rocket, but heavy enough to operate in gravity lower than 

that of Earth. RASSOR could also be scaled up and used for terrestrial mining operations 

in difficult-to-reach or dangerous locations. The main interesting thing about RASSOR 

is its design, for this design, it has the capability not to overturn in any planetary surface 

situation. There is no video feedback capability. The storage is such that the sand and 

rocks can be got out through the digger hole [4]. 

 

Fig. 2.1: NASA’s Robot Excavator RASSOR [4]. 



7 
 

2.3.2 Spirit and Opportunity Rovers  

In January 2004, two robotic geologists named Spirit and Opportunity landed on opposite 

sides of the red planet. Fig. 2.2 shows the conception of mars rover Spirit or Opportunity. 

With far greater mobility than the 1997 Mars Pathfinder rover, these robotic explorers 

have trekked for miles across the Martian surface, conducting field geology and making 

atmospheric observations. Carrying identical, sophisticated sets of science instruments, 

both rovers have found evidence of ancient Martian environments where intermittently 

wet and habitable conditions existed. Like a human field geologist, each Mars 

Exploration Rover has the capabilities to scout its surroundings for interesting rocks and 

soils, to move to those targets and to examine their composition and structure. Spirit and 

Opportunity have identical suites of scientific instruments [5]:  

 Panoramic Camera — Providing the geologic context 

 Miniature Thermal Emission Spectrometer --- Identifying minerals at the site. 

 Moessbauer Spectrometer --- Identifying iron-bearing minerals. 

 Alpha Particle X-Ray Spectrometer — determining the composition of rocks. 

 Microscopic Imager — looking at fine-scale features. 

 Supplemental Instruments — engineering tools aid science. 

 

Fig. 2.2: Artist's conception of rover on Mars [5]. 
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2.3.3 Mining robot from Auburn University Samuel Ginn College of Engineering 

(Team Pumpernickel) 

 This robot is prepared for 2010 NASA Exploration Systems Mission, as shown in Fig. 

2.3. It is an excavator type robot. The structural design is very light weight because for 

the use of carbon fiber. But the project become very expensive. The mining and digging 

capability of this robot is satisfactory.    

The controlling system is wireless data transmission. Control signal is sent by game 

controller wiport board and microcontroller used in it is Arduino Mega [6]. 

 

Fig. 2.3: Final structure of Team Pumpernickel’s robot [6]. 

2.3.4 Robot of University of Utah Robotic Mining Team  

After 15 months of planning, constructing, programming, and testing, the University of 

Utah’s Robotic Mining Team headed to Titusville, FL for the 2015 NASA Robotic 

Mining Competition in May. Formed in 2014, the University of Utah team gained entry 

to the competition in its first year as a recognized campus organization. The team 

achieved third place finish in the ‘On-site Mining’ category. It is also an excavator type 

mining robot as shown in Fig. 2.4. Conveyor belt is used in wheel which increased the 

smooth operation on regolith. The programming had been done using the automation 

framework called ROS. ROS is an incredibly powerful framework incorporating industry 
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grade path finding, mapping, and automation algorithms; and is completely customizable 

to work with whatever robot one can imagine. Using this powerful framework they have 

our robot navigating through complex environments and avoiding obstacles without any 

user input [7].  

 

Fig. 2.4: Robot of University of Utah Robotic Team practicing before competition [7]. 

2.3.5 Robot from The University of North Dakota 

The University of North Dakota RAPTOR (Robot Automated for the Procurement and 

Transport of Regolith) team has been participating in the NASA Robotic Mining 

Competition since 2010, held at the Kennedy Space Center each year. The team has been 

developing the robot every year and every year they participate in the competition. But 

they do not changes the base structure. The team in its second year designed an excavator 

type mining robot as shown in Fig. 2.5(a). Then they changed the structure and used in 

the fourth year of the competition. That robot featured a spinning bucket with a baffle 

system, as shown in Fig. 2.5(b). The design was changed again by the sixth year team. 

This robot had a bucket ladder to mine regolith and a cleated belt for depositing it into 

the hopper, as shown in Fig. 2.5(c) [8]. 
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(a) 

 

(b) 

 

(c) 

Fig. 2.5: Mining robot of Team RAPTOR (a) The robot created by the team in its second 

year. (b) This robot featured a spinning bucket with a baffle system in the same base 

structure. (c)  The robot with a bucket ladder to mine regolith and a cleated belt for 

depositing it into the hopper [8]. 
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2.3.6 Robot of Alabama Astrobotics team (The University of Alabama) 

The robot is well designed. It is very fast in collecting regolith and depositing the 

collected regolith. The robot is shown in Fig. 2.6. They achieved top places in NASA’s 

mining competition in different years. The excavation module mechanical design 

consists of an aluminum, square tube frame, a gear-motor to drive the bucket ladder 

digging head, a gear-motor to raise and lower the bucket ladder, and a gear-motor for 

driving the off-loading conveyor belt. The on-board storage capacity is designed to 

comfortably hold 40 kilograms. The bucket ladder is supported by an inner adjustable 

aluminum frame and rotates around 3D printed ABS pulleys. There are 24 thin, steel 

buckets bolted to a 1/32 inch fiberglass reinforced silicon rubber conveyor belt. Each 

bucket collects 0.2 kilograms of regolith. An off-loading conveyor belt made of 1/16 inch 

adhesive-ready neoprene rubber and is supported by 8 plastic cylindrical rollers [9]. 

 

Fig. 2.6: Mining robot of Alabama Astrobotics team [9]. 

2.3.7 Mining Robot of BRAC university Bangladesh - Mongol Tori  

Mars rover “Mongol Tori", designed as an alternative to astronauts in Mars, has been 

developed by six students of Brac University and mentored by Dr Khalilur Rahman. 

After Bangladesh’s first nano-satellite “Onnesha” and lunar excavator “Chondrobot,” 

students of Brac University have taken a stride further into space with Mars rover 

“Mongol Tori”. The physical structure of Mongol Tori is shown in Fig. 2.7. A team of 

six students designed and engineered the rover which will be showcased at the University 

Rover Challenge organized by University Rover Challenge in Utah in June 2017. The 

selection was made on March 21 after the organizers selected 36 teams from seven 

http://urc.marssociety.org/
http://urc.marssociety.org/
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countries following a critical design review of the aspiring participants of the Mars rover 

contest [10]. 

 

Fig. 2.7: BRAC University mining robot - Mongol Tori [10]. 

2.3.8 Mining Robot of Bangladesh University of Engineering & Technology (BUET) 

- Mongol-E 

Mars rover “Mongol-E” designed by Bangladeshi BUET students. From them, it was 

fully functional mars rover. The physical structure is shown in Fig. 2.8. They used 

stainless steel and aluminum to construct the body. The wheel parameters are obtained 

from the mathematical model based on the study of terramechanics. Wheels are made by 

aluminum plates. Motors are housed inside the wheels to avoid collision with rocks. They 

added 6 degree of robotic arms. They used Raspberry Pi computer system to control all 

electric side [11]. 

 

Fig. 2.8: Mining robot of BUET team Mongol-E [11]. 



13 
 

2.3.9 Mining Robot of MIST, Bangladesh - Mongol Barota 

A fully functional, stand-alone mobile platform rover which is capable to act as a human 

assistant to perform various scientific tasks in extreme adversities. The physical structure 

is shown in Fig. 2.9. The control system of the rover is designed in such a way that it can 

be commanded from a blind station within 1 kilometer range. 11 students and 4 teachers 

of MIST designed the rover ‘’Mongol Barota’’. They used 6 wheel in their rover. Full 

rover dimension is 48 inches × 38 inches × 19 inches. The team used high RPM gear 

motors to control wheels. They used Actuator to make arm. The base of the arm can 

rotate up to 360° [12]. 

 

Fig. 2.9: Mongol Barota at NASA’s competition [12]. 

2.3.10 Robot of Eaglenaut Robotics Team (John Brown University) 

They created an interesting multi-robot entry, inspired by grain harvesting equipment. 

One robot dug up the regolith using a series of scoops mounted on a rotating wheel, as 

shown in 2. Fig. 10(a). The dirt was then dumped onto a transfer robot that hauled it 

away to the collection bin as shown in Fig. 2.10(b). The transfer robots could raise and 

lower the dirt so that it could be transferred to the collection bin. Using two transfer 

robots was intended to improve efficiency: while one transfer robot poured dirt into the 

collection bin, the other could be loaded up. In practice, having two transfer bots provided 

a useful backup system. When the drive train on one transfer robot broke during the 

competition, the other continued collecting and dumping dirt [13]. 

https://www.facebook.com/JBULunabotics
http://www.jbu.edu/
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                                 (a)                                                               (b) 

Fig. 2.10: Robot of Eaglenaut Robotics Team (a) Excavation robot has rotating scoops 

that gather the regolith and dump it. (b) The excavation robot and transport robots [13]. 

  

https://www.facebook.com/JBULunabotics


15 
 

CHAPTER 3 

METHODOLOGY 

 

3.1 Introduction 

Martian mission will hold a key role I the development of space technologies that will 

lead to the utilization of valuable space resources and eventually human colonization of 

space. The main focus of this project is to design a robotic system which can mine and 

store regolith in planetary with teleoperation, can deposit stored regolith in specific tank 

and can also send the real time video and can drill the rock. For this robotic system the 

structural design is very important and have designed carefully. 

3.2 Stages 

In the process of obtaining the desired results four steps have been taken. 

 Planning. 

 Analyzing. 

 Designing. 

 Final implementation. 

3.2.1 Stage 1 – Planning 

It was the beginning when our supervisor called us for our selection of topic of our final 

project or thesis. We wanted to work on the field robotics. At that time NASA mining 

robot competition was most popular topic. Our supervisor wanted us to work on that 

topic. Then we studied on the background works on this field as per direction of our 

supervisor. When we started our studies, we saw that most of the renowned university of 

the world even of our country working on that field with huge team effort and budget. It 

was a challenge for us to work on such a well-known field with very low budget and a 

team of their people. Considering all these circumstances the whole project was added 

according to our team and financial effort. 

3.2.2 Stage 2- Analyzing 

After planning about the project we started study in about some of the robots which were 

participated in NASA’s mining robot competition in different years. We also studied 

about some NASA’s own mars rover and their feathers. After all the literature review, 



16 
 

finally we discussed with our supervisor and finalized the features of our robot. That is 

we finalized our objectives. Then we started analyze with the hardware’s related with our 

objective. We studied about the hardware’s, there cast, there specification’s and 

operation’s. We saw that some of the hardware’s were too expensive to effort, such as 

Actuator, Communication module, High torque low RPM motor etc. Then we discussed 

again with our supervisor and planned to reduce our cost but fulfill our objectives. Then 

we decided to customize our expensive hardware’s instead of buying. Then we studied 

about the microcontroller for controlling of whole system. We wanted to use a 

microcontroller which is easy to use, programming and low cost. After this we studied 

about our communication module in the case of selecting communication module, we 

kept in mind about the range of teleportation in site and out of site controlling. Then we 

studied some structural design for our mining robot. 

3.2.3 Stage 3- Designing  

After all the planning and analyzing we started to design our robot according to our 

objectives. We established a theoretical design combining with all the objectives. The 

block diagram of the theoretical design is given bellow: 

Fig. 3.1 shows the block diagram of the video transmission system. According to the 

block diagram mobile camera will be used for capturing the video of the spot and the 

mobile network will be used for transferring and receiving the video feedback to the user 

end. The mobile or laptop will be used to see the video feedback.   

 

Fig. 3.1 :Block diagram of video transmitting system. 

Fig. 3.2 shows the entire system’s block diagram of the physical structure. According to 

the block diagram there is two unit. One is transmitter unit and the other is receiver unit. 

The xbee transciver is used to transmite and receive data for controlling the whole 

system. The receiving end xbee will receive data from remote and the received data will 

be transferred to the microcontroller. The microcontroller will control different motor by 

sending signals to the motor drivers.  
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Fig. 3.2: Block diagram of entire controlling system. 

From the design we saw that we need a powerful actuator which can move with a load 

of 25 kg to 30 kg for main collector dumping. We also need two or three actuators for 

driller arm and storage. But actuators are very expensive. If we buy these we cannot effort 

the expense. For this reason we customized our actuators. Only one actuator was bought 

because we need a powerful actuator for main collector dumping, if we want to design 

such powerful actuator we need very high torque motor which is not available in local 

market.  

3.2.3.1 Actuator customization 

A linear actuator creates motion in a straight line in contrast to the circular motion of a 

conventional electric motor. From this figure we can see that an actuator is nothing but a 

screw mounted with an electrical high torque motor i.e. high torque DC gear motor and 

a nut with a sliding tube(as shown in Fig. 3.3) which slides up and down according to 

the motor rotation. 
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Fig. 3.3: Basic arrangement and working of actuator [14]. 

Then we mounted a high torque gear motor shaft with a full threaded screw whose length 

is according to our required actuator size. The screw is mounted with the motor shaft by 

using a coupler as shown in Fig. 3.4 below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3.4: The customized actuator. 
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3.2.3.2 Basic structure 

After customizing the actuator we started to design the basic structure of the robot. 

According to the objectives we draw a basic physical structure. Top view of the basic 

structural design is shown in Fig. 3.5 

 

Fig. 3.5: Top view of basic structural design of the robot. 

3.2.3.3 Demo design 

After drawing the basic structural design we also make a physical demo structure by 

using cork sheets as shown in Fig. 3.6, which gave us the clear concept about our final 

structure.  

 

Fig. 3.6: Demo design for the system. 

3.2.4 Final implementation 

After completing the demo design we interpret the design with stainless steel. We used 

actuator in all degrees of freedom. We used XBee as the communication module which 
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is RF transceiver. Arduino mega microcontroller was used to process all data and to 

control whole system. For switching we used joysticks in the remote. We use 5 joysticks 

in the remote. All the dimension for the final structure were taken from our demo 

structure. 
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CHAPTER 4 

HARDWARE DESCRIPTION 

 

4.1 Introduction 

Hardware is the most important part for a good project. Choosing the accurate hardware 

is also very important. In this chapter, the hardware used for this project will be 

described. The Important specifications will also be discussed. 

The main components used for this project is given below: 

 ATmega2560 Microcontroller 

 Motor Driver L298 

 XBee Series 2 

 Joystick 

 DC Gear Motor 

 Actuator 

4.2 ATmega2560 Microcontroller 

Atmega2560 is a high-performance, low-power Microchip 8-bit AVR RISC-based 

microcontroller combines 256KB ISP flash memory, 8KB SRAM, 4KB EEPROM, 86 

general purpose I/O lines, 32 general purpose working registers, real time counter, six 

flexible timer/counters with compare modes, PWM, 4 USARTs, byte oriented 2-wire 

serial interface, 16-channel 10-bit A/D converter, and a JTAG interface for on-chip 

debugging. The device achieves a throughput of 16 MIPS at 16 MHz and operates 

between 4.5-5.5 volts [15]. The table 4.1 in Appendix (a) describes the features of 

ATmega2560 microcontroller. The ATmega2560 has 100 pins of which 54 pins can be 

used as digital input/output pin, 16 pins used as analog input/output pin. Fig. 4.1 shows 

the pin diagram of ATmega2560. 
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Fig. 4.1: Pin diagram of ATmega2560 [15] 

The table 4.2 describes the pin function of ATmega2560 in Appendix (a).   

4.3 Arduino Mega 

The Arduino Mega is a microcontroller board based on the Atmega2560. It has 54 digital 

input/output pins (of which 14 can be used as PWM outputs), 16 analog inputs, 4 UARTs 

(hardware serial ports), a 16 MHz crystal oscillator, a USB connection, a power jack, an 
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ICSP header, and a reset button. It contains everything needed to support the 

microcontroller; simply connect it to a computer with a USB cable or power it with an 

AC-to-DC adapter or battery to get started. The Mega is compatible with most shields 

designed for the Arduino Duemilanove or Diecimila [16]. 

 
Fig. 4.2: Physical structure of Arduino Mega [16].  

Fig. 4.2 shows the physical structure of the Arduino Mega microcontrolller. 

Specifications of Arduino Mega [16]: 

 Microcontroller ATmega1280 

 Operating Voltage 5V 

 Input Voltage 

(recommended) 
7-12V 

 Input Voltage (limits) 6-20V 

 Digital I/O Pins 54 (of which 15 provide PWM output) 

 Analog Input Pins 16 

 DC Current per I/O Pin 40 mA 

 DC Current for 3.3V Pin 50 mA 

 Flash Memory 
128 KB of which 4 KB used by 

bootloader 

 SRAM 8 KB 

 EEPROM 4 KB 

 Clock Speed 16 MHz 
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4.4 Motor Driver L298 

Motor Driver L298 is based on the very popular L298 Dual H-Bridge Motor Driver 

Integrated Circuit. The circuit allows to easily and independently control two motors of 

up to 2A each in both directions. The circuit also offers a bridged mode of operation 

allowing bidirectional control of a single motor of up to about 4A [17]. Fig. 4.3 shows 

the physical structure of L298 motor driver.  

 

Fig. 4.3: Physical structure of L298 [17]. 

Features of L298 [17]: 

 Motor supply: 6 to 35 VDC 

 Control Logic: Standard TTL Logic Level 

 Output Power: Up to 2 A each 

 Current Sense Outputs 

 Onboard Power Resistors Provided for Current Limit 

 Enable and Direction Control Pins 

 External Diode Bridge Provided for Output 

 Heat sink for IC 

 Power-On LED indicator 

 4 Direction LED indicators 

 Dimensions: 3 x 2.5" 

http://www.sparkfun.com/commerce/product_info.php?products_id=9479
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4.5 XBee 

The XBee Series 2 RF Modules were engineered to operate within the ZigBee protocol 

and support unique needs of low-cost, low-power wireless sensor networks. The modules 

require minimal power and provide reliable delivery of data between remote devices. The 

modules operate within ISM (industrial, scientific & medical) 2.4 GHz frequency band 

[18]. Fig. 4.4 shows the physical structure of XBee series 2. 

 

Fig. 4.4: Physical structure of XBee series 2 [18]. 

Specification of the XBee Series 2 [18] 

 Performance 

1. Indoor/Urban Range up to 133 ft. (40 m). 

2. Outdoor RF line-of-sight Range up to 400 ft. (120 m). 

3. Transmit Power Output (software selectable) 2mW (+3dBm). 

4. RF Data Rate 250,000 bps. 

5. Serial Interface Data Rate (software selectable) 1200 - 230400 bps (non-

standard baud rates also supported). 

6. Receiver Sensitivity -95 dBm (1% packet error rate). 

 Power Requirements 

1. Supply Voltage 2.8 – 3.4 V. 

2. Operating Current (Transmit) 40mA (@ 3.3 V). 

3. Operating Current (Receive) 40mA (@ 3.3 V). 

4. Power-down Current < 1 uA @ 25º C. 

 General 

1. Operating Frequency Band ISM 2.4 GHz. 
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2. Dimensions 0.960” x 1.087” (2.438cm x 2.761cm). 

3. Operating Temperature -40 to (industrial). 

4. Antenna Options Integrated Whip, Chip, RPSMA, or U.FL Connector.  

 Networking & Security 

1. Supported Network Topologies Point-to-point, Point-to-multipoint, Peer-

to-peer & Mesh. 

2. Number of Channels (software selectable) 16 Direct Sequence Channels. 

4.6 XBee to USB Adapter 

The XBee to USB Adapter is a useful tool that allows to connect Personal Computers or 

a microcontroller in wireless networks using the XBee wireless modules. On the board 

there are 4 status indicator LEDs used for Power, RSSI, TX and RX signals. It is 

generally used for configure the XBee [19]. Fig. 4.5 shows the Physical structure of XBee 

USB Adapter. 

 

Fig. 4.5: Physical structure of XBee USB Adapter [19]. 

Devices that have a UART interface can connect directly to the pins of the RF module 

as shown in Fig. 4.6 below.  

 

Fig. 4.6: System Data Flow Diagram in a UART‐interfaced environment [19]. 
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Data enters the module UART through the DIN (pin 3) as an asynchronous serial signal. 

The signal should idle high when no data is being transmitted.  

 

Fig. 4.7: UART data packet 0x1F (decimal number ʺ31ʺ) as transmitted through the 

XBee module [19]. 

Each data byte consists of a start bit (low), 8 data bits (least significant bit first) and a 

stop bit (high). Fig. 4.7 illustrates the serial bit pattern of data passing through the 

module. The module UART performs tasks, such as timing and parity checking, that are 

needed for data communications. Serial communications depend on the two UARTs to 

be configured with compatible settings (baud rate, parity, start bits, stop bits, data bits) 

[19]. 

4.7 DC Gear Motor 

A gear motor is a specific type of electrical motor that is designed to produce high torque 

while maintaining a low horsepower, or low speed, motor output. Gear motors are 

commonly used in devices such as can openers, garage door openers, washing machine 

time control knobs and even electric alarm clocks. Fig. 4.8 shows the physical structure 

of a 12V DC high torque 200 RPM gear motor. 

 

Fig. 4.8:12V DC high torque 200 RPM gear motor [20]. 
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Gear motors are primarily used to reduce speed in a series of gears, which in turn creates 

more torque. This is accomplished by an integrated series of gears or a gear box being 

attached to the main motor rotor and shaft via a second reduction shaft. The second shaft 

is then connected to the series of gears or gearbox to create what is known as a series of 

reduction gears. Generally speaking, the longer the train of reduction gears, the lower the 

output of the end, or final, gear will be. 

Specifications of DC gear motor [20] 

 Horse Power Cont.: 5W 

 Voltage/current: 12V DC.  

 RPM: 200.  

 Reversibility: Reversible. 

 Length of Motor (including spindle): 76.1mm.  

4.8 Joystick 

A joystick is an input device consisting of a stick that pivots on a base and reports its 

angle or direction to the device it is controlling. These controls are generally made 

from potentiometers, which are variable resistors. By connecting the potentiometer as 

a voltage divider, it gives varying voltage out of the device, which can be fed to an analog 

to digital converter on a microprocessor. This allows the software to read the knob 

position [21]. 

 

Fig. 4.9: Physical structure of 2 axis Joystick [21]. 

The joystick has five pins as shown in Fig. 4.8 namely [21]: 

 VCC: connect this to your positive supply (usually 5V or 3.3V) 

 VERT: this is the vertical output voltage (will be half of VCC when the joystick 

is centered). 

https://en.wikipedia.org/wiki/Input_device
http://www.sparkfun.com/products/9288
http://www.sparkfun.com/tutorials/207
http://www.sparkfun.com/tutorials/220
http://www.sparkfun.com/tutorials/220
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 HORIZ: this is the horizontal output voltage (will be half of VCC when the 

joystick is centered). 

 SEL: this is the output from the pushbutton, normally open, will connect to GND 

when the button is pushed (see example code below). 

 GND: connect this to your ground line (GND). 

4.9 Actuator 

Here 12V linear actuators are used and as the name suggests it is an electromechanical 

device which creates motion in a straight line. Here we have used it for some of its special 

specifications. 

Specifications of the actuator used in the project [22]: 

 It provides precise movement within a limited space.  

 Provides maximum improvements in speed.  

 Smoothness in the movement.  

Fig. 4.10 shows a 12V actuator. 

 
Fig. 4.10: 12V actuator [22]. 
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CHAPTER 5 

SYSTEM IMPLEMENTATION 

 

5.1 Introduction 

This chapter includes the final system implementation and hardware assembly of the 

project. The full structure was completed step by step according to our demo design. The 

steps of full assemble process is discussed below. 

5.2 Base structure 

The base structure is built with stainless steel. If the structure is light in weight we can 

control it with less hazard and minimum cost motor. The light weight material which are 

available in our local market are aluminium and stainless steel. Aluminium is very 

expensive. For this we used stainless steel for the base structure. The physical base 

structure is shown in Fig. 5.1 with its dimensions. 

 

Fig. 5.1: Base structure of the robot with its dimensions. 
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5.3 Storage 

The storage of sand and rocks is also made with stainless steel. The shape of the storage 

was designed in such that the stored sand and rocks can be dump easily and a minimum 

angle movement. The physical structure of the storage shown in Fig. 5.2. 

 

Fig. 5.2: Top view the storage with its dimension. 

5.4 Base structure with storage 

The storage was assembled with the base structure. For dumping the regolith an actuator  

 

Fig. 5.3: Base structure with storage. 
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is placed below the storage. The actuator gives the storage an angular movement of 

almost 60 degree. This angle is enough for regolith dumping. The base structure with the 

storage is shown in Fig. 5.3. 

5.5 Robotic arm with driller 

The drilling arm used for our project has 2 degree of freedom. First degree of freedom is 

in the elbow of the arm and the other degree of freedom is for drill positioning. The elbow 

degree of freedom’s maximum range is 45 degree. The drill positioning degree of 

freedom’s maximum range is 35 degree. The driller was fixed at the front side of the arm. 

Fig. 5.4 shows the robotic driller arm used in our project. 

 

Fig. 5.4: Driller arm with two degree of freedom. 

5.6 Collector with drilling arm 

The drilling arm is housed on the upper body of the collector arm. The driller was so 

positioned that the drilled rocks fall on the collector. The drilled rocks or collected 

regolith can be sent to the storage via a pipe. For this there also a degree of freedom in 

the upper collector body. This degree of freedom range is 85 degree. This range is enough 

for the regolith to send to the storage. Fig. 5.5 shows the collector accompanied with the 

drilling arm. 
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Fig. 5.5: Collector fixed with drilling arm. (a) Top view, (b) Side view. 

5.7 Full assembled body  

After all part by part implementations the full body was assembled by combining all the  

 

Fig. 5.6: Full assembled body structure. 
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parts by using screw and nuts or using welding. The full assembled body structure is 

shown in Fig. 5.6. 

A plastic board has been used in making the remote. Joysticks and XBee transmitter have 

been placed on the box and the Arduino microcontroller and jumper wires have been 

placed inside the box. Physical diagram of remote is shown in Fig. 5.7. 

 

Fig. 5.7: Transmitter unit. 

5.8 Circuit implementation 

Our system divided into two microcontroller units, one is transmitter microcontroller unit 

and the other one is receiver microcontroller unit. The transmitter microcontroller unit is 

the remote and the receiver microcontroller unit is in the robot. In the transmitter circuit 

5 joysticks were used to control wheel motors and different actuator motors. The circuit 

diagram of the transmitter is shown in Fig. 5.8. 

 

Fig. 5.8: Circuit diagram of transmitter unit. 



35 
 

In the receiver microcontroller unit 4 motor drivers were used for wheel motors and for 

the actuators’ motors. We showed actuators as motors. The circuit diagram of the receiver 

is shown in Fig. 5.9. 

 

Fig. 5.9: Circuit diagram of receiver unit. 

5.9 Program flowchart 

The program flowchart shows how the microcontroller transmits and receives data 

command from the user and how the entire system works. First of we are starting with 

transmitter unit. As we have seen in physical structure and circuit diagram of the 

transmitter unit that only joysticks and XBee has been used to transmitting data. An 

Arduino Mega has been used in the remote to process data. The program flowchart of the 

transmitter Arduino is shown in Fig. 5.10. The microcontroller initializes its input/output 

pin. If any joystick is moved then the “serial begin” get a character. This character is sent 

via XBee transmitter to the receiver unit. 
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Fig. 5.10: Program flowchart of transmitter. 

An Arduino Mega is also used in receiver unit to process data which are received from 

the transmitter unit via another XBee receiver. From the circuit diagram of the receiver 

unit it can be seen that motor drivers are used for controlling different motors. Firstly, 

microcontroller initializes its input/output pins. If any character is received from 

transmitter unit then the microcontroller decides to rotate the specific motor according to 

the received character. Fig. 5.11 shows the program flowchart of receiver unit.  
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Fig. 5.11: Program flowchart of receiver. 

5.10 Working of entire system 

The transmitter code is written in such a way that it sands different characters e.g. ‘f’, ‘b’ 

etc. according to the different joystick positions via Xbee coordinator. The transmitter 

sends character if the joysticks are moved. The receiver code is written such that the 

Xbee router received the character which is sent by the remote then the microcontroller 

sands signal to motor driver to rotate specific motor/motors according to the received 

character. According to the motor rotation the entire system runs. The video feedback is 

sent by mobile camera. The entire system can be controlled by seeing the video feedback. 
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CHAPTER 6 

RESULT AND DISCUSSION 

 

6.1 Introduction 

The project has worked almost perfectly. One of our customized actuator was damping. 

For this one part of our system did not work properly. Then that actuator was changed 

for perfection of the whole system. The results of the different parts of the whole system 

are shown below. 

6.2 Regolith collection of collector 

The collector can collect sample regolith almost perfectly from the surface. When the 

wheels move forward the collector can collect sample regolith. Here crock sheet pieces 

are used as sample regolith. Fig. 6.1 shows the collection of sample regolith. 

 

Fig. 6.1: Collector collecting sample regolith. 

6.3 Storing collected regolith 

After the collection of the sample regolith the collector arm can be moved up to create a 

sufficient angle so that the collected regolith rolled down to the main storage though a 

pipe which is shown in Fig. 6.2. 
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Fig. 6.2: Collector arm storing sample regolith. 

6.4 Dumping stored regolith 

The main storage can dump the stored regolith by moving the actuator below it to another 

storage and can make itself ready for store again. The angle of the of the storage at the 

maximum range of the actuator is more than enough for any kind of regolith rolling down 

to the another storage, which is shown in Fig. 6.3. 

 

Fig. 6.3: Dumping stored regolith to another storage. 
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6.5 Prototypic driller performance 

The driller arm can place the driller at the suitable place for drilling. The prototype driller 

can drill sample regolith. The drilled regolith falls on the collector after drilling. As it is 

a prototype driller it can just make small hole. Fig. 6.4 shows that the prototype driller 

sample rock.  

 

Fig. 6.4: Driller drilling sample regolith.  

6.6 Discussion 

This project is a multitasking astronaut assistive mining robot. It has been tried hard to 

fulfill all the objectives and also in low cost. All the objectives has been completed and 

the whole system’s performance is satisfactory. Some of the customized actuator was 

damping because the coupling of screw and the motor shaft was not straight. So when 

the motor rotates it is damping. The video feedback was sent through mobile camera. 

Xbee can transmit and receive data from a distance 100 meter in sight.  
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CHAPTER 7 

CONCLUSION 

 

7.1 Conclusion   

Robot is very necessary for astronaut assistance because robots reduces the human 

involvement in risky space works. Here, an astronaut assistive mining robot has been 

designed which can accomplish multiple tasks by human command. The robot can 

perform all the tasks that is in the objectives. It has been tried to fulfill of the objectives 

of the project in a low cost. It has also been tried to add new feature which are not in the 

previous works such that drilling. Many more features can be added and program 

algorithm can also be higher in future with more study. 

7.2 Limitations  

 The customized actuators are damping slightly because the screw could not be 

coupled with the motor shaft straightly. 

 The prototypic driller has been used can drill soft things. 

 For better controlling and high torque low rpm motor has been used. For this, the 

arm movement has become slow. 

 Video transmission with mobile network cannot be used in space. 

7.3 Future works   

Many more features can be added with more study in this project. Some of them are 

given below. 

 Advanced mechanical structure with artificial intelligence can be added with the 

structure to run on rough surface. 

 A grabbing hand can be added with structure for astronaut assistance. 

 Video transmission technology can be advanced with more research. 

 Humidity sensor, temperature sensor, different gas sensor can be added for 

observing the planetary environment.   

 

  



44 
 

 REFERENCE 

 

[1] "Science Diction: The Origin of the Word 'Robot' - Science Friday", Accessed: 10 January 2017, 

Available: https://www.sciencefriday.com/segments/science-diction-the-origin-of-the-word-

robot/. 

[2] "Robot", Accessed: 10 January 2017, Available: https://en.m.wikipedia.org/wiki/Robot#Mining-

robots.  

[3] Systems Engineering Handbook. Washington, D.C. 20546: National Aeronautics and Space 

Administration, 2007, pp. 1-3. 

[4] "TECHNOLOGY TRANSFER PROGRAM", Accessed: 20 January 2017, Available: 

https://technology.nasa.gov/patent/KSC-TOPS-7. 

[5] "Spirit and Opportunity | Mars Exploration Program", Accessed: 20 January 2017 Available: 

https://mars.nasa.gov/programmissions/missions/present/2003/. 

[6] 2010 NASA Exploration Systems Mission Directorate: Lunabotics Mining Competition Systems 

Engineering Paper. 2010, Accessed: 23 January 2017, Available: 

https://www.nasa.gov/pdf/717263main_04%20Auburn%20Team%20Pumpernickel%20Systems

%20Engineering%20Paper.pdf. 

[7] "The Utah Robotic Mining Project | Creating Solutions for Extreme Conditions", Accessed: 30 

January 2017, Available: http://roboticmining.eng.utah.edu/. 

 [8] J. J. Neubert, "Using NASA’s Robotic Mining Competition to Give Students a Quality Systems 

Engineering Experience", in ASEE's 123rd Annual Conference & Exposition, New Orleans, 2016, 

pp. 4-11. 

[9] University of Alabama Astrobotics System Engineering paper. 2015, pp. 3-11. 

[10] The Daily Star, "Now, Brac makes Mars rover ‘Mongol Tori'", 2017, Available: 

http://www.thedailystar.net/city/now-brac-makes-mars-rover-mongol-tori-1382602.  

[11] “Mongol-E”, Accessed: 1 February 2017, Available: http://www.teaminterplanetar.com. 

[12] M. Shafin, K. Kabir, I. Ridwan, T. Fuad, S. Bardhan, M. Raju, A. Tahira, I. Afrin, S. Mondal, S. 

Tumpa, A. Ahmed, M. Badhon, M. Jony, F. Khan, M. Karim and M. Hossain, "Mongol Barota: A 

next generation rover", The 8th International Conference on Software, Knowledge, Information 

Management and Applications (SKIMA 2014), pp. 1-3, 2014. 

[13] R. Kremen, "Underdog Wins Innovation Award at NASA Robotic Mining Competition", Robot 

Magazine, 2017. 

[14] “Linear_actuator”, Accessed: 5 February 2017, Available: 

https://en.m.wikipedia.org/wiki/Linear_actuator. 

[15] “Data sheet of Atmel-2549 8bit Microcontroller ATmega”, Accessed: 5 February 2017, Available: 

http://www.atmel.com/Images/Atmel-2549-8-bit-AVR-Microcontroller-ATmega640-1280-1281-

2560-2561_datasheet.pdf. 

[16] "Arduino - ArduinoBoardMega", Accessed: 1 February 2017, Available: 

https://www.arduino.cc/en/Main/ArduinoBoardMega. 



45 
 

[17] “Data sheet of L298 Duel Full Bridge Driver”, Accessed: 23 February 2017, Available: 

http://www.st.com/content/ccc/resource/technical/document/datasheet/82/cc/3f/39/0a/29/4d/f0/C

D00000240.pdf/files/CD00000240.pdf/jcr:content/translations/en.CD00000240.pdf.  

[18] “XBee™ Series 2 OEM RF Modules. 2007”, Accessed: 23 February 2017 Available: 

http://www.farnell.com/datasheets/27606.pdf. 

[19] “XBee to USB Adapter”, Accessed: 23 February 2017, Available: 

https://www.microbot.it/documents/mr002-004_datasheet.pdf. 

[20] "How a Gear Motor Works | DoItYourself.com", Accessed: 28 February 2017, Available: 

http://www.doityourself.com/stry/how-a-gear-motor-works. [Accessed: Aug- 2017]. 

[21] “M. Grusin, "Thumb Joystick Retail - SparkFun Electronics", Accessed: 5 April 2017, Available: 

https://www.sparkfun.com/tutorials/272. [Accessed: Aug- 2017]. 

[22] Feng, Guo-Hua; Yen, Shih-Chieh (2015). "Micromanipulation tool replaceable soft actuator with 

gripping force enhancing and output motion converting mechanisms". 2015 Transducers - 2015 

18th International Conference on Solid-State Sensors, Actuators and Microsystems 

(TRANSDUCERS).pp. 1877–80. ISBN 978-1-4799-8955-3.doi:10.1109/TRANSDUCERS. 2015. 

7181316. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



46 
 

APPENDIX (a) 

 

Table 4.1: Features of ATmega2560 Microcontroller [14]. 

Key Features ATmega328p 

CPU type 8-bit AVR 

Pin count 100 

Performance 16 MIPS at 16 MHz 

Flash memory 256 kB 

SRAM  8 kB 

EEPROM  4 kB 

Maximum operating frequency 20 MHz 

General Purpose I/O Lines 54 

SPI 5 

TWI (I2C)  1 

USART 4 

ADC 10-bit 15kSPS 

ADC Cannels 16 

8-bit Timer/Counter 2 

16-bit Timer/Counter 4 

 

Table 4.2: Pin function of ATmega2560 [14]. 

Pin 

Number 

Pin Name Pin Function 

1 PG5 ( OC0B ) Digital pin 4 (PWM) 

2 PE0 ( RXD0/PCINT8 ) Digital pin 0 (RX0) 

3 PE1 ( TXD0 ) Digital pin 1 (TX0) 

4 PE2 ( XCK0/AIN0 )   

5 PE3 ( OC3A/AIN1 ) Digital pin 5 (PWM) 

6 PE4 ( OC3B/INT4 ) Digital pin 2 (PWM) 

7 PE5 ( OC3C/INT5 ) Digital pin 3 (PWM) 

8 PE6 ( T3/INT6 )   

9 PE7 ( CLKO/ICP3/INT7 )   

10 VCC VCC 

11 GND GND 

12 PH0 ( RXD2 ) Digital pin 17 (RX2) 

13 PH1 ( TXD2 ) Digital pin 16 (TX2) 

14 PH2 ( XCK2 )   

15 PH3 ( OC4A ) Digital pin 6 (PWM) 

16 PH4 ( OC4B ) Digital pin 7 (PWM) 

17 PH5 ( OC4C ) Digital pin 8 (PWM) 

18 PH6 ( OC2B ) Digital pin 9 (PWM) 

19 PB0 ( SS/PCINT0 ) Digital pin 53 (SS) 

20 PB1 ( SCK/PCINT1 ) Digital pin 52 (SCK) 

21 PB2 ( MOSI/PCINT2 ) Digital pin 51 (MOSI) 

22 PB3 ( MISO/PCINT3 ) Digital pin 50 (MISO) 

23 PB4 ( OC2A/PCINT4 ) Digital pin 10 (PWM) 

https://en.wikipedia.org/wiki/Instructions_per_second
https://en.wikipedia.org/wiki/Flash_memory
https://en.wikipedia.org/wiki/Static_random-access_memory
https://en.wikipedia.org/wiki/EEPROM
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24 PB5 ( OC1A/PCINT5 ) Digital pin 11 (PWM) 

25 PB6 ( OC1B/PCINT6 ) Digital pin 12 (PWM) 

26 PB7 ( OC0A/OC1C/PCINT7 ) Digital pin 13 (PWM) 

27 PH7 ( T4 )   

28 PG3 ( TOSC2 )   

29 PG4 ( TOSC1 )   

30 RESET RESET 

31 VCC VCC 

32 GND GND 

33 XTAL2 XTAL2 

34 XTAL1 XTAL1 

35 PL0 ( ICP4 ) Digital pin 49 

36 PL1 ( ICP5 ) Digital pin 48 

37 PL2 ( T5 ) Digital pin 47 

38 PL3 ( OC5A ) Digital pin 46 (PWM) 

39 PL4 ( OC5B ) Digital pin 45 (PWM) 

40 PL5 ( OC5C ) Digital pin 44 (PWM) 

41 PL6 Digital pin 43 

42 PL7 Digital pin 42 

43 PD0 ( SCL/INT0 ) Digital pin 21 (SCL) 

44 PD1 ( SDA/INT1 ) Digital pin 20 (SDA) 

45 PD2 ( RXDI/INT2 ) Digital pin 19 (RX1) 

46 PD3 ( TXD1/INT3 ) Digital pin 18 (TX1) 

47 PD4 ( ICP1 )   

48 PD5 ( XCK1 )   

49 PD6 ( T1 )   

50 PD7 ( T0 ) Digital pin 38 

51 PG0 ( WR ) Digital pin 41 

52 PG1 ( RD ) Digital pin 40 

53 PC0 ( A8 ) Digital pin 37 

54 PC1 ( A9 ) Digital pin 36 

55 PC2 ( A10 ) Digital pin 35 

56 PC3 ( A11 ) Digital pin 34 

57 PC4 ( A12 ) Digital pin 33 

58 PC5 ( A13 ) Digital pin 32 

59 PC6 ( A14 ) Digital pin 31 

60 PC7 ( A15 ) Digital pin 30 

61 VCC VCC 

62 GND GND 

63 PJ0 ( RXD3/PCINT9 ) Digital pin 15 (RX3) 

64 PJ1 ( TXD3/PCINT10 ) Digital pin 14 (TX3) 

65 PJ2 ( XCK3/PCINT11 )   

66 PJ3 ( PCINT12 )   

67 PJ4 ( PCINT13 )   

68 PJ5 ( PCINT14 )   

69 PJ6 ( PCINT 15 )   

70 PG2 ( ALE ) Digital pin 39 

71 PA7 ( AD7 ) Digital pin 29 

72 PA6 ( AD6 ) Digital pin 28 

73 PA5 ( AD5 ) Digital pin 27 
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74 PA4 ( AD4 ) Digital pin 26 

75 PA3 ( AD3 ) Digital pin 25 

76 PA2 ( AD2 ) Digital pin 24 

77 PA1 ( AD1 ) Digital pin 23 

78 PA0 ( AD0 ) Digital pin 22 

79 PJ7   

80 VCC VCC 

81 GND GND 

82 PK7 ( ADC15/PCINT23 ) Analog pin 15 

83 PK6 ( ADC14/PCINT22 ) Analog pin 14 

84 PK5 ( ADC13/PCINT21 ) Analog pin 13 

85 PK4 ( ADC12/PCINT20 ) Analog pin 12 

86 PK3 ( ADC11/PCINT19 ) Analog pin 11 

87 PK2 ( ADC10/PCINT18 ) Analog pin 10 

88 PK1 ( ADC9/PCINT17 ) Analog pin 9 

89 PK0 ( ADC8/PCINT16 ) Analog pin 8 

90 PF7 ( ADC7 ) Analog pin 7 

91 PF6 ( ADC6 ) Analog pin 6 

92 PF5 ( ADC5/TMS ) Analog pin 5 

93 PF4 ( ADC4/TMK ) Analog pin 4 

94 PF3 ( ADC3 ) Analog pin 3 

95 PF2 ( ADC2 ) Analog pin 2 

96 PF1 ( ADC1 ) Analog pin 1 

97 PF0 ( ADC0 ) Analog pin 0 

98 AREF Analog Reference 

99 GND GND 

100 AVCC VCC 
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APPENDEIX (b) 

 

Program code 

Transmitter code 
int xPin = A1; 

int yPin = A0; 

int xPin1= A2; 

int yPin1= A3; 

int xPin2=A4; 

int yPin2=A5; 

int xPin3=A6; 

int yPin3=A7; 

int xPin4=A8; 

int yPin4=A9; 

int xPosition = 0; 

int yPosition = 0; 

int xPosition1= 0; 

int yPosition1= 0; 

int xPosition2=0; 

int yPosition2=0;  

int xPosition3=0; 

int yPosition3=0; 

int xPosition4=0; 

int yPosition4=0; 

int front; 

int back; 

int left; 

int right; 

int AU; 

int AD; 

int CU; 

int CD; 

int AR1U; 

int AR1D; 

int AR2U; 

int AR2D; 

int DU; 

int DD; 

int DR; 

int CM; 

 void setup() 

{ 

pinMode(xPin, INPUT); 

pinMode(yPin, INPUT); 

pinMode(xPin1, INPUT); 

pinMode(yPin1, INPUT); 

pinMode(xPin2, INPUT); 

pinMode(yPin2, INPUT); 

pinMode(xPin3, INPUT); 
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pinMode(yPin3, INPUT); 

pinMode(xPin4, INPUT); 

pinMode(yPin4, INPUT); 

Serial.begin(9600); 

} 

void loop() 

{ 

xPosition = analogRead(xPin); 

yPosition = analogRead(yPin); 

xPosition1 = analogRead(xPin1); 

yPosition1 = analogRead(yPin1); 

xPosition2 = analogRead(xPin2); 

yPosition2 = analogRead(yPin2); 

xPosition3 = analogRead(xPin3); 

yPosition3 = analogRead(yPin3); 

xPosition4 = analogRead(xPin4); 

yPosition4 = analogRead(yPin4); 

if ( yPosition >900) 

{ 

front='F'; 

} 

if ( yPosition<10) 

{ 

back='B'; 

} 

if (xPosition<10) 

{ 

left='L'; 

} 

if (xPosition>900) 

{ 

right='R'; 

} 

if (yPosition1>900) 

{ 

AU='A'; 

} 

if (yPosition1<10) 

{ 

AD='C'; 

} 

if (xPosition1>900) 

{ 

CU='D'; 

} 

if (xPosition1<10) 

{ 

CD='E'; 

} 

if (yPosition2>900) 

{ 

AR1U='G'; 
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} 

if (yPosition2<10) 

{ 

AR1D='H'; 

} 

if (xPosition2>900) 

{ 

AR2U='I'; 

} 

if (xPosition2<10) 

{ 

AR2D='J'; 

} 

if (yPosition3>900) 

{ 

DU='K'; 

} 

if (yPosition3<10) 

{ 

DD='M'; 

} 

if (xPosition3>900) 

{ 

DR='N'; 

} 

if (xPosition4>900) 

{ 

CM='Q'; 

} 

if(front=='F') 

{ 

Serial.print('F'); 

delay(5); 

front=0; 

} 

if(back=='B') 

{ 

Serial.print('B'); 

delay(5); 

back=0; 

} 

if(left=='L') 

{ 

Serial.print('L'); 

delay(5); 

left=0; 

} 

if(right=='R') 

{ 

Serial.print('R'); 

delay(5); 

right=0; 
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} 

if(AU=='A') 

{ 

Serial.print('A'); 

delay(5); 

AU=0; 

} 

if(AD=='C') 

{ 

Serial.print('C'); 

delay(5); 

AD=0; 

} 

if(CU=='D') 

{ 

Serial.print('D'); 

delay(5); 

CU=0; 

} 

if(CD=='E') 

{ 

Serial.print('E'); 

delay(5); 

CD=0; 

} 

if(AR1U=='G') 

{ 

Serial.print('G'); 

delay(5); 

AR1U=0; 

} 

if(AR1D=='H') 

{ 

Serial.print('H'); 

delay(5); 

AR1D=0; 

} 

if(AR2U=='I') 

{ 

Serial.print('I'); 

delay(5); 

AR2U=0; 

} 

if(AR2D=='J') 

{ 

Serial.print('J'); 

delay(5); 

AR2D=0; 

} 

if(DU=='K') 

{ 

Serial.print('K'); 
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delay(5); 

DU=0; 

} 

if(DD=='M') 

{ 

Serial.print('M'); 

delay(5); 

DD=0; 

} 

if(DR=='N') 

{ 

Serial.print('N'); 

delay(5); 

DR=0; 

} 

if(CM=='Q') 

{ 

Serial.print('Q'); 

delay(5); 

CM=0; 

}    

} 

 

Receiver code 

int FRONT = 2; 

int BACK = 3; 

int LEFT = 4; 

int RIGHT = 5; 

int AU = 6; 

int AD = 7; 

int CU = 8; 

int CD = 9; 

int AR1U=24; 

int AR1D=25; 

int AR2U=22; 

int AR2D=23; 

int DU=26; 

int DD=27; 

int DR=30; 

int CM=31; 

int in=0; 

int z; 

void setup() 

{ 

pinMode(FRONT, OUTPUT); 

pinMode(BACK, OUTPUT); 

pinMode(LEFT, OUTPUT); 

pinMode(RIGHT, OUTPUT); 

pinMode(AU, OUTPUT); 

pinMode(AD, OUTPUT); 

pinMode(CU, OUTPUT); 
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pinMode(CD, OUTPUT); 

pinMode(AR1U, OUTPUT); 

pinMode(AR1D, OUTPUT); 

pinMode(AR2U, OUTPUT); 

pinMode(AR2D, OUTPUT); 

pinMode(DU, OUTPUT); 

pinMode(DD, OUTPUT); 

pinMode(DR, OUTPUT); 

pinMode(CM, OUTPUT); 

Serial.begin(9600); 

} 

void loop() 

{  

while(Serial.available()>0) 

{ 

in = Serial.read(); 

z = 1; 

while(in=='F'&& z==1) 

{ 

digitalWrite(FRONT , HIGH); 

digitalWrite(LEFT, HIGH); 

digitalWrite(BACK, LOW); 

digitalWrite(RIGHT, LOW); 

delay(1000); 

in=0; 

z=0; 

if(in!='F'; 

{ 

digitalWrite(FRONT , LOW); 

digitalWrite(LEFT, LOW); 

}  

} 

while(in=='B'&& z==1) 

{ 

digitalWrite(BACK, HIGH); 

digitalWrite(RIGHT, HIGH); 

digitalWrite(FRONT, LOW); 

digitalWrite(LEFT, LOW); 

delay(1000); 

in=0; 

z=0; 

if(in!='B') 

{ 

digitalWrite(BACK , LOW); 

digitalWrite(RIGHT, LOW); 

}  

} 

while(in=='L'&& z==1) 

{ 

digitalWrite(FRONT, HIGH); 

digitalWrite(BACK, LOW); 

digitalWrite(LEFT, LOW); 
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digitalWrite(RIGHT, LOW); 

delay(1000); 

z=0;  

in=0; 

if(in!='L') 

{ 

digitalWrite(FRONT , LOW); 

}  

} 

while (in== 'R'&& z==1) 

{ 

digitalWrite(LEFT, HIGH); 

digitalWrite(FRONT, LOW); 

digitalWrite(BACK, LOW); 

digitalWrite(RIGHT, LOW); 

delay(1000); 

z=0;  

in=0; 

if(in!='R') 

{ 

digitalWrite(LEFT, LOW); 

}  

} 

while(in=='A'&& z==1) 

{ 

digitalWrite(AU, HIGH); 

digitalWrite(AD, LOW); 

delay(500); 

z=0; 

in=0; 

if(in!='A') 

{ 

digitalWrite(AU, LOW); 

} 

} 

while(in=='C'&& z==1) 

{ 

digitalWrite(AD, HIGH); 

digitalWrite(AU, LOW); 

delay(500); 

z=0; 

in=0; 

if(in!='C') 

{ 

digitalWrite(AD,LOW); 

} 

} 

while(in=='D'&& z==1) 

{ 

digitalWrite(CU, HIGH); 

digitalWrite(CD, LOW); 

delay(500); 
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z=0; 

in=0; 

if(in!='D') 

{ 

digitalWrite(CU,LOW); 

} 

} 

while(in=='E'&& z==1) 

{ 

digitalWrite(CU, LOW); 

digitalWrite(CD, HIGH); 

delay(500); 

z=0; 

in=0; 

if(in!='E') 

{ 

digitalWrite(CD,LOW); 

} 

} 

while(in=='G'&& z==1) 

{ 

digitalWrite(AR1U, HIGH); 

digitalWrite(AR1D, LOW); 

delay(500); 

z=0; 

in=0; 

if(in!='G') 

{ 

digitalWrite(AR1U,LOW); 

} 

} 

while(in=='H'&& z==1) 

{ 

digitalWrite(AR1U, LOW); 

digitalWrite(AR1D, HIGH); 

delay(500); 

z=0; 

in=0; 

if(in!='H') 

{ 

digitalWrite(AR1D,LOW); 

} 

} 

while(in=='I'&& z==1) 

{ 

digitalWrite(AR2U, HIGH); 

digitalWrite(AR2D, LOW); 

delay(500); 

z=0; 

in=0; 

if(in!='I') 

{ 
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digitalWrite(AR2U,LOW); 

} 

} 

while(in=='J'&& z==1) 

{ 

digitalWrite(AR2U, LOW); 

digitalWrite(AR2D, HIGH); 

delay(500); 

z=0; 

in=0; 

if(in!='J') 

{ 

digitalWrite(AR2D,LOW); 

} 

} 

while(in=='K'&& z==1) 

{ 

digitalWrite(DU, HIGH); 

digitalWrite(DD, LOW); 

delay(500); 

z=0; 

in=0; 

if(in!='K') 

{ 

digitalWrite(DU,LOW); 

} 

} 

while(in=='M'&& z==1) 

{ 

digitalWrite(DU, LOW); 

digitalWrite(DD, HIGH); 

delay(500); 

z=0; 

in=0; 

if(in!='M') 

{ 

digitalWrite(DD,LOW); 

} 

} 

while(in=='N'&& z==1) 

{ 

digitalWrite(DR, HIGH); 

delay(500); 

z=0; 

in=0; 

if(in!='N') 

{ 

digitalWrite(DR,LOW); 

} 

} 

while(in=='Q'&& z==1) 

{ 
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digitalWrite(CM, HIGH); 

delay(500); 

z=0; 

in=0; 

if(in!='Q') 

{ 

digitalWrite(CM,LOW); 

} 

} 

Serial.end(); 

Serial.begin(9600);   

}   

} 

 


