
 

 
 



 
  

2 
 



  

3 
 



Content Page 
 
PART 1: Engineering Design Practice 
 

1. Introduction 
 

2. High level design 
 

3. Detail design 
 

4. Process 
 

● Concept generation 
● Concept selection 
● Development 

5. Budget / costings 
 

6. Project Management 

 

 
PART 2: Technical Outcomes 
 

1. Sensor design 
 

2. Control and interface design 
 

3. Discussion 
 
 

 
 
Appendix 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Word count: 9890 
 
 

4 
 



 
 
1. Introduction 
 
“Exploring a new planet” 
 
This report covers the design and construction of a remotely-controlled rover that can                         
explore a new planet and identify its minerals. Essentially, the rover will need to identify 6                               
different types of rocks of various properties. These include radio waves modulated at a                           
particular frequency, infrared pulses of various frequencies, acoustic signals as well as                       
magnetic fields. The rover must also be maneuverable enough to negotiate the                       
environment. The approach and methodology of the rover control system is at a                         
Transmission Control Protocol/Internet Protocol (TCP/IP) scale. The rover will be controlled                     
from a keyboard and a Graphical User Interface. A combination of radio, infrared and                           
acoustic sensors will make up the rover. These sensors have self-made circuitry which                         
include but are not limited to operational amplifiers, Schmitt Triggers, phototransistors and                       
self-made antennas. All these serve to transform the received analogue frequency signal                       
into an analysable digital signal. To classify the deposits found, an Arduino C based code                             
will analyse the digital values based on pre-set boundaries obtained from previous                       
experiments and investigations. Lastly, the rover will act as a Telnet Server and will                           
communicate back the results to the Telnet Client Python software programmed in the                         
controller.  
 
Based on the Product Design Specification and in terms of the performance of the rover, it                               
should be able to identify all of the minerals with an accuracy of a 100%. The aim is to                                     
ensure the rover is cost and weight effective. The construction of the rover must also be                               
robust and reliable. The test environment will consist of an area approximately 3m x 3m                             
with a smooth, flat floor. It will contain a number of exorocks plus some larger obstacles                               
that the rover must navigate around remotely by the user. The smallest gap that the rover                               
must pass through will be 300m. The budget for the mission will always be under £50 and                                 
the weight should be under under 500g.  
 
All in all, this rover possesses innovative engineering dedicated to improve                     
value-for-money, weight, reliability and user-friendly interface by applying self-researched                 
and novel solutions in circuit design, mechanical design, software and communications.  
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2.  High-level Design 
 
Over the past few months, plenty of work and effort has gone into the high level design of                                   
the rover. In this section, the evolution of the ever-changing rover design will be explained                             
and discussed. 
 
 
Design 1: 

 
                                         ​Figure 1. (See Appendix for a larger diagram)  
 

In the original design, several assumptions were made- the exorock was assumed to have a                             
larger height than the small sized rover, and that the terrain of the test surface was uneven.                                 
Hence, rotatable sensors were implemented in order to detect the rocks’ signal from                         
different angles if need be. The design also included four actuators to drive the rover to                               
better manage a larger range of surfaces, especially for rough and uneven ones.  
 
 
 
 
Design 2: 

 
 

                                      ​Figure 2. (See Appendix for a larger diagram​) 
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After receiving new information in the form of the EEERover Technical Guide, it was evident                             
that the design of the rover had to be modified to be more efficient. For starters, the size of                                     
the rock was much smaller than what we perceived it to be. Since the intensity of the signal                                   
is inversely proportional to the cube of the distance between the sensor and the signal                             
source, a design with the sensors located as close to the rock as possible would be ideal.                                 
As such, the idea was to have large wheels of radius larger than the rock such that the rover                                     
can travel over the rock. The sensors would then be placed facing the ground such that                               
when the rover travels over the rock, the sensors would be directly above it. 
Design 3 (Final Design): 
 

 
 
                                        Figure 3. (See Appendix for a larger diagram) 
 
 

It was not long before there was a general consensus that Design 2 was not a practical one.                                   
The whole rover would be too bulky in size, which would mean controlling the rover would                               
have much harder. Having the sensors facing the ground would also mean there would be                             
more hassle when debugging. As such, the design of the rover had to be modified once                               
again. The general idea was still to ensure that the sensors are as close to the rock as                                   
possible. As such, it was decided that a high platform was to be placed at the front of the                                     
rover. The sensors would then be mounted at the edge of this platform such that they                               
extend outwards to be as close to the exorock as possible. This would significantly                           
increase the accuracy and precision of the sensors. 
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3. Detail Design 

In this section, the design of each subsystem will be discussed in more detail. Generally,                             
there are a total of 6 subsystems, namely the power block, the actuator block, the sensor                               
input block, the wireless connectivity block and the programming circuit.  
 
For the power block, essentially the power supply that will be used are batteries that                             
provide a supply voltage of 5V. A voltage regulator will also be introduced. This is to ensure                                 
that a steady voltage is maintained since the voltage supplied from the batteries may vary. 
 
The actuator block consists of the motor driver. It is a two channel H bridge with decode                                 
logic. Each channel controls one side of the motor. The digital inputs from each channel                             
can then be connected to the digital outputs on the Arduino. This would enable the user to                                 
control the rover. 
 
The wireless connectivity block and the programming circuit are basically handled by the                         
Arduino. The Arduino is programmed to be able to analyse the readings from the sensors                             
and to give an accurate result of the type of rock. In order to do so, the general idea is to                                         
use a clocking system so that the Arduino can measure the frequency of the signal picked                               
up by measuring the period of the waveform. There is also a wifi module on the Arduino                                 
which allows the user to remotely control the movement of the rover, since it has digital                               
outputs connected to the motor driver. 
 
Finally, we move on to the biggest block which is the sensor input block. The sensors used                                 
include a radio wave sensor, an infrared sensor, an ultrasonic sensor and finally a magnetic                             
field sensor. All these sensors are designed to pick up their respective signals to be fed                               
back into the Arduino for further processing. They will now be explained briefly. For a full                               
technical explanation, refer to the “sensor design” section in Part 2 of this report. 
 
For the radio wave sensor, it is designed to receive and process an Amplitude Modulated                             
signal. This is done in 5 stages. The 1st stage is to receive the signal from an antenna. The                                     
2nd is the filter stage which consists of a bandpass filter, made up of a high-pass and                                 
low-pass filter. The band is selected to contain both carrier frequencies. Stage 3 is the                             
amplification stage and is designed to amplify the filtered signal so that it can be processed                               
easily. This is done by using an operational amplifier. The 4th stage is to demodulate the                               
signal using envelope detection done with a diode envelope detector circuit. The 5th and                           
final stage is to then feed the signal into a Schmitt trigger to obtain a “clean” square wave                                   
output so that it can be easily analysed by the Arduino.  
 
The next sensor would the infrared sensor. For this sensor circuit, the 1st stage was to                               
make a common-collector amplifier with a phototransistor in series with a resistor. The next                           
stage is to then amplify the signal using an operational amplifier. The 3rd and final stage is                                 
then to feed the amplified signal into a Schmitt trigger to obtain a square wave output to be                                   
analysed by the Arduino. 
 
For the ultrasonic sensor, the aim is to detect 40 kHz acoustic waves. Essentially, there are                               
3 stages to the design. We first detect the signal by using an ultrasonic receiver. The next                                 
step is to the amplify the signal, using 2 operational amplifiers. The 3rd and final stage                               
would be to feed the amplified signal into a Schmitt trigger for a square wave output that                                 
can be easily analysed by the Arduino. 
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The magnetic sensor is designed to detect the presence of a magnetic field created by a 
neodymium magnet located at 15mm from the sensor. The subsystem is made of a linear 
Hall Effect sensor, combined with a gain stage, and outputs a voltage level converted to a 
digital value through the integrated ADC of the microcontroller 
 
Stage 1 – Sensing the magnetic field 
The linear Hall Effect sensor outputs a DC voltage at a quiescent state of 2.5V, which 
increases or decreases depending on the polarity and strength of the magnetic field – 
however, the difference in voltage at 15mm is very small (of the range of 5-15mV). 
 
Stage 2 – Amplification 
To increase the gain, a non-inverting op-amp is used, which has its reference set to a 
variable voltage, in order to be able to manually correct for any discrepancies between the 
typical and actual quiescent output of the Hall Effect sensor. 
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4. Process 
 
In this section, the concept generation, concept selection and development of each of the                           
subsystems will be discussed. These subsystems include the infrared (IR) sensor, the radio                         
wave (RF) sensor, the acoustic sensor, the magnetic sensor and finally the control and                           
interface design. 

IR sensor: 

The rover needs to detect an Infrared signal of 353Hz and 571 Hz as these are emitted by                                   
rocks 5 and 6 respectively. When it came to the IR sensor, a lot of research was done into                                     
what would be used as the sensor and how the sensor would be used in the circuit.  

There were many sensors to choose from and here they are listed below ​[1]​: 

● Light Dependent Resistor (LDR):  
 

LDRs are cheap – which is an advantage to us in terms of the budget. Their resistance is                                   
inversely proportional to the intensity of light. It is suitable for situations where many                           
different levels of light intensity need to be measured. However, compared to other                         
photosensors, its response time is slower.  

 
● Phototransistor:  

 

Its base makes up the lens. When light falls on the junction, current flows from the base                                 
into the collector. The current is proportional to the intensity of light. It is commonly used                               
to detect and convert pulses of light in digital electrical signals. They provide a large gain                               
and are relatively cheap. Due to a fast response time, they can provide an output instantly                               
(preferred for the rover). Unfortunately, they are vulnerable to electrical spikes and surges. 

 
● Photodiode:  

 

They are used in reverse bias, and turn ON when light intensity is above a defined                               
threshold. They have two output states: ON and OFF. They produce an output very                           
quickly as they have a quick response time and are cheap. They are sensitive to                             
temperature. 

 
● Photo Darling-ton Pair: 

 

Similar to the workings of the phototransistor but provides a much larger amplification.                         
However, it has a slower response time compared to the phototransistor.  

 

From the above information above, we found the phototransistor to be best option for                           
detecting the IR signals being emitted by the rock. It is cheap, has a fast response time,                                 
and also provides a large gain.  When compared to the photodiode, the phototransistor is                           
much more sensitive and has a lower level of noise. The IR sensor will have an analog                                 
output which can be converted to a digital one using a Schmitt Trigger. 
 

 

[1] El – Pro – Cus: Types of photodetectors [Internet], Tarun Agarwal [cited 5 March 2017]. Available from:                  
https://www.elprocus.com/phototransistor-basics-and-advantages/ 

We then researched some potential phototransistor models we could use to detect the IR                           
signal. Our ideal transistor is one that is sensitive to IR and not too sensitive to visible light.                                   
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Unfortunately, because the spectrum of the wavelength of visible light and infrared overlap                         
finding the correct device was a bit difficult. Also, the wavelength of the IR emitted from the                                 
rock was not known, so an educated guess was made, of about 830nm – 870 nm, so that                                   
we could pick the correct phototransistor. 
 

We found a range of devices that could have been used for the purpose of IR detection. In                                   
order to decide, the following decision matrix​ [2] ​was made: 

 

Features TEFT4300 [2a] BPW17N [2b] BPW96C [2c] BPW85C [2d] 

 

   

 
Wavelength 

of peak 
sensitivity 

(nm) 

570 825 850 850 

Criteria: 
Wavelength 

of peak 
sensitivity 

- + + + 

Relative 
Spectral 

Sensitivity 
vs. 

Wavelength 
(Shape)    

Criteria: Is 
the Sensor 
sensitivity 

to one 
frequency or 

a narrow 
range of 

frequencies 

+ + + + 

Angle of half 
sensitivity 

(°) 
+/- 30 +/- 12 +/- 20 +/- 25 

Criteria: Is 
angle 

sensitivity 
large 

enough? 

+ - - + 
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Relative 
Radiant 

Sensitivity 
vs. Angular 
Displaceme
nt (Shape) 

Power 
consumptio

n (mW) 
100 100 150 100 

Criteria: 
Does it 

absorb a 
reasonable 
amount of 

Power? 

+ + + + 

Cost (£) 0.601 0.526 0.592 0.33 

Criteria: Is it 
cheap? 

- + + + 

Net score: +1 +3 +3 +5 

Rank: 4 3 2 1 

Continue? NO NO NO YES 
 

 

 

From the decision matrix above, best phototransistor model was the BPW85C. It has a high                             
sensitivity to light, and suitable for visible and near infrared radiation (which ranges from                           
700nm – 1mm). It has a fast response time, and a half angle sensitivity of +/-25 degrees. Its                                   
wavelength of peak sensitivity is at 850 nm. It is also very cheap and compact.  

 

 

 

 

 

__________________________________________________________________________________ 

[2]​ Farnell element14 [Internet], [cited 10 March 2017].  
[a] TEPT4400 Phototransistor. Available from: ​http://uk.farnell.com/vishay/tept4400/phototransistor-570nm-t-1/dp/1497675 
[b] BPW17N Phototransistor. Available from:  
http://uk.farnell.com/vishay/bpw17n/phototransistor-t3-4/dp/1045523?exaMfpn=true&categoryId=&searchRef=SearchLookA
head&searchView=table&iscrfnonsku=false 
[c] BPW96C Phototransistor. Available from: 
http://uk.farnell.com/vishay/bpw96b/phototransistor-npn-optical-sensor/dp/1470163 
[d] BPW85C Phototransistor. Available from: 
http://uk.farnell.com/vishay/bpw85c/phototransistor-t1/dp/1045 
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When it came to circuit design, we researched a few potential circuits that could detect IR                               
from the rock successfully.  

One such circuit found included the use of a MOSFET and a potential divider ​[3]​: 

 

When the phototransistor receives IR, current flows through it and turns the MOSFET on.                           
As a result, current flows through the Light Emitting Diode (LED), and it lights up, indicating                               
that there is IR present or being emitted from a source. ​The sensitivity of the phototransistor                               
is controlled by the potentiometer. 

 

While this circuit seems to work in theory, it has a few problems. It uses many components.                                 
The LED for example is unnecessary as it will not help the rover in identifying the rock – it                                     
just indicates the presence of IR. Extra components means it will take up too much space                               
on the breadboard – leaving little space for other sensor circuits. More components also                           
mean a higher cost.  
 

We then considered amplifier circuits: a common-emitter (CE) amplifier or a                     
common-collector (CC)amplifier.  From research, the following were found ​[4]: 

CE amplifier: An inverting amplifier. It has a low input impedance and a high output                             
impedance. It also has a high voltage and current gain. However, it does not function well at                                 
high frequencies. It is very sensitive to temperature and has a voltage gain that is quite                               
unstable. 

 
CC amplifier: Has a lower output impedance compared to the CE amplifier. It has a high                               
current gain and high input impedance and has a stable but low voltage gain of just under                                 
1. 
 
 
[3]​ IR sensor [Internet], [cited 4 March 2017]. Available from:  ​http://www.electronicshub.org/ir-sensor/ 

[4] Electronics Guide – Advantages and Disadvantages of transistor amplifier [Internet], Srinivasa Gopalan, 23/07/2016              
[cited 2 March 2017]. Available from:      
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http://electronicshelpline.blogspot.co.uk/2015/07/advantages-and-disadvantages-of.html 

It was decided that the CC amplifier would be the better choice for the IR sensing circuit. Its                                   
low voltage gain can be fixed by feeding the signal from it into an op-amp amplification                               
circuit – the voltage gain required can be obtained by choosing the correct resistor ratios. 

The final circuit chosen is a CC amplifier circuit with the BPW85C phototransistor in series                             
with a resistor. Details discussed in Part 2: Sensor Design – IR sensor of report. ​(Pg 38 -                                   
44) 

RF sensor: 

The design process started with outlining a general function logic for the sensor. Five              
different stages were identified: 

- receiving: receiving the radio signal 
- amplifying: Sufficient amplification of the signal so that it can be processed             

and analysed 
- filtering: Removal of unwanted noise (from various sources) in the picked up             

radio signal. The signal must be filtered and only components of interest should             
remain 

- identifying: the signal must be identified, as specified by the design            
requirements 

- conditioning: once identification and/or adequate processing has been         
performed, the signal and/or generated information needs to be conditioned to be            
acquired by the microcontroller 
 
1​st​ design 
The first design set the base for the antenna, identifying the tuned coiled antenna as               
the best method for LF signal reception; this was based on observing other antenna              
designs, such as the DCF77 (77kHz CET time synchronisation signal) antenna           
design. 
The amplification part was designed to be standard a non-inverting op-amp topology. 
The first concept for filtering was to use two twin-tee filters set to the carrier               
frequencies, as they pass only the frequency of interest; the two signals were then              
meant to feed into individual AM demodulator circuits, based on a precision rectifier             
op-amp design. 
Finally, a Schmitt trigger was set to condition the output to a digital square wave               
output, as the data of interest was purely frequency-related. 
 
This design was not implemented for two reasons: 
- five op-amps used: the solution was cost-prohibitive and overly complex 
- power supply was not considered, and 15V/-15V rails were required for usual             
op-amp implementation 
 
2​nd​ design 
The second design was based on the idea that carrier frequency identification was             
not needed; in fact, only signal frequency identification is needed, as all signal             
frequencies are different: there are no same signal frequencies for two different            
carriers. As such, the twin-tee filter idea was abandoned, in favour of a simple              
passive bandpass filter made of a juxtaposition of a CR and RC filter. 

In this design, the op-amp was replaced by a BJT-based CE Amplifier, which             
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does not have the same power supply requirements. 
 
 

 
See appendix [9] for the complete schematic 
 
As BJTs are prone to distortion, and less stable than op-amps, more research on              
op-amps was done, resulting in the replacement of the BJT by a single-supply             
rail-to-rail op-amp. This was the first design to be tested on an actual prototype, and               
resulted in issues where no signal would pass through. These issues were fixed after              
correcting RC constants; however, large losses over the passive filter remained. 
 
3​rd​ design (final design base) 
In order to mitigate the losses in the passive filter, the op-amp was placed in               
between the two passive filters, to act as a buffer. In the alternative design, an               
additional input buffer op-amp is used to decrease loses on the input high-pass filter. 
 
The complete schematic and detailed operation theory are located in part 2 (Pg             
23-37). 
 
Ultrasonic sensor: 
 
In order to distinguish a particular Exorock from the others, the EERover has to be able to                                 
detect 40kHz acoustic waves accurately in a given set of conditions. To do so, internet                             
research has been done. As a result, our team considered an Ultrasonic sensor of 40kHz                             
operating frequency with an amplifier circuit to be a suitable way to detect the acoustic                             
signal. The Exorocks that emit this signal are rocks 1 and 6, and have the following                               
operating flow: 
Exorock 1. (Acoustic signal detection is useful to distinguish between rocks of the same                           
radio frequency) 
Exoock 6. (Acoustic signal detection is useful to distinguish between rocks of the same                           
Infrared frequency) 
 
Choosing sensor: 
 
Most of the 40kHz Ultrasonic sensors in stock had very small variations in properties, so we                               
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went for the most compact and cheapest version available: 
 
[1] MCUSR10P40B07RO Ultrasonic sensor/receiver. (£1.79) 1

Datasheet 
- Operating range of up to 6m 
- Directivity of 50 ° 
- Operating frequency of 38.3 ± 1kHz 
- Sensitivity of up to -70dB 
 
These properties are more than enough for our purpose, as we                     
expect to analyze exorocks from a close distance. 
  
  
  

Circuit design: 

The initial idea was to amplify the expected input signal of several mV amplitude -100 times                               
with inverting amplifier circuit (op-amp bandwidth of 10MHz allows for such high gain                         
stage), and then feed the signal into a Schmitt trigger to generate a digital output for the                                 
Arduino to analyze. optimal values for the resistors of 5.1kΩ(Rin) and 510kΩ(Rf) were                         
chosen to minimize voltage offset error. 
 
Initial circuit design. 
 
Non-inverting input is used as voltage reference, set by potential divider and 5V voltage                           
source. This is required since the op-amp is single rail, so we need the voltage reference                               
large enough, to observe the entire amplified negative part of the signal at the output.                             
Ideally, we want this reference point to be 2.44V. In reality resistor values of 5.6kΩ(R1) and                               
5,1kΩ(R2) were used to achieve reference point of 2.40 V. 
 
Please refer to Part 2 (Pg 45-46)​ ​for final circuit and technical details 
 

MAGNETIC SENSOR: 
 
The design process started with research on how to detect a magnetic field. A first idea was 
to apply Faraday’s law and use a piece of wire with a resistor, where an EMF would be 
induced in presence of a magnetic field; however, the magnetic field being constant, the wire 
and the magnet would have to remain constantly in relative movement. 

1http://uk.farnell.com/multicomp/mcusr10p40b07ro/receiver-38-3khz-10mm-plastic/dp/236
2668 
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The second idea was to use a Hall Effect sensor. After research on available options, a 
linear Hall Effect sensor was chosen, as Hall Effect switches were not sensitive enough. This 
concept was improved upon by adding gain with the appropriate voltage reference. 
The main issue with the design was the excessive sensitivity of the reference voltage-setting 
potentiometer; this was solved by including it into a potential divider. 
 

Control and interface design: 

The first aim of the “control and interface design” is to enable the user to control the Rover                                   
with simplicity and accuracy. The second is to print the result of the rock sensed. The focus                                 
of the approach and methodology is at a TCP/IP (Transmission Control Protocol/Internet                       
Protocol) scale. At first, the preferable option for the control of the rover locomotion was by                               
creating a website which included the necessary buttons for moving forwards or backwards                         
and left or right. When a button was pressed, this program would create an additional tab                               
containing the selected command in a new URL and closing the previous URL. However,                           
this procedure was very limiting because the user would have to wait until the command                             
was processed by the Arduino before sending a new command. For instance, say the user                             
wants to move the Rover 5 meters forward. In order to do so, the user would have to press                                     
the forward button ​X ​times, waiting in between for the Rover to move a fraction of these 5                                   
meters.  
 
This method was then substituted by a Telnet server approach. Telnet is a user command                             
and an underlying TCP/IP protocol for accessing remote computers [1]​. In this project, it is                             
used to communicate directly to the Arduino from the user’s computer. The programming                         
was done in Python which has its own telnet library called “telnetlib”. This enables the user                               
to connect to the Arduino’s IP address with simplicity. In order to have a user-friendly                             
interface, the “tkinter” GUI (Graphical User Interface) was imported. For a technical aspect                         
and implementation of the control and interface design, refer to Part 2 of the report. (Page                               
54-56) 

_________________________________________________________________________ 
[1] ​Rouse M. Definition: Telnet [Internet]. SearchNetworking. [cited 4 March 2017]. Available from:             
http://searchnetworking.techtarget.com/definition/Telnet 
5. Budget / costings 
 

BOM 
EEERover COMPONENT VALUE 

%TO
L 

PRIC
E QUANTITY 

TOTAL 
PRICE 

       
RADIO 
SENSOR Coil (L1) 1m  £ 0.12 1 £ 0.12  
 C1 560pF 10 £ 0.10 1 £ 0.10  
 C2 4.7nF 10 £ 0.06 1 £ 0.06  
 C3 1nF 10 £ 0.10 1 £ 0.10  
 C4 3.9nF 10 £ 0.06 1 £ 0.06 
 C5 3.9nF 10 £ 0.06 1 £ 0.06 
 R1 5.6k 1 £ 0.04 1 £ 0.04  
 R2 1k 1 £ 0.02 1 £ 0.02  
 R3 180k 1 £ 0.05 1 £ 0.05  
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 R4 330 1 £ 0.04 1 £ 0.04  
 R5 100k 1 £ 0.12 1 £ 0.12  
     TOTAL £ 0.77  
       
IR SENSOR Phototransistor BPW85C  £ 0.33 1 £ 0.33  
 R4,R2 1k 1 £ 0.02 2 £ 0.04  
 R3 100k 1 £ 0.05 1 £ 0.05  
 R1 300k 1 £ 0.05 1 £ 0.05  
 C1 1µF 10 £ 0.10 1 £ 0.10  
     TOTAL £ 0.24  
       
ACOUSTIC 
SENSOR 

Ultrasonic 
Sensor 38.3kHz,-70dB  £ 1.79 1 £ 1.79  

 R3 5.6k 1 £ 0.12 2 £ 0.24  
 R4 5.1k 1 £ 0.12 2 £ 0.24  
 RF 510k 1 £ 0.05 2 £ 0.10  
 R1,R2 100k 1 £ 0.05 2 £ 0.10  
     TOTAL £ 2.47  
       
       
MAGNETIC 
SENSOR 

Hall Effect  
Sensor A1301EUA-T  £ 1.18 1 £ 1.18  

 R1,R2 200k 1 £ 0.05 2 £ 0.10  
 RV1 50k 1 £ 0.03 1 £ 0.03  
 R3 1k 1 £ 0.02 1 £ 0.02  
 R4 1M 1 £ 0.04 1 £ 0.04  
     TOTAL £ 1.37  
       
SHARED 
COMPONET
S Op Amp MCP6292-E/P  £ 0.77 2 £ 1.54  

 
Schmitt 
Trigger SN74HC14N  £ 0.47 1 £ 0.47  

     TOTAL £ 2.02  
       
EEEBug 
PART Chassis 

190mmx140m
m  £ 2.00 1 £ 2.00  

 DC Motor   £ 1.12 2 £ 2.24  
 Motor driver   £ 5.33 1 £ 5.33  
 Battery holder   £ 1.02 1 £ 1.02  
 1.5V Cell   £ 0.24 4 £ 0.96  

 
Main PCB  
components   £ 1.74 1 £ 1.74  

 Main PCB   £ 2.71 1 £ 2.71  
 Breadboard   £ 2.88 1 £ 2.88  
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Arduino UNO  
Wifi   

£ 
25.20  1 £ 25.20  

 
Voltage 
Regulator 

LM7805CT 
T0220  £ 0.27 1 £ 0.27  

 Screw kit   £ 0.92 1 £ 0.92  
 Wheel   £ 0.51 2 £ 1.02  
     TOTAL £ 46.29  
       

    

TOTA
L 
COST
:  £ 53.16  

 
The total cost of the EEERover (including the Arduino, four different sensors circuits, shared                           
components and EEEBug components) amounts to £53.04. It is worth noting that there is a                             
category called “shared components” which contains two Op-Amp chips and one Schmitt                       
Trigger, since the MCP6292-E/P contains two Op-Amps on one chip. Similarly, there are six                           
Schmitt Triggers on the SN74HC14N.  
 
Throughout the development of the rover, we constantly try to minimize our cost. The first                             
approach is sharing the Op-Amp and Schmitt Trigger chips among the various sensor                         
circuits. The second is to use as few components as possible, on the premise of ensuring                               
that the quality of the signals received are still good enough for analysis. For example, the                               
first radio sensor design used 8 resistors and 4 capacitors. In the final design, this number                               
decreased to 5 resistors and 3 capacitors. 
 
In summary, great efforts have been made to minimize our costs. However, the fixed cost                             
(eg. The Arduino, EEEbug components) account for a significantly large amount of the total                           
cost. 
 
6.  Project Management 
 
Everyone played a certain role in the management of the team.  
 
Our team had two managers Alorika and Alberto. Their job is to ensure that the agreed                               
upon tasks, set by the team, are completed on-time. In order to achieve this, a Gantt chart                                 
was made – which covers the tasks that has to be completed and the approximated time                               
taken to complete each of those tasks. Sometimes tasks take longer or less time than that                               
set in the Gantt chart. Should that happen, the Gantt chart is updated, in order to keep                                 
track of how much time and how many tasks are remaining. 
 
The team’s account manager is Libang. He is in charge of keeping all the expenses of the                                 
rover (including all the purchases and processes) within a budget of 50 pounds. Purchases                           
include sensors for sensor circuits e.g. phototransistor, hall effect sensor, op-amps, etc.                       
The process include laser cutting, 3D printing, etc.  
 
Joshua is the team editor. He plays an important part in ensuring consistency within our                             
deliverables. For deliverables, everyone is expected to write on the specific aspect of the                           
project they are working on, and pass it on to the editor. The editor must then put all the                                     
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parts of the report together into one document and proof-read the deliverables, and make                           
slight alterations to ensure consistency within each deliverable.  
 
Joshua is our team’s secretary. During our weekly meetings, he writes down all the points                             
that have been discussed in the meetings. This includes the progress of the project, the                             
tasks to tackle next and any agreed up actions regarding the rover. 
 
Our meeting structure ensures all the necessary points regarding the rover are discussed                         
and that everyone is up-to-date with the progress of the project. We meet every                           
Wednesday to discuss the progress of the project – what each member has done over the                               
past week – and we also discuss any other tasks that need to be completed. In addition,                                 
this time is used to discuss any points of concern or queries that any member has. 
 
Communication is very important between all team members. As such, we have set up a                             
WhatsApp group chat where we can discuss points and concerns people have regarding                         
the project, outside of the time set for meetings. As this project involves individual work,                             
which will need to be peer-reviewed, we have also set up a shared folder on Google Drive,                                 
where everyone will have access to all the documents related to the project whenever                           
needed. 
 
Our ultimate goal is to make a rover that meets all the specifications mentioned in the brief                                 
– remotely-controlled, compact rover that can identify different minerals as accurately as                       
possible. The most important function of the rover is to identify the minerals. This can only                               
be done if our rover can detect the properties of the radiation of the mineral. Therefore, our                                 
focus is on making sensor circuits that can accurately measure the signals emitted by the                             
rock and the data processing aspect of the rover, i.e. designing the programming circuit                           
that will process what the sensors are picking up and from those readings, identifying the                             
rock. 
 
We have made significant progress on our rover. All the sensors are able to respond to the                                 
correct signals and can pick up the expected frequencies. The signals the sensors are                           
picking up need to be amplified, so we have devised and implemented amplification circuits                           
for the signals using op-amps. To convert the signals to a digital signal we are using a                                 
Schmitt trigger. Noise is still an issue for most of the sensors and we are still working on                                   
how to best solve this issue. The H-bridge is mounted onto the PCB and the rover can be                                   
controlled wirelessly. We also have a draft of the code for data processing and identification                             
of the rock by the Arduino.  
 
While most of the sensors are doing what they are supposed to do, there is still some                                 
testing left. For example, we intend to test the optimum distance between the sensor and                             
rock to achieve the best position to place the sensors in. For a few sensors we need to                                   
keep the noise picked up by the sensors to a minimum. Once the sensors are perfected                               
individually, we will need to test them together in a single board. We also need to test the                                   
codes made for data processing and identification. Finally, we will also continue to develop                           
the control interface for the rover.  
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Gantt Chart: 
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PART 2: Technical Outcomes 
 
1. Sensor design 
 
Radio frequency (RF) sensor circuit: 
 
The RF sensor subsystem is designed to receive and process AM-modulated radio            
signals in the Low Frequency band. The goal is to identify between 4 different              
signals, modulated with 2 different carrier frequencies. Since all four signals have a             
different frequency, a decision was made to not identify the carrier frequency, and             
analyse the demodulated signal instead – in fact, this simplifies the design, as no              
carrier-specific parts of the system need to be made. 
 
The final aim is to obtain a numeric value representing the frequency of the signal, in                
Hertz (Hz). 
 
The subsystem is made of four different stages, starting with a tuned antenna, and              
ending in a digitally stored integer representing the frequency of the signal. 
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Stage 1 – Tuned coil antenna 
The first stage is an antenna, made of a tuned air-core straight coil. The principle               
behind its operation is Faraday’s law of electromagnetic induction, which states that            
a time varying magnetic field induces a time-varying electric field. 
In the case of a coil, the time varying magnetic flux induces a time-varying EMF,               
apparent on the coil terminals as a voltage. Thus, in order to maximise signal              
reception, the diameter of the coil is made to approximately match the diameter of              
the emitter coil in the Exorock, as maximum flux linkage is desirable. 
 
Faraday Law expresses EMF in a tightly wound coil of N turns as: 

−ε = N dt
dΦ  2

with EMF, number of turns in the coil, magnetic flux through the coilε N Φ  
 
From this formula, it is apparent that increasing the number of turns in a coil is the                 
best way of increasing induced EMF. Therefore, the loop antenna is designed to be              
made with a large number of turns. 

 
Figure x.: Air core tuned coil antenna 

 
Finally, to increase signal gain, capacitance is introduced in parallel with the coil in              
order to induce resonance at a given resonant frequency , which is selected to fall         ω0       
in-between the two carrier frequencies of interest 61kHz and 89kHz, in order to             
obtain additional gain on both. Therefore, . The inductance of the      5kHzω0 = 7    Lcoil   
coil is measured, and . By using the R-L circuit resonant formula, the    64.8μHLcoil = 5          
required capacitance to be put in parallel to the coil is obtained: 
 

 therefore [2]​2ω0 = 1
√LC

C = 1
ω L20

 
 

.00nFC = 1
((2π 75⋅10 ) 562.8 10 )*

3 2
* *

−6 = 8  

 
Finally, a closest value is approximated using available components. 

2 Energy conversion notes, Dr. O. Sydoruk;  
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Stage 2 – Filter stage 
In order to increase reliability, filtering is introduced to reduce noise in the signal. The               
stage consists of an active bandpass filter, made of a C-R high-pass filter to reduce               
low-frequency noise – such as 50Hz, and a R-C low-pass filter to reduce             
high-frequency noise – such as LF-band communication channels, MHz-range         
microcontroller oscillator noise, WiFi and other source noises. Active amplification is           
effectively obtained by using a non-inverting op-amp amplifier, thus adding gain as            
well as buffering between the two passive filters. 
 

 
The band is selected to contain both carrier frequencies and         1kHzf c1 = 6  9kHzf c2 = 8
, and is larger than the range delimited by those, as corner frequencies already have               
a -3dB attenuation . By using the formula for corner frequency , and by          ωcorner = 1

RC    3

taking into account available capacitor and resistor values, the values for the            
resistors and capacitors are obtained. 
 
The amplifier circuit is a standard non-inverting amplifier topology, achieving a gain            
of . and are chosen to maximise the gain, while fitting within the Av = 1 + R1

R2  R2  R1           
Gain Bandwidth Product (GBP) of the op-amp. As with gain and        BPG = Av * B  Av   B
bandwidth, the used op-amp has a GBP of 10MHz, and the bandwidth of the signal               
is approximately 50kHz, an approximative gain value of 180 is obtained, to prevent             
gain dropout before the carrier frequencies. 
 

3 ​Analysis of Circuits notes, Mr. M. Brookes; feedback from Mr. Victor Boddy 
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Stage 3 – Demodulation 
The signal is a 100% AM modulated signal, with binary amplitude bursts at the signal               
frequency. Demodulation can therefore be performed with simple envelope detection          
done with a diode envelope detector circuit . The output is the modulating signal of              4

which the frequency has to be analyzed. The general approximative rules for            
envelope detector design are used, which stipulate that and .        C≫R 1

ωc  CR < 1
(2πB)  

Arbitrary values fitting into those conditions were chosen. 

4 ​Signals and Communications lectures 
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Stage 4 – Signal conditioning for CMOS logic input 
 
The signal output from the demodulation stage is not a perfect square wave and has               
a considerable noise floor, as well as potentially distorted and/or slow rising edges.             
In order to provide accurate frequency measurements triggered on the edges of the             
signal, as well as give static logic levels to the microcontroller, the signal is fed into                
an off-the-shelf SN74HC14 inverting Schmitt trigger, which outputs a fast-rising, 0-5V           
square wave. The signal output from stage 5 is a “clean” square wave with a               
frequency set to the frequency of the modulating signal. 
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Stage 5 – Frequency measurement on microcontroller 
 
Once the signal has been conditioned, has adequate logic levels and timings, it is              
fed into a digital pin of the microcontroller, set to digital input. A piece of program is                 
then tasked with measuring the frequency by measuring the length of a period,             
between two rising (or falling) edges. As the signal has steep edges, a relatively              
accurate timing can be done. For more details, refer to section [the programming             
stuff part] 
 
TESTS AND RESULTS 
 
TEST1: Signal tests 
 
In this test, the circuit is fully assembled, and the output of each stage is checked for                 
correct signal waveforms. 
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Waveform 1: EMF in coil 
 

 
 
As expected, a 100% AM-modulated signal appears at the output of the tuned coiled              
antenna. 
 
Waveform 2: Amplification and filtering output 
 
As expected, an amplified waveform is measurable on output. No noticeable noise is             
present. 
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Waveform 3: Demodulation output 
 
As expected, the envelope of the previous waveform is generated. Some high            
frequency components seem to remain on the crest of the signal; this can be solved               
in the future by increasing the RC time constant of the demodulator circuit. 
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Waveform 4: Square wave conditioned signal output 
 
As expected, a clean, square wave is generated by the Schmitt trigger. It is useful to                
note that the Schmitt trigger’s threshold level causes a null output if the said              
threshold is not reached by the signal. 
 
 

 
 
 
 
TEST 2: Filter and gain measurements 
 
In this test, the antenna stage is removed, and a sine wave of given amplitude and                
varied frequency is provided into the system. The voltage at the output of the active               
filter stage is measured, thus effectively giving readings for gain and frequency            
response. 
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From these results, it can be seen that the active filter provides high gain. However,               
this gain is much lower than the ideal op-amp set gain of 180. This is most likely due                  
to losses on the passive filters, as well as loading effect and impedance mismatch.              
Correcting loads and better impedance matching has the potential of improving the            
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gain results. 
 
Another issue can be observed on these response curves; in fact, the gain is not               
quite symmetrical, and starts to roll off in the bandpass region. This seems to be               
mainly due to the fact that the GBP of the op-amp is reached, with the set gain, at                  
55.56kHz, and the decrease in gain is higher than it was expected during design.              
This can be corrected by lowering the gain set by resistors in the amplifier circuit. 
 
 
TEST 3: Exorock real-situation range tests 
 
In this test, the full circuit is assembled, and an Exorock is set at a varied distance                 
from the tuned antenna. The test is performed at both carrier frequencies. 
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From measuring the EMF induced in the coil at both carrier frequencies, we can              
observe a different amplitude. This is most likely due to the small error in the               
capacitance value caused by the choice of approximative component values, which           
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potentially shifted the resonance frequency of the antenna. This can be corrected by             
finding an exact-values capacitors or combination of capacitors. 
 
The shape of the curve matches the expected inverse square decay in signal             
strength obtained by magnetic field strength models. 
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By observing the amplitude of the output of the demodulator stage, it can be seen               
that the amplitude drops faster with distance on the 61kHz carrier signal. This is due               
to the previously observed missalignment of the resonant frequency. Intestingly,          
while the GBP problem should have brought a gain decrease on 89kHz, that effect              
seems to be negligible in   the real-world operation scenario. 
 
At both carrier frequencies, the system was able to output a numerical value of the               
signal frequencies at a maximum distance of about 4cm. 
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Infrared (IR) sensor circuit: 
 

 
 
 
We decided to make a CC amplifier with a phototransistor in series with a resistor. The                               
output of the circuit is the voltage drop across the resistor which varies according to the                               
current flow allowed by the phototransistor. 
 
When light falls on the phototransistor, a current flows (from collector to emitter) that is                             
proportional to the intensity of IR (or visible light). The current passes through the load                             
resistor and causes a voltage drop across it, which is fed into the positive terminal of the                                 
op-amp. 
 
From research [1]​, we found that the phototransistor has two modes of operation – active                             
mode and saturation mode. In the active mode, the current flowing from the transistor is                             
proportional to the intensity of light. When the light intensity is very low, almost no current                               
will flow, and the transistor is said to be off. As the light intensity increases, the current                                 
starts to flow proportional to it. There will be a point when further increase in light intensity                                 
does not cause an increase in current flow – and beyond this point the phototransistor is                               
said to be saturated and the current cannot increase. Saturation (switch mode) has two                           
levels: “on” and “off”. Hence, in order for this circuit to work we needed the phototransistor                               
to be in active mode. 
 
 
 
[1] ​Radio-Electronics.com: Phototransistor Symbol and Circuit Configurations [Internet], Ian Poole [cited 15 March 2017].              
Available from: 
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http://www.radio-electronics.com/info/data/semicond/phototransistor/photo-transistor-circuits-symbols.php 

What determines the mode of the phototransistor is the value of the load resistor. And we                               
used the following assumption: for Active mode – V​cc > R​L x I​c​. From the data sheet values,                                   
we found that the minimum and maximum collector light values are 3.0mA and 8.0mA                           
respectively. So: 
 

 ;argest Resistor V alue .667 kΩL =  5
3×10−3 = 1   

 

 mallest Resistor V alue 25ΩS =  5
8×10−3 = 6  

 

 

Therefore, to avoid getting close to any of the extremes, we picked a load resistor value of                                 
1kΩ. 
 
Before feeding the signal into the op-amp, the signal passes through a capacitor connected                           
to a resistor to ground. The capacitor and the resistor together form a high-pass filter. Since                               
any DC signal (due to ambient light) has a frequency of 0Hz, we picked values of C and R                                     
such that, the corner frequency of the filter would be low enough to block out the DC offset                                   
without affecting the IR signal. We picked a 1µF capacitor and a 100k resistor, producing a                               
filter circuit with a corner frequency of 1.59 (explained by calculations below). 
 

 
 
  
T(w) is the transfer function of the CR filter. Its frequency response is shown on the right.                                 
From the bode plot, we see that this filter attenuates low frequencies (below its corner                             
frequency) and allows higher frequencies to pass. The corner frequency of this filter is: 
 

0rad/s→ f .59 Hzw =  1
RC = 1

10×10 ×103 −6 = 1  =  2π
10 = 1  

 
 
Next, the signal is then fed into the op-amp, to amplify the signal, such that the amplitude is                                   
sufficient enough for the Arduino to process. We the op-amp is used in its non-inverting                             
amplifier configuration, and we used resistors of values 300k and 1k to get a gain of                               
approximately 300 (explained why this gain is required in the testing section). The ratio of                             
resistors produced a gain of 300: 
 

01.  Av = R2
R1 + 1 = 1k

300k + 1 = 3  
 
Finally, the amplified signal is fed into a Schmitt trigger, which converts the amplified signal                             
into a digital square wave. 
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Testing and Observations: 
 
We first focused on the first part of the IR circuit – the C.C. amplifier, involving the                                 
phototransistor (emitter connected to power supply and collector connected to the load                       
resistor). The experimental procedure was as follows: we measured the voltage drop across                         
the resistor. 
 
Test 1: Ambient Light 
 

 
 
This is the oscilloscope trace of the channel measuring the voltage across the resistor,                           
when the phototransistor is exposed to ambient light and nothing else. We found the period                             
of this wave was 5.20 ms which is 192.3 Hz. This test was done to see what DC offset we                                       
needed to remove as we want the phototransistor to only detect the IR from the rock and                                 
not ambient light . 
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Test 2: Detected Frequencies 
 

 
 
 
We used the FFT function to detect all the frequencies the circuit was picking up while the                                 
rock emitted IR. 50.8 Hz was noise from the power supply that cannot be avoided. 101.73                               
Hz was the frequency of ambient light. 575 Hz was the frequency of the IR emitted from the                                   
rock. The following peaks are its harmonics – 1151 Hz, 1723.75 Hz, 2301.45 Hz…                           
(concluded as harmonics because they are close to the multiples of 575 Hz). 
 
 
 
 
 
 
 
 
 
 

Test 3: The addition of a capacitor 
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To reduce the effect of ambient light (causing the DC offset to vary in a sinusoidal manner)                                 
we added a capacitor of 1µF across the phototransistor. This didn’t eliminate the DC                           
component due to ambient light, but did reduce its effect. The blue line indicated the DC                               
component due to ambient light. 
 
We realized that the reason the capacitor alone, was not working was because we hadn’t                             
arranged anything through which the capacitor could discharge through. Hence, we                     
connected the capacitor to a resistor to ground. This (being a high-pass filter) effectively                           
removed the DC component due to ambient light. If any changes did occur to ambient light                               
the DC offset will return to zero very quickly. 
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Test 4: The IR signal 
 

 
 
We tested the circuit by setting the rock to emit infrared at a frequency of 571 Hz. Here the                                     
rock was placed 5mm away from the phototransistor. The figure above shows the                         
oscilloscope trace of the voltage drop variation of the load resistor as the phototransistor                           
picks up the IR signal. We also found that the phototransistor could pick up the IR signal                                 
better from the side of the rock than from the tip of the rock. For reliability and validity, we                                     
tested this with other rocks as well and found the same behaviour. From the oscilloscope                             
trace we found the amplitude of the signal which is 98mV.  
 
In order to allow the Schmitt trigger to produce a decent digital square wave output of the                                 
IR signal, we need to ensure that we have a V​pp of greater than 2.25V, i.e. we need the                                     
maximum amplitude of the detected IR signal to be greater than 3.15V and the minimum                             
amplitude to be below 0.9V (the positive going threshold Voltage and negative going                         
threshold voltage respectively for the SN74HC14N Schmitt trigger). 
 
The following calculations were made: 
 
Parameters  Comments 

V​pp​ from sensor = 98 mV 
Required V​pp​ = 3V 

To ensure that the signal has a sufficient amount of voltage                     
to go beyond the positive and negative threshold of the                   
Schmitt trigger 

Gain required = 3V / 98mV =             
30.6 

This is to be achieved using a non-inverting amplifier 

R2 = 300kΩ, R3 = 1kΩ  The gain of a non-inverting amplifier is: 
Av = 1 + (R2/R3) 
Therefore, the actual gain we predict to get is: 
Av = 1 + (300/1) = 301 
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Test 5: Forming a square wave output - Schmitt Trigger 
 
 

 
 
 
We tested the entire circuit, by emitting IR from the rock towards the phototransistor. The                             
phototransistor caused a voltage drop across the load resistor, which was fed into the                           
op-amp for amplification. The amplified signal from the op-amp was fed into the Schmitt                           
trigger. Amplification was quite useful because we got a 4V V​pp wave from the op-amp with                               
the rock further away (2 cm from the sensor).  
 
From the oscilloscope traces, we found that the Schmitt trigger was a success, as the IR                               
signal was being converted to a square waveform. The blue trace is the signal from the                               
op-amp and the yellow trace is the Schmitt Trigger output. The amplified signal from the                             
op-amp has a V​pp of approximately 4V, and the V​pp of the signal from the Schmitt Trigger is                                   
approximately 5V which is sufficient enough signal for data processing by the Arduino. The                           
way the Schmitt trigger works, is when the input to the Schmitt Trigger is low (i.e. below V​T-                                   

(The negative going input voltage) = 0.9) the Schmitt trigger is set to HIGH. As a signal                                 
pulse passes, there will be a point when it will be higher than V​T+ (Positive going input                                 
voltage) = 3.15V. As soon as the amplitude of the input signal increases above 3.15V the,                               
Schmitt trigger output is LOW. This process continues as the input signal amplitude varies.                           
The frequency of the output signal of the Schmitt Trigger is 574Hz which is quite close to                                 
the frequency of the IR emitted from the rock.  
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Ultrasonic Sensor: 
 
What problems have been encountered and solved to achieve the final circuit design: 
 

● We ​decided that 5cm is a reasonable distance between the sensor and exorock to                          
be analyzed, as it allows the sensor to cover large enough area of and around the                               
exorock to detect the signal. 5cm height above the ground was chosen for the same                             
reason. By varying angle of the sensor from the horizontal , it was noted that the                               
majority of signal is detected coming from underneath the rock, rather than from the                           
hole at the top as we expected. Based on that, the angle of 55° was chosen to cover                                   
most of the rock and small area around it. 

 
● Large inconsistency of signal strength was observed based on which side of                       

a rock is exposed to sensor at a time. Hence the circuit has to be designed                               
in such way, that the weakest signal is amplified to a range greater than 880                             
mVpp which is the difference between Schmitt trigger switching points of                     
2.00 and 2.88V. That is assuming that we achieve a reference point of 2.44V 

● Single inverting amplifier circuit of gain 100 appeared to be not                     
enough(actual gain observed is -80) , as the weakest readable signal                     
measured is of 50mVpp value at the output ( 0.625 mVpp at the input).                           
Therefore second inverting amplifier circuit of a -20 gain(actual gain observed                     
is -18) was introduced in series with the first one, to amplify the signal up to                               
1V , which is greater than a minimum of 880 mVpp to guarantee Schmitt                           
trigger proper operation. 

 
● It was also noted that the ratio expected gain/actual gain for a non-inverting                         

amplifier increases as the gain increases most likely due to GBP limitations,                       
so to minimize the ratio, the gain of each amplifier circuit was changed to                           
-43 (actual gain observed is -40). Hence we now have an amplifier circuit                         
with an actual total gain of 1600. 

 
● It is specified that the minimum distance between exorocks would be 50cm,                       

therefore we have done some testing to make sure that our final circuit is                           
sound with the criteria: 
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Note: for each reading, the strongest signal part of an exorock was exposed                         
towards the sensor, to simulate the worst case scenario. 
 
From the graph it can be clearly observed, that the signal strength beyond 50cm                           
distance would be less than 880 mVpp in amplitude and hence undetected by the                           
Schmitt trigger. Therefore our circuit can be assumed to be interference proof at a                           
distance beyond 50cm as required. 

  
This is our final circuit design that will be implemented within our EERover                         
prototype: 
 
Final Circuit Design 
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Magnetic Sensor: 
 
The magnetic sensor subsystem is designed to detect the presence of a magnetic                         
field. The goal is to determine whether a small neodymium magnet is placed at a                             
distance of 15mm from the sensor, with the magnet’s north or south pole oriented                           
towards the sensor. A choice has been made to use a linear Hall effect sensor, as a                                 
Hall effect switch was not sensitive enough for our application. 
 
The final aim is to obtain a numeric value representing the strength of the magnetic                             
field. 
As such, the magnetic sensor is made of the linear Hall effect sensor IC, as well as                                 
an op-amp to provide gain and obtain a workable signal. 
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Stage 1 – The Linear Hall-Effect sensor 
 
The A1301 sensor being used in the design is a linear Hall Effect sensor on a single                                 
package, with a single output. The output signal is a DC level representing the                           
magnetic field strength; the sensor has a single voltage output with a quiescent                         
typical level of , for the power supply voltage, and a magnetic field      2

V supply      V supply                
applied will cause the DC level to swing up or down, depending on the polarity of                               
the magnetic field. In this case, the typical quiescent level is rated at 2.5V. At the                               
distance from the magnet specified in the specification , , the variation of                  5mmd = 1        
the DC level is in the 5-15 mV range – thus needing large amounts of amplification 
 

Hall effect sensor symbol 
 
 
Stage 2 – Signal amplification 
As the information of interest is the DC variation from the quiescent level, a                           
standard non-inverting op-amp topology is used, with the negative input connected                     
to a voltage reference instead of the typical ground reference; the voltage reference                         
is made with a potentiometer placed between the power supply rails, to allow for                           
manual correction of the voltage reference to correct any errors, including thermal                       
variation errors. As the set gain is very high, potential dividing resistors are added to                             
decrease the voltage swing of the potentiometer, and allow for precise DC                       
reference setting. 
The gain of the op-amp was arbitrarily set to 1000; it is assumed that because of                               
the null frequency of the signal, very high gain can be achieved; this assumption has                             
to be made as the manufacturer does not provide DC gain in the op-amp datasheet,                             
included in the Appendix. 
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Hall effect sensor amplifier stage 

 
Stage 3 – Voltage measurement using microcontroller 
The DC signal is then processed with the internal ADC of the microcontroller. The                           
ATmega 328P microcontroller used on the Arduino platform has a 10-bit ADC,                       
providing 1024 different values between 0 and 5V. 
 
 
TESTS: 
 
Test 1: Waveforms checks 
 
In this test, the circuit is fully assembled, and the voltage at the output of the sensor                                 
is measured. 
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As expected, a constant DC level can be observed on the output of the                           
sensor, and changes in magnetic field are correctly amplified. However, periodic                     
signal anomalies can be observed; in fact, interference from the RF sensor seems to                           
show, as both circuits use opamps on the same IC, and are close on the board.                               
Further research and corrections will be needed to isolate and/or minimise the                       
interference, such as providing better ground planes or using a low pass filter set to                             
a very low frequency. 
 
While drift, caused by thermal or other causes, was a concern during design, the                           
Hall effect sensor had a very stable output, with little to no drift. 
 
Test 2: Real-situation range and functionality test 
 
In this test, the circuit is fully assembled, and a magnet is placed facing towards the                               
sensor. The distance between the magnet and the sensor is varied, and the polarity                           
of the magnet reversed to obtain both magnet field polarity readings. 
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As expected, the voltage swings between 0 and 5V, and drops to the quiescent                           
level as the magnet is moved away from the sensor. While the reading at the require                               
distance of 1.5cm shows, for both polarities, a reasonable reading and                     
distinguishable from a situation where the magnet is not present, the output value is                           
relatively low. As no instabilities or thermal drift issues were identified, an increase                         
in gain should be possible without causing issues. 
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After ADC processing of the signal, the program outputs a value ranging from -1 to                             
1, representing the field strength, and 0 is the quiescent state (for further reference,                           
consult the Control part of the report with no magnetic field present. No major                           
information loss or error can be seen, as the quantized values seem to match                           
voltage values closely. At 1.5cm, the value obtained is 0.20, while the quiescent                         
state is 0 +/-0.01; therefore, the presence of a magnet can be identified. 
 
2. Control and interface design 
 
The intelligence system analysis is divided into two streams; the Arduino code and the                           
Python code. As they are two separate parts we shall divide the analysis.  
 
The Arduino program is subdivided into rock analysis and rover locomotion. The aim of the                             
rock analysis coding is to interpret the data obtained from the Schmitt trigger and                           
magnetometer (i.e. sensor’s last stages) and send a rock result via Wi-Fi.  
 
The function takes the input pin and the sample count as input, then takes the given amount                 
of samples of both the high pulse width and low pulses width. An average of the low and                  
high pulse widths is then made, and a total frequency of the signal is calculated using the sum                  
of high and low pulse widths. 
 
The following method employs a score-adding logic-mechanism to give an optimal output                       
result to be printed: 
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1. The rock analysis is performed with four different void functions: ​radio, infrared, acoustic                         
and compare. ​The first three functions follow a score-adding procedure assigning points                       
if the rock being analysed meets different conditions. These conditions are frequency                       
boundaries pre-set based on our experiments and investigation. The following refers to                       
an excerpt for the ​infrared​ function: 
if(f<462 && f>=244){ 
rockE=rockE+50; 
} 
The argument of the ​if clause refers to the boundaries our digital signal must fall in so it                                   
can consider rock E as a potential output.  

 
2. Different rocks have different emitting frequencies (e.g. radio, acoustic, infrared). Three                     

functions have been programmed with different ​if statements corresponding to the                     
amount of ranges a rock could emit its corresponding frequency (i.e. some rocks have a                             
signal frequency of 61kHz whereas other emit at 81kHz). Inside this ​if statements are                           
where the score-adding logic has been introduced. Refer to Appendix 6 to see the                           
complete ​infrared ​function.  

 
3. How many points are given to rocks depends on experimental research. A higher score                           

will be given to a more accurate and precise type of signal. The difficulty to detect rocks                                 
wrongly has also been taken into consideration. For example, unlike radio signals,                       
acoustic signals are only emitted on one range of frequencies. Therefore, detecting an                         
acoustic will earn more points than detecting a radio signals due to a less margin of                               
detection error.  

 
4. The ​compare function “void compare()” (refer to Appendix 4) deals with the final stage                           

comparing the points collected from the different ​void functions. The user might deal                         
with a situation where two rocks have the same score. To eliminate potentially                         
misleading results, the compare function will send both rocks as outputs. This will alert                           
the user, who will be able to adjust the Rover’s position to get a better analysis.   

 
5. For instance, Rock A with radio frequency 113Hz and acoustic frequency of 40kHz, will                           

gain points from radio function and acoustic function. Other rock which also has the                           
same acoustic signal will also gain point from the acoustic function. However, since the                           
other rock hasn’t met the radio function condition, it will not gain ​radio ​points. So overall,                               
Rock A will gain the highest score. 

 

The rover locomotion is organized by a switch statement located in the “void loop()”                           
function. This is a selection mechanism that determines the flow of the program depending                           
on the letter sent from the computer. Each case in the “switch(received)” statement triggers                           
a different function. There are two possibilities: either the letter sent triggers the movement                           
function, named “movebug(movement)”, or it triggers the analysis function, named                   
“sensing()” – refer to Appendix 5. This last function will start the sensing procedure while                             
the Rover is stopped. Once the ​compare() function (refer to Appendix 4) has determined                           
which rock is being analysed, the result will be sent to the computer via Wi-Fi. Therefore,                               
the next step is to configure the computer to be able to send this different commands to                                 
the Rover as well as to be able to receive the information sent. This will be done by opening                                     
a Telnet Client using a Python environment. 
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Python code:   
 

First, a connection is established between the Rover and the computer. The computer                         
connects to the Wi-Fi via a Telnet Client; “telnetlib.Telnet("192.168.240.1")”, where the                     
sequence of numbers represent the Arduino’s IP. The second step is to create a window                             
where the buttons and the text box will be located. This is done by a widget of Python’s                                   
Tkinter module which is associated to a Tcl interpreter ​[1]​. For this experiment, we call it                               
“master” – refer to Appendix 1. 
 
The Rover can be controlled in two ways. Directly from the Graphical User Interface (GUI) or                               
by holding a key pressed. The program has 6 working keys; 5 movement keys and 1                               
analysis key: 
 

● ‘a’: move left 
● ‘d’: move right 
● ‘w’: move forward 
● ‘s’: move backwards 
● ‘n’: stop 
● ‘m’: triggers the analysis function 

 
In terms of the Rover’s locomotion we need five buttons. The following refers to the left                               
button: “left = ​Button​(master, text=​"​←​"​, command=callback_L).pack().” In the argument of                   
the button it is necessary to include the window is referring to, the text inside the button                                 
and, very important, the function we want to perform when the button is pressed. The                             
function sets the desired direction, in this case ‘a’, and passes the value to the                             
“keyDown_b(direction)” function (See Appendix 3). ​keyDown_b sends the movement in                   
bytes’ literal so it can be processed by the Arduino’s “switch” statement. For an example of                               
the rest of the buttons refer to Appendix 2.   
 
 
 
 
 
 
_________________________________________________________________________ 
[1] 24.1. Tkinter — Python interface to Tcl/Tk [Internet]. Chiark.greenend. 2016 [cited 12 March 2017]. Available from:                 

http://www.chiark.greenend.org.uk/doc/python2.7-dbg/html/library/tkinter.html 
For the second method, we bind the keyboards’ working keys to the function                         
“keyDown_k(direction, key)”. The difference between ​keyDown_b and ​keyDown_k is that,                   
when no key is pressed, ​keyDown_b ​will continue to execute the movement, whereas                         
keyDown_k ​will trigger “keyUp(direction, key)”. This last function detects that no key is                         
being pressed and stops the rover by sending ‘n’ commands repeatedly. 
 
The main difference between these two methods is their precision. For instance, the user                           
would like to cover a large distance without bothering about what’s in front of the Rover.                               
Then, the user should go for the buttons method. Once the button is pressed, the same                               
movement will be performed until the user applies another input. On the other hand, if the                               
user would like to obtain precision, either because there’s a rock to be analysed or because                               
there’s an obstacle, the key method is preferable. By pressing the key, the rover will                             
perform the movement for the same amount of time the key is pressed. The locomotion                             
programing has been done in a way in case everything goes wrong and the Arduino is                               
moving while the Wi-Fi connection is lost, the Rover will stop moving, avoiding the chances                             
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of crashing and damaging. 
 
For performing an analysis the user will press the key “m”. This command follows the same                               
procedure as the movement keys (i.e. switch statement); but this time triggering the ​sens()                           
function - refer to Appendix 5.  For printing the information sent by ​sens() we need the                               
“readWifi()” function. In it, we employ the “telnet.read_ver_eager()” command so the                     
program reads everything sent without blocking the output (​keyUp​).  
 
All in all, the Arduino and computer share a two-way communication channel.  
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Appendix 1: 
   # tkinter window 
   master = ​Tk​() 
   # window title 
   master.wm_title(​"Team Lepus EEERover Control"​) 
   ​# make a scrollbar 
   scrollbar = ​Scrollbar​(master) 
   scrollbar.pack(side=RIGHT, fill=Y) 
   ​#make a text box to put the serial output 
   log = ​Text​ (master, width=30, height=15, takefocus=0) 
   log.pack() 
   ​# attach the scrollbar to the text 
   log.config(yscrollcommand=scrollbar.set) 
   scrollbar.config(command=log.yview) 
 
 
 
Appendix 2: 
def​ Buttons():  
   right = ​Button​(master, text=​"→"​, command=callback_R).pack() 
   forward = ​Button​(master, text = ​"F"​, command=callback_F).pack() 
   backward = ​Button​(master, text=​"B"​, command=callback_B).pack() 
   STOP = ​Button​(master, text=​"STOP"​, command=callback_S).pack() 
 
 
 
Appendix 3: 
def​ keyDown_k(​direction​, ​key​): ​# "_k"=key 
   print(​"Key pressed: "​,​key​.char) 
   ​direction​ = str(​key​.char) 
   ​# MOVEMENT COMMANDS  
   ​if​ (​direction​ == ​"n"​): 
       tn.write(​b"n"​) 
   ​if​ (​direction​ == ​"w"​): 
       tn.write(​b"f"​) 
   ​if​ (​direction​ == ​"s"​): 
       tn.write(​b"b"​) 
   ​if​ (​direction​ == ​"a"​): 
       tn.write(​b"l"​) 
   ​if​ (​direction​ == ​"d"​): 
       tn.write(​b"r"​) 
   ​# ROCK SENSING COMMAND 
   ​if​ (​direction​ == ​"m"​):   
       tn.write(​b"m"​) 
       ​# check rock 
       readWifi() 
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Appendix 4: 
void compare(String& output,int& rockA, int& rockB, int& rockC, int& rockD, int&           
rockE, int& rockF){ 
 if(rockA>rockB && rockA>rockC && rockA>rockD && rockA>rockE && rockA>rockF){ 
   output=output+"rockA"; 
 } 
 if(rockB>rockA && rockB>rockC && rockB>rockD && rockB>rockE && rockB>rockF){ 
   output=output+"rockB"; 
 } 
 if(rockC>rockB && rockC>rockA && rockC>rockD && rockC>rockE && rockC>rockF){ 
   output=output+"rockC"; 
 } 
 if(rockD>rockB && rockD>rockC && rockD>rockA && rockD>rockE && rockD>rockF){ 
   output=output+"rockD"; 
 } 
 if(rockE>rockB && rockE>rockC && rockE>rockD && rockE>rockA && rockE>rockF){ 
   output=output+"rockE"; 
 } 
 if(rockF>rockB && rockF>rockC && rockF>rockD && rockF>rockE && rockF>rockA){ 
   output=output+"rockF"; 
 } 
 
 

Appendix 5: 
switch(received) 
       { 
         //MOVEMENT 
         case 110: 
           //Serial.println("N"); 
           movebug("n"); 
           break; 
         case 102: 
           //Serial.println("F"); 
           movebug("f"); 
           break; 
         case 98: 
           //Serial.println("B"); 
           movebug("b"); 
           break; 
         case 108: 
           //Serial.println("L"); 
           movebug("l"); 
           break; 
         case 114: 
           //Serial.println("R"); 
           movebug("r"); 
           break; 
         //ROCK 
         case 109: 
           //Serial.println("SENSING"); 
           sensing(); 
           break; 
       } 
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Appendix 6: 
void infrared(double f, int& rockA, int& rockB, int& rockC, int& rockD, int& rockE,             
int& rockF){ 
 if(f<462 && f>=244){ 
   rockE=rockE+50; 
 } 
 if(f<=680 && f>=462){ 
   rockF=rockF+50; 
 } 
 

 

Appendix 7: 
double daq_frequency(int pin, int samples) // Outputs frequency on digital pin 
{ 
 unsigned int pulse_high = 0; 
 unsigned int pulse_low = 0; 
 int pulse = 0; 
 double frequency = 0; 
 
 for (int i=0; i < samples; i++) 
 { 
   pulse_high += pulseIn(pin, HIGH, 50000); 
   pulse_low += pulseIn(pin, LOW, 50000); 
 } 
 pulse_high = pulse_high / samples; 
 pulse_low = pulse_low / samples; 
 pulse = pulse_high + pulse_low; 
 if (pulse){ 
   frequency = 1/double(pulse)*1000000; 
 } 
 return frequency; 
  
} 
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de
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llo
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T
IV

E
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du
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 d
ev
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co
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m

en
de
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fo
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ne

w
 d

es
ig

ns
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E
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U
Y
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I h
as
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nn

ou
nc

ed
 th

at
 th
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vi
ce
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 b
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di
sc

on
tin

ue
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nd
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 li

fe
tim

e-
bu

y 
pe

rio
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 in
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ffe

ct
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N
D
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ot
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ec
om

m
en

de
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fo
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ne
w

 d
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ig
ns
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ic
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is
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du
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up
po

rt
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xi
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in
g 

cu
st

om
er

s,
 b

ut
 T

I d
oe
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no

t r
ec

om
m

en
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in
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th

is
 p

ar
t i
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ne
w

 d
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ig
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R

E
V

IE
W
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ev
ic
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ha
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be

en
 a

nn
ou

nc
ed

 b
ut
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 n

ot
 in

 p
ro

du
ct
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 b
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T
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I h

as
 d
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co

nt
in

ue
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th
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pr
od

uc
tio

n 
of
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e 

de
vi

ce
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co
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la
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- T
he

 p
la

nn
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co

-f
rie

nd
ly

 c
la

ss
ifi

ca
tio

n:
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b-
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re
e 

(R
oH

S
),
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b-

F
re
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oH
S

 E
xe

m
pt
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 o

r G
re

en
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oH
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 n
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 c

he
ck

 h
ttp

://
w

w
w

.ti
.c

om
/p

ro
du

ct
co

nt
en

t f
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at
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du

ct
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on
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 d

et
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 c
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 b
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de

fin
ed

.
P

b
-F

re
e 

(R
o

H
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 m
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 c
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nc
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in
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ire
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en
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th
at

le
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 e
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ee
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 b
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ls
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 d
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ne
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to
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t h
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e 

pr
od

uc
ts

 a
re

 s
ui

ta
bl

e 
fo

r 
us

e 
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H
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 fl
ip

-c
hi

p 
so

ld
er

 b
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ps
 u

se
d 

be
tw

ee
n 

th
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di
e 

an
d 

pa
ck

ag
e,

 o
r 

2)
 le

ad
-b

as
ed

  d
ie

 a
dh
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iv

e 
us

ed
 b

et
w

ee
n

th
e 

di
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an
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le
ad
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am
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 c

om
po

ne
nt
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oH
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I d
ef
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G

re
en

" 
to

 m
ea
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oH

S
 c
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tib
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ro
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  a

nd
 A

nt
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on
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 b
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re
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an
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B
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 S

b 
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 e
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 b
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w
ei

gh
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in
 h

om
og

en
eo
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 m

at
er

ia
l)

 (3
)  M

S
L,

 P
ea

k 
T

em
p.

 -
 T

he
 M

oi
st

ur
e 

S
en

si
tiv

ity
 L

ev
el

 r
at

in
g 

ac
co

rd
in

g 
to

 th
e 

JE
D

E
C

 in
du

st
ry

 s
ta

nd
ar

d 
cl

as
si

fic
at

io
ns

, a
nd

 p
ea

k 
so

ld
er

 te
m

pe
ra

tu
re

.

 (4
)  T

he
re

 m
ay

 b
e 

ad
di

tio
na

l m
ar

ki
ng

, w
hi

ch
 r

el
at

es
 to

 th
e 

lo
go

, t
he

 lo
t t

ra
ce

 c
od

e 
in

fo
rm

at
io

n,
 o

r 
th

e 
en

vi
ro

nm
en

ta
l c

at
eg

or
y 

on
 th

e 
de

vi
ce

.

 (5
)  M

ul
tip

le
 D

ev
ic

e 
M

ar
ki

ng
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w
ill

 b
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in
si

de
 p

ar
en

th
es

es
. O

nl
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on
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D
ev

ic
e 

M
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ki
ng

 c
on

ta
in

ed
 in
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en
th
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 s
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ar
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a 

"~
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w
ill

 a
pp

ea
r o

n 
a 

de
vi

ce
. I

f a
 li

ne
 is

 in
de

nt
ed

 th
en

 it
 is

 a
 c

on
tin

ua
tio

n
of

 th
e 

pr
ev

io
us

 li
ne

 a
nd

 th
e 

tw
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co
m

bi
ne

d 
re

pr
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en
t t

he
 e

nt
ire

 D
ev

ic
e 

M
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ng

 fo
r 

th
at

 d
ev

ic
e.

 (6
)  L
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d/

B
al

l F
in

is
h 

- 
O

rd
er

ab
le

 D
ev

ic
es

 m
ay

 h
av

e 
m

ul
tip

le
 m

at
er

ia
l f

in
is

h 
op

tio
ns

. 
F

in
is

h 
op

tio
ns

 a
re

 s
ep

ar
at

ed
 b

y 
a 

ve
rt

ic
al

 r
ul

ed
 li

ne
. 

Le
ad

/B
al

l F
in

is
h 

va
lu

es
 m

ay
 w

ra
p 

to
 t

w
o 

lin
es

 if
 t

he
 f

in
is

h
va

lu
e 

ex
ce

ed
s 

th
e 

m
ax

im
um

 c
ol

um
n 

w
id

th
.
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I b
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 b
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 p
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 m
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ra
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 p
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