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Synopsis 
This project explores the ability of a person to control a mechanical device with their brain. Brain-

computer interfaces (BCIs) allow this concept to be implemented in reality. The BCI which will be 

utilised for this project is the NeuroSky MindWave. This technology could prove very useful for 

persons suffering from debilitating disorders where their current means of control of devices proves 

inadequate. This is the reason for selecting a scaled-down wheelchair as the device to be controlled. 

This report works through the full design process of the entire system along with reasoning behind 

key decisions.  

1. Introduction 
The world is evolving rapidly towards developing devices which make life easier, simpler and faster 

for the people of today. The one concept which is still undergoing much research and 

experimentation is technology which a human can control with their minds. Due to the human 

brains complexity, this is not an easy feat to accomplish. However, a few companies, along with 

various universities, are making significant headway towards accomplishing that ultimate goal. These 

companies have released numerous brain-computer interface (BCI) headsets which enable a person 

to interact with software without using their body from the neck down. Many people could benefit 

from this technology, mainly people suffering from debilitating diseases or disabilities who long for 

independence. Most of the research regarding these headsets has been directed at interacting with 

computer software only. This project will explore how well one of these headsets can control a 

mechanical device. 

Upon investigation, it was found that some research has been conducted regarding the control of a 

mechanical device with a BCI headset. Most of this research involves a comparison between more 

than one BCI, however, due to financial constraints only a single BCI can be investigated for this 

project. Past investigation has been done regarding how well a user of a BCI can control events and 

how natural this control was (Vourvopoulos & Liarokapis, 2012). The results were promising, but 

required further investigation. In 2011, Vourvopoulos and Liarokapis successfully developed a 

system in which an NTX Robot was controlled using both the NeuroSky MindWave and the Emotiv 

EPOC (Still in progress). Another application found, relating to the MindWave, is the development of 

an emergency call system using a BCI (An, et al., 2010). This project showed how beneficial disabled 

persons found this technology to be. 

2. System Requirements 
The aim of this project is to develop a system/device which will be controlled via a brain-computer 

interface (BCI) headset device. If possible, all aspects of control i.e. forward, left, right, reverse and 

stop, should be controlled with this BCI headset. It is also required to design a graphical user 

interface (GUI) for the system. 
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3. Problem Analysis and Concept Generation 
 

3.1 EEG Headset: 
There are about 100 billion interconnected neurons in the brain. The brain uses rhythmic 

syncopation at several timescales so that local networks of neurons can synchronize with one 

another and with distant networks to coordinate elaborate behaviours. This means that neurons 

communicate better with one another if they fire in synchrony with one another than if they fire out 

of sync. This rhythmic synchrony of electrical impulses in the brain can be recorded as microvolt 

oscillations on the scalp (white trace), this is called Electroencephalograph (EEG). 

EEG is commonly used in the medical industry to detect epilepsy. An EEG is a graphical 

representation of the electrical activity occurring in the brain. These electrical vibrations are 

measured by an electroencephalograph, from the surface of the scalp. 

The EEG pattern recorded by an electroencephalograph machine contains frequency elements 

mainly below 30Hz. Four states of mind can be identified from the EEG pattern (Brain Wave 

Generator, 2004) as shown in table 1: 

Table 1: Overview of the various states of mind 

State Frequency 
Range 

State of Mind  

Delta  0.5Hz – 4Hz Deep Sleep 

 
(Gamboa, 2005) 

Theta 4Hz – 8Hz Drowsiness  
(1st stage of 
sleep) 

 
(Gamboa, 2005) 

Alpha 8Hz – 14Hz Relaxed but 
alert 

 
(Gamboa, 2005) 

Beta 14Hz – 30Hz Highly alert 
and focused 

 
(Gamboa, 2005) 

Gamma >35Hz Peak 
performance 

 
(Gamboa, 2005) 
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According to a health and wellness website, Ki-Organics, each state results in the following mental 

attributes (Christine, n.d.): 

 Delta:  

o Healing 

o Sleep 

o Detached awareness 

 Theta: 

o Meditation  

o Intuition  

o Memory 

 Alpha:  

o Relaxation, 

o Visualisation 

o Creativity 

 Beta: 

o Alertness 

o Concentration 

o Cognition 

 Gamma:  

o Inspiration 

o Higher learning 

o Focus 

Laboratory advances in EEG have shown to be effective in diagnosing and improving the symptoms 

of disorders such as (NeuroSky, n.d.): 

 Addiction 

 ADD – ADHD 

 Anxiety 

 Behavioural Disorders 

 Chronic Fatigue Syndrome 

 Chronic Pain 

 Depression 

 Eating Disorders 

 Epilepsy 

 Fetal Alcohol Syndrome 

 Learning Disabilities 

 Migraine 

 Obsessive-Compulsive Disorder 

 PMS 

 Post-Traumatic Stress Disorder 

 Sleep Disorder 
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 Stroke 

 Personality Disorder 

 Parkinson’s Disorder 

 Traumatic Brain Injury 

 Tourette’s Syndrome 

The above list is justification that continuous use of an EEG device to exercise the mind can be highly 

beneficial to anyone, not only the elderly or sufferers of disorders. Using an EEG headset to control a 

wheelchair would force the user to effectively keep their brain healthy. 

There are two EEG devices on the market that are available to the pubic: 

 Emotive EPOC Headset 

 NeroSky Midwave 

Table 2 lists the various characteristics of each of these two devices: 

Table 2: Comparison between the NeuroSky MindWave and the Emotiv EPOC 

Device Price Electrodes Sensors Interpret SDK 

MindWave $79.99  
 

1  2 mental states (based 
on 4 brainwaves) 

 Eyeblinks 

Yes - $0 to $500 

Emotiv EPOC $299 
 

14  4 mental states  

 13 conscious thoughts 

 Facial expressions 

 Head movements 
(sensed by 2 
gyroscopes) 

Yes - $0 to $7500 

 

It is clear that the Emotiv EPOC is the far more superior EEG headset in terms of the number of 

electrodes and their interpretations. The user would be able to control an external device with ease 

due to the 14 electrodes and what those sensors interpret. However, the price of the Emotiv EPOC is 

much higher than the price of the NeuroSky MindWave. Therefore, even though the Emotiv EPOC 

would be the preferred device for this project, the NeroSky MindWave will be used. Figure 1 and 

figure 2 are picutres of the Emotiv EPOCH and the NeuroSky MindWave 

 

 

 

 

 

 

Figure 1: Emotive EPOC (Thomson, 2013) Figure 2: NeuroSky MindWave (NeuroSky, n.d.) 
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3.1.1 NeuroSky MindWave 

After decades of research, neuroscientists have determined where specific activity occurs within the 

brain. A few of these basic functions are also present in animals. For example, the motor control of 

limbs occurs at the top of the brain, vision is processed at the back of the brain. As humans evolved 

into more a more intelligent species, the pre-frontal cortex at the font of the brain became where 

higher thinking occurs i.e. Emotions, mental states, concentration, etc. this is the main reason why 

the main sensor of the MindWave is placed on a position known as FP1, on the forehead. This single 

sensor can measure multiple metal states simultaneously (NeuroSky, n.d.). 

The NeuroSky official website (NeuroSky, n.d.) explains that the physics of brainwaves is virtually the 

same as the physics of sound waves and they compare an EEG sensor to a microphone. It is further 

explained that all electrical devices, including computers, light bulbs, wall sockets etc., leak some 

level of ambient “noise”.  This noise is often loud enough to obscure brainwaves.  Traditional EEG 

machines make use of a strict noise-controlled environment and a thick, conductive medical gel to 

increase the brainwave signal and ensure there is no interference. NeuroSky claim that their headset 

can be used in noisy environments and are gel-free. This is achieved by: 

 Amplifying the raw brainwave signal. 

 Using filtering protocols to eliminate known noise frequencies such as muscle, pulse and 

electrical devices. 

 Using notch filters to eliminate electrical noise from the grid, which varies between 50Hz 

and 60Hz (this is why it is important to purchase a MindWave which is specified for an 

individual’s region). 

 Electrical engineering – Extrapolating EEG brainwave signals from noise requires both a 

reference point and electrical circuit grounding. The grounding makes the body voltage the 

same as the headset. The reference is used to subtract the common ambient noise through 

a process known as common mode rejection.  Common mode refection is a process where a 

signal common to two lines of opposite polarity gets cancelled at its destination 

(Sweetwater, 2000). The earlobe is a location that experiences the same ambient noise as 

the NeuroSky forehead sensor but with minimal neural activity. This is why there is an ear 

connection on the MindWave. 

 

3.2 Controlled Mechanical Device 
The mechanical device to be controlled should be something that would be a suitable and realistic 

application in the world today. At present, disabled people would benefit the most from this 

technology due to their desire for improved independence. Other possibilities e.g. a car or 

industrial/labour-saving machinery, are not viable candidates because the headsets to be used are 

not sophisticated enough to be implemented safely with these machines. It is for this reason that a 

motorised wheelchair would be the better choice for this project. 

Motorised wheelchairs start at around R20 000. This far exceeds the budget allowed for this project. 

It is because of this high cost as well as the mechanical requirements for a Mechatronics final year 

project that a prototype motorised wheelchair will be designed, machined and assembled. 
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3.3 Controller 
There are various control methods to select from. The methods available locally include: 

 Micro-controller board 

 PLC 

 National Instruments Data Acquisition (NI DAQ)cards (Labview) 

As the device being controlled is mobile, the mobility of the control method is a highly important 

aspect. The NI DAQ card uses a PC platform and is therefore not suitable to control this system. A 

PLC is not designed to be mobile due to its weight and size and is also considered quite expensive 

when compared to a micro-controller board. A micro-controller board is light and small in size; 

therefore, it is the most suitable control method for this system.  

The three micro-controller boards being compared are: 

 Arduino boards 

 BeagleBone 

 Raspberry Pi 

 

 

 

 

 

 

 

The technical specifications of these three micro-controller boards are listed in table 3 (Meike, 

2012): 

Table 3: Comparison between Arduino, Raspberry Pi and BeagleBone (Meike, 2012) 

Name Arduino Uno Raspberry Pi BeagleBone 

Model Tested R3 Model B Rev A5 

Price $29.95 $35 $89 

Size 7.5cm x 5.33cm 8.55cm x 5.4cm 8.64cm x 5.33cm 

Processor ATMega 328 ARM11 ARM Cortex-AB 

Clock Speed 16MHz 700MHz 700MHz 

RAM 2KB 256MB 256MB 

Flash 32KB (SD Card) 4GB(microSD) 

EEPROM 1KB   

Input Voltage 7-12V 5V 5V 

Min Power 42mA (0.3W) 700mA (3.5W) 170mA (0.85W) 

Digital GPIO 14 8 66 

Analog Input 6 x 10 bit N/A 7 x 12 bit 

Figure 3: Arduino, BeagleBone and Raspberry Pi boards (Meike, 2012) 
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PWM 6  8 

TWI/I2C 2 1 2 

SPI 1 1 1 

UART 1 1 5 

Dev IDE Arduino Tool IDLE, Scratch, 
Squeak/Linux 

Python, Scratch, 
Squeak, 

Cloud9/Linux 

Ethernet N/A 10/100 10/100 

USB Master N/A 2 x USB 2.0 1 x USB 2.0 

Video Out N/A HDMI, Composite N/A 

Audio Output N/A HDMI, Analog Analog 

 

The team at Digital Diner (Meike, 2012) did a thorough comparison between these three micro-

controller boards. This is what they concluded, with reasons, with respect to various applications: 

Beginners: Arduino 

 Has the largest community of users and extensive online help. 

 Has the most online tutorials and examples. 

 The simplest to interface with external hardware. 

 They are inexpensive. 

Applications requiring small size: Arduino 

 For small, advanced projects, the Arduino microprocessor may be purchased without the 

board and then loaded with the Arduino bootloader. 

Applications that require internet connection: BeagleBone or Paspberry Pi 

 Both include Ethernet ports and USB. 

 Both have the Linux operating system, which provides advanced networking capabilities. 

 An Ethernet plug-in peripheral is supported by Arduino, however, the network functions are 

fairly limited. 

Applications that interface to external sensors: Arduino and BeagleBone 

 Various versions of the Arduino board operate at different voltages (3.3V and 5V) which 

make it easier to connect to external sensors. 

 The BeagleBone only operates with 3.3V devices, unless additional resistors are used. 

 Both boards have analog to digital interfaces which works well with devices that output 

varying voltages. 

 The Beaglebone has a higher resolution analog to digital converter. 

Battery-powered applications: Arduino 

 Arduino uses the least power of the three. 

 Arduino can run with a variety of input voltages, so it can be run with a variety of different 

types of batteries and continue running as the battery runs down. 
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Applications which require a graphical user interface: Raspberry Pi 

 Raspberry Pi has an HDMI output which can connect to a computer or television screen. 

At this stage the system doesn’t contain a graphical user interface or require an internet connection, 

so a Raspberry Pi board is unnecessary. Since NeroSky provides documentation for connecting the 

MindWave to an arduino and this application calls for a battery-powered control system, the 

Arduino boards are the best suited for this project.  

 

3.4 Motors 
 

Each rear wheel of the wheelchair will be driven by separate motors. This will enable a lower torque 

requirement for each as well as allow the wheelchair to turn easily. There are three types of motors 

to select from: 

 DC motor 

 Servo motor 

 Stepper motor 

DC motor – The speed of this motor is controlled using pulse width modulation (PWM). 

 Advantages (Teja, 2011) 

o A wide range of speeds can be obtained. 

o Has a high starting torque. 

o Quick starting, stopping, reversing and acceleration. 

 Disadvantages (Teja, 2011) 

o High initial cost. 

o Contains a commutator and brush gear, therefore requires maintenance. 

o Cannot operate in hazardous environments due to the sparks that occur at the 

brush. 

Servo motor – These motors make use of a control loop to check what state they are in and 

compensate for discrepancies should they occur. 

 Advantages (National Instruments, 2011) 

o High intermittent torque. 

o High torque to inertia ratio. 

o High speeds. 

o Work well for velocity control. 

o Available in all sizes. 

o Quite. 

 Disadvantages (National Instruments, 2011) 

o More expensive than dc or stepper motors. 

o Cannot work with an open loop i.e. feedback is required. 

o Requires tuning of control loop parameters. 
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o Contains brushes, therefore requires maintenance. 

 

Stepper motor – These motors move in discrete steps. The controller sends the drive a step and 

direction signal to achieve this. 

 Advantages (National Instruments, 2011) 

o Low cost. 

o Can work in open loop i.e. no feedback required. 

o Good holding torque (no breaks or clutches). 

o Good torque at low speeds. 

o Brushless, therefore low maintenance. 

o Very rugged. 

o Good for precise positioning control. 

o No tuning required. 

 Disadvantages (National Instruments, 2011) 

o Consumes current even with no load. 

o Limited sizes available. 

o Noisy. 

o Torque decreases with speed. 

o May stall or lose position without a control loop. 

Since the system has no motor- positioning control requirements, it is unnecessary to use a servo 

motor or a stepper motor. The quick starting/stopping ability of the DC motor is an important factor 

since the motors are controlling a wheelchair. Therefore, DC motors will be used to drive this 

system. 

 

3.5 Distance Sensors 

Due to the inconsistent nature of using a BCI to control a wheelchair, collisions may be a potential 

problem. For this project, an anti-collision system was implemented using distance sensors. There 

are two common distance sensors available: ultrasonic distance sensor and infrared (IR) distance 

sensor, specifically, the Seeed Ultrasonic sensor (Figure 4) and the Sharp IR Distance Measuring 

sensor (Figure 6) respectively.  

Seeed Ultrasonic Sensor (Ping) – This sensor uses sound waves to determine the distance, in cm, to 

nearby obstacles. The sensor is signal by a microcontroller to emit an inaudible sound pulse. Once 

the reflected echo is detected by the sensor, the sensor sends a signal to the microcontroller. The 

microcontroller monitors the time between these two signals and calculates the distance from that 

time. The Seeed ultrasonic sensor has a range from 3cm to 400cm and retails for R189.95. 
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Figure 4: Seeed ultrasonic sensor (Netram Technologies, 2013) 

 

Figure 5: Operation of an ultrasonic sensor (Parallax, 2013)  

 Advantages (Society of Robots, 2013) 

o Accurate in all lighting conditions. 

o Able to sense objects of various colours and finishes. 

o Has a wide beam so it can detect narrow objects e.g. chair legs. 

 Disadvantages (Society of Robots, 2013) 

o Not able to detect sound absorbing materials e.g. a sponge. 

o Not as accurate as infrared sensors. 

 

Sharp IR Sensor – This sensor uses a beam of light to determine the distance to nearby obstacles by 

using a process called triangulation. The device emits a pulse of light which is then reflected back off 

a nearby object. This reflected light returns to the sensor at a certain angle which is dependent on 

the distance of the reflecting object (Society of Robots, 2013). Once this angle is known, the distance 

can be calculated. Figure XXX shows the triangulation process. The Sharp IR sensor has a range from 

15cm to 150cm and retails at R184.95. 
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Figure 6: Sharp IR sensor (Netram Technologies, 2013) 

 

Figure 7: Triangulation (Society of Robots, 2013) 

 

 Advantages (Society of Robots, 2013) 

o Detects sharp details and has high accuracy. 

 Disadvantages (Society of Robots, 2013) 

o Narrow beam therefore it has a narrow range and may not detect narrow objects. 

o Significantly affected by direct and indirect sunlight. 

o Reading is affected by various colours and finishes of an obstacle. 

This application would benefit the most from the ultrasonic sensor because of its wide beam and it’s 

ability to provide accurate measurements despite the lighting conditions or the colour and finish of 

an object. Since it is being used for an anti-collision system, the high accuracy and narrow beam of 

the IR sensor will not suit this application as well as the ultrasonic sensor. It is for these reasons that 

the Seeed ultrasonic sensor was selected. 
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3.6 Graphical User Interface (GUI) 
There are two possible choices for the user interface of this system: 

 A physical, discrete interface. 

 A software-based interface (Labview). 

Physical, discrete interface – This interface would make use of numerous LEDs paired with printed 

labels to indicate the various control parameters to the user. 

 Advantages 

o No laptop is required. 

 Disadvantages 

o Not flexible i.e. the interface cannot be easily changed or modified. 

o Considerably more wiring required compared to using a laptop. 

o Limited information can be displayed. 

Software-based interface – This interface would be designed in Labview. 

 Advantages 

o A more sophisticated interface can be utilized, displaying more information in a 

clearer manner. 

o Concentration-level information can be logged for future analysis and interpretation. 

o A second MindWave dongle could be connected to the laptop with which the user 

could also then control the laptop and other NeuroSky laptop-based applications 

with the same headset used to control the wheelchair. 

o Only a single USB cable is required to connect the Arduino to the laptop. 

o Very flexible – the interface can be easily changed or modified. 

 Disadvantages 

o A laptop is required to run this interface. 

 

In order for this system to be completely mobile it should be able to fully function without the aid of 

a laptop. Therefore, for this reason a discrete interface will be utilised. Also, after working with the 

Arduino toolkit for Labview, it was found that this toolkit only provides functions to read/write etc. 

to pins on the Arduino board and there is no means to display any variables declared within the 

Arduino code. 
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User Interface 

Swivel Wheels 

Seating Material 

Circuit/Control Box 

Motor 

Driven Wheels 
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4. Final Concept Description 
 

4.1 Mechanical 
Figure 8 is a computer-aided design (CAD) drawing of the prototype wheelchair. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The two back wheels will each be driven by dc motors. The torque requirement for one motor is 

calculated as follows: 

 M = mass (kg) 

 T = torque (Nm) 

 f = coefficient of friction 

 g = 9.81 N 

 

 

 

Figure 8: CAD drawing o the proposed prototype wheelchair design 

Figure 9: Simplified force diagram of a four-
wheeled vehicle 
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The weight of the wheelchair is 2.5kg. The coefficient of friction, f, for rubber on dry concrete is 0.85 

(The Engineering Toolbox, n.d.). The diameter of the back wheels is 10cm; therefore, the radius is 

5cm. The total amount of torque required to drive the system is given as the total force inflicted on 

the system multiplied by the wheel radius: 

                  

      

   (   )(    )(    )              

   (        )  (    )          

The total torque required to drive the wheelchair is 1.04 Nm. Therefore, each motor is required to 

provide at least 0.52 Nm of torque to drive the system on a flat surface. It was concluded in section 

3.4 that DC motors will be used for this system. The Wild Thumper motor with a 75:1 gearbox 

provides 0.86Nm torque which is more than the required 0.52Nm. Each of the two rear wheels of 

the wheelchair is connected to one of these motors. 

 

Figure 10: Right rear wheel attached to the wheelchair frame 

 

 

 

4.1.1 Simulation Study 

The main structure of the wheelchair was used to perform the simulation study in the Solidworks 

2012 CAD software. A force representing a 60kg mass was inflicted on the top two horizontal bars of 

the structure, with the bottom two horizontal bars being the fixtures to the ground. Figure 11 shows 

how the structure is displaced when under the influence of the applied force. From the scale on the 

right side of the figure, it can be seen that the worst case displacement is 0.0006581m which can be 

considered negligible. This simulation is also not considering the seating material which helps 

increase the stability of the structure. 
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Figure12 shows the Von Mises stress on the structure caused by the applied force. The red arrow on 

the scale on the right side of the figure indicates the yield strength of aluminium. The yield strength 

of a material is the maximum amount of stress the material can withstand before it fails. From the 

colouring on the structure it can be seen that there are no areas of stress which approach that yield 

strength which is an indication that this is a safe, secure structure which will not fail when a 60kg 

mass is imposed on it. As this is about a 1:2 scaled-down model of a wheel chair, 60kg on this model 

would be the equivalent of about 120kg on a regular-sized wheelchair. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11: Displacement results of the Solidworks simulation study 

Figure 12: Von Mises stress results of the Solidworks simulation study 
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4.2 Electrical 
 

4.2.1 Connection to the Dongle 

Figure 8 shows how the MindWave dongle will be connected to the Arduino MEGA. In order to be 

able to use the RX and TX pins inside the dongle, the connection to the USB port needed to be 

severed. Figure 13 shows which connections were severed. A multi-meter was used to make sure 

that there is no connection between the four connection pins (GND, RX, TX and 3.3V) and pins 3 and 

4 of the chip on the dongle. 

 

  

 

 

 

 

 

 

 

Figure 14 shows the MindWave dongle with four wires soldered onto the four connection pins (GND, 

RX, TX and 3.3V). These wires are connected to the Arduino Mega as shown in figure 16. The 

MindWave headset itself will communicate wirelessly to the dongle.  

 

Figure 14: MindWave dongle with soldered pins 

Another method of connecting to the MindWave was also utilised. This method involved using a USB 

to serial converter.  Figure 15 shows how the MindWave dongle connects to the Arduino through 

the USB to serial converter. 

Figure 13: Connections to sever (Karvinen & Karvinen, 
2011) 
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Figure 15: MindWave dongle connected to a USB-to-serial converter 

The ground, Rx, Tx and 3.3V pins of the USB to serial converter connect to the Arduino Mega as 

shown in figure 16. This method doesn’t involve any tampering of the dongle as was the case with 

the first method.  

The second connection method (USB to serial converter) was utilised after the first method was 

tested and found that the Arduino wasn’t receiving any data packets from the dongle. Unfortunately 

the result was the same when using the USB to serial converter. The troubleshooting process for this 

problem is discussed further in Section 6.1. 

  

 

GND
(Black)

TX
(Green)

+3.3V
(Red)

RX
(White)

GND

TX

RX

+3.3V

 

Figure 16: Wiring diagram between the MindWave dongle and the Arduino MEGA 
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4.2.2 Level Converter 

The NeuroSky MindWave dongle uses 3.3 volts to represent a “High” signal, but the Arduino uses 5 

volts to represent a “High” signal. The voltage needs to be converted with a voltage divider circuit to 

prevent damage to the dongle. This was originally done using resistors. A voltage divider circuit only 

needs to be added to the dongle RX/Arduino TX line. Even though the dongle only outputs 3.3 volts, 

the Arduino still reads it as a “High” signal. However, the Arduino outputs 5 volts, which will damage 

the dongle because the dongle can only receive up to 3.3 volts. The following voltage divider circuit 

was implemented: 

3.2k

1.8k

Dongle RX

Arduino TX

 

Figure 17: Voltage divider circuit 

 

                     

 

If Arduino TX = 5V (HIGH), the percentage volt drop over the 1.8kΩ resistor is: 

     

   
      

        (    )         

 

3.2k

1.8k

Dongle RX

Arduino TX
(+5V)

(3.2V)

(0V)  

Figure 18: Voltage divider circuit with resulting voltage values 

Figure 19 shows how the MindWave dongle was connected to the Arduino MEGA with the voltage 

divider included. 
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+3.3V
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3.3k
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GND

TX

RX

+3.3V

 

Figure 19: Wiring diagram between the MindWave dongle and the Arduino MEGA including the voltage divider circuit 

 

The testing code in appendix XXX was implemented with the setup shown in figure 19. However, the 

dongle wouldn’t connect to the headset when the connect command was given. The first step in 

troubleshooting this problem involved replacing the custom built voltage divider circuit shown in 

figure 17 with a logic level converter shown in figure 20. 

 

Figure 20: Logic Level Converter (Netram Technologies, 2013) 

The level converter is powered by the two voltage sources being used i.e. high (5V) and low (3.3V). 

The 5V is connected to the HV pin and the 3.3V is connected to the LV pin, with the arduino ground 

being connected to both ground pins on the level converter. Figure XXX shows how the arduino and 

the MindWave dongle are connected together through the logic level converter. 
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Figure 21: MindWave dongle and Arduino Mega connected through the logic level converter 

 

4.2.3 Motors  

An L198 Dual H-bridge Motor Driver (figure 22) is used to control the two DC motors. Figure XXX 

shows how the h-bridge is connected to the motors and the Arduino Mega. 

 

Figure 22: L198 Dual H-bridge Motor Driver (Netram Technologies, 2013) 

 

A

B

B

A

Vms Gnd 5VEA I2 I1 EB I4 I3

Right Motor Left MotorDual H-Bridge

Pin 8

Pin 24

Pin 25

Pin 23

Pin 22

Pin 7

Arduino 5V

Arduino Gnd

6V DC supply

 

Figure 23: Schematic of the dual H-bridge connections 
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This h-bridge can drive two DC motors at the same time which is ideal for this application. The A-side 

of the board is completely symmetrical to the B-side. On the A-side, there are three DC motor 

control pins, I1, I2 and EA. I1 and I2 are digital pins which control the direction of the motor while EA 

gets connected to a PWM port of the Arduino to control the speed of the motor. If I1 = I2 then the 

motor will not rotate. Table XXX shows how I1 and I2 control the direction of the motor (Assuming 

that EA is greater than zero). 

Table 4: Dual H-bridge motor direction guide 

I1 I2 Motor A Status 

0 1 Clockwise rotation 

1 0 Anticlockwise rotation 

 

 

4.2.4 Ultrasonic Sensors 

Figure XXX shows how the two ultrasonic sensors are connected to the Arduino Mega.  

GndVccSIG

Ultrasonic 
Sensor 

(FRONT)

GndVccSIG

Ultrasonic 
Sensor 
(BACK)

Arduino 5V

Arduino Gnd

Pin 42

Arduino 5V

Arduino Gnd

Pin 43

 

Figure 24: ping ultrasonic Sensor connections 

 

4.2.5 Handheld Controller 

The handheld controller is used to control the wheelchair while in Manual mode. It contains five 

buttons, four LEDs and a potentiometer. A full description of the control methodology is given in 

Section 5.2. Figure XXX is an electrical schematic of the handheld controller. 
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Arduino 5V pin
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Pin 49

Pin 51

Pin 53

Pin 46

Pin 48

Pin 50

Pin 52

Arduino GND pin  

Figure 25: Electrical schematic of the buttons and LEDs on the handheld controller 

 

4.2.6 Power  

During building and testing of the system, the Arduino was powered through the PC USB port and 

the motors were powered by a 12V, 2A power supply. For mobile use, the entire system is powered 

by a 11.1V, 4500mAh LiPo battery (figure 26) with the DC/DC power converter shown in figure XXX. 

According to their respective data sheets, the Arduino Mega may accept input power of between 6V 

to 20V and the motors may accept input power of between 6V and 7.5V. This LiPo battery also 

satisfies the 1A of current required by each motor. 

 

Figure 26: 11.1V 4500mAh LiPo battery 

 

Figure 27: DC/DC power converter 
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4.3 Programming 
The programming of the Arduino MEGA was coded in the Arduino IDE. The language used to code 

Arduino boards is said to be very similar to the C and C++ programming languages (Anon., 2011). The 

system will run either a MindWave Mode or a Manual Mode option. Manual Mode was original just 

going to be “Test Mode” to just be able to test that all the components and motors were working. 

However, because of the troubles communicating with the MindWave dongle it was decided to 

program the Manual Mode to operate the same way as the MindWave Mode, but using pushbuttons 

instead of blinking and a potentiometer instead of the concentration level. So Manual Mode 

executes all the same commands as the MindWave Mode just without the MindWave headset. 

 

4.3.1 MindWave Mode 

Figure 28 shows the general outline of the logic implemented in the code for the MindWave mode. 

START

Set default drive 
direction to 
FORWARD

User sets 
Direction

User sets 
concentration 

threshold

Wait until 
concentration = 

threshold

If drive direction 
= FORWARD

If drive direction 
= LEFT

If drive direction 
= RIGHT

If drive direction 
= REVERSE

Activate both 
motors (Positive 

Direction)

Activate right motor 
(Positive) & left 

motor (negative)

Activate left motor 
(positive) & left 

motor (negative)

Activate both 
motors (Negative 

Direction)

Wait for stop 
command (Two 

consecutive 
blinks)

Set both motor 
speeds to zero

Initialise variables, ports 
and establish 

communication to the 
MindWave

 

Figure 28: Flow diagram of the MindWave Mode programming logic 
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Appendix XXX contains the Arduino code for the MindWave Mode as set out in the above flow chart. 

See appendix A for the Arduino code which was used to initially make connection with and receive 

data packets from the MindWave dongle. 

 

4.3.2 Manual Mode 

Figure 29 shows the general outline of the logic implemented in the code for the MindWave mode. 

START

Monitor the buttons

If FORWARD 
button pressed

If BACKWARD 
button pressed

If CLOCKWISE 
button pressed

If 
ANTICLOCKWISE 
button pressed

Activate both 
motors (Positive 

Direction)

Activate right motor 
(Positive) & left 

motor (negative)

Activate left motor 
(positive) & left 

motor (negative)

Activate both 
motors (Negative 

Direction)

Wait for STOP 
button

Set both motor 
speeds to zero

Initialise variables, ports 
and establish 

communication to the 
MindWave

Set Speed
(Pot or PID)

Set Speed
(Pot or PID)

Set Speed
(Pot or PID)

Set Speed
(Pot or PID)

 

Figure 29: Flow diagram of the Manual Mode programming logic 

The program initially monitors all the buttons. When a button is pressed the speed is set depending 

on whether the PID is activated or not and the motor directions are set. At this point the wheelchair 

is moving in the selected direction. The wheelchair will continue moving until the stop button is 
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pressed.  This then causes the program to set both motor speeds to zero, hence stopping the 

wheelchair. See appendix B for the Arduino code for Manual Mode. 

4.3.3 PID Control (Anti-Collision) 

(IN PROGRESS) 

 

4.4 Communication 
 

4.4.1 MindWave Data Values (NeuroSky, 2010)  

This section describes the various types of data values which are transmitted by the MindWave 

headset. 

Poor Signal Quality (POOR_SIGNAL) 

This unsigned one-byte integer value describes how poor the signal measured by the MindWave is. 

The value ranges between 0 and 200, where 200 specifically means that the Mindwave contacts are 

not touching the users skin. Any other non-zero number is an indication of the level of noise 

contamination present in the most recent measurements. The refresh rate of this value is typically 

one second. 

The following is a list, in order of severity, of disturbances which may result in a poor quality signal: 

 No one is wearing the MindWave headset. 

 Poor contact between any of the sensors and the user’s skin. This could be a result of hair 

blocking a sensor or the headset is not placed properly on the user’s head. 

 Excessive motion of the user which results in jostling of the headset. 

 Excessive environmental electrostatic noise. 

NeroSky’s filtering technology and eSenseTM algorithm have been designed to detect, correct, 

compensate for, account for, and tolerate many types of the unavoidable non-EEG noise which 

comes with normal usage of the MindWave. While a poor signal is detected, attention and 

meditation values will not be updated. 

eSenseTM Meters 

The meter value of the two Mindwave eSenses, Attention and Meditation, is reported on a relative 

eSense scale of 1 to 100. A value of 0 indicates that the MindWave is unable to calculate an eSense 

level with a reasonable amount of reliability. This is usually due to excessive noise as explained in the 

poor signal quality section. The descriptions of the other values on the eSense meter are given in 

table 5. 

Table 5: eSense meter description 

eSense Range Description Interpretation 

1 to 20 “Strongly lowered” eSense levels Indicate states of distraction, 
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20 to 40 “Reduced” eSense levels agitation or abnormality 
(Depending if measuring 
Attention or Meditation). 

40 to 60 “Neutral” Similar to “baselines” which 
are established in 
conventional EEG 
techniques. 

60 to 80 “Slightly elevated” eSense levels Indicate levels which are 
possibly higher than normal 
for a given person. 

80 to 100 “Elevated” eSense levels Indicate heightened levels of 
an eSense. 

 

Each interpretation represents a relatively wide range of the eSense meter because some parts of 

the eSense algorithm are dynamically learning which sometimes implement “slow-adaptive” 

algorithms to adjust to natural fluctuations and trends of each user. These algorithms account and 

compensate for the normal ranges of variance and fluctuations of EEG in the human brain. This is 

one of the reasons why the MindWave is able to be used by a wide range of individuals in a wide 

variety of personal and environmental conditions while still providing good accuracy and reliability. 

Attention eSense (ATTENTION) 

This data value is an unsigned, single byte which represents the current eSense Attention meter of 

the user.  It has a range between 0 and 100.  The eSense Attention meter measures the intensity of a 

user’s level of attention or mental focus. Heightened levels of Attention may be achieved by intense 

concentration and directed mental activity. Actions which may lower the Attention meter include 

distractions, wandering thoughts, lack of focus or anxiety. The refresh rate of this value is typically 

one second. 

Meditation eSense (MEDITATION) 

This unsigned single-byte value represents the current eSense Meditaion meter of the user. It has a 

range between 0 and 100. The eSense Mediation meter measures the level of a user’s mental 

calmness or relaxation. It must be noted that Meditation is a measure of an individual’s mental 

levels, not physical levels. Therefore, simply relaxing the muscles in the body may not immediately 

result in a heightened level of Meditation, but with most individuals, relaxing the body may aid the 

mind to relax as a consequence. Closing one’s eyes turns off the mental activities in the brain which 

process images from the eyes, which then increases the Meditation meter levels. Actions which may 

lower the Mediation meter include distractions, wandering thoughts, anxiety, agitation and sensory 

stimuli. The refresh rate of this value is typically one second. 

Raw Wave Value (RAW Wave Value) 

This signed 16-bit integer value represents a single raw wave sample. It has a range between -32768 

and 32768. This value is refreshed 512 times every second. The raw wave value is not used in this 

project. 
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EEG Power (ASIC_EEG_POWER) 

The current magnitude of the eight commonly recognised types of EEG is represented by this value. 

It is made up of a series of eight 3-byte unsigned integers in little-endian format. The eight EEG 

powers are represented in the following order: 

 Delta (0.5 – 2.75 Hz) 

 Theta (3.5 – 6.75 Hz) 

 Low-alpha (7.5 – 9.25) 

 High-alpha (10 – 11.75 Hz) 

 Low-beta (13 – 16.75 Hz) 

 High-beta (18 – 29.75 Hz) 

 Low-gamma (31 – 39.75 Hz) 

 Mid-gamma (41 – 49.75 Hz) 

These values have no units and are, therefore, only to be used for comparative purposes. The 

refresh rate of this value is typically one second. The EEG power value is not used in this project. 

Blink Strength 

This value represents the relative intensity of the user’s most recent eye blink and is transmitted as 

an unsigned single byte value. It has a range between 0 and 255. The blink strength value is updated 

whenever an eye blink is detected and it has no units. 

 

4.4.2 MindWave (ThinkGear) Packets 

According to the “Mindset Communications Protocol” (NeuroSky, 2010), the MindWave delivers its 

digital data as an asynchronous serial stream of bytes. This serial stream needs to be parsed and 

interpreted correctly as ThinkGear packets. A ThinkGear packet consists of the following parts: 

 Packet Header 

 Packet Payload 

 Packet Checksum 

ThinkGear packets are used to deliver Data Values from a ThinkGear module to any receiver that can 

receive a serial stream of bytes. The ThinkGear packet has been designed to be robust and flexible. 

The structure of the packet payload is such that data values may be added to or removed from the 

packet without needing to alter any parsing code in existing applications. This means that 

applications that implement a ThinkGear packet parser will be able to use newer ThinkGear models 

without having to alter the parser in any way. 

Packet Structure 

ThinkGear packets are transmitted as an asynchronous serial stream of bytes. They may be 

transmitted via UART, serial COM, USB, Bluetooth, file, or any other device which can stream bytes. 

Figure 30 shows the general structure of a ThinkGear packet. Every packet starts with a Header, 

followed by a Data Payload and Checksum byte. 



32 | P a g e  
 

 

The Sync, Plength and Checksum sections are each a single byte long while the payload is allowed to 

be u to 169 bytes long. Therefore, a complete packet may have minimum of 4 bytes (if the payload 

section is empty i.e. zero bytes long) and a maximum of 173 bytes (if the payload section contains 

169 bytes). 

Header 

Three bytes make up the header of a packet. These bytes specifically consist of two synchronisation 

(Sync) bytes followed by a payload length (Plength) byte. The start of a new arriving packet is 

signalled by the two Sync bytes. Each of these Sync bytes has a value of 170 (0xAA). The reason that 

there are two synchronisation bytes is so that a value of 170 within the packet is not mistaken for 

the beginning of a packet. Since there is a small change that two consecutive 170 bytes will appear 

within a packet and read as the start of a packet, the Plength and Checksum bytes will prevent any 

miss-matched, incomplete packets parsed in this situation from being passed as valid packets. 

The Plength byte represents the length, in bytes, of the packet’s payload section, not the entire 

packet. The length of a packet will always be the Plength plus four. Plength may be any value 

between 0 and 169, anything bigger is an indication of an error. 

Data Payload  

The data payload is simply a series of bytes. Interpretation of the data payload is described in the 

“Data Payload Structure” section. 

Payload Checksum 

The Checksum is used to verify the integrity of the Data Payload of the packet. the checksum is 

calculated as follows: 

 Sum all the bytes of the Data Payload. 

 Perform the bit inverse on the lowest 8 bits of the sum. 

A program receiving the packet needs to perform the above two steps to generate its own checksum 

to compare to the checksum byte at the end of a packet. If the two checksums do not match then 

the entire packet should be discarded as it is invalid. If they match then the packet has been 

successfully received. 

 

 

Figure 30: ThinkGear packet structure 
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Data Payload Structure 

The Data Payload consists of a series of Data Rows. Each Data Row contains information about what 

that data value represents the length of the data value and the bytes of the data value. Figure 31 

shows the structure of a Data Row. 

 

 

Figure 31: Structure of a Data Row 

The bytes surrounded by a dotted line only appear in some Data Rows and not in others. A Data Row 

may begin with zero or more extended code (Excode) bytes. Each Excode byte is represented by 

0x55. The number of Excode bytes indicates the Extended Code Level which is used with the Code 

byte to identify what Data Value type this Data Row contains.  

If the Code byte is between 0x00 and 0x7F then the Value section is given to be one byte long, 

therefore, the Data Row will not contain a Value Length (Vlength) byte and the Value will appear 

immediately after the code byte. If the Code byte is greater than 0x7f then a Vlength byte will 

immediately follow the Code byte. This Vlength byte represents the number of bytes in the Value 

section. 

Table 6 summarises some of the Code descriptions (NeuroSky, 2010): 

Table 6: Code descriptions 

Extended Code Level CODE VLENGTH Data Value Meaning 

Single-Byte Codes    

0 0x02 - POOR_SIGNAL Quality 
(0-255) 

0 0x04 - ATTENTION eSense 
(0-100) 

0 0x05 - MEDITATION eSense 
(0-100) 

0 0x16 - Blink Strength 
(0-255) 

Multi-Byte Codes    

0 0x80 2 RAW Wave Value 

0 0x83 24 ASIC_EEG_POWER 

- 0x55 - NEVER USED 
(Reserved for Excode) 

- 0xAA - NEVER USED 
(Reserved for Sync) 
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5. System Operation 
 

The system has two modes of operation, Manual and MindWave. The mode of operation can be 

selected by the user with the switch on the back of the wheelchair as seen in figure XXX. 

 

Figure 32: Mode switch 

 

5.1 MindWave Mode (Untested – Theoretical) 
In MindWave mode the user will use the potentiometer to select a concentration threshold level 

suitable to their current concentration abilities (0% to 100%). The wheelchair will only move once 

the user has achieved this concentration level, at which point the wheelchair will begin moving at a 

pre-determined speed and the user may relax if this speed is sufficient. The user must raise their 

concentration level for the motor speed to increase. The user’s current concentration level and 

threshold level will be displayed with a range of LEDs as shown in figure XXX. 

 

Figure 33: Range of LEDs 

Should the user wish to stop, two consecutive eye- blinks have been programmed as the stop 

command. In order to change direction, the wheelchair first needs to be stopped. The user may then 

perform 3 consecutive blinks to select a desired direction. The various directions are indicated by 

LEDs (next to their respective buttons) on the handheld controller. Each set of three blinks will move 

the selection to the next direction. A direction is selected if it’s respective LED is on. A single eye-

blink is cannot be used as a command for the system because a single blink is a reflex that humans 

cannot control for very long. 

The brain can be “trained” to incite a mental state at will. This is due to human neuroplasticity, 

which is the tendency of neurons to create and sever connections between each other based on 

their previous interactions. This means that when neurons fire together they wire together and 
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when they fire separately they wire apart. So as a person practises achieving a certain state of mind, 

the easier it will become. So it is not easy to achieve a state of concentration or meditation at will 

when one first starts using the MindWave. This is why it is important to have a concentration 

threshold which can be adjusted to the users’ capabilities.  

 

5.2 Manual Mode 
In Manual mode the motors are controlled by the handheld controller shown in figure 34. 

 

Figure 34: Handheld controller 

The manual mode is designed in such a way as to represent the same manner of control as the 

MindWave mode, but using buttons and a potentiometer instead of the MindWave headset. The 

buttons are labelled “FORWARD”, “BACKWARD”, “CLOCKWISE” and “ANTI-CLOCKWISE”. The middle 

button is the stop button. The potentiometer seen in figure XXX is used to vary the motor speed 

from 0% to 100%. However, if the wheelchair gets within a meter of an obstacle the PID-calculated 

speed will override the speed selected by the potentiometer. 
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6. PERFORMANCE EVALUATION, EXPERIMENTS AND DATA 

ANALYSIS 
 

6.1 NeuroSky MindWave 
Attempts to successfully read data packets from the MindWave dongle have failed. Although the 

custom voltage divider circuit was replaced with the logic level converter (Section 4.2.2), the dongle 

still didn’t connect to the headset when given the ‘connect’ command. Every byte read from the 

serial 1 port is -1 (decimal), which is FFFFFFFFFFFFFFFF in hexadecimal. Measuring the voltages on 

the two RX/TX lines, it was found that the voltage was sitting at a constant ±4.8V. Regarding UART 

serial communication, there is a start bit preceding the data to be transmitted; this start bit is a low 

signal. Figure 35 displays this concept. Therefore, when using UART, a constant high signal 

represents an idle line.  

 

Figure 35: Basic UART communication structure 

Connecting the serial lines up to an oscilloscope confirmed that no data was being transmitted. 

Figure 36 shows the reading on the Arduino side of the level converter. The readings taken on the 

dongle-side of the logic converter looked identical except the voltage was sitting at around 3.2V. 

 

Figure 36: Oscilloscope reading on Rx/Tx lines of the Arduino and the MindWave dongle 

The information at the bottom of the oscilloscope screen shows that the minimum voltage is 4.72V. 

This indicates that a start bit and therefore, no data is being sent between the Arduino and the 

dongle. 

The next step was to check if the serial pins on the Arduino Mega were operating correctly. Figure 38 

shows the code and respective serial output produced by this test. Figure 37 shows how the serial 1 

and serial 2 pins of the Arduino Mega were connected to each other. The serial 2 Tx pin was 

connected to the serial 1 Rx pin and the serial 2 Rx pin was connected to the serial 1 Tx pin. 
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Figure 37: Serial 1 connected to serial 2 

This test simply wrote a test value of 170 to the Tx pin of serial 2 which was then received by the Rx 

pin of serial 1 and displayed on the serial monitor on the PC screen. This test verified that the serial 1 

pins are working as they should. 

 

Figure 38: Code and respective output of a test to verify the functionality of the serial 1 Rx/Tx pins 

The next test involved reading two numbers from the serial monitor, adding them together and 

outputting the answer back to the serial monitor. Figure 39 shows the code and respective output 

for this test. 
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Figure 39: Code and respective output of a test which accepts two numbers and returns the sum 

While conducting research into the specifics of coding this test, a new way of detecting whether the 

connected device actually had anything ready in its buffer to send was discovered.  Figure 40 shows 

the two versions of this statement. The top line is the original syntax and the second line is the newly 

discovered syntax. 

 

Figure 40: Two statements to check if there is anything to read from serial 1 

In the original application (to read data from the MindWave dongle) the top statement was replaced 

with the bottom one. The resulting change was immediately obvious. Figure 41 shows the output 

after the about substitution. 
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Figure 41: Output after altering the Serial1.available() statement in the MindWave Arduino application 

The output to the serial monitor is “Serial not available”. When the !Serial.available() was used, the 

program actually skipped it and went straight on to read a byte from serial 1 which is how it was first 

discovered that the serial 1 Rx/Tx lines were a constant high . With the new syntax it is clear that the 

dongle actually has nothing available to send to the arduino which is why the line is idle. 

The MindWave communications protocol indicates that the dongle should always be sending data 

packets, even if the headset is not connected. The packets contain various status bytes about the 

dongle and the headset. So even if the parsing code is incorrect, there should still be constant 

activity on the Arduino Rx/dongle Tx line.  Therefore, the fact that the dongle is not sending anything 

at all means that the dongle may be faulty. 

 

6.2 Ping Ultrasonic Sensor 
It can be seen from table 1 that the sensor becomes very inaccurate when the obstacle is placed 

within one to three centimetres away from the sonar sensor itself. This is because the sound waves 

emitted reflect and return much too quickly for the program to respond properly (Society of Robots, 

2013). Table 7 shows that this may be a rather disastrous problem because if the sensor measures a 

distance of 255 cm (when it is actually less than 1 cm), the program will allow the motor speed to 
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increase, causing a serious collision. This problem was solved by placing “bumpers” in front of each 

sensor to prevent objects from getting within that 3 cm problem area of the sensor. 

Table 7: Results from the Ping calibration test 

(IN PROGRESS)  

  

 

Due to the fact that ultrasonic sensors may produce different readings depending on the type of 

material it has detected, the anti-collision code has been set to bring the wheelchair to a stop at 20 

cm from an obstacle. Using 20 cm instead of the minimum 3 cm, or near to 3 cm, allows for the 

inconsistent readings which occur from detecting different materials. Figure 42 shows how some 

echoes may be lost or the sensor may detect echoes not relating to that particular pule output 

(ghost echo). Having an anti-collision distance of 20 cm will help prevent collision if a reading is 

invalid due to these scenarios. 

 

Figure 42: Echoes received by an ultrasonic distance sensor (Society of Robots, 2013)  
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7. Conclusions 
The aim of this project was to build a system that can control a mechanical device with an EEG 

headset. For the most part, this aim was satisfied. Although it was not possible to sucsessfully 

communicate with the MindWave, the Manual mode feature along with the collision detection 

display all the capabilities of the system as if it were being controlled by the MindWave.  This report 

has explored the benefits of utilizing an EEG device and the current research being conducted its 

use.  

The overall design of this system may be improved in future projects. These improvements could 

include the use of the Emotiv EPOC headset to attempt a more natural form of control. It might also 

be possible to develop a neural network which would determine a specific threshold for each 

individual that makes use of the headset. Improvements regarding the MindWave could include a 

different means of connecting to the microcontroller. NeuroSky has a mobile version of the 

MindWave called the MindWave Mobile. The MindWave Mobile is designed for iOS and Android and 

transfers data via Bluetooth instead of infrared like the original MindWave. 

Although not all the aspects of the system performed as desired, all possible troubleshooting tests 

were performed and solutions were designed and implemented to cater for these shortcomings. 

Overall the system works well and contains all the significant aspects of a Mechatronics final year 

project. 
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Appendix A 
Arduino code to connect to the MindWave headset and read data values from the dongle. 

//Declare variables 

int attention = 0; 

 

//Set up ports and serial communication 

void setup() 

{ 

  Serial.println("setup..."); 

  Serial.begin(9600);          //Baud rate for PC communication 

  Serial1.begin(115200);       //Baud rate for MindWave communication 

   

  Serial1.flush(); 

   

  connectHeadset(); 

} 

//10 

//Initiate connection to the MindWave 

void connectHeadset() 

{ 

  Serial.println("connectHeadset..."); 

  delay(3000);                 //Delay for 3 seconds 

  Serial1.write(194);         //Code to initiate connection 

  attention = 0; 

} 

 

void loop() 

{//20 

  Serial.println("loop..."); 

  updateAttention(); 
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  Serial.println("*Attention Value*"); 

  Serial.println(attention);   

} 

//If the serial port is available, read one byte 

byte ReadOneByte() 

{ 

  Serial.println("Read one byte..."); 

  while (Serial.available() == 0)     //!Serial1.available( 

{ 

  Serial.println("Serial not available..."); 

} 

  Serial.println("*Byte being Read*"); 

  Serial.println(Serial1.parseInt()); 

  Serial.println("-----------------"); 

  return Serial1.parseInt(); 

}//30 

 

//Read the data packet from the MindWave serial port 

float updateAttention() 

{ 

  Serial.println("UpdateAttention..."); 

  byte generatedChecksum = 0; 

  byte checksum = 0; 

  int payloadLength = 0; 

  byte payloadData[64] = {0}; 

  int poorQuality = 0; 

  //40 

  /*Sync*/ 

  Serial.println("Sync..."); 
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  while((170 != ReadOneByte()) && (0 < Serial1.available()))    //Skip until the start of a MindWave 
packet (170) available() 

  { 

    smartFlush(); 

  } 

  if(170 != ReadOneByte())    //Look for the second 170 => Sync sequence is 170 170 

  { 

    return -1; 

  } 

  //50 

  /*Length*/ 

  Serial.println("Length..."); 

  payloadLength = ReadOneByte(); 

  if(payloadLength > 169)    //Length cannot be more than 169  

  { 

    return -2; 

  } 

   

  /*Checksum*/ 

  Serial.println("CheckSum..."); 

  generatedChecksum = 0; 

  for(int i=0; i < payloadLength; i++)//60 

  { 

    payloadData[i] = ReadOneByte();    //Read payload into the array 

    generatedChecksum += payloadData[i]; 

  } 

  generatedChecksum = 255 - generatedChecksum; 

  checksum = ReadOneByte();      //Read the actual checksum for the packet 

  if(checksum != generatedChecksum) 

  { 
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    return -3; 

  }//70 

   

  /*Analyse Payload*/ 

  Serial.println("AnalysePayload..."); 

  for(int i = 0; i < payloadLength; i++) 

  { 

    switch(payloadData[i]) 

    { 

      case 0xD0: 

              Serial.println("Headset Connected"); 

              break; 

              

      case 4: 

              i++;                                //The actual data follows on from the value code 

              attention = payloadData[i]/100.0; 

              break; 

               

      case 2: 

              i++; 

              poorQuality = payloadData[i]; 

              if(170 < poorQuality) 

              { 

                attention = 0.0; 

                return -4; 

              } 

              break; 

               

      case 0xD1:  //Headset not found 

      case 0xD2:  //Headset Disconnected 
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      case 0xD3:  //Request Denied 

       

      case -70:  //Fail 

              attention = 0; 

              return -5; 

              break; 

               

      case 0x80:  //Skip 2 bytes => Raw Wave Value 

              i = i+3; 

              break; 

               

      case 0x83:  //Skip24 bytes => EEG band power values 

              i = i+25; 

              break;      

               

    } 

  } 

} 

 

//Flush the buffer if its half full => overflow will cause the system to crash 

void smartFlush() 

{ 

  Serial.println("SmartFlush..."); 

  if(128/2 < Serial1.available())    //buffer is 128 bytes 

  { 

    Serial1.flush(); 

  } 

} 
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Appendix B  
Code for Manual Mode. 

#include "math.h" 

#include <PID_v1.h> 

 

//**LED and Buttons Init** 

int B_Forward=2;  //FORWARD button 

int B_Backwards=2;  //BACKWARDS button 

int B_Clockwise=2;  //CLOCKWISE button 

int B_AntiClockwise=2;  //ANTI_CLOCKWISE button 

//int B_Stop=2;//STOP button 

 

const int ForwardPin=53; 

const int BackwardPin=52; 

const int AntiClockwisePin=51; 

const int ClockwisePin=50; 

const int StopPin=49; 

 

const int L1Pin=47; 

const int L2Pin=46; 

const int L3Pin=45; 

const int L4Pin=44; 

 

//**Potentiomenter Init** 

int PotPin=A15; 

float PotValue=0; 

float PotPercent=0; 

 

//**Motor Init** 

int FinalSpeed = 0; 
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//Left Motor 

const int pinI1=25; 

const int pinI2=24; 

const int speedpinA=8; 

//Right Motor 

const int pinI3=23; 

const int pinI4=22; 

const int speedpinB=7; 

 

//**Ping Init** 

const int pingPinFront = 42; 

const int pingPinBack = 43; 

long duration, cm; 

 

//**Mode Switch Init** 

const int ModeSwitch = 34; 

 

//**PID Init** 

double PIDinput = 0; 

double PIDoutput = 0; 

double PIDsetpoint = 3; 

PID pid(&PIDinput,&PIDoutput,&PIDsetpoint,2,5,1,DIRECT); 

int PIDspeed = 0; 

 

void setup() 

{ 

  Serial.begin(9600);          //Baud rate for PC communication 

   

  //**LED and Button Setup** 

  pinMode(ForwardPin,INPUT); 
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  pinMode(L2Pin,OUTPUT); //Forward 

   

  pinMode(BackwardPin,INPUT); 

  pinMode(L4Pin,OUTPUT); //Backwards 

   

  pinMode(AntiClockwisePin,INPUT); 

  pinMode(L3Pin,OUTPUT); //Anti - Clockwise 

   

  pinMode(ClockwisePin,INPUT); 

  pinMode(L1Pin,OUTPUT); //Clockwise 

   

  pinMode(StopPin,INPUT); //Stop 

   

  //**Motor Setup** 

  //Left Motor 

  pinMode(pinI1,OUTPUT); 

  pinMode(pinI2,OUTPUT); 

  pinMode(speedpinA,OUTPUT); 

   

  digitalWrite(speedpinA,LOW); 

   

  //Right Motor 

  pinMode(pinI3,OUTPUT); 

  pinMode(pinI4,OUTPUT); 

  pinMode(speedpinB,OUTPUT); 

   

  digitalWrite(speedpinB,LOW); 

   

  //**Swich Setup** 

  pinMode(ModeSwitch,INPUT); 
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  //**PID Setup** 

  pid.SetMode(AUTOMATIC); //Turn on the PID 

} 

 

void loop() 

{ 

    //ReadDistanceFront(); 

    //Serial.print("DISTANCE: "); 

    //Serial.print(cm); 

    //Serial.println(" cm"); 

     

    Serial.println("Waiting..."); 

     

    //Read which button is pressed 

    B_Forward=digitalRead(ForwardPin); 

    B_Backwards=digitalRead(BackwardPin); 

    B_Clockwise=digitalRead(ClockwisePin); 

    B_AntiClockwise=digitalRead(AntiClockwisePin); 

     

    //Read potentiometer Value 

    ReadPot(); 

    //Serial.println("**Potentiometer Value**"); 

    //Serial.println(PotValue); 

    //Serial.println("**Potentiometer Percent**"); 

    //Serial.println(PotPercent); 

   

    if(B_Forward==LOW) //FORWARD 

    {     

      while(digitalRead(StopPin)==HIGH) 
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      {       

      digitalWrite(L2Pin,HIGH); 

      Serial.println("FORWARD"); 

       

      digitalWrite(pinI1,HIGH); 

      digitalWrite(pinI2,LOW);     

      digitalWrite(pinI3,LOW); 

      digitalWrite(pinI4,HIGH); 

       

      MotorSpeed(); //Use PID speed if distance is less than 100cm 

       

      } 

    } 

    else 

    { 

      digitalWrite(L2Pin,LOW); 

      analogWrite(speedpinA,0); 

      analogWrite(speedpinB,0); 

    } 

   

    if(B_Backwards==LOW)  //BACKWARDS 

    {   

      while(digitalRead(StopPin)==HIGH) 

      {       

      digitalWrite(L4Pin,HIGH); 

      Serial.println("BACKWARDS"); 

       

      digitalWrite(pinI1,LOW); 

      digitalWrite(pinI2,HIGH); 

      analogWrite(speedpinA,255); 
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      digitalWrite(pinI3,HIGH); 

      digitalWrite(pinI4,LOW); 

      analogWrite(speedpinB,255); 

      } 

    } 

    else 

    { 

      digitalWrite(L4Pin,LOW); 

      analogWrite(speedpinA,0); 

      analogWrite(speedpinB,0); 

    } 

     

    if(B_Clockwise==LOW) //CLOCKWISE 

    { 

      while(digitalRead(StopPin)==HIGH) 

      {       

      digitalWrite(L1Pin,HIGH); 

      Serial.println("CLOCKWISE"); 

       

      digitalWrite(pinI1,HIGH); 

      digitalWrite(pinI2,LOW); 

      analogWrite(speedpinA,255); 

          

      digitalWrite(pinI3,HIGH); 

      digitalWrite(pinI4,LOW); 

      analogWrite(speedpinB,255); 

      } 

    } 

    else 
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    { 

      digitalWrite(L1Pin,LOW); 

      analogWrite(speedpinA,0); 

      analogWrite(speedpinB,0); 

    } 

   

    if(B_AntiClockwise==LOW)  //ANTI-CLOCKWISE 

    { 

      while(digitalRead(StopPin)==HIGH) 

      {       

      digitalWrite(L3Pin,HIGH); 

      Serial.println("ANTI-CLOCKWISE"); 

       

      digitalWrite(pinI1,LOW); 

      digitalWrite(pinI2,HIGH); 

      analogWrite(speedpinA,255); 

          

      digitalWrite(pinI3,LOW); 

      digitalWrite(pinI4,HIGH); 

      analogWrite(speedpinB,255); 

      } 

    } 

    else 

    { 

      digitalWrite(L3Pin,LOW); 

      analogWrite(speedpinA,0); 

      analogWrite(speedpinB,0); 

    }    

} 
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void ReadDistanceFront() 

{ 

  // The PING))) is triggered by a HIGH pulse of 2 or more microseconds. 

  //Send LOW pulse for a clear HIGH signal  

  pinMode(pingPinFront, OUTPUT); 

  digitalWrite(pingPinFront, LOW); 

  delayMicroseconds(2); 

  digitalWrite(pingPinFront, HIGH); 

  delayMicroseconds(5); 

  digitalWrite(pingPinFront, LOW); 

   

  //The same pin is used to receive the signal from the Ping. 

  pinMode(pingPinFront,INPUT); 

  duration = pulseIn(pingPinFront,HIGH); 

   

  //Convert the time duration to cm 

  cm = MicrosecondsToCentimeters(duration);  

} 

 

long MicrosecondsToCentimeters(long microseconds) 

{ 

  return microseconds / 29 / 2; 

} 

 

 

   

 

void MotorSpeed() 

{ 

  ReadDistanceFront(); 
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  if(cm<=100) 

        { 

          Serial.println("**PID SPEED"); 

          pid.Compute(); 

          FinalSpeed = PIDoutput;           

        } 

        else 

        { 

          Serial.println("**POT SPEED"); 

          ReadPot(); 

          FinalSpeed = 255*PotPercent;         

        } 

  analogWrite(speedpinA,FinalSpeed); 

  analogWrite(speedpinB,FinalSpeed); 

  Serial.println("SPEED:"); 

  Serial.println(FinalSpeed); 

  Serial.println(" "); 

} 

 

void ReadPot() 

{ 

  PotValue = analogRead(PotPin); 

  PotPercent = (PotValue/1023)*100;    

} 

 

 

 


