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Abstract 

With the booming of transportation industry, it is more convenient for people to 

choose to go out by their own such vehicles as cars, vans, wagons and so on. 

However, new troubles are coming, compared to the previous era when the auto 

industry was just in the sprout, that high ratio of traffic accidents invade into our life. 

Thus, more and more laws are enacted to regulate the traffic situation and order so 

as to diminish the traffic accident to the maximum extent. As a part of it, for example, 

the alcohol detecting system has been fully-blown during these years: anyone who 

drives after drinking high degree of alcohols like wines will be regards as the 

disobedience to the law, which has prevented a great many unnecessary accidents 

cause by the drunk driving. But the fact is that, some people are not aware of that 

another killer can deprive them of their life – fatigue driving. Means of detecting 

fatigue seem to have no significant progress except some propaganda of refrain from 

drowsy driving, which to some extent have some effects but in general is not able to 

radically solve this problem. Therefore, we imagine and plan to develop a system 

used to monitor and detect the fatigue situation of the driver while driving the car. 

 The FATIGUE DETECTING SYSTEM (FDS) is designed to effectively prevent from 

the drowsy driving. By embedding the system into the car (or can be developed by 

other independent devices), it will in time acquire the mental situation, analyze and 

process obtained data and come to the conclusion that whether you are in a fatigue 

driving or not and if so, the driver will be informed about it. This system, in a certain 

respect, will make up for the nowadays car designation that is only designed for 

after-accident measures such as air cushion which is unable to alter the fact that 

accidents do have happened and fails to pre-prevent tragedy. If such detecting 

system can be well developed, it will form a trend towards safer driving as well as the 

more awareness of people.    
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1 INTRODUCTION 

Fatigue Detecting System, as is used in the transportation vehicles, is an entire and 

whole system established in order to provide a safe driving environment instead of 

the pure software system. The system is designed in several fields including computer 

science, biography, physics and mathematics, and should be developed both with 

hardware and software processing. We will develop and analyze the step by degree, 

have a concept of the principle and finalize with a prototype. 

 

1.1 PROBLEMS FORMULATION 

In the system, the data processing should be based on the information acquired from 

the brain. Therefore, the chief problem that we come across is how to obtain the 

cerebral activity. As a matter of fact, it is a rather complex composition of steps 

involving various fields as above statement. To acquire a certain impression, you can 

consider, for instance, EEG (Electroencephalogram) in hospital that can visualize the 

cerebral activity. Because of the limit time and resources, we can only to have a 

general concept of the procedure of the first part rather than the concrete operation 

with our own hands, or we will be inefficient and fail to accomplish the system. 

Another problem arises because the communication approach between the brain 

activity recipient and data processing component should be good enough to reflect 

the real-time situation of the fatigue situation of the driver. We therefore should 

handle it precisely and carefully by means of working out or using a polish device 

that can obtain accurate brainwave signals, seeking for an idealistic communication 

protocol and medium (for example, wireless or wired connection) between the 

brainwave recipient and data processing center in the surrounding of a vehicle with 

minimum deviation. We should also analyze and process the data in a meticulous 

way that the data packet must not be distorted or damaged artificially (for example, 

wrongly parse the packet) so that the ensuing phase of program will act correctly and 

smoothly. In addition, we should consider how to demonstrate it; in other word, in 

which forms shall we display and inform the driver about his fatigue situation. Finally 

we should figure out the condition that determines whether a person is in fatigue or 

not. We will have two main parts, which contains the cerebral activity acquisition and 

data processing, and we will use the existing products to make a prototype. 

 

1.2 MOTIVATION 

In the former time study of computer science, we have only probed into the field of 

pure software project. Now, we would like to have a challenge of a whole system that 

includes both software and hardware. Additionally, the motivation of the fatigue 

detecting system embraces the underlying bearing that it is a good chance of 

combination and synthesis of our previous knowledge from different fields; in fact, 

the system involved many new and unknown areas for us. Furthermore, it can be a 

fashionable commercial system that we both believe to be used in the future to 

guarantee prerequisite that fatigue situation permits driving if it is well developed. 

Therefore, we have strong interest in developing such fatigue detecting system. 
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1.3 GOALS 

The system is divided into two parts: the first part, including how to obtain the 

cerebral activity and preliminary data processing, is executed by having an outline of 

the principle and background theoretically and step by step look into the system. The 

second part is where we practice. We should get down to the practice and handle 

the data received gracefully in order to have a good impression for the potential 

users. The questions in the above statement, like how can we acquire the cerebral 

information, will be also answered during our research. The final aim is to work out a 

prototype that is able to display the main feature – detecting fatigue and alerting 

drivers – of the whole system in general.  

 

1.4 RESTRICTIONS 

We will use the commercial hardware and software product provided to implement 

the project. Also, although it is a vehicle system, we do not have chance to practice in 

the car but just to detect and process the fatigue situation of people.  

 

1.5 REPORT STRUCTURE 

In our thesis report, we will have a detail view of our fatigue detecting system. Next 

chapter will provide a concept of what the fatigue detecting system is, and illustrate 

the background knowledge, like how the brain generates the bio-electricity, what the 

brainwave signal is, in which condition we can judge and determine the fatigue 

situation. After that, several steps will be explained one by one through close scrutiny, 

and the points where we should be careful. The third part is our practice and 

implementation, including data processing. Then we will get result in Chapter five 

and conclusion and discussion with Mr. Haggren in Chapter four.  
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2 CONCEPT OF FATIGUE DETECTING SYSTEM  

In this chapter we will discuss what the Fatigue Detecting System is and the 

background information about it 

 

2.1 What is Fatigue Detecting System? 

Fatigue Detecting System is a vehicle system that detects and informs the fatigue 

situation of the driver during the period of driving with both hardware and software, 

which consist of basically two parts: the brainwave recipient and the data analyzing 

center. The data analyzing center refers to any kind of data processing center and 

machines like PC, mobile device (e.g. iPhone) and embedded device. The part of 

brainwave recipient can be divided into several procedures, as is shown in Figure 2.1: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.1 Basic procedures in the brainwave recipient 

 

From Figure 2.1, there are five steps included: acquiring brainwave signals, sampling 

and digitalizing signals, amplifying signal, filtering signals and recording data. Also 

you can see that the brainwaves signal receiving does not just contain receiving 

brainwaves signal only; it embraces other procedures that seem like the preliminary 

data processing. The details and concrete processing will be discussed later, and the 

rest of the chapter will also look into the fundamental principle of our brain activity 

and the condition that can determine the fatigue situation.  
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2.2 Brainwave 

Disregarding the detailed explanation of the procedure listed, we begin with the talk 

about the concept of brainwaves, how they are generated, how they work in our 

system and how we can capture them.  

 

2.2.1 Concept 

The brain waves, regarded as the electrical activity in the brain, are featured as 

human living activities and can be illustrated by certain device (i.e., 

Electroencephalogram, EEG). It is emitted by brain cells that can be viewed as a kind 

of bio-energy, or rhythm of activity of the cells. A vivid example is that according to 

the conservation of energy, the deeper we are meditating and thinking, the stronger 

the brainwave signals are. This explains the reason clearly why a large amount of 

mental labor causes more starvation than the manual labor does. [1] 

 

2.2.2 Generation of the brainwaves 

Brainwave, or electricity activity, is caused by variation of potentials on the scalp. 

There are two kinds of pertinent potential: resting membrane potential and action 

potential.  

The resting membrane potential is defined as the comparatively static 

membrane potential of tranquil cells. The typical resting membrane potential of a 

cell “arises from the separation of potassium ions from intracellular, relatively 

immobile anions across the membrane of the cell” [2]. With positive charge, 

potassium ions moves into the extracellular space from the cytosol and move until 

the formation of an equilibrium with interior side of negative charge in the 

membrane, for the reason that the ability for potassium to penetrate the membrane 

turns out to be far stronger than other ions. And also, the strong chemical gradient 

for potassium contributes to that phenomenon. 

Interestingly, because of the high relative permeability for potassium, the 

resulting membrane potential is almost always close to the potassium reversal 

potential [2]. 

An action potential is a short-lasting event in which the electrical membrane 

potential of a cell rapidly rises and falls, following a consistent trajectory [5]. Action 

potentials are generated by special types of voltage-gated ion channels embedded in 

a cell's plasma membrane.[8]  

When the membrane potential maintains just around the resting potential, the 

channels are close. However, there is a “critical value” called threshold that will be 

quickly start to open when the increasing membrane potential approaches such 

threshold value. You can conjure up image boiling water in a container making the 

cover vacillating and making it restive. After that, there will be an influx of sodium 

ions that will lead to the change in the electrochemical gradient. As a result, it will 

act as a cascade that membrane potential is continuously up swinging and more and 

more channel will be forced to open according to the principle of the above 

statement, which represents that a “producing a greater electric current”[5], until no 
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channel is in the state of close. At that moment, the membrane potential can be 

pretty high. During this period, the inner flow of sodium ions causes “the polarity of 

the plasma membrane to reverse, and the ion channels then rapidly inactivate”[5].  

Neuron is not permeable to sodium ions from the outside of the membrane but 

penetrable from the inner surface of the membrane when the sodium channels have 

been closed, resulting the outward effluence of sodium ion and the activation of 

potassium channels, which will induce an current and recover to the resting state of 

membrane potential. 

 

2.2.3 Feature of brainwave signal 

It is commonly known that the electricity has the frequency of their own, and so 

does the brainwave signal. 

The rhythmic activity of brain can be divided into generally four bands by 

frequency: 

 

Type Frequency(HZ) Normally(for adult in 

short) 

δ (Delta) Up to 4 Extremely tired and slow 

wave sleep 

θ (Theta) 4-7 Drowsiness and arousal 

α (Alpha) 8-12 Relax or reflecting 

β (Beta) 13-30 Alert or working 

Active, busy or anxious 

thinking, active 

concentration 

     Figure2.2 Frequency mapping 

 

We can see from Figure2.2 that the frequency of the brainwave signal determines 

the situation of people. The first two types of frequency are what we should focus 

on. 

Theta range of frequency stands for the fact that people are beginning to feel 

drowsy, which is a signal that people should be alert for his personal mental state. 

When the frequency approaches delta, things become worse because the 

concentration and the meditation declines, causing the less cerebrally electrical 

activity and the low frequency, thus the risk of car accidents skyrockets. Our project 

should be applied to prevent people from such fatigue driving by detecting the 

frequency band of brainwave signals of the driver, and trigger the warning if 

necessary. The frequency ‘Alpha’ or higher means that the driver is elated and 

excited, which is a recommended driving situation therefore. 

 

2.3 Relative application 

As a matter of fact, the exploring of brain activity has been a long-time theme in the 

medical area, such as EEG(Electroencephalography), PET(Positron emission 

tomography), fMRI(Functional Magnetic Resonance Imaging), 
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MEG(Magnetoencephalography) and so on. 

EEG, for example, records the electricity activity from around the scalp, and 

measures voltage fluctuations resulting from ionic current flows within the neurons 

of the brain.[9] In clinical use, EEG can serve to detecting the metal healthy and state, 

such as the diagnose of coma, delirium and so on. Although EEG is used in the 

different field, the principle is almost the same as out fatigue detecting system, 

including the basic procedures. 

 

2.4 Basic procedure 

Now we will introduce the detailed information about the process of obtaining and 

refining the brainwave signals. These are the crucial steps because it should establish 

a firm base for the following data analyzing phase. 

 

2.4.1 Obtain brainwave signals 

In this phase, we can use the scalp electrode to acquire the brainwaves signal—or 

the variation of potential distribution around the scalp – because such potential 

distribution stands for the physiology activity in the brain. This will form the weak 

ionic current and can be detected through the certain device. 

 

2.4.2 Amplify signal 

For the reason that the brainwave signal is weak, it is necessary to amplify it. Imagine 

the same circumstance in the network connection: because signal may attenuate 

during the propagation over the medium, a repeater is needed to amply it and 

recover it to the original ones. We tend to skip the phase of the amplifying signal 

because it can be presented by a physical circuit, and the research into it may make 

our work less efficient. 

 

2.4.3 Filter 

In this stage, we have already acquired the transient signal in EEG, and it seems that 

we should get down to the analysis of it. However, this might not be the case; the 

signal we have obtained is not the ‘pure’ one, because there exist some dregs that 

are mixed with the useful signal.  

 

2.4.3.1 Artifact 

The artifact is defined as the signals which stems from of non-cerebral origin (for 

example, eye movements, jaw clenching, muscular activity and so on). These artifacts 

will largely contaminate the brain waves signal and are difficult to be removed, for 

they are of great impulsion; that is to say, they are emitted intermittently. When the 

artifacts are removed, much useful EEG signal information may be lost at the same 

time. Thus we should find a suitable approach to extract the right EEG signal from it. 

Wavelet transform can be an apt way to do the business. 

 

2.4.3.2 Wavelet Transform 

Similar as the Fourier Transform, wavelet transform is a technique of optical 
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approximating where functions can be presented as an infinite series of wavelets.[3] 

The basic idea underlying wavelet consists of expressing signal as linear combinations 

of a particular set of functions, obtained by shifting and dilating one single function 

called a Mother Wavelet. [10] When the signal is decomposed, an important 

message should be obtained that adequate coefficients of base, called wavelet 

coefficients, must be computed in order to create a complete general function, and 

to reconstruct the function.  

Wavelet transforms is a new two dimensional time-scale processing method for 

analyzing non stationary signals with adequate scale values and shifting in time[6][7]. 

Thus it can be used as a powerful tool for characterizing the frequency as well as 

time components of EEG signals. 

The following is Continuous Wavelet Transform, which briefly means 

decomposition of a continuous time function into several wavelets. Mother Wavelet 

is a basic function that by dilating and shifting it, we will get other wavelet function 

and thus we can reconstruct the general function 

Our aim is to  1). Decomposite  2).reconstruct(composite)[2][3] 

Steps: 

1. Find the Mother Wavelet: 

The Mother Wavelet(ψ(t)) is not unique for a single transform; It just satisfies the 

following condition: 

 

 

 
 

In most cases, the following condition should be satisfied: 

 

If m0 = m1 = m2 = ..... = mp − 1 = 0, we say ψ(t) has p vanishing moments. 

The number of vanishing moments of a wavelet analysis represents the order of a 

wavelet transform. Wavelet transform with higher order will result in better signal 

approximations. 

2. Shifting and dilating: 

Now we use the mother wavelet to construct other wavelets: 

 

 

Where a is the scale value and b is the shifting in time. 
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Or: (here x means t) 

Where we let a=2^-j and b=2^-i 

3. Wavelet transform: (Here x means t as above, and f(t) means the sampled signal 

at time t) 

The wavelet transform of a signal f(t) is defined as 

 

And then we can get the wavelet coefficient cjk: 

 

Finally, the function f may be expanded in the basis as: 

 

For better understanding the equation mentioned above we can think about an 

example of Fourier series: Suppose we have a given function f(x), and it can be 

stated as the Fourier series: 

F(x)=a0+a1Cosx+a2Sinx+a3Cos2x+a4Sin2x… 

These function basis above is orthogonal. Then a question may arise: How can we 

determine the value of coefficients a0,a1,a2….aN? The solution is, for example now 

we will make out the value of a1. Because the basis are orthogonal, we can use the 

inner product of the function with Cosx to solve it: 

<f(x),Cosx>=<a0,Cosx>+<a1Cosx,Cosx>+<a2Sinx,Cosx>+… 

we will find that all the inner product in the right of equation are 0 except 

<a1Cosx,Cosx> , then we will get: 

 

Now we can get the coefficient a1! 
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3 IMPLEMENTATION PHASE AND PROCESS 

In this chapter, we are proceeding to the second part: implementation. We will use 

the commercial hardware MindSet and commercial software Adobe Flash CS4 

Professional to work out a prototype. The reason why we use such existing product 

instead of making it by ourselves is that it is too hard, or even impossible to work out 

that sophisticating and complex integrated device involving the academic areas of 

medical science (brain science), physics (scalp electrode and amplifying circuit), 

mathematics (Linear Algebra), network communication (conversion of analogic and 

digital signal) and so on with the limited time and hardware resources. Furthermore, 

our supervisor Mr. Haggren recommends us that product because it is of high quality 

and advanced technology with optimizing algorithm in filtering brainwave signals and 

graceful appearance. It is very pleasant to develop our system with Mindset of 

Neurosky. 

In the following sections, we will describe what the Mindset is, how it works, and 

the prototype that we must accord with when receiving and handling data that is 

transferred through Mindset. Finally, we will display our prototype in a graceful view 

that can be applied in the Fatigue Detecting System. 

 

3.1 Starting 

After we have acquire the brainwave signals, it is now to do the data process. 

Mindset help us obtain the signal by Bluetooth, and it is necessary for us to have a 

perception of the communication protocol that is constituted NeuroSky: we should 

parse the packet, extract the useful information and put it into the place we have 

designed to accommodate the data. The following steps involve the analyzing data 

and displaying it, and above all, alerting the driver about his mental situation. Figure 

3.1 shows the overview architecture of data processing: 

 

 

 

 

 

 

Figure 3.1 Overview architecture of data processing 

 

3.2 MindSet of Neuro Sky 

The MindSet is a headset like machine that serves as the comprehensiveness of the 

phase and operation in Chapter two. The Brain-Computer Interface(BCI) device turns 

the brainwaves into actions, reports the wearer’s mental state in the form of 

NeuroSky’s proprietary Attention and Meditation eSense algorithms, along with raw 

wave and information about the brainwave frequency bands.[11] 

 

Receive packets 

through 

bluetooth 

Parse 

packets and 

extract info 

Analyze and 

process data 

Display and 

alert if 

necessary 
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Figure 3.2 The overview of Mindset[11] 

 

Figure 3.2 has shown the overview of the Mindset. It includes the sensor arm which 

touches the forehead, the contact and reference points located on the ear pad, and 

the on-board chip that processes all of the data.[11] 

 

3.3 Get Ready 

To establish a Fatigue Detecting System, the following components should be 

prepared: The MindSet headset, data processing center( PC or other mobile device 

that can do data handling e.g.iPhone and embedded data processing), Bluetooth, the 

Thinkgear driver. We are devoted to working on programming in our PCs as data 

processing centers, ready to recognize, parse and analyze the packets received from 

the MindSet, and finally demonstrate our system in a way of graphical view to show 

the real-time mental situation of the driver through the frequency bands of the 

brainwave signals, and warn the driver if necessary. Before that you have to know 

about some parameters, which are presented by the following words in upper case, 

that will be used in our system when parsing and analyzing the packets. 

 

3.4 DATA VALUES 

The communication between the MindSet and data processing center is wireless 

with bluetooth. The headset will receive the brainwave signal and emit a series of 
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data via Bluetooth that is strictly according to the communication protocol. 

Before introducing the protocol of the communication, we should explain some 

parameters, or data values, of the Mindset that we will be used in the later system. 

 

3.4.1 POOR_SIGNAL_QUALITY 

This unsigned one-byte integer value describes how poor the signal measured, which 

ranges from 0 to 200.[12] 

The positive value represents the bearing of the extent to which the signal is 

contaminated by the noise and artifact; the higher the value is, the severity of the 

‘pollution’ is. The value of 200, however, is special because it indicates that the 

sensor does not touch the skin 

 

3.4.2 ATTENTION eSense 

This value literally reports the degree of the concentration of the user, which vividly 

reflect the in which state the mind is in and how intense the “focus ” of the user is. 

ATTENTION occupies one byte and ranges from 0-100; the higher the value is , the 

more concentration the user is in.  

Particularly, the output of this data value is once a second. 

 

3.4.3 MEDITATION eSense 

This value points out the “relaxation” parameter of the user, which actually reflects 

the gauge of mental level rather than that of physical level. Like ATTENTION eSense, 

the value ranges from 0 – 100; the higher the value is, the more calmness the user is 

in. 

Particularly, the output of this data value is once a second. 

 

3.4.4 ASIC_EEG_POWER 

This Data Value represents the current magnitude of 8 commonly-recognized types 

of EEG (brain-waves). This Data Value is output as a series of eight 3-byte unsigned 

integers in little-endian format. The eight EEG powers are output in the following 

order: delta (0.5 - 2.75Hz), theta (3.5 -6.75Hz), low-alpha (7.5 - 9.25Hz), high-alpha 

(10 - 11.75Hz), low-beta (13 - 16.75Hz), high-beta(18 - 29.75Hz), low-gamma (31 - 

39.75Hz), and mid-gamma (41 - 49.75Hz). These values have no units and therefore 

are only meaningful compared to each other and to themselves, to consider relative 

quantity and temporal fluctuations. [12] 

 

3.5 Communication protocol 

In this section, we will begin to have a deeper perspective on the protocol that is 

regulated between the Mindset and the data processing center. We will first has a 

general view of the packet structure and begin to analyze the field(or domain) and 

explain what the meaning is. 

 

3.5.1 Packet Structure 

Like TCP/IP protocol, the Mindset has defined its own packet structure, which is 
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made up of 3 parts: 

1. Packet Header: the header contains the preamble information about the whole 

packet, similar to the header form in nowadays network communication 

protocols in some respects. 

2. Packet Payload: the main data field that load the core data information in the 

packet. 

3. Packet Checksum: the checking field that is used to ensure the integrity and 

prevent the packet communication from errors. 

 

3.5.2 Packet Header 

The header of a packet take up totally 3 bytes: two bytes for synchronization (SYN: 

0xAA,0xAA), and one byte for PLENGTH which stands for the Payload length as 

shown in Figure 3.3 

  

SYN SYN PLENGTH 

Figure 3.3 the Header of Packet 

 

The two SYN bytes signal the advent of a newly-arriving packet, and are defined as 

two 0xAA. The reason why there are two SYN bytes is that it can diminish the chance 

that the SYN will appear in the Payload field of the packet and result in the 

misinterpretation of the packet. Yet it still seems that odds will happen that two SYN 

bytes may still appear in the payload of the packet although the risk declines, the 

combination of PLENGTH and CHECKSUM will ensure that such circumstance can 

never happen. 

 The following field PLENGTH reports the length of the payload, which ranges 

from 0 to 169 bytes, and when the value of the field exceeds 168 bytes, a 

PLENGTH_TOO_LARGE error will be displayed. 

 

3.5.3 PACKET CHECKSUM 

Similar to the Checksum field in the common communication protocol in nowadays 

network like in TCP/IP, the payload checksum also follows the same three procedures 

which are defined as: 

1. Summing all bytes of the Packet’s Data Payload 

2. Taking the lowest 8 bits of the sum 

3. Performing the bit inverse(one’s compliment inverse) on the lowest 8 bits. 

A receiver receiving a Packet must use those 3 steps to calculate the checksum for 

the Data Payload they received, and then compare it to the (CHECKSUM) Checksum 

Byte received with the Packet. [12] If the checksum field does not match with the 

calculated checksum, the packet should be discarded, else one can go on parsing the 

payload field. 

 

3.5.4 PACKET PAYLOAD 

The data payload consists of the domain in Figure 3.4 
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EXCODE CODE VLENGTH VALUE 

Figure 3.4 the Payload of Packet 

 

In Figure 3.4, the payload may start with the field EXCODE; the length of the field 

does not maintain a fix number. EXCODE may occupy several bytes which are 0x55, 

and such field is meaningless unless it is combined with the field CODE. The number 

of bytes of Extended Code Level determines what type of the CODE field is and which 

data type is in the Payload. 

 The CODE byte, in conjunction with the Extended Code Level, indicates the type 

of Data Value encoded in the DataRow. For example, at Extended Code Level 0, a 

CODE of 0x04 indicates that the DataRow contains an eSense Attention value.[12]  

 If the CODE bytes is valued from 0x00 to 0x7f, it stands for the situation that the 

VALUE field will only be one-byte long, thus the VLENGTH field is not included 

because it can always indicates one byte. In the other case, however, when the CODE 

exceeds 0x7f, the VLENGTH makes sense that will follow tightly behind the CODE. 

Figure 3.5 defines the CODE Table that marks different VALUEs and functions 

corresponding to the different values of CODE: 

 

Figure 3.5 the overview of CODE Definition Table 

[12] 
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In Figure 3.5, we can see that: 

1. The first four single-byte CODE(0x02, 0x04, 0x05, 0x16) respectively stands for 

POOR_SIGNAL QUALITY, ATTENTION eSense, MEDITATION eSense and Blink 

Strength(not used in our system). We notice from the figure that VLENGTH field is 

empty so that when parsing the packet, we should have a perception of the 

concept that the VALUE field is immediately following the CODE. 

2. When the CODE field is greater than 0x7f, including 0x80 and 0x83, they are 

multi-byte CODEs that has distinct meaning from the first four. For example, the 

0x83 indicates that what is loaded in the VALUE field is the frequency band and 

they occupy altogether 24 bytes, where each 3 bytes represents a special 

meaning. The field from left to right stands for: delta, theta, low-alpha, 

high-alpha, low-beta, high-beta, low-gamma, and mid-gamma. Each frequency 

band is noted as a number. 

3. 0x55 and 0xAA are never used in CODE field because they are reserved for 

EXCODE and SYN. 

 

3.6 Parsing the packet 

When the recipient receives the stream, it is inevitable that we should parse the 

packet according to the regulated communication protocol. It should be noted that 

this procedure is the crucial to the whole system because all the data process and 

handling process will be based on the success of parsing, and once it fails or is 

misinterpreted, it is of non-sense to proceed to the next phase of the project. 

 The parsing should be under the following structure: 

1. Keep reading bytes from the stream until a (SYN:0xAA) is encountered.  

2. After step 1, read the next byte and see if it is the SYN byte as well If so 

continue to the next step 3, otherwise return to the initial state(step 1).  

3. Then, read the next byte to see whether it is again a SYN byte. If so, repeat 

the step, otherwise to see if it is a number that is greater than 170 bytes. If 

so, report the error PLENGTH_TOO_LARGE and come back to the step 1, 

otherwise continue to the next step 4.  

4. Read the next PLENGTH Payload to the storage. Don’t forget to calculate the 

CHECKSUM to see whether the packet is corrupted or intact. 

 

After finishing handling the field of Header and Checksum, we should now go down 

to interpretation of Payload. First Parse and count the number of EXCODE(0x55) that 

determine what type of the CODE field is. If the value of CODE is less than 0x7f, parse 

the next one byte of the data, otherwise parse the next byte as the VLENGTH, 

according to which parse the data VALUE field at last. 

Figure 3.6 shows a typical packet that is going to be parsed: 

 

Byte Value Remark 

0 0xAA SYN 



 

15 

1 0xAA SYN 

2 0x20 PLENGTH of 32 bytes 

3 0x02 POOR_SIGNAL QUALITY 

4 0x00 NO POOR SIGNAL 

5 0x83 ASIC_EEG_POWER_INT 

6 0x18 VLENGTH of 24 bytes 

7 0x00 BEGIN DELTA 

8 0x00  

9 0x84 END DELTA 

10 0x00 BEGIN THETA 

11 0x00  

12 0x6D END THETA 

13 0x00 BEGIN LOW-ALPHA 

14 0x00  

15 0x0F END LOW-ALPHA 

16 0x00 BEGIN HIGH-ALPHA 

17 0x00  

18 0x4A END HIGH ALPHA 

19 0x00 BEGIN LOW-BETA 

20 0x00  

21 0x64 END LOW-BETA 

22 0x00 BEGIN HIGH-BETA 
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23 0x00  

24 0x3B END HIGH-BETA 

25 0x00 BEGIN LOW-GAMMA 

26 0x00  

27 0x98 END LOW-GAMMA 

28 0x00 BEGIN MID-GAMMA 

29 0x00  

30 0x51 END MID-GAMMA 

31 0x04 ATTENTION eSense 

32 0x18 ATTENTION level of 24 

33 0x05 MEDITATION eSense 

34 0x3f MEDITATION level of 63 

35 0x35 CHECKSUM 

Figure 3.6 A Typical Packet 

 

In Figure 3.6, we have shown a complete packet that includes every element we 

need in the system. It should be noted that it is not necessary to contain all the 

parameters (MEDITATION, ATTENTION and so on) 
 

3.7 Practice and modeling 

Now that we have finished the parsing steps, we obtain the basic element for our 

further study. In the Fatigue Detecting System, we must judge whether the driver is 

in fatigue so as to inform him of the circumstance he is under and in time prevent the 

car accident effectively. Thanks to our supervisor Mr.Haggren, Linnaeus University 

and NeuroSky, we have got the chance to accomplish the system with the provided 

device. 

 In our system, we decide to program it in Actionscript that is a kind of script 

language in Flash. We use the commercial software Adobe Flash CS4 Professional as 

the program platform. The reason why we choose the Flash to display our project is 

that we would like to pursue exquisite graphic view and have a deep impression on 

the user. Also the advantage on the multimedia over other language like C++, JAVA 
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and so on promotes us to make use of it.  

 We have modeled and programed based on the components provided by the 

NeuroSky. When the user wear the Mindset, the sensor arm in front of the forehead 

will receive the brainwave signals and transmitted them towards the application. 

When having received the stream, we should go down to parsing the packet stated 

above. Then we should enact a regulation or a threshold to mark the critical state: 

When the delta or theta value maintain the highest number of all the frequency 

band value, and simultaneously the attention goes down below a certain number 

and meditation goes up over a certain number, the alert will be triggered, which is 

usually an alert music to warn the driver about his fatigue situation. When the mind 

recover from the tired state, the alert will be revoked. The result of the application is 

shown in Figure 3.7 and Figure 3.8: 

 

 

Figure 3.7 the start of the application 
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Figure 3.8 The warning of fatigue situation 

 

These two figures show part of our program. Figure 3.7 presents the initial state of 

our program. You should first wear the Mindset and start the Bluetooth application. 

When we click ‘connect’, the program will automatically make a connection with the 

Mindset by Bluetooth, and the label next to the button will show some relevant 

information about the connection, for example, the time used for connection. We 

have established two dash boards to display the ATTENTON and MEDITATION eSense 

with the range of 0 to 100, which will change and slip according to the real-time 

parameters of the acquired brainwave signals. The eight parameters under the 

Button ‘disconnect’ means the frequency band, and when the number of it turns out 

to be large, or comparatively larger to any others, it means that such parameters 

dominate the frequency of the brainwave signal. We have create a variable that 

signals the alert level of the driver, which will gradually become higher if the delta 

and theta continues to rank the top of the frequency of the signals, and the 

parameters ATTENTION go on dropping below 25 and MEDITATION rising above 75. 

The warning will be triggered when the alert level reaches in a certain height by 
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means of both uttering sound and appearance of the graphic ‘WARNING’. Figure 3.8 

shows the alerting state when the mental situation of the driver goes beyond the 

‘danger’ threshold. The alerting sound and word will not stop until the driver gets rid 

of the fatigue situation, or the variable alert level turns back to a normal state. The 

clicking of Button ‘disconnect’ will terminate the program. 
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4 RESULT AND CONCLUSION 

In the beginning, we have a probe into the principle of brainwave, including how it 

generates and is obtained, amplify and filtered. And then we get the 

preliminarily-processed data. That fundamental principle of Mindset is similar to the 

one explained in chapter two although the Mindset is more advanced and new in 

algorithm and process. Then we have our own application based on the component 

and protocol offered by NeuroSky and finalize with a prototype. 

Albeit the prototype is finished, our project can still be ameliorated to a better 

level. We have communicated with our supervisor Anders Haggren for some 

exchange information. Mr. Haggren suggests us developing the application on iPhone 

because it can add a fashionable element to our system. Furthermore, we are 

advised to stabilize and dampen the fluctuation of the pointer by computing the 

average value of a series of the frequency number. At last, the graphic view can be 

further improved to leave a better impression on the users. We think these are great 

suggestion for us to do better, and we feel very grateful to Mr. Haggren for his 

support and help.  

In the development of our system, we have gone step by step and gradually dug 

into the deep. Although the system is not a pure project in the field of computer 

science and it is a great challenge for us, we still do our best to accomplish the 

system with a prototype in spite of the fact that the system is not perfect. 

Furthermore, because of the limited resource and time, we have to do our 

application hastily and cannot explore the field of physiology, physics and 

mathematics too deep, and in addition, we have planned to design our own headset 

just as the Mindset does, but it turned out to be impossible for us. In the future work, 

we will try to develop the headset for receiving the brainwave signals by ourselves 

and perfect our application. Indeed, there is still a large amount of space that we can 

improve our project, including the more accurate calculation and assessment of the 

fatigue situation, the more variable and vivid presentation in graphical view, a better 

way to inform the driver of his mental state, and so on. In the near future, if such 

technology can be applied into the market, we are sure that large number accidents 

can be reduced and the driver can be more concentrating to the driving.  
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LIST OF ABBREVIATION 

EEG: Electroencephalography(EEG) is the recording of electrical activity along 

the scalp. 
 

PET: Positron emission tomography (PET) is a nuclear medicine imaging technique 

that produces a three-dimensional image or picture of functional processes in the 

body. 

 

FMRI: Functional magnetic resonance imaging or functional MRI (fMRI) is a type of 

specialized MRI scan used to measure the hemodynamic response (change in blood 

flow) related to neural activity in the brain or spinal cord of humans or other animals. 

 

MEG: Magnetoencephalography (MEG) is a technique for mapping brain activity by 

recording magnetic fields produced by electrical currents occurring naturally in 

the brain, using arrays of SQUIDs (superconducting quantum interference devices). 
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