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ABSTRACT

Electroencephalography (EEG) are primarily use for diagnosis, detect and
localize cerebral brain lesions, aid in the studying of epilepsy. diagnosing mental
disorders, assist in diagnosing sleep patterns and allowing observation and
analysis of brain responses to sensory stimuli. To date. advance researchers have
developed system that use EEG signals to decipher thoughts so that a person can

communicate by means of brain activity alone.

The purpose of this project is to develop an EGG amplifier that form part
of an EEG signal acquisition system. The hardware includes amplifications and
filtering circuit, and a personal computer (PC) while the software includes a

graphical display of patient’s EEG signals/data programming.
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ABSTRAK

Electroencephalography (EEG) adalah merupakan satu proses di mana ia
merekod dan megukur potensi elektrik. Proses ini merekod dan megukur potensi
elektri yang di hasilkan oleh otak dengan menggunakan sensor iaitu Electrode.
Dengan menggunakan EEG ini kita dapat mengesan beberapa jenis penyakit iaitu

epilepsy. kurang siuman, dan juga penyakit berjalan ketika tidur (mengigau).

Kini ramai penyelidik ingin membangunkan sistem EEG ini dengan
menggunakan otak sebagai pentafsir sesuatu di mana seseorang itu boleh

berkomunikasi melalui aktiviti otak sahaja.

Objektif projek ini adalah untuk membangunkan penguat EEG yang boleh
menguatkan isyarat EEG yang sangat lemah. Untuk membangunkan projek ini
perkakasan atau komponen yang diperlukan terdiri daripada penguat, litar penapis
dan juga komputer persendirian yang mana mempunyai perisian yang boleh

memaparkan isyarat EEG di monitor komputer.

© Universiti Teknikal Malaysia Melaka



X

TABLE OF CONTENT

CHAPTER CONTENT
CONFIRMATION i
TITLE PROJECT il
DEDICATION iii
ACKNOWLADGEMENT iv
ABSTRACT v
ABSTRAK vi

TABLE OF CONTENT

vii

LIST OF TABLE xXi
LIST OF FIGURE

xii

LIST OF APPENDIX

XV

I INTRODUCTION

1.1 INTRODUCTION 1

1.2 PROJECT OBJECTIVE 2
1. PROJECT SCOPE 2

(8]

© Universiti Teknikal Malaysia Melaka



11 LITERATURE REVIEW

INTRODUCTION
HISTORY OF EEG

THE “10-20 SYSTEM™ OF SCALP ELECTRODE

PLACEMENT
MONTAGES
EEG ACTIVITY
CONCLUSION

11
14

111 SPECIFICATION OF EEG SIGNAL ACQUISITION SYSTEM

3.1
3.2
3.3
34
3.5
3.6
%

3.8

INTRODUCTION

HARDWARE

PROTECTION CIRCUIT
INSTRUMENTATION AMPLIFIER
NOTCH FILTER

RIGHT LEG-DRIVE

SOFTWARE

3.7.1 LabVIEW Software

3.7.2  Graphical Display

3.7.3 Modular Instrument Utilized Signal
CONCLUSION

© Universiti Teknikal Malaysia Melaka

15
15
17
17
17
18
19
19
20
20
21

2



IV SAFETY SPECIFICATION ON MEDICAL DEVICE

4.1
4.2

4.3

4.4

INTRODUCTION
LEAKAGE CURRENT

421
4.2.2
423
424
425

CLASSES AND TYPE OF MEDICAL EQUIPMENT

4.3.1
4.3.2
4.3.3
434

Cause of Leakage Current
Earth Leakage Current
Enclosure Leakage Current
Patient Leakage Current

Patient Auxiliary Current

Class I Equipment
Class 11 Equipment
Class I1I Equipment
Equipment Type

CONCLUSION

A% HARDWARE DEVELOPMENT

5.1
5.2
53
54

5.5

5.6

5.7
5.8

INTRODUCTION
ACQUIRING EEG SYSTEM
EEG ACQUIRING CIRCUIT
RESEARCH ON EEG

5.4.1

Research on EEG Circuit

STUDIES LABVIEW SOFTWARE

3.3.1
5.5.2

Data Acquisition in LabVIEW
Graphical Display

PROCESS OF SIMULATION
EXPERIMENT SETUP
CONCLUSION

© Universiti Teknikal Malaysia Melaka

34
35
35
36
40

43
44
46
47
47

xi



\4! RESULT AND DISCUSSION

6.1
6.2

6.3

6.4

INTRODUCTION

ANALYSIS FOR INSTRUMENT AMLIFIER
6.2.1 Method of Analysis

6.2.2 Result of Analysis

RESULT

6.3.1 Observation

CONCLUSION

VI CONCLUSION AND SUGGESTION

7.1 INTRODUCTION

7.2 CONCLUSION

7.3  SUGGESTION FOR FUTURE WORKS
7.3.1 A low Cost 16 Channel EEG Amplifier

7.4 COMMENT ON THE PROJECT AND
SUGGESTION

REFERENCE

APPENDIX

© Universiti Teknikal Malaysia Melaka

48
50
51
53
54
56
58

59

59

61

61

62

63

64

Xii



Xiil

LIST OF TABLE

NO TITLE PAGE
4.1 Symbol and Definition for Medical Electrical Equipment 32
7.1 Achievement of the Project Objective 60

(© Universiti Teknikal Malaysia Melaka



NO

2.2(a)
2.2(b)
2.3
24
25
2.6
2.7
2.8
2.9
2.10
2.11
212
2.13
2.14
2:15
3.1
32
33
4.1
4.2
4.3(a)
4.3(b)
4.4

LIST OF FIGURE

TITLE

EEG Traces
Point between Nasion and Inion

The "10" and "20" Placement.

Anatomic landmarks are used for measurement purposes only

Head Measurement at Hospital Melaka
Electrode Placements at Hospital Melaka
Differential Amplifiers

Amplifier Principles.

Common reference derivations

Average reference derivations

Bipolar Derivations

Beta activity

Alpha Activity

Theta Activities

Delta Activities

Spikes and Wave Activity

Flow of EEG Acquisition System.
Graphical Display

Utilized Signals through DSA/DAQ Device
Earth leakage current paths.

Enclosure leakage current paths

Patient leakage current path from equipment
Patient leakage current path to equipment

Patient auxiliary current paths

© Universiti Teknikal Malaysia Melaka

Xiv

PAGE

R =B o R - SHEE - S N = e = S

—_—
o O

P —
N

b

—_ =
(U5 I A

13



5.8(a)
5.8(b)
5.9
5.10
5.11
6.1(a)
6.1(b)
6.2
6.3
6.4
6.5
6.6
6.7
6.8
6.9
6.10
6.11
6.12

Symbols seen on earthed equipment
Symbol for class Il equipment
Acquisition EEG System
EEG Acquiring Circuit
A man undergoing an EEG
Simplified block diagram of the amplifier
Studies of Labview Software
Block Diagram Data Acquisition
Data Acquisition contains a palette for Traditional NI-DAQ
and NI-DAQmx
The Graph
Properties to Interactively Customize
EEG Amplification Circuit in Simulation Mode
EEG Amplification Setup with Electrode
EEG Amplification Unit with Electrode
Schematic Circuit for the Instrument Amplifier
Experiment Set Up for Instrument Amplifier
INA114AP Circuit
Input Voltages
Outputs Voltage 13.7 V
Input Voltages
Output Voltage
Input Voltages
Output Voltage
Inputs from Oscilloscope
Outputs from Oscilloscope
Alpha Activity
Beta Activity

© Universiti Teknikal Malaysia Melaka

XV



XVl

LIST OF APPENDIX

NO TITLE PAGE
I Appendix A 64
II Appendix B 78
111 Appendix C 90

(© Universiti Teknikal Malaysia Melaka



1.1

CHAPTER 1

INTRODUCTION

Introduction

The aim of this final project is to develop electroencephalography
(EEG) machine containing hardware for analog data acquisition as well as
software controls for acquisition and review of digital EEG data. The EEG
signals can be capture medical electrodes placed at two points on the head
C3 and P3. This project be able acquire EEG signals ranging from 50uV
up to 10pV. The signal amplitude is only a few micro-volts and needs to
be amplified several thousand times before it can be captured. The signal
is first amplified by a high quality instrumentation amplifier, which

measures the voltage difference between two locations on the scalp.

The signal strength is increased further by normal amplifiers, and
passed through a low-pass filter which minimizes distortion caused by so-
called aliasing that may occur when the signal is converted to digital
samples. After the filtering, the signal is ready for acquisition by the
analog-to-digital converter which in our case located inside the terminal
block. The terminal block sends the digitized EEG to a PC via a standard
serial cable and DAQ Device. Using the GUI in LABVIEW, the signal

will be saved in the personal computer (PC) and display on the monitor.
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1.2

1.3

[£9]

Project Objective

The objective of this final project is to develop small signal
amplifier circuit to acquiring EEG signals. Filtering circuit is added in to
ensure that the standard range of low and high electroencephalography
(EEG) frequencies from 0.1 — 70 Hz is recorded without attenuation. The
circuit is then interfaced to a PC using LABVIEW software, NI

Datalogger.

Project Scope

The scope of work for this project is to study of the brain function
and EEG signal makeup and development of the brain signal acquisition
circuit. This includes the studies of the EEG circuit which contains
differential amplifiers, adjustable gain amplifiers and driver amplifiers to
acquire EEG signals (with amplitude between 1uV to 100uV). Beside in

scope of work for this project followed by:-

¢ To develop hardware and software for acquiring EEG signals.

e Development of an amplifier circuit (which contains differential
amplifiers, adjustable gain amplifiers and driver amplifiers) to
acquire EEG signals (with an amplitude between 1uV to 100uV).

¢ Development of an analog filter (Which is more efficient at

preventing aliasing)
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2.1

2.2

CHAPTER 2

LITERATURE REVIEW

Introduction

EEG is the neurophysiologic measurement of the electrical activity
of the brain by recording from electrodes placed on the scalp, or in the
special cases on the cortex. The resulting traces are known as an EEG and
represent so-called brainwaves. This device is used to assess brain damage,
epilepsy and other problems. In some jurisdictions it is used to assess brain
death. EEG can also be used in conjunction with other types of brain

imaging.

History of EEG

The EEG has been a clinical diagnostic tool for over a century, and
until recently consisted of the continuous (analog) measurement of voltage
waveform written on paper. From 1842 till 1926 Richard Caton, a
physician practicing in Liverpool. presented his findings about electrical
phenomena of the exposed cerebral hemispheres of rabbits and monkeys in

1875. In 1913, Russian physiologist, Vladimir Vladimirovich Pravdich-
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Neminsky published the first EEG and the evoked potential of the

mammalian (dog).

German physiologist Hans Berger (1873—-1941) began his studies
of the human EEG in 1920. He gave the device its name and is sometimes
credited with inventing the EEG, though others had performed similar
experiments. His work was later expanded by Edgar Douglas Andrian. In
the 1950s, English physician Walter Grey Walter developed an adjunct to
EEG called EEG topography which allowed for the mapping of electrical
activity across the surface of the brain. This enjoyed a brief period of
popularity in the 1980's and seemed especially promising for psychiatry. It
was never accepted by neurologists and remains a primarily a research tool

up to now.

Improvements in analog EEG recording were made by increasing
the number of recording channels, refining pen-writing and improving
amplifier with the used of vacuum tubes and the transistors. This
technology has been replaced by digital EEG. The digital method
electronically converts the continuous EEG voltage waveforms into series
of numbers representing voltage values at many closely spaced points in
time. It has dramatically expended our clinical capabilities by providing
greater efficiency in data storage and improved data visualization
techniques. Processing of digital EEG data by computer programs has also
enhanced research studies of brain function. Digital EEG permits analyses
of EEG features aspects are to show how information is extracted from

digitized EEG data to aid in interpretation.

The waveforms recorded are thought to reflect the activity of the
surface of the brain, the cortex. This activity is influenced by the electrical

activity from the brain structures underneath the cortex.
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FIGURE 2.1 EEG Traces

Source: Goldensohn’s EEG Interpretation: Problems of Overreading and

Underreading [1]

The nerve cells in the brain produce signals that are called action
potentials. These action potentials move from one cell to another across a
gap called the synapse. Special chemicals called neurotransmitters help the
signals to move across the gap. There are two types of neuro-transmitters;
one will help the action potential to move to the next cell, the other will

stop it moving to another nerve cell.

The brain normally works hard to keep an equal amount of each of
these neurotransmitters in the brain. EEG activity is quite small, measured
in micro-volts (uV) with the main frequencies of interest up to

approximately 30 (Hz).[1]

The “10 — 20 System” of Scalp Electrode Placement

The 10-20 System of Electrode Placement is a method used to
describe the location of scalp electrodes. The system is based on the
relationship between the location of an electrode and the underlying area
of cerebral cortex. Each point on this figure to the left indicates a possible
clectrode position. Each site has a letter (to identify the lobe) and a number

or another letter to identify the hemisphere location.
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The letters F. T, C, P, and O stand for Frontal, Temporal, Central,
Parietal and Occipital. Even numbers (2.4.6.8) refer to the right
hemisphere and odd numbers (1.3.5.7) refer to the left hemisphere. The z
refers to an electrode placed on the midline and the smaller the number,

the closer the position is to the midline.[8]
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Figure 2.2 (a) Point between Nasion and Inion
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Figure 2.2. (b) The "10" and "20" Placement.

Source : D.G.Domenick BS, RPSGT copyright 1998 [2]
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Figure 2.3 Anatomic landmarks are used for measurement purposes only.

Source : D.G.Domenick BS, RPSGT copyright 1998 [2]

Figure 2.4 Head Measurement at Hospital Melaka
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Figure 2.5 Electrode Placements at Hospital Melaka

2.4 Montages

EEG machines use a differential amplifier to produce each channel
or trace of activity. Each amplifier has two inputs. An electrode is

connected to each of the inputs.

Input 1 (elect —_—
input 1 (electrode) . —
e‘f M T RA .
input 2 (electrode) e channel
Ampiifier

Figure 2.6 Differential Amplifiers

Differential amplifiers measure the voltage difference between the
two signals at each of its inputs. The resulting signal is amplified and then

displayed as a channel of EEG activity.
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