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ABSTRACT 

Recently, flexible printed circuit (FPC) technology is utilized in electronic 

industry to reduce the device size and weight. Electrocardiography (ECG) device is 

one of the healthcare devices needed in small size as to give comfort to user. There are 

various technique of fabricating circuit on flexible substrate were proposed such as 

etching, screen printing, and inkjet printing. However, the conductive traces fabricated 

using those techniques were easily cracked and led to loose of circuit continuity. Thus, 

the aim of this study is to find the best flexible material to be used with copper tape as 

conductive traces to replace the method of using nano-scale particle material. ECG 

circuit is integrated and fabricated on flexible substrate material using vinyl cutting 

technique. There were three different materials chosen to be used in this study; silicone 

rubber sheet, Thermoplastic Polyurethane (TPU) and Polyethylene Terephthalate 

(PET). Material characterization analysis such as Atomic Force Microscopy (AFM), 

contact angle and peel adhesion test were done on these materials to know the best 

material suit to be used with conductive copper tape (Copper tape 1181 from 3M). 

From that, this study has found that PET is the most suitable material to be used 

because its peel adhesion strength is the highest. Then, ECG circuit was developed 

using vinyl cutting technique and the circuit performance between flexible substrate 

and rigid substrate were compared. In the data processing stage, ECG data were 

denoised using sym20 from Wavelet Transform tool in MATLAB. Signal to noise ratio 

(SNR) parameter was calculated and used as the signal quality indicator. The data then 

further analyzed using statistical ANOVA to determine the significant features. 

Results showed that vinyl cutting method is a successful method to fabricate circuit on 

PET substrate as the performance of the flexible ECG circuit is comparable with rigid 

ECG circuit.    
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ABSTRAK 

Kebelakangan ini, teknologi litar bercetak fleksibel (FPC) digunakan dalam 

industri elektronik bagi mengurangkan saiz peranti dan beratnya.  Peranti 

Elektrokardiografi (ECG) ialah salah satu alat penjagaan kesihatan yang memerlukan 

saiz yang kecil untuk memberi keselesaan kepada pengguna. Terdapat pelbagai teknik 

pembuatan litar pada bahan fleksibel yang dicadangkan seperti goresan, percetakan 

skrin, dan percetakan inkjet. Namun, aliran konduktif yang dibuat menggunakan 

teknik-teknik tersebut mudah retak dan menyebabkan kehilangan sambungan litar. 

Maka, tujuan kajian ini adalah untuk mencari bahan fleksibel yang terbaik untuk 

digunakan dengan pita tembaga sebagai aliran konduktif untuk menggantikan kaedah 

penggunaan bahan zarah berskala nano. Litar ECG dicantum dan dibina pada lapisan 

bahan fleksibel menggunakan teknik potongan vinil. Terdapat tiga bahan fleksibel 

yang dipilih; lembaran getah silikon, Poliuretana Termoplastik (TPU) dan Polietilena 

Terephthalate (PET). Pencirian bahan seperti AFM, sudut sentuhan dan ujian lekatan 

dilakukan pada bahan-bahan ini untuk mengenalpasti bahan terbaik sesuai digunakan 

bersama pita tembaga konduktif (pita Tembaga 1181 dari 3M). Daripada itu, kajian ini 

mendapati PET adalah bahan yang paling sesuai digunakan kerana kekuatan 

lekatannya yang tertinggi. Kemudian, litar ECG telah dibangunkan menggunakan 

teknik pemotongan vinil dan prestasi litar antara bahan fleksibel dan bahan tegar telah 

dibandingkan. Dalam peringkat pemprosesan data, data ECG 

dinyahbising menggunakan sym20 dari alat Wavelet Transform dalam 

MATLAB. Parameter nisbah isyarat kepada hingar (SNR) dikira dan digunakan 

sebagai penanda aras kualiti isyarat peranti. Data kemudiannya dianalisa 

menggunakan analisis statistik ANOVA untuk menentukan ciri kesan ketara. 

Dapatan menunjukkan bahawa kaedah potongan vinil adalah kaedah yang berjaya 

untuk membuat litar pada lapisan PET kerana prestasi litar ECG fleksibel adalah 

setanding dengan litar ECG tegar. 
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INTRODUCTION 

1.1 Background of the Study 

Any disorder related to the heart is known as heart disease. Heart disease can 

affect different parts of the organ and can occur in different ways. The main cause of 

Coronary Heart Disease (CHD) is the accumulation of cholesterol in the artery walls 

which will narrow the flow of blood to the heart. This condition can lead to heart attack 

and stroke (Leys et al., 2002). Therefore, heart attack can be referred to as a blood 

circulation problem. In contrast, sudden cardiac arrest (SCA) can be attributed to 

electrical signal problems in the heart. 

Most SCA cases are caused by irregular heart rhythms called arrhythmias. 

Common symptoms of SCA are fainting and the absence of heartbeat detection. Some 

people may exhibit very fast heartbeat, dizziness or light-headedness just before 

fainting, while some may have chest pain, shortness of breath, nausea or vomiting. 

This could lead to ventricular fibrillation and disruption of blood flow to all parts of 

the body. Subsequently, as less oxygen is received by the brain, a person may lose 

consciousness and could possibly die if no emergency treatment is given within the 

next five minutes. 

According to a press release by the Department of Statistics Malaysia regarding 

the statistics on causes of death in Malaysia, 2014, ischemic heart disease was reported 

as the highest cause of death in the last ten years from year 2005 to 2014 (Department 

of Statistics, 2016). Figure 1.1 shows ischemic heart disease as the highest contributor 

to the death percentage which is 13.5 percent (10432 deaths) in year 2014 only. Even 

in a finding, researchers discussed  about  acute ischemic event is a trigger to SCD 

(Thygesen and Uretsky, 2004). 
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Figure 1.1  Statistical data on causes of death in Malaysia, 2014 (Department of 

Statistics, 2016)  

Another statistic on the CHD mortality rates based on sex and age among 

Malaysians is shown in Figure 1.2. The mortality rate of CHD among males starts to 

increase at the age of 30 (Abdullah et al., 2017). From this figure, it shows that the 

number of heart disease cases in Malaysia is increasing, and these cases are observed 

among adults aged as early as 30. According to the summary of risk factors for CHD 

in Malaysia, hypertension has been found to be the leading risk factor (Seong and John, 

2016). Although one research stated that the chances of youths developing heart 

disease and CHD are low (Schmied and Borjesson, 2014), the statistical finding is still 

a major concern as these young adults carry responsibilities towards their family, 

society and country.   

Heart disease is caused by blockage of the coronary arteries, and poor supply 

of nutrients and oxygen to the heart. Examples of lifestyle habits and conditions that 

could increase the risk of heart disease are junk-food diet practice, smoking, being 

overweight and diabetic, high blood pressure and cholesterol, and family history. The 

most important thing is to practice a healthy lifestyle by exercising regularly, eating a 

healthy and balanced diet, and performing regular medical checkup.  
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Figure 1.2 Mortality rates of CHD in Malaysia (Abdullah et al., 2017) 

As a suggestion, regular health check-ups should be done at least once a year 

to ensure individuals are screened for many types of diseases. By doing this, potential 

diseases and problems can be identified at an early stage. If any chronic diseases like 

heart disease, diabetes and high blood pressure are discovered early, it can be 

prevented and treated before it worsens. In Malaysia, there are a lot of companies and 

even government entities which provide health check-ups such as blood test, eye test, 

general test and scans to identify the health status of a person. However, screenings 

for heart disease are often neglected as the prices are expensive. 

In heart screening, individuals with no symptoms of coronary artery disease 

may be evaluated based on their family history, blood pressure, blood sugar level, 

cholesterol level, weight and their lifestyle. The doctor may recommend additional 

testing such as the Electrocardiography (ECG) monitoring if there is presence of 

symptoms or risk factors for coronary artery disease.  

In the past few years, heart rate monitors have received increasing attention 

from people throughout the world. Based on Figure 1.3, the value of smart medical 

devices, including heart rate monitors, are forecasted to increase from 2014 to 2025.  



4 

Smartphones play an important role in the healthcare industry. The increase in 

smartphone usage is in parallel with the rising demand for wireless and smartphone-

compatible medical devices. This in turn promotes awareness and focus on health and 

fitness, and demand-led growth for home healthcare (Grand View Research, 2017). 

Heart rate measurement could be calculated by using the distance between QRS 

complexes in the ECG signal (Ruha et al., 1997). Thus, the focus of this study is to 

develop a wireless ECG monitoring device which is small, flexible, and equipped with 

wireless communication. 

Figure 1.3 United State smart medical devices market by product, 2014-2025 

(Grand View Research, 2017) 

In this study, flexible circuit was used in developing the ECG device. Flexible 

circuit is an invention and improvement from a Printed Circuit Board (PCB). The 

purpose of having this flexible circuit are to cut cost and minimize the design of an 

application. Most of the time, flexible circuit are applied on automotive manufacturing, 

camcorders, mobile phone, hand calculator and SLR cameras.  Common method used 

in fabrication of flexible circuit is by screen printing or well known as polymer thick-

film (PTF) method (Macleod, 2002). This method has been used for decades in 

manufacturing to produce high volume goods. This flexible circuit technology started 

to develop in 1960’s. The process in improving the fabrication method of conductive 

traces on a substrate continuing until today.   
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1.2 Problem Statement 

The conventional method of ECG monitoring practiced in hospitals or other 

fixed-clinical settings is not convenient for continuous monitoring. This is due to the 

bulkiness of the device itself which limits user mobility and device portability. 

Although technological improvements have been made for this device such as the 

development of the Holter monitor for ambulatory ECG monitoring (Jovanov, 2016), 

the extensive wire connections of this device often cause discomfort in the user. This 

problem is especially significant when the user wants to carry out daily activities such 

as walking as they need to carry along the device. As technologies in the healthcare 

field improve with time, this may result in the increase of development cost and 

subsequently the price of wearable devices, making them less affordable for people in 

developing countries. 

In this study, we focus on the method used to fabricate circuit on a flexible 

substrate. Based on the review of previous studies, researchers have used screen 

printing (Merilampi and Ruuskanen, 2009), inkjet printing and direct writing (Hyun et 

al., 2013), (Chem, 2011) methods. However, there are some drawbacks when using 

these methods such as causing environmental pollution and difficulties in repairing 

defective products. The process involved in screen printing causes wastage of silver 

paste and is susceptible to having micro-cracks and loss of continuity (Bossuyt et al., 

2012). Moreover, the inkjet printing method requires high cost for maintenance as 

micron-sized nozzles are prone to getting clogged due to the accumulation of 

nanoparticles at the nozzle opening.  

In order to overcome some of the drawbacks mentioned above, this study 

focuses on fabricating conductive traces of a circuit on a flexible substrate using the 

vinyl cutting method. Therefore, the aim of the study was categorized into two parts, 

hardware and software.  
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1.3 Objectives of the Study 

In order to overcome the drawbacks as stated in problem statement, three 

objectives were constructed as follows;  

i. To investigate the adhesion strength of copper tape towards polymer

substrate through characterization testing

ii. To integrate and fabricate an ECG circuit on the flexible substrate with

copper tape as the conductive traces using vinyl cutting method to print

the circuit traces

iii. To compare performance of the flexible ECG circuit with a rigid ECG

circuit using signal-to-noise ratio (SNR) measurement

1.4 Scope of Study 

This study is divided into three parts: (part 1) characterization of substrate 

material, (part 2) fabrication of an ECG circuit and (part 3) analysis of the ECG data 

performance. Therefore, both software (part 3) and hardware (part 1 and part 2) aspects 

were incorporated to complete this study. 

In the first part of this study, material characterization for substrate is needed 

to identify the most suitable substrate that can be used with the 3M copper foil tape. 

Three flexible substrates were chosen to be compared which were Thermoplastic 

Polyurethane (TPU), Polyethelene Terephthalate (PET) and silicon rubber. 

 In the process of developing the device, the CADSoft Eagle software was used 

to design the wireless ECG circuit. The HC05 Bluetooth module was used for 

transparent wireless serial connection setup while the BMD101 microchip, which is a 

System-on-a-Chip (SoC), acted as a digital bio-signal detection and processing 

module. The ECG circuit was then fabricated on the chosen flexible substrate which 

acted as the circuit base. In this study, copper tape and conductive epoxy glue were 
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used as the conductive traces and solder replacement, respectively. The traces were cut 

using a vinyl cutter machine.  

Once the circuit was completed, the device was ready for circuit performance 

analysis, which is the third objective of this study.  The device performance and signal 

quality were analyzed using the MATLAB software by computing the Signal-to-Noise 

Ratio (SNR). Differences between the two circuits were tested for statistical 

significance using the Sigma Plot software.  

1.5 Significance of Study 

This study has introduced new fabrication method on flexible substrate for 

electronics circuit. Contribution and improvement found are: 

i. Fabrication of copper tape as conductive traces on polymer-based using

vinyl cutting method

ii. The performance level of fabricated circuit using vinyl cutting method

is as good as circuit fabricated using standard manufacturing process

1.6 Thesis Organization 

This thesis is divided into five chapters. Following this introductory chapter is 

Chapter 2 which is on Literature Review. There are several subsections in Chapter 2. 

Subsection 2.1 is a brief description on the whole of Chapter 2. Subsection 2.2 presents 

background information on related researches concerning wireless ECG monitoring 

systems. ECG artifacts and conventional preprocessing methods are explained in 

Subsection 2.3. Subsection 2.4 is a review of flexible materials suitable for circuit 

fabrication and methodologies used in previous researches. In Subsection 2.5, factors 

affecting peel adhesion of Pressure-Sensitive Adhesive (PSA) to another substrate are 

discussed.  
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Chapter 3 consists of seven subsections which construe the research 

methodology employed in this study for characterization of substrate material, 

component selection, circuit design, method of circuit fabrication, data acquisition and 

data analysis. In Chapter 4, findings from this study are discussed in detail. Lastly, 

Chapter 5 summarizes this thesis, including the conclusions, and some limitations and 

recommendations observed in this study. This chapter is followed by list of references 

and several appendices.  



 

77 

REFERENCES 

Abdullah, W. M. S. W., Yusoff, Y. S., Basir, N. and Yusuf, M. M. (2017) ‘Mortality 

Rates Due to Coronary Heart Disease by Specific Sex and Age Groups among 

Malaysians’, Proceedings of the World Congress on Engineering and 

Computer Science, 2, pp. 1–6. 

Abidi, B., Jilbab, A. and Mohamed, E. H. (2019) ‘Wireless body area network for 

health monitoring’, Journal of Medical Engineering and Technology. IEEE, 

43(2), pp. 124–132. 

Ads, S. (2012) Low-Power , 2-Channel , 16-Bit Analog Front-End for Biopotential 

Measurements ADS1191. 

Ahmad, M. A. S. Bin, Harun, F. K. C. and Wicaksono, D. H. B. (2017) ‘Hybrid flexible 

circuit on cotton fabric for wearable electrocardiogram monitoring’, 

Proceedings IES-ETA 2017 - International Electronics Symposium on 

Engineering Technology and Applications, 2017–Decem(Cvd), pp. 217–222. 

Aleksandrowicz, A. and Leonhardt, S. (2007) ‘Wireless and Non-contact ECG 

Measurement System - the Aachen SmartChair’, Acta Polytechnica, Journal 

of Advanced Engineering, 47(4–5), pp. 68–71. 

Alfaouri, M. and Daqrouq, K. (2008) ‘ECG signal denoising by wavelet transform 

thresholding’, American Journal of Applied Sciences, 5(3), pp. 276–281. 

Almenar, V. and Albiol, A. (1999) ‘A new adaptive scheme for ECG enhancement’, 

Signal Processing, 75(February 1997), pp. 253–263. 

Altman, D. G. (1995) ‘The normal distribuation.pdf’, p. 298. 

Andersson, H. a, Manuilskiy, A., Haller, S., Hummelgård, M., Sidén, J., Hummelgård, 

C., Olin, H. and Nilsson, H.-E. (2014) ‘Assembling surface mounted 

components on ink-jet printed double sided paper circuit board.’, 

Nanotechnology, 25(9), p. 94002. 

Apostu, O., Hagiu, B. and Paşca, S. (2011) ‘Wireless ECG monitoring and alarm 

system using ZigBee’, 2011 7th International Symposium on Advanced Topics 

in Electrical Engineering, ATEE 2011. IEEE, pp. 1–4. 

Asirvatham, S. J. (2012) ‘Electrocardiographic Artifact Mimicking’, 15(3), pp. 310–

312. 



78 

ASTM D3330 / D3330M-04(2018), Standard Test Method for Peel Adhesion of 

Pressure-Sensitive Tape, ASTM International, West Conshohocken, PA, 2018, 

www.astm.org (2018). 

Baldan, A. (2012) ‘Adhesion phenomena in bonded joints’, International Journal of 

Adhesion and Adhesives. Elsevier, 38, pp. 95–116. 

Batterman, S. C. (1983) ‘Surface roughness effects on the stress analysis of adhesive 

joints’, 3(2), pp. 85–91. 

Bonnerup, C. and Gatenholm, P. (1993) ‘The Effect of Surface Energetics and 

Molecular Interdiffusion on Adhesion in Multicomponent Polymer Systems’, 

Journal of Adhesion Science and Technology, 7(3), pp. 247–262. 

Bossuyt, F., Dunphy, S., Vanfleteren, J., Baets, J. De, Morillo, K. P. and Brand, J. Van 

Den (2012) ‘Plastic Electronics based Conformable Electronic Circuits’, 2012 

4th Electronic System-Integration Technology Conference. IEEE, 32(0), pp. 1–

4. 

Budhe, S., Ghumatkar, A., Birajdar, N. and Banea, M. D. (2015) ‘Effect of surface 

roughness using different adherend materials on the adhesive bond strength’, 

Applied Adhesion Science. Springer International Publishing, 3(1), pp. 0–9. 

Busato, S., Belloli, A. and Ermanni, P. (2007) ‘Inkjet printing of palladium catalyst 

patterns on polyimide film for electroless copper plating’, Sensors and 

Actuators, B: Chemical, 123(2), pp. 840–846. 

Chem, J. M. (2011) ‘Fabrication of paper-based conductive patterns for flexible 

electronics by’, (September 2010), pp. 5938–5943. 

Chowdhury, M. H. and Delwar Hossain, Q. (2019) ‘Development of two wireless ECG 

monitoring systems and their performance assessment’, 2018 Joint 7th 

International Conference on Informatics, Electronics and Vision and 2nd 

International Conference on Imaging, Vision and Pattern Recognition, ICIEV-

IVPR 2018. IEEE, pp. 459–464. 

Chumble, R. P. and Darekar, D. H. (2017) ‘Influence of Surface Roughness of 

Adherend on Strength of Adhesive Joint’, 5(4), pp. 100–106. 

Creton, C. (2003) ‘Pressure-sensitive adhesives: An introductory course’, MRS 

Bulletin, 28(6), pp. 434–439. 

Critchlow, G. W. and Brewis, D. M. (1996) ‘Review of surface pretreatments for 

aluminium alloys’, 16(4), pp. 255–275. 



 

79 

Cui, H. and Song, G. (2007) ‘Study of the Wavelet Basis Selections’, Signal 

Processing, 2007(1), pp. 1009–1017. 

Devices, A. (2013) ‘Data Sheet: Single-Lead , Heart Rate Monitor Front End’. 

Dinh, A. and Wang, T. (2010) ‘Bandage-size non-ECG heart rate monitor using 

ZigBee wireless link’, 2010 International Conference on Bioinformatics and 

Biomedical Technology. Ieee, pp. 160–163. 

Ebnesajjad, S. (2006) ‘Surface Tension and Its Measurement’, in Surface Treatment 

of Materilas for Adhesion Bonding, pp. 9–28. 

Eshkeiti, A. (2015) Novel Stretchable Printed Wearable Sensor for Monitoring Body 

Movement , Temperature and Electrocardiogram , along with the Readout 

Circuit. 

flexTTech Innovation Sdn. Bhd. harTTrek. Submit for trademark. 2019. 

G.G. Liversidge J.F. Bishop, D.A. Czekai, K. C. C. (1980) ‘United States Patent (19) 

54’. 

Gadelmawla, E. S., Koura, M. . and Maksoud, T. M. . (2012) ‘Roughness parameters’, 

Journal of Materials Processing Technology, 123, p. 37. 

Gasparrini, S., Gambi, E. and Spinsante, S. (2013) ‘Evaluation and possible 

improvements of the ANT protocol for home heart monitoring applications’, 

Proceedings - M and N 2013: 2013 IEEE International Workshop on 

Measurements and Networking. IEEE, pp. 214–219. 

Ghasemi, A. and Zahediasl, S. (2012) ‘Normality tests for statistical analysis: A guide 

for non-statisticians’, International Journal of Endocrinology and Metabolism, 

10(2), pp. 486–489. 

Gia, T. N., Jiang, M., Rahmani, A. M., Westerlund, T., Liljeberg, P. and Tenhunen, H. 

(2015) ‘Fog computing in healthcare Internet of Things: A case study on ECG 

feature extraction’, Proceedings - 15th IEEE International Conference on 

Computer and Information Technology, CIT 2015, 14th IEEE International 

Conference on Ubiquitous Computing and Communications, IUCC 2015, 13th 

IEEE International Conference on Dependable, Autonomic and Se. IEEE, pp. 

356–363. 

Gokhale, P. S. (2012) ‘ECG Signal De-noising using Discrete Wavelet Transform for 

removal of 50Hz PLI noise’, International Journal of Emerging Technology 

and Advanced Engineering, 2(5), pp. 81–85. 



80 

Gordan, C. and Reiz, R. (2012) ‘ECG signals processing using Wavelets’, IEEE, 

proceedings of the fifth IASTED …, pp. 1–4. 

Gu, L., Zhou, N. and Wu, H. (2011) ‘Application of interference canceller in 

bioelectricity signal disposing’, Procedia Environmental Sciences, 10(PART 

A), pp. 814–819. 

Herbert, R. J., Shay, L. and Roni, K. (2016) ‘An Electrocardiographic Monitoring 

System’. 

Hyun, W. J., Park, O. O. and Chin, B. D. (2013) ‘Foldable Graphene Electronic 

Circuits Based on Paper Substrates’, pp. 4729–4734. 

Jacek, M. Ł. and Henzel, N. (2005) ‘ECG baseline wander and powerline interference 

reduction using nonlinear filter bank’, 85(4), pp. 781–793. 

Johnston, I. D. (2014) ‘Mechanical characterization of bulk Sylgard 184 for 

microfluidics and microengineering’. 

Jovanov, E. (2016) ‘Real Time Portable Heart Monitoring using Low Power DSP’, 

(April). 

Joy, J., Peter, S. and John, N. (2013) ‘Denoising using soft thresholding’, International 

Journal of Advanced Research in Electircal, Electronics and Instrumentation 

Engineering (IJAREEIE), 2(3), pp. 1027–1032. 

Kadam, M. G. and Bhaskar, P. C. (2012) ‘Reduction of Power Line Interference in 

Ecg Signal Using Fir Filter’, International Journal Of Computational 

Engineering Research, 2(2), pp. 2250–3005. 

Khanam, R. and Ahmad, S. N. (2013) ‘Selection of Wavelets for Evaluating SNR , 

PRD and CR of ECG Signal’, International Journal of Engineering Scienece 

and Innovative Technology (IJESIT), 2(1), pp. 112–119. 

Kowalski, A. and Czech, Z. (2013) ‘How does the surface free energy influence the 

tack of acrylic pressure-sensitive adhesives ( PSAs )?’, 10(6), pp. 879–885. 

Lam, C. L., Zahidin, N. S. and Wicaksono, D. H. B. (2014) ‘A preliminary study on 

the properties of a flexible circuit for wearable electrocardiography (ECG)’, 

2014 Ieee Region 10 Symposium, pp. 462–465. 

Lang, M. (2018) ‘A Low-Complexity Model-Free Approach for Real-Time Cardiac 

Anomaly Detection Based on Singular Spectrum Analysis and Nonparametric 

Control Charts’, Technologies, 6(1). 



 

81 

Lee, H. M., Choi, S. Y., Jung, A. and Ko, S. H. (2013) ‘Highly conductive aluminum 

textile and paper for flexible and wearable electronics’, Angewandte Chemie - 

International Edition, 52(30), pp. 7718–7723. 

Leski, J. M. (2002) ‘Robust Weighted Averaging’, IEEE Transactions on Biomedical 

Engineering, 49(8), pp. 796–804. 

Leys, D., Deplanque, D., Mounier-Vehier, C., Mackowiak-Cordoliani, M.-A., Lucas, 

C. and Bordet, R. (2002) ‘Stroke prevention’, J Neurol, 249, pp. 507–517. 

Li, L., Tirrell, M., Korba, G. A. and Pocius, A. V. (2001) ‘Surface energy and adhesion 

studies on acrylic pressure sensitive adhesives’, Journal of Adhesion, 76(4), 

pp. 307–334. 

Li, S. and Lin, J. (2009) ‘The optimal de-noising algorithm for ECG using stationary 

wavelet transform’, 2009 WRI World Congress on Computer Science and 

Information Engineering. IEEE, 6(2007), pp. 469–473. 

Lin, Y. P. (1995) ‘Linear Phase Cosine Modulated Maximally Decimated Filter Banks 

with Perfect Reconstruction’, IEEE Transaction on Signal Processing, 42(11). 

Liu, S.-H. (2011) ‘Motion Artifact Reduction in Electrocardiogram Using Adaptive 

Filter’, Journal of Medical and Biological Engineering, 31(1), p. 67. 

Lo, C.-I., Chang, S.-S., Tsai, J.-P. and Kuo, J.-Y. (2018) ‘Evaluation of the Accuracy 

of ECG Captured by CardioChip through Comparison of Lead I Recording to 

a Standard 12-Lead ECG Recording Device’, Acta Cardiol Sin, 34(2), pp. 115–

23. 

De Lucena, S. E., Sampaio, D. J. B. S., Mall, B., Meyer, M., Burkart, M. A. and Keller, 

F. V. (2015) ‘ECG monitoring using Android mobile phone and Bluetooth’, 

Conference Record - IEEE Instrumentation and Measurement Technology 

Conference. IEEE, 2015–July, pp. 1976–1980. 

M. Puurtinen, J. V. (2009) ‘Best Electrode Locations for a Small Bipolar ECG Device : 

Signal Strength Analysis of Clinical Data’, 37(2), pp. 331–336. 

Macleod, P. (2002) A Review of Flexible Circuit Technology and its Applications. 

Merchant, H. D., Minor, M. G. and Liu, Y. L. (1999) ‘Mechanical fatigue of thin 

copper foil’, Journal of Electronic Materials, 28(9), pp. 998–1007. 

Merilampi, S. and Ruuskanen, P. (2009) ‘The characterization of electrically 

conductive silver ink patterns on flexible substrates’, Microelectronics 

Reliability. Elsevier Ltd, 49(7), pp. 782–790. 



82 

Miao, F., Cheng, Y., He, Y., He, Q. and Li, Y. (2015) ‘A Wearable Context-Aware 

ECG Monitoring System Integrated with Built-in Kinematic Sensors of the 

Smartphone’, Sensors (Basel, Switzerland), 15(5), pp. 11465–11484. 

Mitra, U., Emken, B. A., Lee, S., Li, M. and California, S. (2012) ‘A Wireless 

Wearable ECG Sensor for Long-Term Applications’, IEEE Communications 

Magazine, 50(May), pp. 116–125. 

Morales, D. P., García, A., Castillo, E., Carvajal, M. A., Banqueri, J. and Palma, A. J. 

(2011) ‘Flexible ECG acquisition system based on analog and digital 

reconfigurable devices’, Sensors and Actuators, A: Physical. 

Morgan, C. J. (2018) ‘Use of proper statistical techniques for research studies with 

small samples’, pp. 873–877. 

Movahedi-Aliabad, H., Maymandi-Nejad, M., Shadkami, E., Khorashahian, N. and 

Mianji, M. (2015) ‘Design of an ECG Signals Amplifier with programmable 

Gain and Bandwidth Based on a New Method in Pseudo-Resistor Circuits’, 

Bull. Env.Pharmacol. Life Sci, 4(May), pp. 131–141. 

Neurosky (2012) BMD101 Product Brief ( Preliminary ). 

Packham, D. E. (2003) ‘Surface energy, surface topography and adhesion’, 

International Journal of Adhesion and Adhesives, 23(6), pp. 437–448. 

Park, C., Chou, P. H., Bai, Y., Matthews, R. and Hibbs, A. (2006) ‘An Ultra-Wearable 

, Wireless , Low Power ECG Monitoring System’, pp. 7–10. 

Petrie, E. M. (2000) Handbook of adhesives and sealants. McGraw-Hill,. 

Phinyomark, A., Phukpattaranont, P. and Limsakul, C. (2012) ‘The Usefulness of 

Wavelet Transform to Reduce Noise in the SEMG Signal’, Genetic 

Engineering - Basics, New Applications and Responsibilities, 2, p. 64. 

Pizzi, A. and Mittal, K. L. (eds) (2018) Handbook of Adhesive Technology. 3rd edn. 

CRC Press, Taylor & Francis Group. 

Ramsey, B. J., Evans, P. S. . and Harrison, D. (1997) ‘A Novel Circuit Fabrication 

Technique Using Offset Lithography’, Journals of Electronics Manufacturing, 

7(1), pp. 63–67. 

Raya, M. a. D. and Sison, L. G. (2002) ‘Adaptive noise cancelling of motion artifact 

in stress ECG signals using accelerometer’, Proceedings of the Second Joint 

24th Annual Conference and the Annual Fall Meeting of the Biomedical 

Engineering Society] [Engineering in Medicine and Biology, 2, pp. 1756–

1757. 



 

83 

Reina, J. M. A. (2009) ‘Influence of the Surface Finish on the Shear Strength of 

Structural Adhesive Joints and Application Criteria in Manufacturing 

Processes’, The Journal of Adhesion, 85(6), pp. 37–41. 

Research, G. V. (2017) Smart Medical Devices Market Size, Share | Industry Report, 

2018-2025. 

Riadi, I., Sunardi and Firdonsyah, A. (2019) ‘Forensic Investigation Technique on 

Android’s Blackberry Messenger using NIST Framework’, International 

Journal of Cyber-Security and Digital Forensics (IJCSDF), 6(4), pp. 1–10. 

Ruha, A., Sallinen, S. and Nissilä, S. (1997) ‘A real-time microprocessor QRS detector 

system with a 1-ms timing accuracy for the measurement of ambulatory HRV’, 

IEEE Transactions on Biomedical Engineering, 44(3), pp. 159–167. 

Saritha, C., Sukanya, V. and Murthy, Y. N. (2008) ‘ECG Signal Analysis Using 

Wavelet Transforms’, Bulgarian Journal of Physic, 35, pp. 68–77. 

Schmied, C. and Borjesson, M. (2014) ‘Sudden cardiac death in athletes’, Journal of 

Internal Medicine, 275(2), pp. 93–103. 

Seong, A. C. and John, C. K. M. (2016) ‘A review of coronary artery disease research 

in Malaysia’, Medical Journal of Malaysia, 71(June), pp. 42–57. 

Shimizu, R. N. and Demarquette, N. R. (2000) ‘Evaluation of Surface Energy of Solid 

Polymers Using’, pp. 1831–1845. 

Singh, A. (2016) ‘Real Time ECG Parameter Identification and Monitoring’, 

International Journal on Recent and Innovation Trends in Computing and 

Communication, 4(May), pp. 451–455. 

ST (2014) HM301D sensors and bio-impedance measurements. 

Statista. (2019). Number of smartphone users worldwide 2014-2020. 

Statitics, D. of (2016) Press Release Statistics on Cause of Death, Malaysia, 2014. 

Kuala Lumpur, Malaysia. 

Strasser, F., Muma, M. and Zoubir, A. M. (2012) ‘Motion artifact removal in ECG 

signals using multi-resolution thresholding’, European Signal Processing 

Conference. IEEE, (Eusipco), pp. 899–903. 

Subedi, D. P. (2011) ‘Contact Angle Measurement for The Surface Characterization 

of Solids’, 2(1), pp. 1–4. 

Suikkola, J., Björninen, T., Mosallaei, M., Kankkunen, T., Iso-ketola, P., Ukkonen, L., 

Vanhala, J. and Mäntysalo, M. (2016) ‘Screen-Printing Fabrication and 



84 

Characterization of Stretchable Electronics’, Nature Publishing Group. Nature 

Publishing Group, (May), pp. 1–8. 

Sylvester, S. S., Su, E. L. M., Yeong, C. F. and Che Harun, F. K. (2017) ‘Miniaturized 

and wearable electrocardiogram (ECG) device with wireless transmission’, 

Journal of Telecommunication, Electronic and Computer Engineering, 9(3–9), 

pp. 15–19. 

Thakor, N. (1991) ‘Application of Adaptive Filtering to ECG Analysis: Noise 

Cancelation and Arrythmia Detection’, IEEE Transaction on Signal 

Processing, 38(8), pp. 785–794. 

Thalkar, S. and Upasani, D. (2013) ‘Various techniques for removal of power line 

interference from ECG signal’, International Journal of Scientific & 

Engineering Research, 4(12), pp. 12–23. 

Thygesen, K. and Uretsky, B. F. (2004) ‘Acute ischaemia as a trigger of sudden cardiac 

death’, European Heart Journal, Supplement, 6(D), pp. 88–90. 

Tikkanen, P. E. (1999) ‘Nonlinear wavelet and wavelet packet denoising of 

electrocardiogram signal’, 267(4), pp. 259–267. 

Tong, D. A., Bartels, K. A. and Honeyager, K. S. (2002) ‘Adaptive reduction of motion 

artifact in the electrocardiogram’, Proceedings of the Second Joint 24th Annual 

Conference and the Annual Fall Meeting of the Biomedical Engineering 

Society] [Engineering in Medicine and Biology, 2(1), pp. 1403–1404. 

Valchinov, E., Antoniou, A., Rotas, K. and Pallikarakis, N. (2015) ‘Wearable ECG 

system for health and sports monitoring’, Proceedings of the 2014 4th 

International Conference on Wireless Mobile Communication and Healthcare 

- ‘Transforming Healthcare Through Innovations in Mobile and Wireless 

Technologies’, MOBIHEALTH 2014. ICST, pp. 63–66. 

Veeramasuneni, S., Drelich, J., Miller, J. D., Yamauchi, G. and Yalamanchili, M. R. 

(2004) ‘Effect of roughness as determined by atomic force microscopy on the 

wetting properties of PTFE thin films’, Polymer Engineering & Science, 

36(14), pp. 1849–1855. 

Vijayalakshmi, S. R. and Muruganand, S. (2012) ‘Real-time monitoring of ubiquitous 

wireless ECG sensor node for medical care using ZigBee’, International 

Journal of Electronics, 99(1), pp. 79–89. 

Yuan, Y. and Lee, T. R. (2013) ‘Contact Angle and Wetting Properties’, in, pp. 1–33. 



 

85 

Zhou, Y., Ding, X., Zhang, J., Duan, Y., Hu, J. and Yang, X. (2014) ‘Fabrication of 

conductive fabric as textile electrode for ECG monitoring’, Fibers and 

Polymers, 15(11), pp. 2260–2264. 





 

87 

LIST OF APPENDICES 

Appendix A Matlab Codes for ECG Denosing Process and SNR Calculation 

%insert original signal% 
subplot(3,1,1); 
plot(VarName1, 'r'); 
title('Original Signal'); 
xlim ([0 3000]);  
ylabel ('mV'); 
xlabel ('Samples'); 

  
%apply filter% 
sigDEN1 = func_denoise_dw1d(VarName1); 
subplot(3,1,2); 
plot (sigDEN1,'b'); 
title('Denoised Signal'); 
xlim ([0 3000]);  
ylabel ('mV'); 
xlabel ('Samples'); 

  

  
%SNR calculation% 
sigDEN=sigDEN1'; 
SNR = snr(sigDEN,VarName1- sigDEN); 
subplot(3,1,3); 
plot (VarName1,'r'); hold on; 
plot (sigDEN1,'b'); 
title('Overlapped of Original Signal & Denoised Signal'); 
xlim ([0 3000]);  
ylabel ('mV'); 
xlabel ('Samples'); 
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Appendix B Result of Two Way Repeated Measures ANOVA run on Sigma 

Plot 

 
Two Way Repeated Measures ANOVA (Two Factor Repetition) Wednesday, April 03, 2019, 

3:28:59 PM 

 

Data source: Data 1 in Notebook2 

 

Balanced Design 

 

Dependent Variable: SNR  

 

Normality Test (Shapiro-Wilk):  Passed (P = 0.910) 

 

Equal Variance Test (Brown-Forsythe): Passed (P = 0.777) 

 

Source of Variation  DF   SS   MS    F    P   

Subject 9 1173.337 130.371    

Circuit Type 1 25.422 25.422 2.017 0.189  

Circuit Type x Subject 9 113.410 12.601    

Activity 6 2.601 0.433 0.271 0.948  

Activity x Subject 54 86.304 1.598    

Circuit Type x Activity 6 5.528 0.921 1.477 0.203  

Residual 54 33.680 0.624    

Total 139 1440.283 10.362    

 

 

The difference in the mean values among the different levels of Circuit Type is not great enough to 

exclude the possibility that the difference is just due to random sampling variability after allowing for 

the effects of differences in Activity.  There is not a statistically significant difference (P = 0.189). 

 

The difference in the mean values among the different levels of Activity is not great enough to 

exclude the possibility that the difference is just due to random sampling variability after allowing for 

the effects of differences in Circuit Type.  There is not a statistically significant difference (P = 0.948). 

 

The effect of different levels of Circuit Type does not depend on what level of Activity is present.  

There is not a statistically significant interaction between Circuit Type and Activity.  (P = 0.203) 

 

Power of performed test with alpha = 0.0500:  for Circuit Type : 0.148 

Power of performed test with alpha = 0.0500:  for Activity : 0.0500 

Power of performed test with alpha = 0.0500:  for Circuit Type x Activity : 0.179 

 

Least square means for Circuit Type :  

Group Mean  

Flexible 32.104  

FR4 32.956  

Std Err of LS Mean = 0.424 

 

Least square means for Activity :  

Group Mean  

Rest 32.783  

0deg 1km/h 32.378  

0deg 2km/h 32.544  

0deg 3km/h 32.567  

3deg 1km/h 32.335  

3deg 2km/h 32.587  
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3deg 3km/h 32.517  

Std Err of LS Mean = 0.283 

 

Least square means for Circuit Type x Activity :  

Group Mean  

Flexible x Rest 32.422  

Flexible x 0deg 1km/h 31.562  

Flexible x 0deg 2km/h 32.412  

Flexible x 0deg 3km/h 32.075  

Flexible x 3deg 1km/h 31.828  

Flexible x 3deg 2km/h 32.309  

Flexible x 3deg 3km/h 32.120  

FR4 x Rest 33.143  

FR4 x 0deg 1km/h 33.194  

FR4 x 0deg 2km/h 32.676  

FR4 x 0deg 3km/h 33.059  

FR4 x 3deg 1km/h 32.842  

FR4 x 3deg 2km/h 32.865  

FR4 x 3deg 3km/h 32.915  

Std Err of LS Mean = 0.250 

 

 

All Pairwise Multiple Comparison Procedures (Bonferroni t-test): 

 

Comparisons for factor: Circuit Type 
Comparison Diff of Means t P P<0.050   

FR4 vs. Flexible 0.852 1.420 0.189 No   

 

 

Comparisons for factor: Activity 

Comparison Diff of Means t P P<0.050   

Rest vs. 3deg 1km/h 0.448 1.120 1.000 No   

Rest vs. 0deg 1km/h 0.405 1.013 1.000 Do Not Test   

Rest vs. 3deg 3km/h 0.265 0.664 1.000 Do Not Test   

Rest vs. 0deg 2km/h 0.238 0.596 1.000 Do Not Test   

Rest vs. 0deg 3km/h 0.216 0.540 1.000 Do Not Test   

Rest vs. 3deg 2km/h 0.196 0.491 1.000 Do Not Test   

3deg 2km/h vs. 3deg 1km/h 0.252 0.629 1.000 Do Not Test   

3deg 2km/h vs. 0deg 1km/h 0.209 0.523 1.000 Do Not Test   

3deg 2km/h vs. 3deg 3km/h 0.0692 0.173 1.000 Do Not Test   

3deg 2km/h vs. 0deg 2km/h 0.0423 0.106 1.000 Do Not Test   

3deg 2km/h vs. 0deg 3km/h 0.0196 0.0490 1.000 Do Not Test   

0deg 3km/h vs. 3deg 1km/h 0.232 0.580 1.000 Do Not Test   

0deg 3km/h vs. 0deg 1km/h 0.189 0.474 1.000 Do Not Test   

0deg 3km/h vs. 3deg 3km/h 0.0496 0.124 1.000 Do Not Test   

0deg 3km/h vs. 0deg 2km/h 0.0227 0.0568 1.000 Do Not Test   

0deg 2km/h vs. 3deg 1km/h 0.209 0.524 1.000 Do Not Test   

0deg 2km/h vs. 0deg 1km/h 0.167 0.417 1.000 Do Not Test   

0deg 2km/h vs. 3deg 3km/h 0.0269 0.0672 1.000 Do Not Test   

3deg 3km/h vs. 3deg 1km/h 0.182 0.456 1.000 Do Not Test   

3deg 3km/h vs. 0deg 1km/h 0.140 0.350 1.000 Do Not Test   

0deg 1km/h vs. 3deg 1km/h 0.0427 0.107 1.000 Do Not Test   

 

 

Comparisons for factor: Activity within Flexible 

Comparison Diff of Means t P P<0.050   

Rest vs. 0deg 1km/h 0.860 1.825 1.000 No   

Rest vs. 3deg 1km/h 0.594 1.260 1.000 Do Not Test   

Rest vs. 0deg 3km/h 0.347 0.736 1.000 Do Not Test   

Rest vs. 3deg 3km/h 0.302 0.641 1.000 Do Not Test   
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Rest vs. 3deg 2km/h 0.113 0.240 1.000 Do Not Test   

Rest vs. 0deg 2km/h 0.00958 0.0203 1.000 Do Not Test   

0deg 2km/h vs. 0deg 1km/h 0.851 1.805 1.000 Do Not Test   

0deg 2km/h vs. 3deg 1km/h 0.584 1.240 1.000 Do Not Test   

0deg 2km/h vs. 0deg 3km/h 0.337 0.715 1.000 Do Not Test   

0deg 2km/h vs. 3deg 3km/h 0.292 0.620 1.000 Do Not Test   

0deg 2km/h vs. 3deg 2km/h 0.104 0.220 1.000 Do Not Test   

3deg 2km/h vs. 0deg 1km/h 0.747 1.585 1.000 Do Not Test   

3deg 2km/h vs. 3deg 1km/h 0.481 1.020 1.000 Do Not Test   

3deg 2km/h vs. 0deg 3km/h 0.233 0.495 1.000 Do Not Test   

3deg 2km/h vs. 3deg 3km/h 0.189 0.400 1.000 Do Not Test   

3deg 3km/h vs. 0deg 1km/h 0.558 1.184 1.000 Do Not Test   

3deg 3km/h vs. 3deg 1km/h 0.292 0.620 1.000 Do Not Test   

3deg 3km/h vs. 0deg 3km/h 0.0448 0.0949 1.000 Do Not Test   

0deg 3km/h vs. 0deg 1km/h 0.513 1.089 1.000 Do Not Test   

0deg 3km/h vs. 3deg 1km/h 0.247 0.525 1.000 Do Not Test   

3deg 1km/h vs. 0deg 1km/h 0.266 0.565 1.000 Do Not Test   

 

 

Comparisons for factor: Activity within FR4 

Comparison Diff of Means t P P<0.050   

0deg 1km/h vs. 0deg 2km/h 0.517 1.098 1.000 No   

0deg 1km/h vs. 3deg 1km/h 0.352 0.746 1.000 Do Not Test   

0deg 1km/h vs. 3deg 2km/h 0.329 0.698 1.000 Do Not Test   

0deg 1km/h vs. 3deg 3km/h 0.279 0.591 1.000 Do Not Test   
0deg 1km/h vs. 0deg 3km/h 0.135 0.286 1.000 Do Not Test   

0deg 1km/h vs. Rest 0.0501 0.106 1.000 Do Not Test   

Rest vs. 0deg 2km/h 0.467 0.991 1.000 Do Not Test   

Rest vs. 3deg 1km/h 0.301 0.640 1.000 Do Not Test   

Rest vs. 3deg 2km/h 0.279 0.592 1.000 Do Not Test   

Rest vs. 3deg 3km/h 0.229 0.485 1.000 Do Not Test   

Rest vs. 0deg 3km/h 0.0847 0.180 1.000 Do Not Test   

0deg 3km/h vs. 0deg 2km/h 0.383 0.812 1.000 Do Not Test   

0deg 3km/h vs. 3deg 1km/h 0.217 0.460 1.000 Do Not Test   

0deg 3km/h vs. 3deg 2km/h 0.194 0.412 1.000 Do Not Test   

0deg 3km/h vs. 3deg 3km/h 0.144 0.305 1.000 Do Not Test   

3deg 3km/h vs. 0deg 2km/h 0.239 0.506 1.000 Do Not Test   

3deg 3km/h vs. 3deg 1km/h 0.0729 0.155 1.000 Do Not Test   

3deg 3km/h vs. 3deg 2km/h 0.0503 0.107 1.000 Do Not Test   

3deg 2km/h vs. 0deg 2km/h 0.188 0.400 1.000 Do Not Test   

3deg 2km/h vs. 3deg 1km/h 0.0225 0.0478 1.000 Do Not Test   

3deg 1km/h vs. 0deg 2km/h 0.166 0.352 1.000 Do Not Test   

 

 

Comparisons for factor: Circuit Type within Rest 

Comparison Diff of Means t P P<0.050   

FR4 vs. Flexible 0.722 1.056 0.308 No   

 

 

Comparisons for factor: Circuit Type within 0deg 1km/h 

Comparison Diff of Means t P P<0.050   

FR4 vs. Flexible 1.632 2.388 0.031 Yes   

 

 

Comparisons for factor: Circuit Type within 0deg 2km/h 

Comparison Diff of Means t P P<0.050   

FR4 vs. Flexible 0.264 0.386 0.705 No   

 

 

Comparisons for factor: Circuit Type within 0deg 3km/h 
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Comparison Diff of Means t P P<0.050   

FR4 vs. Flexible 0.984 1.439 0.171 No   

 

 

Comparisons for factor: Circuit Type within 3deg 1km/h 

Comparison Diff of Means t P P<0.050   

FR4 vs. Flexible 1.014 1.484 0.159 No   

 

 

Comparisons for factor: Circuit Type within 3deg 2km/h 

Comparison Diff of Means t P P<0.050   

FR4 vs. Flexible 0.556 0.814 0.429 No   

 

 

Comparisons for factor: Circuit Type within 3deg 3km/h 

Comparison Diff of Means t P P<0.050   

FR4 vs. Flexible 0.795 1.163 0.263 No   

 

 

A result of "Do Not Test" occurs for a comparison when no significant difference is found between 

two means that enclose that comparison.  For example, if you had four means sorted in order, and 

found no difference between means 4 vs. 2, then you would not test 4 vs. 3 and 3 vs. 2, but still test 4 

vs. 1 and 3 vs. 1 (4 vs. 3 and 3 vs. 2 are enclosed by 4 vs. 2: 4 3 2 1).  Note that not testing the 

enclosed means is a procedural rule, and a result of Do Not Test should be treated as if there is no 

significant difference between the means, even though one may appear to exist. 
 

 

 

 

 





 

93 

LIST OF PUBLICATIONS 

  

Indexed Journal 

1 

 

 

NS Sahar, NA Abdul-Kadir, FKC Harun. 2020. Vinyl Cutting Technique for 

Flexible ECG Circuit Fabrication and Application. International Journal of 

Electrical and Computer Engineering. [Scopus] Accepted. 

 

2 NS Sahar, NA Abdul-Kadir, WH Chan, SLM Eileen, FKC Harun. 2018. 

Wireless ECG Circuit on Flexible Material: A Preliminary Study. Journal of 

Telecommunication, Electronic and Computer Engineering. 10 (1-17). pp43-

46. [Scopus, Q4] 

 

Indexed Conference Proceedings 

1 NS Sahar, NA Abdul-Kadir, FKC Harun. 2019. Flexible Wireless ECG 

Circuit Fabrication Technique. The International Biomedical Instrumentation 

and Technology Conference (IBITeC). Yogyakarta, Indonesia. 24-25th Oct 

2019. [Scopus]. Accepted. 

 

2 NA Abdul-Kadir, NS Sahar, WH Chan, FKC Harun. 2018. A Portable WiFi 

ECG. 38th International Electronics Manufacturing Technology Conference 

(IEMT2018). Melaka, Malaysia. 4-6th Sept 2018. [Scopus] 

 

Non-Indexed Conference Proceedings 

1 NA Abdul-Kadir, NS Sahar, SM Saleh, SM Jusob, FKC Harun, WH Chan. 

A Wearable Internet-of-Things: Electrocardiograph. Joint Workshop for 

Global Engineers in Asia (JWGEA) 2017. Surabaya, Indonesia. 24-26th July 

2017. 

 

2 

 

 

NA Abdul-Kadir, FSA Wahab, NS Sahar, FKC Harun. 2017. A Wearable 

ECG Device using A Neurosky Cardio Module. International Medical Device 



94 

 

 

and Technology Conference (iMEDiTEC2017). Malaysia. 6-7th September 

2017. pp260-262. 

 

Book Chapter 

1 NA Abdul-Kadir, NM Safri, MA Othman, FKC Harun, NS Sahar, AM 

Embong. 2019. Domain Analysis for AF Features Extraction: A Review, in: 

Biomedical Instrumentation and Signal Processing. Universiti Teknologi 

Malaysia, Johor Bahru, Malaysia: UTM. Accepted. 

 

2 SM Saleh, SM Jusob, NS Sahar, NA Abdul-Kadir, FKC Harun, DHB 

Wicaksono. 2018. Fabrication of Cotton Fabric as Flexible Electrode in 

Electrocardiography Monitoring, in: Lecture Notes on Multidisciplinary 

Research and Application. Malaysia Technical Scientist Association: 

Malaysia. pp97-106. 

 

 

 


	DECLARATION
	DEDICATION
	ACKNOWLEDGEMENT
	ABSTRACT
	ABSTRAK
	TABLE OF CONTENTS
	LIST OF TABLES
	LIST OF FIGURES
	LIST OF ABBREVIATIONS
	LIST OF SYMBOLS
	LIST OF APPENDICES
	CHAPTER 1    INTRODUCTION
	1.1 Background of the Study
	1.2 Problem Statement
	1.3 Objectives of the Study
	1.4 Scope of Study
	1.5 Significance of Study
	1.6 Thesis Organization

	CHAPTER 2    LITERATURE REVIEW
	2.1 Introduction
	2.2 Wireless ECG Monitoring System
	2.3 Noise in ECG Circuit
	2.4 Circuit on Flexible Substrate
	2.4.1 Flexible Substrate and Methodology Review

	2.5  Peel Adhesion Factors
	2.6 Summary

	CHAPTER 3    RESEARCH METHODOLOGY
	3.1 Introduction
	3.2 Characterization of Flexible Substrate
	3.2.1 AFM Surface Roughness Measurement
	3.2.2 Surface Free Energy (SFE) Determination
	3.2.3 Peel Adhesion Test

	3.3 Component Determination
	3.4 Circuit Design
	3.5 Circuit Fabrication
	3.5.1 Development of Printed Circuit Board (PCB)
	3.5.2 Fabrication on Flexible Substrate

	3.6 Circuit Validation
	3.7 Data Acquisition
	3.8 Circuit Performance
	3.9 Statistical Analysis Test

	CHAPTER 4    RESULT AND DISCUSSION
	4.1 Characteristic of Substrate Material
	4.1.1 Surface Roughness Analysis using AFM
	4.1.2 Contact Angle Measurement and Surface Free Energy Calculation
	4.1.3 The Effect of Surface Roughness and SFE on Peel Adhesion Performance

	4.2 ECG Circuit Fabrication on PET and FR4 Substrates
	4.3 ECG Data Analysis
	4.3.1 ECG Data Denoising Process
	4.3.2 SNR Calculation
	4.3.3 Data Analysis


	CHAPTER 5    CONCLUSION AND RECOMMENDATIONS
	5.1 Conclusion
	5.2 Limitation and Recommendation

	REFERENCES
	LIST OF APPENDICES
	LIST OF PUBLICATIONS



