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ABSTRACT 

 

 

 

This thesis is about the ambient electromagnetic fields that come from the railway 

environment in Malaysia and if its exceeds the limit level of cardiac pacemaker. In 

Malaysia, the development of public transportation in the railway system is consistent 

throughout the years since the 90’s. The electric train is one of the transportation mode 

that is widely used across the world to transport peoples and goods. With the complex 

environmental system, they were highly exposed to electromagnetic fields especially 

during the train stations. At present, Malaysia is still expanding its railway 

transportation system especially in the Klang Valley. Calculation, measurement and 

analysis of electromagnetic fields is the main purpose of this study in certain railway 

environment. An electromagnetic emission from apparatus (non-intentional 

transmitter) and intentional transmitters in the railway environment has been 

calculated. Both results show that the electric field value were not exceeded cardiac 

pacemaker immunity level. Magnetic field from high voltage power cables were taken 

into account as it can also gives effect towards cardiac pacemaker and the result shows 

it did not exceeds 1mT and 163.52 dBµA/m limit level. The measurement has been 

conducted using a Spectrum Analyzer between 9 kH and 6 GHz. Loop Antenna and 

Tri-log antenna has been used for this frequency range to measure its ambient 

electromagnetic field. Measurement results were presented and analyzed. Analysis of 

ambient measurement result shows that the highest electromagnetic field at station 

area is at 111.99 dBµV/m which is at Kampung Batu Station. The calculation of 

electric field and magnetic field from apparatus and intentional transmitter as well as 

high voltage power cables show that the emission is relatively lower than immunity 

for cardiac pacemaker. In particular, the emission of electromagnetic field interference 

from railway environment in did not give adverse effect towards cardiac pacemaker 

and safe for passenger to be around the environment. 
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ABSTRAK 

 

 

 

Tesis ini adalah mengenai medan elektromagnet ambien yang berasal dari persekitaran 

kereta api di Malaysia dan jika ianya melebihi had level perenta jantung. Di Malaysia, 

pembangunan pengangkutan awam dalam sistem kereta api adalah konsisten 

sepanjang tahun sejak 90-an. Kereta api elektrik adalah salah satu mod pengangkutan 

yang digunakan secara meluas di seluruh dunia untuk mengangkut orang dan 

barangan. Dengan sistem persekitaran yang kompleks, mereka sangat terdedah kepada 

medan elektromagnet terutamanya semasa berada di stesen kereta api. Pada masa ini, 

Malaysia masih mengembangkan sistem pengangkutan kereta api terutamanya di 

Lembah Klang. Pengiraan, pengukuran dan analisis medan elektromagnet adalah 

tujuan utama kajian ini di persekitaran kereta api tertentu. Pemancar yang tidak 

disengajakan dan disengajakan dalam persekitaran kereta api telah dikenalpasti dan 

medan elektrik dikira dan ianya tidak melebihi imuniti perentak jantung. Medan 

magnet daripada kabel kuasa voltan tinggi telah diambil kira kerana ia juga boleh 

memberi kesan kepada perentak jantung dan tidak melebihi had 1mT dan 163.52 

dBµA/m. Beberapa julat frekuensi telah dipilih iaitu dari 9 kHz hingga 6 GHz 

menggunakan beberapa peralatan dan antena seperti Spectrum Analyser, Loop Antena 

dan Tri-log antena untuk mengukur medan elektromagnet ambiennya. Keputusan 

pengukuran telah dibentangkan dan dianalisis. Analisis hasil pengukuran ambien 

menunjukkan bahawa medan elektromagnet tertinggi di kawasan stesen adalah pada 

111.99 dBµV/m di stesen Kampung Batu. Pengiraan medan elektrik dan medan 

magnet daripada pemancar yang disengajakan dan tidak disengajakan serta kabel 

kuasa voltan tinggi menunjukkan bahawa pelepasan secara relatifnya lebih rendah 

daripada imuniti untuk perentak jantung. Khususnya, pelepasan gangguan medan 

elektromagnet dari persekitaran kereta api tidak memberi kesan buruk terhadap 

perentak jantung dan selamat untuk penumpang berada di sekitar persekitaran.  
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CHAPTER 1 

 

 

 

INTRODUCTION 

 

 

 

1.1 Background of Study 

 

In Malaysia, the development of the railway system for public is consistent 

throughout the years since 90’s. The users of this mode of transportation are increasing 

especially in urban areas such as Kuala Lumpur and its surrounding areas. It is widely 

spread along the way from north to south of east peninsular Malaysia for another type 

of railway system. At the current level, it can be seen to be a method to improve 

existing service making it more effective and no longer just to fit a needs. To improve 

Malaysian economy, some plans have been discussed by the government to develop a 

more advance High-Speed Train system across the country to boost its tourism with 

improving the existing train service. And another same project from Klang Valley to 

Tumpat, Kelantan [1]The upgraded railway system believed to be used widely by all 

Malaysians from different backgrounds including patients with a cardiac pacemaker. 

Figure 1 shows a medical device called the cardiac pacemaker and its position on the 

human body. 

 

                                 

Figure 1: Cardiac pacemaker and its position

Pulse generator 

Leads 

Heart 
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It is a device implanted in the chest to control the heartbeat by generating 

electrical impulses delivered by electrodes to the chamber of the heart. Patients with a 

pacemaker are especially at risk in case of electromagnetic interference (EMI). For 

example mobile or cellular phones may interact with pacemaker function by inhibiting 

the pacing output, asynchronous pacing and ventricular triggering. Carrying the 

cellular phone on the same side of the body as the implanted pacemaker and while 

using the phone may cause interference. It should be held at least 15 cm away from 

the pacemaker and on the opposite ear [2]. 

 

The new electric train that is developed were located at the Greater Kuala 

Lumpur. With the increase growth rate from 2.40% from last year, in 2023 the Greater 

Kuala Lumpur will have population of 8 622 000 [3]. It is a home to compact 

residential and commercial areas. No previous work were done in the past to measure 

the ambient electromagnetic field on this new electric train environment. The growth 

of technology is a concern as there has been an increase in base stations, power 

transmission lines and power cables, broadcast transmitters, and cellular phones. These 

are all major environmental exposures as all electrical technologies produce 

electromagnetic field (EMF) [4]. All these can be seen near the urban railway system. 

Thus, all the passengers are vulnerable to this electromagnetic fields but due to these 

different conditions such as location and condition, how emitted radiation affects 

health is still not known. 

 

The objectives of this research are to calculate the electric and magnetic fields 

of apparatus, transmitter and train power supply as well as to measure the ambient 

electromagnetic fields produced by the railway system in Malaysia. All possibles 

source of electromagnetic interference are accounted for such as the railways system, 

train signalling and power supply. This is to evaluate if the electromagnetic field 

radiated by a railway system line whether it is exceeds the limit level provided by the 

standard and whether it is safe for passengers with cardiac pacemaker to be around in 

the environment of a railway system. The number of pacemaker user in Malaysia were 

not to be found. However, the data will not affected the findings of this research. 
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1.2 Problem Statement 

 

The awareness of Malaysians living in urban areas to use train for their 

mobility is increasing over the years. Besides using the car, they mostly use trains to 

go to the workplace or a place accessible through the train network. This happened 

partly because of the improvement in the efficiency as well as well-planned 

upgradation of the train system by government and partly to avoid traffic congestion 

along the road to enjoy travelling at a much cheaper cost. People having a heart rhythm 

disorder and a cardiac pacemaker implanted in their body also travel by train for the 

same reasons. A pacemaker is a very complicated and challenging device and it may 

be affected by many internal and external factors.  

 

The biggest challenge for all engineers is to manufacture electronic devices 

which are not only compact, but also electromagnetically compatible. Electromagnetic 

compatibility (EMC) can be defined as immunity measure a device possesSes 

unwanted electric field and magnetic field interference. The concern here is 

electromagnetic emission, which affects human health. All electronic equipment 

generate and emit unwanted electrical signals which cause electromagnetic 

interference that can lead to performance degradation of other electrical or electronic 

equipment by inducing unwanted currents and voltages in its circuitry. Also a railway 

system has rolling stock, signalling system and power supply that each of these sub-

systems interacts and gives rise to electromagnetic interference phenomenon. Before 

the final design of the train station, the existing ambient electromagnetic field in the 

surrounding area must be measured and the results are useful for the installation of 

equipment and the train station design that follows the standard. 

 

In this research, emission from train apparatus, equipments and power supplies 

are calculated and the findings are compared to limit level of cardiac pacemaker. This 

study is one of the requirement in a tender document at the design stage for all railway 

project (LRT3-SYS-307-Design, manufacture, supply, delivery, installation, testing 

and commissioning of power supply and distribution system). 
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1.3 Objectives 

 

The final objectives of this project are as follows: 

 

1. To calculate maximum radiated emission of railway apparatus and from 

Intentional transmitter between 30 MHz  and 6 GHz towards cardiac 

pacemaker. 

2. To calculate magnetic field emitted by the 750 VDC and 33kVAC power 

supply in railway system for cardiac pacemaker electromagnetic compatibility. 

3. To measure the ambient electromagnetic field (EM) radiated emission at 

railway station from 9 kHz to 6 GHz towards cardiac pacemaker. 

4. To analyse total emission for railway system with immunity limit of cardiac 

pacemaker based on British Standard BS EN 45502-2-1-2003. 

 

1.4 Scopes 

 

The research is done based on the following scopes: 

 

1. Electromagnetic waves’ radiation levels are recorded in 3 railway 

environments based on worst-case criteria. 

2. An electric field radiation level is measured using an electromagnetic radiation 

detector such as an antenna and spectrum analyser in the railway environment 

from 9 kHz up to 6 GHz of frequency. 

3. The pacemaker’s immunity level provided by British Standard is compared 

with the measured ambient electromagnetic interference (EMI). 

4. The ambient measurement were done in 10 locations and 3 locations with the 

highest ambient measurement were chose to measure its ambient 

electromagnetic field after the final design of the train station. 

5. This research were done without the testing on the cardiac pacemaker. 

6. This analysis limit to railway apparatus, cable to be used fo railway system and 

intentional transmitter installed for railway signalling and communication 

system. 

7. This study only focussed on cardiac pacemaker user at the railway platform 

because its indicate the highest emission received from the nearby cables, 
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apparatus at the stations, antenna on the train rooftop and the antenna at the 

station. 

8. The ambient measurement set-up were done for worst case scenario at the 

height of 2m from the ground floor and 3m from the center of the railway track. 

9. As mention in Chapter 2 Section 2.6 railway environment, this research was 

done under the following circumstances of it is defined as an area up to 10 m 

from the centre of the nearest running line and 3 m from railway power sub-

station including the communication, signalling and power equipment. In this 

several criterias such near residential and commercial areas are taken into 

account.  

 

1.5 Research Contribution 

 

This study contributes to several significance study as follows: 

 

1. This study is one of the requirements in a document tender throughout all the 

railway projects. 

2. This study defined the method used to calculate and measure the ambient 

electromagnetic field in a railway environment in Malaysia. 

3. No ambient measurement has been made in the railway environment in 

Malaysia especially for an urban train. 

4. The ambient EM-field measurement data before the development of the train 

station in this study can be used for further research related to electromagnetic 

fields in urban areas. 

5. A new analytical method to calculate maximum radiated emission of railway 

apparatus and from Intentional Transmitter in a train is proposed in this study. 

6. The data analysis can be used for further research on how to make the railway 

environment safer in terms of electromagnetic field interference. 

7. In railway environment, user with cardiac pacemakers in Malaysia should be 

vigilant about radiation exposure and for future reference, the railways 

environment at all the locations should be safe for all kind of passengers for 

daily commute.  

8. Uncertainty calculation of ambient electromagnetic field in railway 

environment is derived in this research to increase the accuracy of the findings 
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for ambient measurement. 

1.6 Report Outline 

The inscriptions of this study are divided into seven chapters. Chapter one 

briefly introduces this study as well as problems related to this study. Additionally, the 

objectives and scope of the study, and the contributions of this research to the general 

public, are discussed in detail for a proper understanding of this research. 

Chapter two presents a review of previous study while also considering the 

limitations of the current research. A basic understanding of the cardiac pacemaker is 

also discussed for a better understanding and how electromagnetic field interference 

affects the device. Some theories regarding electromagnetic fields are presented and 

studies related to the fields in railways are referred to in this chapter. Chapter three 

shows the overall methodology flowchart. It describes that this study are divided into 

two which are analytical method and ambient measurement method. For analytical 

method, there are three subsections. Each subsection is for analytical method for non-

intentional transmitter, intentional transmitter and lastly for power cables. This chapter 

also explain briefly about the ambient measurement methodology. Method of on-site 

measurement is discussed and the total uncertainty was calculated in this chapter. 

Chapter four is primarily concerned with the findings of the analytical and 

ambient measurement methods. The results of the calculations of electric field of non-

intentional and intentional transmitter are presented as along with the magnetic field 

from power cables. Both results are compared with the British Standard to see if it 

exceeds the immunity level of cardiac pacemakers. Lastly, chapter five concludes the 

study and gives recommendations for future work. Several suggestions are presented 

for future studies related to the topic.
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