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Abstract — Overhead transmission line (OTL) has been around for so many years as one of the most important elements of electric 
power systems. Conductors, as being a part of the medium to transfer electricity through the OTL, produces electromagnetic field 
to its surrounding that have been a public concern for ages. OTL were meant to be built as far away from a population. Though 
from time to time, the OTL rights-of-way (ROW) were violated due to lack of space and rapid urbanization. This paper addresses 
the challenges faced during magnetic field level measurement within a residential area that was still under construction. EMDEX 
II Meter, Linear Data Acquisition System (LINDA) Wheel and Gauss Meter were used during the magnetic field measurements. 
Maximum magnetic field level data collected from measurement were presented. 
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I. INTRODUCTION 
 
A 1979 epidemiologic study in Denver stated that living 

near OTL will increase the risk of developing childhood 
cancers significantly [1]. The source of such risk comes 
from the conductors used to transmit electrical energy that 
produces a combination of electric field and magnetic field 
hence known as electromagnetic field. Electric field is 
known able to be shielded and absorbed while magnetic 
field is said able to penetrate anything. There is no 
significant evidence shown that prolonged exposure to weak 
electric fields result in adverse health effects. Though, the 
same results have been an open question when exposed to 
weak magnetic fields [2]. A study in Malaysia concluded 
that the residential proximity to OTL in Kelang Valley area 
does not constitute any risk to children's health [3]. 
However, the authors stated that other socioeconomic 
factors which are contributing in the occurrence of Acute 
Leukemia, makes any previously proved relationship 
subjected to chance or methodology misconduct. Thus came 
the subject to be discussed on how to properly measure 
magnetic field in practical measurement field; in this case in 
a construction site. 

The International Commission on Non-Ionizing 
Radiation Protection (ICNIRP), Institute of Electrical and 
Electronics Engineers (IEEE), British Standard Institution 
(BSI) and other huge organisation had produced guidelines 
to implement regulations on public exposure from 
electromagnetic field [4][5][6]. Provided in these guidelines 
are the maximum limit of exposure, measurement methods, 
equipment calibration procedures and other technical issues 
in order to obtain a reliable measurement results. The 
magnetic flux density reference levels for occupational and 
public exposure are 1000 µTesla and 200 µTesla 
respectively. What are not included are the abstract issues 
namely manpower, weather uncertainty, time constraint, 
unlevelled terrain, lack of equipment and safety risks. 
Therefore, this paper proposed methods of measurement 
done at University of Tun Hussein Onn Malaysia (UTHM) 
new Taman Bintang student hostel as initiative to a more 
practical way of doing magnetic field measurements. 

 

II. CASE STUDY 

 
For the given case study an under construction site of the 

UTHM has been selected to measure the magnetic field 
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under the 132 kV and 275 kV OTLs. With increasing 
population and higher electricity demand the magnetic field 
will be a vital issue for the students as the mentioned OTLs 
are nearby the UTHM residential college.  

 

Figure 1.   UTHM's Taman Bintang new student hostel construction plan 
layout. 

Within this student residential area that consumes 38 
000 m2 of land, there are two OTL structures (132 kV and 
275 kV) built near to several building blocks as shown in 
Figure 1. Parking lots were planned to be built under the 
space right underneath the 132 kV OTL span length and 
other areas close to the OTL. Next to Block 7 is the Tenaga 
Nasional Berhad (TNB) sub-station that was not operating 
during the magnetic field level measurement. The whole 
area was actively under construction during the 
measurement. 

 
In order to obtain a set of reliable magnetic field level 

data, the guidelines provided by IEEE were adopted [5]. 
Time constraint was the first challenge to be dealt with. The 
huge area was broken down into smaller zones as 
represented in Figure 1 that were then grouped into three 
level order of cluster priorities depending on the most 
important area to be measured. Measurements were started 
from first priority (Zone 1 and Zone 2), second priority 
(Zone 3, Zone 4 and Zone 5) and ended at third priority 
(Zone 6, Zone 7 and Zone 8). At least, the critical zones 
(first priority) could be prioritized when facing unavoidable 
situations like weather uncertainty. Preliminary 
measurements were done to estimate the time needed to 
complete one set of data that consists of magnetic field level 
measurements data for all zones that took approximately 
one hour and forty minutes.  

The second challenge was measurement accuracy. 
Measurement equipments and methods used greatly 
determine the accuracy of data. These two are explained 

later in this paper. Another way is to do repetitive data 
collection. Four data sets were recorded in a day from 8 AM 
until 4 PM by two people per shift of two hours.  

The third challenge was uneven terrain. Coping with 
construction activities and wastes were not easy. Huge 
vehicles (cranes and lorries) were used heavily that caused 
uneven path of measurement, resulting in mud and puddle 
after rain. Due to these reasons, some area became 
inaccessible and restriction to certain method became the 
only choice. 

 

III. MEASUREMENT EQUIPMENTS 

 
The magnetic field measurements were done by using 

two types of equipment, Gauss Meter and EMDEX II Meter. 
The first equipment was used to record the magnetic field 
manually while the latter was attached to LINDA Wheel in 
order to measure the magnetic field along a distance. 

The accuracy for both magnetic field meters used were 
tested inside a lab with the high amps wireless transfer using 
loop antenna method as shown in Figure 2. Throughout the 
tests, a loop antenna was used to generate a specific 
magnetic field level and measured by the magnetic field 
meters. Table I shows the outcome of the tests. Both 
measurement meters were in good condition, able to provide 
almost the same readings with each other, show minimal 
errors and can be used during on-field measurements.  

TABLE I.   HIGH AMPS WIRELESS TRANSFER USING LOOP ANTENNA TEST 
RESULTS FOR DIFFERENT DIRECTIONS 

Equipment 
Direction 1 

Expected Result 
(µTesla) 

Result 
(µTesla) 

Error 
(%) 

EMDEX II 
Meter 

1.26 1.30 3.17 
3.77 3.90 3.45 

Gauss Meter 
1.26 1.16 7.94 
3.77 3.54 6.10 

 

Equipment 
Direction 2 

Expected Result 
(µTesla) 

Result 
(µTesla) 

Error 
(%) 

EMDEX II 
Meter 

1.26 1.20 4.76 
3.77 3.66 2.92 

Gauss Meter 
1.26 1.17 7.14 
3.77 3.57 5.30 

 

Equipment 
Direction 3 

Expected Result 
(µTesla) 

Result 
(µTesla) 

Error 
(%) 

EMDEX II 
Meter 

1.26 1.30 3.17 
3.77 3.86 2.39 

Gauss Meter 
1.26 1.23 2.38 
3.77 3.69 2.12 
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(a)  

 
(b)  

 
(c)  

Figure 2.   High amps wireless transfer using loop antenna testing. (a) 
sensor direction 1, (b) sensor direction 2, and (c) sensor direction 3. 

 

IV. MEASUREMENT METHODOLOGY 

 
There are two types of measurement method used in this 

project, namely the spot measurement method and path 
measurement method. These two methods were used 
accordingly to the priority and geographical topology of the 
zones. 

Spot measurement method used Gauss Meter with 
detection limit of 0.01 µTesla. This meter was attached to 
LINDA Wheel in order to measure the magnetic field level 
at 1 meter height above the ground. Markings on the ground 
were made by using spray paint representing the spot to 
measure the magnetic field level. Distance from one spot to 
another varies according to the zones. The measured 
magnetic field values were then recorded manually into a 
specific form and analyzed. 

Path measurement method used EMDEX II Meter with 
detection limit of 0.01 µTesla. This meter was attached to 
LINDA Wheel in order to measure the magnetic field level 
at 1 meter height above the ground along a distance 
travelled. The data was collected with data logger and 
transferred to EMDEX II software to generate graphs in 
contour and 3D. This method was mainly used to record the 
magnetic field level along the perimeter of building blocks 
represented by Zone 3 to Zone 8. BSI suggested magnetic 
field level should be recorded at 0.2 meter from building 
walls that could not be done due to the obstacles from 
construction site wastes and activities [6]. Thus the distance 

of 3 meters from building walls were chosen after taking 
into account of the safety of the team members. 

 

A. Measurement Methodology in Zone 1 and Zone 2 

The spot measurement method was used in Zone 1 and 
Zone 2 due to the unlevelled geographical topology of the 
area and obstacles from construction equipments. These two 
zones were divided into ten Latitude (LA) path namely LA1 
to LA10 in order to obtain the most data out of this area as 
shown in Figure 3. Ten spots were marked for every 3 
meters for each of the LA path that will serve as the 
coordinates of spot measurement. LA8 and LA 10 have only 
8 spots due to the obstacles from construction equipment. 
Zone 1 covers area LA9 and LA10 while Zone 2 covers area 
LA1 to LA9. 

 

B. Measurement Methodology in Zone 3 , Zone 4 and Zone 
5 

Both the spot and path measurement method were used 
simultaneously in these zones. Path measurement records 
magnetic field level along the perimeter distance travelled 
around each zone. Spot measurements of magnetic field 
level were taken simultaneously with path measurement on 
the same path within 10 meters apart from one point to 
another.  

 

C. Path Measurement Methodology in Zone 6, Zone 7 and 
Zone 8 

Only path measurement method was used in these zones 
due to its low priority and time constraints. These blocks 
were located far from the source of magnetic field. If time 
and manpower were not the issues, both measurement 
methods are recommended.  

 

 
Figure 3.   Zone 1 and Zone 2 spot measurement coordinates. 



LUQMAN HAKIM MAHMOD et al: MAGNETIC FIELD MEASUREMENT FROM 132 KV AND 275 KV OVERHEAD . 

DOI 10.5013/IJSSST.a.17.41.50                                             50.4                             ISSN: 1473-804x online, 1473-8031 print 

V. RESULTS AND DISCUSSION 

Table II shows the maximum values of magnetic field 
level recorded for each zone acquired for seven days 
throughout the measurement procedures. Zone 2 recorded 
the highest value of magnetic field level of 1 µTesla right 
underneath the midspan length of the 132 kV OTL along 
path LA9. Zone 5 recorded the second highest value due to 
its position closest to 132 kV OTL. The 275 kV OTL does 
not provide significant impact to this case study because its 
ROW were not violated as much as the ROW of 132 kV 
OTL. Zones 6, 7 and 8 recorded low levels of magnetic field 
measurements as expected to their Priority 3 cluster and 
locations that are located far from both of the OTLs. Figure 
4 represents the maximum magnetic field radiation level for 
each zone.  

TABLE II.   MAXIMUM MAGNETIC FIELD LEVEL RECORDED FOR EACH ZONE 

Maximum Magnetic Field Level 
Priority 1 µTesla Priority 2 µTesla Priority 3 µTesla
Zone 1 0.38 Zone 3 0.33 Zone 6 0.16
Zone 2 1.00 Zone 4 0.23 Zone 7 0.22

N/A N/A Zone 5 0.55 Zone 8 0.20

 

 
Figure 4.   Maximum magnetic field radiation level comparison for each 

zone. 

 

VI. CONCLUSION 

 
This paper presents a practical method of magnetic field 

level measurement procedures suitable for this case study or 
any other case studies which has similar situation. Although 
there were construction activities and obstacles present 
during the measurement, the results obtained were still far 
from violating the maximum magnetic field exposure to 
public of 200 µTesla. Recording data automatically may 
consume less time compared to manually recording it in 
specific forms. Though, in order to avoid software problems 
and data loss, it is recommended to do both methods. 
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