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Abstract— A slope monitoring system is important for power utilities since its assets, especially transmission lines at high altitude
areas, are vulnerable to landslide. One of the best methods for real-time monitoring is by deploying appropriate sensors for slope
failure detection. Sensor data are gathered electronically via antenna and sent through communication channels to a centralized
location for processing. This telemetry system relies on wide area communication accessible at that location. To improve network
performance, the position of every antenna should be strategically planned to ensure data integrity. However, there are numerous
factors to be considered in the selection and deployment of communication technologies such as topography, accessibility, power
supply availability and others. Therefore, this study proposes a Geographical Information System (GIS)-based system with an
emphasis on the multi-criteria decision analysis (MCDA) for preliminary site suitability of antenna placement. The Analytical
Hierarchy Process (AHP) is used to generate an alternative decision using a multi-criteria evaluation (MCE) technique, standardized
by fuzzy membership functions. The factors are classified into five main criteria which are technical, topography, risk assessment,
land cover and accessibility criteria and then the weight is justified by the experts for final weight consensus. The criteria maps were
combined and overlaid using weighted linear combination (WLC) techniques and ordered weighted average (OWA). The results
yielded that GIS-WLC and OWA model can be integrated into MCDA to select the optimal site of antenna placement.

Keywords— Ordered Weighted Averaging (OWA); AHP; GIS; landslide; network planning.
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geographical data and value judgments or preferences to
obtain more facts for decision making [2]. GIS technologies
facilitate the decision-making process based on their
analytical capabilities with spatial information. Determining
the best location from a number of alternative locations is a
difficult and complex process. Placement selection is a type
of decision-making process that requires criteria to be
weighted and alternatives to be evaluated and ranked. The
integration of GIS and MCDM is needed to solve the
placement problem as GIS is used to handle the spatial
aspect of the problem and MCDM is used to calculate
weights of the criteria and ranking of alternatives.

The objective of this study is to determine the optimal
placement of antenna location in Cameron Highland,
Malaysia. To achieve the mention objective, the survey and
interview with the expertise is conducted and a selection of
criteria are identified. In standardization stage, a suitability
score value and fuzzy membership function are used in
preparing the criteria map for each parameter in GIS. 13
parameters from 5 category are used in this study as the
input data. The five categories are topography (Digital
Elevation Map (DEM), aspect and slope), technical (distance
from transmission tower, network coverage and solar
irradiance), landcover (population and land use), risk
assessment (landslide risk and erosion risk) and accessibility
(city, road and river network). Analytical Hierarchy Process
(AHP) is applied to determine the importance degree or
weight of each criteria input data. Ordered weighted
averaging (OWA) is applied to aggregate the criteria used in
this study.

The remainder of this paper is organized as follows.
Section 2 examines the existing research trend regarding the
antenna base station suitability placement. Section 3 explore
the study area and the methodology applied in the study,
while Section 4 discuss the results and Section 5 conclude
the studies.

Il. BACKGROUND STUDIES

Traditionally, the power flow from centralized generation
to the transmission and distribution in the load centre with
unidirectional way. Due to this, it has disadvantage such as
high in transmission and distribution loss, poor quality and
reliability supply [3].

Communication has always played a critical role in power
utility system and will become even more critical when it
comes to implementing an end-to-end and two-way open
communication grid infrastructure. Up until today, TNB
Malaysia’s electrical infrastructure grid has still remained
unchanged for more than 50 years with the objective to
deliver electricity to the customers. The electricity power
infrastructure is extremely exposed to many forms of natural
and malignant physical events, which can affect overall
performance and grid stability [4]. However, it is impossible
or too costly to deploy optical fiber in transmission grid in
some location. A wireless solution is thus sought [5]. The
concept of using wireless sensors to support substation
automation has been proposed in [6]. Nevertheless, they do
not study on how to plan the wireless communication
technology for substation automation.

Generally, there are two main issues for the antenna
placement project in the wireless local area network

(WLAN). First is on determining the best placement of the
base station (BS) and secondly, the setting of the frequency
channel for the station. Correct BS placement can reduce the
number of stations needed to cover the area of attendance,
furthermore can be minimized the installation costs. The
channel assignment determines the frequency band to be
utilized by each BS. This can minimizing the interference
signal between them and improve the network throughput
[7]. The first published paper on optimizing antenna
placement was back in 1994 [7]. Since then, there have been
a large number of approaches and method of antenna
placement problem in the literature. The base station (BS)
placement or planning cell problem, involves choosing the
position and infrastructure configuration for cellular
networks. One of the popular approaches is to use
mathematical optimization which known as genetic
algorithm (GA) [8][9]. Abdelkhalek et al. [10] present a
multi-objective node placement problem that optimizes the
antenna location concurrently with our criteria which are
communication coverage, structures’ costs, total capacity
bandwidth and minimizing the noise level in the network.
This study concludes that the number of candidate location
has a significant effect on the quality of the solution. It
increases the quality of communication coverage,
nevertheless, it generates a large interference with a high
level of noise. A similar approach with the previous study, [9]
takes signal coverage, interference and cost as objective
functions and handover, traffic demand and overlap as the
criteria. Receiving field strength testing services for all items
is calculated using simulations and path loss is calculated
using the Hatta model. However, this study only considered
a flat area to study the performance of their algorithm. Based
on the previous study on antenna placement problem (APP),
there is little attempt yet to incorporate decision support
system (DSS) and geographical information system (GIS).
One known attempt was a study from [11], where they
proposed a spatial DSS that integrate the multi-objective
optimization technique with GIS. Three main criteria for the
cell-planning approach are technical, financial and
environmental criteria. However, this study did not consider
a digital elevation model (DEM) for the conducted area to
obtain the height of the building and the building
specifications according to the sitting protocol.

There are many MCDA methods such as ELECTRE
Method by Bernard Roy [12], TOPSIS [13], PROMETHEE
[14] and AHP [15]. Analytic Hierarchy Process (AHP) has
been chosen in this study because this method provides a
practical way of converting data into decision and produce
very useful information for planning purposes. By
integrating both AHP and GIS, planners can easily adjust
and forecast the parameter or criteria to better understand the
problem at hand. The analytic hierarchy process (AHP),
introduced by Thomas Saaty in 1980, is a structured
technique for organizing and analysing complex decisions
making, that help the decision maker to set priorities and
make the best decision based on mathematics and
psychology. It has been extensively studied and refined since
then [16]. By reducing the complicated results to a series of
pair-wise comparison, and then synthesizing results, AHP
helps to capture both subjective and objective aspects of the
results. Furthermore, AHP incorporates useful techniques for



checking the consistency of decision-makers' judgments,
thereby reducing unfairness in the decision-making process
[17].

Beside AHP, Boolean overlay [18][19], fuzzy weight
overlay [20][21], weighted linear combination (WLC)
[22][23] and ordered weighted averaging (OWA) [24][25]
have been widely used in evaluating and analysis on
suitability study . In this study, Boolean overlay is used in
the restriction model the result is reduced to either TRUE (1)
or FALSE (0). It means that in each criterion, the land is
classified as either suitable or unsuitable for antenna
placement. The combining analysis in fuzzy weight overlay
quantifies each location’s possibility of belonging to
specified sets form various input raster. It reclassifies or
transforms the data values to a common scale, but the
transformed values represent the probability of belonging to
a specified. WLC makes more favourable criteria which
have a higher value of weight in the output raster and
therefore indicating these locations as being the higher
priority. OWA uses two sets of weight. The first set controls
the relative contribution of a specific criteria or factors and
the other set of weight controls the order of the aggregation
of the weight criteria [26][27].

I1l. MATERIALS AND METHODS

This section proposed the use of geographic information
system (GIS) and multicriteria evaluation (MCE) technique
to select a suitable site for landslide monitoring base stations
along the transmission tower line in Cameron Highland.
First, a brief description of the study is given followed by a
detailed description of the steps adopted in the methodology.
This includes description and pre-processing of constraint
and factor criteria and sub-criteria. Five main criteria have
been selected for site suitability analysis of the antenna base
station (BS) which are technical, topography, accessibility,
risk assessment and landcover. Based on the study and
discussion with experts from various field of disciplines, 13
sub-criteria and 4 restricted areas were identified. The
generated thematic maps of these criteria were standardized
using Fuzzy membership. For weight evaluation, pairwise
comparison matrix known as analytical hierarchy process
(AHP) is used. A weight for each criterion was generated by
comparing them with each other according to their
importance. With the help of these weights and criteria, the
final site suitability map was modelled using Ordered
Weighted Average (OWA).

A. Study Area

The study area was conducted along 275kV TNB Jor-
Bintang transmission line in west Cameron Highland, which
consist of 44 tower pylons as shown in Fig. 1. The average
elevation is 1,180 m above mean sea level. The highest
elevation from mean sea level is 1615 meter with hilly is
primarily covered by tropical rainforests. The annual rainfall
in Cameron Highland is recorded at very high which can be
up to 3000 mm yearly and during the monsoon season, with
the highest single-day rainfall that was recorded ranged from
87 to 100 mm. As a result, many streams and rivers overflow,
and landslides such as debris flow may arise along the river
basin [28].
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Fig. 1 (a) Study Area; (b) Close-up of the study area together with the
transmission tower and the boundary; (c) elevation map of the study area; (d)
A study area taken from Google Earth TM.

Generally, Cameron Highland is an environmentally
sensitive area where many land development activities such
as agriculture, agro-tourism, property development and road-
widening projects had been carried out and some are still
ongoing to-date [29]. The study conducted by [30], shows
that there are 13 identified towers located at high risk
landslide area while 22 towers located at high risk erosion
area. Furthermore, this area has been selected as a study area
as it has the combination of hilly and forest landscape with
low population density and small settlements. Hence, this
area of interest is deemed as the most suitable pilot area to
represent transmission line in Malaysia.

B. Methodology

The integration of Geographical Information System (GIS)
and Multicriteria Decision Analysis (MCDA) can be
regarded as a method that transforms and combines
geographical data and value judgments or preferences to
obtain more facts for decision making [31]. In this study, a
suitability analysis is used to support decision making in
planning to find the optimal location of the antenna tower.

The proposed framework of this study is presented in Fig.
2. In order to identify the suitable antenna placement in
Cameron Highland, the integration of multi-criteria decision-
making approach and GIS was utilized. In summary, the
proposed methodology includes the following stages:

1) Define the problem - To find the optimal location of
cellular antenna tower.

2) Determine the criteria (factors and constraints) - The
characteristic of the chosen criteria reflected to the desired



location as close as possible. The chosen criteria should be
measurable. The main criteria for this study are:

. Technical

. Topography

. Risk assessment

. Accessible to site

. Landuse

4 constraints have been adapted in this study which are
clearance buffer distance from every transmission tower,
river, reservoir and lake.

3)  Standardize the criteria scores - The Fuzzy
Membership tool reclassifies or transforms the input data to
a 0to 1 scale based on the possibility of being a member of a
specified set. 0 is assigned to those locations that are
definitely not a member of the specified set, 1 is assigned to
those values that are definitely a member of the specified set,
and the entire range of possibilities between 0 and 1 are
assigned to some level of possible membership (the larger
the number, the greater the possibility).

4) Prioritization method — At this stage, the criteria
weighting is produced using Analytical Hierarchy Process
(AHP) In this pairwise comparison, AHP method is used to
weight the criteria. A matrix is constructed where each
criterion is compared to one another, relative to its
importance with a scale from 1 to 9.

For the restriction model, where a few restricted areas
should be excluded from the model based on legal restriction
or due to environmental or infrastructure factors. The
constraint criteria data was then converted to a Boolean map
by assigning an index value of 1 for suitable antenna
placement, while 0 for the least suitable.

5) Aggregate the criteria — Ordered Weighted Average
(OWA) methods is adapted in this stage. OWA uses a class
of multi-criteria operators and involves two sets of weights
that are criterion weights and order weights. A criterion
weight is assigned from AHP technique to a given criterion
or attribute for all locations in a study area to indicate its
relative importance, according to the decision-maker’s
preferences, in the set of criteria under consideration.

The order weights are associated with the criterion values
on a location-by-location basis. They are assigned to a
location’s attribute values in decreasing order with no
consideration of the attribute source of each value. The re-
ordering procedure involves associating an order weight
with a particular ordered position of the weighted attribute
values. The first order weight is assigned to the highest
weighted attribute values for each location, the second order
weight to the second and so on.

The determination of optimum location of antenna
placement for landslide monitoring along transmission line
depends on the comprehensive and correct understanding of
factors and how to select them. In this study, the selected
factors are based on various research studies and expert
opinions. The criteria related to this study as shown in Fig. 3
which are Technical, Topography, Accessibility, Risk
Assessment and Landcover together with their sub criteria.
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In Fuzzy membership assignment, all continuous variable
data were directly fuzzified using 2 types of fuzzy classes
which are large and linear fuzzy function. For categorical
data need to have a pre-processing step. First, using the
reclassification method (reclassify tool) in order to attribute
numeric values to specific category and to further divide the
result by a factor to normalized the output values to be
between 0 and 1 (divide tool).

In determining the weight of the criteria, AHP is used to
estimate the weight of the criteria, and then these weightings
were implemented on their maps’ layer within GIS to
produce the suitability index map for antenna placement in
Cameron Highland. The experts’ opinions and literature
review were considered in assigning the weight of each
criterion as well as the suitability values of each of the sub-
criteria. Table 1 represents the criterion weighting defined
by the AHP method.



TABLE 1

THE CRITERION WEIGHTING DEFINED FOR THE AHP METHOD

Normal
Criteria Levl | Sub-criteria Lev 2 ized
weight
1 Technical 44.68 Distance from 2654 | 0.118
Tx. Tower
2 Network 67.16 | 0.300
Coverage
3 Solar 6.29 0.028
4 Topography | 25.69 | DEM 75.14 | 0.193
5 Aspect 7.04 0.018
6 Slope 17.8 0.046
7 Landuse 3.22 | Population 35 0.011
8 Landcover 65 0.021
9 Risk 20.89 | Landslide 75 0.157
10 Erosion 25 0.052
11 | Access 5.51 | Road 61.53 0.040
12 River 6.60 0.004
13 City 31.87 | 0.010

A Ordered Weighted Average (OWA) is used in this
study for aggregation stage. This method is a generalization
of the Boolean coverage operations and Weight Linear
Combination (WLC). The weight averaging technique is a
complete spectrum of space strategy decision which in turn
conveys the primary gradation dimensions between the
involved criteria and risk-taking measure [32].

Fig. 4 demonstrates the Decision Strategy Space where x-
axis represents the risk which indicates a maximum caution
that is extended from zero risk to the point where the risk
factor has been accepted in a complete manner. y-axis
represents the trade-off between criteria that extends from no
trade-off to the maximum trade-off. The trade-off is defined
as a degree that a criterion can compensate on the other
criteria. In brief, OWA method can produced a wide range of
different and predictive maps by vary its criterion’s order
weight. As a result, this method allowed the decision makers
to gain a wealth of possible solution for different
management strategies.
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Fig. 4 Decision Strategy Space in Ordered Weight Average (OWA) [33]

OWA involves two vectors of weights, which are criterion
importance weights (w;) and ordered weight (v;). The
importance weight, w; is assigned to the jth criterion map
(attribute) for all locations to indicate the relative importance
of the attribute according to the AHP result preferences. The

order weight, v; are associated with the criterion values on a
location-by-location basis. Ordered weights assigned to the
ith location’s attribute value are in decreasing order.
Regardless of the location value, the criterion map values
can be measured.

For a given set of criterion maps, OWA is defined as a
map combination operator that associates with an ith
location (raster or point) of order weights such that for j =

1,2,...,nand , X%_; v; = 1 and is defined as [24]:

n
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Where zi1 > zjp .... > z;j is obtained by reordering the
criterion values Xi1 , Xiz, .... .Xin and u; is the reordered jth
criterion weight, w;

The operator OWA consists of two main characters which
indicate the behaviour and position of an operator. There are
ORness and trade-off relation measure. ORness defines the
location of the operator OWA between the relation AND
(minimum) and OR (maximum). ORness also act as an
indicator of the risk-aversion and risk-taking of a decision-
taker [2].

ORness is defined as:
n
1
ORness = —Z(n —)v; (2)
n—14 4
1=

ANDness is defined as:
ANDness = 1 — ORness (3)

Whereas, trade-off, the second character of operator
OWA shows the exchange measure of effectiveness of one
index from the other indexes and is defined as:

n 2
n i 1 ; (UE B %) “

Trade-off measure specifies the degree of compensation
or substitutability between criteria. It indicates the
compensation of low values on one criterion by high values
on another criterion [2].

In this study, 13 order weights were applied
corresponding to the 13 criteria that were rank-ordered for
each location. The modified factor weights were calculated
and applied for 7 different scenarios:

i. Scenario a — Maximum level or risk and no trade-off.
This is the most optimistic scenario where the decision
results lead to the maximum risk with the lowest
recoverability. The total weight is allocated to the last
ordered ranking.

ii. Scenario b — High level of risk and small trade-off.

iii. Scenario ¢ — Relatively high level of risk and some
trade-off.

iv. Scenario d — Average level of risk and full trade-off.

Trade of f =1 —



v. Scenario e — Relatively low level of risk and some
trade-off.

vi. Scenario f— Low level of risk and small trade-off.

vii. Scenario g — Minimum level of risk and no trade-off.
This state is very pessimistic condition, where the
scenario leads to the worst decision state. In this
scenario, the highest values present in each criterion are
selected.

Next, the suitability maps for antenna placement was derived

using weight overlay method.

IV.RESULT AND DISCUSSIONS

Ordered Weighted Average (OWA) is used in this study
for aggregation stage. As stated in previous section, OWA
employs 2 sets of weights. The first set was from AHP
where it represents the relative of the factors. This pairwise
comparison technique lessens the complexity of the decision
problem by evaluating the relative importance of the two
criteria at one time to build flexible hierarchies of decision
criteria.

The second set is ordered weight where the assignment of
weight is according to a pixel basis. This ordered weight will
then be applied to the criteria in GIS. By varying the ordered
weight, OWA generates an aggregation results where the
decision rules or scenario would fall in a triangular decision
space between ANDness operator (risk averse) and the
ORness operator (risk taking).

In this study, 13 order weights were applied
corresponding to the 13 criteria that were rank-ordered for
each location. The modified factor weights were calculated
and applied as in Table 2 for 7 different scenarios as
presented in previous section.

TABLE 2

ORDERED WEIGHT OBTAINED FROM 13 CRITERIA WITH 7 SCENARIOS

o Scenario
Vi Criteria
a b c d e f g
1 |Nework 0 | 0887 | 0.548 | 0.077 0002 | 0000 | 1
Coverage
2 |DEM 0 | 0.045 | 0.155 | 0.077 0.027 | 0.001 0

3 | Landslide 0 | 0.026 | 0.104 | 0.077 0.087 | 0.013 0

Distance
4 | from Tx. 0 | 0016 | 0070 | 0077 0.152 | 0.059 | ©
Tower
5 | Erosion 0 | 0.006 | 0.029 | 0077 0.105 | 0.067 | ©
6 |Slope 0 | 0005 | 0.025 | 0077 0.116 | 0.100 | ©
7 |Road 0 | 0004 | 0.021 | 0077 0124 | 0137 | ©
8 |Solar 0 | 0003 | 0015 | 0077 0.101 | 0135 | ©
9 |Landcover | O | 0.002 | 0.011 | 0077 0.083 | 0126 | 0
10 | Aspect 0 | 0002 | 0.009 | 0077 0.078 | 0131 | ©
11 |Population | 0 | 0.001 | 0.006 | 0.077 0.052 | 0.093 | ©
12 | City 0 | 0.001 | 0.005 | 0077 0.050 | 0.095 | ©
13 |River 1 | 0,000 | 0.002 | 0077 0.022 | 0044 | ©
Orness 1| 0974 | 0887 | 0500 (0484 | 0381 | O

ANDness 0 | 0.026 | 0.113 | 0500 o516 | 0619 | 1
Trade-off 0 | 0122 | 0464 | 1000 0841 | 0967 | ©

The possibility suitability maps derived by OWA method
according to 7 different scenarios above presented in Fig. 5.
Fig. 5 demonstrates a decision alternative set of continuum
produces a risk-taking solution. Fig. 5 (b) and (c) falls
between WLC and OR where some trade-off is allowed. The
suitability for antenna placement resulted more to the
network coverage and line of tower area.

Referring to Table 2, by increasing the value of ORness
(from 0.5 to 1), represents an increasing degree of optimism
and decreasing level of trade-off among criteria. This
implies that bigger probabilities are given to the higher
criterion value at a given location at the expense of assigning
smaller probabilities to the smaller criterion values at the
location.

A comparison of corresponding maps in Fig. 5 (d), (c), (b)
and (a), indicates that with the increasing the ORness
(optimism), the areas that could be recommended for
antenna placement become larger. Fig. 5 (a) is associated
with the OR operator and produce a risk-taking solution. The
suitable areas for antenna placement have a very large
spatial extent and it includes almost all the study area
exclude the constraint. This OR solution provide high risk
with no trade-off.

The solutions with decision alternative shown in Fig. 5 (d)
and (h) are the average and WLC solution respectively. Both
fall in the middle of the risk continuum and they are neither
risk averse nor risk taking solutions (risk neutral). However,
the average solution, Fig. 5 (d) generate slightly different
result compared to WLC as in Fig. 5(h). The average
solution indicates that antenna placement location is more
specific compared to WLC.

Fig. 5 (g) demonstrate a decision alternative associated
with AND operator and produce risk-averse solution and
referred as pessimistic strategy. In this strategy, a probability
of 1 is assigned to the worst-case scenario which implies that
no trade-off between evaluation criteria. Increasing the
ANDness value corresponds to the increasing the degree of
optimism as well as increasing the trade-off value among the
criteria.

From the result, the most suitable area for antenna
placement are located in the network coverage area only.
The legends in map (g) represent a measure of antenna
placement suitability where the possibility is observed on a
scale range from 0 to 1. As stated in Table 2, the value of 1
for ANDness suggest that the solution coincides with the
AND while 0 value for the ORness suggest that the solution
is the most distant from OR. This decision produced zero
trade-off.

The decision alternative shown in Fig. 5 (e) and (f) is
associated in between ANDness and average solution. At
this alternative, the risk is increased in the solution and
generates an increase area for antenna placement compared
to (g). This solution produced a trade-off value of 0.85 and
0.9. Compared to decision in (€) and (f), result in (e) give a
very specific compared to (f). However, result in (f) can be
used if one decides to build the antenna at those area.
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Fig. 5 Suitability Maps for Antenna Placement Derived by OWA Method

By using OWA method, it allowed the decision maker to
evaluate several solution and alternatives by considering the
risk and trade-off. It also permits the criteria to be
differentially weighted and to trade off with each other. In
this study, scenario () is chosen as the best solution where
the value of ORness is 0.4845 and ANDness is 0.5155 with
the trade-off equal to 0.8409. This is a moderately optimistic
strategy.

The result obtained from the overlay process, were then
multiplied with the constraints or restriction map to masked
out restricted area. Based on the overlay method obtained,
the suitability layer maps were originally categorized using 0
to 9 classes. Area with suitability index from 0 to 5 can be
generally considered as not suitable for the antenna
placement. Region with grade ranging from 6 to 9 are
expected to be the best location for antenna sitting. In this
study, the suitability of the four clusters are identified as less
suitable, moderately suitable, suitable and suitable. The
suitability maps are shown in Fig. 6.

The suitable map layer indicated higher suitable location
is in the northern region of the study area and along the
transmission line. Northern region has higher elevations with
the maximum height 1680 m are usually suitable for antenna
placement.
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- Most Suitable

35 7km

Fig. 6 Suitability Map for Antenna Placement using OWA

The result form OWA method shows that, even though
the trade-off is not fully 1, the result demonstrate that the
objective is not necessary to find an optimal solution for
antenna placement but to explore other strengths associated
with the weighting flexibility.

V. CONCLUSIONS

This study presents an application of GIS-based multi-
criteria evaluation approach in determining a potential
placement for antenna base station location in Cameron
Highland, Malaysia. In particular, the case study has
presented an application of a combination of AHP and OWA
aggregation procedure to generate a wide range of decision
alternatives for antenna suitability placement problems.
Result based on OWA evaluation studies demonstrate that
OWA method allowed the decision maker to control over the
risk and trade-off by altering the weight of the criteria.

- Moderately Suitable
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