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Abstract

Transmission route selection needs to determine in order to have the best route for the transmission line. This paper presents a few
alternative transmission line routes together by using cost path analysis application, minimizing and avoiding propose new located tower
in landslide hazard area. The conventional route planning method usually only take into considerations of topographical such as gradient
and curvature. This method unable to sustain the environment. This study can take into consideration of many factors that related to
Environmental Sensitive Area (ESA) such as prone to landslide area, forestry area, land cover and land use. Different influence factor
that assign to the weightage will resulted to different output of the suitability map. This study will have used nine Environmental
Sensitive Area (ESA) factors, and using three difference influence factors that will optimize the result of the suitability map.
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1. Introduction

The purpose of Environmental Sensitive Area (ESA) Safe and
Intelligent Transmission Route Finder (ESASIRF) for
transmission line is to generate a few alternative transmission line
routes by using cost path analysis, by using this analysis, it can
minimize the propose location tower that situated in landslide risk
prone area, and can spot the tower in best cost area and avoid
landslide risk area. These study will provide safe, reliable
electrical service to its customers in Kelantan in the most efficient
and cost-effective manner. The new transmission line and
substation will also provide improved operational flexibility in
conjunction with future generation resources especially in utilities
planning.

The traditional route planning method usually has been based on
topographical considerations. This approach is unable to take into
consideration of other factors. Geographic Information Systems
(GIS) in planning react as an important technology to integrating
and analyzing a large amount of geospatial data. [1,2,3] and [4].
With the mass development, it is very important to plan the
uitilities and transportation in order to achive beneficial
economic,social and environmental effects [5].

Since 1980’s, GIS integrate with multi criteria decision making
method has helped in planning process [6]. By using the GIS
technology and multi criteria decision making method, its helps in
comparison of diferrent criteria, and also in the planning process
and decision making in conflicting decisions. The application of
GIS and multi criteria decision making has helped as a guide for
decision makers towards actualizing a desired choice in making a
decision [7]. In order to make route path planning and evaluation
operational, they must be conveyed to decision makers in the most
efficient and transparent way.By using GIS technology and multi-
criteria analysis in decision making has helped the decision
makers in solving problems.This means that the framework

adopted during the evaluation must be made explicit so as to allow
tracking of the influence of each factor on the evaluation results.
This is optimally achieved with the use of GIS and multi criteria
decision making [8].

In Geographical Information Sytems (GIS), the techniques for
determine the best solution for the routing of power lines and
other linear infrastructures is by using least cost path analysis
(LCPA). LCPA analysis can help the user to find the cheapest path
from one point to another point through a cost surface that
generated from the GIS.The cost surface is represented by a raster
map in which each cell is given a cost that defines how
“expensive” it is to pass through that cell. LCPA can be process
by generating an accumulated cost surface, on which a route can
be determine that goes from a starting point to the destination
point [9]. The accumulated cost surface is generated from the cost
surface, by calculating the cumulative cost of each cell from the
starting point. The procedure is performed by an algorithm that
searches, among the starting point™s neighbouring cells, that with
the lowest value. The selected cell now becomes a starting point
and its neighbouring cells are checked to identify the one with the
lowest value.

The least cost path analysis between the starting point and the
destination point is accumulated by using cost surface analysis, the
analysis choosing cells at decreasing value [10]. After [11] somel
algorithms have been proposed for the implementation of LCPA
in raster-based GIS [12,13]. All criteria that affect the selection of
the routing is calculated by using the cost surface analysis through
a multicriteria evaluation [14]. To minimise the impacts caused by
the construction and the operation of the infrastructure .The
criteria should reflect the objectives of the designers.

In order to achieve beneficial economic, social and environmental
outcomes the environmental sensitive area concepts that have been
introduced as part of development consideration in Malaysia will
be integrated in this paper. The selection of the route planning
will be combined with landslide susceptibility mapping (LSM) for
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the prediction of future hazard, decision making and hazard
mitigation planes [15]. LS modeling is divided to two methods
which are qualitative and quantitative methods. The degree of
objectivity shows the differences of this both methods.

The qualitative methods depend on the knowledge and previous
experience of the experts, [16] and the use of index or parameter
maps [17,18]. The quantitative methods is on the relationships
between conditioning factors and landslide occurrence accordingly
on the numerical index,geotechnical engineering approaches
[19,20], statistical analysis [21,22,23], as well as new interesting
approaches of LS assessment such as artificial neural network
(ANN) and neuro-fuzzy logic methods [24,25]. Some qualitative
approaches however incorporate the idea of ranking and weighting
the parameters involved, and may turn to be semi-quantitative in
nature [26,27]. The use of quanlitative methods should not be seen
as an easier option than the quantitative methods. Qualitative
methods are of value where the available resources or data dictate
that more formalized quantitative assessment would be
inappropriate or impractical [28]. It is also worth emphasizing the
quality of a landslide risk assessment, is related to extend of
hazards are recognized, understood, and explained, which is not
necessarily, related to the extent to which they are quantified [29].
The concept the have been explained through literature review
give some outline to author for the guidance of minimising the
risk in development planning of transmission route and managing
the asset from the landslide risk. Based on that, these paper will
present the potential of integrated system using Geographical
Information System (GIS) technology to devise an intelligence
approach for route planning in that particular environmental
sensitive area especially the area prone to landslides. This
environmental sensitive area (ESA) safe and intelligent route
finder (ESASIRF) for transmission line can generate a few
alternative transmission line routes within a corridor alongside a
cost path analysis application, minimizing located tower in
landslide risk prone area and adding tower spotting capabilities in
best cost and low landslide risk.

2. Methodology

The GIS based approaches for route selection is important to de-
termine the affecting factors to utilize the relative rankings and
weights. The area that involves the proposed route should be lim-
ited and identified for collecting and assembling the data of the
area. Fig. 1 shows the schematic representation of the methodolo-
gy. Each of the components has been discussed in detail.

2.1. Selection of Factors Affecting the Route and Land-
slide Hazard

The first step in routing process is the selection of spatial and non-
spatial factors affecting the transmission route. When a new
routing process is initiated, the list of multiple variables has to be
decided first and then the criteria by which these variable
constraint the routing process. The criteria refer to the rules which
the route should abide to. In general the following factors were
found to be more important and are addressed in greater detail in
this work are avoid areas with steep slopes, avoid road crossings,
but proximity to the roads should be high, avoid railway crossings,
avoid river crossings, avoid prohibited areas (cities, towns,
reservoirs), avoid reserved forest areas, avoid areas with high land
cost and avoid unfavorable soil type.
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Fig. 1: The schematic representation of methodology
2.2. Data Sources

In this study,there area 6 types of data have been selected as the
conditioning factors on landslide susceptibility.This data is
selected based on the avaibility of the data and the nature of the
study area.Elevation, slope, aspect, precipitation, lithology and
land cover consist of continuous data, all this data need to be
classified into five clases. The others data that been used in this
study is elevation, slope, river, existing transmission line and road.

2.3. Data Processing

The analysis contains three main stages which are for land use
purpose, analysis method in order to meet the land use purpose
and acceptance purpose result of analysis after confirmation of the
system. Basic assessment is used to assess relationship between
land use site suitability factor for each environment need for the
development and the conservation will affect that development.
The criteria value in every level of hierarchy is based on the com-
parison matrix. Weighting factor for every criterion is different
according to its need and counted as normalization component.
This process will be repeated at every level hierarchy.

A weighting system has to be devised for weighing each of the
map layers to develop different route. The weighting system forms
the backbone of the methodology. The weighted layers are all
summed up to form suitability layer. As mention, different
weighting ratings are assigned to develop different route according
to the client’s priority and the type of land use or land involved.
Lower rating indicated the most preferred route for the route selec-
tion and vice versa. This weighting system can also be assigned
by referring to the type of land use or land involved. It is known
that compensation cost of rubber estate area is higher than second-
ary forest. If the compensation cost is higher, the area is less pre-
ferred and a higher rating will be assigned according to the
weighting system. Beside the cost of the land, the weighting also
be refer to the landslide risk which the risk of landslide must be
lower to reduce the construction and maintenance cost. The multi-
criteria decision making has been used to derive weightages for
the thematic layers. The suitability layer is analyzed for the opti-
mal route. Every factor divided into 6 key major parameter and
sub-parameter that analyzed using six scale namely 5 (high), 4
(medium height), 3 (medium), 2 (medium low), 1 (low) and 0
(unlisted) to calculate the degree of impact (Vi) for each parameter.
Regional analysis assessment is used to determine landslides
hazard zonnation by extracting relevant parameters from remote
sensing image. Valuable parameters such as land use zone,
lithology, lineament (geological structure), groundwater level,
weather condition (precipitation), vegetation cover, topography
and geomorphology are determined based on satellite imagee and
secondary measured data. Each of the parameters layers will be
transferred to ArcGIS to develop the layer for geohazard
zonnation and risk assessment especially for landslide and factor
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of safety. GIS application for the slope stability analysis of an area
refers to the hazard zonations, which are basically the division of
land surface into areas and ranking of these areas according to
degree of actual or potential hazard of landslide or other mass
movement on a map displaying them spatial distribution of the
hazard classes. Generally the factor of safety for slope failure in
regional scale are commonly using the infinite slope method that
can be simplified and can be easily applied for preparing the
hazard zonation. It is essential to understand the forces acted on
slopes which is the driving force and the resisting force which
prevent the slope failing. FOS is the ratio of resisting forces to
driving forces. In these particular reasons, parameter as Table 1
and FOS equation is used and are analysed using geographic
information system.

C+(y-my,, )ZcosPcosPtand

FOS = YZsinpcosp (1)

Table 1: The variable definitions, units and probable value ranges.

A GIS system for analysis of route was favored because it can
perform optimal route predictions based selection by incorporating
multiple influence factors into its analysis. These influence factors
are grouped into common viewpoints or perspectives addressing a
common data theme or point of view such as landslide, slope, road
and others. In this project, the weightage used to generate route is
based on Table 2 which is according to client’s needs and priority.
A higher percentage of influence factors indicate the priority of
avoiding an area with high percentage of influence. As an example,
if client’s priority is to avoid area with high risk of landslide, the
influence factor for landslide is highest.

Table 2: Influence factor for route selection

Item Route 1 (%) Route 2 (%) Route 3 (%)
Landslide 10 10 10
Slope 9 5 10
Road 8 10 5
River 8 5 5
Railroad 8 5 5
Land Use 8 5 25
Elevation 10 10 15
Powerline 30 45 10
Cadaster 9 5 15
TOTAL 100 100 100

Symbol Definition Units VRIS
Range
C Cohesion kN/m’ 0-250
I Unit weight of slope material kN/m’ 12 -22
Vw Unit weight of water KN/m’ 9.81
7 Thickness of slppe material above m 1-20
the slide plane
Thickness of saturated slope
Zw material above the slide plelt)ne m U
Vertical height of water table
m above the slide plane, expressed as | dimensionless 0-1
a fraction of total thickness
Slope of the ground surface which 1 -40
B is assumed parallel to the slope of degrees
the failure plane
(%] Internal angle of friction degrees 22 -46
S Shear strength kN/m®
T Shear stress kN/m”
> Normal stress KN/m’
M Pore water pressure KN/m®

Dijkstra's algorithm are used in routing process. For a given
source vertex (node), the algorithm finds the path with lowest cost
(i.e. the shortest path) between that vertex and every other vertex.
It can also be used for finding costs of shortest paths from a single
vertex to a single destination vertex by stopping the algorithm
once the shortest path to the destination vertex has been deter-
mined. For example, if the vertices represent cities and edge path
costs represent driving distances between pairs of cities connected
by a direct road, Dijkstra's algorithm can be used to find the short-
est route between one city and all other cities. As a result, the
shortest path first is widely used in network routing protocols,
most notably IS-IS and OSPF (Open Shortest Path First).

Data processing will be process based on factor that will affected
the route. Fig. 2 shows the process for generating features map
such as road, forest, towns, slope and land cost. The process
involving the converting of vector data to raster data and later
need to be reclassified. The result from zone of influence will be
calculate landslide hazard map and cost maps.
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Fig. 2: Overview of layering process and generating landslide hazard map
and cost map

After identifying the alternative sites, selection of the most
appropriate site can be made by consideration of multi-criteria
imposed based on client need. Multi-criteria decision aid
supporting the choice among a set of alternatives described by
values for criteria. This study has selected three types of routes in
generating alternatives. Using spatial analysis model, all three
types of routes will be evaluated against the set criteria in order to
selecting optimum route (as Table 2). It is important to note
however, that the analysis need to provide the capability to
maximized the output to connecting strategic locations and
maximizing network. The three proposed route alternatives are
evaluated on the basis of the criteria discussed above. Decision
rules provide the basis for sorting and ranking the decision
alternatives under consideration of route attributes and user
preferences. The application of final step for multi-criteria
procedure have be presented as in Table 2 for criteria and
alternatives. The decision maker selects the suitable score for each
cell in the mention Table 2. The normalized sum computes the
sum of all factors for each alternative. Which, the higher values
are preferable than smaller values in selecting the preferred
alternative.

3. Result and Discussion

Landslide Hazard Map (LHM) was prepared on the basis of slope
map, aspect map, land use map and geological map with the help
of ArcGIS using weighted overlay method. The cell size was
using is 30 m in this study area. Slope and aspect map of the study
area was developed from Digital Elevation Model (DEM).
Landslide hazard map is generated in GIS software where it
counts pixels and classify them into 5 classes. The 5 classes are
very high risk, high, medium, low and very low risk.All para-
graphs must be justified alignment. With justified alignment, both
sides of the paragraph are straight.

The percentage of area involve in one classes is calculated and a
graph is generated using ArcGIS 10.0. Landslide map of the area
varies from 1 (Very Low Risk) to 5 (Very High Risk) giving the
mean landslide of 2.24 which falls into low risk of landslide.
Most of the study are are classified as low in landslide risk which
is 65.904% while only 0.0003% categorize as very high risk of
landslide as Table 3. This indicates that the area is suitable for any
construction due to low of landslide risk. Landslide hazard map
are represent as in Fig. 3.
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Fig. 3: Landslide Hazard Map and percentage of landslide of the study
area

Table 3: Percentage of landslide risk in the study area

Risk Count P er‘"{f/‘:)tage
Very Low 309118 5.1874
Low 3930591 65.9604
Medium 1678696 28.1707
High 40595 0.6812
Very High 18 0.0003

Hence for calculation and modelling of factor of safety through
geographic information system (GIS), Digital Elevation Model
(DEM) was prepared from converting the TIN to raster using the

£ ———

Fig. 6: Slope Map for study area
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Fig. 7: Factor of Safety Map for study area

. . . Table 4: Result of FOS generated using ArcGIS for study area
cell size 30 m (Fig. 4). Elevation of the study area ranges from 20 Safety Factor Slope Stability Count Percentage
m to 2000 m above the sea level. 1.00 < FOS < 1.25 Quasi stable 6503 0.08
1.25 <FOS < 1.50 Moderately 119568 150
stable
FOS >1.50 Stable 4947666 62.19
NoData/Flat Area More Stable 2882311 36.23

Fig. 4: Triangulate Irregular Network (TIN) for study area

This grid has 3994 rows and 1992 columns, covering the area
between 389992.429986 m to 449752.429986 m Easting and
450000 m to 569820 m Northing (Fig.5). Slope map of the study
area was developed from DEM. Slope of the area varies from 00°
to 84.4373° giving the mean slope of 13.64° (Fig. 6). Fig. 7
shows the Factor of Safety (FOS) map that has been generated
using formula and parameter as Table 1, which the lowest FOS of
area is 1.07973 as shown in Table 3.
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Fig. 5: Elevation Map for study area

The three alignments route generated using the GIS application
fulfilled all nine (9) criteria as Table 2 and thus, the selection of
the transmission line route should not be solely based on the
shortest route as Fig. 8. The construction cost should be put into
consideration before deciding the best transmission line route.
Three costs are normally taken into account in the construction of
a transmission line route, namely the wayleave, construction and
survey cost.

RAOUTTE 1
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Fig. 8: Factor of Safety Map for study area

The cost comparison in these study using total cost, wayleave cost
and survey cost. Fig. 9 shows the comparison of cost among the
three alignments, generated by both the GIS and conventional
method. The total cost using cost path technique in GIS for
Alignment 1, 2 and 3 are RM 21.891 millions, RM 19.257
millions and RM 18.849 million respectively. The total costs for
Alignment 1, 2 and 3, generated using conventional method are
RM 21.690 millions, RM 26.970 millions and RM 27.970 millions
respectively. Based on the total cost comparison between the three
proposed route, Route 3 required the least cost with a distance of
47 km followed by Route 2 with distance 47 km and Route 3
which required the highest cost despite being the shortest route
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among the three route. However Route 1, the alignment of the
route through dense forest and require large or wide ROW.
Conventional methods shows, the total cost for Route 1 incurs the
least cost compared to Route 2 and 3. This because Route 1
requires more ROW 1 chain than ROW 2 chain. ROW 1 chain is
only 20m wide whereby the ROW 2 chain is 40m wide, double the
width of ROW 1 chain, subsequently increase the land acquisition
cost, survey cost and site clearing cost. Practically, ROW for
transmission line going through the forest area is the ROW 2 chain,
as this will protect the safety of the transmission line from the
surrounding trees
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2189
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| 2169
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20.00

1814

15.00
W Survery Cost (RM in million)
10.00 = Total Cost (RM in million)
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0.00

1 i 2 i 2 1 2 i 3
Fig. 8: Cost for transmission alignment options of Nenggiri — Lebir

4. Conclusion

The GIS based analysis as applied on the present case study
demonstrated that; multi-criteria approach is recognized to be used
as a tool for the optimum route selection by considering different
factors those affecting decision-maker selections. Furthermore,
saving of money, time and effort.
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