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Abstract: Various algorithms have been developed to deal with the task of
finding the optimum path on either the plane surface (2D), in the 3D space,
or on the spherical surface as approximation of the Earth. The purpose of
this paper is to utilize remote sensing tools along with the shortest path
finding algorithms to find the optimum path convenient for establishing a
motorway (bridge or tunnel). The route would provide a connection linking
two geographical realistic locations on Earth's surface. The route may
consist of several connected constituent segments passing over or under
varying depth water or varying height hills and mountains. The coordinates
of the route segments are three-dimensional and determined according to
some costing criteria and topology constrains. The suggested approach
embeds the Google Earth (or similar one such as ArcGIS) software to
retrieve the geographical location, defined by its latitude, longitude and
altitude, of each point included in the work area. Dijkstra’s algorithm has
been adapted and embedded with the application to obtain the optimum path
according to proposed costing function. The suggested approach has been
tested and applied to the proposed causeway and bridge of King Salman as
case study. Investigating the obtained results shows that the yielded path is
accurate and meets the specified weighting criteria.
Key words: Google Earth, Dijkstra’s algorithm, Shortest Path algorithms,
Geographical Information Systems.
1. INTRODUCTION
Most of Geographic Information Systems (GISs) deal with the problem of
finding the optimum path between two geographical locations. Hereby, optimum
path can be explicated as the shortest, least expensive or fastest path. When the space
to study is a plane surface, the task of finding the optimum path will be relatively
simple and can be regarded as an instance of the well-known Travelling Salesman
Problem (TSP) [1,2]. Mathematically, this problem can be simulated and modeled
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as a graph, where the locations are the nodes while the cost of travelling between
two locations is represented as weight on the segment. The goal is to find all the
probable paths and determining the one with the minimum accumulated weights.
TSP can be solved in a model of computation based on a shortest path algorithm
such as Dijkstra's algorithm.
When working with 3D space, the problem is then regarded as class of the
Euclidean shortest path problem. Here, we can consider the 3D space as a network
or grid with finite number of spots enclosing a set of polyhedral obstacles in a
Euclidean space. The goal is to find the shortest path between two selected points.
The path consists of successive straight line segments. Such path has two different
conditions: the first one is the restriction that the path does not intersect any of the
obstacles, and the second is when it is mandatory that the path intersects some of the
obstacles. Mathematically, the second case is a generalization of the first one where
we can consider the 3D space as a set of finite number of polyhedral obstacles.
Hereby, the cost of intersecting with any of the obstacles varies from 0 to ∞
according to the specified costing function. When the cost of intersecting an obstacle
equals ∞ this means the path must not intersect that obstacle and this leads to the first
case. Accordingly, we can consider the first situation is a special case of the second
one.
The path connecting two spots, when moving on spherical surface, is not
straight-line segment any more as in the 2D and 3D surfaces. In such case, it is the
orthodromic distance passing through them. Regarding spots on the real surface of
Earth, they are not always lying on the surface. Instead, the spot can be far above or
under the sea level when it represents a portion of a mountain or a sea bottom
respectively. Consequently, the line segments connecting the spots cannot be equally
costed according to their lengths only, but another factor should be considered and
take place in the costing function. For example, when establishing a causeway or
bridge passing over a strait or a river, it will be carried on a number of pillars. The
relative cost of each individual pillar does not depend on its size only but on its depth
under water also.
In geographical field, insufficient geospatial information leads to poor
decisions. The current paper discusses a new approach for finding the optimum path
required for establishing a bridge or tunnel passing, in its some parts, over river or
strait connecting two spots. The path consists of straight line segments taking into
account the following considerations:
• The longer the route the greater the cost and the possibility of an impact on the
geology /hydrogeology.
• The deeper the bottom of sea water along the line of the proposed route the
greater the cost and the sophisticated construction technology required.
• The vertical clearance from the sea surface to the soffit of the bridge needs to
provide for navigation requirements for vessels using the river or the strait.
• The horizontal navigational clearances between the piers should be provided
and it should be sufficient for the type of traffic expected.
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• The yielded route is primarily controlled by politico- socio-economic

parameters, structural parameters and geotechnical parameters. Accordingly,
some spots, within the work area, will be classified as obstacles and their costs
will be set to ∞ to be avoided in the explored path.
Establishing such path requires providing the digital terrain information
(latitude, longitude and altitude) for each spot enclosed within the work area in
addition to a set of all possible polyhedral obstacles along with their coordinates as
well. The block diagram of such system is shown in Fig.1. The terrain information
can be acquired via Google Earth application or any similar technology such as
ARCGIS system. More geological survey is overwhelmingly required to get both
exact and accurate information improving the resolution of the satellite-retrieved
data. Moreover, a cost function is to be designed according to specific criteria to
determine the cost of establishing the different segments based on their locations,
depth of water or height of hill, etc. The included spots are mapped as a set of vertices
where each vertex is defined by its latitude, longitude and altitude. Every vertex is
connected to its direct (horizontal and vertical) and indirect (diagonal) neighbors by
segments. Accordingly, there are a huge number of polygonal paths that probably
can achieve the goal connecting the two specified spots, but only one of them has a
minimum cost and can be considered as the optimal path. Dijkstra's algorithm is
adapted and utilized in this implementation to solve the problem of finding the
shortest path between any two specified spots.
Revise with
geological
survey

Determine
obstacles

Convert data to
set of vertices

Get
geospatial
data

(each vertex has latitude,
langitude and altitude)

Select work
area

Set cost
criteria

Select
endpoints

Get optimum
path

Plot deduced
path

Fig. 1. The block diagram of the proposed system
The rest of this paper is organized as follows: Section II illustrates the process
of acquiring the Google Earth data and mapping the retrieved data into sets of
vertices and segments. A simple costing function will be proposed and discussed in
this section as well. The method of finding the optimum path between two selected
endpoints is covered in section III. Section IV gives the implementation of a real
study-case and shows how to infer the optimum path between Sinai Peninsula and
Tiran Island to pass over Straits of Tiran as a part of king Salman causeway and
bridge, which is proposed recently to link Egypt and Saudi Arabia. The obtained
results are discussed and concluded in section V.
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2. ACQUIRING AND MAPPING DATA FROM GE VIEWER
The technology of satellites and communication can be utilized to acquire
information about an object from a distance without making a physical contact with
it. This technology is used for image processing and interpretation in the field of
geography for acquiring various Earth features. Remotely sensed images are
comprised of many square cells called ‘pixels’ which is the smallest addressable
element of a picture. In some contexts, in Geographic Information Systems (GIS)
such as Google Earth (GE), each pixel has a unique corresponding geographic
location defined by its latitude and longitude. Therefore, the contents of such image
are considered as one type of geospatial data and the more pixels used to represent
an image, the closer the result can resemble the original geographical location. The
terrain layer of Google Earth program shows 3D elevation data for the viewing
region. GIS addresses the problem of mapping features on the curved surface of the
Earth to flat surface, and describes the actual terrain of the Earth by associating the
geographic coordinates (latitude, longitude) to points on the surface of the earth, and
determines the altitudes of these points [3-8]. The Google Earth viewer, as satellite
imagery, can be embedded in a custom application to continuously retrieve the data
associated to the geographic coordinates (latitude, longitude) of any location on the
digitized globe. The output of such stage is a set of N vertices (where N = width x
height vertices) where each vertex has the attributes: Latitude, Longitude and
Altitude (see List-1). Herby, each vertex is connected to its direct or indirect
neighbors by segments. he orthodromic segment's distance depends on the latitude,
longitude and altitude of the two end-vertices.
List 1: The pseudo code for extracting geospatial data
- Start Google Earth / ARCGIS application
- Go to a specific area on Google Earth viewer.
- Set Cam parameters ( latitude, longitude,..., and range).
- Set coordinates of work area ( for example Col = 70, Row = 70)
- class IPointOnTerrainGE pt
𝑑𝑖𝑠𝑡𝐶𝑜𝑙 ← 2.0/𝐶𝑜𝑙
𝑑𝑖𝑠𝑡𝑅𝑜𝑤 ← 2.0/𝑅𝑜𝑤
𝑓𝑜𝑟 𝑖 = 0 ∶ 𝑅𝑜𝑤
𝑓𝑜𝑟 𝑗 = 0 ∶ 𝐶𝑜𝑙
𝑠𝑟𝑐𝑥 ← −1 + 𝑗 . 𝑑𝑖𝑠𝑡𝐶𝑜𝑙
𝑠𝑟𝑐𝑦 ← 1 − 𝑗 . 𝑑𝑖𝑠𝑡𝑅𝑜𝑤
𝑝𝑡 ← 𝑔𝑒. 𝐺𝑒𝑡𝑃𝑜𝑖𝑛𝑡𝑂𝑛𝑇𝑒𝑟𝑟𝑎𝑖𝑛𝐹𝑟𝑜𝑚𝑆𝑐𝑟𝑒𝑒𝑛𝐶𝑜𝑜𝑟𝑑𝑠(𝑠𝑟𝑐𝑥 , 𝑠𝑟𝑐𝑦 )
𝑎𝑟𝑟𝑎𝑦 ← 𝑑𝑎𝑡𝑎
- Save data and construct the 3D geological display

Given two points (P,Q) on a spherical surface as shown in Fig.2, the shortest
⃗⃗⃗⃗⃗⃗⃗
distance between them is not the same as in plane surface, i.e is not straight line 𝑃𝑄
̂
connecting them, but it is the geodesics line 𝑃𝑄 passing along the surface of the
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sphere. Let 𝜑𝑝 , λP and λq, 𝜑𝑞 be the geographical latitude and longitude of two points
P and Q respectively, and their absolute differences are:
Δ𝜑 = |𝜑𝑝 − 𝜑𝑞 | , Δλ = | 𝜆𝑝 − 𝜆𝑞 |
then Δσ , the central angle between two points exactly on earth surface, is given by
the spherical law of cosines:
∆𝜎 = 2 arcsin √𝑠𝑖𝑛2 (

Δ𝜑
2

Δ𝜆

) 𝑐𝑜𝑠 𝜑𝑝 . 𝑐𝑜𝑠 𝜑𝑞 . 𝑠𝑖𝑛2 ( )
2

(1)

P

Q
Δσ

ϕq

ϕp
λq

λp

Fig. 2. Representing two points in 3D space
A more complicated formula that is accurate for all distances is the following
special case of the Vincenty formula for an ellipsoid with equal major and minor
axes:
∆𝜎 = 2 arctan

√(cos 𝜑𝑞.𝑠𝑖𝑛Δ𝜆)2+(cos 𝜑𝑝 .sin 𝜑𝑞 −sin 𝜑𝑝 .cos 𝜑𝑞 .cos Δ𝜆)2
sin 𝜑𝑝 .sin 𝜑𝑞+ cos 𝜑𝑝 .cos 𝜑𝑞 .cos Δ𝜆

(2)

The geodesics distance d between P and Q, i.e. the arc length, for a sphere of
radius R and Δσ given in radian Is:
𝑑 = 𝑅. Δ𝜎
(3)
The pseudo code for computing Δσ, is shown in List-2. Equation (3) together
with any of equations (1) or (2) can be used to compute the distance between two
points exactly on earth’s surface. Computing distance between two points above or
under earth’s surface such as mountains and bathymetric needs considering point’s
altitude. There are multiple cases according to the altitude of each of the connected
points. Fig.3 shows two points A and B close to earth surface while their projections
on earth surface are given by points P and Q respectively. The distances (altitudes)
between points A and B and earth’s surface are ha and hb respectively. Let 𝜑𝑝 , 𝜆𝑝
and 𝜑𝑞 , 𝜆𝑞 be the geographical latitude and longitude of the two points P and Q,
and their absolute differences are Δ 𝜑, Δλ; then Δσ , the central angle between
them, is given in the form of spherical law of cosines (Eq.1 ). The distance from A
to B can computed simply as:
⃗⃗⃗⃗⃗ = √(𝑅 − ℎ𝑎 )2 + (𝑅 + ℎ𝑏 )2 − 2(𝑅 − ℎ𝑎 )(𝑅 + ℎ𝑏 )cos(Δ𝜎)
𝐴𝐵

(4)
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List 2: The pseudo code for computing Δσ between two points exactly on earth
surface
𝐶𝑜𝑚𝑝𝑢𝑡𝑒_ 𝛥𝜎 (𝑙𝑎𝑡𝑝 , 𝑙𝑜𝑛𝑝 , 𝑙𝑎𝑡𝑞 , 𝑙𝑜𝑛𝑞 )
{

𝜑𝑝 ← 𝜋 . 𝑙𝑎𝑡𝑝 / 180 ,
𝛥𝜑 ← 𝜑𝑝 − 𝜑𝑞

𝜑𝑞 ← 𝜋 . 𝑙𝑎𝑡𝑞 / 180 , 𝜆𝑝 ← 𝜋 . 𝑙𝑜𝑛𝑝 / 180 , 𝜆𝑞 ← 𝜋 . 𝑙𝑜𝑛𝑞 / 180
//(difference of latitudes)

𝛥𝜆 ← 𝜆𝑝 − 𝜆𝑞

∆𝜎 ← 2 tan

−1

// degree values

//(difference of longitudes)
√(cos 𝜑𝑞

(

.𝑠𝑖𝑛Δ𝜆)2 +(cos 𝜑

𝑝 .sin 𝜑𝑞 −sin 𝜑𝑝 .cos 𝜑𝑞

sin 𝜑𝑝 .sin 𝜑𝑞 + cos 𝜑𝑝 .cos 𝜑𝑞 .cos Δ𝜆

.cos Δ𝜆)2

)

return Δσ
}

P
B(latb, longb, altb)

hb

d

ha
A (lata, longa, alta)

Q

R

Δσ

R

Fig. 3. Computing distance between two points A and B close to earth surface
For points very close to earth surface, both ha and hb are negligible compared to
earth radius R and Eq.4 can be simplified to.
⃗⃗⃗⃗⃗ = 1.4142 𝑅 √1 − cos(∆𝜎)
𝐴𝐵
(5)
The pseudo code for computing the distance from A to B is shown in List-3.
List 3: The pseudo code for computing the distance between two points close to
earth surface
𝐶𝑜𝑚𝑝𝑢𝑡𝑒_𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒_𝑐𝑙𝑜𝑠𝑒_𝑡𝑜_𝑒𝑎𝑟𝑡ℎ (𝑙𝑎𝑡𝑎 , 𝑙𝑜𝑛𝑎 , 𝑎𝑙𝑡𝑎 , 𝑙𝑎𝑡𝑏 , 𝑙𝑜𝑛𝑏 , 𝑎𝑙𝑡𝑏 )
{
ℎ𝑎 ← 𝑎𝑙𝑡𝑎 , ℎ𝑏 ← 𝑎𝑙𝑡𝑏
// 𝑙𝑎𝑡𝑎 = 𝑙𝑎𝑡𝑝 , 𝑙𝑜𝑛𝑎 = 𝑙𝑜𝑛𝑝 , 𝑙𝑎𝑡𝑏 = 𝑙𝑎𝑡𝑞 , 𝑙𝑜𝑛𝑏 = 𝑙𝑜𝑛𝑞
𝛥𝜎 ← 𝐶𝑜𝑚𝑝𝑢𝑡𝑒_ 𝛥𝜎 (𝑙𝑎𝑡𝑎 , 𝑙𝑜𝑛𝑎 , 𝑙𝑎𝑡𝑏 , 𝑙𝑜𝑛𝑏 )
⃗⃗⃗⃗⃗⃗⃗⃗⃗
𝐴𝐵 ← √(𝑅 − ℎ𝑎 )2 + (𝑅 + ℎ𝑏 )2 − 2(𝑅 − ℎ𝑎 )(𝑅 + ℎ𝑏 )𝑐𝑜𝑠 (𝛥𝜎)
}
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3. FINDING THE OPTIMUM PATH BETWEEN TWO VERTICES
The distance is not the unique outweighing factor that determines the cost of
moving between two vertices. For, instance the altitude has a potential impact on the
cost in some applications such as causeways and bridges especially when crossing
between mountains and over straits or rivers. The distance-altitude-cost relation
depends on some defined metrics according to the nature of the application and it
can generally expressed as:
W1,2 = w(distance from P1 to P2, altitude of P1, altitude of P2) , and it is called
the weighting function. There are millions of polygons that can probably achieve the
target path between specified point and any query point, and consequently there is a
need to apply some algorithm to find the optimal path between two endpoints. The
final step is to pass the collected data to the “finding shortest path algorithm” where
one of the following algorithms can be utilized for solving such problem:
• Dijkstra's algorithm solves the single-source shortest path problem.
• Bellman–Ford algorithm solves the single-source problem if edge weights may
be negative.
• A* search algorithm solves for single pair shortest path using heuristics to try
to speed up the search.
• Floyd–Warshall algorithm solves all pairs shortest paths.
• Johnson's algorithm solves all pairs shortest paths, and may be faster than
Floyd–Warshall on sparse graphs.
• Viterbi algorithm solves the shortest stochastic path problem with an additional
probabilistic weight on each node.
3.1. Dijkstra’ algorithm
Dijkstra's algorithm [9,10] is used in this implementation where it is responsible
of finding all possible paths between a pair of selected endpoints and orders these
paths based on some constraints. Dijkstra's algorithm is one of the common
algorithms that addresses the problem of finding the shortest path between nodes in
a graph. Given a weighted digraph G = (V, E) with set of vertices, a weighting criteria
(edge weights ℓe ≥ 0), source s ∈ V, and destination t ∈ V, the problem is to find the
shortest (i.e. the shortest, least expensive or fastest path) directed path from s to t.
The algorithm can be expressed in pseudo code as given in List-4 [11, 12]. The input
to this algorithm is a set of vertices, where each vertex is defined by source,
destination and cost. The origin and target vertices for whom the shortest path is to
be determined will be passed as well.
The flowchart in Fig.4 illustrates and summaries the processes of interfacing
with Google Earth view application to retrieve geographical coordinates for the
determined work area. The length of each segment is determined according to the
coordinates of its start and end vertices using equations 1 to 5. The costing function
is determined for each segment according to the start and end vertices coordinates.
The prepared data is passed to the optimization algorithm as set of vertices to be
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processed. The optimization algorithm computes the length for each probable
segment along with its cost yielding the optimum path that connects the origin vertex
with the target one.
List 4: Pseudo code for Dijkstra’s algorithm
𝑑𝑖𝑠𝑡[𝑠] ← 0
𝑓𝑜𝑟 𝑎𝑙𝑙 𝑣 ∈ 𝑉 − {𝑠}
𝑑𝑜 𝑑𝑖𝑠𝑡[𝑣] ← ∞
𝑆← ∅
𝑄←𝑉
𝑤ℎ𝑖𝑙𝑒 𝑄 ≠ ∅
𝑑𝑜 𝑢 ← 𝑚𝑖𝑛𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒(𝑄, 𝑑𝑖𝑠𝑡)
distance)
𝑆 ← 𝑆 ∪ {𝑢}
𝑓𝑜𝑟 𝑎𝑙𝑙 𝑣 ∈ 𝑛𝑒𝑖𝑔ℎ𝑏𝑜𝑟𝑠[𝑢]
𝑑𝑜 𝑖𝑓 𝑑𝑖𝑠𝑡[𝑣] > 𝑑𝑖𝑠𝑡[𝑢] + 𝑤(𝑢, 𝑣)
𝑡ℎ𝑒𝑛 𝑑[𝑣] ← 𝑑[𝑢] + 𝑤(𝑢, 𝑣)

(distance to source vertex is zero)
(set all other distances to ∞)
(S, the set of visited vertices is initially empty)
(Q, the queue initially contains all vertices)
(while the queue is not empty)
(select the element of Q with the minimum
(add u to list of visited vertices)
(if new shortest path found)
(set new value of shortest path)
(if desired, add trackback code)

return dist

Start
Conect to Google earth or ArcGIS, select
geographic coordinates of work area

Acquire terrain information of
the work area via GE or ArcGIS

Map acquired information as a
set of vertices and segments in
f(x,y,z) coordinates

Calculate length of each
segment using Haversine
formula
Dijkstra's algorithm is
applied to find the shortest
path between two end points

Plot the yielded
optimum path

each acquired spot has (latitude, longitude
and altitude) geographic coordinates which
are transfered to f(x,y,z) coordinates.
Generate a set of vertices along with a set
of segment. each vertex is connected to
its neighbors with eight segments.
for each segment connecting between
verices
compute

Review Eqs. 1 to 5

Cost
criteria
Select
endpoints

Fig. 4. The Flowchart of the proposed system
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4. A CASE STUDY
In geographical field, insufficient geospatial information leads to poor
decisions. The current paper is interested in finding the optimum path for the bridge
called "King Salman bin Abdel Aziz Bridge" [13].
4.1 Selecting the work area
The causeway would link Tabuk (in Saudi Arabia) to the Red Sea resort of
Sharm el-Sheikh on the Sinai Peninsula (Egypt) and would pass through Tiran Island
at the entrance of the Gulf of Aqaba (see Fig.5). The area subjected to the project is
selected via Google Earth view embedded in the proposed program (Fig.6). The start
point (Ra’s Nasrani) is arbitrary selected close to the border of Sinai Peninsula at the
Strait of Tiran and its latitude and longitude coordinates are 28 7 17.4343 and
34 37 50.6680 respectively. Similarly, the target is selected at (RasAlsheikh
Hamid) coordinates 27 58 19.2347 and 34 25 25.7537.

Fig. 5. Selecting the geographical work area

Fig .6. The area Subjected to the project indicating the geographic coordinates of
both Ra’s Nasrani and RasAlsheikh Hamid locations

12
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The purpose of this study is to select the most cost efficient and appropriate path
based on several considerations (as stated in the introduction section):
• The length of the route should be minimized to reduce the cost and to eliminate
the possible impacts on the geology/hydrogeology.
• The deeper the bottom of seawater along the line of the proposed route the
higher the cost of studying seabed characteristics, deep water drill, special
materials required, fixing the piers, and the sophisticated construction
technology required, et al.
• Both the horizontal and vertical navigation clearances between the piers and
between the sea surfaces to the soffit of the bridge needs to be provided for
navigation requirements for vessels using the Strait of Tiran.
Some of these considerations are out of scope of this paper and the others will
be considered when dealing with the costing function.
The digital terrain information (latitude, longitude and altitude), which were
received and collected for each point included in the spotted area are stored and
transferred to a set of vertices and segments. The “finding the shortest path”
algorithm handles the data according to the provided cost function. The cost function
determines the cost per distance unit aiming to find the path, which avoids the
locations having deep bottom of see water along the line of the proposed route when
possible.
4.2 The cost function
A cost function C(q) is a function of q, which tells us what the minimum cost is
for constructing q distance units of the bridge. We can also split total cost into fixed
cost and variable cost as follows:
𝐶 (𝑞) = 𝐹𝐶 + 𝑉𝐶(𝑞)
(6)
Where C(q) is the total cost, FC the fixed cost, and VC(q) is the variable cost.
In general, the bridge consists mainly of a deck and piers. The cost per unit
distance of the deck depends on whether the segment is above water or above land
and can be represented as:
𝑎𝑙𝑡 +𝑎𝑙𝑡

𝑖
𝑖+1
𝑎 . 𝑙𝑖,𝑖+1 𝑖𝑓
≥0
2
𝑑𝑖,𝑖+1 (𝑝𝑖 , 𝑝𝑖+1 ) = {
(7)
𝑎𝑙𝑡𝑖+𝑎𝑙𝑡𝑖+1
𝑏 . 𝑙𝑖 ,𝑖+1 𝑖𝑓
<
0
2
Where 𝑑𝑖,𝑖+1 (𝑝𝑖 , 𝑝𝑖+1 ) is cost of the segment linking between points
pi(𝑙𝑎𝑡𝑖 , 𝑙𝑜𝑛𝑔𝑖 , 𝑎𝑙𝑡𝑖 ) and pj(𝑙𝑎𝑡𝑖+1 , 𝑙𝑜𝑛𝑔𝑖+1 , 𝑎𝑙𝑡𝑖+1 ) respectively, 𝑎 is the cost per
distance unit of the deck above water and 𝑏 is cost per distance unit of the deck over
land and 𝑙𝑖,𝑖+1 is the length of this segment. According to equations two and four,
𝑙𝑖,𝑖+1 can be computed using the algorithm shown in List-3 as:
𝑙𝑖,𝑖+1 = 𝐶𝑜𝑚𝑝𝑢𝑡𝑒_𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒_𝑐𝑙𝑜𝑠𝑒_𝑡𝑜_𝑒𝑎𝑟𝑡ℎ (𝑙𝑎𝑡𝑖 , 𝑙𝑜𝑛𝑖 , 𝑎𝑙𝑡𝑖 , 𝑙𝑎𝑡𝑖+1 , 𝑙𝑜𝑛𝑖+1 , 𝑎𝑙𝑡𝑖+1 )
Similarly, the cost of the piers varies depending on whether the pier base is in
water portion or not (see Fig.7). In case when the pier base is under water, the cost
consists of a fixed cost z and a variable cost proportional to the depth of water in this

International Journal on Information Technologies & Security, № 1 (vol. 9), 2017

13

location. Length of the pier consists of a dipped part of length equals the absolute
value of the altitude at the pier location plus clearance si from the sea surface to the
soffit of the bridge. Assuming x and y are the cost per height units of the pier under
and above water respectively. The cost of the pier at point pi(𝑙𝑎𝑡𝑖 , 𝑙𝑜𝑛𝑔𝑖 , 𝑎𝑙𝑡𝑖 ) can
be defined as:
𝑧 + 𝑥 . |𝑎𝑙𝑡𝑖 | + 𝑦. 𝑠𝑖
𝑝_𝑐𝑜𝑠𝑡𝑖 (𝑝𝑖 (𝑙𝑎𝑡𝑖 , 𝑙𝑜𝑛𝑔𝑖 , 𝑎𝑙𝑡𝑖 )) = {
𝑧 + 𝑦 . (𝑠𝑖 − 𝑎𝑙𝑡𝑖 )

𝑖𝑓 𝑎𝑙𝑡𝑖 ≤ 0
𝑖𝑓 𝑎𝑙𝑡𝑖 > 0

(8)

the deck

Sea level

Fig. 7. Sketch diagram of deck with two piers
Assuming that the piers will be separated by equal distances g (distance unit),
the number of piers will be linearly proportional to the length of the path. Number
𝐿
of piers 𝑁 ≈ , where L is the total length of the path, g is the distance between
𝑔

two successive piers. The total cost of path:
𝑚

𝐶 = ∑𝑖=0 𝑑𝑖,𝑗 (𝑝𝑖 , 𝑝𝑖+1 ) + ∑𝑁
𝑛=0 𝑝_𝑐𝑜𝑠𝑡𝑛 (𝑙𝑎𝑡𝑛 , 𝑙𝑜𝑛𝑔𝑛 , 𝑎𝑙𝑡𝑛 )

(9)
By selecting appropriate values for constants (a, b, x, y and z) in Eq.7, 8, the
optimal path can be determined. The constants a, b, x, y and z are set to the values 1,
10, 15, 2 and 4 respectively. These values are arbitrary chosen to avoid passing
through the deep water when possible. For instance, the constant b is chosen very
high relative to the constant a and similarly constants y and x (see Eq.7).
4.3 Initial test
The suggested approach is initially tested based on both the work area and the
cost function prescribed in sections 4.1 and 4.2 respectively. The yielded path is
shown as blue crosses along with the coordinates of the path points in Fig. 8.
The information of the yielded path's points includes, for every point, the
latitude, longitude, altitude, distance to the next point and the estimated cost. It can
be noticed that the absolute value of the maximum depth of the path is 100 feet at
latitude 28 0 15.4083 and longitude 34 27 21.6320. The Y-axis of the chart of
Fig. 9 displays the elevation, and the X-axis of the chart displays the distance among
the yielded path.
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Fig. 8. The yielded optimum path between Ra’s Nasrani (Egypt) and RasAlsheikh
Hamid (Saudi Arabia)

Fig. 9. The Y-axis of the chart displays the elevation, and the X-axis of the chart
displays the distance.
Some opinions argue about the possibility of establishing such bridge due to the
huge depth of the water in Strait of Tiran. Hence, coming the importance of the
proposed system which determines accurately the best path. To get a higher
resolution of the most significant part of the path that links between Sharm el-Sheikh
and Tiran Island, the previous procedure is repeated focusing only on that partial
yielding the path shown in Fig.10. The cost criteria proposed her is arbitrary for
demonstration only and needs participation from different pertaining specialties such
as geology, environment and civil engineering to determine the actual cost per
distance unit. The cost of passing through the Strait of Tiran is increased in this case
compared to the previous case to avoid passing through the deep water whenever it
is possible. The projection of the yielded path is shown in Fig. 11 where the Y-axis
of the chart displays the elevation, and the X-axis of the chart displays the distance.
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Fig. 10. The yielded optimum path across the Strait of Tiran

Fig. 11. The Y-axis of the chart displays the elevation, and the X-axis displays the
distance.
5. CONCLUSION
In this paper, the Google Earth (GE) application and Dijkstra's algorithm are
combined together in one implementation aiming to find the optimum path between
two endpoints on earth. The latitude, longitude and altitude data of terrain points of
the study area are extracted from the free GE version and then Dijkstra's algorithm
is applied to infer the optimum or least cost path between the predetermined
endpoints. The algorithm performs its function based on the provided data along with
the predetermined weighting criteria. The system is implemented using Microsoft
Visual Studio C# platform embedding the Google Earth software application. One
of the Dijkstra’s algorithm implementations has been adapted and used in this
system. The system has been tested and applied to the proposed causeway and bridge
of king Salman as case study. Investigating the obtained results shows that the
yielded path is accurate and meets the specified weighting criteria. The absolute
value of the depth point along the path is about 101 feet. Future works may focus on
acquiring the terrain data for huge number of points to enable the system application
to wider areas with more accuracy. The time of processing (about 20 minutes) can
be reduced by applying one of the parallel computing techniques.
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