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ABSTRACT — Geopositioning is the process of determining or estimating the geographic position of an object through the 

global positioning system (GPS). The calculations in geopositioning require measurements of distances or angles relative to 

known reference positions. In Android devices, achieving accuracy, speed, and power efficiency in geopositioning with 

GPS, cellular networks, and Wi-Fi can be challenging. This research aimed to improve the accuracy of the geopositioning 

process for cellular networks on Android devices through polygon triangulation using the Graham scan algorithm and 

determining a moment centroid for the improved estimation of geolocation data. The geolocation data were collected using 

an Android smartphone with a cellular network and disabled Wi-Fi. A filtering phase on the coordinates was established to 

obtain the closest distance coordinates from the other. The distances between each pair of coordinates were calculated using 

the haversine formula, and then the average distance of all pairs was calculated. Then, a polygon was formed by arranging 

the coordinates in a sequence, which was achieved using the Graham scan algorithm. After obtaining a set of triangles from 

the polygon triangulation results, the moment centroid of each formed triangle was determined. The centroid, as a result, 

was compared with another centroid calculation, the Lagrange interpolation polynomial. Based on the results obtained from 

quantifying the accuracy and precision using average Euclidean error (AEE) and root mean square error (RMSE), the 

coordinates derived from the moment centroid were more accurate and precise than the Lagrange interpolation polynomial.  

KEYWORDS — Geopositioning, Graham Scan Algorithm, Moment Centroid, Android Phone.

I. INTRODUCTION 
Navigation requires the utilization of vision, common 

sense, and directional indicators. It also relies on more precise 

knowledge, such as speed, distance, and electronic signals, to 

determine positions, known as radio navigational aids. Radio 

navigational aid is a network of transmitters that determines the 

user’s position. This tool has several boundaries that may not 

be compatible with dynamic user positions, such as their 

limited range, lack of precision, and dependence on the users’ 

latitude. Global positioning systems (GPS), a satellite-based 

navigation system, was designed to render accurate, continuous 

global 3D positional and speed information through a suitable 

device [1]. The GPS has been used in a wide range of areas 

such as sports [2], education [3], disaster management [4], 

healthcare [5], agriculture [6], and transportation [7]. 

Nevertheless, a few errors or flaws reduces the accuracy of the 

GPS. Failure to upload data results in these errors, which have 

a distorting effect on the user position estimates [8]. 

Geopositioning is a procedure to determine and forecast the 

geographical position of an object, which requires 

measurements of distances and angles concerning the 

recognized reference positions. Observations on three 

reference points from three satellites are used to determine the 

position of an object. However, there may be errors that lead to 

position uncertainties in the form of an area, known as an error 

ellipse [9]. It can be difficult to achieve accuracy, speed, and 

power efficiency when conducting geolocating with GPS, 

cellular networks, or Wi-Fi, specifically on an Android device. 

Moreover, continuous position recalculation is required 

because of dynamic changes in the user's location. In terms of 

accuracy, the location predictions are inconsistent, making it 

challenging to retrieve accurate user locations [10].  

Android uses fused location provider (FLP) as one of the 

location application programming interfaces (API) that manage 

the location technology on Android devices while maintaining 

the device’s use of battery power. It is a combination of GPS 

location provider and the network location provider services. 

FLP offers a way to access location data from GPS, Wi-Fi, 

cellular networks, and sensors. It combines data from multiple 

sources to provide accurate location information while 

reducing the need to keep high-power location sensors 

activated continuously [11]. It has access to Google data 

obtained from Android phones for more accurate location 

estimates [12]. Several application services on Android store 

geolocation data in the device. These data are more accurate 

than the network operator data [13]. 

There are several different location estimation techniques 

and algorithms used to detect the location of mobile devices, 

which can be divided into three categories: proximity detection, 

scene analysis, and triangulation [14]. Proximity detection 

determines the location using the cell of origin method, wherein 

the positions are known and ranges are limited; this category 

provides symbolic relative location information [15]. Scene 

analysis is based on radio frequency signals by collecting 

fingerprints of a scene and determining the location by 

matching online measurements with the closest previous 

location fingerprints [16]. Triangulation determines the 

location using the geometric properties of triangles by 

measuring its distance from multiple reference points. At least 

three fixed points are necessary to determine a position using 

this technique [17]. 

The important aspect of mobile devices is to have accurate 

and precise location determinations of location. Figure 1 shows 

accuracy and precision in coordinates. An accuracy is a 
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quantification of how close measurements are to the true value, 

while precision is a quantification of how close replicate 

measurements are to each other [18]. Measurements are 

accurate if they cluster around the true location and precise if 

they cluster close to each other [19].  

The relationships between points on the earth’s surface, as 

projections on a flat plane, can be measured in polygons. The 

centroid point of a complex polygon is a value that can be 

determined through mathematical formulas and Cartesian 

points. The moment centroid is the most appropriate centroid 

for a polygon in geographic information systems (GIS) [20]. 

The Graham scan algorithm can be used in improved 

localization algorithms with high accuracy as an approximation 

technique to define a convex hull containing nodes and estimate 

the position of nodes [21]. The Graham scan algorithm also has 

been implemented in various studies, such as identifying traffic 

congestion and estimating air quality using crowd-sourced 

information [22], extracting characteristics from toothmarks in 

traditional Chinese medicine [23], and delineating convex-

concave boundaries and measuring discontinuity size in rock 

mass [24]. 

Several research studies are focused on improvements of 

the Android GPS location: a centroid GPS model to improve 

the positioning accuracy of receivers estimates by calculating a 

triangular centroid sum of the individual positions of GPS 

receivers using geolocation data, which results in an improved 

accuracy of about 2–12 m compared to the original GPS 

receivers [25]. A model for better accuracy has adopted the 

enhanced Kalman filter, amended on the trilateration 

technique, and centroid localization algorithm. A center point 

was computed from the produced triangle-shaped model. The 

coordinates of this approach were taken and used together with 

the center point coordinates, which improved accuracy by more 

than 80% [26]. An error correction of GPS coordinate was 

calculated using the haversine formula and polynomial 

Lagrange interpolation using PL/SQL to coordinate roads, 

which resulted in their calculation accuracy depending on the 

number of points within a radius [27]. An implementation and 

test of the interpolation method of GPS satellite coordinates for 

real-time processing software, which computes the position and 

velocity of GPS satellites from broadcast and precise 

ephemerides [28]. Android location accuracy has also been 

improved using the relative and clustering analysis correction 

technique, eliminating common error components from 

pseudo-scope measurements and noncommon errors through 

cluster analysis. This resulted in lower accuracy in a multipath 

environment than in an open environment due to the reflection 

and refraction of signals [29]. 

This research proposed an approach for improving the 

location accuracy of Android smartphones by implementing 

the Graham scan algorithm to determine a convex hull and 

forming a polygon using coordinates to deploy the triangulation 

technique. The results were compared with the Lagrange 

interpolating polynomial method in [27]. Average Euclidean 

error (AEE) and root mean square error (RMSE) calculation 

were used to define and calculate the accuracy and precision of 

the proposed approach [30]. In comparison with previous 

studies, this research implemented triangulation as one of 

several location estimation techniques for mobile devices, 

integrated with earth’s distance calculation methods, forming 

polygons in a plane, and calculates the accuracy and precision 

using methods by the Federal Geographic Data Committee 

(FGDC).  

II. PROPOSED METHODOLOGY 

The data collection phase was performed using the Android 

application. Then, a filtering phase on the data was established 

on a set of coordinates with the furthest distance from the other 

using the haversine formula. The coordinate result was formed 

into a polygon by determining the convex hull using the 

Graham scan algorithm. Then, polygon triangulation was 

performed to create a few triangles using the ear-clipping 

algorithm. Following the polygon triangulation, a moment 

centroid was calculated as the estimated coordinate. The 

shoelace formula was used to get the area values for each 

triangle. Then, a comparison result was performed with another 

approach, the Lagrange interpolating polynomial method, by 

calculating accuracy and precision using AEE and RMSE—

these processes are described in Figure 2. 

A. DATA COLLECTION 

This research began with the data collection phase to obtain 

field data in several geographical regions in Pontianak, 

Indonesia. The location was determined by the following 

characteristics: (a) being in a spacious and open area, (b) fair 

cellular network signal, and (c) having a reference point in the 

satellite image with a recognizable shape, such as a cross sign. 

This allows the satellite image of the location to help determine 

the control point coordinates. The control point is the 

coordinate where the data collection phase is obtained using the 

Android device. It was measured by pinpointing a certain 

location on Google Maps. 

This research also built an Android app (Figure 3) to 

conduct the data collection phase. The data for the control point 

were in the form of geodetic coordinates in decimal degree 

format, including latitude and longitude. A Xiaomi Redmi Note 

10 smartphone with Android 11 operating system was used 

through cellular data connection from Indosat Ooredoo 

Hutchison provider, a 4G network type. Meanwhile, Wi-Fi was 

disabled to obtain several coordinates from a single location 

obtained in latitude and longitude format. Although there was 

no fixed time intervals elapsed between each measurement, the 

app would not save similar data and skip to the next 

measurement until disparate data were acquired. The ordinary 

utilization of a mobile device was simulated by holding it at 

waist level in front of the body at a length from the elbow to 

the hand of a student whose height was 160 cm. Simulation was 

conducted in an open area where the cellular signals were 

 

Figure 1. Accuracy and precision in coordinates. 
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relatively fair. Ten latitude and longitude measurements were 

taken at each of three different physical locations.  

A filtering phase on the geolocation data was established on 

a set of coordinates that have the furthest distance from the 

other. The distances between coordinates were measured using 

the haversine formula. The haversine formula is a mathematical 

formula to calculate the distance between two points on the 

surface of a spherical object, such as the earth, using latitude 

and longitude coordinates. This formula considers the 

curvature of the earth’s surface to provide a more accurate 

distance calculation compared to the Euclidean distance 

formula applied to a flat surface. The haversine formula is 

derived from the haversine law, which states that for any 

spherical trigonometry, the haversine of half the side length is 

equal to the haversine of the complementary angle of that side. 

If ∆𝜙 is the difference in latitude between the two points, ∆𝜆 is 

the difference in longitude between the two points, 𝜙1 and 𝜙2 

are the respective latitudes of the two points, 𝑅 is the radius of 

the earth, which is 6,371 km, 𝑑 is the distance between the two 

points in kilometers, then the haversine of an angle is defined 

as the square root of the sine of half of that angle [31]. 

𝑎 = (
∆𝜙

2
) +𝑐𝑜𝑠 𝑐𝑜𝑠 (𝜙1)  ×𝑐𝑜𝑠 𝑐𝑜𝑠 (𝜙2) × (

∆𝜆

2
)    

𝑐 = 2 × (√𝑎, √(1 − 𝑎))  

𝑑 = 𝑅 × 𝑐 

(1) 

This formula has been used in various research, such as 

changes in the rate of ionosphere total electron content 

compression in pre-earthquake region estimation [32], early 

warning systems for ship collision based on automatic 

identification system data [33], and accuracy assessment of 

aircraft positioning using the self-evaluated method and quick 

access recorder data [34]. 

B. DETERMINING CONVEX HULL 

For each location, the obtained coordinates were formed 

into a polygon by determining the convex hull using the 

Graham scan algorithm. This process required triangulation 

and calculation of the centroid. The Graham scan algorithm is 

a method used in computational geometry to find the convex 

hull of a set of points in a 2D plane. The convex hull of a set of 

points is the smallest convex polygon that encloses all the given 

points [35]. All the points of the convex hull were arranged in 

a counterclockwise sequence as they were added to the stack. 

Subsequently, the algorithm efficiently eliminated unnecessary 

points by considering the orientations of the points concerning 

the last two points on the stack. The Graham scan algorithm has 

a time complexity of 𝑂(𝑛 𝑙𝑜𝑔 𝑙𝑜𝑔 𝑛 ), where 𝑛 is the number 

of input points.  

This algorithm starts by determining the point with the 

lowest y-coordinate as the pivot point. Afterward, the 

remaining points will be sorted in ascending order of polar 

angles. It pushes the pivot point onto a stack and iterates this 

process through the sorted points to build the convex hull 

incrementally. If adding the point to the convex hull results in 

a left turn, then the point is added to the convex hull. In contrast, 

if it is in a right turn, the previous point will be removed from 

the hull. Hence, the stack will contain the vertices of the convex 

hull in counterclockwise order. This algorithm can be described 

using the following pseudocode.  

Algorithm 1. Pseudocode for Graham Scan Algorithm 

function grahamScan(points): 

  if length(points) < 3: return points 

  pivot = point with lowest y-coordinate 

  sort points by polar angle with respect to pivot 

  stack = empty stack 

  push pivot onto stack 

  for i from 1 to length(points) - 1: 

    while length(stack) >= 2 and orientation(nextToTop(stack), 

top(stack), points[i]) is not counterclockwise: 

      pop stack 

    push points[i] onto stack 

  return stack 

 

function orientation(p, q, r): 

  value = (q.y - p.y) * (r.x - q.x) - (q.x - p.x) * (r.y - q.y) 

  if value == 0: return colinear 

  return (value > 0) ? clockwise : counterclockwise 

 

function nextToTop(stack): 

  return stack[length(stack) - 2] 

 

 

Figure 3. Coordinates from an Android application. 

 

 

Figure 2. Proposed methodology flowchart. 
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function top(stack): 

  return stack[top index] 

C. POLYGON TRIANGULATION  

Polygon triangulation was performed to create a few 

triangles from the polygon. The ear-clipping algorithm was 

used for polygon triangulation, a process of dividing a polygon 

𝑃 into a set of nonoverlapping triangles. This decomposition 

ensures no overlap or self-intersections among the triangles. 

Triangulating a polygon is especially useful for solving various 

geometric problems, such as calculating areas, centroids, and 

other properties of the polygon. It plays an important role in 

various applications across fields like computer graphics, 

computer-aided design, and GIS [36]. 

Ear-clipping or ear-trimming algorithm is based on the 

observation that a simple polygon without holes with at least 

four vertices, has a minimum of two ears. Ears are triangles 

where one vertex belongs to the polygon, and the other two 

vertices are consecutive vertices of the polygon. This algorithm 

will identify ears and remove them one by one until all vertices 

form a set of connected triangles [37]. A simple polygon is 

formed using a sequence of vertices that can be connected to 

form the edges of the polygon. Then, an ear found, which is a 

vertex when combined with its adjacent vertices, will form a 

triangle that lies entirely inside the polygon. This process 

iterates through the vertices of the polygon. The ear will be 

removed by “clipping” it off the polygon and then connected to 

its adjacent vertices with an edge to form a new diagonal of the 

polygon. As it became much smaller, the polygon was treated 

as new input, and ears were found recursively within it. It 

terminates the process when there are no vertices left in the 

polygon. This algorithm can be described using the following 

pseudocode. 

Algorithm 2. Pseudocode for Ear Clipping Algorithm 

function earClipping(vertices): 

  createLinkedList(vertices) 
 

  triangles = [] 
   
  while linkedList.size >= 3: 

    vertex = linkedList.getFirst() 
 

    prevVertex = linkedList.getPrevious(vertex) 

    nextVertex = linkedList.getNext(vertex) 
 

    if isEar(vertex, prevVertex, nextVertex): 

      linkedList.remove(vertex) 
 

      triangle = (prevVertex, vertex, nextVertex) 

      triangles.add(triangle) 
 

return triangles 

A number of research has implemented this algorithm, for 

instance, transformation and 3D geometry extraction of sets of 

polygons in a flat plane annotated in digital imaging and 

communications in medicine (DICOM) images [38], 

constructing 3D polygon models for a GIS through 2D vector 

data [39], and building a viewer for CityGML to optimize the 

visualization process of CityGML data with augmented reality 

[40]. 

D. CALCULATE MOMENT CENTROID 

Following the polygon triangulation, the moment centroid 

was calculated as the estimated coordinate. The determination 

of centroid on a plane polygon is standard functionality in most 

GIS software [20]. The moment centroid or geometric centroid 

is a point that represents the center of mass or the average 

location of moments in an object or system. The moment 

centroid is used to simplify calculations related to the 

distribution of forces or moments acting on an object [41]. 

Given any flat surface with area 𝐴, the centroid is a point with 

coordinates (𝐶𝑥, 𝐶𝑦) given by 𝑥 =
𝑀𝑦

𝐴
 and 𝑦 =

𝑀𝑥

𝐴
, where 𝑀𝑥 

and 𝑀𝑦 is the first moment of the area along the 𝑦-axis and 𝑥-

axis, respectively [42]. The moments 𝑀𝑥 and 𝑀𝑦 are 

determined based on the assumption that the polygon is shaped 

of several triangles with areas 𝐴𝑘, each with a centroid 

(𝑥𝑘 , 𝑦𝑘), so that 

𝑥 =
𝑀𝑦

𝐴
=

𝑀𝑦1
+ 𝑀𝑦2

+ ⋯ + 𝑀𝑦𝑛

𝐴
=

∑  𝑛
𝑘=1 𝐴𝑘𝑥𝑘

𝐴
 

𝑦 =
𝑀𝑥

𝐴
=

𝑀𝑥1
+ 𝑀𝑥2

+ ⋯ + 𝑀𝑥𝑛

𝐴
=

∑  𝑛
𝑘=1 𝐴𝑘𝑦𝑘

𝐴
 

(2) 

The shoelace formula was used to get the area values for 

each triangle. It is a method to calculate the area of a simple 

polygon using connections between vertices and edges in a 2D 

space. It is based on the concept that the area of a polygon can 

be determined by summing the x and y coordinate products of 

consecutive vertices and taking the absolute value of half of this 

sum [43]. In the case that each of the vertices is placed in a 

clockwise or counterclockwise direction, this formula may be 

utilized for a simple polygon. Given a set of n vertices of a 

simple polygon in the Euclidean plane in counterclockwise, 

(𝑥0, 𝑦0), … , (𝑥𝑛−1, 𝑦𝑛−1), the area 𝐴 of the polygon can be 

calculated as follows:  

𝐴 =
1

2
(𝑥0𝑦1 − 𝑥1𝑦0 + ⋯ + 𝑥𝑛−2𝑦𝑛−1 − 𝑥𝑛−1𝑦𝑛−2

+ 𝑥𝑛−1𝑦0 − 𝑥0𝑦𝑛−1). 

(3) 

III. EVALUATION METHOD 

A. LAGRANGE INTERPOLATING POLYNOMIAL 

 The results were compared with the Lagrange interpolating 

polynomial method in [27]. It is a method to generate a 

polynomial that passes over 𝑛 data points, 
(𝑥1, 𝑦1), (𝑥2, 𝑦2), … , (𝑥𝑛 , 𝑦𝑛) and takes certain values 

randomly, 𝑦𝑖 = 𝑓(𝑥𝑖) , the Lagrange interpolating polynomial 

𝑃(𝑥) of degree ≤ (𝑛 − 1) is given by (4). 

𝑃(𝑥) = ∑ 𝑃𝑗(𝑥)

𝑛

𝑗=1

 

𝑃𝑗(𝑥) = 𝑦𝑗 ∏
𝑥−𝑥𝑘

𝑥𝑗−𝑥𝑘

𝑛
𝑘=1;𝑘≠𝑗 . 

(4) 

B. CALCULATING SPATIAL ACCURACY 

The accuracy and precision are quantified using AEE and 

RMSE as described by FGDC in [30]. Given the (𝑥, 𝑦) 

coordinates of 𝑛 points, and the (𝑥, 𝑦) coordinates of some 

special point (𝑥𝑠, 𝑦𝑠), AEE is defined to be (5). 

 𝐴𝐸𝐸 =
1

𝑛
∑  𝑛

𝑖=1 √((𝑥𝑖 − 𝑥𝑠)2 + (𝑦𝑖 − 𝑦𝑠)2). (5) 
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AEE is the average of the Euclidean distances between the 𝑛 

points and the special point. Given the (𝑥, 𝑦) coordinates of 𝑛 

points and (𝑥, 𝑦) coordinates of special point (𝑥𝑠, 𝑦𝑠), RMSE is 

defined in (6) [44]. 

 𝑅𝑀𝑆𝐸 = √
1

𝑛
∑ ((𝑥𝑖 − 𝑥𝑠)2 + (𝑦𝑖 − 𝑦𝑠)2)𝑛

𝑖=1 . (6) 

FGDC in [44] provides spatial data accuracy computation 

divided into RMSE in longitudinal direction 𝑅𝑀𝑆𝐸𝑥 and 

RMSE in latitudinal direction 𝑅𝑀𝑆𝐸𝑦 , so that 

𝑅𝑀𝑆𝐸𝑥 = √
1

𝑛
∑ (𝑥𝑖 − 𝑥𝑠)2𝑛

𝑖=1   

𝑅𝑀𝑆𝐸𝑦 = √
1

𝑛
∑ (𝑦𝑖 − 𝑦𝑠)2𝑛

𝑖=1 . 

(7) 

When 𝑅𝑀𝑆𝐸𝑥 = 𝑅𝑀𝑆𝐸𝑦, the accuracy equals 1.7308. If 

0.6 < 𝑅𝑀𝑆𝐸𝑥/𝑅𝑀𝑆𝐸𝑦 >
5

3
, the accuracy ≈

1.22385(𝑅𝑀𝑆𝐸𝑥 + 𝑅𝑀𝑆𝐸𝑦) [44]. When RMSE and AEE 

values are small, the accuracy and precision will be high. The 

calculation result will be in degrees (°). FGDC recommends the 

calculation result of RMSE to be represented in physical 

distances by converting the degrees of latitude and longitude to 

the state plane coordinate (SPC) systems. 

IV. RESULT AND ANALYSIS 

The Android device obtained geolocation data using a 

cellular data connection. Wi-Fi was disabled with the 

configuration set to the best estimation accuracy. However, this 

configuration caused active location computation to occur on 

the device and generates a data cache. As the geolocation data 

were acquired, the device provided cached data if the process 

was performed within a close time range. Therefore, the 

application was set to repeat the geolocation data retrieval and 

stored only dissimilar geolocation data to avoid redundant 

information from the cache. Afterward, a filtering phase on the 

geolocation data was established on a set of coordinates with 

the furthest distance from the other. The distances between 

each pair of coordinates were calculated using the haversine 

formula. Then, the average distance of all pairs was calculated. 

Among all coordinates, there were several with a distance to all 

pairs farther from the average value found. Some of them were 

located far from the other coordinates. Coordinates with 

distances from other coordinates exceeding the average value 

were removed from the dataset. This filtering process ensures 

that only the most relevant and meaningful geolocation data 

points are retained, removing any outliers or data that might be 

less accurate. Coordinates with a distance below the average 

value were formed into a polygon to undergo the polygon 

triangulation process using the ear-clipping algorithm. The 

Graham scan algorithm was used to form the polygon by 

obtaining the order of coordinates in a clockwise direction. The 

purpose is to find the convex hull of a set of points, the smallest 

convex polygon that encloses all the given points.  

The process is shown on Figure 4. It was initiated by (a) 

converting the coordinates into a Cartesian coordinate system 

and mapping them into a Cartesian plane. Then, they were 

arranged in a sequence to form a polygon, (b) which was 

achieved using the Graham scan algorithm. After obtaining a 

set of triangles from the polygon triangulation results (c), the 

moment centroid of each formed triangle was determined (d). 

Another estimation was performed using the Lagrange 

interpolation formula. Both coordinates were displayed on the 

Android application along with the coordinates of reference 

points and other input coordinates, as shown in Figure 5. The 

map was displayed using Google Maps API. The red marker 

indicates the control point, the green marker indicates 

coordinate from Lagrange interpolation formula, the blue 

marker indicates the result, and the orange markers indicate 

input coordinate data in a single measurement.  

Subsequently, the spatial accuracy was calculated using 

AEE and RMSE, the results are described in Table I. Based on 

 

(a) 

 

(b) 

 

(c) 

 

(d) 

Figure 4. Polygon triangulation and calculating moment centroid, (a) coordinates 
in Cartesian plane, (b) in a form of a polygon, (c) partition polygon into a set of 
triangles, and (d) moment centroid of each triangle. 

 

Figure 5. Google Maps API marker for coordinates. 
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the results displayed in Table I, the coordinates from the 

moment centroid have the lowest error compared to the 

coordinates from the Lagrange interpolation polynomial. It 

indicates that the moment centroid method provides higher 

spatial accuracy when compared to the result from the 

Lagrange interpolation polynomial in determining the Android 

user’s location. 

V. CONCLUSION 

The geolocation data were collected using an Android 

smartphone with a cellular network, while Wi-Fi was disabled. 

A filtering process was performed on the coordinates with the 

furthest distance from the other. The distance between each pair 

of coordinates was calculated using the haversine formula. 

Then, the average distance of all pairs was computed. All 

coordinates with distances below the average were used to form 

a polygon, which then underwent the polygon triangulation 

process using the ear-clipping algorithm. The polygon 

formation was done with the Graham scan algorithm to 

determine the order of coordinates in a clockwise direction, 

which would form the polygon. After obtaining a set of 

triangles from the polygon triangulation results, the moment 

centroid of each formed triangle was determined. Based on the 

results obtained from calculating the AEE and RMSE, the 

coordinates derived from the moment centroid determination 

were more accurate and precise to the exact points compared to 

the coordinates obtained from the Lagrange interpolation 

polynomial. 
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