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 Global navigation satellite system (GNSS) is a multi-satellite-based 

navigation system, in the GNSS positioning process involves several 

navigation satellites such as global positioning system (GPS) which is a 

navigation system to bring up more observation data so that it is very useful 

when determining the desired parameters in a real-time data processing. In 

the research, an experimental study is used to determine land subsidence 

which is one of the vertical deformations of the earth's crust as a 

consequence of crustal dynamics. The result of the analysis is raw position 

data with the average method of detecting the height of the ellipsoid in the 

XYZ location area. Data collection is done by observation using the absolute 

method for one hour for position and fifteen days of observation for height. 

While the equipment used is u-blox Neo-7M, MCU TTL RS-485 module, 

ESP32-S Dev Kit V1 module, memory card module and real time clock 

(RTC). The results of the observation validation analysis are i) GPS-1 

Easting 1.09 m and Northing 1.08 m, GPS-2 Easting 1.19 m and Northing 

1.32 m, GPS-3 Easting 0.54 m and Northing 0.64 m while GPS-AVG GPS 

Easting 0.56 m and Northing of 0.64 m, ii) The results of the GPS-1 

ellipsoid height analysis are 3.76 m, GPS-2 4.28 m, GPS-3 of 3.69 m, and 

iii) GPS AVG of 3.01 m. 
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1. INTRODUCTION 

 Land subsidence is one of the vertical deformations of the earth's crust as a consequence of crustal 

dynamics, subsidence changes the vertical position (elevation) of ground control points as reference points 

for all engineering works and also affects the structure of all infrastructure in other related activities in the 

area, land subsidence is a major problem faced by several large cities [1]. Observation of land subsidence is 

needed to see trends in geometric patterns and physical patterns that occur, one of them is the global 

navigation satellite system (GNSS) survey which is a method of determining point coordinates using satellite 

technology commonly used in GNSS surveys, namely the global positioning system (GPS). GPS was 

developed by the United States Department of Defense, apart from GPS positioning with GNSS are 

GLONASS made by Russia, GALILEO made by Europe, and COMPASS made by China [2]. The 

development of a national basic framework system that utilizes GPS is continuously operating reference 

station (CORS). GNSS CORS itself is connected to a web server to facilitate the data retrieval process, 

https://creativecommons.org/licenses/by-sa/4.0/
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GNSS CORS is an active geodetic frame net in the form of a permanent station (base station) equipped with 

a receiver and can receive signals from GNSS satellites that operate continuously every day [3]. The core of 

the technology lies in a network of satellites that continuously emit signals containing precise time and 

position information, receivers that are usually integrated into devices such as smart phones or vehicle 

tracking systems, pick up these signals and use trilateration techniques to determine the exact location. 

The use of GNSS as a positioning method has been widely utilized, one of which is used for the 

observation of land movement, basically the use of GNSS for land movement is done by determining the 

coordinates of monitoring points carefully and periodically. By studying changes in the coordinates of these 

observation points continuously over time, the speed and direction of movement can be determined. By 

knowing the velocity and direction of movement, analysis and estimation of the strain can be done [4]. The 

growth in the number and activities of the population is very high, causing built-up areas including industrial, 

trade, office, and residential areas, which are a necessity and a means of supporting the activities of the 

population, this will cause changes in the physical condition of the environment and if not able to control one 

of the physical impacts that will be faced is a very significant land subsidence [5]. In this study, the use of 

knowledge gained from the GNSS system for detecting the height of the ellipsoid at XYZ, as well as the 

efforts made are assembling a prototype GNSS system simply and it is expected that the steps and procedures 

carried out to develop an equipment that will later be applied to a system in the survey area that requires 

position observation with more accurate position results and facilitate processing in data management so that 

it can be used to analyze the needs of developing future survey activities. 

Previous research conducted by Fedorchuk [6] was to compare the heights of the global geoid 

models EGM08, EIGEN-6C4, GECO, and XGM2019e based on the sector analysis obtained relative to the 

WGS84 and GRS80 ellipsoids to implement the GNSS alignment method in the local area. The global geoid 

model height determined from the WGS84 ellipsoid should be reduced by 41 cm, the spatial analysis of the 

geoid model height in the relative system for the northern region shows that the standard deviation of the 

geoid model height is 13.6 cm, and for the southern region is 36.5 cm. The error of the geoid model height in 

the relative system is estimated to have a standard deviation of 2.9 cm in the northern region and 2.3 cm in 

the southern region. The root means square values of the initial errors of the EGM08, EIGEN-6C4, GECO, 

and XGM2019e models are 8.6, 4.6, 4.4, and 3.8 cm, respectively, and their standard deviation values are 

2.0, 2.2, 3.2, and 2.4 cm. This paper also conducted a sectoral analysis of the geoid model error to correct it 

in the application of the GNSS alignment method within the study area. The standard deviations of the 

residual errors of the corrected model heights are 1.8, 1.9, 2.5, and 2.0 cm for EGM08, EIGEN-6C4, GECO, 

and XGM2019e, respectively. The mean square root values of these residual errors for the geoid models are 

1.9, 2.0, 2.5, and 2.0 cm. 

Previous research conducted by Hamza et al. [7] the results of the zero baselines test show that the 

u-blox multi-frequency receiver, i.e., ZED-F9P, has low noise at the sub-millimeter level. To analyze the 

impact of the antenna on the obtained coordinates, a short baseline test was applied. Both uncalibrated 

antennas tested (Tallysman TW3882 and survey) showed satisfactory positioning performance. The 

Tallysman antenna was more accurate in horizontal positioning, and the difference from the true value was 

only 0.1 mm; while for the survey antenna, the difference was 1.0 mm. For the ellipsoid height, the 

differences were 0.3 and 0.6 mm for the survey and Tallysman antennas, respectively. Comparison of low-

cost receivers with low-cost survey calibrated antennas and geodetic instruments proved better performance 

for geodetic instruments. The geodetic GNSS instrument is more accurate than the low-cost instrument, and 

the precision of the coordinate estimation of the geodetic network is also greater. Low-cost GNSS 

instruments are not at the same level as geodetic instruments; however, considering their cost, they show 

excellent performance that is quite suitable for various geodetic applications. 

The purpose of this research is to get a GNSS prototype that can produce raw coordinate position 

data with the average method of three GPS and connected and updated automatically, for precision ellipsoid 

height detection and to analyze the policy of an area that has certain ellipsoid contours as an object. This 

research is very important to use because GNNS refers to a constellation of satellites that provide positioning, 

navigation and timing services in real time. GNSS technology also as an innovation in the field of tracking 

devices offers many advantages that encourage efficiency and safety in tracking, the development of GNSS 

enabled satellites is needed as a precise, reliable, and flexible tracking in navigating the complexity of 

modern networks. 

 

 

2. METHOD 

In the research, an applied research approach will be carried out, namely as engineering research on 

the application of science into a tool design to obtain tool performance in accordance with specified 

requirements [8]. The design is a synthesis of design elements combined with scientific methods into a 

system that meets certain specifications [9]. The research design is i) determining the measurement accuracy 
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specifications of the tool into several design alternatives, ii) choosing one of the best design alternatives to be 

applied, and iii) assembling the module, namely the antenna bracket, the method of sending and retrieving 

data, the use of main and supporting materials and the level of data accuracy. The prototype design produces 

a GNSS system that can be used for ellipsoid height detection as shown in Figure 1. 

 

 

  
 

Figure 1. GNSS satellite orbits and illustrations of ellipsoid, geoid, and topographic positions 

 

 

2.1.  Global navigation satellite system 

GNSS is a navigation system used to determine the position on the earth's surface [10], GNSS is a 

technology used to determine the position or location (latitude, longitude, and altitude) and time in scientific 

units on earth [11]. Satellites will transmit high-frequency radio signals containing time and position data that 

can be picked up by receivers that allow users to know the location anywhere on the earth's surface [12]. 

GNSS signals originating from satellites travel through the Earth's atmospheric layers, so the satellite signals 

experience delays, this affects the time it takes for the signal from the satellite to travel to the GNSS receiver, 

which has a slight error into the GNSS receiver, causing an error in the position measurement [13]. 

The first cause of delay is that the signal must travel through the ionosphere which is the outer edge 

of the atmosphere. The atmosphere is exposed to solar radiation which causes particles to become positively 

charged. This layer of the atmosphere has the greatest impact on passing electromagnetic signals that have 

radio signals sent from satellites. The influence of the ionosphere will add a relatively large delay depending 

on the location of the receiver, the location of the satellite, the time of day, the activity of the solar flare, from 

these factors it is concluded that the satellite's journey, experiences a delay of up to 16 newton seconds  

(16 NS). This can cause an error of up to 5 meters in the position taken [14]. 

The second delay is the signal from traveling through the troposphere, the weather part of the 

atmosphere, which includes conditions such as clouds, rain and lightning. This adds a much smaller delay to 

the signal of up to 1.5 NS, which can introduce position errors of up to 0.5 m. These delays are random 

delays that fluctuate so each individual satellite signal delay is positioned in a different area around the 

world, so the satellite signal will experience different atmospheric disturbances. The time delay from the 

satellite to the GNSS antenna can affect the recorded position data including the red circle which shows the 

error from the satellite indicated by atmospheric conditions [15]. 

 

2.2.  Global positioning system 

GPS is a satellite-based navigation system developed by the US Department of Defense (DoD) in 

the early 1970s. Initially, GPS was developed as a military system to meet the needs of the United States 

military. Soon after, however, access was made available to civilians and it is now a dual-system that can be 

accessed by both military and civilian users [16]. The system, which nominally consists of 24 satellites, can 

be used by many people at once in all weathers, and is designed to provide precise three-dimensional position 

and velocity as well as continuous time information around the world [17].  

Basically, GPS consists of three main segments, namely the space segment consisting of GPS 

satellites equipped with antennas to receive and send wave signals, functioning as radio stations in space 

[18]. The control system segment consists of satellite monitoring and control stations that function to monitor 

and control the work of all satellites and ensure the functions of all satellites work well according to their 

functions and the user segment. In the user segment there are GPS receivers that are used to receive and 

process signals from GPS satellites to be used in determining position information, speed, time and other 

derived parameters [19]. 
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Each GPS satellite continuously emits wave signals at two L-band frequencies called L1 and L2, the 

L1 signal has a frequency of 1575.42 MHz and the L2 signal has a frequency of 1227.60 MHz the L1 signal 

carries two binary codes called P-code (P-code, precise or private code) and C/A-code (C/A-code, clear 

access or coarse acquisition), while the L2 signal carries only C/A-code. It should be noted that at present the 

P-code has been converted into a Y-code whose structure is kept secret to the public [20]. Using the 

differential (relative) positioning method that uses a minimum of two GPS receivers’ results in relatively 

higher positioning accuracy [21]. GPS can provide positions instantly (real-time) or after the observation 

after the observation data is processed more extensively (post processing) which is usually done to get better 

accuracy. The accuracy of GPS positions obtained from observations depends on four factors, namely 

i) positioning method, ii) geometry and distribution of the observed satellites, iii) data accuracy, and iv) data 

processing strategy/method, with GPS the point to be determined can be stationary (static positioning) or 

moving (kinematic positioning). The position of the point can be determined using one GPS receiver against 

the center of the earth using the absolute (point) positioning method, or against other points that have known 

coordinates [22]. 

 

2.3.  Global positioning system errors and bias 

There are several types of errors and biases that affect GPS observation data, including errors and 

biases related to satellites (such as ephemeris errors, satellite clocks, and selective availability), propagation 

medium (such as ionospheric bias and tropospheric bias), GPS receivers (such as receiver clock errors, 

antenna errors, and noise), observation data (phase ambiguity and cycle slips), and the environment around 

GPS receivers such as multipath [23]. GPS errors and biases must be properly and properly accounted for as 

they will affect the accuracy of the information (position, velocity, acceleration, time) obtained as well as the 

process of determining the phase ambiguity of the GPS signal. The observation strategy applied will also 

affect the effect of errors and biases on the observation data [24]. 

In addition, the structure and level of sophistication of the GPS data processing software will be 

affected by the mechanisms used to deal with errors and biases. A more detailed explanation of the effects of 

errors and biases. In general, there are several ways that can be used in dealing with errors, namely i) 

estimate the parameters of errors and biases in the process of calculating averaging, ii) apply a differencing 

mechanism between data, iii) calculate the amount of error/bias based on size data, iv) calculate the amount 

of error/bias based on the model, and v) use the right observation strategy, vi) use the right data processing 

strategy. 

 

2.4.  Height difference measurement 

Measurement of height difference is a measurement work to determine the height difference of 

several points on the earth's surface against the average sea level, conceptually the height difference is 

defined as the difference between the two Nivo planes through two points on the earth's surface, the Nivo 

plane is an equipotential horizontal plane perpendicular to the gravity direction line through a point [25]. 

In measuring height, there are several terms that are often used i) a vertical line is a line that points to the 

center of the earth, which is generally considered the same as an endless line, ii) a horizontal plane is a plane 

perpendicular to the vertical line at each point. The horizontal plane is curved to follow the sea surface, 

iii) datum is a plane used as a reference plane for height, such as mean sea level, iv) elevation is the vertical 

distance (height) measured against the datum plane, and v) Banchmark is a fixed point whose elevation is 

known against the datum used, to guide the measurement of the elevation of the surrounding area [26]. 

The measurement of the height difference made by the flat sipat or water pass method is the most 

thorough method compared to other methods, the height of an object on the earth's surface is the height 

measured from a reference plane, whose height is considered zero [27]. The geodetic reference plane is called 

the geoid, which is an equipotential plane that coincides with the mean sea level, or also called the Nivo 

plane and these planes are always perpendicular to the direction of gravity towards each point on the earth's 

surface [28]. Using water pass equipment with a tripot, the difference in the center thread reading between 

the two rear signs less the face sign is used to determine the height difference between two points on the 

surface of the earth, measuring tape and meter, as well as the basic principle of measuring height with a water 

pass to measure the height difference between two points on the earth's surface. Flat-fold height difference 

measurement is still the most thorough way of measuring height difference to get the orthometric height of 

the ellipsoid height, other additional data is needed, namely geoid undulation [29]. With the undulation, the 

orthometric height can be calculated from the height of the ellipsoid and there are several methods to get the 

price of geoid undulation including the geometric method and the gravimetric method, in the geometric 

method, geoid undulation is calculated from a combination of satellite position height data with height and 

flat fold measurements. In the gravimetric method, geoid undulation is calculated from terrestrial gravity data 

and the global geopotential model [30]. 
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2.5.  Height determination with GPS 

The height of the point given by GPS is the height of the point above the surface of the ellipsoid, 

namely the WGS84 ellipsoid, the ellipsoid height (h) is not the same as the orthometric height (H) obtained 

from the measurement of levelling, the orthometric height of a point is the height of the point above the geoid 

measured along the gravity line through the point [31]. The ellipsoid height of a point is the height of that 

point above the ellipsoid calculated along the ellipsoid normal line through that point for practical purposes 

the geoid is generally considered to coincide with mean sea level [32]. The geoid is a reference plane for 

expressing orthometric height, mathematically the geoid is a very complex surface that requires very many 

parameters to represent the earth mathematically and for mathematical calculations people generally use a 

reference ellipsoid and not a geoid [33]. The reference ellipsoid and geoid generally do not coincide, and in 

this case the height of the geoid with respect to the ellipsoid is called the geoid undulation (N), to be able to 

transform the ellipsoid height from the GPS measurement to the orthometric height, the geoid undulation at 

the corresponding point is required [34]. 

 

2.6.  Monitoring land subsidence with GPS 

GPS has been used successfully to observe the stability of structures, an application that requires 

high accuracy including deformation monitoring of dams, bridges and television towers. Monitoring 

subsidence of oil fields and mining areas is another example where GPS has been used successfully, 

monitoring subsidence by taking GPS measurements of the same area at different time intervals. Slow 

subsidence of structures such as dams requires millimeter accuracy to monitor subsidence.  

With today's GPS satellites and GPS receivers, as well as mathematical alignment models, 

subsidence can be seen well enough for an informative subsidence analysis to be made [35]. Points placed at 

selected locations are periodically and carefully coordinated using the survey method studying the pattern 

and speed of coordinate changes of these points from one survey to the next. The subsidence characteristics 

can be calculated and further studied. Therefore, in the study of subsidence using GPS survey method, there 

are several advantages and benefits offered, as described in the following points [36]. 

The principle of monitoring land subsidence with GPS is to place monitoring points in several 

selected locations, carried out continuously so that the coordinates of the monitoring points can be 

determined carefully and from GPS observations the data to be obtained are in the form of monitoring point 

coordinates and time. By making periodic observations, changes in the position of a monitoring point can be 

identified by looking at changes in the coordinate value of the monitoring point from time to time. To get the 

value of land subsidence is to determine the height difference of each measurement [37]. 

 

2.7.  Statistical data test 

The standard deviation value is a value used in determining the distribution of data in a sample and 

seeing how close the data is to the mean value. Standard deviation or standard deviation is the best measure 

of spread, because it describes the magnitude of the spread of each unit of observation [38]. Standard 

deviation is the square root value of a variance which is used to assess the average or expected. Standard 

deviation or standard deviation of data that has been arranged in a frequency table.  

The standard deviation value is a value used in determining the distribution of data in a sample and 

seeing how close the data is to the mean value [39]. Statistically, it is stated that the larger the sample size, 

the better the results. With a large sample, the mean and standard deviation obtained have a high probability 

of resembling the mean and standard deviation of the population. This is because the sample size is related to 

statistical hypothesis testing, although a large sample will be better, a small sample when randomly selected 

can also accurately reflect the population [40]. 

The standard deviation value is a value used in determining the distribution of data in a sample and 

seeing how close the data is to the mean value, the greater the standard deviation value, the more diverse the 

values on the item or the more inaccurate the mean, conversely the smaller the standard deviation, the more 

similar the values on the item or the more accurate the mean [41]. Analysis of calculations with the mean 

method, namely calculating the average value is to add up all individual data in the group, then divide by the 

number of individuals in the group, as in (1): 

 

𝑀𝑒𝑎𝑛 𝑋 =
∑ 𝑋𝑖

𝑛
=

1

𝑛
(𝑋1 + 𝑋2 + ⋯ + 𝑋𝑛) (1) 

 

where 𝑋 is the mean or average, ∑ is the sum, 𝑋𝑛 is the variable and 𝑛 is the number of values. 

To calculate the median, the middle value is based on the middle value of the data group that has 

been arranged in order from smallest to largest or vice versa from largest to smallest, as in (2): 
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𝑀𝑒𝑑𝑖𝑎𝑛 =
𝑋1+𝑋2

2
  (2) 

 

where 𝑀𝑒𝑑 is the median, 𝑋1 is the middle value where the median is located and 𝑋2 the second middle 

value where the median is located. 

To calculate the frequently occurring value from a group of data that has the highest frequency or 

the most occurring value in a group of values, as in (3): 

 

𝑀𝑜 = 𝑇𝐵 +
𝑎

(𝑎+𝑏)
𝑥𝐶  (3) 

 

where 𝑀𝑜 is the mode, 𝑇𝐵 is the lower point of the mode class (the class with the largest frequency), a is the 

difference between the frequency of the 𝑀𝑜 class and the previous one, b is the difference between the 𝑀𝑜 

frequency and the one after it and 𝑐 is the class interval. 

To calculate the standard deviation of individual values against the group mean, the standard 

deviation is the square root of the variance and indicates the standard deviation of the data from its mean 

value, as in (4): 

 

𝑆 =
√∑(𝑋1−𝑋𝑛𝑖)2

𝑛−1
  (4) 

 

where S is the standard deviation, N is the number of data, 𝑋1 is the 1st to nth 𝑋 value and x is the average 𝑥 

value. 

 

2.8.  Prototype design 

At the prototype design stage, the equipment needed is the u-blok Neo-7M module which functions 

to receive GNSS signals, these signals provide certain codes, so they can be recognized at the receiver. From 

GNNS then sends these codes to the Arduino Uno module and Arduino immediately performs the storage 

process on the SD Card. From GNNS, the data received to the ESP32 Wi-Fi module for further processing to 

the database server storage. The results of the design model can be seen in the design of Figure 2 which 

shows the general installation of the system to be made. 

 

 

 
 

Figure 2. Prototype of GNSS system 

 

 

The way the tool works is that the GPS antenna consists of a u-blox Neo-7M module which 

functions to find four or more satellites by detecting signals emitted from satellites received by the GPS 

antenna, then connected via an RS-485 module for further processing on the Arduino Uno module, then the 

received satellite signal will be sent to the receiver via a data cable. GPS receiver which functions to receive 

and store satellite signal data received by the GPS antenna and send the data to the web server system 
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consisting of Arduino Uno components connected via RS-485 module to program the SSD card module as 

data storage and program the Esp32-S Wi-Fi module for the process of sending data to the web server system 

in real time. The poles used use 304 stainless steel-based pipes which have anti-corrosion properties and have 

better strength in outdoor with sizes of 4 inches and 1 inch with a pole height of 120 cm and the length of 

each side is 60 cm, in assembling this pole using the equilateral triangle method and also requires accuracy so 

that no errors occur when welding. 

 

 

3. RESULTS AND DISCUSSION 

In the design and assembly of this web-based GNSS continues positioning system prototype is 

divided into three parts, namely i) the GPS antenna functions to detect and receive electromagnetic waves 

emitted by GNSS satellites then sent to the receiver for further processing; ii) the receiver functions to 

process the data received by the GPS antenna, then the data is stored in the memory card module, and sends 

the data to the base server; and iii) the website functions to display the page or data information received by 

the receiver to be presented to the user in order to facilitate the process of downloading and processing data. 

In the design and assembly of this GNSS system prototype, several equipment is used as support, namely 

antennas, receivers and web information. Basically, the method in determining the position using GNNS can 

be grouped into several modes that can be used based on the needs of kinematic, static, rapid static,  

pseudo-kinematic stop and go. In this study the method used is pseudo-kinematic stop and go so that the 

accuracy used is precision. the difference with GNSS with navigation satellites is that it has the ability to 

provide information related to the position of the location geographically and time synchronization in the use 

of signal in real time from navigation satellites orbiting in the sky, navigation satellites are generally used in 

various sectors such as research accuracy, support in search and rescue, earth science, transportation. 

 

3.1.  GNSS observation training data with absolute method 

Observations were carried out for one hour with an observation time interval of one second with the 

observation location at XYZ, with coordinates 06֯ 09'49.59153 "S - 106֯ 53'07.97377 "E. Then the observation 

data was downloaded and the data was validated using raw conversion from decimal degrees format to UTM 

(coordinated universal time) format. Furthermore, to analyze and find out how big the standard deviation is, 

an analysis is carried out using a statistical formula. This is done to find out and ascertain whether this tool 

can really record raw from GNSS signal recording results, as well as to find out the quality of the data can be 

validated correctly. The observation distribution data used is 3,600 data received at the GPS receiver, the 

observation results of the distribution data will be used as training data, as in Table 1. 

 

 

Table 1. Raw distribution of observations from GPS receivers 
No Date Times Coordinate 

GPS-1 GPS-2 GPS-3 
Easting Northing Easting Northing Easting Northing 

1 05/11/2023 10:29:00 708643.608 10681677.855 708651.688 10681678.234 708647.721 10681678.312 

2 05/11/2023 10:29:01 708643.590 10681677.855 708651.706 10681678.215 708647.739 10681678.367 
3 05/11/2023 10:29:02 708643.590 10681677.836 708651.688 10681678.123 708647.776 10681678.386 

4 05/11/2023 10:29:03 708643.571 10681677.818 708651.670 10681678.031 708647.813 10681678.423 

5 05/11/2023 10:29:04 708643.553 10681677.818 708651.670 10681678.086 708647.831 10681678.441 
… … … … … … … … … 

3599 05/11/2023 11:28:58 708646.405 10681680.058 708647.481 10681683.436 708646.729 10681676.981 

3600 05/11/2023 11:28:59 708646.386 10681680.040 708647.463 10681683.436 708646.766 10681676.963 

 

 

To obtain valid data from GPS-1, GPS-2, GPS-2 after conversion to UTM, the observation data is 

analyzed using a statistical formula equation with the absolute method (mean, median, mode, standard 

deviation) with the formula (1): 
 

𝑀𝑒𝑎𝑛 𝑋 =
∑ 𝑋𝑖

𝑛
=

1

𝑛
(𝑋1 + 𝑋2 + ⋯ + 𝑋𝑛) (1) 

 

GPS-1 

Easting : 708646.96  

Northing : 10681678.66 

GPS-2 

Easting : 708649.53  

Northing : 10681679.41 
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GPS-3 

Easting : 708645.99  

Northing : 10681678.08 

 

Median (𝑀𝑒 =
𝑋1+𝑋2

2
 )  (2) 

 

GPS-1 

Easting : 708646.88 

Northing : 10681678.80 

GPS-2 

Easting : 708649.46  

Northing : 10681679.64 

GPS-3 

Easting : 708646.03 

Northing : 10681678.10 

 

Modus (𝑀𝑜 = 𝑇𝐵 +
𝑎

(𝑎+𝑏)
𝑥𝐶)   (3) 

 

GPS-1 

Easting : 708646.58 

Northing : 1010681678.44 

GPS-2 

Easting : 708649.58 

Northing : 10681679.30 

GPS-3 

Easting : 708645.99 

Northing : 10681677.88 

 

Standard Deviation (𝑆 =
√∑(𝑋1−𝑋𝑛𝑖)2

𝑛−1
 )  (4) 

 

GPS-1 

Easting : 1.09 

Northing : 1.08 

GPS-2 

Easting : 1.19 

Northing : 1.32 

GPS-3 

Easting : 0.54 

Northing : 0.64 

 

Details of the recapitulation of calculations using statistical formula equations with absolute 

methods (mean, median, mode, standard deviation) can be seen in Table 2. For the calculation of standard 

deviation on GPS-1 easting of 1.09 m and northing of 1.08 m, GPS-2 easting of 1.19 m and northing of  

1.32 m, GPS-3 easting of 0.54 m and northing of 0.64 m. Circular error probability (CEP) standardization 

issued by u-blox Neo 7M from the calculation results has met the standard of 2.5 m. 

Furthermore, to analyze and find out how big the standard deviation is on the training data, the 

observation results will be analyzed using statistical formulas. With observation distribution data of 3,600 

data received at the GPS receiver. The results of the observation analysis of the distribution data will be used 

as training data to obtain real data. Distribution data of raw observations on global positioning system as 

shown in Table 3. 

 

 

Table 2. Recapitulation of GPS observation data calculation results 
Test with equation formulas GPS-1 GPS-2 GPS-3 

Easting Northing Easting Northing Easting Northing 

Mean (X) (1) 708646.96 10681678.66 708649.53 10681679.41 708645.99 10681678.08 

Median (Me) (2) 708646.88 10681678.80 708649.46 10681679.64 708646.03 10681678.10 

Modus (Mo) (3) 708646.58 10681678.44 708649.58 10681679.30 708645.99 10681677.88 
Standard Deviation (S) (4) 1.09 1.08 1.19 1.32 0.54 0.64 
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Table 3. Raw distribution of observations from GPS receivers 
No Date Clock GPS-AVG GPS TRIMBLE-8 

Easting Northing Easting Northing 

1 05/11/2023 10:29:00 708647.666 10681678.127 708647.288 10681679.009 
2 05/11/2023 10:29:01 708647.666 10681678.146 708647.288 10681679.009 

3 05/11/2023 10:29:02 708647.685 10681678.109 708647.288 10681679.009 

4 05/11/2023 10:29:03 708647.685 10681678.091 708647.288 10681679.009 
5 05/11/2023 10:29:04 708647.685 10681678.109 708647.288 10681679.009 

… … … … … … … 

3599 05/11/2023 11:28:58 708646.679 10681680.723 708646.679 10681680.723 
3600 05/11/2023 11:28:59 708646.661 10681680.723 708646.661 10681680.723 

 

 

Calculation of data from GPS-AVG and Trimble-8 GPS with valid after conversion to UTM, then 

the observation data is analyzed using statistical formula equations with absolute methods (mean, median, 

mode, standard deviation) with the following details: 
 

𝑀𝑒𝑎𝑛 𝑋 =
∑ 𝑋𝑖

𝑛
=

1

𝑛
(𝑋1 + 𝑋2 + ⋯ + 𝑋𝑛) (5) 

 

GPS-AVG 

Easting : 708647.53  

Northing : 10681678.72 

GPS-TRIMBLE 8 

Easting : 708647.27 

Northing : 10681679.30 
 

Median (𝑀𝑒 =
𝑋1+𝑋2

2
 )  (6) 

 

GPS-AVG 

Easting : 708647.46 

Northing : 10681678.79 

GPS-TRIMBLE 8 

Easting : 708647.25 

Northing : 10681679.29 
 

Modus (𝑀𝑜 = 𝑇𝐵 +
𝑎

(𝑎+𝑏)
𝑥𝐶)  (7) 

 

GPS-AVG 

Easting : 708646.87 

Northing : 10681678.64 

GPS-TRIMBLE 8 

Easting : 708647.29 

Northing : 10681679.33 
 

Standard Deviation (𝑆 =
√∑(𝑋1−𝑋𝑛𝑖)2

𝑛−1
 ) (8) 

 

GPS-AVG 

Easting : 0.56 

Northing : 0.64 

GPS-TRIMBLE 8 

Easting : 0.14 

Northing : 0.27 
 

Details of the recapitulation of calculations using statistical formula equations with absolute 

methods (mean, median, mode, standard deviation) can be seen in Table 4. For the calculation of standard 

deviation on GPS-AVG easting of 0.56 m and northing of 0.27 m, GPS-TRIMBLE R8 easting of 0.14 m and 

northing of 0.27 m. Circular error probability (CEP) standardization issued by u-blox Neo 7M from the 

calculation results has met the standard of 2.5 m. Visualization of the analysis of the results of the 

comparison of the standard deviation of easting and northing coordinates on each GPS-AVG and  

GPS-Trimble R8 as shown in Figure 3. 
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Table 4. Recapitulation result of GPS observation data calculation  

Test with equation formulas 
GPS-AVG GPS-TRIMBLE R8 

Easting Northing Easting Northing 

Mean (X) 708647.53 10681678.72 708647.27 10681679.30 

Median (Me) 708647.46 10681678.79 708647.25 10681679.29 

Modus (Mo) 708646.87 10681678.64 708647.29 10681679.33 
Standard Deviation (S) 0.56 0.64 0.14 0.27 

 

 

 
 

Figure 3. Visualization of standard deviation comparison for each GPS 

 

 

3.2.  Training data of altitude observation with absolute method 

Altitude observations were carried out for fifteen days from November 05, 2023 to November 20, 

2023 with an observation time interval of fifteen minutes, with the observation location at XYZ, with 

coordinates 06֯ 09'49.59153 "S - 106֯ 53'07.97377 "E. Then the observation data was downloaded and the data 

was validated using raw conversion from decimal degrees format to coordinated universal time (UTM) 

format. Furthermore, to analyze and find out how big the standard deviation is, an analysis is carried out 

using the statistical equation formula. This is done to find out and ascertain whether this tool can really 

record raw from GNSS signal recording results, and to find out the quality of the data can be validated 

correctly. The height observation distribution data used is 1,536 data received at the GPS receiver, the height 

observation results from the distribution data will be used as training data, as shown in Table 5. 

 

 

Table 5. GPS elevation distribution training data 
No. Date Times  Training data distributing altitude 

MSL altitude GEOID separation HIGH ellipsoid 

GPS-1 GPS-2 GPS-3 GPS-1 GPS-2 GPS-3 GPS-1 GPS-2 GPS-3 

1 05/11/2023 00:00 29.80 32.90 33.30 2.10 2.10 30.80 27.70 30.80 31.20 
2 05/11/2023 00:15 33.40 33.70 32.40 2.10 2.10 31.60 31.30 31.60 30.30 

3 05/11/2023 00:30 33.30 28.60 34.90 2.10 2.10 26.50 31.20 26.50 32.80 

4 05/11/2023 00:45 34.20 30.70 31.30 2.10 2.10 28.60 32.10 28.60 29.20 
5 05/11/2023 01:00 26.90 31.00 29.10 2.10 2.10 28.90 24.80 28.90 27.00 

… … … … … … … … … … … … 

1535 20/11/2023 23:30 27.10 32.50 29.00 2.10 2.10 30.40 25.00 30.40 26.90 
1536 20/11/2023 23:45 27.20 30.40 30.20 2.10 2.10 28.30 25.10 28.30 28.10 

 

 

To obtain valid altitude data from the GPS receiver with HIGH Ellipsoid after conversion to UTM, 

the observation data is analyzed using a statistical formula equation with the absolute method (mean, median, 

mode, standard deviation) with the formula: 

 

Mean (𝑋 =
∑ 𝑋𝑖

𝑛
=

1

𝑛
(𝑋1 + 𝑋2 + ⋯ + 𝑋𝑛)) (9) 

 

GPS-1 : 26.30 

GPS-2 : 26.50 

GPS-3 : 26.90 

 

Median (𝑀𝑒 =
𝑋1+𝑋2

2
 ) (10) 
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GPS-1 : 26.38 

GPS-2 : 25.94 

GPS-3 : 27.13 

 

Modus (𝑀𝑜 = 𝑇𝐵 +
𝑎

(𝑎+𝑏)
𝑥𝐶)   (11) 

 

GPS-1 : 28.20 

GPS-2 : 28.60 

GPS-3 : 25.80 

 

Standard Deviation (𝑆 =
√∑(𝑋1−𝑋𝑛𝑖)2

𝑛−1
 )   (12) 

 

GPS-1 : 3.75 

GPS-2 : 4.28 

GPS-3 : 3.69 

 

Details of the recapitulation of calculations using statistical formula equations with absolute 

methods (mean, median, mode, standard deviation) can be seen in Table 6. For the calculation of standard 

deviation on the HIGH Ellipsoid is GPS-1 of 3.76 m, GPS-2 of 4.28 m and GPS-3 of 3.69m. Visualization of 

the analysis of the results of the comparison of standard deviation of coordinates on each GPS-1, GPS-2, 

GPS-3 as in Figure 4. 

 

 

Table 6. Results of recapitulation of HIGH Ellipsoid altitude data calculation  
Test with equation formulas HIGH Ellipsoid 

GPS-1 GPS-2 GPS-3 

Mean (X) 26.30 26.50 26.90 

Median (Me) 26.38 25.94 27.13 
Modus (Mo) 28.20 28.60 25.80 

Standard Deviation (S) 3.76 4.28 3.69 

 

 

 
 

Figure 4. Standard deviation comparison visualization graph for each GPS 

 

 

3.3.  Plot of raw GPS observation and correction 

Observations were carried out for one hour with an observation time interval of one second, using 

the data comparison method using the GPS-Trimble R8 device at the same point. The observation location at 

XYZ at coordinates 06֯ 09'49.59153 "S - 106֯ 53'07.97377 "E. Then the observation data is downloaded and 

the data is validated using raw conversion from decimal degrees format to UTM format. Furthermore, to 

analyze and find out how much the observation data is downloaded and then the data is validated to find out 

how much accuracy of the GNSS continuous positioning system prototype tool. This is done to find out and 

make sure, whether this tool can really record raw from GPS observations and to find out the quality of the 

data can be validated, the results of the analysis as in Figure 5. 
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From the analysis of Figure 5 that the results of the GPS raw data plot are obtained for green warrants 

are raw data from GPS-Trimble R8, blue is GPS-1 raw data, orange is GPS-2 raw data, yellow is GPS-3 raw 

data, purple is GPS-AVG raw data. The results of averaging the three raw data from GPS-1, GPS-2 and GPS-3 

with a simple smoothing method, resulting in that the distribution accuracy of the prototype tool can be in the 

distribution position of the GPS-Trimble R8 tool. From the results of the analysis of Figure 5 that the results 

of the GPS raw data plot obtained for green warrants are raw data from GPS-Trimble R8, blue is GPS-1 raw 

data, orange is GPS-2 raw data, yellow is GPS-3 raw data, purple is GPS-AVG raw data. 

 

 

 
 

Figure 5. GPS row plot results and correction results 

 

 

3.4.  Plot of raw altitude and its correction results 

Altitude observations were carried out for fifteen days from November 05, 2023 to November 20, 

2023 with an observation time interval of fifteen minutes, with the observation location at XYZ, with 

coordinates 06֯ 09'49.59153 "S - 106֯ 53'07.97377 "E. Then the observation data was downloaded and the data 

was validated using raw conversion from decimal degrees format to UTM format. Furthermore, to analyze 

and find out how much accuracy of the GNSS continuous positioning system prototype tool. This is done in 

order to know and ensure, whether this tool can actually record raw data from the GNSS signal recording 

results and to determine the quality of the data can be validated, the results of the analysis as shown in  

Figure 6. 

From the analysis of Figure 6 that the results of the altitude raw data plot can be analyzed for orange 

color is raw data from GPS-1, yellow color is GPS-2 raw data, green color is GPS-3 raw data and brown 

color is GPS-AVG raw data or the average result of the three raw data from GPS-1, GPS-2 and GPS-3. With 

the simple smoothing method and the least square method, it is found that the altitude accuracy of the 

prototype is at an altitude position of 28.7 meters from the ellipsoid height obtained from the average value 

of the three GPS plus the height of the GPS antenna. 

 

 

 
 

Figure 6. Results of raw height plot and its correction 
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4. CONCLUSION 

The purpose of this research is to obtain a prototype GNSS system that can produce raw GPS 

position data. By averaging three methods GPS-1, GPS-2 and GPS-3 can be used for the detection of 

ellipsoid height at the object location. Data processing with observation results can be obtained prototype 

GNSS continuous positioning system can be programmed to produce raw data position data. With a precise 

level of accuracy using a simple averaging method that can be programmed in order to produce raw height 

data for ellipsoid height detection in certain areas. 

The results of this study are with the observation of the absolute method for one hour, the results of 

validation of position accuracy data for i) GPS-1 easting of 1.09 m and northing of 1.08 m, ii) GPS-2 easting 

of 1.19 m and northing of 1.32 m and iii) GPS-3 easting of 0.54 m and northing of 0.64 m. GPS-AVG or the 

average of the three GPS obtained easting of 0.56 m and northing of 0.64 m, GPS-AVG or the average of the 

three GPS obtained easting of 0.56 m and northing of 0.64 m, 56 m and northing of 0.64 m. While raw 

altitude data obtained standard deviation data of 0.56 m and 0.64 m.  

The raw altitude data obtained standard deviation data from GPS-1 of 3.76 m, GPS-2 of 4.26 m, 

GPS-3 of 3.69 m and GPS-AVG or the average of the three GPS obtained 3.01 m from the height of the 

ellipsoid. To produce a higher level of precision and accuracy, the u-blox 7M chip is replaced with other chip 

type specifications so as to get higher position accuracy results as well and the use of a data filtering system 

in the Arduino programming system, so that the results of the ellipsoid height in the XYZ area are better 

expected to make continuous observations. 
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