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Abstract 
 

GPS applications developed so far separately construct their components for 

each domain though they have common functions in various domains. From 

the software engineering point of view, it is a waste of time and resources. 

However, if common functions of GPS applications are constructed as a 

component, there would be advantages such as assembly and reuse. There 

will be various advantages in component-based development. To gain them, 

in this study, component-based GNSS development process were defined, 

and COM components were extracted by analyzing domains of DGPS- and 

IDGPS-related applications which are the technologies to correct GPS errors. 

This paper aims to analyze and extract requirements that are needed for 

designing components and to design a component specification, which is 

based on extracted components. In this study, common functions of GPS 

applications were constructed as a component. This method has advantages 

that can be assembled and reused. That is, it would develop a highly reliable 

method for software when common components are extracted from 

requirements for GNSS construction and a component-based GNSS 

development process is achieved. Based on this design, we plan to study a 

variety of existing component-based process methodologies that are relevant 

to component-based GNSS development process. 

 
Keywords: Global Navigation Satellite System, Specification, User 

Requirements, Earth, Component Extraction. 
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1 Introduction 
 

Global Navigation Satellite System (GNSS) is a satellite-based navigation 

system. The system can locate a GNSS receiver at the place where it receives 

satellite signals. Global Positioning System (GPS) was developed by United 

States Department of Defense (DoD) for the military. And, with the 

development of technology, it is available for civilian use. GNSS is based on 

U.S. GPS, Russian GLONASS (Global Navigation Satellite System), and 

European Galileo, etc.[1. 2] 

GNSS receives electromagnetic waves transmitted from satellites and 

determines three-dimensional (3D) location on Earth. The location-based 

technologies are to capable of determining a position at varying degree of 

accuracy, depending on user demand. As GNSS is based on the technologies, 

it has been miniaturized and improved with advancements in manufacturing 

technology of receivers and development in location algorithm. Due to these 

reasons, GNSS has  exponentially expanded its ranges as extending location-

based service such as drones and autonomous vehicles and other 

applications. Put differently, it is in the spotlight as an appropriate 

technology that can meet the needs for location information. The agencies 

operating GNSS are actively advancing and constructing their own 

independent system to lead the location-based service market utilizing 

location determination of a satellite[3, 4]. 

The basic principle of GNSS is to measure the propagation time which is 

the time the signal takes to travel from a satellite to the receive and calculate 

distance from a satellite to a receiver. Then, the current location of a user is 

determined by trigonometry. In these applications, it is significant that they 

are located on different domains, but they have common and key 

components. In other words, the existing applications have disadvantages in 

terms of separate implementation and development for each domain even 

though they have common components. Thus, from a business-oriented 

viewpoint,   GNSS applications extract key components, utilize them to build 

related applications, and improve software quality such as development, 

maintenance, productivity and so on. For effective extraction, in short, the 

GNSS components will have to be made of the self-execution unit that 

hierarchically modularizes functions for a system. By applying the reusable 

property, the components should be distinguished between reusable and new 

ones to reduce development time and secure quality components. To extract 

quality ones, a systematic modeling method that accurately expresses users 

demand is required[5-7][. 

GPS applications developed so far separately construct their components 

for each domain though they have common functions in various domains. 

From the software engineering point of view, it is a waste of time and 

expense. However, if common functions of GPS applications are constructed 

as a component, there would be advantages such as assembly and reuse. 

There will be various advantages in component-based development. To gain 

them, in this study, component-based GNSS development process will be 

defined, and COM components will be extracted by analyzing domains of 

DGPS- and IDGPS-related applications which are the technologies to correct 

GPS errors. 
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2 Related Works 
 

Recently, to complete the system construction of Galileo in the EU 

(European Union) and BeiDou in China, satellite orbits have been arranged. 

Also, U.S. and Russia have been developing new satellites for advancement 

in GPS and GLONASS systems. Currently, as U.S., Russia, the EU, China 

have started location determination services, users can receive signals from 

various systems at the same time, so a multi-GNSS location determination 

environment has emerged[8-12].  

Presently, there are GPS, GLONASS, Galileo, BeiDou, and etc. that are 

kinds of GNSSs being provided across the world. In 1995, GPS reached the 

FOC (Full Operational Capability), but there have been modernizations of 

satellites and satellite ground control systems due to development in the 

location-based technologies and increase in demands since early 2000s. After 

launching BLOCK IIR-M, the first modern satellite, in 2005, there has been a 

constant updating in satellite functions such as development and arrangement 

of BLOCK IIF and BLOCK III satellites[13-16]. 

The design life of GPS Block-IIR-M, a kind of satellites, was improved 

to about eight years by adding new civilian signals (L2C) which are possible 

to tune carrier waves (L2), including legacy satellite signals. Block-IIF that 

has arranged its orbits since 2010 transmits all signals of earlier models, new 

carrier waves (L5), and code signals, and its design life was improved to 

twelve years. Block-III model that has arranged its orbits since 2018 sends 

the fourth civilian signal (L1C) which is possible to tune L1, and its design 

life was improved to fifteen years. Also, its selective availability (SA) 

function was completely removed. Especially, as L5 and L1C is designed to 

share signals and frequency bands of other systems, it is to secure inter-

operability[17-21]. 

GLONASS is a satellite system to operate and maintain signals in 

Russian space forces, and its signal transmission method is frequency 

division multiple access (FDMA). Hence, it has low inter-operability with 

other GNSS systems using code division multiple access (CDMA) 

modulation. In 2003, Russia started GLONASS-M, the first generation of 

modern satellites, by recovering GLONASS system and conducting a 

modernization project. GLONASS-M, an initial model of modernized 

satellites, has a 0.1pm-level onboard clock and transmits the second civilian 

signal (L2OF) by tuning G2 carrier wave. GLONASS-K1, the second 

generation of modern satellites, has a 0.01pm-level onboard clock. 

Particularly, it transmits the third civilian signal (L3OC) by using CDMA 

modulation method to secure inter-operability with other GNSSs[22-23].  

Galileo is one of GNSS, which is being developed in European space 

forces for civilian users. With GIOVE-A and -B satellites launched in 2005 

and 2008, there have been initial tests such as satellite signal inspections and 

performance evaluations of satellite tracking and satellite ground control  
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system. Using in-orbit validation (IOV), the fourth satellite, launched in 2011 

and 2012, performances were evaluated for position and time. After then, 

eighteen satellites were arranged in orbits by 2016 for providing services. 

Ultimately, the EU has a plan to declare FOC by arranging thirty satellites in 

orbits. Galileo system transmits four carrier waves (E1, E5a, E5b and E6) by 

modulating them through CDMA method.  

The characteristics of multi-GNSSs are as follows: 

As multi-GNSS location determination environment started, the variety 

of systems and signals has increased. This allows it to improve accuracy and 

continuity, but it is subject to securing intercompatibility between systems. 

Then, an increase in the number of satellites in the skies of multi-satellite 

forces leads to improve dilution of precision (DOP) of satellite arrangement, 

so that it would improve the accuracy of location determination. In addition, 

it would enhance its continuity of location determination because it would 

collect the minimum data required for location determination even in 

downtown areas which have a number of blockages due to the increase in the 

number of observed data. 

 
3 User Requirements Analysis  
 

3.1 GPS Data Process  
 

The receiver of mobile station processes data with the signal from GPS 

satellite. That is, its own location information received from a satellite is 

extracted from NMEA format, which is converted to WGS84 X, Y, Z 

coordinates for WGS84 latitude, longitude, and altitude. Then, the number 

GPS satellites and satellite ID are collected, and satellite-related information 

is extracted to determine location of each satellite.  

 
3.2 Error Correction Algorithm 
 

The reference station removes common errors of receivers of the reference 

station and users. These issues are satellite clock errors, ionospheric errors, 

and tropospheric errors. Satellite clock errors are calculated by information in 

navigation system messages converted to RTCM format not from the 

reference station, but the control station. The reference station generates 

pseudorange correction (PRC), and Klobuchar model and Hopfield model are 

applied for ionospheric and tropospheric errors, respectively, to calculated 

errors.  

 

3.3 Each Interface 
 

The mobile station that has GPS receiver interface receives signals with 

NMEA format, a standard format, from GPS satellite. The station transmits 

processed data information through the network interface. The reference  
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station sends correction values with RTCM format to the control station 

through the interface for other systems. 

Business requirements analysis and business class model extraction are 

required prior to application development. In accordance with these 

requirements, mobile and reference stations receive signals from GPS 

satellites. Satellites continuously transmit information about the time 

required for other navigation systems, orbits, approximate orbits of the entire 

satellite, reliability and error correction factors, and receivers of mobile 

stations and reference stations continuously receive these message signals for 

navigation. Table 1 shows the allocation table for requirements, actors, and 

use cases. 

 
Table 1 Assignment Table about Requirements, Actor, and Use Case 

 

No. Requirements Actor Use case 

1 

The receivers of mobile and reference 

stations receive signals from the GPS 

satellite. The signal contains information 

about time, its own orbit, rough orbits of 

entire satellites, their reliability, and error 

correction factors that are required for 

other navigation system. 

‧  Satellite 

‧  Mobile 

Device 

‧  Receive 

GPS signal 

2 

The receiver of mobile station receives 

signals from GPS satellite and processes 

data. And then, using the signal, the 

location of mobile station is measured, 

orbital information relating the satellite is 

extracted, and rough information of orbit 

such as the number of satellites and the 

satellite number that is used is extracted. In 

addition, the receiver extracts the time to 

receive signals from the GPS satellite. 

‧ Mobile 

Device 

‧  Process 

GPS data 

‧  Measure 

mobile 

location 

‧  Extract 

orbit 

information 

‧  Extract 

receiving 

information 

3 

The mobile station transmits processed 

data to the control station, including its 

location, satellite number, the number of 

satellites, time to receive signal from the 

satellite, location of other satellites, and 

speed that is calculated with speedometer 

in the mobile station. It also transmits its 

own unique ID, information, and its 

condition to the control station. 

‧ Mobile 

Device 

‧ Control 

Station 

‧  Transfer 

GPS data 

‧  Transfer 

mobile 

station 

information 

‧  Transfer 

Processed 

data 

4 

The reference station calculates error based 

on the signal from GPS satellite. The 

calculated results are exported to RTCM 

format.  

‧ Control 

Station 

‧ Base 

Device 

‧  Compute 

correction 

data 

‧  Set RTCM 

format 
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5 

The reference station transmits the 

correction value of each satellite in RTCM 

format.  

‧  Control 

Station 

‧ Base 

Device 

‧  Transfer 

correction 

data 

6 

The location of mobile station is calculated 

by using the correction value in RTCM 

format obtained from the reference station 

and information about location and satellite 

obtained from the mobile station. 

‧ System 

Manager 

‧  Compute 

mobile 

location 

7 

The control station manages databases 

when addition, modifying, or deleting 

them, analyzes the log and results of 

mobile station, and then extracts their 

statistics. 

‧ System 

Manager 

‧  Manage 

mobile 

station 

‧  Manage 

database 

‧  Extract 

analysis 

and statistics 

8 

A system administer manages information 

about users, and the user is authorized to 

access the system by making ID and 

password.  

‧ System 

Manager 

‧  Manage 

control 

user 

‧  Manage 

authentication 

‧  Manage 

user 

information 

9 

When a user requests information about the 

mobile station, the control station provides 

information about location, speed, and time 

of the mobile station, then marks or 

analyzes its trace. 

‧  User 

‧  Request 

information 

‧ Provide 

information 

 

The extraction rule of major use cases is as follows. Major use cases only 

related to success of a scenario. If an exception occurred while processing the 

use case scenario and the use cases that do not concerns flows, the use cases 

are not regarded as a successful use case. From the relevant business process 

perspective, case scenario are as follows. 

▪ The receivers of mobile and reference stations continuously receive the 

navigation message signals, which is information about time, its own orbit, 

rough orbits of entire satellites, their reliability, and error correction factors 

that are required for other navigation system. 

Extensions : If the receiver does not receive a signal, it will be an error. It 

prepares to receive signals by going back to the situation that it received the 

signal. 

▪ Using the signal from GPS satellite, the location of mobile station is 

measured, orbital information relating the satellite is extracted, and rough 

information of orbit such as the number of satellites and the satellite number  
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that is used is extracted. In addition, the receiver extracts the time to receive 

signals from the GPS satellite. 

Extensions : If the receiver does not process the data, it receives the 

signal from the satellite again and processes the data. 

▪ The mobile station transmits processed data to the control station, 

including its location, satellite number, the number of satellites, time to 

receive signal from the satellite, location of other satellites, and speed that is 

calculated with speedometer in the mobile station. It also transmits its own 

unique ID, information, and its condition to the control station. 

Extensions : If transmission is failed, it transmits data again. 

 

4 Extraction of System Interface 
 

The hierarchical specifications of use case are as follows: 

[UC 1 Signals reception] 

[UC 1.1 The mobile and reference stations receive signals with NMEA 

format from GPS satellite]   

 

[UC 2 Data processing] 

[UC 2.1 The receiver in a mobile station extracts several data from 

NMEA format received from a satellite. Its own location information is 

converted to WGS84 X, Y, Z coordinates, and the satellite location is 

calculated by using ephemeris information of satellites. 

[UC 2.1.1 Coordinate transformation] 

[UC 2.1.1.1 The mobile station extracts its own location information with 

NMEA format, which is converted to WGS84 X, Y, Z coordinates for 

WGS84 latitude, longitude, and altitude.] 

[UC 2.1.2 Extracting the number of GPS satellite] 

[UC 2.1.2.1 The mobile station extracts the number of GPS satellite from 

NMEA format.] 

[UC 2.1.3 Extracting GPS satellite ID] 

 [UC 2.1.3.1 The mobile station extracts the GPS satellite ID from NMEA 

format.] 

[UC 2.1.4 Calculating GPS satellite location] 

[UC 2.1.4.1 The mobile station calculates the satellite location by extracting 

ephemeris information from MNEA format.] 

[UC 2.1.5 Extracting time] 

 [UC 2.1.5.1 The mobile station extracts time receiving signals from GPS 

satellite. Time is synchronized by adding nine hours to UTC received from 

NMEA format.] 

 

[UC 3 Data transmission] 

 [UC 3.1 The mobile station transmits its own location information, 

satellite ID, the number of satellites, the time receiving signals from GPS  
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satellite, and others] 

[UC 3.1.1 Location information transmission] 

[UC 3.1.1.1 The mobile station transmits its own location information to the 

control station.] 

[UC 3.1.2 GPS Transmission of the number of satellites] 

[UC 3.1.2.1 The mobile station transmits information about the number of 

satellites to the control station.] 

[UC 3.1.3 GPS Satellite ID transmission] 

[UC 3.1.3.1 The mobile station transmits information about GPS Satellite ID 

to the control station.] 

[UC 3.1.4 Transmission of the time receiving signals] 

[UC 3.1.4.1 The mobile station transmits information about the time 

receiving signals from GPS satellite to the control station.] 

[UC 3.1.5 Satellite location information transmission] 

[UC 3.1.5.1 The mobile station transmits information about GPS satellite 

location to the control station.] 

 

[UC 4 Error calculation] 

[UC 4.1 The reference station calculates ionospheric and tropospheric 

errors using Klobuchar Model and Hopfield Model, respectively.] 

[UC 4.1.1 Calculating ionospheric errors] 

[UC 4.1.1.1 Ionospheric errors are calculated by Klobuchar Model.] 

[UC 4.1.2 Calculating tropospheric errors] 

[UC 4.1.2.1 Tropospheric errors are calculated by Hopfield Model.] 

[UC 4.1.3 Calculating PRC values] 

[UC 4.1.3.1 PRC values are calculated by using the ionospheric and 

tropospheric errors.]   

 

[UC 5. Error transmission] 

[UC 5.1 The reference station transmits calculated error correction values 

with RTCM format to the control station.] 

[UC 5.1.1 RTCM Correction information configuration] 

[UC 5.1.1.1 The reference station configures the calculated error correction 

values in RTCM SC-104 format.] 

[UC 5.1.2 RTCM Transmission of correction information] 

 [UC 5.1.2.1 The reference station transmits information about error 

correction values configured in RTCM SC-104 format to the control station.]      

[UC 6. Satellite clock error calculation] 

[UC 6.1 The control station calculates satellite clock errors.] 

[UC 6.1.1 Extracting information about error correction values] 

[UC 6.1.1.1 Error correction information is extracted from the information in 

navigation messages in RTCM format.] 

[UC 6.1.2 Satellite clock error calculation] 

[UC 6.1.2.1 It calculates satellite clock errors by using information about  
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extracted error correction.] 

Candidate component extraction is proceeded as follows: 

- GPS data process: The receiver of mobile station processes data with the 

signal from GPS satellite. 

(1) Its own location information received from a satellite is extracted from 

NMEA format, which is converted to WGS84 X, Y, Z coordinates for 

WGS84 latitude, longitude, and altitude. 

   -> Extracting candidate components for coordinate transformation. 

(2) In NMEA format, the number GPS satellites and satellite ID are 

collected, and satellite-related information is extracted to determine location 

of each satellite. 

  -> After extracting satellite-related information, extracting candidate 

components for satellite location calculation. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 Mapping Relationship between the Extracted Use Cases and System 

Interface 

 

- Error correction algorithm: The reference station can eliminate remove 

common errors of receivers of reference station and users, which are satellite 

clock errors, ionospheric errors, and tropospheric errors. Internal noise and 

multipath errors that are irrelevant are impossible to correct. 

The reference station generates pseudorange correction (PRC) that is the 

ionospheric errors plus the tropospheric errors. 

(1) Satellite clock errors are calculated not at the reference station, but the 

control station. It calculates satellite clock errors with the navigation 

messages in RTCM format. 

   -> Extracting candidate components for calculating satellite clock errors. 

(2) Klobuchar model is applied for ionospheric errors to calculated errors. 
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   -> Extracting candidate components for calculating ionospheric errors.  

(3) Hopfield model algorithms are applied for tropospheric errors to 

calculated errors. 

   -> Extracting candidate components for calculating tropospheric errors. 
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Figure 2 Determine Business Class Model Scope 

 

The mapping relationship between the extracted use cases and system 

interface is shown in Figure 1. Figure 2 Determine Business Class Model 

Scope . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

Figure 3 Business Class Model Representing the Extracted Core Classes 

 

  To extract system components, it does consider not only the use cases 

that has sematic correlation, but the common class that is included in each  
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use case. The process to precisely extract system components should be 

included.  

The diagram that represents relationship between extracted key classes 

and corresponding interface is shown in Figure 3.  

The Figure 4 shows the component diagram that considers dependency 

between components drawn through such processes.  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4 Component Diagram 

 
5 Conclusion  
 

GNSS applications extract key components, utilize them to build related 

applications, and improve software quality such as development, 

maintenance, productivity and so on. For effective extraction, in short, the 

GNSS components will have to be made of the self-execution unit that 

hierarchically modularizes functions for a system. By applying the reusable 

property, the components should be distinguished between reusable and new 

ones to reduce development time and secure quality components. To extract 

quality ones, a systematic modeling method that accurately expresses users 

demand is required. 

GPS applications developed so far separately construct their components 

for each domain though they have common functions in various domains. 

From the software engineering point of view, it is a waste of time and 

expense. However, if common functions of GPS applications are constructed 

as a component, there would be advantages such as assembly and reuse. 

There will be various advantages in component-based development. To gain 

them, in this study, component-based GNSS development process were 

defined, and COM components were extracted by analyzing domains of 

DGPS- and IDGPS-related applications which are the technologies to correct 

GPS errors. 

C o n tro lS ta t io n S y s te m

B a s e S ta t io n S y s te m

U s e rM g r M o b ile S ta t io n In fo M g r

M o b ile S ta t io n S y s te m

C o n tro lS ta t io n S y s te m

B a s e S ta t io n S y s te m

U s e rM g r M o b ile S ta t io n In fo M g r

M o b ile S ta t io n S y s te m



 
 

 

 

 

 

1937 Sang Young Lee  

 

This paper aims analyze and extract requirements that are needed for 

designing components and to design a component specification, which is 

based on extracted components. In this study, common functions of GPS 

applications were constructed as a component. This method has advantages 

that can be assembled and reused. That is, it would develop a highly reliable 

method for software when common components are extracted from 

requirements for GNSS construction and a component-based GNSS 

development process is achieved. Based on this design, we plan to study a 

variety of existing component-based process methodologies that are relevant 

to component-based GNSS development process. 
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