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Abstract 

GPS-based location estimation systems are the optimum way to track where an object is in 

an outdoor environment. However, location errors occur when signals transmitted by GPS 

satellites are interfered with by buildings or other obstacles, since the location tracking 

system uses these signals. To modify the positional errors incurred by GPS signal 

interference, this study proposes a measure to minimize the errors of GPS-based location 

estimation systems in NLOS environments. In this system, location errors are reduced by 

organizing the screen coordinates with collected image data, establishing an environment 

favorable for the application of visual information to the screen coordinate system. This data 

is then applied using perspective projection formulas, substituting the actual GPS data to the 

divided screen. When tracking a person located at the base of a building, the error range was 

reduced by around5m when using the proposed system as compared to GPS signals alone. 
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1. Introduction 

Global positioning system (GPS) information is commonly used to track the location of a 

person in both indoor and outdoor environments, and a wide range of studies have been 

performed to track a person’s location using GPS information [1, 2].There are currently 

personal location tracking services which use GPS information and the Google Earth API, 

and these provide a very precise location generally. However, positional errors occur when 

tracking a person or an object located in an area with high-rise buildings or narrow roads. In 

particular, when tracking a person located at the base of a tall building, large errors can occur. 

To improve this shortcoming, studies have been conducted to provide location information by 

distinguishing a person or an object using imagery information. However, the use of imagery 

information alone is problematic as it is unable to provide a standard location or to extract 

information about a person located in a specific place correctly [3-5]. To resolve these issues, 

this study proposes a GPS-based location estimation system for a NLOS environment, using a 

screen coordinate system to provide a standard location and the person’s information when 

signal interference occurs. The proposed system is composed of offline and location 

estimation phases. In the offline phase, information is gathered to estimate the location. First, 

perspective coordinates are projected onto two-dimensional images using perspective 

projection equations to reduce errors occurring whilst dividing collected images and then 

sections are created by partitioning the coordinates of the images. Next, a system for location 

estimation is set up by substituting GPS data gathered from Google Earth to the middle of the 

created sections. In the location estimation phase, the location is estimated using data 

gathered and established in the offline phase. Motion detected regions are searched first using 
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block matching algorithms in the gathered images and GPS data information having similar 

locations is shifted to the GPS position matched with the screen coordinates by comparing 

with the collected GPS data.  

The results show that errors occurring beside and at the base of tall buildings were 

significantly reduced when compared to the location estimation systems proposed in this 

study and those from Google Earth. The error range markedly decreased when sections were 

further subdivided.  

This paper is composed as follows: 

Section2 explains the offline phase, the first phase of the proposed system, and Section 3 

states the location estimation phase, where the position is tracked using the system set up in 

the offline phase. Section 4 evaluates the performance of the proposed system, and Section 5 

reports the conclusions.  
 

2. Phase 1 of the GPS-based Location Estimation System in a NLOS 

Environment using Screen Coordinates: The Offline Phase  

The idea of the proposed system was first originated from studies performed using the 

fingerprinting technique. The fingerprinting technique establishes a database by gathering 

information on the positions to be tracked, and estimates the locations by matching the 

established database with the collected positional information. However, this technique is 

mainly used in indoor environments and estimates the positions using RSSI signals received 

from wireless devices such as WLAN, Bluetooth, and others. For this reason, different 

variables need to be taken into consideration, such as a person’s location, orientation, the 

structure of the building and the number of people in the vicinity, amongst other factors. 

When estimating the positions after receiving the GPS information using smartphones in 

outdoor environments, the fingerprinting technique is a highly favorable method for location 

estimation. However, a position estimation system using the fingerprinting technique and 

GPS information is ineffective since errors do not occur in GPS data. Therefore, the authors 

of this study have examined ways to alter the fingerprinting technique for other environments. 

The offline phase of the fingerprinting method explained in this section is appropriately 

modified for the system proposed in this study. 

 

 

Figure 1.GPS distance errors ina NLOS environment  

 
Firstly, the data necessary to apply the fingerprinting technique is collected at the base of a 

building to reduce the GPS position errors in a NLOS environment. Figure 1 shows an image 

of GPS data gathered at the base of a building along with chronological data.The GPS data 

was received every 30 min at the same location, however the measured data varied at every 

instance and it was possible to identify measurement errors between the location indicated by 

GPS and the actual measurement interval. The outcome indicates that measurement of the 
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signal receiving location cannot be repeated using the latitude and path of the database, after 

establishment of the database using the actual incoming data, and cannot be used since the 

measured data has its own values in the LOS environment. 

To resolve these issues, this research utilized image information. GPS data was first 

substituted into the image to track the standard position using image information. A small 

error occurrence rate was taken into account in setting sections, since storing the GPS data for 

each pixel proved to be complex. Since three-dimensional images of collected information are 

provided as two-dimensional images, the perspective needs to be projected. To establish the 

perspective of incoming three-dimensional images, distance is first substituted in order to 

convert two-dimensional images to three-dimensional images using perspective projection 

formulas [6, 7]. Subsequently, sections are set up in the two-dimensional images and are 

projected with perspective using equations 1 and 2.In equations 1 and 2,   denotes the 

number of sections,  is the width, and   is the height.  

 

                                                                    (1) 

                                                                    (2) 

 

Figure 2(a) shows an image of sections established by dividing the screen using image 

information projected with perspective from equations (1) and (2), and Figure 2(b) represents 

the image of the Google Earth coordinates substituted into each section.  

 

 
(a)                                   (b) 

Figuers 2. Establishment of sectionsand GPS dataprojection 
 

3. Phase 2 of the GPS-based Location Estimation System in a NLOS 

Environment using Screen Coordinates: The Location Estimation Phase  

The location estimation phase estimates the positions using the GPS coordinates of image 

information projected with data gathered from the offline phase and image processing 

algorithms. This study used block matching algorithms in order to detect motion. The change 

detection method for the image information uses more than two frames for detection, and 

extracts the changed parts by comparing each pixel after image information conversion frame 

by frame to binary image data. Figure 3 shows the different parts detected using block 

matching algorithms. The changed areas are output as white parts, and the areas with a large 

number of white parts are determined to be the sections with movement and the presence of 
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people. Figure 4 shows the final movement detection for people in images. The proposed 

system only detectsthe motion of people as a result of the constant position of buildings and 

other objects [8-10].  

 

 

Figure 3. Detection of different parts using block matching algorithms 

 

 

Figure 4. Movement detection forpeople in images 
 

When the movement of people is detected, GPS data transmitted from smartphones and 

GPS pixels which are white are compared, and the GPS information of the actual location is 

provided by replacing the image-matched GPS information with the received GPS 

information. 
 

4. Implementation and evaluation 
 

 

Figure 5. GPS data measurement system using image information 
 

To test the proposed system, a GPS-based location estimation system was established 

using.Net Framework based C# language. The GPS coordinates of the image information 

were set up in the offline phase after installing the image collecting instrument at the location 

where the positional data was gathered. Figure 5 represents an executable file developed for 

the tests of this study.  

To perform tests for accurately estimating the positions using GPS information in a NLOS 

environment, GPS data was collected in a NLOS environment and transmitted to a server via 

Bluetooth. Subsequently, the Google Earth locations were compared by projecting the 
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collected GPS information and GPS information modified with the proposed system. Figure 6 

shows the results taken when passing through a NLOS area. A comparison of the existing 

system to the proposed system shows that errors ranged from a minimum of 3m to a 

maximum of 6m in the existing system. On the other hand, errors in the proposed system 

ranged from a minimum of 24 cm to a maximum of 58 cm. 
 

 
Figure 6. A comparison of positional errorsusing aGoogle Earth frame 
 

Figure 7 represents the errors against their distances from the building. A decreasing 

tendency in the error rate was identified in the existing method as distances from the building 

increased. An error range similar to that of the proposed system was confirmed. 
 

 
Figure 7. Positional error magnitudeagainstthe distance from the building 

 

5. Conclusions 

This study proposes a GPS-based location estimation system using a screen coordinates as 

a measure, to minimize the GPS position errors in a NLOS environment. To modify the 

positional errors incurred by GPS signal interference, the proposed system organizes screen 

coordinates with collected image data, and creates an environment favorable for visual 

information to be applied to the screen coordinate system. This visual information is 

converted using perspective projection formulas, and the actual GPS data is substituted to the 

divided screen. The proposed system comprises offline and location estimation phases and 

minimizes the positional errors of a GPS-based location estimation system in the NLOS 

environment. This study was able to verify that the error range was reduced by around 5m in 
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the proposed system compared to the existing location estimation method in a NLOS 

environment. Moreover, the proposed system exhibited a similar performance to the existing 

system in a LOS environment.  Additional studies will be performed to improve the position 

tracking system for different environments by further investigating an algorithm that 

recognizes the border between LOS and NLOS environments. 
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