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Abstract— One of the main obstacles encountered when it 

comes to location-based systems with augmented reality was the 

location accuracy of the placed object. With the improved GPS 

systems, mobile devices can obtain location information with an 

accuracy of up to 2-3 meters. These developments also allow the 

objects to be placed in AR-based systems to be positioned more 

accurately. However, since the GPS's accuracy value is not 

stable, reusing the GPS information to destroy and recreate the 

created object causes the object to be created at a different point. 

In this research, the object placed with an acceptable accuracy 

is tried to be re-placed in the exact same place when the user 

exits from the specified area and re-enters. Experimental results 

demonstrate that the proposed system is both efficient and 

effective in order to create a more realistic user experience. 
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I. INTRODUCTION  

There has been considerable improvements in systems that 
offer mobile interfaces. A mobile user can easily get instant 
location information as well as search for and inquire into a 
variety of particular places from their phone. Currently, there 
are various online mapping services, such as Google Maps, 
Yandex Maps, Yahoo! Maps and Bing Maps, that provide 
location information. However, since these kind of services 
use personal location data to improve their accuracy, in 
unknown or uninhabited places accuracy is too low to get 
meaningful information to use on realistic AR based 
applications[2]. To get more accurate location information in 
such places, GPS system built in most mobile phones can be 
a better choice.  

Motivated by the aforementioned specifications, in order 
to place object based on a high accuracy location rate and re-
place the object in the exact same place when the user re-
enters the specified area, this paper integrates mobile GPS 
with ARCore and developed a geo-location based AR system.  

The remainder of this paper is organized as follows. 
Section 2 introduces related works in detail. Section 3 provide 
insight into the architecture of this system with GPS and AR 
sub-sections. Section 4 details the experimental results with 
examples. Finally, the paper is concluded in Section 5. 

II. RELATED WORK 

The integration of AR technology with location-based 
systems in the last 10 years has attracted the attention of the 
industry. Many studies on the use of location-based AR in 
cultural fields yielded useful and effective results [5,10]. 
Cultural places were introduced with location-based AR 
simulations that might attract the attention of tourists. In 

application, where cultural areas were shown with live maps, 
tourists were able to get information about the area with the 
questions and informative texts on their screens, and also had 
the opportunity to see 3D models of these places on their smart 
phones [3]. Another research was carried out on the 
integration of location-based AR technology and drone. The 
users have a chance to observe the ancient roman baths from 
aerial view using the GPS, gyroscope and camera on the drone 
[2]. Another research which is in education area is an AR 
system designed to show the cosmic radiation dose rates on 
flying aircrafts in real life [4]. Thanks to the instant plane 
location data which is obtained from the server, the students 
had the opportunity to examine which plane has how much 
cosmic radiation dose rate value through the smart devices 
they use.  

However, there are problems faced by location based AR 
systems [8]-[9]. One of these obstacles is location accuracy. 
Efforts were made to increase location accuracy in order to 
create the objects exactly in the desired location and to provide 
a more realistic user experience [5,6]. Although more precise 
location accuracy rate can be obtained thanks to the studies 
conducted, GPS accuracy rate is not sufficient due to 
technology restrictions 

III. THE SYSTEM ARCITECTURE 

The system starts when the phone receives the location 
information via GPS. It measures the distance from a 
previously determined target object. If the distance is less than 
5 meters and the GPS accuracy is less than 3 meters, it stops 
the GPS and uses the distance vector to place the object.  

After this stage, the AR system is activated and the object 
is tracked with ARCore. At the same time, the user's 
movements are obtained by monitoring the environment. In 
the next step, the instant distance between the object and the 
user whose locations are determined in the virtual world is 
measured. If the distance exceeds 5 meters, the object is 
destroyed. Although the object is destroyed, the 
environmental analysis continues and the virtual world matrix 
is stored in the system. The purpose of this is to recreate the 
object in the exact same place using virtual world coordinates 
if the user approaches the target again. 

A. GPS System 

The system starts with obtaining GPS information from 

the mobile phone. The distance between target object and user 

is measured using the Haversine formula with the latitude and 

longitude data received from the hardware. At the same time, 

if accuracy value meets the sufficient conditions and the 
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distance value is less than 5 meters, a vector is created between 

the object and the user. The resulting vector is added to the 

position of the camera and the object is created at the new 

position. Finally, the GPS system stops working to save 

energy. The height value of the object in the coordinate system 

is determined and set in the AR system, not in the GPS system. 

B. AR System 

When the AR system is triggered, the first thing to do is to 
adjust the height of the created object to the environment’s 
ground. For this requirement, the ARCore system generates a 
ground map using ray casting technology. It sets the height of 
the ground map to 0 and correlates the height of the object to 
the desired value. The next step is to track the object in 
synchronization with the user's movement. At this stage, 
ARCore's motion track technology is activated. ARCore 
defines every movement of the user in 3 dimensional 
coordinate system and translates real world movements into 
virtual world data. Thus, the location information of both the 
target and the user is obtained by the system. Since GPS is 
disabled, the AR system takes over the calculation of the 
distance between the object and the user. If the user moves 
away from the object, the object is destroyed. However,  
ARCore continues to work on the coordinate system and 
distance value is updated simultaneously. If the user enters the 
circle again, the object is recreated in the exact same place.  

IV. EXPERIMENTS 

A fully operational prototype which implements the ideas 
described in previous sections, is built by Unity version 
2019.3.9f game development engine. The experiments were 
carried out using smartphone, GPS and digital compass 
measurements. 

The first experiment was done on the operation of the GPS 
system. What is expected from the created system was to 
obtain the user's location information with a certain accuracy 
and to create the object with an accuracy of 3 meters when the 
user gets close to the target object. The mobile data of the 
smartphone is turned on and phone is connected to the 
wireless access point to get a more accurate GPS prediction. 
In the experiments performed for this scenario, the location 
information of the user was checked every two seconds. With 
this information, the distance between the target object and the 
user was monitored every second. In 17 of 20 different 
locations where the tests were conducted, the target object was 
created at the desired point with a 3 meter radius accuracy. In 
3 of the experiments, the GPS accuracy did not fall below 2 
meters because the communication signals of the phone with 
the operator were too low, and therefore the object could not 
be created. 

The second experiment was performed on the AR system 
to determine the height of the target object. The expected 
result in the tests was that ARCore detects the surface and set 
the target object’s height according to this data. As a result, 
the system was able to detect the surface and create a ground 
map accordingly, except for patterns where the surface is very 
bright and the same color pattern continues such as full-white 
surfaces. Thanks to ground map, object’s placement on 
surface can be achieved accurately.  

The last experiment conducted was on the object tracking 
of the AR system and creating a virtual world map. The 
purpose of testing was to destroy the object when user was far 
from the object and to recreate the object in the exact same 

place when the user re-entered the area. As a result of the 
experiments, as long as the user's environment was not 
completely empty, the AR system tracked the user's 
movement and created a virtual map accordingly and created 
the object in the exact same place every time the user re-
entered the specified area. If the user moves further than 5 
meters, the object is destroyed and when the user approaches 
again, it is recreated in the exact same place. 

V. CONCLUSION 

In this paper, a geo-location based mobile AR system has 
been developed. The object, which was placed in the desired 
location with the GPS data, was recreated at the exact same 
place when user was outside the area and re-entered. In order 
to evaluate the performance of the proposed system, 
experiments in different locations were performed by smart 
phone, GPS and digital compass measurements. Experimental 
results demonstrate that the proposed system is both efficient 
and effective in order to create a more realistic user 
experience. Although AR technology is sufficient in the 
system created in this paper, future developments in GPS 
technology will greatly benefit to geo-location-based systems. 
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