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Abstract  

The indoor navigation is a crucial research topic. Positioning and accurate 
localization are essential for indoor mapping and navigation; a combination of 
different tools and techniques is deployed to overcome the lack and limitation of 
Global Positioning System GPS for indoor comparing to the outdoor navigation. 
Various types of three-dimensional, Geo-Information, and spatial data sets are 
needed to process and model the indoor navigation system. Many methods and 
solutions could be applied, such as Fingerprint-based, Radio Signal Strength RSS, 
radio map, GSM base Stations, Computer vision, Augmented Reality AR and 
many other methods. This paper will explore and highlight the different protocols, 
techniques, and tools of the most used indoor navigation systems.  

Keywords: Localization, indoor mapping, Computer Vision, AR, Positioning.  

1. Introduction 

Various methods and solutions have conducted and applied in the last 15 years in 
order to overcome the limitation of indoor navigations, especially for huge 
buildings. The social and economic principles of various communities have played 
the vital elements of the sharp rise of the Indoor Location-Based Service (ILBS), 
with a critical market value prediction of 10 billion$ by 2020 [1]. Indoor 
environments usually are characterizing as Non-Lone-of-Sight (NLoS) of signal 
fluctuation, obstacles, reference objects, etc. this uncertain configuration makes 
those indoor environments complex and multifaceted. One of the significant 
methods of measurements in these criteria is still the high accuracy of localization 
within meter ranges.  
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Global Positioning System (GPS) cannot permeate well in indoor environments. 
Therefore, several other signals have been validating and investigating some 
particular objectives like localization. For example, signals include FM radio [2, 
3], radio frequency identification (RFID) [4,… 7], Bluetooth [8, 9], Wi-Fi [10], 
ultrasound or sound [11], [12], light [13], [14], magnetic field [15], [16], etc. By 
the time the use of the Wi-Fi signal has dramatically increased over the other 
signals. This usability can be seen clearly in both fields academic [17, 18] and 
industrial [19, 20] due to the wide distribution of the wireless (LANs and WANs) 
and the ability to use Wi-Fi for mobiles. 

However, computer vision and Augmented Reality (AR) are other technology 
fields, which contain a unique sequence of generated computer virtual images in-
witch we put them over real worlds. Virtual images are allying with real-world 
objects in specific mechanisms that can be seeing and interacting in real-time. In 
this technology, the computer generates 2D or 3D objects; those objects could be 
graphics, audio, text, Point-Of-Interest (POI), or video that interact the physical, 
real-world objects with the virtual objects in order to provide users with meaning-
full and useful information. This configuration enables users to interact with the 
application quickly and comfortably. An increasing number of people, in both 
academics and industries, are using augmented reality.  

The indoor navigation is a crucial research topic. According to the study that was 
done in order to investigate the use of the navigation maps by smartphone users, 
they found that 95% of the selected group of people uses the mapping application 
at least once [21]. Nowadays, around 85% of users utilize mapping more than ten 
times on their phones compared with the survey period, which illustrates the 
significant rise of the use of mapping by the time. However, there are still several 
limitations on the currently available technologies for navigation, such as low cost 
and universal mobile navigation systems. These limitations are due to the require 
installation or the dedicated infrastructure [22].         

An overview and comparison between different methods and solutions that were 
developed for indoor navigation have been conducted. Various related papers to 
the indoor topic have been divided based on the type of the method itself. We first 
performed an overview of the available novel technologies in the field; then, make 
the comparison. We determined that our target readers would focus on the 
following aspects: Fingerprint-based and augmented reality methods, as they are 
the most used techniques in the indoor navigation field. Therefore, this paper is 
organized as follows: Fingerprint-based method augmented reality method and a 
case study that will give the readers a clear insight into the used technologies.            
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1. Fingerprint-based  

One of the major advantages of the Wi-Fi fingerprint positioning systems is the 
low cost, as they do not require any further infrastructure investment. In other 
words, Wi-Fi fingerprint positioning systems can be adapted and used directly 
with various building structures and complexity. Triangulation and trilateration 
are essential and always require traditional out-door localization and navigation 
[23, 24]; this configuration requires Line-of-Sight (LoS) measurement. These 
schemas cannot be used for indoor navigations as they have complex setups such 
as obstacles, rooms and walls. By ignoring Line-of-Sight measurement, signal 
collection and association in indoor locations knowing as Wi-Fi finger-print 
method can be considered as a promising method [25, 26]. However, detected signal 
patterns like a vector of Received Signal Strength Indicators RSSIs are responsible 
in order to characterize each position in indoor navigations’ schemas [27]. Therefore, 
there is no need for the precise Access Point AP locations; because finger-print 
does not require the distance information nor the angle measurement. Based on 
that evidence, the finger-print method can be considered as one of the most 
appropriate methods for indoor navigation.  

There are two main phases in Wi-Fi finger-print method; those phases are named 
Offline and Online. The Offline phase is responsible for gathering all related data 
and information of the concerned location. Whereas, the Online phase is 
responsible for querying the related positions in order to know the exact location 
and the potential direction in order to reach the destination, as can be seen in Fig. 
1. This figure demonstrates the necessary operations for the finger-print navigation 
systems.  

In the Offline phase, inspection or survey needs to be done in order to collect the 
related vectors of RSSI of all Wi-Fi signals that have been detected from various 
possible Access Points APs at several Reference Points RPs of the determined 
locations. Then, a finger-print will represent each reference point. Finally, all 
finger-prints will be stored in the database to be used later on for the Online 
queries.       

In the Online phase, a user or target will measure a RSSI vector at their particular 
position and store it in the server. By using some related algorithms, the server 
verifies the entered user or target vector with the finger-prints that have already 
been registered in the database. The next position to be reached by the user is 
predicted based on the nearest neighbor of registered vectors.                              
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Figure [1]: Site map of basic system flow 

Several studies were conducted and reviewed for indoor navigations [28, 29, 30]. 
Although these studies give a promising potential for the indoor navigations, 
finger-print positioning systems still need to be investigating and adapted to be 
more suitable for the already existing complex buildings. These investigations 
need different conceder categories such as collaborative localization, reducing site 
surveys and motion assisted localization. 

For the collaborative localization, some mobile phone sensors might need to be 
used, such as sounds [31] in order to get the most appropriate location of the 
available neighbor users. This may reduce the localization error between the users 
of the same building or block of buildings.  

For the reducing site surveys, in order to achieve the survey for the site, various 
collection of data and maintenance need to be performed. These collections require 
an expensive time to store area. Due to the potential change within the inside 
infrastructure of a building, another process of collection and maintenance needs 
to be performed in order to keep the database up to date that makes these processes 
even more difficult. Therefore, consideration needs to be done to avoid these spend 
times and efforts.       

For the motion assisted localization, it concerns on the inertial sensors of the 
smartphone in order to measure the trajectory of the user. It collects the walking 
direction of the user to be integrated with the Wi-Fi signals in order to determine 
the best trajectory among the possible available trajectories. This schema can 
improve the accuracy of the calculated trajectory based on the collected data from 
the sensors [32, 33]. 
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2. Augmented Reality-Based 

In this study, an overview of augmented reality solutions that were developed for 
indoor navigation has also been conducted. Various related papers to the indoor 
topic have been divided based on the type of the method itself. However, in 
augmented reality maps, the smartphones show the related virtual points of the 
interesting trajectory over the real map. Therefore, users can determine their 
trajectories by following the virtual points while using the real building structure. 

The main objective in this part of the study is to provide a clear scope of the used 
methods that have been developed for the indoor positioning navigation systems 
through the imaging processing and without using wireless technologies. Also, it 
aims to investigate the impact of using interactive indoor navigation methods on 
complex buildings. However, augmented reality is used to mount direction signs 
on the real view of the interior environment in a three-dimensional shape. Various 
tools could be used with augmented reality, such as voice guidance, 3D graphs, 
and lighting. All of these tools come as outputs of the system in order to assist 
smartphone users in following the right directions to their destinations.  

Most of the solutions for indoor positioning are using wireless technologies like 
Bluetooth. Those solutions are not easy to use and require pre-build technology in 
concerned buildings [34]. In other words, systems for indoor positioning, which 
based on wireless technologies, are built to use internet connections in the 
concerned buildings.   

The principle idea of augmented reality is to build and use a mixture scenario; this 
new scenario contains the real world’s components mixed with the virtual points 
and sounds for guiding the users. However, augmented reality technology was 
created in 1950; it has been used for various fields such as collaboration, 
education, entertainment, gaming, industrial, interaction, medicine, perception, 
tourism, exploration, and finally navigation [35]. It has rapidly explored due to the 
potential use in various scientific aspects such as the effects of visual feedback on 
the users during the use of this technology in those fields. Therefore, the interactive 
3D image is superimposed on the real scene may improve the efficiency in training 
based applications such as assisting users in navigation demonstration especially 
for smart cities.   

Open Source Augmented Reality Software that named ARtoolkit is responsible 
for displaying the virtual objects for guiding. These virtual objects, which typically 
used in 3D format, are placed on the detected markers, as can be seen in Fig. 2. 
This configuration helps the users to find their trajectories toward their 
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destinations based on the registered paths for the optimal direction within the 
indoor plans.     

 
Figure 2: augmented reality-based indoor positioning navigation 

The open-source software library named ARtoolkit is responsible for facilitating 
the development of augmented reality applications. Dr. Hirokazu Kato has 
invented the ARtoolkit, and then, it has been supported by the laboratory of human 
interface technology at the University of Washington [36]. The main objective of 
using ARtoolkit is to overlay the virtual 3D images on the detected markers. 
Furthermore, the main advantage of ARtoolkit is that it enables real-time tracking 
with critical precision. This high precision comes from the ability of the ARtoolkit 
to track the viewpoint of the user by calculating the position of the camera and its 
orientation, and then find its relative to the marker orientation. Therefore, the 
virtual images that render over the real world and markers appear always tied with 
the related markers. This rendering enables smooth simulation of virtual images 
over the real world. Firstly, a frame of the video stream is captured from the 
webcam. The image will be converted to a binary image (black and white) based 
on the threshold value, which is the binary coding technology [37]. Secondly, the 
program will search for square areas using the image tagging technique where 
those connected components and the size that almost accommodates a fiduciary 
mark will be extracted. The square area can take any orientation, so it has to be 
oriented to its initial position when the markers were placed. Finally, when a 
marker is detected, the viewpoint will be computed and appeared to the users based 
on the related virtual image to that marker. The ability to detect markers is the 
crucial element to judge the performance of an ARtoolkit. Also, lighting 
conditions affect the accuracy of the used ARtoolkit.                   
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OpenAL is a 3D audio that used distributes related sounds of each point in the 
platform application. It allows the users to experience the various related details 
of the virtual environment that have been organized by the developers. Each audio 
effect is responsible for a unique location, and it will be applied when the user 
reaches that virtual point.          

Augmented reality for the indoor positioning systems aims to extend the user 
awareness in perceiving the information transmitted from the map and facilitate it 
to the users by determining the path that leads to the destination. 

3. Case study 

   The primary purpose of this case study is to establish an augmented reality 
indoor navigation system as a solution for positioning navigation in indoor 
environments that is the most recent technology in the field. The system is 
designed to be used by smartphone users, as most people nowadays are using these 
devices. The main reason for augmented reality navigation systems is to use the 
non-wireless environmental tracking tools to assist the users in discovering and 
navigating the indoor buildings based on the augmented reality instructions.   

The proposed handled device for the system is the android phone that will be 
suitable for augmented reality applications as they have the needed components 
such as a magnetometer, accelerometer, and proximity sensors. These components 
ensure the tracking abilities as well as the essential orientation that is needed to 
enable virtual images to overlay the real environment components.  

Unity 3D application is used in this case study because it has the Vuforia SDK that 
can be used with android SDK to enable the aggregation between the smartphone 
and the unity 3D’ application and to make the development of the system possible. 
Some steps need to be done before starting the development of the system. For 
example, the indoor environment needs to be scanning in 3D format and then 
stored in the database as images. Vuforia and Mapbox SDK is used in order to 
develop the application in Unity 3D. The visual features that have been scanned 
need to storing as targets; those targets need to be displayed in the application to 
represent the real environment. Virtual 3D images need to placed on top of the 
targets in the creation of the application in order to enable the calculation of the 
best route between two points in the real environment. Once one of the stored 
targets is detected, the related virtual images are also detected and overlaid on the 
real environment components displayed by the camera as can be seen in Fig. 3.  
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Figure 3: the system architecture 

 

Each location in the real environment needs to be captured and stored in the 
database along with the floor plan to enable the integration of the virtual images 
that will provide the users with the trajectory plan to the destination.  

The external plugins for android phones need to be configured in Unity 3D before 
the implementation of the system. Now, all related data have been imported to 
Unity 3D; from Vuforia, we can upload all needed images of the environment to 
the Vuforia developer portal that is used as an image target. As can be seen in Fig. 
4. The images need to download from the database as Unity 3D package as well 
as the floor plan of the building. Point-Of-Interest (POI) will be added by 
determining virtual data points on the floor plan for each destination to enable the 
tracking from the start point to the endpoint. The data points will be taken as 
synchronization points to the destination point. Once the data acquisition is done, 
the virtual guide images will be added to each image target from the database in 
order to direct the users to the destination from any point within the floor map.   
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The method of tracking 

The data points have to be plotted in the various possible destinations or rooms of 
the building in the floor plan. This will facilitate the navigation process from any 
point to the destination in the indoor environment.  

4. Conclusion 

Meanwhile, the majority of the huge buildings do not have indoor positioning and 
navigation systems available for the people who might visit them. The users need 
to process and gather the dispersed and uncomfortable facilities information. 
Although various technologies and solutions for indoor positioning and navigation 
have recently been developed and introduced, they still unknown for lots of 
potential users. People are still losing time and effort in order to locate their 
destination especially in huge buildings. In this paper, we have presented the most 
recent and usable methods and solutions in the field. Although there is still some 
limitations to use those systems, the potential benefits such as time reducing and 
less-effort as well as supporting smart cities make it mandatory to continue 
developing and enhancing those technologies to be available for people.  
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