KSII TRANSACTIONS ON INTERNET AND INFORMATION SYSTEMS VOL. 13,NO. 9, Sep. 2019 4606
Copyright (© 2019 KSII

Development of Augmented Reality Indoor
Navigation System based on Enhanced A*
Algorithm

Dexiang Yao', Dong-Won Park®, Syung-Og An* and Soo Kyun Kim®*
! Department of Game Engineering, PaiChai University, Daejeon, Korea
[e-mail: kimsk@pcu.ac.kr]

*Corresponding author: Soo Kyun Kim

Received January 8, 2019; revised March 7, 2019; accepted March 30, 2019;
published September 30, 2019

Abstract

Nowadays modern cities develop in a very rapid speed. Buildings become larger than ever and
the interior structures of the buildings are even more complex. This drives a high demand for
precise and accurate indoor navigation systems. Although the existing commercially available
2D indoor navigation system can help users quickly find the best path to their destination, it
does not intuitively guide users to their destination. In contrast, an indoor navigation system
combined with augmented reality technology can efficiently guide the user to the destination
in real time. Such practical applications still have various problems like position accuracy,
position drift, and calculation delay, which causes errors in the navigation route and result in
navigation failure. During the navigation process, the large computation load and frequent
correction of the displayed paths can be a huge burden for the terminal device. Therefore, the
navigation algorithm and navigation logic need to be improved in the practical applications.
This paper proposes an improved navigation algorithm and navigation logic to solve the
problems, creating a more accurate and effective augmented reality indoor navigation system.
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1. Introduction

The modern day cities are growing bigger everyday. Buildings are larger than ever and the
interior structures are even more complex. This drives a high demand for precise and accurate
indoor navigation systems. Although the existing commercially available 2D indoor
navigation system (as shown in Fig. 1 (a)) can help users quickly find the best path to their
destination, it does not intuitively guide the user to their destination. In contrast, the indoor
navigation system combined with AR (augmented reality) technology (as shown in Fig. 1 (b))
can quickly guide the user to the destination in real time.

Navigation
Cross~layer navigation

(&) Shops Search & Navigation

(a) (b)

Fig. 1. Comparison between commercial 2D indoor navigation and indoor navigation with AR
technology: (a) Commercial 2D indoor navigation in Hong Kong International Airport [1]; (b) Indoor
navigation with AR technology in Korean company imageOn [2].

Such practical applications can have various problems such as positioning accuracy,
positioning point drift and calculation delay, which can cause errors in the navigation route
and result in navigation failure. During the navigation process, frequent calculation and
correction of the displayed path will be a great burden for the terminal device. Therefore, the
navigation algorithm and navigation logic must be optimized. The paper will introduce the
technology of Augmented Reality and indoor positioning in Section 2, and describe in detail of
the improved navigation algorithm and navigation logics in Section 3. Lastly, Section 4
provide the results of the real application of the proposed technique, followed by the
conclusion section.

2. Augmented Reality and Indoor Positioning

Augmented reality technology [1-2] is a technique that captures a target image in real time
through a camera [3-4], which calculates the target’s position and angle and adds
corresponding images, videos, and 3D models. Augmented reality technology can not only
display real-world information and the corresponding virtual information at the same time, but
can also intertwine them to each other. This technique greatly increases the relevance of
information, as well as the efficiency of reading related information [5-9].
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Augmented reality technology has a profound role in the navigation field, such as the
ConnectedDrive HUD system[10] in BMW's concept car. The system uses augmented reality
technology to overlay virtual markers on real objects in the external surroundings. It can
display navigation information on the exact position of the road ahead of the vehicle, and can
prominently display other cars or safety-related objects according to actual conditions.

The advancement of the mobile Internet is increasing the demand for location services. The
current indoor positioning technology is in a stage of rapid development. Researchers
proposed a number of mature indoor positioning technologies, such as iBeacon Bluetooth
positioning technology [11-13], Wi-Fi indoor positioning technology [14-17], and base station
indoor positioning technology [18-20]. However, there can be application limitations to
different indoor positioning technologies according to their positioning performance, and
there is no universal indoor positioning technology that meets all the requirements of the
current indoor positioning services.

This article mainly introduces two of the indoor positioning technologies: Wi-Fi indoor
positioning technology and base station indoor positioning technology.

Wireless Local Area Network (WLAN) is a mature data transmission system that enables
complex positioning, monitoring and tracking services in a wide range of applications. The
currently commercialized Wi-Fi indoor positioning technology is a positioning solution based
on the wireless local area network standard IEEE802.11. The method measures the intensity of
the collected signal of the AP (Wireless Access Point), and uses the triangulation algorithm or
the RSSI based fingerprint positioning method to locate the target object. The positioning
accuracy is in the range of 3 to 8 meters. The popularity of Wi-Fi networks is driving the
positioning accuracy to reach the meter level, lowering the positioning cost, windening the
signal receiving range, and strengthening the applicability. However, the augmented reality
indoor navigation has more advanced requirements for indoor positioning accuracy, and the
positioning accuracy of the Wi-Fi indoor positioning technology still does meet the needs.

The base station indoor positioning technology is an indoor positioning technology that is
still in the testing stage. This techinique installs small base stations in complex indoor
environments and collects signal data of multi-story buildings through RSSI based fingerprint
location algorithm. The technology can accurately distinguish floors by analyzing and
comparing data, and also has a high positioning accuracy of 2 to 4 meters. Also, the base
station has a large signal receiving range, a powerful ability to penetrate obstacles, and can
directly locate the mobile phone with the SIM card. However, in order to enhance the
positioning accuracy of the method, it is necessary to increase the density of the base station.

3. Indoor Navigation System

The indoor navigation system is composed of three separate modules: the path search module,
indoor positioning module, and navigation module (as shown in Fig. 2). A brief overview of
indoor positioning technology is provided in section 2. However, this paper will mainly focus
on the path search module and navigation module.
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Fig. 2. Indoor navigation system module structure

3.1 Path search module

After the location point of the maobile phone is given by the positioning module, the path
search module will then find the optimal paths to the destinations for the users [21]. This
subpart focuses on how to find the best path.

3.1.1 Preparatory work

Fig. 3. Indoor environment map. The map used here is generated by the Auto-CAD file of a real
building.
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Before introducing the details of the naviation system, the groundwork data for the next
generation of navigation system must be collected. The preparation steps are as follows:

1) All possible roads are drawn on the map using the red line, forming a road network. In
this road network, the crossing point of two or more roads and the end point of a road are
defined as the road nodes, marked by the black dots. The path node numbers are marked
with black digits and the road numbers with blue digits, respectively (as shown in Fig. 3).

2) Inorder to quickly identify the user’s location, the map is equally divided into several
different regions. Each region contains various complete roads (as shown in Fig. 4 - the
white lines divide the indoor space into several non-overlapping regions). Therefore, the
search can be conducted from coarse to fine to speed up the searching process.

3)

Fig. 4. Indoor space partition map

4) Finally, all the different regions, the roads in each region, and the path nodes must be
entered into a table. This data will be utilized as the input data for the path search algorithm.

3.1.2 Path search algorithm

The application of the path search algorithm is necessary in proposed system in order to
detect the shortest path that connects the starting point and the target point [22]. There are two
main categories of search methods: the method of blind search and the method of heuristic
search. Blind search method, also called non-heuristic search, is a type of information-free
search that is generally only suitable for solving simple problems. Blind search usually
searches according to a predetermined search strategy without considering the characteristics
of the problem itself, such as the Dijsktra algorithm. In contrast, Heuristic search method uses
the heuristic information possessed by the problem to guide the search, aiming to reduce the
search scope and the complexity of the searching process. Examples of heuristic search
include the best priority search method [23-24].
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Generally, the heuristic search method performs the search for a path more efficiently than
the blind search method. However, the path resulting from the heuristic search method is not
always the most optimal path. Though the blind search method usually takes longer than the
heuristic search method, the result is always the most optimal path possible. Therefore, it is
necessary to detect a new technigue which combines the advantages of both.

The A* algorithm, that can be treated as a mix of the heuristic search method and the blind
search method, is the most effective direct search method for finding the shortest path in a
static road network. It is also a commonly used heuristic algorithm for many other problems.
The A* algorithm guarantees the shortest path [25] in the road network. A* can be expressed
as:

frm)=g"(m)+h (n) (1)

f*(n) represents the cost for best path from the starting node s to the end node. g*(n)
represents the cost for the way from the starting node s to the node n. i* (1) represents the cost
for the optimal path from node n to the end target node.

f*(n) is usually unknown, and is used as its approximate estimate:

f() = g(n) + hn) ()

g(n) shows the cost of finding for the best path from all the paths which pass through n.
The heuristic function i(n) shows the estimated cost from n to the end target node. i(n) is
calculated by estimating the cost of the unsearched paths. The accuracy of i(n) depends on
the heuristic information. The lower the estimated cost of h(n), the more optimal the path.
Therefore, priority should be given to the resulting path. The basic steps of heuristic search are
as follows: calculate the estimated cost for the new node emerged in the search process, select
the node with the lowest cost on every search, and start a new search from that node. This is an
optimal priority search, and it depends on the cost estimate of the node.

Fig. 5. The meshed indoor map
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The standard A* algorithm usually needs to mesh the map with a proper grid. It can find the
best path from a starting point to an target point based on this mesh grid (shown by the blue
mesh gird in Fig. 5). During this searching process, the algorithm will begin from the start
point and only move forward one grid on the mesh to approach the end point at each searching
step. There are two tables used to store the grids that have gone through the searching process.
One table is an OPEN table which stores the grids that have been generated but have not yet
been expanded. The other is a CLOSE table which stores the grids that have been generated
and expanded. Both OPEN and CLOSE tables store the corresponding values of g and f for
the grids.

The working steps of standard A* algorithm are shown as follows:

1) Add the start node s into the OPEN table (expressed as ADD (QPEN, s)); add the start
node s to the CLOSE table, (expressed as ADD (CLOSE, s)); the cost function of the
start node s is:

f(s)=0+h(s) )

2) Go loop: if OPEN = NULL, then EXIT. This means if the OPEN table is empty, ends
the search algorithm;

3) Expand the eight active grids around the start node s (as shown in Fig. 6). Add eight
grids into the OPEN table and find the grid n with smallest cost according to Eq. (2).
Remove the grid n in the OPEN table, REMOVE (OPEN,n); add the grid n to the
CLOSE table, ADD(CLOSE,n);

4)  The search process ends, if n is the target node. Pick out the shortest path from node s to
node n according to the sequence of the nodes stored in the CLOSE table.

5) If nis not the target node, generate the active grid set M for grid n,which contains the 8
effective grids around grid n;

a) If the grid M; in the active grid M of set does not exist in the OPEN table or the
CLOSE table, add it to the OPEN table, ADD (CLOSE, M,);

b) Ifthere isaduplicate grid k in the OPEN table for M;, and also have g(M,) < g(k),
then remove the grid k in the OPEN table and add the grid M;,
REMOVE(OPEN, k), ADD(OPEN, M,);

c) |Ifthereisaduplicate gridk inthe OPEN table for M;, and also have g(M,) < g(k),
then remove the grid k in the CLOSE table and add the grid M;,
REMOVE(CLOSE, k), and ADD (CLOSE, M;); and calculate the values of g and f
for the descendant grids in the OPEN table and the CLOSE table;

6) Sort the grids in the OPEN table with increasing order of f;

7) Repeat step 2 to 6 until it ends.

Fig. 6. Eight active grids around the starting node s
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Fig. 7 shows the OPEN table and CLOSE table for the A* algorithm, when the program has
ended. Fig. 7 (a) shows the grids stored in the OPEN table and the CLOSE table. Blue boxes
and yellow boxes denote the grids that are stored in OPEN table and CLOSE table,
respectively. Fig. 7 (b) shows each grid in (a) and (c) with three values: the upper left one
denoting the value of f(n), the lower left one denoting the value of g(n), and lower right one
denoting the value of i(n). The grid sequence for the optimal path can be found in the final
CLOSE table. The grids with red dots in Fig. 7 (c) forms the grid sequence of the optimal path.
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Fig. 7. The final OPEN table and CLOSE table

For each node, h(n) < h*(n) indicates that there are always paths connecting the start node
and the end node. When it is satisfied, the A* algorithm will always find the optimal path.

3.1.3 Improved path search algorithm

The heuristic function i(1), which controls the performance of A* algorithm, is critical for
finding the optimal path. There are typical cases that h(n) degrades the performance of A*
algorithm:

1) In extreme cases, if the value of h(n) is zero, only g(n) is useful. Under these
circumstances, A* algorithm will downgrade into the blind search Dijsktra algorithm.
Though it can guarantee to find the optimal path, the efficiency is very low.

2) If most of the values of h(n) are smaller than the minimum cost of moving from node n
to the end node, the best path can be guaranteed to be found by A* algorithm. The
smaller the value of i(n), the more nodes which need to be extended in proposed
method, and the algorithm runs slower.

3) When each value of h(n) exactly equals the minimum value of moving from the n to
the end node, the optimal path will be found directly without expanding additional
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4)

5)

Yao et al.: Development of Augmented Reality Indoor Navigation System
based on Enhanced A* Algorithmation

nodes. In this case, the algorithm runs faster.

If most of the values of h(n) are larger than the minimum value of moving from the n to
the end node, it will not be guaranteed to find the optimal path. In this case, the speed of
the algorithm will also be very fast.

For another case, if the cost of i(n) is much larger than the cost of g(n), only the value

of h(n) will be useful in the algorithm. In this case, A* algorithm becomes a heuristic
search known as the Breadth First Search (BFS) algorithm.

The heuristic function i(n) plays an important role for the performance of A* algorithm,
affecting running speed and the accuracy in finding the optimal path in a particular indoor
environment. However, there are characteristics of these indoor environments that can be used
to choose the proper heuristic function k(). The indoor environment has the following
characteristics:

1)
2)

3)

Once the environment is determined, the road network in a specific indoor environment
will not be changed.

The roads in the indoor road network may have multiple branches, which may result in
multiple nodes in a single road.

Roundabout route may occur.

The A* algorithm is enhanced by improving the heuristic function h(n) for the indoor
environment, utilizing the characteristics of the indoor environment.

——— ———

Fig. 8. Node map for indoor environment

The standard A* algorithm searches for the optimal path on a mesh. At every search step, it
will only move forward one grid, which is time consuming and impractical. The searching
process of standard A* algorithm can be simplified by replacing the meshed map with a node
map as shown in Fig. 8. The meshed grids are substituted by the nodes of the road, which are
denoted by the blue boxes in Fig. 8. Based on this simplification procedure, the heuristic
function can be established by using node-by-node search based algorithm which can expand
the searching from current nodes directly to the next node on the road rather than the eight
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surrounding grids on the mesh grid. This established heuristic function improves efficiency by
eliminating the unnecessary search steps of the A* algorithm. The nodes on multiple branch
roads are recorded in the order of expanding. When the nodes are expanded into a wrong
direction or at the end of the road, A* algorithm can quickly return to the node on the right
road branch to save the time that can be wasted in the wrong search. Therefore, the new
heuristic function h(n) cab be expressed as:

h(n) = a = distance (n, end), ()

where distance(n,end) is a function that calculates the distance between node n and node end,

1, n=end. . . . .
= {MAX, n = end is the decision coefficient. Through the decision coefficient a, (1)

will control the searching process to return to the previous node and expand nodes in other
directions, when encountering end node in a wrong road branch.

Aside from the OPEN table and CLOSE table, a G table must also be established to
improve the A* algorithm. The G table is used to store a list of nodes that have been generated
and also have been expanded.

The working steps of improved A* algorithm are presented as shown as follows:

1. Add the starting node s to both the G table; and add the starting node s to both the
OPEN table and the CLOSE table, that is ADD (OPEN, s) and ADD (CLOSE, s); the
value of cost function for the starting node s is:

f(s)=0 5)

2. Go loop: if OPEN = NULL, then EXIT. If the OPEN table is empty, the search
algorithm fails and the process ends;

3. We expand the starting node to the neighbor path node. We can add the path node to
the OPEN table and detect the smallest neighboring node n according to Eq. (6).
Remove the node n from the OPEN table, REMOVE (OPEN,n); add the node to the
CLOSE table, ADD(CLOSE, n).

f(n) = g(n) + a = distance(n, end) (6)

4. If n is the end node, the finding process succeeds. Sort out the nodes from s to n for the
shortest path according to the sequence of the nodes stored in the CLOSE table;

5. If n is not the target node, it can be further classified into two categories:

a) Extend node n directly to the neighboring node m, if it does not a path node of a
branch way (as shown in Fig. 9 (a)). Remove node m from the OPEN table,
REMOVE(OPEN,m); butadd it into the CLOSE table, ADD(CLOSE, m).

b) Add node n into table G, if it is a path node of a branch route (as shown in Fig. 9
(b)). Find the neighboring node m next node n that makes f(m) the smallest
according to Eq. (6) and add the node m into the OPEN table, ADD (OPEN,m) .

i. If m of node is not the target node of the route, remove it from the OPEN
table, REMOVE (OPEN,m); butadd it into the CLOSE table, ADD(CLOSE, m).

ii. If m of node is not the target node of the route, detect table G to find the
node n in the nearest branch route and return to the node n. Remove all nodes
after the node n in both the OPEN table and the CLOSE table. Extend to the
nodes whose cost of f is bigger than f(m) but smaller than that of the
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neighboring nodes.

iii.  Ifall of the adjcent nodes of n are the target nodes of branch routes, detect G
to find and return the adjecnt branch route node of n.

6. Sort the nodes in the OPEN table;
7. Repeat step 2 to 6 until it ends.

O, O,

Fig. 9. (@) node n is not a branch path node; (b) node n is a branch path node.
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Fig. 10. The final OPEN table and CLOSE table in the improved A* algorithm.

Fig. 10(a) shows the node stored in the OPEN table and CLOSE table. The blue boxes and
yellow boxes represent the nodes that are stored in the OPEN table and CLOSE table,
respectively. In Fig. 10(b), the nodes marked with red dots form the node sequence for the
optimal path. By comparing Fig. 10 (b) with Fig. 7 (c), it is easy to conclude that the searching
process for the optimal path is highly simplified by the improved algorithm.

According to the final node sequence stored in the CLOSE table, the start node s can be
found by back tracking from the final target node when the final target is reached. Thus, the
entire node sequence of the optimal path is given. For the next stage of the AR navigation
system, this node sequence is utilized to display the road marks by the AR technology to guide
the users finding their destination in the real world.
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3.2 Navigation module

As discussed in the previous section, the path search module will find an optimal path for the
user based on the current positioning location of the user provided by the indoor positioning
module. Then the optimal path will be passed to the navigation module in a form of node
sequence. The navigation module utilizes the AR-based LBS (Location Based Service — as
shown in Fig. 11) to provide the users various information, such as information about current
locations, the correct direction, distance to the destination, and so on. By using this
information, the users is guided to find the destination in a complicated indoor environment.

Fig. 11 shows an example of the AR-based LBS used in the indoor navigation system on a
smart phone. The blue sequenced arrows displayed on the screen, which appear imprinted onto
the actual floor, help guide the user to the destination. Some other labels also help the user in
finding the correct way.

ano SEmEdE

. == e
Fig. 11. AR-based LBS

Due to the existence of the positioning error, the positioning point may be far away from the
real location of the user, which may cause the path search module to find the wrong path that
does not match the actual situation. In this case, the AR-based LBS navigation module will
display a wrong path to the user. It will affect the user experience for the indoor navigation
system. Navigation logics are used in the navigation module to help correct the impact of the
positioning error.

The proposed navigation logics are expressed as follows:

1) Since there is positioning error in the positioning module, the positioning point will randomly
locate inside a circle centered on the actual position of the user. Based on the pre-defined road
network, positioning point will always be absorbed to the nearby pre-defined road. As shown in
Fig. 12, both the actual location of the user X and its corresponding positioning point X’ are
absorbed onto the points X; and X;’ on the pre-defined road (red line), respectively. The new
error denoted by the line segment XX, is definitely smaller than the positioning error denoted
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by the white line segment XX. Therefore, the impact of positioning error on the navigation
performance can be greatly reduced through the absorbing method.

Fig. 12. The error reduction by using the absorption point

2) Sometimes the positioning point may be absorbed onto a wrong road. Two thresholding values
B and ¥{8 = ¥) are used to detect any exceptions.

a) If the length between the positioning point and the absorption point is smaller than 5, the
positioning point is absorbed onto the correct road.

b) If the length between the positioning point and the absorption point is larger than ¥, the
navigation logic will recall the positioning module to get a new position and do the
absorption again.

c) Ifthe length between the positioning point and the absorption point is smaller than ¥ and
larger than 3, the point will be adopted if it is in the forward direction.

3) For every positioning point, a point that is in ahead of the positioning point is selected (as shown
in Fig. 13). The red dot is the absorption point of the current positioning point. The blue dot is
the selected point. Then the angle £ between the path (red line) and the line segment connecting
the red dot and blue dot are calculated. According to the sign of , we can give the right
information for the users about the direction. The turning direction is determind by

turnleft, e< 0
Inform(e) =1 go straight, =0 )
turnright, e = 0

Fig. 13. Turning information. (a) Going straight, (b) Turning left.
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Note that by setting proper values of 5 and y, the navigation logics can guarantee that the
users do not go to the wrong way. For example, when the distance X;X;’ is bigger than the
value of ¥, the navigation logic will conclude that the user has been guided to the wrong way.
In this case, the user will be informed by the navigation logic to re-search the path, which
prevents the user from keep going in a wrong direction without noticing the error.

4. Experiments and Simulation results

The augmented reality indoor navigation system is applied in a practical complex indoor
environment to show experimental results. Two different mainstream indoor positioning
technologies were configured to compare their navigation effects.

Fig. 14. POI distribution

The test room environment is located on one floor of a large laboratory building. The entire
building has a square plan view with a side length of 112 meters and contains multiple test
scenarios such as long corridors, circular routes, multiple offices, and large open spaces. As
shown in Fig. 14, a number of specific POI (Point Of Information) coordinates are preset as
navigation destinations that the user can select. The red dot is used to identify it in the picture.

In the test two different indoor positioning technologies are used: Wi-Fi indoor positioning
technology and base station indoor positioning technology. Different positioning technigques
have different positioning errors, and the fluctuation of the positioning error within the error
range is called the “ther error variation”. The smaller the magnitude of the error change, the
less likely the navigation will fail.
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Fig. 15. Test route

®1F 39m | BWRK 24m

Fig. 16. Navigation performances

The error range of Wi-Fi indoor positioning technology is quite large at 3 to 8 meters. The
advantage is that the positioning frequency can be adjusted arbitrarily. As the positioning
frequency increases, the variation of error of the positioning point coordinates also increases.
Consequently, the positioning accuracy of the positioning point may be affected.

The error range of the base station indoor positioning technology is only 3 to 5 meters. The
positioning accuracy of this technology is relatively stable because the error range is relatively
small and the highest positioning rate of reccurance which can be set is once per second.

An augmented reality indoor navigation system was implemented in smart mobile devices
for Android and iOS. When the system receives the corresponding indoor positioning
technology to send the positioning signal, the smart mobile device will display the
corresponding augmented reality navigation information for the user.

In Fig. 15, we can show the test route from point A to B. Wi-Fi indoor positioning
technology and base station indoor positioning technology is used to test the entire augmented
reality indoor navigation system. Fig. 16 shows the test results of the navigation system. (a)
and (b) respectively represent the test results of the Wi-Fi indoor positioning technology and
the base station positioning technology.
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5. Conclusion

This paper presents a stable augmented reality indoor navigation system. The system can
achieve similar results by combining different indoor positioning technologies. With the
limited computing resources of mobile devices, the system can quickly search for the shortest
path to the destination.

However, in order to establish an indoor navigation system for any particular indoor
environment, a lot of preparation work is required. For example, collecting indoor
environmental information and establishing an indoor map. If new methods to speed up the
preparation process are discovered, then the indoor navigation can be spread in a variety of
practical applications. This will be the exploration direction of the subject.

Another significant issue in practical applications is the large amount of magnetic field
interference sources present in complex indoor environments. The sources of magnetic
interference may have an impact on the augmented reality indoor navigation system, causing
the navigation path to deviate from the correct direction. Currently there are no viable
solutions to remove the effects of magnetic field interference sources. This is also one of the
main reasons why the augmented reality indoor navigation system is difficult to
commercialize. Going forward, the focus should be on how to eliminate the influence of
indoor environmental magnetic interference sources.
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