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ABSTRACT

In this paper, we proposed an indoor navigation system for navigation inside shopping malls or
hypermarkets. the indoor navigation system provides an easy way to navigate to a product or store. The
system consists of two parts. The first part is the encoder or the QR code generator which will be used by
the shopping mall manager to generate QR codes. The generated QR code needs to be installed in the mall.
The second part is the decoder which needs a mobile phone. The decoder will take the required destination
from the shopper and then using the information stored inside the QR code will build the virtual map and
provide the navigation instruction. The experiment was done by testing the encoder to generate QR codes

for two different virtual buildings. While the decoder tested to get the location for multiple destinations.

Keywords: /ndoor Navigation, Virtual Map, Color QR Code.

1. INTRODUCTION
The demand for effective indoor navigation is
rising day by day [1][2][3].

Indoor navigation within a large shopping mall
represents a significant challenge for new shoppers.
as the shopper may look for a specific store or for
one particular product in a hypermarket.

The indoor navigation system needs to provide
the shopper with main thee inputs:

e  Their current location.
e  The direction they need to go for.

e Information whether the
available or if the shop is open.

product is

Existing systems which provide help for the
above problem are Augmented Reality [1][2][3][4],
Wi-Fi Positioning systems [5], and Wearable
navigation devices (WEARTRACK) [6]. However,
Augmented Reality [1][2][3][4] focused on map
visualization and does not provide information
about the location availability. Wi-Fi Positioning
System [5] requires the user to connect to a location
network which may not be available in many cases

and finally, WEARTRACK [6] requires an extra
tracing device for navigation.

The main aim of this study is to provide an
indoor navigation system based on color QR code
to help the shoppers to navigate and get information
about their destination before they navigate. The
system supports offline navigation, and this will
help the shopper to have faster and easy access to
their destinations.

The scope of this research work is to provide
offline navigation for shops in shopping malls. The
system supports offline navigation based on a
predefined map stored in the QR code. If the map is
updated, the QR code also needs to be updated. The
number of the shops is limited to the QR code
encoding data size.

The proposed system had two parts:

First, the QR code generator which will be used
by the shopping mall manager. The encoder should
be able the get the location information from the
mall manager and convert it to JSON format. The
encoder should be able to encode the following:

e Location name
e  Building structure (map structure)

e ——
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e  Store or product location
e  Availability endpoint
e  Stores working hours

The second part is the decoder which the
shopper will use to decode the provided color QR
code to get the location details. the decoder support
two modes: an offline mode where the user will get
the information stored in the QR code, and an
online mode where the user may get extra details
about the product availability. In both modes, the
user will be able to navigate within the building.
The only advantage of the online mode is that the
user can know in advance if the product is available
or if it is out of stock. The navigation color QR
code decoder has the following features:

e Read the generated color QR.

e Search for the Location within the QR
Code Data.

e (all the availability end point if provided
so can get update information about the
product in online mode.

e Provide the navigation information to the
shopper.

This paper consists of six sections. Section 2
reviews the related research works. Section 3
explains about color QR code encoder and decoder.
Section 4 is the system architecture. Section 5
discusses the experiments and finally section 6 is
the conclusion and future works.

2. RELATED RESEARCH WORK

Six research works are explained in detail
which will be used as our bunch mark, we will
show the architecture of each research work then
we will present a comparison table between the
existing work.

2.1 Arbin: Augmented reality [1]

ARBIN system consists of four major modules
as shown in Figure 1:

Indoor positioning,
Route planning,

Motion tracking,

AR 3D model placement.

First, the system will select the user location
using an indoor positioning module the user

position requires four utilizes directional Bluetooth
beacons (Lbeacons) to be located on each floor.

Then, the system will ask the user to select the
destination. the route planning module will apply
Dijkstra algorithm to get the shortest path between
the user location which is obtained from the indoor
positioning module and the selected destination by
the user. while the building map should be pre-
installed on the application. then the motion
tracking module and AR 3D model placement
module will show the direction to the user.

Smartphone

User interface

(1) Destination ®A 3D Arrow

@Expecled orientation
& instruction

@ Azimuth
& Pitch

@ User's location

r

RSSI Inertial Date

A real world
image

Bluetooth

[ MU ] [ Camera ]

BLE advertisement messages

LBeacon

Figure 1 Arbin -major modules[1]

From our findings, their indoor positioning
module is requiring Lbeacons to select the user
position. this will involve extra cost for the building
manager, future more their system needs the
location map to be pre-installed which makes their
application aimed at only one building.

2.2 BIM Based Hybrid 3D Indoor Map [2]

Firstly, the effective information is extracted
from BIM to reorganize entity and network models
respectively.

The entity model section is represented by
3D building component elements and it is mainly
used for building information provision and
visualization.

The network model section is abstracted by
spatial elements and their topological relationships
and it is used to aid path planning in navigation as
well as map matching of positioning results.

e —
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Next, these two models are organically
connected through the direct connection and
indirect connection between elements in different
model. Finally, the hybrid map model is
established.

Then indoor navigation application will use
the hybrid map output to provide indoor navigation.

Their system process is shown in Figure 2.
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Figure 2: BIM Based Hybrid System [2]
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Their system needs CAD data for the
building which may not be available and updated,
this makes the application is designed for one
building.

2.3 Augmented Reality-EasyMap [4]

They proposed an Android mobile application
their application architecture is shown in figure 3

the application starts with the user inserting his
location manually or detected from the device's
GPS and then searching for the required
destination. the application layer will search for the
destination from the database layer and provide the
2d navigation map for the user to navigate.

Uszeor authentication (San in to the
app only using ficst time )

Deuploy Curremt location of user in
20 map

‘ Find shop ]
s .
Saarch using product nama ‘ Saarch uging shop nama
Provide =t of shops user can
buy searched product

‘ Digplay aslected shop n 20 map

!

Provide directions and Navigate
e sar

using 2D map Using 30 viev

- -
Provide directions from User suthenlication
leurrant focation to destination og In)

Navigate the usar using AR ‘

anvironmant

Figure 3: EasyMap application architecture [4]

From our findings the navigation map
should be inserted which makes the system
designed for one building, there is no way for easy
update the user needs to insert his location
manually.

2.4 Wi-Fi Positioning System [5]

there are four main entities for their indoor
navigation system as shown in figure 4:

User

Application

Database

Indoor positioning system IPS.

the database will store information about the
location such as building maps, stores, and
promotions.

then the user can search for a specific store,
once the user clicks on navigate. IPS system will
use google API to get the direction and then mask
the maps stored in the database and the navigation
from the IPS system the direction maps are shown
to the user.
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Forward-Backward Optimization
from our finding the user needs to connect to v
Wi-Fi for google API to get the best result. the ,
. . Constructe the Database Grid
maps need to be pre-installed which makes the app
build for once building. v
Generate the Database
2.5 Wearable navigation device v
(WEARTRACK) :
Import database into IndoorTrack

the propose a method based on the
combination of:

e hardware: wearable navigation device
(WearTrack)
e software: mobile app (IndoorTracker)

the user's real-time navigation status obtains
through:

WearTrack and the shopping mall Wi-Fi,
then construct the corresponding relationship
between the real-time navigation status and the Wi-
Fi data.

Through the smartphone app
(IndoorTracker), users can collect the Wi-Fi signal
strength at every moment of the location in real-
time and store it in the smartphone memory which
can be directly exported for subsequent use.

The mall map is stored in the application
database using the map and the user location the
navigation is provided to the user. the steps for their
system are shown in figure 5

Realize Real-time Positioning

Figure 5. WEARTRACK system steps

this system, needs WearTrack for better
indoor navigation anyway this will add additional
cost for the application user. in addition, the
building map needs to be pre-installed which makes
this app is designed for one building.

2.6 Comparison between Existing Systems

The existing systems are compared based on
five aspects (a) the need for special hardware (b) if
the system provides the obstacles to avoid (c) the
direction information for the user (d) if the system
provides information about the current location and
(e) the need for Wi-Fi connection. (a) requires high
cost due to the need of special hardware. (b) will
affect the reliability of the system. (¢) and (d) will
affect the system efficiency and (e) will affect the
system suitability as if the system does not need
Wi-Fi which will make the system able to use in
high-security  places. Table 1 shows the
comparison.
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Table 1. Comparison between existing systems
Require |Can Serve| Detect | Location | Require
special | Many User |information| Wi-Fi

hardware| Building | Location connection

[1] Yes NO Yes No NO

[2] NO NO Yes No NO

[3] NO NO No No Yes

[4] NO NO Yes No Yes

[5] Yes NO Yes No Yes

3. COLOR QR CODE OVERVIEW

Color QR code is the new generation of
black and white QR code. The key feature of this
barcode is it can encode data with a larger capacity.
In addition, the encoded data can be stored in
different data layers. The color QR code is shown
in Figure 6.

Figure 6. Color QR code

The size of QR code is attached to the:

. QR code version, which may vary from
version 1 to 40.

. Error correction level (7%,15%, 25%, or
30%).

. Data type (data bits, numeric, alphanumeric,
or binary data).

. Number of colors.

Table 2 shows the data size in byte for different
versions of QR code.

Table 2. Comparison between existing systems

Version Error 2 color 4 color 8 color
Correction
1 L 152 304 456
M 128 256 384
Q 104 208 312
H 72 144 216
2 L 272 544 816
M 224 448 672
Q 176 352 528
H 128 256 384
8 L 1,552 3104 4656
M 1,232 2464 3696
Q 880 1760 2640
H 688 1376 2064
9 L 1,856 3712 5568
M 1,456 2912 4368
Q 1,056 2112 3168
H 800 1600 2400
21 L 7,456 14912 22368
M 5,712 11424 17136
Q 4,096 8192 12288
H 3,248 6496 9744

There are many researches about encoding
and decoding QR code. We apply our proposed
fuzzy encoder and decoder color QR code which is
produced in our earlier works [7, 8, 9, 10].

3.1 Color QR Code Encoder

The overview of color QR code encoder is
shown in Figure 7. The main idea is to form color
QR code using color multiplexing of monochrome
QR code to generate one colored QR code. The
decoder of the QR code needs to perform color de-
multiplexing to the color QR code to retrieve the
monochrome QR code.
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Figure 7: Color QR code encoder
3.2 Color QR Code Decoder

The overview of color QR code encoder is
shown in Figure 8. The main idea for color QR
code decoder is to perform color multiplexing to
obtain many black and white QR code, then decode
those QR code separately.

demultiplexing
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decoding

Merage the results
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Figure 8: Color QR code decoder

4. SYSTEM ARCHITECTURE

Our proposed navigation system has two main
parts, the encoder and the decoder. These parts will
be explained in the following sections.

4.1 QR Code Encoder

The QR code encoder system requires the
building manager to generate QR codes the QR
code will encoder mainly three types of data:

e Location Name
e Building Structure
e  Store/Product Location

Building Structure and product/store location
are mandatory as this data will be used by the
decoder to provide the navigation to the user. The
encoder allows also to encode optional data such as

e  Availability endpoint
e  Working hours
e  Contact information

Once the Mall manager inserts his data the
encoder will transfer it is input to JSON format and
calculate whether the data can be stored within one
QR code. If can’t fit the encoder will inform the
mall manager, so the mall manager either chooses
to encode each floor data in a separate QR code or
divide the data into two QR-Code if the mall is one
floor. The user interface for the encoder has three
steps first insert the general information then insert
each floor data (floor structure, store location) the
floor structure is the location of each corner of the
floor. Then finally generate the QR-Code.

The user interface for the encoder has three
main tabs:

e  General tab: This allows the user to key in
the location name, availability endpoint,
and contact information. The General tab
is shown in figure 9

e  Building Structure tab: this allows the user
to insert the building corners' latitude and
longitude building structure tab as shown
in figure 10.

e Location tab: this allows the user to insert
the store or product (name, latitude,
longitude, level, and working hours)
location tab is shown in figure 11.

o
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Once the user key in his data and click generate
a popup window with the color QR code will show | ™ tecstioncrenod -0
and allow the user wither print the QR code or save B e
it to the hard disk the QR code result window is e e
shown in figure 12. e -
location latitude (X) |
focation fongiude (Y)]
# Location QR Encoder B = Setrovei@ |
Buiding Name ;v;m i | St Time | | End Time Add Working Time
| Monday (3:00. 12:00) -~
~ Monday (13:00. 21-00)
General  Buiding Structure  Locations Tuesday (9:00, 12.00) v
Location Name" Add Location
T Locationss | ocation A (3.095367, 101.736875)
Avadabity End point | Location B (3395367, 101 736875)
Location C (3.395367. 102 016875)
Location D (3.395367, 103.016875)
Cortact information
Generate QR Code

Generate GR Code |

Figure 9: OR code encoder interface general

s Location QR Encoder = o %
Buiding Name* |
General Buldng Structure  Lacations
location lattude () [ |
location longtude (Y}
Add Comer |
Comer 1(3.095367, 101 736875)
Comers | Comer 2 (3 395367, 101 736875)
Comer 3 (3.335367. 102 016875)
Comer 4 (3.395357, 103.016875)
Remove
Generate QR Code.

Figure 10: OR code encoder interface building structure

Figure 11: OR code encoder interface locations

55 Location QR Code - o X

T

il

o ol 18]

;d.:H

Figure 12: QR code encoder interface generated OR
code

QR code Encoder data Structure

The QR code needs to store the following data

e Location Name mandatory

e Building Structure mandatory

e Locations mandatory which will store
Store/Product location

e  Availability endpoint optional

e  Working hours optional

e Contact information optional
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The location name LN: The encoder will have
the following JSON structure to represent the
location name.

{LN:’Name’}

Building Structure BS: which is an array
of points the encoder will have the following JSON
structure to represent the building structure.

{BS:[
{
x:’corner 1 latitude’,
y:” corner 2 longitude’
}s
{

x:’corner 2 latitude’,
y:’corner 2 longitude’

55

I

Locations Ls: which is an array of points
and names. The encoder will have the following
JSON structure to represent the locations.

{Ls:[

{

N:’name’,

x:’Location 1 latitude’,

y:” Location 2 longitude’,

Z:’if it is product the shelf number’
15

{

N:’name’,

x:’Location 1 latitude’,

y:” Location 2 longitude’,

Z:if it is product the shelf number’

55

I

Availability endpoint: will store inquiry
endpoint. The encoder will have the following
JSON structure to represent the availability
endpoint.

{AE:"Url’}

The endpoint is an HTTP call with an id
parameter and should provide a JSON response. the

endpoints should have the {id} so the decoder can
replace it with the product id value the following is
an example of the endpoint.

http://domain.com/api/checkstatus?product
id={id}

The response of the endpoint should have
the availability status and messages as follows:

{

Available: True/false,
Message: message,

}

Working hours WH: is an optional
parameter as each location may have different
working hours the working hours can be added as a
sub-model to the location model. The encoder will
have the following JSON structure to represent the
working hours.

{WH:[

D:’day of the week,
S:’Start time”’,
E:’End time’,

}s

{
D:’day of the week,
S:’Start time’,
E:’End time’,

}s

b

Contact Information CI: The encoder will
have the following JSON structure to represent the
contact information.

{CI:’Data’}
4.2 QR Code Decoder

Special equipment is not required for our
proposed decoder. Only a device like a smartphone,
tablet or smart glasses with a camera and GPS is
needed. The device must install our decoder.

The decoder will decode the QR code, get
the destination from the user, and then using the
user location and the data from the QR code, the
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decoder

will find the best direction and give the

direction to the user. Figure 13 show an overview
of the proposed system.

Building manager
with Encoder App

& www
o
Generate 5‘0@50@
Instruction QR Code I\
LI Navigation
Instruction .
lication : (.t ’ .
(on Screen/printed)  nformation .

Destination  person

Decoder

Building Application

Figure 13: Overview of the proposed system

The decoder has the following functions:

Read the Location QR code.

Get the destination room from the shopper.
If the production endpoint available
getting the updated information about the
product.

Get the current location from GPS.

Find the path using the data from the QR
code and the user location.

Give available product information and the
direction the shopper.

The decoder algorithm works as follows:

1-
2.

3-

Read the QR code using the device camera.

Get the destination room/ product from the
shopper.

Using Location information search for the
user inquiry. If the product is not in the QR
code data shows a not find message to the
user.

If the user inquiry can be funded within the
QR code data then the decoder will check if
the availability endpoint is provided and
then will query the updated information
about the product.

Check working hours if available and check
if the store is open at the current time.

Show product/ store information that is
stored in QR code, and the data if any from
points 4,5.

Once the user click navigates then the
decoder will show the navigation
information to the user. The decoder will
show a virtual-navigation map. the map

build will be explained in detail in section
4.3

The flow for the decoder algorithm is shown in
Figure 14.

Start

v

Read QR code

v
Get destination
product/store

o Tt

Code —

Yes
. NOW

NO Find inquiry
\ava"abﬁ/ URL

Yes I Yes

IS

v

Get working hours data

Get updated prodact data

Show the available
information to the user

v
Draw the floor navigation
borders

—

Navigation to the room

Figure 14: Decoder algorithm

4.3 Draw the floor navigation borders

This part virtualizes the building map. The
process starts by reading the building structure and
product location JSON from the QR code which
contains information about the corners and the
rooms. The JSON has the following format:

{
{BS:[
{
x:’corner 1 latitude’,
y:’ corner 2 longitude’
’s
{

x:’corner 2 latitude’,
y:’corner 2 longitude’

2

]}!
Ls:[

e —
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N:’name’, Once the user clicks to navigate the decoder
x:’Location 1 latitude’, will show the navigation map and the direction as
y:” Location 2 longitude’, shown in figure 19.
Z:’if it is product the shelf number’
¥
{ ! Location_Decoder == m] X
N:’name’, ‘0::“'!0: —
x:’Location 1 latitude’, S
. : : > _
y:’ Location 2 longitude’, ST
Z:if it is product the shelf number’ Kty Crocolate
} Location Contact Search
b
Figure 16: Decoder location search
} uy' Location_Decoder = E X
ey qe . . QR Code Image Location
The decoder first gets the building information and Seect GRCode (- \43\GRipg
. . . . Image
then links it between the corners with lines. The Decode
lines are drawn between the corners as each corner Searchfo Poduct/Lcaton
should connect to the next corner. Building this we B Bccke
will have the main building structure (corner and -
walls). Then the decoder will get the store S
. . .. lanagement Office
information and locate the store data within the o2 o
. emai email@emai com
map Figure 15 shows an example of the output.
e — Location 1 Location 2 Location 3 Corner
[ ] ® ® L @
oo Figure 17: Decoder location contact
Corner  Corner
®
Corner Corner ¥ Location_Decoder - [m] ®
Location 4
QR Code Image Location
@ LocationS Decode
Elevator @
Search for Product/Location
Katy Chocolate
Location Contact Search
e ® ® Location Detads
Corner  grergency  Cormer Product Location
stairs Lattude : 3.095367
Longitude 101_‘355'5
Figure 15: Floor navigation border Traprdiced el
4.4 Decoder simulation
We use our encoder to generate QR codes Jirrty

for two virtual shopping malls the first shopping
mall with many stores, the second is a hypermarket.

The decoder first will scan the QR code and
then will ask the user to search for the location. As
shown in figure 16. Alternatively, the user may
click on location contact to get the contact
information of the location the location contact
information interface is shown in figure 17.

Once the user key in the location and click
search the decoder will search for the location result
check the product availability and show the result
to the user as shown in figure 18.

Figure 18: Decoder Search Result
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Figure 19: Decoder Navigation Map
5. RESULT AND DISCUSSION

We benchmark our proposed navigation system
with the existing system based on the following
criteria: 1) Require special hardware 2) Able to
serve many building 3) Detect user location 4)
Location information 5) Require Wi-Fi connection.

As shown in Table 4, the existing system can
service only one building while our proposed
navigation system can serve more than one
building.

In addition, our proposed system does not need
any special hardware for the indoor navigation,
only a smartphone is required.

Furthermore, our proposed system does not
require a Wi-Fi connection, or the user location
data to provide the basic navigation. The user's
location will be auto detected using the GPS device
and the Wi-Fi connection is optional to get extra
product information, while other system requires
either Wi-Fi or location information.

Table 4. Feature Comparation With Existing System

Require |Can Serve| Detect | Location | Require

special | Many User |information| Wi-Fi

hardware| Building | Location connection
[1] Yes NO Yes No NO
[2] NO NO Yes No NO
[3] NO NO No No Yes
[4] NO NO Yes No Yes
[5] Yes NO Yes No Yes
Our NO YES Yes Yes Optional
system

6. CONCLUSION AND FUTURE WORKS

In this paper, we explain our proposed in-
door navigating system using a color QR code. The
results show, that by using a color QR code we can
provide an indoor navigation system at a low cost
as the system require only a mobile phone to work.
The proposed system requires the building
managers to install QR codes in the building. The
system can provide indoor navigation. usability
evaluation may be held as future works.
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