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Abstract

This paper describe the RFID technology which
is applied to guide the visually impaired person at in-
door and outdoor environment. In order to provide an
efficient and user-friendly navigation tools, it is pro-
posed to design and develop a navigation device using
RFID network with the digital compass to guide visu-
ally impaired person walking properly via audio nav-
igation. The idea of positioning and localization with
digital compass and direction guiding through voice
commands is implemented in this design. The study
focuses on the calibration of the compass and relo-
cates the visually impaired person back to the normal
route if they are out of the direction. Data analysis
will be done during the evaluation of the navigation
device and assessment will be made improve the per-
formance of the device. This project is beneficial to
visually impaired person because the navigation de-
vice designed with voice commands will helps them to
have a better, safer and comfortable travel.

1 Introduction

In early 2010, the Organization of the United Na-
tions (UN) has been released the statistic that people
with disabilities (PWDs) in the world are ten percent
of the total population. Therefore, 80 percent of the
disabled are located in developing countries from the
calculated number. In addition, instead of Malaysia
has a population of about 28 million people, the num-
ber of disabled persons in Malaysia is estimated at
2.8 million people. However, the numbers of people
with disabilities which are registered with the Social
Welfare Department of Malaysia are only about 380
thousand people which are 12 percent of the estimated
population of the disabled in this country [1]. This
total number does not reflect to the real situation of
disabled people in this country because the disabilities
person are not freely travel by themselves.

The disabled should be given priority, but in the
context of Malaysia, disabled people are not advanced,
but often ignored. Malaysia has signed the Convention
on the Rights of Disabled Association of the United
Nations, but the rights of disabled persons are not

granted equally. The convention guarantees that the
disabled enjoy equal opportunities with those efforts
as well as full and effective participation in society in
all aspects of life - accessibility, mobility, health, edu-
cation, employment, rehabilitation and participation
in the political, economic and socio-cultural. The dis-
able person can be categorized in some classes such as
deaf, blind, physically disability and etc.

However, almost of disabilities who always in-
volved in great danger is visually impaired person.
They usually rely on a cane or guide dog to assist
them in reaching desired destination safely. However,
this method is beneficial if only if the path to the
destination is already familiar or known. It becomes
difficult once the destination is new especially the en-
vironment is not designed for blind people. It is very
hard for them to travel independently from one to an-
other destination without the proper navigation tools.
Therefore, the advanced technology developed by re-
searcher benefits the visually impaired people to travel
independently.

The design challenges for the blind navigation de-
vice are real-time guidance, portability, power limita-
tions, appropriate interface, and continuous availabil-
ity, no dependence on infrastructure, low cost solu-
tion and minimal training [2]. There are several de-
signs to help visually impaired people to achieve self-
independence traveling at indoor environment. Loca-
tion technology such as Radio frequency identification
(RFID), Infrared Data Association (IrDA), Bluetooth
or Wi-Fi has been developed to help them travel dur-
ing indoors with contextual information or sound nav-
igation.

In addition, the usage of Global Positioning Sys-
tem (GPS) device also can help to guide the visually
impaired person in an outdoor environment. Since
GPS cannot function properly in indoor spaces, other
researchers present the solution by using Infrared Data
Association (IrDA) technology which works as sensors
to determine the indoor location. The Drishti system
is the combination of GPS for outdoor navigation and
ultrasonic sensor for indoor navigation. One of the
problems about GPS is the error with the measure-
ment taken especially inside the tall buildings [3].

Furthermore, BLI-NAV a blind navigation system
designed which consists of GPS receiver and path de-
tector. Both devices used to detect user’s location
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and determine the shortest route to destination. Voice
command is given throughout the travel. Path algo-
rithm is used to determine the shortest distance from
start point to end point together with path detector.
Moreover, user is able to avoid obstacles while trav-
eling [4]. This system gave the better results in real
time performance and improves the efficiency of blind
travel at indoor environment.

On the other hand, Pocket-PC based Electronic
Travel Aid (ETA) proposed to help visually impaired
person to travel at indoor environments. Pocket-PC
will alert the user when near the obstacles through
warning audio [5]. An ultrasonic navigation device
for visually impaired people is designed. The micro-
controller built in device can guide the user in which
route should be taken through speech output. Besides,
the device helps to reduce navigation difficulties and
obstacles detection using ultrasounds and vibrators.
Ultrasonic range sensor is used to detect surrounding
obstacles and electronic compass is used for direction
navigation purpose. Stereoscopic sonar system is also
used to detect nearest obstacles and it sends back feed-
back to tell user about the current location [6] ~ [11].

In, addition, Blind Assistant Navigation System
that can help visually impaired people navigates inde-
pendently at indoor environment also developed [12].
The system provides the localization by using wire-
less mesh network. The server will do the path plan-
ning which then communicates using wireless with
the portable mobile unit. The visually impaired per-
son can give commands and receive response from
the server via audio signals using headset with mi-
crophone. The proposed RFID technology in order to
design the navigation system by providing information
about their surroundings also developed [13] ~ [16].
The system uses the RFID tag reader that installed
on the white cane to read the tags that are installed
on the tactile paving.

Besides, INSIGHT is the indoor navigation system
to assist the visually impaired person to travel inside
the buildings. The system used RFID with Bluetooth
technology to locate the user inside the buildings. The
personal digital assistant (PDA) such as mobile de-
vice used to interact with INSIGHT server and pro-
vide navigation information through voice commands.
The zone that user walked will be monitored by the
system. The system will notify the user if user travels
the wrong direction. The RFID network can help to
determine the shortest distance from current location
to the destination. Besides the system can help to find
the way back if they lost their direction and recalcu-
late the new path [17].

In this paper, the blind navigation device is de-
signed and developed for visually impaired people to
navigate from one place to another place indepen-
dently for indoor and outdoor environment. The
transformation of the conventional white cane to blind
navigation device which consists of RFID detector,
digital compass and voice module system. In order to
provide an efficient and user-friendly navigation tools,
this paper proposed to design and develop a naviga-

tion device using RFID network with the digital com-
pass to guide visually impaired person walking prop-
erly via audio navigation. The idea of positioning and
localization with digital compass and direction guid-
ing through voice commands is implemented in this
design. The study focuses on the calibration of the
compass and relocates the visually impaired person
back to the normal route if they are out of the direc-
tion. Data analysis will be done during the evaluation
of the navigation device and assessment will be made
improve the performance of the device.

2 Blind Navigation System

2.1 Developed Navigation system for Blind

In order to developed the navigation system which
is benefit to the visually impaired person, the total
system such as path planning system, RFID detection
system, obstacle detection system is needed. However,
in this paper, the developed navigation system is only
one part of total navigation system which not includ-
ing path planning system, obstacle avoidance system,
and localization system and etc. Here, the developed
system are focused on RFID detection system and dig-
ital compass which is used to guide the right way for
visually impaired person when travel alone. Figure
1 illustrated the system configuration of one part of
navigation system which including the RFID detec-
tion system and digital compass.

In the developed navigation system, there are
some components is used such as RFID reader, micro-
controller, voice module, Braille keypad and etc. A
micro-controller functions as integrated circuit that
contains the memory and programming is used to
communicate with hardware. The type of micro-
controller which is used in this project is ARDUINO
Pro Mini. The selection of this micro controller
because of the compact size, light and enough in-
put/output (I/0) port to develop the navigation de-
vice. Besides, the RFID detection module (MiFare
High Frequency 13.56 MHz) consists of RFID tag
reader and tags play important role for the blind nav-
igation.

Digital
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RFID tag
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RFID tag I w™icro- Navigation | ; Path
» > A
reader R$232! | controller processor i Localization
Comm: y | l
..... B Bl P =Pttt
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Fig.1 System overview of the blind navigation device

Figure 2 shows the RFID detection system con-
sists of RFID tag reader and RFID tags. The RFID
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tag reader is directly connected to ARDUINO micro-
controller. The RFID tag reader is activated when
the ARDUINO micro-controller is powered on. The
RFID tag reader is installed at the bottom of the elec-
tronic cane in order to detect the RFID tag easily
which are installed on the tactile paving. Each RFID
tags contained the stored information of location and
surrounding environment like obstacles, place name,
building name and etc. The RFID tag reader will read
the code of the tags and the code encryption will be
done by the programming inside the micro-controller.
The information of the places which the RFID tag
have been mounted will be prepared as a library in-
side the micro-controller.

Fig. 2 RFID Tag Reader

In order to navigate to the desired location, the
user will set the desired destination at start point af-
ter detecting the nearest RFID tag. RFID tag reader
is activated to read the tag. Each RFID tag has its
own identification code and the code is transferred to
ARDUINO micro-controller through RS232 for iden-
tification code encryption. After that, the controller
system proceeds to the navigation processing. The
information extracted will be then reprocessing and
converted into voice commands. Then, the users will
receive the commands on how to travel their path and
the information about the surrounding environment.
The voice module (WTV020) is used in order to play
the voice commands and inform the users which the
direction that they should be taken and turn when
the corner. The voice command which is played are
pre-progammed inside the voice module.

In addition, the digital compass (HMCG6352) is
used because it can provide the high degree heading
resolution and accurate in determining the direction.
If the user travels out from the path, the navigation
system will determine the direction heading and gives
alert to user. Once the direction is correct, user can
continue their travel by the aid of sound navigation.
Figure 3 shows the illustration of the developed elec-
tronic cane which will be used in this research. A con-
ventional white cane is transformed to the electronic
cane in order to attached all the developed system. At
the end point of the white cane, a wheel is mounted
in order to make the developed RFID reader easily
detected the RFID tags and the user no need to raise
and swing the white cane while travel.

3 Proposed Control System for Navi-
gation System

3.1 System flow chart

Figure 4 shows the process flow chart of the de-
signed and developed navigation device. In order to
used the developed navigation device, the RFID tag
reader will be initialized respectively. Once the tag
reader has been initialized, the tag reader will be acti-
vated. The tag reader will determine the user’s start-
ing point once the user tap the RFID tag reader to
the nearest RFID tag around them. If the RFID tag
reader failed to do read the tag even RFID tag are
already in the detection range, the device will go back
to the tag reader activation process by initialize the
RFID tag reader first. On the other hand, if the next
RFID tags are successfully detected, the ARDUINO
micro-controller will carry out the encryption of the
tag identity.

Them once the RFID tag is detected, the user can
determine where he or she wants to go by input the
desired location through developed Braille keyboard
or voice recognition device. Figure 5 shows the mod-
ified keypad with Braille Code. This Braille writing
system is attached and connected on the top the 4 x 4
numeric keypad. It is special modified for key in the
destination with the combination alphabet “T, A, N,
D,S, U, R, M,P,L, F, O, K, E, L, # ” which can
be inputted as desired destination such as TANDAS,
PLATFORM, ATM and etc. All the desired destina-
tion have been pre-programmed in the library of the
micro-controller. The users need to key in the desti-
nation on the modified keypad with the Braille code
and the device will start to give the guidance to the
visually impaired people through headphone.

After the identity encryption process is succeed,
the device process to path localization will lead to
user’s desired destination guided by voice commands
which will be given through headphone. In case the
user travels at the wrong path, the process will pro-
ceed to route processing subroutine. In the route pro-
cessing subroutine, digital compass is activated by ini-
tialize the serial communication from the ARDUINO
main board. The magneto sensor inside the digital
compass will measure the angle deviation and recal-
culate the correct heading direction. If there is no
more angle deviation, the user can continue his or her
travel through voice commands until reach the desti-
nation and vice-versa.

Fig. 3 Electronic Cane
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Fig. 4 Process Flow Chart

3.2 Experimental Setup

In order to optimize the functionality of the blind
navigation device for guiding the visually impaired
people in the correct direction throughout the travel,
the experiment setup to evaluate the accuracy of the
digital compass is set. Figure 6 shows the digital com-
pass setup and the reference compass, respectively.
The digital compass is connected to the ARDUINO
micro-controller to obtain the analog signal and con-
vert it back to the digital signal by using the onboard
analog Digital Converter (ADC). The digital signal
will be displayed on the serial monitor of ARDUINO
and then the digital compass can be tuned. The dig-
ital compass is fixed at the certain point where the
RFID tag has been mounted to ensure the digital com-
pass is always pointing at the North. The compass
which inside the IPHONE is used as the reference com-
pass in order to make comparison when calibrate the
digital compass.

JINO Pro Mini

Modified Keypad
with Braille Code

Fig. 5 The modified keypad using Braille character

4 Experimental Results

4.1 Performances of Compass Technology in
Navigation System

Table 1 shows the compass accuracy test results
when the digital compass is pointing to North. From
the table, the compass reading clearly shows that the
resolution of the digital compass is high and able to
produce the compass reading in two significant val-
ues. The repeatability test is carried out about 20
times to prove that the results are valid to be used in
the navigation device. Besides, the accuracy test for
the digital compass have been done 20 times at differ-
ent places and different time. In the result also shows
that the relative error is getting smaller and close to
the desired North degree because of the digital com-
pass output are getting stable. This implies that the
digital compass is suitable to use for blind navigation
to provide accurate heading direction.

Note : North direction point to 0 ° or 360 °
Mean of 20 times Repeatability = 358.27 °
Mean of Percent Relative Error = 0.4805 %

Figure 7 shows the percent relative error % of the

Fig. 6 Digital compass setup and the reference
compass
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Table 1 Compass Accuracy Test Results

Times Pointing to Degrees Relative Percent
North North Error Relative Error
1 Yes 356.30 3.70 1.0278
2 Yes 356.40 3.60 1.0000
3 Yes 356.30 3.70 1.0278
4 Yes 355.70 4.30 1.1944
5 Yes 358.20 1.80 0.5000
6 Yes 357.80 2.20 0.6111
7 Yes 357.70 2.30 0.6389
8 Yes 357.80 2.20 0.6111
9 Yes 358.20 1.80 0.5000
10 Yes 357.90 2.10 0.5833
11 Yes 359.20 0.80 0.2222
12 Yes 359.30 0.70 0.1944
13 Yes 359.20 0.80 0.2222
14 Yes 359.30 0.70 0.1944
15 Yes 359.30 0.70 0.1944
16 Yes 359.20 0.80 0.2222
17 Yes 359.20 0.80 0.2222
18 Yes 359.60 0.40 0.1111
19 Yes 359.40 0.60 0.1666
20 Yes 359.40 0.60 0.1666

readings obtained from the digital compass when it
is pointing to the North. The maximum peak of the
percent relative error is 1.1944% . The average per-
cent relative error is 0.4805% . The graph shows the
percent relative error is decreasing gradually towards
the end and becomes nearly constant between the 11
and 17 times of trials. This implies that the relative
error is getting smaller and the readings are very close
to the 360° when the digital compass points to the
North. The data obtained is said to have high re-
liability. Besides, the digital compass has very high
sensitivity and able produce significant value at tenth
decimal places.

Graph of Percent Relative Error (%a)
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Fig. 7 Percent Relative Error of Digital Compass
pointing to North

4.2 Performance of navigation system in field
test

From the table which shown the validity of the dig-
ital compass which can be used inside the developed
navigation system, the developed navigation system is
evaluated for its performance at the real field by us-
ing the RFID tag that have been installed on tactile
paving. The navigation device built with digital com-

pass for direction guidance and voice module able to
inform user about the direction. Figure 8 shows the
illustration of the developed navigation device when
go forward towards North direction at the starting
point and 90 degree junction. The digital compass
will able to detect the error if the user travels out of
the direction and the misdirection lead to the wrong
path. Thus, the voice module will inform the user,
“WARNING!” repeatedly and alert user from taking
the wrong path. The navigation proceeds until the
user turn over and travel on the right direction.

Here, the traveling time which is consumed to fin-
ished the route is measured. The travel distance which
is needed to be done is 240 cm. There are two subjects
which have been tested at the field which are human
and robot. RFID tag reader are attached at the bot-
tom of the robot in order to easily detect the RFID
tag. Then, RFID tag reader read the tags first and
at the same time the ARDUINO micro-controller will
synchronize with the digital compass for route process-
ing. For experiment by using a robot, the comamnd
are given to the DC motor in order to go straight
or turn. However, for human, the voice module will
inform the user how to turn at the corner, e.g. “90 de-
gree Turn Left” or “90 degree Turn Right ” . Through
this experiment, the high accuracy of the digital com-
pass is able to give direction fast and precise. The
average traveling time which is recorded for robot is
32 sec while for human is 47 second.

From this result, the difference which can be re-
lated is the size of the subject. The robot which is
used are wheeled robot which sized 20cm in diameter.
However, the human subject which are tested in this
experiment are 170 cm in height and the position of
human is 40 cm behind the end of the electronic cane.
Therefore, the human subject is quite difficult to turn
when the voice command is given the turning com-
mand. Meanwhile, the robot is easily to turn because
the robot can turn at the same axis when the com-
mand which are given to the DC motor, respectively.

Obstacles 1

o
-’ Obstacles 3

Obstacles 2

90 degree

Fig. 8 Illustration of the field test layout

5 CONCLUSION

In this paper, the experimental study of the de-
veloped navigation device is studied and evaluated.
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The digital compass which is used is able to provide
accurate direction which help to guide the visually im-
paired during traveling independently. The RFID de-
tection system is beneficial to the visually impaired
person since the visually impaired people are provided
the feedback information about the current location
and the surrounding obstacles. Besides, the perfor-
mance evaluation for the human and robot subject
also have successfully done.

In the future, the implementation of the shortest
path algorithm can be applied on the blind navigation
device with RFID technology. The design of the blind
navigation device can have improvement in terms of
weight and sustainability design concept. Then, the
blind navigation device with RFID technology sup-
ported with shortest path algorithm will be conducted
to ensure them to have a better and comfortable travel
at indoor environment.
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