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Abstract—
Conventionally, visually impaired people using
white cane or guide dog for traveling to desired destination.
However, they could not identify their surround easily. Hence,
this paper describes the development of navigation system which
is applied to guide the visually impaired people at an indoor
environment. To provide an efficient and user-friendly navigation
tools, a navigation device is developed by using passive radio
frequency identification (RFID) transponders which are mounted
on the floor such as on tactile paving to build such as RFID
networks. The developed navigation system is equipped with a
digital compass to facilitate the visually impaired people to walk
properly at right direction especially when turning process. The
idea of positioning and localization with the digital compass and
direction guiding through voice commands is implemented in
this system. Some experiments also done which is focused on
the calibration of the digital compass and relocates the visually
impaired people back to the right route if they are out of the
direction. Besides, a comparison between two subjects which are
human and a mobile robot is made to check the validity of the
developed navigation system. As the result, the traveling speed
of human and mobile robot is obtained from the experiment.
This project is beneficial to visually impaired people because the
navigation device designed with voice commands will help them
to have a better experience, safer and comfortable travel.
Keywords—navigation system, passive RFID, digital compass,
visually impaired people

I.

I NTRODUCTION

World Health Organization (WHO) has released the statistics in 2014 that shows 10% of the world’s population have a
disability, with 80% of them located in developing countries.
This global data on visual impairments shows the people with
visual impairment globally is around 285 million which 39
million are fully blind and 246 million are having low vision
problem[1]. There are great numbers of people worldwide who
have encountered vision loss including Malaysia. This total
figure does not reflect to the real number of a people with
disabilities in this world since the visually impaired people
are cannot independently travel by themselves.
Moreover, a disability that may involve additional danger
to the individual is blindness. Conventionally, they rely on a
white cane or a guide dog to assist them in reaching the desired
destination safely. It has been decades since visually impaired
people use the white cane as their most common and affordable
assistive tool to detect obstacles and path surrounding them.
Difficulties still occur when using the white cane for visually

impaired people as they are only able to detect path and
obstacles from the front by swinging the white cane at the
same time trying to feel the tip of the white cane that touches
the ground.
However, this approach is useful if the passage to the
desired place is already known to them. It also becomes
troublesome once the destination is newly constructed and
not implemented the universal design, especially on visually
impaired people. They do not receive enough information
with only the tip of the white cane as feedback. Lack of
aid signs built for visually impaired people seems to be one
of the difficulties for them. It is hard and nearly impossible
to recognize the place by themselves and travel from one to
another destination without proper navigation tools. Therefore,
the advanced technology developed by researcher benefits the
visually impaired people to move independently.
In these two decades, there are quite some equipments,
tools or robots which have been developed by the researchers
in this world to assist the visually impaired people. The assistive and rehabilitation technologies that have been researched
and built are such as GuideCane[2], NavBelt[3], My 2nd
Eye[4], SMART EYE [5], [6], and others. Besides that, one of
the developed mobile robots for the blind which is designed
to help the blind in shopping malls [7]. Without the state of
the art of these technologies, the visually impaired people only
counts on the conventional white cane to detect surrounding
obstacles and sense the road in front of them.
The arrangement of this paper is done as follows where
Section 1 presents an introduction on problem and challenge
that have been faced by visually impaired people. Section
2 expresses previous studies related to the travel aid for
visually impaired people. Besides, section 3 deliberates on the
developed navigation system with the proposed control system
for navigation purpose. Section 4 discloses on experimental
setup involved in this study while Section 5 elaborates the
results that obtained through the developed navigation system
and the proposed control approach, and lastly the conclusion
and future tasks of this study.

II.

R ELATED W ORKS

The design challenges for the blind navigation device are
real-time guidance, portability, power limitations, appropriate
interface, and continuous availability, no dependence on in604 | P a g e
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frastructure, low cost solution and minimal training [8]. There
are several designs to help visually impaired people to achieve
self-independence traveling at indoor environment. Location
technology such as infrared data association (IrDA), RFID,
Bluetooth or Wi-Fi has been developed to help them travel
during indoors with contextual information or sound navigation
[9] .
In addition, the usage of Global Positioning System (GPS)
device also can help to guide the visually impaired people in
an outdoor environment. Since GPS cannot function properly
in indoor space, other researchers present the solution by using
IrDA technology which works as detector to guide in indoor
environment[10]. The Drishti system is the combination of
GPS for outdoor navigation and ultrasonic sensor for indoor
navigation[11]. One of the problems about GPS is the error
with the measurement taken especially inside the tall buildings
[12].
Furthermore, BLI-NAV a blind navigation system designed
which consists of GPS receiver and path detector. Both devices
used to detect user’s location and determine the shortest route
to destination. Voice command is given throughout the travel.
Path algorithm 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 traveling [13]. This system
gave 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 people to travel
at indoor environment. Pocket-PC will alert the user when
near the obstacles through warning audio [14]. An ultrasonic
navigation device for visually impaired people is designed. The
micro-controller built in the device can guide the user in which
route should be taken through speech output. Besides, the
device helps to reduce navigation difficulties and an 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
feeds back to tell user about the current location [15] 〜 [17].
In, addition, Blind Assistant Navigation System that can
help visually impaired people navigates independently at indoor environment also developed [18]. The system provides the
localization by using wireless mesh network. The server will
do the path planning which then communicates using wireless
with the portable mobile unit. The visually impaired people
can give commands and receives response from the server
via audio signals using a headset with a microphone[19]. The
proposed RFID technology in order to design the navigation
system by providing information about their surroundings also
developed. The system uses the RFID reader that mounted on
end of the stick to read the transponder tags that are installed
on the tactile paving[20], [21].
Besides, INSIGHT is the indoor navigation system to assist
the visually impaired people to travel inside the buildings. The
system used the RFID with Bluetooth technology to locate the
user inside the buildings. The peopleal digital assistant (PDA)
such as a mobile device used to interact with INSIGHT server
and provide navigation information through voice commands.
The zone that the user walked will be monitored by the
system. The system will notify the user if the user travels the
wrong direction [22]. 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 recalculate the new path [23].
In this paper, the development of navigation system which
is applied to guide the visually impaired people at indoor
environment. In order to provide an efficient and user-friendly
navigation tools, a navigation device is developed by using
passive RFID transponders which are mounted on the floor
such as on tactile paving to build such RFID networks. We
also equip the navigation system with digital compass to travel
properly at true direction especially when turning process. The
idea of positioning and localization with a digital compass and
direction guiding through voice commands is implemented in
this system. Some experiments are conducted which is focused
on the calibration of the digital compass and relocates the
visually impaired people back to the normal route if they
are out of the direction. Besides, a comparison between two
subjects which are human and a mobile robot is done to check
the validity of the developed navigation system. As the results,
the traveling speed of human and mobile robot is obtained
from the experiment. This project is beneficial to visually
impaired people because the navigation device designed with
voice commands will help them to have better experience, safer
and comfortable travel.
III.

D EVELOPED NAVIGATION S YSTEM FOR V ISUALLY
I MPAIRED PEOPLE

A. System construction
In order to developed the navigation system which is
benefit to the visually impaired people, the total system such
as a 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 including path planning system, obstacle
avoidance system, and localization system and etc. Here, the
developed system is focused on the RFID detection system and
the digital compass which is used to guide the right way for
visually impaired people when travel alone. Figure 1 illustrates
the system configuration of one part of navigation system including the RFID detection system and the digital compass. In
the developed navigation system, there are some components,
is used such as RFID reader/writer module, micro-controller,
voice module, Braille keypad, digital compass and etc.
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Fig. 1. System overview of developed navigation device for visually impaired
people
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As the main part in the developed navigation system,
a micro-controller is installed which consists memory and
program in order to communicate with other peripheral. The
micro-controller type which is selected to be implemented in
this project is an Arduino Promini. The reason is because the
Arduino Promini has been developed in small size package,
light on weight and has adequate I/0 port in order to construct the navigation device. In addition, the digital compass
(HMC6352) 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, the user can continue their travel
by the aid of audio navigation. On the other hand, the RFID
reader/writer module manufactured by Parallax also plays an
important part in the developed navigation system. The RFID
reader/writer module is installed at the bottom of a retractable
cane for the easy detection of passive RFID tags installed on
tactile paving. The RFID reader/writer module could detect the
RFID transponder tags at 125 kHz up to 3 inches distance.
Figure 2 shows the RFID detection system consists of the
RFID reader/writer module. The RFID reader/writer module is
directly connected to Arduino micro-controller which can be
activated when the Arduino micro-controller is powered by the
power supply/battery. It is also installed at the bottom of the
electronic cane in order to detect the RFID tag easily which are
installed on the tactile paving that can read the code of the tags
and the code encryption will be done by the program inside
the Arduino micro-controller. The information of the places
which the RFID tags have been mounted will be prepared as
a library inside the micro-controller. Each RFID tag contains
pre-stored information such as the location and the surrounding
environment including obstacles, place names, and building
names in the library of the micro-controller with the micro
SD card which has been installed with the voice module. 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. It also played the
voice command that followed by the measured value from
digital compass.

Fig. 2.
cane

Construction of RFID reader/writer module on developed electronic

Figure 3 shows the illustration of the electronic cane which
is developed in this research. A conventional white cane is
transformed to the electronic cane in order to attached all
the developed system. At the bottom of the cane, a wheel
is mounted in order for the RFID reader/writer module can
easily detect RFID tags. The wheel size is about 4cm and the
RFID reader/writer module is mounted at 6cm from the floor.
Thus, the RFID tags can be detected respectively. At the same
time, a wheel make the user does not need to raise and swing
the cane while traveling which can makes the user tired to
swing. If the user swing the retractable cane, the RFID tag
could not be detected by the RFID reader/writer module. In
addition, the retractable stick is used as the replacement of
conventional white cane which is commonly used by visually
impaired people for navigation purpose. The retractable stick
can be shorten to 25cm in order to carry and mobilize when the
developed navigation device unused. Besides, the retractable
stick can be extended up to maximum 120cm which similar
to conventional white cane. Hence, the retractable stick can be
adjusted on the basis of the height and users comfortability.
Microphone
Microcontroller
& Battery

Handle

Headphone

Retractable
stick
RFID
Reader
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Wheel

Fig. 3.

Developed navigation device for visually impaired people

B. Control system flow chart for navigation system
Figure 4 shows the process flowchart of the designed and
developed navigation device. In order to used the developed
navigation device, the RFID reader/writer module needs to
be initialized respectively. The user could set the desired
destination at start point after detecting the nearest RFID tag
which have been mounted on tactile paving or floor around
them. In order to navigate to the desired location. The RFID
reader/writer module is activated and will read the transponder
tags. If the RFID reader/writer module is failed to read the tag
even though the RFID tag is already in the detection range,
the device will return to the tag reader activation process by
initializing the RFID reader/writer module 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. Each RFID tag has its own identification code
and the code is transferred to Arduino micro-controller through
RS232 for identification code encryption. After that, the microcontroller 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
surrounding environment.
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especially when the user turn at the junction, the process will
proceed to route processing subroutine. In the route processing
subroutine, the digital compass is activated by initializing
the serial communication from the Arduino main board. The
magneto sensor inside the digital compass will measure the
angle deviation and recalculate the correct heading direction.
If there is no more angle deviation, the user can continue
his or her travel through voice commands until arrive to the
destination and vice-versa.
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Fig. 4.

Process flowchart of RFID navigation system

Once the RFID tag is detected at the starting point,
the user can determine where he or she wants to go by
inputting the desired location through the developed Braille
keyboard or voice recognition device [24]. Figure 5 shows
the modified keypad with Braille code. This Braille writing
system is attached and connected on the top of 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, I, E, L, #
which can be inputted as desired
destination such as TOILET, ATM, ROOM, RESTAURANT,
STORE, PLATFORM and etc. The reason why these alphabets
was selected in the prototype is because a simple map just
need to be applied. All the desired destination have been preprogrammed in the library of the micro-controller. The users
need to key in the destination on the modified keypad with the
Braille code and the device will start to give the guidance to
the visually impaired people through a 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

E XPERIMENTAL S ETUP

Figure 6 illustrates the ZigBee wireless networks where the
communication between the server/laptop and the developed
navigation device. The ZigBee network is applied to connect
and monitor the developed navigation device when the experiment is conducted. The ZigBee network acts as the center
of data transferring between the navigation device and the
server/ laptop. The movement of user will be shown to the
map processing system on the server/laptop respectively such
as in Fig. 6. Hence, the user current position to the desired
position will be displayed on the map based on a generated
route. The map system then identifies the address of the target.
Concurrently, the RFID reader/writer module will read the
RFID tags on the tactile paving or floor. The data of the RFID
tags of the current position and the address is sent for the map
processing.
Next, voice guidance commands also will be given based
on the route which have been generated to the user through
an earphone. The earphone connection is based on Bluetooth
connection. The server/laptop will send the voice guidance,
and user position also will be updated at the same time.
Path recalculation also will be done again and produces the
voice guidance if the user takes the wrong path from the
recommended path. The benefits of the system is when user
need to take the corner turning, the digital compass will
compare the angle and ensure the user to take the corner
effectively without hitting the nearby obstacles. The server
receives data from ZigBee network and suggests to mount at
fixed locations inside the buildings. The server must be updated
and the information of the destinations and objects need to be
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stored inside the database with respect to the map system.

Fig. 6. System configuration including developed navigation system with
server/laptop

In order to optimize the functionality of the developed
navigation device for guiding the visually impaired people in
the correct direction throughout the travel path, the experiment
setup to evaluate the accuracy of the digital compass is
set. The orientation or direction is attained by using digital
compass which mounted on the developed electronic cane.
Figure 7 shows the digital compass setup and the reference
compass, respectively. The digital compass is connected to the
Arduino Promini micro-controller to obtain the analog signal
and convert 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 the Arduino Promini
and the digital compass can be tuned accurately. The digital
compass is fixed at the certain point where the RFID tag has
been mounted to ensure the digital compass is always pointing
at the north (N). The compass which inside the iPhone is used
as the reference compass in order to make comparison when
calibrating the digital compass.

Figure 8 shows the experimental field including tactile
paving which is used for the experiment. Tactile pavings are
numbered with 00, 01, 02, 03, 04, 05, 06 and 07 are the points
paths while blue objects represent the obstacles which is unable
to pass through. Voice module (WTV020) has been saved with
five types of sound which are forward, turn left, turn right,
stop and warning. At this stage, only five directions of sound
are used as navigation after the shortest path is generated to
follow the direction from start to target node. There are two
destinations which can be set in this experiment which are
ATM and toilet. There are some influence factors need to be
considered during the blind navigation evaluation test such as
systematic error and human error.
Systematic error where there is bias in measurement lead
to the path completion time. The error occurred for the time
response of the system where there is some time delay for the
ZigBee during data transmission and sending voice commands.
Human error is another error that is not intended and cannot
avoided. For this case, the human error is response of the
participants when they start to walk when they received the
voice commands. There are some delay at the starting point
and cornering. This will give the different results for the path
completion time. However, the time that is needed to complete
the path does not emphasize too much on how fast the people
reaches the destination.

Fig. 8. Field setup which include RFID tags on tactile paving with some
obstacles

V.

E XPERIMENTAL R ESULTS

A. Performances of compass technology in navigation system

Fig. 7.

Digital compass setup and the reference compass

Table I shows the digital compass accuracy test results
when the digital compass is pointing to north(N). From the
table, the digital compass measurement clearly shows that the
resolution of the digital compass is high and able to produce
the digital compass reading in two significant values. The
repeatability test is carried out about 20 times to proof 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 different places and different time. The relative error
is getting smaller and close to the north(N) direction which
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is shown in the result because the digital compass output
are getting stable. This implies that the digital compass is
suitable to use for blind navigation to provide accurate heading
direction.
TABLE I.
Times
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

C OMPASS ACCURACY TEST RESULT

Pointing to
North (N)
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Degrees
North(N)
356.30
356.40
356.30
355.70
358.20
357.80
357.70
357.80
358.20
357.90
359.20
359.30
359.20
359.30
359.30
359.20
359.20
359.60
359.40
359.40

Relative
error
3.70
3.60
3.70
4.30
1.80
2.20
2.30
2.20
1.80
2.10
0.80
0.70
0.80
0.70
0.70
0.80
0.80
0.40
0.60
0.60

Percentage
relative error
1.0278
1.0000
1.0278
1.1944
0.5000
0.6111
0.6389
0.6111
0.5000
0.5833
0.2222
0.1944
0.2222
0.1944
0.1944
0.2222
0.2222
0.1111
0.1666
0.1666

B. Performance of developed navigation system in field test
From the table which shown the validity of the digital
compass which can be used inside the developed navigation
system, the developed navigation system is evaluated for its
performance at the real field by using the RFID tag that have
been installed on tactile paving. The navigation device built
with the digital compass for direction guidance and voice
module able to inform user about the direction. The digital
compass will be 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. Figure 10 shows the illustration of the
developed navigation device which is conducted on different
subjects such as human and mobile robot.

Note : North(N) direction point to 0 ° or 360 °
Mean of 20 times repeatability = 358.27 °
Mean of percent relative error = 0.4805%

(a) Human

Figure 9 shows the percent relative error % of the readings
obtained from the digital compass when it is pointing to the
north (N). The maximum peak of the percent relative error is
1.1944% . The average percent 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 360 ° when
the digital compass points to the north (N). The obtained data
is said to have high reliability. Besides, the digital compass
has very high sensitivity and able produces significant value
at tenth decimal places.
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Fig. 9. Percentage of relative error for digital compass calibration when
pointing to north

(b) Mobile robot

Fig. 10. Experiment conducted for comparing the performance of navigation
device based on different subjects such as human and mobile robot

Here, the traveling time which is consumed to finished the
route is measured. The travel distance which is needed to be
done is 240cm which each tactile paving about 30cm in length.
There are two subjects which have been tested at the field
which are human and mobile robot. The RFID reader/writer
module is attached at the bottom of the mobile robot in order to
easily detect the RFID tag. Then, RFID reader/writer module
reads the tags first and at the same time the Arduino Promini
micro-controller will synchronize with the digital compass for
route processing. For experiment by using a mobile robot, the
command 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 degree turn left
or 90 degree turn right . Through this experiment, the high
accuracy of the digital compass is able to give direction fast
and precise.
Table II shows the average traveling time which is recorded
for mobile robot is 25s while for human is 33s. From these
results, the difference which can be related is the size of the
subject. The mobile robot which is used are wheeled robot
which sized 20cm in diameter. However, the human subject
which are tested in this experiment are 170cm in height and
the position of human is 40cm behind the end of the electronic
cane. Therefore, the human subject is quite difficult to turn
when the voice command is given. Meanwhile, the mobile
robot is easily turn because the mobile robot can turn at the
same axis when the command which are given to the DC
motor, respectively.
Figure 11 shows the picture from the video for human when
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the experiment is conducted. These pictures is taken at every
second for all time elapsed which take 54s to complete the
course that have been set. In order to set the desired destination
which is TOILET by using the developed Braille keypad, the
human subject took about 21s from the starting point. Then,
the human subject took about 33s to travel from the starting
point to the desired destination. The human subject travelled
by using voice guidance from the developed navigation device
such as forward, turn right, turn left, and etc.
TABLE II.

P ERFORMANCE COMPARISON OF DIFFERENT SUBJECTS

Subject
Size
Average travelled time

Human with electronic cane
170cm (Height)
33s

VI.

Mobile robot
20cm (Diameter)
25s

C ONCLUSION

In this paper, the navigation device for visually impaired
people has been developed and some experiments has been
evaluated. The digital compass which is applied can provide
accurate direction which help to guide the visually impaired
while travel independently. The RFID detection system is
beneficial to the visually impaired people since these people
provided by feedback information about the current location
and the surrounding obstacles. Besides, the performance evaluation for the human and robot subject also successfully done.
Since the developed navigation device was the earlier stage
of development, the implementation of the shortest path algorithm will be applied to search the shortest route in the future.
The blind navigation device with RFID technology supported
by shortest path algorithm will be conducted to ensure them to
have a better and comfortable travel at the indoor environment.
Besides, the design of the navigation device also will be
improved in terms of weight and sustainability design concept.
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