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Abstract

Indonesian Blind Union said that the number of blind people in Indonesia reached 3.75 million
and 40% in school-age children, and this number will continue to increase each year. Blind
people will need the tool to help their day to day activities. The research that has been
developed still have flaws, whereas they do not provide the sound of information to the people
with visual impairment about the obstacle, included no scientific method used in the research,
especially about how the appliance works. This research does not only provide beep’ sound
when obstacles are detected, but also provides audio information through a headset to the blind
people. There are three obstacles detected, they are holes, bumps, and walls, and it can help
the blind people to decide whether to dodge or to step high. To support the audio output and the
design processing speed of the appliance, this research uses Raspberry Pi 3 mini PC, three
ultrasonic sensors that are used to detect obstruction objects upright, hole and bump, and to
initialize the initial values before it detects the obstruction. Tahani fuzzy logic method used to
different obstacles such as the bumps, flat surfaces, or holes so the blind people feel much
safer while walking.

Keywords: Blind People, Raspberry Pi, Ultrasonic Sensor, Tahani Fuzzy Logic, Obstacles
Detector.

1. Introduction

According to the Ministry of Health, 1.5% of Indonesia's population suffers from blindness, this
is in line with data from the Indonesian Blind Union which states that the number of blind people
in Indonesia reaches 3.75 million people and 40% of them are school-aged children [1], and this
number can continue to grow with Indonesia's population growth rate based on Indonesian
Statistic Center data which reaches 1.36% per year [2], [3]. This should be a concern to the
nation, especially researchers in Indonesia so that they can be able to assist the visually
impaired people in achieving the second principle of Pancasila: "Just and Civilized Humanity"
and the fifth principle of Pancasila "Justice for the whole People of Indonesia".

A blind person will need more effort to blend in with the surrounding environment [4], and yet the
main problem faced by the blind person is the impairment of the sense of vision so that high
sensitivity to the surrounding circle is required to maintain their safety; and [5] so they will need
tools in their daily activities such as to walk, read and others.

Previously, many studies have been done by utilizing the subjects with visual impairment, where
the previous researches used many ultrasonic sensors and image processing, but seeing from
the researches that have been developed, there are still some shortcomings, e.g. they are only
detecting obstacles in front of the person, but not detecting holes or bumps, and the output is
only a ‘beep’ sound [6]; [7] there is also an output of vibration [8], [9]; all research pinned the
Arduino as microcontroller and ultrasonic sensor on the stick; but some are fixed to the glasses
[10]; while the blind does not only require a ‘beep’ alert but needs an audio output in order to be
more helpful [11]; and it will be difficult if it still uses an Arduino microcontroller.
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Fuzzy logic is a popular method pinned on artificial intelligence studies. Some researches using
fuzzy to detect objects in real time [12], [13], controlling the temperature of heat exchangers
[14], used in the world of health [15] to help detect Parkinson's disease [16], the classification of
heartbeat [17], and detects beef cattle diseases [18].

This research can be used in the social field to help the visually impaired people in recognizing
the obstacle object which then helps to improve their security in walking and is expected to
reduce the occurrence of accidents caused by obstructions such as holes, bumps or other silent
objects in front of them.

The purpose of this research is to design models of walking aids for the blind people which can
detect obstacles, holes and bumps in front of the user that will automatically produce an audio
warning through an output device. This research utilizes Raspberry PI 3 mini PC that has more
capability than Arduino whereas Arduino does not have direct output through 3.5mm Jack.
Furthermore, this research required large storage to store an audio template, other than that,
with Raspberry PI this research can be developed by implementing pattern recognition because
image processing requires more resources. Raspberry is not only functions as a microcontroller
but also can function as a simple web server [19], which is equipped with three ultrasonic
sensors that have a maximum transmit distance of 4 meters. The entire circuit is mounted on a
waist bag that can be used by the visually impaired person. Tahani fuzzy logic is used to
process inputs from ultrasonic sensors so as to determine the type of obstacles that exist in
front of them.

2. Research Methods

2.1.Fuzzy Logic

The Fuzzy set theory is the basis of Fuzzy logic, in which the role of membership degrees that
determines the existence of elements in a set is very important and this is the main character in
the reasoning process of Fuzzy logic [20].

Fuzzy logic can implement a database which capable of handling the cryptic criteria called fuzzy
database Tahani Model, where the Tahani model fuzzy database is a database which capable
of mapping a numerical data input (crisp) into linguistic data (cryptic) [21]. Some studies use this
method to help to make decisions in the selection of new hires [22], college tuition [23], good
days of marriage [24], best graduates[25], and house purchasing process [21].

Figure 1. Fuzzy logic curve

Increase linear representation is expressed by the equation:

<
0 (x-a) x=da
y[x,a,b]={1ﬁ;a3xsb (D)
x=b

Decrease linear representation is expressed by the equation:
b—x
—_ < <
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[26]
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Before the research started, the first interview was done to the blind adults, and from the results
of interviews it was found that all this time, people with visual impairment still find the difficulties
to detect uneven road conditions, especially holes. This condition will be worse for the young
blind people. This research uses Raspberry Pl mini PC to cover the deficiencies in previous
research which mostly uses Arduino microcontroller, so it can provide audio output, equipped
with 3 ultrasonic sensors, which have their usefulness, described in table 1 below.

Table 1. Ultrasonic sensor position

Ultrasonic Position Usages
Censors
1 Facing down Determine the height

value before the blind
starts walking

2 Tilting down To detect holes

3 Facing forward  To detect static
objects up front

All three ultrasonic sensors are connected directly to the Raspberry, while the workflow model
tool created is illustrated in Figure 2 below.

74



LONTAR KOMPUTER VOL. 9, NO. 2, AUGUST 2018
DOI : 10.24843/LKJITI.2018.v09.i02.p02
Accredited B by RISTEKDIKTI Decree No. 51/E/KPT/2017

High value initialization
by ultrasonic censor
facing down

Salue of high 'E
distance

Getting initialization

p-ISSN 2088-1541
e-ISSN 2541-5832

Stored
value

value from the database

l

Object detection by
ultrasonic censor

l

¥ wvalue from hl

ultrasonic censor

Fuzzy Logic

:

*  Computation process by

Raspberry

v

Yes

Warning audic process

+

Audico “Ada
Lubang™ /
“Gundukan™

Figure 2. Tool workflow diagram

To get the calculation of holes, bumps or obstacles, it needs to perform several stages:

1.

arwD

Getting the initial value (the initial value obtained when the tool is turned on)
Getting a new value (new value gained after the initial condition of the tool is completed)

Finding the difference value by the initial value minus the new value.
Enter the value of the difference into the fuzzy logic formula.

After getting the value of the fuzzy logic formula then it will be compared and picked the

highest value.

In this study, there are three values that state the type of barrier as shown in Figure 3 below:
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Figure 3. Fuzzy logic graphic

From figure 3 above, it is determined the formula to find out the following obstacles. The formula
determines whether the path ahead is bumpy or flat/normal.

1. Flat/normal formula 22=% = 3
30
2. Bumps formula x;st = (4)

The formula to determine whether there are holes or flat/normal.

1. Hole formula el (5)
25

2. Flat/normal formula =2-% = (6)
25

The value in the formula refers to the fuzzy logic graph created where the unit used is in
millimeters (mm).

3. Result and Discussion

In this study 3 HC-SR04 as an ultrasonic sensor in which each sensor has its own function:
detecting objects present in front of the user, detecting barriers at the bottom of the user, and
detecting user heights. As the brain of the circuit this research also used Raspberry Pi Mini PC
so the computing process can be done well, furthermore users can use the device dynamically
using the battery (power bank) as a power source, and earphone as a voice output in order to
warn users of an obstacle nearby. The set of tools that was built is depicted in Figure 4.

Figure 4. Tool circuit series
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The result of the design of the tool that was built is illustrated in Figure 5 where the HC-SR04
sensor that serves to detect the object in front of the user will be installed 90° from the
Raspberry Pi position, while the sensors are enabled to detect the user's bottom obstacle
installed 45° to tilt down, and sensor to measure user height installed 90° down. To determine
the position, has been experimented several times to get the best results.

| AN Initializatio
\J n censor

Hole
censor

Figure 5. Tool circuit result

To be easily used by the user, the series of the tools are placed on the waist bag where
Raspberry Pi and the mounted sensors are placed on the front to detect the object properly and
the power bank as a power resource is placed in the inner bag of the waist bag as on Figure 6.

Figure 6. Censor testing

After the tool is packed properly, the next step is doing the test using 3 categories, namely:
accuracy testing of object distance, accuracy testing of hole diameter, and accuracy testing of
holes and bumpy objects.
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Figure 7. Distance Censor test result
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The results of the accuracy testing of the sensor to the distance is made 10 times towards
different objects with different distances, so that for one censor, the test was done 80 times, and
the result obtained was that the three sensors are quite accurate to a distance of 3 meters
although the specification of the sensor can work up to a distance of 4 meters.

The sensor accuracy test of the hole diameter of the results can be seen in Figure 8 below.

Hole Diameter Censor Testing

5 O 10 cm 15 cm 20 cm 25 cry 30 cm 5 cm 40 cm > 40 cm

Hole Diameter

Figure 8. Hole diameter test result

The test was performed 5 times on the hole diameter of for each size, thus there were 95 times
tests done. The results obtained is that the sensor is quite accurate to the hole with a diameter
condition > = 20 cm.

o ———— oo

—

Figure 9. Hole/bump test result

After the testing process, the accuracy of the censor towards the distance, next step is to test
the censor towards the holes and bumps, as shown in Figure 9 above. The test was done by the
same number of tests as before, i.e. 10 times, while the distance obtained is the difference of
the initialization value minus the value of the censor input. It is found that for testing of the hole
with a diameter > 20 cm, the sensor detects the hole quite accurately on the condition of the
hole that has a depth > = 3 cm, thus the accuracy of the censor is quite accurate if the bump
height is > = 3cm.

4. Conclusion

To create or to build a smart bag model as a visual aid tool in this research is done by using
prototype development method and Tahani Fuzzy logic computation method. The design of this
study consists of the design of hardware that includes the main components such as Raspberry
Pi, HC-SR04/Ultrasonic censor, and power bank as a power source.

The device works when Raspberry Pi gets the power supply; if the reading tool has its
difference on the three sensors then Raspberry will automatically read them as an obstacle,
bump, or hole. Other components such as earphones will work in accordance with the
command.
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In detecting obstacles using fuzzy logic calculations, it requires the value of the difference from
the ultrasonic censor where the value difference is used in the fuzzy logic calculation formula to
determine the obstacle. After obtaining the calculated value of the fuzzy logic formula, it will take
the largest value of the logical fuzzy formula to determine the obstacles.

The tool can already make a sound that includes obstacles, bumps and holes. Where in the
previous research, the tool can only issue a ‘beep’ sound or vibration only.

After testing the accuracy of the censor to the distance of the object, the accuracy of the
equipment can work quite well up to a distance of 3 meters, while testing the accuracy of the
censor to the diameter of the hole, a fairly good accuracy with hole diameter conditions of more
than 20 cm was gained after the test, while testing the sensor accuracy of the hole and the
bump has a pretty good accuracy with the hole depth conditions > = 3cm, and the height of the
bump > = 3cm.
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