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Abstract:

The World Health Organization (WHO) reported that there are 285 million visually-impaired
people worldwide. Among these individuals, there are 39 million who are totally blind. There
have been several systems designed to support visually-impaired people and to improve the
quality of their lives. In this paper, we present an Arduino and UV sensors embedded hat to
provide a 3-dimensional guidance for the blind which is wearable and portable in order to
show the progress in assistive technology for this group of people. We thus contribute in
assisting this population and highlight the improvements, advantages, disadvantages and
accuracy. Our aim is to address and present to researchers in this area to design devices that
ensure safety and self reliable mobility to visually-impaired people.
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1. Introduction

The World Health Organization (WHO) fact reported 100,000 students, who are visually
impaired according to the American Foundation for the Blind [1,2] and National Federation
for the Blind [3]. Over the past years, blindness that is caused by diseases has decreased due
to the success of public health actions. However, the number of blind people that are over 60
years old is increasing by 2 million per decade. Unfortunately, all these numbers are
estimated to be doubled by 2020 [4].

The need for assistive devices for navigation and orientation has increased. The simplest and
the most affordable navigations and available tools are trained dogs and the white cane [5].
Although these tools are very popular, they are not wearable and adds to the discomfort of
carrying by engaging one of the hands. The present work involves a wearable hat which is
embedded with an Arduino UNO and three ultrasonic sensors to provide a 360 degrees
pseudo view to avoid an obstacle hitting the person who is wearing it.

1.1. Assistive Technology

All the systems, services, devices and appliances that are used by disabled people to help in
their daily lives, make their activities easier, and provide a safe mobility are included under
one umbrella term: assistive technology [6].
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In the 1960s, assistive technology was introduced to solve the daily problems which are
related to information transmission (such as personal care) [7], navigation and orientation
aids which are related to mobility assistance [8,9,10].

Visual assistive technology is divided into three categories: vision enhancement, vision
substitution, and vision replacement [10,11]. This assistive technology became available for
the blind people through electronic devices which provide the users with detection and
localization of the objects in order to offer those people with sense of the external
environment using functions of sensors. The sensors also aid the user with the mobility task
based on the determination of dimensions, range and height of the objects [6]

2. Components and Specifications
2.1. Physical Assembly

Figure 1a shows the schematic of the circuit employed in the assistive hat along with the
components namely ultrasound sensors, Arduino Nano, vibrators and buzzer. It also
comprises of the battery holder and a reset button . The circuit design is implemented in
Proteus simulator and the Arduino nano is programmed in embedded C using the Arduino
IDE 1.8.13

2.2. Circuitry Design and Implementation

The Arduino Nano [8] microcontroller, in which the copper wires from the sensor pins
of the ultrasonic sensor (Figure 2a), and reset button were soldered with a 9 V battery
supplying 3.3 to 5 V to the circuit (Figure 1a).

Figure 1a Circuit Schematic showing the Arduino UNO microcontroller and UV sensors
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Figure 1b &1c The physical picture of the assistive hat and consisting of: Ultrasonic
sensor HC-SRO04, reset button, Arduino Nano board, vibrators and buzzer.

3 Experiment

To make an assistive hat for the blind we used an Arduino Uno, 3 Ultrasonic sensors, 2
vibrators. An ultrasonic sensor has trigger and echo pins as shown in figure 1c. The first
sensor echo pin is connected to Arduino digital pin number 2 and the Trig is connected digital
Pin 3. The second sensor echo is connected to Arduino digital pin number 4 and the Trig is
connected to digital Pin 5. Similarly, the third sensor echo is connected to Arduino digital pin
number 6 and the Trig is connected digital Pin 7. Left vibrator VVcc is connected to digital pin
9 and ground to the Arduino ground. Similarly right vibrator Negative is connected to digital
pin 10 and ground to Arduino ground. The third sensor output is given to a buzzer in order to
differentiate the direction of the obstacle. After making all these connections our circuit is
ready. The code using embedded C language is developed in Arduino IDE 1.8.13 and
uploaded using the USB to AB cable in order to dump into the Arduino board.

3.1 Working

Ultrasonic sensors send ultrasonic waves. These waves are absolutely invisible and come
back after hitting an obstacle there by activating the Trig pin of the respective sensor. The
Trig pin activates (D3 or D5 or D7) to which a left vibrator, right vibrator and a buzzer are
connected and thereby gets activated through embedded C program. The obstacle closeness is
fixed to 10 cm so that the buzzer or the vibrator gets activated depending on their directional
position if the obstacle comes closer than this distance.
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Figure 1d Flowchart of the algorithm fed into the Arduino UNO
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Arduino Sketch for the assistive Hat

File Edit Sketch Teols Help

HAT code §

int trigPin 1=2;
int echoPin_1=3;
int trigPin 3=4;
int echoPin_ 2=5;
int trigPin 3=6;
const int echoPin 3=7;
long duration;

int distanceleft;

int distanceright;

int distancebehind;

void setup() |
// put your setup code hers, to run once:
Serial.begin{9600);
pinMode (trigPin_1, OUTEUT) ;
= {echoPin_1, INPUT);
= (trigPin_2, OUTEUT) ;
pinMode (echoPin_2, INEUT) ;
= (trigPin_3,0UTEUT);
= {echoPin_3, INEUT) ;

vold loop() {
/{ put your main code here, to run repeatedly:
digitalWrite {trigPin 1, LOW);
ond=(2);
({trigFin_1, HIGH);
nds {10} ;

duration =pulssIn({echoPin 1,HIGH):

HAT code §

if(distanceleft<l10)

—
=
w
il
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4 Sensor considerations

4.1. Ultrasound Sensor

The ultrasound sensor (figure 2a) consists of a transmitter sending an ultrasound wave
and a receiver detecting the reflected wave by the targeted physical object. The time taken
between the transmission and detected wave is registered for the calculation of the distance
from the speed of ultrasound waves at 330 m/s by the programmed Arduino Nano.

The sensors sends a sequence of ultrasonic pulses. If the obstacle is detected, then the sound
will be reflected back to the receiver as shown in Figure 2b. The micro-controller processes
the readings of the ultrasonic sensors in order to activate the vibrators by sending pulse width
modulation. It also provides a low power consumption [15]. Figure 2c shows the arrangement
of the three sensors embedded in to the wearable hat in order to have a 360 ° obstacle finding
range

wall

Figure 2a and 2b Ultrasonic sensor HC-SR04 component range of signal
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Figure 2c Arrangement of the three sensors within the Hat for a 360 degrees view
5 Results and Discussions

The experiment is performed on 10 undergraduate students by covering their eyes in
order to study the accuracy of the unit. The observations were recorded by placing an
obstacle of 3 to 4 ft height on a concentric circle of radius 12 cm and then of 10 cm. The
observations were found to be quite satisfactory where in the buzzer alarmed and the vibrator
gave a signal depending on the position of any obstacle for this distance giving a feel of
presence of an obstacle for the subject wearing the assistive hat.

Conclusions

We thus conclude the successful working of a prototype of an assistive hat for visually
handicapped people which is economical, long lasting, reliable and portable at the comfort of
just wearing as a hat there by enhancing their physical appearance.

Acknowledgements

The authors acknowledge the sincere support obtained from the Head of the Institution and
also the Department of Physics and Electronics, St. Ann’s college fro Women, Mehdipatnam.
Hyderabad for their constant support in completing the project.

References

1. World Health Organization Visual Impairment and Blindness. [(accessed on 24 January
2016)]. Available online: http://www.Awho.int/mediacentre/factsheets/fs282/en/

2. American Foundation for the Blind. [(accessed on 24 January 2016)]. Available online:
http://www.afb.org/

Volume 22, Issue 12, 2022 PAGE NO: 876



Journal For Basic Sciences ISSN NO : 1006-8341

3. National Federation of the Blind. [(accessed on 24 January 2016)]. Available online:
http://www.nfb.org/

4. Velazquez R. Wearable and Autonomous Biomedical Devices and Systems for Smart
Environment. Springer; Berlin/Heidelberg, Germany: 2010. Wearable assistive devices for
the blind; pp. 331-349. [Google Scholar]

5. Baldwin D. Wayfinding technology: A road map to the future. J. Vis. Impair. Blind.
2003;97:612-620. [Google Scholar]

6. Hersh M.A. International Encyclopedia of Rehabilitation. CIRRIE; Buffalo, NY, USA:
2010. The Design and Evaluation of Assistive Technology Products and Devices Part 1:
Design. [Google Scholar]

7. Blasch B.B., Wiener W.R., Welsh R.L. Foundations of Orientation and Mobility. 2nd ed.
AFB Press; New York, NY, USA: 1997. [Google Scholar]

8. Marion A.H., Michael A.J. Assistive technology for Visually-impaired and Blind People.
Springer; London, UK: 2008. [Google Scholar]

9. Tiponut V., lanchis D., Bash M., Haraszy Z. Work Directions and New Results in
Electronic Travel Aids for Blind and Visually Impaired People. Latest Trends Syst.
2011;2:347-353. [Google Scholar]

10. Tiponut V., Popescu S., Bogdanov I., Caleanu C. Obstacles Detection System for
Visually-impaired Guidance. New Aspects of system; Proceedings of the 12th WSEAS
International Conference on SYSTEMS; Heraklion, Greece. 14-17 July 2008; pp. 350—356.
[Google Scholar]

11. Dakopoulos D., Bourbakis N.G. Wearable obstacle avoidance electronic travel aids for
blind: A survey. IEEE Trans. Syst. Man Cybern. Part C. 2010;40:25-35. doi:
10.1109/TSMCC.2009.2021255. [CrossRef] [Google Scholar]

12. Renier L., De Volder A.G. Vision substitution and depth perception: Early blind subjects
experience visual perspective through their ears. Disabil. Rehabil. Assist. Technol.
2010;5:175-183. doi: 10.3109/17483100903253936. [PubMed] [CrossRef] [Google Scholar]

15. Viti ek S., Klima M., Husnik L., Spirk D. New possibilities for blind people navigation;

Proceedings of the 2011 International Conference on Applied Electronics (AE); Pilsen,
Czech. 7-8 September 2011; pp. 1-4. [Google Scholar]

Volume 22, Issue 12, 2022 PAGE NO: 877



