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Abstract

Blind people have many tasks to do in their lives. However, blindness gene-
rates challenges for them to perform their tasks. Many blind persons use a
traditional stick to move around and to perform their tasks. But the obstacles
are not detected in traditional stick, it is ineffective for visually impaired
people. The blind person has no idea what kind of objects or obstacles are in
front of him/her. The blind person has no idea what size the object is or how
far away he or she is from it. It is difficult for a blind person to get around. To
assist people with vision impairment by making many of their daily tasks
simple, comfortable, and organized, they will be able to recognize anything
(an obstacle for blind people). A smart stick with mobile application can be
used. One of the solutions is a mobile-based Internet of Things solution,
which is a stick intended to assist visually impaired people to navigate more
easily. It enables blindness and low vision people to navigate and carry out
their daily tasks with ease and comfort. A technologically advanced blind
stick that enables visually impaired people to move with ease. This paper
proposes a system of software and hardware that helps visually impairment
people to find their ways in an easy and comfortable way. The proposed sys-
tem uses smart stick and mobile application to help blind and visually im-
paired people to identify objects (such as walls, tables, vehicles, people, etc.)
in their ways, this can enable them to avoid these objects. In addition, as a
result, the system will notify the user through sound from the smartphone.
Finally, if he/she gets lost, he will be able to send an SMS with his/her GPS
location.

Keywords

IoT, Ultrasonic Sensor, Obstacle Detection, GPS, Smart Stick, Arduino

DOI: 10.4236/ait.2021.114010 Aug. 23, 2021 141

Advances in Internet of Things


https://www.scirp.org/journal/ait
https://doi.org/10.4236/ait.2021.114010
https://www.scirp.org/
https://doi.org/10.4236/ait.2021.114010
http://creativecommons.org/licenses/by/4.0/

H. Abdel-Jaber et al.

1. Introduction

Humans obtain 83 % of their knowledge from the world by sight [1], according
to human physiology references. At least 2.2 billion people have a near or dis-
tance vision impairment, according to WHO statistics.

The walking cane is one of the oldest and most traditional mobility aids for
people with visual impairments [2]. There have been different forms of assistive
technologies available to blind or visually disabled people in the past. The smart
phone, for example, tackles some of the issues that blind and partially sighted
people faced in their everyday lives [3].

Visually impaired people face difficulties with their everyday and social lives
since their eyes receive most of the information from the physical world, which
is then processed by the brain. Blindness, also known as visual impairment, af-
fects many people around the world. This condition degrades vital eyesight. Mil-
lions of people around the world have a visual impairment, and many of them
are blind [4]. The demand for assistive devices has been increasing and will tend
to increase. For visually disabled people, there are a variety of navigation systems
and tools available. An identifiable object is necessary for a blind person [5].

In everyday lives, advanced information technologies have opened a new path
for innovation. Among these information technologies [6], Internet of Things
(IoT) offers enhancements and better solutions for visually impaired and blind
people. Sensor-based IoT technology has a great deal of potential to reduce the
risks that the visually impaired and the blind face in going about their daily lives
[7]. The Internet of Things can be used to assist the visually impaired and the
blind in identifying and avoiding obstacles, as well as sending their current loca-
tion in case they get lost. Effective use of the Internet of Things will help solve
the difficulties that blind people with vision impairment face while carrying out
their daily activities without fear of falling or losing their way.

The advent of the Internet of Things (IoT) technology, smartphones and the
operating systems that depend on them [8], which involve a wide variety of
smart apps, and the interconnectedness of these technologies make it easy to ad-
dress many of the challenges that the visually impaired and blind face [9].

In this paper, we aim to develop a low-cost, reliable system for visually dis-
abled people and those who care for them, provide legitimate, useful mapping
information that enables a blind person to make reasonable and appropriate
route choices in both indoor and outdoor environments. To provide this type of
data, the system should consider all objects in the immediate external environ-
ment that may act as “obstacles” to the blind people.

The system should recognize any element in front of the blind user. In the
event of an obstacle, the system shall alert the blind user with a sound from the
smartphone. The system must be able to receive GPS signals and estimate its lo-
cation. If they get lost, the system should be able to send SMS messages with
their GPS location.

This paper is organized as follows: Section 2 provides few more related work
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papers related to the research topic. Section 3 presents the system proposed in
this paper and illustrates its parts in more detail. Section 4 presents the results
and discussion. Then the final section offers the final conclusions and future

work.

2. Related Work

Ayesha Ashraf et al [10] developed an IoT powered sensitive smart stick to
support visually impaired people. It is integrated with an ultrasound sensor and
buzzer for sensing and alerting in the event of any obstacle. Android app is de-
veloped with smart stick to generate important notifications and forward them
to recorded phone numbers along with GPS location. The model is designed in a
way that helps the disabled person to move more easily and comfortably without
any kind of risk and it’s designed in such a way that its very light in weight and
very easy to carry around. The authors showed that if they used image processing
that could support the user in knowing the pattern of the obstacles” objects and
their volumes and then returned with the suggestions on how to avoid or com-
municate with them.

Waheed-Rehman et al [11] present smart assistive design for blind peoples
using deep learning in conjunction with the IoT. It is divided into three parts;
the first part is the IoT-based smart stick to ensure the accurate movement of the
blind person with real-time monitoring via the cloud. The second method is
deep learning approaches to discovering blind surroundings. They used the
Mask R-CNN model for object detection which provides accurate object detec-
tion in a low processing time. The third is the design for the virtual assistant,
which acts as the manager for this full integration. This model has a limited
number of sensors and devices and uses a pertained model in object detection
with a limited number of real-world images since of the variety in objects.

The model suggested by R. Bhavani, and S. Ananthakumaran [12] tried to as-
sist the blind peoples with a navigation and directional aid, it also provides lane
notification and an understanding of the environment. It designed with highly
sensitive sensors. This stick model is made of carbon material that reduces
weight and is flexible to use. This work can be incorporated to reach an audio
output for the blind to understand the alert at the bell location by distinguishing
many types of obstacles.

Salama, R. & Ayoub, A. [13] proposed a smart stick integrated with an ultra-
sound sensor, buzzer and vibrator that could detect obstructions in the blind’s
person way. They showed that the ultrasonic sensor sending ultrasonic waves
and the waves repelling back. The sensor detects the barrier and the distance
between the blind people and the barrier as a result and sends the data to the
microcontroller. The sound waves are transmitted forward from the sensors to
the obstacle which, with a resolution of 0.3 cm, can feel the distance up to 12
feet.

In [14], the authors designed a smart walking stick with Proteous software for
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blind people coded by using the Arduino IDE. They showed that the vibration
motor trigger if the distance less than 50 cm from obstacle, however, this system
detects obstacles with a 2 to 4 second delay and it takes roughly 30 seconds to
one minute for the stick’s position to be obtained by GPS. Additionally, GPS
systems aren’t suitable for use indoors due to weak GPS signals. In case of an
emergency, the blind person can send SMS messages to the smart phone’s saved
numbers using the GPS system to keep his family updated on his location.

In [15], the authors proposed a blind walking stick with an ultrasound sensor,
water sensor, GPRS, GSM, Arduino and Buzzer. During an emergency, GSM
and GPRS modules are used to send alert messages and provide location infor-
mation. In addition, this system contains RF transmitter and receiver which is
exploited to detect the fallen stick from the blind people. They showed that the
system can detect the obstacle, digs, water in the ground and enhance battery life

to be available 12 hours.

3. Proposed System

The proposed system is split into two parts: software and hardware. Below the
overall processes of our proposed system step-by-step:

1) The user turns on the smart stick and open mobile app.

2) Mobile app start connection to the stick using Bluetooth unit.

3) Mobile app start receiving GPS signals from the stick containing the user’s
coordinate locations.

4) Smart stick start scanning for any object using ultrasonic sensor.

5) In case of any obstacle object, the stick output a sound using buzzer and
send to the mobile app to alert the user.

6) If the user presses lost button in the stick, it sends to the mobile app to send
SMS to the assistant’s phone number that already saved in the app.

The following figure (Figure 1) illustrates the overall system processes, how
the parts of the system (mobile app and hardware stick) are interconnected, and
how they are controlled by the user.

3.1. Software Implementation

The software part is a Mobile App created with Android Studio program IDE
[16]. It is an easy and rich user interface that provides services to people who
have visual impairments.

The main form of the app (as shown in Figure 2) contains the Bluetooth ad-
dress where the stick Bluetooth address will appear when it is online. Then we
have the latitude and longitude where the GPS coordinates will be shown. User
can also save and edit phone number of the assistant’s person. There is a recon-
nect button that the user can reconnect to the stick if it is disconnected.

After connecting to Bluetooth, the app will start receiving GPS signals if the
GPS location is not detected, the app will display a message (location not de-
tected), and when the location is detected, a message will appear with the new

location.
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Figure 1. Proposed system activity diagram.
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Figure 2. Mobile App home page.

To save the assistant’s phone number, the user will click in the phone number
text box and the number pad will appear, then the user will enter the number
that the user will be allowed to enter with no more than 10 numbers after press-
ing the Save Number button, and a pop-up message will appear (The phone

number has been saved). If the user presses the lost button in the app, it will
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send a short message to the assistant’s phone number with the location and a

message (SMS sent) will appear.

3.2. Hardware Implementation

The proposed system is based on the use of two hardware components: A smart
phone device and an ultrasonic sensor. The ultrasonic sensor is operating on the
same principle as radar in that it evaluates a target’s features by decoding radio
or sound waves echoes, they generate high-frequency sound waves and analyze
the echo received by the sensor. Sensors will calculate the time between sending
a signal and receiving an echo to determine the distance to an object. The em-
bedded system receives this signal. As opposed to other sensors, ultrasonic sen-
sors have a significant advantage in terms of noise immunity. The sound waves
are sent forward from the sensors to the obstacle, which can detect a distance of
up to 12 feet with a 0.3 cm resolution.

The hardware part is designed in the shape of a stick so it will be easy to use
and handle by users, a lot of components have been used in it. Arduino is an
open-source interactive board and platform for creating electronic projects [17].
It consists of a physical programmable circuit board (also known as a microcon-
troller) and software, known as an IDE (Integrated Development Environment),
which runs on your computer and is used to write and upload computer code to
the physical board. Arduino is programmed using a simpler version of C++,
making it easier to understand.

Ultrasonic sensors send ultrasonic waves into the air and track reflected waves
from objects. It emits a 40,000 Hz ultrasound that passes through the air and
bounces back to the module if it comes into contact with an object or obstacle.
You can measure the distance by considering the travel time and the sound’s
speed.

The HC-SR04 Ultrasonic Module [18] has 4 pins, VCC, GND, Echo and Trig.
The VCC and the GND pins of the module need to be connected to the 5 volts
pins and the GND pin on the Arduino Board respectively and the Echo and Trig
pins to any Digital I/O pin on the Arduino Board (Figure 3 shows how to con-
nect Ultrasonic sensor).

To produce the ultrasound, Trig should be set to a High State for 10 seconds.
This will generate an 8-cycle sonic burst that will travel at supersonic speeds and
be received by the Echo pin. The Echo pin can output the sound wave’s travel
time in microseconds, e.g., the sound wave can move for around 294 seconds if
the object is 10 cm from the sensor and the sound speed is 340 m/s (0.034 cm/s).
Since the sound wave must travel forward and backward, the amount produced
from the Echo pin would be twice that. As a result, multiply the travel time value
obtained from the echo pin by 0.034 and divide it by 2 to obtain the distance in
centimeters (Figure 4 shows how to calculate the distance).

The HC-05 is a sensational module that allows to add bidirectional wireless

functionality to wireless hardware projects. It can be used as a communication
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Figure 3. Ultrasonic sensor connection method.
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Figure 4. Ultrasonic sensor distance calculation.

module between any two microcontrollers, such as an Arduino, or with any Blu-
etooth-enabled computer, such as a phone or laptop. HC-05 Follows IEEE
802.15.1 standardized protocol.

In this system, two buzzers are used: one to alert the user from the target, and
the other to confirm user feedback. The alert buzzer beeps at different times de-
pending on the distance between the ultrasonic sensor and any object (if any)
encountering the user during the move, while the other buzzer beeps for one

second when the user presses the lost button.

4. Results and Discussion

In the proposed system, the working scenario is started by the user when the
stick is turned on and run the application on the his/her smartphone, followed
by an automatic connection established between the stick and smartphone via
Bluetooth, finally the stick starts the scanning process to detect any object meet
the user during his/her moving using the ultrasonic sensor. If there is any object,
the stick sends a message via Bluetooth to the application on the smartphone
and then the smartphone alerts the user through the application to avoid that
object. If the user loses his/her way or could not know their current location,
they can press the lost button in the stick. The application then sends his/her lo-
cation to the person whose phone number is stored in the mobile app of the vi-

sually impairment person. This can help the visually impairment person to be
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returned home. The ultrasonic sensor detects the distance between the operator
and the obstacle which used to determine whether the user can move or not. The
ultrasonic sensors are sound based. Throughout proposed system, many objec-
tives were achieved. First, that a visually disabled person can easily and freely
move without needing help from someone or paying more money as a fare to
the person who deliver him/her anywhere.

Ultrasonic waves sent to the air by Ultrasonic sensor and identify the waves
that reflected from an object. Moreover, an ultrasound at 40,000 Hz has been
sent, and move by the air, and in case there is an obstacle in its way, then it will
get back to the module. By taking into account the sound speed and the time of
travel, then it can compute the distance.

Below are a few screenshots of the proposed system’s results in action. After
paring the mobile app with the hardware part and When the user opens the mo-
bile app it will show the user a message that say BT connected and Bluetooth
Name and Address will be shown. When the Bluetooth is disconnecting it will
show a message the say BT Disconnected and Bluetooth Name and Address will
be become empty as show in Figure 5.

After connecting to the Bluetooth, the mobile app will start to receive GPS
signals and if the GPS location is not detecting the mobile app will show a mes-
sage (location not detected), and when the location is detected a message will
show with the longitude and latitude of the new location as shown in Figure 6.

To save the assistant’s phone number, the user will click in the phone number
text box, a number pad will appear, then the user will enter the phone number,
and then the user will press the Save button to save the number as shown in

Figure 7.

Q=0 3 @ % M .al 93 MW 6:26 PM QLo 2 @ = 0.l s W 6:37 PM
VI Solution App : VI Solution App

SAVE NUMBER : SAVE NUMBER

EDIT NUMBER! 50 EDIT NUMBER! 900

BT Disconnected
RECONNECT

Figure 5. Bluetooth connection and disconnection process.
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Figure 6. GPS Location.
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VI Solution App
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VI Solution App

EDIT NUMBER! 900

Phone Number Saved

Figure 7. How to save the assistant’s phone number.

If the user presses the lost button in the hardware part, it sends to the mobile

app using Bluetooth unit to send SMS to the assistant’s phone number with the

location and a message will pop up (SMS Sent) as shown in Figure 8.

There is no need to fear in case of visually impaired person lost the road, the

stick can send its location and help to find it more easily. Some related works

may be similar to the proposed system of this paper [10] [13], but what distin-

guishes this paper is that the stick is able to connect to the smartphone and ben-

efit from its services such as Bluetooth, SMS service, and GPS services.
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Figure 8. How SMS sent to the assistant’s phone number.

5. Conclusion and Future Work

An assistant stick for visual impaired persons system has been built to help them
to do their daily works in an easy way, provided low cost and convenient stick
for visual impaired people and who take care of them, also, provided a real-time
and useful navigation information stick that enables a visual impaired people to
make appropriate and timely decisions on which route to follow in an indoor
space and outdoor areas.

The proposed system was easy for using, it identifies any object in front of the
blind person. The system alerts the user by a sound from the smart phone if
there is an obstacle. The system receives GPS signals and is able to identify the
location of the blind person if he/she lost his/her way. The system able to send
SMS message contains their GPS location if they get lost. With this project, there
will be no fear for the blind to walk around the house or even out to the street.

There are several changes that could be made in the future, like using machine
learning and deep learning algorithms to add a voice assistant within the stick so
that it can make voice interaction with the visually impaired or blind to guide
and alert them if there is a danger to it well before it happens, as well as obtain

and carry out orders from the user.
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