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Vision is, no doubt, one of the most important and precious gifts to humans; however, there exists a fraction of visually impaired
ones who cannot see properly. These visually impaired disabled people face many challenges in their lives—like performing
routine activities, e.g., shopping and walking. Additionally, they also need to travel to known and unknown places for different
necessities, and hence, they require an attendant. Most of the time, affording an attendant is not easier and inexpensive,
especially when almost 2.5% of the population of Pakistan is visually impaired. There exist some ways of helping these
physically impaired people, for example, devices with a navigation system with speech output; however, these are either less
accurate, costly, or heavier. Additionally, none of them have shown perfect results in both indoor and outdoor activities.
Additionally, the problems become even more severe when the subject/the people are partially deaf as well. In this paper, we
present a proof of concept of an embedded prototype which not only navigates but also detects the hurdles and gives
alerts—using speech alarm output and/or vibration for the partially deaf—along the way. The designed embedded system
includes a cane, a microcontroller, Global System for Mobile Communication (GSM), Global Positioning System (GPS)
module, Arduino, a speech output module speaker, Light-Dependent Resistor (LDR), and ultrasonic sensors for hurdle
detection with voice and vibrational feedback. Using our developed system, physically impaired people can reach their
destination safely and independently.

1. Introduction

Vision is, undoubtedly, one of the most important senses for
humans as humans get 83% of information from the environ-
ment via this sense. Unfortunately, as per this study [1],
carried out by the World Health Organization (WHO) in
2011, 285 million people are visually impaired, 39 million
are completely blind, and 246 million had weak vision/sight.
In Pakistan alone, ~2 million people are suffering from blind-
ness/sightlessness and visual impairment [2]. Vision loss dis-
ability or sightlessness is a phenomenon of lacking the vision

perceptions, due to physiological or neurological mental fac-
tors, having a visual acuity of just 1-2/10 with both eyes open
(less than or equal to 30 degrees [3]). This fraction of people
faces many challenges, like performing simple daily routine
activities, and hence always remains dependent on others
[4-6]. This is not just the loss of the individual but also for
the country, as they are unable to play their role in the growth
of their country’s economy [7]. Using a “white cane” simple
stick (introduced by James Biggas of Bristol in 1921 [8]), as
an indication, was the only way out for a visually impaired
person to move around. The US congress proclaimed
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October 15 the “White Cane Safety Day,” to show love,
respect, and sympathy to the visually impaired people.

In the 1960s, the research on assistive technologies—
associated with data transmission [9, 10], navigation, and
orientation aids, to confer accurate help to the visually han-
dicapped person—was initiated [11-14]. For example, the
first approach to observe the hurdle (coming in the way of
an impaired person) was the thought of a vector field bar
graph. The technique, somehow, solved the indoor naviga-
tional activities; however, it was less helpful for the outdoor
activities [14]. Hence, the developed system was considered
overcomplicated and less accurate and needed a mobile ter-
minal to send and receive the information [15]. Later, the
use of a microcontroller in a renowned system, namely,
“NAVEBELT and Guidance,” consisted of a series of devices
(placed at the belt), to observe the hurdles [16]. Afterward,
Yuan provided a device for varying sensing and surrounding
discovery, intending to assist a visually impaired person. The
device measures active triangulation and observes the envi-
ronmental feature exploitation using the Kalman filter track-
ing [17, 18]. Another proposed solution takes the help of a
camera and a transmitter to transmit the real-time video to
the server—to be monitored and assisted by another person.
This system also proved not accurate especially in outdoor
applications and could not help the person much [19].
Bolgiano and Meeks [20] proposed a visual aid system based
on the GPS, GSM, and ultrasonic sensors to detect the
hurdles and to obtain the information related to user
location [21].

Nowadays, different kinds of those canes are introduced,
e.g., smart cane [22] and optical maser cane [23]; however,
these tools have many constraints: unnecessary longer length
of the cane and limitations in recognizing obstacles, making
it difficult for the person to access public places. Recently,
some other solutions are also proposed like GPS devices
for landmark identification (near-infrared (IR) lightweight
or radio frequencies), supersonic obstacle detectors (sonar,
UltraCane, Miniguide, Palm-sonar, Ultra-Body-Guard, and
iSONIC cane), and optical devices (the laser long cane)
[24-29]. However, these devices have shown to be less useful
in crowded environments especially in outdoor environ-
ments, mainly because of the multiple reflections. Alterna-
tively, several techniques have been developed to revisit the
quality of life of visually impaired people by introducing
smart devices with built-in signal processing and sensing
technology. These referred to electronic travel aid (ETA)
devices which facilitate the blind to maneuver freely in an
atmosphere dynamically changing in real time. As per the
literature, ETAs are broadly classified into 2 major types:
sonar input systems (laser signal, infrared signals, or super-
sonic signals) [30, 31] and camera input systems (consisting
principally of a mini-CCD camera and fuzzy system)
[32-35]. Bat K sonar, sensible cane, smart vision, and guide
cane to observe obstacles in front of the person by transmit-
ting and receiving the mirrored wave normally used super-
sonic sensors or optical maser sensors [36-39]. In response
to detected obstacles to warn the person, it produces either
associate audio or vibration. Systems like voice [40], Sound
View [32], SVETA [41], and CASBLIP [42] use a single cam-
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era or stereo video cameras mounted on a wearable device to
capture pictures. These captured pictures are resized and
processed to regenerate the corresponding speech, audio,
musical sounds, or vibrations. In such systems, the fre-
quency of warning sound signals is related to the orientation
of pixels. Some advanced systems use Global Positioning
System (GPS) integration with the main system. It is also
noteworthy that GPS receivers are beneficial for understand-
ing the present location of the subject and close landmarks.
Some solutions are already accessible within the market such
as UltraCane [43], iSONIC [44], and Teletact [45, 46]. These
products facilitate the visually impaired ones by grouping
the data collected through sensors and then transmitting
the recommendations through vibration or sound messages
to the user. ETAs provide a warning by using sensing modal-
ity or/and tactile signals once an obstacle is estimated within
the range and recommend the user to avoid it.

Blind aid and security systems have already been pre-
pared with many other solutions. However, none of them
is capable of completely deterring the needs of the visually
impaired person. In summary, the main contributions of
the proposed work are as follows:

(i) We provide an accurate and usable proof-of-
concept electronic stick to make the user’s life easier

(ii) Our approach used supersonic sensing technology
to detect the hurdle and generates an audio alarm/-
vibration to get the user’s attention

(iii) Our prototype uses the LDR (Light-Dependent
Resistor or photoresistor) to detect the darkness
around the user and generates a darkness alert and
lights the stick in parallel

(iv) Additionally, our system also detects water and
smoke as well. Our solution uses GSM and GPS
for the detection of the location of a user, and in
case of an emergency, a user can press an emer-
gency button to automatically generate and distrib-
ute a SMS to the desired person

The rest of this paper is structured as follows: next, we
will discuss in Section 2 a concept of the indoor guide system
based on partial vision loss which is presented with a
detailed description of the design and further development
of electronic apparatus used in the proposed electronic
guidance cane, based on outdoor detection of objects, and
direction indication-simulation system based only on the
detection of objects. In addition, our experimental results
for a lab-scale prototype are provided, and at last Section 3
concludes the paper.

2. Materials and Methods

Presently, visually impaired people normally use a white
cane as a tool for directing them when they move or walk
for their daily routine work. Here, in Figure 1, a smart elec-
tric cane prototype design was developed as a tool that can
serve as an electric guidance cane for visually impaired
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FIGURE 1: Prototype of the smart electronic stick for visually impaired humans.
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persons being a more efficient and helpful technique than
the conventional one. The prototype explains different parts
of the proposed system, and an ultrasonic sensor is used on
the top side and bottom right and left for obstacle avoidance.
The vibrator is fixed on the top of a stick which vibrates
when an obstacle is encountered which helps in alarming
the visually impaired person and allows that person to
change their path. On the bottom of the cane, an IR sensor
is used for pit and staircase detection to guide someone in
that direction where there are fewer obstacles. To avoid
sleeping in a water area, a water sensor is attached to the
initial side of the guided system, and for fire protection, a fire
sensor is placed on the initial bottom; a light sensor is useful
at night which alerts the people in the surrounding area that
a visually impaired person is walking and allows space so
that the person can walk easily.

For further discussion and simplicity, Figure 2 illustrates
the overall working mechanism and the features included in
the proposed designed electric guidance cane concept. As
shown within the figure, the Arduino Uno microcontroller
is the heart of the proposed system as all the individual units
are controlled and interfaced with the heart of the machine.

The supersonic detector and the GPS unit act because the
input to the microcontroller provides the obstacle data and
user data severally when walking and using this embedded
system. The LCD, GSM unit, and buzzer unit essentially
are the outputs results from the microcontroller. The buzzer
unit gives alerts via voice when the user encounters an obsta-
cle in front of a specified distance. In case of emergency and
any failure, the GSM unit provides message service to the
expensive ones of the user. IR and LDR represent the
obstacle avoidance sensor as a heat-sensitive sensor and
light-dependent resistance, respectively. LDR and IR first
sense the intensity value of an object in front of the user
and send it to a microcontroller. The rest of the sensors
including the water sensor work in the same procedure.
After receiving the data, the microcontroller converts it into
different discrete values from initial step 0-1023 and checks
whether the received value is above the threshold level (a
limit value that is set independently by the visually impaired
person from the range of discrete values: 0-1023) or not; it
will then be considered as there is no object in front of an
electric guidance cane, and the buzzer alarming will remain
off; if the received value is below the threshold level, the
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TaBLE 1: Specification of electronic components used to design the proposed system.
Components Specifications

Arduino Mega2560
Ultrasonic sensors
GPS module

GSM module
Voltage regulator
Rf module
Vibratory motor
Switches

Capacitor

Diode

SD card module shield

Digital 1/O pins:54; clock speed: 16 MHz; operating voltage: 5V
Min-max range 3-400 cm; current consumption 15 mA
Position accuracy: 1 m; update rate:18 Hz; sensitivity: -167 dBm
Baud rate: 9600; supply voltage: 12V DC; data bits: 8

Min-max input voltage is 7 V-25 V; operating current (IQ) is 5mA
Operating voltage: 3 V-12 V; frequency: 433 MHz; current: 5.5 mA.

Maximum operating torque kg cm: ST-10 is 21.0
Input output voltage:5V-120V
Max energy density: 2.6 W/kg; rated voltage: 48 V
Voltage of around 0.2 to 0.3V
Chipset: AMS 1117-3.3 V; English manual/spec: yes

microcontroller will consider it as an object or hurdle in
front of the guidance cane. During outdoor activities, if the
value of IR and LDR is high and detects an object in front
of a visually impaired person, then the vibrator will be on,
or if the ultrasonic sensor value is high and identifies an
object, then beep will be generated, voice coming from the
speaker will tell the user to move right or left, and the light
on the stick will also shine. For the practical decomposition
of the merchandise, the structure of the proposed architec-
ture is convenient and efficient enough to cover all aspects
of the observant because it demonstrates the presence of
every module ranging from its arrival until the service is
served to the desired user and it describes that the modules
are interlinked and intercepted with one another and work
along to attain the required goal.

2.1. Electronic Components. Multiple electronic materials
and apparatus are used for building electronic guidance cane
circuits. Our proposed circuit designs contain these mate-
rials and apparatus that are described in Table 1.

2.1.1. Arduino Mega2560. The Arduino Mega2560 micro-
controller board (licensed under a Creative Commons
Attribution-Share-Alike 2.5) is based on the ATmega328
series controllers, and the schematic of the Arduino Mega con-
sists of three blocks: the voltage regulator, the ATmega2560
with supporting circuitry, and the header. The default input
is Arduino (Atmega), so they do not need to be explicitly
declared as inputs with pin Mode () when we are using them
as inputs. This means that it takes very little current and
energy consumption to move the input pin from one state to
another. Arduino Mega based on ATmega328 15, the main
features of Arduino Mega (ATmega2560 running at 16 MHz
with an external resonator (0.5% tolerance), also USB connec-
tion off the board it which supports auto-reset,5V regulator
which weighs covers <=2 grams the current performance
DC input 5V up to 12V, Onboard power and status LEDs.

2.1.2. Ultrasonic Sensors. The sensor consists of three parts:
transmitter, receiver, and control circuit. For robotics and
hardware embedded systems, ultrasonic sensors are rela-
tively simple and easy to interface. We have used the sonar
sensor HC-SR04 in our project to detect hurdles on the left
and right and in front of the stick and on the footstep. Sen-

sors calculate the distance between the hurdle and receiver of
the sensor. To get a desired obstacle localization effect, it is
not enough to just improve the performance of the sonar
sensor; filtering the measured data is additionally necessary.
In this paper, the sequential sonar returned data is processed
through the dynamic filtering method using the orientation
and therefore the trajectory information of the cane control
box. It can sense hurdle in a range of 2-80 cm. We can set the
range of sensor according to our desire. The working princi-
ple of sonar needs a high-level signal for at least of 10 us
using an IO trigger. It sends pulses of 40 kHz, and the pulse
back signal is scanned. Sonar has main parts called transduc-
ers who send pulses of eight 40kHz and sense returned
pulses or echo: an ultrasonic sensor emits ultrasonic wave
through a transmitter which spread in the air when it hit
any hurdle and then returns to the ultrasonic sensor receiver
and a counter stops counting time when it receives reflected
wave. For the basic purpose of choosing, we have used three
ultrasonic sensors on the left and right and in front of the
stick to detect any hurdle accurately. Ultrasonic sensors are
very useful and cost-effective. There is no effect of sunlight
on the performance of these sensors. We can use it for both
indoor and outdoor systems. It has a range of 2-400 cm. We
have a fixed range at 45 cm which means if there is a hurdle
in 45 cm, then there would be an alert for a blind person in a
form of audio voice. In Table 2, we discuss the specifications
of ultrasonic distance sensor-HC-SR04 embedded with an
electric cane control box using an Arduino microcontroller.

In the control box, we use four HC-SR04 sensors, which
have the main functionality to detect obstacles in front of the
cane within the mentioned distance in the table and guide a
disabled person about obstacles and hurdles indoor and out-
door and further demonstrate a person to move left or right
via signals sent to a microcontroller and attached speaker
pronounce voice command, as shown in Figure 3.

Table 2 demonstrates the values of specific working volt-
age, measurement range, I/O pins needed, operating current,
and dimensions.

2.1.3. GPS Module. In 1960, U.S. Air Force invented a
satellite-based navigation system. The tracking sensitivity
of GPS is -165dBm. The working principle of GPS is that
it can connect with 24 satellites which continuously encircle
the earth once in 12-hour duration and provide very useful
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TaBLE 2: Ultrasonic distance sensor-HC-SR04 specifications for a microcontroller electric cane control box.

Sensor Ultrasonic distance sensor HC-SR04

. 3.3V/5V compatible
Working voltage Wide voltage level: 3.2V-52V >V
Measurement range 3cm-350cm 10 cm-440 cm
I/0O pins needed 3 4
Operating current 8 mA 15mA

Dimensions

Ease of pairing with Raspberry Pi & Arduino

50 mm X 25mm X 16 mm

Easy and direct connection

45 mm X 20 mm X 15 mm

Voltage conversion circuit required

Elapsed time * Speed of sound

Distance =
2
HC-SR04
Transmitter O.bJ ject
]
Trig — ]

Output +——

Receiver

FIGURE 3

information regarding time, velocity, and position on earth.
We can identify the position of any object by measuring the
distance of that object from the satellite. The distance from
satellite is

d=cxT, (1)

where c is the speed of light (3 x 10® m/sec) and T is the time
period of satellite.

GPS needs three satellites for a 2D position, but for accu-
racy it needs four satellites for providing the location of any
object on earth. When someone turned on the GPS module,
it firstly downloads orbital information of all satellites and
saves information in its memory. Then, the receiver calcu-
lates the distance between a satellite and itself by multiplying
the velocity of the transmitted signal which is the speed of
light 3 x 10® m/sec? by the time they receive the transmitted
signal from a satellite. Along with the measure of travel time
by the receiver, it should also know the exact position of the
satellite for accuracy. GPS transmits a signal on two different
carrier frequencies: one is L1 which is 1575.42 MHz and the
other is L2 that is 1227.60 MHz which is more precise and
used for military purposes. In our paper on the purpose of
GPS, we are using the (GY-NEO6MV2) GPS module. These
apparatus provide the ability to find the path and exact loca-
tion of a visually impaired person. It may also use GPS for
path planning. This GPS receiver with better performance
having 20 million correlations helps in finding satellite loca-
tion as soon as possible when it is turned on. It has six
engines and a member of the NEO-6 series of GPS receivers.
The power supply range is from a 3V to 5V LED signal
indicator and 3 configuration pins with a 1-time pulse which

supports DGFS (SBAS, WAAS, EGNOS, and MSAS) at a
maximum altitude of 50,000 m with 500 m/s velocities. The
performance of GPS in both cold and warm climate starts
to be delivered after 27 sec.

2.1.4. GSM Module. GSM was developed in 1970 by Bell
Laboratories Inc. This device has great importance in com-
munication to transmit and receive data by using mobiles
across the world. It had made communication easy since
its development. It works at different frequency bands in
which the band is used depending on the application. GSM
handles multiple access at a time that is why today’s com-
munication system has become better than past years’ sys-
tems. Its works between frequencies 850 MHz-00 MHz and
1800 MHz-1900 MHz, and data rates from 64kbps to
120 Mbps can be conceded by this system. Time division
multiple access overlapping of one signal to another signal
was common in an older communication system. To avoid
this major error in a communication system, engineers intro-
duced a new method that is time division multiple access. In
this method, some specific time slots were assigned to every
user that helped a lot to solve many problems regarding over-
lapping, but one thing is important that frequency remained
the same for all users. The use of the GSM module is that
because of its better spectrum competence, international
roaming, support for new facilities, and real-time clock with
alarm management, phone calls are secure by using encryp-
tion and short message service (SMS). Most secure telecom-
munications currently accessible as security strategies are
standardized for it. This module can be used in several appli-
cations in GPRS mode remote data logging, transaction
terminals, weather stations, security applications, and supply
chain management.

2.1.5. Voltage Regulator. In this prototype, a voltage regula-
tor, LM 7805, is used. Voltage regulators are used for regu-
lating voltages to our desired circuit voltage requirement,
as shown in Figure 4. It will protect our circuit whenever
there is excess voltage or current level beyond our circuit
limit. It provides a constant voltage at its output terminal.
It is a member of 78xx linear voltage regulator ICs, and xx
indicates that it will provide a constant voltage level. The
voltage regulator LM 7805 ratings described are its input
voltage range from 7V to 35V, currentIO = 1 A, and output
voltage Vy =4.8V and Vux =5.2.
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2.1.6. RF Module. The RF module wireless system design has
two overriding constraints: which operates over a certain
limit and specific distance and transfers a specific quantity
of convergence results within a data rate. The RF modules
are very small in dimension and have a wide operating volt-
age range; it operationally works between 3V and 12V. The
working techniques of RF modules are RF transmitter and
receiver modules. When transmitting logic 0, the transmitter
draws no power while the carrier frequency thus consumes
significantly less power in battery operation. From the trans-
mitter, the data is usually sent serially which is received by
the tuned receiver. Duly interfaced to two microcontrollers
for data transfer, the RF transmitter and receiver are
working at frequency 433 MHz, receiver current supply
3.5mA, sensitivity 105Dbm, operating voltage 5V. low
power consumption with a transmitter frequency range of
433.92 MHz, and transmitter supply voltage of 3 V~6V with
output power of 4~12 Dbm.

2.1.7. Vibratory Motor. The vibratory motor is using a vibra-
tor in an electric stick which will activate when there is water
in the path of a blind person. It is connected to the bottom of
the stick through two terminals when there is water current
which will flow through terminals, and the vibrator is turned
on and alerts a blind person.

2.1.8. Switches. An electric stick had one switch to control
power consumption of the battery to get maximum time
for the functioning of a blind person stick. The switch is
used for the main power to turn on or off. The working
usage is that it installed this switch just to save battery
consumption.

2.1.9. Capacitor. Capacitors are used to filter out frequencies.
It acts as a high-pass filter allowing high frequencies to pass
and blocking the DC signal as well as a low-pass filter allow-
ing low frequencies to pass and blocking the AC signal. We
connect the capacitor in parallel to our circuit instead of
series to block the AC signal and get only the DC signal.

2.1.10. Diode. A semiconductor diode is a device used for the
unidirectional flow of current. It blocks current in the
reverse direction. It has two terminals: anode (positive)
and cathode (negative). A diode is a PN junction. It works
when it is forward biased and behaves like a short circuit.
When it is reverse biased, it behaves like an ideal open
circuit.
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2.1.11. SD Card Module Shield. In a smart electric stick to
store the voice for four ultrasonic sensors, an SD card shield
is installed with Arduino Mega. It is very useful to store
different voice files for right, left, and front hurdle at the
footstep, fire, water, etc. The SD module can be used by
likely different microcontrollers for saving data rates like
Arduino, AVR, PIC, and ARM. The module shield follows
technical parameters which are operating voltage of 5V,
SPI interface, and dimensions of 20 x 28 mm.

2.2. Indoor and Outdoor Prototype of the Electric Guidance
Cane. As we see in Figure 5, it shows the embedded
hardware circuit design of an electric guidance cane based
on hurdle detection with multiple hardware items using
Arduino Uno, with the sonar sensor HC-SR04. In this meth-
odology, the beep alarm and audio signal will turn to a high
state only with the detection of an object in front of the user;
otherwise, there is no action and the audio will remain off at
that time.

In this scenario, a photocell LDR sensor, LEDs, LCD
screen, resistors (220 ohms), micro-SD socket (SD card),
ultrasonic sensor (HC SR04), speaker (SPKR 1), rotatory
potentiometer (large) (R3), round pushbutton (S1), vibra-
tion motor (ROB 08-449), Adafruit Ultimate GPs, GSM
(sim 800L), water level sensor, flame sensor, and single
Arduino Uno Mega (2560-ReV3) were used. One leg of the
LDR sensor is attached to the microcontroller analog PIN
A3, and another leg to a 5V pin, and the same is done with
a resistor which is attached to the GND port of the micro-
controller. Besides, the threshold value for the sonar sensor
(HC SR04) was adjusted to 5 from the discrete values (0-
1023) for understanding whether it is a hurdle or not. On
the other side, right and left pins of the sonar sensor pin
VCC are connected to a speaker and potentiometer, and trig
and echo pin is related to pin D34 and D36 Arduino Uno as
well as GNDs. The front sensor (HC SR040) VCC was con-
nected the same as left and right pins, and trig and echo were
connected to pins D13 and D14 Arduino Uno and GNDs.
Here, Arduino Mega ADK analog pins Al and A0 are con-
nected to the LDR R1 side and water sensor sport, and other
to 3v3 and GND. The other ground of battery’s negative also
put against to the battery’s positive. Furthermore, the D52
(SCK) and D50 (MISO) of Arduino were connected to the
GSM port sim_rxd, sim, and txd, as we can see in Figure 5.
The Arduino pins D28, D30, and D32 are related to the
LDR positive side and D26 with the flame sensor port Ky-
026. The other considerable connections are Txl D18 to
GPS pin rx, D16 to SD card pin (U RSV), D2-D5 with
LCD PIN DB7, and DB6-DB5 and DB4. The rest of the
Arduino D8 and D12 with push-button leg 1 is connected
to the LCD cathode side.

At the last part of the circuit design, GND negative part
of all the obstacle avoidance sensors was connected to the
GND port and all VCC (input voltage) to the Arduino 5V
pin. Initially, the sonar HC-Sr04 has a distance set from
2cm to 1m (by default) at the start; if there was a hurdle
detected, the vibrator vibrates and will generate a beep
through the speaker and the voice (turn left and right and
forward) will be heard by the blind person.
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FIGURE 5: Circuit design of the indoor and outdoor prototype of the smart stick of visually impaired human.

2.2.1. Indoor Prototype of the Electric Guidance Cane. Con-
cerning indoor cane usage patterns, a user follows it to fight
the steer in its center where they are walking in order that
any open proportional font window, door, or split unit
mechanical device and house objects might not hurt them.
They will swipe the electric guidance cane on the ground
rather than the left-right direction technique if the floor sur-
face is okay enough. It is quite difficult to measure the huge
area square for the navigation, which does not need personal
or infrastructure help. On stairs, they use the pencil vogue
technique. They follow the railing of the steps or wall with
manus. When returning down, they use a guidance cane to
feel and observe the depth and breadth of stairs by a sound
alarm and swiping cane. For escalator use in a mall in the
door, the bumped start line allows them to comprehend
the initial line. To get out of it on the finish, they either get
information by sloping down reeling at the top or place a
guidance cane on a further next step in order that they shall
recognize once it touches the ground level area. One subject
aforesaid that he uses to face on heel once approaching
towards finish; therefore, he could safely find himself on
escalators. For carry usage and other altitude purposes, they
use a guidance cane to grasp once the carry arrived if it does

not ring. Then, they use a cane to gauge the height of a lift’s
floor from the building floor, step in, and face within the
center of the carry.

(1) Results and Discussion. In the beginning, Figure 6 shows
the flow of the electric guidance cane for every step of the
blind walking. It conjointly shows the sensors and actuator’s
work and also the control method done by Arduino Uno.
The flowchart of the obstacle detector using the super-
sonic sensing element is shown in Figure 6, which has 2
components: the initial half part deals with the obstacle
detection and the other second half deals with distance mea-
suring and alerting the users counting on the distance of the
near obstacle to avoid collision. Counting on the gap of the
obstacle from the person, four zones of the area unit formed:
far zone, near zone, shut zone, and zone. If the next detected
object is at >2 meters or more, then it comes underneath the
way (safe) zone. If the next item object is found at 1 meter or
more, then it comes underneath some close to the zone; if
the item object is found at 100 cm or more, then it comes
underneath the shut zone; and if the item is detected at
100 cm, then it comes underneath the zone. A voice instruc-
tion in conjunction with vibration and a buzzer alert voice is
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FiGure 6: The flow diagram of the indoor prototype of the smart stick of visually impaired human.

processed to a user at each zone to alarm him/her and let
individuals around that visually handicapped person to
assist. For usage, a disabled person can control it very easily
which is our main point to give more priority for partially
disabled person and old age humans. When a disabled per-
son wants to use it, he/she just needs to press “Button,” then
all features and functions will be activated like a microcon-
troller and sensors with GPS location. He uses his cane to
move on road—indoor or outdoor, the cane will guide the
user about their path and obstacles via voice (turn right, left,
etc.) and send the location to person guardian; also, it can be
used to track a disabled person in case of emergency.
Figure 7 shows the final demonstration of the proposed
smart aid electronic stick that detects the obstacles and
object’s movement indoor using Arduino Uno. Figure 7(a)
represents a lab-scale prototype of an electronic stick.
Figure 7(b) shows the movement of the forward base
because the sensed object intensity value of the sonar sensor
was less than the threshold value and there was no obstacle
detected by any of the obstacle avoidance sensors, so as a
result, no beeping alarm turns on. The formal design of
the proposed model and methodology can be seen in
Figures 7(c) and 7(d), with the motive that only those obsta-
cles will be detected in an indoor area, and the rest of the
module including the voice alarm, vibrator, and beep will
keep maintaining their state and start working in this condi-
tion. As an example, as discussed in Figure 7(c), the sonar
sensor detects the initial hurdle and provides a voice assistant
to handle the obstacles. Therefore, if the sonar sensor
observes the sense intensity value or a value above the thresh-
old, it suggests solutions to handle the obstacles. Moreover,
when the object moves to the first obstacle, it indicates to
turn right; that condition becomes true. Similarly, when an
object moves to the second obstacle, it indicates to turn left
(Figure 7(d)). The demonstrated results proposed the efhi-

ciency of the idea and give immediate validation for the RF
module, vibrator, speaker, sonar sensor (HC SR04), and pro-
posed model. These types of applications can be imple-
mented and installed in the indoor area, parking area,
hotels, schools’ shopping malls, college’s boundary, inside
sectors, hospitals, and malls and homes to detect objects
and give a straight path to the blind person.

2.2.2. Outdoor Prototype of a Smart Stick of Visually
Impaired Human. As per our vision, the central idea of this
work is to create such an innovation for our current visually
impaired persons and an embedded system so that the
results of location accuracy and direction can be improved.
As presented in Figure 8, in outside use, all of the themes
use left and right sound of the cane technique on a flat sur-
face path. The reason of this can be that all of them use a
cane with a vacant tip, not with a roller ball that will be
swiped on the surface. In an outdoor setting, when a visually
impaired person walks with angular deviation, three speech
types will be on: turn “right, turn “left,” or “forward,” depen-
dent on sensor detection varying frequency on the pedes-
trian’s adherence to the way.

(1) Results and Discussion. The practicality of the supersonic
sensor device remained the same as shown in Figure 6;
this could be an additional display in Figure 8. During
this, a combination of GPS and GS-modem technologies
would possibly offer additional aid for the visually impaired
persons.

Initially, whenever there is an emergency, the blind indi-
viduals have to be compelled to press the trigger button that
activates the GPS and GSM. GPS identifies the placement of
the visually handicapped person in real time which is sent to
GSM within the sort of coordinates. An alert message is sent
together with the precise location of the visually
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FIGURE 7: Result diagrams of the indoor area of the smart aid electronic stick to move “forward,

(d)

» «

turn right,” and “turn left” at object

detection. (a) In the real-time simulation, the proposed system finds the path by the situation of the surface and the place of the object
on it and helps decide to which direction to move. (b) In the representation, they check the obstacles if there is any and then change
their path which is dictated by speaker voice. (c) When an object comes in front of an obstacle avoidance sensor, the first set dictates a
command to turn left while the other remaining dictations are neglected. (d) When motion is in front of the second obstacle sensor,
only the part of the second set of the visually impaired person dictates a command to turn right, and all the other positions are neglected.

handicapped person to the receiver. For additional aid,
supersonic detectors with voice recognition also are accus-
tomed to finding an obstacle and active torch sensors.
Therefore, this stick will not be misused by others except
for the approved users. Figure 9 shows the design results of
the outdoor prototype of an electric guidance cane for users
having a vision loss disability using the Arduino Mega
microcontroller. In this way, Figure 9(a) represents a visually
impaired person from outside of the city where the location
can be traced, and a user can also follow the path which he
decided at the initial start level when he starts a journey.
On the other hand, in Figures 9(b) and 9(c), the person turns
right and left on the surface sonar sensor placed on the elec-

tric cane because there was a motion that was detected by
the first IR obstacle avoidance sensor. At the same time,
the object moved forward from the second avoidance sensor,
then the third obstacle avoidance sensor detected its motion,
and a voice alarm coming from the speaker helps the person
to choose which side is better. Meanwhile, when a fire was
detected by the flame sensor placed on the cane, the vibrator
automatically operates to alert the person who is visually dis-
abled; also, the water sensor senses the road water or depth
of the road if there is any, as seen in Figures 9(b) and 9(c).
In Table 3, the functionality of old systems differs from the
new purposed embedded system of the electric guidance
cane for users having vision loss problem. In the old system,
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FIGURE 8: Presented flow diagram of the outdoor prototype of the smart stick of visually impaired human.

(b) (c)

FIGURE 9: Result status diagrams of further enhanced work with an outdoor prototype of the electric guidance cane of visually impaired
human. (a) During an outdoor real-time simulation, working on location, GPS and GSM modules were employed to check the longitude
and latitude. (b) Display hurdle in front of the first sonar obstacle avoidance sonar sensor: turn right. (c) Motion in front of the second
sonar obstacle avoidance sonar sensor: turn left. Water, road depth, and flame are detected in front of the stick, so a vibrator vibrates
and the speaker generates a relevant direction command.

a basically single microcontroller was used with single  an obstacle sensor or flame sensor and different engineers
distance and infrared sensor to guide the user in only pre-  used GPS for location. At the end, we study and concluded
scribed one way direction. On other hand, some used only  that the overall solution of this problem is to minimize the
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TaBLE 3: Comparison between old systems and the proposed system.

Functionality Old systems  Proposed system
Based on microcontroller-Arduino Yes Yes
Operates with the sonar and infrared module Yes Yes
Flame and water intelligence and sensing capability with hurdle detection generating vibration and No Yes
sound to divert the person to the right direction where there is no obstacle No Yes
Locate the location of the blind person and give alert to the guardian (longitude & latitude capability) No Yes
©0000 Zong 4G 11:10 AM 74% . ®0000 Zong 4G 11:15 AM 73% .-
¢ Messages GPS Device Details ¢ Messages GPS Device Details
Alert! User lost their Alert! User need help
location
Location:
https://www.google.com https://www.google.com
/maps/@28.4141545,70. /maps/@28.4141545,70.
268983,13z 268983,13z
a) b)
©0000 Zong 4G 11:21 AM 72% .. ©0000 Zong 4G 11:24 AM 72% .
{ Messages GPS Device Details ¢ Messages GPS Device Details
Device Location? Please Track Device
Location is: The GPS will continues
https://www.google.com track the device,& the
/maps/@28.4224058,70. current location is:
3105865,14z/data=!3m1!
1e3
https://www.google.com
/maps/@28.4224058,70.
3105865,14z/data=!3m1!
1e3
Please turn off tracking
The GPS turn off
tracking,& is in sleep
mode right now
c) d)
1G]] Send 1G]] Send

FiGURrk 10: Alarming and alert notification when a disabled person (a) lost their path and (b) required help, when (c) the device location is
requested by a guardian and responsible person, and when (d) GPS (information) tracking queries and live data are asked by a family

member or guardian.

cost and increase the usability of the device with lots of other
features. In this study, the authors have designed a low-cost
system. Therefore, the system has various productive func-
tions. First, it detects obstacles in multiple directions and
informs the user through voice and beep alert, detecting also
flame and ground depth. Second, the system also detects

water existence and movement. Third, the system is also
beneficial as it sends and receives the real-time location. At
the end, if the visually impaired lost their direction, then
he/she alarms other persons nearby by pressing a button
on the cane, hinting them that he/she lost his/her path,
and a message is also sent to the guardian via longitude



12

- §
2 Rahim Yar Kha
B College Of Technolog
Pepper Garden Resturent
Ghouspur Rd < Ag é\ |_R
Abbasia Sports Complex O
ABASIA ®)
BUNGALOWS
Ayesha St
Park View Rd
&
&
&
g
4
]
$
g
. Google
AlE a) MO

Wireless Communications and Mobile Computing

o
3
3
ungalows =
ial Market =
Ghouspur Rd O — 2
bbasia Sports Complex ==
@ = g
: 1
s
S
Allied Bank Ltd. (ABL) I- 2
- Abbasia Tr‘}g_E;L —
Ayesha St
Foodzilla Usman Park
S)b olaie
cum Service C
o ALY iy _sido
|Tov%h</l)am QJSI b)

(®)

FIGURE 11: Device information: (a) current location and (b) device path information tracking.

and latitude as we discuss in Figures 10(a) and 10(b) with a
real-time location of that person.

2.3. User Path Finding. We designed the proposed embedded
system and tested its functionality and results with a par-
tially visually impaired person holding it, as featured in
Figure 10. The alarm SMSs transmitted from the system to
mobile phones of the disabled person’s family and guardian
are shown in Figures 10(a) and 10(b) for generating alert
and request to need help, respectively. The SMSs with the
embedded system device’s current location and tracking
path and status requested by the guardians are featured in
Figures 10(c) and 10(d), respectively. Finally, a web link is
generated, and the current location of the electric guidance
cane in Google Maps and the available tracking device are
shown in Figures 11(a) and 11(b), respectively.

In our country, Pakistani visually impaired persons
(aged between 17 and 60 years) who used the prototype, as
shown in Figures 8 and 9, respectively, reported clear bene-
fits from the ability to alarm and get connected with their
family and guardians. Moreover, the data analyzed to check
multiple users how to use this guidance cane and reported
that the guidance system improved their life style by giving
them additional confidence and life easiness.

We used the microcontroller Arduino-based electric
guidance cane with GPS and GSM wireless connectivity, in
which the visually impaired person could automatically con-
trol the directions based on some sensors which the provide
the data in the form of direction, buzzer, and alert via voice,
to avoid any hurdles which come in a path or way. In some
cases, we required wireless connectivity to make the proto-
type more scalable to find the current location of a new or
existing visually impaired person and online access to the

information managed by the microcontroller boards to
develop a user-friendly interface, and a message is sent to
the required guardian. In this regard, the current location
longitude and latitude can be used for access from the Inter-
net, and Google Maps would provide easy-to-use access to
the location of visually impaired humans. Meanwhile, to
store previous location record history and secure the
acquired information of the prototype for further study
and analysis, different kinds of searching and dictation algo-
rithms could be used in our proposed designs; in fact, a
microcontroller is easy to integrate with several sensors.
Moreover, the reported systems are presented as lab-scale
prototypes; similarly, the proposed embedded systems can
be managed for real-scale facilities by applying other tech-
nologies. For the question of wireless connectivity, the
GSM and GPS are used as shown in Figure 5. The system
can be replaced with different sensor types, or a combination
of several types, for better results. For example, one can
choose a long-range infrared sensor with a maximum range
of 1.5m or a combination of laser diodes and photoresistors.

The feedback of the test on visually impaired persons
about the proposed embedded system after participating in
the practical experiment in a university of the system was
positive. Based on the results and outputs, this kind of sys-
tem would aid their navigation. The study also collected
usability suggestions for further development of the system
and real-life use.

3. Conclusions

In this paper, we conclude, finalized, and developed an
electric guidance cane for the safety, protection, and conve-
nience of visually impaired persons. It guides the person
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using voice and by vibration alert. Therefore, it is useful for
people that are visually impaired as well as for those who are
hearing impaired. It is used for navigation and hurdle detec-
tion with the help of three ultrasonic sensors installed in
three different directions, i.e., front, right, and left, and for
the footstep of the stick. Using the GSM and GPS, the user
can send its location to the concerned person; we have devel-
oped a smart algorithm with compact hardware design in a
small box which comprises of the GPS module, GSM mod-
ule, Arduino Mega, and water sensor at the bottom and
flame sensor. The battery and other components are inside
the stick body. This is an efficient design through which
visually impaired people can go anywhere without any prob-
lem and can easily avoid hitting any hurdle coming in their
path. We have installed a GSM module for locating blind
people anywhere on earth. There is a specific mobile number
that is saved in coding; whenever a specific message is sent
by this number to a blind stick GSM number, the location
of the blind person would be sent to that specific number.
We have used Arduino to make our hardware compact
and to avoid making the stick heavy. It also increases the
efficiency of the system. This stick is easy to carry by a blind
person without any problem. In the future, we will convert a
rechargeable battery to solar and road fraction recharge. In
this way, the battery life will increase and interlink with
the AI camera which would be able to detect obstacles.
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