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Abstract - In this paper we presents a smart stick assistive
navigation system to help blind and visually impaired
people with outdoor and indoor travel. Blindness is one of
the more feared affliction in this evolving world. It is very
difficult to travel to a desired distance and to find the
desired object which is present in front of the blind people.
Blind people relay on some people for their work to be
done. Our system solves this problem by providing a virtual
eye in the form of smart stick to the blind people so that
they can lead their own life without the help of the other
people. The Smart stick consists of a camera and raspberry
pie attached to it which helps in the detection of the object
which is present as an obstacle to the blind people, can be
easily identified and informed to the blind people by the
earphones which is directly attached to the blind people. In
addition to the speech warning and another sensor is also
placed at the bottom of the stick for the sake of avoiding the
puddles. This can be achieved by using Yolo and Dark flow
algorithm. The goal here is to develop a system that will
provide guidance for visually impaired individuals to reach
desired destinations and to live an independentlife.

Key words: obstacle detection, earphones, smart stick,
visually impaired people.

I INTRODUCTION

According to World Health Organization (WHO) [1], there are
over 1.3 billion people who are visually impaired across the
globe, out of which more than 36 million people are blind.
India being the second largest population in the world,
contributes 30% of the overall blind population. Although there
are enough campaigns being conducted to treat these people, it
has been difficult to source all the requirements. It is the era of
artificial intelligence and it has gained immense traction due to
large amount of data and ease of computation. Using artificial
intelligence, it is possible to make these people’s life much
easier. The goal is to provide a “secondary sight” until they
have enough resources required to treat them. People with
untreatable blindness can use this to make their everyday tasks
much easier and simple.

Vision is a beautiful gift of being able to see. Vision enables
individuals to see and comprehend the encompassing scene.
Till date daze individuals battle a considerable measure to carry
on with their hopeless life. In the displayed work, a
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basic, shabby, well-disposed client, virtual eye is composed
and actualized to enhance the versatility of both visually
impaired and outwardly disabled individuals in a particular
region. This project is helps blind people to map their world
using the sense of hearing. It’s a visual based project
consisting of few main components such as camera,
raspberry pi and earphones mounted together and additional
working technologies of the internet interlinked. The input of
the project will be an image/video (multiple frames), the
image captured and analyzed with the help of the camera
interfaced to the raspberry pi/IOT technology. Hence the
object is detected and audio information is conveyed to the
blind person through earphones. This system deals with an
approach to make better life for blind people as it well
equipped with the latest technology and it is meant to aid the
visually impaired to live a life without constraints. Visual
deficiency is a condition of lacking visual recognition
because of physiological or neurological components Virtual
impairment may cause people difficulties with normal day
activities. The incomplete visual impairment speaks to the
absence of development in an optic nerve or visual focus of
the eye. According to recent estimation 253 million people
live with vision impairment. 36 billion are blind & 217
million have moderate to severe vision impairment. The loss
sight causes enormous human suffering for the affected
individuals and their families. Vision allows human being to
view the surrounding world.

. METHODOLOGY

In order to help the visually challenged people, a study that
helps those people to walk more confidently is proposed. The
study hypothesizes a smart walking stick that alerts visually-
impaired people over obstacles, pit and water in front could
help them in walking with less accident. It outlines a better
navigational tool for the visually impaired. It consists of a
simple walking stick equipped with sensors to give
information about the environment. GPS technology is
integrated with pre-programmed locations to determine the
optimal route to be taken. The user can choose the location
from the set of destinations stored in the memory and will
lead in correct direction of the stick. In this system,
ultrasonic sensor, or headphone, PIC controller and battery
are used.
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The overall aim of the device is to provide a convenient and safe
method for the blind to overcome their difficulties in daily
life.Fig.1.System Architecture
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Fig 1: System Architecture

A. Device
The USB Log-tech camera is attached to the raspberry pi. The
Camera USB port transfer rate and it is exclusively for
transferring pixel data. The ultrasonic sensor HC-SR04 emits a
40000 Hz ultrasonic wave which is used to calculate the
distance.

B. YOLO and Dark Flow

You Only Look Once (YOLO) are an image classifier that takes
parts of an image and process it. In classic object classifiers,
they run the classifier at each step providing a small window
across the image to get a prediction of what is in the current
window. This approach is very slow since the classifier has to
run many times to get the most certain result. But YOLO divides
the image into a grid of 13x13 cells. This means it just looks at
the image just once and thus faster. Each grid box predicts
bounding boxes and the confidence of these bounding boxes.
The confidence represents how accurate the model is that the
box contains the object. Hence, if there is no object, then the
confidence should be zero. Also an intersection over union
(10UV) is taken between the predicted box and the ground truth to
draw the boundingbox.

As described in, each bounding box has 5 predictions: X, y, w, h
and confidence. The (x,y) coordinates represent the center of the
box relative to the bounds of the grid cell. The width and height
are predicted relative to the whole image. Finally the confidence
prediction represents the 10U between the predicted box and
any ground truth box. For every cell, the classifier takes 5 of its
surrounding boxes and predicts what is present in it. YOLO
outputs a confidence score that lets us know how certain it is
about its prediction. The prediction bounding box encloses the
object that it has classified. The higher the confidence score, the
thicker the box is drawn. Every bounding box represents a class
or a label. Since there are 13x13 = 169 grid cells and each cell
predicts 5 bounding boxes and end up with 845 bounding boxes
in total. It turns out that most of these boxes will have very low
confidence scores, so the boxes whose final score is 55% or
more are retained. Based on the needs, the confidence score can
be increased or decreased.

From the paper, the architecture of YOLO can be retrieved,
which is a conventional neural network. The initial
convolutional layers of the network extract features from the
image whereas the fully connected layers predict the output

probabilities and coordinates. YOLO wuses a 24 layer
conventional layers followed by 2 fully connected layers. The
final output from this model is a 7X7X30 tensor of
predictions. The PASCAL VOC data set is used to train this
model. There is an implementation of YOLO in C/C++ called
dark net. There are pre-trained weights and cfg which can be
used to detect objects on. But to make the implementation
more efficient on the raspberry pi, the tensor flow
implementation of dark net called the dark flow isused.

The images are passed to this image detection framework and

get the output which contains the 5 predictions as discussed

before. Dark flow outputs the file with bounding boxes or a j

son file. This j son file is converted into text file and takes the

count of objects and omits the rest. The objects along with

their count are fed into the text to speech unite Speak.

C. Distance

The ultrasonic sensor HC-SR04 is used to calculate the distance
of the nearest object. The sensor has 4 pins: VCC, Ground,
Echo and Trigger. VCC is connected to Pin 4, Ground to Pin 6,
and Echo to Pin 18 and Trigger to Pin 16. It emits a 40000 Hz
ultrasound which bounces back if there is an object in its path.
Considering the time between the emissions of the wave and
receiving of the wave, the distance between the user and the
nearest object can be calculated very accurately and it can be
relayed to the user. The sensor can detect objects in range of
2cm-400 cm. The distance is calculated by the formula given
below.

17150*Time =Distance.

D. Work flow of Device

To change the output type of the object classifier from json to
text, change a few lines in the predict.py in dark flow to output
a text file with labels and count. To get count of the objects
detected, dictionaries are used to store them as key-value pairs
where name is the key and the count is the value. This
dictionary is then written onto text files. The text files are read
by the text to speech line by line where each line contains one
key-value pair. To capture images and predict continuously,
the prediction is run through a loop which goes on till end i.e.
when an escape sequence is invoked. Once it is invoked, it
comes out of the loop and stops program.

1l DESIGN
Basic Block Diagram
The proposed system consists of three main units:
¢ Ultrasonic Sensor and Flex Sensor unit.
¢  GSM Module unit.
e Image to Text and Text to Speech unit.

“Smart stick for blind using Raspberry Pi” system is easy to
understand and maintain.
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Fig.2.Shows the block diagram of Blind Stick

The system consists of ultrasonic sensors, GPS module, and the
feedback is received through audio. VVoice output works through
TTS (text to speech). The proposed system detects an object
around them and sends feedback in the form of speech that is
warning messages via earphone and also provides navigation to
specific location through GPS. The aim of the overall system is
to provide a low cost, efficient navigation and obstacle
detection aid for blind which gives a sense of artificial vision by
providing information about the environmental scenario of static
and dynamic object around them, so that they can walk
independently.

This smart stick is an electronic walking guide which has four
ultrasonic sensors. Out of these four sensors 3 sensors are used
for obstacle detection which is placed on the side of the stick.
The other sensor is responsible for pothole detection which is
placed below the smart stick. These ultrasonic sensors range
from 2-250cms. A camera is used for object identification and
text identification. A toggle switch is kept which is operated by
the user to enable the different features of the smart stick; finally
the output of the stick is through anearpiece.

A. Ultrasonic sensor

High frequency sound waves are generated by ultrasonic sensor.
It evaluates the echo which is received back by the sensors. The
time interval between sending the signal and receiving the echo
is calculated by sensor to determine the distance to an object.
Ultrasonic is like an infrared where it will reflect on a surface in
any shape, but ultrasonic has a better range detection compared
to infrared. In robotic and automation industry, ultrasonic has
been highly accepted because of its usage. In our Project the
Ultrasonic sensor distance measurement Module deals with the
distance measurement between the obstacle and the blind
person. This module starts the process when the user turns on
the device using power supply, first when the device turns on,
the ultrasonic sensor will automatically give accurate distance
measurement of the obstacle in front of the blind, and then the
distance measured is stored in the SD card.

B. GSM Module

This module deals with the navigation of blind person from
particular source to destination. This phase starts by Obstacle
Detection. First the ultrasonic sensor gives voice command

about the distance measurement between the obstacle and the
blind person, based on that the navigation route instruction
will be provided to blind by GPS Module via voice command.
The navigation route is provided based on the latitude and
longitude values. The latitude and longitude values will be
stored so that when that value is matched the blind person gets
the voice command to move left or right.

C. Camera Module

A Logi tech C series camera is used in this smart blind stick
for capturing images which is used for object identification
and text reading. The image captured in camera is processed
using the technology of digital image processing. This
particular camera is used as it is ideal for high definition
image capturing with 1080 pixels HD quality and a premium
glass lens.

D. Ear phones

Earphones are used as output device which gives the audio
output of all the features of smart stick such as object
identification, text identification, and pothole detection. Any
type of wired earphones can be used.

E. Flex sensor

A flex sensor or bend sensor is a sensor that measures the
amount of deflection or bending. Usually, the sensor is stuck
to the surface, and resistance of sensor element is varied by
bending the surface. Since the resistance is directly
proportional to the amount of bend it is used as goniometer,
and often called flexible potentiometer.

Raspberry Pi Protocol Architecture

Low-cost high-performance computer which can be plugged
in TV and monitor and can be used as computer which is
very small as credit card.

e Its CPU is 700Mhz single core ARM1176JZF-S
e Ithas 4 USB ports

e Ithasdual core video core iv

multimedia co-processor

Size of its RAM is 512mb

It has micro SDHC plot for storage

Power rating of raspberry pi is 600mA i.e.3.0W
It has 17*GPI0 plus the same specific functions

Fig.3.Shows the Protocol Architecture
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This Raspberry Pi works as the computer of the smart
walking stick. Raspberry Pi is a credit card sized single board,
low cost computer. It takes input from the GPI1O pins, which
can be attached to LEDs, switches, analog signals and other
devices. For our proposed design, we connect the GPIO pins to
the ultrasonic sensors.

It requires a power source of 5V to be operational and we
have to insert a Micro SD memory card in it, which acts as its
permanent memory. For our design Raspberry Pi 1

Model B+ is used. It contains 4 USB ports, a HDMI port, and
an audio jack port and an Ethernet port. The Ethernet port
helps the device connect to the Internet and install required
driver APIs. It has a 700 MHz single core processor and
supports programming languages such as Python, Java, C,
and C++ etc. This mini Computer runs our algorithm, which
helps to calculate the distance from the obstacle based on the
input it receives from the sensors. Then a Text-to- Speech
driver API [12] is used to convert the text message (distance)
to speech, which is relayed to the person wearing the
earphone

GPIO pins

The Raspberry Pi board has 17 GPIO INS in it. These GPIO
pins provide ability to connect directly to electronic devices.
The inputs will be like sensors, buttons or other
communication with chips or modules using low level
protocols SPI and serial UART connections. It uses 3.3V
logic levels. No analog input or output is available in this
GPIO pins but we can use external chords for this analog
connection. The above block diagram represents the working
of the raspberry pi. Many inputs such as ultrasonic sensors,
switch input and camera are given to the raspberry pi board
through the GPIO pins.

IV. TESTING AND RESULTS
A. Testing

Testing is finding out how well something works. In terms of
human beings, testing tells what level of knowledge or skill
has been acquired. In computer hardware and software
development, testing is used at key checkpoints in the overall
process to determine whether objectives are being met. For
example, in software development, product objectives are
sometimes tested by product user representatives. When the
design is complete, coding follows and the finished code is
then tested at the unit or module level by each programmer, at
the component level by the group of programmers involved
and at the system level when all components are combined
together. There are several types of testing and few of them
are listed below:

e  Unit Testing

e  Functional Testing

Unit Testing

Unit testing is a level of software testing where individual
units/components of software are tested. The purpose is to
validate that each unit of the software performs as designed. A
unit is the smallest testable part of any software. It usually has
one or a few inputs and usually a single output. In procedural
programming, a unit may be an individual program, function,
procedure, etc. In object-oriented programming, the smallest
unit is a method, which may belong to a base/ super class,
abstract class orerived/ child class.

The main device we have used is Raspberrypi which is used
to build and run the respective functions. We are using
Raspberrypi because of the compatibility to the ARM
processor. The below image is the testing of the components

with Raspberrypi. We get the Indication of working through
LED.

Fig.4.Testing the connections with Raspberrypi

Module Module Name Observation Expected Actual Result
No Result

1 Obstacle detection If the obstacle is Obstacle PASS
within 20cm detected

2 Obstacle detection If the obstacle is | Obstacle not FAIL
beyond 20cm ig detected
50cm

3 Fan automation The flex sensor fan will PASS
bent at 180 degree | switched on
the fanwill
switched on

4 Fan automation The flex sensornot | fan will not FAIL
bent properly i.e switched on
45 degree

3 Image processing Image need to be Image PASS
captured at a clarity captured

6 Image processing Image is not Image not FAIL
captured at a clarity captured

Table 1.Unit testing for the components System Testing

System testing is the testingto ensure that by putting
the software in different environments (e.g., Operating
Systems) it still works. System testing is done with full-
system implementation and environment. It falls under the
class of black box testing.

System testing takes, as its input, all of the integrated
components that have passed integration testing. The purpose
of integration testing is to detect any inconsistencies between
the units that are integrated together (called assemblages).
System testing seeks to detect defects both within the “inter-
assemblages”and also within the system as a whole.[citation
needed] The actual result is the behavior produced or
observed when a component or system istested.

System testing is performed on the entire system in the context
of either functional requirement specifications (FRS) or
system requirement specification (SRS), or both. System
testing tests not only the design, but also the behavior
and even the believed expectations of the customer. It is
also intended to test up to and beyond the bounds defined in
the software or hardware requirements specification.
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Module Module Name Observation Actual Result

No

Expected
Result

All  things

working

Image should
be captured,
fan
automation
should work,
Obstacles are
detected

1 Blind stick functionalities are PASS

Table 2.System testing for the components
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