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ABSTRACT: Visually challenged people often face problems while navigating around the places and on roads.
Moving along the unknown terrain is a great challenge to such people and therefore keeping these things in mind, the
smart stick has been designed to minimize the difficulties of visually challenged people. In this paper, a smart stick
based on Traffic Light Detection and Facial Recognition has been proposed for the navigation and guidance of visually
challenged individuals while walking through roads and crossing traffic lights. The smart stick features obstacle
detection using an ultrasonic sensor, traffic light color detection using a camera module. All these modules have been
embedded into the Raspberry pi microcontroller. The camera is used for facial recognition, and the image obtained
through the camera will be captioned and presented to the user in the form of audio. This audio will tell what that image
is and what should be done if it is an obstacle; thus, working as a virtual eye for blind people. The stick is proposed to
be embedded with voice recognition and GPS guiding systems in the future.

KEYWORDS: -Visually challenged person, Ultrasonic Sensor, Facial Recognition, Pi-Camera.
L. INTRODUCTION

The interconnection of the physical objects, buildings, vehicles and other items that are embedded with electronic
sensors, software and network connectivity which thus allows the objects to collect and exchange data is referred to as
the Internet of Things (IoT)[1]. The term Internet of Things was coined by Kevin Ashton. IoT has a large number of
applications in the modern world such as healthcare, agriculture, smart cities and so on[4]. IoT has played a vital role in
the lifestyles of people. IoT has also contributed a lot to minimize the difficulties of people with disabilities. There are
many IoT devices such as smart canes, smart glass, speech synthesizer based IoT devices, smart shoes, and so on for
physically disabled people to assist them in theirlivelihood. Vision is the most important part of human physiology as
83% of information human being gets from the environment is via sight. The 2011 statistics by the World Health
Organization (WHO) estimates that there are 285 billion people in the world with visual impairment, 39 billion of
which are blind and 246 with low vision. Presently, blind people use a white stick as a tool for directing them when
they move or walk. Here, we develop a tool which can serve as a blind stick being more efficient and helpful than the
conventional one. This will assist the blind persons during the walk and provides an alarm if any hurdle is detected
within the set range.People with disabilities struggle a lot for their survival and in performing their day to day activities.
For visually challenged people, travelling independently from one place to another and to cross traffic lights [2] is one
of the most challenging tasks.Considering the situation of visually challenged persons, a smart stick has been developed
that can assist them to walk on roads and cross the traffic light safely and independently. The theoretical approach to
help visually impaired people by developing an electronic model [5].This smart stick is capable of detecting obstacles
with the help of an ultrasonic sensor to pick any object within a 180-degree path[5][6], detecting the traffic light color
and facial recognition with a camera module using Image Processing[9]. A speaker is embedded to give an audio output
whenever an obstacle is detected, during traffic light detection and facial recognition. The smart stick follows the
HAAR CASCADE algorithm as described in the methodology.

II. METHODOLOGY

HAAR CASCADE ALGORITHM: -1t is an Object Detection Algorithm used to identify faces in an image or a real
time video. The algorithm uses edge or line detection features proposed by Viola and Jones in their research paper
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“Rapid Object Detection using a Boosted Cascade of Simple Features” published in 2001[3]. The algorithm is given a
lot of positive images consisting of faces, and a lot of negative images not consisting of any face to train on.

e Positive images — These images contain the images which we want our classifier to identify.
e Negative Images — Images of everything else, which do not contain the object we want to detect.

Haar Cascade Detection is one of the oldest yet powerful face detection algorithms invented. It has been there since
long, long before Deep Learning became famous. Haar Features were not only used to detect faces, but also for eyes,
lips, license number plates etc. The models are stored on GitHub, and we can access them with OpenCV methods.This
algorithm is also used for traffic light detection using all the HAAR features. The pictorial representation of the traffic
light detection is shown in figure 1.

Figure 1: Pictorial Representation of Traffic Light Detection.

This section describes the flowcharts, methods and working principles used for the implementation of different
modules. It also describes some major components used in the circuit.

A. System Architecture

Raspberry pi
- :'- 4

Ultrasonic sensor

Speaker

Pi camera

This paper attempts to design a system whereby obstacles are detected in front of the user using sensors and where
obstacles are currently using a camera. The proposed system will perform image captioning on the scene captured
through the camera. This system will be using a Raspberry Pi, Ultrasonic Sensors, Camera Module and an Audio
Device. Here the sensors start sensing at the same time, so it does not cause any delay between any sensor. If there is an
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obstacle detected, then the sensor sends the echo signal to the Raspberry Pi. Then the Raspberry Pi calculates the
difference between the time of transmitting the burst signal and receiving the echo signal, using this time the Raspberry
Pi calculates the distance between the user and the obstacle by using Distance= (Speed of Sound*Time)/2. Then it
checks whether the distance of the object is less than the specified limit. If neither of the sensors is below the minimum
distance, the whole process starts again. If any sensor is less than the specified threshold distance, it tracks the direction
of the obstacle and uses a camera to image the direction of that point. The proposed system will perform Face
recognition on the scene captured through the camera. This system will be using a Raspberry Pi,Ultrasonic Sensors,
Camera Module and an Audio Device.This system is using button to toggle between the operation of the Raspberry pi.

B. Experimental setup
1) Obstacle detection: For obstacle detection, the ultrasonic sensor (HC-SR04) is interfaced with
Arduino Uno. The working of the Ultrasonic sensor is based on SONAR (Sound Navigation and
Ranging) and RADAR (Radio Detection and Ranging) principle. This sensor has been used to
determine the proximity of an object by generating higher frequency sound waves (Ultrasound). The
sensor’s receiver senses the reflected echo after the ultrasound waves strike an obstacle.

Figure 2: Ultrasonic Sensor Module interfaced with Raspberry Pi for obstacle detection.

Figure 3: Flowchart of obstacle detection.
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2) Audio Device:For the audio alert system, a speaker of 5V is interfaced with raspberry pi for the
audio alert when an obstacle is detected. An amplifier is used for the amplification of the audio
output. This audio device also helps the visually challenged person to receive an audio alert of the
detected traffic light and from facial recognition.

4

o

Figuré 4: Speaker interfaced with Raspberry Pi for Audio alert.

3) Pi-Camera Module: Pi camera module which is widely used to take high-definition photographs, as
well as high-definition video. It has a resolution of 5 megapixels. For the facial recognition system and
traffic light detection system, the Pi camera module is interfaced with raspberry pi. Both processes will
use the Pi camera module.Whenever a face is detected or a traffic light, i.e, RED/GREEN light is
detected, audio output is generated for the same. A button is incorporated with the stick to toggle between
these processes to optimize the performance of the raspberry pi.

Figure 5: Pi Camera interfaced with Raspberry Pi for Facial Recognition and Traffic Light Detection.
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Figure 6: Flowchart of Facial Recognition.
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Figure 7: Flowchart of Traffic Light Detection.
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IV. CONCLUSION AND FUTURE WORK

In this system the prototype of a smart stick has been designed to assist visually challenged persons to walk on roads
and to cross traffic lights independently. The main aim of this system is to act as a secure guard and help the blind to be
aware of their surroundings. In the future, it is also proposed to integrate all these modules into a well-designed smart
stick to meet real life requirements of visually challenged people.The smart stick can further be embedded with GPS
navigation and guiding system, voice recognition system, security and privacy providing features.
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