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Abstract

Visual Aids for the blind people is an important subject. Apparently visually impaired
individuals get impeded by certain hurdles in everyday life. This work proposes an indoor
navigation system for visually impaired people. In particular, the goal of this study is to
develop a robust, independent and portable aid to assist a user to navigate familiar as
well as unfamiliar areas. The algorithm uses the data from Microsoft Xbox Kinect 360
which makes a 3D map of the indoor areas and detects the depth and estimates the
relative distance and angle to an obstacle/human. To ensure the accuracy, Kinect tool is
enabled with a colour camera to capture real-time details of surroundings which are then
processed accordingly. Besides, the developed aid makes the user aware of
environmental changes through a Bluetooth enabled headphones used as audio output
device. The trials were conducted on six blindfolded volunteers who successfully
navigated across various locations in the university campus such as classrooms,
hallways, and stairs. Moreover, the user could also track a particular person through
output generated from processed images. Hence, the work suggests a significant
improvement for existing visual aids which may be very helpful in customisation as well

as the adaptability of these devices.
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Chapter 1

Introduction

1.1 Motivation

Visually impaired people suffer from some form of deprivation, which affects them
physiologically and psychologically. An estimate done back in 2007 recorded that half a
million Canadians have significant vision loss and around 5.5 million have major eye
disease which could lead to eye damage, which directly influences their quality of life. The
National Coalition for Vision Health report indicates a potential crisis in Canada in eye
health care. Moreover, vision loss is increasing at an alarming rate in Canada [1].
According to the World Health Organization in 2014, 285 million people are estimated to
be visually impaired worldwide: 39 million are blind, and 246 have a low vision [2].
Considering the future, the reason to worry is that the rate at which it is increasing is
around 50,000 people every year. The prevalence of sight impairment is expected to

increase about 30 percent roughly, which could be leading to a crisis in vision health.

The blindness or partial sightedness may be due to various reasons such as Age-
related macular degeneration (AMD), Birth, Injuries, diabetic retinopathy, glaucoma,

cataracts, refractive error and other Medical reasons [3].
Some facts about vision loss in Canada [4]:

* $15.8 hillion: Total annual cost of vision loss in Canada in 2007

« $30.3 billion: Projected total annual cost of vision loss in Canada in 2032



* Over 4 million: The number of Canadians with an age-related, blinding ocular

disease in 2007 (will double as the number of aged doubles)
For the vision health, the predicament is due to:

» Aging population in Canada

» Scarcity of eye specialists

* Medical cost of vision care is high

» Lack if precautionary programs and knowledge in people

» Lack of Research and development in eye care

This experimental study is necessary to provide the visually impaired individuals
with a device which can help then navigate indoors. Many people who got along with
these visual aids found these to be aids to be helpful in day to day life. Blind people feel
assistive technology trustworthy and helpful for navigating [5]. The device and the
algorithms are brought together to provide better vision as compared to the conventional
cheap sensors as those cannot produce the same quality output for various data, such
as Depth data, face recognition and voice recognition which is the prominent part for the

Kinect.

The exciting part about the Kinect Xbox 360 is that it is programmable using various
languages such as C++, C#, and Visual Basic.NET [6]. Moreover, it has open source
Application Programming Interface (API) for the developers and a lot more provided by
Microsoft (Kinect for Windows) itself. These API's help us to build Kinect-based

applications.



The generous and efficient way to help the user with the device which we have
programmed is by attaching it to the chest mount, and the Kinect will get us the dynamic
data which would be further processed in real-time, helping the visually impaired person

with decent directions messages of the surroundings through the audio output.

1.2 Research objective

Being blessed with all the sensory organs, we usually start taking our body for
granted. For people suffering from partial or complete blindness, even a little ray of light
is precious. Everyday tasks include much navigation, in which we as rational human
beings, don’t suffer many hindrances, due to our eyesight. However, for a visually
impaired person, accomplishing these simple tasks, without hurting themselves or people

around them, can sometimes prove very challenging.

The visually impaired people strongly agreed that the assistive technology makes
their tasks accessible and less stressful, that gives them more freedom to navigate in the

surroundings [7].

1.3 Method of approach

So, in this thesis project, a more reliable and better quality yet an affordable
prototypical device is designed that assists the user to navigate. Microsoft Kinect Xbox
360 device is the base for our research, to design it as the navigational tool. It is a robust

system, which contains an infrared sensor, infrared projector, a microphone array, and
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an RGB camera. Kinect is a boon for developers, allowing us to program this ideal device
for helping people navigate indoors using computer vision algorithms developed in C#.
All the information which we get from these sensors goes to the laptop where further
processing takes place. The processed data from the Kinect helps to further guides the
user with the aid of acoustic outputs from the computer to the individual to guide them
through the surroundings. For example, while walking through a room, it will prevent the
user from obstacles such as chairs, tables, walls, doors [8] and it will also help in the
stairway by alerting them through auditory guidance.

The integrated sensors in the Kinect are so robust that it even works in low light in
which most of our conventional sensors do not work. With this kind of device, we want to
provide the user with a better understanding of the very surrounding. Moreover, it is more
reliable, painless and inexpensive method to help navigate.

Specific scenarios experimented, to help the user navigate and the approach has
polished test results using the Kinect.

Three main scenarios tested in our study are,

1. Navigate indoors such as in classrooms and laboratories, guiding the visually
impaired person through obstacles such as tables, chairs, lab partitions, and cabins.

2. To able to detect the doors while in the hallways or corridors and to recognise
stairway going up or down.

3. Follow a specific person out of three in the lobby, with audio guidance through
Bluetooth headphones.

In the final part, we conducted some interviews with individuals (sighted human

objects with blindfold) who were the part of experimentation and used our prototype and



answered various questions regarding our assistive technology and how they felt while

testing it as the part of the project.

1.4 Thesis outline

This thesis consists of 6 chapters that walk the reader through different stages of
work. It will cover the aspects such as system development, research part, hardware and

software used for prototyping inclusive all the results.

Chapter 2 presents a literature review of the relevant work, done by the researchers
and published on similar technology around the world. Furthermore, it also discusses the

advantages and limitations of the various studies.

Chapter 3 provides information and introduction of the device used for the
experimentation, and all other perspectives such as the reason behind why we choose it,
the advantages, qualities, constraints and challenges of using it. It also describes the
working of the device.

Moreover, the chapter also discusses the navigational strategy of the user with the

device and presents the advantages of using a specific approach.

Chapter 4 describes the Kinect and the way it programmed for sensor fusion to get
various data such as distances and depth data, and Color images for image processing.

It also includes appropriate graphical representations showing the working of it.



Furthermore, this chapter gives the detailed explanation of the algorithms and codes
which run the Kinect to help the user navigate. The programming language, C# (C sharp)
contributes to building the platform for our device and further used for generating various

results.

Chapter 5 details the experimental data and discusses specific scenarios. It also
includes the review and implementation of using the Kinect sensor. Block diagrams used
to support the results from sensor fusion and prepared in a way to make the reader

understand the approach considering the navigation using the Kinect sensor.

Finally, Chapter 6 concludes the thesis by conclusions drawn and providing

recommendations for the further research.



Chapter 2

Literature Review

2.1 Background

The impact of any disability on an individual fluctuates broadly, in the case of visually
impaired people it varies as much as the variation in human personality itself. It is then
hard, to sum up on innovative guides which may help them to build up some possible

base from which to talk about the subject.

Blindness is sensory loss and reduced capability of vision. It makes even the simpler
tasks, impossible. The effort of the researchers to serve blind people by assisting them in
any possible way is impressive. Advancement in technology brought a boon in this field

allowing them to use various sensors and devices to help them.

According to the survey done in back 2014, World Health Organization (WHO)

revealed some shocking figures:

285 million people are estimated to be visually impaired worldwide: 39 million are
blind, and 246 have a low vision [2]. However, the only positive thing which came out of

this survey is that 80% of all visual impairment can be prevented or cured.



Globally the primary causes of visual impairment are shown in the pie chart below.

Others
13%
Onchocerciasis
0.8%
Trachoma 4
3.6%
Childhood
blindness

3.9% |
Corneal
opacities

5.1%

Diabetic
retinopathy

4.8%

Age-related macular
degeneration

8.7%

Cataract

47.8%

Glaucoma Source: WHO 04.138

12.3%

Figure 2.1 Global causes of visual impairment [3]

The literature review presented thrives for the research into visual aids for reducing
the affliction of the blind people. In last three decades, many solutions have been
proposed and were made available to the blind users through various sources such as

white canes, laser canes, binaural sensing aids, Braille and guide dogs for blind people.

There has been some innovation in the history which have survived until today with
minor changes in them, while some of those are yet to be thoroughly tested by a critical

field. Recently the rapid advancement in the technology helped researchers in the field of



electronic and computer technology to adapt and solve the problem for blind people.

There are some very fine, highly innovative aids now available to the area of blindness.

However, most of them are costly or not practically sound. Some people who got

along with these visual aids found these to be helpful in day to day life.

The need for today world is to design reliable aids of low-cost, yet capable of
delivering the right amount of information transfer to the blind person. Achieving this is
tough, but looking at recent studies in this field it seems to be a highly rewarding and will

be a test of one's technological stamina.

Blindness inflicts an individual's sense to perceive the surrounding environmental
conditions. However, the use of hearing and touch sense by the visually impaired people
help them through these day to day problems and reduces its effect onto their lives. The
major aspect of blindness is locomotion control and guidance relative today fastly moving

life for the people.

The primary requirement of any aid mobility is obstacle detection, and the cane can
only provide safety for the upper body. Moreover, this technique is not foolproof against

all kinds of environments with different kinds of hazards and obstacles.

The technological solution for the visually impaired people is achieved using
computers and various electronic sensors. Otherwise, is an impossible task to provide a
blind user with a device to help them navigate. A logical trail at the right moment might

make undertaking conceivable.



To help blind people navigate, we need to detect the prompt environmental
conditions for obstructions to travel. Moreover, it is required to explore obstacles and

hazards which the regular aids cannot notice.

Furthermore, unforeseen obstacles in various routine tasks planning severely hinder
the navigation of the blind individual. Moreover, exploring obstacles and hazards which
the regular aids cannot notice. The circumstances above lead to user's unwillingness to
travel and restrict themselves to a confined space despite having an aid [8]. Moreover,
these aids are not foolproof and do not provide hassle-free navigation assistance against

all kinds of environments with different kinds of hazards and obstacles.

The visually impaired people do not have the freedom to navigate without
assistance, as the information regarding the environment is not within the sensing limits

of laser canes and ultrasonic obstacle avoiders [9].

Navigation system for blind has been studied by various researchers to increase the
mobility of the blind. However, they were only concerned with guiding the user along a
predefined route [10]. The evaluated guidance performance was best with virtual display
mode for this study. Following year, a group of researchers aimed to provide blind people
as much information about their immediate environment, by capturing the form and the
volume of the space in front of the blind person and send it back to the user in the shape
of a sound map using headphones in real time [11]. These studies were based on the
creation of virtual acoustic space (VAS) [12] giving the person more independence of
orientation and mobility. Fundamentally, VAS is the perception of space using only sound.
As researchers started working in this field they wanted a delimitation of observed

capabilities. The study of the developed prototype in everyday life conditions, on exploring
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how blind people learn to use new strategies to improve their perception of the
environment and the exploration of the possible cortical brain areas involved in this

process, using functional imaging techniques.

The noteworthy disadvantage for the blind is the lack of information regarding the
surroundings where they can easily miss out on obstacles, landmarks, and their velocity,
which are most necessary to a sighted individual to navigate through familiar or unfamiliar

environments.

In the present generation, people addicted to social media and visual media tools
and other applications, for the blind people seem to be an impossible task. Various tools
for assistance have helped people suffering such as screen readers, braille terminals,
screen magnifications and paper embossing. Nonetheless, these solutions remain limited
when it comes to accessing and understanding visual contents. Another device attempted
to aid in blind people for interacting with image contents and indoors navigations,
presented in work [13] as an alternative to previous studies by using vibrating screens for
a better understanding of the digital image contours. This approach allowed blind people

to have a better understanding of various situations and contents.

2.2 Electronic Travel Aids

Electronic Travel Aids (ETA), have been used by researchers in the past [14] as an
assistive device which transforms the environment surroundings into another sensory

modality. These aids have proven to help visually impaired people navigate with high

11



confidence, physiologically and psychologically. These devices can detect obstacles in
the path of the user. ETAs has three building blocks, the sensors, software interface, a
feedback mechanism [15]. The sensors transmit the data to the system, which is further
processed using the designed software and sends the user with the surrounding
information, and a real-time feedback helps so that there are no hindrances in the user

way.

Many ETAs reviewed in this study used various sensors for collecting environmental
surrounding conditions for the user. Some of the sensors used are ultrasonic, pyroelectric,
inertial devices, GPS, phone cameras, stereo cameras, sonar, depth sensors and so on.
The data inputs from these sensors get processed using various processing tools such
as programming languages on a computer, microcontroller, control box, remote server,
and the blind users get only the useful or necessary information, by using audio outputs

or vibration feedback/ tactile feedback.

Many other studies showed that blind users need aids to navigate and detect

obstacles in their path to help perform wayfinding.

These devices have limited usability as they have lot many assumptions for the
environment such as less crowded testing conditions, not many moving people, obstacles
at the same place or familiar environments and can't navigate without actually touching

the obstacle.

12



2.3 Sensory Technology and Computer Vision

Algorithms

Some research work used ultrasonic sensors to augment the performance of the
guide cane [16], [17]. These sensors helped the user to detect barriers and steer
accordingly, which proved better as compared to usual cane, as guide cane provided path
easily and without much efforts. The use of laser and vision sensors [18], [19] enhanced
user's confidence while navigating and was a reasonable mode for providing high
information in real time using laser triangulation system. In 2011 [20] a group of
researchers provided an overview of the literature available on assistive technologies with
the focus on aspects such as assistance device for the daily life use an indoor/outdoor
navigation in a dynamic environment. They also provided the list of solutions available for
helping visually impaired people, such as navigation system, obstacle avoidance, and

obstacle localisation.

Another related work presented an algorithm on Speeded-Up Robust Feature
(SURF) [21] to assist blind people providing them information about a safe path to
navigate by recognising movements of the object that interest user. This system
specifically addressed the trajectory estimation at the pedestrian crossing to help visually
impaired people. However, the functionality of the presented system which used GPS

and Kinect camera was not precise and was limited by its purpose.

Many research groups made efforts to create electronic aids for the blind. After the

advancement in the area of computers and electronics, a stereo vision based navigation

13



assistance was developed in 2010 [22]. In this study, a head-mounted robot vision for
visually impaired is presented, which incorporates visual odometry and SLAM and tactile
vibration motors give the output. However, this study was not foolproof as it was not useful
in many realistic conditions and even the device used was inefficient and had many

constraints.

The development in technology helped the blind people to overcome the difficulties
that the dog and cane do not respond. Electronic and sensory substitutions contribute to
transforming the data from the source into another sensory modality (auditory or tactile).
The paper addresses that the recognition and localisation of objects are necessary to
provide travel assistance for mobility to the blind. Which further helps in navigation and
identifying objects. Fast and robust algorithms (Scale Invariant Feature Transform)
contribute to recognising objects in a video scene [23]. The major drawback of this study

was that it was not real-time.

The ability of white canes is insufficient to provide hassle-free navigation assistance
to the blind person and moreover cannot detect all the obstacles. The inability of blind
people to perceive their surrounding is the reason why researchers all around the world
are coming up with various navigation systems. Another group designed and built a cost-
effective navigation system for both indoor and outdoor environments with the purpose to
assist blind people [24]. They used the ultrasonic sensors/ sonar for getting the range of
the obstacle and also used a microcontroller for data processing. The feedback

information is transmitted using voice and vibration means to the user.

The aim of most of the available systems is to provide help to visually impaired

people without and secondary help from another person. In a survey done in 2014 [25],
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proposed a new framework by overviewing the essential aspects which will help visually
impaired individuals and additionally provided possibilities of some other capabilities
which augments for better results. They also listed some challenges in various areas
which still require further research and development. The evaluation and comparisons
made in this study proved that for obstacle detection, image processing has a significant

role.

Further, they also proposed a scheme for the following capabilities such as obstacle
detection, object identification, path and door detection, feature extraction for various
objects, and digital reading contents. All these capabilities mentioned above need have

an excellent image processing techniques and gesture recognition.

Developing a computer-aided tool/vision system is another solution to assist the
blind user and is still a developing area. The aim of most of the available systems is to
provide help to visually impaired people without any secondary help. A survey done in
2014 [25], proposed a new framework by overviewing the essential aspects which will
help visually impaired individuals and additionally provided possibilities of some other
capabilities for better results. They also listed some challenges in various areas which
still require further research and development. The evaluation and comparisons made in
this study stated that for obstacle detection, image processing has a major role.
Furthermore, they also proposed a scheme for the other capabilities such as obstacle
detection, object identification, path and door detection, feature extraction for various
objects, and digital reading contents. All these capabilities mentioned above need to have
an excellent image processing techniques and gesture recognition. Indoor auditory

navigation system [26] presented in this study assists blind and visually impaired people,
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using computer vision and markers in the environment. The user navigates in the
surrounding environment using a webcam attached to the system. Whenever web camera
detects a particular marker, audio assistance provides the user, with valuable information

that enables them to navigate independently in the environment.

NAVI refers to systems that help or guide people; this system was designed by [27]
after a review in this field [28]. This main idea behind this study is to make a person aware
of the path and the obstacles in the path. The proposed system consists of sensors (depth
and RGB sensors) embedded in shoes, control board and a response system (vibration
and voice assistance). [29] An Ultrasonic Assistive Headset was developed for visually
impaired and blind people. This headset guide user for obstacles using ultrasonic
sensors, microcontrollers, voice storage circuit and solar panels. This device can be
utilised both indoors and outdoors and can avoid obstacles quickly and accurately. [30]
In their study Simultaneous Localization and Mapping Algorithm (SLAM) was used for
visually impaired people for outdoor navigation. They used Android-based mobile phone
having sensors such as an accelerometer, gyroscope, proximity and ambient light sensor.
An application based on death reckoning SLAM algorithm is used for tracking and alerting
user for obstacles. Vibration to audio signals was used to assist the blind person to follow
the appropriate path. Another research presented by [31], is a wearable assistance
system for helping visually impaired people. The system uses a stereo camera and sends
acoustic feedbacks. The experimental study uses basic scene understanding, head
tracking, and sonification that allows the user to walk in an unfamiliar environment and to

avoid obstacles safely.
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2.4 Summary of Literature Review

A summary of all the literature discussed above is depicted in Table 2.1.

Research Group

Research Focus

Components used

Uses

AGV, Kalman filter

Obstacle detection

[32] Sensors, camera o
based model and navigation
Location-based
[33] GSM based navigation | GSM and GPS services and voice
feedback
SLAM, visual odometry, Navigation
) ) Stereo camera, )
[22] tactile cueing system o assistance, obstacle
- vibration motor _
and stereo vision detection
Computer vision based
_ Edges, corners for
[34] door detection Camera and computer _
) door detection
algorithm
Digital video camera
fixed on the headgear, _
Stereo sound and Obstacle detection
[35] . _ Stereo earphone, o
image processing _ _ and navigation
SBPS with chassis,
NAVI vest
_ o Array of vibrotactile o
Kinect real-time image Wayfinding system,
[36] _ elements, helmet, o _
processing . collision avoidance
Kinect sensor
Sensors, acoustics
[37] Stereo vision mapping | devices, stereo vision | Obstacle detection
camera
o Wearable computer,
Stereo vision, Image )
_ Stereo camera as Obstacle detection
[38] processing, fuzzy

inference

vision sensor and

stereo earphones
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Computer vision based

approach, fiducial

Artoolkit markers,

Navigation guidance

using auditory

[39] Kinect camera, audio )
markers are used, _ _ assistance
_ _ information
image processing (obstacles)
Safe trajectory at a
SURF (Speeded-up _ _ _
Helmet, Kinect and pedestrian crossing
[21] Robust Features) _
) GPS and Object
algorithm N
recognition
Video camera, sound Object recognition,
[40] SIFT, neural network o _
systems finding objects
RGB-D mapping, 3-D modelling of the
[41] PPINg Kinect _ _ g
SLAM indoor environment
VizWiz:: Locate it, _ o _
iPhone camera, Finding arbitrary
remote server, ) .
[42] o _ Remote server, remote | things in the
sonification, real-time .
o worker environment
computer vision
Edge detection, corner _ _
[43] ) Video camera Door detection
detection
(44] Depth sensing, OpenNI | Xtion Pro, headphones | Detecting humans
framework and laptop and avoiding objects
White cane, numeric ) )
_ Objects, chairs,
[45] Depth sensing keypad, ups battery, .
_ upward stairs
Kinect sensor
o ) Video camera and _
[46] Basic image processing Obstacle detection
sound system
Capacitive Touch o _
. Navigation, audible
GPS-GSM based Braille keypad, _
[47] o . message and haptic
navigation assistant SONAR and smart
. feedback
SMS Facility
(48] Depth based obstacle LEDs, Asus Xtion Navigation and

avoidance

sensor, computer

Obstacle avoidance
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Both sensing and

Ultrasonic sensor and

Obstacle detection

[49] _ _ and obstacle
image processing USB camera ) o
identification
SIFT (Scale Invariant o _
Recognizing objects
Feature Transform), _ _
_ _ _ in the video scenes
Video recording, voice _ _
[23] o Video camera and an auditory
translation, image _ _ _
_ _ system to identify this
processing, visual _ ,
o information
distribution
o _ Ultrasonic sensor,
Vibration and voice- _ _ _
o microcontroller, voice | Obstacle detection
[24] operated navigation _ o o
renderings, vibration and its distance
system
motor, sonar
Door detection method The detailed
(50] (depth and grey level Xtion depth sensor, configuration of
images), image voice output IC stairs, steps, curbs,
processing obstacles, etc.
Computer vision based _ o _
o Artoolkit markers, Navigation guidance
approach, fiducial _ ) )
[26] camera, audio using auditory
markers are used, _ _ )
. _ information assistance
image processing
RGB sensor, obstacle o
o Navigation, obstacle
[28] NAVI sensor, vibration . .
_ _ detection, distance
motor, voice assist IC
Ultrasonic sensor,
Ultrasonic Assistive microcontroller, voice .
[29] o Obstacle avoidance
headset storage circuit and
solar panel
_ Coloured camera and ) _
Augmented reality Object distance,
depth IR camera, ) _
[30] glasses, SLAM, audio assistance,

sonification

micro projector, control

box

obstacle detection
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[51]

Computer vision, voice

recognition

GIS and GPS, mobile

Navigation based on
static and dynamic
data, optimised
routes based on user

preference

Table 2.1 Summary of Literature

The literature studied for this thesis tells us that there is much scope for

improvement in case of visual aids for visually impaired or blind people. There have been

a lot many solutions provided by various researchers to help address these problems, but

much of those are just limited to specific area.
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Chapter 3

Methodology

The need for today world is to design reliable aids of low-cost, yet capable of
delivering the right amount of information transfer to the blind person. Achieving this is
difficult, but looking at literature as discussed in chapter 2, recent studies in this field it
seems to be a highly rewarding and will be a test of one's technological stamina. In order
to design our product, an iterative process was used for its development methodology.
The design process is divided into three stages: Problem specification, Iteration, and

conclusion [15].

Problem Specification

Component Selection
Process

Design Process

«  Kinect Sensor *  Algorithm
* Battery Pack Preparation
= Laptop » System Design

Evaluation Process

* Algorithm testing

* Feedback
evaluation

Figure 3.1 Project Design Methodology [52]
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The first phase of this process was to specify the problem, in which an extensive
literature review is presented in the second chapter where various aids have been
evaluated and studied. To improve the final products lot of iterative measures were taken,
such as the blindfolded sighted users were interviewed for their views and perspectives
about how they feel after using this navigational aid. Moreover, then make changes to the

design and the program accordingly and incorporate these into the final product.

After an extensive overview of the problem, the second phase was to select the
best-suited components which are cost-effective, robust, non-intrusive. For this Microsoft
Kinect sensor for Xbox 360 was chosen because of its affordability, open source

accessibility and accuracy as compared to the conventional sensors.

Now the very next need for the system was to provide the Kinect sensor DC power
supply as the prototype would be used for navigating. So, a portable power supply was
used for its dynamic working. The third most important component was the laptop which
was used to run the Visual studio in which the algorithms were written for running the
Kinect sensor accordingly to help the visually impaired user. As the navigation process
needs real-time image processing, therefore the laptop chosen for this was powered with
latest specifications and a fast processor. The above-mentioned design process is

integrated with the components and is evaluated with the help of blindfolded individuals.

This cycle which has design, development and testing phase helped to improve the
overall system. The integration of all the components and user feedback led to the
development of the working system. This small loop helped to find the limitations and
other loopholes. This led to the implementation of QR code technology to augment the

Kinect sensor output and provide the visually impaired better navigational guidance.
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To help blind people navigate, the feedback from each stage helped improving the
final system in a way to detect the prompt environmental conditions for obstructions to

travel. Moreover, the final working system with the iterated algorithm is tested.

3.1 System Configuration: Microsoft Kinect

In this study, a computer vision system for navigation is proposed which is not
limited to the sensor itself; it comprises of three main components. These components
have their unique functionality, first Microsoft Xbox 360 Kinect sensor, used for collecting
the environmental information (both depth images and RGB images). The second is the
image processing algorithm written in C sharp language, performed on a laptop, and the
final element, a Feedback system which assists the visually impaired person in navigation

by providing directional information through auditory output using Bluetooth earphones.
3.1.1 Microsoft Kinect

Microsoft Kinect sensor was introduced for Xbox 360 gaming platform by Microsoft
Corporation in 2010 as a gaming accessory for the console. It received high appreciation
and sold more than 10 million devices by early 2011. Right after its launch the computer
vision scientists and developers started using Kinect as a potential device for sensing
purposes. The ease of using it and programming it as per needs provided with open
source development kits it became a tool for non-commercial purposes and encouraging
further interests in the device. Kinect software development kit (SDK) allowed developers
to write Kinect based apps in C++/CLI, C#, or Visual Basic .NET [53]. The cost-

effectiveness and qualitative depth imaging of the Kinect sensor gave it an upper hand
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over the conventional sensors. The Kinect is also very well documented, with multiple

SDKs available.

Technological innovations led to Microsoft Kinect for Xbox 360, a motion sensing
device for a video game consoles [53]. Onboard it has depth sensor, IR emitter, RGB
camera, multi-array microphone and a motorised tilt. RGB (i.e. red, blue and green) and

depth streams use 8 bit and 11 bit VGA resolution video stream.

IR Emitter Color Sensor
IR Depth Sensor

Tilt Motor

Microph(;ne Array

Figure 3.2 Kinect Sensor [54]

The colour sensor captures and streams the colour video data at 30 frames per
second (FPS) with a resolution of 640 x 480 pixels or 1280 x 1024 at a lower frame rate.
The field of view (FOV) for the camera ranges from 57 degrees horizontal and 47 degrees
vertical. Kinect is capable of generating an image-based 3D reconstruction of an object
or a scene. The processing is done using depth data with a stream resolution of 640 x
480 pixels. Kinect can capture a user standing between 0.8 meters and 4 meters which

are the depth sensor range.
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Figure 3.3 Kinect horizontal Field of View in default range [55]

In near range mode, Kinect can see people standing between 0.4 meters (1.3 feet)

and 3.0 meters (9.8 feet); it has a practical range of 0.8 to 2.5 meters.

Figure 3.4 Kinect vertical Field of View in default range [55]
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The sensor has been used by various researchers for visually impaired or blind aids.
Interestingly, applications pertaining healthcare system have captivated the most

research and advancement interests.

3D
Reconstrucition

Virtual Reality
& Gaming
Motion Slgn Language
Rrecognition Recogmtlon

Natural User
— / \\
Education & Robotics Control
[Pen‘orming Arts | | Healthcare Retail l Training | & Interaction |

Physical Medical Fall
Therapy Operation Detection

Figure 3. 5 Primary Kinect application categories [56]

Leading application areas of Kinect is demonstrated in Figure which ranges from
healthcare, education, retail, training and gaming to robotics control, natural user
interface, sign language recognition, and 3D reconstruction which has a substantial
impact on 3D printing advancement. It has proved to be a more accurate and precise for

navigational purposes.
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3.1.1.1 The Kinect Technology

Depth and colour data are recorded at the same time at a maximum rate of thirty
frames per second by the Kinect sensor. A coloured point cloud including approximately
three hundred thousand points in each frame is resulted from combining the depth and
colour images data. An elevated point density and also a total real-time point cloud of an
indoor area can be acquired by recording the consecutive depth data. An examination of
the systematic and random failures of the data is required in order to fully apply the
mapping potential of the sensor. In order for the depth and color data to be aligned
properly, the systematic failures should be firstly addressed which is associated with the
recognition by a mathematical model of depth measurement and its calibration

parameters [57, 58].

The Kinect depth image data is displayed on the output screen by the process
shown in figure 3.6. [59] The Prime sense chip sends a signal to the IR projector to start
emitting an invisible electromagnetic light onto the object or the scene. It also sends the
signal to IR depth sensor to initialize and capture the depth stream and this information

is sent back to the chip where the frame by frame depth stream is created for the display.
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Figure 3.6 Kinect Depth Data Processing
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A Kinect camera uses triangulation method for measuring the depth of objects. The
IR projector projects the laser pattern which gets reflected by the object in the sensing

range and IR camera triangulates it for depth map by recapturing the projected speckles.

Following the projection of the speckle onto an item, the speckle’s location will be
moved in the baseline path between the projector and the perspective centre of the
infrared laser. A disparity image is resulted from measuring all speckles by a simple image
correlation process. The distance from the sensor can be retrieved from the disparity
image for every pixel. Figure 3.7 demonstrates the measurement of depth from the

speckle pattern.
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Figure 3.7 (a) Raw image from infrared camera showing emitted IR pattern as

projected on a recliner chair, (b) Corresponding depth image [60]

o Reference Plane

Object Plane

0 Zk

L
IR Camera IR Projector

& »
<« la}

Figure 3.8 Schematic representation of Triangulation method [61]
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Figure 3.8 demonstrates the three-dimensional coordinates of the item points; a
depth coordinate system with its origin at the perspective centre of the infrared sensor is
defined. The Z-axis is perpendicular to the image plane towards the object, the X-axis
which is perpendicular to the Z-axis is in the direction of the baseline b (the distance
between the infrared camera center and the laser projector), and the Y-axis is

perpendicular to both the X and Z axis leading to a right-handed coordinate system.

The ratio of disparity D and depth distance d may be obtained as [61, 62]:

D (Zo_zk)
bz 1)

The coordinate system has its origin at the centre of the IR camera. Z and X axis
are perpendicular to each other. b is the baseline between the IR camera and the IR
projector, zo is the assumed position of the object on the reference plane, and zk denotes
the depth or the distance of point k in object space. In Equation 1, D is the displacement
of k in object space or the disparity of object’s position between the reference and the

object plane.

Further, the ratio of intrinsic parameters and depth parameter is given by.
f 7 (2)

Where d is the depth distance/ observed disparity, and f is the focal length of the

Infrared Camera.
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By substituting D from equation 2 into 1 and expressing zk in terms of other

variables, zk is obtained:

b= 3)
f xb

The above equation 3 is the fundamental mathematical model for obtaining depth of
the witnessed disparity provided if the constant variables zo, f and b can be identified in

the calibration process.

3.1.2 System: ASUS Rogue

Asus Rogue laptop is used as the processing platform for navigational aid. It houses
a powerful Intel i7 processor which runs Windows 10 which is compatible with running
Microsoft Visual Studio 2015 and very much capable of running Kinect. It can run the
heavy algorithm for real-time image processing without any visible time lag. The laptop is
carried in a backpack to carry over the shoulder by the user. Figure 3.9 shows the

blindfolded user equipped with the navigational aid.
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Figure 3.9 Person equipped with the system

3.2 System Operation

When the system runs the algorithm, Kinect sensor starts capturing the depth and
RGB data within the vertical and horizontal range of the sensor. This data is then sent
back to the laptop for image processing in real time without any noticeable time delay and
provides useful directional feedback to the user through the connected Bluetooth
earphones figure 3.10. The Kinect sensor, shown in Figure shows the person equipped
with the kit, where the sensor is mounted on the chest using GoPro chest mount right at

the centre which makes it robust, portable and stable shown in figure 3.11. The Kinect is
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powered by chargeable 6000 mAh Li-lon, 12V DC portable battery pack shown in figure
5.12 which can power the system for almost 8 to 10 hours. The image processing is being

performed on the Laptop in the backpack.

Figure 3.10 Bluetooth earphones Figure 3.11 Go Pro mounts

85mm/3.36in

Figure 3.12 Power Source
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Chapter 4

Software Design and Implementation

As discussed in the previous chapter, Asus laptop is used as the computing system
which runs Microsoft Visual Studio 2015. Visual Studio is an Integrated Development
Environment (IDE), used for developing various applications such as websites, web
pages, web applications and mobile apps. This software development platform from
Microsoft is provided with API, Windows Forms, Windows store, Windows Presentation

Foundation (WPF) and Microsoft Silverlight.

Microsoft Visual Studio provides opportunity to developers to build applications
using different programming languages such as C, C++, and VB.NET (via Visual Basic
.NET), C# (via Visual C#) [63]. This software is also available for free for Community

edition.

4.1 Introduction

Specific scenarios experimented, to help the user navigate and the approach has

test results using the Kinect.
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Three main scenarios tested in this study are,

1. Navigate indoors such as in classrooms and laboratories, guiding the visually
impaired person through obstacles such as tables, chairs, lab partitions, other individuals

and cabins.

2. To detect the doors and name the classrooms and labs by their names or

numbers while in the hallways or corridors and to recognise stairway going up or down.

3. Follow a specific person out of three in the lobby, with audio guidance through

Bluetooth headphones.

For the testing mentioned above scenario’s, the system is designed for two different
modes of guidance in accordance to the needs of the visually impaired person. In the
Normal Mode of guidance, the user can roam freely indoors and make their way to their
destination, where they would be informed about obstacles (both on ground or hanging),
persons in their way, as well as stairs. Moreover, if in some case they do not receive a
precise information, they are backed up with Quick Response Code (QR) which are put
on at various locations in the building premises. These codes are readable much faster
and can store a significant amount of information. Moreover, the user can get information
such as stairs going down/up and some stairs, elevator and level information. The other
mode of guidance is Follow Mode; in this mode, the visually impaired person can follow
a particular person for navigational help and it would assist will not be altered even if

anyone is in the range of the sensor.
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Figure 4.1 shows the configuration of the system [50]. The algorithm used for image
processing converts the data from the depth and RGB images, pixel by pixel, into various
surface features as shown in the system configuration. It is then further processed and
segmented into separate regions, and then it looks for the scene entities in these areas.
Then these scenes are divided into left, centre and right region to assist the user which
way to go avoiding all kinds of obstacles. QR code algorithm helps to scan various codes
using in our study which store all the relevant data which the Kinect sensor can miss out;
such as the depth data for stairs or number of stairs, elevator information, lab and

classroom numbers.

Kinect Sensor

[Deplh image ]——[ RGB Image ]

[ Flatness, Ascent, Decent, Steep ]

L ¥ ¥ ¥ ¥ ¥

Floor Overh.angmg Stairs up Stairs Down Wall Obstacles
Objects
A
| Person
A
Auditory
Instruction

J‘

l

Figure 4.1 System Configuration
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In the Follow mode, the depth camera is used with the help of image processing and
skeleton tracking based approach to follow the nearest person to the camera. The sensor

will not take account of other people passing through and will guide the user accordingly.

The complete experimental process until the directional feedback including
Information collection and processing is a real time which makes it effective electronic
aid. The final design uses C sharp libraries from Microsoft, OpenCV image processing
libraries (Emgu CV), Zxing QR and Microsoft Kinect SDK. By framing all the above open
source libraries, we accomplished this system, which helps visually impaired user to
navigate. Avoiding all the obstacles and letting the user know about the environment. This
all is done by initialising Kinect, and once it starts the process, it must capture and store

all the depth and colour data and process its pixels to useful information.

4.2 Kinect Interface and Working

The task of the Kinect applications is to detect and initialise the Kinect device. Once,
it starts the sensor the algorithm application must initialise and start capturing depth data
stream and colour data from the surroundings. The SDK provided by Microsoft creates
the interface between the Kinect application and the application. The sensor is accessed
by calling the driver using API from the application. APIs help to directly talk to the sensor

hardware, and processing the data captured by the sensor.

4.2.1 Kinect Initialization

The project is created in Microsoft Visual Studio 2015, using C# language in

Windows Forms Applications (WPF). To use Kinect libraries, it must be referred in the
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solution explorer. Most of the class are provided as part of SDK libraries, which help in
Kinect operations. Kinect sensor working is simply initialisation (start the sensor),
operation (colour stream, depth stream, skeleton tracking) and un-initialisation (stop the

sensor).

The Kinect status is presented in the flowchart in the figure below which explains

the different status of the device in various scenarios.

Once the device is connected and the power is turned off, it will show the
NotPowered status. Similarly, unplugging the device from USB port will return the
Disconnected status. If you plug it back in or turn the power on, it will first show the

Initializing status before changing to the Connected status.

Turn Power ON
r—————-—-——-—- == - Initializng [@= === === === ———-

1
1
1
1
i

S —— |

Unplugged from USB port

____________ { Disconnected J

Figure 4.2 Kinect Status
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Now, when the program starts, it makes sure that the Kinect is connected to the

computer or laptop. If the system does not find any sensor connected, it will return the
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program with error and exits. And if the Kinect is found the program proceeds normally.
Then, various SDKs helps to connect to the inbuilt sensors for further use. The program
now starts running various data streams using the Kinect Libraries, OpenCV to record the
surrounding environmental data. As the processing of data is real time, so each stream
always ready to indicate changes when new data is available. The data streams contain
various surrounding elements such as obstacle (chairs, tables, partitions), floor, walls,
doors, and people. Image processing pixel by pixel helps to differentiate between all the
above-mentioned elements. Once the streams are initialised successfully it, then send

the audio feedback else if does not initialise with success it will go through error and exit.

Initialize
data
stream

o J =

Error,
And
Exit

Data Collection

[.]
L

l Success

Communicate with audio
feedback

Figure 4.3 System Initialization

39



4.2.2 Skeleton Tracking

The integrated sensor on Kinect is so powerful that is can help tracking human

movements and their skeletal which eventually helps our system to allow follow a specific

person.
~ -
4 ]
/00N D é’?
(e
Raw Depth Data Inferred Body Inferred Joint

Segments Proposals

Figure 4.4 Process flow that creates joint points from raw depth data [64]

It uses a rendering pipeline process to process the depth data and matches it with
the decision labelled data to generate the inferred body segments as shown in the above
figure 4.4. So, once all the parts are identified based on the labelled data the sensor now
starts identifying the body joints. And finally, it tracks the human skeleton and body

movements [64].

The Kinect sensor uses the IR sensor that can recognise up to six people within its

sensing range and skeleton application helps to track two users and their movements.

Kinect SDK comes with a skeleton estimation application from which we can obtain
a stream of skeleton frames directly in real-time. The figure below shows the motion

tracking analysis with Kinect sensor.
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Figure 4.5 Motion Tracking [56]

Skeleton estimation process is shown in the above figure 4.5. Kinect senor retrieves
the depth data stream which contains one or more individuals in the sensor range. Now
the process starts to get the Kinect skeleton frames, in which human subject foreground
extraction is done from the depth frames. Then the processed data is matched against
the trained model to estimate the pose, which helps to infer the position of skeleton joints
and subsequently refined. Motion recognition now can be done once we have the

information for the human skeletal. And further, the feedback is provided to the user.
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Figure 4.6 Tracked skeleton with a total of twenty joints [65]

The Kinect sensor can detect up to twenty joints from human’s skeleton as shown
in the above figure 4.6. For our study, we have used position only tracking state which

only provides the information about the position of the user, but doesn’t show the joints.

4.2.3 Connecting Kinect to Visual Studio

Now once the system starts collecting data. We need to create the reference of all
the libraries used such as Microsoft Kinect, EmguCV, and Zxing. The program is written

using C# by creating WPF file.

The algorithm is discussed in the appendix at the end of the thesis report.
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4.2.3 System Workflow

First, the program is run on the laptop in Microsoft visual studio. This starts the flow;
it checks if the Kinect sensor is plugged in and connected to the system. If in case this
function ends with no which means that the Kinect sensor is not connected it will return
with an error and exit. Provided that the decision be yes which means that the Kinect

sensor is found, then with the help of SDK it will open a connection with the sensor.
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Figure 4.7 System workflow
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Once the system is connected and can interact with the Kinect, it will send a signal
to both RGB and IR depth sensor to start the streams for colour and depth frames as
shown in figure 4.7. The RGB camera stream thus provides us with the QR code scanning
for the audio output to the user which is done with the help of ZXing open source library
which helps to scan the code and read the information stored. The Depth camera streams
provide us with the skeleton tracking which is discussed in the above section, and it also
helps to provide information about all kinds of obstacles. The image processing for the
depth sensor is done using EmguCV which is an open source library which helps to find
different contours, skipping objects by different width ranges, able to count people in the
sensor range and take all the necessary decisions which help the user navigate. It also
helps in the speech synthesis which further provides the user with the necessary audio
information. Then finally both the streams are displayed on the laptop screen running at
640 x 480 at FPS 30 without any visible lag.

The figure 4.8, shows the flow process for the free mode of guidance. Once the user
starts navigating using this mode the very first thing the program looks for is the QR code,
if in case no QR code is detected by the colour camera then the depth camera will start
and look for the surrounding obstacles and provide the user with auditory output
necessary for navigation. And in case the camera detects the QR code then it will say the
information stored using the Bluetooth earphones.

For the follow mode of guidance, before iterations were done, we assumed that
there is no one interfering with the user and person being followed. In this case, the depth
camera will help to locate the motion of the subject being followed using skeleton tracking

and guide the user accordingly ignoring another human in the surroundings. However,
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after the feedback from the blindfolded test subjects, another major iteration was done
which improved the system. In this follow mode testing, instead of using the skeleton track
we decided to follow a person with QR code at the back and the sensor will keep on
following that QR even if there is any interference of another human which would be

ignored by the system.
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Figure 4.8 Free Mode of guidance
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4.2.4 Software Interface

As discussed above the program is written in Microsoft Visual Studio 2015, using
C# language as WPF application. The screen is divided into three different section
displaying three different data streams as shown in figure 4.9. The first one is the colour
data stream which is used for QR code scanning and better Image results. The second
sections show the depth stream which gets us the distance of obstacles from the user.
The third and the most important is the processed image data stream. Which helps the

user to navigate based on the auditory guidance.

Info

2Go Stright

[v] Follow Mode

Figure 4.9 Figure: Software Interface

As we can see that the third section of the screen is further divided into three
subsection columns wise, this is to make sure to help the user know which way to move.

As these are three equal sections showing left, straight and right regions for navigation.
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For the Image processing, the Microsoft WPF sample algorithm is used as the second
project. The algorithm presented in this study is dependent on the above-mentioned
project to get functions such as image viewer, joint mapping, Colour Viewer, Kinect audio
viewer, Kinect depth viewer, Kinect Diagnostic viewer, and skeleton viewer.

The settings on the right column can be adjusted according to the surrounding
environmental needs. The info tab shows the audio information sent to the user. As in the
above figure, it shows the user going to the left, so the info bar sends audio guidance
asking the person to go straight. The algorithm is programmed in such a way that in follow
mode it will only track one human being which is being followed and will neglect all other

passing by in the environment.
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Chapter 5

Results and Discussions

5.1 System Testing

Experiments are performed indicating different scenarios. As described in the
previous chapters, the Kinect sensor was used. In both the guidance modes, the decision
making for visually impaired people improved and was accurate in detecting obstacles
and humans. The algorithm was written in C sharp language in Visual Studio software.
The data processing helps to get only the required information out of the large

environment.

In the arrangement with an IR sensor, IR projector and an RGB colour camera
contributed to help blind people for indoor navigation. Experiments were performed in the
University building where there were not more than four humans in the surrounding areas
or corridors to reduce the risk of unwanted injuries or distractions. Taking into account the

assumptions during the testing the use of the system is limited in some areas.

Our system provides blind users with the ability to navigate unfamiliar indoor
environments by communicating the presence of tables, chairs, other obstacles, walls,
elevators, stairs, and people. A total of six users participated in this experimental study
using both normal or free mode guidance and follow mode guidance. Two of the test
subjects were from another university so they were unfamiliar with the test course

environment while the other four being from same university. Each user carried out two
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trials for the path specified for the system testing, which means a total of twelve trials
were conducted for each mode. The obstacle test course is designed in such a way that
the user does not get into any accident or injury. All the safety measures were taken while
performing the experiments. There were few assumptions taken into account such as
there would not be more than four people while navigating in corridors, QR codes were
attached to most of the dead ends and labs to increase the accuracy of the system. The

above-mentioned functionalities are intuitive for the user.

To determine the efficiency and accuracy of the final system, all the test objects
were questioned about the physiological and phycological effect while navigating by
entirely depending on the device. Moreover, they answered about the ease, and accuracy
of using the assistive device. All the mentioned user experience were mainly assessed

by seeing the user able to avoid the obstacles in their pathway.

The novelty in this work allows the user to follow another person for wayfinding
guidance using the system freely. It communicates with the individual for obstacle
avoidance, classroom or lab find, elevators, stairs to achieve proper or accurate

navigation.

As the part of experimentation, the system is tested on the individuals with a
blindfold (sighted people) and tests are conducted on the test course discussed in the
next section. Sighted people are objectified for the testing because of higher availability.
It is essential that this feature is tested as a measure of accuracy to determine the full
functionality and success of our navigation device. The prototype testing and the results

are further discussed in this chapter.
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5.2 Test Course

The testing course consisted of various paths which are discussed below; each
sighted subject was blindfolded and equipped with the device (Kinect, Laptop, portable
power bank). The user starts from a lab on the second level/ floor on free mode guidance
as shown in figure 5.1, and for the follow mode in figure 5.2. The lab is full of obstacles
such as tables, chairs, partitions, exit door. The user was asked to make a way out of the

lab avoiding all barriers and into the hallways.

Figure 5.1 User Starting point Figure 5.2 User navigating using Follow
mode

The exit door as shown in figure had QR code posted on it to help the user know
about the way out as in figure 5.3 and 5.4. So, whenever the blind user is about to reach
the wall or the exit door, instead of turning around mistaking it as the wall, it will scan the

QR and guide the user by feedback saying exit. This is because the depth of the door
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and the wall are same for the depth camera as it uses the IR projector to calculate the

distance data.

Figure 5.3 Kinect scanning QR code Figure 5.4 User taking exit

Once the user is out from the lab, they turn right towards the elevators and further
go straight towards the stairway as shown in the figure. In the other scenario, it is
assumed that all the other doors in the are open which helps the user to navigate better.
As the user reached a dead end after leaving the lab on the second floor, audio
information is passed over to turn right for the elevators and stairs by scanning the QR

fixed onto the wall figure 5.5.
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Figure 5.5 User turn right after auditory guidance from QR code scanning

The blindfolded person now makes the way through the corridor on the second level

as shown in figure 5.6 for normal mode and figure 5.7 for the follow mode.

Figure 5.6 Navigating through corridors
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As shown in the above figure for the follow mode of guidance, that the blindfolded
person is following another person for navigational inputs. However, there is another
human passing by, in this case, the Kinect sensor is programmed in such a way that it
would not track any other person except the one being followed. Figure 5.8 shows that
the user is also provided with the information regarding the elevators on the same floor

with the help of QR codes.

Figure 5.8 Kinect is providing audio information regarding elevators by scanning QR
code.

According to the test course, the test object is supposed to walk through the hallway
all the way to the stairs and then the QR codes which assist the user and give them
feedback about the number of stairs and up or down as shown in figure 5.9 and figure

5.10.
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Figure 5.9 User approaching stairs and Figure 5.10 User going up the stairs
further guided by QR code

Once the sensor sees the stairs approaching it will scan the QR codes which assist
the user with feedback about the number of stairs and up or down. However, in the follow

mode the blindfolded person is just following the other person as in figure 5.11.

Figure 5.11 Navigating through stairs using follow mode
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From second level now the user must go down to the first level towards the
destination per the designed testing course. The user can go down by using any of the
two modes. For normal mode as shown in figure 5.12 in which the person receives audio
guidance from scanning QR code and figure 5.13 for follow mode, where the object

receives inputs as the sensor scans the current location of the person being followed.

Figure 5.12 User going downstairs after Figure 5.13 User Climbing downstairs
audio information form QR code using Follow mode

Further, the user must walk through the hallways which have many classrooms and
labs on both sides indicated by QR codes as shown in the figure 5.14. As we can see in
the figure below, there are some obstacles in the hallway such as garbage bins, humans.

The system helps the user to avoid all those obstacles.
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Figure 5.14 Navigating through hallway level 1

QR codes will further assist the user about their destination such as classroom or
lab as could be seen in figure 5.15 where the user is provided with the auditory information

saying the lab is on your left. All the scenario discussed here is for normal mode guidance.

Figure 5.15 User receiving information Figure 5.16 Destination
about the destination from the QR code
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Figure 5.16 shows the user entering the destination. Now for the follow mode, the
blindfolded person is tested on the same test course and is following a person to the

destination as shown in the figure 5.17.

Figure 5. 17 Follow mode guidance

In follow mode guidance, the user will be following another person on the same path
as mentioned above for normal mode. The user will just keep on following a particular
person in the indoor environment. In this mode, we assume that there are not more than
four individuals walking in the hallway and following that person the user will reach its
destination by getting auditory feedback about every movement in the form of directional

guidance.

57



Going
Downstairs

Figure 5.18 Experimental Environment for guidance

The above figure 5.18 shows the complete test course for the system testing.

5.3 Auditory Guidance

It was discovered from the literature review that auditory guidance is the best
method to provide the user information. It helps the individual to create an image in the
brain of the surrounding environment. The audio feedback is programmed using C sharp
which processes all the available information into a narrow or precise piece of

informational. This determines the user’s intuitive response to the directional audio inputs.
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Figure 5. 19 Minimal Audio Information provided to the user

In the above figure 5.19, we can see that the audio information provided to the
user by the Bluetooth earphones. The software interface shows the auditory info under
the info tab. In the similar way, all the information being transferred to the user is shown

under the same tab.

5.4 Results

Our System provides visually impaired users with the ability to navigate in an indoor
environment. The obstacle test course as discussed above and provides an answer to

the questions regarding navigation for the blind. A total of six sighted people were part of
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the testing, due to easy availability and accessibility to test. This testing also helped in

improving our device with further iterations. All this improved our system implementation.

As discussed in the previous chapters regarding the test course, now here in this
section the respective results are discussed for the whole track. Firstly, we start from the
level 2 from a lab which is full of obstacles which can be seen in the figure 5.20 below
with normal mode guidance. In this mode whenever the Kinect sensor comes across any

obstacle or human it will let the user know about it and guide accordingly for safe passing.

-
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Figure 5.20 Starting point at level two

The blue vertical lines which can be seen in all the figures, tells the user in which
way they to move according to the environment. Just in case if there is an obstacle or

human sharing more space on the right those lines then the audio feedback will say move



left, and vice versa for moving right. And if in case the obstacle only covers the central

area then it would say turn around until unless there is any QR code in the region.

Simultaneously starting from the same place and for the same testing course for the
follow mode of guidance we can see the figure 5.21 below that the processed image
which is on the top left shows a red box for the person being followed and provides the
auditory feedback accordingly. The audio information provided to the blindfolded person

works on the same concept described above using the blue lines.

Figure 5.21 Follow mode starting point at level two

As discussed above if the Kinect sensor finds a dead end in front it will straight away
let the user know to turn around only if it does not find any QR attached to that wall or
partition. Now as per the testing environment the user was supposed to take the exit from

the lab by avoiding all the obstacles on the way. Now since there was a QR code attached
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to the door so in this case, the Kinect sensor will not inform the user to turn around or
dead end, instead it would mention the data stored in that QR. In the figure 5.22 we can
see the same, and when the person reaches the door, right away he is informed that this

is an exit from the lab.

Figure 5.22 Lab Exit

Once the blindfolded person is out from the lab, he turns right in the corridor towards
elevators and stairs. For guiding the user there is another QR code affixed to the wall as
shown in the figure 5.23. While the red box still shows that there is a dead end but the

QR direction is preferred according to the programming.
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Figure 5.23 Right turn on the second floor

Similarly, the user is provided with the information regarding the directions to the

elevators as shown in the figure 5.24 below.

va'

Figure 5.24 Elevator level two
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After the user turn right towards the hallway and further avoiding obstacles and

humans as shown in figure 5.25 he or she moves towards the stairs going down.

Figure 5.25 Follow mode second floor

As we can see in the above image if there is another person passing by the person
being followed, in this case, the Kinect sensor will not track any other person except the
one being followed. The powerfully designed algorithm helps to achieve this concept, and
it can be visible in the processed image which is the top left that there is no other human

tracked by the sensor.

The assumptions for the hallway while navigating through the hallway is that the
doors are assumed to be open during the tests being performed for the ease. The QR
codes attached beside the railing on the stairway gives information for the stairs going up
or down. And for the safety of the user, they are asked to use staircase railing while going

downstairs.
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Figure 5.26 Stairs going up

Figure 5.26 and figure 5.27 show the QR codes affixed to the stairway railing that
guides the user for the stairs going up or down. These help the user in normal mode

guidance.

Figure 5.27 Stairs going down
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Figure 5.28 Follow mode stairs going up

For the follow mode guidance, the user follows the person using railings on the sides

as shown in the figure 5.28 and figure 5.29 for stairs going up and down respectively.

Figure 5.29 Follow mode stairs down
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For navigating through the stairs, special safety measures were taken. Now once
the user reaches the level one, he is supposed to walk through the corridors towards the
destination. Each lab is provided with a unique QR code which are attached outside all
the labs on the same hallway. The user will continuously get the information from the

environment as soon the sensor scans the code.

In the figure 5.30 below, we can see the user approaching a QR code on the way
towards the destination according to the test course which has been discussed in the

previous section.

Figure 5.30 Corridor level one

For the follow mode the sighted individual who is blindfolded just continuously

follows the person to the destination as shown in the figure 5.31.
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Figure 5.31 Navigating in hallway level one

In the above figure 5.31 as well we can notice another person passing by the person
being followed and still the sensor is accurately able not to detect the other human and
keep on following the same person. Finally, the user reaches the destination, and there
is another QR that guides the user by providing the auditory information about the lab or

classroom. The figure 5.32 shows the user about to enter the course end point.
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Figure 5.32 Course endpoint

The efficiency and the effectiveness of the device were measured by feedbacks
from the blindfolded participants. Significantly the usefulness of the device is measured
by the effectiveness to avoid the obstacles. However, there were few instances as shown
in the above figure 5.33 where the user was not able to detect chairs, other obstacles,
elevators and stairs. This is due to the range of the Kinect sensor and its positioning when
equipped by the user, as it might not cover the obstacles outside its range and sometimes

miss out on reading a QR code.
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Figure 5.33 Table showing Prototype testing for blindfolded sighted participants

In order to increase the capabilities of the proposed system, we further made some

algorithm changes which also changed the way Follow mode works as the part of iteration

after the test results.

According to the previously discussed model in which user follows the human
skeleton in the follow mode where we assumed that there is not many people around and
none of them interferes during the experimentation. Now in this further iteration, the
visually impaired person follows a QR code which was found to be more accurate for the

follow mode of guidance. Some of the results for this iteration are shown below in figure

5.34.
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Figure 5.34 Follow mode using QR code in a lab

In the figure 5.35 below we have integrated the skeleton tracking along with the QR
code scanning. So, whenever the sensor detects the QR code is saying ‘Follow’, it will

keep on following that person even if any other person interferes or passes by.

Figure 5.35 Follow mode using QR code in hallway
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Further experimentation with people interfering during the testing using follow mode
was found to be better with the use of QR code as shown in the figure 5.36. As the results
below clearly show that the sensor is only tracking and following the person with the QR

code which is highlighted with the red box. And is not tracking the other two humans.

Figure 5.36 Follow mode with interference

In the other scenario shown in figure 5.37, where there is another person in between
the visually impaired person and the person being followed. In this case, the sensor
highlights both the humans in the range for the normal follow mode but with the iteration
which was done with the use of QR for the following mode, now the sensor will guide the

user to follow the person with the QR code at the back.
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Figure 5.37 Follow mode with another person in between user and the person being

followed

The accuracy of test object through the test course helps to measure the
effectiveness of our device. The ability of the device in tracking all kinds of obstacles and
providing auditory outputs was found to be significant as compared to the previous studies
discussed in the literature review. The success of the system is how it does the obstacle
detection, avoidance, scan QR codes and track humans providing audio information for
the navigation purposes. The Kinect sensor helped to put up a novel approach for
navigation as compared to the previously available devices in which there were more
components used for single use. However, by using Kinect all major issues were covered

in this study.
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Chapter 6

Discussion

6.1 Future Work

Having created a successful prototype that can assist blind or visually impaired,
there is further scope for improvement. The next steps are to build a more stable mount
for the camera, for better viewing angles and calibration. The new version of Kinect can
also be brought into use with all new technology and better quality camera. These would
increase the scanning range of obstacles. There is also a possibility of using multiple
Kinect sensors that might help to provide more independence while navigating and there
might be few changes in the algorithm to make it more robust. The future iterations to this
will keep on augmenting the use of this device. RFID technology can be another solution
which might help visually impaired user to navigate through public places using RFID tag
grids, canes or other various devices. This technology can be further integrated with our

system for better results in outdoor areas.

6.2 Conclusion

This thesis presents an indoor navigation system using a Kinect sensor, for free and
follow mode guidance. The system designed is durable, lightweight, and cost-effective,

and anyone can use it with ease without any training because of its simplistic working.
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The real-time image processing done with the help of computer vision algorithms helped
to detect all kinds of obstacles such as tables, chairs, humans, walls, doors, and stairs.
In our study, we also used QR codes for augmenting the power of our proposed system.
The audio information is provided to the blind person whenever there is some obstacle or
QR is scanned by the camera and even for the follow mode for directional information.
The system was evaluated by six blindfolded users in both types of navigation modes.
The conclusion obtained from the results clearly show the effectiveness and efficiency of
our system in helping visually impaired users in the indoor environment which was based

on the accuracy of the users through the test course.
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Appendix

I.  Namespace
Using keyword is used to import various namespace, i.e. collection of classes.
Namespaces are used to organise objects. For this study, various namespaces are
referred and imported in the WPF to create the algorithm. All the used namespace are

given below;

using System;
using System.Windows;
using System.Windows.Controls;

All the fundamental classes and base classes that define commonly used value and
reference data types, events and event handlers, interfaces, attributes, and processing
exceptions are part of System Namespace. System.Windows provides several
important Windows Presentation Foundation (WPF) base element classes, various
classes that support the WPF property system and event logic, and other types that are
more broadly consumed by the WPF core and framework. System.Windows.Controls
provides classes to create elements, known as controls, that enable a user to interact
with an application. The control classes are at the core of the user's experience with any

application because they allow a user to view, select, or enter data or other information.

using System.Windows.Media;

using System.Windows.Media.Imaging;
using System.Drawing;

using Microsoft.Kinect;

using Emgu.CV;,

using Emgu.CV.Structure;

using System.Speech.Synthesis;
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System.Windows.Media provides types that enable integration of rich media,
including drawings, text, and audio/video content in Windows Presentation Foundation
(WPF) applications. System.Windows.Media.Imaging provides types that are used to
encode and decode bitmap images. System.Drawing The System.Drawing namespace
provides access to GDI + basic graphics functionality. More advanced functionality is
provided in the System.Drawing.Drawing2D, System.Drawing.Imaging, and
System.Drawing. Text namespaces. Microsoft.Kinect The Kinect Services support the
following features: Depth image including Player Index, RGB image, Tilt (Get and Set),

Microphone Array (not in simulation), Skeleton Tracking (not in simulation)

Emgu.CV Emgu CVis a cross platform .Net wrapper to the OpenCVimage
processing library [66]. Allowing OpenCV functions to be called from .NET compatible
languages such as C#, VB, VC++, IronPython etc. Emgu.CV.Structure Defines colors,
circle, 2D, Dimensions, Ellipse, Hue, Saturation, and every other parameter regarding the
structure, etc. The System.Speech.Synthesis namespace contains classes for
initializing and configuring a speech synthesis engine, for creating prompts, for generating

speech, for responding to events, and for modifying voice characteristics.

[I. Initializing Kinect Streams and Bitmap
Firstly, the Kinect sensor is started by running the algorithm in Visual studio. If the

sensor is not connected, the program will return error.

byte[] colorPixels;
int blobCount = 0;

public MainWindow()
{

InitializeComponent();
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this.Loaded += MainWindow_Loaded;
this.Closing += MainWindow_Closing;
speechSynthesizerObj.SpeakCompleted +=
SpeechSynthesizerObj_SpeakCompleted;

}

bool isspeekcompleted = true;
private void SpeechSynthesizerObj_SpeakCompleted(object sender,
SpeakCompletedEventArgs e)

{

isspeekcompleted = true;

}

void MainWindow_Loaded(object sender, RoutedEventArgs e)

{

kinectSensorChooserl.KinectSensorChanged += new
DependencyPropertyChangedEventHandler(kinectSensorChooserl_KinectSensorChan
ged);

}
void StopKinect(KinectSensor sensor)

{

if (sensor != null)

{

sensor.Stop();
sensor.AudioSource.Stop();

}
}

Void kinectSensorChooserl_KinectSensorChanged(object sender,

DependencyPropertyChangedEventArgs e)

lll.  Enabling Depth Streams and Bitmap
The following code initializes the Depth and Colour streams for the Kinect sensor.

The depth stream runs the resolution 640x480 at Fps 30.

KinectSensor oldSensor = (KinectSensor)e.OldValue;
StopKinect(oldSensor);

KinectSensor newSensor = (KinectSensor)e.NewValue;
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newSensor.SkeletonStream.Enable();
newSensor.DepthStream.Enable(DepthimageFormat.Resolution640x480Fps30);

newSensor.ColorStream.Enable(ColorimageFormat.RgbResolution640x480Fps30);
this.colorPixels = new byte[newSensor.ColorStream.FramePixelDatalLength];
this.depthPixels = new
DepthimagePixel[newSensor.DepthStream.FramePixelDataLength];
this.colorBitmap = new WriteableBitmap(newSensor.ColorStream.FrameWidth,
newSensor.ColorStream.FrameHeight, 96.0, 96.0, PixelFormats.Bgr32, null);
this.depthBitmap = new WriteableBitmap(newSensor.DepthStream.FrameWidth,
newSensor.DepthStream.FrameHeight, 96.0, 96.0, PixelFormats.Bgr32, null);
this.colorimg.Source = this.colorBitmap;
newSensor.AllFramesReady += this.sensor_AllFramesReady;

try
{ newSensor.Start(); }

catch (System.lO.|IOException)
{ kinectSensorChooserl.AppConflictOccurred(); }

IV. Finding QR code
The following code is used to identify the QR codes from the colour streams and
further is an auditory output is sent to the user which says the text which is stored in the

code. QR ZXing library is used for decoding the codes within colour images.

public string QRText = String.Empty;
String objectPosttion = ",
SpeechSynthesizer speechSynthesizerObj = new SpeechSynthesizer();
private void sensor_AllFramesReady(object sender, AllFramesReadyEventArgs e)

{
BitmapSource depthBmp = null;
blobCount = 0;
using (ColorimageFrame colorFrame = e.OpenColorimageFrame())
{

QRText = String.Empty;
if (colorFrame != null)
The Kinect colour frame data is copied to bytes and further this data is copied into

writable bitmap.
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{

colorFrame.CopyPixelDataTo(this.colorPixels);
this.colorBitmap.WritePixels(
new Int32Rect(0, 0,this.colorBitmap.PixelWidth,this.colorBitmap.PixelHeight),
this.colorPixels,
this.colorBitmap.PixelWidth * sizeof(int),0);
using (Bitmap bm = colorBitmap.ToBitmap())

{
bm.RotateFlip(RotateFlipType.RotateNoneFlipX);

QRText = ImageHelpers.DecodeQRZxing(bm);

IbIQR.Content = QRText;

}
using (DepthimageFrame depthFrame = e.OpenDepthimageFrame())

if (depthFrame != null & QRText == string.Empty)

According to the code below, we can find objects and obstacles from particular depth

ranges

blobCount = 0;
depthBmp =

depthFrame.SliceDepthimage((int)sliderMin.Value, (int)sliderMax.Value);

Image<Bgr, Byte> openCVImg = new Image<Bagr,
byte>(depthBmp.ToBitmap());

Image<Gray, byte> gray_image = openCVImg.Convert<Gray, byte>();

objectPosttion = "";

using (MemStorage stor = new MemStorage())

Emgu.CV cross platform helps in image processing the data streams by using
OpenCV image processing library. This is used to find different contours, skipping
objects by different width ranges, able to count people in the sensor range and take

all the necessary decisions which help the user navigate.
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{
Contour<System.Drawing.Point> contours = gray_image.FindContours(

Emgu.CV.CvEnum.CHAIN_APPROX_METHOD.CV_CHAIN_APPROX_SIMPLE,
Emgu.CV.CVEnum.RETR_TYPE.CV_RETR_EXTERNAL,stor);

for (int i = 0; contours != null; contours = contours.HNext)

t
i++;
if ((contours.Area > Math.Pow(sliderMinSize.Value, 2)) && (contours.Area <
Math.Pow(sliderMaxSize.Value, 2)))
{
int pe = 0;
if (kinectSkeletonViewerl != null)
pe = kinectSkeletonViewerl.getPeoples();
if (pe == 0 && lisFollowMode)

{
MCvBox2D box = contours.GetMinAreaRect();
int x = contours.BoundingRectangle.X;
int size = contours.BoundingRectangle.Width;
if (size > 426)
{
objectPosition = "Obstacle Detected Turn Around”;
}
else if (size > 213 & x > 213 & X < 426)
{
objectPosition = "Obstacle Detected Move Right";
}
else if (size > 213 & x <213 & X < 426)
{
objectPosition = "Obstacle Detected Move Left",
}
else

The above code helps the user to get directional feedback. For this the pixel data of Kinect
sensor is divided into three different ranges, which say feedback such as, obstacle

detected turn around, move right, move left go straight.
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}
openCVImg.Draw(box, new Bgr(System.Drawing.Color.Red), 2);

blobCount++;

}

For the follow mode guidance, the user will follow the nearest person and neglect

all other people out there in the surroundings. And for this study it is assumed that

else if (isFollowMode && pe > 0)

MCvBox2D box = contours.GetMinAreaRect();
int x = contours.BoundingRectangle.X;

These lines of the code help to find the position of the person being followed.
int size = contours.BoundingRectangle.Width;

if (size < 213)

{
objectPosttion = "Go Straight";
}
else if (size > 213 & x > 213 & X < 426)
{
objectPosition = "Move Left",
}
else if (size > 213 & x <213 & X < 426)
{
objectPosition = "Move Right";
}
else
{
}

openCVImg.Draw(box, new Bgr(System.Drawing.Color.Red), 2);
blobCount++,

}

These lines of the code help differentiate between person and object.

else if (pe > 0)

{
blobCount = pe;

objectPosttion =" person in front of you ";
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this.outimg.Source = ImageHelpers.ToBitmapSource(openCVImg);
txtBlobCount.Text = blobCount. ToString() + " + objectPosttion;

These lines of the codes help by sending all the text of speech Synthesizer which
sends the audio information to the user through earphones. And it also asynchronously

speaks the contents present in the object position.

if (objectPosttion !="" && isspeekcompleted)

{

isspeekcompleted = false;

speechSynthesizerObj.SpeakAsync(objectPosttion);

}
}

{
{

isspeekcompleted = false;

else

if (isspeekcompleted)

It asynchronously speaks the contents stored in individual QR code.

speechSynthesizerObj.SpeakAsync(QRText);

}
}
}

}
}

void MainWindow_Closing(object sender,System.ComponentModel.CancelEventArgse)

{
if (null = this.sensor)

{
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this.sensor.Stop();

}
}

private void CloseBtnClick(object sender, RoutedEventArgs e)

this.Close();
}

public bool isFollowMode = false;
private void CheckBox_Checked(object sender, RoutedEventArgs e)

{

This assigns the values for the follow mode of guidance.

isFollowMode = ((CheckBox)sender).IsChecked.Value;
}
}
}
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