International Journal of Innovative Technology and Exploring Engineering (IJITEE)

ISSN: 2278-3075, Volume-8 Issue-9, July 2019

An Augmented Reality application for
Simplifying Engineering Concepts

Prasanna S. Paigude, Nuzhat F. Shaikh

Abstract: With the evolution of mobile devices, Augmented
Reality has proved its potential in producing interesting and
interactable AR environments in multiple areas. Augmented
reality (AR) is an emerging technology where the perceptivity of
the user is strengthened by the seamless blending of a real
environment with digital virtual objects coexisting in the same
physical space. It offers a canvas to imagine new methods of
learning and new ways of collaborating with others beyond the
frame of the screen. In education and training, AR has proved to
have the potential to make learning a reality. AR has been
enhanced to mixed reality since the use of Hololens which
provides a mixed world to a user, where the advanced spatial
mapping is used to anchor digital artifacts in physical space. The
goal of this project is to develop an AR application for HoloLens
using Unity game engine and Visual Studio based on engineering
concepts that will provide students with eye-catching
visualizations by rendering holograms for data structures, data
mining and engineering chemistry so that they would learn the
subjects thoroughly. MR will change how educational institutions
outlook learning by delivering learning experiences that no longer
depend on lectures to teach concepts or the idea of earning a
degree in the course of persons’ lifelong career. It will help those
students to develop interests in the subjects who prefer skipping
the difficult topics.

Index Terms: Augmented reality, Mixed reality, Hololens,
Holograms.

I. INTRODUCTION

Augmented Reality (AR) has become popular within the past
couple of years as the AR applications are being merged with
mobile applications. Augmented or Mixed reality enriches the
physical world around the user with virtual information, thus
enhancing the things a user perceive, hear, and feel through
computer-generated inputs such as text, video, sound, etc.
Augmented reality is tremendously used in various fields such
as construction, health-care, entertainment, agriculture,
gaming, marketing, etc. However, AR also finds its
applications in the field of education. In a classroom, we often
get bored and take a long time to understand the engineering
topics and to get rid of conventional learning ways [1], AR is
one of the advanced and rapidly growing technology that
might meet this need and can expand the student learning
performances in engineering education. The main point of
attraction of this research is Microsoft HoloLens which has
enhanced Augmented Reality to Mixed Reality (MR),
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where advanced spatial mapping is used to anchor digital
artifacts in physical space and this enables digital elements to
not only overlay the real world but interact with physical
objects and respond to changes in the physical space [2].
HoloLens is fully self-contained, untethered, Windows 10
computer that comfortably rests on the user's head [3].
Hololens consists of a high-definition 3D optical
head-mounted display, spatial sound projection, and
advanced sensors to allow its users to interact with AR
applications through head movements, gestures, and voices. It
is very likely that it will play a big role in training the students
and introducing them to difficult concepts that are more easily
explained through immersive and interactive experiences.
Augmented Reality in curriculum design, classroom teaching,
and learning strategies, is becoming very popular in todays'
educational scenario. Current generation students are best
known as digital natives, are very much comfortable in using
different technologies, hence utilizing AR technology in the
learning process will certainly enhance enthusiasm,
excitement, and entertainment in their learning activities.
Educational technology research confirms that Augmented
Reality in educational field has several benefits such as
improved concentration, motivation, satisfaction,
presentation, interaction,  student-centric  learning,
collaborative learning, creativity, and retention of knowledge
[4]. The motivation for this project is to provide students with
impressive presentations with the help of an application which
will run on Hololens so that they would understand the
concepts better, learn the subjects thoroughly and to simplify
the learning process with the help of visualizations using
Microsoft Hololens because visualizing things makes easier
and quicker to understand. It would also help in conducting
more effective learning activities, promoting students’ class
interaction and participation, and increasing students’
learning performance and experience.

Il. LITERATURE SURVEY

The potential of AR in educational filed is running at a rapid
pace and has proved a boon for digital individuals to improve
learning curiosity, develop creativity and a passion for
learning [4]. AR has been integrated with HoloLens into the
first-year course of engineering on data structures and
algorithms for A* algorithm to improve students' engagement
and learning outcomes. This approach also helped students in
learning the graphs to solve practical problem scenarios and
apply shortest-path algorithms to find the shortest paths
between graph nodes [1]. AR
has also been used for
teaching  electrical and
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technological engineering students in their practical classes
which has improved students’ interest and involvement. The
AR content such as 3D-models, images, and animations, were
superimposed on real objects, by using a smartphone, tablet
PCs’ or AR glasses for helping students to study specific tasks
composed of detailed study material. Students were able to
perform their practical lecture interestingly and learn from the
materials by visualizing the course [5]. AR has also supported
remote interaction for promoting collaboration with the
remote users for giving instructions based on the Skype-client
and the remote user can engage remotely through
Skype-enabled devices such as PCs or tablets. The HoloLens
user is able to see a Skype window of the associate user & his
view is tethered to what the HoloLens user is looking at,
through a "HoloLens Companion™ app built on top of Skype.
A connection between a HoloLens user and a remote Skype
user could be established for sharing and explaining a solution
to a problem along with the procedure without moving to the
remote location [6]. AR also has an application for solving
Poisson’s equation named as HoloFEM with the finite
element method (FEM) using HoloLens. It was developed to
solve a partial differential equation (PDE) in the real world
geometry surrounding the HoloLens user, and then visualize
the computed solution on top of the real world in mixed reality
[7]. Another application in Mechatronics is developed using
Hololens for graduates and specialists in technical study
programs using the latest ICT technologies, virtual reality and
interactive learning in modeling, simulation, and control.
Visualization of the modeling and control processes of
complex mechatronic systems, components and devices (e.g.
cars, electric vehicles, mechatronic systems in consumer
electronics, health care, etc.) in virtual and mixed realities will
give students more insight and better understand the studied
stuff compared with conventional learning methods [8].
Several holographic Ul were implemented and tested for MR
applications to find an optimal interface which was not fixed
ata position, it was always in front of the user's eyes and along
with voice recognition functionality [9].

I11. PROPOSED WORK

The proposed methodology is implemented using Augmented
Reality along with Hololens in engineering. The application
developed relies on 3D holographic views. This work
presents how the augmented reality device, i.e. Microsoft
HoloLens can be used for spatial placing and interaction with
3D digital objects. The goal of this work is to design and
implement an application for Hololens which is interactive
and attractive to make difficult concepts such as the modern
periodic table in engineering chemistry, linked list in data
structure and scatter plot for learning data mining and
analytics tasks quicker and easier to understand. The idea
behind the project is to offer a canvas to think about new
innovative methods of learning and ways to collaborate with
others beyond the frame of the screen for engineering students
to make AR technology along with Hololens useful. The
device has gaze, gesture, and voice recognition capabilities
along with spatial mapping. The intention for proposing this
work for students is to provide them with eye-catching
presentations hence they would understand better and learn
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the subjects thoroughly through visualizations of the difficult
concepts as the Hololens is best known for providing an
interactive environment, hence their results would be
appreciable [10].

Unity Convert
1. Create unity project 1. Configure build
2. Configure HoloLens — =]  settings
seftings 2. Build & generate
3. Create scenes Visual Studio project
HoloLens Visual Studio
1. Deploy application 1. Open project with
Visual Studio

2. Start application = —

2. Pair with HoloLens
3. Build Visual Studio
project

Fig. 1: Basic implementation steps for a HoloLens application

V. IMPLEMENTATION

For developing this application in mixed reality we need to
follow a procedure:

. Create the project in unity using assets, 3D objects
and external datasets if required and import
HoloToolkit in Unity project which contains various
packages used by Hololens. Unity has built-in 3D
primitives, lighting and shading features for
excellent project management. Audio clips, images,
textures, etc. can also be added for interactive and
effective visualizations.

. The unity project is converted into Visual Studio
solution along with the scripts which are in C#
language for performing operations on holograms.

) The project is built and deployed on emulator or
HoloLens by pairing it with the device, Hololens.

Head mowvement tracking Gaze & gesture recognizer

User wearing
HoloLens

Select concept i.e.
periodic table

Selecting individual
element to display
information in
detail

Periodic table with
elements

HoloLens output in
visualized form

3D object rendering with
expected result

Fig. 2. Periodic table application workflow
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1. User's head movement is tracked using various sensors
such as cameras, gyroscope, and accelerometer.

2. The user performs a bloom operation to access the
application which will run on Hololens using gaze and
gesture inputs for performing operations on the
linked-list or periodic table holograms.

3. The linked-list or periodic table objects are displayed on
the real world using 3D object rendering and hence the
result is in virtual form.

4. The user is able to visualize the selected concept and
interact with it.

Tracking head movement Using gaze & gesture
User wearing Select concept
HoloLens i.e. linked list
Linked list i j’f‘fm’“ e &
vital om in 1<l ale steps
real space
P along with it
HoloLens output 3D object rendering

Fig. 3: Linked list application workflow

5. In the periodic table, a user can view the table in
circular, linear, etc. form and can click on the
individual element to Vvisualize the detailed
information of the selected element.

6. Inalinked list, a user can perform add and delete
operations and can view the steps and program for the
respective operation simultaneously.

Unity Game Engine and Visual Studio

The fastest way of building a mixed reality app consisting of
3D environments is with Unity. Unity has an Asset Store,
where we can download different assets and GameObijects.
Various 3D objects, buttons, panels are created using unity
followed by various materials, shaders, and textures [11] [12].
The application developed in unity is then built into a Visual
Studio solution wherein the scripts are generated and written
depending on the design and implementation of an
application.

HoloToolkit

The HoloToolkit is a part of MR toolkit that allows a
developer to access the HoloLens functionalities. The
features used here are “MixedRealityCameraParent” — Prefab
which commonly replaces the Unity MainCamera and
presents what the user sees through the HoloLens. The prefab
“DefaultCursor” also has been used to perform gaze operation
along with the “InputHandler” which initiates gesture
operation on the selected hologram. Hololens performs the
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gaze operation by tracking users’ head movement with the
help of a cursor placed on a hologram and hand gesture
interaction is built on gaze to target and gesture or voice act
upon whichever object is targeted [12].

Scripts
Several scripts have been written and compiled in Visual

Studio to be attached to the created GameObjects so that they
perform the required specific operations such as add and
delete operation in a linked list, clicking an element to view its
respective information in physical space, etc. The script is
used in the link list application. The script is first added to an
empty GameObject then the Prefabs are dropped inside them.
The prefabs in this case are the Cube along with the Link. This
script creates as well as destroys the links dynamically. The
“CSVReader” script is used in the ScatterPlot application.
This script is used for reading the CSV file that we wish to
plot graphically. The definition of each line is given in the
code itself. The “Dataplotter” script is also used in the
ScatterPlot application. This script instantiates a GameObject
and repeatedly generates it for each individual point on the
graph. These help us exhibit data mining and machine
learning tasks graphically.

Hololens Emulator or Hololens

The Emulators allows us to test our app without the device in
a simulated environment. The project developed using Unity
and Visual Studio is deployed either on the hardware device,
HoloLens or emulator by pairing the device using Visual
Studio [12].

V. RESULTS

The application developed allows a user to work in HoloLens
environment with 3D object positioning in 3D space. The first
module implemented is of the modern periodic table used in
chemistry which could be viewed in circular, linear and
tabular form along with the detailed respective element
information by using gaze and gesture features.
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Using gaze and gesture functionalities of the HoloLens, the
desired element can be focused and clicked with the help of
air tap or HoloLens clicker which helps to select holograms,
zoom, and scroll. The periodic table can also be viewed in
cylindrical, spherical and default view. After performing
gesture command on an element, the selected element is
displayed along with its information such as atomic number,
atomic weight, boiling, and melting points.
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Fig. 6: Periodic table in circular view

The next module implemented is the linked list in which the
students can view the actual program alongside the flow of the
program and can perform creation and deletion operation on
the linked list. The following linked list can be seen after
performing gesture operation on the application.

ﬁ

_‘

Quit ‘

Fig. 7: Initial linked list visualization
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Clicking on the “create” button, adds a node to the list along
with code and steps of the operation performed.

CREATION F LNKED LST
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Fig. 8: Linked list creation

Clicking on the “delete” button deletes the node from the list
and also shows the steps and code for deleting the node.
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Fig. 9: Deletion in linked list

The scatter plot module would help students to learn data
mining and analytics tasks efficiently and to draw results by
analyzing several datasets for machine learning applications.
Through the scatter plots we can analyze several datasets and
render them in holographic form. These are most effective
and useful for drawing out results for large datasets. Students
can learn and understand better by testing several datasets and
simultaneously visualizing changes in the plots.
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Fig. 10: Scatter plot visualization

VI. FUTURE WORK AND DISCUSSIONS

Hololens using augmented reality applications are the
innovations wanting to be explored yet in many more areas.
The technologies have proved their benefits that how they are
efficient and effective when used together in every aspect.
Many more difficult concepts can also be implemented for
engineering or any other level of education. Mixed reality is
undoubtedly poised to change the way teachers deliver and
students acquire new information, knowledge, and skills, both
in and out of the classroom. MR technology will not only
make learning more enjoyable, but it will also increase the
efficiency of education by engaging students in a manner with
which textbooks and traditional study patterns simply cannot
compete. Thus, our future work would be to extend the
methods and functionalities which can be used within the
application and sharing the Hololens screen between multiple
desktop users.

VII. CONCLUSION

Considering AR or MR in higher education, it can be
concluded that students would treasure this technology due to
its innovative and interactive feature. Hence, using HoloLens
in education will contribute for making education more
adaptive and customized for technical and educational
reasons. As per the technology students can study the
simulations in their personally preferred way due to the
holographic 3D model projected in the room. It has been
observed that the application provides a platform for
engineering students to enable better visualization of the
difficult concepts for simplified learning and they were more
curious while using Microsoft HoloLens. The main objective
of the application is to improve the quality of teaching for
graduates in technical study programs using the latest MR
technology which will motivate them to engage in their
curriculum.
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