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Introduction

Augmented reality is relatively recent development in the field of mobile computing. Despite its
young age, it is already one of the fastest growing areas in this industry. Companies are investing
lots of money in developing products that use augmented reality, the most notable of which is
Google’s Project Glass. Most people perceive augmented reality as hard to implement. That’s a
misconception. Like with any good app, good augmented reality apps will take some amount of
effort to write. All you need to do is keep an open mind before diving in.

Who This Book Is For

This book is aimed at people who want to write apps employing augmented reality for the
Android platform by Google. The book expects familiarity with the Java language and knowledge
of the very basics of Android. However, an effort has been made to ensure that even people
without such experience can understand the content and code. Hopefully, by the time you're
done with this book, you’ll know how to write amazing and rich Android apps that use the power
of augmented reality.

How This Book Is Structured

This book is divided into nine chapters. We start with a basic introduction to augmented reality
and move up through more and more complex features as we go. In Chapter 5, we take a look at
dealing with the common errors that can happen in an augmented reality app. After that, we have
four example apps that show use how to make increasingly complex augmented reality
applications. A more detailed structure is given here:

e Chapter 1: This chapter gives you an idea of what augmented reality really is. It has
several examples of how augmented reality has been used throughout the world,
along with a short list of potential future applications.

e  Chapter 2: This chapter guides you through writing a simple augmented reality app
that consists of the four main features an augmented reality app usually uses. By the
end of this chapter, you will have a skeleton structure that can be extended into any
augmented reality application.

Xiv



e  Chapter 3: In this chapter, you are introduced to some of augmented reality’s most
important features: overlays and markers. In the span of two example apps, we cover
using standard Android widgets as overlays as well as using the open source AndAR
library to add marker recognition to our app.

¢  Chapter 4: The fourth chapter introduces the concept of artificial horizons by using a
nonaugmented reality app. Then a second app is written that utilizes artificial
horizons in an augmented reality app.

¢ Chapter 5: This chapter talks about the most common errors found while making an
augmented reality app and also provides solutions for them. In addition to the errors,
it also talks about other problems that don’t result in an error, but still manage to stop
your app from functioning as intended.

¢ Chapter 6: In this chapter, we write the first of our four example apps. It is an
extremely simple AR app that provides basic information about the user’s current
location as well as plotting it on a map.

e Chapter 7: This chapter shows you how to extend the example app from Chapter 6
into a proper app that can be used to allow the user to navigate from his/her current
location to one set on the map by the user.

¢  Chapter 8: This chapter shows you how to write an augmented reality model viewer
using the AndAR library that allows you to display 3D models on a marker.

¢ Chapter 9: The last chapter of this book demonstrates how to write the most complex
app of all: an augmented reality world browser that shows data from Wikipedia and
Twitter all around you.

Prerequisites

This book contains some fairly advanced code, and it is assumed that you are familiar with the
following:

e Javaprogramming language

¢ Basic object-oriented concepts

¢ Android platform (moderate knowledge)
e Eclipse IDE basics

While it is not an absolute requirement to have all these prerequisites, it is highly
recommended. You will absolutely need an Android device to test your apps on because many of
the features used in the apps are not available on the Android emulator.

Downloading the Code

The code for the examples shown in this book is available on the Apress web site,
www.apress.com/9781430239451. A link can be found on the book’s information page under the
Source Code/Downloads tab. This tab is located underneath the Related Titles section of the
page.

You can also get the source code from this book’s GitHub repository at
http://github.com/RaghavSood/ProAndroidAugmentedReality.



In case you find a bug in our code, please file an issue for it at the GitHub repository, or
directly contact the author via the means given below.

Contacting the Author

In case you have any questions, comments, or suggestions, or even find an error in this book, feel
free to contact the author at raghavsood@appaholics.in via e-mail or via Twitter at
@Appaholics16.
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Chapter

Applications of
Augmented Reality

Augmented reality (AR) is a reasonably recent, but still large field. It does not
have a very large market share, and most of its current applications are just out
of prototyping. This makes AR a very anticipated and untapped niche. There are
very few applications that implement AR technology in the Android Market right
now. This chapter describes the real-world applications of AR, gives examples
(along with images where possible), and discusses whether it is now possible to
implement AR in the Android platform.

Augmented Reality vs. Virtual Reality

Augmented reality (AR) and virtual reality (VR) are fields in which the lines of
distinction are kind of blurred. To put it another way, you can think of VR as the
precursor to AR, with some parts overlapping in both. The main difference
between the two technologies is that VR does not use a camera feed. All the
things displayed in VR are either animations or prerecorded bits of film.

Current Uses

Despite being a relatively new field, there are enough AR apps available to allow
us to make categories out of them. Here we take a look at what has already
been implemented in the world of AR.
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Casual Users

There are hundreds of apps that use AR that are meant to be used by the
average p erson. They comeinmanytypes—for example, games, world
browsers, and navigation apps. They are usually using the accelerometer and
the GPS to obtain location and the physical state of the device. These apps are
meant to be enjoyed and useful. One of the winning apps of the Android
Developer Challenge 2 was an AR game: SpecTrek. The game uses your GPS to
find your location and then prepares ghosts for you to hunt in surrounding areas.
The game also has a map on which ghosts are displayed as markers on a
Google map. During gameplay, the ghost is added as an overlay over the
camera image.

On the other side of things, navigation apps have code to recognize roads and
turnings, and mark out the route with arrows. This process is not as easy as it
sounds, but is often done today.

In the end, world browsers are probably the most complex of all the casual apps
that are widely used. They need several back-end databases and also need a lot
of on-the-spot information from several sensors. After all, browsers still have to
put everything together and display a set of icons on the screen. Almost every
app you see on the market, whether AR or not, looks simple at first sight. But if
you delve into the code and back ends, you will realize that most of them are in
fact, very very complex and take a long time to create.

The best examples of casual AR apps are SpecT7rek and Wikitude. Together,
these apps make use of practically everything you can use to make an AR app
on the Android platform. | highly recommend that you install them and become
familiar with the features of AR on Android.

Most apps in this category can be implemented on the Android platform. In
several cases, they do not even use all the sensors. Some of them can get quite
complex. Figure 1-1 and Figure 1-2 show screenshots from SpecT7rek.
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Figure 1-1. Screenshot of SpecTrek
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Figure 1-2. Another screenshot of SpecTrek
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Military and Law Enforcement

Uses by military and law enforcement agencies are much more complex and
technologically advanced. They range from AR goggles to full simulators
designed to help in training. The military and some law enforcement agencies
have simulators that make use of AR technology. A wide screen inside a room or
a vehicle on which various scenarios is presented, and the trainee must decide
the best course of action.

Some advanced Special Forces teams have basic AR goggles that, along with
the land in sight, display information such as altitude, angle of viewing, light
intensity, and so on. This information is calculated on the spot with
mathematical formulas as these goggles do not come equipped with Internet
connections.

Specialized night vision goggles come with AR technology as well. These
goggles display location and other information, along with trying to fill in gaps
that could not be illuminated by the night vision goggles themselves.

Almost all the unmanned vehicles implement AR as well. These vehicles,
especially the aerial ones, can be thousands of kilometers away from their
operators. These vehicles have one or more cameras mounted on their exterior,
which transmit video to their operator. Most of these vehicles come equipped
with several sensors as well. The sensor data is sent to the operator along with
the video. This data is then processed and augmented over the video.
Algorithms on the operator's system process the video and then pick out and
mark buildings or objects of interest. All this is displayed as an overlay on the
video.

These kinds of apps are quite difficult to implement on Android devices because
of two main issues:

Low processing power (Though with the recent release of the
HTC One X and Samsung Galaxy S3, quad core phones
released in May 2012, this is not so much of a problem.)

Lack of more input devices and sensors

Vehicles

As of late, vehicles have started implementing AR technology. The windscreens
have been replaced with large, wide, and high-definition displays. Often there
are multiple screens in the vehicle, each showing a particular direction. If there is
only one screen and multiple cameras, the vehicle will either switch the feed
automatically or have the option for the user to do so. The exterior of the vehicle
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has several cameras, facing multiple directions. The images on the screen are
overlayed with useful data such as a small map, compass, direction arrows,
alternate routes, weather forecast, and much more. This kind of technology is
currently most visible in airplanes and trains at the moment. Smart cars with
such technology are being tested out for the market. Submarines and ships are
using this technology as well. The recently discontinued Space Shuttles had this
kind of AR technology as well.

These apps can be implemented in a sort of hybrid way on the Android platform.
Because most Android devices seem to be lacking in features that normal
vehicles have, the same kind of features are not achieved. On the other hand,
apps can be written that help with navigation by using the GPS to get the
location; use direction APIs to get, well, the directions; and use the
accelerometer to help with acquiring the speed of the vehicle. The Android
device provides the AR power, and the vehicle provides the vehicle part.

Medical

AR-enabled surgeries are becoming more common these days. Surgeries done
this way have a smaller error rate because the computer provides valuable
inputs on the surgery and uses the information to control robots to perform
some or all of the surgery. The computer can often provide alternatives and
instructions on what can be done to improve the surgery in real time. The AR
stream, along with other data, can also be sent to remote doctors, who can view
the information of the patient as if the patient were in front of them.

There are also other medical applications of AR technology. AR machines can
be used to monitor a large number of patients and make sure that their vital
signs are under observation at all times.

This kind of AR technology has never been implemented on the Android
platform because of several reasons:

It would require an immense amount of information on the
device because Internet connections are not yet reliable
enough to risk a patient’s life.

The processing power required for some of these medical
tasks is currently not available on the devices.

There is not a very large market for Android devices in surgery
and to help with medical tasks.

To top all this off, it is currently very difficult and expensive to design and build
such an app. The Al algorithms needed to allow real-time AR work in the
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medical field are yet to come into existence. Apart from that, you would require
a team of very good developers, a team of highly skilled and experienced
doctors, and a large amount of money.

Trial Rooms

In several shops, AR is being tried out as a virtual trial room. The user can stand
in front of a screen with a camera mounted somewhere. The user will see
himself displayed on the screen. The user then uses an input device such as a
mouse or keyboard to select any of the available clothing options. The computer
will then augment that item onto the user's image and display it on the screen.
The user can turn to view himself from all angles.

These apps can be written for the Android platform in principle, but nobody has
done it for lack of interest, and probably for lack of any idea as to why someone
would want this. Actually apps in the genre have been made, but they are used
for entertainment and modifying the facial features of people virtually.

Tourism

Tourism has received some part of the AR magic as well. At several famous
spots around the world, organized tours now offer a head-mounted AR system
that displays information about the current site and its buildings when you look
at it. With AR, tourists can rebuild buildings, cities, landscapes, and terrains as
they existed in the past. Tourism AR is also a built-in part of most world
browsing applications because they provide markers to famous monuments.
Tourism AR is not limited to historical places. It can be used to find parks,
restaurants, hotels, and other tourist-related sites and attractions in an
unfamiliar city. While not in very widespread use, it has grown exponentially over
the past few years.

Features of these apps are already present in world browsers, but have a small
back end of information to display. Nobody has yet implemented a complete
version of any one city that can provide the required information.

Architecture

There are many camera-equipped machines that can generate a blueprint from
an existing structure or display a virtual structure from the blueprints on the
proposed site of construction. These speed up architectural work and help to
design and check buildings. AR can also simulate natural disaster conditions
and show how the building structure will react under that kind of pressure.
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Apps in this segment can be written to an extent on Android. The ones that
create blueprints out of the view of a room have already been written for the iOS
platform and can be written for Android. The ones that display virtual models on
a building scale are a little more difficult, but still feasible, as long as the models
to be augmented can fit within the size constraints of the Android process and
the device's RAM.

Assembly Lines

AR technology helps out a lot on various assembly lines, whether you are
assembling cars, planes, mobiles, or anything else. Preprogrammed head
goggles can provide step-by-step instructions on how to assemble it.

These apps can be written for Android, as long as the assembly process can
incorporate markers at each step that requires instructions to be augmented.
The information can be stored on a remote backend in this case.

Cinema/Performance

AR technology has been used to enhance movies and plays by having a static
background and a screen with overlays on it to produce images and scenery
that would otherwise require expensive and highly detailed sets.

This is a really feasible option. All you need to do is acquire the footage or
background information for the performance, place markers at appropriate
places, and augment the footage or background when needed.

Entertainment

In several amusement parks around the world, AR technology is being used to
make rides that fit within a single room and manage to give you the experience
of a whole ride. You will be made to sit in a car or some other vehicle that is
mounted on hydraulics. You are surrounded on all sides by massive screens on
which the whole scenery is displayed. Depending on whether the scenery is
from a live camera or is animated, this could fall under both VR and AR. The
vehicle moves in the air as the virtual track progresses. If the track is going
down, the vehicle will tilt downward, and you will actually feel as if you are
moving down. To provide a more realistic experience, the AR technology is
coupled with some fans or water-spraying equipment.

It is possible to implement this on Android, but there are a few limitations. To
have a completely immersive experience, you will need a large screen. Some of
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the tablets might provide sufficient space to have a good experience, but
implementing it for phones is a little too optimistic. Additionally, hydraulic
mounted vehicles are used in the actual rides to provide the complete
experience of movement. To compensate, some innovative thinking will be
required on your part.

Education

AR technology has been successfully used in various educational institutes to
act as add-ons to the textbook material or as a virtual, 3d textbook in itself.
Normally done with head mounts the AR experience allows the students to
“relive” events as they are known to have happened, while never leaving their
class.

These apps can be implemented on the Android platform, but you need the
backing of some course material provider. Apps like these also have the
potential to push AR to the forefront because they have a very large potential
user base.

Art

AR technology can and has been used to help create paintings, models and
other forms of art. It has also helped disabled people realize their creative talent.
AR is also used widely to try out a particular design, before actually putting it
down in ink or carving it out of stone. Paintings can, for example, be painted
virtually to see how they turn out, be refined until the artist is happy with them,
and then be put down on the canvas finally.

These kinds of apps are possible as well. They will need to have several fine art-
related features and will most likely make little use of the sensors available. The
device should ideally have a high-resolution screen, coupled with a high-
resolution camera.

Translation

AR-enabled devices are being used to translate text from multiple languages all
over the world. These devices feature OCR and either have an entire cross-
language dictionary on the device or translate the language over the Internet.

These apps are already in production. You would need to either write or use a
ready-made optical character recognition (OCR) library to convert the images
from the camera to text. After you have extracted the text from the images, you
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can either use an on device translation dictionary, which would have to be
bundled with the app, or translate it over the Internet and display the results.

Weather Forecasting

On practically every news channel a weather forecaster forecasts the weather
on a map of the world behind him. In reality, most of these apps are augmented.
The forecaster stands in front of a massive green backdrop. While recording, the
green backdrop serves as a marker. After the recording is done, a computer is
used to add the map and position it to match the forecaster's actions. If the
forecast is being transmitted live to the viewers, the map is added as the
forecast is transmitted.

Television

AR can be found in daily life as well. Many game shows, especially the ones with
the questions, augment this information over the video of the players. Even in
live sports matches, the score and other game-relevant information is
augmented over the video and sent to the viewers. The slightly more annoying
advertisements are augmented, too.

Many apps that provide live streams of sports matches currently implement this.

Astronomy

There are many apps that are useful to astronomers and good fun for everyone
else. These apps can display the location of stars and constellations during the
day or on a foggy night and do it in (more or less) real time.

Other

There are many, many more uses of AR that cannot be categorized so easily.
They are mostly still in the designing and planning stages, but have the potential
to forward AR technology to the forefront of daily gadgets.
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Future Uses

As the previous section discussed, AR is quite well known and has enough apps
available to make it noteworthy. However, there are some amazing uses for the
technology that cannot be implemented right now due to limitations in hardware
and algorithms.

Virtual Experiences

In the future, AR technology could be used to create virtual experiences. You
could have a head mounted system that could transform your current location
into something completely different. For example, you could live through movies
by wearing such a system and seeing the movie happen around you. You could
convert your house into a medieval castle or into the international space station.
Coupled with aural AR and some smell-emitting technology, a whole experience
could be made lifelike and feel completely real. In addition to this, wearing a
body suit that can emulate the sense of touch will make it absolutely and
undeniably real.

This would be quite difficult to implement on Android if and when it turns up
because Android is lacking in the required sensors and input methods to
implement such a thing. Its visual features could be implemented to an extent,
but the sound and feeling ones would be out of reach unless someone creates a
bodysuit with a head mounted display and sound on a ported version of
Android.

Impossible Simulations

AR technology could do what real hardware cannot, at least as of now. You
could have a screen on which you have an ordinary object such as a cube. You
could then apply various scenarios and forces to this cube and see how it turns
out. You would not be able to do this with real hardware because real hardware
usually cannot change shape without being destroyed. You could also test
theories using experiments that would otherwise be extremely expensive or
completely impossible.

This may be possible to implement on Android by the time other real-world
models are developed because the only hard requirement for high-end
simulations is the data and a large amount of processing power. At the rate the
power of mobile phones is increasing, they could become fast enough to run
such apps.



CHAPTER 1: Applications of Augmented Reality 11

Holograms

AR allows the user to have a live direct or indirect view of the world, which might
enable users to have holograms in front of them. These holograms could be
interactive or merely descriptive. They could be showing anything.

This could be done even today with a highly modified version of an app that
uses markers to display models. Instead of static models, the app could be
made to display an animation or recording or live transmission. However this
would not provide a true hologram experience as it will be on the device's
screen only.

Video Conferencing

AR could allow multiple people to appear in the same conference room if a
video feed of a conference room is transmitted to them. The people could use a
webcam to “appear” in the seats of the room, along with the others. This could
create a collaborative environment, even if the collaborators were thousands of
kilometers apart.

This app could be implemented with some advanced placement algorithms and
a high-speed Internet connection. You would need the algorithms because it is
unlikely that the people taking part in the conference will stay in exactly the
same place throughout. You would need to keep positioning them again and
again so that they do not overlap with the other people.

Movies

AR could be used to play entire movies. The theatre could be replaced with the
background of the movie or the theatre could be replaced with the actors only.
In the first way, the actors could be augmented onto the background and in the
second method the background could be augmented behind the actors. These
could provide for more realistic and fun movies, while keeping the cost of
shooting down.

Apps like these are already in production, but not in the quality, popularity, and
sophistication to have me drag this out of the future implementations. Although
these apps are not that easy to make, they’re not very difficult, either.
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Gesture Control

AR could be used to implement many gesture controls such as eye dialing. The
camera could track the user's eye movement to select the appropriate number
key. After the desired key has been selected, the user could blink to press that
number and then proceed to select the next key. This could similarly be
implemented to control music players, mobile apps, computers, and other forms
of technology.

These kinds of apps would require a few things:
A front camera with a reasonable resolution

Well written algorithms to detect fine eye movements and to
be able to distinguish them from other movements, such as
checking a side view mirror

AR has come a long way from its beginnings and has a long way to go. Its basic
requirements of a camera, GPS, accelerometer, and compass are fulfilled by
almost every Android device on the market. Although apps that use AR
technology exist for the Android platform, they are few in number compared
with the other kinds of apps. It is a great time to enter the Android platform by
making AR apps because the competition is good enough to drive user interest
to these apps, but not fierce enough to drive you out of business yet.
Considering the relatively few AR apps on the market, there is also a good
chance that if you come up with a good AR app it will have no more than 3-5
competing apps, giving you a great advantage. In the next chapter, the basics of
AR apps on Android are explained, and a basic app is developed.

Summary

That concludes our look at the current and future uses of AR and their
implementation (or likely implementation) on the Android platform. The next
chapter looks at the basics of creating an AR app on Android.
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Chapter

Basics of Augmented
Reality on the Android
Platform

By now, you have a basic idea of what augmented reality (AR) is, what is being
done with it around the world, and what you can do with it on an Android
device. This chapter will launch you into the world of AR on Android and teach
you the basics of it. To aid in your understanding of everything done here (and
elsewhere) in this book, we will create apps that demonstrate what is being
taught as we move along. This chapter will focus on making a basic app that
contains the four main parts of any advanced AR app: the camera, GPS,
accelerometer, and compass.

Creating the App

This is a really simple app. It has no overlays and no actual use for any of the
data it is receiving from the GPS, compass, camera, and accelerometer. In the
next chapter, we will build on this app and add overlays to it.

First, we need to create a new project. In the package name, | am using
com.paar.ch2. You can use any name that suits you, but make sure to change
any references in the code here to match your package name. The project
should be set to support Android 2.1 as the minimum. | am building the project
against Android 4.0 (Ice Cream Sandwich), but you can choose your own target.



