
Develop  
Microsoft 
HoloLens  
Apps Now

—
Allen G. Taylor



     Develop Microsoft 
HoloLens Apps Now 

   Allen G. Taylor 

  

                    



Develop Microsoft HoloLens Apps Now

Allen G. Taylor				  
Oregon City, Oregon
USA			 

ISBN-13 (pbk): 978-1-4842-2201-0		  ISBN-13 (electronic): 978-1-4842-2202-7
DOI 10.1007/978-1-4842-2202-7

Library of Congress Control Number:  2016957156

Copyright © 2016 by Allen G. Taylor

This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or part of the material is 
concerned, specifically the rights of translation, reprinting, reuse of illustrations, recitation, broadcasting, reproduction 
on microfilms or in any other physical way, and transmission or information storage and retrieval, electronic 
adaptation, computer software, or by similar or dissimilar methodology now known or hereafter developed.

Trademarked names, logos, and images may appear in this book. Rather than use a trademark symbol with every 
occurrence of a trademarked name, logo, or image we use the names, logos, and images only in an editorial fashion 
and to the benefit of the trademark owner, with no intention of infringement of the trademark.

The use in this publication of trade names, trademarks, service marks, and similar terms, even if they are not identified 
as such, is not to be taken as an expression of opinion as to whether or not they are subject to proprietary rights.

While the advice and information in this book are believed to be true and accurate at the date of publication, neither 
the authors nor the editors nor the publisher can accept any legal responsibility for any errors or omissions that may 
be made. The publisher makes no warranty, express or implied, with respect to the material contained herein.

Managing Director: Welmoed Spahr
Acquisitions Editor: Todd Green
Technical Reviewer: Reid Blomquist
Editorial Board: Steve Anglin, Pramila Balan, Laura Berendson, Aaron Black, Louise Corrigan,  

Jonathan Gennick, Todd Green, Robert Hutchinson, Celestin Suresh John, Nikhil Karkal,  
James Markham, Susan McDermott, Matthew Moodie, Natalie Pao, Gwenan Spearing

Coordinating Editor: Nancy Chen
Copy Editor: April Rondeau 
Compositor: SPi Global
Indexer: SPi Global
Artist: SPi Global
Cover Image: Courtesy of Freepik

Distributed to the book trade worldwide by Springer Science+Business Media New York,  
233 Spring Street, 6th Floor, New York, NY 10013. Phone 1-800-SPRINGER, fax (201) 348-4505, e-mail  
orders-ny@springer-sbm.com, or visit www.springer.com. Apress Media, LLC is a California LLC and the sole 
member (owner) is Springer Science + Business Media Finance Inc (SSBM Finance Inc). SSBM Finance Inc is a 
Delaware corporation.

For information on translations, please e-mail rights@apress.com, or visit www.apress.com. 

Apress and friends of ED books may be purchased in bulk for academic, corporate, or promotional use.  
eBook versions and licenses are also available for most titles. For more information, reference our Special Bulk 
Sales–eBook Licensing web page at www.apress.com/bulk-sales.

Any source code or other supplementary materials referenced by the author in this text are available to readers at   
www.apress.com. For detailed information about how to locate your book’s source code, go to  
www.apress.com/source-code/. Readers can also access source code at SpringerLink in the Supplementary 
Material section for each chapter.

Printed on acid-free paper

mailto:orders-ny@springer-sbm.com
www.springer.com
mailto:rights@apress.com
www.apress.com
www.apress.com/bulk-sales
www.apress.com
www.apress.com/source-code/


   This book is dedicated to the artists of the world.  

  Pursue your art with passion.  



v

Contents at a Glance

About the Author ....................................................................................................xix

About the Technical Reviewer ................................................................................xxi

Acknowledgments ................................................................................................xxiii

Introduction ...........................................................................................................xxv

 ■Part I: The Windows 10 Development Environment and HoloLens ..... 1

 ■Chapter 1: What Is the Microsoft HoloLens? ......................................................... 3

 ■Chapter 2: The Windows 10 Platform .................................................................... 9

 ■Chapter 3: The Universal Windows Platform (UWP) ............................................ 13

 ■Chapter 4: The Development Edition ................................................................... 17

 ■Chapter 5: Getting Started with HoloLens Development ...................................... 19

 ■Part II: Building Apps ........................................................................ 47

 ■Chapter 6: Choosing a Project to Tackle .............................................................. 49

 ■Chapter 7: Forming Project Teams ...................................................................... 55

 ■Part III: Developing with the Unity Framework ................................ 59

 ■Chapter 8: Create a Hologram with Unity and Visual Studio ............................... 61

 ■Chapter 9: Developing with Unity and Visual Studio ........................................... 75

 ■Chapter 10: Using C# with Visual Studio and Unity ............................................. 91

 ■Chapter 11: Building the Origami Sample Application ...................................... 101

 ■Chapter 12: Building the Holograms 240 Shared Application ........................... 125



■ CONTENTS AT A GLANCE

vi

 ■Part IV: Deep Dive into HoloLens .................................................... 151

 ■Chapter 13: HoloLens Hardware ........................................................................ 153

 ■Chapter 14: Creating Holographic Objects ........................................................ 161

 ■Chapter 15: Manipulating Holographic Objects ................................................. 169

 ■Part V: Creating Mixed-Reality Apps .............................................. 183

 ■Chapter 16: Creating a Holographic Teaching Tool ............................................ 185

 ■Chapter 17: Creating Your App Using HoloToolkit .............................................. 195

 ■Chapter 18: Testing Your App ............................................................................ 221

 ■Part VI: Going Beyond App Development ........................................ 183

 ■Chapter 19: Becoming a HoloLens Pro .............................................................. 229

 ■Chapter 20: Where Is This Technology Taking Us? ............................................ 235

 ■Appendix A: Windows Dev Center Resources .................................................... 239

 ■Appendix B: Other Resources ............................................................................ 245

Index ..................................................................................................................... 247



vii

Contents

About the Author ....................................................................................................xix

About the Technical Reviewer ................................................................................xxi

Acknowledgments ................................................................................................xxiii

Introduction ...........................................................................................................xxv

 ■Part I: The Windows 10 Development Environment and HoloLens ..... 1

 ■Chapter 1: What Is the Microsoft HoloLens? ......................................................... 3

Virtual Reality, Augmented Reality, and Mixed Reality ...................................................... 3

The HoloLens Headset ...................................................................................................... 4

The headband ......................................................................................................................................... 5

Speakers and spatial sound ................................................................................................................... 5

Controls .................................................................................................................................................. 5

The processors ....................................................................................................................................... 5

The Inertial Measurement Unit (IMU) ...................................................................................................... 5

The cameras ........................................................................................................................................... 6

The microphone ...................................................................................................................................... 6

Other input devices................................................................................................................................. 6

The lenses .............................................................................................................................................. 6

Sensor Fusion ................................................................................................................... 6

How HoloLens Differs from Virtual Reality and Ordinary Augmented Reality ................... 6

Summary .......................................................................................................................... 7

 ■Chapter 2: The Windows 10 Platform .................................................................... 9

The Windows 10 User Interface........................................................................................ 9

Differences between Windows 7 and Windows 10 ........................................................ 11



■ CONTENTS

viii

Differences between Windows 8 and Windows 10 ........................................................ 11

New Capabilities of Windows 10 .................................................................................... 11

Summary ........................................................................................................................ 11

 ■Chapter 3: The Universal Windows Platform (UWP) ............................................ 13

Device Families .............................................................................................................. 13

The Universal Device Family .......................................................................................... 14

Developing for a Specifi c Device Family ........................................................................ 14

Summary ........................................................................................................................ 14

 ■Chapter 4: The Development Edition ................................................................... 17

Development System Requirements .............................................................................. 17

The Development Edition ............................................................................................... 17

Required Tools ................................................................................................................ 18

Summary ........................................................................................................................ 18

 ■Chapter 5: Getting Started with HoloLens Development ...................................... 19

Confi guring Your Windows 10 Computer for Development ............................................. 19

Confi rm that your computer BIOS supports HoloLens development .................................................... 20

Install Hyper-V support ......................................................................................................................... 20

Enable Developer mode on your development machine ...................................................................... 20

Install Visual Studio 2015 Community Edition, Update 3 ...................................................................... 21

Install the HoloLens Emulator ............................................................................................................... 21

Install Unity ........................................................................................................................................... 22

The Holographic Academy .............................................................................................. 22

Holograms 100: Getting Started with Unity .......................................................................................... 22

Holograms 101e: Introduction with Emulator ....................................................................................... 22

Holograms 101: Introduction with HoloLens Device ............................................................................. 23

Holograms 210: Gaze ............................................................................................................................ 23

Holograms 211: Gesture ....................................................................................................................... 24

Holograms 212: Voice ........................................................................................................................... 24



■ CONTENTS

ix

Holograms 220: Spatial Sound ............................................................................................................. 24

Holograms 230: Spatial Mapping .......................................................................................................... 25

Holograms 240: Sharing Holograms ..................................................................................................... 25

Development with Unity ................................................................................................. 25

The Windows Device Portal ............................................................................................ 25

Setting up the HoloLens ....................................................................................................................... 26

Connecting the HoloLens to the development machine ....................................................................... 27

Identifying yourself with a username and password ............................................................................ 29

Creating a security certifi cate .............................................................................................................. 29

Device Portal features .......................................................................................................................... 33

Device Portal REST APIs ....................................................................................................................... 46

Summary ........................................................................................................................ 46

 ■Part II: Building Apps ........................................................................ 47

 ■Chapter 6: Choosing a Project to Tackle .............................................................. 49

It Isn’t All About Games .................................................................................................. 49

The First Applications: Industrial, Commercial, and Educational .................................... 49

Industrial applications .......................................................................................................................... 50

Commercial applications ...................................................................................................................... 51

Educational applications....................................................................................................................... 52

Tearing Down and Reassembling an Automatic Transmission ....................................... 53

Summary ........................................................................................................................ 54

 ■Chapter 7: Forming Project Teams ...................................................................... 55

The Project Leader ......................................................................................................... 55

The Design Team ............................................................................................................ 55

The Computer Graphics Team ........................................................................................ 56

The Computer Vision Team ............................................................................................. 56

The Audio Team .............................................................................................................. 56

The QA Team .................................................................................................................. 56



■ CONTENTS

x

Parallel Development Paths ........................................................................................... 56

Intergroup Communication ............................................................................................. 57

Summary ........................................................................................................................ 57

 ■Part III: Developing with the Unity Framework ................................ 59

 ■Chapter 8: Create a Hologram with Unity and Visual Studio ............................... 61

Development System Requirements .............................................................................. 61

Develop Apps without Hardcore Programming Skills ..................................................... 61

Installing Unity and Visual Studio ................................................................................... 62

Quick Tour of the Unity Framework ................................................................................ 62

Your First Hologram ........................................................................................................ 64

Make sure you have the right equipment, confi gured in the right way ................................................ 64

Create a new project in Unity ............................................................................................................... 64

Place the camera .................................................................................................................................. 65

Create a hologram ................................................................................................................................ 67

Export Your Project to Visual Studio ............................................................................... 67

Build the Project in Visual Studio ................................................................................... 72

Deploy Your Project to the HoloLens .............................................................................. 74

Summary ........................................................................................................................ 74

 ■Chapter 9: Developing with Unity and Visual Studio ........................................... 75

Combining Scripts from Visual Studio with Assets in Unity Project Explorer ................. 75

Giving Objects Behaviors Using Scripts ......................................................................... 75

Sensing User Actions with Scripts ................................................................................. 76

Unity/Visual Studio Integration ....................................................................................... 76

Unity’s MonoBehaviour scripting wizard .............................................................................................. 76

The Quick MonoBehaviour scripting wizard ......................................................................................... 76

Debugging Holographic Projects .................................................................................... 77

Debugging in Unity ............................................................................................................................... 77

Debugging in Visual Studio ................................................................................................................... 77



■ CONTENTS

xi

Visual Studio’s Error List ................................................................................................ 79

Getting Support from the Windows Dev Center .............................................................. 80

Get the tools ......................................................................................................................................... 80

Get started ............................................................................................................................................ 80

Academy ............................................................................................................................................... 80

Documentation ..................................................................................................................................... 80

Community ........................................................................................................................................... 90

Support ................................................................................................................................................. 90

Summary ........................................................................................................................ 90

 ■Chapter 10: Using C# with Visual Studio and Unity ............................................. 91

The C# Language ............................................................................................................ 91

C# Scripts ....................................................................................................................... 91

Adding Behaviors to Unity Components with C# Scripts ................................................ 92

Add a script component using Unity’s Inspector .................................................................................. 92

Visual Studio will launch, but MonoDevelop may launch too ............................................................... 96

Skeleton of a script fi le ......................................................................................................................... 97

Controlling GameObjects using components ........................................................................................ 97

Event functions ..................................................................................................................................... 99

Unity scripting resources .................................................................................................................... 100

Summary ...................................................................................................................... 100

 ■Chapter 11: Building the Origami Sample Application ...................................... 101

Getting Started ............................................................................................................. 101

Install the tools you will need ............................................................................................................. 102

Download the Origami project fi les .................................................................................................... 102

Setting the Stage .......................................................................................................... 102

Opening the Origami project in Unity .................................................................................................. 102

Setting up the main camera ............................................................................................................... 103

Creating a scene ................................................................................................................................. 104

Exporting the project to Visual Studio ................................................................................................. 106

Deploying the project to the HoloLens Emulator ................................................................................ 108



■ CONTENTS

xii

Adding Gaze Functionality ............................................................................................ 110

Adding a script to the project ............................................................................................................. 110

Rebuild and reload .............................................................................................................................. 113

Redeploy to the Emulator ................................................................................................................... 113

Adding Gesture Functionality ....................................................................................... 114

Create a script to manage gaze and gesture ...................................................................................... 114

Create a script to manage the Origami spheres ................................................................................. 116

Enabling Voice Input ..................................................................................................... 117

Export, build, and redeploy ................................................................................................................. 119

Giving Holograms Spatial Sound .................................................................................. 119

Establishing Context with Spatial Mapping .................................................................. 122

Move the OrigamiCollection to a new location ................................................................................... 122

Export, build, and deploy .................................................................................................................... 124

Shifting from the Emulator to the HoloLens Device ..................................................... 124

Summary ...................................................................................................................... 124

 ■Chapter 12: Building the Holograms 240 Shared Application ........................... 125

Getting Started ............................................................................................................. 125

Install the tools you will need ............................................................................................................. 126

Download the Sharing Holograms project fi les .................................................................................. 126

Building the App ........................................................................................................... 126

Opening the Shared Holograms project in Unity ................................................................................. 126

Populate the Hierarchy panel with assets .......................................................................................... 127

Export the project to Visual Studio ..................................................................................................... 128

Deploying the project to the HoloLens Emulator ................................................................................ 129

Deploying the project to the HoloLens device .................................................................................... 130

Interacting with the Hologram ...................................................................................... 130

Adding gaze functionality ................................................................................................................... 130

Adding gesture functionality ............................................................................................................... 131

Establishing Shared Coordinates ................................................................................. 131



■ CONTENTS

xiii

Seeing Others as Avatars ............................................................................................. 134

Anchoring a Hologram to a Position in Space .............................................................. 140

Turning on Physics ....................................................................................................... 148

Unlock a New World through Collaboration .................................................................. 148

Summary ...................................................................................................................... 149

 ■Part IV: Deep Dive into HoloLens .................................................... 151

 ■Chapter 13: HoloLens Hardware ........................................................................ 153

The Processors ............................................................................................................. 154

The CPU .............................................................................................................................................. 154

The GPU .............................................................................................................................................. 154

The HPU .............................................................................................................................................. 154

Memory Limits ............................................................................................................. 155

The Head Band ............................................................................................................. 155

The Visor ....................................................................................................................... 155

Environment Sensors and Cameras ............................................................................. 156

The Light Engines and Lenses ...................................................................................... 157

Sound Generation ......................................................................................................... 157

The Microphones .......................................................................................................... 159

Battery Capacity and Recharging ................................................................................. 159

Bluetooth ...................................................................................................................... 159

Wi-Fi ............................................................................................................................. 159

Cortana ......................................................................................................................... 159

Summary ...................................................................................................................... 159

 ■Chapter 14: Creating Holographic Objects ........................................................ 161

The Interaction Model (Gaze, Gesture, and Voice) ........................................................ 161

Spatial Sound ............................................................................................................... 162

Spatial Mapping and Location Awareness ................................................................... 162



■ CONTENTS

xiv

Designing a Mixed-Reality App .................................................................................... 162
Design ................................................................................................................................................. 163

Placement ........................................................................................................................................... 163

Lighting ............................................................................................................................................... 163

Size ..................................................................................................................................................... 164

Animation ........................................................................................................................................... 164

Connecting the Holographic World with the Real ......................................................... 164
Coordinate systems ............................................................................................................................ 164

Spatial anchors ................................................................................................................................... 165

Attached frame of reference ............................................................................................................... 165

Head-locked content .......................................................................................................................... 165

Types of Holographic Objects ....................................................................................... 165
Table top ............................................................................................................................................. 165

Surface-locked ................................................................................................................................... 166

Floating ............................................................................................................................................... 166

Companion .......................................................................................................................................... 166

Immersive ........................................................................................................................................... 166

Sharing and Collaboration ............................................................................................ 167

Importing an Object Defi nition ..................................................................................... 167

Creating an Object with HoloStudio ............................................................................. 167

Summary ...................................................................................................................... 167

 ■Chapter 15: Manipulating Holographic Objects ................................................. 169

Creating a Holographic Object ...................................................................................... 169

Establishing the Location of a Holographic Object ....................................................... 169

Programming the Behavior of a Holographic Object .................................................... 170
Moving a holographic object around in space .................................................................................... 171

Creating a cursor that follows the user’s gaze ................................................................................... 179

Changing a cursor when it hits a hologram ........................................................................................ 181

Activating a targeted hologram with an air tap .................................................................................. 181

Activating a targeted hologram with a voice command ..................................................................... 181

Summary ...................................................................................................................... 182



■ CONTENTS

xv

 ■Part V: Creating Mixed-Reality Apps .............................................. 183

 ■Chapter 16: Creating a Holographic Teaching Tool ............................................ 185

The Limitations of Traditional Education ...................................................................... 185

How Education Is Changing .......................................................................................... 185

Seeing the Unseen: Inside the Human Body ................................................................. 186

Mixed reality home study ................................................................................................................... 187

Seeing the Unseen: Inside an Automotive Automatic Transmission ............................. 189

How does it all fi t together? ............................................................................................................... 189

Hands-on experience will always be needed, but . . . ........................................................................ 190

Instructor-driven Animation .......................................................................................... 193

Making the Student an Active Participant .................................................................... 193

Creating a Compelling Educational App ....................................................................... 193

Summary ...................................................................................................................... 193

 ■Chapter 17: Creating Your App Using HoloToolkit .............................................. 195

What is HoloToolkit? ..................................................................................................... 195

Toolkit Contents ............................................................................................................ 196

Input Assets .................................................................................................................. 196

Materials ............................................................................................................................................. 196

Models ................................................................................................................................................ 196

Prefabs ............................................................................................................................................... 196

Scripts ................................................................................................................................................ 197

Shaders .............................................................................................................................................. 198

Tests ................................................................................................................................................... 198

Sharing ......................................................................................................................... 199

Editor .................................................................................................................................................. 199

Plugins ................................................................................................................................................ 199

Prefabs ............................................................................................................................................... 199

Scripts ................................................................................................................................................ 200

Tests ................................................................................................................................................... 200



■ CONTENTS

xvi

Spatial Mapping ........................................................................................................... 200

Spatial Perception .............................................................................................................................. 201

Editor .................................................................................................................................................. 201

Materials ............................................................................................................................................. 201

Plugins ................................................................................................................................................ 201

Prefabs ............................................................................................................................................... 201

Scripts ................................................................................................................................................ 202

Shaders .............................................................................................................................................. 204

Tests ................................................................................................................................................... 204

Spatial Sound Scripts ................................................................................................... 205

Editor Scripts ...................................................................................................................................... 205

Other Scripts ....................................................................................................................................... 205

Utilities ......................................................................................................................... 206

Editor .................................................................................................................................................. 206

Prefabs ............................................................................................................................................... 207

Scripts ................................................................................................................................................ 207

Shaders .............................................................................................................................................. 208

Tests ................................................................................................................................................... 209

Designing a Simple App ............................................................................................... 209

Setting Up Unity for Holographic Development ............................................................ 209

Downloading and Installing the HoloToolkit ................................................................. 210

Mapping Your Environment .......................................................................................... 210

Build and Deploy Project .............................................................................................. 211

Responding to Inputs ................................................................................................... 212

Responding to Voice Commands .................................................................................. 216

Summary ...................................................................................................................... 219

 ■Chapter 18: Testing Your App ............................................................................ 221

Functionality ................................................................................................................. 221

Performance ................................................................................................................. 222



■ CONTENTS

xvii

Ease of Use ................................................................................................................... 222

Reliability ...................................................................................................................... 223

Safety ........................................................................................................................... 223

Security ........................................................................................................................ 223

Unusual User Behavior ................................................................................................. 225

Unusual User Environments ......................................................................................... 225

Room size and shape ......................................................................................................................... 225

Lighting conditions ............................................................................................................................. 225

Movement conditions ......................................................................................................................... 225

Hologram Shape and the User’s Field of View ............................................................. 226

Heat Generation ............................................................................................................ 226

Battery Depletion .......................................................................................................... 226

Summary ...................................................................................................................... 226

 ■Part VI: Going Beyond App Development ........................................ 183

 ■Chapter 19: Becoming a HoloLens Pro .............................................................. 229

HoloLens in the Enterprise ........................................................................................... 229

Startup Opportunities ................................................................................................... 230

Publishing HoloLens Apps to the Windows Store ......................................................... 230

Windows Store policies ...................................................................................................................... 230

The App Developer Agreement ........................................................................................................... 232

How to pass app certifi cation ............................................................................................................. 232

Submitting an app for publication in the Store ................................................................................... 232

Uploading your app ............................................................................................................................. 233

Setting a price for your app ................................................................................................................ 233

Monitoring sales with analytic reports ............................................................................................... 233

Receiving payment ............................................................................................................................. 233

Promoting Your Apps .................................................................................................... 233

Summary ...................................................................................................................... 234



■ CONTENTS

xviii

 ■Chapter 20: Where Is This Technology Taking Us? ............................................ 235

Opportunities Opening Up ............................................................................................ 235

Education and training ........................................................................................................................ 235

Sales ................................................................................................................................................... 236

Medical ............................................................................................................................................... 236

Game development ............................................................................................................................. 236

Holoportation ...................................................................................................................................... 236

The Internet of Things ......................................................................................................................... 237

Are There Dangers in Merging the Real with the Virtual? ............................................ 237

Psychological issues .......................................................................................................................... 238

Can mixed reality experiences become addictive? ............................................................................ 238

Summary ...................................................................................................................... 238

 ■Appendix A: Windows Dev Center Resources .................................................... 239
The Universal Windows Dev Center .................................................................................................... 239

Windows Dev Center-Holographic ...................................................................................................... 242

 ■Appendix B: Other Resources ............................................................................ 245
Microsoft Resources on GitHub .......................................................................................................... 245

Resources on GitHub from Developers ............................................................................................... 246

HoloLens YouTube Videos ................................................................................................................... 246

Index ..................................................................................................................... 247



xix

   About the Author 

     Allen   G.   Taylor       is an independent software developer, educator, and early 
adopter of HoloLens technology. He is the author of more than 40 books 
and speaks internationally on science and technology and their impact 
on society. Allen can be reached at   allen.taylor@ieee.org    . He blogs at 
allengtaylor.com and posts items of interest at moontube.wordpress.com. 
Allen’s Twitter handle is @SQLwriter. 

       

http://mailto:allen.taylor@ieee.org/


xxi

        About the Technical Reviewer 

        Reid   Blomquist       is a creative technologist living in Portland, OR. Attached to pretty much anything shiny, 
new, and electronic, Reid spends his time exploring new and exciting ways to leverage technology. Fortunate 
to have been exposed to computers and programming from a young age, he has professional experience that 
spans from full-stack web development to building immersive VR and AR experiences with Unity3D.     
 



xxiii

  Acknowledgments  

 I would like to thank Andy Mingo, Thomas Wester, Reid Blomquist, Sonya Neunzert, and Philip Modin 
for their help in making this book possible. Thanks also to the Apress editorial staff that helped with the 
production of the book, and, as always, to my literary agent, Carole Jelen of Waterside Productions.  



xxv

   Introduction 

   Ever since Microsoft first announced it in January of 2015, there has been a tremendous amount of 
excitement about the Microsoft HoloLens mixed-reality device. It seamlessly integrates holographic objects 
into the user’s world, making it sometimes difficult to distinguish between what is real and what is virtual. 
The HoloLens has ushered in a whole new realm of experience. 

 The HoloLens provides a platform for the development of applications in many different fields that 
would benefit from being able to place a user within an environment that is completely real, but that also has 
holographic elements that seem real, even though they are not. 

 Microsoft is making a major bet that augmented reality—or mixed reality, as they call it—will become 
a new mass market, rivalling what happened to the smartphone after Apple’s introduction of the original 
iPhone. If they are right, as was the case with the smartphone, the opportunity for independent developers 
promises to be huge. Every new app increases the value of the HoloLens platform, thus drawing more 
customers to it and making the pie bigger for all HoloLens developers. 

 This book is a manual for how to get started as an application developer for the HoloLens. It’s a great 
time to start, because you are starting on an equal footing with everyone else. The technology is brand 
new, so nobody has much of an edge over you, even if you are just starting out as a developer. Most of the 
resources you will need in order to get started as a developer are either free downloads or an inexpensive 
investment. When you consider the potential return on investment, getting into HoloLens development now 
should be an easy decision. 

 In the first part of this book, I describe the HoloLens device and how it fits in with the other devices 
of the Windows 10 platform. I tell you exactly what you will need as a HoloLens developer and give step-
by-step instructions on how to configure your development system. Connecting your development system 
to your HoloLens device and establishing communication between the two comes next. Once you have 
developed your app, you will want to upload it onto your HoloLens to test it out. 

 The second part of this book talks about the kinds of applications that are particularly well suited for 
mixed reality in general and the HoloLens in particular. It also covers the kind of development team that is 
most likely to be successful at producing an app that meets a real need in the marketplace. 

 The third part of the book takes you through the process of actually developing an application for the 
HoloLens using the tool chain recommended by Microsoft. 

 Part Four starts with a deep dive into the details of the HoloLens hardware to help you get a sense of 
what is available to you and what some of your constraints are as a developer. It continues with a description 
of the mixed-reality environment and the types of holograms that you can create within it. 

 Part Five walks you through the creation of a simple application, followed by a recounting of the myriad 
ways you must test it to make sure it does what it is supposed to do, under every possible condition that you 
can think of. 

 Part Six considers what it will take to become a professional HoloLens developer, and what 
opportunities lie just over the horizon for people who enter the field today.  



   PART I 

   The Windows 10 Development 
Environment and HoloLens 
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    CHAPTER 1   

 What Is the Microsoft HoloLens?                          

 It’s hard to say what the HoloLens is like, because it is not like anything that you might want to compare it to. 
Microsoft calls it a stand-alone, fully untethered, holographic computer, but what does that mean?

•     Stand-alone  and  untethered  mean that the HoloLens does not need to be connected, 
either wired or wirelessly, to any external computer or other device.  

•    Holographic  means that the user can see three-dimensional virtual objects and 
even walk around them, viewing them from every angle. The holograms created by 
a HoloLens device go beyond that by also enabling the user to interact with them. 
They also interact realistically with their real-world surroundings.  

•    Computer  means that this device contains a powerful and fully functional computing 
system.    

 HoloLens is usually mentioned in the press in the context of virtual reality and augmented reality, but 
it is separate and distinct from both of those technologies. It is creating a new category that will alter our 
perception of what is real. 

     Virtual Reality, Augmented Reality, and Mixed Reality 
 On the surface, virtual reality sounds like an oxymoron. If something is virtual, by definition it is not real. If it 
is real, it cannot be virtual. However, there is some logic to the terminology. By immersing oneself in a virtual 
world, one is, in a sense, entering a new and different reality. When you enter a virtual world, as far as your 
sight and hearing are concerned, it becomes your reality. Virtual reality completely replaces what we have 
come to consider normal reality. 

 With virtual reality gear on your head, you can turn completely around, 360 degrees, and see a world 
that bears no resemblance to the physical world that you inhabited before you donned that gear. You may 
also hear sounds that don’t match the soundscape of your normal world. However, you better not start 
walking around. If you do, you will probably walk into an obstacle that is part of the real world, which you 
have never really left. It only seems like you have. Worst case, you might step off a cliff or into an elevator 
shaft. Either way, your virtual reality experience will end rather abruptly. 

Electronic supplementary material The online version of this chapter (doi:  10.1007/978-1-4842-2202-7_1    ) 
contains supplementary material, which is available to authorized users.

http://dx.doi.org/10.1007/978-1-4842-2202-7_1
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 Augmented reality is different in that you do not lose sight of the real world, but instead add something 
to it. Augmented reality has been around for quite a while, most notably in the heads-up displays of fighter 
pilots. These displays put critical information into the pilot’s field of view without obscuring the reality 
around her, which could very well be a deadly combat situation. There is no need to look away from 
the action to view a value on a gauge in the cockpit. That value is right there in her field of view. Thus, 
augmented reality is an overlay on top of what a person normally sees. It looks like icons, symbols, or 
numbers displayed on a transparent virtual screen. 

 Microsoft does not like to refer to their HoloLens technology as either virtual or augmented reality, although 
it does have elements of both. They prefer to call the technology mixed reality. Rather than being superimposed 
on top of normal reality, as is done with augmented reality, the HoloLens experience blends the two realities 
together to create a new mixed reality. This new mixed reality is an example of the combination being greater 
than the sum of its parts. The real and the virtual work together to create an amped-up world that you can move 
through and interact with in unprecedented ways. The virtual part of your world responds to your hand gestures 
and to voice commands. The real part of your world is always there to anchor your perceptions.  

     The HoloLens Headset 
 The HoloLens headset consists of a band that encircles your head, with a visor in the front that you look 
through. Figure  1-1  shows what it looks like.  

  Figure 1-1.    Microsoft HoloLens       

 The band does not rest on your ears, and at about one and a quarter pounds, it feels like you are wearing 
a football helmet. It doesn’t take long for you to forget that you are wearing anything, however. Your mind 
becomes engaged with what is in front of you, both real and virtual. 
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     The headband 
 The headband can be adjusted to fit any adult head, both in terms of circumference and the placement of the 
lenses right in front of the eyes. All of the electronics, processors, memory, cameras, speakers—everything—is 
contained within the headband. Miniaturization has made all these things lightweight and compact. The weight 
of all “the works” is evenly distributed around the head, so that no undue pressure is applied to either the ears or 
the nose. A removable nosepiece is provided, but can be left off. If you don’t use it, there is no pressure on your 
nose at all. Even if you do use it, you can adjust the headband to minimize pressure on the nose. 

 The bottom line of these considerations is that a person could wear a HoloLens for several hours 
without feeling any discomfort. Surgeons could perform operations, assembly-line workers could perform 
assembly or inspection tasks, or designers could collaborate, all while being helped by the addition of three-
dimensional virtual objects to the real environment they are working in. Oh, and gamers could battle killer 
robots breaking through the walls of the room or monsters erupting out of the floor.  

     Speakers and spatial sound 
 There is a small, unobtrusive speaker attached to the headband above each ear. You can make it appear to 
the wearer that sounds are coming from the virtual assets you create by adjusting the phase of the sound 
waves going to each ear. This mimics the phase of sound waves that would be coming from a virtual asset as 
if it were actually making those sounds. 

 Although the wearer can only see the virtual items that are right in front of her in her field of view, she 
can hear sounds made by virtual objects behind her or off to the side. Swiveling around to face them will 
bring them into view.  

     Controls 
 There are only three controls on the HoloLens device itself: a power switch, a sound volume control, and 
a contrast control for the holographic lenses. The user controls what the application does primarily with 
gestures and voice commands. Some apps, particularly games, may also use a hand-held controller (the 
Clicker) that communicates with the HoloLens via Bluetooth.  

     The processors 
 Generating realistic, rapidly changing, three-dimensional holographic images in the user’s field of view 
requires a lot of processing power, and those three requirements (realistic, rapidly changing, three-
dimensional holographic) each place three different kinds of demand on the processing system. To handle 
the load, the HoloLens has three different processors: a central processing unit (CPU), a graphics processing 
unit (GPU), and a holographic processing unit (HPU). Processing tasks are divided up among the three, and 
the result is combined to give the user an integrated, high-fidelity experience.  

     The Inertial Measurement Unit (IMU) 
 The IMU includes an accelerometer, a gyroscope, and a magnetometer. These sensors, along with head-
tracking cameras, track where your head is and how it is moving. This information is integrated with what 
HoloLens knows about the space you are moving through to render the virtual objects in your field of view 
from the right perspective, with the right sizing, and at the right apparent distance from you.  


