Mastering the
Microsoft Kinect

Body Tracking, Object Detection,
and the Azure Cloud Services

Vangos Pterneas

Apress:




Mastering the Microsoft
Kinect

Body Tracking, Object Detection,
and the Azure Cloud Services

Vangos Pterneas

Apress’



Mastering the Microsoft Kinect: Body Tracking, Object Detection, and the Azure
Cloud Services

Vangos Pterneas
New York City, NY, USA

ISBN-13 (pbk): 978-1-4842-8069-0 ISBN-13 (electronic): 978-1-4842-8070-6
https://doi.org/10.1007/978-1-4842-8070-6

Copyright © 2022 by Vangos Pterneas

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, Apress Media LLC: Welmoed Spahr
Acquisitions Editor: Jonathan Gennick

Development Editor: Laura Berendson

Coordinating Editor: Jill Balzano

Cover image designed by Freepik (www.freepik.com)

Distributed to the book trade worldwide by Springer Science+Business Media LLC, 1 New York Plaza, Suite
4600, New York, NY 10004. Phone 1-800-SPRINGER, fax (201) 348-4505, e-mail orders-ny@springer-sbm.
com, or visit www.springeronline.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 booktranslations@springernature.com; for reprint,
paperback, or audio rights, please e-mail bookpermissions@springernature.com.

Apress titles 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 Print and eBook Bulk Sales
web page at http://www.apress.com/bulk-sales.

Any source code or other supplementary material referenced by the author in this book is available to
readers on GitHub.

Printed on acid-free paper


https://doi.org/10.1007/978-1-4842-8070-6

In loving memory of my father.



Table of Contents

About the AUROF .......cccciiemrissenmsssnnmmsssnmssssssssssssssssnsesssnsessansessannesssnnesssnnssssnnssssnnssssns Xi
About the Technical REVIEWET ......cccussemrssssnsssssnsssssnsssssnsssssnsssssnsssssnsssssnsssssnnssssnnssss Xiii
Acknowledgments.......ccccuuuissnnmmmnmmmmmmsssssssssnnnmmmssssssssssssnnseesssssssssnnnnnnsesssssssnnnnnnnnnnss XV
INtroduCtion .....ccucisemmrisnnmsssnnmsssnsmsssnnssssnnnsssnnnnssannessannessannessannessannesssnnesssnnssssnnssssnns xvii
Part I: Meet the Kinect..........cccciimmmmnmmmmmmmmmnsssssmmmmssssssnmmssssssssnmnsssssssssnnsssssnnns 1
Chapter 1: Mixed Reality and Kinect ...........cccounmmmmmmmmmnmmnnmssssssnmmsmsmmsssssssssssssessssnes 3
A Brief History of Mixed REality ...........cooeoreerrienresirec s 3
Natural USEr INTEITACES ......ccceviviriirire et et e 5
Kinect SENSOr ANQLOMY .........covvrvriereninsirere s s s se s s sa e se s s e se s s 10
The RGB Vide0 CAMEIA........cccvriiriiisiserisisssse s ss s sesssssssasssens 12

L L D] o1 IR 1] RS 12

The MIiCrOPRONE AITAYS......cccceerierrreserresesesese s srs e ss e sr s sr s sr e ssssa e ssssssnnsenens 16

The IMU (Accelerometer and GYFOSCOPE) .....cccvreerrererrssesmssesersssesssssssssssessssessssessssanssssssssssenens 17

The EXErnal SYNC PiNS......ccccceierininirinsesssesssese s sesss e sesssssssssssessssessssssssssssssssssssssnens 17
Enhancing KineCt With AZUIE .......cccccveviririerre s ss e saesae e naesnes 18
G 201 ] S 18
Chapter 2: The Developer TOOIDOX .......cuuseerressssnnnsessssnnssessssnnsssssssnnsssssssnnssssssannnsssss 21
Overview of the Microsoft AZure SDK ... s 21
Azure KineCt SENSOr SDK ..ottt s b st e s st 22
Sensor SDK System ReqUIrEMENtS.........ccccoeeeeernnenenenesnsesesese s se s sessesenns 22

THE KINBCE VIBWET ......eeeeeceste ettt st st b 23
Azure Kinect Body Tracking SDK.........ccouermienmnnnmrnsesesesessss e sessesssssssssssssessssesssssssnnes 32
Body Tracking SDK System ReqUIrements ..........ccovveeerenrnsennnnssesssessssesesese s sessesessssessnnes 32

The Kinect Body Tracking VIBWET ..........ccvveierenmrnsesesesesesessssesessssssssessssessssssssssssssssssssssnens 34



TABLE OF CONTENTS

Setting Up the Development ENVIFONMENL .........cccvcvvrininene s sss s sesse e ssssessesseees 35
Unity3D and ViSUl STUTIO ......cecereeveererierereserseresesessesessessssessessessessssessessesssssssessessesssssnsessens 36
Bringing It All TOQETNET ......cveiee e e 39

KBY POINIS ....cviiiiieiecs st b e e e b e e p e p e nnn 39

s L | I T O § |

Chapter 3: Configuring the DevViCe.......ccuemmmmsssmmmmmssssnnnsmssssnsnmsssssssnssssssnnnssssssnnnsnss 43
Adding the Kinect SDKS in UNity3D..........ccouienninrnneninesinsse s se s sessesessesessnses 43
The Azure KineCt BINAES.......c.cuecverenerreserrsesessese s ssssessssessssssessssssssssssssssssssssssssenens 44
Running in the EAItOr........coveeeieisrcrresssese s s s 51
Deploying Your Unity AppliCation .........cccuceeerenernsessnese s s se s ssnnes 52
Mastering Azure Kinect: SOUrCE COUE ........cuurerirerrrenerese s ssanes 54
Starting and Stopping the DEVICE ... e s 55
BasSiC DEVICE PrOPEITIES.....cuivrierererir st ses s s e s sae s s sae e s e s sne s 57
Kinect Device CONfigUIation.........ccueeveveererieresnnesserese s sessesse s sesessesaesessessessesssssssessessesessensesaes 58
Handling Invalid Configurations...........cerrevnnninienn s s saessssessesse s 61
RECEIVING CAPIUIES.....crverrerrererierere s se e sas s se s ae s s se e saesa e e s aesae s s e s aesae e e e s e nnees 62
Reading Data.........cccceviiiiiiin e e 65
KBY POINIS ....cviiiircc ettt e e s e p e e s p e e s 66
Chapter 4: Color Data ........ccuceemmmmmssnnnmmmsssnsnmmssssssnmmssssssnsessssnsnssssssnnnsssssnnnnsssssnnnnsssss 69
Structure 0f @ COIOr FramE........ccccoverernernesrsese s s se s sr s se e sssessssnssnnens 69
The BGRA32 Color FOrMaL..........ccovceerieninisernesisese e s ss e sss e sssssssssssessnses 71
The MJPG Color FOrMAL .........ovieiniririsssise s s 74
Displaying Color Data in UNtY3D .........ccccccveererenemnenieresessessesessssessessesssssssessessesssssssessesssssssessesaes 75
Specifying the Color Configuration ..........c.cvevrerernrnieniese s saes 76
Reading Kinect Color Data as BGRA32. ...........ccccvrerererrerierenssersesessssessessessessssessessessssessessenes 78
Reading Kinect Color Data as MUJPG.........ccccccvverrerernnensesensssrsesessssessessessessssessessessssessessenes 79
LGN 201 ] 80



TABLE OF CONTENTS

Chapter 5: Depth Data........cccccmrrmssennmmmsssnnnmmnmssssmmmsssssmesssssmsssss s 83
Structure of @ Depth Frame ..o 83
Narrow and Wide FieldS Of VIBW ... 85
Displaying Depth Data in UNity3D ........ccoooeorernnesresersesese e 89

Depth Configuration and Data ............ccovererenrnnennesr s 91
Grayscale Depth ViSUalization ...........c.ccccoeernennesesnsesse s s senns 94
Jet Depth Visualization ... s 94
AmDIgUOUS DEPLH CASES .....coveeerererrrreeriese s e s nrnnis 96
Too Close to the Camera or Too Far from the Camera..........ccocvveevnesernsesnnesesesesessesesseens 96
ODJECT EAGES....covierereeerreerise s ne s 97
MOVING ODJECTS ....vrveerreerrreressesesesesesesesss e e s e e e s e s e e sre e s e sss e sae e sensssensssensnns 98
0] 1] TSR 99
KBY POINES ...ttt s e e r e 100

Chapter 6: Body TraCKing .....ccccusrssssassnssssssnsssssssssssssssssnssssssssnnsssssssnnssssssnnnssssssnnnnss 103

The Technology of Body TraCKiNg.......c.cceverirsnnierierienies s sessessse s ssessesssessessessssssessesssssssaesaesnes 103
The New Azure KineCt APProach ........ccoceveiiriinnnnerienin s sses e s sses s s e ssssae s sae s 105
Structure of @ HUMAN BOAY.......cccciieiincrincscrne s s 107
JOINEID oottt e e e nnan 107
JOINt CONFIAENCE LEVEL .......covecccererceece s 110
JOINE POSHHION ... s 110
Acquiring Body Data ..........cccuciiiininnen s 111
Tracker INHAlZALION ........c.cccoeeeeeeere e 112
TraCKer UPUALE .....ccccoveereciricrere it s 115
Constructing Body ODJECES ......ccccerreierrcrircsc s 116
TraCker REIBASE ........cccovecereeereee e se e se s e nne e 116
Displaying Body Data in Unity3D..........ccouerrrererenernsesenese e sessese s sessesenns 117
LCE T 20T 1 ST 125

vii



TABLE OF CONTENTS

Part llI: The MAgiC ........cccrrrmmmmmssssssssssnnnssnnmmmnmmsessssssssssssnsnnnsnnnnnnessssssssssnnnnns 127
Chapter 7: Streaming Data in the Background...........cccccussemmnmnsssnnnnsnssssnnssssssnnnns 129
Creating @ Data PACKAQE. .......ccovverinierinenire ettt 130
Creating the Streaming ClaSs ........c.cccvvriininnnn e s s 131
Starting and Stopping the DEVICE .......c.vceererrrrerre e 132
Streaming Data in a Background Thread ............ccovveerenrnnennesnnsse s 134
Updating the Main THread..........cccveererninienieninsirsese s s e s e sse s ssssessessessssessessessessssessesaens 137
Using the KiNECISENSON ClASS ......ceverrererrererersssersesesssssssessessessssessessesssssssessesssssssessessesssssssensens 138
G 201 ] S 140
Chapter 8: Coordinate Mapping.......ccccusuressnsssssnsesssnsssssnsesssnsssssnsesssnnssssnnssssansessas 143
Coordinate SYSIEMS ..o ———————— 144
2D COOPdINALES .....ceeeeeereecrerere e se e sesre e re e se s e e e s e e e nne e e enis 145

B a0 (o T2 145
Coordinate MapPiNg ....c..coovcrvrirnrre e e p e e p e e s 146
Coordinate TranSfOrmMatioNnS ...........coveeverseneresernsesere s 149

L 04 o I o TR 151
WO 10 DEPth...cecc e ——————————— 153
0] 0T g (0N [ T 154
DEPth 10 WOEIU.......oececee e e e 156
ColOr 10 DEPth.....e e ———————— 157
DEPtN 10 COlON.....c i ——————— 158
Using the Coordinate Mapper Class ... ssessessssessesse s 159

The Complete Coordinate Mapper Class ..o s s sessesnes 161

LG 2T 1SS 166
Chapter 9: Augmented Reality: Removing the Background of the Users.............. 169
Mixing the Physical and the Digital WOrlds.........c.ccucervrrvrierienssenienesssessesessesessessessessssessessens 170
Background REMOVAL...........cccuceiiriinne s se e s s sr s n e s s s e ae s 170
The Body INAEX MaD......c.ociririee et sa e s s e s s r e s s s ae s s en e sne e 174
Mapping Color 10 DEPth.......ccvcvererrrre e 178

viii



TABLE OF CONTENTS

A Background Removal Game in UNItY3D .......ccoceveveniemrerresenensemsesesssssssessessessssessessesssssssessessens 185
KBY POINIS ....cviiiiic et s p e p e nne 189
Chapter 10: Motion AnalYSisS .....ccuussssrrmssssnssesssssnssssssssnssssssssnnsssssssnnssssssnnnssssssnnnnss 191
MOTION ANAIYSIS ... e e s e e s ae e r e e e e e 192
1) SKEIBTON DALA .......coueereeceerceree e 192

2) MEASUIEIMENTS.......ccreecrereerree e s se e se s re e s e se s e s sense e s e ne e e e nne e nrens 193

B ) T T 0 [ 193
Measuring PhySiCal DiSTANCES .........cceeerrrererererenere s 194
Example: Evaluating @ Squat ... 197
MEASUNING ANGIES ....cerveerieerinesere s e ne e 200
Example: Counting BiCep CUKIS.......ccvvrerirrinene et se s 205
MEASUKING SPEEU....cvevvierererie st se s e s s b e e s s a e e e s ae s ae st e e e e nae e 211
Example: How Fast Are YOU WalKing?.........coccovenernnnnennenensse s ssssessssssessnses 212

CE 11 RS 216
Part IV: The “Azure” in Kinect..........ccccmmsmmmmmssessmmsssmsmmsssssssssssssssssssssnsssnsnas 217
Chapter 11: Azure Cognitive SErviCes ......cccrrmsssmmrrsssssnssssssssnnssssssssnsssssssnnsssssssnnnss 219
There IS an APl FOr TRAL!........cooceeee e e 220
AzUre COgNitiVe SBIVICES......cccrueerercrerreerreseresese s e res e s e ee e s e s s e see e e nseesnenens 221
OFfliNg APPrOACH .......eieie e e e e e 221
ONliNE APPIOACH ..o e e e e s 222
Understanding AZure in KiNECT .........ccverrevercrsirree e seree e erse s e sesesse e ssesessaesnessensens 224
Creating @ COMPULEr VISION APL...........ccoveoerercrrcrere e sessenenns 224
LG 20T 1SS 232

A DEmO SErviCe fOr YOU......cccuoereririnissmsiss s s sssssens 232
Chapter 12: Computer Vision and Object Detection.........ccusseemmmnnnnnsssssssssssssnnnnnas 233
Do You Need a KineCt AftEr All?.........ocveeererrrmnnscsesessssssssse s sessssssssssesssssssas 235
The Azure Cognitive SErviCes SDK........ccoivrrerrercrniesire s sesesesse s se e sessesessssesessessssenens 237
The Computer Vision NUGET PACKAGE .......cceererrererierrerersnnenseressessssessessessessssessessesssssssessenses 238
Importing the Packages in UNnity3D ... s 239

ix



TABLE OF CONTENTS

Creating @ New Unity SCENE.........cccccevrrrisisirss s ssns 241
Referencing the Azure Computer Vision SDK..........c.coviinnnnnsssssesese e 242
Computer ViSion iNACLION ..ot 243
Input: Kinect COIOr FIAMES .......ccccriierincrircse s st se s et se s 244
Output: Object RECIANGIES .....ccvereererrerererre s s s s sae e s e saesaesa s e snesaees 247
Coordinate MaAPPING ....cevevvererrererererrereresse s s seese s sse e sssse s e saesae s s e saesaesssnessesaesssssnsesaeses 248
Visualizing the RESUILS .......ccocevereririr e s 250
ClOSING ThE SEIVICE.....civevrererererterer s s e a e ae e e e e e aesae e e e nnenaees 256

KBY POINIS ...ttt e s e e e p e nne 257
INO@X . ueeeiiienssssnnnsssnnssssnnsssssnsssssnsssssnsssssnnasssnnnnssnnansnnnsnssnnnnsnnnnnssnnn s snnnnssnnnnsnnnnsnnss 259



