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CHAPTER 1

Introducing the Kinect

Welcome to Hacking the Kinect. This book will introduce you to the Kinect hardware and help you
master using the device in your own programs. We're going to be covering a large amount of ground—
everything you'll need to get a 3-D application running—with an eye toward killer algorithms, with no
unusable filler.

Each chapter will introduce more information about the Kinect itself or about the methods to work
with the data. The data methods will be stretched across two chapters: the first introduces the concept
and giving a basic demonstration of algorithms and use, and the second goes into more depth. In that
second chapter, we will show how to avoid or ameliorate common issues, as well as discuss more
advanced algorithms. All chapters, barring this one, will contain a project—some basic, some advanced.

We expect that you will be able to finish each chapter and immediately apply the concepts into a
project of you own; there is plenty of room for ingenuity with the first commercial depth sensor and
camera!

Hardware Requirements and Overview

The Kinect requires the following computer hardware to function correctly. We’ll cover the requirements
more in depth in Chapter 3, but these are the basic requirements:

e A computer with at least one, mostly free, USB 2.0 hub.
o The Kinect takes about 70% of a single hub (not port!) to transmit its data.

o Most systems can achieve this easily, but some palmtops and laptops
cannot. To be certain, flip to Chapter 2, where we give you a quick guide on
how to find out.

e Agraphics card capable of handling OpenGL. Most modern computers that have
at least an onboard graphics processor can accomplish this.

¢ A machine that can handle 20 MB/second of data (multiplied by the number of
Kinects you're using). Modern computers should be able to handle this easily, but
some netbooks will have trouble.

¢ AKinect sensor power supply if your Kinect came with your Xbox 360 console
rather than standalone.

Figure 1-1 shows the Kinect itself. The callouts in the figure identify the major hardware
components of the device. You get two cameras: one infrared and one for standard, visible light. There is
an infrared emitter to provide structured light that the infrared camera uses to calculate the depth
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image. The status light is completely user controlled, but it will tell you when the device is plugged into
the USB (but not necessarily powered!) by flashing green.

[statusLED| [RGB Camera IR Camera

XBOX 360

IR Laser Emitter

Figure 1-1. Kinect hardware at a glance

Installing Drivers

This book focuses on the OpenKinect driver — a totally open source, low level driver for the Kinect. There
are a few other options (OpenNI and the Kinect for Windows SDK), but for reasons to be further
discussed in Chapter 3, we’ll be using OpenKinect. In short, OpenKinect is totally open source, user
supported and low level, therefore extremely fast. The examples in this book will be written in C/C++,
but you can use your favorite programming language; the concepts will definitely carry over.

Note Installation instructions are split into three parts, one for each available OS to install to. Please skip to the
section for the OS that you’re using.

Windows

While installing and building OpenKinect drivers from source is fairly straightforward, it can be
complicated for first timers. These steps will take you through how to install on Windows 7 (and should
also work for earlier versions of Windows).

1. Download and install Git (http://git-scm.com). Be sure to select “Run git from
the Windows Command Prompt” and “Check out Windows style, commit
Unix-style line endings”.

2. Open your command prompt; go to the directory where you want your source
folder to be installed, and clone/branch as in Listing 1-1. See the “Git Basics”
sidebar for more information.



CHAPTER 1 = INTRODUCING THE KINECT

Listing 1-1. Git Commands for Pulling the Source Code

C:\> mkdir libfreenect

C:\> cd libfreenect

C:\libfreenect> git clone https://github.com/OpenKinect/libfreenect.git (This will clone into
a new libfreenect directory)

C:\libfreenect> cd libfreenect

C:\libfreenect\libfreenect> git branch -track unstable origin/unstable

3. There are three major dependencies that must be installed for 1ibfreenect to
function: 1ibusb-win32, pthreads-win32, and GLUT. Some of the options you
select in the next section are dependent on your choice of compiler.

a. Download 1ibusb-win32 from http://sourceforge.net/projects/libusb-
win32/.

b. Extract and move the resulting folder into /1ibfreenect.

c. Download pthreads-win32 from http://sourceware.org/pthreads-win32/.
Find the most recent candidate with release.exe at the end.

d. Extract and store the folder in /1libfreenect. If you're using Microsoft Visual
Studio 2010, copy /Pre-built.2/1ib/pthreadVC2.d11 to /Windows/System32/. If
using MinGW, copy /Pre-built.2/1ib/pthreadGC2.d11 to /Windows/System32/
instead.

e. Download GLUT from http://www.xmission.com/~nate/glut.html. Find the
most recent release ending in “-bin.zip”.

f.  Extract and store the resulting folder in /1libfreenect.

g. Copyglut32.dll to /Windows/System32/. If you're using Microsoft Visual
Studio 2010, copy glut.h to the /include/GL folder in your Visual Studio tree
and glut32.1ib library to /1ib in the same tree. If the GL folder does not exist,
create it. However, if you're using MinGW, copy glut.h to /include/GL folder
in the MinGW root directory.

4.  All of the dependencies are in place! Now we can install the low-level Kinect
device driver.

a. Plugin your Kinect. After a quick search for drivers, your system should
complain that it cannot find the correct drivers, and the LED on the Kinect
itself will not light. This is normal.

b. Open Device Manager. Start Control Panel Hardware and Sound Device
Manager.

¢. Double-click Xbox NUI Motor. Click Update Driver in the new window that
appears.

d. Select “Browse my computer for driver software”, and browse to
/1libfreenect/platform/inf/xbox nui motor/.

e. After installation, the LED on the Kinect should be blinking green. Repeat steps
3 and 4 for Xbox NUI Camera and Xbox NUI Audio.
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5. Download CMake from www.cmake.org/cmake/resources/software.html. Get
the most recent .exe installer, and install it.

6. Make sure you have a working C compiler, either MinGW or Visual Studio
2010.

7. Launch CMake-GUI, select /1ibfreenect as the source folder, select an output
folder, and click the Grouped and Advanced check boxes to show more
options.

8. Click Configure. You see quite a few errors. This is normal! Make sure that
CMake matches closely to Figure 1-2. At the time of this writing, Fakenect is
not working on Windows, so uncheck its box.

Note MinGW is a minimal development environment for Windows that requires no external third-party runtime

DLLs. It is a completely open source option to develop native Windows applications. You can find out more about it
at www.mingw.org.
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Figure 1-2. CMake preconfiguration

9. Here too, the following steps split based on compiler choices; this installation
step is summarized in Table 1-1.

a. For Microsoft Visual Studio 2010, GLUT_INCLUDE_DIR is the /include directory in
your Visual Studio tree. GLUT_glut_LIBRARY is the actual full path to glut32.1ib
in your Visual Studio tree. LIBUSB_1_LIBRARY is /1ib/msvc/libusb.1lib in the
libusb installation directory. THREADS PTHREADS WIN32_LIBRARY is /Pre-
built.2/1ib/pthreadVC2.1ib in the pthreads installation directory.

b. For MinGW, the following choices must be set: GLUT_INCLUDE_DIR is the GLUT
root directory. GLUT_glut LIBRARY is the actual full path to glut32 libin the
GLUT root directory. LIBUSB_1_LIBRARY is /1ib/gcc/1ibusb.a in the 1ibusb
installation directory. THREADS PTHREADS WIN32 LIBRARY is /Pre-
built.2/1ib/pthreadGC2.a in the pthreads installation directory.
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c. Forboth, the following choices must be set: LIBUSB_1_INCLUDE_DIRis /include
in the libusb installation directory. THREADS_PTHREADS_INCLUDE_DIR is /Pre-
built.2/include in the pthreads installation directory.

Table 1-1. CMake Settings for Microsoft Visual Studio 2010 and MinGW

CMake Setting Microsoft Visual Studio 2010 MinGW

GLUT_INCLUDE_DIR <MSVSRoot>/VC/include <GLUTRoot>/

GLUT_glut_LIBRARY <MSVSRoot>/VC/1ib/glut32.1ib <GLUTRoot>/glut32.1ib

LIBUSB_1_INCLUDE_DIR <LTIBUSBRoot>/include <LIBUSBRoot>/include

LIBUSB_1_LIBRARY <LIBUSBRoot>/1ib/msvc/libusb.lib  <LIBUSBRoot>/lib/gcc/libusb.a

THREADS_PTHREADS_INCLUDE_DIR <PTHREADRoOt>/Pre-built.2/include  <PIHREADRoot>/Pre-

built.2/include

THREADS_PTHREADS WIN32_ LIBRARY <PTHREADRoot>/Pre- <PTHREADRoot>/Pre-

built.2/1ib/pthreadVC2.1ib built.2/1ib/pthreadGC2.a

10. Dependencies that have yet to be resolved are in red. Click Configure again to
see if everything gets fixed.

11. Assoon as everything is clear, click Generate.
12. Open your chosen output folder, and compile using your compiler.

13. Test by running /bin/glview.exe.

Note If you have problems compiling in Windows, check out the fixes in Chapter 3 to get your Kinect running.

Linux

Installing on Linux is a far simpler than on Windows. We’ll go over both Ubuntu and Red Hat/Fedora.
For both systems, you need to install the following dependencies; the first line in each of the listings
below takes care of this step for you:

e git-core

e cmake

e libglut3-dev
e pkg-config

e build-essential
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e  libxmu-dev
e libxi-dev

e libusb-1.0.0-dev

Ubuntu

Run the commands in Listing 1-2. Follow up by making a file named 51-kinect.rules in
/etc/udev/rules.d/, as shown in Listing 1-3, and 66-kinect.rules in the same location, as shown in
Listing 1-4.

Listing 1-2. Ubuntu Kinect Installation Commands

sudo apt-get install git-core cmake libglut3-dev pkg-config build-essential libxmu-dev libxi-
dev libusb-1.0-0-dev

git clone https://github.com/OpenKinect/libfreenect.git
cd libfreenect

mkdir build

cd build

cmake ..

make

sudo make install

sudo ldconfig /usr/local/1ib64/

sudo adduser <SystemUserName> video

sudo glview

Listing 1-3. 51-kinect.rules

# ATTR{product}=="Xbox NUI Motor"
SUBSYSTEM=="usb", ATTR{idVendor}=="045e", ATTR{idProduct}=="02b0", MODE="0666"
# ATTR{product}=="Xbox NUI Audio"
SUBSYSTEM=="usb", ATTR{idVendor}=="045e", ATTR{idProduct}=="02ad", MODE="0666"
# ATTR{product}=="Xbox NUI Camera"
SUBSYSTEM=="usb", ATTR{idVendor}=="045e", ATTR{idProduct}=="02ae", MODE="0666"

Listing 1-4. 66-kinect.rules

#Rules for Kinect

SYSFS{idVendor}=="045e", SYSFS{idProduct}=="02ae", MODE="0660",GROUP="video"
SYSFS{idVendor}=="045e", SYSFS{idProduct}=="02ad", MODE="0660",GROUP="video"
SYSFS{idVendor}=="045e", SYSFS{idProduct}=="02b0", MODE="0660",GROUP="video"
#End

Red Hat / Fedora

Use Listing 1-5 to install, and then make the files in Listings 1-3 and 1-4 in /etc/udev/rules.d/.
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Listing 1-5. Red Hat/Fedora Kinect Installation Commands

yum install git cmake gcc gcc-c++ libusbl libusbi-devel 1ibXi 1ibXi-devel 1ibXmu libXmu-devel
freeglut freeglut-devel

git clone https://github.com/OpenKinect/libfreenect.git
cd libfreenect

mkdir build

cd build

cmake ..

make

sudo make install

sudo ldconfig /usr/local/lib64/

sudo adduser <SystemUserName> video

sudo glview

Mac OS X

There are several package installers for OS X, but we’ll be focusing on MacPorts (Fink and Homebrew are
not as well supported and are too new for most users). The maintainers of OpenKinect have issued a
special port of 1ibusb-devel that is specifically patched to work for the Kinect. Move to a working
directory, and then issue the commands in Listing 1-6. If you want to build an XCode project instead of a
CMake one, change the cmake line to cmake -G Xcode . . . .In cmake, configure and generate before
exiting to run the remaining code.

Note MacPorts is an open source system to compile, install, and upgrade software on your 0S X machine. It is
the Mac equivalent of apt-get. Although it is almost always properly compiles new libraries on your system, it is
extremely slow due to its “reinstall everything to verify” policy. Homebrew is up and coming and will likely be the
package manager of the future. To learn more about MacPorts, please visit www.macports.org.

Listing 1-6. Mac OS X Kinect Installation Commands

sudo port install git-core

sudo port install libtool

sudo port install libusb-devel

sudo port install cmake

git clone https://github.com/OpenKinect/libfreenect.git
cd libfreenect/

mkdir build

cd build

ccmake ..

Run Configure to generate the initial build description.
Double check the settings in the configuration (this shouldn’t be an issue with a standard
installation)

Run Generate and Exit
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make
sudo make install

Testing Your Installation

Our driver of choice, 1ibfreenect, helpfully ships with a small set of demonstration programs. You can
find these in the /bin directory of your build directory. The most demonstrative of these is glview; it
shows an attempt at fitting the color camera to the 3D space. Your glview output should look much like
Figure 1-3.

o LibFroenoct

Figure 1-3. glview capture

Getting Help

While much of the information in this chapter should be straightforward, there are sometimes hiccups
in the process. In that case, there are several places to seek help. OpenKinect has one of the friendliest
communities out there, so do not hesitate to ask questions.

e http://openkinect.org: This is the home page for the OpenKinect community; it
also has the wiki and is full of great information.

e http://groups.google.com/group/openkinect: This is the OpenKinect user group
mailing list, which hosts discussions and answers questions.

e IRC: #OpenKinect on irc.freenode.net

Summary

In this first chapter, you installed the initial driver software, OpenKinect, and ran your first 3-D
application on your computer. Congratulations on entering a new world! In the next chapter, we're
going to dive deep into the hardware of the Kinect itself, discussing how the depth image is generated
and some of the limitations of your device.
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Hardware

In this chapter, you will extensively explore the Kinect hardware, covering all aspects of the system
including foibles and limitations. This will include the following:

e How the depth sensing works
e  Why you can’t use your Kinect outside
e Systemrequirements and limitations

Let’s get started.

Status LED | RGB Camera | ‘ IR Camera
]

XBOX 360

Figure 2-1. Kinect external diagram

Depth Sensing

Figure 2-1 will serve as your guidebook to the Kinect hardware. Let’s start with the depth sensing system.
It consists of two parts: the IR laser emitter and the IR camera. The IR laser emitter creates a known noisy
pattern of structured IR light at 830 nm. The output of the emitter is shown in Figure 2-2. Notice the nine
brighter dots in the pattern? Those are caused by the imperfect filtering of light to create the pattern.
Prime Sense Ltd., the company that worked with Microsoft to develop the Kinect, has a patent
(US20100118123) on this process, as filters to create light like this usually end up with one extremely
bright dot in the center instead of several moderately bright dots. The change from a single bright dot to

11
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several moderately bright dots is definitely a big advancement because it allows for the use of a higher
powered laser.

Figure 2-2. Structured light pattern from the IR emitter

The depth sensing works on a principle of structured light. There’s a known pseudorandom pattern
of dots being pushed out from the camera. These dots are recorded by the IR camera and then compared
to the known pattern. Any disturbances are known to be variations in the surface and can be detected as
closer or further away. This approach creates three problems, all derived from a central requirement:
light matters.

e The wavelength must be constant.

Ambient light can cause issues.
e Distance is limited by the emitter strength.

The wavelength consistency is mostly handled for you. Within the sensor, there is a small peltier
heater/cooler that keeps the laser diode at a constant temperature. This ensures that the output
wavelength remains as constant as possible (given variations in temperature and power).

Ambient light is the bane of structured light sensors. Again, there are measures put in place to
mitigate this issue. One is an IR-pass filter at 830 nm over the IR camera. This prevents stray IR in other
ranges (like from TV remotes and the like) from blinding the sensor or providing spurious results.
However, even with this in place, the Kinect does not work well in places lit by sunlight. Sunlight’s wide
band IR has enough power in the 830 nm range to blind the sensor.

The distance at which the Kinect functions is also limited by the power of the laser diode. The laser
diode power is limited by what is eye safe. Without the inclusion of the scattering filter, the laser diode in



