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Microsoft Kinect'il pohinev kasutajaliides tornkraa nale

Annotatsioon

Kaesoleva t00 eesmargiks on Mikrosoft Kinect-i radk@mine tornkraana kasutajaliidese

realiseerimiseks.

TO0 pohitulemuseks on tarkvaraliselt realiseeritakendus, mis tédtab Microsoft Windows
platvormil. Kinect sensor on Ghendatud rakenduspigikeMATLAB/Simulink jarjestikliidese
kaudu. Valja tootatud susteem annab vdimaluse dahtornkraana tuvastades operaatori

liigutusi.

Kasutajaliides on lihtne ja arusaadav tavakaswajdiresti paigaldatav ja seadistatav. Too6le

on lisatud kasutusjuhend (9 lehekulge).

TG0 on kirjutatud inglise keeles ja sisaldab 24ldhge, 6 peattkki, 8 graafikut.



Microsoft Kinect based HMI for a tower crane

Abstract

The main goal of this work was an attempt to fimdl @anplement a real world application of

Microsoft Kinect for Windows in real-time controh@ronment.

The result is an application running on a Microséfindows based personal computer (PC)
communicating with MATLAB/Simulink via serial portVhich allows to control a miniature

tower crane with the help of Kinect interaction.

This human machine interface must be simple toamseunderstand, fast to set up, and easily

used with other machinery and/or without the us®IAfTLAB/Simulink.

The thesis is in English and contains 24 pagesxtf 6 chapters and 8 figures.
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1. Introduction

As the motion sensing devices are becoming moraisigated and popular with each year,
one device successfully penetrated the mainstrearkain— Microsoft Kinect. Manly used as

an alternative to controllers in video games, it ba used as powerful tool to augment reality
and help controlling dynamic systems that are clas@uman movement, rather than analog or

digital inputs via analog sticks or buttons.

As the department of computer control has manyties systems, ranging from 3D crane to
inverse pendulum cart, the most obvious choice avagniature model of an industrial tower
crane. The crane has a rotating arm very similam® humans have. Because of this, moving
the trolley, lifting the cargo and rotating the rmea arm can be considered as most intuitive
form of gesture control.

Based on the above observations, the main godli®imork was to create and application that
will collect raw data from Kinect sensor, operatghwt to create control signals that could
interpreted and sent to MATLAB. All done on a smdflicrosoft Windows based PC.

As of current, the application along with Kinecbsld be used in the laboratory to demonstrate
and test the controlled system. Though, if critipedblems could not be found, the interface
can be operated in any environment, as long ascKsensor is secured, in stable position, and

not in danger.

The fact that the whole human machine interface jH¥ould be used everywhere by anyone
means that interface must be user friendly andwhele setup can be installed with ease.
Furthermore, because a tower crane can be veryedaugy the application must have a fast and
easy termination sequence with an ability to sé&ueposition of the crane.



2. System description
2.1 INTECO Tower Crane

The three-dimensional model of industrial crana isighly nonlinear MIMO (Multiple Input
Multiple Output) system equipped with a dedicatgdteam of 2D angle measuring unit and
sensors. The system is fully integrated with MATL/SBnulink and operates in real-time [1].
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Figure 1. Tower Crane[1]



The system has 5 degrees of movement (DOF), waki®and 3 angles. Verticakis z along
which, the cargo is pulled up or down, and the giong rotated by th@heta angle. Horizontal
axisy along which, the trolley is moved. Arahgles X, Y corresponding to thangle between

the projection of the lift-line onto the plane and the lift-line.

Figure 2. Degrees of movement [2]

The PC equipped with the RT-DAC/USB multipurposgitdi 1/0O board communicates with
the power interface. The whole logic necessaryctivate and read the encoder signals and to
generate the appropriate sequence of pulses of BWddntrol the DC motors is configured in
the Xilinx chip of the RT-DAC/USB board. All funcins of the board are accessed from the

Tower Crane toolbox which operates directly in MTLAB/Simulink environment [2].

2.2 Microsoft Kinect for Windows

Kinect is a line of motion sensing input devices Microsoft for Xbox 360 and Xbox One
video game consoles and Windows PCs. Based aroumebeam-style add-on peripheral, it
enables users to control and interact with theirsote/computer without the need for a game

controller, through a natural user interface ugjagtures and spoken commands [3].
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Figure 3. First generation Kinect for Windows [16]

Kinect uses 2 cameras — one for a color streamotther for infrared stream. There is also an
infrared emitter, which projects an infrared gmdioi the area of 1.2 — 3.5 meters. Finally, there

is an array of 4 microphones for noise negation\ance commands.

IR Emitter Color Sensor

IR Depth Sensor

Tilt Motor

_—

-

Microphone Array
Figure 4. Kinect main hardware [16]

2.3 MATLAB

MATLAB is a numerical computing environment and fibugeneration programming
language. MATLAB allows matrix manipulations, plagg of functions and data,
implementation of algorithms, creation of user ifgees, and interfacing with programs
written in other languages, including C, C++, Jaraj FORTRAN [4].
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2.4 Simulink

Simulink is a block diagram environment for multidain simulation and Model-Based
Design. It supports system-level design, simulataartomatic code generation, and continuous

test and verification of embedded systems [5].

Simulink is the main environment in this work, wihiacts as a layer between the control
application and the physical model. Its role isréceive formatted data from Kinect and

convert it to signals that the crane can understand

2.5 Real-Time Windows Target

Real-Time Windows Target provides a real-time eador executing Simulink models on a
Windows PC and blocks that connect to a rangefbldards. It helps to create and control a

real-time system for rapid prototyping or hardwar¢he-loop simulation [6].

2.6  Microsoft Visual Studio

Microsoft Visual Studio is an integrated developtemvironment from Microsoft. It is used to
develop console and graphical user interface (@pplications along with Windows Forms or
WPF applications. Visual Studio includes a codeoediupporting IntelliSense as well as code
refactoring. The integrated debugger works botta aource-level debugger and a machine-
level debugger. Other built-in tools include a farhesigner for building GUI applications,

web designer, class designer, and database sclesigaet [7].

The control application was built from scratch dnidy debugged in Visual Studio, using C++

for internal logic realization and .NET for grapdiliciser interface.
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3. Development stages

3.1 Microsoft Developer Network and Kinect code example

The Microsoft Developer Network (MSDN) is the porti of Microsoft responsible for
managing the company's relationship with developatstesters, such as: hardware developers
interested in the operating system, and softwaweldpers utilizing various OS platforms or

using the API and/or scripting languages of Micfos@pplications [8].

The main branches of MSDN are very informative wathot of information about specific
topic, useful examples and constant user help apdti One could say, that a beginner in
programming can find there almost every type obiimfation he will need to develop software,

or to find help on obscure topic.

The above statement does not apply to the Kinextdbr of the site. Although there is a lot of
documentation for Kinect functions for C++, C# adbual Basis languages, it lacks with

examples. Especially for C++, since Microsoft igrg to push C# as a better alternative.

Because of learning a new language is usually tomsuming and the problems listed above, it
was decided to find another way to understand Gegramming for Kinect. That is why a big
beginner example of C++ code for an old versiorKofect Source Development Kit was

found. The only problem was that all of the comrmagntind explanations were in Japanese [9].

By reading and testing the example code line by, liwhile also referring to MSDN
specifications a simple console based applicati@s wwritten. It could track user’s right
shoulder and wrist coordinates, and by using togoetry, output users arm angle relative to

the floor.

3.2 Serial port

The next stage was to learn about serial commuaitgtand their emulation. It was decided
that this type of connection between Simulink ahd application, because of simplicity,
adequate speed and possibility to use ether viotughysical COM port.

13



Again, referring to the main branch of MSDN andcemiet, a simple application was built, that
wound send a formatted string to the COM port. s point, the final format of the message

was already decided.

After that the code for arm tracking and string deg was combined and tested, with a
terminal as the receiver of formatted data. Probleacurred, when real crane testing began.
There was a big problem with buffering and deldks, crane could not be controlled in real

time. The idea was scrapped and a new solutiorpvgmsed.

It should be said, that a simple workaround forageland buffering was found later in

development — increase the sampling frequencyratifsik’s COM port.

3.3 Simulink Support for Kinect

At Matlab central file exchange a ready solutiors@nd — Simulink Support for Kinect. It
had all of the functionality needed, fully built i8imulink environment, with extensive

documentation. A virtually working model was ass&db
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Figure 5. Smulink for Kinect model

The seemingly perfect design had a huge flaw —-Raa Windows target cannot work along
with any application using standard C++ headeedaWindows.h.
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Windows.h is a Windows-specific header file for @&C++ programming language which
contains declarations for all of the functionshe Windows API, all the common macros used
by Windows programmers, and all the data types bgdate various functions and subsystems.

It defines a very large number of Windows spedifilactions that can be used in C/C++ [10].

Windows.h is also a part of any Kinect applicatisntten with C++ and since the Simulink
support was written in the same language the seiteration of the work was also scrapped.
Since an a attempt to re-write the code in a wagt &ll needed functions and classes from

Windows.h would be isolated, most likely would take much time.

3.4 Console version Kinect t-crane application

Model shown in figure 5 was programmed as a coreygfication. It could do everything that
the GUI version could, just without a user frientiterface and exception handling.

" C:\KinectTestProject.exe =&

mil»

A.Q
gquit application
track skeleton
set kinect angle
hand select

h

[laa NpoNOAXEHUS HAXMUTE AKEYW KAABUWY . . .

Figure 6. Console Kinect t-crane application

15



4. Modeling and setup
4.1  Simulink Model

3DOF PID Controller
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RT_DACPCI Tower Crane Davert =

Controls

Figure 7. Smulink model

The template for this model was taken from a 5D@#ma provided by manufacturer INTECO.
Stream input block was added and configured withappropriate settings. And the system
was downgraded to 3 degrees of movement (arm oatatrolley position, cargo height),
because of the problems related to the feedbagk Mbich were not a part of the original
project goal.

The downgrade was needed because of cargos higremtam. As of current, the feedback
was too unstable resulting in very rapid oscillataf the cargo. In the attempt to stabilize, the
crane arm wound move rapidly, thus increasing galation. A time consuming solution was

implemented — angular speed of the crane arm waisceel. In result, if operators hand

movement is very fast, the crane will respond mslokver, but with the intended precision and
higher stability.
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4.2 Stream input settings

A complete user manual for default stream inputirsgg could be found in the Appendix of
this thesis.

4.3 Finalizing the setup

After applying any changes to the Simulink modemust re-compiled/re-built, by using the
toolbar menwCode -> C/C++ Code -> Build Model or byCtrl + B keyboard shortcut.

If the build was successful, the model needs ta@dinected to the target via toolbar menu
Smulation -> Connect To Target. After that, the model should be run by using a keyd
shortcut Ctrl + T or by toolbar mer@mulation -> Run.

After completing the steps above and physicallytisig the crane, the setup is complete and
ready to use.
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5. Application

5.1

Requirements

Internal logic requirements:

From the developer stand point; easy and readalole with adequate commentary, no
“spaghetti” code and consistent code without hasidsundocumented capabilities
Safety critical execution. If the crane operatoavies Kinect field of view or does
unexpected actions the system must pause or stopletely

Exception handling. If Kinect is not found, COM pads not accessible or any other

problems occur, the application should warn abloesé failures

Graphical user interface requirements:

Easy to understand, simple to use

On-screen help

Nothing unnecessary or redundant, thus compactcanlti be run on low resolution
monitors

Start/Stop buttons, along with Connect/Disconnetions.

Reset position button

Set Kinect angle button

Selection of dominant hand

System requirements:

Virtual of physical COM ports

Crane full control by user gestures

Relatively fast Windows 7 and above based PC foukaneously handling Kinect and
Real-time Windows Target calculations. Ideally ad2e or more processor, running at
2.8 GHz or higher, with 2 GB of RAM or higher

18



5.2 Interface realization
,‘wt Kinect t-crane Wﬂ_lér

Connect w
Connection port:

Control hand

Kinect angle: |0

Figure 8. Expanded interface

The GUI colors correspond to selected Windows thehlleof the controls are from standard

Windows templates. Control help images are animatedhidden by default.

The main problem of converting a console controbggblication to graphical user interface

control was the threading problem. While the skeletracking realization in console was

started by pressing a key on a keyboard, and stbpp@ssuming a certain pose/gesture, GUI
realization would not work this way because of #tep button. If tracking were started, it

could not be stopped with a press of a button, imxapplication would permanently freeze in
infinite cycle of scanning and sending data. Assgrthe stop pose/gesture would still work,

but an alternative of a stop button was still neediecause of that multi-threading needed to
be used.

By referring to Microsoft Developer Network a felwéading solutions were found [11][12].
The problem of managed threading was that it wasctomplicated to understand and would
not work perfectly in its simplest realization witNET. It generated too many crashes and
memory leaks. The alternative was a standard baakgrworker class from Visual C++/.NET
libraries. The result is a stable and simple im@etation of infinite loop, that can be ended by

a press of a button.

Full user manual can be found in the appendix igfttiesis.
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5.3

Logic realization

Internal logic was realized as big Class consistihgeveral functions.

int resetCrane(int 1iIndex) — this function sends a string with default crane
coordinates, using the-7tecomport function, using the selected port as an argument
void killThread() - this function terminates the scanning and sendatg ¢bop,
that runs in a dedicated thread

int Initkinect() — this function start the Kinect with needed flagsl @moothing
parameters

void shutdownkinect() — this function stops the Kinect

void setKinectAngle(int KinectAngle) — this function sets Kinect angle, using
user inputted angle as an argument

char *selectcom(int {iIndex) — this function is used byritecomport function to
interpret user selected COM port, using the sefieptet as an argument

int writeComPort(char* cbata, char* cCoMPort) — this function sends data to
selected COM port, using formatted data and selegert interpretation from
Selectcomas arguments

int checkComPort(char* ccomport) — this function check availability of selected
COM port, using selected port interpretation freafectcomas arguments

void ResetCoodinates() — this function sets the current and buffered coatdis to
zero

int Logics(int bHand, int iIndex) — this is the main function, that handles raw
data from Kinect, manipulates and formats it to sahle string. Arguments are

dominant hand and selected COM port

20



6. Conclusion

When beginning this work a few months ago, theighiidea and goal were very simple,
without any visible pitfalls. But the development such system and application proved

otherwise, with many problems emerging with eveswmevelopments stage.

Starting with very technical Kinect documentatialoni Microsoft, and scarce amount of
programming examples. Moving to highly detailed eoldut with Japanese commentary. And
after that, moving back and forth from implementihg controls from scratch or using pre-
made working solution, were not trivial tasks. Tgbu very useful in understanding the
specifics of programming for Kinect, and for deyeig these kind of projects. Showing what

kind of work may be present in real life comparilest develop such control systems.

The goals of the work were met. The result is admumachine interface, with relatively short
code, around 1000 lines including whitespaces. Rignan Windows PC, and connecting to
MATLAB via COM port. With a simple design and a eotial to be used with any other

device, similar to a tower crane, and not dependeMIATLAB software.

Within this work aspects of system feedback wertesnfficiently detailed. Further research in
finding optimal settings of proportional-integragrivative controllers or switching to another
type of control loop would further enhance the ubedss and application of this kind of

motion control methods.

Further application development would most likebnsist of switching from Kinect Source
Development Kid to open sourced development platfdike OpenKinect project. Ultimately,
porting the HMI to other platforms — Linux and M@& X.

This application is a good example how Kinect canused not only in games, but also in
industrial and laboratory conditions and will beh@ihyone who is looking for ways to use

MATLAB/Simulink with non-standard external hardware
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