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ABSTRACT

One of the challenges in 3D user interface design is how to design the interface that is easy to use

while at the same time utilizes the full potential of the 3D interface. Interactions [using traditional input’

devices, such as a mouse or a keyboard, are inconvenient. This project has studied the method and the

effectiveness of using Kinect devices in applications with 3D interface to facilitate user interactions. The

|

Kinect device was initially developed by Microsoft Inc. to enable gamers to control game characters in a

|

more natural way. The device, which consists of an array of video and distance-sensing cameras, is

capable of locating the positions of important joints within the user’s body. This jOiI‘lt information can then

be used to analyze the user’s body gesture. Currently, Kinect devices have been applied to a wide range of

applications. In this research project, we studied how to develop an application which utilizes the data
from the device using Microsoft Kinect for Windows SDK and, more speciﬁcall‘y, how to develop an
application with 3D interface using OpenGL that utilizes Kinect as an input deyvice. We developed a
number of useful sample applications, including a 3D-graph plotting application that allows the user to
navigate the 3D space by making gestures, an application teaching correct postures in Thai classical
dancing, and a game application for boxing practice and simulating boxing matches. We also studied the
use of two Kinect devic;es to expand their operating ranges. The result from |this study should be

particularly useful for the audience who would like to adopt Kinect devices in an application with 3D

graphical user interface.

Keywords: Kinect, 3D Graphical User Interface, OpenGL, HCI
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// Find the first Kinect and connect to it
// Rdapted from sample code available at
// http:// http://www.microsoft.com/en-us/kinectforwindows/develop/

HRESULT MyApplication::CreateFirstConnected()
{

INuiSensor * pNuiSensor;

int iSensorCount = 0;
HRESULT hr = NuiGetSensorCount (&iSensorCount) ;
if (FAILED(hr)) return hr;

// Look at each Kinect sensor

for (int i = 0; i < iSensorCount; ++1i)

{
hr = NuiCreateSensorByIndex (i, &pNuiSensor);
if (FAILED(hr)) continue;

hr = pNuiSensor->NuiStatus/();
if (S_OK == hr)
{
m_pNuiSensor = pNuiSensor;
break;
} else {
pNuiSensor->Release () ;
}
}
if (NULL !=.m pNuiSensor)
{
// /Initialize the Kinect
hr = mgpNuiSensor->Nuilnitialize(NUI_INITIALIZE FLAG USES_SKELETON) ;

if (SUCCEEDED (hz))
{
//Create an-event that will'be signaled when
//skeleton data is available
m hNextSkeletonEvent = CreateEventW (NULL, TRUE, FALSE, NULL);

// Open a skeleton'stream to receive skeleton data
hr' = m_pNuiSensor->
NuiSkeletonTrackingEnable(m hNextSkeletonEvent, 0);
}
}
if (NULL == m pNuiSensor || EFAILED (hr))
{
SetStatusMessage(L"No ready Kinect found!");
return E_FAIL;
}

return hr;

Aree1eIda Tsunsudmiveudoya Skeleton 911ng1lnsal

// Call UpdateKinectST on each iteration of the application's update loop.
// RAdapted from sample code available at
// http:// http://www.microsoft.com/en-us/kinectforwindows/develop/
void MyApplication::UpdateKinectST ()
{
// Wait for Oms, just quickly test if it is time to process a skeleton
4F WAIT_OBJECT_0 == WaitForSingleObject (m_hNextSkeletonEvent, 0) )
{
NUI_SKELETON_FRAME skeletonFrame = {0};

// Get the skeleton frame that is ready
if (SUCCEEDED(m pNuiSensor->NuiSkeletonGetNextFrame (0, &skeletonFrame)))




{
// Process the skeleton frame
SkeletonFrameReady (&skeletonFrame) ;
}
}
}

// Draws the skeletons in the skeleton data obtained from Kinect
void MyApplication::SkeletonFrameReady (NUI_SKELETON FRAME* pSkeletonFrame)
{
for (int 1 = 0; i < NUI_SKELETON_COUNT; i++)
{
const NUI_SKELETON DATA & skeleton = pSkeletonFrame->SkeletonDatal[i];

switch (skeleton.eTrackingState)

{

case NUI_SKELETON_ TRACKED:
DrawTrackedSkeletonJoints (skeleton) ;
break;

case NUI_SKELETON POSITTON "ONLY:
DrawSkeletonPoesition (skeleton.Position);
break;
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Horizontal viewing angle " o

Vertical viewing angle 43°

0.8m —4m (normal mode)

Distance from sensor
0.4m — 3m (near mode)
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DI¥0 indices

class Surface
{
protected:
std::vector<GLfloat> vertices;
std: :vector<GLushort> indices;
float xMin, xMax;
float yMin, yMax;
float zMin, zMax;
int xCount, yCount;
float scale;
float increment;

float f(float x, float y):

float max2 (float x, float y):

float max3(float x, float y, float z);
public:

Surface();

void draw(GLfloat x, GLfloat y, GLfloat z);

}s !

Y a o o/ o o 4
ﬂ15ﬁ51$h“ﬂﬁ%ﬂﬂﬂﬂﬂ%uﬁﬂQﬂjuﬂiQﬂﬂTWuﬂiuﬂBUﬁﬂiﬂLﬂﬂii

3/
ERERNSIR

DIAAE Surface

Surface::Surface() I

{

xXMin = -5; xMax = 5;

yMin = -5; yMax = 5;

zMin = 100000; zMax = -100000;

increment = 0.1;

xCount = (int) ((xMax - xMin)/increment) ; !
yCount = (int) ((yMax - yMin)/increment);

vertices.resize((xCount+l) * (yCount+l) * 3);
std: :vector<GLfloat>::iterator v = vertices.begin{();
float x==xMin;
float z; - |
for(int i=0; i<=xCount ; i++, x+=increment) {
float y=yMin;
for(int j=0; j<=yCount; j++, y+=increment) {

z = £(x,y);
//find zMax and zMin
if( z <= 2zMin ) zMin = z; i

if( z >= zMax ) zMax Z;

//assign each point (x, y, z) to vector
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v+ = y;
*vt++ =
*v+t = -x;

|
N

}

indices.resize (xCount * yCount * 4);

std::vector<GLushort>::iterator it = indices.begin();
for (int i=0; i<xCount ; i++) {

for(int j=0; j<yCount; j++) {

*it++ = i* (yCount+1l) + j

*it++ = i* (yCount+1l) + J

)

)

’

+ 1;
+ 3 + 1;
+ 3;

#

*it++ (i+1) * (yCount+1
*it++ (i+1) * (yCount+1

}

void Surface::draw(GLfloat x,.GLfloat y;/GLfloat z)
{

glMatrixMode/(GL_ MODELVIEW);

glPushMatrix ().

glTranslatef(x,y,z+Z-OFFSET);

scale=1/max3 (| max2 (abs(xMax)’, abs (xMin)).,
max2(abs(yMax) ,abs(yMin) ),
max2(abs(zMax) ,abs(zMin)) ) ;

glScalef(scale, scale, scale):;

glEnableClientState(GL VERTEX ARRAY) ;

glVertexPointer (3, \GL-FLOAT, 0, ‘&vertices{0]);
glDrawElements(GL QUADS, dindices.size()’ GL; UNSTGNED) SHORT,

&indices[0]) ;
glPopMatrix();
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4/ Code adapted from Skeleton Basics-D2D C++ Sample by Microsoft Corp.
4/ available at http://msdn.microsoft.com/en-us/library/hh973085.aspx

/== e e

#include "resource.h"
#include "NuiApi.h"
#include "Gesture.h"

class CSkeletonBasics

{

static const int cScreenWidth = 320;

static const int cScreenHeight = 240;

static const int cStatusMessageMaxLen = MAX PATH*2;
public:

/// <summary>

/// Constructor
/// </summary>
CSkeletonBasics () ;

/// <summary>
/// Destructor
/// </summary>
~CSkeletonBasics () ;

/// <summary>

/// </summary>

/// <param name="hWnd">window message is for</param>

/// <param name="uMsg">message</param>

/// <param name="wParam">message data</param>

/// <param name="lParam">additional message data</param>

/// <returns>result of message processing</returns>

static LRESULT CALLBACK MessageRouter (HWND hWnd, UINT messa
WPARAM wParam, LPARAM

/// <summary>
/// Handle windows messz@ges for a class instance
/// </summary>
/// <param name="hWnd">window message is for</param>
/// <param name="uMsg">message</param>
/// <param name="wParam">message data</param>
/// <param name="lParam">additional message data</param>
/// <returns>result of message processing</returns>
LRESULT CALLBACK DlgProc (HWND hWnd, UINT message,
WPARAM wParam, LPARAM lParam) ;

/// <summary>

/// Creates the main window and begins processing
/// </summary> -

/// <param name="hInstance"></param>

/// Handles window messages, passes most to the class-instance to handle

ge,
lParam) ;
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- /// </summary>

/// <param name="nCmdShow"></param>

// Current Kinect
INuiSensor* . m_pNuiSensor;

// Skeletal drawing
ID2D1HwndRenderTarget¥* m_pRenderTarget;

int Run (HINSTANCE hInstance, int nCmdShow) ;
private:

HWND m_hWnd;

bool m_bSeatedMode;

ID2D1SolidColorBrush* m_pBrushJointTracked;
ID2D1SolidColorBrush* m_pBrushJointInferred;
ID2D1SolidColorBrush* m_pBrushBoneTracked;
ID2D1SolidColorBrush* m_pBrushBoneInferred;

D2D1_POINT 2F m_Points[NUI_SKELETON POSITION_COUNT] ;

// Direct2D

ID2D1Factory* m_pD2DFactory:;
HANDLE m_pSkeletonStreamHandle;
HANDLE m_hNextSkeletonEvent;

/// <summary>

/// Main processing function

/// </summary>

void Update() ;

/// <summary>
/// Create the first connected Kinect found
/// </summary>

/// <returns>S OK on success, otherwise failure code</returns>

HRESULT CreateFirstConnected() ;

/// <summary>

/// Handle new skeleton data

/// </summary>

void ProcessSkeleton () ;

/// <summary>
/// Ensure necessary Direct2d resources are created
/// </summary>

/// <returns>S _OK if successful, otherwise an error code</returns>

HRESULT EnsureDirect2DResources( ) ;

/// <summary>

/// Dispose Direct2d resources

/// </summary>

void DiscardDirect2DResources( ) ;

/// <summary>
/// Draws a bone line between two joints

/// <param name="skel">skeleton to draw bones from</param>

/// <param name="joint0">joint to start drawing from</param>

/// <param name="jointl">joint to end drawing at</param>
void DrawBone (const NUI_ SKELETON DATA &
NUI. SKELETON POSITION INDE

skel,
X boneO,

|
NUI SKELETON POSITION INDEX bonel) ;
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j/ KinectGraph.cpp

/// <summary>

/// Draws a skeleton

/// </summary>

/// <param name="skel">skeleton to draw</param>
/// <param name="windowWidth">width (in pixels) of output buffer</param>
/// <param name="windowHeight">height (in pixels) of output buffer</param>
void DrawSkeleton (const NUI_SKELETON DATA & skel,

int w1ndowW1dth int &1ndowHe1ght);

/// <summary>
/// Converts a skeleton point to screen space
/// </summary>
/// <param name="skeletonPoint">skeleton point to tranform$/param>
/// <param name="width">width (in pixels) of output buffer</param>
/// <param name="height">height (in pixels) of output buffér</param>
/// <returns>point in screen-space</returns> ‘
D2D1_POINT 2F SkeletonToScreen (Vectord skeletonP01nt

int width, int helght),

Vector4 SkeletonToScreenVector (Vector4 ske%etonPoint,
int width, int height);

/// <summary>

/// Set the status bar message

/// </summary>

/// <param name="szMessage">message to display</param>
void SetStatusMessage (WCHAR* szMessage) ;

4/ Code adapted from Skeleton Basics-D2D C++ Sample by Microsoft Corp.
// available at http://msdn.microsoft.com/en-us/library/hh973085.aspx

ﬁinclude "stdafx.h"
ﬁinclude <strsafe.h>
ﬁinclude "KinectGraph.h"
‘include "resource.h"
#include "OpenGL.h"

extern float distance;

extern float spherePosX;
extern float spherePosY;
extern float surfaceDistance;
extern float surfacePosX;

I

\//
N/
nr/
/77
/77
///

extern float surfacePosY;
Static const float g _JointThickness = 3.0f;
static const float g TrackedBoneThickness = 6.0f;

static const float g_InferredBoneThickness = 1.0f;

Gesture gesture;

<summary>

Entry point for the application

</summary> .
<param name="hInstance">handle to the application instance</param>

<param name="hPrevInstance">always 0</param>
<param name="lpCmdLine">command line arguments</param>
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/// <param name="nCmdShow">whether to display minimized, maximized, or

90rmally</param>
/// <returns>status</returns>

}pCmdLlne, int nCmdShow)

{

CSkeletonBasics application;
initOpenGL() ;

application.Run(hInstance, nCmdShow) ;

[// <summary>

k// Constructor

/// </summary>

CSkeletonBasics: :CSkeletonBasics ()
m_pD2DFactory (NULL) ,

m hNextSkeletonEvent(INVALID HANDLE VALUE),
m pSkeletonStreamHandle(INVALID HANDLE VALUE) ,
! m_bSeatedMode (false),
m_pRenderTarget (NULL) ,
m_pBrushJointTracked (NULL) ,
m_pBrushJointInferred (NULL) ,
m_pBrushBoneTracked (NULL) ,
m_.pBrushBoneInferred (NULL),

m_pNuiSensor (NULL)

{ .
ZeroMemory (m_Points,sizeof (m_Points)) ;

}

/// <summary>
/// Destructor
/// </summary>
CSkeletonBasics: :~CSkeletonBasics ()
{
if (m_pNuiSensor)
{
m_pNuiSensor->NuiShutdown () ;

}

if (m_hNextSkeletonEvent && (m_hNextSkeletonEvent != INVALI
{

CloseHandle (m_hNextSkeletonEvent) ;
}

// clean ﬁp Direct2D objects
DiscardDirect2DResources () ;

// clean up Direct2D
SafeRelease (m_pD2DFactory) ;

SafeRelease (m_pNuiSensor) ;

N/ <summary>

/|// Creates the main window and begins processing .
/\// </summary>

/|// <param name="hInstance">handle to the application instance<
/i// <param name="nCmdShow">whether to dlsplay minimized, maximil
/// normally</param>

int CSkeletonBasics: :Run (HINSTANCE hInstance, int nCmdShow)

» 1nt APTIENTRY wWinMain (HINSTANCE hInstance, HINSTANCE hPrevInstance, LPWSTR

D_HANDLE_VALUE))

/param>
zed, or
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MSG

WNDCLASS wc

//

wC.
.cbWndExtra =
hInstance
.hCursor
hIcon
.lpfnWndProc =
we.

wC

we.

wC

wC.

wC

if
{

}

Dialog custom

msg

style =

lpszClassName =

{0};
{0},

window class

CS_ﬁREDRAW | CS_VREDRAW;
DLGWINDOWEXTRA ;
hInstance;

LoadCursorW (NULL, IDC_ARROW) ;

LoadIconW (hInstance, MAKEINTRESOURCE (IDI_APP)) ;

DefDlgProcW;

L"SkeletonBasicsAppDlgWndClass";

('RegisterClassW(&wc))

return O;

// Create main application window
HWND hWndApp = CreateDialogParamW (
hInstance,
MAKE INTRESOURCE (IDD_APP) ,
NULL,
(DLGPROC) CSkeletonBasics: :MessageRouter,
reinterpret cast<LPARAM>(this)) ;

// Show window
ShowWindow (hWndApp, nCmdShow) ;

const int eventCount = 1;
HANDLE hEvents[eventCount];

// Main message loop
while (WM _QUIT !'= msg.message)

{

hEvents[0] = m_hNextSkeletonEvent;

// Check to see if we have either a message (by passing inQS ALLEVENTS)
// Or a Kinect event (hEvents) |
// Update() will check for Kinect events individually, !in case more
//than one are signalled I
DWORD dwEvent = MsgWaitForMultipleObjects(eventCount, hEvents, FALSE,
INFINITE, QS ALLINPUT) ;

// Check if this is an event we're waiting on and not a

// message
if (WAIT OBJECT 0 == dwEvent)

{
}

if (PeekMessageW(&msg, NULL, 0, 0, PM REMOVE))

{

Update() ;

// If a dialog message will be taken care of by the
if ((hWndApp != NULL) && IsDialogMessageW (hWndApp, -

{

continue;

}

TransléteMessage(&msg);
DispatchMessageW (&msg) ;

timeout or

dialog proc
&msg) )
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)

{// <summary>

/// Main processing function
4// </summary>

Yoid CSkeletonBasics: :Update ()
{

/7

/1
17
11/
/17
111
/11
/1/

LRESULT CALLBACK CSkeletonBasics::MessageRouter (HWND hWnd, UINT
wParam, LPARAM lParam)

{

/17
N/
'/

if (pThis)

}

return static_cast<int>(msg.wParam) ;

if (NULL == m_pNuiSensor)
{

return;

}

// Wait for Oms, just quickly test if it is time to process a skeleton
if ( WAIT OBJECT 0 == WaitForSingleObject(m_ hNextSkeletonEvent, 0) )

{

ProcessSkeleton () ;

}

<summary>

Handles window messages, passes most to the class instance
</summary>

<param name="hWnd">window message is for</param>

<param name="uMsg">message</param>

<param name="wParam">message data</param>

<param name="lParam">additional message data</param>
<returns>result of message processing</returns>

CSkeletonBasics* pThis = NULL;

if (WM_INITDIALOG == uMsq)
{
pThis = reinterpret cast<CSkeletonBasics*>(lParam) ;
SetWindowLongPtr (hWnd, GWLP_USERDATA,
reinterpret cast<LONG PTR>(pThis));
}

else

{
pThis = reinterpret cast<CSkeletonBasics*>(::GetWindowL

to handle

uMsg, WPARAM

ongPtr (hWnd,

GWLP_USERDATA) ) ;

}

{
return pThis->DlgProc(hWnd, uMsg, wParam, lParam) ;

}

return 0;

<summary> i

Handle windows messages for the class instance
</summary>

<param name="hWnd'">window message is for</param>

<param name="uMsg'>message</param>
<param name="wParam'">message data</param>
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4// <param name="lParam'">additional message data</param>
4// <returns>result of message processing</returns>

LRESULT CALLBACK CSkeletonBasics::DlgProc (HWND hWnd, UINT message, WPARAM

wParam, LPARAM lParam)
! switch (message)
iase WM_INITDIALOG:
{ // Bind application window handle
m_hWnd = hWnd;

// Init Direct2D
D2D1CreateFactory(D2Dl_FACTORY_TYPE_SINGLE_THREADEE
&m pD2DFactory) ;

// Look for a connected Kinect, and create it if fo
CreateFirstConnected() ;

}

| break;

case WM_CLOSE:

// If the titlebar X is clicked, destroy app
DestroyWindow (hWnd) ;
break;

case WM _DESTROY:

// Quit the main message pump
PostQuitMessage(0) ;
break;

case WM_COMMAND:
// Handle button press

if (IDC_CHECK;SEATED == LOWORD(wParam) && BN _CLICKED ==
{
// Toggle out internal state for near mode
m bSeatedMode = !m bSeatedMode;

if (NULL != m pNuiSensor)

{

// Set near mode for sensor based on our intern

m_pNuiSensor->NuiSkeletonTrackingEnable(m_ hNext
m_bSeatedMode ?
NUI_SKELETON_TRACKING_FLAG_ENABLE_SEAT

break;
}

return FALSE;
}

/V/ <summary>

/V/ Create the first connected Kinect found

/1 </summary>

/V/ <returns>indicates success or failure</returns>
HRESULT CSkeletonBasics: :CreateFirstConnected()

{

INuiSensor * pNuiSensor;

und

// If for the near mode control and a clicked event, change near mode
HIWORD (wParam) )

al state

ED SUPPORT

SkeletonEvent,

0):
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int iSensorCount = 0;
HRESULT hr = NuiGetSensorCount (&iSensorCount) ;
if (FAILED (hr))
{
return hr;

}

// Look at each Kinect sensor
for (int i = 0; i < iSensorCount; ++i)
{
// Create the sensor so we can check status, if we can't create it,
move on to the next
hr = NuiCreateSensorByIndex (i, &pNuiSensor) ;
if (FAILED (hr))
{
continue;

}

// Get the status of the sensor, and if connected, then we can
initialize it
hr = pNuiSensor->NuiStatus|() ;
if (S_OK == hr)
{
m_pNuiSensor = pNuiSensor;
break;
}

// This sensor wasn't OK, so release it since we're not using it
pNuiSensor->Release () ;

}

if (NULL !'= m_pNuiSensor)
{
// Initialize the Kinect and specify that we'll be using skeleton
hr = m_pNuiSensor->NuiInitialize(NUI_INITIALIZE_FLAG_USES_SKELETON);
if (SUCCEEDED (hr))
{
// Create an event that will be signaled when skeleton data is
// available
m_hNextSkeletonEvent = CreateEventW(NULL, TRUE, FALSE, NULL) ;

// Open a skeleton stream to receive skeleton data
hr = m_pNuiSensor->NuiSkeletonTrackingEnable (m_hNextSkeletonEvent,
0) ;

}

if (NULL == m_pNuiSensor || FAILED (hr))

{
SetStatusMessage (L"No ready Kinect found!") ;

return E_FAIL;
}

return hr;

}

/// <summary>

/// Handle new skeleton data

/// </summary>

void CSkeletonBasics: :ProcessSkeleton ()
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NUI_SKELETON FRAME skeletonFrame = {0};

HRESULT hr = m_pNuiSensor->NuiSkeletonGetNextFrame (0, &skeletonFrame) ;
if ( FAILED (hr) )
{

return;

}

// smooth out the skeleton data
m_pNuiSensor->NuiTransformSmooth (&skeletonFrame, NULL) ;

// Endure Direct2D is ready to draw
hr = EnsureDirect2DResources( ) ;
if ( FAILED (hr) )
{
return;

}

m_pRenderTarget->BeginDraw () ;
m_pRenderTarget->Clear( ) ;

RECT rct;

GetClientRect( GetDlgItem( m_hWnd, IDC VIDEOVIEW ), &rct);
int width = rct.right;

int height = rct.bottom;

for (int i =0 ; i < NUI_SKELETON COUNT; ++i)
{
NUI_SKELETON_ TRACKING STATE trackingState = skeletonFrame.
SkeletonData[i] .eTrackingState;

if (NUI_SKELETON TRACKED == trackingState)
{
// We're tracking the skeleton, draw it
DrawSkeleton (skeletonFrame.SkeletonData[i], width, height) ;
}
else if (NUI_SKELETON POSITION ONLY == trackingState)
{
// we've only received the center point of the skeleton, draw that
D2D1 _ELLIPSE ellipse = D2D1::Ellipse(
SkeletonToScreen (skeletonFrame.SkeletonData[i] .Position, width,
height) ,
g_JointThickness,
g_JointThickness

) .

m_pRenderTarget->DrawEllipse (ellipse, m_pBrushJointTracked) ;

display () ;
hr = m pRenderTarget->EndDraw () ;

// Device lost, need to recreate the render target
// We'll dispose it now and retry drawing
if (D2DERR_RECREATE TARGET == hr)
{
hr = S_OK;
DiscardDirect2DResources () ;
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/// <summary>

/// Draws a skeleton

/// </summary>

/// <param name="skel">skeleton to draw</param>
/// <param name="windowWidth">width (in pixels) of output buffer</param>
4// <param name="windowHeight">height (in pixels) of output buffer</param> ’

void CSkeletonBasics: :DrawSkeleton (const NUI_ SKELETON DATA & skel int
indowWidth, int windowHeight)

int i;
Vectord4 leftHandVector = SkeletonToScreenVector (skel. SkeletonP051tlons[
NUI SKELETON POSITION HAND LEFT], 10, 10):
Vector4 rightHandVector = SkeletonToScreenVector(skel SgeletonPositions[
NUI_SKELETON_POSITION_HAND_RIGHT], 10, 10);

Vectord4 graphOrigin = {surfacePosX, surfacePosY, surfacenlstance, 1}:
gesture.update (leftHandVector, rightHandVector, graphOrngn),

surfaceDistance = graphOrigin.z;
surfacePosX = graphOrigin.x;
surfacePosY = graphOrigin.y;

! for (i = 0; i < NUI_SKELETON POSITION COUNT; ++i)
{
m_Points[i] = SkeletonToScreen (skel.SkeletonPositions[i],
- windowWidth, windowHeight) ;
}

// Render Torso
DrawBone (skel, NUI_SKELETON POSITION HEAD,
NUI_ SKELETON POSITION SHOULDER CENTER),
DrawBone (skel, NUI_SKELETON POSITION_. SHOULDER CENTER
NUI SKELETON [ POSITION_SHOULDER LEFT),
DrawBone (skel, NUI_SKELETON_POSITION_SHOULDER_CENTER
. NUI_SKELETON POSITION_SHOULDER_RIGHT);
DrawBone (skel, NUI_ SKELETON POSITION SHOULDER CENTER,
NUI SKELETON POSITION SPINE),
DrawBone (skel, NUI_SKELETON POSITION SPINE
NUI_SKELETON_POSITION ] HIP CENTER),
DrawBone (skel, NUI_SKELETON POSITION | HIP CENTER
NUI_SKELETON_POSITION HIP LEFT) ;
DrawBone (skel, NUI_SKELETON POSITION HIP CENTER, '
NUI_SKELETON POSITION HIP RIGHT) ;

// Left Arm

DrawBone (skel, NUI_SKELETON_POSITION_SHOULDER_LEFT,
NUI SKELETON POSITION_ELBOW_LEFT)}

DrawBone (skel, NUI SKELETON POSITION ELBOW LEFT,
NUI SKELETON POSITION WRIST_LEFT);

DrawBone (skel, NUI SKELETON POSITION WRIST LEFT
NUI SKELETON POSITION HAND_LEFT);

// Right Arm

DrawBone (skel, NUI_SKELETON POSITION SHOULDER RIGHT,
NUI_SKELETON POSITION_ELBOW_RIGHT) ;

DrawBone (skel, NUI_SKELETON POSITION ELBOW RIGHT,
NUI_SKELETON POSITION WRIST RIGHT) ;

DrawBone (skel, NUI_SKELETON POSITION WRIST RIGHT,
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}

/// <summary>
/i// Praws a bone line between two joints

void CSkeletonBasics: :DrawBone (const NUI SKELETON DATA & skel,

N
{

// Left Leg
DrawBone(skel, NUI_SKELETON POSITION HIP LEFT,

DrawBone (skel, NUI_SKELETON_POSITION_KNEE LEFT,

DrawBone (skel, NUI_SKELETON POSITION ANKLE LEFT, ‘
// Right Leg )

DrawBone (skel, NUI_SKELETON_POSITION_HIP_RIGHT,

DrawBone (skel, NUI_SKELETON POSITION KNEE RIGHT, ‘

' DrawBone (skel, NUI_SKELETON [ POSITION . ANKLE RIGHT ‘

NUI_SKELETON_ POSITION_HAND RIGHT) ;

NUI_SKELETON_POSITION KNEE LEFT) ;
NUI_SKEiETON_POSITION_ANKLE_LEFT);

NUI_SKELETON_POSITION FOOT LEFT) ;

NUI_SKELETON POSITION KNEE RIGHT) ;

NUI SKELETON ( POSITION_ANKLE RIGHT) ;

NUI SKELETON | POSITION_FOOT RIGHT) ;

. // Draw the joints in a different color
y  for (i = 0; i < NUI_SKELETON POSITION COUNT; ++i)
{
D2D1_EILIPSE ellipse = D2D1::Ellipse( m Points[i], g_Jo
g_JointThickness
if (!gesture.getState())

m_pRenderTarget->DrawEllipse(ellipse, m pBrushJoint

else
m_pRenderTarget->DrawEllipse(ellipse, m pBrushJoint

// </summary>

// <param name="skel">skeleton to draw bones from</param>
// <param name="joint0">joint to start drawing from</param>
// <param name="jointl">joint to end drawing at</param>

| J

[UI_SKELETON_POSITION INDEX joint0O, NUI_SKELETON POSITION INDEX

NUI_SKELETON_POSITION_TRACKINQ_STATE jointOState = skel.
eSkeletonPositionTrackin

NUI_ SKELETON  POSITION TRACKING STATE jointlState = skel.
eSkeletonPositionTrackin

// If we can't find either of these joints, exit

if (jointOState == NUI_SKELETON_ POSITION NOT TRACKED | |
jointlState == NUI_SKELETON POSITION NOT TRACKED)

{ _
return;

}

// Don't draw if both points are inferred

. if (jointOState == NUI_SKELETON POSITION INFERRED &&
jointlState == NUI_SKELETON_POSITION INFERRED)
{
return;

}

// We assume all drawn bones are inferred unless BOTH joint
if (jointOState == NUI_SKELETON POSITION TRACKED &&
jointlState == NUI SKELETON POSITION TRACKED)

intThickness,
);

Inferred) ;

Tracked) ;

jointl)

gState[joint0] ;

gState[jointl];

s are tracked
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i
}

11/
i1/
117
17/
/1]
41
117
D2D1 _POINT 2F CSkeletonBas1cs :SkeletonToScreen (Vector4 skeleto
rldth int helght)

W

{

/]
/]

{

1 m

m_pBrushBoneTracked, g TrackedBoneThickness) ;

W1
N1

//
//

pBrushBoneInferred g_InferredBoneThickness) ;

{

m_pRenderTarget->DrawLine(m Points[jointO0], m_Points[jointl],

}

else

{

m_pRenderTarget->DrawLine (m_Points[joint0], m_Points[jointl],

<summary>

Converts a skeleton point to screen space

</summary>

<param name="skeletonPoint">skeleton point to tranform</par

<param name="width">width (in pixels) of output buffer</par
<param name="height">height (in pixels) of output buffer</p
<returns>point in screen-space</returns>

LONG x, ¥y
USHORT depth;

// Calculate the skeleton's position on the screen
// NuiTransformSkeletonToDepthImage returns coordinates in
// NUI_IMAGE_RESOLUTION 320x240 space

am>
am>
aram>

nPoint, int

NuiTransformSkeletonToDepthImage (skeletonPoint, &x, &y, &depth);

float screenPointX
float screenPointY = static cast<float>(y * height) / cScre

return D2D1::Point2F (screenPointX, screenPointY) ;

<summary>

Ensure necessary Direct2d resources are created

</summary>

<returns>S_OK if successful, otherwise an error code</retur

HRESULT CSkeletonBasics: :EnsureDirect2DResources ()

HRESULT hr = S_OK;

// If there isn't currently a render target, we need to cre
if (NULL == m_pRenderTarget)
{

RECT rc;

GetWindowRect ( GetDlgItem( m_ hWnd, IDC VIDEOVIEW ), &rc

int width = rc.right ~ rc.left;

int height = rc.bottom - rc.top;

D2D1_SIZE U size = D2D1::SizeU( width, height );

D2D1 RENDER TARGET PROPERTIES rtProps = D2D1::RenderTar

static_cast<float>(x * width) / cScreenWidth;

enHeight;

ns>

ate one

getPropertles(),

rtProps plxelFormat D2D1::PixelFormat ( DXGI_FORMAT ] B8G8R8A8 __UNORM,
D2D1 _ALPHA MODE IGNORE),

rtProps.usage = D2D1_RENDER TARGET USAGE GDI COMPATIBLE|;

// Create a Hwnd render target, in order to render to t

// in initialize

hr = m_pD2DFactory->CreateHwndRenderTarget (rtProps,
D2D1: :HwndRenderTargetProperties ( .

2

he window set
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GetDlgItem( m_hWnd, IDC VIDEQOVIEW), size),
&m_pRenderTarget) ;

if ( FAILED(hr) )

{
SetStatusMessage (L"Couldn't create Direct2D render target!");

return hr;
} 1

!
I

//light green |
m_pRenderTarget->CreateSolidColorBrush (D2D1::ColorF(0.27f, 0.75f,
0.27f) , &m_pBrushJointTracked) ; 1
m_ pRenderTarget->CreateSolidColorBrush ( :
D2D1: :ColorF(D2D1: :ColorF: :Yellow, 1.0f),
. &m pBrushJointInferred) ;
i m_pRenderTarget->CreateSolidColorBrush ( ‘
; D2D1: :ColorF(D2D1: :ColorF: :Green, 1.0?),
? &m_pBrushBoneTracked) ; :
m_pRenderTarget->CreateSolidColorBrush ( '
D2D1: :ColorF(D2D1: :ColoxF: :Gray, 1.0f),
ém_pBrushBoneInferred) ; ’

\
} 1
!

return hr; . '
}; :
/// <summary>
/// Dispose Direct2d resources
/// </summary>
oid CSkeletonBasics: :DiscardDirect2DResources( )
( '
SafeRelease (m_pRenderTarget) ; |
SafeRelease (m_pBrushJointTracked) ; |
SafeRelease (m_pBrushJointInferred) ; 5
SafeRelease (m_pBrushBoneTracked) ; ‘
i 'SafeRelease(m_pBrushBoneInferred);

// <summary>
|// Set the status bar message
4// </summary>
4// <param name="szMessage'>message to display</param>
Yoid CSkeletonBasics::SetStatusMessage (WCHAR * szMessage)

{ |
‘ SendDlgItemMessageW (m_hWnd, IDC_STATUS, WM SETTEXT, O, (LPARAM)szMessage);
}| .

R T
// OpenGL.h :
e R —

lifndef OPEN_GL H
Tdefine OPEN_GL H

ﬁinclude <iostream>
#include <GL/freeglut.h>
#include <GL/gl.h>
#include <GL/glu.h>
#include <vector>
#include <math.h>
#include "MathFunctions.h"
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const float Z FAR = 1000;
const float Z NEAR = 1;

int initOpenGL() ; ;
void display () ;

#tendif

f|f == m e m e e -
/|/ OpenGL.cpp {

= e e o
#include "OpenGL.h"

int screen width=800;
int screen height=600;

extern float surfaceDistance = 0.0f;
static float surfaceDistance increment = 0.0f; !
extern float surfacePosX = 0.0f;

ﬁtatic float surfacePosX increment = 0.0f;
ﬁxtern float surfacePosY = 0.0f;
static float surfacePosY increment = 0.0f;

”nt filling = 1;
Surface surface;
ﬁxis axis; :

void init (void)
{
glClearColor (0.0, 0.0, 0.0, 0.0);
nghadeModel(GL SMOOTH) ; X
glviewport(0,0,screen width,screen height) ;
glEnable (GL_DEPTH TEST),

glPolygonMode (GL _FRONT AND BACK, GL FILL);

y
void resize (int width, int height)
{

screen_width=width;
screen_height=height;

glClear (GL COLOR BUFFER BIT | GL DEPTH [ BUFFER BIT),
glViewport (0,0, screen | width, screen helght), // Viewport |transformation

glMatrixMode (GL_PROJECTION) ; // Projection transformatiocn
glLoadIdentity() ; !
gluPerspective (45.0f, (GLfloat)screen_width/(GLfloat)screen_height,

1.0£, 1000.0f);

glutPostRedisplay () ; ‘ |
}

{

switch (key)

{

case 27:
exit(0) ;
break;

void keyboard (unsigned char key, int x, int y)




37

|
case 'r': case 'R': I
if (£filling==0) {

{
glPolygonMode (GL_FRONT AND BACK, GL FILL);

filling=1;
}
else I
{
glPolygonMode (GL_FRONT AND BACK, GL LINE) ;
£illing=0; ‘
}

break; i

i //Surface control key i

case 'u': case 'U': |
surfaceDistance_ increment = surfaceDistance increment + 0.05f;
break; i

case 'o': case '0Q': !
surfaceDistance increment = surfaceDistance increment - 0.05f;
break; )

case 'i': case 'I': :
surfacePosY_ increment = surfacePosY increment + 0.05f;
break; 1

case 'k': case 'K': |

surfacePosY_ increment = surfacePosY increment - 0.05f;

break; l

case 'j': case 'J': ;
surfacePosX increment = surfacePosX increment - 0.05f;
break;

case 'l': case 'L':
surfacePosX increment
break;

i
surfacePosX increment + 0.05f;

|
}‘ |
void display () 1

{ :
float const screen_aspect = (float)screen width / (floaé)screen_height;

glViewport(0, 0, screen_width, screen height); |

glClear (GL_COLOR BUFFER BIT | GL_DEPTH BUFFER BIT) ; {

glMatrixMode (GL_PROJECTION) ;
! glLoadIdentity () ; ;
! gluPerspective (70, screen aspect, Z NEAR, Z FAR);

glPolygonMode (GL_FRONT AND BACK, GL LINE) ;
axis.draw(surfacePosX, surfacePosY, surfaceDistance);

surface.draw(surfacePosX, surfacePosY, surfaceDistance) ;

glutSwapBuffers() ;

int initOpenGL ()

int arge = 0;
char** argv = NULL;
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glutInit(&argc, argv) ;

glutInitDisplayMode (GLUT DOUBLE | GLUT RGB | GLUT _DEPTH) ;
glutInitWindowSize (screen_ width,screen _height) ;
glutInitWindowPosition (0,0) ;

glutCreateWindow ("Kinect Graph") ;

glutDisplayFunc (display) ;

glutIdleFunc (display) ;

glutReshapeFunc (resize) ;

glutKeyboardFunc (keyboard) ;

init () ;
return O;
}
/=== e
// MathFunctions.h
/=== =

#ifndef MATH_FUNCTION H
#define MATH FUNCTION_H

#include <iostream>
#include <GL/freeglut.h>
#include <GL/gl.h>
#include <GL/glu.h>
#include <vector>
#include <math.h>

const float M PI 2 = 1.57079632679489661923132169163975144;
const float M PI = 3.14159265358979323846264338327950288;
const float Z_OFFSET = -5;

class Surface
{
protected:
std: :vector<GLfloat> vertices;
std: :vector<GLushort> indices;
float xMin, xMax;
float yMin, yMax;
float zMin, zMax;
int xCount, yCount;
float scale;
float increment;

float f(float x, float vy);

float max2 (float x, float y):;

float max3(float x, float y, float z);
public:

Surface() ;

void draw(GLfloat x, GLfloat y, GLfloat z);
}i

class Axis

{

protected:
float rangeX, rangeY, rangeZ;

public:
Axis(float rx = 10000, float ry = 10000, float rz = 10000) ;
void draw(GLfloat x, GLfloat y, GLfloat z);

};
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float Surface::f(float x, float y)
{

return cos(x)+sin(y);

float Surface::max2 (float x, float vy) {

}

if(x >y ) return x;
return x;

float Surface::max3(float x, float y, float z) {

if(x >y && x > z) return x;
if(y > x && y > z) return x;
return z;

Surface: :Surface()

xMin = -5;

xMax = 5;
yMin ‘= -5;
yMax = 5;

zMin = 100000;

zMax = -100000;

increment = 0.1;

xCount = (int) ((xMax - xMin)/increment) ;
yCount (int) ((yMax - yMin) /increment) ;

vertices.resize( (xCount+l) * (yCount+l) * 3);

std: :vector<GLfloat>::iterator v = vertices.begin() ;

float x=xMin;
float z;

for(int i=0; i<=xCount ; i++, x+=increment) {

float y=yMin;

for (int j=0; j<=yCount; j++, y+=increment) {

z = £(x,y);

//£find max min

if( z. <= zMin ) zMin = z;
if( z >= zMax ) zMax 29
//assign to vector

*v++ =y
*v++ = z;
*vt+ = -x;

}

indices.resize (xCount * yCount * 4);

std: :vector<GLushort>::iterator it = indices.begin{() ;

for(int i=0; i<xCount ; i++) {
“for(int j=0; j<yCount; j++) {
*it++ = i*(yCount+l) + 3;

*it++ = i*(yCount+l) + j + 1;
*it++ = (i+1) * (yCount+1l) + J + 1;
*it++ = (i+1) * (yCount+l) + j;

#fendif

[ e e
/l/ MathFunctions.cpp

YA e et

#include "MathFunctions.h"
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oid Surface::draw(GLfloat x, GLfloat y, GLfloat z)

-~ <

glMatrixMode (GL_MODELVIEW) ;
glPushMatrix() ;

glTranslatef (x,y,z+2 OFFSET) ;
scale=1/max3 ( max2 (abs (xMax) ,abs (xMin) ), max2 (abs (yMax) ,

max2 (abs (zMax) ,abs (zMin)) };
glScalef (scale, scale, scale); !

glEnableClientState (GL_VERTEX ARRAY) ;

glVertexPointer (3, GL FLOAT, 0, &vertices[0]);
glDrawElements (GL _QUADS, indices.size() ,GL_UNSIGNED SHORT
glPopMatrix() ;

} !

Axis::Axis(float rx, float ry, float rz):
rangeX (rx) ,range¥ (ry) ,rangeZ(rz) |
{ |

) |
void Axis::draw(GLfloat x, GLfloat y, GLfloat z) i
{
zZ = z + 2 OFFSET;
//x-axis

glBegin (GL_LINES) ;
glVertex3f (x - rangeX, vy,
glVertex3f (x + rangeX, vy,
glEnd() ;

z);
z);

//y~axis i
glBegin (GL_LINES) ;
glVertex3f (x, y - rangey,
glVertex3f (x, y + rangey,
glEnd () ;

z);
z);

//z-axis
glBegin (GL_LINES) ;

glVertex3f (x, vy,
glVertex3f(x, vy,
glEnd() ;

#ifndef GESTURE_H
#define GESTURE H

z - rangel);
z + rangelZ) ;

#include
#include
#include
#include

"stdafx.h"
"NuiApi.h"
<cmath>

<iostream>

abs (yMin)),

,&indices[0]) ;
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protected:

?onst int STATE_OFF = 0;
Tonst int STATE ON = 1;
#onst float MIN HAND DISTANCE = 0.2;
?onst float MAX HAND DISTANCE = 0.4;
?onst float HAND Y THRESHOLD = 0.03;
const float HAND_Z_THRESHOLD = 0.03;
?onst float SCALE X = 2;
?onst float SCALE Y = 2;
const float SCALE Z = 4;

glass Gesture

{

int state;
Vectord4 prevPos;

public:
Gesture() ;
void update(const Vector4& leftHand, const Vectord& rigt
Vectord& origin) ;
bool getState() { return state; }
7;
Tendlf
/== mm e e oo

#include "Gesture.h"

Qesture::Gesture()

{

{ state = STATE OFF;
prevPos.x = 0;

prevPos.y = 0;

prevPos.z = 0;

float difX abs(leftHand.x - rightHand.x) ;
float difyY abs(leftHand.y - rightHand.y) ;
float difZ = abs(leftHand.z - rightHand.z) ;
return sqrt(difX*difX + dif¥*difY + difZ*dif2) ;

}

1tHand,

float distance(const Vector4& leftHand, const Vector4& rightHand)

Yoid Gesture: :update (const Vector4& leftHand, const Vector4& rightHand,

Yector4& origin)

{

//check state

if ( state == STATE OFF ) {
//check position of left hand & rlght hand
float difX = abs(leftHand.x - rightHand.x) ;
float dify abs (leftHand.y - rightHand.y) ;
float difZ = abs(leftHand.z - rightHand.z):;

bool isCorrectGesture = ( difX >= MIN HAND ] DISTANCE &&

difX <= MAX HAND | DISTANCE &&

difY <= HAND Y ! THRE SHOLD

difZ <= HAND 2 THRESHOLD)'

&&

’
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if ( isCorrectGesture ) {
state = STATE ON;
prevPos.x = leftHand.x;
prevPos.y leftHand.y:
prevPos.z leftHand.z;

} |

}
else { //state == STATE_ ON
if (distance (leftHand, rightHand) <= MAX HAND DISTANCE) {
state = STATE ON;

//find difference between current and prevxous hand position
float changeX = leftHand.x - prevPos.x;
float change¥Y leftHand.y - prevPos.y;
float changeZ = leftHand.z - prevPos.z;

//update origin

origin.x += SCALE X * changeX;
origin.y += SCALE Y * change¥;
origin.z += SCALE Z * changeZ;

|
|

//save previous hand position
prevPos.x = leftHand.x;
prevPos.y = leftHand.y:
prevPos.z = leftHand.z;

}

else {
state = STATE OFF;

} b
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1. N. Jungteerapanich, “A Tableau System for the Modal p-Calculus,” International Conference on
|

Automated Reasoning with Analytic Tableaux and Related Methods (Tableaux ’09), Oslo,
. |
Norway, 2009. : l
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1. N. Jungteerapanich, “Tableau Method for the Satisfiability Problem of the Modal Mu-Calculus”,

In Proc. of the 3rd Regional Conference on ICT Applications for Industries and|Small Companies

in ASEAN countries (RCICT 2011), 2011.

|
2. N. Jungteerapanich, “A Tableau System and the Small Model Theorem for the I'I , - Fragment of
the Modal p-Calculus,” International Workshop on Tableaux vs Automata as| Logical Decision

Methods (AutoTab *09), Oslo, Norway, 2009. ' |
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1.

Ukrit Watchareeruetai, Akisato Kimura, Robert Cheng Bao, Takahito Kawafnishi, and Kunio

Kashino, "Interest point detection based on stochastically derived stability," IPS‘J Transactions on

Computer Vision and Applications, vol.3, pp.186-197, December 2011.
Ukrit Watchareeruetai, Yoshinori Takeuchi, Tetsuya Matsumoto, Hiroaki Kuido, and Noboru

Ohnishi, "Redundancies in linear GP, canonical transformation, and its; exploitation: a

J
demonstration on image feature synthesis," Genetic Programming and Evolvable Machines,

vol.12, no.1, pp.49-77, March 2011.

Ukrit Watchareeruetai and Noboru Ohnishi, "A new color-based lawn weed detection method and
i

its integration with texture-based methods: a hybrid approach," IEEJ Transactioi‘ns on Electronics,

Information and Systems, vol.131, no.2, pp.355-366, February, 2011. '

Ukrit Watchareeruetai, Tetsuya Matsumoto, Yoshinori Takeuchi, Hiroaki Kudc!), and Noboru

|
Ohnishi, "Multi-objective genetic programming with redundancy-regulations for automatic
|
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construction of image feature extractors," IEICE Transactions on Information and Systems,
vol.E93-D, no.9, pp.2614-2625, September 2010.

Ukrit Watchareeruetai, Yoshinori Takeuchi, Tetsuya Matsumoto, Hiroaki Kudo, and Noboru

Ohnishi, "Evaluations of feature extraction programs synthesized by redundancy-removed linear
genetic programming: a case study on lawn weed detection," Journal of Information Processing,
vol.18, pp.164-174, April 2010. (Reprinted in: Information and Media Technologies, vol.5, no.2,
pp.566-576, June 2010) ( IPSJ Digital Courier Funai Young Researcher Encouragement
Award )

Ukrit Watchareeruetai, Tetsuya Matsumoto, Noboru Ohnishi, Hiroaki Kudo, and Yoshinori

Takeuchi, "Acceleration of genetic programming by hierarchical structure learning: a case study
on image recognition program synthesis," [EICE Transactions on Information and Systems,
vol.E92-D, no.10, pp.2094-2102, October 2009.

Ukrit Watchareeruetai, Yoshinori Takeuchi, Tetsuya Matsumoto, Hiroaki Kudo, and Noboru

Ohnishi, "Efficient construction of image feature extraction programs by using linear genetic
programming with fitness retrieval and  intermediate-result caching," in Foundation of
Computational Intelligence Volume 4: Bio-inspired Data Mining, A. Abraham et al. (eds.),
Springer-Verlag, pp.355-375, 2009. (ISBN 978-3-642-01087-3)

Ukrit Watchareeruetai, Yoshinori Takeuchi, Tetsuya Matsumoto, Hiroaki Kudo, and Noboru

Ohnishi, "Computer vision based methods for detecting weeds in lawns," Machine Vision and
Applications, vol.17, no.5, pp. 287-296, October 2006.

L4 o A @ o da awv A .&’
ONOHY  I¥INNY, "MSAUATIZIIIamMsvee TYsunsulseuiananimiionsateniy

1UA," NECTEC Technical Journal, 17U 10 (22), #1111 173-179, 2010.
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1.

Ukrit Watchareeruetai, "Hierarchical structure genetic programming with generation adaptable

learning nodes," Proceedings of the Forth AUN/SEED-Net Regional Conference on Information
and Communication Technology, pp.222-228, Ho Chi Minh City, Vietnam, October 18-19, 2011.
Ukrit Watchareeruetai, "A research on automatic construction of image processing
programs," Proceedings of the Third AUN/SEED-Net Regional Conference in Electrical and
Electronics Engineering, pp.122-126, Manila, Philippines, September 8-9, 2010.

Ukrit Watchareeruetai, Akisato Kimura, Robert Cheng Bao, Takahito Kawanisi, and Kunio

Kashino, "StochasticSIFT: Interest point detection based on stochastically-derived
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|

stability," Proceedings of Meeting on Image Recognition and Understanding 2010 (MIRU2010),
|

i

Kushiro, Japan, July 27-29, 2010. !

Ukrit Watchareeruetai, Tetsuya Matsumoto, Yoshinori Takeuchi, Hiroaki Kudo, and Noboru

Ohnishi, "Construction of image feature extractors based on multi-objective gerjetic programming
with redundancy regulations," Proceedings of 2009 IEEE Conference on S§stems, Man, and

Cybernetics (SMC2009), pp.1365-1370, Texas, USA, October 11-14, 2009.

Ukrit Watchareeruetai, Tetsuya Matsumoto, Noboru Ohnishi, Hiroaki Kudo, and Yoshinori
Takeuchi, "Acceleration of genetic programming by hierarchical structure leaiming: a study on
image recognition program synthesis," Learning and Intelligent Optimiz;ation Conference
(LION3), Trento, Italy, January 14-18, 2009, l
Ukrit Watchareeruetai, Yoshinori Takeuchi, Tetsuya Matsumoto, Hiroaki Kudo, and Noboru
Ohnishi, "Linear GP with redundancy-removed recombination for synthesis|of image feature
extraction programs," IPSJ SIG Technical Report (2008-MPS-72), vol.2008, gno.126, pp-33-36,
Osaka, Japan, December 17-18, 2008. (Presentation Award)

Ukrit Watchareeruetai, Yoshinori Takeuchi, Tetsuya Matsumoto, Hiroaki Kt;ido, and Noboru
Ohnishi, "Improving search performance of linear genetic programming based jimage recognition
program synthesis by redundancy-removed recombination," Proceedings ! of 2008 IEEE
Conference on Soft Computing in Industrial Applications (SMCia/08), pp.393-398, Muroran,
Japan, June 25-27, 2008. i

Ukrit Watchareeruetai, Yoshinofi Takeuchi, Tetsuya Matsumoto, Hiroaki Kudo, and Noboru
Ohnishi, "Transformation of redundant representations of linear genetic pirogramming into

canonical forms for efficient extraction of image features," Proceedings of 2008 IEEE Congress on

Evolutionary Computation (CEC-08), IEEE World Congress on Computational Intelligence,

pp.1996-2003, Hong Kong, China, June 1-6, 2008. ;

Ukrit Watchareeruetai, Yoshinori Takeuchi, Tetsuya Matsumoto, Hiroaki Kl%do, and Noboru
|

Ohnishi, "Modified lawn weed detection: utilization of edge-color based SVM and grass-model
based blob inspection filterbank," Proceedings of 14th International Confe:rence on Neural
Information Processing (ICONIP-07) Part II, LNCS 4985, Springer-Verlag B:erlin Heidelberg,
pp.30-39, Kitakyushu, Japan, November 13-16, 2007. |
Ukrit Watchareeruetai, Yoshinori Takeuchi, Tetsuya Matsumoto, Hiroaki Klildo, and Noboru

Ohnishi, "A lawn weed detection in winter season based on color information," Proceedings of
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IAPR Conference on Machine Vision Applications (MVA 2007), pp.524-527, Tokyo, Japan, May

16-18, 2007.

. Ukrit Watchareeruetai, Yoshinori Takeuchi, Tetsuya Matsumoto, Hiroaki Kudo, and Noboru

Ohnishi, "Lawn weeds detection methods based on image processing techniques," IEICE
Technical Report of PRMU 2006, vol.106, no.301, pp.65-70, Tokyo, Japan, October 19-20, 2006.
Ukrit Watchareeruetai, Yoshinori Takeuchi, Tetsuya Matsumoto, Hiroaki Kudo, and Noboru
Ohnishi, "Computer vision based methods for detecting weeds in lawns," Proceedings of 2006
IEEE International Conference on Cybernetics and Intelligent Systems (CIS 2006), pp.323-328,
Bangkok, Thailand, June 7-9, 2006 (Finalist for the Best Paper Award).

Vutipong Areekul, Teesid Leclasawassuk, Kittiwat Suppasriwasuseth, Suksan Jirachawang,

and Ukrit Watchareeruetai, "Progress research on - fingerprint verification algorithm in

Thailand," Proceedings of 2006 Electrical Engineering/Electronics, Computer,
Telecommunications, and Information Technology (ECTI) International Conference (ECTI-CON
2006), Ubon Ratchathani, Thailand, May 10-13, 2006.

Ukrit Watchareeruetai, Yoshinori Takeuchi, Tetsuya Matsumoto, Hiroaki Kudo, and Noboru
Ohnishi, "Image processing based weed detection in lawn," 2005 Tokai-Section Joint Conference
of the 8 Institutes of Electrical and Related Engineers, Nagoya, Japan, September 15-16, 2005.
Vutipong Areekul, Ukrit Watchareeruetai, Kittiwat Suppasriwasuseth, and Sawasd Tantaratana,
"Separable Gabor filter realization for fast fingerprint enhancement," Proceedings of IEEE
International Conference on Image Processing (ICIP 2005), vol. 3, pp.253-256, Genoa, Italy,
September 11-14, 2005.

Vutipong Areekul, Ukrit Watchareeruetai, and Sawasd Tantaratana, "Fast separable Gabor filter

for fingerprint enhancement," Proceedings of First International Conference on Biometrics
Authentication (ICBA 2004), LNCS 3072, Springer-Verlag Berlin Heidelberg, pp.403-409, Hong
Kong, China, July 17-19, 2004.
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