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Project Title Time-Multiplexed Three-Dimensional Stereoscopic Data
Visualization Computer System

Name of the Inverstigator Somchai Prasitjutrakul
Year 1997

Abstract

This report presents a time-multiplexed three-dimensional stereoscopic data
visualization computer system. The system applies concepts of horizonal parallax for
human eye depth perception, time-multiplexed stereoscopic computer image display,
and liquid crystal shuttered glass for extending the capability of the Visualization
Toolkit (VTK) visualization system software from General Electric corporation and
the 3D-Studio MAX three-dimensional modelling software from Autodesk Inc. The
extension lets both softwares display three-dimensional stereoscopic images using
interlace display technique where an image pair for left and right eyes are merged into
a single image by alternating each scan line from the image pair. With this technique,
it can be used in most of the computer system without any modification to the existing
display driver system software by using additional controlling circuit for
synchronizing the liquid-crystal-shuttered glass. In addition, we developed a program
for simultaneously displaying two FLI/FLC format animation files (generated from the
3D-Studio MAX) using page flipping technique running under DOS in order to
achieve higher resolution quality image than the interlace technique, however 'it

requies a faster and better computer processing and display units.
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3.1 Visualization Toolkit
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2 J.K. Qusterhout, Tl and the Tk Toolkit. Addison-Wesley Publishing Company, Reading, M.A. 1984,
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#ali 1 mapper gnUIANAIU7T SetInput (WoriuduaAl Cubenct @Taudanliiuladieas
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Tusunsulugdit 33 (eummummzTalaunsuntn Tl winhy dmiuijudidedenigldna g
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// C++ code to draw a cube # Tcl code to draw a cube
#include “RenderM.hh”
#include “CubeSrc.hh” vtkRenderMaster rm;
#include “PolyMap.hh” vtkCubeSource cubeSrc;
vtkPolyMapper cubeMpr;
main() vtkActor cubehAct;
{
vtkRenderMaster rm; set renWin [rm MakeRenderWindow] ;
vtkCubeSource cubeSrc; set renl [$renWin MakeRenderer];
vtkPolyMapper cubeMpr; cubeMpr SetInput \
vtkRenderWindow *renWin; [cubeSrc GetOutput];
vtkRenderer *renl; cubeAct SetMapper cubeMpr;
vtkActor *cubehct; $renl AddActors cubelct;
renWin = rm.MakeRenderWindow!() ; $renWin Render;
renl = renWin->MakeRenderer() ;
cubeMpr = SetlInput(
cubeSrc->GetOQutput) );
cubeAct = new vtkActor;
cubeAct->SetMapper ( cubeMpr ):
renl->AddActors({ cubeBAct );
renWin->Render () ;
}

A d !
511 3-3 MednTilsunsy C++ uag Tl Muaasgmnanuiisgn

# Tcl code to draw a cube with interactor
source vtkInt.tcl

vtkRenderMaster rm;

vtkCubeSource cubeSrc;
vtkPolyMapper cubeMpr;
vtkActor cubelAct;

set renWin [rm MakeRendsrWindow];
set renl [$renWin MakeRenderer]:;
set iren [$renWin MakeRenderWindowlInteractor];

cubeMpr SetInput [cubeSrc GetOutput];

cubelAct SetMapper cubeMpr;

Srenl AddActors cubelct;

Siren SetUserMethod {wm deiconify .vtkInteract};
$iren Initialize;

SrenWin Render;

wm withdraw .

A ar i é ar o
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fmsuswazidoaves VIK auisormeiuayla luniiade The Visualization ToolKit :

An Object-Oriented Approach to 3D Graphics 484 W. Schroeder, K. Martin, 118 B. Lorensen SaRun

uazdmw Ay Prentice Hall ISBN: 0-13-199837-4

3.2 3D-Studio MAX
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3. File import / export 11U plug-in tVei@TuaNuemsalumssunaziuiinuiudoyalu
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2. Geometric / Bitmap class unaaiiil Baduuaziamsginsusvindia waznmia

HUNATLE)
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o o 3/
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5. LibVersion Wuiladfuiifiusmusmuiuea 3D Studio MAX 1414 plug-in
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A1 Visual BASIC

Declare Function SetWindowPos Lib "user” (ByVal h%, ByVal hbs%,
ByvVal x%, ByVal y%, ByVal cx%, ByVal cy%, ByVal f%) As Integer
' The above Declare statement must appear on one line.

Const SWP_NOMOVE = 2

Const SWP_NOSIZE = 1

Const FLAGS = SWP_NOMOVE Or SWP_NOSIZE
Const HWND TOPMOST = -1

Const HWND_NOTOPMOST = -2

Sub Form Load ()
success® = SetWindowPos (WLC.hWnd, HWND TOPMOST,0,0,0,0,FLAGS)

Width = Screen.Width
Height = 2 * Screen.TwipsPerPixelY
Left = 0
Top = Screen.Height - Height
Show
Form Paint
End Sub

Sub Form Paint ()
ScaleMode = 3
DrawWidth = 1
Line (0, 0)-(Scalewidth * .33, 0), RGB(255, 255, 255)
Line (0, 1)-({(Scalewidth * .67, 1), RGB(255, 255, 2553)
End Sub
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¥ Tcl code to draw a cube with interactorvtk
source vtkInt.tcl

vtkRenderMaster rm;

vtkConeSource coneSrc;
vtkPolyMapper coneMpr;
vtkActor conelct;

set renWin [rm MakeRenderWindow] ;
set renl ([SrenWin MakeRenderer];

coneSrc SetResolution 8

coneMpr SetlInput [coneSrc GetOutput];
coneAct SetMapper coneMpr;

Srenl AddActors coneBct;

Srenl SetBackground 1 1 1;

Siren Initialize;
SrenWin StereoRenderOn;

SrenWin Render;
wm withdraw

set iren [$renWin MakeRenderWindowInteractor];

$iren SetUserMethod {wm deiconify .vtkInteract};

SrenWin SetStereoType VTK _STEREO INTERLACE,

= o = o
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fidefine VTK_STEREQ INTERLACE 3

class vtkRenderWindow : public vtkObject
{
protected:

public:

virtual void GetEvenRowPixel

(unsigned char *data,int x1, int yl, int x2, int y2, int front);
virtual void GetOddRowPixel

funsigned char *data,int x1, int y1, int x2, int y2, int front);
virtual void DrawRGBAFrame

(int x1, int yl1, int x2, int y2,unsigned char *data, int front);:

}:

517 5-4 Mrdunu@nluudly vikRenderWindow.hh

void vtkRenderWindow::StereoUpdate (void)

if (this->StereoRender && (Ithis—>Stereostatus})
{
switch (this->StereoType)
{
case VTK_STEREQ_RED_BLUE:
case VTK STEREQ INTERLACE:
this->StereoStatus = 1;

}
else if ({(!this->StereoRender) && this->StereoStatus)

switch (this->StereoType)
[ _
case VTK_STEREO_REDvBLUE:
case VTK STEREO INTERLACE:
this->StereoStatus = 0;
}
}

}

JU7 5-5 Mdunuay (uenaiiod By luuily vikRenderWindow.cxx (a1l 1)




void vtkRenderWindow::StereoMidpoint (void)
{
int *size;
switch (this->StereoType)
(
case VTK_STEREO_RED BLUE:
{

}
break;

s ae

case VTK _STEREO INTERLACE:
{

int *size;

size = this->GetSize();
this->StereoBuffer = new unsigned char [size[0])*size[1]*4]; //RGBA
this->GetOddRowPixel (this->StereoBuffer, 0,0,size[0]-1,size[1]-1,0);
J
break;
}
}

void vtkRenderWindow: :SterecoRenderComplete (void)

switch (this->StereoType)
{
case VTK_STEREO_RED BLUE:
{

}
break;

case VIK STEREO INTERLACE:
{

int *size;

size = this->GetSize():

this->GetEvenRowPixel (this->StereoBuffer, 0,0,sizef0]-1,5ize(1]-1,0);
this->ResultFrame = this->SterecBuffer;

this->SterecBuffer = NULL;

}
break;

}

void wvtkRenderWindow: :CopyResultFrame (void)

if (this->ResultFrame)

{

int *size;

size = this->GetSize():

if (this->StereoType == VTK STEREQ_INTERLACE)
{
this->DrawRGBAFrame (0,0,s51ize(0}-1,5ize[l]-1,this->ResultFrame,();
]

else
{
this->SetPixelData(0,0,size[0]-1,s5ize[1l]-1,this->ResultFrame,0);
}

this->Frame();
}

" .
ar -y -
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class vtkWin320glrRenderWindow : publié vtkRenderWindow

protected:

public:

virtual void GetEvenRowPixel
(unsigned char *data,int x1, int yl1, int x2, int y2, int front);
virtual void GetOddRowPixel
(unsigned char *data,int x1, int yl, int x2, int y2, int front):
virtual void DrawRGBAFrame
(int xI, int yl, int x2, int y2,unsigned char *data, int front):
)z

JUN 5-7 Mdaiu@n (aesdiodauBu9) luufly vikWin320glrRenderWindow.hh

void vtkWin320glrRenderWindow: :GetEvenRowPixel 3
(unsigned char *data,int x1, int yl, int x2, int y2, int front)
{
long yloop;
int y_low, y hi, x low, x_hi;
unsigned long *buffer;

wglMakeCurrent (this->DeviceContext, this->ContextId):

if (yl1 < y2) { y low = yl; y hi = y2; }
else { y low = y2; y hi = yl; }
if (x1 < x2) { x_low = x1; x hi = x2; }
else { x_ low = x2; x_ hi = x1: }
if (front)

glReadBuffer (GL_FRONT) ;
else

glReadBuffer (GL_BACK);

buffer = (unsigned long *) data;
for (yloop = y hi; yloop >= y low; yloop-=2)

// read in a row of pixels
glReadPixels (x_low, yloop, (x_hi-x_low+l},1,

GL_RGBA, GL_UNSIGNED BYTE, buffer+yloop* (x_hi-x_low+1));
}

g‘ﬂ’ﬁ 5-8 #lar14 GetEvenRowPixel Mty 1niilu vikWin320 glrRenderWindow.cxx
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void vtkWin320glrRenderWindow: :GetOddRowPixel
(unsigned char *data,int x1, int yl1, int x2, int y2, int front)
{

long yloop;
int y_low, y hi, x low, x hi;
unsigned long  *buffer;

wglMakeCurrent (this->DeviceContext, this->ContextId);

if (yl1 < y2) { y low = yl; y hi = y2; }
else { y low = y2; y hi = yl; }
if (x1 < x2) { x_low = x1; x hi = x2; }
else { x_low = x2; x_hi = x1; }
if (front)

glReadBuffer (GL_FRONT) ;
else

glReadBuffer (GL_BACK);

buffer = (unsigned long *} data;
for (yloop = y hi-1; yloop >= y low; yloop-=2)
{

// read in a row of pixels
glReadPixels (x_low, yloop, (x_hi-x low+l),1,
GL_RGBA, GL_UNSIGNED BYTE, buffer+yloop*(x hi-x low+l));
}
}

Eﬂ‘ﬁ 5-9 Hardu GetOddRowPixel v vy vikWin320girRenderWindow.cxx

void vtkWin320glrRenderWindow: : DrawRGBAFrame
(int x1, int yl, int x2, int y2, unsigned char *data, int front)
{
int y_ low, y hi, % low, x hi, yloop;
unsigned long *buffer;

// set the current window
wglMakeCurrent (this->DeviceContext, this->ContextId);

if (yl < y2) { y low=yl; y hi = y2; }
else { y low=y2; y hi = yl; }
if (x1 < x2) { x low = x1; x hi = x2; }
else { x low = x2; x hi = x1; }

if (front)
glReadBuffer (GL_FRONT) ;
else
glReadBuffer (GL_ BACK) ;

// now write the binary info one row at a time
buffer = (unsigned long *) data;
for (yloop = y_hi; yloop>=y low; yloop--)
{
glMatrixMode ( GL_MODELVIEW );
glPushMatrix();
glLoadIdentity();
glMatrixMode ( GL_ PROJECTION };
glPushMatrix();
glLoadIdentity();
glRasterPos2f( 2.0 * (GLfloat) (x_low) / this->Size[0] - 1,
2.0 * (GLfloat) (yloop) / this->Size[l] - 1);:
glMatrixMode ( GL_MODELVIEW );
glPopMatrix();
glMatrixMode ( GL_PROJECTION );
glPopMatrix();

glDrawPixels((x_hi-x low+l1),1,GL_RGBA, GL UNSIGNED BYTE,
buffer+yloop* (x_hi-x_ low+l));
}

}

iﬂ‘ﬁ 5-10 W39 DrawRGBAFrame i Twailu vtkWin320gIrRenderWindow.cxx
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LRESULT CALLBACK vtkHandleMessage
{HWND hWnd,UINT uMsg, WPARAM wParam, LPARAM lParam)

{

switch (uMsg)
{

case WM _CHAR:
-switch (wParam)
{

case "'4' :

{
if (me->RenderWindow->GetStereoType () ==VTK STEREO INTERLACE)

me->RenderWindow->SetStereoType ( VTK _STEREO RED BLUE );

else
me->RenderWindow->SetStereoType ( VITK STEREQ INTERLACE );

}
break;

}
break;

}
return 0;

}

a:l o a G.I - e
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BOOL StereCbject::ValidForDisplay(TimeValue t)

{
float length, width:;
static i = 0 ;

pblock->GetValue (PB_LENGTH, t, length, ivalid);
pblock->GetValue (PB_WIDTH, t, width, ivalid);
if {1 St

// update stereoscopic image.
CreatelMap () ;

CreateRMap() :

ShowStere() ;

i= -1;
}
i4+;
return (length == || width == Q) ? FALSE : TRUE;
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void StereObject::CreatelMap()

{

BITMAPINFO *bmi = NULL;

BitmapInfo biFile;

BITMAPINFOHEADER *bmih;

int size;

if (leftGw == NULL || !IsWindow(leftGw->getHWnd()))
return;

leftGw->getDIB (NULL, &size);

bmi = (BITMAPINFO *)malloc(size):;
bmih = (BITMAPINFOHEADER *)bmi;
leftGw->getDIB (bmi, &size);

// set information to BitmapInfo variable.
biFile.SetWidth ( (WORD)bmih->biWidth) ;
biFile.SetHeight ( (WORD)bmih->biHeight) ;
biFile.SetType (BMM TRUE 32);

if (!IsWindow(hlmap) && lmap != NULL)
{
delete lmap;
lmap = NULL;
hlmap = NULL;
}

if (lmap == NULL)
{
lmap = TheManager->Create (&biFile);
lmap->FromDib (bmi) ; // convert DIB to bitmap
}

else

{
Bitmap *map;

map = TheManager->Create (&biFile);

map->FromDib (bmi) ;

Imap->CopyImage (map,COPY IMAGE RESIZE_ LO_QUALITY,O0);
}

if (bmi)
free(bmi) ;
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void StereObject::ShowStere()

if (lmap == NULL || rmap == NULL)
return;

if (rmap != NULL)
{
BMM_Color_ 64 *1lineé4 = NULL;

if ((line64=(BMM_Color_ 64 *)
calloc (rmap->Width(),sizeof (BMM Color 64)))==NULL)
return;

for (int iy = 1; iy < rmap->Height(); iy+=2)
{
rmap->GetLinearPixels (0, iy, rmap->Width(),line64);
lmap->PutPixels (0, iy, lmap->Width(), line6d);
}

}

if (!IsWindow (hlmap))
{
TCHAR title[MAX PATH] = "Stereoscopic”;

lmap->Display(title, BMM CN, TRUE, FALSE);
hlmap = lmap->GetWindow():
}

else

{

Ilmap—->RefreshWindow () ; // redraw image

}

31/l 63 HaAFumssunmguunaenady

L = d =y as
6.2 FIWLEININONITEIWUANAINLUATTINIAUULFDAFAY

' A . . 4 . & o

suasuiiilu plug-in szinn compositor Failu image filter (muﬂnmﬂﬂmﬂ‘swm
1 = ﬂ &£ 8 9 w & ‘3«‘] ar
druasuezitiulszian a0 wuuntidsumwasIn IR nMwguiiutluniwradn 8nnm
& s a deny v & s o aa o g
niiaflunmses  dauaTuiliPBafadunmvSenmeuasvesuuudiaesania fiadlay 3D-
studio MAX  Tavszflunmeufiduvumeasdy Guuuveauiiounsadmualdamnay

) ' : P £ da A

A11159904 3D-Studio MAX 1rudhundlunuy * Avi, * FLC @dudu) dhwasuidanniuiilive

AAAI ImageFilter Stere

ImageFilter Stere flupaafidunennanaaie InageFilter Inoisnioaudi
Fuiladsuisudulumssamnmeinfu @oflefdu rRender) daFimsszanifadofudidiiy
wrlFvuaumsitvesmsldan image filter W2l FelHadFudrqsoivogudaniunaa
ImageFilter @wiuilef#u Render (g3t 6-4) fuﬁmﬁimnmfjunuﬁaﬂﬁﬁ'ﬂua"ﬂym:
FoaRuadFU ShowStere YBIAAT StereObject Rndnluiidefiuds Avifloadsanmein

ndesdudluvdn (Lmap) 1A NIUFUATDINMNIINAADIUN (rmap) MTUIFUATY 1map



49

BOOL ImageFilter_ Stere::Render (HWND hWnd)
({

Bitmap *1map;

Bitmap *rmap;

BMM_Color_ 64 *line64 = NULL;

if ( !(lmap=srcmap) ) return (FALSE);
if ( ! (rmap=frgmap) ) return (FALSE);
if ( lmap->width() != rmap->width() ) return (FALSE);

if ((line64=(BMM Color_ 64 *)
calloc (rmap->Width (), sizeof (BMM Color 64)))==NULL)
return (FALSE);

BOOL result
BOQL abort

TRUE;
FALSE;

for (int iy = 1; iy < rmap->Height(); iy+=2)
{
//-- Progress Report
SendMessage (hWnd, FLT PROGRESS, iy, lmap->Height()-1);
//-- Check for Abort
SendMessage (hWnd, FLT_CHECKABCRT, 0, (LPARAM) (BOOL *)&abort);
if (abort)
{
result = FALSE;
break;

}

// get an odd line from the right image
if (rmap->GetLinearPixels (0,iy,rmap->Width(),line64) !=1)
{
result = FALSE;
break;
}

//-- put the line to the odd line of the left image
if (lmap->PutPixels(0,iy,lmap->Width(),line64) !=1)
{
result = FALSE;
break;
}
}

if (lineb64) free(line6d);

return (result) ;
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Function Task
00h Determine XMS version number
0lh Allocate High Memory Area (HMA)
02h Free HMA
03h Globally enable address line A20
04h Globally disable address line A20
05h Locally enable address line A20
06h Locally disable address line A20
07h Query status of address line A20
08h Query free extended memory
0%h Allocate Extended Memory Block (EMB)
0Ah Free allocated EMB
0Bh Move EMB
0Ch Lock EMB
0Dh Unlock EMB
OEh Get EMB handle information
0Fh Resize EMB
10h Allocate Upper Memory Block (UMB)
11h Free allocated UMB
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01:
02:
03:
04:
05:
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07:
08:
09:
10:
11z
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13z
14:
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open two FLI/FLC files

validate file consistency

allocate XMS memory for FLI/FLC files
allocate virtual screen memory

do

read header/data frame from the 2 FLI/FLC files

if ( this is even numbered loop )

uncompress the stereo pair to pages #0 and #2

set pages #0 and #2 to be the visual pages
else

uncompress the stereo pair to pages #1 and #3

set pages #1 and #3 to be the visual pages

wait until next update time

} until

{ receiving a quit command )

deallocate memory
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01: if ( previously showed the left page )

02: SetDisplayStartAddr( CurrentRightPageNumber )
03: SetColorPalette( CurrentRightPageNumber )

04: SetLCSGlass( RIGHT );

05: else

06: SetDisplayStartAddr( CurrentLeftPageNumber )
07: SetColorPalette( CurrentLeftPageNumber )

08: SetLCSGlass( LEFT );

09: interrupt return
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01: WaitforVerticalRetrace

02: ResetAndStartCounter

03: WaitforVerticalRetrace

04: StopCounter

05: VSyncDuration = GetCounterValue
06: SetAndStartTimer( VSyncDuration )
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01: if ( have not adjusted for 15 interrupts )

02: WaitforVerticalRetrace

03: SetAndStartTimer ( VSyncDuration )

04:

05: if ( previously showed the left page )

06: SetDisplayStartAddr { CurrentRightPageNumber )
07: SetColorPalette{ CurrentRightPageNumber )
08: SetLCSGlass( RIGHT );

09: else

10: SetDisplayStartAddr ( CurrentLeftPageNumber )
105 SetColorPalette( CurrentLeftPageNumber )

12: SetLCSGlass( LEFT );

133

14: interrupt return
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4 D, Stampe, B. Roehl, and J. Eagan, "Virtual Reality Creations," The Waite Group, 1993 pp. 483-484.
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ouAITVUUATIaAINA TUIAININATIIU VESA (VESA software driver) 19U Display Doctor
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SrenWin StereoRenderOn;
SrenWin SetStereoType 3;
SrenWin Render;
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