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Acronyms and Symbols

3D

Stereo view
Glasses
GLUT
OpenGL
VRML

0S

Three-dimensional

Stereoscopic viewing

Shutter Glasses

(Open) Graphics Library Utility Toolkit
Open Graphics Library

Virtual Reality Modeling Language

Operating System



1. What is Stereo Viewing?

Stereo viewing a technique in computer graphics community which increase visual
realism or enhancing user interaction with 3D environment. A real 3D (stereo) viewing is
available by using OpenGL library that will discussed detailed later with the help of
fancy quad-buffering hardware (some special expensive display cards and lcd shutter
glasses). All of these hardware and technology is not so cheap but these are enables us
to stereoscopic viewing on an ordinary personal computer.

FIGURE1

There are two views which are created for the left eye and right eye. Figurel
basically explain us about the right and left view on the scene. Viewing of stereo image
or animation can be handled with the help some special viewer apparatus such as
stereo glasses or binoculars. So each eye can see the scene that is created for itself.
During the animation steps left and right back buffers are used and updated each frame.
OpenGL library gives support for this buffers. Normal viewing as default only the left
buffer is the back and front buffers. But using OpenGL’s system independent property
we can use both left and right back buffers in stereo views. Rendering the frames in
stereo view is actually quite simple. First of all display mode has to be in stereo. Then
the left and right views for each frame shall be generated in left and right back buffers.
Finally the back buffers have to be displayed properly with respect to the hardware
which is used for viewing the stereo environment.



FIGURE2 [5]

Computing the left and right eye views is fairly straightforward as shown in Figure2.
The distance separating the two eyes, called the interocular distance, must be selected.
Choose this value to give the proper size of the viewer's head relative to the scene
being viewed. The size of the imaginary viewer relative to the objects in the scene. This
distance should be correlated with the degree of perspective distortion present in the
scene to produce a realistic effect. Figure3 shows the left and right views crossing each
other.

FIGURES



2 The Setup Diagram

In the first part, some hardware mentioned to get the stereoscopic viewing. In this
part, this hardware is discussed with their details.

Display card is very significant for stereoscopic viewing. It must support the stereo
view with its drivers. Some cards such as Nvidia quadro series cards and Ati FireGL
series card support stereo viewing. However the user should fix its setting to stereo
view from the driver panel in windows. Don’t worry it is a very quite operation for the
user. But X systems it is a bit different and not easy as Windows systems. This issue
will be discussed in Appendix B.
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The simple diagram is shown in Figure 4. In this diagram, the display diagram is
mentioned by Graphics Hardware, display screen is mentioned by RGB and the shutter
glasses is mentioned by a lens diagram in front of the user head. Actually there are not
2 screens and 2 cards for the view but in the diagram it is mentioned for the left eye
view and the right eye view. But in reality there is only one screen and one card for the
stereoscopic viewing.

In the display screen there is not any special property. In any screen the user can
view the stereo views. However display card has to include the stereo property in its
driver. For the properties of the drivers user should read the release notes of the display
card which also gives support to the stereo viewing. These information can be handeled
from the Nvida quadro series card web page and Ati FireGL series cards webpage. Also
the other web pages. Also there has to be shutter glasses. These glasses are used in
conjunction with a display screen to create the illusion of a three dimensional image.
“Glass is connected to the display card direct with VGA output. Glass containing liquid



crystal and a polarizing filter has the property that it becomes dark when voltage is
applied, but otherwise is transparent. The glasses are controlled by IR emitter that
sends IR signal. The Glasses alternately darkens over one eye, and then the other, in
synchronization with the refresh rate of the screen, while the display alternately displays
different perspectives for each eye. LCD shutter glasses mostly eliminate "ghosting"
which is a problem with other 3D display technologies, are relatively inexpensive and
also completely eliminate "color bending" which can typically be seen with polarized 3D
systems. However flicker can be noticeable except at very high refresh rates, as each
eye is effectively receiving only half of the monitor's actual refresh rate. Until recently,
the method only worked with CRT monitors; some modern flat-panel monitors now
support high enough refresh rates to work with some LC shutter systems. Figureb5
shows what this type of glasses looks like.”[2]

In the experimentations that is mentioned in section 7, the used hardware
equipments are Nvidia Quadro FX 1400 display card, CrystalEyes 3 shutter glasses and
DepthQ video projector. The shutter glasses and the projector are StereoGraphics
products. The results of experimentations are seen from a CRT monitor with the help of
the shutter glasses. For projecting the final image to the wall or a flat surface are done
with the help of the projector. The driver details of the display card for Linux are
mentioned in AppendixB. The some of the features of the of the shutter glasses are as
follows;

Multiple fit options provide greater comfort and accommodate a wide array
of users. At 3.3 oz. (93 grams), CrystalEyes is as comfortable as a pair of
eyeglasses

CrystalEyes is supported on every major UNIX platform and NT workstation.
Emitter installation requires only a simple cable connection

CrystalEyes delivers a typical dynamic range of 1500:1 ensuring a realistic,
high-resolution, ghost-free color image

An infrared emitter synchronizes CrystalEyes eyewear with the stereoscopic
image allowing for any number of users to simultaneously use CrystalEyes
with complete freedom of movement

View stereo video images on stereo-ready color displays in real-time
CrystalEyes is compatible with all Power Mac G5 and UNIX workstations



including those from Silicon Graphics Inc., Hewlett-Packard, Sun
Microsystems, IBM, Compaq Alpha and Windows workstations

Nearly every major solid modeling/prototyping, molecular modeling,
industrial VR and GIS software application supports CrystalEyes. The list of
applications includes products from Tripos, Accelrys, Schroedinger, Z/I
Imaging and many others. [11]

Also the other very significant equipment is the DepthQ video projector. This
projector is 3D and provides 2000:1 contrast ratio. Also in every flat surface it works
effectively. In the experimentations, during displaying stereo applications a problem is
occurred. This problem is actually frame delay. Projector receives the frames from the
display card with one frame delay. This is also fixed by changing the frame order or
direction of the view by reversing. This issue is mentioned in the examples with different
parameters section in detailed. The some of the features of the of the 3D projector are
as follows;

Brightness is 2000 max ANSI lumens (standard mode); 1440 max ANSI
lumens (Eco mode)

Aspect ratios are 4:3 and 16:9

Stereoscopic compatibilities are 120Hz synch, page flip, one frame delay
Data compatibilities are SVGA, VGA, XGA, SXGA, WXGA, WXGA+
Contrast ratio is 2000:1 full on/full off

Image size is 1.7' to greater than 15.4' (0.5 m to greater than 4.7 m)
Native resolution is WXGA 1280 x 720

Min/Max Projection distances are Min 2.5' or 0.8m / Max 20' or 6.1m
Dimensions are 3.9 in (9.91 cm) Length: 9 in (22.86 cm) Width: 11.7 in
(29.72 cm)

Weight is 6.9 Ibs/3.13 kg

Audio is 2.5-Watt mono

H-sync ranges are 31-93 kHz

Sync ranges are 50-120 Hz

Operating temperatures are 5°to 40 C°at sea level (0 to 10,000’); (41°to
104°F)

Power consumption is 170 watt typical/200 watt maximum

Power supply is 100V - 240V at 50-60 Hz

Approvals are UL, c-UL, TUV GS, CE, GOST, C-Tick, NOM, IRAM, FCC B,
CIS-PR22/EN5022, EN 55024/CISPR 24, CB certified according to
IEC60950/EN60950: 1997, P(SE), MIC [12]



" %
( )
* #
+ )
( ) ,
)
)
: #
%0 "
- (
: 1

4 The Main Parameters in Creating Stereo lIllusion

The human visual system has a physical configuration that supports two separate
images to be gathered (each eye). Because the brain combines these into one, a small,
but important mathematical difference exists between these images.

Binocular disparity is considered the dominant depth cue in most people, if the other
cues are presented incorrectly they can have a strong detrimental effect. In order to
render a stereo pair one needs to create two images, one for each eye in such a way
that when independently viewed they will present an acceptable image to the visual
cortex and it will fuse the images and extract the depth information as it does in normal
viewing. If stereo pairs are created with a conflict of depth cues then one of a number of
things may occur: one cue may become dominant and it may not be the
correct/intended one, the depth perception will be exaggerated or reduced, the image
will be uncomfortable to watch, the stereo pairs may not fuse at all and the viewer will
see two separate images. [5]

Stereographics using stereo pairs is only one of the major stereo3D dimensional
display technologies. Stereo pairs create a "virtual" three dimensional image, binocular
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disparity and convergence cues are correct but accommodation cues are inconsistent
because each eye is looking at a flat image. The visual system will tolerate this
conflicting accommodation to a certain extent, the classical measure is normally quoted
as a maximum separation on the display of 1/30 of the distance of the viewer to the
display. [5]

When the object is behind the projection plane is shown in Figure?. If the projections
are on the same side as the respective eyes, it is called a positive parallax.

Figure7 [5]

If an object is located in front of the screen then the projection for the left eye is on
the right and the projection for the right eye is on the left as shown in Figure8. This is
known as negative horizontal parallax. The object comes closer to the viewer the
negative horizontal parallax increases.

Figure8 [5]

If an object is on the screen then its projection onto the focal plane is coincident for
the left and right eyes, so zero parallax as shown in Figure9.



Figure9 [5]

Also there is a summary scheme below in Figurel0 that can easily be seen that for
creating the illusion in stereoscopic viewing.

23



5 Stereo Viewing under OpenGL

The following is intended to get someone started creating 3D stereo applications
using OpenGL and the associated GLUT library in Linux operating system. It is
assumed that the reader is both familiar with how to create the appropriate eye
positions for comfortable stereo viewing and the reader has an OpenGL support (with
display driver or software implementation) and any associated hardware (eg: glasses)
needed to support stereo graphic viewing.

The description of the code presented here will concentrate on the stereo properties,
the example creates a VRML object. The example also contains several control
features. The example does not include so advanced OpenGL techniques.

The first thing that needs to be done to support stereo is to initialize the GLUT library
for stereo operation. If your card/driver combination don't support stereo this will fail.

glutinit(&argc,argv);

if (Istereo)
glutinitDisplayMode(GLUT_DOUBLE | GLUT_RGB | GLUT _DEPTH);
else
glutinitDisplayMode(GLUT_DOUBLE | GLUT_RGB | GLUT_ DEPTH |

GLUT_STEREO);

In stereo mode this defines two buffers namely GL_BACK LEFT and
GL_BACK_RIGHT. The appropriate buffer is selected before operations that would
affect it are performed, this is using the routine glDrawBuffer(). So for example to clear
the two buffers:

if (stereo)

glDrawBuffer(GL_BACK_RIGHT);

glClear(GL_COLOR_BUFFER_BIT | GL_DEPTH_BUFFER_BI  T);

glDrawBuffer(GL_BACK_LEFT);

glClear(GL_COLOR_BUFFER_BIT | GL_DEPTH_BUFFER_BI  T);

All that's left now is to render the VRML geometry into the appropriate buffer. There
are many ways this can be organized depending on the way the particular application is
written, in this example see the Display() method. “The idea is to select the appropriate
buffer and render the scene with the appropriate projection. In this implementation



method is to use what is sometimes known as the "parallel axis asymmetric frustum
perspective projection”. In this case the view vectors for each camera remain parallel
and a glFrustum() is used to describe the perspective projection.” [5]

Figurell [5]

/IClip to avoid extreme stereo
if (stereo)
near = camera.focallength / 5;

/I Misc stuff
ratio = camera.screenwidth / ( double ) camera.screenheight;

radians = DTOR * camera.aperture / 2;
wd2 = near * tan(radians);

ndfl = near / camera.focallength;

if (stereo)

/IDerive the two eye positions
CROSSPROD(camera.vd, camera.vu, r);

Normalise(&r);
r.x *= camera.eyesep / 2.0;
r.y *= camera.eyesep / 2.0;
r.z *= camera.eyesep / 2.0;
glMatrixMode(GL_PROJECTION);
glLoadldentity();
left = -ratio * wd2 - 0.5 * camera.eyesep * ndfl;
right = ratio * wd2 - 0.5 * camera.eyesep * ndfl;
top = wd2;

bottom = -wd2;

glFrustum(left, right, bottom, top, near, far);

10



glMatrixMode(GL_MODELVIEW);
glDrawBuffer(GL_BACK_RIGHT);
glClear(GL_COLOR_BUFFER_BIT | GL_DEPTH_BUFFER _BIT);

glLoadldentity();

gluLookAt(camera.vp.x + r.x, camera.vp.y + r.y, camera.vp.z +r.z,
camera.vp.x + r.x + camera.vd.x, camera.vp.y + r.y + camera.vd.y, camera.vp.z
+r.z + camera.vd.z, camera.vu.x, camera.vu.y, came ra.vu.z);

Lighting();

DrawScene();

glMatrixMode(GL_PROJECTION);

glLoadldentity();

left = -ratio * wd2 + 0.5 * camera.eyesep * ndfl;
right = ratio * wd2 + 0.5 * camera.eyesep * ndfl;
top = wd2;
bottom = -wd2;

glFrustum(left, right, bottom, top, near, far);

glMatrixMode(GL_MODELVIEW);
glDrawBuffer(GL_BACK_LEFT);
glClear(GL_COLOR_BUFFER_BIT | GL_DEPTH_BUFFER_BIT );

glLoadldentity();

gluLookAt(camera.vp.x - r.X, camera.vp.y - r.y, camera.vp.z - r.z,
camera.vp.x - r.x + camera.vd.x, camera.vp.y - r.y + camera.vd.y, camera.vp.z
- r.z + camera.vd.z, camera.vu.x, camera.vu.y, came ra.vu.z);

Lighting();

DrawScene();

Sometimes it is appropriate to use the left eye position when not in stereo mode in
which case the above code can be simplified. It seems more elegant and consistent
when moving between mono and stereo if the point between the eyes is used when in
mono. [5]

In Figure 12 there is a general scheme of the geometry of the application. In here
reader can easily figure out the parameters which have main effect on the stereo image.
If the user would like to see different results he or she can change the values of the
parameters and note the results. For more detailed information given in
Experimentations section.
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Furthermore, fullscreen mode changes depending on the operating system. In
windows operating system glutFullScreen() function is working properly.

if (fullscreen==TRUE)
{

}

glutFullScreen();

However in Linux operating system this function is not working. Instead of
glutFullScreen() this application uses the following functions for Linux system,

if (fullscreen==TRUE)

{
glutGameModeString( "1024x768:16@120" );

glutEnterGameMode();

glutGameModeString (“......... ") specifies the resolution and frequency of the screen.
The values in paranthesis can be any value that appropriate for the system.
glutEnterGameMode() function switch to the game mode screen which is approximately
equal to the fullscreen mode.
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7 VRML Scene Import

VRML is a file format for describing interactive 3D objects and worlds. VRML is
designed to be used on the Internet, intranets, and local client systems. VRML is also
intended to be a universal interchange format for integrated 3D graphics and
multimedia. VRML may be used in a variety of application areas such as engineering
and scientific visualization, multimedia presentations, entertainment and educational
titles, web pages, and shared virtual worlds.

In this 3D stereo application that is presented in section 5 a VRML file rendered for
the presentation. The Import operation of the VRML viewer is quite straight forward. At
the beginning of the main file a pointer called “g” is assigned for pointing to the
Geometry method. In the DrawScene() method g pointer is again point to the draw
mthod in Geometry.cpp file. For the main.cpp file the following code is used for
importing the VRML viewer into the Stereo viewer,

void DrawScene()

{

. glBegin(GL_TRIANGLES);
g->draw();

glEnd();

Also for this application the source code is in Appendix A. This method can be seen
more detailed in that section.
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8 Experimentations

In this 3D stereoscopic view application some experiments and results are handled
with different values of camera focal length, camera aperture, camera positions and
disparity. All of these samples will be demonstrated in this section.

First of all and the most important one is disparity. Let’s look at different values of
disparity. In the source code of this application this value will be changed to different
values. There are some tables below which include the parameter that are changing the
binocular disparity. The different parameter is the multiplier column which changes the
viewing position and viewing direction vectors.

Difference Eye Parameter
factor seperation
X camera.eyesep 1/2
y camera.eyesep 1/2
z camera.eyesep 1/2
25
Difference Eye Parameter
factor seperation
X camera.eyesep 1
y camera.eyesep 1
z camera.eyesep 1
2
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Difference Eye Parameter
factor seperation
X camera.eyesep 1/3
y camera.eyesep 1/3
z camera.eyesep 1/3
Difference Eye Parameter
factor seperation
X camera.eyesep 1/4
y camera.eyesep 1/4
z camera.eyesep 1/4
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Difference Eye Parameter
factor seperation
X camera.eyesep 1/5
y camera.eyesep 1/5
z camera.eyesep 1/5
26
Difference Eye Parameter
factor seperation
X camera.eyesep 1/6
y camera.eyesep 1/6
z camera.eyesep 1/6
27

It is clearly seen that the different values of the disparity gives different viewing
results. For the most effective 3D stereo viewing result user should set the disparity
value “camera.eyesep / 2.0” or for the 1/2 parameter in this application. The other results
give psychological defect and some headache to the user during viewing with the
shutter glasses.

Furthermore some other parameters are changed and different views handled.

Aperture parameter changed at this moment and the distance of the image changed
clearly. Below the reader can easily realize the difference.
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| Aperture value | 10

| Aperture value |5

| Aperture value | 15

Figure19

Figure20

Figure21
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| Aperture value | 20

Figure22

| Aperture value | 30

Figure23

Also some values of focal length is tried and the it is seen that focal length also
effect is very similar to the disparity. But buffers are not in the same opacity. Two
different values of focal length is shown below,

| Focal Length | 30 |

Figure24
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| Focal Length | 80

Figure25

In the experiments it is obviously seen that the effective parameters for the
remarkable 3D stereoscopic view are 1/2 of eye separation for the disparity, 10 for the
aperture and 50 for the focal length. Also someone can use different parameters for
getting another good solution but please do not remember this significant note which is
all the images are occurring inside your brain. So parameters are subjective for every
body.

9 Examples with Different Parameters

In 3D stereo applications the eye illusion can be inside the screen or outside the
screen. It is only dependent to the right and left buffering frequency. For example
buffering can be in the following order;

RLRLRLRLRLRLRLRLRLRLRLRLRLRLRLRLR

or it can be in this order;

LRLRLRLRLRLRLRLRLRLRLRLRLRLRLRLRL

This operation is called eye swapping. If the user sees the illusion at outside of the
screen or wall (if there is a 3D projection) he or she can swap the eye order and sees
the illusion inside the screen or wall. In windows operating system user can easily
change this from the display card driver control panel. However in linux this issue is a bit
harder than windows but no need to be worry it is also simple if the user familiar with the
source code. He or she only change the order of the sides of glDrawBuffer(....... )
function. If it is left, then it is changed to right. If it is right, it is changed to left.

In this application, the following statements summarize this issue,
For Right to Left

RLRLRLRLRLRLRLRLRLRLRLRLRLRLRLRLR

19



if (stereo)

gIDrawBui‘fer(G L_BACK_RIGHT);

gIDrawBui‘fer(G L_BACK_LEFT);

}
Changing Left to Right

if (stereo)

glDrawBuffer(GL_BACK_RIGHT);

gIDrawBui‘fer(G L_BACK_LEFT);

}

Then eye swapping operation is done. The order of the buffers reversed and it
becomes;

LRLRLRLRLRLRLRLRLRLRLRLRLRLRLRLRL

If the illusion is in front of the screen or wall and the user wants to see it inside the
screen or wall, figure 26 and 27 shows the geometry of the eye swapping which is
mentioned above,

Eye
swapping

—

-

Figure26 [5]
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Eye
swapping

e —

-

Figure27 [5]
10 Creating Stereo Movies

This section of the report explains the process of filming stereoscopically and
preparing the resulting material for viewing. This application was to achieve a true
sense of scale and depth of the filmed material, this requires a certain rigor not normally
required for many applications that require stereoscopic filming. There are alternative
ways of achieving the same results outlined here, this serves primarily as
documentation of what needs to be achieved and the workflow on a particular
stereoscopic filming project and using special tool. [7]

The key to achieving a correct sense of scale and depth in any stereoscopic content
is to match the viewing geometry with the camera geometry. For content that is world
scale and observed by a human, this means matching the frustums of the recording
cameras to the frustums (one for each eye) of the observer to the eventual stereoscopic
projection environment. The key parameters are: the intraocular distance of the human
viewer, the geometry of the viewer with respect to the viewing screen, and the field of
view the viewer sees through the display rectangle. [7]

47 6

Only by careful matching the recording geometry with the viewing geometry can a
correct sense of scale and depth be achieved. Similarly, when viewing any stereoscopic
content the correct or intended depth and scale is only correct when viewed from a
single position, all other positions involve some distortion. As one moves towards or
away from the correct position a depth error occurs (depth is stretched or compressed)
and a scale error occurs mainly arising from field of view changes. As one moves left-
right-up-down from the correct viewing position the error involves a shearing of space.
To illustrate this consider stereo footage captured for an observer at position 1, if the
observer moves to position 2 the depth in the scene will appear to compress in depth.[7]
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Figure29 [7]

Here in Figure30 the example set up of the cameras are shown. The cameras
should be separated each other in parallel axis approximately 6.5 cm similar to human
eyes separation. So cameras can work similar to human eyes. Left camera can catch
the frames like left eye and the right camera can catch the frames like right eye. Also
the quality of the capture can be set from the camera settings.

Figure30 [7]
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Using some special tools for this kind of applications the frames can be processed
separately and by using the properties of the tool user or film editor can create the 3D
stereo film. Figure31 is an example for that kind of work.

Figure31 [7]

& 54 $

54 6
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11 Formats and Standards

# Stereo Parameters Description Units
1 vp Viewing position na
2 vd View direction vector na
3 vu View up direction na
4 pr Point to rotate about na
5 focallenght Focal lenght along view direction vector na
6 aperture Camera aperture na
7 eyesep Eye seperation na
8 near Near point of the frustum na
9 far Far point of the frustum na
10 ndfl The ratio of near to focallength na
11 Filename.wrl VRML file which is rendered na
12 radians Multiple of distortion and eyesep na
13 ratio Ratio of the screen width over screen height na
14 wd2 Multiple of near and radians na
. The image zone which is same with the user
15 Negative paralax eyes na
16 Zero paralax The image zone which is on the screen na
17 Positive paralax The image zone whi(;k;/;z opposite to the user na
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#include  <fstream>
#include  <stdio.h>
#include  <stdlib.h>
#include  <string.h>
#include  <math.h>
#include  “"geometry.h"
#include  "vrml_io.h"
#include  <GL/glut.h>

#define  ABS(X) (x <0 ? -(X) : (X))
#define  MIN(X,y) (x <y ?Xx:y)
#define MAX(X,y) X>y?X:y)
#define TRUE 1
#define FALSE 0
#define ESC 27
#define Pl 3.141592653589793238462643
#define DTOR 0.0174532925
#define RTOD 57.2957795
#define CROSSPROD(p1,p2,p3)\
p3.X = pl.y*p2.z - pl.z*p2.y; \
p3.y = pl.z*p2.x - pl.x*p2.z;\
p3.z = pl.x*p2.y - pl.y*p2.x

int fullscreen = FALSE;

int stereo = FALSE;

int showconstruct = FALSE;
int  windowdump = FALSE;
int record = FALSE;

int debug = FALSE;

int currentbutton = -1;
double rotatespeed = 0.1;
double dtheta = 3;

double rotateangle = 0.0;

typedef  struct {
double r, g, b;

} COLOUR,;

typedef  struct {
double x,vy, z;

} XYZ;
typedef  struct {
XYZ vp; [* View position */
XYZ vd; /* View direction vector */
XYZ vu; [* View up direction */
XYZ pr; /* Point to rotate about */
double focallength; /* Focal Length along vd */
double aperture; /* Camera aperture */
double eyesep; /* Eye separation */
int screenwidth, screenheight;
} CAMERA,;
CAMERA camera;

XYZ origin ={ 0.0, 0.0, 0.0 };
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Geometry *g;

/1

/Il \brief Normalisation Function
1"

void Normalise(XYZ * p)

double length;

length = sqrt(p->x * p->X + p->y * p->y + p->z * p->2);
if (length !=0)
{
p->x /= length;
p->y /= length;
p->z /= length;
}
else
{
p->x =0;
p->y =0;
p->z=0;
}

1l

/Il'\brief Initialises the openGL scene

<//(/)id Init(  void )
glEnable(GL_DEPTH_TEST);
glDisable(GL_LINE_SMOOQOTH);
glDisable(GL_POINT_SMOOTH);
glDisable(GL_POLYGON_SMOOTH);
glShadeModel(GL_SMOOTH);
glDisable(GL_DITHER);
glEnable(GL_CULL_FACE);
glPolygonMode(GL_FRONT_AND_BACK, GL_FILL);
glFrontFace(GL_CCW);
glClearColor(0.0, 0.0, 0.0, 0.0);
glColorMaterial(GL_FRONT_AND_BACK, GL_AMBIENT_A ND_DIFFUSE);

/lglIEnable(GL_COLOR_MATERIAL);

glPixelStorei(GL_UNPACK_ALIGNMENT, 1);



I

/Il \brief Draws the scene
1
void DrawScene()

COLOUR white ={1.0, 1.0,1.0 };
GLfloat specular[4] ={0.4,0.4,0.4,1.0 };
GLfloat shiny[1] ={5.0 };

gIMaterialfv(GL_FRONT_AND_BACK, GL_SPECULAR, sp
gIMaterialfv(GL_FRONT_AND_BACK, GL_SHININESS, s

/ITop level rotation - spin
glPushMatrix();

glRotatef(rotateangle, 0.0, 1.0, 0.0);

/IAxis of rotation
if (showconstruct)

glColor3f(white.r, white.g, white.b);
glBegin(GL_LINES);
glVertex3f(0.0, -60.0, 0.0);
glVertex3f(0.0, 60.0, 0.0);
glEnd();
/IRotation about spin axis
glPushMatrix();
glRotatef(30.0, 0.0, 0.0, 1.0);

1
if (showconstruct)

glColor3f(white.r, white.g, white.b);

glBegin(GL_LINES);
glVertex3f(0.0, -60.0, 0.0);
glVertex3f(0.0, 60.0, 0.0);

glEnd();
}

glDisable(GL_CULL_FACE);
glBegin(GL_TRIANGLES);
g->draw();
glEnd();
glEnable(GL_CULL_FACE);

glPopMatrix();
glPopMatrix();

/IglutSwapBuffers();

ecular);
hiny);
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I

[l \brief Setting Up Lighting Environment
1

void Lighting(  void )
{

GLfloat position[4] ={ 0.0, -1.0, 5.0, 1.0 };
GLfloat ambient[4] ={0.7,0.7, 0.7, 1.0 };
GLfloat diffuse[4] ={ 0.7, 0.7, 0.7, 1.0 };

GLfloat specular[4] ={0.7,0.7,0.7, 1.0 };

/[Turn off all the lights
glDisable(GL_LIGHTO);
glDisable(GL_LIGHT1);
glDisable(GL_LIGHT2);
glDisable(GL_LIGHT3);
glDisable(GL_LIGHT4);
glDisable(GL_LIGHTS);
glDisable(GL_LIGHT®6);
glDisable(GL_LIGHT7);

glLightModeli(GL_LIGHT_MODEL_LOCAL_VIEWER, GL_T RUE);

glLightModeli(GL_LIGHT _MODEL_TWO_SIDE, GL_FALSE );

/[Turn on the appropriate lights
/lglLightfv(GL_LIGHTO, GL_POSITION, position);

glLightfv(GL_LIGHTO, GL_AMBIENT, ambient);
glLightfv(GL_LIGHTO, GL_DIFFUSE, diffuse);
glLightfv(GL_LIGHTO, GL_SPECULAR, specular);
glEnable(GL_LIGHTO);

/[Turn lighting on
glEnable(GL_LIGHTING);

}
I

/Il \brief Initialize Camera Positions
1

void CameraHome( int mode)

{ camera.aperture = 10;
camera.focallength = 50;
camera.eyesep = camera.focallength / 10;

camera.pr = origin;

/ISpecial camera position so the beam crosses the v
camera.vp.x = 40;

iewcd
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camera.vp.y = 0;
camera.vp.z = 27;

camera.vd.x = -camera.vp.x;
camera.vd.y = -camera.vp.y;
camera.vd.z = -camera.vp.z;

camera.vu.x = 0;
camera.vu.y = 1;
camera.vu.z = 0;

}
I

/Il \brief Rotation of the Camera
1

void RotateCamera( int ix, int iy, int
{ XYZ vp, vu, vd;
XYZ right;
XYZ newvp, newr,;
double radius, dd, radians;
double dx, dy, dz;
VU = camera.vu;

Normalise(&vu);

Vvp = camera.vp;
vd = camera.vd;

Normalise(&vd);
CROSSPROD(vd, vu, right);
Normalise(&right);

radians = dtheta * Pl / 180.0;

/I Handle the roll
if (iz!=0)

camera.vu.x += iz * right.x * radians;
camera.vu.y += iz * right.y * radians;
camera.vu.z += iz * right.z * radians;
Normalise(&camera.vu);
return ;
/I Distance from the rotate point
dx = camera.vp.x - camera.pr.x;
dy = camera.vp.y - camera.pr.y;

dz = camera.vp.z - camera.pr.z;

radius = sqrt(dx * dx + dy * dy + dz * dz);

i)
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/I Determine the new view point
dd = radius * radians;
newvp.x = vp.x + dd * ix * right.x + dd * iy *
newvp.y = vp.y + dd * ix * right.y + dd * iy *
newvp.z =vp.z + dd * ix * right.z + dd * iy *

Normalise(&newvp);
camera.vp.x = camera.pr.x + radius * newvp.x;
camera.vp.y = camera.pr.y + radius * newvp.y;
camera.vp.z = camera.pr.z + radius * newvp.z;
/I Determine the new right vector
newr.x = camera.vp.x + right.x - camera.pr.x;
newr.y = camera.vp.y + right.y - camera.pr.y;
newr.z = camera.vp.z + right.z - camera.pr.z;
Normalise(&newr);
newr.x = camera.pr.x + radius * newr.x - camera
newr.y = camera.pr.y + radius * newr.y - camera
newr.z = camera.pr.z + radius * newr.z - camera
camera.vd.x = camera.pr.x - camera.vp.x;
camera.vd.y = camera.pr.y - camera.vp.y;
camera.vd.z = camera.pr.z - camera.vp.z;
Normalise(&camera.vd);

/I Determine the new up vector
CROSSPROD(newr, camera.vd, camera.vu);

Normalise(&camera.vu);

if (debug)

fprintf(stderr, "Camera position: (%g,%g,%g)\n"

camera.vp.y, camera.vp.z);

I

;/-/“\brief Translation of the Camera

i

void TranslateCamera( int X, int iy)
XYZ vp, vu, vd;
XYZ right;

XYZ newvp, newr,;
double radians, delta;

VU = camera.vu;

Normalise(&vu);

Vp = camera.vp;
vd = camera.vd,

VU.X - camera.pr.x;
vUu.y - camera.pr.y;
VU.Z - camera.pr.z;

VP.X;
Vp.Y;
vp.z;

, camera.vp.X,
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Normalise(&vd);

CROSSPROD(vd, vu, right);
Normalise(&right);

radians = dtheta * Pl / 180.0;

delta = dtheta * camera.focallength / 90.0;

camera.vp.x += iy * vu.x * delta;
camera.vp.y += iy * vu.y * delta;
camera.vp.z += iy * vu.z * delta;
camera.pr.x += iy * vu.x * delta;
camera.pr.y +=iy * vu.y * delta;
camera.pr.z += iy * vu.z * delta;

camera.vp.x += ix * right.x * delta;
camera.vp.y += ix * right.y * delta;
camera.vp.z += ix * right.z * delta;
camera.pr.x += ix * right.x * delta;
camera.pr.y += ix * right.y * delta;
camera.pr.z += ix * right.z * delta;

}
I

/Il \brief Stereo View Application
11

void Display( void )
XYZr,
double dist, ratio, radians, scale, wd2, ndfl;
double left, right, top, bottom, near = 0.1, far = 10000;
/[Clip to avoid extreme stereo
if (stereo)

near = camera.focallength / 5;

/I Misc stuff

ratio = camera.screenwidth / ( double ) camera.screenheight;

radians = DTOR * camera.aperture / 2;
wd2 = near * tan(radians);
ndfl = near / camera.focallength;

/IClear the buffers
/*gIDrawBuffer(GL_BACK_LEFT);

glClear(GL_COLOR_BUFFER_BIT | GL_DEPTH_BUFFER_B
if (stereo)
glDrawBuffer(GL_BACK_RIGHT);

glClear(GL_COLOR_BUFFER_BIT | GL_DEPTH_BUFFER_

IT);

BIT);
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Y

if (stereo)

{

/[Derive the two eye positions
CROSSPROD(camera.vd, camera.vu, r);

Normalise(&r);
r.x *= camera.eyesep / 2.0;

r.y *= camera.eyesep / 2.0;
r.z *= camera.eyesep / 2.0;
gIMatrixMode(GL_PROJECTION);

glLoadldentity();

left = -ratio * wd2 - 0.5 * camera.eyesep *
right = ratio * wd2 - 0.5 * camera.eyesep * ndfl;
top = wd2;
bottom = -wd2;

glFrustum(left, right, bottom, top, near, f

gIMatrixMode(GL_MODELVIEW);

glDrawBuffer(GL_BACK_RIGHT);

glClear(GL_COLOR_BUFFER_BIT | GL_DEPTH_BUFFER_

glLoadldentity();

gluLookAt(camera.vp.x + r.x, camera.vp.y +
camera.vp.x + r.x + camera.vd.x, camera.vp.y + r.y
+r.z + camera.vd.z, camera.vu.x, camera.vu.y, came

Lighting();

DrawScene();

gIMatrixMode(GL_PROJECTION);
glLoadldentity();
left = -ratio * wd2 + 0.5 * camera.eyesep *
right = ratio * wd2 + 0.5 * camera.eyesep * ndfl;
top = wd2;
bottom = -wd2;
glFrustum(left, right, bottom, top, near, f

glMatrixMode(GL_MODELVIEW);

glDrawBuffer(GL_BACK_LEFT);

glClear(GL_COLOR_BUFFER_BIT | GL_DEPTH_BUFFER_B

glLoadldentity();

ndfl;

ar);

BIT);

ry, camera.vp.z +r.z,
+ camera.vd.y, camera.vp.z
ra.vu.z);

ndfl;

ar);

IT);
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gluLookAt(camera.vp.x - r.x, camera.vp.y -
camera.vp.x - r.X + camera.vd.x, camera.vp.y - r.y
- 1.z + camera.vd.z, camera.vu.x, camera.vu.y, came
Lighting();
DrawScene();

}

else

{

glDrawBuffer(GL_BACK_LEFT);
glClear(GL_COLOR_BUFFER_BIT | GL_DEPTH_BUFFER_B
glMatrixMode(GL_PROJECTION);
glLoadldentity();
left = -ratio * wd2;
right = ratio * wd2;
top = wd2;
bottom = -wd2;
glFrustum(left, right, bottom, top, near, f
glMatrixMode(GL_MODELVIEW);
glDrawBuffer(GL_BACK_LEFT);
glLoadldentity();
gluLookAt(camera.vp.x, camera.vp.y, camera.
camera.vd.x, camera.vp.y + camera.vd.y, camera.vp.z
camera.vu.x, camera.vu.y, camera.vu.z);
Lighting();
DrawScene();
/[gIFlush();
glutSwapBuffers();

/INext angle for rotating
rotateangle += rotatespeed,

}
I

/Il \brief Sett
1

ng Up Keyboard

void Keyboard( unsigned char key, int x, int vy)
{
switch  (key)
{
case ESC: /I Quit

r.y, camera.vp.z - r.z,
+ camera.vd.y, camera.vp.z
ra.vu.z);

IT);

ar);

vp.z, camera.vp.x +
+ camera.vd.z,
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case 'Q':

case 'O
exit(0);
break ;

case 'c' : /I Toggle constructs

case 'C' :
showconstruct = Ishowconstruct;
break ;

case 'h' : /I Go home

case 'H' :
CameraHome(0);
break ;

case [ : /I Roll anti clockwise
RotateCamera(0, 0, -1);
break ;

case ' : /I Roll clockwise
RotateCamera(0, 0, 1);
break ;

case i /I Translate camera up
case 'l
TranslateCamera(0, 1);

break ;
case k' : /I Translate camera down

case 'K' :
TranslateCamera(0, -1);
break ;

case ' : /I Translate camera left

case 'J'
TranslateCamera(-1, 0);
break ;

case 'I' : /] Translate camera right

case 'L’
TranslateCamera(1, 0);
break ;

case 'w' : /I Write the image to disk

case 'W':
windowdump = 'windowdump;
break ;

case 'r
case 'R' :
record = Irecord;

break ;
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}
I

/Il'\brief Sett ng Up Extra Keyboard
1

void ExtraKeyboard( int key, int X, int y)

switch  (key)
{
case GLUT_KEY_LEFT:
RotateCamera(-1, 0, 0);
break ;

case GLUT_KEY_RIGHT:
RotateCamera(1, 0, 0);
break ;

case GLUT_KEY_UP:
RotateCamera(0, 1, 0);
break ;

case GLUT_KEY_DOWN:
RotateCamera(0, -1, 0);
break ;
}
}

1l

/Il'\brief Setting Up the Mouse
1

void Mouse( int button, int state, int x, int
if (state == GLUT_DOWN)

if (button == GLUT_LEFT_BUTTON)

{
currentbutton = GLUT_LEFT_BUTTON,;
else if (button == GLUT_MIDDLE_BUTTON)
{
currentbutton = GLUT_MIDDLE_BUTTON;
}

}
}

I

/Il'\brief Setting Up the Mouse Menu
i

void MainMenu( int whichone)
switch  (whichone)

case 1:
showconstruct = Ishowconstruct;
break ;
case 9:
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exit(0);
break ;

}
}

I

/Il \brief Setting Up the Speed Menu

I

void SpeedMenu( int whichone)

{

switch  (whichone)

case 1:
rotatespeed = 0.0;
break ;

case 2:
rotatespeed = 0.1;
break ;

case 3:
rotatespeed = 0.5;
break ;

case 4:
rotatespeed = 1.0;
break ;

case 5:
rotatespeed = 3.0;
break ;
}
}

I

[l \brief Setting Up the Spin Menu
1

void SpinMenu( int whichone)

switch  (whichone)

{

case 1:
dtheta = 1;
break ;

case 2.
dtheta = 2;
break ;

case 3:
dtheta = 3;
break ;

case 4.
dtheta = 5;
break ;
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/1

/I \brief Idle
1

void Idle(  void )

glutPostRedisplay();

}
1l
/Il \brief Visibility
1
void Visibility( int visible)
if (visible == GLUT_VISIBLE)
glutldleFunc(ldle);
else
glutldleFunc(NULL);
}

1l

/Il'\brief Reshape
1

void Reshape( int w, int h)

{
glClear(GL_COLOR_BUFFER_BIT | GL_DEPTH_BUFFER_B
glViewport(0, 0, (GLsizei) w, (GLsizei) h);

camera.screenwidth = w;

camera.screenheight = h;

}
I

/Il \brief Normal Calculation
1

XYZ CalcNormal(XYZ p, XYZ p1, XYZ p2)

{
XYZ n, pa, pb;

pa.x =pl.x-p.Xx;
pa.y = ply - p.y;
pa.z=pl.z-p.z
pb.x = p2.x - p.x;
pb.y =p2.y - p.y;
pb.z=p2.z-p.z

Normalise(&pa);
Normalise(&pb);

n.x = pa.y * pb.z - pa.z * pb.y;
n.y = pa.z * pb.x - pa.x * pb.z;

Im);
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n.z = pa.x * pb.y - pa.y * pb.x;

Normalise(&n);

return  (n);
}
1l
/Il \brief Moving Mouse
1
void MouseMotion( int x, int vy)
{
static int xlast =-1, ylast = -1;
int dx, dy;
dx = x - xlast;
dy =y - ylast;
if (dx<0)
dx = -1;
else if (dx>0)
dx =1;
if (dy<0)
dy =-1;

else if (dy>0)
dy =1;

if (currentbutton == GLUT_LEFT_BUTTON)
RotateCamera(-dx, dy, 0);

else if (currentbutton == GLUT_MIDDLE_BUTTON)
RotateCamera(0, 0, dx);

xlast = x;

ylast = y;

/1

i
int main( int argc, char ** argv)

{

int i
int mainmenu, speedmenu, spinmenu;

camera.screenwidth = 800;
camera.screenheight = 600;

/* Parse the command line arguments */
for (i=1;i<argc; i++)

if (strstr(argv]i], "-f* ) I= NULL)
fullscreen = TRUE;




if (strstr(argvi], "-s" ) I= NULL)
stereo = TRUE;

if (strstr(argvi], "-d" ) !=NULL)
debug = TRUE;
if (strstr(argv[i], "-c" ) I=NULL)
showconstruct = TRUE;
}
glutinit(&argc,argv);
if (Istereo)
glutinitDisplayMode(GLUT_DOUBLE | GLUT_RGB | GLUT_ DEPTH);
else
glutinitDisplayMode(GLUT_DOUBLE | GLUT_RGB | GLUT_ DEPTH | GLUT_STEREO);
glutCreateWindow( "Stereo Application” );

/IglutinitWindowSize (800, 600);
glutReshapeWindow(camera.screenwidth, camera.sc reenheight);
if (fullscreen==TRUE)

{
glutGameModeString( "1024x768:16@120" );

glutEnterGameMode();
}
glEnable(GL_NORMALIZE);
glutDisplayFunc(Display);
glutReshapeFunc(Reshape);
glutVisibilityFunc(Visibility);
glutkeyboardFunc(Keyboard);
glutSpecialFunc(ExtraKeyboard);
glutMouseFunc(Mouse);
glutMotionFunc(MouseMotion);
Init();
CameraHome(0);

/ISet up the speed menu
speedmenu = glutCreateMenu(SpeedMenu);

glutAddMenuEntry( "Stop" , 1);
glutAddMenuEntry( "Slow" , 2);
glutAddMenuEntry( "Medium" , 3);
glutAddMenuEntry( "Fast" , 4);
glutAddMenuEntry( "Very fast" , 5);

/ISet up the spin menu
spinmenu = glutCreateMenu(SpinMenu);
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glutAddMenuEntry( "1 degree" , 1);

glutAddMenuEntry( "2 degrees" , 2);
glutAddMenuEntry( "3 degrees" , 3);
glutAddMenuEntry( "5 degrees" , 4);

//Set up the main menu
mainmenu = glutCreateMenu(MainMenu);

glutAddSubMenu( "Rotation" , speedmenu);

glutAddSubMenu( "Camera rotation steps" , Spinmenu);
glutAddMenuEntry( "Toggle construction lines" , 1);
glutAddMenuEntry( "Quit" , 9);

glutAttachMenu(GLUT_RIGHT_BUTTON);

g= new Geometry( "nefertiti.wrl" , "Mesh-FACES");
[* Write example:

vrml_io writer;

writer.write(g, "new.wrl", "New-Name");

*/

printf( "Size: %d\n" , g->faces.size());

glutMainLoop();

delete g;
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Appendix B: Stereo Under Linux

3D stereo image on the screen, illusion and coding is not different than Windows
operating system. Windows operating system has 2 option about the display card driver.
The default driver has the ability to support stereo option but if the user want to
download and install 3D stereo driver, he or she can do this operation very easily. Then
in Windows OS he or she can get extreme stereoscopic viewing. However in Linux
operating system setting up the driver of the display card is a bit different than Windows
operating system. There is not any external driver from the default driver for Linux OS.
Because of this reason user should make some modifications in the driver's xorg.conf
file by manually. It should be look like as follows;

Section "Monitor"

Identifier —.............. (there should be s ome default values)
VendorName  .............. (there should be s ome default values)
ModelName  .............. (there should be s ome default values)
DisplaySize .............. (there should be s ome default values)
HorizSync  .............. (there should be s ome default values)
VertRefresh .............. (there should be s ome default values)
Option ... (there should be s ome default values)
EndSection
Section "Monitor"
Identifier .............. (there should be s ome default values)
VendorName  .............. (there should be s ome default values)
ModelName  .............. (there should be s ome default values)
EndSection
Section "Device"
Identifier  .............. (there should be s ome default values)
Driver .. (there should be s ome default values)
VendorName  .............. (there should be s ome default values)
BoardName  .............. (there should be s ome default values)
Busld ... (there should be s ome default values)
Screen e (there should be s ome default values)
EndSection
Section "Device"
Identifier .............. (there should be s ome default values)
Driver .. (there should be s ome default values)
VendorName .............. (there should be s ome default values)
BoardName  ............. (there should be s ome default values)
Option "Stereo" "3"
Busld ... (there should be s ome default values)
Screen e (there should be s ome default values)
EndSection
Section "Screen”
Identifier ............. (there should be s ome default values)
Device ... (there should be s ome default values)
Monitor — .............. (there should be s ome default values)
DefaultDepth .............. (there should be s ome default values)
SubSection .............. (there should be s ome default values)
Viewport .............. (there should be s ome default values)
Depth ... (there should be s ome default values)
Modes  .............. (there should be s ome default values)
EndSubSection
EndSection

Section "Extensions"
Option  "Composite" "Disable"
EndSection
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Extentions section and under Device section option stereo is very important for the
setting of the linux drivers. For the application that is implemented for this report, the
display driver's xorg.conf file for Nvidia Quadro FX 1400 card which has the driver
version 96.43.05 is look like as follows;

# nvidia-xconfig: X configuration file generated by nvidia-xconfig
# nvidia-xconfig: version 1.0 (buildmeister@build er3) Tue Jan 22 19:53:46
PST 2008

Section "ServerLayout"
Identifier  "LayoutQ0"
Screen 0 "Screen0" 00
InputDevice "Keyboard0" "CoreKeyboard"
InputDevice "MouseQ" "CorePointer"”
EndSection

Section "Files"
RgbPath "fusr/lib/X11/rgb"
EndSection

Section "Module"

Load "dbe"

Load "extmod"

Load "typel"

Load "freetype”

Load "glIx"
EndSection

Section "InputDevice"

# generated from default
Identifier  "MouseQ"

Driver "mouse”

Option "Protocol" "auto"

Option "Device" "/dev/psaux"

Option "Emulate3Buttons” "no"

Option "ZAxisMapping" "4 5"
EndSection

Section "InputDevice"

# generated from default

Identifier "Keyboard0Q"

Driver "keyboard"
EndSection

Section "Monitor"

Identifier  "MonitorQ0"

VendorName  "Unknown"

ModelName  "Unknown"

HorizSync 30.0 - 110.0

VertRefresh  80.0 - 150.0

Option "DPMS"

Modeline "1024x768_120.00" 139.05 1024 1104 1 216 1408 768 769 772 823
-HSync +Vsync

Modeline "1280x1024_85.00" 159.36 1280 1376 1 512 1744 1024 1025 1028
1075 -HSync +Vsync

Modeline "800x600_120.00" 83.95 800 856 944 1 088 600 601 604 643 -
HSync +Vsync
EndSection
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Section "Device"
Identifier "Device0"

Driver "nvidia"
VendorName "NVIDIA Corporation"
Option "Stereo" "3"

EndSection

Section "Screen”
Identifier "Screen0"
Device "DeviceQ"
Monitor "MonitorQ"
DefaultDepth 24
SubSection  "Display"

Depth 24
Modes  "1024x768 120"
EndSubSection
EndSection

Section "Extensions"
Option "Composite" "Disable”
EndSection

Stereo feature is approximately available on all series of Nvidia Quadro cards. Also
here is a table for the list of drivers that support stereoscopic viewing under Linux OS.
Latest drivers from Nvidia website are giving support for 3D stereoscopic viewing.

Release Date Driver Version

18 April 2008 171.06.01
XX April 2008 173.08
07 March 2008 171.06
30 January 2008 171.05

29 January 2008 96.43.05

29 January 2008 71.86.04
20 December 2007 169.07

18 September 2007 100.14.19

21 June 2007 100.14.11

X June 2007 100.14.09

18 May 2007 100.14.06

20 April 2007 100.14.03

7 March 2007 1.0-9755

21 December 2006 1.0-9746

4 December 2006 1.0-9731

7 November 2006 1.0-9729

The latest driver supports the list of Nvidia Quadro series cards below,

NVIDIA GPU product Device PCI ID
Quadro FX 4000 Ox004E
Quadro FX 4500 0x009D
Quadro FX Go1400 0Ox00CC
Quadro FX 3450/4000 SDI 0x00CD
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Quadro FX 1400
Quadro FX 4400/Quadro FX 3400
Quadro FX 330
Quadro NVS 280 PCI-E/Quadro FX 330
Quadro FX 1300
Quadro NVS 440
Quadro FX 540M
Quadro FX 550
Quadro FX 540
Quadro NVS 285
Quadro FX 5600
Quadro FX 4600
Quadro NVS 110M
Quadro NVS 110M
Quadro NVS 120M
Quadro FX 350M
Quadro FX 350
Quadro NVS 210S / NVIDIA GeForce 6150LE
Quadro FX 2500M
Quadro FX 1500M
Quadro FX 5500
Quadro FX 3500
Quadro FX 1500
Quadro FX 4500 X2
Quadro FX 2000
Quadro FX 1000
Quadro FX Go700
Quadro NVS 55/280 PCI
Quadro FX 500/FX 600
Quadro FX 3000
Quadro FX 700
Quadro FX Go1000
Quadro FX 1100
Quadro FX 560
Quadro FX 370
Quadro NVS 320M
Quadro FX 570M
Quadro FX 1600M
Quadro FX 570
Quadro FX 1700
Quadro NVS 140M
Quadro NVS 130M
Quadro NVS 135M
Quadro FX 360M
Quadro NVS 290
Quadro FX 3700

0Ox00CE
0Ox00F8
Ox00FC
0x00FD
Ox00FE
0x014A
0x014C
0x014D
0x014E
0x0165
0x019D
0x019E
0x01D7
0x01DA
0x01DB
0x01DC
Ox01DE
0x0245
0x029A
0x029B
0x029C
0x029D
0x029E
0x029F
0x0308
0x0309
0x031C
0x032A
0x032B
0x0338
0x033F
0x034C
0x034E
0x039E
0x040A
0x040B
0x040C
0x040D
0x040E
0x040F
0x0429
0x042A
0x042B
0x042D
0x042F
0x061A

Installation of the driver can be done in 2 ways. The first and the best way is
installing through the restricted drivers menu under system/preferences when the user
first installs the linux (especially preferred one for the desktop and laptops is Ubuntu) he
or she can follow that path and installs easily. The second way is from using the
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terminal. The user first downloads the driver from the Nvidia’'s download driver page.
Then do the following instructions,

# cd yourdirectory
# sh NVIDIA-Linux-x86-*****x+kk*_nlka#f run

The .run file is a self-extracting archive. When executed, it extracts the contents of the
archive and runs the contained nvidia-installer utility, which provides an interactive

interface to walk you through the installation. The ********** gaction includes the driver

version that is listed above.

nvidia-installer will also install itself to /usr/bin/nvidia-installer , which may be
used at some later time to uninstall drivers, auto-download updated drivers, etc.[13]
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