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• Windows 2D graphics API 

• Concept of Context

• 3D programming technologies (Direct3D vs. OpenGL)

• OpenGL functions

• OpenGL context

• Scene, lights and shading

• Transformations and matrix stack

• Rendering objects

• Tutorials

ProgrammingProgramming
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Windows GDI APIWindows GDI API

System (Windows GUI API)

Program
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How to create and delete contextHow to create and delete context

// Window redrawing context

HDC context = BeginPaint(window, &rect);

// Drawing functions come here

EndPaint(window, &rect);

// Window redrawing context

HDC context = BeginPaint(window, &rect);

// Drawing functions come here

EndPaint(window, &rect);

// Printer context

PRINTDLG pd;

PrintDlg(&pd); 

HDC context = pd.hDC;

StartPage(context);

// Drawing functions come here

EndPage(context);

DeleteDC(context);

// Printer context

PRINTDLG pd;

PrintDlg(&pd); 

HDC context = pd.hDC;

StartPage(context);

// Drawing functions come here

EndPage(context);

DeleteDC(context);

// Windows metafile context

HDC context =CreateEnhMetaFile(NULL, ”file.emf”, NULL, NULL);

// Drawing functions come here

CloseEnhMetaFile(context ); 

// Windows metafile context

HDC context =CreateEnhMetaFile(NULL, ”file.emf”, NULL, NULL);

// Drawing functions come here

CloseEnhMetaFile(context ); 
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Modifying contextModifying context

HPEN pen;

HBRUSH brush;

HGDIOBJ oldpen, oldbrush;

pen = CreatePen(PS_SOLID, 1, RGB(rp, gp, bp)); // rp, gp, bp są skład. kolorów

brush = CreateSolidBrush(RGB(rb, gb, bb)); // rb, gb, bb są skład. kolorów

oldpen = SelectObject(context, pen);

oldbrush = SelectObject(context, brush);

...

// Drawing functions come here

...

SelectObject(context, oldbrush);

SelectObject(context, oldpen);

DeleteObject(brush);

DeleteObject(pen);

HPEN pen;

HBRUSH brush;

HGDIOBJ oldpen, oldbrush;

pen = CreatePen(PS_SOLID, 1, RGB(rp, gp, bp)); // rp, gp, bp są skład. kolorów

brush = CreateSolidBrush(RGB(rb, gb, bb)); // rb, gb, bb są skład. kolorów

oldpen = SelectObject(context, pen);

oldbrush = SelectObject(context, brush);

...

// Drawing functions come here

...

SelectObject(context, oldbrush);

SelectObject(context, oldpen);

DeleteObject(brush);

DeleteObject(pen);

Image Processing & Computer Graphics 11

Projekt współfinansowany przez Unię Europejską 
w ramach Europejskiego Funduszu Społecznego

GDI drawing functionsGDI drawing functions

SetPixelV(context, x, y, RGB(r, g, b));

MoveToEx(context, x, y, NULL);

LineTo(context, x, y);

Rectangle(context, x1, y1, x2, y2);

TextOut(context, x, y, ”Napis”, z);

StretchDIBits(context,

win_left, win_left, win_right, win_bottom,

bmp_left, bmp_left, bmp_right, bmp_bottom,

bmp_pointer, header_pointer,

DIB_RGB_COLORS, SRCCOPY);

HENHMETAFILE hemf = GetEnhMetaFile(”file.emf”);

PlayEnhMetaFile(context, hemf, &rect);

DeleteEnhMetaFile(hemf);

SetPixelV(context, x, y, RGB(r, g, b));

MoveToEx(context, x, y, NULL);

LineTo(context, x, y);

Rectangle(context, x1, y1, x2, y2);

TextOut(context, x, y, ”Napis”, z);

StretchDIBits(context,

win_left, win_left, win_right, win_bottom,

bmp_left, bmp_left, bmp_right, bmp_bottom,

bmp_pointer, header_pointer,

DIB_RGB_COLORS, SRCCOPY);

HENHMETAFILE hemf = GetEnhMetaFile(”file.emf”);

PlayEnhMetaFile(context, hemf, &rect);

DeleteEnhMetaFile(hemf);
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Message/Event systemMessage/Event system

WINAPI WinMain( HANDLE zadan, HANDLE ppzad, LPSTR parwyw, int stanokna )

{

MSG komunikat;

HWND okno;

if( !ppzad )

{

WNDCLASS klasaokna;

klasaokna.style = NULL;

klasaokna.lpfnWndProc = WinProc;

klasaokna.cbClsExtra = 0;

klasaokna.cbWndExtra = 0;

klasaokna.hInstance = zadan;

klasaokna.hIcon = LoadIcon( zadan, "ICONR" );

klasaokna.hCursor = LoadCursor(NULL, IDC_ARROW);

klasaokna.hbrBackground = NULL;

klasaokna.lpszMenuName = NULL;

klasaokna.lpszClassName = "RAMKA";

if(!RegisterClass(&klasaokna)) return FALSE;

}

else return -1;

okno= CreateWindow( "RAMKA", "Grafika Komputerowa - laboratorium",

WS_OVERLAPPEDWINDOW,

CW_USEDEFAULT, CW_USEDEFAULT,

CW_USEDEFAULT, CW_USEDEFAULT,

NULL, NULL, zadan, NULL );

if ( !okno ) return FALSE;

ShowWindow( okno, stanokna );

UpdateWindow( okno );

while( GetMessage( &komunikat, NULL, 0, 0 ) )

{

TranslateMessage( &komunikat );

DispatchMessage( &komunikat );

}

return komunikat.wParam;

}

Window creationWindow creation

Responding to eventsResponding to events

Function
responding

to events

Function
responding

to events
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Responding to eventsResponding to events

long WINAPI WinProc( HWND okno, UINT kmnk, WPARAM wparam, LPARAM lparam )

{

HDC kontekst;

PAINTSTRUCT struktrys;

RECT prost;

HBRUSH brush;

HGDIOBJ old_sel;

switch ( kmnk )

{

case WM_DESTROY:

PostQuitMessage(0);

return 0;

case WM_PAINT:

kontekst=BeginPaint( okno, &struktrys );

brush=CreateHatchBrush(HS_DIAGCROSS, RGB(255, 255, 0));

old_sel=SelectObject(kontekst,brush);

Rectangle(kontekst, 10, 10, 200, 200);

SelectObject(kontekst,old_sel);

DeleteObject(brush);

TextOut(kontekst, 10, 10, "Przyklad na zajecia z GRAFIKI KOMPUTEROWEJ ", 42);

TextOut(kontekst, 10, 30, "Copyright 2002 by Piotr M. Szczypinski ", 38);

EndPaint( okno, &struktrys );

break;

case WM_COMMAND:

switch (wparam)

{

case MEN_EXIT:

SendMessage(okno, WM_CLOSE, 0, 0L);

return 0;

default:break;

}

}

return DefWindowProc( okno, kmnk, wparam, lparam );

}

Image Processing & Computer Graphics 15

Projekt współfinansowany przez Unię Europejską 
w ramach Europejskiego Funduszu Społecznego

Libraries which takes over (C++ Builder)Libraries which takes over (C++ Builder)

#include <vcl.h>

#pragma hdrstop

//---------------------------------------------------------------------------

USEFORM("Unit1.cpp", Form1);

//---------------------------------------------------------------------------

WINAPI WinMain(HINSTANCE, HINSTANCE, LPSTR, int)

{

try

{

Application->Initialize();

Application->CreateForm(__classid(TForm1), &Form1);

Application->Run();

}

catch (Exception &exception)

{

Application->ShowException(&exception);

}

catch (...)

{

try

{

throw Exception("");

}

catch (Exception &exception)

{

Application->ShowException(&exception);

}

}

return 0;

}
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Libraries which takes over (C++ Builder)Libraries which takes over (C++ Builder)

#include <vcl.h>

#pragma hdrstop

#include "Unit1.h"

//---------------------------------------------------------------------------

#pragma package(smart_init)

#pragma resource "*.dfm"

TForm1 *Form1;

//---------------------------------------------------------------------------

__fastcall TForm1::TForm1(TComponent* Owner)

: TForm(Owner)

{

???
}

//---------------------------------------------------------------------------

void __fastcall TForm1::Button1Click(TObject *Sender)

{

??? 
MessageBeep(- 1);
}
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OpenCV for image processingOpenCV for image processing

http://en.wikipedia.org/wiki/OpenCV

http://sourceforge.net/projects/opencvlibrary/

http://opencv.willowgarage.com/wiki/

http://www.cs.indiana.edu/cgi-pub/oleykin/website/OpenCVHelp/

http://en.wikipedia.org/wiki/OpenCV

http://sourceforge.net/projects/opencvlibrary/

http://opencv.willowgarage.com/wiki/

http://www.cs.indiana.edu/cgi-pub/oleykin/website/OpenCVHelp/
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OpenCV functionsOpenCV functions

• Naming convention:

cvCircle(...)

li
b

ra
ry

p
re

fi
x

n
am

e
co

re

OpenCV libraries:

cxcore – basic structures and functions

cv – image processing functions

cvaux – auxiliary library

higui – user interface functions

ml – machine learning

C/C++ header files: cv.h, cvaux.h, cxcore.h, ml.h,  

cvcam.h, highgui.h

Binary libraries (Windows): cv.lib, cvaux.lib, cvcam.lib,

cvhaartraining.lib,

cxcore.lib, cxts.lib,

highgui.lib, ml.lib
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OpenCV programing exampleOpenCV programing example
#include "cv.h"

#include "highgui.h"

char wndname[] = "Edge";

char tbarname[] = "Threshold";

int edge_thresh = 1;

IplImage *image = 0, *cedge = 0, *gray = 0, *edge = 0;

// define a trackbar callback

void on_trackbar(int h)

{

cvSmooth( gray, edge, CV_BLUR, 3, 3, 0, 0 );

cvNot( gray, edge );

// Run the edge detector on grayscale

cvCanny(gray, edge, (float)edge_thresh, (float)edge_thresh*3, 3);

cvZero( cedge );

// copy edge points

cvCopy( image, cedge, edge );

cvShowImage(wndname, cedge);

}

int main( int argc, char** argv )

{

char* filename = argc == 2 ? argv[1] : (char*)"fruits.jpg";

if( (image = cvLoadImage( filename, 1)) == 0 )

return -1;

// Create the output image

cedge = cvCreateImage(cvSize(image->width,image->height), IPL_DEPTH_8U, 3);

// Convert to grayscale

gray = cvCreateImage(cvSize(image->width,image->height), IPL_DEPTH_8U, 1);

edge = cvCreateImage(cvSize(image->width,image->height), IPL_DEPTH_8U, 1);

cvCvtColor(image, gray, CV_BGR2GRAY);

// Create a window

cvNamedWindow(wndname, 1);

// create a toolbar 

cvCreateTrackbar(tbarname, wndname, &edge_thresh, 100, on_trackbar);

// Show the image

on_trackbar(0);

// Wait for a key stroke; the same function arranges events processing

cvWaitKey(0);

cvReleaseImage(&image);

cvReleaseImage(&gray);

cvReleaseImage(&edge);

cvDestroyWindow(wndname);

return 0;

}

OpenCV sample code edge.cOpenCV sample code edge.c
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OpenCV programing exampleOpenCV programing example
#include "cv.h"

#include "highgui.h"

char wndname[] = "Edge";

char tbarname[] = "Threshold";

int edge_thresh = 1;

IplImage *image = 0, *cedge = 0, *gray = 0, *edge = 0;

// define a trackbar callback

void on_trackbar(int h)

{

cvSmooth( gray, edge, CV_BLUR, 3, 3, 0, 0 );

cvNot( gray, edge );

// Run the edge detector on grayscale

cvCanny(gray, edge, (float)edge_thresh, (float)edge_thresh*3, 3);

cvZero( cedge );

// copy edge points

cvCopy( image, cedge, edge );

cvShowImage(wndname, cedge);

}

int main( int argc, char** argv )

{

char* filename = argc == 2 ? argv[1] : (char*)"fruits.jpg";

if( (image = cvLoadImage( filename, 1)) == 0 )

return -1;

// Create the output image

cedge = cvCreateImage(cvSize(image->width,image->height), IPL_DEPTH_8U, 3);

// Convert to grayscale

gray = cvCreateImage(cvSize(image->width,image->height), IPL_DEPTH_8U, 1);

edge = cvCreateImage(cvSize(image->width,image->height), IPL_DEPTH_8U, 1);

cvCvtColor(image, gray, CV_BGR2GRAY);

// Create a window

cvNamedWindow(wndname, 1);

// create a toolbar 

cvCreateTrackbar(tbarname, wndname, &edge_thresh, 100, on_trackbar);

// Show the image

on_trackbar(0);

// Wait for a key stroke; the same function arranges events processing

cvWaitKey(0);

cvReleaseImage(&image);

cvReleaseImage(&gray);

cvReleaseImage(&edge);

cvDestroyWindow(wndname);

return 0;

}
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Three dimensional graphics APIThree dimensional graphics API

Direct3D

OpenGL
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OpenGL functionsOpenGL functions

• Naming convention:

glColor3fv(...)

li
b

ra
ry

p
re

fi
x

n
am

e
co

re

n
u

m
b

er
o

f
ar

g
u

m
en

ts

ar
g

u
m

en
t 

ty
p

e
su

ff
ix

Prefix:

xgl, wgl, cgl – platform-specific frameworks

gl – general OpenGL functions

glu – utility functions, useful routines, a layer above gl

glut – utility toolkit functions

aux – auxiliary library (deprecated)

glui – user interface functions

Other libraries also exist.

C/C++ header files: gl.h, glu.h, glut.h, aux.h

Binary libraries (Windows): opengl32.dll, glu32.dll, 

glut32, glaux.lib

Suffix: d – double, f – float,  i – integer, 

s – short, v – vector
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Example (creating a window)Example (creating a window)

int WINAPI WinMain(HINSTANCE hInstance,HINSTANCE hPrevInstance,

LPSTR lpCmdLine, int nCmdShow

)

{

MSG komunikat;

WNDCLASS klasaokna;

HWND okno;

klasaokna.style = CS_HREDRAW | CS_VREDRAW;

klasaokna.lpfnWndProc = (WNDPROC) WinProc;

klasaokna.cbClsExtra = 0;

klasaokna.cbWndExtra = 0;

klasaokna.hInstance = hInstance;

klasaokna.hIcon = NULL;

klasaokna.hCursor = LoadCursor(NULL, IDC_ARROW);

klasaokna.hbrBackground = NULL;

klasaokna.lpszMenuName = NULL;

klasaokna.lpszClassName = "Okno_OpenGL";

if(RegisterClass(&klasaokna) == 0) return 0;

okno= CreateWindow( "Okno_OpenGL", "Okno OpenGL",

WS_OVERLAPPEDWINDOW|WS_CLIPCHILDREN|WS_CLIPSIBLINGS,

100, 100, 250, 250,

NULL, NULL, hInstance, NULL );

if(!okno) return 1;

ShowWindow( okno, nCmdShow );

UpdateWindow( okno );

while( GetMessage( &komunikat, NULL, 0, 0 ) )

{

TranslateMessage( &komunikat );

DispatchMessage( &komunikat );

}

return 0;

}

int WINAPI WinMain(

HINSTANCE hInstance,

HINSTANCE hPrevInstance,

LPSTR lpCmdLine,

int nCmdShow

)

{

// Craete a window

auxInitDisplayMode(AUX_DOUBLE | AUX_RGBA);

auxInitPosition(100,100,250,250);

auxInitWindow("Okno OpenGL");

// Window resize handler

auxReshapeFunc(ZmianaRozmiaruOkna);

// Keybord event handlers

auxKeyFunc(AUX_LEFT, StrzalkaLewo);

auxKeyFunc(AUX_RIGHT, StrzalkaPrawo);

auxKeyFunc(AUX_DOWN, StrzalkaDol);

auxKeyFunc(AUX_UP, StrzalkaGora);

// Calling function for setting

// a background, lights, etc.

UstawScene();

// Loop for event handling

auxMainLoop(RenderujScene);

}

Windows specificWindows specific
Portable

preferable is glui
aux is deprecated

Portable
preferable is glui
aux is deprecated
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Example (event handling)Example (event handling)
long WINAPI WinProc( HWND okno, UINT kmnk, WPARAM wparam, LPARAM lparam )

{

switch ( kmnk )

{

case WM_CREATE:

kontekst_okna = GetDC(okno);

UstawFormatGrafiki();

kontekst_opengl = wglCreateContext(kontekst_okna);

wglMakeCurrent(kontekst_okna, kontekst_opengl);

UstawScene();

return 0;

case WM_DESTROY:

wglMakeCurrent(kontekst_okna, NULL);

wglDeleteContext(kontekst_opengl);

PostQuitMessage(0);

return 0;

case WM_SIZE:

ZmianaRozmiaruOkna(LOWORD(lparam), HIWORD(lparam));

return 0;

case WM_KEYDOWN:

switch (wparam)

{

case VK_UP: StrzalkaGora(); break;

case VK_LEFT: StrzalkaLewo(); break;

case VK_RIGHT: StrzalkaPrawo(); break;

case VK_DOWN: StrzalkaDol(); break;

}

SwapBuffers(kontekst_okna);

return 0;

case WM_PAINT:

RenderujScene();

SwapBuffers(kontekst_okna);

ValidateRect(okno, NULL);

break;

}

return DefWindowProc( okno, kmnk, wparam, lparam );

}

void CALLBACK StrzalkaLewo(void)

{

yRot -= 5.0f;

RenderujScene();

}

void CALLBACK StrzalkaPrawo(void)

{

yRot += 5.0f;

RenderujScene();

}

void CALLBACK StrzalkaDol(void)

{

xRot -= 5.0f;

RenderujScene();

}

void CALLBACK StrzalkaGora(void)

{

xRot += 5.0f;

RenderujScene();

}

Windows specificWindows specific
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Example (setting up the context)Example (setting up the context)

void UstawFormatGrafiki(void)

{

static PIXELFORMATDESCRIPTOR pfd =

{

sizeof(PIXELFORMATDESCRIPTOR),

1,

PFD_DRAW_TO_WINDOW|PFD_DOUBLEBUFFER|PFD_SUPPORT_OPENGL,

PFD_TYPE_RGBA, 8,

0,0,0,0,0,0,0,0,0,0,0,0,0,16,0,0,

PFD_MAIN_PLANE,

0,0,0,0

};

SetPixelFormat(kontekst_okna, ChoosePixelFormat(kontekst_okna, &pfd), &pfd);

}

HGLRC kontekst_opengl;

(...)

case WM_CREATE:

kontekst_okna = GetDC(okno);

UstawFormatGrafiki();

kontekst_opengl = wglCreateContext(kontekst_okna);

wglMakeCurrent(kontekst_okna, kontekst_opengl);

UstawScene();

return 0;

Windows specificWindows specific

Windows specificWindows specific
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Example (setting up the world)Example (setting up the world)

void UstawScene()

{

// Coordinates and colors of lights

GLfloat ambientLight[] = {0.4f, 0.4f, 0.4f, 1.0f };

GLfloat diffuseLight[] = {0.7f, 0.7f, 0.7f, 1.0f };

GLfloat specular[] = { 0.9f, 0.9f, 0.9f, 1.0f};

GLfloat lightPos[] = { -500.0f, 2000.0f, 2000.0f, 1.0f };

GLfloat specref[] =  { 0.6f, 0.6f, 0.6f, 1.0f };

glEnable(GL_DEPTH_TEST); // Z-buffer check on

glEnable(GL_CULL_FACE); // Face culling on

glEnable(GL_LIGHTING); // Shading models on

glEnable(GL_NORMALIZE); // Computation of normal vectors on

glEnable(GL_AUTO_NORMAL);

// Lights setup

glLightModelfv(GL_LIGHT_MODEL_AMBIENT,ambientLight);

glLightfv(GL_LIGHT0,GL_AMBIENT,ambientLight);

glLightfv(GL_LIGHT0,GL_DIFFUSE,diffuseLight);

glLightfv(GL_LIGHT0,GL_SPECULAR,specular);

glLightfv(GL_LIGHT0,GL_POSITION,lightPos);

glEnable(GL_LIGHT0);

// Shadeing models setup

glEnable(GL_COLOR_MATERIAL);

glColorMaterial(GL_FRONT, GL_AMBIENT_AND_DIFFUSE);

glMaterialfv(GL_FRONT, GL_SPECULAR,specref);

glMateriali(GL_FRONT,GL_SHININESS,64);

glClearColor(0.0f, 0.0f, 0.0f, 1.0f ); // Background color

}
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Example (setting up frustum)Example (setting up frustum)

void CALLBACK ZmianaRozmiaruOkna(GLsizei w, GLsizei h)

{

glViewport(0, 0, w, h);

// Projection matrix stack initialization

glMatrixMode(GL_PROJECTION);

glLoadIdentity();

// Setting up frustum

glOrtho (-nRange*w/h, nRange*w/h, -nRange, nRange, -nRange*2.0f, nRange*2.0f);

glMatrixMode(GL_MODELVIEW);

glLoadIdentity();

}
Setting up Frustum
glOrtho(left, right, bottom, top, near, far) 

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

Don’t like glOrtho and glFrustum?
gluPerspective(90, width / height, 1, 100);

gluLookAt(10.0, 10.0, 0.0, // camera location

0.0, 0.0, -30.0, // looking at 

0.0, 1.0, 0.0); // up vector

See also: http://www.glprogramming.com/blue/
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Example (Rendering)Example (Rendering)

void CALLBACK RenderujScene(void)

{

// Clear window

glClear(GL_COLOR_BUFFER_BIT | GL_DEPTH_BUFFER_BIT);

// Save transformation matrix

glMatrixMode(GL_MODELVIEW);

glPushMatrix();

glRotatef(xRot, 1.0f, 0.0f, 0.0f);

glRotatef(yRot, 0.0f, 1.0f, 0.0f);

// Define object (here triangle faces)

glFrontFace(GL_CW);

glBegin(GL_TRIANGLES);

glColor3f(0.2f, 0.2f, 0.8f);

glNormal3f(0.58f, 0.58f, 0.58f);

glVertex3f(0.0f, 60.0f, 0.0f);

glVertex3f(60.0f, 0.0f, 0.0f);

glVertex3f(0.0f, 0.0f, 60.0f);

(...)

glNormal3f(0.0f, -1.0f, 0.0f);

glVertex3f(0.0f, 0.0f, 60.0f);

glVertex3f(60.0f, 0.0f, 0.0f);

glVertex3f(0.0f, 0.0f, 0.0f);

glEnd();

glPopMatrix();

glFlush();

}

Image Processing & Computer Graphics 45

Projekt współfinansowany przez Unię Europejską 
w ramach Europejskiego Funduszu Społecznego

Nate Robins Tutors (Transformation, Shapes)Nate Robins Tutors (Transformation, Shapes)



16

Image Processing & Computer Graphics 46

Projekt współfinansowany przez Unię Europejską 
w ramach Europejskiego Funduszu Społecznego

Transformation and matrix stackTransformation and matrix stack
glMatrixMode(GL_MODELVIEW);

// Transformation SCS to CCS
glPushMatrix();

glLoadIdentity();
glRotatef(kat_x, 1.0f, 0.0f, 0.0f);
glRotatef(kat_y, 0.0f, 1.0f, 0.0f);

glRotatef(kat_z, 0.0f, 0.0f, 1.0f);
glTranslatef(x, y, z); 

// Model 1 transformation

glPushMatrix();
glRotatef(…);
glTranslatef(…); 

//Rendering of model 1 here
glPopMatrix();

// Model 2 transformation

glPushMatrix();
glRotatef(…);
glTranslatef(…); 

//Rendering of model 2 here
glPopMatrix();

glPopMatrix();

// Projection CCS to FCS
glMatrixMode(GL_PROJECTION);

glPushMatrix();
glRotatef(kat_x, 1.0f, 0.0f, 0.0f);
glRotatef(kat_y, 0.0f, 1.0f, 0.0f);

glRotatef(kat_z, 0.0f, 0.0f, 1.0f);
glTranslatef(x, y, z); 

(…)

glMatrixMode(GL_PROJECTION);
glPopMatrix();
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Transformation and matrix stackTransformation and matrix stack

glPushMatrix, glPopMatrix - push and pop the current matrix stack

There is a stack of matrices for each of the matrix modes. In 
GL_MODELVIEW mode, the stack depth is at least 32. In the other two
modes, GL_PROJECTION and GL_TEXTURE, the depth is at least 2. The

current matrix in any mode is the matrix on the top of the stack for that mode. 
glPushMatrix pushes the current matrix stack down by one, duplicating the
current matrix. That is, after a glPushMatrix call, the matrix on the top of the

stack is identical to the one below it. 
glPopMatrix pops the current matrix stack, replacing the current matrix with

the one below it on the stack. 
Initially, each of the stacks contains one matrix, an identity matrix.

http://www.glprogramming.com/blue/
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Effects (Textures, Fog) Effects (Textures, Fog) 
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Applications in biomedicineApplications in biomedicine

TexturingTexturing Mesh renderingMesh rendering

Faces renderingFaces rendering
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Hardware graphics acceleratorHardware graphics accelerator

A video adapter that contains its own processor that 
performs specialized set of computations (graphics 
functions) to boost performance of image rendering.

In acceleration a graphics pipeline is used. Dedicated
hardware units are responsible for rendering stages

required to transform for a 3D description to a 2D screen.

Some of the units are also duplicated to allow for parallel

computation. 

A shaders are procedures to calculate rendering effects 

on graphics hardware. One shader can be run on number
of processing units in parallel to improve rendering

efficiency.

A video adapter that contains its own processor that 
performs specialized set of computations (graphics 
functions) to boost performance of image rendering.

In acceleration a graphics pipeline is used. Dedicated
hardware units are responsible for rendering stages

required to transform for a 3D description to a 2D screen.

Some of the units are also duplicated to allow for parallel

computation. 

A shaders are procedures to calculate rendering effects 

on graphics hardware. One shader can be run on number
of processing units in parallel to improve rendering

efficiency.
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GPGPUGPGPU

Thus, GPUs are powerful parallel processing/computation units.

…

Can we use GPUs for computations not related with 3D rendering?

Thus, GPUs are powerful parallel processing/computation units.

…

Can we use GPUs for computations not related with 3D rendering?
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Summary, discussion and quizSummary, discussion and quiz
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