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Lecturer:

Piotr M. Szczypiński, Dr inŜ.
Institute of Electronics, Technical University of Lodz

Wolczanska 211/215, 90-924 Lodz, Poland
tel. +48426312638

http://www.eletel.p.lodz.pl/pms
pms@p.lodz.pl

Fragments of the lecture were also provided by

Andrzej Materka,  Michał Strzelecki, Paweł Strumiłło, 
Piotr Romaniuk, Piotr Makowski

and were used with permission.

Portions of this lecture are illustrated with articles from the wikipedia
(GNU Free Documentation License
http://en.wikipedia.org/wiki/Wikipedia:Text_of_the_GNU_Free_Documentation_License)
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Image Processing and Computer Graphics IP&CGImage Processing and Computer Graphics IP&CG

Colors

Raster and vector images, 2D and 3D

Acquisition of biomedical images

Image enhancement and filtering

Edge detection and segmentation

Image feature extraction and selection

Programs and programming for IP

3D space transformation and projection

Techniques for space projection

Programs and programming for CG
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ColorsColors

• Color models/spaces

• Color model conversion

• Application of color models

• Digitized colors
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Electromagnetic spectrumElectromagnetic spectrum

10181024 1016 1014 1012 1010 108 106 104 1021022 1020

frequency, Hz

gamma rays radio waves

X rays microwaves

Infrared wavesultraviolet
VisibleVisible lightlight

400     500       600       700 [nm]
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Eye sensitivity to colour components
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Color modelColor model

RGB - additive CMY - subtractive
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RGB components (additive)RGB components (additive)
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R

GB

RGB synthesisRGB synthesis
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RGB 2 CMYRGB 2 CMY
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CMY vs. CMYKCMY vs. CMYK
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cyan magenta

yellow black
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RGB and CMYK colour models

Wikipedia® 
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RGB colours produced by CRT 

device (black triangle) and CMY 

colour printers (magenta tringle)
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RGB vs. HSB colour space
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RGB vs. HSB colour space
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H - hue, S - saturation, I - intensity

• Well suited for a human
visual perception
system 

• Difficult for hardware
implementation

HSI (HSV) colour system

Wikipedia® 
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Hue
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Saturation
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Intensity (Value) 
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Commission Internationale de l’Eclairage (CIE)
Chromaticity Diagram

Point of equal
energy

(saturation zero)

CIE diagrams all colours that can be humanly perceived Color triangle

From Wikipedia, the free encyclopedia
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I

Y

Q

YIQ synthesisYIQ synthesis
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Color modelsColor models

• RGB (additive)

• CMY (subtractive)

• CMYK (print)

• YIQ (NTSC TV)

• YUV (PAL TV)

• HSL, HSB, HSV (NTSC, PAL TV)

• YDBDR (SECAM TV)

• YCBCR
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Colour coding in SVGA graphics cards

7 0 7 0 7 0
R BG

Digital to Analog Converter (DAC) 3 x 8 bits

screen
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Colour resolutions in PC computers

• True-colour: 224 colours -> 16777216

• High-colour: 216 colours -> 65536 (R5, G6, B5) 

• 256 colours (indexed colours from look-up-table)
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RGB to indexed image

R
G

B
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Raster and vector imagesRaster and vector images

• Raster vs. vector images (graphics)

• 2D and 3D images (graphics)
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Raster graphicsRaster graphics

• size

• resolution

(iso-, anisotropic)

• pixel

(picture element)

• voxel
(volume element)

2D image

3D image

Image Processing & Computer Graphics 56

Projekt współfinansowany przez Unię Europejską 
w ramach Europejskiego Funduszu Społecznego

Bitmap formatBitmap format

FF FF FF FF 4F 4F 4F 4F FF FF FF FF FF FF FF FF 

FF FF 31 FF FF 4F 4F FF FC FC FC FC FF FF FF FF 

FF 30 35 35 37 37 FF FF FF BA BA FC FC FF FF FF 

FF 30 35 35 37 37 37 FF FF FF BA BA FC FC FF FF 

FF FF 35 35 35 37 37 37 FF FF FF BA BA FC FC FF 

FF FF 31 35 35 35 37 37 37 37 FF BA BA BA FC FF 

FF FF 30 35 35 35 35 37 37 37 37 FF BA BA FC FC 

FF FF 4F 30 35 35 35 35 37 37 37 BA BA BA FC FC 

FF FF 4F 30 30 35 35 35 35 37 37 BA BA BA FC FC 

FF FF 4F 4F 30 30 35 35 4F 37 37 37 BA BA FC FC 

FF FF FF 4F 4F 4F 30 30 4F FF 37 37 BA BA BA FC 

FF FF FF 4F 4F 4F 4F 30 4F 4F FF FF BA BA FF FC 

FF FF FF FF 4F 4F 4F 4F 4F 4F 4F FF BA BA FF FC 

FF FF FF FF FF FF FF 4F 4F 4F 4F FF BA BA FF FF 

FF FF FF FF FF FF FF 4F 4F 4F 4F FF FF FF FF FF 

FF FF FF FF FF FF FF FF 4F 4F 4F 4F 4F FF FF FF

40 00 40

40 60 00

40 40 80

00 40 40

A0 00 40

40 C0 00 

40 40 E0

...

...

...

42 4D 36 05 00 00 00 00 00 00 36 04 00 00 28 00

00 00 10 00 00 00 10 00 00 00 01 00 08 00 00 00

00 00 00 01 00 00 00 00 00 00 00 00 00 00 00 00

00 00 00 00 00 00 00 00 00 00 00 00 80 00 00 80

00 00 00 80 80 00 80 00 00 00 80 00 80 00 80 80

header
color LUT

(palette)

image data
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Vector graphics (2D)Vector graphics (2D)

• Primitives

• Vectors
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Vector graphics (Windows EMF)Vector graphics (Windows EMF)

• ENHMETAHEADER

– DWORD iType; 

– DWORD nSize; 

– RECTL rclBounds; 

– RECTL rclFrame; 

– DWORD dSignature; 

– DWORD nVersion; 

– DWORD nBytes; 

– DWORD nRecords; 

– WORD  nHandles; 

– WORD  sReserved; 

– DWORD nDescription; 

– DWORD offDescription; 

– DWORD nPalEntries; 

– SIZEL szlDevice; 

– SIZEL szlMillimeters;

– DWORD cbPixelFormat;

– DWORD offPixelFormat;

– DWORD bOpenGL;

• ENHMETARECORD

– DWORD iType; 

– DWORD nSize; 

– DWORD dParm[];
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Windows API for EMFsWindows API for EMFs

kontekst=CreateEnhMetaFile(NULL, ”plik.emf”, NULL, NULL);

MoveToEx(kontekst, x, y, NULL);

LineTo(kontekst, x, y);

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

TextOut(kontekst, x, y, ”Napis”, z);

CloseEnhMetaFile(kontekst);

PRINTDLG pd;

PrintDlg(&pd); kontekst = pd.hDC;

StartPage(kontekst);

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

PlayEnhMetaFile(kontekst, hemf, &rect);

DeleteEnhMetaFile(hemf);

EndPage(kontekst);

DeleteDC(kontekst);
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Vector graphics (3D)Vector graphics (3D)

• Surface

• Vectors (vertices)
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Vector graphics in OpenGLVector graphics in OpenGL

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);

glColor3f(0.7f, 0.7f, 0.2f);
glNormal3f(0.0f, 0.0f, -1.0f);
glVertex3f(0.0f, 60.0f, 0.0f);
glVertex3f(0.0f, 0.0f, 0.0f);
glVertex3f(60.0f, 0.0f, 0.0f);

glNormal3f(-1.0f, 0.0f, 0.0f);
glVertex3f(0.0f, 60.0f, 0.0f);
glVertex3f(0.0f, 0.0f, 60.0f);
glVertex3f(0.0f, 0.0f, 0.0f);

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();
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Metafiles (RG+VG)Metafiles (RG+VG)

D=[160,406]
A=10
R=10.3109

D=[160,406]
A=10
R=10.3109
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Summary, discussion and quizSummary, discussion and quiz

Summary, discussion and quizSummary, discussion and quiz
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