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Project No.1

Image Processing

Take any private color photo which must contain at least one person with visible skin.

Scan the photo.

Print the original scan in original size and approximately in DIN A4 size.

Apply Image Processing with color correction and retouch.

Print the improved photo in original size and approximately in DIN A4 size.

Add informations about computer, scanner, programs, printer, other sources.

Discuss the procedures and the results (German or English).

Project No.2

Vector Graphics

Covi-Bild contains two vector graphics which are hand drawn:   Figure 7.3 and 7.4

These drwawings shall be replaced by computer graphics, using InDesign, Illustrator or CorelDraw.

Graphics format: EPS (Encapsulated PostScript),

Readable by PhotoShop, Pagemaker and any PostScript Viewer

Size: Approximately like original on DIN A4

Color: Black.

Disk: 1.4 MB floppy, no subdirectories

Analyze the graphics elements of all figures. Make a catalogue of elements.

Add informations about computer, programs, printers, other sources.

Discuss the procedures and the results.

Each student makes one page with one drawing of one figure.

Use title sheet and make a complete document.

Date of delivery:

Pass 1: not later than December 22

Pass 2: not later than Januar 15
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Foreword

This lecture is based my personal work since 1995 with the help of several contributors:.

Photogrammetry: Dr.-Ing.K.Andresen (TU Braunschweig).

Electronics for the marionette (Teach-In of a robot by Showing the Motion), fundamental algorithms and

programs for Image Processing: Dipl.-Ing. Ralph Scherge, who is since 1996 a member of the Hewlett

Packard Company.

CAD- and Milling-Program HoCad: Dipl.-Ing Heinz Hinrichs.

Vector graphics system GrafProz: Dipl.-Ing. Jens Klüver .

Application of GrafProz for Engraving: Dipl.-Ing. Ralf Berger.

Identification of camera parameters for photogrammetry: Dipl.-Ing. Frank Meyeraan, Dipl.-Ing. Michael Habbe.

JPEG Compression: Hermann Hildebrandt.

3D-Scanner: Dipl.-Ing. Toni Gosling.

General laboratory maintenance and support: Wilhelm Kettwig.

ZEBRA is our Image Processing System.

ZEFIR is our open Computer Graphics System.

Desktop Publishing by PageMaker.

Some words are written in an unusual manner:

Coordinates correct: co-ordinates

Color american style, in English colour)

Scanline correct: scan line

Gernot Hoffmann

September 1999 /  2000 / 2001 /  2002 /  2003 / 2004 / 2005
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Contents of the Lecture Computer Vision

The actual lecture consists of a selection of the following contents

1. Graphics Representations

1.1 Metaplanes and Pixels

1.1.1 Metaplane

1.1.2 Graphics Devices

1.1.3 Screens

1.1.4 Plotters

1.1.5 Resumed

1.2 Frames and Windows

1.3 Workstation Transformations

1.3.1 Frame to Screen Transformation

1.3.2 Window to p-Pixel Transformation

1.3.3 Window to q-Pixel Transformation

1.3.4 Undistorted Mapping from Frame to Window

1.3.5 Frame to Graphics Device Transformation

1.3.5.1 Frame to Viewport Transformation

1.3.5.2 Viewport to Frame Transformation

1.3.6 Undistorted Mapping from Frame to Viewport

1.3.7 Example

2. Basic Transformations

2.1 Vectors and Matrices

2.2 Coordinate Rotations

2.3 Coordinate Translations

2.4 Body Rotations

2.5 Aligning a Body Axis

2.6 Perspective Projection using an Orthogonal Image Plane

2.7 Perspective Projection using a Tilted Image Plan

2.8 Homogeneous Coordinates

2.9 Perspective Mapping

2.9.1 General Perspective Mapping

2.9.2 Special Features of Perspective Mapping

2.9.3 Camera Position and Orientation

3. Projections for Computer Graphics

3.1 Perspective Projections

3.1.1 General Perspective Projection using an Orthogonal Image Plane

3.1.2 Perspective Projection for Undistorted Verticals using a Tilted Image Plane

3.1.3 Perspective Projection for Undistorted Fronts using a Tilted Image Plane

3.2 Parallel Projections

3.2.1 General Parallel Projection using an Orthogonal Image Plane

3.2.2 Isometric Parallel Projection using an Orthogonal Image Plane

3.2.3 General Parallel Projection using a Tilt Image Plane

3.2.4 Parallel Projection for Undistorted Fronts using a Tilted Image Plane

3.3 Projection by Perspective Mapping
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4. Methods for Photogrammetry

4.1 Laboratory Situation

4.2 Computation of Object Coordinates by Use of two Ideal Cameras

4.3 Pragmatic Parameter Identification for Ideal Cameras

4.4 Automatical Parameter Identification for one Ideal Camera

4.5 Simultaneous Parameter Identification for two Ideal Cameras

4.6 Simultaneous Parameter Identification for two Ideal Cameras by Use of Moveable Targets

4.7 Parameter Scaling

4.8 Minimization by the Method of Steepest Descent

4.9 Improved Model for Non Ideal Cameras

4.10 Parameter Identification for Non Ideal Cameras

4.11 Computation of Object Coordinates by Use of two Non Ideal Cameras

4.12 Parameter Identification for one Ideal Camera by Perspective Mapping

5. Color Science

5.1 Physical Colors

5.3 CIE (1931) Color Space

5.4 CIELab Color Space

5.4 RGB Color Space

5.5 HLS Color Spaces

5.6 Coding Colors

5.6.1 Indexed Color

5.6.2 True Color

5.6.3 High Color

5.6.4 Conversion of True Color to Indexed Color

5.6.5 Construction of Palettes and Interpolation

5.7 CMYK Color Spaces

5.8 Color Management

5.8.1 Principles

5.8.2 Monitor Calibration

5.8.3 Printer Calibration

6. Image Processing

6.1 Introduction

6.2 Geometry

6.3 Segmentation

6.4 Color

6.4.1 HLS Mode and Contrast

6.4.2 RGB Mode

6.4.3 CIELab Mode

6.5 Light Effects

6.6 Filtering

6.6.1 Standard Filters

6.6.2 Contour Filters

6.6.3 Anti Aliasing Filters

6.7 Retouch

6.8 Distortion (Morphing)
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6.9 Dithering and Halftoning

6.9.1 Hilbert-Peano and Floyd-Steinberg Dithering

6.9.2 Halftoning

6.10 Compression

6.10.1 Runlength and LZW Compression

6.10.2 JPEG Compression

7. Vector Graphics

7.1 Introduction into PostScript

7.1.1 Bézier Polynomials

7.1.2 Clipping

8. Vector Geometry

8.1 Normal Vectors and Visibility

8.2 Coordinate Systems

8.2.1 Cartesian Coordinates

8.2.2 Cylinder Coordinates

8.2.3 Sphere Coordinates

8.3 Basic Surface Elements

8.3.1 Cube

8.3.2 Sphere

8.3.3 Double Elliptic Cone

8.4 Picking Line Segments

9. Wireframes and Rendering

9.1 Wireframes

9.2 Rendering

9.2.1 Introduction

9.2.2 Line Algorithms

9.2.3 Z-Buffer Algorithm

9.2.4 Scanline Algorithm

10. Light, Reflection and Textures

10.1 Light models

10.2 Reflection

10.3 Shadows

10.4 Textures

11. Multi-Body Scenes (mostly deleted)

11.1 Short explanation

12. 2D-Scanning

12.1 Practical hints

13. 3D-Scanning

13.1 Scanning by Photogrammetry

13.2 Scanning by Laser-Scanner
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fh-emden961.bmp

mensa406.jpg

stufi01.pdf

logo23042004.pdf

logofhoow1.pdf

logofhoow1-bw.pdf

logofhoow2.pdf

logofhoow2-bw.pdf

logofhoow2-fax.pdf

logo1web.gif

logofhoow1.gif

logofhoow1-bw.gif

logofhoow2.gif

logofhoow2-bw.gif

logofhoow2-fax.gif

PageMaker

hyperdemo.pdf

symbol.pdf

ascii.pdf

colorman12032002.pdf

poster11032002.pdf

wordpdf10052002.pdf
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Computer Vision
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External Links

Everything about Color (Earl F.Glynn)

FH Emden, University of Applied Sciences

Aerial Photo. By courtesy of Krämer, Emder Zeitung. RGB Compressed

Aerial Photo. By courtesy of Krämer, Emder Zeitung. RGB Uncompressed

New Mensa: Quality Photo on Request

Studienführer. Study Guide. Brochure, 44 Pages, 44 Images, German

Logo Erläuterungen, mit Auszug aus den Gestaltungsrichtlinien (2000)

Logo1 Landscape / Color

Logo1 Landscape / BW

Logo2 Portrait / Color

Logo2 Portrait / BW

Logo2 Portrait / Fax

Weblogo1 width=380 height=90 White Background

Logo1 Landscape / Color

Logo1 Landscape / BW

Logo2 Portrait / Color

Logo2 Portrait / BW

Logo2 Portrait / Fax

Helpful Informations for PageMaker, PostScript ...

Masterpages and Hyperlinks for PageMaker, Tutorial for Beginners

TrueType Symbol Table, direct keycodes for a = alpha ...

ASCII Code Table, Accents and special Characters for all normal Fonts

Color Management in PageMaker

Hoffmann´s Poster Service (English), Praxissemester-Poster (German)

Word-Dokumente als PDF exportieren (nicht für PageMaker) 

Word Documents, Export as PDF (not for PageMaker) 

PostScript Tutor: how to program mathematical function graphs 

How to change Printer Transfer Functions in PPDs (Example)

CMYK Swatch Book: 14641 CMYK patches. Programmed by PostScript

SPOT  Swatch Book: 1124 Lab patches. Programmed by PostScript

Configuration for a PostScript Printer

Graphics by ZEFIR, Image Processing by ZEBRA, Pages by PageMaker

Test Page for all Color Printers: Web Version, not for printing

http://www.fho-emden.de/  ...Documents
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a3gencolorhigh.pdf

raster16052003.pdf
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cielab03022003.pdf

ciegamut16012003.pdf

ciegraph17052004.pdf

cmsicc08102003.pdf

cmykgamut23042003.pdf

ciexyz29082000.pdf

colrend290800.pdf

coltemp18102003.pdf

cmanage14042002.pdf

fft31052003.pdf

gamcurve26082001.pdf

gamquest18102001.pdf

gamuts08072002.pdf

gauss25092001.pdf

gray10012001.pdf

grayrepro05032002.pdf

grad14012001.pdf

hilb010101.pdf

hlscone03052001.pdf

hungams17042004.pdf

interpol181100.pdf

jimcolor12062004.pdf

jpeg131200.pdf

measgamma10022004.pdf

optigray06102001.pdf

penc020101.pdf

prism16072005.pdf

prooflight18092003.pdf

relper10052003.pdf

sans04012001.pdf

scan121200.pdf

screenshot151200.pdf

spot290800.pdf

tunis20042001.pdf

zezeze06012001.pdf

Computer Graphics

bubble29012001.pdf

bezier18122002.pdf

circle3d06092005.pdf

circsqua22042005.pdf

drawf11102001.pdf

ellipse08032004.pdf

euler26112001.pdf

faqfilt28102002.pdf

gimbal09082002.pdf

ikos27042002.pdf

integ03082002.pdf

lanczos07112002.pdf

masspoint09092002.pdf

morph27092003.pdf

multipol08062003.pdf

triangle04122001.pdf

palette30082003.pdf

project18032004.pdf

persprect13052005.pdf

quater12012002.pdf

quadequ04062002.pdf

ranpoint14032004.pdf

rotate09072002.pdf
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50  

295  
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221  
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Test Page for all Color Printers: Print Version

Printer Resolution Test Patterns + Raster Tester

Bilinear, Biquadratic and Bicubic Interpolation in Images

Monitor Hardware Calibration. Adjust your Monitor !

CIELab Color Space

Gamut for CIE Primaries depending on the Luminance 

CIE-Graphics, Catalog for High Quality EPS Files

Some Explanations for Color Management by ICC Profiles (Specifications) 

CMYK Gamuts for Euroscale Coated, SWOP,..in the CieLab Color Space

CIE (1931) Color Space

Principles of Color Printing. Color Management, Rendering, Scanning

Correlated Color Temperature, Calculation in CIE xyY 

Extremely simplified Workflow of Color Management

Fast Fourier Transform for Image Processing. Descreening 

Gradation Curves by Gamma Functions

The Gamma Question: Nonlinearities in the Image Processing Workflow

Gamuts for sRGB, Adobe RGB(98), Pal-Secam, EuroScale Coated

Gaussian Filter

Grayscale Conversions

Realistic Test for Perceptually Optimal Gray Reproduction

Gradation Functions with Histograms

Dithering and Halftoning with Hilbert and Floyd-Steinberg

HLS Hue Lightness Saturation Model and other Color Order Systems

Hundred Gamuts - How to show Gamuts for ICC Profiles by Photoshop

Interpolation for Image Processing and Computer Graphics

Jim Worthey´s Locus of Unit Monochromats (Color-matching)

JPEG Compression

Measuring Gamma for Monitors 

Perceptually optimized Grayscales

Pencil Drawing on new Background 

Newton's Prism Experiment and Goethe's Objections (Preliminary)

Spectra for Proofing Lights 

Rendering Intent Relative Colorimetric and Perceptual - a comparison

Rectification by Photogrammetry

Scanning of Rastered Prints

Accurate Export of Screenshots to PDF

Generation of Printer Dots, Spot Function

Scanning for Night Effects

A few words about ZEFIR and ZEBRA

Basic Principles for Computer Graphics and Mechanics

Bubbles - my first Computer Graphic (1969)

Bezier Polynomials

Draw a Circle through three Points in 3D

Circle a Square

Drawing arbitrary Lines by Pixels

Ellipse through four Points by Perspective Mapping

Euler Angles, Rotation Matrices and Projections

Gabriel Filter, a fast blurring filter - not recommended

Gimbal Lock - a handdrawing in addition to Euler Angles

Sphere Tessellation by Icosahedron Subdivision

Simple Integration Algorithms: Euler, Verlet, Heun 

Interpolation by Windowed Sinc: Lanczos, von Hann 

Equations of Motion for a Masspoint in a Landscape 

Morphing, a qualitative Description with Illustrations 

Multidimensional linear Interpolation for equally spaced Grids 

Rendering Triangles, Illustrations for a Scanline Algorithm

Balanced Palettes, designed in CieLab for Maps and the Web

Planar Projections, Mathematical Description and Examples 

Perspective Rectification for Images

Quaternions for Computer Graphics and Mechanics

Solution for a Quadratic Equation - not as simple as expected 

Visually Balanced Random Points in a Square 

Rotate an Object about an Axis 

http://www.fho-emden.de/  ...Documents
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Illustrations
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ceyl600.pdf

ven290800.pdf

hog281200.pdf

lehrstuhl290800.pdf

frau_02032001.pdf

frau_04032001.pdf

frau_06032001.pdf

plakat30092002.pdf

chat04012000.pdf

colordog.pdf

francine28082003.pdf

ernest01102003.pdf

wasini15082004.pdf

Design

idesi03022004.pdf

design02.pdf

lampe30012002.pdf

lampe08032005.pdf

logog26102001.pdf

tribus-2000.pdf

Poems

brise17022001.pdf

cancion281299.pdf

taube191299.pdf

poe221299.pdf

Research Reports

olga21012002.pdf

icip01.pdf

mario01.pdf

oscil09082002.pdf

robot01.pdf

servo01.pdf

random22122001.pdf

polari17072005.pdf

qta01.pdf

rpv231200.pdf

hann311200pdf

Monika´s Fine Art

dicke290800.pdf

loewe290800.pdf

loewe04012001.pdf

virtual290800.pdf

gilga290800.pdf

Brochures

130  

27  

185  

180  

760  

kB  

1230  

980  

270  

380  

57  

150  

171  

104  

210  

226  

24  

250  

40  

315  

kB  

2390  

1100  

150  

150  

50  

550  

kB  

150  

187  

149  

164  

kB  

274  

355  

1130  

284  

939  

702  

439  

290  

602  

366  

210  

kB  

37  

39  

47  

42  

54  

kB  

Distance between Line Segments 

Spline Interpolation for Image Selections

Smooth Interpolation for Polygons and Polylines 

An Attempt to visualize Waves - not convincing

Two Screenshots, ZEFIR applications, Texture Mapping, Bubbles

Very different Photos and Image Processing

In Tunisia. Color Photos, some gray-converted. Perspective Rectification

Six Ceylonese Temple Wallpaintings. Comics Style. Image Processing

Thirteen Impressions from a Walk in Venice. Color Correction, Rectification

Engravings - not easy to scan and hardly compressible in original Quality

About the Situation of a Professor in Germany. Digital Photo and Comp.Graphic

Young Woman No.1. Advertising for: Study Engineering in Emden

Young Woman No.2. Advertising for: Study Engineering in Emden

Young Woman No.3. Advertising for: Study Engineering in Emden

Back to the Roots.   Advertising for: Study Engineering in Emden

Dodoma, Tanzania. Dedicated to Bruce Chatwin

A Portrait of the Artist as a Young Dog

Digital Photo: Nikon D100, 2000x3000 Pixels, JPEG medium-low Compression

The Old Man and the Sea - Hommage à Ernest Hemingway 

Four Postcards, Example for Imposition 

Examples for Product Development and Graphics Design

Material zur Vorlesung Industrie-Design (35 Seiten) 

Industrial Design in Mechanical Engineering, a PDF Performance (German)

Student´s Project: Lamp for Public Areas

Student´s Project: Daylight-Photo-Lamp

Entwurf von Logos (German)

Display-System TriBus 2000 (German)

Poems and Photo Graphics

Stéphane Mallarmé: Brise Marine 

Federico García Lorca: Cancíon 

Rafael Alberti: Se equivocó la Paloma 

Edgar Allan Poe: The Valley of Unrest 

Some PDFs were made from scanned Paper Prints

OLGA - Control Systems for Elastic Aircraft (Cooperation with DLR)

Teaching a Robot by Showing the Motion. A life size Marionette learns Dancing

Music controlled life size Marionette dances automatically (German)

Time synchronous jumpfree trajectory generators (German) 

Control Systems for elastic Robots (German)

Control and nonlinear Identification of Servomechanisms (German)

Noise Generator with Adjustable Spectrum and Constant Variance (German)

A very accurate Measuring System for Angles of Polarization (German)

Digital Approximation of continuous Transfer Systems (German)

1976-1978: Autopilot for a small unmanned Aircraft

1980-1984: Development of 8086 Realtime Network Computers

Digital Photos

Stout Woman. Sculpture

Lion, Sculpture. New natural Background

Lion, Sculpture. African Background

Trivial Virtual. Sculpture. Artificial Light for Image Processing

Gilgamesch, Paintings. Color Correction

Made by PageMaker

http://www.fho-emden.de/  ...Documents
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mabiprosp.pdf

mabifalter.pdf

hocolor08122004.pdf

Utilities

cleantmp.txt

pm65link.txt

vesainfo.txt

hofrida.txt

Test

test.pdf

Lectures

pip05.pdf

diplom+master.pdf

compvis14052002.pdf

covi-org.pdf

covi-intro.pdf

covi-lab.pdf

covi-bild.pdf 

  

  

300  

300  

405  

kB  

8  

13  

16  

128  

kB  

000  

kB  

3700  

60  

1100  

50  

400  

1100  

3300  

MABi Prospekt .. Institut für Maschinen- und Anlagenbau (German)

MABi Faltblatt ... Institut für Maschinen- und Anlagenbau (German)

HoffmannColor ... Advertising Brochure, Example for a CMYK PDF (German)

Download by right Mouseclick and rename *.Txt to *.Exe

CleanTmp.Exe ...deletes all temporary files, use in Autoexec.Bat

PM65Link.Exe ...lists all Links for all PageMaker Files in one Folder

VesaInfo.Exe .....analyzes the VBE Status of Graphics Cards

HoFrida.Exe ......Nyquist Diagrams for Filters; System Identific.(German)

Communication Test

Communication Test: Rettet die Raucher

Material for Students (Password for Org, Intro, Lab, Bild)

Internet Programming. Lecture Textbook, 61 Pages, many Images

Subjects for Diploma/Master Theses and Projects

What is Computer Vision ? Introduction into my Lecture

Organization

References, Tables, Formulas

Laboratory Exercises, Practicals

Graphics Collection

 Cover Page 

http://www.fho-emden.de/  ...Documents
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Tables

DIN Paper

DIN x / mm  y / mm Ratio Area / m2

A0 841.0 1189.0 1.4138 0.9999

A1 594.0   841.0 1.4158 0.4996

A2 420.0   594.0 1.4143 0.2494

A3 297.0   420.0 1.4141 0.1247

A4 210.0   297.0 1.4143 0.0624

Because off round-off errors  the formats are not exactly matching:

4 x edgelength DIN A4  is not equal to edgelength DIN A0

Charactersize ( point, pt )

DIN point 0.376055 mm 1m = 2659.185 DIN point

Postscript point 0.352777 mm = 1/72 Inch 1m = 2834.652 PS  point

US point 0.351460 mm 1m = 2845.274 US  point

Frame to screen

xw xwA xf xfA
xwE xwA
xfE xfA

yw ywa yf yfA
ywE ywA
yfE yfA

= + -
-
-

= + -
-
-

( )

( )

xxf xfA xw xwA
xfE xfA

xwE xwA

yf yfA yw ywA
yfE yfA

ywE yw

= + -
-
-

= + -
-
-

( )

( )
AA

xp xpm xw
yp ypm yw

= ◊
= ◊ -( )1

xqm xpm xwE xwA

yqm yqm ywE ywA

xq
xw xwA

xwE xwA
xqm

yq
ywE

= -

= -

=
-
-

=
-

( )

( )

yyw
ywE ywA

yqm

xq xw xwA xpm

yq ywE yw ypm

-

= -

= -

( )

( )

Window to p-pixel

Window to q-pixel
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Undistorted Frame to Window

Frame to Viewport  and Viewport to Frame

Undistorted Frame to Viewport
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Camera rotation matrix

Camera rotation matrix with zero roll angle

Tilted image plane rotation matrix

Aircraft rotation matrix

Gyro rotation matrix

General rotation matrices
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Perspective mapping

Mapping on tilted image plane
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