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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, lllustrator 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 Kluver .

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

Prof.Dr.Gernot Hoffmann University of Applied Sciences Emden Germany



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

1.14 Plotters

1.15 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 g-Pixel Transformation

1.34 Undistorted Mapping from Frame to Window

1.35 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

24 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

29 Perspective Mapping

2.9.1 General Perspective Mapping

29.2 Special Features of Perspective Mapping

293 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

3.24 Parallel Projection for Undistorted Fronts using a Tilted Image Plane
3.3 Projection by Perspective Mapping
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4.
41
4.2
4.3
4.4
4.5
4.6
4.7
4.8
4.9
4.10
4.1
412

5.
5.1
5.3
54
54
5.5
5.6
5.6.1
5.6.2
5.6.3
5.6.4
5.6.5
5.7
5.8
5.8.1
5.8.2
5.8.3

6.1
6.2
6.3
6.4
6.4.1
6.4.2
6.4.3
6.5
6.6
6.6.1
6.6.2
6.6.3
6.7
6.8

Methods for Photogrammetry
Laboratory Situation
Computation of Object Coordinates by Use of two Ideal Cameras
Pragmatic Parameter Identification for Ideal Cameras
Automatical Parameter Identification for one Ideal Camera
Simultaneous Parameter Identification for two Ideal Cameras
Simultaneous Parameter Identification for two Ideal Cameras by Use of Moveable Targets
Parameter Scaling
Minimization by the Method of Steepest Descent
Improved Model for Non Ideal Cameras
Parameter Identification for Non Ideal Cameras
Computation of Object Coordinates by Use of two Non Ideal Cameras
Parameter Identification for one Ideal Camera by Perspective Mapping

Color Science
Physical Colors
CIE (1931) Color Space
CIELab Color Space
RGB Color Space
HLS Color Spaces
Coding Colors
Indexed Color
True Color
High Color
Conversion of True Color to Indexed Color
Construction of Palettes and Interpolation
CMYK Color Spaces
Color Management
Principles
Monitor Calibration
Printer Calibration

Image Processing
Introduction
Geometry
Segmentation
Color

HLS Mode and Contrast
RGB Mode
CIELab Mode
Light Effects
Filtering
Standard Filters
Contour Filters
Anti Aliasing Filters
Retouch
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
71 Introduction into PostScript
711 Bézier Polynomials

71.2 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
9.23 Z-Buffer Algorithm
9.24 Scanline Algorithm

10. Light, Reflection and Textures
10.1 Light models

10.2 Reflection

10.3 Shadows

104 Textures

11. Multi-Body Scenes (mostly deleted)
11.1 Short explanation

12. 2D-Scanning
121 Practical hints

13. 3D-Scanning
13.1 Scanning by Photogrammetry
13.2 Scanning by Laser-Scanner

Prof.Dr.Gernot Hoffmann University of Applied Sciences Emden Germany -7
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M cover Page

External Documents

FH Emden
PageMaker
Computer Vision
Computer Graphics
lllustrations
Industrial Design
Poems

Research Reports
Monika’s Fine Art
Brochures

All file names
lower case

External Links

http://www.efg2.com

FH Emden

fh-emden961.jpg
fh-emden961.bmp
mensa406.jpg
stufi01.pdf
l0go23042004.pdf

logofhoow1.pdf
logofhoow1-bw.pdf

logofhoow2.pdf
logofhoow2-bw.pdf
logofhoow2-fax.pdf
logo1web.gif
logofhoow1.gif
logofhoow1-bw.gif
logofhoow?2.gif
logofhoow2-bw.gif
logofhoow?2-fax.gif

PageMaker

hyperdemo.pdf
symbol.pdf
ascii.pdf

colorman12032002.pdf

poster11032002.pdf

wordpdf10052002.pdf

wordpdf11052002.pdf

pstutor22112002.pdf
gms6100trc.ppd

swatch22112002.pdf
swatch16032005.pdf
oki-ps-28082005.pdf

Computer Vision

a3gencolortest.pdf

270

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

Documents by Gernot Hoffmann / Emden / Germany

External Links
Everything about Color (Earl F.Glynn)
FH Emden, University of Applied Sciences

Aerial Photo. By courtesy of Kramer, Emder Zeitung. RGB Compressed
Aerial Photo. By courtesy of Kramer, Emder Zeitung. RGB Uncompressed
New Mensa: Quality Photo on Request

Studienfihrer. Study Guide. Brochure, 44 Pages, 44 Images, German
Logo Erlauterungen, 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 fur 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

Prof.Dr.Gernot Hoffmann University of Applied Sciences Emden Germany
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a3gencolorhigh.pdf
raster16052003.pdf
bicubic03042002.pdf
caltutor270900.pdf
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

2900
310
1100
300
1600
190
950
550
670
650
346
158
110
610
158
375
150
125
414
269
180
457
518
220
300
950
230

kB

60
200
160
120

73
160
234
105
150
600
339
195
420
780

50
295

50
493
221
672

60
174

52

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

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 lllustrations
Multidimensional linear Interpolation for equally spaced Grids
Rendering Triangles, lllustrations 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

Prof.Dr.Gernot Hoffmann University of Applied Sciences Emden Germany
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xseqgdist03072004.pdf
spline04112001.pdf
softpoly23063003.pdf
waves10032002.pdf
zefir18062001.pdf

lllustrations

tunisia27022001.pdf

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

0lga21012002.pdf
icip01.pdf
mario01.pdf
0scil09082002.pdf
robot01.pdf

servo01.pdf
random22122001.pdf

polari17072005.pdf
gta01.pdf
rpv231200.pdf
hann311200pdf

Monika’'s Fine Art

dicke290800.pdf
loewe290800.pdf

loewe04012001.pdf
virtual290800.pdf

ailga290800.pdf

Brochures

130

27
185
180
760

kB

1230
980
270
380

150
171
104
210
226

24
250

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

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

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 a 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 Garcia Lorca: Cancion
Rafael Alberti: Se equivocé 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

Prof.Dr.Gernot Hoffmann University of Applied Sciences Emden Germany I-13



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

M cover Page
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TEACH-IN OF A ROBOT BY SHOWING THE MOTION

Gernot Hoffmann

ICIP, Lausanne 1996

ABSTRACT

A computer controlled life size marionette, which is equipped
with 12 mechanical degrees of freedom, can be taught to move
by a human dancer. The person carries a rucksack with four
flashing infrared light emitting diodes, which are strobed by
radio transmission. Two CCD-cameras observe the motions. The
generalized coordinates of the dancer are computed by use of the
images of the light sources and filtered by several methods.
When the same music is played, the marionette shows the
choreographical motions of the dancer. The delays of the servo-
systems are taken into account and the playback speed is syn-
chronized by correlation control.

1. COMPUTER CONTROLLED MARIONETTE

The life size marionette Fig.1 consists of an aluminium skeleton
with different textile costumes and heads. She moves vertically
by 9 high speed string winches , can turn about the z-axis and
move in the horizontal plane in an area of 1.5m x 1.5m.

TR\

Fig.1 Computer controlled marionette

Two floodlights track the puppet automatically. The altogether
16 degrees of freedom are electrically driven. 5 personal com-
puters, 1 signalprocessor and 2 microcomputers for the horizon-
tal axes are combined in a realtime network.

The dynamics of the servomechanisms were identified and de-
scribed by behaviouristic models which include the main features
like time constants, time delays, small signal bandwidths, limited
acceleration and speed [1] .

The marionette dances also fully automatically to any kind of
music in real time with no prior knowledge. This project is
finished and the results were published [2], [3]. The automatic
motions consist of bundles of oszillations, which are synchro-
nized with respect to a twelve-dimensional rhythm pattern, com-
puted by the Fourier-Time-Transformation FTT [2], [4], which is
quite different to the standard FFT. Thus they include no in-
tellectual or arbitrary elements and it is some need to teach the
machinery directly the choreographical part.

Obviously motion to music cannot be taught using a step by step
method. The marionette is a trainer for experiments with man
machine interfaces which accept human habits. Probably in some
years robots will learn smooth and fast trajectories by looking at
their master, e.g. for painting, avoiding obstacles or handling
heavy loads by multiwire cranes where the operator shows the
angles and directions by a platform in his hands.

2. VIDEO MOTOGRAPHY

The term "video motography" is used here for the threedimen-
sional on line measurement of single light sources by use of two
video CCD-cameras. The cameras deliver 50 half images per
second each, odd and even rows alternating, where the actual
half image includes the information of the preceeding half image
in an adjacent row. Because of the very short video frame time of
20ms it is not reasonable to extract the coordinates from the
natural video image. Instead of this attempt, the moving person is
equipped with four light emitting infrared diodes (LEDs). In each
video frame only one LED flashes for a very short time. The EX-
TRAC system by Wente/Thiedig [5] computes the column and
row numbers of the brightest pixel by hardware for both
cameras. Result is a sequence of two pairs of pixel coordinates
for LED1, LED2 and so on. Gathering four LEDs needs 80ms.
The object space coordinates are computed by methods of
photogrammetry, developed by the author and students [6],[7].
The application of EX-TRAC was initiated by a suggestion of
Baum [8], who had also contributed to other projects of - as he
says - On-line-Motografie [9]. The EX-TRAC station was origi-
nally connected to the LEDs by cables. To enable free motions
the wireless "Motography Rucksack" has been developed..
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3. MOTOGRAPHY RUCKSACK

The Rucksack Fig.2 is equipped with four high power infrared
LEDs, type OD-100 [10], mounted on a square on adjustable
rods. The power is typically 600mW (3A) and max. 1300mW
(10A) for short pulses. The half intensity beam angle is £55°
from the radiation axis, which is here vertical.

Fig.2 Motography Rucksack, four LEDs on a square

Every 20ms during the vertical retrace of the video signal
(1.3ms), the shutters of the cameras are open for 0.5ms. In this
interval the one actual LED must be strobed. This is done in the
sequence 1,2,3,4 by a quartz controlled counter in the rucksack.
The next sequence cannot be triggered directly by the strobe
No.l from the ground station, because the delay of the radio
frequency transmisssion, including the modulator and the
receiver filters, is not neglectable: AT~100us. Therefore the
ground station strobe signal No.4 triggers a digital delay gene-
rator that produces a delay T,;=(20ms -AT,) , AT >AT, which
switches the transmitter modulator in advance while the shutter
is open. This necessity results also from the fact, that between
the ground strobe and the shutter closing a gap of only 90us is
available. If the shutter is opened longer, then he starts earlier,
but the ground strobe is allways fixed to the same point of time.
No reliable informations about the timing of the whole system
were available, therefore this part has been highly experimental.
Other methods of synchronization with the ground station, like
optical or acustical transmission, did not look promising.

A direct acustical distance measurement, sometimes suggested,
is quite hopeless because of the long wavelength of sound.

The Rucksack electronics are supplied by a reliable lead battery
and voltage regulators. The LEDs are flashed by constant current
controllers with a settling time of only 2us and the current 3A is
delivered by the battery without voltage controller.

The LEDs are mounted vertically, thus on large distances the
camera views because of unfavovourable radiation angles rather
low intensities; nevertheless the signals are detected over more
than 5m. The person can move in an area of 4m x 4m.

The printed card boards are small, but the Rucksack is on pur-
pose rather bulky: the dancing person should be reminded that
fuzzy motions are not welcome - the sample rate for each set of
four LEDs is only 12.5 Hz.

The Rucksack electronics were developed by Scherge [11].

4. PHOTOGRAMMETRY

Fig.3 shows the scenery of photogrammetry: Compute the coor-
dinates x=(x,y,z)T of a point in the object space by using coor-
dinates r=(r,0,t) in the image plane, delivered by two cameras.
Objects near to the image plane are mapped with scalefactor one;
the center is fixed to the viewpoint in the object space. The image
plane is a part of the object space.

Object
space

Fig.3 Photogrammetry, one of two cameras

The image is projected by the lens to the picture in the pixel
plane and delivers pixel coordinates R=(R,0,T)T for two cameras.
The camera transformation is given by Eq.(4.1). The camera
constant K has the unit pixel/m. R, T, are the pixel numbers
near to the optical axis, a question which is discussed later.
Dividing by the image distance d and introducing a new camera
constant L = K d results in Eq.(4.2), where d is merely a
scalefactor which must not be known. L is in pixel only. No
focal length or similar parameters must be determined.

r =(R-R,)/K; t =(T-T,))/K 4.1
r/d=(R-R,)/L; t/d=(T-T,)/L 4.2)
The camera is rotated first about the yaw angle vy, then about the

elevation angle o and finally about the roll angle B, according to
the matrix C, where ¢ and s mean cosine and sine.

cBey—saspsy cPsy+saspey —cosp
C= —coL sy cocy sol 4.3)
spey+socfsy spsy—sacfey cocP
The perspective projection is given in coordinates u,v,w:
r=du/v; t=dw/v 4.4)

By use of the matrix C and the camera position a=(a,b,c)T, this
can be written down in a homogeneous formulation:

-1 r/d O
Az(o t/d —1) (4.3)
Au =0 (4.6)
AC(x-2)=0 4.7

This formulation is the base for the identification of camera
parameters and the computation of object points as well. The
author, not an expert in photogrammetry, did not find equivalent
descriptions in recent books of Meisel [12] and Sasse [13].
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The identification of camera parameters p=(a, b, c, a, B, 1, L)T
is here explained for the method of individual calibration.

We use an arrangement of laboratory fixed n=5 LED-markers
x;, and each matrix A, is filled with the image of the marker x;.
The alltogether 10 equations cannot be solved simultaneously,
therefore the errors g; are introduced:

A, C(x;,—a) =¢; ... A C(x,—a) =g, (4.8)

We use then the method of steepest descent [14], which is slow
but reliable, to minimize a scalar error function:

F=Y ¢, (4.9)
i=1
A weighting matrix could be used, if information is available.

The computation of object points is based on two cameras, indi-
cated by the upper index for the same point x.
A'C'x=A'C"a"; A’C’x=A%C?%’ (4.10)

This can be written down with block matrices, though it is not
necessary for the practical computation.

1~1 1 1.1
A2C2 (A 02 C2a2 @1
A%C 0 A?){ C?a

M x= N b (4.12)

This are four equations and three unknown coordinates x . The
matrix b includes no image information. The best compromise is
found by the well known Gauss transformation or normal
equation, with the formal solution:

M"Mx =M"Nb (4.13)
x=(M"M)"M"Nb (4.14)
The system matrix is symmetric positive definite, thus the equa-
tions are solved by the method of Cholesky [15] .

Now we consider an improved camera error model:

In Fig.4 the pixel plane has coordinates F=(F,0,H)T instead of R
=(R,0,1)T and F »»H,, correspond to previous values R , T .
Because the viewline is not identical with the optical axis, the
projection is oblique or tilt. The tilt angles J, € are correlated to
offsets Af, Ah or AF =L Af/d, AH =L Ah/ d. The pixel plane
is assumed mechanically orthogonal to the optical axis.

b
:K{C)szd axis
9

Viewline

L
k \fe-fa
| F§\

Fig. 4 Projection on a tilt pixel plane

H

The complete transformation, including the radial rectification
by the orthogonal Legendre polynoms Q; [16], is as follows:

f /d=(F-F))/L,; h /d=(H-H,)/L (4.15)
f,/d=f /d-Af/d=f /d—¢; h,/d=h,/d—Ah/d=h,/d+8

p =4/(f,/d)+(h,/d) /p,,, (4.17)

Q, =(1/2)(5p" =3p); Qs =(1/8)(63p"=70p’ +15p)  (4.18)

Kp =1+q,Q,/p+q,Qs/p (4.19)
f,/d=Kf,/d; h, /d=Kh,/d (4.20)
f,/d=1,/d+¢; h,/d=Kh,/d-5 (4.21)
r/d=(f, /d)/(1+(f,/d)e—(h, /d)5 ) (4.22)
t/d=(h,/d)/(1+(f,/d)e—(h,/d)d) (4.23)

The background about the physics of radial distortion is based on
[11] and Regensburger [17],[18], but Legendre polynoms are
more suitable than non orthogonal polynoms or sine functions.
For many cases Qs alone would be sufficient. Then the para-
meters of the camera are p=(a, b,c, a,p,v,L, 9, ¢, q5)T .
Eq.(4.22) is the linearized version of a projection on a tilt pixel
plane. The complete transformation is available from the author.
By this attempt we achieve a minimal number of significant
parameters. Correlated parameters cannot be identified.

5. GENERALIZED COORDINATES

The coordinates of the moving person are represented by the
position and the angles of the Rucksack: x,y,,z,,y,0,¢. From x
to u we rotate about the yaw angle y, then about the pitch angle
0 and finally about the roll angle ¢ (similar to an aircraft).

The LEDs L,,..,L, have body fixed coordinates u=(xb, +b, 0T,
but measured values in x will not fit to a square. We introduce a
set of generalized coordinates q=(x, y,, Z,, ¢, 0, cos'¥, sin®)T.

Fig. 5 Coordinates of the Rucksack
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The angles ¢ and 6 are assumed to be small, but the yaw angle is
fully turning and represented by cosine and sine. By use of the
linearized rotation matrix B we get 4 sets of 3 equations. These
are reassembled to 12 /inear equations for 7 variables q:

x,—x,=B'uy, 5.1
Mq=m (5.2)

The measured values x; are stored in m=(xl,yl,zl,...,x4,y4,z4)T.
Then the Gauss transformation is applied and the resulting
system can be solved analytically:

4

X, =2.x,/4 (5.3)
i=1

®  =(z,—-z,+2,-2,)/(4b) 54

0 =(z,—2,+2,-2,)/(4b) (5.5)

cosy = (X, =X, +X, —X; + ¥, ~¥; +¥, ~¥,)/(8b) (5.6)

siny =(X; =X, +X, — X, +¥,~ ¥, + ¥, ~Y;)/(8b) (5.7)

The computed LED-square is shown on a screen in realtime.

6. FILTERING OF THE TRAJECTORY DATA

Sometimes one LED is shaded or several LEDs are invisible.
One missing LED can be complemented. This is called syntactic
filtering. Fig.6 shows that other manipulations on the data are
necessary to prepare them off line for sending to the robot.

The trajectory must be smooth, this is a semantic information.
Graph(B) shows linear bridging. Graph(C) shows lowpass filte-
ring by a 21-stage FIR-filter [19] and a nonlinear compression of
the working area.

Y-trajectory: four stages of filtering

+2000
mm
A: original
\ B: filed gaps
+1000¢ /7/\\\\ C: filt.+compr,
\ D: parabolic /
\]
/ interpal.
0
\
/ =
-1000f
-2000 . . . -
40 45 50 55 Time/s B0

Number of visible LEDs:

4
3 |
2
1
D n n -
40 45 50 55 Time/s B0
BQO Loudness: logarithm of AMS of audio—maono
bit F: stored
- WWMW‘/WMWWM
400 r G: actual
acn (AP M
EDD 1 1 1
40 45 50 55 Time/s B0
Fig.6 Several stages of digital filtering

For the application of teaching choreography there is a pragmatic
aspect too: the dancing motion contains points of rest at musical
climaxes, which must be reproduced during the playback by the
robot exactly at the same time, even though the machinery is
slower than the moving person. This problem is solved by
pragmatic filtering: Minima and maxima of the trajectory are
connected by parabolic interpolation, Graph(D). The ends are
parabolic and in the middle the slope is constant with the
maximal speed of the servoystem, which must be known. The
mean time delay of each servosystem is taken into account by
sending the data in advance.

Fig.6 (bottom) shows the speed control by correlation of stored
and actual loudness of the music, sampled by T=20ms. Depen-
ding on the correlation, stored data are either doubled or skipped.
Thus any speed variation of recorders is compensated.

CONCLUSIONS

The method of Teach-In of a Robot by Showing the Motion is not
very acccurate, mainly because of small elevation angles of the
two cameras. More cameras would be helpful.

In further applications the LEDs must be fixed on irregular
patterns on the moving object and the appropriate set of
generalized coordinates must be treated fully nonlinear.
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Tables

DIN Paper

DIN X/ mm y / mm Ratio Area / m?
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 AO

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— fo)M
xfE — xfA
ywE — ywA
w = ywa+(yf — yfA)—————
y ywa +(yf - yfA) VE_ViA
xt = xfA+(xw-— wa)M
XWE — xwA
yi = yiA+(yw— yWA)ny;yfA
ywE — ywA

Window to p-pixel
Xp = Xpm-Xw
yp = ypm-(1-yw)

Window to g-pixel

xgm=Xpm(XwE — xwA)

ygm=ygm(ywE - ywA)

“q = XW — XWA M
. XWE — xwA )
ywE — yw
= —————ygm
Y9 YWE — ywA Yq
Xq = (xw—xwA)xpm

yq = (ywE-yw)ypm
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Undistorted Frame to Window

xfE—xfA 4/3 XWE — xwA

yfE — yfA - ywE — ywA

XIE = xiA + (4/3) WEDWA e A
ywE — ywA

XWE = xwA + (3/4) M(wa — ywA)
yfE — yfA

Frame to Viewport and Viewport to Frame

xv = XxvA+(xf- fo)M
xfE — xfA

yvE — yvA

v = yva+(yf—yfA)————
y yva+(yf-y )ny_yfA

xt = xfA+(xv- va)M

XVE — xvA

yf = yfA + (yV - yvA)M
yVvE — yvA

Undistorted Frame to Viewport

xfE-xfA  xvE-xvA
yiE—yfA  yvE-—yvA
XVE — xvA

xfE = xfA+ ——(yfE — yfA
JVE VA(y yfA)

xVE=xvA+ M(va —yvA)
yfE — yfA
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General rotation matrices

[ 1 0 0
X5 = 0 cos(a) sin(o)
| 0 —sin(a) cos(a) |

[ cos(B) O —sin(B) |
Y21 = 0 1 0

| sin(B) O cos(B) |

[ cos(y) sin(y) 0 ]
Zyy = |-sin(y) cos(y) O
0 o 1 |

Camera rotation matrix

Cy = —cos(or)sin(y) cos(o)cos(y) sin(o)

cos(B)cos(y) —sin(a)sin(B)sin(y) cos(B)sin(y) + sin(a)sin(B)cos(y) —cos(a)sin(p)
sin(B)cos(y) + sin(a)cos(B) sin(y) sin(B)sin(y) — sin(a)cos(B)cos(y) cos(o)cos(P)

Camera rotation matrix with zero roll angle

! cos(y) sin(y) 0 ]
D, = | —cos(a)sin(y) cos(a)cos(y) sin(a)
sin(a)sin(y) —sin(o)cos(y) cos(o)

Tilted image plane rotation matrix

cos(e) cos(d)sin(e) sin(d)sin(e)
Ty = [ —sin(e) cos(d)cos(e) sin(d)cos(g) ]
0 —sin(d) cos(0)

Aircraft rotation matrix

! cos(8)cos(y) cos(8)sin(y) —sin(6) ]
A, = | —cos(0)sin(y)+ sin(d)sin(®)cos(y)  cos(d)cos(y) + sin(d)sin(B)sin(y)  sin(o)cos(6)
sin(¢)sin(y) + cos(d)sin(B)cos(y) —sin(dp)cos(w) + cos(d)sin(B)sin(y) cos(d)cos(6)

Gyro rotation matrix

cos(B) sin(y) cos(a)cos(y)— sin(o)sin(B)sin(y) sin(o)cos(y) +cos(a)sin(B)sin(y)

cos(B)cos(y) cos(a) sin(y) + sin(a)sin(B)cos(y) sin(o)sin(y) —cos(o)sin(B)cos(y)
Gy =
" sin(B) —sin(a) cos(P) cos(cot)cos(B)
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Mapping on tilted image plane

r/cos(e)
1—(r/d)tan(e)/ cos(d) + (t/ d)tan(d)

3 t/cos(d) —rtan(e)tan(d)
~ 1—(r/d)tan(e)/ cos(8) + (t/d)tan(d)

Perspective mapping

¢ _ o +a'x
1+¢'x
n _ bo+b'x
1+c'x

a'x;+0"x,—fic'x;+ap+0 =f
OTXi +bTXi —hicTXi +O+b0 = hi
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Raster Tester
Placeholder

Raster Tester 30 - 140 Lpi

RasterTester / G.Hoffmann / May 18 2003
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Raster Tester
Placeholder

Raster Tester 110 - 220 Lpi

RasterTester / G.Hoffmann / May 18 2003

\ L
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