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Chapter 1

Introduction

1.1 What is IDEA?

IDEA (Interferometrical Data Evaluation Algorithms) is a software developed for
evaluation of phase information from interferograms. It is a compendium of pro-
grams that have been developed and used at the Graz University of Technology since
the 1980’s, covering phase-stepping and Fourier domain evaluation as well as algo-
rithms for phase determination from Speckle interferograms and digital holograms.
The resulting modulo-27 data can be unwrapped by scanning methods, branchcut
or by a cosine transform technique. To integral data, Abel- and tomographic algo-
rithms for the reconstruction of refractive index fields can be applied. The software
works with 8 bit Bitmaps, ASCII-data, and binary data in double format. Interfero-
gram simulation, image filtering, as well as data field manipulation and pseudo-colour
visualization are included as tools. Any two dimensional data can be manipulated
in various ways like adding and multiplying constants, averaging, subtracting two
fields or tilting the field. Results can be visualized by using one of several 256-colour
palettes. Finally, all the functions mentioned above can automatically be applied to
a user defined collection of data files; hence the program provides a powerful tool to
deal with large number of acquired images or data.

The development of IDEA was funded by the Austrian Government within the frame-
work of an awarded grant covering activities on optical metrology in mechanical en-
gineering (FWF-457).

1.2 Table of Features

e Main Software Features

Phase-Shifting Algorithms (Carre, 3-, 4-, 5- and 7- Step Methods)
2D-Fast Fourier Transformation (2D-FFT)

— Spatial Phase Shifting and methods for Speckle interferometry with phase
shifting in reference state only

Reconstruction algorithms for digital holograms

Phase-Unwrapping by Scanning Methods, Branchcut or Fast Cosine Trans-
formation

— Abel-Inversion by f-Interpolation, Fourier Synthesis, or Backus-Gilbert
Technique

— Tomographical Reconstruction by Convolution or Algebraic Reconstruc-
tion Technique

e Additional Features:
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Multiple File Manipulation (Batch Operation)

Animation

Interactive Pseudo-Colour Viewing
— 2D-Data Field and Image Manipulation
— Spatial Filtering

— Interferogram Simulation

1.3 Requirements

IDEA is a single-file program, using only the executable idea.exe, though pref-
erences can be saved and are then loaded from this file at startup. No reg-
istry entries are made. For Windows Systems, the only requirement is the file
CTL3D32.DLL in the System directory. If the appropriate version of this file was
not provided by your Windows 95/98/NT installation, you can download it e.g. at
http:/ /www. chiropteraphilia.com/ ctl3d /index.html. This problem is common to many
applications, so searching the web brings up a lot of helpful links.

The minimal requirements for IDEA are:

e Pentium Processor or CPU with comparable power

e 32MB of RAM

e Graphic Card providing resolution 1024x768 at High Colour
e Windows 95/98, NT, 2000, XP, X Window System X11R6.

e CTL3D32.DLL version 2.31.000 in Windows System Directory.

At lower resolutions than 1024x768 some help text in the status bar and the icon
bar may appear truncated, which does not further restrict functionality. At colour
depths smaller than 16 bit (High Colour) the 256-colour Bitmaps may not be displayed
properly. The RAM requirement results mainly from the 2D Fourier transform. Lower
amounts of RAM result in time consuming swapping. Version 1.0 of the software was
developed and tested mainly on Pentium 200 and 133 with 64MB RAM, so this
should be a good reference when data fields and images are smaller than 1024x1024.
Version 1.5has been developed and tested with a Pentium III 750, equipped with
512MB RAM. With the eliminated size restriction, however, the system running with
Windows 2000 occasionally capitulated to phase evaluations of images with a size of
4096x4096 and larger. Taking into account the amount of memory occupied for such
operations, this problem can be assumed to be attributed to limited system resources,
e.g. the management thereof, and not to IDEA.

The required system power therefore depends on the typical image- and data field size
used with IDEA. On basis of dimensions up to 2048x2048, the recommended system
is something like:

e Pentium IIT 500 or CPU with comparable power
e 256MB of RAM

e 32MB Graphic Card, resolution 1280x1024 True Colour



1.4. BACKGROUND OF DEVELOPMENT

1.4 Background of Development

When starting, our first thoughts concentrated on Windows 95 and Windows NT
as the most useful platforms due to their wide spread, but unable to ignore the
advantages of UNIX we decided to use a multi platform C++ class library providing
Graphical User Interface (GUI) and other facilities. We chose wxWindows 1.68e,
a free portable C++ GUI toolkit by Julian Smart from the Artificial Intelligence
Applications Institute, University of Edinburgh (http://www.wxwindows.org). This
public domain class library allowed us to get both Windows 95/NT and X Window
executables with minor differences in program code and appearance of the interface.
Nevertheless, this manual is referred mainly to the Windows 95/NT version, as we
assume this to be the more used one.

The core of most algorithms was overtaken from DOS-software developed by several
former members of the Institute for Experimental Physics. Harald Philip initialized
the use of the Fourier Techniques, later expanded to two dimensions by Georg Pret-
zler, and focused on Tomographical Reconstructions during his thesis. Georg Pretzler
also investigated the Abel inversion very carefully and developed an own method. The
algorithms used in IDEA are based on his code, including all techniques recommended
by his work. The Phase Shifting was first used by Walter Fliesser, and his experience
influenced the implementation of this technique. To compile all this work and knowl-
edge was the main task of the software project. The algorithms were revised, as far as
possible improved and submerged into a new environment by the author. Peter Reit-
erer embedded the result into a well contrived graphical user interface and self-written
class library. All our work was thoroughly supervised by Dr. Jakob Woisetschlager,
who kept us busy with his clear view for practical needs of an scientist working with
interferometry.

We used the Borland C++ 5.0 Compiler for Windows 95/NT /2000 and the Gnu C-
Compiler 2.7.2.3 for X Window under Linux. The code includes more than 78000
lines within 226 files, written and tested within 2500 working hours.

1.4.1 About the Manual

Chapter 2 of this manual presents conventions and definitions we use with IDEA,
including terms, file formats an some elements of the Graphical User Interface. For
understanding the principles of data handling in IDEA, it is essential for the user to
read this very carefully, especially the section explaining the terms.

Chapter 3 deals with all menu entries of IDEA in the same structure as in the soft-
ware’s menu bar. The functionality of all items is explained, sometimes with short
mathematical background. For further information, references to literature are in-
cluded. Screen shots of dialog windows help to familiarize with the software.

For some main menu entries covering more complex features, a short overview is given
before each of the subordinated items are explained in detail.

Casually, references to other menu entries are not made by the number of the cor-
responding section in the manual, but directly by the name of this entry in IDEA’s
menu. It is then typed in italic fonts, with submenus separated by a textbar (’|’).

If a button is used in IDEA for shortcuts to a menu entry, it is shown at the left
margin aside the menu name.

In chapter 4, some evaluation procedures are worked out as a kind of tutorial for the
user.

1.5 What’s new in Version 1.5

1.5.1 New features

e Image- and Data Field windows now have scrollbars, which eliminates system
specific size restrictions related to the screen size. As a consequence, graph
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WHAT’S NEW IN VERSION 1.5

windows for 1-dimensional data can also be scrolled. However, pictures in a
slide show are kept in full-size mode.

A number of points can now be selected by a new draw feature (and by the
new polygon draw mode of course), and x,y and z values can be viewed and
saved in Info |Data at (Selected) Point(s), or even edited in Edit |Edit Data
at Selected Point(s). The main reason to add this, however, was to enable
unwrapping procedures to start from points in regions isolated from each other.

The ability to draw polygons has been added, therefore there is the new fea-
ture Mask | Mask Polygon

There is now the feature to make a ’One-Step’ phase unwrapping, subsuming
the scan for the 27 jumps and the unwrap itself.

The famous branchcut phase unwrapping has been added, utilizing nearest
neighbour and minimum cost matching algorithms to minimize the overall
branchcut lengths.

To test the quality of modulo 2w Data, the number of residues (inconsistences
where scanning unwrapping algorithms are likely to fail) can be determined
in Info | Number of Residues

There is now an additional method to remove a linear phase shift, e.g. phase
plane, from unwrapped phase data. The plane to subtract can be determined
by planar regression of masked data, which reduces error influences from noise.

For ASCII export, one can choose now between tabulator and space as delimiter
in File | Preferences.

The ASCII output for invalid values (so far +NAN) can now be substituted by
a user-definable string in File |Preferences.

The treatment of invalid data in the filtering process can now be defined for 2D
Data fields.

Two filter routines for modulo 27 phase data have been added, both preserving
the ’sawtooth’ edges.

In Edit |2D Data |Substitute Invalid Values, the possibilities to replace invalid
data by neighbourhood mean or median have been added.

It is now possible to extract both interlaced fields from an Image.
Image data can be squared.

When applying FEdit |1D Data |Rescale, invalid values are now substituted by
the spline routine. This way, be setting the scale factor to 1, one can interpolate
missing data.

To remove linear tilt from 1D Data, one can choose now to fit a line through
data outside of the border lines.

The feature File-Pool |Subtract Every ith File has been added. The files in a
File Pool can be divided in subgroups of definable size, and first or last file in
such a subgroup is subtracted from the other files.

The counter of the files in File-Pool can be changed by adding a constant num-
ber.
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e Three methods to determine phase data for phase-stepping speckle pattern in-
terferometry have been included, which either require interferograms with sub-
traction fringes, or just one interferogram with altered object phase and four
phase shifted speckle pattern interferograms of the reference state of the object
(Phase Shift |Speckle ...).

e Spatial Phase Shifting algorithms for pixel-to-pixel phase differences of 120° and
90° have been included (Phase Shift |Spatial Phase Shifting ...).

e In the new version not only real- and imaginary part and amplitude can be
extracted from Fourier space, but also phase (2D-FFT |Show Phase ...)..

1.5.2 Amendments

e Subtraction of modulo 27 data fields resulted in a wrong sign. This has been
corrected.

e Adding a constant value to modulo 27 data fields includes re-mapping again to
the interval [—m, +7].

1.5.3 Known Issues

IDEA is widely, though not excessively tested. The latest operating system for devel-
opment of the software has been Windows 2000, alternatively it has also been tested
with Windows 98 and Windows XP. Some problems have been noticed, which could
not be solved:

e At one Windows 98 system it has been observed that the startpoint of a line
and the corners of a polygon are not erased when a new drawing is started. This
did not occur at other PCs with the same operating system.

e On laptops, the fonts in dialogs might appear too small.

e Rarely, visualization of images or data fields are not actualized correctly and
appear white. With View |Refresh, the white picture can be repainted, but win-
dows with this fault tend to inherit it to subsequently calculated data windows.



Chapter 2

Conventions and Definitions

Before we started to implement specific algorithms and procedures for processing
input data, we had to spend much brain work about organization and logistics of
all the data we would use for input and the data we would produce. The result of
these reflections are presented in this chapter. To understand the partially arbitrary
defined specific terms and the structure of data handling is essential for an effective
use of IDEA.

2.1 Definitions of IDEA-Specific Terms

As mentioned above, we are restricted to 256 colour pictures for all data visualizations.
To distinguish the data from the visualization itself, we defined specific terms. The
following specification shall give you an explanation of these terms, as this is the key
to understand this manual and the menu entries of IDEA.

2.1.1 Palette

A Palette contains information of all 256 colours used for a visualization. It can also
be designated as a Look Up Table. In our case the information of one colour is given
by its red, green and blue portion (RGB-Code), each of it with a depth of 8 Bits. Each
pixel value refers to one of these Codes by giving the 8-bit ‘address’ (offset) within
the palette. IDEA provides several pre-defined palettes which can be applied to any
visualization. In these palettes, the 256th RGB-entry is reserved for the individual
mask colour (see below), whereas entry 255 is used for invalid values (see Sec. 2.3).
Entries 252 and 253 are used to show under- and overflow after remapping (also
explained below).

2.1.2 Picture

Following our definition, a picture is the visualization of any 2D-Data and Images.
The data itself is held in the background and is not affected by changing visualization
parameters. If you are interested not in the data itself, but in its visualization, you
can convert the data to a stand alone picture and save it as a uncompressed Windows
bitmap (*.bmp) with 256 colours. This picture cannot be distinguished from the
visual data representation. The essential difference is that there is no data in the
background anymore. Therefore, opening such a picture provides no usable data for
processing, unless it is converted to an Image (see below).

2.1.3 Image

In the context of IDEA, an Image is two dimensionally arranged data with a depth
of 8 Bits. Such an Image is by default represented by a gray scale Picture. Its
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palette consists of 252 gray scales from black (RGB 0 0 0) to white (RGB 255 255
255). Therefore, not all available gray levels are used, but this cannot be seen by the
human eye. Be aware that the Picture serves only as a visualization of the Image data
to be processed and to be saved. The remaining four palette entries are used for the
mask, underflow and overflow (see below). The visualization of the eight Bit data is
done line by line from top to bottom. If a bitmap is opened, its palette is checked for
non-gray entries. If such an entry is found, the bitmap is not accepted as an Image
and an error massage occurs. If not, the gray scale information is retrieved and then
visualized by a gray-scaled picture palette.

2.1.4 2D Data or Data Field

A Data Field is a two dimensionally arranged data in double precision format vi-
sualized by a picture. The 252 colour nuances correspond to the same number of
intervals between maximum and minimum of the Data Field. As by Images, the data
is visualized line by line from top to bottom.

2.1.5 Mask

The user can interactively mark data within Images or Data Fields. This can be
done by paint brushing using a mask colour, or by special algorithms masking certain
data values. Since masking is restricted to the visualization level, original data are not
harmed. The mask can be saved separately (see Sec. 2.2.8, Sec. 3.11.2 and Sec. 3.11.3).
In each palette, the 256th entry of the palette (offset 255) is reserved for the mask
colour.

2.1.6 Mapping

When an Image is opened, the data range from 0 to 255 refers to palette entries 0
to 251. So, for a Data Field the range between minimum value and maximum value
is divided into 252 intervals, each represented by one colour. ’Mapping’ is a term we
use for redefining the data range, for which the 252 palette entries are used. Values,
which are beyond the defined data range get the colour for overflow (offset 253), those
below are marked with the colour for underflow (offset 252). The modulo 27 data
is handled a little bit different. For visualization, values higher than 7 are always
regarded as overflow, values lower than —7 as underflow.

2.2 File Types and Formats

The various implemented algorithms require input data of different types or origin.
For instance, the phase unwrapping methods are restricted to modulo 27 phase data.
The results of calculations must also be distinguished. To keep to the previous exam-
ple, the result of phase unwrapping can only be phase data, whereas tomographically
reconstructed data may be of any type (e.g intensity).

To prevent any confusion, we decided to do a strict differentiation of all data types.
This allowed us to organize availability of menu entries in IDEA. Only those menu
entries are available, which can be applied to the data represented by the currently
active window. The others are grayed out. We hope you agree that the ease to obtain
a general view makes up for the somewhat pedantic differentiations. For those who
feel uncomfortable by these restrictions, IDEA allows to change the internal data type
(see Sec. 3.1.6 to Sec. 3.1.9) on one’s own responsibility.

2.2.1 File Type Classes

The various file types (or data types, respectively) can be separated into six classes.
You can find this classification also in the standard file selector dialog, where in the
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box entitled ’File Types’ you can select from different types distinguished by their
extensions. In the case of IDEA, you do actually not select a file type, but a class of
file types. These classes usually comprise files with different extensions. Here they
are listed up again, together with other unique file types which cannot be loaded or
saved with the standard file selector:

e Image: Two dimensional 8 bit data (binary or ASCII) regarded as gray scale
values. See Sec. 2.1.3 for further description.

e 2D-Data: Any two-dimensional data in double precision format, binary or
ASCII. See Sec. 2.1.4

e 1D-Data: Any one-dimensional data in double precision format, binary or

ASCIL

e Tomographic Input: File containing all input data for tomographic recon-
struction. For detailed file structure see Tab. 2.2.

e File Pool: Collection of file names for collective processing.

e Graphic Format (Picture): Colour picture in standardized format. For our
interpretation of the term ’picture’ within the context of IDEA see Sec. 2.1.2.

e Filter File: 2D Filter kernel data. Can only be saved and loaded in Filtering
| User Kernel.

e Mask File: Contains location of masked pixels. Saving is only possible in
menu Mask |Save Mask, loading only in Mask |Add Mask File.

e Colour Palette File: RGB-Values for customized palette (ASCII). Loading is
possible only in Edit | Change Palette

e Angles: Contains angles of projections for tomographic reconstruction. Load-
ing and Saving is only possible in Tomography |Edit Projection Angles

2.2.2 File Format Conventions

By default, IDEA saves data in the byte order used by the detected machine type
(result of detection shown at top of Protocol window). As most computers, PCs use
the little endian byte order, with the least significant byte of a word first. Avoid
porting data saved with such machines to big endian systems, which use reverse byte
order, and vice versa. It is clear that all data would be completely wrong interpreted.
To allow data exchange between different machine types, we provide a conversion
between little and big endian order. Refer to Sec. 3.1.11 for details.

The identification of most supported file formats is made by the first two bytes of
the opened file. We call these two bytes Identification Code (ID). It overrides the file
extension and is the same for data in binary and ASCII-format. In Tab. 2.3 the ID
is given for all file types.

2.2.3 Internal Format of Plain Image, 2D and 1D-Data

For Images, 2D-Data and 1D-Data we defined a most simple internal format. The
header of these classes consists of the ID and a information about the size of the
saved data field or data vector. For Images and 2D-Data the size information is given
by both width and height of the field. Here width is the number of data per line,
and height is the number of lines. The data is assumed to be stored line after line,
and this is also true for the visualization. Lines are shown from top to bottom in
the same order as they are read from file. The Frequency File is excepted from this
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simple concept. It includes complex spatial frequency data in the so called packed
order. See Sec. 2.2.4 for more information. For 1D-Data the size information consists
only of the number of data within the vector to read in. In all cases, data beyond the
given size is ignored. If less data is included than size parameters suggest, an error
message occurs and the file cannot be loaded.

The ID and size parameters are always in ASCII format, even for binary files, to avoid
possible allocation faults if the file should be opened at machines with wrong byte
order. The common header line structure for 2D-Data and Images is:

ID [width] [height] [format string for ASCII-files][new line]
For 1D data it is even more simple:
ID [number of elements] [format string] [new line]

Identification Code and size parameter(s) must be followed by a format string for
ASCII-files (see Sec. 2.2.12) in the same line. The data itself, whether ASCII or
binary, starts after a line feed. For example, the header of a phase field modulo 27
with 256 rows, each row consisting of 512 data elements, is "M2 512 256 %.6g’.
Apart from that internal formats, we support three external formats for saving and
loading Images. See Sec. 2.2.11 for further information.

2.2.4 Internal Format of Frequency File

The Frequency File contains the complex amplitudes of the spatial frequencies of
an Image or 2D-Data field. The rather complicated structure of the data is due to
efficient coding of the Fourier transform for optimization of speed and minimization of
memory requirements. The resulting 'Packed Order’ of the data is standard and well
documented, e.g in [36]. Its structure is shown in Tab. 2.1. For ID, refer to Tab. 2.3.
The data for the horizontal Nyquist frequencies is delivered separately in a vector by
the algorithm. This data is splitted into parts of the same length as one line. Usually,
the last part has to be filled up to length of line with zeros. These additional lines
are appended to the packed field.

2.2.5 Internal Format of Tomographic Input File

This file type includes the one dimensional integral data of the different directions,
from which the reconstruction is calculated, and the corresponding angles of these
projections. See Tab. 2.2 for the structure of this file type and Tab. 2.3 for ID.

2.2.6 Internal Format of Filter File

This file type, which includes all data for a filter kernel, is completely in ASCII format
with following structure:

FL Width Height Multiplier Divisor [new line| Data

The common file-ID 'FL’ is followed by the dimensions 'width’ and ’height’ of the
kernel, which have to be both odd. "Multiplier’ and ’'Divisor’ define the constants D
and M in (Eq. (3.1)) used to normalize the results of convolution. They are followed
by the kernel elements in the next line, which are given row by row.

2.2.7 Internal Format of Colour Palette File

It is possible to import a custom Colour Palette to IDEA. Such a file has no header
line and consists of the RGB values line by line in ASCII format, each value smaller
than 256 and separated by a blank or comma from its neighbour. For example, to
import the gray scale palette, the file to load must have one of the following structures:

0 0 0 [new line] 1 1 1 [new line] . .. 255 255 255 or
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Table 2.1: Format of Frequency File;
Coordinates are given by the spatial frequencies fz in horizontal direction and fy in vertical
direction. The according number of periods in a Field of N, pixels per row and Ny, rows are also
shown. Indices min and max mean minimum and maximum of frequencies, with Nyquist frequencies
(nyq) regarded separately. Negative horizontal frequencies are the complex conjugate to the related

positive frequencies and are therefore redundant.

For negative vertical frequencies, indices amax

and amin denote frequencies with maximum or minimum absolute value. The second part of the
table gives the vector with horizontal Nyquist frequencies, which are added as additional rows (last
row completed by filling up with zeros, if necessary). The complex amplitude is saved with its Real
(Re) and Imaginary (Im) parts, both in binary double precision format (8 bytes).

Frequency fxg fx;;in fxih o
Periods 0 1 % -1
fyg 0 Re: Im | Re: Im Re : Im
fyjnin 1 Re : Im
Ny
fy$ax Tj -1
Ny
fyr%yq 2‘/
_ Ny
fyamax TJ -1
1Y min 1 Re : Im
+
Frequency fyd fyl. fymax | fiyq | fYamax £y in
. Ny Ny N,
Periods 0 1 T/ -1 T’ TJ -1 1
H fxrjfyq ‘ % HRe:Im‘Re:Im‘ ‘ ‘ ‘...‘Re ImH

Table 2.2: Format of Tomographic Input File;
The effective length is the length of the shortest projection included and is used by the reconstruction
algorithms. From longer distributions, data out of range at the sides is ignored (center is always

fixed).
Location/Repeats | Data Format

1. line Identification Code ASCII
Effective length of projections
Number of Projections (n)

2. line Comment (max. 1024 byte read) ASCII

n lines Relative pathname of source projection file ASCII

n times Projection angle [new line| ASCII
Length of projection [new line] ASCII

Projection Data

binary
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0,0,0 [new line] 1,1,1 [new line] . . . 255,255,255

2.2.8 Internal Format of Mask File

Completely in binary format, this file type includes information about the location
of masked pixels (or data, respectively) of a master picture. To save disk space, we
decided to set one mask-bit for every pixel of the master picture. If the pixel is
masked, the bit is set to 1, else to 0. The bits are packed together in groups of eight
to form bytes, which is the data format used to save a mask. For saving, the master
picture is scanned row by row for mask colour, setting the bits in the corresponding
bytes. At the end of the file, some lower significant bits in the last byte are not set if
the number of pixels in the master picture cannot be divided by eight. This surplus
on bits keeps its initial values of zero, which has no effect since they are never referred
to.

The masked data is internally treated as a vector, so the size parameter has to rep-
resent the length in bytes. The size check made before adding a mask to a picture is
therefore limited. For instance, the mask of a 256 x 512 Image fits well on an Image
with size of 1024 x 128. No error message would appear in this case.

2.2.9 Internal Format of File Pool File

The File Pool is in principle a collection of file names. All data is in ASCII Format
and in the following order:

PO pathstyle [new line| paths (separated by line feeds)

The common file-ID "PQO’ is followed by the pathstyle-parameter which can be either
'relative’ or absolute’. A relative pathstyle means that the filenames are given relative
to the location of the File Pool. In case of the ’absolute’ style the full paths are
required. The character for the folder separator can be either a backslash ’\’ or a
slash ’/’. Both are accepted and converted to the appropriate style of the operating
system in use.

2.2.10 Internal Format of Projection Angle File

This file contains raw ASCII-data without header and ID. The projection angles must
be separated by a line separator or by an empty space.

2.2.11 External Graphic Formats

In addition to the self-defined plain file formats we support three external formats:
Bitmap (*.bmp), X Pixmap (*.xpm) and the not so common IMAGING TECHNOLOGY
ITEX format (*.pic, not to be confused with the better known PC Paint and Lotus
PIC format with same extension). The ITEX format has true eight bit binary pixel
data giving directly the gray scales. It differs from our own Image format (*.img) only
by its longer header (offset to image data 64 byte, offset to width 4 bytes, offset to
height 6 bytes). On the contrary, the Bitmaps include a palette of 256 RGB-encoded
colours (see Sec. 2.1.1). For the format of Bitmap, see [29]. The X Pixmap has an
unlimited colour palette and must be converted to an IDEA-picture for further use.
A detailed description of the X Pixmap format may be found in [20].

When opening a file with one of these formats, the palette is checked. If all entries are
gray-scales and are not more than 256, the file is automatically identified and opened
as an Image. Otherwise, if at least one entry is not gray-scale, the file is identified as
a Picture (see Sec. 2.1.2).
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2.2.12 Saving ASCII data

Any of the internal data can be saved in ASCII format. Especially for 2D-Data, a
decision must be made about the number of relevant digits. To offer the user as much
flexibility as possible, IDEA accepts format strings equal to those used for all printf()-
commands of ANSI C (a detailed description of this format string can be found in
various C/C++ references, e.g. in [23]). For example, to get float data with 6 relevant
digits, write *%.6g’, which is the default string. For scientific notation and 8 digits,
you have to enter '%.8E’. These are simple examples, but the format string of C offers
you much more possibilities like adding signs, preceding zeros, forcing decimal etc.
But be aware that the format string is not checked by IDEA. Incorrect inputs will
likely result in corrupted ASCII-entries!

2.3 Handling of floating point exceptions

Depending on the settings made by the operating system, the floating point unit
(FPU) raises exceptions for specific operations according to IEEE-floating point spec-
ification. For instance, Windows95/NT initializes the FPU to raise an exception for
division zero by zero, which terminates the running program, although the result of
this operation is a specific encoded symbol *NaN’ (not a number). To override such
settings, IDEA re-programs the FPU at startup to be less rigid. In fact, all exceptions
are deactivated. Results of mathematically non-defined values are represented by the
already mentioned symbol NaN, results of infinity (e.g. 1/0) are referred to as ’+Inf’
or ’-Inf’.

With the FPU-settings used for IDEA (other software in use is not concerned), it is
possible to perform any operation on data including NaNs and Infs. The results are
well defined and of course again non-values.

When data including such non-values is saved in ASCII-format, the symbols are writ-
ten as +NAN, -NAN, +INF or -INF (if sign is printed depends on compiler used for
actual version of IDEA). In binary data, they are encoded in IEEE-standard binary
format.

Exchanging such data with other software could lead to serious problems. Therefore
we implemented routines to substitute the symbols by (valid) user defined values
(Edit |2D-Data |Substitute Invalid Values).

Not all algorithms, especially those for reconstruction, are able to tread invalid values
which may lead to corrupted results if they are applied to Data Fields containing
NANs or INFS. Such data need to be ‘cleaned’. For 2D-Data Fields, this can be
achieved for example by substituting invalid values and subsequent filtering.

To show the location of non-values in data window, we use a reserved colour with
offset 254 (entry number 255) in the palette of the representing picture. It is similar
to the mask colour, but with reduced luminance.

2.4 Input Macros and Operators

In all text boxes for values input, macros can be used (see Tab. 2.4). Be aware that
use of ‘min’ and ‘max’ are restricted to dialogs which are directly connected to Images,
2D- or 1D-Data fields.

Additionally, for all value inputs the operators for division (‘/’) and multiplication
(‘“*’) can be used. Macros and operators can be used simultaneously. For the macro
‘pi’, a preceding factor without an operator is treated as if multiplication would be in
parenthesis (e.g. 1/2pi = 1/(27), whereas 1/2%pi = 1/2 - ).
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Table 2.3: File Types of IDEA;

Extension is the default file extension, ID is Identification Code in the file header, Class is the
Format Class defined in IDEA (see list in Sec. 2.2.1).

Extension ID
Description Class
binary | ASCII | binary | ASCII

Image - Plain 8-bit Image Data (internal img .dat ig 1G Image
format)
Bitmap - Standard Windows Graphics For- .bmp - BM - Image/Picture
mat
Pixmap - Standard X Window Graphics - .Xpm - /* Image/Picture
Format
Format of Imaging Techn. ITEX software .pic - M - Image
Interferometrical Phase Data .pha .dat ph PH 2D-Data
Interferometrical Phase Data modulo 27 .m2p .dat m2 M2 2D-Data
Frequency Data - Complex Result from Arq .dat fr FR 2D-Data
2D-Fast Fourier Transform
Data reconstructed by Tomographical Al- .tor .dat tr TR 2D-Data
gorithm
Projection - 1D integral data used together .pjn .dat Pj PJ 1D-Data
with other projections to perform tomo-
graphical reconstruction
1D integral data to be Abel-inverted .abl .dat ab AB 1D-Data
Abel-reconstruction - 1D data recon- .abr .dat ar AR 1D-Data
structed by Abel-Inversion
Tomographic Input - File containing all .tom - to - Tom. Input
data necessary for tomographical recon-
struction
File Pool - Collection of filenames to per- - fpl - PO File Pool
form collective processions
Image in raw ASCII format without header .bim .aim - - Image
(export only)
1D-Data in raw data format without .bld .ald - - 1D-Data
header (export only)
2D-Data in raw data format without .b2d .a2d - - 2D-Data
header (export only)
General 1D-Data .bin - 1D - 1D-Data
General 2D-Data .bin - 2D - 2D-Data
File containing data for user defined filter - At - FL Filter File
kernels
Mask File - contains info about location of .msk - ms - Mask File
masked data
Colour Palette File - list of RGB values - .pal - - -
(input only)
Multiline Window - Collection of 1D-Data - .asc - - -
distributions (export only)
Angles - Projection Angles - .asc - - -
Preferences - .cfg - - -
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Table 2.4: Input Macros;
In dialogs of IDEA, macros can be defined in text boxes instead of values. The input is scanned
non-case sensitive for these macros.

Macro | Interpretation
nan ‘Not a number’ (see Sec. 2.3)
invalid Same as nan
~+inf ‘positive Infinity’ (see Sec. 2.3)
-inf ‘negative Infinity’ (see Sec. 2.3)
min Minimum of related Image, 2D- or 1D-Data
max Maximum of related Image, 2D- or 1D-Data
pi Constant 7
-pi Constant —m

2.5 The Graphical User Interface of IDEA

If Windows 95/98/NT is used, all opened or created data fields are visualized in child
windows managed by IDEA’s main window. You have always access to the Menu Bar
on the top of the main window, where all entries are grayed out which are not allowed
for active child window data.

X Window does not allow this hierarchy. Each child window has to have its own
Menu bar with allowed entries.

The Status Bar at the bottom of the Main Window (or Child Window, in case you use
the X Window Version) is designed to give the user as much information as possible
about the active window and the current interaction. In addition, we added an
automatically updating protocol window to help you keeping track of your evaluation
steps. Both elements are described in this chapter.

The basic kind of interaction with data windows is the selection of specific data. We
provide the possibility to select areas, investigate pixel data, extract line data and
even to paint within a picture without destroying the pixel information behind the
colour (see mask, Sec. 2.1.5). You will find further information about these features
in this chapter.

2.5.1 Data Selection in Active Window
Paint Mask

To mark Image data or 2D-data, for example to exclude it from calculations or to
set it to specific data, use the right mouse button, hold it down and draw within the
window. At every detected position of the mouse pointer a square or circle is drawn
in mask colour. Size and shape of these mask elements depend on the actual settings
of mask pen width and mask pen style. The data represented by the active picture is
not affected by the mask, which can be saved in an own mask file.

E Draw Line

After switching to Line Draw Mode (global switch, see Sec. 3.3.10), one can select the
data behind pixels on a line, which can be drawn into the active Image or 2D-data
window. To do that, choose a starting point, press the left mouse button to start
drawing and move on to the desired endpoint. By pressing the left mouse button
again, you select the end point of your line. If CTRL key is held after starting the
line, drawing is restricted to vertical and horizontal lines. Refer to Status Bar (see
Sec. 2.5.2) for feedback about coordinates.

The position of line pixels are calculated from starting point and endpoint coordi-
nates using the Bresenham algorithm [12]. Be aware that data is NOT automatically
arranged from left to right, but in the direction in which the line was drawn!
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Draw Rectangle

For choosing an area within a picture, one has to switch to Rectangle Draw Mode
(global switch, see Sec. 3.3.11). The selection can be done in the same way as you
would draw a diagonal line in Line Draw Mode. The selected area includes the drawn
border lines. As modification keys, the CTRL key allows to draw squares and the
SHIFT key allows only rectangles of size 2% x 2° (‘a and b positive natural numbers).
Hold down these keys after setting the start point. Refer to Status Bar (see Sec. 2.5.2)
for feedback about coordinates.

Draw Crosshairs

In Crosshairs mode (global switch, see Sec. 3.3.12), the pixel at the intersection of a
vertical and horizontal line crossing the whole picture is selected by left mouse click.
The crosshairs can be moved by holding down the left mouse button. To select current
pixel, release mouse button. As for other draw modes, coordinates are simultaneously
presented in the status bar.

Draw Polygon

In Polygon mode (global switch, see Sec. 3.3.13), a left mouse click selects a corner
pixel of a polygon. The last selection can be cancelled by pressing the right mouse
button. When all corners have been selected, quit the process by a left button double
click into the 2D Data field or Image. At the position of the double click, the x-shaped
start pixel for the mask fill is set, which is the last entry in the related coordinate list.
Take this into account when drawing polygons by values (see Sec. 3.3.15). The start
pixel can be reset independently from the drawn polygon by pressing the left mouse
button when the Control key (Ctrl) is held. The new position of the start pixel is
then set at the mouse cursor position. A mask filled into the polygon does not cover
the polygon border lines.

Select Multiple Points

In this draw mode (global switch, see Sec. 3.3.14), a left mouse click selects a pixel
by marking it with a 'x’. The whole selection can be reset by pressing the left mouse
button when the Control key (Ctrl) is held. The first point of the new selection is
then set at the position of the mouse pointer. Note that the left mouse click function
overrides the draw mask function. Therefore, when a mask should be drawn in the
Image or 2D Data field, one has first to change the draw mode. There is another
distinctness of this draw mode: When copying a multi-point selection into a window
(see Sec. 3.3.16), then the actual point selection is not overwritten, but expanded by
the points in the other window.

Select Borders and Center of 1D-Data

For Tomography and Abel Inversion, borders and position of center must be defined
within a graph showing integral data. The borders are represented by blue vertical
lines through the graph, initially located at the left and right side of the graph. These
lines can be positioned either by mouse action or by typing coordinates into text fields.
For integral 1D-Data mentioned above, you can move the blue border lines with
mouse. If you point the mouse cursor to such a line, it changes its shape to a horizontal
arrow. By pressing and holding down the left mouse button, the borderlines can be
moved within the graph, keeping symmetrical position relative to the center line.
For Abel 1D-Data, holding down the right mouse button ’unlocks’ the borderlines
from the center and each of it can be shifted independently.

Likewise, the red center line can be moved with the mouse. The left mouse button
shifts the center together with the border lines. Again, Abel 1D-Data uses also
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Figure 2.1: Basic structure of Status Bar;
1 Menu Section, 2 Coordinate Section, 3 Draw Mode Section, 4 Mouse Pointer Section.

the right mouse button, which allows to move the centerline only. There are some
restrictions of movements:

e The centerline can only be moved between the border lines.

e Center- and borderlines together can only be moved until one border line reaches
the border of graph.

e If border lines are moved simultaneously (left button), but are asymmetrical to
the center, the opposite border jumps to symmetrical position when you click
on a border line. In case this position is not valid, mouse move has no effect
until the opposite border is in range of the graph.

To position a line at a certain coordinate, write the coordinate into one of three text
fields at the bottom of the window, marked with 'L’ for left border, ’C’ for center and
'R’ for right border. Confirm your input by pressing ENTER key. This shows the
line at the specified location.

Contrary to integral 1D-Data for tomography and Abel inversion, simple line graphs
have only a center line. There is no possibility to define its location by typing the
coordinate, but it can be moved by mouse in the same way as described above.

2.5.2 The Status Bar

The Status Bar of the main window (or active window in X) is used to give the user
information of the active window and some settings. Its organization varies with
data type and with mode of interaction (see Sec. 2.5.1). The bar is divided into four
sections. Corresponding to Fig. 2.1, we enumerate them from left to right. In section
1, a short description of the highlighted menu entry is shown. If the platform in use
is Windows 95/NT, the help text of entries opening a submenu is not correctly shown
in IDEA. In fact, you see help text of the previous valid entry instead. Sorry for that,
but this is not within our responsibility.

Section 2 shows coordinate data of a line, a rectangle or crosshairs used to select data.
In section 3, information about used draw- and mask-mode is given, whereas section
4 shows mouse position and data value located there.

In Fig. 2.2, the contents of the Status Bar for 2D-Data and Images is shown, depending
on Draw Mode. For 1D-Data, refer to Fig. 2.3.

2.5.3 Protocol Window

After startup, a child window titled "Protocol’ is automatically created. At this time,
it contains some information about pre-checks. From then on, all your important
actions are protocolled in this window as short text lines. Most important, every
creation of data is reported, including information about the automatically created
window title. If write protection is disabled, the user is allowed to add personal notes
or delete contents. It is not possible to close this window, but it can be made invisible.
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Figure 2.2: Contents of Status Bar for Images and 2D-Data;

Contents of Coordinate Section (see Fig. 2.1) depend on active draw mode. Identical contents are
omitted. For pure Pictures, there are no mask entries in Draw Mode Section. For the Step Function
data type, which is saved as a Picture, the Status Bar is quite different from standard configuration
and therefore shown separately.
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—— Integral Data and Line Graph
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—— Multiline Graph
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Figure 2.3: Contents of Status Bar for 1D-Data

Note the difference in Mouse Pointer Section: For Multiline Graph, the right value gives the y-
position of the active mouse pointer in the graph plane and is not related to any plotted curve. For
the standard 1D-Graph, the y-value on the curve at x-position of the mouse pointer is shown.



Chapter 3

IDEA Menu Entries

In this chapter the functions of all menu entries are explained in the same hierarchy
as they appear in IDEA. Descriptions of all dialog windows and input parameters are
included.

In the text, references to menu entries are written in the same style as paths, but
with vertical separation and emphasizing. For example the submenu 'Save As ...” of
the main menu entry 'File’ is referred to as File |Save As ....

To avoid repeating descriptions, some consecutive menu entries are comprised if dif-
ferences are marginal. In many cases actions are restricted to the ’Active Window, a
term we use for this window which is currently in the foreground, either after creation,
after a mouse-click on the window, or after selection in the main-menu entry Window
(not for X-Window System). It is marked by a different colour of the window’s title
bar.

3.1 File

This main-menu entry deals with all basic kinds of file- and file-type handling, creation
of empty data structures and with preferences of IDEA.

3.1.1 New ...
File Pool, Tomographic Input File, Slide Show, Multiline Graph

Here, an empty window dedicated to the corresponding data type can be created,
which can be filled up with file data or data already available on the IDEA-desktop.

1D Integral Data, Abel Reconstruction

Since it is possible to paste 1D-Data from the clipboard (Windows 95/NT only),
empty 1D-Data windows (graphs) can be created to be filled up with data from the
clipboard by Edit |Paste. Of course, values can also be typed in directly. By default,
the new 1D-Data are initialized with zeroes.

As input parameter, you have to define the number of data you want to include in
your graph.

Scale Bar

A Scale Bar is a picture with size of 128 x 256. From the lowest line of the picture up
to the top the colours of the actual palette from 0 to 255 are used (including mask,
over- and underflow colours, if they exist). By default, the grey scale picture palette
is used. This bar may serve as colour reference for a scale added to a pseudo-colour
visualization of any data. Resizing is possible using Fdit | Rescale Image/Picture.
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Simulated Interferogram

This creates a simulated interferogram with optional noise added. Several parameters
must be specified in the dialog shown in Fig. 3.1.

Interferogram
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=
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pnc)
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Figure 3.1: Dialog for Creating New Simulated Interferogram

e Number of fringes
For circular fringes, the number refers to number of fringes in the diagonal of
the interferogram to be created.

e Width of Interferogram
e Height of Interferogram

e Minimum Intensity Imin [0-254]
Defines minimum intensity of ideal cosine distribution (without noise).

e Maximum Intensity Imax (Imin-255]
Defines maximum intensity of ideal cosine distribution (without noise). Must
be greater than Imin.

e Phase Shift
Phase shift in degrees. By default, phase is 0 at center for circular fringes, at
left side for vertical fringes and at upper side for horizontal fringes.

¢ Noise Density (0-1]
A random number generator creates a noise density value between 0+¢ and 1
for every pixel. If this value is below the defined Noise Density, noise is added
for this pixel. Entering of 1 causes noise in every pixel, defining 0.5 means that
to 50% (statistically) of all pixels noise is added.

e (Relative/Absolute) Noise Amplitude

Defines range of noise Amplitude. The value of noise, which is added to the
pixels of the ideal interferogram (those which passed density test, see above) is
generated by a random number generator. It is statistically distributed between
(- noise amplitude) and (+ noise amplitude). The sum representing new pixel
value may be out of range (0-255), so overflows are set to 255, underflows to
0. The amplitude can be given absolute or relative (see below). Define 0 for
amplitude if you do not want to have noise added.
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e Use Absolute Noise Level (to check)
If the box is active, the value for Noise Amplitude is interpreted as absolute
value. Else, the absolute noise amplitude for each pixel is calculated from pixel-
value xrelative Noise Amplitude. In this case, minimums of a interferogram have
less noise than the maximums.

e Vertical/Horizontal/Circular (to select)
Determines appearance of fringes.

3.1.2 Open ...

Read file from disk using the standard file selector of Windows 95/NT or X Window.
Select desired file type (see Sec. 2.2.1) to be viewed in file list or, for X-Window, from
the submenu. IDEA accepts only files with correct ID (see Tab. 2.3). Consider byte
order settings in File | Preferences |Open File Assuming Little Endian Byte Order.

3.1.3 Close ...

Close the actual Window. If the data represented by the actual window were changed
or created by calculation, the user is asked if this data should be saved before closing.
On the other hand, if data just were read from file and never changed, it is closed
immediately.

3.1.4 Save

Save data in current format with the filename in the title bar of the window. Consider
byte order settings in File | Preferences |Save File with Little Endian Byte Order.

3.1.5 Save As ...

Select new name and format in the standard file selector dialog of the platform in use.
Refer to Tab. 2.3 for more details about suggested extensions. Consider byte order
settings in File | Preferences |Save File with Little Endian Byte Order.

3.1.6 Convert/Copy to Image

1. To convert a 2D-Data Field to an Image, the field’s data is subdivided into 256
intervals. All pixel values within interval ¢ (¢ = 0, 1, ..., 255) are then converted
to the 8-bit value 1.

2. If a pure picture (e.g. 256 colour Bitmap) shall be converted to an Image, one
has to define how the gray level I should be calculated from the 8 bit colour
information R (red), G (green) and B (blue) in a dialog window. In literature
(e.g. [29]) the following expression is recommend: I = (77- R+ 151-G + 28 -
B)/256. This is the ’Standard’ option in the dialog shown in Fig. 3.2. Apart
from that you can select, 'Red’, ’Green’, 'Blue’ and ’Custom’. The three text
boxes to the right show the factors of R,G and B for the chosen option. If
"Custom’ is selected, the factors can 