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Introduction

Vezda, simplified from the Russian 3Be3za (zvezda) meaning star, is a free software package
written in the Python programming language for solving shape reconstruction problems. In
many areas of application, such as medical imaging, geophysical exploration, or noninvasive
testing, one wants to locate an object or feature which is typically embedded within a host
material and inaccessible to direct observation. By interrogating the enclosing material with
a wave, one can noninvasively obtain measurements of the hidden object by recording the
waves that scatter off it. The Vezda software package can estimate the shape and location of
the unknown object using a modern technique from inverse scattering theory called the
linear sampling method. The basic idea is to sample a region of space where you think the
unknown object might be and use the information contained in the measured scattered
waves to determine the shape and location of the hidden object.

Getting Started

The Vezda software package requires two distinct inputs: 1) the time signals recorded at each
receiver containing the measured scattered waves caused by the presence of the scatterering
object, and 2) the time signals containing the modeled Green function of the background
medium between each sampling point and receiver. None of the Python codes in the Vezda
software package will generate the "measured" scattered wave data (i.e., the first input
requirement). You will need other software to obtain them. For the special case of a constant
background medium, you may use the routines in 'FundamentalSolutions.py' to quickly
compute the modeled Green function between each sampling point and receiver (i.e., the
second input requirement). At present, only fundamental solutions to the two-dimensional
wave equation are implemented. Three-dimensional fundamental solutions will be added
shortly.

Included in the Vezda software package are fully working examples applied to various shape
reconstruction problems. Each example contained in the 'examples' directory contains a
'Data’ folder, a step-by-step 'INSTRUCTIONS.md' file, and an 'Images' folder with plots to
the reconstruction problem.



Prerequisites

A working Python installation is necessary with both NumPy an SciPy libraries. I personally
recommend using the Anaconda distribution if you do not already have one set up. It is

perhaps the easiest and quickest way to get a working Python installation up and running
with all the scientific and numeric libraries included. As Python is cross-platform, you can
download an installation for Windows, macOS, and Linux.

DISCLAIMER: I am developing this software using Python 3 and have not attempted to
make it backward compatible with Python 2. Since Python 2 is depricated and all

advancement of language features and libraries are occurring in Python 3, I recommend
using Python 3 anyway.

I also make use of the tqdm Python module in some of the code for displaying a progress bar
from the command line. If you do not already have this module installed, you may do so with
the command

pip install tqdm
or, if you have an Anaconda installation,

conda install tqdm


https://www.continuum.io/downloads
https://github.com/tqdm/tqdm
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Using the code
Chapter Subtitle

Use the Chapter Number style to add a distinct chapter number at the beginning of a
chapter. Chapter numbers aren’t displayed in the Table of Contents.

Use the Chapter Name style to clearly label each chapter or section in your book. Chapter
names are displayed in the Table of Contents.

The Chapter Subtitle style is useful for adding more descriptive information underneath
the chapter name.

Heading

Use the Heading style to break each chapter up into unique subsections. In the Table of
Contents, headings are indented underneath chapter names with a distinctive look. They
make it easy for readers to find and jump to specific content.

Use the Block Quote style for longer quotes. The Block Quote style will
indent your text on both sides of the quote. When you’re finished typing
the quote, press Return on your keyboard, then choose a different style
from the Text pane of the Format inspector.

Subheading

Use the Subheading style to break a Heading style topic into smaller parts. Paragraphs that
use the Subheading style aren’t displayed in the Table of Contents.

Tables
Tables look best when you create them in Pages, rather than add them as images. Your
readers will be able to enlarge the content and get definitions even in table cells.

Table Style 1 Table Style 1

Table Style 2 Table Style 3
Table Style 2 Table Style 3

Use the Caption style to describe images, charts, tables, and other visuals in your document.



TWO

Plotting

Exploring the data and visualizations

Use the Chapter Number style to add a distinct chapter number at the beginning of a
chapter. Chapter numbers aren’t displayed in the Table of Contents.

Use the Chapter Name style to clearly label each chapter or section in your book. Chapter
names are displayed in the Table of Contents.

The Chapter Subtitle style is useful for adding more descriptive information underneath
the chapter name.

Heading

Use the Heading style to break each chapter up into unique subsections. In the Table of
Contents, headings are indented underneath chapter names with a distinctive look. They
make it easy for readers to find and jump to specific content.

Use the Block Quote style for longer quotes. The Block Quote style will
indent your text on both sides of the quote. When you’re finished typing
the quote, press Return on your keyboard, then choose a different style
from the Text pane of the Format inspector.

Subheading

Use the Subheading style to break a Heading style topic into smaller parts. Paragraphs that
use the Subheading style aren’t displayed in the Table of Contents.

Tables

Tables look best when you create them in Pages, rather than add them as images. Your
readers will be able to enlarge the content and get definitions even in table cells.

Table Style 1 Table Style 1

Table Style 2 Table Style 3
Table Style 2 Table Style 3

Use the Caption style to describe images, charts, tables, and other visuals in your document.
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