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Introduction
In order to make wavelets and other multiscale transforms more accessible to 
the solar and astrophysics community, I have begun the development of a free 
IDL toolbox called Mkit. The goal of this Mkit is to provide the community with a
documented, user-friendly toolbox for multiscale analysis of time series, images
and data cubes. In this presentation, I present examples of the first stage in this 
development, a set of tools for wavelet analysis of image data. I will also discuss 
future additions to the toolbox. Wavelets and other multiscale transforms have 
been increasingly used in astronomy and solar physics over the last ten year 
[e.g. 1-4]. In spite of this these transforms have not yet become a standard part 
of analysis tools in many areas of research using IDL. One main reason is that 
most of the world s experts in multiscale transforms are mathematicians and 
electrical engineers. These groups have made code freely available but it is 
almost exclusively written for MATLAB [5-7]. Another reason is that the two main 
multiscale toolboxes for IDL are not free and can cost upwards of $2000. Mkit will 
help to address these needs of the solar and astrophysics community.

Why multiscale transforms?
Wavelets exploded onto the signal processing scene over 20 years ago [8]. They
were first used by seismologists to study transient waves. Over the past 10
years wavelets have become a common tool for time series analysis in solar
physics [1]. More recently 2-D wavelets are important tools for image analysis in
solar and astrophysics [2,3]. 

Data analysis seeks representations of signals as linear combinations of a basis,
frame, dictionary or elements (i.e. sines, cosines, wavelets, etc.). Analysis of
the signal is through the statistical properties of the coefficients. The
analyzing functions (basis, frame, elements) should extract features of
interest. Wavelets (and other multiscale transforms) are one such representation
with many useful properties. They can represent smooth functions. They can
represent singularities. Wavelet basis functions are well localized in both time
(or space) and frequency (or scale). This makes many algorithms on wavelet
coefficients naturally adaptive to inhomogeneities in a signal. Wavelets and
newer multiscale transforms such as curvelets [3,9,10] are near optimal for
representing a variety of signals. This makes wavelets and other multiscale
transforms a reasonable choice when little is known about a signal.

Mkit is being developed to make these powerful transforms available and easy to 
use for the IDL community. The next section outlines the tools that are being 
developed as well as when and where they will be available.  

Toolkit Parts

Transforms and Tools
2-D wavelet transforms: discrete

•discrete WT (dwt2.pro)
•stationary wavelet transform (swt2.pro)
•isotropic wavelet transform (isowt2.pro)
•dyadic wavelet transform (dyadwt2.pro)
•lifting and wavelet packet transforms

1-D wavelet transforms: discrete
•discrete wavelet transform
•stationary wavelet transform
•lifting and wavelet packet transforms

1D and 2D Continuous wavelet transforms
2D Ridglet and Curvelet Transforms
2D Wedgelet and Platelet Transforms 

Noise estimation and noise thresholding tools
Display tools for wavelet transforms and wavelets
Use of map objects with wavelet transforms

Wavelets

Discrete (wavefilters.pro) 
Daubechies (including Haar) (20+)
Symmlet (20+)
Coiflet (5)
Meyer wavelet
biorthogonal (15)
reverse biorthogonal (15)

Continuous wavelets 
Daubechies (including Haar) (20+)
Symmlet (20+)
Coiflet (5)
Meyer wavelet
biorthogonal (15)
reverse biorthogonal (15)
Gaussian
Morlet
Mexican Hat
Complex Gaussian, Morlet, B-spline and Shannon 

Toolkit Parts (cont.)

Completion Status and Schedule
The transforms, tools and wavelets listed under Toolkit Parts are color coded 
according their completion status and their scheduled release. Items that are 
colored red are completed or near completion and will be released in a beta 
version mid to late September 2007. Orange colored items will be in the first full 
version, which is planned for release in late fall - winter  2007. Green items are 
to be added in late winter 2008 and the date for purple items is TBD. (note: The 
number next to the wavelet family indicates the number of wavelet orders.) 

Access to the Code (coming soon). 
This toolkit is first and foremost geared to the solar community so it will be 
available as an optional package in SolarSoft. This means that it could be 
installed at the time of a full SSW installation or added with the standard 
commands, e.g. IDL> ssw_upgrade,/mkit,/spawn.
 In order to reach a wider audience, the code and detailed documentation will be 
available outside SSW at the website,
http://sirius.nascom.nasa.gov/mkit.shml

Examples 
The following 4 figures show the application of 4 different types of wavelet 
transforms to solar image data. The first 3 figures show wavelet transforms 
applied to the same TRACE 171 Å image (data courtesy M. Bobra and V. 
Kashyap). Figures ((1) and (2)) show the discrete and stationary wavelet 
transforms respectively, both using the Haar or 1st order Daubechies wavelet. 
The 3rd figure is of the isotropic wavelet transform using a biorthogonal wavelet, 
the so-called “Astro” wavelet. This is also referred to by some as the “A trous 
wavelet” [2]. A nice example of using this type of wavelet for enhancement of 
LASCO images can be found in [4]. These three examples show the application 
of several wavelet transforms without any further processing such as filtering. 
Multiscale transforms are really just a first step in data processing. The last figure 
(4) is an application of a multiscale transforms to edge detection [11]. Figure 4a 
is a processed LASCO C2 image of a CME (with a background model applied). 
Figure 4b is a running difference image of the image. Figure 4c shows the raw, 
unprocessed C2 image. A wavelet transform, often called the dyadic wavelet 
transform, is applied to the raw C2 image. This wavelet approximates the first 
derivative (in the horizontal and vertical directions) at multiple scales. Using the 
horizontal and vertical wavelets allows the calculation of a multiscale gradient. 
Figure 4d and 4e show the magnitude and angle of the multiscale gradient 
respectively (at one scale). Figure 4f shows the edges calculated using this 
multiscale gradient. 

(1) 2D Discrete Wavelet Transform (dwt2.pro)

horizontal, scale 1

horiz., scale 2 vertical, scale 1

vert., scale 2

diagonal, scale 1

diag., scale 2

approx.

(2) 2D Stationary Wavelet Transform (swt2.pro)
horizontal, scale 2 vertical, scale 2 diagonal, scale 2

horizontal, scale 3 vertical, scale 3 diagonal, scale 3

original image approximation

Examples (cont.) 

(3) 2D Isotropic Wavelet Transform (isowt2.pro)

original image scale 1 scale 2

scale 3 scale 4 approximation

(4) 2D Dyadic Wavelet Transform (dyadwt2.pro)

(b) (c)

(e)(d) (f)

(a)

Future Prospects

It is my belief that Mkit will be a useful addition to currently available IDL tools. 
Once the core Mkit routines outlined here are finished, the next step is to expand 
the usefulness of these tools. This can be accomplished by developing higher 
level tools using these multiscale transforms. These will likely include routines for 
multiscale edge/feature detection, filtering, image restoration (deconvolution) and 
image registration (some of which already exist). Also, nonlinear transforms such 
as the multiscale median transform will also enrich the toolkit. Further additions 
may include a GUI if enough interest exists. 
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