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Introduction

ÅThis wonôt be math-heavy.

ÅDe-mystify the jargon.

ÅEnough understanding to use it yourself.

ÅJust an introduction ïFrom here youôll 

know what to look for.

ÅItôs really easy.



Whatôs are these wavelets?

ÅIt does something with a sequence 

(vector) of sample values, but is ité

ÅSome kind of fancy pants compression?

ÅSome kind of tricky math?

ÅSome kind of scam to give people to write 

something a thesis about?



Itôs a transform

ÅWhen you hear ñwaveletsò, you should 

really think ñwavelet transformò

ÅTake data from one format, change it to 

another format that is better organized.

ÅThere is no compression!



Itôs a transform

ÅTake data from one format, change it to another 
format that is better organized.

ÅIn a raw signal, everything has the same weight 
(equally important).

ÅWe want to reduce the energy needed to 
produce the exact same signal. (What this 
means depends on context. But, for example: 
number of bits needed for compression)
ïi.e. Lower the entropy. 

ïNOTE: Implies that there is order to be found in the 
system. (Not random!)

ÅWe also want to sort information by importance.



Itôs a transform

ÅThink something like the Burrows-Wheeler 

transform.
ïhttp://en.wikipedia.org/wiki/Burrows-Wheeler_transform

ÅFind the ñorderò in the system. BWT (as most text 

transforms) organizes by entry in the palette.
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ïNow thereôs some exploitable order. 

ïe.g. Now usually takes less energy to describe with just RLE

http://en.wikipedia.org/wiki/Burrows-Wheeler_transform
http://en.wikipedia.org/wiki/Burrows-Wheeler_transform
http://en.wikipedia.org/wiki/Burrows-Wheeler_transform


Itôs a transform

ÅThe transform from 20,000 ft:
ÅGiven signal vector [x] of length n,

ïF(x) transforms [X] into vector [F] of length n/2

ïG(x) transforms [X] info vector [G] of length n/2

ïH(F(x),G(x)) transforms [F],[G] back into [X]



Itôs a transform

ÅF(x) can be consideredé

ïLow-pass filter, oré

ïPrediction

ÅG(x) can be consideredé

ïHigh-pass filter, oré

ïUpdate

ÅH(f,g) can be consideredé

ïBand-pass combine, oré

ïInverse



Itôs a transform

ÅñWaveletò refers to the shape of

F(x) and G(x)



Itôs a transform

ÅWhy ñWaveletò and not ñWaveò?

ïA wave cycles, a waveletdoesnôt. 

ïOnly acts on local area of the input vector.

ïThen with all the local ñwaveletò results, we 

can recombine to the larger, full signal.



Itôs a transform

ÅIn practice, any functions

for F(x), G(x) and H(x) that

satisfy the conditions you want

can be considered.

ÅChoosing the right functions is

a bit of a challenge. But there

are lots of good ones.



Discrete Wavelet Transform

ÅRecursively transform LOW, F(x)

ÅThatôs it.



Wavelet Packet Transform

ÅRecursively transform both, F(x) and G(x)



Best Basis

ÅSometimes, less processed vectors end up 
ñcheaperò (use less energy)
e.g. [F0] might be cheaper than [f1], [gf1]

So we keep F[0] instead. (Requires an extra list of what was kept)



Start with an example.

ÅThe classic favorite: ñAverage and 

differenceò

ÅF(x) = 0.5 * (x[n] + x[n+1])

ÅG(x) = x[n] ïF(x)

Å(H) Reconstruct with simple line segment.



Average and Difference, conôt

Å(H) Reconstruct with simple line segment.

ÅX[n]      = G[n/2] + F[n/2]

ÅX[n+1]  = G[n/2] ïF[n/2]







Example 1

ÅNotice:

ï[F] and [G] are each half length of [X]

ïi.e {[F],[G]} is same length as [X]

ïThe range of [G] is much smaller than [X]

ïñLess energyò in this case = less bits needed.

ï[G] has order: Larger values are more 

ñimportantò than smaller values. Particularly 

for images.



Itôs a transform

ÅWhy else a ñWaveletò and not ñWaveò?

ïi.e. Given [X] of length n, 

ÅAx = b

ÅMatrix [A] is n by n and contains F(x) and G(x)

ÅVector [B] is length n and contains the vectors [F] 

and [G]

ÅMatrix [A] contains F(x) and G(x) 

ÅMatrix [A] is sparse and only non-zero in the 

diagonal (more-or-less).



2D Example

ÅLetôs look at a 2D DWT image example 

using ñaverage and differenceòé

Å(Difference might be hard to see. Look 

closely!)






