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Notation

— Original signal

— Scale coefficient at level | and position k

— Wavelet coefficient at level | and position k

.1, — Scale coefficient at next level: j- 1

.1k — Wavelet coefficient at next level: |- 1




Outline

Introduction

Basic ldea

Theory and Concepts

* Split

* Predict

* Update

Experiments and Results
Summary




Basic Ildea

Lifting

Entropy Encoder




Lifting Stages: Forward
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Lifting Stages: Inverse
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Lifting Stages: Haar

1.Split ap into Even.; and (dd.;
2.d., = Odd.; —Predict( Even.;)
3.a.;1 = Even.; + Update( d.; )

~Predict(xi) = 1/2 * (Xo + Xp)
. Update(y:) = 1/4 * (yo + Y2)




In- place Transformation

aj , 2k+1 aj , 2k+2
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Lifting Stages: Split

Pr edi ct




Lifting Stages: Predict
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Fallure to be Linear

d = a - Predict(a

-1,k 0, 2k+1 0, 2k+1)

CPredict(aoai) = 1/2 * (@i + a1 1)




Cubic Interpolation

St age |




Cubic Interpolation:
Neville's Algorithm

Pj( . <X_ Xiim

i+1)...(i+m)~

)Pj<j+1>...(j+m—1)_(X_ X1>P(

1+m

I+1)(i+2)...(i+m)




Border Problems

O /

|
- 1 >

* Equal number on left and right * Fewer on left




Border Solution

1 p(x,) =. 9375

(x,)=.3125 p(x,) =. 5625
p(x,) =.

p(x,) =-.0625
(@)

p(x,) =. 5625

p(x,) =. 0625




Filter Coefficients

# right

2

1




Lifting Stages: Update
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Preserving Moments

| w(x)dx = 0
fxqj(x) dx = 0

fXZw(X) dx = 0

fXN_lqj(X) dx = 0




Lifting Coefficients 1

* Initialize moments at each position k

Moment 1

Moment 2

Moment 3




Lifting Coefficients 2

« For each wavelet coefficient d,
» For each scale coefficient a, that contributes to d,

M[K,j1= M[k,j]+ F[j]*M[k,1]forall k

Note:

ejisindex to a coefficient (0 < ) <= N)

e k is position for agiven moment (0 < k <= N)

| isindex to d coefficient (0 < | < length of signal)




Lifting Coefficients 3

Solve the system for c:

0/ N7

my o My, - 4

mJOIN m_ll,N ce m]N,N -

Note:

e System is NxN

o | Isindex to a coefficient
°g IS index to d coefficient




Properties from Construction

High- Pass
* Prediction provides polynomial cancelation

Low - Pass
* Update guarantees preservation of the moments




Example

e« Supposesignal a= [a,a,a,a,a,a a, a ]
eletN=2and N= 2

Filter Coefficients




Example: Split and Predict 1




Example: Update 1

do d, d, ds

2/5,1/'5 4/ 15,4/ 5 -2/ 15, 2/ 5

0)
o + 0 * d)

.+ 4/15 * d,)
, + -2/15 * dJ)




Example: Split and Predict 2

do - (.5 * ap + .5 * a,)
d, - (1.5 * ag + (-.5) * ay)




Example: Update 2

do dl

1/ 2,.214286 -1/ 3, .47619

a + (1/2 * dy)
a, + (.214286 * do + -1/3 * d,)
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Experiments

Set

Office

Signs

Number of images

50

50

50

Dimension

640x480

480x640

640x480

Transform Levels

5

5

5




Example images

Pay Here
Car Park Charges - - B
£1.50 for each
2 hour period
starting between

8.00am — 5.30pm
Monday to Friday

£1 flat fee
Evenings
Saturday and

Sunday

(a) Office sample (c) Tree sample

UcH

NORWICH
nerissans

(b) Sgn sample







Statistics Gathered

H(D=-) p(x)*log,(p(x))

Transformation Types

Original (2, 2 4, 4)

Entropy Measurements

Variance Std. Deviation Minimum




Results for 'office' set

Lift Type

Average

Variance

Std. Deviation

Min

Orignal

6.74

34

29

5.04

Haar

5.83

1.66

2, 2

5.16

1.87

4, 4

9.37

3.97

O, 7

4.42

1.57




Results for 'signs' set

Lift Type

Average

Variance

Std. Deviation

Min

Orignal

6.74

34

99

5.04

Haar

5.83

1.66

2, 2

5.16

1.87

4, 4

9.37

3.97

9, 7

4.42

1.57




Results for 'trees' set

Average Variance Std. Deviation

7.21 27 22

7.31 23 A3

6.68 47 .68

10.72 81 90

S.77 34 .08




Results for All Sets

Original

7.44

6.74

7.21
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Summary

Pr edi ct

|

1.Split ap into Even.; and Odd.
2.d-1 = del — Predi ct ( Even.; )
3.a., = BEven.; + Update( d.; )

even
] -1




Summary

p(x,)=.3125

fl
p(x,)=-.0625

* Prediction: polynomial cancelation

m]N,O mgjlo

JN/N i J ng/N

* Update: preserve moments




Summary

Original

7.44

6.74

7.21




Future Work

* Integer Lifting

°* Object Detection
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Questions?




