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Exercise 1: Cranking The Machine

Aot e pom o for s
Ro)(0 =3 ex (2t )
ot e pin 1 f .
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0 (11 ctas Fisemintscatngiorosimacion:
Tates. nformation about one approxisation in fixed point iteration

det S lselT, previovshppronination, SeatingrCHion:
Self.f = previousapproxinat:
Self phi = ScalingFunction

der o
TesatsEsing <
for k in xranwc[sca\mvfunchu i
Fesutiscating e Seatingronction clk] * self.F(2.0%¢ - k)
return resultscatin

clasy Fixedbointiaveletipproximation;
o about one approxisation in fixed point iteration’
P vertredt W:v)wskpprvnmi(wn ScalingFunction):
U= previovsappron
self phi = ScalingFunctio

def _call_(set, 1)

(k)
resultiavelet 4= (-1.0)7k * ScalingFunction.clnk-1-k] * self.f(2.0°¢ - k)
return resul thavelet

0 12205 seolinaFunceion = HaorScalinaFunction
#5calingrunction calingrunction

Scalingfunction Daube(mestsnlquunzunn

= plt.Figure(1, figsize = (11, 9
n mmm Ceanking oy o Rochine')
i6(True)
i

# starting point in the fixed point iteration
hat = Tenbda t: nax(0.0, 1-abs(t))

# set of sampling points
e linapacets, 5. el 2 Blorieven

# plot the hat function
ax.append(plot (x, map(hat, x), label="hat"))
fixedrointscaling = fhat, 1 + flone, 17 iterations

fixedPointiiavel ] 1 dterations
ranaedl, Ltesations +

Wi i == iterations:

ne e

i appond (Blat (. Rap(fixedPointScalingli], x), Labelascaling (331" % 1))

i append (plot (x, nap(fixedPointhavelet(1], x), labelawavelet [3d)" % 1))
4 = tine.tine() - period

print “one plotting iteration”, i, "in®, period, "sec”

= plt.Legend()
= plt showl)

Done plotting iteration 1 in 0.0482399463654 sec

Done plotting iteration 3 in 0.803557157516 sec

Done plotting iteration 4 in 3.20506000519 sec
P——

— wavset 4]

0 2311 setimeunction « poascalingnction
- HatscalingFunction

eLesariescatingrunctio

ction = Cubic eatingFunction
ScalingRunction = DaubechiesdscatingFunction
ngFunceson echiessscalingFunction
DaubechiessscalingFunctian

a b= -1
plottevel
Lterations

period = tine. tine()
talues - cranhatachine(Scalisgfunction, Sterations, plotLeel, o
period = tine

Prine Bone piotting teration iterations, *in", period, sec

. b=b)

ig = plt. figure(1, figsize = (11, 9))
PLL. suptitle("Cranking the machiné')
«

ax.append (plot (values(0], values[1], label

scaling'))
2 append (plot (values (0], values[2], label="vavelet’))
- 1(True)
= pltiylini-1.5, 1.8)
Pt Tegend(}

Done plotting Lteration 10 in 6.3842308415 sec

Exercise 2: The Haar Wavelet Basis

g O(1m) st

o (20]: det . -

Haar Wavelet Transfarn as dense matrix
@paran Level matrix dinensions are (2°level x 2"level)

Gparan norsalized build orthogonal matrix
@paran inverse build the inverse transfornation matrix

0z omatrbe(np zeres((1<clevel Tectevel ), duypestiont))
scaling = sqrt(2.0) if normalized else 1.0

# 1f not normalized, the amplitude will stay 1.0
anplitude = 1.6 / scaling**lovel

W26 = amplitude

K
for 1 in xrange(level):
for 1 in xrange(1 << 1)
(

no=1
Hia1invien/2,k] anplitude

Hiasian/2:ntiin,k] = -anplitude
anplitude += scaling
i inverse:
return . Linalg. (k)
“Feturn
Implemantaton of the pyramida aigorih.
‘Can be used t vriyconstructon oftransformation mats
In (250: def tevet, .

Haar Wavelet Transforn as pyrasidal algoritha in O(n) tine

paran 5 input vector (signal or vavelet coeffs, dep. on “inverse* flag
has 2+tevel components.

paran norsalized apply transforn using "norsalized- coefficients rather than “nice” ones

Gparan inverse apply the inverse of the transforn

np.matrixs
e MpimatriA(S, CopyeTrue) # extra Oln) space needed
if inverse:

factor = 1.0 / sqrt(2.0) & normalized else 1.0 ¢ scale coefs if desired

Ui srange(ievel)

for 1 1n range(a)

tpl2+ie1] = factor * (v[i] - viisn]) ¢ revert detailing
wmp(zei) - factor + (v{i] « vlism]) ¢ revert averaging
vio:2%m) = tapo:2%n] ¥ urite back of results

tse:
factor = 1.6/ sart(2.6) if nornalized else 6.5 # scale coeffs if desired
offset
for L in srangelevel 1,
1
# .uuuud this Loop to not overurite inpartant data
for 1 in xrange(a-1, -1, -1):
Vined]
tnploffset + m + 1]

B8

factor *+ (taploffset + 2°1] - taploffset + 2°1+1]) # detailing
factar + (twploffset + 2+1] + taploffset + 2+4+11) Aaveraging

offset 1=
Vo) = taploffset] # finally set first average v 0,0
eturn v

In 81: 4 detine o test vector

:nn-annullu 2.0, 3.0, 410, 1.0, -4.6, 2.6, 4.0)). dtype
#level =4
¥ = 0p.mSrix(((1.0, 2.9, 3.0, -1.0, 1.0, 4.0, -2.0, 4.6, -1.9, 1.0, 0.0, 0.0, 5.9, -5.0, 0.0, 6.0)), dtype

0at).transpose()

# compare the umormaLized transformation cosputed using the watrix and the pyroeical algarichm
normalized = False
P

print “result fron mateix aplicotion:®, v nat.transpose()
rato' = feve

toat). transpose()

Snverse=Tr.

Seuks Tron appLication of pYrAniGaL S13orither-, v.trafo transnns!()
Brint “result fron composite application of inv. pyramidal algoritn trato, level,
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(01125 01125 01125 0125 -01125 -0.125 -0.125 -0.125]

(0025 025 -0.25 025 0. 0 0 0 ]

o 07 0l 0l el 025 -0lzs 0125 )

ros o5 o oo o e o)

[ R K I N R N N

foo o el el es es o ol

(oo o o o o o 05 -5 1

result fron matrix application: [[ 0.5 075 0.25 -1.25 -0.5 2. 2.5 -3. ]

®
resuLt from apptication of pyramidal algoriche: [{0.5" 073 0.8 12505 2 25 3 1
Fesult fron conposite application of inv. pyramidal algorithm: ([ 1. 2. 3. -1. 1. -4. 2. a.1]



In 1291: # derine a test vector
Tevel

n (27)

45 % mp.natrix(((1.0, 2.0, 3.0, 1.0, 1.0, -4.0, 2.0, 4.6,

# conpare the normatized transfornation computed using the matrix and the pyranidal algorithn

normatized = Tru
&

Lo,

1.0, 0.0, 0.0, 5.0,

s = np.matrix(((1.0, 2.0, 3.0, <10, 1.0, -4.0, -2.0, 4.0)), dtype=float).transpose()

5.0, 0.0, 0.0)), dtyp

Toat). transpose()

inv . inverse=True)
int A
print A inv
Vnat = Ainy * s
print “result fron (normalized) matrix application:”, v mat.transpose()
vt Tevel, 3
print “result fron application of pyramidal 3lgorith:, v_trafo.transpose()
print “result fron cosposite application of inv. pyranidal algorithm:®, | trafo, tevel, , inversesTr
[0 035355338 0.35355338 0.5 o 0.70720678 0. B
(0135355330 0.35355339 0.5 o 0.70710678 0. B
(035355339 0.35355339 0.5 o 0.70710878
(035355339 0.35355339 0.5 o -0.70710678
(035355339 -0.35355339 0. 05 o 0.
70710678 0.
[ 035355339 -0.35355339 0. 05 o
70710678 0.
(035355339 0.35355339 0. 05 o
70710578
[ 035355339 -0.35355339 0. 05 o
7071067811
10035355338 0.35355339 0.35355330 035355339 035355339 035355339
135355338 0.35355330)
(0135355339 0.35355339 0.35355339 0.35355339 -0.35355339 -0.35355339
35355339 -0.35355339)
5 o5 05 05 o 3 o
0 o o 0.5 0.5 05
o5 )
(070716676 -6.70716676 6. o o o ®
1
( ° 0.76710678 -6.76710678 0. ° ®
l
( o o o 0.76710675 -6.70710678
° )
o o i o o
0.70710678 -0.707106781]
result froa (nornalized) matrix application: (| 141421356 2.12132634 0.5 25 -e.70710678 2.82862712
353553391 -4.24264069) ]
result fron 2123203 0.5 25 7ome678 282842712

application of pyrasidal algorithe: ([ 141421356
353553391 -4.24264069) ]
result froa conposite application of inv. pyranidal algorithm

«

1

2

ERY




