Frequency Domain Steerable Pyramid Filter Design

First derivative, k = 2 filter Ken Castleman 5/28/98 StPyr_02.MCD
N . :
N=16  a:= floor 3) i=0.N k:=0.N j=A-
Define smooth-edged lowpass and highpass functions (raised cosine).
. . <~ x1 \ ei,k:: angle(i + 0.001 — a,k — a)
LP(x1,x2,x) = if| x < x1,1,if| x >x2,0, [0.5:[ 1 + cog Tt
X2 - xl) \/ . 5 5
\ P = (i-a) +(k-a)
x —x1 ’
HP(x1,x2,x) := if|:x < xl,O,if[x >x2,1 ,\/0.5{1 - cos‘j'r{ .
x2 - x1) fl:=0-a 2= ia 3 := l-a f4:=12a
8 8
Define the transfer functions of the highpass, two lowpass and two bandpass filters.
The constants 1 and f2 control the steepness of the cutoffs; a is the folding frequency.
The LP(f3,f4,f) filter is not required for invertibility, but it makes the bandpass kernels smaller.
Bl. , = LP(f3,f4 e[ 1.2 o Veos(o B2. , = LP(f3,f4 w120 Veofo - T)
ik~ ( ’ ’pi,k)' ’Z’pi,k)'cos( i,k) ik~ ( ’ ’pi,k)' ’2’pi,k)'°05 ik~ )
L1. :=LP|fl 2 \ LO. , := LP(f2 HO. , := HP(f2
Lk ’z’pi,k) Lk ( ’a’pi,k) kT ( ’a’pi,k)
Compute functions to show that the constraints are satisfied.
2 2 2 2 2 2 2
ML, o= (Bli,k> + (Bzi,k) M2, | = (HOi’k) + (LOi’k> M3, | = |:(L1i,k) + (Bli’k) + (Bzi,k) J
M4, = (HO, 2+ (Lo. V(L1 )+ (Bl )+ (B2 ) M4 = 1 is Simoncelii's constraint.
i,k ( i,k) ( i,k) ( i,k) ( i,k) ( i,k)

Plot L (u,v), H(u,v) and the sum of their squared magnitudes




Plot the two steerable bandpass filters and their sum of squared magnitudes.
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Plot L,(u,v), the sum of the bandpass squared magnitudes, their sum, and the overall transfer function.
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Demonstrate steerability - generate and synthesize 60 degree filters and compare them.

_ a ) ul _1lo B
B3, | = LP(B,f4,pi’k)-HP(f1,E ~cos(6i,k -3 B4 = ;Bl + 7432

api’k) )



B3

Compute the convolution kernels using the centered DFT.

bl := W-(j-BI)-W

Plot the two bandpass filter impulse responses.

b2 := W-(j-B2)-W

10:= W-LO-W

B4 - B3

W 1 2o (i ) k-a
. :: .eX —1 - .’Tr. l_a.
MK N+ i N+1

I1:=W-L1-W h0 := W-HO-W

bl

Plot the highpass and the two lowpass filter impulse responses.
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ZZmi,kﬂ ZZHi,kﬂ ZZhoi’kzo zzbli,k:o Zszi’kzo
k k k k i




Round off to four digits and scale the values for writing kernel files. b:=1

ﬂoor(lOOOO-Re(lOi’k) + 0.5) ﬂoor(lOOOO-Re(lli’k) + 0.5)

K2 Lo, | = b K2 LI o= -
km, - ﬂoor(lOOOO-Rz(hOi’k) + 0.5)
Kipi ﬂoor(lOOOO-Rz(bli,k) + 0.5) 2, - ﬂoor(looo().Rs(bzi,k) N 0.5)

ZZKZ—LOi,k:9996 ZZKZ_Lli’k: 10005 ZZKz—HOi,k:O ZZKz_mi,k:o ZZKZ_BZi’k:
ik ik ik ik ik

Write kernel files for input to the WiT 2-D convolution operator (Use b = 10,000 for unscaled kernels).

WRITEPRN(K2_L0,,) := d APPENDPRN(K2_L0,,) := K2_L0
WRITEPRN(K2 L1,,) = d APPENDPRN(K2 Ll,,) = K2 LI
WRITEPRN(K2_HO0,,) := d APPENDPRN(K2_HO0,,) := K2_H0
WRITEPRN(K2 Bl,) == d APPENDPRN(K2_Bl,) = K2_BI
WRITEPRN(K2_B2,) := d APPENDPRN(K2_B2,.) := K2_B2
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