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Abstract. This paper continues discussion of a lattice structure for para-
metrization and implementation of a Discrete Wavelet Transform. Based on
an algorithm for converting the lattice structure to a wavelet filter bank co-
efficients, developed in the first part of this paper, second part of the proof
demonstrating that filters implemented by the lattice structure fulfil condi-
tions imposed on an orthogonal wavelet filter bank is carried out.
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1. Introduction

In the first part of this paper [1] a lattice structure for parametrization and
implementation of a Discrete Wavelet Transform was defined. It was based on
two-point base operations:

Dl =

 w(l)
11 w(l)

12
w(l)

21 w(l)
22

 , (1)

where l is the index of a layer in the lattice structure, while w(l)
11, w(l)

12, w(l)
21 and w(l)

22
represent the parameters. Based on this general form two specific types of base
operations have been defined. Symmetric forward base operation was defined as:
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Pl =

 w(l)
11 w(l)

12
w(l)

12 −w(l)
11

 , (2)

while asymmetric forward base operation was given by:

Ol =

 w(l)
11 w(l)

12
−w(l)

12 w(l)
11

 . (3)

To produce orthogonal base operations the following substitution was used:

w(l)
11 = cos(αl) ,

w(l)
12 = sin(αl) ,

(4)

giving symmetric orthogonal forward/inverse base operation:

S l = S −1
l = S T

l =

[
cos(αl) sin(αl)
sin(αl) −cos(αl)

]
, (5)

and asymmetric orthogonal forward and inverse base operations:

Fl =

[
cos(αl) sin(αl)
−sin(αl) cos(αl)

]
, (6)

F−1
l = FT

l =

[
cos(αl) −sin(αl)
sin(αl) cos(αl)

]
. (7)

In Section 4 of [1] the following algorithm for converting a lattice structure
parameters to wavelet filter coefficients was constructed:



H(2)
0 = [w(1)

11 ,w
(1)
12 ]

H(2)
1 = [w(1)

21 ,w
(1)
22 ]

for layer l = 1

H(2l)
0 = [H(2l−2)

1 w(l)
11, 0, 0] + [0, 0,H(2l−2)

0 w(l)
12]

H(2l)
1 = [H(2l−2)

1 w(l)
21, 0, 0] + [0, 0,H(2l−2)

0 w(l)
22]

for layer l = 2, ..., L
2

, (8)

where H(L)
0 and H(L)

1 are low-pass and high-pass filters of length L respectively.
Based on this algorithm a proof was carried out, demonstrating that filters im-
plemented by the lattice structure based on symmetric orthogonal base operations
fulfil conditions for an orthogonal wavelet filter bank.
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This paper continues the theoretical analysis of a lattice structure. In Section 2
we carry out a proof demonstrating that lattice structure based on asymmetric base
operations also fulfils conditions imposed on an orthogonal wavelet filter bank,
although the required sum of angles is different than in case of symmetric base
operations. Section 3 discusses representation of a lattice structure in a form that
ensures fulfilment of conditions imposed on the sum of angles.

2. Implementation of the orthogonal filter bank using the
lattice structure - asymmetric base operations

Let us consider orthogonal lattice structure based on asymmetric orthogonal
base operations given by Equation (6). Let H0 and H1 be a pair of filters imple-
mented by such structure and created according to Equation (8). For such filters
it will be proved that the following conditions imposed on an orthogonal wavelet
filter bank are fulfilled:

1. Equation

L−1∑
n=0

h0(n) =
√

2 , (9)

holds true if the following condition is fulfilled:

L/2∑
l=1

(−1)l+1αl = (−1)(L/2+1) ·
π

4
. (10)

2. Equation

L−1∑
n=0

h1(n) = 0 , (11)

holds true, if Equation (10) holds true.

3. Coefficients of H1 satisfy

h1(n) = −(−1)nh0(L − n − 1) = (−1)n+1h0(L − n − 1) , (12)
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for a lattice structure with odd number of layers. In case of a lattice structure
with even number of layers, the coefficients of H1 satisfy:

h1(n) = (−1)nh0(L − n − 1) . (13)

4. H0 filter is orthogonal to its shifts by 2:

L−1∑
n=0

h0(n)h0(n + 2m) = 0 for m ∈ Z \ {0} . (14)

5. H1 filter is orthogonal to its shifts by 2:

L−1∑
n=0

h1(n)h1(n + 2m) = 0 for m ∈ Z \ {0} . (15)

6. H0 and H1 filters are orthogonal to each other:

L−1∑
n=0

h0(n)h1(n + 2m) = 0 for m ∈ Z . (16)

7. H0 and H1 filters have unit norm:

L−1∑
n=0

h0(n)2 = 1 , (17)

L−1∑
n

h1(n)2 = 1 . (18)

The following dependencies between the trigonometric functions will be used
in the proof:

sin (α + β) = sin (α) cos (β) + cos (α) sin (β) , (19)

cos (α + β) = cos (α) cos (β) − sin (α) sin (β) . (20)
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For the asymmetric base operation, the following substitutions into (1) are used:

w(l)
11 = cos (αl) , w(l)

12 = sin (αl) ,

w(l)
21 = − sin (αl) , w(l)

22 = cos (αl) .
(21)

The following notation will be used:

γ j =

j∑
i=1

(−1)i+1αi . (22)

where αl are the angles of the lattice structure, as defined in Equation (21).

Proof. Let us begin by proving Equations (9) and (11). We will analyze how does
the sum of angles in the lattice structure depend on the number of layers, assuming
that Equation (9) is to be fulfilled. According to Equation (8), for a one-layer lattice
structure we have:

H(2)
0 = [ cos (α1) , sin (α1)] ,

H(2)
1 = [− sin (α1) , cos (α1)] .

(23)

As was already demonstrated in the first part of this paper, for a filter H(2)
0 given

by the above equation, condition (9) is fulfilled for α1 = π
4 . Let us substitute that

angle into Equation (11) for a filter H(2)
1 given by Equation (23):

− sin
(
π

4

)
+ cos

(
π

4

)
= −

√
2

2
+

√
2

2
= 0 . (24)

Therefore, in order for Equations (9) and (11) to hold true for a one-layer lattice
structure, angle α1 in the matrix of base operation F1 must have a value of π

4 , which
is in accordance with Equation (10).

Let us calculate the sum of angles in a two-layer lattice structure required to
fulfil Equation (10). Based on Equation (8), we can write:

3∑
n=0

h0(n) = [cos (α1) − sin (α1)] cos (α2) + [cos (α1) + sin (α1)] sin (α2) =

= cos (α1) cos (α2) − sin (α1) cos (α2) + cos (α1) sin (α2) + sin (α1) sin (α2) =

= − sin (α1 − α2) + cos (α1 − α2) =

= − sin (γ2) + cos (γ2) .

(25)
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For a two-layer lattice structure Equation (9) can be therefore given as

− sin (γ2) + cos (γ2) =
√

2 ,

and is fulfilled for γ2 = −π4 .1 The sum of coefficients of a 4-tap high-pass filter
H(4)

1 can be written as:

3∑
n=0

h0(n) = − [cos (α1) − sin (α1)] sin (α2) + [cos (α1) + sin (α1)] cos (α2) =

= − cos (α1) sin (α2) + sin (α1) sin (α2) + cos (α1) cos (α2) + sin (α1) cos (α2) =

= sin (α1 − α2) + cos (α1 − α2) =

= sin (γ2) + cos (γ2) .

(26)

By substituting γ2 = −π4 into Equation (26) we get:

sin
(
−
π

4

)
+ cos

(
π

4

)
= −

√
2

2
+

√
2

2
= 0 . (27)

Therefore, for a two-layer lattice structure, Equations (9) and (11) hold true if and
only if the sum α1−α2 equals to −π4 , which stays in accordance with Equation (10).

Let us analyze a three-layer lattice structure. Equations (25) and (26) show,
that sum of H(4)

0 and H(4)
1 coefficients can be shortly written as:

cos (γ2) ∓ sin (γ2) . (28)

Since the multiplication distributes over addition, the above results can be used to
calculate the sum of H(6)

0 and H(6)
1 coefficients:

5∑
n=0

h0(n) =
[
cos (γ2) + sin (γ2)

]
cos (α3) +

[
− sin (γ2) + cos (γ2)

]
sin (α3) =

= cos (γ2) cos (α3) + sin (γ2) cos (α3) − sin (γ2) sin (α3) + cos (γ2) sin (α3) =

= cos (γ2 + α3) + sin (γ2 + α3) =

= cos (γ3) + sin (γ3) .

(29)

1Step by step solutions to this and similar equations are given in the first part of this paper.
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We notice, that the sum of coefficients of a H(6)
0 low-pass filter is given by the

same formula as for a one-layer lattice structure. This implies, that for a three-
layer lattice structure Equation (9) is fulfilled for angle γ3 = γ1 = π

4 . Let us now
calculate the sum of coefficients of a high-pass filter H(6)

1 :

5∑
n=0

h0(n) = −
[
cos (γ2) + sin (γ2)

]
sin (α3) +

[
− sin (γ2) + cos (γ2)

]
cos (α3) =

= − cos (γ2) sin (α3) − sin (γ2) sin (α3) − sin (γ2) cos (α3) + cos (γ2) cos (α3) =

= cos (γ2 + α3) − sin (γ2 + α3) =

= cos (γ3) − sin (γ3) .

(30)

We notice, that the sum of coefficients of a H(6)
1 high-pass filter is given by the

same formula as for a one-layer lattice structure. This implies, that for a three-
layer lattice structure Equation (11) is fulfilled for angle γ3 = γ1 = π

4 .
For a three-layer lattice structure, the sum of filter coefficients is given by the

same formula as for a one-layer lattice structure. Therefore adding more layers to
the structure will produce the same results as the ones obtained above for a one
and two-layer structure. Hence it has been proved, that the low-pass and high-pass
filters implemented by the orthogonal lattice structure based on the asymmetric
base operations fulfil Equation (9) and (11), assuming that condition (10) holds
true.

The Equation (12) (in case of odd number of layers) and Equation (13) (in
case of even number of layers) will be proved using the mathematical induction
method. This requires proving three claims:

1. filters H(2)
0 and H(2)

1 fulfil Equation (12),

2. the fact that filters H(L)
0 and H(L)

1 fulfil Equation (12) leads to conclusion that
filters H(L+2)

0 and H(L+2)
1 fulfil Equation (13),

3. the fact that filters H(L)
0 and H(L)

1 fulfil Equation (13) leads to conclusion that
filters H(L+2)

0 and H(L+2)
1 fulfil Equation (12).

Let us begin by proving first claim. According to Equations (8) and (21), filters
H(2)

0 and H(2)
1 take form:
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H(2)
0 = [ cos (α1) , sin (α1)] , (31)

H(2)
1 = [− sin (α1) , cos (α1)] . (32)

It can be easily noticed, that coefficients of H(2)
1 filter are created by reversing the

order of H(2)
0 filter coefficients and changing the sign of every odd coefficient:

h1(0) = (−1)1h0(2 − 0 − 1) = −h0(1) = − sin (α1) ,

h1(1) = (−1)2h0(2 − 1 − 1) = h0(0) = cos (α1) ,
(33)

which proves the first claim. Let us now prove the second claim. We assume that
Equation (12) holds true for filters of length L. This means, that there’s a following
dependency between the h0(n) and h1(n) coefficients:

h1(0) = −h0(L − 1) ,

h1(1) = h0(L − 2) ,

h1(2) = −h0(L − 3) ,

...

h1(L − 3) = h0(2) ,

h1(L − 2) = −h0(1) ,

h1(L − 1) = h0(0) .

(34)

It will be demonstrated, that assuming the inductive hypothesis (34) and using
the Equation (8) leads to obtaining filter coefficients that fulfil Equation (13). The
coefficients of H(L+2)

1 take form2:

H(L+2)
1 = [−h1(0) sin (α) , −h1(1) sin (α) , −h1(2) sin (α) + h0(0) cos (α) ,

−h1(3) sin (α) + h0(1) cos (α) , . . . , −h1(L − 2) sin (α) + h0(L − 4) cos (α) ,

−h1(L − 1) sin (α) + h0(L − 3) cos (α) , h0(L − 2) cos (α) , h0(L − 1) cos (α)]
((34)
= )

= [h0(L − 1) sin (α) , −h0(L − 2) sin (α) , h0(L − 3) sin (α) + h0(0) cos (α) ,
−h0(L − 4) sin (α) + h0(1) cos (α) , . . . , h0(1) sin (α) + h0(L − 4) cos (α) ,
−h0(0) sin (α) + h0(L − 3) cos (α) , h0(L − 2) cos (α) , h0(L − 1) cos (α)] .

(35)

2To shorten the notation, in the following equations angle αL+1 is denoted as α.
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while coefficients of H(L+2)
0 take the following form:

H(L+2)
0 = [h1(0) cos (α) , h1(1) cos (α) , h1(2) cos (α) + h0(0) sin (α) ,

h1(3) cos (α) + h0(1) sin (α) , . . . , h1(L − 2) cos (α) + h0(L − 4) sin (α) ,

h1(L − 1) cos (α) + h0(L − 3) sin (α) , h0(L − 2) sin (α) , h0(L − 1) sin (α)]
((34)
= )

= [−h0(L − 1) cos (α) , h0(L − 2) cos (α) , −h0(L − 3) cos (α) + h0(0) sin (α) ,
h0(L − 4) cos (α) + h0(1) sin (α) , . . . , −h0(1) cos (α) + h0(L − 4) sin (α) ,

h0(0) cos (α) + h0(L − 3) sin (α) , h0(L − 2) sin (α) , h0(L − 1) sin (α)] .

(36)

Let us reverse order of H(L+2)
0 coefficients, given by Equation (36):

[h0(L − 1) sin (α) , h0(L − 2) sin (α) , h0(0) cos (α) + h0(L − 3) sin (α) ,
−h0(1) cos (α) + h0(L − 4) sin (α) , . . . , h0(L − 4) cos (α) + h0(1) sin (α) ,
−h0(L − 3) cos (α) + h0(0) sin (α) , h0(L − 2) cos (α) , −h0(L − 1) cos (α)] .

(37)

Let us change the sign of even coefficients3 of the filter given by the Equation (37):

[h0(L − 1) sin (α) , −h0(L − 2) sin (α) , h0(0) cos (α) + h0(L − 3) sin (α) ,
h0(1) cos (α) − h0(L − 4) sin (α) , . . . , h0(L − 4) cos (α) + h0(1) sin (α) ,
h0(L − 3) cos (α) − h0(0) sin (α) , h0(L − 2) cos (α) , h0(L − 1) cos (α)] .

(38)

It can be seen, that coefficients given by the Equations (35) and (38) are identical.
Therefore assumption that filters H(L)

0 and H(L)
1 fulfil condition (12) has led to

a conclusion, that filters H(L+2)
0 and H(L+2)

1 fulfil condition (13). Thus, the second
claim has been proved.

Let us now prove the third claim. We assume that Equation (13) holds true for
filters of length L. This means, that there’s a following dependency between the
h0(n) and h1(n) coefficients:

3It must be noted, that even coefficients are indexed be odd numbers. The first filter coefficient
has index 0, the second coefficient has index 1 and so on.
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h1(0) = h0(L − 1) ,

h1(1) = −h0(L − 2) ,

h1(2) = h0(L − 3) ,

...

h1(L − 3) = −h0(2) ,

h1(L − 2) = h0(1) ,

h1(L − 1) = −h0(0) .

(39)

It will be demonstrated, that assuming the inductive hypothesis (39) and using
the Equation (8) leads to obtaining filter coefficients that fulfil Equation (12). The
coefficients of H(L+2)

1 take form4:

H(L+2)
1 = [−h1(0) sin (α) , −h1(1) sin (α) , −h1(2) sin (α) + h0(0) cos (α) ,

−h1(3) sin (α) + h0(1) cos (α) , . . . , −h1(L − 2) sin (α) + h0(L − 4) cos (α) ,

−h1(L − 1) sin (α) + h0(L − 3) cos (α) , h0(L − 2) cos (α) , h0(L − 1) cos (α)]
((39)
= )

= [−h0(L − 1) sin (α) , h0(L − 2) sin (α) , −h0(L − 3) sin (α) + h0(0) cos (α) ,
h0(L − 4) sin (α) + h0(1) cos (α) , . . . , −h0(1) sin (α) + h0(L − 4) cos (α) ,

h0(0) sin (α) + h0(L − 3) cos (α) , h0(L − 2) cos (α) , h0(L − 1) cos (α)] .

(40)

while coefficients of H(L+2)
0 take the following form:

H(L+2)
0 = [h1(0) cos (α) , h1(1) cos (α) , h1(2) cos (α) + h0(0) sin (α) ,

h1(3) cos (α) + h0(1) sin (α) , . . . , h1(L − 2) cos (α) + h0(L − 4) sin (α) ,

h1(L − 1) cos (α) + h0(L − 3) sin (α) , h0(L − 2) sin (α) , h0(L − 1) sin (α)]
((39)
= )

= [h0(L − 1) cos (α) , −h0(L − 2) cos (α) , h0(L − 3) cos (α) + h0(0) sin (α) ,
−h0(L − 4) cos (α) + h0(1) sin (α) , . . . , h0(1) cos (α) + h0(L − 4) sin (α) ,
−h0(0) cos (α) + h0(L − 3) sin (α) , h0(L − 2) sin (α) , h0(L − 1) sin (α)] .

(41)

Let us reverse order of H(L+2)
0 coefficients, given by Equation (41):

4To shorten the notation, in the following equations angle αL+1 is denoted as α.



J. Stolarek 135

[h0(L − 1) sin (α) , h0(L − 2) sin (α) , −h0(0) cos (α) + h0(L − 3) sin (α) ,
h0(1) cos (α) + h0(L − 4) sin (α) , . . . , −h0(L − 4) cos (α) + h0(1) sin (α) ,
h0(L − 3) cos (α) + h0(0) sin (α) , −h0(L − 2) cos (α) , h0(L − 1) cos (α)] .

(42)

Let us change the sign of odd coefficients5 of the filter given by the Equation (42):

[−h0(L − 1) sin (α) , h0(L − 2) sin (α) , h0(0) cos (α) − h0(L − 3) sin (α) ,
h0(1) cos (α) + h0(L − 4) sin (α) , . . . , h0(L − 4) cos (α) − h0(1) sin (α) ,
h0(L − 3) cos (α) + h0(0) sin (α) , h0(L − 2) cos (α) , h0(L − 1) cos (α)] .

(43)

It can be seen, that coefficients given by the Equations (40) and (43) are identi-
cal. Therefore assumption that filters H(L)

0 and H(L)
1 fulfil condition (13) has led

to a conclusion, that filters H(L+2)
0 and H(L+2)

1 fulfil condition (12). Earlier it has
been proved that if filters H(L)

0 and H(L)
1 fulfil condition (12) then filters H(L+2)

0 and
H(L+2)

1 fulfil condition (13). It has also been shown that filters H(2)
0 and H(2)

1 fulfil
Equation (12). Thus, by the power of mathematical induction, it has been proved
that filters H(L)

0 and H(L)
1 , created according to algorithm given by Equation (8),

fulfil either Equation (12) (when L
2 is odd) or Equation (13) (when L

2 is even).
Let us now prove the orthogonality of the filter H0 and shifts by 2 of the filter

H1 (Equation (16)). For a lattice structure with even number of layers, i.e. when
filters H0 i H1 satisfy Equation (12), the proof is identical as for the lattice structure
with symmetric base operations (see [1], equations 81 through 85) and will not be
repeated here. For a lattice structure with odd number of layers we expand the
Equation (16):

∑
n

h0(n)h1(n + 2m)
((12)
= )

∑
n

h0(n)(−1)n+2m+1h0(L − (n + 2m) − 1) =

L−1∑
n=1,3,...

h0(n)h0(L − n − 2m − 1) −
L−2∑

n=0,2,...

h0(n)h0(L − n − 2m − 1) .

(44)

Since the above formula must be equal to 0, the sufficient condition for its fulfil-
ment is:

5See footnote 3 on page 133.
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L−2∑
n=0,2,...

h0(n)h0(L − n − 2m − 1) =

L−1∑
n=1,3,...

h0(n)h0(L − n − 2m − 1) . (45)

This gives us Equation identical to Equation 82 in [1]. Further calculations
are identical and therefore will not be repeated here. Proofs of Equations (14),
(15), (17) and (18) are also the same as for a lattice structure with symmetric base
operations, hence they will not be repeated.

�

3. Lattice structure representation ensuring required sum
of angles

As was demonstrated in Section 2 and in [1], the sum of angles in the lattice
structure must be equal to a value dependant on the number of layers. Otherwise,
the structure implements a Quadrature Mirror Filter bank, which ensures perfect
reconstruction of the signal but is not a wavelet transform [2, 3]. In this section we
will discuss representing the lattice structure in a form that ensures fulfilment of
the condition imposed on the angles. Let us recall that for a lattice structure with
symmetric base operations (see Equation (5)) the required condition for the sum
of angles is given as:

∃n∈Z

L/2∑
l=1

αl =
π

4
+

[(L
2
− 1

)
mod 4

]
·
π

2
+ 2nπ , (46)

while for a lattice structure with asymmetric base operations (see Equation (6)) the
condition is given by Equation (10). Let us denote the required sum of angles as
ϑ. Instead of representing the lattice structure with angles αi, where i = 1, . . . , L

2 ,
we will use representation depending on angles ϕi, where i = 1, . . . , L

2 − 1. The
dependency between the angles is defined as [2]:

α1 = ϑ − ϕ1 ,

αi = (−1)i(ϕi−1 + ϕi) , for i = 2, . . . ,
L
2
− 1 ,

α L
2

= ϕ L
2−1 .

(47)
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Such a substitution ensures that the sum of angles αi always equals ϑ:

L/2∑
i=1

αi = ϑ − ϕ1 + ϕ1 + ϕ2 − ϕ2 + . . . − ϕ L
2−1 + ϕ L

2−1 = ϑ . (48)

This parametrization reduces the number of available degrees of freedom by one.
Let us analyze influence of introducing substitution (47) on the class of wavelets
possible to synthesize using the lattice structure. Let us assume that one of the αi

angles is increased by π:

α′i = αi + π . (49)

It is obvious that:

sin
(
α′i

)
= − sin (αi) ,

cos
(
α′i

)
= − cos (αi) .

(50)

Therefore, increasing the value of any angle in the lattice structure by π results in
changing the sign of a base operation corresponding to that angle6:

[
cos(α′i) sin(α′i)
sin(α′i) −cos(α′i)

]
=

[
−cos(αi) −sin(αi)
−sin(αi) cos(αi)

]
=

= −1 ·
[

cos(αi) sin(αi)
sin(αi) −cos(αi)

]
.

(51)

By analyzing Equation (8) it follows that changing the sign of one base operation
leads to reversing the sign of all coefficients of both filters implemented by the
structure. This in turn leads to reversing the sign of wavelet coefficients calculated
by the lattice structure. From a practical point of view this is irrelevant, because
in all the signal processing applications in the DWT domain, e.g. compression or
watermark embedding, only the absolute value of the coefficients is relevant.

We will now analyze the same situation in case of angles ϕi, where i = 1, . . . ,
L
2 − 1. Let us assume that one of the angles is increased by π:

ϕ′i = ϕi + π . (52)

6The same is true when the value of an angle is decreased by π.
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According to Equation (47), every ϕi angle influences the value of two αi angles in
the adjacent layers. Therefore changing ϕi by π either increases or decreases two
αi angles, which leads to changing the sign of base operations in two layers. As
was already said, changing the sign of one base operations in one layer changes
the sign of the filters implemented by the structure. Hence, changing the sign of
base operations in two layers has no effect, since the two negations cancel each
other. Therefore substitution (52) influences neither the values nor the sign of filters
implemented by the structure. This leads to two important conclusions:

1. Since replacing the value of angle ϕi by ϕi +π leads to exactly the same filter
coefficients, then the range of ϕi angles can be limited to [0, π).

2. Structure defined by L
2 angles αi ∈ [0, 2π) is able to implement a class of

filters with the same absolute coefficient values but with opposite signs. By
introducing lattice structure representation with angles ϕi ∈ [0, π), possibil-
ity of implementing such filters by the structure has been eliminated. From
the practical point of view this does not limit the amount of filters possi-
ble to synthesize, since only the absolute value of the wavelet coefficients is
important.

4. Summary

This paper concludes the analysis of properties of the orthogonal lattice struc-
ture. The first part of the article introduced the concept of two-point base oper-
ations, symmetric and asymmetric orthogonal base operations. Definition of lat-
tice structure was given. Algorithm for converting parameters of such structure
to wavelet filter bank coefficients was constructed in both iterative and recursive
form. Conditions imposed on an orthogonal wavelet filter bank have been defined.
A proof has been carried out, showing that parametrization based on an orthogonal
lattice structure with symmetric base operations fulfils conditions imposed on the
orthogonal wavelet filter bank, assuming that additional condition is fulfilled.

In the second part of this paper orthogonal lattice structure with asymmetric
base operations was discussed. A proof was carried out, demonstrating that such
a structure also fulfils conditions imposed on an orthogonal wavelet filter bank. It
was noted, that such structure differs slightly from the structure with symmetric
base operations: condition on the sum of angles in the structure is different as well
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as the dependency between low-pass and high-pass filter coefficients. Representa-
tion of the lattice structure ensuring fulfilment of conditions imposed on the angles
was discussed. It was demonstrated that such representation allows to reduce the
range of angles from [0, 2π) to [0, π) and that it eliminates the class of filters with
opposite signs of the coefficients.
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