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Abstract Recently several generalizations to higher dimension of the classical
Fourier transform (FT) using Clifford geometric algebra have been introduced, in-
cluding the two-dimensional (2D) Clifford—Fourier transform (CFT). Based on the
2D CFT, we establish the two-dimensional Clifford windowed Fourier transform
(CWFT). Using the spectral representation of the CFT, we derive several important
properties such as shift, modulation, a reproducing kernel, isometry, and an orthog-
onality relation. Finally, we discuss examples of the CWFT and compare the CFT
and CWFT.

1 Introduction

One of the basic problems encountered in signal representations using the conven-
tional Fourier transform (FT) is the ineffectiveness of the Fourier kernel to represent
and compute location information. One method to overcome such a problem is the
windowed Fourier transform (WFT). Recently, some authors [4, 7] have extensively
studied the WFT and its properties from a mathematical point of view. In [6, 8] they
applied the WFT as a tool of spatial-frequency analysis which is able to characterize
the local frequency at any location in a fringe pattern.

On the other hand, Clifford geometric algebra leads to the consequent generaliza-
tion of real and harmonic analysis to higher dimensions. Clifford algebra accurately
treats geometric entities depending on their dimension as scalars, vectors, bivec-
tors (oriented plane area elements), and trivectors (oriented volume elements), etc.
Motivated by the above facts, we generalize the WFT in the framework of Clifford
geometric algebra.

In the present paper we study the two-dimensional Clifford windowed Fourier
transform (CWFT). A complementary motivation for studying this topic comes from
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the understanding that the 2D CWFT is in fact intimately related with Clifford—
Gabor filters [1] and quaternionic Gabor filters [2, 3]. This generalization also en-
ables us to establish the two-dimensional Clifford—Gabor filters.

2 Real Clifford Algebra .,

Let us consider an orthonormal vector basis {e;, e>} of the real 2D Euclidean vector
space R? = R>C. The geometric algebra over R? denoted by §; then has the graded
four-dimensional basis

{1,e1, e, €12}, 9]

where 1 is the real scalar identity element (grade 0), ej,e; € R2 are vectors
(grade 1), and ej» = ejep = i> defines the unit oriented pseudoscalar1 (grade 2),
i.e., the highest grade blade element in ;.

The associative geometric multiplication of the basis vectors obeys the following
basic rules:

e% = e% =1, eje; = —epey. 2)

The general elements of a geometric algebra are called multivectors. Every mul-
tivector f € G2 can be expressed as

f= a +oeitmer+ open Vo, o, a0 €R 3)
—— ————— N——
scalar part vector part bivector part

The grade selector is defined as (f) for the k-vector part of f. We often write
(...)=1{(...)0. Then (3) can be expressed as?

f=+ U+ “)
The multivector f is called a parabivector if the vector part of (4) is zero, i.e.,
f=ao+anen. &)
The reverse f of a multivector f € §; is an anti-automorphism given by
F=+m= (e (©)

which fulfills ]?;g =g f for every f, g € $». In particular, ir = —is.
The scalar product of two multivectors f, g is defined as the scalar part of the
geometric product fg,

f*g=(fg =aofo+a1p1 + a2+ a2pi2, (7)

10ther names in use are bivector or oriented area element.

2Note that (4) and (6) show grade selection and not component selection.
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which leads to the cyclic product symmetry

(pqr)={qrp) Vp,q,r € §a2. 8

For f = g in (7), we obtain the modulus (or magnitude) | f| of a multivector f € §»
defined as

[fP=f*f=af+a]+a3+ap,. ©)

It is convenient to introduce an inner product for two multivector-valued func-
tions f, g : R* — G, as follows:

(g = [ S5 dx (10)
One can check that this inner product satisfies the following rules:

(f. 8 +h)2we.g,) = (f, &) 2@, T (fs M) 2®2:g,)
(fo A r2®2g5) = (f+ &) L2(R2: gy Mo
(M @122 gy = (f+ M) 2R2.gy) b
(. O 2@gy = & Dir@igy.

where f, g € L>(R%; §»), and A € §, is a multivector constant. The scalar part of
the inner product gives the L>-norm

£ 2 g,y = (CF D@2y (12)

Definition 1 (Clifford module) Let §, be the real Clifford algebra of 2D Euclidean
space R?. The Clifford algebra module L?(R?; §») is defined by

L*(R* §2) = {f :R* — G2 | 1 fll .2 ge.g,) < 00 (13)

3 Clifford Fourier Transform (CFT)

It is natural to extend the FT to the Clifford algebra §,. This extension is often called
the Clifford—Fourier transform (CFT). For detailed discussions on the properties of
the CFT and their proofs, see, e.g., [1, 5]. In the following we briefly review the 2D
CFT.

Definition 2 The CFT of f € L>(R?;§,) N L'(R?; §») is the function F{f}:
R? — G, given by

FlfHw) = /R i fx)e 29X g°x, (14)
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where we can write w = wi€e] + wrez and X = xje; + x2€;. Note that

dxind
d*x = M (15)
12
is scalar valued (c_lxk =dxper, k = 1,2, no summation). Notice that the Clifford—
Fourier kernel e~ 2¢* does not commute with every element of the Clifford alge-
bra §,. Furthermore, the product has to be performed in a fixed order.

Theorem 1 Suppose that f € L>(R?; §») and F{f} € L'(R?; G,). Then the CFT
is an invertible transform, and its inverse is calculated by

a1 _ _ 1 Irod hHwXx j2
FAF @0 = 0= 55 /R FU@ de. (16)

4 2D Clifford Windowed Fourier Transform

In[1, 5] the 2D CFT has been introduced. This enables us to establish the 2D CWFT.
We will see that several properties of the WFT can be established in the new con-
struction with some modifications. We begin with the definition of the 2D CWFT.

4.1 Definition of the CWFT

Definition 3 A Clifford window function is a function ¢ € L?>(R?; §,) \ {0} such
that |x|'/2¢ (x) € L2(R?; §2).
2% (x — b)

Bon(®)="—5

a7)
denote the so-called Clifford window daughter functions.

Definition 4 (Clifford windowed Fourier transform) The Clifford windowed
Fourier transform (CWFT) G f of f € LY(R?, G») is defined by

fX) — Gy f(w,b)=(f, ¢w,b)L2(R2;92)

_ b / fx) {e2°*p(x —b)} "~ d’x
@2n)? Jre
1

= Gyt fR ) $ (X — b) e 29X 2% (18)

This shows that the CWFT can be regarded as the CFT of the product of a
Clifford-valued function f and a shifted and reversed Clifford window function ¢,
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or as an inner product (10) of a Clifford-valued function f and the Clifford window
daughter functions ¢g p.

Taking the Gaussian function as the window function of (17) with fixed =
®o = wo,1€] + wo,2e2, we obtain Clifford Gabor filters, i.e.,

gc(x,01,00) = eisz'Xe—[(ﬂ/01)2+(X2/02)2]/2 (19)

9 (271)2 b
where o1 and o, are standard deviations of the Gaussian functions, and the transla-
tion parameters are by = by = 0.

In terms of the §, Clifford—Fourier transform, (19) can be expressed as

FlgHw) = e—%[(alz(wl —wo.1)2+022(w2—w0,2)2]. (20)
o107

From (19) and (20) we see that Clifford—Gabor filters are well localized in the spatial

and Clifford—Fourier domains.

The energy density is defined as the square modulus of the CWFT (18) given by

2

! / FX)P (X — bye 20X 2] Q1)
]RZ

2_
|G¢f(w’b)| - (27.[)4

Equation (21) is often called a spectrogram which measures the energy of a Clifford-
valued function f in the position—frequency neighborhood of (b, ®).

In particular, when the Gaussian function (19) is chosen as the Clifford window
function, the CWFT (18) is called the Clifford—Gabor transform.

4.2 Properties of the CWFT

We will discuss the properties of the CWFT. We find that many of the properties of
the WFT are still valid for the CWFT, however, with certain modifications.

Theorem 2 (Left linearity) Let ¢ € L2(R?; 92) be a Clifford window function. The
CWFT of f, g € L>(R?; §5) is a left linear operator,’ which means that

[Go(Af + ug)](@,b) =Gy f(@,b) + uGyg(w,b) (22)
with Clifford constants L, L € .

Proof Using the definition of the CWFT, the proof is obvious. 0

Remark 1 Since the geometric multiplication is noncommutative, the right-linearity
property of the CWFT does not hold in general.

3The CWFT of f is a linear operator for real constants u, A € R.
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Theorem 3 (Reversion) Let f € L2(R?; 9{ ) be a parabivector-valued function.
For a parabivector-valued window function ¢, we have

Gyf(@.0)={Gyf(—w,b)} " (23)

Proof Application of Definition 4 to the left-hand side of (23) gives

Gzf(@.b) = G R / P (x —b)e 2% 4%
=#{/ 29X (x ) £ () dx }N
(2m)?
(27,)2{ / FEG(x—b) ¥ d’x } : (24)
This finishes the proof of the theorem. g

Theorem 4 (Switching) If |x|'/2 f(x) € L>(R?; §2) and |x|'?¢(x) € L2(R?; §»)
are parabivector-valued functions, then we obtain

Gy f(@,b)=e PG rp(~w, —b)} . (25)

Proof We have, by the CWFT definition,

Gof(@,b) = / FROGx = b) e 2% dx

(2r)2

(2,1)2{ / ¢ (x—b) f(x) 2% d’x } : (26)

The substitution y = x — b into the above expression gives

Gof(@.b) =753 { / S f(y 1 b) 2O+ 2 }
= (27[)2 g—l'ztz)'b{/l;z ¢(y)f6\—'i-/b) eizw-y d2y}
B (zn)f_im{/w PWS (Y= (b)) e dZY} @
which proves the theorem. 0O

Theorem 5 (Parity) Let ¢ € L*>(R?; §2) be a Clifford window function. If P is the
parity operator defined as P¢ (X) = ¢ (—X), then we have

Gpy{Pfl(@.b) =Gy f(-w, —b). (28)
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Proof Direct calculations give, for every f € L2(R?; $2),

Gpe{Pf}(w b) = / f(= x) ¢ (— X+b)} e 2(=@)(=%) 424

(2 @n)?

1 ~ .
= —(271’)2 /RZ f(X){¢(X — (—b))} e 2(@)x d2X’ (29)
which completes the proof. 0

Theorem 6 (Shift in space domain, delay) Let ¢ be a Clifford window function.
Introducing the translation operator Ty, f (X) = f (X — Xo), we obtain

G{Txy [ H@,b) = (G f (@, b — X)) e~ 290, (30)

Proof We have by using (18)

Gop(Toy f) (@, b) = / Fx-x)px—be P (1)

()2

We substitute t = x — X into the above expression and get, with d’x = d’t,
1 ~ —ho-(t+xg) 72
Gl 1.0 = s [ FO1p(= b= x)| e

1 o |
= W /Rz [f(t){¢(t —(b— XO))} 6*12(01] d2te—29%0
(32)
This ends the proof of (30). .

Theorem 7 (Shift in frequency domain, modulation) Let ¢ be a parabivector-
valued Clifford window function. If @y € R* and fo(x) = f(X)e290X | then
Gg fo(w,b) =Gy f(w — o, b). (33)

Proof Using Definition 4 and simplifying it, we get

Gy fo(w.b) = f F(X)e20% ¢ (x — b) e 2% d%x

(2 )2

(27'()2 / f(X)¢(x—b) e 2= wo)xd2 (34)

which proves the theorem. O



100 M. Bahri et al.

Theorem 8 (Reconstruction formula) Let ¢ be a Clifford window function. Then
every 2D Clifford signal f € L>*(R?; G2) can be fully reconstructed by

= 2 7 7yl 21 g2
F0) = (@m) /R 2 /R G f @ 0)90p®($.8) 2529, Pbd%0.  (39)
Proof 1t follows from the CWFT defined by (18) that

Gy f(@.b) = F{fX$(x—b)} (@) (36)

(2m)?

Taking the inverse CFT of both sides of (36), we obtain

fX$x—b)=Q2n)>F Gy f(w b)}(x)

_ @’

=2 fR _Gof(@.b) 2% . (37)

Multiplying both sides of (37) by ¢ (x — b) and then integrating with respect to d’b,
we get

(%) / ¢ (X — b)¢p(x — b) d®b = / / Gy f(@,b) e2%p(x — b) d*wd?b
R? R2? JR2
(38)
or, equivalently,

FO(@:9) 2g2.g,) = @7) /R i [R Gof(@.b)pop®d*0d®D,  (39)
which gives (35). O

It is worth noting here that if the Clifford window function is a parabivector-
valued function, then the reconstruction formula (35) can be written in the form

(2n)?

fx) = / / Gy f (@, D)o b(X) d*bd’w. (40)
R2 JR2

2
||¢”L2(R2;92)
Theorem 9 (Orthogonality relation) Assume that the Clifford window function ¢

is a parabivector-valued function. If two Clifford functions f, g € L>(R?; G,), then
we have

/R i /R (fb0b) 1224, (8 bob) 12 32,5, d @ d*D

19117 2.9,
=g SOveisy S
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Proof By inserting (18) into the left side of (41), we obtain

/];{2 [1;2(](7 ¢w,h)L2(R2;g2)(g, ¢w,b)L2(R2;92) dde2b

1 iHw-X s
— /Rz A{z(f, ¢w,b)L2(R2;g2) (,/]Rz )2 e p(x —b)g(x) d2x> d*wd*b

:/ / / / : f(x/)¢(/)i7\—/b) 206X g2, 2y
r2 Jr2 \ Jr2 JR2 27)4

x ¢(x —b)g(x)d>xd’b

—1 P —_—~
= oy ./1;2 Az(/ﬂng(x/)qs(xl—b)‘s(x_X/)¢(X—b)dzx’>g(x)d2bd2x

1

— o [ [ 46he—b) P

¢ parabiv. funct.

1 —~
B W”M%Z(Rz:gz) /Rz g d*x, )
which completes the proof of (41). -

Theorem 10 (Reproducing kernel) For a parabivector-valued Clifford window
function |x|'2¢ € L*(R%; §2), if

2n)?

Kg (@, b; @', b) = 5
||¢”L2(R2;9.2)

(¢w,b, ¢w’,b’)L2(R2;g2), (43)
then Ky (w,b; @', b) is a reproducing kernel, i.e.,

Gy f(@,b)= /R i /R Gof (@ D)Ky(w.b: @', b) d*©d*b. (44)

Proof By inserting the inverse CWFT (40) into the definition of the CWFT (18) we
easily obtain

Gy (1)

= / F X ory (x) d>x
RZ

_ (@n)? 20 12 2
= 3 Gy f(0,b) pop(X)d°bd @ |¢ey iy (X) d°X
Rz ||¢||L2(R2;92) RZ ]RZ
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/ / = < / G0 () boy 1y (¥) d? >d2bd2
R? ||¢||L2(R2 9 )
=/ / G f (@ DKy (0, b: . 1) d’bd’0, 45)
R2 JR2

which finishes the proof.

O

Remark 2 Formulas (40), (41), and (43) also hold if the Clifford window function

is a vector-valued function, i.e., ¢ (X) =

p1(x)e; + pr(x)ez.

The above properties of the CWFT are summarized in Table 1.

Table 1 Properties of the CWFT of f, g € L2(R?; 92), L=

Lz(]R2 92), where A, u € §; are

constants, wp = wg,1€1 + wp2€2 € R2, and x¢ = xpe; + yoes € R2

Property Clifford-valued function = 2D CWFT
Left linearity Af(x) 4+ png(x) AGy f(@,b) + 1Gyg(w, b)
Delay f(x—xo) (Gg f(@, b —xq)) e 2%
Modulation f(x)el2@0x Gyf(w—wo,b) ifpisa
parabivector-valued function
Formulas
Reversion Gaf(w, b) = {Gy f(—w,b)}™
if f and ¢ are parabivector-valued functions
Switching Gy f(@,b) = 29D G i (—w, —b)}
if f and ¢ are parabivector-valued functions
Parity Gpy{Pf}(@,b) = Gy f(—w,—b)
Orthogonality el (fon = fe fe(f o) 2@y
x (g, ¢w.b)L2(R2;92)d2wd2b
if ¢ is a parabivector-valued function
Reconstruction f(x)= 2n)? fRZ fR2 Gy f (@, b)) n(x)
7 7\—1 24 72
X ) gag, .
(2m)
T, Jr2 Jz2 Go f(@.b)
X ¢ p(x) d*bd’w,
if ¢ is a parabivector-valued function
Reproducing kernel G f (@', b') = Jz2 [g2 G f (@, D)Ky (@, b; &', b") d%’wd?p,

Ky (w,b; @', b")
_ (2n>2

=P (¢w,ba ¢m’.b/)L2(]R2;9.z)’

L2(R2;9,)

if ¢ is a parabivector-valued function
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4.3 Examples of the CWFT

For illustrative purposes, we shall discuss examples of the CWFT. We then compute
their energy densities.

Example 1 Consider the Clifford—Gabor filters (see Fig. 1) defined by (o1 =
o =1/v2)
1

fx) = )

X Fho0x, (46)
Obtain the CWFT of f with respect to the Gaussian window function ¢ (x) = e,

By the definition of the CWFT (18), we have

Gy f(w,b) = / e X 200X = (b)? p—inwx 2y 47)
R2

Q2m)*

Substituting x =y + b/2, we can rewrite (47) as

Go f (@, b) = / ¢~ VHD/2P 00 (45/2) ,~(¥-b/2 y =iz (4b/2) 2y
R2

@2m)*
e—b2/2
Tt
e—b2/2
T @t
e_bz/zn _
= —e
2m)4 2
e—b2/2

~ 3273

/ e—2yze—i2w-y gizw(yy d2yg—i2(w—w0)»b/2
R2

/ ¢ 2000 g2y iz (@—00)b/2
R2

(@=0)*/8 ,~i2(@—wp)b/2

o~ (©=©0)2/8 ,—ir(@—w0)b/2_ (48)

The energy density is given by

2

e_b N2
Gy f(@.b)|* = Gt (49)

Example 2 Consider the first-order two-dimensional B-spline window function de-
fined by

1 if0<x;<landO0<uxy <1,
¢ x) { 0 otherwise. (50)
Obtain the CWFT of the function defined as follows:
f(x):{x ifOS)f]SlandOfszl, (51)
0 otherwise.
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Fig. 1 The scalar part (left) and bivector part (right) of Clifford—Gabor filter for the parameters
wo,1 =wo2=1,by =by =0, 0] =03 = 1/+/2 in the spatial domain using Mathematica 6.0

Fig. 2 Plot of the CWFT of
Clifford—Gabor filter of
Example 1 using
Mathematica 6.0. Note that it
is scalar valued for the
parameters b = by =0

Applying Definition 4 and simplifying it, we obtain

Gy f(@.b)

1 14Dy 1+by X
= W/ Xe 2°%dx dxy
T by by

1 14-b; 1+by . .
= (27)2/ (x1€1 + x2€2) (e_lz‘“‘x‘e_‘mxz) dxydx)
by by
1

1+by . L+by .
= W €] / X]e_lzwlxl d.x] / e—zzwzxz dxz
T b b

1 2

1 1+b, . 1+by .
+ - 62/ e 29 dxy / Xpe 129272 dxy
(27[) by by

= {eza)z[(l + iza)lbl)(e—izwl _ 1) + iza)le_izwl](e_izwz _ 1)
— e1w1[(1 + izwzbz)(e—izwz _ 1) + izwze—izwz](e—izwl _ 1)}

e—zzw~b

% Qrwiwy)? 2)

with

b=>bie; + bre;.
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Fig. 3 Representation of the CFT basis for w; = wr = 1 with scalar part (leff) and bivector part
(right) using Mathematica 6.0

Fig. 4 Representation of the CWFT basis of a Gaussian window function for the parameters
wo,1 = wp2 = 1,b1 = by =0.2 with scalar part (left) and bivector part (right) using Mathemat-
ica 6.0

5 Comparison of CFT and CWFT

Since the Clifford—Fourier kernel e =29 is a global function, the CFT basis has

an infinite spatial extension as shown in Fig. 3. In contrast, the CWFT basis
¢ (x —b) e™29X has a limited spatial extension due to the local Clifford window
function ¢(x — b) (see Fig. 4). This means that the CFT analysis cannot provide
information about the signal with respect to position and frequency, so that we need
the CWFT to fully describe the characteristics of the signal simultaneously in both
spatial and frequency domains.

6 Conclusion

Using the basic concepts of Clifford geometric algebra and the CFT, we introduced
the CWFT. Important properties of the CWFT were demonstrated. This general-
ization enables us to work with 2D Clifford—Gabor filters, which can extend the
applications of the 2D complex Gabor filters.

Because the CWFT represents a signal in a joint space—frequency domain, it
can be applied in many fields of science and engineering, such as image analysis
and image compression, object and pattern recognition, computer vision, optics and
filter banks.



106 M. Bahri et al.

Acknowledgements The authors would like to thank the referees for critically reading the
manuscript. The authors further acknowledge R.U. Gobithaasan’s assistance in producing the fig-
ures using Mathematica 6.0. This research was supported by the Malaysian Research Grant (Fun-
damental Research Grant Scheme) from the Universiti Sains Malaysia.

References

1. Brackx, F., De Schepper, N., Sommen, F.: The two-dimensional Clifford—Fourier transform.
J. Math. Imaging Vis. 26(1), 5-18 (2006)

2. Biilow, T.: Hypercomplex spectral signal representations for the processing and analysis of
images. Ph.D. thesis, University of Kiel, Germany (1999)

3. Biilow, T., Felsberg, M., Sommer, G.: Non-commutative hypercomplex Fourier transforms of
multidimensional signals. In: Sommer, G. (ed.) Geom. Comp. with Cliff. Alg., Theor. Found.
and Appl. in Comp. Vision and Robotics, pp. 187-207. Springer, Berlin (2001)

4. Grochenig, K., Zimmermann, G.: Hardy’s Theorem and the short-time Fourier transform of
Schwartz functions. J. Lond. Math. Soc. 2(63), 205-214 (2001)

5. Hitzer, E., Mawardi, B.: Clifford Fourier transform on multivector fields and uncertainty prin-
ciple for dimensions n =2 (mod 4) and n = 3 (mod 4). Adv. Appl. Clifford Algebr. 18(3-4),
715-736 (2008)

6. Kemao, Q.: Two-dimensional windowed Fourier transform for fringe pattern analysis: princi-
ples, applications, and implementations. Opt. Laser Eng. 45, 304-317 (2007)

7. Weisz, F.: Multiplier theorems for the short-time Fourier transform. Integr. Equ. Oper. Theory
60(1), 133-149 (2008)

8. Zhong, J., Zeng, H.: Multiscale windowed Fourier transform for phase extraction of fringe
pattern. Appl. Opt. 46(14), 2670-2675 (2007)



	Two-Dimensional Clifford Windowed Fourier Transform
	Introduction
	Real Clifford Algebra G2
	Clifford Fourier Transform (CFT)
	2D Clifford Windowed Fourier Transform
	Definition of the CWFT
	Properties of the CWFT
	Examples of the CWFT

	Comparison of CFT and CWFT
	Conclusion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


