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Two-Channel IIR Filter Banks Utilizing the
Frequency-Response Masking Technique®

Ljiljana Mili¢, Senior Member, IEEE, and Jelena Certi¢, Student Member, IEEE

Abstract — In this paper, a new approach for a two-
channel IIR filter bank based on the frequency-response
masking technique is presented. A model filter pair is a
double complementary IIR filter pair implemented as a
parallel connection of two all-pass filters. Masking filters are
linear-phase FIR filters. The resulting overall filter pair is
nearly power complementary, and simultaneously achieves
high sub-channel selectivity. The approximately linear phase
of channel filters is achieved with an IIR model filter pair of
an approximately linear phase. Compared to the traditional
solution based on FIR filters only, the proposed filter bank
exhibits a smaller overall delay and requires a smaller
number of multipliers for implementation.

Key words — complementary filter pairs, digital filters,
filter banks, frequency-response masking.

I. INTRODUCTION

THE frequency-response masking (FRM) technique
suitable for constructing digital filters with very
narrow transition bandwidths was first introduced by Lim
[1]. Utilizing the FRM approach, a single filter of a very
high order can be replaced with several sub-filters of a
considerably lower order thus reducing the overall
computational complexity. The application of FRM based
filters contributes to the spectral efficiency since the high-
performance digital filters with sharp pass/stop-band
transition can be achieved [1] — [4].

During the last decade, the applications of FRM
technique in constructing two-channel filter banks with
narrow transition bands have been considered [5], [6].
Two-channel filter banks are used to split the input signal
in two adjacent sub-bands for some signal processing
purposes, and to combine the two signal components in
order to synthesize a desired composite signal. Two-
channel filter banks are widely used building blocks in
many applications such as coding, scrambling, de-noising,
speech and music processing, image processing, and
others. Moreover, two channel filter banks are used for
constructing multichannel multilevel filter banks.

Various solutions for two-channel filter banks have
been developed, and the choice of the “best” solution is
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closely related with the application in hand. A particular
problem, frequently met in practice, is to construct a filter
bank which achieves simultaneously high sub-band
selectivity and a nearly perfect reconstruction property.
This is of importance for processing the signals whose
parameters change with time. Recently, the frequency-
response masking technique has been introduced to
synthesize two-channel filter banks with the major goal to
lower the transition region between the low-pass and high-
pass sub-channels [4], [5]. With the FRM approach the
channel selectivity is increased, and the spectral efficiency
of sub-channels is improved. Furthermore, the overall
computational complexity is reduced as compared with the
classical two-channel filter banks.

The synthesis of FIR two-channel maximally decimated
filter bank based on the frequency-response masking
(FRM) technique has been introduced in [4]. The FRM
filter bank from [4] is a low-pass/high-pass filter bank
with equal sub-channel bandwidths, and the overall bank
satisfies a nearly perfect reconstruction property. An
approach for the synthesis of FRM-based two-channel
filter banks with unequal sub-channel bandwidths suitable
for the rational sampling rate conversions has been
published in [5].

The purpose of this paper is to introduce IIR filters in
the structure of FRM based two-channel filter banks with
the goal to improve the computational efficiency and to
lower the overall delay of the bank. We concentrate on the
maximally decimated filter banks with equal sub-channel
bandwidths. We use a complementary IIR filter pair as a
periodic model filter pair, and linear-phase FIR filters as
masking filters. The efficiency of the realization is
demonstrated through examples, and the properties of the
implemented filter bank are discussed.

II. MAXIMALLY DECIMATED TWO-CHANNEL FILTER BANK

The block diagram of the two-channel maximally
decimated filter bank with the processing unit between the
analysis and synthesis part is shown in Fig. 1(a). The
analysis bank consists of the low-pass and high-pass filters
H,(z) and H,(z) followed by the factor-of-two down-
samplers. The synthesis bank contains the factor-of-two
up-samplers and the low-pass and high-pass filters Hyy(z)
and H, (z). The crossover frequency w, is located at the
centre of the baseband, i.e. at the angular frequency @ =
/2 as indicated in Figure 1(b). The distances of the pass-
band and stop-band edges from the crossover frequency
are the same. The input-output relation of the system of
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Figure 1(a) when the processing unit is omitted is
expressed as [4], [6],

Y(z)=T,(2)X(2)+T,(2)X(-2) M
where Ty(z) denotes the distortion transfer function, and
the effects of aliasing produced by the down-sampling
operations are represented with 7'(z). Therefore, T(z) is
referred to as the aliasing transfer function. The filter bank
is said to be a perfect reconstruction filter bank if 7y(z) =
X Kisa positive integer, and T'(z) = 0. In that case, the
signal at the output y[n] is a delayed copy of the input
x[n], i.e., y[n] = x[n — K]. In many practical applications,
the requirements for perfect reconstruction can be relaxed,
and the nearly perfect reconstruction filter banks providing
y[n] = x[n — K], with Ty(z) =z and T)(z) = 0, can be used.

Functions 7y(z) and T;(z) are determined by the analysis
and synthesis filters,
TO(Z):HHO(Z)HSO(Z)+Hul(z)Hsl(Z)’ 2
Tl(z)zHao(_Z)Hxn(Z)"'Hal(_Z)H.vl(Z)' (3)
In quadrature mirror (QMF) filter banks, analysis pairs
[H.(z) H,1(z)] and synthesis pairs [Hy(z) Hy(z)] satisfy
the power complementary property, and relations between
the filters H,(z,) H.1(z), Hy(z), H(z) are chosen in such
a manner that the aliasing produced in the analysis bank is
cancelled in the synthesis bank [6, p. 805].

III. FRM-BASED TWO-CHANNEL FILTER BANK

The frequency-response masking approach introduced
in [4] enables one to generate a nearly perfect
reconstruction filter bank with a narrow transition band
between the channels. With the aid of FRM approach,
analysis filters H,(z), H,1(z), and synthesis filters Hyy(z),
Hy,(z) are generated by combining a periodic model filter
pair [G(z") G.(z")] with the appropriate set of masking
filters. The filtering scheme is similar to the basic FRM
algorithm introduced in [1]. As given in [4], the filter
transfer functions in the two-channel filter bank of Fig. 1
are generated in the following manner

H,(z)= (=" )F (=) + G.(* () “)
H,(2)=Glz"JE,(=)+ G, E/(2) (5)
H,(2)=G")F (=) - 6. A (2) ©)
H,(z)=Glz")E,()- G.(=" E(2) (7)
where F(z) and Fi(z) are low-pass, and Ey(z) and E;(z)

high-pass masking filters. Notice that Fy(z), Fi(z), Ey(2),
E\(z) are even-order linear-phase FIR filters.

Processing unit

Analysis bank Synthesis bank

(o), [H.0(2) >< (2, 77,2

f T T T -

0 T
o, 72 a,

Fig. 1 Two-channel maximally decimated filter bank:
(a) Block diagram. (b) Channel division.
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Fig. 2 illustrates one of the two filtering schemes [4]
for the analysis filters H(z) and H,,(z)] that is used in the
following sections of this paper.

Fig. 2(a) shows the magnitude response of the model
filter pair [G(z) G.(z)], whereas the periodic model filter
pair [G(z") G.(z")] is shown in Fig. 2(b). Here, L should be
an odd integer to enable the magnitude symmetry of
[H.(z) H,(z)] in respect to the centre of the baseband @
= /2. The magnitude responses of masking filters F(z),
F\(z), Ey(z) and E\(z) are shown in Figure 2(c). Fig. 2(d)
illustrates the resulting filter pair [H,o(z) H,1(z)].

It was shown in [2], [4] that depending on the relations
between the masking filters, several types of filter banks
can be obtained. We use the following combination

F()= " = (1) F(-2)) ®)
Ey(z)=F(-2) 9)
E\(z)=F,(-z) (10)

where Np, the order of Fy(z), is an even number. Notice
that F(z), Eo(z) and E\(z) are completely determined by
Fy(z). The selected combination provides an efficient
realization structure as will be shown later on in this
paper.

The pass-band and the stop band edge frequencies of

the model pair [G(z) G.(2)], % and a)( ), satisfy the

symmetry condition a)( ):71'—60( ), and the transition
bandwidth is (a)
[G(Z") G.(Z")], the tran51t10n bandwidth is L times smaller

and amounts to (a)fc)

' )) In the periodic model pair

a)I()G))/ L. With an appropriate

choice of masking filters the resulting overall filter pair
[H.0(z) H,1(z)] has the transition bandwidth of the periodic
model filters as indicated in Fig. 2. The pass-band/stop-

band edge frequencies of [H,(z) H.(z)], aJI(,H) and
wf_H ) are determined as follows
o =7/2- (0 -0/ 2L, a1
wa) =7/2+ (wEG) - a)f)G))/ZL.
y ‘G(e“”) G(,(e/”)\
| ST (@
'
e
7r|/2 T o
y ‘G(E/Lw ‘G (e/Lm
XX
o
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Fig. 2. Generating the analysis filter bank
with the aid of FRM approach.
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The edge frequencies of masking filter Fy(z) are
determined by expressions [4],

a;iFO) = (2k7r + wa))/L ’ ws(vFO) = (2(k +1)z - a;f,G))/L, (12)

where k is an integer. For the choice of & see [1] and [4].
In the filter banks presented in [4], the model filter pairs
[G(2) G.(z)] are half-band FIR filter pairs that satisfy QMF
bank properties [6]. In this paper, we consider FRM-based
filter banks where the model filter pair [G(z) G(z)] is an
IIR half-band filter pair implemented as a parallel
combination of two all-pass filters Ay(z) and 4,(z). Thus,

W€ use
G(z)= (4,2 )+ =4, (2*))/2 (13)
G.(2)=(4,(z*)- "4 ()2 (14)
The filter pair [G(z) G.(z)] satisfies the power-

complementary and all-pass complementary properties and
can be used to construct IIR QMF banks [6].

IV. EFFICIENT REALIZATION STRUCTURE

In this section, we demonstrate how an -efficient
realization structure can be achieved for the analysis bank
[H.(2) H,1(2)]. The basic idea is to utilize equations (4),
(5), (8)—(10) to represent the transfer functions H,(z) and
H,(2) as a combination of functions Qy(z?) and z'Q;(z%)
in order to obtain the following form:

Hao(Z):Qo(Z2)+271Q1(Zz) (15)
Ha(2)=0,)-"a() (16)

This form enables one to represent H,(z) and H,(z) from
Fig. 1 as the efficient polyphase structure shown in Fig. 3.

In the next step, we express the polyphase functions
00(z") and Qy(z%) with the aid of the polyphase
components of model and masking filters. For model
filters [G(z), G.(z)], the all-pass functions A(z) and 4,(z)
from (13) and (14) represent the polyphase components.
For masking filters, we utilize relations (8)—(10) to express
the masking filters Fy(z), F1(z), Eo(z), E1(z) in terms of the
polyphase components that correspond to Fy(z).
Consequently, when representing Fy(z) in terms of the
polyphase components Py(z) and Py(z),

Fy(z)=B(*)+ 'Rz, (17)
the remaining masking filters are expressible as follows

Fl(z):—zf"\"’/2 +P0(22)—271P](22), (18)
Eo(z):—z"v’/2 +P0(zz)+z’1Pl(zz), (19)
E(:)=R()-2"R(), (20)

where we assume that Ny/2 is even. Similar expressions
are obtained for N/2 odd.

Finally, we take equations (4) and (5) and insert the
substitutions from (13), (14), (17)—(20) and obtain the
following expressions for H,o(z) and H,(z)

Fig. 3. Polyphase realization of the analysis bank.

(22)

where Py,(z) represents the modified polyphase
component Py (z) defined by

B, (2?)=nz*)- 052" 23)
Let us compare the expressions (21), (22) with the general
polyphase forms as given in (15), (16). One observes that
the first rows in equations (21) and (22) are identical and
that they correspond to the branch Qy(z). In the same
manner, one concludes that the expressions in the brackets
of the second rows correspond to Q;(z). According to the
above, we develop the realization structure of the analysis
bank [H,(z) H,(z)] as depicted in Fig. 4.

The resulting structure contains only two polyphase
components of the masking FIR filter Fy(z), three all-pass
filters and delay elements. The arithmetic operations in the
structure are evaluated at the rate of the output signal. The
efficient realization structure for the synthesis bank can be
evaluated in a similar manner.

V. ILLUSTRATIVE EXAMPLE

The frequency response of the model filter pair [G(z2)
G.(2)] should satisfy the all-pass complementary and
power-complementary properties [1], [4], i.e.,

Gle™ )+ G (e | =1. |6le | +[G.l] =1 (4

The conditions stated above can be met with an IIR half-
band filter whose transfer function is expressible as a
combination of two all-pass filters according to (13) and
(14). When the phase nonlinearity can be tolerated, an
elliptic half-band filter [7] is a suitable choice. A nearly
linear phase can be achieved with the approximate linear
phase IIR half-band filters [8]. The realization structure of
the analysis bank shown in Fig. 4 is an efficient solution
for both types of model filter pairs. For the design of
linear-phase masking filter Fy(z), the Rabiner, McClellan,
Parks algorithm [9] can be used. The remaining masking
filters are generated from the relations given in (8)—(10).
Figs. 5-8 show the results obtained for a two-channel
FRM filter bank composed of the 10™ order IIR half-band
model filter of approximately linear phase, and the 36"
order linear-phase FIR masking filters, with £ =1 and L=5.

Qi) Outyp

“Outyp

Fig. 4. Efficient realization structure of the analysis bank.
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Fig. 5 plots the frequency responses of the low-pass
half-band model filter G(z) designed for ,” =0.4 (,?
=0.6). The upper subfigure of Fig. 6 shows the gain
responses of periodic model filter pair [G(z’) G.(z")]. The
plots of masking filters gain responses, given in the lower
subfigure of Fig. 6, illustrate the accordance with the
sketch given in Fig. 2(c). The frequency response details
are given in Fig. 7 for the low-pass branch, while Fig. 8
plots the gain responses of the two-channel filters and the
magnitude reconstruction property of the bank.

The analysis bank of this example can be implemented
by making use of the efficient implementation structure as
given in Fig. 4. In that case, only 24 multiplication
constants are needed: (i) 5 multipliers for 4y(z), whereas
Ai(2) is a delay (4,(z) = z*); (ii) 10 multipliers for P,,(z)
and 9 multipliers for P;(z) when exploiting the coefficient
symmetry in Py,(z) and P;(z). The overall delay of the
FRM based filter pair of this example amounts to 63
samples, see Fig. 7.

An alternative solution can be achieved with QMF FIR
model filters [4], [10]. In that case, masking filters of this
example can be used, whereas the 47™ order FIR model
filter is required. For L = 5, the delay of the FIR periodic
model filter amounts to 117.5 samples, and the total delay
of the filter pair is 135.5 samples; more than two times the
delay achieved with the proposed IIR filter pair.

VI. CONCLUSION

In this paper, we have considered the performances and
computational efficiency of two-channel filter banks based
on the frequency-response masking technique where the
model filter is an IIR half-band filter. An efficient
realization structure for the FRM-based analysis bank is
developed. It is shown by means of an example that high
channel selectivity can be achieved with an approximately
linear phase in the sub-channels. When compared with the
alternative solutions based on FIR model filters, the
proposed solution reduces the arithmetic complexity, and
the overall delay of the bank is more than halved.

REFERENCES

[11 Y. C. Lim, “Frequency-Response Masking Approach for the
Synthesis of Sharp Linear Phase Digital Filters,” IEEE Trans.
Circuits and Systems, vol. CAS-33, no. 4, pp. 357-364, 1986.

[2] H. Johansson and L. Wanhammar, "High-Speed Recursive Digital
Filters Based on the Frequency-Response Masking Approach",
IEEE Trans. Circuits and Systems-II: Analog and Digital Signal
Processing, vol 47, no 1, pp.48-61, 2000.

[3] M. Lutovac and Lj. Mili¢, "IIR Filters Based on Frequency-
Response Masking Approach", International Conference on
Telecommunications in Modern Satelite, Cable and Broadcasting
Services, TELSIKS 2001, pp. 163-170, Nis, Yugoslavia, 2001.

[4] H. Johanson and T. Saramiki, “Two-Channel FIR Filter Banks
Utilizing FRM Approach,” Citcuit Syst. Signal Process., vol. 22,
no. 2, pp. 157-192, 2003.

[5] R. Bregovi¢, Y. C. Lim, and Saramiki, “Frequency-Response
Masking-Based Design of Nearly Perfect-Reconstruction Two-
Channel FIR Filterbanks With Rational Sampling factors, "IEEE
Trans. Circuits and Systems-I: Regular Papers, vol 55, no 7, August
2008.

[6] S.K. Mitra, Digital Signal Processing: A Computer-Based
Approach. New York: McGraw-Hill, Third Edition 2006.

(7]

(8]

]

[10]

Telfor Journal, Vol. 1, No. 2, 2009.

L. Mili¢ and M. Lutovac, “Efficient Algorithm for the Design of
High-Speed Elliptic IIR Filters,” Int. J. of Electron. and Commun.
(AEU), vol. 57, no. 4, pp. 255-262, 2003.

H. W. Schiissler and P. Steffen, “Recursive Half-Band Filters, Int. J.
of Electron. and Commun. (AEU), vol. 55, no. 6, pp. 377-388.
2003.

L. R. Rabiner, J. H. McClellan, and T. W. Parks, "FIR Digital Filter
Design Techniques Using Weighted Chebyshev Approximations,"
Proc. IEEE, vol. 63, pp. 595-610, 1975.

J.D. Johnston, “A Filter Family Designed for Use in Quadrature
Mirror Filter banks,” Proc. IEEE Conf. Acoustics, Speech, and
Signal Processing, pp. 291-294, Denver, Colorado, Apr. 1980.

0 T T 3

_10} x10° Amp\itude\ i

-20f -4 1
0 0.1 0.2 0. 0.4
-30r Phase delay 1

Gain [dB]

0.2 0.4 0.6 0.8 1

Fig. 5. Frequency response of the low-pass model filter G(z).

-_——— == -_——— ==

-20

[ r [
1 1 ' 1
' 1 ' 1
! 1 ! 1
! 1

Gain [dB]

Vesernnand
vy

1
Mesnrrnend
Wuvrnvany

0 0.2 0.4 0.6 0.8 1

Fig. 6. Frequency responses of: periodic model filter pair;
masking filters

0 T T 3

Amplitude \
-10F  0.05 1
-0.05
-20F o 01 02 03] 04 o5 1
o _ Phase delay ! i
57307 ez, !
£ 63
© -40r 62.8
0 01 02 03
_s0l L
-60
~70 . .
0.2 0.4

Gain [dB]

Fig. 8. Frequency responses of low-pass/high-pass filter pair
[Hao (2), Ha1 (2)], and verification of nearly perfect power-
reconstruction property.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /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 true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


