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Abstract-In this paper, 12-sensitivity for the generalized
direct-form II state-space realization of two-dimensional (2-D)
separable-denominator digital filtersis analyzed and minimized
with respect tofree parameters subject to1 2-scaling constraints.
Improved 12-sensitivity for 2-D separable-denominator digital
filters is investigated by taking 0 and ±1 elements into account.
An1 2-sensitivity measure for the generalized direct-form II state-
space realization of 2-D separable-denominator digital filtersis
deduced by applying improved 12-sensitivity. The 12-sensitivity
measure is then minimized with respect tofree parameters subject
to1 2-scaling constraints by employing an exhaustive search overa
setof discrete valuesof finite cardinality. A numerical example is
included to illustrate the validity and effectiveness ofthe proposed
technique.

I. INTRODUCTION

Inthe finite-word-length (FWL)fixed-point implementa-
tionofIIRdigitalfilters,the characteristics ofanactual transfer
functiondeviatefromtheoriginalduetothe truncation or
rounding offiltercoefficients.Several techniques havebeen
presented for synthesizing2-D separable-denominator digital
filter structures withlow coefficient sensitivity [I ]-[3]. Some
ofthese techniques evaluatethe sensitivity byusinga mixture
of l1/l2 norms[I] , whiletheothersrelyontheu se ofapure l2
norm[2],[3].Thel 2-sensitivity minimization ismorenatural
and reasonable thanthe conventional l1/l2 mixed sensitivity
minimization, butitis technically more challenging. Improved
l2-sensitivity considering 0 and ±1 elements hasalsobeen
examined forI-Dand2-D state-space digitalfilters[4] ,[5].
Altern atively, delta operator has widelybeenusedinthe
realization ofdigitalfilterstoimprove FWL performance in
thefilterswithhigh sampling rate[6]-[10].LiandGevers[6]
havestudieda roundoff noise gainforthe delta-operator state-
space realization ofa transfer functionand conditions under
whichthe roundoff noisegainfortheoptimal delta-operator
realization is smaller thanthatfortheoptimal shift-operator
realization. In[7],thefilterisexpre ssed by second-order
sections connected in cascade, eachsectionis implemented
witha direct formindelta operator, and different directforms
inthedelta operator are extensively compared. In[8] , the
concept of separately scaling the ~s andfiltercoefficients
inthedelta transposed direct-form II section is proposed
to globally further minimize output roundoff noisegain , as
compared to selecting asingleoptimal ~ only.In[9] , a
methodfor obtaining anoptimal arbitrary-order delta-operator
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direct-form II transposed filterhasbeen presented interms
ofthe roundoff noisegainand coefficient sensitivity.Based
onthe concept of polynomial operators, anew structure being
considered a generalization oftheshift operator z-baseddirect-
formII transposed structure fordigitalfilter implementation
hasbeen explored [10].

Thispaperis concerned withanalysisand minimization
ofl 2-sensitivity forthe generalized direct-form II state-space
realization of2-D separable-denominator digitalfiltersin [II].
Improved l2-sensitivity for2-D separable-denominator state-
spacedigitalfiltersis investigated bytakinginto account 0
and ±1 elements. Animprovedl 2-sensitivity measure isthen
appliedtothe generalized direct-form II state-space realization
of 2-D separable-denominator digitalfilters.Thel 2-sensitivity
measure isthen minimized with respect tofree parameters
subject tol 2-scaling constraints by employing an exhaustive
searchoverasetof discrete valuesof finite cardinality [II].
Unlike [II] wherethe roundoff noiseh as beentreated , herewe
dealwithl 2-sensitivity for2-D state-space realization instead .

II. ANALYSIS OF IMPROVED l2-SENSITIVITY

2-D separable-denominator digitalfilterscanbe described
bythe Roesser model (AI, A2,A4, bl,b2 , CI, C2 , d)m+n as

[: : ~: ,; :'in= [~l ~ :J [: :~: :~n + [::J u(i ,j)

y(i ,j) = [CI C2] [x :( ( ~ , ~ )) J+ du(i ,j)
x Z,J (I)

where x h(i ,j) isan m x 1 horizontal statevector , x V(i,j) is
an n x 1 verticalstatevector , u( i , j ) isa scalar input, y(i , j ) is
ascalaroutput , and AI, A 2, A 4, bl , bz. CI, C2 and d arereal
constant matrices of appropriate dimensions. Thefilterin (I) is
assumed asymptotically stable, separately locally controllable
and separately locally observable. The transfer functionofthe
filterin (I) isgivenby

[
ZII m- A I - A2 J-I[bIJ

H (ZI,Z2)=[CI C2] 0 z2In - A 4b 2 + d

= CI(zIIm - A r)- lb l + c2(z2 In - A 4)- lb 2
+C I( zIIm -AI )-IA2(Z2In -A4)-lb2 + d

(2)
Respectively, let al kl, a2kl, and a4kl bethe (k , l)th elements
of AI , A 2, and A 4; blk and b2k bethe kth elements of bl
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(7)

(5a)

(6a)

m

A 2KvAr + b1bi = L (}liUiUr (5b)
i= l

where
n

A rWhA 2 +crC2 = L (}2iV iVr (6b)
i=l

= ~ j Q (Zl )eke[QH (Zl)(zdm - A 1)-1
27rJ 1Iz11=1

. [A2KVAr +b1br] ( Z ll1 m-A n-1 ~ ~1

= f>' l i~ j (Zl1m - A1)-luiQ (zdek
i= l 27rJ 1Iz11=1

T H T ( 1 T )-laZ1·ek Q (zdu i zl 1m- A 1 -
Zl

where K V can beobt ained by solving theLy apunov equation
K V = A 4KvAr + b2bL (}li and u., den ote the ith eigenvalue
and eigenvector of A 2K

v Ar + b1 bf, respectively, namely

and W h canbe obtained bys olvingth e Lyapunov equation
W h=AiwhA1+c'fc1' Iti s also noted that

(Zl1m - A 1)- lUiQ (Zl) e k

( [ A1 UAiC11]) - 1 [ eOk ]= [ 1m 0 1 Zl12m - 0

eT P (z2)vf(z21n - A 4) - 1

= [ eT 0 ] ( z212n - [~ 4 b ~ 4 r]) -1[; n ]

Since coefficients0 and ±1 can preci sely bere alized in
the implementation of FWL digital filters, thel 2-sensiti vities
arenot affected bythe se coefficients. Therefore, byu sing( 2),
the sensitivityontheindi vidual element of coefficient matrices
A 1, A 2, A 4, bs, b2, C1 , C2 and d canbe written as

alf(z l ,z2) T
a = 'ljJ (alkl)e l F (Zl ,Z2)Q( zd e k
aiu

alf( zl ,Z2) AT
a = 'ljJ (a2kl)e l P (Z2)Q( zl )ek

aau
aIf (z 1 , Z2 ) ) AT ( ) ( ) Aa = 'ljJ (a4kl el P Z2 G Zl, Z2ek

a4kl
alf(Zl ,Z2) = ol'(b )Q( ) - (4)ablk 0/ 1kZ lek
alf(z l ,Z2) A

ab2k = 'ljJ (b2k)G (Zl, Z2 )ek

alf(Zl, Z2) T
a = 'ljJ (Cll )e1F(Zl , Z2)

Cll

alf(Zl ,Z2) _ 01,( ) ATp ( ) alf(Zl 'Z2) = ol'(d)
aC21 - 0/ C21 el Z2, ad 0/

and b2; and Cll and C21bethe lth elements of C1 and C2 . Then
anl 2-sensitivity mea sure forthefilterin (I) is defined as

where By virtue of (4) -( 7),itispo ssible toe xpress (3)a s

m n

n n n

+ L L 'ljJ (a4kz) [ 0 e[ ] (L (}2iN li)
k=l 1=1 i=l

+ LL 'ljJ (a2kl)e[Whek . eT K vel
k=11=1

n

n

o ] (~(}l iM k i) [ ~ ]

[ ~ k ]

m

m

m m

M = LL'ljJ (a1 kl) [ eT
k=1 1=1

+ L 'ljJ (b1k)e[Whek + L 'ljJ (b2k) efW Vek
k=l k=l

+ L 'ljJ (C ll )eTK hel + L 'ljJ (C21) eT tc», + 'ljJ (d)
1=1 1=1

(8)
where Grammians M ki for k , i = 1, 2, " ', m , N 1i for
l , i = 1,2 ,'" , n, K h and W V canbeobt ained by solving
the Lyapunov equations

'ljJ (x) = {I for x =1= 0, ± 1
o for x = 0, ±1

F (Zl, Z2) = (Zl1m - A d- 1[b1+ A 2(z21n - A 4)- lb 2]
G (Zl,Z2) = [C2 + C1(zd m-A 1)-lA 2](Z2 1n -A 4)- 1

P (Z2)= (Z21n -A4)-lb2, Q (zd = C1 (Zl1 m -A1)-1



M k i = [~l :~l] M k i [~l :~l r+ [:J [:J T

Nli = [~ 4 b~ rrNl i [ ~ 4 b~ 4 r ] + [~] [~ r
K h = AlKh Ai + A 2K

V Ar+ blbi

w v
= A Iwv A 4 + A rWh A 2 +crC2

Noticethat unlike[2]w here eigenval ue-eigenvector de-
compositions of K V and W h arepe rformed tocomp ute (8)
withall 'l/J (.) = 1, herewe perform eigenvalue-eigenvector
decompositions of A 2K

v Ar + bl bi and A rWh A 2 +crC2
instead.

y(i,j)

u(i,j)
+l+------{

III. ANALYSIS AND MINIMIZATION OF
l2-SENSITIVITY FOR GENERALIZED

DIRECT-FORM II REALIZATION OF 2-D FILTERS

A. Analysis of l2-Sensitivity

Forthegener alized direct-form II structureofa2 -D
separable-denominator digita l filter, the transfer functionin(2)
canbe converted into [ II]

m n k I

L: L: ru II p; (Zl)-l II p ~ ( Z 2 )-1
k=OI=O p=O q=O

H (Zl, Z2) = m k nI
(L: ak II p;(zI) -l) (L: 131 II P ~ ( Z 2 ) -1)
k=O p=O 1=0 q=O

(9)
where a D = 130 = 1 and p~ ( zI)-l = PO(Z2)-1 = 1. The
implementations of generalized delta operators P ~ (Zl) - 1 and
Pz( Z2)-1 are depicted inFig . I. As anill ustrative example,
thestruc ture of (9) fora2-Ddigita l filter with (m, n) = (3, 3)
is depicted inFig.2where u(i, j ) isa scalar inputand y(i , j )
isa scalaroutput.

~ X /( i ,j )

~/ ~

(b)

Fig. I. (a) Implementationof p ~ (Zl) - 1 and (b)thatof p[( Z2)-1

Fig. 2. The2-Dfilt ers truct ure of (9)w ith (m, n ) = (3,3) .

[ ~ ~ ~ ~ ~~ ::: ~ ~ : ] [~~ ]A 2 = .. . .- . [roi r02 . .. rOn ]. . . . .. . ' . .
r ml rm2 rmn am

- [ ~;: ] [131 132 . .. 13n] + rOO[ ~: ] [131 132 . . . 13n]

rmo am

b,{t]-roo [ : ~] ~ ~ r11
ci = [Dol 00 ]

C2 = [rOl r02 . .. rOn] - rOO [131 132 . . . 13n] , d = rOO
(10)

wherel 2-scaling constraints canbe satisfiedby appropriately
choosing scalars Dol , Do 2 , ' " , Dom and li.l , 1i.2 , · ·· , li. n [ I I].

Forthe local state-spacerea lization specifiedby (IO) , the
l2-sensitivity measure, say !vIs p , canbeev aluated by(8)wit h

{

Ifo r k = 1,2" " , m and l = 1
1for k = 1,2" " , m - l and l = k +l
'l/J
o

C'Yk) for k = 2,3, . .., m and l = k
otherwise

for k = 1,2,· ·· ,m and l = 1,2, · · · ,n
for k = 1,2 , . .. , m

for k = 1and l = 1,2, ... , n
for k = 2,3, ··· ,n and l = k -l
for k = 2,3, . . . , nand l = k
otherwise

(II)

{
Ifor l = 1

'l/J (Cll ) = 0 otherwise
1for k = 1
o otherwise

for l = 1,2, · · · ,n

'l/J (a2kl ) = 1

'l/J( blk ) = 1

'l/J( b2k) = {

'l/J (C21) = 1

A l = - a2 Dol 0

- am Do l 0

r- ~ , A , - 132Ii.1
Do2 0

A4 =

0 li.n

The2-Dfi lter in(9)canbe realized by the Roesser mode l
(AI,A 2 , A 4 , bl , b2 , ci , C2, d)m ,n in (I) with [II]

- alDol Do2 0



B. Minimizat ion of l2-Sensitivity M s p W.r.t. {"1J and {'1'z}

104.6422128.833 12938.2976

P ER FORM A NCE COMPARISO N AMO NG VAR IOUS I

~~ == =
~,-------- --------

TABLE I.

V. CONCLUS ION

Int his paper,we have investigatedim proved l2-se nsitivity
for2 -D separable- denominatordi gitalfi ltersb y taking0and
±1 elements into account. Unlike thei mproved l2-se nsitivity
for more general 2-D digi tal filters in[5]w here infinite sums
are approximated byfi nite sums , the improved l2-se nsitivity
for2 -D separable-denominatordi gitalfi lters ca nb e computed
precisely byso lvingth e Lyapunov equations. An l2-se nsitivity
measureforthe genera lized direct -form IIr ealization of 2-D
separable-de nomi natord igitalfi ltersh as beend educed by ap-
plying the improved l2-se nsitivity. The res ulting l2-se nsitivity
measurehast henb een minimizedwi th res pectt o m + n
free parameters subject to l2-scalingco nstraintsb ye mploying
anex haustive search in afi nite element space. Inth e last
paragraph of Sec tionI V,o ur des ign hasbee n co mpared with
thato btained by simply adapti ngth e general b -sensitivity.

The numerical results obtained byap plying thet echnique
simi lart o thati n[11]f or minimizing M s p in ( 12) with res pect
tovec tor, subjectt o the l2-scalingco nstraints were summa-
rized inTab leI in comparison with, i = [0, 0, . . . , O]T and' 8= [1, 1, .. . , I V where ,(M ~~ ) was foundto be

, (.i\1 ~ ~t ) = [-0.8750.7500 .750 0.500 1.0001.000 ]

From Table I,itis observed that the optimal realization
yie lds l2-sensitivity ,(M ~ ~t) = 104.6422 that isvery close
to them inimum l2-se nsitivity ]I;!min = 102.0046 in [3] where
allth e coefficients are non-trivial.U nlike [3], here theop timal
realization includes ma nytr ivial coefficients so that thefi lter
implementationcos t ca n considerablyb ere duced.

IV.A NUMER ICAL EXAMPLE

Co nsider a2 -D stable separable-de nominator digital filter
of order (m, n) = (3,3) in( 1) with [11]

[ al a 2 a 3 1= [-2.173645 1.836929 - 0.599655 ]
[ b1 b2 b3 1= [-2.280029 1.887939- 0.564961]

[

0.019421 - 0.0277240 .011468 - 0.000087]

[ ] _ 0.004839 0.017545 - 0.0502670 .033061
CkZ - - 0.004328 - 0.0088470 .096260- 0.083801

- 0.000138 0.007979 - 0.052927 0.062607

Whenth el 2-scaling co nstraints were satisfied byC hoosi ng !:J"k
and ii z appropriately [11],th efi lter coefficients in (9) were
derivedi n the case where "1k = '1'Z= 1 for k, l = 1,2,3 as

[ Ql Q2 Q 3 ] = [0 .832776 0.586915 0.166560]
[ (31 (32 (33 ] = [1.0 84549 0.851201 0.344142 ]

[ !:J,,1 !:J,,2 !:J,,3 ] = [0 .992289 0.840742 0.457913 ]
[ iii ii 2 ii3 ] = [0 .663843 0.580255 0.323990 ]

[

0.19421000.4600260 .370760 0.246578 ]

[rkZ]- 10- 1 0.63591991. 877514 1.1036261. 163573
- 0.7625064 2.417902 3.332929 1.812459

0.5181348 1.9058712 .841787 5.255824
(\2)

(14)

m

m

i = l

n
+ L[ 0 ATe 1

Z=l
n

+ L [ 0 AT
ek

k=2
n

o ] (L O"l iM ki )
i = l

+ ~ 1/; ("1k ) [ e[ 0 ] (~O"l i M ki ) [ e~ ]

] (~0"2 iN li) [ ~1 ]

] (~0"2 ,N k-l ,.) [ ~k ]

er ](~0" 2 .N ki ) [ eOk ]

m- l
+ L [ e[+l

k=l

+ L 1/;('1'k) [ 0
k=2

+ tr [Wh ]tr[K V]+ tr [W h]+ eiW Ve l

+ei«'», + tr [K V
] + 1/;(d)

{

B -y

S -y ={ - I , I} U ± LbpTP, bp = O, 1
p=l

M sp = L [ ei
k=l

m

which res ults in

B -y

V = ± L bpTP , bp = 0, 1 V p (13)
p=l

unless v = ± 1. Hence {"1i} and {'1'z} sho uldt ake values fro m
ase t of discrete values of finite cardinalityd efinedby

Thel2-se nsitivity ]I;!sp isafu nction ofp arameters "1k for
k = 1,2,···, m and '1'z for l = 1,2 " " , n. Th eoretically,
these parametersca nb ec hosen from a set of real numbers .
However , our attentioni sco nfined tofix -pointi mplementation
where the FWL effects are moreser ious , andth ereforewe
ass umein the sequel that l"1k l ::::: 1 for k = 1, 2"" , m and
li zI ::::: 1 for l = 1,2 , . .. , n. For afixed -point impleme ntation
of B e bits, every "1i ('1'z) must be truncatedo r ro unded intoa
B -y-bit number (B-y ::::: B e) of the form

,(M ~Pt) = arg min M sp (16)
p ,ES,

Thel 2-se nsitivitym easure ]I;!sp in (\2) ca n bem inimized with
respectt o m +n free parameters {"1d and {iz} subject to l2-
sca ling co nstraints througha n exhaustive search wi thin afi nite
set of discreteva lues in ama nner sim ilart o that in [II ].

which co ntains (2B-y +l + 1) elements .

Let 3, E R (m+n)x 1bet he discrete se tin which, resides ,
i.e .,

3, = b h k E s, V k} (\ 5)

where, = [')'1,')'2,'" , ')'m+n]T = ["11 ,"12"" , "1m , '1'1, '1'2,
. . . , '1'n]T. Obviously, M s p in ( 12) isafu nction of vector,
becausea llth eG rammiansd ependon J. Consequently,t he
problem of mi nimizing ]I;!sp with respect tovec tor, ca n be
formu lated as



R EFERENCES

[I]T.Hin amoto, T. Takaoa ndM . Muneyasu, "Synthesiso f 2-D separable-
denominator digitalfi lters withl owse nsitivity," J. FranklinI nstitute,
vo1.329,pp .1063-1080 , 1992.

[2] T.Hin amotoan d Y. Sugie, "L2-sensitivity analysis andm inimization
of2- D separable-denominator state-space digital filters," IEEE Trans.
SignalP rocessing, vol.50, pp.3107-3114, Dec. 2002.

[3]T. Hinamoto, Y. Shibata and w.-s. Lu, "Minimization of L2 -sensitivity
for2- D separable-denominator state-spaced igital filterss ubjectt o L 2-
scaling constraints," in Proc. AsiaPasifi c Con!C ircuits and Systems
(APCCAS 2006) , pp. 390-3193, Singapore,D ec. 2006.

[4] C. Xiao, "improved L2-sensitivity for state-spacedi gitalsys tem," IEEE
Trans. SignalP rocess., vol. 45, pp.837-8 40, Apr.1 997.

[5] Y. Hinamotoa nd A. Doi, "Analysis of1 2-sensitivity for two-dimensional
state-space digitalfilt ers by taking intoacco unt 0a nd ±l elements,"
in Proc. IEEE Int. Midwest Symp. Circuits Syst. , pp. 687-690, College
Station , TX, Aug. 2014.

[6]G . Liand M. Gevers, "Roundoff Noisem inimization using delta-
operatorr ealizations ," IEEE Trans. SignalP rocess. , vol. 4 1, no.2 , pp.
629-637,Fe b. 1993.

[7] J.K auraniemi , T. I. Laakso , I. Hartimoa nd S. J. Ovaska, "Delta operator
realizations of direct-form IIR filters ," IEEE Trans.Cir cuits Syst.-II, vol.
45, no.I , pp. 4 1-52, Jan. 1998.

[8] N. Wonga ndT. -S. Ng, "Roundoffnoi se minimization in a modified
direct-formde ltaop erator IIR structure," IEEETra ns. Circuits Syst. -II,
vol.4 7, no. 12, pp. 1533-1536 , Dec. 2000.

[9]N.Wo ng andT. -S.Ng , "A genera lizedd irect-form deltaope rator-
based IIR filter withmi nimum noisega inand sensitivity," IEEE Trans.
Circuits Syst.-II, vol.4 8, no. 4, pp. 425-431, Apr.2 00 I.

[10] G. Li and Z. Zhao, "On the generalizedD Fllts tructure andit ss tate-
spacere alization indi gitalfi lteri mplementation ," IEEETrans . Circuits
Syst.-I, vol. 5 1, no. 4, pp. 769-778 , Apr.2 004.

[II] T.Hi namoto,A .D oia nd w.-s. Lu, "Generalizeddir ect-form 11 realiza-
tion of 2-D separable-denominatordi gital filters" , in Proc.20 18I EEE
Int. Symp. Circuits Syst., Florence, Italy, May20 18.


	Select a link below
	Return to Main Menu



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /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 true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /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

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. 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 PDFs that match the "Recommended"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


