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ABSTRACT
For the space of bounded bandlimited signals a definition of the
Hilbert transform by the usual Hilbert transform integral is not pos-
sible, because the integral diverges for certain bounded bandlimited
signals. There are other ways to define the Hilbert transform mean-
ingfully. Recently, it was shown that, for bounded bandlimited sig-
nals, a simple formula can be used to calculate the Hilbert trans-
form. However, the Hilbert transform of a bounded bandlimited sig-
nal is not necessarily bounded again. In this paper, we completely
characterize the bounded bandlimited signals that have a bounded
Hilbert transform by giving a necessary and sufficient condition for
the boundedness. Further, we use this condition to prove that there
exist bounded bandlimited signals that even vanish at infinity, the
Hilbert transform of which is unbounded.

Index Terms— Hilbert transform, bounded bandlimited signal,
peak value, analytical signal

1. INTRODUCTION AND NOTATION

The Hilbert transform is an important tool in communication the-
ory and signal processing. For example, the “analytical signal”
[1], which was introduced in Dennis Gabor’s “Theory of Commu-
nication” [2], and the definition of the instantaneous amplitude,
frequency, and phase of a signal [3, 4, 1] are based on the Hilbert
transform. Further, the Hilbert transform is used in the theory of
modulation [5, 1]. Classically, the Hilbert transform of a smooth
signal f with compact support is defined as the principal value

integral
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In general, the principal value integral (1) cannot be used to define
the Hilbert transform for bounded signals in L>°(R), because there
are signals in L°°(R) such that (1) diverges for all ¢ € R. For exam-
ple, for the bounded bandlimited signal
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which is closely related to the sine integral, we have for all t € R

— lim MdT = 0.
T e—0 t—
e<t—r|<t
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Note that this result does not imply that the Hilbert transform cannot
be defined for the space of bounded bandlimited signals. There may
be other definitions, apart from the principal value integral definition
(1) that are meaningful.

A class of signals for which the Hilbert transform as principal
value integral (1) exists and is bounded, are bounded bandpass sig-
nals. If f is a bandpass signals, the distributional Fourier transform
of which vanishes outside [—m, —ex] U [emr, 7], 0 < € < 1, then f
has a bounded Hilbert transform satisfying

sl < (a+ 2iog (1) ) 151,

where A < 4/ is a constant [6, 5]. That is, the upper bound on the
peak value of the Hilbert transform diverges as € tends to zero. Prob-
ably, observations of this kind led to the misbelief “that an arbitrary
bounded bandlimited function does not have a Hilbert transform...”
[5, p. 502].

Regardless of the convergence problems of the principal value
integral (1), the Hilbert transform can be meaningfully defined for
signals in L>° (R), by using Fefferman’s duality theorem [7]. Unfor-
tunately, this rather abstract definition does not provide a construc-
tive procedure for the calculation of the Hilbert transform. We do not
go further into this definition, because it was shown in [8] that for
the subspace of bounded bandlimited signals B7° a much simpler,
constructive approach can be taken for the calculation of the Hilbert
transform. This approach will be presented in Section 2.

A main result of this new theory is that the Hilbert transform of
a bounded bandlimited signal is again bandlimited but not necessar-
ily bounded. That is, the peak value of the Hilbert transform can
be arbitrarily large. The peak value is a basic characteristic of sig-
nals. In many applications it is crucial to control the peak value. For
example, in wireless communication systems high peak-to-average
power ratios (PAPRs) are problematic because high peak values can
overload the power amplifiers, which in turn leads to undesired out-
of-band radiation. For this reason it is important to characterize the
signals that have a bounded Hilbert transform.

In this paper we study the Hilbert transform for bounded ban-
dlimited signals, and provide a simple test for the boundedness of
the Hilbert transform. Further, we completely characterize the sig-
nals for which the integral (1) diverges unboundedly and identify a
large class of signals for which the integral (1) converges.

We need some definitions and notation. By LP(R), 1 < p < oo,
we denote the space of all pth-power Lebesgue integrable functions
on R, with the usual norm || - ||, and by L°°(R) the space of all
functions for which the essential supremum norm || - || is finite.
For 0 < o < oo let B, be the set of all entire functions f with the
property that for all € > 0 there exists a constant C'(¢) with | f(2)]
C(e) exp((o + €)|z]) for all z € C. The Bernstein space B, 1
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p < o0, consists of all functions in B,, whose restriction to the real
line is in LP(R). The norm for BY is given by the LP-norm on the
real line, i.e., || - ||[zz = || - I|p- A signal in B} is called bandlimited
to o, and B5° is the space of bandlimited signals that are bounded
on the real axis. We call a signal in B;° bounded bandlimited signal.

2. THE HILBERT TRANSFORM FOR B7°

The Hilbert transform of a general bounded signal can be meaning-
fully defined by using Fefferman’s duality theorem, which states that
the dual space of H' is BMO(R) '. In this definition, the Hilbert
transform $)f of f € L°°(R) is a function in BMO(R), which is
only unique up to an arbitrary additive constant Cgpo °.

Next, we present a constructive approach for the calculation of
the Hilbert transform ) f for signals in B5°. A key ingredient is the
operator QF : BS® — BS°, defined by

@ N = Y af(z—k), 2€C, @)

where the coefficients ar, k € Z, are given by

us

— ) 2
Ak = (—1)k_1
k2 I

It can be shown [8] that QF : B> — B2° is a bounded linear op-
erator with norm ||QF|| = 7. Further, since QF : B> — B isa
bounded linear operator, the operator J given by

k=0,
k#0.

(9£)(z) = / L@ sec 3

where I'(0, z) is an arbitrary piecewise smooth curve in the complex
plane from 0 to z, is well defined for every f € B5°.

For bandlimited signals with finite energy, i.e., signals in B2,
the operator QF is nothing else than the concatenation of the Hilbert
transform H and the differential operator D, i.e., QE = DH. Thus,
for g € B2, the integral of QFg as in (3) gives—up to a constant—
the Hilbert transform H g of g. More precisely, for g € B2 we have

(39)(t) = / (Qg)(r)dr = / (Qo)(r)dr
:Ahmmmm:www—wwm @

That is, for every signal g € B2, we have (Hg)(t) = (Jg)(t) +
C1(g),t € R, where C1(g) is a constant that depends on g.

Based on this observation it is natural to assume that, for signals
f € By, the integral Jf is somehow connected to the Hilbert §) f
transform of f. In [8], it was shown that such a connection exists
in the sense that $f = Jf + Cgmo, where Cgmo is an arbitrary
constant >.

Theorem 1. Let f € By°. Then we have ) f = 3 f +Cguo. Further,
the Hilbert transform is again bandlimited, because Jf € Br.

'For details and a definition of the spaces 7! and BMO(R), see [9].

2In a strict mathematical sense, the Hilbert transform in this definition is
not a function but an equivalence class that contains all functions that differ
only by a constant. (Hence, we use a different notation £ f.) For technical
details see [8, 10].

3More precisely, Jf is a representative of the equivalence class § f.

Theorem 1 is very useful, because it enables us to compute the
Hilbert transform of a bounded bandlimited signals by using the con-
structive formula (3), instead of using the abstract definition which is
based on the H'-BMO(R) duality. Note that Jf is well defined for
all signals f € By°, which also means that (Jf)(t) can be computed
and is finite for all ¢ € R.

3. CONDITION FOR THE BOUNDEDNESS OF THE
HILBERT TRANSFORM

Thanks to Theorem 1, we can use the simple formula (3) to compute
the Hilbert transform of bounded bandlimited signal. In [8, 10] the
properties of Jf, i.e., of the Hilbert transform, were studied for sig-
nals f € B3°. It was found that there exists a signal f; € B3° such
that J f1 is unbounded on the real axis. Thus, the Hilbert transform
of a bounded bandlimited signal is again a bandlimited (Theorem 1)
but not necessarily a bounded signal.

For practical applications is important to know when the Hilbert
transform is bounded. Theorem 2 gives a necessary and sufficient
condition for the boundedness of the Hilbert transform.

Theorem 2. Let f € By° be real-valued. We have Jf € By if and
only if there exists a constant Cy such that

1/ () 4,
T Je<lt—rict 0T

forall0 < e <landallt € R.

<G (&)

Remark 1. By Theorem 2 we have a complete characterization of
the signals in B3° that have a bounded Hilbert transform. Theorem 2
further shows that the unbounded divergence of the principal value
integral is connected to the unboundedness of the Hilbert transform.

For the proof of Theorem 2 we need Lemma 1.

Lemma l. Let f € B and Jf € By. Then, for F = f+iJf, we
have |F(t +iy)| < ||F || forallt € R andy > 0.

Proof. Lett € R and y > 0 be arbitrary but fixed. Since f € By
and Jf € B7°, we have F' € B7” and therefore the integral

1 [ y
T

is absolutely convergent. It can be shown that

F(t+iy) = %/ﬁ F(r)mdr.

oo

Then, it follows that

|F(t +iy)| < %/_OO\F(T)IW_T)Q

1 oo y
Flloo = - d7 = ||F||ee. O
L e e

Proof of Theorem 2. Since the “<” direction is not needed in the
rest of the paper, it is omitted, due to space constraints. It follows
the proof of the “=>" direction. Let f € B;° be real-valued, such that
Jf € By, Further, let e with 0 < € < 1 and ¢ € R be arbitrary but
fixed, and consider the complex contour that is depicted in Fig. 1.
Since F' = f 4 ¢Jf is an entire function, we have according to
Cauchy’s integral theorem that

dr
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Fig. 1. Integration path P, ; in the complex plane.
Further, we have
F(¢ F(¢
5 / d£+/ d£+/ (25
Thus, it follows that
FE& ... [FE&. [FQE
/ﬁdg_ /t—édf /t—&dé' ©
- M ~

Next, we analyze the two integrals on the right hand side of (6). For
the first integral we have

Ft+€e i i
/t— dé = / T ee?do

=i [ Fereeias, ™
and consequently
‘ [ <x s F@) <alFle ®)
Im(z)>0

where we used Lemma 1 in the last inequality. For the second inte-
gral, a similar calculation yields

F(¢)
'/ et
A

Combining (6), (8), and (9), we obtain |%

S 7 F oo ©

2Edg| < 2||F oo

Since |Rez| < |z| forall z € C and f i;eal-valued, this implies
that [+ [ {(ffgdg | < 2||F|o, which completes the proof of the

by T
“=" direction. O

4. SIGNAL WITH UNBOUNDED HILBERT TRANSFORM

We can use Theorem 2 to show that the Hilbert transform of the
signal
_1/ 12 sin(wt) dw,

2Jo log (%) w
which is plotted in Fig. 2, is unbounded. f; is a bounded bandlimited
signal that satisfies lim ;o f1(t) = 0, i.e., vanishes on the real
axis at infinity.

fi(t) =

—10 -5 0 5 10

Fig. 2. Plot of the signal fi.

Theorem 3. We have || f1||cc = o0.

Proof. According to Theorem 1, it suffices to show that ||Jf1||cc =
oo. We use an indirect proof and show that the assumption
|3 f1llec < oo leads to a contradiction.

Assume that ||Jf1||cc < oo. Since fi € By, we have Jf; €
B5°, due to Theorem 1. Therefore, Theorem 2 implies that there
exists a constant C' such that

[

e<|r|<t
<

dr| < Cs (10)

for all 0 < e < 1. Next, we analyze the integral in (10). Let
0 < € < 1 be arbitrary but fixed. Since f(—t) = —f(t),t € R, we

have
/ G PR R (G P (11
-7 . T ’

<<t
€

and further

YA fir) /”é / sin(wr) |
e log 2” w

:/ 7/1/6 “n(w)drdw (12)
0 log (j) € wT '

The order of integration was exchanged according to Fubini’s theo-
rem, which can be applied because
27r

A= S e
< (%) g <=

were we used |sin(¢)/t| < 1, for all ¢ € R. Moreover, we have

/7r 12 /1/6 sin(wT) drdw
0 log( ﬂ) € wT
1/e _: € -
- </ sin(wT) ar _/ sin(wT) dT> dw
) \Jo wT 0 wT

e sin(wr)

/
- / drdw — Cs, (13)
) 0 wT

sin(wT) drdw
wT log
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because

T 1 € sin(wT) em
drdw < ——— =: C}s,
/o log (%) / wr T S log2) T

which follows from

/ Sm(wT)dTﬁe,
0

wT

w € [0, 7],

and the fact that 1/log (27 /w) is monotone increasing and non-
negative for w € [0, w]. Combining (11),(12), and (13), we therefore
obtain

T 1/e
/ —fl(T)de/ . / SnT) 47 qw - 0,
-7 o log(37) Jo  wr

e<|7|<¢
c

=:g(w,€)

which holds for all 0 < € < 1, because 0 < e < 1 was arbitrary.
Let 0 < a < 1 be arbitrary but fixed. Since g(w,€) > 0 for all
w € [0,7] and 0 < € < 1, we can apply Fatou’s Lemma to obtain

liminf/ g(w, e)dw > liminf/ g(w, €)dw
0 e—0 a

e—0
T o1 m
2‘/(1 llirgglfg(w,e)dw:/(L w%dw
m (s (3F)
=T log [ —22al 14
20g<10g(2) ; 14

where we used in the first equality that

1/e _:
lim/ sinwr) 4o g
0

e—0 wT w €—0

w/e sin(§) ., ks
/0 13 d = 2w

forall w € [a, 7]. Since (14) is valid forall 0 < a < 1 and

1 2
i ™ log (0‘5()> =

a—0 2 log (2)
it follows that liminf. o [ g(w,€e)dw = oo, and consequently
that
lim / MdT = 00,
e—0 —T
e<|r|<t
which is a contradiction to (10). O

In the proof of Theorem 3 we have seen that the Hilbert trans-
form integral (1) diverges unboundedly for the signal f; and ¢ = 0.
However, this divergence is not restricted to t = 0. It can be shown
that the divergence occurs for all ¢ € R.

5. CONVERGENCE OF THE HILBERT TRANSFORM
INTEGRAL

Theorem 2 characterizes when J f is bounded. It links the bound-
edness of Jf to the boundedness of the principal value integral (1).
However, it makes no statement about the convergence of the prin-
cipal value integral (1). This convergence is treated in the next the-
orem. In Theorem 4 we characterize a subset of the bounded ban-
dlimited signals, for which the integral (1) converges, and thus give
a sufficient condition for being able to calculate the Hilbert transfor-
mation (modulo an additive constant) by the integral (1).

Theorem 4. Let f € BT be real-valued. If 3f — C; € BY, for
some constant C, then we have

1 0
Jimy / = AT =0Nm -G
e<\t—7’|<%
ad 1 @1)(7)
. T
Jimny / o dr=1®
5<|t77'\§%
forallt € R.

For the proof of Theorem 4 we need the following lemma.

Lemma 2. Let f € BY suchthat 3 f—Cj € B, for some constant
Cy, and let FO (t + iy) = f(t + iy) + i(TF)(t + iy) — C1).
Then, for all € > 0 there exists a natural number Ry = Ro(e)
such that |FC(t + iy)| < eforallt € R andy > 0, satisfying

\/t2 +y2 > Ro.

Proof. Consider the Mébius transformation ¢(z) = (2 —i)/(z +
i), which maps the upper half plane to the unit disk. The inverse
mapping is given by ¢ *(z) = i(1 4 2)/(1 — z). Since F is
analytic in C and | FC1(t +iy)| < ||F||oo forallt € Rand y > 0,
according to Lemma 1, it follows that

G() = F (67 () = F© (Z%ﬁ)

is analytic for |z| < 1 and that sup,,|.,|G(2)| < oco. Further, G is

continuous on the unit circle, because F©1 is continuous on the real
axis,

. QW s Ci _
ul;l{?o G(e"™) = tll{noo F~'(t) =0, (15)
and ) c
0 w _ . 1 _
ul;l% G(e™) = tlirgo F~'(t) = 0. (16)

Hence, by [11, p. 340, Theorem 17.11], we have

G( eiG) _ i /71' G(eiw) 1-— p2 dUJ
P Com 1 —2pcos(w — 0) + p?
forall0 < p<land —7w < 0 < 7.

Let € > 0 be arbitrary but fixed. Equations (15) and (16) imply
that there exits a wg = wo(€), 0 < wo < 7, such that

£
2

for all |w| < wo. Further, there exists a po = po(€), 0 < po < 1,
such that

IG(e™)] < (17)

[Fe(1=p) €
p (L= cos(3)) =2 o

forall po < p < 1.
Next, let p satisfying po < p < 1, and 0 satisfying —wg/2 <
0 < wo/2, be arbitrary but fixed. Then, we have

2 1 wo W
Gloe™)| < o= [ 16|

1—p?
1—2pcos(w — 0) + p?
1 iw 17p2
+27T /|G(e )|1—2pcos(w—9)+p2dw

wo<|w|<m

€ IIFC‘Hoo/
<2+ 2

wo<|w|<m

dw

1—p2
1 —2pcos(w — 0) + p?

dw,
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Fig. 3. Visualization of the set ¢! (D).

where we used (17) and the fact [11, p. 233] that

1 [" 1—p?
il dw = 1.
27 /_,r 1 —2pcos(w — 0) + p? v
Further, we have
Cy 2
Il f 1 p "
21 1 —2pcos(w — 0) + p?
wo<|w|<m
Ml L
v 1 —2pcos () + p?
wo<fw| <
[FMoo(L=p*)  _  [FMsc(1 = p)(1 +p)
1 —2pcos (“2) + p? T (1-p)? +2p (1 —cos (2))
e —p) e
oo () " 7

where we used (18) in the last inequality. Hence, it follows that
|G(pelg)\ < eforall po < p < land —wo/2 < 0 < wo/2. Let

={pe”? 1 po < p < 1,—wo/2 <0 < wpy/2}. Thus, for z €
qﬁ’l(D) we have FC(z) < e. The image of D under the mapping
¢! is depicted in Figure 3. Finally, let Ry be the radius of the
smallest circle around the origin, whose restriction to the upper half
plane lies completely in ¢~ (D). Then, we have | F“1(t + iy)| < e
forallt € Rand y > 0, satisfying v/t2 + 22 > Ry. O

Now we are in the position to prove Theorem 4

Proof of Theorem 4. Let f € B, be real-valued, such that Jf —
Ch € B, for some constant Cr. Further let ¢t € R be arbitrary but
fixed. Since F“' = f +i(Jf — C1) € B is an entire function,
we can use the same argumentation as in the proof of Theorem 2 to

obtain
F) . F() F©)
/ tédg_—ltgdg—rj\tgdg. (19)

——

C,
From (7) we see that lim._,o [ Ft%(;)d{ = miF(t). Let § > 0
M
be arbitrary but fixed. Then, according to Lemma 2, there exists a
natural number Ry = Ro(8) such that |1 (¢ +iy)| < 6 forall t €
R and y > 0, satisfying \/t2 +y2 > Ro. Leteg = 1/(Ro + [t])-
Then it follows that ‘t —|— “j)‘ > Ropforall 0 < € < ¢ and

consequently that | F" ( t+ Le?)| < §forall 0 < e < € and
0 < ¢ < 7. It follows that

’/Fc[ </Oﬂ

Fo <t+ 1e“ﬁ) ’ d¢ < mo
€

for all 0 < e < €p, which shows that

: FA(©)
m | =g =0
™M
Hence, it follows that
1 FO% .. o q
lm = | Sogde=—iFY@), (20)

which in turn implies that the real part of the left hand side of (20)
converges to the real part of the right hand side of (20), i.e., that

1 [ f©)
lim — q

—_-—

d§ = (3)(®),

e—0 7T

and that the imaginary part of the left hand side of (20) converges to
the imaginary part of the right hand side of (20), i.e., that

i [ ROy [ O,

—_—— —_

6. REFERENCES

[1] Herbert B. Voelcker, “Toward a unified theory of modulation
part I: Phase-envelope relationships,” Proceedings of the IEEE,
vol. 54, no. 3, pp. 340-353, Mar. 1966.

Dennis Gabor, “Theory of communication,” Journal of the
Institute of Electrical Engineers, vol. 93, no. 3, pp. 429457,
Nov. 1946.

[3] L. M. Fink, “Relations between the spectrum and instanta-
neous frequency of a signal,” Problems of Information Trans-
mission, vol. 2, no. 4, pp. 11-21, 1966, translation.

2

—

[4] D. Ye. Vakman, “On the definition of concepts of amplitude,
phase and instantaneous frequency of a signal,” Radio Engi-
neering and Electronic Physics, vol. 17, no. 5, pp. 754-759,
1972, translation.

[5] B.F Logan, Jr., “Theory of analytic modulation systems,” Bell
System Technical Journal, vol. 57, no. 3, pp. 491-576, Mar.
1978.

[6] R.P.Boas, Jr., “Some theorems on Fourier transforms and con-
jugate trigonometric integrals,” Transactions of the American
Mathematical Society, vol. 40, no. 2, pp. 287-308, 1936.

Lihua Yang and Haizhang Zhang, “The Bedrosian identity for
HP functions,” Journal of Mathematical Analysis and Appli-
cations, vol. 345, no. 2, pp. 975-984, Sept. 2008.

[8] Holger Boche and Ullrich J. Monich, “Extension of the
Hilbert transform,” in Proceedings of the IEEE Interna-
tional Conference on Acoustics, Speech, and Signal Processing
(ICASSP ’12), pp. 3697-3700 , 2012.

[9] Charles Fefferman, “Characterization of bounded mean oscil-
lation,” Bulletin of the American Mathematical Society, vol.
77, no. 4, pp. 587-588, July 1971.

[10] Holger Boche and Ullrich J. Monich, “On the Hilbert trans-
form of bounded bandlimited signals,” Problems of Informa-
tion Transmission, 2012, to be published.

[11] Walter Rudin, Real and Complex Analysis, McGraw-Hill, 3
edition, 1987.

[7

—

1899




<<
  /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 1.4
  /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 1
  /Optimize false
  /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
    /SABAEN44
    /SAKURAalp
    /Shruti
    /SimSun
    /STSong
    /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 "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


