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ABSTRACT

The paper deals with a design method related to- a class of systems
having the open-loop transfer function Hy(s) = Ko(1+PTgs)/s’(1+sTy). The
design - based--on previous computed parameterized relations - has the
following features:

- it permits the designer to choose a convenient solution from a great
variety of possible solutions;
. the control system performance can be pointed out in the form of
diagrams easy to be interpreted; 7
- for every adopted value of the free parameter depicted in the paper
~ as P the values of controller tuning parameters ensure the maximum
possible value of system phase reserve; these feature is based on the
symmetry of open-loop Bode plots;
- for a particular value of the free parameter P the design relations
~ specific to the symmetric optimum criterion after Kessler are found
again,

~ The application domain of the proposed design method is (but it is
* not restricted to) control of electrical drives. L '

1. INTRODUCTION

It is well-known that the methods for algorithmic design of control systems (briefly,
CS) are the more attractive for the user they provide him the possibility to choose a more
advantageous solution from the point of view of the proposed goal, and the more simple
design relations and previous computed, if possible.

This category includes the parameter tuning methods after Kessler, known under the
names of "magnitude optimum" (Betragsoptimum) and "symmetric optimum” (symmetrische
Optimum) [KesS8u], [KesS8b). In the conditions when the parameters of the controlled plant
are relatively constant and well-known the two criteria are frequently used to the parameter
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tuning of the controllers as part of (but not restricted to) speed control loops of electrical
drives. The two criteria offer the "optimum" solutions frequently presenting examples for two

classes of CS characterized by the apcn loop transfer functions (t.f.), dcp:utcd as Hﬂ(s) In thc
form: | L AL i

Ko * |
H,(s) _..--1---'--=-f----='-'---—- - - for the magnitude optimumi.criterion, ~ (I.1)
,,(l +§ 'l ) I | | '
H,(8) = ~=emmeamees =mee=== -~ for the symmctric Opn‘mum criterion (1.2)
5 (l + 8 Ty) g - |

(the snbmhmnce of the-parameters will result in thc sequel).
The "optimum" solutions are obtained if bctwecn the Coeftlucms of the tf. of the
umtrol loops, H,(s), in the two. situations: | 13

b, - | rid
Ho(8) = <-semmmorcemcrnomnncens. \ | il | -_ (1.3)
ay+ 2,5 +a, s ' |
respectively: w3
| o +th S |
I ) : s 2l (1.4)
- dg +a; S+ a, 8+ 8,8 |
the following opumum conditions are imposed: ' s 5
2 =8, | - HLS)
m“pe‘*mdy s sl | S O F * i £
2a,a,=a’ . and 2 a, a, =a, b e SR - (1.6)

(e.g., see the papers [Cil75], [Bab85] a.s.o. rcfcrrmg thls ca.&c) i
| The performance of CS tuned after Kessler’s relafmn;; caqr ’f_j__';;-j‘:_gns;gpred as:
- very good in the case of magnitude optimum criterion, avehi : idﬂa:l
- less at,ccptable m the case of symmetric optimum cmcum‘
The paper presents a design method for the contmllers mqgnt fpl:hthc,qzlass of systems
with t.f. of the form (1.2) presenting the followmg parugnldr fﬁagurcg;

- it is based on a parametrization of the design relations Lﬁd, thﬁfefﬁfﬂ it

provides the designer with the possibility to chog;_';‘_faﬂ‘(:iﬁvémem wlutmns from
a set of solutions having specific the fact that:

- it ensures for every solution the symmetry of opcn-loop Bode plms wuh respect -

to the croswsover trcqucncy and, therefore, thc 1)1-""}-," -uuum phagiﬂ TeServe. |

it i

So, the case of optimization relations (l. 6) after Kesr.ler be(.omeq a partu,ular case of
some more general relations.

3 PRLSENTA TION OF THE DESIGN Mh’l“‘l’l:};'l)

'/

w_ . J-
b hh ; itk

~ The CS structure laken mto Lonqndergtmn éqgoqeapaqdmg tq the Pra(,tu.dl applu. ations.
trom the donmn of electrical drweb lcadmg tq a t,f, of form (l 2)i 1S preacmed in Fxg l
" in which: |
F-w - signal filter pla,ced on the referem,e t.hdnne; n Lan bc ua.ed for the correuuon ef mput-
output propcmcs (w --> w 3> y) Lo e UL N S T W

B e Ry
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v Pl P2 mfon'nmondl
~© subsystems characterizing

|

', the controlled plant (CP);
with the following

forms of the t.f.

i irminiuremaiinnn: (B @y

1 + sT(1 +sT))
Iﬂ*(q‘) = *-,'-;-_".'?: | - With T);.< Tl‘ | | (2.2) 5
k,. are tr.msfcr mcfficncnts (gams) and Tl and T,-, are ume constams characterizing the: plant;
articular, the sum of small time conStants of the controlled plant |
(23)

T,_ can characterize, in p
“Hels) = Hp((s) Hp(S)s with  Kee = ket Kg2s
C- L(Jl'ltl'O“Gi' (re,gulator) Dependmg on the form (a) or (b) of t.f. (2 1) the controllcr can be

uhmen of type Pl or PID rcbpebuvely with the t.f..
(a): HR(s) s (1 i sT) or (b): Hg(s) = - (1 + sTH(1L + .-sT,‘). (2.4)
S S |
s used, the large time constant of bOﬂtl'OllBl‘

plant; TI is canceled by

| Conscqucntly in buth cases for the open-loop t. f Hn(ﬁ.;),

| | k(1 +51)

Hn("') - Hg(s) 2RO R Reamip o il ’ With ko = kr ki:P! , (2-5)
2% 2 (1 + sTy) | A

1 wimh can be .11:»0 rewmtcn down in thc form:

'. i H-;,(s) = ---a--------------~-——-, thh ﬂ T,fI‘«,;, _a. ll(k.,T,?) 2.6)

R F ] sTy).
Aucordmf,ly the. closed-loop system t.f H,/(s) obtains. the form. (1 4); by takmg into
du,ount the relanon (2.5) or (2*6). H.,(S) can bc 3180 °xPr°

sscd m one of tlw fo]luwmg forms

el 1'..+s"r,.i+_s’/ko+s3rrf/k‘, | ol Satan
Hu(s) = s | R @n
g | +PTys A | et
—é-;--------'----------.-..----..-.-;...;....---..' | € g ®
l+[.’)Tzs+aTzs+aT ekl d T R e P
(1.6) aftcr Kessler, gcncrahzed as design relations:
it v 2 8)

The opmmzauon relations
ma..a-=a,2 and ma.d,—az, |
T (m > | due t0 stability conditions), m\ sed to the relation (1.4) or
' .7), lead to the followmg rclauons bctweenﬁ the coefficients Q.

(2.9)



Consequently, the following "optimized” forms of the t.f. (2.6) and (2.7) are obtained:

| + |3 T}; S
H"(S)np! - Semitesseansennbamseney s ane s an t (2."})
| B l?’Tz‘.zsz(l""‘Tz) | - |
respectively:
| + B T: S5 .
"""""""""""""""""""""""""""""""""" (a)
- T+ B Tys+PByP T s"+ByB T s '
Hw(S)npl = | | = (2.1 1)
e g et e i e s et w3

| (l*‘VB—TzS)(l'*‘(B VF)Tz'*"'BTzz‘rz)
It can be noticed that by imposing the conditions (2.8), CS performance will depend,
for a given Ty (specific to the application), only on the value of parameter B (or m).
The controller tuning parametets are computed by means of some well specified
relations in which, for the value of Ty cmly the value of B (or m) appears as parameter:

k= Vol =UG\BT), k=1@yBkeT). = = @
respectively: \/_ V- & . |
T,=BTy=m’T; and T, =T, BT

Remark': For B = 4 (m = 2) all the relations specific to symmetric optimum criterion
after Kessler (SC-K) are found again, namely: |

= 1/BkeT), T,=4T;, T, =T, b (2.14)

and: -~ | | _ . |
H,(s), qt ¥ meemmemmmeniedeememnai, : S el . | (215)

. | 1+4 Tz S s 5 | | . -

H (S)n = cecmcceccementesscstnnednese G fadis | e AN SO 1B)

. (1 +2Tys)(1 +2Tys +4 Ty )
(see, for instance, [Babg3]). S |
€S pcrfmmam.c with controller tuned according to the relations (2. 12) (2.13) and
(2.14) are determined by the pole-zero plot as follows: af e |

- for the Open-loop system: | PR Sl
P:z*-e Ps“"lfrz and zl—-1/BTz, T R e RNy S (217)

.....

rcspcct to 9tcp and ramp variations of the refercnce mput and zero stanc coeffmem with
respect to ramp vanatlona, and zero static coefficient with respect to step variations of the
disturbance input;

- for the closed- loop system:

o \/B’zw‘im

2[572 [ e 2'31-!:

=-1/(\/—' BT, f_=-1/(|3'r,)

Three catcgones of SItIJdtl(mb conoemmg thc ndture of pole:». p,.. occur dependmg on the

value of [3: :
* ey, tm' which:

1.2

(2.18)
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5(B) = p? - 2 ﬁ\[ﬁ 3B <0, , © (2.19-a)
when the poles p,, are complex conjugated;
*B =9, for which:

d(PB) = 0, (2.19-b)
and aunrdmgly, all the three system poles are real and equal |

P=p =pso=-1/3Ty | | (2.19-¢)

*B >9, for which: | |

a(PB) > 0, . | (2J9-d)

when all the poles all real and distinct.
~ But. even in this last case for usual values of B, 9 < B < 20), the presence of the
dominant zero z,” determines an oscillatory behaviour (the effeot of such a zero. is already
well- known [Cal75]) ‘
- Remark: The shapes of root locus can bc easily drawn for the three above mcnnoned
categories of situations. |
The expressions of open-loop Bode plots:
- the open-loop Bode magnitude plot (m.-p.): i |
- H(j0),lar = 20 1giHy(jw), = f,(lg w), | i | (2.20-a)

- the open-loop Bode phase plot (p.-p.): L
MH.(0),, = f;1g ), | - T R
where: _ : =
. N+PT;jo .
IH,(j02),y| = ==-mmmmmmmmmm o , | (2.21)
o Ty (jw)*l 1+ Ty j Sk |
- W/, - W/, .
M), = - T + arctg [--=--==s-emceececeemee- b (2.22)
1 + 0w, W)
with: | 5
B l/Tz and &)“,, 1/BTy, | (2.23)
point out the symmetry of these plots with rcspect to the crossover frequency (pulsation) w,:
)y = m,, W, = l/(\/'ﬂ' Ty). | e e k)

" For any value of B at this value @, the system phasc rcscrve (p,. is max:mum and its
value depends only on the value of [3 8 | S Sy =
¢(B) = arctg[(B - 2\/B 1. e &%)

The situations are shown in F1g 2, as follows:

- the shapes of principle of the open-loop Bode plots IHO()O))‘,F,I,,B ancl {ﬂﬂn 1,,

-are presented in Fig.2a;

- the dependence of the maximum value of phase reserve @,(B) as function on the
value of parameter 3 is shown in Fig.3b; this dependence can be efficiently used in
the design by providing, for a desired value of the phase reserve ¢@,,, the necessary
vitlue of JB; then, on the basis of relations (2.12) and (2.13), the valucs of uantrollcr
tuning parameters can be immediately computed. B

The relation (2.25) and the notice that increasing of B leads to mueaung of thc phaue

- reserve result in the following conclusions to be used in the design practice:
(1) Values such as B < 4 are not justified from the point of view of phase reserve ¢
theretore, the designer should usually orient to the values §§ = 4;

(2) Increasing of ¢, is useful only up to the values Pra = 60", that can be tramlated n [3 S 16,
| equivitlent to m <€ 4; - >
(3) For values of pmt.tu.al interest 4 SP<16(2<sm<4d)i mucasmg of phdac rcservc 13

e .mompamcd by a tmnslatmn to left of the crossover frequem,y m. thm croa.savcr
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Performance of CS with the controller tuned on the basis Qt‘.._(e'-la.tioﬁs (2.12) and (2.13)
can be appreciated by means of the empirical quality indexes defined in system response with
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respect to the step variation of reference input w, depicted as y,..(t): Fig.3 prt_se:ntx diagrams
with the values of quality indexes o, - the avershoot, t, - the settling time and t, - the first
settling time as function of the mlue of parameter (3. The last two indexes are: expressed in
per umt values (p u.) with respect to the value of T,. namely: tT /Ty and ti = t./Ts: the -
values 1 and T, represent medium values which cannot point out ‘the real exlstcm
discontinuities (e.g., see [Bab85]).

3. CORRECTION OF PRIMARY PERFORMANCE

There are situations when even improved performance achieved by the CS with the .
controller designed according to (2.14) ... (2.16) give no satisfaction with respect to the step
variation of reference input: it is the case of overshoot ©, havmg ‘acceptable valucs of
15...25 % only for 2 9. ot s -

The most frcquently used method for pcrformancc correction (that does not affect |
system phase rteserve) is to fed the step reference input to a slgnal filter F-w (Fig. 4)'
accordingly computed; this method is used also in the case of SC-K.

By analyzmg the expression of t.f. H,(s),y relation (2.17), it can be noticed that the
correction filter is able to cancel from one case to another . _

- in the first version - the effect of the zero z,” and of the pole pair p,,’; this version

is justified only for values B <9, when the polcs are complcx conjugated;

- in the second version - the effect of the zero z,’; this version is general, leading to

overshoot o, alleviation and to settling time t, modification.

e Thc first version of ﬁlter F-w. Thc tf of flltcr pr(b) 1S as follows accordmg to the
pt oposed goal; '
Ipl Iz, (s - Pl)(‘i Pz) - ey _
Hi{8) = vonionimmaran ¢ oo oo eeee . ) R AR 3.1
| lp."p«-l (-2 (s-pr)
whew the pole p, guarantees the physical posmbllty to construct the filter. The combination
of elementary modules that make up the form (3.1) is a parallel connection of PT1 and DTI
tilters, Fig.db, with thc t.f. and parameter expresslona. gwen by relation (3 2):

H: ) I R 1 B ,
with A=1k,=B \/—-l SER I e e o L
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Accordingly, the t.f. of filter F-w will have the form:

,l+([3-,/'_)Tzs‘.+[3'l';.;"zS1 |
H;w(\)f """""""""""""""""""""""""""""""""""" ' (3 ])

(I+P Ty o) [1+(P- \/_-I)sz]
Remark: The proposed filter can be used only for values f3 > r + 1, ie.

B> \/- | + \f_ )/2 ; for B = 4 the well- known relations v.peeif' ic to SC-K are found a;,am
The dynamle properties of the equwalcnt system {filter + bas.u, CSI in the
relation w --> W --> y, with the t.f.:

| FHRS),,,,,' = Hp(8) H w(8) api 48 o b e bR - * (3.4)

| (A+\B Ty9)[1+B- \/F-I)T,;s] - :
-are easy to be computed, the equivalent system being aperiodic o, = 0. The value of t, can
be appreciated by means of the approximate relation (3. 5) -

)ET =G.4HP-1)T, . g 3.5)
v=]. | 58
where T, are the two time constants belonging to the denominator of t.f. (3.4).
The _second version of filter F-w. The t.f. of filter is as follows aeeerdmg, o the
. proposed goal (Fig.4c):

He () = 1/(1 + |3 ¢ ) R e e | ke (3.6‘_j
So, the overall system in the relation w --> W --> y wﬂl be charactenzed by the op:
W(S)om --------------------------------------------------- | e (3_-7)

(1+\/B Tys)[1+B- V_)Tz FBTE S
The properties of this class of systems are frequently presented in retcreneeb by means
of diagrams concerning the empirical quality indexes o,, t, t;. It has to be nomed that the

system has oscillatory behavmur only for values [3 <9.

£ CONcwsloNs :

The large variety of conditions that can be unposed to the 0perauon of a control
system make the design methods of type "recipe” to become rigid and to give no fully
satisfaction. The generalization of some design relations agreed in referenees e.g£. the relations
given by the symmetric optimum criterion after Kessler, even for a particular class of systems
provides the designer additional degrees of freedom to be used when a convenient control
- solution is chosen. ~
From this point of view the method presented in the paper has the following
advamages | :

- the possibility to use some previous eomputed relatmns for eontre!ler parameter
tuning, relations (2.12) and (2. H), where the valuc ef‘ par.lmeter B can be chosen by
A compromise between the set of lmposed and re.wh.xble performame for different.

| 'v.llues of B;

-. ‘the control qystem performance, wuh B in the role of p.n‘ameu:r can be pomted out
~in the form of some dmgmms concemning the empirical qualuy indexes denned in the

- time domam Oy, L, t,, Or in the trequeney domain P

T



- for every adopted value of B the resulted tuning parameters ensure the maximum
possible system phase reserve, relation (2.25): this property is based just on the
symmetry of open-loop Bode plots due to the general conditions (2.8).

The main application domain of the proposed design method remains the domain
~specific also to the application of SC-K - electrical drives - with the remark that the latter
becomes only a particular case corresponding to the value B =4 or m = 2.

ABBREVIATIONS

SC-K - symmetric optimum criterion in Kessler’s version:
~ t.f. - transfer function: | i |

CS - control system:

C - controller (regulator);

CP - controlled plant; |

PT1 - proportional with first order lag block;

PDTI - lead-lag or lag-lead block;

- PI - proportional-integral (controller);

PID - proportional-integral-derivative (controller).

REFERENCES

|Bab85] '_Babu;i-a, ., Dragomir, T.-L., Murcsan, L, Progtean, O., Conducerea automati a
proceselor, Facla, Timigoara (1985, in Romanian) (Automatic Control of Plants).

* [CiI75] Callin, S., Regulatoare automate, E.D.P., Bucharest (1975, in Romanian) (Controllers).

|KesS8a] Kessler, C., “Das symmetrische Optimurn, Teil 1", Regelungstechnik, no. 6, H11.
pp. 335 - 340 (1958). ' S

- [Kes58b) Kessler, C., “Das symmetrische Optimum, Teil 2" Regelhngstcchnik,. no. 6, H12,
| ~ pp. 432 - 436 (1958). | ' .

8.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /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
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo false
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <FEFF00540068006500730065002000730065007400740069006e00670073002000610072006500200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200036002e003000200061006e00640020006d0061007400630068002000740068006500200022005200650071007500690072006500640022002000730065007400740069006e0067002000660069006c0065007300200066006f00720020005000440046002000730070006500630069006600690063006100740069006f006e002000760065007200730069006f006e00200034002e0030002e>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




