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ANALYSIS OF THE DESCRIPTOR ROESSER MODEL WITH THE USE
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A method of analysis for a class of descriptor 2D discrete-time linear systems described by the Roesser model with a regular
pencil is proposed. The method is based on the transformation of the model to a special form with the use of elementary row
and column operations and on the application of a Drazin inverse of matrices to handle the model. The method is illustrated

with a numerical example.
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1. Introduction

Descriptor (singular) linear systems were considered in
many papers and books (Bru et al., 2003; 2000; 2002;
Campbell et al., 1976; Dai, 1989; Dodig and Stosic,
2009; Fahmy and O’Reill, 1989; Gantmecher, 1960;
Duan, 2010; Kaczorek, 2014a; 2011a; 2004; 2013; 2011b;
2011c; 2011d; 1992; Kucera and Zagalak, 1988; Van
Dooren, 1979). The eigenvalues and invariants assignment
by state and output feedbacks was investigated by Fahmy
and O’Reill (1989) as well as Kaczorek (2004; 1992), who
also discussed the minimum energy control of descriptor
linear systems (Kaczorek, 2014b; 2014c). Computation
of Kronecker’s canonical form of the singular pencil was
analyzed by Van Dooren (1979), while positive linear
systems with different fractional orders were addressed
by Kaczorek (2010), along with selected problems in the
theory of fractional linear systems (Kaczorek, 2011d).

Descriptor standard positive linear systems were
addressed with the use of the Drazin inverse by Bru
et al. (2003; 2000; 2002), Campbell er al. (1976), and
Kaczorek (2014a; 2011d; 1992), who also applied the
shuffle algorithm to check the positivity of descriptor
linear systems (Kaczorek, 2011a). The stability of
positive descriptor systems was investigated by Virnik
(2008), while reduction and decomposition of descriptor
fractional discrete-time linear systems were considered
by Kaczorek (2011b), who also introduced a new
class of descriptor fractional linear discrete-time systems

(Kaczorek, 2011c¢).

The Drazin inverse for finding the solution to the
state equation of fractional continuous-time linear systems
was applied by Kaczorek (2014a), and the controllability,
reachability and minimum energy control of fractional
discrete-time linear systems with delays in state were
investigated by Bustowicz (2014).

In this paper, a Drazin inverse of matrices will be
used in the analysis of descriptor discrete-time 2D linear
systems regular pencils described by the Roesser model.

The paper is organized as follows. In Section 2,
basic definitions and theorems concerning descriptor
discrete-time linear systems with regular pencils are
presented. The problem of the analysis of descriptor
systems described by the Roesser model is formulated and
solved in Section 3. The proposed method is illustrated
with a numerical example in Section 4. Concluding
remarks are given in Section 5.

The following notation will be used: R, the set of real
numbers; R™"*™_ the set of n X m real matrices and R" =
R7x1. Z, the set of nonnegative integers; I,,, the n X n
identity matrix; ker A (im A), the kernel (image) of the
matrix.

2. Descriptor discrete-time linear systems

Consider the descriptor discrete-time linear system

Exi-l—l = Ax; + B’U,i, RS Z+, (1)
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where x; € R" is the state vector, u; € R™ is the input
vector, B/, A € R"*"™, B € R™"*™,
It is assumed that det ¥ = 0, but

det[E's — A] #0 for some ¢ € C. 2)

Assuming that, for some chosen ¢ € C, det[Fc — A] # 0
and premultiplying (1) by [Ec — A]~!, we obtain
E’xiH = Ax; + Bui, (3a)

where

B =[Ec— A]"'B. (3b)
Note that Eqns. (I) and (3a) have the same solution x;,
1€ Z+.

Definition 1. (Campbell et al., 1976, Kaczorek, 1992)
The smallest nonnegative integer ¢ is called the index of
the matrix £/ € R™*™ if

rank F9 = rank F91. 4)

Definition 2. (Campbell et al., 1976; Kaczorek, 1992) A
matrix EP is called the Drazin inverse of E € R™*™ if it
satisfies the conditions

EEP = EPE, (5a)
EPEEP = EP, (5b)
EPEt = Fa, (5¢)

where ¢ is the index of E defined by (@).

The Drazin inverse £ of a square matrix £ always
exists and is unique (Campbell et al., 1976; Kaczorek,
1992). If det E # 0, then EP = E~!. Some methods for
computation of the Drazin inverse are given by Kaczorek
(1992) and Van Dooren (1979), and are summarized in
Appendix.

Theorem 1. (Kaczorek, 1992) The matrices E and A de-
fined by (3b) satisfy the following equalities:

AE =EA, APE=FEAP,
EPA=AEP, APEP = EPAP, (6a)
ker A Nker E = {0}, (6b)
_ J 0 7.,
por] ] 8]
= J71 o -
D __ 1
E —T[ 0 O}T , (6¢)
(I, — EEP)AAP =1, — EEP,
(I, — EEP)(EAP)1 =0, (6d)

detT # 0,J € R™>*™  js nonsingular, N € R"2*"2 jg
nilpotent, n1 + ny = n.

Theorem 2. (Campbell et al., 1976; Kaczorek, 1992) The
solution of Eqn. (3) is given by

|
-

i

€xr; = (E'DA)iEDEU + _D(EDA)iikilguk

(]

=
Il
=]

@)

Q

4 (EEP — 1,) SY(EAPY* AP Bug 1,

=0

x>

where v € R™ is arbitrary and q is the index of E.
From (7)), for i = 0 we have

-1
(EAPY AP Buy,. (8)
0

2

w0 = EPBu+ (EEP — 1)

=~
Il

Therefore, for given admissible u;, the consistent initial
conditions should satisfy the equality (§). In a particular
case for u; = 0 we have zg = EPEv and 2y €
Im(EP E), where Im denotes the image of EP E.

Theorem 3. Let

P=FEEP, ©)
Q=FEPA. (10)
Then
(i)
Pk =P fork=2,3,...; (11)
(ii)
PQ=QP=Q; (12)
(iii)
PEP = EPp = FEP; (13)

(iv) if there exists a vector v € R" such that
vI'E =0, (14)
then
vTEP =0. (15)
Proof. Using (@), we obtain
P?=EEPEEP =EEP =P (16)
since, by (5b), EPEEP = ED and, by induction,
PF=p-lp=—FEEPEEP =P>=P (17)

fork=2,3,....
Using @) and (IQ), we obtain

PQ=EEPEPA= EPEEPA=EPA=Q (18)
and
QP = EPAEEP = EPEAEP

o 19
= EPEEPA=EPA=Q. (19
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Using @), (5a) and (5b), we obtain

PEP = EEPEP = EPEEP = EP (20)

and
EPp=FEPEEP = EP. 1)
Taking into account that £ = VW (see Appendix)

and
EP =V[WEV]~'W, (22)

we obtain

vIEP =T VIWEV]'W =0 (23)
since vV = 0. ]

The following elementary row (resp. column)
operations will be used:

1. Multiplication of the i-th row (resp. column) by a real
number c. This operation will be denoted by L[i x ¢]
(resp. R[i x ¢]).

2. Addition to the ¢-th row (resp. column) of the j-th
row (resp. column) multiplied by a real number c.
This operation will be denoted by L[i + j x ¢] (resp.
Rli+j x c]).

3. Interchange of the i-th and j-th rows (columns). This
operation will be denoted by L[i, j] (resp. R][i, j]).
3. Problem formulation and solution
Consider the descriptor Roesser model
h h
E [ xf)—i-l?j :| = A l: x%j ] + Bui,j, (24)
i,j+1 ,J

where a:?j € R™, z¥; € R™ are the horizontal and

vertical state vectors u; ; € R™ is the input vector and
E,AeR™™ BeR"™™ n=nmny+no.
It is assumed that det £ = 0, but

In1 Z1 0
o] 0] a] 4o
for some z1, 20 € C. (25)
It is also assumed that, premultiplying 24) by a

matrix P € R™*" of the elementary row operations and
introducing the new state vector

—h h
o[
{ T 1 rig ]’
QER™™,  detQ #0, (26)

Eqn. 24) can be written in the following form:

Case I:
E, 0 53?+1,j
0 £, T3 1

. { oA ] [ e S Sl R e

Case 2:
En 0 Tl
0 B ]| e

| A A oy By
_{ 0 A22][Ev * By | Y (27b)

i,
where
[ Eh 0 —1 X
= PE , B eR™M*™M,
0 B, } Q h
E, e R™*"  detEp, =0, detE,=0 (27¢)
[ A1 0O 1
= PAQ™", A e R™MX™
Ay A } @ n
A21 S RnQXﬂl,AQQ S anxnz, (27d)
[ A A -1 x
= PA ,Ajp € RMx™m
I 0 A22 Q 11
A12 S Rnlxnz, A22 S anxnz’ (276)
gl } = PB, B; € R"*™ B, e R"*™_ (27f)
| D2

In Case 1, from (27a) we have

Enaly, ;= Aua)'; + Biugj, (28a)

E,T 5y = Ana; + Aso®!, + Bou;j,  (28b)
and, in Case 2, from (27b) we have

EhE?Jrl,j = Alljl}‘tj + Algif’;)’j + Biu; j, (29a)
Eq,jfzj+1 = Agg.fzj + Bgum-. (29b)

From the assumption (23) for Case 1 it follows that
det[FErz1 — A11] #0 forsomez; € C. 30)

Therefore, there exists a number ¢; € C such that
det[Fre; — Aji] # 0 and, premultiplying (27a) by
[Enc1 — A1), we obtain

Ena}y,; = Anal; + Bius, (31a)
where
Ey = [Eper — Aut) B,
Ay = [Bpep — A A,
By = [Eper — An| ' By (31b)

Let EP (AP)) be the Drazin inverse of the matrix EJ,
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Au Then, from Theorem 2, we have

i’ZJ = (EhDgll)iEhDEh’Ul

i—1
+ E]?(E}?All)l k lBl’LLkJ
k=0
o qa—1
+ (EhEhD - Inl) Z (EhA ) A11B1uz+kja
k=0

(32)

where ¢ is the index of Ej and v; € R™ is arbitrary
depending on j.
Substituting (32)) into (27b) yields

E“i‘;ij-l—l = Agg.fzj + ﬂ@j + wi, (333.)
where
i—1
iy = An B (EY An) ™" Biug,
k=0
+ Api (EREf) — 1)
q1—1 o o
X Y (EnAR)NAD Biuyy ; + Boui,
k=0
(33b)
UAjz = Agl(E{?An)iEhDEhvl. (330)

From the assumption (23)) it follows that
det[Fyzo — Aga] #0 for some 2z € C. (34)

Therefore, there exists a number ¢c; € C such that
det[Eyca — Agz] # 0 and, premultiplying (33) by [E,co —
Ag] ™1, we obtain

Evf;),j—i-l = Aggfzj + By (G5 + 0;), (35a)
where
E, = [Eyca — Ay 'E,,
Aoy = [Eycy — Agg] ™ Aga,
BQ = [EUCQ — AQQ]_l. (35b)
_ Let E (A%) be the Drazin inverse of the matrix E,,
(Ag22). Then, from Theorem 2, we have

Z‘Zj = (E,UDAQQ)jEUDEUUQ

j—1
+ ) ED(EP Ay~ ! By + 1)
1=0 36)
o q2—1 o
+(ByEY = 1,) Y (E,AR)
=0

x A8 Bo (T j1 + i),

where ¢ is the index of E, and vo € R™2 is arbitrary
depending on 1.

T. Kaczorek
Knowing Z}'; and Z7 . we can find the solution of
Eqn. (27) from (]ﬁ) and obtaln
h =h
s R A
[xg)ﬂ]:Ql{xvﬂ] (37
i,j i,j

Therefore, the following result has been proved.

Theorem 4. The solution of Eqn. (27a) is given by (37
and the vectors T ir; and T} ; are defined by B2) and (39),
respectively.

From the assumption (23), for Case 2 it follows that
det[Fyzo — Aga] #0 for some 29 € C. (38)

Therefore, there exists a number ¢ € C such that
det[Fyca — Ags] # 0 and, premultiplying (27b) by
[E,co — Aga] ™1, we obtain

E’v.f;)’jJrl = 1‘_12253‘;)’]' + BQU,i?j, (39a)

where
Ev = [EUCZ - A22]_1Eva
Asy = [Eyes — A22]_1A22,

B2 [E Cy — AQQ] . (39b)

Let EDP (AD) be the Drazin inverse of the matrix E,
(A22). Then, from Theorem 2, we have

{E;}j = (EUDAQQ)JEU EU’U3
j—1
+ ZEE(EEAzz)J ! Baug
1=0
q2—1
+ (BB —1n,) Y (B, AR) A Bous 1,
1=0

(40)

where ¢ is the index of E, and v3 € R™? is arbitrary.
Substituting (@Q) into (27a) yields

Ehxzﬂj = Az, Ui+, (41a)
where
j—1
Ui j = ZAQlEq?(EfAm)J_l_leui,l
1=0
+ A12 (EUEU - Inz) Z (EUAQDQ)l
1=0
x Ay Baui,ji + Buug j, (41b)
Wy = A12(EY Agp) EY Eyvs. (41c)

From the assumption (23) it follows that

det[Erz1 — A11] #0  forsomez; € C. (42)
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Therefore, there exists a number ¢; € C such that
det[Frer — A11] # 0 and, premultiplying (41a) by
[Enc1 — A11]7 1, we obtain

Ethl J= Aua: i+ By (@, + wj), (43a)
where

Ej = [Enct — A11] ™" En,

Ay = [Eper — Ap] A,

B, = [Eper — A b (43b)
Let EP (AL)) be the Drazin inverse of the matrix F,
(A11). Then, from Theorem 2, we have
.f?’] = (El?All)iE}?EhU4
i1
EP(EP Ay )% By (i, j + 10;)

k=0 o (44)
+ (EnEY — I,) Y (EnAD)*
k=0

x AP By (i k,j + W),

where ¢ is the index of E’h and vy € R™ is arbitrary.
Knowing z! . and z? ., we can find the solution of

©,5°
Eqn. (27b) from @
Therefore, the following result has been proved.

Theorem 5. The solution of Eqn. (27b) is given by (37)
and the vectors x ; and T} ; are defined by (44) and (40),
respectively.

4. Example

Consider the descriptor discrete-time linear system (24)
with the matrices

'0050
0 0
E‘o 0
0 0

0 0

0

2

5

5 05 0
0 3 0
A= 1 -1 0 , (45)
2 0 -1
[0
1
B= —2
| 4
Premultiplying Eqn. (1) with (43) by the matrix
2 0 0 O
-2 1 0 0
P= 0O 0 -1 0 (46)
0 0 -2 1

of the elementary row operations L[1 x 2], L[241 x (
L[3 x (=1)], L[4 + 3 x 2] and introducing the new state
vector (26) with

01 00
1 0 0 O
0 0 1 0
we obtain Eqn. (27a) with
1.0 0 0
E, 0] 4 |0 00O
{O Eq,__PEQ_ 0 0 1 0|’
L0 0 0 0
(1 1 0 o0
A 0 ] 4 |2 -1 0 o0
{Am A22__PAQ 1 1 -2 0
1 2 0 1 -1
0
By | 1
[BQ}_PB_ !
8

(48)
Using the procedure presented for Case 1, we obtain

what follows.
For ¢; = 0, from (31b) we have

- 1[ -1 0
En ==l 1Eh:§[—2 0}’

Ay =[-An) "An = { _01 _01 } , (49)

Taking into account that
_ 1| -1
E, =VW, VZg[_Z}, W=[1 0] (50)

and using Procedure Al from Appendix, we obtain

EP =VIWE,V]"'W

IEICIRIEHIEY S

(51)

and
Aﬁ:{_l 0} (52)

@amcs
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The index g; of the matrix (49) is equal to one. Using
(32) and taking into account that

ol A

pm [ -3 0]1[-1 0]_
EhE’L‘[—ﬁ 0}3 -2 0"

we obtain

EP Ay = [

z; = (Bp Ay ) E) Eyvi ()
i—1

+ Y ER(EP An) T By,
k=0
(EhEhD_Inl) lDlgluw

(54)

where v1 () is an arbitrary function of j.
Substituting (34) into Eqn. (28b), we obtain (31a)

with
Eq,:{(l) 8], Amz{_f _01} (55a)
w8ttt e[
iy = { Qfg)i X ]vl(ﬂ. (55b)

In this case, we choose co = 0 and, using (31), we obtain

E'U.T:;)JJA = 1‘_12252;)’]‘ + Bg(ﬂ,i?j + 11)1'), (56a)

where

Ev - [_AQZ]_lEv -

N —
| — |
— =
o O
—_

Taking into account that

E, = VW, V:HH W=[1 0] (57

and using Procedure Al from Appendix, we obtain

(58)
and
Ag:{‘ol _01} (59)
Using (38), (39) and (@6), we obtain

_ —2 071
x;),j:|: 2 0:| UQ(Z)

Jj—1 9 0 j—l-1
s { 20 ] (s +ii)  (60)
1=0
0 0 . N
+ [ 0 1 ] (U1 + W),

where v (7) is an arbitrary function of i, EH and Ef? are
the components of if ; given by G3.

Knowing the vectors (34), (&Q) and the matrix @7),
we can find the solution of Eqn. () with @3)) from (37).

5. Concluding remarks

A method of analysis for a class of descriptor 2D
discrete-time linear systems described by the Roesser
model with a regular pencil has been proposed. The
method is based on transformation of the descriptor
Roesser model (1) to the form (27) with the use of
elementary row and column operations. To find a solution
to Eqn. (27), a method based on application of the
Drazin inverse has been proposed (Theorems 4 and
5). The method has been illustrated with a numerical
example. It can be extended to fractional and fractional
positive descriptor linear systems described by Roesser
models with regular pencils. An extension of the
method to 2D descriptor linear systems described by the
Fornasini—-Marchesini and Kurek models constitutes an
open problem.
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Appendix

Procedure for computation of
Drazin inverse matrices

~ To compute the Drazin inverse EP of the matrix
E € R™" defined by (3b), the following procedure is
recommended.

aamcs
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Procedure Al.
Step 1. Find a pair of matrices V' € R"*", W ¢ R"*"
such that

E=VW, rankV =rank W =rank E =r. (Al)

As the r columns (rows) of the matrix V' (W), Ehe T
linearly independent columns (rows) of the matrix F can
be chosen.

Step 2. Compute the nonsingular matrix

WEV € R™*", (A2)

Step 3. The desired Drazin inverse matrix is given by
EP = VIWEV]~'W. (A3)

Proof. 1t will be shown that the matrix (A3) satisfies the
three conditions (5) of Definition 2. Taking into account
that det W'V £ 0 and (A1), we obtain

WEV]™ = [WVWV]™' = [WV] ' WV]™t (A4)

]
Using (5), (A1) and (A4), we obtain
EEP =VWV[WEV]'W
=VWVWV]  wv]tw (AS)
=VWwVv]'w
and
EPE =V[WEV]"'WVW
=VWV] ' WV]Ttwvw (A6)
=Vwv]~'w.

Therefore, the condition (5) is satisfied.

To check the condition (5), we compute

EPEEP = VIWEV|"'WVWV[WEV]|'W
= VIWVWV]| 'WVWV[WEV]"'W
=V[WEV]"'W = EP.
(A7)

Therefore, the condition (5) is also satisfied.
Using (5), (A1), (A3) and (A4), we obtain

EPEH = VIWEV]'W/(VIW)att
wvw)e (A8)

= (VW)! = B9,

where g is the index of E. Therefore, the condition (5) is
also satisfied.

Received: 16 May 2014



	Introduction
	Descriptor discrete-time linear systems
	Problem formulation and solution
	Example
	Concluding remarks


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 1.00000
  /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 (http://www.color.org?)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /ENU (Versita Adobe Distiller Settings for Adobe Acrobat v6)
    /POL (Versita Adobe Distiller Settings for Adobe Acrobat v6)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [597.600 842.400]
>> setpagedevice


