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Abstract: The positive asymptotically stable continuous-time linear systems are appro-
ximated by corresponding asymptotically stable discrete-time linear systems. Two me-
thods of the approximation are presented and the comparison of the methods is addres-
sed. The considerations are illustrated by three numerical examples and an example of 
positive electrical circuit. 
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1. Introduction 
 
 In positive systems inputs, state variables and outputs take only non-negative values. 
Examples of positive systems are industrial processes involving chemical reactors, heat ex-
changers and distillation columns, storage systems, compartmental systems, water and atmo-
spheric pollution models. A variety of models having positive linear behavior can be found in 
engineering, management science, economics, social sciences, biology and medicine etc. Posi-
tive linear systems are defined on cones and not on linear spaces. Therefore, the theory of 
positive systems is more complicated and less advanced. An overview of state of the art in 
positive systems theory is given in the monographs [5, 8]. The positivity of electrical circuits 
composed of resistors, coils, condensators and voltage (current) sources has been analyzed in 
[10]. 
 Stability of positive linear systems has been investigated in [5, 8] and of fractional linear 
systems in [2-4, 12]. Finite zeros of linear discrete-time systems has been analyzed in [15] and 
of positive linear systems in [13, 14].  
 The problem of preservation of positivity by approximation the continuous-time linear 
systems by corresponding discrete-time linear systems has been addressed in [9]. The approxi-
mation of positive stable continuous-time linear systems by positive stable discrete-time linear 
systems has been considered in [7]. 
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 In this paper two methods of approximation of positive stable continuous-time linear 
systems by positive stable discrete-time linear systems will be presented and a comparison of 
the methods will be given. 
 The paper is organized as follows. In Section 2 basic definitions and theorems concerning 
positive continuous-time and discrete-time linear systems are recalled. Two methods of appro-
ximation of positive stable continuous-time linear systems by positive stable discrete-time 
linear systems and the comparison of the methods are presented in Section 3. Concluding 
remarks are given in Section 4. 
 The following notation will be used: ℜ  – the set of real numbers, mn×ℜ  – the set of mn×  
real matrices, mn×

+ℜ  – the set of mn×  matrices with nonnegative entries and 1×
++ ℜ=ℜ nn , 

nM  – the set of nn×  Metzler matrices (real matrices with nonnegative off-diagonal entries), 
nSM  – the set of nn×  asymptotically stable Metzler matrices, nn

S
×
+ℜ  – the set of nn×  

asymptotically stable positive matrices, nI  – the nn×  identity matrix. 
 

 
2. Preliminaries and the problem formulation 

 
 Consider the continuous-time linear system 

  ,)0(),()()( 0xxtuBtxAtx cc =+=&   (2.1) 

where ,)( ntx ℜ∈  mtu ℜ∈)(  are the state and input vectors and ,nn
cA ×ℜ∈  mn

cB ×ℜ∈ . 

Definition 2.1. [5, 8] The system (2.1) is called (internally) positive if ,)( ntx +ℜ∈  0≥t  for 
any initial conditions nxx +ℜ∈= 0)0(  and all inputs ,)( mtu +ℜ∈  .0≥t  

Theorem 2.1. [5, 8] The system (2.1) is positive if and only if  

  ,nc MA ∈  .mn
cB ×

+ℜ∈  (2.2) 

Definition 2.2. [5, 8] The positive system (2.1) is called asymptotically stable if for ,0)( =tu  
0≥t  

  0)(lim =
∞→

tx
t

 for all .0
nx +ℜ∈   (2.3) 

Theorem 2.2. [5, 8] The positive system (2.1) is asymptotically stable if and only if all 
coefficients of the polynomial 

  01
1

1 ...]det[ asasasAsI n
n

n
cn ++++=− −

−   (2.4) 

are positive, i.e. 0>ia  for .1...,,1,0 −= ni  
 Now let us consider the discrete-time linear system 

  ...},,2,1,0{,1 =∈+= ++ ZiuBxAx ididi   (2.5) 

where ,n
ix ℜ∈  m

iu ℜ∈  are the state and input vectors and ,nn
dA ×ℜ∈  .mn

dB ×ℜ∈  
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Definition 2.3. [5, 8] The system (2.5) is called (internally) positive if ,n
ix +ℜ∈  +∈ Zi  for 

any initial conditions nx +ℜ∈0  and all inputs ,m
iu +ℜ∈  .+∈ Zi  

Theorem 2.3. [5, 8] The system (2.5) is positive if and only if  

  ,nn
dA ×

+ℜ∈  .mn
dB ×

+ℜ∈   (2.6) 

Definition 2.4. [5, 8] The positive system (2.5) is called asymptotically stable if for ,0=iu  
+∈ Zi  

  0lim =
∞→

i
i

x  for all nx +ℜ∈0 .  (2.7) 

Theorem 2.4. [5, 8] The positive system (2.5) is asymptotically stable if and only if all coef-
ficients of the polynomial 

  01
1

1 ...])1(det[ azazazAzI n
n

n
dn ++++=−+ −

−   (2.8) 

are positive, i.e. 0>ia  for .1...,,1,0 −= ni  
 In this paper two methods of approximation of positive stable continuous-time linear sy-
stems by positive stable discrete-time linear systems will be presented and a comparison of the 
methods will be given. 
 

3. Methods of approximation and their comparison 
 
3.1. Method 1 
 In this method the derivative )(tx&  will be approximated by 

  ...,1,0,)( 1 =
−

= + i
h

xx
tx ii&   (3.1) 

where )(ihxxi =  and h > 0 is the sampling time (step). 
 From (2.1) and (3.1) we have 

  ...,1,0,1 =+=+ iuBxAx ididi   (3.2a) 

where 

  cdcnd hBBhAIA =+= ,   (3.2b) 

and ),(ihuui =  i = 0, 1, …. 
 From (3.2b) it follows that if nc MA ∈  then nn

dA ×
+ℜ∈  if and only if 

  ,
max

1
,

1
ii

ni
a

h
≤≤

≤   (3.3) 

where iia ,  (i = 1, 2, …, n) is the i-th diagonal entry of Ac. 
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 Therefore, we have the following theorem. 

Theorem 3.1. The discrete-time system (3.2a) is (internally) positive if and only if the con-
tinuous-time system (2.1) is (internally) positive and the sampling time h satisfy the condition 
(3.3). 
 Let the positive continuous-time be asymptotically stable  (shortly stable). In this case by 
Theorem 2.2 the coefficients of the polynomial (2.4) are positive, i.e. ,0>ka  k = 0, 1, …, n – 1. 

Theorem 3.2. The positive discrete-time system (3.2) is stable for any h > 0 if and only if the 
positive continuous-time system (2.1) is stable. 

Proof. By Theorem 2.4 the positive discrete-time system (3.2) is stable if and only if all coef-
ficients of the polynomial 

  
01

1
1 ...

]det[)]()1([det])1([det

azazaz

hAzIhAIzIAzI

n
n

n

cncnndn

++++=

=−=+−+=−+

−
−

  (3.4) 

are positive ,0>ka  k = 0, 1, …, n – 1. 
 It is easy to show that the coefficients ka  and ,ka  k = 0, 1, …, n – 1 of the polynomials 
(2.4) and (3.4) are related by 

  .,...,,, 002
2

211 ahaahahaa n
nnnn === −−−−   (3.5) 

 From (3.5) it follows that 0>ka  if and only if 0>ka  for k = 0, 1, …, n – 1 and for any 
h > 0. Therefore, by Theorem 2.2 and (2.4) the positive discrete-time system (3.2) is stable if 
and only if the positive continuous-time system (2.1) is stable.  
 Now let assume that the continuous-time system (2.1) is not positive but stable. Let 

iii js βα +−=  (i = 1, 2, …, n) be the i-th eigenvalue of the matrix Ac. It is well-known [6, 12] 
that if si is the eigenvalue of Ac then ii hsz += 1  is the eigenvalue of the matrix dA  defined 
by (3.2b). The discrete-time system (3.2) is stable if and only if 

  111 <+−=+= iiii jhhhsz βα  for i = 1, 2, …, n.  (3.6) 

 From (3.6) we have 

  .1)()1( 22 <+− ii hh βα   (3.7) 

 Solving (3.7) with respect to h we obtain 

  .2min 221 ii

i
ni

h
βα

α
+

<
≤≤

  (3.8) 

 Therefore, the following theorem has been proved. 

Theorem 3.3. The discrete-time system (3.2) is stable if and only if the continuous-time 
system (2.1) is stable and the condition (3.8) is met. 
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Example 3.1. Consider the positive continuous-time system (2.1) with the matrices 

  .
1
1

,
20

11
⎥⎦
⎤

⎢⎣
⎡=⎥⎦

⎤
⎢⎣
⎡

−
−

= cc BA   (3.9) 

 For h = 0.4 the corresponding discrete-time system (3.2) is also positive since 

  ,
2.00
4.06.0 22

2
×
+ℜ∈⎥⎦

⎤
⎢⎣
⎡=+= cd hAIA  ,

4.0
4.0 2

+ℜ∈⎥⎦
⎤

⎢⎣
⎡== cd hBB   (3.10) 

but for h = 1 it is not positive since 

  ,
10

10
22 MhAIA cd ∈⎥⎦

⎤
⎢⎣
⎡

−
=+=  .

1
1 2

+ℜ∈⎥⎦
⎤

⎢⎣
⎡== cd hBB   (3.11) 

 Note that for h = 0.4 the condition (3.3) is satisfied 

  
2
1

max
1

,
21

=≤
≤≤

ii
i

a
h  

but it is not satisfied for h = 1. 
 The positive continuous-time system (2.1) with (3.9) is stable since by Theorem 2.2 the 
polynomial 

  23
20

11
]det[ 2

2 ++=
+
−+

=− ss
s

s
AsI c   (3.12) 

has all positive coefficients. 
 The corresponding positive discrete-time system for h = 0.4 is also stable since by 
Theorem 2.4 all coefficients of the polynomial 

  32.02.1
8.00

4.04.0
]det[ 2

2 ++=
+
−+

=− zz
z

z
hAzI c   (3.13) 

are positive. 
 Figure 1 presents the step response of the continuous-time and discrete-time systems.  
 
Example 3.2. Consider the continuous-time system (2.1) with the matrices 

  .
0
1

,
30
12

⎥⎦
⎤

⎢⎣
⎡=⎥⎦

⎤
⎢⎣
⎡

−
−−

= cc BA   (3.14) 

 The system is stable but not positive. 
 By Theorem 3.3 the corresponding discrete-time system is also stable for the sampling 
time h satisfying the condition (3.8). In this case ,21=α  ,32=α  021 == ββ  and from (3.8) 
we have 
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  .
3
22min 2221

=
+

<
≤≤ ii

i

i
h

βα
α   (3.15) 

 For h = 0.5 we obtain 

  .
5.00

10 22
2

×ℜ∈⎥⎦
⎤

⎢⎣
⎡

−
−

=+= cd hAIA   (3.16) 

 Therefore, the discrete-time system with (3.16) is stable. 

  

Fig. 1a. Step response of continuous-time (blue) 
with matrices (3.9) and discrete-time (green) 

systems with matrices (3.10) for h = 0.4 

Fig. 1b. Step response of continuous-time (blue) 
with matrices (3.9) and discrete-time (green) 

systems with matrices (3.11) for h = 1 
 
Example 3.3. Consider the electrical circuit shown in Figure 2 with given resistances 

,,, 321 RRR  inductances 21, LL  and source voltages ., 21 ee   
 

 

Fig. 2. Electrical circuit 

 
 Using the Kirchhoff’s laws we can write the equations 

  

,)(

,)(

2
2221232

1
1112131

dt
diLiRiiRe

dt
diLiRiiRe

++−=

++−=

  (3.17) 
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which can be written in the form 

  ⎥⎦
⎤

⎢⎣
⎡+⎥⎦

⎤
⎢⎣
⎡=⎥⎦

⎤
⎢⎣
⎡

2

1

2

1

2

1

e
e

B
i
i

A
i
i

dt
d ,  (3.18a) 

where 

  .10

01

,

2

1

2

32

2

3
1

3

1

31

⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢

⎣

⎡

=

⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢

⎣

⎡

+
−

+
−

=

L

LB

L
RR

L
R

L
R

L
RR

A cc   (3.18b) 

 The electrical circuit is positive since the matrix Ac is Metzler matrix and the matrix Bc has 
nonnegative entries. It is also stable since the polynomial 

  

21

32321

2

32

1

312

2

32

2

3
1

3

1

31

2

)(

]det[

LL
RRRRRs

L
RR

L
RRs

L
RRs

L
R

L
R

L
RRs

AsI c

++
+⎟

⎠
⎞

⎜
⎝
⎛ +

+
+

+=

+
+−

−
+

+
=−

  (3.19) 

has all positive coefficients. 
 The corresponding discrete-time electrical circuit (3.2) for the sampling time h > 0 has the 
matrices 

  

⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢

⎣

⎡

+
−

+
−

=+=

2

32

2

3
1

3

1

31

2 )(1

)(1

L
RRh

L
hR

L
hR

L
RRh

hAIA cd , 

⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢

⎣

⎡

==

2

1

0

0

L
h

L
h

hBB cd  (3.20) 

and it is stable for any h > 0 since the characteristic polynomial 

  

21

32321
2

2

32

1

312

2

32

2

3
1

3

1

31

2

))((

)(

)(

]det[

LL
RRRRRhz

L
RR

L
RRhz

L
RRhz

L
hR

L
hR

L
RRhz

hAzI c

++
+⎟

⎠
⎞

⎜
⎝
⎛ +

+
+

+=

=+
+−

−
+

+
=−

  (3.21) 

has all positive coefficients. 
 Extending the result of Example 3.3 and using Theorem 3.2 we obtain the following 
important conclusion. 
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Conclusion 3.1. The approximation of positive stable continuous-time electrical circuits by 
the use of Method 1 yields for any h > 0 corresponding positive stable discrete-time electrical 
circuits. 
 
3.2. Method 2 
 It is well-known [7] that if the sampling is applied to the continuous-time system (2.1) then 
the corresponding discrete-time system (2.5) has the matrices 

  ,hA
d

ceA =  ,
0
∫=
h

c
tA

d dtBeB c    (3.22) 

where h > 0 is the sampling time. 
 In this paper the following approximation of the matrix Ad defined by (3.22) will be applied 

  ,]][[ 1−−+= cnncd AIIAA αα    (3.23) 

where the coefficients 0/)( >== hh ααα  is chosen so that .][ nn
nc IA ×

+ℜ∈+ α  It is well-
known [1] that if nSc MA ∈  then 0]det[ ≠− cn AI α  for any α > 0.  
If 0det ≠cA  then from (3.22) we have 

  .][1
cn

hA
cd BIeAB c −= −   (3.24) 

Theorem 3.4. If the positive continuous-time system (2.1) is asymptotically stable then the 
corresponding discrete-time positive system (2.5) is also asymptotically stable. 

Proof. It is well-known [6, 7, 11] that if sk, k = 1, 2, …, n are eigenvalues of the matrix 
nc MA ∈  then the eigenvalues zk, k = 1, 2, …, n of the matrix nn

dA ×
+ℜ∈  defined by (3.23) 

are given by 

  
k

k
k s

sz
−
+

=
α

α  for k = 1, 2, …, n.  (3.25) 

If the positive continuous-time system (2.1) is asymptotically stable then the real parts kα−  of 
its eigenvalues kkk js βα ±−= , k = 1, 2, …, n are negative. In this case using (3.25) we 
obtain 

  1<
+

±−
=

+
±−

=
kk

kk

kk

kk
k j

j
j
jz

βαα
βαα

βαα
βαα

mm
  (3.26) 

and the discrete-time system (2.5) is also asymptotically stable. 

Theorem 3.5. If the continuous-time system (2.1) is positive and stable then the discrete-time 
system (2.5) with the matrix (3.23) is also positive for any sampling time h > 0. 

Proof. If the continuous-time system (2.1) is positive and stable then nSc MA ∈  and there 
exists such 0>α  that .][ nn

nc IA ×
+ℜ∈+ α  If nSc MA ∈  then 0]det[ ≠− cn AI α  for any 
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0>α  and .][ 1 nn
cn AI ×

+
− ℜ∈−α  In this case nn

cnncd AIIAA ×
+

− ℜ∈−+= 1]][[ αα  and by 
Theorem 2.3 the discrete-time system (2.5) is positive. 

Example 3.3. Consider the positive stable continuous-time system (2.1) with the matrices 

  .
1
0

,
30

12
⎥⎦
⎤

⎢⎣
⎡=⎥⎦

⎤
⎢⎣
⎡

−
−

= cc BA   (3.27) 

 Using (3.23) and (3.24) we obtain for h = 1 and α = 4 the matrices dA  and dB  of the 
corresponding discrete-time system (2.5) of the forms 

  ⎥⎦
⎤

⎢⎣
⎡=⎥⎦

⎤
⎢⎣
⎡ −

⎥⎦
⎤

⎢⎣
⎡=−+=

−
−

1429.00
1905.03333.0

70
16

10
12

][][
1

1
22 ccd AIIAA αα   (3.28a) 

and 

  .
3167.0
1156.0

1
0

9502.00
0855.08647.0

30
12

][
1

2
1

⎥⎦
⎤

⎢⎣
⎡=⎥⎦

⎤
⎢⎣
⎡

⎥⎦
⎤

⎢⎣
⎡

−
−

⎥⎦
⎤

⎢⎣
⎡−=−=

−
−

c
hA

cd BIeAB c   (3.28b) 

 The eigenvalues z1, z2 of the matrix Ad can be computed by the use of (3.25) 

  ,3333.0
3
1

24
42

1

1
1 ==

+
+−

=
−
+

=
s

sz
α

α  .1429.0
7
1

34
43

2

2
2 ==

+
+−

=
−
+

=
s

sz
α

α  (3.29) 

 From (3.28) and (3.29) it follows that the discrete-time system is positive and stable. 
Figure 3 presents the step response of the continuous-time and discrete-time systems. 
 

Fig. 3. Step response of continuous-time (blue) with 
matrices (3.27) and discrete-time (green) systems with 

matrices (3.28) for h = 1 and α = 4 

 
 
3.3. Comparison of the methods 
 From (3.24) we have 

  
⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
+⎟

⎠
⎞

⎜
⎝
⎛++=

⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
+⎟

⎠
⎞

⎜
⎝
⎛++⎟

⎠
⎞

⎜
⎝
⎛ +=

−

+
=

−
+

= ...21...11
1

1 22

ααααα
α

α
α
α kkkkk

k

k

k

k
k

sssss
s

s

s
sz  (3.30) 
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for k = 1, 2, …, n. In this case from (3.30) and (3.23) we obtain [6, 12] 

  ....112]][[ 2
2

1
⎥⎦
⎤

⎢⎣
⎡ +++=−+= −

ccncnncd AAIAIIAA
αα

αα   (3.31) 

 Comparison of (3.2b) and (3.31) yields dA  representing for α/2=h  only the linear part 
of dA  defined by (3.23).  
 Using (3.24) and dB  defined by (3.2b) and taking into account that 

  ...
!2
)(

!1

2
+++=

hAhAIe cc
n

hAc   (3.32) 

we obtain 

  ...
!2

][
2

2
1 ++=−= − hBAhBBIeAB cc

cc
hA

cd
c   (3.33) 

 From (3.33) it follows that hBB cd =  represents only the linear part of the matrix .dB  
Therefore, we have the following important conclusions. 

Conclusion 3.2. The method 2 gives better approximation of the positive stable continuous-
time linear systems than the method 1. 

Conclusion 3.3. By Theorem 3.1 the method 1 provides a positive approximation (3.2a) of the 
positive continuous-time system if and only if the sampling time h satisfies the condition (3.3) 
and by Theorem 3.4 the method 2 for any sampling time h. 

Conclusion 3.4. By Theorem 3.2 and 3.4 for both methods the positive discrete-time ap-
proximation (3.2) is stable for any h > 0 if and only if the positive continuous-time system 
(2.1) is stable. 
 
 

4. Concluding remarks 
 
 The problem of approximation of positive asymptotically stable continuous-time linear 
system by positive asymptotically stable discrete-time linear system has been addressed. Two 
method of the approximation have been presented. The comparison of the methods has shown 
that the method 2 provides the better approximation of the positive stable continuous-time 
linear systems by positive stable discrete-time linear system than the method 1 (Conclusion 
3.2). For both methods the positive discrete-time approximation is stable for any sampling 
time h if and only if the positive continuous-time system is stable (Conclusion 3.4). The con-
siderations have been illustrated by three numerical examples and one example of positive 
electrical circuit. 
 The considerations can be applied to the positive electrical circuits (Conclusion 3.1). An 
open problem is an extension of these considerations to the fractional positive linear systems 
[12]. 



Vol. 62(2013)           Approximation methods of positive stable continuous-time linear systems 355 

Acknowledgment 
This work was supported under work S/WE/1/11.  
 
 
References 
 [1] Berman A., Plemmons R.J., Nonegative Matrices in the Matchematical Sciences. SIAM (1994). 
 [2] Busłowicz M., Stability of linear continuous-time fractional order systems with delays of the retar-

ded type. Bull. Pol. Acad. Sci. Techn. 56(4): 319-324 (2008). 
 [3] Busłowicz M., Stability analysis of continuous-time linear systems consisting of n subsystems with 

different fractional orders. Bull. Pol. Acad. Sci. Techn. 60(2): 279-284 (2012). 
 [4] Busłowicz M., Kaczorek T., Simple conditions for practical stability of positive fractional discrete-

time lineart stystems. Int. J. Appl. Math. Comput. Sci. 19(2): 263-169 (2009). 
 [5] Farina L. Rinaldi S., Positive Linear Systems; Theory and Applications. J. Wiley, New York (2000).  
 [6] Gantmakher F.R., Theory of Matrices. Chelsea Pub. Co., New York (1959). 
 [7] Kaczorek T., Approximation of positive stable continuous-time linear systems by positive stable dis-

crete-time systems. Pomiary Automatyka Robotyka 2: 359-364 (2013). 
 [8] Kaczorek T., Positive 1D and 2D Systems. Springer Verlag, London (2002). 
 [9] Kaczorek T., Relationship between the value of discretization step and positivity and stabilization of 

linear dynamic systems. Proc. of Conf. Simulation, Designing and Control of Foundry Processes, 
Krakow, Aachen, Sofia, pp. 33-39 (1999). 

[10] Kaczorek T., Positive electrical circuits and their reachability. Archives of Electrical Engineering 
60(3): 283-301 (2011), and also Selected classes of positive electrical circuits and their reachability. 
Monograph Computer Application in Electrical Engineering, Poznan University of Technology, 
Poznan (2012). 

[11] Kaczorek T., Vectors and Matrices in Automation and Electrotechnics. WNT, Warszawa (1998) (in 
Polish). 

[12] Kaczorek T., Selected Problems of Fractional System Theory. Springer Verlag, Berlin (2011). 
[13] Tokarzewski J., Finite zeros of positive linear discrete-time systems. Bull. Pol. Acad. Sci. Tech. 

59(3): 287-292 (2011). 
[14] Tokarzewski J., Finite zeros of positive continuous-time systems. Bull. Pol. Acad. Sci. Tech. 59(3): 

2293-302 (2011). 
[15] Tokarzewski J., Finite Zeros in Discrete-Time Control Systems. Springer-Verlag, Berlin (2006). 
 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


