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Abstract: This paper presents a new approach to soft switching between two model 
predictive controllers.  The motivation for this work comes from the control of large 
scale hierarchical systems where different operating scenario asking for different control 
objective makes a single model predictive controller (MPC) unsuitable.  The proposed 
soft switching approach shows much better switching performance both in system 
output and control input than the traditional hard switching.  The stability of the 
designed soft switching process is analysed and sufficient conditions for stability are 
derived.  Numerical examples with simulation results show that the proposed approach 
can be useful in practical applications.  Copyright © 2005 IFAC 
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1.  INTRODUCTION 
 
Model-based predictive control, or receding horizon 
control, has become a very popular controller design 
method in the process industry.  It refers to a class of 
algorithms where an optimization problem is solved 
repetitively at every new time step.  Only the first 
element of the computed control sequence is applied 
to the plant.  Notable past reviews of MPC include 
those of (Muske and Rawlings, 1993; Mayne, et al., 
2000; Qin and Badgwell, 2003).  
 
With the increasing use of MPC into large scale and 
complex hierarchical systems, the demand to use 
multiple MPCs to meet different control objectives 
under different operating scenarios arises 
(Grochowski, et al., 2004a). The so called softly 
switched MPC (SS-MPC) means such an approach 
that can make the switch between two MPCs smooth 
by contrast with hard switching whose switching 
performance is often unsatisfactory especially in the 
scenarios where the input/state constraints are 
changing from very tight constraints to much looser 
ones. A real life application can be found in 
(Grochowski, et al., 2004b).  Although the issues of 
stability of constrained model predictive control for 

linear time-invariant (LTI) systems have been deeply 
investigated (Zheng and Morari, 1995; Mayne, et al., 
2000; Primbs and Nevistic, 2000), the research on the 
stability of switching among multiple constrained 
predictive controllers is still an open area which 
incorporates fundamental problems both in the MPC 
area and in the switched system field (Grochowski, 
2003). In (Zheng, 1997), the issue of time-varying 
weights in model predictive control has been 
discussed, but it was limited to varying weights only 
inside the prediction horizon and the weights 
between each new iterate time step remain the same. 
In this paper, a softly switched MPC (SS-MPC) 
method is proposed to deal with a more general and 
complicated problem than the one put forward by 
Zheng (1997), that is, the weights change not only 
within the prediction horizon but also at every new 
iterate time step.   
 
This paper is organised as follows: the problem is 
formulated in Section 2; a soft switching mechanism 
with two specific methods is presented in Section 3; 
stability issue of the proposed methods is discussed 
in Section 4; a numerical example to test the 
effectiveness of the proposed methods is shown in 
Section 5; finally, conclusions are made in Section 6. 



     

2.  PROBLEM FORMULATION 
 

Consider a discrete linear time-invariant system: 
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with n nA ×∈ , n mB ×∈ .  ( ) nx k ∈  and ( ) mu k ∈  
denote the state and control input at time k 
respectively.  The system (1) has the following 
constraints on control inputs: 
                             ( ) mu k ∈ ⊆U      (2) 
where U  is convex sets containing the origin in their 
interior. 
 
The finite prediction horizon MPC formulation is 
characterized by the online minimization of the 
following performance index with a terminal cost 
subject to system equation (1) and the constraints: 
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subject to:  ( | ) ( )x k k x k=     (3b) 
       ( 1 | ) ( | ) ( | )x k i k Ax k i k Bu k i k+ + = + + +   (3c) 
       ( | ) mu k i k+ ∈ ⊆U   {0, , 1}i N∀ ∈ −    (3d) 
where Q, P are positive semi-definite matrices, R is 
positive definite matrix and ( | )x k⋅  and ( | )u k⋅  are 
the predicted state and control sequences at time k. 
 
The receding horizon control based on problem (3) is 
regarded as an MPC, which is determined by N, Q, R, 
P and U .  In real applications, switch from one MPC 
to another one in a controlled satisfactory way is a 
challenging problem faced by the process control 
industry.  More specifically, how to switch from the 
old MPC, which is  
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subject to:   ( | ) ( )x k k x k=     (4b) 
 ( 1 | ) ( | ) ( | )x k i k Ax k i k Bu k i k+ + = + + +   (4c) 
       1( | ) mu k i k+ ∈ ⊆U  {0, , 1}i N∀ ∈ −    (4d) 
to the new MPC, which is 
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subject to:   ( | ) ( )x k k x k=    (5b) 
 ( 1 | ) ( | ) ( | )x k i k Ax k i k Bu k i k+ + = + + +   (5c) 
       2( | ) mu k i k+ ∈ ⊆U  {0, , 1}i N∀ ∈ −    (5d) 
is the main problem to be dealt with in this paper.   

In the following sections, the old MPC and the new 
MPC are assumed, for simplicity, to have the same 
length of prediction horizon as 1 2N N N= . 

 
 

3.  SOFT SWITCHING MECHANISMS 
 

The most direct way to switch from the old MPC (4) 
to the new MPC (5) is by hard switching without any 
intermediate switching process.   Although such hard 
switching is very simple, it does not usually give 
satisfactory switching outcome because the switching 
is in such a sudden way that it can probably cause 
some unexpected impulsive phenomena such as huge 
peak overshoot of state/output, abrupt change of 
control input and even actuator failure if the control 
objectives of the two MPCs greatly differ.  Such 
unwelcome switching process is very likely to occur 
especially under the scenarios where system 
constraints are changed from very tight constraints to 
relatively loose ones.  Therefore, it is necessary to 
consider a soft switching mechanism to make the 
switching process smooth.  In this section, following 
(Grochowski, 2003), two soft switching methods are 
presented in details. 
 
 
3.1 Convex Combined Method 
 
In this method of SS-MPC, a soft switching process 
will be designed between the old MPC and the new 
MPC. During the soft switching process, a number of 
intermediate MPCs called combined MPCs are 
introduced.  Each combined MPC has the following 
performance index (6) which is composed by convex 
combination of the performance indices of the old 
MPC and the new MPC, i.e. (4a) and (5a).   
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where α is a tuning knob which changes increasingly 
from 0 to 1 along time axis during the switching 
process.  A specific value of α determines a specific 
combined MPC. 
 
When 0 1α< < , the combined MPC reads:  
          

( | )
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J x k u k
⋅

⋅              (7a) 

subject to:  ( | ) ( )x k k x k=     (7b) 
 ( 1 | ) ( | ) ( | )x k i k Ax k i k Bu k i k+ + = + + +   (7c) 
      2( | ) mu k i k+ ∈ ⊆U  {0, , 1}i N∀ ∈ −   (7d) 
 
When 1α = , the combined MPC becomes the new 
MPC and the soft switching process terminates.  At 
each new time step, a different value between 0 and 1 
is assigned to α .  The switching speed fully depends 
on the changing rate of α . 



     

3.2 General Combined Method 
 
The Convex Combined Method shown above has the 
merits of easy to understand and simple to apply, but 
it gives the same weights to all the predicted state 
within the prediction horizon.  Here, a dedicated soft 
switching method which resorts to a more flexible 
construction of the combined MPC is proposed.  The 
corresponding performance index of the general 
combined MPC is defined as: 
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where 1
kw  and 2

kw  are called weighting vectors 
whose elements are not only different over the 
prediction horizon but also vary with time steps.   
 
As the switching process progresses all the elements 
of the weighting vector 1

kw  decrease to 0 and 
adversely, all the elements of the weighting vector 

2
kw  increase to 1. This represents the soft switching 

process from the old MPC to the new MPC. Time at 
which the new MPC is fully in place is called 
switched time and this is another, apart from the 
weighting vectors, important parameter of the soft 
switching mechanism. Its design is beyond scope of 
this paper. Hence, in order to simplify notations we 
shall assume that the switching process terminates 
after N time steps.  
 
Actually, at each new time step during the switching 
process, a different combined MPC will be applied to 
the plant: 
             

( | )
min ( ( ), ( | ))GeneralCombinedu k

J x k u k
⋅

⋅        (9a) 

subject  to:  ( | ) ( )x k k x k=    (9b) 
       ( 1 | ) ( | ) ( | )x k i k Ax k i k Bu k i k+ + = + + +  (9c) 
       2( | ) mu k i k+ ∈ ⊆U {0, , 1}i N∀ ∈ −    (9d) 
 
Let the switching starts at sk k= . The values of 

1 ( )kw i  and 2 ( )kw i  can be determined by the following 
algorithm:   
 
Algorithm 1. 
•  If sk i N k+ < + , 1 ( ) sk k k iw i λ − += , 0, , 1i N= −  (10a)      

•  If sk i N k+ ≥ + , 1 ( ) 0kw i = , 0, , 1i N= −   (10b)    

• 1 1( ) ( 1)k kw N w N= −                       (10c)  
• 2 1( ) 1 ( )k kw i w i= −       0, ,i N=    (10d) 

where 0 1λ≤ ≤  is a tuning knob.  If letting 0λ = , 
the above algorithm can represent hard switching. 
 
For example, let prediction horizon N = 9, λ = 0.5, 
and sk =100 then the weighting vectors 1

kw  and 2
kw  

are listed in sequence as follows. 

At time step k = 100, the switching process starts: 
100 1 2 3 4 5 6 7 8 81 1 1 1 1 1 1 1 1
1 2 2 2 2 2 2 2 2 2[1 ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ]w =
100 100
2 1( ) 1 ( )w i w i= −  0, ,i N=  

At time step k = 101: 
101 1 2 3 4 5 6 7 81 1 1 1 1 1 1 1
1 2 2 2 2 2 2 2 2[( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) 0 0]w =     
101 101
2 1( ) 1 ( )w i w i= −   0, ,i N=  

At time step k = 102: 
102 2 3 4 5 6 7 81 1 1 1 1 1 1
1 2 2 2 2 2 2 2[( ) ( ) ( ) ( ) ( ) ( ) ( ) 0 0 0]w =         
102 102
2 1( ) 1 ( )w i w i= −       0, ,i N=  

       
At time step k = 109, the switching process ends: 

109
1 [0 0 0 0 0 0 0 0 0 0]w =                                        
109 109
2 1( ) 1 ( )w i w i= −        0, ,i N=  

The soft switching process ends after 9 control steps 
and the new MPC is now in place after 10 switches 
have been performed. The algorithm “shifts leftward 
one bit” the weighting vectors when time step k 
increases by one.  The duration time of the soft 
switching process is fully controllable. For example, 
it is easy to speed up the switching process by just 
shifting leftward two bits or even three bits. 
 
 

4.  STABILITY OF SS-MPC 
 
In this section, stability of the above proposed softly 
switched MPC is investigated.  It is assumed that the 
corresponding optimization problems always have a 
feasible solution.  
 
Sufficient conditions for stabilizing the finite horizon 
MPC with terminal cost have been discussed in 
(Bloemen, et al., 2002), where the inequality relation 
between the terminal weighting matrix and the linear 
static state feedback law has been established.  Here, 
a simple sufficient condition for stability of single 
MPC without local linear static state feedback law is 
derived first to be the base for further discussions on 
stability of SS-MPC.  
 
Lemma 1.  If 0T TP A PA Q− − > , then asymptotic 
stability of the closed-loop system with the MPC (3) 
can be guaranteed. 
 
Proof.  A common approach to stability analysis for 
receding horizon control is to consider the optimal 
value of ( ( ), ( | ))NJ x k u k⋅  as a candidate Lyapunov 
function (Primbs and Nevistic, 2000). That is,   
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u k
V x k J x k u k

⋅
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( ( ))V x k  can be proved to be a Lyapunov function by 
comparing the optimal cost at time step k with the 
non-optimal cost at k+1 attained by copying the last 

1N −  control moves in ( ( ))V x k  plus a zero control 
move. Such control sequence is feasible over time 
period 1: 1k k N+ + +  because there are no state 
constraints and zero is an admissible control value. 
Indeed, the following holds:  
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If 0T TP A PA Q− − >  then ( ( ) ( ( 1)) 0V x k V x k− + > .  □ 
 
Proposition 1.  If controller parameters of the old and 
the new MPC can satisfy: 

1 1 1 0TP A P A Q− − >  and 2 2 2 0TP A P A Q− − > , 
then asymptotic stability of the closed-loop system 
with the convex combined MPC (7) can be 
guaranteed. 
 
Proof.  From Lemma 1, the closed-loop system with 
the combined MPC (7) is asymptotically stable if the 
following inequality holds: 

1 2 1 2

1 2

[(1 ) ] [(1 ) ]
[(1 ) ] 0

TP P A P P A
Q Q

α α α α
α α

− + − − +
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This clearly holds when the conditions in Proposition 
1 are satisfied.                               □ 
 
In order to analyse stability of every single general 
combined MPC, 1

kw  and 2
kw  are denoted as 1w  and 

2w  to ignore the effect of k on the weighting vectors.   
 
Proposition 2.  Assume the following holds: 
• 1 1 1 0TP A P A Q− − > , 2 2 2 0TP A P A Q− − >      (11a) 
• 1 2( ) ( ) 0Q i Q i∆ + ∆ ≥ , 1 2( ) ( ) 0R i R i∆ + ∆ ≥        (11b) 
• 1 1( ) ( 1)w N w N≥ − , 2 2( ) ( 1)w N w N≥ − ,   (11c) 
where  1 1 1 1( ) [ ( ) ( 1)]Q i w i w i Q∆ = − −    
      2 2 2 2( ) [ ( ) ( 1)]Q i w i w i Q∆ = − −     
       1 1 1 1( ) [ ( ) ( 1)]R i w i w i R∆ = − −      
      2 2 2 2( ) [ ( ) ( 1)]R i w i w i R∆ = − −    
Then asymptotic stability of the closed-loop system 
can be guaranteed for each general combined MPC. 
 
Proof.  Let  1 1 2 2( ) ( ) ( )x i w i Q w i Qψ = +  0, , 1i N= −  
                   1 1 2 2( ) ( ) ( )u i w i R w i Rψ = +  0, , 1i N= −                         
               1 1 2 2( ) ( ) ( )x N w N P w N Pψ = +  
The combined MPC reads: 
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subject to:    ( | ) ( )x k k x k=          
         ( 1 | ) ( | ) ( | )x k i k Ax k i k Bu k i k+ + = + + +   
         2( | ) mu k i k+ ∈ ⊆U      {0, , 1}i N∀ ∈ −     
Using the similar arguments as in proof of Lemma 1, 
the following inequality can be obtained: 
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The Proposition 2 assumptions imply: 
 ( ) ( 1)x xi iψ ψ− −  
 1 1 2 2 1 1 2 2( ) ( ) ( 1) ( 1)w i Q w i Q w i Q w i Q= + − − − −  
 1 1 1 2 2 2[ ( ) ( 1)] [ ( ) ( 1)]w i w i Q w i w i Q= − − + − −  
 1 2( ) ( ) 0 1, , 1Q i Q i i N= ∆ + ∆ ≥ = −  
 ( ) ( 1)u ui iψ ψ− −                
 1 1 2 2 1 1 2 2( ) ( ) ( 1) ( 1)w i R w i R w i R w i R= + − − − −  
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 1 1 1 1 1 1( ) ( 1) ( ) Tw N P w N Q w N A P A= − − −   
    

2 2 2 2 2 2( ) ( 1) ( ) 0Tw N P w N Q w N A P A+ − − − >  
Therefore, ( ( )) ( ( 1)) 0V x k V x k− + > .               □       
 
Remark 1.  The conditions (11) are for the asymptotic 
stability of every single general combined MPC. If 
Algorithm 1 is used to generate weights of these 
controllers, then the conditions (11) simplify as: 
  1 1 1 0TP A P A Q− − > , 2 2 2 0TP A P A Q− − >      (12a) 
                    1 2Q Q≤ , 1 2R R≤          (12b) 
   
The soft switching process actually includes a finite 
number of small hard switches which constitute a 
sequential switched system.  At each time step during 
the switching process, a different combined MPC is 
applied to the plant yielding the corresponding 
Lyapunov function. Hence, the switching process 
properties can be investigated based on the multiple 
Lyapunov functions. In (Branicky, 1998; Liberzon, 
2003), it has been argued that for time continuous 
systems if values of multiple Lyapunov functions of 
the switched system decrease at the switching points, 
then the switched system is asymptotically stable. 
Here, although the above considered soft switching 
process ends in finite time steps, it is still reasonable 
to expect the values of multiple Lyapunov functions 
during the switching process decrease in order to 
ensure good performance of SS-MPC. 
 
Theorem 1.  Consider the switching process under 
General Combined Method with weighting vectors 
generated by Algorithm 1. If the conditions (12a) and 
(12b) are met, then during the switching process the 
values of multiple Lyapunov functions of SS-MPC 
strictly decrease.  
 
Proof.  As at each k the conditions of Proposition 2 
are satisfied (see Remark 1), the general combined 
MPC is asymptotically stable and the corresponding 
Lyapunov functions can be defined as:  
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At switching time instants the following holds: 
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So, if the following four conditions can be satisfied, 
it is sufficient to obtain ( ( ) ( ( 1)) 0V x k V x k− + > : 

1 1
1 1 1 2 2 2[ ( ) ( 1)] [ ( ) ( 1)] 0k k k kw i w i Q w i w i Q+ +− − + − − ≥  (13a)                

1 1
1 1 1 2 2 2[ ( ) ( 1)] [ ( ) ( 1)] 0k k k kw i w i R w i w i R+ +− − + − − ≥  (13b)            

1 1
1 1 1 1 1 1 2 2( ) ( 1) [ ( ) ] ( )k k T k kw N P w N Q A w N P A w N P+ +− − − +

1 1
2 2 2 2( 1) [ ( ) ] 0k T kw N Q A w N P A+ +− − − >   (13c)   

where 1, , 1i N= − .  It can be proved from (10a) 
and (10d) in Algorithm 1 that:  

1
1 1( ) ( 1) 0k kw i w i+− − =   1, , 1i N= −  

1
2 2( ) ( 1) 0k kw i w i+− − =   1, , 1i N= −  

Therefore, conditions (13a) and (13b) are satisfied.   
Due to (10b) and (10c) the following holds:             

1 1
1 1 1( ) ( 1) ( )k k kw N w N w N+ += − =  

1 1
2 2 2( ) ( 1) ( )k k kw N w N w N+ += − =  

So,  1 1
1 1 1 1 1 1( ) ( 1) [ ( ) ]k k T kw N P w N Q A w N P A+ +− − −  

        + 1 1
2 2 2 2 2 2( ) ( 1) [ ( ) ]k k T kw N P w N Q A w N P A+ +− − − =  

    1 1 1 1 2 2 2 2( )( ) ( )( )k T k Tw N P Q A P A w N P Q A P A− − + − −  
Due to (10b), (10d) and (12a),  

1 1 1 1 2 2 2 2( )( ) ( )( ) 0k T k Tw N P Q A P A w N P Q A P A− − + − − >  
hence,  (13c) holds.                                    □ 
 
 

5.  NUMERICAL EXAMPLES 
 
Comparisons between the soft switching methods 
and the hard switching approach will now be 
presented by simulation. Consider a second order 
linear time-invariant system whose continuous-time 
transfer function is:    

2( ) ( 1) ( 4)H s s s s= + + + . 
The corresponding discrete time state space model 
with sampling time 0.2 sec  reads:  

[1 1] 00.7496 0.7059 0.1765
0.1765 0.9261 0.0185A C DB= = =−⎡ ⎤ ⎡ ⎤=⎢ ⎥ ⎢ ⎥⎣ ⎦ ⎣ ⎦

 

The task is to apply a new MPC controller to regulate 
the system to the origin under the following input 
constraint after the system has been controlled by an 
old MPC controller for some period. 

3.8 ( ) 3.8u k− ≤ ≤  

The prediction horizons of the old and the new MPC 
controllers are both equal to 30N = .  
 
The control objectives and parameters of the old 
model predictive controller, named MPC1, are: 

1Q I= , 0.01R I=   with a selected  sufficiently large 
terminal weight 500P I=  to guarantee stability.  
The final state reached by MPC1 before the 
switching starts is [0.0005, 0.8623]T . The new MPC 
controller, named MPC2, is based on the following 
parameters as Q I= , 10R I=  and 500P I= .  
 
The switching process starts at time 10sk k= = .  
The switching mechanism parameters of the Convex 
Combined method and General Combined method 
are 1: 30 1 30α = ×  and 0.9λ = , respectively.  
 
Hard switching, Convex Combined method of soft 
switching and General Combined method of soft 
switching respectively takes 0s, 6s and 6s to fully 
engage the new controller, and 8.6s, 10.2s and 9.4s to 
reach the steady state after the switching process has 
started.   
 
It can be seen from the simulation results (shown as 
Fig. 1 – Fig. 6) that both Convex Combined method 
and General Combined method of soft switching give 
better transient switching performance in system 
output and control input than hard switching. 
However, it takes a little bit more time for the two 
soft switching methods to fully engage new MPC 
controller and to reach origin. 
 
 

6.  CONCLUSIONS 
 

A dedicated softly switched MPC mechanism with 
two specific methods to achieve good switching 
performance has been presented in this paper.  
Sufficient conditions for asymptotic stability of the 
proposed SS-MPC have been derived. As only input 
constraints are considered, the proposed SS-MPC is 
suitable for systems with not active state constraints.  
However, if the state constraints are present, 
designing the soft switching mechanism will greatly 
complicate. If in addition a feasible set of the new 
MPC is much smaller than that of the old one, a hard 
switching may not be feasible at all and the soft 
switching is then the only switching strategy that is 
capable of maintaining feasibility of plant operation 
during the switching process. Design of SS-MPC to 
cover situations with state constraints is under current 
research. 
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Fig. 1.  Hard Switch - output   
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Fig. 2.  Hard Switch - control input   
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Fig. 3.  Convex Combined Method - output  
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Fig. 4.  Convex Combined Method - control input  
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Fig. 5.  General Combined Method - output  
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Fig. 6.  General Combined Method - control input 



<<
  /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
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




