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Abstract— This paper concerns the application of multiple
model switched methods to the control of neuromuscular
blockade of patients undergoing anaesthesia. Since the model
representing the neuromuscular blockade process is subject to
a high level of uncertainty due both to inter-patient variability
and time variations, switched methods provide the adaptation
capability needed to achieve the desired performance. The
paper contributions are twofold: first, it is shown that, for the
type of process control problem considered, the design of the
associated observer must be carefully performed. Guidelines are
provided for adequate selection of the characteristic polynomial
defining the observer error dynamics. Second, clinical results
using atracurium as blocking agent are reported in order to
illustrate the use of the proposed control structure in actual
clinical practice.

I. INTRODUCTION

Feedback control for drug dosing in clinical pharmacology
is receiving increasing attention [1]. Significant examples are
provided by the closed-loop control of the cardiovascular
function and automated anaesthesia [1]. During surgical
procedures patients are usually under general anaesthesia,
defined as the lack of response and recall to noxious stimuli,
reflected in loss of conscience, pain insensitivity and muscle
paralysis. Several approaches to the neuromuscular blockade
control problem as well as an introduction to this issue can be
seen in [2]–[4]. Muscle relaxant drugs are frequently given
during surgical operations. The non-depolarising types of
muscle relaxant act by blocking the neuromuscular transmis-
sion (NMT), thereby producing muscle paralysis. The level
of muscle relaxation is measured from an evoked EMG at the
hand by electrical stimulation of the adductor policies muscle
to supramaximal train-of-four stimulation of the ulnar nerve.
In a clinical environment the measurement of the neuromus-
cular blockade level corresponds to the first single response
(T1%) calibrated by a reference twitch, obtained by defining
a supramaximal stimulation current. This measuring process
is prone to the occurrence of outliers, a problem dealt with
in [5]. The control of the neuromuscular blockade provides a
good illustration of the main features and inherent constraints
associated with the control of physiological variables. It is
characterized by a very high degree of uncertainty in the
dynamics of the system due both to inter-patient variability
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as well as time variations. This suggests that multiple-models
based control techniques would provide a suitable solution
[6], [7]. Such a scheme (incorporating several modifications
in order to accommodate the specific characteristics of the
problem) has been developed in [8], using multiple con-
trollers constructed from a bank of models which replicate
the observed variability of the dynamic responses to the
muscle relaxant [9]. In [10] restriction techniques (controller
localization) relying on a robustness condition have been
proposed. These techniques yield good results but suffer from
the major drawback of assuming a strong assumption on the
plant dynamics.

The main contribution of this paper consists in showing
that, for neuromuscular blockade control using switched
multiple models, if the design of the associated observer
is correctly done, the algorithm is able to stabilize all the
possible plant dynamic outcomes within the range covered by
the bank of models/controllers. Guidelines are provided for
adequate selection of the characteristic polynomial defining
the observer error dynamics. Furthermore, clinical results
using atracurium as blocking agent are reported in order to
illustrate the use of the proposed control structure in actual
clinical practice.

II. NEUROMUSCULAR BLOCKADE MODEL

The dynamic response of the neuromuscular blockade for
atracurium may be modelled as follows [4], [9]. A linear
pharmacokinetic model, described by the following linear
system of state equations⎧⎪⎪⎨

⎪⎪⎩

ẋ1(t) = −λ1x1(t) + a1u(t)

ẋ2(t) = −λ2x2(t) + a2u(t)

cp(t) =
∑2

i=1
xi(t),

(1)

relates the drug infusion rate u(t) [μg kg−1 min−1] with
the plasma concentration cp(t) [μg ml−1], where xi (i =
1, 2) are state variables (implicitly defined by (1)) and ai

[kg ml−1], λi [min−1] (i = 1, 2) are patient dependent pa-
rameters. The physiological basis of the model described by
equation (1) consists of assuming two plasma compartments
(central and peripheric) both communicating with each other.
A linear second order model, described by the cascade of two
first order systems, written as

ċ(t) = −λ c(t) + λ cp(t)

ẏ(t) = −1/τ y(t) + 1/τ c(t), (2)

is assumed to relate cp(t) with the concentration in the effect
compartment, y(t) [μg ml−1]. Here, c(t) is an intermediate
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variable and λ [min−1], τ [min] are patient dependent
parameters. It is remarked that standard models developed
for atracurium [11] do not consider equation (2). As shown
in [9], the inclusion of this equation corresponding to a first
order approximation of the τ delay e−τs allows a better
replication of the observed experimental responses. Finally
the pharmacodynamic effect, that relates y(t) to the induced
pharmacodynamic response, r(t) [%], may be modelled by
the Hill equation [11],

r(t) = 100Cγ
50/(Cγ

50 + yγ(t)),

where the parameters C50 [μg ml−1] and γ (adimensional)
are also patient-dependent. The variable r(t), normalized
between 0 and 100, measures the level of the neuromuscular
blockade, 0 corresponding to full paralysis and 100 to full
muscular activity.

III. SWITCHING CONTROL

In recent years adaptive control approaches based on
supervisory switching control have been proposed to deal
with systems presenting high level of uncertainty. This
section describes the basic structure of switching control and
presents a solution to overcome robustness issues related to
the implementation of such a control scheme. It is assumed
that a discretization procedure has taken place, and hence
from now on the variable t represents discrete time instants.

A. Basic structure

The basic structure of a supervisor based switched multiple
model controller is shown in Figure 1, as described in [6],
[7], [10]. In Figure 1, r denotes the sensor measure, ref
denotes the reference, ec the control error and P the plant
to be controlled. A bank of controllers Cj , j = 1, ..., N is
designed to match the plant models Mj . This set of models
is assumed to “cover” all the possibilities of the actual plant
P . In order to select at each time instant which controller
best matches P , the following principle is applied: the
model with the best performance implies the best controller.
One possibility for evaluating the model performance is to
compare the output rj of each model Mj with the process
output r. Another possibility is to construct estimators Ej

based on each of the models Mj , see subsection III-B.
In either case an error ej is produced, which is measured

through a performance index (PI) πj , j = 1, ..., N, computed
by

πj(t) =
∑t

k=0
λt−k

π e2
j(k), 0 < λπ ≤ 1

where λπ is the forgetting factor. The switching logic block
SL selects the index σ of the controller to apply to the
plant. This selection is given by the value of j corre-
sponding to the least value of πj . An integrator common
to all blocks ensures smooth transition between different
controllers [6]

(
discrete control transfer function Cj(z) =

C̄j(z) zΔt
z−1

, Δt sampling time
)
. Outlier removal is per-

formed with a Bayesian filter, according to the techniques
described in [5].

B. Observer Dynamics

As done in [6], the estimate ŷj(t) of y(t) is made by
including an observer polynomial.

Let the linear part of each model Mj be represented by
the ARX model

Aj(q
−1)yj(t) = Bj(q

−1)u(t) + ēj(t), (3)

in which

Aj(q
−1) = 1 +

∑na

i=1
aj,iq

−i, Bj(q
−1) =

∑nb

i=1
bj,iq

−i

are polynomials in the unit delay operator q−1. Aj is a monic
polynomial of degree na and Bj is a polynomial of degree
nb, for all j = 1, ..., N . In order to associate to (3) a state
space model, define (nb > 1)

sj(t) =

[yj(t) . . . yj(t − na + 1) u(t − 1) . . . u(t − nb + 1)]T .

For nb = 1, sj(t) = [yj(t) . . . yj(t − na + 1)]. In the case
of an ARX model, i.e. when the disturbance acting on (3) is
white noise, sj(t) is a (nonminimal) state associated to (3),
whose evolution is described by the state-space model

sj(t + 1) = Φjsj(t) + Γju(t) + Gē(t + 1)
yj(t) = Hs(t)

(4)

in which

Φj =⎡
⎢⎢⎣

−aj,1 . . . −aj,na
bj,2 . . . bj,nb

Ina−1 0na−1×1 0 na−1

×nb−2

0na−1×1

0 . . . 0 0 . . . 0

0 nb−2

×na−1

0nb−2×1 Inb−2 0nb−2×1

⎤
⎥⎥⎦ ,

Γj = [bj,1 01×na−1 1 01×nb−2]
T ,

with the “1” in Γj in the na+1th position (nb > 1) and G =
[1 01×na+nb−2]

T , H = [1 01×na+nb−2]. Consider now the
problem of designing a state observer to (4) or equivalently, a
prediction to (3). For that sake add Aoyj(t)−Ajyj(t) to both
sides of (3) to conclude that the model may be represented
by

yj(t) = (Ao − Aj)
1

Ao

yj(t) +
Bj

Ao

u(t) +
1

Ao

ēj(t),

P
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Fig. 1. Switched multiple model control strategy.
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where Ao(q
−1) = 1 +

∑na

i=1
ao,iq

−i is a stable monic
polynomial with the same degree as the Aj’s, which will
hereafter be referred as the “observer polynomial”. Define
an estimator Ej for the plant by

ŷj(t) = (Ao − Aj)
1

Ao

y(t) +
Bj

Ao

u(t). (5)

The idea behind this is that if the process model would
coincide with Mj , y would coincide with yj . Therefore

y(t) − ŷj(t) = yj(t) − ŷj(t) =
1

Ao

ēj(t)

and the estimate ŷj would be asymptotically accurate.
The estimator (5) can be interpreted in terms of a state

observer as follows. Define

η(t) =
1

Ao(q−1)
y(t), (6)

ν(t) =
1

Ao(q−1)
u(t). (7)

With the state defined by

xη(t) = [η(t) η(t − 1) . . . η(t − na + 1)]
T

,

the state-space realization of (6) is seen to be

xη(t) = Φ̄oxη(t − 1) + Γ̄oy(t), (8)

where

Φ̄o =

[
−ao,1 −ao,2 . . . −ao,na

Ina−1 0na−1×1

]
,

Γ̄o = [1 01×na−1]
T .

For (7), a similar reasoning holds. The state defined by

xν(t) = [ν(t) ν(t − 1) . . . ν(t − na + 1)]
T

yields
xν(t) = Φ̄oxν(t − 1) + Γ̄ou(t). (9)

In turn, defining the state of the reconstructor as

sf (t) =
[
xη(t)T xν(t)T

]T
,

equation (8) together with (9) yield

sf (t) = Φosf (t − 1) + Γoyy(t) + Γouu(t), (10)

in which

Φo =

[
Φ̄o 0na×na

0na×na
Φ̄o

]
,

Γoy =
[
Γ̄T

o 01×na

]T
, Γou =

[
01×na

Γ̄T
o

]T
.

From (5)
ŷj(t) = Hj,osf (t − 1),

with Hj,o given by

Hj,o = [ao,1 − aj,1 . . . ao,na
− aj,na

bj,1 . . . bj,nb
01×na−nb

].

The advantage of using the state-space model (10) consists
in the fact that it readily provides a shared state realization,
i.e., a state-space realization in which the state is common

to all models Mj/Ej in Figure 1. The vector sf (t) corre-
sponds to a filtering of sj(t) by the observer dynamics. This
dynamics may be chosen in order to provide the controller
with robustness properties with respect to unmodelled plant
dynamics.

IV. RESULTS

To achieve a high level of neuromuscular blockade in a
short time, a bolus of atracurium is always administered
in the beginning of a surgery. After the administration of
the bolus, the level of the neuromuscular blockade increases
very quickly (the variable r, that measures muscular activity
decreases), and full muscle paralysis is induced in a few
minutes. Following that initial period, the control objective
is to follow a specific reference profile with a final target
value ref ≡ ref0. The value of the reference profile
is initially fixed at a low level (typically 2.5%) during
the first 30 minutes. It is then gradually increased to the
final value (typically 10%). A bank of N = 100 non-
linear dynamic models Mj , j = 1, . . . , N with the same
structure as described in section II was generated using the
probabilistic model for atracurium [9]. Furthermore, for each
Mj , a PID controller Cj , j = 1, . . . , N was tuned using the
dominant-pole placement rule [12]. The choice of N = 100
for the number of models/controllers and their distribution
was motivated by experimental observations, which suggest
that possible outcomes are suitably covered.

An extensive simulation study using each model of the
bank for mimicking the real plant P was conducted. This
study, based on the mean square error (MSE) and initial
overshoot value, proved the superior performance of the
designed controller when Ao roots ro

i ∈ [0.65, 0.95] , i =
1, . . . , na = 4 (order of the neuromuscular blockade model).
Note that for simplicity all roots of Ao were considered
equal. Figure 2 shows the MSE as a function of the roots ro

i

of the observer polynomial Ao for the worst case observed,
i.e., for P = M69. As an illustrative example, Figure 3
displays the results for P = M69 with roots of Ao at
{0.92, 0.92, 0.92, 0.92}.

Figures 4 and 5 show two clinical results with observer
dynamics where the roots of Ao are {0.85, 0.85, 0.85, 0.85}
and {0.92, 0.92, 0.92, 0.92}, respectively. In the first clinical
case, a change in the overall characteristics is observed at
t ≈ 100 min, possibly due to an increase in the noise level.
In spite of presenting a slight oscillatory response, a good
performance was obtained by the control system (MSE=4.9).
In the latter case, a very good performance in terms of the
reference tracking was obtained (MSE=0.4).

V. CONCLUSIONS

The control of neuromuscular blockade during anaesthesia,
through the continuous infusion of a muscle relaxant, is
characterized by a very high degree of uncertainty in the
dynamics of the system, due both to inter-patient variability
as well as time variations. In order to deal with these
features multiple model based switching control was used
and the effect of the inclusion of observer dynamics was
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Fig. 3. Results obtained for P = M69 with observer dynamics where the
roots of Ao are {0.92, 0.92, 0.92, 0.92}.

considered. The good results obtained either in the reported
simulation study or in the few clinical cases collected so far
suggest an extensive clinical evaluation in order to validate
the robustness and superior performance of the observer
design in switching control. Furthermore, the use of other
neuromuscular blockade drugs would be surely worth to try
along with the choice of Ao patient dependent roots.

REFERENCES

[1] J. Bailey and W. Haddad, Drug dosing in clinical pharmacology:
paradigms, benefits, and challenges, IEEE Control Syst. Mag., vol.
25(2), 2005, pp 35-51.

[2] R. Jaklitsch and D. Westenskow, A model-based self-adjusting two-
phase controller for vecuronium-induced muscle relaxation during
anesthesia, IEEE Trans. Biomed. Eng., vol. 34(8), 1987, pp 583-594.

[3] D. Linkens, Intelligent Control in Biomedicine, Taylor and Francis,
1994.

[4] T. Mendonça and P. Lago, PID control strategies for the automatic
control of neuromuscular blockade, Control Eng. Pract., vol. 6(10),
1998, pp 1225-1231.

0 50 100 150 200 250
0

20

40

60

80

100

r(
t)

 %

0 50 100 150 200 250
0

5

10

15

20

25

30

u(
t)

μg
 k

g−
1  m

in
−

1

0 50 100 150 200 250
0

20

40

60

80

100

Time (minutes)

F
ilt

er
ed

 r
(t

) 
%

Filtered r
ref

0 50 100 150 200 250
0

20

40

60

80

100

Time (minutes)

S
w

itc
hi

ng
 S

ig
na

l

65

end of
infusion

Fig. 4. Clinical results obtained with observer dynamics where the roots
of Ao are {0.85, 0.85, 0.85, 0.85}.

0 50 100 150 200
0

20

40

60

80

100

r(
t)

 %

0 50 100 150 200
0

5

10

15

20

25

u(
t)

μg
 k

g−
1  m

in
−

1
0 50 100 150 200

0

20

40

60

80

100

Time (minutes)

F
ilt

er
ed

 r
(t

) 
%

Filtered r
ref

0 50 100 150 200
0

20

40

60

80

100

S
w

itc
hi

ng
 S

ig
na

l

Time (minutes)

1

end of infusion

Fig. 5. Clinical results obtained with observer dynamics where the roots
of Ao are {0.92, 0.92, 0.92, 0.92}.

[5] J. M. Lemos and H. Magalhães and T. Mendonça and R. Dionísio,
Control of neuromuscular blockade in the presence of sensor faults,
IEEE Trans. Biomed. Eng., vol. 52(11), 2005, pp 1902-1911.

[6] S. Morse, Supervisory control of families of linear set-point controllers
– Part 1: Exact matching, IEEE Trans. Automat. Contr., vol. 41(10),
1996, pp 1413-1431.

[7] K. Narendra and J. Balakrishnan, Adaptive control using multiple
models, IEEE Trans. Automat. Contr., vol. 42(2), 1997, pp 171-187.

[8] A. Neves and T. Mendonça and P. Rocha, “Tracking by switching con-
trol: a case study”, in Proc. 4th Portuguese Conference on Automatic
Control (CONTROLO’00), Guimarães, Portugal, 2000, pp. 61-65.

[9] P. Lago and T. Mendonça and L. Gonçalves, “On-line autocalibration
of a PID controller of neuromuscular blockade”, in Proc. of the 1998
IEEE International Conference on Control Applications, Trieste, Italy,
1998, pp. 363-367.

[10] T. Mendonça and P. Lago and H. Magalhães and A. Neves and P.
Rocha, “On-line multiple model switching control implementation: A
case study”, in Proc. 10th Mediterranean Conference on Control and
Automation (MED’02), Lisbon, Portugal, 2002.

[11] B. Weatherley and S. Williams and E. Neill, Pharmacokinetics,
Pharmacodynamics and Dose-Response Relationships of Atracurium
Administered i. v., Br. J. Anaesth., vol. 55, 1983, pp 39s-45s.

[12] K. Åström and T. Hägglund, Automatic tuning of PID controllers,
Instrument Society of America, 1988.

5439


	MAIN MENU
	Go to Previous Document
	CD-ROM Help
	Search CD-ROM
	Search Results
	Print


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for export to IEEE PDF eXpress. May 2005. PaperCept.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


