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Abstract—Biodynamic feedthrough (BDFT) refers to a phe-
nomenon where vehicle accelerations feed through the human
body, causing involuntary limb motions, which may cause in-
voluntary control inputs. Many studies have been devoted to
mitigating BDFT effects. In the current paper, the effectiveness of
a simple, cheap and widely-used hardware component is studied:
the armrest. An experiment was conducted in which the BDFT
dynamics were measured with and without armrest for different
levels of neuromuscular admittance (i.e., different settings of the
limb dynamics). The results show that the effect of the armrest on
BDFT dynamics varies, both with frequency and neuromuscular
admittance.

Index Terms—biodynamic feedthrough, neuromuscular admit-
tance, manual control, biodynamic feedthrough mitigation

I. INTRODUCTION

Biodynamic feedthrough (BDFT) refers to a phenomenon

where vehicle accelerations feed through the human body,

leading to involuntary motion of body parts as head, torso,

arms, hands and legs. Involuntary bodily motion is not only a

nuisance, it may also cause manual control problems during the

execution of a manual control task, by generating involuntary

control inputs [1]. The fact that BDFT reduces ride comfort,

control performance and – above all – safety during vehicle

operation makes it an interesting research topic. Different as-

pects of the BDFT phenomenon were investigated in literature.

In some studies, BDFT effects were measured (e.g., [1]) or

modeled (e.g., [2]). Others discuss mitigating BDFT effects

(e.g., [3]), which is the focus of the current paper.

An early publication regarding BDFT mitigation is by Schubert

et al. [4] where the effectiveness was studied of isolating

the human operator from vehicle accelerations. Velger et al.

proposed an adaptive filter to mitigate the effects of BDFT [5].

Other examples of mitigation studies are the works of Sövényi

[6] and Sirouspour and Salcudean [7], who used a model-based

cancellation approach. Recent work was presented in Ref. [8],

where BDFT effects were mitigated in a backhoe (a type of

excavator) by controlling cabin vibrations. These studies show

not only a broad interest in the topic of mitigating BDFT, but

also that there is a wide range of possible approaches to deal

with the problem (see Ref. [3] for a review).

In the current paper, the effectiveness of a simple, cheap and

widely-used hardware component is studied: the armrest.

Surprisingly, little is known about the effect of arm support

on BDFT dynamics. Armrests can be found in a wide range

of vehicles – from fighter jets to electric wheelchairs – and

are often primarily employed to increase steering comfort and

reduce fatigue. However, they are also effective in stabilizing

the arm when subjected to motion disturbances [3]. Some

studies suggested that an armrest may decrease the level of

biodynamic feedthrough [1], [6], but often did not answer the

questions ‘how?’ and ‘by how much?’. An exception is a study

by Torle [9], where the effect of an armrest was investigated

by evaluating the tracking performance in an environment with

random vertical accelerations with and without armrest. It was

found that by providing an armrest, a greater improvement in

tracking performance was achieved than by optimizing other

control-stick parameters. However, the results also showed that

the presence of an armrest did not remove all BDFT effects.

Nevertheless, as an armrest is a cheap component that is easily

designed and installed, it has the potential of being an excellent

BDFT mitigation tool.

It is known that humans can and do vary the neuromuscular

admittance of their limbs, e.g. their limb dynamics [10]. A

human can, for example, depending on the task at hand, change

his limb dynamics from being ‘compliant’ to being ‘stiff’.

Ref. [11] shows that BDFT dynamics change when the limb

dynamics of the operator change. Ref. [12] shows that this

variability of BDFT dynamics needs to take into account when

trying to mitigate biodynamic feedthrough. Therefore, when

investigating the effect of an armrest on the BDFT dynamics,

the variability of the BDFT dynamics due to neuromuscular

admittance needs to be taken into account. The approach of

the current study is thus to determine the effectiveness of an

armrest as a BDFT mitigation technique by measuring the

BDFT dynamics with and without armrest for several subjects

and three levels of the neuromuscular admittance, varying

between ‘compliant’, ‘relaxed’, and ‘stiff’ dynamics.
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Fig. 1. Schematic representation of biodynamic feedthrough in a closed-loop
vehicle control task

Fig. 2. Schematic representation of biodynamic feedthrough in an open-
loop control task. The region where the armrest affects the feedthrough of
accelerations is indicated

II. THE EFFECT OF AN ARMREST ON BDFT

A schematic representation of biodynamic feedthrough in

closed-loop vehicle control is provided in Fig. 1. In the

diagram a human operator is controlling a vehicle using a

control device. The upper loop, the ‘control loop’, illustrates

the observation of the vehicle state and comparison with a goal

state by the operator. This results into voluntary forces applied

to the control device, which yield voluntary control inputs to

the vehicle. The lower loop, the ‘BDFT loop’, illustrates the

feedthrough of vehicle accelerations through the body of the

human operator, leading to involuntary forces and inputs. As

these inputs yield new accelerations, that again can result in

involuntary inputs, this type of system is called ‘closed-loop

BDFT system’.

In this study, the effects of an armrest on the BDFT dynam-

ics, i.e., the dynamics between 1© vehicle acceleration and
2© involuntary control inputs are investigated (see Fig. 1).

Therefore, it is possible to ‘open the loop’ and study the

effect of an armrest by offering accelerations to a human

operator, as opposed to having the operator controlling the

accelerations directly. This situation is illustrated in Fig. 2. For

experimental purposes, an open-loop BDFT system is preferred

over the closed-loop type because it allows the experimenter

to carefully design the acceleration signal [13]. The region

where the armrest is expected to affect the BDFT dynamics

is indicated in Fig. 2; by reducing the involuntary forces, the

involuntary inputs are also reduced.

III. EXPERIMENT

An experiment was designed in which the BDFT dynamics

were measured with and without armrest for different levels of

neuromuscular admittance (i.e., different settings of the limb

Fig. 3. Experimental setup used in this study: a subject uses the side-stick
to perform a control task inside the simulator. Fdist perturbs the side-stick,
Mdist perturbs the simulator.

dynamics). In the following, this experiment will be described

briefly; for more details the reader is referred to Ref. [14].

A. Apparatus

The experiment was performed in the SIMONA Research

Simulator (SRS) of TU Delft, a 6-DOF research flight simula-

tor. The control device was an electrically actuated side-stick,

located at the right-hand side of the subject. The measurements

were performed with a side-stick because an armrest seems to

be most practical for this type of control device. The armrest

was a fixed (but removable) platform on which the subject

could rest his arm (see Fig. 4). During the experiment, a motion

disturbance Mdist was applied to the simulator’s motion base

– in order to measure the BDFT – and a force disturbance

Fdist was applied to the side-stick – in order to measure

the neuromuscular admittance – (see Fig. 3). In this study,

only lateral (left-right) acceleration disturbances were studied.

Also the neuromuscular admittance was only measured in

lateral direction by using a lateral force disturbance on the

control device. The control device was fixed in the longitudinal

direction. Note that the measurement method can be easily

extended to other directions in the future. A head-down display

(15-in LCD, 1024x768 pixels, 60Hz refresh rate) was located

in front of the subject. The seat had a five-point safety belt

that was adjusted tightly in the experiments, to reduce torso

motions.

B. Subjects

Fourteen subjects participated in the experiment without

armrest and fourteen subjects participated in the experiment

with armrest. Seven subjects participated in both experiments.

In the current paper, only the data of these latter seven subjects

will be analyzed. They were all male, right-handed and had a

small variation in age (between 22 and 27 years) and body-

mass-index (BMI) (between 18.1 and 24.5 kg/m2). Details on

the subjects can be found in Table I, listing the mean, standard

deviation (SD) and range of subject parameters.
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Fig. 4. The side-stick and armrest

TABLE I
DATA OF SUBJECTS (N=7, ALL MALE AND RIGHT-HANDED).

Fore Upper
Age Weight Length arm arm BMI

(years) (kg) (cm) (cm) (cm) (kg/m2)
mean 25.0 73.7 185.0 28.9 35.3 21.6
SD 1.6 4.5 7.7 1.1 2.4 2.3

Range 22-27 68-82 175-194 28-30 28-30 18.1-24.5

C. Independent variables

Two independent variables were used: the control task

(TASK) and the presence of an arm support in the form of

an armrest (SUP). The different levels were:

1) TASK: Position task (PT); Force task (FT); and Relax

task (RT)

2) SUP: armrest present (SUP); and armrest not present

(NOSUP)

Together, TASK and SUP yielded six different conditions. Each

of the conditions was repeated six times. For all subjects, the

NOSUP condition was measured first, followed by the SUP

condition. The order of the control tasks was randomized.

D. Task and task instruction

In the experiment, subjects performed three disturbance

rejection tasks [10]:

• Position task (PT), in which the instruction is to keep the

position of the side-stick in the centered position: resist

the force perturbations;

• Force task (FT), in which the instruction is to minimize

the force applied to the side-stick: yield to the force

perturbations;

• Relax task (RT), in which the instruction is to relax the

body and passively undergo the perturbations.

It is well known that human operators set their neuromuscular

properties differently for optimal control of each of the three

control tasks [10]. For the PT the best performance is achieved

by being very stiff, the FT requires the operator to be very

compliant. The RT yields an admittance reflecting the passive

dynamics of the neuromuscular system. In earlier studies,

identical tasks were used and it was shown that the BDFT

dynamics strongly depend on these control tasks [11], [14].

Before entering the simulator, subjects were instructed on

the goal of the experiment and the control tasks they were

Fdist(ωf )
Mdist(ωm)

10−1 100 101
103

104

105

106

Fig. 5. Power spectral density plot of disturbance signals Fdist and Mdist.

to perform. Several training runs were conducted to allow

subjects to get used to the disturbances and the control tasks.

During training, visual performance feedback was provided

on the screen (visible in Fig. 3, see [14] for details) to help

the subject understand the differences between the control

tasks. After the execution of the task a score was provided

(calculated using the standard deviation of control force and

control position signal [14]). When a consistent performance

(i.e., score) was reached, the visual performance feedback was

removed from the screen for the remainder of the experiment –

to minimize cognitive control actions based on visual feedback

– and the actual measurement started. The measurements

were performed first without armrest. In a second session,

on a different day, the measurements with the armrest were

performed.

E. Perturbation signal design

Both disturbance signals Fdist and Mdist were multi-sines,

defined in the frequency domain. By separating the signals

in frequency, see Fig. 5, the response due to each disturbance

could be identified in the measured signals [10], [14]. To obtain

a full bandwidth estimate of the admittance, a range of frequen-

cies, ωf , between 0.05 Hz and 21.5 Hz was selected for the

force disturbance signal Fdist(t). For the motion disturbance

signal Mdist(t), a range of frequencies, ωm, between 0.1 and

21.5 Hz was selected.

F. Perturbation signal scaling

To minimize the effect of non-linearities and to be able to

compare between different control tasks, the stick deflection

in each task should be small and similar in size. In an effort

to achieve this, the disturbance signals were scaled in a tuning

procedure [14]. The goal of this procedure was to find, for

each control task, the gains needed to result in similar standard

deviation (3 degrees) of the control device deflection θCD. The

tuning was done in the condition without armrest. The scaling

factors for Fdist found for the PT, FT, and RT were 20, 1, and

0.38 respectively, resulting in signal root-mean-square (RMS)

values of 10.17 N , 0.67 N , and 0.39 N . For the Mdist signal,

the scaling factors (RMS in parentheses) for PT, FT, and RT

were 0.9 (0.79 m/s2), 0.7 (0.62 m/s2), and 0.7 (0.62 m/s2)

respectively.
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IV. ANALYSIS

A. Calculating admittance and biodynamic feedthrough

The control device deflection, θCD, and the applied force

to the control device, FC , were averaged in the time domain

over the six repetitions of a condition. The admittance was

then estimated in the frequency domain, with a closed loop

identification technique that used the estimated cross-spectral

densities between Fdist(t) and θCD(t) (Ŝfd,θ(jωf )) and be-

tween Fdist(t) and FC(t) (Ŝfd,f (jωf )) [15]:

Ĥadm(jωf ) =
Ŝfd,θ(jωf )

Ŝfd,f (jωf )
. (1)

The estimate of the biodynamic feedthrough dynamics is

calculated using the estimated cross-spectral density between

Mdist(t) and θCD(t) (Ŝmd,θ(jωm)) and the estimated auto-

spectral density of Mdist(t) (Ŝmd,md(jωm)):

Ĥbdft(jωm) =
Ŝmd,θ(jωm)

Ŝmd,md(jωm)
. (2)

Note that the procedure to calculate Ĥadm and Ĥbdft assumes

linearity. To check the extent to which this assumption holds

the squared coherence was calculated (see [14]). After having

calculated the results for each condition and for each subject,

the results were again averaged, now in the frequency domain

and across subjects, to obtain one admittance and BDFT

estimate per condition. These are the results that will be

analyzed in this study.

B. Comparing results with and without armrest

The biodynamic feedthrough estimate obtained with

and without the armrest is denoted as Ĥsup
bdft(jωm) and

Ĥnosup
bdft (jωm), respectively. For the admittance this is

Ĥsup
adm(jωf ) and Ĥnosup

adm (jωf ). By comparing the dynamics

obtained with and without the armrest, the influence of the

armrest can be determined. An insightful way of visualizing

differences is by looking at the ratio between the two dynam-

ics. Ratio function RFbdft(jωm) is defined as:

RFbdft(jωm) =
Ĥsup

bdft(jωm)

Ĥnosup
bdft (jωm)

, (3)

such that:

Ĥsup
bdft(jωm) = RFbdft(jωm)Ĥnosup

bdft (jωm). (4)

In this way, the ratio function describes the effect of the

armrest on each frequency point. A value RF = (1 + 0j),
i.e., a magnitude |RF | = 1 and a phase � RF = 0, means

that the dynamics with and without armrest are equal on that

frequency. Other values indicate a difference in magnitude or

phase or both. A similar ratio function can be calculated for

the admittance estimate:

RFadm(jωf ) =
Ĥsup

adm(jωf )

Ĥnosup
adm (jωf )

. (5)

TABLE II
BDFT RATIO FUNCTION MAGNITUDE |RF |

freq (Hz) FT PT RT
0.11 0.37 0.41 0.30
0.21 0.39 0.50 0.24
0.31 0.40 0.51 0.26
0.40 0.44 0.41 0.30
0.50 0.52 0.47 0.28
0.60 0.53 0.37 0.27
0.70 0.57 0.38 0.28
0.79 0.49 0.44 0.28
0.89 0.49 0.41 0.30
0.99 0.62 0.38 0.30
1.09 0.57 0.38 0.30
1.18 0.56 0.44 0.34
1.28 0.48 0.42 0.33
1.48 0.43 0.40 0.35
1.67 0.37 0.38 0.39
1.97 0.40 0.38 0.41

freq (Hz) FT PT RT
2.26 0.49 0.35 0.49
2.65 0.65 0.37 0.60
3.04 0.79 0.33 0.79
3.63 1.04 0.28 1.28
4.21 1.49 0.25 2.18
4.99 3.50 0.26 2.61
5.87 2.55 0.33 1.61
6.95 1.48 1.32 1.33
8.22 1.02 1.24 1.32
9.68 1.05 1.12 1.11
11.54 0.92 1.06 1.01
13.78 1.07 1.25 1.10
16.52 0.91 1.20 0.95
19.74 1.19 1.14 0.71
21.50 0.70 1.15 1.01

V. RESULTS AND DISCUSSION

Fig. 6 shows the magnitude and phase plot of the BDFT

measured without armrest, with armrest and the ratio function.

The thick lines indicate the means obtained by averaging over

all subjects. The colored bands indicate the standard deviations

(mean + 1 SD). Clearly, the BDFT dynamics measured without

armrest show a dependency on the control task. At lower

frequencies, the lowest BDFT occurs for the PT and the highest

for the RT. Around approximately 2-3 Hz, the BDFT for the

PT peaks and is higher than for other tasks. Similar results

were found in other studies [3], [14].

The results obtained with the armrest also show a dependency

of task, although the relationships have somewhat changed. It

can be observed that, in general, the magnitude of the BDFT

measured with an armrest is lower than without an armrest;

this holds for all three tasks.

The ratio function allows for investigating the effect of the arm-

rest in detail. Magnitude |RF | = 1 and a phase � RF = 0 are

indicated by a thick black horizontal line. Solid horizontal grid

lines are used to facilitate reading the ratio function’s values.

Table II lists the ratio function’s magnitude values. From the

results it can be concluded that the influence of the armrest

on the BDFT dynamics depends on both control task and
disturbance frequency. For lower frequencies, the presence of

the armrest decreases the BDFT magnitude for all three tasks.

Below frequencies of approximately 2 Hz, the ratio function is

the lowest for the RT, signifying the largest decrease in BDFT

magnitude. For this task, the ratio function’s magnitude, |RF |,
is around 0.3, meaning that the BDFT magnitude measured

with armrest is reduced to 30% of the magnitude measured

without armrest. For higher frequencies, it is the PT that shows

the largest decrease in BDFT magnitude, showing an |RF |
between 0.3 and 0.4. For high frequencies, above 10 Hz, the

ratio function is close to (1 + 0i), indicating no observable

influence of an armrest on the BDFT dynamics at higher

frequencies. Finally, an interesting feature can be observed

around 5 Hz. At this frequency, peaks can be observed for each

control task. Strikingly, the PT shows a peak in reduction in

BDFT magnitude (|RF | ≈ 0.3) while the RT and FT show a
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Fig. 6. The biodynamic feedthrough estimate, without armrest (left), with armrest (middle) and the ratio function (right). The lines show means, the colored
bands show standard deviation (mean + SD shown).

Fig. 7. The neuromuscular admittance estimate, without armrest (left), with armrest (middle) and the ratio function (right). The lines show means, the colored
bands show standard deviation (mean + SD shown).
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peak in increase in BDFT magnitude (|RF | ≈ 2-3). The cause

of these peaks is yet to be investigated. It should be noted,

however, that the BDFT magnitude around this frequency is

relatively small, reducing the importance of this feature within

the overall BDFT dynamics, at least in the open-loop case.

As BDFT dynamics strongly depend on the neuromuscular

admittance, it is worthwhile to investigate the effect of the

armrest on the neuromuscular admittance, as this might provide

insight in the possible source of the differences in BDFT.

Fig. 7 shows the magnitude and phase plot of the admittance

measured simultaneously with the BDFT. The admittance mea-

sured without an armrest shows typical features [10], [14]: the

lowest admittance is found for the PT; the highest for the FT;

the admittance of the RT falls in between, as expected. Note

that the phase of the RT shows some unusual behavior,with

erratic phase changes (‘jumps’) and large standard deviations,

especially below 1 Hz. These indicate that the estimate of

the RT is not as accurate and reliable as desired, something

that was observed in other studies as well [13], [14]. Here,

however, the phase issue in the RT measurement are beyond

the scope of the current paper. Except for the erratic phase

behavior of the RT below 1 Hz, the admittance data measured

with and without armrest shows to be similar. This is also

reflected in the ratio function, which shows peaks but no

structural increase or decrease in admittance. Only for the

PT below 1 Hz a small but structural decrease in admittance

can be observed (|RF | ≈ 0.7), meaning that the presence

of the armrest allowed the subjects to express slightly stiffer

behavior at lower frequencies. In general, it can be said that the

admittance measured with and without armrest shows mainly

unstructured differences, which leads to the conclusion that

changes in admittance can be excluded as the cause of the

observed changes in BDFT. In other words, the presence

of an armrest does not change the limb dynamics of the

human operator as such, but does change the feedthrough of

involuntary forces to the control device, as indicated in Fig. 2.

VI. CONCLUSIONS

The effectiveness of an armrest in mitigating biodynamic

feedthrough was investigated. The results show that, generally,

the presence of an the armrest decreases the level of BDFT.

This holds for each of the three levels of neuromuscular

admittance investigated. However, the results also provide the

novel insight that the effect of the armrest varies, both with

frequency and neuromuscular admittance.

The results presented in this paper show that an armrest

can be considered an effective tool in mitigating BDFT. The

reduction obtained, especially at low frequencies, may very

well be sufficient to obtain adequate task performance and

prevent closed-loop oscillations in many practical situations

which are currently suffering from the occurrence of BDFT.

The fact that an armrest is cheap to produce and install might

make this simple hardware component a serious competitor

for advanced methods. In the current experiment, the study

was performed for the lateral direction. The study can be

easily extended to other motion directions. Also, it would be

interesting to compare the mitigation effect of an armrest with

other mitigation techniques, such as proposed in Refs. [6]–[8].
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[6] S. Sövényi, “Model-based cancellation of biodynamic feedthrough with
a motorized manual control interface,” Ph.D. dissertation, University of
Michigan, 2005.

[7] M. R. Sirouspour and S. E. Salcudean, “Suppressing operator-induced
oscillations in manual control systems with movable bases,” IEEE
Transactions on Control Systems Technology, vol. 11, no. 4, pp. 448
– 459, 2003.

[8] H. Humphreys, W. Book, and J. Huggins, “Compensation for biodynamic
feedthrough in backhoe operation by cab vibration control,” in IEEE
International Conference on Robotics and Automation (ICRA), May
2011, pp. 4284 – 4290.

[9] G. Torle, “Tracking performance under random acceleration: effect of
control dynamics,” Ergonomics, vol. 8, no. 4, pp. 481 – 486, 1965.

[10] D. A. Abbink, “Neuromuscular analysis of haptic gas pedal feedback
during car following,” Ph.D. dissertation, Delft University of Technology,
2006.

[11] J. Venrooij, D. A. Abbink, M. Mulder, M. M. van Paassen, and M. Mul-
der, “Biodynamic feedthrough is task dependent,” in SMC 2010 IEEE
International Conference on Systems, Man and Cybernetics, Istanbul,
Turkey, Oct. 2010, pp. 2571 – 2578.

[12] J. Venrooij, M. Mulder, M. M. van Paassen, D. A. Abbink, H. H.
Bülthoff, and M. Mulder, “Cancelling biodynamic feedthrough requires a
subject and task dependent approach,” in SMC 2011 IEEE International
Conference on Systems, Man, and Cybernetics, Anchorage, AK, USA,
Oct. 2011, pp. 1670 – 1675.

[13] J. Venrooij, M. Mulder, D. A. Abbink, M. M. van Paassen, M. Mulder,
F. C. T. van der Helm, and H. H. Bülthoff, “A new view on biodynamic
feedthrough analysis: unifying the effect on forces and positions,” IEEE
Transactions on Systems, Man, and Cybernetics, Part B: Cybernetics,
vol. PP, no. 99, pp. 1 – 14, 2012.

[14] J. Venrooij, D. A. Abbink, M. Mulder, M. M. van Paassen, and
M. Mulder, “A method to measure the relationship between biodynamic
feedthrough and neuromuscular admittance,” IEEE Transactions on
Systems, Man, and Cybernetics, Part B: Cybernetics, vol. 41, no. 4,
pp. 1158 – 1169, 2011.

[15] F. C. T. van der Helm, A. C. Schouten, E. de Vlugt, and G. G. Brouwn,
“Identification of intrinsic and reflexive components of human arm
dynamics during postural control,” Journal of Neuroscience Methods,
vol. 119, no. 1, pp. 1–14, 2002.

2155



<<
  /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 /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /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 false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile 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 PDFs that match the "Recommended"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


