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Abstract—The growing interest on service robotics with the
use and exploitation of unmanned aerial vehicles has revealed
important issues related to safety and fail prevention during
navigation, and recent research has been devoted to understand
and modeling the breaking of 1, 2 or even 3 motors. In this
context, the present paper investigates the dynamics of an
unmanned aerial vehicle of quadrotor type using PID controllers
before a scenario of total failure in two opposite engines and
analyses the existing relation between an equipment design
issue and its navigation condition after such a failure. As a
contribution, it is proposed and discussed from simulations
a strategy to mitigate the mentioned failure by landing the
quadrotor in a smoothly fashion. At last, preliminary results of
a real failure scenario are shown to match simulated predictions.

Keywords-Unmanned aerial vehicles, PID controller, fail-safe
navigation

I. INTRODUCTION

The recent progress of the microelectronic industry with

the offer of microelectromechanical sensors (MEMS), as well

as that of chemicals, with the availability of efficient batteries

has led to significant diffusion of robots in different domains,

far beyond the industrial shop floor. It gave rise to service

robotics, which, already in 2012 was defined by the Interna-

tional Federation of Robotics as the field comprising robots

able to perform useful tasks for man or machines, excluded

industrial automation applications. In this context, in the last

decade the unmanned aerial vehicles (UAV) attracted a lot of

attention for the potential use in military missions, as well

as for the wide range of commercial applications they can

be used in [1].

Until the present days, use and public exploitation of UAVs

requires regulation, maybe due to relevant but still open

issues, which are normally taken into account in engineering

products design; one example is people safety before failure

of those equipments. As a matter of fact, the growing interest

in service robotics has pushed on the design of critical

safety systems [2], especially towards the deployment of on-

navigation fail-safe controllers.

This issue is a hot topic in the recent literature. While

part of the scientific community is interested in the partial

loss of motor efficiency [3], other recent papers considered

the complete breaking of 1, 2 and/or even 3 motors of the

vehicle. This is the case presented in [4], in which the flight

stabilization is investigated theoretically and experimentally,

as well. In [5], in turn, authors focus on the flight stabilization

again, but for the case of 1 motor loss only.

Most of those works deal with the design of a controller

able to guarantee safe navigation conditions after a failure

rises. Essentially, the appearance of breaking signs the tran-

sition between a cascade configuration of PID controllers (to

be discussed) and the use of what is hereafter named critical

controller (able to ensure fail-safety).

A deep reading of the recent bibliography reveals that the

PID strategy is often neglected as a choice for the critical

controller. In our comprehension, however, this deserves a

discussion, since the PID is by far the most used closed-loop

control approach and do not pose difficulties for hardware

implementation.

A second issue which is considered here is the influence

of the UAV geometrical design on its navigation condition.

From time-domain dynamical simulations, we will discuss

how the drag coefficient affects the stability of a quadrotor

under failure in two propellers.

This work is organized as it follows: section II describes

the basic dynamic equations of movement for a quadro-

tor, whereas in section III details about the adopted non-

critical controller are given. Section IV, in turn, brings

basic simulation results of a positioning task under a small-

variation approximation of the orientation angles. Section V

considers the breaking of two motors and proposes a fail-

safe technique. In the section VI preliminary results of a real

failure scenario are shown. Finally, in section VII conclusions

are drawn and in section VIII futures works are described.

II. DYNAMICS OF A QUADROTOR

Essentially, in a very common configuration a quadrotor is

a crossed structure of rods having rotating wings driven by

4 engines at the corners, as illustrated in Figure 1.

By controlling the speed and the rotation sense of every

motor, the vehicle can rotate over the three spatial directions,

giving rise to three very characteristics angles: yaw (ψ),

pitch (φ) and roll (θ). Control of pitch and roll angles leads

to translational displacement, whereas the control of yaw
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Fig. 1: Home-mounted quadrotor based on open technology.

angle is related to circular movement (around the z-axis),

as illustrated in Figure 2.

Fig. 2: Coordinate system for quadrotor modeling. Source:

extracted from [6].

According to [7], the dynamics of a quadrotor may be

derived from classical mechanics equations for linear and

angular momenta and resembles like the following:

ẍ = (cosφ · sinθ · cosψ + sinφ · sinψ) · 1

m
· u1 (1)

ÿ = (cosφ · sinθ · sinψ − sinφ · cosψ) · 1

m
· u1 (2)

z̈ = −g + (cosφ · cosθ) · 1

m
· u1 (3)

φ̈ = θ̇ · ψ̇ · Iy − Iz
Ix

+
u2
Ix

(4)

θ̈ = φ̇ · ψ̇ · Iz − Ix
Iy

+
u3
Iy

(5)

TABLE I: Description os symbols and parameters.

Symbol Definition
x x-coordinate position
y y-coordinate position
z z-coordinate position
θ roll angle
φ pitch angle
ψ yaw angle
g gravity acceleration
d drag coefficient of propellers
b upthrust coefficient
l length of rods

u1...u4 control signals
Ω1...Ω4 velocity of actuators
Ix, Iy , Iz rotational inertia

m vehicle’s mass

ψ̈ = φ̇ · θ̇ · Ix − Iy
Iz

+
u4
Iz

(6)

A brief description for every term present in the above and

in the upcoming equations is provided in Table I.

Equation (1)-(3) show that the horizontal (in-plane) or ver-

tical (along z-axis) displacement of a quadrotor is a function

of the yaw, pitch and roll angles. The control signals u1....u4
appearing in equations (1)-(6) above represent torque and, as

such, have a direct relation to the geometrical measurements

of the equipment, as well as to the velocity of the motors,

as reported in equations (7)-(10) below. We emphasize this

formulation follows [8].

u1 = b · (Ω2
1 +Ω2

2 +Ω2
3 +Ω2

4

)
(7)

u2 = b · l · (Ω2
4 − Ω2

2

)
(8)

u3 = b · l (Ω2
1 − Ω2

3

)
(9)

u4 = d · (Ω2
4 +Ω2

2 − Ω2
3 − Ω2

1

)
(10)

III. CASCADE PID STRATEGY

For what concerns the control strategy adopted, the PID

alternative was chosen because it is a kind of universal and

widely spread approach for quadrotors (see, for instance, [1],

[8], [7] and references therein). For reference the PID control

law for the inputs u1...u4 is reported in the following:

ui = Kp · e(t) +Ki ·
∫ t

0

e(τ)dτ +Kd · de(t)
dt

(11)

where e(t) is the difference between desired and actual

measurement, and Kp, Ki, Kd constitute a set of pro-

portional, integrative and derivative constants for the gain

actions. The rotational speed of each motor is then obtained

by inverting equations (7)-(10) and solving for Ω1...Ω4:

Ω2
1 =

u1
4 · b −

u3
2 · b · l −

u4
4 · d (12)
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Ω2
2 =

u1
4 · b −

u2
2 · b · l +

u4
4 · d (13)

Ω2
3 =

u1
4 · b +

u3
2 · b · l −

u4
4 · d (14)

Ω2
4 =

u1
4 · b +

u2
2 · b · l +

u4
4 · d (15)

The closed-loop system for position, attitude and height

control used cascaded PID controllers as depicted in Figure

3, which is in accordance to [6].

Fig. 3: Cascade PID strategy for y-axis positioning.

In Figure 3 two control loops are present. The inner loop

is responsible for angle correction and it has to be faster

than the external one because the attitude control is more

critical for flight stabilization than the position control. The

external loop, in turn, is responsible for horizontal positioning

(in xy-plane). The whole control system should, therefore,

consider the horizontal and vertical coordinates, as well as

the orientation angles. One solution for that is the use of

six PID control loops whose interdependence is illustrated in

Figure 4.

Fig. 4: Cascade PID strategy for the whole system control.

IV. CONTROL VALIDATION

With the purpose of illustrating the proposed control

architecture, we considered the hypothetical situation of a

navigation starting at point (x = 0, y = 0, z = 0) and ending

at (x = 1, y = 1, z = 1). Simulation results for this test are

reported in Figure 5 below.

It is worth mentioning that in this analysis we applied

the small-variation approximation for the orientation angles,

Fig. 5: Dynamic response of the quadrotor after unitary step

positioning in three spatial coordinates.

therefore ψ, φ and θ ≈ 0. This assumption allows for

decoupling equations (1)-(6), which can be rewritten as:

ẍ = θ
1

m
· u1 (16)

ÿ = −φ 1

m
· u1 (17)

z̈ = −g + 1

m
· u1 (18)

φ̈ =
u2
Ix

(19)

θ̈ =
u3
Iy

(20)

ψ̈ =
u4
Iz

(21)

Although this assumption is crucial for the quarotor con-

trol, it limits the validity of the dynamic equations to well-

behaved environments. In other words, the model fails when

the environment has such strong wind patterns, in which the

null-variation of orientation angle is no longer reasonable.

V. REDUCED ATTITUDE STUDY

A. Performance of PID under motor failure

With the aim to investigate how the PID control performs

under motor-failure, we simulated the scenario of breaking

of 2 opposite motors. Here is the procedure: 1) the working

UAV was initially placed at (x = 0, y = 0, z = 0)
coordinates; 2) then it raised up to z = 1 meters above

ground; 3) after that, two opposite motors were forced to

zero rotational speed; 4) the setpoints of the angles roll and

pitch were set to zero and ignored horizontal position errors;

5) finally, the dynamic time-series of position and orientation

variables were recorded for investigation. This methodology

was inspired on the very recent contribution of [4]. The

results of this test are plot in Figure 6.

From Figure 6, it can be seen there is numerical divergence

on the position control along x-axis and y-axis, but vertical

control is still achieved. This can be associated to the appear-

ance of a rotation around z-axis, what makes the orientation
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Fig. 6: Dynamic response of the quadrotor after breaking of

2 motors.

angles to be coupled. To see this, note that, for a working and

stabilized quadrotor, u4 = 0. Also, check out how equation

(10) influences equation (6) when Ω2 = Ω4 = 0. Such

a coupling is the reason why the single-input/single-output

PID approach used so far fail and, since ẋ and ẏ will now

depend on θ and φ in equation (1), a multivariable control is

recommended.

Although a number of papers discuss the flight stabilization

even with 1 or 2 motors lost, the solution usually comes

at the expense of a robust controller design, as the linear-

quadratic regulator (LQR) of [4] and [5]. The study of this

strategy is left for future work, because our present interest

is to understand whether the PID can be adopted as critical

controller.

B. Influence of geometrical design

A look at Figure 6d reveals that the quadrotor spins around

z-axis when two motors-failure occurs. Since now the dy-

namic equations get coupled, the increase in the magnitude of

ψ leads to monotonic increase in position around y-axis and

x-axis as well. Furthermore, uncertainty on z-axis position

appears (see Figure 6c). A natural question to be made at this

moment is how to mitigate this phenomenon. Is it possible to

keep the rotational speed around z-axis at acceptable levels

in such a way the small-variation assumption still holds? Is

it possible to reduce the fluctuation observed in the vertical

position?

Well, the second issue studied in this paper is the influence

of the geometrical design of the UAV on its navigation

condition under failure. According to [9], the drag force

is related to the shape, velocity and material properties of

the object of interest. For rotational movement, like that of

a quadrotor, the aerodynamic drag represents a resistance

torque, which is, according to [4], dependent on the rotational

speed. This proportionality is expresses as −γ·ψ
Iz

. in which γ
is a drag coefficient in N.m.s. This term can be added to

equation (6), which now resembles like:

ψ̈ = −γ · ψ̇
Iz

+ φ̇ · θ̇ Ix − Iy
Iz

+
u4
Iz

(22)

A look at equation (22) shows that the smaller γ is, the

faster the spin movement around the z-axis will be. The so-

lution of the dynamic equations reveals that, in this scenario

of reduced drag coefficient the uncertainty in the vertical

position decreases as well. Therefore, the route to precisely

lock the z-coordinate of the reduced attitude quadrotor is

to look for a suitable geometrical design presenting low

aerodynamic drag.

Fig. 7: Influence of the drag coefficient on the vertical

position uncertainty.

In the results presented in Figure 7, the lower bound of

0.03 N.m.s represents the limit case under which we face

numerical problems to solve the dynamics.

To partially answer the motivation questions, we consid-

ered two different geometries for the rods, one with circular

and the other with square cross-section. By applying the drag

formula, we found the cylindrical rods present smaller drag

force. To make a fair comparison, considere a spin velocity of

−3 rad/s and a rod with 0.03 m x 0.03 m x 0.6 m rectangular

profile, as well as another rod with cylindrical profile of the

same length (0.6 m) and having cross-section diameter equal

to 0.03 m. In this case, the cylindrical shape offers a 1.3
times higher drag.

This discussion makes clear that quadrotors with cylin-

drical shaped rods will present less fluctuation on vertical

position when attitude reduced.

C. Fail-safe technique

Aware of the fact that the horizontal positioning is no

longer possible (the vehicle flights away, according to sim-

ulations) and in order to prevent damages and accidents it

is recommended the quadrotor be landed. We point-out that

the shorter the time required to reach the ground, the smaller

will be the horizontal deviation from the original position

just before breaking. To accomplish with this requirements,

we propose an algorithm able to detect the fail and switch to

the critical controller, as described by the following steps:

1) the fail-safe strategy is triggered whenever the rotational

speed around z-axis gets over −2 rad/s; 2) then roll and

pitch angles are set to zero, thus we disregard the horizontal

position error of the loop control. This change in the control

loop of roll may be seen in Figure 8; 3) the setpoint for height

control is dinamically changed according to an exponential

decaying function.

In the above strategy, step 2 is necessary to prioritize the

attitude of stability, which prevent flipping that would turn
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Fig. 8: PID strategy for roll angle after breaking of 2 motors.

the landing into a impossible task. On the other hand, step 3

is necessary to guarantee convenient landing in the vicinity

of the region where the failure took place, in such a way the

ground approaching velocity be near zero.

We simulated the above algorithm and the results are

presented in Figure 9 and 10. The vehicle was initially in

working conditions and, then, at time instante t = 300 s

we switched-off two motors by forcing Ω2 = Ω4 = 0 in

equations (7)-(10). From Figure 9, we see the quadrotor

initially at z = 1m and, after the peak in vertical velocity

due to the trigger of the reduced attitude scenario, it is

decelerated, smoothly reaching the ground 4 seconds later.

Fig. 9: Dynamic simulation of near-vertical landing when

fail-safe is on.

As already mentioned, the rapidity of such an exponential

decay is essential to limit the horizontal deviation when

the quadrotor starts flighting away. To investigate that, in

Figure 10 we plot the horizontal deviation as a function of

different time constants of the exponential vertical trajectory.

The region of interest is the lower-left part of the graph,

which means, in practice, a completely vertical landing.

VI. PRELIMINARY RESULTS

In order to evaluate the results obtained from simulations

of a quadrotor in failure regime, started up experiments using

a real quadcopter. The first test was realized with the purpose

of observing the emergence of the a rotation around the axis

z and the altitude variation with the loss of two opposite

motors. For that, we used the following methodology: 1)

qudrotor was put at an altitude of 1.8 m; 2) later, two

opposing engines were shut down abruptly; 3) after the loss

of the engines, the setpoints of the angles roll and pitch were

set to zero and ignored horizontal position errors; 4) All

Fig. 10: Influence of the decay rate of the exponential

trajectory on the horizontal position deviation.

data from the accelerometer, gyroscope and other sensors

embedded in the experimental platform were sent via radio

frequency to a computer responsible for storage. Thus, the

Figure 11 was generated.

Fig. 11: Dynamic behavior exhibited by real quadrotor in the

first test.

In Figure 11, there is the altitude loss of the quadcopter

given by Figure 11(a), it happens, because the two running

motors do not generate sufficient thrust to support this

equipment. Too view, in Figure 11(b) the appearance of a

rotation around the z axis and hence growth a negative angle

yaw in Figure 11(c). This behavior is originated by engines

that rotate clockwise.

As mentioned, the quadcopter involved in the trials failed

to maintain its altitude, thus opted for the use of a support of

sustaining, consists of a pulley and a nylon line connected to

center of mass of the equipment. This strategy was designed

for enable the visualization of the dynamic behavior of the

quadrotor, if the two remaining engines, after the failure

could sustain it. Therefore, the results obtained with this new

strategy and using the same methodology as the previous

experiment, was conceived to Figure 12.

From Figure 12, after the failure of the engines, there is the

appearance of a rotation around the z axis, which becomes

constant due to drag of structure that compensate the resultant

torque of the engines running. Thus, the angular acceleration

in the z axis approaches zero, the angular velocity becomes

constant, see Figure 12(b), and the yaw angle tends to infinity,

Figure 12(c).
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Fig. 12: Dynamic behavior exhibited by real quadcopter in

the second test.

After the initial tests, it was found that the dynamic

behavior seen in the simulations, see Figure 6(c) and 6(d),

were similar to those presented by the actual quadcopter,

see Figure 12(a) and 12(c), respectively. Thus validating the

modeling presented herein. It is important highlight that the

objective this work is not to create a identical mathematical

model to reality, but of conceiving simulations that show the

approximate dynamic behavior of a real quadrotor.

VII. CONCLUSIONS

In this paper we addressed the issue of flight stabiliza-

tion control in reduced attitude unmanned quadrotor. From

numerical simulations we explained that the PID strategy

itself is not effective to guarantee safe navigation after a two-

engine fail occurs. Nevertheless, we showed the PID strategy

can be adopted if a fail-safe technique approach is promply

triggered after the failure. To accomplish with that, a fail-safe

algorithm has been proposed and used to investigate, from

simulations, how the vehicles’ flight perform when it is on

and how the quadrotor flights away whenever it is kept off.

The flighting away scenario has further been investigated

by looking at geometrical design issues of the UAV. In

this regard we showed that the horizontal flight deviation

is suppressed whenever the aerodynamic drag is kept at low

leves, what is favoured by the adoption of cylindrical shaped

rods. For what concerns the fail-safe performance, in turn,

our approach consists in forcing a exponential-like trajectory

control along z-coordinate and results suggest that the decay

rate of the trajectory has to be made as fast as possible to

ensure an almost-vertical and safe landing after failure, with

near zero velocity on ground approaching.

VIII. FUTURES WORKS

As futures works: 1) we are embedding the proposed

algoritm into the UAV of Figure 1 and the performance

of experimental tests; 2) we will accomplish the theoretical

evidence concerning the influence of geometry of quadcopter

on the fault condition presented here; 3) the Analysis of

stability with critical controller; 4) and the theoretical proof

of the influence of drag coefficient on the variation of altitude

of the Quadcopter in fault regime, which can be done from

the influence of theta and phi in the equation (3) and psi in

the angular accelerations around the x-axis, equation (4), and

y-axis, equation (5).
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[7] T. Jiřinec, “Stabilization and control of unmanned quadcopter,” Mas-
ter’s thesis, Master of Science in Space Engineering-Czech Technical
University, Prague, 2011.

[8] M. A. R. Al-Omari, “Integrated simulation platform for indoor quadrotor
applications,” in Proceedings of the 9th International Symposium on
Mechatronics and its Applications (ISMA13), 2013, pp. 1–6.

[9] S. Maxemow, “That’s a drag: The effects of drag forces,” Undergraduate
Journal of Mathematical Modeling: one + two, vol. 2, no. 1, p. article
4, 2009.

114

Authorized licensed use limited to: UNIVERSIDADE FEDERAL DO CEARA. Downloaded on December 16,2022 at 18:10:24 UTC from IEEE Xplore.  Restrictions apply. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /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 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /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 false
  /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
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /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 200
  /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 400
  /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 "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


