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SUMMARY: In this paper we study the problem of how to determine the co-
ordinates of a point a telescope is directed to on the basis of data obtained from
a 9DOF sensor board. On the 9DOF sensor board there are three sensors: the
gyroscope, accelerometer and magnetometer. By combining the data from all the
three sensors one obtains the Eulerian angles in the system tied to the sensor board.
The Eulerian angles are transformed into the horizontal and equatorial coordinates
in order to obtain the point the telescope is directed to.
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1. INTRODUCTION

The idea for this paper has been formed as a
result of solving the problem of pointing the Large
Refractor towards a given object. This telescope was
mounted at the Astronomical Observatory in Bel-
grade 80 years ago. The limb divisions have been
damaged, the optical light path for reading the co-
ordinates has become weak so that nowadays it is
difficult to point the telescope towards a desired ob-
ject. This telescope has no electronics and software
directing. Though rather difficult, it is, nevertheless,
possible to read the hour angle while the declination
reading is almost impossible. In the present paper a
simple and cheap solution of telescope pointing to-
wards a desired celestial object is given. From the
point of view of the education of young persons and
dissemination of astronomy it is very important and
useful to use the telescope for these purposes.

To determine the coordinates of a point to-
wards which a telescope is directed, i.e. in order to
point a telescope to a desired celestial body, we have
tested a sensor board with nine degrees of freedom
(9DOF). More precisely, the sensor board used by
us consists of three sensors: an accelerometer, gy-
roscope and magnetometer, which are on a single

board (Fig. 1). In commercial use, it is known as
Inertial Measurement Units (IMU). The information
sent by each of the three sensors in a triaxial co-
ordinate system should be treated within real time
and transformed into the Eulerian angles. This is
just done by the inertial measurement unit. Here,
a relatively cheap IMU with designation ”SparkFun
9DOF RAZOR IMU SEN-10736 sensor board” and
its applicability for determining the horizontal and
equatorial coordinates of objects from the telescope
view field will be examined.

2. EULER ANGLES AND
ROTATION MATRIX

In order to represent the attitude of an ob-
ject, the most common way is to use the Eulerian
angles (Diebel 2006). They are used to represent the
position of a rigid body. Mathematically, the Eu-
lerian angles are formed by rotating one coordinate
system relative to the other coordinate system about
three axes. Those rotations are made by multiply-
ing the coordinate vectors by rotation matrices Eq.
(1), while preserving the length of the vectors. Two
coordinate systems of interest are the Earth fixed
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coordinate system (x, y, z), fixed in inertial space,
and the body-fixed coordinate system (X,Y, Z), tied
to our IMU and relative to the Earth fixed coordinate
system.

Fig. 1. SparkFun 9DOF RAZOR IMU SEN-10736
sensor board.

Fig. 2. Geometrical definition of Euler angles.

Since the rotation matrix R consists of cosines
of angles between the axes of two coordinate systems,
it is also known as the direction cosine matrix. In this
case, the angles are the Eulerian angles. The addi-
tional axis, the line of nodes (N), is necessary for
defining the Eulerian angles. This axis represents
the intersection of the xy and XY coordinate planes
(Fig. 2). Having this in mind, the Eulerian angles
can be defined as follows (Andjelić and Stojanović
1965)

– ϕ is the angle between the x axis and the N
axis representing rotation around the z axis;
it is known as spin or roll

– θ is the angle between the z axis and the Z
axis representing rotation around the N axis;
it is known as nutation or pitch

– ψ is the angle between the N axis and the X
axis representing rotation around the Z axis;
it is known as precession or yaw.

The rotation of vector from body-fixed to the
world coordinate system is made through multiplica-
tion by the direction cosine matrix (DCM), consist-
ing of cosines of the Eulerian angles (Premerlani and
Bizard 2009): [

Rx Ry Rz

]
. (1)

Where:

Rx =

⎡
⎣cos θ cosψ

cos θ sinψ
− sin θ

⎤
⎦ , (2)

Ry =

⎡
⎣sinϕ sin θ cosψ − cosϕ sinψ

sinϕ sin θ sinψ + cosϕ cosψ
sinϕ cos θ

⎤
⎦ , (3)

Rz =

⎡
⎣cosϕ sin θ cosψ + sinϕ sinψ

cosϕ sin θ sinψ − sinϕ cosψ
cosϕ cos θ

⎤
⎦ . (4)

Fig. 3. Orientation of axes on airplane.

3. DCM ALGORITHM

The DCM (Direction-Cosine-Matrix) algo-
rithm has been developed for applications on model-
ing airplanes, helicopters, and other flying machines
(Premerlani and Bizard 2009). According to that,
the axes of an airplane are referred to as yaw (per-
pendicular axis), pitch (lateral axis), and roll (longi-
tudinal axis) (Fig. 3).

The DCM algorithm uses the accelerometer,
gyroscope, and GPS receiver or magnetometer to ob-
tain the attitude of an object. In our case, we ob-
tained telescope pointing to a horizontal system i.e.
altitude and azimuth. The GPS receiver is used in
the case of a moving object, but we use it to deter-
mine precisely the observer’s longitude, latitude and
local mean sidereal time. Also, the magnetometer is
used when the object is still. The working princi-
ple block diagram of the DCM algorithm is shown in
Fig. 4 (Premerlani and Bizard 2009).
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Fig. 4. Block diagram of DCM algorithm.

As earlier mentioned, the main part of the
sensor device is the SparkFun, 9DOF RAZOR IMU
SEN-10736 sensor board1. It consists of 3-axes
ADXL345 accelerometer, 3-axes ITG-3200 gyro-
scope, and 3-axes HMC8553L magnetometer. The
onboard processor is ATMega 328 @ 8MHz, and can
be programmed with Arduino software suite. To-
gether with a Bluetooth module and GPS receiver,
this battery powered sensor system is used in our
measurements. The data are wirelessly transferred
to the computer where application is started to re-
ceive and process the data. The whole system scheme
is shown in Fig. 5.

Fig. 5. The scheme of the system.

The firmware of the device incorporates
the DCM algorithm and can be downloaded from
https://github.com/ptrbrtz/razor-9dof-ahrs.
The outputs of the firmware are Eulerian angles,
which are calculated several times per second and
then wirelessly transferred to the computer via Blue-
tooth.

The sensors on SparkFun 9DOF RAZOR IMU
have to be calibrated in order to achieve minimum er-
rors and more precise readings. The accelerometer is

calibrated by turning the sensor board in every of the
nine possible directions of the axes, and then tilted
a little until the maximum value is achieved. The
gyroscope is calibrated by standing still for ten sec-
onds in order to accumulate the ground movement
noise. For the magnetometer calibration, a special
processing sketch is used that shows magnetic field
disturbances in the environment around the sensor.
The sensor has to be moved in every possible direc-
tion in order to capture all magnetic disturbances,
and it is preferable that they evenly cover the unit
sphere. If the data do not evenly cover the unit
sphere, there are soft-iron and/or hard-iron distur-
bances, which have to be eliminated or at least mini-
mized. A more detailed description of the calibrating
procedure could be found in Vujičić (2016).

The PC application that receives and pro-
cesses the data is written in the C# programming
language. Its appearance is shown in Fig. 6.

As can be seen from Fig. 6, there are several
sections in this application. The Bluetooth connec-
tion section is responsible for establishing the Blue-
tooth connection to the sensor. Under the sensor
connection, the user chooses the serial port the Blue-
tooth module is attached to (via the SPP protocol).
In Fig. 6 there is a display of values of Eulerian
angles, horizontal coordinates, and equatorial coor-
dinates, azimuth and altitude, and right ascension
and declination, respectively. The user can choose
between using data from the GPS receiver or get-
ting them from a local storage. Those data are the
UTC time, latitude, and longitude. The geographic
coordinates are also displayed in a map.

Also, the values of Julian day (JD), Greenwich
Mean Sidereal Time (GMST), Local Mean Sidereal
Time (LMST), and Hour Angle (HA) are displayed.
These values are calculated based on the algorithms
from Meeus’ book (2009). By clicking on the button
Begin Recording, the data from the sensor are cap-
tured every 60 seconds and stored in a text file in a
format UTC time, azimuth, altitude, right ascension
and declination.

1Available at https://www.sparkfun.com/products/10736github/ptrbrtz/razor-9dof-ahrs
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Fig. 6. The appearance of the PC application.

4. TELESCOPE POINTING ACCURACY

To determine the telescope positioning pre-
cision we place the 9DOF board on the telescope.
Since the instrument is without tracking, we point it
towards the zenith. After this, we record the data
sent by the device every minute within intervals of
50 hours at a location in Čačak and of 11 hours at a
location in Guberevci. The testing is carried out at
two different places in order to establish if there ex-
ists any influence of the local parameters and, if yes,
to eliminate this influence. This especially affects
the azimuth determination since the 9DOF sensor is
very sensitive to the external magnetic field, above
all the magnetometer. Thus, our testing took place
in Čačak (N 43◦ 34′ 49 .′′90 ; E 20◦ 20′ 41 .′′80) and
Guberevci (N 43◦ 44′ 36 .′′51 ; E 20◦ 19′ 43 .′′59).

In Fig. 7 the azimuth detected by the 9DOF
sensor during the test for Čačak (left) and Guberevci
(right) is presented. From the figure it is seen that
the azimuth is stable (bearing in mind that the az-
imuth of zenith is not defined!). At the very begin-
ning of the measuring the scatter is within limits of
20 degrees, with a trend to become twice smaller,
in both places. As to the altitude, the situation is
somewhat different (Fig. 8). In fact, the scatter dur-
ing testing was constant, less than 0.5 degrees, but
a constant drift towards lower altitudes is noticeable
(higher zenith distances). The cause is, most likely,
in a drift present in the 9DOF board, but which could
be decreased by use of a Kalman filter. Unfortu-
nately, since a cheap board of only 2 KB of memory
was used, it was not possible to implement a Kalman
filter in the firmware itself.
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Fig. 7. Azimuth detected by the 9DOF sensor in Čačak (left) and Guberevci (right).
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Fig. 8. Altitude detected by the 9DOF sensor in Čačak (left) and Guberevci (right).
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Fig. 9. Zenith misalignment of the 9DOF board
attached to telescope.

4.1. Determination of confidence ellipse

Since the telescope, as well as the 9DOF
board, was not ideally pointed towards the zenith,
i.e. it was inclined by a small angle and also rotated
by an angle in azimuth, in fact rather than towards
the zenith Z it was directed towards a nearby point
Z ′ (Fig. 9). In order to determine the coordinates of
the point Z ′ we use, at first, the rectangular coordi-
nates in the horizontal coordinate system:⎡

⎣xy
z

⎤
⎦

A,h

=

⎡
⎣cosh cosA

cosh sinA
sinh

⎤
⎦ (5)

where A is the azimuth and h is altitude, and then,
in view of the scatter of points about Z ′ (Fig. 10),
we look for the ellipse of minimum area in the plane
xy requiring it to include the maximum number of
points. In other words, we fit a curve of the second
order:

Ax2 +Bxy + Cy2 +Dx+ Ey + F = 0 , (6)

provided that it is an ellipse, i.e. B2 − 4AC < 0.
Instead of dealing with all available points, we select
only those along the rim which form a convex hull
so that all other points are inside it (Fig. 10). To
this convex hull we apply the algorithm proposed by
Fitzgibbon at al. (1999). In this way we find the
ellipse, i.e. we obtain the coefficients A, B, C, D,
E and F . The lengths of the semiaxes a and b, the
ellipse centre x0 and y0, and the angle of ellipse ro-
tation ϑ are determined from the following relations:

a =

√√√√ 2(AF 2 + CD2 + FB2 − BDE − 2ACF )

(B2 − 4AC)
(√

(A − C)2 + B2 − (A + C)
) , (7)

b =

√√√√ 2(AF 2 + CD2 + FB2 − BDE − 2ACF )

(B2 − 4AC)
(
−√

(A − C)2 + B2 − (A + C)
) , (8)

x0 =
CD − BE

B2 − 4AC
, (9)

y0 =
AE − BD

B2 − 4AC
, (10)

ϑ =
1

2
arctan

(
B

A − C

)
. (11)

The ellipse centre (x0, y0) is in fact the point
Z ′, whereas the lengths of the semiaxes determine
the errors of telescope (board) positioning and ϑ is
the angle by which the ellipse is rotated in the az-
imuthal plane. In Table 1, the obtained results for
both places are given, but instead of the coordinates
(x0, y0), using the inverse relations Eq. (5), we give
the azimuth and elevation.

The large value of the standard deviation used
to determine the azimuth is a consequence of az-
imuth undefining at the zenith. On the other hand,
the azimuthal angle on the board itself is determined
by the magnetometer, which is very sensitive to the
presence of the external magnetic field, even to the
proximity of metal objects. The other coordinate, al-
titude, is well determined and its standard deviation
is of the order of 0.1 degrees.
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Fig. 10. The zenith missalignment for Čačak (left) and Guberevci (right). The sign + is the centre of
ellipse, i.e. the position of Z ′.
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Table 1. Horizontal coordinates of the point Z ′ with their standard deviations, semiaxis major a and
semiaxis minor b, and angle ϑ of the ellipse rotation.

Location Coordinate of Z ′ a b ϑ
Azimuth σAz Altitude σAlt

Čačak 193 .◦7 6 .◦1 89 .◦53 0 .◦10 18 .′ 53 8 .′ 14 12 .◦77
Guberevci 185 .◦5 7 .◦9 89 .◦42 0 .◦08 14 .′ 03 14 .′ 59 144 .◦39

5. CONCLUSION

In this paper a simple and cheap solution of
telescope pointing towards a desired celestial object
is given in the case when there exists the problem of
reading the coordinates of its positioning. Of course,
this concerns old instruments which have no elec-
tronics and software directing. For this purpose the
sensor board 9DOF and GPS receiver can serve. The
Eulerian angles in the system tied to the sensor board
are obtained and then transformed, firstly into the
horizontal coordinates, afterwards into the equato-
rial ones by applying a simple algorithm, i.e. we
obtain the coordinates of the point the telescope is
directed to. Of course, our task is inverse. Since we
know the celestial equatorial coordinates of the ob-
ject foreseen to be observed, we transform them into
the horizontal ones. The telescope can be directed
towards a celestial object by moving it and reading
the coordinates on the display.

In order to estimate the stability of work of
the 9DOF sensor quantitatively we direct the tele-
scope towards the zenith and record the coordinates
within an interval of few tens of hours. The esti-
mated errors confirm the stability of the 9DOF sen-
sor board, but also indicate a relatively more precise
altitude determination, whereas the azimuth deter-
mination error is significantly higher. The cause is,
certainly, the magnetometer. However, this can be
solved, for instance, by correcting the non-linearity
of the magnetometer itself, or by using other algo-
rithms for unifying the data from the sensor, which
would yield more stable Eulerian angles. However,

in our opinion, even such a cheap sensor can be used
for the purpose of telescope positioning.
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POZICIONIRAǋE TELESKOPA POMO�U INERCIJALNE MERNE JEDINICE
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Struqni qlanak

U ovom radu se bavimo problematikom
odre�ivaǌa koordinata taqke u koju je te-
leskop uperen, na osnovu podataka dobijenih
sa inercijalne merne jedinice tj. 9DOF sen-
zorske ploqice. Na 9DOF senzorskoj ploqici
nalaze se 3 senzora: �iroskop, akcelerometar

i magnetometar, a kombinacijom podataka sa
sva tri senzora se dobijaju Ojlerovi ug-
lovi u sistemu vezanom za senzorsku plo-
qicu. Ove Ojlerove uglove smo transformisa-
li u horizontske i ekvatorske koordinate da
bismo dobili taqku u koju je teleskop uperen.

107



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts false
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /ACaslonPro-Bold
    /ACaslonPro-BoldItalic
    /ACaslonPro-Italic
    /ACaslonPro-Regular
    /ACaslonPro-Semibold
    /ACaslonPro-SemiboldItalic
    /AGaramondPro-Bold
    /AGaramondPro-BoldItalic
    /AGaramondPro-Italic
    /AGaramondPro-Regular
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGHelveticaBold
    /AGHlvCyrillicBold-ItalicA
    /Aharoni-Bold
    /Algerian
    /Andalus
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Aparajita
    /Aparajita-Bold
    /Aparajita-BoldItalic
    /Aparajita-Italic
    /ArabicTypesetting
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArnoPro-Bold
    /ArnoPro-BoldCaption
    /ArnoPro-BoldDisplay
    /ArnoPro-BoldItalic
    /ArnoPro-BoldItalicCaption
    /ArnoPro-BoldItalicDisplay
    /ArnoPro-BoldItalicSmText
    /ArnoPro-BoldItalicSubhead
    /ArnoPro-BoldSmText
    /ArnoPro-BoldSubhead
    /ArnoPro-Caption
    /ArnoPro-Display
    /ArnoPro-Italic
    /ArnoPro-ItalicCaption
    /ArnoPro-ItalicDisplay
    /ArnoPro-ItalicSmText
    /ArnoPro-ItalicSubhead
    /ArnoPro-LightDisplay
    /ArnoPro-LightItalicDisplay
    /ArnoPro-Regular
    /ArnoPro-Smbd
    /ArnoPro-SmbdCaption
    /ArnoPro-SmbdDisplay
    /ArnoPro-SmbdItalic
    /ArnoPro-SmbdItalicCaption
    /ArnoPro-SmbdItalicDisplay
    /ArnoPro-SmbdItalicSmText
    /ArnoPro-SmbdItalicSubhead
    /ArnoPro-SmbdSmText
    /ArnoPro-SmbdSubhead
    /ArnoPro-SmText
    /ArnoPro-Subhead
    /AvantGarde-Book
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BickhamScriptPro-Bold
    /BickhamScriptPro-Regular
    /BickhamScriptPro-Semibold
    /BirchStd
    /BlackadderITC-Regular
    /BlackoakStd
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScriptMT
    /BrushScriptStd
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /Calibri-Light
    /Calibri-LightItalic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Castellar
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ChaparralPro-Bold
    /ChaparralPro-BoldIt
    /ChaparralPro-Italic
    /ChaparralPro-Regular
    /CharlemagneStd-Bold
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CooperBlackStd
    /CooperBlackStd-Italic
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CurlzMT
    /DaunPenh
    /David
    /David-Bold
    /DFKaiShu-SB-Estd-BF
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /DokChampa
    /Dotum
    /DotumChe
    /Ebrima
    /Ebrima-Bold
    /EccentricStd
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversMT
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EuphemiaCAS
    /FangSong
    /FelixTitlingMT
    /FootlightMTLight
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /Freehand521BT-RegularC
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /FuturaBT-Bold
    /FuturaBT-Medium
    /Gabriola
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /GaramondPremrPro
    /GaramondPremrPro-It
    /GaramondPremrPro-Smbd
    /GaramondPremrPro-SmbdIt
    /Gautami
    /Gautami-Bold
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GiddyupStd
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /Gisha
    /Gisha-Bold
    /GloucesterMT-ExtraCondensed
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica75-Bold
    /HelveticaLTStd-BoldCond
    /HelveticaLTStd-Comp
    /HelveticaNeueLT-BoldExt
    /HighTowerText-Italic
    /HighTowerText-Reg
    /HoboStd
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /IskoolaPota
    /IskoolaPota-Bold
    /JasmineUPC
    /JasmineUPCBold
    /JasmineUPCBoldItalic
    /JasmineUPCItalic
    /Jokerman-Regular
    /JuiceITC-Regular
    /KaiTi
    /Kalinga
    /Kalinga-Bold
    /Kartika
    /Kartika-Bold
    /KhmerUI
    /KhmerUI-Bold
    /KodchiangUPC
    /KodchiangUPCBold
    /KodchiangUPCBoldItalic
    /KodchiangUPCItalic
    /Kokila
    /Kokila-Bold
    /Kokila-BoldItalic
    /Kokila-Italic
    /KozGoPro-Bold
    /KozGoPro-ExtraLight
    /KozGoPro-Heavy
    /KozGoPro-Light
    /KozGoPro-Medium
    /KozGoPro-Regular
    /KozMinPro-Bold
    /KozMinPro-ExtraLight
    /KozMinPro-Heavy
    /KozMinPro-Light
    /KozMinPro-Medium
    /KozMinPro-Regular
    /KristenITC-Regular
    /KunstlerScript
    /LaoUI
    /LaoUI-Bold
    /Latha
    /Latha-Bold
    /LatinWide
    /Leelawadee
    /Leelawadee-Bold
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMT-Bold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /LithosPro-Black
    /LithosPro-Regular
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Magneto-Bold
    /MaiandraGD-Regular
    /MalgunGothic
    /MalgunGothicBold
    /MalgunGothicRegular
    /Mangal
    /Mangal-Bold
    /Marlett
    /MaturaMTScriptCapitals
    /Meiryo
    /Meiryo-Bold
    /Meiryo-BoldItalic
    /Meiryo-Italic
    /MeiryoUI
    /MeiryoUI-Bold
    /MeiryoUI-BoldItalic
    /MeiryoUI-Italic
    /MesquiteStd
    /MicrosoftHimalaya
    /MicrosoftJhengHeiBold
    /MicrosoftJhengHeiRegular
    /MicrosoftNewTaiLue
    /MicrosoftNewTaiLue-Bold
    /MicrosoftPhagsPa
    /MicrosoftPhagsPa-Bold
    /MicrosoftSansSerif
    /MicrosoftTaiLe
    /MicrosoftTaiLe-Bold
    /MicrosoftUighur
    /MicrosoftYaHei
    /MicrosoftYaHei-Bold
    /Microsoft-Yi-Baiti
    /MingLiU
    /MingLiU-ExtB
    /Ming-Lt-HKSCS-ExtB
    /Ming-Lt-HKSCS-UNI-H
    /MinionPro-Bold
    /MinionPro-BoldCn
    /MinionPro-BoldCnIt
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Medium
    /MinionPro-MediumIt
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /Mistral
    /Modern-Regular
    /MongolianBaiti
    /MonotypeCorsiva
    /MoolBoran
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MS-UIGothic
    /MVBoli
    /MyriadPro-Bold
    /MyriadPro-BoldCond
    /MyriadPro-BoldCondIt
    /MyriadPro-BoldIt
    /MyriadPro-Cond
    /MyriadPro-CondIt
    /MyriadPro-It
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Narkisim
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NSimSun
    /NuevaStd-BoldCond
    /NuevaStd-BoldCondItalic
    /NuevaStd-Cond
    /NuevaStd-CondItalic
    /Nyala-Regular
    /OCRAbyBT-Regular
    /OCRAExtended
    /OCRAStd
    /OCRB10PitchBT-Regular
    /OldEnglishTextMT
    /Onyx
    /OratorStd
    /OratorStd-Slanted
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Parchment-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PlantagenetCherokee
    /Playbill
    /PMingLiU
    /PMingLiU-ExtB
    /PoorRichard-Regular
    /PoplarStd
    /PresseUnregistered
    /PrestigeEliteStd-Bd
    /Pristina-Regular
    /Raavi
    /RageItalic
    /Ravie
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rod
    /RosewoodStd-Regular
    /SakkalMajalla
    /SakkalMajallaBold
    /ScriptMTBold
    /SegoePrint
    /SegoePrint-Bold
    /SegoeScript
    /SegoeScript-Bold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /SegoeUI-Light
    /SegoeUI-SemiBold
    /SegoeUISymbol
    /ShonarBangla
    /ShonarBangla-Bold
    /ShowcardGothic-Reg
    /Shruti
    /Shruti-Bold
    /SimHei
    /SimplifiedArabic
    /SimplifiedArabic-Bold
    /SimplifiedArabicFixed
    /SimSun
    /SimSun-ExtB
    /SnapITC-Regular
    /Stencil
    /StencilStd
    /Swiss721BT-Black
    /Swiss721BT-Bold
    /Swiss721BT-Heavy
    /Swiss721BT-Light
    /Swiss721BT-Roman
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TektonPro-Bold
    /TektonPro-BoldCond
    /TektonPro-BoldExt
    /TektonPro-BoldObl
    /TempusSansITC
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /TraditionalArabic
    /TraditionalArabic-Bold
    /TrajanPro-Bold
    /TrajanPro-Regular
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga
    /Tunga-Bold
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Utsaah
    /Utsaah-Bold
    /Utsaah-BoldItalic
    /Utsaah-Italic
    /Vani
    /Vani-Bold
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vijaya
    /Vijaya-Bold
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Vrinda
    /Vrinda-Bold
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


