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Large-Area Laser Patterning
Using a Manual-Input Control-Point
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In this study, we have developed stage path generation algorithm to extend scanner fabrication
area into the stage working area. Proposed a manual input control point (MICP) path algorithm is to
teach the stage path by a control point manually. G-code is a programming language for CNC ma-
chines. The conventional system is difficult to use because it requires G-code inputs and takes a
long time to prepare for processing when the data volume is high. But proposed the stage-path algo-
rithm with a non-uniform rational B-spline (NURBS) curve uses the mouse pointer to receive con-
trol-point (CP) inputs for path generation. It also reduces the processing time because helps the user
to make the desired path. The speed profile is automatically calculated using the constraints, and a
smooth profile is determined by defining the maximum acceleration/deceleration. A device for stor-
ing 10 us/32-bit data was developed to verify that 350 X 350 mm squares could be processed without
exceeding the 50X 50 mm scan area. In addition, the two created path types were used to measure
processing precision, and errors were comparatively analyzed according to path type.
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1. Introduction

Recently, the demand for large-screen displays has been
rapidly increasing. Such products require continuous large-
area microprocessing for light-guide plates or optical film.
In the microprocessing field, laser processing with ultra-
short wave pulses is used as an eco-friendly and non-
contact process [1-3]. Although laser processing with a
scanner is very fast, its processing area is limited. Laser
processing with a stage can be used over a large area, but it
is difficult to uniform laser pulse irradiation for high-speed
processing because the stage is generally heavy system and
it has higher acceleration/deceleration capability. So the
step-and-scanning method was developed by combining
advantages of two individual systems for large-area laser
processing. In this method, a scanner and a stage are used.
The scanner is used to process a limited area, after which
the stage moves. Repetition of this process makes large-
area laser processing possible; however, it creates discon-
tinuous points. To overcome this disadvantage, the on-the-
fly method synchronizes the scanner and the stage. This
enables continuous large-area laser processing and uniform
processing [4-11].

Manufacturers such as ESI, LPKF, and AEROTECH
sell products that use the on-the-fly method. These prod-
ucts have their own software and reduce the processing
time by approximately 20%. However, they require G-code
inputs, so only experts have access to them. Moreover, if
the amount of data increases, the longer is the preparation
time for processing [12-14].

In this paper, a system and an algorithm are proposed for
continuous large-area laser processing. A hybrid-type scan-
ner and stage for high-speed processing are presented with
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an algorithm developed to determine the processing path
and speed using the automatic alignment function and a
mouse instead of the inconvenient G-code inputs. In the
program of the machining center, G-code cannot be used if
there is no major and easy access. Also, it has the disad-
vantage that the preparation time required for data pro-
cessing is increased. The NURBS technique is used to draw
the stage path, and the control points (CPs) are input using
the mouse to obtain the user-desired path. In addition, con-
straint points are set to automatically calculate the speed
for the stage processing paths. A 350 X350 mm square was
processed in experiments conducted for multiple paths to
verify the performance of the MICP path algorithm. And
the processing precision was measured with many path

types.
2. On-the-Fly Concept and Configuration

2.1 On-the-Fly Concept

For continuous large-area laser processing, the scanner
must be linked to the stage, and the processing speed must
be constant.

\ . Scanner
Large Working Area
7 g . Scanner Area Sc¢anner Ar¢ / Laser
<
- Ve Stage
X axis
o &
X-axis Vst

(a) Top view (b) Side view

Fig. 1 On-the-fly concept.
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Figure 1 shows the on-the-fly concept for large-area
processing, and Fig. 1 (a) shows the top view of the pro-
cessing area. To link the scanner with the stage, the X- axis
of the scanner must be aligned with the X-axis of the stage,
and the Y- axis of the scanner must be aligned with the Y
axis of the stage. Fig. 1 (b) shows the speed relationship in
the side view. To keep the processing speed constant, the
vector sum of the processing speed of the scanner (,’ ) and

the stage travel speed (, ), which is the total processing
speed (; ), must be constant:

Vi =Vse

+V

st

) (1)

where |, is constant.

2.2 On-the-Fly Configuration and Synchronization

Continuous large-area laser processing requires three
parts, as shown in Fig. 2. First, a high-speed processing
scanner system with two galvanometers allows high-speed
processing within a limited area via laser reflection. Second,
the stage system of a hybrid-type enables large-area pro-
cessing. Third, control boards are used to control the scan-
ner and stage systems; the scan board delivers the marking
signals to the scanner head. The marking on-the-
fly(MOTF) is a board for connecting the scanner with the
stage and transmits the position information of the stage to
the scanner.

Control Boards
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Motion B/D
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Stage System
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Fig. 2 System configuration.

Figure 3 shows a block diagram of the continuous
large-area laser processing. The CAD data are inputted to
the scan board and the MICP path algorithm. The scan
board transmits the positional information to the scan head-
er to move the galvanometer mirror.
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Fig. 3 Block diagram of the on-the-fly system.
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The position and speed of the stage are determined by
the MICP path algorithm, and the signal is transmitted to
the motion board. To synchronize the scanner with the
stage, the signal of the stage is transmitted to the scan
board through the scale and coordinate system conversion,
which is conducted in the MOTF B/D, and the results are
compared with the input CAD to move the galvanometer
mirror on the scanner header.

To utilize the scanner and stage, and for the processing
of a large area, the coordinates of the stage and scanner
must match. The processing of the desired size is made
possible by the use of the ratio of the distance per pulse of
the scanner and stage. The command signals of the scanner
and stage are transmitted simultaneously from the origin of
the specimen on the stage using a trigger signal.

Figure 4 shows the system for measuring the synchro-
nized signals of the scanner and the stage. The signals
transmitted to the scanner header are branched, and the
signals of the scanner and stage are stored. The 32-bit data
are stored at 10 us intervals, and communication is con-
ducted based on the LAN. The board has two channels for
storing data from the scanner and the stage separately.
When the movements of the scanner and the stage are syn-
chronized by this storage device, the scanner moves within
the scan area, and the profiles, such as the speed and accel-
eration, can be identified.

Scan Head

t
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Acquisition B/D
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Acquisition B/D

Data _ |
Acquisition PC |
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Fig. 4 Block diagram of scanner and stage data acquisition.

3. Path Generation Using the MICP

Figure 5 shows the sequence of the MICP path algo-
rithm. When the CAD data are input, the nesting process is
conducted (D). The nesting arranges the processing draw-
ing, after which the starting points of the CAD drawing and
the processing sequence, when there are multiple members,
are determined (@). The stage path is created to continu-
ously process the large area ((®). It is important to ensure
that the stage path is smooth, considering the acceleration
and deceleration. Accordingly, spline curves are often used.
The spline curves are divided into interpolating and ap-
proximating curves according to whether or not the curves
pass through the control points. In this study, NURBS
curves were used as the spline curves to ensure smooth
passage.

The NURBS curve is expressed using parameters. The
B-spline, which is the basis of the NURBS, is defined as
the control point, which is not passed through, and the end
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point, unlike the simple spline. The B-spline is expressed
using the blending function A/, shown in Equation 2:

P =S N, WA 2)
i=0

where p is the control point, ¢/is a parameter knot vector,

n is a (control point-1), k is the order, ¢, is the knot for the

configuration of the blending function, and A, is a blend-

ing function of the (k-1) order. The i-th blending function
N, (v) s recursively calculated as

N =] UsUS U, (3)
' 0 otherwse
(v-u,) Ww,, —u) 4
N, Sl /2] i =9 4
/'k(U) (UH/(—W - U/') /'k_W(U) " (U/'+/< - U/H) HM_](U)

The B-spline curve has a convex hull and a normalizing
property. If a B-spline is normalized, the blending function
meets the following equation:

i=0
The knot (/ = [y, ..., u,] must meet the following con-
ditions:
U <u,, ©)
m=n+k 7
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Fig. 5 Flowchart of path generation.

B-spline curves are classified into several types accord-
ing to whether or not the numbers and configurations of the
knots are uniform or periodical. NURBS is so called be-
cause the intervals between the knot values that compose
the B-spline are non-uniform. The non-uniform knot values
are mostly used in two types of situations: first, when the
start and end points must be passed through to create a
shape, and second, when sharp or bent edges are required
between the control points, contrary to the smoothness of
the B-spline curve. The NURBS curve is suitable for laser
cutting because the start and end points must meet. The
mathematical continuity, which is represented by the
smoothness of the curve, is determined by the connection
condition when two curve segments meet. The connection
point of the B-spline can be easily identified from the con-
figuration of the knot, and a curve with an order has a con-
tinuity at the connection point. At this time, one duplicate
knot value reduces the continuity by one order. Therefore,
the knot value can be duplicated as needed to produce a
sharp or bent point in the middle of a curve. The following

equation represents a rational B-spline curve with an

in-

serted weighted value. The condition W >0 is true at all

times:
SN, (W)Pw,
Plu)="2
SN, W,
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Fig. 6 Path generation using MICP. (a) NURBS curve
example using MATLAB. (b) Actual path generation
method.
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In a homogeneous coordinate system, the control point
can be represented as a form of (x, .W,y, -W,z -W.,W),

and the degree of freedom can be increased with the con-
cept of a weighted value for the curve design. NURBS is
very useful for expressing free curves. However, the
NURBS equation (2) requires numerous repeated opera-
tions when it has more control points and a higher curve
degree. There is no problem with free offline 3D graphics,
such as the CAD system, but it is advantageous for the in-
terpolator to reduce and simplify long loops and operations,
such as multiplication, division, and mathematical func-
tions. In this study, a third-degree NURBS curve was used.

Figure 6 (a) shows the NURBS curve obtained by using
MATLAB when ,E;: [0, 2, 4, 6, 8, 09 49 13 5; 4]9 U/: [03 09
0,1,2,3,3,3],and y =[1,1, 1, 1, 1].

The NURBS curve passes through the start and end
points, but not through the control points, to create a
smooth stage path; therefore, it is suitable to create a stage
path. Figure 6 (b) shows the method of actually creating a
stage path based on this method. In the MICP path algo-
rithm, the control points are received from the mouse in-
puts, and the stage path is continuously created.

e

i Lscl

Fig. 7 Stage speed generation using MICP.

The stage path must be smooth near the edge to reduce the
acceleration/deceleration. On the contrary, the scanner can
move at a high speed near the edge. Because the scanner
and the stage are synchronized, the scanner can process
other parts using the position data of the stage. Figure 7
shows the instructions to generate the speed of the stage.

The stage speed is determined (). Because the stage is
synchronized with the scanner, the stage speed must be
configured so that the laser does not go beyond the pro-
cessing area of the scanner. Accordingly, the constraints
are introduced to the actual processing path and the stage
path after the generation of the stage path. As a constraint,
one point on the stage path is connected to one point on the
scanner path using the mouse. The equation for the stage
speed is written as

)

If the total processing speed is given, the time can be
calculated because the length of /  is known. That is, the

stage must move within in time / . Because the

st2
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length and time of the stage movement are given, the speed
for section v, is automatically calculated.

The stage acceleration is smoothly recreated (©). For
example, if there are large differences in the stage speeds,
Vs Vi a0d Vo, the stage acceleration will temporarily

change significantly. To avoid this phenomenon, the stage
path is divided at uniform intervals to allow step-by-step,
smooth changes in the stage speed. The user inputs the

maximum speed variation of the stage (v, ) and the
point interval of the stage path to ensure slow changes. The
following equation represents the coefficient of the chang-
ing speeds. A smaller maximum speed variation results in a
smoother speed change:

Vs[ 1

< N >= Yoz Vet
7

nax

(10)

A simulation is carried out to determine whether the
stage path goes beyond the scanner processing area in the
entire process ((D). Finally, the scanner path and the stage
path are created (®). The data are transmitted to the scan
board and the motion board for processing.

4. Experiments

4.1 Experiment equipment and method

The experiment equipment had a 2-axis stage and 2-
axis scanner galvanometers. The laser oscillator had a 5 W
power, 355 wavelength at 30 nm, 20-100 kHz repetition
rate, and 1 mm beam size. Scanlab’s IntelliScan 10 was
used as the scanner, and a linear motor that had a 1.2 m/s
maximum speed, 15 m/s® maximum acceleration, +3 pum
accuracy, =1 pm repeatability, 10 pm straightness, and 10
um flatness was used for the stage. The scanner area was
50x 50 mm. To measure the synchronized signals of the
scanner and the stage, 2 channels each for the scanner and
the stage were used to store 32-bit data at 10 us. The prod-
uct of the laser processing was measured using Mitutoyo’s
QuickVision Stream with 0.1 pm precision. Figure 8 pre-
sents the experimental setup.

Fig. 8 Experimental setup.
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In this study, a 350X 350 mm square was tested. The

data obtained from the proposed MICP path algorithm were 250 ] _
applied to the actual system to analyze the signals. The wol == o seanmer X
speed was set at 400 mm/s when the scanner and stage sig- 250 —-_ Stage X_
nals were measured. Using many paths that could be creat- T Scanner_X+Stage_X
ed in the CAD drawing with the proposed paths, the preci- E 2007
sion values of the actual product in the two cases in Fig. 9 ? 1501
were measured. Figure 9 (a) shows the stage path that was = 1004
centered in the scanner area, and Fig. 9 (b) shows the stage 50
path that crossed the scanner area in and out. This case had 0 =" T T T T T ——e oo
lower stage acceleration. The processing speeds for the two 000 005 010 015 020 025
cases were set high at 450 mm/s and 500 mm/s. Time [sec]
(a)
F ﬂ ./\ //’ — — -Scanner_Y
4 point 3 point 60 gtcaa?qen}t_wsmge_v
50
150 350 Scanner path —— a0l
Stage path — £ 301
Scanner path =
st thgg )oint 2 point § 20
age pa \ 10
= .
350 350 40— ; . ; . .
(a) (b) 000 005 010 015 020 025

Time [sec]
Fig. 9 Various stage paths using MICP. (a) when the stage b
path was at the center of the scanner and (b) when the stage (b)

path was in and out of the scanner center. Fig. 10 Position results from the edge region: (a) X-axis

and (b) Y-axis.

4.2 Experiment Results

To verify that continuous large-area processing was 400] —me = Scanner X
possible using the MICP path algorithm, signals were 300 ] . - Stage X
measured from the edge of the square. Figure 10 shows the \, Scanner_X+Stage_X
measured data for the two-point section in Fig. 9 (a). Figure g 2001 \\_

10 (a) shows the results represented by the X axis, and Fig. E 100 - S

10 (b) shows those represented by the Y axis. The scanner g 09 =777 If::"'

made up for the area that the stage did not cover. The scan- o -1004 vl .

ner did not go beyond the 50X 50 mm scan area; thus, it -200 - e

was verified that a large 350 X 350 mm square was pro- -300 v

cessed within the laser scanner area. 0.00 005 010 015 020 0.25
Time [sec]

Figure 11 also shows the speed measured for each axis
in the 2-point section. As seen in Fig. 11 (a), the stage (a)
speed on the X axis decreased near the edge. Then the
scanner has been compensated in the opposite direction,

and in Fig. 11 (b), the stage speed on the Y axis decreased 400{ —
near the edge. Then the scanner also has been compensated 300 7
. . . . / — = -Scanner_Y
in the opposite direction. T 200 § = stage_y
. . £ 7 Scanner_Y+Stage Y

The scanner moves so as to maintain change of the E 100 N
working speed of 400mm / s in accordance with the move- 3 o] ==~ : Se-o oo
ment of the stage. Continuous large-area laser processing @ 100, R P
requires a constant processing speed. If the processing N
speed is not constant, the change processing line width. 200 M
Therefore, thgre is no possible to ol?tain a good quality of A0 005 040 o045 o0%o  o0bs
product. In Fig. 11, the total processing speed was constant Time [sec]
at 400 mm/s.

(b)

Fig. 11 Speed results from the edge region: (a) X-axis
and (b) Y-axis.
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Fig. 13 MICP method for large-area processing.

Figures 12 and 13 illustrate the laser processing of a
flexible printed circuit board (FPCB) pattern on an ano-
dized aluminum plate specimen. Figure 12 shows the result

of processing using conventional methods over a large area.

In this step and scanning method, after scanning, the stage
is moved. Accuracy is maintained in the scan area; howev-
er, the result is less accurate in the edge region. Figure 13
shows a processing result produced by the method pro-
posed in this paper. It can be confirmed that the result is
uniform in the edge region.

239

Table 1 The error at each point .

Speed Figure 8 | Figure 8
(mmss) | ETT | ™ | path | (b) Path
. X axis 0 0
1 point -

Y axis 0 0

2 point X axis 5.1 8.2
poin -

450 Y ax?s 2.1 1.1
3 voint X axis -12.8 -7.5
P Y axis 2.9 1.8
4 voint X axis 1.8 1.0
POy axis | -17.2 122

| point X axis 0 0

P Y axis 0 0
. X axis 10.4 15.6
Zpomt 73" 2.0 1.0

500 ax¥s . .
3 voint X axis -20.9 -5.0
PO 17y axis 3.0 2.0
4 point X axis 2.0 1.0
P Yaxis | -33.9 287

Table 1 shows measurements of the test specimens that
were processed using the two stage paths shown in Fig. 9.

The stage path in Fig. 9 (b) had lower stage acceleration
than that in Fig. 9 (a). The laser power was 2 W at 40 kHz,
and the processing speed was 450 mm/s. The processed
specimens were anodized aluminum plates, and the error
was measured at each point. A higher speed led to greater
errors. When the processing speed was 450 mm/s, the error
was as much as -17.2 pm in the path in Fig. 9 (a), and -12.2
pum in the path in Fig. 9 (b). When the processing speed
was 500 mm/s, the error was as much as -33.9 pum in the
path in Fig. 9 (a), and -28.7 pm in the path in Fig. 9 (b).
Near the edge, the error was smaller in the path in Fig. 9
(b), which had high stage acceleration, than in the path in
Fig. 9 (b), which had low stage acceleration.

Table 2 shows the maximum errors of the horizontal
and vertical measurements. The errors were greater in Fig.
9 (b) than in Fig. 9 (a); this indicates that the error was
smaller when the stage path was the same as the scanner
path. As seen in Tables 1 and 2, when the path was created
using the MICP path algorithm, the error was smaller when
the stage path coincided with the CAD path and when the
path had lower acceleration/deceleration.

Table 2 Maximum vertical and horizontal error.

Speed | Maximum | Figure 8 (a) | Figure 8 (b)

(mm/s) | Error (um) Path Path
Horizontal 2.3 18.2

450
Vertical 1.2 10.4
Horizontal 3.1 20.8

500
Vertical 1.4 11.5
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5. Conclusion

In this study, the MICP path algorithm was developed
for large-area laser patterning. The NURBS curve was used
to easily generate the path using the mouse pointer. The
stage speed was automatically calculated under constraint
conditions, and a smooth speed profile was generated
through speed distribution. There was no need for compli-
cated G-code inputs, and the engineer’s ideal paths were
generated. The MICP path algorithm was used to generate
a large-area square (350 X 350 mm) that was larger than the
50x 50 mm scan area. Measurements verified that large-
area processing was possible with a 50 X 50 mm scan area
at a constant processing speed of 400 mm/s. In addition, a
processing experiment was conducted with the paths
wherein the scan path and the stage path were the same and
with paths with lower acceleration/deceleration. When the
processing speed was 450 mm/s or 500 mnv/s, the error was
smaller when the stage path was the same as the scanner
path, and when the acceleration/deceleration was low. It is
expected that this algorithm will be used for easy laser pro-
cessing of various patterns.

References

[1] Kim, T., Park, S., Oh, H. and Shin, Y., “Analysis of
the laser patterning inside light guide panel,” Optics &
Laser Technology, Vol. 39, No. 7, pp. 1437-1442,
2007

[2] Nikumb, S., Chen, Q., Li, C., Reshef, H., Zheng, H. Y.,

Qiu H. and Low, D., “Precision glass machining, drill-

ing and profile cutting by short pulse lasers,” Thin Sol-

id Films, Vol. 477, No. 1-2, pp. 216-221, 2007.

Shin, D., Lee J., Sohn, H., Noh J., and Paik, B., A

FPCB cutting process using a pico-second laser,

JLMN, Vol. 5,. No. 1, pp. 48-52, 2010

240

[4] Erkorkmaz, K., Alzaydi, A., Elfizy, A., Engin, S.,

“Time-optimal trajectory generation for 5-axis on-the-

fly laser drilling”, CIRP Annals - Manufacturing

Technology, Vol.60, Issue 1, pp.411-414, 2011

Hatwig J., Reinhart G, Zaech MF., “Automated task

planning for industrial robots and laser scanners for

remote laser beam welding and cutting”, Pod. Eng. Vol.

4, Issue 4, pp 327-332, 2010

Kim, K. H., Lee, J. H. and Suh, J., “Laser scanner

stage on the fly technique for high precision/ultra-

fast/wide area fabrication,” Proc. of KSME Spring

Conf, pp. 31-32, 2010.

Yoon, K. H., Lee, J. H, Kim K. H. and Suh, J.,

“Scanner-Stage Synchronization Control Method for

Laser Fabrication of Large Aera,” Proc. of KSME

Spring Conf., pp. 287-288, 2010.

Kim, K. H., Lee, J. H., Suh, J. and Yoon, K. H., “The

scanner-stage on the fly technology for a ultra-

precision/ultrafast/wide area fabrication,” Proc. of

KSLP Spring Conf., pp. 44-46, 2010.

Lee, J. H. and Kim, K. H., “Core technology for ultra-

fast/ wide area laser processing,” Machinery and Mate-

rials, Vol. 22, No. 1, pp. 36-42, 2010.

[10]Kim, K. H., Lee, J. H., and Yoon, K. H., “Path Genera-
tion Algorithm Development for Ultrafast/Wide Area
Laser Processing,” Journal of the KSPE, Vol. 27, No.
10, pp.34-39, 2010

[11]Nam, J. H., “Construction of NURBS Model for Pre-
liminary High-Speed Monohull Design Based on Par-
ametric Approach,” J. of Ocean Engineering and
Technology, Vol. 20, No. 3, pp. 82-87, 2006.

[12] ESI, http://www.esi.com/

[13] LPKF, http://www.Ipkf.com/

[14] AEROTECH, http://www.aerotech.com/

(7]

(9]

(Received: March 31, 2014, Accepted: March 26, 2015)


http://www.scopus.com/authid/detail.url?origin=resultslist&authorId=7801498332&zone=
http://www.scopus.com/authid/detail.url?origin=resultslist&authorId=23481399400&zone=
http://www.scopus.com/authid/detail.url?origin=resultslist&authorId=6507973081&zone=
http://www.scopus.com/authid/detail.url?origin=resultslist&authorId=24168098400&zone=
http://www.scopus.com/record/display.url?eid=2-s2.0-79957652257&origin=resultslist&sort=plf-f&src=s&st1=Time-optimal+trajectory+generation+for+5-axis+on-the-fly+laser+drilling&sid=F6A8B05E1D9F34418D8B7BBE509A4976.ZmAySxCHIBxxTXbnsoe5w%3a510&sot=b&sdt=b&sl=78&s=TITLE%28Time-optimal+trajectory+generation+for+5-axis+on-the-fly+laser+drilling%29&relpos=0&relpos=0&citeCnt=3&searchTerm=TITLE%28Time-optimal+trajectory+generation+for+5-axis+on-the-fly+laser+drilling%29
http://www.scopus.com/record/display.url?eid=2-s2.0-79957652257&origin=resultslist&sort=plf-f&src=s&st1=Time-optimal+trajectory+generation+for+5-axis+on-the-fly+laser+drilling&sid=F6A8B05E1D9F34418D8B7BBE509A4976.ZmAySxCHIBxxTXbnsoe5w%3a510&sot=b&sdt=b&sl=78&s=TITLE%28Time-optimal+trajectory+generation+for+5-axis+on-the-fly+laser+drilling%29&relpos=0&relpos=0&citeCnt=3&searchTerm=TITLE%28Time-optimal+trajectory+generation+for+5-axis+on-the-fly+laser+drilling%29
http://www.scopus.com/source/sourceInfo.url?sourceId=19804&origin=resultslist
http://www.scopus.com/source/sourceInfo.url?sourceId=19804&origin=resultslist
http://link.springer.com/article/10.1007/s11740-010-0252-3
http://link.springer.com/article/10.1007/s11740-010-0252-3
http://link.springer.com/article/10.1007/s11740-010-0252-3


<<

  /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 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /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

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /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 300

  /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 ()

  /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



