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If machining abnormalities, such as build-up-edge and cutter breakage, occur during machining, serious damage on the workpiece

surface and deterioration of production efficiency will happen, and cause additional energy consumption for rework and increase the

manufacturing cost. To minimize the effects, an on-line diagnosis method with use of Fast Fourier Transform and algorithm of short-

time signal variation analysis was developed to analyze the vibration signals to quickly detect the two abnormalities in this study. In

addition, the real-time machining information from CNC controller was extracted through a bi-lateral communication module to

prevent misdiagnosis. The control commands were automatically generated by the proposed system and directly sent to the CNC

controller to stop the machine for cutter replacement. Without complex computation, the system can detect the occurrence of BUE

or cutter breakage within 1 second and complete machine control within 3 seconds. The system can instantly transmit and save the

real machining information and diagnosis/control results to the remote central monitoring platform for further process improvement.

With use of TCP/IP communication protocol the central monitoring platform can remote log into the on-site monitoring computer to

directly operate the diagnosis/control system. Experimental results showed the feasibility and effectiveness of the proposed system.
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1. Introduction

Precision milling is one of the major manufacturing processes for

modern industry. If machining abnormalities, such as build-up-edge

(BUE) and cutter breakage, occur during machining, serious damage

on the workpiece surface and deterioration of production efficiency

will happen, and cause additional energy consumption for rework and

increase the manufacturing cost. To avoid/alleviate the damages or

invalid machining for productivity concern, the abnormalities should be

detected and controller in early stage. The earlier the abnormalities are

detected, the less workpiece damages or waste of machining time can

be achieved. Therefore, an effective monitoring and control system that

can early detect the occurrence of BUE and cutter breakage and

directly stop the machine for cutter replacement is necessitated. To

match the requirement of modern production lines, the monitoring and

control system should be designed with the characteristics of high

computation efficiency, friendly communication, and internet-based

remote control.

Many researches had been devoted for machining abnormality

analysis and its damage prevention. Tlusty1 developed a nonlinear force

model for milling chatter and analyzed stability through numerical

simulation. Chen2 collected acceleration signals and force signals

during the milling process, and stored those signals in the computer.

Subsequently, the characteristic values of those signals were calculated

and mixed through addition, multiplication, division, and vector

projection. Finally, the mixed characteristic values were used as inputs

of neural network analysis to diagnose the condition of the milling

process. Some studies were made to predict the occurrence of build-up-

edge and cutter breakage. With taking cutting and thrust forces, chip

flow, chip up-curl radius, chip thickness, and tool-chip contact length

into account, Fang3 proposed a slip-line model for prediction of BUE.

Panda et al.4 used back-propagation neural network to predict the tool

wear to avoid the occurrence of cutter breakage. Zhang5 simulated

cutting path and cutting dynamics with use of CAD/CAM to obtain

machining parameters. When the materials and structure dynamics

were known, cutting forces were computed and used to predict the
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possibility of occurrence of cutter breakage.

The dynamic status of a system or process can be monitored

through analyzing the operation signals of the system. Signals collected

from operation can be divided into two categories: steady signals and

transient dynamic signals. The steady signals usually represent stable

operation or the operation phenomenon has been running for a long

period. The transient dynamic signals reflect the variation of a system

encountering operation condition changes, external impact, or

abnormalities. Since both types of signals display different

characteristics, different signal processing method should be used for

different machining abnormalities.

Fourier transform is a useful and well-known tool for signal

processing. It provides the ability to understand the dynamic

characteristics of a system through viewing transformed signals in the

frequency domain. However, Fourier transform is not able to detect the

transient change in signals, because the energy distribution of impulse

signal is uniform in the frequency domain. Wavelet transform is able to

detect the transient changes in dynamic signals. Adham6 used discrete

wavelet transform in smoothing kinematic data. Ho et al.7 compressed

ultraviolet-visible spectra through bi-orthogonal wavelet transform.

Many researchers studied the diagnostic system. Du et al.8 measured

force signals and obtained the characteristic values in the time domain

including the ratio of cutting force range to time interval, ratio of force

range to mean value of cutting force, and the characteristic values in

frequency domain including peak value, frequency of peak value, and

bank energy. Finally, an expert system using analysis of the

characteristic values to distinguish chatter, tool wear, tool break, noise,

or normal operation was produced. Shetty et al.9 examined the role of

vibration monitoring in machine tool operations and proposed a

monitoring method and the associated instrument using mechatronics

technology with embedded measurement design. Ahmed et al.10

proposed a method that incorporates the features of Magneto-

Rheological fluid which utilizes the input current as source to modify

the magnetic field to enhance the variable stiffness and produce

damping effect to control the end mill cutter vibration and suppress the

chatter. 

Lee et al.11 proposed a method using feed drive AC motor current

as the monitoring signals to real-time detect tool breakage. Through

modeling of the feed driving system and calibration with a

dynamometer, it showed that the sensitivity of the feed drive motor

current is sufficient to characterize the tool breakage.  Li et al.12 also

used permutation entropy of feed-motor current signals in end milling

as monitoring signals to detect tool breakage. The detection method

composed of estimation of entropy and wavelet-based de-nosing.

Commercial tool monitoring system, such as TECHNA-CHECK Tool

Monitoring Systems, also uses spindle power as the monitoring signals

to monitor broken, worn and missing tools. Baek et al.13 proposed a

method using a signal processor with autoregressive (AR) model and a

band energy method to extract the features of tool states to detect tool

breakage and chipping in real time. The method obtained characteristic

values of milling force as bank energy through the band pass filter, and

diagnosed them for judging operation status through neural network

analysis. Experimental results showed that AR-based method gives

more accurate monitoring result. 

Driver current monitoring could be a cheaper method, because it

could be a sensorless approach by directly measuring the control

current of the servo driver. However, the challenge of improving

detection efficiency based on motor current is the tool condition hidden

in the motor current signals and the current signals could also contain

undesired information, such as high-frequency noise, current control

errors, and driving component effects. Besides, due to the limited

resolution of the spindle power signals, it is usually difficult to detect

the abnormality (such as BUE or tool wear) at early stage where the

variation of spindle power signals is not evident enough for monitoring.

Many researches or commercial monitoring system were designed for

tool breakage, worn or missing, but still not too many for build-up-

edge.

Most of the developed diagnosis methods for tool state monitoring

using complex signal processing algorithms require more computation

time. It is not able to early detect the abnormality quickly and prevent

the damages caused by the abnormality. On the other hand, if instant

information of machining status, such as instant cutting locations, true

spindle speed, and feedrate etc. can be extracted directly from the CNC

controller as diagnosis references, the reliability of diagnosis can be

further enhanced. In this study, a new on-line diagnosis and control

method adopting short-time signal variation analysis and Fast Fourier

Transform that can detect the BUE at its early formation duration was

developed. For cutter breakage detection, in addition to short-time

signal variation analysis, instant NC codes from CNC controller were

directly extracted through a bi-lateral communication module and used

as a machining status reference to avoid fail diagnosis. Without

complex computation, the proposed system can detect the occurrence

of BUE and cutter breakage at early formation duration.

Adopting Fanuc Open CNC Api Spec and Ethernet protocol, a bi-

lateral communication module providing access of directly extracting

information of machining status and submitting control commands

from/to CNC controller to control BUE and cutter breakage without

additional communication devices or cables was developed. It is more

convenient for industry application. The communication module also

provides the capability of recording the instant machining parameters

with the diagnosis results for machining process optimization.

Furthermore, a friendly communication interface using TCP/IP

protocol was built so that the central monitoring platform can remote

log into the on-site monitoring computer for remote operating the

diagnosis/control system. 

2. Diagnosis and Control Algorithm for BUE and Cutter

Breakage

Experiments were conducted to on-line collect lots of vibration

signals to analyze the characteristics of the build-up-edge and cutter

breakage signals to develop the diagnosis algorithm. According to the

characteristics of the signals, Fast Fourier Transform and short-time

signal variation analysis were adopted to diagnose the occurrence of

build-up-edge and cutter breakage. To avoid fail diagnosis, a bi-lateral

communication module which followed Fanuc Open CNC Api Spec

and Ethernet protocol and was written in C#, was developed to extract

the instant machining parameters, such as spindle speed, federate, and

instantly executed NC code from CNC controller for diagnosis. The
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instantly executed NC code gives the real-time cutting path information

that excludes the influence of vibration caused by non-machining

reason. As the BUE and cutter breakage detected, the proposed system

automatically send commands to CNC controller to stop the machine

for cutter replacement. Fig. 1(a) shows the structure of the diagnosis

and control system, and Fig. 1(b) shows the setup of 3 accelerometers

for on-line collecting the cutting vibration signals for monitoring. The

accelerometers were attached on the vice where is close to the

workpiece to collect the actual cutting vibration signals.

2.1 Build-up-edge diagnosis and control algorithm

According to the characteristics analysis, the vibration signal of

BUE exhibits the following characteristics.

2.1.1 Characteristics of BUE vibration

(i) Sudden increase of BUE vibration

When BUE occurs, edges of cutter start losing their machining

capability and machining resistance increases that causes cutting

vibration increase. As it can be seen from Fig. 2, the vibration

increased almost 2 times during the formation period of BUE (between

the 16th and 17th second). The cutter lost most of the cutting capability

after the 18th second.

(ii) Frequency change of BUE vibration

When the chips melt and stick on cutter edges, the cutter edge loses

its cutting capability.  As a cutter edge has serious BUE, it may not

have real cutting but impact and squeezing. It causes different cutting

forces at the cutter edge, and the dominant cutting vibration frequencies

will be influenced by the tool passing frequency of cutting vibration

which changes following Eq. (1).

Dominant vibration frequency (1)

where S is spindle speed, N is number of cutting edges, and A is the

number of cutting edges with BUE (A<N)

Fig. 3 shows the spectra analysis of a cutting process with 4-flute

end mill and 1200 rpm. Because the number of cutter edges with BUE

increases from 1 to 3, the dominant vibration frequencies 40 Hz and 60

Hz that are 3/4 and 1/2 of the tool passing frequency (80 Hz).

2.1.2 Diagnosis algorithm

According to the above characteristics analysis, the diagnosis

algorithm for BUE is as follows:

(i) Short-time signal variation analysis

The experimental results showed that the formation of BUE took 3

seconds or less (shown as Fig. 4) During the 0-1st second it was normal

cutting. BUE started forming during the 1st-2nd second, and the cutting

vibration increased almost 2 times. During the 2nd-3rd second, the

cutter lost it cutting capability and low-frequency vibration showed up.

Thus, the first diagnosis rule is on-line taking 3-second-long vibration

signals and checking the increase rate of the signals. To have

conservative diagnosis, the threshold value of increase rate was defined

as 1.5.

(ii) The second diagnosis rule is to check whether the dominant

frequency of the collected vibration signals is changed as Eq. (1). Fast

Fourier Transform analysis will be applied to on-line analyze the

f
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Fig. 1 Structure of the diagnosis and control system

Fig. 2 Vibration signals of a milling process with BUE

Fig. 3 Spectra analysis of the milling vibration with BUE
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collected signals. Because the number of cutting edges is known and

the true spindle speed can be directly extracted from CNC controller

through the bi-lateral communication module, the tool passing

frequency can be calculated for diagnosis. The associated frequencies

for different number of cutter edges having BUE are calculated in

advance for diagnosis.

If the above two rules are simultaneously satisfied, the warning

message will be issued and the BUE control unit will be activated. In

addition, when BUE exists, the dominant vibration frequencies are

lower than the tool passing frequency. To minimize the influence of

high-frequency noise and the resonance caused by the cutting forces,

the signal filter was added to screen the signals with frequency higher

than 1.1 times of tool passing frequency.

2.1.3 Control algorithm

Because a cutter damaged by BUE cannot be used anymore and

machining with the cutter could damage workpiece badly, the machine

tool should be stopped immediately when BUE is detected. Thus, a

control command will be directly sent to the CNC controller through

the bi-lateral communication module to stop the machine.

2.2 Cutter breakage diagnosis and controlalgorithm

2.2.1 Characteristics of cutter breakage vibration

Cutter breakage is mainly caused by impropriate cutting parameters,

collision, or limit of cutter life. When cutter breakage happens, no

machining is conducted. To minimize the invalid of machining time,

machine tool should be stopped for cutter replacement as early as

possible, when cutter breaks during machining.

Fig. 6 shows the characteristics of the cutting vibration of a milling

process with occurrence of cutter breakage. The cutting vibration will

suddenly increase due to breakage impact and quickly drop to almost

zero due to disappearance of cutting force. At this moment, the existed

vibration is mainly from the spindle free rotation and machine

movement without cutting. The vibration was gradually decreased to

almost zero (only took 0.26 seconds). Fig. 7 shows the change of

vibration when cutter breakage happens. As it can be seen from the

figure, the vibration dropped to near zero at the 20th second within 0.01

second. According to lots of experimental data, it was found that the

ratio of the vibrations before breakage to the vibration after breakage

is 3 or up.

2.2.2 Diagnosis algorithm

When cutter breakage happens, the vibration will have two

characteristics: (1) vibration jumps within 0.01 second and immediately

drops to near zero after jump; (2) ratio of increased vibration to

dropped vibration is 3 or up. 

According to the two characteristics, 0.5-seconds-long vibration

signals is extracted and divided into N segments each time for diagnosis.

The root-mean-square (r.m.s.) value of each interval vibration is

computed, and the ratio of the nth segment vibration to the (n+2)th

segment vibration is computed. Two rules are then checked for

diagnosis: (1) whether the ratio of vibration comparison is 3 or up; (2)

whether the magnitude of vibration at the (n+2)th segment is close to

the value caused by spindle running rotation and machine movement

without cutting. If the two rules are satisfied, warning message will be

issued and the control unit will be activated.

Before monitoring, the system will pre-measure the machine

vibration under the condition that spindle is free running without

cutting for 10 seconds and calculate the average value of the maximum

vibrations at divided intervals. The value is regarded as the threshold

and then saved to the monitoring system for diagnosis.

Fig. 4 Characteristics of cutting vibration with BUE

Fig. 5 Flowchart of the diagnosis and control process for BUE

Fig. 6 Characteristics of cutter breakage vibration

Fig. 7 Machining vibration with cutter breakage
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To prevent fail diagnosis, the instantly executing NC code is directly

extracted from CNC controller through the developed bi-lateral

communication module during diagnosis process, to ensure that the

detected vibration changes is not due to the normal change of cutting

path.

2.2.3 Control algorithm

When cutter breaks, the machine tool should be stopped as soon as

possible to minimize the invalid machining time and replace cutter.

Thus, the monitoring system will directly send machine-stop command

to the CNC controller through the bi-lateral communication module,

when cutter breakage is detected.

Fig. 8 shows the diagnosis and control flowchart for cutter breakage.

3. On-Line Monitoring and Control System

Based on the proposed diagnosis and control algorithms, an on-line

chatter monitoring and control system was written in C#. The system

was installed in an on-site computer and can directly communicate with

the CNC controller. Accelerometers were used to on-line collect the

vibration signals. Fig. 9 shows the interface of the system.

To avoid fail diagnosis, a bi-lateral communication module that can

call the Application Programming Interface (API) to extract instantly

executed NC codes, true spindle speed and feedrate was developed

based on Fanuc Open CNC Api Spec and Ethernet protocol for on-line

verifying the current machining status for diagnosis reference. The

module can also extract other instant machining information and

control parameters from the CNC controller and upload them with the

diagnosis/control results to the remote central monitoring platform. The

information can be used for machining process optimization in the

future.

Fig. 10 shows the extracted instant information shown on the central

remote platform. When abnormality is detected, the module can

communicate with the PLC (Programmable Logic Controller) of the

CNC controller to transmit chatter control commands to the CNC

controller for fast suppression.

With Ethernet protocol, the system also provides the function that

the remote central monitoring platform can remote log into the on-site

diagnosis/control system. For real time monitoring, if the priority of

TCP/IP is not high, there can be a transmission delay of abnormality

signal and the efficiency of real-time monitoring is influenced.

4. Experimental Verification

BUE monitoring experiment and cutter monitoring experiment were

conducted to verify the proposed diagnosis and control algorithms and

the effectiveness and feasibility of the developed system.

In the BUE monitoring experiment, a 4-flute tungsten carbide end

mill with diameter of 12 mm was used to cut Al6061. Straight line

cutting path was planned. The cutting parameters were shown in Table 1.

Accelerometers with data acquisition card (DAQ card) were used to

on-line extract vibration signals for diagnosis. Fig. 11 shows the

vibration signals and spectra analysis of the experiment. BUE developed

during the 10~11th second. The vibration had a sudden increase when

BUE formed. The vibration occurred after 11th second exhibited low-

frequency characteristics. According to the result of FFT, it was noted

Fig. 8 Flowchart of the diagnosis and control process

Fig. 9 The interface of the diagnosis and control system

Fig. 10 The extracted machining information shown on the central

remote monitoring platform
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that one of the dominant vibration frequency is 150 Hz which is 3/4 of

the tool passing frequency 200 Hz. Since the diagnosis rules were

matched, the system showed alarm (Fig. 12) and stop the machine for

cutter replacement. The total monitoring time was about 3 seconds. Fig.

12 was the interface of the proposed system. Fig. 13 showed the cutter

with BUE.

In the cutter breakage monitoring experiment, a 2-flute tungsten

carbide end mill with diameter of 12 mm was used to cut Al6061.

Straight line cutting path was planned. The cutting parameters were

shown in Table 2. In the experiment, the cutting was continuously

repeated until the cutter broke. After many cuttings, the cutter wore and

finally broke. Fig. 14 showed the vibration signals of the machining

process. It was noted that cutter broke during 16~17th second, and the

vibration had a significant increase and then quickly dropped to a very

small value. As it can be seen from the figure, the system detected the

occurrence of cutter breakage and stopped the machine within 1

Table 1 Conditions of BUE monitoring experiment

Cutting tool Ø12 × 4-flute (tungsten steel tool)

Workpiece material A6061 T6

Cutting path Straight line

axial depth of cut (mm) 4

radial depth of cut (mm) 12

Spindle speed (rpm) 3000

Feed drive (mm/min) 450

Cutting passing frequency (Hz) 200

Fig. 11 Vibration signals and Spectra analysis for BUE experiment

Fig. 12 Interface of the system with BUE alarm showed

Fig. 13 The cutter with BUE

Table 2 Conditions of cutter breakage monitoring experiment

Cutting tool Ø12 × 2 -flute. (tungsten steel tool)

Workpiece material A6061 T6

Cutting path Straight line

axial depth of cut (mm) 4

radial depth of cut (mm) 8

Spindle speed (rpm) 3000

Feed drive (mm/min) 750

Fig. 14 Vibration signals of cutter breakage experiment

Fig. 15 Photo of the broken cutter

Fig. 16 Interface of the system with cutter breakage alarm showed
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second. It shows the effectiveness of the proposed system. Figs. 15 and

16 respectively showed the broken cutter and interface of the system

with cutter breakage alarm showed.

5. Conclusions

An on-line diagnosis and control method with use of Fast Fourier

Transform and algorithm of short-time signal variation analysis algorithm

was developed for BUE and cutter breakage in this study. In addition,

a bi-lateral communication module providing the capability to directly

extracted information and send control commend from/to the CNC

controller was developed for diagnosis. Based on the proposed method

and use of TCP/IP communication protocol, an on-line diagnosis and

control system with characteristics of high computation efficiency,

friendly communication, and remote log-in capability was also built.

Verification experiments were conducted to verify the effectiveness and

feasibility of the proposed system. Experimental results showed that the

system can complete the diagnosis and control of BUE within 3 seconds

and complete the diagnosis and control of cutter breakage within 1

second.

ACKNOWLEDGEMENT

This study is supported by National Science Council under the grant

number NSC 101-2221-E-033-007, Ministry of Economy Affair, and

the Institute for Information Industry under the Project of Development

of Industrial Platform for Value-Added Service via Intelligent Sensing

Technology (1/4) of the Institute for Information Industry which is

subsidized by the Ministry of Economy Affairs of the Republic of China.

REFERENCES

1. Tlusty, J., Livingston IV, R., and Teng, Y., “Nonlinearities in Spindle

Bearings and their Effects,” CIRP Annals-Manufacturing Technology,

Vol. 35, No. 1, pp. 269-273, 1986.

2. Chen, S. L. and Jen, Y. W., “Data Fusion Neural Network for Tool

Condition Monitoring in CNC Milling Machining,” International

Journal of Machine Tools and Manufacture, Vol. 40, No. 3, pp. 381-

400, 2000.

3. Fang, N. and Dewhurst, P., “Slip-Line Modeling of Built-up Edge

Formation in Machining,” International Journal of Mechanical

Sciences, Vol. 47, No. 7, pp. 1079-1098, 2005.

4. Panda, S. S., Singh, A. K., Chakraborty, D., and Pal, S. K., “Drill

Wear Monitoring using Back Propagation Neural Network,” Journal

of Materials Processing Technology, Vol. 172, No. 2, pp. 283-290,

2006.

5. Zhang, W. S., “Dynamic NC Simulation and Tool Breakage

Detection in Turning,” Ms.C. Thesis, National Taiwan University of

Science and Technology, 1991.

6. Ismail, A. R. and Asfour, S. S., “Discrete Wavelet Transform: a Tool

in Smoothing Kinematic Data,” Journal of Biomechanics, Vol. 32,

No. 3, pp. 317-321, 1999.

7. Ho, H. L., Cham, W. D., Chau, F. T., and Wu, J. Y., “Application of

Biorthogonal Wavelet Transform to the Compression of Ultraviolet-

Visible Spectra,” Computers & Chemistry, Vol. 23, No. 1, pp. 85-96,

1999.

8. Du, R., “Signal Understanding and Tool Condition Monitoring,”

Engineering Applications of Artificial Intelligence, Vol. 12, No. 5,

pp. 585-597, 1999.

9. Shetty, D., Ali, A., and Hill, J., “Optical Instrumentation for Vibration

Measurement and Monitoring,” Int. J. Precis. Eng. Manuf., Vol. 12,

No. 3, pp. 405-411, 2011.

10. Ahmed, G. M. S., Reddy, P. R., and Seetharamaiah, N., “Experimental

Investigation of Magneto Rheological Damping Effect on Surface

Roughness of Work Piece during End Milling Process,” Int. J. Precis.

Eng. Manuf., Vol. 13, No. 6, pp. 835-844, 2012.

11. Lee, J. M., Choi, D. K., Kim, J., and Chu, C. N., “Real-Time Tool

Breakage Monitoring for NC Milling Process,” CIRP Annals-

Manufacturing Technology, Vol. 44, No. 1, pp. 59-62, 1995.

12. Li, X., Ouyang, G., and Liang, Z., “Complexity Measure of Motor

Current Signals for Tool Flute Breakage Detection in End Milling,”

International Journal of Machine Tools and Manufacture, Vol. 48,

No. 3, pp. 371-379, 2008.

13. Baek, D. K., Ko, T .J., and Kim, H. S., “Real Time Monitoring of

Tool Breakage in a Milling Operation using a Digital Signal

Processor,” Journal of Materials Processing Technology, Vol. 100,

No. 1, pp. 266-272, 2000.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageDownsampleThreshold 1.33333
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageDownsampleThreshold 1.33333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 150
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.33333
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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)
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /DetectCurves 0.000000
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /PreserveDICMYKValues true
  /PreserveFlatness true
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /ColorImageMinDownsampleDepth 1
  /CropGrayImages true
  /GrayImageMinResolution 290
  /GrayImageMinResolutionPolicy /Warning
  /GrayImageMinDownsampleDepth 2
  /CropMonoImages true
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /Warning
  /CheckCompliance [
    /None
  ]
  /PDFXOutputConditionIdentifier ()
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
  /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 [2834.646 2834.646]
>> setpagedevice


