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Abstract 
For each of incident on an expressway, if there is no information 

to other drivers and to the rescue team on a timely manner, the 
incident could affect many aspects of which may cause loss even 
more. Examples include secondary incidents, accumulated traffic 
congestion, and delays in the rescue of the wounded. The 
Expressway Authority of Thailand (EXAT) realized in the importance of 
reducing loss, therefore, initiated an effort to research and 

development of automatic incident detection (AID) algorithm using 
traffic sensor data, which include speed, flow, and occupancy from 
the Image Processing Detection System (IDS).  This paper presents the 
development of an AID algorithm using real traffic sensor data.  The 
focus of this study is to develop an AID algorithm under heavy traffic 
volume condition on an expressway. Karnchana Pisek Expressway, 
one of expressways operated by EXAT, was chosen because traffic 
sensors were already installed for other purposes.  The AID algorithm 
developed in this study is based on California and McMaster 
algorithms. The performance indicators of the AID algorithm are 
detection rate (DR), time to detect (TTD) and false alarm rate (FAR).  

The test results indicate DR within the range of 87.5-100 percent, 

TTD within the range of 6.5-16 minutes (given that traffic sensors are 

quite far apart), and FAR within the range of 0.0-1.0 percent. The 
proposed AID algorithm is able to detect incidents more quickly than 
traffic control officers, around 1 to 2 minutes.  Moreover, it is able to 
identify locations of incidents accurately and efficiently. 

Keywords: accident detection system, detection rate, time of 
detection, false alarm rate. 

1.  

 5  
 1,200  

 5   28,000  
 

 
   

  
  

 
 

 
  

 
  

(Variable Message Sign: VMS)   
 (Navigator)  

  
-  

การพัฒนาระบบตรวจจับอุบัติการณอัตโนมัติบนทางพิเศษภายใตสภาพจราจรหนาแนน 

Development of Expressway Automatic Incident Detection System under 

Heavy Traffic Volume Condition 

 
ชาญเวทย หริพาย1, อานุพล กฤษดานิรมิตร2, สุรเชษฐ ประวีณวงศวุฒิ3 และ ศักดิ์ดา พรรณไวย4 

1, 2, 3, 4 กองวิจัยและพัฒนาวิศวกรรมระบบทางพิเศษ การทางพิเศษแหงประเทศไทย จตุจักร กรุงเทพมหานคร 10900 
E-mail: 1 charnwet.har@gmail.com, 2 anupon.kit@gmail.com, 3 surachet_pra@exat.co.th, 4 sakda@exat.co.th 

การประชุมวิชาการวิศวกรรมโยธาแห�งชาติ ครั้งท่ี 18
วันที่ 8-10 พฤษภาคม 2556 ณ โรงแรมดิเอ็มเพรส เชียงใหม

ท่ี 18ท 18
งใหมงใหม

TRP - 1



 2

  
 

 
 28% 

 Algorithm 
  

2.  

 2   
  Data Mining 

     
  

 IDS  
 ,  ( ) 

 
. 

 

  Algorithm  
 

 Level of Service (LOS)  
C, D, E, F 

 Algorithm 
  , ,  

   Algorithm 
 6  

 1) Comparative Algorithm 2) Statistical Algorithm 3) 
Smoothing and Filtering Algorithm 4) Traffic Modeling Algorithm 
5) AI Algorithm 6) Image Processing Algorithm 

  California Algorithms 
 Comparative Algorithm  McMaster Algorithm 

 Traffic Modeling Algorithm  

2.1 California Algorithm 
California Algorithm [1]  Traffic Services 

Corporation (TSC) Algorithm 2  Algorithm 
   

  [2] 
 Algorithm  [3] 

 Decision Tree  California Algorithm  1
 California Algorithm  3  

 loop detector   
Image Processing  occupancy  
(Upstream)  (Downstream)  
(1) (2)  (3) 

 

                                 (1) 

                                      (2) 

 

                              (3) 

 
  Occupancy      

           (Upstream)  

 

 1  Decision Tree  California Algorithm [4] 

 California Algorithm  
1)     

Occupancy    
  

Algorithm  
2)    Occupancy 

 occupancy 
  

  Algorithm 
 

3)   Occupancy 
       Occupancy  

      Algorithm 
 Detector 

  2  
 2   

  2 
    

4)      
Detector  California Algorithm  
Comparative Algorithm  Pattern-Based Algorithm [3] 

 Threshold  
 

การประชุมวิชาการวิศวกรรมโยธาแห�งชาติ ครั้งท่ี 18
วันที่ 8-10 พฤษภาคม 2556 ณ โรงแรมดิเอ็มเพรส เชียงใหม

TRP - 2



 3

Payne and Tignor [1]  California Algorithm 
  TSC 

Algorithm 7  TSC Algorithm 8 [3]  Algorithm 
 

2.1.1 California Algorithm 7 

Algorithm 7  3 
 Occupancy       

 Occupancy     
 Occupancy        

 Payne and Tignor [1]  Occupancy 
 20  

  Algorithm 
7  Occupancy 

 Algorithm 
  Decision Tree  California Algorithm 

7  2 

 

 2  Decision Tree  California Algorithm 7 [4] 

2.1.2 California Algorithm 8 

Algorithm 8  Algorithm 
   

Algorithm 8   Compression Wave 
 (Recurring 

Congestion)  Algorithm  9  
 Threshold  5    

Decision Tree  California Algorithm  3 

2.2 McMaster Algorithm 

McMaster Algorithm  Catastrophe Theory 
 

 
   Algorithm 

  

 Occupancy  Flow 
  Algorithm 

 
   

 
  McMaster Algorithm 

 Loop Detector   
  .

 IDS  
 (Upstream )  Algorithm 
-  

 
 McMaster Algorithm  3 

     Occupancy 
 3  

   
(Flow)  Occupancy  
Occupancy [5]  4 

2.3  Algorithm  Fuzzy set theory 

 California Algorithm  McMaster Algorithm 
 

Algorithm  Weighted Fuzzy Logic 
 California Algorithm  

McMaster Algorithm  
 w1  w2  (Weight)  

California Algorithm (CA)  McMaster Algorithm (MM) 
  w1+w2 = 1   wi >= 0 (i = 1,2) 

 

WIL= (w1*CA)+(w2*MM)  x = w1*CA+ (1-w1)*MM     (4) 
 

WIL  Weighted Incident Likelihood  
 WIL   Threshold 

 
 WIL > Threshold, Incident Decision = 1 (Incident Case)  

WIL <= Threshold, Incident Decision = 0 (Non-Incident Case)  
 

CA   Di/Max(Di)  i = time slot 1, 2, 3,.... n 
Di  Relative Spatial Occupancy Difference 

 Downstream  (OccU-
OccD)/OccD - T3  California 
Algorithm 

Max(Di)    Di 
w1    weight   CA  California 

Algorithm 
w2    weight  MM  McMaster 

Algorithm 
 

การประชุมวิชาการวิศวกรรมโยธาแห�งชาติ ครั้งท่ี 18
วันที่ 8-10 พฤษภาคม 2556 ณ โรงแรมดิเอ็มเพรส เชียงใหม

ท่ี 18ท 18
งใหมงใหม

TRP - 3



 4

 

 3  Decision Tree  California Algorithm 8 [4] 

 
 

 
 

 
 

 4  Flow-Occupancy  Speed-Occupancy  
McMaster Algorithm [6] 

 
 

2.4  Algorithm 

2.4.1 Detection Rate (DR)   
Algorithm  

  DR  0  1 
 DR  Algorithm  

 

DR= No. of detected incidents
Total No. of actual incidents

                                 (5) 

False alarm rate (FAR)   
(Time Slot)  Algorithm  

 Algorithm   
FAR  0  1  FAR  Algorithm 

  
 

FR= No. of time slots with incidents falsely declared 
Total No. of time slots

                 (6) 

 Mean Time to Detect (MTTD) 
 Algorithm 

  TTD  0  Infinity  TTD 
 Algorithm  

 

MTTD=          (7) 

3.  

 
 

   

การประชุมวิชาการวิศวกรรมโยธาแห�งชาติ ครั้งท่ี 18
วันที่ 8-10 พฤษภาคม 2556 ณ โรงแรมดิเอ็มเพรส เชียงใหม

TRP - 4



 5

 . 
 (IDS)  

 5  
  Algorithm 

  

4. : 
 

 Algorithm   
California Algorithm  McMaster Algorithm  California 
Algorithm  Algorithm   

 calibrate  thresholds  
 California Algorithm  Algorithm 

 Upstream  Downstream  
  

Mean Time To Detect  Detection Rate  
 McMaster Algorithm 

  McMaster Algorithm   
Algorithm  Traffic Parameters  

 Downstream Detector  California 
Algorithm   
Fuzzy Logic 

   
 

 
 5  

 
 

 

4.1  McMaster Algorithm  
McMaster Algorithm  Catastrophy Theory 

  Traffic 
State  (Region)   6 

 Traffic State  Catastrophy Theory 
 Traffic State  4   Traffic State  

 Upstream  McMaster Algorithm 
 7  McMaster Algorithm 

  Traffic State   Upstream  2 
 3  Downstream   Traffic State  1  2 

 1 
 OCMAX, g(OCC), Vcrit  

McMaster Algorithm  Plot Volume vs. 
Occupancy  8  Volume  Occupancy 

  1  3A/4A (STA 8+000) 
 5  

 8   g(OCC)  Vcrit  Plot 
 Volume  Occupancy  

(Non-Incident Traffic)  

 (Incident Traffic) 
  Traffic State  4   

 

 

 6  Flow vs. Occupancy  
Traffic State [7] 

 

การประชุมวิชาการวิศวกรรมโยธาแห�งชาติ ครั้งท่ี 18
วันที่ 8-10 พฤษภาคม 2556 ณ โรงแรมดิเอ็มเพรส เชียงใหม

ท่ี 18ท 18
งใหมงใหม

TRP - 5



 6

OCMAX = 25%, Vcrit = 30 vehicles/minutes, g (OCC) = 
1.2*OCC  

   03A/04A  Traffic State 1 ( ) 
 Traffic State 3 

( )  bottleneck flow 
 Traffic State 4 

 Traffic State2  
 

 
  

 7 
 McMaster algorithm [7] 

 
 1  

Traffic 
State at  

Traffic State at Upstream Station  

Downstream 
Station  1 2 3 4 

1  Uncongeste
d  

INCIDENT  INCIDENT  Bottleneck 
flow  

2  Uncongeste
d  

INCIDENT  INCIDENT  Bottleneck 
flow  

3  Uncongeste
d  

Check 
downstrea

m i+2  

Check 
downstrea

m i+2  
Bottleneck 
flow  

4  Uncongeste
d  

Recurrent 
Congestion  

Recurrent 
Congestion  Bottleneck 

flow  

 

 Recurrent Congestion  
  Downstream  03A/04A 

    Upstream 
 Traffic State3  
 Downstream   
Traffic State 2  

McMaster Algorithm  Traffic State 
Upstream  3  2 

 Downstream 
 

 Traffic State 3  2 

 4 ( 07A/08A-
09A/10A)  California Algorithm  

  DR  14 
   1  7   

Volume vs. Occupancy Plot  11 
 Volume-Occupancy  Traffic State 3  2 

 
 

 
 8 Volume vs. Occupancy Plot  1  

 

 
 9 Volume vs. Occupancy Plot   Upstream 

(03A/04A)  Downstream (05A/06A) 
 
 
 
 
 
 
 
 
 

 

การประชุมวิชาการวิศวกรรมโยธาแห�งชาติ ครั้งท่ี 18
วันที่ 8-10 พฤษภาคม 2556 ณ โรงแรมดิเอ็มเพรส เชียงใหม

TRP - 6



 7

 

 
 10  McMaster 

Algorithm  2  03A/04A  
05A/06A  McMaster Algorithm  Performance 

 California Algorithm  4  OCMAX, VCRIT, 
 g(OCC)  

 10 
 McMaster Algorithm  2 

 03A/04A  05A/06A  Occupancy, 
Volume, Speed  Upstream(03A/04A)  
05A/06A  26  2555  24  
OCMAX, VCRIT,  g(OCC)  

 McMaster Algorithm  10  
  2  Performance 

 Algorithm    DR 
 80%  100%  FAR  0.2%  1.4% 

 Median TTD  6  27.5  
 DR   80 

  FAR  1.4%   
1,000  (  16.7 )  
(False Alarm)  14   1   1  

 
  TTD  

 5  
  1  (  

20  30 ) 
  1  2 

 Performance  McMaster  California 
Algorithm     TTD 

  
Performance  Automatic Incident Detection Algorithm 

    
 California Algorithm  McMaster Algorithm 

 
 

 2  Thresholds  Performance 
(DR, FAR, MTTD)  California Algorithm 

 10  

 
 
 

4.2  California Algorithm 

 
 

 1,000  1,300 
 

 
  

 
 IDS 

 Occupancy   12 (a) 
 24  (b)  Occupancy  24 
 IDS  03A  04A  05A 

 06A   26  2555  
03A/04A  05A/06A  

 
 
 

การประชุมวิชาการวิศวกรรมโยธาแห�งชาติ ครั้งท่ี 18
วันที่ 8-10 พฤษภาคม 2556 ณ โรงแรมดิเอ็มเพรส เชียงใหม

ท่ี 18ท 18
งใหมงใหม

TRP - 7



 8

 

 
 12  (a) Speed  (b) Occupancy 

 03A/04A (Upstream) 05A/06A(Downstream) 
 24  26  2555 

 
 

14:10 .  19:20 .  1  
 Upstream Station  80  90 .  . 

 0  10 . .  Downstream 
Station  5  10 .  .   
Occupancy Upstream Station  10 

  30  40  Occupancy 
 Downstream Station  5  

  
.     9+700A 

 10  20  

 

 
 13 

 03A/04A  05A/06A  26 
 2555  14:10 .  

19.20 . 
 12 

 Upstream Station  12 (a) 
  Downstream Station 

  
 12 (b) 

   Occupancy  
Upstream Station  

การประชุมวิชาการวิศวกรรมโยธาแห�งชาติ ครั้งท่ี 18
วันที่ 8-10 พฤษภาคม 2556 ณ โรงแรมดิเอ็มเพรส เชียงใหม

TRP - 8



 9

 Occupancy  Downstream Station 
 

 Occupancy  
Upstream  Downstream Stations  13 (c) 

 
13 (d)  13 (e)  California Algorithm 

 14:00  19:30 .  
13 (f)  model 

  Objective function  maximize 
CI   Thresholds T1, T2,  T3  
2  Detection Rate  0  100 

 FAR  0  0.09   MTTD  2 
  48   MTTD  4  5 48  

31  
California Algorithm  1 

  MTTD  TTD 
  

Performance  California Algorithm  4  5 
   DR  

 
 

 McMaster Algorithm  
 Algorithm  Mean 

Time to Detect  
 

  (Mean)
   Median Time 

to Detect  MTTD  1  3  
 California Algorithm   

4.3  Fuzzy weight  

 California Algorithm  McMaster Algorithm 
   California 

Algorithm  McMaster Algorithm   
Weighted Fuzzy Logic  California 
Algorithm  McMaster Algorithm  

 
 w1  w2  (Weight)  

California Algorithm (CA)  McMaster Algorithm (MM) 
  w1+w2 = 1   wi >= 0 (i = 1,2)  

WIL= (w1*CA)+(w2*MM)  WIL = w1*CA+w2*MM    (8) 
 WIL 

 Threshold  
 (Incident Decision) 

 

 
 13 

 03A/04A  05A/06A  26 
 2555  14:10 .  

19.20 . ( ) 
 WIL = Weighted Incident Likelihood, 

 
w1 =  CA 
w2 =  MM  1-w1 
CA =  Relative Spatial Occupancy 

Difference  Downstream  
MM =  Traffic State/

 Traffic State 

การประชุมวิชาการวิศวกรรมโยธาแห�งชาติ ครั้งท่ี 18
วันที่ 8-10 พฤษภาคม 2556 ณ โรงแรมดิเอ็มเพรส เชียงใหม

ท่ี 18ท 18
งใหมงใหม

TRP - 9



 10

 2  Thresholds (OCMAX  VCRIT)  
Performance (DR, FAR, MTTD) McMaster Algorithm 

 10  

 

4.4  Algorithm 

 Performance  
Algorithm  10  14 

 14 (Results vs. Time)  
 

-   California Algorithm 
 7 ( )  8 ( ) 

-   McMaster Algorithm 
 5 ( )  6 ( ) 
-   Fuzzy Logic Algorithm 
 3 ( )  4 ( ) 
-    1 

( )  2 ( ) 
 McMaster Algorithm 

 California Algorithm 
  2:00 - 5:00 . McMaster Algorithm 

 False Alarm  
  Weighted Fuzzy Logic 
 McMaster Algorithm 

 False Alarm  
  Likelihood   

 Weighted Fuzzy Logic  

 
 

5.  

 Traffic Parameter-based 
Algorithm   

  AM Peak  PM Peak 
 

 ( Incident-Induced 
Congestion)  36    
 
 

 
 
 
 
 
10     2 (Station 03A/ 
04A - Station 05A/06A)  8  

 2  
5   4    1 (2 ),  3 
(1 ), 7 (2 ),  9 (2 )

  1300  
 (Capacity)   1,800-

2,000  
  

 
 3   California 

Algorithm, McMaster Algorithm  Weighted Fuzzy Logic 
  Objective Function 

 DR , FAR ,  Median TTD  
  DR>=80%, FAR<=1%, TTD <= 5 

  
 California Algorithm  

 DR 
 

  California Algorithm 
 Occupancy  Upstream  Downstream  

  DR 
  0  33   FAR

  Median TTD  31   48  
 Algorithm  

 14  California 
Algorithm, McMaster Algorithm,  Weighted Fuzzy Logic 

 2  03A/04A  05A/06A 

การประชุมวิชาการวิศวกรรมโยธาแห�งชาติ ครั้งท่ี 18
วันที่ 8-10 พฤษภาคม 2556 ณ โรงแรมดิเอ็มเพรส เชียงใหม

TRP - 10



 11

 McMaster Algorithm 
  California Algorithm 

 DR  80% - 100%   FAR 
 1.7%  MTTD  8 - 15 

 
 California Algorithm  McMaster Algorithm 

  McMaster Algorithm 
  California 

Algorithm   
 

 Weighted Fuzzy Logic 
 California Algorithm  McMaster Algorithm 

  
 Weighted Fuzzy Logic  

 California Algorithm  McMaster Algorithm  
 6-6  DR   100% 

 2  DR  87.5% 
 80%  FAR  0.1%  1  

MTTD  11   DR  FAR 
  (MTTD) 

10  5   
  Occupancy Volume  

 1   2555 
 McMaster Algorithm   20  30  

    5-
6 .  

 500-1000 .   . 
  20-30 

  Weighted Fuzzy Logic  

 

6.  

  (Sensor) 
  

 
 

 Sensor  Sensor 
 

 Detection Time  1  
 2  

 2   Sensor 
 2 

 Sensor  
 (Congested) 

 (Backward Wave Speed) 

  15  
 15  (Main Line) 

 Backward Wave Speed (
, Wc)  20  (  300 

)  Capacity 
 2  3  30 

 Backward Wave Speed  40  
 1,500   2  
  

  Sensor 
  1,500  

 . 

 

 online simulation  
 

 

 
 15   

 

 

[1] Payne, H.J. and Tignor, S.C. (1978). “Freeway incident-
detection algorithms based on decision trees with states.” 
Transportation Research Record, No. 682, TRB, National 
Research Council, pp.30-37. 

[2] Parkany, E. and and Xie, C. (2005). “A Complete Review of 
Incident Detection Algorithms & Their Deployment: What 
Works and What Doesn’t” University of Massachusetts 
Transportation Center, February, 2005 

[3] Martin, P. T., J. Perrin, et al. (2001). Incident Detection 
Algorithm Evaluation, University of Utah. 

[4] Balke, K.N. (1993). “An evaluation of existing incident 
detection algorithms.” Research Report, FHWA/TX- 3/1232-
20, Texas Transportation Institute, the Texas A&M University 
System, College Station, TX, November 1993. 

[5] Forbes, G.J. and Hall, F.L. (1990). “The applicability of 
Catastrophe theory in modeling freeway traffic operations.” 
Transportation Research Part A, Vol. 24, No. 5, pp. 335-344. 

[6] Forbes, G.J. (1992). “Identifying incident congestion.” ITE 
Journal, Vol. 62, No. 6, ITE, pp. 17-22. 

การประชุมวิชาการวิศวกรรมโยธาแห�งชาติ ครั้งท่ี 18
วันที่ 8-10 พฤษภาคม 2556 ณ โรงแรมดิเอ็มเพรส เชียงใหม

ท่ี 18ท 18
งใหมงใหม

TRP - 11



 12

[7] http://www.civ.utoronto.ca/sect/traeng/its/downloads/delet
e/mcmaster_incident_detection_algorithm.pdf 

[8] Chang, E.C.-P. and Wang, S.-H. (1994). “Improved freeway 
incident detection using fuzzy set theory.” Transportation 
Research Record, No. 1453, TRB, National Research Council, 
pp. 75-82. 

[9] Stephanedes, Y.J., Chassiakos, A.P. and Michalopoulos, P.G. 
(1992). “Comparative performance evaluation of incident 
detection algorithms.” Transportation Research Record, 
No.1360, TRB, National Research Council, pp. 50-57. 

[10] Ritchie, S.G. and Cheu, R.L. (1993). “Simulation of freeway 
incident detection using artificial neural networks.” 
Transportation Research Part C, Vol. 1, No. 3, pp. 203-217. 

[11] Hsiao, C.-H., Lin, C.-T. and Cassidy, M. (1994). “Application of 
fuzzy logic and neural networks to automatically detect 
freeway traffic incidents.” Journal of Transportation 
Engineering, Vol. 120, No. 5, ASCE, pp. 753-772. 

การประชุมวิชาการวิศวกรรมโยธาแห�งชาติ ครั้งท่ี 18
วันที่ 8-10 พฤษภาคม 2556 ณ โรงแรมดิเอ็มเพรส เชียงใหม

TRP - 12



<<
  /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 /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /AShanhand
    /AShanRB
    /AShanSA
    /AShanSN
    /AShanW
    /BShanBB
    /Sawcfcr001Normal
    /Sawcfcr002Bold
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 2400
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 2400
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /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 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




