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Abstract. Image resampling which is frequently used in remote sensing proc-
essing procedure is a time-consuming task. Parallel computing is an effective 
way to speed up. However, recent parallel image resampling algorithms with 
massive time-consuming global processes like I/O, always lead to low effi-
ciency and non-linear speedup ratio, especially when the amount of computing 
nodes increases to a certain extent. And what’s more, the various geo-
referencing related to different processing applications caused a real problem of 
code reuse. To solve these problems, Parallel Image Resampling Algorithm 
with Parallel I/O (PIRA-PIO) which is an asynchronous parallelized image re-
sampling algorithm with parallel I/O is proposed in this paper. Parallel I/O of 
parallel file system and asynchronous parallelization which using I/O hidden 
policy to sufficiently overlap the computing time with I/O time are used in 
PIRA-PIO for performance enhancement. In addition, the design of reusable 
code like design pattern will be used for the improving of flexibility in different 
remote sensing image processing applications. Through experimental and com-
parative analysis, its outstanding parallel efficiency and perfect linear speedup 
is showed in this paper. 

1   Introduction 

Image resampling algorithm deals with geometric warping and transformation be-
tween two images. It plays an important role in remote sensing image processing; 
most of remote sensing image preprocessing procedures involve image resampling, 
such as Geometric Correction, Image Fusion and Image Mosaic. 

Image resampling is a compute-intensive and time-consuming task. Due to the in-
creasing spatial and spectrum resolution, the unprecedented image scales pose many 
computational challenges. Parallel computing with scalable cluster is an effective way 
to improve processing performance. Up till now, many studies on parallelization of 
image resampling have been probed into, including the 2D and 3D parallel image 
resampling algorithm on parallel machine[1], and load- balanced parallel image warp-
ing algorithm[2][3],etc. These parallel algorithms usually use Master-Slave parallel 
processing model. And their works mainly focus on how to reduce the computing 
overhead, like reducing algorithm complexity, load balancing and so on. However, 
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there exists massive time-consuming global operation of master node in those algo-
rithms, like serial data loading and exporting, data scattering and gathering. More-
over, with the rapidly upgrade of CPU, the performance gap between CPU and I/O is 
widening. As we are using a large number of CPUs (computing nodes), the I/O over-
head caused by data loading and data scattering is not negligible any more, and the 
I/O quickly became the performance bottleneck[4]. 

Complete image resampling procedures commonly involve geometric mapping and 
interpolation. When image resampling is applied to different image processing proce-
dures, the method of building geometric mapping varies and also the demanded auxil-
iary data differs, which consequently make the code reuse of this algorithm a big 
problem. Thus the building of different image processing applications requires devel-
oping corresponding image resampling programs which closely related to these appli-
cations, which brings another challenge to the designing and development of remote 
sensing image processing system. 

To properly settle those issues above, PIRA-PIO an asynchronous parallelized and 
scalable image resampling algorithm with parallel I/O is proposed in this article. In 
PIRA-PIO algorithm, the data distribution and parallel I/O of parallel file system is 
imposed for eliminating I/O performance bottleneck, and also the I/O hidden policy 
which sufficiently overlaps the computing and I/O time overhead is used for further 
speed up. In addition, through the interface abstraction and scalability designing of 
algorithm with designing pattern, the image resampling program can be reused among 
different image processing applications. 

2   Traditional Parallel Image Resampling Algorithm 

Image resampling algorithm is complicated and time-consuming. In cluster environ-
ment, traditional parallel image resampling algorithms dealing with huge data gener-
ally adopt Master-Slave parallel processing model [7][8], their processing flow is 
illustrated as follows. 
 

 

Fig. 1. Processing flow of traditional parallel image resampling algorithm 

As illustrated above, the traditional parallel image resampling algorithms using 
classic parallel processing model which conduct a simple way of parallelization. The 
algorithm have good data locality only when the image distortion is small. Further-
more, it also has several problems. Firstly, it limits in performance scalability. As is 
showed in figure 1 that some processing steps are global operations which could not 
be parallelized, such as data loading, data scattering, data gathering and data export-
ing . While master node does data loading and data scattering, the computing nodes 
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are all in idle state waiting for the required data, only till the input image subset have 
already been fetched from master node can the resampling be continued. So, the over-
head caused by resampling computing operation and I/O operation waiting for each 
other directly affects the parallel efficiency of whole algorithm. When a large amount 
of CPUs (computing nodes) are used, the problem result from the performance gap 
between I/O and CPU become even severe, and would finally brings perform bottle-
neck. Secondly, traditional parallel image resampling algorithms which closely re-
lated to applications in some aspects are not reusable. 

3   PIRA-PIO Algorithm 

To solve the performance problems mentioned above, we put forward PIRA-PIO 
algorithm an asynchronous parallelized image resampling algorithm using parallel 
I/O. By combining the data distribution and parallel I/O of cluster based parallel file 
system with the concurrent data I/O operations triggered by all computing nodes, 
PIRA-PIO algorithm enhances I/O performance at two layers including file system 
layer and algorithm layer. Moreover, based on the I/O speedup, the I/O hidden policy 
is also applied to overlap the I/O time with resampling computing time. Additionally, 
in order to improve the scalability and adaptability of this parallel algorithm, code 
reuse designing is carried through in algorithm building. 

3.1   Algorithm Introduction 

The main ideal of PIRA-PIO is: Master node responses for getting the scope of target 
image with mapping function, task partition according to the load measured by 
amount of efficient computation and task assignment. Each sub-task deals with a 
block of data block_t as is illustrated in figure 2. Each computing node who acts as 
slave node does three operations simultaneously: resampling for current block,  
prefetching next task and next data block of input image required for resampling, 
exporting the previous resampled data block of target output image. And each slave 
concurrently does data prefetching or exporting with parallel I/O supported by parallel 
file system PVFS2. 

In PIRA-PIO algorithm, the master node maintains a task pool and schedules these 
sub-tasks to slave nodes according to a centralized load balance strategy which will 
probably leads to a load balance among slave nodes. And also instead of dividing and 
scattering the input image, computing nodes load data when needed through parallel 
I/O, which avoids the frequent data exchanges among computing nodes.   
 

 
 

Fig. 2. Image mapping and data partition method of PIRA-PIO 
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Fig. 3. Processing flow of PIWA-PIO 

Further, from the flows in figure 3 we will see that there are no more data scatter-
ing and data gathering, and the data loading and exporting are implemented in parallel 
by each computing node concurrently. Thus the processing flow is shortened. And 
what’s more, the data prefetching and asynchronous data I/O also lead to the suffi-
ciently overlapped I/O time with resampling computing time. 

3.2   Parallel I/O and Data Distribution 

To eliminate the I/O performance, we use data distribution and parallel I/O technique 
in PIRA-PIO algorithm. And the remote sensing images are all stored in parallel file 
system PVFS2. Through PVFS2 the storage devices like disk arrays mounted to the 
I/O nodes in cluster are virtualized to a single file system mirror as showed in  
figure 4(b). The remote sensing image data in PVFS2 are partitioned into data blocks, 
and scattered among the disk arrays of computing nodes. The sketch map of data 
distribution method is showed in figure 4(a). 

When implementing resampling for blocks, each computing node has to dynami-
cally load the data in input image blocks. Due to the single file system mirror of 
pvfs2, all the computing nodes can access any data whenever they want. And the  
 

 

 

Fig. 4. Data distribution and parallel I/O 
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multi-stream concurrency technology also makes the concurrent data I/O operation 
possible. As a result, the computing nodes can concurrently read the data needed. 
While a data read operation is called, the parallel file system transforms it to several 
read actions directly performed on corresponding I/O nodes in parallel, and then the 
daemon process running on each I/O node fetches data from disk arrays in parallel. 
Also, when several data exporting or writing operations are simultaneously triggered 
by computing nodes after finishing data resampling, each computing node distributes 
the data directly to I/O nodes in parallel. 

Consequently, PIRA-PIO algorithm not only supported parallel I/O in file system 
level, but also in algorithm level. And the parallel I/O provided at different system 
level significantly speedups I/O performance and allows a better scalability than ever. 

3.3   I/O Hidden Strategy 

Commonly, the data resampling operation has to wait while the data I/O like data 
loading or exporting has not yet finished, as the data used for resampling is not ready 
or the previous result data has not yet written back. Accordingly, even the I/O time 
overhead has greatly reduced by using parallel I/O, there still remains time overhead 
caused by the computing processing waiting for I/O. To handle the I/O waiting time 
issue, we put forward an I/O hidden strategy. 

Data caching mechanism commonly used in the designing of storage system is an 
effective approach to I/O hidden. And the approach of data prefetch and asynchronous 
I/O used in our I/O hidden strategy is also some kind of data caching mechanism. 
While doing resampling for current block, it’s possible for computing node to simul-
taneously prefetch required data for next block by calling an asynchronous I/O. Then 
after finishing resamping for current block, the data required for resampling next 
block has already prepared. Similarly, when finishes resamping for current block, the 
computing node would not output resampled data at once, but cache this data in buf-
fer. Thus the computing node can start resampling for next block at once, no more 
wait for outputting the resampled data of current block. And that when the same time 
as the resamping for next block is computing, the computing can trigger an asynchro-
nous I/O action to output the resampled data of current block that cached in buffer. As 
a result, data I/O operation and resampling could be implemented simultaneously, and 
there is no need for the resampling operation to wait for data I/O, finally the I/O could 
be hidden. 

As is depicted in figure 5, each computing node maintains a ring buffer, which is 
shared among three independent threads. These three independent threads including 
one I/O reading thread which is responsible for getting the block area in input image 
for the next block and then read the data in that block area, one computing thread 
performs the data resampling for current block, and one I/O write thread who output 
the result data of previous block through pvfs2. And these three threads are putting 
into a pipeline as showed in following figure. When the pipeline starts, three threads 
work concurrently. The I/O time is mostly overlapped by computing time spent on 
resmapling. Finally, the I/O waiting time is almost eliminated. 
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Fig. 5. I/O hidden strategy. ‘NextBlock_s’: input data for next block resampling, ‘CurBlock_s’ 
: input data for current block resampling, ‘CurBlock_t’: resampled data of current block, ‘Pre-
Block_t’: caching the resampled data of previous block. 

3.4   The Code Reuse Designing 

Image resampling is widely applied in most image correction processes. For example, 
in systematical geometric correction, a grid can be calculated by satellite orbit pa-
rameters and stance data, and then mapping relation will be obtained from the grid 
information, and finally follows the gray value interpolation. In ortho correction, 
correlative model coefficient can be calculated by satellite orbit information and 
ground control points, and then follows the obtaining of mapping relation with DEM, 
and gray value interpolation. From the traditional processing flows above, we can 
infer that despite of different applications, the computing flows of resampling algo-
rithm remain almost the same. But the computing part which related to mapping rela-
tion includes obtaining methods, forms, transferring methods of it is not the same, and 
it is especially inconvenient for code reuse. So from the aspect of code reuse, a flexi-
bility design based on software design pattern in algorithm implementing will be used 
to improve the parallel resampling algorithm’s reusability in image processing sys-
tem. Thereby, the programming efficiency may be improved. 

When doing algorithm developing, PIRA-PIO is divided into three function mod-
ules: parallel flow control module, application computation module and gray value 
interpolation module. In details, parallel flow control module is in charge of realizing 
the parallel flow of PIRA-PIO mentioned above and making use of the correlative 
operation of application computation module to finish partial resampling of each 
computing node, grey interpolation module is responsible for calculating the ap-
pointed pixel’s gray value with appointed interpolation method such as NN, BL, CC 
and etc, application computation module is related to applications, and it is used to 
compute mapping relation according to appointed criterion. 

To improve the Scalability of each module, the principle of Object-Oriented design 
and design pattern like factory pattern and strategy pattern is used. For instance, the 
class diagram of application computation module is showed as Figure 6. 
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Fig. 6. The class diagram of application computation module 

4   Performance Evaluation and Comparison 

(1)   Performance of Traditional Parallel Resampling Algorithm 
The speedup ratio Sp is: 
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From the above formula we can infer that when using a large amount of computing 
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(2)   Performance of PIRA-PIO Algorithm 
Assume that the speedup ratio of the parallel I/O with N I/O nodes is Kn. If each com-
puting node assigned m sub-tasks, then the time used for read or writing a block with 
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Data throughput ratio R '  is: 
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 will tend to N. Consequently, an elegant 

linear speedup ratio can be achieved. And the data through can up to N times of the 
data throughput ratio of the resampling processing on each computing node.  

5   Experiment and Analysis 

The experimental performance comparison of PIRA_PIO algorithm with traditional 
parallel resampling algorithm will be taken on Lenovo Deepcomp 6800 cluster. Deep-
comp is composed of 18 nodes, each with dual Intel(R) 3.0Ghz processors. Network 
capability is 1000MBps. Three bands of Beijing-1 satellite images each with size of 
15000*10000 pixels are used. And in the experiment, the image resample algorithms 
are applied to do a fine geometric correction with Cubic Convolution resample mode, 
MQ mapping model and Complete Cubic Polynomial mapping. The performance 
comparison is carried as follows: 
 
(1)   Comparative analysis of speedup and parallel efficiency 
As is showed in the figures below that the speedup ratio and data throughput ratio of 
PIRA-PIO is obviously superior to the traditional one. It is proved by the experiments 
that the PIRA-PIO algorithm has achieved linear speedup with the increase of com-
puting nodes. The speedup ratio is among N-1 to N, when N computing nodes are 
used. But for the traditional algorithm, the speedup figure is like a curve, when the 
amount of computing nodes is larger than four, its speedup ratio, data throughput ratio 
all drop sharply.  

Moreover, with the increase of computing nodes, the parallel efficiency of the 
traditional algorithm almost descends linearly, while the parallel efficiency of 
PIRA-PIO always kept better than 90%. So, we can draw the conclusion that the 
PIRA-PIO algorithm owns an outstanding parallel efficiency and scalability in clus-
ter platform. 

 
(2)   The analysis of the overhead of main processing steps 
The main time overhead of PIRA-PIO algorithm is spent on data resampling (Tprocess). 
And the Tio which is spent on loading the first block and output the last result block is 
relatively very small. From the sub figure (b) we can see that with the increase of 
computing nodes, the Tprocess linearly declines and Tio drops too. So, when enough 
computing nodes are used, the Tio can be ignored. The I/O operation almost rarely 
affects the performance of the whole algorithm. 
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Fig. 7. Performance comparison 

      

    (a)Traditional parallel resampling algoithm                         (b) PIRA-PIO algoithm 

Fig. 8. Time overhead of main processing steps 
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6   Conclusions and Future Work 

The remote sensing image resampling is frequently used in various remote sensing 
image processing applications. It is compute-intensive, time-consuming and also poor 
in code reuse. In this article, to meet the performance challenge result from the I/O 
performance bottleneck, we propose PIRA-PIO algorithm. By adopting the data dis-
tribution and parallel I/O supported by parallel file system, using I/O hidden policy 
aims at eliminating I/O waiting time overhead, the performance of PIRA-PIO algo-
rithm is significantly optimized. Through the evaluation and comparative analysis of 
the performance of PIRA-PIO algorithm and traditional parallel image resampling 
algorithm, we can see that the PIRA-PIO algorithm has gained an excellent parallel 
efficiency and linear speedup ratio. In addition, with the code reuse design, the flexi-
bility of PIRA-PIO algorithm in various applications is greatly improved. 

References 

1. Wittenbrink, C.M., Somani, A.K.: 2D and 3D Optimal Parallel Image Warping. J. Parallel 
Distrib. Comput. 25(2), 197–208 (1995) 

2. Contassot-Vivier, S., Miguet, S.: A load-balanced algorithm for parallel digital image 
warping. International journal of pattern recognition and artificial intelligence 13(4), 445–
463 (1999) 

3. Jiang, Y.-h., Chang, Z.-m., Yang, X.: A Load-Balanced Parallel Algo-rithm for 2D Image 
Warping. In: Cao, J., Yang, L.T., Guo, M., Lau, F. (eds.) ISPA 2004. LNCS, vol. 3358, pp. 
735–745. Springer, Heidelberg (2004) 

4. Li, G., Ma, Y., Wang, J., Liu, D.: Preliminary Through-Out Research on Parallel-Based 
Remote Sensing Image Processing. In: Alexandrov, V.N., van Albada, G.D., Sloot, 
P.M.A., Dongarra, J. (eds.) ICCS 2006. LNCS, vol. 3991, pp. 880–883. Springer, Heidel-
berg (2006) 

5. Cerin, C., Jin, H.: Parallel I/O for cluster computing, London, Sterling, VA (2003) 
6. Ruprecht, D., Muller, H.: Image Warping with Scattered Data. IEEE Computer Graphics 

and Applications 15(2), 37–43 (1995) 
7. Warpenburg, M.R., Siegel, L.J.: SIMD image resampling. IEEE Transactions on Com-

puters 31(10), 934–942 (1982) 
8. Contassot-Vivier, S., Miguet, S.: A load-balanced algorithm for parallel digital image 

warping. International journal of pattern recognition and artificial intelligence 13(4), 445–
463 (1999) 

9. Lingjun, Z., Dingshen, L., Guoqing, L., wenyi, Z.: A Study Of High-Performance Preci-
sion Correction For Satellite Image. Remote Sensing For Land & Resources (1), 49–52 
(2007) 

10. Zhaoxia, F., Yan, H., Bo, Z.: An Automatic and Robust Image Mosaic Algorithm. Tele-
communication Engineering 47(3), 55–58 (2007) 

11. Webb, R.D.: Object Description Language [P]. United States Patent Application: 
20030070159 (2003) 


	An Asynchronous Parallelized and Scalable Image Resampling Algorithm with Parallel I/O
	Introduction
	Traditional Parallel Image Resampling Algorithm
	PIRA-PIO Algorithm
	Algorithm Introduction
	Parallel I/O and Data Distribution
	I/O Hidden Strategy
	The Code Reuse Designing

	Performance Evaluation and Comparison
	Experiment and Analysis
	Conclusions and Future Work
	References



<<
  /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 true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize 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 /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /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 290
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.03333
  /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 800
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /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 [595.000 842.000]
>> setpagedevice




