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Abstract— Nowadays Mobile Ad Hoc Networks (MANETs) 

are a very popular and emerging technology in the world. 

MANETs helps mobile nodes to communicate with each 

other anywhere without using infrastructure. For this 

purpose we need good routing protocols to establish the 

network between nodes because mobile nodes can change 

their topology very fast. Mobile node movements are very 

important features of the routing protocol. They can have a 

direct effect on the network performance. In this paper, we 

are going to discuss random walk and random waypoint 

mobility models and their effects on routing parameters. 

Previously, mobility models were used to evaluate network 

performance under the different routing protocols. 

Therefore, the network performance will be strongly 

modeled by the nature of the mobility pattern. The routing 

protocols must rearrange the changes of accurate routes 

within the order. Thus, the overheads of traffic routing 

updates are significantly high. For specific network protocols 

or applications, these mobility patterns have different 

impacts. 

 

Index Terms— Mobility, Wireless, Ad hoc, Performance, 

Routing. 

 

 
I. INTRODUCTION 

 

A Mobile Ad hoc Network (MANET) provides 

communication between wireless nodes without any 

infrastructure. In a MANET, nodes are totally free to 

move randomly anywhere in the network. Due to this 

reason MANET networks are unpredictable and changes 

in them occur rapidly. MANETs are an attractive and 

interesting field for researchers due to their minimal 

configuration, quick deployment, and small and 

inexpensive wireless communication devices. Nowadays 

MANETs can be used in various applications such as in 

the medical field, educational field, military conflicts, 

natural disaster relief, and so on. A MANET is a 

combination of mobile nodes in a network which does not 

have any central administration. Communication occurs 

from node to node through the wireless.  

There is routing protocol in a MANET for 

communication between nodes. Routing protocol is a 

technique that handles the way in which nodes’ data 

packets are routed between nodes in the network. In 

MANETs, nodes first discover the route and then make 

the path, and then communication starts between any 

nodes. Each node knows how to communicate with other 

nodes. MANET routing protocols are for these mobile ad 

hoc networks. MANETs are self starting, adapt to 

changing network conditions, and almost by definition 

offer multi-hop paths across a network from a source to 

the destination [1, 2]. 

Mobility models track the movement of mobile users 

and also give information on their location, velocity, and 

acceleration change over time [3]. Random models are 

normally used for simulation when any new 

communication or navigation techniques are investigated 

in the network. With the help of mobility models we can 

easily measure the performance of routing protocols. The 

MANET’s performance, such as throughput, latency, and 

scalability, is dependent on the efficiency of the routing 

protocol due to mobile nodes [3]. Signaling overhead 

traffic for maintenance of routes for a MANET is 

proportional to the rate of such link changes, which in 

turn is a function of the mobility of the nodes [4, 5]. The 

overall performance of any wireless protocol depends for 

the duration of interconnections between any two nodes 

transferring data as well for the duration of 

interconnections between nodes of a data path containing 

nodes. We will call these parameters averaged over the 

entire network “average connected paths” [6]. In Figure 1 

the relationship between mobility models and protocol is 

shown. 

 

 

 

Fig. 1. Relationship between mobility model and routing 

protocol  

 

Presently, traces and synthetic mobility models are the 

two types of mobility models used for simulation of 

networks [7]. Traces mobility models provide maintenance 
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to the real life working system.  

When any network has a large number of participants 

and needs a long observation period that time traces 

models provide accurate information [5, 7]. However, 

new network environments, for example ad hoc networks, 

are not easily modeled if traces have not yet been created. 

In this type of situation it is necessary to use synthetic 

models [8]. 

The second type, synthetic models, tries to show the 

behavior of mobile nodes (MNs) without the use of traces 

[8]. Realistic models for the motion patterns are needed in 

simulations in order to evaluate system and protocol 

performance. Mobility patterns have been used to drive 

traffic and mobility prediction models in the study of 

various problems of cellular systems, such as handoff, 

location management, paging, registration, calling time, 

and traffic load [8]. 

In ad-hoc network has so many mobility models but in 

our paper we have mentioned most common mobility 

models (random walk and random waypoint) performance. 

In fig. 2 has shown the various mobility models for ad-

hoc network.  

 

 
 

Fig. 2. Mobility models. 

 

This paper has organized as follows, in section 2 we 

discussed about mobility model. In section 3, we 

discussed about the performance of the mobility model. In 

section 4 we conclude our work.  

 

 

II. MOBILITY MODEL 

 

Mobility models should try to simulate the real MN 

movements. They must occur with sensible time slots, 

speed changes, and also directions of movement. For 

example, we would not want MNs to travel in straight 

lines at constant speeds throughout the course of the entire 

simulation because real MNs would not travel in such a 

restricted manner [9].  

Different mobility models can be differentiated 

according to their spatial and temporal dependencies. 

Spatial dependency is a measure of how two nodes are 

dependent on their motion. If two nodes are moving in the 

same direction then they have higher spatial dependency 

[10]. 

Temporal dependency is a measure of how the current 

velocity (magnitude and direction) is related to the 

previous velocity [11]. Nodes having the same velocity 

have a high temporal dependency. In Figure 2 shows the 

descriptions of mobility models with detailed 

explanations.   

 

A. Random walk mobility model 

A random walk mobility model is a general model for 

use in cellular mobility modeling. This model individually 

defines every cell movement in the network. In this model, 

we can find a mobile host current position to the next 

position randomly. The speeds of the mobile host are 

chosen as uniformly numerical ranges from V��� to V��� 

and also for direction 0 to 2π.  A mobile host (MH) in 

cell (i) is assumed to move into cells (i+1) or (i–1) or to 

stay in cell (i) with given transition probabilities in a 

typical Markovian model for a one-dimensional random 

walk [12]. For an investigation with a broad set of 

different system parameters we used a random walk 

model. For example, firstly to get the mean cell visit time 

E (S) as an assumption, John uses the random movement. 

For the random movement of a MH, Zonoozi shows 

system tracking behaviors [1]. Zonoozi divides an area 

into many regions at each moment according to the 

mobile host’s previous, present, and next directions. 

Zonoozi mathematically provides conditions for 

movements of the MH from the current region to the next 

region [1]. The calculation of channel holding time and 

the handover number of the mobility leads his tacking 

system. Decker specifies each MH with the mean duration 

of stay in the present position and also characterizes the 

probability of selecting a moving path [13]. A predefined 

state matrix can give the MH a motion pattern such as 

moving on a highway, on the streets, or like a random 

pedestrian. Haas presents a Random Gauss-Markov model 

for cellular networks [14]. Haas’s model uses a random 

walk model which is totally random and a constant 

velocity model with zero randomness as its two extreme 

cases [15]. This model was extended to various other 

models such as the Random way point model, the random 

Gauss-Markov model, and the Markovian Model.  

A process of random walk mobility is as follow; 

1. Select random destination and speed (define time) 

2. Move in the selected direction 

a. For a defined time 

b. For a certain distance 

c. If  a node reaches the border of the network 

then a new direction is selected according to a 

bouncing rule 

3. After a time interval repeated step 1 for new 

direction. 
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In Fig 3 we have shown a node movement in the 

selected direction at a predefined speed according to the 

algorithm of the Random walk mobility model. 

 

 
 

Fig. 3. Random walk mobility models. 

 

B. Random waypoint mobility model 

The Random way point model includes changing the 

times between destinations, and speed this case is called 

the pause time. It breaks the MH movements during the 

pause and motion periods. MH randomly chooses a 

destination point in the simulation space and moves to 

that destination at a speed uniformly distributed between 

an upper and lower bound [16]. After reaching the 

destination, the node pauses and repeats the process for 

the duration of the simulation. Johnsons extended the 

random walk model and introduced the new Johnsons 

random waypoint mobility model which is also an 

extension of the random walk [17]. This model breaks the 

entire movement of an MH into repeating pause and 

motion periods. A MH first stays in a location for a 

certain time and then moves to a new randomly chosen 

destination at a speed uniformly distributed between 0 and 

Max Speed [18].  

A process of random way point mobility model as 

follow; 

1. Select speed and random direction in network. 

2. Move towards the direction chosen.  

3. After a time interval repeat step 1. 

4. Whole process is repeated continuously. 

 

 
 

Fig. 4. Algorithm of random way point mobility models. 

In Fig 4, a node movement of selected position 

according to the algorithm of the random way point 

mobility model is shown. 

 

 

III. PERFORMANCE EVALUATIONS 

 

In our experiment, we have used dynamic source 

routing (DSR) and Ad hoc on demand (AODV) routing 

protocols. The PARSEC language has used for discrete-

event simulation. We have defined parameters for the 

experimental in real life. We have defined the simple 

simulation parameters in table I.  

 

TABLE I  

DEFINED PARAMETERS FOR SIMULATION 

EXPERIMENT 

Parameter Value 

Simulation Area 1000*300 M 

Nodes 60 

Constant Bit Rate (CBR) 50 

Packet Size 512 bytes 

Channel Capacity 2 MBPS 

Simulation Tool Glomosim 

 

In general, no matter which mobility models are in use, 

the increase in the transmission range increases the 

delivery ratio. Increasing the transmission range to twice 

the mean distance (i.e., from 100 to 200 m) shows a larger 

improvement with a higher than with a low mobility. This 

effect is particularly evident in a Random Walk model. A 

further increase in the transmission range to four times the 

mean distance, however, has different effects on different 

routing schemes. When the transmission range increases, 

the density of neighboring nodes is increased. Thus more 

collisions occur. At high mobility, increased density will 

increase the chance of finding new routes when an old 

route is broken.  

The final effects of an increased transmission range are 

mixed with these factors.  We can see in figure 5 

differences between random waypoint and random walk 

for AODV protocol. The random way point is increased 

the packet delivery ratio compare to random walk. The 

random waypoint model is beneficial during radio range 

increments but Random walk model has less improvement 

and some cases its drops the throughput too. The reason is 

that the Random Walk suffers from more collisions 

because it is more topological unstable than the other 

models at a given average speed. Such as, 30 data packet 

delivery ratio (PDR) when transmission range is 100 

meters in the random waypoint mobility model even 

though random walk mobility model has transmits the less 

than 20 PDR. Others simulation results are same as 

previous; we can see in figure 5 and figure 6. We have 

found these results effect for both AODV protocol and 
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DSR. In figure 7 and figure 8 is showing the results of 

AODV and DSR high mobility for PDR versus 

transmission.  

 

 
Fig. 5. Comparison between PDR and transmission 

range for AODV.  

 

 

Fig. 6. Comparison between PDR and transmission range 

for DSR.  

 

In spite of these differences, we can still conclude that 

a transmission range from 1.5 to 2 times the mean 

distance will produce uniformly the best improvements in 

delivery ratio. This appears to be the optimal range for a 

free space channel. 

 

 

Fig. 7. Analysis of PDR & pause time for AODV. 

 

 

Fig. 8. Analysis of PDR & pause time for DSR. 

 

The above figures show the packet delivery ratio for 

AODV and DSR, respectively, for two mobility models: 

Random Walk and Random Waypoint. The first and most 

important thing to notice is that there are substantial 

differences among the mobility scenarios. Furthermore, 

each algorithm reacts differently to mobility model 

changes. These differences indicate that the choice of 

mobility has a big impact on comparisons among 

competing algorithms. 

It is obvious from the above figures that as we 

increase the pause time, PDR increases because the 

topology of the network becomes more stable. Since 

pause time is inversely proportional to mobility, it is 

clear that with a high value of pause time, mobility is 

less and that will result in an improvement in network 

performance. 

 

 

IV. CONCLUSION 

 

The topology and movement of the nodes in the 

simulation are key factors in the performance of the 

network protocols under study. Once the nodes have been 

initially distributed, the mobility model dictates the 

movement of the nodes within the network. Simulation 

results show that an increase in transmission range of 1.5 

to 2 times the mean node distance will drastically reduce 

the link change rate, which, as a consequence, will 

generate a larger packet delivery ratio no matter which 

routing protocols are used. The effect of further increasing 

the transmission range is positive for Random Waypoint, 

but is neutral for Random Walk. In summary, the choice 

of mobility model makes a difference in the study of 

network performance. 

 These results show that prior to deploying an ad hoc 

network in a real environment it is not sufficient to test its 

performance with a single mobility model since the 

choice of motion pattern can have a major impact on 

performance. 

 



M.Singh, et al.: PERFORMANCE OF MOBILITY MODELS FOR ROUTING PROTOCOL IN WIRELESS AD-HOC NETWORKS  614 

REFERENCES 

 

[1] M. M. Zonoozi and P. Dassanayake, “User mobility modeling and 
characterization of mobility patterns”, IEEE Journal on Selected 

Areas in Communications, vol. 15, no.7, pp. 1239-1252, 1997. 
[2] X. Hong, M. Gerla, G. Pei, and C.C.Chiang, “A Group Mobility 

Model for Ad Hoc Wireless Networks”, Proc. The 2nd ACM 

international workshop on Modeling, analysis and simulation of 

wireless and mobile systems (MSWiM’1999), pp. 53-60, Aug. 1999. 
[3] Preetha Prabhakaran, Ravi Sankar, “Impact of Realistic Mobility 

Models on Wireless Networks Performance”, Proc. IEEE 

International Conference on Wireless and Mobile Computing, 
Networking and Communications (WiMOB’2006), pp. 329–334, 
Sept. 2006.  

[4] Biao Zhou, Kaixin Xu, Gerla Mario “Group and swarm mobility 
models for ad hoc network scenarios using virtual tracks”, Proc. 

IEEE Military Communications Conference (MILCOM '04), pp. 
289-294, Oct. 2004. 

[5] Tracy Camp, Jeff Boleng, and Vanessa Davies, “A survey of 
mobility models for ad hoc network research”, Wireless 

Communications & Mobile Computing (WCMC): Special issue on 

Mobile Ad Hoc Networking, vol. 2, no. 5, pp. 483–502, 2002. 
[6] S Gowrishankar, T G Basavaraju, Subir Kumar Sarkar, “Effect of 

Random Mobility Models Pattern in Mobile”, International 

Journal of Computer Science and Network Security (IJCSNS), vol. 
7, no. 6, pp. 160-164, 2007. 

[7] Francisco J. Ros, Pedro M. Ruiz and Antonio Gomez-Skarmeta 
“Performance Evaluation of Interconnection Mechanisms for Ad 
Hoc Networks across Mobility Models”, Journal of Networks, vol. 
1, no. 2, pp. 9-17, June 2006. 

[8] Murugappan, K. Selvi, V.V, “Veridical Mobility Model for Ad 
Hoc Network” Proc. International Symposium on Ad Hoc and 

Ubiquitous Computing, (ISAUHC '06), pp. 142-147, 2006. 
[9] Agashe, A.A. Bodhe, S.K, “Performance Evaluation of Mobility 

Models for Wireless Ad Hoc Networks”, Proc. IEEE First 

International conference on Emerging Trends in Engineering and 

Technology, pp. 172-175, 2008. 
[10]  http://www.routingprotokolle.de/Routing/mobility_main.htm  
[11]  G. Carofiglio, C.F. Chiasserini, M. Garettoy, E. Leonard “Route 

Stability in MANETs under the Random Direction Mobility 
Model”, IEEE Transactions on Mobile Computing, vol. 8, no. 9, pp. 
1167–1179, July 2009. 

[12] D. Rajni Girinath, Dr. S.Selvan, “Performance Analysis of 
Dispersion Mobility Model in Mobile Ad-hoc Networks”, 
International Journal of computer Science and Network Security 

(IJCSNS), vol. 8, no. 3, 2008. 
[13] Madhusudan Singh, San Gon Lee, Dhananjay Singh, Hoon Jae Lee, 

“Impact and Performance of Mobility Models in Wireless Ad-hoc 
Networks”. Proc. IEEE The 4th International Conference on 

Computer Sciences and Convergence Information Technology 

(ICCIT-09), pp. 139-143, 2009   
[14] Amit Jardosh, Elizabeth M. Belding-Royer, Kevin C. Almeroth, 

Subhash Suri,“Towards Realistic Mobility Models for Mobile Ad 
hoc Networks”, Proc. ACM The 9th annual international 

conference on Mobile computing and networking (MobiCom’03), 
pp. 217 – 229, Sept. 2003. 

[15] Mohd Izuan, Mohd Saad, “Performance Analysis of Random-
Based Mobility Models in MANET Routing Protocol”, European 

Journal of Scientific Research, vol. 32, no. 4, June 2009. 
[16] Vaishali D. Khairnar, S. N. Pradhan, “Mobility Models for 

Vehicular Ad-hoc Network Simulation”, International Journal of 

Computer Applications, vol. 11, no. 4, Dec. 2010 
[17]  Bhavyesh Divecha, Ajith Abraham, Crina Grosan and Sugata 

Sanyal, “Impact of Node Mobility on MANET Routing Protocols 
Models”, Journal of Digital Information Management, vol. 5, no. 1, 
pp.19–24, July 2007. 

[18] N Vetrivelan, Dr. A V Reddy, “Impact and Performance of 
Analysis of Mobility Models on Stressful Mobile WiMax 
Environments”, International Journal of Computer and Network 

Security (IJCNS), vol. 2, no. 2, Nov. 2010. 

 

Madhusudan Singh is pursuing PhD in 
department of Ubiquitous-IT from   Dongseo 
University, Busan, Korea. He received M. Tech 
degree in IT from Indian Institute of 
Information Technology-Allahabad (IIIT-A), 
India in 2008, his Master of computer 
application (MCA) degree in computer science 
department from UP Technical University 
India in 2006. He has done graduation from 
VBS Purvanchal University, India in 2003. His 

research area is mobile ad-hoc network and wireless mesh network. 
 
 

Sang-Gon Lee received the BEng, MEng, and 
PhD degree in electronics engineering from 
Kyungpook National University, Korea, in 
1986, 1988, and 1993, respectively. He is a 
professor at the Division of Computer & 
Information Engineering, Dongseo University. 
He was an assistant/associate professor at 
Chang-shin College from 1991 to 1993 and a 
visiting scholar at QUT, Australia from 1993 to 
1994. His research areas include cryptography, 

key exchange protocol, network security, wireless mesh network and 
future internet. 

 
Hoon-Jae Lee received BS, MS, and PhD 
Degrees in electronic engineering from 
Kyungpook National University, Daegu, Korea 
in 1985, 1987, and 1998, respectively. He is 
currently an associate professor in the School of 
Computer and Information Engineering at 
Dongseo University. From 1987 to 2000, he 
was a research associate at the Agency for 
Defense Development (ADD). His current 
research interests include developing secure 

communication system, side-channel attack and USN/RFID security. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /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 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
    /AmeriGarmnd-BT
    /AmeriGarmnd-BTBold
    /AmeriGarmnd-BTBoldItalic
    /AmeriGarmnd-BTItalic
    /Baskerville-BT
    /BernhardFashion-BT
    /Blippo-BlkBT
    /Bodoni-BdBT
    /Bodoni-BdBTItalic
    /Bodoni-BkBT
    /Bodoni-BkBTItalic
    /BroadwayEngraved-BT
    /BrushScript-BT
    /CentSchbook-BT
    /CentSchbook-BTBold
    /CentSchbook-BTBoldItalic
    /CentSchbook-BTItalic
    /CommercialScript-BT
    /Cooper-BlkBT
    /Cooper-BlkBTItalic
    /Courier10-BTBold
    /Courier10-BTBoldItalic
    /DomCasual-BT
    /Freehand591-BT
    /FuturaBlack-BT
    /FZWBFW--GB1-0
    /FZXKJW--GB1-0
    /GoudyOlSt-BT
    /GoudyOlSt-BTBold
    /GoudyOlSt-BTBoldItalic
    /GoudyOlSt-BTItalic
    /H_CIRNUM
    /H_EQSYM1
    /H_EQSYM2
    /H_HEBREW
    /H_KEYBD
    /H_MULTI1
    /H_MULTI2
    /H_PROSYM
    /HighlightLetPlain
    /Hobo-BT
    /JohnHandyLetPlain
    /LaBambaLetPlain
    /Liberty-BT
    /MBatang
    /MDotum
    /MekanikLetPlain
    /MGungHeulim
    /MGungJeong
    /MJemokBatang
    /MJemokGothic
    /MSugiHeulim
    /MSugiJeong
    /MurrayHill-BdBT
    /Newtext-BkBT
    /OCR-A-BT
    /OCR-B-10-BT
    /OdessaLetPlain
    /OrangeLetPlain
    /Orator10-BT
    /ParkAvenue-BT
    /PumpDemiBoldLetPlain
    /QuixleyLetPlain
    /RuachLetPlain
    /SandSm
    /SandTm
    /ScruffLetPlain
    /Swis721-BT
    /Swis721-BTItalic
    /TirantiSolidLetPlain
    /UniversityRomanLetPlain
    /VictorianLetPlain
    /WestwoodLetPlain
  ]
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
  /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 [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


