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Abstract. The mobile ad hoc networks are gaining importance because of their 
versatility, mobility and ability to work with a limited infrastructure. In the mobile 
ad hoc network, each node works as a router as well as host. It is generally 
decentralized network, where all network activities include route discovery and 
message delivery must be executed by the nodes themselves. In this paper, we 
present a power-aware with survivable routing algorithm for the mobile ad hoc 
networks to route the data packets from the source to destination. It works based 
on the transmission-power and relay-capacity of the node. Both source and 
destination pair uses the route-selection-window mechanism to route the data 
packets. The model has simulated using C++ language. The proposed model has 
tested under various conditions and compared with the minimum total 
transmission power routing model and min-max battery cost routing model. The 
simulation results show that the proposed model has increased the route 
survivability and throughput. It decreases the number of path reconstructions over 
the network. 
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1   Introduction 

A Mobile Ad Hoc Network(MANET) is an autonomous collection of mobile nodes, 
that communicate over the wireless links. Due to the node mobility, the topology will 
be changed rapidly and unpredictably over the period of time. The MANET does not 
require any fixed infrastructure and central administration for communications. In the 
MANET, each mobile node acts as a router and host. It means that all the mobile 
nodes participating in the network have to send and receive the data packets. 
Depending on transmission range and current location of the node, the mobile nodes 
can get in and out, forming a network in an arbitrary fashion. The network partition is 
an event in MANET environments and inconsistency can prove to be very costly in 
mobile computation scenarios. The mobile nodes interact with others over wide 
spaces, inconsistency can be propagated indefinitely. It can cause the unrecoverable 
damages in all the critical applications. High mobility of nodes has more link failures. 
It refers to communication failures/ disconnections caused by the nodes moving out of 
coverage[1].  
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The MANET can be applied anywhere, where there is a little communication or no 
communication infrastructure or infrastructure is expensive to use. The MANET 
allows mobile nodes to maintain the multiple connections over the network. It is 
easily adding and removing the nodes into the network. The set of MANET 
applications are ranging from the large-scale, mobile, highly dynamic networks to 
small, static networks that are constrained by the power sources. Due to quick and 
economically less demanding deployment, we can use this in several areas such as 
military applications, collaborative and distributed computations, emergency 
operations, wireless mesh networks, wireless sensor networks and hybrid wireless 
network architectures.  

There are two types of routing models in the MANET such as proactive and reactive 
used to route the data packets. The proactive routing models are Destination Sequenced 
Distance Vector Routing Protocol(DSDV) and Wireless Routing Protocol(WRP). The 
proactive routing models are good at low mobility. The reactive routing algorithms are 
Dynamic Source Routing(DSR) and Ad Hoc On-Demand Distance Vector(AODV). 
The reactive routing algorithms are good at low load. Both the proactive routing and 
reactive routing models do not reduce the power consumption of the node and do not 
increase the network lifetime[2]. 

The main challenge in the MANET is to increase the efficiency of the data transfer 
while handling harsh conditions such as power constraints and highly mobile devices. 
The advances in the wireless communication are required to overcome the limitations 
of the broadcast radio networks. In addition to the routing protocols and transport 
protocols, it must work an intelligent system while routing the data packets from one 
location to another[3]. 

In this paper, we present a power-aware with survivable routing algorithm for the 
mobile ad hoc networks to route the data packets. The proposed work is based on the 
transmission-power and relay-capacity of the node to increase the route survivability 
and throughput. Rest of the paper is organized as follows. In section 2, it describes some 
of the existing projects and their limitations. The proposed model is presented in section 
3. Section 4 presents the simulation results. Conclusions are discussed in section 5. 

2   Some of the Related Work 

This section discusses about some of the existing research algorithms on power-aware 
routing in the MANET. In the MANET, mobile nodes are operated with a limited 
battery capacity and frequently recharging/replacement of the batteries may be 
undesirable or even impossible. The power failure of the node will affect the node-
itself and also its ability to forward the data packets to others. For this reason, many 
researchers have been devoted to design an energy-aware routing protocol for the 
MANETs. Several recent studies have tried to increase the node lifetime and network 
lifetime by using the power-aware metrics at different layers[4].  

2.1   Power Aware Multi Access Protocol with Signaling (PAMAS) 

The PAMAS model is an energy efficient media-access-control protocol for the 
MANETs. Here, it uses the separate-signaling- channel protocol apart from the 
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channel to transmit the data. The request-to-send message and clear-to-send message 
packers are used while transmitting the data packets. PAMAS model achieves the 
goal by making the nodes with power-off. PAMAS protocol is tested in a random 
network, a line topology and a fully connected network. It provides best results in 
dense networks, but in small network the power saving is low. The PAMAS protocol 
exhibits the best performance under light load[5]. 

2.2   Minimum Total Transmission Power Routing (MTPR) 

The MTPR model tries to minimize the total transmission-power consumption for all 
the nodes participating in a route[6]. The total transmission-power for all the routes is 
calculated as follows: 

          D-1  

P(Ld)=ΣT(ni, ni+1)                       (1) 
           i=0 

The optimal route Lo is one of the routes, which verifies the following conditions:  

P(Lo)=Min P(Lk)                       (2) 
            LkЄ L*    

Drawback of this model is that it selects a path with more number of hops. It accepts 
the possibility that the participation of more nodes in forwarding the data packets. It 
also increases the end-to-end delay. The MTPR model fails to consider the remaining-
battery capacity of the nodes so that it may not succeed in extending the lifetime of 
each node in the network. 

2.3   Min-Max Battery Cost Routing (MMBCR)  

Here, it treats the nodes more fairly from the standpoints of their remaining-battery 
capacities. The smaller remaining-battery capacities of the nodes are avoided and the 
nodes with more residual-battery capacities are chosen in a route. 

Let us assume that Bi(t) is the battery capacity of the node i and battery cost of the 
node i calculates as follow:  

Ci(t)=1/Bi(t)                        (3)  

The path cost is defined as follows:  

R(Le)=Max Ci(t)                                    (4) 
          niЄLe 

R(Lo)=Min R(Le)                       (5) 
          LeЄ L*    

In equation(5), it selects a route with the minimum cost among all. However, there is 
no guarantee that the total transmission-power is minimized[7-9]. 
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2.4   Conditional Max-Min Battery Capacity Routing (CMMBCR) 

The CMMBCR model takes into account of the residual-battery capacity of the node 
and total transmission-power consumed by the route while selecting a path. When all 
the nodes in some possible routes have sufficient battery capacities, a route with the 
minimum total transmission-power among all is chosen. In order to maximize the 
lifetime of the network, the power-consumption rate of each node must be evenly 
distributed. However, if all the nodes in a given path have higher remaining-battery 
capacity (thr- eshold value(θ)), then chooses a path using MTPR model, otherwise 
selects a path Lo with the maximum remaining-battery capacity by using MMBCR 
model[10-13]. 

R(Le)≥θ, for any route LeЄL*                 (6) 

R(Lo)=Min R(Le)                       (7) 
          LeЄ L*    

The drawback of this model is that it does not consider the network coverage and 
network partition. 

2.5   Minimum Drain Rate (MDR) 

The MDR model was proposed by Kim et al.[14]. It incorporates the drain rate metric 
in routing process. The MDR model behaves like a power-aware routing. It can be 
applied into one of the MANET routing protocols while finding a path from the 
source to destination. MDR model does not guarantee that the total transmission-
power is minimized over a chosen route as in MTPR model. 

3   Proposed Model  

In order to route the data packets from the source to destination, it uses two metrics 
namely, minimum total transmission-power and relay-capacity of the node. Here, the 
source-destination pair chooses an efficient route by using the route-selection window 
mechanism.  

3.1   Route Discovery 

In this work, it uses the DSR protocol to route the data packets from the source to 
destination. The route-discovery process is initiated by the source node. The source 
node specifies the entire path in a packet header itself to the destination. The route-
discovery process allows the mobile nodes to discover a path to the destination using 
Route Request(RREQ) packet. In the RREQ packet, the type field indicates the type 
of packet is sent over the network and the flag field is used to make synchronization. 
The reserved field with ‘0’ value is used to ignore the packet on the reception. The 
hop-count field is measured the number of hops from the source to destination. In 
 



 Power Aware with the Survivable Routing Algorithm for Mobile Ad Hoc Networks 269 

order to identify a route, it uses the RREQ_ID field. The originator IP field indicates 
the IP address of the source, which originates the RREQ packet. The destination IP 
field indicates the address of the destination for which a route is desired. The 
originator-sequence number field provides the current sequence number for the route 
entries to the source. The destination sequence number field is used for the route 
entries pointing to the destination. The PXT field indicates the transmission-power of 
the node. The PXR field indicates the received power of the node and RNi field 
represents the relay- capacity of the node as shown in table 1.  

Table 1. RREQ packet 

       Type J R G U Reserved Hop-count 
RREQ-ID 

Originator IP 
Originator-Sequence Number 

Destination IP 
Destination-Sequence Number 

PXT 
PXR 
RNi 

3.2   Route Selection 

Let us assume that S is the source and D is the destination. The nodes 2 and 3 are 
intermediate nodes with the transmit powers PXL2, PXL3 and relay capacities with RN1 
and RN2 respectively. Here, the node S uses the route-selection window for 3 ms to 
find a route. In the route-discovery phase, the S broadcasts the RREQ packet. The 
intermediate nodes 2 and 3 forward the RREQ packets over the network. The node D 
accepts the RREQ packets, reverses the route and sends Route Reply(RR) packet 
within the route-selection window for 2 ms. The intermediate nodes 2 and 3 receive 
the RR packets and calculate their transmission powers and relay-capacities of the 
nodes. The node S receives the RR packets from the nodes 2 and 3, then it selects a 
path with the minimum transmission-power and maximum relay-capacity of the 
nodes. In this work, each node maintains the power table as shown in the Table 2 with 
the entries of neighboring nodes such as estimated transmission-power and received 
power of the node and last-packet received time. The power table is result of all the 
RR packets received by the node. If a node S wants to forward a data packet, then it 
uses the power table. Once the route formation is completed, the node S sends the data 
packet to the node D. Every node records its PXT in the data packet and sends it to the 
next hop. If the next-hop receives the data packet at PXR, then it reads the PXT and 
calculates Total power for previous node as follows: 

Total Power = PXT - PXR                      (8) 
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Table 2. Power table of the node i 

SN Link PXL PXR Last-packet-received time 
     

 
The intermediate nodes 2 and 3 check the Total Power value in the RR packet. If 

the RR packet contains less value of Total Power, then the value is stored in its 
database. The data packets are transmitted through the node with less energy 
consumption over the network.  

RNi=NTi * LTi                        (9) 

In equation(9), NTi is the current data rate of the node i and LTi is the lifetime of the 
node i.  

          REi 
LTi =             (10) 
          Ei(t) 

In equation(10), REi is the residual-energy and Ei(t) indicates how much energy is 
needed per second at the node i.  

The proposed model allows the node D to select a path among the multiple-RRE 
packets based on the minimum total transmission-power and relay-capacity of the 
node within the route-selection-window time(2 ms). If a node D receives the REQ 
packet from the S, then it starts a timer(route-selection time window(3 ms)). The node 
D selects a route among all the viable routes according to the computation of a 
decision function. If any two nodes have equal transmission-power, then chooses a 
node with more relay-capacity. 

4   Simulation  

In this section, first we explain some of the parameters used in the simulation. Then, 
we present the simulation results. We compare the performance of all the three 
models.  

4.1   Simulation Environment 

The simulation environment has shown in the Table 3. The proposed model simulated 
in a 1000m×1000m area with 50 mobile nodes using random waypoint model. Here, 
we designed and implemented our test-bed using C++ language to test the 
performance of all the three routing algorithms. The mobile speed of each node was 
from 0-20 m/s and the transmission range was 250 m. Here, it used Constant Bit 
Rate(CBR) and the data packet size was 512 bytes. The data transmission rate was set 
to 2 Mbps. Total simulation time was conducted for 7 hours, the source and 
destination nodes were randomly chosen. Each node was randomly assigned an initial 
energy (9,000 Joules).  
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Table 3. Simulation parameters 

Simulation parameters Value  
Traffic type CBR 

CBR packet size  512 bytes 
Routing protocol DSR 
Hello_packet_interval 1 s 

Node mobility 0-20 m/s 
Frequency  2.4 Ghz 

Channel capacity  2 Mbps 
Transmission range  250 m 

Transmit power  1.32 W 
Receiver power 0.96 W 

Idle power 0.82 W 

Mobility model Random waypoint 

Voltage  5 V 

Initial node energy 9000 J 

Route-selection window time at source 3 ms 

Route-selection window time at     
destination 

2 ms 

5   Results 

In order to evaluate the network performance of all the three protocols, it uses 
following metrics such as route survivability, throughput, transmission-power and 
number of path reconstructions.   

5.1   Route Survivability 

Here, we deployed 100 mobile nodes within the defined area and the node mobility 
varied from 0-20 m/s. The experimental setup has executed for 25 runs with the 
different mobility speeds in a given topology and 5 mobile nodes transmit the data at 
the rate of 5 packets/s. From the results, we conclude that the route survivability is 
more in the proposed model as compared to other models. After 4 hours and 75 mints, 
the proposed model has dropped piercingly due to energy exhaustion of the nodes. 
Whereas MTPR and MMBCR models drop at 4 hours and 12 mints, 4 hours and 25 
mints respectively as shown in the figure 1. It is also noticed that the proposed model 
has transmitted the data packets without having new route-discovery packets due to 
robustness of the network connectivity. 

5.2   Throughput 

In this scenario, it considered 100 mobile nodes spreading within the defined area and 
the node mobility differed from 0-20 m/s. The simulation has executed for 25 runs 
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Fig. 1. Probability of route survivability 

with the different mobility speeds in a given topology. Here, 5 nodes transmit the data 
at the rate of 5 packets/s. Figure 2 depicts the packet delivery ratio of all the three 
protocols under different motilities. The packet delivery ratio has decreased as the 
node mobility increases due to more number of the link breaks. The proposed model 
has delivered 95% of the data packets at 10 m/s due to relay-capacity of the nodes, 
whereas MMBCR and MTPR models have transmitted the data packets at 93% and 
91.5% of the data packets respectively.  

 

Fig. 2. Mobility versus throughput 



 Power Aware with the Survivable Routing Algorithm for Mobile Ad Hoc Networks 273 

5.3   Power Consumption 

Here, it deployed 25 mobile nodes and the number of data packets sent between 0-80 
packets/s and each node traveled constantly at 2 m/s. The experimental setup has 
executed for 20 times with the different arrival rate of the data packets. For 
investigation, the energy consumptions of all the nodes have their initial energy 
values, which are randomly selected. In the figure 3, it is clearly shown that MTPR 
model is designed to minimize the power consumption by selecting the routes, which 
are the most power efficient. In MTPR model, 15% to 20% of the paths are consumed 
with less power than the paths in MMBCR model. There is no much difference 
between the proposed model and MTPR model with respect to the power 
consumption from 1-3%. 

 

Fig. 3. Mobility against power 

5.4   Number of Path Reconstructions 

In the experimental setup, we deployed 50 mobile nodes within the defined area. The 
number of data packets sent between 5-20 packets/s and each node moved constantly 
with 0-25 m/s. As the number of nodes decreases, the number of path reconstructions 
has increased due to the node mobility. The path reconstruction is consistently low in 
the proposed model as compared to MMBCR and MTPR models as shown in the 
figure 4. The proposed model works well if the network has an adequate number of 
strong nodes in terms of relay-capacity. In fact, it has reduced the number of route 
reconstructions by 45% as compared to MMBCR model and 65% against to MTPR 
model at mobility 10 m/s. Since, the proposed model has routed the data packets 
through the route with strong relay-capacity nodes. The strong relay-capacity nodes 
are less vulnerable than the weak relay-capacity nodes.  
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Fig. 4. Mobility versus percentage of path reconstructions 

6   Conclusions  

This paper presents a power-aware with survivable routing algorithm for the 
MANETs. It used the minimum transmission-power and high relay-capacity node to 
route the data packets from the source to destination. In this work, we used nearly 50 
mobile nodes with area of 1,500 m X 1,500 m. Here, it is likely to have the 
unpredictable links, nodes, and variable mobility patterns. The proposed model 
forwarded the data packets based on more relay-capacity nodes and minimum 
transmission-power at physical layer. It is also helped us to switch new route before 
failure occurs and the proposed work makes QoS for end-users over the network. The 
simulation results are proved that the proposed model has reached at top position in 
terms of the route survivability, throughput, number of path reconstructions as 
compared to MMBCR and MTPR models. The drawback of this model is that it takes 
more number of hops to reach the destination because the data packets are routed with 
the more relay-capacity nodes. 

References 

1. de Moraes, R.M., Sadjadpour, H.R., Garcia-Luna-Aceves, J.J.: Mobility-Capacity-Delay 
Trade-Off In Wireless Ad Hoc Networks. Ad Hoc Networks 4(5), 607–620 (2006) 

2. Chao, C.M., Sheu, J.P., Chou, I.C.: An Adaptive Quorum-Based Energy Conserving Protocol 
for IEEE 802.11 Ad hoc Networks. IEEE Transactions on Mobile Computing 5(5), 166–170 
(2006) 



 Power Aware with the Survivable Routing Algorithm for Mobile Ad Hoc Networks 275 

3. Ma, C., Yang, Y.: A Prioritized Battery-Aware Routing Protocol for Wireless Ad Hoc 
Networks. In: Proceedings of The ACM International symposium on Modeling, Analysis 
and Simulation of Wireless and Mobile Systems, pp. 45–52 (2005) 

4. Sánchez, J.A., Ruiz, P.M.: Improving Delivery Ratio and Power Efficiency in Unicast 
Geographic Routing with a Realistic Physical Layer for Wireless Sensor Networks. In: 
Proceedings of The DSD, pp. 591–597 (2006) 

5. Raghavendra, C.S., Singh, S.: PAMAS-Power Aware Multi-access Protocol with Signaling 
for Ad Hoc Networks. ACM Communications Review 28, 5–26 (1998) 

6. Singh, S., Woo, M., Raghavendra, C.S.: Power-Aware with Routing in Mobile Ad Hoc 
Networks. In: Proceedings of The ACM MOBICOM, pp. 181–190 (1998) 

7. Toh, C.-K.: Maximum Battery Life Routing to Support Ubiquitous Mobile Computing in 
Wireless Ad Hoc Networks. IEEE Communications 39(6), 2–11 (2001) 

8. Ahmad, S., Awan, I., Waqqas, A., Ahmad, B.: Performance Analysis of DSR and 
Extended DSR Protocols. In: Proceedings of The International Conference on Modeling 
and Simulation, pp. 191–196 (2008) 

9. Balaswamy, C., Soundararajan, K.: An Efficient Route Discovery Mechanism for Mobile 
Ad Hoc Networks. International Journal of Computer Science and Network Security 8(10), 
25–51 (2008) 

10. Roux, N., Pegon, J.-S., Subbarao, M.W.: Cost Adaptive Mechanism to Provide Network 
Diversity for MANET Reactive Routing Protocols (2007), 
http://w3.antd.nist.gov/pubs/roux_m2000.pdf 

11. Gobriel, S., Mosse, D., Melhem, R.: Mitigating the Flooding Waves Problem in Energy-
Efficient Routing for MANETs. In: Proceedings of The IEEE Conference on Distributed 
Computing Systems, pp. 47–47 (2006) 

12. Jaikaeo, C., Sridhara, V., Shen, C.C.: Energy Conserving Multicast for MANET with 
Swarm Intelligence. In: Proceeding of The International Symposium on a World of 
Wireless, Mobile and Multimedia networks, pp. 7–11 (2006) 

13. Hanashi, A.M., Siddique, A., Awan, I., Michael, E.: Woodward: Dynamic Probabilistic 
Flooding Performance Evaluation of On-Demand Routing Protocols in MANETs. In: 
Proceedings of The CISIS, pp. 200–204 (2008) 

14. Kim, D., Garcia-Luna-Aceves, J.J., Obraczka, K., Cano, J.-C., Manzoni, P.: Routing 
Mechanisms for Mobile Ad Hoc Networks Based on the Energy Drain Rate. IEEE 
Transactions on Mobile Computing 2(2), 161–173 (2003) 


	Power Aware with the Survivable Routing Algorithm for Mobile Ad Hoc Networks
	Introduction
	Some of the Related Work
	Power Aware Multi Access Protocol with Signaling (PAMAS)
	Minimum Total Transmission Power Routing (MTPR)
	Min-Max Battery Cost Routing (MMBCR)
	Conditional Max-Min Battery Capacity Routing (CMMBCR)
	Minimum Drain Rate (MDR)

	Proposed Model
	Route Discovery
	Route Selection

	Simulation
	Simulation Environment

	Results
	Route Survivability
	Throughput
	Power Consumption
	Number of Path Reconstructions

	Conclusions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /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 [595.276 841.890]
>> setpagedevice




