
Performance Evaluation of RPL Metrics in 
Environments with Strained Transmission Ranges 

 
Craig Thomson, Isam Wadhaj, Imed Romdhani, Ahmed Al-Dubai 

Edinburgh Napier University, School of Computing, 10 Colinton Road, EH10 5DT, UK 
E-mail: {C.Thomson3, I.Wadhaj, I.Romdhani, A.Al.Dubai}@napier.ac.uk 

 
Abstract – An examination of existing studies in the area 
of Routing Protocol for Low-Power and Lossy Networks 
(RPL) implementation in wireless sensor networks 
(WSNs) reveals a consistent approach taken of optimal 
node distribution. This in order to best evaluate 
networking metrics such as Packet Delivery Ratio (PDR), 
latency and energy consumption. The tests detailed in this 
paper differ from previous work, in that there is no 
concerted effort to ensure the appropriate density of the 
network topologies. The intention being to ‘strain’ the 
limits of the transmission ranges. Using the Cooja 
simulator, we take the approach of utilising nodes in less-
than perfect, real-world scenarios. In this way the main 
factor at play is the ability to retain nodes as part of the 
Destination Oriented Directed Acyclic Graph (DODAG) 
build in environments with ‘strained’ transmission 
ranges. In this regard we compare Objective Function 
Zero (OF0) Hop-count with The Minimum Rank with 
Hysteresis Objective Function (MRHOF) Energy and 
expected transmission count (ETX) metrics. In utilising 
the energy metric, a novel approach, we prove that it is 
ineffective in this scenario. Resultantly, the ETX metric 
outperforms Hop-count, producing results that improve 
over time, adjusting to ‘strained’ environments to include 
more motes in the DODAG build as time passes. In 
conclusion, we propose future work to develop an 
extension to Cooja to utilise the ETX metric with an 
Energy constraint. This in order to better evaluate the use 
of node energy levels as part of a DODAG build in 
‘strained’ WSN implementations in the future. 
 
Keywords – RPL, Cooja, OF0, MRHOF, ETX, Energy, 
Hop-count, Strained. 
 

I. Introduction 
There can be little doubt that the world has moved into a new 
phase of internet technology. Now moving away from a rigid 
network infrastructure, towards a fully connected internet of 
smaller, smart devices known as the Internet of Things (IoT). 
Many examples can already be found such as mobile 
applications to control your heating at home [1]. The focus of 
this paper is the Low-Power and Lossy Network (LLN), in 
this case a WSN, where tiny, low-power devices, or sensors, 
are networked together, be that on the public or private 
internet. These networks are becoming widely used in 
industry such as oil and gas [2] or even in the exploration of 
other worlds [3].  
 
At the Link-layer these devices can be connected in many 
ways with IEEE802.15.4 [4] the wireless standard for 
delivery of Link Layer frames across LLNs such as WSNs 
[5].  

 

The need for a routing protocol to be used in these networks 
resulted in the establishment by the Internet Engineering 
Task Force (IETF) of the Routing Over Low power and 
Lossy networks (ROLL) working group [6]. This working 
group subsequently developed and standardised RPL [7]. 
RPL is a flexible and adaptive protocol, specifically designed 
with the propensity for link losses in WSNs in mind. These 
link losses are expected in WSNs with the potential for 
environmental factors coming into play, which could cause 
interference and therefore extreme link-instability, resulting 
in high levels of packet loss. In this case different principles 
must apply. RPL cannot overreact to packet loss by 
immediately recalculating routes, due to the limited power 
and data transfer rates available [8]. In terms of traffic flow, 
RPL supports multipoint-to-point (MP2P), important where 
many leaf nodes collect data, such as in a WSN. Also 
supported are point-to-multipoint (P2MP), and point-to-point 
(P2P) [7].  
 
In regard to the establishment of the best route to a destination 
in RPL, RFC 6550 [7] specifies building a DODAG. A 
DODAG is a logical topology placed over a physical network 
of which there can be several and of which a node can be a 
member of multiple occurrences. An example of how 
multiple DODAGs are created can be seen in Figure 1. The 
characteristics of a DODAG will reflect Quality of Service 
(QoS) or constrained-based routing requirements in such that 
each DODAG ‘instance’ has a particular role to provide 
regarding routing across the physical network.  A DODAG is 
built according to an OF [9], can utilise several different 
metrics and constraints and plays a significant role in the 
building of a DODAG instance. 
 

 
Figure 1. Example of multiple DODAG instances [8] 

The aforementioned OFs, and the metrics and constraints 
utilised therein, are of greatest interest in this particular study. 
While an OF can be sole driver in DODAG construction, such 



as in “RFC6552: Objective Function Zero” for RPL [9], 
generally the OF uses metrics and constraints to build the 
DODAG and the routes within. This is the case with MRHOF 
[10], with RPL utilising constraint-based routing, such as 
energy and CPU levels or remaining memory capacity [8]. As 
such an OF may include or exclude routes depending on these 
requirements. In the case of RPL the use of constraints and 
metrics is combined into a routing object. For example the 
routing object could specify a constraint such that the OF 
should prune any paths with nodes below a certain memory 
capacity or could specify a metric such as hop-count. Within 
this study, both OFs currently standardised for use with RPL 
shall be utilised. 
 
OF0 [9] is a default OF for RPL which does not, in fact, use 
a metric. Instead OF0 uses Rank to decide upon the preferred 
next hop. OF0 also utilises a ‘feasible successor’ in the event 
of the preferred successor not being available. In most 
installations of RPL this will produce similar results as if the 
‘Hop-count’ metric was being used. Therefore it is 
recommended that actual dynamic metrics such as Link 
Quality Level Reliability or ETX are used [9]. 
 
MRHOF [10] again seeks to reduce the distance to a 
destination. However, unlike OF0, MRHOF utilises metrics 
in this regard. The OF itself is not an algorithm. In the case 
of MRHOF it determines the shortest path using the metrics, 
and/or constraints, carried within the metric container 
advertised in the Directed Acyclic Graph (DAG) container 
option in DODAG Information Object (DIO) messages [7]. 
If no metric is advertised in the DIO messages then MRHOF 
will default to the ETX metric [10]. However, MRHOF can 
use any of the metrics defined in RFC6551  [11] such as Hop 
Count, Link Latency, ETX, Node Energy or Throughput. 
 
Recent studies aimed at evaluating the performance of RPL, 
with regard to the different OFs and metrics therein, have 
tended to focus on performance based on PDR, energy 
consumption and latency. Simulations are generally designed 
to organise the nodes within a WSN in the most effective way 
with regard to transmission ranges. This study, however, aims 
to take a completely different approach, in that the network 
topologies utilised within the simulations performed as part 
of this study have been designed in that the nodes are located 
at distances aimed to ‘strain’ their transmission ranges. The 
performance of the network in relation to RPL metrics is 
based on the ability to maintain nodes as part of the network 
after a set period of time. This is seen as of great importance 
given the ‘real-world’ implementations of WSNs and the 
possibility of inhospitable environments.  
 
The remainder of this paper is divided into 4 sections. Section 
II summarises existing studies, highlighting the use of various 
simulation tools in the study of RPL. The different 
approaches taken to the testing of the performance of RPL are 
also examined, leading to the novel approach taken within 
this study. Section III details fully the approach taken to 
testing, graphically demonstrating both the network 
topologies utilised as well as all results in regard to the effect 
of different metrics on the percentage of nodes able to 
participate in the DODAG build. Section IV examines all 
results and what can be concluded from them and finally we 
outline the future work and the conclusion in Section V. 

 
II. Related Work 

There have been a variety of studies into the performance of 
RPL, as well as different ways of implementing the protocol 
and novel approaches to utilising RPL for future 
developments. The implementation of a “cross-layering 
design approach” [12], using a simulated implementation of 
RPL on the Contiki OS [13], is achieved by an exploration of 
the area each node inhabits in order to manage their 
neighbour tables. Also employed is link estimation [12]. This 
results in considerably better delivery rates and highlights the 
need for novel approaches to routing in the IoT in general.  
With regard to energy-saving, this is the one area affected by 
all others. Poor data delivery, as previously commented on, 
will result in heavy energy consumption. The non-avoidance 
of loops is another area of concern as this can also lead 
directly to high energy consumption when not implemented 
correctly. Karkazis et al [14] use simulation to test the effects 
of combining primary and composite routing metrics, and 
propose a set of complex formulae to implement this. The 
result is a successful convergence to optimal loop-free paths 
within an LLN using the RPL protocol [14]. 
 
A fairly early thesis detailing an implementation of RPL in a 
WSN, and examining the Hop Count Object and Node 
Energy Object metrics [15], utilised the OMNeT++ 
simulation model [16]. OMNeT++ is not a simulator in the 
traditional sense but more a modular platform on which 
simulations can be built. Based around scripts written in C++, 
it is extremely flexible and particularly suitable for 
simulating mobile protocols such as Destination-sequenced 
Distance Vector (DSDV) [17] and Ad Hoc On-Demand 
Distance Vector (AODV) [18]. Several simulation models 
are available for OMNeT++ with Castalia [19] and MiXiM 
[20] particularly useful with regard to WSNs. However, this 
is generally in the use of routing-under at the MAC layer. To 
simulate routing of RPL, a network layer routing protocol, in 
OMNeT++ requires customisation of the code in order to 
replicate the way RPL behaves. The MiXiM module is 
utilised in [15] to demonstrate how the use of the hop count 
metric in RPL shall cause a faster depletion of energy within 
nodes than when using the node energy metric. To achieve 
this a considerable amount of programming is produced to 
replicate the RPL code. OMNeT++ is also utilised in [21]. 
The approach taken in this publication is to attempt 
improvements to RPL by implementing multipath routing in 
the form of three different schemes, each based on RPL. 
Those being Energy Load Balancing (ELB), Fast Local 
Repair (FLR) and a combination of both (ELB-FLR). What 
is explored in this paper is the consideration of a node of the 
same rank in the event of a parent node going down, or a 
“sibling” in the case of FLR. This can subsequently result in 
more efficient redundancy as it opens up a far greater choice 
of alternative routes than would previously have been 
available. In the case of ELB residual energy of nodes is used 
in calculating their rank as well as in routing. This means that 
the energy level is then an integral part of the decision making 
process when it comes to assigning parents, as higher residual 
energy will contribute to a lower rank. The ELB-FLR 
approach seeks to combine these two methods to result in a 
proposed new protocol, with high levels of redundancy and 
the always important issue of energy levels also accounted 
for [21]. In the case of simulation, the OMNeT++ simulator 



has a new IPv6 communication stack implemented utilising  
User Datagram Protocol (UDP) at the Transport layer, RPL 
and IPv6 over Low power Wireless Personal Area Networks  
(6LoWPAN) at the Network layer and non-beacon mode 
Carrier Sense Multiple Access (CSMA) at the Data-link layer 
with ContikiMAC [21]. ContikiMAC is implemented in the 
Contiki OS [13].  
 
This leads to what has in recent studies become a widely used 
simulation software in the area of replicating the use of RPL, 
that being the Cooja simulator used within Instant Contiki 2.7 
[13]. In regard to other simulation software available to 
replicate the behaviour of RPL, generally these were 
developed for other protocols and have required to be 
amended, sometimes unsatisfactorily, in order to produce 
results for RPL simulation. The attraction of the Cooja 
simulator is that the ContikiRPL model is seen as “the first 
real-world implementation of RPL” [22]. The ContikiRPL 
open-source code used in Cooja is the real code which is 
simulated on real nodes, thus providing a realistic and 
accurate simulation model which far exceeds the 
performance of other simulation software [23].   
 
According to [23], one of the earlier studies to utilise 
ContikiRPL in the Cooja simulator, this study differed from 
others at the time in that it focused more on the actual 
construction of the network rather than individual variables. 
In this regard the ability to simulate large networks was of 
high importance. An evaluation of ContikiRPL found that 
general implementation was less complex. Also it was proven 
that a battery lifetime of several years was possible, as well 
as a high PDR [23]. By the standard of more recent studies 
the results of this particular study are not hugely revealing, in 
that they prove that power consumption of a DODAG 
increases in relation to the number of nodes and that a node 
consumes more energy depending on its position within the 
DODAG, regarding the number of neighbours it has. Thus 
the more routing the node must perform the more energy it 
consumes. It was also shown how the Average Hop Distance, 
Convergence Time and the size of each node’s routing table 
could be directly related to the size of the network and the 
position of the DODAG root. With regard to Objective 
Function the study demonstrated that OF0, which builds a 
DODAG based on Rank, merely reducing the number of 
hops, is more effective with regard to hop-count reduction 
and power consumption than MRHOF. With MRHOF using 
the ETX metric in DODAG construction. However, with OF0 
not considering network throughput, the possibility is raised 
of further OFs [23]. Studies of the performance of RPL have 
become more complex since this study took place in 2012, 
however, it demonstrates the constraints which were in place 
before the advent of ContikiRPL. 
 
Where many implementations of RPL shall be within 
stationary WSNs there must also be regard paid to mobile 
implementations. The authors of [24] examine a topology 
where mobile sink nodes are utilised within an otherwise 
stationary WSN. The simulations within this paper 
demonstrated how power consumption increased greatly 
when the sink was mobile, and that performance factors such 
as latency and PDR were also greatly affected. The 
conclusion being that RPL is currently suitable for fixed node 
WSNs but that further investigation must take place with 

regard to mobility [24]. This paper utilises Cooja to 
demonstrate the differences in latency, PDR and Average 
Power Consumption (APC) depending on whether the sink is 
fixed or mobile and then on the particular mobility model, 
with the sink moving both in straight lines and in a circular 
fashion around the other nodes. Within the Cooja simulation 
the Unit Disk Graph Model (UDGM) was deployed. 
Simulations were performed for 10 and 15 minute timeframes 
and showed how power consumption was greater in tests 
using a mobile sink. What was also demonstrated was how 
PDR was significantly higher in a fixed node network overall 
but that latency had interesting results. In a network 
simulation where the sink node moved around the fixed nodes 
in a circle, latency was noticeably worse than a fixed 
network. However, in a simulation where the mobile node 
moved in a straight line through the fixed nodes the latency 
was shown to be much better than a fixed network.  
 
One of the first studies to investigate the impact of the two 
Objective Functions, in combination with particular 
topologies and Packet Reception Ratio (RX), was [25]. This 
study demonstrated that performance can be optimised 
depending on the topology used, in this case random or grid, 
and that MRHOF can provide slightly better results in regard 
to PDR and energy consumption [25]. However, there is 
clearly room for further study with regard to different 
topologies and the various metrics and constraints used with 
MRHOF. Some of the ideas within this paper are built upon 
in the testing performed as part of this study. 
 
Bringing research completely up to date, [22] demonstrates 
how Cooja is now seen as the logical choice for the 
simulation of RPL networks. This study proposes a proactive 
version of RPL, namely Pro-RPL, based on a “suffering 
index” [22] which is defined by RPL nodes’ tendency to fail. 
With the aim being to predict the likelihood of failure, and 
therefore circumnavigate the issues that then follow. Among 
those being the buffering of data within a node until a link is 
re-established and the change of parentage within the 
DODAG. The operation of pro-RPL is thus; utilising 
information from DIO messages (used by RPL to build 
upward routes from leaf nodes to sink nodes) received from 
neighbouring nodes, the suffering index of each node’s parent 
is calculated “based on the path cost from the parent to the 
root, the parent’s neighbouring index, energy consumption 
and its number of alternative parents” [22]. This study is 
typical of many current studies to be found with regard to 
RPL and how to improve routing within WSNs. More novel 
approaches are now being taken in an attempt to address 
many of the inherent problems with RPL, and routing in 
WSNs in general. This would certainly appear to indicate the 
recent standardisation of RPL by the IETF should be seen as 
a baseline to build from, rather than a defined end-point in the 
development of this area [7]. 
 
Summary 
The diversity of studies into the performance of RPL makes 
a direct comparison across all papers problematic. However, 
several observations can be made. Firstly in regard to the use 
of a particular simulator, in using the actual code utilised in 
real nodes, Cooja would appear to be the most realistic choice 
currently available. In terms of the performance of metrics, 
whilst both OF0 and MRHOF have both been utilised, only 



the ETX metric is used with MRHOF in any of the studies 
summarised. Finally, when measuring the performance of 
RPL it is clear that no consideration is given to the physical 
layout of the network other than all nodes should be well 
within range. This in order to measure metrics such as PDR, 
Latency and Energy Consumption. As such this led to the 
conclusion that a gap exists in research where the effect on a 
network where transmission ranges between nodes are 
‘strained’ is examined. It was concluded that this study 
should utilise the Energy metric in Cooja, as well as hop-
count and ETX. Finally, the performance metric should be 
that of the ability to retain nodes as part of the DODAG build. 
 

III. Performance Evaluation 
A. Introduction 
Testing as part of this study is implemented using the Cooja 
simulator within Instant Contiki 2.7, not to be confused with 
the Contiki OS which is an actual operating system for use 
within real Wireless Sensors. As such, although the tests in 
this study are performed on simulation software, the nodes, 
or motes as referred to within Cooja, used in each simulation 
are compiled with the actual firmware used in physical 
versions of said motes [13]. Resultantly, each mote should 
behave as if in a real implementation of a WSN. Secondly, 
the performance of each mote is within the physical 
parameters of that mote type. In the case of the testing to be 
performed as part of this document, the most simple of the 
motes available for use within Cooja shall be used, that being 
the Tmote Sky sensor [26]. The Sky mote has integrated 
sensors as well as radio, antenna, microcontroller and 
programming capabilities. From the point of view of testing 
within this document one of the most important features is 
“Integrated onboard antenna with 50m range indoors / 125m 
range outdoors” [26]. 
 
In order to avoid ambiguity the term ‘mote’ is used 
throughout this section and on all graphs as opposed to 
‘node’. This is merely to replicate the language used within 
the Cooja simulator. 
 
Testing within this document shall build on previous studies 
with the primary focus on the two OFs, OF0 and MRHOF. 
Within Contiki the use of OF0 effectively results in the use 
of Hop-count as a metric. In the case of MRHOF the ETX 
metric and another metric where the remaining Energy level 
of nodes is used are available in Cooja and both shall be 
utilised. As previously stated, this study approaches testing 
from a different angle from other studies. In this regard, the 
novel approach shall be taken of utilising ‘strained’ 
transmission ranges within topologies. This is with the 
intention of analysing the best performing OFs and metrics 
therein. From the analysis of the data recorded, the positives 
and negatives of each OF shall be discussed, as well as 
conclusions drawn as to potential future developments.  
 
B. Testing Outline 
As has been clearly illustrated, RPL has been tested in various 
scenarios. The approach taken in the testing within this 
document was to utilise all metrics available in relation to 
building a DODAG. In this regard both OFs have been used 
– OF0 [9] and MRHOF[10]. A particular OF utilises the 
metric advertised in DIO messages, with OF0 using rank 
which essentially results in the use of Hop-count and 

MRHOF defaulting to ETX. For the purpose of this testing 
the use of OF0 shall be referred to as using Hop-count. The 
use of MRHOF raises the possibility of utilising other metrics 
which may be within the Metric Container of a DIO. The 
Cooja simulator in the Instant Contiki OS [13] facilitates the 
use of the Energy metric when building a DODAG instance, 
taking into account the energy level of motes. Therefore, this 
allows the use of three different metrics with the possibility 
to compare the results across these.  
 
Within the parameters of each metric the tests in this section 
utilise two different network layouts. Those being a tree 
formation with a sink mote at the top and a circular formation 
with the sink mote in the middle. These topologies are utilised 
with both 25 motes and 50 motes, with the location of the 
motes aimed at testing the ability of RPL to build a DODAG 
under certain conditions. More specifically, that the range 
between motes shall be random and often not ideal, in order 
to attempt to replicate possible issues in a physical 
environment. Previous testing has tended to control density 
of networks in order to keep control of scenarios and thus 
more easily compare results in regard to power consumption, 
PDR and latency. The testing performed as part of this 
dissertation deliberatively takes the approach of utilising less 
than perfect scenarios in order to ‘strain’ the networks in 
regard to transmission range. Therefore, with this in mind, the 
main factor examined within testing is of the number of 
motes lost in regard to taking any part in the DODAG build. 
To this end we examine the effect of each metric, to 
determine the significant factors in affecting the ability to 
build and maintain a DODAG instance in these 
circumstances. In particular this allows the comparison of the 
performance of the Energy metric to Hop-count and ETX, a 
relatively novel approach.  
 
Each scenario is run over 10 and 20 minutes to examine the 
effect of each metric as time passes. Finally, each scenario is 
run with two different transmission ranges. Firstly a 
transmission range of 70m and an interference range of 90m, 
secondly a transmission range of 50m and an interference 
range of 100m. 
In addition to these parameters more specific observations 
will be made regarding power levels of particular nodes and 
what can be observed from the particular scenario. 
 
C. Test Parameters 
The parameters for testing are shown in Table 1. Four tests 
are performed, with each test utilising a particular topology 
and number of motes. These topologies using the 
aforementioned transmission and interference range 
combinations, all of which is illustrated in Table 1. Tests 1 
and 2 comprise of 1 sink and 24 senders, whereas Tests 3 and 
4 comprise of 1 sink and 49 senders, with all tests performed 
over 10 and 20 minutes. All topologies are designed with the 
intention of ‘straining’ these transmission ranges in that 
communication between motes should not be optimal. The 
main difference in the topologies is that in Tests 1 and 3 a tree 
topology is utilised, whereas in Tests 2 and 4 a circular 
topology is in use.  
The 10m grid demonstrates the distance between motes of 
between 30m and 50m, as can be observed in Figures 2-9.  
 



Table 1. Test Parameters 

 
Figure 2. Test 1 with 70m, 90m Transmission, Interference 
Ranges 
 

 
Figure 3. Test 1 with 50m, 100m Transmission, Interference 
Ranges 
 

 
Figure 4. Test 2 with 70m, 90m Transmission, Interference 
Ranges 

 
Figure 5. Test 2 with 50m, 100m Transmission, Interference 
Ranges 

 

 
Figure 6. Test 3 with 70m, 90m Transmission, Interference 
Ranges 

Test Parameters Values 

Objective Functions OF0 MRHOF 

Metrics Hop-count ETX Energy 

TX Range/INT Range 70m/90m, 50m/100m 

Topologies Tree (Sparse), Circle (Sparse) 

Simulation Times 10 minutes, 20 minutes 

Number of Nodes 25, 50 

Mote Type Tmote Sky 

Wireless Channel Model UDGM 



 
Figure 7. Test 3 with 50m, 100m Transmission, Interference 
Ranges 
 

 
Figure 8. Test 4 with 70m, 90m Transmission, Interference 
Ranges 

 
Figure 9. Test 4 with 50m, 100m Transmission, Interference 
Ranges 
 
D. Results 
Test 1 
The results in relation to Mote Loss are compared across the 
four different test runs as part of Test 1. The results can be 
observed in Figure 10. What is immediately clear is that the 
change to a transmission/interference range of 50m/100m 
from 70m/90m has a major effect on the ability of RPL to 
build and maintain a DODAG instance. What this 
demonstrates is that when motes are only within the 

interference range of each other it causes great difficulty in 
exchanging messages to a degree that a DODAG can be 
maintained. In regard to the different metrics in use it can be 
observed that the Energy metric loses the greatest number of 
motes in all scenarios, losing over 70% of motes in the 
50m/100m scenario over 20 minutes. What can be observed 
regarding the Hop-count and ETX metrics is that both 
perform better over greater periods of time, with mote loss 
decreasing in the 20 minute scenarios. Even for the more 
challenging 50m/100m scenario, by the time the scenario has 
been running for 20 minutes, RPL using MRHOF with the 
ETX metric has 76% of the motes making up the DODAG.  
 

 
Figure 10. Test 1 Mote Loss 
 
Test 2 
The results in relation to Mote Loss are compared across the 
four different test runs as part of Test 2. The results can be 
observed in Figure 11. What should be considered firstly is 
that the scale of this graph is far smaller than in Test 1, with 
no scenario suffering mote loss above 30% for any of the 
metrics used. Again the change to a transmission/interference 
range of 50m/100m from 70m/90m has an effect on the 
ability of RPL to build and maintain a DODAG instance, but 
not to the extent of the tree topology utilised in Test 1. This 
demonstrates the greater variety of routes available to the sink 
mote in this topology, even when the transmission range is 
reduced. In regard to the different metrics in use, the only 
relevance is in regard to the 50m/100m scenario as there is no 
loss of motes whatsoever at the end of both runs of the 
70m/90m scenario. In regard to the 50m/100m scenario again 
it is the Energy metric which performs worst, although to a 
lesser degree than in Test 1. Again both ETX and Hop-count 
perform well the longer the scenario runs for. Hop-count in 
particular has no loss of motes at all after 20 minutes.  
 

 
Figure 11. Test 2 Mote Loss 

Test 3 
The results in relation to Mote Loss are compared across the 
four different test runs as part of Test 3. The results can be 
observed in Figure 12. What can be immediately observed 



regarding the topology is that the 50m/100m suffers 
catastrophic mote loss irrespective of the timeframe, to the 
point where it can be concluded that this scenario is not 
viable. This scenario would have to be improved with regard 
to mote density regardless of which metric is utilised. 
Alternatively, the 70m/90m scenario performs slightly better 
initially, although the Energy metric again suffers from major 
loss of motes. As the time progresses from 10 minutes to 20 
minutes the Energy metric does improve slightly but the ETX 
metric improves greatly. 
 

 
Figure 12. Test 3 Mote Loss 

Test 4  
The results in relation to Mote Loss are compared across the 
four different test runs as part of Test 4. The results can be 
observed in Figure 13. It could be argued that this scenario 
demonstrates most effectively the difference in performance 
with regard to mote loss across the three different metrics 
used. Again the poor performance of the Energy metric is 
clear, even in the almost ideal 70m/90m scenario where ETX 
and Hop-count lose very few motes by the end of the 20 
minute test. Moving to the 50m/100m scenario there is a 
catastrophic loss of motes when utilising the Energy metric. 
However, whereas the Hop-count metric still endures losses 
of 32% reducing to 24%, the ETX metric sees losses move 
from 14% to only 6% in a less than ideal network scenario.   
 

 
Figure 13. Test 4 Mote Loss 
 

IV. Final Evaluation 
The topologies utilised within this study have been designed 
with the aim of ‘straining’ the transmission ranges of motes. 
In this regard the ability to maintain motes within a DODAG 
under these conditions is of greatest interest. Therein, we 
evaluate the performance of the use of Energy as a metric as 
part of MRHOF, in comparison to the use of the more 
commonly used ETX within MRHOF and Hop-count as part 
of OF0. The effectiveness and particular requirements of each 
topology are also be examined. Observing the performance 

of the Energy metric across all tests it is immediately 
apparent, that in terms of maintaining motes within a 
DODAG, it is far less effective than Hop-count or ETX. 
When considered logically this should not be surprising. The 
motes utilised within the networks are battery-powered and 
as time passes the power levels decrease. If the sole metric 
used to determine the best path to the sink mote is one which 
utilises the remaining energy levels within motes then issues 
would appear unavoidable. The 1-hop motes, and any other 
which may be the parent mote in a bottleneck situation, will 
obviously use more energy than others due to the higher 
levels of processing involved. This is an obvious issue when 
considering energy levels in order to establish parentage, and 
therefore establish the optimum path to the sink mote. In this 
regard it can be concluded that the Energy metric is not 
effective when used alone. Some results would render the 
network virtually useless and it is clear that this only worsens 
over time.  
 
Contrastingly, the other metric utilised by MRHOF, that of 
ETX,  performs very well in regard to sustaining motes within 
a network of strained transmission ranges. This is particularly 
true versus the use of OF0 and Hop-count over longer 
periods. This again would seem logical in this scenario given 
that the ETX metric seeks to avoid the lowest quality links in 
the network [11], rather than taking a blunt-force approach of 
merely utilising the shortest path to the sink mote. In 
conclusion, in a topology where the transmission ranges of 
motes are strained, a metric of the remaining energy levels of 
motes is ineffective on its own. Over a longer period of time 
it would appear any network utilising this metric in these 
conditions would eventually be rendered useless. Of interest 
going forward would be to comprise testing where Energy 
and ETX are used together. It may be that this could be best 
achieved by utilising Energy as a constraint rather than a 
metric. Greater depth of investigation is required in this area 
as the Cooja simulator would appear to provide a more 
simplistic use of metrics than that described in “RFC 6719: 
The Minimum Rank with Hysteresis Objective Function” 
[10] and “RFC6551: Routing Metrics Used for Path 
Calculation in Low-Power and Lossy Networks” [11]. Cooja 
also does not provide a facility to utilise constraints within 
MRHOF as a matter of course, therefore some manipulation 
of code would be required. This would also be the case in 
regard to combining the Energy and ETX metrics. 
 
With regard to the topological layout of the tests within this 
paper, it can be concluded that a circular layout results in 
better performance in regard to maintaining the number of 
motes. It is clear that a tree layout puts considerably greater 
strain on first-hop motes and can also cause other bottlenecks 
within the network. In conclusion, node density is extremely 
important in a tree formation and should be given careful 
consideration as part of the initial design. 
 

V. Conclusion 
This series of tests differ from previous work in this area in 
two regards. Firstly, there is no concerted effort to ensure the 
appropriate density of the network topologies, with the 
intention of straining the limits of the transmission ranges. 
Secondly, the use of an Energy metric with MRHOF to bring 
a comparison with OF0 and MRHOF using ETX.  
 



When considering a sparse, strained network topology it can 
be concluded that the optimum metric for use with RPL, in 
terms of maintaining the maximum number of motes, is the 
MRHOF with ETX. In regard to the Energy metric it can be 
concluded that it is highly ineffective in this environment. It 
may be that there are benefits to be gleaned from using this 
metric in a more controlled environment. Alwassi, Qasem, 
Yassein and Al-dubai [25] aim to determine the optimal RX 
when using OF0 and MRHOF with ETX. It could be of 
interest to repeat these tests with the Energy metric to 
determine any possible benefit.  
 
In regard to the Cooja simulator it is clear that there is an issue 
when considering the ability to properly utilise MRHOF in 
particular. Currently only the ETX and Energy metrics are 
available, however, there is also currently no framework to 
utilise the use of constraints. In regard to this study in 
particular, in order to fully test a WSN layout within a 
‘strained’ environment, the use of the ETX metric with an 
Energy constraint is required. This study proposes an 
extension to the current Cooja code in order to build upon the 
studies within this paper. 
 

References 
[1] “Hive.” [Online]. Available: https://www.hivehome.com/. 

[Accessed: 22-Mar-2016]. 
[2] CENSIS, “Low cost self-learning wireless gas sensors for 

building, healthcare and oil and gas applications.” [Online]. 
Available: http://censis.org.uk/censis_projects/gss_gcu/. 
[Accessed: 03-Mar-2016]. 

[3] NASA, “NREN (NASA Research and Engineering Network),” 
2006. [Online]. Available: http://www.nren.nasa.gov/adhoc.html. 
[Accessed: 03-Mar-2016]. 

[4] “IEEE 802.15.4,” 2016. [Online]. Available: 
http://www.ieee802.org/15/pub/TG4.html. [Accessed: 22-Mar-
2016]. 

[5] G. Montenegro, N. Kushalnagar, J. Hui, and D. Culler, 
“RFC4944: Transmission of IPv6 Packets over IEEE 802.15.4 
Networks,” 2007. 

[6] IETF, “Routing Over Low power and Lossy networks (roll) -.” 
[Online]. Available: http://datatracker.ietf.org/wg/roll/charter/. 
[Accessed: 16-Oct-2015]. 

[7] T. Winter, P. Thubert, A. Brandt, J. Hui, R. Kelsey, P. Levis, K. 
Pister, R. Struik, J. Vasseur, and R. Alexander, “RFC6550: RPL: 
IPv6 Routing Protocol for Low-Power and Lossy Networks,” 
2012. 

[8] J.-P. Vasseur and A. Dunkels, “RPL Routing in Smart Object 
Networks,” in Interconnecting Smart Objects with IP, 2010, pp. 
111–116. 

[9] P. Thubert, “RFC6552: Objective Function Zero for RPL,” 2012. 
[10] O. Gnawali and P. Levis, “RFC 6719: The Minimum Rank with 

Hysteresis Objective Function,” 2012. 
[11] M. Kim, D. Barthel, J. Vasseur, and et al, “RFC6551: Routing 

Metrics Used for Path Calculation in Low-Power and Lossy 
Networks,” 2012. 

[12] E. Ancillotti, R. Bruno, and M. Conti, “Reliable Data Delivery 
With the IETF Routing Protocol for Low-Power and Lossy 
Networks,” IEEE Trans. Ind. Informatics, vol. 10, no. 3, pp. 
1864–1877, 2014. 

[13] Contiki, “Contiki: The Open Source Operating System for the 
Internet of Things,” 2015. [Online]. Available: 
http://www.contiki-os.org/. [Accessed: 09-Nov-2015]. 

[14] P. Karkazis, P. Trakadas, H. C. Leligou, L. Sarakis, I. 
Papaefstathiou, and T. Zahariadis, “Evaluating routing metric 
composition approaches for QoS differentiation in low power and 
lossy networks,” Wirel. Networks, vol. 19, no. 6, pp. 1269–1284, 
2013. 

[15] S. Hammerseth, “Implementing RPL in a mobile and fixed 
wireless sensor network with OMNeT++.,” pp. 1–101, 2012. 

[16] “OMNeT++ Discrete Event Simulator,” 2015. [Online]. 
Available: https://omnetpp.org/. [Accessed: 09-Jan-2016]. 

[17] G. He, “Destination-sequenced distance vector (DSDV) 
protocol,” Netw. Lab. Helsinki Univ. Technol., pp. 1–9, 2002. 

[18] C. Perkings, E. Belding-Royer, and S. Das, “Ad hoc On-Demand 
Distance Vector (AODV) Routing,” IETF RFC 3561, pp. 1–37, 
2003. 

[19] Castalia, “Castalia - Wireless Sensor Network Simulator.” 
[Online]. Available: 
https://castalia.forge.nicta.com.au/index.php/en/. [Accessed: 16-
Jan-2016]. 

[20] “MiXiM,” Sourceforge.net. [Online]. Available: 
http://mixim.sourceforge.net/. [Accessed: 18-Jan-2016]. 

[21] Q. Le, T. Ngo-Quynh, and T. Magedanz, “RPL-based multipath 
Routing Protocols for Internet of Things on Wireless Sensor 
Networks,” in 2014 International Conference on Advanced 
Technologies for Communications (ATC 2014), 2014, pp. 424–
429. 

[22] N. Khelifi, S. Oteafy, H. Hassanein, and H. Youssef, “Proactive 
maintenance in RPL for 6LowPAN Proactive Maintenance in 
RPL for 6LowPAN,” in Wireless Communications and Mobile 
Computing Conference (IWCMC, 2015, no. 2015 International, 
pp. 993–999. 

[23] O. Gaddour, A. Koubaa, S. Chaudhry, M. Tezeghdanti, R. 
Chaari, and M. Abid, “Simulation and performance evaluation of 
DAG construction with RPL,” in 3rd International Conference 
on Communications and Networking, ComNet 2012, 2012. 

[24] I. Wadhaj, I. Kristof, I. Romdhani, and A. Al-dubai, 
“Performance Evaluation of the RPL Protocol in Fixed and 
Mobile Sink Low-Power and Lossy-Networks,” in 14th IEEE 
International Conference on Ubiquitous Computing and 
Communications, 2015. 

[25] H. Altwassi, M. Qasem, M. B. Yassein, and A. Al-dubai, 
“Performance Evaluation of RPL Objective Functions,” in IEEE 
International Conference on Ubiquitous Computing and 
Communications, 2015, no. October. 

[26] Moteiv Corporation, “Moteiv: tmote sky low power wireless 
sensor module,” Tmote Sky Data Sheet, 2006. [Online]. 
Available: 
http://www.eecs.harvard.edu/~konrad/projects/shimmer/reference
s/tmote-sky-datasheet.pdf. [Accessed: 13-Feb-2016]. 

 



<<
  /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 1.7
  /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 true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /blex
    /blsy
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /Cmb10
    /CMB10
    /Cmbsy10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /Cmbx10
    /CMBX10
    /Cmbx12
    /CMBX12
    /Cmbx5
    /CMBX5
    /Cmbx6
    /CMBX6
    /Cmbx7
    /CMBX7
    /Cmbx8
    /CMBX8
    /Cmbx9
    /CMBX9
    /Cmbxsl10
    /CMBXSL10
    /Cmbxti10
    /CMBXTI10
    /Cmcsc10
    /CMCSC10
    /Cmcsc8
    /CMCSC8
    /Cmcsc9
    /CMCSC9
    /Cmdunh10
    /CMDUNH10
    /Cmex10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /Cmff10
    /CMFF10
    /Cmfi10
    /CMFI10
    /Cmfib8
    /CMFIB8
    /Cminch
    /CMINCH
    /Cmitt10
    /CMITT10
    /Cmmi10
    /CMMI10
    /Cmmi12
    /CMMI12
    /Cmmi5
    /CMMI5
    /Cmmi6
    /CMMI6
    /Cmmi7
    /CMMI7
    /Cmmi8
    /CMMI8
    /Cmmi9
    /CMMI9
    /Cmmib10
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /Cmr10
    /CMR10
    /Cmr12
    /CMR12
    /Cmr17
    /CMR17
    /Cmr5
    /CMR5
    /Cmr6
    /CMR6
    /Cmr7
    /CMR7
    /Cmr8
    /CMR8
    /Cmr9
    /CMR9
    /Cmsl10
    /CMSL10
    /Cmsl12
    /CMSL12
    /Cmsl8
    /CMSL8
    /Cmsl9
    /CMSL9
    /Cmsltt10
    /CMSLTT10
    /Cmss10
    /CMSS10
    /Cmss12
    /CMSS12
    /Cmss17
    /CMSS17
    /Cmss8
    /CMSS8
    /Cmss9
    /CMSS9
    /Cmssbx10
    /CMSSBX10
    /Cmssdc10
    /CMSSDC10
    /Cmssi10
    /CMSSI10
    /Cmssi12
    /CMSSI12
    /Cmssi17
    /CMSSI17
    /Cmssi8
    /CMSSI8
    /Cmssi9
    /CMSSI9
    /Cmssq8
    /CMSSQ8
    /Cmssqi8
    /CMSSQI8
    /Cmsy10
    /CMSY10
    /Cmsy5
    /CMSY5
    /Cmsy6
    /CMSY6
    /Cmsy7
    /CMSY7
    /Cmsy8
    /CMSY8
    /Cmsy9
    /CMSY9
    /Cmtcsc10
    /CMTCSC10
    /Cmtex10
    /CMTEX10
    /Cmtex8
    /CMTEX8
    /Cmtex9
    /CMTEX9
    /Cmti10
    /CMTI10
    /Cmti12
    /CMTI12
    /Cmti7
    /CMTI7
    /Cmti8
    /CMTI8
    /Cmti9
    /CMTI9
    /Cmtt10
    /CMTT10
    /Cmtt12
    /CMTT12
    /Cmtt8
    /CMTT8
    /Cmtt9
    /CMTT9
    /Cmu10
    /CMU10
    /Cmvtt10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Dcb10
    /Dcbx10
    /Dcbxsl10
    /Dcbxti10
    /Dccsc10
    /Dcitt10
    /Dcr10
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /DoulosSIL
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KristenITC-Regular
    /KrutiDev040Bold
    /KrutiDev040BoldItalic
    /KrutiDev040Condensed
    /KrutiDev040Italic
    /KrutiDev040Thin
    /KrutiDev040Wide
    /KrutiDev060
    /KrutiDev060Bold
    /KrutiDev060BoldItalic
    /KrutiDev060Condensed
    /KrutiDev060Italic
    /KrutiDev060Thin
    /KrutiDev060Wide
    /KrutiDev070
    /KrutiDev070Condensed
    /KrutiDev070Italic
    /KrutiDev070Thin
    /KrutiDev070Wide
    /KrutiDev080
    /KrutiDev080Condensed
    /KrutiDev080Italic
    /KrutiDev080Wide
    /KrutiDev090
    /KrutiDev090Bold
    /KrutiDev090BoldItalic
    /KrutiDev090Condensed
    /KrutiDev090Italic
    /KrutiDev090Thin
    /KrutiDev090Wide
    /KrutiDev100
    /KrutiDev100Bold
    /KrutiDev100BoldItalic
    /KrutiDev100Condensed
    /KrutiDev100Italic
    /KrutiDev100Thin
    /KrutiDev100Wide
    /KrutiDev120
    /KrutiDev120Condensed
    /KrutiDev120Thin
    /KrutiDev120Wide
    /KrutiDev130
    /KrutiDev130Condensed
    /KrutiDev130Thin
    /KrutiDev130Wide
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MTExtraTiger
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SILDoulosIPA
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /SymbolTiger
    /SymbolTigerExpert
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Tiger
    /TigerExpert
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /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 <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata pogodnih za pouzdani prikaz i ispis poslovnih dokumenata koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


