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Abstract— extending the battery life-time of Internet of Things 
(IoT) devices is still a challenging research question. A lot of work 
has been done to optimize IoT wireless sensors in terms of 
hardware architecture, operating system, along with the usage of 
low power data acquisition techniques and energy aware routing 
protocols. In Smart Energy Efficient Building (SEEB), Energy 
Management System (EMS) uses WSN for data acquisition to 
monitor energy consumption and to track user behaviour. For 
EMS, context recognition is a key element for HVAC (Heating, 
Ventilation and Air Conditioning system) control. Therefore, the 
more the context is precise, the more the decision that will be 
taken, by the EMS, is accurate. In most SEEB, sensor nodes are 
configured to send data periodically. Thus, unnecessarily 
increasing battery-energy consumption as sensor nodes keep 
sending redundant data (e.g., when context did not change). To 
solve this issue, we propose an Energy Aware Context Recognition 
Algorithm (EACRA) that dynamically configures sensors to send 
specific data under specific conditions and at a specific time, thus 
avoiding redundant data transmissions. This algorithm uses SEEB 
declared knowledge, and forcing the sensor node to send data only 
when context changes. The experiment results shows the 
difference between the periodic sampling and sampling using 
EACRA in terms of energy consumption. 

Keywords—WSN, Context-recognition, smart building, HVAC, 
EMS, energy aware protocol, EEB, IoT. 

I. INTRODUCTION 

Nowadays, Wireless Sensor Network (WSN) [1] and 
Internet of Things (IoT) [2] are gaining more and more the 
interest of both academiaand industry. The emerging topic of 
Smart Energy Efficient Building (SEEB) [3] compel the 
adoption of policy based Energy Management System (EMS) 
[4]. Next generation EMS solutions will be based on 
Information and Communication Technologies (ICT) [5] and 
ICT will depend on WSN and IoT devices to track user behavior, 
monitor energy consumption and control Heating Ventilation 
and Air-Conditioning appliances (HVAC) [6].  

In a cold area, like the city of Ifrane in Morocco, temperature 
degrees fluctuate between -10 C° and 22 C° during the whole 
year. Therefore, heating becomes necessary which dramatically 
increases the electricity consumption. To solve this issue, 
CASANET project [7] aims to develop a policy-based EMS 
which is dedicated to control heaters in a university campus. The 
CASANET EMS is developed based on the Plan-Do-Check–Act 
(PDCA) life cycle [8] and designed using the Context Based 
Reasoning Model (CBR) [9]. CASANET project adopts ICT-

based solutions to establish SEEBs in a university campus. The 
data acquisition system used in this EMS project is a WSN based 
on Arduino programming boards and XBee radio frequency 
modules. In this WSN, sensor nodes send data to the EMS server 
via a gateway device. The role of this gateway is to connect the 
ZigBee [10] WSN to the TCP/IP network and forward data to 
the EMS server. Based on the WSN data and  data about the 
building, the EMS server issues a command to switch ON or 
OFF the heaters. The next figure illustrates the general 
architecture of the CASANET EMS. 

 

Figure 1 CASANET EMS general architecture [7]. 

CASANET EMS depends on the WSN for data acquisition 
and control. Hence, it suffers from the inherent problem of 
battery limitations in WSN. To solve this problem, a lot of work 
was done to optimize sensor components. The next table 
presents different optimization goals along with contributions 
that helped in making the WSN’s life longer. 

Table 1 Optimisation objectives in WSN[11]. 
Layer Optimization goals  Contributions 
Application Minimize data 

generation and 
transmission 

Data Acquisition Techniques: 
Directed diffusion, Chain 
construction, Probabilistic 
model, Cluster model using data 
correlation, Query model… 

Network Energy consumption 
balancing and packet 
size optimization. 

Routing Protocols: LEACH, 
TEEN, SPIN, EAP, ODYSSE, 
SMAC, TMAC, DMAC 

Operating 
system 

Minimize software 
services. 

Operating Systems: TinyOS, 
Contiki, Free RTOS, MANTIS, 
Nano-RK, LiteOS, RIOT. 
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Hardware Minimize hardware 
architecture. 

Microcontrollers: MSP, 
ATMEGA, and PIC 

CASAET EMS differs from the previous work by taking in 
consideration the context of building. Context includes the types 
of building, occupant behavior and environment conditions. 
During the study phase of the CASANET EMS, we concluded 
that in some cases the occupant’s behavior and room schedule 
can be defined without the need for WSN data. For example, a 
sensor node that is placed in a classroom, doesn’t need to send 
data about motion in order to communicate the classroom’s 
occupancy, because such piece of information can be triggered 
from the classroom’s schedule on the university portal. Besides, 
some energy policy rules do not require data from the WSN in 
order to be applied. For instance, a heater placed in a classroom 
is switched OFF during the weekend regardless of the 
classroom’s temperature, motion etc. Hence, no data is needed 
from the sensor nodes located in a classroom.  

This paper contributes at the level of data acquisition 
technique by introducing an Energy Aware Context Recognition 
Algorithm which aims at minimizing the WSN’s energy 
consumption. Such algorithm, takes advantage of both the 
declared knowledge and the energy policy rules in order to 
minimize data generation and transmission in the WSN. The rest 
of this paper is organized as follows: First, we present the 
CASANET EMS project’s bbuilding modelling, data 
acquisition and heaters control. Second, we discuss how the 
CBR model and the declared knowledge can help minimize 
WSN energy consumption while maintaining a good context 
recognition. Third, we present EACRA algorithm and its 
optimization objectives. Fourth, we present the real world test 
results of a testbed experiment. Finally, we conclude the 
presented work along with future work. 

II. CASANET EMS PROJECT 

The CASANET EMS decision making process takes into 
consideration the declared knowledge about the different 
buildings on campus, the dynamics inside the buildingthe 
outside temperature and the energy policy. This EMS is 
composed of two subsystems to build knowledge of each 
location: the data acquisition subsystem (Arduino/XBeeWSN) and the 
context recognition subsystem (Context Based Reasoning Model). In 
this part, we describe the way each subsystem was developed. 

A. The Data acquisition subsystem: 

After the investigation and the analysis of WSN technologies 
in smart building, we opted to use open platform hardware to 
implement our WSN nodes.  

 

Figure 2 WSN Sensor and actuator. 

As illustrated in figure 2, the sensor nodes (figure2-A) we 
used are composed of three elements. First, the sensor modules: 
composed of passive infrared (PIR) for motion detection, 
DHT11 for temperature and humidity measurements, and MC38 
to detect if the window/door is open or closed. Second, the 
processing unit which is Arduino Nano v3.0 board that samples 
and sends data. Third, the communication RF module: 
composed of an XBee Series 2 S2C communication unit to send 
and receive data.  

The WSN is implemented as a mesh topology where sensor 
nodes route data towards the gateway device (figure 4). The 
gateway links the WSN and the TCP/IP network to which the 
application server is connected. The command coming from the 
application server is forwarded to the appropriate actuator 
(Figure2-B) also via the gateway. In this test, we used 9 sensor 
nodes indoor with a voltage supply of 5V. The sensor nodes are 
XBee Series 2 S2C with a wire antenna. All nodes can be both 
sensors and routers using AODV routing protocol [12]. All the 
nodes belong to the same Personal Area Network (PAN) ID 
BD07. The nodes forward sampled data to the ZigBee gateway 
which forwards it to the application server. The performance 
evaluation of the network includes delay, distance measurement, 
packet loss, and throughput. We tested the network in low, 
medium and high data rates. In the testing phase we created a 
full mesh network out of 10 nodes. Six sensor/router nodes are 
located inside rooms, offices, and laboratories. Three routers 
were installed in the hall to route data to the gateway. All the ten 
nodes are configured as routers. These XBee nodes runs the 
DigiMesh firmware that is based on ZigBee and AODV routing 
protocol. The DigiMesh firmware simplifies the network setup. 
Figure 3 below shows the network architecture inside the 
building’s ground floor. 

 
Figure 3 The Network test architecture in ground floor of building 7. 

1) Throughput measurement 
We measured the throughput from each sensor node to the 

gateway during one minute using the XCT-U software. Each 
sensor node sends packets of 20 bytes and waits for the ACK 
back from the receiving node. The data packet contains three 
information (temperature, motion and humidity). The test was 
performed in two different topologies: full mesh topology and a 
cluster tree topology. The next table presents the results in Kbps 
which was close to the values reported on the data sheet [13]. 
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The red dot in figure 3 represents the gateway. As the distance 
from the sensors increases, the throughput decreases. 

Table 2 Throughput test of sensor nodes in different topologies. 
 Full mesh topology Cluster Tree  

Room010 7.42 kbps 8.39 kbps 
Room014 6.53 kbps 7.67 kbps 
Room016 6.85 kbps 7.9 kbps 
Room015 4.38 kbps 5.38 kbps 
Room003 3.21 kbps 4.35 kbps 
Room002 2.33 kbps 3.51 kbps 

2) Gateway testing 
The goal of the test evaluate the gateway that has better 

performance for a given network topology and load.  In this 
phase, we tested three different gateways: first, XBee Gateway 
(figure4-A), second, Raspberry Pi based gateway (figure4-B), 
third, Arduino Uno based gateway (figure4-C).  

 

 

These gateways have different CPUs, RAM capacity, 
operating systems and communication resources. These 
resources and theirconfiguration have an impact on the 
performance of the gateway. The following table 3 illustrates the 
hardware configuration of these different gateways. 

Table 3 Gateways hardware configuration 
 CPU RAM Operating 

System 

E
thernet

W
i-Fi

X
B

ee 

XBee Freescale i.MX28 68 Mb Embedded Linux ✓ ✓ ✓
Raspberry-Pi   ARM 2 Gb Raspbian ✓ ✓ ✓
Arduino  AVR 2 Kb On-chip Boot ✓ ✓ ✓

The test we performed was about measuring the packet 
arrival rate under different packet time interval. This test took 
60 rounds. Each round lasts for 1 minute. In the first round, we 
started by a packet time interval of 1 second, while in the last 
round, the packet time interval was 60 seconds. The test was also 
in two different network topologies: full mesh topology and 
cluster tree mesh topology.  

As presented in Figure 5, the Raspberry Pi gateway performs 
the best  in both full mesh and cluster tree topologies. It reaches 
100% packet successful arrival rate at around 5 second 
interpacket interval time for full mesh. The packet loss start is at 
6 second interpacket interval time in the cluster tree because 
there are less number of routers the network is congested at the 
gateway. Arduino Uno gateway does not perform well in low 
interpacket interval time. It achieves 20% and 30% successful 
packet delivery rate in cluster tree and full mesh topologies. The 
packet delivery rate increases as the interpacket interval time 
increases, reaching 100% between 10 and 15 second.. XBee 
gateways performed well in both network topologies with 
performance little lower but comparable to RaspberryPI. 

 
Figure 5 Successful packet rate in different packet time interval of 

the three gateways in different network topologies. 

3) Power consumption evaluation in WSN nodes 

The power consumption includes power consumed during 
computation (i.e. data acquisition) and communication. We 
measured both of them separately to assess the impact of each. 
In the WSN data acquisition, we used different sensor node 
configurations. In each configuration we used specific sensor 
modules. The next table presents these five different 
configurations.  

Table 4 Different WSN node configuration used in the experiments. 

A
rd

ui
no

 
N

an
o 

H
um

id
ity

 
T

em
pe

ra
tu

re
 

m
od

ul
e 

S
ou

nd
 

m
od

ul
e 

A
m

bi
en

t 
L

ig
ht

 m
od

ul
e 

P
IR

 m
od

ul
e 

D
oo

r/
W

in
do

w
 m

od
ul

e 

Configuration 1 ✓ ✓   

Configuration 2 ✓ ✓ ✓  
Configuration 3 ✓ ✓ ✓ ✓ 
Configuration 4 ✓ ✓ ✓ ✓ ✓
Configuration 5 ✓ ✓ ✓ ✓ ✓ ✓

For each configuration we measured the energy consumed 
as function of sampling rate.  

 

Figure 6 WSN node energy consumption of different configurations. 

Figure 6 presents the computational energy consumed of the 
different configurations during the sampling process. It does not 
include the energy consumed in the network setup or during the 
data transmission.  

(B) 
Raspberry pi 

gateway 

(C) 
Arduino Uno 

gateway 

(A) 
XBee gateway 

Figure 4 Three different gateway hardware. 
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Figure 7 presents the power consumed by the XBee RF 
during the sleep mode, networking setup, standby mode and the 
transmission mode. 

 

Figure 7 XBee RF power consumption in different modes. 

At this level, we measured the WSN node energy 
consumption using periodic sampling without scheduling the 
tasks of the WSN sensor node using the EACRA algorithm that 
we will present later in this paper.   

B. The Context recognition subsystem: 

The context recognition in the EMS is based on two different 
types of parameters (figure 8). First, parameters with static 
values that describe the building type, room type, season, current 
day and the part of the current day. These parameters are fetched 
from the database of the EMS. Second, parameters with dynamic 
values which describe the temperature value, humidity, 
occupancy etc. such values are obtained using the WSN data 
acquisition of the EMS. 

 

Figure 8 Context recognition parameters that enable/disable the 
heating process. 

 Both static information and dynamic information are input 
parameters to the energy policy in order to decide whether to 
enable the heating process or not. 

Based on the CBR model [9], we have developed a set of 
groups. Each group contains one type of entity, for example, 
building types, room types, seasons etc. This information 
represents the static type of knowledge needed to infer the 
context. This static knowledge can be drawn by selecting an 
element from each group following the order from G1 to G5. G1: 
Building type. G2: Location type. G3: Current season. G4: 
Current day. G5: Current part of the day (see figure 9).  

 
Figure 9 the hierarchy groups of the CBR model applied on the 

university campus. 

In administrative building for example, there are 144 
possible context combinations. In this building, there are three 
active contexts depending on the room type, for each room type, 
there four possible seasons, for each season there four possible 
day type and for each day there three possible part of the day. 
Thus, all possible combination is equal to1*3*4*4*3 =144). As 
an eexample of context C1: {Administrative, Office, Season, 
Current day, and current part of the day}. In educational 
building, there are four possible contexts (depending on the 
room type) at each moment among the 192 possible ones in all 
time and here is an eexample of context C1: {Educational, 
Classroom, Season, Current day, current part of the day}. In 
residential building, there are four possible contexts (depending 
on the room type) at each moment among the 192 possible ones 
in all time. An Example of context C1: {Residential, Single 
room, Season, Current day, current part of the day}.After we 
draw the context, using the CBR model for each location, there 
comes the role of the WSN data. The EMS builds knowledge 
about air quality, temperature, and occupancy based on data 
coming from different sensor modules. The next table presents 
the different sensor modules that are used to build the 
knowledge. Each sensor node present a specific data which 
deem as the building block of knowledge.  

Table 5 Sensor modules used to build diffrent types of knowledge. 
Knowledge Data Data 

type 
Sensor Module Sampling time 

interval 
Occupancy Motion 

Pressure 
Sound 
Gas 
Camera  

Digital 
Analog 
Analog 
Analog 
Analog 

PIR 
MPX4115A 
2PCS 
MQ-4 
OV2640 

Low 
High 
High 
Medium 
High 

Air quality Temperature 
Humidity           

Digital 
Digital 

DHT11 
DHT22 

High 
High 

Appliance 
status 

Light 
Relay 
 
Power 
consumption      

Digital 
Digital 
 
Analog 

MSE004LSM 
SRD-05VDC-
SL-C 5V 
YHDC 30A 

High 
High 
 
High 

III. ENERGY-AWARE CONTEXT RECOGNITION ALGORITHM 

FOR DATA ACQUISITION  

Energy consumption in the deployed WSN nodes can be 
optimized at the level of the following three components: XBee 
RF, Arduino Nano programming board, and the attached 
modules. The XBee RF can consume less energy in the 
transmission mode if it sends a minimum number of packets 
with less data payload. 
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A. Energy-Aware Context-Recognition Algorithm (EACRA) 

The EACRA algorithm identifies the building type and the 
room’s type of usage based on room ID. Then, it generates the 
sensor schedule and configuration that will be valid during an 
amount of time (lease). This configuration is then sent to the 
sensor node. The lease schedule is updated twice a day; first 
schedule is attributed on the morning at 6 AM, and the second 
schedule updated at 7:00 PM. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Table 6 Optimization objectives of sensor node components. 

 Optimization objective 
XBee RF Using sleep mode, while in transmission mode, minimize the 

packet size and the number of packets as well. 

Arduino Nano Using sleep mode and minimize the processing code in sampling 
Modules No sampling and while sampling minimize the sampling rate 

As stated in table6, there are many optimization 
opportunities at the level of the sensor components.The 
proposed Energy-Aware Context Recognition Algorithm for 
data acquisition minimizes the WSN node’s energy 
consumption by using a minimum number of sensor modules 
with a low sampling rate. As a result, this technique will also 
minimize the data packet size and while it will increase the sleep 
mode time of both Arduino Nano programming board and XBee 
RF module.  For this reason, we started by describing the 
different room types in an educational building as well as their 
usage and schedule. The following table describes the usage of 
these different rooms in a weekday, during the day (working 
hours) and at evening.  

Table 7 Types of room usage in an educational building. 
Room type Type of usage During the day At evening 
Classroom Scheduled Schedule  Not in use 
Faculty Office Hybrid Schedule Occupancy 
Teaching laboratory Scheduled Schedule Not in use 
Research laboratory Hybrid Schedule Occupancy 
Open laboratory Hybrid Schedule Occupancy 
Conference room Scheduled Schedule Schedule 

The EACRA algorithm minimizes the need for WSN data in 
order to identify the context of each room in the building. 
Figure10 presents the EACRA Client/Server communication 
process and figure11 presents the EACRA client algorithm that 
runs in the sensor node. Table 8 presents sensor modules that 
should be involved during each part of the day. Si=(COT* 
Tr)/Timedd+1 Where Si is the sampling interval time to increase 
the current room temperature to the requited threshold. COT is 
the current outside temperature. Tr is the temperature value 
reference and Timedd+1 is the time reference required to 
increase temperature from degree d to d+1. 

Table 8 what modules to sample and when to sample. 
 During the da At the evening 
Room type DHT11 PIR MC38 DHT11 PIR MC38 

Classroom ✓, Si  ✓    

Faculty Office ✓, Si  ✓ ✓, Si ✓ ✓  
Teaching laboratory ✓, Si  ✓  ✓, Si  ✓  
Research laboratory ✓, Si  ✓  ✓, Si ✓ ✓  
Open laboratory ✓, Si   ✓, Si ✓  

Conference room ✓, Si   ✓, Si   

The next table presents what data to send and when to send 
it. The current temperature TC is only sent if it is out of the 
tolerated range (TC>Tmax or TC < Tmin). While the door sensor 
value DWR and the motion sensor value MR are sent only when 
their values are reset (01 or 10).  

Table 9 what data to send and when to send it. 
 During the day At the evening 

DHT11 PIR MC38 DHT11 PIR MC38 
Classroom ✓, Tc  ✓,DWR    

Faculty Office ✓, Tc  ✓,DWR ✓, Tc ✓,MR ✓,DWR 
Teaching laboratory ✓, Tc  ✓,DWR   ✓,DWR 
Research laboratory ✓, Tc  ✓,DWR ✓, Tc ✓,MR ✓,DWR 
Open laboratory ✓, Tc  ✓,DWR ✓, Tc ✓,MR ✓,DWR 

EACRA Client EACRA Server Data base

 SCH_REQUEST 

 SCH_ASSIGN 

 Request declared knowledge 
about sensor location. 

 Knowledge about sensor location. 
 Define the context. 
 Define WSN’s needed data. 
 Construct the schedule assignment. 

 SCH_SETUP 
SCH_RUN 

2 What modules to enable?

1 Modules and sensor pins mapping

3 What is the sampling time interval for each module?

4 What and when to sample?

5 What is the sleep interruption condition?

6 What and when to send? 

7_Sampling 

8 Check steps 6

Send data 

XBee sleep 

XBee wakeup 

9 Check

Set timer Disable all modules except 
interruption module 

10_Register for interruption 

11_Arduino sleep 

Send data 

Do not  
send data 

Periodic sampling Module value based
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Figure 11 EACRA Client algorithm. 

Figure 10 ECRA Client/Server communication process. 
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Conference room ✓,Tc   ✓, Tc   

When a sensor node sends data, it goes through a sleep 
period of time. However, there must an interrupter parameter to 
wakes it up. During the day, the sensor node wake up only when 
the sleep period of time Si expires. While during the night, the 
sensor node does not wake up till it detects a motion reset MR 
first and then it behaves like if it is operating during the day. 

Table 10 Sleep time and wake-up condition. 
Room type During the day At the evening 

DHT11 PIR MC38 DHT11 PIR MC38 

Classroom Si      
Faculty Office Si   2Si 1MR DWR 
Teaching laboratory Si     DWR 
Research laboratory Si   2Si 1MR DWR 
Open laboratory Si   2Si 1MR DWR 
Conference room Si    Si   

Figure 12 presents the results of WSN sensor node’s power 
consumption using the EACRA in different room types in an 
educational building. These results are compared with a sensor 
node that is operating using periodic environment sampling 
without the EACRA algorithm. The results show that the power 
consumption dropped when using EACRA.  

 
Figure 12 Energy optimization, during the day (A) and night (B) 

using the EACRA algorithm. 

IV. CONCLUSION 

In this paper, we presented an Energy Aware WSN for data 
acquisition in Smart Energy Efficient Building. In this WSN, we 
tested the network performance in terms of hardware, packet 
loss, and throughput, in different network topologies. We 
presented the context recognition approach using the Context 
Based Reasoning model. In addition, we emphasized on how 
this CBR model can be used to optimize energy consumption in 
WSN without missing to sample important event. At this level, 
we presented energy optimization in Wireless Sensor Network 
using the proposed Energy Aware Context Recognition 
Algorithm. These results are obtained during a weekday in both 
parts of the day (day time and evening). This proposed algorithm 
takes into consideration the weekend, holiday, weekday, 
building type etc. the objective behind this developed algorithm 
is to avoid redundant data that has no impact on the context 
change or applied control. Moreover, the sensor node operates 
only when the heating process can be enabled, while it sleeps 
when the heating process is disabled. The paper set the stage for 
future work on how to formally model the CBR for more 
heterogenous building setting.  

V. FUTURE WORK 

In this paper, we only presented the results obtained from 
applying the EACRA in an educational building during w 
weekday. In future work, we will expand the WSN network in 

terms of the number of sensor node, develop the context 
recognition approach, and finally, develop an Energy Aware 
Context Recognition Protocol which is based on the EACRA. 
This protocol will be applied on all different building types 
(educational, administrative, and residential) in the university 
campus. 

VI. ACKNOWLEDGMENT 

This work is sponsored by US-NAS/USAID under the PEER 
Cycle5 project granted #5-398, entitled “Towards Smart 
Microgrid: Renewable Energy Integration into Smart Buildings” 

VII. REFERENCES 
[1] Najem, Naji, et al. "Context-Aware Wireless Sensors for IoT-

Centeric Energy-Efficient Campuses." 2017 IEEE International 
Conference on Smart Computing (SMARTCOMP). IEEE, 2017. 

[2] Khalil, N., Abid, M. R., Benhaddou, D., & Gerndt, M. (2014, 
April). Wireless sensors networks for Internet of Things. In 2014 
IEEE ninth international conference on Intelligent sensors, sensor 
networks and information processing (ISSNIP) (pp. 1-6). IEEE. 

[3] Wang, Z., Yang, R., & Wang, L. (2010, November). Multi-agent 
control system with intelligent optimization for smart and energy-
efficient buildings. In IECON 2010-36th Annual Conference on 
IEEE Industrial Electronics Society (pp. 1144-1149). IEEE. 

[4] Rocha, P., Siddiqui, A., & Stadler, M. (2015). Improving energy 
efficiency via smart building energy management systems: A 
comparison with policy measures. Energy and Buildings, 88, 
203-213. 

[5] Abid, M. R., Lghoul, R., & Benhaddou, D. (2017, September). 
ICT for renewable energy integration into smart buildings: IoT 
and big data approach. In AFRICON, 2017 IEEE (pp. 856-861). 
IEEE. 

[6] EHLERS, Gregory A. et BEAUDET, Joseph. System and method 
of controlling an HVAC system. U.S. Patent No 7,130,719, 31 
oct. 2006. 

[7] Naji, N., Abid, M. R., Krami, N., & Ben Haddou, D. (2018, 
October). CASANET Energy Management System: a Wireless 
Sensors based solution for Heaters Control. In Proceedings of the 
2nd International Conference on Smart Digital Environment(pp. 
148-153). ACM. 

[8] Moen, R., & Norman, C. (2006). Evolution of the PDCA cycle. 

[9] Bikakis, A., Patkos, T., Antoniou, G., & Plexousakis, D. (2007, 
November). A survey of semantics-based approaches for context 
reasoning in ambient intelligence. In European Conference on 
Ambient Intelligence (pp. 14-23). Springer, Berlin, Heidelberg. 

[10] Kinney, P. (2003, October). Zigbee technology: Wireless control 
that simply works. In Communications design conference (Vol. 
2, pp. 1-7). 

[11] Dhand, G., & Tyagi, S. S. (2016). Data aggregation techniques in 
WSN: Survey. Procedia Computer Science, 92, 378-384. 

[12] Perkins, C., Belding-Royer, E., & Das, S. (2003). Ad hoc on-
demand distance vector (AODV) routing (No. RFC 3561). 

[13]  “Digi XBee Series 2 S2C data sheet”, [online] Available: 
https://www.digi.com/resources/documentation/Digidocs/90001
506/reference/r_dm_throughput.htm?TocPath=Networkingv 

(A) (B) 

2019 IEEE 5th World Forum on Internet of Things (WF-IoT)

12



<<
  /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


