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Abstract— Wireless Body Area Network (WBAN) enables the 
monitoring of vital human parameters using on and in body 
sensor devices. IEEE 802.15.6 standard defines the medium 
access and physical layer characteristics for WBANs. Body 
area networks use the unlicensed 2.4 GHz frequency band and 
have very limited communication power. Communication of 
WBAN is affected severely by interference due to coexistence 
with WBANs and/or other wireless networks. Different 
solutions are proposed in existing literature for interference 
mitigation due to coexistence. To the best of our knowledge, a 
comprehensive survey of interference mitigation techniques 
especially compiled for IEEE 802.15.6 is not present. In this 
paper, we discuss and categorize the existing interference 
mitigation strategies for WBAN. Furthermore, this paper 
evaluates the performance of various existing strategies in 
terms of their mitigation capacity, communication overhead, 
processing overhead and energy consumption. 

 
Keywords— Wireless Body Area Network, Coexistence, 

Homogeneous, Heterogeneous, Superframe  

I. INTRODUCTION  

WBAN, also known as Body area network (BAN) or Body 
sensor network (BSN), consists of wearable sensors that are 
wirelessly connected with a hub/coordinator. WBANs are 
responsible for intelligent and continuous monitoring of 
various critical signs of human body like ECG, pulse rate and 
Blood Pressure. The sensors are placed on and / or inside 
human body. These wearable sensors have small size, light 
weight, low power and short communication power. The hub 
is the network controller and is responsible for establishing 
and maintaining the network. A hub acts as the gateway node 
between the remote monitoring team/physician and the 
WBAN sensors [1]. 

WBAN has introduced a portable health care system that 
can remotely monitor and handle emergency situation [2]. The 
major use of WBAN is in hospitals and health care systems for 
monitoring health parameters but the use of WBAN is not 
only limited to e-health care systems, rather it is useful in 
various fields of life [3] such as entertainment, military, 
identification system, fitness etc. The initial implementations 
of WBANs were done using Bluetooth networks (IEEE 

802.15.1) and later using wireless personal area network 
(IEEE 802.15.4). But due to the extremely resource 
constrained nature of WBAN devices and limited 
communication range, in 2012 IEEE 802.15.6 standard was 
released for body area network. In this paper the term WBAN 
refers to IEEE 802.15.6 based networks. 

IEEE 802.15.6 networks can operate in different frequency 
bands including the unlicensed 2.4 GHz Industrial, Scientific 
and Medical (ISM) band. Different wireless networks like Wi-
Fi and WPANs also operate in the same frequency band. 
When multiple wireless networks come within the radio range 
of each other and they interfere in each other’s communication 
then they are said to coexist. Coexistence is defined as the 
ability of a system to execute the assignment, in the presence 
of other systems which may or may not use the same set of 
rules [4]. Interference is a hindrance in the transmission of a 
system and results in packet drops and or retransmission of 
packets, which can be either data packet or control packet, 
consequently, resulting into synchronization problems, 
connectivity issue of sensors with hub, decrease in throughput, 
increase in contention and energy wastage. In coexistence the 
network that is creating interference is called interferer and the 
network that is being interfered is called the victim network. 

The coexistence between similar types of networks is 
known as homogeneous coexistence. Coexistence in which 
both the interfering networks are of different nature is 
heterogeneous coexistence. It is important to mention here that 
the coexistence of IEEE 802.15.6 based WBAN with IEEE 
802.15.4 based WBAN is heterogeneous coexistence. 

Interference reduction is the prime research area in 
WBANs [5]. Different solutions are proposed for mitigating 
interference in IEEE 802.15.4 based WBANs. But with release 
of new WBAN standard, research is more focused on solving 
the coexistence problem in IEEE 802.15.6 based WBAN. To 
the best of our knowledge no extensive study is being carried 
out that surveys the interference mitigation schemes of IEEE 
802.15.6 based WBAN. In this paper, a comprehensive survey 
is presented that focuses on rendering categorization of 
existing coexistence mitigation strategies for IEEE 802.15.6 
based WBANs. Also, we analyze each technique for 
interference mitigation on the basis of various network 
performance parameters. This research paper is organized as 
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follows: Section II outlines issues of coexistence. Interference 
mitigation techniques are presented in section III. 
Homogenous coexistence mechanisms of WBAN are 
presented in section IV. Section V describes the heterogeneous 
coexistence of WBAN, while section VI concludes this 
research paper. 

II. ISSUES OF COEXISTENCE WBANS 

Low power wireless networks including WBANs make use 
of the license-free ISM frequency band. Among the free ISM 
bands 2.4 GHz is the mostly used band by different 
networking technologies. In the 2.4GHz, WLAN (IEEE 
802.11) has a total of 13 with 3 non-overlapping channels each 
of 22MHz, whereas the IEEE 802.15.4 consists of 16 channels 
each of 2MHz and IEEE 802.15.6 has 79 channels with 1MHz 
each. WBAN communication suffers from homogenous as 
well as heterogeneous interference if some other wireless 
network are using the same frequency band. Table 1 shows the 
comparison of the wireless network standards on the basis of 
number of channels, bandwidth of each channel, transmission 
rage, transmission power and the applications of each standard 
in 2.4GHz frequency band.  

TABLE I.  COMPARISON OF THE IEEE STANDARDS [1,6-8] 
IEEE 

Standard 
Frequency 

Band 
No. of 

channels 
Transmission 

Range 
Bandwidth 

of each 
channel 

Transmission 
Power 

Application 

802.11b/g/n 2.4GHz 13 100m 22MHz 15 dBm or above WLAN 

802.15.1 2.4GHz 79 20m 1MHz 10 dBm WPAN/Bluetooth

802.15.4 2.4GHz 16 10m 2MHz 0 dBm LR-WPAN/WSN

802.15.6 2.4GHz 79 1-5m 1MHz –10 dBm or below WBAN 

It is important to note that WBANs have the shortest 
communication range (1-5 meters) compared to WPAN (10 
meters), Bluetooth (20 meters) and WLAN (100 meters). As a 
result, WBAN communication will be highly affected by 
WPAN and WLAN. But the impact of WBAN communication 
on other wireless networks is very low [9] because of its low 
transmission power. WBAN to WBAN interference is another 
issue of significance. When multiple WBANs come in the 
radio range of each other, they coexist and interference occurs 
in the communication of WBAN. For example patients 
equipped with WBAN come close to each other, their 
transmission is interfered. 

Interference as result of coexistence decreases network 
performance and affects throughput, energy consumption, and 
synchronization among network devices. Interference can 
result in incorrect reception of packets with errors and even 
complete packet drops. One of the critical control packets in 
WBANs is beacon frames that are periodically transmitted by 
the hub to network devices for device association, 
synchronization and network management. If beacons are not 
correctly received new devices cannot join network and 
existing devices may lose network connectivity. Also, 
interference of data packets can result in packet drops and 
increased power consumption due to retransmissions.  

III. MITIGATING INTERFERENCE 

The IEEE 802.15.6 standard has endowed special attention 
for the coexistence and it has introduced three interference 

mitigation mechanisms consisting of channel hopping, beacon 
shifting and active superfarme interleaving. In channel 
hopping, according to pre-defined hopping sequence, a 
WBAN sporadically changes its operating channel but, if 
multiple WBANs switch to same channel, interference occurs. 
Frequent channel switching of constrained power sensors 
occur due to high interference which leads high 
communication overhead. Beacon shifting works in beacon 
enabled mode of WBAN. Beacon contains significant 
information such as superframe structure, network ID etc. The 
beacon shifting avoids collision of beacons. Beacon shifting 
does not prevent collision of data frame and only partially 
addresses the beacon collision among WBANs. A 
collaborative approach based on superframe interleaving for 
mitigating homogenous interference is also proposed by IEEE 
802.15.6. This involves interfering wireless networks to 
completely adjust their superframe so that only one network is 
active in a region at a time. 

Besides the techniques provided by the IEEE 802.15.6 
standard for interference mitigation, a number of research 
efforts have been made for developing MAC protocols to 
solve the problem of interference occurring because of 
coexistence in existing literature. These efforts can broadly be 
categorized as homogenous and heterogeneous depending 
upon the nature of coexisting networks. Figure 1 shows the 
categorization of existing MAC protocols for interference 
mitigation. 

 
figure. 1. Categorization of interference mitigation techniques for WBAN 

Comparatively, less work is done on mitigating 
heterogeneous interference because heterogeneous mitigation 
is difficult to predict and mitigate. Another important factor is 
that in heterogeneous networks, devices are unable to 
communicate with other network devices because of different 
physical layer structure. Also it may not be possible for a 
BAN hub to communicate with WLAN access point because 
of limited communication range. Therefore, non-collaborative 
approach is used for interference reduction in which network 
controllers only detect interference but do not communicate 
with each other to collectively resolve the interference. This 
paper focuses on the mitigation of homogeneous interference. 
When homogeneous networks coexist, network controllers can 
collaboratively mitigate interference. In collaborative 
approach both the interfering networks can exchange control 
information e.g. current channel of communication and 
superframe format, for better network operations. 
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The homogenous coexistence mechanisms proposed in 
existing literature [10-29] are evaluated on the basis of the 
following parameters: 
• Mitigation capacity: It is the ability of a mitigation 

technique to partially or completely resolve interference 
between coexisting networks. 

• Communication Overhead: It is an extra burden in 
terms of control transmissions required to collaborate 
with the coexisting network. 

• Processing Overhead: It is the Processing overhead that 
is incurred while using various scheduling algorithms or 
channel hopping sequences required for mitigating 
interference. 

• Energy Consumption: The battery power required by 
the scheme. 
 

IV. HOMOGENEOUS COEXISTENCE IN WBAN 
In the existing literature besides the coexistence 

mechanisms provided by IEEE standards, extensive MAC 
protocols have been used by researchers for mitigation of 
homogeneous interference. We categorized these MAC 
protocols for homogeneous interference alleviation of WBAN 
into adaptive, CSMA/CA based, graph coloring, heuristic, 
opportunistic relay, TDMA based and hybrid approaches. In 
remaining of this section the aforementioned techniques are 
discussed in detail. The summary of homogeneous 
interference mitigation techniques for WBANs is presented in 
table 2. 

A.  Adaptive Techniques 

The adaptive techniques strive to reduce interference by 
simultaneously adjusting different non-CSMA/CA based 
parameters according to interference level detected within the 
network. We refer to the techniques [10-12] as adaptive 
because they attempt to adapt to network conditions. Common 
parameters used in existing adaptive techniques include 
transmission power, modulation, communication slots and 
duty cycle etc. 

In [10] the authors propose various adaptive schemes for 
mitigation of interference. These schemes include adjusting 
modulation rate, data rate and duty cycle for WBANs 
according to observed interference level within the network. 
Although, the suggested schemes [10] are theoretically very 
effective but are impractical because of the complexity in 
implementation. 

Adaptive Inter-network interference Mitigation (AIM) [11] 
is proposed for alleviating the homogeneous interference of 
WBANs. The scheme makes use of the traffic priority of 
nodes defined by IEEE 802.15.6 standard, the length of 
packet, signal strength and density of sensors in a WBAN. The 
proposed scheme using signal strength and density of nodes 
identifies interference regions that are communicated to 
neighboring BANs. Traffic scheduling is done to reduce 
interference by parallel and synchronous transmissions. 

In [12] the author proposes a power control scheme that 
uses SINR to adjust the power level of transmissions. The 

adaptive power control scheme suggests that by decreasing the 
power levels of transmissions lesser interference is observed. 

As a summary the adaptive techniques dynamically adjust 
different network parameters to mitigate or avoid homogenous 
interference. These techniques need collaboration among 
interfering BANs which can increase communication, energy 
and processing overheads. 

 
B. CSMA/CA based Techniques 

A number of interference avoidance schemes modify and 
fine tune contention mechanism of CSMA/CA. CSMA/CA 
parameters such as backoff interval, contention window and/or 
Clear Channel Assessment (CCA) that are available in IEEE 
802.15.6 are used for interference mitigation. 

In [13] the authors propose an adaptive CSMA/CA based 
MAC protocol to mitigate interference. Intra BAN inference is 
avoided using polling based medium access that is controlled 
by the hub. To avoid inter BAN interference each hub before 
polling a device in its network performs CCA followed by a 
random backoff. Also, the length of the super frame is 
dynamically adjusted among the interfering BANs for 
avoidance of beacon collision. The proposed scheme in [13] 
performs interference mitigation by making use of frequent 
backoffs but that decreases throughput and increases latency 
of communication. An approach similar to [13] is presented in 
[14], that avoids both intra BAN and inter BAN interference 
using polling and CCA, respectively. In [14] it is the 
responsibility of the hub to perform carrier sensing prior to 
polling to ensure that no other BAN is communicating.  

As a summary, the CSMA/CA based techniques mitigate 
the homogenous interference using non-collaborative 
approach. The interference is partially avoided and cannot be 
completely evaded. In case of interference, frequent backoffs 
take place which results in high energy consumption which 
degrades network performance. The communication and 
processing overhead of aforementioned schemes is low due to 
simplicity of these techniques. 

C. Graph Coloring Techniques 

In graph coloring, the WBANs are represented by nodes 
and channel resources (e.g. time slot, frequency bands) are 
presented by the color of the graph. The edge between two 
nodes of the graph means neighborhood (coexistence) of the 
WBANs. In this technique, the adjacent WBANs are assigned 
different colors (different channels) to avoid interference. 
Graph coloring is focus of researchers for interference 
mitigation for WBAN because it allocates different 
communication links to coexisting WBANs. 

In [15] the authors suggest Random Incomplete Coloring 
(RIC) for mobile WBANs to achieve high spatial reuse and 
low time complexity. Two channels both working on TDMA 
are used, one for intra-WBAN and the other for inter-WBAN 
communication. Initially, the WBAN uses graph coloring to 
calculate the slots and communicate this to neighbor WBANs 
by using the inter-WBAN channel. The intra-WBAN channel 
is then used by sensors of the WBAN to transfer critical data 
in time slots assigned by their respective hubs. The graph 
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coloring is repeated for every beacon period. 
In [16] the author mitigates interference of WBANs by 

combining graph coloring with collaborative scheduling. Each 
WBAN forms a pair with its coexisting WBAN. When a hub 
receives communication signal from sensor of other WBAN 
then that sensor is included in the interference set. Graph 
coloring algorithm is adapted to allocate time slots to 
interference free sensors and the interfering sensors are then 
assigned orthogonal channels. 

The WBAN Distributed Coloring algorithm (WBAN-DC) 
is employed by hub for conflict free scheduling in [17]. Each 
sensor transmits required number of communication slots to 
its respective hub. Each WBAN implements the coloring 
algorithm and informs neighbor WBANs of its total 
communication slots. Thus, the interference sketch of the 
interfering nodes is available at each hub among the coexisting 
WBANs. However, WBAN-DC does not accommodate 
variations in the interference patterns due to mobility. 

In [18] the authors propose a graph coloring to solve the 
homogeneous coexistence of WBANs, which consists of two 
phases called initial graph coloring and multi graph coloring. 
In the first phase, a hub randomly selects channel and priority 
and informs all its coexisting hubs. In second phase, each 
WBAN uses free channel that are not being interfered by other 
WBANS. In case of conflict when two WBANs select the 
same channel, then the WBAN with low priority change its 
channel. Thus interference is resolved. Although the protocol 
is useful in reducing interference among coexisting WBANs, 
but this technique cannot accommodate topological changes 
and becomes impracticable. Also the number of colors is 
limited. 

As a summary, the graph coloring techniques perform 
homogenous interference avoidance and mitigation using 
collaborative approach. These algorithms are not suitable to 
dynamically changing network topologies as they consider 
static networks with less interference. These techniques have 
high processing overhead as they implement graph coloring 
algorithms but at the same time can resolve homogenous 
interference efficiently.  

D. Heuristics Techniques 

A heuristic is a technique designed to find approximate 
solution when classic methods fail to find any exact solution 
for an NP-Complete problem more quickly when classic 
methods are too slow. Heuristic is applied to solve the 
interference mitigation problem. Heuristic does not guarantee 
complete interference mitigation (global solution) but still 
escort to partial interference mitigation. Heuristic used by 
various researchers as interference mitigation mechanisms. 

In [19] interference among homogeneous WBANs is 
modeled using non-linear programming and fairness in 
medium access is provided. Fairness-based Throughput 
Maximization Heuristic (FTMH) [19] algorithm is proposed 
that maximizes the throughput under coexistence. The super 
frame is divided into time slots and one sensor is assigned one 
time slots for data transmission. The ratio for success of 
medium access for each sensor is calculated. Also the 

interference on each time slot is measured. The sensor with 
highest success medium access ratio is allotted the time slot 
with highest interference. The author concludes that FTMH 
improves throughput while keeping fairness among WBANs.  

In [20] the author mitigates the interference using a game 
theory based algorithm. The work proposes a distributed 
power control algorithm using a non-collaborative approach. 
The proposed scheme makes efficient use of transmission 
power and performs partial interference mitigation (Nash 
Equilibrium) by reducing the radio range. The proposed 
scheme increases throughput by utilizing minimum radio 
range. 

As a summary the heuristic techniques perform mitigation 
of homogenous interference. These techniques are non-
collaborative and seek for partial interference mitigation (local 
optimal) therefore can only partially mitigate interference. 
Also, heuristic techniques are computationally expensive and 
therefore, have high overhead. 

 
E. Relaying node Techniques 

These techniques decrease the range of communication in 
order to avoid interference with neighbor networks. As a result 
relaying nodes are used to forward information from a device 
that is at a considerable distance from hub. Therefore, relaying 
node techniques decrease range of communication below the 
allowed transmission range in the IEEE 802.15.6 standard. 

In [21] the authors investigate the mitigation of high 
interference of wireless networks on the WBAN. 
Opportunistic relaying (OR) along with cooperative two-hop 
relaying node communication scheme, is applied within a 
mobile WBAN for alleviation of interference. Results render 
that the Signal-to-Interference-plus-Noise Ratio (SINR) is 
improved by an outage probability of 10% and level crossing 
rate (LCR) is significantly reduced at low SINR. 

In [22] the authors mitigate the homogeneous interference 
of WBANs by combining the transmit power control with the 
two-hop relay selection. The two-hop relay is utilized for 
cooperative communication. The sensor node before 
transmission compares the power of the relaying nodes. The 
power of the sensor is adjusted as required. The results prove 
improvement in SINR outage probability and power 
consumption. 

Corporative communication using decode-and-forward 
technique is presented in [23]. The sensors forward packets to 
relaying nodes which decode and then hand over to hub. The 
relayed packets are collected at hub by applying selection 
combining and maximum ratio combining. The selection 
combining is used to select the strongest signal among all the 
received signals and maximum ratio combining is used to find 
the sum of SNR of the received signals. The outage 
probability and average fade duration are used for 
performance evaluation and result renders that the 
performance of BAN is improved. 

In [24] the author proposes a model in which node can 
have direct link as well as a relayed link via some relaying 
node. Nodes dynamically select the forwarding path based on 
the SINR of the link. Hence this scheme dynamically selects 
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between direct and relayed communication depending on 
interference level of previous communication. 

As a summary the relaying node techniques require 
collaboration among network devices for interference 
mitigation. Also these techniques can partially mitigate 
interference because reducing communication range does not 
guarantee mitigation of interference. Another important factor 
is that overall energy consumption is increased because a 
single transmission is split into two transmissions due to 
relaying node. 

F. TDMA based Techniques 

Some researchers utilize TDMA to alleviate interference. 
In TDMA the channel is divided into time slots and different 
interfering WBANs are assigned different time slots so that 
the WBANs transmissions are interference free. 

In [25] a shared and non-conflict scheduling technique for 
mitigating interference of WBANs using TDMA approach is 
proposed. The hub of WBAN, continuously observe the 
inference strength of the received packets and then exchange 
among the coexisting WBANs. If the value exceeds above a 
network defined threshold, it assumes the coexistence with 
other WBANs and then non-conflicting time slots are assigned 
to interfering WBANs to mitigate interference. 

In [26] the hubs of interfering and interfered WBANs 
coordinate to build up a TDMA schedule to alleviate 
interference. The work assumes that number of interfering 
networks is known and they communicate with each other to 
inform about the interfering nodes. A global TDMA based 
schedule is generated for all the WBANs in which initial slots 
are given to nodes facing more interference during their 
communication. The scheme [26] results in high network 
performance and low packet drop rate. But it requires prior 
knowledge of interfering networks and requires strong 
collaboration among coexisting WBANs. 

In [27] an adaptive channel allocation technique is 
proposed for decreasing homogeneous interference among 
WBANs. In this technique, each coexisting WBAN creates 
and broadcast a table of the coexisting nodes to inform its 
neighbor WBANs, about the interfering nodes in vicinity. 
These interfering nodes are assigned orthogonal channels, 
whereas non-interfering nodes are allowed to communicate in 
the same channel using TDMA. The proposed scheme 
increases the channel reuse but it does not mitigate 
interference of hub and only handles interference at sensor. 

As a summary the TDMA based techniques are 
collaborative for mitigate homogenous interference. The 
interference is completely mitigated as each coexisting 
WBAN is allocated specific time slots. The energy 
consumption is low but the communication overhead is high 
due to allocation of time slots to WBANS, synchronization. 

  
G. Hybrid Techniques 

In hybrid, different aforementioned interference mitigation 
techniques are combined such as CSMA/CA and TDMA 
based interference mitigation schemes. The jointly use of 
different schemes improve the process of interference 

mitigation.  
In [28] a novel technique for interference mitigation among 

coexisting WBANs is proposed. This work accumulates the 
benefits of both CSMA/CA and TDMA methods. The super 
frame comprises of beacon, Scheduling Phase (SP) and CAP. 
TDMA is used in SP and CSMA/CA is used in CAP to use 
channel. The SP and CAP are dynamically adjusted according 
to the interference. 

In [29], the author proposes a Bayesian game based power 
control along with heuristic for alleviating the affect of 
homogeneous interference. The work models the WBANs 
communication using Bayesian game model. Power control 
technique is used to calculate the expected low interference. 
Then make use of a harmonic mean based heuristic to perform 
partial interference mitigation.  

As a summary, the hybrid techniques do not require 
collaboration among WBANs for mitigation of homogenous 
interference. But these techniques cannot completely mitigate 
interference and have high energy consumption and overhead 
due to use of CSMA/CA in [28] and heuristic in [29].  

TABLE II.  HOMOGENEOUS INTERFERENCE MITIGATION TECHNIQUES 
FOR IEEE 802.15.6 WBAN 

Technique 
Approach Strategy Mitigation 

capacity 
Communication 

Overhead 
Processing 
Overhead

Energy 
Consumption

Adaptive 
techniques 

[10-12] 
 

Non-
Collaborative

Mitigation Partial High High Low 

Collaborative Avoidance Complete High High High 
Collaborative mitigation Partial High Low Low 

CSMA/CA 
based 

Techniques 
[13-14] 

Non-
Collaborative

Mitigation Partial Low Low High 

Non-
Collaborative

Mitigation Partial Low Low Low 

Graph 
coloring 

techniques 
[15-18] 

Collaborative avoidance Complete  High High High 
Collaborative mitigation Complete High Low Low 
Collaborative Avoidance partial High Low Low 
Collaborative mitigation partial Low Low High 

Heuristic 
techniques 

[19-20] 

Non-
Collaborative

Mitigation partial High High High 

Non-
Collaborative

Mitigation partial High High Low 

Relaying node 
Techniques 

 [21-24] 

Collaborative mitigation partial High    High High 
Collaborative mitigation partial High High High 
Collaborative mitigation partial High High High 
Collaborative mitigation partial High High High 

TDMA based 
techniques 

[25- 27] 

Collaborative Mitigation Complete Low High Low 
Collaborative Mitigation Complete High High Low 
Collaborative Avoidance Complete High High High 

Hybrid 
techniques 

[28-29] 

Non-
Collaborative

Mitigation Partial High High High 

Non-
Collaborative

Mitigation Partial High High Low 

 

V. CONCLUSION 

The issue of homogenous coexistence in IEEE 802.15.6 
based WBAN is studied in this work. Existing MAC based 
protocols for mitigating interference due to coexistence are 
categorized. Merits and demerits of various approaches for 
interference mitigation are presented. It can be concluded that 
most of the work focuses on mitigating homogeneous 
coexistence using both collaborative and non-collaborative 
approaches. Collaborative approaches can provide better 
interference mitigation but require extra communication 
overhead for collaboration. On the other hand, non-
collaborative approaches have less communication and 
processing overhead but can partially mitigate interference. So 
new approaches are required to mitigate both homogeneous 
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interference of IEEE 802.15.6 based WBAN to yield high 
throughput with less delay and energy consumption. The 
heterogeneous coexistence of IEEE 802.15.6 with other 
wireless networks is an open and challenging research 
problem that has not yet received due attention of researchers. 

 
REFRENCES 

 
[1] IEEE Std 802.15.6-2012. 

http://standards.ieee.org/findstds/standard/802.15.6-2012.html 
(2012). 

[2] Jovanov, E., Milenkovic, A., Otto, C., and de Groen, P., A 
Wireless body area network of intelligent motion sensors for 
computer assisted physical rehabilitation. JNER 2(6):16–23, 
2005. 

[3] R. Kohno, K. Hamaguchi, H.-B. Li, and K. Takizawa, “R&D 
and standardization of body area network (BAN) for medical 
healthcare,” in Ultra-Wideband, 2008. ICUWB 2008. IEEE 
International Conference on, vol. 3, Sept 2008, pp. 5–8. 

[4] IEEE 802.15.2 definition of coexistence, 
http://grouper.ieee.org/groups/802/15/pub/2000/Sep00/99134r2P
802-15_TG2-CoexistenceInteroperabilityandOtherTerms.ppt. 

[5] Hayajneh, Thaier, et al. "A survey of wireless technologies 
coexistence in WBAN: analysis and open research 
issues." Wireless Networks 20.8 (2014): 2165-2199. 

[6] EEE Std 802.11-1997. 
http://standards.ieee.org/findstds/standard/802.11-1997.html 
 (1997) 

[7] Bluetooth low energy technology. 
http://www.bluetooth.com/Pages/low-energy-tech-info.aspx.. 

[8] IEEE Std 802.15.4-2006. 
http://standards.ieee.org/findstds/standard/802.15.4-2006.html 
(2006). 

[9] Pollin, Sofie, et al. "Harmful coexistence between 802.15. 4 and 
802.11: A measurement-based study." Cognitive Radio Oriented 
Wireless Networks and Communications, 2008.CrownCom 
2008. 3rd International Conference on. IEEE, 2008. 

[10] Yang, Wen-Bin, and Kamran Sayrafian-Pour. "Interference 
mitigation using adaptive schemes in body area 
networks." International Journal of Wireless Information 
Networks 19.3 (2012): 193-200. 

[11] Movassaghi, Samaneh, et al. "AIM: Adaptive Internetwork 
interference mitigation amongst co-existing wireless body area 
networks." Global Communications Conference 
(GLOBECOM), 2014 IEEE. IEEE, 2014 

[12] Changbiao Xu, Li Zhang, Yongdan Yang ua, "Centralized Inter-
network Power Control Scheme in Wireless Body Area 
Network." Journal of Information & Computational Science 
12:8 (2015) 3311–3318 

[13] Chen, Guan-Tsang, Wen-Tsuen Chen, and Shan-Hsiang Shen. 
"2L-MAC: A MAC protocol with two-layer interference 
mitigation in wireless body area networks for medical 
applications." Communications (ICC), 2014 IEEE International 
Conference on. IEEE, 2014 

[14] Huang, Wen, and Tony QS Quek. "Adaptive CSMA/CA MAC 
protocol to reduce inter-WBAN interference for wireless body 
area networks." Wearable and Implantable Body Sensor 
Networks (BSN), 2015 IEEE 12th International Conference on. 
IEEE, 2015 

[15] Cheng, Shih Heng, and Ching Yao Huang. "Coloring-based 
inter-WBAN scheduling for  mobile wireless body area 
networks." Parallel and Distributed Systems, IEEE Transactions 
on 24.2 (2013): 250-259 

[16] Movassaghi, Samaneh, Mehran Abolhasan, and David Smith. 
"Cooperative scheduling with graph coloring for interference 
mitigation in wireless body area networks." Wireless 
Communications and Networking Conference (WCNC), 2014 
IEEE. IEEE, 2014 

[17] Huang, Wen, and Tony QS Quek. "On constructing interference 
free schedule for coexisting wireless body area networks using 
distributed coloring algorithm." Wearable and Implantable Body 
Sensor Networks (BSN), 2015 IEEE 12th International 
Conference on. IEEE, 2015. 

[18] Lee, Jieun, BeomSeok Kim, and Jinsung Cho. "A distributed 
multi-coloring algorithm for coexistence mitigation in 
WBANs." Proceedings of the 9th International Conference on 
Ubiquitous Information Management and Communication. 
ACM, 2015. 

[19] Li, Ming, et al. "Throughput optimization with fairness 
consideration for coexisting WBANs." Communications (ICC), 
2015 IEEE International Conference on. IEEE, 2015 

[20] Dakun, Du, et al. "A game theoretic approach for inter-network 
interference mitigation in wireless body area 
networks." Communications, China 12.9 (2015): 150-161 

[21] Dong, Jie, and David Smith. "Opportunistic relaying in wireless 
body area networks: Coexistence 
performance." Communications (ICC), 2013 IEEE International 
Conference on. IEEE, 2013 

[22] Dong, Jie, and David Smith. "Joint relay selection and transmit 
power control for wireless body area networks 
coexistence." Communications (ICC), 2014 IEEE International 
Conference on. IEEE, 2014. 

[23] Smith, David B., and Dino Miniutti. "Cooperative body-area-
communications: First and second-order statistics with decode-
and-forward." Wireless Communications and Networking 
Conference (WCNC), 2012 IEEE. IEEE, 2012. 

[24] Dong, Jie, and David Smith. "Coexistence and Interference 
Mitigation for Wireless Body Area Networks: Improvements 
using On-Body Opportunistic Relaying." arXiv preprint 
arXiv:1305.6992 (2013) 

[25] Mahapatro, Judhistir, et al. "Interference-aware MAC 
scheduling and admission control for multiple mobile WBANs 
used in healthcare monitoring."International Journal of 
Communication Systems 28.7 (2015): 1352-1366 

[26] Jamthe, Anagha, and Dharma P. Agrawal. "Scheduling 
Transmissions of Coexisting Wireless Body Area Networks 
Using Minimum Weight Match."Proceedings of Ninth 
International Conference on Wireless Communication and 
Sensor Networks. Springer India, 2014 

[27] Movassaghi, Samaneh, Mehran Abolhasan, and David Smith. 
"Smart spectrum allocation for interference mitigation in 
wireless body area networks. " Communications (ICC), 2014 
IEEE International Conference on. IEEE, 2014. 

[28] Yuan, Bin, et al. "DIM: A novel decentralized interference 
mitigation scheme in WBAN." Wireless Communications & 
Signal Processing (WCSP), 2015 International Conference on. 
IEEE, 2015 

[29] Zou, Lei, et al. "Bayesian game based power control scheme for 
inter-WBAN interference mitigation." Global Communications 
Conference (GLOBECOM), 2014 IEEE. IEEE, 2014. 

The 2016 IEEE Asia Pacific Conference on Wireless and Mobile (APWiMob)

978-1-5090-2767-5/16/$31.00 ©2016 IEEE 129



<<
  /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


