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ABSTRACT

Wireless Body Area Network (WBAN) is a network around a human body within 3~5m which consists of
medical or non-medical device. WBAN has to satisfy many kinds of demands such as low-power, a variety of
data rate and a data priority. Especially, it is hard for the nodes for monitoring vital signs to replace battery.
Thus energy and channel efficiency is important because the battery power is limited. In this thesis, a novel
algorithm for reducing the energy consumption is proposed. The proposed algorithm adjusts transmission period
according to traffic. by means of determining transmission period by amount of data, the node can reduce energy
consumption. Energy detection is performed in order to guarantee data priority before attempting to transmit. In
case of failing to transmit, it is proposed that energy consumption is reduced through avoiding collision by
changing priority. The comparison result shows that the proposed algorithm reduces power consumption and

increasing maximum channel efficiency by avoiding collision.
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Table 1. User priority defined in IEEE 802.15.6

User . .
Priority Traffic designation

0 Background (BK)

1 Best effort (BE)

2 Excellent effort (EE)

3 Video (VI)

4 Voice (VO)

5 Medical data or network control

6 High-priority medical data or network
control

7 Emergency or medical implant event
report
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E 2. Slotted Aloha®] contention probability %]
Table 2. Contention Probability bound for Slotted Aloha

User Priority Slotted Aloha
CPmax CPmin
0 1/8 1/16
1 1/8 3/32
2 1/4 3/32
3 1/4 1/8
4 3/8 1/8
5 3/8 3/16
6 12 3/16
7 1 1/4
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Transmission period calculation algorithm

/*

When a node receives a beacon packet, this
procedure is performed in each node i before the
starting of RAP period.

*

Calculate the number of slots to transmit /V,

The number of slots to transmit is determined by
dividing queue data by one slot data

= 1@/ 1

One slot data is determined by multiplying data rate

by data transmission duration in a slot
Syior = fXd

if N, <N,

slot

then

mn

Transmission period 7, = max (7, 7} ,.)
else if NV ;, <N <N, then

min max

1, is computed by using the number of RAP

slots N, and the number of slots to transmit /V,

]

Npap/ N1
else if NV, >N, .  then
Transmission period 7, =min(7Z}, 7}, ;)
endif
J8 3. AFF] At dare]ge] =

Fig. 3‘ Pseudo code for transmission period calculation

algorithm
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& % vl dolelE w9+ ole ol
0,8 FoR ALk wse] Hel Zlshe )
oleles} @ LEelx] AE AFedt delElE ol 4
sl wmeg) Agalo sl 229 AR AYT
% gk

wET} Aol sk 222 Ag A7
W sl ol olgslel AEFY 1E
ek wek N7 Hi A SF 5 Nmmm A

o Agalof skt vlolelege] 2

¥

E

T qu,H ;q 7]01 T i /Hz4
gtk gk N7 N, Beks = Mi A% 7}
‘{'\_ Nmaxﬁ-r/} XL'Q‘ 7:]‘3 LEL 74]

aboll o8l 7,5 AAsH =k T, RAPTAH
710] NRAP% j\/;f—j:l_ ‘4’!‘ )\’-4 —Q—Qv_i ﬁ?—]Eh;],

Selection of initial point and transmission
algorithm
/*

This procedure is performed in each node i, in

each RAP, after the procedure to calculate optimal
transmission period in RAP.
i
Set the initial sleep period by choosing a value
in the range of [1,7]]
Go into sleep
if initial sleep period expires then
Attempt to transmit data
Set the sleep period by a value of transmission
period 7;
Decrease the number of slots to transmit /V; by
one
Go into sleep
endif
for the number of slots to transmit /V, is not

Z€1ro

if transmission period 7. expires then

i
Attempt to transmit data
Decrease the number of slots to transmit /V,
by one
Go into sleep
endif
endfor

S8 4. A 917 4 Y A4 ekelge) el
Fig. 4. Pseudo code for selection of initial point and
transmission algorithm
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Table 3. Definition of priority
Waiting | Transmit L. e
. ) Priority Description
time time
Emergency or
0 ty (tpp) 7, 6 | High-priority
medical data
tep £y (2t ) 5 Medical data
2Xtg, | ty(3Xtg,) 4 Non-medical data

AEsp] A 7shs AZES onlshe, Ad Alw
Al7rolak ofUR] FAEe] 3 HaL Aol AEE
= AAE Yvigitt 3 36X e dluAIH S
AgE A SIS, 1, 6, L A
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STk
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= Hololr} o] &3> Energy Detection,
DATA, ACK Al F7Ee& e, 7+ 77ke] 7]%
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Energy
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DATA H)’ ACK
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Fig. b. Priority-based slot structure



Priority-based transmission algorithm
/*k
This procedure is performed before the node i

attempts to transmit in each slot
*
Set the wait period by priority
if wait period expires then
Do energy detection
if a channel is idle then
Attempt to transmit data
Wait for acknowledgement
if acknowledgement does not arrived then
Maintain a data in a queue
Go into sleep
else
Remove a data from a queue
Go into sleep
endif
else
Give up transmitting
Go into sleep
endif
endif

12 6. sl 7N A daelEe] akEs
Fig. 6. Pseudo code for priority-based transmission
algorithm
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Table 4. Enhanced definition of priority

Waiting | Transmit L. L.

. . Priority Description
time time
) Collided

0 t (tpp) 7 high-priority

medical data

top t (2% tED) 6 High-priority

medical data

/ Collided medical
2%t |ty (3t ) 5

data
3¥tyy | ty(4Xt.,) 4 Medical data
AXtg, |t (5Xtg) 3 Non-medical data
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Enhanced priority-based transmission algorithm
/‘k

This procedure is performed when the node i

transmits data in each slot
*/
Set the wait period by priority
if waiting period expires then
Do energy detection
if a channel is idle then
Attempt to transmit data
Wait for acknowledgement
if acknowledgement does not arrive then
Maintain a data in a queue
Increase or maintain priority according to
the data priority
Go into sleep
else
Remove a data from a queue
Initialize with original priority
Go into sleep
endif
else
Does not transmit data
Increase or maintain priority according to the
data priority
Go into sleep
endif
endif

T8l 8. WS $41%9) Sl A5 duize) oms
Fig. 8. Pseudo code for enhanced priority-based
transmission algorithm



9] oalzEolr). o] dwE|EE wryl zMile] A

TN ASS Awsr] A gl ey
A= A3 Aol ffr Ao, k=v dHolE e
A4S Ax3t) o]F = FryolE2HE S
el Al of el wel AHE AsfelA] AgeIAlE
AAgct k=) A diolelel Hsix Zrjdle]

ElmyE S5k 44l wischl Aol 4B A
o gkl AEdt delelE Feld AHskL
SAee) @ Z7|skael w A5 dole

Bald SElolEERE SR 41 A )
W FEZ skl Aol ANG Aoz wekslel

A dlo|e & Ffella] AAIBEA] dar FA1A171H,
Aol wet ekt o] w3t gk
1) x=r} Al delee] A7t 7o1d
Al s AR
2) xx=rb Afshke wlolee] -
$A9E 72 3 v %Ljﬂﬁ}.
3) =t AFshe dlolEe] AE9E 5ol
Al S ARk
4) =7} Ak ol
FAESE 7 2 =k
5) x=7} AFdhs dlolee
A ghs ARk

Ae217E 6014

AR 401H

A7} 3017

=
>
ook

E
0x
or
0E!
M

E 5. AEHelA 373
Ta

ble 5. Simulation environment

Parameter Value

Topology Star

Number of nodes (N) 10, 20

tep 100 us

SIFS 75 us

EIFS 10 us
Bandwidth 971.4 Kbps

Slot length 1 ms

Simulation time 10 sec

IEEE 802.15.6 3¥+9 Aey|a ZA3E 7]&gich
B =geld Aljksls 25T 24 daElss
IEEE 802.15.6 XZFol|x ARE3}x 9JE= Slotted
Aloha®lg WHAZHe] wIwE fleir] FUg ES
7|52 MATLABS o]$3le] Ad AMS-E, A%
MRS A3k

4.1, AlEEH

HES =] AL Ay BEEZZA|] vES =
Al G =20 dlelelrl ZojvlelH 2 AeE
= o R sHslelk FjdlelE] e EA3)
= =9 JeE 10, 2072 WHEA7|a, e=e
TAL A7 =8 9|8 dH|o|El(EEG, ECG)
L= 40%, Yut 9|7 dlo|8 L:=(EMG, Actuator)
40%, vk ARg} dlo]e] :-=(Thermal) 20% % -
A3t} EEG, ECG, EMG, Actuator, Thermal 2]
dlole] AT ZH2 50, 250, 200, 50, 1 HzZ
AAsteleh webs o]=e] AsTF7I= A 20, 4,
5, 20, 1000 ms ©°Jc}. =& t,,, SIFS, EIFS +
IEEE 802.15.6 X2 sl ZAAch t,,
= A2TE A5 = 5 o] wdel oy
HEzo| 7Fs3t HAa A7tz ARl % 5=
Al g0 3738 HeiFr)
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Table 6. Power consumption model
State Power consumption
Receive 35.28 mW
Transmit 31.32 mW
Idle 712 uW
Energy detection 8.82 mW

323



Channel efficiency (%)

T T T T T T 1
200 400 600 800
Data rate (Kbps)

a2 9. AdEE (N=10)
Fig. 9. Channel efficiency (N=10)

Transmission fail rate (%)

70 4

—a— Slotted Aloha
—e-— TATE
———— A TATEWF

[}
o
1

o
=]
1

N
o
1

w
o
1

N
o
1

a
o
1

o
»
>

T T T T T T 1
0 200 400 600 800
Data rate (Kbps)

T2 10. ASAHE (N=10)
Fig. 10. Transmission fail rate (N=10)

= o} =50 doly AAES WA A
28, AR URAE B siglch vlarie
2% IEEE 802. 15.6 32 Slotted Alohatl$ 1
R R | 1 s s [ R i =2 B
= 283k WA, AS A BA daege] A
S5 vpAS- ALgsieic) T¥ollA] Slotted Alohat
IEEE 802.15.69l14] AF4-3}+= Slotted Aloha "3]S
Ju|sh, TATE (Traffic Adaptive Transmission

algorithm for Energy Efficiency) = 34159 ¥4

dwe]Es  AH43dF HR2], TATEWF  (Traffic
Adaptive Transmission algorithm for Energy

Efficiency With Fairness)t&= A4 344 24 4
2j5o] A4 wAE ovigih

4.2.1. M2E8 |
a8 99} ¥ 102 == 47} 1070 of A
57 AFAAES vt Zlolck dole] AAE
o] 270 Kbps °l3lal 74, Al A% WA wF o
ole] AAdEe] 71l wet Adago] sk

324

60 4

-—a-— Slotted Aloha
---e-- TATE
—a— TATEWF

50

N
o
1

w
=}
1

Channel efficiency (%)
3
1

o
1

200 400 600 800
Data rate (Kbps)

ag 11, AdEE (N=20)
Fig. 11. Channel efficiency (N=20)

100

—a— Slotted Aloha K
—e-- TATE -
80| 4~ TATEWF

[}
o
1

Transmission fail rate (%)
S
o
1

IN]
=]
1

2

f

T S T 1
0 200 400 600 800
Data rate (Kbps)

O3 12, AEAHE (N=20)
Fig. 12. Transmission fail rate (N=20)

(o3

1A AA Adelld] A 7hsst ASEl Bls)
A== dlolel7t Ao] dlog] AF A FEol o
B AFAAEo] w5 Fr] wiolch v do]E
AAEo] 360Kbps ©]ite] =™ Slotted Aloha H}A
A5 o ol Ad FEe] Sl wed, A
A go] A3 =olzlrh. o] Slotted Aloha
+ WA g FEel o AFS A=) o
A AE3lG7E AljEA e, wepa dA] o]
dloJe] e Meld 4 7] witelck 1t
A9 B2A WA A w4
A e vl 360Kbps o]4Fe] dlole] AA
NME AFEEo] F7) gk ol= T MM
dlele]efel mel AF A= 3leg -3,
9B A due|Fel wet Al uE

BAE7] wfolcl m, A FAHA ®BA darg]
o] A4x whro] 7 w2 Hd Ad ZE&s

>

M o@ lo

>
B 2 o

A o
=
[ oX o
4l o

ofy i;j

o
=

L

Loy

et ole vl el AdsiAY 278
Bt HAEsE WA Ed AS A FEE E
A g 7] wielrh AR daelEe] A



=10/ WBAN & ell4 olluz] B85 123 B A5y AF daels

= [¢)
rrso odd AE 3T = 7] wited A

80| FA sl HolA] o=tk
a3 113 a2381RE 2= 57 2000 o A
B} A Aslgolr). k= 57} Z71Re Al
Al B FEY IVER QlEl == 471 10
N wf B} FHd oAd S8o] oF 10% Jolxlch
Slotted Aloha W] dHlo|e] AJ4-E 180Kbps, -3
A9 ®BA wkale dlo|e] AAE 450Kbps, A%

TR B WA dole] AXE 540KbpsellA
) 2Md 28-S el Slotted Alohad$ |
Aol B8] oF A5 WA BRAL 269%, AHE
TAA BAF WA <F 35.9% Ad &go] =t

4.2.2. ™EX|A d|w

a8 138 k= 57 2000 W AA ==t -
olelE A=l Hdule AAAZES HeRiFo]
t} dle]e] AJAdEo] 100Kbps PIwtdwjoll:= Slotted
Aloha ¥P2lo] 71 -2 4 AHF A QXS
effl= s &l & 4 glrk dA|RE o]ufe] Aol
= 1~2 ms o2 ofZFjAlelAd SRl FHd
AAAZE 8RS oHE HeME AS FEl &
= stk 3Rk dlelE] AAdEo] 200KbpsE Al
== Slotted Aloha®] - I+ F$A7ke] 3000
~ 4000 ms & WA= HHAAAZE FHEHAE
ZI3H| Foh =gk e 2A WA Slotted
Aloha Hrh= o] =2 dlojg] AAdE 71¢] 2o =
FAAd LM e AS el & 5 A

o

i
X

o] oA A FEIANTA Fgo] FAT
A e AQAA] FAs Zokeke A
ahel & 4 gk A|AAT] A% o] Surks
ol gl wel wEely] el el
20917$2F hehgic.

r o

4.2.3. olqX|~22k H]

I8 142 = $7F 1070w AHA 2=r) o
olelE AFsh=d] 4Bk olulA|o|t}.  Slotted
Aloha W2 d|o]e] AAE 270Kbpsellx] o] |

30 4

2. | —= Slotted Aloha A
1 | —e- TATE
26 [ -4 TATEWF
° )
£ 24 bd
> ¥
[ y
T 224 A«
ke i ’
§ 20- ;
‘€ 18 . A
0 g
c -
g 16 o /,.’ A
<)
S 144 &
<
12
10 —.——
0 100 200 300 400 500 600 700 800

Data rate (Kbps)

37 13, 3t AF A7 (N=20)
Fig. 13. Average transmission delay (N=20)

g 585 vehH, dux]iamale ok 181mJo]ch
A2 dHelg A EAA A AF W of
104.9mJ, A% ¥R B2AF WF2le oF 98.7mJ2] o
HAE 4£wgkt} o] Slotted Aloha H}F2]9] 74-%-
g A &S 7] sl o] S8l o3t
AHFo] HWAE] wel] ouA] AmEke] F A
< o F ok wb Algtsles A9 AE W)
= doJelekel wEt xE=o] HEIeE AA)
ARl WE T 39 S ARSE]
o] ZFEo] AA WHAsle] Slotted Aloha HMAH T}
UR|Amee] AL & 5 ik = HE ¥AA
Ao e ASFTF o 22 A AF
oA FEo] WAE 75
TETE Y 7 o] wiel FEFO] AR <l
3 oUA|mEfe] 7P A5 oF o Slrk
a3 158 = 7 2000 o) AHA =)
olelE AE3h=tl Mgt euRA|eltt. k= F7}
71l wEl S FEY IR Qd k= 5
1070 wjrc} 22 do[E B R oA &

IR

+ H

700

—&— Slotted Aloha
1| - TATE
600 -{ | —&— TATEWF
S 500 o
E
S 1 /
2400 e A
a .
€ ]
= K
@300 A
8 |
>
204 L
c
i ]
100 T
] e
-~
0 . . . . . . . )
0 200 400 600 800

Data rate (Kbps)

a2 14. ovx| &= (N=10)
Fig. 14. Energy consumption (N=10)

325



= EA1EF3) == F-] *13-05 Vol.38B No.03

—&— Slotted Aloha
1| --e- TATE
1200 | —4&—- TATEWF

1000 +

=
E
5
= 800
a
E B
2
c 600+
8 B
>
g 400
c
w 4 ) /
200
peys :,:—;:.;: ,,,,,,, ’
| g T
>
0 T T T : ' I | |
0 200 o - .

Data rate (Kbps)

J8 15, ofuz|awak (N=20)
Fig. 15. Energy consumption (N=20)

weko]l Wi o 4 Slrh Slotted Aloha HHe]
FHd A &8-S vehll= dlole] AAE 180Kbps
oA oA AmEkS oF 298.6mJeth WbH ZL-
toef A EollA] 419 Bk vPAl2 oF 78.4m),
AE 344 WA 71.5mIo] dHlolE AmEks
epdfich gk e BA WA Hd A
2 vehlle el AAE 540Kbps7HA] >

T AN A A
A BA AR 2R o] A EellA =

< 5 =Y #

Qo o D& ofixlaweke Gelle ok 4 gtk

2 L

™

V.3 2

B =rol|A= IEEE 802.15.6 X9 RAP3H
of|A oA EEH ]l AFE I8t k=9 A
of 3h= dlolE|fel wE AHETF7] =4 Ll
< Alkelsdct w3t dloly] $AEHdl wE AHE
BAS flte] oUAAE RS FIsl] Al
A A = ole F2E Agsislen, ok A

Akgr daelEe] AsHrkE Stk A EE
2A]8] UEFolA g =50] HloJelr} 3
tulole 2 AetE]= ASHS Agsiict ke S}
tlole] AAEel wE AEEEe] nlaex] A5
2l BA wkAle] A9 HT 26.7%, AE T 2
ZF wbrlel S i 359% o Ad Fho] IF
AF = dek gk dloje] AFA|d SHeM= & W
3P1 glewidE o] =2 dolE] o] doid

326

N AFAAS FA3] FT+= AS AT >
Ak = g} dlo|e| A el wE oluA| AR
2 ovlaels] A B wRe] g% i
57.9% A=, A TR 2R wale] A
it 60.7% FAEGIcE weba =] HEs|ok
sh= dlolefol vl 2EF71E AHshe L
ol ZgHolgh= AS & & olrh

References

[1] B. Latre, B. Braem, I. Moerman, C. Blondia,
and P. Demeester, “A survey on wireless body
area networks,” J. Wireless Networks, vol. 17,
no. 1, pp. 1-18, Jan. 2011.

[21 W. S. Choi and J. G. Kim, “A study for
co-channel interference cancelation algorithm
with channel estimation for WBAN system
application,” J. KICS, vol. 37, no. 6, pp.
476-482, Jun. 2012.

[3] J. Y. Khan, M. R. Yuce, and G. Bulger,
“Wireless Body Area Network (WBAN)
design techniques and performance
evaluation,” J. Medical System, vol. 36, no. 3,
pp. 1441-1457, Jun. 2012.

[4] N. F. Timmons and W. G. Scanlon, “Analysis
of the performance of IEEE 802.15.4 for
medical sensor body area networking,” in
Proc. IEEE Commun. Soc. Conf. Sensor Ad
Hoc Commun. Networks (SECON), pp. 16-24,
Santa Clara, U.S.A., Oct. 2004.

[51 J. H. Kim, I. S. Song, E. M. Jang, and S. B.
Choi, “A dynamic duty cycle MAC algorithm
for Wireless Body Area Networks,” Int. J.
Bio-Sci. Bio-Technol., vol. 4, no. 2, pp. 83-92,
Jun. 2012.

[6] O. Omei, A. Wong, A. J. Burdett, and C.
Toumazou, “Energy efficient medium access
protocol for Wireless Medical Body Area
sensor networks,” IEEE Trans. Biomed.
Circuits System, vol. 2, no. 4, pp. 251-259,
Dec. 2008.

[71 I E. Lamprinos, A. Prentza, E. Sakka, and D.
Koutsouris, “Energy-efficient MAC Protocol
for Patient Personal Area Networks,” in Proc.

Int. Conf. Eng. Medicine Biology Soc.



=10/ WBAN & ell4 olluz] B85 123 B A5y AF daels

[8]

(9]

[10]

[11]

[12]

[13]

[14]

(EMBS), pp. 3799-3802, New York City,
U.S.A., Jan. 2006.
Y. Zhang

priority-guaranteed

and G. Dolmans, “A new
MAC
Emerging Body Area Networks,” in Proc. Int.
Conf. Wireless Mobile Commun. (ICWMC),
pp. 140-145, Cannes/La Bocca, France, Aug.
2009.

IEEE Standard Association, "IEEE Standard
for Local and metropolitan area networks -
Part 15.6: Wireless Body Area Networks,”
IEEE Std 802.15.6, Feb. 2012.

K. S. Kwak, S. Ullah, and N. Ullah, “An
overview of IEEE 802.15.6 Standard,” in
Proc. Int. Symp. Applied Sci. Biomedical
Commun. Technol. (ISABEL), pp. 1-6, Rome,
Italy, Nov. 2010.

F. Martelli, C. Buratti, and R. Verdone, “On
the performance of an IEEE 802.15.6 Wireless
Body Area Network,” in Proc. Wireless Conf.
- Sustainable Wireless Technol. (European
Wireless), pp. 1-6, Vienna, Austria, Apr. 2011.
S. Rashwand, J. Misi¢, and H. Khazaei, “IEEE
802.15.6 under saturation: Some problems to
be expected,” J. Commun. Networks (JCN),
vol. 13, no. 2, pp. 142-148, Apr. 2011.

I. Ramachandran and S. Roy, “Clear channel

protocol  for

assessment in energyconstrained wideband
wireless networks,” IEEE Wireless Commun.,
vol. 14, no. 3, pp. 70-78, Jun. 2007.

S. Y. Shin, I. Ramachandran, S. Roy, and W.
H. Kwon,

assessment:

“Cascaded clear  channel

Enhanced carrier sensing for
cognitive radios,” in Proc. IEEE Int. Conf.
Commun., pp. 6532-6537, Glasgow, Scotland,

Jun. 2007.

2 Z & (Jinhyuk Kim)

2009 29 <lslEta %1z}
3 &4

2011 2% <qlshdistal %=}
33t AAt

2011 3 ~&A) <lajesha
AAg-stat whalatAd

<ol HEmTe] F4l,
A AL, AaE Ve, WY W A A

& &b 7| (Changki Hong)

2011 29 <olsidiElm zizp
et =4

20131 24 <lsiiElm ziz}
et AAL

20134 34 ~3A LG A=Ak

<ol AFE] UIESLZ,

H s
e g Ak A

Z| A 4t (Sangbang Choi)

1981 29 ezt At
T3 =4

1981 ~ 19861 LG AHR%E
2.

19881 2% University of
washinton AJA}

19901 29 University of

aa

washinton B}
1991 ~&A Qlaflishal Axlgsta)
<Aool A FE AHAarE UEY=, v F
Al, e 2 BAE 2] Al 2E

321




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


