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Abstract

IEEE 802.156 standard, a Wireless Body Area Network, aims to transfer not only medical data but also non-medical
data, such as physical activity, streaming, multimedia game, living information, and entertainment. Services which transfer
those data have very various data rates, intervals and frequencies of continuous access to a medium. Therefore, an
efficient anti—collision operations and medium assigning operation have to be carried out when multiple nodes with
different data rates are accessing shared medium. IEEE 802.15.6 standard for CSMA/CA medium access control method
distributes access to the shared medium, transmits a control packet to avoid collision and checks status of the channel.
This method is energy imefficient and causes overhead. These disadvantages conflict with the low power, low cost
calculation requirement of wireless body area network, shall minimize such overhead for efficient wireless body area
network operations. Therefore, in this paper, we propose a medium access scheduling scheme, which adjusts the time
interval for accessing to the shared transmission medium according to the amount of data for generating respective sensor
node, and a priority control algorithm, which temporarily adjusts the priority of the sensor node that causes transmission
concession due to the data priority until next successful transmission to ensure fairness.
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Fig. 1. An example of a wireless body area network.
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Table2. Bounds for contention window and contention
probability.

4% Az A &E AAR

=

CWmin
0 16

CW e
64
32

8 32

8 16

4 16

4

2

1

User Priority

e CCH CGl

N || Ol

zh= dloE 9] CSMA/

=7k A% ok 3 Hloly

o
)
tio
o
X
o
0
o

lo
(K
N
Mo
o
Y
[o

o
Iz

[
o~
N
N
off
QL

RAP

«

«

«

P

D |
L

sdIS
101
SdIs
101S
oIS

B~
Backoff
counter(=0)

No enough time left;
Backoff counter =2 is
locked.

Contention fails 1* time
CW is not changed;
backoff counter is reset to
5 over [1,CW] and locked.

T
Data
arrives

Backoff
counter(=0)

CW=CWmin=s;

back-off counter is set

to 4 over[1, (W] and
unlocked.

backoff
counter (2)
is unlocked.

J3 2.
Fig. 2.

IEEE 802.156 X% CSMA/CA NM& dialo| of
An example of CSMA/CA transmission in the
IEEE 802.15.6 standard.

2% 2014 R WAl A% A7 CSMA/CA 25
gz 4] CSMA/CA &
2 FE[ R =

12 M rlo

L =B A=

357

rir

A%

(189)

FFUA AFAAE Gk A WA AE Asf A
= AHE St o] Wi =Es CW g
= @A B4 A= fr 8ol WAsA o, A
AES flste] [LCW] Atelol A ez Aded A4 5
S 2 wex JleH gtow A

s

>
A i)
=)
oy
Q
@
>
i

1} G385, W CSMA/CA &&Enich )
dol AelE A8k A5 Ado] HlojglS A v
Z ISEHE #aAZn F OHA AEA R g W

T =
[ B

CSMA/CA &% o|F9f ,
417 CSMA/CA £%°] A2 w, dol3le

Aol

g dFster 2eHE ARG

& CCAS 38 &
E717F wE A
A5 A9 22

CSMA/CA
H7l &4

I ?M=% 28 & dHX 28 2
o ™2 2AEE 71

mo

e
= f
N opr i L
4 o —
e X

°



}0

WBAN =4

THZE e A&
EAek= Al oF
g8 gk CSMA/CA
olo] Mzl Ael ujH A2 7+AL Ak
Al CSMA/CA A% &£59] 4ol HES]

of weh debd 4 glown shte] CSMA/

FollA AE 7hsd dole= AAl Ade] A

bl CSMA/CA &532] Zo] tslote] HOo =
o} shvhe] CSMA/CA A% E5olA
olE]9] & AE o|Fe MM xE=E E
EAsk= wlolH ¥ shte] CSMA/CA €%
7Fe gk HolH &S o]&ste] Apile] 7 a
HE BT dEshy] ¢13) 283 CSMA/CA

-

=
9,
a4
o2
tlo o
-

w2

oo o N9

g
*rﬂé:ca

o[r
o

=

P
A 7
= A

=2

op~

)

>Wr1r_|_4£
DR & )

i

N
-

=~ >HU

FH N

T

2 oy
o ol
o i1
)

o,
[
o,
oo
ofr
o
3
gi
2
o,
o

i)
i 8
20 )y

fx
e}

oH}

1o o g ¥ A

m
i
-
) r>
-

=
S
i)

Al

[P
fﬂér&nﬂ.émsz

X
o
afy 2 19

L
o ob T
N

Z 3

Ny ob H2 oA 3]
gl AlA =9

Tmm‘— E%i
2 QoSE 21101?5‘}71

o
+ A
2,

o

N

>,

oo

o

r

Mg o ru
o,
oX,

M o g My oex
e

X

o
n:Ziﬁ_—Q

FHU‘Z’L

e
o S

o
-1
()
~ 1o
3
(i
o

Lox

2
=

rir o rd
b

ol
ol
of

&,
ox,
[
i
B
=
i
il

£
L
24
ne
!
AC)
[N
o
ftl

o
g
[o

to 1 N rlo
o (It
N
N
il
)
s

geraaAel o e
AE dolE e The
ARAA A
ol mebA

k|

go 4y 4 Mo o du AL M 2

When a node receives a beacon packet, this procedure
is performed on each node i before RAP period starts.

1  Calculate the amount of data that can be transmitted
in a CSMA/CA slot by multiplying data rate and slot
duration
Sslot = R x tslot

2 Calculate the number of slots needed to transmit
data by dividing buffered data by the amount of data
that can be transmitted in a CSMA/CA slot
Ni = [B;i/ Seo ]

3 Calculate medium access period 7} by using the
number of RAP slots Ngrap and the number of slots
to transmit NV;

Ti = [Nrar / Ni

if N; > N, then
Medium access period T; = max(T,, Tinin)
end if

SN NS I

Set the initial sleep period by choosing a value in the
range of [1,T}]

gl 3.
Fig. 3.
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An algorithm of medium access period calculation.
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Tabled. A performance evaluation environment for the
traffic adaptive transmission scheduling.
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Fig. 9. The comparison of the average goodput with respect to data transmission rate for the performance evaluation of

the traffic adaptive transmission scheduling.



20174 2@ ©ASSE| ==X K54H M2z

25

Journal of The Institute of Electronics and Information Engineers Vol.54, NO.2, February 2017

V770 42 kbps N\ 210 kbps BEX) 315 kbps [ 420 kbps

i

T I AR

i |
ORISR LI AN DG

LR R N R R O SR R R S R QSRR
latency (ms)

(a) IEEE 802.154 MAC #&

i HJJJMMJJ;

a A fr T T T T
DDERBRARAR DA DAL SRS A DA A A

O Q0 0 GO A0 KON ka0 10 MO O a0 Z 02 07 o0 O 0 A0 0 a0 O 107 102 ¢02 a0
e e e

latency (ms)

(b) IEEE 802.156 MAC A4

T

K] 2l A ARl AR A j o
T !
A |
2% 10 L BN AN O 3O N G N 11O 618N, SN 110N, 5N N6 0N 18N 9N 1N (N TN ANAN NN NG O
R R S A S S R R S SR

latency (ms)

(c) At dag)F

A%

tA

J% 10. EsiE M3y & AAEY MsHItE &4
oMo M& X S|AETH (N=15)

10. Histograms of transmission latencies evaluating
the performance of the traffic adaptive transmission

scheduling (N =15).

rlor

Fig.

= = A3 A

Hhal -AdElel et dE5S AlEske IEEE 802156

WAl oluf AlQbEl WA o] g e B - s

EESo] v Ad HT FES 2] witd A% A

ol H37h glegol® B8t 497 B2 w5

EolA AES FHs HE AUt dAsA "k
AT 200 kbps ©]/Fe] dHeolH HEES RY

(19)

o=

PN
A3 woHdas BE

0
o}
Q
2
is]
=
=
°
HE
O
-
2L

oM A AT BolE A
A%k EEE 8021563} Aok WA 4% o)
Ae SAEse

[EEE 802.154 %25

q o

—

A
L 2

ol
rir

=

Ml

=2
o =

N

=
o

o e o]

St
= 3

Mo op dlo ofw Mt oo mlo

2
20y o
O

of &
<~
ot
&)
o

R

Sb ol I

N

X oM

o
ofr
e
2
>,

K

S 42 kbps 1A 420 kbps 714 ®g} A|71WA T
Fe Aol ATt WAeHE A AAIREHS [EEE 802,154, IEEE
802.156, At LarelFol Ztzh Agate] nlalskch
S AA HAAA BEES 27 100] A AR A
AAREE Bl 2ETf o YER ST

IEEE 802.154 ®2¢] Z9- dlo]e] dEgFo] 42 kbps
2 AL 79ol= 0~ 140 me7HA o] AE A AS 24
210, 315, 420 kbps®] 49 #E7} 127 YER}
o E3] 600 ms o]4Fe] AE A
HEol 600 ms oJste] M A
B} 100 ~ 10008 HEZ Yehde

o} ol gl e wp wwH

v
0,
o

E=y
»
o 1o A

fo o rir o W 2
X0,

o s o



26 WBAN etgoliM 287 COE &&S 2t e E2 2488 71y

ozt
o

a2l

[EEE 802.156 %% W49 75+ IEEE 802.154 REFERENCES
WA BHoh= 600 ms o9l A Aol AT H
olf AFEo| molfdl uwEt Tt A =TofA [1] C. A. Chin, G. V. Crosby, T. Ghosh, and R.

600 ms ©]Are]l A4 o FAS Jehj= AL gl Murimi, “Advances and Challenges of Wireless
B 2 o B wmRoA Aokst %nE=S 4859 Body Area Networks for Healthcare Applications,”
N R 010 g mlulo o el in Proc. of International Conf. on Computing,
= W 600 ms olde] A2 100 9 vrem Foj= Networking and Communications, pp. 99-103,
AL FAT 5 9ov], 400 ms o] A% A Janary 2012,
o] Aol wrAIEA] 9F=th 420 kbpse HlolE A% 2] K S. Kwak, S. Ullah, and N. Ullah, "An
£ ol A 400 ms o4 Ad AAL 2k AR A Ofvif?ew téf ;EEéE 802.156 Stangaflg(; iSn,PTOO
. i} of International Symposium on Applied Sciences
20 zokat guE= 3 HFAl 7 R i o .
§& Ak haese] vls) EEE 802154 &2 in Biomedical and Communication Technologies,
IEEE 802.156 % /;10] 7_]-7_']' 872 634 HH \:ﬂ—o] HL}\(]JJ 0}9\1\3]—;}' PD. 1_6, November 2010.
Aotst daElFS AMESS AS AT B2 [3] D. Campolo, “Wireless Body Area Network
ol Eolgt EX e AE YH e AF T2 9l (WBAN) for. Medica.I App%icati.ons,” New
& oo warow olsh Ad Hgo] Featy] mE %ﬁ;(f)elopments in Biomedical Engineering, In Tech,
oA AA w=Eef A% Ad dd= 24 5 [4] N. Bradai, S. Belhaj, L. Chaari, and L.Kamoun,
“Study of Medium Access Mechanisms under
vV.d B IEEE 802.156 Standard,” in Proc. of Wireless
and Mobile Networking Conf., pp. 1-6, October
] 2011.

2 el Al 71 CSMA/CA el ofuA] vl [6] H. Li, K. Takizawa, and R. Kohno, “Trends and
&5 MAste WS Adstdty. CSMA/CAE 3 Standardization of Body Area Network (BAN)
A wjAd] He BANI I 258 g5 95 for Medical Healthcare,” in Proc. of European
o A&ty Ade AM vt Ade AHZ AL go?fgrenggogon Wireless Technology, pp. 1-4,
5 . ctober .

3 5 = a3yl ¥ +
<_>] dtt o= AdEA AVt gle AuA 2xoh [6] A. Reichman, “Standardization of Body Area
3

171 $lete] AA == Ff A% Networks,” in Proc. of IEEE International Conf.
R o] HEshE A7 A AA =EoA] AAsHE on Microwaves, Communications, Antennas and
glolel ek wa} A8t = QLR sle] Haul7] AE - Electronics Systems, pp. 1-4, November 2009.

7] H. Cao, V. Leung, C. Chow, and H. Chan
of AN w7k A&d Ad e E1s =Y & d= « . " . '
°l /Loj 7k A =T Enabling Technologies for Wireless Body Area
= sheleh Networks: A  Survey and Outlook,” IEEE

Aorsls WS 83 EYIA o AN =& Communications Magazine, vol. 47, no. 12, pp.
ZAlo] A= dlolE AdEo @A AA wiAo] A 84-93, December 2009.

Sh7) aje] AU Bol A Hohmol ul o] WA= (8] M A. Hanson, H. C. Powell Jr.,, A. T. Barth, K.

. A% gmms . Ao Ringgenberg, B. H. Calhoun, J. H. Aylor, and ]J.
IS BHEY AE AIEs 262% /MR Lach, “Body Area Sensor Networks - Challenges
600ms °]/de] 71 AF AAdE z2t= 7o AFS 100 and Opportunities,” Computer, vol. 42, no. 1, pp.
v ZHAaAZ AS R0 & Aok 58-65, January 2009.

B wRolA Aobs GuEZEEo trel & pxo] & [9] B. Latre, B. Braem, I. Moerman, C..Blondia, and
M el ol HESD BAS AAaT HE A P. Demeester, “A Survey on Wireless Body
4 lA g Ve @ Oét 7Hsksie 5 Al Area Networks,” Journal of Wireless Networks,
HES A Au|2e] o) gharo] E48 EQA E vol. 17, no. 1, pp. 1-18, January 2011.

ZEAZ Z2t= AH|AE0] Z7)3ithA o83k AuAE [10]W. S. Choi and J. G. Kim, “A Study for
o o3 thE & 347o] ATe Aug]=Zo g 3] Co-channel Interference Cancelation Algorithm
HNaa 2 o= Agst aslolo} 3 Aol with Channel Estimation for WBAN System

Application,” The Journal of Korea Information
and Communications Society, vol. 37, no. 6, pp.
476-482, June 2012.



20179 28 MA3S=t3 =X Hb54EH H2= 27
Journal of The Institute of Electronics and Information Engineers Vol.54, NO.2, February 2017

[111]. Y. Khan, M. R. Yuce, and G. Bulger, “Wireless
Body Area Network (WBAN) Design Techniques
and Performance Evaluation,” Journal of Medical
Systems, vol. 36, no. 3, pp. 1441-1457, June 2012.

[12] G. Fang and E. Dutkiewicz, “Body MAC
Energy Efficient TDMA-based MAC Protocol
for Wireless Body Area Networks,” in Proc. of
International Symposium on Communications and
Information Technology, pp. 1455-1459, September
2000.

[13] B. Otal and L. Alonso,
Saving MAC for Wireless Body Sensor
Networks,” in Proc. of IEEE International
Symposium on a World of Wireless, Mobile and
Multimedia Networks & Workshops, pp. 1-6,
June 2000.

[14] V. Karira, S. Kharidehal, and D. Das, “Selective
Multicast Protocol for Wireless Body Area
Networks (W-BAN) for Power Conservation,” in

“Towards an Energy

2 olEE )
20021 1apehstal AR 7)1 3 3

20054 <1 }T;HEL_/ 2451_ 5'4 ﬁgq

<FIA ROk HFH T
HES =Z>

U A s )
20091 <Ql3fof &
A £,
Dk
A9,

2016 1t sl HpAR E<.

20114

S PN

Proc. of Annual IEEE India Conf,
December 2009.

[15]1].S. Yoon, G.S. Ahn, S.S. Joo, and M.J. Lee,
“PNP-MAC Preemptive slot allocation and
Non-Preemptive transmission for Providing QoS
in Body Area Networks,” in Proc. of IEEE
Consumer Communications and Networking Conf.,
pp. 1-5, January 2010.

[161 0. Walker, M. Tummala, and J. McEachen,
“Performance Analysis of Slotted ALOHA with
Periodic Serer Vacations for Energy-efficient
Medium Access,” in conference record of the
Forty—Third Asilomar Conference on Signals,
Systems and Computers, pp. 429-433, November
2009.

[17] A. Varga, “The OMNeT++ Discrete Event
Simulation System,” in proceedings of the European
simulation multiconference, vol.9, no. SI18, pp. 64-71,
June 2001.

pp. 1-4,

< BN Al(sHAE 9

| 20154 dshhehan gk} sha}
7-04

zﬂxﬁ Qlatth st W53t
I A,
<FEAEoR AFE TR, SoC,
A AA HES 2>

20161 ~

=)

W oE A UK E )

1981 FHorrietar AApEety) skt
=9

19819 ~1986W LG A EZ21(F).

- 1988 University of washinton
~ EPE)

19904 University of washinton BIA} &3
1991L‘j~§ﬂ_zﬂ o]_];Htﬂ—_! xq;(}LBLJ,]. “r
<FHAEOF: HIYH T2, ASFE UES A, 74
A, HE 2 A A A2



