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ABSTRACT

WBAN is short range wireless communication technology which is consists of several small devices close
to, attached to or implanted into the human body. Sink 2006, the standardization of WBAN is being
progressed by IEEE 802.15 TG16. WBAN is separated between medical and non-medical by applications based
on technology. Medical is used to implanted devices and wearable devices. In this paper we changed
superframe structure which is used IEEE 802.15.4 Standard so guarantee QoS. Coordinator finds out the
number of GTS slots that devices request and change superframe structure. We evaluated delay bounds and
utilization of proposed protocol by comparing with IEEE 802.15.4. In other words, we proposed adaptive
protocol with WBAN by changing superframe structure and the experiment results show that, bandwidth
utilization of proposed protocol is better than IEEE 802.15.4 in a similar environment.
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Audio 1 Mbps <20 ms |< 10°
i -
ideoMedical) ) \rops < 100 ms|< 10°
imaging
Voice 50-100 kbps per flow < 10 ms |< 107

2.1.2 WBAN MAC Z2EZ 7 Alg

WPAN 7|42 IEEE 802.15914] A44L A<
3}3 glch. WPAN %32 IEEE 802.15.12] 25~
TG(Task Group), IEEE 802.15.2 2| F3l5= 2= TG,
IEEE 802.15.32] 3% WPAN TG, IEEE 802.15.4]
Z|4 WPAN TGS tio’t A% 75 Aolskx glck

WBAN WPAN 7|&3hs 2] $-84fu]29] &
Foll w2l A< 2 w4 dlole] A4E 873ty 9l
ct. ~61 A& dlole] HES S78h= o84 AH]
2] 7% Agshe dlole] Eefge] SRl wEhA v
F71AQl Exgs} F714Q] Eggod w4 9l
t}. o] 7% IEEE 802.15.4 MAC— Az & 4 9jrk
31x]4t IEEE 802.15.4 MAC 7]$-% WBAN MAC

o A-83p7] HsliM= Al %%J_a BAR F 9le
Hhgo] 7} =lofo} gk

2.2 IEEE 802.15.4

IEEE 802.154% =Y T25 Agzoz
ARSE = ol 79 ZHI9)e] Helli= PANC] ole=
Fojvloefel] osiA AAE L, S Ale|=E L=
16712 £&o 2 FAEch =g vl =3
o Aol oJallx] Ak, slotted CSMA/CAR 5
Z}s= CAP(Contention Access Period)2} GTSE &
Z}sl= CFP(Contention Free Period)® 7A1XIth

52

Beacon Beacon
—— ——

CAP CFP

GTS |GTS Inactive

[T T TR o]

SD=aBaseSupert:ameDuration 25 symbols |
(Active)
Bl=aBaseSupertiameDuraliom2¥> symbols

38l 3. fslzels)

wHZHe] FEE MAC PIB  £A44l
macBeaconOrder2} macSuperframeOrder2] 3}l 2]
3 A2J=lcl. macBeaconOrder= ZEM|C]E17} B]A
=& ASE 7H4-& A3k macBeaconOrder
2] zF BOS} ¥ F7Kbeacon interval) Bl T3}
zro] Hz=]e] gl

BI= aBaseSuper frame Duration*27¢
= aBuseSlot Duration* aNumSuper frameSlot*27° (1)
=960*2”?[symhols]

(0 < BO< 14)

macSuperframeOrder+= 75 Z#%)] - 77| Zo|
£ viehiH, vzl Z#9l& 3Rkt macSuperframeOrder
2] gk SO} a7 =] |27 superframe duration)
SDS] IAE ol 2k

SD = aBase Superframe Duration*2°°
= aBaseSlot Duration*aNum Super frameSlot*2%  (2)
= 960*23{)[5}'11111)15]

(0<S0< BO<14)

1 symbolZ 16us ] =& BIS} SD= thea} 3]
Ailsict,

BI=15.36%2%%ms 3
SD=15.36%*2""ms “

7} i ZH|de] s ke 2°9 * aBaseSlot Duration
71748 28 7¥He g £33 © aNumSuperframe-
Slots 22 1}Fo{x]|u], W]z, CAP, CFP xﬂ HRog

Tk w7 &% 09 AR A AFEH,
CAP+= H|A thgell, CFP= CAP o] :‘:‘H}i Al
Kisdiag

FHZHY TEE AMSl] (3= PANY
macBeaconOrders 0~142] 322, macSuperframe-

www.dbpia.co.kr



=/ WBAN 3H7 ol Ar| A 34 148 913 MAC Z2&F 34} 7|4

Order+= 03} macBeaconOrder Afo]2] ko2 AdA
L=

2.3 HERIZ AtHHEZ 0|38t GTS && X|d
=4

A IA=E 4] Y W2 Worst-Case
Schedulability Analysis?} Network Caculus o]
Auck £ =EellMe Ad =g FA3P] 3l vl
E93 AXPEE ol gl

vES = AXMES ol8sle] o =3 I
(cumulative arrival function) R(t)2 +}eh}= doE]
ZZo] o3t A4l gh=(delay bound)2] ¥4 A=
Zdo] EANick

1. =2 Al (arrival curve) o(t) = R(t)ETh 3HAF
=A EAgh.
0<s<t,R(t)—R(s) <alt—s)

5, 74 &3 g vAR7) 23tste] An)2o)
Xﬂ%'—il | A2 AzkellA E=fjge] ofo] JAFA] o
oo oulsly, FAE Eg ke o(t—s)S 23}
& F= gtk

2. ROE 2AE F o= A Aulz FA
(minimum service curve) 3(t)7} 2%t 1
2B dlofg] S5 thet A F=(Dne)=
a(t) et p(t) e s A=lE vl

D,.. = h(a, B) =sup{inf{r > 0: a(s) < B(s + 7)}} ®)

I3 5= =& JA alt) =b+r -t} Aulx F
A Bp(t) =R (t—1)"9) Ad &= efle]ck R
(R=r)& 3A=E dgZeln, T= Au]x9] A4
A|e1& vepdch

Al FAL2 ST Ad% A 2R Q5L

| Delay Bound Analysis |

N

Worst—Case Schedulability Network-Calcdius
Analysis

- Independent from traffic model
- Arrival curve (b+rt)

- Traffic model: (T,C,D.J) (b.=curve model

REPREER

Arrival (bits)

cuve —
@
N‘Ncﬂ'\ "R

i Time (s)

T2l 5. =32 A, Aula FAdd A g

Algshs Au|AE 9l ARe=h 2] To o8] A
H]22] #xlr} vl
A F=(Dan) = T o] AlAHETL
b

D =5+ T ©®

Al AL e 2] n 719 Bl £5-2 8= GTS
o] 2B Al FA B, L () =R, (t—T,)"

£ 558 + Utk R, GTSol/e] B4 =S
ofu)ghc}.

T;lam . C’):Tl AN DC- C—w, (7)
_B[ idle

n

A= 1/16, DCE | Alo]Z-S ridict

D

po=(55

)=21031, 1I0=SO—BO (8)

CE dlole] AEEZ 250 kbpsE 27Isl, w,y,
L onjFl= Qlsle] GTSelA AREER] oke e
Z3} GTSOIA drIEE Aztez Fazich

Widle = Woperhead + Woypasted (9)
T, Au|2e] z|dg 2fv|gict
T,=BI-n- T (10)

K]

#lel A% ol8ste] =2 FAld o dloly 35
< A= AR B, - (2) 23 A= Hd A
£ 7% 4 Stk

53

www.dbpia.co.kr



F=-2A18k5] =52 *10-02 Vol. 35 No. 2

b
D, max = n- (/\ " DC - C'—u',-,,,,‘) +(B]~n ' T)(ll)

II. Mok MAC Z2EE &4 7Y

IEEE 802.15.4 43 =] FZolA= dolg A
4] QoS BA-E $Jsl4 CFP 17+e o]43l= GTS
uAlS Alggit) GTS WS AHEE 7% FZojule]
Bl trle|27) GTS 83 WS Adshd o
7702] ¥¢l WellA GTS €38 AT 5 =S o
ulo)2ollA GTS £35S &% gl 3k A a3
2 GTS &£&9 757t 770l A% tulelas
GTS &5 Iukr| s €k

WBANS] 7% 3714 dlole] A% AL 2=
olel= AT A% BAE BAS] #3814 GTS
£S5 AHslA doleE A3 Elck oz’ 4
tule] A= FrvlolE|25E GTS £&2 % k-
% Frjdlelele] o} v]E F7] ollA] HlolelE A%
& 5= gl7] dlEel GTS €38 o9 A 13 4%
tlole] Hfo] oA Hck A|bsh= 3 =Y
TEE olef’t FAES s lsia FZrjudlolE
7} tule] 28] GTS £4 WAL Al F &) vl
=70l tulel2rt 8AH= GTS &89 7ieE ¢
ohsle] =] aNumSuperframeSlots 2] 7Y
%2 spd o 2A3ko 24 dole] A4 A Au]A
FAL A £ 9l AR Al 7S Agk gk

o 4o ay 2

>

3.1 Arojlef 7¢g TSt rH=eQ 7=

Akt FHZH QY Fxo4 Fridle|el= tinle]
27} 84 GTS 39| /45 A3t ¥ GTS &
F2] J57E 70 olFll A= 718 o =9l
TEE A3l THE 23k S AlRE 9 Z
A FEE o]83h= WS ek ozigt 7§ H]
F713Ql Exfy 4 ofE clulo]2rt GTS 84 3
o1& B4 QA 7] $18l4] Bk=A] aMinCAPLength
5 HAlort gk AljleE oz R ¥
67}zl

s =Hqe] &F  F7k> SD  (Superframe

T3 6. ARlelleF e wejd e 72

54

Duration) 2 YePAt}. SDEaNum SuperframeSlots
o] N4=2} aBaseSlot Duration*25°717ke] Fo= 1}
ehlle] Fr]dlole}: tiulo) A} 233 GTS &29]
M7t 770 o3kl A= aNumSuperframeSlots
< 16705 AHE3le] ol =dld] &5 7R e
tule]l~7F 4% GTS €22 7i57} 871 o4l 7
< aNumSuperframeSlots2 2'+2" (1<n<4)
NE AHE3te] frol ze|q] % 72he vepdic 22
= At o= FEoA AR oz

5 TRkl

SD= aBaseSuper frame Duration*2°°
= aNumn.Super frameSlot s* aBase Slot Duration*2°°

1714
aNumSuperframeSlots =2'+2" (1 <n <4) (12)
2t 3hd
SD= (2" +2")*60%2°C[symbols] (0 < SO < 14)(13)

A 2614 n9] 3EE 42 AR ol n gl 5
7} sjo] frolzelele] 95 o] Frlshe A )
o8] A42E FolA4 9lor} GTS 2% ¥ A A
odo] Z7157] Wl olE Teisled nel Aol e
4% Ak ol A% H7h BReld Th AF

e

—

3.2 gt 7He| GTS &£RollM Ldsh= Xed He

24

3.2.1 GTS AMd|A =M
%) 72 AR fr9lzeld] T2 (b, nEDAL
Ag3le] sjte] GTS S3ol BAehe Hole A%

Beacon 1 Beacor

-

| CAP{aMinCAPLength)

a3 7. GTS 39 dlole] AFA11} A]dA7k

www.dbpia.co.kr



i/ WBAN #H7ol|l 4] Auls F4 HAS 913 MAC ZREF 34 7Y

At rH=ZHY TFx W &2 W TE T,

T  —
" R (14)
= aBaseSuperframe Duration*25°/ (2! +2"),
(1=n<4)

T, A o zelq] Fxolld] A &2
F2be <Pl

A Folzele) TRl Al FA 6, =

£ e 5, ahe ohes ek

By p=R{t—T)" (1s)

7)1 R-& Akt 49z P shie)
GTS &%l A== 93-S 9y 3x T FHo
A s 97 gk

. 29¢ Ty,
R = 2-! +on - Bl C_)\ "DCC— wz[lIL

(16)

(1<n<4)

AL 1/2442" (1<n<4) ok
T'& BI-T, otk

3.2.2 XA st=(Delay bound)
Ak F2eq) Fxeld shle) GTS &% @
G Al AR 2] A ge T ﬂflsﬂ/‘i 2]
65 FEF A o3 At
B = —bq~+(31— T)
max )\'DC C_ witll(‘ 5 (17)
3.3 n7ie] GTS &=RolA
L2
Asket o=z Fxo)A n 7] GTS &2
HAHE goEe g o2 vehd 4 gich

YdstE XA He

Rr; = TL(A’DC C— W g1 ) (18)

Feix A Ad @ 7, 2 vbebd & glek

T,=BI-nT, (19)

I=122 n 7|9 GTS £F & A sk A4
o] Ho AAe D, 2 el $ glok

b

D = 4 (Br-nT
s = N DG =) (BI-n'7)) (20

3.4 Bandwidth Utilization

Aokl ¢ ZH Q] F2E AREshe Al vEN=
o4} CFP 77+ A4 Utilizatione U2 yebd
= qdck

N
U, 21
crP= v RTS g k. (21

AWK Rpge AR 7] Zel|) FxollA] shie]
GTS —éq%oﬂ BAE = o E-S -’] gtk

V. 85 8ot

£ Aol A7 Bl A 97 AR AW
Y EY F4 AR 3 = YA GTSE AR
75 =ZH9le] A5 7t A9E 2e Fok

IEEE 802.15.4 Ifﬁ‘ioﬂ w2, shie] LRl o
Z£29) dlojg] A4S a8 83} o] =Y 7HHe
oJsiy #el Lok

shte] GTS £FellA HolEE A3 + glE 3
o A5 A7 A dlo]e] Helge o Ao veld
4 ok

Tl _ max(T”” Tsus)

data data >+ data

Ty'~N s =1)-LIFS - A(IFS),)  (22)
= max
T§'=N yyps - SIFS

Th — max T '_(NLIFS _1)'LIFS_A(IFS), £ 23)
Ts '-N LIFS -SIFS BI

Fully used GTS

i Frame }-EA Frame FE—{ Frame

| |
[ !

T8 8. 3he] &Relr] dd&AQl dlole] A%

55

www.dbpia.co.kr



241813 =54] 10-02 Vol. 35 No. 2

4.1 GTS ®& XA 24

Al 162 shte] GTS &5l Wlshk= FHu %]
s Toke Aol o714 7 F83 Fie BA
A Z Rolc}k 23 9% shie] GTS L&l &
= B d9EE vepdick

shte] GTS €5l dd=le 24 d9=S 3
g 23} SO el $7} she{2tx IEEE 802.15.4 X5
°] 73 11.88 kbps o] HYEE BASIA = o
£t} S0=0, S0=10A4 F& JIZFE velhll= o]f
© €329 Fzte] A7) wiiel B2 dlele] ke
AE3] $alAe IFS7E WisA Jehdr] dio]
o} 23 95 AR Ax}n o] T FE shie)
GTS &3l gsle 24 3] zhad) s
qk ARRE Q) FxeA Zrjdle]E] = tule]
27} 243 GTS <39 NeE It F
aNumSuperframeSlots®] N4g 7} 3] &
ol GTS €% AAE 12T 7% AAl =L Z7}
g,

a7 102 she] GTS £33 &A] HAsh= Ao
< vehdith 3714 100% el AlelEE AHgRich

shte] GTS &5l Alshe #odghs Hast
A3} Akt A ZH Y TR n G 5 ooz

802154

8

12.00
10.00
8
6

i

8

4

8

1400 GTsGuaranteed Sandwidth (kbits/sec)

2

8

O SN T T N I S T RN B S I I
EOR A A A A A A A g A g A ¢

a2l 9. sh}e] GTS &5l sl v djog =

| 3500 Delay(rms)
3000 4
=4=-802.15.4 =@~ Proposed, n=1 /
2500 V4
=y Proposed, n=2 == Proposed, n=3 /
2000 A
1565 == Proposed, n=4 ~4~Proposed, n=5// /Z 5
1000
500
0

SO=1  S0=2  SO3 S04  SO=5  SO=6  SO=7
O 10. 3R] GTS &% &9 Al 'HAsk= Ao

56

A8 A5 #Qde] FAH Fvlshe As B
ook ZEx ARl fEEE]] FEddA
aNumSuperframeSlots®] W45 AL & A% n
e 42 AF L

27 11 IEEE 802.15.4 %5 % ARl 4r3 =
Y FEellA tule|xEoe] AA| GTS &35 AHE-
3= A Alske A 3 vrepdch

Ao¥ek 73] =& 3] F-Zol|4] Bandwidth Utilization
< T3] fleiA dlolele] i =AM8-& 6.25kbbs
2 73l 23 122 IEEE 802.154%5F5} A
g FHZHY FEE A 218 ARSEle] AdEE v
askgick

802.15.4 EFE]Fe] o =ZHsle]  CFP77H
utilization 10.2%9ll4] A|2Fele] CFPe] F7bo] 2
AALE, F GTS €5 7I47} S7ieh 7hashke A
< 3Hldt = gloh B =l Algkshe 73 =Y
Fz2] CFP 77t utilization®= GTS &% 757}
7k gkl R e IR
aNum SuperframeSlots7} AR A == 473 =Y
TZolA 3ol GTS &l BAE= tfdEal

" m802.15.4 ® Proposed,n=1_

) # Proposed, n=2 @ Proposed,n=3_______
# Proposed, n=4

400

300

200

1100

SO=1 S0=2 SO=3 S0=4 SO=5 SO=6 SO=7
Duty Cycle=1
Burst size=1kbiys

a7 11, A4 GTS &5 ¥ Al sk Ao

| Bandwidth
| Utilization

A

=p=~802.15.4 ~@=proposed, n=1 =#=proposed, n=2

15%

e proposed, n=3 =s#=proposed, n=4

5%

| 0%
12 3 4 5 6 7 8 9 1011 1213 14 15 16 17 18 19 20 21 22 23
Number of time slots

T2 12. GTS &529] dlole] AFA|3} #|dA3

www.dbpia.co.kr



=5 | WBAN 3ol A An|2A 4 3AS 93 MAC Z2EF 34} 7|4

R ;0] 3ke] 7HassbA =] utilizationo] 5713k} n
] 242 Bandwidth Utilization®] 3t £& 7|5~
A F71Ee g 5 ok

THH — max T _(NLIFS _1)'L1FS‘A([FS), £
- T¢~N s - SIFS BI

V. ZE 4 g% g7 4

E =il vEH=Z Wef thjelzrt 235
GTS <39 /I¢E w23t F =gl
aNumSuperframeSlots®] 5 7PHHO 2 2A 3}
dlole] AEA] QoSE BAsH= 7|yel dis) Agtst
%tk WBAN EHellAe 7122 A EY = 37
o] wulsled dolEle] QoSsrt F8A¥th IEEE
802.15.414& GTS £Fo] | 771714 d7ls
37] "o GTSE LA tnle|2vt F7ishd
QoSE BAF F gl A7} HARI) o]H& x3t
3] 8l e ZHYTERe] CFP7IRE 33s)e]
QoSE HAT= Wk ARkt

s B7} A3 CFP77he A5 =¥ A A Bl
7} 71517 He] GTS &% & B4 I &L 7h4s
A ok £8 7 2A dgFe] Zhasiviels ARk}
£ WL GTS £59] %S tupolv} 838k
£F 5 elsle] d3slr] ofel GTS &5 A
9 24 I EL IR IR &% 9 2A
tfdZ2] 7H4= CFP 77k utilizationS F7}1A]7]
I, no] F5F, & CFP o] FIRE 53 &
£ FollA] 71E2] whAell H]3) utilization®] F71He-
BoiFgleh A =AM E A GTS £F F it
o] &R A AT 71E9] e vls| x]de]
ZrtelA ek, Aokl wAle GTS €38 88k &
ol A dgsl] el A GTS £ AHshe=
73golli= 7]Eel wls] Ado] ZHAagE Elsisich
3lx|k, CFP 17hs FAshed 9lo] tiule]aEo)
L3R X|de zEEl] 4 WS 2okt

Aekgh wbAl IEEE 802.154% 7|uke g F7]A
Egg] AMo] HIME WBAN 3ol A3l 49 =
#lYF2E AHEsle] GTS Do) S 213t utilization
T 71EE ATt

FF QAT A2 tulel At 28K GTS &%
o] &AE GTS #He ZIpsh= 7% FgHoR
GTS £2& AH3] i3 vl x|od& weidh ¢
H=zH el A 4 FAE w3t SuperframeOrder

o 4% 2 w7717 delEE As) 9% CAP
F2be) 1A wilo] BF AT FHAL F) A
oF & Zolch

=g

Ho
rek

(1) ZLa £33, “WBANS 913 MAC Z2 &%
e B 2 A, PFEIIA Y RAE
2D, A254 23, pp.26-31, 20081 24.

(2) °l&3, €%, =%, “IEEE 802.15.6 T4
WBAN s8] 53 5%, 5503307
(HBERD, A25H A3E, pp.11-17, 2008
24.

(3) FEE ol¥ AR, “WBAN S-8AH~ 5
B, AT, AAEAETEEA, A
247 A|53, pp.109-118, 2009 104,

(4] Bin Zhen, Huan-Bang Li, and Ryuji Kohno,
“IEEE Body Area Networks and Medical
Implant Communicatioins,” BodyNets2008, pp.
24-35, 2008.

(5] IEEE Standard for Information technology-
Telecommunications and information exchange
between systems- Local and metropolitan area
networks-Specific requirements Part 15.4 Wireless
Medium Access Control (MAC) and Physical
Layer (PHY) Specifications for Low-Rate
Wireless Personal Area Networks (WPANS),
2006

(6] #34, “IEEE 802.15.4 FAAAvEY =] A
A7t B A2lE % ZAeFE g,
HgrArEsts] AxgakE)=gA)-Cl, Al44d
A|33Z, pp.49-56, 20073 5.

(7] T.Zasowski, F.Althaus, M.Stager, A.Wittneben,
G.Troster, "UWB for Noninvasive Wireless
Body Area Network: Channel Measurements
and Results,” IEEE Conf. Ultra Wideband
Systems and Technologies, pp.285-289, Nov.
2003.

(8) Anis KOUBAA, Mario ALVES, Eduardo
TOVAR, “GTS Allocation Analysis in IEEE
802.15.4 for Real-Time Wireless Sensor
Networks,” WPDRTS'06, special track on
WSNs, 2006.

(9) Anis KOUBAA, Mario ALVES, Eduardo

57

www.dbpia.co.kr



A18}5]3=5%] *10-02 Vol. 35 No. 2

58

TOVAR, “I-GAME: An Implicit GTS
Allocation Mechanism in IEEE 802.15.4 for
Time-Sensitive Wireless Sensor Networks,”
ECRTS 06, 2006.

JEAN-YVES LE BOUDEC, PATRICK
THIRAN, “Network Calculus: A Theory of
Deterministic Queuing Systems for the
Internet,” 2004.

& & £ (Won-Soo Jung)
d=gAE]=A] A3 Al2E

2 ¥ & (Young-Hwan Oh)
F=EATE] =14 AR2A ARE

www.dbpia.co.kr

n.
B

N
-

rll‘_).



	WBAN 환경에서 서비스 품질 보장을 위한 MAC 프로토콜 향상 기법
	요약
	ABSTRACT
	Ⅰ. 서론
	Ⅱ. 관계 이론
	Ⅲ. 제안하는 MAC 프로토콜 향상 기법
	Ⅳ. 성능 평가
	Ⅴ. 결론 및 향후 연구 방향
	참고문헌


