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ABSTRACT

In this paper, we propose group Manchester code (GM) modulation scheme for medical in-body wireless body
area network (WBAN) systems. In IEEE, the WBAN system is assigned as 802.15. Task Group 6 (TG 6), and
the related standardization is being progressed. Recently, in this Group, group pulse position modulation (GPPM),
which can obtain data rate increase by grouping pulse position modulation (PPM) symbols, is proposed as a new
modulation scheme for low-power operation of WBAN system. However, the conventional method suffers from
BER performance degradation due to the absence of gray coding and its demodulation characteristics. Therefore,
in this paper, we propose a modified GM scheme which groups Manchester code instead of PPM. In the
proposed GM scheme, a low-complexity maximum likelihood (ML) demodulation method is employed in order to
maximize the BER performances. Also, log likelihood ratio (LLR) decision method is proposed to employ the
Turbo code as forward error correction (FEC). Finally, we verified that the proposed method has a good

performance and is an appropriate scheme for in-body WBAN system through extensive performance evaluation.

A%1592] et ITTAlE] |9 ksle] 723z 8% 2-3(NIPA-2011-(C1090-1111-0005))
It 5 2] o172)({reason, kairess, hjchoi} @ece.skku.ac.kr), (°: RAIA 2P
= E KICS2011-05-231, A=} 120119 059 30, =A<l 2011 109 10

597

www.dbpia.co.kr



24183 =] °11-10 Vol.36 No.10

I.M E

< IT-BT % 719 43z AdAE 34
2 oF 3u[e] ool EAEH= Q1A W] ]
oo A= AXELR] s BAE Algshe
A7 FA4EA 7]$9] WBAN (Wireless Body
Area Network) A|2~Hlo] Zt3uky gltl WBAN A
2He AT 9 AT 5o A AEE SATS
2A 2 32} w0 EY A7 EHE RuUE]
Bohe 9|58 HUEE AlxH, 22]a QA o 3
ulg] oule] 7Fd7171E Zke] vIEHY =S PAsh=
+ UESA A=d 5 o7 T UESA A=H
o Ago] shsie}

]2t 341 wkedslod [EEECI4 = WBAN Al
€S- 802.15.TG (Task Group) 62 A3} o] o
g 2E3HE 218k glvk WBAN Al 3-8
AfH] 20l ule} 2] 24 WBAN (Medical WBAN) 4]
2~®l3} v]e] &8 WBAN (Non-Medical WBAN) 4]
sdlog ZEEC) 9]8-8 WBAN A|2EH-L 9l
Sofl olAlE AR|eke] A WEYIE AHsh=
in-body A|Z~gl3} €]ol A=l Apx|ele] A U[E
91z2 1743l onbody Alxglom R
o]2i3t WBAN A|2Ele] PHY <7+ UWB(Ultra
Wide Band), NB(Narrow Band), 22|32 HBC
(Human Body Communication) 22 o] 3= 1
ek

IEEE 802.15.TG6 o= WBAN A|~Ele] F&
3he z&ste] g 7] 7]eH QAR Akl gl
oY 2 oA 599 3m oe] A 7ke] Y= =
= 8] =ojof &b, theket AW A$-E (120kbps ~
10Mbps)ell W HFE o] 7ls3lof g} w3t

Ir o

¢

P

Heartbeat

a2 1. 9|84 WBAN Al2El9] &8 Rold

598

T13} = in-body WBAN A|2ElellA] 713k Z23F
AL Aol o)M= Aol A wAZE ol el
uhE g e] 43t 2 A1 AFelH, wleba] FSK
(Frequency Shift Keying), PPM(Pulse Position
Modulation), OOK(On-Off Keying), GMSK (Gaussian-
filtered Minimum Shift Keying) W] 59| A& &8
A9l Wz WAle] Abgo] =elE ey’

- WBAN-UWB A|2®lS- 93 Wz ]z
E20] PPM A1%-S grouping 3] H$-8°] 3 =
= coding gain ¥5% 3= 3 GPPM (Group
Pulse Position Modulation) ¥}-2}e] #|eF=|¢ic). GPPM
< PPMS 7[HEC.Z 317] wiEell PPMO| A& F84
Q) EA0] EAja}el, xaq) Fxe] W3 glo] FEC
(Forward Error Correction)”} 2851 4189 $FAle]
7Pt Ae] lek GPPMS] Wl Bt S417)9] 4
g Tejsle] okke] SNR 41 7Hale T4l
B 3pge) BAEE US7] G A Y U %
wale e shdc)®,

B AA Als g QR AR S F
o7 3= 9 E4 in-body WBAN A~ 348
g} 919} 22 3o Al AlEe] A3l
SRt ozt $41719] 4dst 2 AxY $Als
sl Ao Al o] AL FATe] BAlwE
S7HA7IH R B2 Ao A s 2
sh= Zlo] TRl mebd B =elie fmd

L

WS Algkeict.

GM W22 PPMel| Hlste] Ak Aol -3t
Manchester code S 7RO 2 groupingS G302
# GPPMel| wlsle] A8 A5 SAko=Z qlgk SNR
o]_‘_:_,EO__ oé% _/;: 9\1‘:]' sl Bz Bzl
W 825 $3sk= GPPMY g vkt &2 83t

S 24 BER A% S =R3l9]rh w3} grouping
£ 53] 2 HAFE ©]5& FEC WA F shial
turbo code®] code rateZe] F&Al HIS 3l
LLR (Log Likelihood Ratio) 4 H}A]S- Algkehet

o

4

www.dbpia.co.kr



=1/ 9154 in-body WBAN A|28l-& 91§ Group Manchester code H3 W]

WA} 710 WAk A wlals gl Aok W
Ae] 948 4S5 F, vHeR VIdelld A2

. AJAR Dg

2.1 =g =&

37l IEEE 802.15 Task Group 65 $4 02
37} 218 321 WBAN-S 18] 29} 72o] Q1A W, ¢
FollMe] FAlE S Ad =S weigcl. WBAN
oA mH=Ez 9= A Ad B2 ISM
(Industrial Scientific Medical) T3 ©]-8%+ RF &
Alg 7Mke R s, A|7ke] Arle) QA 22)e] F
k= EAS- PL (Path Loss) 2 ®dlEslo] A=)
t}. CM (Channel Model) 1-& Q1A W5 A=] Alo]2]
35 e, CM 2+ olA| W} olA] 1 A
2| Alelof|Ae] B=E viehdch w8 CM 3+ Al
|| 918 A=A Aleel|A ] HaE vehlin, CM
4+= Q1A FHolA] QA - A=A Alo]e] BAE 1}
e},

B =il mfshs Alagle Ae AEE 2
o] QA Wil o]l 77|17} SA mwam Fedgh AA|
A% Y G ARG FAEH, 1Al Wipe] $A717)
FAIRE ARE QA e HollA] FAlsle] B g AR
= Agjsle 725 /e & o2 2 cM49) 7
& A F2E It oo} e FRE
A9, TN BAFES] Aljte] FAl7]e wlste] A
W T AF2HAIH, 4717k vt 3
AA7} 7Fsslek

tF"CMat """"""

© Non-Implant device
@ Implant device

T3 2. aFske Axge] Ad zgl

2.2 AIAH QTALS
A 2=El2 QLA Wiof] o|AE 777} A mas
qg AA AlE Y JAF HRE sk, Y
ks $18te] A8 A AR AEt Bxr)
TEch F538F 1RelA] WBAN AJ2E1S- 91310
AAZE Azl QAR vhew)h o) dA et
ol o] 8= AT 22 $AV9] ASES
2~3 Mbpse]™, 30 Z#H Y = 1920x1080 pixel2] 3
2f AR o] rhssich A 2E3) ageld= B
o o Ak 2g 2 wsdEe] 3 AR Heal
< 9jsle] elAl ¥ 3meol|A] H]Edz]$E (BER: Bit
Error Rate) 10° ©]3}] 10~20 Mbps+ in-body H|E
9z e Buw sw g

SAE QIA] Wil EAl3kE $A719] =717) Al
ghglol] we} wiele] ]S $1g 24 213 Algle] &
Az, dA 1 mW A= H $A AH Ale T

ol b

ko

SNR®| £4E FHAskshe Wz wle] a7uw,
SNR &4o] EAlldhs 53 75 Hrhs vha B4t
7 ks A 52 S 7] $17 47 AA
7F Bashe} w3, FAl7 | A iellA] S3E
ol ZEA) wiEly] TeE Sl Zoigk zhdgt
A Fsllof s, A7 1Al o)l &)
ol et Ao =L BERlwE 7 4 9l v
WA FE2E Zheth wEhA] 2 rellA = 9ok 2
o] 54 in-body WBAN A|=HlE 9§ GM W29
olg] 7|HES A’k

. Group Pulse Position Modulation

GPPME PPMS grouping 3ho.24] H559] 3F
2} T coding gaing P& ¢ olE R AR
a7 33} 7o) grouping ¥ AlE- W] WA oz A

o Al 2 W= /g v a7 3L

000 PEZZZRR 777777

w0 PP P77 I,
DI 2 — — "
R 7 ¥ PR, onventional

Symbol set
(8 symbols)

o100
o101
ot10
o111

1000
1001

1010
1011
1100
1101 LI 77 | Additional

1110 = S O ' £/ £/ 4445 S S/ 77777 Symbol set
——

LU — T s )
L 72 L M
N (/. A A A A3 A S

 —— 7 2 L
e —— 7 —

§553

12l 3. 3 A% GPPM Hix wAl!

599

www.dbpia.co.kr



FEAL

=4 *11-10 Vol.36 No.10

3 Al 7218 groupingdh GPPM #0224, 7122
871e] PPMY] AlE 3t o]9]dl grouping & <¢lgh
12709] F7H4]l Al x3e] 7hssiet ke A4
= 12700 Al 23 7 8700 AlE 235 o]83le]
1 bit®] ARE S o7 AHst 5 glow, o]dt
AFE o555 o83l =] x| Wy glo]
FEC®| A-8o] 753+ Ae] qlrk

Grouping duration Nsymol| uhE A4 7153k 4]
2 Nawwi= A} ()3} 0] 23 1Ak B3}o] 18
9Jer, w3t grouping durationel| w}E JEZ]
Al (2)9F #e] vehd & gick

°]

u
[}

rlr ) o

N, Gym — 2N, C’VW =N,y + Ny, = =2"+N, atra (1)
NG\WH
5wl el
I )]
=N, Gom % NGW —log, ( Goym )

&3714, Nuseai= groupingS 53} A8 7158k 4
2 45 e, Newa:= grouping2- £3}0] & Al
¥ 3 AR S Al S8 ceRatk Pl i
HA GM Al&o] WhAlE s8-8 on|ghc]). Groupmg
durationel] whE JERY] I HAEE o|52 X 13
Zrom PPM3} GPPM H}Ale] clE 23] n|ws £}
o] GPPMe| 71Z2] PPMell H]3le] 7143l o]
ZH] o] AERIE F7| Al 4 glar, ol=]gh bit
A= ke el olo vehds s
e

" 28 4 @ GPPMEl A S e, 7
bit el wel ) A5} 9121 AP 2 4
(b GPPMe] %2 32 hehol, Wz 74

=

o)1
1w

/\

ymbol 182
52,63

(@ Wz I
T2l 4. GPPM ¥-Ex wka7

the whdo] EAJRl). gt GPPME o] Wxs}

A A%, A58 1—:—4 54—5— 2 A o) 7t

S 3A%F groupinge] 3% PPM A EE2] A% &
4 3}z <13 BER % —‘g— A7} viehdct
IV. Group Manchester code

2 =4 2#3k= in-body WBAN A|2El9]

Wz o2 7)ZEe Algk GPPMS A48 74,
PPM2] 8- EA dzle} Bz IR]olA] Whlsl= &

A= <13 BER Aol 3P} vhepide} wleba 2
welAE oleld A dske AWKE] sl
PPM} FARSHAIRE Al Ag©] Bt 973k Manchester
codeE groupingsH= GM W~ —%
s #Haslsb] flste] GM

44 2 LLR 4 W< xﬂL

b =4

oL

&E}.

4.1 GMZ #I&t Gray coding

7122] GPPM W2 gray code s
2 o] EAkE 2RSS AlE
S3llom, 7hdgt Bx A o35t Hx As
A5} el SRR 2 =Fol| ] wedshs 5
Alete] vl F2F 2= in-body WBAN A|2~

s

EES

. PR MR g @ A e aa) Sk A as
R AT b e Ml ERE RS PAT gang o1 ga A2 AL 7Rk w2
o 01O AlH
t}. 3FA|"F GPPM< gray codes &3HA] o8 Al =RolAis SNR £A1S HaEelr] 9leke] gray
[e] 1
w57 Ho]—/ﬂ__ Aa3to g Bz Ao Halwl= 7} codeZ 243 GM H]_/q_% Ak},
s x]7] 2= o)o Aol & WX a) 5 i
& A slert, s ARl dAlshe 24} Manchester code - grouping T2 24 A= Q=
gray coding®] H-AlZ <18k BER Al52] <3l e}
E 1. Grouping 77}l w2 GPPM9] entropy %7} 4 H4E o]5
Entropy .
Noym Nasym Nusea Data rate gain
§ PPM GPPM i
2 2.0000 2.5849 6 4 1
3 3.0000 4.3219 20 16 4/3
4 4.0000 6.1292 70 64 3/2
5 5.0000 7.9772 252 128 7/5

600

www.dbpia.co.kr



R

B

=

Eal

stel
@

1

=
=

o}

0|

o) Hdjs7} s

0

} Group Manchester code

i

2 vnlnn]

A
Nésam
n

_?,]b‘

o
k

.o
"2

arg max

}o] vhehul= BER A5 93

(4)%} 2]
°

y

|

AspA| Tk, 71222] GPPM2] B3 714 2] SNR

p

=
[}
s

T

A7
=z

°]

I

| 2154 in-body WBAN A~

3

s

Q

sl A 7Ps

R

) sisk

3] gray

=

5

S

4
[e]

3

A

=
=

A hehdef

=
=

X

o

[e]

= o A _5—]‘
=

A

PPMe]| H]3}eq 2ujjo]
GM HMAlL bit 2319 HA43

L

7122] GPPM WA gray code

21 3)ell 9J3l 3dB

Manchester code2]

=3 279}
]

KN
T
A

codes #-4-3t}. Grouping

TEBT DT T LW & sm -
EE NOKP = 0 o —~ Lt .WU.HL o x4 <P
faly = o 7 M TR K o X
R A A gl EV%Q;& ﬂmoo = =,
FofETRET L MEaRS T o if
Cleyzd¥ey *¥2<2 L :
o h‘_ﬁo%z%ﬂﬂ mﬂg)maax — Maw%mano H
wo ot Lo MR = = @ A v o T .
gy B .mowmﬁﬂmuﬂx o Jﬂallwh__ 3
< <P .m, o B Y B Ea@.ﬁﬂLMl wmuoi + moMﬂLﬁﬁ_W s
3! ) =p OF !~ X _L, o e = N e g e PO -
_i il X Y EME _vl —~ X [ —i N2 —_— ] P 1
el P el PP = gFHT _
.W%%%Eﬂﬂu%xHﬁwﬁaemnuo = M%W% NN 1
ok - I R e 1S EE 4
Bxgr=a e LEIN S 3T Te MW ONE EE..L 50
of B oo R G ® MM T LW g fem e AEIREIRE 2
EwgxgapeErC@ Y 5 gpted HEEE
S jaling 0 gl o |
2 e TR Ry B - <oy T i
ﬂleauﬁﬂu%ﬂ}ﬁuw.ﬁ/%%wi A Hmﬁio_z. i !
ﬂAmWoﬂN_.ozt\&,_MﬁH ‘ault_l.aﬂ.mwﬂa ﬂﬂo%ﬂﬂ “ |
T BT o ~Hm NIRRT I T I
FoE M AR R T W R W o= A -~
“ e D . .
%T]ﬂrrmﬂwrmodrﬁlv_lmmmau " ﬁvm# Njo mmi.“s_Ar Tr | m 7u1L|wt
LB o X zﬁ,lﬂdlu.uuow_/ i Wy g S u < N N
PRR Eqg AL S8 523 | A R
110“”?b0,ul‘u| ~ 2 3% 2 = oﬂﬂo o
qﬂuﬂ"mu‘ur_...% WSMuoﬁwﬁXMdﬁ & xr nw R
CEITEwwOe et dn | wE B OE
eﬂeeﬂeﬂmeM@ﬂzmﬂy.mmg? - N~ SEaM
mm.tﬂn «olcm.mztoﬁ},aaﬂmc.m B mmm o o) B %
B 7] ~ ~ = .. —_ )
BTN Fy 5 IST
RN | .= <R or B & — = G) &\ & o T 2
B By mSWDAMr%]iﬂ‘m]p b g o : S B e =
S EEFEESEER YT =7 % 113
=) o o ~ o [ o ] c | | o n| I
Eo) T g X ) of E [=Iz1z3) o
& - B TR A I - < 1 5 AX
mmﬂ7.mdr1m,ﬁ ;aa ATm_m_._ﬂau Auu“M@ E I F - wmw\ Meimo
AN NS ER R A e I
T EELSAR Y EF N L T . L o~ oo
TEEETT LT Y mﬂ%%mwﬁ G O HSEA T
| AR —_— ) o v o = ol Q —
immwma%iﬂmmcm_a.%%ﬁﬁ W e "L m2%wi
g DER G PR STR od gy R 1 N S IF S T A
-8 8 F K3 8o &= o BW <P /MG NE e B NJJ -
<P g i o © % = = W H = ~ N WTA
EETMT R pNwEN Ty QMGG @ v N E 3
W2 DR N FRN BH H & d rM N 2 W S ] R

601

www.dbpia.co.kr

H



Partial | A
C 1 [‘ Partial Partial Partial Partial
orrelatiol Correlator | Correlator | Correlator | Correlator

Process L-#--#-- _________ - ——

‘ Look-up Table

T 4 1 1

‘ arg MAX

JB 7. R AR Y e B
of Ak ke 24 T 4 ik meb GM Aje] &
2 Ao B ARk WAl o), 7 Al gl
WRE AR ke s Sk, PEAoR AR o
A SR F, T AIE 2gele] AR 23S o
£ ] Agol FPsekck GM Al S e
20 A AL Aegoms AMgsk 4]
of sk A1 QAabe] 7} Alshvd, ol wel &
= 34e] Bahw it Pk

4.3 Turbo Coded GM WALZ ISt Log Likelihood
Ratio JTL|-X"| HI—/\l

GM "> GPPM H}Al#} 53| grouping<

Seslel So4AR A% 25 ) Fseiel, o)
Ad e 598 Foled A5E oI5E U 2o

TE °]‘—:. S FEC9]| coding gain®Z #¥ksle] BER
252 MAde] 7bsshet A4 753 FEC WA 3
turbo codet= Z% H3 5 WY dHs|= wrjow,
N olake] A HEshrlel 22 Al A® )
E S A831= 7o)tk Turbo code= ATHA ub
2 23 uple zgél—s}uq O] HPALS- MAP (maximum
= 9le) Ang
el P EA e %i‘}i‘%i V1terb1 farele] WS wek
3o oAl S35} Ho) dubE 9l turbo codel]
AL 918 LLRE v} 2o] el 5 gl

max_, PY | X, =d]

PlY, | X, =d]

aes*‘"

LLR(b)~ log
(6)

<l P i BN

Sl
E‘Sk

602

A71A Yis Al Al e, Xes 41 AlS
°li, Hie A 9H+ Jiole) 5i¥¢} s“% }
= 190 A 258 vepict UPXM GM WAl
bitsh A1 2ke] 0] £ 4 2] g 1 A
(6)¥} %e] boundary s TA3le] LLRS TH4317 |0
olef o] olek webA £ =ieli A 6% &
1ol 4 (3 40] bl LR A Sfaled o
%ZH bit7} 18] Al 255 a 2} 3k, 09 AlE 1

& ek & ), 7} b1t :L*HH 2o A gkel
XFa o]4gF LLR o4 WS Alekgiel.
LLR(b,)= max ., E, —max .., E, %)

714 Ees} Ep & 7 bit 252 el A9 ghe
on] g},

coded BER A5 %7]—3— Fagich Aok W WA
o} 7128 W whAe] A vl 2l 48 vlet

=
|

r
[y}
A%
i
i

‘)rFJr = BB lal g upale 28t A 2
7Ne] A5 AR ZMN Nowea?l9] 4715 A
3= FHd = whalel] wjsl ARb]e] 5 A
A 5 oS Fel & 5 9lem, A T7} Zo]
woll whE 4 it 4= 4] s ek
o 8 Hx Wb 2 E WhAe]l b uncoded BER
5L Jepdich 593 GPPM HHAlS A8l

pil

F

=

i

2. F8 A=F FetrlE

Parameter Value
Bandwidth 6 MHz
166.7 ns
AWGN channel

Symbol duration

Channel model

Oversample (Samples) 8

Sample duration 20.8 ns
FEC Turbo code
Coded block length 3000
Iteration 8
Interleaver ON

www.dbpia.co.kr



=1/ 254 inbody WBAN A|2~8]lS 218t Group Manchester code 3 HHA

E 3. %2 WA B i v

Parameters ML decision PC decision
NeGsam Ngm*Oversample | Ngym*Oversample
# of correlator |NGused 2Nsym

# of multiplier |NGusedxNGsam |NGsam

Gray (PC flecision)

| S5 A (WL decisign)
R L " ~8 0~ b symool GPP} (Conventiapal decison)
e ===} ==mEr
= 3 - - -
A
< \ N 8
é 1E-02 \\ =
N

3 < B
3 N
£ N N
D 1E03

735, 7180 Balwr) U Bz ukalef| ujsle] 2t
T WALE o] 83t B3 uiAle] <F 3 4B A5 o]
52 A8 5 S gl & S qlek =3 FHo ¢
= RS Bele] BEE s A Ak Aol
23 3 A8 GM (3GM) ¥z wiale] 3 AlE
GPPM (3GPPM) H}A]of| usle] < 3 dBS] ¢]59]

T AR A

RS gl & ¢ glowm], Fat Ak ukalo]
o] SNRe| A glo] B2 BANES 3ha A
T e dS5Ek

a7 9= 3GM 3} 4GM HH]9] gray code A&
-5l w}2 uncoded BER 453 et 3GM
I} 4GM F WA B gray codes A8 Fo=H
BER = 10° 7%, %5 02 dB2| A% 0)5e] ZAls}
v, U2 SNR Hellx] A ol5e] o F-5 <l &
%= 9)r}. =3 Manchester codeol] H]5}] BER = 10°
71%, 3GM®] 7% 0.4 dB, 4GMS] 7% 0.8 dB2]
uncoded BER A5 G337} vehiy, o5 Eslo]
grouping duration®} SNR 7}8] trade off A7} EA)
e 2]l & 4 9ok

a3 10 Ak LLR S WAl o]g-lo]
turbo coded GM HWH12] coded BERS -2 Z o]
o} FUg AGES 7S o), 1:6lA BX 3GM
9] 73 code rate 3/42] FEC7} A-47}538b, = 2

LEV00

=0={3 vl decision)

v Gray (M{ decision
i == |4 symbol GMw/o Gray (M| decision).
=414 symbol GMw/_Gray (M decision)

.
S = = \| 3 decision}
s
e - ~) < ‘= A= |Manchester dode
A BN
SN N
1E-02 N
S N
N
AY M\
\J
\
3

1E01

Uncoded BER

1E03

1E-04 \
S0S
T\
A\
&
1E05 A
0

a2 9. 3GM WAF 4GM W19 gray code A4 f-
ol W= uncoded BER A%

LEH00

e 3 symbpl -G (Cade ate: 3/4]

GM{(Caderater2(3)

I'\ll\ Manchéster codd (Uncodefl)
=
1602 *

4
1E01

1603

Coded BER

_’__‘.—__—'./

1604

1E05 \

1£06

2! 10. Turbo coded GM W29 coded BER A%

I} U3 A4E-S 2= Manchester codeel| H]3}]
SNR = 10° 7]%, 2} 7.2 dB2] A% o|5e] Z4) ¢
& el & 5 9lrk w3k 4GM 9] 79 2/39] FEC7}
4715354, Manchester codeol] H]3l*] SNR =
10° /1% °F 63 dB9] 4% ©]5e] ekt

VL

[N

=2
—

B =FolxE 984 in-body WBAN Al ~ElS-
& < AlRkssiet. 2 =l e
B2 QA el SAlEl A As oA

ue] At H27F 87=H, SNR EAlo] EAls)
EE T2 Hrks v B3t Erieke Hd 5
S 7] A7 A7) AAPE Fasit oo

uhe} B2 o] U BT R Qldle] SNRE| <4
o] WhYsH= 7122] GPPM WA 2184 in-body
WBAN A|2=glo] Wiz upr o #.83)7]e| 233}

603

www.dbpia.co.kr



=518 =4] °11-10 Vol.36 No.10

7| ggek whebA] 2 =telld= PPMel| Hlste] A1Y
80| 2 Manchester code s grouping o 2x
GPPMel| H]3}e] $== 352 7HA A, gray
code s A4 oz —,~7}24°1 BER A%-2] o] S
dL 5 9J= GM HHAIS- Algksleit) =3k GM H

%4ﬂﬁ4mgxavur5¢ﬂiz@oaaﬂ
W FHe S el Hla SARETL e v 4R

n:

3A1& Aksigicl. &-8%<l FEC 4%—2— f13ted
turbo coded GM HFA2] LLR T4 u}A&- Agkste
2] #219] coded BER 452 912 —’r—
sk 4 2 ‘j-4 18-S B3t s
nlelo 2 AokEl Wz WhAlo] in-body
Al 2=wlE o]-8-gh -4 1717ke] $A1E b em &

A& SleE skt

Lok ml

gu2s

21S J%Z:; 4] xﬂzﬂ% zﬂs;c, 2009.10.

(2] A5 ARAL o5, AN, “IT-BT 43
ofellx1] WBAN 7Nt 53, 7 7] EF
13615, 2008. 08.

(3] o] “Medical BAN 7| 53k, gl==dx]a}
5}5]#] 3lxll7]e A9 A5, 2008. 09.

(4] IEEE P802.15-08-0407-03-0006, 802.15.6 Call
for Application-Response Summary, Jul. 2008.

(5] IEEE P802.15, TG6 Technical Requirements
Document, IEEE, Piscatway, N.J., Sep. 2008.

(6] IEEE P802.15-10-0010-01-0006, NICT narrow-
band PHY proposal, Jan. 2010.

(7] IEEE P802.15-09-0137-02-0006, Group PPM
method to 802.15 TG6, Mar. 2009.

(8] I H. Hwang, J. M. Kim, “WBAN system using
GPPM algorithm for IEEE 802.15 TG6,” in
Proc. Bodynets2010 , Sept. 2010.

(9] IEEE P802.15-08-0783-01-0006, In-body Channel
modeling for WBAN with various frequency
bands, Nov. 2008.

(10] IEEE P802.15-09-0179-00-0006, PSSK Proposal
for High-data-rate In-body WBAN PHY
(ETRI), Mar. 2009.

(11) J. Y. Oh, J. H. Kim, H. S. Lee, J. Y. Kim,
“PSSK Modulation Scheme for High data rate
Implantable Medical Devices,” IEEE Trans. On
ITB, Vol.14, No.3, May. 2010.

604

(12) C Stallings, William. Data and Computer
Communications, 7th ed. Prentice Hall, 2004,
pp-137-138.

(13) C. Berrou and A. Glavieux, “Near Optimum
Error Correcting Coding and Decoding:
Turbo-Codes,” IEEE Trans. Commun., Vol.44,
No.10, Oct. 1996, pp.1261-1271.

A s

2l A & (Kyung Hoon Won) ]3]

20081 290 ANt G
Al &4

20109 29 AdvrddEta At
A7 1753t At

2010u1 3%~642H Hfrﬂrnﬁtﬂ

Z & Zl (Hyung-Jin Choi) EN D
1974 29 Aeoista Axpz
st =4

197611 249 S=Fslr]Ed A
73R g sk AAL

197613 34~197993 79 (&
FAAL Tkt A7

197911 9~1982d 124 "l
= Univ. of Southern California %7133} (&
shatah

19821 109~1989'd 24 "] Lincom Corp.d7%

19899 3Y~&x)] AFHsly A HEAITSIR 3

<FA)Bol> TIRAHEA FAEA] o]EEAL A

T U,
Z4 4 5713} 7|48 £33 MODEM 7]&

www.dbpia.co.kr



	의료용 in-body WBAN 시스템을 위한 Group Manchester code 변조 방식
	요약
	ABSTRACT
	Ⅰ. 서론
	Ⅱ. 시스템 모델
	Ⅲ. Group Pulse Position Modulation
	Ⅳ. Group Manchester code
	Ⅴ. 모의 실험 결과
	Ⅵ. 결론
	참고문헌


