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Abstract

For a realization of the ubiquitous society, applying IT to vehicle industry has recently been an attractive issue to make
wireless communication in body area network possible to everywhere. In this paper, we propose the physical layer symbol
structure based on PPM scheme of the IEEE 802.15.4a for the off-body high data rate WBAN system. We propose four symbol
structures which is classified according to the number of the chip and whether the channel coding is used or not. We calculate
the required SNR through the link budget calculation and the recently proposed off-body WBAN channel environment was
applied in the simulation. The results of four systems show that small number of burst’s chip enhances the performance and the

system is capable to achieve the data rate of 10 Mbps.

Key words: WBAN, off-body, link budget, PHY structure, channel model

t o] =F2 200608 % BE@HEER)] AHoR S=AeATe F7tAF AT AP SR FaAE AU (No. M10600000194-
06J0000-19410). & WBAN & ETRIS] A Qo= o]Fo] FHUth
* FAR Qe st AR FAIH Y WITLAB AAL#4
** A} Qe gt A B FAIUE Y WITLAB WAL#A

ok AL Qs etal RS WITLAB 4AR}A

wikk P2} ;o1 stw AR EA S WITLAB 1

T =EHSY 20089 10¥ 28Y

T =AY ¢ 2008 112 14€ (13D, 2008 129 2923}, 20099 1€ 17¥93xH

T AAGAEY ;20009 1€ 19¢



WBANOIA AlH| o D&FaS ¢fet

[.X-] =

T

£ TE Al AHeshe 63 ]Eoﬂ e B0l
S7reta ok 59 A AF 7led A FAl
Agse Qe %HH’%HZE *‘?:ﬂ_% skl FA<l

o me Z}EWVH YH Xl%‘ﬂ
13131 =] HHE %6‘}04 Aol e,
g5 gl Oﬁl—rb‘r 7‘7‘4 A 7 s}l wet
A 7§i l lUr 8 &

oz °1x11 ol A 9] EN 1
Body Area Network)A 8o et (1, 2]
AA FgollMe FAe HsiHE= dA IEEE
802.15.6 WBAN BJAE I8& F4O0Z HF37}
A3y Foltk 3] FUoME FxHAFAATY,

93 E 4, TTA, A4 Soll4 WBAN th
& Aok wESE AFstaL Jlow SefoM e o
FHoz B NICTIA A57F 283 Iy F
oIt [4].

WBAN 7|&2 FHIAEZ AN YEQS 7]<]
dFEol A2 AT 2L SEAHIE FoF
2 a8 Fokll webd o5 8-Eok
ot Bl 88 EokE UHZE F glen A 9A
of weh A WE (In-Body) w4l A EW

¢

(On-Body) 5417} 1A €)% (Off-Body) BAILZ L}
= & A9 [5] 3 WBAN A|2EHL AEEEd
et A&, T P 1507 Um F kA% §
&2 BUHHS g Ao A APl 8T
NoH, &2 3| =F % EEG 5 4415 Aol
€% £ Itk 183 1&52 HY L | EA, A
o] B2, AU ET 2 F94 HolH A%
o &% 4 Ut

WBAN 7]&-& thi-& Q1A FHoA Hgo] o]F
ARNBZ W& Agh disix 44 7IFe] 285
I 9on o2 e ZAAY ALgo] Fut F o
of gt} [6]. o|oF 22 FAG WEATS S

A AL AW o} 59T e d&F A
% Q7EHI 917) W&o UWB (Ultra Wideband) A
7% P4Aolgta dH) [7, 8]
£ =24 = WBAN A28 ¢ QA &% 114 5
AL Y3 B Al 22 Aokt 7]1E9] PPM
(Pulse Position Modulation) %218] 22 A 74
3kl HE7F 10 Mbps oS WHESte Al2HE A
etk 27 = AlRbetE 4712 WBAN A2
S A Fxe Ad 2d, 97 A4t EH‘?SHH
Avetaon 3goxe AlEdolds B3 A &
A& Stk PO R 4 A= A&

=
)
re
-
N
N
ins)

. WBAN PHY 4|2¥

1. 1

I

SAE 28 WBANAIAH

WBAN A28 QA Y7 e Qx| o uf$

Rl oto 2
o oo rl

A el A

- Tsym= 1025.64 N
Teen =512.8
_ Nhp ., Guard Interval [ N hop _, . Guard Interval .
Tburst=32.05
»| |+
LT T
Tc=2.0 Data rate = 0.85 Mbps
""" Preamble = 31
.ﬂ. .A. JL Cfaannr]\elecod'\ng =0n
‘Ncpb=16 chi[?

<I2! 1> NZ UWB A|AEIQ] 2|5 Al 2=
<Fig. 1> PHY symbol structure of UWB system

54 OIRTSOIS|=2T|

8T, M1=2(2009H 27)



WBANOIA &lH| o DLS4S 23

o

uws &

M
24

or
HI

tII-AI9_| EIEU;H?(I al M

o o A X ©

of>

<E 1> A2/ WBAN A|AEIS] AR 178 H|W
<Table 1> Symbol structure comparison of Off-Body WBAN symbols

Pe'?k . Prt[a:amhlP Modulation & Coding Data Symbol Structure I Data

version | PRF ode | i i ) i

o[ e B GHS R e i B

499.2\499.2| 3 05 |087| 044 32 8 16 912 32.05 |1025.64 | 0.96 | 0.85 |15.60

fa 499.2\499.2| 3 05 |087| 044 32 8 2 64 am 128.21 | 7.8 | 6.81 [15.60
32-2|109.2 (499.2| A 05 |087| 044 32 8 1 32 2.00 64.1 | 15.6 |13.62(15.60

""" 64-2(99.2|199.2| 31 1 (087 087 32 8 2 64 401 | 12821 | 7.8 (13.62(1560
43 4992|4992 M 05 |0.87| 044 8 4 64 912 12955 | 1036 | 097 (0.84 |61.75
32-1(|499.2(499.2| A 05 |0.87| O0.44 8 4 4 32 8.097 65 [19.438/13.45|61.75

"lor[a002(ag02] 31 | 1 |os7| 087 | 8 4 | 8 | 68 16198 | 130 [1543813.458175

o] 91X AEE Aol Bl PPM WS AHEE  FE 19 20E 94 ©o]& 47 WBAN 322,

o 1 HEE AFdle 459 F718 Yehlle 7,  WBAN 6428} 3tk 3714 59 139 2% 3 54

& °F 1026 nso|™ Hlo[H HEF 085 MbpsE A9 Zoll ZoE= FHo] 47 B A& bt 7Es

gtk g A 2PPME AR 7 & 5128 s ATh 47H9} 870Q1 A= 32-13% 64-109 17)9} 2

2 27e g yHo] 1 HEE AEsA "ok 3 Ui Bee 32- 29} 6422 o]t

B TROIE 16708 FJOo2 o] FojAY v A iHé 3:4 AR frot AR S o] el whet

£S5 AYsh= 8l & Frez FAH: Alz"ls g %461 olfre T4 M FAA

<E 1>2 71&0] ALFAD A% UWB Al=Fel £ A2Re) A Fas B a3t 4% F

A g BAS gate] AY T2E WSS W ol v, 48] Aol

o FEEE HoFEt oFA BdE FEo] 13

Mbps & 1% HlolE AEHS HAe A Fxs 2. MY ZE

bt o 7]A dlolE A& o] 13 Mbps?l ©]++

£ aPAR 10 Mbps HlolE Wl vppg O IEER B2 HIRE A E SHon Sest

neses WEolth 123t 19) AL REES A L 00 S WBANE Sl sprelrfe S 4

EoAzEE Ao B wRoAt o zz ¢ e Lol AEa 25 o)

WBAN 32-1, WBAN 64-1°]2}

645 27 P Y
o A gl e
A H5E A}

°é7l AsliA AA 4

A

Hlgste] AFHANS

L1 2 E

Aot

29
ol mreb

92 o)

FN,)E rlst

o %

Aol 7}

Y3 dHolH
H Zol7t 122 501
T Eo7te

<T1% 2>= WBAN A|2H9] 71538 B4l |35
UElAth CM (Channel Model) 1& 914 Ul& X
Atele] HaE Yehal CM 2+ A UlF9} Q1A

Ed A Aol o] PAE Yt £3 CM 3
o oA B A& A AloldAe PYa= U}
BT CM 4E 914 Tl o1 95 2x) /\]-o]
o] P35 Uit B =ZAE QA 9B B
2391 CM 49 s =28 Aot}

Vol.8 No.1(2009. 2)

The Journal of Korean Institute of Intelligent Transport Systems 55



WBANOI Al AlH| o N&FAS 2

ol
ol

EF CM4

o Non-Implant device
@ Implant device

<2 2> QNP HIEXTOIM2| ZtsEt Sl &3 [10]
<Fig. 2> Possible communication links for Body Area
Networking

1) el &4

iy

[e]

2

=]
)

of| x

o

ro

A LRzl AR CM 49
= W tEUE ARS-Sith Q1A
By 94X U9 (Front), SI (Backside)
Side) Al 7HAZ FEEHH FAOEHE )
0°, Sl 90°%} HW 180°, 270°9] 4714
TEE <29 3>2 olg et 9]¢
2 d8S Yepge SHEQl 18000 9Ll 0°
ted ¢F 20 dBY] 7HAE HRITh

o

-

2

rir
&I

o> ro
N

Lo
o

U

He
g

c

o 8 flﬁ N R
fr
2

=
El
ol

Relative level(dB)

Distance between
artenna and clothhody)

<! 3> 6.85 GHzO|AM2] elxf| QL S [10]
<Fig. 3> Antenna characteristics on body at 6.85 GHz

ol -4
¥ e

n
>
=
i}

=AM AHEE A Bde A 22 aide
VNA (Vector Network Analyzer)S AR&-ste] =43}
Aok HA JHE §Ee FIF TRl
(Fast Fourier Transform) $h=of] o3l A4 H B4 A
9 dEEE AMEAT =3 UWB T
3.1-106 GHzS| 94 W A185 o=
SEE A AFFEA FAHAA SAEJT 4
Hol 1174 A7l AE 2 21719 Y= AL
Ao F2g ko] waka] WstA
<Od 4>= Al 7HA QIA AR e dEx &
g Uitk @9 0°9 A5ele A WA
< AEeE & F oy % ©9
ZAARZ Aol 7=

2

N
S/ [ DA 2

T

L
o
X,
2
)

— -60
2

ERT)

H

=

e

= -100

g

E-120

=

=

M 140

o 100 200 300 400
Time of arrival [ns]
(@ ¢=0° 2IA| 241 (Front of body)

— _60

g

5

.20

2

(=9

he=]

£ 100

H

2

B -120

£

o

o=t

_]400 100 200 300 400

Time of arrival [ns]
0=90° QIA| 2™ (Side of body)

-&0

—
(=
=

-80

-100

-1z0

Eelative recerved level [dB]

-140

0 100 200 300 400

Time of arrival [ns]

(c) 6=180° QA SIH (Backside of body)

<! &> 2} olA| !Ix[ofMe] X Z==E o
<Fig. 4> Example delay profile for each body position

56 IFTSYUY==N|

8T, M1=2(2009H 27)



WBANOIA &lH| o DLS4S 23

o

uws &

M
24

ot

tII-AI_o_| EIELtHxI al M

o o A X ©

or
HI

3) WBAN g o

Aotel BAN A9 =d-2 7hA]A(Line of Sight)3}
H|7}A] Al(Non Line of Sight) 7oA & F8]2E <]
AARZ QS 1S A (D Ad 98~ &
S-S YEHT: o, 2 mWA F4Y 2715 e
I g, 2 AxEe] FEFSES el

E ’". T” (1)
m=0
7N o, & A @9 Benl 2} B e
Eﬂ‘%j o=z 714 ELE]- ke K-factor®] 93-S Yl
7HA 7o) bigk AE &4l

E*T,,,/I‘*k[lfﬁ(m)] (2)

2__
|am| 24

M7 84 A8 ke R AA 9Es gw
el o9l arE AHEst A2E 5 Qo &
b ake) BAE A @ 2ol vehd S gk

k= Ak(In10/10) 3

4 @ A BRANN AW BRSNS
dehiE o & dEoE Aga.

tlo

7 =dfe ()

o1 714 dg} cE A7 AE Aok W] &rojth
%

LOS component

t AR Normal distribution

(o)
~

~ ( Delay component

~
r\\
l > >
vl

<>
' T, 05T ToA
Sampling rate

Received power [dB]

<! 5> TN dRel s SHAE AL [10]
<Fig. 5> Channel model of one cluster with LOS
component

<E 2> Z+ QI X[l AHL 2 mi2to|E
<Table 2> Channel model parameters for each body

position
Q1A ek I [ns] k(AK[dB)) o [dB]
0° 0.224 1.47 (6.4 [dB]) 7.30
90 ° 0.184 0.691 (3.0 [dB]) 7.08
180 ° 0.187 0 (0 [dB]) 7.03
270 ° 0.191 0.345 (1.5 [dB]) 7.19

o4 Los A%l ASel & 2exEe Ad 2
& U < 25 A 7 96149 Y =
W s HE e,

S|

=

3. 30t

HI

WBAN EF9] QIA&F 114 HES g 4714
W20 fAadhs ALkstal o]E Fake] Al2H9
FAL BT} [11]. <F 3> 7129 4a A|2EH T
WBAN 32-2, WBAN 64-2 A| 28] 9] & oAk AA+S
YepdTh o714 HA A9 e 1 HES HE
& g Aol E3E= HJY #5 YEH o
Azel Hpe AA Al AA JHE Ve
dFAse 2EE Ho 5 UEhdTh

dA 25°614] AR le M AE 10mE
7Hedth hYEFS 500 MHzE 7Moo A
% 9= 41.3 dBmo.Z WARIY), e & AL o)

<
A
L
-

71 4

<E 3> WBAN A|AHIO| 2I30{|A H|T
<Table 3> Link budget of WBAN system

A 2~¥] WBAN WBAN
e}l 4a (07) 322 64-2
AA Ade R 512 32 64
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2] % (Mbps) 1 16 16

P. (dBm) 84.8024 | -84.8024 | -84.8024

N (dBm) -86.8681 | -86.8681 | -86.8681
N; (dB) 6 6 6
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SNR_P (dB) 11.1172 111172 | 111172
N, 16 1 2

PG (dB) 12,0412 0 3.0103

SNR_C (dB) 23.1584 11.1172 14.1275
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