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ABSTRACT

The low power consumption is the most important design factor for the In-Body communication system of
WBAN. The conventional PSSK (Phase-Silence-Shift-keying) modulation technique can be regarded as an
extension from PSK modulation. And this PSSK has better power efficiency than PSK modulation, and higher
spectral efficiency than FSK modulation. PSSK medulation is to transmit two orthogonal symbols. The
transmission power can be lowered because the symbol rate in signal period becomes half. BER performance
is improved because transmission power is lower and the modulation symbol distance is widened. In addition,
PSSK preserve the low-power and increase the data rate than FSK. In this paper, we analyzed existing PSSK
and like to propose a new PSPM (Phase-Shift-Position-Modulation) modulation scheme. This PSPM is
evaluated in terms of considered bandwidth efficiency and BER performance, compared with the PSSK. This
PSPM modulation method transmits the information data by both PSK symbol data and symbol position data,
so that we can significantly improve the power efficiency. New proposed PSPM method could be very useful
for the In-body communication that requires the most power efficient system.
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151



2 A8HE] = F4] *10-08 Vol.35 No. 8

A7 vehd Aeld}. =HsIA2 BER 10°% 71&
22 u|ZH ¥ 16PSPME 7.2dBE PSSKel| B3
5.3dB, PSKell ¥ 11.1 dB Y& 718 #Haidd 5= 9l
th 2% 99} 32PSPM2] BER Al5 =3l 11.3dB2
32PSSK 9] 17.3 dB°l ¥}s)] 6dB 713 F2 71& &l
g = ¢Jch PSPM2 PSSKej| nlsl td2- 242 &
2 4719 A Z JFr] vl o G Wz
dd2 AEE 4 qlck ol& Qlste] A¥zte] &
AHelP} Bl o224 6dB9] °o15-& A ck
X 2% 7]&9] PSSK 9} PSPM2) thed ¥ &85} SNR
A5e vlwg Zolck psske] wWAEHF &
0.5log; MZ PSK9] “ule]n], PSPM- 0.125log: M
2 PSSK9} 1/2, PSK9] 1/4o]c}. wlebs] PSPMO]
PSK e} 53 928 7b7] 9lsjM= M'-ary PSPM

]o

6z i e B M B W 68 @ 2
22 7. PSK2} PSSKS| BER Al
Fig. 7. PSK and PSSK BER Performance

SR(BD

12| 8. 16PSSK 2t 16PSPM2] BER A%
Fig. 8. 16PSSK and 16PSPM BER Performance

758

6 2 4 & 8 10 12 ¥ B 18 D =2

72| 9. 32PSSK<} 32PSPM2] BER A%
Fig. 9. 32PSSK and 32PSPM BER Performance

o) Wzl dasikeh wEriAl Fskel wlashyd
PSPM-2 FSK Bt} M/42] v #& YHass 7X

. glch 16PSPM—»3r 16FSK ¢} 73-%, PSPM®] 1dBY]
SNROIS 4v) ¥ )% 58& /H2 e 2
& el & & 9k

V.d 2

B =32 pSSK wFe S WAEka, AHE
o] 5l A2 PSPM MR RS Algkslsich
PSPM &= PSK AlE-& PPM A& o]8-5l0] Al
3 3710 wixgreEs $AAHS} HE ﬂlﬂél—% s
& Hhajolc). 71&9] pSKell Blaslel-g o, A% F
7|4 Asob AdEle 72h) 1/47} %m&ﬂ !
71¢] ﬂaﬁ— 734 AZch Wz @) ke gl
gk o] -2 7|&¢] PSK HHAlHT} 12dB, PSSKHM R
t} 6dB7} 34+ SHoick =3k FSK HhA R} M/ 4}
=& dl9E8-% 7Ix)A =Hck 16PSPMS] 735 ¥lF

S~ 4wl
l“— g iWﬁ} 5 alr:} la‘ﬁ} PSPM W&+ FSK
o H)sle] & Y H8-5X7) PSKo vlsle] ¥
A HZ Jsle] gFugelld w& AFHE 2738
£ inbody SAoIA R85 o]8-2 & 9l& Zlole}

D2k
2!
ree

il

(1) IEEE P802.15-08-0407-03-0006. 802.15.6 Call
for Applications-Response Summ. Jul. 2008
(2) IEEE 802.15, TG6 Technical Requirements



5
Skl
-
2

g Z4-8 /Adske M 2Z& PSPM WHE ubA)

Document, IEEE, Piscatway, N.J., Sep. 2008

(3] DK. Kim, H.S. Lee, “Phase-Silence-Shift-
Keying for Power-Efficient Modulator,” IEICE
Trans. Commun., Vol.E92-B, No.6, June.
2009

(4) IEEE P802.15-10-0010-01-0006 NICT narrow
band PHY proposal. Jan. 2010

(5] IEEE P802.15-09-0137-01-006 Group PPM
method to 802.15TG6. March. 2009

(6) 1Y Oh, JLH Kim H.S Lee. “PSSK Modul-
ation Scheme for High Data Rate Implant-
able Medical Device”, IEEE. Trans. Inf
Technol Biomed , Nov. 2009

(7] Rodger E. Ziemmer, William H. Tranter, Prin-
ciples of Communications (Systems, Modulation,
and Noise) SEd, JohnWiley & Sons, 2001

Z| Zl & (Jae-Hun Choe) 34

20101 2% SEoistal A
AHATFE T (T EAD

20109 3YyE~FA] S5
shal Azt Aala]

<Rl FA FA Alx
g, AAZA Alxd]

£ & 8 (Jong-Won Son) A3
s 19905129 AT AHAF-
et}
1994\ 29 FEdstal Axly
sk} Aa}
20034 29 5ty AAE
g} utal

20023 ~8A) =22 Vichs,
WrlER Y~z wa
<PAlHol> OFDM, EAIAAE 253X 2]

[~

£ & 7 (Heung-Gyoon Ryu) A3

1988\~ FEofsta Az}
FE wg

20024 3¥-~2004\3 2¥ 35
&l HAFEIAHEZAATA
a7

19963 ~3 A IEEE, IET =¥
AR

2002 gAlalEtEs] e At

20081 ICWMC 2008 =A|sk&tH3] “Best Paper
Award’ 4+

<WAlEel A B AlzE, 914541, B3GH4G

o554l A", BASE A 2 A Als

A2

759



