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ABSTRACT

A global healthcare system based on M2M technology is proposed to support a good mobility, flexibility and scalability to the patients in
6LoWPAN. Sensor nodes integrated with wearable sensors are linked to gateway with IEEE 802.15.4 protocol and 6LoWPAN protocol for
data acquisition and transmission purpose via external network. In the server, heart rate variability signals are obtained by signal processing
and used for time and frequency domain performance analysis to evaluate the patient’s health status. Our approach for global healthcare
system with non-invasive and continuous IP-based communication is managed to process large amount of biomedical signals in the large scale
of service range accurately.
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Table. 1 World scale market of M2M technology (Z£41: Morgan Leegan, 2010)

2,000 3,500 15.0 % 50

180 317 % 25,000 37,000 103 %

1,080 1,976 16.3 % 60 240 41.4 % 1,500 5,998 41.4 %
3,080 5,476 155 % 110 420 398 % 26,500 42,998 129 %




MM 7]be] 22 daAo] Al ad EAF

[3-5]. 2 Wta) AU EH AL SAH A
HME o Ug s ATF71dE BE =
A _Irﬂ_;{ KR &011: ol-;(-] x% o=z %V}g}%
go) AAsta 1o} 5P ALZo) H43}7)o) A
T g Qioh B =R s AMUEAIAA AL

A F AEIES |wo R A gsta AA
g R e gh= TinyOSE 443 A e B8 AL&5}o)
IPv6 873 F&3hed AHEstqlth

°1ﬂ I g
o
N
4
o T o

i o
krt ofm

01
ol

b

2 MM e o 29HF 81
Table. 2 Comparison of cperating system for M2M
devices

oA UC Berkeley SICS
Version 2.1.1 2.4 24.2

gio} nesC cde C 2o

Av Event-driven | Event-driven Multi

TOS-thread Photo-thread -thread

AHE o o

IPv6 O ¢} @]
FAEN L dole #0243 ASHE s

= AE7tA ¢ IEEE802.154 2 EZ 7|¥ke] EAlFE=
@] IETF (Internet Engineering Task Force) WGl A} A
oHe IPve 7| %S 48 6LoWPAN (IPv6 Low-power
Wireless Personal Area Networks) S 7% 8ho) z}2k9] Al
Mz 149 IPE dFstdoie] T3 1P A=
MAC A F Atolo] 287 & (Adaptation Layer)S %] &5}
of sjzle) dHste A2 A S FY}ER gk

Sensors

Gateway

[

OO

IPv6 Network

Internet / I1Pv4 Network

o)Z4) IEEE 802.15.4 MAC/PHY 9 AZq %

TCP/UDP 5 7|& AE oA AL EslE B4l Z2EF
S a2 AT 5 YTHT) AN =EE L Ale]ES) o)
ZREIPv6 TAE Fo] 1] g Fof, 95 =1P ]
EA9 $AET}6LoWPAN 2] A = Se) 244 4
28] BAE 4 9Tk 6LoWPAN W o] AA = 3 9
RIpuEYA Q& 2B EX0| 7h5Eh] Wi
of lejulal A EY A 2he] BFA AA 4§s

TEo|th

. M2M 7|8 22Y EAH0] AJAH

a2 AtE MaM 7 Wke] 22 A A Ao Al
2 Zgzo PATE BAFET g} AetE A
of Alad & V)& FHel FAoR FE2E MAE
IP7]ube] FAYELS AR A ste 7|24 AH e
2 W N5EALE A3 dofe] & A, IP 7}‘*94 Al
Arg, ojFe YEYA R Qe 4
glol, 223 An PCE T4 8th *ﬁ?ﬂ A
A3t7] fl8ted M=o 7GR Fard
ZRE A3 E FE5L FEEH 2N
EAEZETOEA 100HS AARE
3k}, ukso) ﬂﬂJ]f A AL = ml,;} NE &
a of w2} LED (Infrared: 940 nm)9} ¥ & T}

goz Ao, FAAE A
%—%% A% 32 E FA A 75 HzY
Y E3HATHB9). A =M = E A
2 6LoWPAN 3 of A A} & 5= LOAD

p

:\2

>.,i11
ozirzrz.\)mr?ﬂ

)4....,

=
2o
Ju

-?r'l-l‘

o o d

3
IE
o} 7| ¥

rh:aﬁrzi

o, .}R

foi > 2 in
L o W

-
> " T fo

Server

O 2 MM 7(EF FRY A AlAE FAE
Fig. 2 Overall architecture of giobal healthcare system based on M2M.

2437



HRNGARENGE =8 A A 14E A11E

Sensor Node

a8 3 Hole &

Server PC

Gateway

$3C2410

(ARMS Core} Network Management

& Application

Network
BDual Stack (vaivé) & Ethemet

Tunneling

RF Module
1EEE
Analog or Digital 802.15.4
ECG Module PPG Module Sensor node I

StEYof EHE

Fig. 3 Block diagram of data transmission hardware.

(6LoWPAN Ad Hoc On-Demand Distance Vector) 2+-$-8
Z2ZEEZS ARSI A EH o2 AEH e o
EP 71N HEYIE J43HA gt 53] Aol
flole 449 AM=Zd [Pv6 FALE TG,
IEEE 802.154 ¥ 22 E 27} 6LoWPAN Z2EZ S
O] &3 AR AF S B M2 T2 X Gol A2 WA
CAZ ER, EA € 2UHP S e sk whe
A 27 37 2ol 6LoWPAN 370l A g dlolg
T AMMEANA o] F EHZ & 1P 7]ute
HEQAZ Al E o1& Tl A4H 0, AojEd o
EHEVEYAG AMNEYA] ER 9EL B
3o}

L

-
V. A3 % Zot

AUl AEF XA YEYR TAL S €2
EE Y8 19 49} 2o] F2l olol 3] (IPve)7) L8 A
2 O& 29 A 6LoWPAN #73 & F&3tq 239
Aol EAdAd s 9 W A& 2H83to] FA el o
LEH 2 4HE SAH

28 404 BE v o] 48 8742 dd PANT
ZE] PAN #7421 27121 9] Al Y] 2 of e} o] FojH o

, FAW e 2709 AH o) (§F AT 2, AR
¥ 2) PAN 373 ] pCS u} 2 4 X 35lo] HAE 8}
At

2438

6LoOWPAN
Server
O -z i
1Pv4 Internet
o Network
@] Gateway
@
O =z
o /ﬂ"’ &
O Gatewa
6LOWPAN |
IPv4 Internet
Network
O -z
O Gateway 2
6LOWPAN 2

®

38 4 XYH7h HEQ3 S4g st
HAE 82 (@) ©he 6LoWPAN AlLigie, (b HEl
BLOWPAN AjttE| 2,

Fig. 4 Test environment for inter-local networks:
{a) Single 6LOWPAN scenario, (b) Multiple 6LOWPAN
scenario.

HE] PANS 4 $ A2 T & Ao Ed o/t dXE A
Aol dFE FUPE 0] &3t 2 FALE F 3
o Al & A& & M stA stk 29 594
Agshe vle} gol MB PCY AAHE Pv6 T4 E
2002:cbfa;79d2::cbfa:79d2 (203.250.121.210 - A

-



M2M 71 ko] S8 daso]l A ag EYE

22)E AHE3te] Alo] B9 o9} 3491 2002:d262:2434::1
(21098.36.52 - £ 7 Y23 UDP FAlo] o] F
A =& 319t} 6LOWPANS W o] A =S58 Ao
E 9 o] Z5-H] 2002:d262:2434::100:22:£F:fe00:££ff:000a =
Ao 7 5t a9 PE 47 AA ")

WS ATre

Meonitoring

4 Server:
4 2002:cdfa79d2uchian79d2
Ll (203.250.021.210)
- FRur

BRE

F30%a [T
BOUBA FSY

R

Measurement

HAmE Gateway :

2002:4282:2434::1 (210.98.36.52)

Node ;
2002:4262:2434: 1:61:1e00:0002

38 5 MA EHAEE 3 MM BF 2=,
Fig. 5 Construction of M2M environment for testing.

EZ[}/RE}:

2EE  AMRZ  FoEgelst FA=
6LoWPAN 31730 A A2t glojel B A s ¢ s
AXE 2HE5te] AANEE 248G A 2359
Z4L 20000 A 3009 B7AE A9 FHE B =8
A 2191978 o] o A o] A Fof) Fostgl om A
ot 2EH 2 AEE Fob Ao 2 Uiro] 3y
3H5-oll 5aHE| Y oF 377 2 Bho] HFEY T}
FHY e 2V 28R ¢gu Ao
Feie 274 23w, 2EHA Feo] A
© &8, 9, 2EY 29 22 24N 245
A PCol 759 RUE A QRN T2 e 24y
A A 41 3. 2] HRV (Heart Rate Variability, 44 o] &) £
A& B8l Aol g A9 ARE AFeE
Z S THI0). 2 27 29 63} Zo] 44 Aefjol 2E
P22 o] B HRVAZT Y A A E 2 F91 949
TS AW E o, 13 6 ()9 2 6 ()= A2 A
%o 41 2] SDNN A}4=2} RMSSD A58 HojF=g 4
% % El2) SDNN A 4=9} RMSSD A& W #F ko] 7zt
472ms%} 383msE HAFE W AEH 2 Ao
SDNN A=} RMSSD A 4% 33.5ms 9 239ms & 71 &

&

oL

N oxl oft
flo ox 2 ox

spo] 2E 22 Al A4 A eol vla) w2 @
2 538 7123 AL FASHYOHLLL

tad

80
60 -

40J

20 4

SDNN {ms)

Normat Stressed

(@
90 -
80 -
70
50
50
40 - %
30 4
20 4
10 -

Lo 12

RMSSD (ms)

s

Normal Stressed

700 4+
Ratjo of LF/HF

o [

Normat  Stress

600 +

500 +

- W s

400 +

300 +

PSD (ms®)

200 +

100 +

38 6. AlZH Y Fabg gHollMef HRYV 249 {a) A2t
dolofAM el SDNN X[ (b) AlZH BdofA{ef RMSSD
X%, (0 Fobe dHollAe] PSD 24,

Fig. 8 HRV signals analysis in time and frequency
domain: {a} SDNN index in time domain, (b) RMSSD
index in time domain, (¢} PSD analysis in frequency
domain.

2439



SN FHELEAG I =5 4143 A1135.

E 3 2EHA mE I|E

Table. 3 Stress decision criteria
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