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Ubiquitous Healthcare Monitoring System using APG Signals
based on Wireless Sensor Network
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ABSTRACT

This paper describes the realization of ubiquitous healthcare monitoring system using wearable pulse oximeter based on a wireless sensor
network. In order to obtain information of oxygen saturation from a patient, a small size and low power consumption wearable pulse oximeter
was designed. Information of oxygen saturation collected by wireless sensor node was transmitted wirelessly to a base-station for storage and
display purposes via wireless sensor network. Wireless sensor nodes were programmed by TinyOS application to perform data acquisition and
transmission. LabVIEW server program was designed to monitor information of oxygen saturation and process the measured PPG (Photo

plethysmogram) signals to APG(Accelerated plethysmogram) signals by appling second order derivatives. PPG signals are simple and cost
effective technique to measure blood volume change.
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Fig. 1 Hemoglobin Absorption Spectrum

A £ AT FHL F N AZE IE 5
%, & B M (Red: 660nm)3} =2 9] M (Near Infrared:
940nm) G Goj| A 9] RE& 24 o FHslo] M2 G2 F
T EAL 23 AEHo4) el AaxsEE 4
()T o] o &0 FRIEAT AL HEFEH 9
Foll g Aa B E 2o HAE H&2M YERY
W A7 Aol O] @ o] A Q) AAE 3L R 9 32 100
(%)°] "t}

S jon (%) = G 100 A
aturation (/o -H—bOQ—-I-HbX 0 A (D

olWl RE 2] 3)3} 2o] BT 2AYAL B}t
o] oo FF33 u)golt)

AC, [/ DC,
_ A D 40

ACy /| DCy,

QAo 2AHE RO FFE IR EANA A WAt
st W, AR 24 5o AFO0) A=A 4 o
Fol ol FolX 1 o] H 9 o 12% HE Fo] 5

o] BHAC) &l o8] e FHR A7) e

Z5pd WE Y23} AR 4RO U=, 4
L 2HIHE) F oA 47 AR e A



FAAAYES L 7| 0he] 14 % 3k o) 89 ol AE 2 BaAol UEY A2g

I EAAH ZUHEE AIAH

B Ao A Aoteti= AaAo] BUEE A2
A2 Ao A dARH FAAYEY 2 3
Ao HAZE B4 ulg o 2 o] Folxn, Al F-A
0BE=AAEFHEY A dolEe BMAAL AW T
Uy Z2a-02 37 3742 1A, 1 2x
Aol mUE Y A2dd g3k A4 THEE B

P
jLE

IEEERILIS4/
Zighee compliant
Commnnivationy

Wearable pulse oximeter
Measurement

Server Monitoring Pf«;gram
a8 2 AN BUE AAHe MA THE
Fig. 2 Healthcare Monitoring System Architecture

AE Az E A A2EHES] S 9
o] glote} s B2 S A v, [EEE 802.154 £ 52
S uEE RATA, 293 Wol 2 2eo] 4 R H2E
dolg 98 AW 5UHy ZzaYoz PG
o, 74, AF Aol A A SAwelo]t mg A B
& A3 g BN A PO AZYE AAT WL Gol
ANES] Bl Ak dole 2 AME $AsT A
AFE O Ho)2zuol M BAFORA, Be] ¥
REE ERES L AR RIS S A5 ST
§5,PPG )7t 4 HA $4% £l A FAHAA Y]

2|3 b4 5wt o Ed G R T BN E B
FEEE ATt

3L 9HE EA 240 H

TY 3 EALEIE REY BEEE HFT
o, 49 doje o] A& A8 A A ==l
2SR WY o dlof A2 949 BHE BFD
itk

Wireless Sensor Node M
Serial ID Flash

DS \/Iemory) ("h‘p A"”“"“}

Extension MCU RF Transceiver
Connector MSP430F1611 CC2420

18P
Extension AVR Oscillator
Connector ATmegal281, | {§Mhz)

Reflectance Prabe

SpO; Module

O 3 MaEsiE ZER SMHMMEEY EEX
Fig. 3 Block Diagram of SpO. Module and Wireless
Sensor node

o fr

:

(N ;
010 A
rir

o i rl >
o

P‘L

I

i_(_)“

2

-

ox

lo

-

=

1o,

el
2ot f Lo

of| A 2] } i:x}a]ﬂz]ag
7 A4 gasi=nlo| 22 AEE 1_'_
2 FA"T BE AR EE vlo]aE AEZe
tmel AF©] ATmegal28L< AH-&-31%1 32 ADC ¥ & 4t
3% ZHALLPPG I AE S dd Z2 RS T
Ak 53] 4HE 7159 ATmegal28L ZQT:H 8
MHz9] 5 %te] 7} 89, Ul FLASH v 28] = 9] %
G A E o} A o] §o|IISP TEZS F3) 4;1%40]
FAser, AT 2EA Z2AH" dolH:=
RS-232 A2 BA1S Algste] FAMM w29 nlol
A2 AEEH S UART LE Z 12| 5ulo] EX 75H 9]
dlo] el 7} =3 "t}

4y O e
m Pﬂ mL <o IH
r>~
foi
0
S‘i
j_ [
_?L
2 b o
o
-§°1' -z P
£ fr
s 3 &

11&
oo

Lo > o

ol
—-—'

e Beorlr Mg o ooy it

goleit B A HE SR s Ao
e dolEel FANES JAA FATNS 4@



S FH L BN =8 138 s

21 9] AL-0] B719] 310, B =F-o A ALE-E]
© AMEE IEEE 802154 5 TEEE23) 9%
78t TelosB A€ FHAMM == 89 7|5¢
TS 5 IJES AU R USN @7 A =44 7
3 FHAAEEE AMEEIATHS). Ake F4 44
FHAANNEN A B30 A Fo3A AL HE
AAZEe) =244 MSP430Fi61] vlola 2 HAEEY
(T1, USA), 2.4 GHz 9] F 95 & & A48} = RFE WA
H(CC2420, TL, USA), 9% Z#iA] vl 2.2](M25P80, ST
Microelectronics, USA), Ato]29] # 2 3H40mm #| 5 <]
49), 71 79, e § 29" & 125k Az
t}. MSP430F1611-2 16Bit RISCEZ U} 59l 48KB] Z &
a9 o =g o} 10KBY] #& 7hA 2 glen, 870 12Bit
ADC Ad& 7kA) 3 Itk RFEAANH REZ A4 9
CC2420-2 IBEE 802.15.4/ZigBeeE | 43=RF I 2.8
2400 - 2483.5MHz th¥]-& A 930y, A3 A H L &
AHDSSS) WAooz FAEY, 0-QPSK Wx W)
250Kbps {1 && 9] A ¥ o] 7H53itt.

L7

2, B MM e o] ZalH ol A
1

PAAANEY2E B FANAREE A4
RS EREEBEE ‘;w‘f— AAEE AT
HAE T4l AW PCE A = 9

:L'?«} 49} o] TinyOS 7]Hu LBt T
£ ugo g 24 dolHe &5, 4

£ A% 48y HFE FAA == FE ST

Main }

e
ol
4
S~
ol
2,

( StdContral ) (_StdControl )
v
{_ SwdControl )
GenericComm

((SendMsg 3 { ReceiveMsg )

A 4

1 Ubiquiteus Hehitheare 1

v 4

v A4 v

( StdControl Y (CADC dControl X Timer ) ( Leds )
Wearable Reflectance

( Pulse Oximetry } Timer [ Leds }

O 4. TinyOS 7jgtel #AH O H{EEAHOM S8
Fig. 4 Healthcare Application based on TinyOS

816

A peet AZE Wol22H AL MM EERH
A4E dolHE A8stn s +4 Eol UART
TEE T8 dioe g "Fo] o] FoA =5 BT

V. 8 3 #ot

Aol s oo} ANagle) FAE 93 A4 xS
ZUolHE &Y F e AdH, 24089 Fox s
T RES ARGy, 28 5E dold s Al
oo TAE AALEE EEH ALY L B

a3 5 MzEE MAZET 2ED HAME ZZ2-
Fig. 5 SpO. Module and Reflectance Probe

dolel g B SA e 19 59 2ol STl
AR AATEE 2L 3 NLTIE BETH o}
FEE) Y3 24 H dolEe £ E FAFAE
GGete FAAM =R o]FojRth AAEIE B
EL B0l M58 REYY FHE o] 8sto] A
Alo] Rotoll A 283td WA 75 S AP &7
Js) 223 BE ANZHHE A8 FAE3E B

opd2 IBE FHIY FHAM RS 22 AV
9l X o] F40mme! YPEIY REROE ARERH L
o, 3 Ade o A o2 AHEY HYB3 Ve s
Faee FAAA s §A AU EAZ S A
o] Abgo] M5 et EE dlgitt dloj el B B SAu]E

of ALgE = wlE el Bl EEE Y S WEE AR
gl o, 7tE, A2, %017} 32mm x 48mm x 3mm<] A
ojze] wiEg|e] &g o ol E Mol o Aol



A

AAVES )00 4 WS ol §8 FulAE 2 A2 o] BUHE A2

29 AP e 32377 3
2 S A E AR 5 =
o)) On/Oft 291318 AXAIA ALgA7 27
22 YT AG P HES e o2 9
49e BB ALTHE 247 dloje] o) B4

3HA skt

SpO; Module

Wireless Sensor Node

O 6. MEE EA SAOE(e} 2 24
Fig. 6 Pulse Oximeter and Practical Wearing

TY 7L A2A o) A 2T S A3 FAAA B0
¥ TinyOS 7]4+e] o] & E]ﬂl ol A
3= dolHE F38te] W) 3 dAdS
FAAMA == Ji_ﬂ“ ahact HA49 HE
HealthcareM H LV E = 4T3 % H o)

= e m[o

BO]’
SPO2 Zi
e o

‘Hil
r\"

StdControl

@ Timer

(i)
oo @g;’

oD g
. StdContiol @

ADC

Bel
RecerRENEE

Sendhisy

Guneicoms
StdContin]

% 7. TinyoS 7|dke] dA3of ofZz|7olM
AAEZ
Fig. 7 Source Tree of Healthcare Application based
TinyOS

HZ FHEE EOE]-zr.T'_ ne U% TOS UM A AR
SourceMoteID, LastSample Number, Channel &} 4 B & #
A3k 6ol E9] F Y] A AR R dolH 2
TS E 2719 HA R A F 119 HA
A W7l 02 o] o7t} 5] FAa X3 Rl e 54
o 2RE A7 A3 e g A vHE S, PPG 3HE
o dj gk dlo] Bl 7} E3k5 o] Tt

DATA

(11 hytes)

4 S
I ~

SoarceMotell} (2 byte)

‘v LastSampleNumber (2byte)
|

Chanael (2 byte)

f . 2 Data (S byte) %

O 8 AAEZSEIT ojolE 3 TAHE
Fig. 8 Packet Formation of Oxygen saturation

Ao &) =A4E A2 SE gh AR Ee,
2|31 PPG 78 & 13 99| (a)9h 2] A8 PCo) 73 E
LabVIEW A X E9o] =2 738 B3 AA7F ZUE
go] 7bsslrE st o] A Ane B &
FAHoE AYHEE At 34 € PPG i}fﬂﬁ ol &
7% T4 E ALEske 23 v AP Ega, v R A
ﬂ““ﬂiﬂ”ﬂAﬂHﬂ@abﬂggmﬂaﬂ
S8l B &3 Ae 7] 58 AHEs] AEFA de vt
&5 wa 339 #AEo] rHsateh 28 99 (bhyE
PPG Tyl A 7145 W gyo] AEHE REFS B
o 1 gl

(0 SAESE BOIE
O 9. tMaxslE

(by Db 08} OVE
HojE{(a)2t Z7t5E W mE(b)
BUEZ 33
Fig. 9 Monitoring Screen of Oxygen Saturation and
APG Signals

817



S FHRFNG I =EA A139 A4E

LabVIEW 2 ZEgo] 227102 Aujo] dZH o
ojriHo| Mo R AEHE HoEHE A & Ak
£ 57600°] baud rate, 8 data bit, no parity, 1 stop bit, no
tlow control-& A4 3to] A A7 RUE B & 7158 8t
At &7l M o] 24 € PPG 338 & v L =Z7)7}
A3, A% 717H7) o] AutEo M 22 #}R|
o] Ao glojA v LAy H e gL won 7l&
=g Bgg HEse £930 k39 Aeio) A
Y PPG HPOZHE A2 7i&E v 91y 7}
dE2PPG AP E EAT 9= do9 =
SBAEE 4T 5 JE T3 N E7} A} PPG
o) 22 v &g B3 4o Mg E Wy 5y e A
TAE A AR 889 2L T ANd 2

o]

aL
-1

2
wfn

Hgolvl, 7145 W3t 240 o8 Al WD e
= 028 913 200 ¥ 219, 300 v 27, dov)

27,500 V1 29 0 2 vl R70 RYUL FA ko]
Ak Aol B2 SATHE Fa 279 4
pE e EL EEER TR CEEREIER
5-85 3 A9 890 vle) AAEAE ) 2a e
HEZHE R T udq A 7zte g 4

o ML 3R Ay M1 H 10 o U T oo K oox & oMb rE i K

o that o] E o]-8-3ko] e FEjelA 97% o]/

A& 7155t 944 8% BT ANTR 9 AFE B

. 18 102 53-& 53 258 PPG 73 o} 23 ]

& A8 hEE W 5 dAWER MY &

e wg g v asta gt ol F AP L F8 S
= gubs g Mol oz v 74
EHse oz dd dF o ne A BYEE
e gon, 3499 24 % X glol & 43
EEREES

&

I I B
1A .

E v

¥ 300

[

100 200 00 00 SO0

. NVLWVJWWM /\,\,V\/W

] 160 200 08 200 a0
Sample Number

% 10, AYY JiSE Mol oty dlw

Fig. 10 Comparison of APG Signals for ages

818

a9 1% 20| AEE Bl N 47)g] WF
LAY 5 om, 42t MR e W He By
o the JUE THHL Utk o, b WFHE
CEEREE R E R EE R
2,PPG 3014 A WFAAA 323 Lebrhe 2
7 52718 HES, ¢, d BRHE 27 £37) o) %
o 14 E JEE debdth a A2 HoIN 245
HIZ Ao

12

1,
oX M B
M o fob o

.
N

232 F()9 #E& 7. ofol we} bja & TR F
Qv ANE of g2 BH ¥ G ES Y= A
27} ATHe)[7).

/
EEE 3:0 F E-¥/d

a3 1. k4 Wale] HEHE 24 Y

Fig. 11 Screen Capture of APG Signals Analysis

R 12 7145 Wne] 27) $£&7]9 B2 E 24
ul2} g o] A xle] a BT H(HYZhe) FEFb W
A(F2HY FES YR E glon, 520 a,b EF
Ao o ZRE AAE bja e T2Ed g E A
FEUgUL Yt 28 RE R 1S ulgo 2 3l g
P EAZE H TP

Moy 2

o

B 1 7MSE ol ni@el BA Ay

Table. 1 Analysis Results of APG Signals

a b bja
20t} o 2.40 2.96 -123
200 ¢ 2.64 432 -1.64
300 3.56 -4.00 -1.12
309 & 3.56 392 -1.10
40t o 3.20 -3.00 0.94
404 & L12 -1.04 093
500 o 2.00 -1.73 0.87
50t) 3.07 2.80 091




FAAANES A 71ute] 7h4 & A5t o] § ¢ FH| A H2 Dol RYE Y Alx

17
o

& BA 3 20t ol M = -1.442 71
H% 1.11, 40t )l 4= -0.94, 50t ol A
SJAFE =L BT E Eoﬂq.
A Q) PPG #H& 9] 271 4
W37t 7bg A e A El
3 Y= bja g2 &b gz
A =, bja gt o)zt
St ol E O gho] A
Zbehol A o] H# e =7}

AP
S3tom 30th ]

o

2 o

B 8 =

2 N
OWFEUEHH'
=JE[U_4—\~

%
. it to

LB
DR IMEE Uy
s

sl rI.TL mlru
oﬁ

H‘U OJ. r_};:,_’

i
N
N
ot
)
4 & i
¥
32
& r»

o

T

-0.2 4

-04 4

08 4

bla

KER

-104 400 ®EE -0.94

2 3001 B A1

2005 BT .44
O3 12, oY g@at BM T B
Fig. 12 Comparison of Vascular Elasticity for ages

v.d B

r

¥R AE fHlHEL Bado] Rop g
N 2YoAT Y Azslo Hujae] Agte
TS EEEEEE B e

1

HEg ) metgTh ol Ted AANBY ZH L R
Ue o] 284 71&e] d2Aof Au| 2l vjgf 74
AMUELDE T8 o154 B 7HERE 93} £
0 7%54 AH) 28 A Es E 5 Y2 Aol AR

)22
o, 2 AT AAE 02 Fe} SHY YA E 24
ﬂi@%%@ﬁ%ﬂ%ﬁﬂqﬂ%aaw

[1] BB, “FrlAB A S AT A G2 A3 - 71
A2 A2 9] 98, B v 2 Y2 EFE 2006,

[2] A3, “ETRI 4 A A2 & - =W 9] u-Health A 4]
2 A1 A A g, 2006.

[3] MindBranch Asia Pacific Co. Ltd, “u-health A] 33 3}
2 A7 2005.

[4] Siegfried Kastle, Friedemann Noller, Siegfried Falk,
Anton Bukta, Eberhard Mayer, and Dietmar Miller, “A
New Family of Sensors for Pulse Oximetry”, February
1997 Hewlett-Packard Journal.

[5] Young-Dong Lee, Esko Alassarela, and Wan-Young
Chung, "A Wireless Health Monitoring System in
Multi-hop Body Sensor Networks”, Procceding of
ISMICT 07, 2007.

[6] J. Hashimoto, D. Watabe, A. Kimura, H. Takahashi, T.
Ohkubo, K. Totsune, Y. Imai, “Determinants of the
Second Derivative of the Finger Photoplethysmogram
and Brachial - Ankle Pulse-Wave Velocity: The
Ohasama Study”, Am J Hypertension, Vol. 18, pp.
477-485, 2005.

[7]1 J. Simek, D. Wichterle, V. Melenovsk, J. Malik, S.
Svacina, J. Widimsk, “Second Derivative of the Finger
Arterial Pressure Waveform: An Insight into Dynamics
of the Peripheral Arterial Pressure Pulse”. Physiological
Research, Vol. 54, pp. 505-513, 2005.

819



5 FARFANE =8 A A3 A4z

K At2oH

A A&E(Sang-Joong Jung)

20073 AU AAFetat
(F8Ah

20093 FA o8 T AA&ITH =
e Fe g ey
(FAAh

20093 ~ A | A oistw Yubo) skl A ALFska) gha}

#%3
Aok FHIFAH 2 Ao, FAAMYEY =,
W= A A A, IP-USN

0] & X (HoonJae Lee)

19853 2€ : A& st w Axp¥sha
EY4(EAD

1987 24 : AUty AxlF et
e G

19983 2€ : A EdI gt w AxLFetat 29

19871129 ~1998\ A1 : sl 74 AdAFY

19983349 ~2002132¥ : AL U8t ZuF

2002938 ~E A AR FAFEHA R TR

o

s
Y Eok: ohEol €, W= AN R Y3 A

A 2t (Wan-Young Chung)

£

19879 B &5t [ =38}

19923 5 Ui gy AxpEstaiF aabap

199810 L 47l 3 5 ol T8t A T AT Shukahy

1999'd~2008'd A S0 A FEAH R FE Huy
A

20080-3A) $ AT oa A FE YR EA Y
e

*TAROF: FHlAH 2 AN EG D, vo] 22 AN,
S EEES PUT

820



