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A portable U-Health system for ECG monitoring
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Abstract
This paper proposes a wearable device for
Electrocardiogram (ECG) monitoring. The system

consists an analog amplifier module, a Bluetooth wireless
transmitter module, a MSP430 microprocessor module
and a Micro SD Card module. Our portable device
activates the ECG biometric check at start. The system
first reads the personal electrocardiogram template which
is saved in the Micro SD Card, and then matches the
template with real-time ECG signals in order to
personalize the monitoring device.

Our portable device saved that information into a Micro
SD Card instead of memory IC chips, the ECG data is
also transmitted through Bluetooth ports by using

universal asynchronous receiver/ transmitter interface.
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The system may provide a way for physicians or
researchers to analyze and to monitor subject’s ECG
signals and calorie consumption with the R-R interval
detection. The personalized system can evaluate the
calorie consumption of daily exercise for u- healthcare.
1~%%
%??ﬁﬂé%ﬁ*ﬁé‘ﬁ$wﬂﬁﬁﬁ%
Fo9BTHmELL TALT A L5 80.81 & - &
fm‘ig TR EFFH D AT SRR o
FARF AT AL LT ERRA AT G BB
w%@bw;4%?ﬂﬁ¥:&¥ié’%ﬁ?’w
A= AdR 138 5071 4> = FEELF AT

495.4 A [1]» #iriw i A pHRA P8 $ 217 3 &

5

e § w20 - PR R Rl e T RS T R
SR EBT R R 24 L B s T W BRI

A B R T A RT AR
AR s ARER Y > YV esH o R BELE RR
REE > #700 VN R B R PMA] =T~ 4
T foo

2~ hsERE

L

PR BRA L A fITAR D F - ;azti;ﬁt e ik

:i ?/E"ﬁ pES

ESElN

SR VAN S -2 1 St L A Ed
WA~ Fw i PCpaignt
218 ik B

AP T ERE R 1 Z3E1Co Ul kA
s BADB23 0 A AT o T RIUELT B 1207 -
U2A50P*c « B » i * C4 ~ R = il Jj it B » 4 0F
ﬁ&ﬁﬂh,?#6Mhﬁﬁﬁ%ﬁ%

AT B E12008% o ¥ b

iS4 B0’

BAch K27 #

B 974 4 ehE jhjei(baseline wandering) @ & * -
BEE s BUBEBER I LFHF - v RITE

Nov. 16-17 2007



¥ $2AD623 % % =+ FREF(Pin 5) > § »cehif % 1Hz
R o S0 ST 3L T MSPABO R
2 5ADC12 » 15120z B4R47 5 ~ 12bits f247 & fos
T Wi -

T rrJg e

RIGH ELECTRODE
LEFTELECTRODE
D ELECTRODE

Figure 1

2.2 MSP430 sz # F v WK 3

MSPA30 $3 & il % ~2hir % # 71| i i # (USART) ¥ 12
B Micro SDHEET > 5 8BEF12 1
gt e B(ADCI2) » PR X B F T )
200kps > M1 1T T R A 1.8V-3.6V > T R £ 1R 5
HboX R o

2.2.1 MSP430 ficir#| BB~ 2 2

gt s T ORUBLE- 1R 3 i S o Bl e
A2 ¢ 0 JE AT /B g B2k 3t 0 MSP430F1611
S e g e B el if v B8 12 bits fEF A 2
* B E > % Timer_A et E4 * Up Mode #5¢ >
i 32kHz 4 1T B ivAp > PR ag S 5 DI2Hz -
#7100 5& 1. 95ms & - oo TR A e g Tt
AT E 64 :'rfj.%g 17 Timer_A 0¥ $7PRAFAZ;C > % &
s

OFFFFI Timer Up Mode

CCRO

Figure 2 Timer_A Up Mode

222 ¥ RMBE
% % 1 F & 2.4GHz ISM(Industrial,
Science and Medicine) » H#4F F kB 12 g * * ¥

,\,J»_)J‘

- v EET

2. FRGERAER G . T A - B

Proceeding of International Medical Informatics Symposium in Taiwan 2007

103

BEAE S 10-100 = ¢ > #TrnE# A RS R ARG E S
Food i A 32 UART > 1% §5 8 734k (T H550
(Serial Port Profile » SPP)i® 5 F i i chik # >
el B ST R B U R AR B ki
TS CTRER ARG R EFAS > TP
2T AR R B T RR LR pE - PC R B
S F T3 MSPA30 M 4] B B ko TR o
2.2.3 212 %5

d & MBfE e 12bits v T BIER » ¢
wl+ e SPI A 7 @ﬂi%]é@ 2% 1% Byte (8 bits)
%27 12bits fR4TR 0 #700E A HH TR AR 5 BB
- LT EY 2 bytes e B 2 @gig,]
Py 0 FTIAER Y 212 Hadh e ;N k2 12bits e §
Fﬁ?l?ﬂ"i[z] C R REFRT E
FAL o #-12 bits 92 BEHRE > %= 3 bytes 5 -

,gg,\

ERAE E ¥ e

KNl

1ABH |2CDH
ABH | 21H | CDH

Figure 3 212 45

deFigure 447w » =Wl RT3 12bits = 7
B3B8 212 Sfd 14 Syl L B 5 & PC
5112 bits < T BEHTH -

7 i f3

Figure 4 212 %n#% 7ok i 4

Al he g Bk - X 240 pRen B 4 (Holter) < 7 Bl ehF
HE TSRO EE O T RS A
T o

- &Ax 24P x 60 ~48 x 604 x 512Hz x 1.5

Bytes x 1 Channel 1]

= 66355200 Bytes
= 63.2 Mbytes

Nov. 16-17 2007



2.2.4 Micro SD + &5 &2 3 B
Micro SD+ enfr#]= 84 5 @ 48 1 — ESD #
700 ¥ - fBESPI #54[3] - Micro SD + #2414 #

2 SPT A o 4] 0 % R #IMSPA30& e g+ 2 FF en e
L™~ Micro SD + =% B2 T4
BAFE2T-3.6V, »Tuv 2 i aldpdl gL ~ 2
FRBESE SIS A dneRt AT KA LR
LTS N

S Rt R

ﬂé%%%&fﬂ*ﬂ%ﬂn@ﬁ’%HQW¢{$1
Bt @A g R ARyr 25 SD ek £ 2
b gAY o g B4 A (Start Bit) & F#“ite A
r2ig gk = A (Stop Bit) H & o ACMD ®imftt o
L7 lE el
Arw P o WE T
CMD17(Block Read) ;§ H - % KT
(Block Read)®

sl

(Command) 2 v & (Response) » &F
1 (Data) i 311.] G
74 2 CMD24
N

MSPASOFL6T]

-]

Mos|

SCK

MIsO

|
“I

Figure 5 Micro SD + ¢ MSP4301611 % & i 3%

225 R R

Bk B FATIO Ak RS kb ke ey >
FAT16 A~ 5 kcdsmi® ~FAT #h% e & - 490 & o FAT
CEI RS S RS R S E
Lpradh FAT #h3fe s 2 A BB TH - &
CRa EILRICEE SRt € MRS E s
BoMEREAY S BE ALNHEINTREEY E
FwmuL o afpRpel &7 i F AR AT - BFEED
MEREACE > AT ERERY B T RGOR
51 < Figure 6 % Micro SD + Ie’;,r’;i@ TR 12 212
YorG B R v 12bits BT AL (S
e

B

Proceeding of International Medical Informatics Symposium in Taiwan 2007

104

2000 -

1900 -

1800+

1700+

1600

1500

1400 -

1300+

1200+

1100 =

I I I I I I =
800 900 1000 1100 1200 1300 1400

T RIRUBLCRE R AR
Ptk B GRS mY)

Figure6 Micro SD + &£ 2

23 wEERP
d R AT R E L WRE R QRS AF &t 0 o
B B A T AT e
forids B E R R L o Y D F ST B
s W2 v TR & PC skt 3
Micro SD + » g2 Fpr Bl et > 5% 54 SRR
RRERAE S
231 &Rk B
d 3k AP N RE L TP RIQRSAE &L 0 AT £
send g S 5Hz 0 Ikt - 4 4HQRSAE £ e
Mk E 25 Hz fo- 3LpAE 15z wa- 3
Wpk B 15 ~ 25 Hz 2 @ i &% 5 1 QRS
AER  BTORSHF &M 0 X2 BT < tgR] (4] -
M ik B2 L A AR

LA

23

FER

T Aot

y[n] = 2*y[n-1] + y[n-2] + X[n] - 2*x[n-13] + x[n-26]
[ 2]
BabaEF AT 3dB 189 & 2b6Hz #rre RF 26HZ 10T eh

HE o

Figure 7 gt B2 4 5 TR B

Nov. 16-17 2007



Proceeding of International Medical Informatics Symposium in Taiwan 2007 Nov. 16-17 2007

Bl Rk B LA RS AT 5 AR (i > AR5 € BB 200 BBHRPER
y[n] = x[n-32] - 31 y(n-1) + X[n] - x(n-63) ]~ [£3]  # QRS 4F &k enilip] » F15 2 3 e g7 10 ip b [
BT 3dB 59 5 15Hz S g (GHz v en o 0T A R R BE 200 B AHRERG § RemRe
- Pk U B 5 7F 9 (PEAKD) » 8 R 00 o 03
Mg i SRR R Gt i B AT F A
LT T T T T T SR R QRS R i A e

Figure 10 #71 o

1| E0 SUOTRORS SOOI RNO OO emefnremnsemenssem e msemeae s e n e e s s ms e 1 1/512 sccond
Sanple
% ] [ 3 ] 0 2 08 IT] Initial only the first time
Marrealized Froquercy [vzradfsamply) i Y

Find the maximm value in the
| 7001400 sample
Figure 8 & Ak B2 4% FRH | :

Find THRESHOLDs

232 wpEo § WM B 2 QRS it in
< 7 Bl QRS g 2 3 * Pan and Tompkins =
72 pl[b] - Figure 9 ¥ ¥ - H L GEFHRED AR

!

PEAKI = Jump 200
samplet

o TRINE . $ o HEEREE MR B
FumAd Bt QRSAFE A 0 R HBRF VA E

Scarch Max point

g,MGﬁﬁﬁﬁﬁﬁié,%ﬁ&Qg?%QSﬁé Hn

!
/ﬁ» m*ﬁ;ﬂ({ 4r 7\%’ i j\ ’ "LFF‘!-F R /ﬁs R L 4 }w%q! j\ ’ Lpdate

TIkGawLDs
mAREHEAP A 2 TR RIE ] o 5w £ R eh

ST BIFSHET S ~ 536 5 SEART T3 R
5L et (Smooth) » i F it ed® fs € oo T RIS Figure 10 B RtimAe
KT 02 L LB o

SPKI=0.125*PEAKI+0.875*SPKI [ 4]
T e e ] NPKI=0.125*PEAKL+0.875*NPKI 5]

“'l:—;w 4 THRESHOLD=NPKI+0.25*(SPKI-NPKI) 6]

-

: e e 234 A SRR

R 1 ATESRELCLWMASRE L AR
" S s egA 5l 0 5 Chandra R. and Optican L. M. #1

d zL=%=a%=%=ﬁ%=%==%2%==%=%=é % 3+[6] (Figure 11) Rt R[*e3%Rma 2 * > &
e 0 Rl * s s TRIA SRR e Y Micro SD+ ¢ #p

5 ‘,,,L?ﬁm—mm—‘—‘m—‘;%—;—;# ?;ﬁﬁ&lu?rﬁlfi$élc%§]iﬁﬁ% w@_ﬁiﬁvﬁ»fﬁ

e 9 F A s
Figure 9 QRS 421 31 5 B T P e T pE mFﬁlxﬁiﬁlﬁ}f@EE mﬁa])\l,ﬂ_ EEPE

B 3¢ (Temporal ) 2. #g4Y 5§ g fs 4o U L H o
233 R E§ R QRS #

d A - Boeh R e o BB L B e
QRS 4F &L o T g S enid B P] QRS 4F & A o
- B4R AP DA e el E o A% 700~1400 2
mﬁ’sﬁlﬂ‘hv‘;% Fg*_;.]:’ 1;}%!:&&5 ﬁvgj;f_a_gmgrfu » WE {8
BIFI% - B QRSAF &M - BRI % - B QRS 4F &L 18

105



Proceeding of International Medical Informatics Symposium in Taiwan 2007 Nov. 16-17 2007

i

FER(DT/ A) 0.2 [ 9]
()
] M B remprates (it B 5 40 4000 2 ¢ /RBEHPEF(A) = X 2
- D-==-w /A [ 10]
U A F2 /000 0 (e X ME(DT) X 1A%
é‘:'"“@*'" - /1000%5 = Fodtpr g [ 11]
by i

‘ Signal
& Vsl S B9 L7829 101 7 rid i 3 Bhenfichh - 4
Figure 11 #f#¢ Gaeiez < T BIHCI fe e CHPE ALY BH RETT FA[T]0F 0 ) it
Pty B0 ARG It MicroSD + P B ahE &
4 RRFFETV EE [4 11] 3-8 Mg v 30 Trps
S RFEdn s SRR SHiE R it BT - PC AR

e Figure 12 #17% -

235 F N2 TR Fom e

#-Micor SD + &£ 12 bits Jﬁ/ﬁ» s TRITA
AR BRITN- BB A A TR  RFEE
R R A I TPIRT T2z MR E =% 15>

. i HeatRate/Min i LB
Food AT T ok e b wde 100 B F e R . =
Bz Rtz o 3 & L F5ART T shy v ﬁfmmhwwwwﬂ”.mﬁg
S RBRAEE D R R F S T R TR QRS : —

il 7T

TR LLEL £
5348800 FEEEE LR
A TR | [ | W Sy
&
7

[}

ﬁﬁ%aﬁﬁ%%w?@ﬁmﬁﬁ€%&EW%’&

A SRR F Y o FiFE S A TR TR

(A O e ST S ,-““;lqu‘i]{fé’};k;"g_g i :"1
ATV 2T Y i iE 0 H#-iB O % BLE (T e t Hi e ‘wl' fl“ll’ll'q“fd')qwﬂm

b

e
A

FNMAGRT 0 FEATE LS A L RO e

xsBBEk

WO 1pm  nm0 w0 e g0 S0 A0 4N S0 S0 6w 680 TN TA apn msm  ago0 amd o)

24 PCoHME Figure 12 PCj~+ R 235 % 212 f248 54
. AN

& 7 MicroSD+ ehe T B 212 2 WivHr e 3~ =Rty
212 $0F% % rLc B B F B2 3 o d 3 212 Yk T G 31 mpd TR ARER R E R I AES
L R
241 a3+ E

FHACTRE AT TR R A
JUR-R FPEE S fid * pEE F A FIIRGRRER hp o
#712 f Micro SD + % » & T Bl SLehle pF > 4 T pEin
T RR BRE @ % & d s Bt £ 5] PC = fais
0 ARER A o B TE YR LE P
B 2 4R o
2N e o 1 2 3 4 5 6 7 g8 9 10

d 3B QRSAF & L W RlENE FES > SFIL R R

gﬁmﬁﬂ&%a?ﬁﬁiw%@ﬁ&ﬁM$’?ﬁg
FTHARBARFER c AL TR ARY A0k
B G BT S 5 36~ 127 = s R BIRUEL > A ks
i 49 100%7E 41 6 pI B o fe o prAgiE 127 PF > Fag2 7
B AR TR o NUISHERIARSN RN S R .

Table 1 QRS & B F

(D EpE4F (70 T wpt) V02=3.5 4/ 5/ LERSE ) 36| 51| 69| 76| 91| 98| 102| 127] 136|153
A [ 7] A ramQRS R 36| 51 69| 76| 91| 98] 102| 127| 75| &3

] 100{ 100| 100 100 100{ 100| 100| 100 56| 54
(2) a8 (p 785 D op)V02 = 3.5 2/ 27/4 R

t @R/ A)X0.1 [ 8]

%| Dl D B P D DB R DB %

(3 mH(p FH N epBOV02 = 3.5 T2/ 2 7/4

106



322 FHE AT

$- BpEEd PC BAliT- 2B A e § B
oo 5d bR QRS AF & L iEARR > E R TR
BOCHIEE o Pl LS TPRORE L KE
0000 > v+ %15 e % o d 300 s £AR AR
SENLT LR e BB AR R TR F RS e T R
AAp L 0 B 2R KT = iR A
W B Aruae i 2o
R Brpens jx o 5 - BRR IR R AR
W A e R R b TR SRR E o
LA RRERRAT CLE e TR F R
XEE S A LER E 70000 A 0T PR RS
B 100% 1 A TN T RER P Bt

FEE E A T - Py o

MR Ay =

4. HwE Sw

L& v e 24 Pt che TRIUEL E 3R
F(Holter)w T WP e #3A ke 472 25 5
ot engles o

2. T HWMEEH® MicroSD =+t » 5 B o ] i1
T A R 4cfﬁ¢”ﬁ*]~ v g A
o e FATIO Ak gt v o= 245 txt) 07 50

e
3P T RMBEIERT A R AZEL0 2 RIEF
Bofe FES 22800 T 4e k8 A3 YA T

B RIFR e BES SR RFRICERRT
g A o
4.9 QRS FpFifiplen 2 o gk B & bt J0 B

FEF IR T

e

iR X gL > EPE R
RGP RERAGERE o

5. RIT RS LR 2 e
9em~ % A& Semo eV FEFCeni b
i SR 3 Bl4e Figure 13 -

a

¥ H

2

F

2= fg ,]‘:J_»_ °

Proceeding of International Medical Informatics Symposium in Taiwan 2007

107

ﬁ;\,]\
&

v g HlicEY
AR AT RE R RS Br chn B ALY A
A ER LA LR g (P A
et FaHaRhlr 2 IdRe LoTHE
Pyraangiey & TRELEF & Micro SD + 2
RRAEFEGREEE > Fii i T, &
* b g {43 o
ke 3 o RALIRE S PEAR R AT 2
WEHN TR TRIE S A e
Pide s Blde s B (HRV) 2 525+ 41 %075 (SCD)
SR 0 A RF A~ S LR R R

R A

-
w
£

PO SRV s
%‘L l’.’?)a%}'&liéxh

x
-

-+

Lo ARG T L - BRI R

Rh 4 Lead | shHE s F ks » A kF
TR S ERG o DHERLR W

P AR i L T BRI R R 2 il

B

BEIHAR

k2
PO

Al g s FARPDTFRALELTAF 4
Information Integration and Analysis of Treatment

for Cardiovascular Diseases
(NSC-94-2218-E-320)

24 g
[1] “95 &R+ x57+5%"  jFd FrzFR

and Prevention

&, http://www. doh. gov. tw/. -
CEERE E ST PR S E R R
%i@!‘lmﬁ'ﬁ RS T RIS AT ER

R

(2]

&4

#*

Nov. 16-17 2007



Proceeding of International Medical Informatics Symposium in Taiwan 2007

(3]

[4]

(5]

(6]

[7]

(8]

SEHEHEY 1948 200590 o

F. Foust, “Application Note Secure Digital Card
Interface for the MSP430”, Michigan State
University, 2004

W.J. Tompkins, “Biomedical Digital Signal
PROCESSING”,2000, p.p.245-261.

J. Pan and W. J. Tompkins, A real-time QRS
detection algorithm. IEEE Trans. Biomed. Eng.,
BME-32(3):230-236, 1985.
Chandra R. and Optican L.M., “Detection, classific
-ation, andsuperposition resolution of action pote
-ntials in multiunit single channelrecordings by an
on-line real-time neural network,” IEEE Trans. Bio
-med. Eng., 44: 403-412, May 1997.
American College of Sport Medicine (2000).
ACSM’s Guidelines for Exercise Testing and
Prescription (6th ed.). Baltimore, MD: Williams &
Wilkins.
e (dp) frek o FAL R
Fo LT REREF OB F LR %

PRk E 2 P AR R, 2006 ¢

)
P

=4
w

108

Nov. 16-17 2007





