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Abstract

The lack of integrated bio-signal detection instruments made monitor patients’
multiple physiology parameters rather complicated in the past. Many electrodes need be
applied to the body surface at the same time. Those recording devices may have
interference with by each other. In addition, patients at home may have sudden attack of
discomfort, an easy implemented device that can record a variety of essential
physiological signals through simple operation will be extremely helpful. These signals
can also be transferred through the network to health care specialists.

For above purposes, we implemented a portable device using few electrodes on
abdominal wall to measure various patients’ €lectrophysiology signals simultaneously.
The signals were acquisited througﬁ three electr_odes plqced on abdomen wall and were
separated into Electrocardiogram (ECG')iE;.,E.iéctrogastrogram (EGG) and respiratory
rhythm according to their individual rhythn";c charagters.

In this thesis, it set up a cc;ﬁbjr:latory ECG; EGG and respiratory signal system
which includes the hardware for data acquisition and storage. In ECG signal processing,
dynamic window with the baseline wandering fitting algorithm was noted to solve the
drifting problem caused by respiration. The validation of our combinatory monitoring
system was verified by synchronous recording using commercial available individual
system. Good ECG correlation was demonstrated in 17 subjects in a long duration (1
hour) or short time (5 minutes) analysis. In EGG signal processing, a special designed
electrode was used to ensure simultaneously recording. In a 10 subjects study, a long
duration (1 hour) or short time(20 minutes) analysis are both show good correlation.
The respiratory signal component was verified by twice down-sampling processing and
the usage of twice filtering. A good respiratory signal correlation was demonstrated in

10 subjects.
IX



In brief. We had set up a system which can accurately record three sets of
physiological signals with three electrodes on upper abdomen. High frequency high
amplitude ECG signals and low frequency low amplitude ECG signals in accompany
with respiratory movement signal can be simultaneously recorded. The mixed tracing
can then be separated according to their characteristics. This simple design is very user
friendly and can be applied to ambulatory physiological monitoring especially for the

purpose of symptom correlation.

Keywords: ECG, EGG, Respiratory Signal, Baseline wandering fitting, Digital Filtering

= ALY



3
|
Sl
iy
-%lg

WH2 AT AR - SEEBNRE #F AR
?ﬁ%%iﬁﬁﬁéﬁ;;ﬂ%’ﬁ@%%%¥?&g
BRES TR EIAARE 0 AT L B2 RS D2
éﬁ@AEWﬁ%%@%&%?%ﬁiﬂﬁﬁ%$°ﬁﬁi«
- A RN o - A NG AT AL E F A E PR G o

u%%ajwﬁmﬁ&?u@?Eﬁﬁw?@%mdw%ﬁ%$24+%£$
WA AL w gy F R A R FY ¥ e R r R L ERE G
Fhd b WHtep A 2 FE AR ey ¢ RIBIFHRFAZP TR

ISR LY o T ﬂ?%’ﬁﬁﬁﬁ?m@AQ%
Eﬂbﬁ}ﬁ%’#ﬁuzﬁﬁﬁmﬁ%ﬂﬂf WhR Y - RN AL En
Ry SR %ﬁ@“i@%@dfho

b4 end TR B J ffﬁ“’”ﬁﬁ*ﬁ“ﬁﬁﬁ*ﬂ%ﬁ
aﬁwﬁoaﬁwﬁﬁﬁﬁ&#i%@wﬁféiﬁiﬁ’Egﬁ%?&ﬁﬁﬁ
%aﬁaﬁﬁﬁfﬁﬁ’?%ﬁﬁ&ﬁgﬁﬁﬁﬂlﬁﬁ%g’}ﬁﬁ%§4g

X STAERAEREREER I AREFE T
RETIF B RA L o Bk B ic b gy

FEM B endEd o U RAAR LR Bl

S AY {1

=

=
|

CELREY"

iR - AT E

fie

A
™

~E\

},\
g”
=~
LA

>‘l,

5
w
&
€
¥
) .-
A
=
=
o3
g
K2
=
F
g
el
&
|
i
w
&
|
flm
I
~=y
S
R
1
5
=h

ﬂ&’ﬂiﬁ&?—i%ﬁﬁ%ﬂ*§%%¥5?ﬁﬁ*ﬁﬁ%§ﬂﬁﬁi
TLRUHL o B0k SR HR-Z R T AR T AR R AN B8 6 i DT R R
IRt > Tk EELEAT AR o - BAGRAS B ECT R R
T SR E Ik o TR R A BB R £ & 3
e m i T BIRA_% 2000 # 4 £ & FDA(The Federal Drug Administration) f¢ &,
PRI FELT LN RS - o



-~ RERRE AR SEUSLE R TR AFEEDE

A TARPETE AR o FIERRADUHELE P T
FABELDTEL H e L RETFROWE o T AN P R R
?—?%%ﬁ%é*iﬁ%?ﬁéﬁﬁ%ﬁﬁ%£Wﬁﬁiﬂﬂﬁogﬂ@ﬁ}
BRARZ ETRV BB FEIN > BB L DT BRI RN KRB N

i)

REAEE B TN X R B EREOEET ko A BRLRA Y
TH T TR EEBLE R R

SO AA A AMMTR Y RN 2 A E > AP LR

oS
e
E‘R

o

& T B RO SO PR > 1T 0.05Hz 2t 2 TA ST Mo B4 % I 100Hze
PRI EE G & 3 AP 4R 0.2~0.4Hz 2 - am@m%% EAE g > A2 R

FMA R PUEE LT G =% i e g 4 B 1000V = & o #rrd aAl R

s

Pt g Eiﬁfﬁﬁiﬁﬁﬁﬁgo

< E e %#iqéﬁ&ﬁﬁ%mwmm%%»;—ﬁ I g o
B RRT i AR R s A vmﬁuﬁwmé ok A SURS T A
ze e B P ﬁéﬁ%ﬂ*{f@iﬁmpwﬁi
§EINFRIFDRT G IR ST MR S TR A
BEAR AP ¥ A i TR MBS R R R ME 5L > 2 A Nyquist Theorem FLp? 24 ip9
SR EJEEHR S - LN AR o dok AP E R B L 2 € X T F AT AR 0T
Bod APRIFEDUWESF Y F RN TRE P A TR
Bl o Fpt o doie UL R BB ATUELE A P AT ] PP dhz - o
b RO EHEH - ABURAE A B[P R RS TR o G
ik BB T e ;,AﬁﬁwﬁﬁéﬁkmﬁﬁmﬁﬁgﬁHR%;@ﬂwy

PR TR ISR TR - HE R AT EEHA AP B RR

I

3
s

~

interval ~ »¥ AT F 2§ T RIHAAEH L £ o K D EHE* Pearson fF A AR M 2
;¢ (Pearson product-moment correlation coefficient) k B 78 2% ¥ e B &2 fek * {8 B

[ o B 18 2 LU ol B -



13 % %

< = BEE - A
MR R R EH

ERLREE =k b SRP S o NP S

22

ET Rl

WIAS RE BT E - R S0 p iR aip

A BB E

TR E D 0 ERM A F

BArHONFEZ c FZFRPAMKIAL ey €0 MR G A ok
Hoo Sn F4HZ BT D072 2 W o ¥ T FHA RS BRI
BER DA hREREE S ARHIFENTREFRH O U2 VR
ApBER T R PR ATSE o B S F L RG IR IO ARGTER o § A

FHA RG] S o GBS R




R Ry

K 5 BAE R T8 d 4 u;:‘.%;‘j 7 RAER L OP R o A S A
% +7 i* (Principle Component Analysis, PCA) ~ #b = = & 4 47 ;2 (Independent
Component Analysis, ICA) 2 3 i i& 4 f%; (Singular Value Decompsition, SVD) % >
PEAN* LS s izt banfh e AT S o JERASAELRY A3 L e
A EL e 1 i;ﬁu’_ = P Fr3 5Lk 4 42(Blind Source Separation, BSS) - 2 F 3t 5L
AR 3 %k B4 e 1986 & Callaerts, D. % A ] * S fciE » 22 (SVD) v % 3 3 3 ELR
¢ B s saae F BI[1] 0 2000 # L. Zhukov® 4 f% ) RF e R b Rk A
P i b AR R Gd e A e a7 (ICA)F M E i X g E i
B[2]o 050 % B e gk B1(BSS) 2 ¢k > 4 O R30S
B o 4r:1986 & Van Oosterom 7 R4 h‘.’«’i%%&«ﬁé’» 5 % 4% > 1 * Spatial filtering
SR HGR AUELY A g en @ 2Rl [3] 0
Yt Y R RMETE SR Jb*“fiﬂ%l”‘ EPP B e hTRAE Y
BT L aFRBAE MBS A z‘:{;ﬁé b Y3 2 i o 2t H_ 1997 &PP.
45%$%&¢ﬁ%mmmﬁ—aﬁﬁﬁﬁ
e s ene 7 Bl[4] - 2007 & Reza Samem%f &_I %’l}’}f g e TR B

Kanjilal % A 4] % $Pjcis » & & (SVD)

nonlinear Bayesian filtering#-3+% ] (Electromyographic, EMG) ~ =¥ ¥ % 2220 “f ’
P F P e TRIUEL[S]

T BB e gR T X Bl A SUE A (baseline drift) B2 58 5 - & MO e o H
KIRT i AR LM OB B S et 2T A A A REB T A § B
s & B EORG R F] "f AIEHE - BEL DH I & 2006 & Binwei
Weng % 4 1% 5% - fk f# (Empirical mode decomposition)#-i& # hfk e T
Bl 5B~ 4 > T 22 Butterworth 5 i Jg ik B e 2 fob )1 [6] o A& 2007 & V.S,

Choushan% % 4] % #. -] T = 221 (Least square error);z f 3w F¢ % 38 ;8 £ & (fourth

degree polynomial) » #2155 % ) f¥ crv i d A 0 £ATB T EB e T B LA
B PRk iR [T7]

i T ﬁ{; SHALTA e 0 3 BB ABES o Hd AT e § @

E[8] o d WH R g o T E KGR OB F RO D O TRE YR

SR E R AR LTS R R R R T EL LN S R

N~



B ¥ P TGS B e o R R R 0 2 TR ® ey i (tachygastria)
2§ % (bradygastria) & JPF 5 5 AR B ER[9] o B iE 3R %,—‘F% B 1S et kg 2
‘A B % s 4 EGG powerst 8 £ P B [10] -

B 1 £~ RERF LI g[8]

ROk B T #)aw (200~500p};l)m:}i’r ]4 » Zhiyue Lin¥% % fF5 7 3 ¢

Bl e AR 3 b e i 523_1‘?: &,}i L%z & 24 cpm (cycle per minute) » £k
(Tachygastria) i Z_% 4-9 cpm > ’ % (BT gg.ésﬂla)ﬂ £ 4.0.5-2.0 cpm[11]° &J. D. Z.
Chen % 4, 0 ¥ ?mﬁa;~£}#'ﬁf ;mﬁ\i%,gg*wawﬁ R
Lig r,l,a W SLI12] - 3 aaf B (ae % 1

ﬁ%ﬁ:)")cb"'nd;/ﬁiﬂaf o ’ .. ,__' -

5 %3 0.5 cpmF| 9 cpmerHg ﬁx&“’ ‘JJ

01 3 PREF Lhed [12]

Components Frequency (cpm)
Signal Gastric slow waves 0.5-9.0
Noise Respiratory 12-24
Small bowel 8-12
ECG 6080
Motion artifacts Whale range




RLZEE AN RS RV A G UT =
(1) rdup £ 2+ (impedance pneumography)

it B AR BB A A TRV 2 TRTIRE ¥ )W g i i
2 FFPT NI RE Y - BT R 2 T A PR ket o H
EAF R F PR RARM SRR R T e BRSO R 4 0 Bt
TR TS 2 BRI E A e F R E 2 o
(2) ¥R 88 f# 3 (respiratory inductive plethysmography)

SR A Y - S S e R0 R AR 1Y S
PR B AP IS H TS Al DGR IR G ff g
Ri© LN 2 RARZ AR AR ARG FA - BB RA D TRE R

PR E AR T F AR RE R K S A
B oo

FT R E (B R FR ek

(3)i%_Heart rate variability 2 BCGamplitude-8s st sy &
i¢ * (a) Respiratory sinus-érrhythmiaﬁ(b)ﬂ ® T BIRA IRt i (L B F el ex
M EL o % 2004 # Shuxue Ding % A g’fK-'-'E,'sp‘lratory sinus arrhythmia= /2 j¥ ¥ - 250
R B e B [13] - !|E5I
*+ 2008 £ - Dirk Cysarz& o iﬁ—(a) (b)r‘t s PR R e AT P I - LRl
ForT R BE - Sk EECR g}mﬂoner v iodl 52 iER A G PR X
0] PFFend 322055 o ¢ * (a) respiratory sinus arrhythmia (RSA)22 (b) ECG derived
respiration (EDR)# f 3 54 47 > 3% B~ 17 v e 20 5L o Respiratory Sinus Arrhythmia&_
- AP RSAREFISHF I g 572 - Big 2 A 84 < € B2 FR-R interval

Brlg@ A a8 il ik B b o 5 @R R BRI F e gl [14] -



(a) 115
1.10]
1.05f
1.00

RR-interval [s]

0.95
0.0

0.05
0.00 /\/\/\W\/\N\/\/\,\/\
005 ]

-0.10

—
o
=)

filteredt. s. [a. u

—

standardized t. 5. o
o

—
=)
-
insp.  exp
e

-

airflow [a. u.]

00:30:15 00:30:30 00:30:45

ttme

[ 3\
| _"l
| < - |

B 2 £ > respiratory sinus arrhythm ffp_ E vt |V1J£? - ,Eﬁ’ EIRNEY) IR 1
T BRI 0 1% cubic spline iLT ,zx(“'“" ‘ﬂi”‘ {5 *' I R-R interval & 7] i 42 © (b)
S BASE o (OFRIE 1 Yl BRigAZIE - R (RS R BT ALE § e
WEL o (d)& et v § Jn E R B A I s BBl RO R

¥ — 8 ECG-derived respiration ;% % ;2 8.« T B R ARty = ) 2 - &
7| o & * cubic spline £ 4 & 7P 0 & {85 d ¢ @EgA B(median filter)jg s 2 F
e e o

+ 2 & 52 =% /P'J"*‘ 4k 10 ) PFere § R 0 eE g ok R B R (F e e
#E K L HEE > S w5 TR-R interval | 2 TECG 4k 15 | g B 2 P 17 s SO 5
&M@a?@ﬂufmw%ﬂ@a°P1‘%“”wﬁﬁﬁﬁ¢”€ R
el 50 o fe EDR e 4772 22 ef s B ) BB 97 2 R eied ST FORAPAT 0 1A R

dA BT E R -



# 2 ¥ g SR E P E (air flow, AF)# respiratory sinus arrhythmia(RSA)f-EDR# 3|

e WA Z 0k 1 [14]

Mean diff. {cpm) 5D diff. (cpm) Correlation p,
RSA — AF EDR — AF RSA — AF EDR — AF RSAvs. AF EDRvs. AF

Total time

Total gr. 0.05 0.12 0.97+% 0.85* 0.64% 0.74

<50 years 0.05% 0.28 0.80 0.83 0.72 0.71

=50 years 0.04 —0.01 1.11% 0.86 0.58%5% 0.76
Night-time

Total gr. 0.19 0.18 0.68 0.61 0.645 0.74

<50 years 0.14 0.28 0.45% 0.57 079 0.73

=50 years 023 0.1 0.86"% 0.64 0.51"95% 0.75
Wake time

Total gr. —0.17 0.04 141 1.01" 0575 0.67

<50 years —0.07% 0.29 0.95* 1.02*** 0.62 0.63

=50 years —0.25 —0.16 1,245 1.01* 0.53% 0.69

e 7 A1 * € _Heart rate variability 2 ECG amplitude B~ o w530 5 > ¥ 28
Tok * RE RS T B A p Mfhe S 8 0 ARk AT 2 (1) P pup
3+ % (3) i¥_Heart rate variability % ECG amphtude P {8 vl w3 tp 5 a’v’vfﬂf_,é; o Ju
M%&‘%ﬁ%ﬁkﬁgﬂ”“‘%{i@ﬁmwf@é$ﬁ§4nﬂzﬁl
i fEER e %’?i/w\ iRl é’“i:t_ﬂ%’i
e I

T
i I
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F=F AWK

1 FE = fﬁi@.ﬂ%u’é_ﬁﬁ'gﬁ?dﬁr‘ + ;"’bﬁ'fmx‘,q Fm A A E o AP R

< F B A R 0 MHE IR KT 0.05HZz 2 ST B - B4 % 2 100Hz -
i P& Nyquist Theorem> P~% 5 & 8 & R 5LE S 45 5 e B F P € i = Aliasing
T F oo MERR BRI B 3 A Y AF 0.2~04Hz 2. B 0 % T Bl e BAR Foga i 0 £

BETRADTFHAEE LEHBE § =X o AWBEIRFOID > T HY

ImV~10mV o #2238 € BT HRpk 5 hiz B e e en 385 B> S A P eng

e

B Bb M T REE S & 10mV 2 4 ooo@ 3 RAWEBEIEEER] 0 9 A
200uV~5000V 2 FF o BB~ ] ¢ B s X B B %

ST RE S TR I0mV 25 TR 200uV L Bk 0 £ H A

R RARS R F R R R e R e BRI
T RS U R 6 A R BT BRI Ak et 35 LY R Rl

ELE B BRI e g o T .;L_/Ei@*"r,{ -TaTl}'EviH" RREFSQEY R &) MELR
%}iﬁj%}i ° ) -*fm :I
M

ATk shd S Bo g B - MSP430 R & Bk B SD 2 n T
Berrieas o AR R 6 3R * 4LV &R B(Texas Instruments)? & 7 MSP430-F2417
A idrd s AP TRRS L8V~ 36V > LT M4 THSA > A

%)?i?hfﬂ°?b#1 @,ﬁ, I'{Ié%i-‘m?:}’% ?‘—;é_r‘;’ /'}'J'Q‘-":'/‘ﬁ}a_éi‘?’; :E-i
GELERY > AT LB L BPE BRI RNFHRE -
I RPFS Yo

m —J”ﬁ-VTllF*m1Y36ﬂ%kQ2‘V’1MH@’xiﬁﬁ;VTllF*mxﬁj
0.8uA » & RAM H 5 ehbf #8458 2 % 0.1pA -

W 5 TR FERR R TR R T ps o

B 16bit RISC 7 > 45 £ FH T F 62.5ns -

B %7 % 3-channel DMA -



B4 w2 * g 7@ ﬁa?] #- & > &£ 3 UART ~ F # SPI (Universal Serial
Communication Interface) ~ I’C i@ 2458 2 ItDA % f#55 -

B MSP430F2417 p 2 92KB + 256KB flash memory, 8K RAM

- A EAE TR € @ - R A %~ E(Instrument Amplifier) > v i
¥ & 3 {4 48 7 v (Common-Mode Rejection Ratio, CMRR) » a #-Z i3t
Boark frdlder 60Hz 3 T ehE fgein o ¥ ¢h @,] NN LR R R E= S E R - R B
FRREA 4 chf kg o

BER KA BE Lkt Bk AP AR KRDE S BT
ADSI224(% H4c W 3) > v £- 5 4 24-Bit # # E R ol B g4 E
(Analog-to-Digital Converter) > #& ik 4 i€ if 0 iﬁ:ﬁi@?] » o 24bit efF B B ¥ ¢ 3V
ST REETE D 018UV hE [ fRHT R 0 @ A D B BAELE S o gL oh s BAE
IC % 7 240 SPS(samples per second)y e~ S 4 & & Rl E  HR 5 6073 B o @
&% & H04E  v (110dB) % délt'a—sig'ﬁlé 2 ’f%im modulation » % F BA4FF T ¥
‘$ 60Hz &% 7 323 o ﬁ;‘] * R E‘wqﬂBuffer F"’k—t%ﬂ’ B iE 1.2GQ - Flp » 57

fé'» |$B,‘ll‘li’<%‘%£" %m;%nb O‘F‘fqu’f

& 1 b iR BEA P E w%ﬁwﬁ“

pozE e SPL i e o -4 32 Hi%’:n* l{!“fé lfi MSP430 °
| 47

TEMPEM ANVDD VREFF WREFM  DVDD

1

AlNP1 CLK
AIMNA 0
AlNP2
AINNZ A Digital Filter SCLK
M Buffer I and | —_
AINPS Modulator . DRDY/DOUT

Serial Interface
AIMMNG \
AINP4 e

AlNMN4 W

|

MUXO MUK BUFEN GMD

B] 3 TI- 24bit A/D converter » ADS1224 p 2R 2¢ fﬁ?} 15]
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ADS1224 f ik B4R FHE 5 5 IMHz T B % 5 120sps > H 47 5 4Bl 4 97
f 120Hz i e P?BE i3l 5L % 45 42(< -100dB) » 2 ] B 47 0% (> UL R 4
B otk kA it AL 240 sps R s 4 TEIEL B AR 5 o B AR 2

NEd

gl
[

ééﬁ@ﬁ%%ﬁﬁ%6%hﬁﬁﬁﬂ,@éijﬁ%MMhﬂj4MB%ﬁ%

ik e % o

f: p\ A
TR
[IRTR/ATAVIY

0 100 200 300 400 500 600 70O 8OO 800 1k
Input Frequency (Hz)

15;%
+ 9 o#@@] e uﬁémwﬁwa’ G EFERETE 2GB T

_F"
T

V] *grﬂ brE Hp 4 TEAEL o

SPI

Bio-signal ADC |Imterface \,or
T aps1224| SD card

Microcontroller
Veer | [Clock MSP430-F2417

SPI

UART?2 Interfac?

Clock

Bl SAH~ 3 B H
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SD card 34|/ 32

AP 02 i 3 MSP430 p R0 SPT 222 SD card # i o B 6 5 MSP430 p

#£ ¢ SPI —Master mode 2 4{# o #- MSP430 i 5 Master 4 » SD card & Slave =3 -

LB B ﬂria?] e L3 ¥ Transmit Buffer > § Transmit Shift Register & p

¢ #-f # ¥ Transmit Buffer p 0 F 422 ¥ Transmit Shift Register » 4% %

Clock #-F 415 d SIMO #%ri=#-F#1i% 1 SD card 7 DI pin °

Receive Shift Register

Transmit Shift Register

MSP430 USCI

MASTER UCKSIMO SIMO SLAVE
Receive Buffer Transmit Buffer _
UCXRXBUF UCKTXBUE SPI Receive Buffer
Prx > STE
5
UCKSTE —|—e
Port.x
UCx
somi SOM|

Data Shift Register (DSR)

UCxCLK

v

SCLK
COMMON SPI

8] 6 USCI-SPI Master mode[16]

" % SD card e fie ¥R

wp

Pin & Name Type SPI Description
CS | Chip Select {Active low)
2 Dataln | Hest to Card Commands and Data
3 V351 S Supply Voltags Ground
4 VOD S Supply Voltags
9 CLK | Clack
6 V852 S Supply Voltags Ground
7 DataCut ] Gard to Host Data and Status
8 RSV | Reserved
9 RSV | Reserved

12
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Bl 7 SDcard %ri-pe ¥ BI[17]

SD card #ép £ 3%
A% i MSP430 « SPI #2 SD card #dil » F & % SDcard T 4 % &

Vi) ‘;’f"\'ﬁ%é\ﬁ;’;\' o

Bit position 47 46 [45:40] [359:8] [7:1] 1]

Width (bits) 1 1 5] 32 T 1
Value o “ X X X "’

Description | start bit [transmission bit| command index argument CRCY and bit

B 8 ¢ £ $34[17]

3 1€ SD card 2 % & i} 5 3RS cardygads 4L s 1€+ @ A i 1 ey Bk
Bl 9 #1m o T ¢ 4w & Jf A CS(chip select)i® % ji #ci# clock 2= A N
T3 3 Ak 2 3% SDcard & 4 é ﬁl 2 %?fi“ 2 CMDO % SDcard & % > 3 %%
CMDI i = p #5441+ 5% CMDSS FE344 58 SD fcard 7 £ 3£ et 2 /8 » 2
CMDI10 # Fig gt + e ID 45 > CMDI9 o i?‘]?ﬁ_;':ﬁ”fr\"‘ @ﬁia?lsif}i s Bk g B R
ERZRFE BB TN WL AEFEEY ~ o 7oA g B SD card h

CRC16(Cyclic Redundancy Check Code)#* i > #& % 7 @ iy ot Fpfs. o

13



A
CMDO Turn on CRC
A
Out of tim Reset SD ok? CMD10
Yes
T
Error CMD1 Read CID ok? Out of time  Error
Yes Yes
Out of time CMD9
Yes Out of time
CMD58
Out of time
Yes
3.3V allowed? -
.""_h'\_ J_r"\- \..-_ \
m ::- .:'{ \| i
® 9 SDldafd‘:[%';;Zz& A
: ' | LU
9 . . it | 1.
SD card ¢hF 4 8 » fogt & N 1V

SDcard e 8 » 3 N7 NEH YT - TR S ERILE X o A KLV EH - BB
SFMB A N THE B NG BE CMDI6 TG » TR X ] c B FH
i# CMD24 %4 8 » fh & e ¥ » % SD card w & {4 1 3% Oxfe 5 ¢ Start block
token ¥ 3% F F EF LB > OF R o TR DL L B TR BB DCRCIO P
SD card v 55 CRC16 ¥ _F & Fre b (ot A3k » Bk ¥ F 7 5 0x05° % 7+ SD card

B HFHAILLE -

Data
Data f response
ata from /
and bus:
From host Start block + host to ll-"l from C[irx{ri Mew
to card From card taken / card i command
o host y / / / from host

N ! ."I.
/

!
DataCOut Response 4| Response ‘ Busy }7

B 10 ¥ - BH.OFHRE ~[17]

14



SD card e L3 2550

SD card 7
bk ~
CMD17 %

token 11 % & T

g B N w

From Host

to Card \

Command

A EHE - RH

cF B - & @i CMDI6 =

5 HH o B - T Bk 8
CEB- TR ] R

S AR EH Boandzde 28 oSD card € v i R1 A4 % 3 ) Oxfe ¢ Start block

Next Command ——,
%

\
\
!

DataOut

SD card =w s

B W B A R [17)

= |
i

Diata from “,\
Erom Card Card to Host \\\
to Host .
/ Command
Response  |--—-- { Data Block | CRC | ___________________

SD cardehw st ¢ &k R E cad £ oS e BT 0 bl b b s i o 3 e

% ¥ CMDO ~ CMDI ~ CMDI10 ~ CMD9 %

_\‘ Ivb Y Rl(_&r,'r z:_!’\

40 .

T E ~ #0378 CMD24 £ CMD16 v i 1

H v oen¥ R 58 ¥ 12 2 SD card spec.[17] °

% 3RI % 52 [17]

057 ) o Ao b1t ¥ (3% #HCMDS8 > SD card € W B5R3 5t (4T

Bit Position 47 &5 [45:40] [39:8] [7:1] 0
Width (bits) 1 6 32 7 1
Value v i) X X X 1
Description start bit transmission hit command index card status CRC7 end bit

15




% 4R3 w Rt [17]

Bit Position 47 46 (45:40] [398] [7:1] 0

Width (bits) 1 1 & 3 7 1

Value 1} ) RRRNA X RARNEN 1

Description start bt fransmission bit reserved OCR register reserved end bit
FAT16 % 7%

TfESDcard EH N O BRFRE T RIS RALEIAAERAT
oo AR F FATIO s R 5% » 2 RS - SeniPE Ry 7B 3

F A MSP430 ek Lt o R REEFa0% =3 %ij‘u{-@ A PtB pt 3k SD card -

BFR G 20 AFROR A FATR G (BB LET A L e i
Boot Sector (BS) -~ Wiy . '
BIOS Parameter Block (BPB), | ::

File Allocation Table (FAT)
Directory Entry Structure (DES) : :
Boot Sector (BS) = B # & L ARG~ R 7 1259 hi- B o BS £ ik 512Bytes H ¥

64bytes & 27k~ %] 4 (Partition Table) » € ¢ ¥ 2 4vig 2 % ¥ - BPB 354%75 B SD
card hE & FAL Bk S Big % > Bldog f (Cluster)* -] ~ FAT £ 43P 4%(Root
directory entries) ez 4 = 4t ~ % o] & o

File Allocation Table (FAT) 5 i& * 'fg TR OEE R HRE WY FAT 2 ¢
FRo B - RLIEF o R e P &4 > @ FAT £ Bl rida
B Ao T - BAE R ROEE o E R A E L OXFF & 7 o

Directory Entry Structure (DES)ieér¥ #hk crfpl T (4™ £ 5) o 4ok £

B BEEE RN EE R g

16



#. 5 Directory Entry Structure (DES) [18]

Name Offset Size Description
(byte) | (bytes)

DIR Name 0 11 Short name.

DIR Attr 11 1 File attributes:

DIR NTRes 12 1 Reserved for use by Windows NT. Set value to 0 when a
file is created and never modify or look at it after that.

DIR CrtTimeTenth 13 1 Millisecond stamp at file creation time.

DIR CrtTime 14 2 Time file was created.

DIR CrtDate 16 2 Date file was created.

DIR LstAccDate 18 2 Last access date.

DIR_FstClusHI 20 2 High word of this entry’s first cluster number (always 0
for a FATT2 or EAT16 volume).

DIR_WrtTime 22 3 Time of last write‘Note that file creation is considered a
Wfitel'; ;:f-’- 1 Ii

: = e = | |
DIR_ WrtDate 24 2 ate (_'i_tj;_lasb write. Note that file creation is considered a
:*.. iw'rite. ' .l /
DIR FstClusLO 26 2 Low word‘of th}s entry’s first cluster number.
DIR FileSize 28 4 32-bit DWORD holding this file’s size in bytes.

17




FAT 4% 4451 % 4

73 FAT # % f S84 18 B e 30 5 R 4 10 80 17 1) 12 A= 4 14 9 R 4
A AL TG AUOBET > BEHBBPB A RAD N0 Hrededn im0 B - &
SIS B S AR S

Check partition table

v

Seek Root Directory address

v

Seek first cluster address

v

Calculate cluster size

%

Calculate max cluster

End

B 12 FATI16 #% % 4= 4> 14 [ A28

FAT #h 8 » # 4

LR EB A UL EAEBIP o ¥ 0 ¥ %8 SD card + h FAT % >
15315 chE B (cluster) = B Kk ATHFB U BL TR o 32 ko ehF R L2t~ MSP430 po 3%
7 RAM 42 > B 3|3%i% 512bytes (3 42 {5 £ ¥ SD card @ » e iF o & B - B
EBTE3Ed FATA853 7 - B2 i SHFAT 2 {35218 »
WA R T AD ~ 120 4 o

Voo ANk K L34 s ki~ B 1K bytes 0 Circular Buffer > § # =t §

18



» KL 3] Buffer chf =4 § € _Buffer chde s 88 ~ 0 b b — B R EOK
BB rmFHER > FiET] 512 bytes ﬁkﬁ SD card # B » » #7142 € 5 Buffer

AT AR RITOT AL R FE DR 3L o @ 4o » 0 Circular Buffer 7 2 2 & 4% MSP430

Check root directory

v

Write root directory

v

Find free FAT

v

Write data to
r circular buffer

PRI RAM ¢ 5B R LY o

Is Buffer full?

““Yes

A 4

Write data to SD card

:

Seek empty cluster

v

Update FAT

B 13 FATI6 4% B » jnf2.§l
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3.3 W

B AR S F TR EpE MSP430 5 L B4 1 0 R F A0 410 ADS1224 2
MSP430 =i# ﬁiﬂ BopiErTimer A 2% Ims ¥ & SDcard ¥ % 4 » » % SD card
e 3~ B B 4a i SD card A7 41t e

MSP430 ¢ ADS1224 @ 45 i 4 i § £z MSP430 1 SPI - /2.22 Pin 2 #%reh
fosg P BT B 14 17 40 t7 dpon ek A S B4R S eniplior At AR BSOS
ﬁﬁ@ﬁﬁﬁog

FALE A B e ® 0 ADS1224 en DOUT #%r g 4 - =40 5 M5 4 7 P *
By I & o AP AU g B2 DOUT 42%rid 45 2 MSP430 1 Pin 2 R f 4 o ¥

240 sps 3B (B A t7 A 417 ms o o7 TR R R = A AT

~=ie

=

T4

Re gk

=l

P ADS1224 £ F ¢© &lﬁﬁﬁﬁ%}k@ o f¥ T3V ¥FiT3E ADSI1224 i 4 25 B
71| pF 7% (Serial Clock, SCLK) » # ¥ 24uipg. 7] pﬂ% 2 & £ ADS1224 # 24 bits
%ﬁ@@,y—%gﬂ%m_u@%@)ﬁfiéﬁuﬂTﬁﬁ@é%o
v‘;i-.-

Data Ready

Mew Data Ready

DROY/DOUT

L

oY

SCLK

L

n

SYMBOL | DESCRIPTION MIN MAX | UNITS
t2 DROY/DOUT low to first SCLK rising edge 0 ns
E SCLK positive or negative pulse width 100 ns
tg )] SCLK rising edge to new data bit valid: propogation delay 50 ns
t SCLK rising edge to old data bit valid: hold time 0 ns
tﬁa} Data updating; no readback allowed 48 us
t7(1) Conversion time (1/data rate) 8.32 8.32 ms

(1) Values given for fo ik = 2MHz. Fordifferent fo| k frequencies, scale proportional to CLK period.

Bl 14 ADS1224 h% L 35 B~ p [ 7 & BI[16]
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& % SD card 74~ 45 1 &2 MSP430 ¥+ ADS1224 @ﬁ%]ﬁ";fr” e it s 0 BT e
g BB 2 PF € H SD card pIRefh kATt > i FAT 2P 2 a0 0 R
it ADC - = = i’%-{%‘”}‘%?é ®RE € FAniesr o 3580 > MSP430 ¢ #- ADC # 3% 1 i
AL 2 Circular Buffer » # 12 Timer A % lms #-4%% B 1 Circular Buffer ¥ # %
Buffer £.F = i% » % ° &3] 512 bytes § #-F 4B » 2 SD card p 3% B T 174
LPRERE T BM >  ADCH® it g & { 37 FAT £ 243 P &% » MSP430 & » 4§

TR o SRE M G > R iy R AR AC B 15 Fror

‘
No

MSP430 Init. ‘ r
‘ Write data to buffer

ADC Init.

.
Latl

Is Buffer full?

SD card Insert? (@l X9
No - g Yes
= -F._I- = I | v

I
. [ | 1y
SD card Init. | g

Push Button?

Push Button?

Yes
A 4

ADC Disable

v
File Init. Update FAT/Root
directory entries

4
Seek empty cluster

v Entering low-power
ADC Enable mode

B 15 &7 i A2 R
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@A gE s RETSE

I
She

3«'%
-k

q,

[

43!

p FREL RS FUB LA FRFFIRN—FHEHTHF IEC
60601-1 ch¥ TR & TIE% 2iRF - IR THA DTS T § A2 H MG T o

T e N EAE ML L 75cm x 12cm x 3cm e

FIREIEE (a)
$
P45 7 (d)

SD card #&#% (b)

Fe

="
— g

Bl 16 f (747 5 73 T35 44 ik
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Bl 17 ®lo B(7 T &R)

I [ .

Esophagus

Stomach

@
20

Ref.

B 18 TiRpE Y =¥
£ itk 164 2

Lo SRl ik b B I8 T ARpb ¥ R R PP 0 R AR -

2. KRB AEM o kEE 16 % SD card 4 » (b) > FRAE B (AT R > s pE
Tt B R R TR BHE) PRI ET AT B ED A
AT o M AFISEE B AT fy- i PR TS B B e o

Fsnlp o P RTEE BHE) REFARFI LB EH
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S d MEA

Bl 19 RS0 P enik BB ch R 4o 5 R 7 o PR R v e B
Blgien Rk > ¢ B A 5 MOFcnd RE S EE & g o @ 2000~2060 F542
NIz B IR AL R e

MoV e P AR E T B 19 JECEIRE- B - 2glR o 1% FIR gk B >
B FBow T S RGBT TR o A AR 2 Ao 20 ST o JEAN P enik B
Flend @ag ) * i it B (Bandpass filtering) » # % %5 i Baseline wandering
fitting "4 -~ T WA A o § T W n gL 0 ] R 435S B AT 1R

I 1Hz o & 56 0.015~0.3Hz % i ik B o o U BLA] § (5465 = e1F (B
Bawd M Bl BT o

Single composite'signal

| | | | |
)00 2010 2020 2030 2040 2050 2060
Time [seconds]

Bl 19 JKPEIRB-{ ahH - 8k
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Single Composite Abdominal Signal

!

¥

0.05Hz~40Hz Bandpass filtering:. Down-sampling to 1Hz

Baseline wandering fitting+

0.015~0.3Hz Bandpass filtering

}

Down-sampling to 60Hz

|

0.5Hz Lowpass filtering:

}

Down-sampling to 1Hz

|

0.1Hz Highpass filtering

{

Respiratory signal

|
20 ﬁ —"%%*udili: > 8 A2 )
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41 B m B

Bifd d WA RER Y SRV E R g B R R
WA AL o @ A R B K R Y AAB A L 5 A 0 i g B e TR P
e R GRAAFRE  TRF DG FEH AT T F AP
TREBEERRRERER GARE AR L AL IOEHEI T AR AT
B B AR Lo Heijpik Beodt i AaD g Bpk 0 e 2 BN
PE R R S > BT AR AT AL AN T o

gk BV A 5 F 'U% # & ( Finite Impulse Response , FIR) £ & *T7% e’y
Ji&( Infinite Impulse Response , IIR) o 7 *1#% 88 i dp 7 B £k 2 A= doshk 30 5 56 mﬁ?,l
Dy o 4o 21 7T 0 ik B 5 — Jead Bk A (delay stage)£? # FA £ (tap weight)

driea o HOZ 02 fg N B S Bicke 9T

X(z)

71 71 71 71

h(0) h(1) h(2) h(3) h(4)

Y Y 4
~(x) (%) () (v

B 21 FIR ja ik B2
N

y(nT) =Y hx(nT —KkT)
k=0

H(z)=h,+hz"'+hz?+....+h,z"
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: rEd IR A
¢ 2l A Sefr s 7R AR A R
4,5“—7\’5"{?:3:"@‘#:%132 R B - ﬁ%] |-

5 RN S =S e
= R e Bk SLfi g T |
—iﬁnﬁ]%'ﬁ.‘ﬂﬁa TLodphom 3 " URIEF R

pixs

S Y 4% A ped oo
TR ET AT EMRKI 2GR NTUKRILFENT D

ﬁ%]:‘:# I HT e FTRF A MK
S

A > s :»’ ,f»:},, £ KE"FQ
B o FIp A G AU iR il AR NS RdT 0 TR T
(R I 5 3 7
Fa b N g %ﬁ_jz °
=55 & ( Finite Impulse Response , FIR) P~ (& &g+t ;% ejg it T B
figely)

) ‘H; S W -y

g};’ﬂ‘ Tk B ¥ gfzﬁﬁgﬁé};ﬁgm%%{ﬁ-r} ’ 5“:'_,1 J—jié; /El/)i F'.E

,"‘/'a; PP,‘ ' . 3= Jeo BA

% o FIR g ik 3K 3 2V P 4% * Matlab p 22 e Filter Design & Analysis Tool =23
S Rl

|
g l)%/}’t f$ en
4k ] g B % #icE 27 R 4208 Convolution
» m,[ﬁ,}iﬁ_ J (= J //é/f”t

i " 2 = AN g7 -
285 o Convolution s#cE £ 77 38 40T

yin]= " hrk]x[n — k]
k=Q =

i \_' ~ v ‘ “ R 4,)% %,;U
o , N _'rhq.%{ v y[n] &k Koo
+ e h[k] 5 Lk Fee? ﬁr_gz)‘@ x[n] & @aj Y y

it J"'F

.,

— '“. :
I i

l,r:-:

|i 1 |
i !1.
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4.2 =7 WA

0wl - AR T RIEL . AP F R EF R4S E FIR #Kk
ik 0 &7 FF 0.05Hz ch Pl kg il HE B3R 3 5 0.05~40Hz © e d 2 i i
PR E 5 B L MO A 0F AF & (Cutoff frequency) % 3+ A 0.05Hz> T i ¢ #c g iE 200
F# » % 0.05Hz sty 7 R 5-04 dB (0.95 &)4cR] 22 o = MAF R F A4 F e i
IHz > f¢ 5 F 68 Py it 31-3 dB (0.7 R)4ol 23 « @ -3dB - & Tk eHE 4R
T d ] > fgt 2 TP“)’]-%@ 1~40Hz crjg A #E B2 68 Py gk B % (T80 T Bl Fp ik
it Sk e

LEE 3

50 x: 0.05859 " x: 4008 | 1 1
¥:-0.4002 | | Y:-6.651 | : }
g : . |
3 | l
z S0 IR |
2 |
4 l
100
-150 |
0 20 40

50 x. 0.05859 -
Y:-3.102

X: 40.08

Magnitude (dB)
o
o

-100

-150
0 120

Frequency (Hz)

Bl 23 JmtdEE 5 1~40Hz > ik Ff#ic i 68 Py crip 5 B B
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Bl 24 2 RS ok S A 1~40Hz » ik FFdcs 68 Fpen % « L KB k5
WELR BB v g F P REORSURA o 51 fRARSURS R A
[l S I )’% 2007 # V. S. Chouhan 3 7 B~ #7807 R j& - §| * Baseline wandering
fitting ;& & /2 i3 & 7 B BLOASESH
F# 2B % Hgien® 8k 485 5 38 ;% £ 4 (4th degree polynomial) f {8 /& 43 ek
oo A ffaﬁjg*‘r@_"f TERAMEDOR A KRED LRERFEN 2 AL FPhe T
Blic ek A R 2 RIR)> #T 2”748 42 ¢ 4o~ Baseline wandering fitting ¢
# 2% -

% V.S. Chouhan#k J1 g & ;2 indey L @2t B+ FRF LR - B
Tl g £ R4S AP oo e A P enA $542 4 @ * Pan-Tompkins % & 2 [7] &
#RA > 3 ER-R interval 5 7| § (FALF £ B o & KRIARLF P H¢ =8k T 12 Cubic
Spline interpolation®~ i 4th degree polynomial interpolation o ¥] & d 2% i# e 5 = 3

J.Cubic Spline interpolation 13t & s fAHF JEA chad 4= ] < R LT > 10 {ddeh

7‘}/{% o .. '-.-.". 7 Bt
[ o=s | |
| == |
3000 =
2500~ R
2000~ R
1500 B
1000+ B
500 b
il /\% W M !
-500 - g
-1000 - ]
1 1 1 1 1
139 140 141 142 143 144 145
Time(s)

Bl 24 SHFE 1~40Hz > ik FFBic i 68 Fi gk 16 e gL
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" ZUP Pan-Tompkins /% & /2 318w T B R & 9% R

——» Bandpass filter Differentiator » Squaring operation MOYmg'wmeW
integrator
v
Threshg Id Detect the Peak » Adaptive threshold
comparison W
*

B 25 Pan-Tompkins ;# & ;* 417 R /w428

(1) g & (Bandpass filter):

Aqm % Matlab #7883 7 FIR Bc it » R S 0.05~40Hz » iPl2% 2 & &
ek S 60 1y - g B
(2) #&#~ (Differentiator): ‘

£V " NP\
Bk 8 B R A T R B f”“-&v}“n - R peak o
: = |
(3) & * (Squaring operation); . | | i |

(4) BEAR T Tl (Moving-wi-n'dowl integratoﬂ:_-_
Ay 8 BEHRELY 33 ms % . .Iirlloving~win'd0;v VB BT T e

(5) # Ax ¥ i@ +* #2(Threshold comparlson)
LA YRR E I P e E s B RAEL Y dhdk < EX 75 RA o BRI ﬁ*
WELIRTER L 0.1 4 F R o B 0.8 B A AT E o gt 5B R R B3

A

x 10°
T T T
2r Integratated ECG ||
Adaptive threshold
1.5+ B
l [ —
‘ \
05| | | ]
0 \ \ \ \
| | | | | | | | |
20 20.2 20.4 20.6 20.8 21 21.2 21.4 21.6

Time [seconds]

B 26 # i M ® B Rk
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2500+ i
2000
1500
1000

500

-500

20.2 20.4 20.6 20.8 21 21.2 21.4 21.6
Time(s)

Bl 27 @R RA (M 2 d FIEHET)
& 3UE# 8 1 (Baseline wandering fitting):

1. #-F i jmiR 18 g 1% Pan-Tompkins ;7 & % £ T HR A 25 2 B R
B 8 18 Pl en R-Rinterval B 7] » #-4 B 51 ¥ (56 5 R T o

2. FEBEIHE - BT E A APFPR Y B T FRRAATGE R
#-¢ (g2t B chEkis i CubicSpline interpolation & 374 17:8 & &R » 4o 2
U0 PR AAR G o T Bl %G‘;ﬁﬂﬁéﬁt(@asleline) s

. {E%Q.
s = at, (N) + @, (N)(E=NTY) 4 dS()(t= 1T,)” +a, (N)(N—nT,)’
0 A\ | V&

nT, <n<(n+1)xT,

H » Olg~03 = 5 18 ;N I’f‘.ﬁ'{’Tsé'\i‘

PEREP ek ) £ R 9B B AT R £ ATE D bl g

FTB- cnpFE R EE o 41 * Cubic Spline 22 %

4000 | )
3000 | )
2000 F )
1000 |- ‘ ‘ )
o W T I ’ AN ® ok t " ,:
-1000 - )

-2000 - -

-3000 ! ! )
280 285 290 295

Time(seconds)

Bl 288 AARF P v ik
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5000

4000 - B
3000 _
2000 - _
1000 - B

b e a

-1000}- 7
-2000 \/ \M

-3000 ! :
280 285 290 295

Time(seconds)

Bl 29 #-¥ = #cik iF cubic spline £ A7 A A {8 A (B T A M 3R>

3. MRGUBLR 3 RF AR S LGB H SRR -
o/~
| =241 |
[ ==1]
2500 - B

2000 - b

1500

1000

500

-500

-1000 b

-1500 A

-2000 - b

B 30 12 & {5 e F RIUEL
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43 5§ R Bl&H7

PR BB IO R 240Hz $1 RRKRE L @ g BTG
m it 2%k o F]P R FIR Jgik o L £ X784k 1 1Hz» £ #-P~4k (5 ot 5Li5 i FIR

Boimihid o BIRAME S 0.015~03Hz o IR % B chuf A TA B 821 o

B T e
3 " X:0.01514 | | |
© - Y:-5.933 | | |
S B0 IREREEEEE - -
= I | | | |
> I I I I I
© I | | | |
= l l l l l
100 ------- e T T o
L | | | |
0 0.05 0.1 0.15 0.2

Frequencly (Hz)

Bl 31 Rk A E 50.015~0.3H2 » ik s B0 82 Ff el & S5 ]
(Na=a] |
| == ||

Il & | :
EGG |singa|"-?-( indeéx =5 )"

500

| | |
0 50 100 150 200 250
Time(s)

3000

2000

1000

Spectrum(vZ/Hz)

B 32 545 £ 0.015~0.3Hz » Jmik FFfic i 82 P ik 6 c73l 5L o

PR GRS AL TR SRR
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4.4 v& e AL T

PR AE AT Y ML 0 B 1R 60 240HZz PR F SRR B L &y ¥

PR AL S PR B F R RS QR T § i S P
J o FIt fimik LT MBS E AT D 60Hz 0 T PR (8 (I ELE 7 M

oo UL AT F B G0 #- 0.5Hz 14 b ehd e T RIRUELIR S 0 ALY FP R

APt o - T F AR B G- e o B FESD R

41 2 pF 30~40 beats / minute » — & PF & 26~30 beats / minute > § £ ¥ 20 beats /

minute > = A % 5

"

6~20 beats / minute > ¥ & 4 % 14~16 beats / minute o 2% i 7 % 5t

BrrmE T EE AL AR AR HE AP SCUEE B 30 TR TR ks

v — f& FIR M ik B JaA 4 5 0.5 Hz Plip s S 5 G cryp Fedlic i 85 P e
Bl 33 -

B 33 Ml ik B o B A4S 5 0.5Hz o ik Pl s

Of—————<-go-—— - [ e S
| | | | | |
o [ I X:0.5127 ! ! !
T 20pr- e Voyizowr T NI T T T
) | | | |
S 40r-----—---- e ——_— PN P e
< | | | | :
s 60F---—————~ o ___ [FE W Lo R N
= | | | | |
SO R R S
0 0.5 1 1.5 2 2.5
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1500 B

1000

500

0H

-500 -

-1000

-1500

-2000 |-

-2500 B

-3000 | | | | |
1200 1230 1240 1250 1260 1270
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Il Il
1210 1220 1280

B 34 S gk B> A FFBch: 68 FF a2 {8 G 5L
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NN

f'g'} ) }\. fFE

QJ

few

HE B 34 gkt et BT g G MO g B 1
gk iR Fl st AP ERT K8 P i g
A A 01Hz 2T o 1160 Hz Bo4k 5 3 3§ & &2 0.1 Hz #F B e 5 > 47 1

‘:‘ S 4’{-'}%*{:—1 60HZ‘:T’J ]L%'{IF”L

AR AP T 4Hz TR HHEF L 05 Hz B gk BAIL > RliR s R i
gk FE B i 65 P 4o B 35 -

T T T T

77777777777777777 ;;ij} | | |

— | | | |
] o006 1

P 928 | l l l
=} I—=====—- |- === =- == H4H------- 4= ==

= | | | |
S a0l T SR B S

I~ | | | |

= l l l l
77777777 e ———_—————————_—"_—"——__-—--spa

‘ 1 1 1
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Freq_uenc-y_ (HZ)

W 35 % B 8l s 0. 1H, VRl 5 65 1 5 B AL

o Wl
\ I 1

= 1 F™

T r._i |

1 .'__T'-I - loP:.

1500 (- R

1000 (- R

500 -

0H J

-500 R

-1000 - B

-1500 - R
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-2500 - R
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1200 1210 1220 1230 1240 1250 1260 1270 1280

Time [seconds]

Bl 36 £ =x B~ 3 4Hz 5 5% W ik BAJD (5 LB o
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45 AN &

RN RS R T

|
.
o
B
i

€F K A G oo A HEE - R

N
sz fAA BB AT 0 N TR PRI LA T o F kgt ST R

REE 3 Subl VAL r RS R LA A TR
Heart rate variability 7 P3¢ &2 45 35 cndg 1 14 %2 5 7 BIHE %

FURAIFAMT QRE

W »

R-R interval =1L 3aig &2

e e B R

Signal display«

HRV parameters+

b}
i

=1

Al

requency =
-

Parameters
setting+

ok on nerw window:

2

o

& 045 ety indervnl {econds ) o

ExportEGG & HRV
parameters to text files

»|

Read 5D file to raw data«

@ rewaar| EXtractECG, EGG

and Resp. from
single channel«

B 37 ~47* A1 5
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A
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i
A

51 %K+

AL REENMER R SR TAGIREIPET R RGeS LR
ol o NP RTARRE S R A IR BN A TR o & A TN
®FARHEOTEE Y R EBAZHE 0 AP Micro-Star Inc.e MyECG E3-80 % 2%
%% 7 B - Medical Measurement Systems B.V.en UPS-2020 k%3 5 7 Bl 5L > %
Respironics California Inc.57 CO,SMO® &k B 7@ v v 4F 5 o @ Sezgcn™ 2 0 4
Pearson #% £ 48 B = ;% (Pearson product-moment correlation coefficient): & 4p B % #ic
R Sl T it AR L 2 OS% R A TR o AP E R R R
BELZ - APERY U- pELE e L0 Y RIERET LTS i
LEE 2 ﬁ’ﬂwﬁw%%w~Wﬁ%—ﬂﬁwfﬁ&h%@ﬁ@%ﬁﬁ@ﬁo
fs TRl A L g 17 . rmw?J 7 pr;é?.‘f« R\ % — -] B> 41 * Pan-Tompkins
7% 5% £ R-R interval » ¥t ﬁv»%‘r’v)% '*". g@'ﬂe-;remg;s?m;}p Bl o RAEPER 2 g K8
B3 iﬂiz?‘l—?—]‘ L -] s ﬁ“)%‘]“m’?{[u i; Av\ﬁ_,; &ﬁ,\xpu}ﬂ}fr BESArmiH
wmw%a%WMREMﬁ\nw+%@MW LRIE & -l pEamLEL 1% FFT
35 347 F i £ (dominant power) ﬁ&— JEFETAR R > ¥ P RES B 3 (2 :'E'JJF"
20 b EETEFERFRF M R iR o AR ER TR PEE 10
X RIH & - ol PREATLEL WE S s H P E 1 A 4T 39e8 ek 5 fig(breath per
minute)i& {7 4p B {25k 2 o FleE e ELe @ * S AdmEpE R A 47 0 - ) BFFE
R Lo A RN R b~ R
APt TRRFELRERFL,WE S RARFRG TP E A F e
A Er > d MREZHE TR AR RZ2FFE T ST FP > § T
BlgeFsiigie » B ER > B g THERHiedr o 0T S XRFHOER R

.

1=
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ﬂ%&ﬁ:

EF SR F AR SERE - R RPOR G PMES M

AR FlA 0 R R S AET Y o
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B 38 F& I AZE
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Bk A4 gk

FRETRA T A FAFORE TR LT g MR AT o (7 3 chip B2
Glcror g AN~ 2B FEZ I S22 M BA-1 S x2f M %

= 0RG:aEAH -

Pearson #% £ 40 B 2> 3% (Pearson product-moment correlation coefficient):

v - e b .
Sy AN D (V=3
_Ni=1[ ]

MNa=:4] |

Sy=N & O = (=)
Lo 1=y
Xoy s i fle X2 YA SHEDTIOE N L Sl B
Fat A4 * SPSS 11.5 Mtk P R o Pearson fF L AP M SR FE
BT FPp<005 2TV UESEEBRY S Ll 7 2AME>0)8 fAPK (@<

0)erg it o g eb APy B FAL N O5% ez B~ TIDE LR L o
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5.1.

1)

) ¥

1%EZREN S

R RITRE Y RERE

& ® -#: MyECG E3-80

= L4 Micro-Star Int'l Co.,Ltd
# ¥ Taipei, Taiwan

W B IFE

Taiwan Department of Health, Medical Device Cerficate # 002195
CE Certificate # 2007-OSL-MDD-0030

FDA 510(k) KO71085

ISO9001, ISO13485

B 39 MYECG E3-80

TRRA* HRERE:

% ® 4L UPS-2020

A

# fi£: Medical Measurement Systems B.V.

W\

A ¥ : Enschede, Netherlands

—‘i 15 ’;\‘» FE.

® FDA 510(k) K920664

I~
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() WERAETRSA * BB RE!

®E 446 CO,SMO®

PR T Resplromcs@ahf

I«,:"':h

A ¥ : Carlsband, CA,EJS

W R
°

B 40 UPS-2020

e Bl .
L 7 L % _'E‘:'-,- -.-i.‘:}.'-:'-.
1= ! .\_(\,’4:_
!-?*u‘if E;‘ '
Cerficate # 016993
52 Y .
\{7-5( s 1, N :I_ -d'l-
.-r B X = 5 .1;_:3'01-'
i o i
4?_ ‘-'P:j. '} 1

DB 8 ST~ @

B 41 CO,SMO®
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522 3% TME < T R=REH F

Lo R&s § ARGRAT R e REE - RRy X0 §RRAZPIF LT & 2 pER
FORAHA KL GehR o BRI % Y TRE T BRE DT
AL T O THEAI S o LR BT KL o Rl B FR AR
R

2 F ALY TWMOTRAL 2 EAPRA T PFLEAP FAFORFE R IR
WELR AR TP P R RN R - RS T R RS T RACT B 42)
PR E L iRk IR o

Bl 42 5 42BRRAE T TR

3. TR T WIS G 7B R BT RS 40T B 43 S A PR ER
TZRREE AN AR i d (4E) 6 ¢ (RS (B TE) AT &
T4 iz BRAEA SR ¥ 4 (CHI > F4 (CHDZ 29 (34 Ti8) - 2

Pof (9 7)) CH2E? )- BRPFI G ROZ A2 - thizl o 2 (e d)
BCHI(F d R f sl 2 b 2 4559 % T o 4 THR(%J ~ 24 )RE0FEn
R e
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4 TR S RESATRRAEE ER Y P VA L Z BTREN B 2 F
T o BE2(F 1R L4 F T 4 BR(SF R RS 299 o

ER)

. Electrode for
o -’ commercial EGG
Esophagus —
2) ER) e« e
Stomach +\ \ KBQ ¢
Electrode for Electrode for my

commercial ECG « developed device

f%l i Ene ,;..a _'

5. ER L - P B’\f«m%%i @r%/ﬁ%@ PRk (IR e
Bl 5 o ¥ 41 * Pan- Tompkm w ]llJf F‘J”RRlnterval BB fRrt RE
RIE e & AR M I“iEéFvi°j “T"ELF”%; ol m.’f“ PEL P 3 R RE E - )

PEefis §RISUELIL S A 4B G ¥ P A\’}‘r Eiﬁ'/ SAdh o H menip bR T

6. F T BOINIL T EE Y FH U B BB F PR EL Y 256 ) A AR T <
o BB E 60 i EZE T TRIASLE AT I 1Hz o B4R 44 * Cubic

spline P 3&/% kiE = o 38 {7 FIR ficiimit » Jp it #EE 5 0.015~0.3Hz > p|:2 %
S FaypFARE: 82 P o Ris P~k Ehik 1024 BRI - & = E e (Fast
Fourier) » 3k + Hamming window {é f<{8 # F #4523 - ¥ 225 T R fic

(1) Dominant frequency: i ** 0.5~9cpm =i ¥ #f &

(2) Dominant power: Dominant frequency =77 power

(3) The percentage of normal slow wave: % 4r 2~4cpm 3%, i &

43



EGG singal (index =5)

500 -

-500 ‘
0 50 100 150 200 250

3000 e e

2000 ~ - - -

1000 e E N ——

Spectrum(vlez)

Bl 44 F Bl 5 ik 2 (8 mZSij" tE G 4 ‘E’EI SATER AR Sk ST

T N &
inant fr q)gv‘
'-.:J_'_l -

7. RSLis et TR =
Bl AR B LSRR
¥ egp B2 vt o

P
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523 el fL et T WREN &

LR oD §AFGLELT R e SRS - Ry 22 GRRATRIF LT A LR
FORAHA R GenliR o B B AR &

2. BESRERENCTEIRGRFR L X EG F o R RIEE S - PR
R FLFPRALE BFLF im0 FRD & LRL R PR R
B0 drd B A PER KA R GenfiR s gt sk o X RIFE

FAFRINFRETEFY TR

3. TRAY S RRWE ) FRFDREFDOTIEEZE L G TR o 3 F &R
THRIPEFZREFPRET ZRRY T RBERTR

| ) (63) (R

Electrode for

commercial ECG

Esophagus

Electrode for my

developed device

Bl 45 T REH =B

4, T WAL 422 §6im o0 P ALBE - | P E e BoR
Vi EREFER RIS A4 - RSk o
5. WBGARLNRE 0 UF S A4 n H R 1 44T 30 X S die(breath per

minute) ° i&—‘ﬁ BITAHRE BT o
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F

52 R L%

Rl

52.1 = F MkE

s R BERETNY - STRE Y RE—HE MyECG E3-80 & 2 2k henik Bt
oo BBl T B - o) BF o B 45 0 R-R interval I % » Pearson #f £ 4p B =

3¢ (Pearson product-moment correlation coefficient):* & H g b hfic o 2 & % 4o

s TRl R RE—L )

%06 5 17 LRl HR Rl - ] PR B P ARUELAIE 5 P17 G RR
interval £ 7 * grH AR MR GE o G 17 o Rl AR PR iR B RIE
R-R interval T =218 gaa % % 686.72ms — 984_.70ms TRk F RBRE T ISE gsa 7
% 685.54ms — 983.05ms ° o #p Rt R 1R m—g % 3% 4 0.995-0.999 (p < 0.001) >

F o oEegp B o

% 6 % plK

fi

P

o

2 1] pFenRR interval =351 sl g g 8% FARE 14 5 o

ECG001-ECGO10:: p §7 2% 2+ 6k 2 (ifiifie) 2 §ek * % % (clinical use)

ECG Data ID Mean (mine), ms Mean (clinical use), ms  Correlation
ECGO001 787.85 + 53.99 787.85 + 53.99 .
95% CI 786.28, 789.41 789.41, 787.94 0.995
ECG002 031.48 + 75.45 929.92 + 75.69 .
95% CI 929.10, 933.86 927.54,932.31 0.997
ECG003 792.69 + 62.43 791.34 + 692.62 .
95% CI 790.88, 794.51 789.52, 793.17 0.997
ECG004 702.30 + 56.38 701.13 + 56.50 .
95% CI 700.76, 703.85 699.58, 702.67 0.996
ECG005 762.27 + 92.80 760.97 + 93.00 .
95% CI 759.62. 764.91 758.32. 763.62 0.999
ECG006 686.72 + 64.58 685.54 + 64.62 .
95% CI 684.97, 688.47 683.80, 687.30 0.998
ECGO007 94728 + 56.02 945.69 + 56.07 .
95% CI 945.50, 949.06 943.91, 947.48 0.998

46



ECGO008 893.73 + 82.50 89223 + 82.39 .
95% CI 890.62, 896.84 889.12, 895.33 0.999
ECG009 957.90 + 88.27 956.29 + 87.96 .
95% CI 955.08. 960.72 953.48. 959.10 0.998
ECGO10 978.00 + 69.76 976.37 + 69.78 .
95% CI 975.75. 980.25 974.11, 978.62 0.999

*P <(0.001 » CI = Confidence interval.

% 7 ()% #l% ECGO11-ECGO17+ fi {7 3% 3+ 1k & (mine)# Tk * & % (clinical use)

2_ 1 /] e R-Rinterval L 218 (b i > 27 5 —‘F*{ AP B M ERZE o

ECG Data ID Mean (mine), ms Mean (clinical use), ms  Correlation
ECGO11 973.42 + 78,04 971.79 + 78.07 .
95% CI 970.91,975.94 969.28, 974.31 0.999
ECGO12 97750 5308 975.87 + 53.11 .
95% CI 97578, 97991\ [| 974.15,977.58 0.998
ECGO13 79349 49534 < || 792.14+75.26 .
95% CI 791,007 795.97 7941962, 793.49 0.999
ECGO14 912.84 60.43 7 911,30 + 60.65 .
95% CI 910.95, 914.73 913.20, 912.84 0.996
ECGO15 984.70 + 93.72 983.05 + 93.80 .
95% CI 981.66, 987.73 986.09, 984.70 0.999
ECGO16 795.58 + 61.43 79423 + 61.76 .
95% CI 793.79, 797.37 796.03, 795.58 0.998
ECGO17 861.87 + 49.74 860.42 + 49.96 .
95% CI 860.36, 863.38 861.93, 861.87 0.996

*P < (0.001 > CI = Confidence interval.
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o T RERF T RE—D 44

%8 5% iE'J—*Ff ECGO01 11 5 ~4a 5 Bz drx 1/ Famugie 3 Bk o X

'}E'J"ﬁ 1 R-R interval L 358 — | pF ¥ ensg it % Fl 7% % 686.72ms — 984.70ms > §i2fk *

RERF DT IOEHE & 756.04ms — 854.56ms o o Ap B {24 47 R F g R Y

0.975-0.996 (p <0.001) » ¥ 7 {34F F4p B 2 o

* 8 %P "ﬁ ECGO001 » p 73K 3+ ehik B(mine)¥? §4 * % E(clinical use)z. & 5 &

45 11 R-R interval L ¥aig ant i » 27 5 —“Ff AR B MR 2E

ECG Data ID  Time Interval, Mean Mean (clinical ~ Correlation

minutes (mine), ms use), ms

0~5 778.97 £ 52.41 777.69 £52.71 0.996*

5~10 18424 + 4382 782.95 +£43.94 0.996*

10~15 82820 £ 39.99 1 826.79 +£40.23 0.994*

15~20 85456:':}4527 . 853.11 £45.18 0.994*

2025 L 599017 £ 4791 2 J888T-48.06  0.995%

ECG001 25~30 756:04 + 52.55 754.74 + 52.78 0.997*

30~35 789.35 + 44.65 788.02 +44.67 0.995*

35~40 760.37 +£49.11 759.09 £49.20 0.997*

40~45 779.85 £ 34.36 778.51 £34.56 0.993*

45~50 794.29 £41.60 792.96 +41.97 0.993*

50~55 758.51 +£47.86 757.24 +47.93 0.996*

55~60 790.74 + 57.74 789.13 + 58.08 0.975*

*P <(0.001 » CI = Confidence interval.
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%9 5% iE'Jﬁ ECG004 12 5 méa iz H i drx | e 3 BlES - %

'}E'JJF" 1 R-R interval ¥ 3208 - /| pF ¥ e 1t = [F] 7% & 663.57 ms —732.34 ms

-

"'\"}}/‘
i

BRF DT IE B & 662.53 ms — 731.09ms o d Ap BE 24 47 R i % Y

0.975—0.996 (p <0.001) » & F {x4Fcfp b 12 o

# 9 = plF ECGO04 - p f73K3* ik B(mine)¥ B * & B (commercial)2. # 5

/48 R-Rinterval L 327 et i > B 3 —‘g 4R B LBk FE o

ECG DataID  Time Interval,
minutes

Mean
(mine), ms

Mean

(commercial), ms

Correlation

0~5
5~10
10~15
15~20
20~25
ECG004 25~30
30~35
35~40
40~45
45~50
50~55

55~60

694.25 + 66.17

694.62.456.16

69304 + 48,05

a—

692,47 £45.60

-%663.57 £ 49.23

68&96ﬂ:6L2£
732.34 + 43.18
727.97 + 43.80
723.84 £ 53.92
713.96 £ 57.70
694.57 + 48.04

714.30 + 58.37

693.05 £ 66.27

693.46 + 56.27

2691.83 +48.09
691.25 +45.58

662.53 +£49.50

688.01 + 61.86

731.09 +43.33

726.73 +43.96

722.59 +£ 54.11

712.74 £ 57.80

693.35+48.12

713.10 + 58.36

0.997*

0.996*

0.995*

0.994*

0.994*

0.995*

0.996*

0.996*

0.997*

0.998*

0.994*

0.996*

*P < (0.001 » CI = Confidence interval.

49

F_L



# 10 5 % iE'Jﬁ ECGO006 14 5 ~ 48 5 B =& 475 1 /] Fantiee § BlE

‘)E'J—‘Fk, e R-R interval L 5 — | pF @ g iv %@ Bl % 657.76ms — 736.81ms > &/ *

REREF AT IOE R & 656.66ms — 735.57ms o o A B 124 7R F hiE K T

0.997 —0.999 (p < 0.001) » % F {%4F tro4p B 4 o

% 10 = iplH ECGO06 > p {7383+ ik B (mine) £ §ek * & ¥ (clinical use)Z. * 5 &

451 R-Rinterval L 32 et i > 823 —‘g 4R B (PR FE o

ECG DataID  Time Interval, Mean Mean (clinical Correlation

minutes (mine), ms use), ms

0~5 736.81 £ 66.15 735.57 £ 66.10 0.999*

5~10 71430 £ 62.11 713.09 £ 62.31 0.998*

10~15 683.02+ 5067 681.84 +50.82 0.998*

15~20 689.3{1 it 5_7.14 ©688.15 £ 57.07 0.998*

20~25 65_9|.0§§?"§5.57 _657.90 & 55.79 0.998*

ECG006 25~30 . 706.86; 60,29_ | 699.67 + 60.41 0.998*

30~35 676.93 + 53'.61. 675.77 £ 53.76 0.998*

35~40 680.75 + 67.73 679.59 + 67.81 0.999*

40~45 670.50 + 59.54 669.35 + 59.66 0.998*

45~50 690.37 +£71.97 689.18 +72.18 0.998*

50~55 657.76 = 53.86 656.66 + 53.97 0.997*

55~60 688.97 +£70.23 687.77 £70.42 0.997*

*P < (0.001 » CI = Confidence interval.
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522 3 T R%®

PR B%RFEY - 5 T4 * ik B—Medical Measurement Systems B.V.:d! & ¢

UPS-2020 £ 2 Pk 3 enik Bl o ERIPEIVAME - [ o 57 T WA T E

2

% ~ Pearson #4 £ 48 B 2 ;% (Pearson product-moment correlation coefficient):* &

HAph lico H % o

AR R RE—L ]

Z 11 & 10 =%

b E A 60 ) 0 GBI AUELASE 5 B s T A S A

B HR Rl PR ALEL > MBF ATIURLIL 256 £) 5 AL

# B 7% & 34230 — 9807.55 ¢ §eAk F, &k BRIE T 5 E & F & 1156.11ms —

5752.20ms - d A4p B 1A 47 R0 PR AT A& 00940 0981 (p < 0.001) % {47 chijp

F&g :t:’; o

1A

% 11 EEGO01-EGGO010 - f {72k 552K = (mine) 294 * % % (clinical use)z. 1 -]

B LA i R e i RO i S -
EGG Data ID D. P. (mine) D. P. (clinical use) Correlation

EGG001 1491 81 + 1002.75 2784.92 + 987.88 .
95% CI 123049, 1753.13 2527.47, 252747 0.978
EGG002 2415.16 + 1657.35 3500.45 + 119451 .
95% CI 1971.32, 2859.00 3180.55, 3820.34 0.967
EGG003 1400.88 + 574.41 2966.81 + 595.47 .
95% CI 1168.88, 1632.89 2726.29, 3207.32 0.986
EGG004 568.39 + 381.02 1773 .81 + 620.12 .
95% CI 439.47,697.31 1563.99, 1983.63 0.971
EGG005 174754 + 983.13 3070.32 + 1001.70 .
95% CI 1484.25.,2010.82 2802.06, 3338.58 0.985
EGG006 9807.55 + 10913.09 5752.20 + 3929 90 .
95% CI 6672.94, 12942.16 4623.40, 6881.00 0.974
EGG007 3495.66 + 3415.91 3749.95 + 1945.19

0.940*
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95% CI 2580.87, 4410.45 3229.02. 4270.87

EGG008 4381.68 + 3048.51 478116 + 1810.65 .
95% CI 3365.25, 5398.10 4177.46, 5384.86 0.981
EGG009 1818.05 + 1212.93 294134 + 973.63 .
95% CI 149323, 2142.88 2680.60, 3202.08 0.972
EGGO10 342.30 + 275.68 127130 + 430.16 .
95% CI 268.47, 416.13 1156.11, 1386.50 0.943

D. P. = Dominant Power > *P < 0.001 > CI = Confidence interval.

VT FAeRE B RE—20 A4

12 5 % ;'E'J—‘ﬁ EGG002 ™ 20 » 45z H =475 1 /| P T BlESk o
= '}E'J'?qz PAAE R BT - R e FlIE e 1797.88 - 3217.56 0 TRk * &
ERIE 0T 39 5 [ & 3257.94 —3987.50 - 4 R0 BE s 45 R 12 5% 7T A 0.966 —

0.990 (p < 0.001) » 4 {4 sigl B o

=
11
| <=

%12 %% EGG002 - § F?&é*_éﬁfif; = (mine) T84 * % B(clinical use)z & 20

AeeT TR S R T 0 kg 08 X i B R

ECG Data  Time Interval, Mean Mean (clinical use), Correlation
1D minutes (mine), ms ms
0~20 1797.88 + 840.98 3257.94 + 838.80 0.990*
EGG002 20~40 3217.56 £ 1365.71 3987.50 £913.00 0.966*

40~60 3035.63 £2106.03  3872.44 + 1456.83 0.981*

D. P. = Dominant Power » *P <0.001 » CI = Confidence interval.

% 13 5 = ipl5 EGGO07 12 20 # 45 5 H =4 475 1 ] PRl 5Lens S -
ZpE AR R TIEE - ) PP R BT A 1541.60 4624.80 0 TRA ¥ &
PR T 0@ 5 F) f 2108.70 —4770.60 o o 4p BE A 47 0R] 18 0 S 5E & 0.953 —
0.982 (p <0.001) » & 7 f%4F cigp B 42
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% 13 3% EGGO07 ° p {73k 3+ hik E(mine)# fok * & % (clinical use)2 # 20

AEEE TR AT A BT IRE A g B0 F afp BLSRE

ECG Data  Time Interval, Mean Mean (clinical use), Correlation
ID minutes (mine), ms ms
0~20 4624.80 £3196.80 4770.60 £ 1557.00 0.953*
EGG007 20~40 3162.40 +£1840.40 3770.10 + 1323.80 0.982%*
40~60 1541.60 +2220.70  2108.70 + 1153.10 0.961*

D. P. = Dominant Power > *P < 0.001 » CI = Confidence interval.

%14 5 %l BEGGO09 11 20 448 5 A 474 1| F3usient ¢ Bws -
I DA RS 5 - T e g IR B 1396.10-1953.10 0 T * ik
E R 9 T 0 4 B L 26006048 3175708 o #BF&? M 7R e % A

0.972-0.985 (p < 0.001) * 4 | i r’viirak,& J e
=5 |
% 14 3% EGG009 - p {73% 7 T

xR ﬁ(mme) 9 TER * % B(clinical use)z & 20

A AN T B AN S ir’ﬂlimpmwﬁ&’ »Leaimjmgwg‘io

ECG Data ID  Time Interval, Mean Mean (clinical ~ Correlation
minutes (mine), ms use), ms
0~20 1396.10 £899.15  2600.60 + 809.08 0.972*
EGG009 20~40 1953.10 + 849.33  3175.70 = 734.58 0.985*
40~60 1426.20 + 833.22  2631.30 +799.32 0.973*

D. P. = Dominant Power > *P < 0.001 > CI = Confidence interval.
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5.2.3 v erBhiE

e e R &
AP R B R
#c» I % » Pearson f £
R A mE ke

% 15 5 10 =%

ke

l‘* fﬂl ijlg%

(p <0.001) »

% 15 %éq‘:“z Resp001-Resp010 -

HEANT - STRR

BRI - P UET MG H P EE SR

] X ;Jg_.g-‘ fE'J"

% B—CO,SMO®, Respironics California Inc.2

Ap B 2> 3% (Pearson product-moment correlation coefficient)

H 2% 4o

f

{43 eip B 1 o

o] PE LS

H@_EJ ARtk BT T HE @a@,

i 7.45bps —21.00bpse o 4p Bt 4 7R 17 endd & 7%

Bfﬂ*’lGM%Q%muwyhﬁw%

2. 1] B‘:?mviv)dtpﬁ gl fig o BT J‘”@Fﬁg }”L%‘*vg. °

SR AN P I B AR (8 B 1F e

AILEBLECIEALBTI SR RE T Y TP RE - &

10 e B

. 7.50 bps —20.97 bps » Tk * %k B
% 0.903 - 0.999

i& % (clinical use)

Resp. Data ID Rhythm (mine), bpm Rhythm (clinical use), bpm  Correlation
Resp001 13.02.£0.70 L B22 071 .
95% CI 14.26.15 14 14.30, 15.24 0.957
Resp002 12.63 + 0.89 12.62 +0.92 .
95% CI 12.07, 13.20 12.03, 13.20 0.989
Resp003 14.17 + 1.00 14.05 + 1.07 .
95% CI 13.53, 14.80 13.37, 14.73 0.975
Resp004 14.53 + 0.68 14.58 +0.71 .
95% CI 14.25,14.82 14.28, 14.88 0.975
Resp005 750+ 0.72 7.45 + 0.66 .
95% CI 7.05, 7.96 7.03,7.87 0.903
Resp006 20.97 + 1.87 21.00+ 1.91 .
95% CI 19.78,22.16 19.79, 22.21 0.985
Resp007 13.37 £ 0.92 13.38 + 0.88 .
95% CI 1278, 13.95 12.83, 13.94 0.989
Resp008 1437 + 0.83 14.53 4 0.78 .
95% CI 13.84, 14.90 14.04, 15.03 0.956
Resp009 15.08 + 1.44 15.02 + 1.41 .
95% CI 14.17, 16.00 14.12, 15.91 0.994
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Resp010
95% CI

16.95 £2.68
15.25, 18.65

17.03 £ 2.68

1533, 18.74 0.999*

bpm = beat per minute > *P <0.001 > CI = Confidence interval.

%16 52 % 'JE'J—%" ECG004 m 5 o daa HE o472 1/ Fainiie T BESR - X
'}E'J'%z 7 R-R interval T 328 — | PF R e iv # 7% % 663.57 ms —732.34 ms > §fk *
R BPREF TS f_ﬁ_% Bl & 662.53 ms — 731.09ms - o Ap Bt 4 47 R 1F nE %% A

0.975-10.996 (p <0.001) » ¥ F {4 cF4p BE £ o

% 16 £ ipl ECGO04 - p {73k 3+ chik E(mine)¥ o/t * & % (clinical use)2 # 5 4~

48 0 R-R interval T 35 7E dt i » B2 5% ﬁ 4P B MR TR o

ECG DataID  Time Interval, Mean Mean (clinical ~ Correlation

minutes (mine), ms use), ms

0~5 694.25 £ 66,17 *\'“'693.05 + 66.27 0.997*

5~10 691.62%_ 56‘}6 693.46 + 56.27 0.996%*

10~15 ¢ 693.044 48&@; 691.83 + 48.09 0.995%

15~20 69247+ 45,60  691.25 = 45.58 0.994*

20~25 663.57 +£49.23 662.53 £49.50 0.994*

ECG004 25~30 688.96 + 61.22 688.01 + 61.86 0.995*

30~35 732.34 +43.18 731.09 +43.33 0.996%*

35~40 727.97 +43.80 726.73 £ 43.96 0.996*

40~45 723.84 +53.92 722.59 £ 54.11 0.997*

45~50 713.96 + 57.70 712.74 £ 57.80 0.998*

50~55 694.57 + 48.04 693.35+48.12 0.994*

55~60 714.30 + 58.37 713.10 £ 58.36 0.996%*

*P < (0.001 > CI = Confidence interval.
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Pan-Tompkins 1 jB] R L 60 /2 7 £ M2 B 58 ¥ 3+ 8 R-Rinterval B 7|3
BT R R e T AP Rigd S S RKESARETF AR o

ﬁxaw@%ﬂiwmﬁa R 4T 2 Bbadeling) o 11 TR D Bl - B
P P EL T L A% $4AR § (moving w1ﬁd®w){ )§: B F A SR T2 TS B
HeiF P 5 0.83 45 0 1A P B 24|0 saﬁ’l"p'l'es/seconds » ) 5 200 samples 5 — R %
R oo TRl 46 E P EE z&‘ﬁmﬁﬁl}_ 0.““ d F’]l%] FE 3 X RS S TS
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