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o)l

AL/ T,

dA/u/dt = - leg(Il/Io)/dlL

AaEs o] Ao AL EFEN Y FEFEH H| Lo <
2218 F= tid Aoz I,
S = —FCo (2.12)
c,t c,
(2.13)
CT
=5 = c,+ ¢,
ol 2(2.11), (212)Z5H
— En = EnR (2.14)
S (671_501)_(672_502)R
= 7 Utk A o7l e ep e, e FTOIEE R G AW
AnEIEE A = U
R 32 228 AME T3l ¢lof Eolv YAde A=el s Aiked
91t} Beer Lamberte] HZ o] <]3),
Ay = —log(L/1)) (2.15)
of thall wiES 3l v &ERS 3t}
(2.16)
(2.17)
An/1, (2.18)

7}

—dlog(1,/1)/dt

7_]1-

dAAZ/df = - dlog (]2/]0)/6#

dA,/dt
R L she] L 2] R )

(Th:
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2.2 Independent Component Analysis(ICA)

2 =Fo A= PPG Az W3 s32S AASH7] Yste] ICA &ag
& o] &3ttt ICAE 98 AZY oy ALdZFEE SAHE AsEd st
o] 7}7te] =gy A3 E Eysus Wyolrh
2.2.1 ICA

ofd s PN F We] Algol FAol thE AAAA olokE
A, B ARE FlA F Algol BA 2 @vkn 7HgaA. o

o,
T he miolaREow FA4& ol ARkl wel 71EdE Aas g ()
o},

(1 T 5 Atk AA B3t mE B Aslolm = Aol
w3 7t7be] Algto] wels SANEER s (1), s(1)d ¥ u, AF A
o mdsd g 2.

T () = a8 + a8

() 1151 T @125 (2.90)

Ty (1) = ay 5 + ags)
oWl ayy, Ay, Gy, Gy W AAFOZHE wlo]aZEo] Ao wWE 3}
gulgEoltt, o] FHS o] &3te] 1 (1), o (1) 2HH s (1), %(t)E 4
3t AL “ZHH Y 3 E] (Cocktail-party) +A1"2F 3HoH67~69]. ZHE] L 3}E
TAE o| AZF AAY g2 oo a9le oIS nHIA Fe=

BSS(Blind Source Separation)e] g+ WHolt} o & ¢ Hale= A9, 4
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forallj=1,...n (2.21)
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T 59 84F0] 7t7} oAl X E JHItha 7HA
(2.22)
olule] we yE AXlstr] g HMEEH 3 dE A9 qusd d F9
st Hr
a2]3 ICA B7FE S8 A2 W 25 Aostd,
z=ATw »y=wler=wT4s=2"s (2.23)
o] "t} y= 59 Ay xgolal zol o 7tEAE FAXY. T A
olgo] 93] z7st sEU O hgs EFola, ps HIolA Holdg
5 5,59 shuet Zoldth s7b o] Al R X E JHKthE ZHA A 9, 2
B 9A shel ghwk Qo) ofyA wu aEE wlzd nrbex 54S
H et MY wi 508X, Fo] ofd & FilL o|Ao® 77 =
H AES S F A A olw HAslste F4E di¥ 5 (Contrast
Function)g} F&t} ofe] 7o =9 H&& 27 M=, virbes 54
< 7 e BE HYAEo] AR AddAATE gleE stojof gt
(2) BI7FS-2= B4 &4
ICA RHoA =, 59 Aol diste] v7bs-2= 549 FH o] T a3ttt
= Ao giste] H7be-2~ 5A4E olFEol d & Qvd, Edd gig g%
At 2Eol Ho] yhssirh ol#g nZbeA~ S SAS = WHS

U 2 eH72~179]
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O AEA 2(Kurtosis)

ARA 2= HIZE-2 SASSAsHE 712 4ol ndA el Wyl y

7} Hato] goln, we] Ak Jhd w AEA 2w o o] Ho Hrh
kurt(y) = Ely*} =3 (E{y*))’ = By} —3 (2.24)

AEA2E 42 wule E(y')e] Atsd vAdolth 7hgx BE yo

3 42 2RE 3(E{y?))?S AAToEN, AEALE 749x Exo A
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N
)
2
=l
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N
£
Mo
=2
©
)
Q!
fo
e
rlo

kurt (z, + z,) = kurt (z,) + kurt ()

(2.25)
kurt (az,) = o'kurt (z;)

4 (225)9F (223) ol &3, AEA A=

kurt(y) = kurt(zs,) + kurt(28,) = z'kurt(s,) + 2'kurt(s,)

(2.26)
o] =},

ye SRS BEsnE 220% w9 9 o] o] Hi ojAenrY

nAe dolete] @ HAr) FES AL & Ak
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® YA E 23 (Negentropy)

JrolEo 712 i

1
.

Jd E 2 3] (Entropy)

215 <l E & 1] (Differential

W yol sl AE f(y)E 7

L
L

—_—

bed, AEdEZE Ay

3|

Entropy) 2t

AEew He vpehdoh

(2.27)
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Fol QA ol F57t Aot
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Er
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Ho], 0 7h9A]

(2.28)

Fhol At yel

3

oz

A3 AR A A e

wr

(2.29)

1 2
Ekurt(y)
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—

1

o} o] vpEhvt)

)l
—_

!

(2.30)

J(y)oc [B{G (y)} — B{G()}]’
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G (u) = aillogcosh (a,u)

Gy (u) =— exp(—u?/2),

where 1 < a; < 2 (2.31)

@ A3 AR (Mutual Information)

A3 AR I+ W s AdAAHE A3 Aelth Joint Density
fly)o  221e]  Marginal Density®] #el dlg “Kullback-Leibler
Divergence”¢} Zt} 435 ARE 2 (2.23)% #o] vEphdt)

m

I(y0, s os Y) = D H(y:) — H(y) (2.32)

y=Wodw) $EHRE Gudo] /A5d YL A1 Yonw

I(yl) Yoy +evs ym) = ZH(yl) - H(.’B) - log|detVV| (233)
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2.2.2 ICAS AAH

srel Ao A= ICAo gk di7kAl 7Hd S shlal, 1 7kl wE ICA
£ Wrtste A7b2 54 diste] detr gt w9k A7k 5A4E F
tstsl= ICA BH7F defeh v7be= SA4S A= ol disto] dof
okt

o] o= ICA ¢ag]ES ety A% dAe] A4l visto] 270
stoh, dAA e s o dolA AAs ICAS 7H8S WEHA1717] 9 g ol
AA o= 43 (Centering) 2t ™ A 3 (Whitening)2] F ZFA o] Ut} o]y
g A2 ICA H7telA Yetve ZAES 1hdakA 82~ 861

7Hd 712 A olar ARl AAgoeltt o] ICA 71 7H4< o H
S VMgt E As W A AES 29 AdE UMY m= Ez) & WEoEN
ColAE a8t sol s RF AEEH FAlstE d
oletE ZHAAl o mA @ HiEts JHAA . =d T AP T3

Al o] Eoll ZAste] a9k s7F TR SAS THAES dolEt ICA

oy
o>
oty
i
>
N
lls
2
o
o

AN

A EF 98 A% k8§, 1CAS BhE @4 SAskel FAH 34

2 o] ReE so 5o Pt WE A'mE GPoA 1 GE 44
g 5
2) ¥ 43}

Was A FASRE AE oo YRS AZ 4@ wAZ glon,

ElzxT) =1 (2.34)
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ARG E = B s, UAERT S Ak Oid A Q3DCAAM G e

91 (u) = tanh(a,u)

9> (u) = ueap (—u?/2),

where 1 < g, < 2 (2.38)
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Aelth. & 1 % ghel WA @4 1ol

ICAE H7FS-2= EAS SAHs e &40 438t dug s A 9
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(4) ©] x4 o] A (Innovation) # 2|
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. g olwuold A thedl ol AejHt)
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Table 3.1 R value and SpO: calculation for data of 50 second
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71 R & i
datas® (107-25%R) | (110-32*R) | (A A=A 3h)
168 1680 0.385536 97 97 97
174 1740 0.388972 97 97 97
171 1710 0.433974 96 96 96
167 1670 0.374862 97 97 97
161 1610 0.378075 97 97 97
158 1580 0.378075 97 97 97
149 1490 0.370768 97 97 97
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Table 3.3 Specification of the used ADS8320

— 16bits no missing code
- single cycle settling mode

- sampling rates up to 100KHz

£ - on—chip calibration
- SPI(Serial Port Interface) compatible
- 2TV to 525V power supply <ImW power consumption>
- industrial process control
- liquid/gas chromatography
- blood analysis
s 8%
; - smart transmitters
o

- portable instrumentation
- weight scales

- pressure transducers
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AHEE TMS320VC54169] ARkl 548 3% 349 17 3180 vekt
st

¥ 3.4 TMS320VC5416 DSPe] A1<1(1)
Table 3.4 Specification of TMS320VC5416 DSP (1)

- Advanced Multibus Architecture with Three Separate 16-bit Data
Memory Buses and One Program Memory Bus

- 40-bit Arithmetic Logic unit(ALU) include a 40-Bit Barrel Shifter
and Two independent 40-Bit Accumulators

- 17*17 Bit Parallel Multiplier Coupled to a 40-Bit Dedicated Adder
for Non-Pipelined Single-Cycle Multiply/Accumulate(MAC)
operation

- Compare, Select, and Store Unit(CSSU) for the Add/Compare

Selection of the Viterbi operator
- Exponent Encoder to Compute an Exponebt Value of a 40-Bit
Accumulator Value in a Single Cycle

- Two Address Generators with Eight Auxiliary Registers and Two
Auxiliary Register Arithmetic units(ARAUSs)

- Data Bus with a Bus Holder Feature

- Extended Addressing Model for 8M x 16 -Bit Maximum
Addressable External Program Space

- 128K x 16Bit On-chip RAM Composed of:

- Eight Blocks of 8K x 16 Bit On-Chip Dual-Access Program/Data
RAM And Eight Blocks of 8K x 16 Bit On-chip Single-Access
Program RAM

- 16K x 16-Bit On-Chip ROM configured for Program Memory

- Enhanced External Parallel Interface(XI02)
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¥ 3.4 TMS320VC5416 DSPe] A1 <1(2)
Table 3.4 Specification of TMS320VC5416 DSP (2)

- Single-Instruction-Repeat and Block-Repeat Operations for
Program Code

- Block-Memory-Move Instruction for Better program and Data
Management

- Instructions with a 32-Bit Long Word Operand

- Instructions with Two- or Three-Operand Reads

- Arithmetic Instructions with parallel store and parallel load

- Conditional store instructions

- On-Chip Programmable Phase-Locked Loop(PLL) Clock Generator
with External Clock Source

- One 16Bit Timer

— Six-Channel Direct Memory Access(DMA) Controller

- Three Multichannel Buffered Serial Ports(McBSPs)

- 8/16 Bit Enhanced Parallel Host-Port Interface(HPIS/16)

- Power Consumption Control with IDLEI1, IDLE2, and IDLE3
Instructions with Power-Down Modes

- CLKOUT Off Control to Disable CLKOUT

— On-Chip Scan-Based Emulation Logic, IEE Std 1149.1 (JTAG)
Boundary Scan Logic

- 6.25ns Single-Cycle Fixed point Instruction Execution
Time(160MIS), 8.33 ns Single-Cycle Fixed point Instruction
Execution Time(120MIS)

- 3.3 V I/O Supply Voltage(160 and 120 MIPS)
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o] DSK5416 ZE-2 DSP ¢85S ZY3te E(Code Compose Studio :
CCS)e] AxEHOl e PCe AZs A AFggr} A183F= DSK54169]
st=slo] 542 & 359 £t

¥ 3.5 DSK54169 A<
Table 3.5 Specification of DSK5416

- 160MHz/160MIPS TMS320C5416 DSP

- On board USB, JTAG controller with plug and play drivers

- On-board standard JTAG interface

- 64K words of on board RAM

- 256K words of on board Flash ROM

- High—quaility 16-/20- bit stereo codec

- Four 3.5mm audio jacks for microphon, line in, speaker and
line out

- 3 Expansion port connector(Memory Interface, Peripheral Interface,
and Host Port Interface) for plug—-in modules

- On Board IEEE 1149.1 JTAG Connection for Optional Emulation
Debuge

- +5V universal power supply

DSK5416¢] Fa3F ¢lE o]~ target RAMI ROM <SlE # o]~
FPGA interface, Codec AEldo]2, 18] &3 JAEH o] 28 ¥ g3t}
E teAd By 183 F

14 A8 TEE A 93t 2 Ao DSKH4169E 3 g # o)~

Seho] A/D WEslske]l <lElHol s, LED TEI 2o <leso]sg

e g,

DSK54162] &4 olEFo]A= HE Q&

N
ke

i
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3.3.3 PC gIE o] 2

DSK541691 4 38 Z3tE PColA EUHE + x5 DSK5H4167%
PC3te] QlEFo]~5 FdA3AT

PCi DSKH4160. 2 5B AEH ATE e ®AT BAHE=
= A/D W79 F9 A5 Adste ICA duyES A8 A7

l

2
foi

2
foi

& Hlusky] flgte], F AEE B HaEde] . PCAA FH= =
232 DSK54160] A& == gtelHelglE AME3tal, Visual Basic 6.0 &
ZEgols AHgste] Y o
A FH o] 2ol AHEE PCO| 7] & A2 & 363 2t
3 36 I He] 2o tigk PC A
Table 3.6 PC specification in interface
AR gl &
A A MS Window 2000
Service Pack Ver. 2
CPU x86 Family 6 Model 8 Stepping 10
AT/AT =375 ey
ISR Rk 512MByte
HDD 30GByte
PC el Visual Basic 6.0
M AEZEY
Monitor 15inch TFT LCD monitor
DSK54162 PC7He] QIE#o] == A FANA 9l RS232 WA & AMgsf

rir

A %3, USB(User Serial Bus) 7lo]&2 dA3e] CCSolA A&t
RTDX(Real Time Data eXchange)? 7]%& o]&3t}. QEHol~E tf

dlo
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3E 41 Atet=

daElFe] Wy ar(1)

Table 4.1 Buffer size of proposed algorithm(1)

TP A AE-E B dlolEl @ | ¥¥ =7](16bit) A 734
Data
adc_data[2][3000] Int 2 x 3000 Adg doly A%
Acquisition
pi_x[1500] Float 1500 x 2 F75A
Interleaving[21[3000] Float 2 x 3000 x 2 Interleaving

A Qe M A 2

Time Low Pass

TimeLowPass[2]1[3000] Float 2 x 3000 x 2 o
| Filtering
o] &= | o] A [2][3000] Float 2 x 3000 x 2 SIS SES)
MixSig[2][3000] Float 2 x 3000 x 2 ﬁzj‘ jjj_g]
MeanMatrix[2][3000] Float 2 x 3000 x 2 Centering
WhitenMatrix[2][3000] Float 2 x 3000 x 2 Whitenning
PCA DeWhitenMatrix[21[3000] Float 2 % 3000 x 2 Whitenning
EigenValuel2][2] Float 2 x2x2 Whitenning
EigenMatrix[2][2] Float 2 x 2% 2 Whitenning
CovarianceMatrix[2][2] Float 2 x 2% 2 Whitenning




3E 41 At dagFe] WHAY](2)
Table 4.1 Buffer size of proposed algorithm(2)

T A A& ¥ dlolel @ | W3 =7](16bit) RS
. Norm Weighted
swMatrix[2][1] Float 2x1x2 ]
Matrix
WMatrix[2][2] Float 2 % 2x 2 Weight Matrix
AMatrix[2][2] Float 2 x 2x 2 Mixing Matrix
. Maximum
UMatrix[3000] Float 3000 x 2 o
Non-Gaussianity
Maximum
FastlCA | o\ Matrix[3000] Float | 3000 x 2 o
Non-Gaussianity
. Maximum
gaussMatrix[3000] Float 3000 x 2 L
Non-Gaussianity
. Maximum
dGMatrix[3000] Float 3000 x 2 o
Non-Gaussianity
SepSig[2]1[3000] Float 2 x 3000 x 2 HE A% A%
PC I/F toHostPC_Buff[3000] Int 3000 PC I/F
Z Fdask Wy A7) 132044 byte(129Kbyte)

O

Hz Alere dae]Fel dste] ok w¥ie] A7) oF 129Kbyteo]
aelal A/D W& o F, AsHe uA" deolHel e 12203000 x
1/150(Hz) = 12(s)) dlo]E] otk & =&oA AAG st=gofjoA Ag4
DSK5416 R == 32Kbyte®] dlol¥ wEe]& Alwstal glrh wekA At
W dae gl agske wEe ArjE zdsjorsith. aela Agshe
el s 2stefop drh wlolH wxele] Al WEt wAE At
, Fae] s AARE FEE fske], # =delAE 125Hz HEHE 7Y
shm, A2l dlolEi= 423t dolHE Agstdrt. S wEe A7]E 50070 =
Faotglrh. whebA dash A Wyl Ha Av)s 22Kbyteolth 1y
glol g Adgus oo Feja As AeE F9 AGuFEs A9
A5 27|74 wE gty 22KbyteRth o 2 2719 dlolH HEE
ZPAoR @uh o o] AEY Fukgrh Wskel] whel DSP x7] AW
ol A efolm QIEHES] A F7]%= 8msecE W73t

i

al
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ABSTRACT

Extraction of Artifacts and SpO2 Sources of
Measured Signal from Pulse Oximeter using

Independent Component Analysis

Kim, Gyoung Ha

Dept. of Graduate Program
in Biomedical Engineering
The Graduate School

Yonsei University

To measure PPG signals is difficult to the moving patient. Pulse
oximeter may fail to calculate an accurate SpO: level from PPG signals
which have motion artifacts. Because of motion artifacts, PPG signals
become low SNR, high MSE, low accuracy, and distortion. Thus, it is
need to separate pure PPG signals and motion artifacts from measured
PPG signals for accurate measurement of PPG signals and calculation of
SpOo.

In this paper, it is suggested that a new algorithm to separate PPG
and motion artifact signal from two input signals in time domain for
continuous monitoring. The proposed algorithm was based on the
Independent Component AnalysisUCA) assuming the independence

between PPG and motion artifact. In order to enhance an efficiency of
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the ICA, the ICA input condition was optimized by adding
pre-processing in which block interleaving, lowpass time filtering and
innovation processing technique were combined. FastICA algorithm was
chosen for high-speed calculation and consideration of real-time
processing for PPG signal. Implemented hardware system was composed
of the analog circuit part, the digital circuit part, and the PC interface
part. Used probe was composed of two conventional LEDs with
wavelengths of red(660nm) and near infra-red(830nm), and one
photo—diode. The analog circuit was composed of the driver part of
LEDs, the differential amplifier and multiplexer part, and the reduction
part of ambient artifacts and signal amplifier part. The each LEDs were
alternately turned on and the output from the probe was amplified and
filtered. Also ambient artifact was removed through the independent
acquisition of the ambient signals and subtraction of them from
necessary signals in the de-multiplexer. The digital circuit was composed
of the A/D converter and DSK5416 part. An A/D converter with 16 bit
resolution sampled each analog output of PPG signals at 125Hz, and the
digital signals were transmitted to the DSK5416 board through the serial
port. The TMS320VC5416 DSP chip in the DSK5416 board accomplishes
the proposed algorithm for removing motion artifacts. The separated
signals which were removed the motion artifacts transported to the PC
through USB interface.

Two experiments have done for estimating a performance of the
proposed algorithm. First experiment has done with the numerical

simulation. The simulation data was a mixed signals which added
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random noise to pure sinusoid signals. To separate sinusoid signals from
mixed signals, the general ICA algorithm and the propose ICA algorithm
were used. The results of two algorithms were evaluated by SNR and
MSE. As a result, it is represented that the proposed method showed
remarkably smaller MSE than the general method as the SNR decreased.
The average of MSE of proposed method became less than 0.5.

Second experiment has done with proposed algorithm on PPG signals
measured for one minute with four different motion artifacts. The results
of proposed algorithms were evaluated by SNR and MSE. Reconstruction
result of PPG signals were less than 1 of MSE on each motion artifact
signals. And it was shown that the proposed algorithm could reconstruct
signals from 60% to 90%. Thus, the proposed ICA algorithm could be
effectively detect, separate and remove motion artifact of input signals.
And as a result of experiment in the real-time environment, it was
verified that the number of period pulse data must be more than period

pulse of 3~4 for reconstruction of signals.

Key Word : ICA, FastICA, Preprocessing, block interleaving, lowpass

time filtering , innovation processing

- 103 -



	차례
	그림차례
	표차례
	국문요약
	제1장 서론
	제2장 산소포화도계와 ICA 알고리즘
	2.1 산소포화도계
	2.2 Independent Component Analysis(ICA)

	제3장 동잡음 제거 알고리즘 및 하드웨어 구현
	3.1 동잡음 제거 알고리즘 구현
	3.2 동잡음 제거 실험 결과
	3.3 하드웨어 구현

	제4장 실험 및 결과
	4.1 실험환경
	4.2 결과

	제5장 결론
	참고문헌
	ABSTRACT

