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## 507 06302 21 : MAJOR ELECTRICAL ENGINEERING

KEY WORDS : PULSE OXIMETRY / ADAPTIVE NOISE CANCELLATION / MINIMUM

CORRELATION DISCRETE SATURATION TRANSFORM / ACCELEROMETERS.
SITTHI KUNCHON : IMPROVEMENT OF MOTION ARTIFACT REDUCTION IN
PULSE OXIMETER BASED ON ACCELEROMETER. ADVISOR : ASSOC. PROF.
DOCTOR CHEDSADA CHINRUNGRUENG, CO-ADVISOR : ASSIST. PROF.
DOCTOR TAYARD DESUDCHIT, M.D. 88 pp.

Blood oxygen saturation is an important quantity for indicating whether the
patient is in the state of hypoxia. The highly accurate method for measuring the blood
oxygen saturation level is based on the arterial blood gas monitoring; however, such
ABG measurement is an invasive process and thus complicate to carry out. Among non-
invasive approaches, a pulse oximeter is most commonly used for measuring blood
oxygen saturation. Since the pulse oximeter calculates the blood oxygen saturation level
based on photoplethysmography technique, its accuracy is severely subjected to
motion artifact and environmental noise.

In this thesis, we aim to evaluate empirically the effectiveness of adaptive filters
in motion artifact cancellation for finger pulse oximeters in Essential Tremor patients. Our
experiments compared the Least Mean Square (LMS) adaptive filter and the
Exponentially Weighted Least Square (EWLS) adaptive filter with the Minimum
Correlation Discrete Saturation Transform (MCDST) in both simulated Essential Tremor
movement and Essential Tremor patients signals. The experimental results indicate that
both adaptive filters can perform better than the MCDST, and the EWLS adaptive filter is

better than the LMS adaptive filter in motion artifact reduction
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S, ()=R_s ()+R n () (2.14)
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Motion Period
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Red signal without filter Absolute different in left column
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Absolute different
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1 dl ] 1 J a AI o A dl % o dl o
ANRALTAIHARNTIZUINAIRANTLAUEN AT LULAEA (Spo2) lFannisAu e EUTUNERL

Tdgnasmeudtyaiasuniuduinainnisiaaaulin

2
1%

AN ARBIATIT a7 AU (unh) AR LDIHAFNTBIAN
aandauausaluaeafuA

#1984 (%)
1 0.0145 6.0400
2 0.0182 9.5200
3 0.0242 13.9600
4 0.0224 10.0100
5 0.0193 8.9700
6 0.0166 9.0700
7 0.0194 9.3300
8 0.026 7.6700
9 0.0258 7.9700
10 0.0283 12.7900
Ay 0.0215 9.5300
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MNINARBIATIT a7 A uIn (unh) AR LDIHAFNTBIAN
aandauausaluaeafuA

#1984 (%)

1 0.5143 10.4200
2 0.5468 12.3100
3 0.5648 8.4100
4 0.5457 10.3000
5 0.5493 7.7100
6 0.5473 10.5300
7 0.5388 8.1400
8 0.5361 10.1300
9 0.5267 10.3200
10 0.5285 10.4100
Ay 0.5398 9.8700
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NNINARBIATIT a7 AU Gunh) AR LDIHAFNTBIAN
pandanausaluaeafuA
#1984 (%)
1 0.4952 2.4400
2 0.4946 4.7200
3 0.5209 3.9000
4 0.4103 3.2500
5 04772 3.2300
6 0.4854 3.4900
7 0.4502 3.8400
8 0.4622 2.8100
9 0.4144 3.1800
10 0.4387 5.9600
Ay 0.4649 3.6800
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1 dl ] 1 J a AI o A dl % o % dl
ANRALTAIHARNIZUINAIRANTLAUEN AL LULAEA (Spo2) lFannisAuae EUTUNEUN
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MNINARBIATIT a7 A uIn Gunh) AR UDIHAFNTBIAN
pandanansaluaeafuA

#1984 (%)
1 0.5501 4.6200
2 0.5637 7.5200
3 0.5611 11.4100
4 0.4678 8.3600
5 0.5622 7.6100
6 0.5608 7.4000
7 0.4815 8.3700
8 0.5009 6.0900
9 0.4535 6.1400
10 0.4702 11.1500
Ay 0.5172 7.8700
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1379 4.5
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TUNIUAULAARINNIT aandauaniluAenfuAN
aaulAiifeLAI e #1989 (%)
ANBNFTeRenT ALy
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ldannau 0.0215 9.5300
MCDST 0.5398 9.8700
EWLS 0.4649 3.6800
LMS 0.5172 7.8700
A1919 4.6
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EWLS 0.4649 0.0976 0.1366 3.6800
LMS 0.5172 0.1264 0.1073 7.8700
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Red signal without filter Absolute of different in left column
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Infrared signal without filter Absolute different in left column
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1 dl ] 1 J a AI o A dl % o dl o
ANRALTAIHARNTIZUINAIRANTLAUEN AT LULAEA (Spo2) lFannisAu e EUTUNERL

Tignasmeudtyanaisunsuduiinainnisiaaeulanesdilae Essential Tremor

MNINARBIATIT a7 A uIn (unh) AR UDIHAFNTBIAN
aandanausaluaeafuA
#1984 (%)
1 0.0466 3.3700
2 0.0500 2.5900
3 0.0274 0.6900
4 0.0248 1.3000
5 0.0274 1.4600
L’ilglﬂ 0.0352 1.8820
M99 4.8

1 dl ] 1 J a AI o A dl % o ¥ ad
ANRALTAIHARNILUINAIRANTLAUENAY LULAAA (SpO2) NlFanNnNIsATUIUALAT

nsztnunsulasAnausauLulisaliastssnnnduiustes gauas Agnetaaaegilon

Essential Tremor

mmmmﬂ%ﬁ AT A Au) AARETBIEARITBIAN
pandiaudnsludesiue
#1984 (%)
1 1.9175 7.0000
2 1.7215 7.7800
3 1.7342 3.4600
4 1.7182 4.0500
5 1.7265 5.4900
Ay 17636 5.5560
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1 dl ] 1 J a AI o A dl % o % dl
ANRALTAIHARNIZUINAIRANTLAUEN AL LULAEA (Spo2) mim@ﬂﬂﬂﬁ?muqm@mm’]mw

HunsasnsasiiusalimdsaasipagatssiminaasniiduarAdnessanagilog

Essential Tremor

mmmmﬂ%ﬁ AR GAu) AARETBIEARNITBIAN
pandiaudnsludesiue
#1984 (%)
1 0.5198 3.2200
2 0.2848 2.4700
3 0.2644 0.6500
4 0.2604 1.2900
5 0.2638 1.4200
Ay 0.3186 1.8100
A1914 4.10

P . o s A o = Ay v 0 =
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mmmmﬂ%ﬁ AT A 0 Au) AARETBIEARNITBIAN
pandiaudnsludesiue
#1984 (%)
1 0.5555 3.3700
2 0.3036 2.5900
3 0.2992 0.6900
4 0.2961 1.3000
5 0.3011 1.4600
Ay 0.3511 1.8820
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1 dl ] 1 J a AI o A dl % o ¥ ad
ARALTAIHARNIZUINAIRANTLAUEN AT LULAAA (Spo2) NlFanNnIsATUIUALAT

| o o Y a Yo .
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AN A (F1)

ANRALIUBINAANITAIAN
aandlauaNfnluaaafuUAN

#1984 (%)

ldannau 0.0352 1.8820
MCDST 1.7636 5.5560
EWLS 0.3186 1.8100
LMS 0.3511 1.8820
A9 4.12
Han1TANUILIAY ”m;m;’]m‘ﬁ'mmé’f;mq%mmﬁuﬁqié’ﬁnmé’ﬂfm Essential Tremor
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15usiala (uh) AN AN NARNIAN
AryoNnUUAY ArynuNnUUAY panTLALBNET
ANMNENIARY | ADNENIARL Tuaeniuan
WASALAY (V) aunaee (V) #1989 (%)
EWLS 0.2644 0.1229 0.2720 0.6500
LMS 0.2992 0.1175 0.2768 0.6900
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