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pressure measurement system using of an extrinsic fiber based Fabry-Perot 
interferometer for mass production in Thai industries Thesis advisor : Associate 
Professor Dr. SAROJ PULLTEAP 

This thesis is a design and development of a blood pressure (BP) 
measurementsystem using a fiber optic-based Fabry-Perot Interferometer incorporate 
with astandard digital sphygmomanometer serving as a reference device. The 
experimental process involves designing BP measurement system and developing 
the sensing probe. Four types of reflective materials; aluminum foil, prismatic 
retroreflective thin film, plane mirror, and aluminum-coated mirror, were tested 
using a function generator in order to simulate the human pulse at various frequency 
levels. The experimental result was indicated that the aluminum-coated mirror 
had the highest reflectivity and clearest interference fringes. Moreover, 3 types 
of elastic materials such as latex thin film, natural latex thin film, and nitrile latex 
thin film, were operated with a tensile machine 3 times each. However, latex thin 
film had the highest elasticity. Therefore, the aluminum-coated mirror and latex thin 
film were utilized as materials for the development of sensing probe, and also were 
installed at the fiber end. Consequently, the testing data were collected from 86 
healthy volunteers aged 21 - 50 years old with 5 times of repeatability by placing 
sensing probe on right side of the neck and a standard digital sphygmomanometer 
on the upper left arm, respectively. The data was recorded at 15-second intervals. 
Furthermore, peak detection and also fringe counting techniques were employed to 
demodulate material deflection into pressure, pulse pressure, blood pressure, and 
heart rate, respectively. The data analysis reveals that the developed system can 
measure systolic blood pressure in the range of 91 to 128 mmHg, diastolic blood 
pressure from 62 to 85 mmHg, and heart rate from 48 to 102 beats/min, respectively. 
The experimental results showed that the developed system had the sensitivity of 
56.88 nm/mmHg and also average percentage error of 2.84%. To conclude, the 
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developed blood pressure measurement system is capable of measuring vital signs 
and blood pressure with non-invasively, and painlessly. The feasibility analysis and 
project sensitivity revealed that the project becomes profitable when the targeted 
profit was exceeded 50% of the production cost. However, this is achieved by adding 
market value, enhancing consumer awareness, and also potentially advancing 
medical measurement tools in the future. 
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ĶŅĵĔŅĶĽńĠĸńĔļĦƢ 
ĽńĠĸńĔļĦƢ ėĺŅĴľĴŅĵ 

 I  ėƞŅėĺŅĴŏĕƟĴŐĽĚĶĺĴȮ(Total intensity) 

refI  ėƞŅėĺŅĴŏĕƟĴŐĽĚĕŀĚĽńĠĠŅĦŀƟŅĚŀŇĚ (ReferenceȮsignal) 

sensI  ėƞŅėĺŅĴŏĕƟĴŐĽĚĕŀĚĽńĠĠŅĦĺńħ (Sensing signal) 
qD  ėƞŅįĸĨƞŅĚĶŃľĺƞŅĚŏĲĽĕŀĚĪńŘĚĽŀĚėĸŊŗĬŐĽĚȮ(Phase difference) 

n ėƞŅħńĝĬňĔŅĶľńĔŏľĕŀĚŐĽĚȮ(Refractive index) 
d  ĶŃĵŃĕŀĚŏĲĽĪňŗŏĮĸňŗĵĬŐĮĸĚœĮ  
l ėĺŅĴĵŅĺėĸŊŗĬŐĽĚ (Wavelength)  
N   ěņĬĺĬĶŇŘĺŐĪĶĔĽŀħĕŀĚŐĽĚ (Fringe number) 

td  ėƞŅĔŅĶőĔƞĚĨńĺĕŀĚĺńĽħŋĪňŗŏĮĸňŗĵĬœĮĨŅĴŏĺĸŅ 
r  ĕĬŅħŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚȮ(Diameter: mm) 
E  ėƞŅĵńĚĴŀħŋĸńĽȮ&WmsleŲqȮkmbsjsq8ȮL-k2) 
h ėĺŅĴľĬŅĕŀĚĺńĽħŋȮ(Thickness: mm) 
v   ŀńĨĶŅĽƞĺĬĮƤĺĞŀĚȮ(Poisson ratio) 
P  ėĺŅĴħńĬȮ(Pressure: Pa) 
PP ėĺŅĴħńĬĝňıěĶ (Pulse pressure: mmHg) 

SBP ėƞŅėĺŅĴħńĬőĸľŇĨĝƞĺĚĭĬľĶŊŀĞŇĽĪŀĸŇėȮ(mmHg) 
DBP ėƞŅėĺŅĴħńĬőĸľŇĨĝƞĺĚĸƞŅĚľĶŊŀœħŐŀĽĪŀĸŇė (mmHg) 

NPV ĴŌĸėƞŅĮƤěěŋĭńĬĽŋĪīŇ (Net Present Value) 
IRR ŀńĨĶŅįĸĨŀĭŐĪĬĕŀĚőėĶĚĔŅĶȮ(Internal rate of return) 

BCR ŀńĨĶŅĽƞĺĬįĸĨŀĭŐĪĬĨƞŀĨƟĬĪŋĬȮ(Benefit cost of ratio) 
PB ĶŃĵŃŏĺĸŅėŊĬĪŋĬȮ(Payback Period) 

 
tB    ĴŌĸėƞŅĕŀĚįĸĮĶŃőĵĝĬƢěŅĔőėĶĚĔŅĶĪňŗŏĔŇħĕŉŘĬŒĬĮƖĪňŗȮt  

 tC    ĴŌĸėƞŅĕŀĚĨƟĬĪŋĬěŅĔőėĶĚĔŅĶĪňŗŏĔŇħĕŉŘĬŒĬĮƖĪňŗȮt  
 r     ŀńĨĶŅėŇħĸħȮľĶŊŀħŀĔŏĭňŘĵ 
 t     ĮƖĪňŗħņŏĬŇĬőėĶĚĔŅĶ 
 n     ŀŅĵŋĕŀĚőėĶĚĔŅĶľĶŊŀĮƖĽŇŘĬĽŋħŀŅĵŋőėĶĚĔŅĶ 
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ĭĪĪňŗ 1  
ĭĪĬņ 

 
 

1.1 ĪňŗĴŅŐĸŃėĺŅĴĽņėńĠĕŀĚĮƤĠľŅ  
ėĺŅĴħńĬőĸľŇĨȮ(Blood pressure: BP) ėŊŀȮėĺŅĴħńĬĕŀĚŏĸŊŀħĪňŗĔĶŃĪĭĔńĭįĬńĚľĸŀħŏĸŊŀħŐħĚ 

ĞŉŗĚŏĔŇħěŅĔĔŅĶĽŌĭĜňħĕŀĚĔĸƟŅĴŏĬŊŘŀľńĺŒěŏıŊŗŀĬņŀŀĔĞŇŏěĬœĮŏĸňŘĵĚĽƞĺĬĨƞŅĚȮŕȮĕŀĚĶƞŅĚĔŅĵȮĔŅĶĨĶĺěĺńħ
ėĺŅĴħńĬőĸľŇĨĽŅĴŅĶĩŐĽħĚįĸœħƟȮ2 ėƞŅȮœħƟŐĔƞȮėƞŅėĺŅĴħńĬőĸľŇĨĝƞĺĚĭĬȮľĶŊŀĞŇĽĪŀĸŇėȮ(Systolic 
blood pressure: SBP)ȮėŊŀȮėƞŅėĺŅĴħńĬĽŌĚĽŋħĕĦŃĪňŗľńĺŒěľƟŀĚĸƞŅĚĭňĭĨńĺȮŐĸŃėƞŅėĺŅĴħńĬőĸľŇĨ 
ĝƞĺĚĸƞŅĚȮľĶŊŀœħŐŀĽĪŀĸŇė (Diastolic blood pressure: DBP)ȮėŊŀȮėƞŅėĺŅĴħńĬĨŗņĽŋħĕĦŃĪňŗľńĺŒě
ľƟŀĚĸƞŅĚėĸŅĵĨńĺ őħĵėƞŅėĺŅĴħńĬőĸľŇĨĪňŗĵŀĴĶńĭœħƟĽņľĶńĭėĬĮĔĨŇĪňŗĴňĽŋĕĳŅıħňĴňėƞŅĮĶŃĴŅĦȮ120Ȯ
ĴŇĸĸŇŏĴĨĶĮĶŀĪȮĽņľĶńĭėĺŅĴħńĬőĸľŇĨĞŇĽĪŀĸŇėȮŐĸŃȮ80 ĴŇĸĸŇŏĴĨĶĮĶŀĪȮĽņľĶńĭėĺŅĴħńĬőĸľŇĨ 
œħŐŀĽĪŀĸŇėȮľĶŊŀĽŅĴŅĶĩŏĕňĵĬįĸĔŅĶĨĶĺěĺńħȮėŊŀ 120/80 ĴŇĸĸŇŏĴĨĶĮĶŀĪȮĞŉŗĚľŅĔĨĶĺěĺńħŐĸƟĺ
ıĭĺƞŅȮėƞŅėĺŅĴħńĬőĸľŇĨĞŇĽĪŀĸŇėĴňėƞŅĴŅĔĔĺƞŅľĶŊŀŏĪƞŅĔńĭȮ140 ĴŇĸĸŇŏĴĨĶĮĶŀĪ ŐĸŃėƞŅėĺŅĴħńĬőĸľŇĨ
œħŐŀĽĪŀĸŇėĴňėƞŅĴŅĔĔĺƞŅľĶŊŀŏĪƞŅĔńĭȮ90 ĴŇĸĸŇŏĴĨĶĮĶŀĪȮŐĽħĚĺƞŅĴňőŀĔŅĽŏĮƦĬėĺŅĴħńĬőĸľŇĨĽŌĚȮ
(Hypertension)ȮĞŉŗĚŏĮƦĬĽŅŏľĨŋľĸńĔĕŀĚőĶėœĨȮŀŅěĽƞĚįĸŒľƟœĨĺŅĵȮőĶėľńĺŒěȮőĶėľĸŀħŏĸŊŀħĨňĭȮľĶŊŀ
ĳŅĺŃľńĺŒěĸƟĴŏľĸĺěĬĩŉĚĕńŘĬŏĽňĵĝňĺŇĨœħƟȮĬŀĔěŅĔĬňŘėĺŅĴħńĬőĸľŇĨĽŌĚĽŅĴŅĶĩŏıŇŗĴėĺŅĴŏĽňŗĵĚŒĬĔŅĶŏĔŇħ
ĳŅĺŃŐĪĶĔĞƟŀĬěŅĔĔŅĶĪňŗŏĽƟĬŏĸŊŀħŐħĚĩŌĔĪņĸŅĵľĶŊŀŏĔŇħĔŅĶŐĕŖĚĨńĺȮŏĮƦĬĨƟĬ [1] ĬŀĔěŅĔĬňŘŒĬĝƞĺĚ
ĽŅĴĽŇĭĮƖĪňŗįƞŅĬĴŅıĭĺƞŅȮĮĶŃĝŅĔĶĪńŗĺőĸĔĝƞĺĚŀŅĵŋȮ30 ů 79 ĮƖȮĪňŗŀĵŌƞŒĬĳŅĺŃėĺŅĴħńĬőĸľŇĨĽŌĚĴňěņĬĺĬ
ŏıŇŗĴĴŅĔĕŉŘĬěŅĔȮ650ȮĸƟŅĬėĬȮŏĮƦĬ 1.28ȮıńĬĸƟŅĬėĬ ŐĸŃĴňŀńĨĶŅĔŅĶŏĽňĵĝňĺŇĨĮĶŃĴŅĦȮ7.7 ů 10.4 
ĸƟŅĬėĬĨƞŀĮƖȮĩŉĚĔĶŃĬńŘĬĮĶŃĝŅĔĶĽƞĺĬŒľĠƞœĴƞŐĽħĚŀŅĔŅĶĕŀĚőĶėȮY0-2[ ĞŉŗĚľŅĔįŌƟĮƙĺĵœĴƞœħƟŏĕƟŅĶńĭ 
ĔŅĶĶńĔļŅľĶŊŀėĺĭėŋĴıķĨŇĔĶĶĴĪŅĚĽŋĕĳŅıȮŀŅěĽƞĚįĸĪņŒľƟŀĺńĵĺŃĳŅĵŒĬĶƞŅĚĔŅĵŏĔŇħĔŅĶŏĽŊŗŀĴĽĳŅıȮ
Y3[ȮħńĚĬńŘĬĔŅĶĨĶĺěĺńħėĺŅĴħńĬőĸľŇĨŀĵƞŅĚĩŌĔĨƟŀĚȮŐĸŃŏĮƦĬĮĶŃěņŀĵƞŅĚĨƞŀŏĬŊŗŀĚěŉĚĽŅĴŅĶĩĝƞĺĵ
ĮƚŀĚĔńĬȮıĵŅĔĶĦƢĶŃħńĭėĺŅĴŏĽňŗĵĚȮŐĸŃĪņĔŅĶĶńĔļŅőĶėœħƟŀĵƞŅĚŏľĴŅŃĽĴ ĮƤěěŋĭńĬĔŅĶĨĶĺěĺńħ 
ėĺŅĴħńĬőĸľŇĨĽŅĴŅĶĩĔĶŃĪņœħƟħƟĺĵĨĬŏŀĚȮ(Self-monitoring blood pressure: SMBP) őħĵŒĝƟ
ŏėĶŊŗŀĚĺńħėĺŅĴħńĬőĸľŇĨŐĭĭħŇěŇĨŀĸȮ(DigitalȮsphygmomanometer) ĩŉĚĔĶŃĬńŘĬȮŏėĶŊŗŀĚĺńħėĺŅĴħńĬ
őĸľŇĨĝĬŇħħńĚĔĸƞŅĺĴňĕƟŀěņĔńħȮėŊŀȮĴňĔĸœĔĪňŗĞńĭĞƟŀĬȮŐĸŃĶŅėŅėƞŀĬĕƟŅĚĽŌĚŏĬŊŗŀĚěŅĔĨƟŀĚĬņŏĕƟŅěŅĔ
ĨƞŅĚĮĶŃŏĪĻȮĬŀĔěŅĔĬňŘĨńĺŏėĶŊŗŀĚĮĶŃĔŀĭħƟĺĵĽŅĵĶńħŐĕĬȮ(Cuff) ĪňŗŀŅěĔƞŀŒľƟŏĔŇħėĺŅĴŏěŖĭĮĺħĨƞŀ
įŌƟŒĝƟĚŅĬȮŐĸŃœĴƞŏľĴŅŃĽĴĽņľĶńĭĔŅĶĨĶĺěĺńħĶŃĵŃĵŅĺŀĵƞŅĚĨƞŀŏĬŊŗŀĚȮĬŀĔěŅĔĬňŘĨńĺĨĶĺěěńĭŒĵŐĔƟĺ 
ĬņŐĽĚĝĬŇħŀŇĬŏĪŀĶƢĲƖĶŀĴŇŏĨŀĶƢȮ(Fiber Optic Interferometer: FOI)ȮěŉĚĩŌĔĬņĴŅĮĶŃĵŋĔĨƢŒĝƟŒĬĚŅĬ
ĪŅĚħƟŅĬĝňĺĔŅĶŐıĪĵƢĴŅĔĕŉŘĬȮY4, 5[ őħĵĨńĺĨĶĺěěńĭŒĵŐĔƟĺĬņŐĽĚĝĬŇħȮFOI ĽŅĴŅĶĩŐĭƞĚŀŀĔŏĮƦĬȮ 
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2ȮĮĶŃŏĳĪȮœħƟŐĔƞȮĨńĺĨĶĺěěńĭŒĵŐĔƟĺĬņŐĽĚĝĬŇħŐĴĽ-ŐĞĬŏħŀĶƢȮŀŇĬŏĪŀĶƢĲƖĶŀĴŇŏĨŀĶƢȮ(Mach-
Zehnder Interferometer: MZI)ȮĝĬŇħĴŇŏėŇĸĽńĬȮŀŇĬŏĪŀĶƢĲƖĶŀĴŇŏĨŀĶƢȮ(Michelson Interferometer: 
MI) ĝĬŇħĞŅŏĬňŘĵĔȮŀŇĬŏĪŀĶƢĲƖĶŀĴŇŏĨŀĶƢȮ(Sagnac Interferometer: SI) ŐĸŃȮĝĬŇħĲŅĭĶň-ŏĮőĶĨƢȮ 
ŀŇĬŏĪŀĶƢĲƖĶŀĴŇŏĨŀĶƢȮ(Fabry-Perot Interferometer: FPI) ĞŉŗĚĨńĺĨĶĺěěńĭĴňĕƟŀħňȮėŊŀȮĴňőėĶĚĽĶƟŅĚ 
œĴƞĞńĭĞƟŀĬ (Simply structure)ȮĬŘņľĬńĔŏĭŅȮ(Lightweight)ȮĕĬŅħŏĸŖĔȮ(Compact size)ȮĴňėĺŅĴœĺ
ŐĸŃėĺŅĴĸŃŏŀňĵħĽŌĚ (High sensitivity)ȮŒĝƟĚŅĬĚƞŅĵ (Easiness for integration)ȮŐĸŃĪĬĪŅĬĨƞŀ 
ĔŅĶĶĭĔĺĬĕŀĚėĸŊŗĬŐĴƞŏľĸŖĔœĲĲƚŅ (Immunity to electromagnetic interference) ŏĮƦĬĨƟĬȮĪņŒľƟ
ĽŅĴŅĶĩĨĶĺěĺńħĽńĠĠŅĦœħƟŀĵƞŅĚĨƞŀŏĬŊŗŀĚŒĬĕĦŃĪňŗĴňŀŋĮĔĶĦƢŀŇŏĸŖĔĪĶŀĬŇĔĽƢĪņĚŅĬŀĵŌƞĳŅĵŒĬĭĶŇŏĺĦ
ĬńŘĬħƟĺĵ [8] 
ħńĚĬńŘĬěŅĔĮƤĠľŅĪňŗœħƟĔĸƞŅĺĴŅĕƟŅĚĨƟĬȮŒĬĺŇĪĵŅĬŇıĬīƢĬňŘĴňŐĬĺėŇħıńĥĬŅĶŃĭĭĨĶĺěĺńħėĺŅĴħńĬ

őĸľŇĨŒĬĴĬŋļĵƢħƟĺĵĨńĺĨĶĺěńĭŒĵŐĔƟĺĬņŐĽĚĝĬŇħĲŅĭĶň-ŏĮőĶĨƢȮŀŇĬŏĪŀĶƢĲƖĶŀĴŇŏĨŀĶƢȮ(Fiber optic 
Fabry-Perot interferometer: FFPI) őħĵŏĪėĬŇėĔŅĶĨĶĺěěńĭěŋħĽŌĚĽŋħȮ(Peak detection)ȮĕŀĚ
ĽńĠĠŅĦȮŐĸŃŏĪėĬŇėĔŅĶĬńĭěņĬĺĬĶŇŘĺŐĪĶĔĽŀħĕŀĚŐĽĚȮ(FringeȮcounting technique)ȮĩŌĔĬņĴŅ
ĮĶŃĵŋĔĨƢŒĝƟĽņľĶńĭĔŅĶŐĮĸėƞŅěņĬĺĬĶŇŘĺŐĪĶĔĽŀħĕŀĚŐĽĚŒľƟŀĵŌƞŒĬĶŌĮėĸŊŗĬĝňıěĶȮ(Pulse wave)ȮŏıŊŗŀ
ŒĝƟŒĬĔŅĶĺŇŏėĶŅŃľƢľŅėƞŅėĺŅĴħńĬőĸľŇĨȮ(Blood pressure analysis) őħĵĴňėƞŅŀńĨĶŅĔŅĶŏĨƟĬĕŀĚľńĺŒěȮ
ėƞŅėĺŅĴħńĬőĸľŇĨĞŇĽĪŀĸŇėȮŐĸŃėƞŅėĺŅĴħńĬőĸľŇĨœħŐŀĽĪŀĸŇėěŅĔŏėĶŊŗŀĚĺńħėĺŅĴħńĬőĸľŇĨŐĭĭ
ħŇěŇĨŀĸĴŅĨĶģŅĬȮ(Standard digital sphygmomanometer) ŏĮƦĬėƞŅŀƟŅĚŀŇĚȮ(Reference)ȮěŅĔĬńŘĬ
ŏĮĶňĵĭŏĪňĵĭėƞŅėĺŅĴħńĬőĸľŇĨĪňŗœħƟěŅĔĶŃĭĭĨĶĺěĺńħĪňŗıńĥĬŅĕŉŘĬŏĮĶňĵĭŏĪňĵĭĔńĭėƞŅėĺŅĴħńĬŀƟŅĚŀŇĚȮ
ŏıŊŗŀľŅėƞŅėĺŅĴėĸŅħŏėĸŊŗŀĬĪňŗŏĔŇħĕŉŘĬȮ(Error)ȮőħĵĴňĺńĨĩŋĮĶŃĽĚėƢŏıŊŗŀĽĶƟŅĚĶŃĭĭĨĶĺěĺńħėĺŅĴħńĬ
őĸľŇĨĪňŗĴňėĺŅĴĩŌĔĨƟŀĚȮŐĴƞĬĵņȮŐĸŃœĴƞĶŋĔĸŘņĶƞŅĚĔŅĵȮĕŀĚįŌƟĨĶĺěĺńħȮĬŀĔěŅĔĬňŘħņŏĬŇĬĔŅĶĺŇŏėĶŅŃľƢ 
ľŅėĺŅĴėŋƟĴėƞŅŒĬĔŅĶĸĚĪŋĬȮ(Feasibility analysis) ħƟĺĵŏėĶŊŗŀĚĴŊŀĪŅĚŏĻĶļģĻŅĽĨĶƢȮœħƟŐĔƞȮĴŌĸėƞŅ
ĮƤěěŋĭńĬĽŋĪīŇȮ(Net Present Value: NPV)ȮŀńĨĶŅįĸĨŀĭŐĪĬĳŅĵŒĬ (Internal Rate of Return: 
IRR)ȮŀńĨĶŅĽƞĺĬįĸĨŀĭŐĪĬĨƞŀĨƟĬĪŋĬ (Benefit cost of ratio: BCR)ȮĶŃĵŃŏĺĸŅėŊĬĪŋĬ (Payback 
Period: PB) ŐĸŃėƞŅŒĝƟěƞŅĵĨĸŀħŀŅĵŋőėĶĚĔŅĶȮ(Life-cycle cost: LCC) ŏĮƦĬĨƟĬȮĶĺĴĪńŘĚĺŇŏėĶŅŃľƢ
ėĺŅĴŀƞŀĬœľĺĕŀĚőėĶĚĔŅĶȮ(Sensitivity) őħĵĔŅĶĔņľĬħĶŅėŅĕŅĵĨńŘĚŐĨƞȮ10% - 50% ĕŀĚĨƟĬĪŋĬ
ĔŅĶįĸŇĨȮĽņľĶńĭĬņœĮĺŇŏėĶŅŃľƢĔŅĶįĸŇĨŒĬĳŅėŀŋĨĽŅľĔĶĶĴœĪĵ 

 
1.2 ĺńĨĩŋĮĶŃĽĚėƢĕŀĚĔŅĶĻŉĔļŅ 

1.2.1 ŏıŊŗŀŀŀĔŐĭĭŐĸŃıńĥĬŅĶŃĭĭĨĶĺěĺńħėĺŅĴħńĬőĸľŇĨĝĬŇħėĺŅĴœĺĽŌĚ (High sensitivity 
blood pressure instrument) ħƟĺĵĨńĺĨĶĺěěńĭŒĵŐĔƟĺĬņŐĽĚĝĬŇħĲŅĭĶň-ŏĮőĶĨƢȮŀŇĬŏĪŀĶƢĲƖĶŀĴŇŏĨŀĶƢȮ 
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1.2.2 ŏıŊŗŀĻŉĔļŅėĺŅĴŏĮƦĬœĮœħƟŒĬĔŅĶĬņŏŀŅĶŃĭĭĨƟĬŐĭĭĴŅħņŏĬŇĬĔŅĶįĸŇĨěĶŇĚȮ(Mass 
production) 

1.2.3 ĻŉĔļŅĩŉĚĨƟĬĪŋĬĔŅĶįĸŇĨŐĸŃľŅėĺŅĴėŋƟĴėƞŅŒĬĔŅĶĸĚĪŋĬ 
 

1.3 ĕŀĭŏĕĨĔŅĶĻŉĔļŅ 
1.3.1 ıńĥĬŅĶŃĭĭĨĶĺěĺńħėĺŅĴħńĬőĸľŇĨėĺŅĴœĺĽŌĚȮ(High sensitivity blood pressure 

measurement system) ħƟĺĵĨńĺĨĶĺěěńĭŒĵŐĔƟĺĬņŐĽĚĝĬŇħĲŅĭĶň-ŏĮőĶĨƢȮŀŇĬŏĪŀĶƢĲƖĶŀĴŇŏĨŀĶƢȮ
(Extrinsic fiber based Fabry-Perot interferometer: EFFPI) őħĵœĴƞŏěŅŃŏĽƟĬŏĸŊŀħȮ(Arterial 
line) ŏĪƞŅĬńŘĬ 

1.3.2 ŒĝƟĮĸŀĔŐĕĬȮ(Cuff pressure) ĶƞĺĴĔńĭŏĔěĺńħėĺŅĴħńĬȮ(Pressure gauge) ŐĸŃĮƤƩĴĸĴȮ
(Pump) ŒĬĔŅĶėĺĭėŋĴĔŅĶœľĸĕŀĚőĸľŇĨŒĬľĸŀħŏĸŊŀħ 

1.3.3 ŒĝƟĞŀĲĪƢŐĺĶƢĮĶŃĵŋĔĨƢĪŅĚĺŇĻĺĔĶĶĴŒĬĔŅĶĮĶŃĴĺĸįĸĕƟŀĴŌĸĪňŗĺńħœħƟěŅĔĨńĺĨĶĺěěńĭŒĵŐĔƟĺ
ĬņŐĽĚȮŐĸŃŐĮĸĚŏĮƦĬėƞŅėĺŅĴħńĬŒĬĶŌĮŐĭĭĕŀĚĨńĺŏĸĕȮľĶŊŀĔĶŅĲ 

1.3.4 ŒĝƟŏėĶŊŗŀĚĴŊŀĺńħėĺŅĴħńĬőĸľŇĨŐĭĭħŇěŇĨŀĸĴŅĨĶģŅĬȮ(Standard digital 
sphygmomanometer) ŏĮƦĬŏėĶŊŗŀĚĴŊŀĺńħėĺŅĴħńĬőĸľŇĨŀƟŅĚŀŇĚȮ(Reference instrument)ȮŒĬĔŅĶľŅ
ėƞŅėĺŅĴįŇħıĸŅħĪňŗŏĔŇħĕŉŘĬ 

1.3.5 įĸĪňŗœħƟěŅĔĔŅĶĺńħėĺŅĴħńĬőĸľŇĨŏĮƦĬŐĭĭėƞŅŏħňŗĵĺȮ(Discrete measurement) ŏĪƞŅĬńŘĬ 
 

1.4 ĮĶŃőĵĝĬƢĪňŗėŅħĺƞŅěŃœħƟĶńĭěŅĔĔŅĶĺŇěńĵ 
/.4,/ ĮĶŃőĵĝĬƢĨƞŀĔŅĶıńĥĬŅŏėĶŊŗŀĚĴŊŀĺńħĪŅĚħƟŅĬĔŅĶŐıĪĵƢ 
 ŒĬĚŅĬĺŇěńĵĬňŘœħƟıńĥĬŅĶŃĭĭĨĶĺěĺńħėĺŅĴħńĬőĸľŇĨŒĬĴĬŋļĵƢħƟĺĵĨńĺĨĶĺěěńĭŒĵŐĔƟĺĬņŐĽĚ

ĝĬŇħĲŅĭĶň-ŏĮőĶĨƢȮŀŇĬŏĪŀĶƢĲƖĶŀĴŇŏĨŀĶƢȮőħĵĪňŗœĴƞĶŋĔĸŘņĶƞŅĚĔŅĵȮĴňėĺŅĴœĺȮėĺŅĴĩŌĔĨƟŀĚȮŐĸŃŐĴƞĬĵņȮ 
ŏĴŊŗŀŏĮĶňĵĭŏĪňĵĭĔńĭĽŅĵĶńħĕƟŀĴŊŀĴŅĨĶģŅĬŒĬĔŅĶĨĶĺěĺńħŀńĨĶŅĔŅĶŏĨƟĬĕŀĚľńĺŒěŐĸŃėƞŅėĺŅĴħńĬ
őĸľŇĨĕŀĚįŌƟĪňŗĴňĽŋĕĳŅıŐĕŖĚŐĶĚœħƟ őħĵœĴƞĨƟŀĚŒĝƟĽŅĵĶńħĭĶŇŏĺĦĕƟŀŐĕĬȮĪņŒľƟįŌƟĮƙĺĵĽŅĴŅĶĩĨĶĺěĺńħ
ėĺŅĴħńĬőĸľŇĨœħƟĭƞŀĵėĶńŘĚĴŅĔĕŉŘĬȮĶĺĴĪńŘĚ ĽŅĴŅĶĩĸħĔŅĶĬņŏĕƟŅŏėĶŊŗŀĚĴŊŀĺńħĪŅĚĔŅĶŐıĪĵƢĪňŗĴňĶŅėŅĽŌĚ
ěŅĔĨƞŅĚĮĶŃŏĪĻœħƟŀňĔħƟĺĵ 

1.4.2 ĮĶŃőĵĝĬƢĕŀĚįŌƟŏĕƟŅĶńĭĔŅĶĺŇěńĵ 
ĮĶŃőĵĝĬƢĪňŗœħƟěŅĔĔŅĶŏĕƟŅĶƞĺĴĚŅĬĺŇěńĵĬňŘėŊŀȮįŌƟŏĕƟŅĶńĭĔŅĶĺŇěńĵěŃĪĶŅĭįĸĔŅĶĺńħĪńŘĚľĴħȮ 

3 ėƞŅȮœħƟŐĔƞ 1) ŀńĨĶŅĔŅĶŏĨƟĬĕŀĚĝňıěĶȮ2) ėƞŅėĺŅĴħńĬőĸľŇĨĝƞĺĚĭĬȮŐĸŃȮ3) ėƞŅėĺŅĴħńĬőĸľŇĨĝƞĺĚĸƞŅĚȮ
ĞŉŗĚĽŅĴŅĶĩĭƞĚĭŀĔœħƟĺƞŅįŌƟŏĕƟŅĶńĭĔŅĶĺŇěńĵĴňĶŃħńĭėĺŅĴħńĬĨĶĚĨŅĴŏĔĦĤƢĶŃħńĭėĺŅĴħńĬőĸľŇĨĮĔĨŇȮľĶŊŀ
ĶŃħńĭėĺŅĴħńĬőĸľŇĨħňœħƟ  
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 1.4.3 ĴŌĸėƞŅĪŅĚŏĻĶļģĻŅĽĨĶƢĪňŗœħƟěŅĔĔŅĶĪņĺŇěńĵľĶŊŀŐĔƟĮƤĠľŅĬňŘȮ(ŒĬŏĝŇĚĮĶŇĴŅĦ) 
 ĔŅĶıńĥĬŅĶŃĭĭĨĶĺěĺńħėĺŅĴħńĬőĸľŇĨħƟĺĵĨńĺĨĶĺěěńĭŒĵŐĔƟĺĬņŐĽĚĝĬŇħĲŅĭĶň-ŏĮőĶĨƢ 
ŀŇĬŏĪŀĶƢĲƖĶŀĴŇŏĨŀĶƢȮėŅħĺƞŅĮĶŃŏĪĻĽŅĴŅĶĩĸħĔŅĶĬņŏĕƟŅŀŋĮĔĶĦƢěŅĔĨƞŅĚĮĶŃŏĪĻœħƟȮŀňĔĪńŘĚĵńĚěŃ
ĽŅĴŅĶĩŏıŇŗĴĮĶŇĴŅĦĔŅĶěņľĬƞŅĵŐĸŃĽƞĚŀŀĔįĸŇĨĳńĦĤƢȮėŇħŏĮƦĬĴŌĸėƞŅĴŅĔĔĺƞŅȮ50 ĸƟŅĬĭŅĪȮŐĸŃĽĶƟŅĚ
ĶŅĵœħƟŒľƟŐĔƞįŌƟĮĶŃĔŀĭĔŅĶ/ĳŅėŀŋĨĽŅľĔĶĶĴȮœħƟŏĮƦĬěņĬĺĬĴŅĔĔĺƞŅȮ10 ĸƟŅĬĭŅĪ/ĮƖ 

1.4.4 ŀĚėƢėĺŅĴĶŌƟŒľĴƞ 
  œħƟŀĚėƢėĺŅĴĶŌƟŒľĴƞȮ(Body of knowledge) ĶĺĴĩŉĚĬĺńĨĔĶĶĴȮ(Innovative) ŒľĴƞĪňŗ
ŏĔňŗĵĺĕƟŀĚĔńĭĔŅĶıńĥĬŅĶŃĭĭĨĶĺěĺńħėĺŅĴħńĬőĸľŇĨėĺŅĴœĺĽŌĚħƟĺĵĨńĺĨĶĺěěńĭŒĵŐĔƟĺĬņŐĽĚĝĬŇħ 
ĲŅĭĶň-ŏĮőĶĨƢȮŀŇĬŏĪŀĶƢĲƖĶŀĴŇŏĨŀĶƢȮĨĸŀħěĬœħƟĶŌƟĩŉĚĕńŘĬĨŀĬŒĬĔĶŃĭĺĬĔŅĶįĸŇĨěĶŇĚ 

1.4.5 ĭĪėĺŅĴĨňıŇĴıƢ 
  œħƟĶńĭĔŅĶĨňıŇĴıƢįĸĚŅĬĺŇěńĵĶŃħńĭĬŅĬŅĝŅĨŇȮŀĵƞŅĚĬƟŀĵȮ1 Ĝĭńĭ 

ĔŅĶœħƟĴŅĞŉŗĚĕƟŀĴŌĸŏľĸƞŅĬňŘĽŅĴŅĶĩĬņœĮĽŌƞĔŅĶĺŇŏėĶŅŃľƢŐĸŃıńĥĬŅŏėĶŊŗŀĚĴŊŀĺńħŒľƟĴň
ĮĶŃĽŇĪīŇĳŅıĴŅĔĵŇŗĚĕŉŘĬȮĞŉŗĚěŃĔƞŀŒľƟŏĔŇħĮĶŃőĵĝĬƢĪńŘĚĨƞŀĽńĚėĴȮĝŋĴĝĬ ŐĸŃĔŅĶŐıĪĵƢ 

 
1.5 ĽĩŅĬĪňŗŒĬĔŅĶħņŏĬŇĬĚŅĬ 
ľƟŀĚĮĢŇĭńĨŇĔŅĶĶŃĭĭİƤĚĨńĺĪŅĚĔĸȮ(Mechanical Embedded System Laboratory: MESL)

ĳŅėĺŇĝŅĺŇĻĺĔĶĶĴŏėĶŊŗŀĚĔĸȮėĦŃĺŇĻĺĔĶĶĴĻŅĽĨĶƢŐĸŃŏĪėőĬőĸĵňŀŋĨĽŅľĔĶĶĴȮĴľŅĺŇĪĵŅĸńĵĻŇĸĮŅĔĶȮ 
 

1.6 ĚĭĮĶŃĴŅĦ 
ĚŅĬĺŇěńĵĬňŘœħƟĶńĭĪŋĬŀŋħľĬŋĬĔŅĶĺŇěńĵŐĸŃĬĺńĨĔĶĶĴěŅĔĽņĬńĔĚŅĬĔŅĶĺŇěńĵŐľƞĚĝŅĨŇȮ(ĺĝ,): NRCT5-

RRI63 ěŅĔőėĶĚĔŅĶıńĥĬŅĬńĔĺŇěńĵŐĸŃĚŅĬĺŇěńĵŏıŊŗŀŀŋĨĽŅľĔĶĶĴȮ(ıĺŀ,)ȮĶŃħńĭĮĶŇĠĠŅőĪȮ 
 

1.7 ĶŃĵŃŏĺĸŅŒĬĔŅĶħņŏĬŇĬĚŅĬ 
ĽŅĴŅĶĩŐĽħĚŐįĬĔŅĶħņŏĬŇĬĚŅĬĕŀĚĺŇĪĵŅĬŇıĬīƢœħƟħńĚĨŅĶŅĚĪňŗȮ1.1 

 
ĨŅĶŅĚĪňŗȮ/,/ ĶŃĵŃŏĺĸŅŒĬĔŅĶħņŏĬŇĬĔŅĶěńħĪņĺŇĪĵŅĬŇıĬīƢȮ 

ĔŅĶĮĢŇĭńĨŇĚŅĬ ĶŃĵŃŏĺĸŅħņŏĬŇĬĚŅĬ 

1. ĔŅĶĻŉĔļŅĕƟŀĴŌĸĪŅĚĺŇĝŅĔŅĶŐĸŃĪĭĪĺĬĺĶĶĦĔĶĶĴĪňŗŏĔňŗĵĺĕƟŀĚ ĔńĬĵŅĵĬ 63 - ĴňĬŅėĴȮ64 

2. ĔŅĶĻŉĔļŅľĸńĔĔŅĶĪņĚŅĬĕŀĚĨńĺĨĶĺěěńĭŒĵŐĔƟĺĬņŐĽĚȮŐĸŃ
ŏėĶŊŗŀĚĺńħėĺŅĴħńĬőĸľŇĨ 

ŏĴļŅĵĬ 64 - ĔĶĔġŅėĴȮ64 
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ĨŅĶŅĚĪňŗȮ/,1ȮĶŃĵŃŏĺĸŅŒĬĔŅĶħņŏĬŇĬĔŅĶěńħĪņĺŇĪĵŅĬŇıĬīƢȮ(Ĩƞŀ) 

ĔŅĶĮĢŇĭńĨŇĚŅĬ ĶŃĵŃŏĺĸŅħņŏĬŇĬĚŅĬ 
3. ĔŅĶĻŉĔļŅŏĪėĬŇėĔŅĶĺŇŏėĶŅŃľƢėĺŅĴħńĬőĸľŇĨ ĽŇĚľŅėĴ 64 - ıķĻěŇĔŅĵĬȮ64 

4. ĔŅĶŀŀĔŐĭĭŐĸŃıńĥĬŅĶŃĭĭĨĶĺěĺńħėĺŅĴħńĬőĸľŇĨ īńĬĺŅėĴ 64 - ĔŋĴĳŅıńĬīƢȮ65 

5. ĔŅĶěņĸŀĚĔŅĶŏĔŇħĶŇŘĺŐĪĶĔĽŀħĕŀĚŐĽĚŒĬőĮĶŐĔĶĴĮĶŃĵŋĔĨƢ
ĪŅĚĺŇĻĺĔĶĶĴ 

ĴňĬŅėĴ 65 - ıķļĳŅėĴȮ65 

6. ĔŅĶŀŀĔŐĭĭŐĸŃıńĥĬŅľńĺĺńħȮFFPI ĴŇĩŋĬŅĵĬ 65 - ĽŇĚľŅėĴȮ65 

7. ĔŅĶĪħĽŀĭľńĺĺńħĪňŗıńĥĬŅĕŉŘĬĔńĭĺńĽħŋĽŃĪƟŀĬŐĽĚĝĬŇħĨƞŅĚȮŕ ĔńĬĵŅĵĬ 65 - īńĬĺŅėĴȮ65 

8. ĔŅĶĪħĽŀĭľńĺĺńħĪňŗıńĥĬŅĕŉŘĬĔńĭĺńĽħŋĵŊħľĵŋƞĬĝĬŇħĨƞŅĚȮŕ ĴĔĶŅėĴ 66 - ĔŋĴĳŅıńĬīƢȮ66 
9. ĔŅĶĪħĽŀĭľńĺĺńħȮFFPI ĭĶŇŏĺĦĮĸŅĵĬŇŘĺŐĸŃĸņėŀĕŀĚĴĬŋļĵƢ ĴňĬŅėĴ 66 - ıķļĳŅėĴȮ66 

10. ĔŅĶĪħĽŀĭľńĺĺńħȮFFPI ĔńĭŏėĶŊŗŀĚĺńħėĺŅĴħńĬőĸľŇĨŐĭĭ
ħŇěŇĨŀĸĴŅĨĶģŅĬ 

ĴŇĩŋĬŅĵĬ 66 - ĽŇĚľŅėĴȮ66 

11. ĔŅĶŏĔŖĭĶĺĭĶĺĴĕƟŀĴŌĸĔŅĶĪħĸŀĚěŅĔŀŅĽŅĽĴńėĶ ĔńĬĵŅĵĬ 66 ŏĮƦĬĨƟĬœĮ 

12. ĔŅĶĺŇŏėĶŅŃľƢįĸĔŅĶĪħĸŀĚŐĸŃŏĮĶňĵĭŏĪňĵĭėĺŅĴŏĪňŗĵĚĨĶĚ
ěŅĔŏėĶŊŗŀĚĴŊŀĺńħŀƟŅĚŀŇĚ 

ĔńĬĵŅĵĬ 66 - ĨŋĸŅėĴȮ66 

13. ĔŅĶŀĳŇĮĶŅĵŐĸŃĽĶŋĮįĸĔŅĶħņŏĬŇĬĚŅĬ ıķĻěŇĔŅĵĬ 66 - īńĬĺŅėĴȮ66 
14. ĔŅĶěńħĪņĶŌĮŏĸƞĴĺŇĪĵŅĬŇıĬīƢ īńĬĺŅėĴ 66 - ŏĴļŅĵĬȮ67 
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ĭĪĪňŗ 2  
ĪķļġňŐĸŃĺĶĶĦĔĶĶĴĺŇěŅĶĦƢĪňŗŏĔňŗĵĺĕƟŀĚ 

 
 

ĭĪĬňŘŏĮƦĬĔŅĶĭĶĶĵŅĵĩŉĚĪķļġňŐĸŃĺĶĶĦĔĶĶĴĺŇěŅĶĦƢĪňŗŏĔňŗĵĺĕƟŀĚŒĬĔŅĶħņŏĬŇĬĚŅĬĺŇĪĵŅĬŇıĬīƢȮ
ŴĔŅĶıńĥĬŅĶŃĭĭĨĶĺěĺńħėĺŅĴħńĬőĸľŇĨėĺŅĴœĺĽŌĚħƟĺĵĨńĺĨĶĺěěńĭŒĵŐĔƟĺĬņŐĽĚĝĬŇħĲŅĭĶň-ŏĮőĶĨƢȮ
ŀŇĬŏĪŀĶƢĲƖĶŀĴŇŏĨŀĶƢȮĽņľĶńĭėĺŅĴŏĮƦĬœĮœħƟŒĬĔŅĶįĸŇĨĕŀĚĳŅėŀŋĨĽŅľĔĶĶĴœĪĵŵȮĞŉŗĚĽŅĴŅĶĩ 
ŐĭƞĚľńĺĕƟŀœħƟħńĚĬňŘȮ 
 2.1 ėĺŅĴħńĬőĸľŇĨȮ(Blood pressure) 
 2.2 ŏėĶŊŗŀĚĺńħėĺŅĴħńĬőĸľŇĨȮ(Blood pressure measuring device) 
 2.3 ĨńĺĨĶĺěěńĭŒĵŐĔƟĺĬņŐĽĚȮ(Fiber optic sensor) 
 2.4 ĨńĺĨĶĺěěńĭŒĵŐĔƟĺĬņŐĽĚĝĬŇħĲŅĭĶň-ŏĮőĶĨƢȮŀŇĬŏĪŀĶƢĲƖĶŀĴŇŏĨŀĶƢ  
 2.5 ĔŅĶĺŇŏėĶŅŃľƢėĺŅĴħńĬőĸľŇĨȮ(Blood pressure analysis) 
 2.6 ĔŅĶĺŇŏėĶŅŃľƢĨƟĬĪŋĬĔŅĶįĸŇĨŐĸŃľŅėĺŅĴėŋƟĴėƞŅŒĬĔŅĶĸĚĪŋĬȮ(Feasibility analysis) 
 2.7 ĺĶĶĦĔĶĶĴĺŇěŅĶĦƢ (Literature reviews) 

 
2.1 ėĺŅĴħńĬőĸľŇĨȮ(Blood pressure) 
 ėĺŅĴħńĬőĸľŇĨ ėŊŀȮėĺŅĴħńĬĕŀĚŏĸŊŀħĪňŗĔĶŃĪĭĔńĭįĬńĚľĸŀħŏĸŊŀħŐħĚ ĞŉŗĚŏĔŇħěŅĔĔŅĶĽŌĭĜňħ 
ĕŀĚĔĸƟŅĴŏĬŊŘŀľńĺŒěŏıŊŗŀĸņŏĸňĵĚŀŀĔĞŇŏěĬœĮŏĸňŘĵĚĽƞĺĬĨƞŅĚȮŕȮĕŀĚĶƞŅĚĔŅĵȮĔŅĶĨĶĺěĺńħėĺŅĴħńĬőĸľŇĨ 
ŒĬĴĬŋļĵƢĽŅĴŅĶĩŐĽħĚįĸȮ2 ėƞŅȮœħƟŐĔƞȮėƞŅėĺŅĴħńĬőĸľŇĨĞŇĽĪŀĸŇėȮėŊŀȮėƞŅėĺŅĴħńĬĽŌĚĽŋħĕĦŃĪňŗľńĺŒě
ľƟŀĚĸƞŅĚĭňĭĨńĺȮŐĸŃėƞŅėĺŅĴħńĬőĸľŇĨœħŐŀĽĪŀĸŇė ėŊŀȮėƞŅėĺŅĴħńĬĨŗņĽŋħĕĦŃĪňŗľńĺŒěľƟŀĚĸƞŅĚėĸŅĵĨńĺ  
őħĵėƞŅėĺŅĴħńĬőĸľŇĨĪňŗĵŀĴĶńĭœħƟĽņľĶńĭėĬĮĔĨŇĪňŗĴňĽŋĕĳŅıħňĴňėƞŅĮĶŃĴŅĦȮ120ȮĴŇĸĸŇŏĴĨĶĮĶŀĪ
ĽņľĶńĭėƞŅėĺŅĴħńĬőĸľŇĨĞŇĽĪŀĸŇėȮŐĸŃȮ80 ĴŇĸĸŇŏĴĨĶĮĶŀĪȮĽņľĶńĭėƞŅėĺŅĴħńĬőĸľŇĨœħŐŀĽĪŀĸŇė 
ĽŅĴŅĶĩıŇěŅĶĦŅŏĔĦĤƢėƞŅėĺŅĴħńĬőĸľŇĨ [9] œħƟħńĚĨŅĶŅĚĪňŗȮ2.1 

ĨŅĶŅĚĪňŗȮ0,/ ŏĔĦĤƢėĺŅĴħńĬőĸľŇĨĕŀĚĴĬŋļĵƢ  
 
ĔĶĦň 

ėƞŅėĺŅĴħńĬőĸľŇĨ (ĴŇĸĸŇŏĴĨĶĮĶŀĪ) 

ėĺŅĴħńĬĞŇĽĪŀĸŇė ėĺŅĴħńĬœħŐŀĽĪŀĸŇė ėĺŅĴħńĬŏĜĸňŗĵ 

ŏĕƟŅĶńĭĔŅĶĶńĔļŅ  135 85 102 
œħƟĶńĭĔŅĶėĺĭėŋĴĪŅĚ
ĔŅĶŐıĪĵƢȮ 

140 ů 160 90 ů 100 107 ů 120 
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 ĬŀĔěŅĔĬňŘľŅĔĨĶĺěĺńħėĺŅĴħńĬőĸľŇĨŐĸƟĺıĭĺƞŅȮėƞŅėĺŅĴħńĬőĸľŇĨĞŇĽĪŀĸŇėĴňėƞŅĴŅĔĔĺƞŅ 
ľĶŊŀŏĪƞŅĔńĭȮ140 ĴŇĸĸŇŏĴĨĶĮĶŀĪ ŐĸŃėƞŅėĺŅĴħńĬőĸľŇĨœħŐŀĽĪŀĸŇėĴňėƞŅĴŅĔĔĺƞŅľĶŊŀŏĪƞŅĔńĭȮ 
90 ĴŇĸĸŇŏĴĨĶĮĶŀĪȮŐĽħĚĺƞŅĴňőŀĔŅĽŏĮƦĬĳŅĺŃėĺŅĴħńĬőĸľŇĨĽŌĚȮĞŉŗĚėĺŅĴħńĬőĸľŇĨĽŌĚŏĮƦĬĳńĵŀńĬĨĶŅĵ
ĪňŗĽŅĴŅĶĩŏĮƦĬĽŅŏľĨŋŒľƟŏĔŇħĳŅĺŃŐĪĶĔĞƟŀĬľĶŊŀőĶėĨƞŅĚȮŕȮŏĝƞĬ őĶėœĨ őĶėľńĺŒěŐĸŃőĶėľĸŀħŏĸŊŀħ 
(Cardiovascular disease: CVD) ŐĸŃĽŅĴŅĶĩĽĶƟŅĚėĺŅĴŏĽňĵľŅĵĨƞŀľĸŀħŏĸŊŀħŒľĠƞœħƟŏĝƞĬĔńĬȮ 
ĞŉŗĚĺŇīňĔŅĶĪňŗħňĪňŗĽŋħĽņľĶńĭĔŅĶĮƚŀĚĔńĬőĶėŐĪĶĔĞƟŀĬħńĚĔĸƞŅĺȮėŊŀȮĔŅĶėĺĭėŋĴėĺŅĴħńĬőĸľŇĨȮ(Blood 
pressure control) ěŅĔĪŅĚŐıĪĵƢįŌƟŏĝňŗĵĺĝŅĠȮY/.[ ħńĚĬńŘĬĔŅĶĨĶĺěĺńħėĺŅĴħńĬőĸľŇĨŏĮƦĬĮĶŃěņ
ŀĵƞŅĚĨƞŀŏĬŊŗŀĚěŉĚĴňėĺŅĴĽņėńĠŀĵƞŅĚĴŅĔ 
 
2.2 ŏėĶŊŗŀĚĺńħėĺŅĴħńĬőĸľŇĨȮ(Blood pressure measuring device) 
 ŒĬĝƞĺĚĪňŗįƞŅĬĴŅįŌƟįĸŇĨœħƟıńĥĬŅŏėĶŊŗŀĚĺńħėĺŅĴħńĬőĸľŇĨŀĵƞŅĚĨƞŀŏĬŊŗŀĚȮőħĵĬņŏĪėőĬőĸĵň ŐĸŃ
ĬĺńĨĔĶĶĴŒľĴƞȮŕȮŏĕƟŅĴŅĮĶŃĵŋĔĨƢŒĝƟĚŅĬĴŅĔĕŉŘĬȮŏĝƞĬȮĔŅĶıńĥĬŅĺŇīňĔŅĶŐĽħĚįĸėƞŅėĺŅĴħńĬőĸľŇĨ 
ěŅĔŏħŇĴĪňŗŐĽħĚįĸėƞŅėĺŅĴħńĬĭĬľĬƟŅĮƤħĬŅưŇĔŅȮĞŉŗĚĨƟŀĚŒĝƟĪńĔļŃĔŅĶĽńĚŏĔĨĨńĺŏĸĕȮŐĸŃŏĕŖĴĬŅưŇĔŅȮ
ŏıŊŗŀŀƞŅĬėƞŅįĸĔŅĶĨĶĺěĺńħŏĮƦĬĔŅĶŐĽħĚįĸŐĭĭħŇěŇĨŀĸŒĬĶŌĮĕŀĚĨńĺŏĸĕȮľĶŊŀĔĶŅĲĝňıěĶŐĭĭ
ŏĶňĵĸœĪĴƢȮŏĮƦĬĨƟĬȮĩŉĚĔĶŃĬńŘĬıĭĺƞŅȮŏėĶŊŗŀĚĴŊŀĺńħėĺŅĴħńĬőĸľŇĨŐĨƞĸŃĮĶŃŏĳĪĴňĕƟŀħňȮŐĸŃĕƟŀěņĔńħ
ĽņľĶńĭĔŅĶŒĝƟĚŅĬŒĬĶŌĮŐĭĭĨƞŅĚȮŕȮĞŉŗĚĽŅĴŅĶĩŐĽħĚĔŅĶŐĵĔĮĶŃŏĳĪĕŀĚŏėĶŊŗŀĚĴŊŀĺńħėĺŅĴħńĬőĸľŇĨ
œħƟħńĚĶŌĮĪňŗȮ2.1 
 

Blood pressure 
measuring device

Cuffless

Non-invasive

Invasive

Photoplethysmography

Intra-arterial

Cuff

Digital
Semi-automated sphygmomanometer

Automated sphygmomanometer

Analogue
Aneroid sphygmomanometer

Mercury sphygmomanometer

 Piezoelectric sensor

 
 

ĶŌĮĪňŗȮ0,/ ĮĶŃŏĳĪĕŀĚŏėĶŊŗŀĚĺńħėĺŅĴħńĬőĸľŇĨ 
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ěŅĔĶŌĮĽŅĴŅĶĩěņŐĬĔŏėĶŊŗŀĚĺńħėĺŅĴħńĬőĸľŇĨŀŀĔŏĮƦĬȮ2 ĮĶŃŏĳĪȮœħƟŐĔƞ 
2.2.1 ŏėĶŊŗŀĚĺńħėĺŅĴħńĬőĸľŇĨĝĬŇħĴňĽŅĵĶńħȮ(Blood pressure measuring device with cuff)Ȯ

ĽŅĴŅĶĩŐĭƞĚŀŀĔŏĮƦĬȮ2 ĮĶŃŏĳĪȮħńĚĬňŘ 
 - ŏėĶŊŗŀĚĺńħėĺŅĴħńĬőĸľŇĨŐĭĭŀĬŅĸŖŀĔȮ(Analogue sphygmomanometer)ȮœħƟŐĔƞȮ
ŏėĶŊŗŀĚĺńħėĺŅĴħńĬőĸľŇĨĝĬŇħĮĶŀĪȮ(Mercury sphygmomanometer) ŏĮƦĬŏėĶŊŗŀĚĴŊŀĺńħĨƟĬŐĭĭ 
ĪňŗœħƟĶńĭĴŅĨĶģŅĬĽŌĚĽŋħȮ(Gold standard) őħĵįĸěŅĔĔŅĶĨĶĺěĺńħŏĮƦĬĪňŗĵŀĴĶńĭŒĬħƟŅĬĔŅĶŐıĪĵƢȮ
ŏėĶŊŗŀĚĴŊŀĺńħĮĶŃĔŀĭħƟĺĵŐĪƞĚŐĔƟĺĪňŗĴňĽŅĶĮĶŀĪĳŅĵŒĬ ĪņľĬƟŅĪňŗŏĮƦĬĨńĺĔĸŅĚĽņľĶńĭĔŅĶĨĶĺěĺńħ 
ėƞŅėĺŅĴħńĬőĸľŇĨőħĵŀŅĻńĵľĸńĔĔŅĶŐĶĚőĬƟĴĩƞĺĚĕŀĚőĸĔȮĞŉŗĚŏĮƦĬĪňŗĴŅĕŀĚľĬƞĺĵȮŴĴŇĸĸŇŏĴĨĶĮĶŀĪŵȮ
ŐĸŃŏėĶŊŗŀĚĺńħėĺŅĴħńĬőĸľŇĨĝĬŇħĕħĸĺħȮ(Aneroid sphygmomanometer) ĞŉŗĚŒĝƟĸĴŏĮƦĬĨńĺĔĸŅĚ
ĽņľĶńĭĔŅĶĨĶĺěĺńħȮŐĸŃŐĽħĚįĸėƞŅėĺŅĴħńĬőĸľŇĨĭĬľĬƟŅĮƤħĬŅưŇĔŅŐĭĭŏĕŖĴ őħĵŏėĶŊŗŀĚĴŊŀĺńħ 
ėĺŅĴħńĬőĸľŇĨĪńŘĚȮ2 ĮĶŃŏĳĪĬňŘȮĨƟŀĚŀŅĻńĵľĸńĔĔŅĶĪņĚŅĬĪňŗĨƟŀĚŒĝƟľŌĲƤĚĪŅĚĔŅĶŐıĪĵƢȮ(Stethoscope)Ȯ
ĽņľĶńĭĲƤĚŏĽňĵĚőĸľŇĨĳŅĵŒĬľĸŀħŏĸŊŀħ (Korotkoff sound) ėĺĭėŌƞĔńĭĮƤƩĴĸĴ (Air pump)ȮĽņľĶńĭ
ėĺĭėŋĴĔŅĶœľĸŏĺňĵĬĕŀĚőĸľŇĨĕĦŃĨĶĺěĺńħ ĞŉŗĚŏėĶŊŗŀĚĴŊŀĺńħĪńŘĚȮ2 ĮĶŃŏĳĪȮĴňĕƟŀħňȮėŊŀȮĴňėĺŅĴĩŌĔĨƟŀĚȮ
ŐĸŃŐĴƞĬĵņȮĩŉĚĔĶŃĬńŘĬıĭĺƞŅŏėĶŊŗŀĚĴŊŀĺńħĴňĕĬŅħŒľĠƞȮŐĸŃœĴƞĽŅĴŅĶĩıĔıŅœħƟȮĬŀĔěŅĔĬňŘŏėĶŊŗŀĚĴŊŀĺńħ 
ĝĬŇħĬňŘĽƞĺĬŒľĠƞĩŌĔĬņĴŅŒĝƟŒĬĽĩŅĬıĵŅĭŅĸȮŏĬŊŗŀĚěŅĔįŌƟĺńħĨƟŀĚĴňĪńĔļŃĽņľĶńĭĔŅĶĨŇħĨńŘĚŏėĶŊŗŀĚĴŊŀĺńħȮ
ĔŅĶĭňĭĸĴĪňŗıŀŏľĴŅŃȮŐĸŃĔŅĶĲƤĚŏĽňĵĚĝňıěĶěŅĔľŌĲƤĚĪŅĚĔŅĶŐıĪĵƢȮĶĺĴĪńŘĚĔŅĶĽńĚŏĔĨȮŐĸŃĺŇŏėĶŅŃľƢ
ĨńĺŏĸĕŐĽħĚįĸėƞŅėĺŅĴħńĬőĸľŇĨĪňŗĭĶŇŏĺĦľĬƟŅĮƤħĕŀĚŏėĶŊŗŀĚĴŊŀĺńħȮħńĚĬńŘĬŏėĶŊŗŀĚĴŊŀĺńħėĺŅĴħńĬőĸľŇĨ
ŐĭĭŀĬŅĸŖŀĔȮěŉĚœĴƞŏľĴŅŃĽņľĶńĭĔŅĶŒĝƟĚŅĬĽņľĶńĭĭŋėėĸĪńŗĺœĮȮY//[ 
 - ŏėĶŊŗŀĚĺńħėĺŅĴħńĬőĸľŇĨŐĭĭħŇěŇĨŀĸȮ(Digital sphygmomanometer)ȮŏėĶŊŗŀĚĴŊŀĺńħ 
ĪňŗŀŅĻńĵľĸńĔĔŅĶĭňĭĶńħľĸŀħŏĸŊŀħŐħĚěŅĔĽŅĵĶńħȮ(Cuff) ĭĶŇŏĺĦĨƟĬŐĕĬŏľĬŊŀĕƟŀĻŀĔ ĕĦŃĨĶĺěĺńħ
ŏėĶŊŗŀĚĴŊŀĺńħěŃŐĮĸėƞŅėĺŅĴĽńŗĬĽŃŏĪŊŀĬĕŀĚėĸŊŗĬĝňıěĶŏĮƦĬėĺŅĴħńĬőĸľŇĨȮ(Oscillometry method) 
ŏėĶŊŗŀĚĴŊŀĺńħĝĬŇħĬňŘœħƟĶńĭėĺŅĴĬŇĵĴŒĬĮƤěěŋĭńĬȮŏĬŊŗŀĚěŅĔĽŅĴŅĶĩľŅĞŊŘŀœħƟĪńŗĺœĮȮıĔıŅĚƞŅĵȮŒĝƟĚŅĬ
ĽŃħĺĔȮŐĸŃĽŅĴŅĶĩŐĽħĚįĸėƞŅŀńĨĶŅĔŅĶŏĨƟĬĕŀĚľńĺŒěȮŐĸŃėƞŅėĺŅĴħńĬőĸľŇĨŒĬĶŌĮĕŀĚĨńĺŏĸĕ 
ĭĬľĬƟŅěŀħŇěŇĨŀĸœħƟȮŏėĶŊŗŀĚĴŊŀĺńħĝĬŇħĬňŘěŉĚŏľĴŅŃĽņľĶńĭĔŅĶŒĝƟĚŅĬĽņľĶńĭĭŋėėĸĪńŗĺœĮĪňŗœĴƞĴňĪńĔļŃȮ 
ĩŉĚĔĶŃĬńŘĬŏėĶŊŗŀĚĴŊŀĺńħĝĬŇħĬňŘĴňĕƟŀěņĔńħȮėŊŀȮĨƟŀĚĴňĔŅĶŏĕƟŅĩŉĚŐľĸƞĚıĸńĚĚŅĬŀĵƞŅĚĨƞŀŏĬŊŗŀĚȮ&œĲĲƚŅľĶŊŀ
ŐĭĨŏĨŀĶňŗ'ȮĶĺĴĪńŘĚœĴƞĽŅĴŅĶĩĨĶĺěĺńħėĺŅĴħńĬőĸľŇĨœħƟŀĵƞŅĚĨƞŀŏĬŊŗŀĚěŅĔĔŅĶĭňĭĶńħľĸŀħŏĸŊŀħĭĶŇŏĺĦ
ĨƟĬŐĕĬȮĬŀĔěŅĔĬňŘŏĪėőĬőĸĵňĽŅĵĶńħĭĶŇŏĺĦĮĸŅĵĬŇŘĺȮ(Finger cuff technology) œħƟĩŌĔıńĥĬŅĕŉŘĬȮ
ŏıŊŗŀŐĔƟœĕĮƤĠľŅħńĚĔĸƞŅĺȮĞŉŗĚŏėĶŊŗŀĚĴŊŀĺńħĮĶŃĔŀĭħƟĺĵĨńĺĨĶĺěěńĭĪŅĚŐĽĚĝĬŇħŀŇĬĲŅŏĶħȮĨńĺěńĭŐĽĚȮ
(Photodetector) ŐĸŃĽŅĵĶńħĮĸŅĵĬŇŘĺȮ(Volume clamp)ȮŏĪėőĬőĸĵňĬňŘŀŅĻńĵĔŅĶĺŇŏėĶŅŃľƢĕĬŅħĕŀĚ
ŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚĕŀĚŏĽƟĬŏĸŊŀħȮŐĸŃĮĶŇĴŅĨĶĕŀĚŏĸŊŀħĳŅĵŒĬŏĽƟĬŏĸŊŀħȮŏıŊŗŀĮĶŃĴŅĦėƞŅŏĮƦĬėĺŅĴħńĬ
őĸľŇĨœħƟŀĵƞŅĚĴňĮĶŃĽŇĪīŇĳŅıȮY/0[ 
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2.2.2 ŏėĶŊŗŀĚĺńħėĺŅĴħńĬőĸľŇĨŐĭĭœĶƟĽŅĵĶńħ (Cuffless blood pressure measuring device)Ȯ
ĽŅĴŅĶĩŐĭƞĚŀŀĔŏĮƦĬȮ2 ĮĶŃŏĳĪȮœħƟŐĔƞ 

- ŏėĶŊŗŀĚĺńħėĺŅĴħńĬőĸľŇĨŐĭĭœĴƞĶŋĔĸŘņĶƞŅĚĔŅĵȮ(Non-invasive blood pressure 
device: NIBP)ȮŏĮƦĬŏėĶŊŗŀĚĴŊŀĺńħĪňŗĬņŏĪėőĬőĸĵňĨƞŅĚȮŕȮĴŅĮĶŃĵŋĔĨƢŒĝƟȮŏĝƞĬȮĨńĺĨĶĺěěńĭĪŅĚŐĽĚőĲőĨƟ-
ŏıŇĸĪŇĽőĴĔĶŅĲƖ (Photoplethysmography: PPG)ȮėŊŀȮĨńĺĨĶĺěěńĭĪňŗĮĸƞŀĵŐĽĚĽňŏĕňĵĺįƞŅĬŏĬŊŘŀŏĵŊŗŀ 
œĮĔĶŃĪĭĔńĭŏĴŖħŏĸŊŀħŐħĚȮ(Hemoglobin)ȮŐĸŃŀŀĔĞŇŏěĬĳŅĵŒĬŏĸŊŀħ ŏıŊŗŀĨĶĺěěńĭĮĶŇĴŅĨĶĔŅĶœľĸ
ĕŀĚŏĸŊŀħĪňŗŏĮĸňŗĵĬŐĮĸĚœĮŒĬĶŃĭĭœľĸŏĺňĵĬőĸľŇĨȮěŅĔĬńŘĬŐĽĚħńĚĔĸƞŅĺěŃĽŃĪƟŀĬĔĸńĭĴŅĪňŗĨńĺěńĭŐĽĚȮ
(Photodetector)ȮŏıŊŗŀŐĮĸĚėƞŅėĺŅĴŏĕƟĴŐĽĚȮ(Light intensity) ŏĮƦĬĽńĠĠŅĦĪŅĚœĲĲƚŅȮ(Voltage) 
őħĵŐĽħĚįĸŒĬĶŌĮĕŀĚĔĶŅĲĶŌĮėĸŊŗĬĝňıěĶȮĞŉŗĚĮĶŃĔŀĭħƟĺĵěŋħĽŌĚĽŋħĞŇĽĪŀĸŇėȮ(Systolic peak)  
ěŋħĶŀĵľĵńĔĕĦŃľńĺŒěėĸŅĵĨńĺȮ(Dicrotic notch) ŐĸŃěŋħĽŌĚĽŋħœħŐŀĽĪŀĸŇėȮ(Diastolic peak)Ȯ
ĬŀĔěŅĔĬňŘĨńĺĨĶĺěěńĭŏıňĵőĞŀŇŏĸŖĔĪĶŇėȮ(Piezoelectric sensor) ĞŉŗĚŏĮƦĬĨńĺĨĶĺěěńĭĪňŗĽŅĴŅĶĩĨĶĺěĺńħ
ŐĶĚĔĸȮŏĝƞĬȮŐĶĚĽńŗĬȮŐĶĚŏėĶňĵħȮľĶŊŀŐĶĚħńĬȮŏĮƦĬĨƟĬȮœħƟĩŌĔĬņĴŅĮĶŃĵŋĔĨƢŒĝƟĽņľĶńĭĔŅĶĨĶĺěĺńħ
ĶŌĮėĸŊŗĬėĺŅĴħńĬĝňıěĶȮőħĵĺŇīňĔŅĶŐĮĸĚĽńĠĠŅĦėĺŅĴħńĬȮ(Pressure) ĪňŗĔĶŃĪĭĨƞŀŐįƞĬėĶŇĽĨńĸĳŅĵŒĬ
ŏĮƦĬĽńĠĠŅĦœĲĲƚŅȮY/1[ȮĩŉĚĔĶŃĬńŘĬıĭĺƞŅȮŏėĶŊŗŀĚĴŊŀĺńħĴňĕƟŀěņĔńħŒĬħƟŅĬįĸĔĶŃĪĭěŅĔĔŅĶŏėĸŊŗŀĬœľĺȮ
(Moving artifact)ȮĕĦŃĨĶĺěĺńħȮĶŃľĺƞŅĚĨńĺĨĶĺěěńĭŐĸŃįŇĺľĬńĚĕŀĚĴĬŋļĵƢ ĞŉŗĚŀŅěĪņŒľƟįĸ 
ĔŅĶĨĶĺěĺńħŏĔŇħėĺŅĴėĸŅħŏėĸŊŗŀĬœħƟ ħńĚĬńŘĬĽņľĶńĭĔŅĶĺŇŏėĶŅŃľƢȮŐĸŃĮĶŃĴĺĸįĸěŉĚĨƟŀĚħņŏĬŇĬĔŅĶ
ĨńħĪŀĬĽńĠĠŅĦĶĭĔĺĬȮ(Denoise signal) ŐĸŃįƞŅĬĔĶŃĭĺĬĔŅĶĽŀĭŏĪňĵĭȮ(Calibration) ĔƞŀĬ
ıńĥĬŅŏĮƦĬŏėĶŊŗŀĚĴŊŀĺńħĽņľĶńĭĔŅĶŒĝƟĚŅĬĪńŗĺœĮœħƟȮY/2, /3[ ĬŀĔěŅĔĬňŘŏėĶŊŗŀĚĴŊŀĺńħĩŌĔĬņĴŅ
ĮĶŃĵŋĔĨƢŒĝƟĨĶĺěĺńħėĺŅĴħńĬőĸľŇĨĭĶŇŏĺĦĮĸŅĵĬŇŘĺľĶŊŀĕƟŀĴŊŀȮŏĝƞĬȮĬŅưŇĔŅŀńěĜĶŇĵŃȮ(SmartȮWatch)Ȯ
ŏĮƦĬĨƟĬȮĞŉŗĚĽŅĴŅĶĩľŅĞŊŘŀœħƟőħĵĪńŗĺœĮȮŒĝƟĚŅĬĚƞŅĵȮŐĸŃĽŅĴŅĶĩĨĶĺěěńĭĝňıěĶľĶŊŀėƞŅėĺŅĴħńĬőĸľŇĨœħƟ
ŀĵƞŅĚĨƞŀŏĬŊŗŀĚ 
  - ŏėĶŊŗŀĚĺńħėĺŅĴħńĬőĸľŇĨŐĭĭĶŋĔĸŘņĶƞŅĚĔŅĵľĶŊŀĔŅĶĺńħėĺŅĴħńĬőĸľŇĨőħĵĨĶĚěŅĔ 
ŏĽƟĬŏĸŊŀħŐħĚ (Invasive Blood Pressure: IBP)ȮőħĵĔŅĶŐĪĚŏĕŖĴ (Catheter) ŏěŅŃŏĕƟŅŏĽƟĬŏĸŊŀħŐħĚȮ
(Intra-arterial) ŏıŊŗŀĨĶĺěĺńħŐĸŃĨŇħĨŅĴėƞŅėĺŅĴħńĬőĸľŇĨŐĭĭŏĶňĵĸœĪĴƢœħƟŀĵƞŅĚĨƞŀŏĬŊŗŀĚȮőħĵŐĽħĚįĸ
ĭĬľĬƟŅěŀħŇěŇĨŀĸŒĬĶŌĮŐĭĭĕŀĚĨńĺŏĸĕŐĸŃĔĶŅĲĝňıěĶȮĺŇīňĔŅĶĨĶĺěĺńħĮĶŃŏĳĪĬňŘŒĝƟĽņľĶńĭįŌƟĪňŗŀĵŌƞŒĬ
ĳŅĺŃėĺŅĴħńĬőĸľŇĨĨŗņĴŅĔľĶŊŀŀĵŌƞŒĬĽĳŅĺŃĝŖŀėȮĔŅĶĨĶĺěĺńħėĺŅĴħńĬőĸľŇĨĮĶŃŏĳĪĬňŘĴňĕƟŀħňȮėŊŀȮ
ĽŅĴŅĶĩĨĶĺěĺńħœħƟŀĵƞŅĚĨƞŀŏĬŊŗŀĚȮĴňėĺŅĴŏĪňŗĵĚĨĶĚȮŐĴƞĬĵņŐĴƟěŃŀĵŌƞŒĬĳŅĺŃėĺŅĴħńĬĨŗņȮĞŉŗĚœħƟĶńĭ
ĴŅĨĶģŅĬĽŌĚĽŋħȮ(Gold standard) ŏĝƞĬĔńĬȮĩŉĚĔĶŃĬńŘĬŀŅěĪņŒľƟŏĔŇħėĺŅĴŏěŖĭĮĺħĽņľĶńĭįŌƟĩŌĔĨĶĺěĺńħȮ
ŐĸŃĨƟŀĚĨĶĺěĺńħŒĬĽĩŅĬıĵŅĭŅĸŒĬľƟŀĚħŌŐĸįŌƟĮƙĺĵľĬńĔȮ(Intensive Care Unit:ȮICU) ŏĪƞŅĬńŘĬȮ
ŏĬŊŗŀĚěŅĔĨƟŀĚħņŏĬŇĬĔŅĶőħĵŐıĪĵƢįŌƟŏĝňŗĵĺĝŅĠȮĶĺĴĪńŘĚĔŅĶĶńĔļŅėĺŅĴĽŃŀŅħœĴƞŒľƟŏĔŇħĔŅĶĨŇħŏĝŊŘŀȮ
(Infection) ěŅĔĔŅĶŏěŅŃŏĽƟĬŏĸŊŀħ [16]   
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 ĬŀĔěŅĔĬňŘĽŅĴŅĶĩĽĶŋĮĕƟŀħňŐĸŃĕƟŀěņĔńħĕŀĚŏėĶŊŗŀĚĴŊŀĺńħėĺŅĴħńĬőĸľŇĨŐĨƞĸŃĮĶŃŏĳĪ  
[17] œħƟħńĚĨŅĶŅĚĪňŗȮ2.2 
 
ĨŅĶŅĚĪňŗȮ0,0 ĕƟŀħňŐĸŃĕƟŀěņĔńħĕŀĚŏėĶŊŗŀĚĺńħėĺŅĴħńĬőĸľŇĨŐĨƞĸŃĮĶŃŏĳĪ 

ĮĶŃŏĳĪĕŀĚŏėĶŊŗŀĚĺńħ
ėĺŅĴħńĬőĸľŇĨ 

ĕƟŀħň ĕƟŀěņĔńħ 

ŏėĶŊŗŀĚĺńħėĺŅĴħńĬőĸľŇĨ
ŐĭĭĮĶŀĪ 

- ĴňėĺŅĴŐĴƞĬĵņ 
- ŒĝƟŏĮƦĬŏėĶŊŗŀĚĴŊŀĺńħĴŅĨĶģŅĬ 

- įŌƟĨĶĺěĺńħĨƟŀĚĴňĪńĔļŃŐĸŃ
ėĺŅĴŏĝňŗĵĺĝŅĠ 

- ŒĝƟĚŅĬŒĬĽĩŅĬıĵŅĭŅĸ 
- œĴƞĽŅĴŅĶĩĨĶĺěĺńħėĺŅĴħńĬ
őĸľŇĨœħƟŀĵƞŅĚĨƞŀŏĬŊŗŀĚ 

ŏėĶŊŗŀĚĺńħėĺŅĴħńĬőĸľŇĨ
Őĭĭĕħĸĺħ 

- ĶŅėŅĩŌĔŐĸŃıĔıŅĚƞŅĵ 
- œĴƞěņŏĮƦĬĨƟŀĚŒĝƟıĸńĚĚŅĬœĲĲƚŅ 

ŏėĶŊŗŀĚĺńħėĺŅĴħńĬőĸľŇĨ
ŐĭĭħŇěŇĨŀĸ 

- ŒĝƟĚŅĬĚƞŅĵȮŐĸŃıĔıŅĽŃħĺĔ 
- ŐĽħĚįĸŒĬĶŌĮĕŀĚĨńĺŏĸĕ 
- ĽŅĴŅĶĩĨĶĺěĺńħœħƟĪŋĔĪňŗ 

- ĨƟŀĚŒĝƟıĸńĚĚŅĬœĲĲƚŅĽņľĶńĭ 
ĔŅĶĪņĚŅĬ 
 

ŏėĶŊŗŀĚĺńħėĺŅĴħńĬőĸľŇĨ
őħĵŒĝƟŏĪėőĬőĸĵňĪŅĚŐĽĚ 

- ĽŅĴŅĶĩĨĶĺěĺńħœħƟĕĦŃŏėĸŊŗŀĬœľĺ 
- ıĔıŅĚƞŅĵȮĽŃħĺĔĨƞŀĔŅĶŒĝƟĚŅĬ 

- ĴňėĺŅĴŐĴƞĬĵņĨŗņŏĴŊŗŀŏĪňĵĭ
ĔńĭŏėĶŊŗŀĚĴŊŀĺńħĝĬŇħŀŊŗĬȮŕ 

ŏėĶŊŗŀĚĺńħėĺŅĴħńĬőĸľŇĨ
ěŅĔľĸŀħŏĸŊŀħŐħĚ 

- ĴňėĺŅĴŐĴƞĬĵņŐĸŃŏĪňŗĵĚĨĶĚ 
- ĨĶĺěĺńħėĺŅĴħńĬőĸľŇĨĶŃħńĭĨŗņœħƟ 

- įŌƟĩŌĔĺńħœħƟĶńĭėĺŅĴŏěŖĭĮĺħ 
- ĨĶĺěĺńħŒĬĽĩŅĬıĵŅĭŅĸ 

  
 ěŅĔĪňŗĔĸƞŅĺĴŅĕƟŅĚĨƟĬěŉĚĽŅĴŅĶĩĽĶŋĮœħƟĺƞŅȮŏėĶŊŗŀĚĺńħėĺŅĴħńĬőĸľŇĨĪňŗĴňėĺŅĴĩŌĔĨƟŀĚȮŐĸŃ
ŐĴƞĬĵņĽŌĚȮœħƟŐĔƞȮŏėĶŊŗŀĚĺńħėĺŅĴħńĬőĸľŇĨŐĭĭĮĶŀĪȮŐĸŃĔŅĶĺńħėĺŅĴħńĬőĸľŇĨőħĵĨĶĚěŅĔĔŅĶŏěŅŃ
ŏĽƟĬŏĸŊŀħŐħĚȮĞŉŗĚĔĶŃĭĺĬĔŅĶĨĶĺěĺńħĕŀĚĪńŘĚȮ2 ĺŇīňĬňŘȮĨƟŀĚĔĶŃĪņőħĵŐıĪĵƢȮľĶŊŀıĵŅĭŅĸįŌƟŏĝňŗĵĺĝŅĠȮ
ŏĬŊŗŀĚěŅĔĨƟŀĚĔŅĶĪńĔļŃŒĬĔŅĶĨŇħĨńŘĚŏėĶŊŗŀĚĴŊŀĺńħȮĔŅĶŀƞŅĬėƞŅėĺŅĴħńĬőĸľŇĨȮŐĸŃĔŅĶŏěŅŃŏĽƟĬŏĸŊŀħȮ 
ĞŉŗĚįŌƟĨĶĺěĺńħœĴƞĽŅĴŅĶĩħņŏĬŇĬĔŅĶœħƟħƟĺĵĨĬŏŀĚȮŐĸŃĨƟŀĚĔĶŃĪņŒĬĽĩŅĬıĵŅĭŅĸŏĪƞŅĬńŘĬȮĬŀĔěŅĔĬňŘ 
ĔŅĶĨĶĺěĺńħėĺŅĴħńĬőĸľŇĨĶŌĮŐĭĭĬňŘŀŅěĪņŒľƟįŌƟĮƙĺĵœħƟĶńĭėĺŅĴŏěŖĭĮĺħœħƟȮħńĚĬńŘĬŒĬĺŇĪĵŅĬŇıĬīƢĬňŘěŉĚĴň
ŐĬĺėŇħıńĥĬŅĨńĺĨĶĺěěńĭŒĵŐĔƟĺĬņŐĽĚĝĬŇħĲŅĭĶň-ŏĮőĶĨƢȮŀŇĬŏĪŀĶƢĲƖĶŀĴŇŏĨŀĶƢȮĪňŗĴňėĺŅĴĩŌĔĨƟŀĚȮŐĸŃ
ŐĴƞĬĵņĽŌĚŒľƟĽŅĴŅĶĩĨĶĺěĺńħėĺŅĴħńĬőĸľŇĨŒĬĴĬŋļĵƢœħƟȮőħĵœĴƞĽĶƟŅĚėĺŅĴŏěŖĭĮĺħĨƞŀįŌƟĨĶĺěĺńħȮŐĸŃ
œĴƞĶŋĔĸŘņĶƞŅĚĔŅĵȮőħĵŏĸŊŀĔŒĝƟŏėĶŊŗŀĚĺńħėĺŅĴħńĬőĸľŇĨħŇěŇĨŀĸŐĭĭĴňĽŅĵĶńħȮĵňŗľƟŀȮOmron ĶŋƞĬȮHEM-
7130ȮŏĮƦĬŏėĶŊŗŀĚĴŊŀĺńħŀƟŅĚŀŇĚȮŏĬŊŗŀĚěŅĔĽŅĴŅĶĩŐĽħĚįĸėƞŅėĺŅĴħńĬőĸľŇĨĞŇĽĪŀĸŇėȮėƞŅėĺŅĴħńĬőĸľŇĨ
œħŐŀĽĪŀĸŇėȮŐĸŃėƞŅŀńĨĶŅĔŅĶŏĨƟĬĕŀĚľńĺŒěŒĬĶŌĮĕŀĚĨńĺŏĸĕįƞŅĬľĬƟŅěŀŐĽħĚįĸœħƟ 
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 ĮƤěěŋĭńĬĚŅĬħƟŅĬĺŇĻĺĔĶĶĴĝňĺĔŅĶŐıĪĵƢœħƟıńĥĬŅĨńĺĨĶĺěěńĭĪňŗĴňėĺŅĴœĺȮĕĬŅħŏĸŖĔȮŐĸŃ
ĽŅĴŅĶĩĨŇħĨńŘĚĔńĭįŇĺľĬńĚĕŀĚįŌƟĮƙĺĵœħƟȮĞŉŗĚĨńĺĨĶĺěěńĭĪňŗœħƟĶńĭėĺŅĴĽĬŒěȮŐĸŃĬņĴŅĮĶŃĵŋĔĨƢŒĝƟ 
ŒĬĔŅĶıńĥĬŅŏėĶŊŗŀĚĴŊŀĺńħȮŐĭƞĚŀŀĔŏĮƦĬȮ0ȮĮĶŃŏĳĪľĸńĔȮŕȮėŊŀȮĨńĺĨĶĺěěńĭĪŅĚŀŇŏĸŖĔĪĶŀĬŇĔĽƢȮ
(Electronic sensor) ĞŉŗĚĴňĕƟŀħňėŊŀȮĴňėĺŅĴŏĪňŗĵĚĨĶĚȮŒĝƟĚŅĬĽŃħĺĔȮŐĸŃĽŅĴŅĶĩľŅĞŊŘŀœħƟőħĵĪńŗĺœĮȮ 
ĩŉĚĔĶŃĬńŘĬĨńĺĨĶĺěěńĭĴňĕƟŀěņĔńħȮėŊŀȮĕĦŃŒĝƟĚŅĬŀŅěĴňįĸĔĶŃĪĭĨƞŀėĸŊŗĬŐĴƞŏľĸŖĔœĲĲƚŅœħƟȮŒĬĕĦŃĪňŗ
ĨńĺĨĶĺěěńĭŒĵŐĔƟĺĬņŐĽĚȮ(Fiber optic sensor)ȮĽŅĴŅĶĩĪĬĪŅĬĨƞŀėĸŊŗĬŐĴƞŏľĸŖĔœĲĲƚŅœħƟ ŏĝƞĬȮ 
ĨńĺĨĶĺěěńĭŒĵŐĔƟĺĬņŐĽĚĝĬŇħŐĭĶėŏĔĶĨĨŇŘĚȮ(Fiber Bragg Grating: FBG)ȮĨńĺĨĶĺěěńĭŒĵŐĔƟĺĬņŐĽĚ
ĝĬŇħĶňŐĲĶĔőĨĴŇŏĨŀĶƢ (Fiber Optic Refractometer: FOR) ŐĸŃĨńĺĨĶĺěěńĭŒĵŐĔƟĺĬņŐĽĚĝĬŇħ 
ŀŇĬŏĪŀĶƢĲƖĶŀĴŇŏĨŀĶƢȮ(Fiber Optic Interferometer: FOI)ȮĞŉŗĚĴňėĺŅĴĵŊħľĵŋƞĬĽŌĚȮĕĬŅħŏĸŖĔȮĴňėĺŅĴœĺȮ
ŐĸŃėĺŅĴŐĴƞĬĵŜŅĽŌĚȮĶĺĴĪńŘĚĽŅĴŅĶĩŏľĬňŗĵĺĬŜŅȮŐĸŃĮƚŀĚĔńĬĔŅĶĶĭĔĺĬĪŅĚŐĴƞŏľĸŖĔœĲĲƚŅĕĦŃ
ĨĶĺěĺńħĪņŒľƟįŌƟĮƙĺĵœĴƞœħƟĶńĭĔĶŃĪĭĪŅĚĔŅĵĳŅıŒĬĶŃĵŃĵŅĺȮħńĚĬńŘĬŒĬĺŇĪĵŅĬŇıĬīƢĬňŘěŉĚœħƟŏĸŊŀĔŒĝƟ 
ĨńĺĨĶĺěěńĭŒĵŐĔƟĺĬņŐĽĚĮĶŃŏĳĪŀŇĬŏĪŀĶƢĲƖĶŀĴŇŏĨŀĶƢĴŅĮĶŃĵŋĔĨƢŒĝƟıńĥĬŅĶŃĭĭĨĶĺěĺńħėĺŅĴħńĬ
őĸľŇĨŒĬĴĬŋļĵƢȮőħĵœĴƞĶŋĔĸŘņĶƞŅĚĔŅĵĕŀĚįŌƟĨĶĺěĺńħ [18]  
 
2.3 ĨńĺĨĶĺěěńĭŒĵŐĔƟĺĬņŐĽĚȮ(Fiber optic sensor) 
ĨńĺĨĶĺěěńĭŒĵŐĔƟĺĬņŐĽĚŏĮƦĬŀŋĮĔĶĦƢĨĶĺěěńĭĮĶŇĴŅĦĪŅĚĔŅĵĳŅıȮŏĝƞĬȮŀŋĦľĳŌĴŇȮŐĶĚħńĬœĲĲƚŅ

ŐĶĚŏėƟĬȮŐĶĚŏėĶňĵħȮėĺŅĴħńĬȮŐĸŃėĺŅĴŏĶƞĚȮŏĮƦĬĨƟĬȮőħĵĴňŏĽƟĬŒĵŐĔƟĺĕĬŅħŏĸŖĔĪņľĬƟŅĪňŗŏĮƦĬĨńĺĔĸŅĚ
ĽņľĶńĭĔŅĶĶńĭȮů ĽƞĚ ĽńĠĠŅĦŐĽĚȮőħĵıŇěŅĶĦŅĔŅĶŏĮĸňŗĵĬŐĮĸĚĕŀĚĨńĺŐĮĶĨƞŅĚȮŕȮŏĝƞĬȮĔŅĶĔĶŃěŅĵ
ŐĽĚȮėĺŅĴĵŅĺĕŀĚėĸŊŗĬŐĽĚȮėĺŅĴŏĕƟĴŐĽĚȮĔŅĶħŌħĞŉĴȮŐĸŃĔŅĶĽŃĪƟŀĬŐĽĚȮŏĮƦĬĨƟĬȮőħĵĨńĺĨĶĺěěńĭ 
ŒĵŐĔƟĺĬņŐĽĚĪňŗĬņĴŅĮĶŃĵŋĔĨƢŒĝƟĽņľĶńĭĔŅĶŀŀĔŐĭĭĶŃĭĭĨĶĺěĺńħėĺŅĴħńĬőĸľŇĨŒĬĴĬŋļĵƢȮėŊŀȮ 
ĨńĺĨĶĺěěńĭŒĵŐĔƟĺĬņŐĽĚĝĬŇħŀŇĬŏĪŀĶƢĲƖĶŀĴŇŏĨŀĶƢȮőħĵĽŅĴŅĶĩěņŐĬĔĨńĺĨĶĺěěńĭœħƟŏĮƦĬȮ4 ĮĶŃŏĳĪȮ
œħƟŐĔƞ 

2.3.1 ĨńĺĨĶĺěěńĭŒĵŐĔƟĺĬņŐĽĚĝĬŇħŐĴĽ-ŐĞĬŏħŀĶƢȮŀŇĬŏĪŀĶƢĲƖĶŀĴŇŏĨŀĶƢȮ(Mach-Zehnder 
Interferometer: MZI) 

ĨńĺĨĶĺěěńĭĝĬŇħĬňŘĴňőėĶĚĽĶƟŅĚĪňŗĞńĭĞƟŀĬȮőħĵŐĽĚěŅĔŐľĸƞĚĔņŏĬŇħŐĽĚěŃĩŌĔĮƚŀĬŏĕƟŅ 
ĽŅĵŒĵŐĔƟĺĬņŐĽĚȮěŅĔĬńŘĬŐĽĚŐĭƞĚŀŀĔŏĮƦĬȮ2 ŐĔĬȮįƞŅĬȮ1x2 œĲŏĭŀĶƢėńĭŏĮĸŀĶƢȮ(Fiber coupler)Ȯ 
ĞŉŗĚĮĶŃĔŀĭħƟĺĵŐĔĬħƟŅĬĭĬȮėŊŀȮŐĔĬĽńĠĠŅĦŀƟŅĚŀŇĚȮ(Reference arm) ŐĸŃŐĔĬħƟŅĬĸƞŅĚȮ 
ėŊŀȮŐĔĬĽńĠĠŅĦěŅĔĔŅĶĺńħȮ(Sensing arm)ȮěŅĔĬńŘĬŐĽĚěŃŏħŇĬĪŅĚĔĸńĭĴŅĶĺĴĔńĬŀňĔėĶńŘĚįƞŅĬ  
1x2 œĲŏĭŀĶƢėńĭŏĮĸŀĶƢŀňĔħƟŅĬľĬŉŗĚȮőħĵŐĽħĚįĸŏĮƦĬĽńĠĠŅĦĶŇŘĺŐĪĶĔĽŀħĕŀĚŐĽĚȮ(Interference 
signal) ĪňŗœħƟěŅĔįĸĨƞŅĚĶŃľĺƞŅĚŏĲĽĕŀĚĪńŘĚȮ2 ŐĔĬȮĽŅĴŅĶĩŐĽħĚőėĶĚĽĶƟŅĚĕŀĚĨńĺĨĶĺěěńĭŒĵŐĔƟĺ 
ĬņŐĽĚĝĬŇħŐĴĽ-ŐĞĬŏħŀĶƢȮŀŇĬŏĪŀĶƢĲƖĶŀĴŇŏĨŀĶƢœħƟħńĚĶŌĮĪňŗȮ2.2 
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Photodetector

1x2 Fiber coupler

Reference arm

1x2 Fiber coupler

Sensing arm

Light source

 
 

ĶŌĮĪňŗȮ0,0ȮőėĶĚĽĶƟŅĚĨńĺĨĶĺěěńĭŒĵŐĔƟĺĬņŐĽĚĝĬŇħŐĴĽ-ŐĞĬŏħŀĶƢȮŀŇĬŏĪŀĶƢĲƖĶŀĴŇŏĨŀĶƢ 
 
ĨńĺĨĶĺěěńĭĮĶŃŏĳĪĬňŘĬŇĵĴĬņœĮĮĶŃĵŋĔĨƢŒĝƟŏĔňŗĵĺĔńĭĔŅĶĨĶĺěĺńħėĺŅĴŏėƟĬȮŀŋĦľĳŌĴŇȮľĶŊŀ

ėĺŅĴĝŊŘĬȮĞŉŗĚĽŅĴŅĶĩĬņœĮŒĝƟŒĬĚŅĬŏĔňŗĵĺĔńĭĔŅĶŏĔŖĭĶńĔļŅĵŅȮľĶŊŀĽŅĶŏėĴňȮŏĮƦĬĨƟĬȮ[19] 

2.3.2 ĨńĺĨĶĺěěńĭŒĵŐĔƟĺĬņŐĽĚĝĬŇħĴŇŏėŇĸĽńĬȮŀŇĬŏĪŀĶƢĲƖĶŀĴŇŏĨŀĶƢȮ(Michelson 
Interferometer: MI)  
 őėĶĚĽĶƟŅĚĕŀĚĨńĺĨĶĺěěńĭŒĵŐĔƟĺĬņŐĽĚĝĬŇħĴŇŏėŇĸĽńĬȮŀŇĬŏĪŀĶƢĲƖĶŀĴŇŏĨŀĶƢȮĴňėĺŅĴėĸƟŅĵ
ĔńĭĨńĺĨĶĺěěńĭŒĵŐĔƟĺĬņŐĽĚĝĬŇħŐĴĽ-ŐĞĬŏħŀĶƢȮŀŇĬŏĪŀĶƢĲƖĶŀĴŇŏĨŀĶƢȮĔĸƞŅĺėŊŀȮĔŅĶŐĭƞĚőėĶĚĽĶƟŅĚ
ėĶŉŗĚľĬŉŗĚĕŀĚĨńĺĨĶĺěěńĭȮĩŉĚĔĶŃĬńŘĬĨńĺĨĶĺěěńĭĝĬŇħȮMI ĴňľĸńĔĔŅĶĪņĚŅĬĪňŗŐĨĔĨƞŅĚĔńĬȮŏĬŊŗŀĚěŅĔŐĽĚ
ěŅĔŐľĸƞĚĔņŏĬŇħŐĽĚœħƟĩŌĔĮƚŀĬŏĕƟŅĽŅĵŒĵŐĔƟĺĬņŐĽĚȮěŅĔĬńŘĬŐĽĚěŃĩŌĔŐĭƞĚŀŀĔŏĮƦĬȮ2 ŐĔĬȮėŊŀȮ 
ŐĔĬĽńĠĠŅĦŀƟŅĚŀŇĚȮŐĸŃŐĔĬĽńĠĠŅĦěŅĔĔŅĶĺńħȮįƞŅĬȮ2x2 œĲŏĭŀĶƢėńĭŏĮĸŀĶƢȮĞŉŗĚŐĽĚŐĨƞĸŃŐĔĬ 
ěŃĽŃĪƟŀĬĔĸńĭĭĶŇŏĺĦĮĸŅĵĽŅĵŒĵŐĔƟĺȮ(Fiber end) ĪňŗĴňŀŋĮĔĶĦƢĽŃĪƟŀĬŐĽĚȮ(Reflector) ĨŇħĨńŘĚŀĵŌƞȮ
ŏĝƞĬȮĔĶŃěĔȮĪņŒľƟŏĔŇħĽńĠĠŅĦŐĪĶĔĽŀħĳŅĵŒĬĶŃľĺƞŅĚȮ2 ŐĔĬȮěŅĔĬńŘĬŐĽĚěŃŏħŇĬĪŅĚĨƞŀœĮĵńĚ
ŀŋĮĔĶĦƢĶńĭŐĽĚȮħńĚĬńŘĬĽņľĶńĭĔĶŃĭĺĬĔŅĶĨŇħĨńŘĚĨńĺĨĶĺěěńĭĝĬŇħȮMI ěŉĚĨƟŀĚħņŏĬŇĬĔŅĶĺŇŏėĶŅŃľƢ 
ėĺŅĴĵŅĺĕŀĚŐĔĬĽńĠĠŅĦŀƟŅĚŀŇĚȮŐĸŃŐĔĬĽńĠĠŅĦěŅĔĔŅĶĺńħȮŒľƟŏľĴŅŃĽĴĔńĭėĸŊŗĬŐĽĚĪňŗĬņĴŅ
ĪħĽŀĭħƟĺĵȮŒĬĕĦŃĪňŗĨńĺĨĶĺěěńĭŒĵŐĔƟĺĬņŐĽĚĝĬŇħŐĴĽ-ŐĞĬŏħŀĶƢȮŀŇĬŏĪŀĶƢĲƖĶŀĴŇŏĨŀĶƢȮŒĝƟľĸńĔĔŅĶ
ĶĺĴĽńĠĠŅĦĶŇŘĺŐĪĶĔĽŀħĕŀĚŐĽĚĔƞŀĬŏħŇĬĪŅĚĨƞŀœĮĵńĚŀŋĮĔĶĦƢĶńĭŐĽĚȮŏĮƦĬĨƟĬȮĽŅĴŅĶĩŐĽħĚ
őėĶĚĽĶƟŅĚĕŀĚĨńĺĨĶĺěěńĭŒĵŐĔƟĺĬņŐĽĚĝĬŇħĴŇŏėŇĸĽńĬ ŀŇĬŏĪŀĶƢĲƖĶŀĴŇŏĨŀĶƢœħƟħńĚĶŌĮĪňŗȮ2.3 [19]   
 

Sensing arm

Reference arm

Light source

2x2 Fiber couplerPhotodetector

 
 

ĶŌĮĪňŗȮ0,1ȮőėĶĚĽĶƟŅĚĨńĺĨĶĺěěńĭŒĵŐĔƟĺĬņŐĽĚĝĬŇħĴŇŏėŇĸĽńĬȮŀŇĬŏĪŀĶƢĲƖĶŀĴŇŏĨŀĶƢ 
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2.3.3 ĨńĺĨĶĺěěńĭŒĵŐĔƟĺĬņŐĽĚĝĬŇħĞŅŏĬňŘĵĔȮŀŇĬŏĪŀĶƢĲƖĶŀĴŇŏĨŀĶƢȮ(Sagnac Interferometer: 
SI) 

őėĶĚĽĶƟŅĚĕŀĚĨńĺĨĶĺěěńĭĝĬŇħȮSIȮĮĶŃĔŀĭħƟĺĵŀŋĮĔĶĦƢľĸńĔȮėŊŀȮœĲŏĭŀĶƢĸŌĮȮ(Fiber 
loop) ĞŉŗĚŀŅĻńĵľĸńĔĔŅĶĪņĚŅĬĪňŗŐĽĚěŅĔŐľĸƞĚĔņŏĬŇħŐĽĚŏħŇĬĪŅĚįƞŅĬȮ2x2 œĲŏĭŀĶƢėńĭŏĮĸŀĶƢȮ
ěņĬĺĬȮ2 ŀŋĮĔĶĦƢȮĪņŒľƟŐĽĚĩŌĔŐĭƞĚŀŀĔŏĮƦĬȮ2 ŐĔĬȮėŊŀȮŐĔĬĽńĠĠŅĦŀƟŅĚŀŇĚȮŐĸŃŐĔĬĽńĠĠŅĦěŅĔ
ĔŅĶĺńħȮĞŉŗĚŐĽĚĪňŗŏħŇĬĪŅĚĳŅĵŒĬĽŅĵŒĵŐĔƟĺěŃĔĶŃěŅĵœĮŒĬĪŇĻĪŅĚĪňŗĽĺĬĪŅĚĔńĬȮėŊŀȮŏħŇĬĪŅĚĨŅĴŏĕŖĴ
ĬŅưŇĔŅȮŐĸŃĪĺĬŏĕŖĴĬŅưŇĔŅĳŅĵŒĬœĲŏĭŀĶƢĸŌĮȮőħĵĴňĽĩŅĬŃőıĸŅœĶŏĞĝńĬĪňŗŐĨĔĨƞŅĚĔńĬȮĽŅĴŅĶĩŐĽħĚ
őėĶĚĽĶƟŅĚĕŀĚĨńĺĨĶĺěěńĭŒĵŐĔƟĺĬņŐĽĚĝĬŇħĞŅŏĬňŘĵĔȮŀŇĬŏĪŀĶƢĲƖĶŀĴŇŏĨŀĶƢœħƟħńĚĶŌĮĪňŗȮ2.4 

 

Reference arm

2x2 Fiber coupler

Photodetector

Light source

Sensing arm

Fiber loop

 
 

ĶŌĮĪňŗȮ0,2 őėĶĚĽĶƟŅĚĨńĺĨĶĺěěńĭŒĵŐĔƟĺĬņŐĽĚĝĬŇħĞŅŏĬňŘĵĔȮŀŇĬŏĪŀĶƢĲƖĶŀĴŇŏĨŀĶƢ 
 

ĨńĺĨĶĺěěńĭĝĬŇħȮSI ĴňĕƟŀħňȮėŊŀȮĴňőėĶĚĽĶƟŅĚĪňŗĔŃĪńħĶńħȮĴňėĺŅĴŏĽĩňĵĶĽŌĚȮŐĸŃĨŇħĨńŘĚœħƟĚƞŅĵȮ
ĽŅĴŅĶĩĬņœĮĮĶŃĵŋĔĨƢŒĝƟŒĬĚŅĬħƟŅĬĨńĺĨĶĺěěńĭŒĵŐĔƟĺĬņŐĽĚȮ(Fiber optic sensor) ŏĝƞĬȮĔŅĶıńĥĬŅ
ĨńĺĨĶĺěěńĭėĺŅĴħńĬȮėĺŅĴŏėĶňĵħȮľĶŊŀŀŋĦľĳŌĴŇȮŏĮƦĬĨƟĬȮY0.[ 

2.3.4 ĨńĺĨĶĺěěńĭŒĵŐĔƟĺĬņŐĽĚĝĬŇħĲŅĭĶň-ŏĮőĶĨƢȮŀŇĬŏĪŀĶƢĲƖĶŀĴŇŏĨŀĶƢȮ(Fabry-Perot 

Interferometer: FPI) 

 ĨńĺĨĶĺěěńĭĝĬŇħĬňŘĽŅĴŅĶĩŒĝƟĨĶĺěĺńħĮĶŇĴŅĦĪŅĚĔŅĵĳŅıȮŐĸŃĮĶŇĴŅĦĪŅĚŏėĴňœħƟȮŏĝƞĬȮ

ėĺŅĴĽńŗĬĽŃŏĪŊŀĬȮėĺŅĴħńĬȮŀŋĦľĳŌĴŇȮľĶŊŀħńĝĬňĔŅĶľńĔŏľĕŀĚŐĽĚȮőħĵĴňĕƟŀħňȮėŊŀȮĴňőėĶĚĽĶƟŅĚ 

œĴƞĞńĭĞƟŀĬȮĴňėĺŅĴŐĴƞĬĵņŐĸŃėĺŅĴĸŃŏŀňĵħĽŌĚȮĽŅĴŅĶĩĪĬĨƞŀėĸŊŗĬŐĴƞŏľĸŖĔœĲĲƚŅȮŐĸŃŐĶĚħńĬĽŌĚœħƟȮ

ĬŀĔěŅĔĬňŘĨńĺĨĶĺěěńĭĝĬŇħȮFPI ŒĝƟŀŋĮĔĶĦƢĽņľĶńĭĨĶĺěĺńħĬƟŀĵĔĺƞŅĨńĺĨĶĺěěńĭĝĬŇħŐĴĽ-ŐĞĬŏħŀĶƢ  

ĴŇŏėŇĸĽńĬ ŐĸŃ ĞŅŏĬňŘĵĔȮŀŇĬŏĪŀĶƢĲƖĶŀĴŇŏĨŀĶƢ őħĵĴňľĸńĔĔŅĶĪņĚŅĬȮėŊŀȮŐĽĚěŅĔŐľĸƞĚĔņŏĬŇħŐĽĚĩŌĔ

ĮƚŀĬŏĕƟŅĽŅĵŒĵŐĔƟĺĬņŐĽĚȮŐĸŃŏħŇĬĪŅĚįƞŅĬȮ1x2 œĲŏĭŀĶƢėńĭŏĮĸŀĶƢȮœĮĵńĚĮĸŅĵĽŅĵŒĵŐĔƟĺȮ(Fiber 

end) ĞŉŗĚĨŇħĨńŘĚŀŋĮĔĶĦƢĽŃĪƟŀĬŐĽĚȮĪņŒľƟŏĔŇħĶŇŘĺŐĪĶĔĽŀħĕŀĚŐĽĚěŅĔĔŅĶŏĮĸňŗĵĬŐĮĸĚĕŀĚėĸŊŗĬŏĲĽȮ

ĽŅĴŅĶĩŐĽħĚőėĶĚĽĶƟŅĚĨńĺĨĶĺěěńĭŒĵŐĔƟĺĬņŐĽĚĝĬŇħĲŅĭĶň-ŏĮőĶĨƢȮŀŇĬŏĪŀĶƢĲƖĶŀĴŇŏĨŀĶƢħńĚĶŌĮĪňŗȮ2.5 
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1x2 Fiber coupler

Light source

Sensing arm
Photodetector

 
 

ĶŌĮĪňŗȮ0,3 őėĶĚĽĶƟŅĚĨńĺĨĶĺěěńĭŒĵŐĔƟĺĬņŐĽĚĝĬŇħĲŅĭĶň-ŏĮőĶĨƢȮŀŇĬŏĪŀĶƢĲƖĶŀĴŇŏĨŀĶƢ 
 

ěŅĔĶŌĮıĭĺƞŅȮĨńĺĨĶĺěěńĭŒĵŐĔƟĺĬņŐĽĚĝĬŇħȮFPI ĽŅĴŅĶĩĨĶĺěěńĭĽńĠĠŅĦĔŅĶĺńħœħƟħƟĺĵ
ŐĔĬŏħňĵĺ ĞŉŗĚĽŅĴŅĶĩĝƞĺĵĸħėƞŅŒĝƟěƞŅĵĕŀĚŀŋĮĔĶĦƢħńĚĔĸƞŅĺœħƟȮĽņľĶńĭĕƟŀħňŐĸŃĕƟŀěņĔńħĕŀĚ 
ĨńĺĨĶĺěěńĭŒĵŐĔƟĺĬņŐĽĚŐĨƞĸŃĝĬŇħ [20-24] ĽŅĴŅĶĩŐĽħĚœħƟħńĚĨŅĶŅĚĪňŗȮ2.3 

 
ĨŅĶŅĚĪňŗȮ0,1 ĕƟŀħňŐĸŃĕƟŀěņĔńħĕŀĚĨńĺĨĶĺěěńĭŒĵŐĔƟĺĬņŐĽĚĝĬŇħŀŇĬŏĪŀĶƢĲƖĶŀĴŇŏĨŀĶƢ 

ĮĶŃŏĳĪĕŀĚĨńĺĨĶĺěěńĭŒĵŐĔƟĺ 
ĬņŐĽĚĝĬŇħŀŇĬŏĪŀĶƢĲƖĶŀĴŇŏĨŀĶƢ 

ĕƟŀħň ĕƟŀŏĽňĵ 

ĝĬŇħĲŅĭĶň-ŏĮőĶĨƢȮ 
(Fabry-Perot) 

- ĴňĕĬŅħŏĸŖĔ ŒĝƟĚŅĬĚƞŅĵ 
- őėĶĚĽĶƟŅĚœĴƞĞńĭĞƟŀĬ 
- ĴňėĺŅĴœĺĽŌĚ 

- ĨƟŀĚŒĝƟŐľĸƞĚĔņŏĬŇħŐĽĚĪňŗ
ĪņŒľƟŏĔŇħĔŅĶŐĪĶĔĽŀħ
ĕŀĚŐĽĚ 

ĝĬŇħĴŇŏėŇĸĽńĬȮ(Michelson) - ĴňĕĬŅħŏĸŖĔ 
- ĽŅĴŅĶĩŒĝƟŐľĸƞĚĔņŏĬŇħ 
ŐĽĚĶńĚĽňĨŗņœħƟȮŏĝƞĬȮŏĸŏĞŀĶƢ 
œħőŀħ 

- ĔŅĶĨńŘĚėƞŅĔŅĶŏĸŊŗŀĬŏĲĽȮ
(Phase drift) ĽŌĚĪņŒľƟŏĔŇħ
ĕňħěņĔńħĽņľĶńĭĔŅĶĺńħ
ėĺŅĴĩňŗ 

ĝĬŇħŐĴĽ-ŐĞĬŏħŀĶƢȮ 
(Mach-Zehnder) 

ĝĬŇħĞŅŏĬňŘĵĔȮ(Sagnac) - ĔŅĶĨŀĭĽĬŀĚĕŀĚėĺŅĴĩňŗ
ŏĮƦĬŏĽƟĬĨĶĚ 

 

- ĴňĕĬŅħŒľĠƞ 
- ėĺŅĴœĺŏıŇŗĴĕŉŘĬĨŅĴėĺŅĴĩňŗ 
- œĴƞŏľĴŅŃĽņľĶńĭĨĶĺěĺńħ
ĔŅĶĽńŗĬĽŃŏĪŊŀĬ 

- ŒĝƟŒĬĚŅĬŏĜıŅŃĪŅĚ 

 
ěŅĔĨŅĶŅĚĪňŗȮ2.3 ıĭĺƞŅĨńĺĨĶĺěěńĭŒĵŐĔƟĺĬņŐĽĚĝĬŇħĲŅĭĶň-ŏĮőĶĨƢȮŀŇĬŏĪŀĶƢĲƖĶŀĴŇŏĨŀĶƢȮ

ĽŅĴŅĶĩŒĝƟĚŅĬĚƞŅĵȮĴňėĺŅĴœĺŒĬĔŅĶĨĶĺěĺńħȮŐĸŃĴňėƞŅėĺŅĴĸŃŏŀňĵħȮ(Resolution) ĽŌĚĔĺƞŅĨńĺĨĶĺěěńĭ
ĝĬŇħŀŊŗĬȮĞŉŗĚĽŅĴŅĶĩŀīŇĭŅĵĶŅĵĸŃŏŀňĵħľĸńĔĔŅĶĪņĚŅĬŏıŇŗĴŏĨŇĴœħƟħńĚĬňŘ 
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2.4 ĨńĺĨĶĺěěńĭŒĵŐĔƟĺĬņŐĽĚĝĬŇħĲŅĭĶň-ŏĮőĶĨƢȮŀŇĬŏĪŀĶƢĲƖĶŀĴŇŏĨŀĶƢ  
ŏĮƦĬĨńĺĨĶĺěěńĭŒĵŐĔƟĺĬņŐĽĚĮĶŃŏĳĪľĬŉŗĚĪňŗŀŅĻńĵĮĶŅĔĢĔŅĶĦƢĔŅĶĽŃĪƟŀĬĔĸńĭĕŀĚŐĽĚȮŐĸŃ 

ĔŅĶŐĪĶĔĽŀħĔńĬĕŀĚŐĽĚȮ(Interference) ěŅĔĔŅĶĪňŗŏĮƚŅľĴŅĵŏĔŇħĔŅĶŏėĸŊŗŀĬĪňŗľĶŊŀŏĲĽĕŀĚŐĽĚ 
ĪňŗŏĮĸňŗĵĬŐĮĸĚœĮȮĪņŒľƟŏĔŇħŏĮƦĬĶŇŘĺŐĪĶĔĽŀħȮ(Fringe) ěŅĔĬńŘĬěŉĚĽƞĚĽńĠĠŅĦŐĽĚľĶŊŀŐĮĸėƞŅĽńĠĠŅĦ
ŐĽĚŏĮƦĬĮĶŇĴŅĦĪŅĚĔŅĵĳŅıœħƟħƟĺĵĨńĺěńĭŐĽĚȮ(Photodetector) ŏĮƦĬĨƟĬȮĽŅĴŅĶĩŐĽħĚľĸńĔĔŅĶ
ĪņĚŅĬĕŀĚĨńĺĨĶĺěěńĭœħƟħńĚĶŌĮĪňŗȮ2.6 

 

I ref I sens

Path difference

Target

Optical fiber

Fiber core

Fiber end

I

 
 

ĶŌĮĪňŗȮ0,4 ĔŅĶŏĔŇħĽńĠĠŅĦŐĪĶĔĽŀħĳŅĵŒĬĨńĺĨĶĺěěńĭȮFFPI 
 
ěŅĔĶŌĮŐĽħĚĔŅĶŐĪĶĔĽŀħĔńĬĕŀĚŐĽĚ ŏĴŊŗŀŐĽĚěŅĔŐľĸƞĚĔņŏĬŇħŐĽĚĩŌĔĮƚŀĬŏĕƟŅœĮŒĬĽŅĵŒĵŐĔƟĺ 

ŐĽĚĽƞĺĬľĬŉŗĚěŃĽŃĪƟŀĬĔĸńĭĪňŗĮĸŅĵŏĽƟĬŒĵŐĔƟĺȮĮĶŃĴŅĦȮ4%ȮŏĶňĵĔĺƞŅȮĽńĠĠŅĦŀƟŅĚŀŇĚȮ(Reference 
signal) ŐĸŃŐĽĚĽƞĺĬĪňŗŏľĸŊŀěŃŏħŇĬĪŅĚĨƞŀœĮĵńĚŏĮƚŅľĴŅĵĪňŗĨƟŀĚĔŅĶĺńħȮľĶŊŀŐįƞĬœħŀŃŐĲĶĴĪňŗĔħĪńĭ
ěŋħĺńħėĸŊŗĬĝňıěĶȮőħĵĽńĠĠŅĦĪňŗœħƟŏĶňĵĔĺƞŅȮĽńĠĠŅĦĔŅĶĺńħȮ(Sensing signal)ȮěŅĔĬńŘĬĽŃĪƟŀĬĔĸńĭĴŅ
ĳŅĵŒĬĽŅĵŒĵŐĔƟĺȮőħĵĽŅĴŅĶĩėņĬĺĦėƞŅėĺŅĴŏĕƟĴŐĽĚĶĺĴȮ( I ) ěŅĔĽńĠĠŅĦœħƟħńĚĬňŘ [20, 25] 

 
     2 cosref sens ref sensI I I I I q= + + D (2.1) 

 

ŏĴŊŗŀȮ IȮėŊŀȮėƞŅėĺŅĴŏĕƟĴŐĽĚĶĺĴ (Total intensity), refI ȮėŊŀȮėƞŅėĺŅĴŏĕƟĴŐĽĚĕŀĚĽńĠĠŅĦ
ŀƟŅĚŀŇĚ (ReferenceȮsignal), sensI ȮėŊŀȮėƞŅėĺŅĴŏĕƟĴŐĽĚĕŀĚĽńĠĠŅĦĺńħ (Sensing signal)ȮŐĸŃqD Ȯ
ėŊŀȮėƞŅįĸĨƞŅĚĶŃľĺƞŅĚŏĲĽĕŀĚĪńŘĚĽŀĚėĸŊŗĬŐĽĚȮ(Phase difference) őħĵėĺŅĴŏĕƟĴŐĽĚĪňŗŏĔŇħĕŉŘĬĴňįĸ
ĨƞŀĔŅĶŏĮĸňŗĵĬŐĮĸĚĕŀĚŏĲĽħńĚ (2.2) 

 
2

2
n

d
p

q
l

D = ³  (2.2) 
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ŏĴŊŗŀȮn  ėŊŀȮėƞŅħńĝĬňĔŅĶľńĔŏľĕŀĚŐĽĚȮ(Refractive index) őħĵŒĬĔĶĦňĳŅĵŒĬľńĺĺńħȮFFPI 
ĪňŗıńĥĬŅĕŉŘĬěŃĴňėƞŅĪƞŅĔńĭȮ1 ŏĬŊŗŀĚěŅĔĨńĺĔĸŅĚėŊŀŀŅĔŅĻ, d  ėŊŀȮĶŃĵŃĕŀĚŏĲĽĪňŗŏĮĸňŗĵĬŐĮĸĚœĮȮŐĸŃȮ
l ėŊŀȮėĺŅĴĵŅĺėĸŊŗĬŐĽĚȮĬŀĔěŅĔĬňŘĽŅĴŅĶĩŐĽħĚĔŅĶĬńĭěņĬĺĬĶŇŘĺŐĪĶĔĽŀħĕŀĚŐĽĚȮ(N )  
ŒĬȮ1 ĝƞĺĚŏĺĸŅĕŀĚĔŅĶŏĔŇħėĺŅĴħńĬĝňıěĶȮĞŉŗĚŏĮƦĬĽńħĽƞĺĬĔńĭĶŃĵŃĕěńħěŅĔŐįƞĬœħŀŃŐĲĶĴœħƟěŅĔȮ 

 

2
d N

l
D =  (2.3) 

 
 ŏĴŊŗŀĴňŐĶĚħńĬĝňıěĶĔĶŃĪĭĔńĭŐįƞĬœħŀŃŐĲĶĴĪňŗĨŇħŀĵŌƞĔńĭĨńĺĨńĺĨĶĺěěńĭŒĵŐĔƟĺĬņŐĽĚĽƞĚįĸŒľƟ
ŐįƞĬœħŀŃŐĲĶĴŏĔŇħĔŅĶőĔƞĚĨńĺȮŐĸŃĪņŒľƟŏĲĽĕŀĚėĸŊŗĬŐĽĚŏĮĸňŗĵĬŐĮĸĚœĮȮőħĵĽŅĴŅĶĩŐĽħĚœħƟ 
ħńĚĶŌĮĪňŗȮ2.7  

 
Optical Fiber

Ceramic ferrule

Diaphragm

Artery

Bone

Pressure

 

&Ĕ' (ĕ)Ȯ 

ĶŌĮĪňŗȮ0,5 ĔŅĶőĔƞĚĨńĺĕŀĚŐįƞĬœħŀŃŐĲĶĴ; (Ĕ)ȮŐįƞĬœħŀŃŐĲĶĴĸńĔļĦŃĮĔĨŇȮŐĸŃ (ĕ)ȮŐįƞĬœħŀŃŐĲĶĴ
ŏĔŇħĔŅĶőĔƞĚĨńĺŏĴŊŗŀĴňėĺŅĴħńĬĴŅĔĶŃĪĭ 

 
 ľĸńĚěŅĔĺŅĚľńĺĺńħĸĚĭĬįŇĺľĬńĚĕŀĚĴĬŋļĵƢĞŉŗĚĴňŏĽƟĬŏĸŊŀħŐħĚŒľĠƞȮ(Artery) ŀĵŌƞĳŅĵŒĬȮŏĴŊŗŀľńĺŒě
ĭňĭĨńĺĽƞĚŏĸŊŀħœĮĵńĚĽƞĺĬĨƞŅĚȮŕȮĕŀĚĶƞŅĚĔŅĵȮĽƞĚįĸŒľƟŏĔŇħŐĶĚħńĬĝňıěĶœĮĔĶŃĪĭĔńĭŐįƞĬœħŀŃŐĲĶĴȮ
(Diaphragm) ĪņŒľƟĺńĽħŋŏĔŇħĔŅĶőĔƞĚĨńĺȮ(Material deflection) ŏĔŇħŏĮƦĬĶŇŘĺŐĪĶĔĽŀħĕŀĚŐĽĚȮ
(Interference fringe signal) őħĵĽŅĴŅĶĩĺŇŏėĶŅŃľƢįĸœħƟěŅĔȮ(2.4) ů (2.5) ħńĚĬňŘ 



  

 

17 

2 4

3

3(1 )

16
t

v r
d P

Eh

-
=  (2.4) 

 
3

4 2

16

3 (1 )

tEh d
P

r v
=

-
 (2.5) 

 
ŏĴŊŗŀȮtd  ėŊŀȮėƞŅĔŅĶőĔƞĚĨńĺĕŀĚœħŀŃŐĲĶĴĪňŗŏĮĸňŗĵĬœĮĨŅĴŏĺĸŅĕĦŃĪħĽŀĭȮ(Deflection: um), 

r  ėŊŀȮĕĬŅħŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚĕŀĚĺńĽħŋȮ(Diameter: mm), E  ėŊŀȮėƞŅĵńĚĴŀħŋĸńĽȮ&WmsleŲqȮ
modulus: N/m2), v  ėŊŀȮŀńĨĶŅĽƞĺĬĮƤĺĞŀĚȮ(Poisson ratio)ȮĕŀĚĺńĽħŋĵŊħľĵŋƞĬĪňŗœħƟěŅĔĔŅĶĪħĽŀĭ
ĔƞŀĬȮůȮľĸńĚĔŅĶħŉĚĺńĽħŋ, hȮėŊŀ ėƞŅėĺŅĴľĬŅĕŀĚĺńĽħŋĵŊħľĵŋƞĬȮ(Thickness: mm),ȮŐĸŃȮP  ėŊŀȮ 
ėƞŅėĺŅĴħńĬȮ(Pressure: Pa)ȮĪňŗĴŅĔĶŃĪĭĨƞŀŐįƞĬœħŀŃŐĲĶĴľĶŊŀĺńĽħŋĵŊħľĵŋƞĬȮ(Elastic material)  
ĞŉŗĚĴňėĺŅĴĽńĴıńĬīƢĔńĭėƞŅŐĶĚħńĬĝňıěĶȮěŅĔĬńŘĬěŉĚħņŏĬŇĬĔŅĶŐĮĸėƞŅėĺŅĴħńĬŏĮƦĬėĺŅĴħńĬĝňıěĶȮ(Pulse 
pressure: PP) [26] œħƟěŅĔȮ(2.6) 

 

133.322

P
PP=  (2.6)

   
ěŅĔĪňŗĔĸƞŅĺĴŅĕƟŅĚĨƟĬŐĽħĚŒľƟŏľŖĬĺƞŅȮĶŃĭĭĨĶĺěĺńħėĺŅĴħńĬőĸľŇĨħƟĺĵĨńĺĨĶĺěěńĭŒĵŐĔƟĺĬņŐĽĚ

ĝĬŇħĲŅĭĶň-ŏĮőĶĨƢȮŀŇĬŏĪŀĶƢĲƖĶŀĴŇŏĨŀĶƢȮŀŅĻńĵľĸńĔĔŅĶŏĴŊŗŀŐĽĚŏħŇĬĪŅĚįƞŅĬĽŅĵŒĵŐĔƟĺĬņŐĽĚœĮĵńĚ
ŏĮƚŅľĴŅĵĪňŗĨƟŀĚĔŅĶĺńħŐĽĚĽƞĺĬľĬŉŗĚěŃĽŃĪƟŀĬĔĸńĭœĮĵńĚĮĸŅĵĽŅĵŒĵŐĔƟĺĬņŐĽĚȮ(ĽńĠĠŅĦŀƟŅĚŀŇĚ) 
ěŅĔĬńŘĬŐĽĚĽƞĺĬĪňŗŏľĸŊŀěŃŏħŇĬĪŅĚĨƞŀœĮĵńĚŏĮƚŅľĴŅĵŐĸƟĺĽŃĪƟŀĬĔĸńĭŏĕƟŅĽŌƞĽŅĵŒĵŐĔƟĺĬņŐĽĚȮ
(ĽńĠĠŅĦěŅĔĔŅĶĺńħ) ĞŉŗĚŒĬőėĶĚĔŅĶĬňŘŏĮƚŅľĴŅĵĪňŗĨƟŀĚĔŅĶĺńħėŊŀȮĺńĽħŋĵŊħľĵŋƞĬȮħńĚĬńŘĬŏĴŊŗŀĴňŐĶĚħńĬ
ĭĶŇŏĺĦĺńĽħŋĵŊħľĵŋƞĬěŃĽƞĚįĸŒľƟĺńĽħŋŏĔŇħĔŅĶőĔƞĚĨńĺȮĪņŒľƟĶŃĵŃĔŅĶŏħŇĬĪŅĚĕŀĚŐĽĚŏĮĸňŗĵĬŐĮĸĚœĮȮ
(ĽńĠĠŅĦěŅĔĔŅĶĺńħ) ĽƞĚįĸŒľƟŏĔŇħĔŅĶŐĪĶĔĽŀħĔńĬĕŀĚŐĽĚȮŐĸŃĽńĠĠŅĦĶŇŘĺŐĪĶĔĽŀħĕŀĚŐĽĚȮ
(Interference fringe) ĬŀĔěŅĔĬňŘĶŃĭĭĨĶĺěĺńħėĺŅĴħńĬőĸľŇĨĪňŗıńĥĬŅĕŉŘĬħņŏĬŇĬĔŅĶőħĵĔŅĶ
ĨĶĺěěńĭěŋħĽŌĚĽŋħȮŐĸŃĔŅĶĬńĭěņĬĺĬĶŇŘĺŐĪĶĔĽŀħĕŀĚŐĽĚĴŅĮĶŃĴĺĸįĸŏĮƦĬĔŅĶőĔƞĚĨńĺĕŀĚĺńĽħŋ
ĵŊħľĵŋƞĬȮ(Displacement curve: dt) ěŅĔĬńŘĬěŉĚŐĮĸėƞŅŏĮƦĬėƞŅėĺŅĴħńĬĪňŗĴŅĔĶŃĪĭĔńĭŐįƞĬĺńĽħŋ
ĵŊħľĵŋƞĬȮ(Pressure: P) ŐĸŃĮĶŃĴŅĦėƞŅŏĮƦĬėĺŅĴħńĬĝňıěĶȮ(Pulse pressure: PP) ĨŅĴĸņħńĭȮ
ĽņľĶńĭĕńŘĬĨŀĬĨƞŀœĮȮėŊŀȮĔŅĶĺŇŏėĶŅŃľƢĸńĔļĦŃĕŀĚĶŌĮėĸŊŗĬėĺŅĴħńĬĝňıěĶŏıŊŗŀĮĶŃĴŅĦėƞŅėĺŅĴħńĬ
őĸľŇĨĞŇĽĪŀĸŇėȮ(Systolic blood pressure) ėƞŅėĺŅĴħńĬőĸľŇĨœħŐŀĽĪŀĸŇė (Diastolic blood 
pressure)ȮŐĸŃŀńĨĶŅĔŅĶŏĨƟĬĕŀĚľńĺŒěȮ(Heart rate) įƞŅĬőĮĶŐĔĶĴĮĶŃĵŋĔĨƢĪŅĚĺŇĻĺĔĶĶĴ 
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2.5 ĔŅĶĺŇŏėĶŅŃľƢėĺŅĴħńĬőĸľŇĨȮ(Blood pressure analysis)  
 ĔŅĶĶŅĵĚŅĬįĸĔŅĶĨĶĺěĺńħėĺŅĴħńĬőĸľŇĨőħĵĪńŗĺœĮĮĶŃĔŀĭħƟĺĵȮ2 ėƞŅȮœħƟŐĔƞȮėƞŅėĺŅĴħńĬőĸľŇĨ
ĕĦŃľńĺŒěĭňĭĨńĺȮŐĸŃėƞŅėĺŅĴħńĬőĸľŇĨĕĦŃľńĺŒěėĸŅĵĨńĺȮőħĵĽŅĴŅĶĩŐĽħĚįĸėƞŅėĺŅĴħńĬőĸľŇĨ 
ŒĬĶŌĮĕŀĚĨńĺŏĸĕŒĬľĬƞĺĵĴŇĸĸŇŏĴĨĶĮĶŀĪȮ(mm.Hg.)ȮŏĝƞĬȮėƞŅėĺŅĴħńĬőĸľŇĨĞŇĽĪŀĸŇėŏĪƞŅĔńĭȮ120 
ĴŇĸĸŇŏĴĨĶĮĶŀĪȮŐĸŃėƞŅėĺŅĴħńĬőĸľŇĨœħŐŀĽĪŀĸŇėŏĪƞŅĔńĭȮ80 ĴŇĸĸŇŏĴĨĶĮĶŀĪȮľĶŊŀȮ120/80 
mm.Hg.ȮľĶŊŀŐĽħĚŒĬĶŌĮĕŀĚĔĶŅĲėĸŊŗĬĝňıěĶœħƟħńĚĶŌĮĪňŗȮ2.8 
 

ĝƞĺĚľńĺŒěĭňĭĨńĺ

ěŋħĽŌĚĽŋħĞŇĽĪŀĸŇė

ĝƞĺĚľńĺŒěėĸŅĵĨńĺ

ěŋħĽŌĚĽŋħœħŐŀĽĪŀĸŇė

ĺńĢěńĔĶĔŅĶŏĨƟĬĕŀĚľńĺŒě

ė
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ŏĺĸŅȮ(ĺŇĬŅĪň)  
 

ĶŌĮĪňŗȮ0,6 ĶŌĮėĸŊŗĬĝňıěĶľĬŉŗĚĺńĢěńĔĶĕŀĚĴĬŋļĵƢ 
 
 ěŅĔĶŌĮŐĽħĚĺńĢěńĔĶĔŅĶŏĨƟĬĕŀĚľńĺŒě (Cardiac cycle)ȮőħĵĔŅĶĺŇŏėĶŅŃľƢœħƟěŅĔĸńĔļĦŃĕŀĚ
ĶŌĮėĸŊŗĬĝňıěĶľĶŊŀėĸŊŗĬıńĸĽƢĕŀĚľĸŀħŏĸŊŀħŐħĚ (Arterial pulse wave)ȮĮĶŃĔŀĭħƟĺĵȮ2 ĝƞĺĚȮėŊŀȮ
ĝƞĺĚĪňŗĔĸƟŅĴŏĬŊŘŀľńĺŒěĭňĭĨńĺȮ(Systolic phase) ĪņŒľƟľĸŀħŏĸŊŀħŐħĚĕĵŅĵȮŐĸŃĽĶƟŅĚėĸŊŗĬĔĶŃĪĭĔńĭ
įĬńĚľĸŀħŏĸŊŀħĽƞĚįĸŒľƟŏĔŇħŏĮƦĬŐĶĚħńĬĝňıěĶȮŏĴŊŗŀŐĶĚħńĬŏıŇŗĴĕŉŘĬœĮěĬĩŉĚěŋħĽŌĚĽŋħȮ(Systolic peak)Ȯ
ŏĶňĵĔĺƞŅȮėĺŅĴħńĬőĸľŇĨĞŇĽőĪĸŇėȮ(Systolic blood pressure)ȮŐĸŃŏĴŊŗŀŏĕƟŅĽŌƞĝƞĺĚĪňŗĔĸƟŅĴŏĬŊŘŀľńĺŒě
ėĸŅĵĨńĺȮ(Diastolic phase) ĽƞĚįĸŒľƟėĺŅĴħńĬĸħĸĚěĬĩŉĚěŋħĨŗņĽŋħĕŀĚĺńĢěńĔĶŏĶňĵĔĺƞŅȮėĺŅĴħńĬőĸľŇĨ
œħŐŀĽőĪĸŇėȮ(Diastolic blood pressure)ȮőħĵėƞŅėĺŅĴħńĬĝňıěĶ (Pulse pressure) ĴňėĺŅĴĽńĴıńĬīƢ
ĔńĭėƞŅėĺŅĴħńĬőĸľŇĨĞŇĽĪŀĸŇėȮŐĸŃėĺŅĴħńĬőĸľŇĨœħŐŀĽĪŀĸŇėȮħńĚĬňŘ [27] 
 

PP SBP DBP= -  (2.7) 
 

DBP SBP PP= -  (2.8) 
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 ŏĴŊŗŀėĺŅĴħńĬĝňıěĶȮ&PP) ėŊŀȮėƞŅėĺŅĴŐĨĔĨƞŅĚĶŃľĺƞŅĚėĺŅĴħńĬőĸľŇĨĽŌĚĽŋħĞŇĽĪŀĸŇėȮ(SBP) 
ŐĸŃėĺŅĴħńĬőĸľŇĨĨŗņĽŋħœħŐŀĽĪŀĸŇėȮ(DBP) őħĵėƞŅėĺŅĴħńĬőĸľŇĨĽŌĚĽŋħĕĦŃľńĺŒěĭňĭĨńĺėņĬĺĦœħƟ
ěŅĔěŋħĽŌĚĽŋħĕŀĚĶŌĮėĸŊŗĬėĺŅĴħńĬĝňıěĶ (Systolic peak)ȮŐĸŃěŅĔȮ(2.8) įĸĪňŗœħƟěŅĔĔŅĶėņĬĺĦȮėŊŀȮ
ėƞŅėĺŅĴħńĬőĸľŇĨĨŗņĽŋħĕĦŃľńĺŒěėĸŅĵĨńĺ ĨŅĴĸņħńĭȮőħĵĔŅĶĨĶĺěěńĭěŋħĽŌĚĽŋħĕŀĚėĺŅĴħńĬĞŇĽĪŀĸŇėȮ
ŐĸŃěŋħĨŗņĽŋħĕŀĚėĺŅĴħńĬœħŐŀĽĪŀĸŇėȮĽŅĴŅĶĩĺŇŏėĶŅŃľƢœħƟěŅĔőĮĶŐĔĶĴĮĶŃĵŋĔĨƢĪŅĚĺŇĻĺĔĶĶĴȮ
ĽņľĶńĭĬņĴŅĮĶŃĴĺĸįĸħƟĺĵȮ(2.7) ŐĸŃȮ(2.8) ŏĮƦĬĨƟĬ 
 
2.6 ĔŅĶĺŇŏėĶŅŃľƢĨƟĬĪŋĬĔŅĶįĸŇĨŐĸŃľŅėĺŅĴėŋƟĴėƞŅŒĬĔŅĶĸĚĪŋĬȮ(Feasibility analysis) 
 2.6.1 ĔŅĶĺŇŏėĶŅŃľƢĨƟĬĪŋĬĔŅĶįĸŇĨŐĸŃĔŅĶħņŏĬŇĬĚŅĬȮ(ProductionȮand operation cost) 
 ĨƟĬĪŋĬĔŅĶįĸŇĨœħƟŐĔƞȮėƞŅŒĝƟěƞŅĵĽņľĶńĭĔŅĶŀŀĔŐĭĭȮıńĥĬŅȮįĸŇĨȮŐĸŃěņľĬƞŅĵĶŃĭĭ
ĨĶĺěĺńħėĺŅĴħńĬőĸľŇĨŒĬĴĬŋļĵƢħƟĺĵĨńĺĨĶĺěěńĭŒĵŐĔƟĺĬņŐĽĚĝĬŇħĲŅĭĶň-ŏĮőĶĨƢȮŀŇĬŏĪŀĶƢĲƖĶŀĴŇŏĨŀĶƢȮ
ĮĶŃĔŀĭħƟĺĵȮ 

- ėƞŅĺńĽħŋŐĸŃŀŋĮĔĶĦƢȮ(Material cost) ĽņľĶńĭıńĥĬŅĶŃĭĭĨĶĺěĺńħėĺŅĴħńĬőĸľŇĨȮ
œħƟŐĔƞ ĶŃĭĭĨĶĺěěńĭŒĵŐĔƟĺĬņŐĽĚĝĬŇħĲŅĭĶň-ŏĮőĶĨƢȮŀŇĬŏĪŀĶƢĲƖĶŀĴŇŏĨŀĶƢȮ(Fiber optic Fabry-Perot 
interferometer) ŏĸĬĽƢĶĺĴŐĽĚĕĬŅĬȮ(Collimating lens) ĺńĽħŋľƞŀľŋƟĴľńĺĺńħȮ(Housing)ȮĺńĽħŋĽŃĪƟŀĬ
ŐĽĚ (Reflective material)ȮŀŋĮĔĶĦƢŏĔŖĭĶĺĭĶĺĴĕƟŀĴŌĸȮŐĸŃĶŃĭĭŐĽħĚįĸ 

- ėƞŅŐĶĚĚŅĬȮ(Labor cost) ĽņľĶńĭĔĶŃĭĺĬĔŅĶįĸŇĨȮŏĝƞĬȮėƞŅěƟŅĚıĬńĔĚŅĬȮŏĮƦĬĨƟĬ 
- ėƞŅŒĝƟěƞŅĵŏĭŖħŏĨĸŖħȮŏĝƞĬȮėƞŅĕĬĽƞĚȮėƞŅĭĶĶěŋĳńĦĤƢȮėƞŅőęļĦŅȮľĶŊŀėƞŅĕŉŘĬĪŃŏĭňĵĬ

įĸŇĨĳńĦĤƢȮŏĮƦĬĨƟĬ 

 2.6.2 ĔŅĶĺŇŏėĶŅŃľƢľŅėĺŅĴėŋƟĴėƞŅŒĬĔŅĶĸĚĪŋĬȮ 
 ĔŅĶĻŉĔļŅľŅįĸĮĶŃőĵĝĬƢȮŐĸŃĻŉĔļŅėĺŅĴėŋƟĴėƞŅŒĬĔŅĶĸĚĪŋĬȮ(Cost Benefit analysis)Ȯ
ŏĮƦĬĔĶŃĭĺĬĔŅĶĪňŗĽņėńĠŒĬĔŅĶĮĶŃŏĴŇĬėĺŅĴŏĮƦĬœĮœħƟĕŀĚőėĶĚĔŅĶȮőħĵŒĝƟĕƟŀĴŌĸĪŅĚŏĻĶļģĻŅĽĨĶƢ
ŏıŊŗŀĪņŒľƟĽŅĴŅĶĩĨńħĽŇĬŒěŏĔňŗĵĺĔńĭĔŅĶĸĚĪŋĬœħƟŀĵƞŅĚĴňĮĶŃĽŇĪīŇĳŅıȮőħĵĔŅĶĺŇŏėĶŅŃľƢŏėĶŊŗŀĚĴŊŀĪŅĚ
ŏĻĶļģĻŅĽĨĶƢĪňŗĽņėńĠħńĚĬňŘȮ 

- ĴŌĸėƞŅĮƤěěŋĭńĬĽŋĪīŇȮ(Net Present Value:ȮNPV) 
 ĴŌĸėƞŅĮƤěěŋĭńĬĽŋĪīŇŏĮƦĬĺŇīňĔŅĶĺńħėĺŅĴėŋƟĴėƞŅĕŀĚőėĶĚĔŅĶőħĵėņĬĺĦįĸĨƞŅĚĶŃľĺƞŅĚ
ĴŌĸėƞŅĮƤěěŋĭńĬĕŀĚĶŅĵœħƟľĶŊŀįĸĮĶŃőĵĝĬƢĪňŗėŅħĺƞŅěŃœħƟĶńĭěŅĔőėĶĚĔŅĶĔńĭĴŌĸėƞŅĮƤěěŋĭńĬĕŀĚ
ėƞŅŒĝƟěƞŅĵľĶŊŀĨƟĬĪŋĬĪňŗŏĔňŗĵĺĕƟŀĚĔńĭőėĶĚĔŅĶȮőħĵĨńĺŐĮĶĬňŘȮėŊŀȮįĸĨƞŅĚĶŃľĺƞŅĚĴŌĸėƞŅĮƤěěŋĭńĬĕŀĚ
įĸĮĶŃőĵĝĬƢŐĸŃĴŌĸėƞŅĮƤěěŋĭńĬĕŀĚĨƟĬĪŋĬĕŀĚőėĚĔŅĶȮŏıŊŗŀĝňŘŒľƟŏľŖĬĺƞŅőėĶĚĔŅĶĬńŘĬěŃŒľƟįĸĮĶŃőĵĝĬƢ
ėŋƟĴėƞŅľĶŊŀœĴƞȮĽŅĴŅĶĩėņĬĺĦĴŌĸėƞŅĮƤěěŋĭńĬĽŋĪīŇœħƟěŅĔȮ(2.9) [28] 
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őħĵĔņľĬħŒľƟ tB  ėŊŀ ĴŌĸėƞŅĕŀĚįĸĮĶŃőĵĝĬƢěŅĔőėĶĚĔŅĶĪňŗŏĔŇħĕŉŘĬŒĬĮƖĪňŗȮt ,ȮtC  ėŊŀ

ĴŌĸėƞŅĕŀĚĨƟĬĪŋĬěŅĔőėĶĚĔŅĶĪňŗŏĔŇħĕŉŘĬŒĬĮƖĪňŗȮt , r  ėŊŀ ŀńĨĶŅėŇħĸħȮľĶŊŀħŀĔŏĭňŘĵŀƟŅĚŀŇĚěŅĔīĬŅėŅĶ
ŐľƞĚĮĶŃŏĪĻœĪĵȮŒĬĔĶĦňĬňŘĔņľĬħŒľƟŏĪƞŅĔńĭȮ6.25%, t  ėŊŀ ĮƖĪňŗħņŏĬŇĬőėĶĚĔŅĶ ŐĸŃȮn  ėŊŀ ŀŅĵŋĕŀĚ
őėĶĚĔŅĶľĶŊŀĮƖĽŇŘĬĽŋħŀŅĵŋőėĶĚĔŅĶŏĪƞŅĔńĭȮ5 ĮƖȮŏĚŊŗŀĬœĕŏĔĦĤƢĔŅĶıŇěŅĶĦŅĴŌĸėƞŅĮƤěěŋĭńĬĽŋĪīŇ 

1)  NPV  = 0 ľĴŅĵėĺŅĴĺƞŅ őėĶĚĔŅĶĴňėĺŅĴėŋƟĴĪŋĬıŀħňȮĞŉŗĚĔŅĶŏĸŊŀĔĸĚĪŋĬľĶŊŀœĴƞ 
ĽņľĶńĭőėĶĚĔŅĶĬňŘěŃœĴƞĴňįĸĔĶŃĪĭĨƞŀĶŃĭĭŏĻĶļģĔŇě 

2) NPV  > 0 ľĴŅĵėĺŅĴĺƞŅ őėĶĚĔŅĶĬňŘœħƟĶńĭįĸĨŀĭŐĪĬĴŅĔĔĺƞŅŏĚŇĬĸĚĪŋĬȮŐĽħĚ
ĺƞŅőėĶĚĔŅĶĬňŘŒľƟįĸėŋƟĴėƞŅĪŅĚŏĻĶļģĔŇěŐĸŃŀĵŌƞŒĬŏĔĦĤƢĪňŗĵŀĴĶńĭœħƟ 

3) NPV  < 0 ľĴŅĵėĺŅĴĺƞŅ őėĶĚĔŅĶĬňŘœħƟĶńĭįĸĨŀĭŐĪĬĬƟŀĵĔĺƞŅŏĚŇĬĸĚĪŋĬȮ
ŐĽħĚĺƞŅőėĶĚĔŅĶĬňŘœĴƞŀĵŌƞŒĬŏĔĦĤƢĪňŗĵŀĴĶńĭœħƟȮŐĸŃœĴƞĽĴėĺĶĸĚĪŋĬ 

- ŀńĨĶŅįĸĨŀĭŐĪĬĕŀĚőėĶĚĔŅĶȮ(Internal Rate of Return: IRR) 
   ŀńĨĶŅįĸĨŀĭŐĪĬĕŀĚőėĶĚĔŅĶȮėŊŀȮĔŅĶĽŋƞĴŀńĨĶŅħŀĔŏĭňŘĵŒĬĔŅĶėŇħĸħȮ(Discount 
rate) ĪňŗĪņŒľƟĴŌĸėƞŅĮƤěěŋĭńĬĕŀĚĔĶŃŐĽŏĚŇĬĽħĶńĭĽŋĪīŇĨĸŀħŀŅĵŋőėĶĚĔŅĶŏĪƞŅĔńĭŏĚŇĬĽħěƞŅĵĸĚĪŋĬĽŋĪīŇ
ıŀħňȮľĶŊŀĔĸƞŅĺėŊŀȮNPVĴňėƞŅŏĪƞŅĔńĭĻŌĬĵƢȮĞŉŗĚȮIRR ŐĽħĚĩŉĚŀńĨĶŅįĸĨŀĭŐĪĬĪňŗŐĪƟěĶŇĚĕŀĚ
őėĶĚĔŅĶȮĩƟŅĴňėƞŅĴŅĔĵŇŗĚĴňįĸĮĶŃőĵĝĬƢȮŏıŊŗŀıŇěŅĶĦŅĺƞŅőėĶĚĔŅĶěŃėŊĬĪŋĬŒĬŀńĨĶŅŏĪƞŅŒħ őħĵĽŅĴŅĶĩ
ėņĬĺĦľŅŀńĨĶŅįĸĨŀĭŐĪĬĕŀĚőėĶĚĔŅĶœħƟěŅĔȮ(2.10) [29] 
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ŏĚŊŗŀĬœĕŏĔĦĤƢĔŅĶıŇěŅĶĦŅŀńĨĶŅįĸĨŀĭŐĪĬĕŀĚőėĶĚĔŅĶȮ 
1) IRR > r ľĴŅĵėĺŅĴĺƞŅ őėĶĚĔŅĶĴňėĺŅĴėŋƟĴėƞŅŒĬĔŅĶĸĚĪŋĬ 
2) IRR < r ľĴŅĵėĺŅĴĺƞŅ őėĶĚĔŅĶĬňŘœĴƞĽĴėĺĶĸĚĪŋĬ 
3) IRR = 0 ľĴŅĵėĺŅĴĺƞŅ őėĶĚĔŅĶœĴƞĔƞŀŒľƟŏĔŇħįĸĔĶŃĪĭŒħŒħ 

- ŀńĨĶŅĽƞĺĬįĸĨŀĭŐĪĬĨƞŀĨƟĬĪŋĬȮ(Benefit cost of ratio: BCR) 
ŀńĨĶŅĽƞĺĬįĸĨŀĭŐĪĬĨƞŀĨƟĬĪŋĬȮėŊŀȮĔŅĶľŅŀńĨĶŅĽƞĺĬĶŃľĺƞŅĚĴŌĸėƞŅĕŀĚįĸĮĶŃőĵĝĬƢ

ľĶŊŀĶŅĵœħƟȮŐĸŃĴŌĸėƞŅĕŀĚĨƟĬĪŋĬľĶŊŀėƞŅŒĝƟěƞŅĵěŅĔőėĶĚĔŅĶĪňŗŏĔŇħĕŉŘĬȮőħĵĶŅĵœħƟĕŀĚőėĶĚĔŅĶȮėŊŀȮ
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įĸĮĶŃőĵĝĬƢĪňŗěŃœħƟĶńĭŏĴŊŗŀĴňőėĶĚĔŅĶŏĔŇħĕŉŘĬȮŏĝƞĬȮĶŅĵœħƟěŅĔĔŅĶĕŅĵĽŇĬėƟŅľĶŊŀĭĶŇĔŅĶȮĶŅĵœħƟěŅĔĔŅĶ
ĮĶŃľĵńħėƞŅŒĝƟěƞŅĵȮľĶŊŀĶŅĵœħƟŀŊŗĬȮŕȮĪňŗŏĔŇħĕŉŘĬőħĵĨĶĚěŅĔĔŅĶĸĚĪŋĬȮĬŀĔěŅĔĬňŘėƞŅŒĝƟěƞŅĵĕŀĚőėĶĚĔŅĶȮ
ėŊŀȮėƞŅŒĝƟěƞŅĵĪŅĚħƟŅĬĔŅĶĸĚĪŋĬȮėƞŅŒĝƟěƞŅĵŒĬĔŅĶħņŏĬŇĬĚŅĬŐĸŃĭņĶŋĚĶńĔļŅȮŏĝƞĬȮėƞŅŒĝƟěƞŅĵŒĬĔŅĶĞŊŘŀ
ĺńĽħŋŀŋĮĔĶĦƢȮĶĺĴĩŉĚėƞŅŒĝƟěƞŅĵŒĬĔŅĶħņŏĬŇĬĚŅĬĨƞŅĚȮŕȮĪňŗŏĔňŗĵĺĕƟŀĚĔńĭőėĶĚĔŅĶȮĽŅĴŅĶĩėņĬĺĦľŅ
ŀńĨĶŅĽƞĺĬįĸĨŀĭŐĪĬĨƞŀĨƟĬĪŋĬœħƟěŅĔȮ(2.11) [30] 
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ŏĚŊŗŀĬœĕŏĔĦĤƢĔŅĶıŇěŅĶĦŅŀńĨĶŅĽƞĺĬįĸĨŀĭŐĪĬĨƞŀĨƟĬĪŋĬ 
1) BCR > 1ȮľĴŅĵėĺŅĴĺƞŅ įĸĨŀĭŐĪĬĪňŗœħƟĶńĭěŅĔőėĶĚĔŅĶěŃĴňėƞŅĴŅĔĔĺƞŅ

ėƞŅŒĝƟěƞŅĵĪňŗŏĽňĵœĮȮįĸĮĶŃőĵĝĬƢĪňŗœħƟĶńĭěŅĔĔŅĶĸĚĪŋĬĴňėĺŅĴėŋƟĴėƞŅ 
2) BCR < 1ȮľĴŅĵėĺŅĴĺƞŅ įĸĨŀĭŐĪĬĪňŗœħƟĶńĭěŅĔőėĶĚĔŅĶěŃĴňėƞŅĬƟŀĵĔĺƞŅ

ėƞŅŒĝƟěƞŅĵĪňŗŏĽňĵœĮȮįĸĮĶŃőĵĝĬƢĪňŗœħƟĶńĭěŅĔĔŅĶĸĚĪŋĬœĴƞĴňėĺŅĴėŋƟĴėƞŅ 

- ĶŃĵŃŏĺĸŅėŊĬĪŋĬȮ(Payback Period: PB) 
ĶŃĵŃŏĺĸŅėŊĬĪŋĬĕŀĚőėĶĚĔŅĶȮėŊŀȮĶŃĵŃŏĺĸŅľĶŊŀěņĬĺĬĮƖŒĬĔŅĶħņŏĬŇĬĔŅĶőėĶĚĔŅĶ

ĪňŗĪņŒľƟįĸĨŀĭŐĪĬȮľĶŊŀĔĶŃŐĽŏĚŇĬĽħĶńĭĽŋĪīŇĴňėƞŅĶĺĴŏĪƞŅĔńĭŏĚŇĬĸĚĪŋĬŏĶŇŗĴŐĶĔıŀħňȮľŅĔėƞŅĕŀĚ
ĶŃĵŃŏĺĸŅėŊĬĪŋĬĴňėƞŅĴŅĔěŃĽƞĚįĸŒľƟőėĶĚĔŅĶĴňėĺŅĴŏĽňŗĵĚŏıŇŗĴĕŉŘĬȮĽŅĴŅĶĩėņĬĺĦœħƟěŅĔȮ(2.12) [29] 

 

ĶŃĵŃŏĺĸŅėŊĬĪŋĬ 
ŏĚŇĬĸĚĪŋĬŏĶŇŗĴŐĶĔ

įĸĨŀĭŐĪĬĽŋĪīŇĨƞŀĮƖ
 (2.12) 

 
ĶŃĵŃŏĺĸŅėŊĬĪŋĬıŇěŅĶĦŅěņĬĺĬĮƖĪňŗœħƟĶńĭįĸĮĶŃőĵĝĬƢėŋƟĴėƞŅĔńĭėƞŅŒĝƟěƞŅĵŒĬĔŅĶĸĚĪŋĬȮ

ľŅĔįĸĮĶŃőĵĝĬƢėŋƟĴėƞŅĔńĭěņĬĺĬŏĚŇĬĪňŗĸĚĪŋĬœħƟĶĺħŏĶŖĺŏĮƦĬįĸħňȮŏıĶŅŃėĺŅĴŏĽňŗĵĚĬƟŀĵȮ 
ħńĚĬńŘĬĔŅĶŒĝƟŏėĶŊŗŀĚĴŊŀĪŅĚŏĻĶļģĻŅĽĨĶƢĬňŘŒĬĔŅĶĻŉĔļŅĨƟĬĪŋĬĔŅĶįĸŇĨŐĸŃėĺŅĴėŋƟĴėƞŅ

ŒĬĔŅĶĸĚĪŋĬĝƞĺĵŒľƟĽŅĴŅĶĩĺŇŏėĶŅŃľƢőėĶĚĔŅĶľĶŊŀĔŅĶĸĚĪŋĬœħƟŀĵƞŅĚĶŀĭėŀĭŐĸŃĴňĮĶŃĽŇĪīŇĳŅıȮ 

- ėƞŅŒĝƟěƞŅĵĨĸŀħŀŅĵŋőėĶĚĔŅĶȮ(Life-cycle cost: LCC) 
ėƞŅŒĝƟěƞŅĵĨĸŀħŀŅĵŋőėĶĚĔŅĶȮœħƟŐĔƞȮĨƟĬĪŋĬĶĺĴĽņľĶńĭĔŅĶįĸŇĨĶŃĭĭĨĶĺěĺńħėĺŅĴħńĬ

őĸľŇĨħƟĺĵĨńĺĨĶĺěěńĭŒĵŐĔƟĺĬņŐĽĚĝĬŇħĲŅĭĶň-ŏĮőĶĨƢȮŀŇĬŏĪŀĶƢĲƖĶŀĴŇŏĨŀĶƢȮěņĬĺĬȮ30 ĝŇŘĬ/ĮƖ 
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2.7 ĺĶĶĦĔĶĶĴĺŇěŅĶĦƢ (Literature reviews) 
P. Samartkit et al. œħƟıńĥĬŅĶŃĭĭĨĶĺěĺńħŀńĨĶŅĔŅĶŏĨƟĬĕŀĚľńĺŒěȮŐĸŃėĺŅĴħńĬĝňıěĶħƟĺĵ 

ĨńĺĨĶĺěěńĭŒĵŐĔƟĺĬņŐĽĚĝĬŇħĲŅĭĶň-ŏĮőĶĨƢ ŀŇĬŏĪŀĶƢĲƖĶŀĴŇŏĨŀĶƢȮőħĵŒĝƟŏĪėĬŇėĬńĭěņĬĺĬĶŇŘĺŐĪĶĔĽŀħ
ĕŀĚŐĽĚȮ(Fringe counting) ŐĸŃĪķļġňĕŀĚŏėŀĶƢĝŀĲĲƝȮ(Kirchhoff Love) őħĵĨńĺĨĶĺěěńĭĴňĸńĔļĦŃ
ŏĮƦĬľńĺĺńħĔħĪńĭĭĶŇŏĺĦĕƟŀĴŊŀȮŏĴŊŗŀĪħĽŀĭĞŘņěņĬĺĬȮ10 ėĶńŘĚȮıĭĺƞŅĨńĺĨĶĺěěńĭŒĵŐĔƟĺĬņŐĽĚĽŅĴŅĶĩ
ĨĶĺěěńĭėĺŅĴħńĬĝňıěĶőħĵĴňėĺŅĴœĺĮĶŃĴŅĦȮ1.916 ĴŇĸĸŇŏĴĨĶĮĶŀĪĨƞŀĶŇŘĺȮŐĸŃŀńĨĶŅĔŅĶŏĨƟĬĕŀĚ
ľńĺŒěĴňėƞŅįĸĨƞŅĚėƞŅŏĜĸňŗĵŏĪƞŅĔńĭȮ1.24% ľŅĔŏĪňĵĭĔńĭŏėĶŊŗŀĚĴŊŀĺńħĴŅĨĶģŅĬȮħńĚĬńŘĬĶŃĭĭĪňŗıńĥĬŅĕŉŘĬ
ěŉĚĽŅĴŅĶĩĨĶĺěĺńħœħƟŀĵƞŅĚĴňĮĶŃĽŇĪīŇĳŅıȮY1.[ 

N. A. Ushakov et al.ȮœħƟĬņŏĽĬŀŐĬĺĪŅĚĔŅĶĺńħėĺŅĴħńĬőĸľŇĨŐĭĭœĴƞĶŋĔĸŘņĶƞŅĚĔŅĵħƟĺĵ 
ĨńĺĨĶĺěěńĭŒĵŐĔƟĺĬņŐĽĚĝĬŇħĴńĸĨŇŏıĸŖĔĞƢĲŅĭĶň-ŏĮőĶĨƢȮŀŇĬŏĪŀĶƢĲƖĶŀĴŇŏĨŀĶƢȮőħĵŐĭĭěņĸŀĚĪŅĚ
ėĦŇĨĻŅĽĨĶƢŏėĶŏĴŀĶƢ-ŏĶőŀȮ(Cramer-Rao)ȮĩŌĔĬņĴŅĮĶŃĵŋĔĨƢŒĝƟĶƞĺĴĔńĭŏĪėĬŇėĔŅĶĺńħėĺŅĴŏĶŖĺ 
(Pulse wave velocity) ŐĸŃėĺŅĴĸƞŅĝƟŅŒĬĔŅĶœľĸĕŀĚĶŌĮėĸŊŗĬĝňıěĶ (Pulse transit time:)Ȯőħĵ 
ĨńĺĨĶĺěěńĭĩŌĔĵŉħĨŇħĔńĭįŇĺľĬńĚȮŏıŊŗŀħņŏĬŇĬĔŅĶĨĶĺěěńĭėĸŊŗĬĝňıěĶĨŅĴĨņŐľĬƞĚĨƞŅĚȮŕȮĕŀĚĶƞŅĚĔŅĵȮ
œħƟŐĔƞȮľĸŀħŏĸŊŀħŐħĚėŅőĶĨŇħȮ&CarotidȮartery)ȮľĸŀħŏĸŊŀħħņŒĨƟĔĶŃħŌĔœľĮĸŅĶƟŅȮ&Subclavian 
vein) ŐĸŃľĸŀħŏĸŊŀħŐħĚĭĶŇŏĺĦĕƟŀĴŊŀ (Radial artery) ħƟĺĵŏĪĮĪŅĚĔŅĶŐıĪĵƢȮįĸĸńıīƢěŅĔĔŅĶ
ĪħĸŀĚıĭĺƞŅȮĨńĺĨĶĺěěńĭĪňŗıńĥĬŅĕŉŘĬĽŅĴŅĶĩĬņœĮŒĝƟĽņľĶńĭĺŇĬŇěĜńĵĪŅĚĔŅĶŐıĪĵƢȮŐĸŃĔŅĶĮĶŃĴŅĦ
ĽńĠĠŅĦĝňıľĶŊŀėĺŅĴħńĬőĸľŇĨœħƟ [31] 

S. Pullteap et al. œħƟıńĥĬŅĨńĺĨĶĺěěńĭŒĵŐĔƟĺĬņŐĽĚĝĬŇħĲŅĭĶň-ŏĮőĶĨƢȮŀŇĬŏĪŀĶƢĲƖĶŀĴŇŏĨŀĶƢ
ĽņľĶńĭĔŅĶĨĶĺěĺńħĽńĠĠŅĦĝňıȮ(Vital sign)ȮėŊŀȮŀńĨĶŅĔŅĶŏĨƟĬĕŀĚľńĺŒě (Heart rate)ȮėĺŅĴħńĬ
őĸľŇĨĞŇĽĪŀĸŇė (Systolic blood pressure)ȮŐĸŃėĺŅĴħńĬőĸľŇĨœħŐŀĽĪŀĸŇė (Diastolic blood 
pressure) őħĵĺŇŏėĶŅŃľƢįĸěŅĔĔŅĶőĔƞĚĨńĺĕŀĚŐįƞĬĲƕĸƢĴ (Material deflection) ŐĸŃĔŅĶĬńĭěņĬĺĬ
ĶŇŘĺŐĪĶĔĽŀħĕŀĚŐĽĚ (Fringe counting)ȮŐįƞĬĲƕĸƢĴĽŃĪƟŀĬŐĽĚĩŌĔĬņĴŅĨŇħĨńŘĚĔńĭľńĺĺńħȮŐĸŃĺŅĚĔħ
ĪńĭĭĶŇŏĺĦĕƟŀĴŊŀĕŀĚįŌƟĪħĽŀĭȮĪņĞŘņěņĬĺĬȮ20 ėĶńŘĚȮıĭĺƞŅ ėƞŅėĺŅĴėĸŅħŏėĸŊŗŀĬŏĜĸňŗĵĕŀĚŀńĨĶŅĔŅĶ
ŏĨƟĬĕŀĚľńĺŒěȮėĺŅĴħńĬőĸľŇĨĞŇĽĪŀĸŇėȮŐĸŃėĺŅĴħńĬœħŐŀĽĪŀĸŇėŏĪƞŅĔńĭȮ1.01, 0.94 ŐĸŃȮ1.60%
ĨŅĴĸņħńĭȮĞŉŗĚĴňėƞŅėĺŅĴėĸŅħŏėĸŊŗŀĬŀĵŌƞŒĬĝƞĺĚȮ0.91 ůȮ4.82%ȮŐĸŃĴňėĺŅĴœĺŒĬĔŅĶĨĶĺěĺńħėĺŅĴħńĬ
őĸľŇĨŏĪƞŅĔńĭȮ1.913 ĴŇĸĸŇŏĴĨĶĮĶŀĪȮĞŉŗĚŐĽħĚĺƞŅĨńĺĨĶĺěěńĭȮFFPIȮĪňŗıńĥĬŅĕŉŘĬĴňėĺŅĴŐĴƞĬĵņȮŐĸŃ
ĬƞŅŏĝŊŗŀĩŊŀĽņľĶńĭĔŅĶĨĶĺěĺńħĽńĠĠŅĦĝňı [32] 

Y. Li et al. œħƟěņĸŀĚĔŅĶĨĶĺěĺńħŀńĨĶŅĔŅĶŏĨƟĬĕŀĚľńĺŒěħƟĺĵĨńĺĨĶĺěěńĭŒĵŐĔƟĺĬņŐĽĚĝĬŇħ 
ŀŇĬŏĪŀĶƢĲƖĶŀĴŇŏĨŀĶƢȮőħĵŒĝƟĽŅĶŏŀĪŇĸŀńĸĲŅ-œĞĵŅőĬŀŃėĶŇŏĸĨȮ&EtCNA)ȮĞŉŗĚŏĮƦĬĔŅĺŒĽȮœĴƞĴňĽňȮŒĝƟĽņľĶńĭ
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ĵŉħĨŇħĽŅĵŒĵŐĔƟĺŏĕƟŅĔńĭĪƞŀŐėıŇĸĸŅĶňȮ&Capillary Tube) ŐĸŃőėĶĚĵŉħĶŀĚĶńĭȮ(Bracket)ȮĪņŒľƟ 
ĨńĺĨĶĺěěńĭĽŅĴŅĶĩĨĶĺěĺńħĔŅĶĽńŗĬĽŃŏĪŊŀĬĕŀĚėĺŅĴĩňŗĨŗņħƟĺĵėĺŅĴœĺĽŌĚœħƟȮĬŀĔěŅĔĬńŘĬŏĴŊŗŀĨŇħĨńŘĚ 
ĨńĺĨĶĺěěńĭıĶƟŀĴĕŅĵŉħĭĬĶƞŅĚĔŅĵĕŀĚĴĬŋļĵƢȮĽŅĴŅĶĩĨĶĺěěńĭŀńĨĶŅĔŅĶŏĨƟĬĕŀĚľńĺŒěœħƟŀĵƞŅĚŐĴƞĬĵņ
ěŅĔĔŅĶĺŇŏėĶŅŃľƢėĺŅĴŐĮĶįńĬĕŀĚėĺŅĴŏĕƟĴŐĽĚĪňŗŏĔŇħěŅĔĔŅĶŏĨƟĬĕŀĚľńĺŒěȮįĸĔŅĶĪħĸŀĚŐĽħĚŒľƟ
ŏľŖĬĺƞŅȮĨńĺĨĶĺěěńĭĴňėĺŅĴœĺĨƞŀėĺŅĴŏėĶňĵħĪňŗȮ2.57 pm/N˃ őħĵĨŀĭĽĬŀĚœħƟħňĨƞŀĔŅĶĽńŗĬĪňŗėĺŅĴĩňŗĨŗņ 
ĴňėƞŅŏĭňŗĵĚŏĭĬĔņĸńĚĽŀĚŏĜĸňŗĵĽŌĚĽŋħŐĸŃĨŗņĽŋħŏĪƞŅĔńĭȮ4.434210 ŐĸŃȮ0.667499 ĨŅĴĸņħńĭȮĶĺĴĪńŘĚ
ĽŅĴŅĶĩĮĶńĭĨńĺœħƟħňĽņľĶńĭĔŅĶĺńħŀńĨĶŅĔŅĶŏĨƟĬĕŀĚľńĺŒěŒĬĨņŐľĬƞĚĨƞŅĚȮŕȮĕŀĚĶƞŅĚĔŅĵȮŏĝƞĬȮĭĶŇŏĺĦ
ĕƟŀĴŊŀȮľĬƟŅŀĔȮŐĸŃėŀȮŏĬŊŗŀĚěŅĔĨńĺĨĶĺěěńĭĴňĕƟŀħňȮėŊŀȮĴňĕĬŅħĪňŗŏĸŖĔȮĨƟĬĪŋĬĨŗņȮŐĸŃœĴƞŏĮƦĬŀńĬĨĶŅĵ
ĨƞŀĶƞŅĚĔŅĵȮŏĮƦĬĨƟĬ [33] 

L. Li et al. œħƟĪħĸŀĚĮĶŃħŇļģƢĽŅĵĶńħĕƟŀĴŊŀĽņľĶńĭĨĶĺěĺńħėĺŅĴħńĬőĸľŇĨŒĬĴĬŋļĵƢħƟĺĵ 
ĨńĺĨĶĺěěńĭŒĵŐĔƟĺĬņŐĽĚȮőħĵĽŅĵĶńħĮĶŃĔŀĭħƟĺĵŐįƞĬĺńĽħŋőıĸňŏĴŀĶƢőıĸňœħŏĴĪŇĸőĞĸŀĔŏĞĬȮ
(Polydimethylsiloxane: PDMS) ŐĸŃŏĚŇĬȮ(Ag)ȮĽņľĶńĭĨĶĺěěńĭŐĶĚħńĬĝňıěĶěŅĔľĸŀħŏĸŊŀħȮőħĵŒĝƟ
ŏĪėĬŇėĔŅĶĺńħĶŃĵŃŏĺĸŅŒĬĔŅĶŏėĸŊŗŀĬĪňŗĕŀĚėĸŊŗĬĝňıěĶėĺĭėŌƞĔńĭŏĪėĬŇėĔŅĶĺńħėĺŅĴŏĶŖĺŒĬĔŅĶœľĸĕŀĚ
ėĸŊŗĬĝňıěĶȮěŅĔĔŅĶħņŏĬŇĬĔŅĶĪħĸŀĚĔńĭŀŅĽŅĽĴńėĶěņĬĺĬȮ17 ėĬȮıĭĺƞŅĴňėƞŅĽƞĺĬŏĭňŗĵĚŏĭĬŏĜĸňŗĵ
ŏĪƞŅĔńĭȮ1 ĴŇĸĸŇŏĴĨĶĮĶŀĪȮŐĸŃėƞŅėĺŅĴėĸŅħŏėĸŊŗŀĬŏĭňŗĵĚŏĭĬĴŅĨĶģŅĬŏĪƞŅĔńĭȮ3 ĴŇĸĸŇŏĴĨĶĮĶŀĪȮ
ŐĽħĚĺƞŅĽŅĵĶńħĴňėĺŅĴœĺȮŐĸŃėĺŅĴŏĽĩňĵĶĽŌĚȮĽŅĴŅĶĩĨĶĺěĺńħœħƟŀĵƞŅĚĨƞŀŏĬŊŗŀĚȮŐĸŃŐĴƞĬĵņȮY12[ 

A. Markvart et al. œħƟĬņŏĽĬŀĺŇīňĔŅĶĨĶĺěĺńħėĸŊŗĬėĺŅĴħńĬĝňıěĶħƟĺĵĨńĺĨĶĺěěńĭŒĵŐĔƟĺĬņŐĽĚ
ĝĬŇħĲŅĭĶň-ŏĮőĶĨƢȮŀŇĬŏĪŀĶƢĲƖĶŀĴŇŏĨŀĶƢȮőħĵĮĸŅĵĽŅĵŒĵŐĔƟĺĩŌĔĵŉħĨŇħĔńĭĪƞŀŐėıŇĸĸŅĶňĪňŗĪņěŅĔŐĔƟĺ
ħƟĺĵĔŅĺŀňıƠŀĔĞňŗȮ&Epoxy) ĞŉŗĚŏĴŊŗŀėĺŅĴħńĬőĸľŇĨĔĶŃĪĭĔńĭĪƞŀľƞŀľŋƟĴĪņŒľƟŏĔŇħŐĶĚŏėƟĬĽƞĚįĸŒľƟ 
ėĺŅĴŏĕƟĴĕŀĚŐĽĚŏĮĸňŗĵĬŐĮĸĚœĮȮŐĸŃŐĽħĚįĸěŅĔŏėĶŊŗŀĚŀƞŅĬĕƟŀĴŌĸ ıĭĺƞŅ ŏėĶŊŗŀĚĨĶĺěĺńħĽŅĴŅĶĩ
ŀƞŅĬėƞŅŀńĨĶŅĔŅĶŏĨƟĬĕŀĚľńĺŒěȮŐĸŃĭńĬĪŉĔĕƟŀĴŌĸœħƟȮĞŉŗĚĽŅĴŅĶĩĬņœĮĮĶŃĵŋĔĨƢŒĝƟĶƞĺĴĔńĭŀŋĮĔĶĦƢ
ĪŅĚĔŅĶŐıĪĵƢȮĔŅĶĺŇĬŇěĜńĵőĶėėĺŅĴħńĬőĸľŇĨĽŌĚȮőĶėŏĭŅľĺŅĬȮŐĸŃőĶėľĸŀħŏĸŊŀħŏĮƦĬĨƟĬȮY13[ 

M. F. Domingues et al. ĬņŏĽĬŀĔŅĶĪħĸŀĚĺńħĽńĠĠŅĦĝňıőħĵĔŅĶĬņĨńĺĨĶĺěěńĭŒĵŐĔƟĺ 
ĬņŐĽĚĝĬŇħĲŅĭĶň-ŏĮőĶĨƢȮŀŇĬŏĪŀĶƢĲƖĶŀĴŇŏĨŀĶƢȮĞŉŗĚĩŌĔĵŉħĨŇħĔńĭŏĪĮĪňŗĴňėŋĦĽĴĭńĨŇĵŊħľĵŋƞĬȮŐĸŃ 
ĴňŀŋĮĔĶĦƢľƞŀľŋƟĴĽņľĶńĭĔŅĶĨĶĺěĺńħėĸŊŗĬĝňıěĶĕŀĚľĸŀħŏĸŊŀħŐħĚėŅőĶĨŇħȮ(CPW) ĭĶŇŏĺĦĸņėŀ 
ĕŀĚŀŅĽŅĽĴńėĶȮŏĴŊŗŀŐĶĚħńĬĝňıěĶĔĶŃĪĭĔńĭŏĪĮȮĽƞĚįĸŒľƟŏĪĮĵŊħĨńĺŐĸŃŏĽňĵĶŌĮŏĔŇħŏĮƦĬŐĶĚŏėĶňĵħȮ 
ĪņŒľƟŏĔŇħĔŅĶĽŃĪƟŀĬĕŀĚŐĽĚĞŉŗĚŐĮĶįńĬĨŅĴėĸŊŗĬĝňıěĶȮěŅĔĺŇīňĔŅĶĪňŗĬņŏĽĬŀŐĽħĚŒľƟŏľŖĬĺƞŅ 
ĔŅĶĪħĸŀĚĽŅĴŅĶĩĨĶĺěĺńħȮCPW ĞŉŗĚĮĶŅĔĢŏĮƦĬĶŌĮėĸŊŗĬĪňŗĝńħŏěĬĮĶŃĔŀĭħƟĺĵėĺŅĴħńĬőĸľŇĨ 
ĞŇĽĪŀĸŇėȮěŋħėĸŊŗĬėĺŅĴħńĬĽŃĪƟŀĬȮŐĸŃėĸŊŗĬĕĦŃľńĺŒěėĸŅĵĨńĺ [36] 
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X. Guo et al. ĬņŏĽĬŀĔŅĶŀŀĔŐĭĭȮĔŅĶįĸŇĨȮŐĸŃĔŅĶĪħĽŀĭĨńĺĨĶĺěěńĭėĺŅĴħńĬĝĬŇħ 
ĲŅĭĶň-ŏĮőĶĨƢȮŀŇĬŏĪŀĶƢĲƖĶŀĴŇŏĨŀĶƢȮŐĭĭĮĸŅĵŒĵŐĔƟĺĬņŐĽĚĞŇĸŇĔŅĕĬŅħŏĸŖĔȮőħĵĨńĺĨĶĺěěńĭĴňėĺŅĴœĺ
ĨƞŀėĺŅĴħńĬŐĭĭėĚĪňŗŏĪƞŅĔńĭȮ12.4ȮĬŅőĬŏĴĨĶ/ĔŇőĸĮŅĽėŅĸȮĬŀĔěŅĔĬňŘĔŅĶĨŀĭĽĬŀĚĕŀĚĨńĺĨĶĺěěńĭ
ĨƞŀėĺŅĴħńĬœħƟĶńĭĔŅĶĪħĽŀĭĨńŘĚŐĨƞȮ6.9Ȯ-Ȯ48.3ȮĔŇőĸĮŅĽėŅĸȮĪňŗŀŋĦľĳŌĴŇľƟŀĚȮőħĵĽŅĴŅĶĩŐĽħĚįĸ 
ŏĮƦĬĔĶŅĲŏĽƟĬĨĶĚĞŉŗĚĴňėĺŅĴœĺĨƞŀėĺŅĴħńĬĪňŗȮ12.4ȮĬŅőĬŏĴĨĶ/ĔŇőĸĮŅĽėŅĸȮŐĸŃėƞŅȮR2 ŏĪƞŅĔńĭȮ0.995Ȯ
ĞŉŗĚŏĮƦĬėĺŅĴœĺĽŌĚĽŋħĪňŗŏėĵĭĶĶĸŋœħƟŒĬĨńĺĨĶĺěěńĭėĺŅĴħńĬŐĭĭĮĸŅĵŒĵĞŇĸŇĔŅĪńŘĚľĴħȮőħĵėĺŅĴœĺ 
ĨƞŀŀŋĦľĳŌĴŇĕŀĚĨńĺĨĶĺěěńĭĴňėƞŅŏĪƞŅĔńĭȮ0.41ȮĬŅőĬŏĴĨĶ/ŀĚĻŅĲŅŏĶĬœŁĨƢȮħńĚĬńŘĬĽŅĴŅĶĩĽĶŋĮœħƟĺƞŅȮ 
ĨńĺĨĶĺěěńĭĪňŗıńĥĬŅĕŉŘĬĴňėĺŅĴœĺĨƞŀŀŋĦľĳŌĴŇȮŐĸŃĴňĻńĔĵĳŅıŒĬĔŅĶŒĝƟŒĬĚŅĬĪňŗĨƟŀĚĔŅĶĚŅĬĕĬŅħŏĸŖĔȮ
ŐĸŃėĺŅĴœĺĽŌĚȮŏĝƞĬȮĚŅĬĪŅĚĔŅĶŐıĪĵƢȮŏĮƦĬĨƟĬ [37] 

X. Zou et al. œħƟĬņŏĽĬŀĨńĺĨĶĺěěńĭŒĵŐĔƟĺĬņŐĽĚĝĬŇħĲŅĭĶň-ŏĮőĶĨƢȮŀŇĬŏĪŀĶƢĲƖĶŀĴŇŏĨŀĶƢ
ŐĭĭœŁħĶŀĸŇėĵŊħľĵŋƞĬĽņľĶńĭĔŅĶĨĶĺěĺńħėĺŅĴħńĬĝňıěĶȮőħĵŒĝƟőėĶĚĽĶƟŅĚŐėĮĞŌĸĽņľĶńĭĔŅĶĸħ
ėĺŅĴįŇħıĸŅħŒĬĔŅĶĨĶĺěĺńħėĺŅĴħńĬĪňŗŏĔŇħěŅĔĔŅĶĮĶńĭĨņŐľĬƞĚĨĶĺěĺńħȮőėĶĚĽĶƟŅĚĕŀĚĨńĺĨĶĺěěńĭ
ĮĶŃĔŀĭħƟĺĵŒĵŐĔƟĺĬņŐĽĚőľĴħŏħňĵĺȮ(Single-mode fiber) ŐįƞĬĲƕĸƢĴ ŐĸŃœħŀŃŐĲĶĴıŀĸŇœħŏĴĪŇĸ-
ĞŇőĸŏĞĬȮőħĵĨĶĺěĺńħėĺŅĴħńĬĝňıěĶĭĶŇŏĺĦĕƟŀĴŊŀĕŀĚĴĬŋļĵƢȮıĭĺƞŅĨńĺĨĶĺěěńĭĽŅĴŅĶĩĨĶĺěĺńħ
ĽńĠĠŅĦėĸŊŗĬĝňıěĶĪňŗŀƞŀĬŐŀœħƟŀĵƞŅĚŐĴƞĬĵņȮŐĸŃĽŅĴŅĶĩĸħėĺŅĴįŇħıĸŅħŒĬĔŅĶĺńħėĺŅĴħńĬ 
ĪňŗŏĔŇħĕŉŘĬœħƟȮĶĺĴĪńŘĚĽŅĴŅĶĩĬņœĮŒĝƟŒĬĔŅĶĮƚŀĚĔńĬȮŐĸŃĺŇĬŇěĜńĵőĶėľńĺŒěŐĸŃľĸŀħŏĸŊŀħœħƟ [38] 

W. Xu et al. ĬņŏĽĬŀĨńĺĨĶĺěěńĭŒĵŐĔƟĺĬņŐĽĚŀŇĬŏĪŀĶƢĲƖĶŀĴŇŏĨŀĶƢĝĬŇħŐĴĽ-ŏŏĞĬŏħŀĶƢ ĨŇħĨńŘĚ
ŏĕƟŅĔńĭŐįƞĬŏıňĵőĞŀŇŏĸŖĔĪĶŇėŐĭĭĭŅĚȮĽņľĶńĭĔŅĶĨĶĺěĺńħĽńĠĠŅĦĝňıŒĨƟĪňŗĬŀĬȮĶŃĭĭĴňėĺŅĴœĺĽŌĚ
ŏĬŊŗŀĚěŅĔĔŅĶŒĝƟŀňıŀĔĞňŏĶĞŇĬȮĵŅĚĞŇĸŇőėĬĪňŗĴňėƞŅĵńĚĴŀħŋĸńĽȮŐĸŃŀńĨĶŅĽƞĺĬĮƤĺĞŀĚĪňŗŐĨĔĨƞŅĚĔńĬĝńħŏěĬȮ
ħņŏĬŇĬĔŅĶĪħĸŀĚőħĵĺŅĚĨńĺĨĶĺěěńĭœĺƟŒĨƟĪňŗĬŀĬȮŐĽħĚįĸĸńıīƢĪňŗĴňėĺŅĴĽńĴıńĬīƢĔńĬĽŌĚĽņľĶńĭĔŅĶŏĔŇħ
ėĺŅĴŐĮĶĮĶĺĬĕŀĚŀńĨĶŅĔŅĶŏĨƟĬĕŀĚľńĺŒěȮŐĸŃŀńĨĶŅĔŅĶľŅĵŒěȮŏĴŊŗŀŏĮĶňĵĭŏĪňĵĭĔńĭįĸĸńıīƢŀƟŅĚŀŇĚȮ
őħĵĴňėƞŅȮr ĕŀĚȮPearson ĪňŗȮ0.99 ŐĽħĚĺƞŅĶŃĭĭĪňŗĬņŏĽĬŀœĴƞĞńĭĞƟŀĬȮĨƟĬĪŋĬĨŗņȮĪĬĪŅĬĽŃħĺĔĽĭŅĵȮ
ŐĸŃĴňėĺŅĴœĺĽŌĚȮĪņŒľƟŏľĴŅŃĽņľĶńĭĔŅĶħŌŐĸĪňŗĭƟŅĬȮŐĸŃĔŅĶĶńĔļŅŒĬőĶĚıĵŅĭŅĸŒĬŀĬŅėĨ [39] 

M. Friedemann et al.ȮĬņŏĽĬŀĨńĺĨĶĺěěńĭėĺŅĴħńĬĽńĴĭŌĶĦƢőħĵĪƞŀŏĴĴŏĭĶĬŀĸŌĴŇŏĬňĵĴ- 
œĬœĨĶħƢĪňŗįĸŇĨħƟĺĵĔĶŃĭĺĬĔŅĶĕŉŘĬĶŌĮŒĬĶŃħńĭěŋĸĳŅėȮŐĸŃĮĸŅĵŒĵŐĔƟĺĬņŐĽĚŐĭĭĲŅĭĶň-ŏĮőĶĨƢȮ 
ŀŇĬŏĪŀĶƢĲƖĶŀĴŇŏĨŀĶƢȮőħĵĽńĠĠŅĦŐĽĚěŅĔĨńĺĨĶĺěěńĭĕŉŘĬŀĵŌƞĔńĭĔŅĶŏĮĸňŗĵĬŐĮĸĚėĺŅĴħńĬȮŐĸŃ
ŀŋĦľĳŌĴŇĽĳŅıŐĺħĸƟŀĴȮěŅĔĔŅĶĪħĸŀĚıĭĺƞŅȮĪƞŀŀĸŌĴŇŏĬňĵĴĪňŗıńĥĬŅĕŉŘĬĴňėĺŅĴĸŃŏŀňĵħĮĶŃĴŅĦȮ 
5ȮĴŇĸĸŇĭŅĶƢȮőħĵėƞŅėĺŅĴħńĬőĸľŇĨĴňėĺŅĴŐĴƞĬĵņȮ±3.8ȮĴŇĸĸŇŏĴĨĶĮĶŀĪȮőħĵėƞŅĪňŗœħƟĕŉŘĬŀĵŌƞĔńĭŀŋĦľĳŌĴŇ
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ĕŀĚĨńĺĨĶĺěěńĭȮĞŉŗĚıĭėĺŅĴĽńĴıńĬīƢŏĝŇĚŏĽƟĬĶŃľĺƞŅĚŀŋĦľĳŌĴŇȮŐĸŃĔŅĶŏĮĸňŗĵĬŐĮĸĚėƞŅėĺŅĴĵŅĺŏĜĸňŗĵȮ
őħĵĽŅĴŅĶĩĬņœĮĮĶŃĵŋĔĨƢŒĝƟŒĬĶŃĭĭľĸŀħŏĸŊŀħĴĬŋļĵƢœħƟ [40] 

H, E, EstarkiȮet al. ĬņŏĽĬŀĔŅĶĨĶĺěĺńħėĺŅĴħńĬĸħĸĚŒĬĝƞŀĚĕŀĚœľĸěŋĸĳŅėŐĭĭœħŀŃŐĲĶĴȮ 
ħƟĺĵĨńĺĨĶĺěěńĭŒĵŐĔƟĺĬņŐĽĚĝĬŇħĲŅĭĶň-ŏĮőĶĨƢ ŀŇĬŏĪŀĶƢĲƖĶŀĴŇŏĨŀĶƢȮĞŉŗĚĨńĺĨĶĺěěńĭĮĶŃĔŀĭħƟĺĵ
œħŀŃŐĲĶĴĺĚĔĸĴȮĞŉŗĚıńĥĬŅěŅĔĺńĽħŋıŀĸŇœħŏĴĪŇĸĞŇőĸŏĞĬȮőħĵĴňėĺŅĴľĬŅŏĪƞŅĔńĭȮ50ȮœĴėĶŀĬŏĴĨĶȮ
ŐĸŃĴňĶńĻĴňŏĪƞŅĔńĭȮ200ȮœĴėĶŀĬŏĴĨĶȮěņĬĺĬȮ2 ŐįƞĬȮĩŌĔĨŇħĨńŘĚőħĵĴňĶŃĵŃľƞŅĚľƞŅĚĔńĬȮ2ȮŏĞĬĨŇŏĴĨĶȮ
ħņŏĬŇĬĔŅĶĪħĸŀĚőħĵŒĝƟĮƤƩĴĜňħȮŐĸŃėĺĭėŋĴŀńĨĶŅĔŅĶœľĸȮėĺŅĴħńĬĪňŗŏĔŇħĕŉŘĬĪņŒľƟŐįƞĬœħŀŃŐĲĶĴȮ
PDMS ŏĔŇħĔŅĶőėƟĚĚŀŏĮĸňŗĵĬŐĮĸĚĶŌĮĶƞŅĚĕŀĚőėĶĚĽĶƟŅĚȮĽņľĶńĭįĸĔŅĶĪħĸŀĚıĭĺƞŅȮĨńĺĨĶĺěěńĭĪňŗ
ıńĥĬŅĕŉŘĬĴňėĺŅĴœĺŏĪƞŅĔńĭȮ30 nm. (uL/min)-1ȮŐĸŃȮ10Ȯnm. (uL/min)-1ȮŐĸŃėĺŅĴĸŃŏŀňĵħĕŀĚ 
ĨńĺĨĶĺěěńĭŏĪƞŅĔńĭȮ33 nL/minȮY2/[ 

R. Jaros et al,ȮĬņŏĽĬŀĶŃĭĭĨĶĺěĺńħĽńĠĠŅĦĝňıħƟĺĵĨńĺĨĶĺěěńĭŒĵŐĔƟĺĬņŐĽĚȮ(Fiber optic 
sensor) őħĵħņŏĬŇĬĔŅĶĪħĽŀĭĔńĭŀŅĽŅĽĴńėĶěņĬĺĬȮ11 ėĬȮœħƟŐĔƞȮįŌƟľĠŇĚěņĬĺĬȮ3ȮėĬȮŐĸŃįŌƟĝŅĵ
ěņĬĺĬȮ4ȮėĬȮĞŉŗĚŒĝƟĺŇīňĪħĽŀĭȮ1ȮĺŇīňȮėŊŀȮ1) ĺŇīňĔŅĶĽĸŅĵĨńĺĕŀĚőľĴħŏĝŇĚĮĶŃěńĔļƢȮ&Empirical mode 
decomposition: EMD) 2) ĺŇīňȮEMD ĪňŗĽĴĭŌĶĦƢıĶƟŀĴĽńĠĠŅĦĶĭĔĺĬŐĭĭĮĶńĭĨńĺ (Complete 
ensemble EMD with adaptive noise: CEMDAN) ŐĸŃ 3) ĺŇīňĔŅĶŐĮĸĚėƞŅŏĺĲŏĸŖĨȮ&Wavelet 
transform: WT) ĽńĠĠŅĦĪňŗœħƟěŅĔĨńĺĨĶĺěěńĭĩŌĔĬņĴŅŏĪňĵĭĔńĭĽńĠĠŅĦŀƟŅĚŀŇĚěŅĔĔŅĶĨĶĺěľńĺŒě
ħƟĺĵėĸŊŗĬŏĽňĵĚėĺŅĴĩňŗĽŌĚȮ&Electrocardiogram: ECG) ıĭĺƞŅȮĺŇīňĔŅĶȮWavelet transform ŏľĴŅŃĽĴ
ĴŅĔĪňŗĽŋħȮŐĸŃĽńĠĠŅĦĪňŗœħƟĴňėƞŅėĺŅĴĩŌĔĨƟŀĚĶĺĴĴŅĔĔĺƞŅȮ95% [42] 

J. Li. et al.ȮıńĥĬŅĨńĺĨĶĺěěńĭėĺŅĴőėƟĚŒĵŐĔƟĺĬņŐĽĚőľĴħŏħňĵĺĶŌĮĶƞŅĚȮD ĞŉŗĚœħƟĶńĭĔŅĶľƞŀŐıė
ŒĬıŀĸŇœħŏĴĪŇĸĞŇőĸŏĞĬȮőħĵĩŌĔİƤĚœĺƟŒĬĽŅĵĬŅưŇĔŅĕƟŀĴŊŀȮŐĸŃŏĕŖĴĕńħȮĽņľĶńĭĔŅĶĨĶĺěěńĭĽńĠĠŅĦĝňı 
ĪňŗĽŅĴŅĶĩĽĺĴŒĽƞœħƟȮĞŉŗĚŒľƟėĺŅĴĽŃħĺĔĽĭŅĵŒĬĔŅĶĽĺĴŒĽƞĽņľĶńĭĔŅĶĨĶĺěĺńħĝňıěĶȮŐĸŃĔŅĶľŅĵŒěȮ
őħĵıŇěŅĶĦŅěŅĔėƞŅėĺŅĴĽŌĠŏĽňĵŒĬĔŅĶĽƞĚĕƟŀĴŌĸĪňŗŐĨĔĨƞŅĚĔńĬȮıĭĺƞŅȮĨńĺĨĶĺěěńĭĪňŗıńĥĬŅĕŉŘĬĴňėĺŅĴœĺ
ŏĪƞŅĔńĭȮ-7.208%/m-1ȮĽŅĴŅĶĩŏĔŖĭĽńĠĠŅĦœħƟŐĭĭŏĶňĵĸœĪĴƢȮěŅĔĔŅĶĨĶĺěĽŀĭėĺŅĴŏĕƟĴĕŀĚ
ĽńĠĠŅĦĝňıěĶȮŐĸŃėĺŅĴĩňŗĔƞŀĬ - ľĸńĚĔŅĶŀŀĔĔņĸńĚĔŅĵŐĽħĚŒľƟŏľŖĬĩŉĚėĺŅĴŏıŇŗĴĕŉŘĬĕŀĚėĺŅĴŏĕƟĴ
ĕŀĚĝňıěĶȮŐĸŃėĺŅĴŏıŇŗĴĕŉŘĬĕŀĚėĺŅĴĩňŗĕŀĚĝňıěĶĞŉŗĚĽŀħėĸƟŀĚĔńĭĪķļġňĪŅĚĔŅĶŐıĪĵƢȮėŋĦĸńĔļĦŃ 
ŒĬĔŅĶĨĶĺěěńĭėĺŅĴőėƟĚĕŀĚĨńĺĨĶĺěěńĭŒĵŐĔƟĺĬņŐĽĚĶŌĮĶƞŅĚȮD œħƟĶńĭĔŅĶĮĶńĭŐĨƞĚȮŐĸŃĪħĽŀĭŒľƟœħƟ
ĶŃĭĭĪňŗĴňĶŅėŅĩŌĔ [43] 

X. Wang et al. ĔŅĶĨĶĺěĺńħėĺŅĴħńĬőĸľŇĨĕŀĚĴĬŋļĵƢŐĭĭŏĶňĵĸœĪĴƢħƟĺĵŀŇĬŏĪŀĶƢĲƖĶŀĴŇŏĨŀĶƢ
ŐĭĭįĽĴħƟĺĵŏĸŏĞŀĶƢıĶƟŀĴĔŅĶŏĶňĵĬĶŌƟĕńŘĬĽŌĚįƞŅĬĮƤĠĠŅĮĶŃħŇļģƢȮőħĵħņŏĬŇĬĔŅĶĶĺĭĶĺĴĕƟŀĴŌĸ
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ĽńĠĠŅĦėĸŊŗĬĝňıěĶȮ80ȮĨńĺŀĵƞŅĚ ěŅĔģŅĬĕƟŀĴŌĸĕŀĚȮMIMIC-IIȮőħĵĺŇīňĔŅĶĺŇŏėĶŅŃľƢėĸŊŗĬĝňıěĶȮ
ĮĶŃĔŀĭħƟĺĵȮėĺŅĴĽŌĚĕŀĚėĸŊŗĬľĸńĔȮėĺŅĴĝńĬĕŀĚėĸŊŗĬľĸńĔȮŐĸŃėŋĦĽĴĭńĨŇĶŌĮĶƞŅĚėĸŊŗĬĝňıěĶȮįĸĸńıīƢ
ıĭĺƞŅȮĺŇīňĔŅĶĪňŗıńĥĬŅĕŉŘĬĽŅĴŅĶĩĨĶĺěĺńħėĺŅĴħńĬőĸľŇĨĕŀĚĴĬŋļĵƢŐĭĭŏĶňĵĸœĪĴƢœħƟŀĵƞŅĚĴň
ĮĶŃĽŇĪīŇĳŅıȮĞŉŗĚĽņľĶńĭėĺŅĴėĸŅħŏėĸŊŗŀĬŒĬĔŅĶĨĶĺěĺńħėĺŅĴħńĬőĸľŇĨĞŇĽĪŀĸŇėȮŐĸŃœħŐŀĽĪŀĸŇėȮ
ŀĵŌƞŒĬĝƞĺĚėĺŅĴħńĬœĴƞŏĔŇĬȮ5ȮĴŇĸĸŇŏĴĨĶĮĶŀĪȮŐĽħĚĩŉĚėĺŅĴŐĴƞĬĵņĽŌĚȮŐĸŃĕĬŅħĔŃĪńħĶńħȮħńĚĬńŘĬ
ĺŇīňĔŅĶĬňŘŐĽħĚŒľƟŏľŖĬĩŉĚėĺŅĴŏĝŊŗŀĩŊŀȮŐĸŃĻńĔĵĳŅıŒĬĔŅĶĬņœĮŒĝƟŒĬĔŅĶėĺĭėŋĴėĺŅĴħńĬőĸľŇĨ 
ŒĬĴĬŋļĵƢ [44] 

X. Chen et al. œħƟıńĥĬŅŀŋĮĔĶĦƢĨĶĺěĺńħėĺŅĴħńĬőĸľŇĨŀĵƞŅĚĨƞŀŏĬŊŗŀĚőħĵŒĝƟĨńĺĨĶĺěěńĭŒĵŐĔƟĺ
ĬņŐĽĚĪňŗĽŅĴŅĶĩĽĺĴŒĽƞĭĬĕƟŀĴŊŀŒĬĶŌĮŐĭĭĕŀĚĽŅĵĶńħœħƟȮěŅĔĔŅĶĪħĸŀĚĔńĭŀŅĽŅĽĴńėĶěņĬĺĬȮ 
/0ȮėĬȮıĭĺƞŅȮĝƞĺĚŏĺĸŅĔŅĶŏėĸŊŗŀĬĪňŗĕŀĚėĸŊŗĬĝňıěĶȮ(Pulse transit time: PTT) ĩŌĔĬņĴŅŒĝƟŒĬĔŅĶ
ĽĶƟŅĚőĴŏħĸĮĶŃĴŅĦėƞŅėĺŅĴħńĬőĸľŇĨȮőħĵŒĝƟĺŇīňĔŅĶľŅėĺŅĴĽńĴıńĬīƢŏĝŇĚŏĽƟĬȮ(Linear regression)Ȯ
ĬŀĔěŅĔĬňŘėƞŅėĺŅĴėĸŅħŏėĸŊŗŀĬĕŀĚĶŅĔĪňŗĽŀĚŏĜĸňŗĵĽņľĶńĭėĺŅĴħńĬőĸľŇĨĞŇĽĪŀĸŇėȮŐĸŃėĺŅĴħńĬőĸľŇĨ
œħŐŀĽĪŀĸŇėȮŏĪƞŅĔńĭȮ15.00ȮŐĸŃȮ18.28ȮĨŅĴĸņħńĭ [45] 

M,ȮFriedemannȮet al. ŏĽĬŀĨńĺĨĶĺěěńĭŐĭĭĪƞŀŏĽňĵĭĝĬŇħĲŅĭĶň-ŏĮőĶĨƢȮŀŇĬŏĪŀĶƢĲƖĶŀĴŇŏĨŀĶƢȮ
ŐĸŃŐĭĶŖėŏĔĶĨĨŇŘĚĽņľĶńĭĔŅĶĺńħȮėĺĭėŋĴėĺŅĴįńĬįĺĬĕŀĚėĺŅĴħńĬȮŐĸŃĔŅĶŏĮĸňŗĵĬŐĮĸĚŀŋĦľĳŌĴŇ 
ŒĬŐĭĭěņĸŀĚľĸŀħŏĸŊŀħȮįĸĸńıīƢĵŊĬĵńĬėĺŅĴŏĮƦĬœĮœħƟĕŀĚĔŅĶĨĶĺěěńĭėĺŅĴħńĬĽńĴĭŌĶĦƢıĶƟŀĴ 
ĔŅĶĝħŏĝĵŀŋĦľĳŌĴŇȮĞŉŗĚŐĽħĚėĺŅĴœĺĨƞŀėĺŅĴħńĬŏĝŇĚŏĽƟĬŀĵŌƞĪňŗȮ-3 ± 0.007 pm/mbarȮĔŅĶĮĶŃĔŀĭ 
őıĶĭĪňŗĽŅĴŅĶĩŒĝƟŏĮƦĬĨńĺĨĶĺěěńĭėĺŅĴħńĬĽńĴĭŌĶĦƢıĶƟŀĴĔŅĶĽŀĭŏĪňĵĭȮĪņŒľƟŏľĴŅŃĽņľĶńĭĔŅĶĺńħ
ėĺŅĴħńĬŐĭĭœĴƞĶŋĔĸŘņĶƞŅĚĔŅĵ [46] 

K. Huang et al.ȮıńĥĬŅĝŋħĨĶĺěĺńħėĺŅĴħńĬĽņľĶńĭĔŅĶĨĶĺěĺńħėĸŊŗĬĝňıěĶŒĬŏĸŊŀħŀĵƞŅĚ
ĨƞŀŏĬŊŗŀĚŐĭĭœĴƞĶŋĔĸŘņĶƞŅĚĔŅĵőħĵŒĝƟŀńĸĔŀĶŇīŉĴȮœħƟŐĔƞȮRandom Forest Regression (RFR), Grading-
boosting Regression (GBR) ŐĸŃȮAdapptive Boosting Regression (ABR) ĩŌĔĬņĴŅĮĶŃĵŋĔĨƢŒĝƟ
ŏıŊŗŀĮĶŃŏĴŇĬľŅėƞŅėĺŅĴħńĬőĸľŇĨĞŇĽĪŀĸŇėȮ&SBP) ŐĸŃėĺŅĴħńĬőĸľŇĨœħŐŀĽĪŀĸŇėȮ&DBP)ȮĝŋħĨĶĺěĺńħ
ėĺŅĴħńĬĪňŗıńĥĬŅĕŉŘĬĴňėĺŅĴœĺĽŌĚ ŏĪƞŅĔńĭȮ-0.533 kPa -1 ŐĸŃĔŅĶĨŀĭĽĬŀĚŐĭĭœħĬŅĴŇėĪňŗĶĺħŏĶŖĺȮ
ŀńĸĔŀĶŇīŉĴĔŅĶŏĶňĵĬĶŌƟĕŀĚŏėĶŊŗŀĚěńĔĶȮĩŌĔĬņĴŅŒĝƟŒĬĔŅĶĮĶŃĴŅĦėƞŅėĺŅĴħńĬőĸľŇĨĞŇĽĪŀĸŇėȮ&SBP) ŐĸŃ
ėĺŅĴħńĬőĸľŇĨœħŐŀĽĪŀĸŇėȮ&DBP) ěŅĔĝňıěĶĪňŗĺńħœħƟȮĽŅĴŅĶĩŐĽħĚĮĶŃĽŇĪīŇĳŅıĪňŗħňĪňŗĽŋħȮőħĵĴňėƞŅ
ĽńĴĮĶŃĽŇĪīŇśĔŅĶĨńħĽŇĬŒěȮ&R2) ŏĪƞŅĔńĭȮ0.871ȮĽņľĶńĭȮSBP ŐĸŃȮ0.794ȮĽņľĶńĭȮDBPȮĞŉŗĚĽŅĴŅĶĩĬņĴŅ
ŏĮƦĬŐĬĺĪŅĚĽņľĶńĭĮĶŃĴŅĦėĺŅĴħńĬőĸľŇĨŀĵƞŅĚĨƞŀŏĬŊŗŀĚœħƟ [47] 
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F. Tan et al.ȮĬņŏĽĬŀŒĵŐĔƟĺĬņŐĽĚŐĭĭȮFew-mode ŐĸŃ multi-coreȮĞŉŗĚĨŇħĨńŘĚŐĭĭŀŇĬœĸĬƢ
ŒĬŒĵŐĔƟĺĬņŐĽĚŐĭĭŀŇĬŏĪŀĶƢĲƖĶŀĴŇŏĨŀĶƢȮĩŌĔĬņĴŅŒĝƟĨŇħĨŅĴĽńĠĠŅĦĝňıŐĭĭœĶƟĽńĴįńĽȮőħĵŒĝƟŏĪėĬŇė
ĔŅĶĺŇŏėĶŅŃľƢŏĝŇĚĪħĸŀĚħņŏĬŇĬĔŅĶŏıŊŗŀĺŇŏėĶŅŃľƢŀńĨĶŅĽƞĺĬĔŅĶĽŌĠŏĽňĵȮŐĸŃĔŅĶĽŌĠŏĽňĵĔŅĶŐĪĶĔ
ĳŅĵŒĨƟĶŃĵŃŀŀĲŏĞŖĨĪňŗĨƞŅĚĔńĬȮĶĺĴĪńŘĚĔŅĶĔĶŀĚĽńĠĠŅĦėĺŅĴĩňŗĨŗņįƞŅĬȮŐĸŃėĺŅĴĩňŗĽŌĚįƞŅĬȮĔņľĬħŒľƟ
ŏĪƞŅĔńĭȮ.,3ȮHz ıĭĺƞŅȮŀŋĮĔĶĦƢĽŅĴŅĶĩĨĶĺěěńĭĽńĠĠŅĦĔŅĶľŅĵŒěȮŐĸŃĔŅĶŏĨƟĬĕŀĚľńĺŒěœħƟĽņŏĶŖěȮ 
ĞŉŗĚŐĽħĚŒľƟŏľŖĬĩŉĚĻńĔĵĳŅıŒĬĔŅĶĬņœĮŒĝƟĚŅĬħƟŅĬĔŅĶħŌŐĸĽŋĕĳŅıœħƟ [48] 

W. Chen et al. ĔŅĶĺńħĽńĠĠŅĦĝňıŐĭĭœĴƞĶŋĔĶŅĬħƟĺĵŒĵŐĔƟĺĬņŐĽĚĝĬŇħŀŇĬŏĪŀĶƢĲƖĶŀĴŇŏĨŀĶƢ
ŐĭĭȮ5ȮėŀĶƢ ĪňŗĔŃĪńħĶńħ ŐĸŃėŋƟĴĨƟĬĪŋĬĴŅĔĕŉŘĬ őħĵĴňŀŅĽŅĽĴńėĶěņĬĺĬȮ11ȮėĬȮŏĮĶňĵĭŏĪňĵĭįĸ 
ĔŅĶĺńħěŅĔŀŋĮĔĶĦƢĪňŗıńĥĬŅĕŉŘĬĔńĭŏėĶŊŗŀĚĴŊŀĺńħŀƟŅĚŀŇĚȮįĸĔŅĶĪħĸŀĚıĭĺƞŅȮŀńĨĶŅĔŅĶŏĨƟĬĕŀĚľńĺŒěȮ
ŐĸŃĔŅĶľŅĵŒěĪňŗĺńħœħƟěŅĔŀŋĮĔĶĦƢĪňŗıńĥĬŅĕŉŘĬĴňėĺŅĴĽŀħėĸƟŀĚĔńĭŏėĶŊŗŀĚĴŊŀĺńħŀƟŅĚŀŇĚȮĞŉŗĚĽŅĴŅĶĩĭƞĚĝňŘ
ĩŉĚėĺŅĴŐĴƞĬĵņĕŀĚŀŋĮĔĶĦƢȮőħĵįĸĔŅĶĺńħŀńĨĶŅĔŅĶŏĨƟĬĕŀĚľńĺŒěŒĬĽĳŅĺŃŏĚňĵĭȮĴňĽńĠĠŅĦĶĭĔĺĬ
ěŅĔĔŅĶŏėĸŊŗŀĬœľĺĬƟŀĵĪňŗĽŋħȮĮĶŃĽŇĪīŇĳŅıėĺŅĴŏĽĩňĵĶœħƟĶńĭĔŅĶĪħĽŀĭŒĬĝƞĺĚȮ98ȮĺńĬȮŐĸŃįĸĸńıīƢ
ŐĽħĚŒľƟŏľŖĬĔŅĶĺńħŀńĨĶŅĔŅĶŏĨƟĬĕŀĚľńĺŒěȮŐĸŃĔŅĶľŅĵŒěĪňŗĽĴŗņŏĽĴŀȮĽŅĴŅĶĩŏĝŊŗŀĩŊŀœħƟȮĽņľĶńĭ 
ĔŅĶĨĶĺěĽŀĭŐĭĭŏĶňĵĸœĪĴƢ ŐĽħĚŒľƟŏľŖĬĔŅĶĨĶĺěěńĭŁŅĶƢőĴĬŇĔĪňŗĝńħŏěĬȮħńĚĬńŘĬĽŅĴŅĶĩĽĶŋĮĺƞŅȮ
ŀŋĮĔĶĦƢĪňŗıńĥĬŅĕŉŘĬĽŅĴŅĶĩĨĶĺěĺńħĽńĠĠŅĦĝňıŒĬĶŃĵŃĵŅĺȮŐĸŃœĴƞĶŋĔĸŘņĶƞŅĚĔŅĵœħƟȮĞŉŗĚŏĮƦĬĪŅĚŏĸŊŀĔ
ĪňŗĽŃħĺĔȮŐĸŃėŋƟĴėƞŅŏĴŊŗŀŏĪňĵĭĔńĭĺŇīňĔŅĶĨĶĺěĺńħŐĭĭħńŘĚŏħŇĴ [49] 
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ĨŅĶŅĚĪňŗȮ0,2 ĽĶŋĮĺĶĶĦĔĶĶĴĺŇěŅĶĦƢ 

ĚŅĬĺŇěńĵ įŌƟĺŇěńĵ ĨńĺŐĮĶŒĬĔŅĶĺŇěńĵ ĽĶŋĮįĸĔŅĶĺŇěńĵ 

/,ȮĔŅĶĨĶĺěĽŀĭėĺŅĴ
ĩŌĔĨƟŀĚĕŀĚĨńĺĨĶĺěěńĭ
ŒĵŐĔƟĺĬņŐĽĚĝĬŇħ 
ĲŅĭĶň-ŏĮőĶĨƢȮŀŇĬŏĪŀĶƢ-
ĲƖĶŀĴŇŏĨŀĶƢĽņľĶńĭĔŅĶ
ĨĶĺěĺńħŀńĨĶŅĔŅĶŏĨƟĬ
ĕŀĚľńĺŒě ŐĸŃėĺŅĴħńĬ
ĝňıěĶıĶƟŀĴĔńĬ 

P. Samartkit 
et al. 

ĨńĺŐĮĶĨƟĬ: ĶŃĭĭ
ĨĶĺěĺńħĽńĠĠŅĦĝňıħƟĺĵ
ĨńĺĨĶĺěěńĭŒĵŐĔƟĺĬņŐĽĚ
ĝĬŇħĲŅĭĶň-ŏĮőĶĨƢȮ 
ŀŇĬŏĪŀĶƢĲƖĶŀĴŇŏĨŀĶƢ 
ĨńĺŐĮĶĨŅĴ: ěņĬĺĬĶŇŘĺ
ŐĪĶĔĽŀħȮėĺŅĴħńĬ 
ĝňıěĶȮŐĸŃŀńĨĶŅĔŅĶŏĨƟĬ
ĕŀĚľńĺŒě 
ĨńĺŐĮĶėĺĭėŋĴ: 
ŀŅĽŅĽĴńėĶĪňŗĴňĽŋĕĳŅıħňȮ
ĶŃĵŃŏĺĸŅȮŐĸŃěņĬĺĬ
ėĶńŘĚĪňŗĪħĸŀĚ 

ĨńĺĨĶĺěěńĭĽŅĴŅĶĩ
ĨĶĺěĺńħėĺŅĴħńĬĝňıěĶœħƟȮ
őħĵĴňėĺŅĴœĺĮĶŃĴŅĦȮ
1.916 ĴŇĸĸŇŏĴĨĶĮĶŀĪĨƞŀ
ĶŇŘĺŐĪĶĔĽŀħȮŐĸŃŀńĨĶŅ
ĔŅĶŏĨƟĬĕŀĚľńĺŒěĴňėƞŅ
įĸĨƞŅĚėƞŅŏĜĸňŗĵŏĪƞŅĔńĭȮ
1.24% ŏĴŊŗŀŏĮĶňĵĭŏĪňĵĭ
ĔńĭŏėĶŊŗŀĚĴŊŀĺńħĴŅĨĶģŅĬȮ
ħńĚĬńŘĬĶŃĭĭĪňŗıńĥĬŅĕŉŘĬěŉĚ
ĽŅĴŅĶĩĨĶĺěĺńħĽńĠĠŅĦ
ĝňıœħƟŀĵƞŅĚĴňĮĶŃĽŇĪīŇĳŅı 

0,ȮĔŅĶĺńħėĺŅĴŏĶŖĺėĸŊŗĬ
ĝňıěĶħƟĺĵĨńĺĨĶĺěěńĭ
ŒĵŐĔƟĺĬņŐĽĚĝĬŇħ 
ĲŅĭĶň-ŏĮőĶĨƢȮŀŇĬŏĪŀĶƢ-
ĲƖĶŀĴŇŏĨŀĶƢŐĭĭ
ĴńĸĨŇŏıĸŖĔĞƢ 

N. A. 
Ushakov  
et al. 

ĨńĺŐĮĶĨƟĬ:ȮĶŃĭĭ
ĨĶĺěĺńħėĺŅĴŏĶŖĺėĸŊŗĬ 
ĝňıěĶħƟĺĵĨńĺĨĶĺěěńĭ 
ŒĵŐĔƟĺĬņŐĽĚĝĬŇħĲŅĭĶň-
ŏĮőĶĨƢȮŀŇĬŏĪŀĶƢĲƖĶŀ-
ĴŇŏĨŀĶƢŐĭĭœĴƞĶŋĔĸŘņ
ĶƞŅĚĔŅĵ 
ĨńĺŐĮĶĨŅĴ: ėƞŅėĺŅĴŏĶŖĺ
ŒĬĔŅĶœľĸĕŀĚėĸŊŗĬĝňıěĶȮ
ŐĸŃėƞŅėĺŅĴĸƞŅĝƟŅŒĬĔŅĶ
œľĸĕŀĚĝňıěĶ  
ĨńĺŐĮĶėĺĭėŋĴ: ŀńĨĶŅĔŅĶ
ĽŋƞĴŏĔŖĭĨńĺŀĵƞŅĚŏĪƞŅĔńĭȮ 
1 kHz  

ĺŇīňĔŅĶĪňŗıńĥĬŅĕŉŘĬĽŅĴŅĶĩ
ĬņœĮŒĝƟĽņľĶńĭĔŅĶĺŇĬŇěĜńĵ
ĪŅĚĔŅĶŐıĪĵƢȮŐĸŃĔŅĶ
ĮĶŃĴŅĦĔŅĶĽńĠĠŅĦĝňı
ľĶŊŀėĺŅĴħńĬőĸľŇĨœħƟ 
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ĨŅĶŅĚĪňŗȮ2.4 ĽĶŋĮĺĶĶĦĔĶĶĴĺŇěŅĶĦƢ (Ĩƞŀ) 

ĚŅĬĺŇěńĵ įŌƟĺŇěńĵ ĨńĺŐĮĶŒĬĔŅĶĺŇěńĵ ĽĶŋĮįĸĔŅĶĺŇěńĵ 

3,ȮĨńĺĨĶĺěěńĭ
ĽńĠĠŅĦĝňıħƟĺĵėĺŅĴ
œĺĽŌĚȮőħĵŒĝƟĨńĺ
ĨĶĺěěńĭŒĵŐĔƟĺĬņŐĽĚ
ĝĬŇħĲŅĭĶň-ŏĮőĶĨƢȮ 
ŀŇĬŏĪŀĶƢĲƖĶŀĴŇŏĨŀĶƢ 

 

S. Pullteap 
et al. 

ĨńĺŐĮĶĨƟĬ:ȮĨńĺĨĶĺěěńĭ 
ŒĵŐĔƟĺĬņŐĽĚĝĬŇħĲŅĭĶň-
ŏĮőĶĨƢȮŀŇĬŏĪŀĶƢĲƖĶŀĴŇŏĨŀĶƢȮ
ĽņľĶńĭĨĶĺěĺńħĽńĠĠŅĦ
ĝňı 
ĨńĺŐĮĶĨŅĴ: ŀńĨĶŅĔŅĶŏĨƟĬ
ĕŀĚľńĺŒě ŐĸŃėĺŅĴħńĬ
őĸľŇĨȮ 
ĨńĺŐĮĶėĺĭėŋĴ: ĲƕĸƢĴĭŅĚ
ĽŃĪƟŀĬŐĽĚœħƟȮ55% ŐĸŃ
ĨŇħĨńŘĚĨńĺĨĶĺěěńĭĭĶŇŏĺĦ
ĕƟŀĴŊŀ 

ĨńĺĨĶĺěěńĭĽŅĴŅĶĩĺńħ
ŀńĨĶŅĔŅĶŏĨƟĬĕŀĚľńĺŒě 
ėĺŅĴħńĬőĸľŇĨĝƞĺĚĭĬȮ
ŐĸŃĝƞĺĚĸƞŅĚœħƟȮőħĵĴň 
ėƞŅėĺŅĴėĸŅħŏėĸŊŗŀĬ
ŏĜĸňŗĵĪňŗȮ1.01, 0.94 ŐĸŃȮ
1.60% ĨŅĴĸņħńĭȮŐĸŃ
ŐĽħĚėĺŅĴœĺĽŌĚĪňŗȮ1.913 
ĴŇĸĸŇŏĴĨĶĮĶŀĪ ĪņŒľƟ
ŏľĴŅŃĽņľĶńĭĔŅĶĺńħ
ĽńĠĠŅĦĝňıœħƟŀĵƞŅĚ
ŐĴƞĬĵņ 

4. ĶŃĭĭĨĶĺěĺńħŀńĨĶŅ
ĔŅĶŏĨƟĬĕŀĚľńĺŒěħƟĺĵ
ĨńĺĨĶĺěěńĭŒĵŐĔƟĺ 
ĬņŐĽĚĝĬŇħĲŅĭĶň- 
ŏĮőĶĨƢȮŀŇĬŏĪŀĶƢĲƖĶŀ
ĴŇŏĨŀĶƢȮŐĸŃĽŅĶŏŀĪŇĸ-
ŀńĸĲŅœĞĵŅőĬŀŃėĶŇŏĸĨ 
 

Y. Li et al. ĨńĺŐĮĶĨƟĬ:ȮĨńĺĨĶĺěěńĭ 
ŒĵŐĔƟĺĬņŐĽĚĝĬŇħĲŅĭĶň-
ŏĮőĶĨƢȮŀŇĬŏĪŀĶƢĲƖĶŀĴŇŏĨŀĶƢ
ĶƞĺĴĔńĭŏŀĪŇĸŀńĸĲŅœĞĵŅ-
őĬŀŃėĶŇŏĸĨ 
ĨńĺŐĮĶĨŅĴ: ŀńĨĶŅĔŅĶŏĨƟĬ
ĕŀĚľńĺŒě 
ĨńĺŐĮĶėĺĭėŋĴ: ĨņŐľĬƞĚ
ĨńĺĨĶĺěěńĭȮŏĝƞĬȮĕƟŀĴŊŀ 
ľĬƟŅŀĔ ŐĸŃĸņėŀȮ 
őħĵĨńĺĨĶĺěěńĭĩŌĔĨŇħŀĵŌƞŒĬ
ĪƞŀŐėĮƕĸŏĸŀĶňŗőħĵŒĝƟĽŅĶ
ŏĝŊŗŀĴŏŀĪŇĸŀńĸĲŅœĞĵŅ-
őĬŀŃėĶŇŏĸĨ 

ĨńĺĨĶĺěěńĭĽŅĴŅĶĩĺńħ
ŀńĨĶŅĔŅĶŏĨƟĬĕŀĚľńĺŒě
ŀĵƞŅĚŐĴƞĬĵņȮŐĸŃĴňėĺŅĴ
œĺĽŌĚĨƞŀĽńĠ Ġ ŅĦ
ĽńŗĬĽŃŏĪŊŀĬĪňŗėĺŅĴĩňŗĨŗņȮ 
1, 2 ŐĸŃȮ3 Hz ıĶƟŀĴ
ėĺŅĴœĺĨƞŀĔŅĶĵŉħĨŇħŒĬ
ŀńĨĶŅĽƞĺĬȮ2.57 pm/N˃ 
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5. ĔŅĶĨŇħĨŅĴėĺŅĴħńĬ
őĸľŇĨŀĵƞŅĚĨƞŀŏĬŊŗŀĚŐĸŃ
ŐĴƞĬĵņħƟĺĵŀŋĮĔĶĦƢ
ĽŅĵĶńħĕƟŀĴŊŀĝĬŇħ 
ŒĵŐĔƟĺĬņŐĽĚŐĭĭ 
ĽĺĴŒĽƞœħƟ 

L. LiȮet al. ĨńĺŐĮĶĨƟĬ:ȮĶŃĭĭĨĶĺěĺńħ
ėĺŅĴħńĬőĸľŇĨħƟĺĵŀŋĮĔĶĦƢ
ĽŅĵĶńħĕƟŀĴŊŀŒĵŐĔƟĺĬņŐĽĚ 
ŐĭĭĽĺĴŒĽƞœħƟ 
ĨńĺŐĮĶĨŅĴ: ėĺŅĴħńĬ
őĸľŇĨĝƞĺĚĭĬȮŐĸŃĝƞĺĚĸƞŅĚȮ 
ĨńĺŐĮĶėĺĭėŋĴ: ĔŅĶ
ŏĮĶňĵĭŏĪňĵĭįĸĔŅĶĪħĸŀĚ
ĶŃľĺƞŅĚŀŋĮĔĶĦƢĪňŗ
ıńĥĬŅĕŉŘĬĔńĭŏėĶŊŗŀĚĴŊŀĺńħ
ŀƟŅĚŀŇĚ 

ėƞŅėĺŅĴėĸŅħŏėĸŊŗŀĬĕŀĚ
ėĺŅĴħńĬőĸľŇĨĝƞĺĚĭĬ
ŐĸŃĝƞĺĚĸƞŅĚŀĵŌƞŒĬĝƞĺĚĪňŗ
ĨƟŀĚĔŅĶĕŀĚĽĴŅėĴ
ĽņľĶńĭĔŅĶıńĥĬŅ
ŏėĶŊŗŀĚĴŊŀĔŅĶŐıĪĵƢ ŐĸŃ
ĽĴŅėĴėĺŅĴħńĬőĸľŇĨŒĬ 
ĽľĶŅĝŀŅĦŅěńĔĶȮĶŃħńĭȮ
A ŐĽħĚŒľƟŏľŖĬĺƞŅŀŋĮĔĶĦƢ
ĪňŗıńĥĬŅĕŉŘĬĽŅĴŅĶĩ
ĨĶĺěĺńħėĺŅĴħńĬőĸľŇĨœħƟȮ
ŐĸŃĴňėĺŅĴŐĴƞĬĵņ 

6. ĨńĺĨĶĺěěńĭŒĵŐĔƟĺ
ĬņŐĽĚĝĬŇħĲŅĭĶň- 
ŏĮőĶĨƢȮŀŇĬŏĪŀĶƢĲƖĶŀ-
ĴŇŏĨŀĶƢ ĽņľĶńĭĔŅĶ
ĭńĬĪŉĔėĸŊŗĬĝňıěĶ 
 

A. MarkvartȮ
et al. 

ĨńĺŐĮĶĨƟĬ:ȮĨńĺĨĶĺěěńĭ 
ŒĵŐĔƟĺŐĽĚĝĬŇħĲŅĭĶň- 
ŏĮőĶĨƢ ŀŇĬŏĪŀĶƢĲƖĶŀĴŇŏĨŀĶƢȮ
ĽņľĶńĭĨĶĺěĺńħėĸŊŗĬĝňıěĶ
ŐĭĭĳŅĵĬŀĔȮ 
ĨńĺŐĮĶĨŅĴ: ėŋĦĸńĔļĦŃ
ĕŀĚĽńĠĠŅĦėĸŊŗĬĝňıěĶ 
ĨńĺŐĮĶėĺĭėŋĴ: ĔŅĶ
ĺŇŏėĶŅŃľƢįĸħƟĺĵĺŇīň
ĽŏĮĔĨĶńĴŀŇĬŏĪŀĶƢĲƖĶŀ- 
ŏĴĪĶňȮ 

ĶŃĭĭĽŅĴŅĶĩĨĶĺěěńĭ
ėĺŅĴŐĮĶĮĶĺĬĕŀĚŀńĨĶŅ
ĔŅĶŏĨƟĬĕŀĚľńĺŒěĪňŗŏĔŇħ
ěŅĔĔŅĶľŅĵŒěȮŐĽħĚĩŉĚ
ėĺŅĴĴňĻńĔĵĳŅıŒĬĔŅĶ
ĨĶĺěĽŀĭĽńĠĠŅĦĝňı 
ėĺŅĴĸŃŏŀňĵħ ŐĸŃėĺŅĴ
ŐĴƞĬĵņĕŀĚĶŃĭĭȮĞŉŗĚ
ŏľĴŅŃĽĴĽņľĶńĭĔŅĶ
ĮĶŃĵŋĔĨƢŒĝƟŒĬĚŅĬĪŅĚ
ĔŅĶŐıĪĵƢŐĸŃĝňĺĺŇĪĵŅ 
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7. ĔŅĶĪħĽŀĭŐĭĭ 
œħĬŅĴŇėħƟĺĵĨńĺ
ĨĶĺěěńĭĲŅĭĶň-ŏĮőĶĨƢȮ 
ŀŇĬŏĪŀĶƢĲƖĶŀĴŇŏĨŀĶƢ
ħƟĺĵŏĪėĬŇėĔŅĶ
ĽŀĭĩŅĴĪŅĚŏĸŊŀĔ
ĽŜŅľĶńĭĝňĺĔŅĶŐıĪĵƢ 

M. F. 
DominguesȮ
et al. 

ĨńĺŐĮĶĨƟĬ:ȮĨńĺĨĶĺěěńĭŒĵ
ŐĔƟĺĬņŐĽĚĝĬŇħĲŅĭĶň- 
ŏĮőĶĨƢȮŀŇĬŏĪŀĶƢĲƖĶŀĴŇŏĨŀĶƢȮ
ĞŉŗĚĩŌĔĵŉħĨŇħĔńĭŏĪĮĪňŗĴň
ėŋĦĽĴĭńĨŇĵŊħľĵŋƞĬȮ 
ĨńĺŐĮĶĨŅĴ: ĶŌĮėĸŊŗĬĝňıěĶ
ľĸŀħŏĸŊŀħŐħĚėŅőĶĨŇħ 
ĨńĺŐĮĶėĺĭėŋĴ: ĪħĽŀĭ
ĭĶŇŏĺĦĸņėŀ 

ĨńĺĨĶĺěěńĭĽŅĴŅĶĩ
ĨĶĺěĺńħĶŌĮėĸŊŗĬĝňıěĶ
ĕŀĚľĸŀħŏĸŊŀħŐħĚȮĞŉŗĚ
ĮĶŅĔĢĶŌĮėĸŊŗĬĽńĠĠŅĦĪňŗ
ĝńħŏěĬȮĮĶŃĔŀĭħƟĺĵ
ėĺŅĴħńĬőĸľŇĨĞŇĽĪŀĸŇėȮ
ėĺŅĴħńĬĽŃĪƟŀĬ ŐĸŃ
ėĸŊŗĬĽńĠĠŅĦĕĦŃľńĺŒě
ėĸŅĵĨńĺ  

8. ĨńĺĨĶĺěěńĭėĺŅĴħńĬ
ĕĬŅħŏĸŖĔĝĬŇħĲŅĭĶň- 
ŏĮőĶĨƢȮĴňĮĶŃĽŇĪīŇĳŅı
ĽŌĚĭĬĮĸŅĵŒĵŐĔƟĺ 
ĬņŐĽĚĞŇĸŇĔŅĪńŘĚľĴħ 

X. Guo et al. ĨńĺŐĮĶĨƟĬ:ȮėĺŅĴħńĬĪňŗ
ĔĶŃĪņĨƞŀľĬƞĺĵıŊŘĬĪňŗ 
ĨńĺŐĮĶĨŅĴ: ėĺŅĴœĺĕŀĚ
ĨńĺĨĶĺěěńĭěŅĔĔŅĶŏĮĸňŗĵĬ
ĶŌĮĕŀĚœħŀŃŐĲĶĴ 
ĨńĺŐĮĶėĺĭėŋĴ: ŀŋĦľĳŌĴŇ
ĔŅĶĪħĸŀĚ 

ĨńĺĨĶĺěěńĭœħƟĶńĭĔŅĶ
ĪħĽŀĭĨńŘĚŐĨƞȮ6.9 ů 48.3Ȯ
kPa ĪňŗŀŋĦľĳŌĴŇľƟŀĚȮőħĵĴň
ėĺŅĴœĺĨƞŀėĺŅĴħńĬĪňŗȮ
12.4Ȯnm/kPa ŐĸŃėƞŅȮR2 
ŏĪƞŅĔńĭȮ0.995ȮĽŅĴŅĶĩ
ĽĶŋĮœħƟĺƞŅĨńĺĨĶĺěěńĭĴň
ėĺŅĴœĺĨƞŀŀŋĦľĳŌĴŇĨŗņ 
ŐĸŃȮĴňĻńĔĵĳŅıĽņľĶńĭŒĝƟ
ŒĬĚŅĬĪňŗĴňĕĬŅħŏĸŖĔȮŐĸŃ 
ėĺŅĴœĺĽŌĚȮĞŉŗĚŏĮƦĬėĺŅĴ
œĺĽŌĚĽŋħĪňŗŏėĵĭĶĶĸŋœħƟŒĬ
ĨńĺĨĶĺěěńĭėĺŅĴħńĬŐĭĭ
ĮĸŅĵŒĵĞŇĸŇĔŅĪńŘĚľĴħȮ 
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9. ĨńĺĨĶĺěěńĭŒĵŐĔƟĺ
ĬņŐĽĚĝĬŇħĲŅĭĶň- 
ŏĮőĶĨƢȮŀŇĬŏĪŀĶƢĲƖĶŀ-
ĴŇŏĨŀĶƢŐĭĭœŁħĶŀ- 
ĸŇėĵŊħľĵŋƞĬȮĽņľĶńĭ 
ĔŅĶĨĶĺěĺńħėĺŅĴħńĬ
ĝňıěĶ 

X. Zou et al. ĨńĺŐĮĶĨƟĬ:ȮėĸŊŗĬĽńĠĠŅĦ
ĝňıěĶěŅĔĨńĺĨĶĺěěńĭĪňŗ
ıńĥĬŅĕŉŘĬ 
ĨńĺŐĮĶĨŅĴ: ėĺŅĴŐĴƞĬĵņ
ŒĬĔŅĶĨĶĺěĺńħėĺŅĴħńĬ 
ĝňıěĶȮ 
ĨńĺŐĮĶėĺĭėŋĴ: ĨņŐľĬƞĚ
ĨńĺĨĶĺěěńĭȮŐĸŃőėĶĚĽĶƟŅĚ
ĕŀĚĨńĺĨĶĺěěńĭ 

ĨńĺĨĶĺěěńĭĽŅĴŅĶĩ
ĨĶĺěĺńħĽńĠĠŅĦėĸŊŗĬ 
ĝňıěĶĪňŗŀƞŀĬŐŀœħƟŀĵƞŅĚ
ŐĴƞĬĵņȮŐĸŃĽŅĴŅĶĩ 
ĸħėĺŅĴįŇħıĸŅħŒĬĔŅĶ
ĺńħėĺŅĴħńĬĪňŗŏĔŇħĕŉŘĬœħƟȮ
ĶĺĴĪńŘĚĽŅĴŅĶĩĬņœĮŒĝƟ
ŒĬĔŅĶĮƚŀĚĔńĬȮŐĸŃ
ĺŇĬŇěĜńĵőĶėľńĺŒěŐĸŃ
ľĸŀħŏĸŊŀħœħƟ 

10. ĔŅĶĨĶĺěĺńħ
ĽńĠĠŅĦĝňıħƟĺĵ 
ĨńĺĨĶĺěěńĭŏıňĵőĞ- 
ŀŇŏĸŖĔĪĶŇėŐĭĭĭŅĚ
ĶƞĺĴĔńĭĨńĺĨĶĺěěńĭ 
ŒĵŐĔƟĺĬņŐĽĚĝĬŇħ
ŐĴĽ-ŐĞĬŏħŀĶƢ  
ŀŇĬŏĪŀĶƢĲƖĶŀĴŇŏĨŀĶƢȮ 
ŒĨƟĪňŗĬŀĬ 

W. Xu et al. ĨńĺŐĮĶĨƟĬ8ȮėĺŅĴŏĕƟĴŐĽĚȮ
ŐĸŃŐĶĚŏėĶňĵħěŅĔ 
ĨńĺĨĶĺěěńĭĨŅĴŐĬĺŐĔĬȮ 
ĨńĺŐĮĶĨŅĴ8ȮėĺŅĴ
ŐĮĶĮĶĺĬĕŀĚŀńĨĶŅĔŅĶ
ŏĨƟĬĕŀĚľńĺŒěȮŐĸŃĔŅĶ
ľŅĵŒěȮ 
ĨńĺŐĮĶėĺĭėŋĴ8ȮėĺŅĴĩňŗȮ
ŐŀĴıĸŇěŌħĕŀĚĽńĠĠŅĦȮ
ŐĸŃĺńĽħŋĪňŗŒĝƟŒĬĔŅĶĕŉŘĬĶŌĮ 
ĨńĺĨĶĺěěńĭ  

ėĺŅĴŐĮĶĮĶĺĬĕŀĚ
ŀńĨĶŅĔŅĶŏĨƟĬĕŀĚľńĺŒěȮ
ŐĸŃėĺŅĴŐĮĶĮĶĺĬĕŀĚ
ŀńĨĶŅĔŅĶľŅĵŒě Ĵň
ėĺŅĴĽńĴıńĬīƢĔńĬȮőħĵ
ŏĴŊŗŀŏĮĶňĵĭŏĪňĵĭĔńĭ
įĸĸńıīƢŀƟŅĚŀŇĚȮĴňėƞŅȮ 
r ŏĪƞŅĔńĭȮ0.99ȮĞŉŗĚĶŃĭĭ 
ĪňŗœħƟĬņŏĽĬŀœĴƞĞńĭĞƟŀĬȮ
ĨƟĬĪŋĬĨŗņȮĪĬĪŅĬȮ
ĽŃħĺĔĽĭŅĵȮŐĸŃĴň
ėĺŅĴœĺĽŌĚȮĪņŒľƟŏľĴŅŃ
ĽņľĶńĭĔŅĶħŌŐĸĶńĔļŅ 
ĪňŗĭƟŅĬȮŐĸŃőĶĚıĵŅĭŅĸ
ŒĬŀĬŅėĨ 
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11. ĨńĺĨĶĺěěńĭėĺŅĴ
ħńĬőħĵĪƞŀŏĴĴŏĭĶĬ 
ŀĸŌĴŇŏĬňĵĴœĬœĨĶħƢĪňŗ 
įĸŇĨħƟĺĵĔĶŃĭĺĬĔŅĶ
ĕŉŘĬĶŌĮěŋĸĳŅėȮĶƞĺĴĔńĭ
ĮĸŅĵŒĵŐĔƟĺĬņŐĽĚ
ĝĬŇħĲŅĭĶň-ŏĮőĶĨƢȮ 
ŀŇĬŏĪŀĶƢĲƖĶŀĴŇŏĨŀĶƢȮ 

M. Friedemann  
et al. 

ĨńĺŐĮĶĨƟĬ:ȮĶŃĭĭĺńħ
ėĺŅĴħńĬĽńĴĭŌĶĦƢ 
ĪňŗĩŌĔĮĶńĭŒĝƟĔńĭĨńĺ
ĨĶĺěěńĭŒĵŐĔƟĺĬņŐĽĚ 
ĲŅĭĶň-ŏĮőĶĨƢȮŀŇĬŏĪŀĶƢ-
ĲƖĶŀĴŇŏĨŀĶƢ 
ĨńĺŐĮĶĨŅĴ: ėƞŅĔŅĶ
ŏĮĸňŗĵĬŐĮĸĚěŋħĽŌĚĽŋħ
ĕŀĚĶŌĮėĸŊŗĬĽńĠĠŅĦ 
ĨńĺŐĮĶėĺĭėŋĴ:Ȯ
ŀŋĦľĳŌĴŇĽĳŅıŐĺħĸƟŀĴȮ 

ĪƞŀŀĸŌĴŇŏĬňĵĴĴňėĺŅĴ
ĸŃŏŀňĵħŏĪƞŅĔńĭȮ5ȮmbarȮ
őħĵėƞŅėĺŅĴħńĬőĸľŇĨĴň
ėĺŅĴŐĴƞĬĵņĮĶŃĴŅĦȮ
±3.8ȮmmHgȮĞŉŗĚıĭ
ėĺŅĴĽńĴıńĬīƢŏĝŇĚŏĽƟĬ
ĶŃľĺƞŅĚėƞŅŀŋĦľĳŌĴŇȮŐĸŃ
ĔŅĶŏĮĸňŗĵĬŐĮĸĚ 
ėƞŅėĺŅĴĵŅĺŏĜĸňŗĵȮőħĵ
ĽŅĴŅĶĩĬņœĮĶŃĵŋĔĨƢŒĝƟ
ŒĬĶŃĭĭľĸŀħŏĸŊŀħ
ĴĬŋļĵƢ 

12. ĔŅĶĺńħėĺŅĴħńĬ
ĸħĸĚŒĬĝƞŀĚĕŀĚœľĸ
ěŋĸĳŅėħƟĺĵĲŅĭĶň- 
ŏĮőĶĨƢȮŀŇĬŏĪŀĶƢĲƖĶŀ-
ĴŇŏĨŀĶƢȮœħŀŃŐĲĶĴ 
ĺńĽħŋıŀĸŇœħŏĴĪŇĸȮŐĸŃ
ĨńĺĨĶĺěěńĭĔŅĶœľĸ 
 

H, E, EstarkiȮet 
al. 

ĨńĺŐĮĶĨƟĬ:ȮėĺŅĴħńĬ
ĳŅĵŒĬĶŃĭĭĕŀĚœľĸ
ěŋĸĳŅėȮŐĸŃĔŅĶőĔƞĚĨńĺ
ĕŀĚĺńĽħŋœħŀŃŐĲĶĴ 
ĨńĺŐĮĶĨŅĴ: ėĺŅĴœĺ
ŐĸŃėĺŅĴĸŃŏŀňĵħĕŀĚ
ĨńĺĨĶĺěěńĭŒĵŐĔƟĺĬņ
ŐĽĚĝĬŇħĲŅĭĶň-ŏĮőĶĨƢȮ
ŀŇĬŏĪŀĶƢĲƖĶŀĴŇŏĨŀĶƢȮ 
ĨńĺŐĮĶėĺĭėŋĴ:ȮėĺŅĴ
ľĬŅȮŐĸŃĶńĻĴňĕŀĚĺńĽħŋ
œħŀŃŐĲĶĴȮ 

ĨńĺĨĶĺěěńĭĮĶŃĔŀĭħƟĺĵ
ĺńĽħŋıŀĸŇœħŏĴĪŇĸ ėĺŅĴ
ľĬŅȮ50ȮœĴėĶŀĬ ĶńĻĴňȮ
200ȮœĴėĶŀĬȮěņĬĺĬȮ2 
ŐįƞĬȮĶŃĵŃľƞŅĚȮ2 ĞĴ, 
ĪħĸŀĚőħĵŒĝƟĮƤƩĴĜňħ
ėĺĭėŋĴŀńĨĶŅĔŅĶœľĸȮ
ėĺŅĴħńĬĪňŗŏĔŇħĕŉŘĬĪņŒľƟ
œħŀŃŐĲĶĴőėƟĚĚŀȮıĭĺƞŅȮ
ĨńĺĨĶĺěěńĭĴňėĺŅĴœĺ 
30Ȯnm.(uL/min)-1ȮŐĸŃȮ
10Ȯnm.(uL/min)-1ȮŐĸŃ
ėĺŅĴĸŃŏŀňĵħŏĪƞŅĔńĭȮ 
33 nL/minȮ[37] 
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13. ĔŅĶĨĶĺěĺńħŀńĨĶŅ
ĔŅĶŏĨƟĬĕŀĚľńĺŒěħƟĺĵ
ŒĵŐĔƟĺĬņŐĽĚĝĬŇħ 
ŀŇĬŏĪŀĶƢĲƖĶŀŏĴĪĶň 

R. Jaros et al. ĨńĺŐĮĶĨƟĬ:ȮĶŃĭĭ
ĨĶĺěĺńħĽńĠĠŅĦĝňı 
ħƟĺĵĨńĺĨĶĺěěńĭŒĵŐĔƟĺ
ĬņŐĽĚȮ 
ĨńĺŐĮĶĨŅĴ: ĽńĠĠŅĦ
ėĸŊŗĬŏĽňĵĚľńĺŒě 
ĨńĺŐĮĶėĺĭėŋĴ:ȮĺŇīňĔŅĶ
ĮĶŃĴĺĸįĸĽńĠĠŅĦȮ 

ěŅĔĔŅĶĪħĽŀĭĔŅĶ
ĽĸŅĵĨńĺĕŀĚőľĴħ 
ŏĝŇĚĮĶŃěńĔļƢȮ&EMD) 
EMD ĪňŗĽĴĭŌĶĦƢıĶƟŀĴ
ĽńĠĠŅĦĶĭĔĺĬŐĭĭ
ĮĶńĭĨńĺ ŐĸŃĔŅĶŐĮĸĚ 
ŏĺĲŏĸŖĨȮĽńĠĠŅĦěŅĔ 
ĨńĺĨĶĺěěńĭĩŌĔĬņĴŅ
ŏĪňĵĭĔńĭĽńĠĠŅĦŀƟŅĚŀŇĚ
ěŅĔĔŅĶĨĶĺěĺńħľńĺŒě
ħƟĺĵėĸŊŗĬŏĽňĵĚėĺŅĴĩňŗĽŌĚȮ
ıĭĺƞŅȮĔŅĶŐĮĸĚŏĺĲŏĸŖĨ  
ĴňėĺŅĴŏľĴŅŃĽĴĴŅĔ
ĪňŗĽŋħȮŐĸŃĽńĠĠŅĦĪňŗœħƟ 
ĴňėƞŅėĺŅĴĩŌĔĨƟŀĚĶĺĴ
ĴŅĔĔĺƞŅȮ95% 

/2,ȮĨńĺĨĶĺěěńĭėĺŅĴ
őėƟĚŒĵŐĔƟĺĬņŐĽĚ
őľĴħŏħňĵĺĶŌĮĶƞŅĚȮD 
őħĵĴňĨƟĬĪŋĬĨŗņĽņľĶńĭ
ĔŅĶĨĶĺěěńĭĽńĠĠŅĦ
ĝňıĪňŗĽŅĴŅĶĩĽĺĴŒĽƞœħƟ 
 

J. Li. et al. ĨńĺŐĮĶĨƟĬ:ȮėĺŅĴőėƟĚ
ĕŀĚŒĵŐĔƟĺĬņŐĽĚőľĴħ
ŏħňĵĺĶŌĮĶƞŅĚȮD ĪňŗŒĝƟŒĬ 
ĨńĺĨĶĺěěńĭȮ 
ĨńĺŐĮĶĨŅĴ: ĽńĠĠŅĦ
ĝňıěĶȮėĺŅĴŏĕƟĴĕŀĚ
ĽńĠĠŅĦĝňıěĶȮŐĸŃ 
ĔŅĶľŅĵŒě 
ĨńĺŐĮĶėĺĭėŋĴ:ȮėƞŅ
ĽŌĠŏĽňĵŒĬĔŅĶĽƞĚĕƟŀĴŌĸ
ĕŀĚŒĵŐĔƟĺĬņŐĽĚ 

ĨńĺĨĶĺěěńĭĴňėĺŅĴœĺ 
Ȯ-7.208%/m-1ȮĽŅĴŅĶĩ
ŏĔŖĭĽńĠĠŅĦœħƟŐĭĭ
ŏĶňĵĸœĪĴƢȮĔŅĶĨĶĺěĽŀĭ
ėĺŅĴŏĕƟĴĕŀĚĽńĠĠŅĦ
ĝňıěĶȮĶĺĴĪńŘĚėĺŅĴĩňŗ
ĔƞŀĬȮŐĸŃľĸńĚĔŅĶŀŀĔ
ĔņĸńĚĔŅĵŐĽħĚŒľƟŏľŖĬĩŉĚ
ėĺŅĴŏıŇŗĴĕŉŘĬėĺŅĴĩňŗĕŀĚ
ĝňıěĶĪňŗĽŀħėĸƟŀĚĔńĭ
ĪķļġňĪŅĚĔŅĶŐıĪĵƢ 
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/3,ȮĔŅĶĨĶĺěĺńħ
ėĺŅĴħńĬőĸľŇĨĕŀĚ
ĴĬŋļĵƢŐĭĭŏĶňĵĸœĪĴƢ
ħƟĺĵŀŇĬŏĪŀĶƢĲƖĶŀŏĴĪĶň
ŐĭĭįĽĴȮŐĸŃŏĸŏĞŀĶƢ
ıĶƟŀĴĔŅĶŏĶňĵĬĶŌƟĕńŘĬĽŌĚ 
 

X. Wang et al. ĨńĺŐĮĶĨƟĬ:ȮŀŇĬŏĪŀĶƢĲƖ-
őĶŏĴĪĶňŐĭĭįĽĴĨńĺŏŀĚ
ħƟĺĵŏĸŏĞŀĶƢȮŐĸŃ
ĸńĔļĦŃėĸŊŗĬĝňıěĶȮ 
ĨńĺŐĮĶĨŅĴ: ėĺŅĴħńĬ
őĸľŇĨĞŇĽőĪĸŇėȮŐĸŃ 
œħŐŀĽĪŀĸŇėȮ 
ĨńĺŐĮĶėĺĭėŋĴ:ȮĔŅĶ
ŏĮĸňŗĵĬŏĲĽĪŅĚŀŀĮĨŇĔ
ŐĭĭĳŅĵĬŀĔȮŐĸŃħńĝĬň
ĔŅĶĮĶńĭŐĨƞĚȮ 

ĶŃĭĭĽŅĴŅĶĩĨĶĺěĺńħ
ėĺŅĴħńĬőĸľŇĨĕŀĚ
ĴĬŋļĵƢŐĭĭŏĶňĵĸœĪĴƢœħƟ
ŀĵƞŅĚĴňĮĶŃĽŇĪīŇĳŅıȮ 
ėƞŅėĺŅĴėĸŅħŏėĸŊŗŀĬ 
ŒĬĔŅĶĺńħėĺŅĴħńĬőĸľŇĨ
ĝƞĺĚĭĬȮŐĸŃĝƞĺĚĸƞŅĚȮ 
ĴňėƞŅĬƟŀĵĔĺƞŅȮ5ȮmmHg
ŐĽħĚŒľƟŏľŖĬĩŉĚėĺŅĴ
ŐĴƞĬĵņĽŌĚȮĬƞŅŏĝŊŗŀĩŊŀ
ŐĸŃĴňĻńĔĵĳŅıŒĬĔŅĶ
ĬņœĮŒĝƟĽņľĶńĭĔŅĶ
ėĺĭėŋĴėĺŅĴħńĬőĸľŇĨœħƟ 
ŒĬĴĬŋļĵƢ 

/4,ȮĔŅĶĨĶĺěĺńħ
ėĺŅĴħńĬőĸľŇĨŀĵƞŅĚ
ĨƞŀŏĬŊŗŀĚőħĵŒĝƟŒĵŐĔƟĺ
ĬņŐĽĚĪňŗĽĺĴŒĽƞĭĬ
ĕƟŀĴŊŀ 
 

X. Chen et al. ĨńĺŐĮĶĨƟĬ:ȮŒĵŐĔƟĺ 
ĬņŐĽĚĪňŗĽĺĴŒĽƞĭĬ
ĕƟŀĴŊŀĽņľĶńĭĔŅĶ
ĨĶĺěĺńħėĺŅĴħńĬőĸľŇĨ 
ĨńĺŐĮĶĨŅĴ: ĝƞĺĚŏĺĸŅ
ĔŅĶŏėĸŊŗŀĬĪňŗĕŀĚėĸŊŗĬ 
ĝňıěĶȮ 
ĨńĺŐĮĶėĺĭėŋĴ:ȮŀńĨĶŅ
ĔŅĶĽŋƞĴĕƟŀĴŌĸĪňŗȮ1000Ȯ
ėĶńŘĚ/ĺŇĬŅĪňȮŐĸŃ
ŏĮĶňĵĭŏĪňĵĭįĸĪňŗœħƟħƟĺĵ
ŏėĶŊŗŀĚĴŊŀĺńħŀƟŅĚŀŇĚ 

ěŅĔĔŅĶĪħĽŀĭıĭĺƞŅȮ
őĴŏħĸĮĶŃĴŅĦėĺŅĴħńĬ
őĸľŇĨőħĵĔŅĶěńĭėŌƞėƞŅ
ĝƞĺĚŏĺĸŅĔŅĶŏėĸŊŗŀĬĪňŗ
ĕŀĚĝňıěĶȮŐĸŃėĺŅĴħńĬ
őĸľŇĨŀƟŅĚŀŇĚȮőħĵŒĝƟ
ĺŇīňĔŅĶľŅėĺŅĴĽńĴıńĬīƢ
ŏĝŇĚŏĽƟĬȮĴňėƞŅėĺŅĴ
ėĸŅħŏėĸŊŗŀĬĕŀĚĶŅĔ 
ĪňŗĽŀĚŏĜĸňŗĵȮĽņľĶńĭ
ėĺŅĴħńĬőĸľŇĨĞŇĽĪŀĸŇėȮ
ŐĸŃœħŐŀĽĪŀĸŇėȮĴňėƞŅ
ŏĪƞŅĔńĭȮ15.00ȮŐĸŃȮ
18.28ȮĨŅĴĸņħńĭ 
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/5,ȮĨńĺĨĶĺěěńĭ 
ėĺŅĴħńĬŐĭĭĪƞŀŏĽňĵĭ
ĝĬŇħĲŅĭĶň-ŏĮőĶĨƢȮ 
ŀŇĬŏĪŀĶƢĲƖĶŀĴŇŏĨŀĶƢȮ
ŐĸŃĝĬŇħŐĭĶŖėŏĔĶĨĨŇŘĚȮ
ĽņľĶńĭĔŅĶĺńħėĺŅĴħńĬ
ŐĸŃėĺĭėŋĴŀŋĦľĳŌĴŇ 

M,FriedemannȮ 
et al. 

ĨńĺŐĮĶĨƟĬ:ȮĨńĺĨĶĺěěńĭ
ėĺŅĴħńĬĝĬŇħĲŅĭĶň- 
ŏĮőĶĨƢȮŀŇĬŏĪŀĶƢĲƖĶŀ-
ĴŇŏĨŀĶƢȮŐĭĭĪƞŀŏĽňĵĭĪňŗ
ĮĸŅĵŒĵŐĔƟĺĬņŐĽĚȮ 
ĨńĺŐĮĶĨŅĴ: ėĺŅĴœĺ
ĕŀĚĨńĺĨĶĺěěńĭ 
ĨńĺŐĮĶėĺĭėŋĴ:ȮĔŅĶ
ŏĮĸňŗĵĬŐĮĸĚėĺŅĴħńĬ 

ŀŋĮĔĶĦƢĪňŗıńĥĬŅĕŉŘĬ
ĽŅĴŅĶĩŐĽħĚėĺŅĴœĺ
ĨƞŀėĺŅĴħńĬŏĝŇĚŏĽƟĬȮ-3 
±0.007 pm/mbarȮĔŅĶ
ĮĶŃĔŀĭőıĶĭĪňŗĽŅĴŅĶĩ
ŒĝƟŏĮƦĬĨńĺĨĶĺěěńĭėĺŅĴ
ħńĬĽńĴĭŌĶĦƢıĶƟŀĴĔŅĶ
ĽŀĭŏĪňĵĭȮĪņŒľƟŏľĴŅŃ
ĽņľĶńĭĔŅĶĺńħėĺŅĴħńĬ
ŐĭĭœĴƞĶŋĔĶŅĬ 

/6,ȮĝŋħĨĶĺěěńĭėĺŅĴ
ħńĬĪňŗĴňėĺŅĴœĺĽŌĚ
ĽņľĶńĭĔŅĶĮĶŃĴŅĦ 
ėĺŅĴħńĬőĸľŇĨħƟĺĵ
ĔŅĶŏĶňĵĬĶŌƟĕŀĚŏėĶŊŗŀĚȮ
(Machine learning) 
 

K. Huang et al. ĨńĺŐĮĶĨƟĬ:ȮĝŋħĨĶĺěĺńħ
ėĺŅĴħńĬĽņľĶńĭĔŅĶ
ĨĶĺěĺńħėĸŊŗĬĝňıěĶŒĬ
ŏĸŊŀħ 
ĨńĺŐĮĶĨŅĴ: ėĺŅĴħńĬ
őĸľŇĨĞŇĽőĪĸŇėȮŐĸŃ 
œħŐŀĽĪŀĸŇė 
ĨńĺŐĮĶėĺĭėŋĴ:Ȯ
ŀńĸĔŀĶŇīŉĴĔŅĶŏĶňĵĬĶŌƟĕŀĚ
ŏėĶŊŗŀĚĪňŗŒĝƟŒĬĔŅĶ
ĮĶŃĴŅĦėĺŅĴħńĬőĸľŇĨ 
 

ĝŋħĨĶĺěĺńħėĺŅĴħńĬĴň
ėĺŅĴœĺĽŌĚ 0.533 kPa-1 

ĨŀĭĽĬŀĚœħĬŅĴŇė
ĶĺħŏĶŖĺȮŀńĸĔŀĶŇīŉĴĩŌĔ
ĬņĴŅŒĝƟĮĶŃĴŅĦėƞŅ
ėĺŅĴħńĬőĸľŇĨĞŇĽĪŀĸŇėȮ
ŐĸŃœħŐŀĽĪŀĸŇėȮ 
įĸĔŅĶĪħĸŀĚŐĽħĚ
ĮĶŃĽŇĪīŇĳŅıħňȮőħĵĴňėƞŅ
ĽńĴĮĶŃĽŇĪīŇśĔŅĶĨńħĽŇĬŒě
ėĺŅĴħńĬőĸľŇĨĞŇĽĪŀĸŇė
ŐĸŃœħŐŀĽĪŀĸŇėȮĴňėƞŅ
ŏĪƞŅĔńĭȮ0.871ȮŐĸŃȮ
0.794ȮĨŅĴĸņħńĭȮĞŉŗĚ
ŏĮƦĬŐĬĺĪŅĚĽņľĶńĭ 
ĔŅĶĮĶŃĴŅĦėĺŅĴħńĬ
őĸľŇĨŀĵƞŅĚĨƞŀŏĬŊŗŀĚŐĭĭ
œĴƞĶŋĔĸŘņĶƞŅĚĔŅĵœħƟ 
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19.ȮĔŅĶĨŇħĨŅĴ
ĽńĠĠŅĦĝňıŐĭĭ 
œĶƟĔŅĶĽńĴįńĽħƟĺĵ 
ŒĵŐĔƟĺĬņŐĽĚŐĭĭȮ
Few-mode Ő ĸ Ń 
multi-core 

F. Tan et al. ĨńĺŐĮĶĨƟĬ:ȮĮĶŃŏĳĪĕŀĚ
ŒĵŐĔƟĺĬņŐĽĚȮ 
ĨńĺŐĮĶĨŅĴ: ĽńĠĠŅĦ
ĝňıěĶȮŐĸŃŀńĨĶŅĽƞĺĬ
ĶŃľĺƞŅĚĔŅĶľŅĵŒěȮŐĸŃ
ĔŅĶŏĨƟĬľńĺŒě 
ĨńĺŐĮĶėĺĭėŋĴ:ȮĔŅĶĺńħ
ėĺŅĴőėƟĚĚŀŒĬŒĵŐĔƟĺ 
ĬņŐĽĚȮŐĸŃŏĪėĬŇėĪňŗŒĝƟ
ĮĶŃĴĺĸįĸĽńĠĠŅĦŐĽĚ 

ĽŅĵŒĵŐĔƟĺĬņŐĽĚȮFew-
mode Őĸ Ń multi-
coreȮĩŌĔĨŇħĨńŘĚŐĭĭ
ŀŇĬœĸĬƢȮŀŇĬŏĪŀĶƢĲƖĶŀ-
ĴŇŏĨŀĶƢȮőħĵĨĶĺěěńĭ
ĽńĠĠŅĦĔŅĶľŅĵŒěȮ
ŐĸŃĔŅĶŏĨƟĬĕŀĚľńĺŒěœħƟȮ
ŐĽħĚŒľƟŏľŖĬĩŉĚĻńĔĵĳŅı
ŒĬĔŅĶĬņœĮŒĝƟĚŅĬħƟŅĬ
ĔŅĶħŌŐĸĽŋĕĳŅıœħƟ 

0.,ȮĔŅĶĺńħĽńĠĠŅĦ
ĝňıŐĭĭœĴƞĶŋĔĶŅĬħƟĺĵ
ŒĵŐĔƟĺĬņŐĽĚĝĬŇħ 
ŀŇĬŏĪŀĶƢĲƖĶŀĴŇŏĨŀĶƢ
ŐĭĭȮ5ȮėŀĶƢ 
 

W. Chen et al. ĨńĺŐĮĶĨƟĬ:ȮŀńĨĶŅĔŅĶ
ŏĨƟĬĕŀĚľńĺŒě (HR) ŐĸŃ
ŀńĨĶŅĔŅĶľŅĵŒěȮ&RR) 
őħĵŒĝƟĨńĺĨĶĺěěńĭŒĵŐĔƟĺ
ĬņŐĽĚŀŇĬŏĪĶŀƢĲƖĶŀ-
ĴŇŏĨŀĶƢȮ5ȮėŀĶƢ 
ĨńĺŐĮĶĨŅĴ: HR ŐĸŃȮ
RR ĨĶĺěĺńħőħĵ
ŏėĶŊŗŀĚĴŊŀĺńħŀƟŅĚŀŇĚĪňŗŒĝƟ
ŏĮƦĬĕƟŀĴŌĸŀƟŅĚŀŇĚ 
ĨńĺŐĮĶėĺĭėŋĴ:Ȯ 
ĬŘņľĬńĔĕŀĚŀŅĽŅĽĴńėĶȮ
ĔŅĶĞŇĚőėĶœĬĞƢŏĺĸŅ
ĶŃľĺƞŅĚĨńĺĨĶĺěěńĭȮ
SCFI ŐĸŃŀŋĮĔĶĦƢŏĝŇĚ
ıŅĦŇĝĵƢȮŐĸŃŀńĸĔŀĶŇīŉĴ
ėņĬĺĦŀńĨĶŅĔŅĶŏĨƟĬ
ĕŀĚľńĺŒě 

ŀńĨĶŅĔŅĶŏĨƟĬĕŀĚľńĺŒěȮ
ŐĸŃĔŅĶľŅĵŒěȮĴňėĺŅĴ
ĽŀħėĸƟŀĚĔńĭŏėĶŊŗŀĚĺńħ
ŀƟŅĚŀŇĚȮįĸĔŅĶĨĶĺěĺńħ
ŀńĨĶŅĔŅĶŏĨƟĬĕŀĚľńĺŒě  
ĴňĽńĠĠŅĦĶĭĔĺĬěŅĔ
ĔŅĶŏėĸŊŗŀĬœľĺĬƟŀĵĪňŗĽŋħȮ
őħĵĪňŗĮĶŃĽŇĪīŇĳŅıėĺŅĴ
ŏĽĩňĵĶœħƟĶńĭĔŅĶĪħĽŀĭ
ŒĬĝƞĺĚȮ98ȮĺńĬȮŐĸŃ
įĸĸńıīƢŐĽħĚŒľƟŏľŖĬ 
ĔŅĶĺńħȮHR ŐĸŃȮRR Īňŗ
ĽĴŗņŏĽĴŀŐĸŃŏĝŊŗŀĩŊŀœħƟȮ
ĽņľĶńĭĔŅĶĨĶĺěĽŀĭ
ŐĭĭŏĶňĵĸœĪĴƢ ŐĸŃ
ŐĽħĚŒľƟŏľŖĬĔŅĶ
ĨĶĺěěńĭŁŅĶƢőĴĬŇĔĪňŗ
ĝńħŏěĬ 
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ĭĪĪňŗ 3  
ĕńŘĬĨŀĬĔŅĶħņŏĬŇĬĔŅĶ 

 
 

ŒĬĭĪĬňŘěŃĔĸƞŅĺĩŉĚĕńŘĬĨŀĬĔŅĶŀŀĔŐĭĭŐĸŃıńĥĬŅĶŃĭĭĨĶĺěĺńħėĺŅĴħńĬőĸľŇĨħƟĺĵĨńĺĨĶĺěěńĭ
ŒĵŐĔƟĺĬņŐĽĚĝĬŇħĲŅĭĶň-ŏĮőĶĨƢȮŀŇĬŏĪŀĶƢĲƖĶŀĴŇŏĨŀĶƢȮĶƞĺĴĔńĭĔŅĶıńĥĬŅľńĺĺńħȮŐĸŃĪħĽŀĭėŋĦĽĴĭńĨŇ
ĕŀĚĺńĽħŋĽŃĪƟŀĬŐĽĚȮŐĸŃĺńĽħŋĵŊħľĵŋƞĬŐĨƞĸŃĝĬŇħĽņľĶńĭĬņĴŅŒĝƟĨĶĺěĺńħĝňıěĶĕŀĚĴĬŋļĵƢŐĭĭœĴƞĶŋĔĸŘņ
ĶƞŅĚĔŅĵ őħĵŒĝƟŏĪėĬŇėĔŅĶĨĶĺěěńĭěŋħĽŌĚĽŋħȮŐĸŃĬńĭěņĬĺĬĶŇŘĺŐĪĶĔĽŀħĕŀĚŐĽĚȮįƞŅĬĔŅĶĺŇŏėĶŅŃľƢ
ŐĸŃĮĶŃĴĺĸįĸĕƟŀĴŌĸħƟĺĵőĮĶŐĔĶĴĮĶŃĵŋĔĨƢĪŅĚĺŇĻĺĔĶĶĴȮőħĵĽŅĴŅĶĩŐĽħĚŐįĬįńĚĕńŘĬĨŀĬ 
ĔŅĶħņŏĬŇĬĚŅĬœħƟħńĚĶŌĮĪňŗȮ3.1 
 

ĕńŘĬĨŀĬĔŅĶħŜŅŏĬŇĬĚŅĬ

ĶĺĭĶĺĴĕƟŀĴŌĸĪňŗŏĔňŗĵĺĕƟŀĚ

ĔŅĶıńĥĬŅĶŃĭĭĨĶĺěĺńħ
ėĺŅĴħńĬőĸľŇĨ

ĪħĽŀĭĔŅĶĪŜŅĚŅĬĕŀĚĶŃĭĭ

ĪķļġňĔŅĶĺńħėĺŅĴħńĬőĸľŇĨ

ľĸńĔĔŅĶĪŜŅĚŅĬĕŀĚĨńĺĨĶĺěěńĭ
ŒĵŐĔƟĺĬŜŅŐĽĚ

ĚŅĬĺŇěńĵĪňŗŏĔňŗĵĺĕƟŀĚ

ĔŅĶŀĳŇĮĶŅĵŐĸŃĽĶŋĮįĸ

ıńĥĬŅĶŃĭĭĨĶĺěĺńħėĺŅĴħńĬőĸľŇĨŒĬ
ĴĬŋļĵƢ

ıńĥĬŅőĮĶŐĔĶĴĮĶŃĵŋĔĨƢĪŅĚ
ĺŇĻĺĔĶĶĴĽŜŅľĶńĭŐĽħĚėƞŅĪňŗĺńħœħƟ

ıńĥĬŅĨńĺĨĶĺěěńĭŒĵŐĔƟĺĬŜŅŐĽĚ
ĝĬŇħŀŇĬŏĪŀĶƢĲƖőĶĴŇŏĨŀĶƢ

ĪħĽŀĭĮĶŃĽŇĪīŇĳŅıĕŀĚĶŃĭĭ

ĨĶĺěĽŀĭľŅėĺŅĴįŇħıĸŅħ

ĪħĽŀĭĔńĭĝŋħěŜŅĸŀĚŐĸŃĴĬŋļĵƢ

 

 
ĶŌĮĪňŗȮ1,/ ĕńŘĬĨŀĬĔŅĶħņŏĬŇĬĚŅĬĕŀĚĺŇĪĵŅĬŇıĬīƢ 
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ěŅĔŐįĬįńĚĽŅĴŅĶĩŀīŇĭŅĵĕńŘĬĨŀĬĔŅĶħņŏĬŇĬĚŅĬŐĸŃĶŅĵĸŃŏŀňĵħŏıŇŗĴŏĨŇĴœħƟħńĚĨƞŀœĮĬňŘ 

3.1 ĔŅĶĶĺĭĶĺĴĕƟŀĴŌĸĪňŗŏĔňŗĵĺĕƟŀĚ 
 ĕńŘĬĨŀĬĬňŘŏĮƦĬĔŅĶĻŉĔļŅȮĶĺĭĶĺĴȮŐĸŃĺŇŏėĶŅŃľƢĕƟŀĴŌĸěŅĔŐľĸƞĚĨƞŅĚȮŕȮŏĝƞĬȮĨņĶŅȮľĬńĚĽŊŀȮŐĸŃ
ĚŅĬĺŇěńĵĪňŗŏĔňŗĵĺĕƟŀĚȮŏıŊŗŀĻŉĔļŅėĺŅĴŏĮƦĬœĮœħƟĽņľĶńĭĔŅĶŀŀĔŐĭĭŐĸŃıńĥĬŅĶŃĭĭĨĶĺěĺńħėĺŅĴħńĬ
őĸľŇĨħƟĺĵĨńĺĨĶĺěěńĭŒĵŐĔƟĺĬņŐĽĚĝĬŇħŀŇĬŏĪŀĶƢĲƖĶŀĴŇŏĨŀĶƢȮĶĺĴĪńŘĚĻŉĔļŅľĸńĔĔŅĶĪņĚŅĬĕŀĚ 
ĨńĺĨĶĺěěńĭŐĨƞĸŃĝĬŇħȮĪķļġňĪňŗŏĔňŗĵĺĕƟŀĚȮĺŇīňĔŅĶĺŇŏėĶŅŃľƢĶŌĮėĸŊŗĬĝňıěĶȮŐĸŃĺŇīňĔŅĶĨĶĺěĺńħėĺŅĴħńĬ
őĸľŇĨȮŏıŊŗŀŏĮƦĬŐĬĺĪŅĚĽņľĶńĭĔŅĶĺŇŏėĶŅŃľƢŐĸŃĮĶŃĴĺĸįĸĕƟŀĴŌĸĨƞŀœĮȮĬŀĔěŅĔĬňŘœħƟĻŉĔļŅĕƟŀĴŌĸ
ŏıŇŗĴŏĨŇĴħńĚĬňŘ 

3.1.1 ĔŅĶĻŉĔļŅőėĶĚĽĶƟŅĚȮľĸńĔĔŅĶĪņĚŅĬȮŀŋĮĔĶĦƢĪňŗĬņĴŅĮĶŃĵŋĔĨƢŒĝƟȮĺŇīňĔŅĶĨŇħĨńŘĚ 
ĨńĺĨĶĺěěńĭŐĨƞĸŃĝĬŇħȮŐĸŃĕƟŀħňȮ- ĕƟŀŏĽňĵȮĕŀĚĨńĺĨĶĺěěńĭŒĵŐĔƟĺĬņŐĽĚĝĬŇħŀŇĬŏĪŀĶƢĲƖĶŀĴŇŏĨŀĶƢ
ěņĬĺĬȮ4 ĮĶŃŏĳĪȮőħĵĮĶŃĔŀĭħƟĺĵĨńĺĨĶĺěěńĭŒĵŐĔƟĺĬņŐĽĚĝĬŇħĞŅŏĬňŘĵĔȮŀŇĬŏĪŀĶƢĲƖĶŀĴŇŏĨŀĶƢȮ
(Sagnac fiber interferometer), ĨńĺĨĶĺěěńĭŒĵŐĔƟĺĬņŐĽĚĝĬŇħĴŇŏėŇĸĽńĬȮŀŇĬŏĪŀĶƢĲƖĶŀĴŇŏĨŀĶƢȮ
(Michelson fiber interferometer), ĨńĺĨĶĺěěńĭŒĵŐĔƟĺĬņŐĽĚĝĬŇħŐĴĽ-ŐĞĬŏħŀĶƢȮŀŇĬŏĪŀĶƢĲƖĶŀ-
ĴŇŏĨŀĶƢȮ(Mach-Zehnder fiber interferometer), ŐĸŃĨńĺĨĶĺěěńĭŒĵŐĔƟĺĬņŐĽĚĝĬŇħĲŅĭĶň-ŏĮőĶĨƢȮ
ŀŇĬŏĪŀĶƢĲƖĶŀĴŇŏĨŀĶƢȮ(Fabry-Perot fiberȮinterferometer) ĽņľĶńĭĮĶŃĵŋĔĨƢŒĝƟŒĬĚŅĬĺŇěńĵĪŅĚħƟŅĬ
ĺŇĻĺĔĶĶĴĝňĺĔŅĶŐıĪĵƢȮŏıŊŗŀĨĶĺěĺńħĽńĠĠŅĦĝňıȮŏĝƞĬȮŀŋĦľĳŌĴŇĶƞŅĚĔŅĵȮŀńĨĶŅĔŅĶľŅĵŒěȮŀńĨĶŅĔŅĶ
ŏĨƟĬĕŀĚľńĺŒěȮŐĸŃėĺŅĴħńĬőĸľŇĨ ŏĮƦĬĨƟĬȮőħĵŒĬĺŇĪĵŅĬŇıĬīƢĬňŘěŃĴŋƞĚŏĬƟĬœĮĪňŗĚŅĬĺŇěńĵĪŅĚħƟŅĬĔŅĶ
ĨĶĺěĺńħėĺŅĴħńĬőĸľŇĨŒĬĴĬŋļĵƢ 

3.1.2 ĔŅĶĻŉĔļŅĪķļġňŐĸŃĺĶĶĦĔĶĶĴĺŇěŅĶĦƢĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĚŅĬĺŇěńĵȮĶĺĴĪńŘĚĺŇīňĔŅĶĺŇŏėĶŅŃľƢ
ĶŌĮėĸŊŗĬėĺŅĴħńĬĝňıěĶȮĔŅĶŐĮĸėƞŅĶŇŘĺŐĪĶĔĽŀħĕŀĚŐĽĚŏĮƦĬėƞŅĔŅĶőĔƞĚĨńĺĕŀĚĺńĽħŋȮ(Material 
deflection) ĔŅĶĮĶŃĴŅĦėƞŅėĺŅĴħńĬȮ(Pressure) ĪňŗĴŅĔĶŃĪĭĔńĭŐįƞĬĺńĽħŋĵŊħľĵŋƞĬȮŐĸŃœħƟįĸĸńıīƢ
ŏĮƦĬėƞŅėĺŅĴħńĬőĸľŇĨ (Blood pressure)ȮĞŉŗĚĮĶŃĔŀĭħƟĺĵȮėƞŅėĺŅĴħńĬőĸľŇĨĞŇĽĪŀĸŇėȮ(SystolicȮ
blood pressure)ȮėƞŅėĺŅĴħńĬőĸľŇĨœħŐŀĽĪŀĸŇė (Diastolic blood pressure)ȮŐĸŃėƞŅŀńĨĶŅĔŅĶ
ŏĨƟĬĕŀĚľńĺŒěȮ(Heart rate) 

3.1.3 ĔŅĶĻŉĔļŅĺŇīňĔŅĶĨĶĺěĺńħ ľĸńĔĔŅĶĪņĚŅĬĕŀĚŏėĶŊŗŀĚĴŊŀĺńħ ĮĶŃŏĳĪŏėĶŊŗŀĚĺńħėĺŅĴħńĬ
őĸľŇĨ ŐĸŃĕƟŀħňȮ-ȮĕƟŀěņĔńħȮĽņľĶńĭĮĶŃĵŋĔĨƢŒĝƟŏĮƦĬŏėĶŊŗŀĚĴŊŀĺńħŀƟŅĚŀŇĚȮ(Reference)ȮŒĬĺŇĪĵŅĬŇıĬīƢ 

3.1.4 ĔŅĶĻŉĔļŅőĮĶŐĔĶĴĮĶŃĵŋĔĨƢĪŅĚĺŇĻĺĔĶĶĴȮ(Engineering application software)Ȯ 
ĞŉŗĚĮĶŃĔŀĭħƟĺĵőĮĶŐĔĶĴĵƞŀĵ œħƟŐĔƞȮőĮĶŐĔĶĴ DAQExpress ĽņľĶńĭŐĽħĚįĸĽńĠĠŅĦĶŇŘĺŐĪĶĔĽŀħ
ĕŀĚŐĽĚŐĭĭŏĶňĵĸœĪĴƢ ŐĸŃȮőĮĶŐĔĶĴȮMATLAB R2018aȮĽņľĶńĭĔŅĶĺŇŏėĶŅŃľƢȮŐĸŃĮĶŃĴĺĸįĸ
ĕƟŀĴŌĸĪňŗœħƟěŅĔĶŃĭĭĨĶĺěĺńħĪňŗıńĥĬŅĕŉŘĬ 
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3.2 ĔŅĶıńĥĬŅĶŃĭĭĨĶĺěĺńħėĺŅĴħńĬőĸľŇĨ 
 ĽņľĶńĭĕńŘĬĨŀĬĔŅĶıńĥĬŅĶŃĭĭĨĶĺěĺńħėĺŅĴħńĬőĸľŇĨĮĶŃĔŀĭħƟĺĵȮĕńŘĬĨŀĬĔŅĶıńĥĬŅľńĺĺńħȮ 
ĔŅĶıńĥĬŅĶŃĭĭĨĶĺěěńĭėĺŅĴħńĬőĸľŇĨȮŐĸŃĔŅĶıńĥĬŅőĮĶŐĔĶĴĮĶŃĵŋĔĨƢĪŅĚĺŇĻĺĔĶĶĴȮŏıŊŗŀŒĝƟ
ĺŇŏėĶŅŃľƢȮŐĸŃŐĽħĚįĸėƞŅėĺŅĴħńĬőĸľŇĨĪňŗœħƟěŅĔĨńĺĨĶĺěěńĭŒĬĶŌĮĕŀĚĨńĺŏĸĕȮŐĸŃĔĶŅĲœħƟȮ 
őħĵĕńŘĬĨŀĬĔŅĶħņŏĬŇĬĚŅĬĮĶŃĔŀĭħƟĺĵ 
 3.2.1 ĔŅĶıńĥĬŅĨńĺĨĶĺěěńĭŒĵŐĔƟĺĬņŐĽĚŐĸŃĶŃĭĭĨĶĺěĺńħėĺŅĴħńĬőĸľŇĨŒĬĴĬŋļĵƢ 

- ĔŅĶŀŀĔŐĭĭĶŃĭĭĨĶĺěĺńħėĺŅĴħńĬőĸľŇĨħƟĺĵĨńĺĨĶĺěěńĭŒĵŐĔƟĺĬņŐĽĚĝĬŇħ 
ĲŅĭĶň-ŏĮőĶĨƢ ŀŇĬŏĪŀĶƢĲƖĶŀĴŇŏĨŀĶƢ (Fiber optic based Fabry-Perot Interferometer: FFPI) 
ĶƞĺĴĔńĭľńĺĺńħ őħĵĴňŏĚŊŗŀĬœĕȮėŊŀȮĶŃĭĭĨĶĺěĺńħĽŅĴŅĶĩĨĶĺěěńĭĽńĠĠŅĦĝňıěĶȮ(Pulse)ȮŐĸŃŐĮĸėƞŅ
ŏĮƦĬėĺŅĴħńĬőĸľŇĨĞŇĽĪŀĸŇėȮ(Systolic blood pressure)ȮėĺŅĴħńĬőĸľŇĨœħŐŀĽĪŀĸŇė (Diastolic 
blood pressure) ŐĸŃŀńĨĶŅĔŅĶŏĨƟĬĕŀĚľńĺŒěȮ(Heart rate) œħƟȮőħĵœĴƞĶŋĔĸŘņĶƞŅĚĔŅĵĕŀĚŀŅĽŅĽĴńėĶȮ 
ĞŉŗĚĔĶŃĭĺĬĔŅĶıńĥĬŅĶŃĭĭĨĶĺěĺńħėĺŅĴħńĬĮĶŃĔŀĭħƟĺĵȮĔŅĶŀŀĔŐĭĭľńĺĺńħȮĔŅĶĪħĽŀĭėŋĦĽĴĭńĨŇ
ĕŀĚĺńĽħŋȮĮĶŃĔŀĭħƟĺĵȮĔŅĶĪħĽŀĭėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĽŃĪƟŀĬŐĽĚĕŀĚĺńĽħŋ ŐĸŃĔŅĶĪħĽŀĭ
ėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĵŊħľĵŋƞĬĕŀĚĺńĽħŋȮěŅĔĬńŘĬħņŏĬŇĬĔŅĶĪħĽŀĭľńĺĺńħĪňŗıńĥĬŅĕŉŘĬĔńĭĴĬŋļĵƢȮĦȮ
ĭĶŇŏĺĦĨƞŅĚȮŕȮőħĵĽńĠĠŅĦĪňŗœħƟěŅĔĶŃĭĭěŃŐĽħĚįĸŒĬĶŌĮĕŀĚĽńĠĠŅĦĶŇŘĺŐĪĶĔĽŀħĕŀĚŐĽĚȮ
(Interference fringeȮsignal)ȮĞŉŗĚĨƟŀĚįƞŅĬĔŅĶĺŇŏėĶŅŃľƢȮŐĸŃĮĶŃĴĺĸįĸħƟĺĵőĮĶŐĔĶĴĮĶŃĵŋĔĨƢĪŅĚ
ĺŇĻĺĔĶĶĴȮŏıŊŗŀŐĮĸėƞŅĶŇŘĺŐĪĶĔĽŀħĕŀĚŐĽĚŏĮƦĬėƞŅĔŅĶőĔƞĚĨńĺĕŀĚĺńĽħŋȮŐĸŃėƞŅėĺŅĴħńĬőĸľŇĨȮ
ĨŅĴĸņħńĭȮőħĵĽŅĴŅĶĩŐĽħĚőėĶĚĽĶƟŅĚĕŀĚĨńĺĨĶĺěěńĭŒĵŐĔƟĺĬņŐĽĚĝĬŇħĲŅĭĶň-ŏĮőĶĨƢȮŀŇĬŏĪŀĶƢĲƖĶŀ-
ĴŇŏĨŀĶƢœħƟħńĚĶŌĮĪňŗȮ3.2 
 

 
 

ĶŌĮĪňŗȮ1,0 őėĶĚĽĶƟŅĚĕŀĚĨńĺĨĶĺěěńĭŒĵŐĔƟĺĬņŐĽĚĝĬŇħĲŅĭĶň-ŏĮőĶĨƢȮŀŇĬŏĪŀĶƢĲƖĶŀĴŇŏĨŀĶƢ 
 

 ěŅĔĶŌĮŐĽħĚőėĶĚĽĶƟŅĚĕŀĚĶŃĭĭĨĶĺěĺńħėĺŅĴħńĬőĸľŇĨħƟĺĵĨńĺĨĶĺěěńĭŒĵŐĔƟĺ 

ĬņŐĽĚĝĬŇħĲŅĭĶň-ŏĮőĶĨƢȮŀŇĬŏĪŀĶƢĲƖĶŀĴŇŏĨŀĶƢȮőħĵĽŅĴŅĶĩŐĭƞĚĽńĠĠŅĦĔŅĶĺńħŀŀĔŏĮƦĬȮ2 ĽƞĺĬȮœħƟŐĔƞȮ
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ĽńĠĠŅĦĪňŗœħƟĶńĭěŅĔĶŃĭĭĪňŗıńĥĬŅĕŉŘĬȮőħĵŏĴŊŗŀĸņŐĽĚŏħňŗĵĺěŅĔŐľĸƞĚĔņŏĬŇħŐĽĚĩŌĔĽƞĚįƞŅĬĽŅĵŒĵŐĔƟĺ

ĬņŐĽĚŏĕƟŅĽŌƞȮ1x2 œĲŏĭŀĶƢėńĭŏĮĸŀĶƢȮ(Fiber coupler) ŐĸŃĽƞĚĨƞŀœĮĵńĚľńĺĺńħȮ(Sensing arm) ĞŉŗĚĴň

ŐįƞĬœħŀŃŐĲĶĴĪňŗĴňėŋĦĽĴĭńĨŇĵŊħľĵŋƞĬľĶŊŀőĔƞĚĨńĺĨŅĴŐĶĚħńĬĝňıěĶĽƞĚįĸŒľƟŏĔŇħĔŅĶŏĮĸňŗĵĬŐĮĸĚĕŀĚ

ėĸŊŗĬŐĽĚȮěŅĔĬńŘĬėĸŊŗĬŐĽĚħńĚĔĸƞŅĺěŃĩŌĔĽŃĪƟŀĬĔĸńĭĴŅĵńĚĨńĺĨĶĺěěńĭŐĽĚȮ(Photodetector)  

ŏıŊŗŀŐĮĸĚėƞŅĽńĠĠŅĦŐĽĚŒľƟŏĮƦĬĽńĠĠŅĦœĲĲƚŅȮĬŀĔěŅĔĬńŘĬĽńĠĠŅĦěŅĔŏėĶŊŗŀĚĺńħėĺŅĴħńĬőĸľŇĨŐĭĭ

ħŇěŇĨŀĸĴŅĨĶģŅĬœħƟĩŌĔĬņĴŅŒĝƟŏĮƦĬėƞŅŀƟŅĚŀŇĚĽņľĶńĭĔŅĶĺŇŏėĶŅŃľƢȮĮĶŃĴĺĸįĸȮŐĸŃŏĮĶňĵĭŏĪňĵĭľŅ 

ėƞŅėĺŅĴŐĴƞĬĵņȮŐĸŃėĺŅĴėĸŅħŏėĸŊŗŀĬĪňŗŀŅěŏĔŇħĕŉŘĬįƞŅĬőĮĶŐĔĶĴĮĶŃĵŋĔĨƢĪŅĚĺŇĻĺĔĶĶĴȮőħĵ

ĽńĠĠŅĦěŅĔĶŃĭĭĨĶĺěĺńħėĺŅĴħńĬőĸľŇĨĪňŗıńĥĬŅĕŉŘĬĩŌĔĽƞĚŏĕƟŅœĮĵńĚŀŋĮĔĶĦƢŀƞŅĬŐĸŃĭńĬĪŉĔĽńĠĠŅĦȮ

(Data Acquisition Board: DAQ) ĽŅĴŅĶĩŐĽħĚĶŃĭĭĨĶĺěĺńħėĺŅĴħńĬőĸľŇĨħƟĺĵĨńĺĨĶĺěěńĭŒĵŐĔƟĺ

ĬņŐĽĚĝĬŇħĲŅĭĶň-ŏĮőĶĨƢȮŀŇĬŏĪŀĶƢĲƖĶŀĴŇŏĨŀĶƢȮĶƞĺĴĔńĭľńĺĺńħȮ(Sensing probe) ŐĸŃŏėĶŊŗŀĚĴŊŀĺńħ

ŀƟŅĚŀŇĚŏıŇŗĴŏĨŇĴĽņľĶńĭĔŅĶĪħĸŀĚœħƟħńĚĶŌĮĪňŗȮ3.3 

 
Light source

Digital 

sphygmomanometer

1x2 Fiber couplerPhotodetector

Engineering 

application software

Sensing probe

DAQ

Left arm

Neck

 
 

ĶŌĮĪňŗȮ1,1 őėĶĚĽĶƟŅĚĶŃĭĭĨĶĺěĺńħėĺŅĴħńĬőĸľŇĨĪňŗıńĥĬŅĕŉŘĬėĺĭėŌƞĔńĭŏėĶŊŗŀĚĴŊŀĺńħŀƟŅĚŀŇĚ 
 

 ěŅĔĶŌĮŏėĶŊŗŀĚĴŊŀĺńħŀƟŅĚŀŇĚĪňŗĬņĴŅĮĶŃĵŋĔĨƢŒĝƟȮėŊŀȮŏėĶŊŗŀĚĺńħėĺŅĴħńĬőĸľŇĨŐĭĭ
ħŇěŇĨŀĸĴŅĨĶģŅĬȮ(Standard digitalȮsphygmomanometer) őħĵėƞŅŀńĨĶŅĔŅĶŏĨƟĬĕŀĚľńĺŒěȮ 
ėƞŅėĺŅĴħńĬőĸľŇĨĞŇĽĪŀĸŇė ŐĸŃėƞŅėĺŅĴħńĬőĸľŇĨœħŐŀĽĪŀĸŇėȮĩŌĔĬņĴŅŒĝƟĽņľĶńĭĔŅĶĺŇŏėĶŅŃľƢȮ
ĮĶŃĴĺĸįĸȮŏĮĶňĵĭŏĪňĵĭľŅėƞŅėĺŅĴėĸŅħŏėĸŊŗŀĬĪňŗŏĔŇħĕŉŘĬȮĝƞĺĚįĸĔŅĶĪħĸŀĚĪňŗĽŅĴŅĶĩĨĶĺěĺńħœħƟȮ 
ėƞŅėĺŅĴŏĝŊŗŀĴńŗĬȮėƞŅėĺŅĴœĺȮŐĸŃėƞŅĽƞĺĬŏĭňŗĵĚŏĭĬĴŅĨĶģŅĬįƞŅĬőĮĶŐĔĶĴĮĶŃĵŋĔĨƢĪŅĚĺŇĻĺĔĶĶĴ 
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- ĔŅĶıńĥĬŅľńĺĺńħ  
 ĔŅĶŀŀĔŐĭĭŐĸŃıńĥĬŅľńĺĺńħŒľƟĽŅĴŅĶĩĨĶĺěěńĭĽńĠĠŅĦĝňıœħƟȮőħĵœĴƞĶŋĔĸŘņ

ĶƞŅĚĔŅĵĕŀĚįŌƟĪħĽŀĭȮőħĵĴňŏĚŊŗŀĬœĕȮėŊŀȮįŌƟĪħĽŀĭĽŅĴŅĶĩŒĝƟĚŅĬĚƞŅĵȮœĴƞĨƟŀĚŒĝƟŐĶĚĔħĪńĭĕĦŃŒĝƟĚŅĬ
ľńĺĺńħĴňőėĶĚĽĶƟŅĚœĴƞĞńĭĞƟŀĬȮĺńĽħŋĽŃĪƟŀĬŐĽĚȮŐĸŃĺńĽħŋĵŊħľĵŋƞĬŐĨƞĸŃĮĶŃŏĳĪĪňŗĬņĴŅĮĶŃĵŋĔĨƢŒĝƟ
ıńĥĬŅľńĺĺńħĨƟŀĚœħƟĶńĭĔŅĶĪħĽŀĭĔƞŀĬŒĝƟĚŅĬěĶŇĚȮľńĺĺńħĴňėĺŅĴŏľĴŅŃĽĴĨƞŀĪŋĔŏıĻĪŋĔĺńĵȮŐĸŃ 
ĴňĨƟĬĪŋĬĨŗņȮĶĺĴĪńŘĚľńĺĺńħĨƟŀĚĽŅĴŅĶĩĨĶĺěĺńħĝňıěĶŐĸŃėĺŅĴħńĬőĸľŇĨœħƟȮőħĵĴňėĺŅĴŐĴƞĬĵņȮŐĸŃ 
ĴňėĺŅĴĩŌĔĨƟŀĚȮĽŅĴŅĶĩŐĽħĚĔŅĶŀŀĔŐĭĭőėĶĚĽĶƟŅĚĕŀĚőĴŏħĸľńĺĺńħĽņľĶńĭŒĝƟĚŅĬĶƞĺĴĔńĭĨńĺĨĶĺěěńĭ
ŒĵŐĔƟĺĬņŐĽĚĝĬŇħĲŅĭĶň-ŏĮőĶĨƢ ŀŇĬŏĪŀĶƢĲƖĶŀĴŇŏĨŀĶƢȮœħƟħńĚĶŌĮĪňŗȮ3.4 

 
Elastic materialHousing

Optical Fiber 

Fiber core

Reflective material

Collimating lens  
 

ĶŌĮĪňŗȮ1,2 ĸńĔļĦŃőėĶĚĽĶƟŅĚĕŀĚőĴŏħĸľńĺĺńħ 

 
őħĵĸńĔļĦŃőėĶĚĽĶƟŅĚĕŀĚľńĺĺńħĪňŗıńĥĬŅĕŉŘĬȮĮĶŃĔŀĭħƟĺĵȮŐįƞĬĺńĽħŋĽŃĪƟŀĬŐĽĚ 

(Reflective material)ȮĨŇħĨńŘĚĶƞĺĴĔńĭĺńĽħŋĵŊħľĵŋƞĬȮ(Elastic material) ĭĶŇŏĺĦĮĸŅĵĽŅĵŒĵŐĔƟĺĬņŐĽĚȮ
(Optical fiber end) ĞŉŗĚŀĵŌƞĳŅĵŒĬŏĸĬĽƢĪňŗĪņŒľƟŐĽĚěŅĔŐľĸƞĚĔņŏĬŇħŐĽĚŏĮƦĬŐĽĚĕĬŅĬȮ(Collimating 
lens) ĽņľĶńĭĕńŘĬĨŀĬĨƞŀœĮŒĬĔŅĶıńĥĬŅľńĺĺńħȮėŊŀȮĔŅĶĪħĽŀĭėŋĦĽĴĭńĨŇĕŀĚĺńĽħŋŏıŊŗŀėńħŏĸŊŀĔĺńĽħŋ 
ĪňŗŏľĴŅŃĽĴĪňŗĽŋħ őħĵĮĶŃĔŀĭħƟĺĵĺńĽħŋĽŃĪƟŀĬŐĽĚȮŐĸŃĺńĽħŋĵŊħľĵŋƞĬȮħńĚĬňŘ 

3.2.2 ĔŅĶĪħĽŀĭėŋĦĽĴĭńĨŇĕŀĚĺńĽħŋȮ(Material demonstration) 
 - ĔŅĶĪħĽŀĭĔŅĶĽŃĪƟŀĬŐĽĚĕŀĚĺńĽħŋȮ(Reflective material demonstration) 

ĺńĽħŋĽŃĪƟŀĬŐĽĚěņĬĺĬȮ4 ĝĬŇħȮœħƟŐĔƞ 1) ŐįƞĬŀĸŌĴŇŏĬňĵĴĭŅĚ (Aluminum foil)ȮėŊŀȮ
įĸŇĨĳńĦĤƢĪňŗŒĝƟĽņľĶńĭĔŅĶĮĶŃĔŀĭŀŅľŅĶȮľƞŀľŋƟĴȮĩĬŀĴŀŅľŅĶȮľĶŊŀĔŅĶĶńĔļŅŀŋĦľĳŌĴŇȮŏĮƦĬĨƟĬȮĞŉŗĚĴň
ėŋĦĽĴĭńĨŇŏĮƦĬĺńĽħŋĪŉĭŐĽĚȮĽňŏĪŅȮĴňįŇĺĽńĴįńĽĴńĬĺŅĺȮŐĸŃĽŅĴŅĶĩĽŃĪƟŀĬŐĽĚœħƟȮ2) ĲƕĸƢĴĽŃĪƟŀĬŐĽĚ
ĭŅĚĝĬŇħĮĶŇĞŉĴȮ(Prismatic retroreflective thin film: PSR film) ĵňŗľƟŀȮ3MȮŏĮƦĬŐįƞĬĽŃĪƟŀĬŐĽĚ
ŐĭĭœĴőėĶĮĶŇĞŉĴȮőħĵĩŌĔŀŀĔŐĭĭĽņľĶńĭĔŅĶįĸŇĨĮƚŅĵĽŃĪƟŀĬŐĽĚŏĝŇĚıŅĦŇĝĵƢȮŐĸŃĮƚŅĵėĺĭėŋĴ
ĔŅĶěĶŅěĶȮŏĮƦĬĨƟĬȮ3) ĔĶŃěĔŏĚŅ (Plane mirror)ȮėŊŀȮĔĶŃěĔŒĽĪňŗŏėĸŊŀĭĽŅĶĽŃĪƟŀĬŐĽĚȮĴňėŋĦĽĴĭńĨŇ
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ĔŅĶĽŃĪƟŀĬŏĔŇħŏĮƦĬĳŅıŏĽĴŊŀĬĕŀĚĺńĨĩŋȮŐĸŃ 4) ĔĶŃěĔŏėĸŊŀĭŀĸŌĴŇŏĬňĵĴ (Aluminum coated 
mirror)ȮėŊŀȮĔĶŃěĔŒĽŏėĸŊŀĭĽŅĶŀĸŌĴŇŏĬňĵĴȮĞŉŗĚĴňėŋĦĽĴĭńĨŇĽŅĴŅĶĩĽŃĪƟŀĬŐĽĚœħƟȮ98%ȮœħƟĩŌĔĬņĴŅ
ħņŏĬŇĬĔŅĶĪħĽŀĭėŋĦĽĴĭńĨŇŒĬĔŅĶĽŃĪƟŀĬŐĽĚȮĺńĽħŋĽŃĪƟŀĬŐĽĚŐĨƞĸŃĝĬŇħĩŌĔĬņĴŅĪħĽŀĭħƟĺĵĶŃĭĭ
ěņĸŀĚĔŅĶŏĔŇħĝňıěĶĕŀĚĴĬŋļĵƢȮőħĵĽŅĴŅĶĩŐĽħĚőėĶĚĽĶƟŅĚĶŃĭĭĪħĽŀĭĔŅĶĽŃĪƟŀĬŐĽĚĕŀĚĺńĽħŋœħƟ
ħńĚĶŌĮĪňŗȮ3.5 

 

Digital oscilloscope

Reflective material

Function generatorMechanical 
vibrator

Sensing probe
Light source

Photodetector1x2 Fiber coupler

 
 

ĶŌĮĪňŗȮ1,3 őėĶĚĽĶƟŅĚĶŃĭĭĽņľĶńĭĪħĽŀĭĔŅĶĽŃĪƟŀĬŐĽĚĕŀĚĺńĽħŋ 
 

őħĵħņŏĬŇĬĔŅĶĪħĽŀĭėŋĦĽĴĭńĨŇĕŀĚĺńĽħŋĽŃĪƟŀĬŐĽĚŐĨƞĸŃĝĬŇħĶƞĺĴĔńĭĨńĺĨĶĺěěńĭ
ŒĵŐĔƟĺĬņŐĽĚĝĬŇħĲŅĭĶň-ŏĮőĶĨƢȮŀŇĬŏĪŀĶƢĲƖĶŀĴŇŏĨŀĶƢȮ(Fiber optic Fabry-Perot Interferometer) 
ŀŋĮĔĶĦƢĽĶƟŅĚŐĶĚĽńŗĬĽŃŏĪŊŀĬ (Mechanical vibrator)ȮŐĸŃŏėĶŊŗŀĚĔņŏĬŇħĶŌĮėĸŊŗĬĽńĠĠŅĦȮ(Function 
generator)ȮŏıŊŗŀĪħĽŀĭĔŅĶŏĔŇħĶŇŘĺŐĪĶĔĽŀħĕŀĚŐĽĚȮ(Interference fringe)ȮĔŅĶŏĮĸňŗĵĬŐĮĸĚĕŀĚ
ėĸŊŗĬŏĲĽ (Phase change) ŐĸŃėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĽŃĪƟŀĬŐĽĚȮ(Reflectivity) ŏĮƦĬĨƟĬ ŏĴŊŗŀĮƚŀĬ
ėĺŅĴĩňŗěŅĔŏėĶŊŗŀĚĔņŏĬŇħĶŌĮėĸŊŗĬĽńĠĠŅĦŒĬĶŌĮŐĭĭĕŀĚĽńĠĠŅĦėĸŊŗĬœĞĬƢȮ(Sine wave) ŏĕƟŅĽŌƞŀŋĮĔĶĦƢ
ĽĶƟŅĚŐĶĚĽńŗĬĽŃŏĪŊŀĬĽƞĚįĸŒľƟľĬƟŅĽńĴįńĽĕŀĚŀŋĮĔĶĦƢȮŐĸŃĺńĽħŋĽŃĪƟŀĬŐĽĚŏĔŇħĔŅĶŏėĸŊŗŀĬœľĺĨŅĴ
ěńĚľĺŃėĺŅĴĩňŗȮěŅĔĬńŘĬĨńĺĨĶĺěěńĭŒĵŐĔƟĺĬņŐĽĚĝĬŇħȮFFPI ěŃĨĶĺěěńĭĔŅĶŏĮĸňŗĵĬŐĮĸĚĪňŗŏĔŇħĕŉŘĬȮŐĸŃ
ŏĔŇħŏĮƦĬĶŇŘĺŐĪĶĔĽŀħĕŀĚŐĽĚȮĞŉŗĚħņŏĬŇĬĔŅĶĨŇħĨŅĴįĸĽńĠĠŅĦħƟĺĵŏėĶŊŗŀĚĺńħĶŌĮėĸŊŗĬĽńĠĠŅĦĪŅĚ
œĲĲƚŅȮ(Digital oscilloscope)ȮőħĵŐĽħĚįĸŏĮƦĬėƞŅŐĶĚħńĬœĲĲƚŅȮěŅĔĬńŘĬĭńĬĪŉĔįĸĔŅĶŏĮĸňŗĵĬŐĮĸĚ
ĕŀĚĕĬŅħŐŀĴıĸŇěŌħȮ(Amplitude)ȮŐĸŃěņĬĺĬĔŅĶŏĔŇħĶŇŘĺŐĪĶĔĽŀħĕŀĚŐĽĚ ěŅĔĺńĽħŋĽŃĪƟŀĬŐĽĚ 
ŐĨƞĸŃĝĬŇħĪňŗŐĨĔĨƞŅĚĔńĬŒĬĶŃħńĭėĺŅĴĩňŗĨƞŅĚȮŕ 

ĺŇīňĔŅĶĪħĽŀĭėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĽŃĪƟŀĬŐĽĚĕŀĚĺńĽħŋĴňħńĚĬňŘ 
1) ĨńħĝŇŘĬĽƞĺĬĺńĽħŋĽŃĪƟŀĬŐĽĚĪňŗĬņĴŅĪħĽŀĭŏĮƦĬĶŌĮĺĚĔĸĴȮĽŅĴŅĶĩŐĽħĚĨńĺŀĵƞŅĚ

ĺńĽħŋĽŃĪƟŀĬŐĽĚĝĬŇħĨƞŅĚȮŕȮħńĚĶŌĮĪňŗȮ3.6 
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Ȯ   
&Ĕ' (ĕ) 

Ȯ   
 &ė'Ȯ (Ě) 

ĶŌĮĪňŗȮ1,4 ĮĶŃŏĳĪĺńĽħŋĽŃĪƟŀĬŐĽĚ;Ȯ(Ĕ)ȮĲƕĸƢĴĽŃĪƟŀĬŐĽĚĭŅĚĝĬŇħĮĶŇĞŉĴȮ(ĕ)ȮĔĶŃěĔŏėĸŊŀĭŀĸŌĴŇŏĬňĵĴ  
(ė)ȮŐįƞĬŀĸŌĴŇŏĬňĵĴĭŅĚȮŐĸŃȮ(Ě)ȮĔĶŃěĔŏĚŅ 

 
ŏĬŊŗŀĚěŅĔĕĬŅħĕŀĚľńĺĺńħĴňėĺŅĴĔĺƟŅĚŏĪƞŅĔńĭȮ10 ĴŇĸĸŇŏĴĨĶ ěŉĚĔņľĬħŒľƟĺńĽħŋ

ĽŃĪƟŀĬŐĽĚĪńŘĚȮ4 ĝĬŇħȮĴňĕĬŅħŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚŏĪƞŅĔńĭȮ10ȮĴŇĸĸŇŏĴĨĶȮŏĪƞŅĔńĬ 
2) ĬņĨńĺŀĵƞŅĚĺńĽħŋĽŃĪƟŀĬŐĽĚŐĨƞĸŃĝĬŇħĨŇħĨńŘĚĭĶŇŏĺĦįŇĺľĬƟŅȮŐĸŃĨņŐľĬƞĚ

ĻŌĬĵƢĔĸŅĚĕŀĚŀŋĮĔĶĦƢĽĶƟŅĚŐĶĚĽńŗĬĽŃŏĪŊŀĬȮħńĚĶŌĮĪňŗȮ3.7 
 

ŐįƞĬŀĸŌĴŇŏĬňĵĴĭŅĚ

Ȯ

ĲƕĸƢĴĽŃĪƟŀĬŐĽĚĭŅĚ
ĝĬŇħĮĶŇĞŉĴ

Ȯ

ĔĶŃěĔŏĚŅĔĶŃěĔŏėĸŊŀĭŀĸŌĴŇŏĬňĵĴ

 

&Ĕ' (ĕ)  (ė)   (Ě) 
ĶŌĮĪňŗȮ1,5ȮĨńĺŀĵƞŅĚĔŅĶĨŇħĨńŘĚĺńĽħŋĽŃĪƟŀĬŐĽĚĔńĭŀŋĮĔĶĦƢĽĶƟŅĚŐĶĚĽńŗĬĽŃŏĪŊŀĬ; (Ĕ)ȮŐįƞĬŀĸŌĴŇŏĬňĵĴĭŅĚȮ

(ĕ)ȮĲƕĸƢĴĽŃĪƟŀĬŐĽĚĭŅĚĝĬŇħĮĶŇĞŉĴȮ(ė)ȮĔĶŃěĔŏĚŅ ŐĸŃȮ(Ě)ȮĔĶŃěĔŏėĸŊŀĭŀĸŌĴŇŏĬňĵĴ 
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ěŅĔĔŅĶĨŇħĨńŘĚĺńĽħŋĽŃĪƟŀĬŐĽĚĭĬįŇĺľĬƟŅĕŀĚŀŋĮĔĶĦƢĽĶƟŅĚŐĶĚĽńŗĬĽŃŏĪŊŀĬ  
ĞŉŗĚŏĝŊŗŀĴĨƞŀĔńĭŏėĶŊŗŀĚĔņŏĬŇħĶŌĮėĸŊŗĬĽńĠĠŅĦĽņľĶńĭĮƚŀĬėĺŅĴĩňŗȮŐĸŃŏėĶŊŗŀĚĺńħĶŌĮėĸŊŗĬĽńĠĠŅĦĪŅĚ
œĲĲƚŅȮĽņľĶńĭŐĽħĚįĸĕƟŀĴŌĸĔŅĶĪħĸŀĚȮ 

3) ĨŇħĨńŘĚĶŃĭĭĨńĺĨĶĺěěńĭŒĵŐĔƟĺĬņŐĽĚĝĬŇħĲŅĭĶň-ŏĮőĶĨƢȮŀŇĬŏĪŀĶƢĲƖĶŀĴŇŏĨŀĶƢȮ
ĶƞĺĴĔńĭŀŋĮĔĶĦƢĽĶƟŅĚŐĶĚĽńŗĬĽŃŏĪŊŀĬĽŅĴŅĶĩŐĽħĚĔŅĶĨŇħĨńŘĚĶŃĭĭœħƟħńĚĶŌĮĪňŗȮ3.8 

 

 
 

ĶŌĮĪňŗȮ1,6 ĨńĺŀĵƞŅĚĔŅĶĨŇħĨńŘĚĪħĽŀĭĔŅĶĽŃĪƟŀĬŐĽĚĔńĭľńĺĺńħ FFPI 
 
őħĵħņŏĬŇĬĔŅĶĨŇħĨńŘĚŏĸĬĽƢĕŀĚľńĺĺńħŒľƟĴňĪŇĻĪŅĚľńĺŏĕƟŅĔńĭľĬƟŅĽńĴįńĽĕŀĚĺńĽħŋ

ĽŃĪƟŀĬŐĽĚȮĞŉŗĚĩŌĔĵŉħĨŇħœĺƟĔńĭįŇĺĕŀĚŀŋĮĔĶĦƢĽĶƟŅĚŐĶĚĽńŗĬĽŃŏĪŊŀĬȮĶŃĵŃľƞŅĚĮĶŃĴŅĦȮ5 ĴŇĸĸŇŏĴĨĶ 
4) ĔņľĬħĶŃħńĭėĺŅĴĩňŗŒľƟŏėĶŊŗŀĚĔņŏĬŇħĶŌĮėĸŊŗĬĽńĠĠŅĦŏĪƞŅĔńĭȮ1, 2, 5, 10, 20,Ȯ

ŐĸŃȮ50 Hz ĨŅĴĸņħńĭ 
5) ĨŇħĨŅĴįĸĽńĠĠŅĦħƟĺĵŏėĶŊŗŀĚĺńħĶŌĮėĸŊŗĬĽńĠĠŅĦĪŅĚœĲĲƚŅȮőħĵŐĽħĚįĸŏĮƦĬ 

ėƞŅŐĶĚħńĬœĲĲƚŅȮěŅĔĬńŘĬĭńĬĪŉĔįĸĔŅĶŏĮĸňŗĵĬŐĮĸĚĕŀĚĕĬŅħŐŀĴıĸŇěŌħȮ(Amplitude)ȮŐĸŃěņĬĺĬ
ĔŅĶŏĔŇħĶŇŘĺŐĪĶĔĽŀħĕŀĚŐĽĚ ěŅĔĺńĽħŋĽŃĪƟŀĬŐĽĚŐĨƞĸŃĝĬŇħĪňŗŐĨĔĨƞŅĚĔńĬŒĬĶŃħńĭėĺŅĴĩňŗĨƞŅĚȮŕȮŏıŊŗŀ
ĺŇŏėĶŅŃľƢėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĽŃĪƟŀĬŐĽĚĕŀĚĺńĽħŋȮőħĵľŅĔĺńĽħŋŒħĴňįĸĔŅĶŏĔŇħĶŇŘĺŐĪĶĔĽŀħĴŅĔȮ
ŐĽħĚĺƞŅĽŅĴŅĶĩĽŃĪƟŀĬŐĽĚœħƟħň 

- ĔŅĶĪħĽŀĭėĺŅĴĵŊħľĵŋƞĬĕŀĚĺńĽħŋ (Elastic material demonstration) 
ĺńĽħŋĪňŗĬņĴŅĪħĽŀĭėĺŅĴĵŊħľĵŋƞĬȮ(Elasticity) ŐĸŃĔŅĶőĔƞĚĨńĺ ěņĬĺĬȮ3 ĝĬŇħȮœħƟŐĔƞȮ

ĸŌĔőĮƙĚĵŅĚȮĩŋĚĴŊŀœĬœĨĶȮľĶŊŀĩŋĚĴŊŀĮƚŀĚĔńĬĽŅĶŏėĴň ŐĸŃĩŋĚĴŊŀĵŅĚīĶĶĴĝŅĨŇȮľĶŊŀĩŋĚĴŊŀĵŅĚĽņľĶńĭ 
ĔŅĶŒĝƟĚŅĬħƟŅĬĔŅĶŐıĪĵƢȮĽŅĴŅĶĩŐĽħĚĨńĺŀĵƞŅĚĺńĽħŋĵŊħľĵŋƞĬŐĨƞĸŃĝĬŇħœħƟħńĚĶŌĮĪňŗȮ3.9 
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ȮȮȮȮ ȮȮȮȮ  

&Ĕ' &ĕ' &ė' 

ĶŌĮĪňŗȮ1,7ȮĮĶŃŏĳĪĺńĽħŋĵŊħľĵŋƞĬ9Ȯ&Ĕ'ȮĩŋĚĴŊŀœĬœĨĶȮ(ĕ)ȮĩŋĚĴŊŀĵŅĚīĶĶĴĝŅĨŇȮŐĸŃȮ(ė)ȮĸŌĔőĮƙĚĵŅĚ 
   

  ěŅĔĶŌĮĪňŗȮ3.9 ıĭĺƞŅȮĺńĽħŋĵŊħľĵŋƞĬĪňŗěŃĬņĴŅĪħĽŀĭĴňĶŌĮĶƞŅĚȮĸńĔļĦŃıŊŘĬįŇĺĽńĴįńĽȮ

ėĺŅĴĵŊħľĵŋƞĬȮŐĸŃėĺŅĴľĬŅĪňŗŐĨĔĨƞŅĚĔńĬȮħńĚĬńŘĬěŉĚĨƟŀĚħņŏĬŇĬĔŅĶĪħĽŀĭėĺŅĴĵŊħľĵŋƞĬįƞŅĬŏėĶŊŗŀĚħŉĚ

ĴŅĨĶģŅĬȮőħĵĴňĕńŘĬĨŀĬĔŅĶħņŏĬŇĬĚŅĬħńĚĬňŘ 

ĺŇīňĔŅĶĪħĽŀĭėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĵŊħľĵŋƞĬĕŀĚĺńĽħŋĴňħńĚĬňŘ 
1) ħņŏĬŇĬĔŅĶŀŀĔŐĭĭőĴŏħĸĝŇŘĬĽƞĺĬĨńĺŀĵƞŅĚĽņľĶńĭĬņœĮĪħĽŀĭŏĕƟŅŏėĶŊŗŀĚħŉĚȮ

őħĵĽŅĴŅĶĩŐĽħĚœħƟħńĚĶŌĮĪňŗȮ3.10 

 
ėĺŅĴĵŅĺŏĔě

20 mm

10 mm 

30 mm 30 mm

2
0

 m
m

 
 

ĶŌĮĪňŗȮ1,/. őĴŏħĸĨńĺŀĵƞŅĚĝŇŘĬĽƞĺĬĪħĽŀĭĺńĽħŋĵŊħľĵŋƞĬ 
 
ĔņľĬħŒľƟĺńĽħŋĵŊħľĵŋƞĬĪňŗěŃĬņŏĕƟŅĪħĽŀĭħƟĺĵŏėĶŊŗŀĚħŉĚĴňĕĬŅħėĺŅĴĵŅĺŏĔěȮ

(Guage length) ŏĪƞŅĔńĭȮ20 ĴŇĸĸŇŏĴĨĶȮŐĸŃėĺŅĴĔĺƟŅĚŏĪƞŅĔńĭȮ10 ĴŇĸĸŇŏĴĨĶȮĽņľĶńĭĕĬŅħĽňŗŏľĸňŗĵĴ
ĶŀĭĬŀĔĴňĕĬŅħėĺŅĴĔĺƟŅĚŏĪƞŅĔńĭȮ20 ĴŇĸĸŇŏĴĨĶȮŐĸŃėĺŅĴĵŅĺĶĺĴŏĪƞŅĔńĭȮ90 ĴŇĸĸŇŏĴĨĶȮőħĵĨńħ
ĝŇŘĬĽƞĺĬĺńĽħŋĵŊħľĵŋƞĬĪńŘĚȮ3 ĝĬŇħȮ 
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2) ŏĴŊŗŀĨńħĝŇŘĬĽƞĺĬĨńĺŀĵƞŅĚĕŀĚĺńĽħŋĵŊħľĵŋƞĬŐĨƞĸŃĝĬŇħěŅĔőĴŏħĸĨƟĬŐĭĭŐĸƟĺȮ
ĽŅĴŅĶĩŐĽħĚĝŇŘĬĽƞĺĬĨńĺŀĵƞŅĚœħƟħńĚĶŌĮĪňŗȮ3.11Ȯ 

 

 
 

ĶŌĮĪňŗȮ1,// įĸĔŅĶĨńħĝŇŘĬĽƞĺĬĨńĺŀĵƞŅĚĕŀĚĺńĽħŋŐĨƞĸŃĝĬŇħ 
 

ěŅĔĬńŘĬĬņĝŇŘĬĽƞĺĬĺńĽħŋĵŊħľĵŋƞĬȮœħƟŐĔƞȮŐįƞĬĵŅĚĭŅĚȮŐįƞĬĵŅĚīĶĶĴĝŅĨŇ ŐĸŃŐįƞĬ
ĵŅĚœĬœĨĶȮĴŅĪħĽŀĭĔńĭŏėĶŊŗŀĚħŉĚȮĵňŗľƟŀ Chun Yen ĶŋƞĬȮCY-6102  

3) ĬņĝŇŘĬĽƞĺĬĪħĽŀĭĽƞĺĬħƟŅĬĭĬȮŐĸŃħƟŅĬĸƞŅĚĮĶŃĔŀĭŏĕƟŅĔńĭœĴƟŀńħĪňŗĴňėĺŅĴľĬŅ
ŏĪƞŅĔńĭȮ5 ĴŇĸĸŇŏĴĨĶȮħńĚĶŌĮĪňŗȮ3.12 

 

 
 
ĶŌĮĪňŗȮ1,/0ȮĬņŏĕƟŅĝŇŘĬĽƞĺĬĪħĽŀĭĺńĽħŋĵŊħľĵŋƞĬŏĕƟŅŏėĶŊŗŀĚħŉĚ 

 

őħĵŒĽƞĝŇŘĬĽƞĺĬĪħĽŀĭœĺƟĨĶĚĔĸŅĚŏıŊŗŀĽĶƟŅĚıŊŘĬĪňŗľĬƟŅĽńĴįńĽŒľƟĔńĭĨńĺĵŉħěńĭȮ

(Clamp) ŐĸŃĮƚŀĚĔŅĶŏėĸŊŗŀĬĪňŗĕŀĚĺńĽħŋĕĦŃħŉĚœĴƞŒľƟľĸŋħěŅĔĨńĺĵŉħěńĭ 
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4) ħņŏĬŇĬĔŅĶĪħĽŀĭėĺŅĴĵŊħľĵŋƞĬĕŀĚĺńĽħŋŐĨƞĸŃĝĬŇħħƟĺĵŏėĶŊŗŀĚħŉĚĞŘņĔńĬĺńĽħŋĸŃȮ
3 ėĶńŘĚȮĽŅĴŅĶĩŐĽħĚĨńĺŀĵƞŅĚĔŅĶĪħĽŀĭėĺŅĴĵŊħľĵŋƞĬĕŀĚĺńĽħŋħƟĺĵŏėĶŊŗŀĚħŉĚœħƟħńĚĶŌĮĪňŗȮ3.13 
 

ȮȮȮ ȮȮȮ  

(Ĕ)   (ĕ)   (ė) 

ĶŌĮĪňŗȮ1,/1 ĨńĺŀĵƞŅĚĔŅĶĪħĽŀĭėĺŅĴĵŊħľĵŋƞĬĕŀĚĺńĽħŋĪńŘĚȮ3 ĝĬŇħȮħƟĺĵŏėĶŊŗŀĚħŉĚ;Ȯ(Ĕ)ȮŐįƞĬĵŅĚœĬœĨĶȮ
(ĕ)ȮŐįƞĬĵŅĚīĶĶĴĝŅĨŇȮŐĸŃȮ(ė)ȮŐįƞĬĵŅĚĭŅĚ 

 
ŏĴŊŗŀĺńĽħŋĵŊħľĵŋƞĬĩŌĔħŉĚěĬĕŅħŐĸƟĺěŃĮĶŅĔĢħńĚĶŌĮĪňŗȮ3.14 őħĵĝŇŘĬĽƞĺĬĪħĽŀĭ

ěŃĨƟŀĚĩŌĔħŉĚĕŅħȮĦȮĭĶŇŏĺĦėĺŅĴĵŅĺŏĔěŏĪƞŅĬńŘĬȮľŅĔĺńĽħŋĕŅħĭĶŇŏĺĦŀŊŗĬȮĨƟŀĚħņŏĬŇĬĔŅĶĪħĽŀĭŒľĴƞȮ
ěŅĔĔŅĶĪħĽŀĭěŃœħƟįĸėƞŅĵńĚĴŀħŋĸńĽ ŐĸŃŏĮŀĶƢŏĞŖĬĨƢĔŅĶĵŊħĨńĺĕŀĚĺńĽħŋȮ 

 

ĩŋĚĴŊŀĵŅĚīĶĶĴĝŅĨŇ

ĶŀĵĕŅħěŅĔĔŅĶħŉĚ

 
 

ĶŌĮĪňŗȮ1,/2 ĨńĺŀĵƞŅĚĺńĽħŋĵŊħľĵŋƞĬľĸńĚěŅĔĔŅĶĪħĽŀĭħƟĺĵŏėĶŊŗŀĚħŉĚ 
 

5) ĺŇŏėĶŅŃľƢľŅėƞŅĵńĚĴŀħŋĸńĽȮ&Young's modulus: N/mm2)ȮŐĸŃėƞŅŏĮŀĶƢŏĞŖĬĨƢ
ĔŅĶĵŊħĨńĺȮ(Percentage of elongation: mm)ȮĕŀĚĺńĽħŋȮŏıŊŗŀŏĸŊŀĔĺńĽħŋĪňŗĴňėĺŅĴĵŊħľĵŋƞĬŏľĴŅŃĽĴ
ĪňŗĽŋħĽņľĶńĭĮĶŃĵŋĔĨƢŒĝƟıńĥĬŅľńĺĺńħȮŐĸŃĨŇħĨńŘĚĭĬįŇĺľĬńĚĕŀĚĴĬŋļĵƢőħĵœĴƞĽĶƟŅĚėĺŅĴŏěŖĭĮĺħȮ 
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 3.2.3 ĔŅĶıńĥĬŅőĮĶŐĔĶĴĮĶŃĵŋĔĨƢĪŅĚĺŇĻĺĔĶĶĴĽņľĶńĭŐĽħĚėƞŅĪňŗĺńħœħƟ 
 ŏĬŊŗŀĚěŅĔĽńĠĠŅĦĪňŗœħƟěŅĔĶŃĭĭĨĶĺěĺńħėĺŅĴħńĬőĸľŇĨħƟĺĵĨńĺĨĶĺěěńĭŒĵŐĔƟĺĬņŐĽĚ
ĝĬŇħĲŅĭĶň-ŏĮőĶĨƢȮŀŇĬŏĪŀĶƢĲƖĶŀĴŇŏĨŀĶƢĪňŗıńĥĬŅĕŉŘĬĮĶŃĔŀĭħƟĺĵȮĽńĠĠŅĦĶŇŘĺŐĪĶĔĽŀħĕŀĚŐĽĚěŅĔ
ľńĺĺńħȮĞŉŗĚĨƟŀĚįƞŅĬĔŅĶŐĮĸėƞŅěŅĔėĺŅĴħńĬĪŅĚœĲĲƚŅȮ(Volt) ŒľƟŏĮƦĬėƞŅėĺŅĴħńĬőĸľŇĨȮőħĵĽńĠĠŅĦ 
ĪňŗœħƟŀŅěĴňėĸŊŗĬĽńĠĠŅĦĶĭĔĺĬ (Noise) ěŅĔĽŇŗĚŐĺħĸƟŀĴȮľĶŊŀĔŅĶŏėĸŊŗŀĬœľĺĕŀĚįŌƟĪħĽŀĭȮ(Moving 
artifact) ěŅĔĔŅĶľŅĵŒěľĶŊŀĔĸŊĬĬŘņĸŅĵȮŏĮƦĬĨƟĬȮĶƞĺĴĔńĭĽńĠĠŅĦĪňŗĨƟŀĚĔŅĶȮħńĚĬńŘĬěŉĚĨƟŀĚĺŇŏėĶŅŃľƢȮ
ŐĸŃĮĶŃĴĺĸįĸĽńĠĠŅĦįƞŅĬőĮĶŐĔĶĴĮĶŃĵŋĔĨƢĪŅĚĺŇĻĺĔĶĶĴĵƞŀĵœħƟŐĔƞȮőĮĶŐĔĶĴȮDAQExpress 
ŐĸŃőĮĶŐĔĶĴ MATLAB R2018a ŏĮƦĬĨƟĬ 

- őĮĶŐĔĶĴȮDAQExpressȮ 
őħĵőĮĶŐĔĶĴĽŅĴŅĶĩŏĝŊŗŀĴĨƞŀĶŃľĺƞŅĚĶŃĭĭĨĶĺěĺńħėĺŅĴħńĬőĸľŇĨĪňŗıńĥĬŅĕŉŘĬ

ĔńĭėŀĴıŇĺŏĨŀĶƢĽƞĺĬĭŋėėĸœħƟȮĽŅĴŅĶĩŐĽħĚĨńĺŀĵƞŅĚľĬƟŅőĮĶŐĔĶĴȮDAQExpress œħƟħńĚĶŌĮĪňŗȮ3.15 
 

 
 

ĶŌĮĪňŗȮ1,/3 ĨńĺŀĵƞŅĚľĬƟŅőĮĶŐĔĶĴȮDAQExpress 
 

őĮĶŐĔĶĴĬňŘĩŌĔŒĝƟĽņľĶńĭŐĽħĚįĸĽńĠĠŅĦĶŇŘĺŐĪĶĔĽŀħĕŀĚŐĽĚĪňŗœħƟěŅĔĶŃĭĭ

ĨĶĺěĺńħėĺŅĴħńĬőĸľŇĨħƟĺĵĨńĺĨĶĺěěńĭŒĵŐĔƟĺĬņŐĽĚĪňŗıńĥĬŅĕŉŘĬ ŐĸŃĪņľĬƟŅĪňŗŏĔŖĭĶĺĭĶĺĴįĸĕƟŀĴŌĸ

ĔŅĶĪħĸŀĚěŅĔŀŅĽŅĽĴńėĶȮŏĮƦĬĨƟĬ 

- őĮĶŐĔĶĴȮMATLAB R2018a  
őĮĶŐĔĶĴĽņľĶńĭĔŅĶŐĽħĚįĸȮĺŇŏėĶŅŃľƢȮŐĸŃĮĶŃĴĺĸįĸĽńĠĠŅĦĶŇŘĺŐĪĶĔĽŀħ

ĕŀĚŐĽĚȮĽŅĴŅĶĩŐĽħĚĨńĺŀĵƞŅĚľĬƟŅőĮĶŐĔĶĴȮMATLAB R2018a œħƟħńĚĶŌĮĪňŗȮ3.16 
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ĶŌĮĪňŗȮ1,/4 ĨńĺŀĵƞŅĚľĬƟŅőĮĶŐĔĶĴȮMATLAB R2018a 
Ȯ 
  ĬŀĔěŅĔĬňŘįĸĽńĠĠŅĦěŅĔĶŃĭĭĨĶĺěĺńħėĺŅĴħńĬőĸľŇĨĪňŗıńĥĬŅĕŉŘĬĮĶŃĔŀĭħƟĺĵ
ĽńĠĠŅĦĶŇŘĺŐĪĶĔĽŀħĕŀĚŐĽĚĪňŗœħƟěŅĔĔŅĶŏĔŖĭĕƟŀĴŌĸěŅĔŀŅĽŅĽĴńėĶŏĺĸŅȮ15 ĺŇĬŅĪňȮľŅĔĽńĠĠŅĦ 
ĴňĔŅĶĶĭĔĺĬěŅĔĽŇŗĚŐĺħĸƟŀĴĳŅĵĬŀĔȮħńĚĬńŘĬěŉĚĨƟŀĚĔĶŀĚĽńĠĠŅĦĶĭĔĺĬŏıŊŗŀŒľƟœħƟĴŅĞŉŗĚėĸŊŗĬĽńĠĠŅĦ 
ĪňŗĝńħŏěĬȮĽŅĴŅĶĩŐĽħĚĕńŘĬĨŀĬĔŅĶħņŏĬŇĬĚŅĬȮĺŇŏėĶŅŃľƢȮŐĸŃĮĶŃĴĺĸįĸĕƟŀĴŌĸěŅĔĶŃĭĭĨĶĺěĺńħ 
ĪňŗıńĥĬŅĕŉŘĬœħƟħńĚĶŌĮĪňŗȮ3.17 

 

 
 

ĶŌĮĪňŗȮ1,/5 ĔŅĶĮĶŃĴĺĸįĸĕƟŀĴŌĸěŅĔľńĺĺńħȮFFPI 
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ěŅĔĶŌĮĶŃĭĭĨĶĺěĺńħėĺŅĴħńĬőĸľŇĨĪňŗıńĥĬŅĕŉŘĬŒľƟįĸĽńĠĠŅĦĶŇŘĺŐĪĶĔĽŀħ 
ĕŀĚŐĽĚȮĞŉŗĚĕĦŃŏĔŖĭĕƟŀĴŌĸĔŅĶĪħĸŀĚŀŅěĴňĽńĠĠŅĦĶĭĔĺĬȮ&Noise) ĶƞĺĴħƟĺĵĪņŒľƟĶŌĮėĸŊŗĬĽńĠĠŅĦ 
ŐĪĶĔĽŀħĕŀĚŐĽĚœĴƞĝńħŏěĬȮŐĸŃœĴƞĽŅĴŅĶĩĨĶĺěěńĭěŋħĽŌĚĽŋħĕŀĚĶŌĮėĸŊŗĬœħƟȮħńĚĬńŘĬěŉĚĨƟŀĚŒĝƟĺŇīňĔŅĶ
ĔĶŀĚĽńĠĠŅĦȮ&Signal filtering) ŏıŊŗŀĨńħĽńĠĠŅĦĶĭĔĺĬŀŀĔȮőħĵŏĸŊŀĔŒĝƟĺŇīňĔŅĶĔĶŀĚėĺŅĴĩňŗĨŗņįƞŅĬȮ
&Lowpass filter) ĶƞĺĴĔńĭĲƤĚĔƢĝńĬĪņŒľƟĽńĠĠŅĦŏĶňĵĭ (Smoothed data) ĪņŒľƟœħƟįĸĽńĠĠŅĦ 
ĪňŗĝńħŏěĬȮěŅĔĬńŘĬěŉĚŒĝƟŏĪėĬŇėĔŅĶĨĶĺěěńĭěŋħĽŌĚĽŋħȮŐĸŃĔŅĶĬńĭěņĬĺĬĶŇŘĺŐĪĶĔĽŀħĕŀĚŐĽĚȮĽņľĶńĭ
ĺŇŏėĶŅŃľƢľŅėƞŅĔŅĶőĔƞĚĨńĺĕŀĚĺńĽħŋȮĮĶŃĴĺĸįĸŏĮƦĬėƞŅėĺŅĴħńĬȮŐĸŃŐĮĸėƞŅŏĮƦĬėƞŅėĺŅĴħńĬĝňıěĶȮ
ĨŅĴĸņħńĭ ĬŀĔěŅĔĬňŘŏĴŊŗŀœħƟįĸĽńĠĠŅĦėƞŅėĺŅĴħńĬĝňıěĶŐĸƟĺȮěŅĔĬńŘĬěŉĚĬņėƞŅħńĚĔĸƞŅĺĴŅıĸŖŀĨŏĮƦĬ
ĔĶŅĲŏıŊŗŀĺŇŏėĶŅŃľƢėƞŅŀńĨĶŅĔŅĶŏĨƟĬĕŀĚľńĺŒěȮėƞŅěŋħĽŌĚĽŋħĞŇĽĪŀĸŇėŏĜĸňŗĵȮĞŉŗĚŐĽħĚĩŉĚėƞŅėĺŅĴħńĬőĸľŇĨ
ĞŇĽĪŀĸŇėȮŐĸŃėƞŅěŋħĨŗņĽŋħœħŐŀĽĪŀĸŇėŏĜĸňŗĵȮŐĽħĚĩŉĚėƞŅėĺŅĴħńĬőĸľŇĨœħŐŀĽĪŀĸŇėȮĕńŘĬĨŀĬĽŋħĪƟŅĵȮ
ėŊŀȮĬņįĸĪňŗœħƟĴŅŏĮĶňĵĭŏĪňĵĭĔńĭėƞŅėĺŅĴħńĬőĸľŇĨĪňŗœħƟěŅĔŏėĶŊŗŀĚĴŊŀĺńħėĺŅĴħńĬőĸľŇĨŐĭĭĴŅĨĶģŅĬ
ŏıŊŗŀľŅėƞŅėĺŅĴėĸŅħŏėĸŊŗŀĬĪňŗŏĔŇħĕŉŘĬ 

 
3.3 ĪħĽŀĭĔŅĶĪņĚŅĬĕŀĚĶŃĭĭ 

3.3.1 ĔŅĶĪħĽŀĭľńĺĺńħȮFFPI ĔńĭĴĬŋļĵƢ 
 ŏĴŊŗŀĪħĽŀĭĔŅĶĽŃĪƟŀĬŐĽĚȮŐĸŃėĺŅĴĵŊħľĵŋƞĬĕŀĚĺńĽħŋŐĸƟĺȮěŅĔĬńŘĬŏĸŊŀĔĺńĽħŋĪňŗ
ŏľĴŅŃĽĴĽņľĶńĭĔŅĶıńĥĬŅľńĺĺńħ őħĵħņŏĬŇĬĔŅĶĨŇħĨńŘĚľńĺĺńħ FFPI ĪňŗıńĥĬŅĕŉŘĬĭĶŇŏĺĦĮĸŅĵĬŇŘĺȮ 
ĞŉŗĚŏĮƦĬĭĶŇŏĺĦĪňŗĴňŏĽƟĬŏĸŊŀħŐĕĬĚľĶŊŀŏĽƟĬŏĸŊŀħİŀĵ ŐĸŃĭĶŇŏĺĦĸņėŀ ĞŉŗĚŏĮƦĬĭĶŇŏĺĦĪňŗĴňŏĽƟĬŏĸŊŀħŐħĚ
ŒľĠƞ ŏĮƦĬĨƟĬȮĽŅĴŅĶĩŐĽħĚőėĶĚĽĶƟŅĚĔŅĶĪħĽŀĭĶŃĭĭĨĶĺěĺńħėĺŅĴħńĬőĸľŇĨħƟĺĵĨńĺĨĶĺěěńĭŒĵŐĔƟĺ
ĬņŐĽĚĝĬŇħ FFPI ĔńĭĴĬŋļĵƢĭĶŇŏĺĦĮĸŅĵĬŇŘĺŐĸŃĸņėŀœħƟħńĚĶŌĮĪňŗȮ3.18 ŐĸŃȮ3.19 ĨŅĴĸņħńĭ 
 

Digital oscilloscope

Light source

1x2 Fiber coupler
Sensing probe

Photodetector
Finger

 

 
ĶŌĮĪňŗȮ1,/6 őėĶĚĽĶƟŅĚĶŃĭĭĨĶĺěĺńħėĺŅĴħńĬőĸľŇĨĪňŗıńĥĬŅĕŉŘĬĔńĭĴĬŋļĵƢĭĶŇŏĺĦĮĸŅĵĬŇŘĺ 
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Digital oscilloscope

Light source

1x2 Fiber coupler
Sensing probe

Photodetector Neck

 
 

ĶŌĮĪňŗȮ1,/7 őėĶĚĽĶƟŅĚĶŃĭĭĨĶĺěĺńħėĺŅĴħńĬőĸľŇĨĪňŗıńĥĬŅĕŉŘĬĔńĭĴĬŋļĵƢĭĶŇŏĺĦĸņėŀ 
 

 ŏĴŊŗŀĽŅĴŅĶĩŏĸŊŀĔĺńĽħŋĽŃĪƟŀĬŐĽĚȮĺńĽħŋĵŊħľĵŋƞĬȮŐĸŃĨņŐľĬƞĚĔŅĶĨĶĺěĺńħėĺŅĴħńĬőĸľŇĨ
ĪňŗŏľĴŅŃĽĴŐĸƟĺȮěŅĔĬńŘĬŏĔŖĭĕƟŀĴŌĸěŅĔŀŅĽŅĽĴńėĶȮěņĬĺĬȮ86 ėĬȮħņŏĬŇĬĔŅĶĪħĽŀĭĞŘņėĬĸŃȮ5 ėĶńŘĚȮ 

3.3.2 ĔŅĶĪħĽŀĭĮĶŃĽŇĪīŇĳŅıĕŀĚĶŃĭĭ 
őħĵĬņėƞŅĪňŗœħƟĴŅĺŇŏėĶŅŃľƢŏĮƦĬėĺŅĴħńĬőĸľŇĨħƟĺĵŏĪėĬŇėĔŅĶĺńħėĺŅĴħńĬĝňıěĶěŅĔ

ĽĴĔŅĶȮŐĸŃħņŏĬŇĬĔŅĶĪħĽŀĭĔńĭŏėĶŊŗŀĚĔņŏĬŇħĶŌĮėĸŊŗĬĽńĠĠŅĦĪňŗėĺŅĴĩňŗĶŃħńĭĨƞŅĚȮŕȮĶƞĺĴĔńĭŀŋĮĔĶĦƢ

ĽĶƟŅĚŐĶĚĽńŗĬĽŃŏĪŊŀĬȮŏĝƞĬȮĸņőıĚȮŏıŊŗŀĪħĽŀĭĔŅĶőĔƞĚĨńĺĕŀĚĺńĽħŋȮŐĸŃĔŅĶŏĮĸňŗĵĬŐĮĸĚĕŀĚėĸŊŗĬŏĲĽȮ

ěŅĔĬńŘĬħņŏĬŇĬĔŅĶĪħĽŀĭĶŃĭĭĔńĭĴĬŋļĵƢȮőħĵĨŇħĨńŘĚľńĺĺńħĭĶŇŏĺĦĸņėŀĕŀĚŀŅĽŅĽĴńėĶȮĞŉŗĚľńĺĺńħŏĮƦĬ

ŀŋĮĔĶĦƢĪŅĚŐĽĚĪńŘĚľĴħȮœĴƞĴňĔĶŃŐĽœĲĲƚŅœľĸįƞŅĬȮħńĚĬńŘĬĶŃľĺƞŅĚĔŅĶĨĶĺěĺńħěŉĚœĴƞŏĔŇħĔŅĶĶńŗĺœľĸĕŀĚ

ĔĶŃŐĽœĲĲƚŅȮŐĸŃĴňėĺŅĴĮĸŀħĳńĵĽŌĚĨƞŀįŌƟŒĝƟĚŅĬȮőħĵŏĔĦĤƢĔŅĶėńħŏĕƟŅȮ-ȮŀŀĔȮĕŀĚįŌƟŏĕƟŅĶƞĺĴĺŇěńĵĴňħńĚĬňŘ 

3.3.3 įŌƟŏĕƟŅĶƞĺĴĔŅĶĺŇěńĵȮ 
 őħĵŏĔĦĤƢĔŅĶėńħŏĕƟŅĕŀĚĮĶŃĝŅĔĶĔĸŋƞĴĨńĺŀĵƞŅĚĚŅĬĺŇěńĵȮĨƟŀĚĴňėŋĦĽĴĭńĨŇħńĚĬňŘ 

- ŏĮƦĬįŌƟĪňŗĴňĽŋĕĳŅıħňȮ 
- ĴňŀŅĵŋĨńŘĚŐĨƞȮ0/Ȯ-Ȯ3.ȮĮƖ 
- įŌƟĪňŗĴňėƞŅėĺŅĴħńĬőĸľŇĨĪňŗħňȮőħĵĴňėĺŅĴħńĬőĸľŇĨĨńĺĭĬĨŗņĔĺƞŅȮ120 ĴŇĸĸŇŏĴĨĶĮĶŀĪȮ
ŐĸŃėĺŅĴħńĬőĸľŇĨĨńĺĸƞŅĚĨŗņĔĺƞŅȮ80 ĴŇĸĸŇŏĴĨĶĮĶŀĪ 

- įŌƟĪňŗĴňėĺŅĴħńĬőĸľŇĨĮĔĨŇȮőħĵĴňėĺŅĴħńĬőĸľŇĨĨńĺĭĬȮ120Ȯ-Ȯ129 ĴŇĸĸŇŏĴĨĶĮĶŀĪȮ
ŐĸŃ/ľĶŊŀėĺŅĴħńĬőĸľŇĨĨńĺĸƞŅĚȮ80 ů 84 ĴŇĸĸŇŏĴĨĶĮĶŀĪ 

- ĽŅĴŅĶĩŏĕƟŅŒěĳŅļŅœĪĵœħƟȮŏĬŊŗŀĚěŅĔĨƟŀĚħņŏĬŇĬĔŅĶĨŀĭŐĭĭĽŀĭĩŅĴ 
- œĴƞŀĵŌƞŒĬĳŅĺŃŏěŖĭĮƙĺĵȮœĴƞĴňőĶėĮĶŃěņĨńĺȮľĶŊŀœħƟĶńĭĵŅĪňŗŀŅěĽƞĚįĸĨƞŀėĺŅĴħńĬőĸľŇĨ 
- ŒľƟėĺŅĴĵŇĴĵŀĴŏĕƟŅĶƞĺĴĔŅĶĺŇěńĵőħĵĽĴńėĶŒě 
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- ŏĮƦĬĬńĔĻŉĔļŅȮľĶŊŀĭŋėĸŅĔĶȮėĦŃĺŇĻĺĔĶĶĴĻŅĽĨĶƢŐĸŃŏĪėőĬőĸĵňŀŋĨĽŅľĔĶĶĴȮ
ĴľŅĺŇĪĵŅĸńĵĻŇĸĮŅĔĶȮŏĬŊŗŀĚěŅĔőėĶĚĔŅĶĺŇěńĵĪňŗıńĥĬŅěņŏĮƦĬĨƟŀĚŀŅĻńĵŏėĶŊŗŀĚĴŊŀĺńħ
ŐĸŃŀŋĮĔĶĦƢȮħņŏĬŇĬĔŅĶĺŇěńĵěŅĔľƟŀĚĮĢŇĭńĨŇĔŅĶĶŃĭĭİƤĚĨńĺĪŅĚĔĸȮĽńĚĔńħĳŅėĺŇĝŅ
ĺŇĻĺĔĶĶĴŏėĶŊŗŀĚĔĸȮėĦŃĺŇĻĺĔĶĶĴĻŅĽĨĶƢŐĸŃŏĪėőĬőĸĵňŀŋĨĽŅľĔĶĶĴȮĴľŅĺŇĪĵŅĸńĵ
ĻŇĸĮŅĔĶȮĞŉŗĚĔŅĶŏėĸŊŗŀĬĵƟŅĵĶŃĭĭŀŅěĽƞĚįĸŒľƟŏėĶŊŗŀĚĴŊŀĺńħœħƟĶńĭėĺŅĴŏĽňĵľŅĵȮŐĸŃ
ŏĔŇħėĺŅĴėĸŅħŏėĸŊŗŀĬĕŀĚĕƟŀĴŌĸœħƟ 

 őħĵŏĔĦĤƢĔŅĶėńħŀŀĔįŌƟŏĕƟŅĶƞĺĴĔŅĶĺŇěńĵ ĴňħńĚĬňŘ 
- įŌƟĪňŗĴňėĺŅĴĭĔıĶƞŀĚĪŅĚĶƞŅĚĔŅĵľĶŊŀěŇĨŒě 
- įŌƟĪňŗĴňőĶėĮĶŃěņĨńĺȮľĶŊŀĶńĭĵŅĪňŗŀŅěĽƞĚįĸĨƞŀėĺŅĴħńĬőĸľŇĨȮŏĬŊŗŀĚěŅĔŀŅěĪņŒľƟėƞŅ 
ĪňŗœħƟŏĔŇħėĺŅĴėĸŅħŏėĸŊŗŀĬȮ 

- įŌƟĪňŗœĴƞĮĢŇĭńĨŇĨŅĴėņŐĬŃĬņĔŅĶŏĨĶňĵĴĨńĺĔƞŀĬĺńħŀńĨĶŅĔŅĶŏĨƟĬĝňıěĶŐĸŃėĺŅĴħńĬ
őĸľŇĨ 

- įŌƟĪňŗĴňėƞŅėĺŅĴħńĬőĸľŇĨĨŗņľĶŊŀĽŌĚĔĺƞŅėƞŅėĺŅĴħńĬĮĔĨŇ 
  ĬŀĔěŅĔĬňŘȮĔņľĬħŒľƟĕĬŅħĕŀĚĔĸŋƞĴĨńĺŀĵƞŅĚĨŅĴŏĔĦĤƢĴŅĨĶģŅĬĔŅĶĺńħĕŀĚȮIEEE 

1708a-2019 (ĴŅĨĶģŅĬĽņľĶńĭŀŋĮĔĶĦƢĨĶĺěĺńħėĺŅĴħńĬőĸľŇĨŐĭĭĽĺĴ)ȮŏĪƞŅĔńĭȮ64ȮėĬȮĔņľĬħŒľƟ

ŏĮƦĬįŌƟľĠŇĚěņĬĺĬȮ21ȮėĬȮŐĸŃįŌƟĝŅĵěņĬĺĬȮ21ȮėĬȮőħĵŐĭƞĚĔĸŋƞĴĨńĺŀĵƞŅĚŀŀĔŏĮƦĬȮ2 ĔĸŋƞĴȮėŊŀȮ

ĬńĔĻŉĔļŅėĸŃŏıĻȮŐĸŃŏěƟŅľĬƟŅĪňŗėĸŃŏıĻȮŏĬŊŗŀĚěŅĔŏıĻȮŀŅĵŋȮĬŘņľĬńĔȮŐĸŃĔŇěĺńĨĶĮĶŃěņĺńĬȮŀŅěĴň

ėĺŅĴĽńĴıńĬīƢĔńĭŀńĨĶŅĔŅĶŏĨƟĬĕŀĚľńĺŒěȮŐĸŃėƞŅėĺŅĴħńĬőĸľŇĨœħƟȮ 

  ĺŇīňĔŅĶĶĺĭĶĺĴŐĸŃŏĔŖĭĕƟŀĴŌĸĕŀĚĮĶŃĝŅĔĶŏĮƚŅľĴŅĵȮĮĶŃĔŀĭħƟĺĵȮ 

- ĔŅĶĶĺĭĶĺĴĕƟŀĴŌĸĽƞĺĬĭŋėėĸőħĵĔŅĶĪņŐĭĭĽŀĭĩŅĴȮĞŉŗĚŏĮƦĬĝŋħėņĩŅĴŏĔňŗĵĺĔńĭ

ŀŅĵŋȮŏıĻȮħńĝĬňĴĺĸĔŅĵȮŐĸŃőĶėĮĶŃěņĨńĺȮőħĵŒĝƟĶľńĽŐĪĬŀŅĽŅĽĴńėĶŐĨƞĸŃėĬȮ 

- ĔŅĶŏĔŖĭĕƟŀĴŌĸėĺŅĴħńĬőĸľŇĨőħĵĔŅĶŒĝƟĴŅĨĶĺńħȮėŊŀȮĔŅĶŒĝƟŏėĶŊŗŀĚĺńħėĺŅĴħńĬőĸľŇĨ

ŐĭĭħŇěŇĨŀĸĴŅĨĶģŅĬŏĮƦĬėƞŅŀƟŅĚŀŇĚŏĮĶňĵĭŏĪňĵĭĔńĭĶŃĭĭĨĶĺěěĺńħėĺŅĴħńĬőĸľŇĨħƟĺĵĨńĺĨĶĺěěńĭ 

ŒĵŐĔƟĺĬņŐĽĚĝĬŇħĲŅĭĶň-ŏĮőĶĨƢȮŀŇĬŏĪŀĶƢĲƖĶŀĴŇŏĨŀĶƢĪňŗıńĥĬŅĕŉŘĬ 

őħĵĴňĕńŘĬĨŀĬĔŅĶŏĔŖĭĶĺĭĶĺĴĕƟŀĴŌĸħńĚĬňŘ 

- įŌƟĺŇěńĵĔņľĬħěņĬĺĬĮĶŃĝŅĔĶĔĸŋƞĴĨńĺŀĵƞŅĚŏĮƚŅľĴŅĵĨŅĴĴŅĨĶģŅĬȮIEEE 1708a-

2019 (ĴŅĨĶģŅĬĽņľĶńĭŏėĶŊŗŀĚĴŊŀĺńħėĺŅĴħńĬőĸľŇĨŐĭĭĽĺĴ)Ȯ 

- įŌƟĺŇěńĵěńħĪņŐĭĭĽŀĭĩŅĴĕƟŀĴŌĸĽƞĺĬĭŋėėĸĕŀĚįŌƟŏĕƟŅĶńĭĔŅĶĺŇěńĵȮěŅĔĬńŘĬěŉĚŒľƟ

ŀŅĽŅĽĴńėĶĨŀĭŐĭĭĽŀĭĩŅĴŏıŊŗŀėńħŏĕƟŅ-ŀŀĔěŅĔĔŅĶĺŇěńĵȮőħĵŀŅĽŅĽĴńėĶėĺĶŏĨĶňĵĴĨńĺĔƞŀĬĨĶĺěĺńħ
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ėĺŅĴħńĬĨŅĴĕƟŀėĺĶĮĢŇĭńĨŇȮħńĚĬňŘ 1) ėĺĶĚħŏėĶŊŗŀĚħŊŗĴŐŀĸĔŀŁŀĸƢľĶŊŀŏėĶŊŗŀĚħŊŗĴĪňŗėŅŏĲŀňĬĽŌĚŀĵƞŅĚ 

ĝŅŐĸŃĔŅŐĲĔƞŀĬĺńħėĺŅĴħńĬ 2) ėĺĶĚħĔŅĶĽŌĭĭŋľĶňŗŀĵƞŅĚĬƟŀĵĮĶŃĴŅĦȮ30 ĬŅĪňȮĔƞŀĬĺńħėĺŅĴħńĬ  

3) ėĺĶĬŀĬľĸńĭŐĸŃıńĔįƞŀĬŒľƟŏıňĵĚıŀĔƞŀĬĺńħėĺŅĴħńĬ 4) ĚħĪŅĬĵŅĪŋĔĝĬŇħŀĵƞŅĚĬƟŀĵȮ24 ĝńŗĺőĴĚ 

5) œĴƞėĺĶĪņĔŅĶĺńħėĺŅĴħńĬľĸńĚĪŅĬŀŅľŅĶŏĽĶŖěȮėĺĶĪŇŘĚĶŃĵŃľƞŅĚĞńĔıńĔľĬŉŗĚĔƞŀĬ ŐĸŃȮ6) œĴƞėĺĶ

ıŌħėŋĵȮľĶŊŀĕĵńĭĨńĺœĮĴŅŒĬĶŃľĺƞŅĚĔŅĶĺńħėĺŅĴħńĬ  

- įŌƟĺŇěńĵħņŏĬŇĬĔŅĶŏĔŖĭįĸĔŅĶĪħĸŀĚĕŀĚŀŅĽŅĽĴńėĶȮőħĵŏĔŖĭĕƟŀĴŌĸěņĬĺĬȮ3 ėƞŅȮėŊŀȮ

ėƞŅŀńĨĶŅĔŅĶŏĨƟĬĕŀĚľńĺŒěȮėƞŅėĺŅĴħńĬőĸľŇĨĝƞĺĚĭĬȮŐĸŃėƞŅėĺŅĴħńĬőĸľŇĨĝƞĺĚĸƞŅĚȮĔŅĶĪħĸŀĚĔĶŃĪņ

ĞŘņěņĬĺĬȮ5 ėĶńŘĚ-ėĬ  

- įŌƟĺŇěńĵŏĔŖĭĶĺĭĶĺĴŐĸŃĭńĬĪŉĔĕƟŀĴŌĸĪńŘĚľĴħĸĚŒĬŐĭĭĭńĬĪŉĔĕƟŀĴŌĸ Ȯ 

 3.3.4 ĨĶĺĭĽŀĭľŅėĺŅĴįŇħıĸŅħ 
  ěŅĔĔŅĶıńĥĬŅĶŃĭĭĨĶĺěĺńħėĺŅĴħńĬőĸľŇĨħƟĺĵĨńĺĨĶĺěěńĭŒĵŐĔƟĺĬņŐĽĚĝĬŇħĲŅĭĶň- 
ŏĮőĶĨƢȮŀŇĬŏĪŀĶƢĲƖĶŀĴŇŏĨŀĶƢěŃœħƟįĸĸńıīƢȮėŊŀȮĽńĠĠŅĦĝňıěĶȮŐĸŃėĺŅĴħńĬőĸľŇĨŒĬĴĬŋļĵƢȮĞŉŗĚĔŅĶĺńħėƞŅ
ėĺŅĴħńĬőĸľŇĨœĴƞĽŅĴŅĶĩėņĬĺĦœħƟőħĵĨĶĚȮŏĬŊŗŀĚěŅĔĽńĠĠŅĦĪňŗœħƟěŅĔľńĺĺńħȮFFPI ėŊŀȮĽńĠĠŅĦŐĽĚȮ
ĞŉŗĚĨƟŀĚįƞŅĬĔŅĶŐĮĸėƞŅŏĮƦĬĽńĠĠŅĦĪŅĚœĲĲƚŅȮőħĵŐĽħĚįĸŒĬĶŌĮĕŀĚĶŌĮėĸŊŗĬĶŇŘĺŐĪĶĔĽŀħĪŅĚŐĽĚȮ
ŐĸŃŐĮĸėƞŅŏĮƦĬėĺŅĴħńĬĝňıěĶ ěŅĔĬńŘĬĪņĔŅĶĺŇŏėĶŅŃľƢĶŌĮėĸŊŗĬėĺŅĴħńĬĝňıěĶȮőħĵěŋħĽŌĚĽŋħĕŀĚ
ĶŌĮėĸŊŗĬȮėŊŀȮėƞŅėĺŅĴħńĬőĸľŇĨĝƞĺĚĭĬľĶŊŀĞŇĽĪŀĸŇėȮŐĸŃěŋħĨŗņĽŋħĕŀĚĶŌĮėĸŊŗĬȮėŊŀȮėƞŅėĺŅĴħńĬőĸľŇĨ
ĝƞĺĚĸƞŅĚľĶŊŀœħŐŀĽĪŀĸŇėȮĨŅĴĸņħńĭȮěŅĔĬńŘĬĬńĭěņĬĺĬěŋħĽŌĚĽŋħĕŀĚĶŌĮėĸŊŗĬĽńĠĠŅĦȮŏıŊŗŀĺŇŏėĶŅŃľƢ
ľŅėƞŅŀńĨĶŅĔŅĶŏĨƟĬĕŀĚľńĺŒěȮĳŅĵŒĬĶŃĵŃŏĺĸŅȮ1 ĬŅĪňȮŐĸŃħņŏĬŇĬĔŅĶŏĮĶňĵĭŏĪňĵĭįĸĔŅĶĪħĸŀĚ 
ĪňŗœħƟěŅĔĶŃĭĭĨĶĺěĺńħĪňŗıńĥĬŅĕŉŘĬĔńĭŏėĶŊŗŀĚĺńħėĺŅĴħńĬőĸľŇĨŐĭĭħŇěŇĨŀĸĴŅĨĶģŅĬȮŏıŊŗŀľŅėƞŅ
ėĺŅĴėĸŅħŏėĸŊŗŀĬĪňŗŏĔŇħĕŉŘĬȮĶĺĴĪńŘĚėƞŅĨńĺŐĮĶĪŅĚĽŇĩŇĨŇĨƞŅĚȮŕȮŏĮƦĬĨƟĬ 

3.3.5 ĔŅĶĺŇŏėĶŅŃľƢĨƟĬĪŋĬĔŅĶįĸŇĨȮ&ĮĶŃĴŅĦĔŅĶ) ĽŅĴŅĶĩŐħĚœħƟħńĚĨŅĶŅĚĪňŗȮ3.1 
 

ĨŅĶŅĚĪňŗȮ1,/ ĶŅĵĔŅĶĨƟĬĪŋĬĔŅĶįĸŇĨĶŃĭĭĨĶĺěĺńħėĺŅĴħńĬőĸľŇĨ 

ĶŅĵĔŅĶĨƟĬĪŋĬĔŅĶįĸŇĨ ĶŅėŅȮ(ĭŅĪ) 
ėƞŅĺńĽħŋŐĸŃŀŋĮĔĶĦƢȮ  

ŏėĶŊŗŀĚĺńħĶŌĮėĸŊŗĬĽńĠĠŅĦĪŅĚœĲĲƚŅȮ 42,000 
ŏėĶŊŗŀĚĺńħėĺŅĴħńĬőĸľŇĨŐĭĭħŇěŇĨŀĸĴŅĨĶģŅĬ 2,000 

ŀŋĮĔĶĦƢĨĶĺěěńĭĽńĠĠŅĦŐĽĚ  13,000 

ŐľĸƞĚĔņŏĬŇħŐĽĚŏĸŏĞŀĶƢœħőŀħ 100,000 
ĽŅĵŒĵŐĔƟĺĬņŐĽĚŏħňŗĵĺĽņľĶńĭŏĝŊŗŀĴĨƞŀěŅĔŐľĸƞĚĔņŏĬŇħŐĽĚŏĸŏĞŀĶƢœħőŀħ  20,000 
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ĨŅĶŅĚĪňŗȮ3.1 ĶŅĵĔŅĶĨƟĬĪŋĬĔŅĶįĸŇĨĶŃĭĭĨĶĺěĺńħėĺŅĴħńĬőĸľŇĨȮ(Ĩƞŀ) 

ĶŅĵĔŅĶĨƟĬĪŋĬĔŅĶįĸŇĨ ĶŅėŅȮ(ĭŅĪ) 

ėƞŅĺńĽħŋŐĸŃŀŋĮĔĶĦƢ (Ĩƞŀ)  
ĶŃĭĭĨńĺĨĶĺěěńĭŒĵŐĔƟĺĬņŐĽĚĝĬŇħĲŅĭĶň-ŏĮőĶĨƢȮŀŇĬŏĪŀĶƢĲƖĶŀĴŇŏĨŀĶƢ  10,000 

ŏėĶŊŗŀĚĔņŏĬŇħĶŌĮėĸŊŗĬĽńĠĠŅĦ  20,000 

ŀŋĮĔĶĦƢĽĶƟŅĚŐĶĚĽńŗĬĽŃŏĪŊŀĬ  200 
ĺńĽħŋĽŃĪƟŀĬŐĽĚĝĬŇħŐįƞĬŀĸŌĴŇŏĬňĵĴĭŅĚ 100 

ĺńĽħŋĽŃĪƟŀĬŐĽĚĝĬŇħĲƕĸƢĴĽŃĪƟŀĬŐĽĚĭŅĚĝĬŇħĮĶŇĞŉĴ 500 

ĺńĽħŋĽŃĪƟŀĬŐĽĚĝĬŇħĔĶŃěĔŏĚŅ 200 
ĺńĽħŋĽŃĪƟŀĬŐĽĚĝĬŇħĔĶŃěĔŏėĸŊŀĭŀĸŌĴŇŏĬňĵĴ 2,500 

ĺńĽħŋĵŊħľĵŋƞĬĝĬŇħĸŌĔőĮƙĚĵŅĚ 300 

ĺńĽħŋĵŊħľĵŋƞĬĝĬŇħĩŋĚĴŊŀĵŅĚīĶĶĴĝŅĨŇ 200 
ŀŋĮĔĶĦƢŀƞŅĬŐĸŃĭńĬĪŉĔĽńĠĠŅĦ  26,000 

ĺńĽħŋĵŊħľĵŋƞĬĝĬŇħĩŋĚĴŊŀĵŅĚœĬœĨĶ 200 
ŀŋĮĔĶĦƢľŋƟĴľńĺĺńħ  500 

ėƞŅŒĝƟěƞŅĵĔŅĶħņŏĬŇĬĚŅĬ  

ėƞŅěƟŅĚıĬńĔĚŅĬįĸŇĨ (15,000x12 = 180,000 ĭŅĪ/ĮƖ) 180,000 
ėƞŅěƟŅĚıĬńĔĚŅĬĕŅĵ (15,000x12 = 180,000 ĭŅĪ/ĮƖ) 180,000 

ėƞŅőĴŏħĸľńĺĺńħĨƟĬŐĭĭ 1,000 

ėƞŅĭĶĶěŋĳńĦĤƢ 5,000 
ėƞŅĕĬĽƞĚ 2,000 

ėƞŅőęļĦŅ 3,000 
ĶĺĴ 608,900 

 
ĶĺĴėƞŅŒĝƟěƞŅĵŏĶŇŗĴŐĶĔ (Investment cost) ĽņľĶńĭĔŅĶŀŀĔŐĭĭȮıńĥĬŅȮŐĸŃįĸŇĨȮ

ĶŃĭĭĨĶĺěĺńħėĺŅĴħńĬőĸľŇĨħƟĺĵĨńĺĨĶĺěěńĭŒĵŐĔƟĺĬņŐĽĚĝĬŇħĲŅĭĶň-ŏĮőĶĨƢȮŀŇĬŏĪŀĶƢĲƖĶŀĴŇŏĨŀĶƢȮ 
ĞŉŗĚĮĶŃĔŀĭħƟĺĵėƞŅĺńĽħŋŀŋĮĔĶĦƢȮŏĝƞĬȮĨńĺĨńĺĨĶĺěěńĭȮĺńĽħŋĽŃĪƟŀĬŐĽĚȮĺńĽħŋĵŊħľĵŋƞĬȮŐĸŃŏėĶŊŗŀĚĴŊŀĺńħ
ŀƟŅĚŀŇĚȮŏĮƦĬĨƟĬȮĶĺĴĪńŘĚėƞŅŒĝƟěƞŅĵŒĬĔŅĶħņŏĬŇĬĚŅĬȮŏĝƞĬȮėƞŅěƟŅĚıĬńĔĚŅĬȮŐĸŃėƞŅįĸŇĨĳńĦĤƢȮŏĮƦĬĨƟĬȮ
ŏĪƞŅĔńĭȮ608,900 ĭŅĪȮĬŀĔěŅĔĬňŘĽŅĴŅĶĩŐĽħĚĶŅĵĔŅĶĶŅėŅĺńĽħŋŐĸŃŀŋĮĔĶĦƢĕŀĚĔŅĶįĸŇĨľńĺĺńħĨƞŀ 
1 ĝŇŘĬȮœħƟħńĚĨŅĶŅĚĪňŗȮ3.2 
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ĨŅĶŅĚĪňŗȮ1,0 ĶŅĵĔŅĶĶŅėŅĺńĽħŋŐĸŃŀŋĮĔĶĦƢĕŀĚľńĺĺńħĨƞŀĝŇŘĬ  

ĶŅĵĔŅĶĺńĽħŋŐĸŃŀŋĮĔĶĦƢıńĥĬŅľńĺĺńħ ĶŅėŅȮ(ĭŅĪ) 

ĺńĽħŋĽŃĪƟŀĬŐĽĚ: ĔĶŃěĔŏėĸŊŀĭŀĸŌĴŇŏĬňĵĴ 1,000 
ĺńĽħŋĵŊħľĵŋƞĬ: ŐįƞĬĵŅĚĭŅĚ 200 

ĺńĽħŋľƞŀľŋƟĴľńĺĺńħ 300 
ĶŃĭĭĨńĺĨĶĺěěńĭŒĵŐĔƟĺĬņŐĽĚĝĬŇħĲŅĭĶň-ŏĮőĶĨƢȮŀŇĬŏĪŀĶƢĲƖĶŀĴŇŏĨŀĶƢ 10,000 

ĶŃŐĭĭŐĽħĚįĸ 10,000 

ĶĺĴėƞŅŒĝƟěƞŅĵĪńŘĚľĴħ 32,500 
 

ěŅĔĨŅĶŅĚĪňŗȮ3.2 ıĭĺƞŅȮĨƟĬĪŋĬĔŅĶįĸŇĨľńĺĺńħĨƞŀȮ1 ĝŇŘĬȮŏĪƞŅĔńĭȮ32,500 ĭŅĪȮŏĬŊŗŀĚěŅĔ
őėĶĚĔŅĶįĸŇĨĽŇĬėƟŅěņľĬƞŅĵȮěŉĚœĴƞėŇħėƞŅŏĽŊŗŀĴĶŅėŅȮŐĸŃėƞŅĭņĶŋĚĶńĔļŅĨĸŀħőėĶĚĔŅĶ 

3.3.6 ĔŅĶĻŉĔļŅėĺŅĴėŋƟĴėƞŅŒĬĔŅĶĸĚĪŋĬȮőħĵŒĝƟŏėĶŊŗŀĚĴŊŀĪŅĚŏĻĶļģĻŅĽĨĶƢȮœħƟŐĔƞȮĴŌĸėƞŅ

ĮƤěěŋĭńĬĽŋĪīŇȮŀńĨĶŅįĸĨŀĭŐĪĬĕŀĚőėĶĚĔŅĶȮŀńĨĶŅĽƞĺĬįĸĨŀĭŐĪĬĨƞŀĨƟĬĪŋĬȮŐĸŃĶŃĵŃŏĺĸŅėŊĬĪŋĬȮ

ŏĮƦĬĨƟĬȮĽŅĴŅĶĩŐĽħĚĔŅĶĔņľĬħĕŀĭŏĕĨœħƟħńĚĬňŘȮ 

- ĔņľĬħĶŃĵŃŏĺĸŅħņŏĬŇĬĔŅĶőėĶĚĔŅĶŏĪƞŅĔńĭȮ5ȮĮƖ 

- ĔņľĬħŀńĨĶŅėŇħĸħŏĪƞŅĔńĭȮ6.25% ŀƟŅĚŀŇĚěŅĔīĬŅėŅĶŐľƞĚĮĶŃŏĪĻœĪĵ 

- ĔņľĬħĵŀħĕŅĵĶŃĭĭĨĶĺěĺńħėĺŅĴħńĬőĸľŇĨĨƞŀĮƖŏĪƞŅĔńĭȮ30 ĝŇŘĬ 

- įĸĨŀĭŐĪĬĕŀĚőėĶĚĔŅĶȮėŊŀȮĶŅĵœħƟĪňŗœħƟěŅĔĔŅĶěņľĬƞŅĵľńĺĺńħĨĸŀħĶŃĵŃŏĺĸŅ
ħņŏĬŇĬőėĶĚĔŅĶȮ 

- ĔņľĬħĔŅĶĺŇŏėĶŅŃľƢėĺŅĴŀƞŀĬœľĺĕŀĚőėĶĚĔŅĶȮőħĵĔŅĶĨńŘĚĶŅėŅĕŅĵěŅĔĨƟĬĪŋĬ
ĔŅĶįĸŇĨĪňŗȮ10, 20, 30, 40, ŐĸŃȮ50% ĨŅĴĸņħńĭ 
 

3.4 ĔŅĶŀĳŇĮĶŅĵŐĸŃĽĶŋĮįĸ 
 ĽņľĶńĭĕńŘĬĨŀĬĔŅĶĺŇŏėĶŅŃľƢŐĸŃĮĶŃĴĺĸįĸĕƟŀĴŌĸĔŅĶħņŏĬŇĬĚŅĬȮőħĵŏĮĶňĵĭŏĪňĵĭĕƟŀĴŌĸĪňŗœħƟ
ěŅĔĶŃĭĭĨĶĺěĺńħėĺŅĴħńĬőĸľŇĨĪňŗıńĥĬŅĕŉŘĬĔńĭŏėĶŊŗŀĚĴŊŀĺńħĴŅĨĶģŅĬŏıŊŗŀľŅĮĶŃĽŇĪīŇĳŅı 
(Efficiency)ȮŐĸŃėƞŅėĺŅĴįŇħıĸŅħ (Error) ĪňŗŏĔŇħĕŉŘĬȮ 
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ĭĪĪňŗ 4  
įĸĔŅĶħņŏĬŇĬĚŅĬŐĸŃŀĳŇĮĶŅĵįĸ 

 
 
ŒĬĭĪĬňŘœħƟĔĸƞŅĺĩŉĚįĸĔŅĶħņŏĬŇĬĚŅĬĕŀĚĺŇĪĵŅĬŇıĬīƢĬňŘȮěŅĔĔŅĶıńĥĬŅĶŃĭĭĨĶĺěĺńħėĺŅĴħńĬ

őĸľŇĨħƟĺĵĨńĺĨĶĺěěńĭŒĵŐĔƟĺĬņŐĽĚĝĬŇħĲŅĭĶň-ŏĮőĶĨƢȮŀŇĬŏĪŀĶƢĲƖĶŀĴŇŏĨŀĶƢȮ(Fiber optic Fabry-
Perot Interferometer: FFPI) ĮĶŃĵŋĔĨƢŒĝƟĶƞĺĴĔńĭľńĺĺńħĪňŗıńĥĬŅĕŉŘĬȮőħĵŏėĶŊŗŀĚĺńħėĺŅĴħńĬőĸľŇĨŐĭĭ
ħŇěŇĨŀĸĴŅĨĶģŅĬȮĩŌĔĬņĴŅŒĝƟŏĮƦĬŏėĶŊŗŀĚĴŊŀĺńħŀƟŅĚŀŇĚȮĬŀĔěŅĔĬňŘőĮĶŐĔĶĴĮĶŃĵŋĔĨƢĪŅĚĺŇĻĺĔĶĶĴœħƟĩŌĔ
ĬņĴŅŒĝƟĽņľĶńĭĔŅĶĺŇŏėĶŅŃľƢľŅěŋħĽŌĚĽŋħȮ(PeakȮdetection) ĕŀĚĶŌĮėĸŊŗĬĝňıěĶȮŐĸŃĶŇŘĺŐĪĶĔĽŀħĕŀĚ
ŐĽĚ ĔŅĶĬńĭěņĬĺĬĶŇŘĺŐĪĶĔĽŀħĕŀĚŐĽĚ (Fringe counting)ȮĔŅĶŐĮĸėƞŅĶŇŘĺŐĪĶĔĽŀħĕŀĚŐĽĚŒľƟŏĮƦĬ
ėƞŅĔŅĶőĔƞĚĨńĺĕŀĚĺńĽħŋ (Displacement curve)ȮėƞŅėĺŅĴħńĬȮ(Pressure) ĪňŗĔĶŃĪĭĔńĭĺńĽħŋĵŊħľĵŋƞĬȮ 
ėƞŅėĺŅĴħńĬĝňıěĶȮ(Pulse pressure) ŐĸŃĔŅĶĺŇŏėĶŅŃľƢľŅėƞŅėĺŅĴħńĬőĸľŇĨĞŇĽĪŀĸŇė (Systolic 
blood pressure: SBP)ȮėƞŅėĺŅĴħńĬőĸľŇĨœħŐŀĽĪŀĸŇėȮ(Diastolic blood pressure: DBP)ȮŐĸŃȮ 
ėƞŅŀńĨĶŅĔŅĶŏĨƟĬĕŀĚľńĺŒěȮ(Heart rate:ȮHR) ĨŅĴĸņħńĭȮŀĵƞŅĚœĶĔŖĨŅĴȮĔŅĶŀīŇĭŅĵĶŅĵĸŃŏŀňĵħĕŀĚ
ľńĺĕƟŀȮŴĔŅĶıńĥĬŅĶŃĭĭĨĶĺěĺńħėĺŅĴħńĬőĸľŇĨėĺŅĴœĺĽŌĚħƟĺĵĨńĺĨĶĺěěńĭŒĵŐĔƟĺĬņŐĽĚĝĬŇħĲŅĭĶň-
ŏĮőĶĨƢȮŀŇĬŏĪŀĶƢĲƖĶŀĴŇŏĨŀĶƢȮĽņľĶńĭėĺŅĴŏĮƦĬœĮœħƟŒĬĔŅĶįĸŇĨĕŀĚĳŅėŀŋĨĽŅľĔĶĶĴœĪĵŵȮœħƟĝňŘŐěĚįĸ
ĔŅĶĺŇŏėĶŅŃľƢŐĸŃĮĶŃĴĺĸįĸĔŅĶħņŏĬŇĬĚŅĬŀĵƞŅĚŏĮƦĬĕńŘĬĨŀĬȮħńĚĨƞŀœĮĬňŘ 

 

 
 

ĶŌĮĪňŗȮ2,/ ŐįĬįńĚįĸĔŅĶĺŇŏėĶŅŃľƢŐĸŃĮĶŃĴĺĸįĸĔŅĶħņŏĬŇĬĚŅĬ 
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4.1 įĸĔŅĶŀŀĔŐĭĭŐĸŃıńĥĬŅľńĺĺńħȮFFPI 
ěŅĔĔŅĶŀŀĔŐĭĭȮŐĸŃıńĥĬŅľńĺĺńħȮőħĵľńĺĺńħĴňĸńĔļĦŃŏĮƦĬĶŌĮĪĶĚĔĶŃĭŀĔȮĞŉŗĚŀŀĔŐĭĭŒľƟ

ŀŅĽŅĽĴńėĶĽŅĴŅĶĩŒĝƟĚŅĬœħƟĽŃħĺĔȮĴňĨƟĬĪŋĬĨŗņȮőėĶĚĽĶƟŅĚœĴƞĞńĭĞƟŀĬȮŐĸŃĽŅĴŅĶĩĨĶĺěěńĭĽńĠĠŅĦ
ĝňıěĶĭĬįŇĺľĬńĚĕŀĚĴĬŋļĵƢœħƟőħĵœĴƞĶŋĔĸŘņĶƞŅĚĔŅĵȮŐĸŃœĴƞĽĶƟŅĚėĺŅĴŏěŖĭĮĺħȮőħĵĽŅĴŅĶĩŐĽħĚľńĺĺńħ 
ĪňŗıńĥĬŅĕŉŘĬœħƟħńĚĶŌĮĪňŗȮ4.2 

 

 
 

ĶŌĮĪňŗȮ2,0 ĸńĔļĦŃľńĺĺńħĪňŗıńĥĬŅĕŉŘĬ 
 
ĬŀĔěŅĔĬňŘľńĺĺńħĮĶŃĔŀĭħƟĺĵĺńĽħŋĽŃĪƟŀĬŐĽĚȮ(Reflective material) ŀĵŌƞĳŅĵŒĬĞŉŗĚĩŌĔĨŇħĨńŘĚ

ĶƞĺĴĔńĭŐįƞĬĺńĽħŋĵŊħľĵŋƞĬĳŅĵĬŀĔ (Elastic material) ĪňŗĭĶŇŏĺĦĮĸŅĵĽŅĵŒĵŐĔƟĺĬņŐĽĚȮ(Fiber end)Ȯ
ŒĬĽƞĺĬĨƟĬȮŐĸŃĮƕħħƟĺĵőĲĴŀńħŐĕŖĚĳŅĵĬŀĔŒĬĽƞĺĬĮĸŅĵŏıŊŗŀĵŉħĨņŐľĬƞĚĕŀĚľńĺĺńħŒľƟėĚĪňŗȮĽŅĴŅĶĩ
ŐĽħĚœħƟħńĚĶŌĮĪňŗȮ4.3 

 

  
(Ĕ) (ĕ) 

ĶŌĮĪňŗȮ2,1ȮľńĺĺńħĪňŗıńĥĬŅĕŉŘĬ; (Ĕ) ĸńĔļĦŃľńĺĺńħĽƞĺĬĨƟĬȮŐĸŃȮ(ĕ)ȮĸńĔļĦŃľńĺĺńħĽƞĺĬĮĸŅĵ 
 
įĸĔŅĶŀŀĔŐĭĭľńĺĺńħŒľƟįŌƟĨĶĺěĺńħĽŅĴŅĶĩŒĝƟĚŅĬĚƞŅĵȮőħĵœĴƞĶŋĔĸŘņĶƞŅĚĔŅĵȮěŅĔĔŅĶĺŅĚľńĺĺńħŒľƟ

ľĬƟŅĽńĴįńĽĕŀĚĺńĽħŋĵŊħľĵŋƞĬĨŇħĔńĭįŇĺľĬńĚĕŀĚĴĬŋļĵƢȮĽŅĴŅĶĩŐĽħĚœħƟħńĚĶŌĮĪňŗȮ4.4 
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ȮȮȮ  
(Ĕ)      (ĕ) 

ĶŌĮĪňŗȮ2,2 ĸńĔļĦŃĔŅĶŒĝƟĚŅĬľńĺĺńħ; (Ĕ)ȮĭĶŇŏĺĦĮĸŅĵĬŇŘĺȮŐĸŃȮ(ĕ)ȮĭĶŇŏĺĦĸņėŀ 
 

ŏĴŊŗŀįŌƟŒĝƟĚŅĬĺŅĚľńĺĺńħĸĚĭĬĭĶŇŏĺĦĮĸŅĵĬŇŘĺȮľĶŊŀĸņėŀŒĬĸńĔļĦŃŐĬĺĶŃĬŅĭȮőħĵŒľƟĺńĽħŋĵŊħľĵŋƞĬ
ĽńĴįńĽĔńĭįŇĺľĬńĚȮěŅĔĬńŘĬėĺŅĴħńĬĝňıěĶěŅĔįĬńĚľĸŀħŏĸŊŀħěŃĔĶŃĪĭĔńĭŐįƞĬĺńĽħŋĵŊħľĵŋƞĬĪņŒľƟŏĔŇħ
ĔŅĶőĔƞĚĨńĺȮŐĸŃŏĔŇħĶŇŘĺŐĪĶĔĽŀħĕŀĚŐĽĚœħƟȮ 

 
4.2 įĸĔŅĶĪħĽŀĭėŋĦĽĴĭńĨŇĕŀĚĺńĽħŋ 
 4.2.1 įĸĔŅĶĪħĽŀĭĕŀĚĺńĽħŋĽŃĪƟŀĬŐĽĚ 

ĽŅĴŅĶĩŐĽħĚįĸĔŅĶĨŇħĨńŘĚĺńĽħŋĽŃĪƟŀĬŐĽĚĭĶŇŏĺĦįŇĺľĬƟŅŀŋĮĔĶĦƢĽĶƟŅĚŐĶĚĽńŗĬĽŃŏĪŊŀĬ
ĶƞĺĴĔńĭĨńĺĨĶĺěěńĭŒĵŐĔƟĺĬņŐĽĚĝĬŇħĲŅĭĶň-ŏĮőĶĨƢȮŀŇĬŏĪŀĶƢĲƖĶŀĴŇŏĨŀĶƢȮœħƟħńĚĶŌĮĪňŗȮ4.5 

 

Laser diode

Function generator

Photodetector

1x2 Fiber coupler

Mechanical vibrator

   
 

ĶŌĮĪňŗȮ2,3 ĨńĺŀĵƞŅĚĔŅĶĨŇħĨńŘĚĶŃĭĭĪħĽŀĭĔŅĶĽŃĪƟŀĬŐĽĚĕŀĚĺńĽħŋȮ 
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  ĔņľĬħŒľƟħņŏĬŇĬĔŅĶĪħĽŀĭĔŅĶĽŃĪƟŀĬŐĽĚĕŀĚĺńĽħŋĪňŗĶŃħńĭėĺŅĴĩňŗŐĨĔĨƞŅĚĔńĬȮœħƟŐĔƞȮ
ĶŃħńĭėĺŅĴĩňŗŏĪƞŅĔńĭȮ1, 2, 5, 10, 20, ŐĸŃȮ50 Hz ĨŅĴĸņħńĭȮőħĵŏĴŊŗŀĮƚŀĬėĺŅĴĩňŗěŅĔŏėĶŊŗŀĚĔņŏĬŇħ 
ĶŌĮėĸŊŗĬĽńĠĠŅĦȮ(Function generator) ŏĕƟŅĽŌƞŀŋĮĔĶĦƢĽĶƟŅĚŐĶĚĽńŗĬĽŃŏĪŊŀĬȮ(Mechanical vibrator)Ȯ
ĞŉŗĚĨŇħĨńŘĚŐįƞĬĺńĽħŋĽŃĪƟŀĬŐĽĚĭĶŇŏĺĦĻŌĬĵƢĔĸŅĚĕŀĚįŇĺľĬƟŅĽńĴįńĽŐĸƟĺȮėĺŅĴĩňŗħńĚĔĸƞŅĺěŃĽƞĚįĸŒľƟ
įŇĺľĬƟŅĕŀĚŀŋĮĔĶĦƢŏĔŇħĔŅĶĽńŗĬĽŃŏĪŊŀĬėĸƟŅĵĔŅĶŏĔŇħėĺŅĴħńĬĝňıěĶȮ(Pulse pressure) ĽƞĚįĸŒľƟĺńĽħŋ
ĽŃĪƟŀĬŐĽĚŏĔŇħĔŅĶŏėĸŊŗŀĬĪňŗȮĪņŒľƟŏĲĽĕŀĚŐĽĚŏĮĸňŗĵĬŐĮĸĚœĮȮŐĸŃŏĔŇħĔŅĶŐĪĶĔĽŀħĔńĬĕŀĚŐĽĚȮ
(Interference fringe) őħĵŏėĶŊŗŀĚĺńħĶŌĮėĸŊŗĬĽńĠĠŅĦĪŅĚœĲĲƚŅœħƟĩŌĔĬņĴŅŒĝƟĽņľĶńĭĔŅĶŐĽħĚįĸ
ĽńĠĠŅĦĶŇŘĺŐĪĶĔĽŀħĕŀĚŐĽĚŏĮĶňĵĭŏĪňĵĭĔńĭĽńĠĠŅĦœĞĬƢĪňŗœħƟěŅĔŏėĶŊŗŀĚĔņŏĬŇħĶŌĮėĸŊŗĬĽńĠĠŅĦȮ 
őħĵĽŅĴŅĶĩŐĽħĚĨńĺŀĵƞŅĚĔŅĶĺŇŏėĶŅŃľƢįĸĔŅĶŏĮĶňĵĭŏĪňĵĭĶŌĮėĸŊŗĬėĺŅĴĩňŗĪňŗĮƚŀĬŒľƟĔńĭŀŋĮĔĶĦƢĽĶƟŅĚ
ŐĶĚĽńŗĬĽŃŏĪŊŀĬȮĞŉŗĚĨŇħĨńŘĚĶƞĺĴĔńĭĺńĽħŋĽŃĪƟŀĬŐĽĚŐĨƞĸŃĝĬŇħȮőħĵĔņľĬħŒľƟĴňėĺŅĴĩňŗŏĪƞŅĔńĭȮ50 Hz  
ĽŅĴŅĶĩŐĽħĚįĸĶŌĮėĸŊŗĬĽńĠĠŅĦĪŅĚœĲĲƚŅœħƟħńĚĶŌĮĪňŗȮ4.6 
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(ė)      (Ě)Ȯ 
ĶŌĮĪňŗȮ2,4 ĨńĺŀĵƞŅĚĽńĠĠŅĦĪňŗėĺŅĴĩňŗŏĪƞŅĔńĭȮ50 Hz: (Ĕ)ȮŐįƞĬŀĸŌĴŇŏĬňĵĴĭŅĚȮ(ĕ)ȮĲƕĸƢĴĽŃĪƟŀĬŐĽĚĭŅĚ

ĝĬŇħĮĶŇĞŉĴȮ(ė)ȮĔĶŃěĔŏĚŅȮŐĸŃȮ(Ě)ȮĔĶŃěĔŏėĸŊŀĭŀĸŌĴŇŏĬňĵĴ 
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ěŅĔįĸĔŅĶĪħĽŀĭėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĽŃĪƟŀĬŐĽĚĕŀĚĺńĽħŋĽŅĴŅĶĩŐĽħĚįĸœħƟħńĚĬňŘ 
- ŐįƞĬŀĸŌĴŇŏĬňĵĴĭŅĚ: ĴňĕĬŅħŐŀĴıĸŇěŌħĨŗņĪňŗĽŋħȮŏĪƞŅĔńĭȮ84 mV ěŉĚěņŏĮƦĬĨƟŀĚŒĝƟ

ĔņĸńĚĕĵŅĵĽńĠĠŅĦĴŅĔĔĺƞŅĺńĽħŋĝĬŇħŀŊŗĬȮŕȮŏıŊŗŀŒľƟĴňĕĬŅħŐŀĴıĸŇěŌħŏıŇŗĴĴŅĔĕŉŘĬȮŐĸŃĽŅĴŅĶĩ
ĺŇŏėĶŅŃľƢįĸœħƟȮĬŀĔěŅĔĬňŘıĭĺƞŅȮĽńĠĠŅĦĶŌĮėĸŊŗĬĶŇŘĺŐĪĶĔĽŀħĕŀĚŐĽĚĪňŗŏĔŇħĕŉŘĬĴňėĺŅĴœĴƞĝńħŏěĬȮ 
ĞŉŗĚŒĬĔŅĶĪħĽŀĭĭŅĚėĶńŘĚŐįƞĬŀĸŌĴŇŏĬňĵĴĭŅĚœĴƞĽŅĴŅĶĩĽŃĪƟŀĬŐĽĚœħƟȮŏĬŊŗŀĚěŅĔĴňĶŀĵĵńĭĪňŗŏĔŇħěŅĔ
ĔŅĶĨŇħĨńŘĚľĶŊŀĔŅĶĪħĽŀĭȮĪņŒľƟœĴƞĽŅĴŅĶĩĺŇŏėĶŅŃľƢĪŇĻĪŅĚĕŀĚĶŇŘĺŐĪĶĔĽŀħĕŀĚŐĽĚœħƟ  

- ĲƕĸƢĴĽŃĪƟŀĬŐĽĚĭŅĚĝĬŇħĮĶŇĞŉĴŐĸŃĔĶŃěĔŏĚŅ: ıĭĺƞŅĴňĕĬŅħŐŀĴıĸŇěŌħĴŅĔĔĺƞŅ 
ŐįƞĬŀĸŌĴŇŏĬňĵĴĭŅĚȮėŊŀȮŏĪƞŅĔńĭȮ208 mVȮŐĸŃȮ224 mV ĨŅĴĸņħńĭȮĞŉŗĚŐĽħĚĩŉĚėĺŅĴĽŅĴŅĶĩŒĬĔŅĶ
ĽŃĪƟŀĬŐĽĚœħƟħňȮĩŉĚĔĶŃĬńŘĬıĭĺƞŅĕĬŅħŐŀĴıĸŇěŌħĕŀĚĽńĠĠŅĦĵńĚĴňėƞŅĬƟŀĵĔĺƞŅĺńĽħŋĔĶŃěĔŏėĸŊŀĭ
ŀĸŌĴŇŏĬňĵĴ 

- ĔĶŃěĔŏėĸŊŀĭŀĸŌĴŇŏĬňĵĴ:ȮĴňĕĬŅħŐŀĴıĸŇěŌħĽŌĚĽŋħŏĪƞŅĔńĭȮ292 mV őħĵıĭĺƞŅ 
ĶŇŘĺŐĪĶĔĽŀħĕŀĚŐĽĚĪňŗŏĔŇħĕŉŘĬĴňėĺŅĴŏĔňŗĵĺĕƟŀĚĔńĭĶŌĮėĸŊŗĬėĺŅĴĩňŗȮ(Sine wave) ĪňŗĮƚŀĬěŅĔŏėĶŊŗŀĚ
ĔņŏĬŇħĶŌĮėĸŊŗĬĽńĠĠŅĦȮĞŉŗĚĴňĪŇĻĪŅĚĕŀĚĶŌĮėĸŊŗĬĽńĠĠŅĦœĮŒĬĪŅĚŏħňĵĺĔńĬœħƟŀĵƞŅĚŐĴƞĬĵņȮŐĸŃ
ĽŅĴŅĶĩĬńĭěņĬĺĬĶŇŘĺŐĪĶĔĽŀħĕŀĚŐĽĚœħƟĚƞŅĵȮŏĬŊŗŀĚěŅĔįŇĺĔĶŃěĔĪňŗŏėĸŊŀĭŀĸŌĴŇŏĬňĵĴĴňėĺŅĴĽŅĴŅĶĩ
ŒĬĔŅĶĽŃĪƟŀĬĔĸńĭĕŀĚŐĽĚœħƟĴŅĔĩŉĚȮ98%ȮĪņŒľƟĶŌĮėĸŊŗĬĽńĠĠŅĦĪňŗœħƟĴňĕĬŅħŐŀĴıĸŇěŌħĽŌĚĔĺƞŅĺńĽħŋ
ĽŃĪƟŀĬŐĽĚĝĬŇħŀŊŗĬȮŕ 

ĬŀĔěŅĔĬňŘįĸĸńıīƢĕŀĚěņĬĺĬěŋħĽŌĚĽŋħĕŀĚĶŇŘĺŐĪĶĔĽŀħĕŀĚŐĽĚĴňėĺŅĴĽńĴıńĬīƢĔńĭ 
ĝĬŇħĕŀĚĺńĽħŋĽŃĪƟŀĬŐĽĚȮıĭĺƞŅȮŐįƞĬŀĸŌĴŇŏĬňĵĴĭŅĚȮŐĸŃĲƕĸƢĴĽŃĪƟŀĬŐĽĚĭŅĚĝĬŇħĮĶŇĞŉĴȮĴňěņĬĺĬ 
ĶŇŘĺŐĪĶĔĽŀħĕŀĚŐĽĚĪňŗŒĔĸƟŏėňĵĚĔńĬȮėŊŀȮĮĶŃĴŅĦȮ1.ȮĶŇŘĺŐĪĶĔĽŀħȮŒĬĕĦŃĪňŗĺńĽħŋĔĶŃěĔŐĽħĚ 
ěņĬĺĬėƞŅĶŇŘĺŐĪĶĔĽŀħĕŀĚŐĽĚĮĶŃĴŅĦȮ4.ȮĶŇŘĺŐĪĶĔĽŀħȮőħĵĪňŗĺńĽħŋĔĶŃěĔŏėĸŊŀĭŀĸŌĴŇŏĬňĵĴ 
ĴňěņĬĺĬĶŇŘĺŐĪĶĔĽŀħĽŌĚĽŋħȮĽŅĴŅĶĩŐĽħĚįĸĸńıīƢĕŀĚĔŅĶĪħĽŀĭĺńĽħŋĽŃĪƟŀĬŐĽĚœħƟŒĬĨŅĶŅĚĪňŗȮ4.1 
ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ 

ĨŅĶŅĚĪňŗȮ2,/ įĸĸńıīƢĕŀĚĔŅĶĪħĽŀĭĺńĽħŋĽŃĪƟŀĬŐĽĚŐĨƞĸŃĝĬŇħ 

ėĺŅĴĩňŗ 
(Hz) 

 ěņĬĺĬěŋħĽŌĚĽŋħĕŀĚĶŇŘĺŐĪĶĔĽŀħĕŀĚŐĽĚȮ 

ĸņħńĭĪňŗ 
ŐįƞĬŀĸŌĴŇŏĬňĵĴ
ĭŅĚ 

ĲƕĸƢĴĽŃĪƟŀĬŐĽĚ
ĭŅĚĝĬŇħĮĶŇĞŉĴ 

ĔĶŃěĔŏĚŅ 
ĔĶŃěĔŏėĸŊŀĭ
ŀĸŌĴŇŏĬňĵĴ 

1 

1 30 33 65 66 
2 31 34 65 65 

3 30 33 64 66 

ėƞŅŏĜĸňŗĵĶĺĴ 30 33 65 66 
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ĨŅĶŅĚĪňŗȮ4.1 įĸĸńıīƢĕŀĚĔŅĶĪħĽŀĭĺńĽħŋĽŃĪƟŀĬŐĽĚŐĨƞĸŃĝĬŇħȮ(Ĩƞŀ) 

ėĺŅĴĩňŗ 
(Hz) 

 ěņĬĺĬěŋħĽŌĚĽŋħĕŀĚĶŇŘĺŐĪĶĔĽŀħĕŀĚŐĽĚȮ 

ĸņħńĭĪňŗ 
ŐįƞĬŀĸŌĴŇŏĬňĵĴ
ĭŅĚ 

ĲƕĸƢĴĽŃĪƟŀĬŐĽĚ
ĭŅĚĝĬŇħĮĶŇĞŉĴ 

ĔĶŃěĔŏĚŅ 
ĔĶŃěĔŏėĸŊŀĭ
ŀĸŌĴŇŏĬňĵĴ 

2 

1 30 32 60 62 
2 31 31 61 62 

3 31 32 61 61 

ėƞŅŏĜĸňŗĵĶĺĴ 31 32 61 62 

5 

1 29 30 58 59 

2 28 29 58 59 
3 29 30 59 58 

ėƞŅŏĜĸňŗĵĶĺĴ 29 30 58 59 

10 

1 29 29 56 58 
2 28 29 57 58 

3 28 28 57 57 

ėƞŅŏĜĸňŗĵĶĺĴ 28 29 57 58 

20 

1 28 27 52 54 

2 28 28 53 54 
3 27 28 53 53 

ėƞŅŏĜĸňŗĵĶĺĴ 28 28 53 54 

50 

1 29 32 65 83 
2 28 33 64 82 

3 28 32 64 83 

ėƞŅŏĜĸňŗĵĶĺĴ 28 32 64 83 
 
ěŅĔĔŅĶĪħĽŀĭĔŅĶĽŃĪƟŀĬŐĽĚĕŀĚĺńĽħŋȮőħĵĨŇħĨńŘĚĺńĽħŋĽŃĪƟŀĬŐĽĚĭĶŇŏĺĦįŇĺľĬƟŅĽńĴįńĽ 

ĕŀĚŀŋĮĔĶĦƢĽĶƟŅĚŐĶĚĽńŗĬĽŃŏĪŊŀĬȮŐĸŃħņŏĬŇĬĔŅĶĪħĸŀĚĞŘņĪňŗĶŃħńĭėĺŅĴĩňŗĸŃȮ3 ėĶńŘĚȮıĭĺƞŅȮĺńĽħŋ 
ŐĨƞĸŃĝĬŇħŏĴŊŗŀįƞŅĬĔŅĶĪħĽŀĭŐĸƟĺĴňėŋĦĽĴĭńĨŇĪŅĚĔŅĵĳŅıĪňŗŐĨĔĨƞŅĚĔńĬȮőħĵĽŅĴŅĶĩĽĶŋĮĕƟŀħňȮ- 
ĕƟŀŏĽňĵȮėŋĦĽĴĭńĨŇĕŀĚĺńĽħŋȮįĸĔŅĶĪħĽŀĭȮŐĸŃĔŅĶĬņœĮĮĶŃĵŋĔĨƢŒĝƟĚŅĬŒĬĔŅĶıńĥĬŅľńĺĺńħȮFFPIȮ 
œħƟħńĚĨŅĶŅĚĪňŗȮ4.2 
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ĨŅĶŅĚĪňŗȮ2,0 ĕƟŀħň - ĕƟŀŏĽňĵȮĕŀĚĺńĽħŋĽŃĪƟŀĬŐĽĚŐĨƞĸŃĮĶŃŏĳĪ 

ĮĶŃŏĳĪĺńĽħŋ ĕƟŀħň ĕƟŀŏĽňĵ 

ĔĶŃěĔŏėĸŊŀĭŀĸŌĴŇŏĬňĵĴ - ĽŃĪƟŀĬŐĽĚœħƟħň 
- ĺńĽħŋĨŇħĨńŘĚĚƞŅĵȮ 
- ĶŌĮėĸŊŗĬĽńĠĠŅĦĶŇŘĺŐĪĶĔĽŀħ
ĝńħŏěĬ 

- ĶŌĮėĸŊŗĬĶŇŘĺŐĪĶĔĽŀħĪŅĚŐĽĚ 
ĴňėĺŅĴĽńĴıńĬīƢĔńĭėĸŊŗĬĝňıěĶ 

- ėĸŊŗĬŐĪĶĔĽŀħĴňėĺŅĴľĬŅĴŅĔ 
- ĺńĽħŋœĴƞĽŅĴŅĶĩľŅĞŊŘŀœħƟĪńŗĺœĮ 

ĔĶŃěĔŏĚŅ - ĽŅĴŅĶĩľŅĞŊŘŀœħƟĪńŗĺœĮ 
- ĽŃĪƟŀĬŐĽĚœħƟħňȮŐĨƞĬƟŀĵĔĺƞŅ
ĔĶŃěĔŏėĸŊŀĭŀĸŌĴŇŏĬňĵĴ 
 

- ĨƟŀĚĨŇħĨńŘĚľńĺĺńħĪňŗŀĚĻŅŏĜıŅŃ 
- ĺńĽħŋĴňėĺŅĴľĬŅĔĺƞŅĔĶŃěĔ
ŏėĸŊŀĭŀĸŌĴŇŏĬňĵĴ 

- œĴƞĽŅĴŅĶĩĪņŒľƟĺńĽħŋĔĶŃěĔŏĚŅ
ŏĮƦĬĶŌĮĪĶĚĪňŗĨƟŀĚĔŅĶœħƟ 

ĲƕĸƢĴĽŃĪƟŀĬŐĽĚĭŅĚĝĬŇħ
ĮĶŇĞŉĴ 

- ĺńĽħŋĴňėĺŅĴĭŅĚȮ 
- ĽŅĴŅĶĩĽŃĪƟŀĬŐĽĚœħƟȮ 
- ĨŇħĨńŘĚĚƞŅĵ 

- ĶŌĮėĸŊŗĬĶŇŘĺŐĪĶĔĽŀħĕŀĚŐĽĚ 
œĴƞĝńħŏěĬ 

ŐįƞĬŀĸŌĴŇŏĬňĵĴĭŅĚ - ĴňėĺŅĴĭŅĚĴŅĔĪňŗĽŋħ 
- ĽŅĴŅĶĩľŅĞŊŘŀœħƟĪńŗĺœĮ 

- œĴƞĽŅĴŅĶĩėŊĬĨńĺĔĸńĭĽĳŅıŏħŇĴ 
- ĽŃĪƟŀĬŐĽĚœĴƞħň 
- ĺńĽħŋĵńĭĚƞŅĵȮœĴƞĽŅĴŅĶĩŒĝƟĞŘņœħƟ 
- ŒĬĔŅĶĪħĽŀĭĭŅĚėĶńŘĚȮıĭĺƞŅȮ
ĺńĽħŋœĴƞĽŅĴŅĶĩĽŃĪƟŀĬŐĽĚ
ĔĸńĭĴŅĪňŗľńĺĺńħœħƟ 

 
ěŅĔĔŅĶĪħĽŀĭėŋĦĽĴĭńĨŇĕŀĚĺńĽħŋĽŃĪƟŀĬŐĽĚŐĨƞĸŃĝĬŇħȮıĭĺƞŅȮĺńĽħŋĽŃĪƟŀĬŐĽĚĪňŗ 

œĴƞĽŅĴŅĶĩĬņĴŅŒĝƟŒĬĔŅĶıńĥĬŅľńĺĺńħœħƟȮėŊŀȮŐįƞĬŀĸŌĴŇŏĬňĵĴĭŅĚȮŏĬŊŗŀĚěŅĔĺńĽħŋĮĶŃĔŀĭħƟĺĵħƟŅĬĪňŗĴň

ĸńĔļĦŃįŇĺĴńĬĺŅĺȮĞŉŗĚĴňėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĽŃĪƟŀĬŐĽĚœħƟȮŐĸŃħƟŅĬįŇĺľĵŅĭȮĞŉŗĚœĴƞĽŅĴŅĶĩĽŃĪƟŀĬ

ŐĽĚœħƟȮĬŀĔěŅĔĬňŘĕĦŃĨŇħĨńŘĚĺńĽħŋĭĬŀŋĮĔĶĦƢĽĶƟŅĚŐĶĚĽńŗĬĽŃŏĪŊŀĬȮıĭĺƞŅȮĺńĽħŋŏĔŇħĶŀĵĵńĭĚƞŅĵȮľŅĔŏĔŇħ

ĶŀĵĵńĭŐĸƟĺœĴƞĽŅĴŅĶĩĬņĴŅĪħĽŀĭœħƟȮŏĬŊŗŀĚěŅĔĪņŒľƟįŇĺľĬƟŅĽńĴįńĽĕŀĚĺńĽħŋœĴƞŏĶňĵĭȮŐĸŃœĴƞĽŅĴŅĶĩ

ĽŃĪƟŀĬŐĽĚœħƟȮĶĺĴĪńŘĚįĸĶŌĮėĸŊŗĬĽńĠĠŅĦĪňŗœħƟěŅĔŐįƞĬŀĸŌĴŇŏĬňĵĴĭŅĚĨƟŀĚŒĝƟĔņĸńĚĕĵŅĵĽńĠĠŅĦȮ

(Amplifier) ĴŅĔĔĺƞŅĺńĽħŋĝĬŇħŀŊŗĬ ŕ ěŉĚěŃĽŅĴŅĶĩŏľŖĬĶŌĮėĸŊŗĬĽńĠĠŅĦĪňŗĝńħŏěĬȮ 
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ĽņľĶńĭĺńĽħŋĲƕĸƢĴĽŃĪƟŀĬŐĽĚĭŅĚĝĬŇħĮĶŇĞŉĴȮıĭĺƞŅȮĺńĽħŋĴňėĺŅĴĭŅĚȮŐĸŃĽŅĴŅĶĩĨŇħĨńŘĚ
œħƟĚƞŅĵȮĩŉĚĔĶŃĬńŘĬıĭĺƞŅįĸĶŌĮėĸŊŗĬĽńĠĠŅĦŐĪĶĔĽŀħĕŀĚŐĽĚĴňėĺŅĴœĴƞĝńħŏěĬŏĴŊŗŀŏĮĶňĵĭŏĪňĵĭĔńĭ
ĺńĽħŋĔĶŃěĔȮ(Mirror)  

ŒĬĕĦŃĪňŗĺńĽħŋĔĶŃěĔŏĚŅĴňĺŇīňĔŅĶŒĝƟĚŅĬĵŅĔȮŐĸŃŒĝƟĶŃĵŃŏĺĸŅĨŇħĨńŘĚĬŅĬȮŏĬŊŗŀĚěŅĔĨƟŀĚ
ĨŇħĨńŘĚľńĺĺńħȮFFPI ĪňŗĴŋĴŀĚĻŅŏĜıŅŃȮěŉĚěŃĽŅĴŅĶĩĨĶĺěěńĭĔŅĶĽŃĪƟŀĬĕŀĚŐĽĚœħƟȮĶĺĴĪńŘĚĔĶŃěĔŏĚŅ 
ŒĝƟĽŅĶŏėĸŊŀĭĔĶŃěĔŏĮƦĬĽŅĶĽŃĪƟŀĬŐĽĚȮĞŉŗĚŏĴŊŗŀŏĮĶňĵĭŏĪňĵĭĔńĭĔĶŃěĔŏėĸŊŀĭŀĸŌĴŇŏĬňĵĴȮıĭĺƞŅȮ
ĔĶŃěĔŏĚŅĽŅĴŅĶĩĽŃĪƟŀĬŐĽĚœħƟĬƟŀĵĔĺƞŅȮŒĬĕĦŃĪňŗĔĶŃěĔŏėĸŊŀĭŀĸŌĴŇŏĬňĵĴȮĴňĸńĔļĦŃĔŅĶŒĝƟĚŅĬĚƞŅĵȮ
ĽŅĴŅĶĩĽŃĪƟŀĬŐĽĚœħƟħňĴŅĔȮŐĸŃĴňĶŌĮėĸŊŗĬĽńĠĠŅĦĶŇŘĺŐĪĶĔĽŀħĕŀĚŐĽĚĪňŗĝńħŏěĬȮőħĵĸńĔļĦŃ 
ĶŇŘĺŐĪĶĔĽŀħĕŀĚŐĽĚĪňŗŏĔŇħĕŉŘĬĴňėĺŅĴĽńĴıńĬīƢĔńĭėĸŊŗĬėĺŅĴĩňŗĪňŗĮƚŀĬŒľƟĔńĭŀŋĮĔĶĦƢĽĶƟŅĚŐĶĚĽńŗĬĽŃŏĪŊŀĬȮȮ 

ħńĚĬńŘĬŒĬĕńŘĬĨŀĬĔŅĶıńĥĬŅľńĺĺńħȮFFPI ěŉĚœħƟŏĸŊŀĔŒĝƟĔĶŃěĔŏėĸŊŀĭŀĸŌĴŇŏĬňĵĴŏĮƦĬ 
ĺńĽħŋĽŃĪƟŀĬŐĽĚȮőħĵĔņľĬħŒľƟĺńĽħŋĔĶŃěĔŏėĸŊŀĭŀĸŌĴŇŏĬňĵĴĴňėĺŅĴľĬŅŏĪƞŅĔńĭȮ1 ĴŇĸĸŇŏĴĨĶ ŐĸŃ 
ĴňĕĬŅħŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚŏĪƞŅĔńĭȮ10 ĴŇĸĸŇŏĴĨĶȮěŅĔĬńŘĬħņŏĬŇĬĔŅĶĪħĽŀĭėĺŅĴĵŊħľĵŋƞĬĕŀĚĺńĽħŋ 
ĝĬŇħĨƞŅĚȮŕȮœħƟħńĚĕńŘĬĨŀĬĨƞŀœĮĬňŘ 

4.2.2 įĸĔŅĶĪħĽŀĭĕŀĚĺńĽħŋĵŊħľĵŋƞĬ 
ěŅĔĔŅĶĪħĽŀĭĝŇŘĬĽƞĺĬĨńĺŀĵƞŅĚĺńĽħŋĵŊħľĵŋƞĬȮœħƟŐĔƞȮŐįƞĬĵŅĚĭŅĚȮŐįƞĬĵŅĚīĶĶĴĝŅĨŇ 

ŐĸŃŐįƞĬĵŅĚœĬœĨĶĔńĭŏėĶŊŗŀĚħŉĚȮőħĵĽŅĴŅĶĩŐĽħĚįĸĔŅĶĪħĽŀĭėĺŅĴĵŊħľĵŋƞĬĕŀĚĺńĽħŋěŅĔŏėĶŊŗŀĚħŉĚ
ħńĚĨŅĶŅĚĪňŗȮ4.3 

 
ĨŅĶŅĚĪňŗ 4.3 įĸĔŅĶĪħĽŀĭĺńĽħŋĵŊħľĵŋƞĬ 

 
ĮĶŃŏĳĪĺńĽħŋĵŊħľĵŋƞĬ 

ėƞŅĵńĚĴŀħŋĸńĽ 
(N/mm2) 

ėƞŅŏĮŀĶƢŏĞŖĬĨƢ 
ĔŅĶĵŊħĨńĺȮ(mm) 

ŐįƞĬĵŅĚĭŅĚȮ(Latex thin film) 199.25 2.85 
ŐįƞĬĵŅĚīĶĶĴĝŅĨŇ (Natural latex thin film) 148.20 1.68 

ŐįƞĬĵŅĚœĬœĨĶȮ(Nitrile latex thin film) 84.59 1.39 

 
ěŅĔĨŅĶŅĚĪňŗȮ4.3 ıĭĺƞŅȮĺńĽħŋŐįƞĬĵŅĚĭŅĚĴňėĺŅĴĵŊħľĵŋƞĬĴŅĔĪňŗĽŋħȮőħĵĴňėƞŅĵńĚĴŀħŋĸńĽ

ŏĪƞŅĔńĭȮ199.25 N/mm2 ŐĸŃŏĮŀĶƢŏĞŖĬĨƢĔŅĶĵŊħĨńĺŏĪƞŅĔńĭȮ2.85 mm ĨŅĴĸņħńĭȮěŅĔĬńŘĬħņŏĬŇĬĔŅĶ
ĨŇħĨńŘĚĺńĽħŋĵŊħľĵŋƞĬĝĬŇħĨƞŅĚȮŕȮĔńĭľńĺĺńħȮFFPI ŏıŊŗŀĪħĽŀĭĔŅĶĨĶĺěěńĭĽńĠĠŅĦĝňıěĶĭĬįŇĺľĬńĚĕŀĚ
ĴĬŋļĵƢȮıĭĺƞŅȮĺńĽħŋĨńĺŀĵƞŅĚĕŀĚŐįƞĬĵŅĚīĶĶĴĝŅĨŇŐĸŃŐįƞĬĵŅĚœĬœĨĶȮŏĴŊŗŀįƞŅĬĔŅĶĪħĽŀĭŐĸƟĺȮ 
ĺńĽħŋœĴƞĽŅĴŅĶĩėŊĬĶŌĮĔĸńĭĽŌƞĽĳŅıŏħŇĴœħƟȮŐĸŃĺńĽħŋĴňėĺŅĴĵŊħľĵŋƞĬœĴƞŏıňĵĚıŀĪňŗėĺŅĴħńĬĝňıěĶěŃ
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ĽŅĴŅĶĩĪņŒľƟĺńĽħŋŏĔŇħĔŅĶőĔƞĚĨńĺœħƟȮĽƞĚįĸŒľƟĶŇŘĺŐĪĶĔĽŀħĪňŗŏĔŇħĕŉŘĬěŅĔĺńĽħŋĪńŘĚȮ2 ĝĬŇħĬňŘȮœĴƞĴň
ėĺŅĴĽńĴıńĬīƢĔńĭĽńĠĠŅĦĝňıěĶȮŒĬĕĦŃĪňŗŐįƞĬĵŅĚĭŅĚĽŅĴŅĶĩĪħĽŀĭœħƟĴŅĔĔĺƞŅȮ1 ėĶńŘĚȮŐĸŃĔĸńĭĽŌƞ
ĽĳŅıŏħŇĴœħƟȮŐĶĚħńĬĝňıěĶĽŅĴŅĶĩĔĶŃĪĭĔńĭĺńĽħŋŒľƟŏĔŇħĔŅĶőĔƞĚĨńĺȮŐĸŃĴňĶŌĮėĸŊŗĬĶŇŘĺŐĪĶĔĽŀħ 
ĪňŗĝńħŏěĬȮĽŅĴŅĶĩĬņœĮĺŇŏėĶŅŃľƢĨƞŀœħƟȮ 

ħńĚĬńŘĬĽņľĶńĭĔŅĶıńĥĬŅľńĺĺńħȮFFPI ěŉĚŏĸŊŀĔŒĝƟĺńĽħŋĔĶŃěĔŏėĸŊŀĭŀĸŌĴŇŏĬňĵĴŏĮƦĬĺńĽħŋ
ĽŃĪƟŀĬŐĽĚȮŐĸŃŐįƞĬĵŅĚĭŅĚŏĮƦĬĺńĽħŋĵŊħľĵŋƞĬ ĨŇħĨńŘĚĶƞĺĴĔńĬĭĶŇŏĺĦĮĸŅĵĽŅĵŒĵŐĔƟĺĬņŐĽĚȮĽņľĶńĭ 
ŒĬĕńŘĬĨŀĬĨƞŀœĮȮėŊŀȮĔŅĶĪħĽŀĭľńĺĺńħıňŗıńĥĬŅĕŉŘĬĔńĭĴĬŋļĵƢȮĞŉŗĚĴňĕńŘĬĨŀĬĔŅĶħņŏĬŇĬĚŅĬħńĚĬňŘ 

 
4.3 įĸĔŅĶĪħĽŀĭľńĺĺńħĔńĭŀŅĽŅĽĴńėĶ 
 ŏĴŊŗŀĽŅĴŅĶĩŀŀĔŐĭĭŐĸŃŏĸŊŀĔĺńĽħŋĽņľĶńĭıńĥĬŅľńĺĺńħȮFFPI œħƟŐĸƟĺȮěŉĚĬņľńĺĺńħħńĚĔĸƞŅĺ 
ĴŅĪħĽŀĭĔńĭĴĬŋļĵƢĭĶŇŏĺĦĮĸŅĵĬŇŘĺȮ(Fingertip)ȮŐĸŃĭĶŇŏĺĦĸņėŀȮ(Neck) ħƟĺĵőėĶĚĽĶƟŅĚĶŃĭĭ 
ĪňŗŀŀĔŐĭĭœĺƟ ĽŅĴŅĶĩŐĽħĚĔŅĶĨŇħĨńŘĚĶŃĭĭĨĶĺěĺńħėĺŅĴħńĬőĸľŇĨħƟĺĵĨńĺĨĶĺěěńĭŒĵŐĔƟĺĬņŐĽĚĝĬŇħ
ĲŅĭĶň-ŏĮőĶĨƢȮŀŇĬŏĪŀĶƢĲƖĶŀĴŇŏĨŀĶƢĶƞĺĴĔńĭľńĺĺńħœħƟħńĚĶŌĮĪňŗȮ4.7 
 

Photodetector

Digital OscilloscopeLaser diode

Neck

FFPI sensing probe

FFPI sensing probe

Fingertip

 
&Ĕ'      (ĕ) 

ĶŌĮĪňŗ 4.7 ĨńĺŀĵƞŅĚĔŅĶĨŇħĨńŘĚĶŃĭĭĪħĽŀĭľńĺĺńħȮFFPI ĪňŗıńĥĬŅĕŉŘĬĔńĭĴĬŋļĵƢ;  
(Ĕ)ȮĭĶŇŏĺĦĮĸŅĵĬŇŘĺȮŐĸŃȮ(ĕ)ȮĭĶŇŏĺĦĸņėŀ 

 
ěŅĔĔŅĶĪħĽŀĭĔŅĶĨĶĺěěńĭĽńĠĠŅĦĝňıěĶĭĶŇŏĺĦĮĸŅĵĬŇŘĺȮŐĸŃĸņėŀȮıĭĺƞŅĴňėĺŅĴŐĨĔĨƞŅĚĔńĬ

ŒĬľĸŅĵȮŕȮħƟŅĬȮőħĵĴňĶŅĵĸŃŏŀňĵħŏıŇŗĴŏĨŇĴħńĚĬňŘ 
- ħƟŅĬĔŅĶŒĝƟĚŅĬĺńĽħŋĞŘņ: ŏĴŊŗŀľńĺĺńħȮFFPI įƞŅĬĔŅĶĪħĽŀĭěņĬĺĬȮ3 ů 5 ėĶńŘĚȮıĭĺƞŅȮĺńĽħŋ

ĵŊħľĵŋƞĬŐįƞĬĵŅĚĭŅĚŏĔŇħĔŅĶľĵƞŀĬėĸƟŀĵȮĽƞĚįĸŒľƟœĴƞĽŅĴŅĶĩĨĶĺěěńĭĽńĠĠŅĦĝňıěĶœħƟȮĬŀĔěŅĔĬňŘ 
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ĪņŒľƟĔĶŃěĔŏėĸŊŀĭŀĸŌĴŇŏĬňĵĴĳŅĵŒĬľĸŋħŀŀĔěŅĔŐįƞĬĵŅĚĭŅĚȮŏıŊŗŀŐĔƟœĕĮƤĠľŅħńĚĔĸƞŅĺȮěŉĚŏĮĸňŗĵĬ
ŐįƞĬĵŅĚĭŅĚŏĴŊŗŀĪħĽŀĭĔńĭŀŅĽŅĽĴńėĶėĬŒľĴƞȮėŊŀȮĕĦŃĪħĽŀĭŀŅĽŅĽĴńėĶȮ1 ėĬ/ŐįƞĬĵŅĚĭŅĚȮ1 ĝŇŘĬȮ 

- ħƟŅĬŐĶĚĪňŗŒĝƟĔħĺńĽħŋŐįƞĬĵŅĚĭŅĚ: ĽņľĶńĭĔŅĶĨĶĺěĺńħĭĶŇŏĺĦĮĸŅĵĬŇŘĺĴŊŀȮĞŉŗĚĮĶŃĔŀĭħƟĺĵ
ŏĽƟĬŏĸŊŀħŐħĚŐĕĬĚĪňŗĴňĕĬŅħŏĸŖĔȮ(Radial artery)ȮħńĚĬńŘĬŏıŊŗŀŒľƟœħƟĴŅĞŉŗĚŐĶĚħńĬĝňıěĶĪņŒľƟįŌƟŒĝƟĚŅĬ 
ĨƟŀĚŒĝƟŐĶĚĔħěŅĔĮĸŅĵĬŇŘĺľńĺŐĴƞĴŊŀĸĚĪňŗŐįƞĬĵŅĚĭŅĚěŉĚěŃŏĔŇħĶŇŘĺŐĪĶĔĽŀħĕŀĚŐĽĚȮŒĬĕĦŃĪňŗĭĶŇŏĺĦ
ĸņėŀĮĶŃĔŀĭħƟĺĵŏĽƟĬŏĸŊŀħŐħĚŒľĠƞ (Carotid artery)ȮľńĺĺńħȮFFPI ěŉĚĽŅĴŅĶĩĨĶĺěĺńħŐĶĚħńĬĝňıěĶ
œħƟŀĵƞŅĚĝńħŏěĬȮħńĚĬńŘĬĶŃľĺƞŅĚĨĶĺěĺńħĝňıěĶȮıĭĺƞŅȮŐįƞĬĵŅĚĭŅĚŏĔŇħĔŅĶľĵƞŀĬėĸƟŀĵěŅĔĔŅĶŒĝƟĚŅĬ
ĭĶŇŏĺĦĮĸŅĵĬŇŘĺĴŅĔĔĺƞŅĸņėŀȮŏĬŊŗŀĚěŅĔĺńĽħŋŏĔŇħĔŅĶŏĽňĵĶŌĮěŉĚœĴƞĽŅĴŅĶĩĬņŐįƞĬĵŅĚĭŅĚŒĝƟĚŅĬĞŘņœħƟȮ 

- ħƟŅĬĨņŐľĬƞĚĕŀĚľńĺĺńħȮFFPI:ȮľńĺĺńħȮFFPI ĩŌĔŀŀĔŐĭĭŒľƟŒĝƟĚŅĬŒĬŐĬĺĬŀĬĶŃĬŅĭȮľĶŊŀ
ŐĬĺĬŀĬȮħńĚĬńŘĬĔŅĶħņŏĬŇĬĔŅĶĨĶĺěĺńħĝňıěĶĭĶŇŏĺĦĮĸŅĵĬŇŘĺěŉĚŒĝƟĚŅĬœħƟĽŃħĺĔĔĺƞŅĭĶŇŏĺĦĸņėŀ 
ŏĬŊŗŀĚěŅĔŀŅĽŅĽĴńėĶĽŅĴŅĶĩĺŅĚĴŊŀĭĬőĨƠŃĕĦŃĪħĸŀĚŒĬŐĬĺĶŃĬŅĭœħƟȮŒĬĕĦŃĪňŗĔŅĶĪħĽŀĭĭĶŇŏĺĦ
ĸņėŀŀŅĽŅĽĴńėĶĨƟŀĚĩŊŀľńĺĺńħȮFFPI ŒľƟŐĬĭĝŇħĔńĭįŇĺľĬńĚȮĞŉŗĚŀŅěĪņŒľƟįŌƟŒĝƟĚŅĬŏĔŇħėĺŅĴŏĴŊŗŀĵĸƟŅ 
ľŅĔħņŏĬŇĬĔŅĶĪħĸŀĚŒĬĶŃĵŃĵŅĺœħƟ 

- ħƟŅĬĶŃĵŃŏĺĸŅĕĦŃĨĶĺěĺńħ:ȮěŅĔĔŅĶĪħĸŀĚȮıĭĺƞŅȮĭĶŇŏĺĦĮĸŅĵĬŇŘĺŒĝƟĶŃĵŃŏĺĸŅĨĶĺěěńĭ
ĽńĠĠŅĦĝňıěĶĴŅĔĔĺƞŅĭĶŇŏĺĦĸņėŀȮŏĬŊŗŀĚěŅĔĨƟŀĚŒĝƟŐĶĚĔħěŅĔĬŇŘĺľńĺŐĴƞĴŊŀĸĚĭĬĺńĽħŋŐįƞĬĵŅĚĭŅĚ 
ĪňŗıŀŏľĴŅŃĔńĭĔŅĶĽŃĪƟŀĬŐĽĚěŅĔĔĶŃěĔŏėĸŊŀĭŀĸŌĴŇŏĬňĵĴȮľŅĔŒĝƟŐĶĚĔħĴŅĔŏĔŇĬœĮěŃĽƞĚįĸŒľƟĺńĽħŋ
ĵŊħľĵŋƞĬŏĔŇħĔŅĶŏĮĸňŗĵĬĶŌĮěŅĔŐĶĚĔħœĴƞŒĝƞěŅĔŐĶĚħńĬĝňıěĶȮľĶŊŀľŅĔŒĝƟŐĶĚĔħĬƟŀĵŏĔŇĬœĮěŃĪņŒľƟ 
ľńĺĺńħȮFFPI œĴƞĽŅĴŅĶĩĨĶĺěěńĭĽńĠĠŅĦĝňıěĶœħƟȮŒĬĕĦŃĪňŗŏĴŊŗŀĺŅĚľńĺĺńħȮFFPI ĭĶŇŏĺĦĸņėŀȮıĭĺƞŅ
ĽŅĴŅĶĩĨĶĺěěńĭĽńĠĠŅĦĝňıěĶœħƟĪńĬĪňȮőħĵŐĽħĚįĸĶŇŘĺŐĪĶĔĽŀħĕŀĚŐĽĚĪňŗĝńħŏěĬȮ(Interference 
fringe) ĞŉŗĚĴňėĺŅĴĽŀħėĸƟŀĚĔńĭĽńĠĠŅĦĝňıěĶŀƟŅĚŀŇĚ 

- ĕĬŅħŐŀĴıĸŇěŌħĕŀĚĽńĠĠŅĦĪňŗŏĔŇħĕŉŘĬ:ȮįĸĔŅĶĪħĸŀĚěŅĔŏėĶŊŗŀĚĺńħĶŌĮėĸŊŗĬĽńĠĠŅĦĪŅĚ
œĲĲƚŅȮıĭĺƞŅȮĽńĠĠŅĦěŅĔĭĶŇŏĺĦĮĸŅĵĬŇŘĺĴňĕĬŅħŐŀĴıĸŇěŌħĨŗņĔĺƞŅĭĶŇŏĺĦĸņėŀȮŏĬŊŗŀĚěŅĔŐĶĚħńĬ 
ĝňıěĶěŅĔŏĽƟĬŏĸŊŀħŐĕĬĚĭĶŇŏĺĦĮĸŅĵĬŇŘĺœĴƞŏıňĵĚıŀĪňŗěŃĽƞĚįĸŒľƟŐįƞĬĵŅĚĭŅĚŏĔŇħĔŅĶőĔƞĚĨńĺœħƟ 
ŀĵƞŅĚŏĨŖĴĪňŗȮŒĬĕĦŃĪňŗĔŅĶĨĶĺěĺńħĭĶŇŏĺĦĸņėŀĴňŐĶĚħńĬĝňıěĶĪňŗĽŅĴŅĶĩĔĶŃĪĭĔńĭŐįƞĬĵŅĚĭŅĚŐĸƟĺ
ŏĔŇħĔŅĶőĔƞĚĨńĺœħƟȮĪņŒľƟĽńĠĠŅĦĶŇŘĺŐĪĶĔĽŀħĕŀĚŐĽĚĴňĕĬŅħŐŀĴıĸŇěŌħĴŅĔĔĺƞŅĭĶŇŏĺĦĮĸŅĵĬŇŘĺ 

- ĔŅĶŏĔŇħĶŇŘĺŐĪĶĔĽŀħĕŀĚŐĽĚ:ȮěŅĔĔŅĶĨĶĺěĺńħĝňıěĶĭĶŇŏĺĦĸņėŀȮıĭĺƞŅȮŏĔŇħĶŇŘĺŐĪĶĔĽŀħ
ĕŀĚŐĽĚĪňŗĝńħŏěĬȮŐĸŃĴňėĺŅĴĽńĴıńĬīƢĔńĭĽńĠĠŅĦĝňıěĶȮŒĬĕĦŃĪňŗĭĶŇŏĺĦĮĸŅĵĬŇŘĺŏĔŇħĶŇŘĺŐĪĶĔĽŀħ
ĕŀĚŐĽĚĞŉŗĚĴňėĺŅĴĽńĴıńĬīƢĔńĭŐĶĚĔħěŅĔĬŇŘĺľńĺŐĴƞĴŊŀĕŀĚŀŅĽŅĽĴńėĶĴŅĔĔĺƞŅŐĶĚħńĬĝňıěĶȮĪņŒľƟ 
œĴƞĽŅĴŅĶĩĬņĽńĠĠŅĦĶŇŘĺŐĪĶĔĽŀħĕŀĚŐĽĚħńĚĔĸƞŅĺœĮĺŇŏėĶŅŃľƢȮŐĸŃĮĶŃĴĺĸįĸĨƞŀœħƟȮ 
ĽŅĴŅĶĩŐĽħĚįĸĸńıīƢĔŅĶĪħĽŀĭľńĺĺńħőħĵŏĮĶňĵĭŏĪňĵĭįĸĽńĠĠŅĦĶŃľĺƞŅĚĨņŐľĬƞĚĔŅĶĨĶĺěĺńħ

ĭĶŇŏĺĦĮĸŅĵĬŇŘĺȮĭĶŇŏĺĦĸņėŀȮŐĸŃĽńĠĠŅĦĝňıěĶŀƟŅĚŀŇĚœħƟħńĚĶŌĮĪňŗȮ4.8 
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(Ĕ)      (ĕ) 

ĶŌĮĪňŗȮ2,6 ĨńĺŀĵƞŅĚĶŇŘĺŐĪĶĔĽŀħĕŀĚŐĽĚěŅĔľńĺĺńħ; (Ĕ)ȮĭĶŇŏĺĦĮĸŅĵĬŇŘĺȮŐĸŃȮ(ĕ)ȮĭĶŇŏĺĦĸņėŀ 
 
ěŅĔĔŅĶĪħĽŀĭĺŅĚľńĺĺńħȮFFPI ĔńĭŀŅĽŅĽĴńėĶĭĶŇŏĺĦĮĸŅĵĬŇŘĺȮŐĸŃĭĶŇŏĺĦĸņėŀȮĽŅĴŅĶĩ

ĽĶŋĮįĸĔŅĶħņŏĬŇĬĚŅĬœħƟħńĚĬňŘ 
- ĭĶŇŏĺĦĮĸŅĵĬŇŘĺ: ŏĴŊŗŀĺŅĚľńĺĺńħȮFFPI ĭĶŇŏĺĦĮĸŅĵĬŇŘĺȮıĭĺƞŅȮŐĶĚħńĬĝňıěĶěŅĔŏĽƟĬŏĸŊŀħ

ŐħĚŐĕĬĚœĴƞŏıňĵĚıŀĪňŗěŃĪņŒľƟŐįƞĬĵŅĚĭŅĚŏĔŇħĔŅĶőĔƞĚĨńĺȮĔĸƞŅĺėŊŀȮĺńĽħŋĽŃĪƟŀĬŐĽĚĪňŗĨŇħĨńŘĚĶƞĺĴĔńĭ
ŐįƞĬĵŅĚĭŅĚœĴƞŏĔŇħĔŅĶŏėĸŊŗŀĬĪňŗȮŐĸŃėĸŊŗĬŏĲĽœĴƞĴňĔŅĶŏĮĸňŗĵĬŐĮĸĚȮĽƞĚįĸŒľƟĽńĠĠŅĦĶŇŘĺŐĪĶĔĽŀħ
ĕŀĚŐĽĚĪňŗœħƟĴňĕĬŅħŐŀĴıĸŇěŌħ (Amplitude) ĕŀĚĽńĠĠŅĦĪňŗŐĽħĚįĸĨŗņȮĞŉŗĚĪņŒľƟœĴƞĽŅĴŅĶĩĺŇŏėĶŅŃľƢ 
ĶŇŘĺŐĪĶĔĽŀħĕŀĚŐĽĚŏĮƦĬėƞŅĔŅĶőĔƞĚĨńĺĕŀĚĺńĽħŋœħƟ 

- ĭĶŇŏĺĦĸņėŀ:ȮŏĴŊŗŀĺŅĚľńĺĺńħȮFFPI ĭĶŇŏĺĦĸņėŀȮıĭĺƞŅȮŐĶĚħńĬĝňıěĶěŅĔŏĽƟĬŏĸŊŀħŐħĚŒľĠƞ
ĔĶŃĪĭĔńĭŐįƞĬĵŅĚĭŅĚȮĪņŒľƟĺńĽħŋĵŊħľĵŋƞĬŏĔŇħĔŅĶőĔƞĚĨńĺȮŐĸŃĺńĽħŋĽŃĪƟŀĬŐĽĚŏĔŇħĔŅĶŏėĸŊŗŀĬĪňŗȮ 
ěŅĔĔŅĶĪħĸŀĚŐĽħĚįĸœħƟĺƞŅȮĶŇŘĺŐĪĶĔĽŀħĕŀĚŐĽĚĪňŗŏĔŇħĕŉŘĬĴňĕĬŅħŐŀĴıĸŇěŌħĪňŗĝńħŏěĬȮőħĵľńĺĺńħȮ
FFPI ĽŅĴŅĶĩĨĶĺěěńĭĽńĠĠŅĦĝňıěĶœħƟĪńĬĪňȮőħĵœĴƞĨƟŀĚĔħŐįƞĬĵŅĚĭŅĚŏľĴŊŀĬĔńĭĭĶŇŏĺĦĮĸŅĵĬŇŘĺȮ 
ħńĚĬńŘĬěŅĔĪňŗĔĸƞŅĺĴŅĕƟŅĚĨƟĬıĭĺƞŅȮĨņŐľĬƞĚĔŅĶĪħĸŀĚĪňŗŏľĴŅŃĽĴĽņľĶńĭĔŅĶĨĶĺěĺńħĽńĠĠŅĦ

ĝňıěĶĶƞĺĴĔńĭľńĺĺńħȮFFPI ėŊŀȮĭĶŇŏĺĦĸņėŀȮ 
ŏĴŊŗŀĽŅĴŅĶĩŏĸŊŀĔĭĶŇŏĺĦĪňŗŏľĴŅŃĽĴĽņľĶńĭĔŅĶĪħĸŀĚȮĕńŘĬĨŀĬĨƞŀœĮȮėŊŀȮĔŅĶŏĔŖĭĶĺĭĶĺĴĕƟŀĴŌĸ

ěŅĔŀŅĽŅĽĴńėĶĪňŗĴňĽŋĕĳŅıħňȮěņĬĺĬȮ86 ėĬȮőħĵŏĮƦĬįŌƟĝŅĵěņĬĺĬȮ43 ėĬȮŐĸŃįŌƟľĠŇĚěņĬĺĬȮ43 ėĬȮ
őħĵħņŏĬŇĬĔŅĶĪħĸŀĚĞŘņėĬĸŃȮ5 ėĶńŘĚȮĽŅĴŅĶĩŐĽħĚĕńŘĬĨŀĬĔŅĶħņŏĬŇĬĚŅĬœħƟħńĚĬňŘȮ 

1) ŒľƟŀŅĽŅĽĴńėĶĬńŗĚıńĔĔƞŀĬŏĶŇŗĴĔŅĶĨĶĺěĺńħĮĶŃĴŅĦȮ5 ů 10 ĬŅĪňȮŏıŊŗŀŒľƟėƞŅŀńĨĶŅĔŅĶŏĨƟĬ
ĕŀĚľńĺŒěȮŐĸŃėĺŅĴħńĬőĸľŇĨėĚĪňŗȮőħĵŀĵŌƞŒĬĪƞŅĬńŗĚĽĭŅĵĺŅĚŐĕĬĪńŘĚȮ2 ĕƟŅĚŒĬĶŃĬŅĭŏħňĵĺĔńĭľńĺŒěȮ 
ĬńŗĚľĸńĚĨĶĚȮŐĸŃĺŅĚĮĸŅĵĕŅĪńŘĚȮ2 ĕƟŅĚĸĚĕĬŅĬĔńĭıŊŘĬȮĽŅĴŅĶĩŐĽħĚĸńĔļĦŃĪƞŅĬńŗĚœħƟħńĚĶŌĮĪňŗȮ4.9 
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&Ĕ' (ĕ) 

ĶŌĮĪňŗ 4.9 ŏĔŖĭėƞŅėĺŅĴħńĬőĸľŇĨěŅĔŀŅĽŅĽĴńėĶ; (Ĕ)ȮŀŅĽŅĽĴńėĶĬńŗĚıńĔȮŐĸŃȮ(ĕ)ȮŀŅĽŅĽĴńėĶĽĺĴŒĽƞ
ŏėĶŊŗŀĚĺńħėĺŅĴħńĬőĸľŇĨŐĭĭħŇěŇĨŀĸĴŅĨĶģŅĬ 

 
 ěŅĔĬńŘĬŒľƟŀŅĽŅĽĴńėĶĽĺĴŒĽƞŏėĶŊŗŀĚĺńħėĺŅĴħńĬőĸľŇĨŐĭĭħŇěŇĨŀĸĴŅĨĶģŅĬĭĶŇŏĺĦ 
ĨƟĬŐĕĬĕƟŅĚĞƟŅĵȮŏıŊŗŀŒĝƟĽņľĶńĭĔŅĶĺŇŏėĶŅŃľƢėƞŅĽńĠĠŅĦŀƟŅĚŀŇĚ 

2) ĺŅĚľńĺĺńħȮFFPI ĭĶŇŏĺĦĸņėŀħƟŅĬĕĺŅĕŀĚŀŅĽŅĽĴńėĶ ħńĚŐĽħĚŒĬĶŌĮĪňŗȮ4.10 
 

 
 

ĶŌĮĪňŗ 4.10 ľńĺĺńħȮFFPI ĭĶŇŏĺĦĸņėŀħƟŅĬĕĺŅ 
 

 ŏĴŊŗŀĨŇħĨńŘĚľńĺĺńħȮFFPI ŏĶňĵĭĶƟŀĵŐĸƟĺȮěŅĔĬńŘĬŏĝŊŗŀĴĨƞŀĶŃĭĭĨĶĺěĺńħėĺŅĴħńĬőĸľŇĨħƟĺĵ 
ĨńĺĨĶĺěěńĭŒĵŐĔƟĺĬņŐĽĚĝĬŇħĲŅĭĶň-ŏĮőĶĨƢȮŀŇĬŏĪŀĶƢĲƖĶŀĴŇŏĨŀĶƢȮŏĕƟŅĔńĭŀŋĮĔĶĦƢŀƞŅĬŐĸŃŏĔŖĭĭńĬĪŉĔ
ĽńĠĠŅĦȮ(Data Acquisition Board: DAQ) ŐĸƟĺĬņŏĕƟŅĽńĠĠŅĦĶŇŘĺŐĪĶĔĽŀħĕŀĚŐĽĚȮőħĵŐĽħĚįĸ
ĭĬľĬƟŅěŀėŀĴıŇĺŏĨŀĶƢħƟĺĵőĮĶŐĔĶĴȮDAQExpressȮħńĚŐĽħĚŒĬĶŌĮĪňŗȮ4.11 
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ĽńĠĠŅĦĶŇŘĺŐĪĶĔĽŀħĕŀĚŐĽĚ

 
Ȯ 

ĶŌĮĪňŗ 4.11 őĮĶŐĔĶĴȮDAQExpressȮŐĽħĚĽńĠĠŅĦĶŇŘĺŐĪĶĔĽŀħĕŀĚŐĽĚ 
  
 ŏĴŊŗŀőĮĶŐĔĶĴȮDAQExpress ĽŅĴŅĶĩŐĽħĚįĸĽńĠĠŅĦœħƟŐĸƟĺȮěŅĔĬńŘĬěŉĚħņŏĬŇĬĔŅĶŏĔŖĭ
ĕƟŀĴŌĸěŅĔŀŅĽŅĽĴńėĶŒĬĸņħńĭĩńħœĮ 

3) ħņŏĬŇĬĔŅĶŏĔŖĭĽńĠĠŅĦĶŇŘĺŐĪĶĔĽŀħĕŀĚŐĽĚěŅĔľńĺĺńħȮFFPIȮŐĸŃėƞŅĪňŗœħƟěŅĔŏėĶŊŗŀĚĺńħ
ėĺŅĴħńĬőĸľŇĨŐĭĭħŇěŇĨŀĸĴŅĨĶģŅĬıĶƟŀĴĔńĬȮėĶńŘĚĸŃȮ15 ĺŇĬŅĪňȮħņŏĬŇĬĔŅĶĞŘņěņĬĺĬȮ5 ėĶńŘĚȮŐĸŃ
ŏĺƟĬĶŃĵŃľƞŅĚėĶńŘĚĸŃȮ15 ĬŅĪňȮ 

4) ĭńĬĪŉĔįĸĔŅĶĪħĸŀĚħƟĺĵŀŋĮĔĶĦƢŀƞŅĬŐĸŃŏĔŖĭĭńĬĪŉĔĽńĠĠŅĦȮ(DAQ) 
5) ěŅĔĬńŘĬħņŏĬŇĬĔŅĶĺŇŏėĶŅŃľƢȮŐĸŃĮĶŃĴĺĸįĸĽńĠĠŅĦħƟĺĵőĮĶŐĔĶĴȮMATLABȮR2018a  

őħĵĔŅĶĔĶŀĚĽńĠĠŅĦĶĭĔĺĬȮ(Signal filtering) ĨĶĺěěńĭěŋħĽŌĚĽŋħĕŀĚĶŌĮėĸŊŗĬĽńĠĠŅĦȮĬņŏĕƟŅĽĴĔŅĶ 
ľŅėƞŅĔŅĶőĔƞĚĨńĺĕŀĚĺńĽħŋȮŐĸŃėƞŅėĺŅĴħńĬĪňŗĴŅĔĶŃĪĭĔńĭŐįƞĬĺńĽħŋĵŊħľĵŋƞĬȮŏıŊŗŀĮĶŃĴĺĸįĸŏĮƦĬ 
ėƞŅėĺŅĴħńĬőĸľŇĨĞŇĽĪŀĸŇėȮėƞŅėĺŅĴħńĬőĸľŇĨœħŐŀĽĪŀĸŇėȮėƞŅŀńĨĶŅĔŅĶŏĨƟĬĕŀĚľńĺŒěȮŐĸŃĺŇŏėĶŅŃľƢ
ľŅėƞŅėĺŅĴėĸŅħŏėĸŊŗŀĬĪňŗŏĔŇħĕŉŘĬĶŃľĺƞŅĚĶŃĭĭĨĶĺěĺńħėĺŅĴħńĬőĸľŇĨĪňŗıńĥĬŅĕŉŘĬħƟĺĵĨńĺĨĶĺěěńĭ 
ŒĵŐĔƟĺĬņŐĽĚĝĬŇħĲŅĭĶň-ŏĮőĶĨƢȮŀŇĬŏĪŀĶƢĲƖĶŀĴŇŏĨŀĶƢĔńĭėƞŅŀƟŅĚŀŇĚĪňŗœħƟěŅĔŏėĶŊŗŀĚĺńħėĺŅĴħńĬőĸľŇĨ 
ŐĭĭħŇěŇĨŀĸĴŅĨĶģŅĬŒĬĸņħńĭĽŋħĪƟŅĵ 

 
4.4 įĸĔŅĶıńĥĬŅőĮĶŐĔĶĴĮĶŃĵŋĔĨƢĪŅĚĺŇĻĺĔĶĶĴȮ 
 ĽńĠĠŅĦĪňŗœħƟěŅĔĶŃĭĭĨĶĺěĺńħėĺŅĴħńĬőĸľŇĨħƟĺĵĨńĺĨĶĺěěńĭŒĵŐĔƟĺĬņŐĽĚĝĬŇħĲŅĭĶň-ŏĮőĶĨƢȮ
ŀŇĬŏĪŀĶƢĲƖĶŀĴŇŏĨŀĶƢȮĽŅĴŅĶĩŐĭƞĚĔŅĶŐĽħĚįĸŀŀĔŏĮƦĬȮ2ȮĽƞĺĬȮœħƟŐĔƞȮĽńĠĠŅĦĶŇŘĺŐĪĶĔĽŀħĕŀĚŐĽĚ 
ĭĶŇŏĺĦĸņėŀħƟŅĬĕĺŅȮŐĸŃėƞŅŀńĨĶŅĔŅĶŏĨƟĬĕŀĚľńĺŒěȮėƞŅėĺŅĴħńĬőĸľŇĨĞŇĽĪŀĸŇėȮŐĸŃėƞŅėĺŅĴħńĬ
őĸľŇĨœħŐŀĽĪŀĸŇėȮěŅĔŏėĶŊŗŀĚĺńħėĺŅĴħńĬőĸľŇĨŐĭĭħŇěŇĨŀĸĴŅĨĶģŅĬȮĞŉŗĚĩŌĔĬņĴŅŒĝƟŏĮƦĬėƞŅŀƟŅĚŀŇĚ 
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 őħĵĽńĠĠŅĦŒĬĽƞĺĬĪňŗȮ1 ŏĮƦĬĽńĠĠŅĦĪňŗœħƟěŅĔŀŋĮĔĶĦƢŀƞŅĬŐĸŃŏĔŖĭĭńĬĪŉĔĽńĠĠŅĦȮĞŉŗĚŏĮƦĬ
ĽńĠĠŅĦĪňŗĵńĚœĴƞįƞŅĬĔŅĶĮĶŃĴĺĸįĸȮĪņŒľƟĽńĠĠŅĦĪňŗœħƟĴňĽńĠĠŅĦĶĭĔĺĬȮŐĸŃŏĮƦĬŀŋĮĽĶĶėĨƞŀ 
ĔŅĶĮĶŃĴĺĸįĸĸńĔļĦŃĶŌĮėĸŊŗĬĝňıěĶȮőħĵŏĜıŅŃĽńĠĠŅĦĪňŗœħƟěŅĔĔŅĶĺńħĞŉŗĚŐĽħĚįĸŒĬĶŌĮĕŀĚ 
ĶŇŘĺŐĪĶĔĽŀħĕŀĚŐĽĚ ľŅĔĽńĠĠŅĦĪňŗœħƟĴňěŋħĽŌĚĽŋħĶŀĚȮ(Secondary peak) ŏĔŇħĕŉŘĬĶƞĺĴħƟĺĵȮĽƞĚįĸŒľƟ
ĔŅĶĨĶĺěěńĭěŋħĽŌĚĽŋħĕŀĚĶŇŘĺŐĪĶĔĽŀħĴňėĺŅĴėĸŅħŏėĸŊŗŀĬȮħńĚĬńŘĬěŉĚěņŏĮƦĬĨƟŀĚįƞŅĬĔĶŃĭĺĬĔŅĶ
ĺŇŏėĶŅŃľƢȮŐĸŃĮĶŃĴĺĸįĸħƟĺĵőĮĶŐĔĶĴȮMATLAB R2018a őħĵĽŅĴŅĶĩŐĽħĚĕńŘĬĨŀĬĔŅĶħņŏĬŇĬĚŅĬ
œħƟħńĚĬňŘ 
 4.4.1 ĬņŏĕƟŅĽńĠĠŅĦěŅĔĶŃĭĭĨĶĺěĺńħėĺŅĴħńĬőĸľŇĨħƟĺĵĨńĺĨĶĺěěńĭŒĵŐĔƟĺĬņŐĽĚĝĬŇħ 
ĲŅĭĶň-ŏĮőĶĨƢȮŀŇĬŏĪŀĶƢĲƖĶŀĴŇŏĨŀĶƢȮĶƞĺĴĔńĭľńĺĺńħ FFPI ĪňŗıńĥĬŅĕŉŘĬ őħĵŐĽħĚįĸŒĬĶŌĮĕŀĚĶŇŘĺŐĪĶĔĽŀħ
ĕŀĚŐĽĚȮőħĵıĭĺƞŅįĸĶŌĮėĸŊŗĬĽńĠĠŅĦěŅĔŀŅĽŅĽĴńėĶĴňĽńĠĠŅĦĶĭĔĺĬȮ(Noise)ȮĪņŒľƟœĴƞĽŅĴŅĶĩ
ĨĶĺěěńĭěŋħĽŌĚĽŋħœħƟĝńħŏěĬ ħńĚĬńŘĬěŉĚĨƟŀĚħņŏĬŇĬĔŅĶĔĶŀĚĽńĠĠŅĦĶĭĔĺĬħƟĺĵĺŇīňĔŅĶĔĶŀĚėĺŅĴĩňŗ 
ĨŗņįƞŅĬȮ(Lowpass filter)ȮŐĸŃĬńĭěņĬĺĬěŋħĽŌĚĽŋħĕŀĚŐĨƞĸŃĶŇŘĺŐĪĶĔĽŀħĕŀĚŐĽĚȮ(Peak detection)Ȯ
ŏıŊŗŀĬņœĮŐĮĸėƞŅŏĮƦĬėƞŅĔŅĶőĔƞĚĨńĺĕŀĚĺńĽħŋ őħĵĽŅĴŅĶĩŐĽħĚįĸĕńŘĬĨŀĬħńĚĔĸƞŅĺœħƟĶŌĮĪňŗȮ4.12 
 

 
 

ĶŌĮĪňŗ 4.12 ĨńĺŀĵƞŅĚĔŅĶĬńĭěņĬĺĬěŋħĽŌĚĽŋħĶŇŘĺŐĪĶĔĽŀħĕŀĚŐĽĚĪňŗœħƟěŅĔĶŃĭĭĪňŗıńĥĬŅĕŉŘĬȮ 
 

 ŏĴŊŗŀĽŅĴŅĶĩĬńĭěņĬĺĬěŋħĽŌĚĽŋħĕŀĚĶŇŘĺŐĪĶĔĽŀħĕŀĚŐĽĚœħƟŐĸƟĺȮěŅĔĬńŘĬħņŏĬŇĬĔŅĶ 
ľŅĨņŐľĬƞĚĕŀĚŐĨƞĸŃěŋħĽŌĚĽŋħȮŐĸŃĮĶŃĴĺĸįĸŏĮƦĬėƞŅĔŅĶőĔƞĚĨńĺĕŀĚĺńĽħŋŒĬĸņħńĭĩńħœĮȮ 
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4.4.2 ħņŏĬŇĬĔŅĶŐĮĸėƞŅěŋħĽŌĚĽŋħĕŀĚĶŇŘĺŐĪĶĔĽŀħĕŀĚŐĽĚŒľƟŏĮƦĬėƞŅĔŅĶőĔƞĚĨńĺĕŀĚĺńĽħŋȮ
&Displacement) ĽŅĴŅĶĩŐĽħĚœħƟħńĚĶŌĮĪňŗȮ4.13 
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ĶŌĮĪňŗ 4.13 ĨńĺŀĵƞŅĚĔŅĶŐĽħĚįĸėƞŅĔŅĶőĔƞĚĨńĺĕŀĚĺńĽħŋĵŊħľĵŋƞĬ 
  
 ŏĴŊŗŀıŇěŅĶĦŅľŅėĺŅĴĽńĴıńĬīƢĕŀĚĽńĠĠŅĦȮıĭĺƞŅȮěŋħĽŌĚĽŋħȮ(Peak) ŐĸŃěŋħĨŗņĽŋħ 
(Valley) ĕŀĚĶŌĮėĸŊŗĬĽńĠĠŅĦĴňėĺŅĴĽńĴıńĬīƢĔńĬȮŐĸŃĴňĪŇĻĪŅĚĕŀĚĶŌĮėĸŊŗĬŒĬĪŅĚŏħňĵĺĔńĬȮĔĸƞŅĺėŊŀȮ
ĳŅĵŒĬŏĺĸŅȮ15 ĺŇĬŅĪňȮĴňěņĬĺĬěŋħĽŌĚĽŋħ (ĝňıěĶ)ȮĪňŗŒĔĸƟŏėňĵĚĔńĭėƞŅŀńĨĶŅĔŅĶŏĨƟĬĕŀĚľńĺŒěŀƟŅĚŀŇĚěŅĔ
ŏėĶŊŗŀĚĺńħėĺŅĴħńĬőĸľŇĨŐĭĭħŇěŇĨŀĸĴŅĨĶģŅĬȮěŅĔĬńŘĬěŉĚħņŏĬŇĬĔŅĶŐĮĸėƞŅĔŅĶőĔƞĚĨńĺĕŀĚĺńĽħŋŏĮƦĬ
ėĺŅĴħńĬĪňŗĴŅĔĶŃĪĭĔńĭŐįƞĬĺńĽħŋĵŊħľĵŋƞĬŒĬĕńŘĬĨŀĬĨƞŀœĮ 

4.4.3 ĔŅĶŐĮĸėƞŅĔŅĶőĔƞĚĨńĺĕŀĚĺńĽħŋŏĮƦĬėƞŅėĺŅĴħńĬȮ(Pressure)ȮěŅĔȮ(2.5) ŐĸŃėĺŅĴħńĬ 
ĝňıěĶȮ(Pulse pressure) ěŅĔȮ(2.6) 

őħĵĔņľĬħŒľƟŐĨƞĸŃĨńĺŐĮĶĴňėƞŅėĚĪňŗħńĚĬňŘ; E  ėŊŀȮėƞŅĵńĚĴŀħŋĸńĽĕŀĚŐįƞĬĵŅĚĭŅĚ 
őħĵĴňėƞŅŏĪƞŅĔńĭȮ2,73x106ȮĮŅĽėŅĸ,ȮhȮėŊŀ ėƞŅėĺŅĴľĬŅĕŀĚŐįƞĬĵŅĚĭŅĚȮĴňėƞŅŏĪƞŅĔńĭȮ0.0022 ŏĴĨĶ, 

td ėŊŀȮėƞŅĔŅĶőĔƞĚĨńĺĕŀĚĺńĽħŋĪňŗŏĮĸňŗĵĬŐĮĸĚœĮȮ(œĴőėĶŏĴĨĶ), r  ėŊŀȮĕĬŅħŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚĕŀĚ
ŐįƞĬĵŅĚĭŅĚȮĴňėƞŅŏĪƞŅĔńĭȮ0.015 ŏĴĨĶȮŐĸŃȮv  ėŊŀȮŀńĨĶŅĽƞĺĬĮƤĺĞŀĚȮĴňėƞŅŏĪƞŅĔńĭȮ0.282ȮěŅĔĬńŘĬ
ħņŏĬŇĬĔŅĶŐĮĸėƞŅėĺŅĴħńĬĪňŗĴŅĔĶŃĪĭĔńĭŐįƞĬĵŅĚĭŅĚŏĮƦĬėƞŅėĺŅĴħńĬĝňıěĶȮĞŉŗĚĴňľĬƞĺĵŏĮƦĬĴŇĸĸŇŏĴĨĶ
ĮĶŀĪȮŐĸŃħņŏĬŇĬĔŅĶĺŇŏėĶŅŃľƢľŅėƞŅėĺŅĴħńĬőĸľŇĨĞŇĽĪŀĸŇėȮėƞŅėĺŅĴħńĬőĸľŇĨœħŐŀĽĪŀĸŇėȮŐĸŃ 
ėƞŅŀńĨĶŅĔŅĶŏĨƟĬĕŀĚľńĺŒěȮŒĬĸņħńĭĩńħœĮ 

4.4.4 ĺŇŏėĶŅŃľƢľŅėƞŅėĺŅĴħńĬőĸľŇĨĞŇĽĪŀĸŇėěŅĔěņĬĺĬěŋħĽŌĚĽŋħĞŇĽĪŀĸŇėȮ&Systolic peak) 
ŐĸŃėƞŅėĺŅĴħńĬőĸľŇĨœħŐŀĽĪŀĸŇėěŅĔěŋħĨŗņĽŋħœħŐŀĽĪŀĸŇėȮ&Diastolic valley) ĕŀĚĶŌĮėĸŊŗĬȮ 
ħńĚŐĽħĚŒĬĶŌĮĪňŗȮ4.14 
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ĶŌĮĪňŗ 4.14 ĔŅĶĺŇŏėĶŅŃľƢľŅėƞŅěŋħĽŌĚĽŋħȮ&Peak) ŐĸŃěŋħĨŗņĽŋħĕŀĚĶŌĮėĸŊŗĬȮ&Valley) 
 

ĽņľĶńĭĔĶŃĭĺĬĔŅĶŐĮĸėƞŅěŅĔėĺŅĴħńĬŏĮƦĬėĺŅĴħńĬĝňıěĶȮőħĵľŅĶėƞŅėĺŅĴħńĬħƟĺĵȮ
133.322 ěŅĔ (2.6) ŒĬľĬƞĺĵĕŀĚĴŇĸĸŇŏĴĨĶĮĶŀĪ (mmHg) ŏĴŊŗŀœħƟėƞŅėĺŅĴħńĬĝňıěĶŐĸƟĺěŅĔĬńŘĬ
ħņŏĬŇĬĔŅĶĺŇŏėĶŅŃľƢĶŌĮėĸŊŗĬĽńĠĠŅĦŏıŊŗŀĮĶŃŏĴŇĬėƞŅėĺŅĴħńĬőĸľŇĨĞŇĽĪŀĸŇėȮ(Systolic blood 
pressure: SBP)ȮŐĸŃėƞŅėĺŅĴħńĬőĸľŇĨœħŐŀĽĪŀĸŇė (Diastolic blood pressure: DBP)ȮœħƟěŅĔȮ
(4.1)ȮŐĸŃȮ(4.2) ĨŅĴĸņħńĭ 
 

1 2( ... )n

peak

SBP SBP SBP
SBP

SBP

+ + +
=

ä
                     Ȯ(4.1) 

 

1 2( ... )n

valley

DBP DBP DBP
DBP

DBP

+ + +
=

ä
 Ȯ(4.2) 

 
őħĵĔņľĬħŒľƟȮSBP ėŊŀȮėƞŅėĺŅĴħńĬőĸľŇĨĞŇĽĪŀĸŇėȮ(Systolic blood pressure),Ȯ

1 2 ... nSBP SBP SBP+ + + ȮėŊŀȮėƞŅėĺŅĴħńĬőĸľŇĨĞŇĽĪŀĸŇėĨńŘĚŐĨƞĨņŐľĬƞĚĪňŗȮ1 ĩŉĚĨņŐľĬƞĚĪňŗȮnȮĳŅĵŒĬ

ĶŃĵŃŏĺĸŅȮ15 ĺŇĬŅĪň ěŅĔĶŌĮĨńĺŀĵƞŅĚȮ1SBP ĴňėƞŅŏĪƞŅĔńĭȮ121 ĴŇĸĸŇŏĴĨĶĮĶŀĪȮŏĮƦĬĨƟĬ, peakSBPä Ȯ
ėŊŀȮěņĬĺĬěŋħĽŌĚĽŋħĕŀĚėĺŅĴħńĬĞŇĽĪŀĸŇėĪńŘĚľĴħȮőħĵěŅĔĶŌĮĴňėƞŅŏĪƞŅĔńĭȮ7 ĞŉŗĚěŅĔȮ(4.1) ĽŅĴŅĶĩ
ĮĶŃĴŅĦėƞŅėĺŅĴħńĬőĸľŇĨĞŇĽĪŀĸŇėœħƟ ŒĬĕĦŃĪňŗȮDBP  ėŊŀȮėƞŅėĺŅĴħńĬőĸľŇĨœħŐŀĽĪŀĸŇėȮ

(Diastolic blood pressure), 1 2 ... nDBP DBP DBP+ + +  ėŊŀȮėĺŅĴħńĬőĸľŇĨœħŐŀĽĪŀĸŇėŐĨƞĸŃ
ĨņŐľĬƞĚȮĳŅĵŒĬĶŃĵŃŏĺĸŅȮ15 ĺŇĬŅĪň ěŅĔĶŌĮĨńĺŀĵƞŅĚȮ1DBP ĴňėƞŅŏĪƞŅĔńĭȮ66 ĴŇĸĸŇŏĴĨĶĮĶŀĪȮŏĮƦĬĨƟĬ 
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ŐĸŃ valleyDBPä  ėŊŀȮěņĬĺĬěŋħĨŗņĽŋħĕŀĚėƞŅėĺŅĴħńĬœħŐŀĽĪŀĸŇėĪńŘĚľĴħ ěŅĔĶŌĮĴňėƞŅŏĪƞŅĔńĭȮ7  
ĞŉŗĚěŅĔȮ(4.2) ĽŅĴŅĶĩĮĶŃĴŅĦėƞŅėĺŅĴħńĬőĸľŇĨœħŐŀĽĪŀĸŇėœħƟȮŏĴŊŗŀĽŅĴŅĶĩĮĶŃĴĺĸįĸėƞŅėĺŅĴħńĬ
őĸľŇĨœħƟŐĸƟĺȮěŅĔĬńŘĬħņŏĬŇĬĔŅĶĺŇŏėĶŅŃľƢľŅėƞŅėĺŅĴėĸŅħŏėĸŊŗŀĬĪňŗŏĔŇħĕŉŘĬħƟĺĵőĮĶŐĔĶĴĮĶŃĵŋĔĨƢĪŅĚ
ĺŇĻĺĔĶĶĴħńĚĶŌĮĪňŗȮ4.15 
 

 
 

ĶŌĮĪňŗ 4.15 ĨńĺŀĵƞŅĚįĸėƞŅėĺŅĴħńĬőĸľŇĨěŅĔĶŃĭĭĪňŗıńĥĬŅĕŉŘĬŏĮĶňĵĭŏĪňĵĭĔńĭėƞŅŀƟŅĚŀŇĚħƟĺĵőĮĶŐĔĶĴ
ĮĶŃĵŋĔĨƢĪŅĚĺŇĻĺĔĶĶĴ 

 
 ěŅĔĶŌĮĽŅĴŅĶĩŀīŇĭŅĵĨńĺŐĮĶĨƞŅĚȮŕȮŏıŇŗĴŏĨŇĴœħƟħńĚĬňŘ 

- SBP REF ėŊŀȮėƞŅėĺŅĴħńĬőĸľŇĨĞŇĽĪŀĸŇėŀƟŅĚŀŇĚȮ(Systolic blood pressure 
reference) ěŅĔŏėĶŊŗŀĚĺńħėĺŅĴħńĬőĸľŇĨŐĭĭħŇěŇĨŀĸĴŅĨĶģŅĬȮĴňľĬƞĺĵŏĮƦĬĴŇĸĸŇŏĴĨĶĮĶŀĪȮ(mmHg) 

- DBP REF ėŊŀȮėƞŅėĺŅĴħńĬőĸľŇĨœħŐŀĽĪŀĸŇėŀƟŅĚŀŇĚ (Diastolic blood pressure 
reference) ěŅĔŏėĶŊŗŀĚĺńħėĺŅĴħńĬőĸľŇĨŐĭĭħŇěŇĨŀĸĴŅĨĶģŅĬ ĴňľĬƞĺĵŏĮƦĬĴŇĸĸŇŏĴĨĶĮĶŀĪȮ(mmHg) 

- SBP from FFPI sensing probe ėŊŀȮėƞŅėĺŅĴħńĬőĸľŇĨĞŇĽĪŀĸŇėěŅĔľńĺĺńħȮFFPI  
ĪňŗıńĥĬŅĕŉŘĬ ĴňľĬƞĺĵŏĮƦĬĴŇĸĸŇŏĴĨĶĮĶŀĪȮ(mmHg) 

- DBP from FFPI sensing probeȮėŊŀȮėƞŅėĺŅĴħńĬőĸľŇĨœħŐŀĽĪŀĸŇėěŅĔľńĺĺńħȮ
FFPI ĪňŗıńĥĬŅĕŉŘĬ ĴňľĬƞĺĵŏĮƦĬĴŇĸĸŇŏĴĨĶĮĶŀĪȮ(mmHg) 

- Error of SBPȮėŊŀȮėƞŅėĺŅĴėĸŅħŏėĸŊŗŀĬĕŀĚėƞŅėĺŅĴőĸľŇĨĞŇĽĪŀĸŇėĪňŗŏĔŇħĕŉŘĬĶŃľĺƞŅĚ
ėƞŅĪňŗœħƟěŅĔŏėĶŊŗŀĚĴŊŀĺńħėĺŅĴħńĬőĸľŇĨŐĭĭħŇěŇĨŀĸĴŅĨĶģŅĬĔńĭėƞŅĪňŗœħƟěŅĔľńĺĺńħȮFFPIȮőħĵĴňľĬƞĺĵ
ŏĮƦĬŏĮŀĶƢŏĞŖĬĨƢ 

- Error of DBP ėŊŀȮėƞŅėĺŅĴėĸŅħŏėĸŊŗŀĬĕŀĚėƞŅėĺŅĴőĸľŇĨœħŐŀĽĪŀĸŇėĪňŗŏĔŇħĕŉŘĬ
ĶŃľĺƞŅĚėƞŅĪňŗœħƟěŅĔŏėĶŊŗŀĚĴŊŀĺńħėĺŅĴħńĬőĸľŇĨŐĭĭħŇěŇĨŀĸĴŅĨĶģŅĬĔńĭėƞŅĪňŗœħƟěŅĔľńĺĺńħȮFFPIȮőħĵĴň
ľĬƞĺĵŏĮƦĬŏĮŀĶƢŏĞŖĬĨƢ 

 4.4.5 ĺŇŏėĶŅŃľƢėƞŅŀńĨĶŅĔŅĶŏĨƟĬĕŀĚľńĺŒěȮ(Heart rate) ħƟĺĵĔŅĶĬńĭěņĬĺĬěŋħĽŌĚĽŋħĕŀĚ 
ĶŌĮėĸŊŗĬĽńĠĠŅĦȮœħƟěŅĔȮ(4.3)  
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 4peakHR HR= ³ (4.3) 
 

 ŏĴŊŗŀȮHR ėŊŀȮėƞŅŀńĨĶŅĔŅĶŏĨƟĬĕŀĚľńĺŒěȮ(ėĶńŘĚ/ĬŅĪň) ŐĸŃȮpeakHR  ėŊŀȮěņĬĺĬ
ěŋħĽŌĚĽŋħĕŀĚĶŌĮėĸŊŗĬĽńĠĠŅĦĪńŘĚľĴħȮĳŅĵŒĬŏĺĸŅȮ15 ĺŇĬŅĪňȮĽŅĴŅĶĩŐĽħĚįĸĔŅĶĨĶĺěěńĭŐĸŃĬńĭ
ěņĬĺĬěŋħĽŌĚĽŋħĕŀĚĽńĠĠŅĦœħƟħńĚĶŌĮĪňŗȮ4.16 
 

 
 

ĶŌĮĪňŗ 4.16 ĨĶĺěěńĭŐĸŃĬńĭěņĬĺĬěŋħĽŌĚĽŋħĕŀĚĶŌĮėĸŊŗĬĽńĠĠŅĦĳŅĵŒĬŏĺĸŅȮ15ȮĺŇĬŅĪň 
 
 ěŅĔĶŌĮĪňŗȮ4.16 ıĭĺƞŅȮěņĬĺĬěŋħĽŌĚĽŋħĕŀĚĶŌĮėĸŊŗĬĽńĠĠŅĦŏĪƞŅĔńĭȮ20 ěŅĔĬńŘĬėŌĦħƟĺĵȮ
4ȮěŃœħƟįĸěņĬĺĬŀńĨĶŅĔŅĶŏĨƟĬĕŀĚľńĺŒěĪńŘĚľĴħĳŅĵŒĬŏĺĸŅȮ1ȮĬŅĪňȮĽŅĴŅĶĩŐĽħĚįĸœħƟħńĚĶŌĮĪňŗ 4.17 
 

 
 

ĶŌĮĪňŗ 4.17ȮĨńĺŀĵƞŅĚįĸĸńıīƢĔŅĶėņĬĺĦŀńĨĶŅĔŅĶŏĨƟĬĕŀĚľńĺŒě 
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 ěŅĔĶŌĮŐĔĬȮx ėŊŀȮĝŋħĕƟŀĴŌĸĳŅĵŒĬŏĺĸŅȮ15 ĺŇĬŅĪňȮŐĸŃŐĔĬȮy ėŊŀȮĕĬŅħŐŀĴıĸŇěŌħĕŀĚ
ĶŌĮėĸŊŗĬĽńĠĠŅĦȮěŅĔĨńĺŀĵƞŅĚįĸĸńıīƢĔŅĶĨĶĺěěńĭěŋħĽŌĚĽŋħĕŀĚĽńĠĠŅĦĝňıěĶĴňėƞŅŏĪƞŅĔńĭȮ20 (Total 
number of peak) ěŅĔĬńŘĬėŌĦħƟĺĵȮ4 ěŃœħƟįĸŀńĨĶŅĔŅĶŏĨƟĬĕŀĚľńĺŒěĳŅĵŒĬŏĺĸŅȮ1 ĬŅĪňȮĞŉŗĚĴňėƞŅ
ŏĪƞŅĔńĭȮ20x4 = 80 ėĶńŘĚ/ĬŅĪň (Total number of heart rate)ȮŏĴŊŗŀĽŅĴŅĶĩĺŇŏėĶŅŃľƢľŅėƞŅėĺŅĴħńĬ
őĸľŇĨĞŇĽĪŀĸŇėȮėĺŅĴħńĬőĸľŇĨœħŐŀĽĪŀĸŇėȮŐĸŃėƞŅŀńĨĶŅĔŅĶŏĨƟĬĕŀĚľńĺŒěœħƟŐĸƟĺȮěŅĔĬńŘĬĬņėƞŅįĸ
ĔŅĶĪħĸŀĚĴŅŏĮĶňĵĭŏĪňĵĭĔńĭėƞŅėĺŅĴħńĬőĸľŇĨŀƟŅĚŀŇĚěŅĔŏėĶŊŗŀĚĺńħėĺŅĴħńĬőĸľŇĨŐĭĭħŇěŇĨŀĸ
ĴŅĨĶģŅĬ ŏıŊŗŀėņĬĺĦľŅėƞŅėĺŅĴėĸŅħŏėĸŊŗŀĬĪňŗŏĔŇħĕŉŘĬěŅĔĶŃĭĭĨĶĺěĺńħėĺŅĴħńĬőĸľŇĨĪňŗıńĥĬŅĕŉŘĬ 
 
4.5 įĸĔŅĶĪħĽŀĭĮĶŃĽŇĪīŇĳŅıĕŀĚĶŃĭĭȮ 
 ěŅĔĔŅĶıńĥĬŅĶŃĭĭĨĶĺěĺńħėĺŅĴħńĬőĸľŇĨħƟĺĵĨńĺĨĶĺěěńĭŒĵŐĔƟĺĬņŐĽĚĝĬŇħĲŅĭĶň-ŏĮőĶĨƢȮ 
ŀŇĬŏĪŀĶƢĲƖĶŀĴŇŏĨŀĶƢȮőħĵĬņĕƟŀĴŌĸĪňŗœħƟœĮŏĮĶňĵĭŏĪňĵĭĔńĭŏėĶŊŗŀĚĺńħėĺŅĴħńĬőĸľŇĨŐĭĭħŇěŇĨŀĸĴŅĨĶģŅĬȮ 
ŏıŊŗŀĨĶĺěĽŀĭėĺŅĴĩŌĔĨƟŀĚȮĮĶŃĽŇĪīŇĳŅıĕŀĚĶŃĭĭȮŐĸŃėĺŅĴĬƞŅŏĝŊŗŀĩŊŀĕŀĚĔŅĶĪħĸŀĚȮĽŅĴŅĶĩ
ŐĽħĚįĸėƞŅėĺŅĴėĸŅħŏėĸŊŗŀĬĪňŗŏĔŇħĕŉŘĬěŅĔŀŅĽŅĽĴńėĶěņĬĺĬȮ86 ėĬȮœħƟħńĚĨŅĶŅĚĪňŗȮ4.4 
 
ĨŅĶŅĚĪňŗ 4.4 įĸĪħĸŀĚěŅĔĶŃĭĭĪňŗıńĥĬŅĕŉŘĬŏĮĶňĵĭŏĪňĵĭĔńĭŏėĶŊŗŀĚĺńħėĺŅĴħńĬőĸľŇĨĴŅĨĶģŅĬ 

 
 
 
ĸņħńĭ 

ėƞŅŀƟŅĚŀŇĚ ėƞŅěŅĔĶŃĭĭĪňŗıńĥĬŅĕŉŘĬ ėƞŅėĺŅĴėĸŅħŏėĸŊŗŀĬ 

HR 
(ėĶńŘĚ/
ĬŅĪň) 

SBP 
(ĴĴ,
ĮĶŀĪ) 

DBP 
(ĴĴ,
ĮĶŀĪ) 

HR 
(ėĶńŘĚ/
ĬŅĪň) 

SBP 
(ĴĴ,
ĮĶŀĪ) 

DBP 
(ĴĴ,
ĮĶŀĪ) 

HR  
(%) 

SBP 
(%) 

 

DBP  
(%) 

1 72 108 75 70 112 77 2.79 3.53 3.78 

2 72 98 69 70 101 72 3.08 2.85 4.35 

3 65 88 62 63 91 65 2.21 3.40 4.49 
4 104 113 82 102 112 85 1.20 2.66 2.92 

5 69 97 66 68 102 68 1.73 4.96 3.05 

6 89 100 72 87 103 73 1.60 2.19 1.66 
7 74 107 66 73 109 66 1.36 2.80 1.53 

8 67 94 64 65 96 63 2.67 2.36 2.20 
9 80 106 68 78 105 70 2.48 2.83 2.06 

10 80 92 66 78 93 66 2.01 1.52 1.51 

11 81 108 73 80 111 76 1.72 2.97 3.84 
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ĨŅĶŅĚĪňŗȮ4.4 įĸĪħĸŀĚěŅĔĶŃĭĭĪňŗıńĥĬŅĕŉŘĬŏĮĶňĵĭŏĪňĵĭĔńĭŏėĶŊŗŀĚĺńħėĺŅĴħńĬőĸľŇĨĴŅĨĶģŅĬ (Ĩƞŀ) 
 
 
 
ĸņħńĭ 

ėƞŅŀƟŅĚŀŇĚ ėƞŅěŅĔĶŃĭĭĪňŗıńĥĬŅĕŉŘĬ ėƞŅėĺŅĴėĸŅħŏėĸŊŗŀĬ 

HR 
(ėĶńŘĚ/
ĬŅĪň) 

SBP 
(ĴĴ,
ĮĶŀĪ) 

DBP 
(ĴĴ,
ĮĶŀĪ) 

HR 
(ėĶńŘĚ/
ĬŅĪň) 

SBP 
(ĴĴ,
ĮĶŀĪ) 

DBP 
(ĴĴ,
ĮĶŀĪ) 

HR  
(%) 

SBP 
(%) 

 

DBP  
(%) 

12 79 109 73 78 110 73 2.25 2.38 2.19 
13 75 96 70 75 98 71 0.26 2.29 2.32 

14 82 105 67 80 103 67 2.00 2.29 1.19 

15 87 115 77 85 117 78 2.28 2.09 1.80 
16 75 106 63 73 106 64 3.44 2.64 2.23 

17 71 105 70 69 101 69 2.84 3.62 1.44 
18 74 98 67 72 99 68 2.44 2.07 1.50 

19 75 111 70 74 112 71 2.16 2.17 1.47 

20 69 108 70 67 107 69 3.11 1.66 2.87 
21 76 115 75 74 116 78 2.87 2.24 4.03 

22 83 110 75 82 114 79 1.91 3.46 4.78 

23 77 104 68 75 107 71 2.33 2.30 5.05 
24 59 106 73 58 102 74 1.73 3.96 2.22 

25 80 104 73 77 106 76 3.51 2.12 3.60 
26 80 107 80 78 113 83 2.52 5.24 3.51 

27 65 116 83 63 119 85 2.78 2.60 2.17 

28 72 112 76 70 114 79 2.54 2.15 3.43 
29 82 111 82 80 115 85 1.95 3.41 3.42 

30 85 105 67 84 109 71 1.13 3.99 5.65 

31 76 96 65 75 100 69 1.56 4.80 5.58 
32 89 115 76 86 119 79 2.50 3.13 4.49 

33 94 117 79 93 119 83 1.69 2.06 4.79 

34 72 125 79 70 127 82 2.41 2.56 4.09 
35 80 107 68 78 111 71 2.00 3.97 5.02 

36 95 110 76 94 113 79 1.44 2.54 4.45 
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ĨŅĶŅĚĪňŗȮ4.4 įĸĪħĸŀĚěŅĔĶŃĭĭĪňŗıńĥĬŅĕŉŘĬŏĮĶňĵĭŏĪňĵĭĔńĭŏėĶŊŗŀĚĺńħėĺŅĴħńĬőĸľŇĨĴŅĨĶģŅĬ (Ĩƞŀ) 
 
 
 
ĸņħńĭ 

ėƞŅŀƟŅĚŀŇĚ ėƞŅěŅĔĶŃĭĭĪňŗıńĥĬŅĕŉŘĬ ėƞŅėĺŅĴėĸŅħŏėĸŊŗŀĬ 

HR 
(ėĶńŘĚ/
ĬŅĪň) 

SBP 
(ĴĴ,
ĮĶŀĪ) 

DBP 
(ĴĴ,
ĮĶŀĪ) 

HR 
(ėĶńŘĚ/
ĬŅĪň) 

SBP 
(ĴĴ,
ĮĶŀĪ) 

DBP 
(ĴĴ,
ĮĶŀĪ) 

HR  
(%) 

SBP 
(%) 

 

DBP  
(%) 

37 90 100 67 88 105 71 1.99 4.19 5.39 
38 84 103 67 83 109 72 1.47 4.98 6.53 

39 61 119 81 60 117 81 1.99 3.72 3.70 

40 60 98 77 58 95 74 2.39 3.22 3.40 
41 87 115 76 85 112 73 2.08 2.95 4.47 

42 93 119 81 92 116 79 1.10 2.36 2.45 
43 67 116 77 65 112 75 2.98 3.30 2.60 

44 62 107 65 60 103 69 2.62 4.70 5.22 

45 51 110 63 50 105 67 2.75 4.54 5.43 
46 86 119 80 85 121 83 1.40 1.85 3.25 

47 77 114 82 75 110 79 2.59 3.33 3.41 

48 81 108 76 80 111 78 1.69 2.40 2.35 
49 67 99 60 63 100 62 5.58 1.80 3.38 

50 77 112 76 76 112 81 1.80 2.14 5.53 
51 70 114 82 68 115 82 3.11 2.27 3.44 

52 73 124 77 72 124 78 1.63 2.42 2.11 

53 68 111 69 67 114 67 1.76 3.08 3.76 
54 63 119 75 62 116 78 1.89 2.54 3.75 

55 74 121 78 72 119 79 2.17 2.81 3.57 

56 85 113 82 84 115 83 1.42 2.31 2.18 
57 78 114 72 77 113 72 1.52 2.47 2.23 

58 76 125 78 74 128 79 2.64 2.40 1.54 

59 66 125 65 64 121 67 2.75 3.52 2.78 
60 89 122 77 88 123 79 1.56 1.31 2.62 

61 86 124 73 85 125 74 1.60 1.13 2.46 
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ĨŅĶŅĚĪňŗȮ4.4 įĸĪħĸŀĚěŅĔĶŃĭĭĪňŗıńĥĬŅĕŉŘĬŏĮĶňĵĭŏĪňĵĭĔńĭŏėĶŊŗŀĚĺńħėĺŅĴħńĬőĸľŇĨĴŅĨĶģŅĬ (Ĩƞŀ) 

 
 
 
ĸņħńĭ 

ėƞŅŀƟŅĚŀŇĚ ėƞŅěŅĔĶŃĭĭĪňŗıńĥĬŅĕŉŘĬ ėƞŅėĺŅĴėĸŅħŏėĸŊŗŀĬ 

HR 
(ėĶńŘĚ/
ĬŅĪň) 

SBP 
(ĴĴ,
ĮĶŀĪ) 

DBP 
(ĴĴ,
ĮĶŀĪ) 

HR 
(ėĶńŘĚ/
ĬŅĪň) 

SBP 
(ĴĴ,
ĮĶŀĪ) 

DBP 
(ĴĴ,
ĮĶŀĪ) 

HR  
(%) 

SBP 
(%) 

 

DBP  
(%) 

62 87 121 80 86 123 83 1.13 2.64 4.00 

63 88 122 77 86 124 79 2.52 2.12 2.59 

64 77 115 76 76 112 77 1.33 3.00 1.86 
65 71 122 75 70 124 78 1.71 2.45 3.43 

66 72 117 82 70 117 83 1.93 2.03 1.96 

67 50 120 79 48 122 79 4.72 2.00 4.05 
68 68 128 82 66 124 79 4.09 2.66 3.43 

69 75 125 80 73 123 78 2.68 2.89 3.01 

70 83 112 65 81 110 67 2.18 3.20 3.69 
71 70 109 73 68 104 74 2.66 4.03 3.84 

72 84 121 80 82 122 83 1.41 2.31 4.01 

73 72 104 64 70 110 67 2.27 5.99 5.96 
74 77 121 75 75 121 75 1.82 1.99 3.75 

75 61 123 74 59 120 75 2.55 2.93 2.45 

76 62 114 74 61 116 76 2.55 2.48 3.31 
77 68 124 70 67 122 72 1.85 4.02 3.16 

78 73 119 71 71 117 74 2.18 2.69 4.27 

79 68 104 76 66 108 78 2.93 3.48 3.18 
80 66 107 62 65 111 65 2.40 4.11 4.86 

81 84 112 74 84 111 72 0.24 3.04 2.45 

82 64 111 73 62 108 72 3.09 3.82 4.12 
83 66 121 75 65 117 73 1.81 3.63 5.07 

84 72 120 80 71 117 83 1.62 3.17 3.52 

85 52 115 81 50 111 78 3.04 3.47 3.70 
86 84 110 71 83 113 73 1.19 2.91 2.80 
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 ěŅĔĨŅĶŅĚıĭĺƞŅȮėƞŅėĺŅĴėĸŅħŏėĸŊŗŀĬŏĜĸňŗĵȮ(Average percentage error) ĕŀĚĶŃĭĭĨĶĺěĺńħ
ėĺŅĴħńĬőĸľŇĨħƟĺĵĨńĺĨĶĺěěńĭŒĵŐĔƟĺĬņŐĽĚĝĬŇħĲŅĭĶň-ŏĮőĶĨƢȮŀŇĬŏĪŀĶƢĲƖĶŀĴŇŏĨŀĶƢȮĴňėƞŅŏĪƞŅĔńĭȮ
2.84%Ȯ 
 ĬŀĔěŅĔĬňŘħņŏĬŇĬĔŅĶĺŇŏėĶŅŃľƢľŅėƞŅėĺŅĴŏĝŊŗŀĴńŗĬȮėƞŅėĺŅĴœĺȮėƞŅĽƞĺĬŏĭňŗĵĚŏĭĬĴŅĨĶģŅĬȮŐĸŃ 
ėƞŅĨŗņĽŋħȮůȮĽŌĚĽŋħĕŀĚėƞŅŀńĨĶŅĔŅĶŏĨƟĬĕŀĚľńĺŒěȮėƞŅėĺŅĴħńĬőĸľŇĨĞŇĽĪŀĸŇėȮŐĸŃėƞŅėĺŅĴħńĬőĸľŇĨ 
œħŐŀĽĪŀĸŇėȮőħĵĽŅĴŅĶĩŐĽħĚįĸĔŅĶĺŇŏėĶŅŃľƢœħƟħńĚĶŌĮĪňŗȮ4.18 ů 4.20 ĨŅĴĸņħńĭ 
 

 
  

ĶŌĮĪňŗ 4.18ȮėƞŅŀńĨĶŅĔŅĶŏĨƟĬĕŀĚľńĺŒěěŅĔĶŃĭĭĪňŗıńĥĬŅĕŉŘĬŏĪňĵĭĔńĭŏėĶŊŗŀĚĴŊŀĺńħĴŅĨĶģŅĬ 
 

  

 
ĶŌĮĪňŗ 4.19ȮėƞŅėĺŅĴħńĬőĸľŇĨĞŇĽĪŀĸŇėěŅĔĶŃĭĭĪňŗıńĥĬŅĕŉŘĬŏĪňĵĭĔńĭŏėĶŊŗŀĚĴŊŀĺńħĴŅĨĶģŅĬ 
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ĶŌĮĪňŗ 4.20ȮėƞŅėĺŅĴħńĬőĸľŇĨœħŐŀĽĪŀĸŇėěŅĔĶŃĭĭĪňŗıńĥĬŅĕŉŘĬŏĪňĵĭĔńĭŏėĶŊŗŀĚĴŊŀĺńħĴŅĨĶģŅĬ 
 
ěŅĔįĸĔŅĶĺŇŏėĶŅŃľƢėƞŅĕƟŀĴŌĸĪŅĚĽĩŇĨŇȮıĭĺƞŅȮĶŃĭĭĨĶĺěĺńħėĺŅĴħńĬőĸľŇĨħƟĺĵĨńĺĨĶĺěěńĭ 

ŒĵŐĔƟĺĬņŐĽĚĝĬŇħĲŅĭĶň-ŏĮőĶĨƢȮŀŇĬŏĪŀĶƢĲƖĶŀĴŇŏĨŀĶƢȮĴňėƞŅėĺŅĴŏĝŊŗŀĴńŗĬŏĪƞŅĔńĭȮ0.91ȮőħĵŏĴŊŗŀėƞŅėĺŅĴ
ŏĝŊŗŀĴńŗĬĴňėƞŅŏĕƟŅŒĔĸƟȮ1 ŐĽħĚĺƞŅĕƟŀĴŌĸĴňėĺŅĴĬƞŅŏĝŊŗŀĩŊŀĴŅĔȮőħĵĴňėƞŅėĺŅĴœĺŏĪƞŅĔńĭȮ56.88 ĬŅőĬŏĴĨĶ/
ĴŇĸĸŇŏĴĨĶĮĶŀĪ ľĴŅĵėĺŅĴĺƞŅȮĶŃĭĭĨĶĺěĺńħėĺŅĴħńĬőĸľŇĨĪňŗıńĥĬŅĕŉŘĬĴňėĺŅĴœĺĽŌĚȮĶĺĴĪńŘĚĽŅĴŅĶĩ
ĨĶĺěĺńħŀńĨĶŅĔŅĶŏĨƟĬĕŀĚľńĺŒěœħƟĨńŘĚŐĨƞȮ48 ů 102 ėĶńŘĚ/ĬŅĪňȮėƞŅėĺŅĴħńĬőĸľŇĨĞŇĽĪŀĸŇėœħƟĨńŘĚŐĨƞȮ 
91 ů 128 ĴŇĸĸŇŏĴĨĶĮĶŀĪȮŐĸŃėƞŅėĺŅĴħńĬőĸľŇĨœħŐŀĽĪŀĸŇėœħƟĨńŘĚŐĨƞȮ62 ů 85 ĴŇĸĸŇŏĴĨĶĮĶŀĪȮ
ĬŀĔěŅĔĬňŘĴňėƞŅĽƞĺĬŏĭňŗĵĚŏĭĬĴŅĨĶģŅĬŏĪƞŅĔńĭȮ1.46 ĞŉŗĚįĸĕƟŀĴŌĸěŅĔĔŅĶĺńħĴňėƞŅŒĔĸƟŏėňĵĚĔńĭėƞŅŏĜĸňŗĵȮ
ŐĸŃėƞŅėĺŅĴėĸŅħŏėĸŊŗŀĬŏĜĸňŗĵĕŀĚĶŃĭĭĨĶĺěĺńħĪňŗıńĥĬŅĕŉŘĬĴňėƞŅŏĪƞŅĔńĭȮ2.84%ȮőħĵŐĽħĚĩŉĚėƞŅėĺŅĴ
ŐĨĔĨƞŅĚĶŃľĺƞŅĚėƞŅĪňŗœħƟěŅĔĶŃĭĭĨĶĺěĺńħėĺŅĴħńĬőĸľŇĨħƟĺĵĨńĺĨĶĺěěńĭŒĵŐĔƟĺĬņŐĽĚĝĬŇħĲŅĭĶň- 
ŏĮőĶĨƢȮŀŇĬŏĪŀĶƢĲƖĶŀĴŇŏĨŀĶƢȮŏĮĶňĵĭŏĪňĵĭĔńĭėƞŅĪňŗœħƟěŅĔŏėĶŊŗŀĚĺńħėĺŅĴħńĬőĸľŇĨŐĭĭħŇěŇĨŀĸĴŅĨĶģŅĬ 
ĞŉŗĚĴňėƞŅŒĔĸƟŏėňĵĚĔńĬȮŐĸŃĴňėĺŅĴŐĴƞĬĵņ 
ħńĚĬńŘĬĽĶŋĮœħƟĺƞŅȮĶŃĭĭĨĶĺěĺńħėĺŅĴħńĬőĸľŇĨħƟĺĵĨńĺĨĶĺěěńĭŒĵŐĔƟĺĬņŐĽĚĝĬŇħĲŅĭĶň-ŏĮőĶĨƢȮ 

ŀŇĬŏĪŀĶƢĲƖĶŀĴŇŏĨŀĶƢĪňŗıńĥĬŅĕŉŘĬȮőħĵĨńĺĨĶĺěěńĭĽŅĴŅĶĩĨĶĺěĺńħĽńĠĠŅĦĝňıěĶĭĶŇŏĺĦĸņėŀœħƟȮ 
ĞŉŗĚĽŅĴŅĶĩŐĮĸėƞŅĶŇŘĺŐĪĶĔĽŀħĕŀĚŐĽĚŏĮƦĬėƞŅĔŅĶőĔƞĚĨńĺĕŀĚĺńĽħŋȮėƞŅėĺŅĴħńĬȮėƞŅėĺŅĴħńĬĝňıěĶȮ 
ėƞŅėĺŅĴħńĬőĸľŇĨȮŐĸŃėƞŅŀńĨĶŅĔŅĶŏĨƟĬĕŀĚľńĺŒěœħƟȮŒĬĕĦŃĪňŗŏĴŊŗŀĬņįĸĔŅĶĺŇŏėĶŅŃľƢĴŅŏĮĶňĵĭŏĪňĵĭ
ĔńĭŏėĶŊŗŀĚĴŊŀĺńħėĺŅĴħńĬőĸľŇĨĴŅĨĶģŅĬȮıĭĺƞŅȮĶŃĭĭĪňŗıńĥĬŅĕŉŘĬĴňėĺŅĴŐĴƞĬĵņȮőħĵœĴƞĶŋĔĸŘņĶƞŅĚĔŅĵȮ
ŐĸŃœĴƞĽĶƟŅĚėĺŅĴŏěŖĭĮĺħŐĔƞŀŅĽŅĽĴńėĶȮĞŉŗĚĽŅĴŅĶĩĬņĶŃĭĭĨĶĺěĺńħėĺŅĴħńĬőĸľŇĨĪňŗıńĥĬŅĕŉŘĬ 
œĮıńĥĬŅŏĮƦĬŏėĶŊŗŀĚĴŊŀĺńħĪŅĚŀŋĨĽŅľĔĶĶĴħƟŅĬĝňĺĔŅĶŐıĪĵƢœħƟŒĬŀĬŅėĨȮ[18] 
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4.6 įĸĔŅĶĺŇŏėĶŅŃľƢėĺŅĴėŋƟĴėƞŅŒĬĔŅĶĸĚĪŋĬ 
4.6.1 įĸĔŅĶĺŇŏėĶŅŃľƢėĺŅĴėŋƟĴėƞŅŒĬĔŅĶĸĚĪŋĬĕŀĚőėĶĚĔŅĶȮ 
 őħĵĔņľĬħĕŀĭŏĕĨĔŅĶħņŏĬŇĬĚŅĬħńĚĬňŘ 

- ėƞŅŒĝƟěƞŅĵŏĶŇŗĴŐĶĔĪńŘĚľĴħĕŀĚőėĶĚĔŅĶȮœħƟŐĔƞȮĨƟĬĪŋĬŏĶŇŗĴŐĶĔŏĪƞŅĔńĭȮ608,900ȮĭŅĪ 
ŐĸŃĨƟĬĪŋĬĔŅĶįĸŇĨľńĺĺńħĨƞŀȮ1 ĝŇŘĬȮŏĪƞŅĔńĭȮ32,500 ĭŅĪȮĶĺĴŏĪƞŅĔńĭȮ641,400 ĭŅĪ 

- ĔņľĬħŀŅĵŋőėĶĚĔŅĶŏĪƞŅĔńĭȮ5ȮĮƖȮ 
- ĔņľĬħŀńĨĶŅėŇħĸħŏĪƞŅĔńĭȮ6.25%Ȯ  
- ĔņľĬħĵŀħĕŅĵĶŃĭĭĨĶĺěĺńħĨƞŀĮƖŏĪƞŅĔńĭȮ30 ĝŇŘĬ  

 ĽŅĴŅĶĩŐĽħĚĨńĺŀĵƞŅĚĔŅĶėņĬĺĦĶŅėŅĕŅĵœħƟħńĚĬňŘ 
 ĔņľĬħĶŅėŅĕŅĵ = ĨƟĬĪŋĬĔŅĶįĸŇĨľńĺĺńħ + ĔņœĶĪňŗĨƟŀĚĔŅĶ 
  ĨƟĬĪŋĬĔŅĶįĸŇĨľńĺĺńħ = 32,500 ĭŅĪ  
 ĔņœĶĪňŗĨƟŀĚĔŅĶ = 10%ȮĕŀĚĨƟĬĪŋĬĔŅĶįĸŇĨľńĺĺńħ 
  = 32,500ȮxȮ10% = 3,250 ĭŅĪ 
 ĶŅėŅĕŅĵ = 32,500Ȯ+Ȯ3,250 = 35,750 ĭŅĪȮ 
 ĽŅĴŅĶĩŐĽħĚįĸĔŅĶĺŇŏėĶŅŃľƢĔņœĶĪňŗĨƟŀĚĔŅĶĨĸŀħŀŅĵŋőėĶĚĔŅĶœħƟħńĚĨŅĶŅĚĪňŗȮ4.5 
 
ĨŅĶŅĚĪňŗ 4.5ȮįĸĔŅĶĺŇŏėĶŅŃľƢĔņœĶĪňŗĨƟŀĚĔŅĶĨĸŀħŀŅĵŋőėĶĚĔŅĶ 

ĮƖĪňŗ 
įĸĨŀĭŐĪĬěŅĔĔŅĶěņľĬƞŅĵľńĺĺńħ (ĭŅĪ) 

ĔņœĶȮ10% ĔņœĶȮ20% ĔņœĶȮ30% ĔņœĶȮ40% ĔņœĶȮ50% 

1  97,500.00   195,000.00   292,500.00   390,000.00   487,500.00  
2  97,500.00   195,000.00   292,500.00   390,000.00   487,500.00  

3  97,500.00   195,000.00   292,500.00   390,000.00   487,500.00  

4  97,500.00   195,000.00   292,500.00   390,000.00   487,500.00  
5  97,500.00   195,000.00   292,500.00   390,000.00   487,500.00  

ĶĺĴ 487,500.00   975,000.00  1,462,500.00  1,950,000.00  2,437,500.00  

  
 ěŅĔĨŅĶŅĚıĭĺƞŅȮŏĴŊŗŀĔņľĬħĔņœĶĪňŗĨƟŀĚĔŅĶěŅĔĨƟĬĪŋĬĔŅĶįĸŇĨľńĺĺńħĪňŗȮ10, 20, 30, 40,
ŐĸŃȮ50% ĴňįĸĨŀĭŐĪĬĨĸŀħŀŅĵŋőėĶĚĔŅĶȮ5 ĮƖȮŏĪƞŅĔńĭȮ487,500 975,000 1,462,500 1,950,000Ȯ
ŐĸŃȮ2,437,500 ĭŅĪȮĨŅĴĸņħńĭȮőħĵĽŅĴŅĶĩŐĽħĚĨƟĬĪŋĬĔŅĶįĸŇĨȮĶŅėŅĕŅĵȮįĸĨŀĭŐĪĬěŅĔĔŅĶ
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ěņľĬƞŅĵľńĺĺńħȮěņĬĺĬȮ30 ĝŇŘĬ/ĮƖȮŐĸŃĶŅĵœħƟĽŋĪīŇĨƞŀĮƖȮěņŐĬĔĨŅĴĔŅĶĔņľĬħĔņœĶĪňŗĨƟŀĚĔŅĶœħƟ 
ħńĚĨŅĶŅĚĪňŗȮ4.6 
 
ĨŅĶŅĚĪňŗ 4.6ȮįĸĨŀĭŐĪĬěŅĔĔŅĶěņľĬƞŅĵľńĺĺńħĨĸŀħŀŅĵŋőėĶĚĔŅĶ 

ĔņœĶ ĨƟĬĪŋĬĝŇŘĬ ĔņœĶ-ĝŇŘĬ ĶŅėŅĕŅĵ ĵŀħĕŅĵ-ĮƖ ĨƟĬĪŋĬ-ĮƖ ĶŅĵœħƟ/ĮƖ 

10% 32,500.00  3,250.00  35,750.00  1,072,500.00  975,000.00  877,500.00  
20% 32,500.00  6,500.00  39,000.00  1,170,000.00  975,000.00  780,000.00  

30% 32,500.00   9,750.00  42,250.00  1,267,500.00  975,000.00  682,500.00  

40% 32,500.00  13,000.00  45,500.00  1,365,000.00  975,000.00  585,000.00  
50% 32,500.00  16,250.00  48,750.00  1,462,500.00  975,000.00  487,500.00  

 
ěŅĔĔŅĶĺŇŏėĶŅŃľƢįĸĨŀĭŐĪĬőėĶĚĔŅĶĽŅĴŅĶĩėņĬĺĦįĸŏėĶŊŗŀĚĴŊŀĪŅĚŏĻĶļģĻŅĽĨĶƢ

œħƟŐĔƞȮĴŌĸėƞŅĮƤěěŋĭńĬĽŋĪīŇȮ(NPV)ȮŀńĨĶŅįĸĨŀĭŐĪĬĳŅĵŒĬ (IRR)ȮŀńĨĶŅĽƞĺĬįĸĨŀĭŐĪĬĨƞŀĨƟĬĪŋĬ 
(BCR)ȮĶŃĵŃŏĺĸŅėŊĬĪŋĬ (PB) ŐĸŃėƞŅŒĝƟěƞŅĵĨĸŀħŀŅĵŋőėĶĚĔŅĶȮ(LCC) ŏĮƦĬĨƟĬȮőħĵĽŅĴŅĶĩŐĽħĚįĸ 
ĔŅĶĺŇŏėĶŅŃľƢėĺŅĴŀƞŀĬœľĺŒĬĔŅĶĔņľĬħĶŅėŅĕŅĵȮħńĚĬňŘ 

4.6.2 įĸĔŅĶĺŇŏėĶŅŃľƢėĺŅĴŀƞŀĬœľĺȮ(Sensitivity) 
- ĔŅĶĺŇŏėĶŅŃľƢėĺŅĴŀƞŀĬœľĺĕŀĚőėĶĚĔŅĶěŅĔĔŅĶĔņľĬħĶŅėŅĕŅĵȮ10%ȮĕŀĚĨƟĬĪŋĬ

ĔŅĶįĸŇĨľńĺĺńħȮĽŅĴŅĶĩŐĽħĚįĸĔŅĶėņĬĺĦĔĶŃŐĽŏĚŇĬĽħĶńĭȮ-ȮŀŀĔȮœħƟħńĚĨŅĶŅĚĪňŗȮ4.7 
 
ĨŅĶŅĚĪňŗ 4.7 ĔĶŃŐĽŏĚŇĬĽħĶńĭȮ-ȮŀŀĔȮŏĴŊŗŀĔņľĬħĶŅėŅĕŅĵĪňŗȮ10%ȮĕŀĚĨƟĬĪŋĬ 

ĮƖĪňŗ 
ĔĶŃŐĽŏĚŇĬĽħŀŀĔ 

(ĭŅĪ' 
ĨƟĬĪŋĬĶĺĴȮ 
&ĭŅĪ' 

ĔĶŃŐĽŏĚŇĬĽħĶńĭ
ĽŋĪīŇ (ĭŅĪ' 

ĔĶŃŐĽŏĚŇĬĽħĽŃĽĴ 
(ĭŅĪ' 

0 -641,400.00  -641,400.00 -641,400.00 
1 1,072,500.00 975,000.00 97,500.00 -543,900.00 

2 1,072,500.00 975,000.00 97,500.00 -446,400.00 

3 1,072,500.00 975,000.00 97,500.00 -348,900.00 
4 1,072,500.00 975,000.00 97,500.00 -251,400.00 

5 1,072,500.00 975,000.00 97,500.00 -153,900.00 

ĶĺĴ 4,721,100.00 4,875,000.00 -153,900.00  
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ěŅĔĨŅĶŅĚĪňŗȮ4.7 ıĭĺƞŅĔĶŃŐĽŏĚŇĬĽħŀŀĔĨƞŀőėĶĚĔŅĶĴňėƞŅŏĪƞŅĔńĭȮ4,721,100 ĭŅĪ 
ĞŉŗĚĴňĨƟĬĪŋĬĶĺĴĪńŘĚľĴħŀĵŌƞĪňŗȮ4,875,000 ĭŅĪȮħńĚĬńŘĬĶŅĵœħƟĽŋĪīŇľĸńĚľńĔėƞŅŒĝƟěƞŅĵĨƞŀĮƖĴňėƞŅŏĪƞŅĔńĭȮ 
-153,900 ĭŅĪȮőħĵĽŅĴŅĶĩŐĽħĚĔŅĶĺŇŏėĶŅŃľƢįĸŏėĶŊŗŀĚĴŊŀĪŅĚŏĻĶļģĻŅĽĨĶƢĴŌĸėƞŅĮƤěěŋĭńĬĽŋĪīŇȮ
(NPV)ȮŀńĨĶŅįĸĨŀĭŐĪĬĳŅĵŒĬ (IRR)ȮŀńĨĶŅĽƞĺĬįĸĨŀĭŐĪĬĨƞŀĨƟĬĪŋĬ (BCR)ȮĶŃĵŃŏĺĸŅėŊĬĪŋĬ (PB) 
ŐĸŃėƞŅŒĝƟěƞŅĵĨĸŀħŀŅĵŋőėĶĚĔŅĶȮ(LCC) œħƟħńĚĨŅĶŅĚĪňŗȮ4.8 

 
ĨŅĶŅĚĪňŗ 4.8ȮĺŇŏėĶŅŃľƢįĸėĺŅĴėŋƟĴėƞŅŒĬĔŅĶĸĚĪŋĬĕŀĚĔŅĶĔņľĬħĶŅėŅĕŅĵĪňŗȮ10% ĕŀĚĨƟĬĪŋĬ 

ĮƖĪňŗ įĸĨŀĭŐĪĬȮ&ĭŅĪ' ĴŌĸėƞŅĮƤěěŋĭńĬȮ&ĭŅĪ' ŀńĨĶŅėŇħĸħ 6.25% 
0 -641,400.00 -641,400.00 NPV -233,472.75 ĭŅĪ 

1 97,500.00 91,764.71 IRR -8% 
2 97,500.00 86,366.78 BCR  0.97 ŏĪƞŅ 

3 97,500.00 81,286.38 LCC  4,875,000.00 ĭŅĪ 

4 97,500.00 76,504.83 PB  6ȮĮƖȮ6ȮŏħŊŀĬ  
5 97,500.00 72,004.55 

ĶĺĴ -153,900.00 -233,472.75 

 
ěŅĔĨŅĶŅĚĪňŗȮ4.8 ıĭĺƞŅȮėƞŅŒĝƟěƞŅĵĨĸŀħŀŅĵŋőėĶĚĔŅĶȮ(LCC) ŏĪƞŅĔńĭȮ4,875,000 

ĭŅĪȮŐĸŃĴňėƞŅĴŌĸėƞŅĮƤěěŋĭńĬĽŋĪīŇȮ(NPV) ŏĪƞŅĔńĭȮ-233,472.75 ĭŅĪȮőħĵěŅĔŏĚŊŗŀĬœĕȮėŊŀȮŏĴŊŗŀȮNPV  
ĴňėƞŅĬƟŀĵĔĺƞŅĻŌĬĵƢȮŐĽħĚĺƞŅőėĶĚĔŅĶĬňŘœħƟĶńĭįĸĨŀĭŐĪĬĬƟŀĵĔĺƞŅėƞŅŒĝƟěƞŅĵĪňŗŏĔŇħĕŉŘĬȮĞŉŗĚőėĶĚĔŅĶĬňŘœĴƞŀĵŌƞ
ŒĬŏĔĦĤƢĪňŗĵŀĴĶńĭœħƟȮŐĸŃœĴƞĽĴėĺĶĸĚĪŋĬȮĬŀĔěŅĔĬňŘőėĶĚĔŅĶĴňėƞŅŀńĨĶŅįĸĨŀĭŐĪĬĳŅĵŒĬȮ(IRR) 
ŏĪƞŅĔńĭȮů 8% ĞŉŗĚĴňėƞŅĬƟŀĵĔĺƞŅŀńĨĶŅėŇħĸħȮ(r) ľĶŊŀŀńĨĶŅįĸĨŀĭŐĪĬĪňŗĨƟŀĚĔŅĶĪňŗ 6.25%ȮőħĵěŅĔ
ŏĚŊŗŀĬœĕŏĴŊŗŀȮIRR ĴňėƞŅĬƟŀĵĔĺƞŅŀńĨĶŅėŇħĸħ ľĴŅĵėĺŅĴĺƞŅ őėĶĚĔŅĶĬňŘœĴƞĽĴėĺĶĸĚĪŋĬȮŏĬŊŗŀĚěŅĔ
őėĶĚĔŅĶœħƟĶńĭŀńĨĶŅįĸĨŀĭŐĪĬĬƟŀĵĔĺƞŅĪňŗėŅħľĺńĚœĺƟȮĽņľĶńĭħƟŅĬĶŃĵŃŏĺĸŅėŊĬĪŋĬĕŀĚőėĶĚĔŅĶ (PB) 
ıĭĺƞŅĴňėƞŅŏĪƞŅĔńĭȮ6 ĮƖȮ6 ŏħŊŀĬȮőħĵĔņľĬħŀŅĵŋĕŀĚőėĶĚĔŅĶŏĪƞŅĔńĭȮ5 ĮƖŏĪƞŅĬńŘĬȮŐĽħĚĺƞŅĳŅĵŒĬ
ĶŃĵŃŏĺĸŅȮ5 ĮƖȮőėĶĚĔŅĶĬňŘœĴƞĽŅĴŅĶĩėŊĬĪŋĬœħƟȮľĶŊŀŏĔŇħĔŅĶĕŅħĪŋĬȮĶĺĴĪńŘĚŀńĨĶŅĽƞĺĬįĸĨŀĭŐĪĬĨƞŀ
ĨƟĬĪŋĬȮ(BCR) ĴňėƞŅŏĪƞŅĔńĭȮ0.97ȮŏĪƞŅȮőħĵěŅĔŏĚŊŗŀĬœĕĪňŗĺƞŅȮBCR < 1ȮľĴŅĵėĺŅĴĺƞŅȮįĸĨŀĭŐĪĬ 
ĪňŗœħƟĶńĭěŅĔőėĶĚĔŅĶĴňėƞŅĬƟŀĵĔĺƞŅėƞŅŒĝƟěƞŅĵĪňŗŏĽňĵœĮȮ 

ħńĚĬńŘĬĽŅĴŅĶĩĽĶŋĮœħƟĺƞŅȮĔŅĶĔņľĬħĶŅėŅĕŅĵĕŀĚľńĺĺńħĪňŗȮ10% ĕŀĚĨƟĬĪŋĬĔŅĶįĸŇĨȮ
œĴƞĴňėĺŅĴėŋƟĴėƞŅŒĬĔŅĶĸĚĪŋĬ  
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- ĔŅĶĺŇŏėĶŅŃľƢėĺŅĴŀƞŀĬœľĺĕŀĚőėĶĚĔŅĶěŅĔĔŅĶĔņľĬħĶŅėŅĕŅĵȮ20%ȮĕŀĚĨƟĬĪŋĬ
ĔŅĶįĸŇĨľńĺĺńħȮĽŅĴŅĶĩŐĽħĚįĸĔŅĶėņĬĺĦĔĶŃŐĽŏĚŇĬĽħĶńĭȮ-ȮŀŀĔȮœħƟħńĚĨŅĶŅĚĪňŗȮ4.9 
 

ĨŅĶŅĚĪňŗ 4.9 ĔĶŃŐĽŏĚŇĬĽħĶńĭȮ-ȮŀŀĔȮŏĴŊŗŀĔņľĬħĶŅėŅĕŅĵĪňŗȮ20%ȮĕŀĚĨƟĬĪŋĬ 
 
ĮƖĪňŗ 
ĔĶŃŐĽŏĚŇĬĽħŀŀĔȮ
&ĭŅĪ' 

ĨƟĬĪŋĬĶĺĴȮ 
&ĭŅĪ' 

ĔĶŃŐĽŏĚŇĬĽħĶńĭ
ĽŋĪīŇ (ĭŅĪ' 

ĔĶŃŐĽŏĚŇĬĽħĶńĭ
ĽŃĽĴ (ĭŅĪ' 

0 -641,400.00 
 

-641,400.00 -641,400.00 

1 1,170,000.00  975,000.00  195,000.00  -446,400.00 

2 1,170,000.00  975,000.00  195,000.00  -251,400.00 
3 1,170,000.00  975,000.00  195,000.00  -56,400.00 

4 1,170,000.00  975,000.00  195,000.00  138,600.00  
5 1,170,000.00  975,000.00  195,000.00  333,600.00  

ĶĺĴ 5,208,600.00  4,875,000.00  333,600.00  
 

 
ěŅĔĨŅĶŅĚıĭĺƞŅĔĶŃŐĽŏĚŇĬĽħŀŀĔĨƞŀőėĶĚĔŅĶŏĪƞŅĔńĭȮ5,208,600ȮĭŅĪ ĞŉŗĚĴňĨƟĬĪŋĬ

ĶĺĴĪńŘĚľĴħŀĵŌƞĪňŗȮ4,875,000ȮĭŅĪȮħńĚĬńŘĬĶŅĵœħƟĽŋĪīŇľĸńĚľńĔėƞŅŒĝƟěƞŅĵĨƞŀĮƖĴňėƞŅŏĪƞŅĔńĭȮ333,600ȮĭŅĪȮ 
ŐĽħĚĺƞŅőėĶĚĔŅĶĴňįĸĔņœĶȮĽŅĴŅĶĩŐĽħĚĔŅĶĺŇŏėĶŅŃľƢįĸŏėĶŊŗŀĚĴŊŀĪŅĚŏĻĶļģĻŅĽĨĶƢħńĚĨŅĶŅĚĪňŗȮ4.10Ȯ 

 
ĨŅĶŅĚĪňŗ 4.10ȮĺŇŏėĶŅŃľƢįĸėĺŅĴėŋƟĴėƞŅŒĬĔŅĶĸĚĪŋĬĕŀĚĔŅĶĔņľĬħĶŅėŅĕŅĵĪňŗȮ20% ĕŀĚĨƟĬĪŋĬ 

ĮƖĪňŗ įĸĨŀĭŐĪĬȮ&ĭŅĪ' ĴŌĸėƞŅĮƤěěŋĭńĬȮ&ĭŅĪ' ŀńĨĶŅėŇħĸħ 6.25% 
0 -641,400.00 -641,400.00 NPV  174,454.50 ĭŅĪ 

1 195,000.00  183,529.41  IRR 16% 

2 195,000.00  172,733.56  BCR  1.07 ŏĪƞŅ 
3 195,000.00  162,572.77  LCC  4,875,000.00 ĭŅĪ 

4 195,000.00  153,009.66  PB  3ȮĮƖȮ3 ŏħŊŀĬ 
5 195,000.00  144,009.09  

ĶĺĴ 333,600.00  174,454.50  

 
ěŅĔĨŅĶŅĚıĭĺƞŅȮėƞŅŒĝƟěƞŅĵĨĸŀħŀŅĵŋőėĶĚĔŅĶȮ(LCC) ĴňėƞŅŏĪƞŅĔńĭȮ4,875,000 ĭŅĪȮ

ŐĸŃĴňĴŌĸėƞŅĮƤěěŋĭńĬĽŋĪīŇȮ(NPV)ȮŏĪƞŅĔńĭȮ174,454.50 ĭŅĪȮŏĴŊŗŀȮNVP ĴňėƞŅĴŅĔĔĺƞŅĻŌĬĵƢ ŐĽħĚĺƞŅ
őėĶĚĔŅĶĬňŘœħƟĶńĭįĸĨŀĭŐĪĬĴŅĔĔĺƞŅŏĚŇĬĸĚĪŋĬȮĬŀĔěŅĔĬňŘőėĶĚĔŅĶĴňėƞŅŀńĨĶŅįĸĨŀĭŐĪĬĳŅĵŒĬ
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ŏĪƞŅĔńĭȮ16% ĞŉŗĚĴňėƞŅĴŅĔĔĺƞŅŀńĨĶŅėŇħĸħȮ(r) ĪňŗȮ6.25% ľĴŅĵėĺŅĴĺƞŅ őėĶĚĔŅĶĬňŘœħƟĶńĭįĸĨŀĭŐĪĬ
ĴŅĔĔĺƞŅĪňŗėŅħľĺńĚœĺƟȮĽņľĶńĭħƟŅĬĶŃĵŃŏĺĸŅėŊĬĪŋĬĕŀĚőėĶĚĔŅĶ (PB) ĴňėƞŅŏĪƞŅĔńĭȮ3ȮĮƖȮ3 ŏħŊŀĬ  
ŐĽħĚĺƞŅĳŅĵŒĬŀŅĵŋĕŀĚőėĶĚĔŅĶĽŅĴŅĶĩėŊĬĪŋĬȮŐĸŃĽĶƟŅĚįĸĔņœĶœħƟȮĶĺĴĪńŘĚŀńĨĶŅĽƞĺĬįĸĨŀĭŐĪĬ 
ĨƞŀĨƟĬĪŋĬȮ(BCR) ĴňėƞŅŏĪƞŅĔńĭȮ1.07 ŏĪƞŅȮŏĴŊŗŀȮBCRȮĴňėƞŅĴŅĔĔĺƞŅľĬŉŗĚȮľĴŅĵėĺŅĴĺƞŅȮįĸĨŀĭŐĪĬ 
ĪňŗœħƟĶńĭĴňėƞŅĴŅĔĔĺƞŅėƞŅŒĝƟěƞŅĵĪňŗŏĽňĵœĮȮ 

ħńĚĬńŘĬĔŅĶĔņľĬħĶŅėŅĕŅĵĕŀĚľńĺĺńħĪňŗȮ20% ĕŀĚĨƟĬĪŋĬĔŅĶįĸŇĨȮĴňėĺŅĴėŋƟĴėƞŅ 
ŒĬĔŅĶĸĚĪŋĬ 

- ĔŅĶĺŇŏėĶŅŃľƢėĺŅĴŀƞŀĬœľĺĕŀĚőėĶĚĔŅĶěŅĔĔŅĶĔņľĬħĶŅėŅĕŅĵȮ30%ȮĕŀĚĨƟĬĪŋĬ
ĔŅĶįĸŇĨľńĺĺńħȮĽŅĴŅĶĩŐĽħĚįĸĔŅĶėņĬĺĦĔĶŃŐĽŏĚŇĬĽħĶńĭȮ-ȮŀŀĔȮœħƟħńĚĨŅĶŅĚĪňŗȮ4.11 
 
ĨŅĶŅĚĪňŗ 4.11ȮĔĶŃŐĽŏĚŇĬĽħĶńĭȮ-ȮŀŀĔȮŏĴŊŗŀĔņľĬħĶŅėŅĕŅĵĪňŗȮ30%ȮĕŀĚĨƟĬĪŋĬ 

 
ĮƖĪňŗ 
ĔĶŃŐĽŏĚŇĬĽħŀŀĔȮ
&ĭŅĪ' 

ĨƟĬĪŋĬĶĺĴ 
&ĭŅĪ' 

ĔĶŃŐĽŏĚŇĬĽħĶńĭ
ĽŋĪīŇ (ĭŅĪ' 

ĔĶŃŐĽŏĚŇĬĽħĶńĭ
ĽŃĽĴ (ĭŅĪ' 

0 -641,400.00  -641,400.00 -641,400.00 

1 1,267,500.00  975,000.00  292,500.00  -348,900.00 

2 1,267,500.00  975,000.00  292,500.00  -56,400.00 
3 1,267,500.00  975,000.00  292,500.00  236,100.00  

4 1,267,500.00  975,000.00  292,500.00  528,600.00  

5 1,267,500.00  975,000.00  292,500.00  821,100.00  
ĶĺĴ 5,696,100.00  4,875,000.00  821,100.00   

 
ěŅĔĨŅĶŅĚıĭĺƞŅĔĶŃŐĽŏĚŇĬĽħŀŀĔĨƞŀőėĶĚĔŅĶŏĪƞŅĔńĭȮ5,696,100ȮĭŅĪ ĞŉŗĚĴňĨƟĬĪŋĬ

ĶĺĴĪńŘĚľĴħŀĵŌƞĪňŗȮ4,875,000ȮĭŅĪȮħńĚĬńŘĬĶŅĵœħƟĽŋĪīŇľĸńĚľńĔėƞŅŒĝƟěƞŅĵĨƞŀĮƖĴňėƞŅŏĪƞŅĔńĭȮ821,100ȮĭŅĪȮ 
ŐĽħĚĺƞŅőėĶĚĔŅĶĬňŘĴňįĸĔņœĶȮőħĵĽŅĴŅĶĩŐĽħĚĔŅĶĺŇŏėĶŅŃľƢįĸŏėĶŊŗŀĚĴŊŀĪŅĚŏĻĶļģĻŅĽĨĶƢœħƟħńĚĬňŘȮ 
 
ĨŅĶŅĚĪňŗȮ2,/0 ĺŇŏėĶŅŃľƢįĸėĺŅĴėŋƟĴėƞŅŒĬĔŅĶĸĚĪŋĬĕŀĚĔŅĶĔņľĬħĶŅėŅĕŅĵĪňŗȮ30% ĕŀĚĨƟĬĪŋĬ 

ĮƖĪňŗ įĸĨŀĭŐĪĬȮ&ĭŅĪ' ĴŌĸėƞŅĮƤěěŋĭńĬȮ&ĭŅĪ' ŀńĨĶŅėŇħĸħ 6.25% 
0 -641,400.00 -641,400.00 NPV 582,381.75 ĭŅĪ 

1 292,500.00  275,294.12  IRR 36% 

2 292,500.00  259,100.35  BCR 1.17 ŏĪƞŅ 
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ĨŅĶŅĚĪňŗȮ4.12 ĺŇŏėĶŅŃľƢįĸėĺŅĴėŋƟĴėƞŅŒĬĔŅĶĸĚĪŋĬĕŀĚĔŅĶĔņľĬħĶŅėŅĕŅĵĪňŗȮ30% ĕŀĚĨƟĬĪŋĬȮ(Ĩƞŀ) 

ĮƖĪňŗ įĸĨŀĭŐĪĬȮ&ĭŅĪ' ĴŌĸėƞŅĮƤěěŋĭńĬȮ&ĭŅĪ' LCC 4,875,000.00 ĭŅĪ 

3 292,500.00  243,859.15  PB 2ȮĮƖȮ2 ŏħŊŀĬ  

4 292,500.00  229,514.49  
5 292,500.00  216,013.64  

ĶĺĴ 821,100.00  582,381.75  

 
ěŅĔĨŅĶŅĚıĭĺƞŅȮėƞŅŒĝƟěƞŅĵĨĸŀħŀŅĵŋőėĶĚĔŅĶȮ(LCC) ŏĪƞŅĔńĭȮ4,875,000 ĭŅĪȮŐĸŃ

ĴňĴŌĸėƞŅĮƤěěŋĭńĬĽŋĪīŇȮ(NPV)ȮŏĪƞŅĔńĭȮ582,381.75 ĭŅĪ ŏĴŊŗŀȮNPV ĴňėƞŅĴŅĔĔĺƞŅĻŌĬĵƢȮŐĽħĚĺƞŅőėĶĚĔŅĶĬňŘ
œħƟĶńĭįĸĨŀĭŐĪĬĴŅĔĔĺƞŅŏĚŇĬĸĚĪŋĬȮĞŉŗĚŀĵŌƞŒĬŏĔĦĤƢĪňŗĵŀĴĶńĭœħƟȮŐĸŃőėĶĚĔŅĶĬňŘĽŅĴŅĶĩĸĚĪŋĬœħƟȮ
ĬŀĔěŅĔĬňŘıĭĺƞŅŀńĨĶŅįĸĨŀĭŐĪĬĳŅĵŒĬŏĪƞŅĔńĭȮ36% ĞŉŗĚĴňėƞŅĴŅĔĔĺƞŅŀńĨĶŅėŇħĸħȮ(r) ĪňŗĔņľĬħœĺƟȮ
6.25% ľĴŅĵėĺŅĴĺƞŅ őėĶĚĔŅĶĬňŘœħƟĶńĭįĸĨŀĭŐĪĬĴŅĔĔĺƞŅŀńĨĶŅĪňŗėŅħľĺńĚœĺƟȮ29.75% ĽņľĶńĭħƟŅĬ
ĶŃĵŃŏĺĸŅėŊĬĪŋĬĕŀĚőėĶĚĔŅĶ (PB) ŏĪƞŅĔńĭȮ2ȮĮƖȮ2 ŏħŊŀĬ ĶĺĴĪńŘĚŀńĨĶŅĽƞĺĬįĸĨŀĭŐĪĬĨƞŀĨƟĬĪŋĬȮ
(BCR) ĴňėƞŅŏĪƞŅĔńĭȮ1.17 ŏĪƞŅȮőħĵěŅĔŏĚŊŗŀĬœĕŏĴŊŗŀȮBCR ĴňėƞŅĴŅĔĔĺƞŅľĬŉŗĚȮľĴŅĵėĺŅĴĺƞŅȮįĸĨŀĭŐĪĬ
ĪňŗœħƟĶńĭěŅĔőėĶĚĔŅĶĴňėƞŅĴŅĔĔĺƞŅėƞŅŒĝƟěƞŅĵĪńŘĚľĴħĪňŗħņŏĬŇĬĔŅĶœĮȮ 

ħńĚĬńŘĬĔŅĶĔņľĬħĶŅėŅĕŅĵĕŀĚľńĺĺńħĪňŗȮ30% ĕŀĚĨƟĬĪŋĬĔŅĶįĸŇĨȮĴňėĺŅĴėŋƟĴėƞŅ 
ŒĬĔŅĶĸĚĪŋĬ 

- ĔŅĶĺŇŏėĶŅŃľƢėĺŅĴŀƞŀĬœľĺĕŀĚőėĶĚĔŅĶěŅĔĔŅĶĔņľĬħĶŅėŅĕŅĵȮ40%ȮĕŀĚĨƟĬĪŋĬ
ĔŅĶįĸŇĨľńĺĺńħȮĽŅĴŅĶĩŐĽħĚįĸĔŅĶėņĬĺĦĔĶŃŐĽŏĚŇĬĽħĶńĭȮ-ȮŀŀĔȮœħƟħńĚĨŅĶŅĚĪňŗȮ4.13 
 
ĨŅĶŅĚĪňŗ 4.13 ĔĶŃŐĽŏĚŇĬĽħĶńĭȮ-ȮŀŀĔȮŏĴŊŗŀĔņľĬħĶŅėŅĕŅĵĪňŗȮ40%ȮĕŀĚĨƟĬĪŋĬ 

 
ĮƖĪňŗ 
ĔĶŃŐĽŏĚŇĬĽħŀŀĔȮ
&ĭŅĪ' 

ĨƟĬĪŋĬĶĺĴ 
&ĭŅĪ' 

ĔĶŃŐĽŏĚŇĬĽħĶńĭ
ĽŋĪīŇ (ĭŅĪ' 

ĔĶŃŐĽŏĚŇĬĽħĶńĭ
ĽŃĽĴ (ĭŅĪ' 

0 -641,400.00  -641,400.00 -641,400.00 

1 1,365,000.00  975,000.00  390,000.00  -251,400.00 

2 1,365,000.00  975,000.00  390,000.00  138,600.00  

3 1,365,000.00  975,000.00  390,000.00  528,600.00  

4 1,365,000.00  975,000.00  390,000.00  918,600.00  

5 1,365,000.00  975,000.00  390,000.00  1,308,600.00  

ĶĺĴ 6,183,600.00  4,875,000.00  1,308,600.00   
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ěŅĔĨŅĶŅĚĪňŗȮ4.13 ıĭĺƞŅĔĶŃŐĽŏĚŇĬĽħŀŀĔĨĸŀħőėĶĚĔŅĶĴňėƞŅŏĪƞŅĔńĭȮ6,183,600Ȯ
ĭŅĪ ĞŉŗĚĴňĨƟĬĪŋĬĶĺĴĪńŘĚľĴħŀĵŌƞĪňŗȮ4,875,000 ĭŅĪȮħńĚĬńŘĬĶŅĵœħƟĽŋĪīŇľĸńĚľńĔėƞŅŒĝƟěƞŅĵĨƞŀĮƖĴňėƞŅŏĪƞŅĔńĭȮ
1,308,600ȮĭŅĪȮĞŉŗĚĴňėƞŅĨĶĚĔńĭĔĶŃŐĽŏĚŇĬĽħĶńĭĽŃĽĴȮŐĽħĚĺƞŅőėĶĚĔŅĶĬňŘĴňįĸĔņœĶȮőħĵĽŅĴŅĶĩ
ŐĽħĚĔŅĶĺŇŏėĶŅŃľƢįĸŏėĶŊŗŀĚĴŊŀĪŅĚŏĻĶļģĻŅĽĨĶƢœħƟħńĚĬňŘȮ 

 
ĨŅĶŅĚĪňŗ 4.14 ĺŇŏėĶŅŃľƢįĸėĺŅĴėŋƟĴėƞŅŒĬĔŅĶĸĚĪŋĬĕŀĚĔŅĶĔņľĬħĶŅėŅĕŅĵĪňŗȮ40% ĕŀĚĨƟĬĪŋĬ 

ĮƖĪňŗ įĸĨŀĭŐĪĬȮ&ĭŅĪ' ĴŌĸėƞŅĮƤěěŋĭńĬȮ&ĭŅĪ' ŀńĨĶŅėŇħĸħ 6.25% 

0 -641400.00 -641,400.00 NPV  990,309.00 ĭŅĪ 

1 390,000.00  367,058.82 IRR 54% 

2 390,000.00  345,467.13 BCR  1.27 ŏĪƞŅ 

3 390,000.00  325,145.53  LCC  4,875,000.00 ĭŅĪ 

4 390,000.00  306,019.32  PB  1ȮĮƖȮ7 ŏħŊŀĬ  

5 390,000.00  288,018.19  

ĶĺĴ 1,308,600.00  990,309.00  

 
ěŅĔĨŅĶŅĚıĭĺƞŅȮėƞŅŒĝƟěƞŅĵĨĸŀħŀŅĵŋőėĶĚĔŅĶȮ(LCC) ĴňėƞŅŏĪƞŅĔńĭȮ4,875,000 ĭŅĪȮ

ŐĸŃĴňĴŌĸėƞŅĮƤěěŋĭńĬĽŋĪīŇȮ(NPV)ȮŏĪƞŅĔńĭȮ990,309 ĭŅĪ őħĵěŅĔŏĚŊŗŀĬœĕŏĴŊŗŀȮNPV ĴňėƞŅĴŅĔĔĺƞŅĻŌĬĵƢ
ŐĽħĚĺƞŅőėĶĚĔŅĶĬňŘœħƟĶńĭįĸĨŀĭŐĪĬĴŅĔĔĺƞŅŏĚŇĬĸĚĪŋĬȮĞŉŗĚŀĵŌƞŒĬŏĔĦĤƢĪňŗĵŀĴĶńĭœħƟȮŐĸŃőėĶĚĔŅĶĬňŘ
ĽŅĴŅĶĩĸĚĪŋĬœħƟȮĬŀĔěŅĔĬňŘıĭĺƞŅŀńĨĶŅįĸĨŀĭŐĪĬĳŅĵŒĬĴňėƞŅŏĪƞŅĔńĭȮ54% ĞŉŗĚĴňėƞŅĴŅĔĔĺƞŅŀńĨĶŅ 
ėŇħĸħȮ(r) ĪňŗȮ6.25% ľĴŅĵėĺŅĴĺƞŅ őėĶĚĔŅĶĬňŘœħƟĶńĭįĸĨŀĭŐĪĬĴŅĔĔĺƞŅŀńĨĶŅĪňŗėŅħľĺńĚœĺƟȮĽņľĶńĭ 
ħƟŅĬĶŃĵŃŏĺĸŅėŊĬĪŋĬĕŀĚőėĶĚĔŅĶ (PB) ŏĪƞŅĔńĭȮ1ȮĮƖȮ7 ŏħŊŀĬ ŐĽħĚĺƞŅőėĶĚĔŅĶĽŅĴŅĶĩėŊĬĪŋĬœħƟ
ĳŅĵŒĬŀŅĵŋőėĶĚĔŅĶ 5 ĮƖȮĞŉŗĚĽŅĴŅĶĩĽĶƟŅĚįĸĔņœĶœħƟȮĶĺĴĪńŘĚŀńĨĶŅĽƞĺĬįĸĨŀĭŐĪĬĨƞŀĨƟĬĪŋĬȮ(BCR)  
ĴňėƞŅŏĪƞŅĔńĭȮ1.27 ŏĪƞŅȮőħĵěŅĔŏĚŊŗŀĬœĕŏĴŊŗŀȮBCR ĴňėƞŅĴŅĔĔĺƞŅľĬŉŗĚȮľĴŅĵėĺŅĴĺƞŅȮįĸĨŀĭŐĪĬĪňŗœħƟĶńĭ
ěŅĔőėĶĚĔŅĶĴňėƞŅĴŅĔĔĺƞŅėƞŅŒĝƟěƞŅĵĪńŘĚľĴħĪňŗħņŏĬŇĬĔŅĶœĮȮ 

ħńĚĬńŘĬĔŅĶĔņľĬħĶŅėŅĕŅĵĕŀĚľńĺĺńħĪňŗȮ40% ĕŀĚĨƟĬĪŋĬĔŅĶįĸŇĨȮĴňėĺŅĴėŋƟĴėƞŅ 
ŒĬĔŅĶĸĚĪŋĬ 

- ĔŅĶĺŇŏėĶŅŃľƢėĺŅĴŀƞŀĬœľĺĕŀĚőėĶĚĔŅĶěŅĔĔŅĶĔņľĬħĶŅėŅĕŅĵȮ50%ȮĕŀĚĨƟĬĪŋĬ
ĔŅĶįĸŇĨľńĺĺńħȮĽŅĴŅĶĩŐĽħĚįĸĔŅĶėņĬĺĦĔĶŃŐĽŏĚŇĬĽħĶńĭȮ-ȮŀŀĔȮœħƟħńĚĨŅĶŅĚĪňŗȮ4.15 
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ĨŅĶŅĚĪňŗȮ2,/3 ĔĶŃŐĽŏĚŇĬĽħĶńĭȮ-ȮŀŀĔȮŏĴŊŗŀĔņľĬħĶŅėŅĕŅĵĪňŗȮ50%ȮĕŀĚĨƟĬĪŋĬ 

 

ĮƖĪňŗ 

ĔĶŃŐĽŏĚŇĬĽħŀŀĔȮ

&ĭŅĪ' 

ĨƟĬĪŋĬĶĺĴ 

&ĭŅĪ' 

ĔĶŃŐĽŏĚŇĬĽħĶńĭ

ĽŋĪīŇ (ĭŅĪ' 

ĔĶŃŐĽŏĚŇĬĽħĶńĭ

ĽŃĽĴ (ĭŅĪ' 

0 -641,400.00  -641,400.00 -641,400.00 

1 1,462,500.00  975,000.00  487,500.00  -153,900.00 

2 1,462,500.00  975,000.00  487,500.00  333,600.00  

3 1,462,500.00  975,000.00  487,500.00  821,100.00  

4 1,462,500.00  975,000.00  487,500.00  1,308,600.00  

5 1,462,500.00  975,000.00  487,500.00  1,796,100.00  

ĶĺĴ 6,671,100.00  4,875,000.00  1,796,100.00   

 
ěŅĔĨŅĶŅĚıĭĺƞŅĔĶŃŐĽŏĚŇĬĽħŀŀĔĨƞŀőėĶĚĔŅĶŏĪƞŅĔńĭȮ6,671,100ȮĭŅĪ ĞŉŗĚĴňĨƟĬĪŋĬ

ĶĺĴĪńŘĚľĴħŀĵŌƞĪňŗȮ4,875,000 ĭŅĪȮħńĚĬńŘĬĶŅĵœħƟĽŋĪīŇľĸńĚľńĔėƞŅŒĝƟěƞŅĵĨƞŀĮƖĴňėƞŅŏĪƞŅĔńĭȮ1,796,100Ȯ
ĭŅĪȮŐĽħĚĺƞŅőėĶĚĔŅĶĬňŘĴňįĸĔņœĶȮőħĵĽŅĴŅĶĩŐĽħĚĔŅĶĺŇŏėĶŅŃľƢįĸŏėĶŊŗŀĚĴŊŀĪŅĚŏĻĶļģĻŅĽĨĶƢ 
œħƟħńĚĨŅĶŅĚĪňŗȮ4.16 

 
ĨŅĶŅĚĪňŗȮ2,/4 ĺŇŏėĶŅŃľƢįĸėĺŅĴėŋƟĴėƞŅŒĬĔŅĶĸĚĪŋĬĕŀĚĔŅĶĔņľĬħĶŅėŅĕŅĵĪňŗȮ50% ĕŀĚĨƟĬĪŋĬ 

ĮƖĪňŗ įĸĨŀĭŐĪĬȮ&ĭŅĪ' ĴŌĸėƞŅĮƤěěŋĭńĬȮ&ĭŅĪ' ŀńĨĶŅėŇħĸħ 6.25% 

0 -641400.00 -641,400.00 NPV  1,398,236.25 ĭŅĪ 
1 487,500.00  458,823.53  IRR 71% 

2 487,500.00  431,833.91  BCR  1.37 ŏĪƞŅ 

3 487,500.00  406,431.92  LCC  4,875,000.00 ĭŅĪ 
4 487,500.00  382,524.16  PB  1ȮĮƖȮ4 ŏħŊŀĬ  

5 487,500.00  360,022.73  
ĶĺĴ 1,796,100.00  1,398,236.25  

 
ěŅĔĨŅĶŅĚĪňŗȮ4.16 ıĭĺƞŅȮėƞŅŒĝƟěƞŅĵĨĸŀħŀŅĵŋőėĶĚĔŅĶȮ(LCC) ŏĪƞŅĔńĭȮ4,875,000 

ĭŅĪȮŐĸŃĴňĴŌĸėƞŅĮƤěěŋĭńĬĽŋĪīŇȮ(NPV)ȮŏĪƞŅĔńĭȮ1,398,236.25 ĭŅĪȮőħĵěŅĔŏĚŊŗŀĬœĕŏĴŊŗŀȮNPVȮĴňėƞŅ
ĴŅĔĔĺƞŅĻŌĬĵƢȮŐĽħĚĺƞŅőėĶĚĔŅĶœħƟĶńĭįĸĨŀĭŐĪĬĴŅĔĔĺƞŅŏĚŇĬĸĚĪŋĬȮĞŉŗĚŀĵŌƞŒĬŏĔĦĤƢĪňŗĵŀĴĶńĭœħƟȮŐĸŃ
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őėĶĚĔŅĶĬňŘĽĴėĺĶĸĚĪŋĬȮĬŀĔěŅĔĬňŘıĭĺƞŅőėĶĚĔŅĶĬňŘœħƟĶńĭŀńĨĶŅįĸĨŀĭŐĪĬĳŅĵŒĬŏĪƞŅĔńĭȮ71%  
ĞŉŗĚĴňėƞŅĴŅĔĔĺƞŅŀńĨĶŅėŇħĸħȮ(r) ĪňŗȮ6.25% ľĴŅĵėĺŅĴĺƞŅ őėĶĚĔŅĶĬňŘœħƟĶńĭįĸĨŀĭŐĪĬĴŅĔĔĺƞŅŀńĨĶŅ 
ĪňŗėŅħľĺńĚœĺƟȮĽņľĶńĭħƟŅĬĶŃĵŃŏĺĸŅėŊĬĪŋĬĕŀĚőėĶĚĔŅĶ (PB) ĴňėƞŅŏĪƞŅĔńĭȮ1ȮĮƖȮ4 ŏħŊŀĬ ĞŉŗĚŀĵŌƞĳŅĵŒĬ
ŀŅĵŋőėĶĚĔŅĶ 5 ĮƖȮŐĽħĚĺƞŅĳŅĵŒĬŀŅĵŋőėĶĚĔŅĶĽŅĴŅĶĩėŊĬĪŋĬȮŐĸŃĽĶƟŅĚįĸĔņœĶœħƟȮĶĺĴĪńŘĚŀńĨĶŅĽƞĺĬ
įĸĨŀĭŐĪĬĨƞŀĨƟĬĪŋĬȮ(BCR) ĴňėƞŅ 1.37 ŏĪƞŅȮőħĵěŅĔŏĚŊŗŀĬœĕŏĴŊŗŀȮBCRȮĴňėƞŅĴŅĔĔĺƞŅȮ1 ľĴŅĵėĺŅĴĺƞŅȮ
įĸĨŀĭŐĪĬĪňŗœħƟĶńĭěŅĔőėĶĚĔŅĶĴňėƞŅĴŅĔĔĺƞŅėƞŅŒĝƟěƞŅĵĪňŗŏĽňĵœĮȮ 

ħńĚĬńŘĬĔŅĶĔņľĬħĶŅėŅĕŅĵĕŀĚľńĺĺńħĪňŗȮ50% ĕŀĚĨƟĬĪŋĬĔŅĶįĸŇĨȮĴňėĺŅĴėŋƟĴėƞŅ 
ŒĬĔŅĶĸĚĪŋĬ  

ĬŀĔěŅĔĬňŘĽŅĴŅĶĩŐĽħĚįĸĔŅĶŏĮĶňĵĭŏĪňĵĭĔŅĶĺŇŏėĶŅŃľƢėĺŅĴŀƞŀĬœľĺĕŀĚ
őėĶĚĔŅĶěŅĔĔŅĶĔņľĬħĔņœĶĪňŗĨƟŀĚĔŅĶȮ10, 20, 30,Ȯ40 ŐĸŃȮ50% ĕŀĚĨƟĬĪŋĬĔŅĶįĸŇĨȮĨŅĴĸņħńĭ
ŐĸŃĔŅĶĺŇŏėĶŅŃľƢėĺŅĴėŋƟĴėƞŅŒĬĔŅĶĸĚĪŋĬħƟĺĵŏėĶŊŗŀĚĴŊŀĪŅĚŏĻĶļģĻŅĽĨĶƢȮœħƟŐĔƞȮNPV, IRR, BCR, 
ŐĸŃȮPB œħƟħńĚĨŅĶŅĚĪňŗȮ4.17 

 
ĨŅĶŅĚĪňŗ 4.17 įĸĔŅĶĺŇŏėĶŅŃľƢėĺŅĴŀƞŀĬœľĺĕŀĚőėĶĚĔŅĶěŅĔĔņœĶĪňŗĨƟŀĚĔŅĶȮĨńŘĚŐĨƞȮ10% - 50% 

ĔņœĶĪňŗĨƟŀĚĔŅĶ NPV (ĭŅĪ) IRR BCRȮ(ŏĪƞŅ) PB 

10% -233,472.75 -8% 0.97 6ȮĮƖȮ6 ŏħŊŀĬ 

20% 174,454.50 16% 1.07 3ȮĮƖȮ3 ŏħŊŀĬ 

30% 582,381.75 36% 1.17 2 ĮƖȮ2 ŏħŊŀĬ 

40% 990,309.00 54% 1.27 1ȮĮƖȮ7 ŏħŊŀĬ 

50% 1,398,236.25 71% 1.37 1ȮĮƖȮ4 ŏħŊŀĬ 

 
ěŅĔĔŅĶĺŇŏėĶŅŃľƢėĺŅĴŀƞŀĬœľĺĕŀĚőėĶĚĔŅĶěŅĔĔŅĶĔņľĬħįĸĔņœĶĪňŗĨƟŀĚĔŅĶěŅĔ

ĨƟĬĪŋĬĔŅĶįĸŇĨȮœħƟŐĔƞȮ10, 20, 30, 40 ŐĸŃȮ50% ĨŅĴĸņħńĭȮĽņľĶńĭĔŅĶĺŇŏėĶŅŃľƢėĺŅĴėŋƟĴėƞŅ 
ŒĬĔŅĶĸĚĪŋĬĕŀĚĔŅĶŀŀĔŐĭĭȮŐĸŃıńĥĬŅĶŃĭĭĨĶĺěĺńħėĺŅĴħńĬőĸľŇĨħƟĺĵĨńĺĨĶĺěěńĭŒĵŐĔƟĺĬņŐĽĚ
ĝĬŇħĲŅĭĶň-ŏĮőĶĨƢȮŀŇĬŏĪŀĶƢĲƖĶŀĴŇŏĨŀĶƢȮıĭĺƞŅȮŏĴŊŗŀĔņľĬħĔņœĶĪňŗĨƟŀĚĔŅĶŏĪƞŅĔńĭȮ10% ĕŀĚĶŅėŅ
ĨƟĬĪŋĬĔŅĶįĸŇĨıĭĺƞŅȮőėĶĚĔŅĶœĴƞĽĴėĺĶĸĚĪŋĬȮŏĬŊŗŀĚěŅĔœħƟĶńĭįĸĨŀĭŐĪĬĬƟŀĵĔĺƞŅŏĚŇĬĸĚĪŋĬȮĽƞĚįĸ
ŒľƟőėĶĚĔŅĶĕŅħĪŋĬȮŒĬĕĦŃĪňŗŏĴŊŗŀĔņľĬħĔņœĶĪňŗĨƟŀĚĔŅĶĨńŘĚŐĨƞȮ20% - 50% ıĭĺƞŅőėĶĚĔŅĶŐĽħĚįĸ
ĔņœĶȮŐĸŃėŋƟĴėƞŅŒĬĔŅĶĸĚĪŋĬȮőħĵĽŅĴŅĶĩėŊĬĪŋĬœħƟĳŅĵŒĬĶŃĵŃŏĺĸŅőėĶĚĔŅĶȮ5 ĮƖȮ 
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4.6.3 ĔŅĶŀĳŇĮĶŅĵŐĸŃĽĶŋĮįĸ 
ěŅĔĔŅĶĮĶŃĴŅĦĔŅĶĺƞŅĶŃĭĭĨĶĺěĺńħėĺŅĴħńĬőĸľŇĨĪňŗıńĥĬŅĕŉŘĬĽŅĴŅĶĩĸħĔŅĶĬņŏĕƟŅ

ŀŋĮĔĶĦƢľĶŊŀŏėĶŊŗŀĚĴŊŀĺńħěŅĔĨƞŅĚĮĶŃŏĪĻȮŏıŇŗĴĮĶŇĴŅĦĔŅĶěņľĬƞŅĵȮŐĸŃĽƞĚŀŀĔįĸŇĨĳńĦĤƢȮėŇħŏĮƦĬ
ĴŌĸėƞŅĴŅĔĔĺƞŅȮ50 ĸƟŅĬĭŅĪȮőħĵĶŃĭĭĨĶĺěĺńħėĺŅĴħńĬőĸľŇĨĪňŗıńĥĬŅĕŉŘĬĽŅĴŅĶĩĽĶƟŅĚĶŅĵœħƟŒľƟŐĔƞ
įŌƟĮĶŃĔŀĭĔŅĶ/ĳŅėŀŋĨĽŅľĔĶĶĴȮœħƟŏĮƦĬěņĬĺĬĴŅĔĔĺƞŅȮ10 ĸƟŅĬĭŅĪ/ĮƖȮħńĚĬńŘĬŏıŊŗŀŒľƟĽŀħėĸƟŀĚĔńĭ
ĶŅĵœħƟĕŀĚőėĶĚĔŅĶěŉĚėĺĶħņŏĬŇĬĔŅĶȮœħƟŐĔƞȮŏĸŊŀĔĸĚĪŋĬőėĶĚĔŅĶĪňŗĔņľĬħĔņœĶĪňŗĨƟŀĚĔŅĶĴŅĔĔĺƞŅȮ
50% ĕŀĚĨƟĬĪŋĬĔŅĶįĸŇĨȮŏıŇŗĴĮĶŇĴŅĦĔŅĶįĸŇĨĽŇĬėƟŅȮŐĸŃĔņľĬħĵŀħĕŅĵĨƞŀĮƖĴŅĔĕŉŘĬȮľĶŊŀĸħĨƟĬĪŋĬ
ĔŅĶįĸŇĨĽŇĬėƟŅȮĶĺĴĪńŘĚĽĶƟŅĚĴŌĸėƞŅĪŅĚĔŅĶĨĸŅħȮőħĵĔŅĶĽĶƟŅĚĔŅĶĶńĭĶŌƟŐĔƞįŌƟĭĶŇőĳėěŅĔĔŅĶőęļĦŅȮ 
ŏĮƦĬĨƟĬȮ 
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ĭĪĪňŗ 5  
ĽĶŋĮįĸĔŅĶĻŉĔļŅŐĸŃĕƟŀŏĽĬŀŐĬŃ 

 
 
5.1 ĽĶŋĮįĸĔŅĶĻŉĔļŅ 
ĺŇĪĵŅĬŇıĬīƢĬňŘŏĮƦĬĔŅĶŀŀĔŐĭĭŐĸŃıńĥĬŅĶŃĭĭĨĶĺěĺńħėĺŅĴħńĬőĸľŇĨħƟĺĵĨńĺĨĶĺěěńĭŒĵŐĔƟĺ 

ĬņŐĽĚĝĬŇħĲŅĭĶň-ŏĮőĶĨƢȮŀŇĬŏĪŀĶƢĲƖĶŀĴŇŏĨŀĶƢȮ(Fiber opticȮbased Fabry-Perot interferometer)Ȯ
őħĵĴňŏėĶŊŗŀĚĺńħėĺŅĴħńĬőĸľŇĨŐĭĭħŇěŇĨŀĸĴŅĨĶģŅĬȮ(Standard digital sphygmomanometer) 
ŏĮƦĬŏėĶŊŗŀĚĴŊŀĺńħŀƟŅĚŀŇĚȮĽņľĶńĭĕńŘĬĨŀĬĔŅĶħņŏĬŇĬĚŅĬȮœħƟŐĔƞȮĔŅĶŀŀĔŐĭĭĶŃĭĭĨĶĺěĺńħėĺŅĴħńĬ
őĸľŇĨȮĔŅĶŀŀĔŐĭĭľńĺĺńħŒľƟĽŅĴŅĶĩĨĶĺěěńĭĽńĠĠŅĦĝňıěĶœħƟȮőħĵĔŅĶĨĶĺěĺńħĨƟŀĚœĴƞĶŋĔĸŘņĶƞŅĚĔŅĵȮ
ŒĝƟĚŅĬĚƞŅĵȮĨƟĬĪŋĬĨŗņȮŐĸŃĴňėĺŅĴĩŌĔĨƟŀĚȮĞŉŗĚĔĶŃĭĺĬĔŅĶıńĥĬŅľńĺĺńħħņŏĬŇĬĔŅĶőħĵĪħĽŀĭĺńĽħŋ
ĽŃĪƟŀĬŐĽĚěņĬĺĬȮ2ȮĝĬŇħȮœħƟŐĔƞȮŐįƞĬŀĸŌĴŇŏĬňĵĴĭŅĚȮĲƕĸƢĴĽŃĪƟŀĬŐĽĚĭŅĚĝĬŇħĮĶŇĞŉĴȮĔĶŃěĔŏĚŅȮŐĸŃ
ĔĶŃěĔŏėĸŊŀĭŀĸŌĴŇŏĬňĵĴȮįĸĔŅĶĪħĽŀĭĺńĽħŋĽŃĪƟŀĬŐĽĚĔńĭŏėĶŊŗŀĚĔņŏĬŇħĶŌĮėĸŊŗĬĽńĠĠŅĦıĭĺƞŅȮ
ĔĶŃěĔŏėĸŊŀĭŀĸŌĴŇŏĬňĵĴĴňėŋĦĽĴĭńĨŇĪňŗĽŅĴŅĶĩĽŃĪƟŀĬŐĽĚœħƟħňȮŐĸŃŏĔŇħĶŇŘĺŐĪĶĔĽŀħĪňŗĝńħŏěĬȮ 
ĞŉŗĚĽŅĴŅĶĩĬņœĮĺŇŏėĶŅŃľƢĶŌĮėĸŊŗĬĽńĠĠŅĦĝňıěĶœħƟȮŒĬĕĦŃĪňŗĺńĽħŋĝĬŇħŀŊŗĬȮŕȮĴňĔŅĶŏĔŇħĶŇŘĺŐĪĶĔĽŀħ 
ĪňŗœĴƞĝńħŏěĬȮĪņŒľƟœĴƞĽŅĴŅĶĩĺŇŏėĶŅŃľƢěŋħĽŌĚĽŋħĕŀĚĽńĠĠŅĦœħƟȮĬŀĔěŅĔĬňŘħņŏĬŇĬĔŅĶĪħĽŀĭĺńĽħŋ
ĵŊħľĵŋƞĬěņĬĺĬȮ1ȮĝĬŇħȮœħƟŐĔƞȮŐįƞĬĵŅĚĭŅĚȮŐįƞĬĵŅĚīĶĶĴĝŅĨŇ ŐĸŃŐįƞĬĵŅĚœĬœĨĶȮőħĵĨńħĝŇŘĬĽƞĺĬĺńĽħŋ
ĨńĺŀĵƞŅĚĬņŏĕƟŅŏėĶŊŗŀĚħŉĚȮĪħĽŀĭĝĬŇħĸŃȮ1ȮėĶńŘĚȮıĭĺƞŅȮĺńĽħŋŐįƞĬĵŅĚĭŅĚĴňėĺŅĴĵŊħľĵŋƞĬĽŌĚĪňŗĽŋħȮĞŉŗĚĴňėƞŅ
ĔŅĶĵŊħĨńĺŏĪƞŅĔńĭȮ199.25Ȯmm ŐĸŃėƞŅĵńĚĴŀħŋĸńĽŏĪƞŅĔńĭȮ2.85 N/mm2 ħńĚĬńŘĬĔĶŃěĔŏėĸŊŀĭ
ŀĸŌĴŇŏĬňĵĴȮŐĸŃŐįƞĬĵŅĚĭŅĚĩŌĔĬņĴŅŒĝƟŏĮƦĬĺńĽħŋĽŃĪƟŀĬŐĽĚȮŐĸŃĺńĽħŋĵŊħľĵŋƞĬŒĬĔŅĶıńĥĬŅľńĺĺńħȮ 
ĞŉŗĚĨŇħĨńŘĚĶƞĺĴĔńĬĭĶŇŏĺĦĮĸŅĵĽŅĵŒĵŐĔƟĺĬņŐĽĚȮěŅĔĬńŘĬěŉĚĪħĽŀĭľńĺĺńħĭĶŇŏĺĦĮĸŅĵĬŇŘĺ (ŏĽƟĬŏĸŊŀħ
ŐħĚŐĕĬĚ)ȮŐĸŃĭĶŇŏĺĦĸņėŀȮ(ŏĽƟĬŏĸŊŀħŐħĚŒľĠƞ)ȮıĭĺƞŅȮĮĸŅĵĬŇŘĺĴňŐĶĚħńĬĝňıěĶœĴƞŏıňĵĚıŀĪňŗěŃĪņŒľƟ
ĺńĽħŋĵŊħľĵŋƞĬŏĔŇħĔŅĶőĔƞĚĨńĺȮŒĬĕĦŃĪňŗĸņėŀĴňŐĶĚħńĬĝňıěĶĪňŗĽŅĴŅĶĩĪņŒľƟĺńĽħŋĵŊħľĵŋƞĬőĔƞĚĨńĺȮŐĸŃ 
ŏĔŇħĶŇŘĺŐĪĶĔĽŀħĕŀĚŐĽĚĪňŗĝńħŏěĬĔĺƞŅĮĸŅĵĬŇŘĺȮħńĚĬńŘĬěŉĚŏĸŊŀĔħņŏĬŇĬĔŅĶĪħĽŀĭĔńĭŀŅĽŅĽĴńėĶ
ĭĶŇŏĺĦĸņėŀȮĕńŘĬĨŀĬĨƞŀœĮħņŏĬŇĬĔŅĶŏĔŖĭĶĺĭĶĺĴĕƟŀĴŌĸěŅĔŀŅĽŅĽĴńėĶĽŋĕĳŅıħňěņĬĺĬȮ86 ėĬȮ 
ŏĮƦĬįŌƟĝŅĵěņĬĺĬȮ43 ėĬȮŐĸŃįŌƟľĠŇĚěņĬĺĬȮ43 ėĬȮŀŅĵŋȮ0/Ȯ-Ȯ3.ȮĮƖȮĞŉŗĚŏĮƦĬĬńĔĻŉĔļŅȮľĶŊŀĭŋėĸŅĔĶȮ
ėĦŃĺŇĻĺĔĶĶĴĻŅĽĨĶƢŐĸŃŏĪėőĬőĸĵňŀŋĨĽŅľĔĶĶĴȮĴľŅĺŇĪĵŅĸńĵĻŇĸĮŅĔĶȮĪħĽŀĭĞŘņėĬĸŃȮ5 ėĶńŘĚȮ
őħĵĨŇħĨńŘĚľńĺĺńħĭĶŇŏĺĦĸņėŀĕƟŅĚĕĺŅȮŐĸŃĽĺĴŒĽƞŏėĶŊŗŀĚĺńħėĺŅĴħńĬőĸľŇĨŐĭĭħŇěŇĨŀĸĴŅĨĶģŅĬĭĶŇŏĺĦ
ĨƟĬŐĕĬĕƟŅĚĞƟŅĵȮħņŏĬŇĬĔŅĶŏĔŖĭĕƟŀĴŌĸĪńŘĚȮ2 ĨņŐľĬƞĚȮıĶƟŀĴĔńĬėĶńŘĚĸŃȮ/3ȮĺŇĬŅĪň ěŅĔĬńŘĬĭńĬĪŉĔĕƟŀĴŌĸȮ
ŐĸŃĮĶŃĴĺĸįĸĽńĠĠŅĦħƟĺĵőĮĶŐĔĶĴĮĶŃĵŋĔĨƢĪŅĚĺŇĻĺĔĶĶĴȮĬŀĔěŅĔĬňŘŏĪėĬŇėĔŅĶĨĶĺěěńĭěŋħĽŌĚĽŋħȮ
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(Peak detection) ŐĸŃĔŅĶĬńĭěņĬĺĬĶŇŘĺŐĪĶĔĽŀħĕŀĚŐĽĚ (Fringe counting) ĩŌĔĬņĴŅĮĶŃĵŋĔĨƢŒĝƟ
ĽņľĶńĭŐĮĸėƞŅĔŅĶőĔƞĚĨńĺĕŀĚĺńĽħŋ (Displacement curve) ŏĮƦĬėƞŅėĺŅĴħńĬ (Pressure)ȮėƞŅėĺŅĴħńĬ
ĝňıěĶȮ(Pulse pressure) ėƞŅėĺŅĴħńĬőĸľŇĨ (Blood pressure)ȮŐĸŃŀńĨĶŅĔŅĶŏĨƟĬĕŀĚľńĺŒě (Heart 
rate)ȮĨŅĴĸņħńĭȮőħĵĴňėƞŅŀńĨĶŅĔŅĶŏĨƟĬĕŀĚľńĺŒěȮŐĸŃėƞŅėĺŅĴħńĬőĸľŇĨěŅĔŏėĶŊŗŀĚĺńħėĺŅĴħńĬőĸľŇĨ
ŐĭĭħŇěŇĨŀĸĴŅĨĶģŅĬŏĮƦĬėƞŅŀƟŅĚŀŇĚ ěŅĔįĸĔŅĶĪħĸŀĚȮıĭĺƞŅȮĶŃĭĭĨĶĺěĺńħėĺŅĴħńĬőĸľŇĨħƟĺĵ 
ĨńĺĨĶĺěěńĭŒĵŐĔƟĺĬņŐĽĚĝĬŇħĲŅĭĶň-ŏĮőĶĨƢȮŀŇĬŏĪŀĶƢĲƖĶŀĴŇŏĨŀĶƢȮĽŅĴŅĶĩĨĶĺěĺńħŀńĨĶŅĔŅĶŏĨƟĬĕŀĚ
ľńĺŒěœħƟĨńŘĚŐĨƞȮ48 ů 102 ėĶńŘĚ/ĬŅĪňȮėƞŅėĺŅĴħńĬőĸľŇĨĞŇĽĪŀĸŇėœħƟĨńŘĚŐĨƞȮ91 ů 128 ĴŇĸĸŇŏĴĨĶĮĶŀĪȮ
ŐĸŃėƞŅėĺŅĴħńĬőĸľŇĨœħŐŀĽĪŀĸŇėœħƟĨńŘĚŐĨƞȮ62ů 85 ĴŇĸĸŇŏĴĨĶĮĶŀĪȮőħĵĴňėƞŅėĺŅĴŏĝŊŗŀĴńŗĬŏĪƞŅĔńĭȮ
0.91ȮŐĸŃėƞŅėĺŅĴœĺŏĪƞŅĔńĭȮ56.88 ĬŅőĬŏĴĨĶ/ĴŇĸĸŇŏĴĨĶĮĶŀĪ ĞŉŗĚŐĽħĚĩŉĚėĺŅĴĬƞŅŏĝŊŗŀĩŊŀȮŐĸŃ 
ėĺŅĴŐĴƞĬĵņĕŀĚĶŃĭĭĨĶĺěĺńħĪňŗıńĥĬŅĕŉŘĬȮĬŀĔěŅĔĬňŘĴňėƞŅĽƞĺĬŏĭňŗĵĚŏĭĬĴŅĨĶģŅĬŏĪƞŅĔńĭȮ1.46 ŐĸŃ
ėƞŅėĺŅĴėĸŅħŏėĸŊŗŀĬŏĜĸňŗĵŏĪƞŅĔńĭȮ2.84%ȮĞŉŗĚĭƞĚĭŀĔĩŉĚėĺŅĴŐĴƞĬĵņĕŀĚĶŃĭĭĔŅĶĨĶĺěĺńħ 
ĪňŗıńĥĬŅĕŉŘĬȮĽņľĶńĭįĸĔŅĶĺŇŏėĶŅŃľƢėĺŅĴėŋƟĴėƞŅŒĬĔŅĶĸĚĪŋĬȮŐĸŃėĺŅĴŀƞŀĬœľĺĕŀĚőėĶĚĔŅĶȮıĭĺƞŅȮ
őėĶĚĔŅĶĴňėĺŅĴėŋƟĴėƞŅĨƞŀĔŅĶĸĚĪŋĬŏĴŊŗŀĔņľĬħĔņœĶĪňŗĨƟŀĚĔŅĶĴŅĔĔĺƞŅȮ50% ĕŀĚĨƟĬĪŋĬĔŅĶįĸŇĨȮ 
őħĵŏıŇŗĴĴŌĸėƞŅĪŅĚĔŅĶĨĸŅħȮŐĸŃĽĶƟŅĚĔŅĶĶńĭĶŌƟŐĔƞįŌƟĭĶŇőĳėĴŅĔĵŇŗĚĕŉŘĬȮ 
ħńĚĬńŘĬĽŅĴŅĶĩĽĶŋĮįĸĔŅĶħņŏĬŇĬĚŅĬœħƟĺƞŅȮĶŃĭĭĨĶĺěĺńħėĺŅĴħńĬőĸľŇĨħƟĺĵĨńĺĨĶĺěěńĭŒĵŐĔƟĺ 

ĬņŐĽĚĝĬŇħĲŅĭĶň-ŏĮőĶĨƢȮŀŇĬŏĪŀĶƢĲƖĶŀĴŇŏĨŀĶƢȮĽŅĴŅĶĩĨĶĺěĺńħĽńĠĠŅĦĝňıěĶȮŐĸŃėĺŅĴħńĬőĸľŇĨœħƟȮ
őħĵœĴƞĶŋĔĸŘņĶƞŅĚĔŅĵȮœĴƞĽĶƟŅĚėĺŅĴŏěŖĭĮĺħȮĴňėĺŅĴŐĴƞĬĵņȮĬƞŅŏĝŊŗŀĩŊŀȮėŋƟĴėƞŅĨƞŀĔŅĶĸĚĪŋĬȮŐĸŃĽŅĴŅĶĩ
ĬņĶŃĭĭĨĶĺěĺńħėĺŅĴħńĬőĸľŇĨĪňŗıńĥĬŅĕŉŘĬœĮıńĥĬŅŏėĶŊŗŀĚĴŊŀĺńħĪŅĚĔŅĶŐıĪĵƢŒĬŀĬŅėĨœħƟ 

 
3,0 ĮƤĠľŅŐĸŃŀŋĮĽĶĶėŒĬĔŅĶħņŏĬŇĬĚŅĬ 
ĔŅĶħņŏĬŇĬĔŅĶĪħĸŀĚħƟĺĵĔŅĶĨŇħĨńŘĚľńĺĺńħȮFFPI ĭĶŇŏĺĦĸņėŀĕƟŅĚĕĺŅȮĕĦŃĪňŗŀŅĽŅĽĴńėĶľŅĵŒěȮ

ľĶŊŀĶŃľĺƞŅĚĔŅĶĔĸŊĬĬŘņĸŅĵȮĞŉŗĚŀŅěĽƞĚįĸĔĶŃĪĭĨƞŀĽńĠĠŅĦĶŇŘĺŐĪĶĔĽŀħĕŀĚŐĽĚȮĪņŒľƟŏĔŇħ
ėĸŊŗĬĽńĠĠŅĦĶĭĔĺĬœħƟȮĬŀĔěŅĔĬňŘĺńĽħŋĵŊħľĵŋƞĬĪňŗŒĝƟıńĥĬŅľńĺĺńħȮFFPI ėŊŀȮŐįƞĬĵŅĚĭŅĚȮőħĵľĸńĚěŅĔ 
ĔŅĶĪħĸŀĚȮıĭĺƞŅȮŏĴŊŗŀŒĝƟĚŅĬĴŅĔĔĺƞŅȮ3ȮėĶńŘĚȮĺńĽħŋěŃŏĔŇħĔŅĶŏĽňĵĶŌĮȮŐĸŃœĴƞĽŅĴŅĶĩĔĸńĭĽŌƞĽĩŅıŏħŇĴȮ
ħńĚĬńŘĬěŉĚěņŏĮƦĬĨƟŀĚŏĮĸňŗĵĬŐįƞĬĺńĽħŋŒľĴƞȮĪņŒľƟŏıŇŗĴŏĺĸŅȮŐĸŃėƞŅŒĝƟěƞŅĵŒĬĔŅĶħņŏĬŇĬĚŅĬĴŅĔĕŉŘĬ 

 
3,1 ĕƟŀŏĽĬŀŐĬŃ 
ĔŅĶŐĔƟœĕĮƤĠľŅĽńĠĠŅĦĶĭĔĺĬĪňŗŏĔŇħěŅĔĔŅĶľŅĵŒěľĶŊŀĔŅĶĔĸŊĬĬŘņĸŅĵȮħńĚĬňŘ 

- ĮĶńĭŏĮĸňŗĵĬĨņŐľĬƞĚĔŅĶĪħĸŀĚȮŏĝƞĬȮĭĶŇŏĺĦĮĸŅĵĬŇŘĺĴŊŀȮľĶŊŀĭĶŇŏĺĦĕƟŀĴŊŀȮőħĵŏıŇŗĴŀńĨĶŅ
ĔŅĶĕĵŅĵĽńĠĠŅĦȮ(Amplifier) ŐĸŃĪħĽŀĭĺńĽħŋĵŊħľĵŋƞĬĝĬŇħŀŊŗĬȮŕȮĽņľĶńĭŒĝƟĪħŐĪĬŐįƞĬĵŅĚĭŅĚȮ
ŏĝƞĬȮĺńĽħŋŐįƞĬĺńĽħŋőıĸňŏĴŀĶƢőıĸňœħŏĴĪŇĸőĞĸŀĔŏĞĬ (Polydimethylsiloxane: PDMS) ŏĮƦĬĨƟĬ 
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- ĔŅĶŀŀĔŐĭĭľńĺĺńħȮFFPI őħĵŒĝƟĺńĽħŋĵŊħľĵŋƞĬŒľƟĴňėĺŅĴėĚĪĬĨƞŀĔŅĶŒĝƟĚŅĬĴŅĔĕŉŘĬȮĶĺĴĪńŘĚ
ıńĥĬŅĨńĺĨĶĺěńĭŒľƟĽŅĴŅĶĩĪĬĨƞŀĔŅĶĽńŗĬĽŃŏĪŊŀĬŏĴŊŗŀŀŅĽŅĽĴńėĶľŅĵŒěœħƟȮ 

 
3,2 ŐĬĺĪŅĚŒĬĔŅĶĻŉĔļŅĨƞŀ 
ĺŇĪĵŅĬŇıĬīƢĬňŘħņŏĬŇĬĔŅĶĪħĽŀĭĔńĭŀŅĽŅĽĴńėĶĳŅĵŒĬľƟŀĚĮĢŇĭńĨŇĔŅĶĶŃĭĭİƤĚĨńĺĪŅĚĔĸȮĳŅėĺŇĝŅ

ĺŇĻĺĔĶĶĴŏėĶŊŗŀĚĔĸŏĪƞŅĬńŘĬȮŏĬŊŗŀĚěŅĔœĴƞĽŅĴŅĶĩŏėĸŊŗŀĬĵƟŅĵŀŋĮĔĶĦƢĪŅĚŐĽĚœħƟȮŀĵƞŅĚœĶĔŖĨŅĴȮ 
ľŅĔĽŅĴŅĶĩŀŀĔŐĭĭ ŐĸŃıńĥĬŅŒľƟĶŃĭĭĨĶĺěĺńħėĺŅĴħńĬőĸľŇĨĽŅĴŅĶĩŏėĸŊŗŀĬĵƟŅĵľĶŊŀıĔıŅœħƟȮ 
őħĵĮĶŃĵŋĔĨƢŒĝƟĚŅĬĶƞĺĴĔńĭľńĺĺńħȮFFPI ŏıŊŗŀĨĶĺěĺńħĔńĭĭŋėėĸĳŅĵĬŀĔĪńŗĺœĮœħƟȮěŃĽŅĴŅĶĩĽĶƟŅĚ
ėĺŅĴĔƟŅĺľĬƟŅŒľƟĔńĭĚŅĬĺŇěńĵħƟŅĬĺŇĻĺĔĶĶĴĝňĺĔŅĶŐıĪĵƢĨƞŀœĮ 
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ĳŅėįĬĺĔȮĔ 
ĶŅĵĚŅĬįĸĔŅĶĪħĸŀĚ 

  
 

ŏĬŊŘŀľŅĽƞĺĬĬňŘŐĽħĚįĸĔŅĶıńĥĬŅĶŃĭĭĨĶĺěĺńħėĺŅĴħńĬőĸľŇĨħƟĺĵĨńĺĨĶĺěěńĭŒĵŐĔƟĺĬņŐĽĚ 
ĝĬŇħĲŅĭĶň-ŏĮőĶĨƢȮŀŇĬŏĪŀĶƢĲƖĶŀĴŇŏĨŀĶƢȮőħĵĴňėƞŅŀńĨĶŅĔŅĶŏĨƟĬĕŀĚľńĺŒěȮėƞŅėĺŅĴħńĬőĸľŇĨĞŇĽĪŀĸŇė 
ŐĸŃėƞŅėĺŅĴħńĬőĸľŇĨœħŐŀĽĪŀĸŇėȮěŅĔŏėĶŊŗŀĚĺńħėĺŅĴħńĬőĸľŇĨŐĭĭħŇěŇĨŀĸĴŅĨĶģŅĬŏĮƦĬėƞŅŀƟŅĚŀŇĚȮ
ĽņľĶńĭįĸĕńŘĬĨŀĬĔŅĶŀŀĔŐĭĭŐĸŃıńĥĬŅĶŃĭĭĨĶĺěĺńħėĺŅĴħńĬőĸľŇĨŏıŇŗĴŏĨŇĴĮĶŃĔŀĭħƟĺĵȮ 

- įĸĔŅĶĪħĽŀĭėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĽŃĪƟŀĬŐĽĚĕŀĚĺńĽħŋȮ 

- įĸĔŅĶĪħĽŀĭľńĺĺńħȮFFPI ĶƞĺĴĔńĭĶŃĭĭĪňŗıńĥĬŅĕŉŘĬĔńĭĴĬŋļĵƢȮ 

- įĸĔŅĶŏĔŖĭĶĺĭĶĺĴĕƟŀĴŌĸĔŅĶĪħĸŀĚěŅĔŀŅĽŅĽĴńėĶȮ 

- įĸĔŅĶĮĶŃĴĺĸįĸĕƟŀĴŌĸħƟĺĵőĮĶŐĔĶĴĮĶŃĵŋĔĨƢĪŅĚĺŇĻĺĔĶĶĴ  

- įĸĔŅĶĺŇŏėĶŅŃľƢĕƟŀĴŌĸěŅĔŀŅĽŅĽĴńėĶ 

Ĕ,1 įĸĔŅĶĪħĽŀĭėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĽŃĪƟŀĬŐĽĚĕŀĚĺńĽħŋ 
 ĺńĽħŋĪňŗĬņĴŅĪħĽŀĭėŋĦĽĴĭńĨŇĔŅĶĽŃĪƟŀĬŐĽĚœħƟŐĔƞȮŐįƞĬŀĸŌĴŇŏĬňĵĴĭŅĚȮ(Aluminum foil) 
ĲƕĸƢĴĽŃĪƟŀĬŐĽĚĭŅĚĝĬŇħĮĶŇĞŉĴȮ(Prismatic retroreflective thin film)ȮĔĶŃěĔŏĚŅ (Plane mirror)
ŐĸŃĔĶŃěĔŏėĸŊŀĭŀĸŌĴŇŏĬňĵĴ (Aluminum-coated mirror)ȮŏĴŊŗŀĨŇħĨńŘĚĺńĽħŋĽŃĪƟŀĬŐĽĚĭĬľĬƟŅĽńĴįńĽ
ĕŀĚŀŋĮĔĶĦƢĽĶƟŅĚŐĶĚĽńŗĬĽŃŏĪŊŀĬŏĶňĵĭĶƟŀĵŐĸƟĺȮěŅĔĬńŘĬŏėĶŊŗŀĚĔņŏĬŇħĶŌĮėĸŊŗĬĽńĠĠŅĦĩŌĔĬņĴŅ
ĮĶŃĵŋĔĨƢŒĝƟěņĸŀĚĔŅĶŏĔŇħĝňıěĶĕŀĚĴĬŋļĵƢȮŐĸŃĔņľĬħėĺŅĴĩňŗĪňŗĶŃħńĭŐĨĔĨƞŅĚĔńĬ ĽŅĴŅĶĩŐĽħĚįĸ
ĔŅĶĪħĸŀĚœħƟħńĚĶŌĮĪňŗȮĔ,1 - Ĕ,3 
 

   

(Ĕ)Ȯ (ĕ) 
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(ė)Ȯ (Ě) 
ĶŌĮĪňŗȮĔ,/ȮįĸĽńĠĠŅĦěŅĔĺńĽħŋĽŃĪƟŀĬŐĽĚėĺŅĴĩňŗŏĪƞŅĔńĭ 1ȮHz; (Ĕ)ȮĲƕĸƢĴĽŃĪƟŀĬŐĽĚĭŅĚĝĬŇħĮĶŇĞŉĴȮ

(ĕ)ȮĔĶŃěĔŏĚŅȮ(ė)ȮŐįƞĬŀĸŌĴŇŏĬňĵĴĭŅĚȮŐĸŃȮ(Ě)ȮĔĶŃěĔŏėĸŊŀĭŀĸŌĴŇŏĬňĵĴ 
 

   

(Ĕ)Ȯ (ĕ) 

   

(ė)Ȯ (Ě) 

ĶŌĮĪňŗȮĔ,0ȮįĸĽńĠĠŅĦěŅĔĺńĽħŋĽŃĪƟŀĬŐĽĚėĺŅĴĩňŗŏĪƞŅĔńĭ 10ȮHz; (Ĕ)ȮĲƕĸƢĴĽŃĪƟŀĬŐĽĚĭŅĚĝĬŇħĮĶŇĞŉĴȮ
(ĕ)ȮĔĶŃěĔŏĚŅȮ(ė)ȮŐįƞĬŀĸŌĴŇŏĬňĵĴĭŅĚȮŐĸŃȮ(Ě)ȮĔĶŃěĔŏėĸŊŀĭŀĸŌĴŇŏĬňĵĴ 



  

 

103 

   

 (Ĕ)Ȯ (ĕ) 

   

(ė)Ȯ (Ě) 
ĶŌĮĪňŗȮĔ,1 įĸĽńĠĠŅĦěŅĔĺńĽħŋĽŃĪƟŀĬŐĽĚėĺŅĴĩňŗŏĪƞŅĔńĭ 50ȮHz; (Ĕ)ȮĲƕĸƢĴĽŃĪƟŀĬŐĽĚĭŅĚĝĬŇħĮĶŇĞŉĴȮ

(ĕ)ȮĔĶŃěĔŏĚŅȮ(ė)ȮŐįƞĬŀĸŌĴŇŏĬňĵĴĭŅĚȮŐĸŃȮ(Ě)ȮĔĶŃěĔŏėĸŊŀĭŀĸŌĴŇŏĬňĵĴ 
 

 ěŅĔĔŅĶĪħĽŀĭĔŅĶĽŃĪƟŀĬŐĽĚĕŀĚĺńĽħŋıĭĺƞŅȮĽńĠĠŅĦĪňŗœħƟěŅĔĺńĽħŋŐįƞĬŀĸŌĴŇŏĬňĵĴĭŅĚĴňĕĬŅħ
ŐŀĴıĸŇěŌħĨŗņĪňŗĽŋħȮŐĸŃĨƟŀĚŒĝƟĔŅĶĕĵŅĵĽńĠĠŅĦŏıŇŗĴŏĨŇĴȮ(Amplifier)ȮŒĬĕĦŃĪňŗĽńĠĠŅĦĪňŗœħƟěŅĔĺńĽħŋ
ĔĶŃěĔŏėĸŊŀĭŀĸŌĴŇŏĬňĵĴȮĴňĕĬŅħŐŀĴıĸŇěŌħĽŌĚĪňŗĽŋħȮĶĺĴĪńŘĚĶŇŘĺŐĪĶĔĽŀħĕŀĚŐĽĚĪňŗŏĔŇħĕŉŘĬĴňŐĬĺőĬƟĴ 
œĮŒĬĪŇĻĪŅĚŏħňĵĺĔńĭĽńĠĠŅĦėĺŅĴĩňŗĪňŗĮƚŀĬěŅĔŏėĶŊŗŀĚĔņŏĬŇħĶŌĮėĸŊŗĬĽńĠĠŅĦȮħńĚĬńŘĬŒĬĔŅĶıńĥĬŅ
ľńĺĺńħ FFPI ěŉĚœħƟŏĸŊŀĔĮĶŃĵŋĔĨƢŒĝƟĔĶŃěĔŏėĸŊŀĭŀĸŌĴŇŏĬňĵĴŏĮƦĬĺńĽħŋĽŃĪƟŀĬŐĽĚ 

 
Ĕ,2 įĸĔŅĶĪħĽŀĭľńĺĺńħȮFFPI ĶƞĺĴĔńĭĶŃĭĭĪňŗıńĥĬŅĕŉŘĬĔńĭĴĬŋļĵƢ  
 őħĵħņŏĬŇĬĔŅĶĪħĽŀĭĶŃĭĭĨĶĺěĺńħėĺŅĴħńĬőĸľŇĨħƟĺĵĨńĺĨĶĺěěńĭŒĵŐĔƟĺĬņŐĽĚĝĬŇħĲŅĭĶň- 
ŏĮőĶĨƢȮŀŇĬŏĪŀĶƢĲƖĶŀĴŇŏĨŀĶƢĔńĭĴĬŋļĵƢĭĶŇŏĺĦĮĸŅĵĬŇŘĺȮŐĸŃĸņėŀĪňŗĶŃħńĭėĺŅĴĩňŗĨƞŅĚȮŕȮĶƞĺĴĔńĭĨńĺŀĵƞŅĚ
ĺńĽħŋĵŊħľĵŋƞĬĪħĽŀĭȮěņĬĺĬȮ3 ĝĬŇħȮœħƟŐĔƞȮŐįƞĬĵŅĚĭŅĚȮŐįƞĬĵŅĚīĶĶĴĝŅĨŇ ŐĸŃŐįƞĬĵŅĚœĬœĨĶȮ
ĽŅĴŅĶĩŐĽħĚĨńĺŀĵƞŅĚįĸĔŅĶĪħĽŀĭœħƟħńĚĶŌĮĪňŗȮĔ,4 - Ĕ,7 



  

 

104 

  

(Ĕ) (ĕ) 

 

(ė) 

ĶŌĮĪňŗȮĔ,2 ĽńĠĠŅĦěŅĔĺńĽħŋĵŊħľĵŋƞĬĪňŗĶŃħńĭėĺŅĴĩňŗŏĪƞŅĔńĭ 5ȮHzȮĭĶŇŏĺĦĮĸŅĵĬŇŘĺ;Ȯ(Ĕ) ŐįƞĬĵŅĚĭŅĚȮ 
(ĕ)ȮŐįƞĬĵŅĚīĶĶĴĝŅĨŇ ŐĸŃȮ(ė)ȮŐįƞĬĵŅĚœĬœĨĶȮ 

 

  

(Ĕ) (ĕ) 
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(ė) 

ĶŌĮĪňŗȮĔ,3 ĽńĠĠŅĦěŅĔĺńĽħŋĵŊħľĵŋƞĬĪňŗĶŃħńĭėĺŅĴĩňŗŏĪƞŅĔńĭ 10ȮHzȮĭĶŇŏĺĦĮĸŅĵĬŇŘĺ; (Ĕ) ŐįƞĬĵŅĚĭŅĚȮ 
(ĕ)ȮŐįƞĬĵŅĚīĶĶĴĝŅĨŇ ŐĸŃȮ(ė)ȮŐįƞĬĵŅĚœĬœĨĶ 

 

  

(Ĕ) (ĕ) 

 

(ė) 

ĶŌĮĪňŗȮĔ,4 ĽńĠĠŅĦĶŇŘĺŐĪĶĔĽŀħĕŀĚŐĽĚěŅĔĺńĽħŋĵŊħľĵŋƞĬĪňŗĶŃħńĭėĺŅĴĩňŗŏĪƞŅĔńĭ 5ȮHz ĭĶŇŏĺĦĸņėŀ;Ȯ
(Ĕ) ŐįƞĬĵŅĚĭŅĚȮ(ĕ)ȮŐįƞĬĵŅĚīĶĶĴĝŅĨŇ ŐĸŃȮ(ė)ȮŐįƞĬĵŅĚœĬœĨĶ 
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(Ĕ) (ĕ) 

 

(ė) 

ĶŌĮĪňŗȮĔ,5 ĽńĠĠŅĦĶŇŘĺŐĪĶĔĽŀħĕŀĚŐĽĚěŅĔĺńĽħŋĵŊħľĵŋƞĬĪňŗĶŃħńĭėĺŅĴĩňŗŏĪƞŅĔńĭ 10ȮHz ĭĶŇŏĺĦĸņėŀ;Ȯ
(Ĕ) ŐįƞĬĵŅĚĭŅĚȮ(ĕ)ȮŐįƞĬĵŅĚīĶĶĴĝŅĨŇ ŐĸŃȮ(ė)ȮŐįƞĬĵŅĚœĬœĨĶ 

 

 ěŅĔĔŅĶĬņĺńĽħŋĵŊħľĵŋƞĬĪńŘĚȮ3 ĝĬŇħȮœħƟŐĔƞȮŐįƞĬĵŅĚĭŅĚȮŐįƞĬĵŅĚīĶĶĴĝŅĨŇ ŐĸŃŐįƞĬĵŅĚœĬœĨĶȮ
ħņŏĬŇĬĔŅĶĪħĽŀĭĔńĭĴĬŋļĵƢĭĶŇŏĺĦĮĸŅĵĬŇŘĺȮŐĸŃĸņėŀıĭĺƞŅȮ 

- ŐįƞĬĵŅĚīĶĶĴĝŅĨŇȮŐĸŃŐįƞĬĵŅĚœĬœĨĶ:ȮĺńĽħŋĽŅĴŅĶĩĨĶĺěěńĭĝňıěĶœħƟĪńŘĚĭĶŇŏĺĦĮĸŅĵĬŇŘĺȮ
ŐĸŃĭĶŇŏĺĦĸņėŀȮĩŉĚĔĶŃĬńŘĬĺńĽħŋĪńŘĚȮ2 ĝĬŇħȮĴňėĺŅĴĵŊħľĵŋƞĬĬƟŀĵȮľĸńĚěŅĔĔŅĶĨĶĺěĺńħĝňıěĶıĭĺƞŅȮ
ĺńĽħŋœĴƞĽŅĴŅĶĩėŊĬĨńĺĔĸńĭĽĳŅıŏħŇĴœħƟȮľŅĔĪħĽŀĭĨĶĺěĺńħĝňıěĶŐĸƟĺĺńĽħŋěŃŏĔŇħĔŅĶľĵƞŀĬėĸƟŀĵȮ
ĔĸƞŅĺėŊŀȮŒĬĔŅĶĪħĸŀĚėĶńŘĚĩńħœĮœĴƞĽŅĴŅĶĩŒĝƟĺńĽħŋħńĚĔĸƞŅĺĞŘņœħƟȮŐĸŃŏĔŇħĶŇŘĺŐĪĶĔĽŀħĕŀĚŐĽĚ 
œĴƞĝńħŏěĬ 

- ŐįƞĬĵŅĚĭŅĚ:ȮĺńĽħŋĽŅĴŅĶĩĨĶĺěěńĭĝňıěĶœħƟĪńŘĚĭĶŇŏĺĦĮĸŅĵĬŇŘĺȮŐĸŃĭĶŇŏĺĦĸņėŀœħƟŏĝƞĬĔńĬȮ 
őħĵĺńĽħŋĴňėĺŅĴĵŊħľĵŋƞĬĴŅĔĪňŗĽŋħȮĶĺĴĪńŘĚŏĔŇħĶŇŘĺŐĪĶĔĽŀħěŅĔĔŅĶőĔƞĚĨńĺĕŀĚĺńĽħŋĪňŗĝńħŏěĬ 
 ĬŀĔěŅĔĬňŘıĭĺƞŅȮĔŅĶĨĶĺěĺńħĭĶŇŏĺĦĸņėŀĽŅĴŅĶĩĨĶĺěěńĭĝňıěĶœħƟĝńħŏěĬĔĺƞŅĭĶŇŏĺĦĮĸŅĵĬŇŘĺȮ
ħńĚĬńŘĬŒĬĔŅĶĪħĸŀĚĔńĭĴĬŋļĵƢěŉĚŏĸŊŀĔŒĝƟŐįƞĬĵŅĚĭŅĚŏĮƦĬĺńĽħŋĵŊħľĵŋƞĬȮŐĸŃĪħĽŀĭĭĶŇŏĺĦĸņėŀȮ 
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Ĕ,3 įĸĔŅĶĮĶŃĴĺĸįĸĕƟŀĴŌĸħƟĺĵőĮĶŐĔĶĴĮĶŃĵŋĔĨƢĪŅĚĺŇĻĺĔĶĶĴ  
 ĬņŏĕƟŅĽńĠĠŅĦĔŅĶĨĶĺěĺńħěŅĔĶŃĭĭĨĶĺěĺńħėĺŅĴħńĬőĸľŇĨħƟĺĵĨńĺĨĶĺěěńĭŒĵŐĔƟĺĬņŐĽĚĝĬŇħ
ĲŅĭĶň-ŏĮőĶĨƢȮŀŇĬŏĪŀĶƢĲƖĶŀĴŇŏĨŀĶƢȮĶƞĺĴĔńĭľńĺĺńħ FFPI ĪňŗıńĥĬŅĕŉŘĬ őħĵŐĽħĚįĸŒĬĶŌĮĕŀĚĶŇŘĺŐĪĶĔĽŀħ
ĕŀĚŐĽĚȮ(Original fringe data)ȮĽŅĴŅĶĩŐĽħĚœħƟħńĚĶŌĮĪňŗȮĔ,8 
 

Interference fringe signal
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 ěŅĔĶŌĮıĭĺƞŅȮĶŌĮėĸŊŗĬŐĪĶĔĽŀħĕŀĚŐĽĚĴňĕĬŅħŐŀĴıĸŇěŌħĪňŗœĴƞŏĪƞŅĔńĬȮŏĬŊŗŀĚěŅĔĴňĽńĠĠŅĦ
ĶĭĔĺĬěŅĔĔŅĶŏėĸŊŗŀĬœľĺĕŀĚŀŅĽŅĽĴńėĶȮĺńĽħŋĵŊħľĵŋƞĬŏĔŇħĔŅĶľĵƞŀĬĔŅĶĽŃĪƟŀĬŐĽĚĕŀĚĺńĽħŋĔĶŃěĔ
ŏėĸŊŀĭŀĸŌĴŇŏĬňĵĴĪňŗœĴƞĽĴŗņŏĽĴŀȮľĶŊŀĽńĠĠŅĦĔĶŅĺħƢħƟĺĵŐľĸƞĚěƞŅĵœĲěŅĔėŀĴıŇĺŏĨŀĶƢȮĮƤěěńĵŏľĸƞŅĬňŘ
ĽŅĴŅĶĩĔƞŀŒľƟŏĔŇħĽńĠĠŅĦĶĭĔĺĬœħƟĪńŘĚĽŇŘĬȮĪņŒľƟőĮĶŐĔĶĴœĴƞĽŅĴŅĶĩĨĶĺěěńĭěŋħĽŌĚĽŋħĕŀĚŐĨƞĸŃ 
ĶŇŘĺŐĪĶĔĽŀħœħƟĝńħŏěĬ ħńĚĬńŘĬěŉĚĨƟŀĚħņŏĬŇĬĔŅĶĔĶŀĚĽńĠĠŅĦĶĭĔĺĬħƟĺĵĺŇīňĔŅĶĔĶŀĚėĺŅĴĩňŗĨŗņįƞŅĬȮ
ŐĸŃĬńĭěņĬĺĬěŋħĽŌĚĽŋħĕŀĚŐĨƞĸŃĶŇŘĺŐĪĶĔĽŀħĕŀĚŐĽĚȮŏıŊŗŀĬņœĮŐĮĸėƞŅŏĮƦĬĔŅĶőĔƞĚĨńĺĕŀĚĺńĽħŋ 
ĽŅĴŅĶĩŐĽħĚįĸĕŀĚĕńŘĬĨŀĬħńĚĔĸƞŅĺœħƟħńĚĶŌĮĪňŗȮĔ,9 
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ěŅĔĬńŘĬŐĮĸėƞŅěŋħĽŌĚĽŋħĕŀĚĶŇŘĺŐĪĶĔĽŀħĕŀĚŐĽĚŒľƟŏĮƦĬėƞŅĔŅĶőĔƞĚĨńĺĕŀĚĺńĽħŋȮ&Displacement 
curve)ȮœħƟěŅĔȮ(2.3) ħńĚĬňŘ 

2
d N

l
D =      (2.3) 

 őħĵĔņľĬħŒľƟdD  ėŊŀȮėƞŅĔŅĶőĔƞĚĨńĺĕŀĚĺńĽħŋĪňŗŏĮĸňŗĵĬŐĮĸĚœĮŒĬĝƞĺĚŏĺĸŅľĬŉŗĚȮĞŉŗĚĴňľĬƞĺĵŏĮƦĬ
œĴőėĶŏĴĨĶȮ(um)ȮŐĸŃĴňėĺŅĴĽńĴıńĬīƢĔńĭěņĬĺĬĶŇŘĺŐĪĶĔĽŀħĕŀĚŐĽĚ (N ) ĪňŗŏĔŇħĕŉŘĬȮŒĬĝƞĺĚ
ĶŃĵŃŏĺĸŅȮ15 ĺŇĬŅĪňȮĬŀĔěŅĔĬňŘȮlȮėŊŀȮėĺŅĴĵŅĺėĸŊŗĬŐĽĚȮĞŉŗĚĴňėƞŅŏĪƞŅĔńĭȮ1,310 ĬŅőĬŏĴĨĶ ĽŅĴŅĶĩ
ŐĽħĚįĸœħƟħńĚĶŌĮĪňŗ Ĕ,10 
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 ěŅĔĶŌĮŏĴŊŗŀĬņŏĕƟŅĽĴĔŅĶħńĚĔĸƞŅĺŏĕƟŅőĮĶŐĔĶĴĮĶŃĵŋĔĨƢĪŅĚĺŇĻĺĔĶĶĴıĭĺƞŅȮėƞŅĔŅĶőĔƞĚĨńĺĕŀĚ
ĺńĽħŋĪňŗœħƟŀĵŌƞŒĬĶŌĮĕŀĚĔŅĶĩħĩŀĵŏĝŇĚŏĽƟĬȮ(Linear regression)ȮőħĵĴňėƞŅŏıŇŗĴĕŉŘĬĨŅĴĸņħńĭĕŀĚ 
ĝŋħĕƟŀĴŌĸȮ(Data point) ŏĬŊŗŀĚěŅĔȮ(2.3) œĴƞœħƟĔņľĬħĪŇĻĪŅĚĔŅĶĕŉŘĬ ľĶŊŀĸĚĕŀĚĶŌĮėĸŊŗĬĽńĠĠŅĦȮ
ĽƞĚįĸŒľƟĽńĠĠŅĦĪňŗœħƟĴňĶŌĮŐĭĭŏĮƦĬŏĽƟĬĨĶĚȮĩŉĚĔĶŃĬńŘĬŏĴŊŗŀĽĶƟŅĚŏĽƟĬĽƞĺĬőėƟĚĪňŗŏľĴŅŃĽĴȮ(Fitted 
curve)ȮıĭĺƞŅȮĽńĠĠŅĦĪňŗœħƟĴňŐĬĺőĬƟĴėĸƟŅĵĝňıěĶȮħńĚĬńŘĬĺŇīňĔŅĶĩħĩŀĵŏĝŇĚıľŋĬŅĴȮ(Polynomial 
fitting) œħƟĩŌĔĬņĴŅĮĶŃĵŋĔĨƢŒĝƟĽņľĶńĭĔŅĶĮĶńĭŏĮĸňŗĵĬĶŌĮŐĭĭĽńĠĠŅĦĔŅĶőĔƞĚĨńĺĕŀĚĺńĽħŋœĴƞŒľƟŏĮƦĬ
ėĺŅĴĽńĴıńĬīƢŏĝŇĚŏĽƟĬĨĶĚœħƟȮőħĵĔņľĬħŒľƟĴňėƞŅŏĪƞŅĔńĭȮ1 ĬŀĔěŅĔĬňŘŏĬŊŗŀĚěŅĔĝŋħĕƟŀĴŌĸŏĶŇŗĴĨƟĬěŅĔȮ0 
ĽńĠĠŅĦĪňŗœħƟŀŅěĴňėƞŅĨŗņĔĺƞŅȮ0 ľĶŊŀĨŇħĸĭœħƟȮěŉĚœħƟĨńŘĚėƞŅĮĶńĭȮOffset = -1 ŏıŊŗŀĵĔĶŃħńĭĽńĠĠŅĦ
œĴƞŒľƟĨŇħĸĭȮĽŅĴŅĶĩŐĽħĚĨńĺŀĵƞŅĚĔŅĶĮĶŃĴĺĸįĸœħƟħńĚĶŌĮĪňŗȮĔ,11 
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  ěŅĔĬńŘĬħņŏĬŇĬĔŅĶŐĮĸėƞŅĔŅĶőĔƞĚĨńĺĕŀĚĺńĽħŋŏĮƦĬėĺŅĴħńĬȮ(Pressure)ȮőħĵĴňľĬƞĺĵŏĮƦĬ
ĮŅĽėŅĸȮĽŅĴŅĶĩŐĽħĚĔŅĶĮĶŃĴĺĸįĸœħƟħńĚĶŌĮĪňŗȮĔ,12 
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 ěŅĔĶŌĮŐĽħĚĔŅĶĮĶŃĴĺĸįĸĔŅĶőĔƞĚĨńĺĕŀĚĺńĽħŋŏĮƦĬėƞŅėĺŅĴħńĬĪňŗĴŅĔĶŃĪĭĔńĭŐįƞĬĺńĽħŋ
ĵŊħľĵŋƞĬȮŏĴŊŗŀœħƟėƞŅėĺŅĴħńĬŐĸƟĺȮěŅĔĬńŘĬħņŏĬŇĬĔŅĶĮĶŃĴŅĦėƞŅėĺŅĴħńĬĝňıěĶȮ(Pulse pressure)Ȯ 
őħĵĴňľĬƞĺĵŏĮƦĬĴŇĸĸŇŏĴĨĶĮĶŀĪ (mmHg) ĽŅĴŅĶĩŐĽħĚĨńĺŀĵƞŅĚĔŅĶĮĶŃĴĺĸįĸœħƟħńĚĶŌĮĪňŗȮĔ,13 


