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Abstract

Optical coherence tomography (¥CT)ld ¥ ZEAYEDRE FEOEBGKZFREBTIHRATEHFET
HY), BRISAEhTVS, XCTTREREROZEVAEEZER T I AEMORFARENANTIH
BTHD, XCTOEANSZRER, LFHXOTTSERIrEVEZAL, REFOORHERS
HETHRTREL., BARICEXAE—LZBHIZIEMEAF Y IHETHEGHAZ
BIBS, ESXRTERVIETH2H, RAHORFRULOBHBAIBOSND AR BERAZ
I5LETHELV, sl EFBEZAVETSHAZAVTHEAEYNHBOREICH TS
FESEARI NI EZFATARFLOBRET 2. IXNTOYNEABORFR D FEATRILF
—ICRVEAMBERHZET>TVS, COREFHOARINLZFTATZ EHAEMORERRE
ROBEDYMZRETDCENTED, WAETYNHOBERFEICS TDRFAREGTTEL,
BIEZ<OBEHABONDEICKYECTTHBZHZITS CENRENICETREICKES, #k-
CHARLULERARGE, EFEEXERAVETSHISBoNBESORBENEANTRIETE
SEARTNILZRDHD, BN BETEELZCLRF, COESEFESRAFTRICSEVTT AR
BHBETHIBPMIRNPETVEVSZETH D, LEN T, K, EhEXCTICHVWTIE
SEARIVNILOFFRAICRBILTWAEL 2124, FRRZZEL THEZFAATEFEZ2RY
FRARL., BRMIRVED T NDEVESOFHRIAN TREC K S I,

B2OWMRTE, B0 mMmOMBROBMEADRZESEART N, AN—HAZAOZTNTIhOE
CBOoREHMDBIESEART N, ROEABORIESEARY ML, TIAORKKEIIL
DRIFSEARINIBEZREL., FFHRANFREBNICARTHI L ZRLI,

Optical coherence tomography (OCT) provides the depth resolved images of semi-transparent
objects non-invasively and is useful especially in medicine. It characterizes each cross section of
the onion-like-multi-layer materials by its reflectance. The basic physics principle underlying the
OCT is the low-coherence interferometry, which is combined with lateral scanning of the light beam
to produce the cross sections of materials. It is clearly desirable to obtain more detailed information
regarding each cross section. We have developed a system which measures the fluctuation
spectra at all depth in low-coherence interferometry. The atoms and molecules that make up all
objects perform random motion with thermal energy. By measuring the spectrum of this thermal
motion, physical properties such as viscosity and surface tension of the object can be measured.
By providing more information for each cross section, this can be effective in tissue
characterizations. The newly developed measurement system determines the fluctuation spectrum
by measuring the time change of the signal obtained from the interferometer using broadband light.
From the technical point of view, it is important that this fluctuation signal is smaller than the shot-
noise, which is the inevitable noise in light measurement. Therefore, conventionally, no one has
succeeded in measuring the fluctuation spectrum using the OCT, but we have developed the
method to measure the correlation by dualizing the measurement system, and the fluctuation
signal much smaller than the shot-noise become detectable.

In our study, we have measured the thermal fluctuation spectrum of both sides of a 0.1-mm-thick
oil film, water and oil painted to each side of the cover glass, inside my finger, and the surface of
the eyeball of Ayu, and showed the validity of this measurement.
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Development of Optical Coherence Tomography able to detect the interface thermal fluctuation

1. HIREBRFROBE

Optical coherence tomography (3t CT)IXF BHAYEDES AR DEEEFIEFRETHATIFETHY . BRREHAINA TS, &
CT CIEERERDEBMAEER T IRAEORGFELEAT M TH D, K CT DEARNLRE(L, LHEEI O FHEEEMN
BEWEZAV, BSAMORSESMETHHATREL. EARICIIAE —LZBH I IBMERT YT HETHESRAZE
BT, ESFETHEWNIELETHAN . REDRFHELU LDERNEBONIADBRLBISAEFTSILTIFELL, =B IE. [EHEL
ZRAWE=THERAZRAVTHAEMARTORBZH (THESERARIMNLEAT E2FEDREE T oM. TXTOYARRNIBDIREF
PRFFBIRILEF—ICKYELHEETHEITOTLVD, COBEBE D ARINLEEHRITAEEEIEY DHEOCRER DG ED YT
FRETHENTES, FAIEYREBOERFEICHITEIRFTERLETTH, BIZELDBEHRABONSZEICKYS CT THEZ
BrEITOCEMNREBMICIXTIREICAR S, FT=CHFELIZFRR K. LEEAEZRANV-FTHHHISEBONSESORBEILERITS
CETELEARIMNLERD D, BT E CTERLI L., COELEESIIATAICEVW TR BT H ST THAMSHE LY/NS
WEWSTETHD, LD ST R, FNB L CT IZENWTELSEARIMNLOEHAIZEIIL TG M=, §HBIRZZFILLTHE
BEEEHAT A FEEH AN FAREL. S HBTLYENMINIVMESDEHRIAAIEEIC AT,

HEA2OMETIEH. BEE0.1 mm OBEOAEDBESEARINL AIN—HIADEFNFNOEIZEST=KEHDBIBSE AR
I FADERITOBBESEARIMNL, PALORRKXREIA LD BIRSERRIMNVEELZREL., RETBINREBMIZAIEETHDH L%
w~LT=,

2. MIREBRRAEEOBE R

Optical coherence tomography (OCT) provides the depth resolved images of semi—transparent objects non-invasively and is useful
especially in medicine. It characterizes each cross section of the onion—like—multi—layer materials by its reflectance. The basic
physics principle underlying the OCT is the low—coherence interferometry, which is combined with lateral scanning of the light beam
to produce the cross sections of materials. It is clearly desirable to obtain more detailed information regarding each cross section. We
have developed a system which measures the fluctuation spectra at all depth in low—coherence interferometry. The atoms and
molecules that make up all objects perform random motion with thermal energy. By measuring the spectrum of this thermal motion,
physical properties such as viscosity and surface tension of the object can be measured. By providing more information for each
cross section, this can be effective in tissue characterizations. The newly developed measurement system determines the fluctuation
spectrum by measuring the time change of the signal obtained from the interferometer using broadband light. From the technical point
of view, it is important that this fluctuation signal is smaller than the shot—noise, which is the inevitable noise in light measurement.
Therefore, conventionally, no one has succeeded in measuring the fluctuation spectrum using the OCT, but we have developed the
method to measure the correlation by dualizing the measurement system, and the fluctuation signal much smaller than the shot—noise
become detectable.

In our study, we have measured the thermal fluctuation spectrum of both sides of a 0.1-mm-—thick oil film, water and oil painted to
each side of the cover glass, inside my finger, and the surface of the eyeball of Ayu, and showed the validity of this measurement.
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