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Optical tomography and its biological application
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Abstract

Modern optical tomography with near-infrared light has significant impact on
biomedical research and clinical diagnosis, but includes a difficult and challenging
problem that the image quality is poor at a deep depth beneath a skin. To improve the
quality of tomographic images in scattering medium, in this work, three types of optical
tomography system: a confocal system, an optical coherence tomography (OCT) system
and a full-field OCT system are investigated. The high quality images are obtained by
high resolution and low background noise. The high resolution is achieved by detecting
only ballistic light emerging from a small volume of desired point in the medium. The
low background noise is done by rejecting diffuse light as possible, which is intensely
yielded by multiple scattering process of light. In this study, moreover, the optical
tomography system to forward a new application is examined.

A fiber-based reflection-type confocal system is firstly presented. In this system,
illumination and detection are done through a focusing lens and a core of the fiber. As
the core size decreases, the resolution becomes high. The axial resolution of 9.25pm is
experimentally obtained under the core size of 3um. From the results of a Monte Carlo
simulation, furthermore, it is found that the amount of diffuse light to be detected also
reduces tremendously as the size decreases. Therefore, it is obtained that the core size
affects importantly to high quality images.

A low coherence tomography (OCT) system, which is combined with the confocal
system, is secondly presented. At the system the optical pathlength of light passing
through scattering medium is resolved by interferometric method of a low coherence

light. The two-fold process of the pathlength resolving in addition to the confocal
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system has achieved the high resolution and the high rejection of diffuse light. We adapt
the system to guiding of a needle in epidural anesthesia. By choosing the appropriate
focal length of focusing lens, the penetration depth of several millimeters with a axial
tesolution of 21 pm is obtained. Ranging in a living tissue of a white mouse was
demonstrated. It implies that our OCT system is feasible to epidural anesthesia.

A full-field OCT system is proposed. Because an area sensor is used, the
confocal system of a point detection cannot be adopted. In this system the spatial filter
is used instead of the confocal system although it is not sufficient for rejection of the
diffuse light. By using both the interferometry and the spatial filter, high quality image
is obtained. At the high resolution imaging, bowever, many of the slice images must be
measured. Consequently a lot of measuring time is required. So, in this work, the
full-field OCT system with a controllable longitudinal resolution by wavelength
scanning laser source is developed. The longitudinal resolution can be changed at any
value between 6~120 pm. The advantageous performance has been verified by

measuring the small nuclei in an observed area of several onion cells.
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MRI(Magnetic Resonance ImagingiZf4& & 5 X 512, EMOILR TH AR M2 Wb+ 5 2 &
MR HENRTHD, L LIRS KECH 25 7= DPIRF T RIE T v bhaniilinsd o, |
HHRRIESD B WIREWRTE COMUSb~DE AN ch D, ZhicfbbHEE LOERMEERNT
ERPE WA LT3 % 75 7 ¢ —E(Optical Tomography) DRI NTEIE T 5, AR
DN MBS T T A EO IR RN, ZOWEFBEERCIEbOTHD,

Wl Wl bES T T 4 —EOINE E MR — MG & LR U, YR ARG Ls & &, Bhf
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BWBOITH L MBE T D, —25, MEBOLIEAT MR L 720 . BRIRIRE A S LRV, Z o7 ik
T4 % 1492 W WX EE AR SR R HON O T s S ER AR D & A L/ il S 720, 4IRS Crk, Wik
R OMPIYGE L W LRSS, MBS T 7 4 —ikE LT3 20FEERY LT, Zh s ofsreesh s
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W82 NI, JEAHOIRGI R AR & LT, 7 7 A AN TRV AT AR T TV B,
JEHAEEE S T LRIRTR L RS E BF— AT ACHA SR B, a7 MR TS S,
I TN E— RN T 7 AN~ F DI EILED, EbiZa Ry MELIEV AT AR HRE L
Tro SORFYEA TR, BSOS AEE & HESME OeliB ) O MHE A JEHRBO MY X (F
TR Y4 X)) L oBR bR, £V A XBE K pm &T5 28T, Wikl © AR s i
MEEFHam T DB TCELILEFT LU, 2D ERBaTR pm DY TG~ T 7 A =%
FVWTHEE L, JHRMIZ BT L, MRS RN TH 5 2 & 2R Uk, JEBOBc oWkt 7 a ikic
I, ZONRTIOVETHESEL I ERTEBRILER L, 2O iz, Gy
AT BT ELA P 2 8 50 O WSA 3 ATHE C b B, TR DRI AT b 7 7 A 73—
REFTLIET, WELEa 7 MR e LER~OWEREESE LEZ L, EBITR 774 /3—D
aFTEENELT LI ETHBOCORBDRBRE N L OWESIEPEGE XD = L g K OBRME,
A% W S MY OB IR 2 5 2 s R,

M3 T, R o v — L A Wikdm4 7 (optical coherence tomography;OCT) % i U T3,
JEOEEBRET A iz, ISR RE EHICKRMESME 20MAT 5, EHESAUIENIC X SE=
b— L ANOTF MR 5, SMEOR L2 BOMRERIC 2WT, 20 OCT ECist Ehi
HETHBH, WikHEE L5 DI ENEN S % 3 RTTERT D LR H D, Z 2 CrEIHROERD S
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H DA, WIEHEMA ZF ORIy NTABRMRBE, ZOSHMEHOT A KE LT, ST 7 A 8
—Fu—FE2fA L, $EMHAE5, 6 IVHETEEH—TE D OCT Hit4#MEL, JEmo
{55 % SIN K<l 57291z, & UTIEBOLOMI &€ 2T aaiksds o Till~<i, fRe LTk
AT RO B L XM S HEMEE B ORERIIZRES 2 = L B3 i Th 5 = & T 7=
TZTRHE LTV BB, HREFIAO 1 RIORENE L KBIT D Z LT ERRCNSHE LW E L
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W4ATTH, OCT D—2& LT, SARETLE Full-field OCT 2B LTS, ZOFEEREECT
VTR EWRT 22 LT, HERMBROWESELIT 2 CoRKiE (x-y EHE) OB E FET
HbDTHD, 3WHMEWITERE 2 2 EET D, EBOEOREICIE, TN CH 555 HEALERITE
ATEP, MEORFEEMT 4 VFEFERL, S5612 OCT & LTONIROT ML AV It 45 % 6
PR Uiz, Z @ Full-Field OCT 23\ T, TEWIMIOWiRG M 1 M2 -3 512, S0 oM Ene % i
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L7z, Full-Field OCT {28 T, #i2MMiRHR OGBSI TE B L 2 oo b ik, HA LEHE S
ha,
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