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Optical coherence tomography measures the cross sectional image of the sample. The measure-
ment system with high resolution is required by biomedical applications. In this paper, we propose
the method which improves the lateral resolution degraded due to defocusing as much as the
lateral resolution at the focal plane by using the point spread function over the measurement
range. This method requires a system that can measure the complex data of the sample. We
employ a line-field Fourier-domain optical coherence tomography, and qualitatively evaluated the
improvement of the lateral resolution by our method. We also applied our method to ex vivo study

of a porcine anterior eye chamber.
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Fig.1 Optical system of line-field FD-OCT. LS, light
source; L2, L3, L4, spherical lenses with the focal length 60
mm, 60 mm, 150 mm; CL, cylindrical lens with the focal
length 100 mm; S, specimen; M, mirror; G, grating of 1200
Ip/mm.
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Fig. 2 Perspectives of optical setup on x-z plane and y-z
plane.
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Fig. 3 The imaging optical system of line-field FD-OCT.

RICEHAE T2y HANCHEE R bz wicw, JE S
e E 7z ) x— hBIE CCD IR 5. 2hic &
->T, CCD WD x ARNCIEFREID z A OR#E % & A
N7 M VTEBRED, v HENCIZEED v HEOALE BB
5., Ihzx FAKOH—RIG7 — ) ZZWT 25 2 LT,
AELD y-z FHOW EEG I HF SN 5,

3. BERBUENIEDFIE

FREEER FD-OCT 12 & - T 5 1L 2 EifRlE, Wtk EE
REBENTHHENE Z L&D T 7 4+ —H A LTS
nNa7:9, vy FADOSERENMET T 5, COT 74 —H X
WEDIETLROEEER, Y AT LDy A EGER
BeERD, ZOMICEREBTTaryR)a—yvardsZ
ECHESE S, RNy HAOSIGERBEEZRD 5.,
Fig.2 T/R U7z y—z AAOKFEZROERK D, S X v AH
D5 % Fig. 3R s. ZOEFFOHERIZL 5T, SA
CCOMELEICHEBREINTWBE Z s, KV AT ATy
HIZBWTHIEY 7 NAEY AT A THS, Lrl, K
25 L2 OFMIE ST 2 & TG hiiE T 2548, 77
F—HAENIGEPBE NG, 22T, ZOX5 KRR
TTORIBERE (RGOS AEE) %=k 27:9, Fig.3
R LS, SRSV > X OEFH D S il
Wz RURIAC TN TET 2586 %2F5 2 5. ZO%A,
HYERIE P OB CHERL, L4 0EFH»S P 2 TO
PHEE 113, FEIRER M=/ 2H O TI=Mz L £E
3. ¥xbb, CCOHE X, fGko(y) ZIEREI720



stepping motor

-
scan

Fig.4 Optical setup to measure the edge of the mirror.

BT VA NARKE S B I RIRIES A

h(y,z)=06() *, exp{—z’% [l/llz yz}
:exp{fi% A}z yz} (1)
NN, IHSEREREIcRs, 22T 3y HAD
AR a—vareRy, 2K vAORAOFELHE
LT3 swnh, KUETHlER LY v XDOEREZ
254mm THLZDIZHL, VYVRIZARTLIE—20DHE
FiZ4dmm THY, VOROEFEID SN E W, L
72’5 T, VADBORIZEHRTE 5,
iz, EBBoncE&HEETa >R a—varyi3
FEZAR~RS, SEIE, a2t -V AECEDTL 2 A
OB HEL, vy AFRIOADT IV R) 2a—¥ 3 >,
zThzeno z LT d. FHllEHRIE, 77+ -4 X
Dz, FiHIEHRE & R EELRE 56 f (v, 2) &,
NSRS h(y, z) D, y FEAIOI YR 2a—¥ a3 >

c,2)=f(y,z)*, h(y, z) (2)

TERIND, ¢(y,2) POETTH—NADRNSf(y,2) %
"/IEd 21213, UTOBREZITI. &7, c(,2) 2y /i
Mz 7 — Y 2284 L 72 B % (BUF, BIfD 7 — ) =484
%, TORIXFTERTY)

C (v, 2)=F (v, 2) H (v, 2) (3)

2y, RICKRTAN—AT 4 VF— (hifH7 4 V¥ —)

K(Uy, 2) :ﬁyz)

=exp(—izdA Mzv,?) (4)
et s L,
C(Vyy Z)K(Vy, Z) :F(Vy, Z)H(Vyy Z)

=F (v, 2) (5)
k%, 72720, vniky FRAIOEMBEFEKTH S, 2h

34# 9% (2005)

profile
..... sigmoid function

0.8¢

amplitude

resolution

0.2c

()M
y

Fig.5 The profile of the edge of the sample mirror and
the sigmoid function fit on that. y: lateral length.
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Fig. 6 The graph of the lateral resolution versus the
distance from the sample to the focal plane.
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Fig. 7 The cross sectional images of the porcine anterior
eye chamber. (a) in-focus, (b) before deconvolution, and
(c) after deconvolution.

FRTH S, Fig.7(a) TiE, HEEMMTICHY >~ XD
HE R #BE U, Fig. 7(h) &, HEEOME 2% AT
5 9mmFis (AEOFHIFTT) 1236 L CEEIL 724
BThs, 77+r—HRACLY, AROERP, ILEOE
HRREEPHERTE B B> Twa, ZOEKICHL
T, RFEEHEALFERD Fig. 7(c) ThH2, ARDEE
SR 2D, MO b 2ECERREOBR B ETTE N T
Wb, LoT, KFFEFEERTHHNC B W TIFF ISR L
FHETHLEWZ D,

4 NA DfEw L > X (NA=0.02) ZHWI729,
in-focus TEHAI L 7z Fig. 7(a) OE{&IE, EMICT 7 +
— N ADFENE LSBT, UL, y HROSME
HEE2 ET 272012, TV NADBWL Y I E2HAWS &,
EEEENERL R, 774 — 7 ADFEPFEHETE 2L
%%, ZOXDRGECRFHREHEHE T, EHRO2H
Bicblz o THEVE L FRIREOSEREICE TR ETE 57
B, b TEIERED OCT BEESIETE %,

6. FaArKR)a—aricdsdS/NtomE

Y IV OBRTTEERE S % r(v), OCT HFERD y
TNt % mnERECE h(y) £k, BHIShZ(E
i, Tno0ariR)a—yvarry) x,hly) kb
5, RERICIE, ZhICmENZ /4 X nly) 20 5.

ot #



ZITIE, TarARYa—varickd, 5D 7 H)
*,0(y) £ A RXES n(y) OFLICOWTHEFLEL,
BelT7arR)a—yarick->TS/NIERAERS
ZEERT.

BN, BEVALVOEIZOVWTHRRS, 22T, $#
RIS S B 2 BEHE d BN T ALE W RTET 2 SRt
LBNGESEZFHZ 5. COEFEFIE, B ICHLYT 27
TA—BARZEY, HBLEND EbOEFSERS, T7av
R a—ya YOBIEC Lo T, F5HSIIKLTELTD
ZeMfTbns, 7V IR L VRO 5D ZDfFES
AT DART SNVIE, T 7 —H A& o TR TR T
W3, iz, I (4) TROLAMAHZ 4 vy =T 5
£, AT MVOMHERIZ S ZENTE S, Thbb,
DX ARZ PSR I NSEFE, FRMHETRE
LEabaINERELY, fifHOHi> Twiwy, 74 1%
DU THIDARZ PSR INLESTLID S, Hon
Wik 5, Lz ->7C, 7a>R)a—ya ik vfE
vz RT3,

Rz, /A4 RESOECOWTIRNS, —BENC, &
SOMEIRE - M E bIc—1 kT VS A TH BHE, TDOANR
7 MV DWT b — kT v ¥ AEREBRICRRE S T w»
5, LichhoT, /4 A nly) ODAXZ bbb £z, i
0« RTF & b Ic—kET v ¥ AR TH 2, 2Dk S
Bz, (M7 4 Vv =% DITTARY bVOAHEZE ED X
IICHHIEL T, HRIE « fAHE b Ic—KRkT > 5 2 2Bl
EbDiZEw, LeBoT, ZO—ET VI ARART b
WP BREL S NG /A ADENL, 7 4V —%»T 5H]
BIZBWTER kIZ RV, wzIiZ, /A4 Av~vixEblz
v,

MEDZEeme, 7avRY) a—ya ic XD EBROE
SRS THLE—7EITERL, A AKSGTHDL AR
7u7 B3R T EBNbrs, S/NIIZZns Db
Ko TEHESND D, TaVRY 2 —¥ 3 VAUHED
S/INEID O ERTEENWZ S, Lo T, RFEI,

34# 9% (2005)

srfEREDA ke, S/N HOF EDOMTHRAIEETH 5729,
OCT HEDEZALE & U CIRF ICHEE a&kH 2 R 7.

7. #& Bl

FREESEA FD-OCT D& IT AN 3 2 UG E B # %
HL, ZHRICESWE 7 4 vy —2EGRICER S, #
DFEE, OCT EHEBROM A DOMEFEE A LS, »DS/
Nib FPRERZZENTEL, COFELHEHATE 2

fRAE L R ICEF CHES Y22 ENTE S, ko, £
HEEZRICTS 2%, NADOEOLY >~ X 2w
T, BWEESREE CHERHHIDTREIC 2 5.

X Bk

1) D. Huang, E. A. Swanson, C. P. Lin, J. S. Schuman, W. G.
Stinson, W. Chang, M. R. Hee, T. Flotte, K. Gregory, C. A.
Puliafito and J. G. Fujimoto: “Optical coherence tomogra-
phy,” Science, 254 (1991) 1178.

2) G. Hiusler and M. W. Lindner: “ “Coherence radar” and
“spectral radar”—New tools for dermatological diagnosis,”
J. Biomed., 3 (1998) 21-31.

3) A. F. Fercher, C. K. Hitzenberger, G. Kamp and S. Y.
El-Zaiat: “Measurement of intraocular distances by back-
scattering spectral interferometry,” Opt. Commun., 117
(1995) 43-48.

4) M. D. Kulkarni, C. W. Thomas and J. A. Izatt: “Image
enhancement in optical coherence tomography using
deconvolution,” Electronics Lett., 33 (1997) 1365-1367.

5) J. M. Schmitt: “Restoration of optical coherence images of
living tissue using the clean algorithm,” J. Biomed., 3 (1998)
66-75.

6) D. Piao, Q. Zhu, N. K. Dutta, S. Yan and L. L. Otis: “Cancel-
lation of coherent artifacts in optical coherence tomogra-
phy imaging,” Appl. Opt., 40 (2001) 5124-5131.

7) M. Akiba, K. P. Chan and N. Tanno: “Real-time, microme-
ter depth-resolved imaging by low-coherence reflectometry
and a two-dimensional heterodyne detection technique,”
Jpn. J. Appl. Phys., 39 (2000) 1194-1196.

8) T. Endo, Y. Yasuno, S. Makita, M. Itoh and T. Yatagai:
“Profilometry with a line-field Fourier-domain interfer-
ometry,” Opt. Express, 13 (2005) 695-701.

485 (37)



