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Abstract: To improve the image acquisition rate and sensitivity of optical coherence tomography
(OCT) technique, a spectral-domain optical coherence tomography (SD-OCT) system based on a
spectral interferometric is constructed, where a broadband light source is chosen as the illumina-
tion source and a Michelson fiber interferometer is employed to generate interference pattern of
object collected by a spectrometer. The object inner structure is obtained from the interference
pattern by a Fourier transform. It is theoretically stated and experimentally verified that SD-OCT
system outperforms the conventional OCT system in acquisition rate and sensitivity. The acquisi-
tion rate gets 16 000 axial scans per second and 40 times the conventional OCT; the sensitivity is
enhanced by 20-30 dB. As a result, the SD-OCT system enables to realize near real time three di-
mensional imaging reconstructions of internal structure of engineering and biological materials.

Keywords: optical coherence tomography; fiber Michelson interferometer; spectral interferometric

JEF AT IEHT AR E A (OCT) HAT i iR
) SRR 5 S A BE D o B BIGH - EAR
H I L XHE AR ZHSUCHR 3 I HHA G % S5
BAAEOR R R AR A R R A Y B 2 A U Y
TCAGREIN 75 T A 3 TR A B AE A P U
PRSI A UGy A V2 B R RGREE

H i, OCT £ AR & B il 1y ik 5 OCT (TD-
OCT) R4t B A KGR BRI R G T7 A 75
WA A 2SI AR R — R BT A OCT R4t

ks B . 2007-09-19.

g OCT(SD-OCT) 1E M N BF IS IS5 1% R 58
AL T RAUE R IR 4 8 T R A A SR R sk
FE HE SD-OCT v, 430 10 R 5 205 46 1 () 25 3K A5
AT ER B B SD-OCT {5575 61k 25 i
TRl R AR, FLAVE M B A A S5 R s TR
M L A S AR SD-OCT #fF5% it Fi a7 —
B ARG, R TE G 22 R A s Ab B, 3 B S
IEBAR VAT I RAE, I T —Fpr i e s
Wit p I IE k.

EHE A BRE-(1962—) B b sBOR (BRAR N 5B Bl iR AR Sl FEG i . [

F HRBIF R VRN H (50575169) 5 B P 2 RH% T 533 H (2004K08-G11).,



816 (LR

PN

%42

1 SD-OCT JE R HI 71

SD-OCT i JE AR # T Fercher Y4518, Rl G

] B 3 1 A2 IR R DI 30 4 S L i G ] 285 440 1)
FRC T A R K0 g R L I A

E.(P.&) — CJTF(z)e“‘dzl

) - (D
F(z) = =R G*(2)— 1D J
4x

P EC(P R RN G P ARBTG5 0 S IR s C
R VA K5 T SR s = A DM AR it X 7 ¢ B e 8
JEE s n (o) RS B BT 38 R PR K F o) D R i B
SRR B B TR A A A

X PR B it I 1o AT D' P Dy 4 i o
A A L e A gt pl X (D A5 B0 i B B 3 R
FIRH G PRI — FCARME A R G PRSP i H D PR K
I PR S S 3R T (S5 50D 1Y UG5 41
[R] G USRI AR il (9 I ) BB K S
TR BOETE = Ak X D 443 2 R A e L
WA 73]

Fr(I(k)) = Ce(2) +RF" (21 —2) +
RF (2 +2) +R*6(2) (2)

SR TG Sy e Ty 038 2 B 1) ik 5 G S HBU 30 R
) AR R R NS BB RO R F OB
PR B B8 M SR S B pR s 0 O 275 B Tk Y i
fE. Q) AT 5 3 THUAL A i B S 80 ok K H
HULE 2= — 2 Ab. Dyl b 5 HAB IR B L P04 P R
A S T R — € BB RE 22 (B AT it R A B
R H I R

SD-OCT AR RS R S IR AL LT 0
SOORHED A I 1 I OG5 5 1
RO AR AT BEE IR OB R b T AR
JEHEAX S 7 B ARG 1] 31 1 B A AR
58 SR T AR S A A3 v v ELE B AT 5T
St BLASGE B A CCD £ 43 4 RRARBLAL AL YT &k
BB E E 2 X2 JELF & f  IF 205 BEAA B
275 R A DR ol R . B S B
MR AL (S50 SRR R UL (500 &
U A e T TR e R S R A A= A T Y
M IOETE B R Al 1 BN D 284 B 73
5 NS HHR [ E A2 A s & . -+
WG S MICET RS #1975 — Sk SO Ak
I LA IR CH T iy CCD SR AL I
HHE S RS i A THERL. SRS K TS e

VAT B i AR 4, RERTAS BIRE S F () 83— 4ETR
FEAF B FEUL LR 1, 38 A B ) I ko] F A AR S
(1) 2k J2 AT RIS o DT SR A 0 0 1A 14 2544

el SD-OCT By JFHR A7 ¥ Bt Fag a7 —
ELPOGEFE v R T WA o0 5 OCT (SD-
OCT) LG AR50, 4nlEl 1 PR,

L,

gt
eER

) i X
fiT 99 e i

ccb il S bl

B Vi

BahFEeEnEg
Li~L; .55

Bl 1§55 OCT %8 11 e

2 SD-OCT %8s 4b 3

2.1 ESWIELRMERRE

A SD-OCT Ay JFE ] 1, Ry 1 54 R 75 X%
LB EBRAT A 5 PEAT (4 B I 390 2 46, S5 1
B R ERO 38 ) B AT T D' A4S SR 42 21 1Y 5K
LB A N QS o TR s el - [ VAV (b 1S
FRE SR T OO e 1l 5 I BORE G i 558 TCR). F
E=2n/ARTALETHES LB R AR5,
ALt E TR ERNY R BT A Mke X
Z AT EHEAH . CCD [ 51 17 175 45 10 1% s i
KXFUEFNA BR CCD AR Z 1 R/IN, LR AR FRAR M Y
SEOUUER L ARA T RE R BT W RGP RS
I, T EXHE TR R 3 AR SRR E B 7L (UL A
SRS D AT ERAE LA BT A 110 A5 [ B o ] s
SR I PR SRAEAS 2] A% B A« 3 e 8 e B 3 A
e FRAT B ) — 2 (4 UG B ok B CRE i S5 4D L I
FEICIERH b 28 — e 14 . LUK 1 7 R 484 R
2T EE.
2.2 JEFEMEREMEEMEE X

1 T e 043 A 0 63 i 2k (AR ARG TED T
FEAEAT — S nl R, DI 0 35 R 7= AR 1R 2 L
X I S AR AT A8 T M. R H /N T e A
18 ST G IR 1 2 R

SO =a +mi+a+d (3)

T FRAR ) S TG RO 2



%7 [ T 45 O 2 A T2 M R 3R G 1 SE 9T 817
2(1n2 V2 a2y (G ) /a0
Sg(/\) — ( HA/ATC) e 1(In2) ((x 200/ M) (4)
0= S, Q)/S, (D (5)
RS, OCT By JREE, CCD i i T 55 H

1) = S (Ex +2Ee|  a(x)cos(2rne/2)dz)

(6)

K2 WK s Ex ISR o () JEFE S Y

J& B AR s a by ood SRf/N 3R IE ) 2 35 R

z«& B T, QO R 2R FHERARL () vy 307 06 U5 B B 3R A5 19 1
WHES M 1O NPT 55 .

I, (O =6l D)

3 SD-OCT 5255

S ARG R 5 B 2R A w4 DT-
1000 FEZEHIEICIR, Hrput K R 600 nm A2 47, 71
Ge 21k 250 nm, B IR N 6.5 WL 6L 7 SR b
TR A LI T @ s AR A R AR
X R 2 X2 JeLFfi A - LA RS HUC R i Y627 o B4
(A REBBD M BB BN 4 om 19 B3
Yy'Bs. S8 R G008 FH 56 D 6 2R 0 | S2000 13
HCEFSEIEAL 8 1 A AT 3 L A S WU 4% IR A
FEURE PG A BT 8K, 494255 R ortental motor
AV K162-50 25 o L 3l °F 5 F1 SURUGA
SEIKI A w] () D92 25k i HLE il 2% - I i 13 HLES
Al

e T OEIR AT AR RAS T OCT
RGN e, e R 2 proR. B X —4
TR AT T I, IR B AL FE AT 100 K
REm AR Z G2 T 2R R OLE 3. i Il
i | 22 R B , A5 R A 4 R,

1.0

0.8

o
506
®

m 0.4
z

0.2

0.0*6 -4 -2 0 2 4 6
KR E/um

2 SDOCT Rt el
4 SEERE R T IS

I I 2 RN R R S X% R AT
T AR FE I SR I UE 45 B T S R A B A
PTRZE AL A%, NTTTIE W] T I & 48 19wl 47 1. SD-

B3 )RR BT KA

i

B 2T IR

OCT iy B 3HAE T8 R BOE e 1 b, ok
SERTIE A ATAL LA 100 s 114 B8 B B 8] 34 PR 10 5%
TR 5 o H BB R %) B ) 1 i 3 ol R
PEE T AR ZA%S Gk 4 ] B w35 16 000/s 14 )
FAH AR H ] i I OCT e 40 £35). 245 1A %L
P45 f5 s i Matlab #4740 BEF 73 #7 . B F Matlab
TR i A 110 54 AN R A BE IR RE L BT A OCT 4 R
R85 fe B HU B R = 4 4% ) T K .

5 TD-OCT #i . SD-OCT 4 — Nk Y
RPEH. TD-OCT Byl i) 43 B 238 Bl OC IR 98 11
SIS AEE A £ M BL 205 56 T T B 48 i
J . AESRE S 24 A T 2T (SD-OCT) i, S
WATQWQHXTMF%thmQHmThﬁ
T#B#k TD-OCT i R HRE , P SCwik 5 453, vT
20~30 dB. AR 5] A2 B SD-OCT %%ﬁ%
FAT 0002 s P S 285 4 ) AT 55 {EL IR 32 52 36 4% 1
LT R R BRI S0 25 R R EAR X E R T
FEUE R IR A H A AR A 1) S s ) A0 e 2% [ A T
PE X OCT H AR, B %k F T 2041 5847 Y6 U, i
Jir e A5 LR & BORE B A 2 o, BRLEXTT
A R=A S RURE R N L2 Y TR

5 4%

ARSCAE SD-OCT (4 3Rl 1 5 Ag a7
—E SD-OCT SZ5 R 48, I #4717 A N A 55 4. 3
Ao I 2 R S N 22 2 R R S B A R X
SD-OCT #A7 T ZA M R B, 5 8] T — 2t
FEATRE S N TR E5 R G ITSSIE T 3% R 48 19 )
TPk, B AR SR R T 46 3 IRFEAR T RFEHR



818 [ - 1 R N - (14 542
FEN B 5 S B AL PR e R4 T AR AE R R TR (3] FHREAAIRLT B 45 Al 20T T A e
WA 6 T X B 1 T 0% A SO — (9K L1, B4 2007, 16(5) 1355555,
WIET SD-OCT BA 1 TD-OCT T &5 iy 7 Gl s i WANG Shuxia, AHE‘YongAhong, AZENG Nan, et al.
P % AU FE L B, SD-OCT ] LA SC 5L T A2 A=) T°°f [gth e ‘f‘ °p;1.‘:a.1 Cd“;;jcj o

il 2 . o graphy[J]. Acta Laser Biology Sinica, ) :
ARk PR R 235 ) 1) S Ao = 2 PR E A4 455 358

[4] WOJTKOWSKI M, SRINIVASAN V J,KO T H, et

SEH - al. Ultrahigh-resolution, high-speed Fourier domain

(11 BEKZL I KEL, A 48 D TR UR AR T optical coherence tomography and methods for disper-

. e L YL I N N

PRI IR A TR R F 5 [ 1. O A )52 4f¢, 20064 15 sion compensation [ J]. Optics Express, 2004, 12(11);

SHAO Yonghong, HE Yonghong, MA HUi9 et al. [5] LEITGEB R A, DREXLER W, UUTERHUBER A,

Study on mildew infecting skin of naked mouse by opti- et al. Ultrahigh resolution Fourier domain optical co-

cal coherence tomography [J]. Acta Laser Biology herence tomography [ J7. Optics Express, 2004,

(2] ZRAkPl. 8%, T, 5. e =R Ei ke ea M )2 [6] FERCHER A F, HITZENBERGER C K, KAMP G,

BrBURRGE  FH LT . V8 2 58 38 K227 4k » 2004, 38
(9):913-915.

ZHU Yongkai, ZHAO Hong, WANG Zhao, et al.
Rotary scanning method applied to optical coherence
tomography system [J]. Journal of Xi’an Jioatong U-
niversity, 2004,38(9):913-915.

et al. Measurement of intraocular distances by back-
scattering spectral interferometry [ J]. Optics Commu-
nications, 1995, 117(1/2) . 43-48.

Gk ok



