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Fig.1 Schematic of the AO-OCT retina camera. It
consists of a flood-illuminated en face OCT system
(CCD-based) for optical sectioning the retina at
10 pwm axial resolution; a 1-D OCT axial scanner for
tracking the axial position of the subject's retina; and

an AO system for measuring and compensating the

aberrations of the eye
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Fig.2 Comparison of the axial point spread
function of the parallel coherence gated retina
camera (experimental) and the theoretical best

point spread function of the ¢SLO
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Fig.3 Axial position of the retina in a model

eye (A) and a human subject (B)
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Fig4 A temporal sequence of four interferograms

collected of a soiled planar mirror inserted in the

object channel of the 2-D OCT system
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Fig.5 Reconstruction of the soiled planar mirror
(B) using the four interferograms shown in Figure
4. For comparison purposes, a conventional flood
illumination of this same patch of mirror (A) is
also shown, realized by blocking the reference

channel of OCT system
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Fig.6 (A) Conventional flood illuminated image of a bovine retina; (B) Cross sections through

the stack of coherence gated en face images

BHIE B 4.5 wm, SRR EREILE] 902 wm.
MJZ T R E T LA 2 A 3807 40 A JE 2 1 £ P
Z LA POREIT IR o 2 AT Pl 45 m TR S ) DX sl R
RAJEL, JLJERE K212 365 pum. fJi6 B RS X
st RPE JZ MK L, e A0 6 L H o i
SKIGHUREW], T UETRAT OCT AL R JEARBL A AR
e KRB, AT LA AL A E LM SR 2
REAN L JZ M S5 F 15

4 & ®

PATHESL T —FEF T CCD LI IFAT 65 A
TIENT AR R G R IZ RGN H G YOG M

BEARMLES A5 1T DA % R N AR AT 2% (1] 43 %
Wif% . ZERGEATLLLE 7 ms RIS A 975 30438 4 1%
PR 00 B, ANIisb T B T IR BRE 3l it
FSCIRT BTSSR o AEATL IRl ) a5y o o P R R R 43
A 10 wm f1 76 dB, IXLEVERESR bR AL T AT
H NG OGS R BRI . 75 10 s (1)
B IR] PN, X AR 437 T D AE B 5 1 R TS RMIS {H
7E 10~30 pmo  FH A=A 09 5 By E AT 1) 2 56 &85 3R
Wy, RGEM R, LR AEIRE: BIR
B LA Iy B At R ks JE 2% o el TR
BRIV IS Boef R R E A S MR, PRIk 1 A Gk I
AL T BONAH N I R B A% 54, BT
PO P IR s ), 06 R RORS A SR AR AR, 3R



108 ESUE 7/ 7/ B = 20044

1|]&Eﬁﬁ%—$*%?%f%%é$ﬁ@%%o Jz.ll':lﬁ]:ﬁz)lg. [5] [Izatt JA, Kulkarni MD, Yazdanfar S, Barton JK, Welch AlJ.

ot RS RENITERE, SLHUAHR P ) = 4 In vivo bidirectional color Doppler flow imaging of picoliter
%% I‘Eﬂ ﬁj\;ﬁ }ﬁzf% o blood volumes using optical coherence tomography. Opt Leit,

1997,22:1439~1441
[6] Chen Z, Milner TE, Dave D, Nelson JS. Optical Doppler

Sk tomographic imaging of fluid flow velocity in highly
[1] Liang J, Williams DR, Miller DT. Supernormal vision and scattering media. Opt Lett, 1997,22:64~66
high resolution retinal imaging through adaptive optics. [7] Dubois A, Vabre L, Boccara AC, Beaurepaire E.
J Opt Soc Am A, 1997,14:2884~2892 High-resolution full-field optical coherence tomography with
[2] Roorda A, Romero-Borja F, Donnelly III WIJ, Queener H. a Linnik microscope. Appl Opt, 2002,41:805~812
Adaptive optics scanning laser ophthalmoscopy.  Opiics [8] Ducros M, Laubscher M, Karamata B, Bourquin S, Lasser T,
Express, 2002,10:405~412 Salath¢ RP.  Parallel optical coherence tomography in
[3] Huang D, Swanson EA, Lin CP, Schuman JS, Stinson WG, scattering samples using a two-dimensional smart-pixel
Chang W, Hee MR, Flotte T, Gregory K, Puliafito CA, detector array. Opt Comm, 2002,202:29~35
Fujimoto JG. Optical coherence tomography. Science, 1991, [9] Sirohi RS, Chau FS. Optical methods of measurement. New
254:1178~1181 York: Marcel Dekker, 1999. 33~43

[4] Tearney GJ, Bouma BE, Fujimoto JG. High-speed phase- and [10] Gasvik KJ. Optical Metrology. New York: John Wiley &
group-delay scanning with a grating-based phase control Sons, 1995. 257~260
delay line. Opt Lett, 1997,22:1811~1813

SINGLE CELL IMAGING OF THE LIVING HUMAN RETINA USING ADAPTIVE OPTICS
AND OPTICAL COHERENCE TOMOGRAPHY

QU Jun-le', Ravi S JONNAL? Karen E THORN?, Donald T MILLER?
(1. Institute of Optoelectronics, Shenzhen University, Shenzhen 518060, Chinas
2. Indiana University School of Optometry, Bloomington, IN 47405, USA)

Abstract: An en face coherence gated camera for optically sectioning the in vivo human retina was
constructed. Coherence gating is generated by a free-space Michelson interferometer employing a
superluminescent diode for illuminating the retinal tissue, voice coil and piezo-electric translators for
controlling the optical path length of the reference channel, and a scientific-grade CCD camera for
recording 2-D retinal interferograms. A conventional 1-D OCT is incorporated for tracking the axial
motion of the retina and controlling the gating position. En face slices of test objects and retinal tissue
were obtained using a four-step (A/4) phase shift method. Ultrafast acquisition of four interferograms in
less than 7 ms has been achieved to mitigate eye motion blur. The axial width of the point spread
function and the sensitivity of the camera were measured near 10 pm and 76 dB, respectively, which is
substantially better than current flood-illuminated and confocal scanning laser ophthalmoscopes equipped
with adaptive optics.

Key Words: Coherence gating; Optical coherence tomography; Retina imaging; adaptive optics;

Confocal scanning laser ophthalmoscope; Michelson interferometer; Eye; Retina
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