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Integrated imaging system of eye axis and anterior
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Cai Huaiyu', Zhang Weiqian', Han Xiaoyan', Wang Yi', Chen Wenguang®, Chen Xiaodong'

(1. Key Laboratory of Opto-Electronics Information Technology of Ministry of Education, College of Precision Instrument and Opto-
Electronic Engineering, Tianjin University, Tianjin 300072, China;

2. Shanghai Medi Works Precision Instrument Incorporated Company, Shanghai 200237, China)

Abstract: A system of Swept-Source Optical Coherence Tomography for synchronous measurement of the eye
axis with large imaging depth range and anterior segments was proposed to solve the problem that traditional
ophthalmic axis measuring instruments can not achieve the functions of large imaging depth in axial measurement
and imaging on anterior simultaneously. The proposed system increased the imaging depth by designing a
infrared swept source with wide range. Then a calibrated optical path was built for k~-domain resampling to
improve the imaging quality in large range interference. Thus the high precision axial information and the anterior
segment image could be obtained simultaneously. To solve the problem of low SNR of OCT images in this
system, an edge-preserving denoising algorithm based on anisotropy filtering was proposed to suppress the
speckle noise, which effectively improved the image contrast. Using the equal-proportion human eye model and
vitro fish eye imaging respectively, the experimental result shows that the imaging depth of the system can reach
69 mm. The 12 mm anterior segment can be completely scanned in transverse direction, while the axial five-layer

structure is accurately measured. The average measurement error of axial length is 0.04 mm, and the imaging time
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is about 0.45 s, which fulfil the real-time requirements of clinical medical application.

Key words: swept-source optical coherence tomography;

k-domain resampling;
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Fig.1 Fundamental principle and the display of SS-OCT system
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Fig.2 Flow chart of SS-OCT system data processing
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Fig.7 Original image and the enhanced results
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Fig.8 Full-scale eye model measurement result
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Tab.1 Comparison between the measurement of the parameters of each layer of the eye axis and the actual sample

size
Measurement CCT/mm AD/mm LT/mm VT/mm AL/mm
Sample size 0.33 3.06 4.06 18.97 26.42
Result without calibration 0.35 3.08 4.07 19.10 26.60
Result after calibration 0.32 3.07 4.07 19.00 26.46
Error value 0.01 0.01 0.01 0.03 0.04
1% ARG 6 2 41 A-scan $UHE SR I (E I 77 1k 275 SO [13] AT A6 AR 9 2 258 O PR

MV TR B A 1 A E IR A AL R A 1) 45 2 B 88 R 1 1%, ZG0 I 5 22 AL PR T R 48 3% X
T R T R HE RS A5 S R I R . S AR ik [14] Hhoulisk Be XU A2 OCT 78 = 4 i 07 T HUiS 1
SR R HEAT X EE AT AL, AR RGN AR (CCT), AU A RCR, (H AR R 22 0.77 mm, AL [ 10 s,
B D7 R (AD). fb IR R R BE (LT). 36 3 1K 2 B T % R G T i S5 S0k (28] kiR %
(VT) 2 2100 R 2225 518 0.01 mm, 0.01 mm, 4 0.02 mm, {HFERF A o i ad 2 2 4520 BeA il
0.01 mm A1 0.03 mm, AR % & 1% 2% 4 0.04 mm, I & PN EC AT AT, % 2 48R AR S BN A= 1 R i 7y S sk
A M AL PR S 2 AR I R Ka I &, 45 2 S50 F- 00 iR 25 /T 0.02 mm, HR%
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Tab.2 Comparison results with traditional segmented measurement system
Source Method Measurement Imaging dimension Number of Time/s
error/mm layers
Tao!"¥! Reference arm with variable optical path 0.45 2D 5 0.9
Shanghai Jiao Tong University!*! Dual band dual focus OCT 0.77 2D/3D 5 10
Marco®"! Reference arm with variable optical path 0.02 2D 5 3.4-4
This system Large-scale measuring system 0.04 2D 5 0.45
4 2}!,: 'io/[’.\. Chinese)

R 47 HIR b 00 £ % AR i1 AR AR A R R U R
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I S P %) At i 2 M B o PR A T 1 iR, S T IE R
IR HR A1 0 BT i 2 i 0 L2 % HIR 15 3 3 BT 14 14 338 WA g
1%, R AZYE 12 mm, SEEIR R 22/ TF 0.02 mm,
MR At 00 12152 2% 0.04 mm, SR TH] 0.45 s, HETIZRSE

W AT AN B R (AR A AT S5, R G AW UR &
e G R R i) 7 it =T
SE ik
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