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Fig. 1. Distortion correction of OCT imaging using a calibration plate.
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Fig. 2. Fitting of mapping relationship based on MLP network.
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Fig. 3. SS-OCT system.
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Fig. 4. Process for the determination of marker points and their coordinates in the imaging space: (a) Cross-sectional view of the
calibration plate; (b) division of the “circular hole” regions from the background; (c) segmentation template; (d) distribution map of

marker points by centroids of the “circular hole” regions.
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Fig. 5. Distribution of marker point clouds: (a) Single-layer point cloud distribution in imaging space; (b) single-layer point cloud
distribution in real space; (c) overall point cloud distribution in imaging space; (d) overall point cloud distribution in real space.
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Table 1.  Distortion correction performance of dif-
ferent regression models.

fmZ{E /pm Az Ay Az As

EqcatlE) 11.92 18.68 9.85 40.45

Kiz4B 6.89 28.13 41.59 76.6

FEHLARAR 19.16 14.36 99.12 132.64
XCBoost 6.68 45.19 54.18 106.05
ES'@hS 3.49 2.67 6.94 13.11

FHAES OCT RGN 5 W™ 5B 5
USRS (1 A 7 BH S seoe R 2 /) k47 =4
A%, B 7 ER T 3 BB 1 R R IE R AY
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BEMOERT S 00 K’ 7(b), (), () S 3 FhiE s
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XM Z 5 . UL 375 5 R A8 A58 1 i S 115 il R
£ R1, R2 AR d 54 XhrfEER 225, %
HHG S B 20 501 R (5 44 bR (B Y 4
YRR 2%, Horp R ERT A oD BT E
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# 2  CTFNIBEURIENTE SHON AR L

Table 2.  Comparison of parameter measurement results for plano-convex lens before and after correction.

T iE R1 R2 d
BEIERT/mm 129.05 (45.71%/54.84%) — 1.334 (0.054%/4.2%)
K IEJ /mm 83.33 (0.01%/0.01%) — 1.288 (0.008%/0.6%)

£ SUARIE(E /mm —83.34 S 1.28
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Fig. 6. Comparison of axial residuals between model-corrected data and true points versus uncorrected data and true points, along
with their distribution plots: (a), (d), (g) Axial residuals (X/Y/Z) between uncorrected point P and the ground-truth spatial point
P (b), (e), (h) axial residuals (X/Y/Z) between the linear regression-corrected point P’ and the ground-truth spatial point P ;
(¢), (f), (i) axial residuals (X/Y/Z) between the proposed model-corrected point P’ and the ground-truth spatial point P .
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Table 3.  Comparison of parameter measurement results for biconvex lens before and after correction.

XN F R1 R2 d
M IE R /mm 30.56 (6.01%/24.5%) 31.38 (6.83%/27.8%) 1.958 (0.48%/2.5%)
K IESS /mm 24.58 (0.03%,0.1%) 24.73 (0.18%/0.7%) 1.918 (0.008%/0.4%)
2 bR IE(E /mm ~24.55 24.55 1.91

F£4 WUMEEET IE G SE0 25 R

Table 4. Comparison of parameter measurement results for biconcave lens before and after correction.

M35 58 R1 R2 d
I R /mm 29.87 (4.77%/19.0%) 18.93 (6.17%/24.6%) 0.927 (0.023% /2.4%)
KIEJF /mm 25.17 (0.07%,0.2%) 24.94 (0.16%/0.6%) 0.947 (0.003%/0.3%)

2 SUhRIE(E /mm 25.10 -25.10 0.95

MR 22—k 4 W LLUA Y, BOE RSB i R4 X ROERTA & 2T 75 b O R RE D& J7 17, RS
AP JEE TR 10 pom FE 5, FHRTIRZETE 1% LA, AH BERTIK 3 pwm, MXFERZEN 0.3%, BALIEFTA U2
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Fig. 7. Point cloud distribution of the first surface of three types of lenses before and after correction: (a) Plano-convex lens before
correction; (b) plano-convex lens after correction; (c) biconvex lens before correction; (d) biconvex lens after correction; (e) bicon-

cave lens before correction; (f) biconcave lens after correction.
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SR, fa R /D Ak AT BRI UG, TR

AR T —Fp L T AHLAR 2 I 19 OCT JUfR BB SR XF LI B 45 5 A R~ AR A

Wy A28 ¢ XE 7 . %07 ¥ 18 A P BRUSR ZEBIHERIE T, ARSOT R REOR BA BRI

164202-8


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 74, No. 16 (2025)

164202

B B, I RGN AR SR, a) LA
H A P BRI . 22 Sl ) R K T o
B 2R H0Bh . RGN R e 2 B EOR
WAL B ER T DU T R e R, AT i) 5
BLEAHE 3 — OB 2B BB HO A TN, HLAR
FRECRORTRE. LUK, T 22 sl L AR i o 2™
PRI R TR L AST S BV ifn, HSE
RZ L BB R AR PO, BT X RS
RS R JRE RIS B 2 A3 s BRI, BRI AT AR A
JEH S EBOCACFAT YR OO T AT I T T
Az

Sk

[1] Huang D, Swanson E A, Lin C P, Schuman J S, Stinson W
G, Chang W, Hee M R, Flotte T, Gregory K, Puliafito C A,
Fujimoto J G 1991 Science 254 1178

[2] Tomlins P H, Wang R K 2005 J. Phys. D Appl. Phys. 38 2519

[3] Ding Y T, Zhang J, Guo Y, Chen H 2024 Laser Optoelectron.
Prog. 61 247 (in Chinese) [T 54, 5KH, #i%, M 2024 H0k
5aH A E IR 61 247)

[4] Volker W, Andrew R, Sunita R, Joseph I 2002 Opt. Express
10 397

[5] Diaz J, Rahlves M, Majdani O, Reithmeier E, Ortmaier T
2012  Optical Metrology and Inspection for Industrial
Applications II Beijing, China, November 5-7, 2012 p8563J

[6] Yao J, Anderson A, Rolland J P 2018 Opt. Ezpress 26 10242

[7] Jiang X Q, Fan Y Q, Wang W 2014 J. Front. Comput. Sci.
Technol 8 1254 (in Chinese) JLA4£ZE, fuk i, T 2014 {15
PUR: SIR% 8 1254]

8] Qi Z S, Wang Z, Huang J H, Xue Q, Gao J M 2016 Acta
Photonica Sin. 45 87 (in Chinese) [F¥ A, T, B&FHE,
B, R 2016 TR 45 87)

[9] Lecun Y, Bottou L, Bengio Y, Haffuer P 1998 Proc. IEEE 86

(10]

(1]

(12]

(13]

(14]

(15]
[16]

(17]

(18]
(19]
20]

[21]

[22]

(23]

2278

Li X Y, Zhang B, Sander P V, Liao J 2019 2019 IEEE/CVF
Conference on Computer Vision and Pattern Recognition
(CVPR) Long Beach, CA, USA, June 15-20, 2019 p4850
Yang S R, Lin C Y, Liao K, Zhang C J, Zhao Y 2021 2021
IEEE/CVF Conference on Computer Vision and Pattern
Recognition (CVPR) Nashville, TN, USA, June 20-25, 2021
p6344

Xu Q W, Wang P P, Zeng Z J, Huang Z B, Zhou X X, Liu J
M, LiY, Chen S Q, Fan D Y 2020 Acta Phys. Sin. 69 014209
(in Chinese) [#R/ah, EMMIM, &AL, WP, FIBAR, XIREL,
B, WA, JEEIT 2020 BIEAR 69 014209)

Zhou J, Zhang X F, Zhao Y G 2021 Acta Phys. Sin. 70
054201 (in Chinese) [JH#f, SRR, BAEBE 2021 PHL=4R 70
054201]

Shukla S, Vishwakarma C, Sah A N, Ahirwar S, Pandey K,
Pradhan A 2023 Appl. Opt. 62 6826

Breiman L, 2001 Mach. Learn. 45 5

Xie TY, Li Y M, Zhang T, Gao T L, Shi Y C 2023 Mod.
Mach. Tool Autom. Manuf. Tech. 2 37 (in Chinese) [f#MH,
M, W, B, A1 BB 2023 AAVUES A3k T4
A 2 37]

Kato D, Maeda N, Hirogaki T, Aoyama E, Takahashi K 2021
2021 21st International Conference on Control, Automation
and Systems Jeju, Korea, October 12-15, 2021 p607

Werbos P J 1981 System Modeling and Optimization Berlin,
Germany, July 20-24, 1981 p762

Rumelhart D E, Hinton G E, Williams R J 1986 Nature 323
533

Yang Y S, Wang X, Ren M J 2023 Acta Opt. Sin. 43 200 (in
Chinese) [#Uchs, Wi, IR 2023 S 43 200]
Singarimbun R N, Nababan E B, Sitompul O S 2019 2019
International ~ Conference  of  Computer  Science and
Information Technology (ICoSNIKOM) Medan, Indonesia,
November 28-29, 2019 pl

Cotter A, Shamir O, Srebro N, Sridharan K 2011 Advances in
Neural Information Processing Systems Granada,
December 12-15, 2011 p1647

Fitzgibbon A, Pilu M, Fisher R B 1999 IEEE Trans. Pattern
Anal. Mach. Intell. 21 476

Spain,

A machine learning approach to correct imaging distortions in
swept-source optical coherence tomography”

MA Cuil? CHEN PeizheV

CHEN Changyong !

YANG Lu?

HAN Taol! TANG Yun?)

DING Zhihua V21

1) (State Key Laboratory of Extreme Photonics and Instrumentation, College of Optical Science and Engineering,

Zhejiang University, Hangzhou 310027, China)

2) (Global Scientific and Technological Innovation Center, Zhejiang University, Hangzhou 311215, China)

( Received 24 April 2025; revised manuscript received 5 June 2025 )

Abstract

The inevitable distortions in optical coherence tomography (OCT) imaging often lead to mismatches

between the imaging space and the real space, significantly affecting measurement accuracy. To address this

issue, this study proposes a machine learning-based OCT image distortion correction method. A calibration
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plate with uniformly distributed circular hole arrays is sequentially imaged at different marked planes. The
point showing minimal deviation between its coordinates and the mean coordinates in all imaging planes is
selected as a reference marker. A mathematical model is then used to reconstruct all marker point coordinates
in the reference plane, establishing a mapping relationship between the imaging space of calibration plate and
the real physical space. A multilayer perceptron (MLP) is employed to learn this mapping relationship. The
network architecture consists of multiple fully-connected modules, each with a linear layer and an activation
function besides the output layer. The optimal model is selected based on validation set performance, and then
used to analyze the spatial distribution of points. Using a swept-source OCT system, lens images are acquired
and corrected through the trained model to obtain the anterior surface point cloud. Combined with ray tracing
reconstruction of the posterior surface, the lens curvature radius and central thickness are calculated. The
experimental results show that after correction, the lens curvature radius is measured with an accuracy of 10
pm (error < 1%), while the central thickness is determined, with an accuracy of 3 pm (relative error: 0.3%).
This method shows high accuracy and reliability, providing an effective solution for improving OCT

measurement accuracy.
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