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Abstract: To evaluate the resolution, angular field of view (FOV), coalignment of fundus images and OCT
scans, depth scaling and other key parameters of optical coherence tomography (OCT) equipment and ensure the
accuracy and validity of the equipment output values. In this paper, a model eye simulating real human eye
structure was designed and developed, including the main refractive structures, such as cornea and lens, and its
parameters are traceable. A 3D resolution board for lateral and axial resolution detection was designed and
fabricated based on 3D printing technology. A stepped concentric ring structure was designed and machined for
FOV detection. At the same time, the cross fiber module for image matching detection and the parallel glass

module for depth scaling detection were designed and manufactured, which can be adapted to the fundus groove
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of the model eye. Confocal Raman microscopy was used to trace the size of the 3D resolution board, and the

minimum detectable values for lateral and axial resolutions were 9.7 um and 5.7 pm, respectively. The sizes of the

concentric rings and fiber diameter can be traced by a Nikon projector. The maximum detectable FOV is 109.03°,

and the image matching minimum accuracy is 62.5 um. The center thickness of the parallel glass plate was traced

by a Nikon digital height gauge, and the measurement uncertainty was less than 5 um. The test of commercial

ophthalmic OCT equipment showed that the model eye metrology and calibration device based on 3D printing

technology has the advantages of high accuracy, high integration, wide application range and strong stability, so it

is suitable for metrology and calibration of ophthalmic OCT equipment.

Key words: ophthalmic OCT;  model eye;

0 35l

6 M T W2 AR (OCT) & —Fl A B BE 4 7
AR EEA, BB F 1991 4 H David Huang %5 A4 H,
HERTA =AM SCHE AR A S5, Tk
fORGE A HE M. T AIRA L E A 518
PE, i OCT HARTEIRBHOL S GBS T H KA & &
FERGT R T IR B 2 W), (2, IR OCT
VA% BN T B S ALV & TAEGE R AN ), [
br L, 25 M bR MES BORBEGEBE (NIST)., 9% [ [5 5 3
SCYR % (NPL) 536 B &40 25 ah B8 B )R (FDA) i
HF 2009 4EFF R FF B OCT 45 11 AR 56 T4E, #
E bR ENFSE B (KRISS) FUET N E 40 oy (NMC)
I JUAEA IR T A 58 i . 2009 4F, NPL Z: )
6T 2T AL T PR OCT AR 43 HE R 1 55,
PHORERAR, IR G0 T HIFNRCRS, 2010 4F,
FDA ) Agrawal %55 90 K L itk A 325 BH 1) fE A i 2k
Jarh, 3@ AT OCT = 4EEHR, SC3L T WACK RUE Y
Al ) VR 1) 43 FER RN T, 2013 4, Pfefer 5 A it
T =R S WK ORI 4B 4400k, % T HoAE OCT
2 G010 4y FE RS 0w D0 O 1 A g 22 L
2014 AELE, thETHERFEME B (NIM) KR E PR 2P
%, I ) OCT ¥4 1y B oE T4, S ikl 17 =4k
53 HERM A AR T, bR 25 R A ADL R O S5 L e
FORLAR D RIAR J5 1 — R Ak 2 2 B0R: R PLIR U2 45
OCT W& AR & . Rt Z5HE T8 —1
OCT [EPBrRME ISO 16971 CHRBH & HRF 27 A T bt
JZ AW I F 2015 4E & ATt . IT4ER, 3D T
E AR AE by — b b ok 2 Je 1 232 1 ) s R L a5 31 0
THOKRGORS B, AEMR PSR filis Bw) iz fli . 2018 4%,
Kedia %5 A\ fifi FAOE T 8 A 7 il E RO B ST 1

il

metrology and calibration;

3D printing technology

PUHE A BB, S 3 VO 2% OCT & 46 1 8 ] 43
HER 1, 2020 4F, Lamont 45 F) F XU F B 321
HE AL, B2 AR T IR T 52 T AN ]
MGfA/INT 4 um BPOEEPFEREIE", 2021 4, Horng
S N FAR R A B AR AR T4 5 10 pm B TR0 1A
T T (AL AR, FH T OCT IS & s A el

BUAT I PRARIE 1SO 16971 #H1 T X 43R | s
A5 W LS5 — 28 OCT 5 45 G5 S0 M2 3R K
Ik, HREE BT 2% OCT HR 5 & 1) AW & R, [FPr
P e T I T SRR A HER P L 38 PP E A £
PESE 7 A EsCEE o (RIS, TR P AT Ml A v o8 A i,
7B ER X OCT W4 ) 48 &% = J kil HLAe A
ARG BRI B9 B A A AT ok B R PR AL, it OCT %
B AT A o A T AT R 5 iR

SCHYE FESS A R O E PRAREIE AR AR 0 ik, A
T 3D ATEIEAR B Il VE — Fh R A0L 552 A HR 2544 1Y)
BEPIUR, B EXTIREBL OCT & & 47 M REIFAL o XA
RIJE T Gullstrand 1588 R 5 f0IE B, G046 /A R Tl
T+ AR L 35 38 A R DO RS A8 43, T %t Ak ) A
Moy HEER . A . RV TR | TR 2 o 1 1
SEOCHESBGH TI R AE . R, PRI 500 % I8
BRI DGR T 250 1t (B R 7 v, i DR (B AT
W

1 BREOCTIZEEERNSH

1.1 =R

Sy PR EREL OCT % & 1 — T GRS 4,
TGRS i 455 04 3 BERE 7, ROV S 4 Y iR
R EYEE R . i OCT $ A B 3 AT %1, Hos i)
53 A5 e 43 B AAR LT R T A PR 6, 2 PR
TARTHI R, 32 2 TR O R A B AU E AL

20210789-2



s Gk A2

% 84

www.irla.cn % 51 %

e (NA), HR KPR 2 30 (1); il 73 B R o, ok
TOCIRA O PR FHAR TR, MBI A (2):

»~ T 'NA
22 A
n A4 @)

o 2 FOGIR OB AL BT E
1.2 MFHA

M A 2 IR B OCT 128 W0 HF 3 6] i) 42 R F8
SE SRR I p A B A5 aod R rp AT ol AR B Sk Y
RN GG L TOELIE I AN, FEIRE OCT
R T IC IS 5 y, WA M (FOV) 1]
FikN:

FOV =2arctan (%C) 3)

Ko R B AR
1.3 RENSARHE

IR OCT fE $i 1 HR 3k 51 1 45 44 S HRGHE R
ity o PR RS P R MR — TOC BT R AR A . IR
I e M S B DR AR BE OCT 8 45 16 I 2 R Bk
GER RS 0 246 % S (B E A 1, XoF = 2 rh W A8 R
BRHE,
14 OCT A#EGERERIZEGTEREE

IRFL OCT 15 A — ML AR v] $R AL IR IS RUR Tl vE .
I 790 Y A s 5 — it ﬁ?ﬂﬂﬁ%am&@ﬁﬁ
G223 AR e 5 T T 20 A B g, IR
Pe A 2 2ok EOUL Y R RS R 2 0 75 2 OCT 4 Y
X3, feJm il OCT EME it « Btk OCT 4
PR 5 HIR G 01 W 1442 170 DC i 8 5 B 5 i R L
[ A Ko ke o7 %) RS H UK

2 EREBIEIRIT S HIE

2.1 EREEiT

PR ARL R 4 e A M A4 L S A HR e 4 41,
WA AR BT bR AR 3 3 A s 0 AORL D) E 285 44
BT NIRIRERSEL, B HARSHANT : (1) fEEHT
Fim M= 7.60 mm., J5REM A 4.9 mm, JEFE 0.50 mm;
(2) FIIREE 2.41 mm; (3) ARIAHTR T 10.46 mm,
J& FE 00 M -12.73 mm, JE B 4.50 mm; (4) 37 55 KR
J& 17.63 mmy (5) 19 il 2 245 -12.50 mm; (6) HR %

KAETE 25 mm. S 6 IS PR R i G20 20
EERAs SRR 17 mm, HRASE S BN 1,

&1 MGTHREETESY

Tab.1 Main parameters of designed eye model

Parameters
Eyeball tissue Radius of . Refractive
Thickness R
curvature index
Anterior surface of cornea 7.60
. 0.50 1.526
Posterior surface of cornea 4.90
Anterior chamber - 241 1.333
Anterior surface of lens 10.46
4.50 1.526
Posterior surface of lens -12.73
Vitreous - 17.63 1.333
Retina —12.50
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Fig.1 (a) Beam path diagram of eye model; (b) MTF curves of 0°-8° FOV
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Fig.2 3D resolution board: (a) Plane top view, (b) equiaxial side 3D-simulation view and (c) imaging by OCT device
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Fig.3 Designed eye model: (a) Sectional view of mechanical structure, (b) top view of real device and (c) assembling drawing
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Fig.4 Tracing results for 3D resolution board of line width and height: (a) Line pairs for transverse resolution; (b) Line pairs for axial resolution
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Tab.2 Tracing results of FOV of model eye

Concentric Nominal Test results/ Nominal FOV/ Test results/
rings ID diameter/ mm ©) ©)
mm
1 12 12.255 60 61.41
2 13.77 13.834 70 70.40
3 15.43 15.499 80 80.45
4 16.97 17.035 90 90.44
5 18.39 18.468 100 100.62
6 19.66 19.543 110 109.03
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Fig.5 Test results for image matching: (a) X-direction; (b)-(c) Y-direction
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Fig.6 Test results for lateral resolution and its scanning location diagram: (a) Horizontal No. 1-6 line pairs; (b) Vertical No. 4 line pair; (c) Vertical

No. 5 line pair; (d) Grey-scale map of vertical No. 4 line pair; (¢) Grey-scale map of vertical No. 5 line pair
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Fig.7 Resolution steps: (a) Test results for axial resolution and its scanning location diagram, (b) binary fitting image and (c) height in pixel
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Fig.8 Test results for FOV: (a) Sectional view of model eye and

(b) scanning image of OCT equipment
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Fig.9 Results for depth measurement: (a) Scanning image of OCT equipment and (b) image after data processing
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