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Fig. 1 SD-OCT system diagrams. (a) Schematic; (b) SolidWorks 3D structure diagram; (c) Zemax simulation diagram of the optical

path of the sample arm
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Fig. 2 Spectrometer diagrams. (a) Spectrometer schematic; (b) SolidWorks 3D structure diagram of the spectrometer; (¢) Zemax

simulation diagram of the optical path of the spectrometer; (d) RMS radius for different wavelength of beams
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Fig. 3 Spectrometer design flowchart
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x1 O 2

Table 1 Design parameters of the spectrometer

Parameter Value
Bandwidth A2 /nm 136
Angle of incidence a /(°) 31.59
Diffraction angle 8 /(°) 31.59
Grating groove density g /(linesmm™") 1200
Detector width L, /mm 20.48
Focal length focus f. /mm 106.50
Focal length collimator /. /mm 101.6
Spectral resolution &, /nm 0.035
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Fig. 4 Software calibration flowchart
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Fig. 5 Performance analysis of the spectrometer. (a) Light source spectral curve; (b) &-value linearization curve; (c) spectral data after

Fourier transform; (d) the relationship between pixels and actual spatial distance; (e) axial resolution change curve; (f) sensitivity

change curve

WG PR E SRR T ESRER S REAES TR R SRR RN 414 pm, BN
5 B0 A LR R A2 () BE B A4S RECHSR AT A8 2 2,72 pmo 7E AR BN Bl S B R A AR Al AR X L

2107112-6

Logarithmic intensity /dB

Logarithmic intensity /dB

-20 -

Depth in air /mm




% 50% £ 21 #1/2023 £ 11 B/ E#*x

BRRE , mE 5Ce) fros , I H 52 PRS2 8y 55/ il )
HER S S 0 R B A2 T 0.25 pmo FE 5(c)
FR ) Bl 06 R T AR G AR BT LA B R U R
R 2k, an 1€ 500 BraR , 1T LLA 78 B4 e i 2=
BENBET 23dB. RGE AR K E W E LR 2,,—
0.25NAS/AX, Ho N2y CCD & Z %%, A< SCF iy CCD
18 Z 800 2048, K IE AT A5 AR SC% 35 A 10 RS TR N
2.87 mm. FEE) /N A B R E H A 2 250 pm,
T R — 2 ) R A TR RT3 /N RO IR
PRER TUZ O A BUAZ AT DLk B R A Y OR
I H BSR4 & 20K,
33 IMERERBEEE

R TR B8 B A A Y G AR /N RO R A 15
rF R S B R P R, VB P 10 H{d B 0 4 I o 1 )N B
AT OCT W% 525, Ho 5 Ho /N B EL(C57BL/6)
5 HA/NAR(BALB/c) o SE58 o 72 o 5 sl 9 1 b B
B4 B CIL T4 SE 56 sh ) 48 BRI i ) B AT, L IR B AR A
B REH TR 22 Y5 B 20 PEZE D1 & i 8 bR I .

g
AT Yo MR -

f IPL

ok OPL

ONL

ot A s SO s e
5 L -

Normalized intensity /arb.units

e, R 4% (TR 2 B0 5 380 W /DN BRUEE AT 75 = RR
T, 22 S B N BRSK  [  E e i b an 5] 6 (a) BT
N, R T w7 YRR B B 1.500~200 (AR FR
53 E0) S Rt ik 0 B S  Ab R AT R SR R AR S
PA AL /N BRUE 28 TR /N B AR T L TR n B i R e (5 A 43
R 106 ) i IR I E A7 HICRE | OF i AR IR 4 RF 3 4 5
ANBUIE O B s R OCT REEAER — 08 Bk
4 1000 7 B-scan & 1% , & > B-scan 1 1083 > A-scan
2 A, A-scan 45 %% f 100 kHz, K ] Image] X} 35 BUH)
PG A A7 B R B A % o 728 DA RO B S e L
HANE 6(b) (c) BT 7s 1 7N B I 68 0 22 Pl 152 . AN iz
P A% Rl LY BT M 7 0 00 0 5 1) 45 )2 L LS5 ) A A
R I #2221 4 )2 (RNFL) N MR ZE (TPL) N 2
(INL) | #F Atk J2 (OPL) | 48 # )2 (ONL) | Ah Bt I
(ELM) 6 40 B 9 15 (1S) Bt 28 fd 4015 (0S)
WIS 2R I R 2 (RPE) ks 45 o RS K7 O
Ti] A SF- X5 AT 45 21 W0 9 B 45 2 £ B I, <] 6. (d)
J7N o

choroid
—CH7BL/6
0.8~
0.6 -
0.4 -
LB
02- b
0 1 1 ¥ 1 1
0 100 200 300 400 500 600 700

Axial position /um

6 /NEURARIZER o (a) /N BSUR SE 46 1 2% 5 (D) /NS BRI OC T G ; (o) /N BRI OC T % (D OCT BHR 42 i 2kt i 18]

Fig.6 Mouse imaging experiments. (a) Preparation of mouse imaging experiments; (b) OCT image of the black mouse retina; (¢) OCT

image of the white mouse retina; (d) profile of each layer of the retinal OCT image
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Table 2 Thickness of each layer of mouse retina (mean —+

standard deviation)

Layer of the Thickness /pm
retina Black mouse White mouse
IPL 70.084+2.24 65.5842.28
INL 51.974+2.79 53.274+1.96
ONL 89.22+2.39 80.03+3.91
IS 25.01£1.65 21.734+1.12
IS/0S-CC 53.15+1.93 56.85+4.15
Choroid 38.9748.63 28.87+8.19
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Abstract

Objective Optical coherence tomography (OCT) is a widely used imaging technique in retina research, with the spectrometer being
a crucial component that determines the performance of spectral domain OCT (SD-OCT). While there are commercial spectrometers
and systems available with a variety of options, they are often expensive and not customizable for specific light sources and
applications. Thus, independently developing spectrometers and OCT systems could provide a better alternative. The calibration of a
spectrometer is typically complex because it requires a standard light source, such as a mercury lamp, that must meet the specific
requirements for calibration, including accurate spectral characteristics. Additionally, use of such a light source demands certain
technical and operational expertise. Therefore, this paper proposes a practical calibration method for an OCT spectrometer based on a
common OCT algorithm. As a result, the need for a standard light source is eliminated, and hence OCT spectrometer calibration is

simpler and easier.

Methods In this study, an SD-OCT system was built, incorporating a supercontinuum laser as the laser source. The corresponding
wavelength range is 800950 nm using filters. The low coherent light emitted by the laser is split into two beams through a fiber
coupler. Each beam enters the sample arm and the reference arm, respectively. In the sample arm, the light passes through a two-
dimensional galvanometer, generating a scanning beam on the mouse retina in this work. The power of the beam at the mouse pupil

was approximately 600 pW , with the beam diameter of 0.93 mm. To minimize chromatic aberrations, the lenses used in both the
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sample arm and reference arm were paired appropriately. The reflected beams from the sample arm and the reference arm combine
and interfere on a custom-built spectrometer. The spectrometer includes a transmission grating, a line CCD camera, and other
optical devices. For spectrometer calibration, a mirror is placed at the retina plane, reflecting light back to the spectrometer similar to
the reference arm setup. To achieve accurate calibration and performance analysis, the optical power from both arms was adjusted
using irises to achieve similar intensity. The interference fringes at different imaging depths are then captured by the camera,
facilitating subsequent calibration procedures. The calibration process involves synchronously optimizing the peak value and full width
at half maximum of specular reflections collected at these depth positions via manual tuning of difference parameters. Finally, OCT
imaging experiments on ten mice were conducted to validate the performance of the spectrometer.

Results and Discussions The quantitative analysis results of the spectrometer are presented in Fig. 5. Figure 5(a) shows the

spectral curve of the light source directly measured by the spectrometer. In Fig. 5(b), the £-value linearization curve is displayed. The
spectral data obtained after Fourier transform is shown in Fig. 5(c), with the peak range of 127 dB-104 dB. To determine the
corresponding relationship between CCD camera pixels and spatial distance in A-scan, the position of the peak in Fig. 5(c) was
extracted and correlated with the actual moving distance of the displacement platform. The calculated relationship between pixels and
actual spatial distance was determined as 2.65 um/pixel in the air, as depicted in Fig. 5(d). The spectral data in Fig. 5(c) was further
Gaussian fitted and multiplied by the above obtained relationship to determine the maximum and minimum axial resolutions in the air
of the system, which are 4.14 and 2.72 pm, respectively. The axial resolution change curve remains relatively stable within the
imaging range, as demonstrated in Fig. 5(e). Additionally, the sensitivity change curve [Fig. 5(f)] was realized by connecting the data
peaks in Fig. 5(c) with a polygonal line. To evaluate the practical application of the spectrometer in mouse retina imaging, 1000 B-
scan images were collected at the same position using the OCT system. Each B-scan comprised 1083 A-scans, with the A-scan rate
of 100 kHz. The acquired image data were then aligned, averaged, and contrast-enhanced using ImageJ. The mouse retina OCT
images are presented in Figs. 6(b) and 6(c). To analyze the retina’s structure, the profile of each retinal layer was obtained by
averaging the image in the horizontal direction, as depicted in Fig. 6(d). Based on this profile, the thickness of each layer of tissue was
measured. The comparison results for the thickness of each layer of the mouse retina are detailed in Table 2, demonstrating the
successful implementation and performance of the spectrometer in mouse retina imaging. As a result, valuable insights are provided

regarding the retinal structure, with potential application in further research investigations.

Conclusions To address the demand for high-resolution imaging of the mouse retina in basic science research, a specific SD-OCT
system was designed and constructed. The system is based on a customized broadband spectrometer. Herein, the design process of
the spectrometer is introduced comprehensively, and an alternate optimization approach to its calibration is proposed based on a few
key performance metrics. A notable advantage of this calibration approach is that accurate calibration of a spectrometer is achieved
without relying on a standard light source. This streamlined process significantly simplifies the calibration procedure, making it more
efficient and cost-effective. Overall, the method offers a practical and convenient solution for optimizing OCT systems. In
conclusion, the SD-OCT system presented in this paper, with the custom broadband spectrometer and novel calibration approach, is
a practical and convenient tool for achieving high-resolution imaging of the mouse retina in basic science research.

Key words medical optics; optical coherence tomography; spectrometer; calibration; retinal imaging
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