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Table 1 A Comparison of Pupil Size between the Human Eye and Selected Small Animal Models.

Species Pupil diameter (mm)
Human 9 gl
Mouse 1—2%
Guinea Pig 3.6540.08™
Rat 0.9—1.2""
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Fig.1 Comparison of 3D layouts between the traditional and the proposed sample arms for OCT. (a) Y-Z Cross-sectional view
of the traditional sample arm for OCT. (b) Y-Z Cross—sectional view of the proposed sample arm for OCT. (¢) 3D view
of the traditional sample arm for OCT. (d) 3D view of the proposed sample arm for OCT. (e) enlarged image of light
beam from the traditional sample arm for OCT. (f) Enlarged image of light beam from the proposed sample arm for OCT.
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Fig.2 Comparison of the pivot point positions in traditional and the proposed sample arms for OCT. Traditional sample arm: (a)
Y-Z section; (b) X-Z section. The proposed sample arm: (c¢) Y-Z section; (d) X-Z section.
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Fig.3 Comparison of simulated optical paths between the traditional OCT scanner and the proposed OCT scanner. Traditional

OCT scanner with Y scan pivot point coinciding with the pupil plane: (a) Y-Z section; (d) X-Z section; (b) and (e) are
magnified views of the pupil vicinity from (a) and (d) , respectively; (c) is the spot diagram at the retina. Traditional
OCT scanner with X scan pivot point coinciding with the pupil plane: (f) X-Z section; (i) Y-Z section; (g) and (j) are
magnified views of the pupil vicinity from (f) and (i), respectively; (h) is the spot diagram at the retina. Proposed OCT
scanner with pivot points coinciding with the pupil plane: (k) X-Z section; (n) Y-Z section; (1) and (o) are magnified
views of the pupil vicinity from (k) and (n), respectively; (m) is the spot diagram at the retina.
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Fig. 4 The schematic diagram of SD-OCT. SLD: Super Luminescent Diode. PC: Polarization Controller. DC: Dispersion

Compensator.

F /NSl /0N B B LT S 44, 036 A AR A S R MRS e 8 A L I 5 B B TR R 37 (181 3 (), (h)) o
B 3Cc) iz, 24 Y MK Jalt it A3 T A5 AL A 15, X7 1) 459 4 A9 D' R by 7 AR 1 A i a3 i 25 it AL 5 5030 2 it
W32 07 1) B9 A RO G A 32 BR (e RO B A B8 27.57) T Y 5 1) 473 PR R 8 R 7 R (B RN A JEE 55.07) 5 )%
2,24 XM fh a5 AL T HR I AL AR IR Y T A 4 A G SRR S o A L B T 1) B K A A2 R (e RO £
14.57) , 10 X 75 1o A A8 R iy (e B A7 32 58.17) o PRIt , A Jih el 53 85 ) 1] L3 ol MR VS I AR R 37 T2 3 — T

0717002-6



AR A, 45 < B X/ S W IR I AR B9 624 A0 T2 T AR R 4

o) L@ o AHELZ N AR 47 & GE A 4 A B TH A JRCEE B i phe 1 IR, AN 3(k) - (o) i, il i 4f &
GEIH bR T IE 4 40 0 S AR 2 DA O RS L (A A O — p AR il R S AL B AR E S (B 3 (k) , (D),
(n), (o)), W PR G RE A% 8 i, fie 208 b 0 o8 B 19 02 AR 3 (5 045 31 B9 e RGO ff 56.0°, UL AT 3
(m)), S8 T St A B Al , AR A sl G 1 4% 00 D' TR Al P JBE 25 1)

DA card
Ao~ )

DC power '-”

9 Reference

H5 Fr#fE#ESD-OCT A A K ETHRAWH UM ARK LR KRG LR T E.(a) SD-OCT A HEZ S LA B (b)) ET
Fir % 43 45 U0 AR R R IR R R RS2 T &

Fig. 5 Photographs of the constructed SD-OCT system and the in vivo guinea pig fundus experimental platform based on the pro-

posed scanner. (a) Photograph of the core modules of the SD-OCT system. (b) In vivo guinea pig fundus experimental

platform based on the proposed scanner.
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Fig. 6 Comparison of 3D OCT volume-rendered image of guinea pig retinal. (a) 3D volume-rendered image obtained by the tra-
ditional OCT sample arm. (b) 3D volume-rendered image obtained by the proposed OCT sample arm.
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Fig. 7 Comparison of guinea pig retinal OCT imaging results. (a) OCT enface image obtained by the traditional sample arm. (b)
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green lines in (a). (f) OCT enface image obtained by the proposed sample arm. (g) - (j) OCT B-Scan images obtained
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Abstract: Purpose Small animal models are essential for ophthalmic research because they enable
controlled investigation of disease mechanisms and preclinical evaluation of new therapies. Optical
coherence tomography (OCT) is a noninvasive, high-resolution imaging modality widely used for in vivo
visualization of retinal microstructures. However, most OCT systems for small-animal fundus imaging are
adapted from human—eye platforms and do not fully accommodate the anatomical and optical characteristics
of small animal eyes. In particular, the much smaller pupil diameter of small animals makes wide—angle
scanning highly susceptible to beam clipping and field restriction. A major cause of this limitation is the
spatial separation of the pivot points associated with two orthogonal scanning directions in traditional
galvanometric scanners. This study aimed to develop a dedicated OCT scanner for small-animal fundus
imaging by integrating a 4f system into the sample arm to eliminate pivot-point separation and improve
pupil matching.Methods The optical characteristics of human and small-animal eyes were first analyzed,
focusing on pupil size and its effect on beam transmission during scanning. Then, two OCT sample—-arm
configurations were compared using optical simulation software: a traditional scanner consisting of a two-
dimensional galvanometer and a telescope, and a proposed scanner composed of two one-dimensional
galvanometers, a 4f system, and the same telescope. In the proposed scanner, the 4f system relayed the
beam deflections of the orthogonal galvanometers and mapped their pivot points onto the same spatial
location, thereby removing the pivot—point separation of the traditional scheme. Simulations were
performed with a Gaussian input beam, and galvanometer deflection angles were set within — 8° to 8" to
visualize beam propagation, pivot positions, and retinal spot distributions. For experimental validation, a
SD-OCT system was constructed. Comparative in vivo retinal imaging was performed in a guinea pig using
the same OCT platform alternately configured with the traditional and proposed scanners. The maximum
scanning angle of the proposed scanner was also estimated in air by geometric—optics measurement based
on beam displacement on a screen. Results  Optical simulations showed that the traditional scanner
exhibited a clear separation between the pivot points of the two scanning directions, with a distance of 5.8
mm. When one pivot point was aligned with the pupil plane, the beam corresponding to the other scanning
direction was partially blocked by the small pupil, resulting in asymmetric beam transmission and an
elliptical retinal field of view (FOV). In contrast, the proposed scanner successfully merged the two pivot
points through the 4f system, enabling the unified pivot to coincide with the pupil plane and maximizing
pupil utilization. The simulated maximum entrance pupil angle reached 56.0°. Experimental results were
consistent with the simulations. The measured full scanning angle in air was 56.7°. In vivo guinea pig
imaging further demonstrated the superiority of the proposed scanner. Whereas the traditional scanner
produced an elliptical field with limited retinal coverage, the proposed scanner generated a larger and more
regular circular FOV. The in vivo results further showed reduced edge truncation, alleviated signal cutoff
caused by pupil obstruction, and broader visualization of retinal structures. These findings confirmed that
the 4/~based design effectively overcame the field limitation induced by pivot—-point separation in traditional
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systems. Conclusion A dedicated OCT scanner for small-animal fundus imaging was developed and
validated by integrating a 4f system into the sample arm. By eliminating the separation between orthogonal
scanning pivot points and aligning the merged pivot with the pupil plane, the proposed scanner mitigates
beam clipping caused by the small pupils of animal eyes. Both simulation and in vivo experiments
demonstrated that, compared with a traditional scanner, the proposed system achieves a substantially
larger and more regular retinal FOV, with a maximum entrance pupil angle of 56.0°. This work provides a
practical and effective solution for wide—field OCT imaging of small-animal fundi.
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