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L: lens; I: aperture; S: light-emitting diode, LED;
Ss: super-luminescent diode, SLD; BS: beam splitting;
PBS: polarization beam splitting; PD: photodiode;

P: prism retroreflector; D: avalanche photodiode, APD;

Pre: pre-processing circuit; H: microlens array;

R: mirror: MS: motorized stage; PS: picture glass;
HS: Shack-Hartmann wavefront sensor PC: computer
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Fig. 1 Optical path diagram with integrated design of eye refraction and biological parameter measurement
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Fig. 6 Diopter measurement image
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Table 1 Analysis of diopter measurement of standard model eye

Diopter of standard model eye /D Mean = standard deviation ¢t value P value
—20 —19.93+0.17 0.875 0.431
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Table 2 Analysis of measured human eye biological parameters

and diopter
Parameter Sw TRT CoV /% lee
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A, /mm 0.015 0.042 0.060 0.999
K 0.020  0.055 0.256 0.994
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Table 3 Analysis of parameter measurement results of IOL

Master and experimental prototype

Mean =+ standard deviation ! P
Parameter
Prototype  10L Master 500  value value
A, /mm  25.294+1.23  25.361.09 —0.532  0.617
K 7.74+0.32 7.75+0.31 —0.261 0.807
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Abstract

Objective Myopia is a common eye disease that has reached an epidemic level of 90% among university students in China. It has
emerged as the leading cause of vision loss in Chinese adolescents. Myopia prevention and control have become a social concern and a
national strategy. Establishing refractive development files and predicting refractive error based on these data is one of the most
efficient ways to prevent and control myopia. There are many ocular biometric measuring instruments and optometers in the market,
but there are no devices dedicated to the data acquisition of refractive development files. Based on previous research, this study
combined interference, wavefront aberration, and image analysis to establish an integrated measurement system of ocular refraction
and biological parameters, mainly measuring parameters including the axial length (A,), corneal curvature (K), anterior chamber
depth (A,), and diopter. We hope to provide an integrated, automated, and intelligent data collection, storage, and analysis
platform for the refractive development of myopia prevention and control.

Methods An integrated system for the measurement of the ocular refractive error and ocular biometry consists of a Twyman-Green
low-coherence interference subsystem and a Shack-Hartmann wavefront sensing subsystem (Fig. 1). A super-luminescent diode
(SLLD), beam splitter (BS), prism retroreflector, polarization beam splitting (PBS), and avalanche photodiode (APD) compose the
Twyman-Green low-coherence interference subsystem. The SLD of the Twyman-Green low-coherence interference subsystem, lens
relaxed optical path, and Shack-Hartmann wavefront sensor form the ocular refractive error-measuring optical subsystem. The axial
length of the human eye was measured based on the Twyman-Green low-coherence interference system. Corneal reflex imaging was
used to measure the corneal curvature. Measurement of anterior chamber depth is achieved in combination with slit lamp and corneal
curvature measurement. The integrated design was applied in the optical system design and fused wavefront aberration analysis and
interference optical paths; the strict collimation SLD could be a shared source to achieve wavefront aberration analysis and eye-axis
measurement. Diopter measurements were calibrated using standard model eyes to ensure the accuracy of the measurement results.
The biological parameters of the human eye (A, , K, and A.y) and diopter (spherical and cylindrical degrees) were measured five times
for each subject using the experimental prototype and IOL Master 500, respectively. All statistical analysis were performed using
SPSS 25. 0 software. The repeatability of the experimental prototype measurements was evaluated using the within-subject standard
deviation(Sw), test-retest repeatability (TRT), coefficient of variation (CoV), and intra-group correlation coefficient (ICC). The
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measurement results of the experimental prototype and IOL Master 500 were compared to analyze their accuracy and consistency.

Results and Discussions Five volunteers were recruited inside the laboratory, and the operator measured the subject’s left eye
using the system experimental prototype and randomly showed the result of the eye axis length, radius of curvature, anterior chamber
depth, and images of the measured human eye on the wavefront aberration sensor (Fig. 3, Fig. 4, Fig. 5, Fig. 6). The quality of the
acquired images was good. The experimental prototype was used to measure the standard eye model with different diopters. The
results of the single-sample z-test showed that the significance of the P value was greater than 0.05 (Table 1), and there was no
difference between the diopter detection value of the experimental prototype and the standard value of the standard eye model,
indicating that the experimental prototype could ensure measurement accuracy. From the values of Sw and TRT, it can be deduced
that both the ocular biological parameters and diopter measurements have high repeatability. The CoV of eye biological parameters
was less than 3%, the variation in the axial length and corneal curvature was smaller (CoV is less than 0.256% ), and the ICC was
higher than 0.6, reflecting high consistency (Table 2). The Bland-Altman analysis of the eye axis length, radius of curvature, and
anterior chamber depth measured by the experimental prototype and IOL. Master 500 showed no significant difference (P>>0.05); the
difference range was very small, and the 95% consistency limit was —0.045-0.056 mm, —0.037-0.056 mm, —0.534-0.355 mm,

respectively, and all the measurement results were within the consistency interval (Table 3).

Conclusions In this study, we designed an ocular refractive and biometric measurement system based on the Hartmann sensor and
low-coherence heterodyne interference. Following previous studies, a standard eye model was used as the calibration sample to
observe the diopter measurement results of the system. From the result analysis, it can be concluded that the results of this prototype
measurement were highly consistent with the I01. Master 500 measurement results, and there was no significant difference in the
results. The results showed excellent consistency of the ocular biological parameters and refractive measurements obtained using the
integrated experimental prototype and IOL Mater 500. With the development of technology, it will be possible to provide special
refractive file data acquisition for the prevention and control of myopia. In the future, we hope to provide an integrated, automated,
and intelligent data collection, storage, and data analysis platform for refractive developmental files for myopia prevention and control.

Key words medical optics; myopia; ocular biological parameters; diopter; interference; wave aberration analysis; integration
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