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Fig. 1 Principle of optical path scanning
The red line is the light path diagram of the light in the delay line, the
black line is the optical delay line.
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Fig. 2 The relationship between the optical path length of the delay line and the side length and refractive index

(a) Side length is 45 mm, refractive index is 1.5. (b) Side length is 55 mm, refractive index is 1.5. (c) Side length is 45 mm, refractive index is 2.3.
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Fig.3 The relationship between the interference frequency of the delay line and the speed, side length and refractive index
(a) Refractive index is 1.5, side length is 45 mm, rotation speed is 1.5 1/s. (b) Refractive index is 1.5, side length is 45 mm, rotation speed is 2.5 1/s.
(c) Refractive index is 2.3, side length is 45 mm, rotation speed is 2.5 1/s. (d) Refractive index is 2.3, side length is 55 mm, rotation speed is 2.5 1/s.
(e) Refractive index is 2.3, side length is 45 mm, rotation speed is 1.5 r/s. (f) Refractive index is 1.5, side length is 55 mm, rotation speed is 2.5 r/s.

Table 1 The influence of the refractive index, side length and speed of the delay line on the interference frequency

Chart Refractive index ~ Side length  Rotating speed Minimum Maximum Center frequency ~ Bandwidth/MHz
/mm J(x-s7h) frequency/MHz frequency/MHz /MHz

(a) 1.5 45 1.5 0.64 0.85 0.745 0.21

(b) 1.5 45 25 1.07 1.42 1.245 0.35

(©) 23 45 2.5 1.65 1.70 1.675 0.05

(d) 2.3 55 2.5 2.02 2.08 2.05 0.06

(e) 23 45 1.5 0.99 1.02 1.005 0.03

) 1.5 55 2.5 1.31 1.74 1.525 0.43

The letters in the first column represent the graphs in Figure 3.
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Fig. 4 Principle of corneal curvature measurement

(a) Schematic diagram of optical path for corneal curvature measurement. (b) The detailed light path schematic diagram of the red line and dotted box

in (a).
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Fig. 5 Device diagram of eye optical parameter measurement system
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Fig. 6 Schematic diagram of corneal curvature positioning

(a) Schematic diagram of the positioning of the corneal apex to the target ring. (b) Signal diagram of the initial interference position and the

interference position at the apex of the cornea.
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Fig. 7 30 mm eye axis length signal diagram

(a) 30 mm eye axis length signal diagram. (b) The original signal is band-pass filtered and then Hilbert is used to extract the envelope of the signal,

and low-pass filtering is used to remove burrs to obtain a pure interference signal. (c¢) Dispersion-free compensating fiber interference signal.

(d) Interference signal using dispersion compensation fiber.
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Fig. 8 Standard analog eye axis measurement length
(a) Experimental measurement data with an eye axis length of 15.000 mm. (b) Experimental measurement data with an eye axis length of 19.998 mm.

(c) Experimental measurement data with an eye axis length of 30.008 mm.
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Table 3 Comparison of the axial length measurement

results of our system and the LS900
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4 24.03 24.63 23.59 24.62

Table 2 Comparison of the axial length measurement The first column represents the numbers of the four volunteers.

results of our system and the Zeiss IOL Master
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Table 4 The radius of curvature of 20 groups of standard

Fitted standard part ellipse

h

N 7

g7 iy
LED target j .
ring \-/

Fig. 9 Fitting of LED target ring
(a) Fitting the human eye. (b) Fitting standard parts.

parts with a radius of 8.005 mm

Serial number ~ Measurement | Serial number ~ Measurement
/mm /mm
1 8.003 2 11 8.000 5
2 8.003 4 12 8.002 6
3 8.002 7 13 8.002 3
4 8.000 0 14 8.003 3
5 8.003 3 15 8.003 6
6 8.001 6 16 8.004 9
7 8.001 3 17 8.004 7
8 8.003 5 18 8.001 0
9 8.002 2 19 8.003 6
10 8.002 0 20 8.003 2

The mean and variance of the 20 groups of data are 8.002 6 and

1.676 29x107°,

Table 5 The corneal curvature radius of 20 groups of

human eyes
Serial number ~ Measurement || Serial number ~ Measurement
/mm /mm
1 8.4070 11 8.408 6
2 8.399 8 12 8.4020
3 8.402 9 13 8.4052
4 8.400 6 14 8.3929
5 8.407 7 15 8.403 3
6 8.400 2 16 8.3942
7 8.407 6 17 8.4013
8 8.406 7 18 8.3992
9 8.397 1 19 8.4059
10 8.403 6 20 8.3970

The mean and variance of the 20 groups of data are 8.402 1 and

2.082 36x107™
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Research on Measurement of Optical Biological Parameters of Eyes Based on
Low-coherence Light Interference’

HU Ji-Ye", CHEN Long", HUANG Li-Yuan", DING Wen-Zheng", HUANG Ming-Bin®,
ZHANG Hao”, ZENG Ya-Guang", TAN Hai-Shu"”

("School of Physics and Optoelectronic Engineering, Foshan University, Foshan 528000, China;
ISchool of Mechatronic Engineering and Automation, Foshan University, Foshan 528000, China)

Abstract Objective The axial length (AL) and the corneal curvature radius (CR) in the optical biological
parameters of the eye can be used as two important parameters for the prevention and monitoring of ocular
myopia. In order to improve the speed and accuracy of measuring the length of eye axis and to achieve high
precision of corneal curvature simultaneously dynamic measurement. This paper proposes a system for measuring
optical biological parameters of the eye based on low-coherence light interference technology. Methods The
system uses a rotating optical delay line to quickly change the optical path of the reference light, and uses a
standard part with a curvature radius of 8 mm to calibrate the vertex of the human cornea to the distance between
the target ring and the interference signal of the cornea trigger the camera and the data acquisition card to achieve
synchronous acquisition, thereby realizing rapid measurement of the axial length and precise positioning of the
distance between the target ring and the corneal vertex, while ensuring the magnification of the imaging system
constant and real-time data collection. Results Experimental results show that this low-coherence optical
interferometry system can measure the axial length and corneal curvature radius in real time. The axial length
error is less than 40 um, and the human corneal curvature radius variance is 2.082 36x10~ um. Conclusion The
system measures AL and CR quickly and accurately, which may play an important role in the prevention and

monitoring of myopia.

Key words optical biological parameters, axial length, corneal curvature, low-coherence interference, axial
length, corneal curvature radius
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