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Abstract A fiber bundle monitoring system appropriate for test conditions is devised and implemented to assure the
stability of the state transfer of electrical and electronic equipment in radiated immunity tests. Components such as the
objective lens, fiber bundles, conversion lens, and charge coupled devices compose the majority of the system. The
monitoring system’s objective lens is designed and optimized using Zemax in conjunction with fiber bundle specifications.
The design results show that the optical modulation transfer function value of each field of view of the objective lens is
greater than 0. 8 at the spatial frequency of 36 Ip/mm, image area fits the fiber bundle size, and telecentric optical system
in image space meets the criteria. The technical indicators of the processed objective lens are in line with the theoretical
design, according to the performance test. The imaging experiment is conducted using the fiber bundle monitoring system,
and the depixelation processing is achieved using the Gaussian filtering technique that improves the monitoring system’s
video transmission quality, and the system’s anti-electromagnetic interference ability is demonstrated by the radiation
immunity test.
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Fig. 1 Schematic diagram of the fiber bundles monitoring system
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Fig. 2 Fiber bundles of rectangular cross-section. (a) End face of fiber bundles; (b) one hundred X under microscope enlarged image of

fiber bundle end face observed; (c¢) five hundred X under microscope enlarged image of fiber bundle end face observed
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Table 1  Design requirements of objective lens
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Table 2 Structural parameters of objective lens

Radius /  Thickness / Semidiameter /

Parameter Value
Wavelength /nm 486,587,656
Image size /mm 8

Angle of view /(%) 76
Relative illuminance =>0.8
Telecentricity /(°) <1

F number 4

MTF at 36 Ip/mm >0.8
NA <0.6
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Surface Material
mm mm mm
OBIJ Infinity 1000. 000 - 790. 493
1 38. 566 1.000  H-LAF3B 9.113
2 11. 450 3.322 - 7.646
3 Infinity 1. 000 H-LAF3B 7.533
4 17. 550 9.859 - 7.129
5 —23.920 3.000  H-LAK4L 7.439
6 —14.552 9.449 - 7.736
7 13.060 2.600 H-ZBAF50 5. 800
8 Infinity 8.622 - 5.440
STO Infinity 3. 066 - 1.228
10 —5.343 2.160 H-ZF6 2.107
11 14.522 3.000 H-QK3L 3.211
12 —6.685 0.150 4.000
13 49.420 2.400  H-LAK4L 4.643
14 —13.060 0.130 - 4.900
15 17.550 1.950  H-LAK4L 5.062
16 Infinity 9.296 - 4.983
IMA Infinity - - 3.983
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Fig. 3 Optical path structure of objective lens
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Table 3 Objective lens tolerance distribution

Tolerance Value

Radius /fringes 3
Thickness /mm 0.02

S+ A Irregularity /fringes 0.3

Decenter /mm 0.02
Tilt /(°) 0.05
Index 0.001

Abbe number 1
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Table 4 Distribution of MTF probability

Probability /% MTF of objective lens
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Table 5 Comparison of image evaluation index

Quality assessment Original image  Processed image

Mean 105. 480 106. 180
Standard deviation 19.778 21.922
Mean gradient 2.161 9.964
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