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High-precision deep learning-based single-frame interferometric
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Abstract: Parallel plates, as typical transmission optical components, are widely employed in optical de-
tection, semiconductor manufacturing, and defense applications. Their optical homogeneity has a signifi-
cant impact on overall system performance. However, existing high-precision measurement methods face
challenges, including difficulty in decoupling interference aliasing, time-consuming multi-frame acquisi-
tion, and limited capability in suppressing environmental noise. To address these limitations, a high-preci-
sion, deep learning-based single-frame interferometric decoupling method for measuring the optical homo-
geneity of parallel plates is proposed. First, a mapping model between aliased and single-sided interfero-

grams is constructed to decouple the single-frame aliased interferogram, enabling the retrieval of single-sid-
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ed interferograms for the front and back surfaces and effective separation of interference fringes. Subse-
quently, a virtual phase-shifting reconstruction is performed to generate a sequence with equal phase-shift
intervals from the single-frame interferogram. In combination with the conventional five-step phase-shift-
ing method, phase extraction and surface profile reconstruction are achieved, enabling high-precision evalu-
ation of optical homogeneity. A two-stage convolutional neural network is developed, in which the first
stage performs the mapping from aliased fringes to single-sided fringes, and the second stage generates the
five-step phase-shifting sequence and reconstructs the surface profiles of the front and back surfaces. In ad-
dition, a deep learning-based single-frame interferometric decoupling experimental system is established
for optical homogeneity measurement. Experiments conducted on @75 mm and @50 mm parallel plate
samples demonstrate that the proposed method yields results in good agreement with those obtained using
a ZY GO interferometer, with absolute deviations on the order of 10~ 7. The proposed approach enables
high-precision and rapid measurement of optical homogeneity using only a single-frame aliased interfero-
gram, providing an effective solution for high-throughput and in situ inspection of optical components.

Key words: parallel plates; optical homogeneity; deep learning; interferometric decoupling; high-preci-
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Tab.1 Comparison of surface profile results between pro-

posed method and GT value

Error  Proposed method GT value Deviation
PV 0.0722 0. 0842 < 7.6 nm
RMS 0. 0254 0.016A 5.7 nm
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Fig.9 Optical homogeneity measurement results of @75 mm circular parallel plate
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Tab.2 Optical homogeneity results of three methods for @75 mm circular parallel plate

Proposed method Traditional five-step PSI ZYGO Deviation with ZYGO
Homogeneity 2.93X10°° 3.59X107° 3.17X10°° 2.4X1077
Homogeneity RMS 4.41X10 7 4.39x10 7 4.32X10°7 9x10 "7

N HE— 25 B AR Sy ¥R RS ) 148 R i 1
T IR 5 — b 2R B @50 mm [RE K il A
Y47 MR AT AN SRS o RS @75 mm
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Fig. 10 Optical homogeneity measurement results of @50 mm circular parallel plate
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Tab.3 Optical homogeneity results of three methods for a @50 mm circular parallel plate

Homogeneity Proposed method Traditional five-step PSI ZYGO Deviation with ZYGO
Value 4.07X10° 4.30x10° 4.40X10° 3.3X10 7
RMS 6.63X10°" 5.49X10°7 6.08X10°" 5.5X10°°

Oy it — A S UE AR SCT7 1 B 0 A R X
D75 mm K Fil A7 TP AT S HRBEAT TR B A A

o EMFEIRE AT, BEFE 2 min R4 — KA
TR 5 T o IR, R A 10 4 ik S AR AR, 43 0l 3 it
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Tab.4 Repeatability test results of optical homogeneity

of proposed method for @75 mm circular parallel

plate
Test Homogeneity  Homogeneity RMS
1 2.91X10°° 4.38X10°7
2 2.95X107° 4.45X10°7
3 2.89x10°° 4.40X1077
4 2.93X10°° 4.36X10°7
) 2.90X107° 4.42X1077
6 2.93X10°° 4.41X1077
I 2.89X107° 4,37X1077
8 2.92X107° 4.41X1077
9 2.93X107° 4.38X1077
10 2.91X10°° 4.40X1077
Repeatability 2X107° 2.6x107°
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