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Abstract: The degradation of the detected wavefront during the propagation of the compensation optical
path in the interferometric compensation detection system inevitably introduces interferometric coherent im-
aging aberration, causing the instrument transfer function to degrade sharply in the high frequency band
and severely limiting the detection accuracy of interferometric compensation detection. In this study, an in-
terferometric coherence imaging aberration model is developed to reveal the degradation mechanism of
wavefront spatial frequency information caused by interferometric coherence imaging aberration. First, a
non-rotationally symmetric wavefront propagation theory is proposed to describe the evolution mechanism

of the non-rotationally symmetric wavefront. Second, the mathematical model of interferometric coherent

Wi B ER:2021-12-21;1&1iT H #5: 2022-02-07.
E&€WB : FREE KPS 5 H (No. 62127901) ; H 5 H AR 3 4 % 8135 H (No. 62075218)

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



1524 e K TR 55 30 %

imaging aberration is established by combining the hybrid analysis method of fine beam tracing and wave-
front evolution, and the numerical value of the FM function under the condition of non-rotationally sym-
metric secondary wavefront propagation is realized to further establish the function relationship between the
out-of-focus amount and wavefront distribution. Finally, the experimental verification of the model is com-
pleted using the interference compensation detection system. The experimental results show that the resid-
uals of the actual and expected values are less than 0. 05 waves, the symmetric mean absolute percentage
error (SMAPE) of the model is 8.26% , and the mean relative error (MRE) is 3. 35% ; therefore, the
proposed model has a better fit than the theoretical one based on Talbot effect and Fresnel diffraction analy-
sis proposed by the University of Arizona. The accuracy and predictability of the proposed model, which
is important for improving the detection accuracy of interference compensation detection, are verified.

Key words: optical test; interferometric compensation detection; subwavefront degradation; interfero-

metric coherent imaging aberration
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Fig. 1 Effect of interferometric coherence imaging aberra-

tion on detection results
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Fig.2 Out-of-focus model with non-rotation symmetry
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Fig.5 Schematic diagram of interferometric coherent im-

aging aberration model
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Fig. 6 Distribution of phase and amplitude of convolution kernel for Dirac sampling

T PR TR RO B L 1R T8 BURCR A
£ [e s, 40 P IO 3 o 30 AR 23 SR B oA A it
A1 R A bR R 3k 2, BRI DR 43T AR
B B HCSORARIE 3, DT AR PR GIE TH 50K B4 [R] s

ﬂK(I,y )dedy:%Tc Erf

Yot a

12 A )
/7]2' + 207
T

Horp oz HINKIrn & &, o b F 4 J7 10 & 4E
i, a R AR RST 28 98 B2, o 2R i 0T SR FE 19 SR A
WL, (20, 30) TR RAE LB AL AR AE
3.3 {FEWIE

TEAS BV EE A ) B FRUZ S |, 2 BCE 18 M 4(E
AT B G R . BROL B 5 2 =—0.1 mm,
2=0.1 mm,o=0. 01,15 2| F & B 9 HH A7 5 3
Wi B o A AN 7 B o 38 A WS R R, AR L AH
A7 B % 32 AR s 20, B R R 2 W 8y L X o 45
FRRZ ROST A AR 1 Ak 40

B T8 B Y BR R 2 Sy B — 2 T 5
FRURZ AR W8 04 43 A1, T LA AT LR P 91 s ke 46 B 35 A
B R o 45 B UBCHT 5 181 T A9 3R i 5 AR

Erf

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

JRA

RIE T 3F 5 o e 6 B 3R 08 A #E & 2
Rt P R 22 RO B2 UM 1 &5 28 | B i 7
I /N B TA) B ) I DR AIE T RORS B HE R R AR
A PR R & R E

Zo VO xota >
-
+ 26° )2 + 26°
T
+ Erf % (8)
ARy
s

RLHY 73 A5 A 8 Fr i (il T2 AN T7 1) 1E 22, A
7 J7 1] b AL 5 R R A EEAR O ) o R HE K
B, e SR R O X, DT A B8 AT S5 i i O A
f1% 2 B T 45 210 09 4507 1 20 A 1] LUAT 25 i 400 il
TR e A L, AT AR AU S PR 3 R
Jir S BRSSO o T R HOE SR 0 AR R
FEGS SR o0 A B 2N P 9 Fr s o 5 1A A 25 2R
—H HIBRHEERT TIRZ 8 TRIER LR
e ST fie 26 0k R HIOE XY e 307 AR 0 SR RE AR
S AR 14 08 B0 R B B(EL AR T T
3.4 THBEFHREGERESNT

o B B R IR AT A, D T A
O M 8 BRI RR AL 23 A 56 2, X e 18 Bk AT A7 1

http://www.cnki.net



1528 b= 55 30 %

P 7 o R 14 2 BB 37 45 IR W 114 20 A

Fig. 7 Distribution of phase and amplitude of convolution kernel for Gaussian sampling
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Fig.9 Phase distribution of integrated Gaussian sampling versus Gaussian convolution kernel results
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Fig. 11 Simulation results of sagittal and meridian directions
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ferent methods
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