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Abstract: In order to alleviate the inherent contradiction of existing deformable mirror (DM)-based adaptive
freeform surface interferometers, which can not take into account both large departure coverage and DM surface
monitoring, therefore, adaptive ring-cavity compensator (ARCC) was proposed, which can generate large
departure wavefront using DM deformation multiple times, and it had been preliminarily verified. Considering the
practical application of ARCC and the fact that most freeform surfaces in optical systems were low-order
aberration surfaces, the low-order aberration compensation characteristics of ARCC were verified and studied.
Firstly, the compensation capability of ARCC and TSRC (traditional single round compensator) for astigmatism,
coma and spherical aberration was compared by Zemax modeling. It was concluded that the ability of ARCC to

compensate astigmatism and coma were about twice that of TSRC, and the ability of ARCC to compensate
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spherical aberration was also significantly greater than TSRC, which verified the advantage of ARCC in low-

order aberration compensation; Secondly, the low-order aberration compensation of ARCC was studied, and it

was include that the aberration types on DM in ARCC structure was one-to-many or many-to-one with the

aberration types compensated to the tested surface. The results show that in practice, four low-order aberration

free-form surfaces are compensated and verified by using ARCC and TSRC respectively. Under the same DM

stroke variable, ARCC shows more excellent low-order aberration compensation ability than the TSRC.
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LPL: Linearly polarized laser

BS: Beam splitter

PBS: Polarization beam splitter

SM: Standard mirror

HWP: Half-wave plate

PI: Polarized interferometer
RP: Rotatable polaroid

Tested surface

ARCC: Adaptive ring-cavity compensator
TSRC: Traditional single round compensator
DM: Deformable mirror

PNO: Partial null optical

RPx, RPy: The x and y directions of the polarization gate of the RP, respectively
I,, L,: Monitored interferogram and tested interferogram before adaptive compensating, respectively
1,, L,: Monitored interferogram and tested interferogram after adaptive compensating, respectively
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Fig.1 Principle of adaptive interferometer. (a) ARCC-based adaptive interferometer; (b) TSRC-based adaptive interferometer
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Tab.1 Range of the each low-order aberration on the DM surface in simulation (Unit: 1)
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Fig.2 Astigmatism compensation capacity of the TSRC and ARCC. (a) Compensation astigmatism .X; (b) Compensation astigmatism Y
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Tab.2 Ratio of low-order aberration compensation between ARCC and TSRC
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Fig.8 Interferograms of 1#-4# freeform. (a), (d), (g), (j) are the initial interferograms when testing the 1#, 2#, 3# and 4# freeform surface without

aberration compensation, respectively; (b), (c) are the interferograms of 1# freeform when compensated by TSRC and ARCC respectively under

the same DM stroke; (e), (f) are the interferograms of 2# freeform when compensated by TSRC and ARCC respectively under the same DM

stroke; (h), (i) are the interferograms of 3# freeform when compensated by TSRC and ARCC respectively under the same DM stroke; (k), (1) are

the interferograms of 4# freeform when compensated by TSRC and ARCC respectively under the same DM stroke
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