W46 % 8 2/ M Fx % W Vol. 46 No. 8
2025 4F- 8 H Chinese Journal of Scientific Instrument Aug. 2025

DOLI: 10. 19650/j. cnki. cjsi. J2514042

ETHRFR-BETHEESMHLHRN
MERIRGENEHER

%_&%I,Z,}A , 71:13 Ei;‘%l 2,3,4 , ‘g %37%1,2,3,4

(L. BRSBTS Y I 56 TR FE 210044; 2. B 5 B TR RSEITHE KT 56 a5 B R A1

BRASLERE M 210044; 3. Al B LK RAOEBREN S G AR A ERHE SR ST %A Mal 210044,
4. i a g B TR RSEILHIA RO R AR TR o M 210044)

4

~¢

T8 RN KR TS PR S AR R UL AR G RGN Wk e R — 8 R IR 1R 22 , B R AR R R R S
ASPCIRIRASARSE . BUA RG22 H AR — B BN & 24, WA, FOREBAL, EEXT b a8, 52 T AR R 206
AT, R A4 53 D 0 2 B AR DA ZR R 63 0 R 3 00 A BTSRRI B 1Y Jomes SR BRAR RS 2405, B 58, JTOR4kGE
I S AT S B ST T A TSR A RO A I AN TR 1 7 AR SR A s VR A R R T o Bt Ak ) R 3E
AR HE SR B T REIR A RSk e sr 1 R A 3l i Ak FRAE R IRAR 221 Zernike 2703 R EMHAS F0N -5 H 4558 FE 43
R Z 18] 22 de /M, SEBR 24 RGBT Jones ZE B 1 SO 5 TR, S FHUERHINN T 45 58 MR 15 22 AR R ) S I 45 2R, Jones 4 FF
TER RS BhER & B R E< 107 s 5m , S8l & 7 i S SUETLE B B MR IR IR 25, RIE T Zernike 23054
FA BN H AR AR 3, IR S SL A AR TR R A BER RE S A KA B B R IR 1R 2, HLHAT 2544 A
B BRI E RS, A N R BB AL 2 R G s A I i — AN AR T

KSBIA : MARAR S s AHO B R BT REORAL s B0 T R IFATIHER; Jones S B4

FESES: THT41. 4 XERFRIRES . A ERIEERSFEKED . 460. 4035

Measurement of polarization aberration of a high numerical aperture objective
based on hybrid particle swarm optimization and gradient-descend algorithms

Pei Shixin"*** ,Zheng Gaigel'z’3‘4 ,Cao Zhaolou'***

(1. School of Physics and Optoelectronic Engineering, Nanjing University of Information Science and Technology, Nanjing 210044,
China; 2. Jiangsu International Joint Laboratory on Meteorological Photonics and Optoelecironic Detection, Nanjing University of
Information Science & Technology, Nanjing 210044, China; 3. State Key Laboratory Cultivation Base of Atmospheric Optoelectronic
Detection and Information Fusion, Nanjing University of Information Science & Technology, Nanjing 210044, China; 4. Jiangsu
Engineering Research Center for Intelligent Opioelectronic Sensing Technology of Atmosphere, Nanjing University of
Information Science & Technology, Nanjing 210044, China)

Abstract : Due to the effects of coating, material birefringence, and internal stress, polarization aberration is ubiquitous in high numerical
aperture (NA) optical systems. In this case, the imaging quality is highly dependent on the polarization of incident light. Conventional
methods to characterize the polarization aberration suffer from complex systems and measurement inconvenience. To address this
problem, a back-and-forth optical setup is proposed to measure polarization-resolved wavefront and reconstruct the Jones matrix of the
objective in this work, which helps reduce the system complexity. Firstly, a numerical model based on the ray tracing method and scalar
diffraction theory is established to simulate intensity distributions of focused light fields at different axial positions. Secondly, the problem
of wavefront retrieval is transformed into an optimization problem, and an inverse model is formulated for retrieving the Jones matrix

utilizing hybrid particle swarm optimization and gradient descent algorithms, where the deviation between modelled and target intensity
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distributions is minimized by optimizing the coefficients of Zernike polynomials accounting for the polarization aberration. Thirdly,

numerical simulation is implemented to examine the model accuracy under predefined polarization aberrations, showing a good agreement

between reconstructed and target Jones matrix elements with retrieval errors less than 107°.

Finally, experimental measurements of

polarization aberration are performed on a commercial high-NA microscope objective to retrieve the coefficients of Zernike polynomials,

where modelled intensity distributions agree well with the target. Theoretical and experimental results demonstrate that the proposed

algorithm can effectively retrieve the objective’s polarization aberration with the advantages of a simple configuration and user-friendly

operation. It is anticipated that this work provides a novel technical approach for manufacturing and characterizing high-NA optical

systems.

Keywords : polarization aberration; phase retrieval ; particle swarm optimization; gradient descent; parallel computation; Jones matrix

0 35l

T

TCR LKA E A 297 o S i, 52 S 5 AR S bRk
XU 45 D B , 35 53 I S0 AR RS e iR A 3 )
FIDCEH 75 m AU FLAR 5 R G SR (fRIE 4R
85 Z B ASHCARE A 8 2E R, 5 207 A e R 15 22
CA S H XD Rk Y gk
SEARFZERDE S R G IRAR 22 RO FFTEBEAT T 05 704,
FWI i (82 T RE S BT Sk IR B it T R, o5 — i,
FEARETE R R GE ™ TS M 2 R AR 45T BRI
Py PR P A R P i DR £ 22 T RE S S50 A O 4k
PERIN R IO 22 DR s ) i e BB LA R e
TRIRAR X RO RERTEREA EZMEN . H51E
GG ZEANIR] , F R 1 e /D — Fof G S0 Y 114 i 91 150 2 0
Jrik,

AR D P A5 22 DN 2 1) S P R, SR B i T 2 A
fipdi g, T RIRIRZESRE Tt RERE 5>
A, BRI SR A0l b BRIV AT R A DI~ 22 48 vh i iR 15 22 B4
R, (H B AL 2 R R AT T A PR 4%,
T B P T A R0 25 0 6 DA] b — MBS A P 44 K
BRUT FORORL Y DG BRET T S GOR GRS LU R Y
23[R0 B AR A 48 3R £ 0637, R4 0 37 56 B 1) = 4 73 A1
BIRIZIT RN B, LS B Ik ] 75 05 8 2 40 K
BTSRRI R (37 1R 25 AT RES | A DN £ 1% 2% , HLAR B 5 JEE
AR B R R AR 1 IR S AL A B TR 430
HOLZIY B , AT O TR, BRI T ARAT B L2 45
18 T T OB R BSR4 25 22 1)
6 Z , HE R FRAE S B R 221 0T 1/ e 2
JEE LA R I IR HOGZ0 e 4k BRI i) i
P ETIABOMARE . A 3 5 th AR P 8t e
KA T IR 8 A S8 2l T W T A AR BRSO TR
FEGRIE A 7 A IR , T S B 22 1 e R e I T L
IR S AL AR A ] 23 B R R, T O ik MG i =%
TR BAFIMDCHR RS, a5 2% . AU FOLIR,
AT AR O % AT I A B S A B X AL

RAE PRI B0, CER T I 4 WY i B
o, JGRE AL T A A i B A S, SCER [ 18 ] 4l A2 )
FE PRI i 1 0 0 D PR R, AR T s 5 p DR
JCEST R B IRIE S5 AL 22 5

BT B iR KRR LA ) 5 i A 5 22 I A A B ()
R AT 3R AR IR ZOG B b B TR REIUAL ( particle
swarm optimization, PSO) KR T S v 8 i ' 5 )
PRI AL R, 3 1 AR5 ) B2 1Y Jones #E 4 B AT 45
a7 o AR | B S B A R A5, AT R R o v B ALAR DG
FRGN P f M R R T R

1 LWHEE

ACHIFFE I ki 4 15 22 f ) ) 592 62 A1) 1 I
PR e R P 232 R

B
; FH T
Ybia

(B8 L,

x T I —
4() : / Em=
Y, z I*
Rt mE a0t AR S HIBL
B

[SEF ey g8t
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