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Abstract Polarization aberration will affect the accuracy of polarization measurement and the polarization imaging effect
of an off-axis optical imaging system, and thus it is necessary to calibrate and compensate for it. On the basis of three-
dimensional polarization ray tracing, this study analyzes the polarization aberration of the coded super-resolution off-axis
optical imaging system with a digital micro-mirror device (DMD) in different fields of view and proposes a method of
polarization compensation by adding a linear attenuator (LD) and a linear retarder (LLR) in the optical path near DMD. The
calculations indicate that the maximum diattenuation and the maximum phase retardance introduced by the DMD surface
are 1.43X107° and 9.52X 107" rad, respectively, while the maximum diattenuation and the maximum phase retardance
introduced by the overall optical system are 2.32>X107° and 1.55X 107" rad, respectively. Hence, the polarization
aberration introduced by DMD accounts for more than 60% of that introduced by the whole system. Then, this paper
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compares the polarization aberration distributions, Jones pupils, and polarization imaging simulations of the overall optical

system before and after polarization compensation. The results reveal that after an appropriate weak polarizer is used for

compensation, the diattenuation and phase retardance are reduced by about a half, with the Jones matrix close to the unit

matrix and the crosstalk phenomenon in polarization imaging alleviated significantly. It can be concluded that DMD

introduces severe polarization aberration, but the utilization of the LD and LR in the optical path near DMD can simply and

effectively compensate for the polarization.

Key words imaging systems; polarization aberration; digital micro-mirror device; Jones pupils; weak polarizer
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Fig.1 Optical system structure diagram
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Table 1 Parameters of optical system

Parameter Value
Wavelength /pm 3.7-4.8
Field of view in x direction /(") 4.23
Field of view in y direction /(°) 3.38
F number 2.25
Focal length /mm 147
DMD array size /pixel 12801024
DMD pixel size /pm 10. 8
Detector pixel size /pm 17
Detector array size /pixel 640X 512
Dynamic range of detector /dB 29

2 MTF &
Fig. 2 MTF diagram
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Variations of amplitude and phase reflection coefficients for r, and r, with incident angle. (a) Amplitude reflection coefficient;

(b) phase reflection coefficient

TR SRR AR TGS AR G A S A A D i R
SRR, 2 R

2 ‘ 2

‘rs —‘r},

o Tmax - Tmin o
Tmax + Tmin

, (2)

nf
A s T T 20 590 2 06 27 28 58 Y fie K A B /N o5 2
o

FEAE S 3R AR T AR Qi 4 25 2 ] B A7 2% , Al 5
Xy

0= G — b= — ¢, . (3)
S s oo 5 B N2 B G /N A DR 5
BT . 76 A o 83 I 75 5 590 e D R 34 e
3 AR £
3.2 RIRGEERES
e 5 10 B 4 Ve 28 36 8 S B T 4 TS0 A e 5 9
O, M R 20 I R 163 8 T v o
R R G RRI222 7, I 3] A4 B (L 48 5
6 A BT A A TR = A B L O X R Sl
1T = ARG 28 3 .
1A F G, DMD T 55 50— WA T 6 4,
T 1A G 86025 1, L0 T 5 4 T A T A R R
DMD 2 7 9 A5 15 5 565 628 0 1] 4 B 7% , A b Bt J5E 4
G F AR L. ASPER TR b, (FhRg %
TR T TE G2 R 0T ), T A5 o

K ko AT s Fp 43550 58 s, R P58, Py s
PR T APRR . HEBEZNE, BT DMD AT
RGN — USRI, R [ AN [RGB A b 1 D 4 A
%) DMD |9 B2 45 A AR, W42 4% A3 51 AR TRR
ANFITT 1 A O PR 15 25

WAE B Ak bn b (d,,d,) , AJTTE
DMD 555 i i g A bk Chy hy) o G0 EL 4 B
N SEPRfEH DMD B BB RS A B X AL L
PEAT I B, S BT R ZS , DMD By 35 B A EE 0 7% 40
A 45"/ Je f o DMD Ab F FF RS B, S 58 28 L
b T 5 5% 1275 4b T ISR A B, BBE 28 L bt i AT e %
127, OB 2 B 2R & i AR 25 o 33X FL AL
IF 7% S BE 4= 0 b F P IR A& T B0 IR 158 25 I R 1S
. DMD FAE — 3B i ik & AE 2 Jm A bR & T A 3R

IR H
n,
Mpup — | 71, | »
n.

A in,=cos 102°,n,=cos 90°,n.=cos 12°, JLTE%
O S 8 L BT, e R AL 4% T 1) B AR S A R R

(4)

1—2n* —2nn, —2nn.
H=|—2nn, 1—2n° —2nmn. | (5)
—2n,n.  —2nm, 1—2n, :

Wl 4 i, B W B B9 B EE R f, U S 7E DMD
O BRI R B &, AT RN N

o - . . . .. 1611001-3 . .
(€)1994-2023 China Academic Journal Electronic Publishing l]]ousc. All rights reserved.  http://www.cnki.net



E 425 £ 16 H1/2022 F£ 8 A/ RFFI

4 DMD # i fii & 't S 5 7 =214
Fig. 4 Schematic diagram of polarized light reflection on surface of DMD
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(e)(d) diattenuation of total system
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Table 2 Maximum values of diattenuation and retardance at

DMD surface and exit pupil in typical fields of view

Maximum Maximum retardance /
Surface diattenuation /10 * (10~ rad)
(1,—1) (—1,1) (1,—1) (—1,1)
DMD 1.43 1. 36 9.52 9.05
Exit pupil 2.32 2.92 15.5 14.7
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Fig. 7 Retardance of DMD surface and total system in fields of view of (1, —1) and (—1, 1). (a)(b) Retardance of DMD surface;

(c)(d) retardance of total system
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Fig. 9 Polarization aberration distributions of weak polarizer. (a) Diattenuation of LD; (b) retardance of LR

10 & LD . LRAMEG Y R SRR 22 500 B o (a) Z ) 323605 (b) AH A7 ZE3R

Fig. 10 System polarization aberration distributions after LD and LR compensations. (a) Diattenuation; (b) retardance
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Fig. 13 Stokes vector diagrams of object plane and image plane when horizontally polarized light is incident
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Table 4 Accuracy of system polarization information acquisition at different wavelengths
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Wavelength / . . e . . . e . 5 . e
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m

# of S, /% of S, /% of S, /%

3.7 0. 966 0.985 1.9 0.045 0.021 2.4 0.034 0.012 2.2

4.25 0.978 0.996 1.8 0.036 0.014 2.2 0.021 0.001 2.0

4.8 0.982 0.999 1.6 0.025 0. 005 2.0 0.015 0.001 1.4
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