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Fig. 1. (color online) The principle diagram of the optical system.
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Fig. 2. (color online) The schematic diagram of WP.
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Table 1. The table of initial parameters.

Pn =Tn —To, (5)
Wk i W kE
& /mm % /mm i /mm RMS = \/p%+,0%+p§+-~+p%, (6)
1 84.0 5.8 KF9 8.3 . B
) v 150 i, ro F 7 FELAR AR I 3 BLBE AR 0 RUEIARBR, 7,
\ i o T, T3, ++0, T 23 RN IRHEURE B & A R AR AR,
' ' RMS 1248 R Vs B 7 i 42, Btk itz
4 42.1 11.9 LAKN12 7.1 N 1ir v ML N
JE L1 FR AR BRI R B K.
5 —84.1 10.6 7.6
TS DIFF. LIMIT B
6 24.1 103 N-PSK57 8.0 [ o000 D i
1.0 = T T : : -
7 —28.1 10.1 KAFS12 7.1 r e ———
08 \
8 12.0 13.4 6.0
£ 0.6 4
= 0
9 44.6 8.9 LAFN23 9.6 B - e
#H 04r 1
10 —13.2 7.7 KZFS1 9.8 E i
11 524 10.8 10.0 021 ) ]
% 8.9 ) 18 27 36 45
ZE A /mm
B 3 itz 9 L1 W46 Vi i) 4% 326 2 % (MTF) 2k
&, R4k JE B L1 A% MTE 125, #0184 (a) B, T i
7E 41 45 Ip/mm, MTF H£E04%]0.7, HAWE d \\
MTF ih 2 3 — 3, ST iR, B3R R 1/
b 5 WA 4 (b) BT, M 6 0.1 mm T
i B LA P, WEAETE 0.5% BAW, L1 ¥ il 5 W AR (4 78
IG5 RGBT TR IR RGE FE A AL S 1 81
Kl 4 (c) B, 2B RMS s KME N 4.8 pm, il L IENEEE
NF- 5 P (4 76 5.5 . SO0 e 0500
TS DIFF. LIMIT (b)
TS 0.0000 DEC TS 5.0000 DEG
1.0 | s 30000 DEG OBJ: 0.0000 DEG OBJ: 3.0000 DEG g 4ge1
0.8 E] i
H 06f
g\( I IMR: 0.000 MM IMR: 2.624 MM
E 0.4 OBJ: 5.0000 DEG
= -
0.2
0 | | | | | {
0 9 18 27 36 45
I /mm SURFACE: TMA IMR: 4.387 MM
‘ Spot diagram
3 (MPIRM) L1 Y14 MTF i ©
Fig. 3. (color online) The initial MTF curve of L1. 4 (TR E) LU ZEREFITE  (a) ALEH
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Table 2. The initial parameters of L3.
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Fig. 5. (color online) The structure of polarization imaging system.
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Fig. 6. (color online) The MTF curve of whole system: (a) MTF curve of polarization state 1; (b) MTF

curve of polarization state 2.
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Fig. 7. (color online) The spot diagram of whole system: (a) Spot diagram of polarization state 1; (b) spot

diagram of polarization state 2.
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Fig. 8. The polarization map of whole system: (a) Polarization map of polarization state 1; (b) polarization

map of polarization state 2.
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Fig. 9. (color online) The ray fan of whole system: (a) Ray fan of polarization state 1; (b) ray fan of
polarization state 2.
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Fig. 10. (color online) The lateral color whole system: (a) Lateral color of polarization state 1; (b) lateral

color of polarization state 2.
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Fig. 11. The polarization imaging of whole system: (a) Polarization imaging of state 1; (b) polarization

imaging of state 2.
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Fig. 12. (color online) The field-curve and distortion of whole system: (a) Field-curve and distortion of

polarization state 1; (b) field-curve and distortion of polarization state 2.
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Table 3. The Zernike coefficient table of polarization

state 1.

B Zernike 2 T, Zernike FrifE R
1 2P cos 6 0
1 2Psiné 0.013
2 V3(2P2 — 1) 0.013
2 V6(P? sin 20) 0
2 V6(P?2 cos 20) 0.013
3 V8(3P3 — 2P)sin 6 0.008
3 V8(3P3 — 2P) cos 0 0
3 V/8P3 sin 30 —0.001
3 V/8P3 cos 30 0
4 V5(6P* —6P% 4+ 1) 0.01
4 V10(4P* — 3P?)sin 260 0
4 V/10(4P* — 3P2) cos 260 0
4 V10P4 sin 40 0
4 V10P4% cos 46 0

+ Aua'yt APy
+AN13j7k k, (9)

BT ZEMAX 45 5 4 i v 3K B A e 4 IR
A Zernike RE KA, RS H N K35 L4,
Zernike 2 I3 5 Seidel 14 22 A iff 12 X B K &R,
AT AR AR FE B R/, A7 3% oAb 3 AR 22 5
FIWT R Gtk PO fRE R 5 h Zernike RELS
Seidel 1§ Z FI0 B2 OG5 ELE A0 HT, 87 2 <2 B Al 41
BotE Rk B2 ARBL WAR S 0 22 1 40t
/AT 0.02, B ERIET S, 25 E, 2RGTTHIK
RIT 2GR 2= th 26 S b H S5 ARG &, %18
ZHUE/NT 0.02, B R GRG0 2 W T ESK.

F 4 WPRIRES 2 1) Zernike REH
Table 4. The Zernike coefficient table of polarization

state 2.

T Zernike Z Wi, Zernike FrifE R 5L
1 2P cos 6 0
1 2Psiné —0.017
2 V3(2P%2 - 1) 0.015
2 V6(P? sin 20) 0
2 V6(P2 cos 20) 0.009
3 V8(3P3 — 2P)sin 6 —0.006
3 V8(3P3 — 2P) cos 0
3 v/8P3 sin 30 0
3 V/8P3 cos 30 0
4 VB(6P* — 6P 4 1) 0.01
4 V10(4P* — 3P?)sin 20 0
4 V/10(4P* — 3P2) cos 260 0
4 V10P* sin 40 0
4 V10P4 cos 40 0
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Abstract

A real-time polarization imaging system employing the Wollaston prism and a single charge-coupled device (CCD)
chip covering a wavelength range of 400650 nm is proposed to avoid the false polarization information from dynamic
scenes in non-real-time polarization detection imaging method. An architecture consisting of telescope lens, collimation
lens, Wollaston prism, the imaging lens and a single CCD chip is employed in the system. The telescope lens is used
to focus the incoming light on an intermediate image. And after collimation, the beam is angularly separated by the
Wollaston prism. Two beams corresponding to ordinary light and extraordinary light are subsequently focused on the
CCD plane via the imaging lens. The telescope lens is designed to have a telecentric structure in the imaging space,
and the invert of which is used as the collimation lens, the completely symmetrical structure design is used to reduce
the influence of aberrations. More abundant details from this system can be obtained by using matched image post-
processing strategy, which is beneficial to high-quality target detection with enhanced working distance and improved
environment adaptability. After joint-designing and optimization, the system modulation transfer function value at cut-
off frequency is higher than 0.55, and the root-mean-square radius of the system is less than 5.3 um, which is smaller than
the pixel size of the CCD detector. Additionally, the lateral chromatic aberration of the system is much smaller than
the diameter of airy disk, and the absolute values of all kinds of aberrations are kept smaller than 0.02 at the same time.
The calculation results show that all the aberrations are mostly corrected. The system imaging is numerically modeled
and analyzed, and it is demonstrated that two intensity images with perpendicular polarization states appear adjacently
on the CCD plane simultaneously in the imaging simulation. One image is formed with the fraction of the backscattered
light polarized parallelly to the incident light, and the other with light polarized orthogonally to the incidence, indicating
that the expected design is accomplished. Compared with the traditional amplitude-split polarization imaging system,
the proposed real-time polarization imaging system shows that the improved performance for real-time detection with
promoted power efficiency, spatial resolution, and the light crosstalk in focal plane is well handled. Moreover, the joint
design of the whole system can compensate for the distortion aberration in the vertical direction of the CCD detector,
which means that a further improvement of image quality can be expected. The proposed system has a promising
perspective in the fields of underwater imaging detection, astronomical observation, remote sensing, biological tissues

inspection, and environmental monitoring.
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