Chinese Physical Society

%ﬂ *ﬁActa Physica Sinica

Institute of Physics, CAS

ETRIRNEEELRESE
E K

Polarization—based research on a priori defogging of dark channel

Huo Yong-Sheng

55 &, Citation: Acta Physica Sinica, 71, 144202 (2022) DOI: 10.7498/aps.71.20220332
TEZE RT3 View online: https:/doi.org/10.7498/aps.71.20220332
BHAPIZS View table of contents: http://wulixb.iphy.ac.cn

FEAT ARG HoAh S

Articles you may be interested in

ST HORE ) i PRICATM 1 04 T8 35 FBCH B AR
Broadband scattering imaging technology based on common—mode rejection of polarization characteristic

WIBEAEAE. 2021, 70(22): 224203 https://doi.org/10.7498/aps.70.20210703

FETFQ-plate 1 X EMEAE X FRm IR N2

Q-plate based dual image asymmetric polarization encryption

WIFIE4. 2019, 68(8): 084202  hitps://doi.org/10.7498/aps.68.20181902

HIG K T m IR AR 7 1%
Passive underwater polarization imaging detection method in neritic area

WyFREEAR. 2018, 67(18): 184202 hitps:/doi.ore/10.7498/aps.67.20180692

PR ARHOL T IR 5 L ANE e R GBS 0 b

Design and analysis of polarization imaging lidar and short wave infrared composite optical receiving system

PB4 2020, 69(24): 244202 hitps://doi.org/10.7498/aps.69.20200920

(R4 TR R OCHRIN AR A7 %
Recent progress in polarization—sensitive photodetectors based on low—dimensional semiconductors

YIBR2A4R. 2019, 68(16): 163201  hitps:/doi.org/10.7498/aps.68.20191002

AN A IRTT 1] 485 Al — SR

Core—cap heterodimer independent of polarization direction of excitation light

YIBR2A 4. 2022, 71(3): 037801  https://doi.org/10.7498/aps.71.20211381



) 32 2 3R Acta Phys. Sin. Vol. 71, No. 14 (2022) 144202

ETRIRNERELEEE

B AT

(bR, SRR 5 3l MR E R 90, R 030051)

(2022 4E 2 A 25 HUE]; 2022 4F 4 A 28 AU EIEHH)

T 3 e 6 25 55 1) P8O TS5 TR R FARRIN v SR B KA, (OB IR B 4UA, Jesr 4 L — Y
AN ECH F AR RAERCRE T R AR SCAE Bl 41 0T 49y B A f) SRRSO A e I A T e g 22 55 U ik b |
it 4% A7 50 9 5iR A ) 00 A 22 18] 9 B ARURE B2 . R 1 I G STE B 25 55 O U R R O S i R AR B BEE, O
S 8 e I P8 5 7 55 R ER IR 0T 7§07 0 09 F AR RAE DN BEBEAT 1 S B0 00iE. WFFE R W, 26 T D Ik A1)
M5 368 30 510 6 25 25 U5 1% RE A (R Inh AR O 1 A9 D0 5 i 4k 15 8., S G mlia el L % ik A T, AU BAR 59
S B i 9% 22 S BB 05 U] I 4l 412 3 X PO BEE . AT S 45 2R RIS T B ) i iR ISR A A FR e, S IR U 5 i
PRAF B SR I, HE— 20w 25 K H AR RN -5 SR AL A 2808

KA R, BEIE I %, HERRAE, IR EUN

PACS: 42.25.Ja, 42.30.—d, 42.30.Sy, 42.30.Va

1 3

BE 159 H 45 7™ SR PREE 1 2 Ak, 55 %
RALBUR R EFERIR | BRSO 4E L 725
RINGEEH, BN T B0 s B m -5 125 77
I) e LR RO, o AR 2R G B AR A 1 45 o o
%, EBGBALERS [ 565 i A5 SO LA 25082 i
SAEEE, AE A bR g 8 T —E R T
P =31 A e B N X AR R S, AT
ARG 55 ST R T i 2 TAE.

TEid LUHAER, AR T 2GR L%
Jrik. LS A T PG B T LR E Uy
AP, — PR R IEIR L2050k, xR
GEoR A B PG A 7 0 o w0 SR DA, B e TR R
. AECT ES A EOR BN AR R AR B L
Je He 25 M=101R I A9 1 R HOR. (AT ik i
FEMOBECT AL B, 22 KO IR R S BT | IX
SRS A GE AL, 1 RS PR BT SRy X sk — Uk

i

* K A RRHERAS (S 11847069, 62005251) B BYIHLE.

t BIE1E#E. E-mail: zbdx _hys@163.com
©2022 HEHEFS Chinese Physical Society

DOI: 10.7498/aps.71.20220332

it 5 —MREZRER LTk, W R R S
AT AZ IR BCR AR B, B ER IS S
EFERAZETTET, IR LS TTESAE] 5
Fen PR PR G e A AR T ik =17 HeH Schechner
S5 SR efid 1R AIR 25 25 05 I i JRURE TR S kA
TiZT7 T A i 5 S PR Y B, X TR
T AR IR REAR G B

ARSCEETERGE B L 55071k, HEhe
eI 1T, BSVPREF TP FE . 2T
15 3 1 5 6 1) 52 25 55 I8 ik DR AR R4
LSRR RtV (AL GG 1 e 46 2 55
Tk LOGsRAE BN, (G i3 SR AR AFAERS H iR
PEATHEIE, B LA BRI T2 k% HARRY
TR BRI R RE 10-22, JE B R e ) 3R, AT
A A B e, # e A A 5
PEBT (RIETES . SO, K E B AL
JCHE) BT BRE R ARIR, R iR BE A8 S 3 5
FIAREFE SRR 2.

B L_E ADEE, AR SCAS 5 (i oS 4 2L 1 Al

http://wulixb.iphy.ac.cn

144202-1


http://doi.org/10.7498/aps.71.20220332
mailto:zbdx_hys@163.com
mailto:zbdx_hys@163.com
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

¥ 1B ¥ Acta Phys. Sin.

AR, K i PR A7 5 5 ) A IR S 3 S 3 25 55 ) BLAE
B, (IR BN R 1 285 PRIBGE -5 e (5 B X H
PRRFIEEATOR AL, I SCIR IR T %07 A B A A
P ARSCE SN 4 T 2R TIRAR A I 8 ST 255 B
W, SRJE IR T AHDL R R SR S RIS,
OIAT T AR 5 | A I 0 3 5G9 25 25 o TR R0 s A 245
A, XSSO T R

2 fRikmr S k& F R E

2.1 MREXTRE
i 3 18 S0 255 ) ST McCartney ! $8 H
F1R) R AR ST 40 SRS T8 A 00 S P55 SF 2580 bz % g A5 i A
(IR, Z AN 1 R, HEARRE U
I(z) = J(2)t(z) + A(1 — t(x)), (1)
Hrp, () RFRAZFENR, v 2R R 1= Ak
b, J(x)RFFEIEITEER, AR2RRKO6K
gy, t(x) FoRERE, HRRAN
t(z) = e @), (2)
Horp v ARAHU R, d ES s,

b

O © e)
otk o / o o o
e © /(5 o /d) A —-——r—y

,,,,,,,,,,,,,, p— .I“!I
?‘r\ J h N t(x)

@) e
) Pigid ‘E’H s

B 1 RERWEIB AR R
Fig. 1. Schematic of atmospheric physical degradation model.
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Fig. 2. Polarization axis calibration system: (a) Schematic
diagram; (b) system physical diagram: SL, semiconductor
lasers; A, attenuator; PBS, polarization beam splitter cube;
PSA, polarization state analyzer; PD, photodetector; L, le-

veler; OS, oscilloscope.
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Fig. 3. Polarization imaging system in fog environment: P,
processor; G, guideway; PSA, polarization state analyzer;
CCD, CCD camera; T, tripod.
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Fig. 4. Fitted curve of transformation relationship between

optical voltage intensity and deflection angle.
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Fig. 5. The distribution pattern of pixel intensity in the

dark channel.
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I 6 FHE A fREE R (a)

Fig. 6. Images of each polarization channel before and after defogging: (a) Original image of each polarization channel; (b) images of

each polarization channel after defogging.
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Fig. 7. Acceptance of each polarization channel by different targets.
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Table 1.  Polarization information in different regions.
At HAx FENE H bR
RSt
1 2 3 4 5 6

So 53.391 56.469 47.615 30.452 16.187 12.582
S1 0.032 0.334 0.107 0.005 0.017 0.003
e 0.054 0.138 0.107 0.011 0.030 0.012
Py 0.063 0.361 0.152 0.012 0.035 0.012
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Fig. 8. Comparison of scheme effects: (a) Original scene image; (b) scene image after defogging; (c) image of polarization degree.
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Polarization-based research on a priori
defogging of dark channel
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Abstract

The image enhancement method based on dark channel priori defogging performs well in target detection,
but it takes the light intensity information as the carrier and the single optical dimension leads the target
characterization efficiency to decline. Based on the sensitivity of polarization to physical properties, in this
paper a proposal is made that polarization information is introduced into the traditional dark channel priori
defogging method to enhance the recognition degree between different objects. The theory of backscattering and
polarization detection in dark channel priori defogging method is studied, and the mechanical polarization
filtering imaging equipment is built to verify the target characterization function of the proposed method in
foggy environment. The research shows that the dark channel priori defogging method based on polarization can
obtain the light intensity and polarization information of the object at the same time. Compared with the
traditional dark channel priori defogging method, using the polarization difference between the target and the
background can significantly improve their contrast. This research result can be applied to the existing
polarization imaging instrument system to realize real-time backscattering and polarization information

extraction, and further improve the efficiency of target detection and characterization in fog.

Keywords: polarization, haze removal using dark channel prior, target representation, elimination of

scattering
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