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Figure 1 (Color online) Polarization vision’s biological origion

JemIRAE S, AT EVRIRILGE, #5& 1 RELERT W BRAL A5 BT SR R IR IR 15 /2. 0 i
BAERARGE, TR IRG DB T T2 7 X6 ik AR (I 7E, DL e 7 A 2 S5 A B 2 1 ] S
W T MRS RARG 2 T RIE R R . BEEBORKI R RS 583, DUER IR R AR A K
MRS BRI DR, I B RESCI BRI A R K 1B i TR (5 B RE AR B . B2
KA AR HARhREE TP B, 5 b ARAN o8 72 FSCR A BOrs TS « FARAGIN . =4 i3 558 2
AT 2N T2 BB, FEAE AR G BT S b 2% B 1 22 MU 75 K (0 I P i 355 A Je s .

ARSC [ 1 AR AL 5 A R JE, MIRAIR AL B B 005 A2 2 RN T, iR e LB 5 A1 56 2 Kt
T TR EUM. BT RASCER T RIR SR R AR R IRE, SRR I AR R T HEAT T 04,
FEREER T AR L8 A R AR5 Fe 5 .

2 WiRILEHIA R
2.1 RIREGSHESF

FEESRG, W2 AWt IR AL E CLS it e e /0 (B 1). 1949 4, Frisch 1 7EWF LRI “5%
I AU P ' B FT DA B IR AT T 1), RIS 1 JOAR B RERS MR IR, e A
BIESE B R S AR AT T AU R B E AR R R 2 IR B B B SR 5 A B S,
IR 2 (BT U I VE 2 SR I IR AU BT, $ v AR BT N AL 0E e 0 B 0l B3 Bt AT e i 5

S XY AR B DK TRATIE WSS KB IRGRL L Sk R SR DL K B
WL (6~8) S I X LB ) AR DL BE 70 5 IR LA AT BT I, 3R 1 AA DR i B fi
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FIAIR, NIk R SRR e S0t FUiR it 7 T3 B,

2.1.1 SRRV IE

TR R B ZE SR, TSI 54 HEsh I T R IR OC AL o R 48 BAT S8 s AR
git. RAmIRIE R TR s MR S 2 WSk Ep R d B KRR P2 S O Sk R
Py D01 25 SRR 2 Fifi b 10 B B /KT R o S50, AR5 2 4 rh F T 3R U 45 S50 100 350
oy BAT AR BOBUEE: (6 A4 I RE Fp X SE B (AL SE 2R 48 4 20 At A SRR AL R SUDLIBOE A, b — 36
240 D AR TP AT O 3 T 20O Al ) I R M A T R, A SR 't PR 2 ) A5 T 8 A RO 4
PR T A A, SR B A U 12 (SR (1) PRI 7.7), T3 — 2R T T AR
St ELAR T8 B IR B HE B 1T, 0 [ i R 06 B R 170, AT B T A ME S 0 i ' 4 JE R
KPAT A 3 DO R oy RO RIS B2 XIREA fmilk e iemae Ay £ B s
R o S HAT AR ARG 1314 AR R R SRS i R IR E AL T <o BLSRIE
OfF B S5 mIRE B NIEE T U9 MR U (5 B0k 2 sl Wt & i S5 ALt T RS 1 i 4
JE AR RLGE LA IE N 52 2% R 7K T 3R (100,

FEXT A HESN D IR BT T 130 40 ), ATIZHT R — I g HEsh e . P
X BRAEVLRGER MR 7. STV, FHESI YK BOC A2 A BE &
T, PRI TCV2 I AU O I 854 DASR B — k. A MESD A FH SUEE AR i 6 P9 8 B S8 4 i
R T i 57 73 170 45 4 R PAY €2 2 2 A A0 Ly Ak A 1 1R 271 00 A £ 40 7™ A= A I ' S AR
FafdRAE 2 160 (Z5 53R (7] RO 9.3). X EYI R IR LG 21> 2 20 R T3 AT 0 A W R e A
IRIC A B LS M) 5 (IR U AT B R T 78 20 AR S R AR, 1036 A= R IR 5 AR LER T 74 5
L BN A TR i A IR IR R 58, e B AR R B R 48 T S5 S AR 7 ).

2.1.2 $¥RIRMEIIEE

U R IR 5 18 AL AR R B T S, BRI 23 EL AT (R M 5
BRI B A A B (R SR ) ), 78NS B IR MU AT, AN B i B 7
S 43 A A T L 3K TR0 6 2 AT S AT 6 7 O AP 2 . 7. b A A R R
F 2K DUVE 2 R 1 B th R0 SRR R BT AR IR WU, R R RIS B S s B
6 0718) (R gAMb, 5 KA E sk U O 2 ST BN KB B . KB A D %, R
B, VP25 15 2073 1 PR R A0 5 1 05 R 7 ) 15 38 SR T (R 25 5 e A S i 19201,
JRUAE 15K SR BAPAEBOR K 3, K T3 30 A g . 1908 5 343 £ (7:21) R (R itk
TS e B, AT R RO R LB AP KO « 0 55 KB 7 o, T 45 B A v 0 ) 7
g L 122)

FEFRB MK, AR O 5 BRSO e I O R £ SRR EL 2 O B B K B 12
SRR R S T 48 TR T A MR A S 5 L AP S JERLEFIT R . e T
3 1A O FF R, KB £ 2% 2 RIOK [ 30 W AU S5 T 9 (7 R 1 2 2520 g it i 4
FePhE, LI A B O € 2R PR R MU R B L 35 D 25 (UL e 4 ke 291
{66 17200 T 05 T (290, 82 A PR . T DS S D e 2 0 O 12 T 2 P B S
5 R HORE, 4 FL R TR 15 15 /K TR 43 8 27280 B RS B PR A oA B, A
I B B /N i 0 1 5 B T DU LS, B bR PP O DL SE R, S T i 5
SRTE X RS 7 BB B (29-30) T B K F A A A7 L3
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S TR PSR R RAY S DR RV A BRI RIROLICRE 77, B 7 B 0. 150
55 Pkt R FA, 1% e A I B R ARARAS ST AC T, TEAS ) KR R H O B BRI 58 Bfh A RS
EAZ e BI~33] 0 R | RS R RAEM SR H GRS T . SR 1R e 45 0 B R iR iU 5 5 T
PR R 2R A R BX 5 i 4R 15 S ASEIZE TR RME B I0ACIR, Mz, . 8 55k 2 AT LA
FH 2 1 AR R S S A B S S e A i R A5 5 B (L REBE 7E LR+ H B DA 25 10 R I J3E ATV I8 5 58
o 351 R B AT AT IH JC VR AR IR e R 5 2 I B AR S (H R & R FIE S J LR AE P e R i
PRAG B W 4ERE A G BT, S H RN IRBE A A7 L.
2.2 RIRBEGENESERRRSH

Pt BAG ) B 20 3 S A [ 23 [ A7 BN E R IR S 34T AR S I U, JER Imdith s 8 3 %
FASHETOHT (Stokes) otk 2 SRFEIR, B S = [So, 1,55, Ss] . Hsh 1 MM SR S, Fornd
PR RE, S Ron/KPEEE B 7 M 2RI AE =, Sy RN +45° B —45° T miRAERE, S5 K~
Fe e BAT e [ i o . IR BRI 6 22 AR BRI 8, B G AL G 1) K FE AR AL Y i A LES & 28 T XN
SR ' R FEE P L 0 A o O R S TR N G R A R BSOS A R AT R TR s A 5K
1(0,¢) = 1 [So + S1cos20 + Socosgsin2f + Szsingsin26] I AN, KAHALLEIR SRHAHALIER ¢ 9] 0° JF
W2k i B EIANE TR 0, RITTAEE AT 3 Mt w ik &, MEs 4 ANt vl i ok 2 0 75 20 A
PIAEIRZE ¢ WHTH] 90°, F-K 0 T H] 45° K13 136

1
1(0°,0°) = 3 [So + S1],

1
1(45°,0°) = 5 [So + S2],

1 (1)
1(90°,0°) = 3 [So — S1],
1(45°,90°) = % [So + 53]
ZJama (1) AR RTE R 2 E
Sy = I(0°,0°) + 1(90°,0°),
Sy = I(0°,0°) — I(90°,0°), -

Sy = 2I(45°,0°) — I (0°,0°) — 1(90°,0°),
Sy = 2I(45°,90°) — I (0°,0°) — 1(90°,0°).

FIHAR R w28 0] Dt — BT R SDOUR A 2wk S &, RMRIRIE (degree of polari-
zation, DoP) S5fR#iRff (angle of polarization, AoP):

Dop — V51 55+ 53

So ’

1
AoP = §arctan (g?) . 4)

2.3 RIRRERFEHNARE
2.3.1 EGRRRIERS
PR A% A SR B 8 T R R R4 T BRI A PR SR e 2o (kB A
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Figure 2 (Color online) Traditional polarization imaging method. (a) Division of time; (b) division of amplitude;
(c) division of aperture

PESEIR ) A BT EIR, &GRSR R G0 T ZAEE 7 I IR SR R 48 70 PRI (i I AR 2 4 A
Loy fLaR i S R 4.

AR e AR LR, foe ELL D i 3% A5 5 A RN UOIE e ek, 85 KB Ml P A2 A R
[ I TR, S i R 1A% 77 AR 7 I AR AR R e (B 2(a)) 1. R Ze i 11 FR) 23 I i I A A%
G A BRI A R IR S S, (RN TC 5 A5 P A 7 S35 45 BT SEBL A iR AR . 20 I fi IR AR 2R 4t
GERTRT L, RCARHR, A2 R IR AR 207 3 (H R T R EEAURORE R iR e, 20 I i IR BRAR 5 G R
REX SRR, TR B 2 N RIRE S, X2 R SR R e £ 2SR, (HA2 0
Tk R A G fa] B 25 R AR AL A v] I 5 20N E I B A T (KN . A P e e FELB L 3 (I 1 (1
TR R AR ST RT DL e L3 SRR 3 H bR, S8, 8 T F R IR R (19 S vt T i
WA AL AR 8% K P O T I IR 48 55) W] DA% G 73 I R GE b B R AU IR 30, B4 R RE LT -
SRR

SRR IR AR R G (K 2(b)) BT~39 fg NGOG 2 A7 A5 7 2 O, BE & i ok 20+
RESEIREE, PRI R 2 A G P S B AOEHEAT BAR, TSI IR AR, AR, 7 4RIE IR B 1%
Gin] A sl 53 st AT Rk AR, (B SR G AR, T & E A 2 AR PRI 2%, 2RI SR 4R
AR ARG RAR E B ROR, A S v, 1 L 75 0 DR R G AR URRCRE S DADRAIE 75 1 T R 00 45 R 4R
P A TR BCHE. D 9% 70 A2 0 3R D I A5 28 Gt fi s P 0 die Bt ) 20 AR B, AR A (7] 14 v
PR TR, T LA S B2 AR 70 SR ) AS [ 28 5 S B 4 i 1 B 4 i R AR

B 2(c) B A FLAR IRAR R R 48 1, XA i BRAR 3 G0k B B0 A B i A B 21
FEP I MRS IR &2 00 4 ASEE 00 DO, RIDRs— I8 R R 70 B 4 W8 70 2 = (0 1 18, Sl AR RS ALY
it bV B AN F 75 18] B D I v BORA 2 8 38 25 8 P S I e i 41k B 4 i i 5. AR B IR B i 4R G5, 7>
FLAR IR A5 28 G R FH AN F1- T A0 25 58 P SISt Ay B AR, (B A T PR 0 2 e) 7 9, )
INEE-S PN NS AE Sl

2.3.2 DETERRKRERS

BEE A I T T2 R, 7 F PR IR G A B0 AR A — 5 R AR A AR ke
1ZR4E. 7 ESFIH (division-of-focal-plane, DoFP) f#ik MAZH AR (Kl 3) K LAZS [B] e if (7] (1 FEAR 45
Mo 2 8]y e, DAL TR e g ik B 2 (44 1 S0 AR~ TR 21 3R THD B 4 A% R iR
FE), SCILAS [ 77 [ PR A5 B B SERS SR AR, H A2 851 R 18 3 EoR 2l iR, H 3 2R
;IS o ) T R Ve 2 7 e W 2 » S o =y 8 AT NN 1 i o0 2 3 AN M B R S|
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Figure 3 (Color online) Division-of-focal-plane imaging method

® 1 ARRIRAEG AR

Table 1 Comparation of different polarization imaging methods

Polarization imagin, Difficulty of
s Advantage Disadvantage ) Y ]
method implementation
L Low structural complexity . . . .
Division of Unsuitable for real-time imaging
. . . Small volume . . . ) Easy
time imaging . Susceptible to mechanical vibration
Inexpensive
Bulky

Division of . . . .
. . X Real-time imaging Expensive Normal
amplitude imaging ) )
Need massive calibrate accurately

Low resolution

Division of Real-time imaging
. . Complex structure Hard
aperture imaging Small volume .
Expensive
. . . Instantaneous field-of-view error Very hard

L Real-time imaging . .

Division of focal Expensive (difficulty reduced
. . Small volume
plane imaging — . . (the cost reduced by by manufacture’s
High integration density
manufacture’s development) development)

K&, 1 H RTERIEE T (BT W65 MRS Rt FBEAERORYL, RIMETER PRI T N
AT 1) 25 S 6 AR I 4 B Y, AT SR AL ST iR 2% AT T T R A R R
S A AT WOt U8 B R T4 5] ZANE R, BN, EEE . SRR TS AR SR
B, e/ AR AR P 3 I RO R IR AR ) 37 2, R £ P IR B R G e A
AR EE T IR PR . TR, R 1 ARG T AR R IR G R SRR L R TR S
HMERE.

2.3.3 RIRAGERGRKERIES

KIZRE, RRAIR G EAR G ik SR e B R R SR B IRaR i) J5
I R JEE.

Sfid. o ST R AR O A2 S AR i IR AR B, (H2 H AT 70 5 T R B AR AR
FEZNLARIRIEAR, EA BRI RE S, HANEE 1€ B8 08 Fr AR AR & 1) — K
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A R IR (BT e g, JCILAE 323 2w IR B BAT SR T 7. R TR
H IR S AR R A iR G A AT e, H BT H B DGR, WisCik [46]) 4R H RS R A AR
Si-Si0,-Si = JZ BRI (S35 3Lk [46] FHIE 1(a)), SCHk [47) EREIER TG AR & BRI, LA
Wk (48] $EH BUE BRI - — e = & 454, BT SR e R A RS, 535 Science 4]
E 2019 E4RIE | — P THREH L (Fourier) Y62 B R HIATH OG- 2 IR IR BURHAR (275 30K [49]
K 3(a)), A R IR IR AR REJ). (H LA BTV AN R G U 1 2 [ 3 5, SRS
I, 22 YR AR AR R 1) 00

BT, Science £E 2018 FEAGE 14K R MmARERII S 0 50 LAE B0, B SR W — Lo gl 251
(ryue 25 NS R IR AS B S35 0 OCHE. STk [51) B2 To6m) “Eie - #uE” MEAEH, 2 7 —Fb
MUK A 22 WU 3 AR 5 G ), S 0 2 45 K AN () i 11 55 0 00 2 g B P S 4 B 6 o
SO AR AR, XA T B AR G A (5 T S 4 U S T iR R, I 7 A A 1) ) AR AT AN [F) T
F R HIHEAT (225 3CHR [51] T RIE 1(b)). SCER [52] RERH 7 —Fh —4EN BB S5 R, [RERT PASE
LT B — S5 R P 4 0 v S I R R . B ARIX e Ty vk H RIS AL TR B R T B U B, (H X S A
PRGBS i EAEREIRE /), $ATCE AL BT A i g, RO T — &R &
PR AR R R UG ER I 35 (250K [52] HRIIE 1),

Ha. Wik A RCHIEARREZ —, HAT, B FI SRR e e @R IR . 5L
Mo H e K 7 oK, BE W UG i o SE B R R DT ). & e EHEH B wdik CMOS
Ja, XSl TR MR CMOS, il B R B S MIRIEE Fr, LB SRR SR T
15 B FI IR P ARk AT Sk — 8 th I 2 61 tm AR £~ F T FE 2. 54, B Atz ol 1 ) H
IR A% K 2 B 1 i A BAR PR BORIT T, a0, R R AR 5 FA AL S & 7T A4S 2 3 ST L 5
AT HER R R IR R P, A BRI R AR I AR LR Jeon 55 P4 R B f HR B D #R T T 18]
B RATI IRV (indirect time-of-flight, iToF) EMUN /M (1% 56 ) R BEEIRS B (276 30k [54]
I 3). ARRKHRAR AR 5 A AR BOR G5 5 B et 58 22 D e SE N =F 5 5 K AR R - BL.

BReL. HEE K% (Yale University) 55 551 3 HITE Science R ICHEH T JUAMTUR BE 6 52 AT ME 2,
RIVR) FH AT AL AR e NS DG HEAT G i, PR FE O A 22 9 % AT AR, AT L3 AR RN B
RS RE R, B, Wik 6. SRESE S (% 3T [55] 1 outlook). 4, 745
P T H B A PR 25 A T AR — P m] EEAG G CS . — 7 THI, S PR o 440 X 4 A v 4 s e 7
IF) B (AT RO RS B PT e, XK PRAIAL AR A S 2k M. 53— 7 T, T 8 I 2% i AL 5 AT LA
AL W] E R SRR BEAT, AT SEBLAR AN DI RER ELIR R . B, IR AR IR SRR ks 2
Hlas = SR K e, AR m LR 2 . 286 AT BRI BEAL B UGS o B ARG 21 B DL AL
BEI7 B FREEEIN o R SOMLIIRIFRATT 8 A0 (0 V2 FAth 45 31 B A

3 IWmiRILEHE N AR

3.1 BEST T BUBMIALE

BRI T AR RE S A AR AL 0L D 58 A B RO RO RO BB RCR 2, S2IX AR
I, NATIA F i AR L 58 368 A S 5 B8 AN U R i i R AR TR R . T idik g & 40 B
AR VEREDLR L PR EE AR a5 50 (AR KN BB s AT B 12 ORI 3 T (i R
RUE 17K BRI 35877 10 2P FTBUR ' RS PR 15 S5 B 6 5 BAR AN L RS ROEEEAT 7 5,
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Figure 4 (Color online) Scattering medium imaging

; lﬁgﬁhu f

Before polar dehazing After polar dehazing Before polar dehazing After polar dehazing

Bl 5 (MERRFZE) BETBUBMARIGR

Figure 5 (Color online) Scattering medium imaging result

MR B T (4 H AR B BIAE K AR g% ik, AP i I 58 5545 12075 TR BE 5 68 7K T IO TSCR DeE AT HE T
AT, B2 H AR5 TSRO ELE 5758 JR K HARRLIRE B3 TT 2~3 £ %), IR 50 AR 22 Jerhok
T ADREA T IRAL 0K AT LB 2 3R e 2 AR I SEIR A R & T SR AR LE B SR A B9 )
P ARAFE, P b A R S AE R K G MR I B B RAF PR RE 60, (R IRAIL SEAE R A ot vh I
P DLBE 72 PR 25 2 A FIAEAT TR, 550K BB, 25 0% ol T OO IS 2302 el 3 2037
S AE L BE KR B (181 4), SR S AR R R AL 3 5 IS 3 Ao 0 T i SR ) P 25 55 1L R B4R P
G | ORI SRR HEAT R IR, TSRS s O T 101, AR A2 9 P g St AT
Yy sty B8 H Fkz il 2 (1] 5).

H RIS A o o 2R BOVOSORTRICH R L, A% G0t 7 R B X LU BRI, IR AL, ™ B
JREERI . Jatfe-McGlamery 31 B8 C ™2 F T RAEUR A 5 R FR AR, U A BU% i
I IR i T B R BB S e 2 ME B N2 AR, AESEBRTBBLHR, 1 1) BOH RO AT LS AN T Bl
RImT LAy N

I(z,y) = J (2, 9)t(x, y) + Boo (2, y) (1 = t(2,y)), (5)
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Table 2 Scattering medium imaging methods

Scattering medium Polarimetric imaging Imaging based on Imaging based on Imaging based on
imaging method method Stokes parameters Mueller matrix deep learning
Construct connec tions amon g
scattering medium, polarization

. N R . Analyze the incident light By decoupling the propagation Construct the descattering
L. information and imaging based ) K .
Characteristic K . based on the Stokes process of scattering medium image based on the
on the polarization X ;

. vector, DoP and AoP based on the Mueller matrix deep-learning network
effect of scattering

medium imaging

X Can separate the object .
. Obtain a better result A . . Obtain a much better result
Advantage Low complexity . . . and medium with different . .
with a single image . . L. with high accuracy
polarization characteristics

Obtain a less effective result Less effective result . . .
. ) High demand for images Lack an effective and
Disadvantage and rely on prior caused by low . R .
L . . caused by high complexity genera lized dataset
information complexity

Hr I(z,y) RONEBRETAZE (z,y) LWBEEE. J R ENHECR, RAKENERE. B
RTH T F R, ¢ G, #iR 7RG RIA UL & & M s I tell. J(x,y), t(z,y)
Boo(1 — t(m,y)) 733 EEE S G . A5 t(x,y) 5MAEPLEN H b eE 2 LR F-IREE
AH K
t(x’ y) = efﬁz(z,y)’ (6)
Horb B ONEI R, MBSO B TR . 2(x,y) BB MER SRR S mE .
R B, Mt ©5n, mMEEEG J T UaAEN
I(z,y) — Boo(z,y) (1 — t(z,y))
H,y) | ™
B U A R IR IR G B IR R 25 2 if% . 35T Stokes MIMmAREAE « JE T8 (Mueller) 4%
1% 53 T IRE 2 S 1 R G 16465 AN A IX 4 Fhidg )5 2078 BB R rP A% 1 B A R B DL &
REMITIE (K 2).

3.1.1 ETRIRESHEHTE

D% 22 70 AR R RO sk IR B R, BT 5 TRAE . R EARIRS /. R 2200 i 10 75 9%
et Schechner 5 16671 $i iy J2 8 1 il UMY BT (BIAIK R Z558) IR IR A 26 1) AR AR 2L
JS2, FEEESE T ORI IR ARAF PR RS E s (B 56 . 207 i 3R A IR AR R, A R
PGB (ELREGE S AE S ) U B )5 A BSO8R i 3 AR ), DRI i P 45 mT AT AR
Jr AR

J({E,y) =

_ D(z,y)
Iz, y) = =5

G (5) A1 (), J5 FIRUM A A BT LB BL R 75

_ I”(x’y) _IL(a%y)

+ B (z,y). (8)

w + Bl (@, ) I+ (z,y) =

Blayy) = TG ), ©)
_ B({E7y) _ I‘I(l‘,y)—fl(x,y)
M) =1 B ) ' DoPple.y) Bulr.y) (10)

Hrt DoPp 2R Ja A U DRI R M R I, € SO

B//(xz,y) — B*(z,y)
B//(z,y) + B+ (z,y)’

DoPg(z,y) = (11)
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X B By, Fl DoPp M 5 [ HU X S8 I 28, XA AR T 50 kiR, — B R HUH X 380 2, Boo
Al DoP g HUAA R 4.

SR KW R, HAlCaA K E R EE TIR IR 22 2 B HUR A R A8 7532, a0 BS54y 4y
WAt T J5 1 B ) 757 1980 4 B 7 PR A B 5 36 T R 22 0 R IR 2 BB B A &5 6 1 7 32 1690, i /)
AR UG o i AN 5] 25 [A) A6 23 S0 s A A AT AR B 9 77 325 170, 33 1E 3 S SR i b e s b
RIEMITTIE O S5 N T R ARIREUR A 0GB AR B Gl A2 1) 8, H AT AAE R i = Sk [71) %
& RGB I 2 [A] [ PR R AR DB 8k B 77 2 (25 50wk [71) I 5 R 6) LSk [72) B
FEAT A S — I T HERA A TH IR 1 i RS R T IR 2 7 U I 5k R G5 R 2 R AR, (HER
BT R A MRS B4R A, X BUGOE FE R E U A R e B IR, BT AR BIAME. R
TR T Je 30 R R B T S, Bz B AR To ), 1% 05 80% 715075 X 2 A Rk PR AR 1
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water surface; (c) transparent object’s detection
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Figure 7 (Color online) Target detection and tracking result of polarization imager
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Figure 8 (Color online) Physical model of specularity removal and reflection separation based on polarization imaging
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Figure 9 (Color online) Specularity removal of polarization imaging
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Figure 10 (Color online) Classification of polarization navigation devices
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Figure 11 (Color online) Normal vector of the object’s surface
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Figure 12 (Color online) Polarization 3D reconstruction result
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Abstract Traditional vision techniques have been widely used in various fields. However, when facing complex
environments and non-cooperative targets, the limited information obtained renders traditional vision techniques
ineffective in detecting and recognizing targets. As a basic physical property of light, polarization, alongside
intensity, wavelength, and phase, can reflect the vibrational characteristics of emitted or reflected light and
characterize multiple aspects of objects. Therefore, polarization information can effectively distinguish targets
from backgrounds and maintain information validity in adverse environments. Researchers have introduced
polarization information into the vision technique and obtained a solution to the imaging problem in complex
scenes, namely polarization vision. Polarization vision was first discovered in some animals, and further research
on polarization vision has revealed its imaging advantages over traditional vision in complex scenes. This review
focuses on the development of polarization vision, polarization imaging devices, and their applications. We also
look ahead to the future development direction of polarization vision and related technologies.

Keywords polarization vision, polarization information, polarization imager, scattering medium imaging,
object detection, specularity removal, 3D reconstruction
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