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Abstract: To obtain a faster rate of polarization imaging detection, this study has improved the exist-
ing mechanical rotary polarization imaging device and designed a continuously rotating polarizer ima-
ging device. Image processing flow and polarization imaging speed were also improved. This device o-
vercomes the shortcomings of traditional mechanical rotating polarization imaging with a large volume
and slow imaging speed. The system uses a motor to control the polarizer to rotate quickly and
smoothly, the camera to work synchronously for the quick acquisition of the polarized image. Simulta-
neously, the polarization image is pipelined to achieve a higher polarization image acquisition rate, and
each three adjacent intensity diagrams are used to calculate the polarization image which resulted in the
same imaging rate of polarization image and intensity image. Experiments show that the device has

good working stability and can complete the acquisition of polarized images well. Moreover, it can ob-
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tain polarization information through the polarization and polarization angle with an average acquisi-

tion time of 0. 033 s. This work improves the detection speed of the mechanical rotary polarization im-

ager and enables the enhancement of the mechanical polarization imaging speed and achievement of the

basis of detecting moving targets.
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1 351 =

R IRSFE RS THIRMZMEL, B
M7 TGRSR B BRDGIE S B ik TR
Bl 77 1) R B 5 BE o ' D I A T2 6T D' i J3E AR
AN TE BRI A S #hFE

P 41 UAZ 2 % H A3 35t b g — A SR D IR 2
AT TR A A5 T =0, X 8 T = X 5 i B
BRAZ , — M o = Rk ST B 5 R TG AT LA RS
PR EG . Bt miRSBA £ 5 iE A,
7 3% 2645 B AR A 2 A% G v B MG T S g S ik 1y
PRL T O A1 13 AR E AR BRI 45 7 T B )3z i g
i st

A Dt 49 ' 9 52 S5 516 RIS 't 2 7 e i )
PRAGBORTE . WFSE & 30, B 5% i i i 5 Pk 2 22
1 H B A BT 3 TRLRE BE S S8 SOy for
A, FET X R w4 00 T R T S
B A T TR B b UR 00 b ) ; TE B2 T 2 W S
it 41 43I0 %of 2 A A (] O I R 1 10 s A R A5 AT A
B AR, Matthew H. Smith 2555 i 38 ' W FH 78
PR IR AR ARSI rh, BB 8 PR S A A b ARG DU i o A
(1 PRAET s 76 AR U, IR IR TT LA A H
A TR o 5] 2 RN PR ke B AR T L R
P A IS A 2 — o 2 A O B O AF B ORTR L &
I KA B K BH G AEAS [ 7 67 52 30 1 A [m] ) i
PRAS TR 25 8 5Ot il T K B BIr 78 5 A2 19 A [)
77 S22 B0 AN () P o A O A1 285 43 A B, > Y 0 i
I R 28 6 1 3 Rl RRPE #E AT B 5 09 38 A A 1
HE O T T D O A1 5 A A SRR T

EER A EA PR A SR - R IS
A YA Tl 4 AR AT B A 2 B] T AR TR B AY 321X
IR AE T3 BRSO OR TR, e B 3 R Y
ARWOT 3 P B 15 A% 2% 7T LA 43 Ry AILAR T % '
2 IR TC A28 L 43 e ARl i AR 2k L TR AT
UEE Fr B iR AR R L o L AR R O A R e

53 A ST TR Qi A1 B0 A5 e D, Lo L ARUE e
Je AR A O A R 2k R R X AR
2L 5 v i O R R e 0 R A AR R U] SR AR — i 5
JEEMGR BRI & R G R L ST
S B R S BN, o 0 A 3 L AR R
15256 R ) 22 06 B8 45 0 b 43 R i A 2
R H Z 00 88 451 o FLAR 25 e R
PRI 28 25400 3k 3 YT DL S S e AR,
BSTE TG R G %, Horh o 4k i U 5 i
AEARMRRR AR . WA AT VR B e 28 R 5 ke R
P 48 R A 4 1 D 2 S BBUAC BT A T % 5 9 g
I G L TR T s kg ) 78 A4 R R i
R KA/ SR, Wb X 6 A 55 19 32 D VB
S €71 SR S RO 1 R o T B e O 02 2 A
A BRI B S SR (45 3 o fl e B AR
T A 32 B . 4348 1 T 28 i i B A 2 8 R 4R
TN 5 TR I 5 8 T A B O R R s T S 3
AR Y G F 2 I B R A A SO AR B 3
T PRI A I [ 1 5 8% A8 T B 91 0k i R 3 <5 )
BB A TFHRR B B R R Al R A B AR R
DUASC, B E e X O B 50 A5 D ASCEL A 445 4 7 B
Gy T A AR AR A H [ A Y B T
VE 7 2T 3O UG BAIC, S AR BE ) A
PRI T A S X AL A e 54 X v 41 AR PR 00 24 1) AR
B HEAT R, SCHRLS IS8 I B i T 0% SL e R
6 i i 114 B 41 10 A5 A ek 1 s R XA AR Oy =X
A LAARAS 0. 7 s/frame A9 fi 4 B 15 8 R0, H 2
MR /2 iz 30 B AR PRI 225K . R AR SOxt
T 2 TR R A6 O s 1 AR 7 ST 1 ek, A R
S T A 1R D 4 o B 4 B O 4 L 45 6 ok
A4 I 7K 28 X O i 1 15 Ak P 5k AR L A R R T T D
P A5 AR I 1) 2R IO T 5 [m] ) AR 45 4 b X &R e ik
15 T WL — R A2 B i — 2PN T R IR TR,
Zoak Mok, A R E A LR OE M TR
0.033 s/frameff) i ik I R 3R U R F . REEH)
RSFHR 87.5 mm X 87. 5 mm X 40 mm, % /5 i 46



55 10 4]

S B8 PR A O A 1 I 3 A BT 2347

F B P PR 4 00 % E (135 mm X 135 mm X 110
mm) ROFA T 8 A 45 /N, A SCRT 3 i Bkt
HILAH T 2 A 8 ol A 25 8, 2 SR C 5 B AR ot 3
e B AH AL AT DLk — 25 52 T O I P15 1) 2R I 3%
SEHG B R Az 2 H AR A D PRI

2 IRk AR

2.1 RIRER

SR T WSRO Y O R A L 7 X O 4O i AT
MERECE R . AR % 20 7 3 2 AT = A oK
Bk B (Jones) K &% . W6 52 B (Stokes) &
{5 Poincare BRI 7R 5, Ho, Stokes & &
IR VE R i P AR B ) B Tz B U7 ¥ . 1852
AR T FE I TE AT T Im RO s sl AT
Stokes Kt f iR Jy . Stokes K i 4 M H
R, A X 4 A48 5] i 5 O 0 I IR 8 2
B IR B AR % £ . Stokes K &Y 4 A4
34 O o BE A, AT DAAR O i b e 0 5 e A 4 I )
PRl 3% 4, 52 Stokes & & W H T Z 1Y I R 22—
Stokes K& A] LK IR N

$=(1,Q. U, V", (1

H TRFEH RS LRE, QRFEAKFE (2
Bt s 41 P02 oy D O U TR) B 5 BE 25 U ARG
S Am IR B 53 J7 8] 4E 45° Cxoy *F TN 5 = il i
A5°) N — A5 Z [l i 22, V i AR A 4 g A
Pt 41 016 10 58 JBE 22

I P& (Degree of Polarization, DoP) & & &
o R B BE B 2 40, R AE Ry 58 4 iR DG HE 2O
s i oA b AR R AR

J@ TV
UV

DoP= 2)

BB B P R B B VT
W 172 P TS 6 R A 20
@+U"

D(JpziI (3)
55 P B2 X B4 e i A E SR
QZ%arctan % 4)

4 — R PR 06 28 3 A i A 5 O RODR A5 2
Y 250 S IVA DR A S e S RS E B TR PN
T E R BN o I8 —FOG i

K 2% 2 5 Hd ST sy
Iol1¢:%(11n+anCOS 2a+Upsin 2a) s (5)

Horp: Lo R iB o K e 4% 2 )5 19 B O6HE . L. Q. U,
HAGTEH) Stokes K& .
2.2 WRERFEKRRBOITERE

7S T R S DR ST A A O 4 2O R AR R
2 5, R R A D 2 ) P ARGl s 8 B = W e
BL, I iy = e 57 56 B P14 A B A 30 Ot R T4

R T A B R A L AR SCHEAT T A
oAb BT B 2 S R O 2k 0 5 B WL AR 25 4
CMOS T4 i i 1% 22 e 5% 1o #2 vh 09 5 52 1 2
TR 3 3 5 PR ) e R A5 K BLGEE % ok 42 TH M
I PG A IO 2 5 LR IR R FH It 7K 2 i Ak 375 5
I g A 408 7 = T e PTG A B 7 31 A 40 LA
SEILT i PR i L O A R RS B A A )
1 %

X A 25 T B K D 0 e PR 1S 2 B 2
CMOS T i #5 E 5% o3 72 o W 6 B, 358 S 0l 14 o
JE£ Ay 0] B4 R K 117 R ML R Y 4 AR J5R R X ' FL 3
BEAT R RN o0 3 o B 220, B D615 21 0% i A5
TR Y HL R R
Vi = kg =

%k It;ﬁiQsin Zwt‘%*iUcos 2t |

(6)
Horp R ARG H AL IR I e L i R A 0 BN K
i 7 50 TG B FrEE . TR 1 TR T R G
g 9 A BE 2 0% s 00 s L AOB= oy, /S AOC= 0
T U W ' 7 38 1 AR BE R B, 50 UTE B 1 AR TR R

4

BT — s T AL R ER

Fig. 1 Camera exposure in general angles
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Fig.3 Schematic diagram of pipelined polarization image calculation
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Fig. 13 Processing results of acquired images. (a) ~ (c) captured by proposed polarization imaging system, (d) ~

(D) captured by traditional camera
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