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Abstract The measurement of linearly-polarized Stokes vector can be extended to the measurement of full Stokes
vector (FSV) by placing a phase retarder, such as a waveplate, in front of the division-of-focal-plane (DoFP)
polarization camera. In this study, we propose two optimization strategies to estimate FSV by matrix-decomposition
and pseudo-inverse models for DoFP-camera-based FSV polarimeters. According to different FSV estimation
models, these two strategies can minimize the measurement variance under the condition of two light-intensity
acquisition, thereby optimizing the measurement precision. In particular, by using the inherent measurement
redundancy of the DoFP camera, we also propose a self-calibrated analytical solution of the phase retardance of
waveplate. This self-calibrated algorithm can replace the step of separate calibration of the phase retardance of
waveplate in practical application and can provide technical support for real-time polarization measurement in
dynamic environments.
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Fig. 1 Polarization camera and FSV polarimeter. (a) Structure of DoFP polarization image (taking PHX050S-PC, LUCID®

as an example)

— (cos?20, + cos 8sin”20,)
(1 — cos 6)sin28,cos26,
— (1 — cos 8)sin20,cos20,

1 cos”20, 4 cos dsin’ 20,

1 — (cos’26, + cos 8sin*20,)

1 (1 — cos 8)sin20,cos26,
111 — (1 —cos d)sin20,cos20,

Wew = — )

2|1 cos*20, + cos dsin”20,

1

1

1

; (b) schematic of full Stokes polarimeter based on DoFP camera and rotatable phase retarder

(1 — cos 6)sin260, cos20,
— (1 — cos 0)sin20, cos20,
(sin®20, + cos Scos?20,)
— (sin®20, 4 cos & cos’20,)
(1 — cos 0)sin20,cos20,
— (1 — cos 6)sin20,cos20,
(sin*20, + cos dcos’20,)
— (sin®20, + cos 6 cos®20,)

— sin 8sin20, |
sin 0sin20,
sin 0cos26,

— sin 0cos26,

(3)

— sin 0sin20,
sin 0sin20,

sin 0cos20,

— sin 0cos20; |

AR COCANC3) 3, AT 3 B A 't 5 R Al 345
FITFI A FSV. B L 5 9 A% 5 A T AT AR 22 . 2430
P Dy 5 B IRE T B 8 e A R OR i B S B
FSV Al 58 50 S5 40 B S AR J7 B i, m] o 2 A O
WHs S H FSV AEE . BB LT DoFP fi ik
HAMLET FSV i I AR B 00 2 R R BLAT 45 0 R R 4 L AR
SCAR Y LR 7 b 2 530 6 3 0 I 0 it R Dy 30t 0z B Y

FSV fh B AL,

2.1 HRUER— EFNEHEMESERN FSV HEER
AHEUE B (3) 2 i 00 6 W, 1 B 2

Tr(W.,) =4, 5251 Bk 1, R AT DL B B 4230 4

A FSV S8, BA7 2 S %0 B Y 4517

] d5t ELAT 45 R AR (P, LG B i 45 80 % A i B

.35 A2 5036 Bk L B

cos?20, -+ cos 8sin®20,
cos?20, + cos 0sin?20,
(1 — cos 8)sin20, cos26,
(1 — cos 0)sin20,cos20,
— (cos’20, + cos &sin®20,)
— (cos?20, + cos 8sin®26,)
— (1 — cos 8)sin20, cos20,
— (1 — cos 8)sin20,cos20,

Wi =—

Wi =

M1
1
1

|1

1
1
1

|1

(sin®20, + cos dcos*20,)
(sin®20, + cos dcos?20,)

(1 — cos 6)sin20, cos26,
(1 — cos 6)sin20,cos20,

— sin 0sin20,
— sin 0'sin26,

sin dcos26,

sin 6 cos20,
4)
— (1 — cos 8)sin20, cos20,
— (1 — cos &) sin26,cos20,
— (sin®20, + cos 8cos’20,)

— (sin®20, + cos dcos*20,)

sin 0sin20,
sin 0sin24,
— sin dcos26,

— sin 6cos20,

0326001-3



% {5

Wi Tr(W, ) =4, k' €{1,2), Hbhw,., K
O° T 45 ol et 41 7 % 1o %) 00 2 46 B W W0 DB 907 T
135l B R % 7 A 0 e B . PR, S L
FEE W, W] DAAR 3 P AS 46 [, 430 3 S5 8 FSV
MRl 4 2 T DUKE P I A5 B0 Y 8 ROk 5
(B3 R WA B ) ek 21, o i AT R M is R R
il

I, =W, +S

{bmmws° (5)
XA I R R 2 oA O B DL Ok X T 4 e A
W SR W35 B S FSV R ol

{gl :[W/lxwl:l e I, ’ 6)

~§2 :I:W/DH*Z] L 12

P — 1R R S, S, RREA T
B P R RS IR FSV B . MR (6) AT L

F 3% FSV B BASG 5 S, M1 S, i FHAT
R B2 X IOE 4 D I A T A5 5 4 A ST 1 3K A Al B
PO R e S Rt o I RVAINDZ N e 1 R B P I
PR I T 5 3 oK F 132 S AR B FSV R AG 334
S, +8,
Bt
AT 3E — 25 Hb 48 T 00 R R RGO o U 25 . AR
ST R, 52 T 22 RNK o7 I 5
W, B FSV ) 4 DS (soas1 052,55 BB £
H
Yi=0" « {[Wiy s W D" T, i € 0,31,
®
K, e u BRHEENE R ANEXNMATE, K
FEBLR 4 A FSV B8 {50051 050,55 ) B AL E 2
AHTRI B S PR3 4 A 2 806 B 1Ak B 7 25 % FSV 3%
PRAR SR B2 B PEAN N2 S TRl 1Y, 51 A EWV (Equally
Weighted Variance, Viyw ) 1E K fiif 1 FSV Al 8% 8
(S 2) g bR Rk 0N

3
2
Viw = E :7, =0 -
i—0

S = N

4

E {[W'IXrlfz' M

k=1

(W,1><,171 )I] ! }klc o

(9

PRI B A B FSV Al 305 W X6 17 ) i A1 I8 AR Az S

R 8 o ST TG 5% FABE (01 o 02 o) W ER/NME
EWV.

(S opt 30 1—opt »O2—opi )i :S%T%Gmin{VEW Foo (10)

T TR W, RW, T X

SIAE TG = 50 B 5 T 4R 2 o JE 6F 7 1 5 16 % il

BRI . A 5 S5 B O Ak i BT 5T R G

Hofz — AT, A

S, +8,
2

- 1 1
Viw I:S] =Viw |: :' = ?VEWI == ?VEWZ ’

an
K Vewl » I RoRHHRE T 2, 2 RmIEAT
25 2] (100 20 5 Ak B i . A SCR ] SCE
(Shuffled Complex Evolution) 4 J&) & Lk J7 15, i%
735 3 A AR K A AN TR ) B A BT A BT AN
FRRAE T EWV (H, I8 i 2 /i ik R 984
Jr B A0 e B AR A L T A R i R v
SR 25 T DR SR A R e

B T4 R R, (10) 2 A4 Ak e B B AR
fiff 6 2

D R WS e AR 2B R 5ol 120°, Bk =43 2
— R

2) W F 1 B M0 e A £ SR W A T 4 - (49.87°,
175.13°) M1 (139.87°, 85.13°) , 8L Fx b X W4 I H
£ B ELA R AE & 139.87°=149.87°490°, 175.13°=
85.13°+90°;

3) WA FSV ZHMM5HJr 28 67,3567,
3.50%,3c” BN 7 Z W EWV H2h 1167,

11 Nt B Rl N N ol = I N A VA R =%
B, e AR (11D 20 Ak B S5 1% B ) EWV (i ] 3
Tk X 3T A Al SR SR T 48 R SR A5 DT T 2 IR
—2£ [l 5,567,

BTy 22 EWV B AR A7 SE 3R & (19 728 4k 4 1#]
2Ca) B LR T . R T A A A R OG &R L A
2Ca) PR R EWV B B0z 8 LR M. |
B 2 AT LB L EWV (E B 3% A B AR A7 48 3R 2 1Y)
B Se v N B L FE 120° 40 UM B /ME . AR,
o — R F B PEA 48 A5 25 AR CCND P B R A+ A7
FERE R AL A 2 h ek R, 1T LR
PR OR [ bR R R R 0 A AR AL 3808 1207,
PRI AT LAGA A 120° B Sy FSV A 35048 15— Fir b 17 114
S AR, JEIR . (E A5 7 B R A T A BdE
b TR 4R AR EWV FE B R AR i 6= 1204k 9421k
FO RS- 28 , B2 ZE 3R 8 AE 120° B3 i, 4F X% FSV Y
ST EWV AU, & R A b

TEWE R AR A A8 SR R IRAR Fe L1 & = 120° A9 1% 1
TLEWV 59 5 W BEEE M 0,0 1 2 R #
2(b) iR, Hr @R BERY] FSV X5 EWV
{EBR K, By & B SV Al S X W 1 EWV {H /),

0326001-4



% i

HE MR EWV BUS s /MER BB 2(b) B g
W AE A Boph 2 O Sk L R 2 Co) B S L 24 ik A i R
A M OBE B (49, 84°, 175, 13°), (139.87°,

@ 5
: ~CN
z 47 EWV
5 !
&0 3L -
:E 21 '
b N e /

0 . . . : .
0 30 60 90 120 150 180
Retardance 6 /(°)

minimum of EWV with 6=120°
(c) 180 (85.13°,139.87°)

150
(49.87°,175.13°) (139.87°,85.13°)

120

290 ,
¥ r
30
(175.13°,49.87°)
-

0
0 30 60 90 120 150 180
6,/(")

6,/(°)

85.13%), (175.13°, 49.84°) HI(85.13°, 139.87%)
i, EWV IG5 /MA 1107

EWV with 6=120°

v iﬁy"x"
%
i 4

0 30 60 90 120 150 180
0,/(®)

EWV with 0=00°

Q)

[%

0 30 60 90 120 150 180
6,/(")

B2 EWV AR, () EWV RO E0O H 40505 08 B RH A7 I8 I8 5 2 18] 9 56 25 (b) AR 7 SE 3R B2 120° I, EWV 5 0]
iR 2 AL 57 3 3R 25 P IR e 2 A BE (01,0 B SR R 5 (O M ALIE IR 12y 120°0) , EWV HUe /IME B X 17 49 f A8 i 5 (D 25 48 437

HEIR B 90° I EWV 55 A B AR L SE B &% (VU 43 2 — B R PR BERE A1 BE (0, .0, KR
Fig. 2 Optimization of EWV. (a) EWV value (logarithm) and condition number (CN) as functions of phase retardance & of

waveplate; (b) EWV value as a function of two rotation angles (8,,0,) of rotatable phase retarder with phase

retardance §=120°; (c) optimal solutions corresponding to minimum of EWV with phase retardance 8 =120°; (d)

EWYV value as a function of two rotation angles (8, ,0,) of rotatable phase retarder (quarter-wave plate) with phase

retardance §=190°

HY T a2 R B i A T g3 0l 2 B R R 0% A
45°,90°F1 135 P~ #8434l 7 SE LAY , 45 &5 DoFP i
PR AL S B 7 R 5 A HE S 5 LI 1) iz il
BRI S T R )7 ] b 2 pixel X1 pixel (7 F 14
A4 3R, 5 2 pixel X 2 pixel B0 H .,
2 pixel X1 pixel f43 BFRTE FSV Al 501 & Ty g I
BIT 145

F T 52 B v w TR I8 R 2 AR 7 SE R 22 90° 11
W45y Z— P A, PR AT b B AR A JE R & 90°
BFEY FSV IS Jr 22, Scbr b, XA g 00T /9 48 3R
s E R 907, RIATT #E % He A7 ik . Hofh i 5
KRG R ERE N 120°0 1) — 5, LR N
90° B Xt 1 1) EWV B ¢ T 95 1K Jié % £ BE 1Y 228 A6 1%
S 2(dD R, &R & R 90° B 1Y 4% fk
120° B A —F0, WAFTE 4 AW RME SR 4 AR/
B, 5, N 2D R B EWV &/ E
ROX N R A R 1 iR, EWV

e /ME15.320" IZAEAH L TAE IR 5 120° 0 11
S A A Ty 223G KT 34,7500, X A I
T[] f O A AH A7 2GR B 1 B0 32 D0 Ak ) X
fe e B i B AR, S BO07 22 B0 EWV (55 i (2
FE—>T7 [ L ATH 98 AT LACKE 25 8] 23 B 5 4 T — 4% .
bR B xR 1 AE 2o b i LR T A B
DE AR A AL B AN () 22 S5 /0 o AT ) 4 950 B X 1
AN TR B8 e v AH AL SE R i B G R R B B TR AR
PRI o S92 B 7 Sk R v TR A R R SR R R
eIy Z P .
F 1 W AHA IR S 90° I I due P 1k e 7 5 s

Table 1 Optimal rotation strategy when phase retardance

of waveplate is 90°

Rotation angle /(%) 1 2 3 4
0, 176.8 86.7 138.2 176.8
9, 48.3 138.2 86.7° 48.3

0326001-5



% {5

22 MMUEBZ . EFHFESERN FSV HERE
AR JEHETE DoFP i $iR AL A 25 1] 43 3 3 K /Iy
PORTER T AR 4 T BE T AR 1) Moore-Penrose 4
WY FSV ARG . RN FSV Al
S=[Wg, "1, 12)
flisAg 5, .+ ” R R Moore-Penrose £
LR
(Weo Jm =[Wi We 1'Wi, (13)
AL TR —rh R MR s B Phiti s B dE T
LY R AR B . L T Al T FSV 40 25
I 5 5 25k
Ve =UWea J71 T« W 17y =

{[(W8></I)T ° W8X/I]71}Meo (14
J—it':':' :{ * }kk %‘%%%EMZ{[“QXJJF }T * [W8><1]+ E@%
kATH R BIICE .
ST 2 EWV
Viw = 2 Vi =Tr{[WeD" « W 11},
A FSV Ak 555w 6F N 1Y f D0 U R AR A E SR
aopt&wjﬁ()}%%% E (01701;[ ’ 62*0[)t ) @%/@. EWV {E
e/ B
(é\opt ’6170}\1 ’6270}\1 )i :airg& mln{VEW } o

B E R oy 2 — PR (I R g R 4 6 =
90 [ » A FEAE A Z A AL I A

15

(16)

— 0

0 0

I:(Wsm)T * ng,ljfl =

4(sin*20, + sin®*20,)

2sin40, + 2sin4d,

1 —cosd4(0, —0,)
2sin40, + 2sin4d,

cos4 (0, —0,) —1
4(cos’20, + cos*20,)

cosd(0, —0,) —1

1—cos4(d, —0,)

an

0 0

0 1

HI EWV 1] &R A
View =g’ . Tr{[(WSX-l)T ° W8><4]71} -

3 : :
{2+1—cos4(61—02)} 7 (18)

AR YU o 2 — Ul F WU E R f 0, —
0, =45°Kf ,EWV BUf5 5 /ME 5.50°, H. 4% FSV &

ﬁ%%ﬁﬁ%%%ﬁ%ﬁ&&&ﬁ&ﬁoﬂ%JF

A BF AT . (18) S (9 20 B8 0 cosd (0, —0,) =
cos 180°, AR 5Z BRALAE 180° B I A& AL B2 A2 Ui W %
AT EWV AU BAT B i &

AR A DA TR A DY e 22— A
Ry sz Bl fe /s EWV Al HUR 500 A A R — A
PE L HAS ) o B AR AN RESR T304 2 pixel X2 pixel,
3 W AR E] D A AR E

ity BTE LAY FSV IR B B e R 4 T MK
DoFP iR HHHL R 4 23453 8 21 65 I i AG B3
TR T W7 fifp 2 [ 4 JBE 1) £ B Y & mT D, 25 T DoFP
D A AR AL A 4 A0 EL A A B D T A k. PR
bR T AY B A AR AT R AT 22 i 1 D S R )
95 2 NI SEBLRE R [ el B2 9 S 80 5. ke, )
)P 20 1 TC A 1 55 B0 HG At 2 80 [a] 25 A 58 An il

0 AR AE R i, H AR Shibata 4
FAREE T ST =K DoFP AL 38 R 4 1 A A7 48
B[R AP A bR E . HHO N R I B SOG IR ECh 12,
M TTA R & . ASCIE TR PTIR DoFP St iR
SR A RIVAT S BEAH [ 59 D B8 78 5 B W Hh Al e AR
A A o I R TR 2P AR E B

VLR B4 T e % £ B2 Sk 0° 1 45° 9 il DoF P
BRI 8 20 Qi 9 A A 25 % 7 (9 S 588 A8 23 31 Ay

IQ - %(So +51)’ 11 - %I:So +(S2COS 8+535in 6)]

1 1
I,= —(sg—s1)s I; = —[s50 — (5,008 & + s38in 0) |

2 2
1 , 1 ’
I, = ?[so + (57008 & —s3sin 0) |, Is = E(so +55)
1 . 1
Iy = ?[so — (57008 & —s3sin0) |, I, = ?(so —59)
(19)
I, A 5545 3 FSV.
i I,+1, ]
10712
s — 1
I, +1, lo=l
117137(15717)(3058
L sin § ]
(20)

0326001-6



i

{5

[ B, il 580 D 7 A AR 82 S JR i, W] R Ty

o ‘11713 o ‘11716
3arccos(15IJarccos(Ialzjo 2D

HREAE (200 A (21) X n] A, 3% J7 35 AT AE SE B
FSV Al 504 8] B, 52 30 R A A 28 3R S 1 W) 25 £k
B BVRRE AR SCRR I B O R B A bR . AR,
M0, —1,=0 RIFFMDER FSV 2 s, +5, =0 B,
A T T8, HL 2 R s i R B R L A SR i Dy
180°1, &1 XF FSV s 434 (il B 2R 58

“HAbRE RN A EENE . W
1% G0 B i B ASCHE R P T 982 R R A6 B SR e A T AR A2
2 S R R R P 6 A IR L A R R R A
FE— A 2 TIZAT A T SRR BEAR T 5
B XERES s 5y — L 7E — S sh AR IR BT L U
7 V1 R AV S SR AN R [ A AN AR Y A AT A7 B I
SGEREM S AR E T B BT S
Jiti 2 25 B %) i i DU R AR AR T AR

4 4k v

T DoFP fi 4 H LAY FSV i 417 M 5 43 7T 38
Ik T R A I AT R AR 7 A SR g AN I R ) R
A BN R v e 5% A B 5D L S B FSV NG, 3k
TN FSV IS4 A P2 1 7 RO [ 1 4 Ak 3R
W L — , KR T A AR B 43 il OF R — A~ 1207 AH 4
FER 0% R S BT N5 7 2 10 d /b Bz Ak R
W& DoFP M HLTE FSV Il & Jy A /4 2 18] 43 ¥ B
PEFET 1A% I R BR300 A AR R R B A D 43
Z W R ST 5 A — [ A de /NN B 25, N
SR I BR AL T O S B R X R Y A Ak
WG ANBEPE T2 [E] 43 B . I )5 FIH DoFP 1) A
D TOARR M, 32 T A i DoFP 317 M R St 5
SR A5 BIVRT S B I AR A 28 SR B A TR 45 A A . e AR
T A% G A AR AT B AR T L S b E U AR A A SR
R e A [ Sy 20 285 A8 Ak SR 5% T 1) S5 sf i i 1z FH 42
HETH AR,

JIT 4R HH B P A0 5 s ASUEE X6 356 T B A 07 B SR 2
RO R IRAL S H . F 58 b 2 AR IE R 25 5
] i — 4R T FSV I R S0RS B L B 0 A
PR R TN J5 35 TR R 38 FH T % 8B FSV i IR 1L 45
F o T3 AN TR I TR 25 AR e DR X A A 28 3R
(BLE S B g FH s 6 e e 7 £ B 1) A TR AR
BRIV b, A3 4G 0 D VR B S B % A 09 R P B
PRaE . 1R WA ] B3 5 A E Y BIF oY A SR
{E. AT VE N G 2 TAERIT

[1]

(2]

(3]

[4]

[6]

7]

(8]

(9]

[10]

[11]

[12]

0326001-7

2 % X #t

Liao Y B. Polarization of optics[ M]. Beijing: Science
Press, 2003.

BUE . AR oas (M. dbat: Bl Rk, 2003.
Goldstein D. Polarized light, revised and expanded
[M]. 2nd ed. Boca Raton: CRC Press, 2003.

Li X B, Hu H F, Zhao L, et al. Polarimetric image
recovery method combining histogram stretching for
underwater imaging[J]. Scientific Reports, 2018, 8:
12430.

Liang J, Ju HJ, Zhang W F, et al. Review of optical
polarimetric dehazing technique [J]. Acta Optica
Sinica, 2017, 37(4): 0400001.

B, B, oCK, S RIROGE R R FEHEAR
ZER[T]. Ja2Ed, 2017, 37(4): 0400001.

Hu H F, Li X B, Liu T G. Recent advances in
underwater image restoration technique based on
imaging [ J]. Infrared and Laser
Engineering, 2019, 48(6): 0603006.

VG S, A, XUBRAR . BT PR R m K R R
ISR B ] . 2045 #0E TR, 2019,
48(6): 0603006.

Morimoto A, Matsunaga S, Kurihara D,

polarimetric

et al.
Visualization of mitotic Hela cells by advanced
polarized light microscopy[J]. Micron, 2008, 39(5):
635-638.

Tyo J S, Goldstein D L, Chenault D B, et al. Review
of passive imaging polarimetry for remote sensing
applications [J]. Applied Optics, 2006, 45 (22):
5453-5469.
Kanseri B,

Rath S, Kandpal H C.

determination of the generalized Stokes parameters

Direct

from the usual Stokes parameters []J]. Optics
Letters, 2009, 34(6): 719-721.
Berry H G, Gabrielse G, Livingston A E.

Measurement of the Stokes parameters of light[J].
Applied Optics, 1977, 16(12): 3200-3205.

Kihara T. Measurement method of Stokes
parameters using a quarter-wave plate with phase
difference errors[J]. Applied Optics, 2011, 50(17):
2582-2587.

Wang Y H, Zheng C L, Zhao Z T. Multi-point
calibration method based on Stokes ellipsometry
system [J]. Chinese Journal of Lasers, 2012, 39
(11): 1108013.

EHME, BHFI, IR BT W7 5 i I it R
g% FoE b 0], T BEOL, 2012, 39 (11):
1108013.

Du X L, Dai ] M. Review of division-of-amplitude

photo polarimeter [ J]. Acta Metrologica Sinica,



ot %

n
¥

{5

[13]

[14]

[15]

[16]

[17]

2006, 27(4): 325-330.

FPUsE, WOSR . AR IR e R A LT T
R, 2006, 27(4): 325-330.

Tyo ] S, C F, Ratliff B M. Total

elimination of sampling errors in polarization imagery

LaCasse

obtained with integrated microgrid polarimeters[]J].
Optics Letters, 2009, 34(20): 3187-3189.

He H C. Study on optical system of simultaneous and
complete polarization imaging[D]. Suzhou: Soochow
University, 2014: 17-42.

BRI a3fLAR [ i 4R 5O 2 RSB (D]
I IR K, 2014 17-42.

Zhang Z G, Dong F L, Zhang Q C, et al. Fabrication
of pixelated polarizer array and its application in
polarization enhancement [ J]. Acta Physica Sinica,
2014, 63(18): 184204.

RER, R, REFN, SF. BT MWIR A FES 6 %
B HAEAm 4 G 3G s b g Rz T LT . 3444k, 2014,
63(18): 184204.

Gruev V, Perkins R, York T. Material detection
with a CCD polarization imager[C]//2010 IEEE 39th
Applied Imagery Pattern Recognition Workshop
(AIPR), October 13-15, 2010, Washington, DC,
USA. New York: IEEE, 2010: 11973151.

Qi J, He C, Elson D S. Real time complete Stokes
polarimetric imager based on a linear polarizer array
tissue

camera for imaging [ ] ].

8 (11): 4933-

polarimetric

Biomedical Optics Express, 2017,

(18]

[19]

[20]

[21]

[22]

(23]

[24]

0326001-8

4946.
Goudail F. Equalized estimation of Stokes parameters
in the presence of Poisson noise for any number of
polarization analysis states[]]. Optics Letters, 2016,
41(24): 5772-5775.

Foreman M R, Favaro A, Aiello A. Optimal frames
for polarization state reconstruction [ J]. Physical
Review Letters, 2015, 115(26): 263901.

Shibata S, Hagen N, Otani Y. Robust full Stokes
imaging polarimeter with dynamic calibration [J].
Optics Letters, 2019, 44(4): 891-894.

Li X B, Goudail F, Hu H F, et al.

ellipsometric parameter measurement strategies based

Optimal

on four intensity measurements in presence of

additive Gaussian and Poisson noise [ J]. Optics
Express, 2018, 26(26): 34529-34546.

Li X B, Hu H F, Wu L, et al. Optimization of
instrument matrix for Mueller matrix ellipsometry
based on partial elements analysis of the Mueller
matrix[]J]. Optics Express, 2017, 25(16): 18872-
18884.

Duan Q Y, Gupta V K, Sorooshian S. Shuffled
complex evolution approach for effective and efficient
global minimization [ J]. Journal of Optimization
Theory and Applications, 1993, 76(3): 501-521.
Perez ] ] G, Ossikovski R. Polarized light and the
Mueller matrix approach [M]. Boca Raton: CRC

press, 2017.



