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Abstract: Polarization imaging with mueller matrix can be used to obtain the physiological information of
superficial biological tissue, which has significant importance in early diagnosis and prevention of
cancerous disease. However, the mueller matrix deduced by the polarization information collected from
the commercial CMOS sensor directly is not correct, which limits the application of commercial micro
CMOS sensor in the endoscopic imaging. The study on commercial area CMOS sensor indicates its non-
linear input to output mapping relationship for sensed light intensity. Considering the inherent background
noise, a calibration-based method was proposed to mapping the output of the CMOS sensor to obtain the
correct polarization information for tested samples. Experiment results demonstrate that the correct mueller

matrix can be deduced according to the corrected polarization information, and the error compared to the
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standard air mueller matrix is below 3% . The effectiveness of this method is demonstrated by the

experiment implemented on silk sample. The results of the proposed method reveal the possibility to

apply commercial micro CMOS sensor on the endoscopic tip for in vivo biological tissue mueller matrix

measurement.

Key words: non-linear correction;

0 5|

i 0 2t 7 A 0 20 20 R AR A v B TR
BRI AR AT I i DU AR ) A ) 2 U T
AN [R) R RS R (PR B i, &t — e b
B A DA R B AEYH L RIRG R . HATW
AW U AR 15 B — R 4x4 B () mueller 4R Bf
FAE, H 16 ML E & Bon BB R AR A LS 1B R
HAY 22 S RE 10

i e 00 2 v A B G R R DL R R I CCD
1 CMOS PiFh, BHIFR CCD JK JE Wi 17 915 458 K (—
AE 10 A7 LA 1)1 ' i ) 1o e A B 2 R A3
R R LANE, ILAM , CCD H AL IR AR /IS | 2 K
JEE DX AT i i Y e A7 B B AG B RT A BRI ) 1) 4 2
TRyRME 8 . TRl L CMOS 1w, HoK B i iy
TLFER 8 7, NN Z 10 sh AT B, P i X
ARG AR B AT ARG ), B G5R
R AR B KR X (] P S A 2t X 2 [ pl
TG MR RS (A AR P A BT R AR 1Y RO RE IE A %
AF AL IR AR5 S o PR, 75 X i A T AR 2tk
W IE LAARAS IE 8 i IR 15 B

76T mueller % [ 3550 19 O 9% 15 20 9 3K Bt
rf, TR CMOS EIHE AL s 090G e 1 3 2252 5]
DI B ZE 52 . (1) CMOS 19 3F 28 4 mi o7 4% 1
(2) CMOS BOLITlFRIIEEE ; (3) JG2= oo lf iy it i 2
B T2 AR 2E 5 (4) ARSI A
IR PR 38 ) o8 16 i e 7 & 1) 52 )

ZEA VL BRI, XF CMOS Fh o i 1 i 2k 5
TE 1 B AE TR 8 2 e i A I Sk BRARUR LT 1 4k
PRI R, TR B CMOS BS54 1 0 25
M- AKX FR, FIEH & CMOS fY [F 4T W Ak 2R
PEBCST G B B FE CMOS OGR4 1 JEE B
PUEE SRS b N TP Y A W B YA D S 8%
JE A AN SR A S I — B WA 2 TR A, TR
AR IEM TR RZTEG AR LA

=
=]

area CMOS sensor;

17

mueller matrix; endoscopic

S N B AR Y AR R, 5 ARG R — S e
By i 2, X5 T A 20748 552 0 (1 14 )8
i EIE 28 [R] U AT SR A 28 0 45 1) 7 ¥ 101

SCHRR 4 R FH 75 1T B CMIOS A% T8 8 AR ATL IR 1,
PR ER A K g FH T A 0 i £ 20 e e LR N B2
B — i AT B AR IE 5 6 R CMOS 1R 2 i
AR 2 G R A IR T 1Y) 2 ' AT AR 2k A, LA
FRIHE % 1E ) R AE 20 U IR A7 2 0% PRI LA 58 %60 iz
ZH 20 Bymueller %0 4%
1 77 &

SRS AT R PRI I S e e B B A1
P LIRS B Sy [ 2 (L, (R A8 RT3 B . CMOS 1S
1% IR 1 o 17 R PR RS AE A — B IR R] A A Bt A I (]
B A AR A 2500 X 3R R 1 L PR A
BiHIOCR

Viea=AoF A X+a++ - +a,X" (D)

s ao KR AR x SR 0 B H S R AR I
HWE a,,a, -, a, HAEERTEREL,
1.1 CMOS > 3% M 57 45 14 3% BX

K FHVE % Al 1 7 19 7 =235 JBORE % 16 i e iz
2k, SLIGEC E AN E 1 iR, CMOS I B HIBOE 3 B
BEFE i i 2 SRR 1 09 S m PR 7 T R X i
PR 03R4 H G I=Icos’6,

. ]

]
R B

P1

]

LED

BT AR X A S A 3R CMOS i i i 2%
Fig.1 Device to obtain CMOS response curve by relative incident

light regulation

1.2 FEZe MM Bz & IE 75 ik
Xb bR 7 AR Bt 2, RS R
55 S B R =2 18] B9 ¢ R AT el 2 P g A O 0K

0633001-2



bk A2

% 6

www.irla.cn

% 45 %

fife , RStk R
Viea=CX+d (2)
R IE (A2t R BD Ry R A% A 185 S50 ¢ F1 d LTS
R 22 WU /0N, R = Ay = I X e s s AL
SR DL R
(1) 0~255 2 1E K K B WL 2] CMOS AR 143
(LA IR B2 DX (8] 5 T35 mueller %8 M5 (19 4% 1F 5
1 G A #E A CMOS (1 s AR,
(2) T RTLRURSIE K 5 2 e S5k 1) el g 17 iy £ ofe
Bt B D BE DX ) PN 5 AR Y mi A T i 4 0K B 1) e K

{E-5 foe/IMEH 2 WS FLZR
(3) /DN FALIE, K LRI B i Fr /) o
T T E B R B DXCTRI Y, T d /N R B E SR

AFEEMER S, 250 ¢ F d AR ) s, Hrp
x; %ﬂ IR 21| RO IV S A 1 e R E W R UK (N

mszyz PEDNY
mzx (X x)?
i Zx,- Zy;,-—Zx,-Zx,-y,- 3)
mYx, —( X x)’
2 ELWRIRE
THERE S Y mueller 7 B 75 B2 % 22 4 BUZAE &

JO7 AN Tr] 2 i bR 2 RS i AR A 1 30 i R, 5286
BB AN 2 o, S B A AT R A U, N

= 18

R2 P2  CMOS
(a) W[4 E

(a) Forward configuration
cMos — p

Sample

FHQ_

() & fﬂ z% kCn
(b) Backward configuration
2 FREUEE i mueller &5 [ 1) 52 56 i B

Fig.2 Device to obtain mueller matrix

18

El2(a) s . BOESE R SRBUR R 5 1/4 R 1)
AHXT AR BEAME S8, BE S X SE BRAE b E A7 DU, 40
F2(b) 7R o 5256 v >R JH 14 4% 84 9 Canon 70D
N & CMOS,
2.1 HEXE N GF 00 B2 f 2k 1 1E

SR s e 1 il e AR BOCR T B 2 s 26 S
B b B AT SR, R ARG S
CMOS BB, BB AR, IKEEEY
0~255, BUR 3R 72 (8] AR AR BE | AR IUR v a5
TRAEAS 2 5688 1y omma i fh 2 . 3 BUBR SGR [H] 2 1/
1000 s ZRIBOAE XS s e iy il 2, 4% B8 = FpoAs 1F J7 =
PAFKIESEL, 7[R 55 ZF T AR IUHT ] 2% ¥ H] T3t
8235, mueller JFF (4 By 500 56 ) 9 i . 181 3 P
7N R T =R e SRR TE it 2 DL SR IE R S
(A E 0 A 545 21 19 mueller 55 [

1.0000 1.0014 -0.0170-0.008 4
0.3903 0.4388 0.0244 0.0008

1.0000 1.0097 0.0023 0.0152
0.0113 0.9829 -0.0020 0.003 5

—0.0690 -0.0233 0.3174 0.0027
0.0014 0.0023 0.0038 0.6741

(@)

0.0113 0.9829 -0.0020 0.003 5
-0.0291 -0.0020 1.0272 0.0006

-0.0291 -0.0020 1.0272 0.000 6
0.0144 -0.0149 0.0169 0.9808

(®)

1.0000 0.0079 0.0019 0.0124
0.0092 0.8023 —0.0016 0.0029
-0.0238 -0.0016 0.8385 0.0005

1.0000 0.0097 0.0023 0.0152 ‘

0.0144 -0.0149 0.0169 0.9808 0.0118 -0.0121 0.0138 0.8006

© (CY)
Intensity before interpolation
Intensity after interpolation
—— 0-255 linear correction
Start to end point linear correction
" Least squares linear correction
g 250F
g
'«;—E 2001
s
: 150 e
3 A o
o
£ 100} -
& P.s
2 /
50r
g (e)
g

00 0.1 02 0304 0506 070809 1.0
Relative intensity of incident light

Pl 3 AR A5 e N7 il 26 A% E 25
Fig.3 Result of the proposed correction method for relative incident

light
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Fig.4 Consecutive intensity curve for the correction methods

(Exposure time of the experiment data used is 1/1 000 s)
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