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Abstract: On the basis of multi-spectral multi-angular radiative polarization measurements, a
prediction method for atmospheric polarization patterns is investigated. Firstly, the principle of an
Aviation Multi-angle Polarimetric Radiometer (AMPR) and the regression algorithm of a Support
Vector Machine (SVM) are introduced. Then, according to Vector Radiative Transfer Equation
(VRTE), it points out that the atmospheric polarization pattern is primarily dependent on view
geometry and surface features when atmosphere condition is invariant. Meanwhile, it introduces the
relationship between view geometry and platform attitude and the expressing form of surface features.
Finally, how to use the regression algorithm of SVM to predict the detected polarization degree of the
APMR and to validate the application process is introduced in the consideration of the surface features
and platform attitudes. Furthermore, the predicted degrees of polarization is also compared to that of
real measurements. The results indicate that the error of polarization degree predicted is less than

1%. It concludes that the serious factor to affect the model accuracy is not the change of attitude but
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the variation of underlying surface property caused by the changed attitudes.

Key words: atmospheric remote sensing; atmospheric polarization pattern; prediction; Support Vector
Machine(SVM) ; Aviation Multi-angle Polarization Radiometer(AMPR)
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Schematic of aviation multi-angle polarimetric
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Tab. 1

radiometer

Characteristics of aviation multi-angle polarimetric

Parameter

Value

Spectral band/nm
Instantaneous field
of view/mrad
Viewing field/ (%)

Receiving aperture/mm

Detection azimuth/(°)

Detector

Quantization precision/bit
Radiating accuracy

Polarimetric accuracy

490,555, 665,865, 960,1640

17

—55~+55,along track
12
0,45,90,135
(Linear polarization)
SiPin(<C1 100 nm) ,
InGaAs(>>1 100 nm)
14
5% (calibration)

0.5%




2916 e KE TR

522 %

3 SVM &2 F &

BT, REBA S kR A g — T
R 2P R G i 3 AT I P 28 ) 295 AR ] ik e L
(Radical Basis Function, RBF) fil & ¥ %% 4%,
SVM S X /IEA % 1#?&%%%7!5] I ST HY
— R AL AL . B e ME 2 5 KU |
TKE{E Iﬂiﬁfﬁ’%ﬂ%d REAS v e HOR F 26 1
R RE AT N T 2R 0 2% ] 1 Y [ AT R
|3Ei»,\754E§§E’JTETL{ZHC?FH§‘IH:ﬁE €71, R e A
Ayt A2 B MRS T 0RO A0 T L L B A [l H vk
TE i A5 i1 22 T AR 3 R AR B OC R R —
ﬁﬁﬁﬁ??’i%ﬁﬁiﬁﬂ’]%ﬁﬁﬁ%““
BRAENGFEARER (X, Y) = yi)s
= "-N,EEP T ER A s i AT i, N OUREAR
B, v € ROGAHNE Y i 0B, FEIEASC R AR
Y=o &(X)+b, 4
s @CX) B A AT 43 AR 4E 1) & X e S 3] 5 4

S [E] AT EIE AT 2. . b NTFESELCFAT
AR i
.
min J(wre) = %m%w Ve +E), (B
i=1
Jyj*wTCI)(x;)*b<s+§;
siot. s P(x) +b— y<et &, (6)
&8 =0

A6, &0 SRSl P T, AR 8 R R 5
BRZE 5 e A PR Y 5 C J N e £ 114 - 187 (o]
VST R ACF- TH PR JBE 55 00 222 A o A 2 o RO R AR A B
MR KX 6) 6) IHSE S AR ), 753
I HH L B4 1% -

N

mZZ(af—af)CP(x,), )

J +e—2(a—a YKCxis x5) 500 € (0,0

b

y e—Z‘,(a—a YK(xisx) 0 € (0,0

€))
Hi ol G H T By E/MEE, TR
SRS IN W

DT aK (s a) + b, )

i=1

Hp Ky 2) = ®C2) OCx,) » T A% B8,

y(x) =

4% R BAT RBF L 22 35T 3K o 550 2 01 0 o 0 2t
PRELAE

4 HrAaBEx

4.1 XEEHmARE

HRAE (3D i % B2 AT i Stokes 2% 5K i, 1M1
TE SCAE WL AS My 5 /F 11 1 /Y Stokes K # 3 Al LA
3 o R A A O AR R R

dSCy )
B de

Forps o 9 RAUZ TN B B9G22 5 L e S WL K
A AR 5K o WL 7 57 1 T 0 IR PR KR

=S(t s @ — J(oy ) s (10)

J(tsps @) = %:;)J dpM Cts s @i 5 @)
S(T,HI,SD)+Q(T,FL,SD), (1D

b o O FRLOBICSR SC BRI MK HICS AH AR B
ST ROR T 2 1 U B STER L A 0 Q AR
FEUCUR PR KL

(D
4

Q(Tv}lv@)z M7¢;7W7¢0>SQT2,6(17AT)7

12)
o g SR AH NS R B AS 3~ 4 TaT A4 oK BH UL I 2% T
PRI o IR BAIT LA S Sy S A B S i 4
Stokes Kt T, HiFid #8, A hJLATHEL,
(100 ~ 3 (12) AP, 72 KR B A2 /9
BT Stokes % dt 32 2 iy WL LA | M 3 R AiE
R TR AE L B DLACAS LI B4 i P B T Ik T 0L
I LAY DL R T i A i R A, A — A 3 4 S 3
PN ER T I (D AR L A R R P N (Rt
WL LA ) A2 AL 32 B 45 5 B AR5 T W
R 1) fiw B 5 T M 3% R ik 1) 52 00 J0) 32 2202 iy A
[ 43 41 0 00y 35 78 5 DA [) 60 ERLOR 000 LA i 2
TR 4719l B A 2 A 3 R R A 2 S D R Y
4.2 [WILAaT
A HE RN T A A A 5 I ) 3 A
ML, B B AL LA, G5 R FHR T0UM K BH
D5 L LI 5 2 A TOOURIN K T A 5 4 AR B AR
FE—e AR E R . d I O A 0, -
cos @, =cos O,cos 0, +sin O,sin O.cos ¢, (13)
Horro 0., 0, 220 A SR T IS KT, F
BRI, 2 13) BT 3o 19 BUH A HE 5 S PR
IS A1 0. Z 18077 78 i 22 . B 0 B30 B 42 1
i A

Ay
[=]
RUB
S PR LR % &R V, . T SEFR LM ALk R &l V.,



5114 TET7 N 25 < 2 T SR 1) S8 AL 10 0 i 91 A5 5 2917
VU 5 A AE T S R F9H A B T A ) 5 36 R A B AR 2 A S

V.= R(6)R(,)R(6,)V, . (14)
Horfro0,.0,. 0, Y9 2500 . ROZ A AR R HE 5% 72 #i
FEE, HEA AN 0 I, ST BR UL U £ 0, 5
LRI A0 0, 4701 R,
4.3 HRSE

R AR TR 4 251 % 1 0 3 R A 0 3 0 A
7] 248 7 ) b 9 0T i 9 A58 5K A 52 AR AN AR ) 02
Hh T K B B A ARV X T 00 M e
JEREAS DRFFAZE » PH I AT LA o 275 A [ 2 8 Y
X KRR FE 0 TR
R — Ry
R+ R

R =R —y(RFE—R) ., (16)
S RIS RIS RIS S A I 2140 B 0
ST B0 58I 7y B T K 6
BB IE RHOR RO B 7=0. 907

ARVI= 15

5 a5 e

5.1 AEME

A 4 79 B9 338 W] T, 2 A 40 A 4
F14) i (1) i) B 5 e s 00 i 5 SR LA L b P9 7 A AR
RIS 0 2 B0ORE 25 3 /N o BEATL 328 6 I R A
IR A, 0000 o R N RS T R 22
T AAOHHENEE A aEm S 7%
A AR BHAE OB 7 7 A5 A G AR B, DR I 3
B A VARV fis A 80 i % BE Dy fin i 2 80
PLEE 3 5 e B9 SVM [l I 50 32k At 7 i 4% A5 X 7
W7, B PE RBF 1B A% B4, SVM 2880 1o 4
A i S BOR i oo R e R A E

T 2 AR LART — 427 ] 9] At S0 2 a5 00
TUART B8 > 6tk o LRI 1) 224 i 46 00 i 28 5 % )
Fi [0 03000 4 i S0 9 M BB 1 O I B . Ry i T 5
TE T 2005 5 B S — A R R0 A TR
PS4 23 S0 B Sk T 4R 55 3 uE4E . JL L Yl
S A8 0L T — JL B 4 S B 4 A 5 T AR X N 2 R
JEL 1 0 R0 9 8 AN 935 2 2 AR Ak 5 T 56 iF 4
JO7 24 R ] %) S B A A AR R R 4 4 A 4
LA TV A AR E TR A s,

BB < U2 AR 0 B A R A —
1) 7 % 7 90 S I B8 Al T A AR AT 5 000 4 RS A AR
0 R ) 214 7 S B 00 A R B [ 3 R BH

(5 %8 R G0 SV B T 5 AR A . X R R
578 X RS B ASE R 1 5 R O AT 8K
P L1 ARV 35 ¢ AH Rz FE 59 10 S B 00 00 4% 4 £
AKX 5. A6 AT,

i S BN E  AE MR E S RIEE NS
i 4 B A el I AR AR A 2K (D U IR
th o 6 TIE R 1% T i A BE 55 00 AR A TR0 AR i RE
oRIR A

Z: 2% 2 (4) by 2 8 g A 4SS = T Ty 3k 1 2R A

P[0, ARVI, , D= &0, ,, ARV, )+ b, (17)
For 2 6., ARV w350 21 7 4 o 399 D 00 4
BSTEARSR R ANFH A X L A EBUR A1 5 RSB B
FH 0.0 LUK SVM S H0GE 13 I SR A8 50000 K i —
YR )RR A s A TTTAT

P[0, ARVI, ] =

N
D K (0., ARVI, , ].[0. 1.,  ARVI, , ;) + b,

18
Horr: 010 ARV 20901 2 i — 41 4 J 400 B9 5
A A F A AR T I B BN AR S R B TR B R
B oy o SRyl O TR] R A SRS A 2 (5) 14
/MU
5.2 LR
PR 18 SR AR 8 AR I, O B BRI
PN YN 2R A B dh — I S U 5 8

I
[IZ A RIBL, ARVI, %E500)]

e L2 B

VIR e A A

T A ol 5 E A
oA s B S
A i e A o e
A g | sk

[ 4 sk 3 WE S A\ (ARVIL 48 A K00

F i dhe A

P2 i TN -5 ik o

Fig. 2 Procedure of prediction and validation for polarization

pattern



2918 b=

T TR

522 %

SVM 2 %5 bifi 25 S b UL i) 1847 52 s 588, PRt 9l
S W05 5 R ) BRI AR 2 R,
5.3 #HiEfEik

2012 4E 8 A 10 H,AMPR ¥EAT T M Ui & 52
5. 3EH AMPR LIS BUEAHE 7 TR, T 504
X EEAN TR 4 T 2T 8 2 7 A X i B A = 1 5 i
ST T U SIS, B e 3
Jis .2 2 FIH Tl 45 ATIRE.

AL

SETAI TR
e M TCRE

A A 1
SMTERE]

e

B3 fiizs 2 miRES s B R
Fig. 3 Schematic diagram of aviation multi-angle

polarization radiometer scanning

*2 MEZHERRESIT 2012 MR EH
Tab.2 Conditions of 2012 aviation multi-angle polarization

radiometer trial flight

Condition Value

09:49:50—10:53:24(along track)

Time
13:42:34—14:47:08(cross track)
Location Tianjin
Weather Clearness
Longitude, latitude 117"57", 38"58'
Platform B-3807
Alircraft attitude POS_AV 510(INS/GPS)
Flight altitude 460~3 200 m

Surface type Dry land, vegetation
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Tab.3 Conditions of 2 illustration examples

Scan mode Along track Cross track

Start time 10:03:02. 284 13:55:48. 006
Longitude/ (") 117. 826 117. 295
Latitude/ (*) 38.971 38.971
Altitude/km 3190. 039 3 195. 350
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