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Abstract : Polarized features, which come from the surface of vegetation leaves in the process of reflectance, scattering and
transmission of electromagnetic radiation, can be considered as the valuable information source in remote sensing informa-
tion. The multi-angle earth observation can obtain more detailed and reliable 3-D spatial structure parameters of earth tar-
get, which makes the quantitative remote sensing possible. Multi-angle polarized hyperspectrum of vegetation leaves be-
comes new way for quantitative remote sensing detection. In this study, an orthogonal and two level test containing three
factors was designed on the basis of analyzing the characteristics of multi-angle polarized spectrum of vegetation leaves. A-
nalysis of data variance shows that polarized angle, incidence viewing azimuth, the chlorophyll and their interaction effects
all have impacts on the polarized reflectance of leaves. The influences of polarized angle, incidence viewing azimuth and
their interaction are particularly significant. Hence, not only some single factors but also their interaction effects should be
considered in the future studies of vegetation leaves polarized reflectance.

Key words: multi-angle; polarization; hyperspectral; interaction effects

%S E#A:2009 - 04 - 11, &[5 H#3:2009 - 09 - 25 Received date; 2009 - 04 - 11, revised date: 2009 - 09 - 25
E2TH : HR A RFEREA (40771153 ) s RILIHE K FRHE AUHOF &5 55 5 T H (106111065202 ) 5 [F 52 5 5 FE R AF 5T & 1R (973 ) T H
(2009CB426305 ) 5 H e o B FE ARl 55 2 L I %5 4 (09SSXT130)

YEERIA 86 PH(1983-) & W /RN 058 A B R 5T 7 1) i i B 5 I HR V3% B, E-mail : hany025@ nenu. edu. cn.
“{@iIFEE ;. E-mail :zhaoys975@ nenu. edu. cn.



4

&

fh BHAF SR BRCHASH AR X 2 B (i 9 e G SR ik 4 50 317

51

T

It 35 2 S P R TR AIRSE , AT ke 1 7 5
A BT B 0T BB TE 18 B A2 U A 43 25 vh BT i Y BT
#ik. 28 EARF# 5K Suits Hapke 55 K [ 125/ 3055 A
Xk R R T 43 A BB (BRDF) (9BESE, LI
ST bR 1 23S (e S5 A IR 0 5 i Y
PR S5 A —a) SO P 2R AR I ok, N ATTHE R 1) e S
PEAT IR 1 [R] Bt 2 % B2 AR S 5 67—
(RIFSE . 3k [ 2 (a5 s ( CNES) SR i
SR AR T R vy 457 T HEAT T BFSE,
F 1992 4E S ) POLDER'® | 85 )6 1 1 Ji H.
A7 B Ll L ER SO o — i,
DAGH K 2% HO i 1o G 43 - AL 8L A D B I
I X M ) A, BEAS AR A 3 S 15 .
TR K, N TR T S O
ER A8t T T A

L) R R R, 2% e B R B
VEFA™ . 28 A 2 B2 2% 22 () 5 AR % R | B AH O BB
[ 2. S PR 928 B FIAE 4K 5 b 3 i 77
TER  FEBE 22 e AL T 4R850, 58 B K 220 2 1
SIS B4, TE SR M R U5 B2 5 1
HWEZ N, R WAL LA HR? LT &
Fr i, 3T e S AR OGS AE | %) 5 it
Fi {5 2 S A DA £ B8 A R T A S i R Gy 4
Z RIS A I LR AT, BRI = AN
F 2 AEAE 2 R PR S 5 9 58 B S A .

1 ZRWHERZEREIZIT

1.1 XWHZE

AL M 2008 4F 8 H 20 H IFHA, 78 R ALIidE
KRB N BERG S ~T KRB — KA, B UCREE 6
HFEA, 210 A 18 Hikfrie/a—4iksm. 2 17 HEBR
HoAt S50, BT A I R R T i, SR
ERHTA R 1 8 s ey, M R B A
MR T JE S B B 3 HAs s BB b, 9
XA TS W R RIS % S, G KRR
FEFM B IR, PR A 4RME T 5 FHBY 0 v ks i
R0 R =, PRI 4 R & i, O — P e ik
i S0 2 b R G R

23 25 R FH 80% TR A 375 YA S 56 %8 4% Bk
AW OR s i 29 0. 2g Aoy, o3 A K7 (R
0.0001g) Fr e HORE A i 1. B AWFER /b ik iR
54 B 80% N B W, E LA 3K, A VS 1 )

3~ Smin. RIS UEF] 25ml AR P E A
OIS TE IR HIAE P 665nm 1 649nm T I
JEHE MR (1) L (2) R ML R o b B

(Ca Cb:mg/L) , —F Z MRt 2R 3 DR EE. FAR Big
K (4) A R AEY 4 i (mg/g)
Ca =13.95 x Ags - 6.88 x Ay, (1)
Cb =24.96 x Agyy —7.32 x Ags (2)
M2k R = Ca + Cb (3)

M4 i (mg/g) = (MHERRINHRIE x SR BRI
X FRAEE0) /FEfEE R (4)

S R FH R B OGRS AR Y
JIRAE R Y 1 S O BE T (B R4S :96239489. 0 ) FiI
Ocean Optics 23 A 42 7= A9 USB2000 %) i ik
i g, ) RO T B R = KR A
HIRARGE . I RIHEE T R G MES RS T
AN 54 A7 1 000 Sk e ) S S 6 A0, 1O A
B ITAE A GIR, 72 0° ~ 70° i [ P AR 100 — A
FEURA S R I FEBEIIAE 15 0° ~60°11 7 M5
W%, (BB Sk 10°. GRS R ER Z [ B 0° ~ 360° 4
B 10° 2 —AHR0 J5 57 (180° 245 11 S 5 5 ) . 1%
WA EA Ik 55k, BEVEAT 2 /0 e f%. =tk
AP 440 3 & 200 ~ 1100nm, F8 0 ' £F i 72
Yifi ok 25°, B3 Bf[a] R 3ms ~ 655, B 13ms i i
i R Rl 3B N AE— UK, Ja 1) USB2000 B S i 4%
A B 2 B A S 80 001Base32TM 24
A EE.
1.2 ZEHELIHZIT

IR E = AR, 7 e /A B (A) L AST
KA (B) FIMFER MR (C) . IR A AWK,
S0 A1 =0°F1 A2 =90°; [N 2 B AN KF, 73 5]
S Bl =30°F1 B2 =50°; & C A H AP KE, UAT &
BEREPIANI oA ], HR 4351k €1 =1.9787mg/ g
1 €2 =3.2495mg/g. IEA BT RN 1 iR,

SEas v, FRATTEL LT T A3 B 2 ] R

Fz1 BEHERKER
Table 1 Levels of factors

Sk P 1 AR TG A LIRSS Seg
KA A B C
0° 30° 1.9787 mg/g
2 90° 50° 3.2495 mg/g
F2 EXTWRLBUHAR
Table 2 Design of the orthogonal test
55 1 2 3 4 5 6 7
IS A B AxB C AxC BxC




318 a4 5 2 oKk I 2= i 29 %

BT O fi R 9 T i R 224 BE i e i RPAIE 14
Fig. 1  Curves of multi-angle hyperspectra for clove leaves when
the polarized angle is 0°

K2 90 fiiHR vt i T 7 i A 22 A BE i e S ReAIE 14
Fig.2  Curves of multi-angle hyperspectra for clove leaves when
the polarized angle is 90°
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Fig. 3 Curves of hyperspectra polarized reflectance for clove
leaves when incidence angles and viewing zenith angles both are

30°
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Fig.4  Curves of hyperspectra polarized reflectance for clove leav-
es when incidence angles and viewing zenith angles both are 50°
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Table 4 Variance analysis of the orthogonal test data
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Fig.5 Curves of the differential spectrum for whole samples
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Table 3 Calculation results of the orthogonal test data for
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