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Fig. 1 Spatial distribution of foliar nitrogen content retrieval plot

1.3 HiE—E 4y

AP X hS B A, ERIRER T A R
TE . B A T s T R R S AR L ol R S O 4 R A
AR AR E AN 2 PR . BRSO i (R 2R B, 2% 1& 5
A 41 B S AL SR g 2R SR AR AR . O T AR
FE] R AR T 1) 2% IS o DG TS U 1 AR B ] B2, A
HEAT IR 4% S 5 g 48 B S {8 FE BRDF-BPDF 30408 42 408 b 5 41
FBE R H Oy BB . DABRIE IS 1] — BobE . DR 2K EAY
WAL ERE, B TR ERERIE MM EEEE, Faf
% B $)7E BRDF-BPDF %4 4 $040 gk B s A2 B0 A g ok
A, I ZAR4E BRDE-BPDF $ 4% 22 8040 19 28 46 B8, 0 35 s BR
YIS TR PN 0 50408 32E A7 O % 52 S el A, LA DR IF 43— B
Pk DA 2 BOHE 4R 1Y 25 [H] 4 PR R E . POLDER 045 149 43 B
6.5 km, T AMLEOGIEEHE M43 B 1. 65 m(400~
1 000 nm) F 3. 3 m(1 000~2 500 nm), {HH T BRDF-BPDF
B R it 9 POLDER $4 55 it K F 75% . "I 7
HECHIE DG I B 52 23 ) RUBE 09 5% W 28870 o
1.3 FHik
L3.1 h#k R4 A

TR P S BUAG  63 B0HE 418 A28 W BLAY BRE, MR ¥E
R IR MR SRR AR Y . F P i fe R 38 4 £ 22
R 2 AR, R E BN LART R BH R T0UA o UR I SR 6L £y o AH XoF
T LD RE R . W BPDF RAEH 2/ B2 4k SOt Re ik . A

SCHRR BT, fEal WG 2041 e B . BPDE RJ A1 g WL I JL AT A2,
S I I 1 R AR 7 R T DB A AR ST R Ol E
BPDF 1) 5 D5 2% A i ) 288 7 R D0 JL AT, Dk 1 25 B 1t 35
SR R B 43, 5 2L ] BRDF-BPDF ¥4 R b ity 7 J1 4y
WU ¥ L B s . g Sr 3 43 & B IGBPOL, IGBPO4 Al
IGBPO5 ix 3 Fi A [l #h 3¢ IGBP 28 51 i) BPDF AR L) KL 1) £
i & ) 5 Z (polarization bidirectional reflectance factor,
PBRE), #ETIM BREF w25 411 B H A3 20 i I s 12 1% 5% 1T =2
S oy — i Ik S 85 R PBRF. e & 315 18 % 5 &4 %
(diffuse bidirectional reflectance factor, DBRF) . DLV B HL 3
1R 25 52

H iR B 2 = 19 BPDF B0 JLF 4038 R 2 e g AR 0, 4l
110 22 35 55 7 5 AR B A8 T JR) AR 4 I 100 i Bk B 4 6, (H il T
ez Yy myLE, BRARLS B EACR I R Ha i a W
LT S2Y 8 i R P BUR AR EZY e 2 i OU K IRy BL b= QL i
PATRIE R, HEEREER A& &, AMREET 54
RLFI SR K5 BE d i 9 BPDF B¢ 2L F 85 48 IGBPOL, 1G-
BP04 FiI IGBPO5 3% 3 i A 6] #th % IGBP 2851 T i 9 52 5 3
PBRF, 43 5% : Nadal f5 #1%  Waquet £ #0Y | Maignan
MR | Litvinov #%%) I Diner #5511,

Jo Tl AR B T, 75 BPDF 85T i 24 2 2 ik o 4 ]
—EERIIE . Ho, KRBT S R T ) CH S A R Sy K B
KIUA Os WL J7 1) 5 KI5 7 ] ) & A FR S WL K AR O



2914

S 4 BT

K BH G T 18] 76 M 2 1 £ 52 55 WM 7 1) A Hi 2 09 45 52 2 1] 11
SR AR T (i A ¢ BTSN b AR PR 5 4R 5 R TOUJT 1A B
SR RIS 0> AST5 15 B J5 i 2 18] 9 J& £ i —
A s PTH N ar . NS5 85 R 7 18 2 18] J5 1)
92246 S J7 1 HCAE S s BT AR NG HE S A B AR 04 (R
iLH

D
(2)

pns = cosfs

pv = cosly

Al %
p = cosa 3
HT = cOSar (4)

HAFER AR F, (y. NDBEIAYAS 7 2Z 8 KA KL R I
()

1 Nur — i \? Ny — pr \?
F,(y, N) = — — 5
v (72 ND 2[(N,m+,,q> (N,“ﬂn) Sl

5 R 7Y A g 4 SN RS USRI L 2.

FHsE: PlERDEIEEdRE

4% BRDF-BPDFA 4

T
SR VAT

ﬁﬁﬂ‘l‘ﬂ;ﬁ(ﬁ
Dinerfi %! Litvinovi#7 Maignan#i %! Waquett 74 Nadal 7
1
fidle [ 55 % PBRF
S # KT BRF ZiMi [ S R DBRF
SR B R
R VPl
2 HiEERARE
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Table 3  Accuracy assessment of 5 BPDF models on IGBP01/04/05

s Nadal % % Waquet & %I Maignan f& %I Litvinov & #Y Diner #5 #1

7 RSQ RMSE RSQ RMSE RSQ RMSE RSQ RMSE RSQ RMSE
IGBPO1 0.697 0.003 0. 690 0.003 0. 695 0.003 0. 688 0.003 0. 655 0.003
1GBP04 0. 875 0. 002 0. 857 0.002 0.871 0.002 0. 878 0. 002 0. 821 0.002
1GBP05 0.812 0. 002 0. 789 0.002 0. 818 0.002 0. 808 0. 002 0. 759 0.002
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4 Dt % 280 7 A 58 T PR A T B B AL A T R A
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TR R EAR R, i BPDF BLR AR 58—, 43 3
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B AR A g5 0 L s WA TS . R R 53k 0 A7 R & & R 3
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Table 4 RF algorithm accuracy assessment of

different estimator numbers

I FAmHi Gl
Bk RSQ RMSE RSQ RMSE
5 0.722 0. 307 0. 747 0. 300
10 0.769 0. 290 0. 803 0.252
50 0.732 0. 303 0. 746 0.292
100 0. 720 0. 309 0.729 0. 303
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H PBRF (5 W0 SE 8008 . Je/ME . T U4 8. b 4.
b RO B R AR . %43 A1 3R W R AR S 4 R PBRE 7R % {4
25 % BRE s -2 5t 3. 350 % fk i i b 16.519% ,
WA i 41 S S5 356 14 5% 2 S R 20 (1, ML R 25 2 LA RE W)
R BE . A8 OGS I R LA B RO PR K B R 4R S % PBRF
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In this figure, the X in the box represents the mean value, and the transverse line in the box represents the median value
2.4 MARARBEBEEBI LS BT FAR 5 b S S I R R R e T D AR B 0. 803 AR 7

[ % H T PLSR 8 3% . 32 543 [l U3 (principal compo-
nent regression, PCR) % . % 4 4] & [ )9 (support vector
regression, SVR) & &, K-iff 4 (K-nearest neighbor, KNN)
MU EEA RE B EER S 2 REP R RA, FIHE—
LTS IR, AP R IL 5. Hod, iy T B/
TIRSE N F R ) G AR R SRR Sk AT R RO
WAL DR R UL, T%Umiﬁf(ilﬁﬁ/ﬁﬁiﬁfﬁﬂﬁ‘j‘
B, BB AR E R A A IR BE 3 A 3R T
(KNN%;‘Yiﬁ'iiii’%ﬂ’JﬂiQﬁLE’ﬁlﬂ K R RES, BT
PR B T 25 A O 41 TS A IR) BT T ASE AL 95000 25 SR AR [R) . TE
LT . LI J7 R iR 22 RMSE A% 0 48 A5 1T Al 4 7H iR
PR TR 4. 24400, b RF 5803 2B ik e i R
B ik SORT B AR TE R R B K R 13,103 %, HLUAS B Bl G

RS SHMHARSEREELHEETN

Table 5 Accuracy assessment of 5 LNC retrieval algorithms

MIR2E 0. 252), FAMBEHT T RE 5035 H 6% £t i 47 v
F A RO TS T o AR S SRR B 1) PLSROER AT
JEIG F ) o 8 A i R S G AR 2% B RS S e T LB R 22 0F
3 ok B B ML AR MR R N SRR 22 S . M R R TR
BERE R 32,440 % UEWA T 25 BR LB S 22 A 0 5 05 1R 22
MM, SCEL T R T R A R

i®

3 %

WFoE BAESR M A A& B RS B, AP IR 22 f i3 vk
REWARZRAT . 38 2o e 4 525 R @ B LB 1 K4 Hl
PR 2%, WA IR PR FE f O 0 BE LA PRE 1 0 R S ORI
REREAR T B2, &S T A A 0 R U, A
T RELR T VR AR 4R T g 32. 440 % (AT e & % RSQ i 3
0.803, ¥y %25 RMSE ik %] 0.252), [, 7EiTiEH &
HIPAL T IR SO 2 PBRE 1R 4% K S % BRF iy 5 L 43
A3 IERE L T 22 B AR A AT J5 22 P S St B SR TR R AR AL
R T BE VLR IEAE RIS Bz R i L, WwiEm T
FeBR R A e B I AR R G R o B

Bt ARS8 0 1 AR B R AR AR A
et S HCHE A TT AL R O TS BN H B R R K 2 2 b )
W) TR B L 3R 7 s 3R R B0 1 B

Yao X, Zhu Y, Tian Y, et al. International Journal of Applied Earth Observation and Geoinformation, 2010, 12(2) . 89.

; % A Hi KA J5
Bk AR
RSQ RMSE RSQ RMSE
PLSR 0. 595 0.373 0. 624 0. 359
PCR 0.678 0. 329 0. 680 0.328
SVR 0.732 0. 304 0.735 0. 302
KNN 0. 748 0.291 0.748 0. 291
RF 0.769 0. 290 0.803 0. 252
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Abstract Leaf nitrogen concentration is of great significance in the vegetation biochemistry process. Airborne hyperspectral data
is widely utilized to retrieve leaf nitrogen concentration. Since the current algorithms cannot completely fulfill the accuracy
requirement of precision agriculture, it is urgent to improve the retrieval accuracy of leaf nitrogen concentration. The accuracy of
leaf nitrogen concentration retrieval is restricted by principle error and algorithm error. The principle error is generated in the
process of specular reflection at the leaf surface. The radiant energy detected by sensors consists of a specular components and
multiple scattering components. Solely the multiple scattering component carries vegetation biochemistry information (leaf
nitrogen concentration, for instance). The specular component represents the energy reflected directly at the foliar wax layer,
thus carries no inner information of the leaf. Based on the Fresnel formula, the specular component is partially polarized, and the
multiple scattering component is unpolarized. Therefore, the principle error can be eliminated by the specular reflectance
estimate, particularly with the aid of polarization reflectance modelling. The algorithm error is derived from the difference of
airborne hyperspectral data mining capability between different algorithms. The performance of Partial Least Squares
Regression, Principal Component Regression, Support Vector Regression, K-Nearest Neighbor Regression and Random Forest
Regression are systematically compared in this research, and ultimately Random Forest Regression is chosen to reduce the
algorithm error. In this research, in order to estimate the polarization reflectance of broadleaf and needle vegetation,
multispectral data gained by POLDER/PARASOL satellite (equipped with multi-angle polarization sensors) are used to establish
Bidirectional Polarization Distribution Function model. Hyperspectral data gained by the HySpex sensor system is used to
conduct high-precision retrieval of leaf nitrogen concentration. Root Mean Square Error is taken as a major evaluation index. The
conclusion is: After eliminating polarization reflectance in hyperspectral data, an average accuracy improvement of 4.244% is
achieved among the above algorithms. Random Forest Regression is rather competitive by reaching 13.103% improvement in
accuracy (RSQ 0. 803, RMSE 0. 252), which indicates that Random Forest is sensitive to polarization information. Compared to
the basic method (Partial Least Squares Regression) , the accuracy is improved by 32. 440% after eliminating principle error and
reducing algorithm error. In our research, the high-accuracy retrieval of leaf nitrogen concentration is realized, proving the
significance of eliminating polarization reflectance and indicates the potential of random forest regression in hyperspectral remote

sensing retrieval.

Keywords Remote sensing retrieval; Polarization remote sensing; Leaf nitrogen concentration; Hyperspectral data; Random

forest regression; Bidirectional polarization distribution function
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