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(1 WL R 240l 38 B 5 15 BB R R FHWF 58 B, Bt Ml
(2 W VLR 2 fh s A% J3bF L Ko 7 FHBIF 2 wh s, A0

310058)
310027)

2 RS T RIE T B AR X AR " B A e E AR L SR A T DL -3 0 4 (Vis-NIR)

FETE TN AR MR e A SRR R EE R X, RAKA 5 A1 450 A+ HEEE A R 5530 J5) #6 In AL
MIE J5 i (LWR) 54 Vis-NIR S i 7 A 00 K AR + 88 4 0% m 1938 M. 45 55 BT, LWR A 17 1000 %4
FOE T d5e /D Z T 0115 (PLSR) N T4 28 P 46 (ANN) 1 S HE[] 3 AL (SVM) |, #E 5L £ B4 B0 5, A BURE A= oy
40 B, BT B TIEAY P s R B(R,) N 0. 83, ¥ 5 AR 22 (RMSE,, ) 2 0.25 g kg ™", I 2 8 4 8 4 22 5 s 16 500
WREN WA (RPD) FAF] 2. 41, LWR A A v o H5 50 91 A8 A AH AL 1) £ 4% 1 Oy Jmy 38 S AR AR, B AIK T 22 531
T A S A5 0 1 B, AT R v TR R A T RE F7 . P, LWR HERR ko R R R AR R A
AT R X35 14 4 2045 - 9 i v O ) AR A e PR AR R

KR
hES %S S127/TP79 3L AR IR A5

REMN -V AEMKNEZE TR, EEYE
P EM R R M FE R, AL AUCR B 4
SRR b i AL BT R R i e 2 i
D RARG W QN S AN N @ TR = A= =
St DRI bR A B M B G R A A 1
Jo A EE, - HEN] UL-T 21 41 (Vis-NIR ) S i 4 A H
ZER IR N VE 2 VLS O O <5 [ 3 11| 2 R )
ST ZMEEEGFER,WE T RE AN W,
i R P 5 T AL (i) R R R RS o AR 1 Kk e B
T UTAE R, i B AT -3 £ A0 R O R A
ST REEARGE TR,

] 9 A5 3 2R Al T Vis-NIR 452 AR 3R U0 i
TEARGEE MO LIS T —E A . Reeves
I McCarty' > 76 T 5 HL 2% JH 5 e 38 56 11 7 180 4>
T IR A RS B AR, O RO R At — B
A AL P S A 1100 ~2 300 nm 745 4 4 37 PLSR
FEAY 2R AU BR AR 4 50 4 & i, A8 LB IE Y
R>50.92, Kuang FI Mouazen[“ﬁﬁ PLSR #% 7Y %F

R s A BT 5 Je A s i der /N 3R I 5 Sy A U9

A

FET flEE 2 A 198 A 4 RE 4 B ST 4 EL T
I A T A5k SR AL R, 4 0.93.,0.75
TR B4 X R pE R X 70 AR A5 A 1 6
PEATRFSE , 3 F I B R FE 9 PLSR A5 U 8 11 0 + 18
ERFE (R, =0.81), FHIFHSE X —Hegk 0
B 110 A2+ R AT 98 & B, R 550 nm FI
450 nm 4 1) U — 1k 5 8 F0RE B 4l T - 45
SR EE (R, =0.83),

Bt % RAEAS - B8 BOs AR BT 45 2%
A L P PRI AT A A N A 2 R0 2% (ANN) | 5245 [n] 4
HLCSVM) | JRy B A [l U5 ( LWR ) 45 7 1 2% i ¢ FH T
A 9 1 Y O T R R, e HOR S G e
JE A 45 B 1) Jm) 30 S S T 000 A R 5 ] e [ B (W) AT A A
K, Pierna Fl Dardenne “* 43 5| fdi Ji] J5) 305 4 451
Al /N3 [l 5 (PLSR) T Eb A1) o 48 42 0% &
Jo 8 A S O AR (R, = 0.80) £ T PLSR(R,” =
0.56) , Christy %&"°/ {8 F§ NIR (900 ~ 1 700 nm) ¥
TR TN 2 A A P A T - HE K 4 BB L4 &R pH

# [ 5K HARFH AL G 0 H (41271234 F1 40871100) ([E 228637 i RI BT H (2013AA102301) (H& M3 4L 1075 A A S Fr it ki B B (NCET
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2 4 IR 00 25 - BT R AN AR [ ) 8 4 G AR W] DL -3 2T A0 D' 1 S i 313

G3EENE, B S LWR 57 p9 8 A 70000 4% SR 4 4,
R,24% 4 0.82.0.87.0.86 F10.72, Genot 25 '*) 3k
ST HC A RO R M DX A S PR L4 &1 LOCAL 5
AR ELA AR ) TR B (R,® >0.90)

] PN 2 A Bl 22 R Tl HH A et AT AR )
SR S L LR YRS BT 200 T A ANNS
FTSVM 2 A e R S A D TR [
o H AR 2 kE |t 37 W 1 5 0 1 3O 1% i
WAL 7 B 4 Fi 498 Vis-NIR % AR & St ik BB
WEFET7 0] . LWR & —F Jay & s A5 5 72, B NG %
HhBE B 1 R A A AT 0 R AR ST SR AR R B T
TS TN GE J7 o - 98O0 35 B d B A4, TR
AR - S RO 1 JRy A TR 0 I A SR R A

ARG ST T Wi UL 5 R = m T R H O S
B 450 IR, FEMR H P (1) i S5
B 326 2 57 T A R Fe A LWR B8 (2) [ LWR
A 5 PLSR (SVM | ANN &5 4% 1 | dF 26 P 11 AU X £+
8 4 R U RS R

1 bR ik

1.1 #HEFE

A5 AT FH 1 H00H ke U T T VLR A A Sk A
(1 ] 4 S T UL -3 2T A O R T O T B
P FE F 2006 4FFF 46 U5 4R 4 R[] b DX A 3R

Y0 ~20 em B9 R JZE 18, th & 5 1E BB AR
BB HIBIE M 20 D SIS 20 24138
3t 4 935 A R, W) 2D L T A EE )+
ST W-3 2L AMOGTE BOE . AT ST Al A b
FEAOR A WIVL /AR RS CHO S 4, 231 20
A>T HERAIRY 450 > A, Hor Al 35 v [ R -
WoKAE + i L1 AR B b RS XURD
TR D) . EREZA T WHE I 2 mm LA,
33k Y 43 3 O 5, 4 ) T B 3 A RO 3
o SRR LR OE AR E IR A

T REAOR A AR A 0, B 2R & & 2 7R
K EB/AMER 0.28 g kg™ KA K 3.65 g kg ™',
g 1.24 g kg7 (£ 2)

#4E Kennard-Stone By 1 B S K FEAS ) 3/4
PEREBAE (337 ) TR 1/4 (113 4) IFEARLE R
U0 TR A O 3T ) A Y 150000 K5 B . Kennard-Stone 12
MR 615 3 B 4325 (8] 1Y BR G FE 2 (Euclid Distance )
PEREAEAS , RIS T4k 4 PR AR AR 23 [i] b GG 1R 2 A i
MIPIAFEAS  H AR . PR T3 2 AR FE A
AT A R A B R AR A A B B o B T A
EAS I Ji R B B, 4 3K S R o R AN o R B S Y
KIS W AR ARBE, 5 -1
R, 2 AR R A B B T T A AR AN
B W 2 R R AR 4 S i A R AR R
BB R 2E MR R RS 2 A 2R

x1 ITEBESSHRER

Table 1 Distribution of soil sampling sites and soil types

b A FEAS KL + 3R
Locations Number of samples Soil types
Wiil.44 Zhejiang Province 104 JKAE A+ EEER
k44 Jilin Province 251 R N e 1 S L 40 oA W1 e T2 R e
. wa At RS R RS R A R O R SRS
Hif48 Gansu Province 42 . i .
Wb R R L
74 Hainan Province 24 Tk ar s
4 Yunnan Province 29 R

R2 TESESERITHE

Table 2 Statistics of total nitrogen contents in soil

FEAR S B R T M Rkt i 2 55 R
Dataset Number of samples Mean (g kg™") Minimum (g kg™") Maximum (g kg™") SD CV (%)
L RHEA
450 1.24 0.28 3.65 0.57 46.0
Total dataset
SRR A
113 1.27 0.28 3.61 0.59 46.5

Validation dataset
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A A ) o A A — 2, R AUR T
1.2 SEEHERESHALE

JGTE I R 35 [ ASD 23 B Y FieldSpec Pro
FR RSG5 A 3E 47 + 5800 3, P K [ o 350 ~
2 500 nm, Y% E A 3 nm (350 ~1 000 nm) FI
10 nm (1 000 ~2 500 nm), KRAEE N 1.4 nm
(350 ~1 000 nm) 1 2 nm (1 000 ~2 500 nm) , i
M e — DR O A = N T, JEIR
9 SOW [ B 3 KT, B HE R 30 em, KT
30°, K HT 25° ¥ 37 i R Sk, A T R ERE A R T
AIIE EJ7 15 em kb 2 Hi S HEAT FUARAL OE o
A RERAE 10 Z0Gi5 ith £, BOH: & B B {E A
1Z R B S B B 5 O 1 O

FEAS - RE A Y O T 2 Bk MR 7R RO i 2 iR
B (350 ~399 nm,2 451 ~2 500 nm) , {§ & 400 ~
2 450 nm f) S 565 Bode TR SRR TS . el b
WF 5 EHE 32 52 56 28 56 25 IR 45 37 22 S 0 A 5 O 10
S N I A1 O 1% BOHE 15 2530k T Savitzky-Golay
SN — B o3 B B R R e 2 T B R OE
( Multiplicative Scatter Correction, MSC) | # ¥ IE 2%
AR 5 A5 4 ( Standard Normal Variate, SNV ) 45 4b 3 Jy
o 3 A XTI AR Y AL, B A3k ] Savitz-
ky-Golay -3 (2 B 11 1 1) Jin— B isloor 75 i
1.3 E#EF*E

FE SR A I H LWR o, i S 8 5 T A4
Jai R AR ALAR 1 L B (C) MR AR B (A) , R 5 i
b R 4 A ok R AR WAL BRSO fF . X T
IR P — AT AEA R P ik B S B iR
FRRLES A AR R A AR DL AR 32 3 i 32 o 15 23 1Y
235 () SR 0 ok e o i S A N A e /) — 3fe [l
IEP SRR LW GIEEY G

FEAKH BLEE 35 B8 AN AL pR A LWR 1) 5C 5
ZHREWT

23 [va] 2 0 e Y DR D PR 2 (BR JE 5

d = /Z(ai—b,,)z,i:I,Z, ------ ,n (1)

TR R /> — 3 [ )3 Hhoin A ek 55 W (d) SR 577
TIAS o B0

W(d) =(1-d°)",0<sd<1 (2)

P dne /N 3 [l U9 J& — A 36 F W 7ot i dE =

BLAE A 07, 0 TS &m0, k&

F A3 53 A R AE OC 3 B AR M (81 A B T —

TS TR IR A R B AL, Rtk T H AR R Z R £

EAOCH R ES H TOME ot ix A e L

HIE O o AT K AT B PLSR 5% AU 2 3 T NIPALS
(Nonlinear Iterative Partial Least Squares) 23453

N A 28 0 24 2 — T A A7 TR 6 AS &5 4y 1 3y
AE ke b 2R AR 2 1 v 4R 5 B M A LA R )y
W AR GE RS A R RO =
o3 2H R, REASEAULAT: AT Al £ P i A 8 6 R 722 Y
KHR,HAMRE N A HLE, AR FHC B AR
BE J7 L REAE 52 BLA/E 223 L7 W LA GK 3 AORS 12

SCAE ) HIL YRR A JEL AR R R B A B gl R
2 A e S5 It S ) — A R 4B RR AR S [ SRR TR X
o A 2 () A R R I 70 ST . M R EIOR: SVM B0,
T2 YR R BORT DA B RS R R v 4 A ) B O 28
BREC, SVM B A% oR B0OAT R P A% pR B 2 TR
BRI B A 17 5 bR BRI Sigmoid % pR%L 4 B
1.4 HFESH

ABIEFE G 3% RS #1) Savitzky-Golay -3 il
— By 343 T PLSR HE B 5641 i Unscramb-
ler X 10. 1 223, Kennard-Stone B35 1 LWR 4 16
EH R RSB, SVM Hil ANN #4556 5iF (. Matlab
2011b s2¥

2 HiR5ie

2.1 AELESE TR L &S
TIRAZNIE B LR, A5 A ILS Z A T HLZS
A HABLOFERRSA AEMSR ESA.
BRI S AR RS M, B AE
) Vis-NIR Wi A S it ph ke g R 2. H 4
ST A HL B R 3 1o HL 5 A AL R A R S R i)
TR I S 5 T4 A 0% i Y A N 7E I PR b A A
B, 2 4 R AL 56 Ak 4 ik 4 20 T 00 2 A
U, 23R R 6 R £ 7E I, A R AR T AR TR
RRAE M o AT DL R Y R A BRI AL
B VAR G, TR R 7E 22 L3P 90% 22 45 i 4 A
AP A ASWESE b 4 4 EURUA DL B A OE £
BOAF) 0. 87, iZ &5 FENUE T LR &, A LT H
NH . CH HI CO % B R WA 11 4% 1F I Bt 3 3 76 op 21 4b
X8R, 0 7E Vis-NIR X 38 47 75 B 2 135 97 g A 45 45
Wt pl TN A AR e N AR W AR T S, B
PRHL Vis-NIR (94 2005 B L e mE >, B AT s e
B A 2 T ) £ 00 G TR R R OG5
HR B A L, I L It S R Al A O b A L L 4
REIRE, T TR R 48 K 1 R 516
K B 4 S R RN, Vis-NIR D63 2 5
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2 4 IR 00 25 - BT R AN AR [ ) 8 4 G AR W] DL -3 2T A0 D' 1 S i 315

AR, X 5 AT A5 b A B BT S R O S S
AL LS RREE T AR S A HLR %
ILiEP
— B 0k 3L R A 3 T S ' 5 2 e AR Ak, TR
W HE— 25 43 Ay AE 42 U B [ (400 ~ 2 450 nm ) 11
R RS — WO A5 6 R Y A OGP
(F2), 2ASES— W6 R B &
W AE PR 7E 8201 400 .1 4301 630.1 800.1 930,
21002 200 12 300 nm % JLAN i Bt , X 26 38 B2 vl g
JE A T B4 B AR R B, Stenberg AN
11001 600.1 700 ~1 800 .2 000 2 200 ~2 400 nm
FRE ST 110 8 B X6 A AL Al A 4 R I A A 2 G B, R Y
21TV 5Y 22 B 580,820 .1 400 12 200 nm 2 K [ b
DA [A] 26 A8 4 S A i A AL o o S A A O B, 5K U
GR4ENT 0k 750 ~ 920 F1 1 360 ~ 1 420 nm 1] fE &
AR ZE Y 4 3 1 A ML T OSBRI R 2R
AW ELEES LR RMEEMEES, BB T
0.6

0s5r

o
~
T

o
w

02} &

JZHI# Reflectance

400 900 1 400 1 900 2400
Pk Wavelength (nm)

PR 4 A i OB A Rl 2

Fig. 1 Reflectance spectra of soils in different total

nitrogen content

2100

04 T 1400 1900 () 2300

#3% &%, Correlation coefficient

o3t 160 2200
-04 | O 1930
) 1 430 )
03 400 900 1400 1900 2 400
WK Wavelength (nm)

K2 L s S — B ek s R Foth £
Fig. 2 Correlation of soil total nitrogen content with

the first derivatives of the reflectance

A FORIA BILST LA B A DG, JE T Vis-NIR
M2 J0 80 1 B A i + 1 4 0B 2L A — i AT
17k
2.2 LWR Z#ESH Mk

F BB (PCs ) FIARARURE A $i2: J5) 38 I A [m] )5
Jrik LWR il B WA S50 Nes 4507 BHF5 A
1 35 ASHUBEA RN 3 A4~ F 40 o] LIAE A 45 LWR
J3 B9 — 4~ 5 % , Ramirez-Lopez 25" ' 38 1 Jaj 35 2
BERFFE B85 £ A pH AR 50 A 28 A7 4 AR AU AR A 2
AR RREAR K. R I, AT 5 K 32 8 0 B80T AR ) R
AL 43 )5 Sk 2 ~ 10 i1 20 ~ 100 Z [i], 7¢
AN TR 32 18043 B A AR AS B 4 & T L 35 A R
W ¥ R R 25 (1 3)

042 %ﬁ%ﬁ%ﬁ%
umoer O
75040 principle
fn 038 components
(L}JjO.36 —— PCs=2
S —&— PCs=3
2 0.34
032 4 T PO
g : -# —+—PCs=5
% 030g & & 4L o PCs=6
RRAN TR SN S SIS o - PCs=7
% 026 e o amin-ha S aeee PCs=8
024 : N — e PCs=9
20 30 40 S0 60 70 80 90 100 . peeyo

FAEA%L Number of smiliar samples
P 3 ORIA] 32 0o B A URE AR LWR #2881 RMSE,
Fig. 3 RMSE, fitted with the LWR model relative to number of

principal components and number of similar samples

PP 3R, Y T R B R AR O [
LWR %) RMSE M 228K, 24 F IR0 50k 5.6 H
FRLREA B A 30 40,50 ,60 I, 85 71 20 5 45 4 ( RM-
SE,<0.26 gkg '), MEMSEN S HARBURE A%
S 40 B, LWR A6 70 () T30 25 3 5 A, RMSE 35 %)
INR0.25 g kgt M FE BT LT (PCs<3) ,iX
86 3 A T B4 B (BT R A < T3% ) TR R
iS5 e 52 B 3% 13 L DR I 3 AR ARt 50 2 S
% (RMSE,=0.32 ¢ kg");%’;j{ﬁjﬁﬁ%ﬂ(ﬁ%}ﬁq‘
(PCs=8) 3t Z 1 F M5 B ( RIHHEE =88% )
AR B A L, TR AR 2, BRI, 7E A B
FErh LWR R 4 77 10 32 504 B0k 5, AR (B RE A 8K
40,

R 58 X 38 0 8 RE A Y 28 ) S R Mk e E T
LWR #70 fr 3 5 43 H00OR AR foURE AS B0 P A4S R 3 5
B 25 7 AL AS 9 A8 AL T A8 k. Shi 45 A
i 2 782 AN - HERE A A BL R MBS, 24 RS
BRI AR L RE AR 4> 50 0 4 10 ( BRI =
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97.77% ) 1 50 Bt LWR T I % St &% 1, RMSE,
5.18 g kg ™' ,RPD Jy 2.88, Hergarten 25> it £ 5%
B FOHT I 6 b X Ak ) 725 A R HERE AR,
T0% + HEREAAE Ty AL ol A REA R B RS Y
WEALREAS K 170 ASBF , LWR A 70 750000 A 1L Rk 1) 2
Rt RPD g 1,63, Ik, 76 A [ WF 52 X 380 1 H
LWR 5 2% 3 1843 500 AR ARURE AR B02E A7 P i o
2.3 LWR ZERMERITLE

15K LWR A5 R 56 51 45 S 5 28 o 42 7 PLSR
() B TR 25 R HEAT X L o A ST i, PLSR T30 A5 764 )
HAER TR 7, F 4a FE 4d 5350 2k S0 4 3 4>
A &R PLSR (LWR I 25 R i 5 LRI,
XFF B R AR 2 S A B, LWR AR 2 (1
IE L, Tt b T PLSR B HBGTE R, H 0. 63 42
575 0.83,RMSE, 11 0.36 ¢ kg ™' [&{£ 2 0.25 ¢ kg ',

4 ’,
a /
R>=0.63 1:1line -
RMSE,=036
D 3 RPDAIE
) n=113 ',"
= g « e
g /
K2 2 o 9 L
Z s
3 %X
= e
3
2 1
e
R~ (]
r"l..
O 4 ' Il '
0 1 2 3 4
psE e g
Measured total N content (g kg™)
4 ’
c )
R>=0.80 1:1 line ',"
RMSE,=0.27 P
3 | RPD=222
n=113 pa

T 42 i

Predicted total N content (g kg™)
[38)

Bl e s
Measured total N content (g kg™)

RPD H1 1.63 B4 = 2.41, M4h, LWR #EA L &
M A0 b PLSR B AU B 450 121 26, X vt B LWR
BERUAH Lt PLSR #5570 8 45 U fiff ol i (ELAIR A B4
R H PLSR Jr ik 47 + 88 4 FOG 3wl 2
S /NRBE ONREARBFSE, MR 2 s
M E AR 146 4> B AT 0. 25 mm fLA2 0, D
106 4~ 4 3K A< 5 37 PLSR 4> 0 191 I 455 780 ( 3] 4% 40
ANFEAANE g B 4R ), T I AR Y 4 56 IR 45 SR RN
0.92,RPD ik 3.49, Z=#i 2> gt 5t — Huik 46 W
[y 72 A+ BERE A I S 25— I B4 TSNV Ak 3
Ja, DA 31 g oy EBLAR MG UE 4R PLSR A5 X} + 4
S R TR RO B B R G AIE R 0. 95, RPD ik
4.68, LiAHF5Y M) PLSR A& B 7E /)N RUBEE BF 53 X 3,
PGS 4 RO R 34T, M Y IR K R A
RS, T L 82 AU £ PLSR B gt 25 57 31| J5)

b ! g
R=075 I:1line -
RMSE,=030 @ ,
T_,,:D 3} RPD=198 ‘
o0 n=113
5
&5
&> 2
4 2
= =
L=
8
2
e
Ay
0 :
0 1 2 3 4
Bl e gy
Measured total N content (g kg™
d ! 2
R=0.83 1:lline
_ RMSE,=025 /e
w3 L RPD=241
2 n=113
f=1
% S
§z 2
= 5
b =}
et
2
.2
g !
Ay
0 1
0 1 2 3 4

SR E R

Measured total N content (g kg™

4 113 MEASATMMAR PLSR (a) ANN (b) SVM (c¢) \LWR (d) Z52R HL#
Fig. 4 Comparison between PLSR (a), ANN (b), SVM (c¢) and LWR (d) in TN prediction of 113 soil samples
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2 4 IR 00 25 - BT R AN AR [ ) 8 4 G AR W] DL -3 2T A0 D' 1 S i 317

BIR DA A LA 4 N i T ) 0000 H% B2, ok R
A1 W R UL B A 460 A
350 ~2 500 nm [ V6 1% %% Savitzky-Golay - ¥ il — K
T s b 35 £ 7 PLSR 4 & WUl #5578, R 740y 5
R 45 1) 1 5 A AR 58 LB UE 45 SR R M 0. 49, RPD Sy
1.39, MASHFFE 45 5 nl W, PLSR i 0 A5 A s 25 1+ 1
2RI RV IR 71| Dl R o W I S = S o
B0 ARG LG (18] 4a) o

A, ABFE R 1T T LWR 5% H Y ANN |
SVM WA~ 3E 2 M 07 vk 19 L A8 WF 90 2R ) TR) A 10 2t
R FYGGIESE . b ANN SR =2 BP [ 28 455 1
JETE AR S B ET 10 A 3 Rl 1 S I S e A
FOBRE RO 1B E R & o8 A 7, it s
N A B SVM SR e - SCAF ) (] U R
1% R/ RBF ( Radial basis function) , fix {3 PLS
TR 5. ANN I SVM i A5 700 25 5L UL (5] 4b | [&]
4c, ANN ZEBEY B UESE SR R, A 0. 75, RMSE, 0. 30
g kg ™' RPD Jy 1.98,SVM [f) Hi il R R 0. 80,
RMSE, 73 0.27 ¢ kg™', RPD Jj 2.22, E K 75,
ANN 1 SVM iy # #6 F50 0 28 R A T+ PLSR, A5 ik T
LWR, T Vis-NIR g8 H 7= 3H 0 - 18 25 30 i )
A A BAL R, R LWR AR 8 3 i 48 R A
UGTEREA, BRI - 598 25 A 0T a5 B A 45 4 22 S+
DO R AN U 2 = o N e vl we o Wi B R ]
ANN 5 SVM 25 Al 2 P 858 20 B AT A 0 B2 4 (9 85 2
EAF7E ] PR 22 00 SRR )R T HL, 7R RAEA £
BEOG g H s i A AL I, LWR J7 325 A0 X f] 58, 1
BRI T ANN 5 SVM Jr ik,

2.4 FHERMALEYT LWR HAL 5

LWR #8848 T PLSR A AL f 5C B 2 X R
LWR AL rp i I 1 38 20 55 56 Uk 4 rp B0 A AR
DGR ABLRE 8 B RE AR ke 1l 37 JR AR A s b TR A
RAEA L AR R AR 22 . Tl 25 ) ST S A &
43 BR PG 2 [A) 48 R 5 H R B B 3 1 40 S AH LA
AR 250 S IR 6 1S 5 40 DA RIUREA I iR D' 1
(7 S 0E 450 A SRR A R 63 1Y 7 B E AT
e (I S) .

S rh 2 REAS 1 635 A 40 AR UREAS 158
T 450 A SRR A OG5 AR L E, TE I8 2 AR O
it ( Raw spectral reflectance, Raw ) i J& % 22 4t 25 Bk
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VIS-NIR SPECTRAL INVERSION FOR PREDICTION OF SOIL TOTAL NITROGEN
CONTENT IN LABORATORY BASED ON LOCALLY WEIGHTED REGRESSION

Chen Songchao'  Feng Lailei' Li Shuo' Ji Wenjun' Shi Zhou' '
(1 Institute of Agricultural Remote Sensing and Information Technology Application, Zhejiang University, Hangzhou 310058, China)
(2 Cyrus Tang Center for Sensor Material Application, Zhejiang University, Hangzhou 310027, China)

Abstract Diffuse reflectance spectroscopy within the visible and near-infrared ( Vis-NIR) range is a promising way
for acquisition of soil properties and digital soil mapping. The diffuse reflectance spectroscopy technique is rapid, nonde-
structive, environment-friendly and more efficient than the conventional analysis method. However, due to the diversity
and spatial heterogeneity of soil, the prediction model based on the technique will have to face the issue of universality.
Total nitrogen (TN) in soil is not only a significant index of soil fertility but also an important factor deciding crop yield.
It is, therefore, essential to timely acquire the information of TN in soil. This paper introduces a method, i. e. locally
weighted regression (LWR) , as supplement to the use of the Vis-NIR spectrum technique in predicting TN in soil at a re-
gional scale, and evaluates accuracy of the prediction using Vis-NIR plus LWR. To that end a total of four hundred and
fifty soil samples were collected from Zhejiang, Jilin, Yunnan, Hainan and Gansu, air dried and ground to pass a 2 mm
sieve. Their Vis-NIR diffuse reflectance spectra were collected using a FieldSpec Pro FR Spectrometer. The reflectance
spectra in the wavelength range from 400 to 2 450 nm were denoised by Savitzky-Golay and first derivatived. Three fourths
of the samples were selected for calibration dataset using the Kennard-Stone algorithm and the remaining one fourth were
used as validation dataset. The core of the LWR method is to select samples from the calibration dataset most spectrally
similar to those in the validation dataset. The algorithm of LWR goes in three steps: to decompose and compress the spec-
tral matrix through Principal Component Analysis and pick out local modeling subsets from the modeling dataset similar to
the validation dataset by Euclidean distance. Based on the spectral distance of each sample in the local modeling subset to
the validation sample, weight of the sample in the regression model is defined, by means of tri-cube weight function. The
number of principle components and the number of similar samples were the crucial parameters in the LWR model, and in
this study, the two parameters were optimized to be 5 and 40, respectively. The determination coefficient (R,”) , the root
mean square error (RMSE,) and ratio of standard error of performance to standard deviation (RPD) was 0.63, 0.36 g
kg ' and 1. 63, respectively, in the PLSR model. However, the support vector machine ( SVM) model and artificial neu-
ral network (ANN) model was higher than the PLSR model in prediction accuracy (R,” =0.75 ~0.80, RMSE, =0.27 ~
0.30 g kg ™', RPD =1.98 ~2.22). Thanks to the advantages of LWR in algorithm, the LWR model reduced the interfer-

ence of samples lower in similarity in local modeling, and hence increased the accuracy of TN prediction ( R,> =0. 83,

http ; //pedologica. issas. ac. cn



320 + b # 2 52 %

RMSE, =0.25 g kg™, RPD =2.41). The findings demonstrate that correlation coefficient between soil TN and the spec-
tral reflectance after first-order differential transformation peaks at 820, 1 400, 1 430, 1 630, 1 800, 1 930, 2 100,
2 200 and 2 300 nm, which overlap the important bands for spectral modeling of soil organic matter. Due to the spatial
heterogeneity of the study areas and soil samples, the two crucial parameters, i. e. number of similar samples and number
of principle components, of the LWR model vary with the modeling datasets, so they should be optimized when LWR is
used to predict TN. The LWR TN prediction model diminishes the probability of underestimating TN content as the PLSR
model would, and makes the prediction closer to 1: 1 line. Besides, the LWR model performs better than the non-linear
ANN and SVM models in TN prediction, and does not have any black-box problem. Therefore, it can be concluded that
LWR is a reliable method for prediction of soil TN content when a large spectral database is available. With the consum-
mation of various large-scaled soil spectral libraries, LWR can be used to tap more useful information out of these soil da-
tabase and bring them into full play.

Key words Soil spectrum; Soil TN prediction; Local modeling; Partial Least Squares Regression ( PLSR) ; Locally
weighted regression ( LWR)
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