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Vegetation nitrogen inversion of typical grassland in Inner Mongolia combined with ASD and UAV hyperspectral. JIN
Li-shan', WANG Xiu-mei'", DONG Jian-jun®"’, WANG Ruo-chen', WEN He-fei?, SUN Yu-yan', WU Wen-bo®>, ZHANG Zhi-hang',
KANG Can’ (1.School of Resources and Environmental Engineering, Inner Mongolia University of Technology, Hohhot 010051,
China; 2.School of Ecological Environment, Inner Mongolia University, Hohhot 010021, China). China Environmental Science,
2025,45(5): 2713~2723

Abstract: The combination of ground remote sensing and UAV remote sensing was used to estimate the nitrogen content of typical
grassland vegetation in Inner Mongolia. This experiment was carried out in the grassland ecology research base of Inner Mongolia
University from August to September 2023, and the ground ASD spectral data and UAV Resonon data were collected. Based on ASD
data, four spectral parameters of vegetation index, hyperspectral characteristic variable, continuum removal variable and wavelet
coefficient were constructed, and LASSO was used to screen sensitive parameters. Five models of multiple linear, XGBoost, SVM,
ANN and KNN were constructed to estimate the nitrogen content of vegetation. The results showed that the SVM method based on
wavelet coefficients was the optimal model (validation set R* = 0.72, RMSE and MAE were 0.26 and 0.18, respectively). Finally, the
model was used to estimate and map the UAV Resonon data (validation set R* = 0.41, RMSE and MAE were 0.42 and 0.32,
respectively). The research showed that the combination of ASD and UAV images with machine learning algorithms could be used to
realize the estimation of grassland vegetation nitrogen content, and was provided basic data and technical support for optimizing
fertilization and improving forage quality.

Key words: hyperspectral; nitrogen; typical grassland in Inner Mongolia; inversion model

P 58 vt D A O e X 2 R AR
ob 4 [ R L TRIRRUK 20%, 2 6 3 22 11 75 ol A
HE ! U SRR A A KR B IS R T
50 A5 O i O DR bt M A 0 e A o R
o, WA 22 ) o A A, e DA AL - 3 v e

MR R BEAT DRI L i SOV A5 38 DX e R

= [11 12
CURE)

R 2 A AE RS BRI T 0T 9. 11 ¥

YeFs B 2024-08-31
EETIH: W o AKX BRF23E4(2022LHMS03006); 4 5 1t Tk

R A AR,

A G AOABL A S5 B AGL D 7 V5 RO MR,
ST LA R P AR 45 SR (LRI 2 ) I DL L
JHFE B /N (g A O3 S mT LA AE 2 W R bk

KEEHE 5T A E 303 4:(DC2300001284); N 52 1 1116 X B8 R i A
RHIFE 25 3 10 B (7Y20220108); ELAR-53 2 (£:70) B 87 SOOKV #irs i T 7%
(W ZE B A I M B) T4 (RH2400001221)

* TR, BIEEE, xmw1980@163.com; ** [Z SR, djj1978@163.

com



2714 HOE

R 45 %

i S VR B A MUBAR v 6 18 O R 4 4R 5 i
FRIE S LB THETH &N 2 B A A S = Al
SR 5 ViR A U o e B A A S R e 4y
AT 07 228 BRI T FiR 45, 45 B 22 PR R1VA D VR A 3 4 /N
T R P A MR 7Y Gao 25 P Ttk i &
FIIASERE, R IS5 AL SVM BERIZECEE P
T T T e IS5 e I R 5 A S T R A A A
AL T S 5 22 (5 H HrE B 2 6 i R
AR A &5 A 42 00 6 5 R AE, 32 = S 38 K5 FE 1)
5T,

T ML R HAT A i 23, e g
PRSI TR 114 e e i 5 b T v e i AR AE R
DX I I T A 52 JR R (A 5 1 6 43 R
(Lnm) PUs R4S S0 B HUBRRE. R A S 255 ASD
FTE AL 1 Xof Py 52 oy SR R S ol 2 B AT
SR MR — I S ER e, GG bR
oo LN 4 PTG BRI TS
G RFAIE, A58 FH fe /NS 4 5572 (LASSO) i '
TR R ML T ASD R AL SIS 1)
R JEEUREL A R SR ABE TR A A A A e L, B e B
SRR 5 AR S R 6 & ol A B
VLR A SRS AT B S .

1 MRETE

1.1 IR ML IR T

T A P 52 7 K2 R A A 2 i o ik b A
TN B a X B A R T (44°12.621'N,
116°15.446"E). 1% [X 35k J8 T~ o 2= 5 K i 2k Ak,
BRI W ATFEA T PHSE 3.5CF
YK/ 270mm. S5 56 X 8 HE Bl O 2F 5 (Leymus
chinensis), . ¥ B H K B& 1 ¥ (Cleistogenes
squarrosa) 55 EFE(Stipa krylovii) 25O RE MR
25 1400m*, 73 40 A Smx6m HI/NX,EE 2 R)E]
AL I OK) 1] B 2 6cm - CKOR D) T4 A it AE Ak £ (NOPO
XF . N1PO A% 100kg/hm®. NOP1 fiifi 30kg/hm?.
N1P1 4> 5% 100kg/hm?* i 30kg/hm?). 3% H] R 25 A1
ST A AT 11 Ay it L W U, BT R — R P 1 Ay
JIEL it FH AN 504 e A
1.2 SRR AR A S b 2

SEEG T 2023 4F 7~8 HAE 40 AN/NX TR X
HURE AN /NXBEE 3 AN 0.5mx0.5m [IFRET, 3R 4k

240 ZUREBAFE R AR R G R EEE Jo R BN 120
CHAFTAT 2085 1E 65°C T4 48h K5 Hoks i
WFEE . I 0 JS PR 0.02g HAERY R, B AU 5 ik H
TG Z 23 B A% (Vario MACRO  Cube) 43 HT #1 # (11 &
.
1.3 i A s 3R E

A TS ASD FieldSpec 4 F1 Resonon [f] 25K
B 2 G B s, S HN AR 1 PR,

%1 ASD #aF A#l Resonon B4
Table 1 ASD and UAV Resonon parameters

itk Hui-ASD UAV-Resonon
RSy Field Spec 4 Pika L
JGiE 3 (nm) 350~2500 400~1000
5B (nm) 3(350~1000) -
10(1001~2500)
JeHEIE () 2151 561

FIH ASD FieldSpec 4 Ml iSRSt w1
TR J RO e A3 B b T sl B el A N,
H RTK sk BARAR 3R ASD il ot i, o
SEHR AR LE View SpecPro HEAT B R L, 5K 5 43
T SR ZHRE O )1 X S e B I A B 4 A i i
BT AT SG U (Savitzky—Golay), AR 1 (1) B
VIRER=AC

Ju AHL Resonon Y% £ s A1 K g8 75 g 32 6 A
HL(DJI Matrice 600Pro)#%44% Resonon 2\ )M A& [
Pika L #fEH20m G e S8t e Bl s i %
g AT S EE N 10kg, B KT Ske, & K
TTHIE A 30m, 3T 2.6m/s, FESF A 40%, T 5.5 W
# lem.Pika L mGils oG Ac B Y 400~
1000nm, Y% 4> #E2 2. 1nm.

Resonon #4515 56 220 T S 5 Z i e LUk dkAT
JUFTE IE AR P55 DIT KSR 4 A48 IESHZA8L I Are
Gis A # ] Georeferencing T i P4 ] sk
AT T3l b B ECAE, By s RS B R R e . 2 e A
ENVI %A Mosaic T BT #2913 5
T 1) 20 AR 5 i K S AR R A DAy % ) ) 1
A 5em R4
1.4 ARDGHEZH
1.4.1 FERAREC MR AREOT LoD s R
SR P ol AR AR B D't i A5 JEL P 532 i, 398 i 0 A e 45
R RTRERf R A ST X T 21 MR (R 2).
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Table 2 Vegetation index and calculation formula
kAL AR SCiR
b 22 S R B TR HL(ND VT (Rugp = Razo )/ (Ryoo + Rezo) [18]
TR R B (SAVT) 1.5% (Rygy = Ryg )/ (Rygg + Rz +0.5) [19]
Ak 22 740 i F5 U (NDRE) (Rogy = Rysy )/ (Rogg + Ry [20]
& R FR S (OSAVI) 116 % (Rygy — Ry )/ (Ryg + Ry +0.16) [21]
S0 A — M B Fr U (GNDVI) (Riso = Rso )/ (Rysy + Risy) [22]
S SARUE R (SIS (Riso )/ (Rypy) -1 [23]
[t EER I3 3% 4 (3 F R H (Clgreen) (R )/ (Rsy ) —1 [23]
TP A A Fa5L(PBI) (Ryip)/ Rego) [24]
M3 L% (PPR) (Rysy = Rysy )/ (Rysy + Rysy) [24]
P B A Bl PR B (EVI2) 2.5%(Ryy = Ry )/ (Rygp + 2.4 % Ry +1) [25]
SEIEIRBUGD) (Rs)/(Rear ) [26]
2L A — AR B (INDVIT705) (Rosy = Rogs )/ (Rogy + Rogs) [27]
R UM TR E(NRI) (Rygo = Rezo )/ (Rogy + Ry ) (28]
161 2 TR EU(ART) (1/Ry5,)/ (1/R,,) [29]
B IEH— 2 545 2 (mND705) (Rosy = Rous )/ (Rosy + Rogs —2Ryy5) [30]
16 1F BAL L 95 2 (mSR 705) (Rosy = Rygs )/ (Rogs = Rss) [30]
Meris i H-4¢ 265 (MTCI) (Rosy = Royg )/ (Ryyg = Regy) [31]
eV g B4 R B B (TCART) 3x[ (g = Rezy) = 0.2% (Rogy = Rgy ) (Rgg / Ry )| [32]
= R ARE(TVI) 0.5x [120 X (Rypy = Rss ) — 200 ( Rz — Rys, )] [33]
6 A BRSSPV 0.4x[3.7x(Rygg = Rz ) =1.2%(Ri3y = Ry )] [34]
BB RSB (EV) 2.5x[(Rygy = Rogp )/ (Rygy + 6% Rygy = 7.5x Ry +1) | [35]
®3 “ZBsH REBFE
Table 3 'Trilateral parameters' and extraction method
Db 12 490~530nm P — K S HOGIE R A [36]
b Db R [ [36]
Dy B{iL 560~640nm N — B S HOLIE ) IR (E [36]
Ay Dy % [ A A [36]
Dr 2130 680~760nm P — K FHOGHE 1 XA [36]
ar Dr X B[P [36]
JGHETHIRURIA 24 Rg 06 I S 26, 9K 520~560nm 10 ] P 1R 5 K S [36]
g Rg X NP [37]
Rr ZLA4% I 3K 650~690nm 1 [l A 1) 55K S i % [37]
Ja Rr 5 N PR A A [37]
SDb WP 490~530nm Y [ A — B S HOG KR [37]
SDy BB 560~640nm G IE P — B S HO RIS AU [37]
SDr 2L 680~760nm i [ Py — B 3 HOG S R 4 [37]
VI S YR Rg ARG Re 1 HAH [38]
VI2 U S 2 Rg S04 AT Re (RYA—A0ME [38]
G TR S A B I LU S 5L VI3 ZLIATHAR SDr FHEEIATHAR SDb i LU A [38]
Vi4 ZL3A TR AR SDr AL AR SDy (LK [38]
VIS 2L AR SDr FIEE A AR SDb fH— (8 [38]
VI6 2L IH R SDr AR [ A SDy HA—40 A [38]
142 “ZiaZ807  —BrFECRHREHGR T SR [RINRE S O th 02 T R KRR
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ANE R NP R VAR 7o N VI A Vi D
W22 AN SRS 19 M T ARG A B AHOG I I
PR IESHGE 3).

1.4.3 PNERE PR P T B AR
e (45 5 Kb BN 3 BT A B 5 3P0 B AR G M ik
155 5 PRI AR5 P 10N Qe 2 8 T DA AN 50738 S i
BTG FEAAT B R 0T 68 AN [R) RURERT i 4 S5 3 2%
HEAT AR O AR A mexh /)N ist S A
G 2R AEAHAL, MO H] mexh ZNBEAE A BE/NE
FE) E Matlab #0508 T 9 AN U, 4355 2,
22’...29.

144 EZGLRSH GG LRIER Ml
1ok 2 B R AR 0 vl b g B VA R SR H G TS WOy
AE 0 7 VR 1 B A 1 L A A R B
WSS HE AR SCRRE 7 AN 2 M0 T i 0 s A
R (R 4).

T4 EERERSHUREX

Table 4 Continuum removal parameters and definitions

kA 5 S
R WORE H DB PN G E
W AT B K P W A e v s KR ISTIR F88 T I R YK
W AU S THT AR A WS R A R 286 138K P R BB B R B (IR 4
W ST 7 THI AR LA W AT U o 2 3 MR S W AR 43 TR AR
R Wz A THI AR RA W AT U A S R S W AR 43 TR AR
WIFREE S W e b e T AR LA AT AR RA ¥ G AE
EEFA%MA%&WW@%X%W%EHEW&%EE&A%%E
YR NMAD

1.5 AEHiE Ik

J6 i AR e J5 REIE S HCR T LASSO  JEAT i
#%.LASSO /&1 Tibshirani™ 4 i —Fh FH T kb 52
Z B IL LR R AT i V1 53, AT DLEAS = A 1
F R (G BT A R B0 ) %, UAHE S8 2 R4
RE B Ak, T E B Sk S H AR AR S AH I &
FLHFIE. LASSO 7£ R Studio H A H “glmnet” {1
SN
1.6 BLAIEIL

BL2s 2% 20 A1 VA 2 — b T 900 2 22 1 A o 1)
B2 30 5 ik AT DA 2 4 v A ) M e AN SR
W HETH(XGBoost)« SZFf [ B HL(SVM). AT
PHE 25 (ANN) KI5 A0 52 (KNN) £ 7 S Al
DAL,

XGBoost & GBDT [Pl EREAT T 1E 4k 1

(R AN X 1 <% o G TR 7 F AN L
XGBoost 7EYIZRiE A A R HERPERTZ A RE )
WA — & A,

SVM s 3 T I BF 2 ST IR BLs 27 S B F T
figp e 4 AR [l ) S gt [T ] I, S VM AXA
TE—RBEA L SVM 50T K W S A Y T 2 T
FEAS 511568 P T ) A 22 1) A SR A% 1) 6 o A

ANN J&— PRI i h 28 70 2 T AR 3 L ik
BRI 0 B i O s N Bt J5 200 % B2t
TSRO pR AL 3, 15 380 5 2 A 1 4 R O .
PR AE 30 I () A 3 550025, AN W7 R 38 4 22 6 2 TA) R AR
R Ao 20 X 0% £ B 4 SR T B R,
AR FH (1 A2 PR B R A 0 100 28 45 4.

KNN [F T8 5 LT 1968 4E i Cover 07
Jef b, LR AR RE A ] e B 1) & M AHARFE
AATE Ak AMAHEEFEA BV I P EE IR R A,
B ZOR ke ANFEASR AR K PSR K i),

fi i R AE R Studio 5 i, R H

“tidymodels” 1,58 A LK 73 . SELA I
AR TT HLoRH 5 4748 SR E AT B HIRE, A5 1 14
WAL RN 4 R B LT B S S 5
% XGBoost [1] “mtry”. “tree_depth”. “learn_rate” ;
SVM f#] “cost”. “margin” ;ANN [#] “hidden_units”.

“ penalty 7. “epochs ” ;KNN [f] “neighbors ” .

“weight_func” #5513 3| B 0 S EUR AR B B
Al A,

1.7 BERE

N T BN AT PP AR B vk i R (R
4177 KR 1% 22 (RMSE) LA K 1 34 ¢ X6} 15 22 (MAE) Xif A5
RAT SR PR, A U T

DM, - M)(P, - P)

Rz - n —\2 n —\2 (1)
\/Z,‘:](Mi _M> \/Z:,'=1(l3 _P>
n 2
_1s
MAE = ”Z (3)

Ao M; Sy SENIE, M ST PS8,y b T
R TR AL, P oA O IR S En A FEASL.



5 3] SALEE: S5 ASD RITE AL i ) A 5t SR B JUR Y e 2717

2 HRE5SH

2.1 MRS EGE T

S ILRAE 240 MEAGIBR 11 A, e 2%
133 229 MEAH T Ja S BB (R 5). 284 Bds
T RO 2 A S B E Y 1.45%~3.55%,
H°N 2.49%,SD 4 0.47,25 5% RECN 19.0%. YIZREE A
B UEER R B 20 B I 50 00 R 2.48%F1 2.49%,
J7 %5 SD 4 0.47 5 0.48,CV 24 18.9%F1 19.3%, %4

*5 HEHADBFHITEIR(%)
Table 5 Statistical description of vegetation nitrogen content (%)

Bt Max Min Mean SD (%%

B 229) 3.55 1.45 2.49 0.47 19.0
WZEHE189) 3.55 1.45 2.48 0.47 18.9
IGIE4E(40) 3.42 1.45 2.49 0.48 19.3

2.2 ASD #F Resonon s n] F& M 56 3IF
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Fig.1 Spectral curve of vegetation canopy
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Fig.2 Comparison of ASD and Resonon spectral curves

FIH Arcgis $EEU T HEBOGIE IhZE(E 1). Mg A
A L ORI AT (R GR06 | 2T 45 LA LT 300 5 A0E i e 2
A SRS 2R AR, 030 DX 3 S B AE 0.25 B

ASD Fll Resonon P FH A 2% K52 1) 6 0 B AE 2%
W RN LTS BT A T 26 e LA B AR — (1] 2). 4
# Pearson AHK RN 0.94(P<0.01) AFAEAN 2 AH
KL EE S ASD K B Jo AHL Resonon £k %) [X
ol TR A R e A A AT 1.
2.3 BT ASD st A A A AL A I
231 AR S RS &6 B A O 4
Bt B3 MR ARECS A ARG A,
ZNAAFAE i 35 (R IEAH G 6 3R (P<0.05), HAH G R AR
fICAH R REER S IR R 40 EVI2LSPVI Al mSR,
A R E> WA 0.46. 0.36. 033,117 SAV. mND705.
TCARI LK EVI SERB e 05 B 2 AH G
95 (R<0.1), v EVI 5 %% i AH ¢ M B 22 (R<
0.01).
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Fig.3 Correlation analysis between vegetation index and

nitrogen content
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Kl 4 “ =187 SRS EZ WA
VAo REYE “ U8 FEREENHCLER
(P<0.01), #4585 Db. Dr. SDr. SDy LLK&
V16 Z [AAFAERU FIAH G HE(R>0.4), 5 4r+ R+ Rrs
VI4 2 [a)FH I8 98 (|R|<0.1). 371 5 Dr #1 SDr 2. |ii]
S K IEAR 9 R (R=0.54), 5 SDy 2 [i] S Bl K
FAHK K R (R=-0.41).

Bl 5 iS58 i bR S80S AW B IR AR G
YE BT MW R O B S S5 L PR S A i $E 4k
FHOCHE A 59,00 5 Js K WROBCER P H FIXTRR B S 2 1]
A7 76 B I8 35 1) T AH 9K 58 &R ((P<0.01), 40 X R B A
0.22.

0.25
(% 1
10
LA}O. N 0.84  0.99
-0.25
RA}O. : 0.9 0.99
1-0.5
0.87 0.92
0.75
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S NMAD
K5 ELLEEBRSEERS R

Fig.5 Correlation analysis between removal parameters of

N H P A LA RA

continuum and nitrogen content

6 Sk /N 22 50 R AL AT OC R BAAL.
T A e )2 il 8 e 3 S /N R R S A RUE B
TR a1 4~6 R MAE 1~3 IR LRI 7~9
e R R R 25 D R A e R e ) R /N U
FRAE X A AE ROBE 5 1) 491nm A 541nm &b, LI KR
[ 6 ) 817nm &b, fwfE/NEFHER WF491,5(R2=
0.363).
2.3.2 LASSOF#EAfE  FIH LASSO BEM 4 i
WA REPEEN AT EAEE XML R S
LASSO J7VEFFAE TR I, BE 0T 16 H 19 S5 Ae 4 2 7 ot
AHOR AR A e (1748 £ T HL AR S 4 18 208D (36 6).
2.3.3  FHBE S =AW VR did
LASSO LIRS 3 T S A S = R E KN 4
N, oy AT 2 e A XGBoost. SVM,
ANN LS KNN 3 5 5 [m] A5 5608 B AN ] B2 )

I 2 5 A AR
9 0.4
8
7

g 0.27

i

£

B 3 0.13
2
1

0

400 500 600 700

K (am)

800 900 1000
Ko /MBCRES RGBSR LA
Fig.6 Heatmap of correlation coefficient between wavelet

coefficient and nitrogen content

# 6 LASSO #HEfFRLER
Table 6 LASSO feature screening results

AR i; A hk
LEESEEE 2 EVI2. ARI, SPVI
‘SBT3 Db. Dr. VI6
FEERR LR H. S. NMAD

REE 1:WF536. WF608. WF620, WF621. WF690.

WF691. WF693. WF699. WE703. WF738. WF739.

WF995; R 2:WF520. WF660. WF696. WF707;

REE 3:WF657. WF717; R 4:WF627. WF788.

WF957; R 5:WF401. WF573, WF876. WF927.
WF962

NERE 26

T N R SR TR TR (RS AR 56 4 ol
BLA% 2 S B RRE  38 v T 2 o 4k M B A 3 T
LASSO- M R 20 AR 5 1) 4 PP L85 2% > BEAL 06 UF
% R* /T 0.60~0.68 2 [i],RMSE 41T 0.27~0.30
Z |8 ,MAE 4 F 0.19~0.21 2 [a];LASSO—“ =i %
K7 4 FlL 3 2 SRR IGSIE 4 RP A T 0.50~0.64
Z I8 ,RMSE /T 0.27~0.36 2 [8] MAE 4+ T
0.19~0.29 2 [H];LASSO-E 44 2B S5 4 Fh
WL A RRE o e 22 56 iF 4 R® A T 0.18~0.22 2
i RMSE 4 T 0.42~0.44 2 |8 MAE 4 T
0.30~0.32 Z [i); 2T LASSO—/N R 4 Fipl
e ST R G AE R A T 0.41~0.72 2 i) B A 22
i) P A 22 BE 0K MH DL SVM B2V g 2 1) i e R 2
SO AT IRORG FE A, i LU R 2% A S B
1k, H. RMSE Fl MAE 43514 0.26 F1 0.18, 4% 7!
R ZER .
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Table 7 Accuracy test of vegetation nitrogen content prediction model
IS R T-R* T-RMSE T-MAE V-R? V-RMSE V-MAE
% LA 0.38 0.37 0.29 0.43 0.38 0.29
XGBoost 0.71 0.26 0.19 0.60 0.30 0.21
LASSO-FH Bl 451 SVM 0.72 0.26 0.17 0.68 0.28 0.19
ANN 0.72 0.24 0.18 0.68 0.27 0.19
KNN 0.72 0.24 0.17 0.65 0.28 0.19
EAs ez 0.36 0.38 0.30 0.26 0.41 0.34
XGBoost 0.57 0.32 0.25 0.50 0.36 0.29
LASSO- “ZiuZ$1” SVM 0.61 0.29 0.18 0.63 0.27 0.19
ANN 0.63 0.29 0.20 0.64 0.29 0.22
KNN 0.64 0.28 0.21 0.55 0.32 0.22
% Ul 0.26 0.41 0.33 0.28 0.42 0.32
XGBoost 0.42 0.37 0.30 0.20 0.44 0.32
LASSO-% %R 54 SVM 0.42 0.37 0.27 0.20 0.43 0.32
ANN 0.44 0.35 0.26 0.22 0.42 0.30
KNN 0.55 0.32 0.24 0.18 0.44 0.30
Z e km A 0.50 0.33 0.27 0.53 0.33 0.27
XGBoost 0.76 0.24 0.18 0.60 0.31 0.25
LASSO-/NB &R HL SVM 0.83 0.19 0.12 0.72 0.26 0.18
ANN 0.88 0.16 0.12 0.41 0.39 0.31
KNN 0.62 0.26 0.22 0.58 0.31 0.24

T TR INGREE n=189;V J B IF £, n=40.

B 7 AR R HE 05 T 45 S KNI A5 R 1 i
FI(R*=0.74), 5 Z G MR AU MILL R 4255 T 0.36.
oA =R BB 2% > ROE B RP AT 0.71~0.72 2
(6], 187 LA 8 A 110 Ak DU KG 32 A8 2R 50 I RS B b
XGBoost M IGIE R* N 0.60,LL BR8N R T
18%, KINN BEALKS B2 B T 14% AH 2 T ,SVM
T ANN R0 UE A BE AU 5% 22 e B8 5 A e
CIETS
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