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Absi"act ',Almmg to addiess lh¢- problems of weak' specm—ﬂ slgnhls an(l reduq,danl ectral information existing in hyperspectral fnversion of soil organic matter content, a

h\perspe( lral.m\ergrpﬁr framework ‘combining continuous wafelet traris orm, ind XGBoost was proposed. Taking the permanent basic farmland soil in Yanqing District and

Fangshan Dp&trlct of Beijing as the research object, an initial XGBoost mode] was first constructed based on the spectral reflectance data of soil processed by continuous wavelet
transfmrp, Then, the SHAP method was used to analyze the contribution of each band in the model to select the characteristic bands. Finally, the XGBoost model was reconstructed
and opti.rrllized based on the characteristic bands to realize the hyperspectral inversion of soil organic matter content. It was found that the XGBoost model based on the 40 characteristic
bands of continuous wavelet transform at the 2° scale selected by the SHAP method showed the highest accuracy, with the R and RMSE between the inversed and measured value of
the organic matter content heing 0. 80 and 3. 60 g*kg™, respectively. The R* first increased and then decreased with the increase in the scale of continuous wavelet transform , and the
R* at the 2° scale was 0. 37 higher than that at the 2" scale. The number of characteristic hands selected by the SHAP method was 682 less than that by the Pearson correlation analysis
method, and the RMSE was 0. 69 g*ke™ lower. The R of the XGBoost model was 4% and 8% higher than that of the random forest and support vector machine models, respectively.
The results demonstrated the effectiveness of the combination of continuous wavelet transform, SHAP, and XGBoost in the hyperspectral inversion of soil organic matter content,
which provides technical support for rapid and accurate monitoring of soil organic matter content.

Key words: soil organic matter(SOM) ; hyperspectral inversion; continuous wavelet transform; SHAP method ; XGBoost model

+ 345 HL (soil organic matter, SOM ) Jg& £ 3 AU K R YRR R 2 R E AT, LA E
WA LY R BAR, A SRR IR R Rl 1 A (0 AR A i B R LR M S DG 1
B BRI RRE ROVES IR A e g A Y AT L R OB I
iifgiﬁgﬁfﬁﬂiigtﬁigﬁzzg SR 1 A RS S 2 0 2 96 R o 0

2 SCPL, KN L Kk, ¥
% §D7 “Au\ //:’_’/\ IN= EI El#rﬂ
KIBE AR | SO L . e gp 0 IRBROURAIEROER R, k5 4

A LA, NI A AR BOR BT IR, w3 Wrim B #: 2023-04-12; f&IT B : 2023-06-25
S/ % EI RS IR M= ESWMEB: HEARPEEEEHH (42271082) 5 b 57 51 805 4R 2%
SRS G HERE B (RS FiH 5 H (BJJWZYJH01201910028032)

sE ORI AR S B EET  EEE N 0P E1995) 4o, LRI L E BRI b AT

o) ‘ f TV s %, E-mail : 2200901018@cnu. edu. cn
EX Z,—‘ L ﬂg ﬁzﬁ 5 EE %:i QIJ }[LVEI YJI]IJ H ﬂ:% N J[ﬁﬂﬁ N * WS VE# , E-mail:lin. zhu@cnu. edu. en



4 1] MRS TR

LN e (SHAP FI1 XGBoost 1 - 3EA HLJST & ik = G 1% 52 i 2281

BT & A OGP0 A RRIE D B, X R AR AR 240 5 2%
JE I TS RDORG J3 HAT H B0
T REEOGIE T A BUE S, X LR
DG B R BEATEIE BN B B — B s R By
T3 45 22 Pl RO AR 4 ST A T S SR G T
TP — B st oy BB BOME S 48 B8 4, ST
AR S TR A DR R LA LT R R DG S AR
B, SRR WL T — B iy 722 e A B A O 1 S0 A 4
A AR I v, AT LB e S (RN S A 2
] B R LG 2 T I i DI 3 4 8 R A58 15 0.33. Bl W5
IR, A H R IO B 24 % 21D 8
(continuous wavelet transform, CWT)J5F 5 11 u 2 B
A TR AR DG, AR ORI e KR
%‘ﬁ#”ﬁﬂ?ﬁ“)‘ﬁ a3 ) HEAT B BN B — B i
BB B B oy DL SO SN A e, SRR
5937'6 i 280 i /N e A B 5 A LI B AR
SRR T HA AR 4 7 A B W . MO R B
%ﬁ%ﬂ&ﬁTm%mﬁﬁTﬁﬁm&ﬁ%ﬁﬁﬁ
A ST BLIT B B SR B, i)
R RSB AN 5 ECT B RIS |- 5 85 B
5 B A A OGP
gxor /| J
/g m%ﬁ%EM%ﬁm%EETVT
ST 18 v R 3 B VO LR g
mﬁl%!i'ﬁﬁﬁ%fﬁﬁiﬁﬁﬂ—gﬂﬁ%ﬁfﬁ&ﬁ 17
'/f“”‘” G TR A DL A

&Wﬁﬁﬁ&&mﬁﬁ 2 2 $0 3 AE A At 2 (]
ML AR SE TR, o T 6T S 5 R 5 A LT A i
Y OC R E A, IUHIELM CRATE —EMRR
PE, I ELad o A 5S¢ 28 B0 18 B 4Re A i B 2 T AT R A
e 2 & It 4 Pk A . SHAP (Shapley additive
explanation ) /& B Lundberg DI 2017 AEAE S VR g
WA &AL —Fh A g R T, i 2
A7 i O R E R B8 1Y) TR Ok A o 12 R
B, AMUF IR BRI, 6% B2
B PRI ON e TS e 2 Rl 22 R A
) R, A2 22 O %007 ¥R T R AL R AE AR O
B X Y T SHAP J7 12k 0 1k 5 % 17 2 AU AR ¢
PER B FRAE 2 5 i 0 R I BB A, 7 22 b % 1 28
YY) e R () o A R 38 7E 96% LA I . Liu 584
Xof 101 46 8% 9 12 W v B 7 K08 R i A K0 s ) TR, 5
A SHAP J5 ¥ X B2 97 %4l 947 FR AR ik, 45 R &
WY, T SHAPRFE G 2 1Y B2 97 80408 43 28 B A A i
G BRI 12 B E R R Gk B 91.78%. HE KR, SHAP
T5 8 AR T O 1 RO R R I B ik R A OC

,fﬁgﬁm%%ﬁmgﬁ
| S

AN R 02 9 1
ﬁ%ﬁ %ﬁﬁﬂmﬁﬁm¥HM$§%&ﬁ@ﬁf

W% .

I 7 o Ak B RIRREAE 5 B R AN, B TEUR AL Xt
PETE A PR DG O RE R B O
B PH R S e AR A 3 A 45 G T T AL R BIL A o
LU N RS A TS R cA = R 1K B 5 e |
IFPTAE AL AR A ) BEALAT SR ] 4 B (support vector
SVM)™ | BEHL AR (random forest, RF)™
G B 25 W 45205 . B B2 WFITIE B T AL 2%
AR AY P G AR B TE A A BT s DG 1 S i
FLA WG R BE DT A AR A A /s — R el
U SVM FI RF A5 Y ok fz i = VL8 X+ 3 A HIL o &
L, 4ER LW, RF R SVM B RS 5 T e /b —
Fe [al ITRERY, R399 078 0.78 F1 0.71. 4% BR A% 1
T M (Cextreme gradient boosting, XGBoost) 52 Chen
EDYTF 2016 A4 I — PR AR BE S L e R
Gy i B B AR BTz 08 R Sun:fy“ﬂXj‘l:Iz
T XGBoost, BP i Z2/% % | RF%HSYM—;‘P'S@HJ:%%%
7 R R A R L R, B
W, XGBoost %?}'Ef"iﬂ? HH XTéJ\ﬁT %(iatlo of
prediction to dé‘VIatlon,, ﬁPD)jﬂZOS %ﬂ] fFBS%UFH
X%mqlwﬁﬁfkﬂﬂEW£3ﬁ%&%ﬁ%
% %ji%am %ﬁ&@&ﬂ,mﬁiﬁ
3ﬁ@mﬁﬁﬁﬁ ﬁmmmanw>ﬁ§hﬂﬁﬁ
i, Wﬁ%?O% @Wﬁow ™

Zlifﬁ%ittﬂ%%f?id\&’}'ﬁ?ﬁ% SHE?P%H
XGBoostE@i%ﬁMEﬁEr—}ﬁ R EHESL, LLdE
Eﬁiﬁfﬁ%mr7kﬁﬁ$iiﬁﬂii§%jﬂﬁJ, HT
193 A4 - JEAE & 19 55 56 = 6 35 A0 A ML B & 50
Xof A HESG T S G SR AT % SN AR He, Rl AT SHAP
T3 ¥ Vi 3 5 A AT B BT R A UDAR OC 19 R AR D Bt
4 33 55 F XGBoost 5 1 1 + 8 A7 ML & & =5 0615
B DU 3 LT & o v G W D 4 A
4

1 #REFE

machine,

1.1 BF5E XA

BN L R A M, 43 B R b T AE PR
X R (115°57" ~116°12"E, 40°21' ~40°34'N) 5 b3
X Z 8 (115754 ~116°13"E, 39°41'~39°33'N)
YERBFFEIX (1), AL 422 k. X N & KB P2
WA, EBRERMET . A FIER T . 2021 4,
FE PG X SE S0 N 10.5°C, K 605.3 mm; i
LW XS 12.7°C,  FE7K iR 865.7 mm. X P 7K
ABEARL W Tz 5340, JE R IX R K A HEAC AR H A3
A Y0 B T IR S 482~1 124 m,  JF 1L IX 7R B #8 Kk ZA 35
A A 53 A 0 [ N TR R 22~127 m.



2282 woom B % 45 %

116° 117° E 116°00’ 116°08’ E
41° | N
N
40°32'
40°
40°24'
N
FE5)
o hEREA
[ #FRK
TR AFEAAR
[T mXERR
DEM/m
2162 39°36'
T e 38
116000 116°08’ E B ]
/7 T Eﬁﬁ[i&ﬂ{ﬁﬂiﬁ%ﬁxﬁlﬁléfh—% s U = 2
I."— ’ :I' Fig. 1 G(‘()UIdphIlelo(‘;’apﬂﬁ study area and spatial dls}hbutwﬁ-ofsml Sdl’l’l})};ﬁ% I- .':.' s
| s', '. ” e".,-". 7 i i R
i """ rd N
1'2 w)@z;gﬁ;{ bl 5V L a mnmﬁ ﬁ%#nn)ﬁlﬁfﬁéjﬁlzscm mi’j?
ot 4 s R A A 2.3 o b D H LY | 05 7 2 2L (g 1

#ii, T@}ﬁli%%l%/\j:iﬁ%#m, mf%fﬂéf“ﬁ Hede i SR RAS 40 W 18 F AT FE AR
04 zomﬂ Gl O AT 1 ¥ FRER AT RN 45 RIS A 5 . 22 oo Bk B B 2 40 o
TR 2 10 10 F 2 e 5 DLES AR L MR, A -+ S 9 0 B
ﬁ}ﬁ%j(ﬁ¢}# HAOMEY R BY . AR R JEFIH 40 emx40 em (1 FH AR AT 28 bR, 48 B0 X
SRy, VB TR LTS R, LTRGBS RAGE P, R R
iR ST 10 £ L, I ViewSpee Pro 5k 514 5 4

{5 P M 90 6 8% A3 FieldSpec 4 R 8 L OB R S 2k J5 U 5T 4 - 1 (LA o B ik 010 D 06 38 12 5
RBE, %k BeYE ol 350~2 500 nm, 2R EE [A] B % (& 2).

L,

S5

560 1 0I00 1 5l00 2 OIOO 2 500
P K/nm
FEHEGERIER AR S ER 2L
E2 +EAEIRENERERIEFRFERAIERSTRME

Fig. 2 Experimental apparatuses for hyperspectral reflectance measurement and raw spectral reflectance of soil samples
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