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Study on the spectral prediction model of soil moisture
content based on SPA - MLR method

JIA Xue-gin, FENG Mei-chen, YANG Wu-de, WANG Chao, SUN Hui, WU Gai-hong, ZHANG Song
(College of Agronomy, Shanxi Agricultural University, Taigu, Shanxi 030801)

Abstract; Based on hyperspectral data of artificially deployed soil with different moisture content, 11 conven-
tional transformation methods were used to transform the original spectral reflectance, successive projection
algorithm (SPA) was used to extract the sensitive wavelengths, and then the multiple linear regression ( MLR)
model was established. different models were evaluated and compared in order to select the best hyperspectral model
for monitoring soil moisture and achieve hyperspectral monitoring of soil moisture content. The results showed that
the spectral reflectance increased first and then decreased with the increase of soil moisture content; and the char-
acteristic bands of SPA extraction ranged from 3 to 5, and there were differences in the characteristic bands extrac-
ted by different spectral transformations. The establishment of the MLR regression model using the characteristic
wavebands shows that the original spectrum can improve the hyperspectral monitoring accuracy of soil moisture after
a certain mathematical transformation. the SPA —MLR model based on spectral reflectivity of the first-order differen-
tial logarithmic transform (T;) were the best, the calibration model showed that R*=0.957,RMSE=2.16,RPD =
4.74 and validation model showed that R*=0.903, RMSE = 3.41, RPD =2.95. Therefore, the SPA — MLR model
based on the logarithmic first differential transformation of reflectance can realize the hyperspectral monitor of soil
moisture content, and the study would provide technical support for rapid monitoring of the soil moisture content.
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Table 1  The information of 11 spectral data

transformations algorithm

fis LSRN fi 5 LIS SRS
Abbreviation Algorithm Abbreviation Algorithm
T, R Ts (R)’
T, 1/R T, (1/R)’
T, IgR Ty (1gR)’
T, 1/1gR T, (1/1gR)”
T, JR Ty (JR)'
Ts 1/ VR T, (1/VR)’

TR BB A (nm) Kb RS HRE
Note: R is the spectral reflectance value at the wavelengths of A
(nm).
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Fig.1 Spectral curves under of different soil moisture content
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Tab 2 Extraction of important bands using the SPA

method and the transformation of spectral data

S T B

Algorithm Important wavelength/nm Wn
T, 401,1459 1888 3
T, 403 418 ,1708 1898 4
T, 1415 1887 ,2006 3
Ts 10521465 2257 3
T, 408.,1077.,1934 3
Ts 1052 ,1465 2257 3
T 1548 ,1690 2311 3
T, 828.,1122,1302,2171,2031 5
Ty 666.,1014 1039 1375 1707 5
Ty 112513841681 2322 4
Ty 1043 1143 1439 1648 ,1822 5
Ty 4341039 ,1522 1796 2202 5
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Tab. 3 Predictive models of different soil moisture content

R b Sl

ﬁfﬁfi I\Ifdels R RMSE/% RPD
T, Y=417.660R 19, ~415. 185R 1355 +271.044R 159 + 19.391 0.887 3.6  2.79
T, =0.694R 403 +0. 100R 5 — 13.925R 105 +6.812R 05 + 13.753 0.900 342  3.03
T, y=312.330R,,s~304.339R g5, +13.257 0918 310  3.37
T, 7=225.499R 455~ 178.004R 05 ~67. 516R 5, ~27.932 0.860 6.18 231
T, ¥=-332.373R 105, ~29.668R 05 +452. 190R 007 —62.935 0915 248 436
T, = 46.633R 1595 ~79.946R 05 +5.419R 4o +37.667 0.920 289  3.65
T, y=108790. 163R 45 ~92439. 173R, g0~ 10313.521 R 5, ~0.611 0942  2.61  4.02
T, y=1720.981R, 50, — 1389. 581 Rgp5 +253.218Ry 7, — 1976.432R, 1, ~612.636R 5, +1.250 0914 279 3.8
T, 7=629.471 Rygs +8158.075R gy, — 12587.075R 050 - 31671.078R 375 + 34808.678R 107 ~2. 152 0.957 2.16  4.94
T, 7= 14294.340R 35, ~3194.977R 15, +8246.352R o5, ~ 1491.601R, s — 12.901 0.943  6.11 474
Th ¥=—123683.801R, 430+ 1 1675. 161R o35 — 18882.797R 053~ 9774 030R 55, ~6604.232R 15 + 19. 185 0935 394 382
T, ¥=-9208.900R 57, ~4388.004R 90 ~2637.73TR 030 + 3034 038Ry + 137. 782R 13, ~2. 122 0.944 255 415
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Tab.4 Validation results for the predicted models
A, RMSE/ I, RMSE/

Algorithm % RPD Algorithm % RPD
T, 0.780 5.66 1.56 Te 0.872 391 2.59
T, 0.817 4.71 1.97 T, 0.812 4.75 2.20
T, 0.848 4.32 2.48 Ty 0.903 3.41 2095
T, 0.834 4.53 2.00 T, 0.869 4.03 2.73
T, 0.855 4.26 2.57 Tio 0.805 4.86 2.18
Ts 0.780 5.28 2.17 T, 0.803 4.86 2.03
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Fig.2 The correlation between predicted values and measured

values of soil water content
3 0 il
TSRS AR 8 T DA 25 M T o 4 i e
I SARZIR ORGSR B . ARk Ee 11
T LR 8 AR 4R L X s A T AR 4 SRS {d

LR L (SPA) SR EBURFIE I B, 4545 MLR 37
R KRG W AR AR | Ll g e R K O
T AR A B SY R A RRAE 0 B B 4K
H3~5 A dedd, AEASE AT DR e k8 H A
FrREAs B, 1 5 AT DL R e o LA B A G
PR AR SPA 2 HR R AR % BB N
3~5 A, T LA R X RAIE 8 Btk — 2B 3k |

A5 ST 1) A 98 5 /K 0 e IE AR A % HL
YO UESE TR AT AT 4578 S A S A ST AR R AR AT A
FIFRIRS BE B RPE R T 0.7, Hob BT T80, 478
P Ab B A T A - 3 B K G T AR L AR T
JRUAYEIE T, , 2R e Re 3 = 3 oK A
B FINRG JBE X = R T AR e A B Ak b s
TR B R M SR R, BOR T RRAE G
F B AR T B RE Mz . Har, 7
YEY) )2 A L E 5T b, © Z0F B — B il oAb
P BB A 0 R BT B TS S AR g O
T — i AR S ST BB R AL AT, SR T
SR — B o A8 e T, . T R EEGIE 2 £
ekl AL | R RN S B I AR
ANTA) A WL & A 22 e R i T
A R A B — - T AN LS T R oY
B, R R 3R B — B oy T, A8 e fig 38 FH
HEWSAMET ORE B A PR &84 ) 1 145
A A Rt — 2 ST

4 %5 i

ASCUNTEL 72 ADAS[R] & K i 1 A
IBFFE X G, 0 RE 2 N G DL KR N () 4 35 K
T 1L R LR B AR S R ST RS OK
HE Y SPA — MLR JGIS Wi Ay | 254 i s A i Ay
REIE R I UF B2 455 RS B 3F A 48 A% (R® L RMSE |
RPD) 15t 2GS AR HE 7 BT A A A b i T

(F3% 291 W)



5534

AR BB U5 AR A2 5 S BERT T 291

4 %5 @

ARSORE IT 1 T 10 B 88 R W AL A 2 i
AT TR T B Ok LIRS AL, £
BT T 5 AR B A DS B AR - HLER AR BE L [ B
SERFA A R W A B R R2 48 1 e K F
[i] FIER 7716 3% 1 B398/ | 7KSF B /N T 11.36%
TG 052 TN T 17.65% ; B 4% - A5 257 3
48 R 6] 26 25 1 f B RE R 4 A 60. 08%
62.76% . Sy AL, 5 AR 47 e A e i R
AR KA T AL

B % W

(1] B /NS ESCR U AR R BRI [ ] Al R 54,
2007(8) ;26— 26.

(2] AEEER, 20 AR, AR ry 054 FEBEBSE [ 1], Bl2im
4R,1995,40(19) ;1812 — 1814

(3] SWAZEJHARS AR, 55, ST e A TR iG] il g
R R2A2EAE,2003,24(23) .1 - 3.

(4] SREZE M RS, 45 IR 00 fi - i sk B M BEAF
FEIRAIMTL T . AN HUAREAHR 2011 ,42(6) 247 — 52.

(5] AFEER, IR, IR, SR e shd) IR 25 4025 4 (1.

(6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

LRAHUEAAR ,1990,21(2) 44 — 49,
Yong R N, Hanna A W. Finite element analysis of plane soil cutting
[J]. Journal ofTerramechanics, 1977, 14(3) . 103 — 125.
Liu S H, Sun D A, Wang R. Numerical study of soil collapse behavior
by discrete element modeling[ J]. Computers and Geotechnics,2003,
30(5) ; 399 —408.
ZEHah AUk, L3RR S A S B EOC IR BT LTS
(1], PERAICEAR,2009,14(4) :103 - 108.
TR BRI, TG, S, TR TAEB ) B Otk AT
[J]. AV HUBEEAAR,2009,40(6) :53 — 57.
Ml % ARG, 5. FET BHOTIE M SUA RIS L J5RL
BRI ]. ok TR, 2012,28(24) 255 - 61.
F KRR 2R e+ T T, + TR B AR T M. Jbat.
N R H A, 2007:33 - 49.
Boac ] M, Casada M E, Maghirang R G, Harner J P 1. Material and
interaction properties of selected grains and oil seeds for modeling
discrete particles[ J ]. Transactions of the Asabe, 2010, 53 (4) : 1201
- 1216.
Mt k. ERURE AR R 4100 5 B BT B R LUATFSY
[J].2009,14(4) :103 - 108.
PN, OB ORI B2 S [ M. B4 i, 2009 59
- 67.
A, R, R, S U1 il AR A RT3
IR ] PR, 2013,34(3) 195 - 98.

(L35 269 W)

Ui N R R R s i W & VAR I
LI hf  BEE4E (R =0.957, RMSE = 2.16, RPD =
4.74) FI5EE (R* = 0.903, RMSE = 3.41, RPD =
2.95) RN IRAT . PR R 5 30 B — B i o A2
AR FRJEEEST ) SPA — MLR #5554 325 /K &8 7506
e WA R AR

8 % 3 k.

[1] YinZ, Lei T, Yan Q, et al. A near-infrared reflectance sensor for soil
surface moisture measurement|[ J ]. Computers and Electronics in Agri-
culture, 2013, 99. 101 — 107.

(2] PVBEE, MO, ZHB, 45 ARRBUE S K IO
BEDBURIL ], S SGISMT, 2015,35(8) ; 2236~ 2240.

[3] Stenberg B, Rossel R A V, Mouazen A M, et al. Chapter five-visible
and near infrared spectroscopy in soil science[ J]. Advances in Agron-
omy, 2010,107; 163 —215.

(4] E&, rms, FHm, % OUREEEE TR R O S
BERRZIALY ). TR SR, 2011,26(02) ; 220 - 225.

[5] FrEA, R, il &5 BHOEREExT AR PLSR #
BARIREMAITEL )] HUERE BRI2A2AA, 2016,18(8) : 1123 - 1132.

[6] Kemper T, Sommer S. Estimate of heavy metal contamination in soils
after a mining accident using reflectance spectroscopy [ J]. Environ-
mental Science & Technology, 2002,36(12) ; 2742 — 2747.

(7] AHE, Eif, B, 55 HHOKGIRAEDISE )], 30,
2006,43(6) ; 1027 — 1032.

[8] Fhl¥, Z=mE, B4, DR Bk e il B A a3y e
SPTI]. SEEEAR SR, 2011,26(3) : 355 - 359.

[9] MK, BT EDUHREA R & A 2 HHERDLIEE B i B s

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[D]. 4 PidLAe iR R, 2004,

et AR, REMGER, 45 B UKo e R R SR A
T[T Aolr TAR2A4, 2011,27(8) ; 95— 100.

kA, BIRHR. SRR 00 KRR IE S NI ] 1
JHEAS2AAR, 2015,26(3) : 884 —890.

Araijo M C U, Saldanha T C B, Galvao R K H, et al. The successive
projections algorithm for variable selection in spectroscopic multicom-
ponent analysis [ J ]. Chemometrics and Intelligent Laboratory
Systems, 2001,57(2) : 65— 73.

Mok, warfle, ToE SO AT A R ER T L
TR ], 2, 2007,26(1) : 66— 69.

Galvao R K H, Aradjo M C U, Silva E C,et al. Cross-validation for the
selection of spectral variables using the successive rojections algorithm
[J]. Journal of the Brazilian Chemical Society, 2007, 18 (8): 1580
— 1584.

XN, 7, KRR, 4. i LT b 1SRt
RN T]. A=, 2015,46(4) « 266 —272.

R, RIS, TS, AR R TELBOERIAR T A AT AL
SMIER I AREIR (1], Jeilai 50k 404, 2009,29(11) : 2951
—294.

Eamsh, HEfOl AR M]L JERT: PRV IR
#t:,2000.

Tk, SRk, WY, % T RGO R ARAE)Z 4%
FEREARALT]. Al TR2EH, 2012,28(15) ; 125132,

Brown D J, Shepherd K D, Walsh M G et al. Global soil character-
ization with VNIR diffuse reflectance spectroscopy [ J]. Geoderma,
2006,132(3) : 273 —290.

Muller E, Decamps H. Modeling soil moisture reflectance[ J ]. Remote
Sensing of Environment, 2001,76(2) . 173 — 180.



