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Table 1 Statistical characteristics of soil silt and sand contents

Bt FEARA  FEARRE () BvME (%) =R (%) P (%) FrifE2E (%) IREE 53553
Particle grade ~ Sample type Sample number Minimum Maximum Mean Standard deviation ~ Skewness  Kurtosis
ki SRR 177 20.76 84.50 64.81 14.02 -1.10 0.62
PIIEZRE 7 142 21.77 84.50 64.74 14.07 -0.98 0.22
TRIFEA 35 20.76 79.55 65.09 13.99 -1.67 2.91
iz ST 177 0.45 69.65 14.99 16.05 1.62 2.12
PIIEZRE 7S 142 0.45 69.28 14.79 15.81 1.55 1.86
TRIEEA 35 0.69 69.65 15.80 17.22 1.92 3.28
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Fig.1 Spectral feature bands of soil silt selected by ACO
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Fig.2 Spectral feature bands of soil sand selected by ACO
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Table 2 Prediction model of soil slit and sand contents

Wi FHY WA HeE RA I RIRZE (%) RPIQ
Particle grade  Model Number of wavelength  Coefficient of determination ~ Root mean square error  Ratio of performance to inter-quartile
ki ACO-BP 19 0.76 8.42 2.23
42i%-BP 1851 0.57 14.94 1.75
fibhr ACO-BP 53 0.72 9.66 1.94
4ji%-BP 1851 0.48 16.85 1.82
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Fig.3 Scatter plots between the measured and predicted values of the soil slit content prediction set under different models

T F - S AL RO S0 AT 0 e, ]
L 5 75 H 228 ST 0 KA R P 50 T30
MR AT, AR .
3 T8

2 FESCRE B v 1 U DK 8 7 - S8 5% M i
TIURER, AR T 2 At S TN RS AT oA 1 £
P BPHE B PR AR TR,
(SR T 704 . oAl i B, WS Bl Y
FSENE, HETER B T O R AT Sy . E R
TN ST R T e R AR B DA K 40 i e
0524 ) e S 3 SRR O P B . 45 R

100 .
R*=0.48 7
/
80 | ./
g /
2 /
g5 60r .7
<
~ g .
=] 'y /
27w o
¥ .
gﬂg 20 c.(7 )
2 ¢ 2
2B o} Ve .
3 s
gl_j v LY .
=20 + 7/ . .
/ .
s
-40

40 20 0 20 40 60 80 100
TR B SN (%)
Measured value of sand content
(a) &7%-BP 57

BT WCE S 1 VR R RS S ) S SRR R 1 3
INASE TR 4 S 1 v ) P B T MRS BE S g, 5
ARSCHFFTEEE AR — 2L

IR BT IR AR, BRBGHRILSL, b
CARBALET  EBEBU RS, B—FAASA
AR, TEAN RSB 5 AT REAN A ] O S
ENE—M AR R A, BA BRI
IR RRE ), PTLAGE 2 ] A3 UM R R AT
JEARAR AT, FIRAE S BLE], RS A 2 i
WURFEPER P SRS IIAER JF e 1 RO AL /DL E
Hebn FELAT I RS, IRIRNESSRE AL #
Rk L WO SE S5 R BURMIE PR IT 455 D fe /N —

100 ,
R*=0.72 //
80 | v
5 d
=
’38 60 + /e o
m g 7
=3 40+ . .
&% of =
= v
® oz oY
=23 0 .
'8 )
& 7,
-20 /
/
/
_40 1 1 1 1 1

—-40 20 0 20 40 60 80 100
WRL R SEINE (%)
Measured value of sand content
(b) ACO-BP #&74

B4 TEMRE TR S S TN A SSRME R FUNME L=

Fig.4

Scatter plots between the measured and predicted values of the soil sand content prediction set under different models



534 Ak R4 SRR I ik A R M 3 LT S AR o 64 2 R

1067

FeVL AL AR . SRR, Ry AT ALy
AOTINGE Jy o b, ST OB 1 At ST A0 R 0
REJI A, UL WO i A D C I e e BEe 4% S
b BT B I T

FEMCHFRL SRR I KR i R b, SRk
BB B RA —E R, LRI W bR A
RN B RAE RO R KB AR B S R i3
B, fld 2R EH SR, A AT SR
RE o SRS N T S LS BB E Tk, flLRE
SR R Y SR B RS

LS RAT, JE T WO R 7 A0 53Ky
KL AR G TR LA A B A T AR
Horp, BRSSO PN A RUSCR I T kL &
OGS IR RIEOR . FRAIRAEID LRI X L R
RNBEFER LR, WHFREER R, TRk S AL
T TR RO T L SR 5 e A O B T A
HOR, SASCHIFENE Ol —E. TSR DIV
PR T B XA SR A AT TE R 5, R
OGS N A R ACR AL T SRR B B
PR R . T SO P B0 A JE A AT RESE 2 05
(7, 1 SE A R T X 5 AT U B AN R, R
SRR LR | Mo BEEEERONAEES
Axo

4 ZEig

DL 177 4 LA a5t , i
FHBGR AL PR PR ERIE I, 85T BP My T
IS AR JF S A T 1 TR
RS RIPEAT A o i T WO S e PR AE D 57
F14) 39 [ b s i S0 ASE RS T A 4l A S 19 T
RETRURE BB R . R WU SR BE R IE I K ST i
BERYRL S TS FUMASE R I KON 19 4, AR
T AE T E 22K R* M 0.76, RPIQ y 2.23; +IEfb
L T TSR iy D K0 53 A4S, AR
BEUERB R N 072, RPIO K 1.94, 541k
ST A B B b G T ASE AL AR L, 2R UL TR e
FROE DA A7 OGS BN AL, RBR T 004y, oL
POEIEER, BRAIR T A e, dEmem 7
K

SE 3R
(1] BAIE BT, b 8. PR R (L B 7 v

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

WRFEHER S 7ATT]. BRIEITRE: A IRBIASR, 2007, 24(5): 592 —
602.

Zhan Y, Li M Z, Zheng L H, et al. Spectral features extraction for
estimation of soil total nitrogen content based on modified ant
colony optimization algorithm[J]. Geoderma, 2019, 333(1): 23 —
34.

ORI, S R EE N T LA
WA BB LB IF ST 0], S 24 5k 4By, 2017, 37(1): 95 —
102.

EICF, B X, BERE, S TR SRR A D
b G R A D B ST D). TR 2 4, 2018, 30(9):

1576 — 1584.
EEE T I SR Rt ie SR AR 5 2 N 1

WFOK B E K [T]. B REHE, 2019, 44(10): 335 - 341.
Wi, # B T DL LA AR AR I K R Y e
WUR PGB FT[T]. 2155, 2015, 36(2): 42 — 48.

WINST, UL, BEBEE. L0 b Ak B I K e
Jr kRS R, L2k, 2004, (4): 528 — 542.

TR, APk, WP, A5 TR A X HENLARARGY 13 B i
GG S [T]. G2 56 4T, 2018, 38(12): 3883 — 3889.
BREES ¥, T3 6 . VAT O SR M N [T, (i TR, 2019,
38(8): 156 — 159.

sk 0B, SRMREL, ZESTOR, AF. ST S 0 DX 9 T
R T 5 PP —— LA XA RV o B 0], T3 X 8%
THSEREE, 2014, 28(5): 67 — 72.

WHR, A, T 8. WEATERD 2 WL EdE 5 +
e Bt 2 8] (4 AH S PE RS []. Y63 5 OL1E 434, 2009, 29(6):
1526 — 1530.

W PRAR, FNT e, L. I ST LT A T i
WFFE[]. k2 5%/, 2009, 29(7): 1759 — 1763.

TKH R, BT IR A S S AT M. B Bl R
t,2012: 8-19.

PSS, RN, TR, AF. BT RN IR I E )R
EEEDEIHMETT]. R SR, 2019, 34(5): 998 — 1004.
T 5L, ZEH W, PhoC=, 5. SET BPHZE W 45 (14 Hb 2 T 25 7]
R RUBE ik [0]. 3 AR 55, 2018, 33(5): 793 — 802.

Mz %, w2 ke A DU Dot — AT MG
FEADALERE[T]. 13, 2020, 52(2): 404 — 413.

Bellon-Maurel V, Fernandez-Ahumada E, Palagos B, et al. Critical
review of chemometric indicators commonly used for assessing the
quality of the prediction of soil attributes by NIR spectroscopy[J].
TrAC Trends in Analytical Chemistry, 2010, 29(9): 1073 — 1081.
W ZE, TEm, BT, & TR B ML AE S R
- HEH S ARAEII[T]. 3, 2020, 57(4): 867 — 877.
ZEHE, B, adl, L T WPFRY =M ARG R 5
F Ry i —— LA S 5328 R 5 R 0 (0], HERE DL TR 2
1}, 2016, 34(4): 339 — 345,

TR, O, ER, SN BSR4 AN
FRIESC BT L T]. /BT ikaf, 2014, 42(4): 513 - 518.
ERZ, LM, Brih %, 5. TR ER AT R


https://doi.org/10.3969/j.issn.1001-7011.2007.05.007
https://doi.org/10.3969/j.issn.1004-1524.2018.09.19
https://doi.org/10.3969/j.issn.1672-8785.2015.02.008
https://doi.org/10.3321/j.issn:1005-281X.2004.04.008
https://doi.org/10.3964/j.issn.1000-0593(2009)06-1526-05
https://doi.org/10.3964/j.issn.1000-0593(2009)07-1759-05
https://doi.org/10.1016/j.trac.2010.05.006
https://doi.org/10.3969/j.issn.1674-8530.15.0102
https://doi.org/10.3969/j.issn.1674-8530.15.0102
https://doi.org/10.3969/j.issn.1001-7011.2007.05.007
https://doi.org/10.3969/j.issn.1004-1524.2018.09.19
https://doi.org/10.3969/j.issn.1672-8785.2015.02.008
https://doi.org/10.3321/j.issn:1005-281X.2004.04.008
https://doi.org/10.3964/j.issn.1000-0593(2009)06-1526-05
https://doi.org/10.3964/j.issn.1000-0593(2009)07-1759-05
https://doi.org/10.1016/j.trac.2010.05.006
https://doi.org/10.3969/j.issn.1674-8530.15.0102
https://doi.org/10.3969/j.issn.1674-8530.15.0102

1068 + 3 @ Wk % 52 &

T 13 TG $5 0000 AR LA 5 (0], I AR AR B2, 2020, 52(6): 129 — MR AR [T]. IR SR, 2016, 32(9): 147 — 153.
136. [23] FFER, BRES, BUIM, S5, SR IX 448 T Hb (9 SSRGS i
[22] WA, TCM, B, S5, IELTAMGTE A3 P93 i o 7r 26 b GeitlE [1]. S, 2012, 43(2): 257 — 262.

Application of Ant Colony Optimization in Hyperspectral
Prediction Modeling of Soil Texture

DENG Hao-ran, LU Cheng-wen", CHEN Dong-lai, XU Wei
(School of Geography and Tourism, Anhui Normal University, Anhui 241003, China)

Abstract: In order to improve the accuracy of hyperspectral prediction model for soil texture, the soil texture spectral
prediction model was conducted based on the 177 soil samples taken from Chaohu Lake Basin using the methods of
the ant colony optimization to select the characteristic wavelengths, and combined with BP neural network. The results
showed that, compared with the spectral prediction model constructed by full spectrum, the accuracy of the spectral
prediction model constructed in this study was better. The determination coefficient R* of the prediction set of the soil
slit content prediction model was 0.76 and RPIQ was 2.23, that of the soil sand content prediction model was 0.72 and
RPIQ was 1.94. The prediction set R*> and RPIQ of the full spectra soil slit content prediction model were 0.57 and
1.75, respectively, and that of the full spectra soil sand content prediction model were 0.48 and 1.82, respectively.
Compared with the full spectrum prediction model of soil texture, the ant colony optimization selected the spectral
characteristic wavelengths for modeling could reduce the redundancy of spectral information and improve the
accuracy of the prediction model.

Key words: Soil texture; Ant colony optimization; Feature selection; Hyperspectral prediction model
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