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Digital modeling of soil sand constituent using hyperspectral data
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Article Info ABSTRACT
Article type: Background and Objectives: Sand fraction is one of the most important
Research Full Paper soil textural segments which should be highlighted for environmental

modeling operations and digital soil mapping projects. On one hand;

. . identification, mapping and monitoring of sand content over wide scales
Article history: . - ; . .
Received: 10 11.2021 using traditional sampling and common lab analysis procedures is
Revised: 12.17.2021 time-consuming and_ costly, _probably due to its va§t spatial variability.
Accepted: 02.06.2022 From the other point of view, spaceborne and airborne spectroscopy
(remote sensing) have some defects compared to the laboratory and field

spectroscopy such as atmospheric effects, compositional and structural

Keywords: effects, lower spatial and spectral resolution, geometric distortions and the
Digital mapping, mixture of spectral features. Hence, to overpower the imperfection of RS
Hyperspectral modeling, technology in relation to investigating the factors with spatial
g;nst’ ch_angeability, an apt technology is require(_:i. With 'ghe advent of Lab
Spect,roscopy Diffuse reflectance Spectroscopy (LDRS) which exploits the fundamental

vibration, overtones and combination of functional groups for soil
investigation, that became a promising tool related. The present research
intends to hyperspectral modeling of sand fraction utilizing the mentioned
proximal soil sensing tech in some parts of Mazandaran province.

Materials and Methods: In accord with supplementary data layers
(geology, pedology, landuse, etc.) and stratified randomized sampling
method, eventually, 128 samples from 20 cm of soil surface of Mazandaran
province (scattered parts), were gathered. First of all, sample-set
subdivided into two subsets: calibration and validation. Afterwards, using
the hyperspectral analyses, multivariate regression analysis-PLSR method
with the leave-one-out cross-validation technique and some preprocessing
algorithms such as: spectral averaging, smoothing and 1% derivative
(Savitzky-Golay derivation algorithm), the definitive calibration model
with two & four latent vectors according to indices such as R, R?, RMSE,
RPD and RPIQ were made.

Results: During the present research based on the sand hyperspectral
modeling in the calibration subset containing 96 samples as well as the
validation subset composing of 32 standalone samples, it has been showed
the first two and four LVs out of the seven LVs can provide the best
estimate of the soils of the study province. Consequently, the calibration
process of sand hyperspectral model was done based on the first four LVs
and the full LOOCV procedure. Because these number of LVs are able to
concentrate the info-variance of sand variable more than 60% and likewise,
the info-variance of spectral variables more than of 98%. The best
calibrated hyperspectral model predicting sand components resulted with
these specs: Rc=0.76, R?:=0.57, RMSEc= 9.77 and SEc of about 9.82. The
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correlation coefficients (R) of sand contents with the effective spectral
domains were calculated as: UV-390nm= 0.46, Vis-510 to 540nm
about 0.53, 680 to 690 about 0.55, NIR- 950 to 970 about 0.67 and
1100nm= 0.70, SWIR- 1410 nm=0.76, 1860 to 1900 about 0.76, 2180 to
2220 about 0.77; which the specified spectral bands (spectral ranges) with
the maximum of R contents indicating their highly impact and influence as
the independent predictors on the sand parameter hyperspectral modeling
processes at the studied soils of Mazandaran province. Furthermore, the
most influential spectral domains involved in the modeling process of sand
particles were determined as follows: UV-390 nm, Vis-440-540 nm,
NIR- 740-990 nm, SWIR- 1430-1890, 1930, 2190-2240, 2330-2440 nm,
which these results were in agreement with others. The quality of the
calibrated sand hyperspectral model via assays such as Hotelling, adjusted
leverage and residual variances was also confirmed. The accuracy
assessment specs were as: Rp= 0.83, R’p= 0.68, RMSEp= 8.68, SEp= 8.72
and bias=-1.26.

Conclusion: Results indicate the apt hyperspectral analyses to estimate
the sand constituents of the study region. Accordingly, based on LV=2:
RPDc= 1.51, RPIQc= 2.44, RPDp= 1.78 and RPI1Qp= 2.45, additionally for
LV=4: RPDc= 1.54, RPIQc= 2.48, RPDp= 1.75 and RPIQp= 2.41 have
been gained. On the basis of the RPIQ values which were more than 2, it
can be concluded the models are able to estimate the sand contents of
Mazandaran soils satisfactorily and showing the acceptable quality of the
predicting models utilizing the hyperspectral data. Our results can be the
starting point to accurate mapping of sand constituents of soil texture using
the RS platforms. It is noteworthy, the characterization of key wavelengths
in the hyperspectral modeling of sand components, the upscaling operation
as well as constructing the new airborne/satellite hyperspectral sensors can
be bettered using the principle wavebands affecting the hyperspectral
process so that providing the more precise hyperspectral studying of soil
texture constituents using the aerial or space platforms.
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3- Vibrational stretching & bending of structural
groups

4- the EM radiation spectrum

5- Light scattering influence

6- Attenuated Total reflectance spectra
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Figure 1. Soil texture classes of the collected sampled points throughout the Mazandaran province.
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Figure 2. Geolocation of sampled points throughout the Mazandaran province.
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Figure 3. Raw spectra of the supplied soil samples based on their numbers.
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[ZCS P UV PO PO P IR e oSk Sas S aiy eSS
cv Range SD Mode  Median Mean Kurtosis ~ Skewness ~ Max  Min  Variable
59.7 60 15.07 30 26 25.26 -0.745 0.213 61 1 Sand
30.7 84.9 14.19 50.6 45.4 46.1 1.2 -0.077 90 5 Silt
47.8 64 14.4 33.2 30.3 30.1 -0.369 0.197 65 1 Clay

1- 1% D-transformation algorithm
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Soil Spectral Reflectance Curves(SSRC)

0.60
0.55
0.50
0.45
0.40

8035

$0.30

Zoos
0.20
0.15
0.10 4
0.05

0.00
400 600 800 1000 1200 1400 1600 1800 2000 2200 2400
Wavelength

S gk gos (SSRC) b b5l sla sove 55, 2 SAFS (5,8, 3 Jow -1 K3
Figure 4. The SAFs on the Soil spectral reflectance curves of sampled points.
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Table 3. The results of KS test based on calibration and validation subsets of sand modeling.

335 Jlo 5 o 8 S A= Ggl a3y S oLl s 2 & ged sl
] Sofmglﬁjf pvalue é:;?cal - ij e LS)Si;T;vfrw gmple
1t 0.611 0.103 0.0764 1% 9% P
L 0.957 0.175 0.0879 1% 32 e Lzs
Cllas sl 5 RMSE) > Sla e il (X)) Jazes) S e la puize S b0l
(N G o, il (LVS) Ol 58U ks Seaag e an" Gl
Cslls gla,sSL sl 4 sl @l onl by SRR P AR PR LAPR U PPN IS S CHION
oo N Sty gl Ol s s Jbe Gl slar 8L &S cwls S i
B S Gh e L sblin el Shls & e Jde 51l il 531 n0S L s

e BT el s eslizel (FLOOCV)

IK8) (Lade ol slalil) e la paa 5 azed] . . . . .
o S SHREE 2 L Multi-collinearity/autocorrelation/multi-
interconnection

Voo



YE+ o £ oylond TA 090 (S g Of Bl gl yingsy

LE pskne (Sidia 0031 5 g ol Sl Jols
o,ll g A= 35S skl Bl slie Il
Glaesls pim pds Sl S cl o Silza
(Glhar 2 e (o 2 =0 ISK0) el il
pde o Shoslinal b 5 5 S5 BRI AT
5 ot Ol 5 S Slag sedsb (ol Lokl
Sk G e -0 IS WS Al
s sl JJJT;.’ 2 b sbaals o 5 St
oSG 3 -0 JKE) Ldd ek 55 (il
Ossle ¢ e el ysle SU5L sbaesl :wlul ol
(UV-Vis-NIR-SWIR) o5 S 50 5 S35 305
S Ok Ol S gl e 3
Gl elens (5 b =0 ISE) Liles S Wyl age
die b5 Sl ekl U slie 03y Jle
oole Lboedile BL oslie aslis 550 50 Lol
Sl (y-residual vs y-predicted) o ez
Ol SLaS 3 (ol S ipmeds Jio o kS
ol eoplly G =0 IS8 col (L5
o dile BU bl polie sy 5o s IRt Ol
3 Fol Gla i) (aials assezme s 53 Wl g
o 03 baise LB S as asie (S
(o 5o e g o =0 JS) sy 3 23 Jla
ol S e ble oS b
o ol adlge b 5 Y ulal  0lake Ol
by Siwr 1035 oIS Olasiia ol L
S 2 VOO 5 2 /VEO s5a= (Re) O gy
Glas Slay e (Ska /0 5 /00 550> (R
sl AV 5 4/40 350> (RMSEg) 0 sesl LIS
55 5 QAY 3V0 350 (SEQ) O sanel ;8 s Il

Olgea o (W K8 Lesis (Dids) Ol =il

2- Normal probability of residuals

Yol

Bl iolie 535 (7 o oD i v (I -0
SSla= pslie 5 (RMSECY) e Sila e polis
JS2) (RTCV) 0l oIS a2 oo 53 (e a2
son Sl S S asie (e o o -0
M o o lae (s 3 adlaie b nslie
el o35 Il Olgs 555U g 5 Y elul L a5
b sheo s lols ke S (LV=2ILV=4)
WO e ol -0 IS) el oS 55 o
oSl el s LSS G s
ool 5o s 5 Jaee skl 3L ol
oo Ao JS2) b s b sle ke oy
s b Sl el i (m o
5o man FBoon 2 o Rl Sk
o wdlo S8 s &S glaSa il e asllas
B s Olgy a6 Vo sd e sdalie (O o
F80 5 () anmly palis loly TOA S a0 4
£ oodlen lbdd Lib L ol Lol
O e Jol LS

Gl s s 1y bl bols 1A 51 iy

5o plie Wl

Jbe 551t 5 Bl Jule e S ccead ool
3 oS e kgl s A el
S oAb e n Seers s
S Sln Ogel elel L mer 25 Al
=0 JSKE) el gl o oS s el
(F g =0 UK AFD 36 oseil 55 5 (v 5
s gazme pl gladgad 1A I R &S UG Jaia
sl e T3 05 658 5 b Dby 3B LI
Sl ol S Mesy Sdte Sllas 5 o
Oyl bl s Lk Ol =5

bl ekle SL sl 55 (FD ¢ pd 5

1- Spectral distinction



O 5t (i g 1D e [ (b il sodld U S s 5 098 (g3

Shles bl axls 55 L Ol okl S o palie 0S5l b ol sladde (o sllas
5 RPD (S )l b ol Sdie Slles) (s 0 b IK2) Lus wls ohasle okl
fo Sy L end 5 amle ¥V F) RPIQD Ol oy polie ol oS50 Jte Slasiin
5 /8¢ RPIQc /o) :RPD¢ LF=2 _.L.l molzel Slles) Jde bl 2l 5 5 ok
Y/¢A (RPIQc 5 V/0¢ :RPDc 55 LF=4 Ll 5 et el eld (gl S A IS (bl

RGN IS W AMLzA BE) U":' Jigu" u,:apz.}' e.k.faﬁ;wb u‘.‘l"@’ JJ.A Cowe

Scores Scores
04
03
01 L8
02 -’
. - ot
= o g . ot
gor " . : £ o —g—atel ot
2 . £
20 ree - 5
5 5
Sor 3o
02
<l =
o
03
04 A B
2 o 1 2 0 Py o o o2
Factor-1 (33%, 54%) ’
nined Variance Factor-3 (1%, 1%)
o Explained Variance
100
& o
%
5 8
0 )
7
“ o
o
Lo &
g% g
%3 e Calbration s —— Calibratior
> e Vil ation 1 T g Valkdatk
25 o
3
20 0
< 2 <
s 2
1 1
¢ e D
5 5
2 o
....... 0 Fadori  Facor2  Facord  Fecord  Faciors s
Factor  Fach Pz Faded Facors  Facors  Facor? -
Residual Vanance Residual Vanance
20 000
20
210
20
1%
180 0002
m
i !
B0 —e— Calbration —e— Catbration
3 —o— Vakd e Vaidation
1% 0001
20 .
10 L] T
100
% E F
8 o
Factor- ctor-1 Factor-2 Fact: z Factor-4 Fact: Factor-6 7 Factor-0 Factor-1 Factor-2 Factor-3 Factor4 Factor-5 Factor-§ Factor.7
...... Packons
Explained Variance
100
95

is A N\ .
s <
5 T — 4 e (Facior-2 , Factor-2)
© NOSe s g » T
/ A

yov



Yoo £ oylond YA 0,95 (SB g Of Bl gl gy

Influence

v / <
p [
4 o &n
VI 4 o (Focord Faclord)
{ A S :
| o / [« '
\ VR ]
x i s

H

o

—

H

P%Egamé W“"“"W : ..; | ,, : oy :

Variable Residuals

i ﬁg |
Y "@jﬂ{gﬁ il |‘ || N .|||| 1 '

‘p,» A

.; - 1Y '!|I| I Nl' I'] T

I I"
]

N

"114.00008 147.00005 178 (3) 300005 368.00005 TR T VO iy S ol 30808

=] 0.0152
0.0107
0.0062
0.0017
-0.0028
-0.0073

-70 0118

-0.0163
-0.0208
-0.0254

(=

po (o tpsn 5 Jol (Al igla) 586 Jo o polis 5 Ab ilsly (Slaaod) oST5 IS ool glaad fo Jow Slles 0 IS
Vorll g b ol (reod o 5 il (@ tcste aje Vbl 3 olie (reod o5 L1 (@ 06
IS AP s Ll et L, gSU el s 5 aieal s sla it 3 e ile Jl palie bsly (el s, sSU
o p3lie 5 JEms iy Sla it il o dlaly ol y (5) ST Ll 505 (3 i H( Jaime (Lo pie slias S5 4)
Sl gasns (ol y G AL 03 )3 fST g pr o polis gl tgladsa £ 5 Y ladis plul e gad ol Jy s
3 4 e palie o (G 4B G £y F55 tl 2 (G HSBY bl 0 Jde il 3 opn (Ab (slaes goee
Al J sl i Sl (5 35556 8 (slon 2 (B) o3k o £y ctl o 555856 £ by il sl i il
Mg £ Sl 3 (S mase) (b slapiie bW b ki gad o Tl s g 5o 3 g0d (L t(sIad e £ Sl 55 Lak gos

Figure 5. PLS algorithm in brief: the instant density of spectral variance and sand contents: A) at the 1°*and
2" factors; B) at the 3d and 4™ factors; C) the sand cumulative descriptive variance based on the 7 selected
PCs; D) the spectral cumulative descriptive variance based the 7 PCs; E&F) the residuals variance of the sand
& spectral bands based on the LVs; G) the total spectral descriptive variance by the spectral variables; H&I)
the influence chart (impact) based on the sand, spectra and the sample adjusted leverage by the 2-factors &
the 4-factors models; J) Comparison of predicted and reference values in calibration sample set; K&M)
Characterization of spectral ranges in the calibration of sand model by 2&4 factors (regression beta
coefficients); L) the predicted values vs residuals of the sand variable on 4 LVs; N) the predictor variable
residuals based on the 4 PCs; O) the matrix plot of relationships between the samples and predictors in 4 PCs.
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Figure 6. The final predicting model of sand contents, the predicted vs reference values based on 4 LVs.
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Figure 7. A) The graphs of the predicted vs the reference values by the final sand hyperspectral model
in the separate standalone subset; B) The graphs of the predicted sand values with deviation
in the separate standalone subset.
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Table 4. Model output: Statistical parameters of the sand validation process using independent samples.

Prediction di RMSEP SEP Bias Slope (Offset Correlation  : SEPCorr ICM_Slope  {ICM_Cffset
sand% [ 1 2 3 4 5 6 7 8 4
Factor-1 1 8.0425 8.9656 -1.4482 0.6839 £.6836 0.8153 8.0485 0.9579 2.5061
Factor-2 2 8.6825 8.7277 -1.2623 0.7195 £.1890 0.8264 8.7009 0.9492 2.5475
Factor-3 3 8.6520 8.7785 -0.4496 0.7510 £.1646 0.8269 8.6884 0.5106 2.7844
Factor-4 4 §.8327 8.9245 -0.9272 0.7346 6.1223 0.3149 8.8467 0.9151 3.1042
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Figure 8. The calculative/adjusted leverage values on the basis of validation samples in accuracy assessment of
the predictive model.
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