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Predicting Unsaturated Soil Water Content Using CIELAB Color
System-based Soil Color
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Abstract

A study was conducted to use soil color obtained from digital images as an indicator of soil water content. Digital
images of Jumoonjin standard sand with five different water contents were captured under nine different lighting
conditions. Through digital image processing, the soil color of the sample was obtained based on the CIELAB color
system, and the effect of lighting conditions and water content on the soil color was analyzed. The results indicated
that L~ showed a high correlation with illuminance, whereas a and b* showed a high correlation with color temperature.
As the water content increased, L*, which represents the brightness of the soil color, decreased, and a and b increased.
Therefore, the soil color changed from green and blue to red and yellow. Based on the regression analysis results of
lighting conditions, water content, and soil color, a water content predicting method based on the soil color of silica-based
sand photographed under irregular light conditions was proposed. The proposed method can predict the water content

with a maximum error of 0.29%.
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Fig. 1. Schematic diagram of the digital image studio

w|2ke] Aol ofm|x] e Ao nX|= FEFS vl
Asl7] YaiAl, 27 HE5), AEATE(1/1000%), ISO
(200), 3to]EMWI A(5500K), 2HA(FERE)E=
5 uysial ZHAE A

2 AP BAEE 5= Q= A15A(GODOX) it
9] SL100BiE F 7} AF&Zl=tl, & A5 FHoER
E] 700mm szolof At s 2HS 59 & AR
FHol| 2ALE = dlo] 22 Ztf 68,000lux 7HA] &
A a1, ALt 2800K o) A 6000K 7HA] A TH
19T}, ofu| 2] #e Alofl= sl 21 Qo] e W
As] ApdAF e & A&7 ' EE7F Fol=
gol= gt ASE ZotA & ARE Azt 917
of| Al REALE]= BI(WHAR) O] Jaks 243} Fich

Z oo A nt H
o 32 Ay

32 & A=

2 dAtollA= =] T34l Aejzt Hefisilica sand)
FEAFZALE AL Fig. 29} Table 1-& F5

TARS YR FAY 7R B4 A4 vE
ZFEFEARE 4914 T WEE(Z7 4.75mm
&) 20051 4] F2h ¥E-5(2]17 0.074mm
[&)o] ZH2F 100%L}f 0%0]m, &7 ol
3 QJ=rt Eest ma(SP)E EFE ok B3 48
(D)2t H A (Dso)2 22 0.35mme} 0.58mm

BV AR

o o
R
15 X
Sl

oI

@ e 1o

4.75 mm 0.075 mm
(#4 sieve) (#200 sieve)
100 -

90

40

Percent finer (%)

10 1 0.1 0.01
Particle size (mm)

Fig. 2. Particle size distribution of Joomunjin standard sand

Table 1. Index properties of Joomunjin standard sand

USCS Dio (mm) Dso (mm) Cy Gs CSmax Cmin

SP 0.35 0.58 1.68 2.65 0.99 0.63
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Table 2. Lighting conditions (illuminance and color temperature)
for soil digital image acquisition

Color temperature (K) lluminance (lux)

35,000

3800 50,000

65,000

35,000

4500 50,000

65,000

35,000

5500 50,000

65,000




F 2k 9 M3 A3 Fa), 2= 15,540~
65,040lux2] WS wal
HelE HAlth AAde
Higo 2 o AR 9] HA[E ofn]A|
& Table 29} ZHo] AA T}

= oA 71R] d=H)(0, 5, 10, 15, 20%)2 ZAAE =
ANEE e s F20e F ok ¥ 4 uphyrbe tx]
9 oJu|A & HFFH453] HY). 2HY 2= M2
=5 F-&(manual) &= WS A7 33t FEiS
SHElET ol offhe] @At AT F = A2
o] Hat @ak= 242 1.15%2} 0.61%). whelba] ofu] ]
#<9) A Kinca Minolta jit2] &8 FEA A=
CL-200AE ARE3l| WA & Al=7t Az B 4
o] 2 s SAFon, Au 24 A ASgk
ARE-3TE.

2 AolA= RGB A FAIAE 7IREe = 5% o]
g o|n|X|5 CIELAB A 3EA|A|= W2het 5 ZAof] AR
At o]F 93 CIE(1931)9] S (color matching
function)E ©]-&3j] RGB A ZEA|AE CIEXYZ A 3EA|
A= WEkska CIE(1978)0] W3kAle Ea) CIEXYZ A
FAAE CIELAB 4 FAIAZ Walsick 437] 4 FA
A W8k 78-S Rossel et al2006)0] BTk 243 714
5o} ik, ClAg ojulx = iE BAS S5 9
A, & NRsk 24 st D70] 100mm ol Y
(circle)Z 4 & H(region of interest, ROI .2 43
Cth(Fig. 3). Garcia et al.(2011)Z} Gomez-Robledo et al.

A

=

o

Fig. 3. Region of interest (ROI) for digital image processing (Water
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Color temperature: 4500K)
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Fig. 4. Digital images of the soil sample (Water content of the soil sample: 10%)
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Table 3. Slope of linear regression line between lighting conditions
and CIELAB-based soil color intensities

Water content (%) a Qs ap
0 0.0008 —0.0088 —0.0125
5 0.0007 —-0.0109 —0.0094
10 0.0007 —0.0109 —0.0087
15 0.0007 —=0.0111 —0.0087
20 0.0007 -0.0104 —-0.0087
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Fig. 6. Mode CIELAB color intensities according to the water content of soil sample

38 e=XptEssl=EE M39d H2=



SH}= Kim(2020)9] Ao} Aolat Axtsir.

£ RGB 4 BAAE 7o EAS
4o, KB 4 LA Base =
& Wist 440 BF T8 e 4
o] Woulzk ZstH EAY) B}

(2020)2] AL A= MAro] HFlol

AAZYETE B gadt AoE T

Kim(2020)

=3 Ao
B (R G, B)
sh vfe} 7+
_/I:’S}Ei Kim

Al R, G, B

=

BT} ghenlo] BAE ARH o BA5] 99

12

i
r

A A W B, o, ) Hghe g gre)
AR EARA S T T BT} o] B

B3l e A1E 3] 2 d(simple linear regression

model)} o] o] EAZER Feule] TAS FAof
A5} = 53] 2 d(multiple linear regression model)

R(RAZY 7} B4R

rr
B
i

d_‘TL_O,Ln:EHerE‘;mlor
&
e

o
Utk 2 AtolA= 95% 9] AFeEe

Table 4. F—values of simple and multiple linear regression models used in this study

S8t AL, FRbe AVEe) e B o S9im
o el Yk o4 Flold F-3 (Y
& 59 mase dIEATes e =

olu|54] A%

BA

0% ) A ghold) Fatol A2t
Hezold FARD FIHS 4FT 5
2838 Fglo

0.05 B} 2E 9] Bl mo| folstekn Bery

TH(Schmetterer, 2012). Table 4+= & Lo A3+

I 3 oS 9] St Z42o] o o

3 F-AA4LS

P-4 23 L' SPuse A48t gasn
Ao mE YRl el FOHT, ol mae on
w70l elAe BAH FOAS BT B Aol
A sjFmEo] Solgt Aol e BT g A}

olo] AFBAA(A ()& FaT AFIANL A3
o AL A4 sh aABRE B THL, A
HalFiale] o3 gotut AsAS Ea) Al o
eH|ef AA| Fhen] o] H i AlEE 2 XHRoot Mean Square
Error, SE)E E3f &l

WC = 0,4 L "+ Bya” + B

P e P ehis

)

A7IA WC= & A=9] 8|(%)E ulstaL, 4,
Bis By B3 YAATE Qv]gict.

Table 5~7& 22+ L', d', b &

=Yg K185

[¢]

-

¢

& APHANY B AASeE 22kl T HF

O

Independent variable
Color temperature (K) | lluminance (lux) Simple linear regression Multiple linear regression
L a b L a L b L oa b
35,000 0.03239 0.05766 0.18169 0.09509 0.10000 0.28231
3800 50,000 0.03625 0.04835 0.05430 0.17671 0.18521 0.51746
65,000 0.00071 0.07290 0.15759 0.05112 0.02821 0.0141
35,000 0.04641 0.07369 0.13624 0.13528 0.01263 0.01391
4500 50,000 0.03877 0.09570 0.06303 0.16878 0.05138 0.08494
65,000 0.02514 0.07715 0.12775 0.03791 0.00218 0.04938
35,000 0.04521 0.00914 0.18169 0.07621 0.01430 0.12685
5500 50,000 0.02177 0.02705 0.04243 0.1 0.13243 0.35641
65,000 0.03290 0.01057 0.15576 0.05664 0.05017 0.28231
Table 5. Linear regression coefficient between water content of soil sample and L (8,=p,=0)
Color temperature (K) lluminance (lux) B, B, I3 RMSE (%)

35,000 59,5485 —-0.8629 0.8267 2.944

3800 50,000 94.3404 —1.2480 0.8137 3.052

65,000 1442491 —1.7852 0.9355 1.796

35,000 57.3181 —-0.8319 0.7820 3.302

4500 50,000 74.4424 —0.9410 0.8055 3.118

65,000 115.3171 —1.3843 0.8527 2.714

35,000 56.8181 —0.8357 0.7856 3.274

5500 50,000 78.1649 —0.9998 0.8658 2.590

65,000 89.3343 —1.0522 0.8249 2.959
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Table 6. Linear regression coefficient between water content of soil sample and a (8,

:ﬂg :0)

Color temperature (K) lluminance (lux) B, B, RMSE (%)
3800 50,000 —153.1381 6.2600 0.7763 3.345
35,000 —54.5134 75719 0.9238 1.952
5500 50,000 —21.5984 3.9886 0.8456 2.779
65,000 —33.2575 5.7986 0.9162 2.047
Table 7. Linear regression coefficient between water content of soil sample and b (8, =8,=0)
Color temperature (K) lluminance (lux) By B3 RMSE (%)
5500 50,000 —41.3900 1.7039 0.7940 3.209
Table 8. Linear regression coefficient between water content of soil sample and L and a* (8, =0)
Color temperature (K) | llluminance (lux) By B, R RMSE (%)
4500 65,000 360.0024 —3.7696 —-3.5233 0.9621 1.377
Table 9. Linear regression coefficient between water content of soil sample and L and a (8,=0)
Color temperature (K) | llluminance (lux) B, By R RMSE (%)
3800 65,000 231.7141 —2.3779 -0.8790 0.9718 1.188
4500 35,000 342.2248 —2.6779 —4.7219 0.9874 0.795
65,000 397.6160 —3.2340 -3.5768 0.9978 0.330
5500 35,000 218.9340 —2.1491 —2.7808 0.9857 0.846
Table 10. Linear regression coefficient between water content of soil sample and L*, a*, and b
Color temperature (K) | lluminance (lux) By B, B, By R RMSE (%)
3800 65,000 2321776 —1.7353 1.8368 —2.8415 0.9999 0.063
4500 35,000 261.5321 -1.8936 5.0057 —6.2082 0.9999 0.077
65,000 403.4328 —3.3824 —0.4969 -3.2133 0.9985 0.274
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Table 11, Soil color of soil samples with 7% water content and the water content predicted by the proposed method

) Measured soil color Adjusted soil color Predicted water
Color temperature (K) | lluminance (lux) - - 0 : g g
/ a b / a b content (%)
5499 49,800 69.2 7.9 324 79.84 26.25 4752 6.81
5551 34,970 575 9.0 33.7 78.52 27191 4928 7.15
4482 49,530 68.8 20.1 42.2 79.63 27.47 48.27 7.29
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