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Study on Automatic Measurement System of Soil Parameter

Development of Soil Water Content Senser
for Movable Measurement

Motoyasu Iuara* and Minoru Komartsu*

This paper presents the results of a study on a microcomputer-based instrumentation
system to measure soil water content. The system was operated by a Hewlett-Packard
9816s microcomputer. The soil water content was measured as electric resistance by a
ground-contacted sentor, transformed and output into electric voltage by R-V conver-
tor, and finally processed by microcomputer. The developed system is based on real-
time processing, and the aquisition results are drawn out as a soil water content map
of the measured field. Measured data are recorded with the source wave, and put to use
for data analysis by the secondary processing programs.

We have found out that soil water content correlates with electric resistance. It
should be efficient to measure soil water content more continuously and closely using
the method with a sensor. We intend that this method will be applied to control system
of working machines from now on.
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80.0 TEST 2—1
DATE 15/JULY
1988
Location
Tottori Univ,
Field !
Silty Loam
(upland, tillld soil)
Plastic limit
35.8%
Liquid Limit
45.0%

=

60.0

Cone penetration

A Reslstance

+ 0.038 MPa
x  0.050 MPa
O 0.081'MPa

Depth 20.0 om
Wet Density
1.40 g/t

yd

20.0

40.0 60.0 80.0 100.0 120.0

Electrode Interval El, mm
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50.0 TEST 2—2
DATE 157JULY
1988 Location
Tottori Univ,
Field
Silty Loam
(upland, tilled soil)

Plastic Limit

/ / 35.8%
/ Liquid Limit
45.0%

Cone Penetration
Resistance

+0.038 MPa

* 0.050 MPa

0 0.081 MPa
Depth 50.0 mm
Wet Density

1.40 g/ cw’

\\
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40.0

B

20.0 40.0 60.0 80.0 100.0 120.0

Electrode Interval Ei, mm
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Tottori Univ,
Field
Silty Loam
(upland, tilled soil)
Plastic Limit
35.8%
Liquid Limit
45.0%
Cone Penetration
Resistance
+0.038 MPa
*0.050 MPa
00.081 MPa
Depth 70.0 mm
‘Wet Density
1.40 g/cr?
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Static TEST 1—1

40.0 24/DEC/1988
Location o
Tottori Univ. o
35.0 Field 3
Silty L (upland, 3
EQ L:IIZd ::Tll;p o B
30.0 Plastic Limit 2
& e 35.8
é’ - iquid k1
25. 08 g
n
;E; \,_’——’— é
e
= 20.04— A >
2 o]
0 5
15.0
8 g
k]
3 10.0 Wet Density
. 1.24 (g cm)
5.0 Soil Sampling Method (Static) ------
: Electric—Resistance Method:
0.0 1
0.00 .25 .50 .75 1.00 1.25 1.50
Longitudinal Distance L, m
(A) Static
Dynamic, Sensor Speed 0.092 (ms) TEST 2-2
40.0 24/0€C/1988
Location
Tott, Univ.
X 35.0 Fretd X
Silty Loanlupland, .
5 tilled soil) 8
0 30.0 —— Plastic Linit g
3 - 35.8 (%)
- e Liquld Limit u
15.0 (1)
§ 25.0 Dianeter of Disk 2
G Sensor 238.8 (am) 5
Electrode Interval
§ 20.0 sctrode Ioterval (3
v Depth 43.8(mm) B
3 15.0 fverage of He =1
k] ) 26.8 (4) = <
2 25.7 () —— 2
10.0] Wet Density
1.24 (g ar’)
5.0 Soil Sampling Method------
Electric—Resistance Method (Dynamic) —
0.0l L
0.00 .25 .50 .75 1.00 1.25 1.50

Longitudinal distance L, m

© Dynamic, E{T#EE 0.092m/s
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Dynamic, Sensor Speed 0.082 (m,’s) TEST 2—1

40.0 24/DEC/1988
Location
Tottori Univ
35.0 Field
Stlty Loantupland,
tilled soi
30.0 Plastic Limi
L — 5.6 (2}
- Ligquid Liaft
25. 0= —tesmwerst oo = 45.8 (%)
T Diameter of Disk
Sensor 230.8 (mn)
20.0 Electrode Interval
60.8 (nm)
Depth 38.8(nn)
15.01 Rverage of He
26.8 (1) weee
27.9 (1) —
10.0 ‘Wet Density
1.24 (g/cm)
5.0 Soil Method------
Electric—Resistance Method (Dynamic)—
0.0 L
0.00 .25 .50 .75 1.00 1.25 1.50
Longitudinal Distance L, m
(® Dynamic, EfT#E 0.082m, s
Dynamic, Sensor Speed 0.154 (m~s) TEST 2—3
40.0 24/DEC1988
Location
Tottori Un
35.0 teld
Silty Loaniupland,
titled sofl)
30.0 Plastic Limit
/_ _______ Liquid Linit
25.0fx = tad 45.0 (%)
/ Diameter of Disk
Sensor 238.8 (mn)
20.0 Electrode Interval
68.8 (mm)
Depth 42.B(nm)
15.0 Average of Hc
26.8 (%) —
26.3 i) —
10.0 Wet Density
1.24 (g/cm)
5.0l Soil Sampling Method------
Electric—Resistance Method (Dynamic) —
0.0L —— " .
0.00 .25 .58 .75 1.00 1.25 1.58

Longitudinal Distance L, m

(D) Dynamic, E{TEREE 0.154m. s
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35.0
/ TEST 2—5
skl DATE 24,/DEC,/1988
30.0 1 Location
e + Tottori Univ.
+] Field
925.0 /F - Silty Loam (upland,
N X 7 b tilled soil)
S / Xy 7| Plastic Limit
B 900 , b 35.8%
g 7 /7 2 . Liquid Limit
2 / Vs 45.0%
8 15.0 , Diameter of Disk
5 7 - Sensor 230.0 (mm)
& ,P Electrode Interval
= 10.0 , d 60.0 (mun)
7 7 Wet Density
S/ A 1.24 g/
i e »:Wes Wc : Water Content of
5.0 '8 Electric-—Resistance
// +:Wed Wm : Water Content of
0.0 Sampling Method
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0

Water Content Wm, %
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Specific Resistance Pdd, (MPa)

Specific Resistance Pdd, (MPa)
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Plastic Limit e
_ 35.8 (%) — AVERAG
We, Pdd—Ll, Lw CURVES Liquid Limit We 28.6 (%)
TEST No. 2—1 45.0 (%) Pdd 0.11 (MPa)
1.81 r Sensor Wet density T (Wc) 39.7 (mm)
B Soil hardness : Disk type 1.491 T (Pdd) 52.6 (mm)
i Wat:er‘ content : Disk electrode type (gr./ o) Working depth : T (We), T (Pdd)
- Location
1.5F Tottori Univ.
= Field
R sok Silty loam
Up land, Tilled’
12b
X
40
i Wc=28.6
9t S F~~—-—" Pdd= 0.12
£ SRR
(2%
K|
¥ _
= 20 We=28.7
r g Pdd= 0.11
< b e -
=
3F ok
T~~~ W =285 (%) Wec :——
ot Velocity (V)=10.27 (m/s) . ~ 7| Pad= 0.11 (MPa) Pdd :——
0 5 10 15 20 25 Date 7 /Dec/1988
Longitudinal Distance LI, (m)
B1E AL - DEEERK (71 A 7o —EHEE)
Plastic Limit AVERAGE
We, Pdd— LI, Lw CURVES 3.8 (%) [T~ ]
¢ v Liquid Limit Wc 27.0 (%)
TEST No, 2—2 45.0 (%) Pdd 0.23(MPa)
1.8f - Sensor ) Wet density T (We) 39.5 (mm)
L Soil hardness * Disk type 1.363 T (Pdd) 38.2 (mm)
i v Wate'r content . Disk electrode type (gr./orf) Working depth : T (Wo), T (Pdd)
- Location
L5f Tottori Univ.
- Field
_§ sol Silty loam
Up land, Tilled
1.2¢
S
= _
. A
g S e =20.6
I s V=018 Pdd= 0.28
IR TN [ T2
St
L &
©
= —
We =27.4
____________________ | _ | Pdd=_0.23
3}
I / ————
i Veloci = We =23.9 (%) We :
oL NS \_felocnty l(V) —O.Pf(m/'s) L L Pdd= 0.19(MPa)Pdd :—-—
0 5 10 15 20

Longitudinal Distance L1, (m)
$128 FEEKE HEEERN (0—5 ) EHEE)

25 Date 12/ Dec,/1988



Water Content We, %
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HEER - ME B
TEST 3—1 TEST 3—2
$.0 Field Preparation 6.0 Flize;«élaf;eparation
Tottori Univ. F’i[;:(l):titon Univ,
4.0 Field 0.0 Silty Loam
Silty Loam (Up land,
(up land, Tilled soil)
%5.0 Tilled soil) =® Plastic Limit
' Plastic Limit s 5.0 35.89
35.8% = Liquid Limit
7~ iquid Limit g 45.8!
30.0 / o Lmzéé;“"/l)ml § o~ Wet Dens?ty/
: 7 ,}'_ Wet Density w 30.0 9 = Sens})f“ gr/ew
AT W =BT 08, CY=438T (%) 1.491 gr/ar’ = + A g Dick electrode
- Wa=B.1 . C.V=55% Sensor 2 Y type
%.0 me Disk electrode - g Date 12,/ Dec
- type X —
Date 7 /Deycp ks We =216, C.v.=8.510 \;:r?glssampling
/1988 Wm=29.6, C.V.=5.620 R
2.0 | ‘Wm : Sampling 20.0 l | We : Electric
00 B9 0.0 5.0 0.0 60 Method W B I ) m 50 - Resistance
N c ! Electric Method
Water Content Wi, % —Resistance Water Content Wm, %
B 5 4 A 7O — B Method ® o—2 Y S
TEST 3—3
50 Fli?eld Preparation
: otary
Location
Tottori Univ
Field
40.0 Sillty Loam
(Up land,
Tilled soil)
I3 Plastic Limit
- B0 35.8%
= Liquid Limit
= 45.8%
= W= 24.6(%) , C.V.= §5.122(0) | Wet Density
S Ra= 28.5 , C.v.= 3.898 1.427 gr/o®
o 30.0 Sensor
= Disk electrode
= j / type
. pd Date 13,/ Dec
2.0 = = 1988
%ﬁg/ Wm : Sampling
P Method
Wec : Electric
€0 -~Resistance
2.0 2%.0 0.0 3.0 40.0 4.0 Method
Water Content Wm, %
© u—2 ) Btk 4 RERIRERS
F13X  BHFE & 5 BSOS KERIERR
45.0 TEST 3—4
l ‘ Field Preparation
Disk harrow
Rotar
AIWe=28.7 (%) , C.V.=4.287 (%) Locetion
40.0 Wm=29.1 ,» C.V.=5.535 Tottori Uni
= B : Wc=27.6 , C.V.=8.510 +ottor Univ,
| Wm=29.6 , C.V.=5.620 Field
k= C:Wc=24.6 , C.V.=5.122 Silty Loam (Up Land,
= Wm=28.5 , C.V.=3.899 Tilled soil)
® s 35.0 Plastic Limit
g 35.8%
SE Liquid Limit
2 g 45.0%
@ 2 A .
&J H % Wetldenslty—IAQII (gr/ o) Sensor
30.0 ¥ i
‘u g “ /’ Wet density=1.363 (gr/cr’) Disk %leCtrOde type
EE * L -
k5 /G »  Wet density=1.427 (gr/an’) Date 1132 /Dec,/1988
m +
g ,—/ A A : Disk harrow
25.0 300 * S —
QY ¥ .
B Rotary 1
70 P
C . Rotary 2
20.0 0:— — —
20.0 25.0 30.0 35.0 40.0 45.0

Water Content Wm, %

(Sampling Method)

BN TEEKIAE OB L LR & o H



VA NG A—F QOEBEHY AT AT 5% 45

vHEHEL, VTINIA ATy EYT{T 70
5 AR PR L CRHIIEBR 21T 5 oo RIS 2 Hick
2 HIE ZPEF D & OANFEIE W 3 0 D SR
FETE D,

5, BHEABBOHMS R 7 A% LICEAT2TE
Thd,

BbY W, FRERCHIV I n i Y oEREE R
NFg— B, FEREGRRaH), BREFEZ 388, 22
FHRAEH) ORRICHEREDT,

X Bt
D /MR E I R RE RED TRV

2)

3)

4)

&3V A7 2 —5 OEBEHICE Y 238,
BoRERR, 49 39-46 (1988)

MMA ERH TACRE RE 74 —UVET
AMEBI BV Ea—5EH BIER). B
245k, 48 103-106  (1986)

A E - R FEZ - JAE AT 4—VET
AMEBIBaYEa—g5HA (o). BERR
HEEE 48 242-246  (1986)

MA B-HRE B UV4—VRTFRAMEBITBa
¥ a— (BB, BEBMEAEE, 49 493
-496  (1987)



