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ISR RE4R (ZEX) Study on soil water distribution measurement using sound wave
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PR DOE (FE30) : Examination about the ability of the water distribution measurement in very
shallow soil to be performed by the acoustic imaging method using a sound wave and the laser Doppler
vibrometer of high sensitivity was performed. From the experimental result using sand and culture soil,
the relevance of propagation acoustic velocity and volume water content was confirmed. Moreover,
from the experimental result using the container for roof planting, when the part where moisture content
differs was very shallow, we confirmed that the visualization using the non-contact acoustic imaging
method was possible.
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Fig.2 Schematic figure of water distribution
measurement using sound vibration.

Vibeation Vielosity [m/fs]

— RS O F TR & T 5 &
D TRV ERNmLENTHD (B K
130m/s, 7K : 1500m/s), E D=8, FHNE
KEFED @O P EIR A @i D & sk
WL T D 2 ENTFRIEND, sk
A AR B B A AR R RF [ CBR 922812k
BT 5, AR EEBEZIEIED S, SLDV OJIE
RETOEREET 5, IR OB H 5B
ToOEEVTHD, £, BIREF LRI
BNV EBRER N TCUERERD D,
Fig. 3T EA L L~V NEHL 7= D% 7T,
Z D% KD T B e KA D -t (Fig.3:
FRDT A v FD EFDTF A o (Fig. 35k
CAE+ R KB E)/5)) AR CEE- (R K AE-
ARSI LKA AN D D R & Z L E
BH L., ET 5, Fig. 30T AX 2777,
BRI « R OB 70> sk
B2 T 5 2 LN TE B,

(a) (b)
s — 0007

=
E oo
an;
= S oo
il 2 om
|| £ oo
| E o
* %

LLES any anis (1) ans ans

Time [&] Tirme [s]

Fig.3 Example of the envelope waveform and the
threshold value. (a) Example of the envelope of
the received waveform calculated using Hilbert
transform, (b) Position relations of the envelope
waveform and the threshold value.
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Fig.4 Experimental setup for the relation between
water ratio and propagation velocity of sound
(Sand size : 15x10x7 cm, Particle size : 300um).
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Fig.5 Propagation vs. water content.
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Fig.6 Experimental setup for water distribution
measurement using sound vibration.
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Fig.7 Distribution image of the propagation
velocity of sound. Propagation velocity
range :107-196m.
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Fig.8 Experimental setup using negative pressure
difference irrigation system.
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Fig.9 Results of imaging of sound velocity
distribution for each time: (a) 20, (b) 50, (c) 80
min. (d) Upper view of scanned area obtained by
CCD camera of SLDV (after experiment).
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Fig.10 Experimental results of the volume water

content and the propagation velocity. Blue

diamond, average propagation velocity near the

porous tube [m/s]; red triangle, average volume

water content of four sensors [%].
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Fig.11 Experimental setup of vertical water
distribution imaging when using negative
pressure irrigation system.
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Fig.12 Results of imaging of propagation
velocity distribution for each time: (a) 14, (b) 32,
and (c) 54 min. (d) Photograph of the wet sand in
the sand tank after the experiment.
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Fig.13 Measurement results of the volume water
content and propagation velocity. (a) Temporal
changes of the volume water content measured
by three soil moisture sensors. Sensor position
from the bottom of the sand tank: yellow
diamond, 180 mm; red square, 120 mm; and
green triangle, 60 mm, (b) Temporal changes of
the estimated propagation velocity near the
sensor position.
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Fig.14 Experimental setup using non contact
acoustic imaging method when a shallow bottom
container is on sand.
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Fig.15 Distribution image of vibration velocity
when a shallow bottom container is on sand. A
blue frame shows a buried position.
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Fig.16 Experimental setup using non contact
acoustic imaging method when a shallow bottom
container is in sand.
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Fig.17 Distribution image of vibration velocity
when a shallow bottom container is on sand (A
blue frame shows a buried position).

B & | A Al DR DN 2 TEKERD
WHRRICREBIE TE TV D Z LD D,



(3) £LwL4E&%

RIEEK 300um DD H O F K & nil
FEHEMZIFE AT BRI B L
WHIROE#E LOSE, S35 L%
B ST LT, IRICHPREIZ N & BT KSy 55 AR
ZAERC L T2 A 121, RERIICHIKET S
NFWRIEINC LD 20N EAIHILTE S
ZEVHLMNT LT, e, AEEEKIZE
5 Ky 53 AT D EER ) 72 2840 & IR B T &
ORI L7, IRENGHAIORE R A2 VTR L
TG I AR X K 0 A ISR T Bk
DA ORI e BB 2D Z ENTE
7o EORERITHR SN TV D HHEIKGE
P OREE LT 5 2 22 L0 GRMENTE
WINTo, I OICIEEMMEERALICLY R
Ll WO N D EERES TH KT
MORHULRARETCH D Z L2 Lz, 4
ITHBREMEZER L CRICHEFER LR, 5
BT 2R T A 0OIHENT & L%
WG A IOV THRHNT 2 FETH D,

5. ERRBRRIE
(WFFeEA . WHIEo R e O IE 1
(ES )

(MesEams) (B3 #0)

(1) )R, EARESE, “WR#hEH\- T
Bk oy oy A pHANC B4 2 B, - ik
53 53 A O F BEWAG AL IE I BT D MET-,
W335, Vol.28, PPxx-xx, (2013.7) #&i#
TiE, il

(2) W), EARMESE, TR DRSS
BN BE4 2 BLHEFIE, — B IIRE) & i
Koyt B E RO FHANCBE T 2 e,
MFERR#E, Vol.26, PP51-56, (2012.7) #&#t
4HE

@) I, AIEE, HRIRDZ 7
B oKy A FHINC B9 2 FERERF IR,
MiFE77 7, Vol.24, PP235-238, (2011.7) #

£y
AL

(F=RE] Gt8 )

(1) Yutaka Nakagawa and Tsuneyoshi Sugimoto,
“Basic study of water distribution
measurement in soil, -Acoustic imaging of
water distribution in the sand-“, 7th Toin
International Symposium on Biomedical
Engineering 2012(TUBME), Abstract Book,
IM7, p99-100, (2012.11.10), Toin Memorial

Academium
(2) Yutaka Nakagawa and Tsuneyoshi Sugimoto,
“Basic Study of Water Distribution

Measurement in Soil Using SLDV, -Real
Time Imaging of the Vertical Water
Distribution-", IEEE International Ultrasonic
Symposium 2012, Abstract Book, P2E-4,
pp183-184, (2012.10.08), Dresden, Germany

(3) Tsuneyoshi Sugimoto, Yutaka Nakagawa,
Takashi Shirakawa, Motoaki Sano,
Motoyoshi Ohaba, and Sakae Shibusawa,
“Study on water distribution measurement in
sand using sound  vibration”, 11™
International ~Conference on Precision
Agriculture, (2012.07.17), Indianapolis
Hyatt Regency hotel, Concept room, USA

(4) Yutaka Nakagawa and Tsuneyoshi Sugimoto,
“Basic study of water distribution
measurement in soil, -Study on the
measurement using Sound Vibration and Electric
Detection-", 6th Toin International
Symposium on Biomedical Engineering
2011, (TUBME), Abstract Book, IM9,
ppll6-117, (2011.11.5), Toin Memorial
Academium

(5) Yutaka Nakagawa and Tsuneyoshi Sugimoto,
“Basic study of water distribution
measurement in soil using SLDV”, IEEE
International Ultrasonic Symposium 2011,
(2011.10.19), Caribe Royale, Orland, Florida,
USA.

(6) TN, EAMERE, “FIEIRENC K 5 15
TR 53 Gy A G RN B 9 2 JREEBFSED)”,
H AR 2R TE 3 Rl ilim SUR,
3-8-5,p134,pp1565-1566, (2011.03.11),
it FH R 52

(7) N, EARMERE, “FRIRENC K 5 15
DK ATFHINC BT 2 /at, — sk
FHME L GKEIZOVTORF—, 7
A—RAT 4y A A=V TR,
15 % H ¥ Vol.110, No419, PP23 — 26,
(2011.02.21) PEFEF A EIFMFITRT

(8) Yutaka Nakagawa and Tsuneyoshi Sugimoto,
“Basic study of water distribution
measurement in soil using a sound vibration”,
5™ Toin International Symposium on
Biomedical Engineering 2010, (TUBME),
Abstract Book, IM7, pp113-114, (2010.11.6),
Toin Memorial Academium

(Z Dfth)
= bR—=
http://www. cc. toin. ac. jp/sc/sugimoto

6. BFFEAERR

(HAFFEREE
A fHZE (TSUNEYOSHI SUGIMOTO)
FABERE R R « 5200 - %
W% 75 80257427

QW E
WREES

Q)EEENIEE
Bl & (SHIRAKAWA TAKASHI)
FABERG R R« 5200 - R Shakim
WFEE &5 - 30424857



