
1 / 25
FIG. 1

200

210 / 
211 RAINING ?

240

270

250

260

210 / 
212

Higher sampling 
frequency

223

Lower sampling 
frequency

225

Higher 
sampling 
frequency

224

Lower sampling 
frequency

226 280

EXPECTED 
FAILURE LINE

WETTING BANDS

t1
t2
t3

SO
IL

M
O

IS
TU

R
E

(%
)

RAINFALL DURATION
(T)

EA
R

LY
W

AR
N

IN
G

FI
N

AL
 

W
AR

N
IN

G

TH
R

ES
H

O
LD

YES

NO

220



2 / 25

FIG. 2A

FIG. 2B

UNSATURATED 
ZONE

GROUNDWATER 
TABLE

EVAPORATION + 
TRANSPIRATION

INFILTRATION

212

212
212

211

150

Tensiometer(s)

213

213

Rain gauge(s)

Moisture 
sensor(s)

SURFACE RUNOFF

EVAPORATION + 
TRANSPIRATIONRAINFALL

INFILTRATION

RECHARGE TO GROUNDWATER

212

110

130

Moisture 
sensor(s)



3 / 25

FI
G

. 3

D
ev

el
op

m
en

t o
f a

n 
ad

va
nc

ed
 s

en
si

ng
 s

ys
te

m
 

w
ith

 c
lo

ud
 c

om
m

un
ic

at
io

ns
 

fo
r r

ea
l-t

im
e 

da
ta

 c
ol

le
ct

io
n 

an
d 

an
al

ys
is

Te
st

be
d

O
ut

pu
ts

A R
ea

l-t
im

e 
FS

R
ea

l-t
im

e 
VW

C
R

ea
l-t

im
e 

PH
I

Ve
rif

ic
at

io
n

Ad
va

nc
ed

 s
en

si
ng

 s
ys

te
m

 
de

ve
lo

pm
en

t

G
IS

 M
AP

S

B
Pl

an
t-s

oi
l s

tu
dy

G
eo

te
ch

 L
ab

SW
C

C
 fo

r p
la

nt
s 

at
 d

iff
er

en
t w

at
er

 
tre

at
m

en
t

G
re

en
ho

us
e

VW
C

 m
on

ito
rin

g 
fo

r p
la

nt
s 

at
 

di
ffe

re
nt

 w
at

er
 

tre
at

m
en

t

Fv
/F

m
 ra

tio
 fo

r 
pl

an
ts

 a
t d

iff
er

en
t 

w
at

er
 tr

ea
tm

en
t

D
rie

st
 

co
nd

iti
on

: 
an

al
yt

ic
al

 V
W

C

W
et

te
st

 
co

nd
iti

on
: 

an
al

yt
ic

al
 V

W
C

D
ev

el
op

m
en

t o
f 

so
il 

da
ta

ba
se

So
il 

pr
op

er
tie

s

G
EO

to
p

so
ftw

ar
e

C

Ad
va

nc
ed

 d
at

a 
pr

oc
es

si
ng

 / 
pr

ed
ic

tiv
e 

an
al

yt
ic

s

O
ut

pu
ts

C
or

re
la

tio
n 

of
 P

H
I &

 V
W

C Sc
oo

ps
3D

 s
of

tw
ar

e

C
or

re
la

tio
n 

of
 F

S 
& 

VW
C



4 / 25

Toe

Crest

WSP / VWP = 5.14m

Piezometer 1

WSP / VWP = 3.63m

Piezometer 2

18o

1m1m 2m 2m

Upper

Middle

Lower

FIG. 4B

FIG. 4A

P

M Borehole with Meter Group TEROS 12 at depths: 0.2m and 0.75m

Borehole with IMKO PICO 32 at depths: 0.2m and 0.75m

Borehole with NTU osmotic tensiometers at depths: 0.2m and 0.75mN

MP

6m

10m

1m 1m3m 3m

0.2m0.75m

0.2m0.75m

1m

N

0.2m0.75m

0.75m0.2m

0.75m0.2m

0.75m0.2m

1m

0.2m and 0.75m

0.2m and 0.75m

0.2m and 0.75m

PICO 32 TEROS 12osmotic tensiometer

P

P P

P P

N

N

M

M M

M M



5 / 25

“Slave” MP
WiFi “Master” MP

Cloud 
databaseRaw data (counts mV) 

transferred via 4G

Instrumentation layer

Data logging layer

Communication and analytics layer

(a) (b)

(c) (d)

FIG. 5



6 / 25

FI
G

. 6
A



7 / 25

FI
G

. 6
B



8 / 25

FI
G

. 7
A



9 / 25

FI
G

. 7
B



10 / 25

FI
G

. 8



11 / 25

FI
G

. 9
A

FI
G

. 9
B



12 / 25

Volumetric water content at 0.20m

Volumetric water content at 0.20m

SWCC at 0.2m

SWCC at 0.2m

FIG. 10A

FIG. 10B



13 / 25

Volumetric water content at 0.75m

Volumetric water content at 0.75m

SWCC at 0.75m

SWCC at 0.75m

FIG. 11A

FIG. 11B



14 / 25

FI
G

. 1
2

U
PP

ER
G

R
O

U
N

D
W

AT
ER

 T
AB

LE

C
O

N
ST

AN
T 

TO
TA

L 
H

EA
D

C
O

N
ST

AN
T 

TO
TA

L 
H

EA
D

N
O

 F
LO

W
 

C
O

N
D

IT
IO

N

N
O

 F
LO

W
 

C
O

N
D

IT
IO

N
C

R
ES

T

TO
E

W
he

re
 h

ei
gh

t o
f t

he
 s

lo
pe

 H
 =

 4
.7

 m

3H

3H

R
AI

N
FA

LL

M
ID

LO
W

ER

H
8.

4 
m

5.
5 

m

3H



15 / 25
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