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Water Level Measurement using Semicylindrical Capacitance measurement Technique

Supagorn katathikarmnkul” and Kanadit Chelpattananondh'z’

Abstract

This paper presents the water level measurement technique using a semicylindrical capacitance
measurement. The probe consists of a hollow PVC semicylinder made of covered with a semicylindrical
aluminium foil. Capacitance of the probe is proportional to the change in water level and is inversely
proportional to the distance of aluminium foil. The measured capacitance is in the range of picofarad (pF). The
static and dynamic responses of the proposed sensor were tested using the modified bridge circuit. Results
show that the measured voltage is in the range of millivolt (mV) and is proportional to the variation in water
level. In addition, the tested nonlinearity, repeatability, and time responses of the probe are in the range of 0.2
second. This technique can be efficiently used in real-time water level measurement. Moreover, it is low cost,
easy to use, and portable.

Keywords: water level measurement, semicylindrical capacitance measurement, modified bridge circuit

" post graduated Students, Department of Electrical Engineering, Prince of Songkla University, Songkhla
90110, E-mail: supagone@hotmail.com

? Assistant Professor, Department of Electrical Engineering, Prince of Songkla University, Songkhla 90110
E-mail: kanadit.c@psu.ac.th

'Corresponding Author



msdaszauilagldmatianisiannusiiuuuimsanszuen 181

1. uniI
tlaqiiunsdnsziumesman ldiduniiumum
TuddndssdanduuaciidiudrAglunieaiu
AAAIUNTTN LATNTLUIUNITNINANYNAIART
finatnady n1rdaliunnlulssiangadamniasunag
g = S .
aTuazATaIAN MsdarTuNaaIludssom
AAIUNTINUNTY nedaszaunlusnaiudn Wu
v o 1 : v o 4‘4‘
Fu  nirasnadawmantiarlduannisiugiuses
augaiFoiiazesian visamauiEnielni e
i an Wi Arudu qouugf nsdnndeu
1fusiu(S.C. Bera et al, 2006) (F. Reverter et
al.,2007) (S.E. Woodard et al., 2007) vinlilamaiia

Fusnsnenuluni1snsATATEALIRAUAININNGT 20

fl
=

Sad ' A 4 o ' adaa
inflagainiesnainludfaqiu  lnalundaziana

O

daq1nalun1sdniuansnanu (G. Nikolov and

B.Nikolova.2008) inaiianilafi lduiunldnsadn
o 4 o o o
sEfUTBINAY AB N13TRA1ANAIHAN Lilevaan
ity Ho o ks i
anunsonazanilyyinaafiumaiianisaiauuyy
dadnindusnan Iianauausuudidu wazdese
v v v
maldau Tnefindnnistugurenislddalni 2 9
'-jua'q"lﬂ'twmmmLﬁ'ﬁm:ﬁummmm&'wmﬁm
Winnleddnasnaesmandaiiod luauanln
JANAIBIALEY ANENDY A1TUIIUARY WAY N3
Aatu atalsfimnuiieAladi@nmsnulasuszding
saAnTMadnle (F. Reverter et al., 2007)
_— ) ey e s
Amiugluuuredasasaadnilddmivin
A g Wiiesnsziureavasiiaguanenlszinm
Fnuiiy e asasutasutlasAnpauq il lidly
Arnd 2sasutlasAraruq il unszualvi
199TN M AANAIANIAIAN (Time constant) 29ATANE

guAuuudalasia s (LK. Baxter, 1997)

v

aannasAnEInudtmaiafie atiligduuy
Tanaa¥e uazgunsnianuauinn

safuuurAnlunsliudamaiianisinssau

ol ! d

spamasuuuseiiadlagiinnednaanuq iniuuuna

< ° d‘ < v 0 e
ﬂ?dﬂ?ﬁU’BHQQNﬂQ'\N"\'\LﬂUL‘W’Q (Hun1rantaanne

nafusne dwiumaiianasinaauqliinses
Adnlarauuuiansanszuanitadinsedundvag
(S. Katathikarnkul et al.,2009) lé&finnlszgnetld
2 1
n9a713A91l5U139%u ( S.C.Bera etal, 2006)  \#a
3 T N :
Fapouqiin Asuwlailasdnmnisnaauulag
v % S gl G I
9@ waznananiunnlaeldATasliedniaiion
Tnavidnarug A uuufansanszuenaineainyia
nransruannadiniandan wedlalianaalssd
(Polyvinyl chloride ,PVC) uwaz@idninsaiuutiuna
nsansruanitannilagiiflon  dmfumaiiad
intaus luunAntannsonmainssAuteauaa |
Wuaneuauasninuaziduauasuansuauediu
a o a v P
FAUNAlAEN190BUNBAI8I9RPANYATRUTULT RS
4 .
ﬂmu({lﬂﬂmﬂummqm:mn (S. Katathikarnkul et
al.2000) w¥enAulszgnAldnqujrzidouiside
an B e
faauieALdNRUETTHd AN Inne
AENTATANINTINTZLAN UAZTZAUTDUNAT UBNAINL
naarasaadasInatadaficnaign Meudne wana
azaan waillsz@nsninuazaanuaaesaluniele

UGS

2. anaqliuuunanganszuan

2.1 Al wuufvsanszuan
S NI R
mensziiendumailanieinaanug il
woufmsensvuandaneuzuanddugld 1 duilue
dae a4

waansruannaendfAivindu R Anenaiiul
puvndly ¢ Maindaniiiduauiustiautuned
liamsalsd waziididninsanduuwiuimsanszuan
wnannleglitloiuniauvisauaunsanszuen lag
fsvozviersndnaiudidniasadud  adwnsom
paNENRLEIE A AN e lunsansruen
o .; v v 172 < = acd a
warszsuth g daaninlrzgndlinguraieudnida
f1a1 (S. Katathikarnkul et al,2009) Tasnasutia
. T « i
weiulauny 2 wdueglugdnansanszuanianiiny
Uszaliiduduau n wewdniflssezinrzmudn

Lol X
wdunAnawiy Ad



182 ANNT NAIBNNINA WAZ AIAD  (AMJRAMIUUT

U7 1 Taseafreresswmefaanuqliauuuia

nnIcuan

gﬂﬁ' 2a u.amLflwguumﬁ'\uuuuciuthvyh
ARaTEILLAMIINIZUEN uaL TR 20 Tusnausiy
lavz 2 LtdutﬁnqﬁgnuﬂqmnLLcquLz%nTmm?;q
nsanszvan lunnsdaszdinin wudrAIANg WA
uﬂq‘lﬁtﬂummq‘lﬂﬁmﬁmmndquﬁﬁjum'luﬁﬁqﬁ
1nANNgaLu h ﬂun”uﬂ'nw{lw-}ihtﬁmmndquﬁ
Duemadaiipugefivdeviniu L-h dle L fe
ANEN2TBIND mwmﬂﬂﬁwm“ﬁqa'ao{':ﬁifaﬁ’uuuu

o« o o a4y X da
PUIU HATUIIALLUNINTINTZUDBNNATINTUUNADU

AMNUUNTBIN ALY t

a) b)
s 2 gUuuudwiumsiiened a) HNNBIAULU

b) wiudidninsanmsanszuenfignuiiauusiuidne

v ¥ a vy o aa <
FaruRasiesAriiierATuq Itiliasanamumn
18970/ TANNTOUAAIMNATANYATBIAIAIING
o o gy
I sanfanlii 3 TaefiunAranug o lidail
€ E
i |

e,
ap m

Co. G
{0
Cwl +le

Cmy Cay . CmyCwy

....... e i o (1)
aN - My YN N

Uas

43

gUf 3 2easauyarasAtAg fasw

TneAnmsisennusadeuiadeneg de
fruunli Asuglihmudautesmasiudan (C; )
uwazAAg I zandaurasaniaiudan (C,)

PP
L
Ci. C Cin.. C
m; - w, ¥ = my Wy @)

Cwl +le CWN +Cll’lN

< _ gA _EgEwA
Tne GGy WA dFn-DA Gy ®D

Em Ew
EQEMmA
_0%m c

¢ Ch. iChy € e
5 L) M t my 2

i 2R-d nR-d
[$X13) Ad= ,A=ah=| —— |h
2N N

= EosmA

!

—_— — +

N | e L 2nM deenA |24 AR (3)
‘m tm Ew tm G
Ciny Cay

Cy= 4
2°¢

CmnC
4N AN (4)
ay *Cmy

Capg+Cmy

{nem

o A _tgfaA
Gy GGy AT aFDA N oy

fm fa

wR-d § 1 1 L1
G=g W -h) 2‘;| U Ta-DAd_d+In-DA gD RY
fm fm & tn @ J(5)

4 o 0%
Hanvua i

e(R-d) ! 1

O ——

1
2D _dr2n-DAd [ 2 2R

k] o T
em &m Ew ®m fw

N
2%
n

uaz I
R~
2_so( d) 3

NI 1
k z

|

‘m  ®m )

+




madnsziuirlanldmatianisinrnaqiauuuiansanszusn 183

& 2w W v
Faiudsuannisludlsme

C=(L-h)k, +hk (6)

e ¢, iuAran neen1998IN1A919(8.85 pF/m)
e, WuAladidnasneestan ¢, Wudrladidnain

PRIAINA HuAlABLENATNUIVDILUAD

Ew

% J )
way A Wununaesndulany

2.2 29asnlEinAugluih

L.

nsdnANg I Hngeaiadaiansanszuani

-

- X o o % y a
naTuanNnasuLLlaa9ssALILIA “ld9auing

ke

flFulpdunFandeasseieaansluguii 4 Taah
savuendsian 1 vinldqe A uazan D lunsad
@ilou uazaaluanidsian 2 nmdiseedyunn
Tuitldusedulnfinnanuasd (V) 2 laast uazaaud
A () 1 kHz Waszauthinanuasuulasannim
MATNANRUATENT AT LTI UATUBBNUAZ TZALIUN
Wy

l#ann

V, = 22fRV(k; -ky)h (7)

WEIN BRIODGE
OSCILLATOR :

< a ea o = v o
sU 4 2sasuiadndivdjainedszgnstlddnacng
TWireeadaiansenszuenifiassAuraamaailedl

nawasuudas

3. ABNIVNARDIUATHANITVIARDY

3.1 AanuduWusaasAtAINq Wl duszay
1BUNAD

Tunasnaaasldiadaniiualifauyuia
nanszuanidduinuALENA1 0,063 WAT 1WA
ANE1aTeutulans 0.30 was naieiwduszes

0.015 AT ATNUUNTBIVIANAT  0.005 \WAT TAAN

[l
- v

AN IHAnsaeATealiadn LCR B¥e Aligent fu
4284A WinuauAUNANNTATUIIAIAIN TN
asgunisn 6 Auwuald o Wuduauresutulans

S, B . - .
fignuiseiaswiaiy 10,0003 At lWHAT

wlrdunsaiuAtssduunlasuly  Tawaz

&l
49
Tudaeilavnda (pF) wasesalugdi 5 wudnAnila
RINUANITNARBIATHAININNTIRINNITATUI T

aa

wiaannanAtAa Ny I wda luang il Al

Winnl 6.31 %FSO

250

T
1

| [ —O0— Expadment
: ® - Theory 9"

200f -~~~ # S S 2

150 | —=5= e s = e e

Capacitance for probe(pF)
el
% ,
1
L B
o]
L]

'
'
1
1
Ll s i e o SR TTT T
1 ' ' 1 '
' | ' ' 1
' i [ 1 '

0 0.05 0.1 0.15 0.2 025 0.3

Water level(m)
< . i
gu# 5 wWisuifisuArarnugidaildaannie

AuITUN2IAANA N WA TnERse-

4 e < i ¥
s 6  gUuuuInldluntmasesiuszai

Waudulanzanainaiu 0.015 wns



184 ANNT NANBNITNA UAT AMAD ISEABUWY

nngU 6 lunisdianaingIniireaindnia
naansruaniag IdrzALTn W Aguwlasaws 0.01 D4
030 WAt uavANIWYNT 0.01 iRs WienfunAaea
v v 1

11 10 aTe e ldadaiivuiamiansinvesudu
aantasaviniy 0.30 WAT waznavaiuiluseey
a7 M4 0.015, 0.025 uax 0.05 lNATAINANGL AT 1R

. il

HARBUAUBTIATAMINATULAAIATUR 7 uat
ANAINITN IUN19INE(Repeatability) 1oitilu 1.02
%FSO uazAra N liidudaduladngu 1.31 %
FSO Wanniauasuwasszauminluniaiinduuas
snad winniudnaduy IMArasiadaiansanszuen
d’d ' 4=; Il ar vV e -=l'
filuriulaneia1ainaiie 0.015 wms uanalifaga 8
ueliAndamaTaa (Hysteresis) iy 6.04 %FSO

T =T m

I 1 ~0—d=0.015m
1 1 -G d=0.025 m
1 1 ~—d=0.05 m

1

S 1y

T
1
1
1
200 - - - -~ em oo -
1
1
1
1

o 0.05 0.1 0.15 02 026 0.3

Water lavel(m)

Wi 7 uanspnndniugrsndaq Il fusau

lausulanzanainaiudluszessinag

180
160 e
]
140 T
]
a
c 120 rYad
& @
§ 100 @“‘
£ (]
E 80 éec
3 6o 2
28°
40 (-3 U
aze
40
2 |58
]
] 5 10 15 20 25 30 35

Water lovelcm)

il 8 Audiiusrssdameiialudinanaqlni

3.2 AnHHA mauﬂu’ad’lumm

3.2.1 HARAUAUNTAIANA(Static Response)
N179ATEFUTIBUNRINARIAH WA BaTTa TR
\a3iau (Virtual instrumentation) Flawsiulanzinan
witmlegiiitlsnauinnauegnn 0.40 AT raziing
seudnlans 0.005 WAT AMNUUITEIYD  0.002
WRT UATIUNAEUNIUAUENA1 0.048 AT 2947
viadldTadrusadulnfinifiesannssfuding
wagwlassaus 0.00 9 0.35 wms Tnenfingu
N7 0.05 wims uazluseiulnianazsiu (vin)?'i 2V
AN 1 kHz wudAusulWineanazulsdiunsa
ﬁUT:ﬁUﬁﬂﬁtﬂgﬂuiﬂLLﬂ:ﬁﬁﬁ1ﬁﬁ:’ﬂ§i‘1u‘ﬁN§ﬂmﬂﬂF‘f
(mv) gﬂﬁ 9 uamiAnuaNURAMIThudLdu Aua

Ara G aduldminngu 4.13 % FSO uazildn

Arulduduauannsdma(Uncertainty) iy
0.00218 lnam
1
09
Yy =2.214x +0.023 ©
o‘s l)‘l— n.ncr
07 1
0.6 //
~05 9
Z ;
% 04
L /
0.2 0/
0.1
o
0 0.1 0.2 03 04

Waterlevel(m) .

7U% 9 AnudnusTRLsIR N uAz AN

3.2.2 HARALAUDILTINAIA (Dynamic Response)

3.2.2.1 maquidaluszaumagauEIAcl
mngﬂﬁm uAmIAIRIRUSTE NI N9 TE RN
fiunan Lﬁ'a'lﬁﬁ'ﬁmﬁamom:u'amﬂﬁ'ﬂuﬁliuﬂﬂuﬁﬂ
Fagsraznie 010 was warldnanlunisiadenud
Tagguldannitesduanldwinf 0372 Fundt
FatugnanInAuIIAR LG ALITY 0,269
wasseiund  lurnsiinsdaunnanugalung
inaeuiinasinialagldinadafiinauatiagla 0.260

(e a e o o P R - {
LWHATARIUIN  AIUNTUNTULARDUNTAINIIANENUY



nsfarvauinlaelimatiamsiaanuq iwlnuuimsanszuan 185

. A ™ . . xn i T
aanszivinnanlunneaeunlaedulianiaTesdu
nan Nty 0318 AU uazAu luniniadeun
Aruanulditu 0.314 wasAedund  warlurnshnng
° < - af i ar o a o
AmuANii lunsedeunrasinialag dnatian
dntauatacld 0271 tumsseduld wudd
NARDLAUBITINATRTRIA T ATina N Auaa(Dead
time) 0.2 WA uazIaganaNAA (Setling time)

a P
2.1 UM

25

B et et e
20

0
bl
1
1
1
3
[}
)
¥
Y
1
[}
\
[}
.

'
I
J
1
2
i
‘
1.
7
|
‘
&
| e
v
respane of the probe ‘,\
il
W
h

=-=~-respone of the photogate

10

Water level(cm)

=3

3
Time(s)

) v H
g7l 10 AoudniusressziuiniuaITsndinAm

. - x ¥
nasefuAIATgIunIiiguasiluazanduanhai

3222 nsainisvaaauludnmazuiIvain
TunisAn®1az [ UANNIINATAAARTAIAD
annztivanlumalls lner1eindasdnuou 2 Wdn
v 1 v
Tusatidladnaasivinamudlusses 1 Wwng dnkun
° - o o o o ¥
BrAauuigie Aaudaadlugdn 11 daszAudan
Wasuudasldlnsinafiandiiaue uaaanariiu
D e J ——r
wresiladaaiion UM 12 uamANANRUETININ
seALUNTIR IH U AINTIIANARIADUNITAIIIMAIN
a - ¢ o , - - -
wasuntuiadalugoanan 1w U 12a nad
AR g Ay oo w . .
mspauARIUT U AGAR 1 deuluatulds
viadasiai 2 U 12b  usAenIdidnaesaniunTTed
v ¥ v v v
AAALITU-1URe Tnatudunatafnuaiuln
D e e ¥ bt 4 .o
seudraiodanaanaliiiani s dasunlaerasszaun
T . I L o¥
finldresutinuaaiadasiaf 2 tRnTudaussautintes

WITARIN 1 AR

1.2

: m}\,_/,‘ e

<
P
=

0.8

|

04

—— probe 1
~==-probe 2

Volts(V)

|
?
L

0.2

o 02 0.4 0.6 0.8 1

Time(s)

P N T S| o o o o
a) NTUARUUILARDUNNTENLUIIANIN 1 UAT 2

0.9

: | ——probe 1 l
o8 h | ==probe s
ik A
0.7 ¥ '
I PR
- ! ‘ﬂiM
x&a&a:ﬁ/ \ ""\,\
0.5 %

|+

|

Volts(V)

0:4 \
0 \

\
\
v
H
\
s
¥ [
i
H
0.2 Y
1
\
\
v
:

g W™ ,
0 \_/ \/ b

‘o 0.2 0.4 0.6 0.8 q
Time(s)

[

l

. v
b) NI IINAARUTENI NI TANIADS

517 12 Andniuiaausaiulniiunm

aqnuani1tnaaadatay laiifuidadu
AANEINNTO TN TR LATHARBLAUBIIAT UAZ
71 Wituguszndnamaianisdnaug i
uuuﬁmanzuanﬁumﬁmw‘{u&ﬂu.uuc-i'w] 16iea

=
TN 1



86 ANNT NANBNIING UAT AMUAD AHIARMNUUN

M57 1 WisufisunisdnssAuuuusieg iy

ratiaANe I LLLNasanTsuBn

Semi-
Sensor Float | Ultrasonic cylindrical
Types sensor sensor Capacitive
Probe
range (m) 1.1 30 0.35
Non-
- - 27
linearity(mm) .
Accuracy
1.8 20 30
(mm)
Hysteresis
- - 19
(mm)
Repeatability
- - 6.5
(mm)
Lag time(s) B 8 0.2
485 -
Cost ($) 1,600 20
606
. @91

TunsAnEmsinssiutinlagdmatianisin
m'\u'ﬂw'}hLmuﬁqmqnﬁ‘:uanwu'i'lﬂ?mmm'm'i!
Wi sfunseiuArssdumin A A sl uazulsdu
indufuszasinasesndulavs  Ardildegluga
ilavinFa(pr) 18AtAauladiduidadul.31 % FSO
M8 NN0lUNM9N1.02 %  ANFaeTTa 6.04
4FSO duiunanauguasdeainfiananubiviueu
1.00218 Taad daunisAnlaaldudnnimisaa

fanfinesnaaeaniazuavainlusalla wuqn 1

=

weauaueaia  dwawisnin hldseynalddnszéiu
Lo o o T T
amnarnddnsinislasuulavedradunauls
(oo : ala - o o
Wit AuspauaueslugaaanauasiisnAdamiu

$FgNNIMULANNAN

5. LaN@15814aY

F. Reverter, X. Li and G. C. M. Meijer. (2007).
Liquid - Level measurement system based
on a remote grounded capacitive sensor.
Sensors and Actuators. Vol.138 ,1- 8.

G. Nikolov and B.Nikolova.(2008).Virtual techniques
for liquid level monitoring using differential
pressure sensors. RECENT. Vol 9, No. 2(23),
July.

L.K. Baxter.(1997).Capacitive Sensors. Design and
Applications, IEEE Press, New York.

S.C. Bera, JK. Ray, S.Chattopadhyay.(2006). A
low-cost noncontact capacitance - type level
transducer for a conducting liquid. [EEE Trans.

Instrum. Meas. Vol. 55, No. 3, 778-786.

S. E. Woodard, B. D. Taylor.(2007). A wireless
fluid-level Measurement technique. Sensors
and Actuators Vol.137, 268- 278.

Supagorn katathikarnkul, Booncharoen

Wongkittisuksa, Pornchai Phukpattaranont and

Kanadit Chetpattananondh (2009). Study of

liquid level measurement using Semicylindrical

capacitive

probe, 7th PSU Engineering

Conference, Prince of Songkla University,
21- 22 May. (In Thai).
katathikarnkul,

Supagorn Booncharoen

Wongkittisuksa, Pornchai  Phukpattaranont
and Kanadit Chetpattananondh (2009).
Semicylindrical capacitive tranducer for liquid
Level measurement, 32 nd Electrical

Engineering  Conference, Prachinburi, by

Mahidol University 26- 30 Oct.(In Thai).



135

A A d' ) a % a
mlmmﬂwuw&luﬂﬂsz“gm‘u1msmuwm Hae 3EAUYIN



IPS WP | PSU-UNS International Conference on Engineering and

Environment - ICEE-2007, Phuket May10-11, 2007

Prince of Songkla University, Faculty of Engineering
Hat Yai, Songkhla, Thailand 90112

A LOW-COST CAPACITIVE
WATER LEVEL TRANSDUCER

Kanadit Chetpattananondh, Booncharoen Wongkittisuksa
and Pornchai Phukpattaranont
Prince of Songkla University, Faculty of Engineering, Thailand
* Authors to correspondence should be addressed via email: kanadit.c@psu.ac.th

Abstract: 4 low-cost, repeatability, and linearity water
level measurement technique using  cylindrical
capacitance is proposed with an explanation of
experimental results. The sensor is in the form of a
uniform hollow cylinder made of insulating material (like
PVC, Teflon, etc.) which is covered with 5 segments of
two hemi-cylindrical electrodes. The change in
capacitance due to the change of liquid level inside an
insulating hollow cylinder is detected by capacitance-
controlled oscillator and a microcontroller. The sensor
is able to measure absolute levels of liquid with 5 cm
resolution over 1 m range.

Key Words: Capacitive sensor; Water level sensors;
Liquid level measurement; Cylindrical capacitance

1. INTRODUCTION

Water level in a river or a channel is one of the
important variables that was required to be measured and
control in any warning and monitoring system. The
liquid properties [1-5] like buoyancy, pressure at a depth,
relative electrical permittivity, electrical conductivity,
thermal conductivity, absorption of radiation, liquid
surface reflection of sound or light wave, etc., are related
with the water level.- These properties of liquid are used
to design the different inferential types of liquid level
transducers [1]-[3] such as float, displacer, pressure
sensor, capacitance probe, partially immersed resistance
wire probes, etc. Of these, the contact-type level-sensing
probes [1], [2] like float, displacer, etc., have the
disadvantage that their characteristic properties with
liquid level may change due to the physical or chemical
reaction between the liquid and the probe material, and
hence, their life period may be limited. The non contact-
type level-sensing probes [1], [3] like ultrasonic probe,
absorption probe, etc., may have longer life period, and
experimental precautions during the measurement.

Most present acoustic level gauges are based on the
sound reflection phenomena, and operate in the
ultrasound region [6]-[9]. THe use of ultrasound is
limited due to the problems of parasitic reflections

caused by the foams, residues, surface ripples, deposits,
etc. However, there are some improvements that reduce
those problems [7], [9]-[11]. For an acoustical gas
resonance fluid level measurement [12] is not useful
when measuring the level of sandy or grainy materials;
and the system has relatively slow dynamic response.

Several optical fiber liquid-level sensors have been
developed in the past few years [13]-[15]. For example,
a liquid-level sensor with high precision but micrometer
range based on the refractive-index sensitivity of long-
period gratings [13]; a microbending optical fiber sensor
with a resolution of 10 mm for meter range measurement
[14]; an intensity modulation method using a pair of
fibers to transmit the source light and receive the light
partially reflected by the liquid surface through a glass
prism, which is restricted by the fluctuation of source
light power and the cleanness of prism surface [15]. And
all of the above mentioned methods need temperature
compensation for practical applications. Other optical
fiber liquid level transducers[16-17] is the contact-type
transducer, which produces optical pulses when the
liquid level moves along the cladding and uncladding
zones of the optical fiber. This transducer has the further
advantage that it can be used with intrinsic safety in
explosive or inflammable liquids. However, this type of
measuring system is much costlier than the other similar -
instruments.

In this paper, a low-cost contact capacitance-type
water level measuring technique has been designed and
fabricated. The difference between the liquid and air
dielectric constant of water is sufficient to be used as a
basic for the measurement of water level. This technique
can also be appropriate for water level monitoring in an
open-channel or a river. The experiment is performed to
sense water level in both increased level condition and
decreased level condition. The experimental results are
found to have good repeatability, linearity, and
resolution.



2. PHYSICAL ASPECTS

The fundamental concept underlying the proportional
apacitive water level sensor is the transduction of water
svel via the change in effective capacitance of an
lectrode pair resembling a parallel-plate capacitor. The
apacitive water level-sensing probe in this work consists
fa 1" outer diameter PVC pipe with 1 m length which is
overed with 5 identical segments of two hemi-
ylindrical aluminum electrodes as shown in Fig. la).
he electrodes are shielded by 1%:" outer diameter PVC
ipe for water proof. The cross section of the level sensor
1 this work is shown in Fig. 1b). The water level inside
» 1" PVC pipe is taken as the dielectric of the
ylindrical capacitor. When the water level is changed,
he capacitances of this ¢ 1" PVC pipe also are

hanged. The equivalent circuit of the sensor is shown in
ig. 1c). The first segment (C,) of cylindrical capacitor is
he reference capacitor-which is immersed in water with
'0 cm height. The other segments (C,, C;, C4, and Cs)
rre used to detect water level range of 21-40 cm , 41-60
'm, 61-80 cm, and 81-100 cm, respectively.

¢ 1"PVC Pipe
o11/2"
PVC Pipe
AL Electrode a”
Water Level
_r_\/{; :’z Water Resistant
- 4—  material
¢ 1"PVC Pipe ¢ Thi
PVC Pipe
AL Electrode
b)
& ]
——
Cy
T
G
—I
N
i
C
c)

Fig.1 a) Physical aspects of cylindrical capacitive-type
liquid level sensor in this works b) The cross section of
the level sensor in this work c) The equivalent circuit of
this sensor

—

For water level measurement, an RC oscillator (RCO)
using an integrated circuit has been designed as shown in
Fig.2 to measure each segment of cylindrical capacitance
of the proposed level transducer in term of frequency.

P | |

multiplexer L

Control signal

Integrated
Oscillator

signal with

Measuring
frequency f El

Display pcontroller

Fig.2 The instrumentation circuit for the measurement of
each segment of cylindrical capacitance of the liquid
level measurement

Microcontroller is used to control a selective switch
to connect each segment of cylindrical capacitor and
calculate the frequency of oscillator. Let the frequency of
RCO that connected to the first segment (C,) be f; and
the other ones of oscillator connected to other segments
(C,, Cs, Cy, and Cs) is represented by f;, f3 f; and £,
respectively. The step for measuring the level in each
segment is illustrated as shown in Fig.3.

Control selective switch to
Connect each segment

|

Calculate f

I

Record f

|
Calculate f,-f;, f3-fi,
fi-fi, fs-f)

Fig.3 The flow chart of the level measurement

3. EXPERIMENTAL SETUP

This proposed level transducer was used to set up the
water level measurement in “Increasing level” and
“Decreasing level” condition of a channel with 1.5 m
depth. Data was recorded in microcontroller, And hence,
experimental result of the level measurement in term of
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Fig4 Experimental results of a) the difference of
frequency of RCO connected to 2" segment and I
segment b) the difference of frequency of RCO connected
to 3" segment and 1" segment c) the difference of
frequency of RCO connected to 4" segment and I"
segment d) the difference of frequency of RCO connected
to 5™ segment and I*' segment

the difference of frequency of RCO connected to each
segments (f-f;, f3-f;, fi-fi, and fs-f) for both of
conditions was shown as Fig.4.

Fig. 4a) shows that frequency difference f,-f; was
linearly related with water level in the range of 20-40
cm. However, when water level was over 40 cm the
frequency difference f,-f; was nearly zero since capacitor
C, was below the water level. These results suggest that a
sensing range of C, was 20-40 cm.

From Fig. 4 b), the frequency difference f3-f1 was
nearly constant when the water level increased from 20
to 40 cm according to a dielectric constant inside a
capacitor C; was air because the water level was below
capacitor C;, With the water level of 40-60 cm the
frequency difference f3-fl was linearly decreased and
with the water level higher than 60 cm there was no
change in the frequency difference f3-fl since a
capacitor C; was already below the water level
Therefore, the sensing range of C; was 40-60 cm.
Similarly, these results were also observed at higher
water level as shown in Fig. 4 c¢) and Fig. 4 d).

For these results as shown in Fig.4, they were
indicated that there were no significant deviations for
both “Increasing level” and “Decreasing level”
conditions as illustrated in Fig. 4. Therefore this level
sensing probe proposed in this paper was appropriate to
detect a tidal recorder. For water monitoring could also
be carried out by this proposed technique.

4. CONCLUSIONS

An effective capacitive water level transducer for the
measurement range of 20-100 cm with 5 cm resolution
has been proposed, designed and realized. Experimental
results confirm that this capacitive water level transducer
described in this paper has linear sensitivity (0.1 kHz/cm
approximately) and good repeatability. In addition, this
water level transducer can be used to detect the water
level regardless of water condition. Since the measuring
water level value is the frequency difference of a sensing
capacitance compare to a reference capacitance,
therefore the environmental condition of water is not
complicated problem. The overall uncertainly in
measurement of level with this developed water level
sensing probe in both the short-term and long-term bases
has been studied, keeping supply voltage, frequency,
humidity and temperature constant, and further studies
are needed to better the processing time of measuring
water level in case of turbulent flow.
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Abstract

This paper presents a . study for static
characteristics of a liquid-level measurement technique based
ona séﬁ':icylindrical capacitive probe. The probe consists of a
uniform hollow cylinder made of insulating material (like PVC,
Teflon, etc.), which is covered with a segment of two
semicylindricél aluminuim  electrodes. The pF-range
capacitive variation of this probe due to the change of liquid
level inside an insulating hollow cylinder was measured by
LCR me_ter. This probe was able to measure absolute levels ]
of liqui& with 1.0 cm resolution over 30 cm.range witil 1.31
%FSO non-linearity, range with 1.02 % repeatability and 6.04
%FSO hysteresis error. For each of the 30 measuring values
of liquid level in the experiments, 10 replication tests were
performed in order to ascertain reliability of the probe under
identical conditions. These experimental results are found to
have good repeatability within acceptable limits.

Key Words: Liquid level measurement, Semicylindrical

capacitive probe , Capacitance
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Abstract

This paper presents a study for static
characteristics of a liquid-level measurement technique based
on a semicylindrical capacitive probe. The probe consists of a
uniform hollow cylinder made of insulating material (like PVC,
Teflon, etc.), which is covered with a segment of two
semicylindrical  aluminuim electrodes. The pF-range
capacitive variation of this probe due to the change of liquid
level inside an insulating hollow cylinder was measured by
LCR meter. This probe was able to measure absolute levels
of liquid with 1.0 cm restiulution over 30 cm range with 1.31
%FSO non-linearity, range with 1.02 % repeatability and 6.04
%FSO hysteresis error. For each of the 30 measuring values
of liquid level in the experiments,'10 replication tests were
performed in order to ascertain reliability of the probe under
identical conditions. These experimental results are found to
have good repeatability within acceptable limits.

Key Words: Liquid level measurement, Semicylindrical

capacitive probe , Capacitance
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Abstract

This paper is proposed an application of Interdigital
Electrode for water level measurement. The electrode was
immersed in water as liquid level was changed, a
capacitance of electrode was changed as well. The change
of capacitance due to the change of liquid level was
converted to the voltage by a bridge circuit with
microcontroller. The output was transmitted to the computer
display with series port (RS 232). The experiment results
found that the non-linearity error was 1.42 %FSO and the
hysteresis error was 3.87 %FSO
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Abstract
This paper presents a semicylindrical capacitive sensor for
ligiud level measurement. The sensor consists of a umfo;Tn hollow
cylinder made of insulating material (like PVC, Teflon, etc.) covered
with two segments of two semicylindrical aluminuim electrodes. The
bottom segment of semicylindrical electrodes is the reference capacitor,
which is sinked into liquid. The top segment of semicylindrical
electrodes is the sensing capacitor for liquid level measurement. The
capacitive variation of “this transducer is in pF-range due to the change
of liquid level inside an insulating hollow cylinder, which can be
measured by De-Sauty bridge circuit. The level measurement from
different liquid can be detected by voltage difference of two segments
of semicylindrical electrodes.  The linear relation between the
capacitance of this probe and the liquid level is analyzed and discussed
using the numerical method.
Keyword :

liquid level measurement, semicylindrical capacitive

tranducer, De-Sauty bridge circuit.
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Abstract

The objective of this paper is to study the static and dynamic
response of  semicylindrical capacitive sensor for ligiud level
measurement. De-Sauty Bridge circuit is applied to measure the change
of capacitive due to liquid level variation in milliVolt-range. Time
response of this capacitive sensor is acceptable and can be used to

monitor the change in liquid level. In addition, this sensor is cost

effective, easy to use, and portable.

Key Words : Liquid level measurement, Semicylindrical capacitive

probe , Time response , De-Sauty bridge circuit
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