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Abstract

The accuracy of liquid level measurements using capacitive sensors can be compromised in
remote sensing applications due to parasitic capacitance from signal cables and interface circuits,
leading to reduced precision in detecting subtle changes in capacitance. This paper introduces a
capacitive method for measuring liquid levels in water and alcohol solutions, where the liquid
height is assessed based on variations in capacitance between the sensing electrode and the
ground indicate the liquid level in a tank. The system uses Programmable Phase- Locked
techniques along with an All-Pass Filter circuit to generate a 90° phase shift and convert the
locked frequency into capacitance values, unaffected by parasitic capacitance from coaxial
cables and op-amp pins, which arise from circuit design and connection. The system incorporates
an Improved Active Shield circuit, which has been enhanced to eliminate parasitic capacitance
from both the coaxial cable and the op-amp pins, enabling capacitance measurement in the
range of 1-100 pF with a normalized level error (NLE) of less than 2%. This system operates in
real-time on a microcontroller, providing immediate display results. It is cost-effective, compact,

and suitable for use in hazardous environments.
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LAE ANSTRULSINUAEII9S Voltage Divider (Rpyp1 = 6.8
kQ, Rovpn = 330 Q) il elvinseudmiun1se1uAINIY

lulaspoulnsalans

4.2 wamimmaamqaﬁmﬁ’nmmqﬁ'Uﬂ's'ma'nmﬂIﬂ
waniBeadiuananafiu

MnnsnegeuIsuiisunuandAvesanslauoniduad
AN1817 50 WURALLAS way 200 lwuUfluns laen1snaass
$ruru 10 Ads wmﬁﬂ"]quﬁ%ﬂmymmawﬁﬁmmsm
wnmrfuualungedudnues Seaannasstundnnismg
IWﬁwﬁﬁwmquLm (Parasitic Capacitance) 9¢4UTHUAT
AUAIINYNIVOIAB A T8 Wil iieAAzsiALLLLEN
LLazmmqﬂmyawaﬁw‘u 55lavinnsUszLiuaaa
AaaLAdeulean i Tnafulanaiauaa1nAa e (Error)
AuENNTST (9) wardiasznAtAuRatawaeuluduids
LEUYBISEUY (Non-Linear Error: NLE) auaunsdi (10) Lt
fusuuszavsnmlunisnsainnelateulvauenansd
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CVNA - Cpmposed

error(%) = %100 9)

VNA
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Max|C,,N 4~ C,
Full — scaleRange

roposed

%100 (10)

NLE(%) =

M1319% 1 Han1siaaanudelyaelalendisaninuegn

wANANaY
aelavanAdieasd 50 delanaaduagn 200
LYURALAT LYURLUAT
CVNA
(pF) Coroposed %error | %NLE Coroposed %error | %NLE
®F %) (%) (pF) %) (%)
1.88 2.06 9.57 0.17 2.58 37.23 0.69
5.65 5.85 3.54 0.19 6.51 15.22 0.85
11.24 11.7 4.09 0.45 12.11 1.74 0.86
21.27 22.21 4.42 0.93 21.92 3.05 0.64
31.91 31.27 2.01 0.63 32.19 0.87 0.27
49.99 51.54 3.10 1.53 53.66 7.34 3.63
100.95 99.26 1.67 1.67 101.66 0.70 0.70

NHANISAEDULRA BT LAY 10 AYslunisedt 1
wunidielvanelauenieaninuend 50 wuRLIAS mmwm;
Asaladaulnaidssiuaiasse wieziinunainiad oy
ARTuUNg Lw{é’J’qagufluﬁzf’mﬁaaui”ﬂﬁul,l,azhiéwaﬂswwia
AuLsug1vessEuy Tunensstunny dofunnuenves
aelanenBuady 200 wuiung Wuﬁwmmmqﬁi’mlgﬁ
LLuﬂﬁuqqniwﬁﬁqaéN%’mLﬁ]u %qaamﬂgmﬁuwamaamm
W9 (parasitic capacitance) Aiutunuanuenivesas
%di%uummﬁ’]ﬂi’]m}mﬂﬂﬁﬂiﬂLLE]ﬂL%Sﬁﬁ?ﬂlﬂiuwam‘i’?ﬂ‘l{
a2 eslsfauusnAauAaaAasulunsdvesasla
LLaﬂL%&Jaﬁﬁm'memmﬂ%u%qqﬂiwmﬁgwqﬁﬂﬂﬁﬂﬁaaLLGi
é’dagﬂuizﬁuﬁmmmﬁ’mmﬂ; ANUNTEUILNTYALYEAN
mmqumﬁﬁ%aua amalsruuinsasnsoleanulaegis
wanzandmiunsianinnuglureszduiilaniin (oF)
LLazLLamﬁavgfﬂst‘wsuaaizuuiumiﬂis&;ﬂﬁ%muﬁdLLzﬁ.u

nysinnedlyaadyyIuANeIUINTY
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mngﬂ‘ﬁl 8 LLazgﬂﬁ 9 LLamwamﬁmmmﬁmmf\;
91989 (Craus) WUAITAITATZUUTALA (Coroposed) 10U TLY
aamayau%qLz;uﬁ’mﬁquaywé*q wad nslaane 50
WURALWAT was 200 WuRWAs Arruaanadeuluiuds
Layusuanﬁwu (Non-Linear Error: NLE) wazm1A213
AaALAdBY (Error) H8nwaznnsiasunlasilnafsaiu
wansliuansyuusiaunsansruasaneve syl

msinle wunelnaneidszeraelanenideasniy

4.3 NMIMAFIUNITINAANUINUVBUNAINBTALAS
A95ZAU
NINAADUIATIAAANNINUVB UMW UEA Tawn 11

NAU LATLDANDIBA AUNITLANYDILMAIAILUNTEUBN

o A

nagauniay zmwm’mmLLﬁuauSLuﬂqammqaﬁgam 0 D9
20 L URLUAT mﬂﬁ?uswuwﬁwmﬁmasﬁmamﬁﬂmmqﬁ
IaluupagsfurewaIma)
wamimamLLamﬂv?l,ﬁuiﬂmﬂmm;ﬁi’miﬁyﬁLLu’ﬂ‘ﬂyu
AT unusERuYe a8 19n ol 0 Tnoauduius
swﬁ']wﬁmma;LLas'ﬁ::ﬁUﬁuanma’gﬁﬁﬂwmﬂﬂgtﬁmﬁmgu
Feaznouluiuineasinanunsansiadunisidsuntas
Y0958 FUYBUNAILADE19E 1LEAND UALIMUTALADNNST
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JUT 10 Anududunsesznined G fuszaui
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yaA1ANUURsvRImaILAaYla (wu 1InayY, Leanagea)
Tuupagszau veyawmariaggmillylunisiaunlusunsy

ﬁww%’umuizﬁwmma’ﬂmmqﬁnmﬂmmmﬁ;ﬁi’mlm

A15°9% 2 A1 C, (pF) Tursamaidaviin

Finvaanal
EAUVDILUA
A C, Tu A C, Tu
(cm.) .
dnau (pF) weanageas (pF)

2.00 11.51 13.55
4.00 24.80 28.70
6.00 38.90 45.90
8.00 54.40 63.50
10.00 68.80 80.20
12.00 82.50 96.80
14.00 97.90 115.30
16.00 113.40 130.40
18.00 128.60 148.10
20.00 141.57 163.44

mﬂmiwmaaﬁmﬁhmwﬁmawaﬁmamammmwa
vuML198 OLED fegudl 11 Wlevinisususedumeamanly
NS¥UBNNAABITN AL ILAU WuiwmﬂmuﬁlﬁfmimyﬁLLu’ﬂﬂjaJ
Wutueaneilowmussduveumarfiiuty Tnonanis
$1A51¥MFIUTUIUAINANSIET 3 WU YnduilatAy
AAALAA BULRA ENTU 0.80 + 0.46% wazA1 NLE Lady
wﬁﬁ’u 0.35 £ 0.19% mmz‘ﬁLLaaﬂaaaéﬁﬁﬂﬂawuﬂawmLﬂﬁau
ALY 1.01 + 0.43% wavAn NLE 1@aswmafiy 0.53 +
0.34% Ay anudeauuannsgiu (SD) 184A1 %Eror
dmiuinduuazuoanosealnifu 0.46% way 0.43%
AINEIRU VLT A1 SD V89 %NLE 11U 0.19% way
0.30% nud iy Feoglurisiivousuladmiuszuuinsed

GUENL'Vla’m’]Emélﬂﬂ’]imi?’ﬂﬁUﬂ’]ﬂ’]’]ﬁJ@iWW’]
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3UN 11 fMegunsinveavaiviinueanesed seu 20

cm.

A15197 3 NANNSNAABUANULUUEIVBII9T

dnau weanageas

S2AUn | %error  %NLE | $2AUdn | %error = %NLE

(cm.) (%) (%) (cm.) (%) (%)

0.00 0.00 0.00 = 0.00 0.00 0.00 | 0.00

2.00 2.03 1.50 0.15 1.98 1.00 0.10

4.00 3.95 1.25 0.25 4.07 1.75 0.35

6.00 6.08 1.33 0.40 594 1.00 0.30

8.00 7.92 1.00 0.40 8.10 1.25 0.50

10.00 10.05 0.50 0.25 9.92 0.80 0.40
12.00 11.90 0.83 0.50 12.15 1.25 0.75
14.00 14.10 0.71 0.50 13.86 1.00 0.70
16.00 15.88 0.75 0.60 16.20 1.25 1.00
18.00 18.12 0.67 0.60 17.85 0.83 0.75
20.00 19.95 0.25 0.25 19.80 1.00 1.00

MNHANITVIARRSAT AR TEM 18R
mma;LLasszm“’memaﬂugﬂﬁ 12 LLazgﬂﬁ 13 Wuiﬂ%a;gja
f&nvauriduninuduiusidadu (Linear Relationship)
o Tl Tasaranugastiiud unussdureunaily
Snwaniduaunss uandifiunssuvansotaaugdi

Talalulwlunisussanasesuresvailaognaiiuseansan



JuaSy uavealy  ECTI-ARD 17 6 auudl 2 (2026): 265735

b
=

— — [*)
1) o S
!
' '
- N 1
[ =]
Error (%)

>

Measured level (cm)
o

(=1
5

—
<
&
(%}
(=

Ref level (cm)

(n)

[~

S
w
=]

—
w

L
—
NN
o o

S
&
Error (%)

!
°

Measured level (cm)

(=
15

—
<

15 20
Ref level (cm)

(@)

Uil 12 (n) Nl %Eror vosihndy () N3 %Error o

LeANDERa

20 2.00

g 154 F1.50

F1.25 ~

Measured level (cm)
[=] o
5
o
%

101 L 1.00 o
o |
: F0.75 %
F0.50
F0.25
0.00
0 5 10 15 20
Ref level (cm)
(n)
20 2.00
1.75
ERE 1.50
g‘; 1.25 g
= 10 1.00
3 3
E 0754
7
g 5 0.50
= .
0.25
0
0.00
0 5 10 15 20
Ref level (cm)

(@)

U 13 (1) N %NLE vostindu (2) n3m %NLE o9

LOANDERa

27

5. @3l
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mAfeiiiauessuuaTetasssureunadlnglandnns
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