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A B S T R A C T   

Capacitive sensing is one of the most used sensing techniques for a large variety of applications. In particular, 
Capacitive Level Sensors (CLSs) are well suited for avionics, as they provide continuous measurements over the 
full range of the sensor, high reliability and low maintenance costs. However, industry standard CLSs used 
nowadays on helicopters show low sensitivity and poor dynamical characteristics. Hence, novel geometries were 
investigated and the simulation results (already presented in a previous manuscript) were encouraging. There
fore, three prototypes were built and tested. This manuscript is aimed at their experimental validation obtained 
using a mechatronic testbench with a high-precision positioning system purposely designed and built, able to 
move the probes in and out of an oil tank. The used oil had well-known electrical characteristics and many 
different tests were carried out. With the obtained data of capacity vs. oil level, an in-depth analysis of the 
probes’ static (sensitivity, non-linearity, hysteresis) and dynamic (rise time, settling time, final error) behaviors 
were performed. From the analysis results it can be clearly seen that the novel design featuring a helicoidal slit 
along the external electrode of the cylindrical probe provides increased sensitivity, improved first-order response 
and negligible hysteresis phenomenon and non-linearity error.   

1. Introduction 

Capacitive sensors are widely used in many industrial applications 
for measuring several different parameters, e.g., forces, displacements, 
ECG signals, sound pressure, object presence, etc. [1–8]. 

Aircrafts need reliable level monitoring for fluids like the lubricant 
oil. Such fluids can be sensed by the use of microwaves [9–12] or TDR 
(Time Domain Reflectometry) [13–15], but to effectively implement 
these sensing techniques high-cost hardware is usually required. More
over, it is important to ensure continuous measurement over the entire 
dynamic range of the sensor. Even though optical sensor can be used for 
discrete level monitoring of liquids [16–17]. In this context an optical 
sensor like the Twisted Macro-Bend Coupling Structure (TMBCS) sensor 
proposed in works [18–21] could be used. This is indeed a lightweight 
sensor, but as explained by H. Zhang et al. in [19] such kind of probes 
are highly influenced by the temperature variations, leading to an error 
in the order of about 3 mm/◦C, and they can be better used as temper
ature sensors for aerospace applications [22–23]. 

Hence, a Capacitive Level Sensor (CLS) is commonly preferred in the 
aerospace and avionic industries because its output is not only 

continuous, but even linear. In this paper, the little sensitivity to tem
perature changes will be discussed too. Moreover, a CLS carries other 
benefits too, as it has no need for planned maintenance, has a long MTBF 
(Mean Time Between Failures) and, most importantly, it has low cost 
[24]. In addition, the readout of capacitive sensors can be performed 
using low cost electronics, such as microcontrollers [25], because such 
devices have proven to be a valid substitute for high-end measurement 
systems [26]. 

In [24] the authors already presented in-deep numerical simulation 
of this CLS; the simulation results showed better performance than other 
technologies and techniques, so here the sensor is presented as a first 
prototype, and it is characterized by means of experimental tests in 
different working conditions. In Section 2 three different designs of the 
probes are investigated to obtain the best dynamical and statical per
formances: 1) both electrodes with helical slits, 2) an intermediate 
version with the internal electrode without any slit and the external one 
with helical slits and, finally, 3) both electrodes with a straight longi
tudinal slit. 

The experimental setup and methods are reported in Section 3. Level 
changes for the characterization of the three different electrodes are 
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simulated by a mechatronic system that moves the electrodes dipping 
and extracting them into/from a cylinder filled with lubricant oil in a 
similar fashion as [27]. Three different experiments are performed on 
each sensor to acquire data about static and dynamic performances. The 
oil characteristics are reported as studied in [28]. 

Lastly, Section 4 reports all the results in form of plots and tables to 
compare the different designs proposed in this manuscript. 

2. Sensors description 

The main goal of this research is to achieve both a fast rise time and a 
high sensitivity of the sensor. In the following a summary from [29] is 
given for ease of reading. One strategy to increase the sensitivity of a CLS 
with cylindrical electrodes is to reduce the gap in between the two 
plates. In fact, neglecting the border effects, the capacitance of a cylin
drical capacitor with concentric electrodes of length L, when the gap is 
partially filled by a liquid of height h is given by 

C(h) =
C0

L
[
hεr,liq +(L − h)

]
(1)  

where C0 is the “dry” capacitance, i.e., the capacitance measured when 
the gap is filled only by air. The sensitivity S to the fluid level change is 
by definition: 

S =
def ϑC

ϑh
=

C0

L
(
εr,liq − 1

)
(2)  

where C0/L is the dry capacitance per unit length and, for concentric 
cylindrical electrodes, is given by: 

C0

L
=

2πε0

ln re
Ri

=
2πε0

ln 1
1− w

re

(3)  

where re is the inner radius of the outer electrode, Ri is the outer radius 
of the internal electrode and w is the gap width. Hence, it is easy to see 
that decreasing the quantity w/re leads to increasing the dry capacitance 
per unit length, and therefore increasing the sensitivity. A simple way to 
decrease w/re is certainly decreasing the gap. However, when working 
with high viscosity liquids, decreasing the gap worsen the sensor dy
namic performances. For this reason, three sensor probes have been 
investigated, each one with different geometrical characteristics. 

The first design has both cylindrical electrodes with helical slits. This 
electrodes geometry was originated from the work described by Hanni in 
[30], and was prototyped with only some minor changes and adjust
ments [29]. A helical electrode was investigated because of the request 
for little time constants for aeronautical applications, as the openings 
could provide better performance with high-viscosity fluids such as 
lubricant oils. The slits on the two electrodes were cut and positioned 
with a 90◦ offset such that the cross-section has a non-continuous 
perimeter. The benefits of this arrangement were described and inves
tigated in Sections 3-4 of [24]. Its main goal is to prevent the capillarity 
rise, with the added benefit of dismantling the communicating vessels 
phenomena between the liquid in the tank and the liquid in the annular 
channel between the two electrodes. 

The second design (referred to as mixed probe in the following) has an 
internal electrode with no slits and an external electrode with a helical 
slit. This arrangement was studied because of manufacturing cost 
reduction, as only one electrode needs to be cut. 

Lastly, the third design has both armatures with a longitudinal 
straight slit. To mitigate the propagation of the vibrations on the probe, 
the slit is interrupted at about 2/3 of its length. As for the helicoidal 
design, the slits on the electrodes are misaligned so there is a non- 
continuous contour in the cross-section of the probe. 

The three different probes’ composition is showed in the diagram in 
Fig. 1. 

All the electrodes are made in stainless steel type AISI 316 and have a 
length of 670mm. Their diameters were chosen according to the Euro

pean Standard EN10220:2003 (Seamless and Welded Steel Tubes - Di
mensions and Masses per Unit Length). Accounting for equation (3) and 
to maximize the dry capacitance per unit length, the diameters chosen 
for the external and internal pipes are De = 42.4mm and Di = 33.7 mm, 
with te = 3.0mm and ti = 2.0mm wall thicknesses respectively, hence the 
resulting ratio is w/re = 0.074. Moreover, choosing the pipes among the 
commercially readily available ones, led to a significant cost reduction. 

The problem of sensing the capacitance variation on the probes is 
approached by tracking the resonant frequency of an LC tank oscillator. 
A Texas Instruments capacitance-to-digital converter FDC2214 [31–33] 
was used to sense the frequency shift. The resonant frequency of an LC 
oscillator is given by 

fr =
1

2π
̅̅̅̅̅̅̅̅̅̅
LCtot

√ (4)  

where the resonator’s total capacitance Ctot is the parallel of a small, 
fixed capacitance Cf already physically soldered on the readout elec
tronics Printed Circuit Board (PCB), the parasitic capacitance Cpar due to 
the PCB tracks and of the unknown probe’s capacitance Cx. The dynamic 
range of the FDC2214, given the fixed capacitance Cf , the capacity range 
of the probe and the parasitic capacitance Cpar is 480 kHz (1.74 MHz to 
1.26 MHz). The equation that gives the probe’s capacitance as a function 
of the measured oscillation frequency is: 

Cx(fr) =
1

L(2πfr)
2 −

(
Cf +Cpar

)
(5) 

The different geometries of the manufactured electrodes are shown 
in Fig. 2. 

3. Experimental setup and methods 

Different experiments have been performed to analyze the static and 

Fig. 1. Probes’ composition in the three different designs.  

Fig. 2. Manufactured electrodes with different slit geometries. From left to 
right: no slits, helicoidal slit, vertical slit. 
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dynamic response of each designed probe. 
First, the design of a system simulation of the sensor being immersed 

in a lubricant oil tank with the oil level changing is needed. Changing 
physically the oil level does not lead to accurate results, as several waves 
would form on the surface of the liquid due to the liquid being moved, 
becoming a disturbance for the measurement of the level. Moreover, 
moving a precise volume of liquid is not an easy task. This issue could be 
overcome using a peristaltic pump, but this would result in an inter
mittent liquid stream, that would make surface waves appear in the 
tank. Therefore, the pursued idea was to make the probe itself move in a 
controlled and accurate manner, dipping and extracting if in/from a 
vessel filled with oil at a constant level. For this reason, a mechatronic 
system was purposely designed; it is made up of a couple of linear mo
tion rods and a 125mm diameter PVC pipe filled with lubricant oil. The 
probes were secured to a moving cart moved by a stepper motor driven 
by a CLE23 closed loop driver from Cloudray [34] and a TR10x4 trap
ezoidal screw (diameter = 10 mm, and thread pitch = 4 mm). Many 
elements of the mechatronic system were purposely designed and pro
totyped using accurate 3D printing techniques. Using a stepper motor 
with 200steps/turn (resolution = 1.8◦/step) and programming the driver 
in 4μsteps/step mode, this setup allowed the positioning of the sensor 
with a nominal 50μm resolution. The prototype of the mechatronic 
system is shown in Fig. 3. 

The lubricant oil used for the tests is a standard SAE 15W40 semi- 
synthetic lubricant oil by Viskoil®. Such a standard oil was deeply 
studied and described by H. Sun et al. in [28]. The research highlighted 
that i) the dielectric constant ε, ii) the resistivity P, iii) the viscosity η and 
iv) the density ρ are dependent on a) the temperature, b) the oxidation, 
c) the water and coolant contamination, d) the ageing and e) the oil 
brand. Hence, some assumptions for the experimental tests were done:  

• the room temperature in the laboratory shall be considered constant.  
• the lubricant is not worn as it is not working in a motor, so there is no 

contamination by water nor coolant nor metallic debris. 

From the data in [28], the dielectric constant is reduced by 1.5% 
when temperature varies from 60 ◦C to 120 ◦C and its dependance from 
temperature can be considered linear in the operating temperature 
range of the sensor (about 100 ◦C). In the following, the dielectric 
constant is assumed to be constant and equal to εoil = 2.2. 

Hysteresis, rise time and sensitivity have been studied and evaluated 
for each probe design to carry out a comparison, characterize the 
designed probe and, for those that have been previously studied in 
simulation, validate the expected performances. 

Hysteresis experiments consisted of three cycles of immersion and 
extraction of the probes in the oil tank and were performed in discrete 
steps with increasing delay time TD between the positioning phase and 
the sensor capacitance measurement. The first cycle was done without 
delay time between the moving phase and the sampling phase (TD = 0s), 
while the second one had TD = 5s delay and the third one had TD = 10 s 
delay. All experiments were performed over a length of 400mm in 10mm 
steps, so that through every cycle a total of 81 steps were made. For each 
step after the delay time (if present) 100 capacitance measurements 
were taken over about 2s (sampling period was in accordance with the 
data provided in [31]). The sensitivity was calculated interpolating the 
sampled of the third cycle (TD = 10s) with a first-grade polynomial 
function. In addition, the maximum absolute hysteresis and the 
maximum absolute non-linearity errors were calculated for each cycle. 

The rise time experiment was performed by dipping or rapidly 
extracting the probe at 17.13mm/s while continuously sampling the 
capacity and then waiting for a minimum of 20s before stopping the 
sampling. The speed is set at 17.13 mm/s as it is the maximum reachable 
speed by the stepper motor before it stops working. The time constant τ 
was calculated by fitting the response of the sensor to a ramp stimulus. 
Let us consider a first order ordinary differential equation: 

a1
dy
dt

+ a0y = bx = bAt (6)  

where x = At is a ramp stimulus. Equation (6) can be expressed as: 

τ dy
dt

+ y = KAt (7)  

with τ = a1/a0 and K = b/a0. The solution of this equation with the 
condition y(0) = 0 is: 

y = KA
[
t − τ

(
1 − e− t/τ) ] (8)  

that is the model fitted. 
The dynamic test was performed by dipping or extracting the probe 

at the maximum permitted speed (17.13mm/s) while continuously 
measuring its capacitance. This experiment provided similar results of 
the hysteresis test. In particular, the focus in this experiment was the 
maximum capacity difference between the immersion (Cimm) and 
extraction (Cextr) phase and the capacity error at the end of the test. The 
error is calculated as 

e = Cextr − Cimm (9)  

and subsequently the error at the end of the test is 

eend = Cextr,tend − Cimm,t0 (10)  

4. Results 

In this section the data acquired from the experiments will be 
analyzed and discussed. 

4.1. Hysteresis and non-linearity 

Fig. 4, Fig. 5 and Table 1 provide the comparison of the results of the 
hysteresis experiments. From the bar plot in Fig. 4, it is clear that the 
probe with mixed electrodes has the smallest hysteresis phenomena, 
with the maximum hysteresis value being about 1/4 than the helicoidal 
and vertical slit probes which show similar performances with respect to 
hysteresis when given no delay time between the level change and the 
probe capacitance measurement (TD = 0). As it can be expected, 
increasing the delay provides better results in terms of hysteresis: both 

Fig. 3. Components of the mechatronic system used for the automated tests on 
the CLS prototypes; a) is the CLS prototype, b) is the conditioning circuit, c) is 
the Arduino UNO used to control the entire setup, and d) are the stepper motor 
and the corresponding driver. 
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the helicoidal probe and the mixed one follow an exponential reduction 
of the maximum hysteresis in the sequence TD = 0,5,10 s; however, 
when the vertical slit probe is considered, the maximum hysteresis drops 
from a high value for TD = 0 s to a value that settles at 5.1 pF for TD = 5 s 
and doesn’t decrease further for TD = 10 s. 

A possible explaination to the higher value of hysteresis for the 
vertical slit probe can be the non-linear characteristic of the sensor that 
will be explained later, that has a higher residue if the fitting is a first 
order polynomial. 

The maximum non-linearity error for TD = 10 s provides similar 
results: the mixed electrodes probe shows 1.9 pF error from the linear fit, 
while the helicoidal probe doubles this value with an error of 4.6 pF. The 
vertical slit probe instead shows a higher error of 11.6 pF that can be 
explained by the non-linearity of the characteristic. 

The conversion between capacity error and level error is straight
forward, as the conversion constant is the sensitivity S

[ pF
mm

]
. Given eC[pF]

the capacity error, eL[mm] the level error and S the probe’s sensitivity, 
the relationship for the conversion of the error from capacity to level is 
eL = eC/S. E.g., for the mixed electrodes probe the maximum absolute 
non-linearity error will be 1.72 mm. 

Table 1 provides interesting results about the sensitivity of the three 
different designs. It is well known in literature that the capacitance of a 
capacitor depends on the surface area of the two electrodes, hence the 
helicoidal electrodes probe is expected to have lower capacitance and 
thus sensitivity, as shown by (2), than the mixed electrodes probe, 
because it has the smaller surface area due to the slits on both electrodes. 
As for the simulated sensitivities, the helicoidal slit probe is expected to 
have lower sensitivity than the vertical slit probe, due to the more sur
face removed to manufacture the slits in the electrodes. However, the 
helicoidal probe’s fitted sensitivity is higher than the ones of the mixed 
probe and the vertical slit probe. Moreover, the sensitivity of the heli
coidal electrodes probe is 24% higher than the simulated value obtained 
in COMSOL Multiphysics® [24], whereas the sensitivity of the vertical 
slit electrodes probe is only 8% higher than its simulated value. 

To explain this behavior, it can be observed that, from (2), the 
sensitivity is a function of the dry air capacitance C0 too. An electrostatic 
simulation in the cross plane of the probe proves that a misalignment of 
the two concentric electrodes can change the dry air capacitance, thus 
affecting the probe’s sensitivity. From the simulation, shown in Fig. 6, it 
can be seen that a 50% shift of the inner electrode with respect to the gap 
between the electrodes can increase the dry air capacitance of almost 
16%. Hence, an error in the positioning of the electrodes can bring to a 
higher and unexpected probe’s sensitivity. 

The data from the helicoidal probe is shown in Fig. 7. The data for 
TD = 5 s are omitted for clarity in the plot. Of course, providing some 
delay between the level changing and the capacitance measurement 
process reduces the hysteresis. 

As already stated, the probe with mixed electrodes performs the best: 
in fact, for this probe the cycles almost perfectly overlap each other as it 
can be seen in Fig. 8. 

The data for the vertical slit electrodes probe is shown in Fig. 9. It is 
noticeable in the plot that a linear fitting is not suited for such probe. For 
this reason, a second order fitting can be applied to the vertical slit 
sensor, which result is provided in Fig. 10. The second order fitting 
function is: 

Fig. 4. Comparison of the hysteresis experiment results. Maximum hysteresis 
for the cycles at TD = 0, 5,10s and the maximum absolute non-linearity error 
for TD = 10s are provided in the bar plot. 

Fig. 5. Comparison of the standard deviations of the hysteresis experiment 
results. The standard deviations for the cycles at TD = 0,5, 10s are provided in 
the bar plot. 

Table 1 
Sensitivities from the hysteresis experiments fitting the sampled data for TD =

10s. Simulated values for the helicoidal and vertical slit probes are provided too. 
All values are in pF/mm. R2 value is provided for the fitting.  

Probe Fitted sensitivity R2 Simulated sensitivity 

Helicoidal  0.949  0.9996 0.768 
Mixed  0.888  0.9999 N.A. 
Vertical slit  0.879  0.9967 0.815  

Fig. 6. Dry capacitance per unit length change due to electrodes displacement.  
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Ĉ = − 3.799 • 10− 4 • h2 + 1.004 • h+ + 5.979 • 102[pF] (11)  

where h is expressed in millimeters and Ĉ in picofarad. The R2 for the 
second order fitting is 0.9996. This non-linear behavior of the probe 

could be due to the manufacturing process, as the engraving process 
resulted in an enlargement in the middle of the slit, probably due to the 
effects of residual stresses in the material. In fact, the enlargement 
causes a variation of the perimeter in the cross-plane, and thus a vari
ation of the surface. Such variation is different at different heights, so the 
probe’s response is not linear anymore. 

Given the results, it can be concluded that for the hysteresis tests the 
mixed electrodes probe performs the best, for the following reasons:  

• For every delay time, the hysteresis error is the lowest, and the same 
applies for the maximum absolute non-linearity error.  

• There are no non-linear characteristics appearing for the probe. 

4.2. Risetime experiments 

To evaluate the time response of the developed sensors additional 
experimental tests have been carried out. The elaborated data is pro
vided in form of time constants as explained in equation (6) and it is 
reported in Table 2. It is worth noting that the extraction time constants 
are heavily biased by the oil viscosity. This parameter depends on the 
working temperature that in this specific case is the ambient tempera
ture, so that the oil is very viscous, and on the oil itself (semi-synthetic or 
synthetic). The authors’ opinion is that the immersion time constant is 
more relevant when the oil is at ambient temperature. 

A graphical example of the measurements taken during the experi
ments is provided in Fig. 11. The reference liquid level, that is the im
mersion depth of the probe, is also showed in blue in the plot and it is the 
setpoint. The yellow circles represent the sampled capacity during the 
test, while the red line is the fitted model in (8) using the τ from Table 2. 

From the gathered data, the helicoidal probe shows the lowest time 
constant. This can be easily understood by thinking at the electrodes’ 
geometry. In fact, the helicoidal slit on both probes provides the largest 
aperture for the oil to flow. Hence, the mixed electrodes probe shows a 
higher time constant due to the internal electrode having no slits for the 
oil to flow. The vertical slit probe on the other hand is a compromise in 
between the two. 

Fig. 7. Result of the 0 s and 10 s delay hysteresis cycles of the helicoidal 
electrodes probe with linear data fitting. 

Fig. 8. Mixed electrodes probe 0 s and 10 s hysteresis cycles with linear 
data fitting. 

Fig. 9. Vertical slit electrodes probe 0 s and 10 s delay hysteresis cycles with 
linear data fitting. 

Fig. 10. Vertical slit electrodes probe hysteresis 10 s cycles with linear and 
second order data fitting. 

Table 2 
Risetime experiment data: time constants τ. All values are expressed in seconds.   

Helicoidal Mixed V-slit 

Immersion 
time constant  

0.853  0.936  0.904 

Extraction 
time constant  

4.509  1.191  1.215  
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4.3. Dynamical response experiments 

The capacity errors for the three dynamical response experiments are 
reported in Table 3. 

For each probe the maximum capacity error between the immersion 
phase and the extraction phase and the final error at the end of the 
experiment are provided. A graphical representation of the data is 
provided in Fig. 12. In this test, both the mixed electrodes probe (ii) and 
the vertical slit electrodes probe (iii) show better performance than the 
helicoidal electrodes design (i). In subFig. 12 (iii) the non-linearity of the 
proposed probe can be seen once again. The sampled capacities (a) and 
(b) show a strong non-linear behavior as already discussed above. 

The obtained results show that the mixed electrodes probe offers best 
performance in terms of both rise time and capacity error between im
mersion and extraction phase even though the vertical slit one has 
similar final error, the maximum error during the test is about 13% 
higher than the mixed electrodes probe. 

5. Conclusions 

In this work the authors aimed at comparing multiple innovative 
cylindrical probes for capacitive oil sensing on aircrafts. The industry 
standard is a sensor probe with a wide gap in between electrodes. Such 
wide gap does not allow the sensor to have a first order dynamical 
response to a step input, as it was proved in the previous paper, but 
rather a second order oscillating response. Narrowing the gap has the 
effect of slowing down the oil in the probe, with a first order step 
response as shown with the tests, with the overall benefit of having 
shorter settling times and a faster dynamic characteristic. 

Different designs were tested and compared back-to-back to have 
more data to analyze. Starting from the work described in [24] where 
the probes were designed, the authors looked for a new simplified 
version of the probe, having the internal electrode without any slit, that 
is the mixed electrodes probe presented in this manuscript. This allowed 
i) to have a cheaper sensor, as the helicoidal slit has high manufacturing 
costs for each electrode, and ii) better dynamic characteristics, as the 
mixed electrodes probe showed the best performance overall during the 
research. 

A third probe was investigated too: the vertical slit still prevented the 
capillarity rise to happen like in the previous designs and improved the 
dynamic performances. Anyways, due to some limits of the electrode 
manufacturing technology used, side effects arose. The main problem 
was the slit widening in the middle, so that linearity decreased, and it 
needed to be fitted with a higher order polynomial. This issue can be 
solved using an improved manufacturing process: for instance, the 
fusion molding of the electrodes will not suffer of the widening effect. 

All the probes showed higher sensitivity than the industry standard 
airborne sensors used nowadays, such as the CLS model 8TJ209 from 

Fig. 11. Mixed electrodes probe rise-time immersion test.  

Table 3 
Dynamical experiment data. All values are expressed in picofarad.   

Helicoidal Mixed V-cut 

Final error  178.25  46.33  45.20 
Maximum error  186.32  56.75  64.10  

Fig. 12. I) Helicoidal, ii) mixed and iii) vertical slit electrodes probe design 
dynamic experimental data. (a) and (b) are the sampled capacities in the im
mersion and extraction phases respectively, (c) is the capacity difference be
tween (a) and (b). 
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Ametek Aerospace® [35], for which the declared sensitivity is 
8pF/inch ≅ 0.315pF/mm. The pairing with the conditioning circuit 
already manufactured allowed to reach higher levels of resolution with 
capacitive sensors. 

When comparing the capacitive sensing technique proposed to other 
techniques, such as optical sensing, there are several benefits. Capacitive 
sensors are cheap in the mass-production: the cost of a single probe is 
about 1,500 USD, while a small batch of readout electronics comes in at 
a cost of about 50 USD. However, compared to the cost of a whole op
tical sensor, it is about 8 times cheaper. 

In [24] a comparison of the simulated proposed sensor with an op
tical one described in [27] was already carried out. The results of the 
experimental tests presented in this manuscript confirmed such com
parison. Compared to more recent sensors, such as the TMBCS proposed 
by Zhang et al. in 2018 [21], the level errors match at 1.70mm, but the 
proposed capacitive probes are nearly unaffected by the temperature: as 
demonstrated, the dielectric change due to 60◦ C temperature change is 
1.5%, that is a negligible error. For the above-mentioned optical sensor, 
due to the temperature dependency of the refractive index, a tempera
ture change of 1◦C causes an error of 3.7mm in the liquid level reading, 
which is more than double the sensor’s accuracy. 

More research is being carried out on the presented sensor and 
probes. The main topic is the implementation of a quality sensor that 
uses the same sensing element to detect changes of dielectric permit
tivity due to oil contamination [36]. This would result in a compact, 
cost-effective, robust and more accurate oil sensing system. 
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