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Abstract—Parasitic capacitance has a considerable
impact on conductive electromagnetic interference (EMI),
especially on the common mode (CM) noise. In vehicular
applications such as More Electric Aircraft and Electrical
Vehicles, the value of CM stray capacitance can vary during
the drive cycle, due to some change in environmental and
operating conditions, resulting in fluctuations in EMI level.
Designing EMI filters according to potentially
overestimated CM capacitance results in additional weight,
volume, and cost which should be avoided. In this paper,
for the first time, the parasitic capacitance relevant to CM
noise is estimated in real-time using Unscented Kalman
Filter (UKF). The UKF is employed due to its ability in
dealing with nonlinearity and stochastic nature of the EMI
as well as the measurement noises. The proposed method
is tested on a typical DC-DC buck converter in different
operating conditions. The effectiveness of the proposed
method is tested using some Hardware-in-the-Loop (HIL)
experiments using dSPACE1104 development platform.

Index Terms—Electromagnetic Interference (EMI),
State Estimation, Unscented Kalman Filter (UKF)

I.  INTRODUCTION

OWADAYS, the use of Switch Mode Power Supplies

(SMPSs) in vehicular applications such as More Electric
Aircrafts (MEAS) and Electric Vehicles (EVSs) is increasing due
to their high efficiency, small size, and low cost. However, in
such applications, the immunity of the equipment to EMI is
more critical due to continual variations of the Electromagnetic
Interference (EMI) sources during a typical drive cycle of the
vehicular system. Therefore, electromagnetic compatibility
(EMC) of the components in such systems should be preserved
in different operating conditions. Several research works have
so far been fulfilled regarding the EMI problems of vehicular
applications [1]-[3]. An important aspect of the EMI is the
conducted emission, which can be categorized into the
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differential mode (DM) and common mode (CM) noises. The
study of the CM noise characteristics and CM noise
cancellation techniques have been active research areas in
recent years, which are briefly reviewed in the following:

In [4], conducted EMI modeling of the DC-DC buck
converter with SiC JFET-based semiconductor switch has been
fulfilled in the time-domain using the Saber™ simulation
environment. It is confirmed that the proposed model is
suitable for EMI prediction in ultra-fast switching SiC-based
converters. A detailed CM noise model that considers all the
parasitic capacitances in low-power AC-DC converters has
been developed in [5]. Based on this model, it was confirmed
that two critical CM noise sources of the converter are dv/dt
on the input capacitor and bridge rectifier diodes. To achieve a
more detailed EMI analysis, it is necessary to use EMI models
considering all the existing parasitic capacitances [6]-[9]. In
[10], an EMI model has been proposed for the cable and return
current path including the parasitic capacitances of a motor
drive system and cables in a hybrid EV. In [11], an effective
EMI model has been developed to analyze the impacts of the
AC motor feeding cables parameters on the parasitic
capacitances and CM current. In [12], the impacts of different
cable arrangements and lengths on the generated transient
overvoltages and CM currents have been characterized in
PWM motor drives. The EMI modeling of the inverter, cables,
and the induction motor in variable speed drives using a chain
of quadripolar matrices has been fulfilled in [13]. Using this
model, the currents generated by the parasitic elements can be
predicted in different stages of the matrix chain. To reduce the
undesirable CM noise effects, a CM voltage cancellation
(CMVC) method based on magnetic coupling has been
proposed in [14]. In [15], the effects of parasitic capacitances
on the CM noise level in a boost power factor correction
converter and LLC resonant converter have been analyzed.

The foregoing review reveals that parasitic capacitances
have a considerable impact on the level of the CM noise [16]-
[19]. There are different parasitic capacitances in the power
electronics circuits such as the parasitic capacitances between
the gate-source, gate-drain, and drain-source of MOSFETSs.
These parasitic capacitances, however, mostly influence the
switching behavior of the semiconductor switches [20]-[21].
On the other hand, the CM noise is mostly affected by the
parasitic capacitances between the drain of the MOSFET to the



ground, the parasitic capacitance of the cable, and the parasitic
capacitance between the drain of the MOSFET to the heatsink
[22]. The values of these capacitances depend on some design
characteristics and distance between the drain and reference
ground. Indeed, connections/disconnections of the loads,
vibrations of cables, etc. result in variation of these
capacitances and CM emission levels. Two basic approaches
for offline measurement of the parasitic capacitance have been
proposed, which are based on the time domain reflectometry
(TDR) [23] and impedance spectroscopy [24]. In [25], the
estimation of the parasitic capacitance using the Least Squares
(LS) linear regression technique has been addressed, where the
LS method is applied to a set of basic measurements. In
addition to the measurement-based approaches, some
simulation-based methods have also been proposed, which
include methods based on printed circuit board modeling and
using Maxwell Q3D software [26].

All of the foregoing approaches are offline and they have
some significant challenges to be developed as online
techniques in real-time. Furthermore, offline measurement of
stray capacitances is not suitable for a full study of CM
capacitance variation in real operating conditions. Thus, EMI
filters may not be optimally designed, if CM capacitance
change. In [29], the Extended Kalman Filter (EKF) has been
used for the online estimation of the parasitic capacitances.
However, this method is not applicable for estimation of the
parasitic capacitance in the EMI context but rather is proposed
for Electrochemical sensors applications. Online calculation or
measurement of the parasitic capacitance may find a high
degree of importance in special applications such as More
Electric Aircrafts (MEAS) and EVs. In such applications, the
environmental and operating conditions such as temperature,
vibrations, humidity, etc. can change during a drive/flight
cycle. According to simulation and experimental studies in past
works, variations of these parameters can change some key
parameters that will indirectly affect the value of the parasitic
capacitance. For example, in [27]-[28], it has been shown that
the accumulation of dust, dirt, etc. can change the dielectric
constant, which increases the parasitic capacitance leading to
enhanced EMI level. The real-time estimation of the parasitic
capacitance is a nice solution to study CM capacitance in real
operating conditions (monitoring and recording during a whole
mission profile, thereby obtaining the range of variations).
Another application could be the use of this estimation
combined with an active filter to compensate for CM current.

Estimation of the effective parasitic capacitance in CM noise
is the main contribution of this work, which, to the best of the
authors' knowledge, is being addressed for the first time. The
real-time estimation of the parasitic capacitance provides
several advantages, a few of them are discussed as follows:

1- The proposed technique can be used to obtain a long
time recording of the parasitic capacitance, which is
worthwhile to achieve an optimal EMI filter design with
lower size, weight, and volume.

2- When the CM parasitic capacitance increases, the
resonance frequency between the parasitic capacitance
and the system inductances moves toward the system
carrier frequency, which can lead to a substantial
increase of the CM current when the resonance

frequency is excited. By continuous monitoring of the
CM parasitic capacitance, such conditions can be
effectively avoided.

To achieve the foregoing objective, first, the equivalent
circuit model of the CM noise for a typical DC-DC buck
converter is derived. Using this model together with the
Unscented Kalman Filter (UKF) algorithm, the parasitic
capacitance is estimated in an online manner. The UKF is
adopted due to its excellent performance characteristics in
random and noisy conditions. The rest of this paper is
organized as follows:

In Section Il, the CM noise model of the DC-DC buck
converter is presented. Some discussions regarding the
influencing factors on the parasitic capacitance are also
included in this section. In Section I11, the operating principles
of the proposed UKF-based approach are discussed in detail.
Several simulations and some real-time Hardware-in-the-Loop
(HIL) experiments are fulfilled and the results are provided and
discussed in Section IV. Some discussions regarding the
computational time of the proposed algorithm are provided in
Section V. The practical challenges of the proposed approach
are discussed in Section VI. Finally, the main conclusions and
future work are discussed in Section VII.

Il. CoNDUCTED EMI oF DC-DC Buck CONVERTER

For real-time estimation of the CM parasitic capacitance, in
the first step, the equivalent circuit model of the CM noise for
the target power electronics converter should be derived.
Although the proposed approach can be used with different
converter topologies, for simplicity of analysis and to facilitate
the understanding of the proposed approach, a typical DC-DC
buck converter is selected for the study. In the following
subsections, the CM noise equivalent circuit of the under-study
converter is derived and some factors that affect the value of
the parasitic capacitance are discussed.

A. CM noise equivalent circuit of DC-DC buck converter

The schematic of the DC-DC buck converter and the
associated parasitic capacitances are shown in Fig. 1. In Fig. 1,
C. is the parasitic capacitance between node A and the ground,
C. is the parasitic capacitance between node B and the ground,
Cr is the parasitic capacitance between the drain and the
ground, and Ccapie is the parasitic capacitance between the cable
and the ground. Referring to Fig. 1, one can write [30]:

C, =C,+C, (1)
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Fig. 1. Schematic of the DC-DC buck converter with parasitic
capacitances
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To analyze the conducted EMI of the DC-DC buck
converter, the detailed form of Fig. 1 is depicted in Fig. 2,
where the schematic of the line impedance stabilization
networks (LISNs) and the paths for conducted EMI noises are
also shown. Based on the current path of the CM noise in Fig.
2, the CM equivalent circuit model of Fig. 3(a) is obtained [4],
[31]. Since the main target of this paper is estimation of the
parasitic capacitance relevant to the CM noise, we focus only
on the CM noise model. Referring to Fig. 3(a), one can write:

C
\Y =V .. —M
ot Vs -5 )
Crow =Coum +C5 “4)

Based on (3) and (4), the Thevenin equivalent circuit of Fig.
3(a) can be obtained as shown in Fig. 3(b). In Fig. 3(b), the CM
current can be written as follows:

i — VTotal
Cc™M 1 (5)

E R Lsn T Zcm,

where Z¢,. .. is impedance of Cr,q;, determined as follows:
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Therefore, the CM voltage can be obtained as follows:

1 .
Veu = ERLISN Vs JaCey (®)

Vs,
ey
[ b
Vem =R T Cr == Ccm
+|2 icm
-
(a)
CTota] o
| - N
F1 |
Vrotal : 3 ERUSN |
X |
|
(b)
Vs
— +
=\
T b L
Vem 2R, Cem
" e T

(c)

Fig. 3. (a) Equivalent circuit for CM conducted EMI noises (b) Thevenin
equivalent circuit for CM noise (c) Simplified equivalent circuit of CM

this equivalent circuit model is used for real-time estimation of
Ccwm, which has the main contribution in CM noise. Since Vps
and Vcu are measurable in the equivalent circuit, Ccys can be
estimated by a suitable estimator.

B. Influencing factors on the parasitic capacitance

During a road cycle, various factors such as vibration,
humidity, and temperature. influence the value of the parasitic
capacitance. In [32], these influencing factors are analytically
formulated for calculation of the per-length parasitic
capacitance in printed circuit boards (PCBs) as follows:

2.85¢
€

According to (8), the parasitic capacitance Ccy has the C-= ff (F /length)
dominant impact on the CM voltage, and the effects of the other Lnl1 1 8h 8h I 64h? 2
parasitic capacitances can be neglected. Therefore, it can be n +7W W +\7yW 2 T
seen that the CM noise equivalent circuit model of Fig. 2 eff eff ot
converges to the simplified circuit of Fig. 3(c). In this work, 9)
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Fig. 2. Detailed form of Fig. 1 including the schematic of the LISNs and current paths for DM and CM noises in the studied DC-DC buck converter
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where w, |, and t denote the width, length, and thickness of the
traces in PCBs, respectively. Also, h is the distance between
the traces to ground in PCBs. Moreover, &, q¢f and Wer are
dielectric constant, effective dielectric constant, and effective
width, respectively. For a typical signal trace with t=0.0254
mm (0.001 inches), w=5 mm (0.19685 inches) and different
dielectric constants, the variation of the parasitic capacitance as
a function of h and ¢ is shown in Fig. 4(a). It can be observed
that slight changes in h, which for instance, can occur due to
vibrations, lead to significant variation of the parasitic
capacitance. This impact is more considerable when h is very
low and the vibrations are relatively intense. According to [34],
the capacitance of cable at height h above the ground, with
length | and radius r, can also be calculated as follows:

c o 2zl e, g, (F)

cosh™* (Cj (12)

EVs and/or MEAs may experience different operating
conditions in a typical road/flight cycle, which can potentially
increase the dielectric constant. For instance, the sediment of
some containments like carbon dioxide and salt can change the
capacitance. In Fig. 4(b), the parasitic capacitance of a typical
wire with r=3.33 mm (A=35 mm?, an example of high-voltage
EVs cables) and I=5 m when the substrates are affected by
pollutants including €¢o,=1.6, £sand (pry)=5, and &¢jay=1.8-2.8
is shown. Fig. 4(b) clearly shows that the parasitic capacitance
can potentially change with variation of h or dielectric constant.

The aforementioned analysis shows that the value of the
parasitic capacitances can change during a typical mission-
profile of the vehicular system. In the next section, a novel
approach for online estimation of this varying CM parasitic
capacitance is proposed.

Ill. PROPOSED METHOD FOR ESTIMATION OF THE
PARASITIC CAPACITANCE

In the first step, the equivalent circuit model of Fig. 3(c)
should be written in the state-space form. Writing KVL in the
equivalent circuit model of Fig. 3(c) yields:

1 .
_\/DS +V +§RLISN (2|CM ) = 0:_\/03 +VCCM

CCM

R, C Ve, 0 (13)
+ =
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Equation (13) can be rewritten as follows:

av -1 1 (14)
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Fig. 4. Impact of dielectric constant and distance to ground on the
parasitic capacitance a) in PCBs b) in HV EV cable

Defining two system states as x; = Vc,,, and x, = Cey,
(14) is written in the form of state-space equation as follows:
de, 1 1

= X, + u (15)
dt I:aLISN X2 ' I:zLISN X2

where u = V5 is considered as the system input. In addition,
considering that the changes of x, in the UKF sampling time
interval is very slow one can write:

dx,

=0 (16)

A third state variable is defined as x; = %. Therefore, the
third state-space equation can be obtained as follows:

dx, d?x, d[ -1 1 j
—2= =— X, + ujl=
X2

dt B dt > dt RLISN X 2 RLISN

f—9ﬁ

dx, dx,

X, ——— - <
1 § dt ! dt _ 1 u Substituting from (17)
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1 x, (1 1
— +

2 2
RLISN X2 RLISN RLISN

u
Je o

The CM voltage is also considered as the system output:

1 H dVCCM
y :ERLISN (2igy ) +v =R 5yCcu at +v

= RLISN X X5 +V (18)

Also, to guarantee the observability of the system [38], y is
considered as the fourth state variable as follows:

(19)

" X(l xl[l+1]u]
LsSN™2 | 52 o2 | B2 B |uz
REISN X; REISN RLISN X;
Therefore, the nonlinear state-space equations can be
discretized and expressed as follows:

X =F X, Uu)+a
Y =h(Xk)+Vk
o, ~(0.Q,)

v ~(OR,)

(20)

where x = [x; x, x3 x,]7 is the state vector, w is the process
white noise with zero mean and covariance matrix Q, v is the
measurement white noise with zero mean and covariance
matrix R, and y is the system output. In the proposed method,
the voltage across the line impedance resistance Vewm is
considered as the output of the system, which can be measured
in several ways [34]-[35]. Besides, Vps is considered as the
input of the system, which can be measured using some suitable
measurement circuitry [37]. In this work, the UKF is adopted
for estimation of the parasitic capacitance since it suitably deals
with the stochastic nature of the measurement noises and EMI
effects [38]-[40]. In the UKF algorithm, first, the state variables
and the covariance matrix of the estimation need to be
initialized. Since variations of the second state variable are
slow, to achieve a suitable response speed, its initial value
should be selected as close as possible to its rated value. This
requirement can be fulfilled through a pre-calibration stage
using some offline tools such as an impedance analyzer. Since
four system states are considered in the state-space equation,
the covariance matrix of the estimation P has a dimension of
4x4, Thus, the state vector and P are initialized as follows:

)’Z(;r :[O CCM—rated O O] ' F)(;r = |4X4 (21)

where Ccwm-raed IS the true value of the parasitic capacitance
measured with offline tests. Then, the time update from step (k-
1) to k is fulfilled as follows:

X0 =% +x for j=12,..8 (22)

where U is the j™ sigma point state vector. While different
formulations for selecting the sigma points are proposed in the

literature, based on [41], the sigma points are herein chosen
according to the following formulas:

) T
XM :(,yapk*_l) for j=1,234
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Then, the nonlinear system equation f(-) is used to
transform states of (23) into 9?,9 ) vectors as follows:

(23)

XD =f (x,u,) (24)

To obtain the a priori state estimate at instant k, the obtained
9?,9) are then combined as follows:

L&
Xy :_Zxéj) (25)
8]‘:1

Also, the a priori estimation of the covariance matrix P is
obtained taking into account the process noise as follows:

DY (LR (TR IR

The time-update phase can be fulfilled using (25) and (26).
For the measurement-update phase, a new set of sigma points
can be selected. However, the sigma points (22) can be reused
to increase computational efficiency [41]. Therefore, the sigma
points of (23) are reused together with the measurement

equation h(+) to obtain the y,ﬁ” vectors as follows:
y =h() (27)

The y,gf ) vectors of (27) are combined to obtain the predicted
measurements at instant k as follows:

L 1&g
Vi =g 2V (28)
j=1
The covariance of the predicted measurements is calculated
taking the measurement noise into account as follows:

Lo _y
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(i A T
vy -y, ) +R, (29)
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Furthermore, the cross-covariance between ¥, and X is
calculated using the following expression:

T

> (50 -5 ) (99 -, ) 30)

j=1
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Finally, the measurement-update phase for the system states
and the covariance matrix P is fulfilled using the classical
Kalman Filter (KF) equations as follows:

G, =PXyPy’1
)A(l:r:)’zlz—i_Gk(yk_yk)

R’ =R -GRGl ¢y



The whole algorithm of the proposed method for estimation
of the CM parasitic capacitance is illustrated in Fig. 5.

IV. RESULTS AND DISCUSSIONS

In this section, the simulation and experimental results are
provided and discussed to assess the performance of the
proposed method in different conditions. For the simulation
studies, the system shown in Fig. 2 is simulated using
MATLAB/SIMULINK. In the simulation cases, based on a
trial and error approach, the covariance matrices of the system
and measurement noises are chosen as follows:

R =107, Q =107l (32)

Also, all the existing noises in the processed signal such as
the measurement noise are included in the calculation to show
the performance of the method, realistically. To do so, a
random white noise with Signal-to-Noise (SNR) ratio of 30dB
is added to the measured values of V. In Fig. 6, variations of
the CM noise for two different parasitic capacitances are
shown. It can be seen that an increase in the value of the
parasitic capacitance from 1nF to 10nF substantially increases
the noise intensity, which can bring about severe problems in
vehicular applications. In Fig. 7, the real and estimated values
for typical parasitic capacitances of 0.1nF, 1nF, and 10nF are
shown. As seen, the proposed method is able to detect the real
values of the parasitic capacitances, efficiently. In addition, it
can be seen that the proposed UKF algorithm has an
appropriate convergence time. The obtained real-time
estimations in the emulated noisy environment show that the
proposed method also has good robustness against the
measurement noises. In order to confirm the performance of the
proposed method in practice, some experiments are also carried
out. The experimental test set-up is shown in Fig. 8. In the
experiments, the CM equivalent circuit model of Fig. 3(c) is
used together with different test capacitors to evaluate the
performance of the proposed method. The real values of the test
capacitors are measured using an accurate LCR meter. The
voltages of Vps and Vcwm are measured and used in a HIL set-up

Initialize UKF algorithm

i

Select sigma points using (22)-(23)

VDS
Obtain ¢ /! vectors using system nonlinear function f(-)
! —Veu
Time update
Estimate a priori system states and covariance using (25)-(26)
Obtain ¥, ') vectors using system output function h(-)
+
Measurement update
Obtain estimation of system states and P using (29)-(30)
¥
2 (/) +
X k-1 * R’;

Fig. 5. Algorithm of the proposed method for estimation of the CM
parasitic capacitance
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Fig. 7. Real and estimated simulated values of the parasitic capacitance.
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to estimate the parasitic capacitance. To effectively emulate the
CM EMI source, in the implemented equivalent circuit model
of Fig. 3(c), Vps is supplied from the studied DC-DC buck
converter by a proper interface. In the estimation, the
equivalent circuit model of the CM noise shown in Fig. 3(c) is
employed. The main problem of the implementation refers to
the required high sampling frequency of the processing unit. In
fact, for estimation of the very fast dynamics of the nano-farad
parasitic capacitances, processors with very high processing
frequency are required. Unfortunately, a processor with such
processing frequency is not available in our laboratory. Here, a
dSPACE1104 data acquisition platform with maximum
processing frequency of 250MHz is employed. Therefore, the
assessment is carried out for the capacitances in the order of
micro-farad as an emulation of the CM parasitic capacitance in
the buck converter, which is comprised of the drain-to-ground
parasitic capacitance and the HV cables-to-ground parasitic
capacitance. In the experiments, the estimation is fulfilled in
dSPACE ControlDesk software, in real-time. The estimation
results are saved and used in MATLAB for illustration purpose.
The UKF algorithm with the same settings as the simulations
is reused for the real tests. In Figs. 9(a) to (c), the real-time
estimation results for different capacitance values of 47 uF,
22uF, and 0.47uF are shown, respectively. As can be seen, the
estimated states suitably converge to their true values after a
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Fig. 9. Experimental real and estimated values of the parasitic
capacitance using dSPACE1104 platform. (a) 47 uF capacitance (b)
22 uF capacitance (c) 0.47uF capacitance

short time. To show the ability of the proposed method in
tracking the changes of the parasitic capacitance, some other
tests are fulfilled. In these tests, to emulate a change in the value
of the parasitic capacitance, a second test capacitor is put in
parallel with the base capacitor value after a determined time
interval. The relevant estimation results are shown in Fig. 10.
In Fig. 10(a), the reference capacitance value changes from
4.7uF to 10.7uF at t=4.2 seconds. It can be seen that not only
the initial reference value of the parasitic capacitance is
suitably estimated by the designed UKF, but also the proposed
method can track the changes in the reference capacitance
value. In Fig. 10(b), the estimation results for another scenario
in which the reference capacitance value is changed from
4.7uF to 5.7uF at t=4 seconds are shown. The provided results
confirm the effectiveness of the designed UKF-based filter for
dealing with the varying behaviour of the parasitic capacitance
in vehicular applications. Although the proposed method is
demonstrated considering a simple DC-DC buck converter, it
can be applied to other converter topolgies such as the LLC
resonant converter [42] with some modifications.
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Fig. 10. Experimental estimation results when a change in the value of
the capacitance occurs. (a) Estimation results when the reference
capacitance changes from 4.7uF to 10.7uF at t=4.2sec. (b) Estimation
results when the reference capacitance changes from 4.7uF to 5.7uF at
t=4sec.

V. COMPUTATIONAL PERFORMANCE OF THE PROPOSED
APPROACH

In this section, the real-time performance of the proposed
UKF-based approach in both simulation and experiment are
discussed. The simulations of the proposed method are carried
out in MATLAB/SIMULINK on a computer with Intel Core
i7-5960X 3.00 GHz CPU and 32 GB of RAM. The model
execution performance is evaluated using the SIMULINK
Desktop Real-Time™ Blockset. The real-time performance
results are shown in Fig. 11. As seen in Fig. 11, the execution
time changes from one sample to another because of the
random function of the CPU cache. A good estimation of the
computational time, however, can be obtained by averaging the
computation time over a large number of samples, which led to
an average computational time of about 5.1588506e-07.
Therefore, when the sampling time of the UKF is set to 10 us,
almost 5% of the CPU resource will be occupied by the
algorithm. The real-time computational burden of the proposed
algorithm in experimental cases are also calculated.
Specifically, the required computation time and percentage of
the occupied CPU resource for real-time estimation of the
parasitic capacitances (described in Section V) using the
dSPACE1104 development platform were determined. The
dSPACE1104 card has a sampling frequency of 250 MHz with
an overall 32 MB of SDRAM. To fulfill the experimental real-
time tests, the UKF algorithm is implemented in
MATLAB/SIMULINK environment with a sampling
frequency of 10 us. Then, the required description file (.sdf
file) for using in ControlDesk software is generated using
MATLAB Coder option. The calculation of the computational
time is carried out using dSPACE Real-Time Interface (RTI)
via atomic subsystems. The calculated average execution time
of the proposed algorithm is about 3.2935e-06 seconds, which
means that about 32% of the CPU resource of the
dSPACE1104 will be occupied by the implemented UKF
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Fig. 11. Computational time of the UKF algorithm with MATLAB the
simulations on a system with 3.00 GHz CPU and 32 GB of RAM

codes. The foregoing real-time tests show the feasibility of the
proposed approach for online estimation of the parasitic
capacitances from a few pF to hundreds of pF.

VI. IMPLEMENTATION CHALLENGES AND POTENTIAL
SOLUTIONS

The real-time implementation of the proposed method for
online estimation of the parasitic capacitance requires state-of-
the-art processing and measuring technologies. Unfortunately,
the authors did not access to all of these requirements for
performing tests in the pF range. Anyhow, the main challenges
and the corresponding solutions are discussed in detail in this
section. Technically, for implementation of the proposed
method, one microprocessor and two voltage sensors for
measuring the CM voltage and drain-source voltage of the
MOSFET are required. As the parasitic capacitance of the CM
noise can be as small as the pico-farad level, a microprocessor
with high enough processing frequency in the range of GHz is
needed. There are some analog voltage measurement circuitry
for measuring the drain-source voltage of the semiconductor
switches, which can also be utilized in this work. Using such
a technique for the measurement, an Analog-to-Digital
Converter (ADC) and a processing unit with high enough
frequency are needed, which are generally integrated into the
microprocessors. Some of the commercial Digital Signal
Processors (DSPs) and/or Field Programmable Gate Arrays
(FPGAS) can handle this implementation.

In this work, for simplicity and ease of illustration, the CM
voltage is measured considering the LISN structure. However,
for real implementation, other approaches for measuring the
CM voltage without using the LISN can also be used [43]-[44].

It must be emphasized that real-time estimation of the
parasitic capacitance of the CM noise is a novel concept, which
is proposed in this work for the first time. The application of
this concept is of critical importance for MEAs, EVs, and
satellites in which variations of the environmental and
operating conditions result in unforeseeable fluctuations in the
EMI level. In such applications, reliability is a critical index,
which justifies increasing the investment cost to some extent
for adoption of the proposed approach. The processing
capability of the microprocessors has shown a significant
increasing trend in recent years. Hence, it is expected that more
powerful and less expensive microprocessors will be available
soon, which eases the adoption of the presented technique.

VII. CONCLUSION

In this paper, the real-time estimation of parasitic
capacitance in a typical DC-DC buck converter is investigated.
Using the equivalent circuit of the CM noise and a UKF as a
state estimator, the effective parasitic capacitance is estimated
in real-time. The presented results show that the designed UKF
algorithm can estimate the value of the parasitic capacitance in
real-time. It is validated that the variation of the parasitic
capacitance is remarkable in vehicular applications such as
MEAs and EVs, which should be tackled using an efficient
filter for all conditions. Therefore, real-time estimation is
necessary for the adjustment of such a filter. Implementation of
such a technique has some challenges in practice, which are
discussed and some solutions for them are also suggested.
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