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Abstract: The design of an FPGA-based instrume
components is presented in this paper. Designers i
waveforms while creating products. Nonsinusoi
circuits. Resistors, inductors, and ca
in a sinusoidal signal envi

al parameter estimation of R, L, and C passive
d electronic industries often employ nonsinusoidal
te all R, L, and C passive components in these
nlinear signal environment than they would
sinusoidal surroundings are present,
ed. The selection of R, L, and C components

id filter design and control and digital

and C components and continuously
measurements may be updated in real-
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1. INTRODUCTION

In recent years, electrical and
devices, including analogue and dig
have become more common in measuri

= Component Alzlogte
applications. FElectrical and electronic circu - Digital
Under Test et

devices with analogue and digital components

: (cut)
grown more widespread in measurement and control

(ADC)

Waveform
Generator |

applications. New m s eeded = ez,
to decrease those erro 7] , .

As a result, we devélo R, and ‘ ‘
measurement  methoflolo pardiieter Westimdte W Oiwlaysection | LB | e
approach that is particularly usefu n these w

components function under no sinusoidal situations. il J

Fast measurement rates, affordable measuring FPGA SECTION

apparatus, and high precisions are all provided by this

method. Fig. 1. Block diagram of the proposed measurement

Because of the point-by-point calculations performed method.

by the FPGA in this research, an RLC measurement

device based on an FPGA is proposed. The 2. INTRODUCTION

measurement result may be updated anytime a new Method of Measuring

sample is collected. The proposal aims to achieve an The following stages form the basis of the measuring
optimum measurement by reducing the hardware concept.

resources on the FPGA-based instrument and boosting
the measurement rate. Each hardware choice and
measurement technique was outlined in detail during

Once the analogous circuit and the operating
circumstances are determined, a nonlinear SISO
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system may behave like a linear time-invariant (LTI)
system. The corresponding circuit in the system
identification segment will provide the transfer
function H(z).

Assuming a SISO LTI system, the output error model
may be used to write y(k) = w(k) + e[(k)], where w(k)
is the undisturbed sample output, and e[(k)] is the kth
sample added error.

Defined in the discrete-time domain, input x(k) is a
function of undisturbed output w(k).

The system transfer function (H(z)) converts the
discrete-time domain to the Z domain.

A single parameter set defines all system models in
both time and space. It is important to note that the
parameters allow the system behaviour to be recreated
only inside the established operational context of t
parameter estimation section.

The measuring procedure is shown in Fig. 1. O
error parameter estimators are encouraged as st
[5]. As stated in [6], a tion appro
estimates the elations are used
circuit's R, L, and
estimated result for

(a1

the estimate
The erro
predicted outputs at th

e(k) = y(k) — ypre(k)

can be given

B. Implementation of the OE
It is feasible to give details th
solution to the problem of minim
can be given as

On(k)=(H"(k)H(K)) "H'(k)y(k)=P()H" (k)y(k
Finally it can be written as

8(k)= 6(k — 1) + L(k)[y(k) - HK) 6 (k — D] (4
Where,

L(k) = P(k = DH'(k)[ P — BH (k)

The solution given in Equation (4) is 1 ted, in a
graphical form, in the block diagram given in Fig. 2.
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Fig. 2. Graphical depiction of the implementation of the OE
algorithm

C. Implementation in an FPGA

Sequential implementation in suggested FPGA-based
design is being measured in terms of output error
algorithm adoption ease using the following two
figures of merit:

1) The minimal number of samples saved in the
memory is determined by the amount of memory
required.

2) The amount of operations required to get the
specified parameter set values is the computational
load.

A fir;

-order model is used for the predictable analysis.
e of this, it is vital to investigate how to
ate coefficients, which are wused in the
putation of the R-L-C components based on the
ted parameters.

e of the observation and sampling
, a total number of samples equal to the combined
duratio ¢ collected during observation.

the sequential implementation of the
is used to calculate the coefficients.

Odd 4x4DCT
inputs matrix

8 output

4x4DCT

g 3. Decomposed DCT

only 32 rnultlphers used). We solely employed adders
in the pre-processing unit. Ultimately, we can lower
the complexity of the hardware.

3. PERFORMANCE DESCRIPTION

A suitable simulation environment was used to
conduct a characterisation portion of the study. This
section aims to estimate the measurement technique's
static and dynamic performance and provide the
hardware requirements for the extra implementation
portion of the project. The basic mean accuracy,
sensitivity, and repeatability alltruct play a role in
static performance. It is discussed in terms of reaction
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and settling times for dynamic performance. An
important consideration in deploying a data
acquisition system (DAS) is its internal noise and
resolution and any probe noise that may develop due
to poor connection quality. This DAS effective
number of bits is used to simultaneously measure all
the noise sources.

Matlab's platform runs various numerical tests as part
of the characterisation process. It is feasible to do the
following in this situation:

Exciting non-sinusoidal signals may be generated via
(1

determine which R, L and C passive components are
needed

estimate the output of each component about the
signals that are stimulating them
A simulation of FPGA-based computing taking i
account the number of bits and an evaluati
component performance taking into account the
point arithmetic of FP e steps in
process.
Multiline
nonsinusoi
circuits

epresent various
,and R, L, and C

ber of tones [1—

as well as th
under test is sketc
inductance, and capacita
1 M], [1 H-1 mH], and [100 pF
In every test, once the stim
signal and the R, L, and
combination are chosen, the a
is calculated. Then, the sequential e
starts, and the FPGA simulation atmosphe
hardware resources to work within the same
point calculating conditions permitted by the FPGA.

Every test is repeated by considering various values of

and different test i

(number of bits). In every test, a samp
has been considered as 1MHz, and a maximum
observation time of 3s has been considered.

For every test, the subsequent figures of merit are
calculated:

1) The difference between the mean value of the
R, L, and C measurement results in percentage
provided by the algorithm and the R, L, and C
measurement results provided by the imposed one.

2) The experimental standard deviation ¢ of
the measurement results in percentage.

ed. Generation of

&

3) The settling time (Tsett): the time was taken
of the system to reach a threshold of +5% of the
steady-state response. The steady-state response is
looked like the output of the nonsequential OE
parameter estimation algorithm operating on a
complete observation time of 1s.

4) The response time (Tres): the time was taken
of the system to reach a threshold of 90% of its steady-
state response. The steady-state response is looked
likely to the output of the nonsequential OE parameter
estimation algorithm operating on a total observation
time of 1s.

Storage of y(k-1) and x(k-1)
calculation of the prediction error e(k)

L(k) computation

Updating P(k)

y

Computation of 6y(k)

ogical steps for the estimation algorithm.

the more powerful operator of
to a simple shift and
electricity is used.

ider the cosine
=25+1(X)=(24(3)+5

and g *X = 23 +1 (X) = 22(3) (X) and the

units are what we refer to as in this context.

FPGA BASED INSTRUMENT

The following sections detail the instrument's
hardware and software requirements for the proposed
FPGA-based passive components measuring
approach.

A. Devices and Hardware

The following parts make up the hardware
design phase: 1) the probes for voltage and current.

MNMIARE'TD
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The digital to analogue converters Three and four are
FPGA-based processing and communication.

A digital-to-analogue converter (ADC) converts
the analogue voltage and current signals from the
component under test. The ADC section must handle
the bandwidth and output range of the probes.

ADC is responsible for the collection of data in
this area. It's a two-channel system. The ADC uses a
sequential approximation register [8] for its
operation.

An FPGA chip is used to calculate the properties
of passive components. A Xilinx SPARTAN 3 device
is employed in particular [9]. It is a fixed-point FPG
chip that has been chosen. Seven hundred thous
system gates, 1472 computing logical block a
13248 logic cells, 92000 distribute
000 block RAM bi

rate of 400 kb/s.
may be connected to
connector was chosen (PC).
B. Firmware

The firmware computing pa
blocks: 1) signal acquisition,
computation, 3) R, L, and C estima
transmission.

1) The serial word coming out from the
to Digital Converter block represents the sample
signals obtained [i.e., x(k) and y(k)].
2) In the comp sectio
the stage itself, the us

T, an RS232

function's structure and the number estimated
coefficients are defined with these details. When a new
sample is acquired, a processing cycle starts to
estimate the coefficients and estimate the predicted
output.

3) The passive component model selected by
the user drives the R, L, and C estimation part. The
passive component parameters are computer from
coefficient values with the help of Analytical
relationships. The sequential implementation of the
measurement algorithm requires the upsample and
downsample parts in the computation section.
Specifically, because the Analog to Digital
Conversion section operates at a rate of 1 MS/s,

whereas the FPGA can access data with the highest
frequency of 400 Mflops, the upsample part permits
changing the rate of the computation section
concerning the Analog to Digital Conversion part.
During this means, all the required operations can be
controlled in a single time clock of the ADC of 1ps.
The downsample block permits the computed results
as per output rate.

4) The transmission section gives the passive
components parameters using a serial port that will
operate in the baud rate from 115200 to 400000 b/s.
C. Measurement Method

The FPGA device has built a suitable measuring
approach in light of the prior characterisation findings.
ling time may be defined as the amount of time
s for a reaction to stabilise. The worst settling
recorded in the preceding characterisation portion
evaluated to be 50 ms or less competent. When
ment achieves a steady state, the estimating

orithm is taking the measurements, the
value of P is reduced (k). Towards Zero, the measuring
to its ultimate values. The R, L, and
e changed.

t's steady-state response is attained
matrix is close to zero. The P(k) matrix
tialised to the PO value every 50 ms to
e coefficients continuously. The new
estimate process is formed faster, time
is sped up, and determined R, L and C values
wn by not resetting them to zero.
surement's outcome, R, L, and C are
every sample time Tc. The
ust be provided over the

80b must be
ort for each estimate update.
e serial port being configured at 115200b/s,

he m 0 i ed with

). SilllulatiofiiRes! : .
Details of the frequencies and magnitudes of the tones
involving the stimulus signall and stimulus signal2 are
reported in Table I.

Table II Passive component values for different
stimulus signal

STIMULUS SIGNAL 1

Frequencies[Hz] 50 150 350 450 550

R | 260 | 1.56 | 1.04 | 0.65 | 0.13
L 1.58 | 0.94 | 0.63 | 039 | 0.08
C 45 27 18 11.3 2.3

Magnitude
(voltage)
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STIMULUS SIGNAL 2 4. CONCLUSION

FPGA-based R, L and C passive component
Frequencies[Hz] 50 | 500 | 600 | 700 | 800 parameters estimate instruments have been reported
for non-sinusoidal circumstances. The proposed
Magnitude method has seyeral benefits because of point-by-point
(voltage) | 1 | 48 | 288 | 192 | 144 | 120 signal processing, decreased memory resources, and
C | 27 | 162 | 108 | 8.10 | 6.75 relatively low computing overhead. In a simulated
setting, a change of the measuring approach allowed
for improved procedure. Techniques that may enhance

R 2.3 1.38 | 092 | 0.69 | 0.58

E 1.23 : ' i measurement reaction time, decrease memory, and
) 1.20¢ ] increase bandwidth will be wused in future
% 115 T instrumentation development efforts.
= L
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Fig. 7. Resistance values in RC parallel circuit.



