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Abstract

Filters have always been indispensable when it comes to Signal Processing, may
it be analog signal processing or the digital signal processing. Analog signal processing
has always been the superset of the digital signal processing. Later came the advent of
digital systems. Even some of the pioneer digital filters relied on the techniques used for
their analog parents. Still today, some digital filters depend on the simulation of analog
filters in order to achieve from some of their interesting properties. Filters varying their
resonant frequency in response to an input control voltage which is generated via analog
multipliers or the phase detectors in a negative-feedback circuit are called-self tuning
filters. They allow the automatic tuning of bandwidth, quality factor and center frequency.

Keywords- Resonant Frequency, Analog Multiplier; Phase Detectors; Voltage Controlled
Filters; Bandwidth; Quality Factor.

1. INTRODUCTION

This paper presents a review on the analog self-tuning filters, from
theoretical and practical perspectives. It covers both generalized predictive control
implementations, the meta-analysis, along with the more general state-space
representation of model predictive control and other more specialized types, such
as linear model predictive control. This paper provides a detailed vision on the
functioning of the self-tuned filters, the building blocks from which it is
implemented and its real time applications in the industry and its future prospects
in Electronic circuits. Self-tuned filters are a special case of analog filters in
electronic circuits which pass the signals of desired frequency and block or to
attenuate other frequencies or noise which is superimposed on the desired signal.
For this sharp distinction, a filter is desired whose resonant frequency tracks the
fundamental frequency of input signal. The overall setup compromises up of two
main blocks namely A Voltage controlled Filter or VCF and a two quadrant
Analog multiplier. The functionality of these blocks has been demonstrated in
detail in the upcoming sections.

2. THE ANALOG MULTIPLIER

An analog multiplier is a device which takes two analog signals and
produces an output which is their product [1]. Although analog multiplier circuits
are very similar to operational amplifiers, they are far more susceptible to noise
and offset voltage-related problems as these errors may become multiplied.
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When dealing with high frequency signals, phase-related problems may be
quite complex. The peculiar fact about the analog multipliers is that the output of
the multiplier depends on the phase difference between the two applied input
signals, this property can be employed as a useful scheme to measure the phase
difference between the two input signals and hence can be used as Phase Detector

[2] (Fig. 1).
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Fig 1: Phase Detector Circuit used for Zero Tuning
Now if the input is as:
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Where @ the phase difference between the signals, the output will be:
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This information is used to automatically tune the voltage controlled filter at o,

where,

Fig 2: The Self- Tuned Filter Schematic
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3. THE VOLTAGE CONTROLLED FILTER

The voltage controlled filters [3] are the special type of filters whose
output can be controlled by the means of control voltage applied to controlled
input. These circuits are basically derived from the universal active filters [4]
consisting of the high pass filter, low pass filter, band pass filter and notch filter.
The VCF can be derived from the circuit of universal active filter by replacing the
fixed valued resistance of the integrators (band pass and low pass) with the
voltage controlled resistance. Voltage controlled resistance can realized with the
help of the MOSFET working in the triode region. The relationship between the
control voltage applied at the gate of the MOSFET and the resistance between
drain to source (Rds) can be given by:

1

fae =k —2v) ®

Here we can clearly see that resistance inversely proportional to the applied
voltage. Now since:

& 1
O, = (6) (6)

4. Self Tuning Circuit
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Fig 3: Block Diagram for the Self- Tuned Filter

The self-tuned filter is made from the Universal Active Filter or the UAF [4]
as one of its building blocks. The circuit diagram for it is shown in the Fig.3. The
output of the operational amplifier Ul is a Band pass output which is integrated in
the next stage to obtain the low pass output. The next operational amplifier U3
gives a high pass output as shown mathematically here. Connecting U4
operational amplifier as shown in the figure will give us a band stop output. The
corresponding transfer functions obtained from the universal active filter depicted
in the Fig. 3 are as the followings:
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Hence the resonant frequency of the filter will be adjusted in accordance with the
Rds which is proportional to the control voltage.

0 o

Fig 4: The Voltage Controlled Filter

Thus the overall setup as shown in Fig. 4 works as a universal active filter
as any kind of the filter output can be obtained from the circuit. This circuit can be
converted to a Voltage controlled filter by adding the multiplier block to the
circuit as shown in the same figure. Now the overall setup works as a Voltage
controlled Active Filter Controlled by the voltage Vc. Vc can be manually varied
to obtain varying center frequency of the system. The output at point A gives the
Average value at the capacitor load. This mechanism is made self-tuning by
adding an Integrator in a negative feedback mode and by replacing the nMOS
transistor by a pMOS in the linearized resistor circuits. The output of the
integrator is then fed back again to the circuit as the control voltage Vc as shown.
Thus now the system becomes a self-tuned filter. The multiplier circuit keeps
checking that a constant phase difference of 900 is maintained between the input
and the output.

Hence whenever there are variations in the input signal frequency, the
output is self-adjusted to a frequency which is exactly 900 out of phase with the
input signal. Hence we can say that the system automatically tunes itself to the
incoming input signal frequency. This explains the working principle behind
active the self-tuned filters.
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A. Applications in the Field

The self-tuned filters (special case of UAFs) and the voltage controlled
filters find wide range of applications in the field of Biomedical Sciences, Space
signal identification, acoustic noise reduction, etc. It is used in the field of
biomedical field for the removal of the particular frequency component. Suppose
if want to remove the 200Hz frequency from the ECG waveform, it can be done
by applying the waveform at the input voltage and taking the output at the output
of notch filter. It is used in the identification of signals coming from the outer
space. The self-tuned filters are made to scan the whole range of frequency and
see whether any range of frequency get locked and once the frequency is locked it
keep on tracking this frequency range and find if there is any useful information or
not. The acoustic noise in the signal can be removed by adjusting the zero
frequency of the notch filter .The zero frequency of the notch filter is adjusted
with the help of control voltage. The zero frequency of the notch filter is related to
control signal as:

e

[

cad Car,

e % (10)

Where, Vm: Multiplier constant

Vc: Control voltage
wo: Fundamental frequency of filter

5. CASE STUDIES

A. Self-tuned Jet engine module using Kalman Filter

A piecewise linear Kalman filter [7] can be used for self-tuning of an engine
module (Fig. 5). The Kalman filter algorithm can be used to solve differences
between theoretical and physics-based models and in the real-life actual engine
hardware [8]. The two outputs of the self-tuning engine model, tuning parameters
and the unknown parameter estimates, can be put to use for a variety of purposes.
Estimates of these parameters, which could be employed in either ground-based or
on-board solutions, could be used for performance analysis and assisting in
current engine health management operations. Such information can be used for
engine diagnosis to identify the reasons for the engine degradation and occurrence
of faults. The estimated parameters, while useful for informational purposes alone,
introduce the prospect of advanced parameter synthesis and control algorithms,
including controlling the thrust directly. Efficiency gains can also be calculated by
the accurate estimation.
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Fig S: Self — tuning Aircraft Engine model using Kalman Filter

B. Active Noise Control (ANC) using Self-Tuned Filters

An analog electro acoustic circuit for active control of narrow-band low-
frequency acoustic noise using adaptive filtering techniques was initiated by Kote
Radhakrishnan Rao, presently working with Texas Instruments, Bangalore, India.
The proposed circuit aims at producing antinoise, which is then acoustically added
to the unwanted noise to produce an error signal which is then fed back to the
circuit. The circuit is in a way, a modified Kerwin— Huelsman—Newcomb biquad
filter that tunes itself to the incoming noise frequency using the zero tuning
techniques. The circuit was implemented on a printed circuit board and was
successful in reducing noise by 15-20 dB in open space. This ANC
technique specifically for narrow-band noise cancellation using adaptive analog
filters proved to be a better solution than its digital signal processing counterpart
in speed, cost, and robustness [6][9]. The basic block diagram for this
implementation is shown in Fig. 6. The experimental results of active noise
cancellation in open space at 800Hz is also shown in Fig. 7.
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Fig 6: Experimental Setup for Active Noise Control
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Fig 7: Acoustic Noise Cancellation at x=30cm at frequency of 800 Hz

CONCLUSION

Even though self-tuning filters have numerous applications in almost every
field of study. This technology can be applied in domestic and industrial sectors
both to revolutionize signal processing. With advancements in new semiconductor
technologies and microprocessor based intelligent systems, self-tuned filters have
found its implementation in several fields of aerospace technology, biomedical
engineering, scientific research technologies, etc. Even though this field has so
many potential applications, its usage is limited to scientific applications only.
These filters can be used greatly to reduce the noises in the analog and digital
systems and lock on the required frequency information signals. Though there are
some problems which are far from being solved. Noise performance
characteristics in these systems are relatively better than their general
counterparts. Microprocessor based digital self-tuning filters has revolutionized
signal processing. Development of better algorithms and circuitry has endless
possibilities and the potential to change the face of signal processing in the
coming future.
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