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Óbuda University

Budai Str. 45, H-8000 Székesfehérvár
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Abstract—In some control tasks is often necessary to ask an
analog or digital solutions should be used. One way or the other
choice is almost always some compromise solution is reached
as a result. Suppose that any embedded micro-controller, the
device is already present. This extends the resources of the
micro-controller in such a way that the established arrangement
is suitable for both digital and analog signal processing and
control functions to implement. We do this in such a way that
the established system of robust, be flexible. All this micro-
controller and field programmable analog array (FPAA) is a
new arrangement that has been used in the circuit from the
environment can change depending on frequency of the stimulus
signal.

I. INTRODUCTION

The ”robust system” or ”robustness” used to be an accepted
term regarding mechanical applications, which is widely used
in several disciplines. ”Robustness” as a term is often as-
sociated with reliability, adaptability, error tolerance, recon-
figurability sometimes with certain overlaps [7] [8] [9]. The
term itself has no exact definition; generally, the measure of
its quality cannot be defined. The literature uses versatile
expressions such as systems of high reliability, error tol-
erance, readiness to serve changed circumstances and cost
effectiveness. The ”proper operation in uncertain conditions”
is the most appropriate definition [14]. A little more concrete
definition is: ”operation within the error limit in unpredictable
conditions” [10] [12]. The quantity and quality parameters of
the ”conditions” and the measure of ”robustness” are also
difficult to define [13]. According to the system approach
robust equipment can be constructed from units of lower
performance depending on the quality of their connection.
In this case if we can change the quality of the connection
of the parts, we can further increase the quality of system
robustness [11]. On the basis of the above mentioned, an
electronic circuit is robust when it tolerates the stress like
changes without a breakdown and, possibly, without disturbing
the normal operation.

II. ROBUST ANALOG CIRCUIT SYSTEMS

An electronic system is such a multi-unit parts system where
each functional unit can operate independently. This system is
robust if the operation of the whole system, through the art
of connecting the part units, is provided under the changed
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Fig. 1. Embedded micro-controller by it’s digital I/O, and a field pro-
grammable analog array as a robust system.

circumstances too. The operation has to be maintained either
only one or several factors exist.

This above needs can be satisfied partly by circuit redun-
dancy, by over safety or by the adaptivity of the system and
the scalable formation of the components. Thus the operation
of the whole system can be modified by switching the part on
and off, or by changing the operation parameters of the part-
value. If a robust system is broken down into an appropriate
number of part units, and those part units are configurable,
the adaptivity and reliability of the electronic devices and
equipment will significantly grow [4] [5].

The avoidance of the circuit and part unit malfunctioning is
mostly a technological question, including circuit simulation-
aided planning, state-of-art automated production and monitor-
ing and selecting the appropriate system design technology.

III. REALIZATION OF ROBUST ANALOG CIRCUIT SYSTEMS

There is no simply solution of the robust analog circuit
system to build. The latter depends on the actual component
and production technology, whose development results in
the reliability of circuit systems. The toleration of circuit
redundancies will increase the robustness of the system just
as well. To reach such system-level planning is needed where
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Fig. 2. Environmental embedding of a micro-controller and a programmable
analog array.

the in-operation error detection, diagnosis, self-repair, self-
correction, automatic system self-management are solved.

According to Fig. 1 seen, it is realized by system with
embedded micro-controller, and a filed programmable analog
array (FPAA). Each circuit of the system is marked with the
system-level input signal (Sin1 - Sinm), and system level output
are (Sout1 - Soutn ) signals.

The control unit collects information about the correct
operation of FPAA trough Γ surface. The embedded micro-
controller (µC) connect by it’s I/O (analog or/and digital) to
de controlled environmental circuit [7]. Other hand the micro-
controller in the appropriate time send the next necessaries
configuration information to FPAA [6]. Special solution when
we try to Γ signal by interrupt art [14].

We may write down the output function in a time domain,
of the one by one FPAA in the function of the input signal, it
because of FPAA inner transfer function (1) used marking of
Fig. 1;

βz(t) = f [αg(t), fFPAA], (1)

where; fFPAA the current transfer function of FPAA circuit.
The transfer function of FPAA shows the equation 2;

fFPAA = f(P,n,Γ,τ), (2)

where; P is the parameter vector of the initial function
of the FPAA, n is the topology description of the currently
used function of the FPAA, Γ is the appropriately chosen
feedback signal of the analog circuit, τ is the loop-time from
IT to configuration of FPAA. All of the configuration data are
described by Σ signal of Fig. 1.

From the theoretical solution of Fig. 1, can decompose the
Fig. 2. This arrangement supports the increased quantity circuit
functions. If we include the non-variant transfer functions in
the single circuit functions too, we can see, that the circuit
replacements are present in this case as well, which can be
increased by raising the number of circuits [3]. All transfer

unction of the pragmatism solution of Fig. 2 can describe in
equal 3;

Aout = FFPAA(Ain), (3)

where; FFPAA is 4;

FFPAA = f(n,P), (4)

where; n is the topology of in FPAA realized circuit
(primary parameter), P is a parameter-vector, all of electronic
part values (secondary parameters).

The Fig. 2 shows that the digital I/O associated only the
micro-controller, so their transfer function is (5):

Dout = g(Din). (5)

where; g is the algorithmically function between (Din), and
(Dout).

With the digital I/O can be control all necessaries digital
function’s of circuit.

IV. USING OF PROPOSED ROBUST ARRANGEMENTS

We developed, according upper mentioned micro-controller
FPAA connection such robust circuit, that useful for a medical
electrocardiogram device (ECG) noise filtering and able to
adapt to the variable heart frequency (Fig. 3, ).
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Fig. 3. Architecture of realized adaptive EEG input circuit as a robust
electronic system.

The realized robust system consist of a PIC16F887 type
micro-controller and an Anadigm AN221E04 type Dynam-
ically (Field) Programable Analog Array (dpASP). These
devices communicate through serial peripheral interface (SPI)
bus, where a micro-controller is the master and dpASP is the
slave.

The bandpass filter was designed in AnadigmFilter software.
The Primary configuration contain the topology and initial-
ization parameters of the filter (Center Frequency, Pass Band
Width, Stop Band Width, Pass Band Ripple, Pass Band Gain,
Stop Band Attenuation) [3]. The implemented filter band pass
width is 54mHz, the stop band width is 216mHz, and the stop
band attenuation is 18dB. The size of Primary configuration
is 132byte [1].

The dynamic reconfiguration is happen with state driven
method. During the reconfiguration, the center frequency of
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bandpass filter is being stepped from 0,5Hz to 4Hz in 64
steps. This create 64 piece of 35byte data array, which contains
the necessary data for reconfiguration. The necessary data, for
Primary and Dynamic configuration, can be generated by the
AnadigmDesigner2 software [2].

After power up the stored program (Fig. 4) in the micro-
controller initialize the Ports, the MSSP module for commu-
nication in SPI MASTER MODE0.The SPI clock is 2MHz.

After that initialize the ECCP module in CAPCURE mode,
with interrupt request on every rising edge of the incoming
signal [15]. Thereafter display the power-up message on the
LCD. Next send the primary configuration via the SPI inter-
face, and if it was successful, then write the proper message
on LCD display. Then the global interrupts are enabled [16].

Interrupt requests are generated by every rising edge of the
CCP1 input signal (Fig. 5). For measuring a 0,5Hz or a lower
frequency signal, is necessary to extend the internal 16bit
CAPCURE counter register to 24bit, so the micro-controller
at 16MHz clock frequency can to measure 0,5Hz with 4ppm
accuracy.

The measured frequency is tested in the first step, that is it
included in the range from 0,5Hz till 4Hz. If it is not, then
the bandpass filter will not be reconfigured [17]. If it is in the
range, then it is determined by division, which dynamically
reconfiguration data array should send out [18].

The primary and dynamic reconfiguration data is in the
program memory of the micro-controller as Look-up tables.
The realized circuit is seen on Fig. 6.

The measured frequency is in mHz dimension, the time
elapsed between two rise edge, and the number of the re-
configuration data array, can be read from the LCD display,
as an extra service for success developing (Fig. 7., 8.).

V. CONCLUSIONS

In this paper, after a developed theoretical solution we have
presented a useful real applications. Valuable part of our work
is, that we have shown the electronic circuit and programming
technology, and system components solutions.

The robust analog circuit solutions provide a consistent,
high-level operation, by the cooperation of an embedded
micro-controller and a programmable analog array circuit. By
the mentioned solution the safety and effectiveness of the
analog systems can be increased [12].

We believe that the developed method can also be used in
other areas [13].
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Fig. 5. Flowchart of adaptive tuning of FPAA based EEG filter.
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