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Abstract: Most of embedded control tasks is often necessary to ask an analog or
digital solutions should appropriately. Other hand, the use of Field Programmable
Analog Arrays (FPAA) suggests on a great opportunity to give additional advantages.
More great opportunity is the co-operation of the FPAAs and microcontrollers. It is
very important to develop such an architecture that allows maximum flexibility and
circuit-freedom to. After that we get a new arrangement, which has a special function,
and usable as an “‘embedded hybrid controller”.
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1 Introduction

An electronic device or subsystem (Fig. 1) inputs (S;,;, Si2 Sins--- Sinm.) and out-
puts (Souss, Sourz Sousz-- Soum) are connected the environment and each other. The
conventional embedded controllers are mostly connected a digital interface in an
electronic environment. Microcontroller gets digital signals as: ij, i), ;... i, and
gives digital signal out as: 0;, 0, 0;... 0,. The microcontroller connected via the
input/output (IC) of another controller or an external informatics device. The elec-
tronic environment does not necessarily require the exchange of digital informa-
tion. The analog signals trough analog—digital converters enter the embedded
control input, while the digital signals trough a digital-analog converters, if neces-
sary, granted to the environment (Fig. 2). These converters in the microcontroller
can be located either in the electronic environment. [10]
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Classification of traditional embedded microcontroller system
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Figure 2
Embedded microcontroller system with analog servicing

The signal converting a variety of hardware solutions, and-, or algorithmically
procedures are used. They are either component, or time wasteful. In addition, this
procedure will of course distortion and conversion errors. [11] [12] [13] [14]

_62-



Obuda University e-Bulletin Vol. 1, No. 1, 2010

2 Field Programmable Analog Array

The programmable analog circuit (Field-Programmable Analog Array), as a new
component and relatively new technology appeared some twenty-five years ago
(Fig. 3). As a result of the continuous development, these devices programmed on
a digital surface make an analog circuit topology with component parameters also
given as programmable. FPAAs can be used for the realization of different func-
tional units, circuits, circuit elements. These circuits can be used effectively in
applications where the low electric power, the lower development and component
cost, the effective electronic CAD possibility are important.

The advantage of FPAAs in the field of faster and more economical circuit plan-
ning is significant. It is beneficial in self-developing circuit applications, in neural
networks, in signal conditioning, in filters, in fuzzy controls and high frequency
applications. According to other approaches FPAAs serve the linear and non-
linear implementation of the analog system and the scalability of the application to
be realized. Yet the above mentioned advantages are not obvious since it is very
difficult to make a user-friendly FPAA and environment.

In multi-value logics, in neural networks, in mixed-signal processor digital and
analog circuits in which the traditional microprocessor is integrated onto a silicon
chip with low performance analog circuit elements, further applications are of-
fered. The smaller geometrical size, the fewer outputs, the cheaper mounting, the
specifically smaller dissipation falling on of one volume unit are among the ad-
vantages.

Developments to be realized in the field of programmable analog circuits are as
follows: speed, accuracy, digital noise, analog noise, performance, resource allo-
cation possibility (capacity of FPAAs, component-level configurability), source
usability, effective architectures, development environment services, macros,
simulation, dynamic reprogramming.

There are further advantages of the programmable analog circuit applications;
more compact, more reliable, more flexible systems can be produced with better
performance. It is especially beneficial if for programming we modify the function
of a programmable analog circuit either giving a new topology or a new compo-
nent parameter using the flexibility of the microcontroller.

Research into the applications of programmable analog circuits, the spread of their
application possibilities are to be solved.
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Figure 3
Inner structure of Anadigm Programmable Analog Arrays

The vast majority of FPAA applications allow the user to use the analog circuit in
accordance with the required function taking advantage of the reconfiguration
possibility. A further advantage of FPAAs is the simple embedding in bigger hy-
brid and digital systems.

The cooperation of the analog and digital circuits and the embedded controllers as
well as their industrial use and technical application has always been in the focus
of this article. [4] [5] [6] [7] [8]

3 Hybrid Controller with FPAA Circuit

Fig. 4 shows the arrangement of proposed hybrid controller. In the topology of the
digital and analog signals are physically handled separately. The first connected to
the inputs (a;, ay, a;. . .as) and outputs (5;, S, fs. - . p.) of FPAA, the latter con-
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ventional digital inputs (i;, i is... iy) and outputs (0, 0, 0;...0;) of the microcon-
troller. The circuit function (FPAA) means a topology of the feature described by
defining the network-function (n), which in the parts of the legs, the external link-
ages of the combined type, and setting the parameter-vector (P), which contains
the exact values (py, py, P2, .. ps) of of each component (1).

Frpaa = D(N(P)). (1)
where b is a binary string.

The required configuration parameters the microcontroller produces, by its algo-
rithm (A), alias; firmware. The FPAA Circuit by its transfer function generates
outputs (f;) from input signals (a,) by its transfer function (Fgpy,) as write it for-
mal equal 2;

B = Frpaa(iy, iz, 0z ... ig). 2)

The appropriate digital inputs i,) deciding the function of microcontroller function
depends of algorithm (A) in equal (3).
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Proposed embedded hybrid controller system with programmable analog circuit
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Connecting the microcontroller and the analog circuit trough interrupt

Equals 1-4 give equal (4):
(ig, ay) => A => b, P) => Frpyy => (0, f.), 4)
thus completes the whole of analog and digital control functions.

A very interesting aspect is of the analyzing of interaction of microprocessor and
the analog circuit. These various physical and logical linking (Fig. 4 £ and I con-
nections) more and more options may be granted.
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Figure 6

Feedback cooperation of the programmable analog circuit and the microcontroller
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4 Microcontroller and FPAA in Hybrid Systems

The microcontroller not only the static function (equal 1) my be solves. Various
claims on the basis of the configuration can be constructed rapidly alternating, this
is called reconfiguration. The reconfiguration of the various signals from the ana-
log circuit (I') can perform a function.

On Fig. 5 shows a connection of the microcontroller and the analog circuit in
which the change of the parameters of the circuit point assignable in a configur-
able way is able to generate the termination of the program requiring reconfigura-
tion. [1] [2] [11][12]

Figure 6 shows a specific connection of uC and FPAA circuit. On the first one can
be seen a virtual combination network constructed in the microcontroller where
the feedback can be realized by changing and reconfiguring the circuit function of
the programmable analog circuit using the configuration input, the analog output,
the analog-digital transfer signal route. The circuit function are described by
equals

Dout = A(Diny A Jin)) (5)
where: (A) is the microcontroller’s algorithm predestinate function;
A’ = Frpaa(Ain), (6)

where: Frpyy) is circuit function. The FPAA transfer function depends of digital
inputs (D;,) and feedback branch of FPAA, formal: b(n, P) => Frp4y, and b(n, P) =
S(A), so A=>TFppyy

On (5, 6), we have (7):

Dour = A(Din, Ain)- (7
According (6) the output value of FPAA is:

Ao = Frpya(A;in)so we get the output of FPAA (8):

Aout = Frpaa{ A, [P(A”in), Din)]1}. ®)

Because A => Frp,y, so the (8) simpler form (9):
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Circuit function change with microcontroller and duplicate programmable analog circuits

Aout = A(Dim Am) (9)

Such a microcontroller and programmable analog circuit arrangement reached
where both the digital and the analog output values of the program, the analog and
digital input values are determined. In this case we have abilities of construction in
which the programmable analog circuit, as a coprocessor, according to its actually
configurable configuration, can overtake analog signal processing tasks, which
results in speed increase. [3] [14]

In applications where the reconfiguration time-critical, it is possible to establish
redundant structure is shown in Fig. 6. In this case is an analog multiplexer circuit
of the currently active output of the hybrid controller analog output. Thus, the
microcontroller has enough time, not only in the loading circuit structure, but even
with a new circuit topology to develop by an algorithmic procedure. [1] [2] [3]
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Figure 8

Test board of hybrid controller with PIC16F788 microcontroller and a programmable analog circuit

Conclusions

The built board in Fig. 7 can be seen. This is a flexible configurable layout, its
function depending on the microcontroller program (algorithm) and the current
status of configuration jumpers.

The proposed layout, some hybrid applications, is used more effectively than
conventional digital controllers. Released processor resources can be used for
other tasks.

Further research is needed to develop the appropriate algorithms.
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