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Abstract: This paper presents a new method of increasing the speed of data acquisition for analog-digital
converter of PIC microcontrollers. This method can be used to applications that do not work in real time.
The paper describes the principle of the method, the design and the testing activities. Performances de-
pend on the quality and the performances of the used components. The experiments show good results for

control of variable reluctance stepper motors.
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1. INTRODUCTION

Nowadays, the use of microcontrollers has sprea

widely on one hand due to the simplicity of thesepand
on the other hand due to their increasing perfoomsn
The microcontrollers offer a wide range of perigier
included in their structure, thus making possihlener-
ous command and control applications using a mimmu
of resources.

There are situations in which the acquiring of supe
rior performances is required by the nature ofdigmals
processed, or by the time restrictions [1 and 2].

of the signals with superior sampling rates as spddo
he one offered by the A/D converter included ia thi-
rocontroller.

Moreover, the principle of this method states that
microcontroller has to achieve through the progcam
tain improvements on the converted signals, sottieyt
are precise.

2. DETAILING OF THE CURRENT SITUATION
AND THE IMPROVEMENTS PROPOSED

The middle class PIC microchip microcontrollers are

The microcontroller systems or the programmableequipped with an analog digital converter that ean

system-on-chip (PSoC) structures used nowadaykein t
embedded systems are fitted with analog-digitavedn
ers with successive approximation or with delta oiad
tion, which are included in the chip. The acquisiti

speed of these converters depends on the maximuwn CP to
clock frequency. Modern external analogue converter

are required in order to achieve analogue to digita-

quire analog signals with a 10 bits resolution. érding
to the manufacturer's specifications [3] the foliogv
equation gives the duration of a sampling:

@)

tacq + toonv .

where:tap is A/D sample timef.q iS acquisition time

versions at speeds that are higher than the maximur@ndten, is A/D conversion time.

speed.

This paper presents a cheaper solution for inangasi
the acquisition speed over the maximum limit uding
existing digital analogue converter. The proposethod
allows digital to analog acquisition over the madim
limit by acquiring the higher-speed analog signdahwan
external circuit and converting the signal acquivéith
the existing low speed ADC.

The main disadvantage of this method is the faat th
the sampling is not done continually, and thus Itesu
cannot be obtained in real time. The sampling isedoy
acquiring a number of high-speed samples, and dny st
ing the voltages of the samples in capacitors,thed by
converting the voltages of the storing capacitoith the
help of the A/D converter included in the microcofier
at its maximum speed. This method allows the aggyir
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For the analog-digital converter with which the mid
dle class PIC Microchip controllers (PICmicro Mid-
Range MCU Family) are equipped, the acquisitioretim
marked from now oy, is given by the equation 2:

t_ = )

acq tamp +tC +tooff :
where:t,y, is amplifier setting timeic is holding capaci-
tor-charging time antly; is temperature coefficient. The
equation 2 shows a minimal acquisition time of 293

at a maximum terminating resistance of 1Q. Kf the
load resistance is 5Q (the minimum value), then the
acquisition time of a sampling decreases at 10s5[B].

In [3], in order to compute the conversion time DA/
Conversion Time), the starting point is the conigers
time marked ag . For a correct conversion, the mini-
mum value of 1.Gus forTap must be applied. In addition,
in [3] it is shown that the conversion of 10 biexuires
an acquisition time of 11Tap. An additional delaying
time of 2T,y is added to this value before the beginning
of a new acquisition.
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This way, using the minimum values and equationconverter) of the microcontrollers into numeric ues.

(1), the following result is obtained: A/D Samplang =
10.61ps + 13.5 * 1.6us = 32.21ps which corresponds
with a sampling frequency of 3.10 ksps (kilo saragder
second). If, for example, we want to sample a digiith

This time the swal switch is on "conversion" positi
and the swa2 switch is set at maximum frequenahef
microcontroller's internal ADC. The principle of exa-
tion is based on the separate sampling of the kagfna

32 samples per period, then the maximum frequeficy ohigh frequency and its conversion at the maximum at

the input signal will be approximately 97 Hz.

This article frames a method intended to acquiee fr
guency signals superior to this frequency, butinatal
time, which can be inconvenient in some cases.iée
thod can be useful though, in the recording of rdqad

tainable frequency by the A/D converter of the moom-
troller [4-7]. The diagram of the principle for the acqui-
sition system is presented in Fig. 2.

The acquisition of the signal is done in two stages
The first one is the “photographing” of the signalhich

phenomena by “photographing” and labeling them foris then recorded in the C1-C8 capacitors. For tthis,

further study. Sampling frequencies superior witfewa
magnitudes to the ones obtained through the dirgetof
the A/D incorporated converter can be obtainedutiho
the use of the middle class PIC microcontroller afd
the appropriate components with a high switchinegsp

3. THE DESCRIPTION OF THE CIRCUIT FOR
THE SIGNAL ACQUISITION

The principle block diagram of the circuit for the-
quisition of the rapid variation signal in timeskown in
Fig. 1.

The acquisition of the signal is performed in two
stages. In the first stage the swal switch is oytissi-
tion" position and the input signal "signal IN"dtored in
C capacitors. The input signal is sampled by tha2sw
switch which is controlled by the appropriate freqay
rate of the input signal.

In the second stage, the signal stored in thepadaa
tors is converted by the internal ADC (analogiigital

signal INMS|“0n

swal swa2

mlcrocontroller

DAC COﬂVEI’SIOﬂ

external storage circuit

Fig. 1. The principle block diagram.

microcontroller switches the SWA1 analog switch on
“1", so that the analog signal which has to be réed in

the CEC7 capacitors is applied at the access point of the
analog demultiplexer.

The control of the SWAL switch is done through the
signal of the CMD1, which is supplied by the digita
PORTB exit of the microcontroller. The sampling-fre
quency of the signal at the entry point, markedrio 2
as “Signal IN” is established with the help of theits
CMD2 signal, constituted from the digital PORTB.2-
PORTB.6 exits of the U1 microcontroller. This walye
selection of 32 different frequencies is possibigure 2
presents the ff5 sampling frequencies and tlg, for
the acquisition of the sampled voltages suppliedhsy
U4 circuit. The U4 circuit is obtained from a quactys-
tal oscillator and a numeric frequency divider esganted
by a binary numerator. Thd frequency is the highest
and thef,q, is the lowest.

The f.¢, frequency corresponds to the maximum ac-
quisition speed of the analog-digital convertetraf Ul
microcontroller. The other frequencies, which anpes
rior to the fy, frequency, are used for the acquisition
(“photographing”) of the “Signal IN” signal at thentry
point. From these frequencies, only one is selected
through the SWD1 circuit controlled by the CMD2 -sig
nal. After this selection, the supplying of thersgat the
exits of the U4 circuit is validated through theadtiva-
tion of the reset RST signal sent from the digéatry
PORTB.7 of the Ul microcontroller. The exit sigrul
the SWD1 circuit, which is one of the selected frenr
cies, forms the command signal CMD3 for theé/2
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Fig. 2. The principle schematics.
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Fig. 4. The equivalent diagram of the analog switch.
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Fig. 3. The obtained wave forms. is given by a relation similar to relation (1). Fetample,
if we take an equivalent diagram for the analogawas
circuit through the U2 binary numerator and thedigg- ~ the one in Fig. 4, and in the situation in which gan-
tal demultiplexer. sider that the maximum error permitted is ¥z LSk (fo

Because the SWA2 circuit is a digital demultiplexer 1024 steps of the A/D converter), we have the uiligy
the result is that the frequency selected repredarfact ~ €quation:
the sampling frequency of the entry signal Sigridl | .
The values of the entry signal are recorded inGieC8 _( ~ Ve ][ _em]
Chowp cc ,

capacitors, and at the end of the caption cycle, U 2048

circuit generates an interrupt signal on the

INT(PORTB.0) entry of the microcontroller, to flahis ®3)
event. At the appearance of the interrupt, the redcon- s (Rs + %)ln[ij

version phase of the acquired signal (stored inCtheC8 ac HOLD 2047)
capacitors) begins.

In this phase, the microcontroller activates theT RS The selection of th€uo.p capacitor is done by taking
signal in order to stop the U4 circuit from supplyios-  into consideration the following requisites: on drand,
cillations, and switches SWAL on position 2, séfect ¢,  has to have the smallest value possible in omler t
the ten frequency with the help of SWD1, which coin- ensure the lowest acquisition time, and on therdthed,
cides wit.h_the maximum conversic_m speed of the ri|_1ne Cuop has to have a high enough value to maintain the
analog-digital converter and deactivates the R$fiai  yoltage value at its terminals until its conversionthe
in order to permit the supply of thefsignal by the U4 a/p converter of the microcontroller is done.
circuit and the beginning of the conversion of shered After the analog converter opens, the dischargbef
voltages from the CiC8 capacitors. At the end of this C,gp capacitor is basically done due to the Maximum
phase, the acquired signal is converted and staréte  Switch OFF Leakage Current (Fig. 4), current whiéh,
RAM memory of the microcontroller and a new inter- we consider constant, will produce a variationhaf vol-

rupt, which prepares the recommencing of the cyisle, tage at the terminals of the capacitor, variatioriy by
generated. The main forms of waves for this cirené Eq. (4).

shown in Fig. 3.

The sequence described above can be automatically I
repeated, a chain of acquired signals being thtesradd. AU, (t)‘c_ t. (4)
These signals can be stored in a serial memorgheaith HoLe
to the microcontroller (for example a MMC or SD mem
ory) or they can be sent through the serial poti 8B to
a computer.

Moreover, the circuit has the possibility of synmfi
zation of the acquisition signal “Signal IN” thrdughe
internal comparator module with which the microcoht
ler is equipped. The entry signal in the comparatod- t = (n—i _1)ta +it_, (5)
ule is the “SINCRO” signal. The moment, in whicte th
“SINCRO” signal surpasses the internal reference in\yhere; is the time for the capacitor value maintaining, n
stalled by the program, an interrupt that triggis ac- s the number of sampling gathered in a sessiofFign

According to Fig. 3, the time elapsed from the mo-
ment when the G p capacitor is loaded with the value
of the voltage at the entry (Signal IN) until tkigltage is
converted by the A/D converter of the microcongnliis
given by Eq. (5).

quisition process of the signal is generated. 2,n = 8),i is the number of sampling£ 0, 1, 2...n-1)t,
is the acquisition timet. is the conversion time. These
4. AFEW REMARKSON THE ENGINEERING durations are different for every sampling and rtieexi-
OF THE CIRCUIT mum duration is obtained for= n whert, = (n-1)tc.

The duration of a complete acquisition and conver-

The making of the acquisition circuit, which consti ; X )
sion cycle of n samplings will be given by the Eg):

tutes of an analog switch and a storing capacitdhe
acquired sampling, entails some engineering réisns,

which will be presented below (Fig. 4). T

shot =nta+ntc’ (6)
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or, we can acquire a chain of n samplings at iaterv
equal toTgg.

The discharge of the capacitor in the time span be
tween the acquisition moment and the conversion mo
ment introduces an error that depends both onttaeac-
teristics of the analog switch and on the chosemp$iag
frequency.

In order to eliminate these errors, the entry digha
adapted through the adding of a sequential compgone
which has the maximum value of the voltage variata
the CyoLp Capacitor in the worst case scenario (the lowes
sampling frequency) and is enclosed in thé O/ do-
main sustained by the A/D incorporated convertethef
microcontroller.

Before the start of the acquisition proper of thére
signal, for every rated sampling sequence, an aalie
bration through a program of the acquisition cirasi
done (the auto calibration circuit was not depicted
Fig. 2).

For this to be done, the maximum acquisition vatag
(Vco) is applied at the entry point of the circuit, sha
complete cycle of acquisition and conversion is €om
pleted.

The converted values, read in the RAM memory, dif-
fer from the real ones because of the differenetwden
the electronic switches that form the acquisitidrcugt
and because of the discharge of thgo & capacitor
while it waits for the conversion to start.

expanding of the analog to digital acquisition pami-
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6. CONCLUSIONS

Advantages of the presented method consist in the

ance of the simple digital systems. The method lwan
extended to performance systems for further inereas
their performance.
The solution presented above for the increase ef th
ampling speed of the A/D incorporated convertethef
IC microcontrollers can be useful where the maimitp

pf the signal can be made at certain periods of.tiAdl-

though the signal conversion is not done in reaétithe
moment in which the result is obtained is relativelbse
to the moment of the signal acquisition.

For example, through the use of the MM54HC4016
analog switches, a maximum sampling frequency of
21 ksps was obtained. At this frequency, the marimu
time period elapsed from the moment of the sampling
acquisition to the moment of its conversion is 355
when 8 samplings per cycle are acquired.

This circuit was used with great results for trepper
motors with variable reluctance, through the cormgut
of the charge at the shaft from the speed of tdadtivi-
ty of the motor phase [8 and 9].

Circuits with superior performances can be useti wit
great results at the recording of the transienhphena
that appear at the electric power switches in otolém-
prove their reliability.

The difference between the real value and the one

measured during the calibration is stored in thREM
memory of the microcontroller (the number of théues
obtained is equal to the number of samplings gather
during a cycle) and it is kept during the wholeiperin
which acquisitions with that particular samplingduen-
cy are done. During the acquisition of the realnalg
(Signal IN), each acquired sampling from a cyclenof

samplings is being redressed according to the value

stored in the EPROM memory before being storedhén t
RAM memory or before being sent further along.

5. THEACQUISITION SOFTWARE

The software for the central unit of the system-con
trols the three phases of acquisition: the activatthe
acquisition phase and the final stage.

In the activation phase, the way in which the asiqui
tion is made (synchronous or asynchronous), thebeum
of samplings of a cycle, the number of cycles, shm-
pling frequency and the storing method of the ttemul
chosen and the auto calibration is achieved.

In the acquisition phase, the storing process ef th
samplings in the capacitors is triggered, the pedring

either synchronous or asynchronous depending on the

option made in the activation phase, after whiehabn-
version process starts. As the conversion takesepla

each sampling is redressed with the data from the

EPROM memory and it is recorded or transmitted
through the serial interface or the USB port.

In the final stage, the cycle is recommenced in the[g]

case that in the activation phase, the acquistfasever-
al cycles of samplings was specified, or in theecdmt
the process stops and the saving of the data aizied
(the folders are closed, the ending signal is sat).
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