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It is also desirable for such a technique to provide rapid, high resolution
conversion for use by This invention relates generally to an apparatus
high speed devices, such as microcomputers, in and method for converting
voltage magnitudes into    accurately monitoring the parameter or using the
digital counts and, more particularly, to an appara-   5   information to
accurately control a system in re- tus and method for interfacing a
transducer provid-  sponse to the detected parameter. It is also desir- ing
a discrete analog voltage with a microcomputer.  able for such a technique
to have a degree of The  need  for analog-to-digital conversion,
programmability so that the resolution of the con- whereby discrete voltage
levels are converted into   version can be controlled. digital formats, is
well known. For example, in digi-  10  The present invention aims to reduce
or over- tal monitoring and control systems, transducers,     come the
above-noted and other shortcomings of used to sense parameters such as
temperature and     the prior art by utilizing related gating and counting
pressure, provide discrete analog voltages which     signals so that
long-term stability of the basic os- must be converted into digital values
for use by the  cillator is not required. Furthermore, the present digital
monitoring and control equipment. That is,  15  invention can provide
rapid, high resolution analog- such a transducer converts the temperature
or       to-digital conversion, the resolution of which can be pressure,
for example, into a voltage level repre-   programmed in the preferred
embodiment. sentative of the magnitude of the parameter. To         The
present invention provides a method of use this voltage with a digital
system  which is    interfacing a transducer with a microcomputer, capable
of functioning only in response to two   20  comprising: voltage levels
representing either a logic zero or a    generating a first oscillating
signal [err] at a logic one, the transducer signal needs to be con-   first
frequency; verted into a digital format.
generating from the first oscillating signal a We are aware of two general
techniques by        second oscillating signal having a second frequen-
which digital conversion can be accomplished.  25  cy which is less than
the first frequency; Both of these techniques convert the voltage from
generating a pulse width modulated signal de- the transducer into an
oscillating signal through a  rived from a signal proportional to a signal
from the voltage controlled oscillator or the like. In one of  transducer
and the second oscillating signal; these techniques, this oscillating
signal gates a       supplying the pulse width modulated signal to counter
which thereupon counts another oscillating   30   a counter so that the
counter is activated to count signal having a known frequency so that the
count    during counting periods each defined by a respec- of the known
frequency signal is proportional to the  tive pulse of the pulse width
modulated signal; transducer signal. In the other technique, the os-
driving the counter with the first oscillating sig- cillating signal from
the transducer is counted by a  nal so that the counter provides a count of
the counter gated by the oscillating signal of known   35  cycles of the
first oscillating signal during each frequency. In both of these
techniques, the gating   counting period, wherein each count is made con-
signal and the counting signal are independent;      sistent with each
other count of different counting therefore, to ensure accuracy, an
oscillator which is  periods by changes in the pulse width modulated stable
over a long period of time needs to be used   signal responsive to changes
in the first frequency; to provide the signal with the known frequency.  40
characterised by integrating the second os- To obviate the necessity of
using an oscillator  cillating signal to generate an integrated signal;
having such long-term stability, there is the need   comparing the
integrated signal with the signal for an improved analog-to-digital
conversion tech-   proportional to the signal from the transducer and nique
wherein the gating and counting signals are    generating said pulse width
modulated signal in related so that stability is required only within each
45  response to said compared integrated signal; both counting period. This
need has been met to some      resetting and gating the counter with said
pulse extent by a technique in which an input analog       width modulated
signal; signal is combined with an oscillating signal of a      loading
each count from the counter into a particular frequency to obtain pulse
width modu-    latch in response to the end of the respective pulse lated
signals whose width is proportional to the   50  during which the count
loaded was made; and analog signal. The length of the pulses is mea-
communicating the pulse width modulated sig- sured by reference to clock
signals provided by the  nal to the microcomputer and indicating, by the
same oscillator which is used to generate the        end of the respective
pulse during which the count aforementioned oscillating signal so that any
vari-  loaded was made, that a count has been loaded ations in the
frequency of signals generated by the   55  into the latch means.
oscillator are automatically compensated for. An        The present
invention also provides an appara- example of such a technique is disclosed
in GB-A-    tus for interfacing a transducer to a microcomputer 2046485.
comprising: 2    3                 EP0214869B1                         4 



means for providing a voltage in response to       means for connecting
said comparator means an output from the transducer;                     to
the microcomputer so that said stream of pulses oscillator means for
generating a first signal  provided by said comparator means is commu-
having a first frequency;                          nicated to the
microcomputer, wherein the end of divider means, connected to said
oscillator   5   each respective pulse to which said latch means is means,
for converting said first signal into a second  responsive also indicates
to the microcomputer that  with signal having a second frequency which is
less     a count has been loaded into said latch means. than said first
frequency;                            In order that the invention may be
more fully means for providing a stream of pulses derived  understood, one
embodiment thereof will now be from said second signal and said voltage
generated   10  described, by way of example only, with reference in
response to said transducer output, wherein     to the accompanying drawing
which shows sche- each pulse within said stream has a width directly
matically a circuit diagram  of the embodiment proportional to said voltage
and wherein each pulse  which is an arrangement by which a transducer can
is defined at a frequency which automatically      be interfaced to a
microcomputer using a synchro-  to changes in response to a change in said
first  is  nous, ratio-metric, pulse width modulation tech- frequency;
nique allowing for rapid acquisition of the trans- a counter including:
ducer signal at a resolution limited only by the an output and a counting
input connected to     period of an oscillator. This apparatus can be more
r is said oscillator means for receiving said first signal  generally
adapted to convert a voltage magnitude   ods and being arranged to provide
a count of the   20  into a digital count; however, for the preferred   the
cycles of said first signal received through said  embodiment described
herein, reference will be counting input during each counting period
defined  made to its use with a transducer 2 of a suitable  ing by the
width of one of the pulses of said stream of  type as known to the art,
such as one capable of   of pulses, said counting periods being
automatically  detecting a temperature or pressure and converting   ng
compensated for any change in said first frequen-  25  it into an analog
voltage output. Associated with the   is [err]
transducer is an amplifier 4, also of suitable type characterised by said
means for providing a     for amplifying the transducer output to an appro-
stream of pulses comprising:                       priate voltage level to
be used with the present  to integrator means; connected to said divider
invention. means, for converting said second signal into an   30  The
preferred embodiment of the present in-  d integrated signal;
vention broadly includes means for providing a comparator means for
comparing said integrat-   clocking signal having a frequency; modulation
e ed signal and said voltage and for providing in    means, responsive to
the clocking signal and to the response thereto said stream of pulses
including:  voltage magnitude from the transducer, for generat- an
inverting input connected to said integrator  35  ing another signal having
another frequency less means; and
than the initial frequency; and counter means, re- a non-inverting input
connected to said means   sponsive to the clocking signal and the signal
from for connecting to the transducer and for providing a  the modulation
means, for generating a digital voltage in response to an output from the
trans-   count corresponding to the magnitude of the pa- ducer;
40  rameter sensed by the transducer. said counter further comprising:
The means for providing a clocking signal is a reset input (R) and a gate
input (G), both said  shown in the drawing as being particularly provided
reset input and said gate input connected to said  through an oscillator
means 6 for generating the comparator means for receiving said stream  of
signal at a frequency [err] The oscillator 6 is of any pulses; so that for
each pulse of said stream of  45  suitable type as known to the art;
however, it does pulses received at both said reset input and said  not
need to be one having long-term stability be- gate input said counter
provides through said out-  cause the stability within the preferred
embodiment put said count of the cycles of said first signal  need only be
maintained for one period of a signal received through said counting input
during each   derived from the clocking signal, which derived counting
period, and said apparatus further com-   so  signal is shown in the
drawing as having a fre- prising:
quency fN provided within the modulation means in latch means, connected to
said output of said  response to the clocking signal. counter and to said
comparator means, for loading      The derived signal having the frequency
fN is a respective count from said counter means into    provided through a
divider means for converting said latch means in response to the end of the
55  the clocking signal into the derived signal. In the same respective
pulse during which the respective  preferred embodiment the divider means
includes count was made; means for connecting said latch    a divide-by-N
counter 8 which divides the [err] cioc means to the microcomputer; and
king signal provided at a count input of the  [err] 3    5
EP0214869B1                        6 8 by a factor N which in the preferred
embodiment  erate a pulse of the signal 22. Therefore, the signal 



is programmable by using a suitable digital counter  22 may be more
specifically referred to as a pulse device as known to the art. The
programmability of  width modulated signal. the counter 8 allows the
preferred embodiment to      The counter means of the preferred embodi-
have a variable resolution. In operation, the counter   5   ment includes a
digital counter 24 of a suitable 8 divides the input clocking signal to
provide a fifty  type as known to the art. The counter 24 has a percent
duty cycled square wave signal at its out-  gate input 26 and a reset input
28, both of which put. As mentioned, the counter 8 can be of a      are
connected to the modulation means, specifi- [err] type as known to the art;
however, it is   cally to the output of the comparator means 20. In
preferably one which has, or can be controlled to  10  the preferred
embodiment, the counter 24 is of a have, a stable amplitude at its output
for accurate  type which is reset when a rising edge of the signal control
of an integrator means forming another part  22 is received at the reset
input 28 and which is of the modulation means.
activated to count when the rising edge of the The integrator means is
generally identified in  signal 22 is received at the gate input 26. the
drawing by the reference numeral 10. The   15     The counter 24 also
includes a counting input integrator means 10 integrates the square wave
30 which is connected to the oscillator 6 for receiv- signal from the
counter 8 into an integrated signal  ing the clocking signal having the
frequency [err] having a triangular waveform. In the illustrated em-
Therefore, when the counter 24 is reset and gated [err] the integrator
means 10 includes an    upon the rising edge of the signal 22, the counter
amplifier 12 having an input connected by resistive   20  24 counts at the
rate of the clocking signal having means , including a resistor 14, to the
output of the  the frequency [err] until the next falling edge of the
counter 8. The output and input of the amplifier 12  signal 22 is received
at the gating input 26, which are interconnected by capacitive means
including a  falling edge deactivates the gating input 26 and the capacitor
16. In this configuration for constructing  counter 24. Thus, the counter
24 effectively counts an integrator as known to the art, the integrator  25
the number of periods of the clocking signal re- means 10 provides an
output mathematically char-  ceived during a count time defined by each
pulse acterized as                                      of the pulse width
modulated signal 22 so that the number of periods counted is proportional
to the voltage magnitude setting the threshold at the non- [err]
30  inverting input of the comparator means 20 In the preferred embodiment,
the counter 24 has a suffi- cient number of bits in its output to achieve a
count corresponding to the factor N programmed into the where the period
[err] to t2 is one-half a cycle of the  counter 8. signal. This output
signal is schematically illus-  35  From the foregoing description of the
construc- trated in the drawing and identified by the refer-  tion and
operation of the preferred embodiment of ence numeral 18.
the present invention, it is apparent that both the The signal 18 is
provided to the inverting input  gating and clocking signals, which are
used by the of a comparator means 20 forming still another part  counter 24
in generating the ultimate count which of the modulation means of the
present invention.  40  is proportional to the output of the transducer 2,
are The comparator means 20 also has a non-inverting  related so that the
stability of the oscillator 6 need input which is connected to the output
of the am-  be maintained only during each counting period plifier 4 for
receiving the amplified output from the  defined by each pulse of the
signal 22. That is, if transducer 2. In the preferred embodiment the
the period or frequency of the primary signal comparator means 20 is
provided by a suitable  45  changes, the period or frequency of the derived
differential amplifier suitably constructed to perform  signals controlling
the switching of the comparator the comparison function. In performing this
func-  means 20 (and thus the period or frequency of the tion, the
comparator means 20 compares the in-    signal 22) will similarly change,
thereby maintaining tegrated signal 18 with the voltage magnitude from
automatically compensated control of the counter the amplifier 4 to provide
a pulse signal 22 wherein  50  24 to provide consistent counts. each pulse
within the stream of pulses of the signal  To utilize the present invention
in specifically 22 has a width directly proportional to the output of
interfacing the transducer with a microcomputer, the transducer 2. This is
achieved by having the  the preferred embodiment of the present invention
output from  the amplifier 4 set the threshold    further includes a latch
means 32 for interfacing the against which the triangular signal 18 is
compared.  55  digital count with a microcomputer (not shown). As the
voltage magnitude from the amplifier 4     The latch means is of any
suitable type having a varies, this varies the point at which the
triangular  sufficient number of inputs for receiving the num- wave 18
causes the comparator means 20 to gen-    ber of bits of output from the
counter 24. The latch 4    . _. 7                 EP0214869B1
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nected to the comparator means 20 for receiving the pulse width modulated
signal 22. In the pre-    1. A method of interfacing a transducer with a
ferred embodiment latching or loading occurs           microcomputer,
comprising: upon the failing edge of each pulse of the signal   5
generating a first oscillating signal [err] at 22.
a first frequency; The means for communicating with the micro
generating from the first oscillating signal a computer also includes a
conductor 34 providing         second oscillating signal having a second
fre- means for connecting the signal 22 to the micro-        quency which
is less than the first frequency; computer as a data ready signal as
indicated in the   10   generating a pulse width modulated signal drawing.
(22) derived from a signal proportional to a To more specifically
illustrate the operation of    signal from  the transducer and the second
the present invention, a specific example of signal     oscillating signal;
levels will be described. For example, the integra-        supplying the
pulse width modulated sig- tor means 10 may be constructed so that the
signal  is  nal (22) to a counter so that the counter is 18 has a 1 2-volt
peak-to-peak output range be-         activated to count during counting
periods tween zero and 12 volts. The amplifier 4 can be         each
defined by a respective pulse of the constructed to provide an output
within the range       pulse width modulated signal; between 1 and 11 volts
in response to the output           driving the counter with the first
oscillating from the transducer 2. This combination of ranges   20  signal
so that the counter provides a count of will ensure proper operation of the
comparator          the cycles of the first oscillating signal during means
20 in generating the pulse width modulated        each counting period,
wherein each count is signal 22.
made consistent with each other count of dif- The counter 8 is suitably
programmed to select       ferent counting periods by changes in the the
desirable divisor, which in this specific example  25  pulse width
modulated signal responsive to will be selected to be 1,000 to provide a
1/1000-th     changes in the first frequency; resolution. The factor N is
selected based on the          characterised by integrating the second
expected rate of change, or slew rate, of the data      oscillating signal
to generate an integrated sig- to ensure adequate accuracy. If [err] is
significantly    nal; comparing the integrated signal with the greater than
the slew rate, the error will be less  30  signal proportional to the
signal from the trans- than 1 N.
ducer and generating said pulse width modu- With the foregoing
construction, the method of       lated signal in response to said compared
in- the present invention is implemented. This method       tegrated
signal; both resetting and gating the includes generating the clocking
signal at the fre-     counter with said pulse width modulated signal;
quency [err] andgenerating therefrom  the signal  35         loading each
count from the counter into a having the frequency [err].This [err] signal
is integrated   latch in response to the end of the respective so that the
signal 18 is provided. The signal 18 and    pulse during which the count
loaded was the voltage from the amplifier 4 are compared so        made;
and that the pulse width modulated signal 22 is gen-
communicating the pulse width modulated erated. This pulse width modulated
signal 22 gates   40  signal to the microcomputer and indicating, by the
counter 24, which is then driven by the cloc-       the end of the
respective pulse during which king signal having the frequency [err] so
that the        the count loaded was made, that a count has counter 24
counts at the [err] rate only during          been loaded into the latch
means. periods when the counter 24 is gated on by the pulse width modulated
signal. Once a count is  45  2. An apparatus for interfacing a transducer
(2) to established, it can be communicated, such as to a       a
microcomputer comprising: microcomputer, through the latch means 32 upon
means (4) for providing a voltage in re- the falling edge of a pulse within
the signal 22,       sponse to an output from the transducer (2); which
pulse indicates to the microcomputer that            oscillator means (6)
for generating a first data have been latched in the latch means 32.  so
signal having a first frequency; Thus, the present invention provides an
analog-         divider means (8), connected to said os- to-digital
conversion apparatus and method which        cillator means (6), for
converting said first sig- provides rapid, high resolution interfacing of a
tran-  nal into a second signal having a second fre- sducer. The technique
utilizes an oscillator, the       quency which is less than said first
frequency; long-term stability of which is not critical. In the   55  means
for providing a stream  of pulses preferred embodiment the resolution is
program-         (22) derived from said second signal and said mable.
voltage generated in response to said trans- ducer output, wherein each
pulse within said 5    7                 EP 0 214869 B1
8 means 32 also includes a latch or load input con-   Claims nected to the
comparator means 20 for receiving 



the pulse width modulated signal 22. In the pre-    1. A method of
interfacing a transducer with a ferred embodiment latching or loading
occurs           microcomputer, comprising: upon the falling, edge of each
pulse of the signal   5     generating a first oscillating signal [err] at
22.                                                     a first frequency;
The means for communicating with the micro-             generating from the
first oscillating signal a computer also includes a conductor 34 providing
second oscillating signal having a second fre- means for connecting the
signal 22 to the micro-        quency which is less than the first
frequency; computer as a data ready signal as indicated in the   10
generating a pulse width modulated signal drawing.
(22) derived from a signal proportional to a To more specifically
illustrate the operation of     signal from the transducer and the second
the present invention, a specific example of signal     oscillating signal;
levels will be described. For example, the integra-         supplying the
pulse width modulated sig- tor means 10 may be constructed so that the
signal   15  nal (22) to a counter so that the counter is 18 has a 12-volt
peak-to-peak output range be-          activated to count during counting
periods tween zero and 12 volts. The amplifier 4 can be         each
defined by a respective pulse of the constructed to provide an output
within the range       pulse width modulated signal; between 1 and 11 volts
in response to the output            driving the counter with the first
oscillating from the transducer 2. This combination of ranges   20  signal
so that the counter provides a count of will ensure proper operation of the
comparator          the cycles of the first oscillating signal during means
20 in generating the pulse width modulated        each counting period,
wherein each count is signal 22.
made consistent with each other count of dif- The counter 8 is suitably
programmed to select       ferent counting periods by changes in the the
desirable divisor, which in this specific example  25  pulse width
modulated signal responsive to will be selected to be 1,000 to provide a
1/1000-th     changes in the first frequency; resolution. The factor N is
selected based on the           characterised by integrating the second
expected rate of change, or slew rate, of the data      oscillating signal
to generate an integrated sig- to ensure adequate accuracy. If [err] is
significantly     nal; comparing the integrated signal with the greater
than the slew rate, the error will be less   30  signal proportional to the
signal from the trans- than 1/N.
ducer and generating said pulse width modu- With the foregoing
construction, the method of       lated signal in response to said compared
in- the present invention is implemented. This method       tegrated
signal; both resetting and gating the includes generating the clocking
signal at the fre-     counter with said pulse width modulated signal;
quency [err] andgenerating therefrom  the signal  35        loading each
count from the counter into a having the frequency [err].This fN signal. is
integrated   latch in response to the end of the respective so that the
signal 18 is provided. The signal 18 and    pulse during which the count
loaded was the voltage from the amplifier 4 are compared so        made;
and that the pulse width modulated signal 22 is gen-
communicating the pulse width modulated erated. This pulse width modulated
signal 22 gates   40  signal to the microcomputer and indicating, by the
counter 24, which is then driven by the cloc-       the end of the
respective pulse during which king signal having the frequency [err] so
that the       the count loaded was made, that a count has counter 24
counts at the [err] rate only during          been loaded into the latch
means. periods when the counter 24 is gated on by the pulse width modulated
signal. Once a count is  45   2. An apparatus for interfacing a transducer
(2) to established, it can be communicated, such as to a       a
microcomputer comprising: microcomputer, through the latch means 32 upon
means (4) for providing a voltage in re- the falling edge of a pulse within
the signal 22,       sponse to an output from the transducer (2); which
pulse indicates to the microcomputer that             oscillator means (6)
for generating a first data have been latched in the latch means 32.   50
signal having a first frequency; Thus, the present invention provides an
analog-         divider means (8), connected to said os- to-digital
conversion apparatus and method which        cillator means (6), for
converting said first sig- provides rapid, high resolution interfacing of a
tran-  nal into a second signal having a second fre- sducer. The technique
utilizes an oscillator, the       quency which is less than said first
frequency; long-term stability of which is not critical. In the   55
means for providing a stream of pulses preferred embodiment the resolution
is program-         (22) derived from said second signal and said mable.
voltage generated in response to said trans- ducer output, wherein each
pulse within said    9                 EP0214869B1
10 stream has a width directly proportional to said  Patentanspriiche
voltage and wherein each pulse is defined at a frequency which
automatically changes in re-    1. Verfahren zum  Koppeln eines Wandlers
mit sponse to a change in said first frequency;        einem Mikrocomputer,
bei welchem Verfahren 



a counter (24) including:               5       ein erstes oszillierendes
Signal (f0..) bei einer an output and a counting input (30) con-
ersten Frequenz erzeugt wird; nected to said oscillator means (6) for
receiv-    ein zweites oszillierendes Signal mit einer ing said first
signal and being arranged to        zweiten Frequenz, die kleiner als die
erste provide a count of the cycles of said first        Frequenz ist, aus
dem  ersten oszillierenden signal received through said counting input  10
Signal erzeugt wird; during each counting period defined by the         ein
pulsbreitenmoduliertes Signal (22) erzeugt width of one of the pulses of
said stream of       wird, das von einem Signal, das einen von pulses, said
counting periods being automati-      dem Wandler ausgehenden Signal
proportional cally compensated for any change in said first     ist, und
dam zweiten oszillierenden Signal ab- frequency;
15      geleitet wird; characterised by said means for providing       das
pulsbreitenmodulierte Signal (22) einem a stream of pulses comprising:
Zghler zugefihrt wird, derart, daB der ZAhler integrator means (10);
connected to said        wahrend Z~hIzeiten zum ZAhlen eingeschaltet
divider means (8), for converting said second      ist, die jeweils durch
einen Impuls des puls- signal into an integrated signal;          20
breitenmodulierten Signals bestimmt sind; comparator means (20) for
comparing said        der Zdhler mit dem ersten oszillierenden Si-
integrated signal and said voltage and for pro-    gnal angesteuert wird,
derart, daB der Zghler viding in response thereto said stream  of
eine ZAhlunig der Perioden des ersten oszillie- pulses (22) including:
renden Signals wahrend jeder ZahIzeit liefert, an inverting input connected
to said in-  25    wobei jede ZAhlung mit jeder anderen Zdhlung tegrator
means (10); and                           aus anderen Z~hIzeiten dadurch
konsistent ge- a non-inverting input connected to said         macht wird,
da3 das pulsbreitenmodulierte Si- means (4) for connecting to the
transducer and     gnal durch Ansprechen auf Anderungen in der for
providing a voltage in response to an out-     ersten Frequenz gedndert
wird; put from the transducer;                   30      gekennzeichnet
durch Integrieren des zweiten said counter (24) further comprising:
oszillierenden Signals zur Erzeugung eines in- a reset input (R) and a gate
input (G), both    tegrierten Signals; Vergleichen des integrierten said
reset input and said gate input connected     Signals mit dem Signal, das
dem vom Wandler to said comparator means (20) for receiving
ausgehenden Signal proportional ist, und Er- said stream of pulses; so that
for each pulse of  35  zeugen des pulsbreitenmodulierten Signals un- said
stream of pulses received at both said        ter Ansprechen auf das aus
dem integrierten reset input and said gate input said counter       Signal
erhaltene Vergleichssignal; RUckstellen (24) provides through said output
said count of    und Ansteuern des Z~ihlers mit dam pulsbrei- the cycles of
said first signal received through   tenmodulierten Signal; said counting
input during each counting pe-  40   Laden jeder ZAhlung des Zghlers in
einen Zwi- riod, and said apparatus further comprising:       schenspeicher
unter Ansprechen auf das Ende latch means (32), connected to said output
jeweils des Impulses, wahrend dessen die ge- of said counter (24) and to
said comparator        ladene Zdhlung erfolgte; und means (20), for loading
a respective count         Obertragen des pulsbreitenmodulierten Signals
from said counter means (24) into said latch   45  auf den Mikrocomputer
und Anzeigen, daB means (32) in response to the end of the same      eine
Zghlung in den Zwischenspeicher gela- respective pulse during which the
respective       den worden ist, durch das Ende jeweils des count was made;
means for connecting said          Impulses, wahrend dessen die geladene
Zah- latch means (32) to the microcomputer; and         lung erfolgte.
means (34) for connecting said comparator  50 means (20) to the
microcomputer so that said    2. Vorrichtung zur Kopplung eines Wandlers
(2) stream of pulses provided by said comparator       mit einem
Mikrocomputer, enthaltend means is communicated to the microcomputer,
Mittel (4) zur Erzeugung einer Spannung unter wherein the end of each
respective pulse to        Ansprechen  auf einen Ausgang aus dem which said
latch means is responsive also in-  55  Wandler (2); dicates to the
microcomputer that a count has      Oszillatormittel (6) zur Erzeugung
eines ersten been loaded into said latch means.                 Signals mit
einer ersten Frequenz; mit den Oszillatormitteln (6) verbundene Teiler- 6 _
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12 mittel (8) zur Umwandlung des ersten Signals       Verbindung der
Zwischenspeichermittel (32)   | in ein zweites Signal mit einer zweiten
Fre-       mit dem Mikrocomputer; und quenz, die kleiner als die erste
Frequenz ist;     Mittel (34) zur Verbindung der Vergleichermit- Mittel zur
Erzeugung eines Impulsstroms (22)       tel (20) mit dem Mikrocomputer, so
daBl der 



aus dem zweiten Signal und der Spannung,   5       von den
Vergleichermitteln gelieferte Impuls- die unter Ansprechen auf den
Wandlerausgang        strom  zum  Mikrocomputer ubertragen wird, erzeugt
wurde, wobei jeder Impuls innerhalb         wobei das Ende jeweils
desjenigen Impulses, des Stromres eine der Spannung direkt propor-      auf
den die Zwischenspeichermittel anspre- tionale Breite hat und jeder Impuls
durch eine     chen, ebenfalls dem  Mikrocomputer anzeigt, Frequenz
bestimmt ist, die sich unter Anspre-   wo  daB eine Zahlung in die
Zwischenspeichermit- chen auf eine Anderung der ersten Frequenz         tel
geladen worden ist. automatisch andert; einen Z6hler (24) mit:
Revendications einem Ausgang und einem Zahleingang (30), der zum Empfang
des ersten Signals mit den   15  1. Procedd pour relier un transducteur et
un mi- Oszillatormitteln (6) verbunden und so einge-      cro-calculateur,
comportant les etapes consis- richtet ist, daB er elne Zahiung der Perioden
tant a: des ersten Signals, das Ober den Zahleingang           engendrer un
premier signal oscillant (fosc) erhalten wird, wahrend jeder ZAhIzeit
liefert,     a une premiere fr6quence; die durch die Breite eines der
Impulse aus   20        engendrer a partir du premier signal oscil- dem
Impulsstrom bestimmt ist und in denen          lant un second signal
oscillant ayant une se- jede Anderung der ersten Frequenz automa-
conde fr6quence qui est plus petite que la tisch kompensiert wird;
premiere fr6quence; gekennzeichnet durch Mittel zur Erzeugung ei-
engendrer un signal module en largeur nes Impulsstroms, die umfassen:
25      d'impulsion d6riv6 a partir d'un signal propor- Integratormittel
(10), die mit den Teilermitteln   tionnel a un signal provenant du
transducteur (8) verbunden sind und das zweite Signal in        et du
second signal oscillant; ein integriertes Signal umwandeln;
transmettre le signal modul6 en largeur Vergleichermittel (20), die das
integrierte Si-    d'impulsion (22) vers un compteur de telle gnal und die
Spannung vergleichen und unter  30    sorte que le compteur soit active
pour compter Ansprechen darauf den Impulsstrom (22) er-         pendant des
periodes de comptage d6finies zeugen, enthaltend:
chacune par un impulsion respective du signal einen mit den
Integratormitteln (10) verbunde-     module en largeur d'impulsion; nen
invertierenden Eingang; und                        piloter le compteur a
l'aide du premier einen nichtinvertierenden Eingang, der mit den   35
signal oscillant de telle sorte que le compteur Mitteln(4) zur Verbindung
mit dem  Wandler         fournisse un comptage des cycles du premier und
zur Erzeugung einer Spannung unter An-         signal oscillant pendant
chaque periode de sprechen auf einen Ausgang aus dem Wandler
comptage, dans lequel chaque comptage est verbunden ist;
rendu coherent avec chaque autre comptage dadurch, daB der Zahler (24)
ferner umfal3t:  40   de differentes periodes de comptage par modi- einen
ROckstelleingang (R) und einen Steuer-       fication du signal module en
largeur d'impul- eingang (G), die beide zum Erhalt des Impuls-      sion en
reponse a des modifications de la stroms an die Vergleichermittel (20)
ange-         premiere frequence; schlossen sind; so daB der Zahler (24)
far             caract6ris6 en ce qu'on integre le second jeden Impuls aus
dem am  RUckstelleingang   45     signal oscillant pour engendrer un signal
int6- und am Steuereingang empfangenen Impuls-           gre; on compare le
signal int6gre au signal strom am Ausgang die Zahlung der Perioden
proportionnel au signal provenant du transduc- des ersten Signals liefert,
das w~hrend jeder      teur et on engendre ledit signal module en Zghlzeit
Ober den Zdhleingang empfangen            largeur d' impulsion en reponse
audit signal wurde, und dadurch, daB die Vorrichtung wei-  50   int6gre
compare; on reinitialise et on d6clen- ter aufwaist:
che a la fois le compteur A I'aide dudit signal mit dem Ausgang des Zahlers
(24) und den           modul6 en largeur d'impulsion; Vergleichermitteln
(20) verbundene Zwischen-           on charge chaque comptage provenant du
speichermittel (32) zur Ladung jeweils einer       compteur dans un
registre en reponse A la fin Zahlung von den ZAhlermitteln (24) in die Zwi-
55  de l'impulsion respective pendant laquelle le schenspeichermittel (20)
unter Ansprechen auf      comptage charge a et6 realise, et das Ende
jeweils des Impulses, wahrend des-            on communique le signal
module en lar- sen die betreffende Zahlung erfolgte; Mittel zur   geur
d'impulsion au micro-calculateur et on 7    13                 EP0214869B1
14 indique, par la fin de l'impulsion respective        entr6e (G) de
d6clenchement a la fois ladite pendant laquelle le comptage charg6 a et6
entree de r6initialisation et ladite entr6e de r6alise, qu'un comptage a
et6 charge dans les        ddclenchement 6tant reliees auxdits moyens
moyens formant registre.                            (20) formant
comparateur pour recevoir ledit s       train d'impulsions, de telle sorte
que pour cha- 



2. Dispositif pour relier un transducteur (2) a un      que impulsion dudit
train d'impulsions recue a micro-calculateur comportant:
la fois au niveau de ladite entree de reinitialisa- des moyens (4) pour
fournir une tension          tion et de ladite entree de declenchement
ledit en r6ponse a une sortie provenant du trans-          compteur (24)
fournit a travers ladite sortie ducteur (2);
10       ledit comptage de cycles dudit premier signal des moyens (6)
formant oscillateur pour          regu a travers ladite entree de comptage
pen- engendrer un premier signal ayant une premie-        dant chaque
periode de comptage, et ledit re fr6quence;
dispositif comportant en outre: des moyens (8) formant diviseur, relies
des moyens (32) formant registre, relies a auxdits moyens (6) formant
oscillateur, pour   15    ladite sortie dudit compteur (24) et auxdits
convertir ledit premier signal en un second          moyens (20) formant
comparateur, pour char- signal ayant une seconde frequence qui est
ger un comptage respectif provenant desdits plus petite que ladite premibre
fr6quence;           moyens (24) formant compteur dans lesdits K..    des
moyens pour fournir un train d'impul-         moyens (32) formant registre
en r6ponse a la sions (22) derive dudit second signal et de   20    fin de
la meme impulsion respective pendant ladite tension engendr6e en reponse a
ladite        laquelle le comptage respectif a 6t6 realis6, sortie de
transducteur, dans lequel chaque im-       des moyens pour relier lesdits
moyens (32) pulsion situee a l'interieur dudit train a une      formant
registre au micro-calculateur, et largeur directement proportionnelle a
ladite            des  moyens  (34) pour relier lesdits tension et dans
loquel chaque impulsion est  25      moyens (20) formant comparateur au
micro- d6finie a une frequence qui change de manie-         calculateur de
telle sorte que ledit train d'im- re automatique en r6ponse a un changement
pulsions fourni par lesdits moyens formant de ladite premiere frequence;
comparateur soit communique au micro-cal- un compteur (24) comportant:
culateur, dans lequel la fin de chaque impul- une sortie et une entree (30)
de comptage   30   sion respective pour laquelle lesdits moyens reliees
auxdits moyens (6) formant oscillateur       formant registre sont
sensibles indique egale- pour recevoir ledit premier signal et agencees
ment au micro-calculateur qu'un comptage a pour fournir un comptage des
cycles dudit            6t6 charge dans lesdits moyens formant regis-
premier signal recu a travers ladite entree de      tre. comptage pendant
chaque periode de compta-   35 ge definie par la largeur d'une des
impulsions dudit train d'impulsions, lesdites periodes de K. comptage 6tant
compensees de maniere auto- matique pour tout changement de ladite pre-
miere fr6quence;                            40 caract6ris6 en ce quo
lesdits moyens pour fournir un train d'impulsions comportent: des moyens (1
0) formant int6grateur, reli6s auxdits moyens (8) formant diviseur, pour
convertir ledit second signal en un signal inte-  45 gr6, des moyens (20)
formant comparateur pour comparer ledit signal integre et ladite tension et
pour fournir en reponse ledit train d'impulsions (22) comportant:
50 une  entr6e  inverseuse  reli6e  auxdits moyens (10) formant
int6grateur, et une entree non inverseuse reliee auxdits moyens (4) de
connexion au transducteur et pour fournir une tension en reponse a une   ss
sortie provenant du transducteur; ledit compteur (24) comportant en outre:
une, entree de r6initialisation (R) et une                       !   c   I
M   s  l! 8    


