
METHOD AND APPARATUS FOR PULSE WIDTH MODULATION SIGNAL PROCESSING TECHNICAL
FIELD The present invention relates to a signal processor, and more
particularly, to a signal processor with a scaled analog signal. BACKGROUND
OF THE INVENTION Certain electrical circuits require data transmission
between electrical instruments that are electrically isolated from one
another. One example is when electrical instruments are coupled to a bus
loop. Because bus loops provide communication between electrical
instruments in addition to power, a problem can exist if the signal
encoding schemes between the electrical instrument and the bus loop are not
substantially the same. Electrical instruments utilizing bus loops, such as
a two-wire bus loop receive power and communicate through the bus loop
using analog signals by controlling either the voltage or current draw.
This first analog signal is then converted into a digital signal,
processed, converted back into a second analog signal, and transmitted to
another instrument or a host system. This method of communicating is
adequate so long as the first and second signals are based on the same
scale. Typically, in a two-wire bus loop, the instrument varies the current
between approximately 4- 2OmA, where 4mA corresponds to a minimum value and
2OmA corresponds to a maximum value. A problem can arise however, if one of
the electrical instruments is operating on a different current range, for
example if the analog signal is limited to between approximately 12-2OmA.
Using this current range, 12mA would correspond to a minimum value and 2OmA
would correspond to a maximum value. An error may occur if the analog
signal received from the electrical instrument operating on a 12- 2OmA
scale is sent to an electrical instrument operating on a 4-2OmA scale. This
error can be compounded in situations where the instruments are
electrically isolated from one another. Although there are various
configurations capable of such data transmission, one common configuration
utilizes optically coupled circuits. 



Typically, one instrument of the optically coupled circuit generates a
first analog data signal, which is converted to a digital signal using an
analog-to-digital converter. Thedigital signal may comprise a serial bit
stream value, which is transmitted using an optocoupler. One problem with
prior art optically coupled circuits is that they are limited in their
ability to scale the first signal to accommodate instruments utilizing
different signaling. In other words, the transmitted signal generally
corresponds to the first analog signal encoding and not to the second
analog signal encoding. This may be acceptable in limited situations;
however, it may be desirable to scale the first signal to accommodate a
different signal process. For example, if one of the instruments is
optically coupled to a bus loop that operates on a scale different from the
instrument itself, it may be necessary to scale the first signal to
correspond to the second signal. The scaling may comprise any manner of
linear or non-linear scaling to the signal such that the signal changes to
accommodate the output analog signal encoding corresponding to another
electrical instrument. Therefore, the prior art limits the first signals
available to the instrument and therefore, limits the capabilities of the
electrical instrument. The present invention overcomes this and other
problems and an advance in the art is achieved by performing runtime
scaling of the bit-stream in order to provide an accurate second signal in
situations where the first signaling does not substantially match the
second signaling. ASPECTS According to an aspect of the invention, a signal
processor is configured to: receive a first analog signal; convert the
first analog signal into a digital signal; transmit the digital signal
across an electrical barrier; generate a scaled pulse width modulation
signal based on the digital signal; and convert the scaled pulse width
modulation signal into a second analog signal. Preferably, the electrical
barrier comprises an optocoupler. 



Preferably, the signal processor is further configured to scale the pulse
width modulation signal based on a difference between a first analog signal
encoding utilized by a bus instrument coupled to an input of the signal
processor and a second analog signal encoding utilized by a bus loop
coupled to an output of the signal processor.Preferably, the digital signal
comprises a serial bit stream. According to another aspect of the
invention, a bus loop system including a bus instrument electrically
isolated from a bus loop with a signal processor comprises: an
analog-to-digital converter adapted to convert a first analog signal
received by the bus instrument into a digital signal; a signal transmitter
adapted to transmit the digital signal to a signal sealer; wherein the
signal sealer is adapted to convert the digital signal into a scaled pulse
width modulation signal and convert the scaled pulse width modulation
signal into a scaled second analog signal. Preferably, the signal
transmitter comprises an optocoupler adapted to electrically isolate the
bus instrument from the bus loop. Preferably, a first analog signal
encoding is different from a second analog signal encoding. According to
another aspect of the invention, a signal processor is configured to:
receive a first analog signal; convert the first analog signal into a
digital signal; generate a pulse width modulation signal based on the
digital signal; transmit the pulse width modulation signal across an
electrical barrier; and convert the pulse width modulation signal into a
scaled second analog signal. Preferably, the signal processor is further
configured to scale the digital signal based on a difference between a
first analog signal encoding utilized by a bus instrument coupled to an
input of the signal processor and a second analog signal encoding utilized
by a bus loop coupled to an output of the signal processor. According to
another aspect of the invention, a method for transmitting signals from an
analog signal generator to an analog signal receiver, comprising the steps
of: 



generating a first analog signal; converting the first analog signal into a
digital signal; transmitting the digital signal across an electrical
barrier; generating a scaled pulse width modulation signal based on the
digital signal; and converting the scaled pulse width modulation signal
into a scaled second analog signal.Preferably, the method further comprises
using an optocoupler to transmit the digital signal. Preferably, the scaled
second analog signal is based on a difference between a first analog signal
encoding utilized by the analog signal generator and a second analog signal
encoding utilized by the analog signal receiver. According to another
aspect of the invention, a method for transmitting signals from an analog
signal generator to an analog signal receiver, comprising the steps of:
receiving a first analog signal; converting the first analog signal into a
digital signal; generating a pulse width modulation signal based on the
digital signal; transmitting the pulse width modulation signal across an
electrical barrier; and converting the pulse width modulation signal into a
scaled second analog signal. Preferably, the method further comprises using
an optocoupler to transmit the digital signal. Preferably, the scaled
second analog signal is based on a difference between a first analog signal
encoding utilized by the analog signal generator and a second analog signal
encoding utilized by the analog signal receiver. BRIEF DESCRIPTION OF THE
DRAWINGS FIG. 1 shows a bus loop system according to an embodiment of the
invention. FIG. 2 shows a signal processor according to an embodiment of
the invention. FIG. shows an algorithm performed by the signal sealer
according to an embodiment of the invention. FIG. 4 shows the signal
processor according to another embodiment of the 



invention. DETAILED DESCRIPTION OF THE INVENTION FIGS. 1 - 4 and the
following description depict specific examples to teach those skilled in
the art how to make and use the best mode of the invention. For the purpose
of teaching inventive principles, some conventional aspects have been
simplified or omitted. Those skilled in the art will appreciate variations
from these examples that fall within the scope of the invention. Those
skilled in the art will appreciate that thefeatures described below can be
combined in various ways to form multiple variations of the invention. As a
result, the invention is not limited to the specific examples described
below, but only by the claims and their equivalents. FIG. 1 shows a bus
loop system 100 according to an embodiment of the invention. The bus loop
100 includes a host system 1, a bus loop 4, a bus instrument 10, and a
signal processor 30 coupling the bus instrument 10 to the bus loop 4. The
host system 1 generates a loop voltage VL and a loop current IL over the
bus loop 4. The host system 1 may comprise a central control unit, a CPU,
or some other processing system used to process the signals received over
the bus loop 4. According to one embodiment of the invention, the bus loop
4 comprises a two-wire bus loop 4. However, it should be understood that
the bus loop 4 does not have to comprise a two-wire bus loop. The bus
instrument 10 can include any manner of sensor or meter, such as a flow
meter. In embodiments where the bus instrument 10 includes a flow meter,
the flow meter may comprise a vibratory flow meter, such as a Coriolis flow
meter or a densitometer. As shown in FIG. 1, the bus instrument 10 includes
a sensor 13 and bus instrument electronics 20. The bus instrument
electronics 20 may comprise any manner of CPU, processing system, or
micro-processing system. According to an embodiment of the invention, the
sensor 13 is configured to generate first analog signals and input the
first analog signals to the bus instrument electronics 20. The bus
instrument electronics 20 can generate second analog signals that are in
the form of a variable loop current IL flowing in the bus loop 4. The bus
instrument 10 can be configured to draw a predetermined or limited amount
of power when in use with the two-wire bus 4. 



Because of the measurement communication protocol and the power limitations
built into the bus loop system 100, the bus instrument 10 may be isolated
from the two-wire bus loop 4 using a signal processor 30. In some
embodiments, the signal processor 30 can comprise an intrinsically safe
(LS.) barrier (dashed line). The isolation limits the electrical power that
the bus instrument 10 can draw from the two-wire bus loop 4 and the host
system 1. The isolation prevents damage to the two-wire bus loop 4 and the
host system 1 upon the event of catastrophic failure of the bus instrument
10. In addition, the isolation limits electrical power transfer through the
LS. barrier in order to eliminate an explosion hazard and prevent ignition
of any explosive or flammable materials in the environment of the bus
instrument 10.FIG. 2 shows greater details of an isolation feature of the
signal processor 30. The signal processor is shown as receiving a first
analog signal from the bus instrument 10. However, it should be understood
that the first analog signal does not have to originate from the bus
instrument 10, but rather, the signal processor 30 may be utilized in other
environments where analog signal processing is required. The analog signal
received from bus instrument 10 over leads 220 are received by an analog to
digital converter 240 where the signals are digitized. According to one
embodiment of the invention, the analog-to-digital converter 240 comprises
a delta sigma converter, which converts the analog signal into a serial bit
stream. However, it should be understood that other analog-to-digital
converters may be used and the particular analog-to-digital converter used
should not limit the scope of the invention. According to an embodiment of
the invention, the signal processor 30 includes an optocoupler 115 that is
connected between the two-wire bus loop 4 and the analogto- digital
converter 240. The optocoupler 115 may also be referred to as an
optoisolator, optical coupler, or photocoupler. The optocoupler 115
electrically isolates the bus instrument 10 from the host system 1.
Consequently, the bus instrument 10 cannot short out the two-wire bus loop
4. Furthermore, catastrophic failure of the bus instrument 10 cannot draw
excessive current from the host system 1. The optocoupler 115 comprises a
transmitter light source 122 and a receiver light source 123. The 



transmitter and receiver light sources 122, 123 can comprise any manner of
lightreactive electronic components, including laser transmitter and
receiver light sources, LED transmitter and receiver light sources, LED
laser transmitter and receiver light sources, etc. The transmitter light
source 122 and the receiver light source 123 are commonly formed adjacent
to each other wherein light generated by the transmitter light source 122
is directly received by the receiver light source 123. In other
embodiments, the transmitter light source 122 and the receiver light source
123 are separated by some optical device, such as a fiber optic cable, for
example. In some embodiments, the two components are formed into a single
package as shown in FIG. 2. However, it should be understood that in other
embodiments the transmitter light source 122 and the receiver light source
123 may comprise separate components.The transmitter light source 122
generates a light-encoded signal that comprises a conversion of electrical
current into emitted light. The receiver light source 123 receives the
light-encoded signal and converts the received light back into an
electrical signal that is substantially identical to the original
electrical signal at the transmitter light source 122. The optocoupler 115
is therefore well suited for transferring digital signals. In the
embodiment shown in FIG. 2, the bus instrument 10 generates a first analog
signal, which is sent to the analog-to-digital converter 240. The
analog-to-digital converter 240 outputs a digital signal. The digital
signal is received by the transmitter light source 122 and sent to the
receiver light source 123. The receiver light source 123 can then transmit
the received signal to a signal sealer 250. The signal sealer 250 can
process the digital signals, which may be in the form of a serial bit
stream, for example and convert the digital signal into a scaled pulse
width modulation (PWM) signal. The PWM signal can then be converted into a
second analog signal and output to the bus loop 4. According to an
embodiment of the invention, the signal sealer 250 is configured to scale
the incoming bit stream from the receiver light source 123. The scaling may
comprise any manner of linear or non-linear scaling. The 



scaling can occur before or during the conversion of the digital signal
into the pulse width modulation signal. In other embodiments, the scaling
can occur after the conversion of the digital signal into a pulse width
modulation signal. This can be helpful in situations where the signal
processor is receiving first analog signals that are encoded different from
the encoding used by the bus loop 4. For example, in a situation where the
signal processor 30 is coupled to a bus instrument 10, such as a flow
meter, that sends signals based on 12-2OmA where 12mA represents zero flow
and 2OmA represents maximum flow, but the bus loop 4 comprises a two-wire
bus operating on a 4-2OmA scale where 4mA represents zero flow and 2OmA
represents maximum flow. Without scaling the bit stream, the second analog
signal would represent analog signals ranging from 12-2OmA. The second
analog signal would represent flow in the system when in fact there is zero
flow. Therefore, without scaling the bit stream, an error may be propagated
throughout the system. It should be understood that the particular values
used above are merely provided as an example and should not limit the scope
of the invention as the particular values may vary depending on the
specific implementation.The signal scaler 250 according to an embodiment of
the invention generates the pulse width modulation signal while
simultaneously scaling the incoming bit stream. The signal sealer according
to the present invention can scale the pulse width modulation signal based
on a difference in the encoding of the signal used by the bus instrument 10
and the bus loop 4. Therefore, the scaling performed by the signal sealer
250 may comprise scaling of the pulse width modulation signal in order to
accommodate the signal scale used by the host system 1. According to an
embodiment of the invention, the signal sealer 250 can scale the pulse
width modulation signal to accommodate a variety of bus instruments 10.
According to an embodiment of the invention, the signal sealer 250
generates a scaled PWM signal based on equations which represent a logical
'0' or a logical '1' in the bit stream. Example equations are depicted as
equation 1 and equation 2 below. It should be appreciated that equations 1
and 2 are merely examples and other equations could be utilized for
generating the pulse width modulation signal without departing 



from the scope of the invention. where: 1-100% R1' g Per ig off i /W1 (3)
1000 ref-\ *DigFB ig FB i _ ' 1-100% *DigPer Digoff i B , 2 1000 V 1
*DigFB_ DigFB and where the constants are: Ri = first impedance R2 = second
impedance V1Bf-1 = first reference voltage Vref_2 = second reference
voltage Digoff-i = first digital offset Digper = periodic time DigFB-i =
feedback value11 = first current 12 = second current It should be
appreciated that equations 1 and 2 can be adjusted by changing the
constants used in the equations. The constants can be changed in order to
scale the pulse width modulation signal to accommodate differences between
the first and second analog signal. Specifically, the constants may be
changed to accommodate changes between the signal encoding of the first
current and the second current. The equations are based on the physical
behavior of the system. In embodiments where the host system 1 is coupled
to a two-wire bus 4 operating between approximately 4-2OmA, a second
current I2 of approximately 4mA corresponds to 0% while a second current
value of approximately 2OmA corresponds to 100%. The first current values
Ii may be the same as the second, i.e., 4mA-20mA, or may be a different
scale, for example 12mA- 2OmA. Therefore, in embodiments where the first
scale and the second scale are 



different, the constant values can be adjusted to compensate for the
difference and therefore generate a scaled pulse width modulation signal
corresponding to the analog signaling used by the bus loop 4. In addition
to adjusting the constants to accommodate for differences between the first
and second signaling, the constants may also be adjusted to accommodate
different bus instruments. Therefore, even if the bus instrument 10 and the
host system 1 utilize the same signaling, the signal sealer 250 can scale
the signal to adjust the signal for differences among the sensors 13. Thus,
the same signal processor 30 may be used with multiple sensors in multiple
environments simply by changing the constants input into equations 1 and 2.
The constants may be in the form of a look up table, stored in an internal
or external storage system of the signal processor 30, or manually input by
a user/operator. Once the signal sealer 250 generates the scaled pulse
width modulation signal based on the bit stream, the scaled pulse width
modulation signal is converted to a second analog signal that corresponds
to the analog signaling used by the host system 1. It should be appreciated
that the host system 1 is not required to perform any additional scaling of
the signal. Rather any required scaling of the signal is already
accomplished by the signal sealer 250.FIG. 3 shows an algorithm 300
performed by the signal sealer 250 according to an embodiment of the
invention. The algorithm starts in step 301 where the bit stream is
received from the optocoupler 115. If the bit stream value equals 1, the
algorithm moves to step 302 where the pulse width value is calculated by
adding 'A' value from equation 1 to an accumulator (not shown) of the
signal sealer 250. If on the other hand, the bit stream value equals 0, the
algorithm moves to step 303 where the pulse width value is calculated by
adding 'B' value from equation 2 to the accumulator. Thus, the accumulator
generates the pulse width modulation signal based on the number of 'A' and
'B' values in the bit stream. The scaled PWM signal can then be output in
step 404. Once the signal is sent, the algorithm returns to step 301. Based
on the 'A' and 'B' values, the signal sealer 250 can generate a scaled
pulse width modulation signal that 



corresponds to the second analog signal encoding rather than the first
analog signal encoding. Thus, when the signal sealer 250 converts the pulse
width modulation signal into the second analog signal, the correct value is
represented in the second analog signal. Therefore, even if the bus
instrument 10 is operating on a 12-2OmA scale, the pulse width modulation
signal generated corresponds to the 4-2OmA scale used by the host system 1
and the bus loop 4. The scaling substantially prevents an error from
occurring due to a difference in signaling between the bus instrument 10
and the host system 1. FIG. 4 shows the signal processor 30 according to
another embodiment of the invention. The signal processor 30 shown in FIG.
4 is configured to receive a first analog signal, convert the analog signal
to a digital representation, generate a PWM signal based on the digital
signal, transmit the PWM signal through the optocoupler, scale the PWM
signal using a PWM decoder 442, and convert the scaled signal back into a
second analog signal, wherein the first and second analog signal may or may
not comprise the same value. In addition to the components shown in FIG. 2,
the signal processor 30 of FIG. 5 also includes a pulse width generator 241
and a pulse width decoder 242. According to an embodiment of the invention,
the pulse width generator 241 generates a PWM signal based on the serial
bit stream received from the analog-todigital converter 240. The PWM signal
can then be transmitted via the optocoupler 115. According to an embodiment
of the invention, the pulse width decoder 242 scales the PWM signal
received from the receiver light source 123 into a signal useable by the
busloop 4. The scaled PWM signal can then be converted into a second analog
signal and output to the bus loop 4. This is in contrast to the signal
processor shown in FIG. 2, which scales the signal while generating the PWM
signal. Therefore, the signal processor 30 of FIG. 4 requires an additional
step by requiring the pulse width decoder 242 to scale the PWM signal. It
should be appreciated however, that overall, the signal processor 30 of
FIG. 4 is still capable of scaling a signal prior to outputting it to the
bus loop 4. Therefore, the bus instrument 10 and the host system 1 may
still operate using different signaling or different scales. 



According to another embodiment of the invention, the Pulse width generator
241 scales the PWM signal as described above prior to sending the signal to
the optocoupler 115. Therefore, the pulse width decoder 242 only needs to
convert the scaled PWM signal into a second analog signal prior to
outputting the signal to the bus loop 4. Although the above description has
described the signal processor 30 as comprising a component separate from
the bus instrument 10, it should be understood that in some embodiments,
the signal processor 30 comprises an integral component of the bus
instrument 10. Therefore, according to an embodiment of the invention, the
bus instrument electronics 20 can generate a scaled PWM signal and convert
the scaled PWM signal into a second analog signal prior outputting a
signal. Furthermore, although the above description has discussed the
signal processor 30 in combination with a bus instrument 10, it should be
appreciated that the scaling that occurs within the signal processor 30 is
equally applicable to any input analog signal. Furthermore, the signal
processor 30 does not need to be connected to a bus loop 4. The discussion
of the invention in relation to those components is merely for the purpose
of aiding in the understanding of the invention and should in no way limit
the scope of the invention. The claimed invention as described above
provides a signal processing system 100 capable of transmitting a signal
between two or more loop systems that may be operating under different
encoding schemes. The signal processing system 100 is configured to scale
the input digital signal into a signal that corresponds to the encoding
scheme of the second analog signal rather than the first analog signal.
Thus, the delivered digital signal can be converted back into an analog
signal without further processing.The detailed descriptions of the above
embodiments are not exhaustive descriptions of all embodiments contemplated
by the inventors to be within the scope of the invention. Indeed, persons
skilled in the art will recognize that certain elements of the
above-described embodiments may variously be combined or eliminated to
create further embodiments, and such further embodiments fall within the
scope and teachings 



of the invention. It will also be apparent to those of ordinary skill in
the art that the above-described embodiments may be combined in whole or in
part to create additional embodiments within the scope and teachings of the
invention. Thus, although specific embodiments of, and examples for, the
invention are described herein for illustrative purposes, various
equivalent modifications are possible within the scope of the invention, as
those skilled in the relevant art will recognize. The teachings provided
herein can be applied to other bus loop electronics, and not just to the
embodiments described above and shown in the accompanying figures.
Accordingly, the scope of the invention should be determined from the
following claims.CLAIMS We claim: 1. A signal processor (30) configured to:
receive a first analog signal; convert the first analog signal into a
digital signal; transmit the digital signal across an electrical barrier;
generate a scaled pulse width modulation signal based on the digital
signal; and convert the scaled pulse width modulation signal into a second
analog signal. 2. The signal processor (30) of claim 1, wherein the
electrical barrier comprises an optocoupler ( 115). 3. The signal processor
(30) of claim 1, further configured to scale the pulse width modulation
signal based on a difference between a first analog signal encoding
utilized by a bus instrument (10) coupled to an input of the signal
processor (30) and a second analog signal encoding utilized by a bus loop
(4) coupled to an output of the signal processor (30). 4. The signal
processor (30) of claim 1, wherein the digital signal comprises a serial
bit stream. 5. A bus loop system (100) including a bus instrument (10)
electrically isolated from a bus loop (4) with a signal processor (30),
comprising: 



an analog-to-digital converter (240) adapted to convert a first analog
signal received by the bus instrument into a digital signal; a signal
transmitter ( 115) adapted to transmit the digital signal to a signal
sealer (250); wherein the signal sealer (250) is adapted to convert the
digital signal into a scaled pulse width modulation signal and convert the
scaled pulse width modulation signal into a scaled second analog signal.6.
The bus loop system (100) of claim 5, wherein the signal transmitter ( 115)
comprises an optocoupler adapted to electrically isolate the bus instrument
(10) from the bus loop (4). 7. The bus loop system (100) of claim 5,
wherein a first analog signal encoding is different from a second analog
signal encoding. 8. A signal processor (30), configured to: receive a first
analog signal; convert the first analog signal into a digital signal;
generate a pulse width modulation signal based on the digital signal;
transmit the pulse width modulation signal across an electrical barrier;
and convert the pulse width modulation signal into a scaled second analog
signal. 9. The signal processor (30) of claim 8, further configured to
scale the digital signal based on a difference between a first analog
signal encoding utilized by a bus instrument (10) coupled to an input of
the signal processor (30) and a second analog signal encoding utilized by a
bus loop (4) coupled to an output of the signal processor (30). 10. A
method for transmitting signals from an analog signal generator to an
analog signal receiver, comprising the steps of: generating a first analog
signal; converting the first analog signal into a digital signal;
transmitting the digital signal across an electrical barrier; generating a
scaled pulse width modulation signal based on the digital signal; and
converting the scaled pulse width modulation signal into a scaled second
analog 



signal. 11. The method of claim 10, further comprising using an optocoupler
to transmit the digital signal.12. The method of claim 10, wherein the
scaled second analog signal is based on a difference between a first analog
signal encoding utilized by the analog signal generator and a second analog
signal encoding utilized by the analog signal receiver. 13. A method for
transmitting signals from an analog signal generator to an analog signal
receiver, comprising the steps of: receiving a first analog signal;
converting the first analog signal into a digital signal; generating a
pulse width modulation signal based on the digital signal; transmitting the
pulse width modulation signal across an electrical barrier; and converting
the pulse width modulation signal into a scaled second analog signal. 14.
The method of claim 13, further comprising using an optocoupler to transmit
the digital signal. 15. The method of claim 13, wherein the scaled second
analog signal is based on a difference between a first analog signal
encoding utilized by the analog signal generator and a second analog signal
encoding utilized by the analog signal receiver. 


