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(57 ABSTRACT

A signal conditioning amplifier receives an input signal from
an input such as a transducer. The signal is amplified and
processed through an analog to digital converter and sent to
a processor. The processor estimates the input signal pro-
vided by the transducer to the amplifier via a multiplexer.
The estimated input signal is provided as a calibration
voltage to the amplifier immediately following the receipt of
the amplified input signal. The calibration voltage is ampli-
fied by the amplifier and provided to the processor as an
amplified calibration voltage. The amplified calibration volt-
age is compared to the amplified input signal, and if a
significant error exists, the gain and/or offset of the amplifier
may be adjusted as necessary.
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from the spirit of the invention are intended to be included
within the scope of the appended claims.
Having thus set forth the nature of the invention, what is
claimed herein is:
1. A method of calibrating a signal conditioner amplificr
comprising the steps of:
| receiving an input signal;
providing the input signal at a first input to a multiplexer,
said multiplexer also configured to reccive a calibration
signal at a second input;

providing the input signal to an amplifier having a pro-
grammable gain initially set at a present channel gain,
said amplifier receiving the input signal from an output
of the multiplexer, said amplifier providing an ampli-
fied output of the input signal;

an analog-to-digital converter receiving the amplified
output of the amplifier and providing a digitized signal;
a processor receiving the digitized signal and outputting
digital data; following the receipt of the digitized
signal, the processor calculating an estimated input
signal based on the received digitized signal and the
present channel gain of the amplifier,
providing said estimated input signal as the calibration
signal to the multiplexer at the second input which is
then transmitted to and amplified by the amplifier to
provide an amplified calibration signal; and
the amplified calibration signal is then processed by the
analog-to-digital converter and received by the proces-
i sor with said processor comparing the amplified cali-
I bration signal to the digitized signal.
2. The method of claim 1 wherein the input signal is
received as a voltage.

3. The method of claim 1 wherein the calibration signal is
provided as a voltage.

4. The method of claim 1 wherein the amplifier is pro-
vided with a programmable gain and a channel offset.

5. The method of claim 1 further comprising a filter which
receives the input signal and provides a filtered signal to the
input of the multiplexer.

6. The method of claim 2 wherein the voltage is provided
by a transducer.

7. The method of claim 3 wherein the calibration voltage
is provided to the multiplexer by a programmable reference
voltage generator.

8. The method of claim 7 wherein the programmable
reference voltage generator receives an input from an ultra-
stable voltage reference.

9. A method of calibrating a signal conditioner amplifier
comprising the steps of:

receiving an input signal;

providing the input signal at a first input to a multiplexer,

said multiplexer also configured to receive a calibration
signal at a second input;

providing the input signal to an amplifier having a pro-

grammable gain initially set at a present channel gain,
said amplifier receiving the input signal from an output
of the multiplexer, said amplifier providing an ampli-
fied output;

an analog-to-digital converter receiving the amplified

output of the amplifier and providing a digitized signal;

a processor receiving the digitized signal and outputting

digital data; following the receipt of the digitized
signal, the processor calculating an estimated input
signal based on the received digitized signal and the
present channel gain of the amplifier,
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providing said estimated input signal as the calibration
signal to the multiplexer at the second input which is
then transmitted to the amplifier to provide an amplified
calibration signal; and
5 the amplified calibration signal is then processed by the
analog-to-digital converter and received by the proces-
sor with said processor comparing the amplified cali-
bration signal to the digitized transducer signal;

The method of claim 1 wherein the estimated input signal
is generated by subtracting a present channel offset
from the digitized signal and then dividing by a system
present channel gain.

10. A method of calibrating a signal conditioner amplifier

comprising the steps of:

receiving an input signal;

providing the input signal at a fit input to a multiplexer,
said multiplexer also configured to receive a calibration
signal at a second input;

providing the input signal to an amplifier having a pro-
grammable gain initially set at a present channel gain,
said amplifier receiving the input signal from an output
of the multiplexer, said amplifier providing an ampli-
fied output;

an analog-to-digital converter receiving the amplified
output of the amplifier and providing a digitized signal;

a processor receiving the digitized signal and outputting
digital data; following the receipt of the digitized
signal, the processor calculating an estimated input
signal based on the received digitized signal and the
present channel gain of the amplifier,

providing said estimated input signal as the calibration
signal to the multiplexer at the second input which is
then transmitted to the amplifier to provide an amplified
calibration signal; and

the amplified calibration signal is then processed by the’
analog-to-digital converter and received by the proces-
sor with said processor comparing the amplified cali-
bration signal to the digitized transducer signal;

The method of claim 1 wherein a difference between the
digitized signal and the amplified calibration signal is
calculated as an error, and the error is utilized to
determine whether adjustment at least one of the
present channel gain and an offset is necessary.

11. The method of claim 10 wherein if the error is within

a preset limit, no adjustment is made to the present channel
gain and offset of the signal conditioning amplifier.

12. A method of calibrating a signal conditioner amplifier

comprising the steps of: receiving an input signal;
providing the input signal at a first input to a multiplexer,
said multiplexer also configured to receive a calibration
signal at a second input;

providing the input signal to an amplifier having a pro-
grammable gain initially set at a present channel gain,
said amplifier receiving the input signal from an output
of the multiplexer, said amplifier providing an ampli-
fied output;

an analog-to-digital converter receiving the amplified
output of the amplifier and providing a digitized signal;

a processor receiving the digitized signal and outputting
digital data; following the receipt of the digitized
signal, the processor calculating an estimated input
signal based on the received digitized signal and the
present channel gain of the amplifier,

providing said estimated input signal as the calibration
signal to the multiplexer at the second input which is
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then transmitted to the amplifier to provide an amplified
calibration signal; and

the amplified calibration signal is then processed be the
analog-to-digital converter and received by the proces-
sor with said processor comparing the amplified cali-
bration signal to the digitized transducer signal;

The method of claim 10 wherein if the error is outside of
a preset limit, the processor provides a signal to the
amplifier to adjust at least one of the present channel
gain and thc channct Gisci.

13. The method of claim 12 wherein the output of the
amplifier is linear according to a formula: output voltage
equals channel offset plus the product of input voliage
multiplied by channel gain.

14. The method of claim 12 wherein the preset limit is
ZeTo0.

15. The method of claim 13 wherein at least two amplified
calibration signals and their respective amplified input sig-
nals arc compared by the processor to adjust at least one of
the channel gain and channel offset.

16. A method of calibrating a signal conditioner amplifier
comprising the steps of:

receiving an input signal;

providing the input signal at a first input to a multiplexer,
said multiplexer also configured to receive a calibration
signal at a second input;

providing the input signal to an amplifier having a pro-
grammable gain initially set at a present channel gain,
said amplifier receiving the input signal from an output
of the multiplexer, said amplifier providing an ampli-
fied output;

an analog-to-digital converter receiving the amplified
output of the amplifier and providing a digitized signal;

a processor receiving the digitized signal and outputting
digital data; following the receipt of the digitized
signal, the processor calculating an estimated input
signal based on the received digitized signal and the
present channel gain of the amplifier,

providing said estimated input signal as the calibration
signal to the multiplexer at the second input which is
then transmitted to the amplifier to provide an amplified
calibration signal; and

the amplified calibration signal is then processed by the
analog-to-digital converter and received by the proces-
sor with said processor comparing the amplified cali-
bration signal to the digitized transducer signal;

The amplifier of claim 1 wherein the estimated input
signal is calculated at a sampling frequency greater
than the Nyquist frequency.

17. A method of calibrating a signal conditioning ampli-

fier comprising the steps of:

a transducer providing an input voltage to a multiplexer;

a multiplexer receiving the input voltage;

a programmable gain amplifier receiving an input from an
output of the multiplexer, said amplifier providing an
output by amplifying the output received from the new
signals;
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an analog-to-digital converter receiving the output of the
amplifier and providing a digitized signal;

a processor receiving the digitized signal and outputting
digital data, said processor also at intervals estimating
the value of the input voltage from the transducer as an
estimated input signal;

providing the estimated input signal as a calibration signal
to the multiplexer;

e2id multiplexer providing thc calibraiion sigaal v the
amplifier which is amplified as an amplified calibration
signal;

said amplified calibration signal then provided to the
analog-to digital converter which is ithen received by
the processor, and then comparing said amplified cali-
bration signal to the digitized signal.

18. The method of claim 17 wherein the intervals are

periodic.

19. A method of calibrating a signal conditioning ampli-
fier comprising the steps of:

a transducer providing an input voltage 10 a multiplexer;

a multiplexer receiving the input voltage;

a programmable gain amplifier receiving an input from an
output of the multiplexer, said amplifier providing an
output;

an analog-to-digital converter receiving the output of the
amplifier and providing a digitized signal;

a processor receiving the digitized signal and outputting
digital data, said processor also at intervals estimating
the value of the input voltage from the transducer as an
estimated input signal;

providing the estimated input signal as a calibration signal
to the multiplexer;

said multiplexer providing the calibration signal to the
amplifier which is amplified as an amplified calibration
signal;

said amplified calibration signal then provided to the
analog-to-digital converter which is then received by
the processor, and then comparing said amplified cali-
bration signal to the digitized signal; and

the programmable gain amplifier has a present channel
offset and a present channel gain and substantially
operates under the equation voltage out equals channel
offset plus the product of channel gain multiplied by
voltage in, and said processor utilizes present channel
gain and present channel offset to estimate the esti-
mated input signal.

20. The amplifier of claim 19 wherein a difference
between the amplified calibration signal and the digitized
signal is an error, and when comparing the amplified cali-
bration signal to the digitized signal, if said error exceeds a
predetermined limit, said processor provides a signal to
adjust at least one of the present channe] gain and present
channel offset of the amplifier.
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