Simple digital filter

cleans up noisy data

Richard Rice, Oconomowoc, WI

Many systems use an ADC to
sample analog data that tem-
perature and pressure sensors produce.
Sometimes, system noise or other fac-

tors cause the otherwise slowly fluctu-
ating data to “jump around.” To reduce
higher frequency noise, designers often
install an analog RC (resistor-capaci-

tor) lowpass filter between the sensor
and the analog-to-digital-conversion
stage. However, this approach is not
always ideal or practical. For example,
a long time constant of minutes would
require very large values for R and C.
Figure 1 shows an analog RC lowpass
filter and its design equations. As an
alternative, you can clean up noisy sig-
nals that remain within the ADCs lin-



ear range by using the digital equivalent
of an analog RC lowpass filter. The fil-
ter’s software comprises only two lines
of Ccode: LP, . =LP, /K, where the
output value of the filter is LP, . divid-
ed by a constant, and LP, .=
LP, .+LP—LP.,;, where you add
the difference between input and out-
put to update LP, ... You specify all
variables as integers.

Each time the analog-to-digital con-
version acquires a new input sample,
LP,, the software produces an output
value, LP , which comprises a low-
pass-filtered version of the input sam-
ples. Calculate the value of the con-
stant, K, based on the sampling rate of
the system and the desired time con-
stant for the filter as follows: K=
TXSPS, where K>1, and SPS is the
system’s sampling rate. For example, for
a system-sampling rate of 200 sam-

ples/sec and a desired time constant of
30 sec, the constant K would equal
6000 samples. Applying a step change
to the routine’s input requires 6000
samples to reach approximately 63% of
its final value at the output.

The lowpass accumulator, LP, ..,
can grow large for large time constants
and large input values. It can grow as
large as K times the largest possible
LP,, value. Under these conditions,
you need to make sure that LP, . does
not overflow, and you may need to
specify a larger data type to contain
LP, . To avoid a long settling time
during start-up, before the start of the
sampling loop, you can initialize
LP, .. toavalue of K times the current
input value.

You can extend the basic filter con-
cept presented to accommodate high-
er order filters with greater high-fre-
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T=RXC, AND F=1/(2XmXT),
WHERE T IS THE TIME CONSTANT
IN SECONDS, AND F IS THE
CUTOFF —3-dB FREQUENCY.

Figure 1 In some circumstances,
a classic RC lowpass filter does
an adequate job of removing
noise from signals.

quency rejection by executing multiple
filter code segments in sequence. Also,
you can use an array of variables for
LP, . and an array of values of the con-
stant K to filter signals that multiple

data channels acquire.EDN



