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Wireless sensor networks (WSNs) implemented in the
paradigm of the Internet of Things (IoT) are
characterized by a large number of distributed sensor
nodes that make measurements in-the-field.
Sensor-to-microcontroller direct interface (SMDI) is a
technique used for the measurement of resistive
sensors without the use of an ADC. In SMDI based
measurements, the sensor is directly interfaced with
the digital input-output pins of the general purpose
input output (GPIO) interface of microcontrollers and
FPGAs. Compared with the measurements performed
with an ADC, SMDI is characterized by lower cost and
lower power consumption.
The impact of electrical noise on the accuracy of
resistive sensor measurements using SMDI is
investigated and compared with the reference case of
measurements carried out with a 12-bit ADC.

SMDI exploits the Schmitt triggers integrated in the
GPIO interface of microcontrollers to create an astable
oscillator whose period is measured to estimate the
resistive sensor value RT.

Electrical level simulations with Spice were carried out
for seven values of RT, nine values of the peak-to-peak
voltage (Vnoise,PP) and two measurement setups:
1) SMDI based measurements (using a Schmitt trigger
with threshold voltages VH = 1.9V and VL = 1.4V).
2) ADC based measurements (using the 12-bit
differential input ADC LTC2311-12).

In SMDI measurements, the average value of RT
decreases linearly with the increase of Vnoise,PP and
deviates from its nominal value as Vnoise,PP increases.
The relative deviation (in percent) of the measured
resistance RT from its nominal value can be defined by:
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where RT,meas is the measured value of the resistive
sensor while RT is its nominal value. For low levels of
noise (Vnoise,PP=1.25 mV), SMDI achieves very good
accuracy (ΔERROR < 1%, i.e. better than ADC). For high
levels of noise (Vnoise,PP=100 mV), SMDI achieves poor
accuracy (ΔERROR > 10%, i.e. worse than ADC).

The accuracy of resistive sensor measurements by
SMDI in presence of high levels of noise can not be
improved by averaging on multiple samples.
A possible solution to mitigate the impact of noise was
proposed using a new measurement setup.

A novel measurement setup is proposed, that features
a digital potentiometer Rref and an analog switch SW. It
can be used to characterize the noise signal and to
compensate the measured value of RT.


