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Abstract. Calibration is an important step towards building reliable
IoT systems. For example, accurate sensor reading requires ADC calibration, and power monitoring chips must be calibrated before being
used for measuring the energy consumption of IoT devices. In this paper, we present ProCal, a low-cost, accurate, and scalable power calibration tool. ProCal is a programmable platform which provides dynamic
voltage and current output for calibration. The basic idea is to use a
digital potentiometer connected to a parallel resistor network controlled
through digital switches. The resistance and output frequency of ProCal
is controlled by a software communicating with the board through the
SPI interface. Our design provides a simple synchronization mechanism
which prevents the need for accurate time synchronization. We present
mathematical modeling and validation of the tool by incorporating the
concept of Fibonacci sequence. Our extensive experimental studies show
that this tool can significantly improve measurement accuracy. For example, for ATMega2560, the ADC error reduces from 0.2% to 0.01%.
ProCal not only costs less than 2% of the current commercial solutions,
it is also highly accurate by being able to provide extensive range of
current and voltage values.
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Introduction

One of the main capabilities of IoT devices is sensing. To this end, sensors such as temperature, pressure, humidity, and acoustic, are connected to
analog-to-digital converters (ADC) of IoT devices. Confidence about accuracy
is particularly important for mission-critical applications such as monitoring
a tank’s temperature, a pipe’s pressure in a chemical factory, or human vital
signs [6]. Without calibration, for example, a 10-bit ADC might result in a 5°C
measurement error. In addition, as IoT devices are usually battery powered, the
energy of these devices should be carefully measured and optimized based on
application requirements. Studies show that it is important for the embedded
power monitor to continuously keep track of power consumption, so that node

