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The advancement of microsensors in the age of IoT and Industry 4.0
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Sensors are devices that receive input and produce an analog
or digital output signal. They are found in almost every aspect of
human activity, from robotics, medical devices, consumer
electronics, automobiles, to residential appliances and industrial
automation'. In recent years, the rapid increase of interconnected
devices that are connected to the internet has defined a new
technological term: the “Internet of Things” (IoT). IoT has created
a demand for acquiring, collecting, and processing vast amounts
of data, thus shaping the upcoming new industrial revolution
“Industry” 4.0,

Consequently, a new area of need has emerged: the
development of machine-to-machine communication (M2M)
middleware applications and the expansion of their envisioned
usel’’. In this context, sensory device requirements have changed
from transforming a signal and passing the information to a micro-
computer, a database, or a controller, to processing the raw data
on the device (edge) and communicating their result (sensor fusion)
to another device®. This data mining process has often involved
implementing big data and AI data processing and mining
techniques or extending the capabilities of current systems
infrastructure. Moreover, recent literature has provided many new
designs of highly sensitive and efficient microsensors in the fields
of microfabrication, surface modification, and signal processing®"..

To further develop this inter-connected system that uses
smart devices, scientists have needed to enhance the capabilities
of current sensor technologies!®. As such, the term “microsensor”,
which was first introduced in the 1980s, has resurfaced and aims
to describe low-cost and low-power small-size devices that are
either applied on current devices or via intergraded circuits.
Microsensors have different forms depending on what they aim to
measure and vary in their physical quantities. Some of the physical
quantities that are frequently encountered and require
measurement are speed, position, temperature, force, fluid flow,
level, pressure, and acceleration.

Therefore, microsensors can be categorized based on the
input signal as!”*):

e Thermal sensors (e.g., temperature)
e Mechanical sensors (e.g., pressure, torque)
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Chemical sensors (e.g., pH, gas)

Biosensors (e.g., proteins, DNA)

Optical sensors (e.g., light sensors)
e Radiant microsensors (e.g., UV/infrared light, radiation)

Additionally, depending on their properties, there are 3 types of microsensors!® "

e Biochips: perform multiple biochemical reactions simultaneously on a single chip!.

e Nanosensors: detect and respond to physical or chemical stimuli in the nanoscale range!'!l.
e Micro-electro-mechanical systems: perform actuated decisions and control mechanical systems
on a microscale level''?,

The types of microsensors based on their input signals and their properties are presented in Figures
1 and 2 respectively.
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Figure 1. Types of microsensors based on the input signal.
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Figure 2. Types of microsensors based on their properties.
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A Dbetter understanding of physical phenomena and the development of new materials have resulted
in the construction of sensors with high accuracy, fast response, and a wide measurement range.
Specifically, the future of microsensors does not lie in following Moore’s law i.e., decreasing their size
and augmenting their hardware capabilities but rather in focusing on ubiquitous and edge computing.
This means that scientists focus on treating each sensor node as a unique and autonomous entity that
would perform a specific task whether that be communication or data acquisition and mining. As for
future works, several complex monolithic architectures exist that need to be segmented into small
autonomous microsensors that will be independently used in a variety of applications to provide systems
a boost in performance and fault tolerance.

Microsensors are expected to revolutionize and influence almost every aspect of human activity.
Our journal aims to highlight the importance of microsensors and their rapid advancement in the areas
of engineering, microelectronics, and emerging sensor technologies.
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