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Since ancient times the monitoring of physical parameters like temperature, wind velocity, atmospheric pressure, tilt, and force, among others, has been important for humanity. The first sensors or devices to measure such parameters were bulky. In addition, they were inaccurate, as the user or observer was in charge of reading and interpreting the sensor signal. Nonetheless, the data gathered with such devices were useful for navigation and astronomy.

Nowadays, our society is more industrialized, and we use, and to some extent depend on, a myriad of sophisticated devices, machines, and instruments. The performance and functionalities of such devices, machines, and instruments depend indirectly on the diverse high-precision sensors installed within them. Therefore, there has been an increasing need for more and more sensors. Such sensors are used to monitor parameters as diverse as liquid level, flow, temperature, pressure, magnetic fields, acoustic signals, distance, proximity, inclination, rotation, touch, motion, light intensity, acceleration, color, and many others. Presently, sensors are being used to monitor physical parameters even in the most hostile or challenging of environments, such as, for example, force and ultrasound inside the human body, acoustic waves in the deep sea, pressure in turbines and oil wells, and rotation and acceleration in space.

Sensors can provide data and information on multiple physical parameters that are crucial for controlling diverse industrial processes or that are vital in medical applications, meteorology, or scientific research. That is the reason why these sensors have become ubiquitous. Sensors provide useful data on the environment where they are located, which is vital for the performance and functionality of devices and machines. They also provide continuous information on the status or health of structures, materials, or devices wherein they are embedded. Thus, they are placed at multiple points to collect as much data as possible on diverse physical parameters. In this manner, sensors make materials, devices, or structures, smart, more efficient or functional, and safer.

In most cases, sensors only provide data on a single parameter, the one they are conceived for, but in more recent applications, two or more sensors work together. For example, accelerometers and gyroscopes in unmanned aircraft provide more information to the aircraft itself, such as position, altitude, distance traveled, etc. Accelerometers and gyroscopes in wearable devices or in sporting equipment work together to provide information as diverse as distance traveled by a person, the number of impacts, the power and location of the impact, etc. All this information helps athletes to improve their performance.

Presently, it is impossible to conceive critical infrastructures, vehicles, instruments, cities, homes, gadgets, etc., without multiple physical sensors. The mission of such sensors is to provide real-time data on a number of parameters ranging from temperature, acceleration, and sound, to tilt or beats of a person's heart. Thanks to sensors, critical infrastructures such as pipelines, roads, buildings, instruments, vehicles, etc., have “artificial nerves” or senses. Modern medical instruments and surgical robots, for example, include several sensors that monitor not only parameters of medical relevance but also physical parameters like force or pressure that provide haptic feedback. Another example is self-driving cars, in which a massive number of parameters are constantly monitored to make them more secure and cleaner. A third example includes the sensors in smartphones and watches. Such sensors provide data as diverse as a person's heart rate, the status of the battery, the orientation of the screen, proximity to an object, or the intensity of the ambient light.

The general trend to make everything smarter, safer, or cleaner, as well as the trend to add more functionalities to instruments, devices, gadgets, smartphones, appliances, etc., has increased the demand for monitoring more parameters in diverse circumstances. This, in turn, has increased the types of sensors and the technologies used to fabricate them. In general, electronic sensors are preferred in a wide variety of applications, as they have small dimensions, have low weight, and are reliable and cost-effective. However, electronic sensors may not work properly or may not be appropriate or recommended for certain applications. In some situations, optical sensors are the only viable solution, as they are insensitive to electromagnetic interference (Du et al., 2020). Modern endoscopes, for example, include fiber optic force and acoustic sensors and monitor such parameters inside the human body. Optical fibers are also used to monitor strain, temperature, and vibrations (Fernández-Ruiz et al., 2020) at millions of points in critical infrastructures such as pipelines, power lines, perimeters, and borders.

So, the obvious question is: what are the grand challenges for physical sensors in the years to come? There is no simple answer to this question, as the applications of sensors are diverse, and many different types of sensors exist.

Let us start with the challenges from the scientific point of view. The frontiers of physical sensors regarding sensitivity, resolution, measuring range, precision, accuracy, etc., are expanded almost every day. Undoubtedly, nano and quantum technologies (Dowran et al., 2018; Mitchell and Alvarez, 2020) will contribute to pushing the limits of physical and other sensors. By using single or entangled photons or other quantum resources the sensitivity of optical and electronic sensors can be improved beyond the so-called shot-noise limit. Therefore, in the near future, it will be possible to develop sensors capable of detecting parameters with precision and resolution that today's sensors cannot achieve. The enhancement of sensitivity with squeezed states of light was demonstrated in the gravitational wave detector VIRGO (Acernese et al., 2019). Similar concepts can be used in the development of other highly sensitive quantum sensors. New nanomaterials or effects that appear at the nanoscale can also be used to improve the sensitivity of a sensor or to develop completely new, ultra-miniature sensors.

From the technological point of view, the challenge for sensors is to reduce their cost, size, or energy consumption substantially. Fiber optic sensors, for example, are much more expensive than electronic ones. Hence, to reduce the cost of fiber sensors, it is crucial to investigate new approaches to devising such sensors, their components, or the ways they are interrogated. Wearable devices, on the other hand, have limited use due to the short duration of the charge of batteries. Therefore, it would be interesting to investigate new mechanisms for powering sensors (Huang et al., 2020), for example, with the heat or the movement of the human body or with the parameter to be monitored. In autonomous cars, sensors must be less bulky and less expensive; in addition, they must be highly reliable and precise. Moreover, they must respond quickly. Sensors with such attributes will contribute to developing cleaner, more reliable, and affordable self-driving cars.

The processing and interpretation of the data and signals generated by sensors also present important challenges, and this is an interesting area of research in sensor technology. Currently, sensors are used to monitor multiple physical parameters in real time, and this will not change much in the future. In many industrial, scientific, and other applications, sensors can provide massive amounts of data that have to be collected, stored, processed, and interpreted at high speed to provide information in real time. In these cases, concepts and approaches used in artificial intelligence and deep learning (Zhang et al., 2019) and techniques used in big data (Teh et al., 2020) are and will increasingly be taken into account.

We now live in the era of the Internet of Things (IoT), where the biggest challenge for physical (and any other) sensors will be to provide data, at literally every instant, on the parameter they are conceived to monitor as well as to communicate the sensed data to other devices and to learn from the data (Masoud et al., 2019; Muthu et al., 2020). Therefore, in the coming years, we will see sensors that play roles beyond sensing.

The recent global pandemic caused by the coronavirus has presented significant challenges for physical sensors to solve urgent societal needs, for example, temperature sensors to rapidly identify people with fever (Su et al., 2019) in airports and bus/train stations. In this case, the challenge is to measure body temperature without touching people, rapidly, with high precision and, ideally, measuring it for several people simultaneously. Flow and pressure sensors incorporated into breathing aids are also critically important for helping infected people to breathe more easily; hence, such sensors help save lives in intensive care units. On the other hand, smart doors and taps help to avoid propagating the virus, as proximity sensors installed in them can open such doors or taps without touching them. In the near future, we will see how several sensors installed in smartphones work together to help to combat the spread of the coronavirus. Smartphones will provide us with a sophisticated proximity detection system to alert us on possible exposure to infected people.

Physical and other sensors will continue to provide artificial senses and more functionalities to all sorts of things and make them smarter, safer, cleaner, and more friendly for the user. During the recent global pandemic, it is evident that physical sensors are also important and necessary and even can help save lives.
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