
Highlights in Science, Engineering and Technology BEHDP 2024 

Volume 102 (2024)  

 

346 

Comparative Analysis of Traditional Sensors and Machine 
Learning-Enhanced Sensors: Innovations and Implications 

Qianli Feng *,1 and Zeyu Long 2 

1 University of Sydney, Sydney, Australia,  

2 RDFZ Chaoyang School, Beijing, China 

* Corresponding Author Email: fengqianlisg@126.com 

Abstract. This review delves into the increasingly intertwined realms of machine learning and sensor 
technology, particularly spotlighting their convergence in medical and related fields. The recent 
upsurge in recognition of computer technology, in tandem with rapid strides in hardware, has 
catapulted machine learning to the forefront of innovation. Sensor technology, while a more mature 
field, continues to evolve, solidifying its crucial role in medical and biological research. The paper 
offers a comprehensive examination of existing sensor technologies, focusing on how their 
integration with machine learning not only overcomes traditional limitations but also significantly 
boosts their capabilities. This symbiosis enhances data accuracy, interpretation, and utility, paving 
the way for groundbreaking applications in diagnostics, monitoring, and treatment. However, despite 
these advancements, the fusion of machine learning with sensor technology is not without 
challenges. Issues such as data privacy, algorithmic bias, and the need for extensive training 
datasets are among the critical concerns that need addressing. Looking forward, the review 
contemplates potential future directions, including the development of more sophisticated algorithms, 
improved sensor accuracy, and the integration of these technologies into more personalized and 
accessible healthcare solutions. The convergence of machine learning and sensor technology, while 
still in its early stages, holds vast potential for transforming medical practices and fostering broader 
scientific discovery. 
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1. Introduction 

Sensors, pivotal in biology and medicine, adeptly transform biological signals into interpretable 

data, utilizing diverse principles and detection methodologies. The sophistication of sensor 

technology today enables the detection of a vast array of biological indicators, ranging from heart rate 

to sweat analysis, encompassing specific tissues and beyond. In medical practice, disease detection 

hinges on this technology, transcending the subjective symptoms reported by patients. Sensors thus 

become a primary tool for diagnosing diseases. Similarly, in biological research, sensor technology 

is instrumental in monitoring animal health and ecology [1]. Tracking heart rate, body temperature, 

and other vital data enhances understanding of ecosystems and organism physiology. The evolution 

of wearable sensors further amplifies this technology's promise. The growing potential of these 

sensing technologies spans both commercial and medical applications. Their roles extend from 

routine health monitoring and quantifying athletic training to integral components in human-

computer interaction. Recent advancements in wearable sensing systems have brought significant 

progress, inching closer to a future where technology offers convenient, preliminary diagnostics 

outside hospital settings and aids physicians in evidence-based diagnosis [2]. Machine learning, a 

technique empowering computers to evolve from experience and handle complex data effectively, 

has emerged post the widespread adoption of computers. Garnering significant attention and 

investment, this technology has witnessed considerable growth. Its applications permeate various 

sectors, including autonomous vehicle navigation, financial market analysis, medical diagnostics, and 

personalized medicine, playing a vital role. 
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However, sensor technology confronts a major hurdle: data processing. The substantial data 

accrued during each assessment often remains underutilized, mainly due to a general lack of expertise 

or time for comprehensive analysis. Machine learning addresses this gap effectively. With its capacity 

to perform nuanced analyses upon accumulating adequate samples, machine learning presents a 

solution to current challenges in sensor technology, enhancing data utility and interpretation. 

2. Conventional sensor 

Now many sensors are being used in various fields. Among them, I will introduce piezoelectric 

sensors. The reason is that it is a very general sensor, and its use has been expanded in recent years 

with the aid of machine learning. 

2.1. Principle of piezoelectric sensor 

This material is a generalization of multiferroic materials and ferroelectric materials. These 

materials can convert the pressure received into an electric charge and emit it. At this point, 

characteristics such as the discharged charge, pressure, and position can be converted into observable 

signals by detecting them. Inertial energy can be collected through resistance to mass acceleration. 

Piezoelectric vibration harvesters use the same principle. But in this device the pressure depends on 

the inertia of the suspended mass in acceleration. Piezoelectric cantilever is the main method to 

achieve this coupling. 

Inorganic piezoelectric materials include zinc oxide. The charge centers of the positive ions of zinc 

and the anions of oxygen have coinciding effect because of their wurtzite crystal structure which 

mean the ions arrange as a tetrahedral shape and placed layer by layer along the c-axis.  

𝐾 = √
energy converted

input energy
, or 𝑘2 =

𝑑2

ε•s
.                             (1) 

In the formula below, d is the piezoelectric coefficient. k is the mechanical coupling coefficient. 

is the dielectric constant. s is for elastic compliance. Through this equation the ratio of energy 

converted and input energy can be determined.  

2.2. Other sensors commonly used for health detection 

Mechanoelectrical sensors include resistive, capacitive, piezo-electric, and triboelectric sensors. 

They have different mechanisms but the same main structure. Electrodes are clamped at both ends of 

the main sensing element.  

The general structure of the four sensors. The principle of resistive sensors is to convert the 

resistance changes generated by pressure into electrical signals. Structure is simple., Fast response to 

pressure, high sensitivity in low pressure environments. 3 

For capacitive sensors, the amount of pressure can be detected by the capacitance change caused 

by the pressure. C = 3r30A/D, where 3r and 30 are the relative permittivity of the material and the 

vacuum permittivity, respectively. However, this technology has a disadvantage, under low pressure, 

the sensing is often not sensitive.  

3. Wearable and Machine learning sensors 

Digitalization and intelligence drive the development of artificial intelligence, which also 

promotes the continuous improvement and innovation of sensors. Several advanced sensor devices, 

such as wearable and machine learning sensors, are also being introduced, which have a wide range 

of applications in medical, health, environmental monitoring, and other scientific fields. Since the 

last century, researchers and scientists have not stopped developing new types of sensors. For 

example, thanks to the development of wearable technology, sensors that are generally used to 

monitor health issues such as motion sensors, Blood glucose detectors, and EGC sensors are also 
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widely used in the medical field and in the home [3]. The advent of smartphones and WiFi technology 

also brought mankind into a smart society. 

3.1. A classic wearable sensors-Wearable sweat sensors 

The body’s sweat from exercise also contains a great deal of physiological information, when 

wearable technology didn’t exist yet, non-invasive health monitoring was often used, with limitations 

that prevented the effective detection of human health conditions [4]. However, the latest wearable 

technology has overcome many of the traditional shortcomings and can provide a deeper 

understanding of the body’s physiological information and health status [5].  

The principle of wearable sensors is similar to other wearable sensors, converting the detected 

chemical and biological components of sweat into electrical signals that generate data on a computer 

or smartphone to understand a person’s health. As shown in Figure 1. 

 

Figure 1. This diagram shows the basics of wearable sweat sensors in detail, which convert 

chemical and biological components such as glucose, DNA, and protein detected in sweat into 

electrical signals using wearable sensors and transmit information to a display screen (Photo/Picture 

credit: Original). 

3.2. Appropriate materials. 

Choosing the right materials is important for developing advanced wearable sweat sensors, the 

performance of the sensor also depends greatly on the sensitive element [6]. Traditional flexible 

materials such as PET are not suitable for prolonged use on the skin because they do not conform to 

the skin’s geometry, resulting in inaccurate data. The various advanced materials such as graphene 

with high electron mobility, and high current density, carbon nanotubes with better conductivity and 

chemical stability, and other biocompatible materials such as silicone can reduce the risk of skin 

allergic reaction. As shown in Figure 2. 

 

Figure 2. This image illustrates several advanced materials suitable for wearable sweat sensors 

(Photo/Picture credit: Original). 
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3.3. Machine learning sensors 

Breakthroughs in Big data and cloud computing have driven the development of Machine learning 

and profoundly impacted sensor technology. Machine learning is a powerful tool that is a branch of 

the field of artificial intelligence, studies involving statistical algorithms that allow computers to learn 

from data to improve performance in performing tasks without the need for explicit programming [7]. 

An analytical model to be precise. The basic principle of Machine learning sensors is to pass the 

collected signals through machine algorithms so that valid data can be derived and transmitted to a 

computer. Machine learning sensors also have a wide range of applications in speech and face 

recognition, medicine, and agriculture. As shown in Figure 3. 

 

Figure 3. This image depicts the fundamentals of machine learning sensors (Photo/Picture credit: 

Original). 

3.4. Comparison between common and wearable and machine learning sensors 

Wearable and machine learning sensors, as very advanced technologies, have many advantages 

that ordinary sensors do not have. Wearable sensors can be attached directly to a person's skin and 

can detect the body's health anytime, anywhere, which means that users can monitor their health 

during exercise, leisure, and work, and are no longer limited to a single location, convenience and 

comfort compared to common sensors. For machine learning, it is more able to derive meaningful 

information from data [8]. Where common sensors collect and transmit signals directly from the 

environment, which may make the signals inaccurate, Machine learning sensors, on the other hand, 

learn and analyze data through a series of complex processes to provide more accurate and effective 

information and be more flexible.  

3.5. Future outlook  

Despite breakthroughs in wearables and machine learning, there's still a long way to go in the 

future, especially for machine learning sensors, where research and development are only in their 

infancy and there are many shortcomings, the innovative and complex nature of the technology leads 

to high testing costs in many areas such as biosensing and also takes into account more factors 

affecting machine learning sensors such as temperature, noise, and so on [9]. In the future, sensors 

will be more digital and intelligent, combining wearable technology with machine learning, to capture 

more valid data and analyze it more accurately and quickly, Further integration of physics, chemistry, 

biomedicine, and electrophysiology for more in-depth detection of the body's physiological 

information, realize the integration of collection, sensing, analysis, human-computer interaction, 

machine algorithms, etc [10]. 

4. Conclusion 

The journey from conventional sensors to their wearable and machine-learning-integrated 

counterparts marks a significant evolution, one that has become integral to daily life and the 

technological sector. These sensors, transitioning from basic data collection to advanced 

interpretation, harness environmental, industrial, and healthcare data, converting it into actionable 

insights. As technology progresses and research interest intensifies, traditional sensors no longer 
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suffice due to escalating demands for complexity and enhanced functionality. The advent of wearable 

technology and artificial intelligence stands at the forefront of sensor evolution, driving advancements 

and diversifying application scopes. These technologies enable continuous monitoring and provide 

more accessible services, enhancing human-computer interactions and ensuring more efficient data 

processing and information retrieval. The fusion of wearable technology with machine learning is 

pivotal for future developments. It promises not only continuous innovation but also the resolution of 

existing technical challenges. This synergy is anticipated to catalyze the creation of a smarter, more 

interconnected living environment. It paves the way for sensors that not only gather data but also 

learn from it, offering personalized insights and adapting to individual needs. The implication of this 

evolution extends beyond mere convenience; it heralds a transformative era where technology 

seamlessly integrates into the fabric of daily life, augmenting human capabilities and enriching 

experiences. 
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