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Piezoelectric sensors have proved to be effective in medical diagnostics 

and imaging because of the inbuilt ability of the equipment to sense 

mechanical power into highly sensitive as well as high quality electrical 

signals for the past few years. Artificial intelligence (AI) based sensors 

are rapidly transforming real-time medical imaging since they offer 

automatic information retrieval, enhance the number of signals capture

d, and enable early disease detection. Piezoelectric nanogenerators 

(PENGs) and ultrasonic transducers are already connected to machine 

learning (ML) algorithms and deep learning models to process multifac

eted biomechanical images in real-time and improve the quality of 

diagnosing and do away with the use of traditional imaging modalities. 

The case study focuses on the recent experience with piezoelectric 

sensor technology, its integration with AI to offer real-time medical 

images, its functionality, in what ways it is used, and what problems are 

associated with it. The potential of these systems in development to 

achieve complete autonomy, independent, and clinically proven 

medical imaging systems is also addressed. 

 
"© 2026 by the Author(s). Published by IJAR under CC BY 4.0. Unrestricted use allowed 
with credit to the author." 
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Introduction:- 
Medical imaging is a tradition that has made its way to the modern clinical practice, in which doctors can not only 

diagnose the disease but also monitor the result of the treatment throughout the treatment process and perform 

surgery in a controlled way. The mature imaging systems, which involve X-ray radiography, computed tomography 

(CT), magnetic resonance imaging (MRI), and conventional ultrasound, have contributed greatly to the treatment of 

patients. They are, however, very expensive, time-consuming, and may include heavy equipment and staff training, 

besides time, and this limits their access,especially in resource-strained environments. Constant real-time 

observation that is apparent in cardiovascular diseases, neurological illness, and post-surgical observation is another 

problem that has not been best performed by the traditional imaging modalities [1]. The piezoelectric materials have 

also been given specific focus since they are the easiest units of the next-generation bio-medical sensors, as they can 

produce an electric charge when subjected to mechanical strain. Their transduction characteristics enable them to 

model the physiological mechanical activity, such as heartbeat, breathing flow, and arterial pulse waves, in 

measurable electrical form, and with relative ease, resulting in their application as the most desirable technology in 

non-invasive health monitoring. Miniaturization of such sensors has occurred in the recent past. There has been an 
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entry of flexible and stretchable piezoelectric nanogenerators (PENGs) that have not only expanded the use of the 

technology, but also high-level medical imaging systems [2]. The interrogation between the artificial intelligence 

(AI) and piezoelectric technology of sensing has led to the redesign of medical imaging. The AI algorithms 

(specifically, the convolutional neural networks (CNNs) and recurrent neural networks (RNNs)) are capable of 

processing the large volumes of continuous information generated by piezoelectric sensors and identifying the 

patterns that do not leave an impression but are diagnostically significant. It has led to real-time images as true as 

ever and has made it possible to observe anomalies during the earliest development stages and to automate clinical 

decision support. The case study will touch upon the emerging opportunities in the field of advanced piezoelectric 

sensors and AI in real-time medical imaging, mechanisms, applications, current issues, and future [3]. 

 

Conventional Medical Imaging and the Role of Piezoelectric Sensors:- 
Other mechanisms operate the traditional medical imaging modalities. Ultrasound imaging has been considered as 

one of the most common real-time imaging techniques and already engages the use of piezoelectric transducers in 

the transmission and reception of sound waves. The traditional piezoelectric transducers that have been in use over 

the decades as clinical ultrasound probes are made through the use of lead zirconate titanate (PZT) ceramics. These 

are classic transducers that are tough, cumbersome, and cannot be made to fit into the irregularities of the human 

body, but are being used very commonly. They are non-existent in geometry, and this limits the variables in 

physiology, which ought to be measured and continuously monitored [4]. Nanotechnology and materials science, on 

the other hand, develop more advanced piezoelectric sensor materials which had a significantly improved list of 

properties. Polyvinylidene fluoride (PVDF), zinc oxide (ZnO) nanowires, barium titanate (BaTiO3) nanoparticles, 

and piezoelectric boron nitride nanotubes (BNNTs) are more versatile, biocompatible, and sensitive than traditional 

ceramic materials. The new generation enables one to create wearable (and even implantable) piezoelectric sensors 

that are physically in close contact with the biological tissue, therefore enabling finer-grained measurements of the 

physiology in the least amount of noise achievable. 

 

The other innovation that is used as a source of energy and sensors is the invention of piezoelectric nanogenerators 

(PENGs). The PENGs can encode physiological information by converting the ambient biomechanical energy of the 

body motions, heartbeat, and expansion of lungs to electrical signals. This aspect of self-motive rules out the usage 

of external batteries that is a very crucial feature of long and continuous working systems. Moreover, these sensors 

have also been equipped with wireless communications units, and it has therefore been made possible to remotely 

transmit the information in real-time, and this is where the IoT-enabled medical imaging networks originates 

[5]. Another notable innovation is the flexible piezocomposite ultrasonic sensors, such as an anisotropic composite 

of PZT- 5A /PDMS silver nanowires electrodes. The non-occlusive tracking of vessel wall movement can be 

performed using these sensors, and they have the ability to maximize their acoustic impedance to be at coincidence 

and log arterial waveforms in real time, and no calibration is required. They have found that their results in the 

continuous pressure waveforms of the ulnar artery are discovered by early human research to coincide with the 

clinical ultrasound probes substantially. The latter can be shown by the fact that the piezoelectric sensors are not 

purely passive transducers but also active imaging elements capable of generating diagnostic-quality data. 

 

AI Integration with Piezoelectric Sensors for Real-Time Medical Imaging:- 
The potential possibilities of real-time medical imaging have been reset on a fundamental basis with the combination 

of artificial intelligence and piezoelectric sensors. Piezoelectric sensors generate high-frequency continuous streams 

of biomechanical data, which by definition is convoluted and noisy and multi-dimensional. Without intelligent 

processing, it will be impossible to get actionable, clinically useful information out of such data. This weakness is 

addressed with the help of the AI algorithms, particularly the machine learning (ML) and deep learning (DL) 

models, and will be automated to extract the features, identify the patterns, and classify the diagnoses [6]. One of the 

best AI architectures is also CNNs that are well used in this field. Two- and three-dimensional signal matrices of 

ultrasonic arrays of piezoelectric arrays are processed by CNNs to detect abnormalities in the structure, such as 

tumors, cysts, and vascular blockage, and are as precise as trained radiologists. Categories of Cardiovascular signals 

models, including Hidden Markov Models (HMM), Random Forest (RF) classifiers, have been applied in order to 

enable automated arrhythmias, atrial fibrillation, and blood pressure signal anomalies to be detected directly using 

piezoelectric pulse wave signals. It has been demonstrated that systolic blood pressure (SBP) and diastolic blood 

pressure (DBP) can be predicted using supervised feedforward neural networks using raw arterial pulse waveforms 

obtained by piezoelectric sensors on the wearable. 
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Besides the Internet of Things (IoT) networks, AI-based analytics have also offered the opportunity to perceive 

information as offered by piezoelectric sensors in real-time and on a cloud platform. In this paradigm, self-powered 

piezoelectric sensors will continually measure biomechanical signals and will transmit these findings wirelessly to 

the cloud computing environments, where AI algorithms will be used to analyze such findings and issue clinical 

alerts where an anomaly is detected. Particularly revolutionary is this architecture in remote patient monitoring, 

where high-risk cardiac patients can be monitored continuously without being hospitalized [7]. Other applications of 

generative AI systems, like Generative Adversarial Networks (GANs), have been examined in the enhancement of 

ultrasonic wave field imaging with piezoelectric sensors, and this process has been successfully applied to the time-

intensive quality of the conventional piezoelectric imaging methods. 

 

Piezoelectric actuators are very important since they are electromagnetically immune to the MRI-guided intervention 

setting, and in high-field MRI settings like that of conventional electromagnetic actuators. AI-based digital twin 

frameworks have been constructed to emulate and predict the behavior of piezoelectric robotic instruments in MRI 

scanners to be capable of delivering surgical instruments and therapeutic agents to specific body regions with image 

guidance accuracy and precision. These are the future of minimally invasive surgery guided by images and assisted 

by AI with the precision of piezoelectric actuation and the intelligence of real-time AI decision-making [8]. Another 

potential use is the decision to introduce AI and use it together with piezoelectric to carry out cancer imaging and 

treatment. Piezoelectric nanoparticles can be used to generate local reactive oxygen species (ROS) that are homed to 

tumor cells by focusing ultrasound. With imaging algorithms based on AI algorithms, these systems can provide 

merged therapeutic action and real-time imaging feedback, which can be used to provide closed-loop treatment 

monitoring.  

 

Challenges and Opportunities:- 
Though AI-enhanced piezoelectric sensors have consistently experienced a headbanging progress in the sphere of 

medical imaging, there is still a list of significant challenges that have to be surmounted until such technologies may 

be widely applied in a medical practice. Material-wise, the most useful piezoelectric ceramics, such as lead zirconate 

titanate (PZT), contain lead that is a poisonous heavy metal that poses serious questions of biocompatibility and 

biodegradation in implantable and wearable devices in the long term. Though lead-free piezoelectric materials have 

been explored, such as BaTiO3, PVDF, and BNNTs, these materials have lower piezoelectric coefficients than PZT, 

thus contributing to low signal output and sensitivity [9]. The mechanical discrepancies between the piezoelectric 

sensors and the biological tissue are one of the obstacles that have not yet been surmounted. The modulus of the 

conventional piezoelectric substances is several orders of magnitude greater than that of the soft tissues, and this 

leads to detaching of the sensor, signal artifacts, and pain by the patient during long-term monitoring. New 

composite structures and nanoscale engineering, which are still in the process of research, are required in order to 

develop the most suitable compromise between structural flexibility and piezoelectric performance. 

 

On the AI side, the quality and diversity of training datasets are essential with regard to the reliability of the ML 

models. The piezoelectric-based medical imaging systems make a new quantity of physiological data available, 

never before observed, but only a significant amount of prospective trials on a number of diverse patients will enable 

the clinical use of AI models on such data. The fact that sensor performance naturally varies between patients and 

body locations, as well as the environmental factors, makes the generalization of AI predictions even harder. In 

addition, the addition of the wireless communication units also poses the problem of power consumption, which may 

exceed the power harvesting capacity of self-powered PENG devices, particularly in high data rate applications [10]. 

Although such barriers exist, there is immense potentialsof applying AI-integrated piezoelectric sensors in medical 

imaging. The development of completely autonomous, self-powered, AI-controlled wearable imaging patches 

capable of effectively tracking the cardiovascular, respiratory, and neurological activity continuously is a paradigm-

shifting potential as far as preventative medicine is concerned. Democratizing advanced diagnostic imaging can be 

achieved by implementing it in remote and underserved communities.  

 

Conclusion:- 
The future of real-time medical imaging is high-end piezoelectric sensors and artificial intelligence, which is one of 

the most likely ones. Such systems are enabling a new breed of self-powered, wearable, clinically accurate imaging 

systems by combining the special mechano-electrical transduction properties of contemporary piezoelectric 

nanomaterials and intelligent signal processing of the machine learning and deep learning algorithms. The uses of 

this technology are applied to the entire spectrum of clinical medicine, from unceasing cardiovascular monitoring 

and MRI-guided robotic surgery to AI-assisted cancer diagnostics. As long as biocompatibility issues, mechanical 
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flexibility, power management, and AI model validation have remained challenges, the speed of improvements in 

the field of materials science, nanotechnology, and computational intelligence continues to overcome these 

obstacles. The further integration of piezoelectric sensing and AI is sure to transform medical imaging by making it 

not episodic and facility-based, but continuous, patient-centered, and AI-based diagnostic systems that can be 

accessed anywhere, at any time. 
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