
Aktham et al.                                                                  European Journal of Biomedical and Pharmaceutical Sciences 

 

www.ejbps.com        │        Vol 13, Issue 9, 2026.         │          ISO 9001:2015 Certified Journal        │ 

 

1 

 

 

 

DESIGN AND OPTIMIZATION OF SMART BIOMEDICAL EQUIPMENT 

MAINTENANCE SYSTEMS USING PREDICTIVE ANALYTICS 
 
 

*Eng. Aktham Ali Al-Omar, Eng. Mohamed Fowzi Ababeneh, Eng. Fadi Tawfiq Asasfeh,  

Eng. Waseem Bakheet Al-hawari 

 

Biomedical Technology Centre, Royal Medical Services, Al-Balqa Applied University, P.O. Box: 15008, Amman 

11134, Jordan.  
 

 

 

 

 
 

 

 

 

 

 

 
Article Received on 28/07/2026                                Article Revised on 18/08/2026                               Article Published on 01/09/2026 

 

 

 

 

 

 

 

 

 

 
 

 
 

1. INTRODUCTION 

In contemporary healthcare systems, biomedical 

equipment is essential for patient monitoring, diagnosis, 

and treatment. These devices' availability and 

dependability are crucial, especially in emergency rooms 

and critical care units. Corrective maintenance, which is 

carried out following a failure, and preventative 

maintenance, which is planned at regular intervals, are 

the two primary categories of traditional maintenance 

procedures. Preventive maintenance lowers failure rates, 

but it may not completely prevent unplanned 

malfunctions and may lead to needless servicing. This 

type of maintenance involves checking the main units of 

the device to work properly, also it requires the engineer 

and/or the technician to change the kits embedded in the 

system with new ones. However, the corrective 

maintenance requirements include fixing the troubles 

after they happened by changing the hardware with new 

one or solving the troubleshooting. 

 

Predictive maintenance systems have been made possible 

by recent developments in data analytics and biomedical 

engineering. By forecasting equipment breakdowns 

using real-time data, machine learning techniques, deep 

learning models, and Internet of Things architectures. 

These systems enable maintenance teams to take 

preventative measures accurately for the specific 

hardware component at the precise time. 

 

The goal of this study is to design a smart biomedical 

maintenance system that uses predictive analytics to 

increase device dependability, operational efficiency, and 

increase the life time of the medical equipment 

especially if it is working in a hospital with high number 

of patients that visit it frequently. 

 

2. BACKGROUND AND LITERATURE REVIEW 

With the advent of digital technologies, maintenance 

management in the healthcare industry has undergone 

substantial change. Computerized Maintenance 

Management Systems (CMMS) are widely used for 

inventory management, maintenance scheduling, and 

equipment status tracking.   Nevertheless, many CMMS 

systems lack predictive features and rely on static 

scheduling. Neural networks, decision trees, and support 

vector machines are examples of machine learning 
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models that have been used in recent studies to forecast 

equipment failure. 

 

Predictive maintenance can cut maintenance expenses by 

20% and downtime by up to 30% according to studies 

(Manchadi, Ben-Bouazza, and Jioudi 2023). Predictive 

analytics has been used in biomedical applications for 

equipment like infusion pumps, ventilators, and MRI 

machines. Notwithstanding these developments, 

problems with data integration, model correctness, and 

real-time implementation still exist. 

 

(Chen et al. 2025) investigates the use of big data 

intelligent algorithms to maximize the performance of 

flexible biomedical equipment, like wearable monitoring 

devices and intensive care unit ventilators. To increase 

operational effectiveness, decrease device downtime, and 

improve therapeutic results, the study employs machine 

learning techniques including support vector machines 

(Salcedo‐Sanz et al. 2014), neural networks 

(Salcedo‐Sanz et al. 2014), and genetic algorithms 

(Salcedo‐Sanz et al. 2014). This study's primary 

objective is to investigate how big data and intelligent 

algorithms can be applied to optimize flexible equipment 

operation procedures, with the aim of using smart 

technology to reduce costs and increase operation 

efficiency. 

 

The vital function that biomedical engineers play in 

overseeing medical equipment in sizable healthcare 

facilities is examined in (Kelvin-Agwu et al. 2024). The 

study draws attention to the duties of biomedical 

engineers in guaranteeing equipment dependability 

through routine maintenance, calibration, and adherence 

to legal requirements. Additionally, the paper explains 

how biomedical engineers, medical experts, and 

management must work together to maximize equipment 

utilization and safety. The review also looks at training 

and development techniques that are crucial for keeping 

biomedical engineering teams abreast of the most recent 

developments in technology and industry best practices. 

The results highlight the necessity of ongoing 

professional development and efficient communication 

to uphold the highest standards of patient care and 

operational effectiveness. 

 

The prototype data structuring pipeline used at six public 

hospitals in the Casablanca–Settat region of Morocco is 

shown in (Moufid et al. 2025). The pipeline incorporates 

normalized reliability indicators (Failure Rate, MTBF, 

MTTR adjusted with IQR, and Downtime Hours) and 

aggregates 6816 verified maintenance actions from 780 

devices across 30 departments. The study produces a 

structured and interoperable dataset that is a regional first 

in the Moroccan hospital environment by guaranteeing 

semantic harmonization, auditability, and repeatability. 

A proof-of-concept Random Forest model was assessed 

to demonstrate predictive ability. It confirmed the 

dataset's discriminative usefulness while reflecting real-

world difficulties, achieving AUROC = 0.65 on the 

entire imbalanced dataset and AUROC = 0.82 on a 

balanced 2000-intervention subset. 

 

3. METHODOLOGY 

This study proposes a structured framework for 

implementing predictive maintenance in biomedical 

equipment systems. 

A. SYSTEM ARCHITECTURE 

The proposed system consists of the following 

components. 

I. DATA ACQUISITION LAYER 

Biomedical devices are equipped with sensors that gather 

operating data, including temperature, voltage, usage 

hours, and error reports. 

II. DATA STORAGE SYSTEM 

Both history and current data are kept in a single 

database for analysis. 

III. DATA PROCESSING MODULE 

After being cleaned and standardized, the data is ready 

for analysis. 

IV. PREDICTIVE ANALYTICS ENGINE 

Machine learning models forecast possible problems by 

analyzing trends. 

V. USER INTERFACE DASHBOARD 

Shows biomedical engineers performance metrics, 

maintenance schedules, and alerts. 

 

B. DATA COLLECTION AND FEATURES 

Important characteristics utilized in forecasting include. 

 Duration of equipment use 

 The frequency of previous failures 

 Conditions of the environment 

 History of maintenance 

 Temperature, current, and pressure data from 

sensors 

 

C. PREDICTIVE MODEL DEVELOPMENT 

Machine learning models as well as deep learning 

models are trained using historical data. The dataset is 

divided into training and testing sets. But some studies 

perform better division and add the validation set. 

Common algorithms include. 

 Random Forest (RF) (Salcedo‐Sanz et al. 2014) 

 Support Vector Machine (SVM) (Salcedo‐Sanz et al. 

2014) 

 Artificial Neural Networks (ANN) (Anyamesem-

Poku and Parmar 2024) 

 Convolutional Neural Networks (CNN) (El Mahdy 

2022) 

 

Model performance is evaluated using. 

 Accuracy 

 Precision 

 Recall 

 F1-score 

 

D. IMPLEMENTATION STRATEGY 

The system can be implemented in hospital environments 

using several structures like cloud based platforms for 
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data storage, embedded systems for real-time 

monitoring, and integration with existing CMMS 

systems. 

 

4. APPLICATIONS IN HEALTHCARE SYSTEMS 

Medical devices are essential for the identification of 

illnesses and medical disorders, as well as for the 

administration of their therapeutic approaches prior to 

their progression. Consequently, The precision of these 

devices' findings and equipment upkeep are crucial to 

patients' health and well-being (Florea, Cheung, and 

Herndon 2013). 

 

In an industrial setting, a device failure or malfunction 

might cause a production line to stop with obvious 

damage, but the robustness of medical gadgets are vital 

to patients' health and, in many cases, can mean the 

difference between life and death. In addition to being 

essential for enhancing patient care, efficient 

management of medical equipment maintenance is also 

critical for protecting healthcare workers from accidents 

at work. Furthermore, inaccurate test results from 

improperly calibrated medical equipment may result in a 

misdiagnosis of a condition, endangering patients' health 

and maybe their lives (Gudre 2025). 

 

As a result, healthcare facilities need to use their 

maintenance system to regularly test, maintain, and 

monitor every piece of medical equipment in their 

inventory. Conversely, maintenance encompasses all the 

actions and tasks required to return a machine or unit to a 

condition that permits it to perform its intended purpose. 

Because any machine breakdown might have fatal 

results, maintenance attempts to reduce the number of 

failures that occur while the equipment is operating. A 

maintenance policy is meant to offer direction in 

selecting the most economical maintenance strategy and 

system to ensure operational safety n(Mihalic 2016). 

 

Predictive maintenance, sometimes referred to as 

"condition-based maintenance" or "risk-based 

maintenance," has a lengthy history in a variety of 

industries. The most well-liked and extensively applied 

predictive maintenance methods have developed from 

visual inspection, which is the most traditional approach, 

to automated ones that employ state-of-the-art signal 

processing techniques based on pattern recognition, such 

fuzzy logic, neural networks, and data-driven empirical 

and physical modelling (Nicholson 1994). 

 

When machinery begins to malfunction, it may display 

indications. If sharp eyes, ears, and noses are used to 

recognize the failure precursors, these signals can be 

found. Fortunately, sensors are now readily accessible 

and can serve as keen eyes, ears, and noses to identify 

the early signs of equipment deterioration and 

malfunctions. When combined with preventative 

maintenance techniques, these sensors can lower 

machinery failure rates, save expenses, lessen the need 

for equipment replacements, and improve productivity, 

availability, and process safety (Roy and Denzau 2025). 

 

5. BENEFITS OF PREDICTIVE MAINTENANCE 

In the management of biomedical equipment, predictive 

maintenance has many benefits, especially in hospital 

settings where dependability is crucial. First of all, by 

spotting any problems before they happen, it minimizes 

equipment downtime. In critical care units, where 

ongoing performance is crucial, this guarantees that 

medical devices continue to function. 

 

Predictive maintenance also helps to reduce maintenance 

expenses. Hospitals can minimize needless normal 

servicing and avoid costly emergency repairs by 

proactively addressing problems. 

 

The enhancement of patient safety is another important 

advantage. Reliable equipment raises the standard of 

healthcare services by reducing the possibility of 

malfunctions during medical procedures. 

 

Predictive systems also make it possible to allocate 

resources effectively. Instead of using set schedules, 

maintenance teams can prioritize work depending on the 

actual state of the equipment, which improves the use of 

technical and human resources. Lastly, biomedical 

equipment has a longer lifespan because to predictive 

maintenance. Early wear and fault detection ensures that 

devices function well for a longer amount of time by 

preventing serious damage. 

 

6. CHALLENGES AND LIMITATIONS 

Predictive maintenance in biomedical engineering has 

many potential benefits, but its successful application in 

actual healthcare settings requires careful consideration 

of a number of obstacles and constraints. 

 

A. ACCESS TO DATA 

Large, high-quality datasets are essential for accurate 

prediction models. However, maintenance records are 

often not digitalized, inconsistent, or incomplete in 

hospital settings. The inability to train trustworthy 

machine learning models is hampered by this lack of 

organized data, which could have a detrimental impact 

on prediction accuracy. 

 

B. SYSTEM INTEGRATION 

A major problem is integrating predictive maintenance 

technology with the hospital's current infrastructure. 

Many healthcare organizations use antiquated systems 

that aren't built to handle real-time data interchange or 

sophisticated analytics. It takes careful planning and 

technical modification to ensure interoperability with 

current platforms, such as computerized maintenance 

management systems (CMMS) and electronic health 

records (EHR). 
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C. INITIAL COST 

Predictive maintenance systems require a significant 

upfront expenditure. The purchase of sensors, the 

creation of data infrastructure, the implementation of 

software, and employee training are examples of 

expenses. These financial restrictions may make 

adoption more difficult for certain healthcare facilities, 

especially those with tight budgets. 

 

D. MODEL RELIABILITY 

The precision and dependability of the underlying 

models determine how successful predictive maintenance 

is. False positives and false negatives are examples of 

prediction errors that might result in unanticipated device 

breakdowns or needless maintenance. Therefore, 

maintaining system reliability requires ongoing model 

validation, updating, and performance monitoring. 

 

7. CONCLUSION 

An important development in the management of 

biomedical equipment is predictive maintenance. 

Healthcare organizations may lower expenses, improve 

patient care, and increase device dependability by 

utilizing machine learning and real-time data. The 

suggested approach shows how biomedical engineering 

systems can successfully incorporate predictive 

analytics. To overcome current obstacles and guarantee 

successful implementation, ongoing research and 

cooperation are crucial. 
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