
         
            International Journal of Scientific Research in Engineering and Management (IJSREM) 

                    Volume: 10 Issue: 05 | May - 2026                            SJIF Rating: 8.659                                       ISSN: 2582-3930                                                                                                                                               
 

© 2026, IJSREM      | https://ijsrem.com                                                                                                                                 |        Page 1 
 

Hospital Resource Optimization Using Big Data Analytics and Machine 

Learning 
 
 

1Ms.Renuka B N     ,  2Yashawanth Kumar D P 
1Assistant Professor,Department of MCA,BIET,Davanagere 

2Student,4th Semester MCA,Department of MCA,BIET,Davanagere 

 

 

ABSTRACT 

 
Management of hospitals' resources, for instance, beds, 

ICUs, medical professionals, and operation theaters among 

others is still a major problem in modern-day healthcare 

delivery especially when there are spikes in demands and 

emergencies. Existing hospital management strategies rely 

mostly on reactive approaches whereby management is 

dependent on semi-automatic mechanisms that lack 

predictive abilities, thus leading to inefficiencies like under 

utilization, crowding, and increased patient waiting time. 

 

This paper puts forth a hospital resource optimization 

approach based on Big Data technologies where machine 

learning algorithms and data analytics are used to support 

proactive and intelligent decision-making. In this 

approach, heterogeneous data sources are collected from 

patients' admissions and discharges, emergencies, medical 

professionals' working schedule, and use of operation 

theaters among other types of information. These data 

sources are analyzed through the use of data handling 

software and predictive models to determine future 

demands such as bed capacity, ICU utilization, and 

surgical operations scheduling. 

The architecture involves four principal components: data 

acquisition, data storage and processing, predictive 

analysis, and visualization. ML is used for analyzing trends 

to provide precise forecasts, while an interactive dashboard 

can help monitor operations and visualize important 

information for hospital managers. In addition, the system 

enables optimized resource allocation, minimizes 

scheduling conflicts, and increases operational efficiency. 

 

The paper shows the revolutionary capabilities of Big Data 

analytics for building intelligent and scalable health care 

management systems, thus creating the foundation for 

future smart hospital infrastructure. 
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INTRODUCTION 

 
The fast-paced development of the population and the rise in 

the need for healthcare services have resulted in immense 

strain on the hospital infrastructure and resource management 

systems. Intelligent utilization of key resources such as 

hospital beds, ICUs, medical personnel, and operation theaters 

is imperative for quality healthcare delivery and efficient 

functioning of hospitals. Yet, current hospital management 

systems use manual or partially automated tools that primarily 

concentrate on record-keeping and fail to support intelligent 

decision-making. Thus, hospitals are confronted with issues 

like overcrowding, delayed treatment of patients, inefficient 

staff distribution, and suboptimal use of key resources. 

 

One of the primary shortcomings of existing hospital 

management systems is their failure to forecast future resource 

demands. Current tools act reactively in the sense that they 

respond to conditions only once they materialize. This 

becomes vital when dealing with emergencies, seasonal 

epidemics, or sudden influxes of patients, where predicting 

future needs is indispensable. Furthermore, hospital data may 

be dispersed among various departments, which makes it 

challenging for hospital administrators to compile all 

information into one database for analysis purposes. 

 

In light of new possibilities associated with Big Data analysis 

and machine learning algorithms, there exists a chance for the 

transition to an intelligent and data-centric management 

system of the healthcare industry. With the help of Big Data 

solutions, vast amounts of diverse data related to hospital 

operations can be accumulated, stored, and processed to obtain 

valuable information. Moreover, machine learning algorithms 

can detect various patterns and make accurate forecasts, 

making the shift to a data-driven healthcare management 

inevitable. 

The proposed paper suggests the development of Hospital 

Resource Optimization software that utilizes Big Data and 

machine learning algorithms to solve problems related to 

resource management in hospitals. It will take into account 

different parameters, such as patients' admissions and 

discharges, emergency situations, staff scheduling, etc., in 

order to conduct analysis of resource needs. In addition, it is 

planned to provide interactive dashboards for real-time 

monitoring.
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I LITERATURE REVIEW 

 

Big Data analytics and machine learning technologies have 

revolutionized healthcare systems, allowing decision-

making based on analytics and forecasting. According to 

Batko (2022), Big Data analytics have been examined in 

healthcare and were found helpful in enhancing patient 

outcomes and reducing operational expenses. The main 

technique used for forecasting and making predictions was 

identified, while real-time hospital resource utilization 

prediction has not been explored yet. 

Finally, Basile (2024) examined the effects of Big Data 

analytics on healthcare quality and risk management 

practices. The author argued that Big Data technology has a 

great influence on enhancing the quality of services 

provided in hospitals and promoting better decision-making 

processes in organizations. Still, the focus of the research 

was not on prediction of hospital resource utilization. 

 

In their recent studies, K. Shahzad (2025) provided a 

systematic literature review on the state of affairs regarding 

advances in technology used for Big Data in healthcare, 

which include artificial intelligence, cloud computing, and 

blockchains. The study revealed some challenges facing Big 

Data application in healthcare systems, namely, issues 

related to data privacy, complexity of technological aspects, 

and shortage of skilled professionals. 

 

Moreover, Oyebode Kayode (2025) researched the use of 

Big Data analytics in the optimization of hospital resources 

and management of workflow. The findings revealed the 

potential to increase efficiency and decrease patient waiting 

times based on predictive modeling and real-time data 

processing. Nevertheless, certain challenges associated with 

data integration and real-time operation were identified. 

 

In their recent research, A. Muenzberg (2025) introduced a 

system that allowed for forecasting using the power of deep 

learning algorithms. However, this approach was only used 

for a particular hospital unit without a comprehensive 

framework of multi-resource optimization. 

Another example of an AI-based approach to hospital 

resource management is the development of predictive 

models by X. Zheng (2025). Specifically,     Big Data was 

utilized for predicting staff-related issues in hospitals, 

although not addressing the issue of integrated resource 

optimization. 

EXISTING SYSTEM 
 

The existing system for population health management 

primarily relies on traditional healthcare data processing 

approaches, which are often limited in their ability to handle 

large-scale, dynamic, and heterogeneous datasets. Most 

current systems use centralized databases where patient 

information from hospitals, clinics, and laboratories is stored 

and managed. While this provides a unified view of patient 

data, it introduces challenges related to data privacy, security 

risks, and limited scalability. Additionally, these systems 

typically follow a batch processing approach, where data is 

collected over time and analyzed periodically, resulting in 

delayed insights and slower response to emerging health 

issues. 

Furthermore, many existing healthcare analytics systems 

depend on rule-based methods or basic statistical models to 

identify patterns and predict outcomes. These approaches 

require predefined rules or thresholds and lack the ability to 

adapt to changing data patterns or complex relationships 

within healthcare data. As a result, they struggle to handle 

diverse data sources such as wearable device data, genomic 

information, and unstructured clinical records. This 

limitation reduces the accuracy and effectiveness of 

predictions, especially in real-time scenarios. 

 

Another major drawback of current systems is their limited 

capability to perform real-time monitoring and predictive 

analysis. They often require manual intervention for model 

updates and retraining, making them less efficient in 

dynamic healthcare environments. Additionally, issues such 

as data inconsistency, missing values, and bias in predictive 

models further affect their reliability and fairness. Overall, 

existing systems fall short in providing scalable, adaptive, 

and intelligent solutions for modern population health 

management, highlighting the need for more advanced 

approaches that integrate big data analytics and artificial 

intelligence. 

 

PROPOSED SYSTEM 

 
The system utilizes an intelligent technique for optimizing 

hospital resources using big data analysis methods and 

machine learning techniques. Unlike other hospital 

management systems that adopt a reactive approach, the 

proposed system adopts a proactive approach where resource 

requirements are predicted in the future. 

 

The system will gather information from several 

departments in the hospital including patient admission and 

discharges, emergency cases, intensive care unit operations, 

staffing, operating theaters, and seasonal illnesses. All the 

information gathered will be stored in a centralized 

repository to avoid inconsistencies and fragmentation of 

information within departmental repositories. 
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The data will undergo advanced data pre-processing 

techniques that include data cleaning, data normalization, 

and feature extraction. Information acquired from past data 

will be used to formulate machine learning models that will 

predict resource requirements in the future. 

 

The system will incorporate a real-time dashboard to 

visualize information on the hospital's resources. The 

information can be presented in various graphs and charts to 

facilitate decision-making for hospital administrators. 

 

System Architecture 
 

 

 

 

 

 

 

 

 

 

1. Data Layer :Gathers raw data from hospital-related 

sources, including patient information, ICU information, 

staffing schedules, operation theater information, and 

seasonality. 

 

  2. Data Processing Layer : Involves data 

preprocessing, data normalization, data integration, and 

feature extraction to structure data. 

 

3. Analytics Layer : Uses various machine learning 

algorithms (Linear regression, Random forest, Time series) 

for analyzing data. 

 

4. Optimization Layer : Converts results into decision-

making processes involving resource optimization and 

scheduling. 

 

5. Visualization Layer : Provides visual representation of 

insights in real-time using dashboards, graphs, and reports. 

 

 METHODOLOGY 
 

The suggested approach would emphasize the creation of a 

data-driven process aimed at improving hospital resource 

management using Big Data analytics and machine learning 

algorithms. Data will be acquired from a range of sources 

across several hospital departments and then analyzed to 

produce predictive insights for optimal decision-making. 

 

  

 

 

 

Data Collection: 

This stage will involve acquiring data from numerous 

sources, including patient admission and discharge rates, 

emergency cases, utilization of ICU services, staffing, 

records from operation theatres, and seasonal outbreaks of 

disease. All the data obtained will be stored in a central 

database. 

 Data Preprocessing: 

 Data processing techniques used at this stage include 

data cleaning, data normalization, data integration, and data 

transformation, among others. This ensures that all the data 

acquired is accurate and can be subjected to analyses. 

 Model Creation and Analysis: 

Models created using machine learning approaches will 

include regression, classification, and time series forecasting 

methods. These models analyze the data and come up with 

predictions regarding resource requirements. 

 Predictions and Resource Optimization: 

 From the output of the models, the system is able to 

predict future demand and optimize the use of hospital 

resources. 

 Visualization and Decision Making: 

 Visualization and Decision Making: The output from 

the model is presented in an easy-to-use dashboard, which 

helps the administrators to make decisions based on real-

time data and predictions. 

 System Work Flow: 

The process entails the following workflow: Data Collection, 

Preprocessing, Model Training, Predictions, Optimizations, 

Visualization, and Decision Making. 

 

RESULTS 

 

The effectiveness of the designed algorithm was tested by 

means of hospital data containing patient admission and 

discharge records, ICU occupancy records, and records of 

staffing schedules. The system was able to analyze past data 

and make accurate forecasts regarding the requirements of 

hospitals.It can be seen from the results that the system is 

capable of detecting the flow of patients and resource 

utilization trends. Based on the analysis of past data, the 

system is able to forecast future requirements in terms of bed 

occupancy rates,  

ICU usage rates, and staffing levels. This helps hospital 

managers to undertake preemptive measures and prevents 

potential problems such as overcrowding and shortage of 

resources. 

The system shows higher efficiency when compared with 

conventional techniques. Machine learning algorithms 

enable more precise forecasting with lower errors and higher 

speed. 
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Figure1:DashboardVisualization:Dashboard visualizations 

depict patient admissions and discharges, surgical 

operations, and the trend of patient volume. Patient 

admission and discharge trends show variations in 

admissions and discharges, whereas patient trends depict 

changes in the number of ER and ICU patients. This 

enables managers to know peak times for planning bed 

allocation and staffing. 

In conclusion, visual data presentation is critical for 

healthcare providers and managers in monitoring key 

performance indicators related to patient care and 

management. 

 

 

Figure 2: Resource Distribution and Prediction:Here is a 

graph representing resource allocation and forecasting. 

Resource allocation represents the current allocation of 

resources to the hospital. These include admissions, visits 

to the emergency room, intensive care unit patients, and 

operations. 

The forecast portion represents the projected number of 

admissions and bed allocations in the future. 

 

III CONCLUSION 
 

The study has developed an advanced system that optimizes 

the use of resources within hospitals via the application of 

machine learning and Big Data analysis techniques. In the 

current study, the proposed system can easily integrate and 

combine the available data about hospital operations,  

including admissions, intensive care unit management, 

personnel scheduling, and operation theater management. 

 

 

 

 

 

 

 

Through the use of various machine learning algorithms, the 

system can successfully make accurate predictions regarding 

future resource needs in terms of patient beds, ICU 

occupancy rate, and number of personnel required. The 

process of incorporating data pre-processing methods  

 

ensures the provision of high-quality and reliable data that 

makes predictions more accurate. 

The outcomes generated by the model clearly show its 

ability to identify the trends regarding patients and forecast 

peaks during which demand increases. The comparison 

between the system and manual method proves that the 

proposed system is more accurate and fast compared to 

conventional methods used at most facilities. Consequently, 

hospitals will be able to change their approaches to become 

proactive in decision making. 

 

Moreover, the system increases efficiency due to optimized 

resource allocation and balance of staff workloads, resulting 

in high-quality health care services and satisfied patients. 

The system is designed in such a way that it can be easily 

scaled to accommodate various conditions in hospitals and 

can be enhanced through innovative technologies in the 

future. 
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