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Abstract: This project is a Hospital Management System in Python with Machine Learning
enhancement to improve the hospital’s operation and patient care. The system has the basic
functionalities like registration of patients, maintaining their records and monitoring their real-time
status through secure and friendly interface. Its main innovation is the Machine Learning module
that predicts the patient criticality level at the time of admission. The system then classifies the
patients into low, moderate, and high-risk categories by employing supervised learning algorithms
trained on historical medical data such as vital signs and patient history. Such predictive power
allows healthcare professionals to make faster, data-driven decisions, ensuring immediate attention
for critical patients. Moreover, the system can aid in intelligent ward allocation by prediction of risk
levels, available beds and ward specialisation. This makes it possible to optimise hospital resources,
reduce delays and to prevent unnecessary patient transfers. Backend is designed to ensure data
security and efficient processing, while interface is designed to provide easy access to the hospital
staff. The system cuts down significantly on the workload by automating administrative tasks and
incorporating predictive analytics, which in turn enhances operational efficiency and overall quality
of patient care.

Keywords: Hospital Management System (HMS), Machine Learning (ML), Historical Data, Medical
History, Predictive Analysis, User-Friendly Interface

1. Introduction

The growing complexity of modern hospital systems has created a pressing need for
intelligent and efficient hospital management solutions, in order to ensure the best possible
patient outcomes while optimising the use of available resources [23]. The hospitals today
are working in a very dynamic environment where the inflow of patients is unpredictable,
medical emergencies need immediate attention and resource constraints often challenge
effective decision making [45]. Traditional patient triage and ward allocation techniques
are often based on manual processes and human judgement, which are indeed of value,
but can also be time consuming and error prone [35]. Such inefficiencies can cause large
delays in treatment, misallocation of hospital beds, uneven distribution of critical
resources such as intensive care units and specialised wards [53]. This could lead to
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compromised patient care quality and affect the overall operational efficiency of healthcare
institutions [49]. Therefore, this project will design and implement an advanced Hospital
Management System using Python, with a focus on the incorporation of Machine Learning
techniques to improve decision-making processes and enhance patient flow management
[59].

This system aims to change the way hospitals operate in a traditional manner with
the help of a data-driven approach that uses predictive analytics to support clinical
decision making [32]. Unlike the typical systems which primarily deal with data storage
and retrieval, this Hospital Management System does not stop with the basic functionality
but rather includes an intelligent Machine Learning module which can assess the criticality
of a patient at the time of admission [40]. This module uses a number of parameters, such
as vital signs, medical history and symptoms to classify patients into different risk
categories, including low, medium and high criticality levels [29]. This allows healthcare
workers to have immediate knowledge of the urgency of each case, and as such, to
prioritise treatment [56]. This predictive ability is especially valuable in emergency
situations where time is critical, as it minimises reliance on subjective judgement and offers
a more standardised and objective assessment of patient status [52].

The integration of Machine Learning into the system improves the accuracy of
patient assessment and is an integral part of the ward allocation optimization [42]. The
system then uses the patient’s criticality level to determine the most appropriate ward or
bed, taking into account factors such as current occupancy, availability of specialised
equipment, and the nature of the patient’s condition [26]. This automation in patient
assignment greatly reduces the time necessary to admit patients, and ensures that they are
placed in the most appropriate setting for their medical condition. For example, high risk
patients can be sent directly to ICU and non-severe patients can be put in general ward
[36]. This targeted resource allocation not only enhances patient outcomes but also boosts
the efficiency of hospital operations by reducing unnecessary transfers and optimising
resource utilization [66].

The project addresses the problem of limitations of existing hospital management
practices, which are often based on manual processes for patient triage and bed assignment
[46]. These methods are not only labour-intensive, but are also subject to delays and
inconsistencies, particularly during periods of high patient volume [28]. In many other
cases, the absence of real-time data and predictive insights leads to sub-optimal decision
making, resulting in overcrowded wards, under-utilized resources and delayed treatment
for critically ill patients [58]. Such inefficiencies could have serious consequences such as
increased rates of morbidity and mortality and decreased patient satisfaction [34]. This
project aims to eliminate these issues and provide a more effective and reliable solution
for managing patients’ flow within healthcare centers [55]. The Hospital Management
System in python will use Machine Learning to forecast criticality and optimise ward
allocation [64].

The motivation for this project is the urgent need to improve patient safety and
increase the quality of health care provision by minimising delays and reducing the
chances of human error [51]. In today’s healthcare facilities, even the smallest inefficiency
can have a big impact especially during emergencies where every second counts [22].
Through data-driven approach, hospitals can shift from reactive to proactive management
strategy, predicting patient needs and allocating resources accordingly [31]. This transition
improves the responsiveness of healthcare services and encourages a more structured and
efficient operational environment [60]. Moreover, the adoption of advanced technologies
such as Machine Learning is in line with the wider trend of digital transformation in
healthcare, whereby intelligent systems are increasingly being adopted to support clinical
and administrative functions [43].
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The scope of this Hospital Management System is well defined and it is targeted at
creating a robust and secure platform that facilitates effective registration and
management of patients with advanced analytical capabilities [38]. The system is designed
to manage simple administrative tasks such as patient information, medical records, and
admission status, thereby easing the burden on hospital staff and allowing them to spend
more time on patients [27]. At its technical core, the system is a Machine Learning model
that is specifically designed to do real-time predictive criticality assessment [54]. The
model is trained with historical patient data and is continuously improved to improve its
accuracy and reliability [47]. The project aims to embed this model into the system such
that the healthcare professionals can be equipped with an empirical evidence-based
decision-making tool rather than relying on intuition alone [65].

In addition to the predictive assessment, the system includes an optimised ward
allocation module that uses the output of the Machine Learning model to find the most
appropriate placement for each patient [63]. The module looks at different aspects such as
bed availability, ward specialisation and patient requirements to make sure resources are
used effectively [24]. The system automates this process, removing the need for manual
intervention and reducing the chances of errors which leads to faster and more accurate
admissions [61]. The project’s primary goal is to enhance the internal flow of patients and
care in hospitals — not external factors such as outpatient services or long-term care
management [37]. This focused approach allows for a more targeted effort to address
critical inefficiencies in hospital operations, leading to tangible improvements in patient
outcomes and organisational performance [57].

Also the implementation of this system emphasises the security and usability, where
sensitive patient data is protected and an intuitive interface for users is provided [44]. The
use of Python-based architecture provides flexibility and scalability, enabling the system
to be customised to different hospital settings and needs [30]. The user interface is simple
and easy to navigate, so health care professionals can access relevant information and
make decisions without unnecessary complexity [39]. The system integrates advanced
analytical capabilities with intuitive design to ensure that technology augments, not
detracts from, medical staff workflow [48].

In conclusion, this project is a major leap forward in the evolution of hospital
management systems, showing how Machine Learning can revolutionise current methods
and enhance the efficiency of healthcare services [41]. This system addresses the challenges
of manual triage and ward allocation, providing a comprehensive solution that enhances
decision-making, reduces administrative burden, and optimises resource utilization [25].
The adoption of these intelligent systems has the potential to revolutionise healthcare
processes, delivering care that is more timely, efficient, and focused on the patient [50]. By
implementing this Hospital Management System, healthcare institutions can attain higher
operational efficiency, enhance patient satisfaction, and ultimately provide better health
outcomes [33]. Therefore, this project will be a valuable contribution to the field of modern
healthcare management [62].

Review of Literature

Even in the presence of well-established protocols, the existing operational
frameworks are to a large degree rooted in a harmful combination of legacy software
systems, inherently manual processes, and subjective clinical decision- making in many
healthcare facilities, especially with regards to patient intake and resource allocation [1].
The current systems, while primitive and operational for routine tasks, exhibit severe
cascading constraints which have a direct and severe effect on the overall organisational
efficacy, optimal resource management and ultimately, the quality and safety of patient
care [13]. This forms the basic rationale behind the development of the proposed Machine
Learning integrated Hospital Management System (HMS) [6]. This inefficiency begins at
the very start with Patient Details Management and Registration, where information is
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often handled on different and often non-interoperable systems; registration often begins
with obsolete paper forms, followed by error-prone manual data entry into an outdated
Hospital Information System (HIS) or Electronic Health Record (EHR) platform [18].

Such a decentralised and non-standardized approach predictably results in large
problems [20]. There is gross Data Redundancy and Inconsistency as key patient data is
repeated or wrongly input in a number of departments such as admissions, billing and the
laboratory [4]. Data integrity is fundamentally questionable and auditing is difficult and
expensive [16]. Moreover, an enduring Lack of Real-time Access does not allow clinicians
and administrators to view a consolidated up-to-the-minute status or history of a patient,
which calls for time-consuming phone calls or manual retrieval of physical files, which
delays necessary action [10]. Adding fuel to the fire, reliance on poorly secured legacy
systems and paper records introduces serious Security Risks, vulnerable to physical loss,
unauthorised digital access, and severe regulatory non-compliance issues [3].

A greater limitation is the Manual Criticality Assessment and Triage process, which,
while using established protocols, such as the Manchester Triage Scale, is still largely
dependent on the subjective experience and immediate interpretation of the attending
medical professional [14]. Regardless of skill, this human-centric approach is
fundamentally devoid of the predictive power needed for proactive resource preparation
[2]. This leads to the problems of Subjectivity and Variability where the outcomes of
assessments introduce inconsistencies in the prioritisation of care by different staff
members [8]. Importantly, the system is fully Reactive, using only observable symptoms
and current vital signs at the point of entry to assess criticality, and does not exploit
historical or longitudinal data trends that could reliably predict an acute physiological
deterioration or suggest a complex care requirement that could benefit from early
intervention [19].

This results in Delayed Escalation, as there is no automated flag based on a holistic
data analysis, resulting in often missing subtle initial signs of high-risk patients until the
patient’s condition drops significantly, thus slowing down time-sensitive and critical
intervention [5]. Finally, Inefficient Ward and Bed Allocation adds a major operational
bottleneck, generally a cumbersome and manual task handled by a bed supervisor [11].
This leads to major operational inefficiencies, driven by an acute Reliance on Manual
Occupancy Checks; staff have to physically check ward whiteboards, call individual units
or refresh slow basic occupancy reports to find an available bed, a process that is neither
real-time nor foolproof in avoiding misallocations [7]. Lack of Optimisation Criteria to a
deep level of consideration is a major issue, the most obvious flaw [15].

Beds are allocated simply based on immediate availability and a general
classification by department, without deep systematic consideration for the criticality level
that the patient is predicted to be in, the specific specialisation required, intensive
monitoring facilities required, specialised equipment required, or appropriate nurse to
patient ratios [17]. The outcome of these is huge Transfer Delays and Bottlenecks [21]. The
time spent to identify the most appropriate bed and coordinate the transfer increases the
waiting times in the emergency department resulting in overall severe poor patient
throughput and decreased quality of care [12]. In conclusion, the current system is
characterised by data fragmentation, subjective triage, and inefficient and non-optimized
resource allocation, and all these constraints together and convincingly justify the need for
an intelligent, centralised and predictive HMS solution [9].

2. Methodology

The proposed methodology of the Hospital Management System is based on the
implementation of a modular three tier architecture that provides clear separation of
concerns, scalability, flexibility and maintainability [75]. This architectural approach works
particularly well for integrating complex components, such as Machine Learning models,
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into the core business logic of the system, while preserving the stability and performance
of the system [85]. In today’s healthcare environments, where large amounts of patient
data are processed and decisions must be made quickly, a well-structured architecture is
essential for providing reliable and efficient services [68]. The system is designed in 3 tiers,
separating the different functions and responsibilities of each layer, facilitating
independent development, testing and scaling of each component [91]. The separation
improves system performance and also reduces maintenance complexity and future
upgrades to allow the system to adapt to changing healthcare requirements [95].

The presentation layer is the base of this architecture providing an interface between
the system and its users [83]. This layer is responsible for all interaction with the user: input
data, data visualisation and navigation [89]. It is developed using latest web technologies
including HTML, CSS and JavaScript to provide a responsive, intuitive and user-friendly
experience on different devices [71]. The interface is optimised for healthcare professionals
who need rapid access to critical information and streamlined workflows, especially in
high-stress situations [87]. Light weight Python web frameworks such as Flask and Django
templating are used to further enhance the responsiveness of the front-end which allows
for dynamic content rendering [77]. JavaScript adds interactivity, allowing for real-time
updates and smooth user experiences [99]. There are a number of important modules in
the presentation layer that allow effective system interaction [101].

The registration interface offers a secure and well-structured form for capturing
patient demographic information and initial medical data, including vital signs and
reported symptoms [73]. Thus, all relevant information is correctly captured at the
admission point [94]. The dashboard view serves as a central control panel that displays
live information about the ward occupancy, waiting admissions and a prioritised list of
patients based on their predicted criticality scores [96]. This allows healthcare
professionals to quickly assess the situation and make informed decisions [69]. The ward
allocation module provides a graphical view of availability of beds and recommends the
best placements for patients based on the results generated by the Machine Learning
model [79]. User interface design focuses on clarity and simplicity, with such elements as
clean typography, intuitive navigation, and colour-coded indicators to represent varying
levels of patient criticality [81]. It reduces the number of steps in common tasks such as
registering patients and assigning them to a ward, which adds to efficiency and reduces
the chances of errors (Figure 1) [105].

Hospital Management System ER Diagram

CR"ICALIYY ASSESSMENT |

DOCTOR ‘ | v:s»«nu nlD
PERFORMS A ’ W*Wf"
A0 everityLevel (lo~. Moderate)
0\ e uw edictionScore) ‘
[ pocTor ‘ i
| DoctoriD ' i
:,;Y":" eation e WARD ALLOCATION
1 tolD
| Lcasaciinto PATIENT Ward
Pn ientiD Bcd i
‘ Firstme
| Lastnde, —
Lastnde, \/
DateOfBiorth
Gender msogms r
Contactinfo ~_ | WARD_ALLOCATION
e WardiD Name
MedicalHistory ICU Type, General, Cardioogy)
L T Capacity
CurrentOccpcancy
,/'!*,

[ APPOINTMENT S APPOINTMENT
ICK = <__ ATTENDS TO > = PK
Appointment Time | ™~ =% | AppointmentDime

|_Reason 2N e JDdoctor 1 o Reason

%

Figure 1. Entity-Relationship Diagram for a Hospital Management System
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The application or logic layer is the core of the system [78]. It functions as the CPU
of all the business logic , data validation and communication between the presentation
layer and the data layer [103]. This layer is implemented entirely in Python using
frameworks like Flask or Django [106]. It receives user requests, executes application logic
and makes sure it works well with the Machine Learning part [97]. One of the major
functions of this layer is data validation, which involves sanitising and verifying all the
incoming data from the front-end before it is stored in the database [72]. This step is
important because it guarantees data integrity and avoids any errors or inconsistencies
that may affect the performance of the system [93]. The logic layer also defines a set of
secure APl endpoints that support various operations such as create, read, update and
delete patient records [100]. These endpoints allow different parts of the system to
exchange data efficiently and ensure that all operations are performed in a controlled and
secure way [82]. Besides the standard CRUD operations, the application layer also contains
special endpoints that will trigger execution of the Machine Learning model for criticality
assessment and ward allocation process [104]. This allows for real-time decision making
on the freshest data available [107].

The connectivity between the application layer and the data layer is done through
Object-Relational Mapping tools or dedicated database connectors [86]. These technologies
provide an abstraction layer that simplifies interaction with the database and ensures
consistent and efficient data flow [67]. The system also reduces latency and improves
overall performance using secure connection protocols and optimised queries [80]. Data
Layer We are responsible for the persistent storage and retrieval of all data in the system
at the data layer including patient records, admission details and operational data [88].
This layer can use either SQL based relational database or NoSQL database to meet system
requirements and both provide specific benefits for scalability and flexibility [74]. The data
layer is specifically designed to handle large amounts of data while maintaining data
accuracy, security and availability [102].

The core predictive layer and Machine Learning are key innovations of this system
that directly address the limitations of traditional manual triage processes [76]. This layer
employs a supervised classification model trained on historical patient data to predict
patient criticality levels at the time of admission [90]. Algorithms such as Random Forest,
Gradient Boosting, or Support Vector Machines analyse input features such as vital signs,
medical history, and presenting symptoms, and map them to outcomes such as severity
level, length of hospital stay, or the likelihood of requiring intensive care [84]. The model
output includes a numerical criticality score and a categorical classification (e.g., low,
moderate, or high risk) [98]. With this knowledge, healthcare professionals can make
accurate and timely decisions based on data right at their fingertips [70]. This decreases
dependence on subjective judgement, standardises the evaluation of the patient, and
enhances the consistency and reliability of clinical workflows [92].

3. Result and Discussion

The results of the Machine Learning model are used by the system to propose an
optimised ward allocation system that improves resource utilisation and patient care [116].
The component acts as a rule-based optimisation layer, where the key input is the
predicted criticality score [132]. It considers a number of factors including patient
condition, ward specialisation and current occupancy to find the best fit for each patient
[110]. Patients with high risk are preferred to the intensive care units or specialised wards
and patients with less severe conditions are allocated to the general wards [129]. The
system also takes into account load balancing to prevent overcrowding of certain units and
to ensure an efficient distribution of resources throughout the hospital [121]. This multi-
factor optimisation approach replaces the traditional manual allocation that is often
subjective and inefficient [124]. The system automates the decision-making process, thus
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reducing the time taken for admitting patients and ensuring effective use of resources
(Figure 2) [136].

HMS: Predictive Allocation
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Figure 2. Predictive Allocation Dashboard for Hospital Ward Occupancy

The combination of machine learning with rule-based 54ptimization provides a
powerful framework for enhancing hospital operations [113]. The model’s predictive
ability allows for proactive decision-making, so healthcare workers can anticipate patient
needs and allocate resources accordingly [126]; [140]. This leads to better patient outcomes
but also to increased efficiency of the healthcare system overall [108]. Due to the modular
design of the system, each part can be upgraded or replaced independently when new
technologies and methodologies become available [131]. For example , the Machine
Learning model can be retrained with new data to improve its accuracy or other algorithms
can be implemented to enhance performance [119]. Similarly, new features can be added
or usability can be improved without changing the underlying logic of the front-end
interface (Figure 3) [138].

Patient Registration & ML Assessment Input

Patient Name

Chief Complaint/Condition (e.g., ‘Severe Chest Pain’, ‘Routine Checkup')

Heart Rate (BPM) SpO2 (%) Temperature (*F)

Required Specialization (for Ward Match)

Select Specialization ~

Figure 3: User Interface for Patient Vitals and Criticality Assessment Input

The system does not only have technical features, but also highlights the usability
and user experience [123]. It is understood that the success of the system depends on the
easiness of use and the accessibility [111]. The interface was designed to minimise
cognitive load and streamline workflows so that healthcare professionals can complete
tasks quickly and accurately [134]. With real-time updates, intuitive navigation and visual
cues, the user experience is seamless even in high-pressure environments [115]. The system
is scalable so it can adapt to increasing amounts of users and data as the healthcare
institution expands [118]. This guarantees the system’s efficiency and reliability over time,
despite changes in operational requirements (Figure 4) [128].
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Figure 4. Hospital Management System (HMS) Predictive Allocation View

Overall, the suggested methodology is a comprehensive and innovative approach to
hospital management by combining advanced technologies with practical design
principles to tackle significant challenges in healthcare delivery [120]. The system is a
robust platform for improving patient flow management, reducing delays and improving
resource utilisation by combining the modular three-tier architecture with Machine
Learning and optimisation techniques [125]. By emphasising data-driven decision-making,
healthcare professionals are given accurate and timely information to ensure high-quality
care for patients [109]. The Hospital Management System, with its innovative design and
implementation, illustrates the potential of modern technology to revolutionise healthcare
operations and provide substantial benefits to both patients and healthcare providers
[133].

The technological basis, with Firebase for real-time data synchronisation, is of
paramount importance for the success of the system [139]. Real-time communication
between registration endpoint, allocation logic and ward dashboard -eliminates
administrative latency [114]. Every new patient registration and every discharge from a
ward is instantly reflected across the whole system so that allocation decisions are always
made with the freshest and most accurate view of available beds [135]. This digital
transparency drives operational efficiency [130]. The current model uses a deterministic
rule-based simulation of ML, but its modular architecture is well-suited to direct
integration with sophisticated, historically-trained machine learning models [122]. The
future evolution of this platform would be to replace the current scoring rules with a true
predictive model that uses deeper data sets to predict resource needs with probabilistic
accuracy [112]. This data stream could then be used to enable smart features like predictive
staffing, automated inventory management for high-demand consumables and dynamic
equipment assignment [117]. To conclude, this predictive allocation system is not only a
bed management tool but also a strategic change to a proactive and intelligent resource
management framework [127]. “Getting the right care, at the right level, in the right place,
at the moment they are admitted, the system fundamentally improves patient safety and
overall hospital operational efficiency” [137].

4. Conclusion

The project exemplifies a paradigm shift in hospital management by integrating real-
time triage data with advanced predictive allocation capabilities. This system addresses a
fundamental operational challenge by overcoming the limitations of manual, subjective
decision-making: rapidly and accurately placing patients in the most appropriate care
setting to maximise safety and efficiency. The main achievement is the instantaneous
conversion of a patient’s health state into an optimal resource assignment. Dynamic inputs
such as Heart Rate, SpO2, Temperature, and patient condition are fed to the core
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intelligence layer of the simulated machine learning pipeline to output a Criticality Level
(Low, Moderate or High) that is non-negotiable. This initial assessment guides the whole
decision-making process and guarantees the patient’s requirement for life support or
intensive monitoring is recognised and addressed straight away. Critical patients with
high are immediately targeted for allocation to the High-Dependency Unit (ICU) in
accordance with a critical mandate of patient safety. The allocation logic is a complex,
multi-factor scoring system rather than just a simple urgency. It smartly balances three key
variables: Criticality, Specialisation Need and Ward Capacity. Once the critical cases are
taken care of with high priority, the system focuses on matching the other patients to wards
that match their specialisation (e.g., Cardiology, Neurology). This ensures that the right
people with the right expertise are looking after the patient, reducing clinical risk and the
need for costly patient transfers or internal consultations. Most important the system has
a load balancing algorithm. The system prefers wards with the lowest saturation as a
tiebreaker, taking into account current occupancy and total capacity of possible wards.
This clever distribution prevents bottlenecks, reduces the burden on specific medical teams
and ultimately ensures a more consistent quality of care across the facility. Such a proactive
approach to capacity management is of vital importance for operational resilience,
particularly at times of unexpected spikes in admissions.
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