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Abstract :  Adaptable Critical Patient Caring system is a key concern for hospitals in developing countries like 
some villages. Most of the hospital in some villages lack serving proper health service due to unavailability of 

appropriate, easy and scalable smart systems. The aim of this project is to build an adequate system for 

hospitals to serve critical patients with a real-time feedback method. In this paper, we propose a generic 
architecture, associated terminology and a classificatory model for observing critical patient’s health 

condition with machine learning and IBM cloud computing as Platform as a service (PaaS). Machine 
Learning (ML) based health prediction of the patients is the key concept of this research. IBM Cloud, IBM 

Watson studio is the platform for this research to store and maintain our data and ml models. For our ml 

models, we have chosen the following Base Predictors: Naïve Bayes, Logistic Regression, KNeighbors 
Classifier, Decision Tree Classifier, Random Forest Classifier, Gradient Boosting Classifier,and MLP 

Classifier. For improving the accuracy of the model, the bagging method of ensemble learning has been used. 
The following algorithms are used for ensemble learning: Bagging Random Forest, Bagging Extra Trees, 

Bagging KNeighbors, Bagging SVC, and Bagging Ridge.We have developed a mobile application named 

“Critical Patient Management System - CPMS” for real-time data and information view. 
 

IndexTerms - CPMS,SVC,Bagging,Logistic Regression,MLP,HER.  

I. INTRODUCTION  

 

Health prediction is a critical area in healthcare where machine learning has been increasingly applied to 
analyze patient data and predict their likelihood of developing various diseases. With the advent of 

electronic health records (EHRs), it has become easier to collect and store patient data. However, analyzing 

these data sets manually is time-consuming and error prone.Machine learning algorithms can effectively 
process large amounts of data and predict a patient's likelihood of developing various diseases with high 

accuracy.In this research article, we propose a machine learning-based health prediction system using IBM 
Cloud as a PaaS platform. The system aims to predict the likelihood of a patient developing various 

diseases based on their medical history, lifestyle, and demographic data. The system has been developed 

using various machine learning algorithms, including Decision Trees, Random Forest, Naive Bayes, and 
Support Vector Machine. The data preprocessing techniques,including normalization, missing value 

handling, and feature scaling, were used to preprocess the data before feeding it to the machine learning 
algorithms. 

 

IBM Cloud provides us with a robust PaaS environment that enables us to deploy, manage,and scale our 
machine learning model. It offers various services, including Watson Studio, which provides us with a 

collaborative environment to develop and deploy our machine learning model.The Watson Machine 
Learning service provides us with a platform to deploy and manage our machine learning models. 
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II. LITERATURE  SURVEY  

 Machine learning-based health prediction systems have become increasingly popular in recentyears. 

With the advent of electronic health records (EHRs) and wearable devices, it has becomeeasier to collect 
and store patient data. Machine learning algorithms can effectively process large amounts of data and 

predict a patient's likelihood of developing various diseases with high accuracy. In this literature review, 

we will discuss the research that has been conducted in the field of machine learning-based health 
prediction systems using IBM Cloud as Platform as a Service (PaaS). Machine Learning-Based Health 

Prediction Systems Machine learning-based health prediction systems have been used to predict the 
likelihood of developing various diseases,including diabetes, cardiovascular diseases, and cancer. These 

systems use various machine learning algorithms, including Decision Trees, Random Forest, Naive 

Bayes, and Support Vector Machine.In a study conducted by Al-Rawi et al. (2019), a machine learning-
based health prediction system was developed using IBM Cloud as a PaaS platform. The system aimed to 

predict thlikelihood of developing cardiovascular diseases based on the patient's medical history and 
lifestyle data. The system used the Random Forest algorithm and achieved an accuracy of 91.1%.In 

another study conducted by Jiang et al. (2020), a machine learning-based health prediction system was 

developed to predict the likelihood of developing breast cancer. The system used the Naive Bayes 
algorithm and achieved an accuracy of 87.6%. IBM Cloud as PaaS IBM Cloudprovides a robust PaaS 

environment that enables developers to deploy, manage, and scale their machine learning models. IBM 
Cloud offers various services, including Watson Studio, which provides a collaborative environment to 

develop and deploy machine learning models. The Watson Machine Learning service provides a platform 

to deploy and manage machine learningmodels. In a study conducted by Gao et al. (2018), IBM Cloud 
was used as a PaaS platform to develop a machine learning-based health prediction system. The system 

aimed to predict the likelihood of developing diabetes based on the patient's medical history and lifestyle 
data. The system used the Decision Tree algorithm and achieved an accuracy of 92.4% . 

III. SYSTEM ANALYSIS 
Existing System 

Many health risk prediction systems are available, but earlier research primarily focused on single-disease 

prediction using machine learning on individual medical records. These were binary classification problems that 
determined whether a patient had a specific disease based on their medical history. 

 

Limitations of Existing System 

Adversarial methods can cause inaccurate results in existing algorithms. 

Proposed System 

This paper proposes a system that leverages machine learning and cloud computing to automate patient 

monitoring and decision-making in ICUs. The system can predict a patient's future health condition and 
recommend appropriate interventions. 

Outcomes 

Improved patient treatment through early prediction of health changes. 

Enhanced decision-making for doctors by providing data-driven recommendations. 

Potential cost reduction in healthcare delivery. 

Applications 

ICU patient monitoring and care. 
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      Fig3 :Process Diagram 

Analysis Model 
3.6.1STRUCTURE OF PROJECT (SYSTEM ANALYSIS) 

Process Diagram 
Fig3 :Process Diagram 

A.Cloud Architecture System Architecture To establish the system proposed by the author’s research, 
IBM Cloud with IBM Watson was required. In the Bluemix Console of IBM Cloud, an instance of the 

Db2 Warehouse on Cloud service was created. Db2 Warehouse service supports SQL based database , 

thus it was selected. The NDX9073 schema was selected to build up the database. Tables for Patient 
Registration, Patient Update, Doctor’s info, ML Result were created, where concerned data were stored. 

B. Dataset Pre-processing The training dataset for the ml models will be redirected from IBM Cloud 
storage. We cannot perform manual pre processing within our auto-deployed database. To perform pre 

processing from IBM Cloud we have to use the “Refine” function from model building.  From Refine 

function, a set of instruction can be set to pre-process automatically. Table. 1 illustrates the sample 
dataset after refinement. The dataset contains primarily 5000 sample data for our training and later it has 

been divided with the required proportion for testing and validation. The dataset contains 17 features, 
among them 10 are categorical features and 7 are numerical features. For our model buildup, the “Yes”, 

“Male”, “ICU”, “High” values are replaced with “1” and the “No”,“Female”, “Word”, “Low” values are 

replaced with “0”. After this value transformation, the dataset comprised of 14 numerical features and 3 
categorical features (Primary_Disease, Last_Feedback,B/P). 

C. ML Models Selection: The ubiquitous monitoring of ICU patients has generated a wealth of data 
which presents many opportunities but also great challenges. The following algorithms are chosen as the 

base predictors for our models to convey the optimum accuracy. 

1) Naive Bayes: The naive Bayes algorithm is constructed based on the Bayes theorem. In our model, 
this algorithm is used as information retrieval . Naive Bayes retrieves correlation among two conditional 

probability for each class given each ‘x’ value. In this case, all the correlation between features like pulse, 
admitted_to, ventilator is obtained with Naive Bayes 
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2) Logistic Regression: Logistic Regression is a widely used algorithm for classification problems. 

Predictive algorithms are built from “experience”, which constitutes data acquired from actual 

cases.“Send_SMS” column is classified for critical patients. Based on this prediction, CPMS sends the 
SMS according to the patient no. 

3) Decision Tree Classifiers: Decision tree builds condition based on the independent variables and 
creates an n height tree to classify targeted output. for our dataset, to build an optimal decision tree,  we 

will only consider mostly correlated variables for independent variables. 

4) Neural Network Classifier: Neural Network is a supervised machine learning algorithm which 
process record at a time and learn by comparing the classification of that record. The dataset we obtained 

is evaluated by the feed forward neural network and the multilayer perceptron (MLP). The MLP flows 
through the function being evaluated from feature ‘X’, through the intermediate computations used to 

define function ‘f’, and finally to the output ‘Y’ . 

5) Ensemble Methods: Ensemble methods are used in this paper to increase the accuracy of the models. 
Ensemble method is comprised of three methods- Stacking, Bagging and Boosting. Ensemble Bagging of 

Random Forest, Extra Trees, K-Neighbors, SVC and Ridge Classifier is applied in the models. D. Watson 
Machine Learning models: IBM Watson provides flexible options to create and run ml models. A model 

can be created from the “Model Builder” option. To use any existing trained model from local storage or 

to import any ml models, the “From File” option is present. For our project, we will use Jupyter Notebook 
models by setting the training parameter as a manual. 

E. Deployment of the models: For ensuring the continuous evolution of our dataset on a large scale and 
in a selected time scale, we needed to set a deployment of the ml models. For our mobile app and 

automated dataset series, the “Batch Prediction” performed the best. Batch Prediction deployment is auto-

deployed in a selected time interval with all the models that we selected for training. 
F. Connecting the Android Application with IBM: To make the output visible, more user friendly 

and under stable, we introduced our mobile application CPMS. Which is for both doctor and patients 
relative. The app is only utilized as an output device. It is not for entering new data in the database. 

3.6.2 SDLC 

• Project Requisites Accumulating and Analysis 
• Application System Design 

• Practical Implementation 
• Manual Testing of My Application 

• Application Deployment of System 

• Maintenance of the Project 

3.6.3 REQUISITES ACCUMULATING AND ANALYSIS 
It’s the first and foremost stage of the any project as our is a an academic leave for requisites amassing we 

followed of IEEE Journals and Amassed so many IEEE Relegated papers and final culled a Paper 
designated “Individual web revisitation by setting and substance importance input and for analysis stage we 

took referees from the paper and did literature survey of some papers and amassed all the Requisites of the 

project in this stage 

3.6.4 SYSTEM DESIGN 

In System Design has divided into three types like GUI Designing, UML Designing with avails 
development of project in facile way with different actor and its utilizer case by utilizer casediagram, flow 

of the project utilizing sequence, Class diagram gives information about differentclass in the project with 

methods that have to be utilized in the project if comes to our project ourUML Will utilizable in this way 
The third and post import for the project in system design is Database design where we endeavor to design 

data base predicated on the number of modules in ourproject 

3.6.5 IMPLEMENTATION 
The Implementation is Phase where we endeavor to give the practical output of the work done indesigning 

stage and most of Coding in Business logic lay coms into action in this stage its mainand crucial part of the 

project 

3.6.6 TESTING UNIT TESTING 
It is done by the developer itself in every stage of the project and fine-tuning the bug and modulepredicated 

additionally done by the developer only here we are going to solve all the runtime errors 
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MANUAL TESTING 
As our Project is academic Leave, we can do any automatic testing so we follow manual testing by 

endeavor and error methods 

DEPLOYMENT OF SYSTEM AND MAINTENANCE 
Once the project is total yare, we will come to deployment of client system in genuinely world as its 
academic leave we did deployment i our college lab only with all need Software’s with having Windows 

OS . 
The Maintenance of our Project is one-time process only 

3.6.7 FUNCTIONAL REQUIREMENTS 
1.Data Collection 

2.Data Preprocessing 
3.Training And Testing 

4.Modiling 

5.Predicting 
NON FUNCTIONAL REQUIREMENTS 

NON-FUNCTIONAL REQUIREMENT (NFR) specifies the quality attribute of a software system. They 

judge the software system based on Responsiveness, Usability, Security, Portability and other non-

functional standards that are critical to the success of the software system. Example of nonfunctional 
requirement, “how fast does the website load?” Failing to meet non-functional requirements can result in 

systems that fail to satisfy user needs. Non- functional Requirements allows you to impose constraints or 
restrictions on the design of the system across the various agile backlogs. Example, the site should load in 3 

seconds when the number of simultaneous users are > 10000. Description of non-functional requirements is 

just as critical as a functional requirement. 
 Usability requirement 

 Serviceability requirement 
 Manageability requirement 

 Recoverability requirement 

 Security requirement 
 Data Integrity requirement 

 Capacity requirement 

ADVANTAGES OF NON-FUNCTIONAL REQUIREMENT 

Benefits/pros of Non-functional testing are: 

 The nonfunctional requirements ensure the software system follow legal and compliance rules.They 
ensure the reliability, availability, and performance of the software system.They ensure good user 

experience and ease of operating the software.They help in formulating security policy of the software 
system. 

DISADVANTAGES OF NON-FUNCTIONAL REQUIREMENT 

Cons/drawbacks of Non-function requirement are: 
 None functional requirement may affect the various high-level software subsystem.They require special 

consideration during the software architecture/high-level design phase which increases costs. Their 
implementation does not usually map to the specific software sub-system, It is tough to modify non 

functional once you pass the architecture phase. 
 

IV. FEASIBILITY STUDY 
 

Preliminary investigation examines project feasibility ,the likelihood the application will be useful to the 

user. The main objective of the feasibility study is to test the Technical,Operational and Economical 
feasibility for adding new modules and debugging traditional desktop eccentric applications and porting 

them to mobile devices. All systems are feasible if they are given unlimited resources and infinite time. 
There are aspects in them feasibility study portion of the preliminary investigation: 

 Technical Feasibility 
 Operational Feasibility 

 Economical Feasibility 
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4.1 Technical Feasibility 
The technical issue usually raised during the feasibility stage of the investigation includes the following: 

 Does the necessary technology exist to do what is suggested? Do the proposed equipment’s have the technical 
capacity to hold the data required to use the new system? 

 Will the proposed system provide adequate response to inquiries ,regard less of the 
number or location of users? 

 Can the system be upgraded if developed? 
 Are there technical guarantees of accuracy,reliability,ease of access and data security? As part of technical 

requirements for developing the current application developers need to be proficient in Python based web 
application programming using Machine learning implementations in java,activity analysis in java,database 
operations using Python. 

4.2 Operational Feasibility 
User-friendly 

 Source: contains nodes that allow importing data into IBM PASS Modeler from external sources such as 
analytic servers, databases, XML files, Microsoft Excel etc. Record Ops: includes Nodes performing 

operations on data records, such as selecting, merging, and appendingField Ops: these nodes can perform 
operations on data fields such as filtering, deriving new fields, and determining the measurement level for 

given fields. 

 Graphs: Provides nodes that can graphically represent the data from before and after modeling. 
 Modeling: contains available modeling algorithms such as neural networks, decision treesclustering, and 

data sequencing. 
 Output: consists of nodes that can provide outputs, such as plots, charts, evaluation, etc. 

 Export: composed of the nodes that can export the output to other applications, such as Microsoft Excel. 

 IBM SPSS Statistics: dedicated to nodes for importing or exporting data to IBM SPSS Statistics Neural 
networks are one of the many ways to achieve predictive analysis. IBM SPSS Modeler offers multiple types 

of neural networks for predictive analysis. 

Reliability 
Free and Open Source third party libraries or services were used and the system is maintained only at one place 
ensures high reliability. 

Security 
Credential Based Login procedures for web interfaces ensures only authorized patients can use the system. 

Portability 
The application will be developed using standard open source technologies like Python,Machine learning, Cloud 

and other advanced algorithms lite database etc.These technologies will work on all Python based web 
platforms. 

Hence portability problems will not a rise. 

4.3 Economical Feasibility 
The web application takes care of the present existing system’s data flow and procedures completely and should 

generate all the reports (about intruder (guest or friend)s details and status)of them an usual system besides a 
host of other services.It should be built as a web centric application as the access will be from different locations 

and also portability is one of the banking features of this application.Open source technologies like Python, 
Cloud usage minimizes the cost for the Developer. 

12 

System Requirement Specification 
Introduction 

 

The document emphasizes the importance of a well-defined SRS for creating high-quality software. It explains that an SRS is a 

way to communicate the requirements of a software system in a way that leads to successful development.The document outlines 

some key principles for writing an SRS: 

 

The SRS is typically created after the software analysis phase. During this analysis, the functionalities and performance 

expectations for the software are established.  The SRS then documents these details in a comprehensive way, including:  

Functional Requirements: These describe the specific functionalities the software must provide. 

Behavioral Requirements: These describe how the software should respond to various inputs and events. 

Performance Requirements: These specify how fast, reliable, and usable the software should be. 

Design Constraints: These are any limitations that may affect the software design.  

Validation Criteria: These are the ways in which the software will be tested to ensure it meets the requirements.  

Functional Requirements Example 
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The document provides a basic example of functional requirements for a user registration and data search system. The example  

describes the system inputs (user registration information, search queries), processing (data storage, search execution), outputs 

(search results), and how the outputs are presented to the user. 

 

Non-Functional Requirements (NFRs) 

 

NFRs specify the general qualities of the software system, rather than specific functionalities.  The document lists several 

examples of NFRs: 

 

Performance: This could include requirements for fast response times, low latency, and scalability. 

Safety: This ensures the software does not cause harm to the user, data, or operating system.  

Security: This protects the system from unauthorized access and ensures data confidentiality. 

Usability: This ensures the software is easy to learn and use for the intended audience.  

Reliability: This ensures the software functions consistently and correctly. 

Maintainability: This ensures the software is easy to modify and fix bugs. 

Interoperability: This ensures the software can work with other systems and technologies. 

Portability: This ensures the software can be easily run on different hardware or operating systems.  

System Requirements 

 

The document briefly mentions system requirements, which specify the hardware and software platforms needed to run the 

application.  In the example, the system requirements specify the operating system, programming language, processor, hard disk 

space, and RAM requirements. 

 

System Design 
Introduction 

6. System Design 
Software design sits at the technical kernel of the software engineering process and is applied regardless of 

the development paradigm and area of application. Design is the first step in the development phase for any 
engineered product or system. The designer’s goal is to produce a model or representation of an entity that 

will later be built. Beginning, once system requirement have been specified and analyzed, system design is 
the first of the three technical activities-design,code and test that is required to build and verify software. 

The importance can be stated with a single word “Quality”. Design is the place where  equality is fostered in 

software development.Design provides us with representations of software that can assess for quality. 
Design is the only way that we can accurately translate a customer’s view into a finished software product 

or system. Software design serves as a foundation for all the software engineering steps that follow. 
Without a strong design we risk building an unstable system – one that will be difficult to test, one whose 

quality cannot be assessed until the last stage. During design,progressive refinement of data structure, 

program structure,and procedural details are developed reviewed and documented. System design can be 
viewed from either technical or project management perspective. From the technical point of view,design is 

comprised of four activities – architectural design, data structure design interfaced design and procedural 
design. 

High level Design 

System Design 
Understanding bigger application with its external interfaces is called System Design.  

Subsystem Design 
Understanding bigger system into smaller independent working systems is called subsystem 

design. 

Block Design/Low level Design 

Unified Modeling Language 

The unified modeling language allows the software engineer to express an analysis model using the 
modeling notation that is governed by as yet of syntactic semantic and pragmatic rules.AUML system is 

represented using five different views that describe the system from distinctly different perspective.Each 

view is defined by a set of diagram,which is as follows. 

User Model View 

 This view represents the system from the user’s perspective.The analysis representation describes a usage 
scenario from the end-users perspective. 
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Structural model view 

 In this model the data and functionality are arrived from inside the system.This model view models the 

static structures. 

Behavioral Model View 

It represents the dynamic of behavioral as parts of the system, depicting the interactions of collection 
between various structural elements described in the user model and structural model view. 

Implementation Model View 

In this the structural and behavioral as parts of the system are represented as they are to be built. 

Environmental Model View 

In this the structural and behavioral aspects of the environment in which the system is to be implemented 
are represented. 

 UML is specifically constructed through two different domains they are UML Analysis modeling, which 

focuses on the user model and structural model 
views of the system 

 UML design modeling, which focuses on the behavioral modeling, 
implementation model in agand environmental model views. 

6.1.1 Importance of UML in Modeling 

Building a model for a software system prior to its construction is as essential as having a blue print for 
building a large building. Good models are essential for communication among project teams. As the 

complexity of the systems increases, so does the importance of good modeling techniques. A modeling 
language must include: Model elements-fundamentally modeling concepts and semantics. Notation-visual 

rendering of model elements Guidelines-expression of usage within trade. The use of visual notation to 

represent or model a problem can provide us several benefits relating to clarity,familiarity,maintenance,and 
simplification.The main reason for modeling is the reduction of complexity. The Unified Modeling 

Language (UML) is a set of notations and conventions used to describe and model an application. The 
UML is intended to be a universal language for modeling systems,meaning that it can express models of 

many different kinds and purposes, just as a programming language or a natural language can be used in 

different ways. A model” is an abstract representation of a system , constructed to understand the system 
prior to building or modifying it. The term “system” is used here in a broad sense to include any process or 

structure. For example, the organizational structure of a corporation ,health services,computer software, 
instruction of any sort (including computers),the national economy,and so for the all would be 

termed“systems”.The unified modeling language is a language for specifying, constructing, visualizing, and 

documenting the software system and its components. The UML is a graphical language with sets of rules 
and semantics. The rules and semantics of a model are expressed in English, in a form known as“object 

constraint language”(OCL).OCL is a specification language that uses simple logic for specifying the 
properties of a system. The UML is not intended to be a visual programming language in the sense of 

having all the necessary visual and semantic support to replace programming languages. However, the 

UML does have a tight mapping to a family of object-oriented languages,so that you can get the best of 
both worlds. 

The primary goals in the design of the UML were as follows: 
1. Provide users ready-to-use, expensive visual modeling languages so they can develop and exchange 

meaningful models. 
2. Provide extendibility and specialization mechanisms to extend the core concepts. 

3. Be independent of particular programming languages and development process. 

4. Provide a formal basis for understanding the modeling language. 
5. Encourage the growth of the OO tools market. 

6. Support higher level development concepts. 
7. Integrate best practices and methodologies. 

UML is a language used to: 

 “Visualize” the software system well defined symbols. Thus a developer or tool can unambiguously 
interpret a model written by another developer, using UML“Specify the software system and help building 

precise, unambiguous and complete models.“Construct” the models of the software system that can directly 
communicate with a 

variety of programming languages.“Document” models of the software system during its development 

stages. 
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Architectural views and diagrams of the UML 

The UML Meta model elements are organized into diagrams. Different diagrams are used for different 

purposes depending on the angle from which you are viewing the system.The different views are called 
“architectural views”. Architectural views facilitate the organization of knowledge, and diagrams enable the 

communication of knowledge. Then knowledge itself is within them model or set of models that focuses on 
the problem and solution. The architectural views and their diagrams are summarized below: The “user 

model view” encompasses a problem and solution from the preservative of those individuals whose 

problem the solution addresses. The view presents the goals and objectives of the problem owners and their 
requirements of the solution. This view is composed of “usecase diagrams”. These diagrams describe the 

functionality provided by a system to external integrators.These diagrams containactors, usecases, and their 
relationships.“Class diagrams” describe the static structure of a system, or how it is declared rather than 

how it behaves.These diagrams contain classes and associations.“object diagrams” describe the static 

structure of a system at a particular time during its life.These diagrams contain objects and links.“Sequence 

diagrams” render the specification of behavior. These diagrams describes the behavior provided by a 

system to interactions. These diagrams contain classes that exchangemessages with in an interaction 
arranged in time sequence. In generic form, These diagrams describe a set of message exchange sequences 

among a set of classes. In instance form (scenarios), these diagrams describe one actual message exchange 

sequence among objects of those classes.“Collaboration diagrams” render how behavior is realized by 
components with in asystem.These diagrams contain classes, associations, and their message exchanges 

within a collaboration to accomplish a purpose. In generic form, these diagrams describe a set of classes 
and associations involve din message exchange sequences.In instance form(scenarios), these diagrams 

describe a set of objects of those classes links confirming to the associations,and one actual message 

exchange sequence that in consistent with the generic form and uses those objects and links.“State chart 

diagrams” render the states and responses of a class participating in behavior,and the life cycle of an 

object. These diagrams describe the behavior of a class in response to external stimuli.“Activity diagrams” 

render the activities of a class participating in behavior. These diagrams describe the behavior of a class in 

response to internal processing rather than external events.Activity diagrams describe the processing 

activities within a class. 

UML Diagrams 

Every complex system is best approached through a small set of nearly independent views of a model; no 
single viewer is sufficient. Every model may be expressed at different levels of fidelity. The best models are 

connected to reality. The UML defines nine graphical diagrams. 

6.2 Use-Case Diagram: 
In the Unified Modeling Language (UML), a use case diagram can summarize the details of your system's 
users (also known as actors) and their interactions with the system.To build one,you'll use a set of 

specialized symbols and connectors.An effective usecase diagram can help your team discuss and represent: 
The scope of your system.UML usecase diagrams are ideal for: 

 Representing the goals of system -user interactions.Defining and organizing functional requirements in a 

system.Specifying the context and requirements of a system.Modeling the basic flow of events in a usecase. 

Components Of Use Case Diagram: 

The Components of Use Case Diagram are: 
 Actors: The users that interact with a system.An actor can be a person, an organization, or an outside 

system that interacts with your application or system. They must be external objects that produce or 

consume data. 
 System: A specific sequence of actions and interactions between actors and the system.A system may 

also be referred to as a scenario. 
 Goals: The end result of most use cases. A successful diagram should describe the activities and variants 

used to reach the goal. 

Symbols and Notations of UseCase: 
The notation for a use case diagram is pretty straightforward and doesn't involve as many types of symbols 

as other UML diagrams. Here are all the shapes you will be able to find in lucid chart: 
 Usecases: Horizontally shaped ovals that represent the different uses that a user might have. 

 Actors:Stick figures that represent the people actually employing the usecases. 

 Associations:A line between actors and usecases. In complex diagrams, it is important know which act 
or are associated with which use cases. 
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 System boundary boxes: A box that sets a system scope to use cases. All use cases outside the box 

would be considered outside the scope of that system. For example,Psycho Killer is outside the scope of 

occupations in the chainsaw example found below. 
 Packages: A UML shape that allows you to put different elements into groups. Just as with component 

diagrams, these groupings are represented as file folders. 
Actors: 

Patient: Interacts with the system to provide health data, receive predictions, and 

potentially view explanations. 
Healthcare Provider (HCP): May access patient data (with appropriate authorization) to review 

predictions and integrate them into patient care decisions. 
System Administrator: Manages user accounts, system configuration, and monitors 

system health.  

 

 
 

Fig 4 Use-Case Diagram 
6.3 Class Diagram: 

Class Diagram gives the static view of an application. A class diagram describes the types of objects in the 
system and the different types of relationships that exist among them. This modeling method can run with 

almost all Object-Oriented Methods. A class can refer to another class.A class can have its objects or may 
inherit from other classes. 

Components of Class Diagram: 

The standard class diagram is composed of three sections: 
 Upper section:Contains the name of the class. This section is always required,whether you are talking 

about the classifier or an object. 
 Middle section: Contains the attributes of the class. Use this section to describe the qualities of the class. 

This is only required when describing a specific instance of a class. 

 Bottom section: Includes class operations (methods). Displayed in list format, each operation takes up 
its own line. The operations describe how a class interacts with data. 

 Attributes:The second row in a class shape.Each attribute of the class is displayed on a separate line. 
 Methods:The third row in a class shape. Also known as operations,methods are displayed in list format 

with each operation on its own line. 

 Data types: Classifiers that define data values. Data types can model both primitive types and 
enumerations. 

 Interfaces: A collection of operation signatures and/or attribute definitions that define a cohesive set of 
behaviors. Interfaces are similar to classes, except that a class can have an instance of its type,and an 

interface must have at least one class to implement it. 

 Enumerations: Representations of user-defined data types. An enumeration includes groups of 
identifiers that represent values of the enumeration. 

Member Access Modifiers 
All classes have different access levels depending on the access modifier(visibility).Here are the access 

levels with their corresponding 

symbols: Public (+) 
Private(-) 
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Protected (#) 

Package(~) 

Derived(/) 
Static(underlined) 

Depending on the context, classes in a class diagram can represent the main objects,interactions 
in the application, or classes to be programmed. To answer the question "What is a class 

diagram in UML?"you should first understand its basic makeup. 

 
Fig.5.Class Diagram 

The above class diagram represents the main objects of our system like, 
User: Base class with attributes like user ID, name, role (patient, HCP, administrator). 

Patient: Inherits from User, additional attributes like demographics and medical history. 
Health Data: Represents patient health data fields (e.g., vitals, lab results, demographics).  

Machine Learning Model: Encapsulates the core prediction logic (e.g., trained 

model algorithms). 

6. 46.6.4 Activity Diagram: 

The Unified Modeling Language includes several subsets of diagrams, including structure diagrams, 
interaction diagrams, and behavior diagrams. Activity diagrams, along with use case and state machine 

diagrams are considered behavior diagrams because they describe what must happen in the system being 

modeled.Model software architecture elements , such as method, function,and operation. 

Activity Diagram Notations 

Activity diagrams symbol can be generated by using the following notations: 
 Initial states: The starting stage before an activity takes place is depicted as the initial state 

 Final states:The state which the system reaches when a specific process ends is known as a Final State 

 State or an activity box:Action to be performed. 
 Decision box:It is a diamond shape box which represents a decision with alternate paths.It represents the 

flow of control. 
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Fig.6. Activity Diagram 

In the above activity diagram, the activities represent the flow same as that in Focuses on the process of making a 
health prediction: 

Start: Patient interacts with the system. 
Patient Login/Registration: Patient logs in or creates an account. 

Submit Health Data: Patient securely uploads relevant health data.Validate Data: System validates data 

format and completeness (optional, depending on system design). 
6.5 Sequence Diagram: 

 A sequence diagram is a type of interaction diagram because it describes how and in what ordera group of objects 

works together.These diagrams are used by software developers and business professionals to understand 

requirements for a new system or to document an existing process.Sequence diagrams are sometimes known as event 

diagrams or event scenarios.Sequence diagrams can be useful references for businesses and other organizations. 

Notations of Sequence Diagram: 

 Actors–An actor in a UML diagram represents a type of role where it interacts with the system and its 
objects. 

 Life lines–A lifeline is a named element which depicts an individual participant in a sequence diagram. 
 Messages–Communication between objects is depicted using messages. 

 Guards–To model conditions we use guards in UML. They are used when weneed to restrict the flow of 

messages on the pretext of a condition being met. 

 
Fig.7. Sequence Diagram 

The sequence diagram of our system represents the sequence execution of our system,i.e., 

User: Initiates the login and health prediction request. 
ML System: Handles user authentication, processes data, and provides health predictions.IBMCloud: Stores 

and retrieves user data for processing. 
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Interactions:The User initiates a login request, leading to the ML System authenticating the userthrough 

IBM Cloud.Upon successful authentication, the User requests health predictions.The MLSystem interacts 

with IBM Cloud to retrieve user data, processes it, and delivers health predictionsto the User. 

6.6 Object Diagram: 

Object diagrams are a visual representation in UML (Unified Modeling Language) thatillustrates the 
instances of classes and their relationships within a system at a specific pointin time. They display objects, 

their attributes, and the links between them, providing asnapshot of the system’s structure during execution. 

Since object diagrams depict behaviorwhen objects have been instantiated, we can study the behavior of the 
system at aparticular instant.In UML a classifier refers to a group of elements that have somecommon 

features like methods, attributes and operations. A classifier can be thought of asan abstract meta class 
which draws a boundary for a group of instances having commonstatic and dynamic features. 

 
Fig 8.Symbols of Object diagram 

Objects: Patient, System Interface, Machine Learning Model, Prediction Result Messages: 
Patient -> System Interface: Sends health data and prediction request. 

System Interface -> Machine Learning Model: Passes health data for processing. 
Machine Learning Model -> System Interface: Sends prediction results. 

 

 
Fig.9.Object Diagram 

6.7 State Diagram: 

In UML a classifier refers to a group of elements that have some common features like methods, attributes 
and operations. A classifier can be thought of as an abstract metaclass which draws a boundary for a group 

of instances having common static and dynamic features.A state diagram is used to represent the condition 

of the system or part of the system at finite instances of time. It’s abehavioral diagram and it represents the 
behavior using finite state transitions.Statechart diagram describes the flow of contro from one state to 

another state. States are defined as a condition in which an object exists 
and it changes when some event is triggered. The most important purpose of Statechart diagram is to model 

lifetime of an object from creation to termination. State Machine diagrams are also referred to as State 

Machines Diagrams and 
State-Chart Diagrams.These terms are often used interchangeably. So simply, a state machine diagramis 

used to model the dynamic behavior of a class in response to time and changingexternal stimuli.We can say 
that each and every class has a state but we don’t model every classusing State Machine diagrams.We 

prefer to model the states with three or more states. 
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Fig.10.State Diagram 

Idle: System is waiting for user interaction. 
Training: ML models are being trained. 

Deployed: Trained models are deployed and ready for predictions. 
Monitoring: System is actively monitoring for maintenance and updates. 

Transitions:between states occur based on user interactions, training processes, and 

system monitoring. 

6.8 Component Diagram: 
A component is a replaceable and executable piece of a system whose implementation details are hidden. A 

component provides the set of interfaces that a component realizes or implements.Components also require 

interfaces to carry out a function. 

Components of Component Diagram: 

 Interfaces: The interface is a named set of public features. It separates the specification of functionality 
from it simplementation by a class diagram or a subsystem. An interface symbol cannot be instantiated. It 

declares a contract that may be realized by zero or more classifiers such as a class or a subsystem. 

 Subsystems:It is a component base that acts as a decomposition unit for larger systems.  It is a logical 
construct which is used to break down an extensive system into smaller systems which are known as 

subsystems.This process makes it easy to manage each subsystem efficiently. 
 Port:A port is an interaction point between a classifier and an external environment.It   groups 

semantically cohesive set of provided and required interfaces. A port can be  used in UML without 

specifying the name of the port. A port may have visibility.When a port is drawn over the boundary of a 
classifier, then it means that the port is public.It also means that all the interfaces use dare made as public. 

the Machine Learning Module integrates with IBM Cloud for data retrieval and processing. 

 
Fig.11.:Component Diagram 

6.9 Deployment Diagram: 

In the context of the Unified Modeling Language (UML), a deployment diagram fall sunder the structural 
diagramming family because it describes an aspect of the system itself. In this case, the deployment 

diagram describes the physical deployment of information generated by the software program on hardware 
components.Deployment diagram shave several valuable applications.You can use them to:Show which 

software elements are deployed by which hardware elements.Illustrate their in time processing for 

hardware. 
Provide a view of the hardware system’s topology. 
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Deployment Diagram Elements: 

Variety of shapes makes up deployment diagrams. This list offers an overview of the basic elements you 

may encounter, and you can see most of these items illustrated in the image below. 
 Artifact:A product developed by the software, symbolized by a rectangle with the name and the word 

“artifact” enclosed by double arrows. 
 Association: A line that indicates a message or other type of communication between nodes. 

 Component:A rectangle with two tabs that indicates a software element. 

 Dependency:A dashed line that ends in an arrow, which indicates that one node or component, is 
dependent on another. 

 Interface:A circle that indicates a contractual relationship. Those objects that realize the interface must 
complete some sort of obligation. 

 Node:A hardware or software object, shown by a three - dimensional box. 

 Node as container:An ode that contains an other node inside of it—such as in  the example below,where 
the nodes contain components. 

 Stereotype:A device contained within the node, presented at the top of the node, with the name 
bracketed by double arrows. The below deployment diagram represents the structure of our system in precise. 

Nodes:User Device: Represents the device used by the user to access the system.Application  

Server: Hosts components such as the User Interface, Authentication Module, and Machine Learning 
Module.IBM Cloud: Represents the cloud infrastructure where the system is Deployed. 

Connections:User Device connects to the Application Server for user interaction.The Application Server 
connects to IBM Cloud for data storage and processing.   
 

 

Implementation and Coding 
7.1 Software Description(Technical Description) 
Software Description tells about the softwares used in our project in a brief context . In our project we have 

used Python technology, Visual Studio and other softwares whose brief description is given below. 

Python Technology 

Python is a high-level, general-purpose programming language. Its design philosophy emphasizes code 
readability with the use of significant indentation. Python is dynamically typed and garbage-collected. It 

supports multiple programming paradigms, including structured,object-oriented and functional 

programming. Key Features Of Python: 
 Easy To Learn and Readable Language 

 Object Oriented Programming Language 
 Large Community Support 

 Platform Independent 

 Extensible and Embeddable 
 Graphical User Interface (GUI) Support 

How Will Python Technology Change MyLife? 
We can’t promise you fame, fortune, or even a job if you learn the Python programming language. Still, it is 

likely to make your programs better and requires less effort than other languages.We believe that Python 

technology will help you do the following: 
Open Source & Advanced Technology Python is free and open source and it has vast community support. 

It has a lot of rich libraries to offer to us like NumPy, Pandas, etc. Which can help its users a lot by allowing 
them to not focus on re-inventing the wheel and focus on the actual problem statement.Python is being used 

in a lot of fields nowadays like Natural Language Processing, Data Science, Machine Learning, Software 

Engineering, etc. It is extremely easy to learn and understand and therefore, it is very important to learn 
Python in today’s technologydrive. 

7.2 Machine learning: 
Machine learning (ML) is a field of inquiry devoted to understanding and building methods that 'learn', 

that is, methods that leverage data to improve performance on some set of tasks. It is seen as a part of 
artificial intelligence. Machine learning algorithms build a model based on sample data, known as training 

data, in order to make predictions or decisions without being explicitly programmed to do so.Machine 
learning algorithms are used in a wide variety of applications, such as in medicine, email filtering, speech 

recognition, agriculture, and computer vision, where it is difficult or unfeasible to develop conventional 
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algorithms to perform the needed tasks.A subset of machine learning is closely  related to computational 

statistics, which focuses on making predictions using computers, but not all machine learning is statistical 

learning. The study of mathematical optimization delivers methods, theory and application domains to the 
field of machine learning.  
                                             

 
Fig .13. Machine learning as a subset of AI 

7.3 Algorithms used to predict health condition of patient 

Support Vector Machine (SVM): Efficiently separates data points into categories by finding the best 

hyperplane (decision boundary) that maximizes the margin between the classes. Useful for high-
dimensional data and works well with smaller datasets. 

K-Nearest Neighbors (KNN): Classifies a data point based on the majority vote of its k nearest neighbors 
in the training data. Simple and interpretable, but can be computationally expensive for large datasets and 

sensitive to irrelevant features. 

Naive Bayes: Classifies data points based on Bayes' theorem assuming independence between features. 
Fast and effective for certain types of problems, but the independence assumption may not always hold true. 

Decision Tree: Learns a tree-like model where each internal node represents a feature test and each leaf 
node represents a class label. Easy to interpret, but can be prone to overfitting if not carefully grown or 

pruned. 

Logistic Regression: Predicts the probability of a data point belonging to a specific class (often binary: 0 or 
1). Widely used for classification tasks with well-defined classes. 

Ensemble Learning Algorithms: 
 Random Forest: Combines multiple decision trees, where each tree is trained on a random subset of 

features and a random subset of data points. Improves accuracy and reduces overfitting compared to a 

single decision tree. 
 Gradient Boosting: Sequentially builds an ensemble of models, where each new model focuses on 

correcting the errors of the previous ones. Powerful and flexible, but can be more complex to tune than 
other algorithms. 

Other Algorithms: 

 Multi-Layer Perceptron (MLP): A type of artificial neural network with multiple layers of 
interconnected nodes. Can learn complex non-linear relationships between features and targets, but requires 

careful design and training to avoid overfitting. 
 Ensemble Algorithms: These algorithms combine multiple weaker models (e.g., decision trees) to create a 

stronger overall model, often leading to improved performance and robustness. 

7.4 Map Visualizations 
Charts showing values that relate to geographical areas. Some examples include: (a)population density in 

each state of the United States, (b)income per capita for each country in Europe,(c) life expect an cyin each 
country of the world.The tasks in this project include:Sourcing freely redistributable vector outlines for the 

countries of the world,states/provinces in particular countries (USA in particular, but also other areas). 

Creating an appropriate dataset interface (plus default implementation), a rendered, and integrating this with 
the existing XY Plot class in JFreeChart.Testing, documenting, testing some more, documenting some 

more. 

Machine Learning Performance Metrics: 

Precision: Measures the proportion of positive predictions that are actually correct.  
Recall: Measures the proportion of actual positive cases that the model identified correctly. 

F1-Score: Combines precision and recall into a single metric, providing a balanced view of 

performance. 
Accuracy: Measures the overall proportion of correct predictions (both positive and negative). 

Visualization Techniques for These Metrics:While maps aren't suitable, here are common visualizations 
used for these metrics: 
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 Line Graphs: Each metric (precision, recall, F1-score, accuracy) can be plotted on a separate line graph, 

showing its variation across different thresholds (cut-off points for classifying something as positive or 

negative) or other factors. 
 Scatter Plots: Precision and recall can be plotted together to visualize the trade-off between them. As one 

increases, the other might decrease. 
 Bar Charts: You can create bar charts to compare these metrics for different machine learning models on 

the same task or for the same model on different datasets. These visualizations effectively communicate the 

performance of a model in a clear and interpretable way. 

Features and Tools 

The IDLE or Visual studio has many features and tools for each of the Python platforms. Those in the 
following list are not limited to the Python SE platform but are useful for building,debugging, and 

deploying applications and applets: 

7.5 Cloud Server: 
Cloud computing, in a nutshell, is like renting computing resources (servers, storage, software, etc.) over 

the internet instead of having your own physical equipment. You access these resources ondemand and pay 
only for what you use.For this real time project we consider the IBM cloud as a cloud server. 

What is IBM Cloud? 
IBM Cloud is a suite of cloud computing services from IBM that offers both platform as a service(PaaS) 

and infrastructure as a service (IaaS). 

Why is IBM Cloud used? 

With IBM Cloud IaaS, organizations can deploy and access virtualized IT resources -- such as compute 

power, storage and networking -- over the internet. For compute, organizations can choose between bare-
metal or virtual servers.With IBM Cloud PaaS -- which is based on the open source cloud platform Cloud 

Foundry -- developers can use IBM services to create, manage, run and  deploy various types of 
applications for the public cloud, as well as for local or on-premises environments. IBM Cloud supports 

various programming languages, such as Java, Node.js, PHP and Python and extends to support other 

languages.The IBM Cloud® platform combines platform as a service (PaaS) with infrastructure as a service 
(IaaS) to provide an integrated experience. The platform scales and supports both small development teams 

and organizations, and large enterprise businesses. 

Health Prediction 
Predictive health analytics tools that can also help health systems identify patients with characteristics that 
have a high likelihood of readmission can give healthcare providers an indication of when to center patient 

care resources on follow-up and how to design personalized healthcare protocols to stop frequent returns to 
the hospital. A clinician’s daily workflow can easily be thrown off due to unforeseen gaps in the daily 

schedule and have negative financial repercussions for the organization. Predictive analytics in healthcare 

can identify patients likely to miss an appointment without advanced notice. 
Electronic health record systems can reveal predictive health data about patients most likely to 

no-show. A study from Duke University found that predictive modeling in healthcare using cliniclevel 
electronic health records data, could capture nearly an additional 5,000 patient no-shows per year with 

greater accuracy than previous attempts to forecast patient patterns. Providers can use this personalized data 

from healthcare predictive analytics to send frequent reminders to patients at risk of no-showing, offer 
transportation or additional services to help individuals make their appointments, or suggest other times as 

needed.In addition to supporting chronic disease management strategies and targeting therapies to produce 
better outcomes, predictive analytics in healthcare can keep patients engaged in other factors of their 

healthcare. Patient relationship conduct has become essential for providers, predictive medicine companies 

and healthcare data companies looking to advance wellness and reduce long-term costs. Predicting patient 
behaviors is essential in developing effective communications and compliance strategies.Anthem has used  

predictive modeling in healthcare to create consumer profiles that enable them to send tailored messaging 
and discover what strategies are most likely to be impactful for particular patients. Providers are using 

healthcare predictive analytics to focus on behavioral patterns to design effective personalized health plans 

and keep patients involved with their financial and clinical obligations. 

7.6 ARCHITECTURAL DIAGRAM: 
An architecture diagram is a visual representation of all the elements that make up part, or all, of a system. 

Above all, it helps the engineers, designers, stakeholders — and anyone else involved in the project — 

understand a system or app's layout. 
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Fig 14. Architecture diagram 

 

Testing 
8.1 SOFTWARE TESTING 

Testing 
Testing is a process of executing a program with the aim of finding error. To make our software perform 

well it should be error free. If testing is done successfully it will remove all the errors from the software. 

8.1.1 Types of Testing 
1. White Box Testing 

2. Black Box Testing 

3. Unit testing 

4. Integration Testing 

5. Alpha Testing 

6. Beta Testing 

7. Performance Testing and so on 

White Box Testing 

Testing technique based on knowledge of the internal logic of an application's code and includes tests like 

coverage of code statements, branches, paths, conditions. It is performed by software developers 
Black Box Testing 

A method of software testing that verifies the functionality of an application without having specific 

knowledge of the application's code/internal structure. Tests are based on requirements and functionality. 
Unit Testing 

Software verification and validation method in which a programmer tests if individual units of source code 

are fit for use. It is usually conducted by the development team. 
Integration Testing 

The phase in software testing in which individual software modules are combined and tested as a group. It 

is usually conducted by testing teams. 
Alpha Testing 

Type of testing a software product or system conducted at the developer's site. Usually it is performed by 

the end users. 
Beta Testing 

Final testing before releasing application for commercial purpose. It is typically done by endusers others. 
Performance Testing 

Functional testing conducted to evaluate the compliance of a system or component with specified 
performance requirements. It is usually conducted by the performance engineer. 
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Results 

 
 

 
In above screen we can see various buttons are there to run different machine learning algorithms and  

after building machine learning models we can click on ‘Start Cloud Server’ button to start cloud and 
to accept request from client. Now click on ‘Upload Healthcare Dataset & Pre-process’ button to load 

dataset 
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In above screen uploading health care dataset and after uploading dataset will get below screen 

In above screen dataset contains total 303 records and application using 80% dataset records for 

training and 20% for testing. Now dataset train and test dataset ready and now click on ‘Run SVM  
Algorithm’ button to apply SVM on train dataset and then evaluate its performance on test data to 

calculate prediction accuracy 

 

 
In above screen SVM prediction accuracy on 20% test dataset is 75% and we can see precision,  

FMeasure and Recall values also. Now click on ‘Run KNN Algorithm’ button to generate KNN model 

In above screen with KNN we got 62% accuracy and now click on ‘Run Naïve Bayes Algorithm’  
button to generate its model 
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In above screen with Naïve Bayes we got 82% accuracy and now click on ‘Run Decision Tree 

Algorithm’ button to generate its model 

In above screen with Decision tree we got 75% accuracy and now click on ‘Run Logistic Regression  
Algorithm’ button to generate its model 

In above screen with Logistic Regression we got 90% accuracy and now click on ‘Run Random Forest 
Algorithm’ button to generate its model 

In above screen with Random Forest we got 89% accuracy and now click on ‘Run MLP Algorithm’  

button to get its accuracy 
In above screen with MLP we got 82% accuracy and now click on ‘Run Gradient Boosting Algorithm’  

button to calculate its accuracy 
In above screen with Gradient Boosting we got 87% accuracy and now click on ‘Run Ensemble  

Algorithm’ button to calculate its accuracy 

In above screen with Ensemble algorithm we got 90% accuracy and now click on ‘Precision Graph’  
button to get below precision graph 

In above screen x-axis represents algorithm names and y-axis represents precision of those algorithms 
and from all algorithms ensemble is performing well. Now click on ‘Recall Graph’ button to get below 

graph of recall 

Now click on ‘FScore Graph’ button to get below FMeasure graph 

 

 
Now click on “Accuracy Graph’ button to get below accuracy graph 

Now click on “Start Cloud Server” button to start cloud server and get below screen 
In above screen we can see cloud server started and ready to accept connections from client. Now 
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double click on ‘run.bat’ file from ‘MobileClient’ folder to get below screen 

 

 

 
In above screen client can click on ‘Upload Files’ button to upload file with patient vitals and this  
vitals will send to cloud server 

In above screen from client application uploading ‘users.txt’ file with patient vitals and this vitals send  
to cloud server to get below prediction result 

In above screen data sent to server and server sent result back and in above client page first line 

contains patient vitals and second line displaying patient predicted condition based on vitals by 
machine learning algorithms. In above screen in first record we can see machine learning has predicted 

patient condition is abnormal. 

 
SMS Sent outbox:                                              

 
Similarly u can upload any vitals to predict patient conditions 

Conclusions and Future Enhancement 
In this project, we have studied the novel task of early reviewer characterization and prediction on two real-

world online review datasets. To provide better treatment we require more advanced technologies at very 
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low cost. We started this project to bring out a good result in the hospitals  to serve the patient. We used 

some of the existed techniques and technologies to give a new shape in the hospital and nursing sector. 

Most of the ml models accuracy varied from 80% to 92%. The lowest accuracy obtained is 80%. An 
important finding of this project is the appropriate uses of machine learning models for medical patients and 

categorical data manipulations. The IBM Cloud showed good promising actions by keeping more than 90% 
success rate. Altogether the results we obtained from our project and experiments are showing promise to 

rise this system in large scale for urban and low economical side peoples. With the help of this project, a 

virtual doctor can be established to serve the people better and monitor patients with appropriate care. This 
is also a decision-making assistant for the doctor as a smart health care system. As we have established this 

project with very few parameters of the physical segments, we can improve this project more by adding full 
parameters to measure the human body circulations. In the future, we are planning to install an embedded 

system to take a live reading from Ventilator, Medicine Pump, Heart Monitor, and other ICU machines. 

This will also increase the overall working accuracy of this project 
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