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Abstract— Integrating quantum computing in 

insurance risk forecasting. Address the computational 

challenges of large dice sets by combining Quantum 

Support Vector Machines (QSVM) and advanced 

quantum algorithms with advanced machine learning 

models. This hybrid structure thus improves the 

accuracy and efficiency of insurance risk assessment. 

Dramatically increases the scalability and reliability of 

underwriting and claims assessment. We have 

developed a web-based insurance management system 

using Flask to streamline auto and health insurance 

workflows. This secure and easy-to-use platform 

manages insurance information. Calculate insurance 

premium and manage policy prices With session-based 

authentication and batch processing The system 

guarantees information security and operational 

efficiency. Integrating quantum risk prediction models 

will help reduce errors and improve service delivery. Its 

aim is to revolutionize insurance operations. increase 

credibility Scalability and user satisfaction 
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I. INTRODUCTION 

 

This document is the version and instructions for 

LATEX. Please see the conference page for 

limitations. In today's rapidly evolving and data-

driven environment, The insurance industry faces 

increasing challenges in managing risks associated 

with complex, high-dimensional datasets. Traditional 

computational methods often lack the scalability and 

accuracy required to effectively address these 

challenges. To overcome these limitations Insurance 

risk modeling project combines advanced quantum 

computing with machine learning techniques To 

provide a transformative approach to risk assessment 

and management...The system was developed using 

the Flask framework, integrating key components 

such as data collection modules for vehicle profiles 

and health insurance. Insurance amount calculation 

module that leverages machine learning algorithms 

for accurate premium predictions. and a file upload 

module for efficient batch data processing. Support 

for Quantum Vector Machines (QSVM) helps the 

system discover complex patterns within high-

dimensional data. Dramatically improve risk 

assessment and decision-making processes [1] [3] 

The project takes advantage of the capabilities of 

quantum-enhanced algorithms. It addresses key 

challenges such as size reduction, unbalanced 

datasets. and achieve efficiency improvements. 

Scalability and accuracy [4]. This document provides 

detailed insights into the design, implementation, and 

testing of the system, which demonstrates... of the 

mesh profile of the bottle Quantum-powered model 

integration method revolutionizes insurance risk 

assessment These findings highlight the potential of 

this hybrid framework to set new benchmarks in 

underwriting decisions. and claims management [5] 

[7] 

 

II. RELATED WORK 

 

Machine learning has not been widely used in 

insurance risk forecasting. Boodhun and Jayabalan 

(2018) investigated supervised learning algorithms 

for life insurance risk forecasting. It focuses on 

resource selection and dimensionality reduction to 

increase accuracy [1].Similarly, Hutagaol and 

Mauritsius (2020) used Support Vector Machines 

(SVM) and Random Forest models to automate 

underwriting. Achieve effective risk assessment [2] 

Still emerging quantum computers have shown 

potential in applications in finance and insurance. 

Eggers and colleagues (2020) highlight their 

potential for tax, for example, risk management. But 
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noting current hardware limitations [3], Zanke and 

Sontakke (2021) used machine learning for 

automobile insurance. Improve the accuracy of risk 

and fraud detection [4]  

 

According to Sahai et al., (2023) examined machine 

learning models such as XGBoost for life insurance 

risk prediction. and suggested integrating quantum 

computing to improve performance [6]. Tamturk and 

Carenzo (2023) demonstrated the potential of two 

quantum algorithms to improve readability models. 

In the field of safety [7], Liu et al., (2024) further 

explore quantum algorithms for premium pricing and 

disaster modeling. Noting the need for advances in 

quantum hardware [8] 

 

III. LITERATURE REVIEW 

 

The bibliographic research for this project explores 

current research and developments in insurance risk 

modeling. Focusing on key technologies, methods, 

challenges, and trends, this overview combines 

insights from academic publications. Sector report 

and technical documentation to create the basis for 

the project. Boodhun and Jayabalan (2018) analyzed 

machine learning methods for risk prediction in life 

insurance underwriting. It combines resource 

selection and dimensionality reduction techniques to 

improve the accuracy of the model [1].Similarly, 

Hutagaol and Mauritsius (2020) explore machine 

learning approaches. Specifically, Random Forest to 

automate risk level predictions for life insurance 

applicants. Random Forest has been identified as the 

most accurate model for transplantation. This greatly 

reduces manual work and processing time [2]. 

Quantum computers also show potential to transform 

financial services. This is especially true in complex 

transactions. But hardware limitations remain a major 

challenge. Egger and colleagues (2020) review 

applications of quantum computers in finance. It 

highlights the potential of quantum algorithms for 

different rates, such as stochastic modeling. 

Optimization and machine learning [3] Zanke and 

Sontakke (2021) emphasize the use of machine 

learning algorithms. Especially Random Forests and 

groupings. To improve the accuracy of car insurance 

risks Fraud detection and efficiency in making claims 

creating a competitive advantage [4] Other 

developments were explored by Herman et al. In 

Quantum Computing (2022), who explores 

applications in finance. Emphasizing the need to 

develop hardware for quantum computing to have a 

significant impact on real-world financial 

applications [5], Tamturk and Carenzo (2023) 

propose a Quantum computation algorithms for em 

modeling. 

 

IV. METHODOLOGY 

Insurance risk modeling projects use a systematic 

approach that combines modern technology and best 

practices to ensure an accurate and efficient risk 

assessment system. The main methods include:  

• Machine Learning: Advanced models such as 

Random Forest along with dimensionality 

reduction techniques such as Singular Value 

Decomposition (SVD) and Principal Component 

Analysis (PCA) are used to improve the 

accuracy of risk assessment. Through efficient 

pre-processing of dice [1] 2]. 

• Web Application Development: A Flask based 

interface has been developed to facilitate data 

entry. Form processing and displaying results 

smoothly Flask-SQLAlchemy and Flask-WTF 

guarantee efficient database interaction and 

intuitive form management [2] 

• Quantum Computing: Quantum inspired 

algorithms improve the speed and accuracy of 

predictions by leveraging quantum principles 

such as superposition and optimization. These 

models were tested on IBM servers to evaluate 

real-world performance [3] [5] .  

• Batch processing: The file upload module 

enables efficient analysis of large data sets 

through CSV upload and automatic data 

processing. Facilitation or batch processing of 

insurance data [4] 

• Security: Robust user authentication and session 

management are implemented to guarantee 

secure access for insurance confidentiality. 

Confidentiality and compliance with regulatory 

guidelines [6] This method combines machine 

learning. Quantum algorithm and secure web 

structure To create a reliable and efficient risk 

modeling system for insurance applications. The 

project aims to increase the accuracy and 

scalability of risk predictions. By combining 

classical and quantum computing methods 

 

A. Use Case mode 



© January 2025 | IJIRT | Volume 11 Issue 8 | ISSN: 2349-6002 

IJIRT 171735   INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY        843 

 
Fig 1: Use Case diagram 

 

Use case models describe the functional requirements 

of a system and describe the interactions between 

users (actors) and the system to achieve specific 

objectives. This model is necessary to understand the 

system boundaries, key functions, and user 

interactions. This ensures clarity during the design 

and development process. The use case diagram 

(Figure A) shows the interactions between the tools. 

"Official" functions and functions offered by 

employee information management systems Below is 

a description of the main use cases:  

• Login: Forneces secure access to ao systems 

through verified credentials.  

• Senha Edit/Add Function: Allows to update 

login information or add new users to access the 

system.  

 

Insurance Selection: Allows you to choose life, auto, 

or health insurance. Enable custom workflows  

Single dice management: Manually process each 

selector's two dice. 

 

• Mass data processing: Facilitate or efficiently 

process large data by uploading CSV files.  

• Data Entry: Allows manual entry or upload of 

candidate details for risk management.  

• Navigation: Allows the user to return to the main 

menu or safely to protect the dice. This use case 

model ensures that the system meets user needs 

and is efficient across tasks. Improved user 

experience and workflow 

 

B. Architectural diagram 

 

 
Fig 2: Architectural diagram 

 

An architecture diagram describes the complete 

workflow of an insurance risk simulation project. By 

emphasizing the flow of information in each step. It 

demonstrates the integration of classical and quantum 

models to improve risk assessment. Covers various 

steps From dice collection to processing, the main 

steps include data pre-processing. Classic model 

development Quantum Optimization and integration 

of hybrid models A feedback loop allows for 

continuous improvement based on test and validation 

results. The architecture diagram (Figure B) provides 

a structured overview of the insurance risk prediction 

system. It integrates classical and quantum 

approaches to improve risk assessment. Main 

internships include: 

• Dice Pie: Raw dice pie from various sources. to 

enter or system for analysis  

• Data pre-processing: Cleaning and preparing 

data for later analysis. Guaranteed high quality 

input for modeling. 

• Classic baseline risk assessment: Using 

traditional machine learning models for risk 

prediction. It serves as a benchmark for 

advanced quantum models. 

• Quantum Optimization: Leverage quantum 

algorithms to optimize risk prediction models. 

Speed up calculations and improve accuracy  

 



© January 2025 | IJIRT | Volume 11 Issue 8 | ISSN: 2349-6002 

IJIRT 171735   INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY        844 

Use of hybrid models with continuous improvement: 

Combination of classical and quantum models for 

applications. With feedback loops to refine 

predictions based on real-world testing and 

validation. This architecture guarantees a robust and 

scalable system. It combines state-of-the-art quantum 

computing techniques with well-established machine 

learning methods. which is continually improving 

over time 

 

C. State Diagram 

 
Fig 3: State Diagram 

 

State diagrams are also known as state machine 

diagrams. It is used to model the dynamic behavior 

of a system. which represents various states that 

objects can possess and the events that cause the 

transition between those states. It is a key element in 

systems design to understand how entities (such as 

users, processes, or systems) behave over time in 

response to events and actions. The state diagram 

(Figure D) describes the operational steps of the 

insurance risk forecasting system:  

• Server Access and Authentication: Verify the 

availability of the IBM Quantum server. If 

available, the user must be logged in as an 

administrator. Valid credentials grant you access 

to the page. Invalid credentials, access denied  

• Paint Access: Users select between vehicles and 

health insurance documents to perform specific 

workflows. 

• Data entry and processing: Users manually insert 

data or upload CSV files for vehicles or health 

insurance. The data is pre-processed to ensure 

compatibility with the prediction model.   

• Risk forecasting and insurance calculations: Pre-

processed data is analyzed using risk models. 

Car insurance and health insurance premiums are 

calculated based on their respective risk 

assessments.  

• Results generation: Results are displayed on the 

results page or available for download. 

Guaranteed easy access to insights  

 

This modular system combines manual and 

automatic dice management. Risk prediction and 

quantum computing For efficient and accurate 

insurance risk assessment 

 

V. ALGORITHMS USED AND 

COMPUTATIONAL METHODS 

 

The insurance risk modeling project leverages a 

combination of classical machine learning and 

quantum inspired algorithms. To accelerate risk 

prediction and reward calculations These algorithms 

work together to create an efficient and accurate 

system for modeling insurance risk. 

 

• Quantum Kernel Approximation Algorithm: 

This algorithm uses quantum principles such as 

superposition to capture complex, non-linear 

patterns in high-dimensional insurance data. 

Improving the accuracy of risk prediction by 

generating kernel matrices from quantum states. 

This helps to accurately classify two risk levels 

[3] [5] .  

• Random Forest Classifier: The Random Forest 

algorithm is used to classify insurance applicants 

into risk categories (low, medium, high), adding 

predictions from various decision trees. This 

makes it possible to predict risks in a timely and 

accurate manner. The model also helps identify 

key factors that influence risk levels [1] [4] .  

• SMOTE (Synthetic Excess Minority 

Technique): SMOTE addresses o class 

asymmetry by creating synthetic amostrations 

for minority classes (such as high-risk perfis). 
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This technique guarantees that The model learns 

efficiently at all risk levels. This is important for 

balanced risk prediction [2] [4] .  

• Principal component analysis (PCA): PCA is 

used to reduce the size of two health insurance 

data. By preserving key resources, PCA 

improves the model's performance and accuracy. 

especially in high-dimensional datasets [5].  

Truncated singular value decomposition (SVD): 

SVD is used for dimensionality reduction in 

automobile insurance data. Focusing on the most 

important formats Optimizing and increasing the 

computational efficiency of the model [4] • 

• Grid lookup for hyperparameter tuning: This 

technique optimizes the hyperparameters of the 

Random Forest model to enhance its 

performance, ensuring stable and accurate 

predictions for risk levels and premium 

calculations [2] [6].  

 

These algorithms, when integrated together, form a 

powerful, automated framework that ensures 

accurate insurance risk modeling. The combination 

of classical machine learning techniques and 

quantum-inspired algorithms minimizes errors, 

improves efficiency, and strengthens the overall 

predictive capability of the system. 

 

VI. RESULT AND DISCUSSIONS 

 

 
Fig 4: Result Analysis 

 

The Insurance Risk Modeling project includes two 

separate models for predicting risk levels and 

calculating insurance amounts for vehicle and health 

insurance. Each model incorporates specific factors 

relevant to the type of insurance and adjusts 

predictions and premiums accordingly. 

 

1. Risk Level Prediction for Both Insurance Types 

Each insurance type (vehicle and health) has its own 

model to predict the risk level of the user based on 

specific factors. 

 

I. Vehicle Insurance Risk Level 

• Factors: Age, income, vehicle age, engine size, 

accident history, traffic violations, claims 

history, and other driving-related data. 

• Categories: Low Risk, Moderate Risk, and High 

Risk. 

 

II. Health Insurance Risk Level 

• Factors: Age, BMI, cholesterol, blood pressure, 

smoking status, exercise frequency, annual 

claims, doctor visits, and other health-related 

data. 

• Categories: Low Risk, Moderate Risk, and High 

Risk. 

 

Both models independently predict risk levels based 

on their respective factors. The result for each 

insurance type will display one of these three levels: 

• Low Risk 

• Moderate Risk 

• High Risk 

 

2. Insurance Amount Calculation for Both Insurance 

Types 

Each type of insurance calculates its insurance 

amount based on its risk level and individual factors. 

 

I. Vehicle Insurance Amount 

The vehicle insurance premium is calculated based 

on: 

• Base amount: A fixed premium (e.g., $500). 

• Risk level adjustments: Based on the risk 

prediction (Low Risk, Moderate Risk, High 

Risk). 

• Individual adjustments: Based on the user’s data, 

such as vehicle age, accidents, traffic violations, 

etc. 

 

For Example: 

• Base amount: $500 

• Risk Level: Low (adjustment: -$300) 

• Vehicle age: +$200 (if vehicle age is over 10 

years) 

• Accident history: +$300 (if accidents > 0) 

 

Total Vehicle Insurance Amount = Base amount + 

Risk adjustment + Individual adjustments. 
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II. Health Insurance Amount 

The health insurance premium is calculated similarly: 

• Base amount: A fixed premium (e.g., $800). 

• Risk level adjustments: Based on the health risk 

level (Low Risk, Moderate Risk, High Risk). 

• Individual adjustments: Based on factors such as 

BMI, cholesterol, blood pressure, smoking 

status, and other health-related conditions. 

 

For Example: 

• Base amount: $800 

• Risk Level: Low Risk (adjustment: -$300) 

• BMI: +$200 (if BMI > 30) 

• Cholesterol: +$250 (if cholesterol levels are 

above the normal range) 

 

Total Health Insurance Amount = Base amount + 

Risk adjustment + Individual adjustments. 

 

VII. CONCLUSION 

 

Insurance risk modeling systems combine modern 

automation and quantum computing to revolutionize 

insurance operations. This modular solution 

increases efficiency and accuracy in risk assessment. 

Reward calculation and secure user authentication 

Delivers reliable performance for agents and 

underwriters. A friendly interface, management 

panel, and robust data warehouse guarantee real-time 

insights, consistency, and data protection. It reshapes 

the sector to meet operational challenges and improve 

customer service. By combining Quantum Support 

Vector Machines (QSVM) and other quantum 

algorithms Compatible with classic pre-processing 

The system overcomes traditional limitations. By 

providing greater accuracy and efficiency in 

calculations. Meanwhile, today's quantum hardware 

faces challenges. Advances in error correction and 

qubit stability are likely to achieve flexible structures 

and speed them up in quantum terms. This benefits 

both insurance providers and their customers. It 

promotes innovation and responsiveness in the 

industry's leading evolution [1] [3] [5] The 

integration of quantum computers into the insurance 

system is still in its infancy. But the results show that 

it can greatly improve forecast accuracy and 

operational efficiency. As quantum technology 

continues to develop, This hybrid quantum classical 

approach will provably play a fundamental role in 

shaping the future of the insurance industry [4] [4] 
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