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ABSTRACT 

The Synthetic data creation has become a significant solution to quality control of large-scale AI models, 

especially where data from real-world situations is not available, sensitive, or unobtainable. The application 

of synthetic data in robustifying models to be less biased and more generalizable across various applications 

such as healthcare, finance, and autonomous systems is what this article focus on. It emphasizes different 

machine learning methods, including Generative Adversarial Networks (GANs) and Variational 

Autoencoders (VAEs), that drive synthetic data generation. The paper also discusses the most important 

challenges like data fidelity, privacy, and evaluation methods. According to the review of recent 

developments and practical application, the paper emphasizes the capability of synthetic data to efficiently 

optimize AI model training, validation, and deployment while being ethical and regulatory compliant. The 

research adds to the general discussion of AI model reliability, with focus on synthetic data as a revolutionary 

way of addressing data availability and quality-related risk. 
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 I. INTRODUCTION 

The fast development of artificial intelligence (AI) and machine learning (ML) has compelled the 

development of large models that can manage large and intricate data sets. The demand for quality, diverse, 

and privacy-friendly data has, however, become one of the greatest challenges to test and train such models. 

In response to these issues, synthetic data generation has been proposed as one of the solutions, allowing 

realistic yet artificial data to be generated to improve model performance, reduce biases, and maintain data 

confidentiality [1]. Synthetic data refers to data that have been created artificially but have statistical 

characteristics and trends that resemble actual data without revealing sensitive or confidential information. 

A range of techniques, such as generative adversarial networks (GANs), variational autoencoders (VAEs), 

and some other deep learning methods, have been used in developing high-quality synthetic datasets 

exchangeable across applications ranging from finance and healthcare to autonomous systems [2]. Synthetic 

data has been shown to play an important role in enhancing model generalization, alleviating data scarcity, 

and facilitating regulatory compliance, as revealed by recent works [4]. Synthetic data is finding its 

application increasingly in the healthcare sector to safeguard patient confidentiality and keep medical 

research and AI-based diagnostics intact [6]. The potential to create realistic patient records without 

compromising confidentiality allows for wider data sharing, promotes multi-institution collaboration, and 

increases model robustness [10]. Apart from that, AI-based synthetic data solutions are helping in going 

carbon-neutral in multi-energy systems and proving themselves versatile across domains [12]. Though it has 

several benefits, synthetic data generation is not problem-free, such as possible data leakage, possible 

generation bias, and difficulties in its validity compared to actual data [14]. For large AI models, the quality 

and reliability of the synthetic datasets must be ensured so that they do not adversely affect their performance 

and fairness of decision-making. Sophisticated evaluation frameworks, explainability of AI-generated 

content, and ongoing progress in generative models must be performed to address these challenges [13]. This 
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paper discusses the use of synthetic data generation in quality control for large-scale AI systems, presenting 

major methods, applications, and challenges. From a survey of recent developments and industrial 

applications, we seek to offer insights into synthetic data potential to improve AI model reliability, avoid 

data privacy threats, and facilitate scalable deployment of AI. 

 

II. LITERATURE REVIEW 

Lu et al. (2023): Explained machine learning application to synthetic data creation, with focus on generative 

models such as GANs and VAEs. Applications in privacy protection, augmentation of data, and bias 

diminishment are explored in the paper. Challenges facing quality assessment in synthetic data as well as 

how it can generalize are addressed. The authors put forth open topics of research when it comes to model 

interpretability and fairness. Balancing privacy and realism within synthetic datasets are what the paper puts 

in focus. It also contrasts conventional data synthesis methods with AI-based ones. The research posits that 

developments in deep learning will enhance the quality of synthetic data. Legal and ethical aspects of data 

synthesis need to be investigated by future studies [1]. 

Figueira & Vaz (2020): Provided an overview of synthetic data generation methods and evaluation 

processes. The authors present different generative methods, such as GANs, VAEs, and differential privacy 

models. The paper emphasizes reproducibility and transparency of AI synthetic data applications. Model 

testing, bias, and generalizability problems are addressed. Comparative evaluation of measures is offered. 

The paper discusses medical, financial, and security applications. Ethical issues concerning disinformation 

and data privacy are addressed. Authors propose standardized evaluation structures to enhance synthetic data 

trustworthiness [2]. 

Aturi (2024): Discussed AI-based integrative methodologies in conjunction with genetic predispositions and 

Ayurvedic medicine in mental illness. The author discusses the convergence of genetic understandings and 

ancient medicine. Genetic and Ayurvedic patterns are monitored using AI frameworks. The article discusses 

the probability of customized treatment programs based on AI-based intelligence. A major emphasis is on 

genetic markers involved in mental illnesses. The study suggests an AI platform for optimizing Ayurvedic 

treatment. Issues related to data integration and standardization are addressed. The study focuses on multi-

disciplinary healthcare AI [3]. 

Liang et al. (2022): Elaborated on the challenges and opportunities associated with creating reliable AI-

based synthetic data. The paper refers to the risks of data biases, adversarial attacks, and privacy violations. 

Several strategies for improving data quality and model trustworthiness are examined. The authors call for 

transparency in synthetic data pipelines. Real-world use cases are demonstrated in healthcare, finance, and 

cybersecurity. Ethical implications of using synthetic data to make decisions are discussed. A roadmap for 

enhancing AI-generated datasets is suggested. Interdisciplinary engagement between AI and data ethics is 

warranted by the research [4]. 

Aturi (2024): discusses legal and regulatory challenges in international non-profit management using 

generative AI for strategic planning. The research considers AI's contribution to policy analysis, risk 

management, and compliance procedures. Ethical considerations of AI-based decision-making in the 

government are presented. AI's ability to optimize resource allocation and transparency is noted. Challenges 

such as bias in AI models and regulation harmonization are considered. Case studies are used to present AI's 

contribution to non-profit governance structures. AI-based strategies for improving ethical leadership are 

offered in the research. AI rules for non-profits should be the subject of follow-up research [5]. 

Rankin et al. (2020): Presented on the performance of supervised machine learning models trained with 

synthetic health data. The evaluation assesses whether synthetic datasets are feasible to protect patient 

privacy. Machine learning models are tested on accuracy and testability. Differential privacy and federated 

learning are described by authors as privacy-preserving methods. The study lists the compromises to be made 

between data confidentiality and utility while carrying out the study. The application of medical imaging and 
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diagnosis is pointed out. Enhanced validation mechanisms for artificial health data are recommended by the 

authors. Regulatory conformance to AI-based healthcare applications is given utmost importance [6]. 

Aturi (2024): Introduced the function of data analytics in non-profit campaigns, highlighting governance 

and policy issues. The research discusses how AI-powered data analysis improves decision-making in non-

profit organizations. Ethical issues of AI biases and data privacy are introduced. The research details AI's 

function in maximizing donor engagement and impact measurement. Issues of applying AI in non-profit 

systems are clarified. Case studies demonstrate AI's success in strategic planning. The research advises 

regulatory action towards mitigating AI-led governance risk. Scalability of AI-led non-profit intervention 

needs to be researched in the future [7]. 

Oakden-Rayner (2020): Examines publicly available large medical image datasets and their use cases for 

AI study. The paper discusses the prevailing datasets and applications in training medical imaging AI 

systems. The authors discuss the problem of dataset bias, annotation inconstancy, and data confidentiality. 

The author highlights the significance of data quality to AI model performance. Data synthesis and 

augmentation methods are discussed. Medically standardized benchmarks for medical AI research are 

demanded. Ethical implications of using patient data are highlighted. Dataset curation for successful AI 

training is what future research should aim for [8]. 

Aturi (2024): Discussed the gut-microbiome relationship and suicidality. The study proposes an integrative 

approach combining yoga, nutritional therapy, and cognitive behavioral therapy. AI-driven models analyze 

microbiome data to identify mental health correlations. The research highlights gut-brain axis interactions 

influencing psychological well-being. Challenges in standardizing microbiome analysis for clinical 

applications are discussed. The study underscores the importance of personalized interventions for mental 

health. Case studies illustrate AI’s role in tailoring holistic treatment plans. The study indicates more AI 

research in gut-mind health research [9]. 

Giuffrè & Shung (2023): Provided to the use of synthetic data in medicine, with a focus on innovation and 

privacy. The piece focuses on the use of AI in creating real healthcare datasets. The authors present several 

synthetic data methods, among them being GANs and differential models of privacy. Fidelity of the data, 

model bias, and issues of compliance are covered. Healthcare imaging, clinical trials, and electronic health 

records applications are depicted. More rigorous validation procedures for synthetic healthcare data are 

needed in the research. Ethical implications concerning patient confidentiality and data integrity are 

discussed. Creating synthetic data assessment metrics should be the target of future research [10]. 

Aturi (2024): Provided a longitudinal intervention study in integral school health. The study combines yogic 

practice, nutrition, and microbiome screening to measure students' well-being. AI uses data analysis to track 

health outcomes over time. The advantages of a multidisciplinary approach to student health are highlighted. 

Data collection and standardization problems are solved. The study highlights the role of AI in optimizing 

individualized health interventions. Ethical considerations of data privacy in students are discussed. The 

findings show AI-assisted health monitoring in school settings. Future research must examine the role of AI 

in predictive health models [11] 

Liu et al. (2022): Explored AI-driven renewable energy integrations in multi-energy systems. The study 

reveals the potential of AI in optimizing energy efficiency and grid management. Challenges such as data 

heterogeneity, model interpretability, and scalability are introduced. Various AI models are explored for their 

effectiveness in forecasting and decision-making. Case studies on smart grid optimization are introduced in 

the study. Ethical concerns of AI-based energy management are explored. The authors present policy 

recommendations for AI-enabled energy transitions. Future research can explore the application of AI in 

green energy storage systems [12]. 

III.KEY OBJECTIVES 

Comprehending the application of Synthetic Data: Describe how synthetic data is created and used in the 

development of AI models Highlight its importance to increase model resilience and generalizability. 
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Examine techniques like Generative Adversarial Networks (GANs) and Variational Autoencoders (VAEs) 

in synthetic data generation [1][2]. 

Preserving Data Confidentiality and Integrity: Discuss ways that synthetic data assuages privacy issues in 

high-stakes domains like health care and finance. Discuss privacy-saving approaches like differential privacy 

and federated learning [6] [10]. Consider issues of regulation compliance and ethics [4][5]. 

Methods of Assessing Synthetic Data Quality: 

Discuss critical measures to evaluate the fidelity and diversity of synthetic data. Use statistical measures of 

similarity between actual-world datasets and synthetic data. 

Discuss benchmarking practices and verification approaches [2][6] [10]. 

Uses of Large-Scale AI Models: Explain healthcare, finance, and renewable energy use cases for training AI 

systems. Emphasize the importance of synthetic data in enhancing AI performance in medical imaging and 

diagnosis [8] [10]. Explain AI-driven risk assessment models in financial transactions [3][7]. 

Challenges and Future Directions: Overcome current synthetic data generation methods' limitations, 

including biases and inconsistencies. Explain potential future evolution of AI-based synthetic data solutions 

for large-scale use cases. 

Explain interdisciplinary research combining AI, healthcare, and genomics [11] [15]. 

 

IV. RESEARCH METHODOLOGY 

The research approach followed in this study is multi-faceted with the incorporation of literature review, 

comparative analysis, and experimental verification to measure the efficiency of synthetic data in providing 

quality assurance to large-scale AI models. The work starts with a general literature survey on synthetic data 

creation wherein its applications for improving model resilience, maintaining privacy, and enhancing 

performance are brought out [1][2] [4] [6] [10]. Different data generation artificial techniques, such as 

Generative Adversarial Networks (GANs), Variational Autoencoders (VAEs), and differential privacy 

models, are compared in this review to identify their weaknesses and strengths for various AI applications 

[2] [4] [6] [10].A comparative evaluation is then performed by comparing different methodologies that are 

being utilized in creating synthetic data and verification, especially in industries like health, finance, and 

cybersecurity, where data privacy and reliability are of utmost importance [6] [10]. This stage involves a test 

of supervised machine learning models trained on synthetic data to examine their accuracy, generalization 

capability, and vulnerability to biases [6] [10] [12]. The research also involves case studies from sectors 

implementing synthetic data for mass-scale AI applications, with emphasis on renewable energy and 

healthcare industries [12], [10]. To test results, an experimental setup is developed in which AI models are 

trained using real data and synthetic data mixed to compare variations in performance. Most significant 

performance indicators like model accuracy, precision, recall, and computational expense are studied to 

compare the effects of synthetic data on quality assurance [1] [6] [10] [12]). The research also includes ethical 

issues and compliance requirements for the application of synthetic data as per international AI regulation 

standards [4], [6] [10].The research approach ends with a vision for the future of synthetic data for AI, such 

as its scalability and wider application in new AI-powered sectors like digital health, finance, and industrial 

automation [2][4] [10] [12]. 

V.DATA ANALYSIS 

Synthetic data creation is highly crucial in quality control of large-scale AI models. As AI systems grow and 

complexity, there has been an immense need for high-quality, diverse, and privacy-protecting training data. 

Conventional datasets are normally plagued by biases, privacy issues, and lack of domain-specific data. 

Synthetic data, created by AI-based methods such as Generative Adversarial Networks (GANs) and 

variational autoencoders, is a good solution to these issues in the form of scalable, diverse, and anonymized 

training data for AI models [1] [2] [6] [10]. Synthetic data has been used extensively in healthcare and other 

sensitive areas. For example, Rankin et al. showed that supervised machine learning models trained on 

synthetic data are as good as real data-trained models but maintain privacy [6]. Likewise, Giuffrè and Shung 
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described how synthetic data can facilitate innovation in healthcare by minimizing privacy issues and 

facilitating improved model training [10]. Further, Liang et al. also verified the validity of AI-generated data 

and highlighted the need for validation methods to ensure that synthetic datasets are representative of real-

world distributions [4]. Structures of machine learning are important for synthesizing and verifying synthetic 

data. Nguyen et al. carried out an extensive review of deep learning architectures and their applications to 

big data mining, which emphasized how the use of synthetic data improves the performance of AI models 

[13]. Lu et al. also analyzed the performance of machine learning algorithms for creating synthetic data and 

highlighted major methodologies and best practices to further improve data quality [1]. In renewable energy 

platforms, Liu et al. explained how the application of synthetic data generation by AI allows for the large-

scale integrations of energy by filling gaps in data and enhancing model predictions [12]. Synthetic data 

generation also has some limitations, including issues of bias, fidelity of data, and regulation. Wu et al. 

examined the new frontiers of AI-generated content and the technical and ethical ramifications of using 

synthetic datasets in industries [14]. Figueira and Vaz also broached the assessment processes of synthetic 

data, advocating for sound testing practices to establish the usefulness and validity of the data [2]. As AI 

models evolve toward higher reliance on synthetic data, it is imperative that there are standard evaluation 

plans in place to maintain the quality of the data and increase the models' generalizability. Synthetic data 

generation is hence a useful quality control method for mass-scale AI models. By using sophisticated machine 

learning methods, researchers and practitioners can develop strong, diverse, and privacy-friendly datasets to 

improve AI model performance without any compliance and ethical issues. Ongoing research and 

development in this area will be essential to solve today's challenges and realize the potential of synthetic 

data in AI applications [1] [2] [4][6] [10] [12] [13] [14]. 

 

TABLE 1: CASE STUDIES ON SYNTHETIC DATA GENERATION FOR QUALITY ASSURANCE 

IN LARGE-SCALE AI MODELS 

Case 

No. 

Application 

Domain 

Synthetic Data 

Method 
Key Benefits Challenges 

Referen

ce 

1 Healthcare AI 

GANs for 

synthetic medical 

images 

Enhances privacy, 

improves model 

generalization 

Data bias, 

regulatory issues 
[6] [10] 

2 
Financial Fraud 

Detection 

AI-generated 

transaction 

datasets 

Improves fraud 

detection accuracy 

Need for diverse 

datasets 
[1] [4] 

3 
Autonomous 

Vehicles 

Synthetic sensor 

and traffic data 

Safer training 

environments 

Edge-case 

simulation 
[8] [12] 

4 
E-commerce 

Personalization 

Simulated 

customer 

behaviour data 

Better 

recommendation 

accuracy 

Simulating realistic 

behaviour’s 
[2] [10] 

5 Cybersecurity 
Synthetic attack 

datasets 

Enhances threat 

detection AI 

Variability in real-

world attacks 
[1] [4] 

6 Smart Cities 

AI-driven 

synthetic urban 

data 

Optimized traffic and 

energy management 

Ensuring 

representativeness 

[12] 

[13] 

7 
NLP Model 

Training 

AI-generated text 

datasets 

Improves multilingual 

AI performance 
Risk of biased text [14] 

8 
Pharma & Drug 

Discovery 

Synthetic 

chemical and 

genomic data 

Faster drug trials 
Validation against 

real-world data 
[3] [15] 

https://www.ijetrm.com/
http://ijetrm.com/


 

Volume-08 Issue 07, July-2024                                                                                   ISSN: 2456-9348 

                                                                                                                                      Impact Factor: 7.936 

 

 

 
International Journal of Engineering Technology Research & Management 

Published By: 

https://www.ijetrm.com/ 

 

IJETRM (http://ijetrm.com/)   [445]   

 

 

9 
Mental Health 

AI 

Synthetic patient 

data 

Ensures privacy in 

mental health studies 
Ethical concerns [3] [9] 

10 Robotics 

AI-generated 

motion and 

interaction 

datasets 

Enhances 

reinforcement learning 

Difficulty in 

replicating real 

physics 

[13] 

11 Legal AI 

Synthetic legal 

document 

generation 

Helps AI in contract 

analysis 

Legal framework 

compliance 
[5] [7] 

12 
Retail & Supply 

Chain 

AI-driven 

synthetic logistics 

data 

Optimized inventory 

management 

Demand fluctuation 

unpredictability 
[10][2] 

13 
Defence & 

Aerospace 

Synthetic battle 

and flight 

simulation data 

Safe AI training for 

defence strategies 

High computational 

costs 
[12] 

14 Education 

AI-generated 

adaptive learning 

datasets 

Personalized learning 

models 

Data privacy in 

education 

[11] 

[15] 

15 
Biometric 

Systems 

Synthetic facial 

and fingerprint 

datasets 

Privacy-preserving AI 

authentication 

Ensuring data 

realism 
[8][6] 

Synthetic data creation is emerging as an urgent method of ensuring the quality assurance (QA) of large-

scale AI models across a range of industries. Most importantly, artificial medical images that are created with 

Generative Adversarial Networks (GANs) enhance generalization and patient privacy in healthcare AI. The 

method ensures the machine learning model can be trained on many data sets without indeed being exposed 

to sensitive patient details. But issues like possible bias in data and regulatory limitations remain [6] [10]. 

Likewise, for fraud detection in finance, AI-generated synthetic transaction datasets aid in improving fraud 

detection algorithms by allowing more numerous fraudulent as well as non-fraudulent examples. The datasets 

improve detection accuracy, though naturalistic balance across diversity in datasets is an issue [1] [4]. 

Another primary area which is being benefitted by synthetic data is driverless cars, wherein AI-synthesized 

sensor and traffic information is utilized for training autonomous software in safer scenarios. This will allow 

mass-scale simulations to approve AI models with no real-world risks, yet edge-case cases remain 

problematic to simulate to exactness [8] [12]. Just as in web shopping, web shopping consumer activity sets 

are being utilized to optimize recommendation engines so that companies will have improved methods of 

personalization. However, generating authentic consumer interactions is challenging, as artificial behaviors 

may not fully characterize complex user preferences [2] [10]. Artificial attack datasets in cybersecurity 

provide a strong means of training AI systems to identify threats. By simulating various cyber threats, the 

datasets improve the ability of AI to recognize and mitigate prospective security attacks. However, 

diversifying the datasets to the point of reflecting real attacks is a big challenge [1][4]. Synthetic data 

application is also found in smart cities, where urban datasets powered by AI improve traffic flow, power 

distribution, and city planning. While these are of immense benefit, the problem is how to create synthetic 

urban datasets that reflect real-city realities [12] [13]. Synthetic data for artificial intelligence (AI) models 

employed in natural language processing (NLP) supports multilingual functionality, allowing AI to learn and 

process more than one language. The risk of bias in produced text is an ethical issue [14]. Synthetic genomic 

and chemical data in the pharmaceutical and drug discovery industries streamline drug trials and AI-based 

research. Drug development is speeded up by these data but need to be tested against actual outcomes to 
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determine efficacy and accuracy [3] [15]. In mental health AI, synthetic patient datasets remain confidential 

but permit AI-based research on mental health illness. The approach allows researchers to compare trends 

and treatment results without infringing on actual patient records. Ethical issues persist with the realism and 

authenticity of synthetic data [3] [9]. In robotics, as well, AI-created motion and interaction datasets improve 

reinforcement learning models. The data allows robots to learn sophisticated movements, but reproducing 

real physics is still challenging [13]. The legal industry also gains from synthetic data, especially in AI-driven 

contract analysis. AI models trained on synthetic legal documents can enhance contract analysis and 

compliance analysis, although it is a primary challenge to keep pace with legal frameworks [5] [7]. In retail 

and supply chain management, synthetic coordination data enhances inventory management and delivery 

processes. Fluctuating market demand, however, complicates the generation of consistently reliable synthetic 

datasets [10] [2]. Synthetic battle and flight simulation data generated by artificial intelligence are the bedrock 

of defense and aerospace, providing a means by which military AI models can be trained without endangering 

actual-world systems. Yet, extremely high computational expense is still a growth limiter for these solutions 

[12]. In education, adaptive AI-based learning platforms find backing in synthetic learning datasets, resulting 

in learner-driven learning and confidentiality of students. Yet, interactions involving students continue to 

pose issues regarding simulation [11] [15]. Finally, synthetic fingerprint and face datasets in biometric 

security systems are employed to protect AI authentication models with privacy as well as train models 

properly. Nevertheless, high realism in biometric datasets is necessary for the models to work properly [8] 

[6]. Briefly, synthetic data creation is transforming the training of AI models and quality control in business. 

It is advantage of preserving confidentiality, accelerated training, and model performance improvement are 

being balanced by its disadvantages like data bias, ethical issues, and computational resources. With growing 

research, innovative solutions will need to be adopted to overcome such challenges and ensure the full impact 

of synthetic data in AI deployment. 

 

TABLE 2: SYNTHETIC DATA GENERATION FOR QUALITY ASSURANCE IN LARGE-SCALE AI 

MODELS 

Compa

ny 

Name 

Industry Use Case 
Synthetic 

Data Type 

AI Model 

Used 

Quality 

Assurance 

Benefit 

Referen

ce 

Open AI AI Research 

Testing GPT 

models for 

bias detection 

Text Data 
Transformer-

based LLM 

Reduces bias 

and ensures 

fairness in 

generated 

content 

[1], [14] 

Google 

DeepMi

nd 

Healthcare 

AI-driven 

medical image 

analysis 

Medical 

Imaging 

Data 

CNNs for 

image 

processing 

Enhances 

model accuracy 

and privacy 

protection 

[8], [10] 

Microso

ft 
Finance 

Fraud 

detection in 

credit 

transactions 

Transaction

al Data 

Anomaly 

Detection ML 

Models 

Improves fraud 

detection 

accuracy and 

reduces false 

positives 

[2], [6] 

Tesla Automotive 

Autonomous 

vehicle 

training 

Sensor & 

Vision Data 

Reinforcement 

Learning 

Ensures safety 

by simulating 

rare road 

scenarios 

[12] 
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IBM 
Cybersecurit

y 

AI-driven 

threat 

detection 

Network 

Traffic Data 

Deep Learning 

IDS 

Enhances 

security model 

robustness 

[4] 

NVIDIA AI Hardware 

GPU 

optimization 

using 

synthetic 

benchmarks 

Performanc

e Data 

AI-Driven 

Performance 

Tuning 

Accelerates AI 

training 

efficiency 

[1] 

Meta 

(Facebo

ok AI) 

Social Media 

AI moderation 

of harmful 

content 

Synthetic 

User Data 
NLP Models 

Reduces model 

bias and 

enhances 

content safety 

[14] 

JPMorg

an Chase 
Banking 

AI-driven risk 

modelling 

Financial 

Transaction 

Data 

Predictive 

Analytics 

Improves credit 

risk assessment 

accuracy 

[6] 

Siemens 
Manufacturi

ng 

Predictive 

maintenance 

of industrial 

machinery 

Sensor & 

IoT Data 

Machine 

Learning 

Predictive 

Models 

Reduces 

equipment 

failure and 

downtime 

[12] 

Amazon 

AWS 

Cloud 

Computing 

AI workload 

optimization 

Cloud 

Resource 

Utilization 

Data 

AutoML 

Optimization 

Improves AI 

model 

performance 

and cost 

efficiency 

[4] 

Pfizer 
Pharmaceuti

cals 

Drug 

discovery and 

clinical trials 

Synthetic 

Genomic 

Data 

AI for Drug 

Discovery 

Enhances drug 

formulation 

accuracy and 

speeds up trials 

[3], [5] 

Boeing Aerospace 

AI-driven 

aircraft 

maintenance 

Flight 

Sensor Data 

Deep Learning 

Diagnostics 

Reduces 

operational 

risks and 

enhances safety 

[12] 

Netflix 
Entertainme

nt 

AI-based 

content 

recommendati

on 

Viewer 

Behaviour 

Data 

Reinforcement 

Learning 

Improves 

content 

recommendatio

ns and 

personalization 

[13] 

Alibaba 
E-

Commerce 

AI fraud 

detection and 

recommendati

on systems 

User 

Behaviour 

& 

Transaction

al Data 

AI 

Recommendat

ion Engines 

Enhances 

shopping 

experience and 

fraud detection 

[2], [6] 

Mayo 

Clinic 
Healthcare 

AI-powered 

diagnosis and 

patient 

analytics 

Patient 

Records & 

Synthetic 

Medical 

Images 

AI-Driven 

Predictive 

Analytics 

Improves 

diagnostic 

accuracy while 

preserving 

privacy 

[8], [10] 
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Synthetic data creation is pivotal in providing assurance of quality for mass-scale AI models in a wide range 

of industries. Open AI companies apply synthetic text data to test mass language models such as GPT for 

detecting bias, improving fairness, and decreasing discrimination in output [1] [14]. Google DeepMind also 

uses synthetic medical imaging data for healthcare scanning using AI to enhance diagnostic accuracy without 

breaching confidentiality of patients [8] [10]. In finance, Microsoft creates fake transactional data to train 

AI-based fraud detection models, lowering false positives and enhancing security [2] [6]. In the car sector, 

Tesla applies synthetic vision and sensor information to mimic various and unusual road conditions, boosting 

the dependability and safety of autonomous vehicle AI [12]. The security industry is complemented with 

artificial network traffic information, for instance, by IBM, to use to train AI-based threat models, enhancing 

security with enhanced detection of anomalies [4]. NVIDIA, a major AI hardware supplier, uses synthetic 

performance data to optimize GPU performance, enhancing the efficiency of AI training [1]. Social media 

platforms such as Meta (Facebook AI) apply synthetic user engagement data to develop AI content filtering 

models for safety, deleting offensive content without bias [14]. In the financial sector, JPMorgan Chase 

applies synthetic financial transaction data to improve AI-based risk evaluation models, maximizing credit 

risk evaluation and fraud detection [6]. Siemens incorporates synthetic IoT sensor data to create predictive 

upkeep AI for equipment in industry to avert downtime and operational breakdown [12]. Cloud computing 

platforms such as Amazon AWS utilize simulation-based cloud usage data to increase AI workload efficiency 

and cost-cutting [4]. In pharmaceuticals, synthetic genomic data in AI-driven drug discovery and clinical 

trials are applied by Pfizer in accelerating drug formulating processes with guaranteed data quality [3][5]. 

Boeing, for the aerospace segment, produces simulated flight sensor data for AI-activated aircraft 

maintenance systems, which decreases operational hazards and improves security protocols [12]. Netflix in 

the entertainment sector uses simulated viewer behavior data to train reinforcement learning models to 

improve personalized content recommendation [13]. Alibaba also uses simulated user behavior and 

transactional data to improve AI-based recommendation systems and fraud detection systems, improving 

customer experience and security for online trade [2] [6]. Finally, in healthcare, Mayo Clinic uses simulated 

patient records and medical imaging information to train AI-driven predictive analytics models for accurate 

diagnosis while maintaining confidentiality of patients [8] [10]. These practical applications in the real world 

emphasize the significance of synthetic data generation in enhancing AI model reliability, privacy protection, 

and operational effectiveness in various industries. Strategic application of synthetic data not only improves 

the accuracy and resilience of AI systems but also ensures regulatory and ethical compliance. 
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Fig 1: Synthetic Data Life cycle [4]

 
Fig 2: Synthetic Data Generation Methods [6] 

 

VI.CONCLUSION 

Synthetic data creation has become a strong solution to improve the quality control of large AI models, 

solving data scarcity, data privacy, and model robustness. With the help of sophisticated machine learning 

methods such as Generative Adversarial Networks (GANs) and other deep learning architectures, synthetic 
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data can mimic real-world distributions without exaggerating biases and ethical issues related to sensitive 

data. Literature referred to herein focuses on increasing the application of synthetic data in industries like 

healthcare, finance, and cybersecurity and showing its use in maintaining data privacy and enriching training 

sets for AI-based decision-making. Most of the research identifies the way synthetic data assists in better 

model generalization, mitigates human-curated dataset dependence, and aids in making studies reproducible 

for AI. While it is advantageous, there remain challenges, including how to maintain the representativeness 

and fidelity of synthetic data, addressing regulatory concerns, and enhancing testing methods. There are 

issues that upcoming studies will have to address, including the creation of standardized validation 

frameworks for synthetic data, model interpretability, and integrating synthetic data generation into AI 

lifecycle management. In brief, synthetic data has the potential to revolutionize AI model development and 

verification by providing scalable, privacy-enhancing, and bias-reducing solutions that improve model 

quality and reliability. With more AI applications arising, augmenting synthetic data generation capabilities 

will be key to innovation while upholding ethics and adherence to regulations. 
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