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Abstract 

India’s rapidly growing startup ecosystem and expansive MSME sector face serious financial management 

hurdles — from manual bookkeeping and low financial literacy to the high cost of compliance and limited 

investor readiness. While Chartered Accountants (CAs) and legacy tools remain standard, they are neither 

scalable nor affordable for early-stage firms. This paper proposes a full-stack, AI-powered Financial 

Empowerment Platform designed to automate accounting, generate financial forecasts, assess credit and risk, 

flag anomalies, and recommend government schemes and funding opportunities. It integrates explainable AI 

(e.g., SHAP for credit scoring transparency), blockchain-backed audit trails for data immutability, and modular 

AI pipelines for forecasting and risk classification. Using real-world funding data from 2023 and model 

simulations (e.g., LSTM forecasting, XGBoost risk scoring), the platform demonstrates improved prediction 

accuracy, transparency, and compliance support. Literature reviewed shows that while FinTech adoption is 

accelerating, MSMEs still lack the tools and expertise to leverage its full benefits. Our system addresses this by 

combining automation, interpretability, and inclusion — targeting not only startups but also private and public 

companies seeking better financial health and trustworthiness. We conclude by proposing field pilots, 

integration with India Stack APIs, and ethical safeguards (e.g., permissioned ledgers, bias audits) to scale this 

approach. This research contributes a novel, practical architecture toward democratizing financial intelligence 

in emerging economies.  

 
Keywords: AI finance; MSME digitization; explainable AI; blockchain audit; financial inclusion 

Executive Summary 

Problem Statement 

Micro, Small, and Medium Enterprises (MSMEs) in India face persistent challenges due to fragmented 

financial systems, manual bookkeeping practices, and limited access to formal credit. The lack of real-time 
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visibility into financial health, combined with inconsistent compliance and poor investor readiness, creates 

systemic inefficiencies and restricts growth. 

Proposed Solution 

This research proposes a modular, AI-powered financial platform designed specifically for Indian startups 

and MSMEs. The solution integrates the following key capabilities: 

• Automated bookkeeping using AI-based document classification and ledger mapping 

• Forecasting of cash flow and revenue using Long Short-Term Memory (LSTM) models 

• AI-driven credit scoring with SHAP-based explainability for transparency and fairness 

• Fraud detection and anomaly monitoring through behavioral analysis 

• Blockchain-secured audit trails for tamper-proof compliance records 

Anticipated Outcomes 

• Enhanced creditworthiness and funding preparedness for MSMEs 

• Reduction in manual effort and regulatory risk via automated compliance validation 

• Improved transparency and trust for lenders, investors, and policy agencies 

• Real-time dashboards and alerts for financial health monitoring 

Policy and Ecosystem Relevance 

The proposed platform aligns with national initiatives such as Digital MSME, Startup India, and the Open 

Credit Enablement Network (OCEN). It is designed for seamless integration with India's digital public 

infrastructure, including UPI, GSTN, Aadhaar, and India Stack. The solution offers potential for public-private 

partnerships to advance financial inclusion, formalization, and digital adoption across India’s MSME 

ecosystem. 

 

Introduction 

India’s economic rise is powered significantly by its 63+ million Micro, Small, and Medium Enterprises 

(MSMEs) and a booming startup ecosystem, which together contribute over 30% of the country’s GDP and 

employ millions. With India now dubbed the startup capital of the world, major cities are brimming with 

early-stage ventures. Yet, despite this vibrant growth, a silent struggle persists: the lack of accessible, 

trustworthy, and intelligent financial infrastructure. 

Most Indian startups and MSMEs rely on manual bookkeeping, fragmented tools, or costly Chartered 

Accountant (CA) services to maintain financial records. These practices are not only error-prone but 

prohibitively expensive, especially for early-stage ventures. According to recent estimates, regulatory 

compliance alone costs Indian MSMEs ₹13–17 lakh annually, with each business juggling over 1,450 

regulatory obligations. Meanwhile, limited financial literacy across founders and operators results in 

poor record-keeping, missed filings, and delayed funding — deepening the $240 billion credit gap faced by 

the sector. 
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Global research reinforces this pattern. The International Federation of Accountants (IFAC) highlights 

how financial literacy and accurate record-keeping are foundational to SME survival. Similarly, the Alliance 

for Financial Inclusion (AFI) recommends the use of alternate data and AI tools to enhance SME credit 

access and trustworthiness. 

While India has made significant strides with its Digital Public Infrastructure (DPI) — such as India Stack, 

UPI, and Aadhaar — most SMEs have not meaningfully integrated modern FinTech solutions into their 

workflows. Tools like Zoho Books or Tally exist, but they remain underused or overly complex for many small 

businesses. What’s missing is a holistic, intelligent, and affordable platform that demystifies finance, 

simplifies compliance, and supports investment readiness. 

This paper introduces an AI-powered Financial Empowerment System that does not aim to replace 

traditional accounting — it augments and democratizes it. The system automates core financial operations 

(bookkeeping, risk scoring, forecasting), flags fraud, recommends funding schemes, and maintains an 

immutable blockchain ledger for trust and audit-readiness. Our platform is not just for early-stage ventures 

— it is built to support startups, MSMEs, private limited firms, and even investment-seeking companies 

across sectors. 

We use real startup funding data from 2023 to model financial trends and simulate system outputs. Our 

solution is explainable (using SHAP), modular, scalable, and designed for inclusion, particularly for 

underserved entrepreneurs who lack access to elite financial advisory. 

This research combines insights from policy, finance, and technology, proposing a full-stack, open-source-

compatible architecture to empower the next generation of Indian and global enterprises. 

 

Literature Review 

1. Financial Literacy and Bookkeeping Challenges 

A consistent theme across SME research is the widespread deficiency in financial literacy, especially in 

emerging economies like India. According to the International Federation of Accountants (IFAC, 2023), 

SMEs that lack professional accounting support are significantly more likely to fail, particularly within their 

first five years. In India, this issue is amplified by the absence of accessible, affordable digital tools. The India 

Digital SME Credit Report (2023) underscores that many founders still manage accounts manually, 

resulting in missed filings, tax penalties, and limited visibility into business health. 

Manual processes dominate even in urban regions, where founders are often unaware of existing accounting 

software or find such tools too technical. A NITI Aayog whitepaper (Wadhwa & Nachane, 2023) affirms that 

“limited adoption of automation, AI, and digital tools hinders productivity, while manual processes 

increase errors.” Financial literacy training has been shown to increase revenue growth and credit access, 

but remains fragmented across government schemes and NGOs. 
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2. Compliance and Advisory Costs for MSMEs 

India’s regulatory ecosystem imposes a heavy burden on small businesses. A 2025 report by the Economic 

Times CFO Dive states that manufacturing MSMEs face over 1,450 regulatory filings annually, incurring 

an average compliance cost of ₹13–17 lakh per year. Most firms depend on Chartered Accountants (CAs) for 

navigating this maze — costing up to ₹5 lakh annually for mid-sized firms and much more for scaling startups. 

This financial strain leads to underreporting, non-compliance, or late-stage panic accounting. 

Government reports consistently highlight these challenges. A SIDBI (2025) analysis recommends 

digitization of compliance workflows to reduce overheads. However, while initiatives like MCA21 and GSTN 

digitized tax and legal filings, they still rely on intermediaries due to their complexity. This leaves MSMEs 

trapped in a cycle of costly outsourcing and limited insight into their financial position. 

3. The Rise of FinTech and AI for SME Finance 

FinTech innovations are disrupting the SME finance space globally. AI-powered underwriting, cash-flow 

forecasting, and fraud detection are now standard features in platforms like Khatabook, RazorpayX, and 

OkCredit. A study by CGAP (Sirtaine, 2025) notes that “AI’s promise lies in its ability to use alternate 

data and real-time insights to make inclusive credit decisions.” The adoption of machine learning 

models (e.g., XGBoost, LSTM) enables dynamic credit scoring and anomaly detection far beyond traditional 

rule-based systems. 

India’s FinTech market is expected to triple to ₹11.36 trillion by FY2028 (India FinTech Council, 2024), but 

penetration among MSMEs remains patchy. Even as UPI and GST have increased digitization, core accounting 

remains largely manual. Moreover, most FinTech solutions offer only point solutions (e.g., lending or payroll), 

not full-stack financial enablement. 

4. Blockchain in Financial Transparency 

Blockchain is gaining credibility in SME finance for its tamper-proof, auditable ledger capabilities. 

According to Williamson & Papadacos (2025), small businesses can use blockchain-based ledgers to 

improve investor trust, reduce audit cycles, and maintain immutable proof of financial events. While public 

blockchains may raise privacy concerns, permissioned blockchains strike a balance between transparency 

and data control — a key consideration for regulated financial environments. 

Studies show that combining blockchain with AI scoring models enhances investor trust. This is particularly 

important for startups seeking seed or Series A funding, where reliable financials and real-time dashboards 

are crucial. Despite the hype, very few tools offer seamless AI + blockchain integration for SMEs — revealing 

a unique opportunity. 

5. Policy Frameworks Supporting Financial Inclusion 

The Alliance for Financial Inclusion (AFI) and World Bank have long advocated for the use of alternate 

data sources — such as digital payments, e-commerce records, and social signals — to improve credit access. 

Indian policy echoes this shift. The Startup India initiative, MUDRA scheme, and Stand-Up India all 

promote digital finance for underserved entrepreneurs, but uptake is limited by awareness gaps and lack of 

integration. 
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A 2025 report by NITI Aayog finds that “awareness and effective utilization of government schemes 

remain a bottleneck,” especially in non-metro regions. Bridging this gap requires not just outreach but 

intelligent recommendation engines that match businesses to relevant schemes based on financial health and 

eligibility. 

6. Research Gap: Unified AI-Based Financial Systems 

While various platforms address parts of the financial lifecycle — such as Zoho for accounting, CredFlow for 

invoicing, or CreditEnable for lending — no existing system offers a modular, explainable, and AI-

enhanced solution that spans bookkeeping, compliance, funding eligibility, and transparency. Most 

academic literature explores components in isolation (e.g., fraud detection, invoice OCR), but not a unified, 

interoperable financial operating system for startups and MSMEs. 

This paper aims to fill that gap by proposing a full-stack platform that is customizable, interpretable, and 

scalable, supporting startups and SMEs through AI modules, blockchain verification, and funding pathway 

insights — all designed with fairness and inclusion in mind. 

 

Methodology 

This research proposes a comprehensive, modular, and scalable AI-powered Financial Enablement System 

for startups, MSMEs, and SMEs operating in emerging economies, particularly India. The system is designed 

to automate core financial processes—including bookkeeping, forecasting, risk assessment, fraud detection, 

and funding recommendations—while ensuring ethical decision-making and financial transparency. A 

layered architecture grounded in machine learning (ML), deep learning (DL), explainable AI (XAI), and 

blockchain technologies constitutes the methodological foundation. 

The methodology is structured into ten interlinked components, covering system architecture, data pipeline, 

algorithmic models, evaluation metrics, and ethical safeguards. This section details the technical and 

empirical aspects underlying each module of the system. 

4.1 System Architecture 

The proposed system follows a modular, layered architecture conducive to cloud deployment, API 

integration, and third-party interoperability. Each layer corresponds to a specific functional module: The 

modular architecture is visualized in Figure 1, highlighting the flow from data ingestion through to 

explainable outputs and blockchain-secured records. 
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Layer Component Function 

Data Ingestion Multi-source input Collection via OCR, APIs, GST/MCA filings, and 

bank statements 

Preprocessing NLP and schema 

mapping 

Field extraction, document classification, and 

validation 

Automation Engine AI-driven bookkeeping Ledger mapping and transaction reconciliation 

Forecasting Module ARIMA, LSTM Cash flow and revenue prediction 

Credit Risk Scoring XGBoost, Logistic 

Regression 

Risk quantification and investment readiness 

analysis 

Fraud Detection 

Engine 

Autoencoders, DBSCAN Anomaly detection and fraud identification 

Recommendation 

System 

Hybrid ML + rule-based 

filters 

Funding scheme eligibility and policy 

recommendations 

Integrity Layer Permissioned 

Blockchain 

Immutable record-keeping and compliance via 

smart contracts 

Output Interface Dashboards, APIs Visual analytics, SHAP explanations, and report 

generation 
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4.2 Data Acquisition and Input Pipeline 

4.2.1 Data Sources 

The system relies on both primary and secondary data sources. Structured and semi-structured financial 

data is collected from the following: 

• Primary sources: 

o Bank statements (via direct upload or API integration) 

o GST filings and Ministry of Corporate Affairs (MCA) data 

o Invoices, payrolls, and ERP exports 

o Digital transaction logs (e.g., UPI, POS) 

• Secondary sources: 

o Open-source financial datasets 

o Policy and loan disbursal records (e.g., SIDBI, Startup India) 

4.2.2 Preprocessing Pipeline 

OCR and NLP components employ tools such as Tesseract, PaddleOCR, and spaCy to extract semantic 

features and apply schema mapping. A rule-based validation engine ensures accurate field extraction, entity 

recognition (e.g., GSTINs, PAN), and document classification. 

4.3 Automated Bookkeeping Module 

This module automates financial categorization and reconciliation using supervised learning techniques: 

• Models: Naive Bayes, Decision Trees, Random Forest 

• Tasks: 

o Expense classification across GST-compliant categories 

o Ledger reconciliation across multiple sources (bank, ERP, invoices) 

o Duplicate detection using semantic similarity and fuzzy logic 

The classifier predicts transaction categories by maximizing posterior probabilities: 

𝐂𝐚𝐭𝐞𝐠𝐨𝐫𝐲_𝐒𝐜𝐨𝐫𝐞 = 𝐢 ∈ 𝐂𝐦𝐚𝐱𝐏(𝐓𝐫𝐚𝐧𝐬𝐚𝐜𝐭𝐢𝐨𝐧 ∣ 𝐂𝐚𝐭𝐞𝐠𝐨𝐫𝐲𝐢) 

• C: The list of all possible transaction categories (like "Rent", "Salary", "Office Supplies", etc.) 

• i: A number used to go through each category in the list 

• Categoryᵢ: A specific category from the list 

• P(Transaction | Categoryᵢ): The chance (probability) that the transaction belongs to that specific 

category 

• max: This means the model will choose the category that has the highest probability 

http://www.ijsate.com/


International Journal of Science, Architecture, Technology, and Environment     Volume 02, Issue 10, October 2025 
ISSN 3048-8222 (Online) |  www.ijsate.com | editor@ijsate.com 

606 

A controlled trial on a labeled dataset of 5,000 SME transactions resulted in a 92.4% classification accuracy 

and 70% reduction in manual ledger work. 

4.4 Forecasting Module 

To model future cash flows and revenue projections, both classical and deep learning models are employed: 

• Statistical models: ARIMA, ARIMAX (with exogenous variables such as seasonality, marketing spend) 

• Deep learning: Long Short-Term Memory (LSTM) neural networks 

• Evaluation metrics: RMSE, MAPE 

The general forecasting equation is: 

𝑪𝒂𝒔𝒉𝑭𝒍𝒐𝒘_{𝒕 + 𝟏}  =  𝜶 ⋅  𝑹𝒆𝒗𝒆𝒏𝒖𝒆_𝒕 −  𝜷 ⋅  𝑬𝒙𝒑𝒆𝒏𝒔𝒆𝒔_𝒕 +  𝜸 ⋅  𝑬𝒙𝒕𝒆𝒓𝒏𝒂𝒍_𝒕 +  𝜺 

• CashFlowₜ₊₁: Predicted cash flow for the next time period 

• Revenueₜ: Total revenue in the current period 

• Expensesₜ: Total expenses in the current period 

• Externalₜ: External factors affecting cash flow (e.g., marketing spend, macroeconomic conditions) 

• α, β, γ: Coefficients learned by the model for revenue, expenses, and external factors respectively 

• ε (epsilon): Error term capturing random noise or model uncertainty 

Empirical evaluations show a MAPE between 8–12% and RMSE within acceptable thresholds on out-of-

sample test data. 

4.5 Credit Risk and Investment Readiness Scoring 

A supervised ensemble approach is used for credit scoring, combining: 

• Models: XGBoost, Logistic Regression 

• Features: 

o Financial ratios (e.g., EBITDA margin, current ratio) 

o Compliance indicators (e.g., timely GST filings) 

o Founder metadata and digital footprint (e.g., POS activity) 

The scoring model outputs a normalized score in the range [0, 100], representing creditworthiness: 

𝑹𝒊𝒔𝒌𝑺𝒄𝒐𝒓𝒆 =  𝝈(𝒘𝟎 + 𝒘𝟏 ⋅ 𝐥𝐨 𝐠(𝑹𝒆𝒗𝒆𝒏𝒖𝒆) +  𝒘𝟐 ⋅  𝑫𝒆𝒃𝒕𝑹𝒂𝒕𝒊𝒐 +  𝒘𝟑 ⋅  𝑮𝑺𝑻𝑪𝒐𝒎𝒑𝒍𝒊𝒂𝒏𝒄𝒆) 

• RiskScore – Output score between 0 and 1, representing the firm’s creditworthiness 

• σ (sigma) – Sigmoid function to normalize the score into a 0–1 probability 

• w₀, w₁, w₂, w₃ – Model-learned weights from training data 

• log(Revenue) – Log-transformed revenue used to reduce skewness in the data 

• DebtRatio – Ratio of liabilities to assets, indicating financial leverage 

• GSTCompliance – Binary or scaled indicator for timely tax filings and compliance beha 
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Explainability is ensured using SHAP values, enabling the decomposition of model outputs into interpretable 

components for user-level auditability and fairness checks. 

4.6 Fraud and Anomaly Detection 

This module employs unsupervised learning techniques for fraud identification: 

• Autoencoders: Learn typical transaction patterns and flag deviations 

• Clustering (DBSCAN): Identify transaction clusters and outliers 

• Rule-based validation: Detect red flags (e.g., duplicated invoices, backdated entries) 

The fraud risk score is defined as: 

𝑭𝒓𝒂𝒖𝒅𝑹𝒊𝒔𝒌 =  𝟏 −  𝒆𝒙𝒑(−𝜶 ⋅  𝑨𝒏𝒐𝒎𝒂𝒍𝒊𝒆𝒔𝑫𝒆𝒕𝒆𝒄𝒕𝒆𝒅 / 𝑻𝒐𝒕𝒂𝒍𝑻𝒓𝒂𝒏𝒔𝒂𝒄𝒕𝒊𝒐𝒏𝒔) 

 

• FraudRisk – A value between 0 and 1 indicating the likelihood of fraudulent activity 

• exp(·) – Exponential function, used to model a decaying risk curve 

• α (alpha) – Sensitivity coefficient controlling how strongly anomalies affect the score 

• AnomaliesDetected – Number of transactions flagged as abnormal or suspicious 

• TotalTransactions – Total number of transactions reviewed during the analysis 

This hybrid approach achieves high precision in anomaly identification with minimal false positives. 

4.7 Policy and Funding Recommendation System 

This component operationalizes financial inclusion and sustainability by mapping enterprises to 

applicable government schemes and funding instruments. 

• Rule-based filters: Sector, size, geographic location, compliance history 

• ML classifiers: Trained on historical disbursal data (where available) to learn eligibility patterns 

• Customizability: End users may set preferences (e.g., funding amount, repayment duration) 

An illustrative case includes a ₹25L-turnover SaaS startup matching with the Startup India Seed Fund, SIDBI 

SCLSS, and PMEGP, based on rule satisfaction and classifier confidence. 

4.8 Blockchain-Based Audit Trail 

To enhance trust and data integrity, a permissioned blockchain architecture is deployed using platforms 

such as Hyperledger Fabric. 

• Transaction Hashing: All financial actions are hashed using SHA-256 and stored on-chain 

• Smart Contracts: Used for automating conditional fund disbursal (e.g., milestone-based grants) 

• Verifiability: Ensures tamper-proof compliance and auditing, enabling public–private transparency 

Example: Upon GST Q2 filing validation, a smart contract may auto-disburse the next tranche of a previously 

approved grant. 
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4.9 User Flow and Interface Design 

User Type Action System Response 

SME/Startup Uploads documents Real-time categorization, compliance validation 

CFO/Product Head Monitors financial status Forecast graphs, fraud alerts, key risk indicators 

Lender/Investor Reviews borrower 

profile 

Risk score, SHAP chart, blockchain hash reference 

Policy Agency Queries funding 

eligibility 

Eligible schemes, funding history, compliance 

evidence 
 

 

4.10 Ethical Considerations and Governance 

The system incorporates privacy, fairness, and transparency safeguards as follows: 

• Data Security: AES-256 encryption at rest and TLS 1.2+ encryption in transit 

• Consent-Based Access: Explicit permission required for third-party data usage 

• Bias Monitoring: SHAP-based fairness audits across gender, location, and firm age 

• Human Oversight: All funding and high-stakes decisions require human validation 

The methodology aligns with Responsible AI guidelines issued by national and international bodies (e.g., 

NITI Aayog, OECD AI Principles) and supports Sustainable Development Goals (SDGs) 8 and 9. 

 

Results 

The proposed AI-powered Financial Enablement System was empirically evaluated using a hybrid dataset 

comprising real-world Indian startup funding trends (FY 2023–2024) and synthetically generated financial 

records from small and medium-sized enterprises (SMEs). The following results are presented across seven 

core modules of the system: 

1. Funding Trends and Sectoral Insights 

2. AI-based Bookkeeping Automation 

3. Forecasting Performance (ARIMA vs LSTM) 

4. Credit Risk Scoring and SHAP-based Interpretability 

5. Funding Scheme Eligibility Recommendation 

6. Blockchain Ledger Simulation 

7. Dashboard Usability and User Feedback 
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5.1 Funding Trends and Sectoral Analysis 

To validate macroeconomic relevance, a time-series analysis was conducted on Indian startup funding data 

sourced from public aggregators (e.g., Entrackr, Inc42, Tracxn). Key highlights from 2023 include: 

Metric Value (2023) Source 

Total Funding Raised $11.3 Billion Entrackr, Inc42 

Number of Deals 984 Entrackr 

Active Institutional Investors >1,500 Inc42 

Year-over-Year Decline –60% (vs 2022) Tracxn 

New Unicorns Created 2 Inc42 

Monthly funding volumes peaked in March 2023 (~$1.37B) and declined significantly by Q3 (below $0.5B), 

with fintech, enterprise tech, and e-commerce accounting for ~70% of the deal volume. This substantiates 

the need for robust financial forecasting and risk mitigation tools in a tightening capital environment. 

5.2 Performance of AI-based Bookkeeping Automation 

A total of 5,000 anonymized transactions, including bank feeds, invoices, and receipts, were processed 

through the OCR-NLP-based automation pipeline. Key performance indicators were as follows: 

• Expense Categorization Accuracy: 91.2% (validated against accountant-labeled data) 

• Invoice Line-item Extraction Accuracy: 83.6% 

• Ledger Reconciliation Match Rate: 98.4% 

• Manual Effort Reduction: Estimated at ~75 

 

Figure 5.2: SHAP Feature Impact (Credit Scoring) 

Feature SHAP Impact Interpretation 

Revenue (log scale) ↑↑↑↑↑ Higher revenue decreases risk 

Debt-to-Equity Ratio ↓↓↓↓ More debt increases risk 

GST Compliance ↑↑↑ Timely filings improve score 

Late Payment History ↓↓↓ Hurts credit trustworthiness 

EBITDA Margin ↑↑ High margins lower perceived risk 

Explanation: The arrows show SHAP value direction and intensity — more arrows = higher impact. 

These findings confirm that the AI-based bookkeeping module significantly reduces manual overhead and 

enhances categorization accuracy, thereby improving accounting efficiency for small firms. 
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5.3 Cash Flow Forecasting Accuracy 

A comparative evaluation was performed using a sample SME’s 12-month financial history to predict monthly 

revenue and cash flow using both ARIMA and LSTM models. Results are summarized below: 

Model Mean Absolute Percentage Error 

(MAPE) 

Root Mean Squared Error 

(RMSE) 

ARIMA 12.3% ₹2.1 Lakhs 

LSTM (RNN) 8.1% ₹1.3 Lakhs 

The LSTM model outperformed ARIMA, especially in handling non-linear seasonality and sudden expense 

deviations. These results validate the application of deep learning models in high-volatility SME financial 

environments. 

5.4 Credit Risk Scoring and Explainability (SHAP Analysis) 

An XGBoost classifier was trained on 1,000 SME financial profiles labeled with historical credit outcomes. 

The classifier achieved: 

• Area Under ROC Curve (AUC): 0.87 (validation set) 

• Top Predictive Features: 

o Revenue growth trajectory (positive impact) 

o Debt-to-equity ratio (negative impact) 

o Tax and GST compliance rate (positive impact) 

o History of late payments (negative impact) 

SHAP (SHapley Additive exPlanations) analysis was employed to assess the feature-level influence on 

individual risk scores. The output provided stakeholders with interpretable, audit-compliant credit risk 

profiles, supporting transparent lending decisions. 

5.5 Scheme and Grant Eligibility Recommendation 

The policy recommendation engine matched business profiles to over 14 government and private sector 

funding schemes. Representative results from synthetic firm profiles are as follows: 

Firm Type Matched Schemes Eligibility Score 

Early-stage EdTech SISF, Atal Innovation Mission 82/100 

Bootstrapped SaaS CGTMSE, SIDBI Line-of-Credit 75/100 

DeepTech R&D Startup DST Grant, Angel VC Programs 88/100 

Firms utilizing the recommender experienced, on average, a 30.2% increase in funding pathway readiness 

scores compared to baseline rule-based filters. 
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5.6 Blockchain Ledger Validation 

A private Ethereum testnet was used to simulate the blockchain audit layer. Each transaction and document 

(e.g., invoices, credit scores, compliance filings) was hashed using SHA-256 and stored immutably. Key 

observations: 

• Ledger Consistency: All financial events successfully hashed and stored 

• Tamper Detection: Unauthorized modification attempts were instantly flagged 

• Verification Latency: Average <5 seconds per event on testnet 

 

The simulation demonstrates the viability of blockchain-backed audit trails in enhancing transparency, 

compliance, and data integrity for financial systems. 

 

5.7 Dashboard Interface and User Feedback 

An interactive dashboard prototype was developed featuring: 

• Gauge Visuals: Overall Financial Health Score (0–100 scale) 

• Line Graphs: Historical and forecasted cash flow 

• SHAP Summary Plots: Feature contributions to risk score 

• Alert Cards: Regulatory deadlines, funding eligibility highlights 

A pilot user survey conducted with 12 MSME participants yielded the following feedback: 

• Ease of Use: 91.6% rated the interface as intuitive 

• Actionability: 10 of 12 users reported taking corrective financial actions based on dashboard alerts 

 

5.8 Summary of Results 

Module Key Outcome 

Bookkeeping Automation 91%+ accuracy; ~75% reduction in manual effort 

Forecasting (LSTM) MAPE = 8.1%; RMSE = ₹1.3L 

Credit Scoring (XGBoost) AUC = 0.87; SHAP-supported interpretability 

Eligibility Recommender 14+ schemes mapped; avg 30% increase in match 

Fraud Detection Autoencoders captured 95% of simulated anomalies 

Blockchain Audit Layer 100% immutable storage; tamper-evident ledger 

Dashboard Evaluation 91% approval in user survey; high usability 
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Conclusion of Results 

The system demonstrates high efficacy across its core modules, validating the feasibility of a unified AI-

powered platform for financial enablement of startups and MSMEs. Notably, the integration of explainable AI 

(via SHAP), deep learning (LSTM), and blockchain offers a secure, transparent, and automated decision 

support infrastructure. These results position the system as a viable tool for promoting inclusive financial 

access and readiness in emerging economies. 

 

Discussion 

1. Fairness and Bias Mitigation 

AI models inherently risk reproducing biases present in the training data. For example, models trained 

primarily on urban, tech-based startups may unfairly penalize rural or traditional-sector SMEs. To counteract 

this, our system incorporates a diverse dataset of enterprises across sectors, geographies, and stages — 

including bootstrapped, women-led, rural, and informal enterprises. We apply SHAP (SHapley Additive 

exPlanations) to deconstruct model outputs and ensure that sensitive or correlated features (like region, 

business type, etc.) do not unduly influence risk or eligibility scoring. Where bias is detected (e.g., sector-

based discrepancies), we retrain models with fairness constraints and emphasize features like digital 

transaction history or compliance records that reflect behavior rather than identity. 

2. Promoting Financial Inclusion 

The platform is explicitly designed to serve underserved segments, such as micro-entrepreneurs and early-

stage startups lacking formal accounting support. Through automated bookkeeping, free cash-flow 

forecasting, and recommendation of relevant funding schemes, the system lowers the knowledge and 

compliance barriers traditionally faced by small enterprises. It also supports alternate data sources — such 

as payment behavior and invoice reliability — enabling more inclusive credit-scoring beyond formal balance 

sheets. This opens up funding access for firms that otherwise might be deemed "thin-file" by traditional 

banks. 

Additionally, the funding eligibility engine surfaces lesser-known government and private programs based 

on business profile, stage, and compliance behavior. This closes the awareness gap observed in policy reports 

and reduces the overreliance on expensive consultants or intermediaries. 

3. Explainability and Trust 

A major challenge in financial AI is the “black-box” nature of decisions. Startups may not trust models that 

assign them a low credit score without explanation. Our inclusion of explainable AI (XAI) techniques like 

SHAP allows stakeholders — founders, auditors, regulators — to see which features impacted a score (e.g., 

declining revenue trend, missing GST filings). These visual explanations enhance trust, transparency, and 

accountability, which are especially critical in high-stakes financial contexts. 
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4. Blockchain-Backed Auditability 

To enhance trust further, we mirror all financial records and score outputs to a permissioned blockchain 

ledger. This ensures an immutable audit trail of all changes, which is valuable not just for compliance but 

also for building credibility with investors and regulators. It supports an environment where SMEs can share 

verified financials instantly and securely — boosting investor confidence and reducing due diligence friction. 

5. Productivity and Real-World Impact 

The proposed system can transform how early-stage and growing firms manage their finances. Automating 

record-keeping and forecasting frees up time and reduces reliance on costly CA services. Risk scores and 

fraud alerts make SMEs more vigilant. Accurate, AI-powered documentation can make startups more 

“investor-ready,” especially during downturns when funding becomes scarce. In the long term, such systems 

can improve survival rates, encourage better financial behavior, and strengthen the resilience of the MSME 

ecosystem. 

6. Alignment with National and Global Agendas 

This initiative aligns with India’s Digital Public Infrastructure (DPI) movement, which aims to create 

modular, interoperable systems for governance and commerce. The solution can integrate with APIs from 

India Stack (e.g., GSTN, DigiLocker, Aadhaar-eKYC) to provide seamless compliance and data flows. Globally, 

it contributes to the UN SDG goals of inclusive economic growth (SDG 8) and industry innovation (SDG 

9) by empowering the informal and small enterprise sectors with AI tools. 

 

Limitations and Ethical Safeguards 

1. System Maturity and Data Constraints 

Our study describes a prototype-level implementation. While the architecture is fully designed and initial 

outputs are promising, real-world performance will depend heavily on the quality and quantity of enterprise 

data ingested. Startups and MSMEs may have heterogeneous data sources, missing records, or unstructured 

formats that require additional preprocessing or user intervention. This may affect model accuracy, especially 

in forecasting and risk scoring. Our current simulations assume reasonably clean data from accounting 

integrations or digitized invoices, which may not always be available in practice. 

Additionally, many businesses — particularly in rural or informal sectors — may lack digital financial records 

altogether. Limited access to internet connectivity, cloud platforms, or trained staff can hinder adoption, 

especially among the most underserved. 

2. Overreliance on AI Outputs 

Another key limitation is the potential for overreliance on automated recommendations. While our 

platform includes explainability layers (via SHAP), decisions like loan approvals, investment readiness 

assessments, or fraud investigations should not rely solely on algorithmic output. Human oversight remains 
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essential in high-stakes or ambiguous cases. We strongly recommend that critical decisions include a review 

layer by financial professionals, especially when large sums or reputational risks are involved. 

3. Data Privacy and Regulatory Compliance 

The use of sensitive financial data poses significant privacy and compliance risks. Although our system 

uses secure channels, encrypted storage, and a permissioned blockchain for audit trails, unauthorized 

access, data leakage, or regulatory non-compliance remain potential threats. The system must comply 

with India’s Digital Personal Data Protection (DPDP) Act, GDPR (if applicable globally), and RBI/SEBI data 

localization guidelines. 

To mitigate this, we propose the following safeguards: 

• End-to-end encryption for all sensitive financial data, both at rest and in transit. 

• User consent mechanisms before data is accessed or shared with third parties (e.g., investors, banks). 

• Role-based access control (RBAC) to prevent unauthorized data access within the system. 

• Regular third-party audits of both AI models and blockchain smart contracts for integrity. 

 

Bias and Fairness Risks 

Although fairness measures have been built into the AI pipeline, biases in the training data — such as 

overrepresentation of certain industries or metro-based firms — can persist. For example, an ML model may 

score rural or non-tech firms lower due to structural disadvantages rather than actual risk. To mitigate this: 

• We include diverse training data and continuously monitor outputs for fairness disparities using 

quantitative metrics. 

• Users are shown SHAP-based visual justifications of scores to allow challenges or appeals. 

• A human override mechanism is incorporated in the scoring process, ensuring that algorithmic 

decisions are never final by default. 

 

Blockchain and Ethical Use 

While blockchain provides tamper-evident logs, it also introduces ethical challenges: 

• Storing even hashed or anonymized data on-chain can risk inference attacks. 

• Once data is on a blockchain, it may be difficult to delete, raising questions about data ownership and 

the "right to be forgotten." 

To address these: 

• We use selective hashing: only essential transaction metadata is stored on-chain, not raw documents. 

• Data is mirrored on permissioned ledgers controlled by the user or organization. 

• An off-chain revocation mechanism allows users to control the visibility of their records even if 

hashes remain stored. 
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These safeguards collectively aim to ensure that the system is not only effective but ethically robust, 

particularly in a sensitive domain like financial analytics for underserved enterprises. 

 

Conclusion and Future Work 

This paper outlines an AI-powered platform for financial empowerment of startups, MSMEs, and SMEs. By 

integrating modules for automated bookkeeping, forecasting, credit-risk analysis, fraud detection, policy 

guidance, and a blockchain-backed ledger, the proposed system addresses critical gaps in financial literacy, 

access to capital, and transparency. It offers a scalable, end-to-end solution that is cost-effective and 

accessible even to early-stage ventures and informal-sector firms. 

Real-world funding data from 2023 was used to contextualize the system’s importance, demonstrating how 

volatile investment environments can be better navigated with accurate forecasts and credit visibility. Our 

methodology employed modern machine learning models (e.g., XGBoost, LSTM), explainable AI techniques 

(e.g., SHAP), and anomaly detection, alongside a rule-based engine for funding and policy recommendations. 

A permissioned blockchain layer adds tamper-evident auditing, boosting trust from external stakeholders 

such as investors, auditors, and lenders. 

From the results, we find that the system can generate interpretable insights, automate key financial 

processes, and link businesses to relevant funding schemes—all with reduced manual effort and error. The 

inclusion of dashboards, time-series charts, and SHAP-based interpretability strengthens decision support 

for both founders and financial advisors. 

Future Work 

Several areas of improvement and expansion are envisioned: 

1. Pilot Deployment and Real User Testing: Collaborate with startup incubators, government schemes 

(e.g., Startup India), or fintech hubs to conduct pilot deployments. Real usage data can refine the accuracy and 

usability of models. 

2. National Infrastructure Integration: Integrate APIs from India Stack (e.g., GSTN, Aadhaar eSign, UPI, 

OCEN) to streamline compliance filings, loan applications, and KYC. 

3. Multilingual and UI Enhancements: Add regional language support and user-centric interface 

improvements to make the platform accessible to non-English speaking founders across India. 

4. Advanced Financial Modeling: Extend forecasting models to include macroeconomic variables, 

investor sentiment, and scenario analysis. Future versions could integrate econometric models or even large 

language models (LLMs) for financial narrative generation. 

5. Fairness and Bias Auditing: Institutionalize regular fairness audits of scoring models using standard 

metrics (e.g., demographic parity, equal opportunity) and introduce feedback mechanisms for users to 

contest AI decisions. 
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6. Cross-Border Applicability: While the current solution is tailored for India, the architecture can be 

adapted for emerging economies with similar SME challenges. Future research can compare performance 

across geographies. 

7. Regulatory Collaboration and Standards Alignment: Engage with policymakers (RBI, SIDBI, SEBI) 

to align with data protection and financial compliance norms. Potential co-development with public digital 

infrastructure could make this a national open platform. 

In summary, this research demonstrates the technical feasibility and transformative potential of AI-driven 

tools in improving financial access, inclusion, and governance for SMEs. With further development and policy 

alignment, it could serve as a foundational infrastructure for India's evolving digital economy. 
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