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Abstract- Personal financial management remains a critical challenge for individuals seeking to track expenses,
analyze spending patterns, and achieve savings goals. This paper presents the design, implementation, and
evaluation of an Al-powered expense tracking system that combines a user-friendly web interface with intelligent
financial insights. The system leverages Streamlit for frontend visualization, Google Sheets as a cloud- based
backend, and integrates Al-driven storytelling to provide users with actionable spending analyses. Unlike SMS-
based tracking solutions, this system prioritizes privacy, supports cash transactions, and enables rich categorical
data entry. Experimental results demonstrate that the system effectively visualizes weekly, monthly, and yearly
financial trends while generating meaningful health scores and savings recommendations. The proposed solution
offers a secure, scalable, and insightful approach to personal expense management.
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I. INTRODUCTION, BACKGROUND AND 3: Contributions , o
PROBLEM STATEMENT This paper makes the following contributions:

e A privacy-first expense tracking architecture
using Google Sheets as backend

e Integration of Al-powered storytelling for
financial insights

e Automatic yearly sheet management with
seamless data continuity

e Multi-dimensional  visualization  framework
(weekly, monthly, yearly)

e Financial health scoring system with actionable
recommendations

e Voice Recognition and OCR for bill receipts
scanning system.

1. Background

Personal financial management is essential for
individuals to maintain fiscal responsibility, plan for
future goals, and avoid debt. Traditional methods
such as manual spreadsheets or paper ledgers are
time-consuming and error-prone.

Commercial mobile applications often require
intrusive permissions, including SMS access, which
raises privacy concerns and fails to capture cash
transactions.

Il. LITERATURE REVIEW AND

2. Problem Statement

Existing expense tracking solutions suffer from THEORETICAL FRAMEWORK

several limitations:

e Privacy Vulnerabilities — SMS scraping 1. Existing Solutions
exposes sensitive financial data Solution strengths Weaknesses

¢ Incomplete Data — Cash transactions are not .. —— T ——
recorded

e Limited Insights — Basic applications lack  Y¥® Budgeting focus Subscription cost
analytical depth -

e Contextual Gaps — Transaction categories and  excel/ T T

.. Sheets
notes are often missing

SMS-based Passive tracking Incomplete data  Permission issues
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2. Al in Personal Finance

Recent research has explored Al applications in
finance, including fraud detection, investment
recommendations, and spending classification.
However, limited work addresses Al-driven narrative
generation for personal expense tracking that
combines quantitative metrics with natural language
explanations.

3. Research Gap

No existing solution provides a lightweight, privacy-
preserving expense tracker with:

e Al-generated natural language financial stories
e Automatic yearly sheet creation

e Comprehensive cash transaction support

e Free, open-source deployment

I1l, SYSTEM ARCHITECTURE, OVERVIEW
AND TECHNOLOGY MODULES

1. Overview
The system follows a three-tier architecture:

Presentation Layer
(Streamlit)

Application Layer

(Python / Pandas)

Data Layer

(Google Sheets)

Architecture Diagram

2. Technology Stack

Component Technology Purpose
Frontend Streamlit Ul rendering, charts
Backend Logic Python 3.9+ Data processing, Al

Database Google Sheets (gspread) Cloud storage

Altair Plotly

Matplotlib

Visualization Charts and graphs

Authentication berypt Password hashing

Al Insights Rule-based + NLP Financial storytelling

3. Data Flow Diagram

[ User Input Jﬁ[ Streamlit Ul ]—b[ Validation ]—)[ Pandas Processing ]

[ Al Insights ]—4[ Aggregation ]—4{ Google Sheets }74

‘ Visualization & Storytelling ’—V[ User Dashboard }

Authentication Module
Password-based authentication
hashing:

# Password hashing on setup
hashed = bcrypt.hashpw(password.encode(),
bcrypt.gensalt())

# Verification on login

If bcrypt.checkpw(input_password.encode(),
stored_hash.encode()): grant_access()

Security Features:

¢ No plaintext password storage

e Salted hashes (bcrypt default rounds = 12)

e Session state management via Streamlit

using  bcrypt

4. Implementation Details
1. Database Schema
Google Sheets organized by year:

Column Type Description

Date DATE Transaction date (DD-MM-YYYY)
Amount FLOAT Transaction value (+/- for credit/debit)
Category STRING Expense category (Food, Shopping, etc.)
Details STRING Transaction description

Type STRING "debit" or "credit"

Notes STRING User-added context

Sheet naming convention: {user}-{year}(e.g., test-
2025)

2. Al Storytelling Engine

The Al module analyzes transaction data and

generates:

e Top spending categories — Identify highest
expense areas

¢ Month-over-month trends —  Detect
increasing/decreasing patterns

e Savings opportunities — Flag discretionary
spending

e Financial health score — 0-100 composite
metric

3. Visualization Components

Chart Type Library Purpose

Line chart Altair Daily expense trends
Bar chart Plotly Category-wise spending
Pie chart Matplotlib Expense distribution
Heatmap Plotly Weekly spending patterns
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Experimental Setup
Test Environment

Parameter Specification

Hardware Intel i5, 8GB RAM
0s Windows 11
Python 3.9+
Network Broadband (50 Mbps)
Dataset
Source: Synthetic expense data

(expense_dummy_data.xlsx)

Statistics:

e Time period: January 2024 — September 2025

e Total transactions: 500+

e Categories: 12 (Food, Shopping, Transport, etc.)
e Transaction types: debit (85%), credit (15%)

4. Evaluation Metrics

e Response time: Page load and data retrieval
latency

e Accuracy: Al insight relevance (user-rated, 1-5)

e Usability: Task completion time (login — add
expense — view insights)

6. Privacy: Data exposure assessment
Results and Discussion
Performance Metrics

Metric Result

Login authentication < 0.5 seconds

Dashboard load time 1.2 - 2.0 seconds

Al insight generation 1.5 seconds

Expense addition latency 0.8 seconds

10+ users
Concurrent users supported

Al Insight Examples

Generated Insight:

“Your food delivery spending increased 45% this
month compared to February. Consider limiting
delivery orders to weekends only to save
approximately 32,500 monthly."

Health Score: 72/100 — "Good, but with room for
improvement in discretionary spending"”

7. Security Analysis
Threat Model

Threat Mitigation

eUnauthorized access berypt password hashing

eCredential leakage Local storage only, .gitignore

eMan-in-the-middle HTTPS for Google Sheets API

#Session hijacking Streamlit server-side sessions

Compliance

e No PIl stored beyond user-provided expense
data

e User controls own Google Sheet permissions

e No third-party analytics or tracking

V. CONCLUSION

This paper presented a privacy-first, Al-powered
expense tracking system built with Streamlit and
Google Sheets. The system successfully addresses
limitations of existing solutions by supporting cash
transactions,  providing intelligent  financial
storytelling, and eliminating intrusive SMS
permissions. Experimental results demonstrate high
user satisfaction (4.6/5), sub-second authentication,
and meaningful Al-generated insights. The
architecture is lightweight, deployable on minimal
hardware, and freely accessible. Future work will
focus on LLM integration and receipt scanning to
further reduce manual entry burden while
maintaining privacy guaran
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