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ABSTRACT: This paper presents an automated invoice data extraction system using Al-based OCR (EasyOCR) and
FastAPl. The system processes invoice images through a three-stage OpenCV preprocessing pipeline (grayscale
conversion, Gaussian blur, and adaptive thresholding), followed by EasyOCR deep-learning text recognition. A novel
three-pass spatial processing algorithm then converts raw OCR output into structured JSON: Pass 1 detects field-label
anchors, Pass 2 groups data values spatially using Manhattan distance, and Pass 3 applies regex-based cleaning and
validation. The system achieves approximately 98% field-level accuracy on high-resolution scanned invoices and
86.5% on mobile-captured photographs. It significantly reduces manual data-entry effort, minimises human error, and
enables seamless integration with ERP systems such as SAP, Oracle, Odoo, and Tally. The solution is template-free,
requires no labelled training data, and is immediately deployable across diverse invoice formats.
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I. INTRODUCTION

The global business landscape has undergone a fundamental transformation driven by rapid advances in digital
technologies. Enterprise Resource Planning (ERP) systems have become a cornerstone of modern business operations,
enabling organisations to manage financial data, procurement, inventory, and customer relationships within a single
integrated platform. Leading ERP solutions such as SAP, Oracle, Odoo, and Tally are widely deployed across industries
ranging from manufacturing to retail and financial services.

Despite widespread ERP adoption, a critical operational bottleneck persists at the data entry point. Printed invoices and
purchase orders must be manually transcribed by accounting staff into ERP modules -- a process that is inherently slow,
labour-intensive, costly, and susceptible to human error. Studies in enterprise automation consistently identify manual
invoice processing as one of the top inefficiencies in accounts payable workflows, with error rates ranging from 1% to
5% per document and processing times of 5 to 15 minutes per invoice.

Invoice processing is particularly challenging in jewellery manufacturing and component trading sectors. Invoices in
these domains contain complex tabular structures featuring abbreviated component names, gram and carat weight
measurements, making charges, purity specifications (e.g., 22K, 18K gold), and multi-level tax calculations under
India's Goods and Services Tax (GST) framework including CGST, SGST, and IGST. These invoices are often
generated from legacy accounting software or handwritten templates, producing documents with inconsistent
formatting and varied layouts.

The availability of powerful open-source tools -- specifically EasyOCR for deep-learning based optical character
recognition and FastAPI for high-performance API development -- provides a compelling opportunity to develop
automated extraction systems capable of handling the complexity of real-world invoice documents at production scale.

A. Motivation

The primary motivation for this work is to eliminate the manual transcription bottleneck in invoice processing without
requiring expensive proprietary software, large training datasets, or predefined document templates. The system must
generalise across vendor invoice formats, support Indian GST tax structures, and integrate directly with existing ERP
workflows through a standardised API interface.
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B. Primary Objectives

« Design and implement an automated invoice dataextraction system using EasyOCR and FastAPI, producing
structured JSON output suitable for direct ERP integration.

- Develop a robust OpenCV image preprocessing pipelineencompassing grayscale conversion, Gaussian blur noise
suppression, and adaptive thresholding for uneven illumination.

» Implement a novel three-pass spatial processing algorithm for structured field extraction from unstructured OCR
output,using anchor detection, Manhattan-distance grouping, and regex-based validation.

» Create a production-ready RESTful API service with automatic Swagger Ul documentation, request validation,
andasynchronous request handling for concurrent invoice processing.

* Rigorously evaluate system performance across high-resolution scanned documents and mobile-captured
photographs,benchmarking against Tesseract OCR.

» Demonstrate the system's applicability to ERP integration through structured JSON output conforming to standard
ERPdata schemas.

Il. LITERATURE SURVEY

A. OCR Technology Evolution

Optical Character Recognition has evolved from early pattern-matching systems to modern deep-learning architectures.
Traditional OCR engines such as Tesseract (Smith, 2007) employ a pipeline of image segmentation, character
classification, and language model correction. While effective on clean, high-resolution documents, Tesseract struggles
with real-world conditions including uneven illumination, skewed text, mixed font sizes, and non-standard character
sets.

EasyOCR represents a significant advancement, employing an end-to-end trainable architecture that combines: (1) a
Convolutional Neural Network (CNN) based on ResNet or VGG for visual feature extraction, (2) a bidirectional Long
Short-Term Memory (BiLSTM) network for sequence modelling, and (3) a Connectionist Temporal Classification
(CTC) decoder for label sequence prediction. This architecture, known as CRNN (Shi et al., 2017), supports over 80
languages and demonstrates10-25 percentage-point accuracy improvements over Tesseract on documents with complex
layouts, curved text, varying font sizes, and mixed-language content.

B. Document Information ExtractionRusinol et al. (2013) proposed template-based field extraction approaches,
achieving high precision on standardised document formats. However, these methods fail to generalise across diverse
vendor invoice templates without manual template creation for each new format.

Palm et al. (2017) introduced CloudScan, an RNN-based end-to-end invoice processing system trained on a large
corpus of annotated invoices. While achieving strong performance, this approach requires thousands of labelled
training documents, creating a significant barrier to deployment in new domains.

Xu et al. (2020) proposed LayoutLM, a transformer-based model pre-trained on large document corpora that jointly
learns from text content and 2D spatial layout information. LayoutLM achieves state-of-the-art results on document
understanding benchmarks, but requires significant computational resources for both fine-tuning and inference.

Author(s)|Year Approach

Rusinol et2013 Template-based Fixed formats

al. extraction only

Palmet 2017 RNN end-to-endn)Needs large

al. (CloudSca labelled data

Xuetal. 2020 LayoutLM High compute
(transformer) resources

This Work2024 EasyOCR + 3-pass  Zero training data
spatial needed

C. API-Based Integration ApproachesFastAPl has emerged as the preferred framework for exposing machine
learning models as web services due to its native support for Python type hints, automatic OpenAPI documentation
generation, and asynchronous request handling via Python's asyncio. Prior invoice processing systems have primarily
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been deployed as batch processing pipelines or desktop applications, limiting their integration with modern cloud-based
ERP platforms. A RESTful API approach enables real-time invoice processing and seamless integration with any ERP
system supporting HTTP-based data ingestion.

I11. PROBLEM STATEMENT

A. Identified Gaps

A comprehensive review of existing invoice processing solutions reveals four critical gaps. First, template dependency:
commercial solutions and academic approaches require predefined templates for each invoice format, demanding
significant manual effort for each new vendor. Second, training data requirement: deep learning approaches achieving
state-of-the-art accuracy require thousands of labelled invoice images, which are unavailable in most business settings
due to privacy constraints and the cost of annotation.

Third, domain specificity: existing solutions are primarily trained and evaluated on Western European invoice formats
and do not account for Indian GST tax structures, regional language content, or the specialised terminology of sectors
such as jewellery manufacturing. Fourth, integration complexity: existing tools typically produce unstructured text
output requiring additional post-processing before ERP integration, creating additional development overhead.

B. Core Problem Definition

This work addresses the following problem: given a diverse set of invoice image inputs (both high-resolution scans and
mobile-captured photographs), automatically extract structured, ERP-ready data without requiring predefined
templates, labelled training datasets, or proprietary OCR software -- while maintaining sufficient accuracy for
production deployment in jewellery manufacturing and component trading businesses.

IV. PROPOSED SOLUTION

A. System Concept

The proposed system combines EasyOCR's deep-learning text recognition with a novel three-pass spatial processing
algorithm, exposed as a production-ready RESTful APl via FastAPl. The key innovation is the spatial processing
algorithm, which extracts structured invoice fields using geometric relationships between detected text regions rather
than relying on predefined positional templates or machine learning classifiers.

This approach is immediately deployable across diverse invoice formats because it learns the document structure
dynamically from anchor keywords and their spatial relationships with surrounding text elements, rather than assuming
a fixed layout.

B. Key Design Principles

« Template Independence: Structure is inferred from spatial relationships between text elements, not from fixed
coordinate templates.

- Zero Training Data: No labelled invoice dataset is required. The system is ready for immediate deployment in any
business domain without data collection or annotation.

- Modular Architecture: The three-pass extraction algorithm separates concerns into distinct, independently testable
stages.

« Production-Ready API: FastAPI provides automatic request validation, asynchronous concurrent request handling,
and interactive Swagger Ul documentation.

« Robust Preprocessing: The OpenCV pipeline specifically addresses real-world degradation including uneven
illumination, mobile camera lens distortion, and digital compression artefacts.

« Structured JSON Output: Output conforms to standard ERP data schemas, enabling zero-configuration
integration with SAP, Oracle, Odoo, Tally, and custom ERP systems.

V. METHODOLOGY
A. System Architecture Overview
The system operates as a stateless RESTful web service.

Each invoice image is submitted as a multipart HTTP POST request and processed through four sequential pipeline
modules before returning a structured JSON response. The EasyOCR reader model is initialised once at application
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startup and reused across all requests, avoiding repeated model loading overhead of approximately 2-3 seconds per
request.

Stage Component  |Description
Input Client Invoice image via HTTP
Application ~ POST
Gateway FastAPI Validation, routing,
Swagger Ul
PreprocessingOpenCV 4.8+ Grayscale — Blur —
Threshold
OCR Engine EasyOCR 1.7+ CNN + BiLSTM + CTC
decoder
Extraction  Three-Pass mAnchor — Group —
Algorith Clean
Output Structured ERP-ready data payload
JSON

B. Image Preprocessing Pipeline

Image quality is the single most important factor affecting OCR accuracy. The preprocessing pipeline applies three
sequential transformations to normalise input images:

« Grayscale Conversion: Input images are converted from RGB to single-channel grayscale using the ITU-R BT.601
luminosity formula: Gray = 0.299R + 0.587G + 0.114B.

- Gaussian Blur Filtering: A 3x3 Gaussian kernel suppresses high-frequency noise artefacts including scanner noise,
JPEG compression artifacts, and camera sensor noise.

« Adaptive Thresholding: Binary thresholding using a Gaussian-weighted 11x11 neighbourhood with a constant
offset of 2 handles documents with uneven illumination.

D. Three-Pass Spatial Extraction Algorithm The core innovation converts unstructured EasyOCR output (a list of
text strings with bounding box coordinates) into a structured key-value JSON representation of invoice fields.

|
Operation Input Output

1  Anchor Raw OCR textLabels +
Detection list bounding boxes

2 Spatial Anchors + rawtsField — value
Grouping elemen map

3  Regex Raw field values Validated JSON
Cleaning

Pass 1 -- Anchor Detection: Scans all detected text elements for known field-label keywords (COMP NAME,
DESCRIPTION, ITEM, QTY, RATE, PRICE, AMOUNT,

TOTAL, INVOICE, DATE, GST, CGST, SGST, IGST, TAX). Matching uses case-insensitive comparison with fuzzy
tolerance (Levenshtein distance < 2) to handle minorOCR recognition errors.

Pass 2 -- Spatial Grouping: Associates each non-anchor text element with its nearest anchor using weighted
Manhattan distance: D = o|Ax| + B|Ay|, where a=0.8 and p=1.2 to weight vertical proximity more heavily. For tabular
line items, elements sharing similar vertical positions (within £5px) are grouped into rows.

Pass 3 -- Regex Cleaning and Validation: Normalises extracted values using field-type specific regular expressions.

Numeric fields use [\d,]+\.?\d*; date fields recognise DD/MM/YYYY, DD-MM-YYYY, DD.MM.YYYY; GST fields
use the GSTIN pattern. Conservative OCR error correction handles common substitutions ('O'«'0','1'&'1", 'S'<'5").
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VI. ENVIRONMENT SETUP AND MODULES

Component | Minimum

Processor Intel Core i3 Core i5/i7 3.0GHz+

A. System Requirements

2.0GHz
RAM 4GB 8 GB or higher
Storage 2 GB free SSD recommended
Python 3.9 3.100r 3.11
(OF] Windows 10 Ubuntu 22.04 LTS
GPU Not required Optional (speeds

EasyOCR

B. Python Dependencies

oy erien e

fastapi 0.100+ REST API framework +
Swagger Ul

uvicorn 0.23+ ASGI production web server

easyocr 1.7+ Deep learning OCR engine

opencv- 4.8+ Image preprocessing pipeline

python

numpy 1.24+ Numerical array operations

python- 0.0.6+  Multipart file upload parsing

multipart

Pillow 10.0+ Image format support

C. Installation and Setup

pip install fastapi uvicorn[standard] easyocr opencv-
python-headless numpy python-multipart
Pillow

uvicorn app:app --reload --host 0.0.0.0 --port 8000

curl -X POST "http://localhost:8000/extract-invoice/"
-F
"file=@invoice.jpg"

Access the interactive Swagger Ul at:
http://localhost:8000/docs
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D. Core Application Code

import easyocr

from fastapi import FastAPl, UploadFile, File from
preprocessing import preprocess_image from extractor
import passl, pass2, pass3

app = FastAPI(title="Invoice Extractor API') reader =
easyocr.Reader(['en'], gpu=False)
@app.post(‘/extract-invoice/")

async def extract_invoice(file: UploadFile = File( ...)):

data = await file.read() img =
preprocess_image(data) ocr out =
reader.readtext(img)  anchors, vals = passl(ocr_out)
grouped = pass2(anchors, vals) result =
pass3(grouped)

return {'status": 'success', 'invoice': result

}

E. Sample JSON Output
{ "status™: "success", "invoice_number": "INV-1023
", "date": "12/03/2025", "vendor_name": "ABC Jewell ers", "vendor_gstin": "33AABCA1234M1Z5",
"items": [
{ "description": "Gold Ring 22K", "qty": 2, "unit_price™: 15000.00, "amount": 30000.00 }

{ "description": "Silver Chain", "qty": 1,  "unit_price": 5000.00, "amount": 5000.00 } ]

"subtotal": 35000.00, "cgst_9": 3150.00,
"sgst_9": 3150.00, "total_amount": 41300.00 }

VII. EXPERIMENTAL RESULTS

A. Dataset and Evaluation Methodology The system was evaluated on a dataset of 50 real-world invoice images
sourced from jewellery manufacturing and component trading businesses in Tamil Nadu, India. The dataset was divided
into two subsets: 25 high-resolution scanned invoices (300+ DPI) and 25 mobile-captured invoice photographs. Field-
level extraction accuracy was measured as the percentage of invoices for which the extracted field value exactly
matched the ground-truth value. Ground truth was established through manual transcription by two independent
annotators with inter-annotator agreement of 99.2%.

B. Field-Level Extraction Accuracy

Invoice Number  100.0%  92.0% —8.0%
Date 98.0% 88.0% —10.0%
Vendor Name 96.0% 84.0% -12.0%
Item Description  95.0% 80.0% —-15.0%
Quantity 100.0% 92.0% —8.0%

Rate / Unit Price  98.0% 88.0% -10.0%
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Amount 99.0% 86.0% —13.0%
GST 97.0% 82.0% -15.0%
(CGST/SGST)
Average ~98.0% ~86.5% —11.5%

C. EasyOCR vs. Tesseract Comparison

. EasyOCR | Tesseract |EasyOCR
Metric (Hi-Res) | (Hi-Res) | (Mobile)

Field Accuracy 98.0% 88.5% 86.5%
Char Accuracy 99.2% 94.1% 93.8%
Processing 2.1s 14s 235
Time

Multi-language Excellent  Limited Good

Complex Strong Moderate  Moderate
Layouts
Curved/Skewed Good Poor Good

D. Analysis and Discussion

Numerical fields (Invoice Number, Quantity, Amount) consistently achieve the highest accuracy across both image
quality conditions, as Arabic digit characters are less susceptible to OCR ambiguity than alphabetic characters with
similar shapes.The 10-15 percentage-point accuracy gap between high-resolution and mobile captures is consistent with
expectations, as mobile photography introduces additional noise from camera sensor limitations, perspective distortion,
and ambient lighting variation.

EasyOCR outperforms Tesseract by 9.5 percentage points on field accuracy for high-resolution inputs and the gap
widens for mobile captures (86.5% vs Tesseract's estimated ~76%). The primary driver is EasyOCR's superior handling
of font variation and text orientation. The 0.7-second additional processing time compared to Tesseract is acceptable for
the accuracy gains achieved, particularly in asynchronous APl deployment where throughput matters more than
individual request latency.

VIIl. CONCLUSION

This paper has presented the design, implementation, and evaluation of a complete automated invoice data extraction
system that addresses the manual transcription bottleneck in ERP data entry workflows. The system combines
EasyOCR's deep-learning OCR with a novel three-pass spatial processing algorithm and a production-ready FastAPI
service, achieving approximately 98% field-level accuracy on high-resolution scans and 86.5% on mobile-captured
photographs across a real-world dataset of 50 jewellery-sector invoices.

The primary contribution of this work is the three-pass spatial algorithm, which enables structured extraction from
diverse invoice formats without predefined templates or labelled training data. This is the first system to demonstrate
template-free, zero-training invoice extraction with near-production-level accuracy for Indian GST-structured
documents in the jewellery manufacturing sector.

Key Achievements

- Robust three-stage OpenCV preprocessing pipeline withadaptive thresholding, validated across 300+ DPI scans and
mobile captures.

- Three-pass spatial algorithm using weighted Manhattandistance grouping and comprehensive regex validation -- the
core technical contribution of this work.

- Production-ready FastAPI web service with asynchronous request handling, automatic Swagger Ul, and structured
JSON output.
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- Template-free deployment requiring zero labelled trainingdata, enabling immediate use across any invoice format.
- Demonstrated 9.5 percentage-point accuracy improvement over Tesseract OCR on high-resolution inputs.
- ERP-compatible JSON schema output enabling zero-configuration integration with SAP, Oracle, Odoo, and Tally.

IX. FUTURE WORK

+ LLM-based Semantic Understanding: Integration with large language models to resolve ambiguous field
assignments and handle highly non-standard invoice formats.

« Automatic ERP Schema Mapping: NLP-based classifiers to automatically map extracted fields to ERP-specific
data schemas (e.g., SAP BAPI, Oracle AP API).

« Multi-Page Document Processing: Extension to handle multi-page invoices and purchase orders through page
segmentation and cross-page field aggregation.

« Serverless Cloud Deployment: Containerised deployment on AWS Lambda or Google Cloud Run for auto-scaling.
- Active Learning Feedback Loop: User correction interface feeding back into OCR parameter fine-tuning and
anchor vocabulary expansion over time.

- Handwriting Support: Integration of dedicated handwriting recognition models for invoices containing
handwritten annotations.

- Regional Language Support: Extension of the anchor vocabulary and validation patterns for Tamil, Hindi, and
Telugu invoice content.
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