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1.1. Motivation

• Rapid expansion of solar energy consumption

• Need accurate, automated data extraction to

assist research and PV manufacturing

haegel2023

https://www.science.org/doi/10.1126/science.adf6957
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1.1. Motivation

Data extracted from the photovoltaic module datasheet

Example of a photovoltaic module Datasheet
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1.2. Problems

• Unstructured, inconsistent table layouts with merged cells

and multi-level headers

• Manual extraction - time-consuming, prone to errors

• Existing pipeline struggles with complex table structures

and image-based PDFs

SUN-54MD-H8NS

https://sunergyworks.com/wp-content/uploads/2024/01/SUN-54MD-H8NS.pdf
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1.3. Current Approaches of PV data extraction

1.3.1 Lightning-Table approach overview

• DL-based detectors to identify table 

• Table extraction using Tabula / Camelot 

• Maps extracted data to known categories

Malik2023

https://ad-publications.informatik.uni-freiburg.de/theses/Master_Moeez_Malik_2023.pdf
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1.3.2 Lightning-Table Drawbacks

Data extracted using Lightning-Table

Example of a table
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1.3.2 Lightning-Table Drawbacks

Data extracted using Lightning-Table

Example of a table
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1.4. Thesis Objectives

1. Objective 1: Develop an automated DL pipeline for

detecting tables, recognizing its structure and extracting

complex tabular data from PV module datasheets

2. Objective 2: Enhance table recognition performance for

various table layouts (horizontal, vertical, dual-axis)

3. Objective 3: Integrate post-processing techniques to

validate and structure key data for advanced analysis Information Extraction

https://nanonets.com/blog/table-extraction-deep-learning/
https://nanonets.com/blog/table-extraction-deep-learning/
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Chapter 2 – Approach and Results

2.0. Thesis overview



2.1. Data Acquisition

2.1.1. Data gathering and annotation

• Publicly Available PV Datasheets from manufacturers website

• Manual Annotation using LabelImg

2.1.2. Data Augmentation

• Increasing Dataset size and variety

• Resolves Class Imbalance
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2.1.1. Data gathering and annotation

.

An example of input image

Annotation tool

An example of annotated image with class labels Position annotations
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2.1.2. Data Augmentation

An example of input image

Scaled and cropped image with Gaussian noise

Augmented image with Channel shift and random partial mask



2.2. Data Pre-processing

2.2.1. Converting PDF documents to images

• Multi-Page rendering to preserve layout and graphics

• Standardized input

2.2.2. Image Pre-processing

• Enhancement techniques to improve table lines and clarify text

2.2.3. Data extraction using Optical Character Recognition (OCR)

• Extract word tokens and bounding-boxes

• Multi-modal input

Chapter 2 – Approach and Results
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2.2.2. Image Pre-processing

Image after applying grayscale conversion and a bilateral filter

An example of input image

Image after thresholding, morphological opening and sharpening
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2.2.3. Data extraction using OCR

Original image with detected bounding boxes. Extracted text tokens represented spatially.



2.3. Table detection (TD)
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2.3. Table detection (TD)

Red Bounding 
boxes indicate 
the  tables 
detected by the 
TD model.

AP75 score – 64.2% AP75 score – 38.3%



2.3. Table Detection (TD)

• PubTables-1M dataset - 460,589 annotated document pages

• PV module training dataset – 169 images            Test dataset – 15 images
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AP50 AP75 AP AR
Trained on PubTables-1M dataset 50.7% 14.1% 24.9% 36.8%
Fine-tuned on PV module training dataset 87.8% 80.5% 66.5% 75.4%
Fine-tuned on PV module training dataset 
including OCR tokens

87.1% 81.8% 67.3% 74.3%

Fine-tuned on modified PV module training 
dataset with negative samples

88.7% 81.1% 66.0% 72.6%

Performing Hyperparameter optimization 89.5% 80.9% 68.6% 77.5%



2.4. Table Structure Recognition (TSR)
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2.4. Table Structure Recognition (TSR)

AP75 score – 47.1% AP75 score – 71.0%



2.4. Table Structure Recognition (TSR)

• PubTables-1M dataset - 947,642 fully annotated tables

• PV module training dataset – 545 table images            Test dataset – 65 table images
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AP50 AP75 AP AR
Trained on PubTables-1M dataset 10.4% 6.8% 6.2% 6.7%
Fine-tuned on PV module training dataset 9.1% 8.4% 6.9% 7.5%
Fine-tuned on PV module training dataset 
with enhances canonicalization algorithm

61.8% 50.3% 43.1% 56.9%

Performing Hyperparameter optimization 71.3% 57.3% 49.0% 58.3%
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2.4. Evaluation Metric - Grid Table Similarity (GriTS)

• Assess model’s accuracy in capturing table layout, content location, and cell relationships

• Variants - Topological GriTS , Content GriTS & Location GriTS

Table Type Acc_con GriTS_Top GriTS_Con GriTS_Loc
Fine-tuned model with 
Hyperparameter
Optimizaion

Simple tables 83.21% 89.18% 83.21% 77.13%
Complex tables 95.03% 94.93% 95.03% 92.18%
All tables 91.89% 93.40% 91.89% 88.18%



2.5. Tabular Data Extraction (TDE)

• Simplify table structures assuming - row/column alignment and

logically consistent tables

• Duplicate cell content across the corresponding rows/columns that

a merged cell spans

• Extract and export data to CSV/Excel files for further analysis
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Table structure recognized
by the TSR model

Extracted data and
exported to Excel



2.6. Table classification
• Multinomial Naïve Bayes classifier with a TF-IDF word vectorizer.

2.7. Row / Column identification
• Regular Expression Pattern Matching
• Large Language Models

2.7. Data Validation and Extraction
• Regular expressions to validate and extract relevant data
• Output saved in Excel format

Chapter 2 – Approach and Results
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2.6. Table classification

• Overall Accuracy - 87%

• Strong performance distinguishing “Thermal,”

“Mechanical,” and “Packaging” tables

• Poor classification performance on Electrical

characteristics table at “STC” vs. “NMOT”

conditions due to nearly identical keywords
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2.7. Row / Column identification
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Regular expression – ‘eff((?!code).)*$|ncell|model\(%\)’
Efficiency data extracted using Regular expression – ["20.90%", "15.58%", "21.10%", "15.68%", 
"21.30%", "15.81%", "21.40%'', "15.94%", "21.60%'', "16.03%“]

Natural Language Prompt – ‘From the electrical characteristics table, extract the module efficiency data (in 
percentage) for Standard Testing Conditions (STC) only. Round the value to two decimal places.’
Efficiency extracting using LLM – ["20.90%", "21.10%", "21.30%", "21.40%“, "21.60%"]



2.7. Data Validation and Extraction
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Example of Manually extracted data

Example of data extracted using the pipeline

Data extraction accuracy of the complete pipeline on test set consisting of 10 PDF files – 52.66% AP
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3.1. Summary

• Integrated DETR with OCR tokens to enable multi-model input for table TD and TSR tasks

• Enhanced canonicalization algorithm for handling horizontal and dual-axis tables

• Robust handling of merged cells, multi-row/multi-column headers, and image-based PDFs

• Streamlined data extraction pipeline and improved its reliability

• Quicker, large-scale analysis of PV module datasheets for improved  decision-making

• Demonstrated feasibility and strong potential for broader application in other domains with complex tables
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3.3. Future work
• Advanced OCR engines or domain-focused fine-tuning OCR

• Advanced models to perform context-aware validation and extraction of data

• Expanding dataset coverage to handle even more diverse table layouts

3.2. Limitations
• Dependence on OCR extraction quality

• Capturing complex table structures in densely-packed tables

• Misclassifying tables with similar headers or minimal textual cues
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Chapter 1 - Introduction

1.0. Importance of automated data extraction

• Widespread Industrial Applications – Healthcare, 

legal, Financial sectors

• Scalable, efficient, and saves operational costs

• Enables Informed decisions

23 April 2025Swathi Thiruvengadam | Master thesis Defense |

41

Information Extraction

https://nanonets.com/blog/table-extraction-deep-learning/
https://nanonets.com/blog/table-extraction-deep-learning/
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2.1.1. Manual annotation

.

An example of a table with structures recognized by the TSR model

Example of a Manually annotated row

Example of a Manually annotated column

The corresponding cell derived
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2.1.1. Manual annotation

.
Example of a Manually annotated row

Example of a Manually annotated column

The corresponding cell derived

Since Predicted bounding box is fully
contained in the ground truth, IoU<1
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2.1.2. Image augmentation

Table structures initially recognized without augmentation
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2.2.2 Image Preprocessing and OCR enhancement

Data extracted before image preprocessing Data extracted after image preprocessing

Table with its internal structure recognized
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2.3. Table detection (TD)

Table Detection architecture diagram
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2.3. Table detection (TD) Evaluation Metrics  

COCO metrics
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2.3. Table Detection

Poor detection performance on densely-packed datasheet with missing gridlines
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2.3. Table Detection

Well-structured text misidentified as a table
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2.4. Table Detection (TD)

Hyperparameter configuration of the best table detection model.
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2.3. Table Detection 2.4. Table Structure recognition
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• PubTables-1M dataset - 460,589 annotated 
document pages

• PV module training dataset – 169 PDF images

• Test dataset – 12 PDF files with15 images

• PubTables-1M dataset - This dataset has 947,642 
fully annotated tables

• PV module training dataset – 545 table mages

• Test dataset – 12 PDF files with 65 table images



Chapter 2 - Approach and Results

23 April 2025Swathi Thiruvengadam | Master thesis Defense | 52

2.4. Table Structure Recognition (TSR)

Table Structure Recognition architecture diagram



2.4. Table Structure Recognition (TSR) - Canonicalizaiton Algorithm
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Operation Purpose
Split blank 
spanning-cells

Break header-wide blanks into single grid cells. Prevent giant empty boxes 
that hide structure

Add missing header 
rows

If a table row starts with blanks, treat it as an extra 
column-header row

Capture multi-level column 
headers.

Expand header 
rows/cols

Recursively add header rows/cols until every physical 
column has at least one header cell and vice-versa.

Ensure one-to-one 
mapping between headers 
and leaf columns/rows.

Merge identical 
header spans

Adjacent header cells with the same row/column 
span are merged.

Remove 
over-segmentation.

Merge contiguous 
blank cells

Blank cells touching each other inside a header block 
are combined.

Keep header trees 
compact.

Project row headers In dual-axis or horizontal tables, merge all header 
cells in the projected-row-header row

Support horizontal and 
two-axis layouts.

Validation Check that every grid row/column has equal length; 
drop tables that violate the matrix property.

Guarantee a well-formed 
output for TDE.
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• Topological GriTS - Capture cell adjacency and relational structure within a table
• Content GriTS - Associating content with the correct cell structure
• Location GriTS - Assess the accuracy of cell positioning within the table

2.4. Evaluation Metrics – Grid Table Sinilarity (GriTS)
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2.4. Table Structure Recognition (TSR)

Hyperparameter configuration of the best performing structure recognition model.
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2.5. Tabular data extraction

Table structure recognized by the TSR model Extracted data and exported to Excel

Extraction with significant OCR error and incorrect merged cells captured.
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1.3. Lightning-Table vs Table Transformer

Data extracted using Lightning-Table Data extracted using Table Transformer

Table with its internal structure recognized
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1.3. Lightning-Table vs Table Transformer

Data extracted using Lightning-Table Data extracted using Table Transformer

Table with its internal structure recognized
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1.3. Lightning-Table vs Table Transformer

Data extracted using Lightning-Table

Data extracted using Table TransformerTable with its internal structure recognized
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