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Introduction
What is the thesis about?

• Automatic extraction of solar cell data from data sheets
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Introduction: Motivation
The Need for an Automated Solution

• Automatic generation of indexed and searchable database
• Process a large number of documents quickly
• Prediction of market trends using the data
• Uncovering possible research areas by analysis of data
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Introduction: PDF Documents
A Standard for Digital Document Distribution. Why?

• Pros
• Compact Files
• Industry standard
• Same rendering of

documents regardless of
hardware and software.

• Ensures information
reproducibility

• Cons
• Document is constructed

using only positional
information, the row and
column information for
tables is lost
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Introduction: Solar Cell Data Sheets
Distributed as PDF Documents

Figure: An example of solar cell data sheet
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Introduction: Solar Cell Data Sheets
Distributed as PDF Documents

Figure: Critical information is in tables
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Introduction: Challenges
Variability in Data Sheet Design

Figure: Data sheet design variation 1
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Introduction: Challenges
Variability in Data Sheet Design

Figure: Data sheet design variation 2
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Introduction: Challenges
Variability in Data Sheet Design

Figure: Data sheet design variation 3
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Introduction: Challenges
Variability in Data Sheet Design

Figure: Data sheet design variations
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Introduction: Existing Solutions
Shortcomings of Existing Off-the-Shelf Solutions

• Existing rule-based solutions
• Tabula [1]
• Camelot [2]

• Problems uncovered [3]
• Failure in detection of tables
• Overlap of detected table areas
• Failure to extract required values
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Introduction: Summary

• Existing off-the-shelf solutions fail on solar cell data sheets
• The variability in the data sheet design presents a challenge
• Manual labour not feasible for large quantities of documents
• Goal: An end-to-end solution for automatic extraction of solar cell

data from tables in the PDF data sheets
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Introduction

Questions?
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Approach
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Approach: Overview
Major Steps Involved in Approach

1 Table Detection
Locating where the tables are

2 Table Recognition
Extracting the raw values from the
tables

3 Final Step
Validating and structuring extracted
raw values
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Approach: Table Detection
Locating tables in the documents

• Pages in PDF are converted to images
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Approach: Table Detection
Locating tables in the documents

• An example Object Detector
architecture (FasterRCNN) [4]
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Approach: Table Detection
Locating tables in the documents

• Detected Tables are saved as CSV
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Approach: Table Recognition
Extracting raw values from table

Figure: Raw values are extracted from tables
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Approach: Overview
Major Steps Involved in Approach

1 Table Detection
Locating where the tables are

2 Table Recognition
Extracting the raw values from the
tables

3 Final Step
Validating and structuring extracted
raw values
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Approach: Final Step
Table Classification

• Table type needs to be identified
before the values can be validated

• The table title might be missing or not
detected

• Can use the table content to identify
the table type
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Approach: Final Step
Table Classification
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Approach: Final Step
Table Orientation Detection

• Table can be vertical or horizontal
• Need to detect before the next steps
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Approach: Final Step
Table Orientation Detection
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Approach: Final Step
Locating Required Rows or Columns

• Locate the required rows or columns
using Regex pattern matching
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Approach: Final Step
Validating and structuring raw values

• Extract the valid values from the
located row
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Approach

Questions?
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Experiments
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Experiments: General Evaluation Metrics

• Confusion matrix values for each class will be calculated
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Experiments: General Evaluation Metrics

• Confusion matrix values for each class will be calculated
• TP: Actually positive, detected as positive
• FP: Actually negative, detected as positive
• FN: Actually positive, detected as negative

• Precision = TP
TP+FP

• Recall = TP
TP+FN

• F1-Score = 2·Precision·Recall
Precision+Recall
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Experiments: Table Detection Evaluation
Overview

This experiment evaluates
the approach described for
the table detection step.
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Experiments: Table Detection Evaluation
Evaluation Metrics

• IoU Overlap Threshold
• 75% IoU Overlap Threshold
• 90% IoU Overlap Threshold

• Precision = TP
TP+FP

How many guesses made by model were actually tables?
• Recall = TP

TP+FN
How many actual tables were detected by the model?

Note
For selecting the best model Recall performance at 90% IoU threshold
was considered
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Experiments: Table Detection Evaluation
Dataset

• Randomly selected PDF documents
• Images: 2675 in total
• Tables: 5896 in total
• The tables were manually labelled
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Experiments: Table Detection Evaluation
Setup

• Models
• Single Stage Detectors

• RetinaNet [5]
• RetinaNet v2 [5]

• Two Stage Detectors
• FasterRCNN [6]
• FasterRCNN v2 [6]

• Method
• Trained for 50 epochs
• Trained on NVidia P100 GPUs on Kaggle
• Initial weights: Microsoft COCO [7]
• Hyper-parameter Tuning

• Batch Size
• Learning Rate

• Training-Evaluation Split
• 80% for training
• 20% for evaluation
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Experiments: Table Detection Evaluation
Results

Figure: FasterRCNN V2 Hyperparameter Tuning
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Experiments: Table Detection Evaluation
Results

Architecture Configuration Epoch Recall Precision

BS LR 90% IoU 75% IoU 90% IoU 75% IoU

RetinaNet 4 1e-04 47 0.8007 0.9247 0.8155 0.9419
RetinaNet v2 4 1e-04 34 0.8007 0.9280 0.8259 0.9573
FasterRCNN 2 1e-04 23 0.8817 0.9520 0.8825 0.9528
FasterRCNN v2 4 1e-04 40 0.8892 0.9512 0.9018 0.9648

Table: Object Detector Model Comparison

• For the required task:
• Two-stage detectors perform better than single-stage detectors
• FasterRCNN v2 performs the best
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Experiments: Table Detection Evaluation

Questions?
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Experiments: Table Classification Evaluation
Overview

This experiment evaluates
the approach described for
table classification as part of
the final step.
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Experiments: Table Classification Evaluation
Evaluation Metrics

• Precision = TP
TP+FP

How many guesses made by model belonged to the correct class?
• Recall = TP

TP+FN
Per class, how many actual tables were identified by the model?

• F1-Score = 2·Precision·Recall
Precision+Recall

Note
F1-Score was used to determine the best table classification approach
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Experiments: Table Classification Evaluation
Dataset

• Dataset
• 60 excel files
• 215 tables

• Classes
• Electrical Characteristics (EC)
• Thermal Characteristics (TC)
• Mechanical Characteristics (MC)
• Other (O)

Muhammad Moeez Malik Data Extraction from Solar Data Sheets April 14, 2023 36 / 63



Experiments: Table Classification Evaluation
Setup

• Word vectorisers
• Count Vectoriser [8]
• TF-IDF [9]

• Classifiers
• K Nearest Neighbours [10]
• Naive Bayes [11]

• Cross compared using 5-Fold Cross Validation
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Experiments: Table Classification Evaluation
Results

Approach F1-Score for Classes

EC TC MC O

K Nearest Neighbours & Count Vectoriser 0.89 0.81 0.89 0.83
K Nearest Neighbours & TF-IDF 0.72 0.87 0.77 0.74
Naive Bayes & Count Vectoriser 0.95 0.80 0.96 0.85
Naive Bayes & TF-IDF 0.95 0.95 0.94 0.93

Table: Comparison of Table Classification Approaches The F1-Scores for each
class are averaged over the 5-fold cross validation run

• For the required task:
• Naive Bayes is a better classifier than K Nearest Neighbours
• The combination of Naive Bayes with TF-IDF performs the best
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Experiments: Table Classification Evaluations

Questions?
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Experiments: Complete Pipeline Evaluation
Overview

This experiment will
evaluate the complete
pipeline as well as the table
recognition utilities.
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Experiments: Complete Pipeline Evaluation
Evaluation Metrics

• Precision = TP
TP+FP

How many of the values extracted were the actual values?
• Recall = TP

TP+FN
How many of the actual values were extracted?

• F1-Score = 2·Precision·Recall
Precision+Recall

Note
F1-Score was used to compare table recognition utilities
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Experiments: Complete Pipeline Evaluation
Dataset

• 10 PDF documents
• Diverse selection
• Ground-truth

• Electrical Characteristics
• Thermal Characteristics
• Manually extracted and saved in a YAML file
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Experiments: Complete Pipeline Evaluation
Table Recognition Approaches Compared

• Baseline
Custom utility created using raw text and positional information
from the PDF.

• Tabula [1]
Open-source Python utility for extracting tabular data from PDF
documents.

• Camelot [2]
Open-source Python utility for extracting tabular data from PDF
documents.
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Experiments: Complete Pipeline Evaluation
Setup

1 10 PDFs are fed into the pipeline and electrical and thermal
characteristics are extracted

2 The extracted values are compared against ground truth values and
precision, recall and f1-scores are calculated.

3 The process is repeated for all the table recognition utilities.
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Experiments: Complete Pipeline Evaluation
Results

Approach Precision Recall F1-Score
Baseline 0.7714 0.7066 0.7376
Camelot 0.9986 0.9490 0.9731
Tabula 0.8405 0.7769 0.8074

Table: Effect of different table recognition approaches on performance of
complete pipeline
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Experiments: Complete Pipeline Evaluation

Questions?
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Conclusion

Key Takeaways
• Deep Learning based Object Detectors are well suited for Table

Detection.
• Text Classification is a suitable technique for table type

identification.
• Rule-based Table Recognition utilities are good enough for simple

tables.
• The complete pipeline is well suited for extracting tabular

information from solar cell data sheets and it would be interesting
to test its feasibility on other domains as well.
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Thank You!
Questions?
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Appendix: RetinaNet Training Run Graph

Figure: RetinaNet Hyperparameter Tuning
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Appendix: RetinaNet Training Run Results

Configuration Epoch Recall Precision

Batch Size Learning Rate 90% IoU 75% IoU 90% IoU 75% IoU

2 1e-04 45 0.7965 0.9322 0.8099 0.9479
2 1e-05 49 0.7643 0.9388 0.7732 0.9498
2 1e-06 45 0.4955 0.8859 0.5008 0.8955
4 1e-04 47 0.8007 0.9247 0.8155 0.9419
4 1e-05 43 0.7568 0.9247 0.7663 0.9363
4 1e-06 49 0.4301 0.8354 0.4758 0.9241

Table: RetinaNet Results
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Appendix: RetinaNet v2 Training Run Graph

Figure: RetinaNet V2 Hyperparameter Tuning

Muhammad Moeez Malik Data Extraction from Solar Data Sheets April 14, 2023 54 / 63



Appendix: RetinaNet v2 Training Run Results

Configuration Epoch Recall Precision

Batch Size Learning Rate 90% IoU 75% IoU 90% IoU 75% IoU

2 1e-04 46 0.756 0.9156 0.7455 0.9029
2 1e-05 34 0.5327 0.8519 0.5389 0.8619
2 1e-06 47 0.0645 0.5285 0.0707 0.5788
4 1e-04 34 0.8007 0.928 0.8259 0.9573
4 1e-05 45 0.5194 0.8594 0.5182 0.8573
4 1e-06 48 0.0827 0.5476 0.104 0.6881

Table: RetinaNet V2 Results
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Appendix: FasterRCNN Training Run Graph

Figure: FasterRCNN Hyperparameter Tuning

Muhammad Moeez Malik Data Extraction from Solar Data Sheets April 14, 2023 56 / 63



Appendix: FasterRCNN Training Run Results

Configuration Epoch Recall Precision

Batch Size Learning Rate 90% IoU 75% IoU 90% IoU 75% IoU

2 1e-04 23 0.8817 0.952 0.8825 0.9528
2 1e-05 49 0.8536 0.9545 0.8411 0.9405
2 1e-06 29 0.7932 0.957 0.7551 0.911
4 1e-04 38 0.8801 0.9495 0.8837 0.9535
4 1e-05 38 0.8495 0.9529 0.8397 0.9419
4 1e-06 41 0.7965 0.9504 0.7631 0.9105

Table: FasterRCNN Results
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Appendix: FasterRCNN v2 Training Run Graph

Figure: FasterRCNN V2 Hyperparameter Tuning
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Appendix: FasterRCNN v2 Training Run Results

Configuration Epoch Recall Precision

Batch Size Learning Rate 90% IoU 75% IoU 90% IoU 75% IoU

2 1e-04 40 0.8602 0.9322 0.8784 0.9519
2 1e-05 38 0.8246 0.9313 0.8295 0.9368
2 1e-06 48 0.6079 0.8759 0.5829 0.8398
4 1e-04 40 0.8892 0.9512 0.9018 0.9648
4 1e-05 49 0.8536 0.9429 0.8445 0.9329
4 1e-06 46 0.6617 0.8941 0.6385 0.8627

Table: FasterRCNN V2 Results
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Appendix: Table Class - KNN with CV

Class Precision Recall F1-Score
Electrical Characteristics 0.92 0.87 0.89
Thermal Characteristics 0.97 0.71 0.81
Mechanical Characteristics 0.95 0.87 0.89
Other 0.75 0.93 0.83
Overall Accuracy 0.86

Table: K-Nearest Neighbours with Count Vectoriser The table shows the
averaged evaluation results of 5 Fold Cross Validation performed on the
dataset.
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Appendix: Table Class - KNN with TF-IDF

Class Precision Recall F1-Score
Electrical Characteristics 0.95 0.6 0.72
Thermal Characteristics 1.00 0.78 0.87
Mechanical Characteristics 1.00 0.65 0.77
Other 0.60 0.98 0.74
Overall Accuracy 0.77

Table: K-Nearest Neighbours with TF-IDF Vectoriser The table shows the
averaged evaluation results of 5 Fold Cross Validation performed on the
dataset.
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Appendix: Table Class - Naive Bayes with CV

Class Precision Recall F1-Score
Electrical Characteristics 0.93 0.96 0.95
Thermal Characteristics 0.78 0.91 0.80
Mechanical Characteristics 0.93 1.0 0.96
Other 0.96 0.80 0.85
Overall Accuracy 0.89

Table: Naive Bayes with Count Vectoriser The table shows the averaged
evaluation results of 5 Fold Cross Validation performed on the dataset.
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Appendix: Table Class - Naive Bayes with TF-IDF

Class Precision Recall F1-Score
Electrical Characteristics 0.92 0.98 0.95
Thermal Characteristics 1.00 0.91 0.95
Mechanical Characteristics 0.93 0.97 0.94
Other 0.94 0.92 0.93
Overall Accuracy 0.94

Table: Naive Bayes with TF-IDF Vectoriser The table shows the averaged
evaluation results of 5 Fold Cross Validation performed on the dataset.
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