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Abstract

Information visualization such as bar- and line-charts are quite popular for understand-
ing large tabular data. But, interpreting information solely with different visualization
techniques can also be difficult due to different reasons like visual impairment or the
requirement of prior domain knowledge to understand the chart. Automatic "chart to
text summarization" can be promising and effective tool for providing accessibility as
well as precised insights of chart data in natural language. In spite of having a good
potential, there have not been a lot of works on chart to text summarization making
it a low resource task. Scarcity of large scale datasets for chart to text summariza-
tion is one of the reason behind this. The human written descriptions in the available
dataset also contains information beyond the knowledge of the chart making it diffi-
cult for us to have an unbiased evaluation. In our thesis, we propose ChartSumm a
large scale dataset for chart to text summarization consisting of 84,363 charts along
with their metadata and descriptions. We also propose two test sets: test-e and test-h
for evaluating the performance of the trained models available in this domain. Our
experiment shows that a T5 model trained on our dataset has achieved BLEU score of
75.72 in test-e set and 64.78 in fest-h set. From our analysis we can conclude that large
language models like TS and BART can generate short precised deception from given

chart metadata.

keywords — Chart summarization, Natural language generation, Low resource task
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Chapter 1

Introduction

It is often said that “We are drowning in Data yet Starving for Knowledge”. This is
mainly because, even after generating a huge amount of data every moment, extracting
knowledge from data is still a challenging task. The area of data mining or knowl-
edge discovery mainly focuses on the nontrivial extraction of implicit and previously
unknown useful information from data. In simpler words, data mining finds valuable

information hidden in data.

1.1 The context

This is the era of big data. A huge amount of data is being generated every moment.
Most of the data is being generated online. Most of the data is stored in tabular format.
Although, The tabular format is the most structured way of storing data understanding
the salient information from tabular data is a challenging task. This is mainly because
there is no notion of trend or important highlights in the tabular data, it is quite difficult
to find important information from tabular data [11, 12].

To solve this problem, different tools and techniques are used to easily interpret the
hidden information inside data. Visualization techniques are the most common tool
for finding hidden information from data [13]. Bar charts, pie charts, line charts, and

scatterplots are some of the most commonly used visualization tools.

1.2 The problem

Although visualization tools like bar chart, line chart, pie chart can be useful tool
for the users, it has its challenges as well. This is because people who are visually
impaired cannot understand the visualization [7,14]. Another reason is, we often need
to visually compare between several graphical marks of a chart to infer key insights

from data, which may be challenging. A previous study showed that text associated



with the chart failed to convey any insight from that chart in 35% of the instances,
while another 26% of the cases the text conveyed only a portion of the chart’s intended
message [15].

Natural Language Generation (NLG) for chart could be a solution to the problems
stated above. In the chart to text summarization, important data and trends are depicted
in a natural language summary. The generated text can be used in the text to speech
system for visually impaired people who will be able to understand the meaning of
the chart. Also, it can help the user in understanding and interpreting charts by con-
veying the key points about the chart by focusing on temporal, causal, and evaluation
aspects [13]. It will also be easier to make comparisons in a natural language summary.
Generated descriptions can also be used for indexing documents that contains charts
for improving the performance of information retrieval algorithm [16].

In spite of having huge potential, automatic chart summarization systems are still
in their infancy. Early works mostly focused on statistical methods for finding impor-
tant information from chart and then planning based approaches for structuring cap-
tions [17-19]. Commercial systems like Quill [20] and Wordsmith [21] also uses the
similar approach. Data driven approaches also gained popularity among researchers
in recent times [1,22]. For chart to text generation task two different data driven ap-
proaches were seen. One relies solely on the chart image making the task work like an
image captioning task [9]. The other generates caption based on the chart metadata for
example: chart table, title, labels etc [8, 10, 11]. Performance of models proposed on

these systems show that models perform much better when trained with chart metadata

Comparison between existing dataset
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Figure 1.1: Comparison between existing dataset



compared to chart image.

Studies shows that there are two main challenges in chart summarization task. First
being the scarcity of large scale dataset which makes it difficult to have a good perfor-
mance using data driven approaches. To the best of our knowledge, we only have 4
datasets [8—11] proposed for chart to text summarization task. Only three [10, 11,23]
of them contain both chart image, metadata and a well defined summary. The largest
of these dataset only contain around 44, 085 samples. Figure 1.1 shows the compari-
son between existing dataset. Also, the summaries proposed in both Chart2Text [11]
and Chart-to-Text [10] are more descriptive and often contains information beyond the
knowledge of

Second, there is also scarcity of strong baselines that utilizes the latest methods in
natural language generation task. Although, recent works [1, 11] focused on achiev-
ing decent result by adapting transformer [24] based architecture. But none of them

adapted any of the recent state of the art large scale language models.

1.3 Proposed Solution

In our thesis we wanted to address the two challenges stated in the previous section.
We propose a large scale dataset for chart to text summarization comprising of 84, 083
chart images with corresponding chart metadata and well defined summary. We also
propose two different test sets: fest-e where the reference summaries contain informa-
tion that can be derived from only the chart data while fest-h which may contain longer
chart description and some information in the chart might not be derived from the chart
metadata. After collecting and processing dataset, we trained three available models
and two large language models with our dataset and evaluated the performance. After
evaluation we propose a strong baseline based on TS architecture. To summarize, our

contributions are:

1. Propose a new large scale dataset for chart to text summarization with human

written summaries.
2. Two different test set (test-e and test-h) for evaluating a model’s performance.

3. Based on extensive analysis, introduce a strong baseline for chart to text sum-

marization task.



Chapter 2

Background Study

A survey of the existing literature in the field of our research, leading up to our topic,

is included in this background study.

2.1 Natural Language Processing

Natural Language Processing (NLP) is a branch of Artificial Intelligence (Al) that
deals with a program’s understanding of human or natural language. It is a field that
studies the relationship between data science and human language. Today, NLP is
thriving as a result of massive gains in data access and computational capacity.

NLP can assist us with a wide range of tasks, and the fields of application seem to
be expanding on a regular basis. For example: text classification, text segmentation,
Named-Entity recognition, sentiment analysis, detection of disease, question aswering,
machine translation, text summarization etc.

When we apply NLP on a text,initially it converts the input raw data into tokens
which we call tokenization, and then the tokens go through a series of processes such
as stop word removal, lemmatization etc. After that, we extarct features from the
processed data using word embedding techniques. Then it supervises our input data
using trained pipelines. Finally, after evaluation we deploy the corresponding task of

NLP. Figure 2.1 represents the general pipeline of NLP.

2.1.1 Word Representation

In very simplistic terms, word embedding are the texts converted into numbers and
there may be different numerical representations of the same text. As it turns out,
many Machine Learning algorithms and almost all Deep Learning Architectures are
incapable of processing strings or plain text in their raw form. They require numbers as
inputs to perform any sort of job. So, a word embedding format generally tries to map

a word using a dictionary to a vector. There are different types of word embedding:
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e Count Vector

TF-IDF vector

e Co-Occurrence Vector

* Continuous Bag of Words
 Skip-gram model

* Word2Vec

Among these techniques count vector, tf-idf and co-occurrence vectors are frequency
based word embedding. They don’t properly represent the meaning of each word.
More specifically, we cannot get a good vectorized representation on different di-
mensions of each word represented using these techniques. But, C-Bow and Skip-
gram [25] models are both developed by prediction based approach and these embed-

ding contain the meaning of each word. They are briefly explained below:

Count Vector

This model counts the number of times a word appears in a document by first learning
its vocabulary. Given D documents and N different words in the vocabulary, the size
of the count vector matrix will be D x T. The count vector matrix keeps track of
the number of times a word occurs in documents. Given a large corpus, complexities
may arise, stop words can be used(i.e removing common words like a, an, that) , or

some top words can be extracted from the vocabulary based on frequency then use a

new vocabulary or both methods can be used. Also in a large corpus, count data will

Stop word
removal

Word .
|—»| Preprocessed Embedding ML/DL Model Evaluation Deployment

Text Data

Raw Text
Data

Stemming

Normalisation

Figure 2.1: General pipeline of NLP



be composed of the more frequent words like; the, a, an , that overshadow the less

frequent words which might provide meaningful information.

TF-IDF Vectorization

In order to re-weight the count features into floating point values suitable for usage by
a classifier the tf—idf transform is used thus taking into account not just the occurrence
of a word in a single document but in the entire corpus. Given an article on football,
the article contains more sports-related terms like goals , in comparison to any other
article.But words like “a , an, the” will appear frequently ; this method penalizes these
types of high frequency words. Tf means term-frequency while tf—idf means term-

frequency times inverse document-frequency.

Co Occurance Matrix with a fixed context window

It is inspired by the idea of “A word is recognized by the company it keeps'' prin-
ciple. Similar words tend to occur together and will have similar context. It preserves

the semantic relationship between words

Continuous Bag of Words (CBOW) [25]

The way CBOW works is that it tends to predict the probability of a word given a
context. A context may be a single word or a group of words. But for simplicity, I will

take a single context word and try to predict a single target word.

Skip Gram Model [26]

Skip-gram follows the same topology as C-BOW. It just flips C-BOW’s architecture
on its head. The aim of skip-gram is to predict the context given a word. Skip-gram
approach was first introduced in 2013 by a paper by Mikolov. et. al [25]. An advanced
version of this paper was introduced in 2014 by the same author. This paper used
neural network to predict the next word in the text. The embedding found in skip-gram

can easily capture the meaning of each word in different dimensions of the embedding.

GloVe word vector [26]

Word2vec is a combination of models used to represent distributed representations of
words in a corpus C. Word2Vec (W2V) is an algorithm that accepts text corpus as an
input and outputs a vector representation for each word. There are two flavors of this
algorithm namely: CBOW and Skip-Gram. It is based on the paper [25]. Word2Vec

can represent similar words in a similar dimension. Different versions of word2vec

6
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Figure 2.2: Repeating module in a LSTM network.

have been implemented. GIOVE [26] is a popular word embedding. It was build on
300 billion words and each word has 300 dimensional embedding.

2.1.2 Models

Most tasks in Natural Language Processing (NLP) has sequence as its input. Some
of the tasks also focuses on generating a new sequence. Due to this reasons, state of
the art models for different tasks of NLP has different architecture compared to other
domains on deep learning. Some of the state of the art models on different tasks of

NLP are explained in the following subsections.

LSTM [27]

Long Short Term Memory (LSTM) network is a type of Recurrent neural network
(RNN) that can learn long term dependencies. Hochreiter and Schmidhuber (1997)
[27, 28] proposed them first. LSTM network is specifically developed to prevent the
problem of long-term dependency. They don’t have to try hard to remember knowledge
for lengthy periods of time. Recurrent neural network takes the form of a chain of
repeated neural network modules. This repeating module in ordinary RNN will have
a relatively simple structure, such as a single tanh layer.Now, LSTM has a chain-like
structure as well, but the repeating module is different here. There are four neural
network layers instead of one, each interacting in a unique way. Key part of LSTM
is cell state. The cell state resembles that of a conveyor belt which helps to flow
the information straight without any change. The ability of LSTM to remove or add
information to the cell state is carefully controlled by structures known as gates. Gate
allows us to choose whether or not to let information through. Every LSTM network
has three gates to control the cell state. Following figure 2.2 represent the repeating
module in a LSTM network.
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GRU [29]

The Gated Recurrent Unit (GRU) is a step forward from the regular RNN. Long Short
Term Memory and GRUs are quite similar (LSTM). GRU, like LSTM, controls the
flow of information through gates. In comparison to LSTM, they are quite new. This
is why they outperform LSTM and have a more straightforward architecture. Again,
another intriguing feature of GRU is that, unlike LSTM, it lacks a distinct cell state. It
only has one state: hidden. GRUs are easier to train because of their simpler architec-
ture.

Let’s look at how GRU works. Basically, GRU cell resembles an LSTM or RNN
cell in appearance.lt takes an input and the hidden state from the previous timestamp
at each timestamp. It then produces a new hidden state, which is then passed on to the
following timestamp.In contrast to an LSTM cell, which has three gates, a GRU now
has only two gates( reset gate and update gate). The following figure 2.3 represents a
GRU architecture.

Transformer [24]

In sequence data processing, we need to use recurrent neural network where the output
of previous timestamp is also used as the input of the network. Most of the tasks in
Natural Language Processing is seq2seq. Where the input is a sequence of words or
frames and the output is also a sequence of words or frames. Advanced RNNs with
attention techniques like LSTM [28] and GRU [29] are used to work with these sort of
problems. But, a problem with these architectures are they cannot capture attention for
long sequences. Also, they often suffer when generating new sentences. Also, these
recurrent units work in sequential manner. So, parallelization couldn’t be achieved
causing the training process quite slow. A new architecture was proposed in Attention

is All You Need paper [24]. The paper proposed Transformer architecture which solved
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Figure 2.4: Attention of different words with “it" for the given example

all the problems with GRU and LSTM based architecture. Given enough resources,

transformer architecture can give attention over a long sequence of words predicting

which words are relevant to which word. Transformer proposed 3 new things. These

are explained below:
 Self Attention
* Multi headed approach

* Positional Embedding

All of these are briefly explained below:

e Self Attention :

Self-attention is slightly different comparing to what the name suggests. In

simple words, self attention provides attention to all the word. Here, attention
means, the relevancy of each word in the sentence given a word of the sentence.
Self attention can compute the relevancy of each words with a word in the sen-
tence. It is explained with an example. Let we have a sentence: "The animal
didn’t cross the street because it was too tired". Now, the question is what part
of the sentence "it" referred to in the sentence. Did it refer to The animal or the
street. Self attention can provide us with a score of each word in the sentence
that is relevant with it. Figure 2.4 illustrates after training, which word(s) were
given the most attention. In the figure, we can see that The animal was given the

most attention.
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Figure 2.5: Process of attention calculation

Now, how attention is generated is also shown in figure 2.5. Here, we can see that
in attention we have 3 different vectors. Query, Key and Value. If we multiply
the embedding of the word with three weight vectors W% W4 WV we will get
Query, key and value vectors. Now, to calculate the score of each word, we need

to dot multiply Query and Key vector.

Score; = Qy x ky (2.1

Now, soft-max over all the words are calculated. Then the soft max value is
divided by the square-root of the dimension of key vector to prevent gradient
explode. Then the soft max value is multiplied with the value of each word is
calculated and then summed. The sum is the output of self-attention layer at that

key point.

Qx KT

—-— ).V 2.2
Vi 22

Score = softmax(
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where ), and V' are the query, key and value vector respectively. Then the

output of self attention layer is sent to feed forward neural network.

e Multi Headed Attention:
In transformer, the authors did not use a single self-attention module for each
word. Rather, the authors show that if we have multiple self attention and con-
catenate the output of each self-attention layer, we can have a better representa-
tion. For the previous example, if we have multiple attention, the output for "it"
word for the other words of the sentence is given in figure 2.6. In the paper, the

authors used 8 multi headed attention on each layer.

* Positional Embedding:
The core transformer does not have any recurrent unit. But, we already know that
sequence data needs to have a recurrent unit. The authors of this paper proposed
a brilliant method for this. They used positional encoding system to encode the
position of each word in the sentence and that positional encoding provides us

with a better representation.

e Core Transformer Architecture:
The transformer uses encoder-decoder architecture for sequence to sequence
modelling. The encoder and decoder architecture is illustrated in figure 2.7.

Now, the input sequence (word embedding) is passed to the first encoder layer.

Layer:| 5 #| Attention:| Input - Input %

H BEEE =
The

The_
animal_ animal_
didn_ didn_
e t_
Cross_ Cross_
the_ the_
street_ street_
because_ because_
it_ } it_
was_ was_
too_ too_
tire tire

d d

Figure 2.6: Output of multi headed attention layer. It gives a better representation as it gives
attention not only to “the animal" but also to “was too tired"
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Figure 2.7: Transformer Architecture: 6 encoder block is stacked in encoder layer and 6
decoder block is stacked in decoder layer

Each encoder layer has two sub-block. Self-attention and Feed Forward Neural
Network. The output of 6th or topmost encoder layer is passed through each of

the 6 decoder blocks. The decoder block is same is the encoder block.

But, it has an extra encoder decoder attention block to have the context from

source sentence. An overall architecture of transformer model is given in figure
2.8.

BERT [30]

After the introduction of transformer in [24], Natural Language Processing (NLP) has
got a new boost. But, in those days, models were mostly taskcentric. In 2018, [30]
proposed BERT, which introduced common pretraining in NLP. The acronym of BERT
is Bidirectional Encoder Representation of Transformer. It used Masked Language
Modeling and Next Sentence Prediction for pretraining. Masked language modeling
helped bert learn context from both direction. Next Sentence Prediction helped BERT
learning to grasp the context of the sentence. With BERT, the idea of designing a
generalized model was introduced. After pretraining, BERT could be fine tuned to any

downstream task. In figure 2.9, a general architecture of BERT is shown.
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Figure 2.8: The figure illustrates transformer model. In an encoder block, the input embed-
ding first passes through the multiple headed attention layer. Then it goes though feed forward
neural network. In between each layer the output is added with previous output with skip con-
nection and normalized. Then the output of encoder layer is passed to the encoder-decoder
attention block of decoder. The decoder then decodes the context to a new sequence.

TS [31]

Transfer learning, where a model is first pre-trained on a data-rich task before being
fine tuned on a downstream task, has emerged as a powerful technique in natural lan-
guage processing (NLP). TS [31] introduced an unified framework that converts all
text-based language problems into a text-to-text format. The pre-training was done on

the “Colossal Clean Crawled Corpus” dataset that they introduced.

Text-To-Text framework

The input text should contain a prefix which states what the task should be, for ex-

13



ample “translate to english”, followed by the text on which the operation should be
performed. The output should contain the result of performing said operation on the
text, and the output itself should be a sting. Even if the operation requires a float out-

put, the float should be outputted as string. Refer to figure 2.10.

Extensions
TS5 is flexible and can be extended to several tasks like language generation, machine
translation, question answering, and many tasks that have not even been considered

yet. Refer to figure 2.11.

BART [32]

BART [32] stands for bidirectional auto regressive transformer. It’s a denoising au-
toencoder for pretraining sequence-to-sequence models. BART is trained by (1) cor-
rupting text with an arbitrary noise function, and (2) learning a model to reconstruct
the original text. It is implemented as a sequence-to-sequence model with a bidirec-
tional encoder over a corrupted text and a left-to-right autoregressive decoder. For
pre-training negative log likelihood of the original document was used.

BART combines aspects from BERT which is an encoder only model, with aspects
of GPT which is a decoder only model. In BERT random Tokens are replaced with
masks, and the document is encoded bidirectionally. Missing tokens are predicted

independently, so BERT cannot easily be used for text generation. In GPT tokens

Embedding wh ] [ w2 ] [ “‘:'3 J [ Ws ] [ wW’s ]
to vocab + T 1 D T

softmax

Classification Layer: Fully-connected layer + GELU + Norm ]

Transformer encoder

Embedding T I I T T
[

w ) (we) (w) () (w
L, !, Lo I,

Figure 2.9: General architecture of BERT
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["translate English to German: That is good."

"cola sentence: The
course is jumping well."

"Das ist gut.”

"stsb sentencel: The rhino grazed
on the grass. sentence2: A rhino
is grazing in a field."

"summarize: state authorities
dispatched emergency crews tuesday to
survey the damage after an onslaught

of severe weather in mississippi..”

"six people hospitalized after
a storm in attala county.”

Figure 2.10: Diagram explaining T5’s text-to-text framework.

are predicted auto-regressively, meaning GPT can be used for generation. However,
words can only condition on leftward context, so it cannot learn bidirectional interac-
tions. BART uses an encoder-decoder model where the encoder is similar to BERT
and decoder is similar to GPT. Refer to figure 2.12.

Functions used to corrupt text

* Token Masking: Random tokens from the input are replaced with a [MASK]

token.
* Token Deletion: Random tokens from the input are deleted

» Text Infilling: Random sequences of consecutive tokens are masked with a sin-
gle [MASK] token.

* Document Rotation: A token is selected at random. The document is rotated
such that the selected token is the first token. The task is to find the actual start

[Pres:dent Franklin <M= born <M= January 1882.

D. Roosevelt was <M= in ]

Lily couldn’t <M=. The waitress
had brought the largest <M= of
chocolate cake <M> seen.

piece =M> she had ever

believe her eyes «<M: ]

peaches are <M» at our]

Our <M= hand-picked and sun-dried
<M> orchard in Georgia.

o President Franklin D.
Pre r.r"?n',r‘.'.r;‘.g Roosevelt was born

in January 1882,

Fine-tuning ﬁjx ol

When was Franklin D. |
[ Roosevelt born? 5 1882

Figure 2.11: Example of how TS5 can be expanded.
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Figure 2.12: BART uses an encoder-decoder model where the encoder is similar to BERT
and the decoder is similar to GPT.
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Figure 2.13: Types of text corruptions used in BART

of the document.

2.2 Data visualization

Graphical representations of information is referred to data visualization. By leverag-
ing complex sets of numerical or factual numbers, visualization plays a significant role
in data analytics and aids in the interpretation of large data in a real time.

Because of how the human brain processes information, using charts or graphs
to display large amounts of complex data is more accessible than using structured
infromation like spreadsheets and reports. Visualizations are a quick, natural, and sim-
ple approach to express essential concepts across multiple platforms. Moreover, These
techniques allow us to experiment with different scenarios by making minor changes.

There are different types of visualization techniques. For example -

* Bar Chart : Bar chart uses rectangular bars with heights or lengths propor-
tionate to the values they represent to convey categorical data. The bars can be

plotted either horizontally or vertically.

* Pie Chart : A pie chart is a circular representation with slices to show numerical
proportion. The arc length of each part in a pie chart is proportionate to the

quantity it shows.

16



* Map : A map chart is a visual representation of items on a background that is

frequently, but not necessarily, geographical.

» Scatter Plot: A scatter plot is a form of plot that displays values for two variables

for a collection of numerical data using Cartesian coordinates.

* Line Chart : A line chart is a style of chart that represents data as straight line

segments. It is a basic chart that is used in various fields.

* Area Graph : An area chart or graph depicts quantitative data graphically

mainly based on line chart.

* Bubble Chart: A bubble chart is a form of graph that shows data in three di-

mensions.
» Pareto Chart: A Pareto chart is a graph that includes both bars and a line graph.

There are more visualization techniques to represent structured data. Those are used

according to their simplicity and demand. Charts can be classified into two types:

 Simple chart : The chart which contains single variable in the y-axis is generally

known as simple chart.

* Complex chart : A complex chart is one that has two or more variables on the

y-axis.
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Chapter 3

Literature Review

This literature review is an overview of the previously published works on our research
topic. We have divided our literature review into 4 parts. (i) Data to Text Summa-
rization systems, (ii) Chart data extraction systems, (iii) Chart to text summarization

systems and (iv) Chart to text summarization datasets.

3.1 Data to Text Summarization Systems

In this kind of system, structured data are loaded as input to the system and finally as

output we get summary of the corresponding data.

3.1.1 Enhanced Transformer Model for Data-to-Text Generation [1]

This paper was authored by Gong. et al. in 2019 [1]. It was published in the workshop

on neural generation and translation. They used ROTOWIRE [33] dataset. In their

work, they proposed a new transformer based architecture enhancing the base trans-

former model. In modification, they changed the input embedding and added a new

learning objective for content selection. The model architecture is shown in figure 3.1.
By proposing this architecture, they achieved state of the art score on ROTOWIRE

dataset.

Limitations:

The method itself had some lackings. It tends to generate terms that doesn’t align with

the context of the sentence.

3.1.2 Neural data-to-text generation with dynamic content planning [2]

This paper [2] was authored by K. Chen et al. and published in the Journal of Knowledge-
Based Systems in Elsevier, April 2020. They used the ROTOWIRE [33] data-set. At

the time of publication they outperformed the State of the Art over this dataset in

18



0/1 0/1 0/1 Y1 Y2 --- <eos>
t t P 1 |
Pred_layer Softmax
Transformer Transformer
Encoder —  Decoder

b

r To

|

f

f

T <bos> Y1 - - -

T

Yyr

Figure 3.1: Model for "Enahnced Transformer" for data to text generation task

terms of of relation generation (RG), content selection (CS), content ordering (CO)

and BLEU metric.

As shown in Figure 3.2, their model has 4 main sections:

« Static Content Planning acquires the selected records and their order which

will be fed into the following component.For static content planning, they use

the same mechanism proposed by [34].

* Dynamic Content Planning is the novel part proposed in this paper. It will

decide which record will play an important role in generating the next word

according to the current state.

* Text Decoder that generates word sequentially with attention [35] and copy

mechanism [36] from the dynamic content plan representation.

* Record Reconstruction is the novel part proposed in this paper which encour-

ages the decoder to generate more accurate information from the dynamic con-

tent plan representation. It will only be used in the training period.

Limitations:

The main limitation of this paper lies in the use of LSTM and RNN which are hard to

parallelize and thus leads to very slow training.
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3.2 Chart Data Extraction Systems

We searched for advanced systems to extract structured data from a chart. Here we

found some works but the performance of those systems are not that much promising.

3.2.1 Tensor Field for Data Extraction from Chart Images: Bar Charts and
Scatter Plots [3]

This paper [3] was authored by Jaya Sreevalsan-Nair, Komal Dadhich, Siri Chandana

Daggubati and published in “Mathematics and Visualization, Cham: Springer Inter-
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Figure 3.2: Model for "Neural data-to-text generation with dynamic content planning"
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Figure 3.3: Proposed workflow of data extraction from a chart image using positive semidef-
inite second-order tensor field of local geometric descriptors for “Tensor Field for Data Ex-
traction from Chart Images: Bar Charts and Scatter Plots"

national Publishing”, 2021. Their model ahieved Levels-A1l and A2 in Kimura’s six-
level scheme of statistical ability by performing data extraction with considerable accu-
racy.Their proposed solution was automatic and thus does not require user interaction
during processing.

Figure 3.3 shows their proposed workflow. First they perform some image pro-
cessing such as grid-line removal, foreground extraction, image segmentation. Then
they perform data extraction using tensor fields, tensor field is constructed, degenerate
points- i.e. 4 corner points of each bar for bar chart or each points for scatter chart, are
identified and using degenerate point a primitive reconstruction is performed. Finally
data table can be formed from the primitive reconstruction. They used traditional rule
based algorithms for Chart canvas extraction and Data extraction using tensor fields
from chart images.

Limitations:

There main limitations of this work is due to the tensor field being dependent on the
user-defined image characteristics. These include image resolution and styling features
of the plots, e.g., glyph shapes and sizes, bar width, and borders. Another limitation is
that they only do it for bar chart and scatter plot.

3.2.2 ChartOCR: Data Extraction from Charts Images via a Deep Hybrid Frame-
work [4]

This paper [4] was authored by J. Luo, Z. Li, J. Wang, and C.-Y. Lin and published in
2021 IEEE Winter Conference on Applications of Computer Vision (WACV), 2021.

They constructed their own dataset for this research. They conducted the experiment
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Figure 3.4: General workflow for "Chart OCR"

for Line chart, Bar chart and Pie chart. They combined traditional rule based method
with Deep Neural Network to achieve an automatic system that does not require user
input.

Figure 3.4 shows the general workflow of Chart OCR. First they extract type of
chart and key points from the chart. Key point for bar chart are top left and bottom
right points of each bar, for pie chart the key points are the center point, and points of
each segment, for line chart the key points are points where gradient changes. Data is
calculated using the type of chart and key points.

Figure 3.5 shows the structure of the model they used. The input image is passed
through an hourglass network, then they are passed into two different convolution layer
Conv 1 and Conv 2. Corner pool operation is performed on the output from the Conv
1 this is trained to predict key points. Max pool operation is performed on the output
of Conv 2 and this is trained to predict type of chart. Finally, depending on the chart
type a traditional rule based algorithm is used with the key points to calculate the data.

Fpppoppprepep Pppop

Ppoppopeppepn Poppp

Conv 1 +
Corner Pool Key Point Prediction

Input Image Hourglass Nebwork

Figure 3.5: Abstract model for "Chart OCR"
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Limitations:
The limitations of this model is that even charts of same type can vary dramatically.

For example scale, position of text, style etc needs to be kept somewhat consistent.

3.2.3 Reverse-engineering Bart Charts using Neural Networks [5]

This paper [5] was authored by F.Zhou et al. and published in “Journal of Visual-
ization, springer 2021”. They used neural networks to extract textual and numerical
information from bar charts. They adopted a neural network-based object detection
model. It can simultaneously localize and classify textual information. On the other
hand, they designed an encoder-decoder framework to extract numerical information.
They introduced an attention mechanism into the framework so that it achieves high
accuracy and robustness. They evaluated their mechanism on both real-world and syn-
thetic data.

Extraction of textual information:

They used Faster-RCNN to simultaneously localize and classify textual information
which is a neural network-based object detection model. It reduces the use of tradi-
tional low-level operations for object detection to extract textual information. Figure

3.6 shows the general workflow of the extraction of textual information.
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Figure 3.6: General workflow for extraction of Textual information
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Extraction of numerical information:

In figure 3.7 they used three neural network models to extract numerical information;
the encoder, the decoder, and the attention mechanism. Basically, the encoder bar chart
image as input and performs various operations to extract features. It then produces a
sequence of feature vectors. After that, the attention model takes the feature vector and
the hidden state of the decoder from the previous iteration and generates an attention
vector. The attention vector and feature vectors are then combined and concatenated

with the bar vector and the decoder iteratively generates the numerical information.

Limitations:

The training is not end-to-end since some works can be repeated. They have two
separate parts that are trained separately which increases the running time. They only

use bar charts.

3.2.4 BarChartAnalyzer: Digitizing Images of Bar Charts [6]

This paper [6] was authored by K. Dadhich et al. and published in the proceedings
of the International Conference on Image Processing and Vision Engineering, 2021.
They proposed a semi-automated workflow for data extraction from digitizing images
of bar charts. They used second-order tensor fields from tensor voting in computer
vision. They identified appropriate state-of-the-art algorithms for text recognition in
bar charts. They created a dataset covering all seven subtypes. Figure 3.8 shows the

seven main components of their workflow.
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Figure 3.8: Semi-automated workflow for BartChartAnalyzer

Their workflow has seven main components.

Chart Sub-type Classification (C1):

Their classifier is inspired by the VGGNet (Visual Geometry Group Network) ar-
chitecture. It is widely used for object detection and segmentation task on images.

Image Annotation (C2) and Canvas Extraction (C3):
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To provide different labels to different regions of interest (ROI) in the Images, they
use Labellmg as a tool to mark and annotate bounding boxes. The canvas extraction
step includes image preprocessing methods to remove the remaining element other
than chart objects.

Tensor Field Computation (C4):

They use local geometric descriptors as a second-order tensor for tensor vote com-
putation.

Text Recognition (C5) and Information Aggregation for Data Extraction (C6):

They explore Character Region Awareness for Text Detection(CRAFT) for effec-
tive text area detection. They transform the data extracted in pixel space to data space
and add appropriate textual information for the variable name and bar width to extract
the data table.

Chart Summarization (C7):

They then generate the chart summary using the template from the previously gen-
erated data table.

Limitations:

This method suffers from errors in detection. It also generates false positives for
corner detection in relatively low-fidelity images. Their classification model cannot
handle variants of bar charts with textures in the bars or hollow bars. They only work

on bar charts.

3.3 Chart to Text Summarization Systems

Chart to text summarization is still in its infancy. Although, the topic is getting interests
from NLP researcher community. Structured data and chart images are placed into this

type of system as input, and we get a summary of the associated data as output.

3.3.1 Chart-to-Text: Generating Natural Language Descriptions for Charts by
Adapting the Transformer Model [7]

This paper [7] was authored by Jason Obeid, Enamul Hoque and was published in the
Proceedings of the 13th International Conference on Natural Language Generation,
November 2020.

They created their own dataset by scrapping data of bar charts and line charts from
statista. Statista also contained summaries for those charts. The dataset contains data
of 4466 bar charts and 3839 line charts. Let chart summery C'S = [[,D,T, L, 5],

where for each chart summery C'S there is a chart image ¢ € I, data table d € D and
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Figure 3.9: Abstract model for “Chart to text"

summery s € S. Note that, while the dataset does contain chart images, they don’t use
the chart images to train their model.

Their base model extends the standard transformer model [24] by adding a binary
prediction layer and a content selection training step.The input layer of the model
accepts a tuple of four features (entity, type, value, information) as input. The model
then generates the latent representation of each record in the input sequence and passes
it through the binary prediction layer. The decoder of this model is the same as the
original Transformer model and predicts the summary based on encoder’s output. The
model also removes the positional embedding of the transformer encoder, as there is
no ordered relationship within the records of their dataset.

Input embedding: For each data table d € D they preprocess it into record r € R.

Each of these records are placed in a tuple with four features as follows:
* r;(0) contains the column header
* r;(1) contains the table cell value
* r;(2) contains the column index, and
* r;(3) contains the chart type

Figure 3.9 shows the abstract model of chart to text. The inputs R1 to RN are

passed through the encoder. The prediction layer does content selection. Then the
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Figure 3.10: Abstract model for “Autochart”

selected content is passed through decoder. The output of the decoder is passed through

softmax to convert output to probabilities. Then the output is converted to tokens.
Limitations:

They only included line charts and bar charts in the dataset. The output gave us de-

scription rather than precise summaries of the dataset. Human written summaries in

“AutoChart” dataset contains summary beyond the data of chart.

3.3.2 AutoChart: A Dataset for Chart to Text Generation task [8]

This paper [8] was authored by Jiawen Zhul, Jinye Ran, Roy Ka-wei Leel, Kenny
Chool, and Zhi Li2 and was published in Proceedings of the Conference Recent Ad-
vances in Natural Language Processing - Deep Learning for Natural Language Pro-
cessing Methods and Applications, 2021.

They used their own dataset named Autochart for this experiment. They outper-
formed chart-to-text on this dataset. They propose a novel framework to generate
charts and their corresponding analytical descriptions automatically. They also con-
ducted extensive human and machine evaluation on the generated charts.

Figure 3.10 shows the abstract model for autochart. They scrapped data for their
dataset from multiple statistical sources. They then extracted data points and formed
charts. Then they extracted the chart metadata from the charts. They annotated those
data manually using human linguists. Through a paraphrasing algorithm they gener-
ated paraphrase templates. Then through rhetorical move analysis they generated the
summaries.

Limitations:
Generated summaries in the dataset are template based summaries, thus out of domain

inputs do not perform well.
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3.3.3 SCICAP: Generating Captions for Scientific Figures [9]

This paper [9] was proposed by Ting-Yao (Edward) Hsu, C. Lee Giles, Ting-Hao ‘Ken-
neth’ Huang and it was published in Findings of the Association for Computational
Linguistics: EMNLP 2021.

In this paper, the authors proposed an end-to-end framework based on neural ap-
proach for generating informative high quality captions for scientific figures in aca-
demic literature. They also proposed a large scale dataset for caption generation. The
dataset was collected by collecting arxiv papers. SCICAP contains around 2, 90, 000
captions and summaries. The baseline proposed by SCICAP dataset uses a CNN based
ResNet [37] encoder and LSTM [27] decoder for generating the caption. CNN based
ResNet encoder first encodes the image into a sequence which is then fed to the de-
coder for generating the caption.

Limitations:

The key limitation of SCICAP dataset is it does not provide chart metadata along with
the image and the caption. Also, our analysis of SCICAP dataset shows that most im-
ages from SCICAP dataset are vague and don’t contain any meaning. In addition to
that, the performance of the baseline model proposed by the paper is quite poor. It also
indicates that just using image and summary for training can be a bottleneck for chart

captioning or chart summarization system.

3.3.4 Chart-to-Text: A Large-Scale Benchmark for Chart Summarization [10]

This paper [10] was authored by Shankar et el and is accepted to be presented at the
60th Annual Meeting of the Association for Computational Linguistics (ACL), 2022.
Only the preprint of this work was available at the time of writing this report and we
found it just three weeks earlier to the time of writing this report. So, our work has not
been directly influenced by this paper.

The paper proposes a large scale dataset for chart to text summarization. The
dataset consists of chart image, corresponding metadata and human written descrip-
tion of the image. Their dataset contains around 42,000 summaries along with the
corresponding metadata and summary. In addition to this, they also proposed a strong
baseline for their dataset. They experimented with BART, TS5, Chart2Text models.
Their analysis shows TS5 provides the best result in chart summarization with highest
BLEU, BLEURT score with lowest perplexity.

Limitations:
Just like chart2text dataset [7], Chart to Text dataset also collected their dataset from
statista. As previously stated, statistics from statista often contains summary beyond

the scope of information given in the chart. So, the raw performance of the model can
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not be checked using only chart to text dataset.

3.4 Chart to Text Summarization Dataset

Summarizing charts to text is still in development. Nonetheless, the topic is generat-
ing interest among NLP researchers. Despite of lacking chart to text summarization

dataset, we examined each one.

3.4.1 Chart2Text [11]

Chart2Text is a dataset for chart to text summarization. The dataset consists of chart
image, corresponding metadata and human written description of the image. Their
dataset contains around 8305 summaries along with the corresponding metadata and
summary. They created their own dataset by scrapping data of bar charts and line
charts from statista. Statista also contained summaries for those charts. The dataset
contains data of 4466 bar charts and 3839 line charts. Their dataset contains simple

and complex charts.

3.4.2 Autochart [8]

There are 23,543 chart examples in Autochart. They gathered data samples from the
World Bank dataset, the Food Nutrition dataset, and other sources. Each sample in-
cludes a chart image, metadata, and an explanation of the data. Their summaries are
based on templates.

3.4.3 SCICAP 9]

Scicap, a chart captioning dataset, was proposed in 2021. It was collected from scien-
tific journals. Despite the fact that chart captioning is comparable to chart summariza-
tion, chart captions in scicap do not have a lot of overlap between the chart image and

the chart caption. Furthermore, generic captions make for more than 60

3.4.4 Chart-to-Text [10]

Chart-to-Text dataset provides chart metadata, chart image and gold summaries for
each of the chart. This dataset provides real world data. Around 42, 000 summaries
are included in their collection, together with the accompanying metadata and sum-
mary. They found two relevant sources with sufficient quantities and types of charts
with textual descriptions after searching through numerous sources such as news sites,

textbooks, and websites containing data facts. Those two sources are statista website
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Table 3.1: Existing dataset for chart to text summarization

Dataset Data source Formulation Summary Type Example Count
RotoWire NBA Game Summaries Data table, Human written 4,863
Summary
Scicap Scientific papers Chart image, Cgptu.)ns of chart in 2,90, 000
Chart summary scientific papers
Chart image,
chart2text Statista Chart metadata, Human written 8,305
Chart summary
World bank dataset Chart image,
Autochart ’ Chart metadata, Template based summary 23,543

food nutrition dataset etc.
Chart summary

and pew websites. From statista they collected 34811 examples and from pew they
collected 9285 examples. Their dataset conatins simple and conmplex charts. Their

dataset consists of barchart, linechart, areachart, scatter chart, pie chart and table.

3.5 Comparison of existing dataset

Although, several benchmark datasets that are publicly available for data to text sum-
marization task [33, 38, 39], there have not been a lot of publicly available dataset for
chart to text summarization task. In table 3.1, publicly available datasets for chart data
to text summarization is shown.

Although, there are couple of publicly available dataset for data to text summa-
rization [33,39], which are mainly based on sports domain and has large data table
and its corresponding summary. These data can only be used for pretraining a content
selection system for chart summarization but not for chart summarization directly. In
2021, Scicap [9] was proposed which is a chart captioning dataset. It was collected
from scientific literature. Although, chart captioning is similar to chart summarization,
captions of charts in scicap don’t contain a lot relevancy between chart image and chart
caption. Also, more than 60% of the captions of scicap contains generic captions.

To the best of our knowledge, there is only three publicly available chart to text
summarization [7, 8, 10]. Chart2text and Chart to Text summarization dataset contains
chart image, chart metadata and human written descriptions of chart collected from
a statistical analysis website statista. Although, the dataset contains a decent amount
of statistics, recent state of the art data hungry deep learning system’s performance
may be bottlenecked by the low amount of data in this dataset. Another available
dataset autochart [8] used rhetorical question analysis and predefined templates and
paraphrasing algorithm to a large scale chart to text summarization task. But, as the
dataset is template based, it lacks from variation in chart description. Also, rhetorical

question analysis cannot detect complex trends causing the quality of the description

30



being poor.
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Chapter 4

Proposed Methodology

As stated earlier, we propose a new large scale benchmark dataset called ChartSumm.
We selected sources to collect data from, collected the data, cleaned and preprocessed
the data, and ran benchmark using several models on the data to perform an exhaustive

analysis.

4.1 ChartSumm Dataset

The key contribution of our thesis is “ChartSumm" dataset which is a large scale
dataset for chart to text summarization task. In this dataset we compiled more than
80, 000 charts along with their metadata and well defined summaries which is double
of the current largest dataset available for chart to text summarization. In figure 4.1,
the pipeline of dataset construction is shown.

This section contains data collection, data processing, data splitting followed by

dataset analysis.

4.1.1 Dataset Collection

To create a large dataset, first we need a data source. So, the first stage of our work
was to find out appropriate source for our dataset. While there are a good amount of
publicly available repository with statistics with charts are available, only very few of
them contained summaries. It was possible to collect the statistics and generate gold
summaries for those statistics. But available crowd sourced works for writing natural
language descriptions are costly. So, we tried to select source where statistics and their
short descriptions are available.

After exploring different sources including textbooks, academic literature, data
repository and news websites, we have chosen two sources that seemed appropriate

for our work. These sources are explained below:
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Collect and process
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Figure 4.1: Contruction pipeline of ChartSumm

Knoema

Knoema [40] is a statistical service based online platform. In their data atlas, they have
a statistical collection of over 1, 000 economic indicators of more than 200 countries on
earth. For each of the statistics, knoema generated a short description of the statistics.
First, we crawled over 1, 10,000 statistics from knoema. After that, we filtered out
the data sources that are not publicly available. It resulted 43, 179 publicly available
statistics where the data is collected from that data source and description was taken
from knoema website. All of the data available on knoema data atlas is simple chart.
As the statistics are shown with respect to year, it can be considered as line chart. So,

we classified each chart as simple line chart from this source.

Statista

Statista [41] is an online platform where statistics on wide range of topics are published
along with a short human written description of the statistics. Topics in statista includes
economics, marketing, industry and opinion research. First, we crawled over 7, 50, 000
available pages in statista research to collect the list of publicly available statistics for
our study. On March 2022, we collected around 50, 000 statistics, yielding a total
of 41,184 different charts along with summary and chart metadata. For each of the
chart, first we took screenshot of chart image, but in statista around 4, 500 pages didn’t
include a chart image. So we generated the charts by ourselves using matplotlib. To
decide on the type of charts, we used some heuristics to select the chart type while
generating the charts. After collecting the data table, we classified the data into simple

charts and complex chart depending on the number of columns in the chart.
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4.1.2 Dataset Processing

Collecting this huge amount of data manually would have been time consuming. So
we decided to build an automated system collecting data from knoema and statista.
For both of the websites, we need to create a session before download any statistics.
Both of the websites has anti automated use system enabled. So just writing a script to
collect the dataset would have been resulted in banned account. As a result we needed
to randomize the behavior of our data collector.

First, the data collector would create a new session. After that we selected a random
number from 75 to 100. After downloading the specified number of data, the system
would close the current session and go for a back off. The back off would be a random
amount of time from 200 seconds to 400 seconds. After back off, the system would
create a new session and start downloading the data again.

Although, the whole system was able to prevent getting capcha and detected by the
websites, it made the whole process quite slow. On an average, we needed around 32

days to collect the data from these sources.

Statista

The list of steps taken to prepossess scraped data from statista are detailed below.

First we had to Classify types of charts To classify the charts into bar chart, line
chart and pie chart we used ChartReader!. ChartReader has 84.99% accuracy for clas-
sifying the charts. ChartReader classifies the chart into Area Graph, Bar Graph, Box
Plot, Bubble Chart, Flowchart, Line Graph, Map, Network Diagram, Pareto Chart, Pie
Chart, Scatter Graph, Tree Diagram, Venn Diagram. Using different heuristics and
analysis, we finally classified Area Graph, Line Graph and Map into Line Graph. We
also combined Bar Graph, Box Plot, Bubble Chart, Network Diagram, Pareto Chart,
Scatter Graph into Bar Graph. We kept Pie Chart as it is. Table 4.2 shows distribution
of chart with respect to chart type for both knoema and statista.

Then we had to Find missing x labels Some of the scrapped data had missing x

labels. So had to manually identify them using the following methods.

* Year: If all x values were integers less than 2050 and greater than 1800 we set

the x label to “year".
e Month: If all x values were names of months, we set the x label to “month".

* Day: If all x values were names of days(saturday, sunday ...), we set the x label

to “month".

Thttps://github.com/Cvrane/ChartReader
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Figure 4.2: Figure showing the general steps involved in preprocessing scraped data from
statista

* Quarter: If most x values were Q1/Q2/Q3/Q4 and optionally followed by an

integer(year) we set x label as “quarter".

* Country: If more than 30% x values contained values from the list of all coun-

tries collected from Wikipedia, we labeled the x label as “country"

» City: If more than 30% x values contained values from the list of cities collected

from World City Database, we labeled the x label as “city"

» Area: If the x labels contained the names of general areas like continent names,

sub continent names, etc, we set the x label as “area".

* NER: We also used named entity recognition to identify some other named

types such as companies, social medias etc.

* Manual Annotations: We manually identified and recorded several x labels.

Then we had to Divide the data into simple and complex Statista contained both

simple and complex chart. We define simple charts as charts with 1 column for y axis.
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Complex chart would have more than three column in the data. So based on this criteria
charts had to be grouped together.

Finally we had to Convert to standard format Finally the data had to be converted
into a single standard format.

Knoema

Processing data from knoema was quite simple. Data was first downloaded. Then,
the title of the chart and captions were cleaned. While cleaning the title and caption,
we removed extra white spaces, newline, normalized the numbers and normalized the
entities. /par

That being said, we contacted knoema to ensure we could use their data. They
replied that if the source they collected data from was open source, then we could use
those data. Thus we had to look into the list data source that knoema use, filter out
which sources were open, and filter data accordingly.

—

n

List of sources
knoema used
to collect data

Check if open
source

List of open
source
sources

Source Data

Onl
Y ~

N
{ r ]
standardize )
pen 50urce-—-{ format L »||| Final Data

Scraped data
from knoema

N —
S~ T

Figure 4.3: Figure showing the general steps involved in preprocessing scraped data from
knoema
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Table 4.1: Split distribution of ChartSumm

Split Size
Train 67,488
Valid-e | 4,338
Valid-h | 4,101
Test-e | 4,338
Test-h | 4,098
Total 84,363

4.1.3 Test set construction

From our analysis, we have found that summaries from statista contains information
beyond the chart information. In table 4.3, we show dataset analysis of ChartSumm.
From the table we can see that on an average, the captions in statista are quite longer
compared to the captions in knoema. Also, from our previous analysis we found out
that in automatic evaluation, models often fail to perform well because of the topics
in reference caption which is out of the scope of the table data. To address this issue,
we propose two test sets for our data: Test-e and Test-h. We ensured that in Test-e the
reference summaries only contain data from chart data. On the other hand, in Test-h,
the captions might contain summaries which might be out of the data. In table 4.1, we

show the size of each split of our dataset.

4.1.4 Dataset Analysis

From the table 4.3, we can see that Knoema contains higher number of data cells. The
captions of statista is quite large compared to the ones from Knoema.Table 4.2 is the
chart distribution based on chart type. Here, we have a large amount of line chart and
bar chart but a very small amount of pie chart.

We used Latent Dirichlet allocation (LDA) for topic modeling. After running topic

Table 4.2: Class distribution based on chart type of ChartSumm

Chart Distribution

Chart type | Statista | Knoema
Linechart | 13904 | 43179
Barchart 26644 | 0O
Piechart 636 0

Total 41184 | 43179
Sum 84363
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Table 4.3: Dataset analysis of ChartSumm

Average Summary Length | Average Title Length
Source Average Cell Count Token Chars Token Cars
Knoema 55.44 34.76 207.69 8.86 57.18
Statista - simple 13.31 46.96 288.68 9.58 63.08
Statista - complex 37.95 55.54 340.19 10.54 67.08

modeling on our ChartSumm dataset, we found the major topics in our dataset are:
economy and politics, society and science, internet and media and public life and
health. Figure 4.4 shows the topic distribution of ChartSumm dataset. About 21.6

percent of the samples are economical and political. About 13.03 percent of the sam-

ples are from society and science.

4.2 Baseline Models

In order to propose a benchmark dataset we need to propose some baseline models the
result of which others will try to beat. We propose four chart data to text models for
baseline, and one chart image to text model. We have already explained how these

models work in background studies section. In this section we explain how we used

those models for out purpose.

Education

Retail & Trade
Economy & pelitics

Consumer Goods

Sports & Entertainment

Others

Public Life & Health

Society & Science Internet & Media

Figure 4.4: Distribution of topic in ChartSumm dataset

38




4.2.1 Chart2Text

Chart2Text [11] adapted an enhanced version of transformer [42]. For our training we
adapted the codebase provided by chart2text repository 2. We also kept the same hyper
parameters used in the paper. The model was trained on google colab using a Tesla
P100 GPU.

4.2.2 AutoChart

AutoChart is a template based model for chart summarization. It used Linguist Rhetor-
ical Analysis specified in the paper for generating the description. As this model don’t
have any training, we just needed to run an inference. For inference, we converted our
test data into AutoChart specified format given in their repository 3. As auto-Chart can
not work with complex dataset with more than two column, we only taken first two

column from our test dataset while processing our dataset.

423 TS5

TS is a large pretrained language model trained on multiple sequence to sequence tasks
like machine translation, text classification, text summarization, ner etc. For our task
we wanted to adapt the pretrained text summarization model. So, we flattened the
table by rows and concatenated it with the caption of the table separated by a separator
token. After that we trained our model. We used google colab for training the model.
We fine-tuned a huggingface implementation of T'5 base model * for 6 epochs and then
generated the summary. During fine tuning the maximum input length was 512 tokens

and maximum caption length was 128 tokens.

4.2.4 BART

BART is also a large language model pretrained based on denoising auto encoder archi-
tecture. It is also based on sequence to sequence model. For training, we flattened the
table by rows and concatenated it with the caption of the table separated by a separator
token. After that we trained our model. We used google colab for training the model.
We fine-tuned a huggingface implementation of BART Large xsum > for 5 epochs and
then generated the summary. During fine tuning the maximum input length was 256

tokens and maximum caption length was 128 tokens.

Zhttps://github.com/JasonObeid/Chart2 Text
3https://gitlab.com/bottle_shop/snlg/chart/autochart
“https://huggingface.co/t5-base
Shttps://huggingface.co/facebook/bart-large-xsum
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4.2.5 Image Captioning Model

For image captioning we use the standard sequence to sequence like structure, but re-
place the LSTM encoder with Inception(V3) [43] followed by a fully connected layer.
The decoder can then accept the output of the fully connected layer as the context vec-
tor for generating the natural language.

The vocabulary only considered words that occurred at least 5 times. For word em-
bedding, we used an embedding size of 256. The number of LSTM layers used was 1.
We used adam optimizer with a learning rate of 3 x 1073, For loss function CrossEn-
tropyLoss was used. The model was trained for 6 epochs due to time constraint. Each

epochs took over 2.5 hours.
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Chapter 5

Evaluation Metric

In order to asses the quality of the dataset, we need to asses if the quality of transla-
tions produced by models trained using this dataset. Thus we evaluate the performance
of models through various automated evaluation matrices. Human evaluation will be
extremely time consuming, and will contain a significant amount of bias.We need nu-
merical scores to perform valid comparisons, but human scoring the quality without

any objective mathematical metric will not give a fair score.

5.1 BLEU

BLEU [44] stands for Bilingual Evaluation Understudy. It is used to automatically
evaluate machine translated (or generated) text. Generally, BLEU score generates a
number between zero to one. It is the measurement of the similarity (n-gram overlaps)
between machine generated text and another reference text. Since BLEU is a param-
eterized score , it mostly depends on the parameters. Preprocessing(tokenization and
normalization) of the reference text has some significant effect on BLEU score. Dif-
ference user specified preprocessing can frequently change the score. Thus, instead of
using BLEU score, it is suggested to use SACREBLEU which expects de-tokenized
outputs, applying its own metric-internal preprocessing. It is a python package which
downloads and stores references automatically for common test sets. This introduces a
‘predictive layer’ between references and users. SACREBLEU generates a short ver-
sion of string that records the parameters. Main features of SACREBLEU are : (i)
It automatically downloads common WMT test sets and processes them to plain text.
(i1) It produces a short version of string that facilitates cross-paper comparisons. (iii)
It properly computes scores on de-tokenized outputs, using WMT standard tokeniza-
tion. (iv) It produces the same values as the official script used by WMT. (v) It outputs
the BLEU score without the comma, so we don’t have to remove it. (vi) It supports

chrF, chrF++ and Translation error rate metrics and (vii) It performs paired bootstrap
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re-sampling and paired approximate randomization tests for statistical significance re-
porting.

Let Count be the maximum number of times a candidate n-gram occurs in any
single reference translation, MaxRefCount be the maximum number of n-grams occur-
rences in any reference count, ¢ be count of words in candidate translation, r be count

of words in reference translation and N be number of N grams.

Count ., = min(count, MaxRe fCount)

. ZC’E{candidates} anramEC' CountClip (ngram)

a ZC’G{candidates} anr(zm’GC COUHt(ﬂgTCLm/)

n

‘ 1 ife>r
Brevity Penalty(BP) =

el ife<r

N
BLEU = BP.exp(y_ wnlog(p,))

n=1

5.2 BLEURT

BLEURT [45] is an automatic metric that uses machine learning to capture non-trivial
semantic similarities across texts. It is trained using a public dataset of ratings (the
WMT Metrics Shared Task dataset) as well as user-supplied ratings. It is a reference
based evaluation metric for generated English text. It is based on BERT that models
human judgements with few training examples. It uses synthetic examples to make a
generalized model. It takes two sentences as input: a reference and a candidate, and
provides a score that shows how fluent the candidate is and how well it transmits the
reference’s meaning. It’s similar to sentence-BLEU, BERTscore, and COMET scores.

BLEURT is generated by passing reference and generated texts to a trained model.

The training objective of the model is as follows:
* input = reference_text, generated_text.
* Output(y) is a human assigned score for the quality of generated text.

* Forward pass input through model to get a predictions(y).

» Using y and ¢ calculate loss and back-propagate.
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* Train till an acceptable validation accuracy is obtained.

5.3 Perplexity

Perplexity [46] is a metric that measures how effectively a probability model predicts
a sample. Perplexity is one technique to evaluate language models in the context of
Natural Language Processing. It is the inverse probability of the test set, normalized

by the number of words. The equation for calculating perplexity is:

1

P(wy,ws, ..., wy,)

PP(W) =

2=

Here P(wy,ws, ..., w,) represents the probability of a sentence containing the words
Wy, Wy, ..., wy, N represents the order N-gram, and PP (W) represents the perplexity
of the text WW.

In our analysis we used RoBERTa-base [47] Medium Language Generation model
for calculating perplexity.
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Chapter 6

Result and Analysis

Table 6.1 shows the evaluation results for different models on our ChartSumm dataset.
Figures 6.1a,6.1b & 6.1c shows the results in graphical form. From the table and
charts, we can see that both T5 has outperformed all other models on both test sets in
all three criteria. BART also performed similarly in Test-h along with T5 but performed
poorly in Test-e. Although, autochart failed to capture most of the important part from
our summary, it generated a well readable and fluent summary as we can see from
perplexity score of AutoChart. Chart2Text failed to perform well on our dataset as it
was trained on vanilla transformer architecture. A longer training time can give a better
result on this model.

The image captioning model performed quite poor compared to the other model.
It can be intuitively said as the model was fed only the image as input, it failed to
capture the important information from the chart. Also the quality of the generation
from image captioning model was also poor.

Figure 6.2 and 6.3 shows an example of generated summaries by two of our best
performing models. In both of the cases we can see that both T5 and BART could
generate the key portion of the reference summaries. It could also generate fluent and

cohesive summaries.

Table 6.1: Evaluation results for different models on our dataset. 1 : means higher is better, |
means lower is better.

BLEU 7 BLEURT 1 PPL |
Models Test-e Test-h Test-e Test-h Test-e Test-h
AutoChart 1570 1270 -0.80 -0.72 1.16 1.16
Chart2Text 32.67 31.21 0.09 0.07 3.60 4.68
T5 75.72 64.78 0.53 0.40 1.06 1.03
BART 4547 58.03 0.21 0.27 1.10 1.09

Image Captioning 4.36 344 -1.11 -1.19 1123 12.19
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Mighanistan - Imports of gods and services I curent pries.

Reference:

In 2020, imports of goods, services and primary income
for Afghanistan was 7,034 million US dollars. Though
Afghanistan imports of goods, services and primary income
fluctuated substantially in recent years, it tended to
increase through 1983 - 2020 period ending at 7,034 million
US dollars in 2020.

T5:

In 2020, the imports of goods, services and primary
income for Afghanistan was 7,034 million US dollars.
Though it substantially fluctuated in recent years, it
tended to increase through 1983-2020 period.

BART:
In 2020, Afghanistan's imports of goods, services and
primary income amounted to 7,034 million US dollars.
Though Afghanistan's imports fluctuated substantially in
recent years, it tended to increase through 1983 - 2020
period.

Figure 6.2: Generated summaries by TS and BART on one of the example from test-e. The
blue marked lines shows exact similar lines have been generated as the reference line. Also,
the red markers show the important aspects of the summary which was captured by both of

the models.

Reference:

This statistic shows the share of households in Sweden
with access to fixed broadband connection of 30 Mbit/s,
from 2017 to 2019. In 2017, the rate was at 96 percent,
and itincreased to 98 percentin 2019.

T5:

This statistic shows the share of households in Sweden
with access to fixed broadband connection of 30 Mbit/s,
from 2017 to 2019. The share of households with access to
fixed broadband connection increased from 96 percent in
2017 to 98 percent in 2019.

BART:

This statistic shows the share of households in Sweden
with access to fixed broadband connection of 30 Mbit/s,
from 2017 to 2019. In 2019, the share of households with
access to fixed broadband connection increased from 96
percentin 2017 to 98 percent in 2019.

Figure 6.3: Generated summaries by T5 and BART on one of the example from test-h. The
blue marked lines shows exact similar lines have been generated as the reference line. Also,
the red markers show the important aspects of the summary which was captured by both of

the models.
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Chapter 7

Conclusion

In our research, we propose a new large scale dataset for chart to text summarization
that can used to train models for chart summarization task. The generated summaries
then can be used for various tasks like improving accessibility for visually impaired
people, improving performance of information retrieval systems. Our evaluation shows
that both T5 and BART can successfully generate precised summaries of a given chart
after being trained on our dataset achieving a decent BLEU, BLEURT and perplexity
score. However, different studies shows that automatic evaluation often fails to capture
factual correctness, cohesiveness and fluency of the generated text. Extensive human
evaluation can be done to test these criteria to have a better understanding on the base-
line model’s performance. In future, we would like to run extensive human evaluation
to have a better understanding. In addition we would also like to experiment with
some new architectures that could perform better in chart to text summarization task.
We hope that ChartSumm will be able to serve as a useful benchmark for models and

motivate other researchers to explore this new low resourced research domain.
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