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Abstract: In the era of digital globalization, huge volume and 

variety of data are being produced at a very high rate. Every day, 

the world is producing around 2.5 quintillion bytes of data. 

According to IDC, by 2020, over 40 zettabytes of data will be 

generated and reproduced. Digital data have become a deluge, 

overwhelming in every field of information technology (IT), 

business, science and engineering. These fields are shifting to 

smart and advanced technologies such as smart manufacturing 

industries, data-aware medical sciences, and other smart 

applications. These applications are facilitating the industries in 

context of data-driven decision making, big data storage, and 

complex analysis of large data sets. Also, these applications are 

contributing to generate big data deluge where a variety of data 

necessitate the industries to use advanced IT approaches. 95% of 

the digital universe is unstructured data. It is rich data as it 

contains information that can play a vital role to improve big data 

analytics. The heterogeneity, complexity, lack of structured 

information, poor quality and scalability of unstructured data 

generates difficulties in adapting traditional information 

extraction techniques. Information extraction can play a vital role 

in transformation of unstructured data into useful information. A 

multistep pipeline with data preprocessing steps, extraction 

methods and representation are utmost requirement to improve 

the unstructured data analytics. In this regard, this paper presents 

a short review of information extraction process w.r.t. input data 

type, extraction methods with their corresponding techniques, and 

representation of extracted information. The issues with 

unstructured data and the challenges to information extraction 

from multifaceted unstructured big data as well as the future 

research directions have also been discussed 

 

Index Terms: unstructured data, information extraction, big 

data, unstructured data analysis  

I. INTRODUCTION 

Digitalized and interconnected world is generating huge 

volume and variety (structured, semi-structured and 

unstructured) of big data on daily basis. Unstructured Data is 

the most important because it comes without any structure or 

formal data model which makes it difficult to process, 

manage and store. Unstructured data growth rate is much 

higher than structured data. 95% of digital universe will be 

unstructured in 2020 and it is getting double in every two 

years [1].  Information Extraction (IE) from a variety of data 

types is very challenging due to the issues of unstructured 

data. Several IE techniques to extract different type of 

information from different types of data i.e. text, image, 

audio and video has been discussed here. Named Entity  
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Recognition, Coreference resolution, relation extraction 

and event extraction are the sub-tasks of IE from text. Several 

rule-based, knowledge-based, and learning-based techniques 

are discussed to extract information from text data. Different 

type of information can be extracted from images as well 

such as feature extraction which includes color, shape, 

texture and edge detection, object and character recognition, 

text extraction and semantic information extraction. IE from 

audio data includes speech recognition, subtitling, sematic 

annotation, face recognition and many more. Although, only 

some prominent techniques to extract information from audio 

data are discussed here. Video summarization is a technique 

to extract a summary of visual content in static and dynamic 

manner. All the above-mentioned solutions are limited to 

specific domains, data types, languages and other features.  

This paper reviews IE process from three aspects as 

described in fig 1 below. Input aspect describes the data type 

for IE process. There are four input data types has been 

discussed here i.e. text, image, audio, and video. From each 

data type input, Extraction method has been elaborated along 

with their techniques. And what information these techniques 

extract, has also been discussed. For example, in text input, 

Entity  

Extraction is an extraction method and supervised, 

unsupervised or hybrid approaches are the techniques to 

extract entities from text. At the end, entities are represented 

as output.  

The process of automatic IE from unstructured data opens 

new ways to make its processing and management more 

strong. In this regard, this paper identifies the issues of IE 

process that comes with unstructured data in order to 

optimize the performance issues. This review highlights the 

need of multistep IE pipeline to handle the unstructured data 

deluge. The remaining paper is organized as follows. Section 

2 briefly reviews the IE techniques and methods to extract 

different type of information from the variety of unstructured 

data. In section 3, the issues of unstructured data and 

challenges to IE have been discussed. Conclusion is  
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presented in section 4.  

II. INFORMATION EXTRACTION (IE) & 

UNSTRUCTURED DATA 

People and machines are producing data at very high rate 

than ever before. The volume and variety of data being 

produced brings more challenges in identifying useful 

information from it. As unstructured data are 90% of the huge 

deluge of data, it becomes more difficult to identify and 

extract the required information from it at the right time. 

Information extraction is a process to extract the content and 

context from unstructured data [2]. While the unstructured 

data growth rate is far high, a lot of challenges needs to be 

considered to improve the efficiency and usefulness of 

unstructured data. Scalability, complexity and heterogeneity 

of unstructured data appears as main challenges to harvest 

useful information. Organization of unstructured and 

heterogeneous big data is a technical challenge in terms of 

information extraction and presentation. Transformation of 

unstructured data into structured format for better 

representation are the big questions [3]. Efficient and 

accurate automatic transformation of unstructured data is 

utmost need to improve the analytical process. The following 

subsections review IE techniques for different data types i.e. 

text, image, audio and video respectively. For each data type, 

extraction methods along with the techniques have been 

discussed. 

A. Information Extraction from Text data 

The core idea behind IE from text is to transform 

unstructured data into structured by annotating semantic 

information. IE systems can be summarized by several 

dimensions such as level of logical structures, nature of data 

source, linguistic components and domain criteria. Some 

prominent research work has been discussed here about IE 

from text without focusing any single domain. Low-level 

structure identification in the process of IE tasks is 

categorized into Named Entity Recognition NER (descriptive 

information about named entities), Relation extraction RE 

(identifying relation between entities), and Event extraction 

EE (identifying events in text) [4]. Natural Language 

Processing, Machine Learning, Text mining and 

Computational Linguistics are helping IE process to bridge 

the semantic gap, and in extracting and representing the most 

relevant information. However, a huge volume of 

multifaceted unstructured data makes IE process more 

challenging.  

Extraction methods use rule-based, machine learning and 

hybrid approaches to extract information from text. 

Rule-based methods for NER uses lexico-syntactic patterns 

and semantic constraints to identify the occurrence of similar 

entities whereas learning based methods uses machine 

learning to extract named entities and its classification. 

Learning based methods can be supervised such as Hidden 

Markov Model (HMM), Maximum Entropy Model 

(MaxEnt), Support Vector Machine (SVM) and Conditional 

Random Fields (CRF), unsupervised such as clustering (hard 

and soft) and semi-supervised such as bootstrapping. 

Supervised and unsupervised approaches used a large amount 

of training data to achieve high performance but 

semi-supervised uses both labeled and unlabeled corpus with 

a small degree of supervision [5]. Entity extraction from 

unstructured text documents and annotating by the concept 

identified, improves the effectiveness of results. However, it 

was considered a resource intensive procedure to create 

annotated corpus. Various techniques are introduced to 

automatically label the corpus for training the model. But 

unfortunately, Automatic Labeling of training data includes 

noise in terms of missing or wrong labels that causes 

incompleteness and inconsistency [6]. In this regard, 

Machine Learning and Deep Learning solutions are more 

reliable to make this task labor and cost effective. The need is 

to identify most effective techniques for the problem at hand. 

Hybrid neural network models, joint models have been 

proposed to remove the sequential information extraction 

process for NER and RE. These models are capable to handle 

the error propagation by dividing the NER and RE task as 

two different simultaneous tasks. Joint models using deep 

learning are more effective for feature extraction from 

unstructured documents [7]. The Heterogeneity and 

complexity of unstructured data makes this task more 

daunting. Traditional methods to identify entities are not 

sufficient due to the multidimensionality, heterogeneity, and 

complexity of unstructured big data.     

Natural Language Processing (NLP) tools and techniques 

have a significant role in the domain of IE. The advancements 

in NLP systems was started from word segmentation, 

part-of-speech (POS) tagging, and morphological analysis to 

shallow parsing, NER, and relation extraction among entities 

and terms. Research on relation extraction are categorized 

into identifying universal schema and collaborative filtering. 

Generally, Relation Extraction aims to discover structured 

and semantic relationship among identified named entities. In 

this regard, several supervised with feature-based and 

kernel-based approaches, unsupervised and semi-supervised 

methods have been proposed. Supervised methods uses 

labeled datasets for training the models to identify the 

patterns of relation types [8], [9]. Extracting different 

features like syntactic, dependency, and semantic, are 

addressed using linguistic pattern learning [10]. But these 

methods need annotated corpora to train the model to identify 

pair of entities. To overcome this limitation, unsupervised 

and semi-supervised methods were introduced that uses 

heuristic rules or different type of clustering algorithms to 

identify relations between entities from large unlabeled 

corpus [11], [12]. Several hybrid approaches have also been 

introduced to maximize the efficiency for different 

languages, but linguistic components and domain criteria 

affects the efficiency and accuracy of these approaches. NER 

and RE can be improved by adopting linguistic analysis with 

NLP [13].  

There are different in-practice techniques for EE; 

Data-driven (focus on specific features such as words, 

n-grams, weights etc.), Knowledge-driven (Lexico-syntactic 

patterns and lexico-semantic patterns) and Hybrid 

approaches. Hybrid approaches are compromising techniques 

between these two approaches to minimize the effort and to 

improve the performance. Although, high expertise are  
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required to develop a hybrid approach [14]. In this regard, 

topic identification from unstructured documents using 

hybrid approach was introduced for Chinese language that 

used segmentation rules and statistical methods to identify 

semantic relations among terms. The results in the form of 

knowledge graph showed pretty good results [15].  

IE from human language text is different for each 

language. But IE is easier for rich morphological languages 

like Russian and English. Several solutions for various 

languages such as Urdu [16], Malayalam [17], and Kurdish 

[18] are proposed in literature.  

IE from text highly depends on the domain and language. 

Languages makes IE task more challenging and removing the 

linguistic barrier can improve the efficiency of IE process. In 

this regard, Machine translation is a solution which translate 

text from one language to another language. Once the text is 

translated, auto coding and indexing is applied to extract 

terms from text [19]. Lexical and semantic features, syntax 

and logical relations are categorized into language 

independent and language dependent features respectively, 

can be combined to extract domain-related information from 

digitized textbooks of different languages [20]. Data 

extraction, syntactic and semantic analysis, classification, 

inference rules and representation into XML are the steps to 

add structure to unstructured text [21]. But XML is not 

capable to represent complex unstructured data in fully 

structured manner. Structured data is more efficient due to 

the process of normalization in RDBMS. In this regard, a 

general process to extract information from unstructured text 

and stores it in database consists of five tasks i.e. 

segmentation, classification, association, normalization and 

deduplication [22]. The proposed IE process had limitation of 

a single data type and accuracy of these methods varies 

depending on the complexity and quality of data. Different 

domains‘ data, Languages and heterogeneous data sources 

make this task more complicated. Portability of IE process is 

challenging task without understanding the flow of IE 

process irrespective of domain and language dependency. 

B. Information Extraction from Image data 

Digital media and globalization giving rise to the visual 

unstructured data which is rich in content and context. 

However, extracting linguistic descriptions, semantic and 

visual features is a challenging paradigm in terms of 

improved efficiency and accuracy. Feature extraction, text 

extraction, character recognition, scene understanding, and 

geospatial IE are some prominent areas. Feature extraction is 

helpful in identifying the visual objects in images. Different 

classification and segmentation approaches have been 

proposed to extract useful objects from images. Scale 

Invariant Feature Transform (SIFT) is used for feature 

extraction in images. Target detection using segmentation 

and SIFT has shown average classification accuracy up to 

90.99% [23]. Color (histogram, color coherence vector and 

color correlogram), shape (contour and region based 

methods) and texture (spatial and spectral extraction 

methods) features are most frequently used features for IE 

[24].  

Text and characters inside the images contain a vast array 

of information. Text extraction from images facilitates to 

extract useful information but also facing several challenges 

such as detection and recognition of text due to language, 

size, font, orientation, contrast, complex colored and textured 

background. Several approaches have been proposed to 

extract this information from images, but all the approaches 

are either domain dependent or language dependent. There is 

no single unified technique to extract textual information 

from images for all applications [25]. The advantages of IE 

from images are efficiency, less complexity and less time 

consuming but when image is noisy, one cannot take 

advantage without noise removal prior to IE [26]. Top-down, 

bottom-up and combined approaches are hierarchical 

strategies to understand the scene contextually and 

semantically. In extracting meaningful features, many 

challenges lies in dynamic scene understanding such as type 

and position of images, scene motion, illumination changes, 

static and dynamic occlusions, type speed and pose of 

objects, camera synchronization and handover, event 

complexity and handling dynamic scenes [27].  

C. Information Extraction from Audio data 

Companies like call centers and music are the major 

sources which generate a huge volume of audio data. Audio 

data has different hidden information as compared to text and 

images. Different type of information can be extracted from 

these data to help predictive and descriptive analytics in big 

data. Automatic speech recognition (ASR) is mostly used for 

speech to text conversion. Several feature extraction 

techniques in speech recognition such as Linear Predictive 

Analysis (LPC), Linear Predictive Cepstral Coefficients 

(LPCC), Perceptual Linear Predictive Coefficients (PLP), 

Mel-frequency Cepstral Coefficients (MFCC), Power 

Spectral Analysis (FFT), Relative Spectra filtering of log 

domain coefficients (RASTA) and First Order Derivative 

(DELTA) are used. The efficiency and effectiveness of these 

techniques depends on the languages used. However, hybrid 

feature extraction leads to more accurate results and better 

performance [28], [29]. The combination of SVM and 

Artificial Neural Network (ANN) techniques leads to 

reasonable performance for event detection. Some events 

such as drums, hammering and laughing are not handled by 

this combination [30]. Sound or acoustic event extraction 

convert audio signals into symbolic descriptions. Long short 

term memory recurrent neural network has been used to 

concentrate on mono channel audio by ignoring overlapping 

voices [31] but limited to less noisy environmental audio. 

Several low-level and high-level features are extracted 

from audio data but the use of mid-level feature to extract 

rhythm-related information showed 93% accuracy as 

compared to baseline methods. The efficiency of mid-level 

feature extraction can also be helpful to different applications 

like automatic music sequencing, music database navigation, 

mash-up creation and complement systems [32]. MPEG-7 

low-level features and interlaced derivate pattern (IDP) can 

be used to produce a set of features. In this regard, relevant 

feature extraction from unstructured data with nonlinear 

combination of sets of features and decision making based on 

three machine learning classification approaches was  
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proposed to remove uncertainty [33].  

Extracting linguistic information through transcription 

correction is a letter to sound conversion task to improve the 

speech synthesis and recognition [34] but techniques applied 

only to Amharic, Hindi and Tamil languages. This field is 

facing a lot of challenges such as understanding speech in 

different languages with higher accuracy, overlapping nature 

of content, non-exclusive audio classification, feature 

selection algorithm. 

Semantic IE to extract music score and text information 

using segmentation and classification is achieved by 

analyzing arbitrary soundtracks and timestamp the 

occurrence of music and speech [35]. An IE approach is 

required for integrated detection and verification from speech 

which can be useful for speech analysis, speech recognition, 

speaker and language recognition [36]. Although processing 

conversational speech, music, and monitoring conversations 

in call center are different examples in which IE is facing 

certain challenges such as noise in background, overlapping 

of words, focus on voice in crowd and language 

understanding. 

D. Information Extraction from Video data 

Face recognition in video i.e. face processing, construction 

of graphs and phonogram among characters, interaction score 

computing, character identification and visual graph 

construction scenario are the components to extract useful 

information from video [37]. Semantic concept detection 

provides semantic labels for videos at different levels. The 

combination of annotation and high-dimensional features is 

an active research area which uses various projections, data 

reductions and generalization techniques to avoid false 

positives and missed detections.  Video summarization in 

terms of extracting speaker information and face recognition 

to identify the speakers in video, is a field where face 

recognition using Non-negative Matrix Factorization (NMF) 

technique has been used to decompose the facial area and 

after face recognition, GMM-SVM (Gaussian mixture mode 

based support vector machine) approach has been applied to 

identify the speaker [38]. This approach has given efficient 

results and worked better if video has target person‘s face but 

no voice and vice versa. Temporal IE, for less scene changing 

video to extract common features, can be used to assess the 

quality of video where several quality parameters considers 

for every frame to extract information about the variety of 

difference between two successive frames [39]. Diversity of 

unstructured content, lack of structure, and low quality in 

unstructured video content makes video summarization task 

more complex [40].  

Video segmentation uses visual cues that are helpful to 

extract useful information to summarize sports videos 

automatically. Experimental study has been conducted for 

the summarization of event segmentation system on 

basketball broadcasting video [41]. Automatic subtitle 

generation is an important field of IE and facing several 

challenges such as linguistic barrier and accent issues. This 

process includes audio extraction, speech recognition using 

decoder and text synchronization to video [42]. Visual 

feature extraction from video, like shape, appearance of jaw 

and lip, is helpful to extract phonetic and visemic information 

using audio-visual speech recognizer. Audio-visual speech 

synthesis and recognition uses speech to text and text to 

speech conversion technique [43]. Video IE is facing 

challenges such as background and foreground extraction, 

speech to text and text to speech conversion, automatic 

labeling, text information available in video, learning 

semantics from features. 

III. CHALLENGES TO INFORMATION EXTRACTION 

FROM UNSTRUCTURED DATA & RESULTS 

Many enterprises are facing problems due to huge heap of 

data. The key is to find and develop new ways to efficiently 

process, manage and store the unstructured data rather than 

falling back on the ―drinking from a fire hose‖ approach, in 

which a huge amount of data is coming to digital universe 

and very less data is analyzed properly. The issues of 

unstructured data lead to the challenges to extract useful 

information. Following are some of the unstructured data 

issues: 

A. Data Quality and Usability Issues 

Unstructured data has variety, scalability, speed, accuracy, 

and interactiveness issues and generating challenges in data 

analytics and mining [44]. Unstructured data has noise i.e. 

irrelevant or meaningless data [45]. Simplified access to data 

sources and absorbability of large amount of information 

may leads to increased amount of noise in data and decreases 

its quality [46]. Dirty data i.e. incomplete, inaccurate and 

improper data is a huge obstacle in IE. Unstructured data 

comes from different sources. So, it may contain redundant 

data with different representations, inaccurate data with false 

values, and inconsistent data with contradictions [47]. 

Separating dependable and solid data from unstructured data 

to determine enormous information is a basic issue that 

should be handled with ideal and right choices. Information 

vulnerability influences the quality of data. Advancements of 

models and techniques are required to extract reliable 

information from unstructured big data [48]. Variety of 

unstructured data makes it less trustworthy, and generating 

data quality and usability issues [49]. Removing this dirty 

data, both at individual data source level and integration of 

multiple sources level, is the ultimate need to efficiently 

manage, process and store unstructured data. Most of the 

unstructured data is unverified by nature. Poor quality of data 

leads to inaccurate and poor results at enterprise level which 

could be extremely costly. Some quality dimensions which 

are required to be considered to improve the results generated 

by unstructured data such as accuracy, complexity, 

completeness, usability, validity, and time factors. 

B. Data Management Issues 

Unstructured data management is a challenging task due to 

the scalability and complexity issues of unstructured data 

[50]. Unstructured data management is one of the major 

problems because unstructured data has no schema or 

pre-defined model. Advancement of unstructured data 

management systems, queries, more contextual search, 

content intelligence are important issues to be solved for  
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better management of unstructured data [51]. Inefficient 

accessibility of unstructured data, need of skilled persons and 

lack of expert knowledge are the challenges of big data 

management [52]. 

C. Heterogeneity Issues 

Unstructured data is growing very fast and to extract useful 

information requires to precisely specify the tasks of IE 

process. Unstructured data has no structure and highly 

dynamic as compared to structured data. The complicated 

heterogeneity of mixed data makes it difficult to analyze and 

extract useful information [50] [53]. 

D. Data Variability Issues 

High-performance simulations for computational 

chemistry, advanced and scalable algorithms for energy 

computation, interactive visualization systems, enhanced and 

efficient strategies for querying, and advanced data analytical 

tools are the utmost requirement in the field of computational 

sciences [54]. The evolution of smart industries is focused on 

the accurate and timely decision making from the real time 

data. Manufacturing intelligence improves operational 

efficiency, process innovation, and environmental impact. 

The success of manufacturing intelligence is hindered by the 

huge volume and complexity of unstructured data [55]. 

Emergence of e-Infrastructures in cross disciplinary 

collaboration with adequate governance model is a paradigm 

that can change science into e-science [56], but the 

complexity of data varieties is one of the challenges that has 

to be addressed prior to any successful implementation. 

E. Feature Selection and Extraction issues   

Feature extraction and transformation from unstructured 

data is more critical as compared to structured data due to the 

heterogeneity of unstructured documents. In this regard, a 

hybrid feature transformation techniques based on iterative 

classification with feature weighing have been proposed for 

multiple domains [57]. Although, feature transformation 

from heterogeneous unstructured data was achieved but 

minimal loss of precision was observed. Feature extraction 

and transformation needs advanced data preparation 

techniques. These techniques will help to improve the 

preprocessing and feature extraction tasks of heterogeneous, 

diverse and multi-dimensional unstructured data.  Similarly, 

information extraction from unstructured clinical notes that 

contains inconsistent abbreviations and lack of structure can 

be achieved using matrix factorization, and multi-view 

learning technique in preprocessing and data modelling to 

handle the heterogeneous data [58]. While extracting features 

and preprocessing unstructured content, interpretability is an 

open quality dimension that should be considered.  

IE from one type of data is different as compared to variety 

of data types. Preprocessing prior to IE from unstructured 

data will be helpful to resolve these issues. Mostly 

unstructured data comes from multiple (may be unreliable) 

sources. IE from unstructured data by understanding and 

avoiding the sources of errors is a challenging task. To the 

best of our knowledge, there is no single unified model to 

extract information from more than one type of data. For 

example, IE techniques for text in biomedical domain are not 

adequate to extract information from images of the same 

domain. In this regard, a mapping process for unstructured 

data in terms of data management has been explained in [59] 

where unstructured data are managed using DC metadata 

element ‗subject‘. But still the research is at very initial stage 

and facing scalability issues. Although metadata generation 

techniques can improve usability and scalability of 

unstructured data [60]. A multistep pipeline with data 

preprocessing steps, extraction methods and representation 

are utmost requirement to improve the unstructured data 

analytics. Problems with unstructured data are adding more 

challenges to the phases of the pipeline. 

IV. CONCLUSION 

Big data services provide a platform that could be emerged 

in any field of science and engineering to improve the 

productivity and development. In this paper, IE process for 

unstructured big data along with various methods and their 

corresponding technologies to transform unstructured data 

into useful information from diverse domains has been 

reviewed. In each method for extraction from various data 

types, latest techniques, trends, as well as challenges, have 

been elaborated. The variety of input data types are explored, 

and output is generated that represents the unstructured data 

into useful manner. As unstructured data growth rate is very 

high, the main concern of big data analytics is to extract 

useful structured information from unstructured big data. It is 

also very challenging to combine domain-specific and 

domain-independent solutions. The problems of unstructured 

data make IE process more challenging. Advanced 

preprocessing techniques prior to IE from unstructured data 

will be helpful to resolve these issues. To the best of our 

knowledge, there is no unified model to extract useful 

information from unstructured big data to improve the 

availability, quality and usability of unstructured data. 

Moreover, big data analytics with variety of data from 

diverse sources is facing many issues of quality and usability, 

data management, heterogeneity, and variability. 

Unstructured data is an important asset for organizations. 

However, to improve big data analytics, multistep pipeline 

for IE from multifaceted unstructured big data is an utmost 

requirement with data preprocessing steps, extraction 

methods and representation phases. 
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