
International Journal of Engineering, Applied and Management Sciences Paradigms (IJEAM) 

Special Issue ICRMR-2019 (Goa University, Goa)             90  ISSN 2320-6608 
 

Remote Sensing Big Data: Challenges and 
Approaches 

Sumith N, Prathiksha, Sowmya Rudrapur, Vleena Macarenhes, Gouramma, Marsh Vishal, Nayak Vishal  

Department of Computer Science & Engineering, Moodabidri,Alva’s Institute of Engineering and Technology 
 
Abstract-   Big data is considered to be extremely large data sets that may be analysed computationally to reveal patterns, 
trends, and associations, especially relating to human behaviour and interactions. With the growth of remote sensing 
technology and space exploration, the volume of data has also increased. The remote sensing data is also a big data 
encompassing of variety and volume. Due to this, processing the remote sensing data has become a challenge. In this 
paper, we present challenges in analyzing remote sensing big data and further summarize various approaches to solve the 
issues related to it. This paper concludes listing various opportunities/ applications of remote sensing big data. 
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I. INTRODUCTION 
Big data is an idea of information collection that depicts huge measure of information and complex that 

conventional information preparing application program is lacking to manage them. Big data refers to massive, 
heterogeneous, and unstructured digital content that is difficult to process using traditional data management tools 
and techniques. Currently, big data is a widely known domain used in research, academic and industries. It is 
utilized to store substantial measure of information in a solitary brought together one. In this digital world to put 
away the information and recovering the data is enormous errand for the huge organizations and sometime 
information and recovering to be misfortune due to circulated information putting away.  

The term Big Data classifies specific kinds of data sets comprising multimedia data, which includes 
computing applications and the web[5]. The data stored in the underlying layer of all these technical computing 
application scenarios have some precise individuality in common, such as: 
 Large scale data, which refers to the size and the data warehouse or mart. 
 Scalability issues, which refers the applications likely to be running on large scale. 
 Extraction transformation loading method from low, raw data to well through-out data up to certain extent. 
 Development of simple interpretable analytical over big data granaries with a view to deliver an intellectual  and 

momentous knowledge for them. 
Remote sensing is one of the trends of big data.  Nowadays, the decision making process plays a vital role in 

the Remote Sensing domain. It provides promising information that can be used in several fields meteorology, 
resources management, regional planning, assessment of the environment, weather forecasting of the damages 
caused by natural disasters, etc [2]. However, the amount of Remote Sensing data has grown considerably due to 
the development of several Earth observation centers and devices. Thus, traditional processing for Remote Sensing 
data has become increasingly difficult especially with the emergence of this so called Remote Sensing big data.   
Thus, the proposition and development of new frameworks and tools for Remote Sensing big data users. 
Applications of Remote Sensing data cover several files such as: cartography, surveillance, land-use planning, 
archaeology, environmental studies, resources management, etc. But the amount of Remote Sensing data has 
grown considerably due to the increase of aerial and satellite sensors. Thus it is necessary of having automated 
tools for the interpretation and analysis of RS big data is clear obvious. The manual interpretation becomes a time 
consuming and expensive task. 

The assets of remote senses digital world daily generate massive volume of real-time data, where insight 
information has potential significance if collected and aggregated effectively. In today’s era, there is a great deal 
added to real-time remote sensing Big Data than it seems at first, and extraction the useful information in an 
efficient manner leads a system toward a major computational challenges, such as to analyse, aggregate, and store 
where data are remotely collected[6]. 

II. CHARACTERISTICS AND ISSUES OF REMOTE SENSING BIG DATA  
Big data can be mainly characterized by five features: 
 Velocity: velocity refers to the speed at which vast amounts of data are being generated, collected and 

analyzed.   Every day the number of emails, twitter messages, photos, video clips, etc. increases at lighting 
speeds around the world. Big data technology allows us now to analyze the data while it is being generated, 
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without ever putting it into databases. The velocity of big data in remote sensing involves not only generation 
of data at a rapid growing rate, but also efficiency of data processing and analysis.  

 Volume: The archived data are characterized by their increasing volume, from terabytes to petabytes, and 
even to exabytes. For instance, a huge amount of remote sensing data are now freely available from the 
NASA Open Government Initiative only one of NASA archives, the Earth Science Data and Information 
System (ESDIS), holds 7.5 PB of data with nearly 7000 unique data sets and 1.5 million users in 2013. This 
volume only contains in-domain remote sensing data. Collecting and analyzing this data is clearly an 
engineering challenge of immensely vast proportions.  

 Variety: Variety is defined as the different types of data we can now use In terms of variety, we can see now 
that big remote sensing data consist of multisource (laser, radar, optical, etc.), multitemporal (collected on 
different dates), and multiresolution (different spatial resolution) remote sensing data, as well as data from 
different disciplines depending on several application domains. 

 Value: When we talk about value, we are referring to the worth of the data being extracted.  Having endless 
amounts of data is one thing, but unless it can be turned into value it is useless.  While there is a clear link 
between data and insights, this does not always mean there is value in Big Data.  The most important part of 
embarking on a big data initiative is to understand the costs and benefits of collecting and analyzing the data 
to ensure that ultimately the data that is reaped can be monetized. 

 Veracity: Veracity is the quality or trustworthiness of the data. Gleaning loads and loads of data is of no use if 
the quality or trustworthiness is not accurate.  Another good example of this relates to the use of GPS data.  
Often the GPS will drift off course as you peruse through an urban area.  Satellite signals are lost as they 
bounce off tall buildings or other structures.  When this happens, location data has to be fused with another 
data source like road data, or data from an accelerometer to provide accurate data.   

Few of the  research issues in remote sensing include: 
 The difficulties lie in the efficient managing of the massive RS data; 
 The intensive irregular data access patterns charge for the poor parallel I/O performance; 
 The loading and transmission of Remote Sensing Big Data 
 Tons of data-dependent tasks for optimal scheduling; 
 The efficient and productive programming of RS applications on hierarchical cluster-based parallel system 

The explosion growth of the Remote Sensing Big Data are changing the way remote sensing data are captured and 
managed. Naturally, the remote sensing data acquired by different data centers are geometrically distributed. 
However, these data centers are geometrically far away and normally connected by the Internet. It is critically 
important for a data managing system to manage these massive distributed RS data for a global data sharing and 
interoperation. This also means the demand for more storage devices and easy accessibilities of distributed located 
Remote Sensing Big Data. To meet these challenges, the innovations of traditional data storage devices and 
architectures are no doubt imperative. The other difficulty also lies in the high dimensionality of the RS data, 3-D or 
even 4-D. The high dimensionality characteristic makes the distributed storing and accessing rather complicated. The 
main issue is how to organize and map the multi-dimensional remote sensing imageries to 1-D data array. To be 
specific, the suitable space-filling curves should be chosen for appropriate data partition and data organization with 
the purpose of better data availability. 

Besides, the RS data are characteristic with complex structured metadata, especially the geographical metadata. 
During the RS data processing, the geographical metadata would be also requested for recalculation in case of the RS 
data accessing. However, it is fairly cumbersome for the data managing system to support the storing and indexing of 
geographical metadata efficiently. The intensive irregular RS data access pattern For big data, the data availability is 
on top priority of the data processing and knowledge discovering [19]. There exists a restraint in common processing 
systems: CPU-heavy but I/O-poor. Mostly, the RS applications perform intensive but irregular data access patterns. 

The data loading and transmission of Remote Sensing Big Data The massive high dimensional RS data make the 
data loading, memory residing as well as the data transmission among processing nodes during processing rather 
complicated and inefficient. Firstly, the enormous amount of RS data has far beyond the limited memory capacity of a 
single computer. The RS datasets generally consist of multi-dimensional images and complex structured metadata. It 
is rather complicated to offer a proper and large data structure for loading and residing these massive RS data into 
local memory. The other problems are that the communication of the RS data blocks are common during the parallel 
implementing of various RS applications. Due to the limitation of the network bandwidth, the communication of RS 
data would be time-consuming especially when the volume of communication is extremely large. However, the 
communication of complex RS data structure across processing nodes are not well supported by the current MPI 
implementations. As a result, repeated calling of low-level MPI send/receive communication APIs is required at the 
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penalty of significant performance decline  Scheduling of large number of data-dependent tasks For many large RS 
applications, like large-scale RS data mosaicking  and hydrological modeling of large watershed  could be described 
as a large collection of data dependent small tasks. The processing of these applications become extremely difficult 
because of the dependency among a large collection of tasks which give rise to ordering constraint. The succeeding 
tasks have to wait for the output data of preceding task to be available. The optimized scheduling of these bunch of 
tasks is critical to achieve higher performance. Therefore the problems lie in decoupling the dependence relationships 
among tasks so as to achieve a minimal execution length. 

 
III APPROACHES 

[4]This paper proposes an OODT and SolrCloud-based remote sensing data integration and management framework 
across a distributed data center spatial infrastructure. Framework contains all of the remote sensing metadata in the 
distributed sub-centers are transformed into the ISO 19115-based unified format and then ingested and transferred to 
the main center by  OODT components. In the main data center, in order to improve the efficiency of massive data 
retrieval, we proposed a logical segmentation indexing (LSI) model-based data organization approach, and took 
SolrCloud to realize the distributed index and retrieval of massive metadata.  
The most widely used data integration models include: 

The data warehouse(DW) 
 The federated database system(FDBS) 
 The middleware-based integration model 
 
In [8] authors have considered several classification and clustering methods that are presently and mostly used for 
big data analysis, it depicts how the calamity happens and figuring consequence of informational collection. And 
applied a seismic informal collection to compute the tremor calamity in view of classification and clustering 
strategy. [5]Enormous data generated by satellite sensors, storage and processing of remote sensing data is a 
challenging task due to its variety and volume. in [5] studied on real-time big data analytical architecture for remote 
sensing satellite application. To handle remote sensing data proposed architecture comprises three main units, such 
as Data Pre-processing Unit (DpreU), Data Analysis Unit (DaU) and Data Post-Processing Unit (DpostU). First, 
DpreU acquires the required data from satellite sensors by using filtration, balanced distributed storage and parallel 
processing using Hadoop environment. Second, DaU identifies the hidden patterns from data stored in distributed 
file system using map functions followed by reduce functions in Map-Reduce paradigm. Finally, DpostU is the 
upper layer unit of the proposed architecture, which is responsible for compiling storage of the results, and 
generation of decision based on the results received from DaU.   

The paper by [2], outlines the design and development of a framework based on three steps: 
 Complexity of RS data 
 Modelling RS data 
 Analysis and interpretation of RS data 
To ensure the quality of Remote Sensing data, they built a semantic process which aims to analyze the data and 
decide its relevance. The built process allows resolving several issues related to RS data such as: Incompleteness, 
lack of conformity, inconsistency, inaccuracy, invalidity and data duplication. The process of ensuring the RS data 
quality was based on 4 steps: Exploring RS data,  Managing knowledge,  Cleansing RS data  and Matching RS data. 
The performance of the proposed system has been demonstrated through three models:1. Clustering 2. Decision 
tree and  3. Association rules 

Results show that the proposed tool can provide efficient decision support which can be adapted to several 
Remote Sensing users’ requests. By assessing these results show good performances of the developed tool. [1] 
discusses Remote sensing from airborne and space borne platforms provides valuable data for mapping, 
environmental monitoring, disaster management and civil and military intelligence. The object-oriented approach 
can contribute to powerful automatic and semi-automatic analysis for most remote sensing applications. Synergetic 
use to pixel-based or statistical signal processing method explores the rich information contents. 

The combination with fuzzy methods allows implementing expert knowledge and describes a 
representative example for the proposed workflow from remote sensing imagery to GIS. Image analysis can be 
separated in two steps, sensor-specific analysis of object primitives and scene-specific analysis based on the detected 
and recognized object primitives. This separation makes image analysis very flexible. Remote sensing experts 
develop sensor-specific methods to extract certain kinds of object primitives from sensor data, e.g. spectral 
characteristics for trees or buildings. This information is available in object features and attributes and can be 
combined in the subsequent scene-dependent processing. Due to the object-oriented approach with n the possibility 
to take context and semantic information into account and n the ability for vector-based input and output and n due 
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to the robust fuzzy classification with its advanced accuracy and reliability assessment. An operational system could 
be developed for analysis of an aerial image mosaic and update of GIS-information. The efficiency of the time 
consuming and subjective analysis with many in-situ measurements can be improved and thus, the quality of the 
final geoinformation can be increased, while simultaneously reducing costs. 

A remote sensing Big Data analytical architecture,was detailed in [6],  which is used to analyse real time, as 
well as offline data. At first, the data are remotely preprocessed, which is then readable by the machines. Afterward, 
this useful information is transmitted to the Earth Bas Station for further data processing. Earth Base Station 
performs two types of processing such as processing of real-time and offline data. In case of the offline data, the 
data are transmitted to offline data storage device. The proposed architecture comprises three main units, such as 1) 
remote sensing Big Data acquisition unit (RSDU); 2) data processing unit (DPU); and 3) data analysis decision unit 
(DADU). First, RSDU acquires data from the satellite and sends this data to the Base Station, where initial 
processing takes place. Second, DPU plays a vital role in architecture for efficient processing of real-time Big Data 
by providing filtration, load balancing, and parallel processing. Third, DADU is the upper layer unit of the proposed 
architecture, which is responsible for compilation, storage of the results, and generation of decision based on the 
results received from DPU. The proposed architecture has the capability of dividing, load balancing, and parallel 
processing of only useful data. Thus, it results in efficiently analyzing real-time remote sensing Big Data using earth 
observatory system. Furthermore, the proposed architecture has the capability of storing incoming raw data to 
perform offline analysis on largely stored dumps, when required. Finally, a detailed analysis of remotely sensed 
earth observatory Big Data for land and sea area are provided using Hadoop. In addition, various algorithms are 
proposed for each level of RSDU, DPU, and DADU to detect land as well as sea area to elaborate the working of an 
architecture. 

In [3], authors propose an analysis on the joint effect of hyperspectral and light detection and 
ranging(LIDAR) data for the classification of complex forest areas. They present an advanced system for the joint 
use of hyperspectral and LIDAR data in complex classification problems. Further, an investigation on the 
effectiveness of the very promising support vector machines algorithm classifiers for the analysis of complex forest 
scenarios characterized from a high number of species in a multisource framework. Also an analysis on the 
effectiveness of different LIDAR returns and channels (elevation and intensity) for increasing the classification 
accuracy obtained with hyperspectral images, particularly in relation to the discrimination of very similar classes. 
Several experiments carried out on a complex forest area in Italy provide interesting conclusions on the 
effectiveness and potentialities of the joint use of hyperspectral and LIDAR return was very effective for the 
separation of species with similar spectral signatures but different mean heights, and the SVM classifier proved to be 
very robust and accurate in the exploitation of the considered multisource data. 

Remote sensing big data consists of many large-scale images that are extremely complex in terms of their 
structural, spectral, and textual features. Based on multiresolution analysis theory, most of the natural images are 
sparse and have obvious clustering and persistence characters when they are transformed into another domain by a 
group of basic special functions. 

In[9],  a wavelet transform to represent remote sensing big data that are large scale in the space domain, 
correlated in the spectral domain, and continuous in the time domain. We decompose the big data set into 
approximate multiscale detail coefficients based on wavelet transform. In order to determine whether the density 
function of wavelet coefficients in a big data set are peaky at zero and have a heavy tailed shape, a two component 
Gaussian mixture model(GMM) is employed. For the first time, we use the expectation-maximization likelihood 
method to estimate the model parameters for the remote sensing big data set in the wavelet domain. The variance of 
the GMM with changing of bands, time, and scale are comprehensively analysed. 

The statistical characteristics of different textures are also compared. We find that the cluster characteristics 
of the wavelet   coefficients are still obvious in the remote sensing big data set for different bands and different 
scales. However, it is not always precis when we model the long-term sequence data set using the GMM. We also 
found that the scale features of different textures for the big data set are obviously reflected in the probability density 
function and GMM parameters of the wavelet coefficients. 

A case study of Remote Sensing data processing is carried out in[7] Data with higher dimensionality, as 
well as the increasing requirement for real-time processing capabilities, have also given rise to the challenging issue 
of Data-Intensive (DI) Computing. However, how to properly identify and qualify the DI issue remains a significant 
problem that is worth exploring. DI computing is a complex issue. While the huge data volume may be one of the 
reasons for this, some other factors could also be important. The occurrence of the DI computing issue in RS data 
processing is generally introduced via the joint effort of many related factors. To be specific, these determining 
factors may involve data volumes and data rates. But not only that, DI issue here probably refers to the data-
intensive computing requirement of the RS data processing applications. DI issues of Remote Sensing applications 
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are also related to the I/O occupation and algorithm complexity of the RS applications that are I/O bound. However, 
some other factors, including complexity of data, algorithms, and time requirements could also be important. Thus, 
the problem is how to figure out the key factors affecting the DI issue and the correlation among them. Another 
issue is how to find an appropriate mathematical model for these key factors. Moreover, the processing as a whole 
could be treated as a multi-staged train with several individual steps leading to the final output. Thereafter, the 
modeling should also take multi-stage processing into account. In [7], an empirical model (DIRS) of DI index to 
estimate RS applications is  proposed. DIRS here is a novel empirical model (DIRS) that could quantify the DI 
issues in Remote Sensing data processing with a normalized DI index. 

 
IV OPPORTUNITIES 

Remote sensor has an comprehensive variety of uses in a universal range of fields: 

 Coastal purpose: Monitor coastline changes, trace dregs transportation, and lead beach front elements. Data can 
be used for beach front mapping and decentralization countering action. 

 Ocean purpose: Monitor sea flow and momentum structures, measure sea degrees and wave capacity, and trace 
ocean ice. Data can be used to better understand the seas and how to best oversee sea goods. 

 Hazard appraisal: Trace sea tempests, earthquakes, disintegration, and floods. Data can be used to outline the 
consequence of a cataclysmic event and create readiness methodologies to be used previously, then after the 
fact a risky occasion. 

 Natural asset administration: Monitor arrives utilize, outline, and diagram natural life living spaces. Data can be 
used to limit the damage that urban development has on the earth and console select how to best secure regular 
assets. 

 Food: food security is a key factor of intelligent agricultural systems and only remote sensing from Earth 
Observing satellites (e.g., Landsat, Resourcesat, MODIS) can provide consistent, repeated, and highquality data 
for characterizing and mapping key cropland parameters for global cropland estimation and food security 
analysis in combination with national statistics, fieldplot data, and secondary data  records of precipitation and 
temperature, soil types, and administrative boundaries. 

 Health care: Together with demographical and health survey data, many applications can benefit from the 
analysis of remote sensing data  and further the relationship between human health and environmental changes 
can be accurately modeled. 

 Insurance markets: remote sensing data analysis can be used to global insurance markets, such as crop damage 
and flood and fire risk assessment. 

 Urban planning applications: ground measurements as well as spaceborne and airborne remote sensing images 
are integrated to result in better and timely urban planning, management, and sustainability. In this context, 
remote sensing data can be acquired over a large area in a sequence in a very high resolution (i.e., less than 1 
m/pixel) using advanced remote sensing techniques. Related projects include the 100 cities project for urban 
environmental characterization, monitoring, and government decision making, and global urban footprint using 
very high spatial resolution of a total of 180000 TerraSAR-X and TanDEM-X scenes for the worldwide 
mapping of settlements.8 Combined with population census data, remote sensing data were integrated to 
understand land development, land use, and urban sprawl in Puerto Rico. Together with socioeconomic 
variables, high-resolution satellite images have been used to analyze urban population growth which is closely 
related to economic growth. 

 
 
 

IV.CONCLUSION 
Every day a large number of Earth observation,  spaceborne and airborne sensors from many different countries 
provide a massive amount of remotely sensed data. Those data are used for different applications, such as natural 
hazard monitoring, global climate change, urban planning, etc. The applications are data driven and mostly 
interdisciplinary. Based on this it can truly be stated that we are now living in the age of big remote sensing data. 
Furthermore, these data are becoming an economic asset and a new important resource in many applications. In this 
paper, we specifically analyze the challenges and opportunities that big data bring in the context of remote sensing 
applications. Our focus is to analyze what exactly does big data mean in remote sensing applications. In this paper 
we have highlighted the issues related to remote sensing big data. Further various approaches to solve these issues 
are summarized. We conclude listing various  applications of remote sensing big data. 
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