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ABSTRACT

Data assimilation refers to any use of observational
information to improve a model. To solve any problem like
weather forecasting, traffic management, water management,
agricultural management, urban planning modeling of that
particular problem is important. For developing the perfect
model real time observational information is necessary. To get
the correct solution and forecasting incorporating the
observational data in the model will definitely improve the
results and the perfect model has been build. Data assimilation
techniques like statistical interpolation, Kalman Filter, 4d-
Var, Ensemble Kalman filter, Optimal Interpolation, Nudging,
Analysis Correction and Successive correction can be used to
improve the model. But the question is how to get the real
time data and improve the model, since to develop any model
and to incorporate the huge amount of real time data into the
model huge amount of computing resources is necessary.
Cloud Computing provide the resources as required in agile
way with its characteristics like elasticity, broad network
access and resource pooling. The integration of cloud
computing and data assimilation will help to build new
applications to solve the above problems and get the instant
access to those applications on the internet so any common
man or any researcher can use it.

General Terms
Data Assimilation and Machine Learning.
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1. INTRODUCTION

Cloud Computing is a new paradigm to provide computing as
a utility service for addressing different processing needs with
on demand self services, resources pooling, elasticity, broad
network access and pay per use. The utility of delivering
computing capability adoptive a potential solution for the
integration of numerical model and data assimilation. Data
assimilation was meant for state estimation, but in the
broadest sense, data assimilation refers to any use of
observational information to improve a model.

Basically, there are four methods for “model updating”, as
follows:

Input: corrects model input forcing errors or replaces model-
based forcing with observations, thereby improving the
model’s predictions;

State: corrects the state or storage of the model so that it
comes closer to the observations (state estimation, data
assimilation in the narrow sense);

Parameter: corrects or replaces model parameters with
observational information (parameter estimation, calibration);

Error correction: correct the model predictions or state
variables by an observed time-integrated error term in order to
reduce systematic model bias (e.g. bias correction).
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Fig 1: Data Assimilation Process

Online data acquisition, data assimilation and modeling have
become more and more important in data science and data
analysis. In this research | am going to use cloud computing
for integrating field data acquisition and stochastic, modeling
in a data assimilation and optimization framework as a service
to solve any problem.

The focus of the proposed research is to develop a cloud
computing architecture that will be used to design, formulate
and improve a model using real time data that will be
provided by the user of the system. For developing perfect a
perfect model and algorithms huge real time data is necessary
at particular time interval as shown in the above figure. It also
needs huge computational power to processed the big real
time data. The data assimilation techniques will provide the
algorithms to improve the model and cloud computing will
provide the computational power as it need.

2. LITERATURE SURVEY

Accurate initial conditions are needed in order to produce an
accurate forecast. Numerical weather prediction model should
be used to get the desired results but are not guaranteed for
wind farms in isolated locations. In [1] authors, proposed that
the wind forecast can be improved by assimilating
anemometer wind speed observations from wind farm
turbines into a numerical weather forecast system. A
technique was developed to circumvent the requirement of
simultaneously ingesting the wind speed and direction in a
data assimilation system.

In [2] authors presented to map urban air quality in real time
with low-cost sensors. The method merges low-cost sensor
data with time-invariant model output.

Satellite-based rainfall products contain errors in real time
processing. Soil moisture dynamics are impacted for several
days by the accumulated amount of rainfall following within a
particular event. In [3], authors collected data from the Soil
Moisture Ocean Salinity (SMOS) satellite and it is used to



study the correct rainfall accumulation estimates provided by
satellite-based real-time processing. An algorithm based on
the SMOS measurements data assimilation is developed and
tested in two land-surface models of different complexity.

Big Data and high speed and large processing power of
computers has emerged with new opportunities for research,
development, innovation. Cloud Computing has emerged as a
new paradigm to provide computing as a utility and elastic
computing service with pay per use model for addressing
different processing needs. In [4] authors investigate how
Cloud Computing can be utilized to address Big Data
challenges to enable such transformation. The method is
presented to leverage Cloud Computing for Big Data
solutions. This framework can also be referred as a guidance
to develop potential solutions for other big geospatial data
challenges and initiatives, such as smart cities.

The study in [5] proposes a framework that uses data
assimilation as a post processing technique to increase the
accuracy of water depth prediction.

With the significant advancements in Information and
Communications Technology, cloud based applications
provide a novel approach to access applications which are not
installed on the local computers. The integration of cloud
computing and Internet of Things (loT) indicated a bright
future of the Internet. In [6], authors proposed a new
architecture of cloud computing—Model as a Service (MaaS).
The feasibility of the proposed architecture is proved by
implementing a groundwater model on cloud as a case study.
This study provides a flexible and effective approach for
analyzing the uncertainties and time variant properties of the
parameters and the proposed architecture of cloud computing
provides a novel approach for the researchers and decision-
makers to construct numerical models and follow-up
researches.

Weather-related research requires high processing power for
synthesizing vast amounts of data using GPU enable
technologies and other solutions that are both economical and
viable during and past the lifetime of the project. In [7]
authors, illustrate the use of a private cloud object store
developed by the Center for High Performance Computing.

The research of network service scalability is essentially the
research of the capability of providing service, which is based
on services and the relationship among the services. In [8]
authors propose an analytical method of network service
scalability, which is composed of a network description model
and a service evaluation model. The method uses the network
description model to describe services and the relationship
among them.

In [9] authors build a service model for analysis of Mental
health of people in England.

3. RESEARCH QUESTION

3.1 Problem Statement

Please use a Developing Cloud Computing Architecture for
Modeling (Model as a Service) using Data Assimilation
Techniques.

3.2 Sub Problems

e Designing cloud computing architecture for
assimilating the real time data.

e Developing cloud-based real-time modeling and
data assimilation framework.
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e  Connecting to a cloud-based data acquisition and
monitoring module.

e  Testing each data assimilation algorithms on the
developed cloud computing architecture.

e Developing a easy to use application for Model as a
Service to use by any normal user.

4. METHOD
4.1 Problem to be Solved

Representation of soil moisture conditions for hydrologic
forecasting.

4.2 Methodology and Steps

Developed a private cloud using the resources.

2. Developed the algorithm for fast processing of data
and modeling using the private cloud resources.

3. Developing the basic model using the cloud
resources for the representation of soil moisture
using the previous and current data.

4. Efficient Deployment of the sensors based on loT
(Internet of Things) to get the real time data.

5. Use the data assimilation techniques to improve the
basic model for soil moisture hydrologic
forecasting. We are using Ensemble Kalman Filter
and 4d-Var algorithm for improving the model and
forecasting.

6. Developing the web application for the use of our
system over the internet as Model as a Service.

4.3 Data Analysis

Soil moisture sensors are used to measure the volumetric
water content of the soil.

The data of the soil moisture is in following form.

Soil sampling, Volume, Soil sample initial weight, Dried
sample weight, Mass of water, Mass of dry soil.

4.4 Importance

The present work has both computer engineering and
mathematical importance. From the mathematical point of
view understanding of data assimilation techniques may lead
to new methods for model improving. On computer
engineering side, efficient resource utilization with both
energy efficient and storage efficient way using cloud
computing will help to access the system over the internet.

4.5 Problems to be Solved using the System

Weather Forecasting
Agriculture Management

Water Management

1
2
3
4. Urban Planning.
5. Pollution Monitoring
6

Ocean and Ice Glacier Monitoring.

5. CONCLUSION

Data assimilation techniques like statistical interpolation,
Kalman Filter, 4d-Var, Ensemble Kalman filter, Optimal
Interpolation, Nudging, Analysis Correction and Successive
correction can be used to improve the model. But the question
is how to get the real time data and improve the model, since
to develop any model and to incorporate the huge amount of
real time data into the model huge amount of computing
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resources is necessary. Cloud Computing provide the
resources as required in agile way with its characteristics like
elasticity, broad network access and resource pooling. The
integration of cloud computing and data assimilation will help
to build new applications to solve the above problems and get
the instant access to those applications on the internet.
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