








utilized according to application demand. For example, in case we have large amount of data that has to be processed in
short time, we need more fog nodes. In this paper, we used two number of fog devices for analysis and processing.
However, the number of devices would not change the architectural advantages.

CASE STUDY I: GANGA RIVER BASIN MANAGEMENT SYSTEM

Ganga River Basin Management: Indian Scenario

Ganga River along with her numerous tributaries have been the source of spiritual and physical sustenance. The physical
environment of the Ganga River Basin is governed by a complex combination of natural processes and man-made which
has given the rise to environmental dreadful conditions. So for the controlling these types of environment degradations,
River Ganga Basin Environment Management Plan (GRBEMP) seeks ways and means to strengthen the basin
environment. For planning the recovery of a river Ganga, there are lots of task of analyzing the environment has broken
up such as Communication and Geospatial Database Management Thematic Groups, Water Resources Management,
Fluvial Geomorphology, , Ecology and Biodiversity, Environmental Quality and Pollution, Socio-economic and Socio-
Cultural Policy Law and Governance. These eight thematic groups have assisted by Ministry of Environment & Forests
of India and seven Indian Institute of Technology (IIT) of India for the development of GRBEMP (Internet-1, 2017;
Internet-2, 2017; Satish, 2015; internet-3, 2017).

Therefore, there is a suitable framework which has been designed and implemented to integrate geospatial and temporal
information of DEM, land use, administrative boundaries, global soil and weather data related to Ganga river. From the
present proposed and developed framework, it has visualized that the well location and dam geospatial databases have
stored in shape files. These files has shown in Fig. 5.
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Figure 5. Integration of river Ganga basin geospatial database in FogLearn framework.



These files are downloaded and used in our FogLearn framework. The well location geospatial database of Ganga river
have utilized for several analyses such as compression, overlay and cluster analysis (internet-4, 2017; internet-5, 2017).
The next section has described the machine learning approaches in the developed framework with well location
geospatial database with Google Maps and other open data layer services.

Machine learning approaches in FogLearn

K-means clustering technique is a type of unsupervised machine learning approach which needs to group similar types of
things together. Primarily, it has defined with k centers in the data points to starts, it has been suggested to place these
points near to the possible from each other. After that the distance of each point calculated this center and the points that
have minimum distance to the center added to that cluster (Gupta and Merchant., 2016). Then, it has taken the mean of
cluster points and the mean becomes the new centroid of the given cluster of data. The processes have repeated until
clusters are stable. The k-means algorithm is easy to implement and robust. This algorithm has a very wide application
and recently it has utilized in many of the geospatial and health application areas like in automatic lane detection. In this
case study, K-means algorithm has written in R open source tools.

In the present study, it has taken the well location shape file for river Ganga basin plan. Primarily, the well location
geospatial database is stored in the system as shape file format. It has converted the shape file into .csv file format in
Quantum GIS desktop environment. The .csv files have used for k-means clustering techniques and are several
parameters which are investigated i.e. WellCode, District, WellType and particular location of each well location in .csv
file format. It has done with several cases according to the parameters in well location files. Figure 6 (a) has shown the k-
means clustering on longitude and latitude where it has divided into 5 clusters. Figure 6 (b) has illustrated the k-means
clustering on longitude and latitude where it has visualized according to the state of India where the well has located near
the Ganga basin. From Figure 6 (b), it has visualized that there are eight number of state and one union territory of India
lies with Ganga. Similarly, Figure 6 (c) has also described the location of well and categorized according to the types of
well type. Well type is divided into 4 types i.e. dug well, bore well, piezometric and tube well type. It has observed that
the more dug wells are associated with the basin of Ganga.
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Figure 6. (a) five cluster in k-means approach; (b)Cluster in state wise of India; (c) Cluster in WellType related to the
Ganga river basin.



From the above clustering analysis, it experimented that there is required to add additional fog nodes in between fog
computing layer to cloud computing layer. So, it requires illustrating the idea of Fog-to-Fog interface for better and
efficient management of geospatial data.

CASE STUDY II: PREDICTION OF DIABETES IN TELEMONITORING SYSTEM

Diagnosing patients with Diabetes mellitus

Diagnosing the diabetes mellitus is highly required in tele-health monitoring system. The way of treatment required for a
diabetic person is different than a normal person. For detecting whether a person is diabetic or not, the features which are
taken in this work are 1) Plasma glucose concentration 2) Diastolic blood pressure 3)2-Hour serum insulin (mu U /ml) 4)
Body mass index 5) Diabetes pedigree function 6) Age in years). These data can be collected using health sensors
embedded smart phones. For experimental purpose, a standard dataset from UCI learning repository (C.L. Blake, C.J.
Merz)is taken and used. In this dataset, there are 768 samples present, out of which 600 samples are employed as training
and 168 samples are employed for testing purpose (Priyadarshini et al., 2017; Internet-5, 2017).

The proposed model is based on handling medical big data. So, for accomplishing the task of classification, conventional
classification tools like neural networks are substituted by deep neural network. The classification of diabetes and non-
diabetes people is done by using a simple deep neural network. A deep neural network model is configured using
Deeplearning4;j tool. Deep learning 4j is java based open source library for creating and deploying deep neural network.
These libraries are customized through an Inteli-J idea which is an open source java IDE (Internet-6, 2017). The model is
tailored according to the suitability of the current data. The classification accuracy is coming as 81.89%. This measure is
taken on an averaged 10 random iterations. Fig.7 has shown the plotting of classification result of training and test data
sets.
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Figure 7. (a) K-means clustering plot for two clusters on training b) k-means cluster plot for test dataset

CONCLUSIONS

In the present research paper, River Ganga Basin geospatial database and diagnosing the diabetes mellitus data from in-
home monitoring of patients with diabetes disease were considered for case study using FogLearn architecture. We
further leveraged machine learning approaches such as k-means clustering and deep neural network on well-type data
from River Ganga Basin geospatial database and diabetes data. In future, it would like to add more intelligent processing
procedures. It also validated FogLearn architectures for application-specific case studies. Intel Edison processor and
Raspberry Pi were used as fog processors in fog computing layers. Fog nodes not only reduce storage requirements but
also results in efficient transmission at improved throughput and latency. Fog of things is collection of all nodes between



client layer and cloud. The edge computing done on fog nodes creates an assistive layer in scalable cloud computing.
With increasing use of wearable and internet-connected sensors, enormous amount of data is being generated.

The cloud could be reserved for long-term analysis. Fog computing emphasizes proximity to end-users unlike cloud
computing along with local resource pooling, reduction in latency, better quality of service and better user experiences.
This paper relied on Fog computer for low-resource machine learning. As a use case, we employed deep neural network
to classify and predict diabetes disease on patients with diabetes. Proposed FogLearn architecture is showing around
81% of accuracy in prediction of analysis. Fog computing reduced the onus of dependence on Cloud services with
availability of big data. There will be more aspects of this proposed architecture that can be investigated in future. It can
expect fog architecture to be crucial in shaping the way big data handling and processing happens in near future.
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