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1. Introduction

This paper proposes a comprehensive big data
framework for diagnosis and operation support of
nuclear power plants. The framework is composed of
selected Hadoop big data echo-system and has three
application modules of a data-driven model for plant
dynamics, a prognostic model by using a neural
network/pattern matching and a dynamic time warping
based pattern search algorithm. This paper presents the
structure of the big data analytics system and
application areas emphasizing the operational support
for nuclear power plants.

2. Methods and Results

Big data analytics is becoming an inevitable tool in
the foreseeable future. It should be an attractive idea to
mining the historical data in the scrambled storage and
convert them to knowledge. [1,2]
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scheduling/monitoring (MapReduce, YARN, Storm,
Spark), data analytics (in-house engines and RHive) and
data visualization (in-house). Figure 1 shows the
architecture of the framework call BIDAN (Blg Data
Analytics platform for Nuclear power plants).

In the following subsections, we introduce the
application modules based on the BIDAN platform.

2.1 Data-driven Model

The prediction model for system diagnosis is based
on the kernel regression by introducing the invariant
analysis. The invariant means a mathematical
relationship of the input-output model of ¢ =f(x)

where the function is a model constructed by using the
measurement data over a certain period of the system
operation under an intact condition.[3] The model
produces reference signals in order to identify the ‘gap’
that deviates from those of normal operations. The
invariant based methods focusing on the big data
platform are also published [1,2]. Figure 2 shows the
concept to monitor the gap
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Figure 1. The architecture of BIDAN

However, we need to find a viable way to read and
treat big data in a reachable time frame.

In general, the big data platforms are deployed in
large scale distributed memory system with many
machines using parallel logic software such as Hadoop
based MapReduce and their program paradigm. The
developed framework of this study is composed of
selected Hadoop echo-system which includes data
collection (Flume, Sgoop, FluntD), data storage (HDFS,
Cassandra, Hbase), data management and job

to classify failure patterns of components. Training data
are produced using simulated scenario. Typical features
are extracted from failure data to simplify neural net
structure and to preserve robust performance.

2.3 Dynamic Time Warping

The most desirable feature of the big data platform is
to extract the overall data resources very fast not a
snapshot based treatment. Operators normally want to
consult the best practice previously implemented under
a similar operating environment with current operational
maneuvering or maintenance works. Otherwise, they can
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find past mis-operation and unpredicted plant behavior
recorded could happen with their operation process.
This is not that simple task for huge data base and
semantic structure of the inter-related variables. The key
factor is to locate the very similar operation record in a
fast way. Dynamic time warping (DTW) technique is
applied to find an optimal alignment between two given
(time-dependent) sequences under certain restrictions.
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Figure 2. Prediction model for diagnosis
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Figure 3. Pattern classification with neural net and
feature extraction

Euclidean distances are used for matching criterion
between the i-th point on one time series with the i-th
point on the other.(Figure 4). To find the best alignment
between C and Q we needs to find the path through the
grid which minimizes the total distance between them.
DTW algorithm is implemented with distributed Python
code on the Spark-Hadoop platform. Figure 5 shows the
power maneuvering plan query result from past
operational record search by DTW giving other
operational variables at that time.
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Figure 4. Nonlinear alignment of data pattern for
DTW

Figure 5. Query screen of operational record search
by DTW

3. Conclusions

A general framework for big data management
system is developed for operation support of nuclear
power plants. We investigated the Hadoop echo-system
and constructed an optimized platform for plant data
treatment. The application sub-modules are data-driven
prediction model for plant dynamics, diagnosis and very
fast operation data search algorithm to integrate the
overall operation data resource of multiple units of
power plants. The platform can easily become complete
operation support system by just replacing the big data
source constructed from plant simulator by real plant
measurements.
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