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Project Overview — Research Scope

Objectives

Research areas

Major techniques

Outcomes « Document and publish research progress in peer-reviewed journals
» Delivery of AR Glasses with context-aware safety information display
functions
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Technology Impact — AR Display
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Technology Impact — Description of the Technology

Where does it operate?

Safe Operation Condition-based maintenance Quality assurance

Who should be interested in this technology?
« Personnel (e.qg., field operator) conduct operation activities outside the main control room.

« These activities include:

« Starting and stopping electricity generation equipment as needed

« Overseeing readings and making observations to establish system goals and get to know the status, thereby taking
actions to correct any detected equipment problems



Results and Accomplishments — Overview
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Results and Accomplishments — Work Conducted in FY22

Algorithm for Analyzing Operation Logs of Nuclear Power Plants for Safety and Efficiency
Diagnosis of Real-Time Operations.
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Jinding Xing, Pengkun Liu, Pingbo Tang, Alper Yilmaz, Ronald Laurids Boring, George Edward Gibson Jr, Analyzing Operation Logs of Nuclear Power Plants for Safety and Efficiency Diagnosis of Real-Time Operations. In
29th International Workshop on Intelligent Computing in Engineering, EG-ICE 2022. Aarhus, Denmark.




Results and Accomplishments — Work Conducted in FY22

Algorithm for Analyzing Operation Logs of Nuclear Power Plants for Safety and Efficiency
Diagnosis of Real-Time Operations.
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This study proposed a variant of models based on KNN classifiers that uses analog parameters to infer the most suitable
control actions.
The testing results indicate that the model with SMOTE data (F1 score 0.323) augmentation has better prediction
performance than the models without SMOTE (F1 score 0.263) .

Jinding Xing, Pengkun Liu, Pingbo Tang, Alper Yilmaz, Ronald Laurids Boring, George Edward Gibson Jr, Analyzing Operation Logs of Nuclear Power Plants for Safety and Efficiency Diagnosis of Real-Time Operations. In
29th International Workshop on Intelligent Computing in Engineering, EG-ICE 2022. Aarhus, Denmark.




Results and Accomplishments — Field Interview and Survey

Surveyed and interviewed 45 experienced nuclear field operators in the U.S.
Created a classification of critical information for different tasks and contexts:
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Results and Accomplishments — Field Interview and Survey

Surveyed and interviewed 45 experienced nuclear field operators in the U.S.
Created a classification of critical information for different tasks and contexts:
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Results and Accomplishments — Overview

Natural Language Processing (NLP) for automatically extracting critical information from
work packages.
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Results and Accomplishments — Augmented Reality Development

Marker-less AR for the NPP field operations

Non-recursive Bayesian Filter based
real time worker locating

HololLens 2 AR display for
Nuclear Field workers

3D scan of the campus mechanical room

/ Unity engine as the development platform

NLP-based work package information
extraction
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Vuforia area target generator to extract visual
features for AR tracking and registration of the
augmented information

Scan the QR code to view the AR demo video



https://drive.google.com/drive/folders/1J0qvhs6sPLHw8_RKeOHvGU74m_uH-7bF?usp=sharing

Results and Accomplishments — Dynamic Indoor Navigation

Online hazard location and path planning by considering hazards and safety constraints.




Addressed Challenges

Addressed challenges:

Reliable highlights of operations and relevant objects in
a noisy background (with similar objects closely located)
In the AR video views

— Vuforia area target generator to extract visual features from pre-
scanned sparse point cloud for object tracking and virtual
information alignment.

Virtual information for
highlighting target work location
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Real-time tracking for detecting deviations from the
planned path

— Non-recursive Bayesian Filter (NBF) for correcting deviation in _',

worker traject()ry prediction Align the virtual information in environment with many similar valves closely

— NBF is a probabilistic approach to use incoming measurement
along with prior info to predict the next measurement (correction)

located



Remaining Challenges for Field Implementation

Remaining challenges:

« Time consuming to scan the point cloud model of commercial power plants
« Hardware, most AR Glasses have limited computation capability

« Ergonomics, such as limited field of view, view occlusion

« Reliability of the AR support tool, such as the quality and alignment accuracy of the visual
iInformation

AR is a powerful tool to improve operation safety and productivity:
« Best practice for using AR: identify the right scope of work, people and groups
« |dentify potential human error traps related to using AR and develop strategies
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