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Introduction to our Business

▪ Hydrogen Infrastructure Construction

▪ Hydrogen Infrastructure Operation

▪ Hydrogen Infrastructure Maintenance
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Real-time data gathering and monitoring

Architecture of the Data Pipeline

Wide area >> experts

Business Characteristics 

Maintenance Strategies for Hydrogen Refueling Station

Anomaly detection and Identification 

Application for Decision Support
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Technical Challenges for the Data Pipeline

Perform periodic analytics on near real-time 

▪ OSI PI System / PI Asset Framework(PI AF)

– Historical data access

– Communication between the PI AF and MPS

▪ MATLAB Production Sever

– Data analysis 

▪ Window Service / XML

– MATLAB Production Server interface for PI
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Historical data access

Get Started Accessing Data from a PI Server

▪ Create Client and Connect to Server

▪ List All Tags

▪ Read Latest Value of Tag
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Historical data access

Interpolate Irregular Timetable Data

▪ Specify Time Step and interpolation data

▪ Synchronize Timetable Variables

Snapshot

Data analysis &

Development
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Perform periodic analytics on near real-time 

Communication between the PI AF and MPS

▪ MATLAB Production Sever Compiler

– Project package

▪ PI AF

– Create/Connect database

▪ XML file description

– Configuration data mapping

▪ Window Service 

– Starting the service

Architecture of the integration
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Perform periodic analytics on near real-time 

Production Sever Project package
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Perform periodic analytics on near real-time 

Create/Connect database
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Perform periodic analytics on near real-time 

Configuration data mapping
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Perform periodic analytics on near real-time 

Communication between the PI AF and MPS

https://kr.mathworks.com/products/reference-architectures/osisoft-aveva-pi-system.html

Starting the service



12

Technical Challenges for Application

Anomaly detection 

- Time-series multivariate with multi-mode
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HMM-GMM

q₁ q₂ q₃ q₄

O₁ O₂ O₃ O₄

p x = 

𝑚=1

𝑀

𝑤𝑚𝑝 𝑥 𝑁 𝜇𝑚; 𝜎𝑚 ,𝑤𝑖 = 1

ሻθ = (𝑤𝑚, 𝜇𝑚, 𝜎𝑚

A = 𝑎𝑖𝑗 = 𝑃 𝑞𝑡+1 = 𝑆𝑖 𝑞𝑡 = 𝑆𝑗 , 1 ≤ 𝑖, 𝑗 ≤ 𝑁

B = 𝑏𝑖𝑗 = 𝑃 𝑜𝑡 = 𝑣𝑖 𝑞𝑡 = 𝑆𝑗 , 1 ≤ 𝑗 ≤ 𝑁, 1 ≤ 𝑘 ≤ 𝑚

𝜋𝑖 = 𝑃[𝑞1 = 𝑆𝑖], 1 ≤ 𝑖 ≤ 𝑁

ሻλ = (𝐴, 𝐵, 𝜋
𝑃 𝑞𝑡 = 𝑆𝑖 𝑞𝑡−1 = 𝑆𝑗 𝑃 𝑜𝑡 = 𝑣 𝑞𝑡 = 𝑆𝑖

𝑝 𝑥 𝑁 𝜇𝑚; 𝜎𝑚

𝑃 𝑞𝑡 = 𝑆𝑖 𝑜𝑡, 𝑜𝑡−1, … 𝑜𝑡−𝑛

𝑨 𝑩
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Training   →   Extract  ሻ𝛌 = (𝑨, 𝝅𝒊, 𝒘𝒎, 𝝁𝒎, 𝝈𝒎
Testing 𝐭𝐡𝐞 𝐠𝐢𝐯𝐞𝐧 𝑜𝑡 , 𝑜𝑡−1… 𝑜𝑡−𝑛 →   Evaluate Log(𝑃 𝑜𝑡 = 𝑣 𝑜𝑡−1, … 𝑜𝑡−𝑛 )

Model Training and test 

Valve 1 System 2 Operation Mode No.

Open

Open

Closed

Closed

ON

OFF

ON

OFF

1

2

3

4

▪ Mode := State
▪ Tag data := Observation 

PT TT IT

23

24

25

24

56

55

55

56

1

1

2

1
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Divide the category – Domain insight  

Step 1
H₂ Supply

Step 2
H₂ Compression

Step 3
H₂ Storage

Step 4
H₂ Cooling&

Charging

Tube Trailer Compressor H₂ Storage

Container

Cooling/Chiller Dispenser
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Define target and modes – Domain insight  
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Refine modes – Domain insight  

AbnormalNormal
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Estimate distributions of GM

p x = 

𝑚=1

𝑀

𝑤𝑚𝑝 𝑥 𝑁 𝜇𝑚; 𝜎𝑚 ,𝑤𝑖 = 1

ሻθ = (𝑤𝑚, 𝜇𝑚, 𝜎𝑚
Variable1

mode1

Variable2 Variable3

Variable4 Variable5 Variable6

Variable7 Variable8
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Estimate Static/Dynamic probability

• Estimate Initial condition of EM by K-means • Estimate GMM Parameters by EM algorithm

ሻ𝛌 = (𝑨, 𝝅𝒊, 𝒘𝒎, 𝝁𝒎, 𝝈𝒎

• Estimate Probability of Initial state • Estimate Probability of transition
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Evaluate Log Likelihood

Log(𝑃 𝑜𝑡 = 𝑣 𝑜𝑡−1, … 𝑜𝑡−𝑛 )

Abnormal

Normal
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Web Application

H₂ Storage

Container
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Recap: MTALAB offerings augment the AI workflow

AI Modeling DeploymentData Preparation
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Importing historical PI data into 

MATLAB Desktop for data 

exploration or algorithm 

development

Industrial 

Communication Tool 

PI Server

Accelerate training using 

Parallel Server

MATLAB Parallel Server MATLAB Production Server

Deploy analytic models 

and provide microservice 

APIs 
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Thank you
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