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1. Background

1.1 Anomaly detection

Various sensor networks.

Monitoring data are collected automatically.

Anomalies should be predicted.
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1. Background

1.2 Multivariate time series
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1. Background

1.3 Multivariate time series information system

Time series Production H2S Pressure

20/4/2016 L H N
21/4/2016 L N L
22/4/2016 N L L
23/4/2016 N L N
24/4/2016 H N H
25/4/2016 H N H
26/4/2016 L L N
27/4/2016 N H L
28/4/2016 H L N
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2. Pattern matching and discovery

2. Pattern matching and discovery

2.1 Problem statement

Assumption: The time series data is synchronous.

Input: (1) S = (T ,A,V = ∪Va∈A, f : T × A→ V ); (2)
Pattern p; (3) Similarity threshold η; (4) Size of time window
L.

Output: (1) The counting of p occurring; (2) All occurrence
position of p in S .
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2. Pattern matching and discovery

2.1 Pattern matching

Specify a pattern

Find similar pattern 

from the time 

window

Record the 

matching position 

and update the 

matching counting

Output the 

information of 

position and 

counting
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2. Pattern matching and discovery

2.1 Pattern matching
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2. Pattern matching and discovery

2.1 Pattern matching



Multivariate Time Series Association Analysis for Petroleum Big Data

2. Pattern matching and discovery

2.1 Pattern matching

Question:
What can we do when we cannot specify a pattern?

Answer:
Pattern discovery.
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2. Pattern matching and discovery

2.2 Pattern discovery

Assumption: The time series data is synchronous.

Input: (1) S = (T ,A,V = ∪Va∈A, f : T × A→ V ); (2)
Support threshold δ.

Output: Temporal associations.

Constraint: The supports of temporal associations are not less
than δ.
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2. Pattern matching and discovery

2.2 Pattern discovery

Transform

each time series into a 

symbol sequence

Group similar patterns 

in the same sequence 

into a cluster

Extract frequent 

patterns from each 

time series

Temporal associations 

among clusters

SAX

Suffix tree

Hierarchical clustering 

algorithm

Maximum common 

subsequence similarity

Remove the 

over-counted 

occurrences
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2. Pattern matching and discovery

2.2 Pattern discovery

[Zhuang et al.(2014)Zhuang, Li, and Wong]
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3. State transition pattern(STAP)

3.1 Problem statement

Assumption: The time series data is synchronous.

Input: (1) S = (T ,A,V = ∪Va∈A, f : T × A→ V ); (2)
Itemset support threshold δw ; (3) Sequence support threshold
δd .

Output: Frequent STAPs.

Constraint: (1) The supports of itemsets are not less than δw ;
(2) The supports of sequences are not less than δd .
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3. State transition pattern(STAP)

3.2 Framework of STAP

Transform

each time series into a

symbol sequence

Frequent closed or 

maximum itemsets 

mining

Fluctuation

Horizontal 

and vertical 

algorithms

Frequent closed or 

maximum STAPs 

mining

Horizontal 

and vertical 

algorithms

Cross and temporal association

Temporal association

Cross association
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3. State transition pattern(STAP)

Type of STAP

Cluster 1

Itemset 1

Cluster 2

Itemset 2

Cluster n

Itemset m
[𝐺,  𝐺] [𝐺,  𝐺]

𝑡𝑑 𝑡𝑑

Existing works

Our works



Multivariate Time Series Association Analysis for Petroleum Big Data

3. State transition pattern(STAP)

Example of STAP

〈𝐻2𝑆, 𝐻〉
〈𝐻2𝑆, 𝐻〉,

〈𝑃𝑟𝑒𝑠𝑠𝑢𝑟𝑒, 𝑁〉
〈𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛, 𝐻〉

〈𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛, 𝐿〉
〈𝐻2𝑆, 𝐿〉,

〈𝑃𝑟𝑒𝑠𝑠𝑢𝑟𝑒, 𝐻〉

〈𝐻2𝑆, 𝑁〉,
〈𝑃𝑟𝑢𝑑𝑢𝑐𝑡𝑖𝑜𝑛, 𝐿〉

〈𝐻2𝑆, 𝐿〉
〈𝐻2𝑆, 𝐻〉,
𝑃𝑟𝑢𝑑𝑢𝑐𝑡𝑖𝑜𝑛, 𝑁 ,
〈𝑃𝑟𝑒𝑠𝑠𝑢𝑟𝑒, 𝐿〉
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4. Discussions

Discussions

Semantics explanation of patterns

Feature extracting, Occurrence counting
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4. Discussions

Any question?

Welcome to www.fansmale.com!
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