
What?
• Identify if a person performs repetitive activity using data collected from 

mobile devices.

mSIMPAD: Repetitive Activity Detection
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Typical human activity recognition (HAR) methods:

Perform

sliding window
Extract Features Apply ML Models

Require prior knowledge of the activity

limited type of repetitive activities



Possible Solution II: Repetitive Activity Detection
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𝑚𝑎𝑔 = 𝑥2 + 𝑦2 + 𝑧2

Not robust enough on real world data

vary in shape, length, and interval

• Determine if the input data contains repetitive patterns with 
Autocorrelation / Frequency Domain Analysis



Proposed Solution
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• Find if there contains any repetitive patterns in the time series
• Generality - unlimited type of repetitive activities

• Robustness - handle variable shape, length, and interval



• Definitions
• A time series 𝑇 = 𝑡1, 𝑡2, … , 𝑡𝑛
• A subsequence 𝑇𝑖,𝑙 = 𝑡𝑖 , 𝑡𝑖+1, … , 𝑡𝑖+𝑙 is a continuous subset of 𝑇

• 𝑇𝑖,𝑙 is a successive similar pattern if ∃𝑗: 𝑑𝑖𝑠𝑡 𝑇𝑖,𝑙 , 𝑇𝑗,𝑙 ≤ 𝜃, 𝑖 − 𝑗 ≤ 𝑚

• Given 𝑇, 𝐿 = 𝑙1, … , 𝑙 𝐿 , and 𝑚, identify all subsequences in T that 
contains successive similar patterns (SSP)

Problem Formulation
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mSIMPAD: Multiple-length Successive sIMilar PAtterns Detector



Range-Constrained Matrix Profile (RCMP)
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• RCMP is a variation of Matrix Profile [Yeh’16], a data structure that 
annotate a time series.
• A value of RCMP 𝑀𝑃𝑙 at index 𝑖 is the distance between 𝑇𝑖,𝑙 to its nearest 

neighbor 𝑇𝑗,𝑙 within the user-defined range 𝑚.

𝑀𝑃60

𝑇



SSP with Different Lengths
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What can we learn from this?

- 𝑀𝑃 containing SSP has relatively lower value.

- Regions that lower than 𝜽 are called valleys.

- Valley with larger area depth is a better fit to the pattern.

length = 25 length = 14 length = 25

𝜃



• Finding the best match of valleys = selecting valleys that maximize the 
total sum

• Let 𝑉 = 𝑣1, 𝑣2, … , 𝑣 𝑉 be the set of valleys found in 𝑀𝑃 at all 𝑙.

• 𝑖𝑑𝑥(𝑣𝑖) denotes the corresponding indices of 𝑣𝑖.

max
𝑉𝑜𝑝𝑡⊆𝑉



𝑣𝑖∈𝑉𝑜𝑝𝑡

𝑣𝑖

s.t. ∀ 𝑣𝑖 , 𝑣𝑗 ∈ 𝑉𝑜𝑝𝑡: 𝑖𝑑𝑥 𝑣𝑖 ∩ 𝑖𝑑𝑥 𝑣𝑗 = ∅

• Reduce to a maximum-weight independent set problem, and solved 
with a branch-and-bound approach

Choosing The Best Set of Valleys
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Example of Repetitive Activity Detection
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Example of the detection result on a walking dataset [Brajdic’13].

• Fewer false positives

• More accurate and coherent detected regions



Performance on HAPT [Anguita’13] and PAMAP2 [Reiss’12] where the 
values given as mean ± SD.

Evaluation on Detection Performance
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Downsampling input series to 20Hz

• Outperforms baseline methods

• Robust to noisy and poor-quality

data



Evaluation on Running Time
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• Compute large amount of data in 

minutes

• Scales linearly to the input size

- support real-time applications
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