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Introduction

• Accurate activity recognition is challenging because human activity is 
complex and highly diverse.

• Each human complex activity has more than one subactivity, called 
atomic activity

• They propose Context-Driven Activity Theory (CDAT) using Markov 
chains and probabilistic analysis to recognize complex activity.
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Challenge

• Complex activities can have a different sequence each time they 
performed.

• There arises a need to assimilate these atomic activities and context 
activities performed by the user. 

• They need to minimize the amount of training data required as well as 
the precess of its annotation.
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Contributions

• They use their novel Context-Driven Activity Theory (CDAT) to 
build complex activities definitions and develop a mechanism which 
combines domain knowledge and activity data collected from real-life 
experimentation.

• They discover complex activity signatures for different users and 
associations between atomic activities, context, and complex activities 
using Markov chains and probabilistic analysis.
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Context-Driven Activity Theory

1. Atomic Activity and Complex Activity definitions

• Atomic activity: Atomic activity, A, is defined as a unit-level 
activity which cannot be broken down further

• Context attribute: A context attribute is defined as any type of data 
at time t that is used to infer an activity or a situation. It’s 
represented as    .

• Complex activity: 

6



Context-Driven Activity Theory
2. Context and atomic activity reasoning to infer complex activities

• Each complex activity has a set of atomic activities, γ A, and a set of 
context, ρC,as mentioned in the previous definitions
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Discovering Activity Signatures and Generating Activity Definitions Using Probabilistic Analysis
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• Complex activity definitions are created by finding the associations between 
each atomic activity and its corresponding parent complex activity.

1. Associations between atomic and complex activities for  different users.

• The associations involve the calculation of individual probabilities of start, 
end and other atomic activities for a complex activity

• Then the atomic activities whose values are equal to or higher than the 
required threshold are used for creating the activity definition for the 
respective complex activity
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2. Associations between different atomic activities and context 
attributes within a complex activity

• Associations between atomic activities involves the calculation of 
conditional probabilities and transition probabilities (pi j) for 
different pairs of atomic activities within each complex activity.

• Then they used Markov chains for discovering these associations 
between pairs of atomic activities for a complex activity
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3. Discovering complex activity signatures of users

• Based on the previous probability calculations, they build complex 
activity signatures for each complex activity corresponding to 
individual users.

• the complex activity signature for CA is A3 → A2 → A5 → A18 
→ A3 → A2 → A21 → A3 → A2 → A6 → A3 → A2 → A17 → 
A23 → A23 → A10 → A21 → A9

• They use Markov chains to discover activity signatures by 
calculating the path probabilities for each complex activity.



12

Complex Activity Recognition Algorithm
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• They initially consider two subjects for the duration of 21 days, with an 
average of 8 hours daily. The experiments were performed from 8:00 am to 
12:00 pm and from 2:30 pm to 9:30 pm. 

• They identified 16 complex activities and used their CDAT to define them.

• They gave their subjects an Android phone to record the activities manually, 
which involved adding a count for each occurrence of a complex activity in 
the corresponding hour. 

• Users were asked to keep the record simply for establishing the ground truth, 
which enabled them to measure the accuracy of their algorithm.

Experimentation and Results Validation



14

Experimentation and Results Validation
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Experimentation and Results Validation
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Experimentation and Results Validation
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Experimentation and Results Validation
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Experimentation and Results Validation
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• They use probabilistic analysis and Markov chains to discover 
complex activity signatures, assign weights to atomic activities, and 
update complex activity definitions within their CDAT

• Their average accuracy is higher than another machine learning 
algorithms.

• They are able to reduce the amount of training data, atomic activities 
and context attributes used.

Conclusions


