
FEDERATED SHIFT-INVARIANT DICTIONARY 
LEARNING ENABLED DISTRIBUTED USER PROFILING

Qiushi Huang, Wenqian Jiang, Jian Shi, Chenye Wu, Dan Wang and Zhu Han

1

Q. Huang, W. Jiang, J. Shi, C. Wu, D. Wang and Z. Han, "Federated Shift-Invariant Dictionary Learning Enabled 
Distributed User Profiling," in IEEE Transactions on Power Systems, doi: 10.1109/TPWRS.2023.3296976.



§ Active distribution network is crucial to the operation of a power grid with high 
penetration of renewable energies.

§ And understanding user behaviors is a key enabler of active distribution network.

§ How to understand user behaviors?

§ What are the practical challenges?
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§ The conventional wisdom is to conduct user profiling (i.e., 
clustering).

§ Though effective, it faces several practical obstacles.

§ Clustering requires massive data and each single data holder 
may not have enough data to understand all kinds of users.

§ Also, data are the crucial assets for each data holder. Hence, data 
holders may not want to directly exchange the data with each 
other.
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§ Distributed User Profiling Based on Federated Learning & Dictionary Learning

§ Our idea is based on a simple observation:
§ Each user’s data are the energy consumption aggregation of all its appliances.
§ Hence, the energy consumption patterns of those appliances can serve as the dictionary, 

which is used to construct the user’s energy consumption data.
§ If the dictionary is rich, then the user profiling can be done more accurately.

§ Hence, we propose that each data holder first conducts the dictionary learning 
based on its own data, and then exchange the dictionary with each other based on 
the federated learning framework.
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The same basis with different shifts

Shift-Invariant Dictionary Learning

Learn dictionary based 
on end users’ load series

Cluster the derived pattern 
matrices 𝐷

Intuitive 
Idea 
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• Incorporate federated learning
• Enable distributed user profiling 

without exchanging the datasets 
with each other

Federated 
Learning
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1. Local user dictionary learning

2. Local dictionary updating
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3. Dictionary aggregation (federated averaging)

Solution Procedure:
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Dictionary learning helps

Distributed implementation 
comes with a cost.

n Dictionary learning better reveals the load series patterns.

n The federated framework significantly improves the computation efficiency at the cost 
of slightly reduced v-measure, h-score and c-score.
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