
Tong Xia, Abhirup Ghosh

dept. Computer Science and Technology

Mobility-based Individual POI Recommendation 
to Control the COVID-19 Spread





Business Survival

Personal Needs



Motivation
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Can we incorporate the insight from the

structures of mobility to achieve better

trade off among user preference, business

development, and pandemic control?

• Related work for reopening:

• Uniform venue restrictions [2,6]

• Super-spreader restrictions [3,4]

• Group mobility [5,10]



Problem Formulation
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▪ Query 𝑹(𝒗𝒐, 𝒕): A user 𝑢 will query a preferred venue 𝑣𝑜 to be visited at 

time 𝑡, and this venue belongs to function category  𝑓.

▪ Recommend 𝒗𝒓: A venue 𝑣𝑟 under the same function 𝑓, within the 

distance threshold from 𝑣𝑜, and with the minimum infection risk for the 

whole population.  



System Framework
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▪ Pipeline:

▪ Maintain 𝜀 𝑣, 𝑡 - the number of unique 

visitors of venue 𝑣 48 hours before 𝑡.

▪ Process a coming query 𝑅(𝑣𝑜 , 𝑡) :

▪ Recall POIs 𝑣 ∈ 𝑉𝑓 and 𝑣 − 𝑣𝑜 < 𝑟.

▪ Return 𝑣𝑟 with the minimum 𝜀.  

𝒗𝒓

Central server 

𝜺(𝒗, 𝒕)

Query

𝑣𝑜

𝒗𝒓

𝒗𝒐

✓ Preserving mobility demands.

✓ Do not track personally identifiable statics. 



Experiments
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Real-world check-in dataset

Agent-based COVID-19 spread model

Extensive comparison in three cities



Real-world check-in dataset
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❑ Characteristics of the Gowalla check-in dataset 



Real-world check-in dataset
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❑ Data augmentation

1) Estimating density distributions: 

1) the check-in temporal interval distribution from the raw users,

2) the hourly popularity of venue from the entire dataset,

3) the distribution of the check-in times per user

2) Sampling from density distributions:

Through generating, we enlarge the datasets for the three cities to consist of 10,000 users



Agent-based COVID-19 spread model
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❑ SEIR-based model

Susceptible-Exposed-Infectious-Removed

Infection spreads through venues



Extensive comparison in three cities
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➢ Impact of hyper-parameters:

➢ The radius of recommendation

➢ The granularity of POI categories

➢ The fraction of people following the recommendation

➢Baselines:

➢ Uniformly and randomly remove x% of the check-ins.

➢Metrics: 

➢ Daily new infections and the peak value. 

➢ Total infections during the simulation period.



Results and findings -- London
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▪ Total infection reduced by 10-20%, 

and peak value reduced by 5%-13% 

when the radium varied from 1KM to 

3KM. 



Results and findings -- London
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▪ Total infection reduced by 10%-20%, 

and peak value reduced by 5%-13% 

when the radium varied from 1KM to 

3KM. 

▪ Total infection further reduced by 5%-

20% when recommending POIs under 

a more general first categories



Results and findings -- London
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Results and findings -- London
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15%

40%

This suggests that we can effectively control the disease spread while preserving all the poi visiting needs.



Results and findings -- Berlin&Chicago
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Results and findings  

17

❑ Post recommendation check-in distribution 



Conclusions
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❑ Proposed a simple but effective method to recommend venues that can reduce the 

infection spread significantly while persevering all check-in needs. 

❑ Our simulation results using real-world check-in datasets from three different cities 

verify our claims: the peak of the infection can be reduced by 5%-20%, and the total 

infected population can be mitigated by at most 50%.

❑ Our result is comparable to the case when 50% of check-ins are barred due to 

lockdown. Besides, our proposed system is also flexible and scalable to be 

customised based on the local COVID-19 condition.
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