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Do you know who this is?
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• Prof. Neil Ferguson
• Mathematical epidemiologist at Imperial College London

• Scientific Advisor to UK Government
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Prediction: based upon mathematical models

No action taken             500.000 deaths in UK!
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R0exponential growth

flattening the curvemoving averages
the R-number

MATHEMATICS



Importance of understanding spread
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• Intervention policy

• Healthcare allocation

• Economic impact

• Mental well-being



Two types of approaches
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• Approach 1: Compartmental models

• Population divided into categories

• Agent based• Equation based



Two types of approaches
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• Approach 2: AI-driven models



Overview
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• Compartmental models: Equation Based

• Compartmental models: Agent Based

• AI-driven models

• Comparing the approaches

• Equation based approach on networks

• TU Delft COVID-19 Digital Campus

• Wrap-up



Compartmental models: equation based
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• No births or immigration

• Curing leads to immunity

• Fixed infection rate per day: 

• Fixed recovery time: 1/

• People are well-mixed

• SIR - model
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• S: fraction of population that is Susceptible

• I: fraction of population that is Infected

• R: fraction of population that is Removed

W.O. Kermack and A.G. McKendrick, 1927, A contribution to the 
mathematical theory of epidemics, Proc. R. Soc. Lond. A, 115, 700–721.

Compartmental models: equation based



12

fraction of population that is Infected

capacity healthcare

Exponential 
growth

Compartmental models: equation based
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• R0: # of new infections due to first infection

• Growth governed by R0: basic reproduction number

• R0 > 1  exponential growth # of infections

• R0 < 1  # of infections decreases fast to 0

• R0 = 1  # of infections stays constant

Compartmental models: equation based

• Flattening the curve: lowering R0
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Duration of infection

Mask wearing Social distancing Better treatment

Compartmental models: equation based

Number of contacts per dayProbability of infection per contact



15

• Reduce number of contacts per day by 50%

Compartmental models: equation based
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https://ncase.me/covid-19/

Compartmental models: equation based

https://ncase.me/covid-19/


17

• Use data on daily number of infections

• Estimate  and  by using AI

Predictive Monitoring of COVID-19
Jianxi Luo, Singapore University of Technology and Design, May 2020

Compartmental models: equation based
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• Infection rate  increases after relaxation interventions

Threefold increase of 

Compartmental models: equation based
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4th May                      
Imperial College COVID-19 
Response Team

Report 20: Using 
mobility to estimate 
the transmission 
intensity of COVID-19 
in Italy: A subnational 
analysis with future 
scenarios

Compartmental models: equation based



• Parameters are not constant

• Availability and quality of data

• Undetected cases

• Infection delay

• Duration immunity

• Seasonal variation

• Heterogeneous mixing

• Human factors
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Compartmental models: equation based

?



• Each individual (agent)

• Moves around

• Is in one of the S-I-R states
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Compartmental models: Agent Based



• Paul van Gent: post-doc at Faculty of CiTG
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https://github.com/paulvangentcom/python_corona_simulation

Compartmental models: Agent Based

https://github.com/paulvangentcom/python_corona_simulation
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Compartmental models: Agent Based

• Virtual Australia with 24 million agents

• Demography

• Mobility

• Disease
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Compartmental models: Agent Based

• Requires massive computation power

• Hard to calibrate

• Once the model is calibrated

• Relate interventions to changes in infection rates

• Assess impact of several interventions
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Compartmental models: Agent Based
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AI-driven models
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AI-driven models
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AI-driven models
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AI-driven models

• Obtain data

• Selecting features

• Population attributes

• Population activities

• Mobility

• Disease spread attributes

• Build Deep Learning model (LSTM)

• Evaluate performance of model
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AI-driven models

• Predictive performance: 7 days
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AI-driven models

• Identification most influential features
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Comparing the approaches

• Agent Based Models

• Lot of work to build

• Tricky to calibrate

• Compartment Models

• Relatively simple tool for long-term forecasts

• Parameter estimation

• AI-driven models

• Short-term predictions

• Unreliable when conditions change
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• More compartments

• Undetected cases

• Hospitalization

• Incubation delay

• Time dependent control measures

• Parameters estimated through AI

Comparing the approaches

• Hybrid models
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Comparing the approaches
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Comparing the approaches
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Comparing the approaches



Equation based approach on networks
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4th May                      
Imperial College COVID-19 
Response Team

Report 20: Using 
mobility to estimate 
the transmission 
intensity of COVID-19 
in Italy: A subnational 
analysis with future 
scenarios
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Equation based approach on networks

https://www.nas.ewi.tudelft.nl/index.php/coronavirus

https://www.nas.ewi.tudelft.nl/index.php/coronavirus
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Equation based approach on networks

• NIPA = Network Inference-based Prediction Algorithm

• For every province estimate

• Self-infection and curing rate

• Infection to other provinces
156 parameters!

Estimated using AI
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Equation based approach on networks
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Equation based approach on networks

http://networkdatascience.ewi.tudelft.nl/


TU Delft – COVID-19 Digital Campus
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TU Delft – COVID-19 Digital Campus
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1. Campus Mobility

Dashboard
Insights, analysis, 

simulations

2. Well-being
Informing & engaging 

students and staff

3. Leveraging 

Contact networks
Improve prediction of 

virus spread

Sensor network, TU Delft data sources, 3rd party data sources

Contact Networks

https://www.tudelft.nl/en/covid/



Wrap-up
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• Importance of understanding COVID-19 spread

• Equation based approach

• Agent Based approach

• AI-driven approach

• Hybrid models

• COVID-19 Digital Campus



Wrap-up
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Thanks for your attention!
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r.e.kooij@tudelft.nl


