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o Propose a novel scheme to predict the impact of COVID-
19 Pandemic. 

o Design a model based on Cloud Computing and Machine 
Learning for real-time prediction. 

o Show improved prediction accuracy compared to baseline 
method. 

o Highlight key future research directions and emerging 
trends. 

Highlights  



o Novel Coronavirus disease (COVID-19) was first reported on 
31 December 2019 in the Wuhan 

o Affected 200+ countries and territories with USA, Spain, Italy, 
U.K. and France being the most affected 

o More dangerous for people with weak immune system 
(elderly people and patients with life threatening diseases) 

o In the absence of any curative drug, the only solution is to 
slow down the spread by exercising “social distancing” to 
block the chain of spread of the virus.  

o This behavior of CoV-2 requires developing robust 
mathematical basis for tracking its spread and automation of 
the tracking tools for online dynamic decision making. 

COVID-19 



o Alibaba developed cloud and AI solutions to help China, fight 
against coronavirus, predict the peak, size and duration of 
the outbreak, which is claimed to have been implemented 
with 98% accuracy in real world tests in various regions of 
China.  

Existing Solution 

C. Huang, Y. Wang, X. Li, L. Ren, J. Zhao, Y. Hu, L. Zhang, G. Fan, J. Xu, X. Gu, et al.Clinical features of patients infected 

with 2019 novel coronavirus in Wuhan, China, The Lancet, 395 (10223) (2020), pp. 497-506 



o ML can be utilized to handle large data and intelligently to 
predict the spread of the disease.  
o ML can be deployed very effectively: 

o To track the disease,  
o To predict growth of the epidemic and  
o To design strategies and policies to manage its spread 

o Cloud computing can be used to rapidly enhance the 
prediction process using high-speed computations.  

o Novel energy-efficient edge systems can be used to procure 
data, in order to bring down power consumption.  
 

Motivation  



Prediction Model  

• Propose a Machine Learning model that can be run 
continuously on Cloud Data Centers (CDCs) for accurate spread 
prediction and proactive development of strategic response by 
the government and citizens. 
 

• To gain more insight on how COVID-19 is impacting the world 
population and to predict the number of COVID-19 cases and 
dates when the pandemic may be expected to end in various 
countries. 



Prediction Model  

Fig. 1. Cloud based AI framework for COVID-19 related analytics 



Prediction Model  

Dataset 
• The dataset used in this case study is the Our World in Data by 

Hannah Ritchie.  
• The dataset is updated daily from the World Health 

Organization (WHO) situation reports.  
• More details about the dataset are available at: 

https://ourworldindata.org/coronavirus-source-data  



Prediction Model  

Cloud framework 
• Three instances of single core Azure B1s virtual machines with 

1-GiB RAM, SSD Storage and 64-bit Microsoft Windows Server 
2016  

• Used FogBus for deploying multiple analysis tasks in an 
ensemble learning fashion to predict various metrics, like the 
number of anticipated facilities to manage patients and the 
hospitals 

• Analyzed cost of tracking patients on a daily basis, amortized 
CPU consumption and Cloud execution is 37% and only 1.2 USD 
per day.  

• As the dataset size increases, computationally more powerful 
resources would be needed. 

Tuli, Shreshth, Redowan Mahmud, Shikhar Tuli, and Rajkumar Buyya. "Fogbus: A blockchain-based lightweight framework for edge 

and fog computing." Journal of Systems and Software (2019). 



Prediction Model  

Machine learning model 
• In recent study by Data-Driven Innovation Laboratory, 

Singapore University of Technology and Design (SUTD), the 
regression curves were drawn using the Susceptible-Infected-
Recovered model and Gaussian distribution was deployed to 
estimate the number of cases with time.  
 

• However, in the previously reported studies on the earlier 
version of the virus, namely SARS-CoV-1, the data was reported 
to follow Generalized Inverse Weibull (GIW) Distribution better 
than Gaussian model. 



Prediction Model  

Fig. 2. Fit curves for SARS-CoV-1 pandemic for Hong Kong (SAR), 

China. Data source: WHO epidemic curves 

(https://www.who.int/csr/sars/epicurve/epiindex/en/index4.html). 



Comparison  

Proposed ”Robust Weibull fitting” model is compared with 
baseline Gaussian model from SUTD based on: 
 
• Mean Squared Error (MSE),  
• Mean Absolute Percentage Error (MAPE)  
• Coefficient of determination (R2) 
 
Results show the model predictions of the spread of the COVID-19 
for every major country for which sufficient data was available 
and model fits had R2 > 0.5 using the proposed model.  
The proposed model performs significantly better than the 
baseline. 



Results 

Fig. 3. Comparison of predicted dates to reach 97% of the total expected cases 

by baseline Gaussian and proposed Robust Weibull models. Please check paper 

for predication of other countries.  

Predicted on 4th May: The figure illustrates that the maximum number of 

total cases will be in the North America region. The number of cases will also 

be high in the European continent, Russia and eastern Asia, including China, 

the original epicenter of the disease. 



Results 

Fig. 4. Number of new cases and deaths for all countries. 



Results 

Fig. 5. Predicted Mortality Rate % for a few countries. 



Results 

Fig. 6. Global heat-map for total predicted cases for different countries as 

on May 4, 2020 (countries with insufficient data for prediction are shown in 

white). 



Biases in Data 

• The outbreak of SARS-CoV-2 and its corresponding diseases 
COVID-19 has received diverse responses from different 
countries. Countries like India, China and Australia have 
imposed partial to full nation-wide lock-downs leading to 
mixed repercussions.  

• Other countries like Sweden have imposed little to no 
restrictions. Such factors definitely affect the distribution of 
cases and hence the curve parameters. 

• Moreover, there is bias in data due to diverse travel histories 
and contact demographic histories of people from Wuhan 



Real Time Predictions 

• Update the dataset and utilize other demographic indicators 
like population density, temperatures and age distribution in 
the proposed model, make more reliable and accurate 
predictions for the last expected case.  
 

This enables the authorities to lift the lock-down in a phased 
manner, thus keeping a check on the post-lockdown rise in cases. 



Beyond the lock-downs 

• Currently, travel and group activities have been restricted 
world-over.  

• As lock-downs are lifted, the number of new cases and deaths 
might change significantly from the proposed predicted 
trends.  

• Other factors like virus mutations would also affect the 
distribution in future.  

 
Hence, continuous work is required to ensure accurate 
predictions are made and correct measures can be taken. 



Research Opportunities and Emerging Trends 

• Integrating with other time series models 
Models like ARIMA can be integrated with Weibull function for 
further time series analysis and predictions. 

 
• Predicting protein structure of CoV-2 
AI can be utilized to predict the structure and function of various 
proteins associated with CoV-2 and their interaction with the host 
human proteins and cellular environment.  

 
• Incorporating other indicators 
Important parameters like population density, distribution of age, 
individual and community movements, level of healthcare 
facilities available etc., need to be included in the regression 
model to further enhance the prediction accuracy. 

 



Research Opportunities and Emerging Trends 

• Risk assessment:  
The risk of severe disease related with COVID-19 for people with 
different age can be predicted using AI.  

 
• Real time sensors and visual imaging:  
AI based proactive measures can be taken to prevent the spread 
of the virus to sensitive groups in the society. For example in 
traffic camera or surveillance, track COVID-19 symptoms based on 
visual imaging and tracking apps.  
 
• Analyzing social media data using AI 
We can also explore and analyze social media data for real time 
collection of epidemiological data related to COVID-19. 
 
 



Research Opportunities and Emerging Trends 

• Contact-less treatment and drug delivery using Robotics:  
AI based Robots can be used to perform contact-less delivery and 
treat patients remotely to reduce involvement of medical staff 
with infected people.  

 
• Climate Change:  
There have been considerable improvements in air quality across 
the globe due to COVID19 enforced lock-downs. However, there is 
a prevailing conjecture of the revenge pollution following these 
lock-downs.  

 
  



Summary 

• Discussed how improved mathematical modelling, Machine 
Learning and cloud computing can help to predict the growth 
of the epidemic proactively.  

• A case study has been presented which shows the severity of 
the spread of CoV-2 in countries worldwide.  

• Used proposed Robust Weibull model based on iterative 
weighting.  

• Proposed model is able to make statistically better predictions 
than the baseline Gaussian model  

• Proposed Future research directions.  



Software Availability 

Our prediction model is available online at  

https://github.com/shreshthtuli/covid-19-prediction 

 

The dataset used for this work is the Our World Dataset, available 

at 

 https://github.com/owid/covid-19-data/tree/master/public/data/ 

 

Few interactive graphs can be viewed at 

 https://collaboration.coraltele.com/covid/  
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