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Learning Objectives

* COVID-19
* MATLAB

Our Mission

* To Develop Next Generation of Technology Developers
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Introduction

 |dentified in December 2019 in Wuhan, China
* Coronavirus Disease 2019

* Infectious disease caused by severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2)

* WHO declaration:
* Public Health Emergency of International Concern on 30 January 2020
 Pandemic on 11 March 2020.

* Report as on 24th April 2020:
e 2.79 Million Cases
e 195,000 Deaths
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Symptoms

Common symptoms:
Fever (88%) Dry cough (68%) Fatigue (38%)

In severe

disease:

Difficulty waking

Confusion

-Bluish face or lips

Coughing up

blood

Persistent chest

| pain

\ Decreased white

\blood cells

| Kidney failure

vomiting (5%) [ L / A \"«.\ High fever

Diarrhea (4 to 30%) / ((\ ﬁ \ |
) A

K

Source: Wikipedia

Uncommon symptoms:
Headache (14%)

Loss of smell (15 to 30%)
Nasal congestion (5%)
Sore throat (14%)
Coughing up sputum (33%)

Pain in muscles
or joints (15%)

Chills (11%)

Nausea and/or -y
|
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Prevention

Flattening the curve,

raising the line Effect of Inadequate mitigation

Without Static healthcare
mitigation I capacity

Active cases
Active cases

Initial
surge and
mitigation

Time Time

Source: Wikipedia
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Isolation & Quarantine
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Global Cases

Global Total
Last update on: 2020-04-25 9:37:18
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India Cases

CASES DEATHS RECOVERED ACTIVE

24,44/ /80 0,490 18,1/1

CASES TODAY DEATHS TODAY CRITICAL CASES PER

O O O MILLION
18
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Resources for COVID-19 Tracking

 Download App: * Download Code:

https://www.mathworks.com/m https://www.mathworks.com/m
atlabcentral/fileexchange/75187 atlabcentral/fileexchange/75189

-covid-19-tracker-with-matlab- -covid-19-tracking-in-matlab-
helper with-ecdc
* Data Source: ECDC Europa & * Data Source: ECDC Europa

COVID19India.ORG
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https://www.mathworks.com/matlabcentral/fileexchange/75187-covid-19-tracker-with-matlab-helper
https://www.mathworks.com/matlabcentral/fileexchange/75189-covid-19-tracking-in-matlab-with-ecdc

Queries?

* Website Discussion Section: https://mlhp.link/LiveCOVID19

Discussion Section

0 Comments matlabhelper @ Disqus' Privacy Policy . MATLAB Helper ®
Recommend [ f Share | Sort by Best

gemer | Start the discussion...

e Comment on YouTube Webinar Video:
https://youtu.be/vVROUMa8qgkBw
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https://mlhp.link/LiveCOVID19
https://youtu.be/vR9UMa8qkBw

What will we cover in Webinar?

Analysis Modelling Forecasting
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Data Sources - Global

* ECDC Europa: https://www.ecdc.europa.eu/en/publications-
data/download-todays-data-geographic-distribution-covid-19-cases-
worldwide

Download

.

\ & Dov i tod VID-1
’ A A 1 April 2020 - EN - [XLSX-590.95 KB]
-

& wnloa jay's d t ) ribut f 9 case iwide - EN - [XLSX-590.95

Disclaimer: The population data in the databases are from the World Bank.

Download the data in more formats:
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https://www.ecdc.europa.eu/en/publications-data/download-todays-data-geographic-distribution-covid-19-cases-worldwide

Data Sources - Global

* Wikipedia:
https://en.wikipedia.org/wiki/2019%E2%80%9320 coronavirus pand
emic by country and territory#covid1l9-container

* John Hopkins University: https://coronavirus.jhu.edu/map.html

* HDX: https://data.humdata.org/dataset/novel-coronavirus-2019-
ncov-cases based on John Hopkins University Data

» Wordometers: https://www.worldometers.info/coronavirus/

* WHO: https://www.who.int/emergencies/diseases/novel-
coronavirus-2019/situation-reports

 1point3acres: https://coronavirus.lpoint3acres.com/en/world
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https://en.wikipedia.org/wiki/2019%E2%80%9320_coronavirus_pandemic_by_country_and_territory#covid19-container
https://coronavirus.jhu.edu/map.html
https://data.humdata.org/dataset/novel-coronavirus-2019-ncov-cases
https://www.worldometers.info/coronavirus/
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/situation-reports
https://coronavirus.1point3acres.com/en/world

Data Sources - India

* COVID19India.ORG: https://www.covid19india.org/

24,530 18,252 5,498

India Map
Hover over a state/UT for more details
Tested &
450 116 331 3 21,940
As of 24 Ap
Kerala
bout 17 h

Kn
State/UT Confirmed Active  Recove red  Decease: d
» Maharashtra 559 301
> Gujarat 23 127
> Delhi 1,604 53
> Rajasthan +26 2,059 1,534 4 32
> Madhya Pradesh 846 1,544 10 92
> Tamil Nadu B66 22
Uttar Pradesh 1,621 1,370 26 25
» Telangana 983 291 25
» Andhra Pradesh 145 29
> West Bengal +57 571 103 18
> Karnataka 504 52 18
g 5

Jammu an
Kashmir

d
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https://www.covid19india.org/

Data Sources - India

e raw_data: https://api.covid19india.org/csv/latest/raw data.csv

e case_time_series: https://api.covid19india.org/csv/latest/case time series.csv

 state_wise: https://api.covid19india.org/csv/latest/state wise.csv

 state_wise_daily: https://api.covid19india.org/csv/latest/state wise daily.csv

e tested numbers_icmr_data:
https://api.covid19india.org/csv/latest/tested numbers icmr data.csv

» statewise tested numbers_data:
https://api.covid19india.org/csv/latest/statewise tested numbers data.csv
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https://api.covid19india.org/csv/latest/raw_data.csv
https://api.covid19india.org/csv/latest/case_time_series.csv
https://api.covid19india.org/csv/latest/state_wise.csv
https://api.covid19india.org/csv/latest/state_wise_daily.csv
https://api.covid19india.org/csv/latest/tested_numbers_icmr_data.csv
https://api.covid19india.org/csv/latest/statewise_tested_numbers_data.csv

Data Sources — India

* Wikipedia:
https://en.wikipedia.org/wiki/2020 coronavirus pandemic in India

* MoHFW: https://www.mohfw.gov.in/
 List of Sources: https://telegra.ph/Covid-19-Sources-03-19
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https://en.wikipedia.org/wiki/2020_coronavirus_pandemic_in_India
https://www.mohfw.gov.in/
https://telegra.ph/Covid-19-Sources-03-19

Importing Data in MATLAB

e Excel; Example:
 COVID19worldwide = readtable(workbookFile, opts, "UseExcel", false);

o L

[N ]
Output Type: OReplace - unimportable cells with - NaN = + ’
Im po rt Range: A2:K...~ P P ¥
— [HTable v
Data Variable Names Row: 1 = Import

@Text Options -~ Selection ¥

 Webread; Example:
e url ="'https://api.covid19india.org/csv/latest/state wise.csv’;
e state_wise = webread(url);

* Mat; Example:
* load('ECDC_c19ww.mat','COVID19worldwide')
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Using Workspace for Data Visualization

* Processing after Importing Data:

e >> plot(Date,DailyReco)

e >> area(Date,DailyReco,'DisplayName’,'DailyReco’)
e >> bar(Date,DailyReco,'DisplayName’,'DailyReco')
e >> scatter(Date,DailyReco)

e >> plot(Date,TotalConf,'DisplayName’,' TotalConf');hold
on;plot(Date,DailyConf,'DisplayName’,'DailyConf');hold off;
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Global COVID-19 Tracking with ECDC Europa

* Continent

* Country

* Daily Confirmed Cases
* Daily Deaths

* Population as on 2018
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Global COVID-19 Tracking

* Tota
* Tota
* Tota
* Tota
* Tota
* Tota

Cases for Africa: 27221

Cases for America: 1042525

Cases for Asia: 431034

Cases for Europe: 1158623
Cases for Oceania: 8036

Cases for Other: 696
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Global COVID-19 Tracking

China
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Global COVID-19 Tracking

Italy
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Global COVID-19 Tracking

Spain
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Global COVID-19 Tracking

Germany Germany vs United Kingdom
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Global COVID-19 Tracking

United_Kingdom United Kingdom vs USA
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Global COVID-19 Tracking

United_States of America

j Figure 2
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Global COVID-19 Tracking

India
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Global COVID-19 Tracking

Pakistan
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COVID-19 Tracker App

.| COVID-19 Tracker with MATLAB Helper ® - 0O X

We salute all frontliners!
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You are our heroes The V one Family
ECDC COVID19India.ORG
" Days
Country | India v
Population: 1352617328
Total Cases: 23077 Total Death: 718
*10* India
25
f Total Cases
Total Deaths
ol
2}
=
[}
8 1.5
o3
0
Q
0
o
S ap
3
=
0.5
0 St T TS M AR T A TES TR B (IR AEIRI R oo oo T
Dec 2019 Jan 2020 Feb 2020 Mar 2020 Apr 2020 May 2020

Dates

Reset

Copyright 2015-20 © Tellmate Helper Private Limited
Email: contact@matlabhelper.com
Visit hitps://mlhp.link/LiveCOVID19

4. COVID-19 Tracker with MATLAB Helper ®

We salute all frontliners!

Thank for your s

sacrifice during this difficult t
You are our heroes

Vasudhaiva Kutumbakam
I8 Dlahy
The World is one Family

ECDC COVID19India.ORG
State Wise

State Confirmed Recover... Deaths Active Last_Updated_Time
Total 24530 5498 780 18252 25/04/2020 09:52:36
Maharashtra 6817 957 301 5659 24/04/2020 20:52:39
Gujarat 2815 2865 127 2423 24/04/2020 20:21:01
Delhi 2514 857 53 1604 24/04/2020 21:32:38
Madhya Pradesh 1846 210 92 1544 24/04/2020 17:17:37
Rajasthan 2059 493 32 1534 25/04/2020 09:52:37
Uttar Pradesh 1621 226 25 1370 24/04/2020 19:47:38
Tamil Nadu 1755 866 22 867 24/04/2020 18:17:38
Andhra Pradesh 955 145 29 781 23/04/2020 14:47:37
Telangana 983 291 25 667 25/04/2020 00:32:37
West Bengal 571 103 18 450 25/04/2020 09:32:37
Jammu and Ka... 454 109 5 340 24/04/2020 19:37:38
Karnataka 474 152 18 304 24/04/2020 17:57:37
Punjab 298 70 17 21 24/04/2020 18:07:38
Bihar 223 44 2 177 24/04/2020 21:52:38
Kerala 450 331 3 116 24/04/2020 17:12:38
Haryana 275 186 3 86 24/04/2020 14:52:40
Odisha 94 33 1 60 24/04/2020 16:47:38
Tharlhand En o 2 20 nAmAMmNoN 24.E0.90
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ICMR Testing - India

SIN\ATLAB

j Figure 1
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Forecasting
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Curve Fitting

* Days vs Total Confirmed Cases
e Exponential Curve with 1 Term

Curve Fitting

4\ MATLAB R2020a

File Fit View Tools Help

e Used Data for India from 30th

Xdate: Days

Jan 2020 to 24 April 2020 — “

Weights: (none) v

Results
General model Exp1
" N . 2.5
() = a*expl(b*x)
where x is normalized by mean 43.5 and std 24.97
Coefficients (with 95% confidence bounds):
a= 4785 (4153, 541.7)
b= 2355 (2.268,2.442) 2

Goedness of fit:
SSE: 2.894e+07

able of Fits

Fit name Data Fit type SSE R-square

% IndiaFit TotalConf vs. Days expl 2.8936e+07 0.9909

R-square: 0.9909 o 15
Adjusted R-square: 0.9908 o
RMSE: 586.9 o
8
°
=

05

0

=0 IEE c B &

Exponential [AAuto fit

Number of term:

Equation:

[ICenter and scale

Fit Options..

«10%
*  TotalConf vs. Days
IndiaFit
Laset”t
Teessans caasvsnt®
0 10 20 30 40 50 60 70 80 20

Days
DFE Adj R-sq RMSE # Coeff Validation Data Validation SSE Validation RMSE
84 0.9908 5869192 2
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Curve Fitting

* Days vs Total Confirmed Cases

e Exponential Curve with 2 Terms

e Used Data for India from 30t"
Jan 2020 to 24t April 2020

Curve Fitting

4\ MATLAB R2020a

IndiaFit +

Fit name: IndiaFit
Xdata  Days

Y data:  TotalConf

Zdata:  (none) .
Weights:  (none) ~
Results

General model Exp2
f(x) = a"exp(bx) + cexpld*x)
where x is normalized by mean 43.5
Coefficients (with 95% confidence bound:
a= -5.022e+05 (-4.93e+13,493e+13)
b 3.906 (-9054, 9062)
5.024e+05 (-4.93e+13, 493+13)
3.905 (-9053, 061)

d

Goodness of fit
SSE: 4826406
R-square: 0.9985
Adjusted R-square: 0.9984
RMSE: 2425

Fit name Data Fit type SSE

% IndiaFit TatalConf vs. Days exp2 4.8202e+06

25

TotalConf

0.5

R-square
0.9385

© MATLABHELPER.COM

Exponential
Mumber of term:
Equation: a"exp(bx) + cexpld"x)

[Acenter and scale

10*
*  TotalConf vs. Days
IndiaFit
[} 10 20 30 40 50
Days
DFE Adj R-sg RMSE # Coeff
82 09984 2424516 4

f O™

X
=0 | P MATLAB
Fit Options.

60 70 80 90

Validation Data Validation SSE Validation RMSE
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Curve Fitting e i

4\ MATLAB R2020a

* Days vs Total Recovered Cases ==

=er | ‘ i 2

AND TO

[ . P
* Exponential Curve with 1 Term :
IndiaFit L o)
. th Exponential Mauto fit
[ ) Fit name: IndiaFit
Number of term: &l
Xdata:  Days E
Equation: exp(bx)
th - Ydata:  TotalReco ~ Fcenter and scale
an to pri |
Weights: (none) S
Results
General model Expl:
flx) = a"explb™) : )
where x is normalized by mean 43.5 and std 24.97 *  TotalReco vs. Days
Coefficients (with 95% confidence bounds): 5000 IndiaFit
a= 1327 (1207, 1447)
b= 3565 (3.508,3.622)
Goodness of fit: g 9
SSE: 1.785e+05
R-square: 0.9984 o
Adjusted R-square: 0.9984 & 3000
RMSE: 46.1 @
2
=]
2
2000
1000
0
0 10 20 30 40 50 60 70 80 90
Days
Fit name Data Fit type SSE R-square DFE Adj R-sq RMSE # Coeff Validation Data Validation SSE Validation RMSE
4 IndiaFit TotalReco vs. Days lexp1 1.7849e+05 09984 84 0.9984 2
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Curve Fitting e i

- X

* Days vs Total Recovered Cases m—_ —

e Exponential Curve with 2 Terms e

-

MENU AND TOOLBARS
» D: » MATLAB Helper » Covid19 » Apr2S - R

@a x

IndiaFit +

e Used Data for India from 30t" V o— :

[HAuto fit

Xdata:  Days
Equation a*explb™x) + cexpld*x)

¥ data: TotalReco

Jan 2020 to 24 April 2020 _’

Weights:  (none)

Results
General model Exp2:
fix) = a*exp(b*) + c*expld*x)
where x is normalized by mean 43.5 and std 24.97 +  TotalReco vs. Days
Coefficients (with 35% confidence bounds) 5000 r IndiaFit
a= 5212e+04 (-3.704e+11, 3.704e+11)
= 2748 (-2371,2377)
704e+11, 3.704e+11)
2747 (-2373, 2378) s

Goodness of fit
SSE: 1.322e+05
R-square: 0.9988
Adjusted R-square: 0.9988
RMSE: 40.15

TolalReco
w
=]
5]

2000

1000 r

Days

Table of Fits
Fit name Data Fit type SSE R-square DFE Adj R-sq RMSE # Coeff Validation Data Validaticn SSE Validation RMSE

i IndiaFit TotalReco vs. Days exp2 1.3219e+05 09988 82 0.9988 40.1510 4
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Curve Fitting

22"d March 2020 Comparison till 24 April 2020
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Curve Fitting

Prediction based on Data till

21st Mar Reality as on 24th April

Date Total Cases Date Total Cases
01-04-2020 1281 01-04-2020 1834
14-04-2020 9779 14-04-2020 10815
22-04-2020 59780 22-04-2020 20471
24-04-2020 83120 24-04-2020 24450
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Curve Fitting

 What’s wrong in this approach? Flattening the curve,
* Impact of Lockdown raising the line
* Social Distancing &
e Maintaining Hygiene S Without Static healthcare
* Recovered Cases S mitigation I capacity
<

Time
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COVID-19 Transmission Stage

Stage 1 Stage 2 Stage 3
Travel Local Community Epidemic
History Transmission Transmission P
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SIR Model

Susceptible Infected Recovered
S(t) I(t) R(t)
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SIR Model

e S(t)+I1(t)+R(t)=N

LN
dt
*S(0) = S
A,
“1(0) = I “
LR
*R(0) =0 dt
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S A p— . . . . . —
SIR Model RN cUER
ode var o @ ot ==l
a0 L ** **«r dt ]
ds 380 | : ;"* y
e — = —aSI . o
dt a00 | . . 7
280 | ’ . .
dI *-&**ﬁt"‘:
e« — = aSI — bl 200 | * ot -
dt \:«t ** *“**
150 L . *: «u“r ; -
+ * i
dR 100 S . g asi—bl -
JAR _ g DA N
dt 5 *: :* *“* T *
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SIR Model

ds

’a= —aSI
ds
o a =0 — aSOIO — bIO — Io(aSO — b)
-% <0or (aSo—b)<0 or aTSO<1
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SIR Model in MATLAB

File Edit View Insert Tools Desktop Window Help

LNede @ 0B kE

* Good Work to Explore from MathWorks File Exchange: | A ) A T T e e T B o e

d d

* COVID-19 Modeling by Joshua McGee: ;
https://www.mathworks.com/matlabcentral/fileexchange/7463 8"
2-covid-19-modeling g S’Jggs

* fitVirUSCV19V3 (COVID_19 SIR MOdeI) by JOShua MCGee: H 529902,’20 10/03/20 20/0‘3!20 301‘0‘3!20 .O:J:::J'Z; 190‘4/20 29/(:;4120
https://www.mathworks.com/matlabcentral/fileexchange/7467 ; oate f
6-fitviruscv19v3-covid-19-sir-model o . -

[=4
Q
=1

Prediction

®
Q
S

e fitVirusCOVID19 by milan batista (Shown in Right):
https://www.mathworks.com/matlabcentral/fileexchange/7465
8-fitviruscovid19?s tid=prof contriblnk 200|

Novel cases / day
B @
o (=1
(=1 (=]

0
29/02/20 10/03/20 20/03/20 30/03/20 09/04/20 19/04/20 29/04/20
Date

Daily Cases Growth Factor

o r
° F ° 052200, o
ol O o 1%

10! | I I
29/02/20 10/03/20 20/03/20 30/03/20 09/04/20 19/04/20 29/04/20
Date

SIN\ATLAB
elper®
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https://www.mathworks.com/matlabcentral/fileexchange/74632-covid-19-modeling
https://www.mathworks.com/matlabcentral/fileexchange/74676-fitviruscv19v3-covid-19-sir-model
https://www.mathworks.com/matlabcentral/fileexchange/74658-fitviruscovid19?s_tid=prof_contriblnk

SEIR Model

Susceptible Exposed Infectious Recovered
S(t) E(t) I(t) R(t)
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SEIR Mode|

1.0 1

.35 _4SI— dSE
dt

« & = aSI— cE + dSE

d — Susceptible Population
Exposed Population

—— Infectious Population
dl —— Recovered Population
e — = cE— Dl

dR

¢ E = Dbl 02 ]

0.0 1

SIN\ATLAB
elper®
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SEIR Model

* Good Work to Explore from MathWorks
File Exchange:

* Generalized SEIR Epidemic Model (fitting
and computation) by E. Cheynet:
https://www.mathworks.com/matlabcentr
al/fileexchange/74545-generalized-seir-
epidemic-model-fitting-and-computation

Quarantined
Recovered

Dead

= === Fitted quarantined
--------- Fitted recovered
= = Fitted Dead

Number of cases

Jan Feb Mar Apr May Jun
Time (days) 2010
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https://www.mathworks.com/matlabcentral/fileexchange/74545-generalized-seir-epidemic-model-fitting-and-computation

Acknowledgement

* We have used COVID-19 Data from various sources and have acknowledged
them. The authenticity of data is as per the policies of Data Providers.

e We have shared links to download our as well as other’s work from
MathWorks File Exchange which is owned by the respective creator. We

have not wused any work of other’s in our COVID-19 Tracker
Implementation.

* The purpose of this presentation is to spread awareness of COVID-19 as
well as MATLAB.

* Take Care & Stay Safe from Gunjan Gupta, MATLAB Helper

SU\ATLAB
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Any Question or Feedback

https://mlhp.link/LiveCOVID19
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https://mlhp.link/LiveCOVID19

Education is our future. MATLAB is our feature.

nf@ (T3] MATLABHelper
ATI AR m MATLABHelperTeam

(%) +91-8104622179
ﬂelp CT matlabhelper.com

<D contact@matlabhelper.com
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