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Ventilatory ' Dezinfekcia

An Intensive Push to Make Ventilators
for the COVID-19 Pandemic

A 10-Day Dash to Build Robots That
Fight COVID-19

Professor Reengineers MATLAB

Course Overnight in Response to
COVID-19

COVID-19 Research and Development with MATLAB and Simulink



https://www.mathworks.com/company/mathworks-stories/designing-ventilators-for-the-covid-19-pandemic.html
https://www.mathworks.com/company/mathworks-stories/weston-robot-develops-disinfecting-robots-to-fight-covid-19.html
https://www.mathworks.com/company/mathworks-stories/uc-davis-matlab-remote-learning.html
https://www.mathworks.com/solutions/covid-19-research-and-development.html

£THUMUSOFT

Praca Spolupraca Produkcia



£ HUMUSOFT

Praca Spolupraca Produkcia



[=] Live Editor - CAD

UVE EDITOR

L"JJ & @ ] Compare e Altnds = « Normal v o % & Refactor v El

= Section Break &
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| Demo_ mik X A mix* | Prep Data.mix * + |

Plot some of the events on a map and use the size of the bubble as the damage cost.

threshold = 7640
plotEventCostsMap(data,threshold);

-

A A

Event frequency by location
Calculate damage costs by group.

damageByEvent = groupsummary(data, "weathercats",["mean","std"],"damage_to€al")

damageByEvent = =

© 00N OO A WN -

120°W 110°W

2x4 table

weathercats

: Avalanche
‘Blizzard

. Coastal Weather
| Debris Flow

Dense Fog

Dense Smoke

Drought
Dust Devil
Dust Storm

100°W
Longitude

GroupCount

39|
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318
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61

3584
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« Tornado
® Tropical Storm

mean_damage_total std_damage_total

1.2500 55160

4.8792 | 38.3841

356.5849 1.1948e+04

111.1654 736.8761

0.8202 9.3457

0 0

0.1853 | 2.4966

415714 132.2025

8.8208 48.1969
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Live Editor task

7

A HUMUSOFT
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Fill Missing Data
To replace Nall values in the data and visualize the results, open the Clean Missing Data task. Start by typing
the keyword missing in a code block, and then click Clean Missing Data when it appears in the menu.

Select the input data and the cleaning meth Constant value

Previous value

Clean Missing Data Next value

cleanedData| = Filled missing data in ¢ Nearest value

Linear interpolation

method

~ Select data
Spline interpolation
Input data [cleanedDalaZ v | Shape-preserving cubic interpolation (PCHIP)
X_axis | default o | Modified Akima cubic interpolation
‘ ' | Moving median I
~ Specify method T e by
Cleaning method |JFiII missing v | lMoving median v

Moving window |:Centered v | |

Max gap to fill
~ Display results

Cleaned data Fillad missing entries

50 . . . .
] 10 20 30 40 50 60 70 80 90 100
X
Number of filled missing entries: 0
15F 1
1 b
05
ot
05f
AF
15F
] 10 20 30 40 50 60 70 80 90 100




|=) Live Editor - C:\Demos\CreatePlotExpo.mix *

CreatePlotExpo.mix * | +

Y| Create Plot

Create a plot interactively

v Select visualization

Search for a visualization

® 0

Filter by Category | All

» Select optional visualization parameters

= o] Ll || P
plot3 scatter swarmchart | bar barh
1 _ ~ \“ £ ’J a—nt {
- e || 199 || &) F\/\ il 4l ;
histogram imagesc image contour fplot semilogy semilogx stem
LL p = gmmp—m V(e \ ((oeeessssm O\ (S oy —
v~ Select data
% (default v ]
Y [select ¥ | * This field is required.
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Live Editor Tasks nahradzaju tvorbu programu

DATA AND VISUALIZATION

Lﬁ Create Plot

DATA PREPROCESSING

Clean Missing Data

¢

Clean Outlier Data

Il F)

Find Change Points

Find Local Extrema

S|

Remove Trends

)

Smooth Data

2



Live Editor Tasks nahradzaju tvorbu programu

DATA AND VISUALIZATION

[_ﬁ Create Plot

DATA PREPROCESSING

e

Clean Missing Data

Clean Outlier Data

Il F)

Find Change Points

Find Local Extrema

Remove Trends

A D =]

Smooth Data

TABLES AND TIMETABLES

Join Tables

X

Retime Timetable

<]

Stack Table Variables

G

&

Synchronize Timetables

Unstack Table Variables

g%

OPTIMIZATION

v Optimize

£THUMUSOFT



Live Editor Tasks nahradzaju tvorbu programu

DATA AND VISUALIZATION

Lﬁ Create Plot

DATA PREPROCESSING

[+ Clean Missing Data
i, Clean Outlier Data

- Find Change Points

@ Find Local Extrema
E Remove Trends

Smooth Data

TABLES AND TIMETABLES

X

Join Tables

Retime Timetable

<]

Stack Table Variables

G

Synchronize Timetables

&

Unstack Table Variables

B

OPTIMIZATION

(v Optimize

CONTROL SYSTEM DESIGN AND ANALYSIS

Convert Model Rate
B Reduce Model Order

Tune PID Controller

PREDICTIVE MAINTENANCE

Estimate Approximate Entropy
Estimate Correlation Dimension

Estimate Lyapunov Exponent

)

Extract Spectral Features

23

Reconstruct Phase Space

%3
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Live Editor Tasks nahradzaju tvorbu programu

DATA AND VISUALIZATION

Lﬁ Create Plot

DATA PREPROCESSING

[+ Clean Missing Data
i, Clean Outlier Data

- Find Change Points

Find Local Extrema

AA
E Remove Trends

Smooth Data

TABLES AND TIMETABLES

Join Tables

X

Retime Timetable

<]

Stack Table Variables

G

&

Synchronize Timetables

Unstack Table Variables

B

OPTIMIZATION

(v Optimize

CONTROL SYSTEM DESIGN AND ANALYSIS

Convert Model Rate
B Reduce Model Order

Tune PID Controller

PREDICTIVE MAINTENANCE

Estimate Approximate Entropy
Estimate Correlation Dimension

Estimate Lyapunov Exponent

)

Extract Spectral Features

23

Reconstruct Phase Space

%3

SYSTEM IDENTIFICATION

B Estimate Process Model

B Estimate State-Space Model

SIGNAL PROCESSING AND COMMUNICATIONS

@ Extract Audio Features

SYMBOLIC MATH

§i Simplify Symbolic Expressio

J; Solve Symbolic Equation

IMAGE ACQUISITION

@ Acquire Webcam Image
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P MSD_System * - Simulink

| SIMULATION MODELING FORMAT 5 oKRKe 9
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"i Stateflow (chart) Dual_Clutch_Trans/Transmission Controller/Shift state/Chart * - Simulink

(B

@

O &®
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EeHde$EHS@OY O

4]

= ®

»

SIMULATION MODELING
W Chart 73]
~
/SelectionState e \ — ,
i du:[up_th]=calc_up(GearState,pedal); E Simulink Function
! du:[down_th]=calc_down(GearState,pedal); i up_th = calc_up(gear,pedal)
i SteadyState E
i e T 2| en:clutchControl=0; |3 { Simulink Function
' s E [speed > up_th && : down_th = calc_down(
! = _th= 1 gear,pedal)
E G:aarStézte >1|]_ . GearState <=5 && ... i
' {clutchContro}=-1;} I floor(GearState) == GearState] i
i {clutchControl=1;} ! MATLAB Function
' - i [cl1,cl2] = clutchstates(gear,updown)
i preDownShifting breUpShifting i
! i
E 2 [speed >= down_th] DO Z :
i [speed <= up_th] i
s T . |
E 1 after(0.5,sec) 1after(0.5,sec) i
- é [speed < down_th-2] [speed>up_th] E
3 .pys 1
i (DownShifting UpShifting : N
| |en: GearState=GearState-0.5; _<-Y> en: GearState=GearState+0.5; i
i |en:[C1,C2] = clutchstates... 4 = & ; en:[C1,C2] = clutchstates... i
! [shiftComplete ==1] [shiftComplete==1] | (GearState,clutchControl) i
E (GearState,clutchControl) J {GearState.Down;} {GearState.Up;} E
a |
\\- _ -"
v
< >
125% ode23t
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P ssc_demetor/DC Motor * - Simulink — *

I SIMULATIDS MODELING FORMAT
3 Open = i Stop Time o =
o WG . N = 4 @ b %2
5 - Ty g - - p S -
Mew &l save Library A signal [ Normal | Step Run Step Stop Data Logic Bird's-Eye
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Block 2

Block 1

Block 4

Block 6

Block 7

f%g%HUMUSOFT@
Block 3 >
Block 5 >
Block 8 > —




Sériovo T 27 sekund
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Block 1

Block 2

Block 3

Block 4

Block 5

Block 6

Block 7

Block 8
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Paralelne 7 10 sekund

Thread 1 Block 1 Block 2 Block 3

Thread 2 Block 4 Block 5

Thread 3 Block 6 Block 7 Block 8

20



Model Reference

), S-Function

Co-Simulation
FMU
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Simulink Cache

'C::'E;H'-EEE b O Work » Cache

Current Folder

Mame =

=l Simulink Cache
| AnalogControl.shc
S| f14_airframe.shc
S MonlLinearActuator.shc
S| slproject_fld.shc
S| vertical_channel.shc

22



P2 Simulink

| SIMULATION MODELING FORMAT = ; ]
3 Open - (5 i Stop Time | 30000 - =
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Mew ﬁ save Library = AdC Signal ~ | [Normal '!g Step Run Step Stop Data Lagic Bird's-Eye b
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SIMD: Single Instruction Multiple Data

A + B, = C,
A, + B, = G
As + B; — G
A, + B, = C,

Skalarna operacia
25
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SIMD operation
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FIPIFIF

SIMD operation
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Priemerné zrychlenie

Average Speedup in Customer Workflows

R2015a R2016a R2017a R2018a R2019a R2020a R202]a

28
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. Performance
Area Description Release
Improvement
Graphics rendering performance, 6x 2020

large data sets in Ul figures

£THUMUSOFT
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. Performance
Area Description Release
Improvement
: rendering performance,
Graphics : : 6X
P large data sets in Ul figures 2020
datetime ,dur_atlon , and ey 2020
calendarDuration  arrays
Indexing
table arrays 2X 2020

£THUMUSOFT
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Performance

Area Description Release
Improvement
: rendering performance,
Graphics : : 6
Ph large data sets in Ul figures 5 2020

datetime ,dur_atlon , and ey 2020
calendarDuration  arrays

Indexing
table arrays 2X 2020

Sparse matrix multiplication 4-5x 2021

linear systems

£THUMUSOFT



I MATLAB Release Notes R2021a P

£ HUMUSOFT
v R2021a

Performance

> [Sparse Matrix Multiplication:|

v |Sparse Linear Systems|

function timingSparseBackslashMultRHS
rng default

A = sprand(le4,1e4,0.0003) + speye(led);
B = sprand(1e4,100,0.002);

dA = decomposition(A);

tic

x = dA\B;

toc

end

Windows 10, Intel Xeon W-2133 CPU @ 3.60 GHz

32
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Deep Learning

Area Description Performance Release
Improvement
R2020a
Training Multi-GPU 1.6x |
R2020b

200

1 GPU

2 GPUs

I R2020a
I R2020b

4 GPUs

33
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Deep Learning

200

I R2020a
I R2020b

. Performance C)
Area Description Release g
Improvement = 100
R2020a
Training Multi-GPU 1.6x |
R2020b 0
1GPU 2 GPUs 4 GPUs
GPU 2.8X R2018b
Inference |
CPU 2.5x R2021a

34
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readtable ("myfile.xlIsx"

"TextType" , "string"

"Encoding” , "UTF

8')

readtable ("myfile.xlsx"

TextType ="string"

Encoding= "UTF 8"

)

36

Name=va

ue syntax
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str = ["String was introduced in R2016b."
" Pattern was added in R2020b."];

pattern object

£THUMUSOFT
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str = ["String was introduced in R2016b."
" Pattern was added in R2020b."];

Create a pattern to match releases

pat = "R" + digitsPattern(4) + ("a"|"b");

pattern object

£THUMUSOFT
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str = ["String was introduced in R2016b."
" Pattern was added in R2020b."];

Create a pattern to match releases
pat = "R" + digitsPattern(4) + ("a"|"b");
Extract the releases that were mentioned

extract(str,pat)

ans =

"R2016b"
"R2020b"

pattern object

£THUMUSOFT
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P Simulink

I SIMULATION
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- = Print Browser Table EE Fact Rectart Back = - Forward Inspector Analyzer Scope
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E *\,,'_I MessagebBasedCommunication i @
4
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Signal 2

Signal 1

Py

ff{HUMUSOFT

Run
Run
Run

Run



4\ Simulation Data Inspector - ElectricVehicleModel.mlidatx
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4 Simulation Data Inspector - ElectricVehicleModel.mldatx

Q ~ @|E | m-|a- T k| o

O,

Inspect Compare
Filter Signals
o) =
Run 13: EvReferenceApplication [Curment]

120
- Trace Velocity (mph) ——
Actual Velocity (mph) - e -

i 5 100

US Fuel Economy (MPGe)  — N Select signals to display

E Battery SOC (%) = 80 -
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80 4
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v (A) w0 ]
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e =
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B o
50 4
o N
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@ ) | -
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Archive (2) b 100 4

» Run 11: EvReferenceApplication . l |_| l_| |,
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e .
624715050
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Analyza bez pisania koédu

4\ Simulation Data Inspector - ElectricVehicleModel.mldatx = X
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Filter Signals 78 © 3173.98
NAME NE i = . 140 4
chicta 5 0 50 100 150 200 250 300 350 —400~——450__ 500

~ Run 13: EvReferenceApplication [Current] @

| Motor Sp...

. Trace Velocity (mph) — "’\
Actual Velocity (mph) - O 20 190: 160
N A [\ {m Motor Tor... 100
US Fuel Economy (MPGe) — A o i\tJ "/"\ IL® (R %
.9_;'\‘w.'\f\,__1 W '\/“"\r\\/\,/‘\xy\“ B SN L W B, VSN
Battery SOC (%) m— (g V50 hool| 150 fzo0 250 200 |l aso koo | a0 o 80
U 200 | Ao !
Motor Speed (RPM) " L £ Battery C...
‘ MOthTquUe (Nm) y A'A r - (a4 -— '-... Ao - VvﬁJ N - &0
s ’ 400 |/ as0 500
Battery Current (A) —_— [ i = L/100Km i
1455 ——
L/100Km —_— | 22 | aA® — <4

, L
0 | % m 150 200 250 200 350 400 450 500

m Trace Velocity (mph) ® Actual Velocity (mph)

@ G P »

40 4
-404
20 306 |4
30.6 -804
20 4
-804
— 10
Archive (2) |- oo
» Run 11: EvReferenceApplication @ Al
» Run 12: EvReferenceApplication & 0 o EREI 50 200 250 30 350 400 450 500 0 1000 2000 2000 4000 5000 8000
B
Properties A % 4P < x> 90.4/505.0

45



Help Center sopor - Q

— Documentation  Examples  Functions Blocks  Videos  Answers # lral Software § Product Updates

Signal Management

Simulink.sdi.getSignal Get Simulink.sdi.Signal object for a signal
Simulink.sdi.deleteSignal Delete signal in the Simulation Data Inspector
Simulink.sdi.markSignalForStreaming Turn logging on or off for a signal

convertUnits Convert units of Simulink.sdi.5Signal object

export Export Simulink.=sdi.5ignal object to workspace or file

gethsTall Create tall timetable from Simuelink.sdi.5ignal object
plotOnSubPlot Plot Simulink.sdi.Signal object on Simulation Data Inspector subplot

Data Management

Simulink.sdi.getArchiveRunLimit Determine configured run limit for Simulation Data Inspector archive
Simulink.sdi.setArchiveRunlimit Specify a limit for the number of runs stored in the Simulation Data Inspector archive
Simulink.sdi.getAutofrchiveMode Determine if the Simulation Data Inspector is configured to automatically archive
Simulink.sdi.setAutofrchiveMode Specify whether the Simulation Data Inspector automatically archives simulation runs
Simulink.sdi.save Save Simulation Data Inspector session

Simulink.sdi.load Load a Simulation Data Inspector session or view

Simulink.sdi.clear Clear all data from the Simulation Data Inspector

Simulink.sdi.report Generate a Simulation Data Inspector report

loadIntoMemory Load logged data into memory

Data Access

Simulink.sdi.Run Access run signals and metadata
Simulink.sdi.signal Access signal data and metadata
Simulink.SimulationData.Parameter Stores logged parameter data and metadata

Simulink.sdi.DiffRunResult Acrcess run comparison results
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"ﬁ sldemo_fuelsys/Dashboard * - Simulink = X

SIMULATION MODELING
b, L U  Dashboard =
@
= Fault-Tolerant Fuel Control System Dashboard
e
- B Fuel (g/s) Air/Fuel Ratio Air/Fuel Ratio MAP (Bar)
] 300 Normal Range Full Range
60 )
Engine Speed (rpm) W 160 240
50
700
40
30 G =
20 Throtte Angle: NoRMAL B FAL () . o
10
Engine Speed: NORMAL (JHD FAIL ‘ B 30
200 1
EGO: NORMAL (T FAIL . |
100 A
) MAP: NORMAL CJ FAIL . X —
EngmeTemp(C) 0 2'0 4b 60 0 1'0 2'0 30 40 50 60
@
-H
» ||

Running: pacing active 100% T=8.000 13% ode4s
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#4 sldema_fuelsys/Dashboard * - Simulink - X
ULATION DEBUG MODELING APPS e Q (v)
L= 4f Dashboard e
= Fault-Tolerant Fuel Control System Dashboard
=
= Fuel (g/s) Air/Fuel Ratio Air/Fuel Ratio MAP (Bar)
= 0 Normal Range Full Range
O 0)
60 9 N 20
50 -
700
40 4
0
30
20 NORMAL (T FAIL . s B
10
300
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o B w© 50 o 10 P 30 a0 50 P
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5}
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Running: pacing active

g SystemMadel * - Simulink

SIMULATION MODELING FORMAT
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[Z] Live Editor - CAMATLABNCompressibilityFactor.mibx *

FILE

P

£THUMUSOFT

E | CompressibilityFactor.mlx * Ml +]

3 P = | 1:40 ; =]
4 T = 350 ; =]
5 gas = ["carbon dioxide" v];
6 "ammonia" -
7 Tcrit : "argon" ~iticalValues.Gas == lower(gas), 'Critical
8 Pcrit :, " ~iticalValues.Gas == lower(gas), 'Criticall
s butane
10 — g, | carbon dioxide" N
11 a = 27 "carbon monoxide" Irit);
= *°
12 b =R "chlorine”
13
14 Z = ze ©thane’
15 for i : "ethylene" %
16 Valwg, -(b + R*T/P(i)) a/P(i) -a*b/P(i)]; .
. fluorine i X

| seript Ln 5 Col 23 .
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Slider 350 5,
Drop down ("carbon dioxide" v )‘
Hide Code
. carbon dioxide @ 350 Kelvin
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| script ln 5 Col 23 .

Zmena skriptu na aplikaciu
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lasthames

= ["'Smith", "Johnson", "Williams",
"Jones", "Brown", "Davis", "Miller", "Wilson"];

LIVE EDITOR

|§| Live Editor - untitled.mbx
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- - Break
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E—  Edit Field
1 Button

= LABEL

Text to display when code is hidden
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= [TEMS

cnter labels or valles 1o add [0 drog down

[tem labels
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+ EXECUTION

Run Current section -
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Iil C:\Demes\SunriseSunset.mbx — ]

LIVE EDITOR. INSERT VIEW

Estimating Sunrise and Sunset

We can estimate sunrise and sunset times if we know the latitude, longitude, and UTC offset. We need to calculate two values:
= Solar time correction
= Solar declination

The solar time correction is the difference (in minutes) between solar time and local time

The solar declination (&) is the angle of the sun relative to the earth's equatarial plane. On any given day of the year (d), solar declination (&)
can be calculated from the following formula:

5 = sin! [5in(23.45) sin (% (d— 81))]

Using the latitude (¢b), the sun's declination (&) and the solar time correction (SC ) we can calculate sunrise and sunset times.

—1 3 _1
sunrise = 12 — o8~ (—tan tand) _SC sunset = 12 4+ 08 (~tan g tand) _SC
sunrise 5 g sunse + 4Ll = i

Estimating the Sunrise and Sunset Times

Set the latitude, longitude, and UT offset. Notice what happens to the sunrise and sunset times when the latitude is more than 66 degrees N or S
(within the polar circles).

lat = 42 ————;
lon = 7] m— ;
UTCoff = [5 ~1;

Estimate the sunrise and sunset times. We use the custom squation0+Time function to calculate the solar time correction (SC).

day = 1:365;

timeCorr = equationCfTime(day);

solarCorr = 4*(lon - 15*UTCoff) + timeCorr;

delta = asind(sind(23.45)*sind(360*(day - 81)/365));

sunrise = 12 - acosd(-tand(lat)*tand(delta))/15 - solarCorr/6@;
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Iil C:A\Demes\SunriseSunset_fonts.mbx — ]

LIVE EDITOR. INSERT VIEW

Esﬂmaﬁw@ Sunrise and Sunset

We can estimate sunrise and sunset times if we know the latitude, longitude, and UTC offset. We need to calculate two

values:

n Solar time correction

= Solar declination

The solar time correction is the difference (in minutes) between solar time and local time.

The solar declination (8) is the angle of the sun relative to the earth's equatorial plane. On any given day of the year (d),

solar declination (§) can be calculated from the following formula:

& =sin~! [sin(23.45) sin (% (d— 81))]

Using the latitude (¢), the sun's declination (5) and the solar fime correction (SC) we can calculare sunrise and sunser times.

- cos”! (—tangtand) _ SC sunset = 12 _|_c0a;‘l (—tangtand) _SC

sunrise 1% 0 1]

Estimating the Sanrise and Sanset Times
Set the latitude, longitude, and UT offset. Notice what happens to the sunrise and sunset times when the latitude is more than
66 degrees N or 5 (within the polar circles).

lat = 42 —————— 10—
lon = 71 m——

UTCoff - [-5 ~;

Estimate the sunrise and sunset times. We use the custom equationOfTime function to calculate the solar time correction
[Qry
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