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[S] Live Editor - C. i mbx* - o X
UVE EDITOR EW
oy | Feme | B G = - Nomalw = B éikefm_v' ¥ 5] section Break P &
New Open Save S9POOE™ | oo I Boolomark v Text B M Code Contol Tek % W E | g ERmnandAdance o Step  Stop
- - v fEpot v v =t - v [ %z 4  Section P RuntoEnd - _
FILE NAVIGATE TEXT CODE SECTION RUN 2
[ Demo encemb | T b | .
i = « Tornado i
- ® Tropical Storm
Explore data P
Plot some of the events on a map and use the size of the bubble as the damage cost.
30°N
threshold = 7640 " — ;
plotEventCostsMap(data,threshold);
] 20°N
Event frequency by location . :
120°W 110°W 100°W 90°W 80°'W
Calculate damage costs by group. ,
Longitude
damageByEvent = groupsummary(data, "weathercats",["mean","std"], "damage_total") damageByEvent = 32«4 table
weathercats GroupCount mean_damage_total std_damage_total
1 Avalanche 39 1.2500 5.5160
2  Blizzard 961 4.8792 38.3841
3 Coastal Weather 6053 356.5849 1.1948e+04
4 Debris Flow 318 111.1654 736.8761
5 | Dense Fog 1115 0.8292 9.3457
6 | Dense Smoke 61 0 0
7 Drought 3584 0.1853 2.4966
8  Dust Devil 14 41.5714 132.2025
9 Dust Storm 151 8.8298 48.1969
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DATA AND VISUALIZATION

Lﬁ Create Plot

DATA PREPROCESSING

1 Clean Missing Data

E Clean Outlier Data

- Find Change Points

@ Find Local Extrema
A~ Remove Trends

/%, Smooth Data

TABLES AND TIMETABLES

Join Tables

Retime Timetable

im Stack Table Variables
Synchronize Timetables

Unstack Table Variables

[g

OPTIMIZATION

(v Optimize

SMRp Ty

FitE “m8” K5

CONTROL SYSTEM DESIGN AND ANALYSIS

il Convert Model Rate

Ts

Reduce Model Order

E Tune PID Controller

PREDICTIVE MAINTENANCE

]

=

5

2

Estimate Lyapunov Exponent

2

o)

Extract Spectral Features

Reconstruct Phase Space

%)

Estimate Approximate Entropy

Estimate Correlation Dimension

MATLAB EX

SYSTEM IDENTIFICATION

ﬁ Estimate Process Model

B Estimate State-Space Model

SIGNAL PROCESSING AND COMMUNICATIONS

@: Extract Audio Features

SYMBOLIC MATH

§f simplify Symbolic Expressio

Ji Solve Symbolic Equation

IMAGE ACQUISITION

@ Acquire Webcam Image
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|=| Live Editor - C:\Demos\CreatePlotExpo.mix *

CreatePlotExpo.mbx * L+

¥ | Create Plot O 7
Create a plot interactively
v Select visualization
Search for a visualization Filter by Category \ All v J
7’\ /\ — { ',11_._’_ | ..:°.6 ' L 2 i |
t \/ L‘/. @/ =l il ;"’J uj_l_' EI
' surf plot3 scatter bubblechart | | swarmchart bar barh
» i = —~ . 4 anyg I
Al H (| || o ||BA|| DA || s
histogram imagesc image contour fplot semilogy semilogx stem
[ \ [ =g )\ mae ) \((oeeessss \ p 5 = h
v Select data
X | default v
Y [select ¥ | * This field is required.
» Select optional visualization parameters
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"ﬁ Stateflow (chart) Dual_Clutch_Trans/Transmission Controller/Shift state/Chart * - Simulink = X

SIMULATION MODELING

@ A
B | SaeonS At _ |
E du:[up_th]=calc_up(GearState,pedal); Simulink Function
€3 ! du:[down_th]=calc_down(GearState,pedal); up_th = calc_up(gear,pedal)
O E SteadyState
; 2| en:clutchControl=0; |3 Simulink Function
o fepacn =glown, h e [speed > up_th &&... down_th = calc_down(gear,pedal)
E GearState >1]_ ‘ GearState <=5 && ... by A
s i (eicntonolesds 1 floor(GearState) == GearState]
mEh {clutchControl=1;} MATLAB Function
i [cl1,cl2] = clutchstates(gear,updown)
G | preDownShifting — 2 :
" E preUpShifting
E 2 [speed >= down_th] 2
' [speed <= up_th]
1
4 | ; , :
; 1 after(0.5,sec) 1after(0.5,sec)
o] ; \L [speed < down_th-2] [speed>up_th]
1
® i DownShifting UpShifing ' .
E en: GearState=GearState-0.5; ><5 ::.[g$a(;§]tatecT?::sl'2ttaet:+o,5,
i |en:[C1,C2] = clutchstates... . — : 1C1,C2] = clu
& |3 [shiftComplete ==1] [shiftComplete==1] | (GearState,clutchControl)
E (GearState,clutchControl) J {GearState.Down:) {GearState.Up:}
1
)
l\\ /
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-H
@ v
» | ¢ >
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S ARSIimulink TR

"i ssc_dcmotor/DC Motor * - Simulink - X
swumnog MODELING FORMAT
[J Open = Hs Stop Time [ 0.2 = =
> B2 a4 4 B e a4 @ p N B @
N &l save ~ Library Log Add Signal ~ | | Normal | Step Run Step SR Data Logic Bird's-Eye
- @ Print = Browser Signals ewe Table 8 Fast Restart Back + - Forward Inspector Analyzer Scope
FILE LIBRARY PREPARE SIMULATE REVIEW RESULTS z
=) 4F  DCMotor iz
]
3
— =
This implements the
[l electromechanical components 3+
of a Faulhaber Series 0615 s
DC-Micromotor permanent s | |
magnet electric motor. ' \
& 2
The containing system needs Q
to provide voltage and . N
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Parallel Execution
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Block 4 Block 5
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Block 2

Block 3
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Block 1

Block 4

Block 5
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Block 6

Block 7

Block 8

Parallel Execution

Block 1 Block 2 Block 3
Block 4 Block 5
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Scalar operation

Hardware Acceleration

SIMD operation
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MATLAB

1ESimulinkizfTe|R

o2 o
Block 2 Block3 |—»—] 9 g 9

Team

C |» Block1 — Members
A, | + B, C, °

- Design changes
Block 4 P  Block5 —»—
A J

L — < Source

A3 B3 ca You M _| Control

v System
C »  Block6 |[—® Block7 > Block8 »—] Y

Scalar operation

Parallel Execution Hardware Acceleration Simulink Cache

¢¢EE@ # o k Work » Cache
Block 1 Block 2 Block 3 A, B, C, Current Folder
Mame

Az B, C = Simulink Cache
Block 4 Block 5 + = ®4| AnalogControl.shc

A3 B3 C3 | f14_airframe.slxc

% MonlLinearActuator.shc

A B C | slproject_f14.skc

Block 6 Block 7 Block 8 ~ - 4 ®| vertical_channel.shc
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MATLABRBY:

Performance

Area Description Release
Improvement
] rendering performance,
h 6
Graphics large data sets in Ul figures . R2020a
datetime, duration, and
: 25x R2020a
calendarDuration arrays
Indexing
table arrays 2x R2020a
matrix multiplication
Sparse 4-5x R2021a

linear systems

i

Average Speedup in Customer Workflows

2]8X 223X

2.06x  2-12x
1.72x
1.49x
| I

R2015a R2016a R2019a R2020a

R2017a R2018a

R2021a

13
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MATLAB Release Notes R2021a
v R2021a

Performance
> Sparse Matrix Multiplication: Improved performance multiplying large sparse matrices

> Sparse Linear Systems: Improved performance solving sparse linear systems A*X = B with multicolumn B

14
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MATLAB Release Notes R2021a
v R2021a

Performance

> Sparse Matrix Multiplication:

> Sparse Linear Systems:

15



MATLAB Release Notes
v R2021a

Performance
> [Sparse Matrix Multiplication:]

v|Sparse Linear Systems|

function timingSparseBackslashMultRHS
rng default

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

dA = decomposition(A);

tic

x = dA\B;

toc

end

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

R2021a

MATLAB BEXIPPO
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MATLABRJ$EIR

Deep Learning
Area Description Performance Release
P Improvement 200 | —fiveirn
R2020a
Training Multi-GPU 1.6x | .
R2020b 2
= 100
GPU 2.8x R20]8b ° 1 GPU 2 GPUs 4 GPUs
Inference |
CPU 2.5x R2021a

17
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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

MATLAB |
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MATLAB BEXIPPO
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un v
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E A | 4 \\\‘y -l St 1 E Battery SOC (%) — 2
& s » 3 =
- o postRa- §,~ Watertonn Molor Speed (RPM) —
= - o 80
i == i 20 ¥ % = 8t ! Motor Torgque (Nm) —_—
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[ Dorcheste
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SR g - : i
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OpanSirestMapguiilies, sl he GIS Uy of Needham ©, . » Run 12: EvReferenceApplication [ ] 150 200 250 300 30 400 450 500 ° 1000 2000 2000 4000 000 6000
Il & . p—t
AP < B> 874.312045.0 T N T 52415050
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1
T

IR FEEHEmA

P sldemo_fuelsys/Dashboard * - Simulink - X
SIMULATION MODELING
<A 4r Dashboard ==
@
Q
- Fault-Tolerant Fuel Control System Dashboard
& N Fuel (g/s) Air/Fuel Ratio Air/Fuel Ratio MAP (Bar)
- 300 Normal Range Full Range
60 )
Engine Speed (rpm) v 16 20 160 240
50 12
700 8
40 4
0
30
20 Throttie Angle: NORMAL (T FAIL . . ”
10
Engine Speed: NORMAL (D FAIL ‘ N ol
200 A
EGO: NORMAL (D FALL ‘ |
100 4
. MAP: NORMAL CJD FAIL . o
EnglneTemp(C) 8 0 2'0 40 60 : 0 1‘0 2‘0 3‘0 40 5’0 60
@
-H
» (&

Running: pacing active 100% T=8000 [ 13% ode45
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P sldemo_fuelsys/Dashboard * - Simulink - X
SIMULATION MODELING
<A 4r Dashboard ==
@
Q
- Fault-Tolerant Fuel Control System Dashboard
& N Fuel (g/s) Air/Fuel Ratio Air/Fuel Ratio MAP (Bar)
- 300 Normal Range Full Range
60 )
Engine Speed (rpm) v 16 20 160 240
50 12
700 8
40 4
0
30
20 Throttie Angle: NORMAL (T FAIL . . ”
10
Engine Speed: NORMAL (D FAIL ‘ N ol
200 A
EGO: NORMAL (D FALL ‘ |
100 4
. MAP: NORMAL CJD FAIL . o
EnglneTemp(C) 8 0 2'0 40 60 : 0 1‘0 2‘0 3‘0 40 5’0 60
@
-H
» (&

Running: pacing active 100% T=8000 [ 13% ode45
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[5] Live Editor - CAMATLAB\CompressibilityFactor.mbx *

[S]ainorma

Qe §
w2 o @ SaTux =

low g s SO SACTE

s

PR R — 1 B A

I Comwesslb::yfmu.m‘ |

3 P = [140 5 B

5 gas = ["carbon dioxide" v];

. "ammonia” , lastnames =

7 Terit : "argon” ~iticalValues.Gas == lower(gas), 'Critical

8 Pcrit gy v ~iticalValues.Gas == lower(gas), 'Criticall

9 utane'
10 = S.I"carbon dioxide"
11 a = 27’ "carbon monoxide" =pit); i i i
12 - P Live Editor - untitled.mix
13 chlorine
14 Z = ze "ethane" INSERT
15 for i :"ethylene" % - . - -
;.l_6’ Val g orine” (b + R*‘T/P(l)) a/P(i) -a*b/P(i)]; o |= EI

scnpt tn5 Col 23 R
Code |Control| Task  Section  Text
v ~ Break
Numeric Slider |2
| un

AV

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

Drop Down

-~
=

Check Box
= Edit Field
(=

Button

112 FF

+ LABEL
Text to display when code s hidden

Label Drop down

~ ITEMS
Enter labels or values to add to drop down

Item labels

Item values

Select & varable to add its content to drop down

Variable lastnames -
+ EXECUTION
Run Current section -

23



[5] Live Editor - CAMATLAB\CompressibilityFactor.mbx *

CompressibilityFactor.mix * + |
3 P = [140 s
4 T = 350 ;
5 gas = ["carbon dioxide" v];
6 "ammonia" &
7 Terit : "argon" ~iticalValues.Gas == lower(gas), 'Critical
8 Pcrit gy v ~iticalValues.Gas == lower(gas), 'Criticall”
g utane’
10 R = S.I"carbon dioxide"
1% a = 27 "carbon monoxide" zrit)s
12 b = R* wchiorine”
13
14 Z = ze Sthane’
15 for i :"ethylene" %
;.l_6’ ] Val g orine” (b + R*~T/P(i)) a/P(i) -a*b/P(i)]; -
scnpt tns Co 23
(5] Live Editor - CAMATLAB\CompressibilityFactor.mix - O X
M s -~
r (greares L Nomaiw . {2 Run Secton
:EEQM.‘&»-";LH ;—W X V"""f"“'EEE:
7 (mﬂ::yrmmmh + =
Z3
P|[1:40 | =
L3
Slider 350 @
Drop down | "carbon dioxide" v ] ? 7\
| Hide Code
; carbon dioxide @ 350 Kelvin il
0.98
N 0.96
S
s}
& L
> 0.94
%
g 0.92 I

script tns Co2

LB PRI A TR — 1 2

3:3)

s

AV

112 FF

lastnames = ["Smith", "Johnson", "Williams",

"Jones", "Brown", "Davis", "Miller", "Wilson"];

|=] Live Editor - untitled.mix

= | 0\ [=| (=]
= El | E
Control| Task  Section
v Break

Code

) 4

<
=
=
(=)

Numeric Slider
Drop Down
Check Box
Edit Field

Button

ON

Text

MATLAB BEXIPPO

+ LABEL
Text to display when code s hidden

Label Drop down

~ ITEMS
Enter iabels or values to add to drop down

Item labels

Item values

Select & varable to add its content to drop down

Variable | lastnames -
+ EXECUTION
Run l Current section -
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KAERZ I F03

E| C\Demos\SunriseSunset_fonts.mlx — a & e ti

i

LIVE EDITOR INSERT VIEW LIVE EDITOR ISERT VIEW
X i . q:lj - ﬁ ) compare | gy (4 Find + \% Normral' x 4| Refactor v E‘ EJSemnank L> @5
Estimating Suvrise and Sunset New Open swe BT or o et BIUM e PR g BRmiatenc g gy
* * =~ |sBpmv ~ =i - - £3 [l2  Section PH RuntoEnd -
FILE NAVIGATE TEXT CODE SECTION RUN =

t= -pi:pi/2@:pi;
comet(t,tan(sin(t))-sin(tan(t)))

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 equaterial plane. On any given day of the year (d),

solar declination (§) can be calculated from the following formule:
— s [sin(23.5) i (30131
d =sin [sm(Z 45) sin (365 (d Sl))
Using the latitude (¢), the sun's declination (3) and the solar time correction (SC) we can calculate sunrise and sunset times,

sunrise = 12 — o5~ (—tangtand) _ SC
15

I cos™! (—tanghtand) _ SC
o sunset = 12 +715. F

Estimating the Sunrise and Sunset Times
Set the latitucle, 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 =—————lem
Ton = 7] ee—— B

UTCoff = (5 ~1;

J5

Estimeite the sunrise and sunset times, We use the custom equation0OfTime function to calculate the solar time correction
ey

UTF-8 LF seript Ln 2 Col 33
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Source Control & CI

GitHub
Git
Jenkins
Travis Cl
CircleCi

Languages

C/C++
Python

Java

Ly

Development

Operations

wr o

MATLAB BEXIPPO
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Source Control & CI

GitHub
Git
Jenkins
Travis Cl
CircleCi

Languages
C/C++
Python

Java

Ly

Development Operations

wr o

Cloud Platforms & Technology

AWS
Azure

Docker
Docker Hub

MATLAB BEXIPPO

Data Platforms & Technology

Domino Data Lab
Databricks
Jupyter
Tableau
Kafka
Hadoop
MQTT
RabbitMQ
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TensorFlow

TensorFlow Importer

Caffe importer

Caffe

5&TpythonBIHESREE R

MATLAB

4\

~

M

J

PyTorch

/

-

ONNX

() \XNet

TN

TensorFlow

Core ML

MATLAB EXP

29



SIMULATION DEBUG MODELING

,{I’j 3 Open ~ ]

-

Model Browser

i §

ESimulink RRRE S

FORMAT HARDWARE APPS FUNCTION

Stop Time E' q& @ Ub‘ E

2

R

EHE »
New &l sae - Library 05 S Signal 'l |N0rma|—'| Step Run Step Stop Data Logic Bird's-Eye
& Print Browser 2EAE 2.3 Table B Fast Restart Back = - Forward Inspectar Analyzer Scape
FILE LIERARY PREPARE SIMULATE l}_ REVIEW RESULTS
laneAndVehicleDetection2 =
® |[Pa]laneAndvehicleDetection2 P bt
. -~
@
3 .
. .| Resize N Detect
Image Coordinates
&=
P i i Postprocessin - .
0 reprocessing Lane Detection p! g H |gh I |ght
H Video
o Vehicles  [alimage s
» & Lanes
bboxes _.'
Traffic Annotation Output
. ] In
Video
sCOnes
Input
Vehicle Detection (YOLOw2)
Copyright 2020 The MathWorks, Inc
L
« 5

MATLAB E3
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Joqzadsuy Apedolg
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R2020c

C

C Function

MATLAB
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2020
C

C Function

2018

<FunctionName>

C Cdaller

MATI

Simulink Coverage
Simulink Test

Simulink Design
Verifier

Simulink Coder
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R2018b R2020a

<FunctionName>

C

C Caller

C Function

R202]a

C/C++ Code Importer
[Fal P

Welcome > Seftings > Specify Custom Code > Analyze > Import >

Code Import Successful

A Simulink library has been generated in the output folder.

Next steps:
« Open generated Simulink library

« Change the MATLAB current folder to the output folder.

Add generated Simulink library files to project? | Add

Back

Create Simulink Library

MATLAB B

28 Simulink Library Browser

< ¢[entersea. Ju-®-o-e -0

Instrument Control Toolbox

HDL Coder

HDL Verifier

Image Acquisition Toolbc
IMBD Tools

Mixed-Signal Blockset
Model Predictive Control
Motor Control Blockset
Navigation Toolbox

OPC Toolbox

A

Tset

Controller

Troom_in

out

Finish

Code
Importer
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RAHHAITIRAENE

4 & &k N

Engine Transmission Thermal EV/HV Chassis Compo-
Models Models Systems Models nents Models

3::A§;J

Functional Mock-Up Interface l

FMU Import and Export

R2018b  R2020a R202la

<FunctionName>

C ||I=

C Caller

C Function Code Importer

MATLAB BEXIPPO
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Environment
Setup and
Automation

Dependency
and Impact
Analysis

Testing and
Verification

Projects

TTLAB
IMULINK

Sharing and
Deployment

Source Control
Integration

Componentized
Development

MATLAB&Simulinki B

4\ MATLAB

MATLAB BEXIPPO

X

HOME LOTS APPS PROJECT

PROJECT SHORTCUTS

Search Documentation

Iem

EB:I D < i %I @ Q @ DEt_alls @ L ? Feteh E Remote % Submeodules
MNew Open Share Dependency Class  Model Testing Search  Custom Run References = st Git  Refresh Commit Az E; Branches @ Stashes
= = = Analyzer  Diagram  Dashboard Tasks > Checks~ Startup Shutdown  Details @ Pull
FILE TOOLS ENVIRONMENT SOURCE CONTROL x
<@ w [ @l B 7% » G b BatteryManagementSystem b Battery_System » - Qo
Project - Battery_Syste

Configuring Project Environment

- "% [5] starting Battery_System
v 5 Initialize project path
wc B Setting up werking folders
Identify shadowed project files
setup_project ($\Data_Scripts\setup_project.m)

Ready
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Testing and
Verification

Sharing and
Deployment

Environment
Sefup and

Automation

Dependency
and Impact
Analysis

Projects

l\é[gTLAB'
DIMULINK

Source Control
Integration

Componentized
Development

MATLAB&Simulink1n

2
==

Git
Details

e

Refresh Commit

¥ Fetch

{5 Remote %Suhmoduls
§F Branches @ Stashes

MATLAB BEXIPPO
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Environment
Sefup and

Automation

Testing and
Verification

Projects

l\é[gTLAB'
DIMULINK

Sharing and
Deployment

Componentized
Development

MATLAB&Simulink1n

= W Qg @

Dependency  Class  Model Testing Search  Custom Run
Analy Di Dashboard Tasks ¥ Checks ¥

il

TOOLS

Dependency
and Impact
Analysis

Source Control
Integration

MATLAB BEXIPPO
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Testing and
Verification

Sharing and
Deployment

Environment
Sefup and

Automation

Dependency
and Impact
Analysis

Projects

l\é[gTLAB'
DIMULINK

Source Control
Integration

Componentized
Development

MATLAB&Simulink1n

Share
-

@ Archive

Email

] Simulink Template

]

E Toolbox

O GitHub
Tool-Coupling FMU
Manage Export Profiles...

Change Share Options...

MATLAB BEXIPPO
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AnalegControl * - Simulink

3 AnalogControl * - Simulink = O ey
SO . ) n i SIMULATION > » e : ; ;
Stop Time | 100 d ® b - [Stc'p Tims A @ b =
| Mormal - ] .
PROJECT EILE LIBRARY FREPARE [ Mormal - | StEp Run Stf_"p o REVIEW BES PROJECT FILE LIBERARY PREPARE @ e B:iipv Rin FGS:::rd Stop REVIEW RES
H@ Fast Restart Back « - Forward - - - - _
= - - SIMULATE = SINEEEIE =
<& oo e e S AnalogControl it}
@ |PaanalogControl » vl ® [*a) AnalogControl ¥ -
@ &
7 E3
— =
[25]
- pilat_bus pilot_bus
<HlickCommand_rad=
I:‘ Snb-Nimdup I:|

actdamand_rad E
mimand

<alpha_rad=>

airframe_bus

<alpha_rad=>

Alpha-sensar
Low-pass Filer

airframe_bus

<pikchraie_rad_s= ﬁ:tﬁan: <pilchrabe_rad_s=
s £
Pich Rato
Lead Filar T b Lead Filer
G <maasuredpasn_mad> g’_.i eNeasWeIpCEn_fad>
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m Merge branch 'Branchl' into Branch?
* I Bob: Branch2, renamed 'AnalogControl/Saturation Detection/Compare To Threshold' and multiplied by 10
I * -Alice: Branchl, changed 'AnalogControl/Anti-Windup Integrator/Gain1' to Ki/2

& [aster] origin/mast.. | Initial check-in




4\ Dependency Analyzer - Battery_System — >

=R =1 O = . S

Madel i

L Al

E'-lz-;:u:-mln @ L"{

5 &

Analyze Restore M.-’-‘-._TLAB _Class ! A Require Horizontal Vertical Fit @ ZoomOQut File Find Project Export
= to Default Files Hierarchy  Hierarchy Sz Feic Jist - -
AMALYZE VIEWS IMPACT AMALYSIS LAYOUT MAVIGATE SHOW | FIND EXPORT ry
Legend PP
L | Legend Filter ¢ | Balancing_Logic sk 3
mmm MATLAB Code (9 of 9) =
m
Simulink Models and S0OC_Estimation.six g
Libraries (14 of 14) m
D Data m of 15:' BMS_Software. slx , CurrPowerlimCale. sk
[ | ==eesm Requirements (0 of 11)
D Other Files {ﬂ of 35‘:' State Machine_Ha....slx BM=_Stste_Enum.m
; s State_Machine.slx
State_Machine_Ha....slx Charge_Mode_Enwm.m
State_Machine_Ha... sl
BEMZ_Closedloop... =k BMSE_ClosedlLoop.slx cleanDictionaries.m
Battery Model sk . BatteryPack_lib.sl=
ssi_fithium_cell 1RC.sk ssc_lithium_cell_1R....m ssg_lithium_cell_1... .skay | s5_fithivm_cell_1R_.. .m
setup_projecim BusDefinition.m cleanup_projecim LaunchDoc.m
Chwerview
4 FILE LIST |



| Legend Filter x | Balancing_Logic-stx Save to Workspace

Save file paths to a variable in the workspace

Generate Dependency Report

= " Save the dependency analysis results in a printable report
CumPowerLimCale.sl:

Package As Archive

State_Machine_Ha....sl Export files to an archive

Save As GraphML
Save the dependency graph as a GraphML file

State_Machine_Ha... _—

Siate Machine_Ha... slx -

SM3_Closedloop... .shs BMS_Closedloop.slx
. BatteryPack_lib.sl=




Simulink.exportToVersion(a,b,c)
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COMPARISOMN

& Swap (| Find

"a Highlight Now

MODELING

sl_sfcar_1

FORMAT

Previous MNext (@ Refresh W Linked Scrolling M Always Highlight F'MTER PHELEH MERGE
MAVIGATE HIGHLIGHT = v ~ a
Y Left: =l _sfcar 1.5l ' Right : sl_sfcar_2.sh - -
IEI--- Simulink =-[Pal Simulink PLE;h
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DstBlock  transmission Workspace Variable
DstPort 3
Mame transmission speed

D Insertion

-5 shift_logic
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Overview  Getting Started =~ Features & Capabilities v  What's New  For Students & Trial software &, Contact sales

CLASS DIAGRAM VIEWER

EE:‘ ’ﬁ @ &ts Refresh : < %?J \#5] Collapse Package Name & & Q Select @ W
New Open Save Import 2 ClearAll ~2i¢ 5 == Go to Source Auto  [17| Expand [ | Mixins E3 0 {7 Pan Mode Layout Export
- - All Superclasses Arrange = %
FILE ! DIAGRAM ! CLASS i VIEW ! ZOOM & PAN ENVIRONMENT | SHARE | =
v Class Browser (v] wireless @ | v Inspector
\ L Diagram
= Name wireless
» 3] Wireless
Number of Classes 8
Use Object-Oriented Programming to
Model Real-World Obijects
Object-oriented programming is a design approach that enables you to
programmatically define structures called objects that combine data
(properties) together with functions that operate on that data (methods) | ~_View Content s
In MATLAB®, you can create objects that model the behavior of devices | €/asses ‘ + Channel » Receiver + Transmitter
and systems in the real world. Those objects can then be used as v & A 7 ¥ 3
el ) e ) = | ¥ Legen
building blocks in applications used to simulate and analyze complex & AWGNChannel ‘ 3 =
el £ BluetoothReceiver | CLASSES
f= BluetoothTransmitter » AWGNChannel + BluetoothReceiver + IEEES02_11b_Rec...  + BluetoothTransmit.. |+ IEEES02_11b_Tran... 9 Handle Class
& Channel [ Vvalue Class
& IEEES02_11b_Receiver
= IEEES02_11b_Transmitter v I} AbatHet sy
¥ Ovorvicii ° [™ Hidden Class
&) Enumeration
I I © Super Class
[ (i ) [ [ b4, oeotoyme
&, Indirect Inheritance -
14 ‘ b
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4

SN

Developer
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Developer

4%
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\ Reports
ﬁ ﬁ
/ Source Code
Repository

Developer

4
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4%
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MATLAB EXIPC

[ Microplate analysis

Plate Browser | Summary Tables

microtiter_datal001.csv

microtiter_data__.

0.0667 0.0146 01713
9.2696| 101.9774| 103.0170

0.0044 -0.3527 -0.3527 -0.3527 -0.3527 -0.3417

microtiter_data__.

| SelectFiles | Current File:
Microplate Plot
100
+ 9 90O®@0 00000 00O0 m B T
| 900000000 O O O = [ /
/ / ]
' 00O @OOOOO0O0OO |
60 | |
N N N N N N NONONONORORS E |
= /
50 o0 I.'
1 000000000000 | = -
40 I|I
i N N N N NNORONONOROR®
30 i
i
A X N N N N BORORORORS - /
L _—'-"/ -
N N N N N N NOROROROROR® 10 '
o -20 1 1 1 1 1 1 1 1
. X . - . -3 = =il 0 1 2 3 4 5 6
| Previous File | NextFile | | Clear selection | Log [Compound]
File Compound Nr | NegControl |Conci Conc2 Conc3 Conc4 Conch Conct Conc7 Concg Concad Conc10 PosControl | EC5H0 Hills slope
microtiter_data. .. 1 -0.0741 0.3564 98759 56.8743 91.7323 96.7084 97.1532 97.1910 97.1940 97.1940 97.1940 100 0.0719 1.074C ~
microtiter_data. .. 2 -0.0143 -0.5044 -0.5044 -0.5044 -0.5044 -0.5044 -0.5043 -0.4544 17.0436| 1009448 1021034 100| 1.6246e+04 2624¢
microtiter_data. .. 3 0.0054 -0.4702 3.1998 52 9698 975746 1005006 1006086 1006086, 1006086 1006086 1006086 100 0.0923 1.458¢
microtiter_data. .. 4 0.1096 02325 0.2385 03712 32339 41 1060 947343 1006591, 1009487 1009587 1009567 100 13.2732 1.346¢
5 -0.0572 -0.74561 1.7104 26.8872 84.5134 992335 1004717 1005601 1005700 1005700( 1005700 100 02334 1.149C
6 19726 19.0969 736330 97.3556| 1001063, 100.3510( 1003710 1003710 100 38757 1.069C
7 103.0170| 103.0170 100 214 5800 2981~
3

microtiter data. .
4




MATLAB BEXIPPO

@ Microplate analysis

Summary Tables

| Analyze Selected Files | | Save Results |

O x

Top Results

FileName CompoundNumber ECA0 Reliable

microtiter_data0001.csv 1 0.0719 Top Percentile o Display: | 100 |
microfiter_datad001.csv 3 0.0923

microfiter_data0003.csv 17 0.0925 o EICSIJ Cunrels
microfiter_data0001.csv 5 0.2334

microtiter_data0003.csv 23 0.3225

microfiter_datad002.csv 16 0.4257

microtiter_data0002.csv 13 0.8983

microfiter_data0002.csv 14 097117

microfiter_datal002 csv 10 1.0515

microfiter_data0002.csv 15 2.31388

microtiter_data0002.csv " 26921 =

microfiter_datad002.csv 9 37073 U_E]u

microtiter_data0001.csv G 3.8757 =2

microtiter_data0003.csv 21 4.3720

microfiter_datal001.csv 4 13.2732

microfiter_data0001.csv 8 16.6548

microtiter_data0003.csv 24 31.1400

microfiter_datad003.csv 22 341977

microfiter_datal001.csv 7 214 5800

microfiter_data0003.csv 12 222 6496

microtiter_data0003.csv 20 797 6649 -20 3 ; "? -
microfiter_datad002.csv 12 2.5290e+03 Log [Compound]
microtiter_data0001.csv 2 1.8246e+04
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Country Average Temperatures (1901-2012)

wO rl d Cl i m afe Data courtesy of World Bank Climate Data
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Select a Country

58 - A
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56 - -
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About This App

This app was built in MATLAB® using features from R2019a through R2021a. The app’s layout is managed using UIGRIDLAYOUT. The side panel is a
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BUBBLECHART and SWARMCHART visualizations are managed using a flow TILEDLAYOUT. Interactivity makes use of default interactions and custom
DataTipTemplate properties. Lastly, this info panel uses an HTML interpreter for the label's text, and a UIHYPERLINK for the link.
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Available Files |;| Plate Browser | Summary Tables
microtiter_data0001.csv | Select Files| Current File: | microtiter_data0001.csv
+| microtiter_data0002 csv
- Microplate Plot EC50 Curves
microtiter_data0003.csv 120 T T T T T

100

0008 00O CO000 || {=
000000000000 | I~
0000 OOOOO00O0 ||”
000000000000 (B

[ microtiter_data0004.csv
[ microtiter_data0005.csv

b

m

9]

=]

% Signal

Add Files |

m

000000 000000 | M
0000000 0000 (N,
0000000 0 (.

-

@

| 0000@@ O COOO0 M -
-3 -2 -1 0 1 2 3 4 5 6
0 Log [Compound]
Previous | Next \ | Clear selection \
File Compound Nr NegControl Conc1 Conc2 Conc3 Concd Concd Concé Conc7 Conc8 C

microtiter_data0001.csv -0.0741 0.3564 9.8759 56.8743  91.7323| 96.7084  97.1532 97.1910  97.1940
-0.0143 -0.5044  -0.5044  -0.5044  -0.5044 -0.5044  -0.5043  -0.4544  17.0436
0.0054 -0.4702 3.1998 52,9698  97.5746 100.5006 100.6086 100.6086 100.6086
0.1096 0.2325 0.2385 0.3712 3.2339, 41.1060, 94.7343 100.6591 100.9487
-0.0672 -0.7461 1.7104 26.8872 84.5134| 99.2335 100.4717 100.5601 100.5700
0.0667 0.0146 0.1713 1.9726  19.0989| 73.6380 97.3556 100.1063 100.3510
0.0044 -0.3527  -0.3527  -0.3527  -0.3527 -0.3417 9.2696| 101.9774 103.0170
-0.0385 0.8921 0.8921 0.8922 0.9478  21.3156| 99.9212 100.7580 100.7580

4 »

microtiter_data0001.csv
microtiter_data0001.csv
microtiter_data0001.csv
microtiter_data0001.csv
microtiter_dataO001.csv
microtiter_data0001.csv

0~ ;W N =

microtiter_data0001.csv




MicroPlate x -+

c

@ webapp/webapps/home/session.html?app=MicroPlate

Available Files

(%)

Plate Browser ‘ Summary Tables

microtiter_data0001.csv
microtiter_data0002.csv
microtiter_data0003.csv
[ microtiter_data0004.csv
[ ] microtiter_data0005.csv

Add Files

Show Log

|Select F\Ie5| Current File: | microtiter_data0001._csv

Microplate Plot

100
| 000000000000 ||{-
| 900000000 O ||~
| QO@@OOOOOOO0 (J° _

[y}

| 000000000000 M 3

50 =2
| 00000000000 ] (R’
| 000000000000 (.
| 0000000 0 OO0 M-
i ......()()()()()() L 20—t - : : : : : .

0 Log [Compound]

Previous | Next | | Clear selection |

File Compound Nr NegControl Conci Conc2 Conec3 Concd Conch Concé Conc7 Conc8 C
microtiter_data0001.csv 1 -0.0741 0.3564 9.8759  56.8743 91.7323 96.7084 97.1532 97.1910  97.1940
microtiter_data0001.csv 2 -0.0143 -0.5044 -0.5044 -0.5044 -0.5044 -0.5044 -0.5043 -0.4544  17.0436
microtiter_data0001.csv 3 0.0054 -0.4702 3.1998  52.9698 97.5746 100.5006 100.6086 100.6086 100.6086
microtiter_data0001.csv 4 0.1096 0.2325 0.2385 0.3712 3.2339 411060 94.7343 100.6591 100.9487
microtiter_data0001.csv 5 -0.0572 -0.7461 1.7104| 26.8872 84.5134 99.2335 100.4717 100.5601 100.5700
microtiter_data0001.csv 6 0.0667 0.0146 0.1713 1.9726) 19.0989 73.6380 97.3556 100.1063 100.3510
microtiter_data0001.csv 7 0.0044 -0.3527 -0.3527 -0.3527 -0.3527 -0.3417 9.2696 101.9774 103.0170
microtiter_data0001.csv 8 -0.0385 0.8921 0.8921 0.8922 0.9478 21.3156 99.9212| 100.7580 100.7580

1
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%k HEV P4 Reference Application % | -+

Show Log

C m () https://webapp.mathworks.com/session.htm|?app=HEVP4ReferenceApplication

| Login | Drive Cycle Setup | Model Parameters Setup Simulation and Visualization | Session Motes | Session Log |

Control
Ready to simulate G | Start Simulation [ | | Gensrate Report Ef‘|
Velocity Engine / Motor Torque (Wm) Eattery S0OC [JTPHC Mass [ | TP NOx Mass
Cufput plots: Clear all X ‘
[] Engine { Motor Speed (RPM) || Batiery Gurrent (A) US Fuel Economy (MPGe) [ |TP GO Mass [ | TP GO2 Mass
Visualization

“0 Trace Velocity, Target, Actual (mph) — Battery SOC

= ﬂ_ -
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20F
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MATLAB&Simulink 5@ 43R =

*i Stateflow (chart) State_Machine/State_Machine - Simulink - x
MODELIN
g & 4f  State_Machine | Code x
-~
£ & & State_Machine.c (14) v Q Search
E ..
= ,
Highlighting 0 <s1=419 5/14 £ > )4
g | E3
E /¥ Function for Chart: "<Root>/State Machine' */
B = (Crarans “\ static void State_Machine_MainStateMachine(void) _
- g -
BMS_State = BMS_State_Enum.BMS_Charging; —
Ry Init_Mode SRE tmp_@; -—
] o boolean_T tmp;
‘ChargeModeReq = Charge_Mode_Enum.Init_Mode; ooclean_ mp s —
Charge CiMentieqiSnoCare; - - switch (State_Machine_DW.is_MainStateMachine) {
L] [StateRequest ~= SQE.CMJ\'(J\'U'_T [Piﬂx"el"cll‘ = rh:i‘f”‘g Bl case State_Machine_IN_Charging:
1 1} MaxCellVolt < voltThres|
T©C_Mode 64 [= if (State_Machine_DW.FaultPresent) {
en: s ' .
4 ChargeModeReq = Charge_Mode_Enum.CG_Mode: /* Outport: '<Root>/ChargeCurrentReq' */
du: 66 ; - .
& T T ) 66 State_Machine_Y.ChargeCurrentReq = ©.0F;
o) 67 State_Machine DW.is_Charging = State_Machine_ IN_NO_ACTI\
@ [StateRequest ~= SRE Charging || ... [MaxCellVolt>= 2
ChargeCurrentReq <= (I_cc/currentFactor) MaxCellVoltThrsid] l 68 State_Machine_DW.is_MainStateMachine = State_Machine_IN_
CV_Mode
:E:rr'; ModeReq = Chi Mode_Enum.CV_Mode ' E
du_arue eReq = Charge_Mode_Enum.CV_Mode; /¥ Qutport: '<Root>/BMS_State' */
ChargeCurrentReq = ChargeCurrentReq - CV_Gain*(MaxCellVolt - MaxCell\VoltThrsid); 71 State_Ma[hinE_Y.BMS_State = BMS_Faul‘t;
ChargeCurrentReq = min{ChargeCurrentReq, ChargeCurrentLimit);
- } else {
(i \ T 2 /* Inport: '<Root>/StateRequest' */
e [FaultPresent{ChargeCurrentReq = single(0);} /#* Inport: '<Root>/ChargeCurrentlimit’ incorporates:
nm v
« [ S Ln 74  Col 45
‘Code Mappings - C
Ready 100% FixedStepDiscrete

P
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Fill Missing Data
To replace Nali values in the data and wisualize the results, open the Clean Missing Data task_ Start by typing
the keyword missing in a code block, and then chick Clean Missing Data when it appears in the menu

Select the mput data and the cleaning meth

Pravious vahse

Clean Missing Data

- Filled missing data

Nt valua

in ¢ Nearsst valve

Lineas mterpolason

= Select data
Spine nterpolason
Inpuidets | cleanedData2 ¥ Shape-prasarving cublc interpolason (PCHIP)
- i = Mociad Akima cutic intarpolaton
{r
R Moving mean 5
Ciaaning mathod Fil missing v | [Movingmedan v
Maving winoow  Cantarad v (15
Max gap 1o il 006 5
 Display results

¥\Cieaned data | Flled missing savies

. MSD_Systern/Mechanscal System

TensorFlow

TensorFlow Importer

Caffe importer

Caffe

MATLAB

4

PyTorch

ONNX ¢

TensorFlow

Core ML

> MXNet

b Clas Disgram Viewer

'CLASS DIAGRAM VIEWER

MATLAB EXF

Avaitabi Files ) | Pne Browser Sl T

2 mcrontr_auaco Micropiate Plot

E£C50 Curves.

| OO@®OOOOOH
| 900000000
® P Yolele D(

Adt F o

3 : Log [Compound]
ren

o CompoundNr NegConrel Conet  Conc2  Coned  Concd  Conel  Comes  Com?  Concd O
microtiter_data0001.csv 1 00741 03864 08750 568743 917323 067084 97532 O7.1910 671840
ricrotiter_data0001 csv 2 00143 05044 05044 05044 0504 05044 DS043 045 17.0436
microiter_data0001 cav 3 00054 04702 31998 529698 975746 1005006 100.6086 1006086 1006066
microtter_data0001 csv 4 01095 02325 02385 03712 32330 411060 947343 1000591 1000487
microfiter_data0001.cav 5 00872 07461 17108 268872 845134 902335 1004717 1005601 1005700
microtiter_dats0001.csv 6 00867 00146 01713 19726 190989 736380 ©7.3556 1001063 1003510

8130001 csv 7 0004 03527 03527 03527 03527 03417 92696 1019774 1030170
microliter_datad0o1 cav B 00385 08921 08921 08922 08478 213156 99212 1007580 1007580

¥4 Statefom (char)State Machine/State_Wachine - Simuink - o %
o

. oo M State_Macrine Cooe *x
P O E W & e ~ B9 [ Cotapse ) taciapehame. & 2, (S B |+ % ¥ =
New Open Save  Import /5 Ciear All ; GowSouce  Awo || | Expand Mlixins ES @ €] PanMode  Layout  Export i - “« State_Machine ¢ ¥ Q search
e uBargy prepage st i Revew REsiaTs = S - - Armange - =
<« i Mechonicai System = | o L ] 200M & PAN S 2= Highlighting: 0 <st=419 5/14 £ » x
g < g ST ° ST ;2
= - Method 5 tien for Chart: ' . Machine' *
3 = =
@ 3 Wesiess + Channel + Receiver ~ General P ~ static void State_Machine MainStateMachine(void) =
- Hame [—— i ofa . P
. BMS, State = BMS_State_Enum BMS_Charging:
Definedin BlustootReceer N
= ] . N = SRE tmp_0; —
I~} o ChargeModeReq = Charge_Mode Enum.init_Mode: boolean_T tmp; —
= @ (ChangeCurrentfieg = noCurrent. itch (State Machine DW.is_MainStateMachine) {
m®m ast publc " [ = case State_Machine_IN_Charging:
o ~ View Content o, N » IEEES02_11b_Rec... @ gy 64 1= if (State_Machine_DW.FaultPresent) {
- Closses ” e * Outport: entReq’ *
o FEmm s . o
- ~ Properes - GE State_Machine_Y.ChargeCurrentReq = 8.0F;
« e r— @ CharosCunenRisa = min_ci ChargsCurretLini) ! " §
- E Stats_Machine DW.is_Charging = State_Mschine_IN_MO_ACTT
= @ differentiatorFiner Access ® - e
= ; o o - Fact | 6 State_Machine_DH.is_MainStateMachine = State_Machine_IN,
b This d-order dif uation the system: e G
N mibeitke=F = g - Matnaas ® Frotacies | [=
BiueloomRecerver Aot Crargecceie - Caarg, Mase_Enun .t /* Outport: *<Root>/BHS s ey
R . EEEB02_11b_Transmitter < Toceve ’ _GainiMaxCeinvot State_Machine_¥.BNS_State = BMS_Fault;
Solving for acceleration provides a form of this equation that maps = & 1 ® ConstanySiatic it - - - :
more clearly to a Simulink® model. ™ Overview o receiveBR P } else {
£=i(F-ci-k) - - o Dl — -~ ~ /* Inport: ¢Raot>{StateRequest' *
- I 1 1 i .5 s 7* Inport: t>/ChargeCurrentLimit’ incorporates
[ value ciass
£ « Ln 74 Col 45
& [T Avarsct Class g
5% : - MR
Ready 127% 3 = sy 100%
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