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> COMPARING THE ATMOSPHERES OF MARS AND EARTH
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“If we break something on Mars,
you can’t send anybody to
fix it, and you’re done..




Early Twin Offers Test Bed for
NASA'’s Perseverance Mars Rover

~
-

The Earthly twin of NASA’s Perseverance Mars rover arrives at the
Mars Yard garage at the agency’s Jet Propulsion Laboratory

onent/content/article/40773-earthly-twin-offers-test-bed-for-nasa-s-perseverance-mars-rover


https://www.techbriefs.com/component/content/article/40773-earthly-twin-offers-test-bed-for-nasa-s-perseverance-mars-rover

e e % e —— —

“If we break something on Mars, you can't send anybody to go fix it, and you're done. So,
we have a bunch of steps so that we're pretty confident, and the computer model, the
digital twin, is one of those key steps.”

— Eric Hinterman, doctoral student in the MIT AeroAstro department


https://www.techbriefs.com/component/content/article/40773-earthly-twin-offers-test-bed-for-nasa-s-perseverance-mars-rover
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4. Control Loops

rervad Ly Crmnte o Sk

Three control loops exist in MOXIE: the pressure
controller, the temperature controller, and the voltage

controller.

https://www.mathworks.com/company/mathworks-stories/moxie-converts-mars-co2-to-oxygen.html

10


https://www.mathworks.com/company/mathworks-stories/moxie-converts-mars-co2-to-oxygen.html

MATLAB BXIPPO

11



TAC-18,A5,2,9x42905
Simulating Oxygen Production on Mars for MOXIE (Mars Oxygen In-Situ Resource Utilization Experiment)
Eric Hinterman
Ph.D. Candidate, Department of Aeronautics and Astronautics
Massachusetts Institute of Technology
Cambridge, Massachusetts, USA
erichint@mit.edu

4. How Does the Model Work?

MATLAB BXIPPO
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CONTROL PROCESS

r EEEN BN NN NN NN EEEN . EEEN EEN 1
EEE N S I I S O S .
»
boolea] I Power_Demand_kW doubl
0 »
boolean H2PressureCmd
0 |
booleat Recirculation_SP

? booloa!

Anode_Exhaust_SP

Anode_Humidifier_SP

»
doub‘j

Cathode_Exhaust_SP

Cathode_Humidifier_SP

CoolentPumpFlowCmd

CompressorCmd

e eV el ol Yo Vel ol ® Xy

M_comp_SP_kgh

Cooling_Temp_SP_degC

&l

%
&
_—

A

Io(_Dohvomd_kW-

A

ControlFlag [ - . -

_— _—— —_—
Fuel_Cell_System

| Voltage_meas_V

T ) Current_meas_A

Tl M_comp_meas_kgh

Cooling_Temp_meas_degC

T\ Cathode_Humidifier_meas

e ) H2_RH_meas
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CONTROL + PROCESS

automatic
code
generation

Real-time Test

DIGITAL TWIN
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“Without the HIL system, operator training was performed with
an actual Hydrohammer,Wcostly.With the HIL system,
we can now simulate all sorts of faults occurring in reality in

the field. On an actual pile driving machine, many of them 5

would lead to damage.” -4 control box | =

£ B o
— Michael Schaap, technical director, IQIP e

of

- :

Antenna C-36
l Instrumentation App

https://www.mathworks.com/company/user_stories/iqip-uses-hil-for-virtual-commissioning-of-offshore-machines.html

MATLAB BXIPPO

Real-time
target

Powerpack
control box
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Reduced operating costs
Operations Reduced risks

Test software without operation disruption

massssssssssssi——————



Operations
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Understand how system behaves
Operator training R
_ _ Capitalization
Reproduce issues from field data

What-if scenarios



Operations

@ mmeesee @@ @————)

Early system integration
Fault injection without damage R
Capitalization
Development Easier analysis and debug
Automated and repeatable tests...

... before prototypes are available !






Model-Based Design

MATLAB BXPO

Systematic use of models throughout the development process

-

-

Modeling

J
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Automation

J
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Modeling and desktop simulation
Code generation for PLC platforms

Hardware in the loop



MATLAB BXIPPO
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Generate C/C++ or IEC 61131-3

Targeting multiple PLCs from

o | —differepnt-vendors with one medel

StackPower_Demand

A

Power_Demand_kW double }4’ H2_RH_meas
0 {52 H2PressureCrmd H2PressureCmd b=
boolean H2PressureCmd
0 P S3 Reirculation_SP P H2RecirculationCmd
boolean O o O O Recirculation_SP
0 PS4 Apodb_Fxhaust_SP P H2ExaustValve_Cmd
boolean - Anode_Exhaust_SP
)
0 P~ Slidgr : jde_Humdifier_SP — »
double ' Anode_Humidifier_SP
i
P Anofle_Humidifier_meas ! Cafhode_Expaust_SP »
Cathode_Exhaust_SP
Catl de_l-lmidiﬁer mlal I I I I ijlde_Hu difier_SP A\
. Cathd er SP _L\p
> N q unppF|
PLCHarsy ad ff'.ff‘?LTﬁ%r = ST—sT[ ,
M_meas CgmpressorCmd P
- C
ST
P+ Current_Meas M_comp_setpoint | )¢ ounter_Send
M_comp_S| -
—» Counter_Receive Cooling_Temp_SP_degC P Cooling_Temp_SP AdegC .
Caogling B Powgkelivaeag K
B O G G A e el el e e T L I L L L E®m D — T —
> cltage_Meas ControlFlag o = »{ ControlFlag = e
dpuble L(/ ”_)l: O’\m} Fuel_Cell_System
(Ve n d 0 r S p eC I TI C) Voltage_meas_V
Current_meas_A
M_comp_meas_kg/h
N
Cooling_Temp_meas_degC 0010 1 0010
B 0010 001d 0010
p | (‘ H ard ware Cathode_Humidifier_meas 0010 0014 0010
o H2_RH_meas .\ /. 001 I
~J

openExample('simscape/PEMFuelCellSystemExample")

MATLAB BXIPPO
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Generate C/C++ or IEC 61131-3

MATLAB/Simulink semantics supported — Discrete & Continuous time

— Discrete time only
— Simulink blocks

— Stateflow charts
— MATLAB code

PLC Code Generation
Generate Structured Text code using Simulink® PLC Coder™.

— More Simulink blocks

— More Stateflow semantics
— More MATLAB code

— More scheduling patterns

C/C++ Code Generation
Generate C and C++ code using Simulink® Coder™.

MATLAB BXIPPO
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C/C++ & IEC 61131-3

Shared core functionalities
Traceability

® |[Pa|Fuel_Cell_Controller_PLC_MATLABExpo ¥ [Pa|Controller_Logic » [Pa|Controller #

€3
O

Code Generation Report

B @ Find:

Traceability Report

Code Metrics Report

Generated Files

Fuel_Cell_Controller PLC_ M

L1
—
4+ W Match Case

(¥ Sgturate! 2sipbr/SaturaWeon  ¢)

IF rtb_Integrator_g > LREAL&#YM@ THEN
(* Saturate: '<5106>/SotuNEtion’ *)
rtb_Integrator_g := LREAL

ELSIF rtb_Integrator_g < LREAL .837 THEN
(* Saturate: '¢S106>/Satura " E)
rtb_Integrator_g :

END_IF;

(* End of Saturagte: ' *)

(* Sum: '<58:/Suml’ incorporates:
Constant: '<58:/Constantl’
DiscreteTransferfcn:

Suml := (LREAL#0.084988 * RiseTime2sec |

(* Gain: '<58x/kq//s_to kg//h" *)

kgs_to_kgh := LREAL#3680.8 * rtb_M setpo

(* Outp

ates) + LREAL#®.837;

ts for Atomic SubSystem: '¢53»/Recirculation Control

(* Sum: '<511>/Sum’ incorporates:
Constant: '¢511:/Constant’
*

Gain: "¢511>/Gain’ *)
rtb_Time := (LREAL#2.8028488163265306124 * StackCurrent_Meas) + LREAL

(* Soturate: '<511x/Saturgtion’ ¥)
IF rtb_Time > LREAL#1.@ THEN

Code optimization

r R

double D1
OutputLevels
double D N double D1
In1~ -~ Out1 P Level
Slider
Shaping Block Parameters: Chart x
Subsystem
Select the settings for the subsystem block. To enable parameters for code
generation, select "Treat as atomic unit'.
Main  Code Generation
Function packaging: |Reusable function -
Function name options: | User specified -
Function name:
[MystateMachine
File name options: | Auto -
boolean D1 =—
Change Memory section for initialize/terminate functions: |Inherit from model ~ ~
>ushButton Memory section for execution functions: |Inherit from model -
(2] Cancel Help Apply

Like

= Dead-code elimination

= Expression folding

= For-loop fusion

= Inline vs tunable parameters
= Signal storage reuse

= Subsystem reuse (shown)

MATLAB BXIPPO
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MATLAB BXIPPO

Generate Structured Text

= Generate IEC 61131-3 Structured Text from
— Simulink models
— Stateflow charts I
— MATLAB code Q

Solver General options
Data Import/Export

Math and Data Types

Target IDE: [Phoenix Contact PC WORX 6.0 [+ |
35 CoDeSys 2.3

= Generate Structured Text for

Target IDE Path: 35 CoDeSys 3.5

. . Model Referencing . | B&R Automation Studio 3.0
- ROCkWG” AUtOmathn StUle 5000 Simulation Target Code Output Directory. B&R Automation Studio 4.0
¥ Code Generation Generate testbench | Beckhoff TwinCAT 211
— I Coverage Beckhoff TwinCAT 3
Slemens STE P 7/T IA Portal » PLC Code Generation Target specific options KW-Software MULTIPROG 5.0

Phoenix Contact PC WORX 6.0

— 38 CO D ESYS N g:E:E:EE Multiboady Generate functions il Rockwell Studio 5000: AOI

Allow functions with Rockwell Studio 5000: Routine
" | Rockwell RSLogix 5000: AQI

— Many other IDEs and PLCs Emit Datatype works Rockwell RSLogix 5000: Routine

Siemens SIMATIC Step 7 v
Siemens TIA Portal
Siemens TIA Portal: Double Precision -

28
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Generate C/C++ code

= Targets are developed & supported by PLC manufacturers like

B&R Industrial Automation

Beckhoff Automation

Phoenix Contact

Many others in our Partner Program

= Better integration / debugging capability / advanced features

Model viewer

Variable subscription from Simulink
External Mode

PLC automation from MATLAB scripts

» windfarmctd »

%_I_. ni Ot
iud
—— O
Li ——n2 Out3

C - s outé
Luig

u 53

MATLAB BXIPPO
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https://www.mathworks.com/products/connections/search-products.html?q=PLC&page=1

MATLAB BXIPPO

Integrate automatically generated code into the PLC software
through the vendor’s IDE

O|0[0O]|O
[PLC\/\/

1 [ I
O|0|®®




Hardware-In-the-Loop

StackPower_Demand

H2PressureCmd

H2RecirculationCmd

Fuel_Cell_System

MATI AR EXPO
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From Desktop Simulation to Real-Time

- =1 pLC fttt——=—
e | s

~folclelel | ——

[ Current_ Maas M_comp Y

auto{ode23t)

¥ Counter_Roceve Cooling_Torp._5P_
L Tomp._5P_ Conling_Temp_SP_degC. 3
" Poder_Datvered K

H:
] e =T Bun

L
Votage_mess V -

Currert_ meas A

M_comp_meas kg

‘Cocling Terp_mess degC

Catods_Humiaier_mess

H2_RH_moss

4\ Simulation Data Inspector - untitled*
< mm =
Q E./ @ | am .l | n|
Inspect Compare W <rotorVelocity> W velocityCommand
Filter Signals
NAME LINE
baseline data [Current]
& Export Data...

=mode=
. Archive Run ]
=inverteren hd &

D I:E <pme|£| Expand All  Cirl+Shift+=

;= Collapse All  Cirl+=
E =rotorveloc| 1= = =g

V| <rotorVeloc|£2 Rename

,., = <adcPr € Delete... Del ol

fii
[

=encoderCount= —
' =encoderindexFound= — -30 4
= [v| velocityCommand —
naramVelncitvControlP &0 4
Archive e
Properties v -80 4 1
* MName baseline data ' I
Status ReachedStopTime 0 02 o4 08 08 10 12 14 18 18 20
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From Desktop Simulation to Real-Time

Solver

¥ Diagnostics
Sample Time
Data Validity

Data Import/Export
Math and Data Types

Tvoe Conversion

Simulation time

Start time: |[]_[]

Solver selection

| Stop time: |2 @

MATLAB EXPPO

auto{ode14x)

Run
Type] |Fixed—5tep | - | Solver: |autcr (Automatic solver selection) v
4\ Simulation Data Inspector - untitled* O X
Q 8 Baseline: | baseline data 'l Global Abs Tolerance: Ijl Global Time Tolerance: Ijl -
mpare
Inspect Compare Compare to: |ﬂxed-siep Vl Global Rel Tolerance: E
5 Within tolerance | H-| &- ] » | _—
@ 9 Qut of tolerance _—
W =rotorVelocity= (baseline data) m <rotorVelocity= (fixed-step) W Tolerance

Filter Comparisons 100 +

. NAME (BASE) . |RELT.. |MAXDIFF RESULT
» [ <pwmCompare> 03
E <rotorvelocityDe 0 0.00%  0.61 ®q
i 0 oo —
. 3 I:E| =gdcPhaseCurrentCount= o
_— <encoderCount= 0 0.00% 7998 0 ] [ o4 [ s 10 12 14 18 18 24
=<encoderindexF 0 0.00% 0O 9 W Tolerance W Difference

t valneituTnmman 00 NN%s 1R1 R? 5]
- . 0.1

Properties b

BASELINE COMPARE TO

. Mame =rotorVelocity= (... | =rotorVelocity= (... 04

Description
¢ Line g

Override Global Tolerance no no o Y 0.4 0.6 08 1.0 12 1.4 18 18 2.0
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From Desktop Simulation to Real-Time

Solver Target selection
Data Import/Export
Math and Data Types System target file: | speedgoat.tic
» Diagnostics Description: Speedgoat Real-Time Target Machine
Hardware Implementation Language: [

Model Referencing
Simulation Target
¥ Code Generation

Language standard: | C++03 (1SO)

'b'i m03_PMG_x2_onlySL_SLET_PCI - Simulink

SIMULATION MODELIMNG FORMAT REAL-TIME
[TargetF'C'I = ] @ » L> ﬁ = P]l EE I%I
?E Disconnected Hardware Target M il o Data Stop Logic TET Impert File
- Settings Platform Target ~ Inspector  Recording  Analyzer Monitor Log
COMNMECT TO TARGET COMPUTER FREPARE RUM ON TARGET REVIEW RESLULTS A
=) mi3_PMG_x2_onlySL_SLRT_PCI i
® |Falm03 PMG x2 onlysL SLRT PCI » v
) C

- G =

Build application

EAAN

C

Real-time application

baseline real-time target maching speedgoat

ipaen £
- @ ooy
L B

[; ® M W[ cTo oo

Test execution

—l

ﬁ@j

Run on Target to build, deploy, and start the real-time application

34
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From Desktop Simulation to Real-Time

Simulink Real-Time:
!

DEBUG MODELING FORMAT

) A =,

Performance | Diagnostics  Information  Simscape
Advisor = - Overlays = - Output Values ]

Trace Signal

©)

Comment Out

7y Performance Advisor )

Automatically optimize simulation performance

= Solver Profiler

"]
i Examine model dynamics to identify factors affecting simulation speed
loop at 117. - Simulink Profiler
11_hil_opt ar 1 Manually assess performance of model execution time I/\\x
y 1_hil_opt art in time polling mode I =
[info ¢ oes not work in polling moc
Profiler Report (pmsm_sysHamess11_hil_opt_start @ 25-Nov-2020 18:59:58)
Run: |pmsm_sysHarness11_hil_opt_start @ 25-Nov-2020 18:59:58 MRES 'E
W Task: Model1_R2 [0.002 0]

>> tg.ModelStatus.TETInfo (1) dedrborls ~ pmsm_sysHarness11_hil_opt start ([l ) 50.894 11.516
e e ~ System_Under_Test «©. 26.093 2.397

ans = NOIAGKVE e v Plant_Model ) 17.938 2.089
SUAED S ety lueh o o et 08 PMSM_Physical_Model ()] 11.557 0.000

...sm_plant07_sse_opt_start . 3.299 3.299

struct with fields: W Task: Model1_R3 [0.003 0] ADC_Current_Speedgoat | 0.471 0.000
running Condition Encoder 0.252 0.000

- ...er_Sensor_And_Peripheral 0.201 0.000

Rate: 8.0000e-05 notActive ! . . . ! ! . Bus Creatorl 0.045 0.045

TETMin: 3.302%9e-04 8.0e+8 5.0e+B 1.0e+7 1.2e+7 1.4e+7 1.82+7 1.8e+7 Data Type Conversion 0.024 0.024
TETMax: 5.1772e-04 Controller_Algorithm o 3.408 0.148
TETAvg: 3.8792e-04 W Task: Model2_R3 [0.003 0] pmsm_sut_il00_opt_start 1.825 1.825

T o - Discrete_To_Continuous 0.252 0.000
TETMinTime: 0.0713 S Continuous_To_Discrete 0.227 0.000
TETMaxTime: 1.4628 i S Rate Transition 0.046 0.046

‘-3..- :: Ji‘ T T T T T T T o
6.0e+6 8.0e+8 1.0e+7 1.2e+7 1.4e+7 1.6e+7 1.8e+7
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From Desktop Simulation to Real-Time

Select Fidelity Level Suited to Your Needs

Q , . .
. %%O » Retain system-level model framework in Simscape

C°“‘E;‘ftoartti°“a' _ —l—I—A I — \%\ - . “ + Data-driven model for the effect of complex subsystems
Reduce Testing sz TImom ;"I_I__@,I%' gg : B > - Leverage Al/ML/stats capabilities from MathWorks tools

b

Challenging l—@z@}

Scenarios
LR =

s 5 g mom gl T |
Narrow Design _|—T¥ Fgmom i =i =
Spacs/“ Rg_ 0Ot ® )
Refined -
Requirements Si

imscape

(7D T+ e Qg™ ,,

D] D
1 . .

@ o » Carefully analyze the numerical efficiency of the model
Model Fidelity + Use Simulink & Simscape diagnostic tools extensively

Torque Requirements Powertrain Design Driveline Design * Review results and apply domain expertise
Efficiency Estimates Speed Range Selection Mechanical Loads » Adjust components & parameters when needed

[Assigning Tasks to Cores for Multicore Programming }

Fast rate - Core 0 Slower rates - Core 1
a
slexMulticoreFenl
>
1) = [ TicToel = e (1)
In1 Outt
slexMulticareFen2
A » 2 [ >
4] u2 Adder TicToc TicTorz T 2
From o
Fen1
»uz Subtracter f— ] || |
[
Fen2
Fen3  Multiplier > [A]
{2 Go
Cog °
In2
— HDL Code for FPGA
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Debug real-time algorithms

MATLAB BXIPPO
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Debug real-time algorithms directly from Simulink

Tune parameters from the
Simulink interface

MODELING FORMAT

REAL-TIME

CONSTANT

MATLAB BXIPPO

e & @ L] 2 B @ s
Hold Update Al Hardware |~ Stop Data Logic TET App Add Import e
Updates  Parameters  Settings Application ~ Inspector  Analyzer Monitor ~ Generator Instrument Instrument
‘ CONNECT TO TARGET COMPUTER TUNE PARAMETERS RUN ON TARGET REVIEW RESULTS
i
| & « ‘W MotorDrive UserInterface ManualTestInputs >
% @® FieldOr\entedComml\er,RCP > \nputs 4 ManuaITeernputs
5
S
H
=t
=]
&=
O
Block Parameters: velocityCmd X
Constant
Output the constant specified by the 'Constant value' parameter. If
'Constant value' is a vector and 'Interpret vector parameters as 1-D' is on, I double
treat the constant value as a 1-D array. Otherwise, output a matrix with ‘ 0 P
the same dimensions as the constant value. I torqueLoad double
torqueLoad
Constant value: . | boolean enCurrentSensor
logical(1) | >
-79.76961170617265) boolean
enCurrentSensor
Sample time: , | boolean motorOn . Muse
: : logical(0) | 4
sampleTime.VelocityControl boolean
MotorOn
Y oK Cancel Help Apply commandTypeEnum
9 Lo | commandTypeEnum(3) I »
commandType commandTypeEnum
commandType
single
-79.76961170617265 - d
velocityCommand single
velocityCmd
(rad/sec)

38



MATLAB BXIPPO

Debug real-time algorithms directly from Simulink

4 Test Manager

TESTS

n% Cut =3 J J (i)
I:II:II:I ﬁ ﬁ C ﬂ LZ}" D ﬂb ww E & Import E
¥ < fuclays/Dashboard - Srmulink _ O % MNew Open Save = Lopy Delete TestSpec | Run  Run with Parallel Visualize Model Testing
#lfuelsys/Dashboard * - Simulin v - - A Report A Stepper v Dashboard
SIMULATION MODELING FORMAT REAL-TIME 2 g FILE EDIT RUM RESULTS
~ i E% © =] [ B i LS Results and Artifacts [Z| MILClosed Loop x  [ffl StartPage x  BRjDashboard x
Batch Update Al Hardware |~ Stop Cata Logic TET v
Mode  Parameters  Settings Applicstion = | Inspector  Analyzer  Meoniter |Filter tests by name or tags, e.g. tags: test
CONMECT TO TARGET COMPUTER TUNE PARAMETERS RUN ON TARGET REVIEW RESULTS a E ) M I L Cl Osed LDOp
< 4 Dashboard X fuel_rate_control sI_fuelsys validate_sample_time SodollEE
@ |[als! fuelsys ¥ [Pa]Dashboard | ~ [3 éMSM_TﬁtS PMSM_Testsuite » PMSM_Tests » MIL Closed Loop
MIL Closed Loop ; ;
@ Fault-Tolerant Fuel Control System Dashboard Bl MiLopent B Open in Tab o simuaton Tt
= FEOEesE | Create Test Case from External File
= Inputs Fuel (g/s) Air/Fuel Ratio [E]l rce [ Run Ctrl+=T
300 @ ey - r TAGS
= = MIL vs RCP [» RunSelectedin
Engine Speed (rpm) Wi W15 0 i [E] HIL Closed Loop + DESCRIPTION
) ) MILvs HIL Closea| = o0 Repor » REQUIREMENTS®
I o0 Vs ose
~ [0 StateMachine Tests Expand All -~ SYSTEM UNDER TEST*
Fault Injection @ Reachability of "0 Collapse All
Normal Range Full Range @ e
Throttle Angle  Mowar (— JI) Fa @) . o = E*I?ach;f'hfy:f_an Model: | PM3M_deskiophModel
osedloopActiva
0 - : +  Move Down - TEST HARNESS*
Engine Speed ~ NORMAL C) rae () o Back to Back - FOC
| . @ MIL ws SIL J{, Cut Ctrl+X Harmess: | PMSM_desktopModel_Hamess_testSeq
EGO NORMAL . FAIL .
S b
' 0 Copy Elife » SIMULATION SETTINGS AND RELEASE OVERRIDES
MAP NORMAL N FAIL . "
(i /) "0 w0 me  wo w0 o 2 100 200 300 400 500 » PARAMETER OVERRIDES
v| Enabled
& r CALLBACKS®
» ||E Update Diagram (Ctrl+D) to bind switches to model workspace variables. " E' Delete
External View diagnostics 101% auto(ode3) Rename E2 +INPUTS
v SIRLL ATION QUTPUTS
Convert fo + | Baseline Test
- 5 — IGURATION SETTINGS OVERRIDES
FHESET ML Equivalence Test
Mame @ MIL Closed Loop SETTINGS
Real-Time Test
Type Simulation Test e TIONS
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Curre

oltageToCurrent

’—

aseCurrent

Rotor_Paosition

trical_Position ——

Rotor Velocitv

Select signals to log/view in Simulation Data Inspector

|
& cut ctrl+X
% Copy Ctrl+C
& Paste ctrl+V
Observers >
Highlight Signal to Source
Highlight Signal to Destination
Remove Highlighting Ctrl+Shift+H
Arrange Automatically Ctrl+Shift+A

Add Conditional Breakpoint

1

<4\ Simulation Data Inspector - untitled*

Q @

Inspect Compare

Filter Signals
NAME

» Parameters
~ Signals

MotorDrive:1.rotorVeloci

MotorDrive:1.encoderind
MotorDrive:1.encoderCo
mode
rotor\VelocityCopy
enManualTestinputs:1
velocityCommand
» [ PwM Duty cycle (3)
~ B phaseCurrent (2)

phaseCurrent(2)

Qe PHRFDER +

Archive

Properties

LINE

* Run 1: FieldOrientedController_RCF

»H MotorDrive:1.transducerVoltage (2)

v

W phaseCurrent(1)

81.15 81.20 8125 81.30 81.35 81.40 81.45 81.50 81.55 81.60 81.65 81.70 81.75
W rotorVelocityCopy M velocityCommand
20
0
-20
-40
60
-80
81.15 81.20 8125 81.30 81.35 81.40 81.45 81.50 8155 81.60 81.65 81.70 81.75

MATLAB BXIPPO
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MATLAB BXIPPO

’i sldemo_engine/Throttle & Manifold * - Simulink prerelease use

4\ Simulation Data Inspector - untitled”

O MmPLH MO

Q @
Inspect Compare
Filter Signals

~ Run 6: sidemo_engine @ TargetPCH [Current]
LoadTorque
ThrottieAngle

EngineSpeed
Sumt:

Archive (5) ~
» Run 1: aeroblk_HL20_Gauges_slrt @ Target...|

Properties v
Name Throttle:1

Description

Line —

Stored Units

Display Units

3400

2800

2600

2400

2200

2000

- a x
s "~ S S a
.W(’)‘-l.‘\-‘ QDLl.‘ B O I <
W Enginespeed
] T 0 3 E] = E] = w0 = e = E] = £
 LoadTorque ® ThrottieAngle  Throtte:1
)

30

SIMULATION MODELING FORMAT REAL-TIME
S T SN . Y - L] % W @
Hold Update All  Hardware Stap Data Logic TET 4 T
Updates  Parameters  Settings Application ~ Inspector  Analyzer Monitor tr
CONMECT TO TARGET COMPUTER TUNE PARAMETERS RUN ON TARGET REVIEW RESULTS =
4= 4r  Throttle & Manifold i
® sldemo_engine » Throltle & Manifold ¥ hd
[cd Throttle & Manifold Subsystem
0 == theta == 90
—
- ®—> Throttle Angle, theta (deg)
Thrattle Ang.
| Manifold Pressure, Pm (bar) Throtile Flow, mdot {g/s) ==
D—b Atmospheric Pressure, Pa (bar)
O Atmaospher Throttle
essure, P
o Connect
= Throttle:1
dot Input (gis) & n —
; —»=
M {radisec) Manifold Pressure, Pm (bar) O—> 4
lig) gtz Intake Manifold trigger Intake
» ||H
External 100% T=30.461 auto(ode3)
%
=
- -
Data Logic DV
Inspector  Analyzer nent

REVIEW RESLLTS
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O X A Sk B T App Ganersior®

OesiaHER

= Electric Vehicle Configured for HIL
: = 1. Plot speed of vehicle (see code)
= Incline (deg)|
: o | S~ of e
Brk pedal »{ T} Brk padal : el
= Throth = 4. Explore simulation results using sscexplore
N rottie (L] b Throtti trqRef 5. Learn more about this example
Cruise Ena. [T} Gruisa Ena
Cruise Dis. »{ I | # Cruisa Dis Copyright 2013-2021 The MathWorks, Inc.
Env (deg C) | —#{a_y#{I=}—# Indin,
Inputs Inclinometer Vehicle Control
| ,
rgRs
i Batiery  DC-DC Converter T|
Veate  va| e wi- Scopes & ar
HIL Outputs w0l
Convection 17+ Vbat- V- - i }
Batlery-Env | Test data I
s Qutiet Inlet I= " £l Fa—1
& 8 R s o |R
I A . . Env
- Ambient fx)=0 ket Siret . Fin;l . D\ﬁzﬁis UG, e e
” Temperature  Local Sclver: on Cooling System PMSM Drive rive Ratio 3 Control the target Com puter

1. Start from Simulink

Instrument panels created with App Generator
can be customized in App Designer

3. Customize the layout in App Designer
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Debug real-time algorithms with dedicated application

4\ App Designer - \\fs-21-ah\home$\jonlobo\Documents\MATLAB\Examples\R2020a\aerc\ AerospaceFlightinstrumentsinAppDesignerExample\FlightinstrumentsExample.mlapp - O X

DESIGMER

o O H
Mew Opsn  Save

- -

Tres

CANVAS

= 8 b
App  Share  Run
Details = -

Diesign Wisw e Vie
P|=|/a8 Search P
+ app.FlightinstrumentsFlightDataPlaybackUIFigure
— app.Image
Button Check Box sop ArtifisizlHorizon
app Altmeter
app. TumCoordnator
123 app. Heading Indicator
Edit Field app.Climblndicator
{Mumeric) app. Timed00secSlider
app.PiperPAZ4ComancheFightDataDisplaylabel
HTML mage

E] |_a
2 b

List Box Radio Button
Group
Spinner State Button

=

Teut Ares Toggle Button
Group

G 2 10 12 14 18 12 20 22 24 26 28 30 32 34 35 38 40 42 44 45 48 50
Time: 00.0 sec

[

MATLAB BXIPPO
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Connect the virtual machine to the PLC over an industrial fieldbus

Eg Simulink Library Browser

@ Enter search term v

Real-Time: d 1/0 Block

B-o-e =@
/103xx/PWM

10207
10291
10292
> 10301-10304 10311-10314
v 103xx
Analog 10
BiSS
Crank and Cam
Digital
Dshot
EnDat
12C
Interrupt
Misc
PWM
Quadrature
SENT
Serial
Setup
SPI
Ssi
> 10421
10423
10503

~

"

Spleedgoal

o
PWM Capture vi
Module ID: 1

High

Period

4

PWM Capture

PWMADC

PWM B DC

Speedgoat
103xx
PWM Generation v5
Module ID: 1

PWM generation (5)

MATLAB BXIPPO

pwm_fpga_5 (mask) (link)

Speedgoat Driver Block
10397-50k - PWM Generation

© 2007 - 2022, Speedgoat GmbH, www.speedgoat.com
Module setup  PWM generation ~ Triggering

PWM pattern is: Symmetric - PWM generation is centered around half the period

PWM B output is: The complement of PWM A output

Deadband duration vector [s]:

[10e-9]

Initial period vector [s]:

pwmPeriod

Initial frequency vector [Hz]:

Drag-and-drop I/O

blocks

controllerOutput

<inverterf

<pwmCompare>

/pwmCounterMax

Gain

>

200%

FixedStepAuto

> %) H @ =
i on Data Logic TET App v 25000 H
get + Inspector  Analyzer  Monitor  Generator "
N TARGET REVIEW RESULTS ry Initial PWM A duty cycle vector:
= [0.0]
T Initial C-On vector [s]:
[0.0]
Initial C-Off vector [s]:
[0.0]
AB-output protection: Disabled: A and B can be high at the same moment
[] Enable the second update at half of PWM period
Cancel Help Apply
>2 Speedgoat
3 10397-50k
=] Digital Output v1
>4 Module ID: 1
&
J Speedgoat
10397-50k
K- _/_ PWM A/ #B DC .
1 pwmDutyCycle | PWM Duty Cycle| PWM Generation v5
Module ID: 1

Configure I/O parameters
in Simulink

E] Block Parameters: PWM generation (5) X

Input ports configuration | *

d|
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Discuss with us at our booth!
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Development

s Early system integration
¢ Fault injection without damage

+» Easier analysis and debug

+ Automated and repeatable tests...

... before prototypes are available

Operations

*»» Reduced risks
¢ Reduced operating costs
+» Test software without

operation disruption

Capitalization

s Understand how system behaves
s Operator training
*» Reproduce issues from field data

+» What-if scenarios



@ Y o

12

A

\»

©

MATLAB BXIPPO

8 Core Concepts

Model-Based Design

Executable Specification

Model elaboration

System-level simulation

What-if analysis

Continuous test and
verification

Virtual prototyping

Automation

Knowledge capture

Managing Model-Based Desing Free eBook by Roger Aarenstrup

Managing
Model-Based
Design

Roger Aarenstrup
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