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Key Takeaways

- Simulate sensorless Field-Oriented
Control (FOC) on a dyno setup

- Complete Model-Based Design

workflow for multicore

microcontroller 5
. Logz::]]”"” Lii:Tgmi-wmwm
- Hardware component and device ==
driver behavior simulation .- =
— Enhanced on-device profiling = |
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Workflow for Implementing Field-Oriented Control

- Motor Control Blockset

Permanent Magnet Synchronous Motor Field Oriented Control

amF B00STAL
‘connected to a PMSM Motor with GEP Sensor

‘Copprigh 2020 T Mattiors, .

Model Design

. Estimate
Calibrate Motor Motor & Control

Sensors )
Parameters Inverter Algorithm

Deploy &
Validate

/* Product: '¢526>/Productl’ */ C
mch_pmsm_foc_hall_f28373%d_B.Productl_j =

mch_pmsm_foc_hall_f2837%d_B.Sat
mch_pmsm_foc_hall_f28379d_B.Sat

Teknic 2310P
surface-mount

S* Sum: "<526>/Sum3’ */
mch_pmsm_foc_hall_f2837%d_B.Sum2_i
+ mch_pmsm_foc_hall_f28379d_B.P

DRV8305 3-phase
inverter

S* sgrt: '<826>/Sqrt’ ¥/ y Rl
mch_pmsm_foc_hall f28379d_B.Sgrt i" & iauills .
mch pmsm foc hall T28379d B. Suml eIy

TMS320F28379D
MCU

Webinar Series: Field-Oriented Control of PMSMs with Simulink



https://www.mathworks.com/videos/series/field-oriented-control-of-pmsms-with-simulink.html
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Demo — PMSMs Dyno Model in FOC Sensorless Control
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Challenges of Deployment on the Embedded Systems..

System requirement
— TI1 C2000 dual-core processors

Controller sample rate is 20kHz
— Field-oriented control (FOC)

— Sensorless control

— Dyno setup (2 motors)

No sensor delays in my model

= ADC-PWM synchronization
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Multicore Processor

How to implement and partition
controls into two separated cores?

How to communicate between
CPU1 and CPU2?

How to make sure task execution
meets software requirement?
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Simulate Motor Control System with Peripherals and Task Execution

CPU 1
Task Manager

CPU 2
Task Manager

Motor Control Algorithm

Speed Current

Power Inverter Current Torque
Control Control d

Control Control

IPC



Model Multicore application Using SoC Blockset Task Manager

IPC

Speed Control of Motor 1 in CPU1 Torque Control of Motor 2 in CPU2 PWM

CPU2
<P ADC
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ADC_C
Pt
—#ADC B_IN4 Pl
A
[————ADC B PYM_3 =
B Currant Cantrol
Speed Cangral
ADC Channel for CPU2Z PWM Chanr gl for Mg or 2
ADC aryd SCI Pef |pheral s{jn CPU1 PWN Chaghel Motdr 1 ¥ !
o - ] [ = 3 3 ] [ =
i ¥ ¥ 3 i 2 § 0§ 3
Eg i g r ﬁ' gum -
o
9

e
stari2 ig2 a2

Vin

Plant- Motori and Motor2 coupled
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Plant Subsystem

Motor 2 shaft is mechanically coupled with Motor 1
and follows the speed of Motor 1.

Motor 1 is loaded by Motor 2.

I

EnMirZTrqCtrt . aztoadshnrt
lIR. Filterz
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———

Input O voltage till Motor 2 torque contral is enabled.

PWM Input

ADC Output
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Hardware vs Simulation Analysis
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Task Manager

ADCInt properties

Main Simulation

MATLAB EXJ

Task Manager

|5| Block Parameters: Task Manager 2 X O Play recorded task execution sequence
CcPU2
a2k Manager{mask) = Specify task duration via: | Dialog -
Execute one or more tasks with task priorities and core affinities, allowing you to sim . .
ADCIntEvent ADCInt |-, preemptions and overruns. Task duration settings
_ Set Type to 'Event-driven’ to initiate tasks via an event port. Specify task duration times as a normal distribution, or a
Task Manager 2 i Set Type to "Timer-driven' to initiate tasks with a periodic timer. combination of multiple normal distributions.
R —
! In the Simulation tab, select 'Play recorded task execution sequence’ to replay a time Percent Mean sD Min Max
[ - 2 vt stops from a recorded file. Otherwise, task duration in simulation is determined via d
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1
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EoCEvent [ brop tasks that overrun . Waiting
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Model Configuration for Multicore Architecture

"k soc_dyne_top T - simulink prerelease use

SIMULATION DEBUG MODELING FORMAT SYSTEM ON CHIP APPS MODEL BLOCK
Hardware Board @ %
TI Delfino F28279D LaunchPad ~ || Configure, Build Rardware Peripheral Execution
& Deplay Settings | |Configuration Report
HARDWARE BOARD BUILD & DEPLOY / N =EMINGS RESULTS

MATLAB EXJ

Top Model

CPU #1 (c28xCPU1)

CPU #2 (c28xCPU2)

L] soc_dyno_top

soc_dyno_top #

lel Browser
®

-

-

-

-

& Configuration Parameters: soc_dyno_top/Configuration (Active)

Q

Solver

Data Import/Export
Math and Data Types
Diagnostics

Hardware Implementation
Model Referencing
Simulation Target
Code Generation
Coverage

HDL Code Generation
Simscape

Simscape Multibody

Top Model -

Hardware board: Tl Delfino F28379D LaunchPad

Code Generation system target file: erttlc
Device vendor: Texas Instruments » | Device type: | C2000

» Device details

Feature set for selected hardware board:

() Simulink or Embedded Coder Hardware Support Package
(@ 50C Blockset

Hardware board settings

Processing Unit]|None

» Design mapping

» Task profiling in simulation

» Task and memory simulation

0K | | Cancel | | Help

& Configuration Parameters: soc_dyno_cpul_speedcontrol/Configuration (Active)

Q

Solver

Data Import/Export

Math and Data Types
Diagnostics

Hardware Implementation
Model Referencing
Simulation Targst

Code Generation

-

-

Coverage
» HDL Code Generation

O *
Reference
Model
Hardware board: |TI Delfino F28379D LaunchPad -
Code Generation system target file: erttlc
Device vendor: Texas Instruments - | Device type: |C2000 -

» Device details

Feature set for selected hardware board:

_)Simulink or Embedded Coder Hardware Support Package
(@ SoC Blockset

Hardware board settings

Processing Unit:f c28xCPU1

» Design mapping

» Task profiling on processor

» Target hardware resources

oK | | cancel | |

Help
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Inter-Processor Communication with IPC Blocks

= Model the communication buffering and delay

Inter-Processor

Communication

i

1 CPU2

D 1dRcking2ch_ref2
»] Taskz

Dataln1

CPU1 (IPC)
’_”mIEI\.Dz‘:k.\“gznh refl IPC Channel —
o ===
MsgOut1 dataou
IPC Channel1
PG Channel
i = | = :::m}l
T°C Cranme2
N msg J__ —>  datay
Interprocess Data Read

Interprocess Data Write

bV
-
W

sl = | | [ =g,

Interprocess Data Channel

patainz

Block Parameters: Interprocess Data Channel 1
Interprocess Data Channel

Model data channel between two processes.

Interprocess Data Write block writes the data to the channel from
One process.

Interprocess Data Read block reads the data from the channel from
another process.

Set Show event port to output a task trigger event when data is
written to the channel.

Define buffer size
Parameters

and timing delay

Main Statistics

Number of buffers: |1

Propagation delay: ‘2&-6 i :
(] show event port

Cancel Help Apply

MATLAB E

Block Parameters: Interprocess Data Channel 1 >
Interprocess Data Channel

Model data channel between two processes.

Interprocess Data Write block writes the data to the channel from
one process.

Interprocess Data Read block reads the data from the channel from
another process.

Set Show event port to output a task trigger event when data is

written to the channel. - -
: Visualize buffer
Parameters consumption and
Main  Statistics overwrites

1 show number of used buffers
] show when buffer is overwritten

Cancel Help Apply
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Motor control system modeling with peri

= Motor control peripheral interfaces

oheral interface

MATLAB EXJ

LIBRARY DEBUG MODELING FORMAT

peripheralslib

Py Library: peripheralslib - Simulink — (| ped

®

peripheralslib

Peripheral Interfaces

FOL Hstart
Jmsg ~PWH P
event A analog

Ok EBQ®

event

digital §»

PWH Interface ADC Interface

Nin | message

(@A
@ Digital IO Interface

Copyright 2019-2022 The MathWaorks, Inc.

From dialog From dialog
evernt evant
5 ] 4 ( E ; 50 @
Audio Capture Interface Video Capture Interface
=X - &K
Audio Playback Interface ideo Display Interface

Ready 88%
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PWM Modeling

= PWM waveform simulation

PWM Interface
Simulates the pulse width modulation (PWM)

The block outputs either a switching pulse width modulated waveform or pass the duty cycle value to the

output.
Also, it generates an "Event" which can be used for synchronizing PWM with ADC or as PWM interrupts to
trigger a control algorithm.

Main  PWMoutput  Phase  Ewvent

Type: ADC start ~
ADC start condition: Mid of PWM period w
Generate on: 1st event ~
Number of replicas: 1 w

Cancel Help Apply

Block Parameters: PWM Interfacel x

Event to synchronize with ADC or schedule a task

PWM P
) msg ~PWM P
event [p
PWM Interface
End of Period End of Period
I —
:) ,,,,,,,,,,,
PWM Output
Mid of Period End of Period Mid of Period End of Period [ Oscillator
,,,,,,,,,,,,,, Trigger

f=
= | iy
Qo
Q
o
=)

Time
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ADC MOdeIIng N start event [

LV

analog digital [»

= Convert analog values to digital counts ADC
.. . . ADC Interface
= Model acquisition/conversion delays and trigger events

Block Parameters: ADC Interface >
ADC Interface 4095 _“_
Simulates the analog-to-digital conversion (ADC) DOlIt
+ = 4095*V; /3.
The block samples the analog input based on a start event or sample time and outputs a representative digital value DOUt 409 '“/3 3
in counts.
Also, it generate events which can be used for scheduling an algorithm. 3072 1+
< :
Acquisition time and Conversion time parameter values sets the delays in the conversion. ED zoomed in
‘&
Main Multi channel Event 'E
= 20481
Enable interrupt Lo
Condition: Acquisition + Conversion time w e —
[ Enable analog watchdog =
. 1024+ =
Interrupt latency (s): 0 —_ Analog o = Dlglta[
— A —
4 Input — Outputs
Il ! | | | Vin
0 T T T T T >
0 2 3 33

|

I

| 2
Analog signal (volts)

Cancel Help Apply

! End of Conversion
event

ADC A 5000 -5+H | SOC0-Conversion  SOC1-5+H | SOC1-Conversion |

Sample and ADC ADCB ! 5000 - S+H | SOC0 - Conversion S0C1-5+H | SOCL-Conversion |
Hold Circuit i
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ADC — PWM Synchronization

n + PWM Period/2 n + PWM Period

- Time: n + OuS
Up-Down
PWM Counter
Current sense
circuit
VSEN_A ::I:)k »

PWM Top

PWM Bottom

Dead Band ADC | motor |Dead Band

Delay | foc

ADC Start ADC EOC
Interrupt

Video: Adding MCU Peripheral Modeling in Motor Control Using SoC Blockset
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https://www.mathworks.com/videos/adding-mcu-peripheral-modeling-in-motor-control-using-soc-blockset-1633500003296.html

MATLAB

Enable ADC/PWM synchronization simulation

= To provide stable ADC input, the synchronization between ADC and PWM

IS required for close-loop motor control

ADC Start of Conversion trigger

PWM D /
D dCycle ‘ ‘ —|:Pwm p
event > start digital P
| Al o

PWV Y analog élj’mliﬁ event P>

PWM trigger mode




SoC Builder App

Build, load, and execute SoC model on SoC, FPGA, and MCU boards

4 50C Builder

Prepare > Validate = Build > Run

Setup

Select a starting peoint for the build process:

(®) Build model
() Load existing binaries

Top Model soc_pmsm_dualcpu_foc
Processor Model sS0r_pmsm_cpul ref
soc_pmsm_cpu?_ref

ng or loading.

[#] SoC Builder

Prepare > Validate = Build = Run

Review Task Map

About Your Selection

The table on the left shows which
components of your model the tool
generates.

If the table shows no processor model
components, the tool does not generate
code for the corresponding model.

Additional Infermation

For information on creating processor
models, refer to Use Templates to
Create SoC Model

Review the event sources assigned fo your tasks:

To view or edit the task map, click "View/Edit' for

w/Edit

What to Consider

Assign event-driven tasks to the event
sources available with the selected
hardware board and your model

All timer-driven tasks are assigned fo the
internal yler events and such |

c28xCPU2

of interrupts.

Task Mapping
Task name Event source
1 ADCInt ADCB1_isr

OK Cancel

EI Task Mapping - soc_prmsm_dualcpu_foc/Task Manager 2 % fefixed.
Map the Task Manager event-driven tasks to available sources * len tasks are assigned to

ing event sources and
nts are also fixed.

Auto Map iven tasks may be
ferent event sources and
Check Map ke such assignments
design requirements.
v
Apply

4 Peripheral Configuration

Peripheral Configuration for Tl Delfino F28379D LaunchPad

ADC Reac
PWM Writ,

Simulink block:
Parameters:

Module:

Start of conversion:
Resolution

Conversion channel:
SOCx acquisition window (cycles)
80Cx trigger source:
ADCINT will trigger SOCx:
Enable interrupt at EOC
Interrupt Selection

Interrupt continuous mode

l soc_pmsm_cpu2_refiCurrent ¢ Additional Information
For more 1 on

Peripheral Configuration tool, see
Peripheral Configuration.

l B Description
— Configure the ADC Read blocks
l S0C 0 in the model to map to the ADC
" peripherals on your hardware

[ 12-bit (Single-ended input) board

[AaDcINZ

13
[ePwmi1 aDCSOCA

[ Mo ADCINT

[ ADCINTA

Select the build action for your medel:
(8) Build, load, and run

(O) Build only
(D) Build and load for extemal made

To start the validation process, click 'Next ="

About Your Selection

'Build, load, and run' loads the
generated code to your hardware board
and execules the application

[ Cancel ] [ Next =

MATLAB EX

Spoed Coiral of Motar 1in CPUT

Tarque Cantrsl f Wotar 2in CPUZ

?

SoC Builder



https://www.mathworks.com/help/soc/ref/socbuilder.html

MATLAB B

SoC Blockset Key Functionalities — On-Device Profiling

- Real-time performance profiling on hardware, including
— Task execution ==ty
— CPU utilization L —
— Communication buffering and delay =S
— Real-time SDI view T
— Analysis report e

=
0
o

Fille Edit View Inset Tools Desktop Window Help —
depTask

® " Nads @08 E o
PPPPPP Histogram of task duration - =i
- ol |°

&l - _ (=)
T (=)

(]

eeeeeeee

L 2 o e
- -
* VLS

nnnnnnn
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Wrap Up

- Simulate sensorless field-oriented
control (FOC) on a dyno setup

- Complete Model-Based Design

workflow for multicore — —
microcontroller _
. Logz::lﬂ"” L‘jw?ﬂuzwmm
- Hardware component and device e
driver behavior simulation . S
— Enhanced on-device profiling =) ‘




Learn More
- Recording webinars

— Field Oriented Control Made Easy

— Motor Control with Tl Multicore MCUs Using Simulink

— Implementing Motor and Power Electronics Control on

an FPGA-Based SoC

= Shipping Demos

— Partition Motor Control for Multiprocessor MCUs

— Control PMSM Loaded with Dual Motor (Dyno)

— Integrate MCU Scheduling and Peripherals in Motor
Control Application

Motor Control Blockset

Design and implement motor control algorithms

8 Downlood ahsevial

MATLAB

:

Field-Oriented Control on Dual CPU Processor

=
*=|  aocm
Y
T

nnnnnnnnnn

nnnnnnnnn

PPPPP
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https://www.mathworks.com/videos/field-oriented-control-made-easy-1538676752282.html
https://www.mathworks.com/videos/motor-control-with-ti-multicore-mcus-using-simulink-1636057222293.html?s_tid=srchtitle_Motor%20Control%20with%20TI%20Multicore%20MCUs%20Using%20Simulink_1
https://www.mathworks.com/videos/implementing-motor-and-power-electronics-control-on-an-fpga-based-soc-1646151146719.html?s_tid=srchtitle_Implementing%20Motor%20and%20Power%20Electronics%20Control%20on%20an%20FPGA-Based%20SoC_1
https://www.mathworks.com/help/soc/ug/partition-motor-control-for-multiprocessor-mcus.html?s_tid=srchtitle_Partition%20Motor%20Control%20for%20Multiprocessor%20MCUs_1
https://www.mathworks.com/help/supportpkg/texasinstrumentsc2000/ug/dual-motor-dyno-example.html?searchHighlight=Control%20PMSM%20Loaded%20with%20Dual%20Motor%20%28Dyno%29&s_tid=srchtitle_Control%20PMSM%20Loaded%20with%20Dual%20Motor%20%2528Dyno%2529_1
https://www.mathworks.com/help/soc/ug/integrate-mcu-scheduling-and-peripherals-in-motion-control.html?searchHighlight=Integrate%20MCU%20Scheduling%20and%20Peripherals%20in%20Motor%20Control%20Application&s_tid=srchtitle_Integrate%20MCU%20Scheduling%20and%20Peripherals%20in%20Motor%20Control%20Application_1
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