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Overview on Model Based Design

Ease-of-use Demonstrates the control of eCompressor motor using

Efficiency and performance of the generated code field-oriented control (FOC) without a position sensor

What is needed?

Target model Host model '

Tl
+  Code Composer Studio IDE e PV v sasry
+  C2000Ware Software Development Kit '15‘13“15;}'*5]'3_ %

(SDK) ) -b VCE i
MathWorks -l?:iEjLﬁE}l} T
«  MATLAB Simulink® . ?. 1
+  MATLAB Coder — : M
- Embedded Coder — ”i
.« 2000 Microcontroller Blockset

Model Based Design App note for details: MATLAB® Model-Based Design Using C2000™ Microcontrollers (ti.com) 3
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https://www.ti.com/lit/an/spradi0/spradi0.pdf?ts=1726755054304&ref_url=https%253A%252F%252Fwww.ti.com%252Ftool%252FTIDM-02012

ASM’s Scalable Automotive MCU Portfolio

F28x MCUs (C2000) -> Proprietary core designed for Real-time Control

Performance
Mid

Low

e-Powertrain Discrete = Integration

Development
Sampling

*Some cores pairs can be
configured to operate in
lockstep/split-lock mode.

Multiple core configurations
indicated for such MCUs

F2838xD
200 MHz
4/0 C28+CLA
CM (M4), 1 MB

F2807x F2837xD
200 MHz 200 MHz
2/0 C28+CLA 4/0 C28+CLA

512 KB 1MB

F28004x
100 MHz
2/0 C28+CLA
256 KB

F28003x
120 MHz
2/0 C28+CLA
384 KB

F28002x
120 MHz
1/0 C28
120 KB

F280015x
120 MHz
1/1C28
256 KB

———)

Core

F29H85x
200 MHz
300,211 C29

4mMB

F29P58x
200 MHz
2/0,1/1C
IVI: 3024

F28P65x

200 MHz

F29P32x

200 MHz
2/0, 1/1 C29

3/1 C28+CLA
1.2MB

F28P5x

150 MHz

2/0 C28+CLA
1MB

Improved DSP —

AM263P
400 MHz
4/0,2/1 R5F
Ext

AM263
400 MHz
4/0, 2/2 R5F
=24

AM261

400 MHz
2/0, 1/1 R5F

ARM
Cores

AM263P-SIP
400 MHz
4/0 RSF
8MB

Ext

Il ASIL-B, C28+CLA, EPWM, HRPWM
Hl ASIL-D, C29, HSM, AUTOSAR, EPWM, HRPWM
Bl ASIL-D, R5F, HSM, AUTOSAR, EPWM, HRPWM

Software compatible portfolio

Broad packaging options

High Precision Analog Sensing & Feature Rich PWMs

TMU, FPU, & Control Law Accelerator (CLA) for More Performance

CLB for Peripheral Customization

DSP-Efficient CPU, Control Accelerators, & Parallel Multi-Core Processing
Over 25 years of expertise in Real-Time Control Systems

Extensive Library of Public Reference Designs

F29x MCUs (C2000) -> Proprietary core designed for Real-time Control

2x signal chain performance increase from F28x

4x Faster Interrupt Response & Reduced Latency from F28x

ASIL-D capable with code isolation in hardware (Security & Safety Unit)
Hardware Security Module (HSM) offers a wide range of cryptographic
accelerators (AES, RSA, ECC, etc)

Hardware interrupt prioritization requires no software overhead

High Resolution PMW (HRPWM) resolution is 75ps (150ps on F28x)
Increased memory (up to 4MB), ADC channels (up to 80), etc.

AM263x MCUs(Sitara) -> ARM based with real-time control IPs

Same control IPs (EPWM, ADC, etc.) as C2000 devices

Up to 4 ARM cores (R5F) with external flash

AM263x -> AM263Px major changes include increased RAM, TMU, HW
Resolver, more ECAP/CAN-FD/SPI, OSPI flash interface, and XIP support
Flash in package option (AM263P-SIP), same specs as AM263Px
AM261x has up to 2 R5F cores

All contain programmable real-time unit (PRU) to support interfaces like
SENT, UART, or redundant safety channels for PWM

»
»

Generations
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Model based design (Matlab) Support

AM263x Key milestones :

Sept Dec
Early Access Release o

General Availability Release General Availability Release

+  Target/HSP definition (AM263x ControlCard) . " L -

- AM263x MATLAB/Simulink Embedded Coder Fxtended set of peripheral * » Code Optimizations , profiling ...

package (Add on package) .
+  Subset peripherals + features AM263Px Key milestones :
: . 3Q24 4Q24
F28 Devices has support available now!
Sept Dec
Early Access Release General Availability Release

*  Target/HSP definition (AM263Px ControlCard & LaunchPad)

« Extended set of peripheral + features + Code
*  AM263Px support package (Add on package)

Optimizations , profiling ...

. . *  Subset peripherals + features
F29x Key milestones :
Dec 1H25
Early Access Release General Availability Release
*  Target/HSP definition (F29x controlSOM) + Extended set of peripheral + features +
«  F29x support package (Add on package) Code Optimizations , profiling ...

*  Subset peripherals + features

W3 TEXAS INSTRUMENTS



Features

TIDM-02012 HEV/EV Compressor Reference Design

Cost-optimized C2000 real time MCUs (F28003x, F280015x)
Observer for sensorless-FOC: InstaSPIN FAST observer
Motor over current protection with on-chip comparator

Field weakening control, MTPA, Overmodulation

Stall detection and recovery

Lost phase detection/protection
Startup failure detection and restart
Torque ripple / vibration compensation

Efficiency improvement algorithm for IPM type compressor

CAN-FD and LIN interface support
Multi-shunt and single-shunt support

]

==l =

!Vdc

HV Battery

I

Il

Fly Buck |
Lw25180-01)

Current sense
OPABOT-Q1

Gate driver
UCC21530

CAN trans.
TCAN1D44A-Q1
LIN trans.
TLIN1021A-Q1

Isalator I
1506742-Q1]

F280015x
Mmcu

Isolation

H—

* Proven, highly integrated single MCU motor control design based on real
HVAC systems

» Innovative algorithms for high efficiency, lowest/highest speed, low vibration
and acoustics, robust start-up, wide adaptability

+ Scalability across low-end and mid-end MCUs to cover wide range of
application requirements

» Hardware-based ASIL B functional safety enablers
* Migration path to ASIL D / EVITA Full / high-end roadmap devices

Target Applications

. HEV/EV HVAC compressor

Release Timelines

. RTM (F28003x): Done, Tl.com
. RTM (F280015x): Done, Tl.com

https://www.ti.com/tool/TIDM-02012



https://www.ti.com/tool/TIDM-02012

TIDM-02012 HEV/EV eCompressor Reference Design + added support of
MathWorks model-based design

Features

Cost-optimized C2000 real time MCUs (F28003x, F280015x)

Observer for sensorless-FOC: InstaSPIN FAST observer

Motor over current protection with on-chip comparator

Startup failure detection and restart

Torque ripple / vibration compensation

Efficiency improvement algorithm for IPM type compressor

CAN-FD and LIN interface support; Multi-shunt and single-shunt support\

Model-based approach enables faster development, fewer engineering
resources required, no software expertise needed!

Decouples control algorithm development and firmware development.

Simulation capability enables offline development, tuning and
validation of control algorithms.

Easy to port between C2000 MCU families

Benefits

Innovative algorithms for high efficiency, lowest/highest speed, low vibration
and acoustics, robust start-up, wide adaptability

Scalability across low-end and mid-end MCUs to cover wide range of
application requirements

Hardware-based ASIL B functional safety enablers
Migration path to ASIL D / EVITA Full / high-end roadmap devices
Simulation capability to develop/validate control algorithm.

Target Applications

. HEV/EV eCompressor

Release Timelines

. RTM (F28003x): Done, Tl.com
. RTM (F280015x): Done, Tl.com

https://www.ti.com/tool/TIDM-02012



https://www.ti.com/tool/TIDM-02012

Agenda

 MathWorks overview

* Model-based design for Embedded Software Development using Automatic code
generation

« MathWorks C2000 Microcontroller Blockset

* Model-based Simulink example for TIDM- 2012 eCompressor motor control reference
design running on C2000 MCU

&\ MathWorks:



Headquarters
Natick, MA USA

Europe 3335

Finland .
France Asia
North Germany Australia
America T reland t chna
) Italy A India
United States Netherlands ¥ =N Japan
Spain Korea
Sweden Singapore
Switzerland
UK N

4\ MathWorks:

5 million+ 666650(]3: 15,"\ Trusted @ Privately
. sta %

?_ USers partner held
in more than 180 in 34 offices around for companies across and focus on long-term
countries the world multiple industries customer success
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Customers in industry innovate with MathWorks software

Aerospace and Defense Automotive Communications Software and Internet

Complex multi-domain systems, software-defined Comms infrastructure, plus all types of Big Data, Agile, DevOps,
and autonomous, model-based and data-driven connected systems across industries integration with IT systems

Railway Systems Energy Production Electronics Neuroscience Biological Sciences

Modernization, often on legacy platforms, becoming Wide range of compute platforms, Collaboration between science,
data-centric for optimization and maintenance many kinds of HW/SW integration engineering, and informatics

Process Industries Industrial Machinery Semiconductors Medical Devices Biotech and Pharmaceutical

4\ MathWorks



MATLAB
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Simulink

Industry- '|||'|||' IX 0':\?.‘0

Specific

Solutions pam (%A)) oJK;l \.g_,

Code
Generation

Embedded
Systems

Real-Time
Simulation
& Testing
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T

& 3
-
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Application specific add-on products Simulink for Motor Control and Power
Conversion

Simscape Electrical: ’ REQUIREMENTS
» Libraries of electrical components
+ Power electronics, sensors, actuators, passives, logic, ... SYSTEM l

* Create custom models using MATLAB-based language
* Nonlinearities, operational limits, faults, thermal effects
* SPICE netlist importer
+ Simulation modes and analyses

* Ideal switching, discretization, and phasor M‘
* Load flow, harmonic analysis '

» Application-specific examples IMPLEMENTATION
* AC and DC electric drives, smart grids, renewable energy -

» Support for C-code generation HIL

Motor Control Blockset: ystem

+ Calibrate Sensors

* Estimate Motor Parameters
* Model Motor and Inverter ‘
» Design Motor Control Algorithms like FOC

INTEGRATION AND TEST

& W3 TEXAS INSTRUMENTS
MathWorks*



Simscape Electrical Component Models
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C Coder Products

MATLAB Coder - Code from MATLAB
— Portable code for numerical algorithms
— Speed up MATLAB code (mex)

Simulink Coder - Code from Simulink
Embedded

— Rapid prototyping or HIL applications Coder
— Real-time machines (Simulink Real-Time)

Simulink Coder

Embedded Coder — Optimized Code and Tools for Production
MATLAB Coder

— Embedded applications

— MCU and DSP (fixed or float)

— Code verification (in-the-loop)

— Target-specific support (APIs and examples)

All coders generate portable code (ANSI/ISO C) by default.

&\ MathWorks:



Model-Based Design




Traditional Design Process

REQUIREMENTS Eﬁ

v
DESIGN
! Cojntrol Mechanlcal l Electrical

v
IMPLEMENTATION

Emb. Code

v

Cannot validate design
against requirements

Cannot test or optimize
fully integrated design

Can only find problems
using hardware prototypes

Manual coding is slow,
buggy, and hard to verify

INTEGRATION AND TEST

&\ MathWorks
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Model-Based Design

( REQUIREMENTS
' Detect errors right away with
continuous verification
— - -
% [ SYC‘TEM LEVEL DE ;\ Optimize design in a single simulation
- environment (Simulink + add-ons
Y == 1 -
E ‘ Control Mechanlcal Electrlcal
g Lower costs
3 using HIL tests
|_
0D}
L —
g Save time by automatically
Emb. Code HIL Svst generating embedded code
* ysem (Embedded Coder + C2000
r V- Microcontroller Blockset)
L ' INTEGRATION AND TEST }

& W3 TEXAS INSTRUMENTS
MathWorks



Embedded Control Software
Development using
Model Based Design




Step 1: Modeling

uck Converter Plant using
Simscape & Simuiin

Vg
n

B
I
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Step 1. Modeling Buck Converter Plant using

Simscape & Simulink
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Step 1: Modeling Buck Converter using
Simscape & Simulink

3 123379D_DCDC_Buck/..Sim/DC/DC Buck - Simulink

- 8 X%
IMULATION DEBUG MODELING FORMAT APPS & e e Q@ (+)
Hardare Burd # & X v _ lis &
e ey Runen | Hardware  Hardware - StopTime Monitor Data Logic  Performan. ||| Build, Deploy
poard ~ | Settings  Mapping &Tune v || Inspector  Analyzer  Report &

HARDWARE BOARD MODE PREPARE RUN ON HARDWARE REVIEW RESULTS DEPLOY. a
<« 4 oe/oc Buck =
 |[Pa]28379D_DCDC Buck b [fa] DEDC_Buck Plant b [Ba] DCDC_Buck Plant b -
«Q
& CEDATSEIN
= Vot

B 2|win_ D 3 Ll a8 uH ?
w4 BRED
=l [ c3 £ Ll 1T Y ot
I?z“ 22 T brex Hs2
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S e
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]
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:
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Step 1: Modeling Buck Converter Plant using
Simscape & Simulink

3 £28379D_DCDC_Buck/../DCDC_Buck Plant/Sim - Simulink

SIMULATION FORMAT HARDWAR:

Hardware Board # @ @ "k

&

Tl Delfino F28379D LaunchPad )| Runon || Herdware  Hardware 7 || Stop Time Monitor Data Logic  Performa.. Build, Deploy
board ~ Settings  Mapping. 8 Tune ~ | Inspector  Analyzer  Report
HARDWARE BOARD MODE PREPARE RUN ON HARDWARE REVIEW RESULTS DEPLOY b
@ 4 sm =
® 28379D_DCDC_Buck b [Pa] DCDC_Buck _Plant b %3] DCDC_Buck Plant b [Pa[Sim b -
@
(] 1_sensor
=
=]
O : o~
[ale} PWM > double ,lg/ 1
1_sensor
PWM Generator DataType = double -
PR2
>
DataType = double PR1
Conn2 f—————————
fog=0 . Voltage Sensor
Gonn1
ActiveLoad
+ Active_Load
Source
Conn3
J Conna
DC/DC Buck
@
]
»
Ready 159%

FixedstepDiscrete
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Step 2: Simulate Control Algorithm with Buck
Plant model

# Buck Plant N * - Simulink - o X
SIMULATION DEBI FORMAT APPS ol = e o
[ 0Open - i Stop Time
ot & = 0> 2 i =
New Esave - Library Log T Run step Data Sequence Logic Bird's-Eye  Simulation
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FILE LIBRARY PREPARE SIMULATE REVIEW RESULTS ry
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% uck_Plant N ¥ g
g )
Q@ g
2 3 N
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- e

008 Igsn

L Cannt Vout f——>—]
ot e B
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Ready 101%
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Visualize s

Imulation results

sopadsuy yadoig

O m®h[d

&\ MathWorks

SIMULATION DEBUG MODELING FORMAT APPS CONSTANT
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Step 4: Simulate Control Algorithm with Buck
Plant model

Y Buck Plant_N * - Simulink
SIMULATION DEBI MODELIN FORM APPS =W 2 [2] )
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Model Based Design for Embedded Firmware Development

7 REQUIREMENTS )

| SYSTEM

Model & Simulate the Plant (DC-DC Converter)
Model & Simulate the Control Algorithm

EMENTATION

HIL
System

‘ INTEGRATION AND TEST

Generate algorithm code for controller

Integrate driver code manually

W3 TEXAS INSTRUMENTS
4\ MathWorks



Step 4: Use MCU device driver blocks for code
generation

F2837x/07x/004x
WA K
ePWM4 ADC PWM SoC
ePWM 4 | _ Interrupt
— F2837x/07x/38x
J C_IN4
=) > . Vout ADC
[ Jo =] } a5 . Voltage Vout_FB
e F2837x/07x/38x
T - = (2 y&———|AIN4
I ADC
Current I_FB
(=}
: =
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Add hardware peripheral driver blocks from C2000 Microcontroller

Blockset

’RE

QUIREMENTS

SYSTEM -

| EMENTATION

HIL
System

e

C2000 Microcontroller Blockset

H INTEGRATION AND TEST

Model & Simulate the Plant
Model & Simulate the Control Algorithm

Add driver blocks from C2000 Blockset to the model

Generate code with device drivers

4\ MathWorks

No Manual Code integration needed to test the code on hardware ¥ Texas INSTRUMENTS
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C2000 Microcontroller Blockset

Design, simulate, and implement applications for
Texas Instruments C2000 microcontrollers

< ) MathWorks'



Controlling a DC-DC converter hardware using C2000
MCU from Simulink Model-based design

i)

L, (A 0pen ~ [l ( )
ar ] W &
New Library ignal Pause Stop
v B3 Print v Browser Table - I

FiLE LIBRARY PREPARE
€2000_host_read_PCMC =

© |[%af<c2000_host_read_PCMC » =
Q .
- Digital DC/DC Buck Converter Peak Current Mode Control (PCMC) Host Model
= " "
- Signal Logging
& Prerequisites:
B 1. Deploy the target model to the hardware come CoME a1 1X12000) fsine D
F280049C + BoostXL-BUCKCONV example Baud rate : 6250000 [1x12000]
2. You should see and verify the variables
from the target model in the base workspace. Scaling
Steps: Parameter Tuning

1. Select the serial port in Serial Configuration,

Serial Receive and Serial Send. single
2. Change Voltage request using the "Voltage Demand" On ; Voltage demand

knob: ¥ ¢ 5 Voltage Request
3. Turn the Active load on or off in hardware using the \ < boolean (5)

"Active Load Switch". ) \ single o oin Trigger Send
4. Observe the output voltage in the scope. \ / &

P Gain
off ¢ :
) 0009  [Singe 1 galn
Active Load Switch Voltage Demand

| Gain

s boolean (5;
single
5.2 Current demand n
— uint16 (5)
Tx Commands Serial Tx
LT R RN VL) | | | | | :

0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.006 0.007 0.008 0.009 0.01 Over Current Limit

uint16 Serial Send
Active Load

;

Kp Ki

Active Load

Send to Target

Copyright 2020-2023 The MathWorks, Inc.

155% T=45.815
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What is C2000 Microcontroller Blockset?
Design, simulate and implement applications for TI C2000 MCUs

Implement

Open Loop Control of 3-phase motors

Note: This example requires a T| F28035 Control Card with DRV8312 EVM
Steps:

1. Update Configuration panel before simulation or
codegeneration
2. Sinwate the made! 1o output voliage in

scope
3. Click on ‘Build, Deploy & Start in HARDWARE tab
4. Control motor

via host moded

Number of Pole Pairs.

Permanent Magnet Synchronous Motor Field Oriented Control
Nota: This example requires a TI F283790 LaunchPad with a BOOSTXL-DRVE305 boostor pack [}
::::::: d to a PMSM Motor with QEP Sensor
4
WM Frequency [Ki] 20000
Base Speed [RPM] 4000

&\ MathWorks
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All MCUs Supported Tseee
pp 925 MIPS
1.5MB
New! TMS320F28P65x
=1-MB
Up to 600 MIPS
Up to 1.28 MB
TMS320F2837xS TMS320F2838xS TMS320F2837xD
400 MIPS 525 MIPS 800 MIPS
Upto 1 MB 1MB Upto 1 MB
New! TMS320F28P55x
Up to 300 MIPS
Upto1.1 MB
[
N
2 TMS320F2807x
[Z]
@
= 240 MIPS
w 512KB
TMS320F28003x
256-KBto 1-MB Up to 240 MIPS
Up to 384 KB
New! TMS320F280015x TMS320F28004x
Up 10120 MIPS Up to 200 MIPS
Up t0 256 KB Up to 256 KB
New! TMS320F280013x
Up 10120 MIPS
Up t0 256 KB
<1288 TMS320F28002x
100 MIPS
Up to 128 KB
<150 MIPS >600 MIPS

150 MIPS to 600 MIPS

Performance

4\ MathWorks

Legacy C2000 MCUs
supported:
+ TIC2000 Gen 2:
+ F2806x
+ F2805x
+ F2803x
+ F2833x
 F281x
« F280x

« Tl C2000 Concerto:
» F28M35x
« F28M36x




C2000 Microcont

2000 real-time microcontrollers by flash memory & performance

21MB

256KB 10 1-MB

Flashsize

S125KB

E=

400MPS
Upto1 B

5

525 MPS
e

200MPS.
Upto 1 ME

New! TMS320F280015x

Upto 120MIPS
Upto2

TMS320F28004x
Up o200 MIFS

roller Blockset

28 Simulink Library Browser

< probe R v rEr @ e

C2000 Microcontroller Blockset

|| ? geliiaialing

1| 2000 Microcontroller Blockset
C2802x
C2803x
€2805%
C2806x
C280x
C281x
2833
C2834x
F28002x
F28003x
F28004x
F2807x
F2837«D
F2837x5

C2802%

€2803x

C2805x

C2802x

C2803x

C2805x

C2806x

C280x

2806

C280x

C281x

C2833x

C2834x

F28002%

<150MPS

150 MIPS10 600 MIPS =600 MIPS

Performance

F2838x
F28M35x

F28M36x

Host Communication
Memory Operations
Optimization
Scheduling

Sensors

Target Communication
Test Bench Blocks

> Embedded Coder

C2833x

C2834x

F28002x

[F28003x

F28004x

F28003x

F28004x

F2807x

F2837xD

F2837xS

F2837xD

F2837x5

F2838x

4\ MathWorks




Hardware Block Libraries

28 Simulink Library Browser - u] X
| <2 o probe v BTy @ = @
| C2000 Microcontroller Blockset
> Simulink
~ 2000 Microcontroller Blockset
C2802x C2802x C2803x C2805x%
2803
g;ﬁ;" Cas02¢ 2803« 2805 . . .
o Microcontroller Specific Peripheral Blocks
C281x C2806x C280x C281x | o
€283 98 Simulink Library Browser - o x
Casu i
F28002x C2806x C280x C281x < probe vh-E-mr e @ |
F28003x -
Fas006s C2000 Microcontroller Blockset/F2837xD
F2807x Sz i (R0 > Simulink FZESTRIOT AR T
F28374D ~ C2000 Microcontroller Blockset amod Yo sn oo .
F2837x5 2833« C2834x F28002« Ca802« Apc A subsysem
> Fa83s 2803 ADC CLA Math CLA Subsystem
> F28M35x C2805x
F2B37%(07x 28X TI8x
> F28M36x F28003x F28004x F2807x C2806u
Hast Communication 280 =
Memory Operations C281x OLATaskTrigger CHPSSIH DACA
> Optimization F28003x F28004x F2807x €2833x CLA Task CMPSS DAC
Schedu\mg C2834x F2837x F2837x (ZE?“>
Sensors F28002x GPIOx |y GPIOX
TE(QE&CDIY\IY\UHICEHDn F28003x GPIO DI GPIO DO eCAN ROV ¥sa >
Test Bench Blocks F28004x Digital Input Digital Output CAN Receive
> Embedded Coder F2837«D F2807x R o F o |
F2837xD Msg Sh
Fa837xs eCAN XMT eCAP ePwM1
? Fasst CAN Transmit CAP PWM
> F28M35x
S F28M36x X C28x CZBx
Host Communication aposcnt b A
TMS320F2837%D Memory Operations eaep I2CROY B¢
> Optimization =QEP 12C Receive 12C Transmit
8200 MIPS Scheduling T T PRI
_jp to1 MB Sensors Datay. Data
Target Communication SO ROY scrxMT sorg DT
________________ Test Bench Blocks SCl Receive SCl Transmit SDFM
C2000 Microcontrollers | Imbedged e =] | =] K AENTS

&\ MathWorks:




Target code generation to specific C2000 MCU and specific CPU

(Active)

@ G ion Parameters: <283

Solver

Data Import/Export

| | Math and Data Types

| | » Diagnostics
Hardware Implementation
Model Referencing
Simulation Target

» Code Generation

Hardware board:

[ TI Delfino F28379D LaunchPad

Code

None

Device vendor:

» Device details

Hardware board

Tl Concerto F28M35x (ARM Cortex-M3)
Tl Concerto F28M35x (C28x)

Tl Concerto F28M36x (ARM Cortex-M3)
Tl Concerto F28M36x (C28x)

T Delfino C2834x

Tl Delfino F2833x

Tl Delfino F28377S LaunchPad

- S -

[FEEENE]  T1 Delfino F28379D LaunchPad

» Task profilin)

» Operating s

» Target hard

T Delfino F2837xD

TI Delfino F2837x3

TI F280025C LaunchPad
TIF28002x

TIF28003x

TIF28044

TIF280x

TIF281x

TIF2838x

Tl Piccolo F280049C LaunchPad
Tl Piccolo F28004x

Tl Piccolo F28027/F28027F LaunchPad
Tl Piccolo F2802x

Tl Piccolo F2803x

Tl Piccolo F2805x

Tl Piccolo F28069M LaunchPad
Tl Piccolo F2808x

Tl Piccolo F2807x

Get Hardware Support Packages

4\ MathWorks

@ i eters: €283

Solver
Data Import/Export
Math and Data Types

» Diagnostics
Hardware Implementation
Model Referancing
Simulation Target

» Code Generation

(Active)

Hardware board: Tl Delfino F28379D LaunchPad

Code Generation system target file” ertilc

Device vendor: Texas Instruments

» Device details

Hardvare board settings

+ | Device type: | €2000 =

Processing Unit: |c28xCPU1

+ Task profiling o T
CPUTCLAT

c28xCPU2

CPU2CLA1
S

Base rate trigger: |Timer 0
v Target hardware resources

Groups
Build options

Clocking
Input X-BAR
Output X-BAR
ADC_A
ADC B
ADC C
ADC_D
CMPSS
DAC

PWM

eCAP

eQEP

12C_A

12C_B

sra

Select the CPU core which controls ADC_Amodule: [Auto
ADG clock prescaler (ADCCLK]: [SYSCLKOUTIS 0

ADC clock frequency in MHz: 40

Offset: [AdcaRegs ADCOFF TRIM bit. OFFTRIM

INT pulse control [Late interrupt pulse

S0C high priority [All in round robin mode

ADCEXTSOC Input X-BAR: [INPUT5S ~ |ADCEXTSOC external pin: None




Extensive block library for TI C2000 Drivers

F28372/07x/38x
A_INO[>

ADC

F2837x

GPIOx[>

GPIO DI

F2837x

JGPIox

GPIO DO

C28x
RO[>

12C RCV

9 Baceny
<L hacave

&\ MathWorks

Cagx
i)

W

eCAN RCV Meg

Msg

C28x

eCAN XMT

C28x

TSP

aCAP

WD

C28x

12C XMT

F2B37x/07x/004x

ePWhM1

C28x

qposcnt
eQEP

C28x

SCIRCV

C28x

SCI XMT

c28x
Rx

SPI
Receive
Chip select: SP?&%US

o

c28x

= SPI .. Status
Transmit

Chip select: SPICS

w

LW

c28x
SPI

X
Controller Transfer
Chip select: SPICS

W

LW

C28x

DAC-A

ADC, Digital IO

eCAP, ePWM, eQEP
DAC, 12C, SCI, SPI, UART
Watchdog, DMA

eCAN, LIN

Software and Hardware
Interrupt

CLA, CMPSS

SDFM

Memory Allocate & Copy
Igmath, Register Read & Write

W3 TEXAS INSTRUMENTS



Peripheral Block Library

C2000 Microcontroller Blockset/F2837xD

> Additional Math & Discrete
> Quick Insert
€200 Microcontroller Blockset

c2e02 CLA Math,
CoB0E s P27
2805
C2806x ’
Co80x U sumspsem QuTaskTrigger
Co8ix A Sub&ys(em CLATask
2833 7
(=7 s b
F28002¢ apssin
F28003¢ i aupss
F28004¢ T
F2807
F2BIT0
F2B3TS -

o Digital \np:: Digital Ou(p:;x

> F2BM3S: "o

e N
Host Communication <CAN ROV SCANXMT
Memory Operations. <CAN Receive €CAN Transmit

> Optimization m FIRTHTRIO0
Scheduling s L

Drag and drop Peripheral Blocks

]
3
2

e —

® [Fcasamconnactetio

& | ® Oid you maan o scrolf? Press the mousa scroll wheel and drag 1o pan. Uss Prafarences 1o switch scroll whesl mods from zooming to scraling. Mors Infermation

[+]
= F2837x/07x/004x
=
=
ePWM1
F2837x/07x/38x
A_IND

]

Menitar
B Tune -

ST

F2837x
GPIOX

GPIO DO

%}

o
inspact

&
PWM Type 1-4 (mask) (k)

Corfures the Type 1o Typa-¢ shancad e A odatr (sPW) 0 gaerste P el
“The number of avalable &FWYM Mudules (PWM1-SPWMIG) vary betwesn C2000 pr

Genstal  ePWMA  ePWMB  CounterCompare  Deadbandunt  EventTrigger HRFWM  PWM chopper control  TripZone unit  Digtal Compare

Moduie: | sPAML
SPWMLnk TBPRD. ot Linked
Timer period unis: Cleck cycles
Specify timer period wa:  Specify via dislog
Timer period:
1
Reload for time base period register (PRDLD): Courter equals to zero
Counting mod: Up-Down
Symchronizanon acton: Disable
(0 Speciy software syncheorization via irput port (SWFSTHC)
0 Enable digtal compare A evert. synchrorization (DCAEVT1)
(D) Enable digital compare B evert. synchrorization (DCBEVT1)
Symehronizaton cupt (SYNCO): Disabis
Peripheral synchrorization svent (PWMSYNCSEL):  Courder equals o pesiod (CTR=PRD)
Time base clock (TBCLK) prascaier divder: 128
Vigh speed e base:clock (HSPCLKDIV) proscaer dvider: 14

0 Enable swap module A and B

oK Cancel

Configure Peripheral Blocks

Help

4\ MathWorks
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On-Target Prototyping helps reduce development time significantly

e ) N
C2000 Microcontroller Blockset

Target Hardware runs the

Embedded Applications
model
’

Enat_)les_ you to model Emb_edded Control TI C2000 Launchpad
Applications using Hardware Peripheral Blocks

J/ \.

J \L J/

Embedded Developers can iterate significantly faster
using the Blockset

\

W3 TEXAS INSTRUMENTS
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Build, Deploy & Start

SIMULATION MODELING FORMAT HARDWARE @
Hardware Board # @ @ » » h @ ::
; Hardware  Hardware ~ || Stop Time | Inf i Data Execution Build Deploy
[TE Delfino F283790 LaunchPad bt J Run on e o Menitor & Start ~
boand = Settings Mapping & Tune Inspector Report ¢
HARDWARE BOARD MODE PREPARE RUN ON HARDWARE REVIEW RESULTS DEPLOY

C2000
Blockset +
Embedded

Coder

Simulink

CCS Project
Model

Open Loop Control of 3-phase motors

Note: Ths example requires a Tl F28035 Control Card with DRVB312 EVM

@ Code Composer™ Studio

C2803x C2803x
GPIOx PO
GPo ol GPIO DO
Digtal Input Digial Output
C202003X/05A 06 TZ002003X05 106K
A0
ADC e PN
ADG E]

W2 1EXAS INSTRUMENTS
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Controlling a buck converter hardware using
C2000 MCU from Simulink Model-based design

MODELING

PREPARE

&\ MathWorks

®

I E e

OB @

€2000_host_read_PCMC

[Pa] c2000_host_read_pCMC

Digital DC/DC Buck Converter Peak Current Mode Control (PCMC) Host Model

Prerequisites:
1. Deploy the target model to the hardware
F280049C + BoostXL-BUCKCONV example
2. You should see and verify the variables
from the target model in the base workspace.

Steps:

1. Select the serial port in Serial Configuration,
Serial Receive and Serial Send.

2. Change Voltage request using the "Voltage Demand"
knob.

3. Turn the Active load on or off in hardware using the
"Active Load Switch".

4. Observe the output voltage in the scope.

Signal Logging

COomé
Baud rate : 6250000

COM6 Data

uint16 [1x12004]
[1x12000]

single
4Jing

Scaling

Parameter Tuning

single

Voltage demand

On
Voltage Request

U/‘ single Trigger Send Pt )
- P gain

P Gain
off

0008 single ;

Active Load Switch Voltage Demand i gain
1 Gain
ing
5.2 = Gurrent demand
) i 1 1 g J Tx Commands
05055 06 0.650.7 075 0.8  0.006 0.007 0.008 0.009 0.01 Over Current Limit
uint16 Serial Send
Ki K Active Load
p i
Active Load
Send to Target
Copyright 2020-2023 The MathWorks, Inc.
155% T=45815

FixedStepDiscrete

W3 TEXAS INSTRUMENTS



Debugging using Monitor and tune: Log signal
data and tune parameters

SIMULATION DEBUG MODELING FORMAT HARDWARE

Hardware Board # @ @

(1 Detfino F28379D LaunchPad v ]| Runon || Hardware Hardware
i Settings Mapping

HARDWARE BOARD MODE PREPARE

Data Exchange

E— over _
simulink Model XCP over Serial, Model running on hardware
TCP I/P and CAN with additional code

i3 TExAs INSTRUMENTS
4\ MathWorks



P4 untitled * - Simulink a
(2)

MODELING

[y [ lal | i
Tane Hold ~ || Stop Time Stop Data Logic 7| Build, Deploy
Inspector  Analyzer & Start v

Settings ~ Mapping Parameters  Updates <
HARDWARE BOARD MODE PREPARE RUN ON HARDWARE REVIEW RESULTS DEPLOY

Library Browser ® X untitled
-

dac v Ry~

Library  Search Results

fi
BE
OB
®

[Pauntitled

Jopadsu] Apadoid

Model Browser

CAN Transmit
¥ e

|
CLA Math

B UE®

[

F2837x

GPIOX

GPIO DO

CLA Task

F2837x

GPIOX
GPIO DO

al Output!

T —
»

J 4

Running the model on ‘Tl Delfino F28379D LaunchPad' View diagnostics 100% T=22.800 auto(FixedStepDiscrete)




Verification and validation
—— e

Simulation Hardware-in-the-loop

(HIL) testing

System Integration

System Specification and Calibration

System simulation (export)
~ Rapid prototyping

Processor-in-the-loop
(PIL) testing =

Software Detailed Software
Design Integration

. . Software-in-the-loo
On-target rapid prototyping (SIL) testing P

Coding

- Production code generation —

Model encryption (export) E‘ T INSTRUMENTS

4\ MathWorks



C2000 Control Card adaptors
as to interact with Real-time
hardware like SpeedGoat

REQUIREM
=

SYSTER

e milcligg..
b

WV

INTEGRATION

4\ MathWorks

W |}
AND TEST
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Multi-Core Modeling using C2000 Microcontroller Blockset

SIMULATION DEBUG MODELING FORMAT SYSTEM ON CHIP APPS
Hardware Board @
e [Purmo ra ke ] e (71 Delfino F28379D LaunchPad ~ ~ | Configure, Build ~ Hardware
c2scpPu-l]  [curmimae]  [C28cPU2 Gdedsy  Seimge <
FPU FPU HARDWARE BOARD BUILD & DEPLOY | SETTINGS
veu-i m veu-n ol soc_pmsm_dualcpu_foc
e [Ervmwr e v L/ !
E (C] scc,pmsm,dualcpu,foc »
Interprocessor K}
Communication Bl s
(IPC) = @
CPU1 CPUZ
Module 3 @
WO Timer i
Global Shared Na-wor B .
16x 4Kx16 Ty gl = T
GS0-GS15 RAMs. CPU Timer 1 S
i CPU Timer 2 5 B "
oPIE . SRS
; (upto 182 (5] P Chana Dual-Core MCU
Interrupts)
(B g
T - === (F28379D)
. NI = =
Dual-Core Architecture (A== = 5
| m—

i3 TExAs INSTRUMENTS
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Customer Success Stories

Ather Energy Developed used model-based design with Simulink
to model, simulate, and implement the control system on a Tl
C2000 MCU to develop Electric Two Wheelers and Charging
stations

Results
= 50% reduction in testing time
= Design alternatives evaluated in weeks, not months

=  Field issues rapidly resolved
E@ Link to user story

Hutchinson improved C code performance for Anti-Vibration
Control systems on Tl C2000 controller using Processor In Loop
(PIL) tests
Results

= Reduced CPU load by 46%

= Code Optimization options tried out quickly

= Fast iterations of PIL testing

@ Link to user story

&\ MathWorks
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https://www.mathworks.com/company/user_stories/hutchinson-improves-c-code-performance-for-anti-vibration-control-system-using-embedded-coder.html?s_tid=srchtitle_C2000_5
https://www.mathworks.com/company/user_stories/ather-energy-develops-electric-two-wheeled-scooter-and-charging-stations-using-model-based-design.html

Customer Success Stories

ATB Technologies used model-based design with Simulink to
model, simulate, and implement the control system on a Tl
C2000 MCU for a permanent magnet synchronous motor
Results

= 50% reduction in development time

= Design reviews simplified

= Target verification and deployment accelerated

E@ Link to user story

Murata used model-based design with Simulink to model the
EMS controller and power electronics, run simulations, and
generate production code implemented on Piccolo™ and
Delfino™ 32-bit microcontrollers made by TI

Results

= Control software development time reduced by more than
50%

= Defect-free code generated

Project ramp-up time shortened E@ Link to user story

&\ MathWorks
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https://www.mathworks.com/company/user_stories/murata-reduces-development-time-for-energy-management-system-control-software-by-50-with-model-based-design.html
https://www.mathworks.com/company/user_stories/atb-technologies-cuts-electric-motor-controller-development-time-by-50-using-code-generation-for-tis-c2000-mcu.html

Generated code is optimized for C28x core with CRLs

Code Replacement Viewer

All Libraries

hd a) All code replacement libraries

> (23 GNU €99 extensions

> [E3 AUTOSAR 40

v (I3 TIC28x with €99 extensions
[& TI_C28x_iso_tA_tablemat
[& TI_C28x_tfi_tablemat

~ (I3 TIc2ex
&0 1qmath_tA_table.mat
[& TI_C28%_addsub_tf_tablemat
@ TI_C28x_FastintDiv_cri_table.mat
& TI_CLA_tA_table.mat
[& TI_C28x_iso_tA_table.mat
[& TI_C28x_tfi_tablemat

MName
trig_sin
trig_cos
trig_atan2
trig_atan2
trig_sin
trig_cos
trig_atan2
trig_atan2
trig_sin
trig_cos
trig_atan2
trig_atan2
trig_sin

trig_cos

Implementation

MNumin

fixct(true,32,1)

fixdt{tru

fixatitrue,32,1) fixdtitrue 32

fixdt(true, fixdtitrue 32
fixct(true 32,2)
fixct(true, 32,2)
fixdtitrue fixdt(true 32

fixgtitrue 32,.2) fidttru

fixat(true,32,3)

fixdt(true,32,3)

fisett {Eru

fixdt(true, 3

fixdt fEru

fixdt(true,

fixdt{tru

fixdt(true,

fixdtitrue 32.**)
fixdtitrue 32.**)
fixdtitrue 32**)
fixdtitrue 32**)
fixdtitrue 32**)
fixdtitrue 32,* *)
fixdt(true,32,".%)
fixdt(true,32,".%)

fixdt{true 32,*.*)

fixdtitrue 32

fixdtitrue 32

fixdtitrue 32**)

fixdtitrue 32.**)

fixdtitrue 32.**)

IQmath_tfl_table.mat

Version:

Number of entries:

IQmath_tfl_table.mat
1.0
670

Select entries in middle pane (list view) to see entry
details in the right pane.

> [0 DSP Intel AVX2-FMA (Windows) trig_atanE 2 fixdt(true, fixdtitrue 32 fixdtitrue 32,%%) 90
> [(2 DSP Intel AVX2-FMA [Linu) trig_atanZ 2 fixdtitrue 324) fixdtitrue32 fixdtitrue 32,%*) 90
> D DSP Intel AVX2-FMA (Mac) trig_sin 1 fixdt(true 32,5) fixdtitrue 32, *) 90
» D GCC ARMI trig_cos 1 fixdt(true 32,5) fixdtitrue 32.* *) 90
> [ 6CC ARMIE trlg_atanZ 2 fixgt(true 32,5) fixdtitru fixdtitrue 32,7 90
> [3 6CC ARMI0 trig_atanz 2 fixctitrue 32,5) fixctitrue32,%) fxctitrue 32,49 90
> (B2 6CC ARMIT trig_sin 1 fixgtitru fixdtitrue 32,44 90
> (3 GCC ARM Cortexca trig_cos 1 fixdtitrue, fixndtitrue 32 90
ortex-
& trig_atan2 2 fixdt{true, fixdt{tru findtitrue 32,**) 90
> GCC ARM Cortex-R
@ trig_atanZ 2 fixatitrue 32,6) fixdtitrue 32 fixdtitrue 32**) 90
> ARM Cortex-M
trig_sin 1 fixdt(true, fixdtitrue 32,%%) 90
> MetaWare TC4x PPU DSPLib
(0 Metaware TC4x ! trig_cos 1 fixdt(true, fixdt(true,3 a0
> (O MesaWare TC4x PPU SIMD trig_atan2 2 fixdt(true, fixdtitrue 32 fixdtitrue 32** 90
> [ Metaware TC4x PPU Veclin trig_atan2 2 fixdt(true 32,7) fixdtitrue32 fixdtitrue 32,**) 90 Saveds Help Close
B trig sin 1 fixgtitoge 32 81 figgtitrye 39 #* o)

4\ MathWorks
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Reference Example to get started with

Motor Control Power Conversion

with Motor Control Blockset with Simscape Electrical

W3 TEXAS INSTRUMENTS
4\ MathWorks'


https://in.mathworks.com/help/ti-c2000/examples.html?category=index&exampleproduct=all&newonly=&s_tid=CRUX_lftnav
https://in.mathworks.com/help/ti-c2000/examples.html?category=application-examples-using-motor-control&exampleproduct=all&newonly=&s_tid=CRUX_lftnav

and more...

4\ MathWorks-

Get MATLAB

Products Solutions Academia Support Community Events

Help Center Help Center ~ Q
== CONTENTS Documentation Examples Functions Blocks Apps Videos Answers § Trial Software  § Product Updates
« Documentation Home .
« Examples C2000 Microcontroller Blockset — Examples R2023a

« Code Generation

Get Started with C2000 Microcontroller Blockset

I TSty 1 & i ccuine 3
Getting Started e —= = A (] B — m

LED Blink on F28M3x Concerto C28x —

« Control Systems

Category

4\ MathWorks

Using the Control Law
Accelerator (CLA)

= o o
C2000 Microcontroller Blockset T » || stop Time: [inf . - o - | = bq
Get Started with C2000 7 Mode = 0
Microcontroller Blockset RUN ON H; ~ v — i Stop MATL
Applications 17 - 50 — Work5|
Peripherals 25 Copymre 20142015 The MarWors, i ki) & s - i . RUN ON HARDWARE
Multiprocessor Architecture 3 A S A " . " . o o . " .
Modeling Getting Started with Texas Getting Started with C2000 Parameter Tuning and Signal Real-Time Code Execution Code Verification and Code Verification and
Instruments C2000 Microcontroller Blockset for Logging with Serial Profiling Validation with PIL Validation with External
Copgecled 10 Simulaton 1 Microcontroller Blockset F28M3x Concerto... Communication Mode
Signal Monitoring and 7 Use C2000™ Microcontroller In this example, you will learn how to Perform parameter tuning and data Use C2000™ Microcontroller Use Texas Instruments™ C2000™ Use C2000™ Microcontroller
Rarsmeteciuniig Blockset to run a Simulink® model configure a simple Simulink® model logging with a Simulink® model Blockset for real-time execution Processor for code verification and Blockset for code verification and
Deployment and Validation 5 on Texas Instruments C2000 to generate code for ARM and C28x running in Texas Instruments™ profiling of generated code validation using PIL in C2000™ validation using External mode.
Control System Toolbox hardware. cores of Concerto F28M3x C2000 targets. Microcontroller Blockset.
DDS Blockset
DO Qualification Kit
Embedded Coder <
Type > :
-
@ Al = Stop Time
O MaTLAB 6
O simulink 44 RUN

v 1IEXAD INDIRKUNMEN lbv



On-demand webinars available on MathWorks.com

Power Conversion Webinar

Motor Control Webinar

} MathWorks

) MathWorks

Field Oriented Control Made Easy

PEN

Modeling and generating code for a DC-DC
buck converter using Tl CZ Us

Use C2000 Microcontroller Block 13
to model and deploy a PCMC sys ~2000 MCUs
to regulate voltage of DC-DC Buck Converter

a Padmanabha Jayakarthigeyan Prab:

Shang-Chuan Lee, Ph.D
Senior Application Engineer —
Industrial Automation and Machinery

MathWorks Inc.

2020 The Ml () 27:50

& W3 TEXAS INSTRUMENTS
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https://in.mathworks.com/videos/modeling-and-generating-code-for-a-dc-dc-buck-converter-using-ti-c2000-microcontrollers-1695656394159.html?s_tid=vid_pers_recs
https://in.mathworks.com/videos/field-oriented-control-made-easy-1538676752282.html?s_tid=srchtitle_videos_main_1_field%20oriented%20control%20made%20easy

Tl Reference Design in Simulink Models in
C2000Ware_MotorControl SDK

G @ ttps://dev.ti.com/tire;

P import favorites il MathWorks

Resource Explo|

Arm@-based microcontrollers '
Arm@-based processors W h at S N e W
€2000™ real-time m ntrollers

Device documentatic

Embedded Software
» 4 ca0ooWare- 5000800 5.00.00.00
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« New: Added TIDM-02014 Traction Inverter reference design for F28003x

Development Kits

EE sl s « New: Added Mathworks Model based implementation for TIDM-02012 eCompressor reference design for F28003x |

BOOSTXL-DRV8320RS

BOOSTXL-POSMGR
Servo Drive with CAN Interface

06 - Multi-Axis Drive Over FSI
110 - Dual Motor Control with PFC This example demonstrates model based firmware development using MATLAB and Simulink for TIDM-©2812 high voltage ecompressor reference design.
TIDM-02012 - Automotive HVAC eCompressor Dependencies:
Documentation Code composer studio 11.8
CleeeWare 4.0
Example Projects
MATLAB & Simulink R2823a
C280@ Microcontroller Blockset in. .com/products/ti-c28@8-microcontroller.html)
Motor control blockset in. . com/products/motor-control. html)

Automotive HVAC pressor Embedded Coder - com/products/embedded- coder.html)

CAN FD communication utility
g The example is tested for sensorless operation of Teknic M-2318P-84K motor. The TIDM-82812 reference design supports other motor types and the user is expected to

Mathworks Model based implementation modify the motor parameters and other settings as required for the motor under test.

B Readme.txt

The example supports automatic code generation and model simulation.

Use the "Hardware” tab to "Build, start & deploy” code to the TI C2888 microcontroller.
control_host.slx Use the "Simulation™ tab to simulate the model.

_F280039_MBD.slx

cmpss.c
B mcbPMSMRatedTorgue.m

B tidm_2012_param_init_scriptm

Ref Link: C2000WARE-MOTORCONTROL-SDK Software development kit (SDK) | Tl.com Q’ TEXAS INSTRUMENTS
&\ MathWorks



https://www.ti.com/tool/download/C2000WARE-MOTORCONTROL-SDK

Summary

« Model based design overview

* Model based design for Embedded Software Development using Automatic
code generation — (DC-DC Buck converter example)

» Using C2000 Microcontroller Blockset to deploy algorithms on the C2000
MCUs directly

» Model-based reference design example for eCompressor motor control
running on C2000 MCU

 For more detalils:

Contact:
» Jayakarthigeyan Prabakar — Product Manager for C2000 Microcontroller Blockset
* jprabaka@mathworks.com
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