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Model your system, design your controller, and
generate code using Simulink
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Let’s explore the AC Motor Control
application...
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Simulation vs. Hardware Measurements
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Velocity Calculation (Sim vs. HW)
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Introduction to Code Generation

= Configuring model settings

= Specifying the function prototype

Exporting parameters as global variables

Packaging the source and header files
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Where do you start when adopting
Model-Based Design?
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Start with a core controller component

PMSM Controller Application Testbench

Copyright 2010-2013 The MathWorks, Inc.
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Let’s explore this component...
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Simulate to Understand Behavior

Yelocity Response
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Prep Model for Code Generation with “Code
Generation Objectives”

Code Generation Advisor

Code Generation Advisor

Analysis

Awvailable objectives

Source

Code Generation Objectives (System target file: ert.tlc)

Selected objectives - prioritized

ROM efficiency
RAM efficiency
Traceability
Safety precaution

Execution efficiency

5

b

4\ MathWorks'

Debugging P
MISRA-C:2004 guidel

‘@ Code Generation Advisor
& Check model configuration settings against code generation objectives
@ Check for optimal bus virtuality
& Identify questionable blocks within the specified system
@ Check the hardware implementation
& Tdentify questionable software environment specifications
@ Identify questionable code instrumentation (data I/0)
My ~Identify blocks that generate expensive saturation and rounding code
V] *ldentify questionable fixed-point operations
] Identify blocks using one-based indexing
V] Identify lookup table blocks that generate expensive out-of-range checking code
@ check output types of logic blocks
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Control Interface Elements

Desired Function Prototype:

void Controller{real32_T arg_command, real32_T arg_measured,
real32_T arg_phase_currents[2], real32_T arg_electrical_position,
real32_T arg_phase_voltages[3])

&\ MathWorks

Configuration:
Configure model initialize and step functions
Initialize function name: ControllerInit
Step function name: Controller

Step function arguments:

Order Port Name Port T Type Category Argument Name Qualifier
command Inport arg_command [none ~

v arg_measurr—:-d [ none

5
=
(i)

measured Inport

4

phase_curr.. Inport Pointer ~ | arg_phase_curre... [none

electrical_... Inport Value ~ | arg_electrical_po... [none

4
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phase_volt... Outport Pointer ~ | arg_phase_volta... [none

4

4

Step function preview

Controller ( arg_command, arg_measured, * arg_phase_currents, arg_electrical_position, *
arg_phase_voltages )

Up
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Exporting global tuning parameters

Specify data object in model explorer:

Simulink.Parameter: paramVelocityPICurrentSat

Value: 1.3

Data type: fixdt(1,16,12)

Dimensions: | [1 1] Complexity:
Minimum: 0 Maximum:
Units: Ampere

Code generation options

-
real

6

Storage class: ’ExportedGIobaI

Alias:

Alignment: -1

Use data object for constant value:

|sﬁx16_En12
| paramVelocityPICurrentSat |

Pl_Sat

1
QSﬁXSZ En18
In1 -

>

»

sfix16_Er

Unary Minus

Dynamic Saturation
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Package up the generated code and distribute

Enable and specify filename:

Generate code only Generate code

Package code and artifacts Zip file name: myAlgo.zip

Zip file created with all required source files:

Command History Waorkspace Current Folder

MName =

=l & myAlgo.zip
=L Work
= velocityController_ert_rtw

buildInfo.mat
defines.tut

¢l ert_main.c
htm

' rtwtypes.h

c| velocityController.c

1| velocityController.h

13



code

Code Generation Report

Contents

Summary

Subsystem Report

Code Interface Report
Traceability Report

Static Code Metrics Report

Code Replacements Report

Generated Code

[-1 Main file
ert_main.c

[-1 Model files
modeSchedulerlsr.c

modeSchedulerlsr.h

[+1 Utility files (1)
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modeSchedulerlsr DW.is_active_cl_modeSchedulerIsr = 1U:

CULILLULLITL UUS  SLOTWLLTL

/* Entry Internal:
/* Transition:

Controller Mode
*/

modeSchedulerIsr DW.is_cl_modeSchedulerIsr = modeSchedulerIsrc_

heduler */

/* Entry 'Stand By':
modeSchedulerIsr DW.controller mode
else {
gwitch (modeSchedulerIsr DW.is cl modeSchedule!
case modeSchedulerIsr IN Error:
/* During TeE1>: 374" */
if (!(arg_motor_on !
/* Transition: "
modeSchedulerlsr DW.is_cl_modeSchedulerIsr =
modeSchedulerIsr IN Stand By:

'Error':

/* Entry 'Stand By': '<S1>:1547 */
modeSchedulerIsr DW.controller mode = StandBy;
}

break;

case modeSchedulerI IN Motor Control:

/* Doring '"Motor Control': '<S1>:372"

if (!({arg_motor_on != 0U)) {

/* Transition: '<. 14747 */

/* Exit Internal 'Motor Control': '<§1>:373% */

modeSchedulerTsr DW.is Motor Control = modeSchedule TH NO

modeSchedulerIsr DW.is_cl_modeSchedulerIsr =
modeSchedulerIsr IN_Stand By:

/* Entry 'Stand By': '<S1>:154" */

modeSchedulerTsr DW.controller mode = StandBy;
} elze if (arg_error != 0U) {
/* Transition: '<S1>:55971 */ -
r
OK || Help

/

\
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Navigating between the model and generated

'i Stateflow (chart) modeSchedulerlsr/Controller_Mode_Scheduler
File Edit View Display Chart Simulation Analysis Code Tools Help
&~ 8 4 8 -EH 40P @ |u & @&
Controll ode_Scheduler
® modeSchedulerlsr » = Controller_Mode_Scheduler v
Controller Mode Scheduler B
13
)]
e}
~ Wotor_Control
$ [{command_type==OpenLoopVelocity)... —
5 [motor_on] || ~position_valid] Open_Loo
1 controlier_|
[~motor_on] 3
| j——————1 [(command_type~=OpenLoopVelocity) ... =
4 && position_valid]
] [~motor_on]
®
Emor [erron S—
controller_mode = Error; — [command_type==Velocity] Velocity C
20} controller_r|
h
» a4 1 3
Ready 113% FixedStepDiscrete
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What did we learn from this example?

= Initial steps for production code generation
— Code generation advisor

— Function prototype control

— EXxporting global tuning parameters

— Navigating between the model and generated code
— Package up code and artifacts
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Model your system, design your controller, and
generate code using Simulink
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C Code

Embedded System

&\ MathWorks:

16



&\ MathWorks
Where can | find more information?

= Explore a demo on generating C code from a controller and verifying
Its compiled behavior and execution time

>> docsearch "Field-Oriented Control of Permanent Magnet
Synchronous Machine"

http://mathworks.com/products/demos/shipping/rtw/rtwdemo pmsmfoc script.html

=  Watch recorded webinar: Embedded Code Generation for AC Motors
http://www.mathworks.com/company/events/webinars/wbnr61549.html

= Watch 2012 MathWorks Automotive Conference recording of:
Parameterizing and Verifying a Permanent Magnet Synchronous
Motor Model

http://www.mathworks.com/company/events/conferences/automotive-conference-
michigan/2012/proceedings/registration.html?video=3
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