Our implementation of OOP

* It's a C implementation, not really object programming

« Each class is constituted by three source file:
* An interface header file containing only what it necessary to the user to work with
that class
» A private header file containing private definitions (e.g. object variables, object data
structure type)
» A private .c file containing the real implementation of the methods

PUBLIC interface :

[
XClass.h YClass.h :
Z_ XClass.h— '
Y_XClass.h :
i
HIDDEN implementation l . ;
P 1 | XClass.obj YClass.obj
[
XClass.c X Private h YCIas's.c | .
' YPrivate.h | ;| Z_XClass.obj
[
Z_XClass.c Y_XCIass.c. Il 'Y XClass.obj
7 XPrivate.h Y XPrivate.h | =
— " I

Lys
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Base class structure
Mirtual-methods
Variables

Parameters

Pointerto-derived-class

Base class objects, is
a pointer pointing to
base classs structure

Base class structure
— Virtual methods
Variables
Parameters

Derived class objects, is a
pointer always pointing to
its base classs structure

Pointer to derived class

> Derived class structure
Specific parameters
Specific Variables
Specific Parameters

> Private function (not in the structure)

augmented

Without
derived class

With derived
class



Classes Iinterfaces documentation

 As the classes interface is the only file may be known by the user, it
has been documented using doxygen format

» .chm help files are then generated for each class for user
convenience (as done for the Std peripheral library)

) STM32 PMSM FOC FW Library v3.2.
& o W £ 8 o

Hide Locate Back Foward  Stop Refresh Home Font Print  Options

o ||| | GTM32 PMSM FOC FW Library v3.2

B () STM32 PMSM_WMC_Library  ~
= l:ﬂ BusVoltage Sensar
[] BusVohtageSensor clas:;
% BusVoltageSensor clas Data Structures | Typedefs
£] BusVoltageSensor clas: —
f Bih ok esaim BusVoltageSensor class private types
I 0 BusVoltage Sensor_Rdivide
Q BusVoltage Sensor_Virtual
I @ Digtaloutput

Contents

Main Page | Modules |

BusVoltageSensor

@ EncAlignCul Data Structures
@ FOCDiive

@ FOCOrve_IMFF_PMSM

@ FOCDrve_IMF_PMSM
@ FOCOrve_Openloop
@ FOCDrive_SMF_PMSM struct Methods_t

Q FOCDrive_SM_PMSM Virtual methods container. More...

I [£] MC Classes MISRA Complie struct _CVBS_t

g :E:i%gﬂzdmmns = Private BusVoltageSensor class definition. More. ..

[£] MCLibraryISRProrityCorf de

@ 1IC_Niath Typedefs

& 1C_Tipe

@ MotorPowerMeasurement typedef struct Vars_t = pVars_t

@ MotorPowerMeasurement_| typedef BusVoltageSensorParams_t Params_t

@ Pl_regulztor Redefinition of parameter structure.

@ PI_regulztor_PID _
@ PWMnCurFdbk typedef BusVoltageSensorParams_t pParams_t

@ PWMnCurfdble_ICS_DOD typedef struct Methods_t * pMethods_t
@ PWMRCunTdbk_ICS_F2X0 typedef struct _CVBS_t = _CVBS
@ PWMrCurFdbk_ICS_FAX

2 PWhnCurFabk_ICS_HD2 _ Generated on Tue May 22 2012 11:17:48 for STM32 PMSM FOC FW Library v3.2 by d@xy‘g [ 1.7.6.1

4 [ | 3

m,

struct WVars_t
BusVoltageSensor class members definition. More...

Lys
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Base classes interface —
BCLASSNAMECIass.h

» The interface header file containing only what it necessary to the user
to work with that class:

typedef struct CPWMC_t *CPWMC; } Public class definition, just a void container to

allow data hiding

?’pedef constsiruct Parameters structure type, a

uintlé_t hPWMperiod; /*I< It contains the PWM period expressed structure containing the set of all
in timer clock cycles unit:  those constant values necessary

hPWMPeriod = Timer Fclk / Fpwm  */ ‘L .
PWMnCurrFdbkParams_t, *pPWMnCurrFdbkParams _t; anq sufficient to characterize an
object of that class

e —— Class methods, the
void PWMC _Init(CPWMC this, void *pDrive); operations on the

uintl6_t PWMC_CheckOverCurrent(CPWMC this); object internal state are
void PWMC_ADC_SetSamplingTime(CPWMC this, ADConv_t only allowed

ADConv_struct); through these functions

Lys
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Base classes private definitions —
BCLASSNAMEPrivate.h

The private header file include BCLASSNAMECIass.h and contains private type definitions:

#define SECTOR_1 Ou } Constants definitions only exported to derived classes

typedef struct

{ . .
uintl6_t hT_Sqrt3; /*I< Contains a constant utilized by SVPWM algorithm */ ObJeCt varlables

uintl6_t hSector; /*I< Contains the space vector sector number */ structure definition

}Vars_t,*p.)i./ars_t;
Private redefinition of
parameters structure

typedef PWMnCurrFdbkParams_t Params_t, *pParams _t;

typedef struct
{ Virtual methods container (the first

void *(*pIRQ_Handler)(void *this, unsigned char flag); L being an interrupt handler If required

uintl6_t (*pPWMC_IsOvé'r.CurrentOccurred)(CPWMC this); ; i ;
} Methods. t,*pMethods. t; by object implementation)

—_

typedef struct
{

Methods_t Methods_str;  /*I< Virtual methods container */ Actual class definition,
Vars_t Vars_str; [*I< Class members container */ S : 1
pParams_t pParams_str;  /*!< Class parameters container */ mcludes pOInter to derlved
void *DerivedClass; [*1< Pointer to derived class */ ClaSS

} CPWMC t, * CPWMC,;

Ly, -
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Base classes private implementation —
BCLASSNAME.c

* The private base class implementation file include both
BCLASSNAMECIlass.h and BCLASSNAMEPrivate.h (can then access both
variables and parameters) and actually implements methods

#include "stdlib.h" /* Used for dynamic allocation */ located in heap and created on demand, not MISRA

FEifiet MC_CLASS_DYNAMIC } Inclusion for dynamic memory allocation (objected
#else compliant)

i DS T U Inclusion for static memory

#else __ allocation(fixed number of objects
_CPWMC_t PWMCpool[MAX_PWMC_NUM]J; . .
unsigned char PWMC_Allocated = Ou; located in static RAM)

#endif

| Private constant definition

void PWMC_GetPhaseCurrents(CPWMC this,Curr_Components* pStator_Currents)

{
(((_ CPWMCQC)this)->Methods_str.pPWMC_GetPhaseCurrents)(this, pStator_Currents);

Virtual methods
implementation (call derived
class method)

uintl6_t PWMC_SetPhaseVoltage(CPWMC this, Volt_Components Valfa_beta)

Real methods implementation

life.augmented STM32 PMSM FOC SDK v3.2 12/06/2014



Derived classes interface —
DCLASSNAME BCLASSNAMECIass.h

» The interface header file containing only what it necessary to the user
to work with that class. It includes

typedef struct CR1ILM1_PWMC_t *CR1LM1_PWMC; } Public class definition, just a void container

‘typedefconststruet :
{ylo Derived class parameters

uint32_t wADC_Clock_Divider; /*!< APB2 clock prescaling factor for type, a structure containing a
Xx=2,4,6,8* .
uint8_t IRQnNb; [*1< MC IRQ number used for TIM1 Update event B together with base class
and for DMA TC event.*/ parameters are necessary
, S and sufficient to characterize
uintl6_t hBKINPIn; . .
} R1_LM1Params_t, *pR1_LM1Params_t; an ObJeCt of this class
CR1LM1_PWMC R1LM1_ NewObject(pPWMnCurrFdbkParams_t ifi i
pPWMnCurrFdbkParams, pR1_LM1Params_t pR1_LM1Params) SpeCIfIC derived class
methods

static void R1LM1_StartTimers(void)

Lys

life.augmented STM32 PMSM FOC SDK v3.2 12/06/2014



Derived classes private definitions —
DCLASSNAME BCLASSNAMEPrivate.h

» The private header file include BCLASSNAMECIass.h and contains
private type definitions:

typedef struct
{ Specific derived

uintl6_t hPhaseOffset;  /*I< Offset of current sensing network */ SN iabl
uint16_t hDmaBuff[2]; Class variaples

structure definition

uintl6_t hRegConvy;
} DVars_t,*pDVars _t;

typedef R1_LM1Params_t DParams_t, *pDParams_t; Private redefinition of derived
class parameter structure

typedef struct ) )
{yp Private derived class

DVars_t DVars_str; — definition (no pointer to

pDParams_t pDParams_str; further derived classes)
} DCR1LM1_PWMC_t, * DCR1LM1_PWMC;

Lys
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Derived classes private implementation —
DCLASS NAME BCLASSNAME.c

* The private derived class implementation file include both base and derived class
interface and private header file (can then access to both derived and base classes
variables and parameters) and actually implements real and virtual methods

ST | rivate constants defintions

#ifdef MC_CLASS_DYNAMIC
#include "stdlib.h" /* Used for dynamic allocation */

#else - Inclusion for dynamic and

_DCR1LM1 PWMC tR1LM1 PWMCpool[MAX_R1LM1 PWMC_NUM]; : :
unsigned char R1LM1_PWMC_Allocated = Ou; static memory allocatlon

#endif

Private declaration of

static uint16_t R1LM1_CalcDutyCycles(CPWMC this); functions implementing
static void R1LM1_GetPhaseCurrents(CPWMC this,Curr_Components* pStator_Currents); Virtual methOdS

CR1LM1 PWMC R1LM1 NewObject(pPWMnCurrFdbkParams_t

PWMnCurrFdbkP ,PR1 LM1P tpR1 LM1P . .
P HCUIECRIEAIEMS, PREEMEEAIEMS {PRECHECAEMS Derived class specific

} methods mplementation

pStator_Currents) Function implementing

— base class virtual
methods
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#define MAX_PWMC_NUM 1u

#ifdef MC_CLASS_DYNAMIC

#include "stdlib.h" /* Used for dynamic allocation */
#else

_CPWMC_t PWMCpool[MAX_PWMC_NUMJ;
unsigned char PWMC_Allocated = Ou;

#endif

CPWMC PWMC_NewObiject(pPWMnCurrFdbkParams_t pPWMnCurrFdbkParams)

{
_CPWMC _oPWMC;

#ifdef MC_CLASS_DYNAMIC

_oPWMC = (_CPWMC)calloc(1u,sizeof( CPWMC _t));
#else

if (PWMC_Allocated < MAX_PWMC_NUM)

{
_oPWMC = &PWMCpool[PWMC_Allocated++];

}

else
{
_oPWMC = MC_NULL;

}
#endif

_oPWMC->pParams_str = (pParams_t)pPWMnCurrFdbkParams;
return ((CPWMC)_oPWMC);

}

Lys
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#ifdef MC_CLASS_DYNAMIC
#include "stdlib.h" /* Used for dynamic allocation */
#else
_DCR1LM1_PWMC_t R1LM1_PWMCpool[MAX_R1LM1_PWMC_NUM];
unsigned char R1LM1_PWMC_Allocated = Ou;
#endif

pR1_LM1Params)
{
_CPWMC _oPWMnCurrFdbk;
_DCR1LM1 PWMC O0R1 LM1;

#ifdef MC_CLASS_DYNAMIC
_O0R1_LM1=(_DCR1LM1_PWMC)calloc(lu,sizeof( DCR1LM1 PWMC t));
#else
if (R1LM1_PWMC_Allocated < MAX_R1LM1 PWMC_NUM)
_O0R1_LM1=&R1LM1_PWMCpool[R1LM1_PWMC_Allocated++];
else _O0R1 _LM1=MC_NULL;
#endif

_0R1 _LM1->pDParams_str = pR1_LM1Params; }
_OoPWMnCurrFdbk->DerivedClass = (void*)_oR1_LM1,

_0PWMnNCurrFdbk->Methods_str.pIRQ_Handler = &R1LM1_IRQHandler;
Set_IRQ_Handler(pR1_LM1Params->IRQnb, ( CMCIRQ) oPWMnCurrFdbk);
_0PWMnCurrFdbk->Methods_str.pPWMC_Init = &R1LM1_Init;

_0PWMnNCurrFdbk = ( CPWMC)PWMC_NewObject(pPWMnCurrFdbkParams); _

—_

CR1LM1_PWMC R1LM1_NewObject(pPWMnCurrFdbkParams_t pPWMnCurrFdbkParams, pR1_LM1Params_t

Base class new
object creation

Derived class new
object creation

Derived and base classes
objects linking

Virtual methods
linking

Lys
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Interrupt handling 1/2

* Some derived classes (e.g. R1_LM1 class, ENC, ...) need to execute
some code on Interrupt Service Routines (ISR)

* The ISR itself can’t be moved into objects implementation to allow
user adding his own code on the same interrupt

» A special class (MCIRQHandler) is created to this purpose

 This class contains an MC interrupt data table which is filled (through
Set IRQ_ Handler method) with a set of objects

* As already seen, the pointer to the base class object structure
coincides with the address of the MC virtual ISR

gmented STM32 PMSM FOC SDK v3.2  12/06/2014



Interrupt handling 2/2

void TIM1_UP_IRQHandler(void) #define MC_IRQ_PWMNCURRFDBK_1 Ou
{ #define MC_IRQ_PWMNCURRFDBK_2 1u
Exec_IRQ_Handler(MC_IRQ_PWMNCURRFDBK_1,0); Faelailshien 2o Z= = pIN S0 kS Sip) sl S e 2y
} #define MC_IRQ_SPEEDNPOSFDBK_2 3u
void Exec_IRQ_Handler(unsigned char bIRQAddr, unsigned char flag)
{
——> OMC_IRQTable[bIRQAddr]->pIRQ_Handler((void*)(oMC_IRQTable)[bIRQAddr],flag);
}
_CMCIRQ . : . : :
MC_IRQTable[MAX_MC_IRQ_NUM] static void* R1HD2_IRQHandler(void *this, unsigned char flag)
{
oR1CurrentSensor
oSpeedSensor }

Derived class objects, is a pointer always
Base class structure pointing to its base classs structure,
Virtual methods . f q q
Variables object address coincide with ISR pointer
Parameters address
= Pointer to derived class = Derived class structure

Specific parameters

Specific Variables

Specific Parameters

Private function (ot in the structure)

Lys
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MC Library Information flow

Acceleration
EncAlignCtriClass RevupCitriClass Positi SpeeanéoSsFl):gbkCIass
osition
CEAC =4 CRUC ;> Virtual sensor
Torque 1
Torque Reference
_ Reference
4 '
PWM output DigitalOutputClass
Digital output L CDOUT ) SpeednTorqCtriClass PIRegulatorClass
csTC i
a . specd
PWMnCurrFdbkClass
CPWMC Torque
— 2 Reference
—_ _ Rotor angle
SpeednPosFdbkClass Rotor angle FOCDriveClass <
CSPD I CFOC
; Real sensor, observer
AT‘?'OQ. Lafp I \,age StateMachineClass
Digital input 6\‘0\ CSTM
- 3 %\)
BusVoltageSensorClass
CVBS
. A
p N PIRegulatorClass PIRegulatorClass
TemperatureSensorClass CPI CPI
CTSNS Iq Id
. /

Lys
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Speed and position feedback class

g SpeednPosFdbk A
oSpeedSensor : IR <A S16de
> SPD_|Init* SPD_GetElAngle =
SPD_Clear* SPD_GetMecAngle Slodegrees
XXX_NewObject* SPD_GetAvrgMecSpeed01Hz othe >
SET SPD_GetEISpeedDpp il >
SPD_SetMecAngle * SPD_Check -
SPD_GetS16Speed 5109peed >
CALC

SPD_CalcAngle*
SPD_CalcAvrgMecSpeed01Hz*

N /

* XXX: Depend on the derived class
Kys
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Current reading and PWM generation class

/
PWMnCurrFdbk A
- INIT GET
0 rrsensor
- PWMC_lnit* PWMC_GetPhaseCurrents* Stator current
YOO INetaear PWMC_CheckOverCurrent* Ve BREAS

>
Converted val.
>

SET PWMC_ExecRegularConv*

Valfa_beta || pWMC_SetPhaseVoltage*

PWMC_SwitchOnPWM*

PWMC_ SwitchOffPWM*

PWMC_TurnOnLowSides*

PWMC_CurrentReadingCalibr*

Sampling ime | pwMC_ADC_SetSamplingTime*

\ /)

* XXX: Depend on the derived class

Lys
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oFOC
>

oCurrSensor

oSpeedSensor

Internal/External
>

lqdref

Igref

-

Field oriented control drive class

INIT

FOCDrive

GET

~

FOC_Init*

FOC_Getlab

Curr_cmp

FOC_Clear*

FOC_Getlalphabeta

Curr_cmp

XXX_NewObject*

FOC_Getlqd

Curr_cmp

FOC_Getlgdref

Curr_cmp

SET

FOC_GetVqd

Curr_cmp

FOC_GetValphabeta

Curr_cmp

FOC_SetSpeedSensor

FOC_GetAvrgMecSpeed01Hz

01HZ

FOC_SetDrivelnput

FOC_GetMecSpeedRef01Hz

01HZ

FOC_GetSpdSensorReliability

Bool

FOC_Setlqgdref

FOC_GetEIAngledpp

Dpp

FOC_Setldref

FOC_GetTeref

Teref

FOC_GetPhaseCurrentAmplitude

S16A

FOC_GetPhaseVoltageAmplitude

S16V

FOC_GetIinstanceNumber

int

CALC

FOC_CurrController*

MF ———>

Lys
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FOC_CalcCurrRef*

/

* XXX: Depend on the derived class
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Bus voltage sensor class

a8 BusVoltageSensor A
INIT GET
cBusSensor || VBS_Init VBS_GetBusVoltage d uiovor o
VBS_Clear* VBS_GetAvBusVoltage d LLOVor >
XXX_NewObject* VBS_GetAvBusVoltage_V Yol >
SET VBS_CheckVbus SUEEEEN
CALC
Error flag
VBS_CalcAvVbus* >
S /

* XXX: Depend on the derived class(RVBS / VVBS)

Lys
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Temperature sensor class

a TemperatureSensor A
INIT GET
oTemperatureSens}or TSNS_Init* TSNS_GetAvTemp_d u16CeIsius>
TSNS Clear* TSNS _GetAvTemp C* Celsius >
XXX _NewObject* TSNS_CheckTemp o
SET
CALC
- Error flag
' gg——3|| TSNS_CalcAvTemp* >
= /

* XXX: Depend on the derived class(NTC / VTS)
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Proportional-integral regulator class

Pl params

>

Kp_GAIN

Ki Gain

Integral term

Lower limit

vV VV VY

Upper limit

a N
Pl _regulator
INIT GET
PI_NewObject Pl_GetkP KpGan__J
P1_Objectinit Pl_GetKI Kb San >
SET PI_GetKPDivisor Kp Divisor
TonC PI_GetKIDivisor LOVEY S
Pl_SetKI
Pl_SetintegralTerm
Pl_SetLowerlntegralTermLimit
Pl_SetUpperintegralTermLimit
CALC s16
P1_Controller >
N /

STM32 PMSM FOC SDK v3.2 12/06/2014



STC params

oPI, oSPD,

>
oPIDSpeed

Torque/Speed
>

Final speed

>

Duration

life.augmented

Speed and torque controller class

~

K
SpeednTorqgCitrl

INIT GET
STC_NewObiject STC_GetMecSpeedRef01Hz
STC_lInit STC_GetTorqueRef
Sle Cleay STC_GetControlMode

SET STC_GetMecSpeedRef01HzDefault
STC_SetControlMode

STC_ExecRamp

STC_GetMaxAppPositiveMecSpeed01Hz

STC_StopRamp

STC_GetMinAppNegativeMecSpeed01Hz

CALC

STC_CalcTorqueReference

01HZ
Iqref
Torque/Speed

>
01HZ

>
01HZ

>
01HZ

>

Igref
>

-

/
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Encoder alignment controller class

~ .
EncAlignCitrl o

INIT GET
>| EAC_NewObject

| EAC_|Init

EAC params

Ostc,

oVSS, oENC

SET

EAC_StartAlignment

CALC

Completed
>

EAC_Exec

L J
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Rev-up controller class

4 RevupCitrl N
INIT | | GET |
RUC ' : ' - .
PP »| RUC_NewObject RUC_GetPhaseDurationms me >
STC, oVSS :
° 0 > RUC Init RUC_GetPhaseFinalMecSpeed01Hz 01HZ 5>
RUC_Clear :
- RUC_GetPhaseFinalTorque lqref
Ph
ms _ SET | RUC_GetNumberOfPhases =
>»| RUC_SetPhaseDurationms
o RUC_SetPhaseFinalMecSpeed01Hz
dref
* 3| RUC_SetPhaseFinalTorque
| CALC |
' Completed
RUC_Exec >
N J

STM32 PMSM FOC SDK v3.2  12/06/2014
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State machine class

s .
StateMachine A

INIT GET
STM_NewObject STM_GetState e S
STM_Init STM_GetFaultState Fault State >
SET
Next state ->| STM_NextState
STM_FaultAcknowledged

CALC

/ SetErrors State

SE ————>| STM_FaultProcessing
ResetErrors

\l /

Lys
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Digital output class

-~ . )
DigitalOutput

Digital output INIT GET
igital outpu . .

DOUT_NewObject DOUT_GetOutputState Activellnaciye
params

DOUT _Init

SET

ACt'Ve“naCt'VE) DOUT _SetOutputState

CALC
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Help files

» Three help files is provided with the MC FOC library 3.2

 Help files directory: \install directory\Doc

STM32 FOC PMSM FW library v3_2 developer Help This document aims to provide developer with a
file.chm description of:
* STM32 PMSM Motor control software library v3.2
classes interfaces.
» STM32 PMSM Motor Control Interface API.
* STM32 PMSM Motor control User Interface Library

API.
STM32 PMSM MC Library v3.2 Developer This document provides important information about
manual.pdf the STM32 FOC PMSM FW library v3.2 with specific

focus on its object-oriented programming
iImplementation and its task-organized structure.

STM32 PMSM MC Library v3.2 User manual.pdf This document aims to provide developer with a
description of:
» SDK constructure
 Details of algorithm
* API
* Interface

Lys
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