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Objectives

» To introduce basic concepts and examples of software architecture applied
to embedded system design and development

» To provide a basic point of view about embedded software architecture to
students and other developers who are not yet involved in this product
development culture

» To establish the important concepts and design methodology during
undergraduate/graduate embedded systems courses

Note:

» The present material is intended for the audience attending the embedded
systems workshop at Oakland University (mainly students). The content
respect to methodology and source code is based on Author previous
experience and current projects related to academics, it is not related to
Vector CANTech Inc. products and/or tools

© 2012. Vector CANtech, Inc.. All rights reserved. Any distribution or copying is subject to prior written approval by Vector.
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Software Architecture

» The software architecture of a program or computing system is the
structure or structures of the system, which comprise software elements,
the externally visible properties of those elements, and the relationships
among them. [Bass, Clements & Kazman, 2003]

» Collection of software components that follows an organized structure,
and describes the overall system and it components behavior from a high-
level design perspective

Embedded Software Architecture

» Structure and organization of multiple software components through
different abstraction layers that intends to provide hardware
independence, maximizes code reusability and propagates component
behaviors, between multiple platforms of purpose-specific embedded
computers

© 2012. Vector CANtech, Inc.. All rights reserved. Any distribution or copying is subject to prior written approval by Vector.
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“All architecture is design, but not all design is
architecture. Architecture represents the significant
design decisions that shape a system, where significant
is measured by cost of change” [Grady Booch]

© 2012. Vector CANtech, Inc.. All rights reserved. Any distribution or

copying is subject to prior written approval by Vector.
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Abstraction

» Simplified view of a system containing only the details important for a
particular purpose [Berzins & Lugi, 1991]

Embedded Software Abstraction

» Design methodology used to hide hardware architecture details from the
application software domain by the isolation and encapsulation of relevant
parameters that describe the behavior of an specific hardware entity, in
order to facilitate software component reusability and portability

Software Component

» In software system, a software component is an entity with well defined
behavior and interacts with other components and modules within the
system

© 2012. Vector CANtech, Inc.. All rights reserved. Any distribution or copying is subject to prior written approval by Vector.
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Software Interface

» A mechanism used by a software component or module to interact with
the external world (i.e., analog/digital signals, RF) and other software
components

Coupling

» Degree of dependency between different software components within a
system

Cohesion

» Measures the degree of relationship between elements within a software
component.

© 2012. Vector CANtech, Inc.. All rights reserved. Any distribution or copying is subject to prior written approval by Vector.
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Reasons for Embedded Software Architecture

» The increasing complexity of system requirements as consequence of
technology advancements in semiconductor industry

» Complex requirements critically impact the product life cycle. It is difficult
to satisfy time-to-market demands (reduce development time and cost)

» Optimize and speed-up software development, without compromising
safety, robustness and quality of the software components

» Improve software component reusability through multiple hardware
platforms

© 2012. Vector CANtech, Inc.. All rights reserved. Any distribution or copying is subject to prior written approval by Vector.
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Software Architecture Structure

Layered Architecture

APPLICATON

HAL SYSTEM INTERFACE

os

Middleware and System Management

EXTERNAL DRIVERS

HARDWARE ABSTRACTION

MCU PERIPHERAL DRIVERS

MCU HARDWARE

© 2012. Vector CANtech, Inc.. All rights reserved. Any distribution or copying is subject to prior written approval by Vector.
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Software Layers Description

MCU Peripheral Drivers

» Internal device drivers

» Hardware access to MCU peripherals

» Provide MCU low-level abstraction

» Hardware dependence is high, therefore, reuse is limited at this level

» Provide standard interfaces used by abstraction, OS and external driver
layers

© 2012. Vector CANtech, Inc.. All rights reserved. Any distribution or copying is subject to prior written approval by Vector.
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Software Layers Description

Hardware Abstraction Layer (HAL)

» Provides access to MCU hardware features through peripheral interfaces
» Hides hardware details not relevant to upper software layers

» Interfaces with MCU and external drivers in the low level side, and with
HAL signal interface at the upper side

© 2012. Vector CANtech, Inc.. All rights reserved. Any distribution or copying is subject to prior written approval by Vector.
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Software Layers Description

Middleware and System Management

» Facilitate the interaction between application components and other
modules and/or components within the system:

> Graphics Library
> Networking

> File Systems

> Databases

> Other Middleware components, i.e., off-the-shelf components

» Provides system management
» Power Management
» Memory management

» Diagnostics

» Due to overhead, it is an optional layer

© 2012. Vector CANtech, Inc.. All rights reserved. Any distribution or copying is subject to prior written approval by Vector.
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Software Layers Description

External Drivers

» Implements direct hardware access to external devices through MCU
peripherals

» Meet all functional and timing requirements of the external devices

» Examples:
» EEPROM (I2C™, SPI™, Microwire™, etc)
» External ADCs (i.e. Delta-Sigma high-resolution converters)

» Sensors and actuators

© 2012. Vector CANtech, Inc.. All rights reserved. Any distribution or copying is subject to prior written approval by Vector.
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Software Layers Description

HAL System Interface

» Provides to the application one more level of abstraction and hardware
independence

» Translates logical signals into a meaningful format for the application

» Facilitates the communication between application software components
and/or lower layer modules

» It is application specific

» Due to overhead, it is an optional layer

© 2012. Vector CANtech, Inc.. All rights reserved. Any distribution or copying is subject to prior written approval by Vector.
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Software Layers Description

Application Layer

» Product specific functions

» Contains the software components that implements the desired
functionality (unique) for a specific embedded computer system

» A high-level design methodology ignores the details of the hardware

» Reusability of application components strongly depends in the availability
and efficiency of lower layers

© 2012. Vector CANtech, Inc.. All rights reserved. Any distribution or copying is subject to prior written approval by Vector.
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Software Layers Description

OS Layer

» Provides support for multi-tasking
» Task scheduling and synchronization

» If real-time OS (RTOS)
> Context —switching
> Task preemption

> Interrupt management

© 2012. Vector CANtech, Inc.. All rights reserved. Any distribution or copying is subject to prior written approval by Vector.
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Example - Software components and module interaction

Window Switch Component Window Manager Component Window Ctrl Component

Ap_getswitchState ()
_ Ap_WndwRequest(wndw, dir) Activate_Window (wndw, dir)
Ap_SwitchEventCmd(event)

HAL System Interface

oS Interface Interface

Hw Motor Driver

ADSUIACLIOTr

GPIO

MCU Peripherals

Window Switch Window Motor

© 2012. Vector CANtech, Inc.. All rights reserved. Any distribution or copying is subject to prior written approval by Vector.
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Example — Device Driver Module

Methodology:

» Understand device characteristics (internal or external)
> Read device user manual, datasheet and application notes

> Become familiar with the device (within the family)
» Identify and extract the characteristics that describe the device behavior
» Define component data types (needed for encapsulation)
» Design software component structures and interfaces
» Component implementation and testing

» Incorporate software component into software libraries

© 2012. Vector CANtech, Inc.. All rights reserved. Any distribution or copying is subject to prior written approval by Vector.
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Example — MCU SPI™ Device Driver Module

» Data Abstraction — Extract common device characteristics
> Operation mode (Master / Slave)
> Data width
> Clock polarity
> Clock edge
> Baudrate

> Device selection (chip select - CS)

» MCUs can incorporate additional features, not part of SPI™
standard, that need to be addressed appropriately if used (not
within the scope of this example)

» Data processing configuration
> Enable/disable interrupts

> Polling mode

© 2012. Vector CANtech, Inc.. All rights reserved. Any distribution or copying is subject to prior written approval by Vector.
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Example — MCU SPI™ Device Driver (simple case)

» Define Interfaces
> Driver Initialization
o Init port pins
o Init SPI physical channel
o Init SPI interrupts (enable/disable)
> Data transmission
o TX character
o Rx character
o Tx data buffer
o Rx data buffer

© 2012. Vector CANtech, Inc.. All rights reserved. Any distribution or copying is subject to prior written approval by Vector.
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Module Example — MCU SPI™ Device Driver (code snippets)

Module Data types

typedef s=troct Spi hldChnlCfg

{
5pi h1ldChnlTdType
Spi_hldCfgFlagType
Spi_hldIntCfgFlagType
Spi hldBaudRateType
Spi hldCallbackCfgType
Spi_hldCallbackIntCfgType
} Spi_ hldChnlCfgTIvpe;

typedef struct Spi hldC=sCfg
i
Spi_hldcsIndexType
Spi_ hldCsEnType
Spi_ hldCsFolType
Spi_hldCsD1lyEnType
Spi_hldC=sDlyTimeType
Spi_hldCsPFortType
} Spi_hldCsCfgType:

channelId;
cfgFlags:

intCfgFlags;
baudRate;
cfgFnctnPtr;
intCfgFnctnPtr;

csld;

ce2Enable !

csPolarity;

csDelavEn;

ce2DelayTime;

cs2Port

Module Configuration

const Spi hldCsCfgType Spi hldCsConfig[SPI_MAX CS5 NUMBER]

{
{SPI_CS0, SPI_CS_ENABLE,
{SPI_Cs51, SPI_CS DISREBLE,
{SPI_C52, SPI_C5_DISAEBLE,
{SPI_C53, SPI_C5 DISAELE,
¥

SPI_CS POL_LOW,
SPI_CS POL_LOW,
SPI_CS5_POL_LOW,
SPI_CS_POL_LOW,

SPI_CS DLY DISABLE,
SPI_CS DLY DISABLE,
SPI_CS5 DLY DISABLE,
SPI_CS_DLY DISABLE,

b i T i I i |

EE_CS},
ADS124x CS},
GPIO NULL},
GPIO NULL}

© 2012. Vector CANtech, Inc.. All rights reserved. Any distribution or copying is subject to prior written approval by Vector.

Slide:

vector’



Module Example — MCU SPI™ Device Driver (code snippets)

Module Configuration (Cont...)

const 5pi hldChnlCfgType S5pi_ hldChannelConfig[SPI_MAX CHANNEL] =

{
i
S5PT_CHANNEL 1, J#* MCU SPI Channel Id #/
5PI_CFG CHANNEL1, /* Configuration Flags */
SPI_INT CFG_CHANNELI1, /% Interrupt Flags */
SPI_BAUD CHANNEL1, /#* Baudrate #/
Mcu 11dSpiCfg, /* Channel Configuration Function Pointer */
Mcu 11dSpiIntCfg /* Interrupt Configuration Functien Pointer #/
b,
{
SPI_CHANNEL 2, /* MCU SPI Channsl Id */
SPI_CFG_CHANNELZ, /* Configuration Flags */
SPI_INT_CFG CHARNWNELZ, /* Interrupt Flags */
SPI_BAUD CHANNELZ, /* Baudrate */
NULL FUNCTION SPI_CFG PTR, /* Channel Configuration Function Pointer +*/
NULL FUNCTION SPI_INT PTR /* Interrupt Configuration Function Pointer +/
b

#if ((TRRGET_PROCESSOR == CPU PIC32MX6X MICROCHIP) ||
(TARGET PROCESSC0R == CPU_PIC32MXT7X MICROCHIF))

{
SPI_CHRNNEL 3, S#* MCU SPI Channel Id #/
SPI_CFG_CHANNEL3, /% Configuration Flags #/
SPI_INT CFG_CHANNEL3, /* Interrupt Flags */
SPI_BAUD CHANNELS, /* Baudrate */
NULL_FUNCTION SPI_CFG FPTIR, /* Channel Configuration Function Pointer */
NULL_FUNCTION SPI_INT PFTR /* Interrupt Configuration Function Pointer */
b,
{
SPI_CHANNEL 4, /* MCU SPI Channel Id */
SPI_CFG_CHANNEL4, /* Configuration Flags =*/
SPI_INT CFG CHANNEL4, /* Interrupt Flags */
S5PI_BAUD CHANNEL4, /* Baudrate */
Mcu 11d5piCfg, /* Channel Configuration Function Pointer */
Mcu 11dSpiIntCfg /* Interrupt Configuration Function Pointer #/
}
#endif

b

© 2012. Vector CANtech, Inc.. All rights reserved. Any distribution or copying is subject to prior written approval by Vector.



Module Example — MCU SPI™ Device Driver (code snippets)

Module Interfaces - Initialization

volid S5pi_hldChannelInit (const Spl_hldChnlCfgType #*spiCIfgPtr)

{
S5pi hldChnlCfgType cfgPtr = (S5pi hldChnlCfgType #*)=spiCIigPtr;
uintg cfgldx;

if (WULL '= cfgPtr)
{
for({cfgldx = 0; cfgldx < 5PI MaX CHRANNEL; cfgIdx+t)
{
if(NULL_SPI_FNCTN CFG_PTR != cfgPtr[cfgldx].cfgFnctnPtr)
{
cfgPtr[cfgldx] .cfgFnctnPtr (
cfgPtr[cfgldx].channelld,
&cfgPtr[cfgldx] .cfgFlags,
cfgPrr[cfgldx] .baudRate
)

S5pi_ SetS5tatusFlag(cfgPtr[cfgldx].channelld, SPI_CHANNEL ENAELE) ;
Spi SetStatusFlag(cfgPtr[cfgldx].channelld, SPI_TX RERDY):

if(NULL SPTI_TINT FNCIN CFG PTR != cfgPtr[cfgldx].intCfgFnctnPtr)
{
cfgPtr[cfgldx] .intCfgFnctnPtr(
cfgPtr[cfgldx].channelld,
socfgPtr[cfgldx].intCfgFlags
)

}/* end for loop */

Spi_hldCsInic():

© 2012. Vector CANtech, Inc.. All rights reserved. Any distribution or copying is subject to prior written approval by Vector.



Module Example — MCU SPI™ Device Driver (code snippets)

Module Interfaces - Rx Buffer

void Spi hldGetBuffer (5pi LogicChannelldType id, Spi DataWitdthType *destBuffer, uwintlé size)

{
uintlé spi = Spi_hldGet5Channeld (id) ;
uintlé cs = S5pi hldGetCs(id):;
Spi DataWicdchType dummy = 0;

Spi_hldSetStatusFlag(spi, SPI_EX IN PROGRESS):
Spi_hldClearStatusFlag(spi, SPI_EX RELDY);

/* Start Communication */
Spi_hldhssertCs(cs);

if(MULL !'= destBuffer)
{
while(size—-)
{
J* Hesp Clock active during reception
*/
Spi_hldTransmitChar (spi, dummy) ;
¥descBuffer++ = Spi_hldReceiveChar(spi);
}

/* End Coomunication */
Spi_hldDelssertCs(cs):

#if !defined(5FI INTERRUPT MODE)
Spi_hldSetStatusFlag(spl, SPI_EX RELDY);
Spi_hldClearStatusFlag(spi, S5PI_RX IN PROGRESS) ;

#endif

© 2012. Vector CANtech, Inc.. All rights reserved. Any distribution or copying is subject to prior written approval by Vector.
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Module Example — MCU SPI™ Device Driver (code snippets)

Module Interfaces - LLD SPI Rx interface

vold Mcu 11d5piTxChar (Mcu hwiSpiChnlIdType id, uintlé data)

{
#1if (TARGET PFROCESSOR = CPU PIC32MX3X MICROCHIFE)
if((SPI CHANNEL 1 != id) || (S5PI CHANNEL 2 1= id))
{
Mcu SetErrorFlag(MCU SPI CHANNEL ID NOT FOUND) ;
i
el=e
i
SpiChnPutC{id, data):;
}
fel=e
SpiChnPutC({id, data):
fendif
i

© 2012. Vector CANtech, Inc.. All rights reserved. Any distribution or copying is subject to prior written approval by Vector.
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Example — Module interaction

Inter-module interaction - EEPROM Module (External device)

EEPROM Manager

(0153

EEPROM Driver

SPI Driver GPIO Driver I2C Driver
MCU LLD

E_SPI_CLK
I2C_SDA
I2C_SCL

EE_SPI_NCS

EE_SPI_SIMO
EE_SPI_SOMI

© 2012. Vector CANtech, Inc.. All rights reserved. Any distribution or copying is subject to prior written approval by Vector.
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Example — Module Interaction (code snippets)

Inter-module interaction - EEPROM Module (External device)
EEPROM Driver Initialization

const EEDRV cfglype EEDRV Config[EEPRCM MAX NUMEBER] =

i
{
EEDRV DEVICE], /% EEPROM Device ID */
EEDEV_S5FI, S* EEFRCOM Device Interface Tvpe */F
EEDEV_ SPI CHANNELIL, J* EEPROM Comm Channel */F
EEDRV 256KBIT, J* EEPROM size */
EEDRV PAGE SIZE DEVICEL /* EEPROM Page Si=ze */
b
{
EEDEV DEVICEZ, J* EEPROM Device ID */
EEDRV I2C, S* EEPROM Device Interfacse Tyvpe */
EEDRV I2C CHANNELSZ, /* EEPROM Comm Channel */
EEDRV SIZE 512KEIT, S#* EEPROM size */
EEDRV PAGE SIZE DEVICEZ S* EEPRCOM Page Siz= */
}
b

© 2012. Vector CANtech, Inc.. All rights reserved. Any distribution or copying is subject to prior written approval by Vector.



Example — Module Interaction (code snippets)

Inter-module interaction - EEPROM Module (External device)
EEPROM Driver — Read Memory Block

void EEDRV readBlock(EEDREV TIdType id, EEDRV addressType srchddress, (EEDRV addressPtrType)* destlhddr, uintlé size)

i
if(MULL EEDRV FHNCTH CFG PTR != EEDEV ConfigPrr)

i

while(index++ < =ize)

{
*destlAddr++ = EEDRV readByte(id, srchddress++):;

EEDEV dataType EEDRV readByte (EEDRV IdType id, EEDEV addressType address)

i
1f (NULL EEDEV FNCTN CFG PTR != EEDEV ConfigPtr)
{
If(EEDEV T2C = EEPROM Config[id]->eelnterface)
{
EEDEV ProcessI2CReadCmd (id, address);
}
else 1if(EEPRCOM SPI = EEDRV ConfigPtr[id]-»essInterface)
{
EEDRV ProcessSpiReadCmd(id, address):
}
1
}

© 2012. Vector CANtech, Inc.. All rights reserved. Any distribution or copying is subject to prior written approval by Vector.
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Example — Module Interaction (code snippets)

Interaction with other modules - EEPROM Module
EEPROM Driver— Write Cycle Status

EEDEV StatusType EEDRV isBusy(EEDREV_ IdType id)
{
EEDEV status status = EEDRV_IDLE;

if (NULL EEDRV_ FNCTN CFG PTR != EEDRV ConfigPtr)
{
if (EEFPROM T2C — EEDRV ConfigPtr[id]-»eelInterface)
{
I2C requestWriteCmd (EEDRV Devicelddress());
I2C Start (EEDEV ConfigPtr[id]->»commId, I2C START):

I2C putChar( EEDRV ConfigPtr[id]->commId,
I2C gethddress (EEDRV_Devicelddress(), I2C_ADDRESS T7EIT)
|

if(I2C_SlaveAck(EEDRV_ConfigPtr[id]->commId))

i
EEDRV_status = EEDRV_BUSY;

I2C Stop(EEDRV_ConfigPtr[id]->commId) ;

}
else 1f(EEPRCM SPI = EEDRV_ConfigPtr[id]-»eelnterface)
i
if(EEDRV_readStatus (EEDREV_ConfigPtr[id]->commId))
i
EEDRV_status = EEDRV_BUSY;
}
}
}
retarn({status) ;

© 2012. Vector CANtech, Inc.. All rights reserved. Any distribution or copying is subject to prior written approval by Vector.



Example — Module interaction

Interaction with other modules - EEPROM Module
EEPROM Manager

EEMNGR_INIT EEMNGR_UPDATE

¥

[ EEMNGR_IDLE ]{ EEMNGR_VERIFY EEMMNGR_FAIL ]

N

\ [ EEMNGR_RETRY
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Example — Module Interaction (code snippets)

Inter-module interaction - EEPROM Manager
EEPROM Manager- Executive

void EEMNGR Exec(vold)

{
switch (eeMngr3tate)
{
case EEMNGR_UPDRTIE:
{
if (EEMNGNR WRITE DONE = EEDRV_writeByte (EEMNGR_GetDeviceld(EEMNGR_ramhddress) , EEMNGR_EEaddress, *EEMNGR_ramhddress))
{
eeMngrState = EEMNGR VERIFY;
}
else
{
EEMNGR SetFault (EEMNGR CCMM FATLURE) ;
eeMngrState = EEMNGR FATL;
}
}
break;
case EEMNGR VERIFY:
{
if (*EEMNGR ramiddress — EEPROM readByte (EEMNGR GetDeviceId (EEMNGR ramAddress), eelddress))
{
eeMngrState = EEMNGR IDLE;
ClrBitU& (EEMNGR eeEnduranceTable [EEMNE updateByte], EEMNE updateBit):
}
else
{
eeMngrState = EEMNGR RETRY;
}
}
break;
}

© 2012. Vector CANtech, Inc.. All rights reserved. Any distribution or copying is subject to prior written approval by Vector.
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Module Example - External Software Driver

Sigma-Delta ADC TI ADS124x Family

5 AVDD REFP REFN VDD
— :
Burmoul
DVDD | 1 16 | SCLK mmé) ADS1246
Visas
DGND | 2 15| DIN -
S SCLK
CLK |3 14 | DOUT/DRDY DIN
S S— w0 | | Agesse | | ¥ 0DROY
RESET | 4 13 | DRDY oo 1 I O = T L B
ADS1246 W Mochlal Pl and -
REFP | 5 12| CS 2 R 0
RESET
REFN | 6 11| START P
Burnoul
AINP | 7 10 | AVDD .
AINN | 8 9 | AVSS :
HES ClK DGND

Source: ADS1246, ADS1247, ADS1248 datasheet, August 2008, Revised October 2011

© 2012. Vector CANtech, Inc.. All rights reserved. Any distribution or copying is subject to prior written approval by Vector.

vector’




Module Example - External Software Driver

Sigma-Delta ADC TI ADS124x Family

DVDD

DGND

CLK

RESET
REFFO/GPIO0
REFNO/GPION
VREFOUT
VREFCOM
AIND/EXC

AINT/IEXC

10

ADS1247

20

19

18

17

16

15

14

13

12

11

SCLK
DIN
DOUT/DRDY
DRDY

cs

START

AVDD

AVSS
AIN3/IEXC/GPIO3

AINZ/IEXC/GPIOZ2

DVDD

DGND

CLK

RESET
REFFO/GFPIO0
REFNO/GPIO1
REFF1
REFN1
VREFOUT
VREFCOM
AINO/IEXC
AlINT/IEXC
AIN/IEXC/GPIO4

AINS/IEXC/GPIOS

10

11

12

13

14

ADS1248

28

27

26

25

24

23

21

19

18

17

16

15

SCLK
DIN

DOUT/DRDY
DRDY

cs

START

AVDD

AVSS

IEXC1

IEXC2
AINZ/IEXC/GPIO3
AIN2/IEXC/GPI02
AINT/IEXC/GPIO7

AINB/IEXC/GPIOG&

Source: ADS1246, ADS1247, ADS1248 datasheet, August 2008, Revised October 2011
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Module Example — External Software Driver

Sigma-Delta ADC TI ADS124x Family

-

|
REFPQ/ nEHE.-!m12“fﬂ?;

ADD GRIODG GRO1 | REFF REFN1| VREFOUT VREFCOM VDD

=

! )
et |- 1 [ ADS1247
Voltage
[Vanc] | ER M | e | ADS1248
L | I'GFi0 |
AINVIEXT System SCLK
AIN1AEXC ‘__\h.,m e .
L 0L I:Iﬂ D Aciust hbe hf:_:m DR D
AINEXC/GPIDA 2:1 mﬁ> < ar B Lo SouT IR
____________ L —_—
| AIN4JEXC/GPIOA Ve W Modubator Flter e =
| AINSAEXC GRIDS O -
I -] | Duai —
| AING/IEXC/ GPI06 e RESET
| AINTIEXC/GPIOT @ e
| ADS1248 Only Irernal Oseillatos
j ‘
AVSS 1IEXC]  IEXCE CLK DGEND
ADS1248 Oriy

Source: ADS1246, ADS1247, ADS1248 datasheet, August 2008, Revised October 2011
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Module Example — External Software Driver

App_readExternalTemp(&App_Temperature)

HALSYS_readTemp(ptr)

(0153

HAL_readAds124x(ptr)

Ads124x_readOneShot (id)

SPI Driver GPIO Driver

MCU LLD

o -
: : = 3 :
- = |-|| o S E (lT)
o o & n x [
@ ? & | Jd | & Q
§) | 2 w a
$) 13) = o
2 Q a < < <
< < < v

ADS1246
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Module Example - External Software Driver

APP_DispayTemp.c p———>| APP_DispayTemp.h

File Structure

HwADbs.c HwAbs_cfg.c (Slmp“ﬂed VIeW)
l |
HwAbs.h ads124x.c Ads124x_cfg.c Mcu_RegAcc.h
| v | 1
HwAbs_cfg.h Em— ads124x.h Mcu.c McuCfg.c Mcu_HwCfg.h
| Vo |
Ads124x_cfg.h — Mcu.h — McuCfg.h
l Mcu_lrg.c
Gpio_Cfg.h |€— Gpio.h spiDrv.h —>] spi_DrvCfg.h
Gpio.c Gpio_Cfg.c spiDrv.c spi_DrvCfg.c

vector’



Example - External Driver development example

Module Data Types

typedef struct Adsl24x hldCfg

i
Adsll4x muxInputType muxInput;
Ad=sl24x= pgaType pga;
AdslZ4x samplingType sampling;
Adsl24x gpiolype startPin;
Adsl24x gpioTlype resetPin;
#1if (AD5124X CALIBRATION ENABLE)
Adsl24x calCoeffType *ofcPtr;
AdslZ4x calCoeffType *FacPtr;
#endif
#if( ADS1247 || ADS1Z48 )
Adsl24x= gpioMaskType gpiocMa=k;
fendif

} AdslZ24x hldCfgType:

© 2012. Vector CANtech, Inc.. All rights reserved. Any distribution or copying is subject to prior written approval by Vector.



Example - External Driver development example

Module Initialization

const Adsld4x hldCfglype AdslZ24x hldInit =
i
AD5124X SINGLE INFUT,
SY50 PGA B,
SY50 S5P5 320,
GPIO NULL,
GPIO NULL,
#1if (AD5124X CALTBRATION ENABLE)
NULL,
NULL,
#endif
#if( ADS1247 || _ADS1248 )
AD5124x NULL GPIO MASK
fendif

}:

© 2012. Vector CANtech, Inc.. All rights reserved. Any distribution or copying is subject to prior written approval by Vector.



Example - External Driver development example

Module Initialization (cont.)

vold Adsl24xInit( Rdsl24x IdType id, const AdslZ4x hldCfgType *cfgPtr)

{
if(GFIC NULL != resetPin)

{
Ad=124x ResetCycle(resetPin);
/* Resst 1s neesded prior to start conversion */

Ads124x_Delay(ADS124X RESET DELAY uS):

if (WULL != cfgPtr)
{
Ad=124x writeRegister(id, 5YS50_ADDRESS, (Ad=slZ24x regType) (cfgPtr->pga + cfgPtr->=zampling)):

RdslZ24x registersDump (id);

#1f (AD5124X CALIBRATION ENABLE)

if (NULL != cfgPtr->oafcPtr)
{
hd=l124x Write OFC Coefficients(id, cfgPtr-»ofcPtr):;
}
if (WULL = cfgPtr->fscPtr)
{
Adsl24x updateFscCoeff(id, cfgPtr->fscPtr);
}

Ads134x systemDffsetCal (id);

Ad=z124x systemGainCal (id);

Adz124x selfOffsecCal (id):;
#endif
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Example - External Driver development example

Module Initialization (cont.)

fif(_ADS1247 || _ADS1Z4E )
if(aD5124x NULL GFIO MASK != cfgPtr->gpioMask)
i
BdslZ4x builtinGpioGfg(channel, (uintg) (cfgPtr->gpicMask & OxIF})
}
#endif
if {(GFI0 NULL != startPin)
i
Rd=sl24x stoplonversion(startPin);
}
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Example - External Driver development example

Module Interfaces Examples

void Adsl24x readOneShot (AdslZ24x TdType id)

i
A% Ignore dummy read data */
(void) Spi putCharacter(id, ADS124x RDATA, S5PI C5 ACTIVE):
/* Read Data */
Adsl24x Data[l] = Spi putCharacter(id, AD5124x NCP, SPFI C3 ACTIVE);
Ad=124x Data[l] = Spi putCharacter(id, AD5124x NOP, SPI C5 ACTIVE) ;
Ad=s124x Data[l] = Spi putCharacter(id, ADS124x NOFP, SPI C5 DEACTIVATE):
1
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Example - External Driver development example

Inter-Module Interaction

Application:

vold App readExternalTemp (void)

i
1f (HALSys TempSensorReadAwvailable())

{
HALSys readTemp (&2pp Temperature) ;

HAL System Interface

fdefine HELSFS_IeadTemp{ptI}R
do{l,
HAL readhdslz4x(ptr):\
HAL_ClEaITempﬁenSDIReadﬂvailahle{};1
} while(0)
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Conclusions

» The more complex requirements the more complex software
implementation

» The evolvement of embedded software requires the application of
software engineering concepts

» Reusable software components demands a higher amount of MCU
resources (measures in memory size and execution cycles)

» A well defined software architecture allows the creation of truly
reusable software components that can be effectively ported to
different hardware architectures

» The effective implementation of software architecture requires a
culture of discipline and commitment

© 2012. Vector CANtech, Inc.. All rights reserved. Any distribution or copying is subject to prior written approval by Vector.

vector’




Thank you for your attention.

For detailed information about Vector
and our products please have a look at:

WWW.vector.com

Author:

Salvador Almanza, Special Projects(PES)
salvador.almanza@vector.com

Vector CANtech, Inc.

© 2012. Vector CANtech, Inc.. All rights reserved. Any distribution or copying is subject to prior written approval by Vector.



