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@Snmﬁﬂns The com pany

the Brmimsars company

* Intecs - Italian company with activities in:
* Defense
* Railway
* Aerospace
* Traffic Control & Surveillance
* Automotive
* Telecom

* Approx. 500 employees over 6 cities in Italy (not only)

* Purpose of these classes: getting familiar with the
world of embedded systems and microcontrollers.
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@mﬁms Introducing myself

the Brmimsars company

* PhD in computer engineering @diag

* Focus on wireless sensor networks and low power
devices.

* Since 2012 partner of Wsense (university spin-off): hw
+ microcontroller software development.

* In Intecs since October 2016: head of HW Lab in
Rome, embedded sw developer/hw designer.
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@Mﬂﬁms Tools used in this class (1/4)

the Brmimsars company

The development board:
Nucleo-F401RE

| St-link debugger

USB connector

_________________________________________ Debugger

User Button MCU
Expansion Pins
Arduino — compatible User Led
pins
HE 21 1
32 Khz Crystal SR oy il
STM32F401RE MCU
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Sensor expansion board:
X-Nucleo-IKSO01A2 DIL24 socke

(expansion conn.)

L
Ry

el E::Il-l'l
il

.. ]
]

Level Shifters

Accel./Compass Sensor

Temp./Hum. Sensor (LSM303AGR)

(HTS221)

Temp./Pressure Sensor Accel./Gyro. Sensor
(LPS22HB) (LSM6DSL)
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soutions  Tools used in this class (3/4)

the Brmimsars company

Bluetooth expansion board:
X-Nucleo-IDB0O5A1

FOR EVALUATION OMLY
CONTAINS FCC 1D SOMSPETLERF
COMTAIMS IC:897VEC-SPRTLERF

Teeee0eoeQ
cecoNOGeOm
sescccesee

SseceEeseel

Bluetooth module
(SPBTLE-RF)
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@mﬁm Tools used in this class (4/4)

the Brmimsars company

Framework, IDE & tools

System Workbench 4

Stm32CubeF4
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Stm32F401 Microcontroller: ]i::w:

‘Based on Cortex M4 processor =
*512KB ROM Flash memory
*96KB SRAM data memory  F=he) [ el s [ -
*Up to 84Mhz operating frequency ' e [
*42uA in sleep (stop mode) w/RTC e = = i

e msF

UFEGA1DD
WLCSP4a  LOFP10D (14 = 14 mm LEI?F?';P":‘;? [T = T mm)

(3.06 x 3.08 mm) LOFPE4 (10 = 10 mm)

1

¥

L,
==
i

=

F
— [
[

)

it ]] i

Available packages

AT

[
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interface Processor

12C

UART

Hl BB

o

Peripheral Bus

DMA
Controller

!

5
L O [ o [
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the Brmimsars company

—

12C

UART

BEE

Peripheral Bus

DMA
Controller

L= e
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Architecture

Boot ROM

s ol
L ey
Hiraiam 1 T
TRAIRLLE
Tty i

=|:[8

Peripheral Bus

DMA

Controller
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the Brmimsars company

. Cortex M-4

Armv7-m architecture: Harvard architecture, 32-bit architecture
(internal registers, data path, bus interface)

* Thumb-2 instruction set (16/32 instructions)

* Unified memory space 4GB

* On-chip bus interfaces based on ARM AMBA

* NVIC controller with priority levels (12 clock cycles)
* Systick timer

* Optimized for power consumption (alternatives: Cortex R or
Cortex A)

* Optional advanced debug features and MPU
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Cortex M-4
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Address space: 4GB, little/big endian

Private peripherak nduding
built-im intemupt controller
(NVIC) and debug
components

Mainly used for extemal
peripherals.

Mainly used for extemal
RSOy,

Mainly used for penpharals.

Mainly used for data memory
(2. slabe RAM.)

Mainly used for program
code. Also used for exceplion
vector table

OxFFFFFFFF

0xEQ000000
0xDFFFFFFF

(Ot A, CeOHORON DD
0x9FFFFFFF

O 0000 000
0xSFFFFFFF
040000000
0:x3FFFFFFF
O 20000000
0x1FFFFFFF
Onc 00000000

O EOOFFFFF 0=E0O0EFFF
Private
System Control
System Peripheral Bus
(PPB) Space [(SC5)
Frivate Penpheral Bus -
OxEQOO0000 OxEQOOEDDD

External Device 1GE

Exdernal RAM 1GE

Peripherals 0.5GB
SRAM 0.5GB
CODE 0.5GB

Intecs Solutions 2018— Roma-Genova-Milano-Napoli-Pisa-Torino
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the Brmimsars company

. Systlck Timer
Part of the NVIC, 24-bit decrement timer

* Sourced from a reference clock source (typ. on-chip)
* Has its own exception hanlder

* Can be used as system clock for an OS (task management,
context switch)

* Used for portability

Intecs Solutions 2018— Roma-Genova-Milano-Napoli-Pisa-Torino
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* Power consumption:

Various sleep modes available

Commands: Wait For Event (WFE) / Wait For Interrupt (WFI)
Code stops running

Based on the sleep mode, clock signals can selectively be turned
(sz- Deeper sleep mode -> less peripherals running

* Deeper sleep mode -> higher wakeup time

* Deeper sleep mode -> less wake-up sources

Intecs Solutions 2018— Roma-Genova-Milano-Napoli-Pisa-Torino
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* Clock Sources:
* External 4-26 Mhz crystal osc. (HSE)

Internal 16Mhz factory-trimmed RC (HSI16)

Internal 32 Khz low power RC (LSI)

External 32 Khz crystal for RTC (LSE)

System PLL (uses HSE,HSI16) up to 84Mhz
* At startup, the MCU uses HSI at 16Mhz

* Clock sources managed by Reset and Clock Control
(RCC) module
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@&ﬂuﬁms Stm32L476 Lookup

the Brmimsars company

* Peripherals:

* 11 x Timers *2 x SAl Interfaces

* 6 x 16bit low power 3 x12C

* 2 x32bit *3 x USART

* 2 x Watchdogs *4 x SPI (+ 12S)

* 1 x Systick timer *1 x DMA 16 ch.

*1 x SDIO

* 1xRTC *1xUSB OTG FS
* 1xADC 12 bit *81 x GPIO
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Getting Started with CubeMX
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* Configuration tool: |-

* Clock sources Bkl b il o el ARR noo
* Peripherals =

*  Pinout =

* Middlewares S

* Code generation:
* |DE support

tRijiifaaqsaasgsngEassss
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Usage Example: Clock and Timer 1 configuration
. Step1
Launch CubeMX T
»  Select “New Project” gty

* Choose “Board Selector” . o I‘%cl
* Vendor “ST

Microelectronics” _
* Type of Board “Nucleo 64” IR
* MCU Series “Stm32F4”
* Select “Nucleo-F401RE”
* Double click on it

Intecs Solutions 2018— Roma-Genova-Milano-Napoli-Pisa-Torino



EEG
4.2
i

..@SEMHUHE STM CubeMX

the Brmimsars company

Usage Example: Clock and LPTimer 1 configuration

« Step 2:

From “Pinout” tab -y

« Expand “RCC”  + o

*  Select “Crystal/Ceramic ~ « *ue o
resonator” in Low Speed ::= wce e o (SRR
CIOCk (LSE) | :-;:\-‘E.pﬁ-:ll:ln:\-cl- [HEE) BVPASS Clad... = "T'-i::-.:'l M: :

- This will enable external Izl '
32Khz crystal of the R
Nucleo Board e
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Usage Example: Clock and Timer 1 configuration

« Step 3: S

From “PinOUt” tab Clave Mode | Disable
* Expand “TIM1” Trigger Source |Disable

Clock Souwrge | Internal Clock

S EY BN K

 Select “Internal Clock” Channel |Disable
Channel} Disable w LSART TX
as clock source chonsts [Dhesbie =
Channseld | Disabla v

Combired Channels Disable o

Intecs Solutions 2018— Roma-Genova-Milano-Napoli-Pisa-Torino
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STM CubeMX

@ Solutions

the Brmimsars company

Usage Example: Clock and Timer 1 configuration

« Step 4.

* From “Clock Configuration” tab
* Leave HSI@84Mhz in System Clock Mux

RATC L
L [
Ingur Swouany
L= o
L3 B L
HOLE ro AHR e coew,
- = WO Fmivuiy il DbAA | PR
W B e R L A T 1 & .'ETﬁﬂlﬂﬂmmi[HHl]
— oo Jraxcmmset
ar BRI i A=l Pradcaiee  HOLE Mg APRE PraicEs
| Rl K]
o W B ] 1 W EI = 1 W - 'I'{ a |AI'-‘l-I.pl|-1||l|'-|l-rinluldnl:HHl:l
FLLCLK P
FLL Scwrce Hux = il L APRL Tames chocion [Ha)
. i LI e
" PACLCE
= = - *v l-iIlau-:. pacipbonrad chisilis [MHZ)
ot e oy L KIM = 4w
3EL 5
B s = m § ® 8w b | e e ok (M)
-
i LR
e =
-
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Usage Example: Clock and Timer 1 configuration

* Step 5:
* Q: Which bus is connected to TIM17?
* Annotate its frequency

Intecs Solutions 2018— Roma-Genova-Milano-Napoli-Pisa-Torino
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..@SEMHUHE STM CubeMX

the Brmimsars company

Usage Example: Clock and Timer 1 configuration

Step 7:

*From “Configuration” tab

*Check that peripherals and clocks are set correctly

*Double click on TIM1, select counter period to be 65535

*Q: What prescaler and division should we set for 1ms tick timer?

*NVIC settings enable TIM1 update interrupt

mm——m

oma =1

"

2%

T Tl
I =
L

RCC
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Usage Example: Code Generation

& Project Seftings

x

Froject Code Genersfor Advanced Settings

Projoct Setings
* Step 1: Samsrese
* Click on “Project” -> “Settings” i msrmmsimons
* In “Project” tab Tocikhain Fokder Locaton
* Set a project name o
»  Select SW4STM32 IDE swasTiG: | Dcemaoe s
* Check that MCU and FPR—
Firmware package are correct "™

Einimaam Siack Size Dok Dod

Mcu and Firmare Fackage
o Reference
STMIZFE01RETx

Firreard Pockage Nams snd Version
STMICuls FW_IF4 V1,180

[] 1 Detoult Frmmvarn Lecation

[ Ok | cancel

Intecs Solutions 2018— Roma-Genova-Milano-Napoli-Pisa-Torino
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Usage Example: Code Generation

Project Settings X,

Projecy Code Gessralis Adveroed Settings

[ J Ste p 2 = STNOI2Cbe Firmwenre Library Package
[ ]

In “Code Generator” tab il o AU N R
+ Select “Generate peripheral T
in itia | ization . 7 -';F-a-ru'-rehr parigheral inkalizarion as & pair of o W fles per preipheral
« Keep other options unchanged = i st e
° CI |Ck on “O K” [] Dabeze peanioushy genaratad fils whan not re-gensrated
HAL Sestings

[ 5at 2l free pins as analeg (e eptimize the power consumptian)
|_] Enable Full Asser

Template Settings
Select a templabe to generate customized code Settings...

Intecs Solutions 2018— Roma-Genova-Milano-Napoli-Pisa-Torino
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STM CubeMX

EEC
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2 4

Usage Example: Code Generation

* Step 3:
* Click on “Project” -> “Generate
Code”
* Wait the end of the execution
* You can now import the

project on System Workbench
4

Project Settings X,

Projecy Code Gessralis Adveroed Settings

STMI2Cube Fermvware Librory Padkage

) Coogry onily the necessary ibary files
() Add necessary libeary files as relerence in the toolchain project configuration file

Generated fles
| Ganprate peripheral inkaliraton as & pair of oW fles per peripheral
|_] Bsdup previousty generated files when re-generating
F Kedp Liser Code when ré-gendéraling
[] Dabete pranviousty gerrated fikes when not re-generated

HAL Seftings
[ 5at 2l free pins as analeg (e eptimize the power consumptian)
|_] Enable Full Asser

Template Settings
Select a templabe to generate customized code Settings...
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System Workbench 4

Importing project and debugging
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the Brmimsars company

Importing project generated with CubeMX
* Step 1: . °

Import Projects

k4
LaunCh SW4STM32 Select o direciony o seanch for exsting EClipse peojects ':—"__.
* In"File” menu click on “import..." .. o [cimemoesmcoposs s
* In“General’, select “Existing Sebect archive
Project into Workspace” i

L] szartupTest [CUsers\uooleV S TRicr Projecis StarmupTest) Sibect All

* Select the root folder generated T
with CubeMx Refresh
* Keep default options and click
finish

[ Copy peojects into worispace
[ | Hide projects that alraady exist in e worspace

Worldng sats

| ol project 1o weeking sets

ks 4 Back ! Finigh Camel

Intecs Solutions 2018 Roma-Genova-Milano-Napoli-Pisa-Torino
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Importing project generated with CubeMX
* Step 2:

* Right click on the project and select “Build Project”

* Wait for compilation to finish and check that no
errors were generated

&) Console
LI Bushd Congole [StartupTast]
Invoking: MCU GOC Linker
ArE-none-eabl-goc

-Acpu=carrak-854 -mthusb -Rflcac-abi=hard -mfpu=fpvd-2p-dlé -SpeEcE=AoSYS . SpEcE -SPECSeRAns. Spacs -T7. ./ STHMIZLATERAGTE FLASH. 1c
Finished building target: StartupTest.elf

C:/Usersfucole/ . eclipseSorg.eclipse.placform 4.5.2 2107893474 _wind2 win3d2 x86 éd/plugina/ir.acé.mcu.externalicols . arm-none. winldid_ 1.

1.0, 201&611%
Ganeratcing binacy and F i1z information
Arf-none-eabl-objcopy -0 binary "StarcupTest.elf™ "StartupTesc.bin™
Arm-none-—sabi-size "StartupTest.&lf"
text data b== dec hex filenams
E1d4 24 Las4 TB3E led StartupTest.ell
9:17:38 Build Fini=zhed (eook 26=.721lm=)

Intecs Solutions 2018— Roma-Genova-Milano-Napoli-Pisa-Torino
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@mm System Workbench 4

the Brmimsars company

Importing project generated with CubeMX
« Step 3:

Plug the nucleo

* Right click on the project and select “Debug as”

* When prompted to switch in debug view click yes (check the “keep
option” if you don’t want to repeat this step each time)

* The code will halt on HAL_Init()

* Click on “step over” or “step into” to get familiar with the IDE in
debugging mode

* You can click on “Resume” if you want your code to freely run (but it
won’t do anything since it's empty © )
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Solutions System Workbench 4

the Brmimsars company

Important files: the linker script

* In project explorer: STM32F401RETx_FLASH.Id

* Where to find program and data memory (RAM,FLASH) w.r.t. the linear memory
map of the MCU

* What to put inside each area (e.g., .isr_vector, .text and constant data in flash,
.data and .bss in ram etc...)

/* Entry Point %/
ENTRY(Reset Handler)

F* Highest address of the uier mode stack *f

_estack = BxlOQ1R000; £ end of RAM =/
™ Generate a link error 1t heap and stack don™t fit into RAM =
_Min_Heap_Size = Gx200: M required asount of heap */

_Min_Stack_Size = fodB; /* required amount of stack =/

41 f* Specity the memory areas ®/f

14 MEMORY
L1 RAM (2] i ORIGEN = ox2ioonied, LENGTH = 46K

45 FLASH (rx) : ORIGIN = oxBooodos, LEHGTH = 512K

18 f* Define ouwtput secticns *f
40 SECTIONS
0 {
#* The startup code poes first into FLASH *F
Jdsr_vector :
i
. = ALTGH(4A);
KEERP{®[.1sr_vector})) /* Startup code *f
. = ALTGH(4A);
1 *FLASH

Intecs Solutions 2018— Roma-Genova-Milano-Napoli-Pisa-Torino
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Solutions System Workbench 4

the Brmimsars company

Important files: the linker script

* Quick recall on memory segments:

int dummy func(int argl){

stack Automatic variables, int arg2:

returned address ... iffarg2 > argl) return arg2;
] else return argl;

heag Dynamic memory allocation (e.g., malloc,...)

uninitialized data L . e
Global or static variables initialized to 0 or not explicitly initialized

bss

inttialized dala . ) . .
=" Global or static variable with pre-defined value and that can be modified
toxt Read only data (e.g., code)

Intecs Solutions 2018— Roma-Genova-Milano-Napoli-Pisa-Torino
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Solutions System Workbench 4
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Important files: the linker script

* Quick recall on memory segments:

stack
i
Y
y /* Highest address of the u ode stack */
G _estack = Ox2001800a; /* end of RAM */

7 /* Generate a link error if heap and stack don’t fit into RAM =/
8 _Min_Heap Size = 8x28@; /* required amount of heap */f
9 _Min_S5tack_5ize = @xdd@; /* required amount of stack */

41 f* Specify the memory areas ®f Q{

42 MEMORY

43 {

A4 RAM (Xrw) : ORIGIN = Qx20090008, LENGTH = 96K uninttialized data

A5 FLASH {rx) : ORIGIN = oxB0D00a0, LENGTH = 512K

46 } bss

infialized dala

data
foxt

Intecs Solutions 2018— Roma-Genova-Milano-Napoli-Pisa-Torino
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Important files: the linker script

* Quick recall on memory segments:

uninitialized data

bss

inftialized dala

dala

L ine
JECTIONS

" The startup cod= goes

g T =
« A5 WELLGL =

- = RLIGH(E]):

EEEP{" (.15 wector}) »"

R TR 0
= = RLIGN[E]):

I FELAEH

" CEXT)

[.cexts F

- - ;
{.glus 7T E;
[.glue TE) F
[.&h frame]

KEEF (*[-inik))
EEEP (*(.fini))

- = RLIGHI[E]):
ETENLC = _ 7 .

} *ELAEH

LEodata

= RLIGN{&);
= {.rodata)l
[, rodata©)
- = RLIGN[E];

] *ELAEH

" EBRT
¥ text®
T glu= arm

first into FLASH ®/

Startup code *

ool *®
sections {coded ¥/
to thumb code

21 K1 AT T =l
g LUS LHLSND L dIE odde

apcr o

define a global

symbols at end of code *

B3}
data 3HCCions: (CONATARTS, ATCIngs, &Te.) *
rodata® ae A P A T AT E Trinoa. sto.] *
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Important files: the linker script

* Quick recall on memory segments:

f* used by the STAXTUD T0 1hitialize data *)
_zidata = LOADRDDR(.data}:
stack f* Initialized data sections goes into RAM, load LMA copy afre je =/
.data
| = RLIGH (&)
1
¥ _sdata = .; /% create a global symbol at data start ¥/
([ datal /* _data sections =/
*(.data*) f* _data*® =sections *=f
'? = ALIGN(8):
1 _edata = .; f* define a global symbcl at data end */
.................... I SRAM AT> FLASH
F* Uninircialized data seccion *f
= ALIGH(4) ;
D55
uninitialized data {
/* This is used by the startup in order to initialize the .bss secicon
bss shas = f* dafine & global symbol at hss STart =f
Fap— ' .
initalized data _J::.E-E-_E_a_'l:_ _sb=a;
% { .bss)
data '[-h&-ﬁ"l_
" [COMMON)
foxt . = ALIGH(4);
_ebss = ,; /* define a global symbol at bss end %/

_ bas end = ebss;
} »RAM
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Important files: the linker script

* Quick recall on memory segments:

uninitialized data

bss
inftialized dala

dala

Intecs Solutions 2018— Roma-Genova-Milano-Napoli-Pisa-Torino

stack
e o
I /* User heap stack zection, used to check that there iz enough RRM left */
Y ._user_heap stack :
» = ALIGH(B):
N PRCVIDE ( end O
! FROVIDE [ end = . )i
' + Min Heap Size;
--------------- . = .+ ML Stack Sire:
. = ALIGHM({B):
MP I »RAM
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Important files: the startup file

* startup/startup_stm32f401xe.s
* Written in assembly, it holds the reset handler (first code to be executed) and the

vector table

.saction .text_ Reset Handler
JWEAN Reset Handler
. Eypee FReset Handler, *function
Reset Handler:
ldr  sp, = estack

movs rl, #0
b LooplopyDatalnit

CopyDataInit:
ldr r3, = sidata
ldr r3, [r3; rl]
str r3, [r0, rl]
adds rl, rl, #4

13 oopCopyDataInit:

L ldr rd, = sdata
ldr r3, = edata
adds r2, rl, rl
cmp r2, ri

| - S oy gyt 2T oy i oy Ty 5
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Important files: the system file

* Src/system_stm32f4xx.c
* Systemlnit function for clock and vector table initialization
* Other clock utilities...

Lomding L L L O gk A LT 1) S dHa_halg Ut N s - E i ) RTLA TREs X FLAS
viald SyatesIple (velid)

Bif (_ FPU_PRESENT == 1) && (_ FPU _OSED == 1)
SCB-3>CRACR |= [(3UL << 10%2) | (3UL << 11%21):
Bandif

ROC->CR = ROC_CR MSION:

RCOC=>CPGR = OUxQDI0RI00;

RCC=3CR &= {uinc3Z o) OEAFEFFFF:
ROC->BLLEFGR #

RCC-3>CR XFFFBFFFE
R ER x00000000

Jifdef VECT TAB SRAM

SCB~>VTOR = SEAM BASE | VECT_TAB OFFSET: /(°
Falaa

SCH~->VTOR = FLASH BASE VECT ThAB OFFSET.
Bandif

Al fyPiam _Timadae
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Important files: peripherals initialization

* Src/tim.c
* Src/gpio.c

* MX [peripheral] _init: high-level init

* HAL_|[peripheral] init: low-level init

Important files: Hardware Abstraction Layer drivers
* Drivers/STM32L4xx_HAL_Driver/stm32l4xx_hal_[peripheral].c
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Important files: interrupt management

* Src/stm32f4xx_it.c
* Glue code between HAL peripheral and your code:
* Interrupt handlers in the vector table are not directly defined in the HAL
layer.
* User can define them in the stm32f4xx_it.c file and call the HAL Handler in
it.

stm32f4xx it.c
Void
TIM1_UP_TIMI10IRQHandler TIM1_UP_TIM10_IRQHandler()
interrupt {...}

startup stm32f401xe.s

HAL TIM IC CaptureCallback(...)

HAL TIM_PeriodElapsedCallback(...) Void HAL TIM IRQHandler()

S 1
Veooof

etc...(...) stm32f4xx_hal tim.c

main.c
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Launching and debugging

Plug the Stm32F401 board

Right click on the project and select “Debug as...” and select “Ac6 Stm32 C/C++
Application”

This will trigger a recompilation (but it's already done)

Then the board will be programmed and the mcu reset

The program will halt by default at the beginning of the main function

=
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Useful views during a breakpoint
*Variables: shows (some?) global and automatic variables with their values

R e T B LTI

= Wariables m
Mame Type Value
e tmpreg vilatile uint32 1 i}
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Useful views during a breakpoint
*Registers: shows the values of all the MCU registers

T Quick Access | & EhC/C++ 45 Debug
i Variables %o Breakpoints |l Registers 1 W8 1/0 Registers % Signals =\ Modules = |
Name Value

Description X

~ B General Registers General Purpose and FPLU Register Group

i Dl (Heex)
it rl (e (Hex)
2 el [ Hex)

3 (wel00ed 14 (Hex)
1E1E 0
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Useful views during a breakpoint
*I/O Registers: detailed view of all peripheral registers with their offsets and values

=1 o Cuick Access T | BiC/Ce+ 45 Debug

i Variables ®s Breakpoints [l Registers B /0 Registers &2 5% Signals = Modules

1) Double-click on régister to fetch value i
Register Hex value Binary value Resetval.. Access Address  Description g
w i RCC (x400210... Reset and clock control

HH CR Cre0C0000. . Cred00210.., Clock contral register

Wi ICSCR e 100000... 400210, Internal clock sources calibration regi

Bl CFGR CeO000... Ched00210... Clock configuration register

HH PLLCFGR 00000, READ-W.. 0400210, PLL configuration régister

i PLLSANCFGR (000010 READ-W.. 300210 PLLSAN configuration register

¥l PLLSAIZCFGR 00010, READ-W., Ced00210.. PLLSAIZ configuration register

HH CIER (000000, READ-W.., ed00210.. Clock intérrupt enable register

N R T TN T T T N T TN TN = e A

-
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Useful views during a breakpoint
*Disassembly: disassembled code on the go (not always reliable)

o= Cutline = Disassembly 2 | [ Memory Browser Enter location here -~ || &1 (i [ ] !
08001691 : b.n 0x8001690 <main+lB> -
Error Handler:
0g00les3: b.n 0x80016592 <Error Handlers:
HAL MspInit: il
# 08001694: | 1dr r3, [pc, #132] : (0xB00171c <HAL MspInit+l36>)
08001c%G: puszh {rd, rl, 2, lr}
08001698 : 1dr r2;, [r3., #96] : Dxel
0a001c8a: OFL.W r2;, r2:; H
0g00le5e: Str r2, [r3., #96] : Dxel
0a00lcal: ldr r2, [r3, #9594 : Oxed
0g00leaz: and.w r2, r2, #1
0a00lcan: atr r2, [3p, #0]
080016at: ldr rd, [sp, #0]
gaddlcaa: ldr rd, [r3, #38) ; Dx58
ngo0leac: arr.w rz, r2, #26843343& ; 0x10000000 ot
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Useful views during a breakpoint
*‘Memory Browser: allows to browse over the entire linear memory of the MCU

&= Outfine = Disassembly 0 Memary Browser & el =0
O 20000000 « | Go| | Mew Tab

Che2 0000000 < Traditional> &

Ox20000000 003DOSO0 Qoo00a00 0oo00000 L R MR e ”

Q20000018 00000000 Qooo0a00 00000000 00000000 ... caacnannaansna

Ox20000030 00000000 Qoo00a00 00000000 00000000 .....eecancnannnannne

Q20000048 00000000 Qoo00a00 00000000 00000000 ... cancnannnansna

Q20000060 40022014 4 : EDSZBEOD } 20001884 : . oH. HRL", i

Ox20000078 O080001ES 0RO0D235 Qe000235 L (e e

Qx200000%0 00000000 Qo000 0E000235 08000235 ... nannas Sl

Q20000088 00000000 08001721 Qe000235 15 S

Qx200000C0 08000235 Qe000235 Qe000235 5 5. 5

Ox200000D8 08000235 Qe000235 Qe000235 5 5. 5

Ox200000F0 08000235 Qe000235 Qe000235 5 B 5 "
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Hands-on: Le’ts put a breakpoint on the Reset Handler...

*The first steps of the cortex-m during power on are:
* Load address 0x0 (address of the stack pointer) in the stack
pointer register (MSP)
* Load address 0x4 (address of the reset handler) in the program
counter (PC)

*After re-running “debug as”:
Follow the boot sequence up to the main
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Hands on: let’s switch on the led (LD2)

*Just one line of code in the main.c...

Usar LDE: ihe green LED is a user LED connecbed to Arduino signal D13 cormresponding (o
STM32 1/O PAS (pin 21) or PB13 (pin 34) depending on the STM32 targel. Refer lo Tabke 11
1o Tabie 23 when

o e 10008 HIGH value, the LED i on

o the 100 is LOW, the LED is off £_
LD3 PWR: the ried LED indicates that the STM32Z pan is powerad and +5V power is Y’ m

availabde. <CRIgETMTE
Nucleo FA01RE Enabled

Arduino Headirs

SystemClock Configi():

M{ GPIO Init();
MX LPTIM1 Init{):

2

EEE

HAL_GPIC_WritePin(GPIOA,GFIC_PIN_5,GPIOQ_PIN SET):

3

E

e A e T e e

YLEEELL
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Hands on: let’s switch on the led (LD2)

*Let’s have a closer look to what it is happening through the debugger...
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Hands on: let’s toggle the led (LD2) each 500ms

*Using the HAL library and systick timer:

void SysTick Handler (void)

HAL GPIO WritePin(GPIOA,GPIO PIN 5,6PI0 PIN SET);

HAL IncTick():
v USER CODE BE HAL SYSTICK IRQHandler():
while (1) : TIOPR AR BRATH Suetd )

HAL Delay (300} ;
HII.'[._GPIE'_TGI.]-:]'EEF". nIGFIOR, GFIO_FIN Lh:

stm3214xx_it.c

Polls uwTick which increases by one at each
systick interrupt (check with the debugger)

main.c
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System Workbench 4

SW4 — CubeMX 1ntegration
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Create a plain project . CPxojact :
C Project i

° Ste 1 : Create C project of selected type

. II_Daunch SW4STM32 Project name: | PervasiveClass|

* In “File” menu click on “new” & usedefauit location

* Select “C project”

* Enter the project name

* Make sure you select “Empty Froiecttee Toolchains:

Project” with “AC6” toolchain - et e
* Click on “Next’ * Empty Project Linux GCC

® AcH5TM32 MCU Project

& Hello wWorld AMSI C Project
* (= Shared Library
* = Static Library
¢ = Makefile project

|sd Show project types and toolchains only iF they are supparted on the platform

? MExk = Cancel

+
-
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n " & C Proj O =
Create a plain project
Target Configuration —

[ Ste p 2 : Select avther the mou of the boand ta ngel and n‘.'n"_'lI11|g|.' raticns

* Select “Debug” and “Release” o [ A

* Click on “Next’ [l Show ST Discovery boards [] Show ST EVAL boards

e Select STM32F4 as “Series” [#] Show ST NUCLEO boards [~ Show custom boards

 Select Nucleo-F401RE as Series : |STM32F4 5

“Board” Board: MUCLEO-F401RE

Click on “Next”

Create & new custam boand

by STM32F401RETx
Core ARM Cortex-hM4
fackage LOFPE4

Memory BRAM'  Size o1 8000 (S0 OOD0MNT
Memory ROM'  Size (S0000 (S0B000000)
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Project Firmware configuration —

Create a plain project e e s A
¢ Step 3: e

Select “Hardware Abstraction e

Layer” and keep the rest _ |

unchanged See Fimce nstallton for seftings relaed o femmware stallation
* Download the framework if you do mm”“w*:H 0

nOt have it W AS BOURCES B B ApRlicabon project (L)
o CI |Ck On Py F| N iSh,, B slatic external libranies !

Additicnal drivers

@ Firmswane STMIAC00E PW F4 W1L1ED Bas betn oumd

L] 5TmiE LB Host_Libeary
: '_ STemiin

| ] sTmzz_Audic

|| 5Tmaz use_Device Librany

Addinoaal uribie and Thafk- party ulihilegs
L] ummes

[] Freetmos

L] wr

|| FaiFs

b Widy mrdry hives 50 make masusl Spsteentd for thind gty utilities

s < Back B Finh Carel
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Create a plain project

* Pros:
* All HAL drivers available
* Board Support Packages (BSP)
drivers for external peripherals
(button,led on nucleo-64)

* Cons:
* Missing peripheral and HAL setup
* Compiles all the files (even HAL
drivers that are not used)
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Merging with CubeMX

« Step 1:

* Create a plain project in SW4

* Create a project in CubeMX with
Clock and peripheral initialized

* Copy the peripheral configuration
files (e.g. gpio.c) from src in
CubeMX to src in SW4

* Do the same with header files
(e.g. gpio.h) in the inc folder

* iF PervasiveClass
v & includes
b HAL_Driver
b S Utilities
= Binc

Y

vl stm32ldce ith

" 2 AT

B

Bl

b oLE maine

v L8 stm32lde_itc

v g syscalls.c

vl syskem_stm3dldxe.c

b starkup
' CMSIS

w Linkerscript.ld
HUCLEC-LATERG. xmil
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Merging with CubeMX
« Step 2:

* Copy the main.h header file from
inc folder of CubeMX to inc folder
of SW4

* Replace the stm32f4xx _it.c
(and .h) file in SW4 with the one in
CubeMX

* Copy the stm32f4xx_hal _msp.c
file from CubeMX to SW4

* Remove the
stm32f4xx_hal_msp_template.c
file from HAL_Driver/Src (or right-
click on it and select Resoure
Configurations->exclude from
build and select Debug and
Release)

v [ syskem_stmaHaa.c
K SLETLS
¥ CMSS

i LinkerSaoript bd

UL B & o e b0,

1 ]

¥
7l I, &, &
plospeisal r D
rigrivy | Eveall fide
& ool |
I | Aece STRA 12 1 CpeTEs

Intecs Solutions 2018 — Roma-Genova-Milano-Napoli-Pisa-Torino



@Samﬁﬂns SW4 — CubeMX Integration

the Brmimsars company

EEC
4.5 -
i

Merging with CubeMX

« Step 3:

* Edit main.c of SW4 by including
the imported header files (main.h,
gpio.h etc...)

* If a peripheral configuration file
has a handle variable (e.g.
TIM1_HandleTypeDef), declare it
as extern in the main file

1 ain.c £ usark.c L€ main.c b skm3z2ldnx_hal_msp.c

A
2 i

24 }

#include "stm32l4xx.h"

15 #include "stm32l4xx nucleo.h®

xl7 exterm LPTIH HandleTypeDef hlptimi;

26= int main{void)

2 {

fari(;:):
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Merging with CubeMX

« Step 4.

* Copy the SystemClock_Config
and the ErrorHandler functions
from the main.c of CubeMX to the
main.c of SW4

* Forward declare the copied
functions

* Copy the inner code of the main
function from CubeMX to SW4

| main.c & | L main.c

void SystemClock_Config{veid];
veld _Errer_Handler{char * file, int line);

int madin{void]

23 {

* Reset of all peripherals, Initializes the Flask
HAL Init{};

SystemClock Config(l;

|

MX_GPIO Init(};
MY LPTIML Indit():

* USER CODE BEGIM 2 *
HAL GPIO WritePin{GPIOA,GPIO PIM 5,6PI0 PIN 5ET);

while (1)

{
* USER C0DE EMD WHILE *®

HAL Delay({508];

HAL GPIO TogglePin{GPIOA,GPID PIN 5);
SER CODE BEGIN 3 %4
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Using the BSP:

* Check the file “stm32f4xx_nucleo.c” in Utilities/STM32F4 XX _Nucleo
* Modify the main as foIIows and run the code (rlqht click->run as->Acb):

nitialize all configured peri als

m:_:spm_rn iy
MX_USART2 UART Init(};
M TIML Init();

* USER :".ZL"E. BEGIN 2 *

J/HAL_GPIO WreitePin{GPIOA,GPIO_PIN_5 10 PIN_SET);
BSP PB lnlt(EUIFDN USER ,BUTTON_ ﬁﬂﬂ% GPIQ},
BSP LED Inlt(LEDE},

USER CODE EMND 2 =/

EEW
.2 < |
=] 4

nite loon
F5 LUsER COOE BEGLN |
while (1)
i
if(BSP_PB_GetState(BUTTON USER) == 1){
BSP_LED_On(LED2);
]-
else]
BSP LED OFf(LED2):
}

S MHAL_Delay(588)
S fHAL_GPIOD TogglePin(GPIOA,GPIO_PIN

'* USER CODE END WHILE */
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Using the Sensor Expansion Board
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Sensor Expansion Board

Importing an existing SW4 project

e Ste

p 1.

In SW4 click on File->import->
existing projects into workspace
Click “Next”

Browse to the MEMS1 _V4.3.0
folder and select Projects->Multi-
>Examples->IKS01A2-
>DatalLogTerminal->SW4STM32-
>STM32F401RE-Nucleo

Click “OK”

Keep everything unchanged
Click “Finish”

Impart

Import Projects

Select o directory Lo fearch fof exidting Eclipse propedtd.

& Select rool directonyt: | Thome/pervasive/Dowrloads/STMIZOW

Select grchive File

Projects:

¥ STMIFLAxy-Hucleo-DatalogTermingl (fhome/penasive/Download

Optlans
Search for nested projects

Copy projects into workspace

Hide projechs Ehat abnesdy exist inthe warkipace

Woarking sets

Add project bo working sets

Cancel

Browse...

Select All
Deselect all

Refresh

Firdsh
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GEETerm « fdew/tty ACMD 115200=8-HM-1

Importing an existing SW4 projec

Edit Log Configuration Conkrodsigne

« Step 2:
* Compile and run
* Open a serial port terminal
* Configure ttyACMO with 8n1 and
115200bps
* You should see the sensor output

Intecs Solutions 2017 — Roma-Genova-Milano-Napoli-Pisa-Torino



EEC
=
i

Solutions Sensor Expansion Board

the Brmimsars company

R

* Step 1:
*Import the DataLogTerminal example from MEMS framework
home/ps/Desktop/resources/STM32CubeExpansion_ MEMS1_V4.3.0/Projects/Examples/IKS01A1/D
ataLogTerminal/SW4STM32/STM32F401RE-Nucleo)

*Build the project
*Unplug the Nucleo and install the extension board

*Plug the Nucleo and program it
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GEETerm « fdew/tty ACMD 115200=8-HM-1

Importing an existing SW4 projec

Edit Log Configuration Conkrodsigne

« Step 2:
* Compile and run
* Open a serial port terminal
* Configure ttyACMO with 8n1 and
115200bps
* You should see the sensor output
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* Unplug the board and attach the sensor board on it
* Open the STM32CubeExpansion. MEMS1 V4.3.0

* Drivers
* BSP -> You need mems drivers (Components folder), Board
adaptation files (X_NUCLEO IKS01AZ2 folder). Don’t need the
generic L476 BSP file (you already have it)
* CMSIS -> Don’t need: already have your CMSIS library
«  STMXXX -> Don'’t need: already have your HAL driver
* Projects -> several examples
« Utilities -> GUI program for the PC (we won’t use it)

Shamefpervasive/Downloads/STMI2CubeExpansion MEMS1 V3.0.0/Drivers

- . - - .

BSP CMSIS  STM32Fdoc_ STMI2LOxx_ STM32LTxx_ STM3ZLAxK_
HAL Driver HAL_Driver HAL_Driver HAL_Driver
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WARNING!!!

* The imported project has several files linked in the
framework folder

* ltis highly unrecommended to change this project as the
changes might affect other projects based on the same
linked files

* Import the necessary file in a plain SW4 project instead.
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Merging an existing linked project in a plain one
« Step 1:

* Import an existing project in SW4
* Create a plain SW4 project with
CubeMX settings merged in it

Intecs Solutions 2017 — Roma-Genova-Milano-Napoli-Pisa-Torino



Solutions Sensor Expansion Board

the Brmimsars company

EEC
.2
2 4

Merging an existing linked project in a plain one

. Step 2:
Copy the BSP folder from MEMS_V3 0 0 to your main project folder

* Include the BSP folder as source folder by right-clicking on the project-
>properties->C/C++ General->Paths and Symbols->Source Location-

>Add Folder

¢ Paths and Symbols
L -0 s
Babdars Configuratiore | Debug [ Active ] | Manage Configurations..
bR Build
LI+ Giniaial
v Code Anabiis Sincludes ®Symboli BLBradies ®Libiary Paths | ZFE0UncE Locathan Relerancas
D&Sumentalics i 5
Sounoe folders on bulld path: Add Folder_
Fiie Typesd i - .
Formattes L [Pervilve/HAL Driver Link Folder.
I -
hdexs JPerabaeUtl Edit Filter
Language Mapgings [Peraiveling :
Paths sad Symibols -"-'l.':'-'-l'-*t."'-'-: Delete
Preps o T Inclhude a5
epoEssar Indlud JPEreive AL bup
Profiling Cateqgoiries
Lirass Toods Fath
Project Aeferences
Run/Debug Settings
+ Task Aepository
WikiTexk
Restore Defaults Apply
T Cancel oK
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Merging an existing linked project in a plain one
« Step 3:

* Filter out every cfile in this folder that it is not used in the imported project:
right click on a file -> resource configure->exclude from build (check the files
that are used by navigating the imported project first)

b Binddied ME GPEO Enitil:
3 Irecludes =] Exclude from bulld - +
T & BsP
¥ COmpanents Exclude objectis) From build in the Following configurations
v o STMIZFa-Nucleo + Debug L

' @ X_NUCLED_IKSDAZ =

b HAL_Diiver

B OEENLIERlLIes
* O i
LR T

* S startup
' s Debug
e CMSIS
a Linkerscript.ld
HUCLED-LATSRG, xml
* [ SensorDems 5
* L ST L dnx-Nucleo-Datalog Terminal .

Select All Deselect Al

B LG TectProisuta T Fharminabads € TEE S H Auw binelns.Panbal ;o Tacmsinad alF T&-
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Merging an existing linked project in a plain one

« Step 4.

* Righ-click on the project->properties->C/C++ General->Paths and Symbols-
>includes and selecting GNU C as “Languages”
* Add all the relevant folders that uses headers related to the new BSP folder
(every used subfolder)

|

F Resource
Builders
b O Ce= Build
= CfCes General
v Code Anahysis
L uamentabica
File Types
Fadmatler
Indexes
L e e & B8 B gt
Pkl and Symibols

Prafiling Categories
Lirsoe Toods Path
Project Relérences
Run/Drebiug Settings

¥ Task Repositadny
wikiText

i

Configuration: | Debug [ Active ]

Preprocessor Inchude

Paths and Symbols

2 iecludes & Symbols B Libraries & Library Paths &

Larguages Inchude directosies Add...
Adsembly [
GHUEC [
Addembly Dredete
Agsembl F- :
¥ = Eapot
= - -
“Preprocestor Include Patha, Macr.. 508 may deline additiony] entries
ot Shao Dult-in wvalises
o I part SetEngs. 5 Export Setrings,
Redtore Defaults Applhy
Cancel (5 4

>  Manage Configurations.

Source Location ®
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Merging an existing linked project in a plain one
« Step 5:

* Righ-click on the project->properties->C/C++ General->Paths and Symbols-
>symbols and add existing symbols that are present in the imported project

¢  Paths and Symbols L
" REsource
Builders Configuration: Dwebug [Active | > | Manage Configurations...
* G+ Build
= CfC++ Gereral
* Code Analysis Hincludes | W Symbols miUibraries  ®Library Paths (DSowrce Location ] References
s Languages Symbal alue Add.,
File Types e
Formakher * SThed Edet...
Indener Agsembly # STM3ZIL4
Dl et
Language Mappings # STMIZLATERGTX
Paths and Symbaols ¥ STMIZLATEN ——

Preprocessar includs & USE_HAL_DRIVER

. " |

Profiling Cabegaries I

Lirmux Tools Path “Preprocessor include Paths, Maonos el ™ properity page may define additional entries
Project References B Show buditdn values

RunyDebug Settings
* Task Repasitory
WikiText

i Import Settings... | Y% Expaort Settings...

Restode Delaults Apply

Cantel O
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Merging an existing linked project in a plain one
¢ Step 6:

Import interrupt handlers from the
stm32l4xx_it.c file

Import MCU initialization functions
from the stm32I14xx_hal _msp.c file
Import BSP headers in your
main.h and in any other file where
it is required

mainc M mainh B

& i_'.._.-'-_ e to pr

19 #ifndet H;Ii ﬁ-. .
10 #defime HAIN H

* USER CODE BEGIN Includes ®

#define B1 Pin GPIO PIN 13

¢ #define Bl GPIO Port GRIOC

gdefine USART TX Pin GPIO PIN 2

61 #define USART TX GPIO Port GPIOA
2 #define USART RX Pim GPIO PIN 2

#define USART RX GPIO Port GPIOA

{ #define LD2Z Pin GPIO PIN 5

gdefine LD2 GPIO Part GPIOA

6 #defime THS Pin GPIO PIN 13

#define THS GPIO Port GPIOA
#define TCK Pin GPIO PIN 14

..
o
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Merging an existing linked project in a plain one

it main.c ¥ | 5 main.h
¢ Step 7- 1 Iin:}ugt <stdio.h> /* 3
18 & =math. h=> "
« Copy whatever you want from the T
. . 20 #include "stm32ldxx.h®
main.c file 21 #include "stm3214xx_nucleo.h”
® F|X the rema|n|ng m|n0r |Ssues ] extern LPTIM HandleTypeDef hiptiml;
(check for errors, check missing
files/functions, optionally initialize 7 Vi SERSEEmEa e Hie. toe wner:
peripherals with CubeMX etc...)

11 extern int use LSI;
12 int RTC SYMCH PREDIV:

- o Private Typedal ---ccrrr s s s s s e s -

T, Private varishles =--=-ccccccccccccccccccccccsacccsccaanaa
18 static velatile uintd t acquire data enable request = 1;
19 statle volatile uint® T acquire data disable request = 8;

11 static vwinid T acquire data enabled
17 statiec uint® t verbose

43 static RTC HandleTypeDef AtcHandle;
14 static char datadut[256];

a;
o L

6 static void *LSMEDSL X @ handle = NULL;
17 static vold *LSMEDSL G 8 handle = MULL;
48 static woid *LSM3IBIAGR X @ handle = MULL:
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* Unplug the board and attach the Bluetooth board on top of
the sensor board
* Open the STM32CubeExpansion BLE1 V2.8.0

* Drivers
* BSP -> You need board adaptation files (X-NUCLEO-IDB0xA1 folder).
Don’t need the generic L476 BSP file (you already have it)
* CMSIS -> Don'’t need: already have your CMSIS library
«  STMXXX -> Don'’t need: already have your HAL driver
* Middlewares -> You need the whole folder
* Projects -> several examples
« Utilities -> GUI program for the PC (we won’t use it)

&l | Mome/pervasive/Downloads/5TM32CubeExpansion_BLE1_V2.8.0

- . . . e .

Documentati — Drivers _htmresc  Middlewares Projects Ukilities
Gn
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Importing an existing SW4 project

¢ Step 1 : Import Projects =
. . . Sedect & directory to tearchfor existing Eclipie projects. e
* In SW4 click on File->import-> ; ki .
eXiSting projects into Workspace = Selech roof dinectont | Thome/peraiive/Downloads /STMI2CUl| = Birawee.
H 1] ” Select archie Mbe
* Click “Next S
® B rowse to the M E M S 1 _V3 . O . O ¥ SerdodDemns [fhomepervadive/ Downloads MSTMI2 CubseEs pardicd Soalect Al

folder and select Projects->Multi- Desclect Al

>Applications->SensorDemo- bt
>SWA4STM32->STM32L476RG-
Nucleo —
® CI |Ck “O K” Search for nested projects
° . Copy prajects inbo workspace
Ke.ep e\./e.rythlng unChanged Hide projects that alresdy exitl in the workipade
° C“Ck “Flr"Sh” wieiing sets
Add progect Lo working Sets
7 < Btk Cancel Finigh
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Importing an existing SW4 project

« Step 2: :
« Compile and run the example K& etails
application KOTIHIH FEFa1ANHEERT

* On your Android or iOS
smartphone install “blueNRG”
from the store

* Launch the phone application and

Tuggmaried

bind the Bluetooth board "/

* You should see a cube that
rotates each time you press the
user button on the board X
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Assignment (if there is time)

* Merge the Bluetooth framework in your Accelerometer
project

* Send actual data from the accelerometer to the
smartphone
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Thank You!

Master thesis: ugomaria.colesanti@intecs.it

www.intecs.it
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