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e Sistemas ‘pequenos’ vs ‘grandes’:

Sistema grande Sistema pequeno
(microprocesador) 0.5 data (microcontrolador)
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1 solo programa en ejecucion
Recursos escasos
El fabricante suele suministrar:

*= Muchos programas en ejecucién
= Recursos amplios
» Sistema Operativo gestiona todo:

(memoria, CPU, I/0, etc.) - Librerias para gestion de dispositivos

» El programador usa funcionalidades del S.O. para: » El programador debe conocer:
- Gestion de E/S (almacenamiento, comunicaciones, GUI) - Los dispositivos existentes
- Gestién de memoria - Las direcciones de E/S (o las fn de libreria)
- Gestién de tareas - El significado de los bits de cada direccion
- de E/S

» CPUs multi-nucleo - La gestion de interrupciones



BeagleBoneBlack vs Arduino : Microprocesador vs Microcontrolador

Microprocessor Micro Controller

Rezd-Oinly Read-Write
Memory {ROM] Memory Read-Only Read-Write

Microcantroller
Memory Memory

sEral

Systern Bus Interface

NECAONOCE S5 0F

/O Part Serial Interface

Memoria, e/s, etc. son externos al chip

Tarjeta PCB mas compleja

Mas velocidad de reloj

Privilegios de ejecucién, memoria virtual

Puede (y suele) utilizar Sistema Operativo:

- Facilita gestion dispositivos (discos, comu, etc.)
- Facilita gestion memoria

- Facilita gestion usuarios y privilegios

- Facilita gestion programas (multi-tarea)

= Memoria, e/s, etc. son internos al chip (limitados)
= Tarjeta PCB mas sencilla
= Menos velocidad de reloj
= Sin proteccion
= Sin Sistema Operativo:
- Sélo se ejecuta el programa de usuario
- Libreria disponible para facilitar gestion
- Suelen requerir un conocimiento mas detallado




SOFTWARE

HARDWARE

Con S.0.
= Multiples programas en ejecucion
= Programacion mas general
= Gran variedad de herramientas y librerias
= Tiempo de ejecucion no determinista

Sin S.0.

= Sélo 1 programa en ejecucion
=  Programacion mas especifica

= Menos herramientas y librerias
= Tiempo “casi” determinista

/7

nterrupcion
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Un ejemplo: modificar una salida digital a intervalos regulares con una BeagleBone (S.O. Linux)

Acceso directo a la memoria de E/S
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Equipos con Microprocesador y Sistema Operativo

Desktop computer Laptop Netbook Hybrid Tablet Smartphone

Single Board Computers (SBCs):
Raspberry, Beaglebone, Odroid, Jetson, ...

Industrial




Equipos con Microprocesador y Sistema Operativo

Sistemas Operativos Otros

= BSD vy variantes
= VMS

= De tiempo real: QNX, VxWorks, RT-Linux, FreeRTOS, etc.

= ROS (Robot Operating System) = No es un S.O.
sino extensiones

Herramientas disponibles iguales o muy similares: AP1/SDK al servicio de los programas:
O Compiladores y entornos de compilacion O Lanzar/detener procesos e hilos
O Sistema de ventanas L Comunicaciones entre procesos
O Sistema de archivos 0 Gestion de memoria
L Gestion de dispositivos (drivers) L Gestion de dispositivos y comunicaciones
L Comunicaciones L Utilidades para interfaz de usuario

O Utilidades para ofimatica, Internet, ... Q..



Equipos con Microcontrolador (sin Sistema Operativo)

Arduino y similares (Teensy, ...)

Riadddaanngiadeniid

i 8

Herramientas disponibles especificas:
L Compiladores y entornos de compilacion
U Librerias de desarrollo

DiY: no es muy complejo hacer
una placa basadaen uC




Otras alternativas para procesamiento y automatizacion

PLC (Autdmata Programable): Automatizacién Industrial DSP: Procesamiento y
Generacion de Sefnales
¥
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Nuestra eleccion: BeagleBone Black
https://docs.beagleboard.org/beaglebone-black.pdf

BeagleboneBlack

Procesador ARM-Cortex A8 1GHz, 32 bit
512 Mb RAM

4GB eMMC on-board flash

Conector para tarjeta uSD

3D graphics accelerator

NEON floating-point accelerator

2x PRU 32-bit microcontrollers

Ethernet 10/100Mbps
1xUSB2
HDMI

GPIO
4xPWM
6xADC 12bit
12C, SPI
4xXUART

Mejor para proyectos de control

Otras (Rapsberry Pi4, Odroid XU4, Jetson Nano)

Mejor procesador, multinucleo (4 a 8 nucleos), 64bit
Mas memoria (hasta 8Gb)

Sin almacenamiento on-board, hay que anadir
similar

similar

similar

No tienen uC en placa, problemas para T.R.

Ethernet 1Gbps
Varios USB2 y USB3
Hasta 2xHDMI

GPIO

Ninguno 6 escasos PWM
Ninguno 6 1 ADC

12C, SPI

UART

Mejor para proyectos tipo desktop o kiosk


https://docs.beagleboard.org/beaglebone-black.pdf

BeagleBone Black
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Procesador Sitara AM3358

| ARM Graphics Display
: Cortex-A8 PowerVR 24-bit LCD controller (WX GA)
| 950/650/720 SSE};J{ Touch screen controller
| MHz [ BB L= = - |
I
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BeagleBone Black
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PWR_BUT |02 SYS_RESETN
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LE8S8 888

GPI0_39

MMVICL_DAT7

GPID_35
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GPI0_67

TIMER?
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Head_pin
P8 01
P8_02
Pg 02
Pg 04
P8 05
P8_06
P8 _07
P8 08
P8 09
P3_10
P8 11
Pg 12
Pg_13
Pg_14
Pg_15
P8_16
Pg_17
Pg 18
P8 19
P8 20
P8 21
pg 22
P8 23
Pg_24
P8_25
P8_26
Pg_37
P8 28
P8 29
Pg_30
Pg_31
Pg_32
P8 33
P8 34
P8 35
P8 36
P8 37
P8 33
Pg_39
PS_40
P8 41
Pa_42
Pg 43
Pg 44
P8 45
P8 46

P9 Header

User LEDs
USRO
USR1
USR2
USR3

SPINS  ADDR/OFFSET  GPIO NO.

cat SPINS

21
22
23
24

0x818/018
0x81c/01c
0x808/008
0x80¢/00c
0x890/050
0x854/094
0x89¢/09¢c
0x898/038
0x834/034
0x830/030
0x824/024
0x823/023
0x83¢/03c
0x838/038
0x82¢/02¢c
0x88c/08c
0x820/020
0x884/084
0x880/080
0x814/014
0x810/010
0x804/004
0x800/000
0x87¢/07c
0x8e0/0ed
0x2e8/0ed
0xSed/0ed
0x8ec/0ec
0x8d3/0ds
0x8dc/0dc
0x8d4/0d4
Ox8ce/Occ
0x8d0/0d0
0x3c8/0c8
0x8c0/0c0
0x8c4/0cd
0x8b3/0b3
0x8be/0bc
0x8b0/0b0
0x8b4/0b4d
0x8a8/0a8
Ox3ac/0ac
0x8a0/0a0
Ox3a4/0ad

ADDR +
44210000

Offset from:

44210800

0x854/054
0x858/058
0x85¢/05¢
0x860,/060

GPIO NO.
(Mode 7)

53
86
87
88

Name
DGND
DGND

GPIO1 6
GPIO1 7
GPIO1 2
GPIOL_3
TIMERS
TIMER7
TIMERS
TIMERG
GPIO1 13
GPIO1 12
EHRPWM2E
GPIO0_26
GPIO1_15
GPIO1_14
GPIOO 27
GPIO2 1
EHRPWM2A
GPIO1 31
GPIO1 30
GPIO1 5
GPIO1 4
GPIO1_1
GPIO1_0
GPIO1_29
GPIO2_22
GPIO2 24
GPIO2 23
GPI02_25

UART5_CTSN

UARTS_RTSN

UART4_RTSN

UART3_RTSN

UART4_CTSN

UART3 CTSN

UARTS_TXD

UARTS_RXD

GPIO2_12
GPI02_13
GPIO2_10
GPIO2_11
GPIO2 8
GPIO2 3
GPIO2 6
GPIO2 7

Name

GPIO1_21
GPI01_22
GPIO1_23
GPIOL1 24

Mode7

gpiol[6]
gpiol[7]
gpiol[2]
gpiol[3]
grio2(2]
gpio2(3]
gpio2[s]
gpio2[4]
gpiol[13]
gpiol[12]
gpio0[23]
gpio0[26]
gpiol[15]
gpiol[14]
gpio0[27]
gpio2[1]
gpio0[22]
gpiol[31]
gpiol[30]
gpiol[5]
gpiol[4]
gpiol[1]
griol[0]
gpiol[29]
gpio2[22]
gpio2[24]
gpio2[23]
gpio2[25]
gpio0[10]
gpio0[11]
gpio0[s]
gpio2[17]
gpio0[8]
gpio2[16]
gpio2[14]
gpio2[15]
gpio2[12]
gpio2[13]
gpio2[10]
gpio2[11]
gpio2(8]
gpio2[9]
gpio2[6]
gpio2[7]

Mode 7

prl _pru0 pru r30 15
prl prud pru r30 14

prl_prud_pru_r31_15
prl_prud_pru_r31_14

mcasp0_fsr

prl prul pru r31 13
prl prul pru r3l 12

prl_prul pru r31 8
prl_prul pru r31 10
prl prul pru r31 9

uarts_ctsn
uarts_rtsn
uart4_rtsn
uart3_rtsn
uartd_ctsn
uart3 ctsn
uart2 ctsn
uart2_rtsn
pri_prul pru r3l 6
prl_prul _pru r31 7
prl_prul _pru r31 4
prl_prul_pru r3l 5
prl prul pru r3l 2
prl prul pru r31 3
prl prul pru r31 0
pri_prul pru r3l 1

Mode &

Beaglebone Black P8 Header

prl prul pru r30 13
prl_prul pru r30 12

prl_prul pru r30 8
prl_prul pru r30 10
prl prul pru r30 S

prl prul pru_r30_6
prl_prul _pru_r30_7
prl prul pru_r30_4
prl_prul pru r30 5
prl prul pru r30 2
prl prul pru r30 3
prl prul pru r30 0
prl prul pru_r3o 1

Mode 5

Mode3 PIN
mmcl_daté gpmc_adé RS
mmcl_dat7 gpme_ad7
mmecl_dat2 gpme_ad2 RS
mmel_dat3 gpme_ad3

timer4 gpmc_advn_ale R7
timer7 gpmc_oen_ren
timers gpmec_beOn_cle 16
timer6 gpmc_wen ue
eQEP2ZB _in mmc2_datl mmcl_dat5 lcd_datalg gpmc_ad13 R12
EQEP2ZA_IN MMC2_DATO MMC1 DAT4 LCD_DATA1S GPMC_AD12 Ti2
ehrpwm2B mmec2_dat5 mmgcl_datl lcd_data22 gpme_ad9 Ti0
ehrpwm2_tripzone_in mmc2_daté mmgcl_dat2 lcd_data2l gpmc_ad10 T11
eQEP2_strobe mmc2_dat3 mmcl_dat? lcd_datal6 gpmec_adls u13
eQEPZ_index mmc2_dat2 mmcl_date lcd_datal? gpmc_adl4 V13
ehrpwm_synco mmec2_dat? mmcl_dat3 led_data20 gpmec_ad11 u1z2
mmc2_clk gpmc_waitl lcd_memory _clk gpmc_clk_mux0 V12
ehrpwm2A mmec2_datd mmcl dat0 lcd data23 gpme_ad8 u1o
mmecl cmd gpmc_beln gpmec_csn2 V9
mmecl clk gpme_clk gpmc_csnl us
mmcl_dat5 gpme_ad5 VB
mmel_datd gpme_ad4 ug
mmel_datl gpme_adl Vi
mmel_dat0 gpme_ad0 u7
gpmc_csn0 V6
gpmc_a8 led_vsync us
gpme_al0 led_pdlk V5
gpmc_as lcd_hsync RS
gpme_all led_ac_bias_en R6
uart5_rxd measp0_axrl eQEP1_index gpmc_als lcd_datal4 V4
mcasp0_axr3 mecasp0_ahclkx eQEP1_strobe gpmc_als lcd_datals T3
mcasp0_axr3 mcasp0_fsr eQEP1B_in gpmec_al7 lcd_datal3 V3
mcasp0_axr2 measpd_ahclkr ehrpwm1B gpme_als led_datall u4
mcasp0_axr2 mcasp0_aclkr eQEP1A in gpme_alé led_datal2 V2
mcasp0_axr0 ehrpwm1A gpme_ald lcd_datalo u3
uart5_txd mecasp0_aclkx ehrpwm1_tripzone _in gpme_al2 lcd_datas u1
uart5_rxd mcasp0_fsx ehrpwm0_synco gpme_al3 lcd_datas uz
eQEP2_index gpmc_ab lcd_datab T3
prl_edio_data_out? eQEP2_strobe gpmc_a’/ lcd_data7 T4
e0EP2A _in gpmc_ad lcd_datad
e(EP2B_in gpmc_a5 lcd_dataS T2
ehrpwm2_tripzone_in gpmc_a2 lcd_data2
ehrpwm0_synco gpmc_a3 lcd_data3 R4
ehrpwm2A gpmc_al lcd_data0 R1
ehrpwm2B gpmc_al lcd_datal R2
Mode 4 Mode 3 Mode 2 Mode 1 Mode 0 CPU
PIN
GPIO Settings
Bit 6 Bit 5 Bit 4 Bit3 Bit 2,1,0
Slew Control Receiver Active Pullup/Pulldown Enable Pullup/down Mux Mode
0 Fast 0 Disable 0 Pulldown select 0 Enabled 000 Mode 0 to
1 Slow 1 Enable 1 Pullup select 1 Disabled 111 Mode 7

mon

i g

OUTPUT GPIO(mode?) exe? pulldown, @x17 pullup, ex?f ne pullup/down
INPUT GPIO(mode7) ex27 pulldown, ex37 pullup, ex?f no pullup/down

Notes
Ground
Ground

Used on Board (Group
Used on Board (Group
Used on Board (Group
Used on Board (Group

Used on Board (Group
Used on Board (Group
Used on Board (Group
Used on Board (Group
Used on Board (Group
Used on Board (Group

: pinmux_emmc2_pins)
: pinmux_emmc2_pins)
: pinmux_emmec2_pins)
: pinmux_emmc2_pins)

: pinmux_emmec2_pins)
: pinmux_emmc2_pins)
: pinmux_emmec2_pins)
: pinmux_emmc2_pins)
: pinmux_emmc2_pins)
: pinmux_emmc2_pins)

Allocated (Group:
Allocated (Group:
Allocated (Group:
Allocated (Group:
Allocated (Group:
Allocated (Group:

Allocated (Group: nxp_hdmi_bonelt_pins)
Allocated (Group:
Allocated (Group:
Allocated (Group: nkp_hdmi_bonelt_pins)
Allocated (Group:
Allocated (Group: nxp_hdmi_bonelt_pins)
Allocated (Group:
Allocated (Group:
Allocated (Group: nxp_hdmi_bonelt_pins)

Allocated (Group:

nxp_hdmi_bonelt_pins)
nxp_hdmi_bonelt_pins)

: nkp_hdmi_bonelt_pins)
Allocated (Group:
Allocated (Group: nxp_hdmi_bonelt_pins)
Allocated (Group:

(
(
(
(
(
(
(
(
(
Allocated (Group:
(
(
(
(
(
(
(
(
(
(

nxp_hdmi_bonelt_pins)

nxp_hdmi_bonelt_pins)
nxp_hdmi_bonelt_pins)

nxp_hdmi_bonelt_pins)
nxp_hdmi_bonelt_pins)

nxp_hdmi_bonelt_pins)

nxp_hdmi_bonelt_pins)
nxp_hdmi_bonelt_pins)

nxp_hdmi_bonelt_pins)

Updates Available at www.derekmolloy.ie



Beaglebone Black P9 Header

Head_pin SPINS ADDR/OFFSET Name GPIO NO. Mode7 Mode6 Mode5 Mod: Mode3 Mod: Model Mode0 PIN Notes
P9_01 GND Ground
Pa_02 GND Ground
P9_03 DC_3.3V 250mA Max Current
PS_04 DC_3.3V 250mA Max Current
P9_05 VDD_5V 1A Max Current (only if DC jack powered)
P3_06 VDD_5V 1A Max Current (only if DC jack powered)
Po_o7 SYS_5V 250mA Max Current
Po_0B SYS 5V 250mA Max Current
P9_09 PWR_BUT Has a 5V Level (pulled up by TPS65217C)
PS_10 SYS_RESETn RESET_OUT AlOD
Pa_11 28 0Ox870/070 UART4_RXD 30 epio0[30] uartd_rxd_mux2 mmcl_sdcd rmii2_crs_dv gpmc_csnd mii2_crs gpmc_wait0 T17 MB: GPIOs limit current to 4-6mA output
PS_12 30 Ox878/078 GRID1_28 60 gpiol[28] mcasp0_aclkr_mux3 gpmc_dir mmc2_dat3 gpme_csné mii2_col gpmc_beln uig and approx. 8mA on input.
Pa_13 25 Ox874/074 UART4_TXD 31 Egpio0[31] uartd_txd_mux2 mmc2_sdcd rmii2_rxerr gpmc_csn5 mii2_rxerr gpmc_wpn ui7
Pa_14 18 Ox848/048 EHRPWM1A 50 gpiol[18] ehrpwm1A_muxl gpmc_als mmc2_datl rgmii2_td3 mii2_txd3 gpmc_a2 uia
P9_15 16 0x840/040 GPIO1_16 48 epiol[16] ehrpwm1l_tripzone_input gpmc_al6 mii2_txen rmii2_tctl emii2_txen gpmc_a0 R13
P9_16 13 0x84c/04c EHRPWM1B 51 gpiol[19] ehrpwm1B_muxl gpmec_al9 mmc2_dat2 rgmii2_td2 mii2_txd2 gpmc_a3 T14
P3_17 BT 0x95¢/15¢c 12C1_SCL 5 gpio0[5] ehrpwm0_synci 12C1_5CL mmc2_sdwp spi0_cs0 Al6
P9_18 86 0x958/158 12C1_SDA 4 gpio0[4] ehrpwmO_tripzone 12C1_SDA mmcl_sdwp spi0_d1 Bl
P9_19 95 0x97c/17c 12C2_SCL 13 epio0[13] spil_csl 12C2_SCL dcan0_rx timers uartl_rtsn D17 Allocated (Group: pinmux_i2c2_pins)
Pa_20 o4 Ox97E/178 12C2_SDA 12 gpio0[12] spil_csO 12C2_SDA dcan0_tx timerg vartl_ctsn D18 Allocated {Group: pinmux_i2c2_pins)
Pg_21 85 0x954/154 UARTZ_TXD 3 gpio0[3] EMU3_mux1 ehrpwm0B 12€2_SCL uart?_txd spi0_do B17
Pg9_22 84 0x950/150 UART2_RXD 2 gpio0[2] EMU2_muxl ehrpwmO0A 12C2_SDA uart2_rxd spi0_sclk Al7
Pa_23 17 Ox844 /044 GPIO1_17 49 gpiol[17] ehropwm0_synco gpmc_al7? mmc2_dato rgmii2_mdv gmii2_rxdv gpmc_al Vid
Pg_24 a7 OS54 /184 UART1_TXD 15 gpio0[15] prl_pru0_pru_r31_16 12C1_SCL dcani_mx mmc2_sdwp uartl_tud D15
P3_25 107 0x9%ac/lac GPIO3_21 117 gpio3[21] prl_pruQ_pru_r31_7 prl_pru0_pru_r30_7 EMU4_mux2 mcaspl_axrl mcasp0_axr3 eQEPO_strobe measp0_ahelkx Ald Allocated (Group: mcasp0_pins)
Pa_26 a6 Ox980/180 UART1_RXD 14 gpio0[14] prl_prul_pru_r31_16 12C1_SDA decanl_tx mmcl_sdwp uartl_rxd D16
Pa_27 105 Ox9ad/lad GPIO3_19 115 gpio3[19] prl_pru0_pru_r31_5 prl_pru0_pru_r30_5 EMU2_mux2 mcaspl_fsx mcasp0_axr3 eQEPOB_in mcasp0_fsr C13
F3_28 103 0x98¢/19¢c SPIL_CS0 113 gpio3[17] prl_pru0_pru_r31_3 prl_pru0_pru_r30_3 eCAPZ_in_PWM2_out spil_cs0 mcasp0_axr? ehrpwmO_synci mcasp0_ahclkr C12 Allocated {Group: mcasp0_pins)
P9_29 101 0x994/194 SPI1_DO 111 epio3[15] prl_pru0_pru_r31_1 prl_pru0_pru_r30_1 mmcl_sdcd_muxl spil_d0 ehrpwmOB mcasp0_fsx B13 Allocated {Group: mcasp0_pins)
Pa_30 102 Ox998/198 SPI1_D1 112 gpio3[16] prl_pruQ_pru_r31_2 prl_pru0_pru_r30_2 mmc2_sdcd_muxl spil_di ehrpwm0_tripzone mcasp0_axrQd D12 Allocated? McaspO_pins? Check...
P3_31 100 Ox350/190 SPI1_SCLK 110 epio3[14] prl_pru0_pru_r31_0 prl_pru0_pru_r30_0 mmc0_sded_muxl spil_sclk ehrpwm0A mcasp0_aclkx A13 Allocated {Group: mcasp0_pins)
Pa_32 VADC Voltage Reference for ADC (NB: 1.8V]
P9_33 AlNS (=2 NB: 1.8V tolerant
Pa_34 AGND Ground for ADC
P9_35 AING AR NB: 1.8V tolerant
P9_36 AINS B8 NE: 1.8V tolerant
P9_37 AIN2 B7 NB: 1.8V tolerant
PS_38 AINZ A7 NBE: 1.8V tolerant
P9_39 AIND BE6 NB: 1.8V tolerant
P9_40 AINL c7 NBE: 1.8V tolerant
Po_414 108 0x9b4/1b4 CLKOUT2 20 gpio0[20] EMU3_mux0 prl_pru0_pru_r3l_16 timer7_mux1 clkout2 tclkin xdma_event_intrl D14 Both signals are connected to P21 of P11
PS_41B 0x9a8/1a8 GPIO3_20 116 gpio3[20] prl_prud_pru_r31_6 prl_pru0_pru_r30_6 emu3 Mcaspl_axrQ eQEPO_index mcasp0_axrl D13 Both signals are connected to P21 of P11
PgQ_424 89 0x964/164 GPIOO_7 7 gpio0[7] xdma_event_intr2 mmc0_sdwp spil_sclk prl_ecap0_ecap_capin_apwm_o spil_csl uart3_txd eCAPO_in_PWMO_out Cc18 Both signals are connected to P22 of P11
Both signals are connected to P22 of P11
Po_418 Ox8a0/1a0 GPIO3_18 114 gpio3[18] prl_pru0_pru_r31_4 prl_pru0_pru_r30_4 Mcaspl_aclkx Mcaspo_axr2 eQEPOA_in Mecasp0_aclkr B12 Allocated {Group:mcasp0_pins)
P9_43 GND - See Pg.50 of the SRM
Po_44 GND Ground
P9_45 GND Ground
Pa_46 GND Ground
For updates see: www.derekmolloy.ie
Pg Header  cat3PINS ADDR + Mame GPIO NO. Mode 7 Mode 1 Mode 0 CPU Notes
Allocated 44210000 (Mode 7) GPIO Settings Please e-mail me directly at:
Offset from: Bit 6 Bit5 Bit4 Bit 3 Bit2,1,0 derek@derekmolloy.ie
44210800 Slew Control Receiver Active Pullup/Pulldown Enable Pullup/Pulldown Mux Mode if you notice a mistake
0 Fast 0 Disable 0 Pulldown select 0Enabled 000 Mode 0 to Thanks Frank for the PRU work!
1 Slow 1 Enable 1 Pullup select 1 Disabled 111 Mode 7

e.g. OUTPUT GPIO{mode7) ©x87 pulldown, ex17 pullup, ex?f no pullup/down
e.g. INPUT GPIO(mode?) @x27 pulldown, ex37 pullup, @x?f no pullup/down




BBB Memory Organization

0x80000000
SOC  0x40200000
DDR

> 512MB

ROM
0x402F0400 < E:AG%C " 8 S
General Booting of BeagleBoard
RAM =
128KB T
When a system is first booted, the CPU invokes the reset vector to

start the code at a known location in ROM

BeagleBone Black '
7 SysPlay Worksh <worksh opx >
All Rights Reserved.

ROM Code X-Loader ‘U-Boot Kernel

minimal clocks, muxing additional » the kemel into
peripheral : clocks and initialization - Sets up
“'m'&"" memory - Sets the boot pmmdéc
- Searches the - Loads the U- arguments asLCD. I
for a valid booting SDRAM and to the kemnel sudio,

image executes it image - Mounts the Linux
- Loads the x- filesystem that
loader into SRAM contains al

and executes it userspace libraries/

mage under "CCBY-SA A0 US™ rom hiplomeppedacg whkiBoodoader Project

5 20185 T Qe 1 W \ AN . o ) e
© 2015-17 SysPlay Workshops <workshop@sysp




LINUX BASICS:

Kernel: programa Sistema Operativo, “independiente” de la distribucion

- Distribuciones: organizacion de archivos, usuarios, interfaz, etc. (Debian, Ubuntu, SuSe, ...)
- Sistema de archivos: /dirl/dir2/dir3/....
- Gestion de usuarios
- Usuario root (super user - su)
- Datos de usuario en: /home/nombre_usuario (/home/debian)
- Modos de usuario:

- Grafico

- Consola
- Login:

- Consola principal

- Por red (ssh)
- Comandos:

- Ver https://www.digitalocean.com/community/tutorials/an-introduction-to-linux-basics



https://www.digitalocean.com/community/tutorials/an-introduction-to-linux-basics

LINUX EN PC:

- Arranque dual
S.0. virtual (VirtualBox, VmWare, ...)

Imagen disponible S.O. Linux:

- Xubuntu 22.04 LTS

5 Oracle YM VirtualBox Administrador

Archive  Maguina  Ayuda

[ —

&, Xubunt-18-04-Mecatronica
=% Corriendo

Con herramientas compilacién Qt-Creator

Con compilacion cruzada para BBB

=] Win7-64
G

@ @

D -

Mueva Configuradon Descartar  Mostrar

= General

Mombre:
Sisterma operativo:

¥ubunt-18-04-Mecatronica
Ubuntu (64-bit)

Ubicacion de archivo de preferendas: Ci\Users\alvarez

E Sistema

Memaria base:
Procesadores:
Orden de arranque:
Aceleracion:

M| pantalla

Memoria de video:
Controlador grafico:

WirtualBox VMs
Wubunt-18-04-Mecatronica

4096 ME

2 )

Disquete, Optica, Disco duro
YT-xfAMD-V, Paginacion anidada,
Paravirtualizacion KvM

32MB
VBoxViGA

Servidor de escritorio remoto:  Inhabilitado

Grabando:

Inhabilitado

G} Almacenamiento

Controlador: IDE

IDE primario maestra:

IDE secundario maestro:  [Unidad dptica] Vacio

Controlador: SATA
Puerto SATA O:

(o Audio

Previsualizacion

[Unidad dptica] VBoxGuestAdditions.iso (31,54 MB)

¥ubuntu-18-04-Mecatronica. vdi (Mormal, 32,00 GE)

Controlador de anfitrion:  Windows DirectSound

Controlador:

& Red

ICH ACS7

Adaptador 1:  Intel PROSf1000 MT Desktop (Adaptador puente, «Intel(R) Dual Band Wireless-AC 8260:)
Adaptadar 2:  Inmtel PRO/1000 MT Desktop (Adaptador puente, «Realtek PCIe GBE Family Cantrallers)

(¥ uss

Controlador USE:

Filtrnz de disnngitivineg:

xHCI
NN activnd




LINUX EN BBB:

- Arranque desde uSD 6 eMMC
- S.0. Linux

Instalado S.O. Linux: basado en Debian

Usuario: debian

Clave' tempde b Terminal - debian@beaglebone: ~
Archivo Editar Wer Terminal Pestafas Ayuda

Superusuario: root (S su)
Clave: root

Acceso con ssh desde Linux en VirtualBox:
S ssh debian@192.168.100.23
Passwd: temppwd

S ahora se estd trabajando en la BBB

S exit




PROGRAMAR BBB con Qt:

'\
- Instalar compilador cruzado (PC -> Arm)

- Instalar Qt-Creator
- Instalar Qt-SDK para Arm > Ya hecho en imagen VirtualBox disponible
- Preparar Kit de compilacion

- Preparar acceso remoto al dispositivo D

Conectar BBB y PC por cable en la misma subred (192.168.100.xxx)



