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$Project Introduction
$4 it — (GPIO experiment)
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Project introduction

EHIEBTHEENEETK —ERREMR,

$Bh# AR HLCD, temperature module, open
source code(BH B EFTZAP) M EFESE

$ZE B 33demo 1Efm LA K final project report(HifR B &
®—IXRERR 1/4)

$#Report £

ASRA =]
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Ex: Project Report

+8 B BA8; iizfﬁl,mﬁ'i& BEREFT , SKRENEE
BRElcd:  WAKEBAEERE , LEDEE A EMET
MR
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Ex: Project Report

S B RTEE:

Initialization

1. Pmod multiplexor to connectperipheral to celectad PMODSs
2.12C controller
3. 5Pl controller
4. GPIO (set led status) and configure intarrupt
Timer interrupt 5. LCD over SPI
Increments sw timers each G- LIART IIar it
G CEN T e 7. Configure timer interrupt
£. Enable interrupt
) . 9. Configure LCD display module
timer0_isr_cnt++; 10. Print startup message

timerl_isr_cnt++;

¥

Initialize main loop

stop = 0;
>
UART interrupt v
Receive messages form
remote console (messages Clear LCD
are processed in main loop) L Disable timer
stop==0 ————no—
Flush stdout
Sitchoff LEDs

GPIO interrupt yes
Every time when pressed ¢,
onbaard button this Lifebeat (flashing LED based on timerD_isc_cnt )
interrupt increment

corresponding sw counter: l

gpio_isr_cntl for ‘L button

Epio_lsr_cn 12 for _Rr button Chheck UARTS que and receive nvessages if
gpio_isr_cnt3 for “A" button tirmer]l_ir_ent > 4

¥

Check gpia_isr_cnt1 and gpio_isr_cnt? are processed by
GPID interrupt. Those counters are incremented every
time when Lo R button pressed_ Depending on Land R
button pressed application reads temperature from
TMP2 maodule and prints result value in Fshrenheit (L
bbutton) or Cebsius (R button) units

¥

Process messages received from remate console:
'C''c’ - print tempersture in C units.

- print temperature in F units.

+ - eait | stop= 1)

- Clear LCD screen

- print startup message on LCD
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What is API

APIFLE R & T 1=/ #hi#EE R iR
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What is API

$APIAS T % @ B registers® B @1 — {@function A

S AHETENE MM ER I function , REZNE
functionZh A

J{ =simple debug print
Jwoid uart_print (DWCREG_PTR uartRegs, const char * pBuf) {
un=zigned int i = MAX DEBUG MS5G:

unsigned char byte = *pBufi++:

T8It prlm;(uart' "“';I:'.";I:'xxxxMMxxxxxxxxxxxxxxxxxxxxxxxx";lz'_";:”)rl ] while (byvte && i-—-) {
i ¥ IR0 BV Gearter kit w2 00 #inlpt) e
uart printfuart, ARC B Starter kit v2.0 ) // wait if FIFO is full
uart print{oart, " Flashing [EDs(GEI0) demo *\n\r"); while (! (uartRegs[U USR] & U USR_TEWE)}:

LArt prlnt(uartr ”xxxxxxxxxxxxxxxxxxxxxuuuuux"‘,l:"‘,l'\_-'||);
- J/ transmitt data byte

uwartRegs [U THR] = byte;
byte = *pBuf++;

API )
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GPIO 4 &

$GPIO 2B EEE M B A LA BB EH (software-
controlled) BYS{ 5%

+H R BREEZ, LI (Pin) WEXE3]
$ELHHE SHZMENARBENEERR
SEEH| 1, BERAEREE, £HE LT SRR
(input), 2 R 2 RITHEIRA (output)
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R TiE R

¢S EREE F{E B % — 4 — & run leds_gpio project
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+ N Rsrct@ M A & =¥ Bgpio_interrupt.c
FEXR ISR TEERERIT
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Stepl:create SRC F

'| I » ARC » baremetal » project_arcmw » leds_gpio »

= EBE
B =4
e
= =t
= EA

#77 SRCE R

- =
o THEE ©)
& BD-ROM %2 (E-
& zeeEn
o, THEE ()

€ EE

5 EEH

TTUtULY U o

IPULUl Gria o oran

o

—rig

oo

SagE- MAZSREE- =EDe Y S5 FESEE B -
e £ B AL =l *i
g TE | settings 2015/11/13 T .. EEEHE
- I=¥i:1) N em3sd 2015/11/13 5. HBEZH®E
s ey ) SRC 2015/11/23 F5 .. E=sgx |
23 Dropb | .cproject 2015/9/3 F5£01.. CPROJECTEE 50 KB
| ] praject 2015/9/3 F5 01.. PROJECT BE 2KE



STEP2: 8% SRC+ 4 - >PROPERTIES

M C/C++ - leds_timer/SRC/flashing_leds.c - MetaV/ars IDE
File Edit Source Refactor Navigste Search Project Run Window Help

Pv

(€@ B m|ri]]

—
D onﬁDebug « || & hello_uart emsd v | on: | Local Machine vV ErHRE R R WP DENLL IR O E GO0 -GS P 4G
-5 QuickAccess | [ | [EGIRE) 4 Debug
> [ Project Explorer 23 & =0 E B g e c [¢] flashing_leds.c &7 ¢ B * = 0 Bz Oouline X @ Make Targe =0
b 5 hello @/w_* (upynght_(() 1989-2813 Synapsys, Inc. = LW e ¥ 7 ©
ﬂ » &5 hello_uart #include <stdio.h> u stdioh &
) #include ¢stdint.h>
( ’ s e #include <stdlib.h> U stdinth
> leds u stdlibh
s 4 G5 leds_gpio [ #include "stacter.h’ B staterh
= IS e Flosning e 3 fevingledsh
—= b @) Includes e/ = ’ o timerd_isth
CD b (2 emSd // LOCAL DEFINES # FLASHING_CYCLES
1 /
S TIMER
O . &lgs New ¥ he FLASHING_CYCLES (3) #
" I © TIMER @xB21 J/TCOUNTE = @x@21, TCOUNTL = @x100 @ flash_count: unsigned int
—t 4 [ temg =l ® leds- unsigned int
13 3 L .
4 ; ed int flash_count = @; mainint, char ) - int
s <n Open in New Window od int 1eds = oxoss ] P
S (= Copy Ctrl+C Y
m 13 ﬁ S Paste Cerl+V CAL FUNCTIONS PROTOTYPES o
X Delete Delete 4 =
m Source » Y
IN
M,
> ,
Rename. F2  ain(int argc, char *argy[]) {
Q_ fy  Import HCREG_PTR pctr = (DWCREG_PTR) (DWC.GR10.9 | PERIPHERAL.BASE): -
| Export HCREG_PTR uart = (DWCREG_PTR) (DWC.UART.CONSOLE | PERIPHERALRASE);
CD &) | Refresh Fs art_initDevice(uart, UART_CFG_BAUDRATE 115288, UART_CFG_DATA_SBITS, UART_CFG_ISTOP, UART_CFG_PARTTY_NONE);
< Index y art_print(uart, "\n\r ST
rt_print{uart, "F  ARC EM Starter kit v2.8  *\n\r");
m Make Targets P art_print(uart, "+ Flashing leds demo “\n\rt);
Resource Configurations p art_print(uart, LN H
Team y I initialize GPIO controller
io_init(pcer);
Compare VWith ¥ bio_set_leds(pctr, @x@Lff); // switch off all LEDs
Restore from Local History...
Init timer with period B.2s = GM(BxSBBD7F) / 30M
#* RunC/C++ Code Analysis inera_init(exsbad7f);
Loop turn en/off leds
I_ Propetties Alsenter L3100 |
3
Q . '
Problems 52 /| Ta v =g
U 38 errors, 3 warnings, 0 others
O Description Resource Path Location Type -
4 @ Errors (38 items) £
5 @ Symbol 'DEFAULT_LED_MASK’ could not be resolved gpio.c fio/SRC/gpiafsre line 34 Semantic Emar
m & Symbol 'DEFAULT LED_MASK' could not be resolved gpio.c fio/SRC/gpiofsrc line 35 Semantic Emor
i & Symbol 'DWC_GPIO_0' could not be resolved flashing_leds.c fleds/SRC line 44 Semantic Emor
@ Symbol ‘DWC_GPIO_0' could not be resolved flashing_leds.c fleds_timer/SRC line 45 Semantic Emar
O & Symbol 'DWC_GPIO_O' could not be resolved temp_sensor.c ftemp_sensor/SRC line 106 Semantic Ermor .
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Step3:#- T edit

M C/C++ - leds timer/SRC/lashing_leds c - MetaWare IDE

File Edit Source Refactor

00 -

Navigate

Search Project Run Window Help

v | [@ hello_uartemsd ~ | on: | Local Machine

vo-Beele-S-

a0 o 0k 00 @

CRERE S B @ A0 Q@& SE [
GuickAcces: | 3 | (EE/CEE) 4 Debug

[ Project Explorer 12

» C5 hello

b G5 hello_uart

L @Bie

b 5 leds

4 5 leds_gpio
b 4 Binaries
» [ Includes
b @ emsd

8 SRC

b (55 leds_timer

4 35 temp_sensor
& 3% Binaries
& [ Includes
b @ emsd

> 8 SRC

< i,

B% v=8

A flashir €| flash w.c A flashh

@/** Copyright (C)

flashing leds.c 52

3 6

#include <stdio.h>
#include <stdint.h>
#include <stdlib.h>

M Properties for SRC

- Resource

I C/C++ Build

I C/C++ General
Run/Debug Settings

Path /leds_gpio/SRC

R :
#include "flashing le
6 s Linked Folder

#include “timerd_isr.
@ rrmnarinsesasesy
// LOCAL DEFINES
Jjrereerseranrreneenn]

Location SRC

Resolved location: C\U: d k

#define FLASHING_CYCL

#define TIMER 0x@21 Last maodified:

<resource does not exist>

pps\leds_gpiotsrc - (does not exist)

Attributes:

unsigned int flash_co ol
Read-only

unsigned int leds = @

Archive

Derived

Textfile encoding

Inherited from container (MS350)

Other: |M5950

e e e——

// LOCAL FUNCTIONS P
skt e

e ——

J/ MAIN
e e—

“int main(int arge, ch

DCREG_PTR pets
F] DHCREG_PTR uart =

uart_initevice(u

uart_print(uart, |
uart_print(uart,

Restore Defaults| [ Apply

uart_print(uart,
uart_print(uart, )

// initialize GPI(

gp: ;
gpio_set_leds(pctr, Ox@1Ff); // switch off all LEDs

/7 Init timer with period .25 = GM(PXSBEDTF) / 30
timerd_init(@xsbad7f);

/1 Loop turn onfoff leds

while(1)

‘

18 Problems £ | Tasks

38 errors, 3 warnings, 0 others

= 8

i

5= Outl

u
u
u
Ll
u
u
#
#
@
@
-4

[= (& le=]

G

line 52 ke Targe =5
R o % 7

stdioh ®

stdinth ]

stdibh

starterh

flashing_ledsh

timerQ_isrh

FLASHING_CYCLES

TIMER

flash_count  ursigned int

leds: unsigned int

main(int, char*[) : int

m

Description Resource Path
4 @ Errors (38 items)

‘@ Symbol 'DEFAULT LED_ MASK' could not be resolved gpicc

& Symbol 'DEFAULT_LED_MASK' could not be resolved gpioc

& Symbol 'DWC_GPIO_0' could not be resalved

@ Symbol 'DWC_GPIO_0' eould not be resolved

o @ Symbol 'DWC_GPIO_0" eould not be resolved

fie/SRC/gpiafsre
/fio/SRC/gpiofsrc
leds/SRC

/leds timer/SRC
Jtemp_sensor/SRC

flashing leds.c
flashing leds.c
temp_sensor.c

Location

line 34
line 35
line 44
line 45
line 106

Type

Semantic Error
Semantic Error
Semantic Error
Semantic Error
Semantic Error

Slolele]mw]m

Fl
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M Properties for SRC = @
|typefi|tertext Resource =T b A
R
= Cezourc; ld Dinile Hade aimim OO
g b C/CH+Bu M Edit Link Location ===
E » C/C++ General
Run/Debug Settingg  Edit a Link Location
1 Edit link location. \src - (does not exist)
i
Location: IYUsersyharvey DesktophARCyba | Folder... | [ Yariable... ]

Resolved Lacation: I Users\harvey Desktoph ARC\baremetal\project_arcmwhleds_gpich5s

A

[ Restore Defa ults-l l Apply I

® o J[ Gl ]
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Stepb5:import file system

M C/C++ - leds_gpio/SRC/gpio_interrupth - MetaWare IDE
File Edit Source Refactor Mavigate Search Project Run Window Help

.° n #5 Debug w || [£] hello_uart em5d ~ on: | Local Machine v M- ES

Q)

-

-

‘ ’ [ Project Explarer 52 <§> ~ =0 c| flashing_leds.c ng_leds.h c g [A gpic_interrupth 2 [H

F b 5 hello @ /** Copyright (C) 1989-2813 Synopsys, Inc. =y

—_— » 5 hello_uart #ifndef _ GPIO INTRRUPT H__

o =3 N #define _ GPTO_INTRRUPT_H__

I io

CD b 5 leds // global variables

‘ , 4 5 leds_gpio extern volatile unsigned int gpioc_isr_cntl; //buttonl counter
P N &bu Binaries extern \mlatile un;%gned int gpio_%sr_cntz,' //button2 counter
C i Includ extern volatile unsigned int gpic_isr_cnt3; //button3 counter

& [wpl Includes
- I (= em3d /{ function prototypes
CD » [ERsRel void init_GPIO_Interrupt(DWCREG_PTR gpioRegs);
b 5 1a New » pigned int gpio_get buttons(DWCREG_PTR gpioRegs);
m igned int gpio_get_switches(DWCREG_PTR gpioRegs);
O te Go Into d gpio_set_leds(DWCREG_PTR gpicRegs, unsigned int leds);
3 igned int gpio_get leds({DWCREG_PTR gpioRegs);
Open in New Window
Q_ dif // _ GPIO_INTRRUPT_H__
Copy Ctrl+C

CD Paste Ctrl+v
< ¥ Delete Delete

m Source 3

P Maove.

m Rename... F2

3 v Import..

iy Export.

I £ Refresh FS

m Index 3

U Make Targets 3

O Resource Configurations 3

m Team 2

pr Compare With 3

O Restore from Local History...

- %7 Run C/C++ Code Analysis
< Properties Alt+Enter

15
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Stepb6: choose file system

-e

-e

LR IR

M Import . - .

Select
E‘}a 3
Import resources from the local file system into an existing project.

Select an import source:

|type filter text |

4 (= General
B Archive File
(£ Existing Projects into Workspace
| File System |
[ Preferences
a4 = CfC++
[€] C/C++ Executable
fgﬁ‘ C/C++ Project Settings
Existing Code as Makefile Project
b (= Install
» = Run/Debug
» = Team
B = Other

@ <Back || Next> || Fnish || Cancel

16
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Step7: Choose file

“#Source path:/baremetal/apps/leds_gpio/src

M Import = [@][=]
File system —
Source must not be empty. B
-
From directory: -
Import from directory

Select a directoryr to dmpont from.
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4 FEEE (C) -
. .metadata A
| AdwCleaner
» Ju arc £
p L baremetal2
Filter 4 | baremetal3
a |l apps
Into fol b 1 hello
Optio ¢ L hello_uart
[¥] Owsg Bl leds
[ cre 4 || leds_gpio
Adva |J_5rc|
b )y leds_spi
B L leds_timer
< | I 1 »

@ | o

(EuFErman | [ we [ WA 17
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-—\

T - /n'- ﬁim

!

Initialize TART and print start info

v

Initialize GPIO. set up GPIO
intermupt service routine for L R
and A button.

Close all the LED lights

Y

No buttorp pressed or L or R pressed

If no button is pressed. all the LEDs
are on and off repeatedly.

If L button is pressed. lights are on and
off inal3sS7on. 02468 offand 1 3
S5T7Tofft 0246 8 on wav.

If F. button is pressed, lights are on
from © to 8 and them 8 to 0
sequentially.

If A button 1s pressed, the program will
ext.
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Button A gressed
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¥Rt gpioMvalue(‘@#Ebutton, led,
switches)

- void UL IEISLY DWCREG PTR gpioRegs) {

//initilize buttons
gpicRegs[SWPORTA DR] a; //Data to PortA

gpioRegs[SWPORTA DDR] = //PortA - input

//LED[7:8]
gpioRegs[SWPORTE _DR]
gpioRegs[SWPORTE_DDR]

REFAULT LED MASK,
DEFAULT LED _MASK; //PortB - output

/ /Switches
gpioRegs[SWPORTC_DR] = @; //Data to PortC
gpioRegs[SWPORTC DDR] = @; //PortC - input
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init_GPIO_Interrupt

—

st fitgpioRVinterrupt, & T button ks &
ﬁ%ﬁgplo ISR

S fEFEEREREEE AR EE IR E IR E IR E R R IR IR E IR LR E R R LR EERERE R LR E R E TR R

init GPIO_Interrupt - Initialize GPIO controller and setup GPIO ISR

*****************************************************************************f

= woid plFeSs SRl DWCREG PTR gpioRegs) {

_clri); // Turn off interrupts

gpioRegs[DEBOUNCE ]
gpioRegs[INTTYPE_LEVEL]
gpicRegs[INT_POLARITY]
gpioRegs[PORTA_EOI]
gpicRegs[INTEN]

@xe8; // Debounce disable for buttons

@xd7; // edge sensitiwve interrupt for buttons
axe7; J/ interrupt polarity for buttons
@xFFFF; // clear any pending interrupts

axe7; /{ interrupt enable for buttons

// save GPIO base address for access to GPIO registers from ISR
gpicBasefddress = gpicRegs;

gpio_isr_cntl = gpic_isr_cnt2 = gpio_isr_cnt3 = 83

J// initialize interrupt vector
target_setwvect( GPIO_INT_VECT, Gpio_ISR);

_setifexla); // Enable interrupt for priority @
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gpio_set_leds

=2 EGPIO LED il

~3

e peeetd ppaey

Bit O
Bit 8 Bit 7 |
o ] gpioRegs[SWPORTB_DR]#ZE#ISHE L EDE =S
/! switch off all LEDs . 1%5-_% R
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~ void [D‘Ln.l[REG_F'TR gpioRegs, unsigned int leds) {
gpicRegs[SWPORTE DR] = leds;
} 21
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Exercisel: Implement the interrupt
sevice routine

a.lll'.:l:‘:l:':l:’:l:':l:‘:l:':l:':l:‘:l:':l:’:l:':l:‘:l:':l:':l:‘:l:’:l:’:l:':l:‘:l:':l:':l:‘:l:':l:':l:':l:‘:l:':l:':l:':l:':l:':l:':l:‘:l:':l:':l:':l:':l:':l:':l:‘:l:':l:':l:':l:':l:':l:':l:‘:l:':l:':l:':l:‘:l:':l:'###H’#R’###R’##H’###R’##H’#R’#R’

Gpic ISR -GPIO interrupt service routine; It increments gpioc isr cnt#® counter
if corresponding button pushed.

_:lc':l:‘:lc':l:‘:-c':l:‘:l:':lc':l:‘:lc':l:‘:-c':l:‘:l:':lc':l:‘:lc':l:‘:lc':l:‘:l:':lc':l:‘:lc':l:‘:lc':l:‘:-c':l:‘:l:':lc':l:‘:lc':l:‘:-c':l:‘:l:':lc':l:‘:lc':l:‘:lc':l:‘:-c':lc':l:‘:lc':l:‘:lc':l:‘:-c':l:‘:l:':lc'x‘x‘x‘x‘x‘x’x‘x‘x‘x‘x‘x‘x‘x‘x‘x‘x‘x‘x‘x‘x‘x‘x‘;

target_interrupt void Gpio ISR ()

=

S fread =status

unsigned int reqg;

reg = gpioBasebddress[INTSTATUS]

ffclear interrupts
gpiocBasefddress [FORTA EOI] = reg:
f/$#%In=ert code here##ﬂ
=1
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hint

1. gpioBaseAddress[INTSTATUS] & &2 #&gpio
interrput B ;iR A8

& T L#ft gpioBaseAddress[INTSTATUS]HBITOA1
% TRt gpioBaseAddress[INTSTATUS|EYBIT1 A1
T AR gpioBaseAddress[INTSTATUS]HYBIT24 1

un=igned int reg:;
reg = gpi&Easeﬂddress[IHTETETHE]4

{]}PS C coc fSfelear interrupts ltlonfilﬂj%?

gploBaselhddress [PORTA ECI] = reg;
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hint

2 A={EICOUNTERE=¥/KT , B TBUTTON L #
gpio_isr_cnt1=1; LAt #E |, ELISRRA T K2 W —

BZ R AR , FICledPHIB]

2 % Zmain function

EZER

volatile unsigned int gplio isr cntl
volatile unsigned int gpio isr cntl
volatile unsigned int gpio isr cnt3

» f/buttonl counter
r f/button? counter
o JS/button3 counter
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Exercise2: Implement the main
function

Sf switch off all LEDs

gplo set leds (pctr, OxCLET);
while (1)
i

ff default behaviour

S/ #%%Inzsert code heredif
JS/Button "L" is pressed
f/#%%#Insert code here##ff
JS/Button "R" is pressed
f/#%%#Insert code here#fs
JS/Button "A" is pressed
S/ #%%Inzsert code heredif

}

retorn O
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hint

¢RI #gpio_isr_cnt1, gpio_isr_cnt2, gpio_isr_cnt3¥I &=
AR FERY B 1E
$gpio_set_leds(pctr, 0x0); 2 #illed & BY 14

$delay(PULSE_DELAY); FlfdelayZled N EPIME AR |, ATZERA
IREZ .
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&L 250
PR R RIEIEGE > FE =V EApE £ B AProject -
P.S. o3 v 5 e ¢ 428 B R B ~ LCDR- & o
#TA Contact Information:
>E5 33 48 1 a2215689@gmail.com
»Rm 92617
»0ffice hour : (Monday)14:00pm~16:00pm
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Appendix1:Temp sensor project

¢ 7 KREMprojects] , AIEMULEER , tkEER AT LA
B NIRERE R FLCDE

#Reference: Temperature_sensor_demo.pdf
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Appendix1:Temp sensor LCD #: i
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Appendix1:Temp sensor application

¢S ERE FEEE —# —# run temp_sensor project
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Appendix1:Temp sensor application

SIRTEE c, tHERERKAE

Alojeloge] walsAg pue ainjosiyaly Jaindwod)
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Appendix2: ARC API Introduction

#int Read_Temp (int tmp_units, DWCREG_PTR console,
DWCREG_PTR uart, DWCREG_PTR i2c)

“Implement in the /apps/temp_sensor/src/temp_sensor.c

40 & It functionZ2 B WAL & E #£12C Temperature Sensor
PmodTmp2 B , I B 288 tl{a £ projectii§ & ME kA K FE A
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Gpio APT function

@ Implement in baremetal/io/gpio/src/gpio.c

$#2 Efunction BIFWAFLBgpio , WAL EledE , H
Eledf&. button, switchikEE
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LCD API function

@#Implement in baremetal/io/gpio/src/icd.c

S function2FE WA ¥l ¥kIcd, ENFEEBE. BR
HEEZEEAKRIEE
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UART API function

#Implement in baremetal/io/gpio/src/uart.c

B E A Rvoid vart_print(DWCREG_PTR uartRegs, const
char * pBuf)

$Ex:uart_print(uart, “Hello world\n\r’); & Elhello world#Eputty £
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