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€ Project Introduction

4 B1YE— (GPIO experiment)

R Y RN

4 Appendixl JRE

4 Appendix2 : ARC API Introduction

» GPIO API

> LCD API

» UART API
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Project introduction

¢ FEHABHRHEIAZBTHEENEHBETK —EERER,
& BE AR MHLCD, temperature module, open

4 source code({BH T EFZAP)FIHEBES

& FEH3Zdemo 1Em LA K final project report(HiIfR A& & —
IXEERER 1/4)

¢ Report EAVEEEHBE, BEREE. XI5

M. 018

~
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Ex: Project Report
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: Project Report

= &

&
;Ir:rli:'
i
3

‘\\

Initialization
1. Pmod multiplexor to connectperipheral to celected PMODs
2.12C controller
3. 5Pl controller
4. GPIO (set led status) and configure interrupt

Timer interrupt 5. LCD ower 5Pl

Increments sw timers each ‘75 UART interrupt
k2
k]
b

1000 CPU ties: . Configure timer interrupt
. Enable interrupt
. Configure LCD display module

timer0_isr_cnt++; 0. Print startup message

timerl_i
Initialize main loop
stop =0;
b
>
UART interrupt v
Receive messages form
remote conscle (messages Clear LCD
are processed in main loop) L Disable timer
stop =50 e » Flush stdout
Sitchoff LEDs
GPIO interrupt yes

Every time when pressed
onboard button this
interrupt increment

corresponding sw counter:

gpio_isr_cntl for 'L" button ¢

Lifebeat (flashing LED based on timerD_isr_cnt |

gpio_isr_cnt2 for R' button Check UARTS que and receive nessages if
gpio_isr_cnt3 for "A" button timerl_isr_cnit > 4
Check gpia_isr_cnt] and gpi ont? are processed by

GPI0 interrupt. Those counters are incremented every
time when Lar R button pressed. Depending on Land R
button pressed applicstion reads temperature from
TMP2 module and prints result value in Fahrenheit (L
button) or Celsius (R button) units

L2

Process messages received from remate conssle:
“C°¢ - print temperature in C units.

PP - print temperature in F units.

« - et | stop= 1.

Clear LCD screen

‘2’ - print startup message an LCD
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What is API

¢ APIHSFF 2 18 BBregisteri® & 2 £ — {@function A
¢ FAEFFEHERMMAER tfunction , AEHIE
functionZh F

J{ =simple debug print
Jwoid uart print (DWCREG PTR uartRegs, const char * pBuf) {
un=signed int i = MAX DEBUG MS5G:

unsigned char byte = *pBufi++:

: M\ AR E AR AR E A RRRRRCRAARR R Y Iy 1 while(byte && i--) {
uart print(uart, "\n\z \nhe")

uart print(uart,
uart_print(uart,
uart print(uart,

Sf wait if FIFD is full
while (! (vartRegs[U USR] & U USR TFNF))

J/ transmitt data byte
uartRegs [U_THR] = byte:
byte = *pBuf++;
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GPIO 1} &

¢ GPIO 2R EGEM B T AEHRERBZES (software-
controlled) &Y &y A 55

¢ B ERBERNRER, L (Pin) WIERER B
B 2R A RRENAR BBV EERRE

¢ BEHF, BERN2HE, (FHE T RHZER
(input), =% B B 2 MR 2RFT R = EERA (output)
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F ITiE M

¢ HERE F{EE 5 —#& —#& run leds_gpio project

¢ WMRsrciBEAK &8 B gpio_interrupt.cHER , A/
BMT&EERETHET
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Stepl:create SRC i &%

=
@Qv| . » ARC » baremetal » project_arcmw » leds_gpio » v|#.,|| EZ leds gpio
HeEHE -~ MAZEBE ~ HHHz ~ = HaEsEHE SEE.
- zgEs =i BB EH >
a TEf | settings 2015/11/13 T =FA
M = . em5d 2015/11/13 FF EE
S+ ot L skc 20151123 F5 . & ]
%3 Dropbox || cproject 2015/9/3 T 01 50 KB
[ project 2015/9/3 5 01... 2KB
- FEE
Els:
o =2 = — /= . P RIN
B=  ano22H{TEMSRCERIR
=Rz
b =i

o TEER ()
& BD-ROM I (E:
& raEep
o TEEE ()

Gy B

s EERE
l
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STEP2:2E:% SRC+ 4£->PROPERTIES

M C/C++ - leds_timer/SRC/flashing_leds.c - MetalWare IDE

File Edit

Source  Refactor

00~

Navigate Search Project Run

Window Help

v || [E] hello_uart em5d v | on: Local Machine

[y Project Explorer 52 = == ledsh flash_w.c 8 flash h W g gpio.c [¢] flashing_leds.c 52 . ; ) = B 5= Outline 3 @ Make Targ =
b E5 hello ‘?-_"_ Copyright (C) 1989-2813 Synopsys, Inc. = B8 o % -
> 5 hollo st #include ¢stdio.h> ul adich

#include ¢stdint.h>
é g“‘ #include ¢stdlib.h> o stdinth
b g leds U sdibh
4 5 leds_gpio B #include "stacter.h” B starterh
b o #include "flashing_leds.h" :
> 3 Binaries #include "timerd_isr.h” 2 Hlashing_ledsh
> @l Includes - 2 timer0_isth
> @ em5d " # FLASHING_CYCLES
§ - TIMER
. 65%5 New » ne FLASHING_CYCLES (3) = ) _—
—r e TIMER @xB21 //TCOUNT® = @x821, TCOUNTL = @x100 @ flash_count: unsigned int
4 [ tem e 8 Bk onsigned
P i = @
g e IB Open in New Window :‘j ::: {::zh:“;‘(g;f g g main(int, char'f]) - int
> B = H =
> &= el [ Copy Ctrl+C
> ﬁ §| Paste Ctrl+W JCAL FUNCTIONS PROTOTYPES =
9 Delete Delete =
Source »
Move.. N
Rename. F2  ain(int argc, char *arg[]) {
i Import CREG_PTR pctr = (DWCREG_PTR) (WG GPIO.@ | PERIPHERAL BASE);
& Export CREG_PTR uart = (DUCREG_PTR) (DHC_UART. CONSOLE | PERIPHEBAL.BASE):
3 Refresh Fs rt_initDevice(uart, UART_CFG_BAUDRATE_115200, UART_CFG_DATA 8BITS, UART_CFG_1STOP, UART_CFG_PARITY_NONE);
& = o = G e e Ch C L4
e , art_print(uart, "\n\r nrt);
rt_print(uart, "*  ARC EM Starter kit v2.8  *\n\r");
Make Targets P art_print(uart, i Flashing leds demo *\n\r*);
Resource Configurations » are_print(uart, nir);
e » { initialize GPIO controller
io_init(pctr);
Campare With ¥ bio_set_leds(pctr, @xeiff); // switch off all LEDs
Restore from Local History.
Init timer with period @.2s = 6M(@x5B8D7F) / 3@M
A7 Run C/C++ Code Analysis mer@ init(oxsbEd7F);
Loop turn on/off leds
e el s, ot et |
4 = 3
Bl Problems 13 Tasks B Cons e Tl
38 errors, 3 warnings, 0 others
Description Resource Path Location Type =
4 @ Erors (38 items)
‘@ Symbol 'DEFAULT_LED_MASK' could not be resolved gpio.c fiofSRC/gpio/sic line 34 Semantic Error
@ Symbol 'DEFAULT_LED_MASK' could not be resolved gpio.c fiofSRC/gpio/erc line 35 Semantic Error
‘@ Symbol 'DWC_GPIO_0' could not be resolved flashing_leds.c fleds/SRC line 44 Semantic Error
& Symbol 'DWC_GPIO_0' could not be resolved flashing_leds.c /leds_timer/SRC line 45 Semantic Error
m Symbol DWC_GPIO_0" could not be resalved temp_sensor.c ftemp_sensor/SRC line 106 Semantic Error 5

B E-E -G-GO RS S I

Quick Access

=]

& | [ 4 Debug

IDIL A=

&) ‘

7| =

T4 05:00

2015/11/23 |
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Step3: T edit

‘ 1 M C/C++ - leds timer/SRC/flashing leds.c - MetaWWare IDE EERES [= =]
—t I File Edit Source Refactor MNavigate Search Project Run \Window Help L]
q)) 00 o= | (] hello.vart emsd < 48 [ Locai Miachine vl ®e 8 B-R-B WPHENLE SR ST G b0 Q@ P JE T Do
Quick Access 5 | [EEC/C++ ) 45 Debug
> [ Project Explorer 52 E% Y= 8 | [ flashin flash_w.c v flash A gp h gpio.c A [8] flashing_leds.c 82 [¢ timerD_isr.c A timer0_isrh i = B | 5 Outline 2 ' @ Make Targe =
- b E5 hello @ /** Copyright (C) 1 - EaRs e - |7 [
> €5 hello_uart #include cstdio-h> 1M Properties for SRC U sdioh &
#include <stdint.h> g
b e #include <stdlib.h> type filter text Eotoiaed r S & stdinth
, b 5 leds | = U stdlibh
—_— 4 (5 leds_gpio B #J:nciug_e "iiar;er.h{ b C:Z“”'i:‘ . Path leds_gpio/SRC B starterh
> #include “flashing leq b C/C++ Bui
= > $F Binaries : o = = -
At #include "tiner_35m.H | |, /44 General Type: Wit celer U flashing ledsh
CD DaRE B Opprermvsssisssesmss** A RuryDebug Set Location: SRC &l timerd st
un/Debug Settings :
» (= em5d // LOCAL D 9 9 # FLASHING_CYCLES
( ) & SRC 5 | Resolved location: C\Users\situ\mide\emsk2.0_software\baremetal\appsleds_gpiohsrc - (does not exist) # TIMER
H i FLASHING_CYCL!
— b (5% leds_timer i rararar ot Last modified <resource does not exist> ® flash_count - unsigned int
C 4 (35 temp_sensor — ® leds: unsigned int
> 4 Binaries unsigned int flash_co @ maining, charl) - int
- > ) Includes unsigned int leds - @ [C1Read-only =
m > &> em5d [T] Archive
> G SRC // LOCAL FUNCTIONS P [l Derived i
ffFTerT s Rt eny Text file encoding =
m ey © Inherited from container (MS950) L
: . © Other: [MSsg50
Q_ = int main(int argc, ch
%5 DWCREG_PTR pctr =
U) £~ DWCREG_PTR uart =
uart_initDevice(u.
< vart_print(uart, |
uart_print(uart,
uart_print(uart,
ol @
// initialize GPI
gpio_init(petr);
3 gpio_set_leds(pctr, @x81Ff); // switch off all LEDs
// Init timer with period 8.2s = 6M(8xSB8D7T) / 3@M
timer®_init(BxSbBd7f);
I // Loop turn on/off leds B
while(1) »
O- 1 Problems 52 = Tasks Co pod il
o 38 errors, 3 warnings, 0 others
Description Resource Path Location Type 2
J 4 @ Errors (38 items)
m 3 Symbol 'DEFAULT_LED_MASK’ could not be resolved gpioc fio/SRC/gpio/sic line 34 Semantic Eror
— ‘@ Symbol 'DEFAULT_LED_MASK' could not be resolved gpio.c fio/SRC/gpio/src line 35 Semantic Eror
4 Symbol "DWC_GPIO_0" could not be resolved flashing_leds.c leds/SRC line 44 Semantic Eror -
o [l & Symbol 'DWC_GPIO_0 could not be resolved flashing_leds.c /leds_timer/SRC line 45 Semantic Eror
E P—— o ‘5 Symbol 'DWC_GPIO_0' could not be resolved temp_sensor.c ftemp_sensor/SRC line 106 Semantic Eror
5 AERCRGEAL PR
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Stepd::% k| 1 2 * ifsrc

%

© )

E_ M Properties for SRC = || = || E2
Q type filter text Resource - v -
> } RE‘S-CILIFCE Dimkl M P ol v

o g b C/Ce+EBuild M Edit Link Location = [

-5 P » C/C++ General

== . Run/Debug Settingy  Edit a Link Location
g : Edit link location. \src - (does not exist)
— f

E Location: IyUsers\harvey Desktoph ARCyba [ Folder... ] [ Yariable... ]

® I; Resolved Location: [YUsers\harvey DesktophARCy\baremetal\project_arcmwhleds_gpichs

Q

3 F

o A

>

5‘ @ Ok ] ’ Cancel

—

Q

O 3

@)

-

Q) [Restcure Defﬂultsl l Apply I
—

@)

Q @ [ 0K ] [ Cancel ]
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Stepb5:import file system

M C/C++ - leds_gpio/SRC/gpio_interrupt.h - Meta\Ware IDE
File Edit Source Refactor Mavigate Search Project Run Window Help

. ° n 5 Debug ~ || [E] hello_uart em5d v on: | Local Machine v - &

[ Project Explarer 52 = . h errupt.c
b (5 hello pyright (C) 1989-2813 Synopsys, Inc.
s B halloiasit #ifndef _ GPIO_INTRRUPT H__
e - #define GPIO_TINTRRUPT_H
b o I = Bt
> 5 leds /{ global variables
4 =5 leds_gpio extern volatile unsigned int gpio_isr_cntl; //buttenl counter

extern volatile unsigned int gpio_isr_cnt2; //button2 counter

[ ;;-? Binaries Z Z = ot
extern volatile unsigned int gpio_isr_cnt3; //button3 counter

> [l Includes
b (= em5d // function prototypes
» [ERSRC] woid init_GPIO_Interrupt(DWCREG_PTR gpioRegs);
s G5 1d New y [igned int gpio_get buttons(DWCREG_PTR gpioRegs);
dgned int gpio_get_switches(DWCREG_PTR gpioRegs);
O te Go Into d gpio_set_leds(DWCREG_PTR gpicRegs, unsigned int leds);
digned int gpio get leds(DWCREG PTR gpioRegs);

Openin New Window
dif // GPIO INTRRUPT H

Copy Ctrl+C
Paste Ctrl+V
K Delete Delete
Source 2
Maove.

Rename... F2

EE

Import...
Export..

Refresh FS

fsﬁ

Index 2
Make Targets 3

Resource Configurations 3

Team 2
Compare With 3
Restore from Local History...

%7 Run C/C++ Code Analysis
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Properties Alt+Enter
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Stepb:choose file system

I "~

M Import = |5
: Select \J
;| Import resources from the local file system into an existing project. | g 5 l

Select an import source:

type filter text

40w uy L ouy

4 (= General
B Archive File
[£5 Existing Projects into Workspace
[} File System
] Preferences
a = C/C++
[€] C/C++ Executable
Eﬁ' C/C++ Project Settings
Existing Code as Makefile Project
= Install
» (= Run/Debug
» = Team
s (= Other
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Step7:Choose file

4 Source path:/baremetal/apps/leds_gpio/src

M Import = [@][=]
File system —
Source must not be empty. |{ .-_"
-
From directory: -
Import from directory IEI

Select a directorr to dmport from.
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4 FHEE (C) -
-, .metadata il
> . AdwCleaner
. L arc =
> . baremetal2
Filter 4 | baremetal3 B
4 || apps
Into fol . 1 hello
Optio > 1 hello_uart
[¥] Ovsg - leds
[ Cre: 4 | leds_gpio
@ | src
> L leds_spi
w1 leds_timer
< | I 11 )

(EuFaamon | | @ )| WA | 16
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hint

& BT ERRBITIER o - AT SURIEHITIES
& BT HWFERE 8 afAERB aIVER

1% Windows TIEEES

E=E =2EO BEN SEH)

RS | EEER B | d | dEach | ERE

E [
®RE :
$ EE}' miREE ER&. C. Sk | =

EMEE AR EEiE homeom 3 | CASLAE | 00| T316K GeodCiomn |l
\: = chrome exe A an e
B 73\ / =X ?_]' ) AB I— chrome exe *¥32  CASLAB 00 L,I60E Google Chrome
choomesxe #32  CASLAB 00 17,236K  Google Chrome
&7 I == EE] =] ” I ” chiome exs %32 CASLAE 00 8760K  Googls Chrome £
< E y C d .exe chromeexe #32 CASLAE 00 7L764K Google Chrome
choomeesxe #32  CASLAE 00 11,720K  Google Chrome

chrome exe ¥32  CASLAE 00 25,380 K Google Chromme
chrome exe ¥32  CASLAE 00 1,600 K Google Chrome
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1 chrome.exe ¥32  CASLABE 00 12,932 K Google Chromme
3 chromeexe *¥32  CASLAB 00 26,995 K  Google Chrome
chrome.exe *¥32  CASLAE 00 18,176 K Googls Chrorme
cld exe A cld exe T
1 | 1 | 3
[Tk B AERENEIREFE HEEEERE
EEEE- 82 CPU EH=Z: 3% EBEE 1%
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? ﬁ? - /n'-%im

start

|

Initialize UART and print start info

'

Imitialize GPIO, set up GPIO
wterrupt service routmne for L R
and A button.

Close all the LED lights

No button 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 nal357Ton 02468 offand 13
5S7off. 02468 onway.

If R button is pressed, lights are on
from 0 to & and then 8 to 0
sequentially.

If A button 1s pressed, the program will
exit.
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Button A gressed
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Gpio_init

¢ F1%{tgpioMvalue(‘@FEbutton, led, switches)

—void [OLIEISL DWCREG PTR gpioRegs) {

/finitilize buttons
gpicRegs[SWPORTA_DR] //Data to PortA
gpioRegs[SWPORTA_DDR] = @; //PortA - input

1}
=
[

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

DEFAULT LED MASKS
DEFAULT LED MASK; //PortB - output

/fSwitches
gpioRegs[SWPORTC_DR] = @; //Data to PortC
gpioRegs[SWPORTC _DDR] = @; J//PortC - input
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init_GPIO_Interrupt

Py

&
|

- figpiofYinterrupt, & T button BF & #§ % gpio ISR

1n1+ GPI“

=TT Minit GPI0 Interrupt EtaiZaean gplﬂREgs} 1

_clrif); // Turn off interrupts

gpioRegs[DEBOUNCE ] = Bxla; '/ Dehounge disable for buttons

gpioRegs[INTTYPE_LEVEL] = Bu@7; f* edge sensitive interrupt for buttons
gpicRegs[INT_POLARITY] axe7; ff interrupt polarity for buttons
[ Fi
[ i’

pt - In1+1a11LE GPIE ccnf clle* and ;Efup GPI“ ISR

gpioRegs[PORTA_EOI] = @xFFFF; clear any pending interrupts
gpicRegs[INTEN] = BxB7; // interrupt enable for buttons

// save GPIO base address for access to GPIO registers from ISR
gplﬂEasEAddress = gploREgs;

gpio_isr_cntl = gpic_isr_cnt2 = gpie_isr_cnt3 = 83

[/ initialize interrupt vector
target_setwvect( GPIO_INT_VECT, Gpioc_ISR);

_setif@xla); // Enable interrupt for priority @
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gpio_set_leds

¢ FREGPIO LEDRI{x

Bit 0
Bit 8 Bit 7
// switch off all LEDs
— . : gpioRegs[SWPORTB_DR]#2#I&ELEDR 5t g
1 RS OB,
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~ void [D‘Ln.l[REG_F'TR gpioRegs, unsigned int leds) {
gpicRegs[SWPORTE DR] = leds;
t 21

The Institute of Computer and Communication Engineering, NCKU




O
o)
=
S
c
o
@
-
>
S
o
-
—
®
o
.
c
S
)
Q
-
Q
0p)
<
&
e
@
=
—
Q
o
o
-
Q
P
o
)
<

Exercisel: Implement the interrupt sevice routine

HIHHHHHHH: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:HHHHHHHHHHHHHHHHHHHHHH

Gpic ISR -GPIC interrupt service routine;
if corresponding button pushed.

target_interrupt void Gpio ISR ()

=

JSfread status

unsigned int reqg;

reg = gpioBasebddress[INTSTATUS] ;

ffclear interrupts
gpicBasefddress [FORTA EOI] = reg:;
//###Insert code heref###

-1

R A S R R R AR R R R R R R R R R

It increments gpio isr cnt® counter

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx _."r
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hint

1. gpioBaseAddress[INTSTATUS] A ac #&kgpio
interrputfy ik K&
> Z T L& gpioBaseAddress[INTSTATUS]HIBITOA 1
> Z T REf gpioBaseAddress[INTSTATUS]#IBIT141
> Z T A# gpioBaseAddress[INTSTATUS]HIBIT2A1

¢ P.S. C code A B Hreg[0]=H{E , Abit operationZ ¥ Er

un=igned int reg;
reg = gpquasehddreaﬂ[IHTSTETUS]4

//clear interrupts
gpioBasehddress[PORTA ECI] = reg;

O
o)
=
S
-
e
@
-
>
-
3
-
=
)
O
e
c
-
®
O
S
Q
0p
<
&
e
@
=
—
Q
o
o
-
Q
.
o
p ]
<

23

The Institute of Computer and Communication Engineering, NCKU




hint

2.FA={ECOUNTERZE¥IE , B TBUTTON L #%
gpio_isr_cnt1=1;LALL X #E | ELLISRRAF %2 W —
Bz iR A5 EE |, FFIICledBIEHBFER Elmain function
EEBIR

r Jr/buttonl counter
; J/button? counter
0y f/button3d counter

volatile unsigned int gpio isr cntl
volatile unsigned int gpio isr cntl
volatile unsigned int gpio isr cnt3
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Exercise2: Implement the main function

S/ switch off all LED=s
gplo set leds(pctr, OxC0LIT);

while (1)
{
J/f default behaviour
S /8% Inzert code heredfs
J/Button "L" i=s pressed
f/#%%Insert code here##ff
JS/Button "R" is pressed
S /#%#Inzert code herc##s
JS/Button "A" is pressed
S i#%%Insert code heref#ff
}

retorn O
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hint

¢ FARI= #gpio_isr_cnt1, gpio_isr_cnt2,
gpio_isr_cnt3HIET & MAEE EREN/E

¢ gpio_set_leds(pctr, 0x0); 32 #llled & B9 1

¢ delay(PULSE_DELAY); XA delayZled T E g X
R, IZEREFE

- volid delay({int ms){
unsigned int i=8,7=0;
for({i=0;id<ms;i++)q
for(j = @; j « CPU_CLOCK/1@88; j++)
Jj++3
i++;
¥
f/ buzy wait

¥
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ol R
» ftp : 140.116.164. 225
> tEg /%28 . coco2017 / coco2017

4 DeadLine: 12/04 18:00%

¢ TA Contact Information:
> Bt 3 : wade84329twl@gmail. com
> Rm 92617
» Office hour : (Tue)19:00~21:00
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Appendix1:Temp sensor project

¢ FERREMprojectd] , AL uttEER , kBRI
LAZAE a0 n] #2 VE/mJ*@;EU%%ﬂLCD’Pé

4 Reference: Temperature_sensor_demo.pdf
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Appendix1:Temp sensor LCD %
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Appendix1:Temp sensor application

2 - {EEE —# — run temp_sensor project
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Appendix1:Temp sensor application

& BTRECc, tWEARRKEAE
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Appendix2: ARC API Introduction

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

4 Implement in the

[apps/temp_sensor/src/temp_

4 7 —Jﬁlttfunction&:”ilﬂﬂilﬂm

Sensor.c

E #£12C Temperature

Sensor PmodTmp2 &L |, IF

5 H 28 8 a0 {Al 1E project#&

B & KA & FE
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Gpio API function

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

¢ EMHfunction 2IFE WA tEgpio , WAIFREledfF |
M FEled®Z. button. switchAREE
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LCD API function

4 Implement in baremetal/io/gpio/src/lcd.c

¢ EEfunction2IR MM ¥RIcd, ENFHBREER. B
BREFEFEAKRINEE
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UART API function

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

¢ BUE A/ Rvoid uart_print(DWCREG_PTR
uartRegs, const char * pBuf)

% EX:
uart_print(uart, “Hello world\n\r”);
/€ Elhello worldfE Terminal &
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