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Plan vezbi

Racunske vezbe
Kroz nekoliko konkretnih projektnih zadataka bice
@ opisane najcesce koriSéene periferije
@ objasSnjeno podeSavanje tih periferija
@ napisani programi koji obavljaju trazene funkcije

e prikazane osnovne tehnike razvoja koda za embedded sisteme

Laboratorijske vezbe

e 3 laboratorijske veZzbe, prva organizovana kao lab domacdi

@ Druge dve se izvode u laboratoriji 18 na dobijenom razvojnom
sistemu

v
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Dodatni plan

Coding style

Kod pored funkcionalnosti treba da bude i ,lepo* napisan
e identacija
@ bez ,magi¢nih“ brojeva
@ komentari komentari komentari

Dokumentovanje

Koris¢éenjem Doxygen (http://www.doxygen.org) alata moguce je
automatsko generisanje dokumentacije u HTML-u i/ili BTEX-u/PDF-u
(ako se komentari u kodu pisu na odgovarajuéi nacin, $to nije tesko)

4
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Razvojno okruzenje

Za potrebe razvoja softvera koristi se razvojno okruzenje Code
Composer Studio v10. Free verzija koja podrzava pisanje svih aplikacija
koje ée biti razvijane u okviru kursa se moZze dohvatiti sa linka
http://www.ti.com/tool/ccstudio

U okviru paketa integrisano je sve sto je potrebno za razvoj koda
(editor, asembler, C kompajler) i debagovanje (FET emulator) kao i
alati (terminal)

Zasnovan je na Eclipse-u, tako da je moguce prosiriti funkcionalnost
raznim plugin-ovima

v
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Razvojni sistem

Detaljna Sema sistema dostupna je na:
http://tnt.etf.rs/ oedirs/IRS2021-MSP5529_sch.pdf J

®
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http://tnt.etf.rs/~oe4irs/IRS2021-MSP5529_sch.pdf

Razvojni sistem

Detaljna Sema sistema dostupna je na:
http://tnt.etf.rs/ oedirs/IRS2021-MSP5529_sch.pdf
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Osobine MSP430 familije

Familija mikrokontrolera optimizovana za aplikacije sa baterijskim
napajanjem

konvertori, UART...)

Veliki broj integrisanih periferija (tajmeri, komparatori, AD i DA J

16-/20-bitno procesorsko jezgro sa RISC arhitekturom

Podrska za JTAG )
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MSP430x

Familija MSP430 se deli na nekoliko podfamilija: MSP430x5xx,
MSP430x6xx. . . Mi radimo sa mikrokontrolerom MSP430F5529, koji
spada u podfamiliju MSP430x5xx

MSP430F5529 ima
e 128kB flash-a
e 8kB SRAM-a
@ 4 16-bitna tajmera
12-bitni A/D konvertor sa 16 ulaza
2 USCI (Universal Serial Communication Interface)
63 GPIO pinova
Full-speed universal serial bus (USB)

hardverski mnozaé¢
e DMA kontroler
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Detaljne informacije 1/2

Datasheet

Detaljne informacije o mikrokontroleru MSP430F5529
https://www.ti.com/lit/ds/symlink/msp430£5529.pdf

User’s guide
Detaljne informacije o familiji MSP430x5xx
http://www.ti.com/1lit/pdf/slau208

Erratasheet

Lista poznatih problema i greSaka sa mikrokontrolerom MSP430F5529
https://wuw.ti.com/lit/er/slaz314ad/slaz314ad.pdf7ts=
1649171121053&ref _url=https’%253A%252F%252Fwww.ti.com/,
252Fproduct’%252FMSP430F5529%253FkeyMatch’,253DMSP430F55297,
2526tisearchy253Dsearch-everything/%2526usecase’,253DGPN

v
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Detaljne informacije 2/2

Website, uvek azuran: https://www.ti.com/product/MSP430F5529

Products Applications Design resources Quality & reliability Support &

Home / Microcontrollers (MCUs) & processors v Microcontrollers (MCUs) v MSP430 microcontrollers ~ A subscribe to updates

MSP430F5529 @ st

25 MHz MCU with 128KB Flash, 8KB SRAM, 12-bit ADC, comparator, DMA,
UART/SPI/I12C, USB, HW multiplier

DATA SHEET MSP430F552x, MSP430F551x Mixed-Signal Microcontrollers datasheet (Rev. P) Online data sheet

USER GUIDES ERRATA
MSP430x5xx and MSP430x6xx Family User's Guide (Rev. Q) MSP430F5529 Device Erratasheet (Rev. AC)
Product details | Technical documentation Design & development | Ordering & quality | Support & training

Product details

Parameters  Package | Pins | Size  Features  Description . . . D

Non-volatile memory (kB) 128

13E044IRS i ETF Beograd 14 /95
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Detaljne informacije 2/2

Website, uvek azuran: https://www.ti.com/product/MSP430F5529

Support & training About Ti

Products Applications Design resources ality &

Home / Microcontrollers (MCUs) & processors ~ Microcontrollers (MCUs) v MSP430 microcontrollers v A Subscribe to updates

MSP430F5529 @ scmve
25 MHz MCU with 128KB Flash, 8KB SRAM, 12-bit ADC, comparator, DMA,
UART/SPI/12C, USB, HW multiplier

DATA SHEET MSP430F552x, MSP430F551x Mixed-Signal Microcontrollers datasheet (Rev. P) Online data sheet

USER GUIDES ERRATA
MSP430x5xx and MSP430x6xx Family User's Guide (Rev. Q) MSP430F 5529 Device Erratasheet (Rev. AC)

DATA SHEET MSP430F552x, MSP430F551x Mixed-Signal Microcontrollers datasheet (Rev. P) Online data sheet

USER GUIDES ERRATA
MSP430x5xx and MSP430x6xx Family User's Guide (Rev. Q) MSP430F5529 Device Erratasheet (Rev. AC)
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Datasheet

=
a2
x
= X O
TEEL PN L F
SN-oZxw F]
m%gm;ézﬁgﬂgsw Z g
erebooooBastz835358
gefeloecafERzs2%222 2
noooooonnononnonnnonnn
BPRERRERRCRBBE8838YSE
peaceame 01 O 60 [] P7.7/TBOCLK/MCLK
PE.5CBSAS (] 2 59 [] PT.8/TBO4
P66/CBEAG (] 3 58 [J PT.STBO.3
P6.7/CB7IAT (] 4 57 0 pr.4/mBO2
P7.0/CBB/A12 (] 5 56 [J P5.7/TBO.1
P7.1/CBY/AT3 [ & 55 [J P5.6/TBO.0
P7.2/CB10AY4 (] 7 54 [] P4.7/PM_NONE
P7.3/CB11/A15 (] 8 53 [ P4.6/PM_NONE
P5.0IABIVREF+VeREF+ [] o [— 52 [ P4.5/PM_UCAIRXD/PM_UCA1SOMI
P5.1/ASIVREF-IVeREF- [ 10 MSPA30F5827 51 [ P4.4/PM_UCAITXDIPM_UCAISIMO
AVCCT [ 1t MSPA30F5525 50 7 pveez
P5.4iXIN [] 12 MSP430FSS21 49 [ DVSS2
Ps5XOUT [ 13 48 [ P4.3PM_UCBICLKIPM_UCA1STE
Avsst [ 14 47 [ P4.2/PM_UCB1SOMIPM_UCB1SCL
Peo O 15 46 [ P4.1/PM_UCB1SIMO/PM_UCE1SDA
Pa.1 [ 16 45 [ P4.0/PM_UCB1STE/PM_UGA1CLK
P2 17 44 [] P3T/TBOOUTH/SYMOUT
DVeG1 [ 18 43 [ P3&/TBO6
pvsst [ 19 42 [0 Pa5TBOS
VCORE [ 20 41 [] P3.4/UCADRXD/UCAOSOMI
SURIRENRRB-YBIBEERRS
L S W |
58532352:053508583¢88
CEZEEEQEEzoRdzsg8%282
SESSSEREEESELEE s REE
gaizasiafasede 3333y
g g g Y EERE
§ g c 2288 g
& : §  58§883
& = £25358%
P
fgpliyg

Figure 7-1. 80-Pin PN Package (Top View) - MSP430F5529IPN, MSP430F5527IPN, MSP430F5525IPN,
MSP430F5521I1PN
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User’s guide

Contents

>3 Battery Backup System
> 4 Auxiliary Supply System (AUX)
> Unified Clock System (UCS)
> 6 CPUX

>-7 Flash Memory Controller
>

>

>

>

8 Memory Integrity Detection ...

9 RAM Controller (RAMCTL)
10 Backup RAM

11 Direct Memory Access (DMA...

12 Digital 1/0 Module
12.1 Digital VO Introduction

> 12.2 Digital IO Operation
12.3 /O Configuration and

> 12.4 Digital /O Registers

13 Port Mapping Controller

14 Cyclic Redundancy Check (C...

15 AES Accelerator

16 Watchdog Timer (WDT_A)

> 17 Timer A

18 Timer 8

19 Timer_D

20 Timer Event Control (TEC)

21 RealTime Clock (RTC) Overv.

22 Real-Time Clock (RTC_A)

23 Real-Time Clock B (RTC_B)

24 Real-Time Clock C (RTC_C)

25 32-8it Hardware Multiplier (...

26 REF

27 ADC10 A
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5D24.8

30 CTSD16

C12.A
32 Comparator B (Comp_B)

33 Operational Amplifier (OA)
LCD_B Controller

35 LCD_C Controller

36 Universal Serial Communica...
37 Universal Serial Communica...
38 Universal Serial Communica..
39 Enhanced Universal Serial

40 Enhanced Universal Serial .
41 Enhanced Universal Serial ..
42 USB Module

43 LDO-PWR Module

44 Embedded Emulation Mod.
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Figure 17-1. Timer_A Block Diagram
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Adresni prostor MSP430F5529

)

Table 9-2. Memory O

MSP430F5522 spasesers MSP430F5527
MSP430F5521 (=t MSP430F5526 MSP430F5528
MSP430F5513 (=gt MSP430F5517 MSP430F5519
Memory (fiash) ol Size 32K8 64KB 96KB 126K8
Main: interrupt vector OOFFFFhto 00FFBOh | OOFFFFhto 00FFEOh | 0OFFFFh to 00FF&0h || 00FFFFh to 00FF 80N
3248
Bank D WA NA NA 0243FFh 1o 01C400h
328 32KB
" Bank C NA NIA 01C3FFh 1o 014400h f| 01C3FFh to 0144000
ain
. 15KB 3268 328 3248
O0FFFFhto 00C400h | 0143FFhto 00C400n | 0143FFhto 00C400h || 0143FFh to 00C400n
kA 17KB 3248 328 32KB
ank A oc3FFhto 008000h | 00C3FFh 10 004400h | 00C3FFh to 004400k || 00C3FFh to 004400h
2KB® 2KB
Sector3| 0043FFh o 003C00R A A 0043FFh 10 003000
2k80 26 28
o Seclor2| o03sreh to 0034000 NA 0038FFh t0.003400n || 003BFFh to 003400
coctor 1 8 2B 28 28
0033FFh to 002C00h | 0033FFh to 002C00h | 0033FFh to 002C00h fl| 0033FFh to 002C00N
cector0 26 26 26 2K8
002BFFh to 002400h | 002BFFN to 002400n | 002BFFh to 002400n fl| 002BFFN to 002400
208 2B 28 2K8
@
USB RAM S91r 7| 0023FFh o 001C00h | 0023FFhto 001C00h | 0023FFhto 001C00K || 0023FFh to 001C00R
. 128 bytes 128 bytes 128 bytes 26 bytes
0019FFN 10 001980n | 0019FFh 1o 001980n | 0019FFh to 001980h | 0019FFn to 001980n
oB 128 bytes 128 bytes 128 bytes 128 bytes
Information memery 00197Fht0001900h | 00197Fhto001900h | 00187Fh to 001900k fl| 00197 to 001900K
(fiash) Info C 128 bytes 128 bytes 128 bytes 128 bytes.
0018FFhto 001880h | 0018FFhto001880h | 0018FFh to 001880k l| 0018FFh to 001880h
oD 128 bytes 128 bytes 128 bytes 128 bytes
00187Fh10001600n | 00187Fhto001800h | 00187Fh to001800h ff| 00187Fh to 001800
53 512 bytes 512 bytes 512 bytes 512 bytes
0017FFhto 001600h | 0017FFhto001600n | 0017FFh to 001600k l| 0017FFn to 001600K
ssLa 512 bytes 512 bytes 512 bytes 512 bytes
Bootioader (BSL) 0016FFN 100014000 | 0016FFh 10 001400n | 0015FFh to 001400h l| 0015FFn to 001400n
memory (Tash) ol stzbyes 512 byies S12byies 12 bytes
0013FFNt0001200n | 0D13FFht0001200n | 0013FFh to 001200k fl| 0013FFN to 001200n
ssLo 512 bytes 512 bytes 12 bytes 512 bytes
0011FFht0001000h | 0011FFhto001000h | 0011FFh to 001000k | 0011FFh to 001000k
Peripherals SZe|  oo0FFFh to 0h 000FFFh to 0h 000FFFh to Oh 000FFFh to 0h
13E044IRS ETF Beograd
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Memorijska mapa periferija

MODULE NAME BASE ADDRESS °FFS§TANAZ';““

Special Functions (see Table 9-16) 0100h 000h 10 01Fh

PMM (see Table 9-17) 0120h 000h to 010h

Flash Control (see Table 9-16) 01400 000h 1o 00Fh

CRCT6 (see Table 9-19) 01500 000h to 007h

RAM Control (see Table 9-20) 0158h 000h 10 001h

Wachdog (see Table 9-21) 0150h 000h 1o 001h

UCS (see Table 9-22) 0160h 000h 10 01Fh

SYS (see Table 9-23) 0180h 000h to 01Fh

Shared Reference (see Table 9-24) 01B0h 000h 1o 001h

Port Mapping Control (see Table 9-25) 01Con 000h to 002h

Port Mapping Port P4 (see Table 9-25) 01E0n 000h t0 007h

Port P1 and P2 (see Table 8-26) 0200n 000h 10 01Fh

Port P3 and P4 (see Table 0-27) 02200 000h to 00Bh

Port P5 and P6 (see Table 9-28) 02400 000h to 00Bh

Port P7 and P8 (see Table 8-29) 0260h 000h to 00Bh

Port PJ (see Table 9-30) 0320h 000h to 01Fh

TAQ (see Table 9-31) 0340h 000h to 02Eh

TA1 (see Table 9-32) 0380h 000h to 02Eh

TBO (see Table 9-33) 03Coh 000h to 02Eh

TA2 (see Table 9-34) 0400n 000h to 02Eh

Real-Time Clock (RTC_A) (see Table 8-35) 04A0n 000h to 01Bh

32-Bit Hardware Multiplier (see Table 9-36) 04Coh 000h to 02Fh

DMA General Gontrol (see Table 9-37) 0500n 000h 1o 00Fh

DMA Channel 0 (see Table 9-37) 05100 000h to 00Ah

DMA Channel 1 (see Table 9-37) 0520h 000h to 00Ah

DMA Channel 2 (see Table §-37) 0530n 000h to 00Ah

USCI_AO (see Table 9-38) 05Coh 000h 1o 01Fh

USCI_BO (see Table 9-35) 05E0h 000h to 01Fh

USGI_A1 (see Table 9-40) 0600h 000h 10 01Fh

USCI_B1 (see Table 9-41) 0620h 000h to 01Fh

ADCA2_A (see Table 9-42) 0700h 000h to 03ER

Gomparator_B (see Table 9-43) 08Coh 000h to 00Fh

USB Configuration (see Table 9-44) 0900h 000h to 014h
USB Control (see Table 9-45) 0620h 000h 10 01Fh -
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Hello, world!

"Hello, world!“ program

Jednostavna aplikacija koja sluzi da se potvrdi funkcionalnost

Sta je "Hello, world!“ program za mikrokontroler?

@ nemamo stdout, pa samim tim ni printf

@ imamo sedmosegmentni displej, ali ispis na njega zahteva neki
trud, sto nije poenta "Hello, world!“ programa

Jednostavan nacin za signalizaciju jeste da koristimo dostupne LED
diode

v

)
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Zadatak — treperenje diode

Zadatak
Napisati program za razvojni sistem kojim se implementira treperenje
LED diode sa periodom od ~ 200 ms.

Napomene
o LED diode su vezane na GPIO pinove, kojima se upravlja preko
Digitalnih portova

)
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Pregled

© Hello, world!
e Digitalni portovi

@
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Digitalni portovi

Svaki port se kontrolise sa Sest registara (PxDIR, PxIN, PxOUT, PxREN,
PxDS, PXSEL)

@ postoji 8 pinova po portu

@ svakom pinu odgovara jedan bit u registrima

PzOUT | Digitalul 1/0
P2DIR.n
PxIN.n

e
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Registar PxDIR

Figure 12-11. PxDIR Register
7 6 o) 4 3 2 1 0
PxDIR
rw-0 w-0 rw-0 rw-0 rw-0 rw-0 rw-0 w-0

Table 12-13. PxDIR Register Description

Bit Field Type Reset Description
7-0 PxDIR RW Oh

Port x direction
Ob = Port configured as input
1b = Port configured as output

A
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Registar PxIN

Figure 12-9. PxIN Register
7 6 5 4 3 2 1 0
PxIN

Table 12-11. PxIN Register Description

Bit Field Type Reset Description
7-0 PxIN R undefined

Port x input. Read only.

@ ocitani bit = 0 - na ulazu je nizak logicki nivo

@ ocCitani bit = 1 - na ulazu je visok logi¢ki nivo

o
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Registar PxQUT

Figure 12-10. PxOUT Register

5 4 3 2

PxOUT

Table 12-12. PxOUT Register Description

Bit

Field

Type

Reset Description

7-0

PxOUT

RW

undefined | port x output

When /O configured to output mode:
Ob = Output is low

1b = Output is high

Ob = Pulldown selected
1b = Pullup selected

When 1/O configured to input mode and pullups/pulldowns enabled:

ktroniku

13E044IRS

ETF Beograd
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Registar PXREN

Figure 12-12. PXREN Register
7 6 5 4 3 2 1 0
PxREN
rw-0 rw-0 w-0 rw-0 rw-0 w-0 rw-0 w-0

Table 12-14. PxREN Register Description

Bit Field Type Reset Description

70 PxREN RW Oh Port x pullup or pulldown resistor enable. When respective port is configured as
input, setting this bit will enable the pullup or pulldown. See Table 12-1

0b = Pullup or pulldown disabled

1b = Pullup or pulldown enabled

13E044IRS ETF Beograd 27 /95



Registar PxSEL

Figure 12-14. PxSEL Register

7 6 5 4 3 2 1 0
PxSEL
rw-0 w-0 rw-0 rw-0 rw-0 rw-0 rw-0 rw-0
Table 12-16. PxSEL Register Description

Bit Field Type Reset Description

70 PxSEL RW Oh Port x function selection

0b = I/0O function is selected
1b = Peripheral module function is selected

U datasheet-u je za svaki pin navedeno kako treba da se podesi PxSEL (i
eventualno PxDIR ili neki drugi registri) da bi se ostvarila odgovarajuca

funkcionalnost na tom pinu
e
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Datasheet primer za odabir funkcije pina

Table 6-43. Port P1 (P1.0 to P1.7) Pin Functions

CONTROL BITS OR SIGNALS
PIN NAME (P1.x) x FUNCTION
P1DIR.x P1SEL.x
P1.0 (/0) 1: 0; O: 1 0
P1.0/TAOCLK/ACLK 0 | TAO.TAOCLK 0 1
ACLK 1 1
P1.1 (/0) 1: 0; O: 1 0
P1.1/TA0.0 1 [TA0.CCl0A 0 1
TA0.0 1 1
P1.2 (/10) 1: 0; O: 1 0
P1.2/TA0.1 2 | TAO.CCHA 0 1
TAO.1 1 1
P1.3 (/0) 1: 0; O: 1 0
P1.3/TA0.2 3 | TAO.CCI2A 0 1
TA0.2 1 1
A
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Digitalni portovi - detaljnije

P1DIRx

From module

P10UT.x

From module

P1SEL.x

P1IN.x

|
P1REN.x | Pad Logic |
D : |
' [
' [
DVs 0
| o— |
| DV, 1 1 |
’ |
Direction ! i
1 0: Tnput T
1: Output | |
' |
T
0 | |
! !
1 . P ey
| piDSx m-—1 | P1.0/TAOCLK/ACLK
| 0: Low drive | P1.1/TA0.0
1: High drive | P12TAO.1
I ’ P1.3/TA0.2
) ! T | P1.4/TA0.3
| | P1.5TA0.4
P1.6/TA1CLK/CBOUT
I | P1.7/TA1.0
I
|
13E044IRS ETF Beograd
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Prekidi na portovima P1 i P2

Na portovima P1 i P2 mogucée je generisati prekid pri promeni stanja
pina

Prilikom inicijalizacije potrebno je konfigurati ivicu ulaznog signala na
koju se generiSe prekid i dozvoliti generisanje prekida putem
odgovarajuéih registara

)
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Registar PxIFG

Figure 12-5. P1IFG Register
7 6 5 4 3 2 1 0
P1IFG
w-0 w-0 w-0 w-0 w-0 w-0 w-0 w-0

Table 12-7. P1IFG Register Description

Bit Field Type Reset Description
7-0 P1IFG RW Oh

Port 1 interrupt flag
0b = No interrupt is pending
1b = Interrupt is pending

©
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Registar PxIES

Figure 12-6. P2IES Register

4 3 2 1

P2IES

Table 12-8. P2IES Register Description

Bit

Field

Type

Reset Description

7-0

P2IES

RW

undefined | port 2 interrupt edge select
0b = P2IFG flag is set with a low-to-high transition.
1b = P2IFG flag is set with a high-to-low transition.

ktroniku

13E044IRS ETF Beograd
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Registar PxIE

Figure 12-7. P2IE Register
7 6 5 4 3 2 1 0
P2IE
rw-0 rw-0 rw-0 rw-0 w-0 rw-0 rw-0 rw-0

Table 12-9. P2IE Register Description

Bit Field Type Reset Description
7-0 P2IE RW oh

Port 2 interrupt enable
0b = Corresponding port interrupt disabled
1b = Corresponding port interrupt enabled

A
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Digitalni portovi - potpun opis

P1REN.x

P1DIRx

From module

P10UT.x

From module

P1SEL.x

P1IN.x

To module

P1IRQ.x

Fr——————————— B
| Pad Logic |
| ) 1 |
| |
| DV.. — 0 !
| o— |
| DVee — 1 1 |
0 Direction ! :
1 0: Tnput T
1: Output | |
1 |
| |
|
0 | )
1 | |
! o sl || pamio
| 0: Low drive | P1. .
e | P12mos
| +Hig P1.3/TA0.2
< } | P1.4/TA03
| | P15TA04
= P1.6/TAICLKICBOUT
| : P1.7/TA1.0
|
D
< e |
P1IEX
En |
Q
P1IFGX Set
P1SEL.x m— Interrupt
Edge
P1ESx m— Select |—
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Opis hardvera

SEL1 SEL2
abedefg abedefy
Bl anl mux
20 1p6.5
anl pwm —16 pwmn | st foe's P7.0 Vdd )
rstl v 15 intl csl mux2 SEL1
INT P2.7 v
csl 4 <1 sckl P6.4
RX =2_1p3.2
sckl . tx1 misol Vdd
TR X o o P31 SEL2
e Miso SCL — a1 ]P0 potl
Ly et MOSI SDA Stal sdal Ipg 1 P6.0 [— potl
3v3 7 5V sdl
s 3V3 5V P4.2 pot2 v
' — aw GND ——_l_l—T bd_lp33 P6.1
L L x1_1p34 pwminl
= L | = intl_|p1g P12 f—
MIKROBUS pwmilps o b3 |PYmin2 pot2 =
P2.4 P8.2 - W—L—
P25 Pa.0 ~MA—L—
P23 AWW—— -
!
P8.1 AM——
P14 j JP1 P2
P2.6 (~/VW——"— Ewmin]l ]gvvminZ1
pa.3 A b led1 2 led2 5
PLS P3.7 AN
MSP-EXP430F5529LP
==
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Opis hardvera

I
anl mux
rst_|Po-> P7.0
pwml P6.6 Vdd
intl csl_1py7 mux2 " [
rx1 sckl 153> P6.4 F—V\WW'—i]
tx1 misol P3-1 Vdd
cot [ sl mosillpyy potl
anl H e o 20 z‘:lall Pal P6.0
tstl 2 | S : P4.2 pot2 Li
EI—— WL LT xd P3.3 P6.1 ] Yoo
sl 2 oo = 1 TX1 ) : 5
misol MISO scL = - P3.4 pwminl =
el 6 o spa { intl_fpy6 P12 f— potl
2v3 7 3v3 sV pwm1lpy o pwmin2 v
T—‘F GND GND P1.3 f———e DD
= led1 P24 P8.2 =AAA a
MIKROBUS | y : . pot2 =
led2 P25 pa.0 F-I—
P2.3 AMV——
|51 L swi o1a P8.1 = A —t =
FY Dy = P2.6 FANV—— 1Pl P2
I H { pwmin pwmin2
= $2 & |sw2l p1s P43 MW" T ]; led2 ;
I L ’ P3.7 | AN—C
MSP-EXP430F5529LP
=
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Zadatak — treperenje diode

Zadatak
Napisati program za razvojni sistem kojim se implementira treperenje
LED diode sa periodom od ~ 200 ms.

Napomene
e LED diode su vezane na GPIO pinove, kojima se upravlja preko
Digitalnih portova

o Potrebno je koristiti razvojno okruZenje

@
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Pregled

© Hello, world!

e Razvojno okruzenje

A
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Razvojna okruzenja

Razvoj softvera za namenske sisteme mogué¢ u razli¢itim razvojnim
okruzenjima

Primeri
@ Eclipse - univerzalno, ne samo za mikrokontrolere
@ IAR EW - razli¢iti mikrokontroleri podrzani (ARM, MSP430...)

@ Code Composer Studio - razli¢iti mikrokontroleri koje proizvodi TI
podrzani (ARM, MSP430, DSP)

Q Keil - samo za odredeni mikrokontroler (ARM)

)
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Osnovni elementi razvojnog okruzenja

o Editor
e syntax highlighting
e code completion

o Asembler
e C/C++ kompajler
o Debugger

U sustini, nema velikih razlika i lako je preéi sa jednog na drugo J

@
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Code Composer Studio

Free verzija koja podrzava pisanje svih aplikacija koje ¢e biti razvijane
u okviru kursa se moze dohvatiti sa linka
http://www.ti.com/tool/ccstudio

Dokumentacija je dostupna na
https://wuw.ti.com/1lit/ug/slaulb7as/slaulb7as.pdf

Kompajler koji koristimo je TI kompajler. Moguée je koriséenje i GCC
kompajlera ali to (za sada) nije pokriveno ovim uputstvom
\.E;
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http://www.ti.com/tool/ccstudio
https://www.ti.com/lit/ug/slau157as/slau157as.pdf

Zadatak — treperenje diode

Zadatak
Napisati program za razvojni sistem kojim se implementira treperenje
LED diode sa periodom od ~ 200 ms.

Napomene
o LED diode su vezane na GPIO pinove, kojima se upravlja preko
Digitalnih portova
o Potrebno je koristiti razvojno okruzenje za

e kreiranje projekta

)
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Pregled

© Hello, world!

e Razvojno okruzenje
@ Asemblerski projekat

Odsek za elektroniku 13E044IRS

ETF Beograd

)
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Asemblerski projekat

Projekat u kojem se program piSe samo u asembleru

Neophodno da programer vodi racuna o
@ postavljanju RESET vektora
@ inicijalizaciji stek pointera
o sekcijama u koje se smeStaju kod i promenljive

With great power comes great responsibility

 —
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Kreiranje projekta

§f workspace_v10 - Code Composer Studio
File Edit View Mavigate Project Run Scripts Window Help
New Alt+Shift«N > [ CCS Project
Open File... = Project..
[} Open Projects from File System... [@ SourceFie
Recent Files > i Header Fle
Close CilsW | @ Class
Close All Ctrl+ShifteW  [% Filefrom Template
Cules | & Falder
[ Terget Configuration File
- Crloshifte 28 DSP/BIOS vSx Configuration File
T [£ RTSC Configuration File
e = Other.. Ctrl+N
Rename... F2
Refresh F5
Convert Line Delimiters To >
Print... Cirl+P
i Import..
4 Export..
Properties Alt+Enter
Switch Workspace >
Restart
Exit A
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Potrebno podesiti
@ MSP430F5529

@ Cisto asemblerski
projekat

@ New CCS Project

New CCS Project

(1) Project name must be specified

Target: | MSPA3DNSx Family ~|[mspazorsaze I~
Connection: Tl MSP430 USB1 [Default] ~ Identify.
&1 Mspaz0

Project name:

se default location

Compiler version: | Tl v20.2.4.LTS ~ M

» Project type and tool-chain

~+ Project templates and examples

type filter text | | Creates an empty assembly-only project

= initialized for the selected device.
 [Z] Empty Projects

[ Empty Project
Er Project (with main.c|
Empty RTSC Project

Basic Examples

[ Blink The LED

[ Hello World

Open Resource Explorer to browse a wide selection of example projects...
Open Import Wizard tofind local example projects for selected device...

< Back Next > Finish

C\Users\mejas\workspace_v10 Browse.

ore...

Cancel

13E044IRS ETF Beograd
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Osnovni fajl

++ CCSEdit - pell/main.asm - Cede Composer Studio
File Edit View Navigate Prc

Fajl sa opisom
1= (% -2 4| hardverskih specifi¢nosti
izabranog mikrokontrolera

[ Project Explorer 52

&
= O ~ TS P2
- [ oo eteeDebuo] 2 MSPa3@ AssembleN Code Template for use with TI Code Composer Studie
> B Includes 45 Asemblerska direktiva
(= Debug R S, - I s %o cla .
b (= targetConfigs 6 H 0Ja ukazuje a Je niz
» [ Ink_mspd30f54382.cmd 7 instrukcija koji slede
> (8| main.asm g potrebno postaviti u
o R programsku memoriju
12 ; Assemble into program memdTy
13 Tretain ; Override ELF conditional linking
14 ; and retain current section
15 .retainrefs ; And retain any sections T "
Struktura 16 ; references to current sef Inicijalizacija Stack
q 17 .
projekta Ll e i} pointer-a (SP)
9 RESET moV. W # STACK_END,SP ; Initialize stackpointer
StawaTl mov.w  #WDTPN|WDTHOLD, SWDTCTL }, Stop watchdog timer

Isklju¢ivanje Watchdog
tajmera

tain loop here

ERREURES

Stack Pointer definition

_global __STACK_END Prostor za pisanje
ssect Lstack korisni¢kog programa

v

Postavljanje reset vektora]

pr
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Hardverske specificnosti 1/2

msp430.h je opsti include fajl za celu MSP430 familiju )

+7+ CCS Edit - poll/main.asm - Code Composer Studio
File Edit View Navigate Project Run Scripts Window Help

ity R i@ ids gith O v~ Quick Access
[ Project Explorer 5 H% =8 [Bminesm 3 = g
| (S poll [Active - Debug] - o
o il Tncludes] [@ 2 wsPaze Assembler Code Template for use with TI Code Composer Studio M
4 (1B GtifcesvB/ecs_base/mspd30/include i
» € ccd30f5123.emd .
> [ ccd30f5123h 6 _cdecls C,LIST,"msp436.h" ; Include device header file
> (€] ccd30f5125.cmd 7
> [B) ccd30f5125.h 85 R S,
e Klikom na Includes ke 1»%5,\" o Tnkor
> [ cd .

s 9 eassamd | oZe da se dode do into program memo

> [H) ccd30f5135.h F conditional linking

» @it | dostupnih header fajlova PR

,

And retain any sections that have
g @ ccd30B13Th ; references to current section
>[4 ccd30f5143.cmd

17
> [B) ccd30f5143h 18;
» £ ccd30f5145.cmd 19 RESET mov.w  #_ STACK_END,SP ; Initialize stackpointer
> [B) ccl30fs145.h 26 StopDT mov.w  #WDTPW|WDTHOLD,8WDTCTL ; Stop watchdog timer
21

> [€) ccd30f5147.cmd

> [ ccd305147.0

> [€) ccd30/6125.cmd

> [H] ccd30f6125.0

> [6) ccd30f6126.cmd

> [ ccd30f6126.h

> [€) ccd30f6127.cmd

> [ ccd30f6127.0

» T8 ccd30f6135.cmd =
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Hardverske specificnosti 2/2

Unutar fajla msp430.h definisanim makroima se ukljucuje fajl za
izabrani mikrokontroler

[ Project Explorer 52

BS Y
[€] mspd30f5524.cmd
[B] msp430£3524.h
[ mspd30f3525.cmd
[B] mspd30£3525.h
[€ mspa30f3526.cmd
[B] mspd30£3526.h
€ msp430f3527.cmd
[B] mspd30£5527.0
[ mspa30f3528.cmd
[R mspa30f5528.h
[€] msp430f53329.cmd
[B] msp430£3529.h
[ mspd30f3630.cmd
[R mspa30f3630.n
[€] mspd30f5631.cmd
[B] msp430£3631.h
[ msp430f3632.cmd
[6] mspd30£3632.0
[ mspa30f3633.cmd
[B] mspd30£5633.h
[€] msp430f5634.cmd
[B msp430£3634.h
[ mspa30f3625.cmd
[R mspa30f5635.h

[8) main.asm (& msp430f5520.cmd
G4 #include "msp43@f5218.h"

#elif defined (_ MSP438F5219
6a7 #include "msp43@f5219.h"
& #include "msp43af5222.h"
2 #elif defined (_ MSP438F5223
#include “"msp43@f5223.h"

#include “"msp43@f5224.h"

#include “"msp43@f5227.h"

#elif defined (_ M5P43@F5228
]n(lude "msp436f5228.h"

#elif defined (_ MSP43@F5222

s #elif defined (_ MSP430F5224

3 #elif defined (_ MSP436F5227_

T mspd30h B2

_)

)

_)

)

)

)

Fajl sa opisom
hardverskih
specifi¢nosti izabranog
mikrokontrolera

# 1if defined (_ MSP438F5229
5 #include "msp43af5229.h"

]n(lude "msp436f5232.h"

#include "msp43@f5234.h"

#include "msp43@f5237.h"

#elif defined (_ MSP430F5232__

o #elif defined (_ MSP436F5234

33 #elif defined (_ MSP43@F5237__

_)

)

)

)

13E044IRS
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Include fajl

Koriséenje pojmova definisanih u include fajlu olaksava kodiranje ali i
kasniji prelaz sa jednog na drugi mikrokontroler

= 5 mspA305438.0
5 5 a2
Makroima se simbolicka -
g 9 9 vice IATCHDOG TIMER A
mena reglstara povezuju B
05718 ¢ #define _MSPA3@_HAS_WDT_A__ /= Definitio
sa fizickim adresama na gram 31 #idefine __MSP436_BASEADDRESS WDT A 8x3158
o 3732 #define WDT_A_BASE _MSP430_BASEADDRESS_WDT_A_
— 3733
magIStrah nto 5734 SER_16BIT(WDTCTL); /
FeTET TOVEFTIOE ELF ¢ 35 SFR_BBIT(DTCTL_L); /-
b i and retain BBIT(WDTCTL H); /= Wiatchdog
15 _retainrefs ; And retain any 3737 /= The bit names have been prefixed with "WDT" =/
16 ; references to 3738 /* WDTCTL Contr
17 3739 #define WDTISO
. e | Clesto koriSéenim
19 RESET mov.ws % STACK_END,SE ; Initiglize sta 3741 #define WOTIS2 .
20 StophDT [mov.w  #DTPu|UDTHOLD, BHDTCTL ; Stop Jatchdog |& 3742 #idefine WDTCNTC] kOnStantama ZadaJu se
21 3743 #define WDTTMSE]
3744 #define WDTSSEL
sametine sty simpolicka imena
3746 #define WDTHOLD (Qmﬁﬂ) WDT - Tim
- az
2
27 mow . W #'I.'JDTP'I.‘J“.‘JDTHDLD EWDTCTL Staop v Egmig - ?:"'
2i %808 - Tim
295 > (exea04) - Tim
J#define WDTPKW (915.&%:] (exo00s) " Tin
_ (exea10) - Tim
_global __ STACK_END [ |37 sefine woTsseLa L (@x6020) - Tim
33 .sect  .stack Fa7s54d WDTSSELI_L oxeed0) - Tim
56 #idefine WSIHOLD_L (@x6asa) - Tinl
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 3757
i [rdefine woTPW (exshee) ‘ A
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Direktive asemblera

Program predstavlja niz asemblerskih instrukcija i podataka smestenih
negde u memoriji. Da bi se asembleru reklo gde se i na koji nacin

smestaju ti blokovi instrukcija ili podataka koriste se direktive
asemblera

Direktive asemblera su instrukcije kojima programer vodi asembler u
cilju prevodenja asemblerskog koda na odgovarajuci Zeljeni nacin

@
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Ovom direktivom se

navedeni simbol &ini 8] function.asm 32

a 1 .cdecls C,LIST, msp43e.h" 5 Include device header fil
M i i N
Stiwribell Fadion e Bfiweiiive i
e RESET 5 Bxpql €ini vidljivim izvan g . A
19 swakg| e modula ox30 ukazuje da niz
g exsd podataka koji sledi
5 @79 .
\?*gsi WriteLed definisan x33 treba da se smesti
; ove .
i and|[| u nekom drugom u segment ko-n.stantl
s : 20 |{ modulu (flash memorija) )
1 5 re

RESET mov.w  #_ STACK_END)SP

StophDT mov.w  #NDTPW|WDTHOLD

B

; Initialize stackpointer
WDTCTL 5 Stop watchdog timer

18wWriteLed mov.b  segtab(R12),P60UT ; indeksiranje tabele segme

n
~

R

Direktivom .byte se
deklariSe osmobitna

o
Fl
a

; Main loop here

5 konstanta
. J
setup bis.b #0x78,P4DIR LE diode su n ortu P4

bis.b  #6x7f,PEDIR inicijalizaci :
3 portova P6 1| Djrektiva koja
bic.b  #@x7,PEOUT inicijalno s Y S
bis.b  #8x02,PLIDIR aktivira se { Ukazuje da niz
bic.b #0x02,P110UT ; svi portovi podata’ka ili
; da ih nema pq . < . .
ucitava stan] instrukcija koje sledi

cuvanje istog treba da se smesti

15

BE

8

B

mov.b  P2IN,R9
mov.b  R9,R8

B R B LWL W Wt W W W M RN R RN N RN T

bit.b #0x80,R9 ; testira bit .
5 jz 1edon negde u programskoj
a bic.b  #8x08,PA0UT 5 iskljucuje d memoriji
o jmp
1 ledon bis.b  #8x@8,P40UT ; ukljucuje diodu LOT
5 edge xor.b  #8x30,R9 ako je bit 2 u R9 jednak & posle c
a4 3 operacije ce biti jednak 1
as and.b  R7,Re
a5 mov.b  R8,R7 3 prebacivanje novog stanja porta u _

A
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Pregled

© Hello, world!

e Razvojno okruzenje

@ C-ovski projekat

Odsek za elektroniku 13E044IRS

ETF Beograd
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C-ovski projekat

Projekat u kojem se program pise u C/C++, moze i asembler J

Kompajler vodi ratuna o svemu (sem o delu koji je pisan u asembleru) J

Potrebno biti pazljiv prilikom kombinovanja C-a i asemblera J

@
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Kreiranje projekta

& New CCSProject

New CCS Project

Creste a new CCS Project. 2 5

Torget: <select or type filter text> | | mspazorss2
Connection: | T MSP430 USBT [Defaut]

v | identity.
4 mspaz0

. . o Projectname: | _led_toggle ]
S obzirom da je traZena ST—

. .. Location: [ gjas\D
implementacija u C-u, u

MB\c led togald] | Browse..
Compiler version: | 112024175

dijalogu kreiranja

» Project type and tool-chain

~ Project templates and examples.
projekta bira se C-ovski

e T
selected device. The project will contain an
Empty Projects empty ‘main.c’ source-file.
template & oo
e

[2 Empty Assembly-only Project
[2 Empty RTSC Project

Basic Examples

[2 Blink The LED

[2 Hello World

Open Resource Explorer to browse a wide selection of example projects.

Open Import Wizard tofind local example projects for selected device.

<Back Next> Cance A

ktroniku
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Osnovni fajl

Predefinisani template za C-ovski projekat prikazan je

na slici

<7+ CCS Edit - uart/main.c - Code Composer Studio
File Edit View Navigate Project Run

Scripts Window  Help

Fajl sa opisom
i KR iaviE oo hardverskih specifi¢nosti Quick Act
izabranog mikrokontrolera
[ Project Explorer £2 = 0 | [& mainc 53
P 1#include <mspaze.h>

= - == 7 rz 2 l Osnovna
= "‘“; ['Ik:"e' Debug] 3/ main funkcija

» ) Includes ;

g Debug g e programa,
> L3 Ink_msp430f5438a.crid 7 WDTCTL = WDTPW WDTHOLD;
» [g) main.c 9 return o;
B el

Vrednost koju
Struktura funkcija vracéa

projekta

Za razliku od asemblera u C-

u se sva inicijalizacija obavlja
automatski - od strane prevoidoca.
To podrazumeva izmedu ostalog da
prevodilac brine o postavljanju

koda u memoriju, postavljanju
reset prekida, kao i inicijalizaciji

SP-a

13E044IRS

ETF Beograd

56 /95



Zadatak — treperenje diode

Zadatak
Napisati program za razvojni sistem kojim se implementira treperenje
LED diode sa periodom od ~ 200 ms .

Napomene
o LED diode su vezane na GPIO pinove, kojima se upravlja preko
Digitalnih portova
o Potrebno je koristiti razvojno okruzenje za

e kreiranje projekta
o razvoj koda

)
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Razvoj koda

mikrokontrolerska aplikacija
@ sastoji se iz dva dela
o inicijalizacija
o beskonacna petlja
e nema kraj

e za razliku od aplikacije koja se
izvrSava u okviru OS, baremetal
aplikacija se jedina izvrSava na

mikrokontroleru

Odsek za elektroniku

13E044IRS

( RESET )
Y

INICIJALIZACIJA

FUNKCIONALNOST

]
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Asemblerska realizacija

.cdecls C,LIST, "msp430.h"

Include device header file

; Export program entry-point to

; make it known to linker.

.def RESET
text
RESET mov.w #__STACK_END, SP
StopWDT mov.w #WDTPW | WDTHOLD , &WDTCTL
bis.b #BIT4,&P2DIR

#0x8888,R9
wait dec RO
jnz wait
xor.b  #BIT4,&P20UT
jmp loop
nop

; Stack Pointer definition

.global __STACK_END
.sect .stack

; Interrupt Vectors
.sect ".reset"
.short RESET

nto program memory.
Initialize stackpointer

Stop watchdog timer

Configure P2.4 as out

use R9 as counter
decrement counter

jump to wait if R9 > O
toggle P2.4

this removes warning

MSP430 RESET Vector

Inicijalizacija

Funkcionalnost

oniku

13E044IRS
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C-ovska realizacija

Inicijalizacija

{

int main(void)

WDTCTL = WDTPW | WDTHOLD; // Stop watchdog timer

P2DIR |= BIT4;

// Co

while (1)
{
// wait and toggle

__delay_cycles(104857) ;

P20UT ~= BIT4;
}

// To

nfigure P2.4 as out
R ..
ggle P2.4

sek za elektroniku

)
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Zadatak — treperenje diode

Zadatak
Napisati program za razvojni sistem kojim se implementira treperenje
LED diode sa periodom od ~ 200 ms.

Napomene
e LED diode su vezane na GPIO pinove, kojima se upravlja preko
Digitalnih portova
o Potrebno je koristiti razvojno okruzenje za

e kreiranje projekta
e razvoj koda
o asembliranje/kompagliranje

4

@
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Pregled

© Hello, world!

e Razvojno okruzenje

@ Kompajliranje
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Asembliranje

Asembliranje je proces prevodenja asemblerskog (simboli¢kog) u
maginski kod. Alat koja to radi zove se asembler

- Propertie for pol e

type e et Assembler Options G2
Resource
Genenl

LS e T i

4 MSP430 Compiler
Processor Options

] Keep the generated assembly language (asm) fil (-kesp_asm, -K)

Sourceinterist =
Advice Options 1] Generate listing file (--asm_listing, -a)
o mdancedOptions ] Keeplocal ymbel n opu e -outpt o2
vanced Debug Options )0 not generate .clink for .const sections (~-no_const_clin}
ik IFID0 notgenerste clnk for.constsecion (o constlink)
Parser Preprocessing Opti | Simulate source ".copy filename’ (—copy_file, -shc) a8

Model Options

FlSymbol o yms ignore.cose, -26)
eyt Haok Options o
o optens Camimidine a0 OF:
Assembler Options
FileType Speciier
Diectry Specifir
! (incude fle-oh) anele
Command Files
MISRA-C200
MSP0 Linker
e e TOBHES e et ssembly sy NAME - dfine, -5 a0 e pls
7] Generaefis-eve aszembly nclucefile st (-~ incluces, o)
] Generate cres reerencefie (-—cross.reerence, 54
. - || Generste assembly dependency information (-asm_dependency, -apd) B

@ show advanced sttings Cancel
A
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Proces asembliranja

Izvestaj o procesu asembliranja nalazi se u 1ist fajlu J

(5] main.asm 57 B mainist 52
7 = 3 16 retainrefs ; And re
3 17 5 refere
def  RESET 5 s
. 3 19 ;
ref  lriteled M| o3 20 000008 2031 RESET mov.w #_STACK_END,SP
"""""""""""""""""""""""" 3 o000 oo
-text 3: 21 @00G04 4852 StophDT mov.w  #WDTPW|WDTHOLD,&WDTCTL ; Stop
sretain 3 00006 5A80
B 00085 0000!
.retainrefs And retain any secti -

Sadrzaj memorije, tj. maSinski
kod ove instrukcije

cols Copyright (c) 26@3-2615 Texas Instruments Incorporated
/main.asm PAC

Svaka instrukcija se prevodi u |’
masinski kod ’

23 0B0ARa DOFE  setup bis.b  #Bx78,PADIR

bhis.h  #8v73,PADIR evosac 0878

bis.b _ #0x7f,PEDIR

00e08e 0eal

29 000010 DOFG bis.b  #@x7f,PEDIR ]
00012 00TF
200013 000!

bic.b  #ax7f,PeOUT
bis.b _ #Bx@2,P11DIR

bis.b max?f,psnm ; inicijaliza€ija odgovarajucih b| | ||

29 @peels Dere bis.b  #8x7f,PEDIR i

TIC5FOROT, PACT T ISRIJUCHIE @edu TOT

33 000020 (30 bic.b  #0x02,P1100T
:

Svaka linija asm fajla dobija redni broj nakon asembliranja,
nakon Cega sledi adresa u fizickoj memoriji na koju ¢e biti
smesten sadrzaj koji sledi &
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Linkovanje

Linkovanje je proces u kome se masinski kod iz razli¢itih objektnih
fajlova prevodi u jedan jedinstven fajl koji se moze spustiti u memoriju
mikrokontrolera.

"+ Properties for poll

type filter text Linker Qutput
» Resource
General
4 Build Configuration: |Debug [ Active ] '][Mansgectmﬁsum‘o“

» MSP430 Compiler
4 MSP430 Linker

Basic Options

File Search Path Detailed link information data-base into <file> (-l link infa, -xml_link info) "S(ProjName) finkinfoxml”

4 Advanced Options

Introduce bit errors (--ecc.data_error) &)
Command File Preproces:

Diagnostics

Linker Qutput

Symbol Management

Runtime Environment

Linktime Optimization

Miscellaneous

MSBA30 Hex Utilty [Disabled] [ Produce absolute executable object file (default) (~-zbsolute_exe, -2)
Debug Display attribute settings in map file (--mapfile_contents)
[C] Create a ROM object (--rom)

[ Produce a relocatable output module (--relocatable, -r)

Introduce bit errors in ECC memory (--ecciece_error) £
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Najvaznije uputstva za linker se nalaze u linker command file-u

[g Ink_msp430f5438a.cmd 532

133 /* Specify the sections allocation int

[Segmenti mogu da se preklapaju ]

-
.bss je tip segmenta u koji se
smestaju neinicijalizovani podaci

L(RAM memorija)

>

.data je tip segmenta u koji se
smestaju inicijalizovani podaci
L(RAM memorija)

AN

-

.text je tip segmenta u koji se
smestaju instrukcije (FLASH
\memorija)

AN

-
.const je tip segmenta u koji
se smestaju konstantni podaci

\(FLASH memorija)

AN

*f

134/

135

136 SECTIONS

1374

138 Global & static vars
139 tEt—f—static va
140 For #pragma noinit
141 Dynamic memory allocation
142 .stack : {} > RAM (HIGH) v

143

144 #ifndef  LARGE DATA MODEL

145 : {}>> FLASH /= Code

146 #ellse

147 text : {}>> FLASH2

143 #endif

149 ctext:_isr : {} > FLASH /* ISR Code space

158 .cinit : {} » FLASH /= Initialization tables
151 #ifndef  LARGE DATA MODEL

152 /* Constant data

153 #e]

154 Canstant data

155 #en

156 .cio : {} > RAM /= € 1/0 Buffer

157

158 .pinit : {} » FLASH /% C++ Constructor tables
159 .init_array @ {} > FLASH /* C++ Constructor tables
160 .mspabi.exidx : {} > FLASH /* C+ Constructer tables
161 .mspabi.extab : {} > FLASH /% C++ Constructor tables
162

163 .infoA : {} > INFOA FLASH Memory segments */
164 .infoB : {} > INFOB

165 .infoC : {} > INFOC

166 .infoD : {} > INFOD

167

168 /* MSP438 Interrupt vectors /

169 .inteo : {} > INTe®

170 .inte1 : 1} > INTel

13E044IRS

ETF Beograd
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Kompajliranje

Komanda BUILD vrsi kompajliranje i linkovanje projekta )

¥’ CCSEdit - pollfmain.asm - Code Composer Studlio

[E=8EeR =)
File Edt View Navigate Project Run Scripts Window Help Nakon uspesnog

= i B : ick Access B ebus
O kompajliranja klikom na 8 & | [ECcSEd] % cosebug
s | B ovu ikonu ulazi se u mod = 1= |55
B | 2 kza debagovanje aii=]
25 setup : : :
” Klik na ovu ikonu vrsi Jucih bita
34 ili i ili i izlazni
P kolmpajhr.aije i linkovanje ki
3 celo: rojekta koji se koristi
3 g P J t-u ulazni tako
3 T A5 T AEms POTFEBE Godatno konfigurisati
3 mov.b  P2IN,R9 5 ucitava stanje porta P2 u registar RS
3 mov.b  RO,RE 3 cuvanje istog stanjs u privremenom reg RS
3 bit.b  #6x80,R3 5 testira bit 7 porta 2, tj. taster 54
o led
bic.b  #BxB8,PA0UT iskljucuje diodu LD1| =
; "
bis.b  #exes,paouT 5 ukljucuje diodu LDL Nakon
edge xor.b  #6xE0,R9 i ko Je bit 2.4 89 Jednak 0 posie ove kompajliranja/linkovanja
} operacije ce biti jedns pajit ovan)
and.b  R7,R9 pojavljuju se pokazivaci
mov.b  RE,R7 5 prebacivanje noveg stanja porta u staro S
; Stanje za sledeci ciklus na evenutalne greske i
bit.b  #exco,Ra i 1 s mestu bita 2 znaci da je detektovans .
3 promena na portu sa 1 na @ upozorenja
2 loop
151 Problems 52 () Advice =8
1 error, 0 warnings, 0 others Poruke koje
Deserpton Resorce  Path Location ukazuju na status
4 © Erors (L item) e Py 3
1 [E0003] Unexpected trailing operand (s) main| line 30 kompajliranja/linkovanja

Wiitable Insert 39:58

Free License A
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Zadatak — treperenje diode

Zadatak

Napisati program za razvojni sistem kojim se implementira treperenje
LED diode sa periodom od ~ 200 ms.

Napomene

o LED diode su vezane na GPIO pinove, kojima se upravlja preko
Digitalnih portova

e Potrebno je koristiti razvojno okruzenje za
kreiranje projekta

razvoj koda

asembliranje/kompajliranje

spustanje programa u memoriju mikrokontrolera
kao i u debagovanje u slucaju greske

Resenje

{asm|c}-led-toggle
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Pregled

© Hello, world!

e Razvojno okruzenje

@ Debagovanje
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Debagovanje

Debagovanje je proces u kome se uz pomo¢ hardverskog debagera vrsi
testiranje aplikacije

' Propeties for poll
type fiterted o G
» Resource
General
4 Build Configuration: |Debug [ Active] ~ ) [Manage ¢
> MSP430 Compiler
> MSPAZ0 Linker
MSP430 Hex Utity (Disabled] I Msin
Debug
Device
Family: [MSP430
Variant:  <select ortypefilter tex> ~ [Mspa30rsezsA ~
Comectior [TIMSP130 581 o] =] e to e prjecy
[¥]Manage the project's target-configuration automatically
Advanced settings
Compiler version: [rwas <[ More.
Output type Exccutable
Output format: [eobi ELF) -]
Device endianness:
ks commond s I mspE3r54380.cmd E
Runtimesupport ey <sutomstcs -
O sowsticsain

13E044IRS ETF Beograd 70 /95




+'+ CCS Debug - poll/main.asm - Code Composer Studio
File Edit View Project Tools Run Scripts Window Help Disassembly prozor
prikazuje program
onako kako je smeSten u

? Registers 53 s
Dugme za v memoriju
alue
reset Core Registers

t was reached) T AnCT

Step Into - klik na W

=
T

%5 Debug
Device Debugging]
Suspended)

ain.asm:20 000500 (the entry pe

Run - klik na ovo
dugme izvrsava
program

ovo dugme izvriava
instrukciju koja je
markirana zelenom

Klikom na ovo

/m »
= 8

g bi
Dﬁ'“‘"”” E dugme prekida se ssembly &1
g debagovanje Enter location here | & e v
9 < program entrypoint te Gesbfc:  1aE2 5Cac RPT SR RLAX.B RL2
o it known to Linkor 2 REsET mov.w £ STACK_END,SP ; Initialize stackp
ref_ uritaled ’ $../main.asm:20:63(), RESET():
- o X X 31 5C00 2 ,
4 Zeleni marker ukazuje na StophDT mov.w  #WDTPW|WDTHOLD,8WDTCTL ; Stop watchdog tim
P .. . o it StophDT:
ditional link
sledecu instrukciju koja Tt sertion.E @osces: 4982 5A80 @1SC MOV #0x5a80, Batchdog Timer _WDTCTL
treba da se izvrsi sections that have 28 setup bis.b  #8x78,P4DIR ; LE diode su na portu P4
- current section :
L 605c0a: _Dore 078 A617 BIS.B  #0x0078,Port 3 4 PADIR
3 Svakoi liniji - s inicijalizacija odgovaraj
ESET mov.w  #_STACK_END,SP | ; Initialize stackpointer vakoj linij1 originainog 7f, PDFLS,?P@IR =
DT .w  #DTPu[WDTHOLD,&HDTCTL  ; Stop watchdog ti ia i 5 inicijalne su svi segmen
top mov.w | op watchdog timer koda koja je prevedena 7, pore 25 PooUT
u procesu kompajliranja 5 aktivira se samo displej
A R rt F_pROIR
Main loop here odgovara jedna linija u 5 svi portovi su po default
% i ~t_F_prOUT
» D mbly prozoru 5 ucitava stanje porta P2 u
25 setup bis.b  #6x78,P4DIR  ; LE diode su na portu P4  Toor ]
29 bis.b  #8x7f,PEDIR 5 inicijalizacija odgovarajucih b 995C24: | 4859 ASDE MOV.B Port 1 2 P2IN,R9 X
e } partova P6 1 P11 da budu 35 moy.b  Ro,Rs 3 cuvanje istog stanja u pr
1 bic.b  #Bx7f,PEOUT 5 inicijalno su svi segme @05C25: | 4948 § MOV.B_ RO,RE . . X
2 bis.b  4Gx02.PIIDIR ; 5 BIE.b  ¥oxa0,R8 T Eedtira bit 7 porta 2, tj
B bich sexeapllOUT & o05c2a: 5079 050 BIT.B  #0x0050,RO
4 ’ ! ds St Yedom
5 loop mov.b  P2IN,R9 Tucitava stanje porta P2 u registar R9 gascoe: | 2403 bic JEQ (ledon) o siod
uanje istog stanja u privremenom reg RS 22 ic.b  #OX0E,P40UT  ; iskljucuje diodu LD1
artirs bit 5 porta 2, & taster 4 Gesc3o:  C2Fe ASFL BIC.E  #8,Port 3 4 P4OUT
3= = ’ 48 jmp edge
bic.b  #@xe8,Pa0UT 3 iskljucuje diodu LD1 gasc3a: | 3c02 . e (edge) L
jop edge | - ledon bis.b #xB8,P40UT  ; ukljucuje diodu LDL L
B B g il v
Writable Insert 27:1 Free License

> ¥
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+'+ CCS Debug - poll/main.asm - Code Composer Studio | = =

File Edit [View| Project Tools Run Scripts Window Help
9 v )| @ Resource Explorer (Examples) Pt [Prozor sa registrima o
5. Debug | @ Cetting Started ¥ = 8 () Variables 6f Expressions §lf Registers 53 ¢ Breakpoints EE| @it é =0
- % CCSApp Center
4 & pol Name Value Description
o | [y Project Explorer 4 X% Core Registers Core Registers
[ Problems Ateshifteqx [ POt was reached) i pe 600500 Core
B8 SP 0:005C00 Core
Console Ale+Shift+Q, C
2 @ b b SR 00000 Core
W | Advice LR 0:000000 Core
35 Debug At R4 :0C8D6D Core
it RS 0:00FFDO Core
0 |l 1t R6 0:000018 Core
Wl Registers 000Fs Core i
B maina {1 [Expr==ion= Dugme za postavljanje = =
©9= Variabl Alt+Shift+Q, V' 3
ansbles e Breakpoint-a, e
Disassembly
Breakpoints N -
e = Modules U View meniju se
16 ii i
7 48 Scripting Console Vrgl_lz_b_or prikaza
© % TageComguatons | T@zli€itih resursa
'+ 2oheser 5= Outine promenljivih /parametara
21 5topi 2 ation
= % Optimizer Assistant E
24 ; Other.
2 -
; iode su na portu P4
Plavi marker ukazuje na
breakpoint
i da ih nema potrebe dodatno konfigurisati
§ ucitava stanje porta P2 u registar RS
; cuvanje istog stanja u privremenom reg R8
; testira bit 7 porta 2, tj. taster S&
ic. 5 iskljucuje diodu LDL
Jmp edge
41 ledon bis.b  #6x08,P40UT 5 ukljucuje diodu LDL I
« )
‘Writable Smart Insert 20:1 Free License.

A
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Debagovanje

Najjednostavniji i najpregledniji vid debagovanja je single stepping

o Problem je $to to moze dugo da potraje i zamorno je

Mnogo efikasniji vid debagovanja je postavljanjem Breakpoint-a na
dobra mesta )

Generalno, Breakpoint se postavlja tamo gde treba detektovati spoljni
dogadaj preko registra (u nasem slucaju pritisak tastera) i tamo gde se

ocekuje reakcija na taj dogadaj
\g
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¥ CC5Debug - poll/main.asm - Code Compaser Studic
File Edit View Project Took Run Seripts Window Help

i HB-RVOR-S €D Rite~i -

+5 Debug 37
4 % poll [Code Con

T = O | @ Variables 6 Expressions ! Registers 32 | % Breakpoints
Roser Studic - Device Debugging]

Name Value
a f TIMSP430 USEL_0/MSP430 (Suspended - HW Breakpoint) i peouT?
= $./main.asry:20:605() at main.asm:35 0x005C24 (the entry point was reached) 1 PAOUTE 0
13 PAOUTS 0
A3t P4OUTA 0
Uz dobro osmisljen 1 PaouT3 I
Za3 3 i PAOUT2
polozaj Breakpoint-a L peoum )
testiranje se svodi na 1t PaoUTY 0

nekoliko uzastopnih D ifif PADIR 078
pritisaka na ”"Run” ikonicu

@

[8 function.asm 52
mov.u  #_STACK_EWD, faliz i = s . o

ser 5 5 Tnit
tophDT mov.w  #WDTPW|WDTHOLD, 8WDTCTL ; Stop watchdog timer . - .
P I " & Kad god se izvrSavanje
i B | programa zaustavi
Main loop here moguce je menjati sadrzaj

IEHREERNRES

registra

5 setup bis.b #0x78,P4DIR  ; LE diode su na portu P4
29 bis.b  #0x7f,P6DIR 5 inicijalizacija odgovarajucih bita 18 ‘byte  Bx33
£ ; portova P6 i P11 da budu izlazni 1 .byte  @xSb
31 bic.b  #Bx7f,P60UT ; dinicijalno su svi segmenti iskluceni 12 .byte  Bx5f
2 bis.b #0x@2,P1IDIR  ; aktivira se samo displej koji se keristi 13 .byte  @x70
33 bic.b #8x82,P110UT  ; sui portovi su po default-u ulazni take 14 .byte  @x7f
34 ; da ih nems potrebe dodatno konfigurisati |B 15 .byte  @x7b
35 loop mov.b  P2IN,R9 5 ucitava stanje porta P2 u registar R3 16
Sg mov.b  RI,RE ; cuvanje istog stanja u privremenom reg R8 17 text
7 #0x88,R9 ; testira bit 7 porta 2, tj. taster 54 mov.b  segtab(R12),P6OUT

Tedon

#0083, PAOUT 5 iskljucuje diodu LD1

edge - d

Jdiosdu LD1 . .

o onnil Broakpointhje S obzirom da se testira
o e v J 208 Jednak @ poste ove da li program detektuje
najlogi¢nije stavljen na © bitd jedns L. B
45 an a S pritisak tastera ovo je

<o instrukciju koja ocitava e noveg stanja porta u stare .
7] q ledeci ciklus dobar polozaj drugog
2| stanje tastera bita 2 znaci da je detektovans [o

i - Kbreakpoxnt—a

13E044IRS

=

=)

Quick Access || B9 | B3 CCSEdit

tE|&[rir|é =0

Description
P4OUT?
P4OUTE
P4OUTS
P4OUTH

Port 4 Direction [Memory Mapped]

5 Include device header file

5 indeksiranje tabele segmenata

Free License

ETF Beograd

A
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¥ CCS Debug - uart-irq/main.c - Code Composer Studio
File Edit View Project Tools Run Scripts Window Help

i ROt ~in> E

o A Debug 52
[ 4% urtirg [Code Composer Stucio - Device Debugging]
4 P TIMSPA30 USB1/MSPA30 (Suspended - HW Breakpoint)
sciAOhandler() at main.c59 (x005C08
HBAI008 (no symbols re definec for (X@A1008)

DN BS @RS

[E=REcE S

B | B ccskdit (3 CCSDebug

Quick Acces
T S B () Variables 6 Expressions 53 if Registers 5B X%RP|riA|ép =1
E 5 " i

= 8
(8 main.c 52 4 function.c 52
33 _bis SR register(GIE); // globalna dozvola maskirajucih prekida a 1 #include <mspa30.h> A
3 2
i35 while (1); N .
2 Expressions prozor sluzi za
38/ i s ) prikazivanje raznorodnih podataka,
39+ prekidns - .
P UpzRzE A = kao 8to su promenljive, konstante,
41 #pragna vector St : q .
2. ingerrupt v G Curlex sadrzaj registara itd. Dodavanje
437 Copy criec Frm 8 a
pia' vorar | o ) nove promenljive je omoguéeno u
15 PaFe & padajuéem meniju nakon selekcije
o Use Spaces for Tsb .
)y Dectaations 15" PBOUT - tabelsseglindex];
49 * prekidna ry L 17f}
50 */ References 5
Siupragua vector| oo
S2_interrupt v
S5
5T e g1 Romtotine Ctier
Ss 5. MoveToLine
““g brl %Y Add Watch Expression.
Preferences =
o
Wiriteled(ASCIT20IGTT (daE0));
reak;
case 4: break; /1 vector 4 - TXIFG
default: break
3
Free License Witable Smartlnsert | 59:17
=
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Pregled

© Detekcija stanja tastera

A
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Zadatak — Detekcija stanja tastera

Zadatak

Napisati program za razvojni sistem koji dok je pritisnut jedan taster
drzi uklju¢enu jednu LED diodu

Napomene

Ocitavanjem PxIN registra za odgovarajuéi pin moguce je detektovati
da li je taster pritisnut ili ne

)

Odsek za elektroniku 13E044IRS ETF Beograd 77/ 95




Opis hardvera

SEL1 SEL2
abedefg abedefy
Bl anl mux
20 1p6.5
anl pwm —16 pwmn | st foe's P7.0 Vdd )
rstl v 15 intl csl mux2 SEL1
INT P2.7 v
csl 4 <1 sckl P6.4
RX =2_1p3.2
sckl . tx1 misol Vdd
TR X o o P31 SEL2
e Miso SCL — a1 ]P0 potl
Ly et MOSI SDA Stal sdal Ipg 1 P6.0 [— potl
3v3 7 5V sdl
s 3V3 5V P4.2 pot2 v
' — aw GND ——_l_l—T bd_lp33 P6.1
L L x1_1p34 pwminl
= L | = intl_|p1g P12 f—
MIKROBUS pwmilps o b3 |PYmin2 pot2 =
P2.4 P8.2 - W—L—
P25 Pa.0 ~MA—L—
P23 AWW—— -
!
P8.1 AM——
P14 j JP1 P2
P2.6 (~/VW——"— Ewmin]l ]gvvminZ1
pa.3 A b led1 2 led2 5
PLS P3.7 AN
MSP-EXP430F5529LP
==
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Opis hardvera

SEL1 SEL2 1
wm
Lwmlp2.0 P13
led1 P2.4 P8.2
@
= 1 led2 P25 P4.q
s ] P2.3
= : |swi P8.1
Eanleesl BNV 4020 E Lp1a
P4.3
_EZ \\Z]— P15 b3 7
- JP2
MSP-EXP430F5529
=
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Zadatak — Detekcija stanja tastera

Zadatak

Napisati program za razvojni sistem koji dok je pritisnut jedan taster
drzi uklju¢enu jednu LED diodu

Napomene

Ocitavanjem PxIN registra za odgovarajuéi pin moguce je detektovati
da li je taster pritisnut ili ne

Resenje

{asm|c}-button-glow

v

@
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Pregled

@ Detekcija pritiska tastera

A
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Pregled

@ Detekcija pritiska tastera
e Poliranje

@
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Zadatak — Detekcija pritiska tastera

Zadatak

Napisati program za razvojni sistem koji na svaki pritisak jednog
tastera menja stanje ukljuc¢enosti LED diode

Napomene

Ispitivanje da li je taster pritisnut vrsiti poliranjem.

)
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Detekcija pritiska tastera

Algoritam detekcije pritiska tastera se zasniva na detekciji opadajuce
ivice na ulaznom pinu

Glavni program mikrokontrolera treba periodi¢no da o¢itava stanje
ulaznog pina, poredi ga sa vrednosti iz prethodnog ocitavanja i u
slucaju detekcije prelaska sa 1 na 0 izvrsi zahtevanu radnju.

vdd P27
P
S4

o
L
— -
o
o
o
-
— -
.
~

Prl]‘g:aak na taster odgovara 5
situaciji a je novo ocitano stanje 0 a
prctfiodno je bilo 1 Trenuci kada se vrsi

ocitavanje porta

A
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Zadatak — Detekcija pritiska tastera

Zadatak

Napisati program za razvojni sistem koji na svaki pritisak jednog
tastera menja stanje ukljucenosti LED diode

Napomene

Ispitivanje da li je taster pritisnut vrsiti poliranjem.

Resenje

{asm|c}-button-toggle
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Pregled

@ Detekcija pritiska tastera

o Prekid

@
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Zadatak — Detekcija pritiska tastera

Zadatak

Napisati program za razvojni sistem koji na svaki pritisak jednog
tastera menja stanje ukljuc¢enosti LED diode

Napomene

Ispitivanje da li je taster pritisnut vrsiti putem prekidne rutine porta.

v

@
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Drugaciji pristup - prekidi

Prekidi koji se generisu promenom stanja ulaznih pinova portova P1 i P2J

vdd P27
P

51 TS S S S S S Y S S S

.
I

—
—
—
—
—
—

Prekid generisan hardverski

)
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Digitalni portovi - konfigurisanje porta za prekid

P1REN.x

P1DIRx

From module

P10UT.x

From module

P1SEL.x

P1IN.x

To module

P1IRQ.x

Fr——————————— B
| Pad Logic |
| ) 1 |
| |
| DV.. — 0 !
| o— |
| DVee — 1 1 |
0 Direction ! :
1 0: Tnput T
1: Output | |
1 |
| |
|
0 | )
1 | |
! o sl || pamio
| 0: Low drive | P1. .
e | P12mos
| +Hig P1.3/TA0.2
< } | P1.4/TA03
| | P15TA04
= P1.6/TAICLKICBOUT
| : P1.7/TA1.0
|
D
< e |
P1IEX
En |
Q
P1IFGX Set
P1SEL.x m— Interrupt
Edge
P1ESx m— Select |—
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Zadatak — Detekcija pritiska tastera

Zadatak

Napisati program za razvojni sistem koji na svaki pritisak jednog
tastera menja stanje ukljucenosti LED diode

Napomene

Ispitivanje da li je taster pritisnut vrsiti putem prekidne rutine porta.

y

Resenje

{asm|c}-button-toggle-isr

@
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Pregled

© Sedmosegmentni displej L
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Zadatak — Sedmosegmentni disple;j

Zadatak

Napisati program za razvojni sistem koji na pritisak jednog tastera

vrednost zapisanu u registru R12 prikazuje na sedmosegmentnom LED
displeju.

Napomene

@ ispitivanje da li je taster pritisnut vrsiti putem prekidne rutine
porta.

@ ispisivanje na sedmosegmentni LED displej implementirati u vidu
funkcije WriteLed u posebnom asm fajlu.

v

)
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Opis hardvera
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Opis hardvera
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P 1.7 [r—
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Sedmosegmentni displej

Sedmostegmentni displej koji je prisutan na ploéi je sa zajednickom
anodom
o displej se ukljucuje pomocu SEL; signala

@ pojedinacni segmenti se kontrolisu pomocu a..g signala

Da bi se ustedeo broj fizickih linija potrebnih za upravljanje sa 2 LED
displeja koji su prisutni na ploéi, signali a..g su multipleksirani

Najjednostavniji nacin za ispisivanje cifara na displej je da se napravi
tabela gde sadrzaj svakog reda predstavljaju vrednosti signala a..g za
koje se na LED displeju prikazuje indeks tog reda

v

©
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Sedmosegmentni displej
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Zadatak — Sedmosegmentni disple;j

Zadatak

Napisati program za razvojni sistem koji na pritisak jednog tastera
vrednost zapisanu u registru R12 prikazuje na sedmosegmentnom LED
displeju.

Napomene
e ispitivanje da li je taster pritisnut vrsiti putem prekidne rutine
porta.
o ispisivanje na sedmosegmentni LED displej implementirati u vidu
funkcije WriteLed u posebnom asm fajlu.

Resenje

{asm|c}-button-7seg

-

Odsek za elektroniku 13E044IRS ETF Beograd 95 /95




	Uvod
	Plan rada
	MSP430

	Hello, world!
	Digitalni portovi
	Razvojno okruženje

	Detekcija stanja tastera
	Detekcija pritiska tastera
	Poliranje
	Prekid

	Sedmosegmentni displej

