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Teaching Microcontrollers with MSP430

Humberto Santos, Pedro Dinis,
Antonio Espirito Santo, Bruno Ribeiro
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Slide 1

MSP430 it

\"

Advanced Technical Conference N
CTERT T T Ty cmmommeer AN



Agenda

« Why MSP430 in classes
Choosing development tools

Microprocessor teaching at UBI

Microprocessor introduction

Examples of microprocessor usage in other classes

Advanced microprocessor applications
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Where we come from?
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Why MSP4307? v:%;

* cost;
* plenty of free development tools;
e good hardware start up kits and inexpensive;

» diverse peripherals in the microprocessor giving the
students many abilities in the area;

* rapid learning curve;

 low power features;

 high pinout counting;

« C and C++ easy programming.
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Choosing Hardware *;%‘4

* There are various companies that develop good
development kits, some of then are:

OUMEX SoftBaugh' SIAR

We Choose: OLIMEX

OLIMEX Advantages:
* price;
 many peripherals in the Kkits.
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OLIMEX kits
Some OLIMEX kits used in the classes:

L —aaq [ASY WEB 1L
] B4 - i
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Choosing Software *;%‘4

« Some software that compile MSP430 C/C++ code:

7 Abomposer e T

e GIAR

< SYSTEMS OTgVSEAS0
Free Free Not Free Free
Limited to 8 KB Limited to 4 KB 30 day demo available unlimited

We choose:

* |AR Kickstart Version for the Classes but shifting right
now to Code Composer Essentials;

» MSPGCC for R&D and projects that require more than
4KB code.
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Students pre-requisites *;%;

« digital/analog electronic background;

« C/C++ programming background;

« assembler programming background;

* generic microprocessor architecture;

« software architecture for real time systems.
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MSP430@UBI

Classes Advanced

INTRODUCTION TO Applications
MICROPROCESSORS

PRODUCT
DEVELOPMENT

REAL TIME

INSTRUMENTATION AUTOMATION ROBOTICS PROJECTS SYSTEMS
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Introduction to Microprocessors *;%‘4

Classes Advanced
INTRODUCTION TO Applications
MICROPROCESSORS
PRODUCT
DEVELOPMENT
REAL TIME
INSTRUMENTATION AUTOMATION ROBOTICS PROJECTS ST
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Power the LED on board (1) *;%;

 analysis of the OLIMEX kit schema with MSP43OF449'-'-,_..,N..M.._*,,u,
(STK and STK2), to identity at which port is connected the
LED:

(7))
o
7
o)
3
= P4.@/UTXDL |-22—tam
S| el ot
= ez o sead 1T 3
= ps.7/R33 |28 __ T o
o PE.6/0z3 |20 DALLA
= ps.5/p13 |24 GND
c ooy | o6 wm 8
E gy A :
3 rmupE. .f."ggjé | D2 Ccoea 338 RED 115 P1.1/TRB/HCLK
= 1BRER pe2 |21 R-2AT 17 P1.3/TBOUTH/SUSOUT
1= EETS —Ti5 Pi.4/ecLksenLK
AXXX 13 PLEATRCL/ACLX
~1a pi7cm
&Iﬁ#g| 7 PLEFSTER
Datasheet:
kit OLIMEX MSP430F449 STK kit OLIMEX MSP430F449 STK2

Slide 11

MSP430

Advanced Technical Conference

Anmnual



Power the LED on board (2) |~

» search in the TI MSP430 Manual for the chapter related to
ports configuration:
= explanation about the ports characteristics: registers;
» identify the registers needed to configure the ports for this application;
= explanation with both hexadecimal and definition file mnemonics

configuration;
Chapter 9 Port Reglater Short Form  Address  Reglater Type Inltlal State
F3 Input F3IM 03an Read oy -
a0 Output FSOUT ozth Readiwite LUnchanged
Dlg Ita I IIO Direction FSDIR o2n Readiwnte Reset wih PLC
Fort Select PSSEL 033h Readiwrbe Fzget with PLIC

Introduction to Microprocessors

This chapter describes the operation of the digital 1/O ports. Ports P1-P6 are
implemented in all MSP430x4xx devices.

Topic Page
9.1 Digital /O Intreduction ............. ...l 9-2]
9.2 Digital /O Operation ....... ... ... e 9-3
9.3 Digital /O Registers ........... .. e 9-7
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ower the LED on board (3

 search in the IAR Systems Manual how to create and
compile the file for the task:
= introduction to IAR Embedded WorkBench;
= explanation how to create a project in IAR Embedded WorkBench;

» C programming specifications (particularities from C standard) to create the
file;

r i
T Lagui unt

—
—
o it e Hep
EETIEIE I
[rodepee
e
O fotms o
Files [F=
E T Inerasae the tanl) st wrsaile.
s Get end priut the sssicasted Fibomscol ausber,
[Mproject! - Detug EH | ., -
O ELMSF; wid do_Earegcound_process (wid)
Ul ( = .
—-— ‘ ‘ B Tush aiguod 1t 7105 % 1R Enbedkded Workbench IDE
L[ Utlach p— . Fle Fdt Vew Fropet Debg Simlaor Tecks Wi Heb
! [B Uhies & 210 = gerfib| sl s ) D@ dESB ol T % v G
Laupur et ) - = S Y
O La@projec -Debug v SltZ2xLE25 58 ]
—— ooy
- v L N
(&) Meia progren, Jur_tang £1n ); oo
] Briats the Fibouecci sumbers. = FE i
o =
Vol ain veld) [Elproject! - Debu... v
o Brucee .
o L1 pour = 0 Caouput ain progren
inte f1n()2 = B Tuortse Brints the Fibonocci muders, Cbormco o334
W16 (6Ll feur 4 MAX_FIE ) — B Tutor pbi < i Go_toreqr
— an_fevegronnd process||; BT woid usin{uoid) . b0resl  pow
C ' A Tutorh . L DOTESS  FaSF
LB liesh o Eall_councen: o]
- @ Utlies o = poressscel
s - EE:D e Gaoumt imit_£ibi); -
114 mn = | F— B Ul st nit_rin:
- | | B Uties phi While| call count < MY TS | bOFEEA Al
x 5 L B Utiies 142 l DOFESC 0312
Erornane stdarg. ) DOFESE  3Ad0
Wi nons |- Bodioh =1 reoi0] = r4
|— B sysmach DOFRSZ | 1743
L B titesh DOTRSS 5247
Totel rurnber of enors: 0 L= @ oupwn borees | uty
Totel number of wamings: B projedi daz bOPEEE  DALI
- Fatiou =l b o (a2 5
& /Dehug Log’ Buid 7| i oorserzas0
prrect! | KK 2 4
Raxdy [EAE n
Messages
Building configuraion project! -Debug
I Configurstion is werto-dte.
| I L]

Roady [, Call [ b
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CD (1

* timers description: Watchdog Timer and Basic Timer;

« search in the TI MSP430 Manual for the chapter related
with Watchdog Timer and Basic Timer characteristics:
= presentation of timers configuration: registers;

7 angat Rt

Figure 11-1. Basic TimerT Block Diagram

E H’_>—D —
ENT
BTHOLD BTCNT1

Introduction to Microprocessors

ACLK CLKt BTFRECK
M4 Q5 Q6 Q7 u
[
Chapter 11 ©
[ fLeo
Chapter 10 e i ot
Basic Timer1 BsseL |
Watchdog Timer, Watchdog Timer+ 5 —
- e
AOLKZS g— 01 e BTCNT2 BTIPx
SMCLK 10
The Bask Timer! module I3 two independent. cascadable 3-bit timers. This [— T 0 Q1 Q2 Q3 Q4 Q5 Q6 Q7
chapter describes the Basic Timer1. Basic Timer! s implemented in al
The watchdog tmer |s @ 15-b7 timer that can be used as o watchdog or as an MSPS20ndxx devices. 111
infarvad timer. This chagh cribas the walchdog imer. The walchdog imar 0
4 implemented in &l MSP430xdxx devices. The I0xd2x and 101
MSP4I0FEAZx devices implemant an enhanced WOT catie o,
Topic Page ot |- Set BTIFG
T P 1.1 Basic Timer! Introduction ............... n_a: oio
ks - 11.2 Basic Timer! Operation N . .. [FE] ooi
101 Watchdog Timer intreduction - ; : | IB.!: 1.3 Basic Timer! Registers . . . 8| 000
102 Watchdog Timer Operation 164 I
102 Watchdog Timer ReQIsbers ...............o.ccooiiniin 6.7 | 11.3 Basic Timer1 Registers BTCTL, Basic Timer1 Control Register
Table 10-1. Watchdog Timer Registers The watchdog timer module registers are listed in Table 11-1. 7 3 5 4 3 2 1
" - — : BTSSEL | BTHOLD | BTDNV BTFRFQx BTIPx
Register Short Form Register Type  Address  Initial State Table 11-1 Basic Timer1 Registers
Waird : o r = - P ™ w w w w v e w
Watchdeq timer control register WOTETL Readiwrite 0120k DBB00R with PUC Register Short Form Register Type Address  Iniial State
g i r haer ih B
SFR intemupt enable register 1 E1 Readiwrte  0000h Resetwith FUC Basic Timer! Control BTCTL Readwiie  040h Unchanged
SFR mterrupt flag reister 1 IFG1 Readwrite Do0zh Resetwih FUCT Basic Timer! Counter 1 BTCNT1 Readfwrite  046h Unchanged
. . Basic Timert Counter 2 BTCNT2 Readfwrite  047h Unchanged
} WOTIFG i reset with POR SFR interupt iag register 2 IFG2 Readwite 001 Reset with PUC
SFR interrupt enable register 2 IE2 Readfwrite 003h Reset with PUC
Note:  The Basic Timer1 registers should be configured at power-up. There is no initial state for BTCTL, BTCNT1, or BTCNT2 Sllde 14
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T Langui A
]
» search in the TI MSP430 Manual for the chapter related
ith LCD ch teristi
Wi characteristics.
L]
" tat fLCD troller ch teristics;
” resentation o controlier characteristcs,
—
. tation of LCD controll figuration: control and mem
? presentaton o controlier conitiguraton: control an emo
O] .
&) { .
S registers;
—
Q Chapter 18 MEEEEEER
o EhEER
—
o CEEEREEEE
= LCD Controller
NEENNNEEEEEN [
[e) E e o
-— 18.3 LCD Controller Registers : umHF IIII* OLI"Ex d
C The LCD Coniroller registers are listed in Table 13-1. %E — — — — — — —
9 The LCD controller drives static, 2-mux, 3-mux, or 4-mux LCDs. This chapter Table 18-1.LCD Controller Registsrs Tl |W| 'h"l' IWI 'l\”l' IWI . I“fl |WI
"5 describes LCD controller. The LCD controller is implemented on all ’ N B = I-fﬂl llﬁill IHI .I?ITI. I?I'\-II I?ﬁl I?ﬂl
- ) MSP430x4xx devices. Register Short Form Register Type Address  Initial State — i — Y — Y —
© LCD control register LCOCTL Readwrte 020 Reset with PUC AP 14 T, ] 117,
o LCD memary 1 LCOM1 Readfurite 1 Unchanged b b EE | MHqH-
— . LCD memory 2 LCONZ Readwrite Unchanged P I Y I 1 Y P
‘E Topic Page LCD memary 3 LCOM2 Readwrice Unchanged % ﬁ ﬁ e E E 5 % E E HERE E | & & &) &) &)
- 18.1 LCD Controller Introduction ..................cc.oveeieennnn. [18—2| LoDmemory4 LCON Readiurite Unchanged
18.2 LCD CONtroller OPEration . ................ceeeeeeeneeneeennn. Tgg| -CEmemons LS Readlurie Unchanged
LCD memory LCONE Read'write Unchanged
18.3 LCD Controller Registers ...............cccoeeeueeneeneann.. [18-18 | o0 memoy7 LeonT Readirite Unchanged
LCD memory 8 LCONME Readwrite Unchanged
LCD memory 8 LCOME Read'wrie Unchanged
LCD memory 10 LCOMID Read'wrie Unchanged
LCD memory 11 LCOMT1 Read'urie Unchanged
LCD memory 12 LCOM1Z Read'urie Unchanged
LCD memary 13 LCOM12 Readirite Unchanged LCOCTL, LCO Control Register
LCD memory 14 LCOM14 Readwrite Unchanged
LCD memory 15 LCOMIE Read'wrie Unchanged 7 [ 5 4 3
LCD memory 16 LCOM1E Read'wrie Unchanged LeDex . Lepson | Unussd Leoon |
[ ] a n S —O n a LCD memory 17 LCOMIT Read'urie Unchanged - -
- LCD memory 18 LCOM 18 Readfurite Unchanged ned b el e e = i et
LCD memory 18 LCOMTE Readwrite 0AZh Unchanged .
LED memery 20 LCOMID Readivrite QA4 Unchanged Slide 15
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LED + buttons + LCD (1 v;%:,

+ analysis of OLIMEX kit schema with MSP430F449 (STK
and STK2), to identify at which ports are connected the

.| buttons;
o
n
i
8 P3,1/5L106 £9 P3,2/50HI@
= . . _ P3. 2/50M8 =255, 3/ucLKe
& e omas 50 DALLAS P3.3/UCLKe [-25—222
o 5. &/R23 — P3. 4/TB3
) - B4 6 B2
o 'O 20 P3.5/TB4
= 5& AND &5 B3
= 0o P3.6/T85 22—,
= 4,000 83 P3.7/T86 =
c B B2 P4, @/UTXDI YD +3V
= . 3/ '-_'-_' - =7 Bl D4 1 /0¥ &
&) .27/ C0OM1 =t _ N
5 S 57 CONA +
S o COME =
3 ) 5] P4.2/8TE1
= n P4z R2 R3 R4 RS
£ £ 188K 188k 188K 188K
A Bl B2 B3 B4
L 3
Ell le le B4

)
11
k]|

1 1 1 1

14}
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LED + buttons + LCD (2

* interruption vs. pooling:
» analysis of the TEXAS Manual for the ports, timers and LCD
controller registers for interruptions;

(72]
—
8 Port Register Short Form  Address  Repister Type Initial State
n | It P1IN 020h Read only -
8 Output PIOUT 17 Readiwrite U"changed IE2, Interrupt Enable Register 2
9 Direction PDIR 022h Readiwrite Reset with FUC 7 8 5 4 3 2 !
(o
o Interrupt Flag PIIFG 023h Readiwrite Reset with FUC | BTE I ‘ | | ‘ | | |
L )
O Inferrupt Edge Select  PTES 024h Readiwrite Unchanged e
= Interrupt Enable P1IE 023h Readiwrite Resat with FUC
- L. - BTIE Bit7  Basic Timer1 interrupt enabla. This bit anables the BTIFG intarrupt Because
-09 Fort Select F1SEL d2dh Readiwrite Fieset with FUC other bits in IE2 may be used for other modules, it is recommended te set or
= = clearthis bitusing 815 . B or BIC, B instructions, rather than MOV . B or CLR. B
(- P2 Input P2IN 023h Read only = instructions.
-..g Output F2OUT 02¢h Readwrits Unchanged T ot 4 IFG2 Interrupt Flag Register 2
(&) _— .
S Diirection PZ0IR 024h Readiwrite Rizset with PUC 7 ‘ 4 ] 2 i 0
-8 Interrupt Flag F2IFG 128h Readiwrite Reset with FUC | el | ‘ | | ‘ | ‘ |
-E' Interrupt Edge Select  F2IES 02Ch Read/write Unzhanged i
- Imierrupt Enable PIE 020h Readiwrite Reset wih PUC
- - L. BTIFG Bit7 Basw:Tlmgr?mlwrupl flag, Bacause othér bits in IFG2 may ba undfc!rorhar
Port Select P2SEL 02Eh Readiwrite Reset with PUC modules, it i recommanded to elear BTIFG automatically by servicing the

interrupt, er by using BIS.B or BIC.B instructions, rather than MoV, B or

CLE. B instructions
0 Mo interrupt pending
1 Interrupt pending

Bits These bits may be used by other madules. See device-specific datasheet
61

 hands-on Lab.
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Buzzer (1

7 angat Rt

* timers description: Timer_ A and Timer_B;

« search in the TEXAS Manual for the chapter related
Timer_A and Timer_B characteristics:
= explanation of timers modes of operation;
= explanation of timers capture/compare blocks: output units;
= presentation of timers configuration: registers.

Table 12-2.Ouiput Modes

Introduction to Microprocessors

Tabl[e 12_1 'n'mer Modes OUTMODx  Mode Description
000 Output The output signal OUTx is defined by the
OUTx bit. The OUTx signal updates
MCx Mode Description immediately when OUTx is updated.
) N 001 Set The cutput is set when the timer counts
Chapter 12 00 Stop The timer is halted. to the TACCRx value. It remains set until
P . a reset of the timer, or until another
01 Up The timer repeatedly counts from zero to the value of output mode is selected and affects the
. tout
TACCRO &
TI mer_A 010 Toggle/Reset  The output is foggled when the timer
i ] counts to the TACCRx value. It is reset
10 Continuous  The timer repeatedly counts from zero to OFFFFh. when the fimer counts fo the TACCRO
11 Up/down  The timer repeatedly counts from zero up to the value of value.
TACCRO and back down to zero on SetReset The output is set when the timer counts
Timer_A s a 16-bit timer/counter with multiple capture/compare registers. This T e - {?HJQECE&ETS x';iuTeA(I:IéSF{;izt&henthe
chapter describes Timer_A. Timer_A3 (three capture/compare registers) is igure 13-11, Caphure Cycle u 2
100 Toggle The output is toggled when the timer

implemented in all MSP430x4xx devices. Timeri_A5 (five capture/compare

registers) is also implemented on MSP430x415, MSP430x417, and counts to the TACCRx value. The output

period is double the timer period

MSP430xW42x devices.

101 Reset The output is reset when the timer counts
to the TACCRx value. It remains reset
until another output mode is selected and

Topic Page vt e et s affects the output.
- N : 110 Toggle/Set The output is teggled when the timer
121 Timer_Alntroduction ......... ... . ...l [122 P counts to the TACCRx value. It is set
12.2 Timer_ A OPeration .........c.euuunieeeernaneernnnnaeeenennn..| 124 Ragar TACETLA when the timer counts to the TACCRO
123 TIMEr A REQISIErS ...oooovve.eeeeieeeeaeeeennennn... [ 12418 value.
11 Reset/Set The output is reset when the timer counts

to the TACCRx value. Itis set when the
timer counts to the TACCRO value.

MSP430

Advanced Technical Conference

a8\
Annnal




uzzer (2
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 search in the IAR Systems Manual for the syntax to
create interruptions for the task (also look in MSPGCC
and Code Composer Essentials manuals):

» C programming specifications (particularities from C standard) to
create a PWM (Pulse Width Modulation) operation to activate the
buzzer:;

12.3 Timer_A Registers

TACTL, Timer_A Control Register

Introduction to Microprocessors

15 14 13 12 1 10 g 8
i i Output E. le—Timer in Up/Di Modi
The Timer_A registers are listed in Table 12-3 and Table 12-4 ‘ Unused ‘ TASSELX | utput Example—Timer in Up/Down Mode
X The OUTx signal changes when the timer equals TACCRx in either count
able 12-3. [imer, eqisiers {0 rw-{0) (0} - L) w0} rw-(0] Lt direction and when the timer equals TACCRO, depending on the output mode:
Table 12-3.Timer_A3 Regist o) 0 0 0) o) 0 0 {0)
An example is shown in Figure 12-14 using TACCRO and TACCR2
Register Short Form Register Type Address _Initial State 7 5 5 4 3 2 1 0 Figure 12-14. Output Example—Timer in Up/Down Mode
Timer_A control TACTLS Readhwrite 0160h Reset with POR
Timer0_A3 Control TADCTL 1Dx MCx Unused TACLR TAIE TAIFG
Timer_A counter TARI Readiwrite  0170h Resat with POR = — e — — — — — —
Timer0_A3 counter Lol TACCTLx, Capture/Compare Control Register TACCRD
Timer_A capture/compare control 0 TACCTLO/ Read/writz 0162h Reset with POR
TimerD_A3 capture/compare control 0 TADCCTL TACCR2
Timer_A capiurelcompare 0 TACCRO/ Readiwite  0172h Rest with POR 5 4 i s n o ¢ :
Timer0_A3 capture/compare 0 TAOCCRO | Chix | cCisx | scs scal Unused cap | oh
Timer_A capfure/compare control 1 TACCTL1/ Read/write 0164h Reset with POR
TimerD_A3 capture/compare control 1 TADCCTLY w—{0) w0} ) w-{0) w-{0) 0} 0) w{0) Ouiput Mode 1: Set
Timer_A capture/compare 1 TACCR1/ Read/write 0174h Reset with POR
TimerD_A3 capture/compare 1 TADCCR1 Ll Output Mode 2: Toggle/Reset
Tirmer_A capturelcompare conirol 2 TACCTLZ/ Readwrte  D166h  Resetwin FOR z o : h 2 z ! 2
Timer0_A3 capture/compare control 2 TADCCTL2 OUTMODE o cal ouT cov - Ouiu Mode & SetReset
Timer_A capture/compare 2 TACCR2! Readhwrite 0176h ResetwithPOR 0 0 0 1 ! I [ | [
Timer(_A3 capiureicompare 2 TADCCR2 . ) il il T it r rve-{) (0} ) i
Timer_A interrupt vector TAIV/ Read only 012Eh Reset with POR TAIV, Timer_A Interrupt Vector Register
Timer0_A3 interrupt vector TADIV
15 14 13 12 11 10 9 8 Output Mode 5 Reset
e ftefefefefefefe] —
Output Mod & Toggle/Set
n () L Ll Ll n L) L
""" | ] Output Mode T: Reset/Set
7 ] 5 4 3 2 1 0 - - -
EQU2 | EQU2 EQu2 | EQU2 T

 hands-on Lab. I N N KN BT Slide 19
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Introduction to Microprocessors

 development task: create a clock to work in hh:mm or
mm:ss by buttons selection;

 analysis of the OLIMEX kit schema with MSP430F449
(STK and STK2);

« ports registers configuration: LED and buttons;
« LCD controller configuration: registers;

« Basic Timer and Watchdog Timer configuration;
* interruptions definition;

 hands-on Lab.
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MSP430@UBI

Classes Advanced

INTRODUCTION TO Applications
MICROPROCESSORS

PRODUCT
DEVELOPMENT

INSTRUMENTATION AUTOMATION ROBOTICS PROJECTS REAL TIME SYSTEMS

Slide 21

i3\ - MSP430
‘-Q\ Advanced Technical Conference

Anntal



Instrumentation

Classes Advanced
INTRODUCTION TO Applications
MICROPROCESSORS
PRODUCT
DEVELOPMENT
INSTRUMENTATION AUTOMATION ROBOTICS PROJECTS REAL TIME SYSTEMS
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MSP430 Monitoring System Z ¥

Objective: develop a low cost system for event record.
System must save on memory time stamps of events
detected by a tilt sensor and a light sensor. ﬁ ﬁ

MSP430

Light
sensor

Tilt sensor -

Signal
conditioning

Signal
conditioning

Instrumentation
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MSP430 Monitoring System

Implementation tasks:
» two audits modes {Manual and Automatic};

develop sensors interface electronics;

buttons and LCD to user interface;

implement a software real time clock;
PC interface.

Instrumentation
[ )

Recommended MSP430 resources:
 |/O ports for LED, LCD and buttons on board interface;

« Basic Timer;
« USART.
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MSP430 Monitoring System

Implementation: Hardware developed board

CElula FomelBctr s
..-.

Instrumentation

Board 3D view
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MSP430 Monitoring System

Implementation: PC data transmission example

[&] Advanced Serial Port Monitor N -|0O] x|
ICu'runaMs Options Data source  Mode Plugins  Help

| COMpot COM2 = Baudrate 57600 ~ Databits 8 ~ (|8 4 9|
| Patytype  None = Stopbts | v Auodelsy (] 70 3|
c —i e
5 S| =0 ]|
© H 03-03-04-05-11-12-13-....
e M 23-24.55.43-23-
() £ 23-56-45-45.33-...
E \
S
—
-
n
c DADOS QUE SE PODEM
w OBTER DA TRAHSMISSAO
DOS VECTORES DO
PROGRAMA
= 1 |
) witetofle | 7 clear | || _om| [

I
COMisopened  Mode>Manual Source?|Shing »> Received bytes:f

Slide 26
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MSP430@UBI

Classes Advanced

INTRODUCTION TO Applications
MICROPROCESSORS

PRODUCT
DEVELOPMENT

INSTRUMENTATION AUTOMATION ROBOTICS PROJECTS REAL TIME SYSTEMS
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Automation

Classes Advanced
INTRODUCTION TO Applications
MICROPROCESSORS
PRODUCT
DEVELOPMENT
INSTRUMENTATION AUTOMATION ROBOTICS PROJECTS REAL TIME SYSTEMS
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Home Automation System

Objective:
MSP430 home heating, illumination and security control.

Automation

Slide 29
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Home Automation System *;%1,

Implementation Tasks:
* clock;

indication of actual temperature;

possibility of two daily temperature changes;

use of LCD kit for easy user interface;
register of all home events.

Automation
[ ]

Recommended MSP430 resources:
« Digital I/O;

 LCD Controller;

- ADC12.
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Light
sensor ‘ Comparator Heating
Indoor

>
O

sensor ‘ Comparator MSP430F449
Outdoor

Motor Speed
Temperature and Direction
Sensor Control

Automation

dhdddiiddbiaiatiiegg

CLCELTTRINE RLA LA AL
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Home Automation System
Py

Automation

Indoor light sensor
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Automation

Window louver system
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MSP430@UBI

Classes Advanced

INTRODUCTION TO Applications
MICROPROCESSORS

PRODUCT
DEVELOPMENT

INSTRUMENTATION AUTOMATION ROBOTICS PROJECTS REAL TIME SYSTEMS
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Robotics

Classes Advanced
INTRODUCTION TO Applications
MICROPROCESSORS
PRODUCT
DEVELOPMENT
INSTRUMENTATION AUTOMATION ROBOTICS PROJECTS REAL TIME SYSTEMS
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MSP430 Robot Implementation

Objective: Implementation of a control board and software
for the FESTO robot.

Robotics

*} ~ . MSP430
= \ Advanced Technical Conference
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MSP430 Robot Implementation *;%1,

Implementation Tasks:
* connection to a PC via RS232;

use all robot axis;

possibility to save sequences for robot actions;
use 16 digital Inputs/Outputs protected;

load and save CAM instructions.

Robotics
[ ]

Recommended MSP430 Resources:

« USART;
« Digital I/O;
« ADC12.

Slide 37
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MSP430 Robot Implementation

LED’s Buttons

5 Cjplies! Drivers
MSPA30F 149 Photocouplers

S Optical
course
. Photocouplers
switch

Robotics

Position
Comparator
Sensor
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Robotics

MSP430 Robot Implementation *;%;

reT—

General view

MSP430

Advanced Technical Conference
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Robotics
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Robotics

B -

Linear optical sensor for longitudinal movement

MSP430

—
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Robotics
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MSP430@UBI

Classes Advanced

INTRODUCTION TO Applications
MICROPROCESSORS

PRODUCT
DEVELOPMENT

INSTRUMENTATION AUTOMATION ROBOTICS PROJECTS REAL TIME SYSTEMS
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Projects

Classes Advanced
INTRODUCTION TO Applications
MICROPROCESSORS
PRODUCT
DEVELOPMENT
INSTRUMENTATION AUTOMATION ROBOTICS PROJECTS REAL TIME SYSTEMS
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MSP430 Solenoid Experiment System %4¢

Objective:
Control and observe solenoid static and dynamic behaviour.

Projects

SSSSSS
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MSP430 Solenoid Experiment System ,%‘

Implementation tasks:
* in static experiment = acquire and process load cell information;

* in dynamic experiment — solenoid current, voltage and position
acquisition;

« PC Interface in all experiments situations for data transmission;
« start/stop data acquisition and power feed.

Projects

Recommended MSP430 resources:
* |/O ports;
* on board buttons and LCD;
 Timer_A;
« ADC;
* interrupts;
 on board LED:;
* on board RS232;
° USART Slide 46

MSP430 i

.J_. \
Annnal

Advanced Technical Conference



Implementation: software flowchart

Configuration T
N p q
ADC, Timer A, /0 Interrupt Request Service
ports, lJSART $
Timer A interrupts
count = 200
i Acquire position
Wait start button l
(72}
-+ ]
(@] i Acquire voltage
. G_)‘ Active Timer A
(@) interrupt l
[
o i Acquire current
Power on solenoid l
i Acquire acquire force
Wait cycle l
Save acquired data
on memory
Timer A interrupts count =0 l
?
Decrement Timer A
interrupts count

Power Off Selenoid

Send Data to PC
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Projects

System results

Corrente vs Tempo
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MSP430@UBI

Classes Advanced

INTRODUCTION TO Applications
MICROPROCESSORS

PRODUCT
DEVELOPMENT

INSTRUMENTATION AUTOMATION ROBOTICS PROJECTS REAL TIME SYSTEMS
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Product Development

Classes Advanced

INTRODUCTION TO Applications
MICROPROCESSORS

PRODUCT

DEVELOPMENT

INSTRUMENTATION AUTOMATION ROBOTICS PROJECTS REAL TIME SYSTEMS
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MSP430 advanced learning kit

Objective:

Development of a PCB board kit with several modules
connected to one MSP430;

Learn how to draw MSP430 systems.

Product Development

Slide 51

MSP430

Advanced Technical Conference



MSP430 advanced learning kit

Implementation Tasks:

 possibility to connect and disconnect the modules;
 access to all microcontroller pins;

several LED’s connected to the ports;

keyboard;

on board LCD:;

Digital /O protected (100 mA);

Serial (RS232) communications;

ethernet communications;

» temperature and luminosity sensor.

Product Development
[ J ([ J o [ J
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MSP430 advanced learning kit

Recommended MSP430 Resources:
* Digital I/O;

« USART;

 LCD Controller;

« ADC12.

Product Development
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Product Development

M

Buttons

Keyboard

RS232 Serial
Communications
MSP430 Digital I/O

MSP430F449

*

LCD Controller

Ethernet
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MSP430@UBI

Classes Advanced

INTRODUCTION TO Applications
MICROPROCESSORS

PRODUCT
DEVELOPMENT

INSTRUMENTATION AUTOMATION ROBOTICS PROJECTS REAL TIME SYSTEMS
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Real Time Systems

{llasces Advanced

INTRODUCTION TO Applications
MICROPROCESSORS

PRODUCT
DEVELOPMENT

INSTRUMENTATION AUTOMATION ROBOTICS PROJECTS REAL TIME SYSTEMS
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SOUBI-MSP430 Real Time Kernel

* Kernel specifications:
= full preemptive;
= priority scheduling.

« MSP430 resources:

= WDT — Tick Source:

+ mode: interval timer mode;

+ clock source: ACLK;

+ timer interval select: WDT clock source / 512;
ACLK: low-frequency 32,768 kHz watch crystals;
MCLK = 1,048576 MHz (Default after a PUC);
Program memory:

+ 1.2kB Code;

+ 264 B Data;

Data memory:
* 56 + 24*(1 + #Tasks)+ #tasks*32 Byte

Real Time Systems

Slide 58
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SOUBI MSP430 Real Time Kernel

« Kernel overhead (Time resources)

= tick rate overhead:
* Rwg™D= C+%y oy [RWCMIT, IxCi+ TRWEMI T IXC ok +iecpts | RWET, IxCpgr

= experimental data:

(72]
=
% Activations
%) 0 1 2 3
£ 0 | 216us | e | o | oo
=
T Number of 1 | 245ps 249us | e | e
& Tasks 2 | 274us | 279us | 313ps | e
3 | 303us | 308us 343us 378us
[ePg 1] DISPLAY Sep 23 1993 08:00a
Analyzer 1 T/div:  oms #:+ SbBms F:+ 57oms 51+ S5blms  Spec.Fncs.
] results Timing New Y—Scalle:[I I ¥ Dial:[ % |Mode:[Scroll | R-S:[+15.6ms Walue at ¥
I R I % I ' " Level:
¢ Tk =16 ms ik [ —
: :
o Copp = 216 ps
¢ Cper = 5x1st activation + 35x(activations -1 + #Tasks)x 29 us Slide 59

MSP430

Advanced Technical Conference

Aiiniral



SOUBI MSP430 Real Time Kernel

= Context switch overhead:
* Rwg™ D= C+CD+X, o] RWeMIT, Ix(C,+CD)

1 i ‘ A<—CSBE—% |
| ; —m»{CSps |a— —
i -Tarefa ‘ —+—Tarefa B—
T i & T & T i

CSg:e

n

£

e

9 >

2 a'a A g

£

l(:U ¢ experimental data: l KSheduler D KTermPeriodica |:| _ KMudTarefa l Tick l _ KIntMudTarefa

L‘qcJ Kernel internals Begin (CD) End (CD) TOTAL
_KintMudTarefa 44 8us -- 44 8us
KSheduler 77,3 us 6,7us 84,0us
KTermPeriodica 48,8us 6,7us 55,5us
_KMudTarefa 90us -- 90ps
¢+ results:

2 CD =274,3 us = _KMudTarefa + KSheduler + KTermPeriodica

Slide 60
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Fixed-Priority Shedulers: Rate — ,;%.
Monotonic algorithm (RM) 9’

« Objective:
= shedulability analysis applying the RM algorithm.

« Rate-monotonic scheduling and analysis:
= processor utilization criterion:
¢ Guarantee for shedulability Liu&Layland (1973);
2 U(n) = I, (C/T) < n(21n-1);
2 U(n)>1 Not schedulable (overload);
2 U(n) < n(2Vn-1) Schedulable;
2 12U(n) 2n(2"-1) Uncertain condition;
= response time analysis:
¢ response time in worst case condition:
2 Vi,Rwe =1+ C;.
2 1= Zeenp | RWS/T I C, .
2 erci/Tkﬁ is the sum over higher priorities tasks;
+ worst case response time calculations:
2 Rwe ) =Ci+ X o | RweIT [x C. Side 61
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Fixed-Priority Shedulers: Rate —
Monotonic algorithm (RM)

 The problem specifics:
= technologic Resources:
+ Real Time Kernel SOUBI;
+ |AR (development workbench);

% ¢ Evaluation kit OLIMEX MSP449.
:‘% = MSP430 resources/specifications:
2 ¢+ MCLK =1.048576 MHz (Default after a PUC)
'(:U Tasks Ports Bit Function
)
o 1 Led 1
Task1 ,
5 Task1 monitor
3 Led 2
Task2 P1 :
6 Task 2 monitor
4 Led 3
Task3 ;
7 Task 3 monitor

Slide 62
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Fixed-Priority Shedulers: Rate —
Monotonic algorithm (RM)

« task model:
= Cmin=12,4ps
» Load(carga) = 1080 x carga us

= C =Cmin + load(carga)
static void Task_Ledl(void)
n {
e UBYTE ControllLed = 1; //function control
Q /*Begin > Port P1 initialization*/
g‘ P10UT bit.P10UT 1 = 1; //ledl = 1;
) P10UT _bit.P10UT 5 = 0; //Taskl = 0;
o PIDIR_bit_PIDIR 1 = 1;
= PIDIR_bit.PIDIR 5 = 1;
= /*End 2> Port P1 initialization */
= while(1){
® /*Begin > Task body*/
&’ P10UT_bit.P10UT_5 = 1; //Taskl = 1 -> Execution begin
if(ControllLed)
{
ControlLed = 0;
P10UT_bit.P10UT 1 = 0;//ledl = 0 -> ledl = on
}else{
ControlLed = 1;
P10UT bit.P10UT 1 = 1;// ledl = 1 -> ledl = off
}
load(CARGA_LED1); // execution time adjustment
P10OUT_bit.P10UT_5 = 0; // Taskl = 1 -> Execution end
KTermPeriodica(); // Kernel call to task terminate
/* Begin 2 Task body */
}
b
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Fixed-Priority Shedulers: Rate —

Monotonic algorithm (RM)

« Experimental Settings:

= Settings 1 = Settings 2
Task Execution time [ms]  Activation period [ms] Task Execution time [ms] Activation period [ms]
E Task 1 5,325 (load(5)) 62,4 (4) Task 1 54,5(load(50)) 124.,8 (8)
)
§ Task 2 54,5 (load(50)) 499,2 (32) Task 2 10,5(load(10)) 62,4 (4)
(7))
opy Task3 10,5 (load(10)) 249,6 (16) Task 3 21,5(load(20)) 93,6 (6)
£
=
)
Q
m L L]
= Settings 3 = Settings 4
Task Execution time [ms] Activation period [ms] Task Execution time [ms] Activation period [ms]
Task 1 10,5(load(10)) 62,4 (4) Task 1 21.5(load(20)) 62,4 (4)
Task 2 27,0(load(25)) 93,6 (6) Task 3 27,0(load(25)) 93,6 (6)
Task 3 54,5(load(50)) 124.,8 (8) Task 2 54,5(load(50)) 124.,8 (8)

MSP430

Advanced Technical Conference
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Fixed-Priority Shedulers: Rate —
Monotonic algorithm (RM)

* Results:
e upper bound Liu&Layland = 0,7798

= analytical results:

(70}

é Settings T(P,) (period) U Rwc(P..,) condition shedulability

& 1 499,2ms 0,24 75,7ms U<0,7798 schedulable

GEJ 2 124,8ms 0,84 118,5ms Rwc(P3)< T(P.,.,) schedulable

(o 3 124,8ms 0,89 140,0ms Rwc(P3)> T(P o) not schedulable
;3 4 124,8ms 1,07 - U=>1 Not schedulable

= experimental results:

Settings Rwc(P o) Condition shedulability
1 76,7ms RWC(Pow)< T(PLow) =499,2ms | schedulable
2 120ms RWC(P o)< T(Pow) =124,8ms | schedulable
3 143ms Rwc(Pow)> T(P o) =124,8ms | Not schedulable
4 237ms Rwc(Pow)> T(Pow) 124,8ms | Not schedulable
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Real Time Systems

Fixed-Priority Shedulers: Rate —

Monotonic algorithm (RM)

Settings 1 results

Settings 2 results

[EiFg] 0] DISPLAY Sep B 1993 02:01p
Analyzer 1 Tidiv:| 20ms ®:[+ S1Gms| R:'+ 552ms  S:+ 475ms |Spec.Fncs.
Timing Mew Y-scale:| 1 x Dial:[  ®  |Mode:Screll R-S:[+76.7ms [Walue at X
——

' . ' = ' ' Level: [5]
Clk1 +
Taskl 1 1 + [0]
TaskZ 1 + [0]
Task3 [ — + 1
Mud_1 L I ¥ 0]
Tick 1 1 1 1 1 1 ] ] + [0]

Settings 3 results
[EFg] 0] DISPLAY Sep @ 1993 01:31p
finalyzer 1 Ti/div: 50ms #:[+ 744ms] F: + 81ldms 5:+ 671ms [Spec.Fncs.
Timing [New  Y-scale:| 1 x Dial:[ ¥ |Mede:|Serell R-S:+ 143ms |[Value at T
N |

' ' 5 ' = I ' Level: [1]
Clk1 +
Taskl —T1 1 1 1 1 + o]
Taskz 1 1 1 [+ o]
Task3 ) PO E— + 1
Mud_1 I | I I ! I + o]
Tick AN N NN Y [ N TN TN T N T T Y N T N A W ]
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£ ] DISPLAY Sep B 1993 01:58p
finalyzer 1 T/div:[ 50ms] ¥+ BlEms R:+ 675ms  S:/+ 555ms Spec.Fncs.
Timing Mew Y-scale:| 1 x Dial:[ T/div |Mode: Step R-5:/+ 120ms Malue at X
 ——

I I s x "1 ' Level: [5]

Clkl +
Taskl 1 1 1 1 [+ 0]
TaskZz 1 1 1 [+ [0]
Task3 - L 7 — T + 1
Mud_1 | I I I I + [0]
Tick I N N L [ [0]

Settings 4 results
[corg) i | DISPLAY Sep 8 1993 92:05p
Analyzer 1 T/div: 100ms ¥:[+ 508ms] R:+ 62lms  S: + 383ms Spec.Fncs.
Timing [New  Y-scale:| 1 x | Dial:[ ¥ |Mode:[Seroll  R-S:|+ 237ms [Walue at X
\ ]

‘ 5 = = Level: [5]

Clkl +
Taskl T— ey I+ [0]
Taskz S IS A Y S o S py S— o]
Task3 Y - 1 T T
Mud_1 L1 | | L1 | | T — | + 0]
Tick TN T I TN I N T A I A A I A A B A A [0}
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Summary ;«%;
* Presentation of the teaching structure at UBI in classes

that use microprocessors;

Exposition of the items covered in the microprocessors
introduction;

Examples of the development works included in several
Engineering classes;

Presentation of last year degree projects using MSP430;

Description of present R&D projects developed by the
Microprocessors Working Group @ UBI
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