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Presentacio

Nocions basiques a les assignatures de batxillerat
i CCFF

Els estudis de grau d’enginyeria
Les assignatures de sistemes digitals

Recursos per aprendre els sistemes digitals
(simuladors, programaris, laboratoris, prototips)

Com ho fem a la nostra escola EETAC?
Aplicacions dels circuits digitals avui en dia



Tecnologia industrial, electrotecnia

e PROCES TECNOLOGIC | FABRICACIO, MATERIALS,
ENERGIA, MAQUINES | MECANISMES,
ELECTRICITAT | MAGNETISME, PNEUMATICA |
HIDRAULICA, AUTOMATISMES | SISTEMES DE
CONTROL (Portes logiques, Algebra de Boole,
Simulador de circuits logics)

 MAGNETISME | ELECTROMAGNETISME,
FE!\IC)I\/IENS EL\I\ECTRICS, COMPONENTS, CIRCUITS,
MAQUINES ELECTRIQUES



Els estudis de grau d’enginyeria
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Doble titulacié de grau en Enginyeria de Sistemes Aeroespacials i Enginyeria de Sistemes
de Telecomunicacid o Enginyeria Telematica


http://eetac.upc.edu/ca/
http://www.upc.edu/
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Com ho fem a la nostra escola EETAC?

Qué volem que siguin capacos de fer en acabar el curs?

v/ 1. Reformulacio de"r‘\ | *Objectius genérics
e \objectius formatius / « Objectius especifics
- -/
e —

Revisio en cada

quadrimestre (cicle) -
P 7~

- /

,/5. Avaluacio del proc?ﬂ\ [ Coherénciai

. | manteniment

d t | % i
\ ocen / de la qualitat  / \ S /

/

/ 2. Activitats i temps\al

- ¢ Exercicis de PBL i cooperacio
® Enquestes , - _ L,
o B Seguiment del proceés amb web e Procediment de resolucié de problemes
e Reflexio i discussio d’assignatura , _
amb companys e Control del temps d’estudi

_ \ / ﬂ\ e Nous materials

4, Avaluacioé continuada de ! . . \
. vaiuact in [4——— 3. Metodologies actives |

que aprén I’estudiant/ \ /

e Feedback immediat

Aprenentatge cooperatiu amb grups base i PBL
* Portafolis de I'estudiantat

e Esquema sumatori amb examens de minims

eRubriques de correccio



Treball en grup i per projectes

‘ =77 « Cooperacio amb els
companys de grup,
constancia, i actitud
d’esforc i iniciativa

L

* Problemes i projectes
semiestructurats.

e S’espera que els
estudiants aprenguin
autonomament

* El professor déna suport
pero no ho explica tot



El temari i les classes son per dissenyar
projectes que han de funcionar
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Control de motors, rellotges, maquines d’estat,
temporitzadors, processadors dedicats, subsistemes de
comunicacio, sistemes d’adquisicio de dades, etc.



Problemes i projectes

<The sequence to organise every project (or every project phase)

NO

Y
Crm) & (30) o () o ()
) 4 Y 4

What the project
has to do?

Which is the aim of
the application?
Study the theory
and concepts that
the project requires

= Target chips: Let's use the Microchip: PIC18F/PIC16F, or Atmel: ATmega8,

Design de hardware
Organise the software
files and folders

Use the FSM strategy
and interrupts to

handle peripherals. to program the
Write down your own chip.

notes to dissuss with

your peers

s [nstall and run the
microcontrollers’
IDE environment

» Generate the
“hEI“, l-f-c nf!!, ﬂe“'!!
configuration files

Use Proteus-VSM.
Use the PICDEM2
or another training
board to get resuts
amb obtain
laboratory
measurements.

ATmega3585, ATtiny2313 or Arduino.
= Do not start from scratch but from a previous or sample design Available in our web

Programmable logic
devices and VHDL

oesk

project ~

wan

YES
X

G] Documntatinn)

Y

Use The supplied
template “docx.
Define the
document layout

English

Self-directed learning

Microcontrollers

Oral and written
communication

Project management

Lab skills

Team work




Recursos per aprendre els sistemes digitals

(També pel nostre compte si teniu vocacio i iniciativa)

e Bibliografia (extensa i actualitzada: assignatures basiques de multiples
enginyeries)

* Internet (classes, videos, pdf, tot tipus de materials)
« Simuladors (Molt potents i amb versié gratuita d’introduccio)
* Programaris CAD — EDA (Per automatitzar totes les fases dels projectes)

* Laboratoris iinstruments (Imprescindibles per muntar prototips i
realitzar mesures de verificacié de funcionament)

* Targetes d’entrenament (per arrencar sense haver de soldar les PCB)

* Prototipatge i targetes de circuit impres PCB (per realitzar els primers
muntatges reals, empreses online per fabricar-les a baix cost)

e Suport del professorat

* Un lloc per comencar: digsys.upc.edu, la pagina web en obert de les
nostres assignatures
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Programaris amb versio freeware
(edicions WEB d’introduccio)

Proteus VSM

AINTERAY 2 XILINX'

ispLEVER Classic / Diamond

CLASSIC * Iﬁ'ﬂ&'{%ﬁ GQuartus Il ISE

NARE

Synplify Pro (Lattice Edition)

F§ Active-HDL ModelSim. ISE Simulator (1Sim)

(Lattice Edition) (Altera Edition) (Xilinx)

orm niversa

AIMEL AVR Studio 6




Targetes d’entrenament PLD/FPGA

Lottice LC4128 & @
Rev: 2

Maerz 2009
www.hardware—design.de
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Lattice ispMACH4128V TQFP100

http://digsys.upc.es/csd/chips/chips.html


http://www.latticesemi.com/dynamic/view_document.cfm?document_id=3646
http://www.altera.com/literature/hb/cyc2/cyc2_cii5v1_01.pdf
http://www.xilinx.com/support/documentation/data_sheets/ds094.pdf

Circuits programables sPLD/CPLD/FPGA

Inputs Programmable OR Inputs
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Exemple (1) Sumador;
Exemple (2) Codificador de teclat


http://digsys.upc.es/csd/P03/Adder_4bit_RC/P3_tut_4bit_adder.html
http://digsys.upc.es/csd/P06/P6.html
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Circuits programables sPLD/CPLD/FPG
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“Escriure” esquemes amb llenguatge VHDL

aualimux2
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B 7 Digit_Units
--p ble ti (CSD, 10-11, @1, EX4, Ph I11) . .
[Programmable timer (CSD, 10711, o1, PR P e D % traffic_Fsm.vhd YHL File
[LIBRARY IEEE; . .
USE IEEE.9TD LOGIC 1164.ALL; % traffic_conktroller_top_3.whd  WHD File
USE IEEE.STD LOGIC ARITH.ALL;
USE IEEE.STD_LOGIC_UNSIGNED.ATL . . yelowb
% timer_Fsm.whd YHD File
EHTITY progr_timer top IS
PORT { i
TP, CLE, D : IH std_logic; |l| TFF_FSM."-"h'j II'IIHD FIlE
<] : IN std_lugic_vactar (1 dowmto 0);
Timer_Out i OUT std_ laogic; H H
T4, TE, TS, TD : IH std_logic_vector (13 downto O) |1"| png_tln'lE:r_tDp.'-.-'hd II'IIHD FIlE

1
[EHD progr_timer top;

IBRCHITECTURE schematic OF progr_timer_top IS
- - Components

COMPONENT fourteenmuxd IS

\*%| freq_divider_top.vhd
\%| Freq_div_125875.vhd
\%| Freq_div_50.vhd

port (
el : in ETD_LOSIC_VECTOR (1 downto 0);
Ch0, ¢hi, ChZ, ch3 : in 27D LOGIC VECTOR{13 downto H
¥ i out 2TD_LOGIC VECTCOR (13 dowmto 0) |1"| Fr'E-'l:I_ljl"."_E."."hlj

END COMFOHENT;

COMPONENT down_counter IS

Port (
CLR i IH ATD_LOGIC;
cD : IH S8TD_LOGIC;
LD : IN BTD_LOGIC;
CE : IH STD_LOGIC;
Din : IH gTD_LOGIC_VECTOR(13 DOWHTO 0);

\%| Fourteenmuzx4, vhd
\%| dualmuxz . vhd

\%| down_counter, vhd

YHD File
YHD File
YHD File
YHE! File:
YHD File
YHD File
YHE! File:

:OnlyB
\

)
= 4/00!»‘»‘«



Per exemple: descodificador de 3 a 8

library ieece;
use leee.std logic 1led.all;

entity texas74L5138 1is
port (
a,b,c: in =td logicy
Gl, GzA, GZB : in std logic;
v: out std logic wvector (7 downto 0)
I
end texas74L3138;

architecture decoder of texas74LE3138 is

signal sel : =td logic wvector(Z2 downto 0);
signal ytemp : std logic vector (7 downto O]
bagin

se]l <= as&b&c
with =e]l select

vitemp <= "01111111" when "000",
"10111111" when "001™,
"11011111" when "010",
"11101111" when "011™,
"11110111" when "100",
"11111011" when "101",
"11111101" when "110",
"11111110" when "111",

"11111111 " when others;

v <= vitemp when ((5l and (not GZA) and

end decoder;

[ ]
. -
B
16
1
CONNECTION DIAGRAM DIP (TOP VIEW)
Voo Op O 0Op 03 05 05 O
[16] [1s] [14] [1a] [r2] [11] [10] [o]
[e]
Ag Ay Ay Ey Ep E3 07 GND
Ay Aq Ag E1 Ez Ea

: ® o] O ®|®! |® Vce =PIN 16
GND =PIN 8
V Y V (O = Pin Numbers

@l @ L &l ®

O7 Og Og o] Og 02 (OF ] Op

inot GZB)) = '"1'") else "11111111";



ntroladors

: ‘ 8-bit microprocessor
P~\‘ . Programmable - s Data Bus 8
dedicated ~1 —
N processor ~N 7
Pk 114
e A bank of 8-bit data @
g registers to save
= operands and RAM
results
AT ——1 256 bytes
File
PIC® MCU and dSPIC®  osong s | Regiser

Mlc?mm Family Roadmap ]

—>{  STATUS Reg K=
o‘ : 3
o Ly ?\}
add, subtract,
hift,
@ <S:o;npare, N\ ALU
AND, OR, etc. |
/7 8 l}

Working 8-bit

register < W Reg
PIC24F (partial

results) g

Enhanced
Mid-Range

Baseline




Microcontroladors (també
Arduino/Raspberry Pl)

Input Devices
Interfacing/
Driver Circuits
'g l;drogrnm s
S emory
c‘:_ Lrocephn and Data £
= Memory =
3 £
g
3 &
& Serial !
g Timers Communication 4
! Ports =
2 Y
a <
&
2 5
] I »
z nterrupt Parallel @
o Controller Ports
(Output Interfacing/|
Driver Circuits

verter
s l-h:!-*‘*“"wg e
Digh™"1pAQ)

> yertef »
’ 1o.0igitel €7
Anolod™ 4p0) =

Sensors

Controladors externs




Targetes d’entrenament microcontroladors

, RS232
i = : Transceiver
L — — " Regulator ISSP Header
- : \ L . : '8 : : -.' T, % . :

Reset
Button

POT

Button

LCD
Contrast

LCD Module



Arduino, Raspberry PI, etc.

Bavabaryy Pl Wosel B VLS
WIhwnprarry #1 P4
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=
=
=
=
=
3
=
-
=
=

Windows Developer
Program for IoT

We're bringing Windows to
a new class of small devices.

What will you make?

Get started (@




Per desenvolupar aplicacions senzilles

Input devices Output devices

2 g *&

Radio link 7-segment displays Indicators

# Mlcrocontroller 5
> nk L >
Push buttons Swilches ’ -
= Servo engines
ﬁ
r”' —
— X

Sensors

Potentiometers

Analogue devices LCD & VFD displays

and indicators

‘ Buzzers and speakers

Computer link

EEPROM
memories



Systems on Chip

Emergency Stop

Stepper Motor
Speed and

Direction M
Control
M

Tx

Microcontroller

“ y, a0
L —  360°
Can be integrated as well I:l
if FPGA is used rather than CPLD % O
] ¢ Il
- - Interrupt .
= = Rogee Motor Position
Feedback

Comparator



File View Edit Tools
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Disseny de PCB

£

T.l

.
b b 444k

B2 Board - C:\temp!, PCB2PIC18F4520_PCB.brd - EAGLE 7.2.0 Light

| SESEELERLE AL

File Edit Draw ‘iew Tools Library Options ‘Window Help

[CRAe@|: liERaaaas e |

o || % B

I8

0.05inch (0,45 1.30) | ||

|| Routing ¥ariants Dialog

Routing Yariants

1 completed Optimized:
2 completed Optimized:
3 completed Optimized:
4 completed Optimized:
5 completed Optimized:

100.0%: Vias: 4 (TopRouter)
100.0% Yias: 0
100.0% Yias: 3
100.0% Yias: 0
100.0% Yias: 4

Cpkiriized: 100,0% finished




Exemples d’aplicacions

AM-4822
DIGITALANEMOMETER

4 digits LCD display

Low friction ball-bearing and carefully
balanced vane results in accurate
velocity measurement

4 display mode: m/s, km/h, ft/min, knots
Built-in temperature "C / °F measurement
Data hold for easy reading

Ideal for use in checking air conditioning
& heating systems, measuring air
velocity, wind speed, temperature, etc.

Technical specifications
Air velocity: 0.4~30.0 m/s, +=2%+1d
1.4~108.0 km/h, +2%+3d
80~5910 ft/min, +2%+2d
0.8~58.3 knots, +2%+2d
Resolution: 0.1m/s, km/h, knots or 1 ft/min
Temp.: 0~60°C, +0.5°C,
32~140°F, +0.9°F
Resolution: 0.1°C/0.1°F
Battery: 1.5Vx4, AAsize
Dimensions: 69X150X32mm




Exemples d’aplicacions

l - s
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il s
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lA‘ - B
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xantrex

lE’EB
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o
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{3 o0e ) mamun! synchronics
l ° ‘ f Battery Monitor
e .ea

— .

T —

A temperature and humidity data logger A battery's voltage monitor




Exemples d’aplicacions

Comfort &
Volce Driver
Convenience Recognition Audlo Assistance
nAt(ernet Systems System
cess
GPS
Digital
Telematics Radio  peonile
Phones
Rear-seat
Entertainment Night Vision &
Lane Waming
Multimedia
Systems Adaptive Crulse
Control &
Heladlllp Collision Warning
Display Display Tire Pressure
Games Systems Monitoring
Consoles
Park/Reverse
Assist Instrument  paconfigurable

Clusters  ynctrument Clusters

https://www.edgefx.in/importance-of-embedded-systems-in-automobiles-with-

applications/



https://www.edgefx.in/importance-of-embedded-systems-in-automobiles-with-applications/

Exemples d’aplicacions

Sattelite

Position

Data
GPS
Receiver

Speed

MAP Display I

Navigation

Gyroscope

Other Sensors |Direction Voice

i

Map Data

D "
N—

=/ >| DVD-ROM

Map and Voice
Data




Exemples d’aplicacions

Water Level Sensor

“LM-393
Driver

.,
nsor H

Moisture Se

Arduino \

~
L A

Relay Module

RTC

8n|d oV 0ZZ/LTT

= Water Pump

WATERING SYSTEM

http://www.instructables.com/id/WATERING-SYSTEM-INTRODUCTION/



http://www.instructables.com/id/WATERING-SYSTEM-INTRODUCTION/

Exemples d’aplicacions

LCD
PIC
Microcontroller

nanowatt 153

Connector
USB Driver (=)
LCD .

110 Audio Alert

@

Electrodes

Power Source

Digital Medical Devices Fueling a Quiet Revolution in Health Care



https://issuu.com/rtcgroup/docs/rtc1008/10

ESA. Mesura de la qualitat de |'aire
School Lab Air Quality — LPS 19



https://lps19airquality.esa.int/

Exemples d’aplicacions (Smart Cities, 10T)

Smart
Lighting
Smart
Grid Pedestrian
Navigation
Ramata Appliance
Avoidance s Miniatunization and advances
in packagng technologies
Smart * Advances in flash
Homes * New class of powerful, but
low-cost and low-power MCUs
A utBoI;?Sbon P Smart « Cloud-based services
Safety Tags
Smart
Parking Air Quality Supply Chain Applications
control Automation
Smart Smart
Health
Software
Sensing ———— Technology

Accelerometar MCU NFC GPS

Mognretometer MPU 6LoPAN BT/BTLE

Gyroscope Hybrid MCU/MPU Sub-Gig  Wi-Fi*
Pressure Network Processor ZigBee® RFID
Altimeter Cellular

Temparature atc,



Exemples d’aplicacions ...

Home Appliances: Washing machines, microwave appliances, security systems, dishwashers, DVD, HV
and AC systems, etc.

Automobile: Airbag systems, GPS, anti-locking brake system, fuel injection controller devices, etc.
Office Automation: Copy Machine, Fax, modem, smart phone system, printer, and scanners.
Entertainment: Video games, mp3, mind storm, smart toy, etc.

Security: Building security system, face recognition, airport security system, eye recognition system,
alarm system, finger recognition systems, etc.

Industrial Automation: Voltage, temperature, current, and hazard detecting systems, data collection
systems, assembly line, monitoring systems on pressure.

Aerospace: Flight attitude controllers, space robotics, automatic landing systems, navigational
systems, space explorer, etc.

Medical: Medical diagnostic devices: ECG, EMG, MRI, EEG, CT scanner, BP Monitor, Glucose monitor.
Banking and Finance: Share market, cash register, smart vendor machine, ATM
Telecommunication: Cellular phone, web camera, hub, router, IP Phone

Personal: Data organizer, iPhone, PDA, palmtop.


http://www.edgefx.in/applications-of-short-range-technologies-using-zigbee-technology/
http://www.edgefx.in/best-steps-to-design-a-simple-remote-control-robots-for-beginners/

