Navermatiuwo Awyaiov

TuAna Mnxavwwv NAnpodoplakwy kot Emkovwviakwy
ZUOTNUATWV

Awadiktuo Twv Mpaypatwy

E€umvec cUOKeVEC, aloOnTNpPEC Kal actuators,
nAATPOpUEC UALKOU yLa loT, ndromoinon
dedopevwv



Ac maiéouvpe! Bpeite Tov umtoAoyLotn)...




Meoa o€ pla Pndlakn pwtoypadpikn pnxavn
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E€UMVEC CUOKEUEC: UTIAPXOUV TTOVTOU

Ubiquitous computers



T elval;

o Mua €€uTtvn cuokeun eival pLa NAEKTPOVLKA CUCKEUN,
ouvOedepEVN HUE AAAEC OUOKEUEC N SlkTua pLECW
SladopeTkwyY, cuVABWC ACU PUATWY, TIPWTOKOAAWY OTIWE
Bluetooth, Zigbee, NFC, Wi-Fi, 5G K.ATt., TOU UTMOPEL va
Aeltoupynoel o€ kamoLlo PadOuod dladpaoTikad Kol aUTOVOLLL

o
B




[atl pag evoladepouv oto loT;

-1 ATtoTteEAOUV TO PACLKO «CUOTATIKO» TWV Tapudwv (edge) evoc
TETOLOU OIKTUOU

local gateway

((“))
%hemet

WiFi




AlocOntnpec kat actuators (EvepyomnoLntec)

01 To TUNMO EKELVO TWV EEUTIVWV CUOKEUWV TIOU AaPAVEL TLC
uetpnoelc (atocOntnpec) n ekteAel Stadpopec eVEPYELEC
( d Ct u atO FS) /@\ Machine Vision / Optical

\ Ambient Light m

e

Position / Presence / Proximity

*

S

= Acceleration / Tilt
49@

Electric / Magnetic

=

Maotion / Velocity £ Displacement

Temperature

Humidity / Moisture

' ¢

Leaks / Levels

Acoustic / Sound / Vibration

pf

Force / Load / Torque

; Chemical / Gas
Strain / Pressure




AlocOntnpec

Elval cuokeueg ou petafaillouv to onpa €€060U TOUG
oUUPwWVA LLE Mot CUYKEKPLUEVN PuaoLKn TtocoTnTa (elcodoc)
Mo mapadelyua, kamolot atcOntipec pwtoc (LDRs — Light
Dependent Resistors) petafaiAouyv tnv aviiotaon Toug avaioya
LLE TNV TtoooTnTa PwTOC Iou dExovTal
Katnyoplomoinon atcOntnpwv
Active vs. Passive
AvTtAel 0 aloBnTApOC EVEPYELA ATIO TO LETPOUUEVO ONUQL;
Wndrakoti vs. AvaAoyikol
Elval to onpa e€660ou SLakpLto 1} CUVEXEC;
AA\N Katnyoplomoinon: He BAaon T LETATPOT TTOU KAVOUV
(6nA. TL eloodo Aapfavouv kat Tt €€0do rmapayouv)

DwTtonAektpLkoi, BepponAektpikol, NAeKTpoxNULKOL, BEppo-0TTIKOL,



BaoLlKEC KATNYOPLOTIOLNOELC allocOnTNpwv

Active vs. Passive
Active sensors: Arntattouv e€wtepikn tpododoaoia (taon dleyepong —
excitation voltage) yla tnv mapaywyn tou orpatog e€06ou Toug
Passive sensors: H evEépyela yLa TV mopaywyr Tou cnpotog e€06ou
TIOPEXETOL ATTO TO HETPOUUEVO ONMa XwPLg TN xpron taong
OlEyepong

Wndlakotl vs. AvaAoyikol
Wndlakol atocOntnpec: 1o onpa e€66ou tou atcOntnpa ival
Suadko

AvaAoylkol atocOntnpec: to onua €66ou tou alcOntnpa ival
OUVEXEC KoL ALVAAOYO TOU LLETPOUUEVOU CHUOTOC



TumoL atcOntnpwv (1/5)

AloOntnpec Beppokpaociog
lowc o 1o eupewc Sltadedopevocg TUTTOC

Ol aAAayéc otn Beppokpacia aviiotoouyV o€
aAlayeg o€ kamoLla GuoLkn LBLOTNTA TOU
aloOntipa OnMwe N aviiotaon A n taon /

|SLALTEPWC XPNOLUOL OE EPYOCTACLA, OTTOONKEC,

LETEWPOAOYLKOUC 0TaBOUC KoL 0T YEwpYla
AloOntnpec vypaoiog

H xpnon touc cuvdualetal ouvnBw Le auTA TWV

alcOntnpwv Bepuokpaociog

ApPKETEC POpPEC «EpYOVTAL» OTO L6LO TTAKETO
MopOOLEC OPXEC AELTOUPYLOC LE AUTEC TWV
alcOntnpwv Bepuokpaociog

Xpnotwuol entiong otnv epodlaotikn alvoida
(ouvtipnon tpodiuwyv) Ko oTLg povadeg vyeiag



TuroL aoOntRpwv (2/5)
N

o AloOntnpec dwtog

o Apxn Aettoupylag: petafoAn avtiotaong n
dwtonAektpko pawvopevo (dwtodiodol)

0 Mpoocappoyn dwielvoTNTAC OE EEUTIVEC TNAEOPATELC,
Kwvntd tnAEdpwva, 060vec umoloylotwy

0 E€umtvec MOAELC: tpooappoyn Snuoctlov dwtlopou

o AloBntipec nxou

o Apxn Asttoupylag: Tdon HECW NAEKTpOUAYVNTIKOU N
rite(onAektpLkol GoLVOUEVOU

0 ZnUOvTLKol oTic £EuTtvec MOAELC (nxopumavon), ...

0 ... 0AAQ KoL 0€ EPAPUOYEC KATW aTtO TNV eMLdAVELN
Tou vepou (Lbpodwva)




Turnot atcOntnpwv (3/5)

AloBntnpec otabunc vdatwv/vypwv

Mropel va eivai amtAdol pe dtakormtikn Asttoupyla,
aAAQ KoL va otnpillovtal otn HETPNON TNG
VOPOOTATLKNC TILEONC, OE OTITLKA PalVOUEVDL
(LETpnon SLaBAolevou pwToC), O AITOOTOAN Kall
AN UTTEPNXWV, ULKPOKU LLOTLKWYV TIOAUWV K. QL.

2 NUovTIKol og ouotripata npostdomnoinong
ANV PpWV aAAQ KoL 0T Blopnyovia

AloOntnpec eyyvutnTog

AvixveUOUV TNV TTOPOUCLA EVOC OVTLKELULEVOU KoLl
npoodlopilouv TNV amootacr Tou oo Tov
aLcOnTAPA LEOW TNG EKTTOUTTNAC Hiac S€ounc
NAEKTPOMAYVNTIKAC aKTIVOPBOoALaG

MeyaAo ntAnBoc ebapuoywv: EEumva autokivnta,
POUTTOTLKNA, LNXOVEC EPYOOTACLWY, aepomoplia,
£EUTIVOL TLALPKLVYK, ...



TUmoL altcBntnpwv (4/5)

AlocOntnpec kivnong

AeLtovpyia pe armooTtoAn Kat AP n VTTEPNXNTIKWV
KUUATWYV, NAEKTPOMAYVNTIKWY KUMATWVY, aViXVEUGCH
HetafoAwyv oto uTtEPUBpO dAoHa KOl CUVOUACHO TWV
neBOdwv avtwv

EdapuoyEC: cuotrpato ocuvayeppol, cuotipata
£€0LKOVONONC EVEPYELAC, EEUTIVEC KAUEPEC, OUCKEVEC LLE
OLUTOMOTOTIOLNUEVEC AELTOUPYLEC

ETTA{UVOLOMETPA KOL YUPOOKOTILL

ETITOXUVOLOUETPO: avixveuon HETABOANC TaxUTNTOC KoL
kpadaouwv (kivnon og kamotov afova)

[UPOCKOTILO: LETPNON YWVLOKNC Taxutntac (meplotpodn
yUpw oo Karmolov aéoval)

2uvnOwc ave padl

EdappoyEc: mAonynon, pOUoTIKA, consumer
electronics, og Blopnxovikecg dStadkaoiec pe meplotpodn




Turnot atcOntnpwv (5/5)

ALoONTAPEC ELKOVOLC

Amtotelouvtal ano ¢wrtosvaiocOnta otoLyeia, Ta omoia
elval Slatetaypeva o popodn dtodlaotatou mivaka

MA€ov, kataokevalovrtal, Katd KUpLo AOyo, O€
texvoloyia CMOS
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Epappoyec: e€unva oxnuata, cuothpota achadeiag,
OTPATIWTLKOC EEOTIALOOC OTIWCE POVTAP KOl ocovap,
LOTPLKEC CUOKEVEC amelkoviong, Pndlakeg

dwTOYPAPLKEC LNXOVEG, ...

XnuiKkotl aloOntnpeg
MrtopoUv va aviyveUoouV XNHULKEC EVWOELG, KUPLwC o€
UYpPQ N OTOV aEPQL
Edappoyec: Blopnyavika cvotipoata aochaleiog,
cuvotnpota tpootaciog nepLBAAAOVTOC, EEUTIVEC TTOAELC
(€Aeyxoc atpuoodalplkng pumavonc)



AANoL TUTIOL ALLoONTNPWV

ALoOnNTNPEC LTIEPNXWV
Arootaon Kol ToxUTNTA OVTIKELUEVOU
AlcOntnpec umepuBpwv

ALOLKPLTOC TTIOUTTOC Kol SEKTNG — KUPLWCE yLaL AViXVELON OVTLKELLEVWY
OE€ OUYKEKPLUEVO onuelo

AloOnTtnpec niteonc
AloOntrpeg moLotNTaC VEPOU
AloOntrpeC Kamvou

Orntikol aloOntnpec

M.x. aoOnTApPEC avixyveuonc dwTLAC, UE EKTLUNON TNG
Bepuokpaoiac LECW aViXVELONC TOU XPWHOTOC EVOC OVTIKELUEVOU



Actuators

NapBavel evtoAec (pe tn popdn NAEKTPLKWY CNUATWY) KOL TLC
LLETATPETEL OE KATIOLOC LOoPPNC Kivnon, TT.X.:

Avolypa kot KAeiowuo BaABidwv

AN\ayn B€onc cuoKELWV

Evepyormoinon i anevepyomnoinon cUCKELWV

Exkropuni AXwv N ¢wtoc

# | Actuator

= mover




TUToL actuators (1/2)
N

o Fpappikol actuators

0 XpnotuoroloUvTtal yla TV Kivnon
QVTLKELMEVWYV O€ eVBeia ypapun

o Kwntnpeg (motors)

0 Xpnolgomolouvtal yLa Ty mepLlotpodn)

£EQPTNUATWY CUOKEUWV 1 OVTLKELLEVWV
m Servo motors
m Stepper motors

m DC motors




TUTOL actuators (2/2)
s

-1 Pelg (relays)
HAEKTPLKA EAEYXOUEVOL OLAKOTITEC

H Asttoupyla toug otnpiletal o€

NAEKTPOLLAYVITEC KAl XPNOLUOTIOLOUVTAL YLOL .
TNV (am)evepyomnoinon NAEKTPLKWY CUCKEU WV
aAAQ KOLL CUOTNMATWY EEUTTVWV OXNUATWV

= Solenoids
Elvall elOka oxeOLACUEVOL NAEKTPOLAYVATEC
XpnoLyomolouvtal ooV THAMOTO NXOVLIC LWV

KAELOWMATOC N EvEPYOTIOLNONG

m OLKLaKEG oUOKEVEG (BaABideg mAuvTnpiwy),
OUOKEVEC ypadeiou (EKTUTIWTEC), auTtokivnTa
(kAeldaplEg), BlopnxovikoU g AUTOUATIOMOUC K. QL.




MAatdoppec uAkou yia loT

Yriapxouv 3 €MIAOYEC

MAatpopuec otnpL{OpeVeC o€ ULKPOEAEYKTEC (MCUs —
MicroController Units)

Single Board Computers (SBCs — otnpilovtal o€
LLKPOETIEEEPYOOTEC)

MAatpoppec otnpLlOUeVEC O Tipoypappati{opeva (emava-
Stapopdpwotpa) ohokAnpwpeva (FPGAS)

2 NUOVTLKEC SLaPOopPEC € UTTOAOYLOTLKNA LOXU — KATOVOAWGON —

KOOTOC



MAatdoppec oTNPL{OUEVEC OE ULKPOEAEYKTEC
a
-1 Muwkpotl 8-bit 1 32-bit uikpoeAeykTec

7 Mwkpn katavalwon woxvoc (umatopia)
0 Mwkpn €we HEON XWPNTIKOTNTA LVAUNG
o Alddpopa MPWTOKOAAA oUVOECNC, TOOO UE TIEPLDEPELOKEC
OUOKEVEC (awoOntripeg, actuators) 6co kot pe to Hiktuo
Ethernet, USB, WiFi, Bluetooth, ZigBee

o1 KataAAnAec yia peyado nAnBoc epappoywv loT

o MNapadetypata: Arduino, ESP8266, Particle Electron




ESP32

[MpOKELTOL YLO it CNUOVTLKA
avafaBbuion tou ESP8266

Elvail tbaviko yla edpoppoyec loT

Dual-core processing @240MHz,
500KB RAM kot péxpt 16MB pvAun
Flash

Bluetooth Low Energy kot WiFi

MoAU uikpn katavaiwon (25-200mA
O£ KOWVOVLKN Asttoupyia katl 3mA oe
sleep mode)



XPNOLLOTIOLOUVTOL OUWG TIPAY LLOTLKA,;
T

1 APKETA EUTOPLKA TIpOTOVTA VLA EPAPOYEC EELTIVWV OTILTLWV
XpNolpomnolouv MAATPOPUEC TNC OoLkoyeveLlac ESP




MAotdoppec SBC
N

o YmoAoyLoTikn Loxug N ©
o MvAun N O
o Katoavdlwon N B
0 Kootoc N B

0 Napadeiypoata: Raspberry Pi, BeagleBone Black




MAatdoppec otnplopevec os FPGA
2|

0 2uvnBwcg mepthapBavouv oAokAnpwpeva tumov SoC (System-
on-a-Chip) = pkpoemnetepyaotnc + mpoypoppati{Opevn
AoyLKn

=1 Av oL akplBEc umtoloylotika Stadikaoiec uAomownBouv otnv
NPoYypPAUaTI{OUEVN AOYIKA:

MoAU vPnAn armodoon, peyaAutepn amo twv SBC

Mrtopel val €{ouv HLKPOTEPN KATAVAAWGCHN OO
Touc SBC

o Nopadeypa: AVNET MiniZed




Field-Programmable Gate Arrays (FPGAs)
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FPGAs: Ipappec Staocuvdeonc (kaAwodia)
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FPGAs: Configurable Logic Block (CLB)

OL tUAec VAoTtoLOUVTAL LECW
TWV TILVOKWV aAnBelog toug

G4

OL mtivakeg autol lvall LVAUEG s

kot ovopalovtal Look-Up
Tables (LUTSs)

AAN\A{ovTaC TO TIEPLEXOULEVO
TWV pvNUwv, aAAAleL Kat n
ouvapTnon nou VAomoleital,
ApaL KOl N avTioToLyn TUAN

AUTO €lval o Baolko
XOLPOKTNPLOTLKO TIOU
ETUTPETEL TNV
avadlapopPwaon Tou UALKOU
Twv FPGAs

G2

G

F5IN

BY

SR

F4

Fa

Fz

F1

BX

CIN

CLKE

CE

couTt

Camy
and
Contral
Logic

YB

CK

EC

YO

Camy
and
Contal
Logic

XEB

CK

EC

X0




Wnodlomoinon 6edopevwv

ApKEeTEC POPEC oL aLoONTAPEC IOV XPELAl{OUAOTE Elvol
avaAoylkoi, SnA. n €€060¢ Touc eival Eva avaloyLlko onpa

To onpa auto Ba mpemel va petatparnetl oe Pndlakn popdn
WOTE va elval duvath N xpNoLUomoinon Kol N MEPALTEPW
eneéepyaoia Tou evtog Tou SIKTUOU

H petatpomnn autn yivetal amo LKA KUKAWUOTO TToU
ovopalovtol LETATPOTIELC aTto avaAoyLlko og PndLlako
(Analog-to-Digital Converters — ADCs)

N, N ADC out UL




Apxn Aettoupyloc evoc ADC

AvUo Baoka BApota
AetypatoAnyia kat cuykpatnon (sampling and holding)

KBavtiopog kot kwdikomoinon (quantization and encoding)

I 1
Input analog : |_| I’ : Output digital
signal i i signal
us(t) E 5 i ——@® Dy,
° : AN j Quantizing and
' Encoding
| 1 1 ) — D
[Pl w .
\ i circuit Do
I

_________________

Xapaktnplotika ADC
PuBuocg deypatoAnyiog

AvaAuon (resolution = mooa bit xpnolpomnolovuvtal yia kKwdikomoinon)



[Mou Bploketal o ADC kol mwe PeTadEPOvVTOL
o 0edoueva;

Mou Bploketal o ADC;
ZEXWPLOTO OAOKANPWHUEVO
Kamotleg dopéc meplhapBavetal otov alcOntripa

APKETOL ULKPOEAEYKTEC £XOUV EVOowHATWHEVOUC ADC

Otav n Yndlomoinon tou avaAoykol CAUOTOC YIVEL EKTOC
TOU OAOKANPWHEVOU TIOU EAEYXEL TOV KOUPO, TOTE T
dedopéva ov €xouv MpokUPeL peTtadhEPOVTAL OE AUTO LECW
ulog, oelplakng cuvnBwe, dtemadng

UART

SPI

12C



UART

While USB has almost completely replaced those old cables and
connectors, UARTs are definitely not a thing of the past. You'll find UARTSs
being used in many DIY electronics projects to connect ,

, and to your Raspberry Pi,
Arduino, or other microcontrollers.

DATA BUS UART 1 UART 2 DATA BUS
Dit 0 =———p — b it O
bit 1 =——— —> bit 1
bit 2 =———— —_— bit 2
bit 3 ———p —> bit 3
Bit 4 ———— \ ey bt 4
bit 5 =—— — bit 5

bit 6 =—m—
bit 7 se—)

— bit 6
—_— bit 7



http://www.amazon.com/gp/product/B00GLW4016/ref=as_li_qf_sp_asin_il_tl?ie=UTF8&camp=1789&creative=9325&creativeASIN=B00GLW4016&linkCode=as2&tag=circbasi-20&linkId=BORE3U3LAKPO4T3K
http://www.amazon.com/gp/product/B0093XAV4U/ref=as_li_qf_sp_asin_il_tl?ie=UTF8&camp=1789&creative=9325&creativeASIN=B0093XAV4U&linkCode=as2&tag=circbasi-20&linkId=KQJBCL2OWLQU2MJ7
http://www.amazon.com/gp/product/B00RWIKTVS/ref=as_li_qf_sp_asin_il_tl?ie=UTF8&camp=1789&creative=9325&creativeASIN=B00RWIKTVS&linkCode=as2&tag=circbasi-20&linkId=EYXI4GDUNP222PPQ

UART

One of the best things about UART is that it only uses two wires to transmit data
between devices.

In UART communication, two UARTs communicate directly with each other. The
transmitting UART converts parallel data from a controlling device like a CPU into
serial form, transmits it in serial to the receiving UART, which then converts the serial
data back into parallel data for the receiving device.

UARTSs transmit data asynchronously, which means there is no clock signal to
synchronize the output of bits from the transmitting UART to the sampling of bits by
the receiving UART.

When the receiving UART detects a start bit, it starts to read the incoming bits at a
specific frequency known as the baud rate. Baud rate is a measure of the speed of
data transfer, expressed in bits per second (bps). Both UARTs must operate at about

the same baud rate.
Wires Used 2

Maximum Speed Any speed up to 115200 baud, usually 9600 baud
Synchronous or Asynchronous? | Asynchronous

Serial or Parallel? Serial

Max # of Masters 1

Max # of Slaves 1



UART

Packet
0 to 1
1 start 5 to 9 data bits parity To 2
) bit stop bits
its

S —

Data Frame

The UART data transmission line is normally held at a high voltage level when it’s not transmitting
data. To start the transfer of data, the transmitting UART pulls the transmission line from high to
low for one clock cycle. When the receiving UART detects the high to low voltage transition, it
begins reading the bits in the data frame at the frequency of the baud rate.

TRANSMITTING

DATA BUS UART
c"_._|—|_h D TRANSMITTING RECEIVING
1 TRANSMITTING UART UART UART

g—————r
o——
11—
1——

01001101
/ DATA FRAME N

+0 +0 +1

START BIT PARITY STOP
BIT

o———

11—




UART

Advantages

Only uses two wires
No clock signal is necessary
Has a parity bit to allow for error checking

The structure of the data packet can be changed as long as both sides
are set up for it

Well documented and widely used method

Disadvantages
The size of the data frame is limited to a maximum of @ bits

Doesn’t support multiple slave or multiple master systems

The baud rates of each UART must be within 10% of each other



12C

|12C combines the best features of SPI and UARTs. With 12C, you can connect multiple
slaves to a single master (like SPI) and you can have multiple masters controlling single, or
multiple slaves. This is really useful when you want to have more than one microcontroller
logging data to a single memory card or displaying text to a single LCD.

Like UART communication, 12C only uses two wires to transmit data between devices:

Master Slave

Wires Used 2

Maximum Speed Standard mode= 100 kbps
Fast mode= 400 kbps
High speed mode= 3.4 Mbps

Ultra fast mode= 5 Mbps

Synchronous or Asynchronous? Synchronous
Serial or Parallel? Serial
Max # of Masters Unlimited

Max # of Slaves 1008



12C

Message

e e

; Read/ | ACk/ ACK/ ACK/
Start 7 or 10 Bits write |nAck| 8 Bits |nvack] 8 Bits |nNaAck]| Stop
Bit Bit Bit Bit

N e’ ——

Address Frame
Start Condition Data Frame 1 Data Frame 2 Stop Condition

Start Condition: The SDA line switches from a high voltage level to a low voltage
level before the SCL line switches from high to low.

Stop Condition: The SDA line switches from a low voltage level to a high voltage
level after the SCL line switches from low to high.

Address Frame: A 7 or 10 bit sequence unique to each slave that identifies the
slave when the master wants to talk to it.

Read/Write Bit: A single bit specifying whether the master is sending data to the
slave (low voltage level) or requesting data from it (high voltage level).

ACK/NACK Bit: Each frame in a message is followed by an acknowledge /no-
acknowledge bit. If an address frame or data frame was successfully received, an
ACK bit is returned to the sender from the receiving device.



12C

The master sends the start condition to every connected slave by switching the
SDA line from a high voltage level to a low voltage level before switching the
SCL line from high to low

The master sends each slave the 7 or 10 bit address of the slave it wants to
communicate with, along with the read/write bit:

Slave 1

Slave 1

Address:
0110000

fs—,—’ :SDA
ﬁ—,—) SCL

Master o P Slave 2
Slave 2 i .
Master Lol b
| | | ] Address:
1001000
’—>
§5
’—>
f§ o Lo Slave 3
Slave 3 _ Lol .
“_F"I_F_"I_F"I_. SDA

¢ MU,
3 : Ll I SCL
]



12C

Each slave compares the address sent from
the master to its own address. If the address
matches, the slave returns an ACK bit by
pulling the SDA line low for one bit. If the
address from the master does not match the

slave’s own address, the slave leaves the
SDA line high.

The master sends or receives the data
frame

After each data frame has been
transferred, the receiving device returns
another ACK bit to the sender

to acknowledge successful receipt of the
frame:

To stop the data transmission, the master
sends a stop condition to the slave by
switching SCL high before switching SDA
high:

Master

SDA

SCL

0 0 1 0 1 1 0 1
e
—
§§

Slave 1

Slave 2

Slave 3



Binary decision

XpnoLpomoLloU e aloOntApa WOoTE va LETPAME Eva PUCLKO
neyeboc.

2TNV LETPNON Tou aoBntnpa slogpyetal BopuBoc kat
napopopdwaon mou odelAeTon oTNV TOLOTNTA TOU aLoBnThPA,
OTLG OUVONKEC TNG METPNONG, KATT.

Me Bdon autn tnv pEtpnon 6€Aovpe va AdBoupe plo Baotkn
dukn anodaon.

M.x. L€Tpnon tou self-test COVID. Kavoupe To TEOT Kal AUTO HaG
eldomolel av €xoupe ) Hev £XOUUE OPPWOTAOEL.

Onwc onwce €xel beiteL n eumelpla, n €EvOeLlen umokeLtal os
opaipa



2TATLOTIKN €€aywyrn CUMTMEPAOTHATWY (inference)

H pétpnon tou atocbntnpa amoteAel pia tuyoia petaBAntn.
Exoupe duo evdexopeva: H; ko H,

Otav woxvetto H, , to puotko peyebog nou
nopokoAouBou e akoAoUBEL Lol CUYKEKPLULEVN KOTOVOUN
TIUKVOTNTOC Bavotnrac.

Otav woxvetto H, , to duowko peyedog mou
nopokoAouBou e akoAouBel piar AAAN KoTavoun
nbavotnrac.
Av X n HETPNON Tou aloOntnpa, Tote LAAUE yLa TG pdf
(probability density functions):

H, :P(x| HO)

HI:P(x|H1)



Aeopevpevn MBavotnta

P(A|B) = To uttooUvOAO TOU QEIYUATIKOU XWPEOU TToU KPPACEl TNV
mOavotnTa 10 B va gival aAnBec e dedopévo OT1 To A gival aAnBég

B £xel oupBei

MAPAAEITMA:

M= "Na €xeIg novokEParo”
[ = "Na &xeig ypinn”

P(M) = 1/10
P(I) = 1/40
P(MT) = 1/2

“O1 novokEpaol givai
onaviol, n ypinn €ivar akoun
Mo onavia, aAAa av €xeIg
ypinn unapxel pia 50-50
MmoeavoTnTa va €XeIC
MOVOKEPANO”



Aeopevpevn MBavotnta - OpLoHOC
]

P(A4B)
P(B)

P(B|A4)=

Kavovac tou Bayes:

_P(48)
P(B|A)= P(A) >P(B|A)=P(A|B)P(B)
P(A4B) P(A4)
P(A4|B)= @)




Binary Decision

2 TNV MEPLITTWON TIOU O aloONTAPAC AVLXVEVEL YEYOVOC UTTOPEL va
BewpnBei wc to evdexopevo H, mepiéxel povo BopuPo, vy av to
evdeYOUEVO va elval aANBOEC TO YEYOVOC TIEPLEXEL Eva ONUaL +
Bopupo

Y€ QUTA TNV epimTwon N anodaon LETATPETETAL OTO £ENC:
H, : x(¢) = w(?)
H, :x(¢) = s(¢) +w(t)

2uvnBwc o BopuBog Bewpeital AWGN

w(®)~N (0,07



Kavovec Amodaonc

Meylotn MBavodavela (maximum likelihood):

; P(x|H,)"
P H )P H s1
(x| 0)H>0 (x| 1) P(X|H1)|—TO

To mapamndvw AEyetatl Aoyoc miBavodaveLog.

>nueiwon: Npoooxn! Mepikeég dopéc otov Aoyo, Bploketal
otov 0plOUNTA T0 P(x|H,) €VW GAAEGTO P(x[H,) .
Mpoogyxoupe Kat aAAdlovpe avaloya tnv dopa tng
aVLIoOTNTOC



Meyiotn MBavodavela

2uVNBWC LTIAPYOUV EKDETIKEC KOTAVOUEC.

[t oluTO 10 AOYO, ouvnBwC mailpvoupe To In Tou
AOyOU QUTO.

Auto ovopaletoal Aoyoc log-likelihood

nPGIR) S =
P(xIH) N e
lnP(X|HO)§lnP(X| Hl) § 02t mem mmmﬂm‘\




MEyLotn €K TWV VOTEPWV TBavotnta
-1

1 Maximum Aposteriori Probability (MAP)
0 Agv kottape 10 P(x|H,) aAkato P(H,|x)

P(H,|x) = P(H{|x)
P(leo)P(Ho) > P(lel)P(Hl)
P(x) = P(x)

P(x|H,) _ P(H)
P(x|Hy) ~ P(H,)

In P(x|H,) —InP(x|H;) 2InP(H;) —InP(H,)



[evikevon amodoaonc
HEEE

o Xpnon katwdAiou

P(x||-1)> L P(x|H1)
P(x(H) "~ 7 T P(xIH,)

InP(x|H)-InP(x|H,)2Iny

2y

InP(x|H)-InP(x|H;)2y

t'2y



>haAporta
MBavotnta Xapevng Avixvevong (Missed Detection)
Anodaciloupe H, mapott toxvel H,

P(D,|H,)=P(t<y|H,)

O UTtOAOYLOUOC ViVETOL LECW TNC CUVAPTNONC
aBpolotiknc katavounc milbavotntoc (Cumulative
Distribution Function).

Optlopog CDF:

Ru()= | fu0)a



>haAporta
MBavotnta Aaboc Zuvayeppou (False Alarm)

Anodaocilovpe H, mapott toxvel H,
P(D,|H,)=P(t>y|H,)

Y€ QUTN TNV IEPLTTWON AOyw TS $Oopac TNG
QVLOOTNTOC TIPETIEL VAL TTAPOU LLE TNV

oUUNANpWHATKA cdf, SnA

P(i>y|H))=1-F, (y)z_ffHO (1) dr



Neayman-Pearson

Oswpnua: o BeAtiotoc aviyveutnc yia dedopevn mibBavotnta
false alarm &ivetal amno tov Aoyo niiBavodaveLlac pe KatwdAl
Y, QUTO TTOU ETILTUYXAVEL TNV OTOXEUMEVN Pra

P(x|H1)
P(x|H0)

2y
Orou:

Y4 =inv(1—FH0 (7)= PFA)



Entektaon og moAvdlaototec LetaPANTEC
N

0 Agv aA\QeL TUTOTAL.

-1 To povadLKO Ttou yiveTal eivol N HetaPAntn x
yivetau dLavuopa...

P(x|H)
P(x|H,) "

4



Bayesian Risk
N

R(DO |x) = /111P(D0,x| HO)+/121P(DO,X| H1)
R(D1 |x) = ﬂqu(Dl,x| HO)+/122P(D1,X| Hl)

71 2UVOALKO pioKo:

R=Y R(D,x) p(x)(x)

0 2€ OUTN TNV NEPLTTWOoN To KatwdAL divetal wc:

P(X|Ho)>(/712_/122)P(H1)
P(X|H1)<(}“21_/111)P(H0)



MNapadeypa

Gaussian noise. H,:P(x|H,)= _¢ 2
L
Gaussian input. (2707
1 B a?fafv
H :x=w H,: P(x|H,)= £ez( )
2 2
H:x=s+w (2”(Us +Gw))2

Eotw 10 X Stavuopa duo otolxeiwy (L=2)

KataoKEUAOTE TOUC OVLXVEUTEC KOL UTIOAOYLOTE TIC amodAoELC yLa
Sdladopa oevapla



Napadeyua

Kataokevalw 1o likelihood ratio kat 1o log-likelihood ratio
IOV £TOL Kol AAALWC pac xpnoLpeVeL o€ Alyo-TtoAU OAa

X242

Z(Uvzﬁof)

P(x|H,)) 270’ xe

2,2
X+

2
20,

2 2
272'(GW+GS )xe

2 2 2 2
1nM:ln27wfv—ln27r(va+af)+ — x02+x1 ~ |- —u
P(x|H,) 2(Uw+0s) 20,

2 2 2 2
log—likelihood : In 270, —In 27r(cffv +o7; ) + l(xo +2x1 - x‘; i xlz )
2 o o, +0,

w

Twpa avaAoya e TOV aVLXVEUTA MTPooapolw Ta KaTwdALa



Maximum (log) Likelihood
N

2 2 2 2
X, +X X, +X
2L >-2In27 (o) +0] ) -4

o o, +0,

w w

—2In270" -

o Npodavwc prmopoupe va aANAEOULLE TA TTPOCNUOL UE
MPOCOXN OTNV avVLooTNTA



Maximum A Posteriori
S

0 Edw amatteitat pa emutAéov yvwon!

o1 To mpoPAnua eivatl 0tL TOAAEC POPEC KATL TETOLO eV
UTTOPXEL

InP(x|Hy)+InP(H)2InP(x|H,)+InP(H,)

2, 2
Ko+ XN
2 2

~21In270? ~ +2InP(H,)2-2In2z (0. +07 ) - +21In P(H,)



Neyman-Pearson
N

[ ZEKLWVALE aTAOUOTEVOVTOC Alyo TOV QVLXVEUTH Ao TO
likelihood ratio:

2 2 2 2
X, +Xx X, +Xx
0 1 70 1 >
> > 2<21n7/
o o, +0,

w

21n27mfv—21n27r(0'fv+0'f)+

2 2
X +x x; +x1
2 2

22Iny-2In27c’ +21n27z(0' +0)

o, o.+0o!

2 2

X0+x1 _ +X1 >7/”
0'2 O' -I-O'

w

(O'i+0's)(x0+x1)—afv(xg+x1)<7/”0'2(0'i+of)
7/1102(02_'_0_2)
2 w s 2_|_ 2 >
(x0+x1)< o2 :>(x0 x1)<7/

w

"




Neyman — Pearson / EVEPYELOKOC QVLXVEUTNAG
N

01 MpoKeLTo yLa ortAn LETPNON EVEPYELQLC.

-1 Apa TO HETPLKO amodaong slival:

— 2 2
[ =X, +X;

1 H katavoun tou abpoiopatoc toyvoc L detypatwv
KOVOVLKAC Katavopng divetal amo tnv katavoun frappa

t ~ Gamma (g, 202j



Neyman — Pearson / EVEPYELOKOC QVLXVEUTNAG

H katavoun raupa neplypadetal (m) S ﬁ(m)

aTto TIOAUTTAOKEG CUVOPTNOELC. P o= o) et
ria va AuBel pia tétota doknon 8 e . 7 gm)_%‘)wx)
TIPETIEL va o0 6ivc3vrou TIVOIKEG 1) eI e
NPOOEYYLOELC LE AUOELC. ﬁ_

Napola autd, cldwva peto . NP, . &

T0 KaTWdAL TIPOKUTTTEL: cnve Zii’i"_li‘;féf) oy

MGF _ 1 -
(1—0t)kfort<§ 17%> fort < g

(
j; = inV(l _FHO (7/) = PFA) cF (1—6it)~* (1_%>,a

::r:fs:r:ation I(k’ 9) = (w:igk) :9112> I(a,ﬁ) = (d’il;(j‘) ;g:zl)
. L(=2) . ,
= 1nv(1 —CDF,, e ( 5 20

Method of - E[X)? _EXP | E[X]
— P Moments - VIX] a = VIX] 5—m
w FA

_ Vix]

~ BX]



Neyman — Pearson / EVEPYELOKOC QVLXVEUTNAG

Ml auTo to KatwdAL, N mMBavotnTa YapeEvneg avixyvevong divetat:

~ L
P, =F, (7)=CDF,,,. (5,2(03 + va))
To P, peto P, elvalavtaywvioTikd petagy Tous.

Tot SLayp AT TTIOU OITOTUTIWVOUV aUTA TNV dAANAETtidpaon
ovopalovtol Receiver Operation Characteristics 1§ ROC

2uvnBwg otov afova y pmaivel n mbBavotnta opbng aviyveuong mou
glval ouprmAnpwpatikr tov P



ROC

Perfect
classifier ROC curve

_— Better —7

"\ g
i 7
7,
- V4
V4

%@ Worse

True positive rate

0.5 1.0
False positive rate




TuLpemel va yvwpillw o kaBe meplmtwon

ML: HOVO TIC TIOPAETPOUC TWV KOTAVOUWV yla Ta Suo
evoeXOUEVAL.

MAP: Ta idla pe maparnavw, aAAd katta P(H,),P(H,)
Neyman Pearson, Ta ibla aA\& koL to P,

To Bayesian ploko xpelaletal Ta EMILEPOUC Bapn.

Av dev EEpw TIC TTAPAPETPOUC, TOTE EXOULE Ta generalized
composite hypothesis testing, TToU €lval olPKETA TTLO CUVOETA.
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