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At(evta

Yok Atapopewon Zuxvotntag - FSK

FSK
BFSK
MFSK
MSK
GMSK

Frequency Shift Keying

Binary FSK

M/ary FSK

Minimum Shift Keying
Gaussian Minimum Shift Keying



Pneroxm Arcpop@won Euxvotntag (FSK)

21 Stapop@won Frequency Shift Keying - FSK 1 ouyvotnta Tou @épovtog
Hetamn & petalV Svo (1) TEPLOGOTEPWV) TIHLWV, aVAAOYA LE TNV PN QLUK
TANPo@opPia. ZUYKEKPLUEVA:

* T bit =1 otéAvoupe emi xpovo T 1o onua A cos wyt

* T bit = 0 otéAvoupe emti xpovo T to onua A cos wt
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http://en.wikipedia.org/wiki/Frequency-shift_keying

MaBnpuatikn meptypaen BFSK

Znua BFSK

Acoswogt 0<t<T
A cos wqt aAAOV

s(t) = {

VQRE/T)coswet 0<t<T
V(2E/T)cos wqt AAAOV

omov E = P T n evépysia kat P = A% /2 1 1ox0¢ £vig bit.

[oxVeu s(t) =

Binary 01110111010/ 1
sequence
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MaOnpatwn eptypopn BFSK

« Avaivon BFSK oe 00 BASK onuata

ASHKA
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ddopa onpatos dtapop@wpevou kata BFSK

O Fourier tov onjpatog BFSK s(t) stvau

N[

S() = 5 IMo(f — o) +Mo(f + fo)l + 5 My (F = f1) + My (f + £)]
Opilovtag Af = f1 — fo €xovue s(t) = Acos 2n(f .t + Af),
‘Omov:  f, oLUXVOTNTA POpPEN

Af = BB amokALon cLUXVOTNTAG

B Seiktng Stapdpewong

B = 1/T €0pog {wvng ToL SLALOPPWVOUEVOU OTLOTOG

* ‘Otav Af >» 1/T €yovue gvpelag {wvng BFSK onua, pe evpog (wvng 24f
¢ Otav Af < 1/T €xovpe otevig {wvng BFSK onua, pe edpog (wvneg 2B



ddopa onpatos dtapop@wpevou kata BFSK

m(t) My (1) or M, ()
0;1,0,1 A
1 Envelup{a\ ;,-H\M 1
0 : 2T
m1( t) : |
A e . T
1 ¢ 3 2\/A1 r@ L2
T oar rT T T T 7T
(a) (b)
s (f) - 2Af . g A
"ﬂ"‘x 1 Envelope / m"w._ 1 B
2T 2T
bl T
s SN[ Ty ey LY A g
0 T \J fT fo I"m__l_/-' I f \l f,f1 f1 T\\L f, ]
fo-3 f 1 fo +1 fﬂ+§ c.ﬂ] -3 f1—1 f,o+1 f1+§
07 07 T 07 T T 1T T

(a) Avadikd onuata elcodov my(t), my(t), (b) Pdopa orjuatog elcddov My(f), M, (f)
(c) Pdaopa S(f) dtaxpitov onjuatos dtapopewpévov katd BFSK (Betikég ouyvotnteg Hovo)



daopatikn TukvotTnTa LoxVog onjpatog BFSK

daopatiky Tukvotnta oxvos (Power Spectral Density — PSD) [f. ouxvotnta
EEPOVTOG]:

_E, 1 1 2E, cos?[n(f—f)T
P(f) —ﬁ{5<f—fc—ﬁ>+5<f—fc+ﬁ>}+ 2 .[4‘((f_fc)2 T2—1]2

omov Ep 1 evépyela ava bit kat m to mA00¢ Twv bits/symbol (M = 2™).



daopatikn TukvotTnTa LoxVog onjpatog BFSK

To @aopa FSK eivat 8UokoAo va voAoylotel, emeldn n Stadikaoia mapaywyns FSK etvat pn
YpauuKn. Mia tpoo€yytomn umopel va An@Oetl pe xdpaén twv @aopdtwy yia §Uo pacuata
ASK-1 ko ASK-2.

To cuvoAko6 €0pog Lwvng Tov onuatog FSK e€aptatat amd tov Staxwplopo PeETadD TwV
OUXVOTNTWV TWV KATACTACEWV CUUBOAWV.

‘Eva cVotnua FSK mou xpnopomotel ovvexeis petafdoetlg daong Oa £xel ToAD yaunAotepn
EVEPYELX TTAELPLKOV A0f0U aTtd TNV AoLVEXT TIEPITTWOT).
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[Mapaywyn FSK cuvexoug paong (CPFSK)

¢ Omws katL otn Stapodp@won ASK, elvat Suvatov va EAEYXETALT) PACUATIKN
nop1 s FSK auvexoug aone (Continuous Phase FSK - CPFSK) pe éva @iAtpo

SLAUOPEWOTN G TTHAUWY TIPLV ATTO TOV SLLUOPPWTH.

« ZuvnBwg xpnotpomoleital eva Babumepato @idtpo (ovopdletal Gaussian
((ATPO), TO 0TOL0 elval olalTEpa KATAAANAO Yia TNV EMITELEN XOUNATG
(PACUATLKNG TTUKVOTNTAG LoXVOG £Ew ato Tov Kuplo Aof36 ¢ FSK.

* 'Eva povtépvo mapdaderypa xpriong avtov tov Tumov FSK, ovopaletal
Stapop@won Gaussian Minimum Shift Keying (GMSK) kat xpnoipomoleital ota
GSM xuredoeldn cvouata ™S Eupwmng kot ¢ Bopelag Apepikng.


http://en.wikipedia.org/wiki/Continuous-phase_frequency-shift_keying#Continuous-phase_frequency-shift_keying
http://en.wikipedia.org/wiki/Minimum-shift_keying

’ 7
Aovp@wvn Aviyvevon FSK
H amAovotepn aviyvevon BFSK yivetal péow g d1€EAcLONG TOL SLALOPPWUEVOL CTIUATOG
ato dVo (wvodlafatd @IATpa cuVTOVIOUEVA E TIG SV0 CUYVOTNTESG ONUATOS00 NG,

Ztnv ovoia mpoKeLTaL Yia ao VU@V HEB0S0 aviyvevong meplBaAAovoags yia To .oodUvaua
onuata ASK pe évav cuykpltr otnv ££0do.

f1
. ,.-'"- o “‘\L :i: m—n
M $ IIll III| = —‘

A < .
f2

"-—‘J{rﬁ' I||l I'|I1“'H f‘

Ymdpxovv eVaAAaKTIKEG HEB0SOL Yia TN SLAKPLOT HETAEY TWV ELOEPXOUEVWV GUXVOTITWV:

*  Mia amAn pebodog mepAauaveL TNV HETPTOT TWV UNSEVIKWV SLEAEVGEWY TOV POPEX
KATA ™ SLdpKeLa EvOG CUUBOAOV KL CUVETIWG TNV AUECT) EKTIUNON TNG OGUXVOTTOC.

*  Mux dAAN peBodog meplhapfdvel Eva Bpoxo kAelSwuatog @aong (phase locked loop -
PLL).
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http://en.wikipedia.org/wiki/Phase-locked_loop

Yop@wvn Aviyvevon FSK

* H ovppwvn aviyvevon e FSK eivat mapopota pe g ASK, aAAda pe dVo
QVLYVEVTEG GUVTOVIOUEVOUG LE TIG V0 (PEPOVOEG CUYVOTNTEG.

¢ 'Omws kat otnv ASK, 1 cOp@wvn aviyveuon Kol To TIPOCAPLOCUEVO
@uAtpaplopa (matched filtering) eAayiotomolovv v emidpact tov Bopvov
OTOV SEKTT).

COMPARATOR -—»

|
_A

Ll
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http://en.wikipedia.org/wiki/Matched_filter

ZUykplon HeTasL EVU@wNG & Acuppwvng FSK

[MBavém T epdvions AavOaopévwv cuPBOAWY (Py) yia SLIEAEVOT GE KAVAAL [E
TPOCOETIKO AeVKO YKkaovooLlavo 00puo (AWGN).

*  Zop@wvn avixvevon (COH-FSK) 5 10°
]
10"
p. 1 E, 2 ONCFSK
s = erfc N, @ 10
S
- 10 COHFSK
g 10"
o
«  AocVpgpwvn avixvevon (NONC-FSK) Z 10
s
10
_1 —E /2N 0 10  En/No 20
Ps = ;€ v/ 2N, (dB)

[Tapatnpovpe 6t acVpu@wvn FSK (NONC-FSK) €xel pikpr) votépnon otov
B6pufo oe oxeon pe v cvupuwvn FSK (COH-FSK).



[TAcovektpata kat Melovektnpata tg FSK

[TAeovextpata FSK:

«  Emedn n Stapopewon FSK elvat pua Stapoppwon otabepns mepiBdArovaoag,
elval avalodntn otig petafoAeg mAdtoug (dnAadn amoAiafr)g) Tov cupaivouv
OTO KAVAAL KaL Elval cUUPATY) LE CUOTUOTO U1 YPOLULKWOV TIOUTIWV Kol
SEKTWV.

* H avixvevon ¢ FSK pmopel va otnpiytel 0Tig oXeTIKEG LETABOAEG cUXVITNTOG
HETHED TWV KATAOTACEWV GUULOAWVY KL EMOUEVWS SEV ATALTEL ATIOALTY
akpiBela TwV TIHWV CUXVOTHTWYV TOV SLS(S0VTAL OTO KAVAAL

Apa n FSK glval oxeTKad aveKTIKN aTNnV 0ALloB10M GUXVOTNTAG TOU TOTILKOV
TAAQVTWTI KAL TN LETATOTILOT) CUXVOTNTAG AOYW @aiwvouevou Doppler.

Melovekmpoata FSK:
« HFSK £xel oxetikd pukpdotepn anddoon svpovg (wvng amod tig ASK kot PSK.

* 0 pubuodg eppavions eoarpévwy bit kat cupforwv g FSK eival xelpotepog
ato tn¢ PSK.



Awapop@won Minimum Shift Keying (MSK)

* H dwapdpewon Minimum Shift Keying FSK (MSK) xpnowuomolel pia amootaon
ovufo6Aov (o1 pe TO pLed Tov PLBPOL cuufdAov.

o [lapdyel Eva opaAd @Aacua e oTeEVO KUPLO AoP0 Kol TaxeElx LELWOT) TOV
TAEVPLKOV Aof0V evepyeLag.

Attn
!dBJD

=10 |

-20 1

-0 F

<40

i Sunde's FEK

Lt

MSk
A

1 2 3
Frequency (1/T. )
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http://en.wikipedia.org/wiki/Minimum-shift_keying

Awapop@won Minimum Shift Keying (MSK)

Emidekviel e€alpeTikt) @acpHatikn) anddoon mpoosyyllovtag Tnv anddoon g
QPSK.

H e€aipetikn paopatikn anodoon ™ MSK pmopel va BeAtiwBel akopa
TEPLOGOTEPO LE T1 XPNON PIATPWV LOPEPOTIOMOTG TIAALOV TIPLV ATIO TO
SLapUopPWT).

‘Exel avinuévn moAvmAokoTtnTa oth HEB0do dnuovpylag Kot aviyvevong,
OUYKPLVOUEVT UE amtAoVoTePESG pop@EG FSK.

[IpooOMN kN evog Gaussian @IATPOL IOV ATOKOTITEL TV TIEPLOXT] EKTOG TOL Kuplov

AoBovU ¢ MSK, mapdyet n Stapoppwon Gaussian Minimum Shift Keying
(GMSK).

fpalyl \_Ji\h{\ﬁ c2

I ' >
Data input — GMSK output

Gaussian
low pass

filter
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http://en.wikipedia.org/wiki/Gaussian_filter
http://en.wikipedia.org/wiki/Gaussian_Minimum_Shift_Keying#Gaussian_minimum-shift_keying

[Tapoaywyn & Aviyvevon MFSK

H M-adun Stapdpowon FSK pe opboywvia onpatodocia £xel avEnuevn avoxm

oto 8dpupo.

H am6doom g mAnoiadel to 6prlo Shannon yia Aettovpyia e Tov EAGXLOTO

A6yo E, /N,, niadn -1.59 dB.
dacuatikn anodoon: Q = R/W = 2% bit/s/Hz

+— [lopmis —r— Akt —
AVEVEDTHS
: zeplPidous s
' | : - ol >
il g
i o
dy :
“ ] H L -
B B P WA e ik
T W-bit cuppbTTeS ) e&bfou
ey tarsk(f) |
L I ! » #| >
fm-.l'

—|-||_-1'|:I

—vd__

Metatporens| .

AD
T m-bit

=l

Kwdikomomtg kat aviyvevt¢ MFSK
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http://en.wikipedia.org/wiki/Multiple_frequency-shift_keying

MaOnpatikn meptypoarn MFSK

INua MFSK

S(8) = {Aocos(21tf,- t+0) 0<t<T

i=01,..,M—1. A4 otaBepgq, f; peTadL8OueVEG GLUXVOTNTESG, B ap)IKY Pdao

Binary

sequence 0 0 0 1 1 0
1]L |
- ! = Time
S‘(f) (a)
arsk A TN ANAAMAMA = Time
signal ol \/ \/ Y YV VNV

(b)

(a) Avadikd onua eloodov, (b) Alapoppwpevo katd MFSK onua
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Zuykplon Avadikwv MeBodwv Pnpraxns Alapop@wong

H amdédoon opaApatog bit wg mpog v péon evépyela Twv cupuforwy, Yo Ta
KupLOTEPA SLVASIKA oCLOTHUATA SLAUOPPWONG, SECXVEL OTL :

* H owkoyévela PSK éxeL v BéAtiotn amddoon.

* H oVOppwvn FSK pe opBoywvia onpatodotnon
elval 1 EMOUEVT KAAVTEPN Hall pE TN
ocOppwvn ASK, P 10

*  Ola autd Tao SLASIKE CLCTI AT
EMLOELKVVOLV Ui OewpnTIKY LEYLOTN
@aopatikn anoédoon ton pe 1 bit/s/Hz.

NONCASK
ONCFSK

COHASK & COHFSK

Bit error probability
o

B
10
0 \ 10 20
Shannon E_ f”ﬁ (dB)
bound for

1 bit'second/Hz



Zuykpion M-adikwv MeB0dwv PneLakns Atapodp@wong

Amo ta dStaypdappata BER yia ta kupldtepa M-adikd ocvotripuata Stapdp@wong,
oV eéetaoape, mpokVTITEL 0TL ) QAM @aivetal va mANcLAleL TTEPLOCOTEPO KOVTA
TLPOG TO OPLO XWPNTIKOTNTHG Shannon 0Tav EMIOLWKOVUE TNV UEYLOTN PUCUATIKN
amodoon.

—
nﬂ

—E—._16ASK

X N

—
cII
=

=
nl|
b

Symbol error probability
-::I
LS ]

0 10 Eb/No 20
(dB) -



Zuykpion Pnerakwv MeBodwv wg tpog ‘Opto Shannon

Kavéva and ta cvot)pata M-adikn g Stapdp@wong 6ev umopel va TANCLACEL ApPKETA

KOvTa 610 6ploShannon.
log, E IN o

LTI TIEPLOCOTEPEG TIEPITITWOELG 1) ATTOCTACT)

elval peyodvtepn twv 4dB. 15
BFSK#
['la kaAUTepn amddooT, TTPETEL VA ELGAYOVLE 12

. o BPSK
eMIMAL0V Kwdkomoinon ota dedopéva, wote wSre ¢

Va UTTOPOVLE VA OVIXVEVCOULLE KAL VO
SLopBwoove Ta cAAUATA.

Texvikég kwbikomoinong kavaAlo FEC
(Forward Error Correction) vio8etwvtog
Kwdwkotoinom block (m.x. Reed-Solomon o€
EQAPLOYEG KLV TWV ETILKOLVWVLWV) 1)
OLVEALKTLKY kw8ikomoinon (.. Viterbi otnv
Unoelaxn tnAeopaon), emtuyxdvouv VPmAEG amoSOoELS.

log,C/B

OL TEXVIKEG GUVEVAGHEVNG KwdLkoTonong kat Stapdpewong .. Trellis Coded
Modulation - TCM) emitpemouv TV emiteven kepdwv kKwdikomoinong (>6dB),
Tpoceyyi(ovtag mA¢ov To 6pLo Shannon.
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http://en.wikipedia.org/wiki/Forward_Error_Correction
http://en.wikipedia.org/wiki/Reed-Solomon
http://en.wikipedia.org/wiki/Viterbi_algorithm
http://en.wikipedia.org/wiki/Trellis_coded_modulation

Aoxnon 1

‘Eva ym@lako xpnowomolel Suadikn dtapdpewon FSK yla ) petddoon twv dedopévwy,
e 6V0o ovxvoTNTEG 16080V +1200 Hz kat —1200 Hz w¢ TPOGg TNV KEVTPLKN GLUXVOTNTA
Tov KavaAloV. To onjpa tov Aapavetal vokettal o€ petatotion Doppler {om pe

+ 100 Hz, A0yw ¢ kivnomng tov §ktn. Zxedlaote Vv €6060 evog aviyveutn PLL ywa tnv
akoAovBia SeSopévwy 1,0,1,0,1,0,... Bcwpwvtag 0TL S€V VUTIAPXEL LOPPOTIO O™ TTHALWV.
[Twg pmopet to MpoBAnua ¢ petatomiong Doppler va Eemepaotel o Eva YmneLakd
ovotnua FSK;

Amtdvmmon: H petatomion Doppler oto slogpyopevo onjpa 6to S£KTN K&vel Ta cUUBOAN
va gpavidovtal oe ouxvotntes +1300 Hz xat —1100 Hz w¢ Tpog TNV KEVTPLKN
ouvyvotnta touv aviyveutn PLL. ‘Eto, 1 €§080¢6 tou PLL Ba €xel pia cuveyn (DC) tdon
TOAWONG oL Oa emikABeTAL 6TO avaktnuévo onua dedouévwyv (BA. oynua) kat Ba eivat
avaAoyn TS amokAlong Doppler.

Fhuriw chid esfar
Loop fiinor
de-tnas o 1o

FSH input +D-:-|:||:|Ie-r EFror
--------------------- _'_,_l-'

o — 'T_

Data euilpal

Wolrape

VOO comtrol sugral

FLL
23



Aoxnon 1 (ouvexela)

['a va e€arelpBeln petatomnion Doppler umopein €§060¢g tov aviyveutn PLL va cuvSeBel
ue AC Cevln, aAAd avto Ba emnpeale TIG XAUNAEG CUXVOTNTESG TOV ONUATOG SESOUEVWV.

‘Evag Tpomog Kwdikomoinong 0Twe n kwdikomoinon Manchester 8a pmopovoe va
xpnootonBel edw wote va amoppPeL TO TTEPLEXOUEVO TOV OTJLATOG TWV SESOUEVWV OE
XAUNAEG CUYVOTNTES.



Aoxnon 2

[Tola etval n mBavoTNTA EPPAVIONG ECPAAUEVWY bit 0TV TTEPITTWOTN ATV WG
Svadikn ¢ Stapopwong FSK 6tav o Adyog Ey, /N, £xet tnv tiun 10 dB; ITowx mpémetl va
EVaL T ATALTOVEVT) TIPOCEYYLOTIKY) TIUN TOU AGYOU aQuToV, WO TE va emitevyOel n (Sla

TOVOTNTA ELPAVIONG ECPAAUEVWYV bit 0TI¢ TEpIMTWOELS cVUPWVNGS FSK Kot cup@wvng
ASK;

0

Amdvmon: H mBavotta epgavions ec@aipevwy bit (BER) yia  Ps 1100_1
acVu@wvn ASK Sivetat amo: 2 o ONCFSK
1 3
P, == e En/N, 5 10 COHFSK
2 ;E 107
‘Eto, yw E, /N, = 10 dB £xovpe: E 0
1 10
Po=5 e™5 = 337x1073 ° 0 BN )
* Amo to (mpwTto) diaypappa BER yia t ovp@wvn FSK, ps 10°
Bploxovpe 0TI amatteital pa T tov £,/ N, mepimov ota 8 o 10 NONEASK
dB yU avt] v an6doomn touv BER. g 10"
¢ ’ , , 5 107 Comask
* Amo 1o (8e0tepo) daypappa BER yia ™ ovppwvn ASK, g 5
TPOKVUTITEL OTL 1] aTtdd00N TNG CVUPWVNGASK elval (Sta pe g 2 -
oVvpuewvng FSK, anattwvtag Adyo £,/ N, tepimov 8 dB, i
0 10 20

ETTLOMC. Eb/ No- (dB)



Aoxnon 3

‘Evag oxedlao ¢ TPETEL VO KATAOKEVATEL Eva modem SES0UEVWV IOV TIPETIEL VA
EUPOVIZEL rVOYT) TNV ATTOKALOT) CUXVOTNTOS 6TO GCUCTIUA TOV SEKTI. AgV TOV
evlla@EpeL TOoo 1 avoxn Tou modem oto B6pufo. [Towax pEBodo StapdpPwong, Tnv
ASK 1) v FSK Ba cuotvate yla To koo auto;

Andvmmon:

Elvat yvwoto 6tTL ta ovotiuata aviyvevong FSK umopovv va avexBolv puikpd mooa
O@AALATOG GCUXVOTNTAG.

AvtiBeta, evag aocVp@wvog ASK aviyveutig elval LOLALTEPWS AVEKTIKOG 0 CPAANA
OUXVOTNTOG OTOV POPEA, KABWGS XpNoLUoToLlel povo v mepLfdAiovoa tov
Aapfavopevou orpaTog.

Emouévwg, KaAUTEPT EMIAOYN YIX TOV OXESLAOTY) OTNV TEPITITWOT) AUTY), ATTOTEAEL N
acVu@wvn ASK Stapopewon.



Aoxnon 4

‘Eva modem opBoywvikng 4-61kns FSK Stapdpewong (4-FSK) €xel puBud ekmopmng
ovufBoAwv 2.400 baud. Edv n yaunAdtepn ovyvotnta twv cVUROAwv eival 8 kHz,
TOLEG Bt elval oL AAAEG TPELG CUYVOTNTEG;

Andvmmon:

['la ™V emitevin opBoywvIKOTNTAG, N EAGYLOTN ATTOOTACT LETAEY TWV OCLUBOAWV
TPETEL VA Elval (oM LE TO Nov Tov puBpov cupfoiwy, SnAadn 1.200 Hz.

‘Etol, ot ouxvotnteg ouufoAwy etval 8.000 Hz, 9.200 Hz, 10.400 Hz kot 11.600 Hz.



Aoxnon 5

[Tola elvat n peyaAVTepT SLVVATI) ACUATIKY) ATOS00T TNV TMEPITITWOT) EVOG
modem TIov TIPETEL VA AELTOVPYEL Pe T Adyov Ep /N, lon e —1.2 dB;

Amdvnon: Eivat yvwoto 6t oxéon Shannon-Hartley pmopel va ypa@et wg:

C
B log, [1 +

B ¢
N, B

1,2

[aE,/N, = —1.2dB, Bploxovpe E,/N, = 10" 10 = 0,76

H @aocpatikn amoédoon C/B mov umopel va vtootnpiyBel ylo T CUYKEKPLUEVT] TLUT
tov E, /N, elvau:

C C
E = logz 1 +0,76§

Ao v omola mpokvunitel: Cf B= 0,3 bits/s/Hz (nepimov).



