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1 Ewaywyn

Zinv napouca epyaocia pedetape v 61a6iBaon tng YPnPplakng mAnpopopiag
Hé€oa amo KavdaAla emKOvVaviag, ta ornoila xapakinpidovial wg kavdadia mpoode-
TiKoU Asukou Gaussian SopuBou (Additive White Gaussian Noise - AWGN). Ta
KavaAla auvtd eivatl faoikd avadoyikd, pe adda Adyla 1 mpog Petadoorn Prlaxkr)
MANPOQOPia MPEIEL VA ATIEIKOVIOTEL 08 AVAAOYIKEG KUPATOHMOPPES ONATOG TTAN-
pogopiag. I'a v pedétn avtr), MPOX®PNOAPE OtV CUYKP10T] TOV S1aP0pPRCEDV
8-PSK ka1 8-FSK wg mipog v anodoorn toug. Ot ouykpioelg auteg Baciotnkav
oe perpnoelg rmbavotntag opaipatog bit (Bit Rate Error (BER) kat oupBolou
Symbol Error Rate (SER) nou nipaypatonoiifnkav oe opoduva {ovorepatd ou-
otjpata pe v xpron opboyoviou taipou.

2 Baowka yapaxrtnplotira PSK

Edv ¢xoupe éva ouvodo M 6106140Ttatev KUPATOPHoPPROV OHIATOG, £0TM Sy, (1), m =
1,2,3, ..., M pniopoupe va dnuioupyrjooupe éva ouvodo M {wvorepatdv Kupato-
HOPPOV G :

U () = Sy (t) cos 2m f,t (1)

Zmv edikn nepirmwon M 6iobidotatov {Ovorepat®v KUPATOPHop(®V HE TV
161a evépyela, Ta avriotolya onpeia ornpatog ot YEGUEIPIKI] AVATIAPAOCTACT] TV
KUPATOPOoP(®V AVI)KOUV O€ £€va KUKAO aktivag v/ F onwg @aivetat oto oxnua 1.

Zxnpa 1: Aotepiopog onpatog M = 8 onpeiov mou aviotoiyxel oe ouvolo S1op-
Soyoviev kupatopopdov pe id1a evépyela

Ao v ye®PETPIKY avarapaoctaon yua M = 8, nmapatnpoujpe ot ta onueia
onparog eivat 10oduvape pe €éva povadiko onpa, Tou oroiou 1 @aor oAlcbaivet
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Katd rmoAAarnidola tou % Me dAAa Aoyia, €va {@vorepato orpad tng HopPpng

s(t) cos27rfct+%, m=1,2,...,8 2)

EXel TV 161a YE@UETPIKTY avartapdotaoct) pe éva ouvodlo M = 8 SopBoyaviev

onuatwv. Enopéveg évag amlog tporog yia v dSnuoupyia M {ovorepatov

onpatev pe v iéa evépyela eival va anotunooouE v MAnpodopia otnv @aor

tou @épovtog. 'Etotl, €xoupe éva drapoppopévo Katd v @AoT)-QEPOVIOS O Hd.

H yevikt] avanapdaotaocn evog ouvodou M S1apoppopévev KAtd @Aon)-@EPOVIOg
Kupatopopp®v etvat:

2mm

U (t) = gr(t) cos(2m ft) + SR m=0,1,..,.M—-1 wxat 0<t<T (3)
orou gr(t) eival évag maApog Bacikng {Ovng yia v HOp@oroinon o ornoiog
KabBopidel 1a paopatikd Xapakinplotkda tou petadidopevou ofpatog. '‘Otav o

gr(t) eivat évag opBoymviog adpdg, o ornoiog opidetal wg

2F

Ot avtiotoiyeg petadidopeveg KUPATOPOPPES onpatog yivovat:

2F, 2mm
Um(t) = \/ —== cos(2m f.t) + 7T—, m=0,1,.,.M—1 rat 0<t<T (5
T M
'Exouv otaBepr| epiBaAAouoca Kat 1) Aot ToU PEPOVIOG aAAddel anotopa otny
apxn kaBe Siaotnatog onuatog. Autog o TUTog PYndlakng Siapopparong KaAeitat
petaddayr) oAioOnong @paong Phase Shift Keying (PSK).

I I I I +—>Time
0 T, 2T, 3T, 4T,
, , , . , 2
Zxnpa 2: [Mapdderypa evog tetpadikouy PSK orpatog pe 1’ = 7
(&

To oxnua 2 beixvel éva PSK tecodpev @pdosnv 10 onoio ouvrfwg raAeital
opBoywvio PSK (Quadrature Phase Shift Keying (QPSK) orpa.
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Zxnpa 3: Avanapdaotaon opwduvou 8-dikou PSK

2.1 KuxrAopa PSK

Zto oxnpa 3 anewkovidetal o oxediaopog evog PSK kurAopatog. ZuyKerpipéva
propoupe va dakpivoupe ta didpopa modules ou 1o arapti{ouv.

Apxkd, apdayetat n duadikr) akodoubia n oroia Sioxetevetal otov mapper
OTIOU Kal yivetatl n avtuotoixnon g oe oupBoda. O mapper £xet v duvatdtnta
va Kavel Kad1kornoinon katd Gray @ote va emTUX0oUlEe YEITOVIKA OTto 61061a0tato
X®PO onpatov cupBoAa, va aviiotolyouv oe akoAoubieg bit mou dapépouv kata
HKpoO ap1dpo bits.

H £€060g tou mapper Sioxetevetal pe v oepd g otov modulator o ortoiog
dapoppmvel v KABe ouviothoa . Me ddda Adywa TG moAdardaotadel pe tov
0pBoywV1o TTAAPO Kat Vv d1apopP@vel YUP® A0 1) PEPOUCA OUXVOTNTA MOTE vd
MIPOKUYEL TO €IMOUPNTO {®VOIIEPATO oA IMOU MEPLYPAPETAL ATIO TV OUVAPTNOT)
(5).

Y10 oxnpa emniong napouotadetal kat 1o kavadt AWGN 1ou TipoKettal yid tov
96puBo mou mpoxurtel KAtd v didpKrela petddoong tou orpatog arnd tov Io-
IO ToU O8¢KTr. Zta mepdapata pag, o 96puBog sival pndevikng péong Tpng Kat
dlaomopag o = 70.

Me v oepd 10U 0 6éKtng, 1o AapBavopevo onpa 10 ArnodiapopPpOvel e
tov demodulator. T'a va 1o xravelr autd, Sa mpémnel o KNG va yvopidet tv



(@AOoN NG PEPOUCAG KAl Ta XPOViKA TmAaiola kaOe oupBodou, dndadr) va eivat
MANP®G CUYXPOVIOPEVOS He Tov moprno. Me dAAa, Aoyla Katd v IPocoRoimoT)
Yewpoupe ot 10 8-PSK eival opoduvo. O anodiapopdatr)s CUCKETI¢EL TO ANGOEY
ofjpa pe 11g U0 CUVIOTMOOES NG PEPOUOAG, OTIOTE TIPOKUITIOUV U0 TIEG, dnAadn
éva Siavuopa r to oroio arotedel TNV eKTIPINOeioA TIAT) TOU TPEXOVIOG GUPBOAOU
Aave otov aoteplopo tou 8-PSK. H ouoyxétion yivetatl ota xpovika rmiaiola piag
EP1060U oUNBOAOU.

Zinv ouvéxela o papatng 6€xetal wg 10060 1o Hiavuopa r katl anopacilel o
oo oupBodo PBpioketat eyyutepa. To Sidvuopa s, mou Sa €xel Vv PIKPOTEPN
andotaon) ano 10 7 avilotolyel Kat oto oupBodo 1ou otdAdnKe (PoPATHg PEYIOTNG
rmbavodavelag).

TéAog, maipvoviag otov demapper yivetdl 1] avilotoiX1or OtV EKTIPOHEVT)
aneotaABrjoa duadikr akoAoubia.

O k@O1KAG PE TOV 011010 EEON0IWOAIE TOV TTAPATTAVR TUTTO S1apopPpeong, ra-
patibetatl oto mapdaptnua.

3 Baowka yapaxtnpiotira FSK

To 8-861k6 FSK pnopetl va xpnoiporonBet yia va petadoooupe éva PmAoOK aro
k = log, M bits avd kupatopopgrn onpatog. e autr) v Mepineon ot 8 Kupa-
TOPOPQEG ONIIATOG PITOPOUV VA EKPPACOOUV OG

U (t) = \/% cos (27 fot + 2mmA ft), m=0,1,..,7 (6)

orou Iy = kEj, eivat n evépyela avd oupBodo, T' = 8T, n 6idpreia oupBolou
kat Af n ouxvotukn anootaor petaiy 6Uo diadoxikav cuxvottev, dndadry, A =
fm - fm—l orou fm = fc +mAf

Ot M FSK xkupatopopdég €xouv idia evépyela F;. H amootaon ouyvotntag
A f xaBopilet 1o Babuod otov oroio propovpe va dakpivoupe petadu toug ta M
rmbavad petadibopeva onuara.

Ot M-adikég opBoywvieg FSK kupatopopdég avarnapiotavial YEQUEIPIKA ®G
M, M-6idotata opboyovia diavuopata, ta oroia divoviat og

S1 = ( ES,O,O,...,O)

so = (0,0,0, ...,/ E,)

SM = (07 0707 A \/ES)



2
OIoU 01 CUVAPTHOELS BAONG etvat Yy, (1) = 4/ T Cos 27(fe+mAf)t. Hanootaon

petagu 6vo davuopdtey eivat d = /2E, yia 6da ta m Kat n, mou eivat Kat n
eldaxiotn anodotaon petady v M onudtav.

3.1 Anoduapdpdpwon xat Popaon Inpatwv FSK

Ta FSK ofjpata petadibovial péom evog AWGN kavaAiou. YrioBEtoupie 01t 1o KABe
ofjpa kabuotepel Katd ) petdadoon péoa amod 1o KavaAt.

H anobiapoppnon kat gwpaon twv M-adikov FSK onudtev propei va er-
1euyxBel pe 6Uo tporoug. Mia TeXVIKY eival va ekupnooupe tg M oAiobroeig
@pdong {¢,,} ! xat va sktedéocoupe amodlapdpPpeon KAl EOPACT) CURPRVNG -
@aong (phase-coherent demodulation and detection). H dAAn texvikn eivatl va
ayvonBouv ot pdocelg oty anodlapopPnon Kat gopaoct (non-coherent demodu-
lation and detection).

Katd v anodiapdpdeorn oUpdevng-eaocng, to AapBavopevo onpa r(t) ou-
oxetiletat pe kaOe éva ano ta duvata M onpata cos(27 fot+2mmA f t+gbAm), m =
0,1,..., M — 1. 'Eva &idypappa Babpibeov autou tou TUIou anodlapoppaong ma-
pouoiddetal oto oto oxnua 4.

Auto tov TUrno anodlapopPeong XPNoHono)0alE KAl OtV AOKNOo1.

AvtiBeta, pla dAdn pébodog amodiapopPpwong Kat opaong n oroia dev a-
TIALTEL YVOOT] TOV QACE®V QEPOVIOG. XINV MEPIMIOON Autr, undpyxouv U0 ou-
OXETIOTEG ava Kupatopopdr] onpatog, dnidadr), ouvodika 2M ocuoxetotég. To
AapBavopevo orjpa ouoxetidetal pe tig ouvaptnoelg faong (opboywvia @épovia)

2 2
\/ T cos(2m fot + 2rmA ft) xat 4/ T sin(2w fot + 2rmAft) yam = 0,1, ..., M — 1.

O1 2M £€§0601 1oV cUoYETIOT®V HelypatoAnItouvial oto T€Aog tng replodou onpa-
todooiag, kat ta delypata ewoépxoviat oto pwpary). Enopéveg, edv petadobnke
10 m-oto onpa, ta 2M &esiypata oty k-otn €10060 10U PEPEAT] PITOPOUV VA EK-
ppacBouy wg:

B sin 2w (k — m)AfT cos2m(k — m)AfT — 1
e = VE 2n(k — m)AfT €08 Pm = 2n(k — m)AfT

B cos2m(k — m)AfT — 1 sin 27 (k — m)AfT
e = VE ok —m)AfT O™ T Ton(k — m)AFT

Sin @y, ] + Nge

SIN @y ] + Mps

3.2 KuxrAopa FSK

Zto oxnpa 4 anewkovidetal o oxedlaopog evog FSK kukAdpatog. ZUyKerpipeva
propoupe va dakpivoupe ta didpopa modules mou 1o artapti{ouv.

lérou ¢, dnAdvel v oAioOnon @dong tou Mm-ootou ofpartog (e€attiag g xabuotépnong
61adoong)
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Zxnpa 4: Avanapdotaon opoduvou 8-61kou FSK

Apxika, tapayetat n duadikn akoAoubia n oroia HloxeTEVETAL OTOV Mapper
OITOU Kal yivetatl 1 avuiotoiyxnorn g oe oupBoAda.

H £§060¢g tou mapper dioxetevetal pe mv oepd g otov modulator o orto-
tog drapopPpovel v kaBe ouviotwoa. To cvotnua 8-FSK mou npocopoiwoapie,
XPNOHOoIolel ta €§1g OKT® orfjpata yla kabéva oupBolo:

1

Tsymbol

Sm(t) = gr(t) cos(2m(f. + mAf)t), Af = ,m=0,..7

1 :
petady toug.
symbol
210 oxnpa erniong napouotadetal kat 1o kavait AWGN 1ou rpokettal yid tov

OTIOTE 01 8 PEPOUOES HlaPEpouv Katd
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96puBo mou mpoxuUITEl KATA Vv S1dpKela PeTAd00NG TOU ONpAtog Ao Tov Iop-
o ToU 6éKTn. Xta melpdpata pag, o 96puBog eival pndevikig PEoNg TIPNHG Kat
dlactiopag o = 70.

Me tnv oe1pd 10U 0 H¢KIng, 10 AapBavopevo onpa 1o anodlapopPOVeL 1€ TOV
demodulator. Exel yivetat ) avtiotoixn anodiapoppwon).

Ztnv ouvéxela o popatng dexetatl g €i0060 1o diravuopa r Kat anopaocilel oe
roto oupBodo Bpioketal eyyutepa. To Sidvuopa s, mou da €xel v PIKPOTEPT)
ATooTAcT) Ao TO 7" AVIIOTOIXEl Kat oto cupBoAo nou otdAOnKe (pwpatng PEYIOTNG
mbavodavelag). ZUYKEKPIPEVA VA TTIOUHE OTO ONHEI0 AUTO TIOG AV IT.X. £XEL OTAAEL
10 oUPBoAo 51 (uToBEtoupe éva 8-PSK) 16te ta 19, 73, ..., T'g 6 9a mepiExouv tirota
aldo apd povo pia pikprn npoodnkn SopuvBou. Me dAda Adyla av 1o 7; €Xel
peyadutepn Tipn 1ote 10 oUpBoAo ou Sa €xet otalel Sa eivat to i-ooto.

TéAog, maipvoviag otov demapper Yivetdl 1] avilotoiX1or OtV €KTIPOHEVT)
aneotaABrjoa duadikr akoAoubia.

4 IIerpapatiki Awadirkacia kat A§loAoynorn)

4.1 Baowkoi Opiopoti

Y& autr) ) @Aon eipacte £T01101 va a§l0AOYT)COULIE TA CUCTHIATA ITOU IEplypaya-
pe nmapandve Kat CUYKEKPIPEVA va Kataypdypoupe ta akodouba:

e Bit Error Rate (BER): n ruBavotnta epgaviong opdaipartog bit. Me daAAa
Aoyla va ouykpivoupe kabe AapBavopevo bit pe kdBe bit mou otaAOnke
ano tov rmopno. H ouykerpipévr PETpik] avadEPeTal mpog 10 CUVOAO TOVV
AavBaopéva ameotadBéviev bit Ipog 10 oUVOAIKO TANB0G ameotaABEvinv
bit.

e Symbol Error Rate (SER): 6nAadn tn mbavotnta epgpaviong opaApatog oupl-
Bodou. Me dAda Adyla va ouykpivoupe kaBe AapBavopevo oupBoAo jie
KABe oupBolo rou otaABnke aro tov opnd. H ouykekpipévn petpikn a-
vagépetal pog 1o oUVoAo twvv Aavbaopéva arneotalbéviov symbols rpog
T0 OUVOAKO MANB0g areotaABéviwv symbols.

A%ilel va avapépoupe, 600v apopd 1O IMEPAPATIKO PEPOG TG AOKnong, Ot
01 IapPArnAave aglodoyfoelg mpaypatonoindnkav oe ouotnpa ornou yvepiape tmyv
mAnpodopia 1 oroia aroctéAsTal Kal aut mou AapBdvetal €101 @OTe va JTo-
POUHE va UIOAOYioOUpE €MAKPIBMG TS OUYKERPIEVEG PETPIKEG. [Ipodavag kat
KAt T€toto Sev propel va yivel oe éva mpaypatiko rieptBadov, yati av o 6EKing
yvopie 116n v nmAnpodopia rnou da petadoost o moprog, Ja £rnave autopdtag
va ugpiotatal o Adyog petadoong auvtrg.



4.2 TIeprypadn Merpapatiredv KurAdopatov

Ta KukAgpata ota oroia MPAypatornotOnKke n eKTEAEOT TOV {NTOUPEVROV TIEPA-
patev neptypdpovial mapaxkato :

1. 8-PSK pue kwduconoinon tov oupubojwv kata Gray, yia Peyaiutepn avoyi
ota opadpata yia toug A0youg rmou avadepObnkav napanave.

2. 8FSK
3. 8-PSK ywpic kwbikonoinon twv oupu6oAdnv kata Gray

H petprjoeig éywvav yia SNR = [0 : 2 : 8]dB xat yia oyko &edopévav tng tagng
v 10° bits yia peyadutepn afloruotia ota nmapayopeva anotedéopata Kat oup-
nepdopata. Zuykekpaéva ta 10° bits pag mpoogpépouv afilormiotia yia Petproetg
BER 1 td&ng tou 1073, mpdypa mou unepkadurel Ti§ avaykeg 1ag.

4.3 Benchmarking

O ROO1KAG TTOU XPNOoonoONKe yla Vv Mmapay®y! TOV Mapdrdve HETPHoemV
@aivetal mapaxkdate?:

bits = 1075;

for SNR = 0: 2: 8
A = binary_input (bits);
B = mapper (A, 'psk’, 1);
C = modulator (B, ’psk’);
D = noise(C, SNR);
r = demodulator (D, ’'psk’);
E = foratis(r, ’'psk’);
F = demapper (E’, ’'psk’,
BER_psk_gray (i, 1) = ber

1

(A, F);
SER_psk_gray (i, 1) = ser(A,F);
A = binary_input (bits);
B = mapper (A, "fsk’, 0);
C = modulator (B, ’"fsk’);
D = noise (C, SNR);
r = demodulator (D, ’fsk’);
E = foratis(r, "fsk’);
F = demapper (E’, ’fsk’, 0);
BER_fsk (i, 1) = ber(A,F);
SER_fsk (i, 1) = ser(A,F);

= binary_input (bits);
mapper (A, 'psk’, 0);

= modulator (B, ’'psk’);

noise (C, SNR) ;

demodulator (D, ’'psk’);

foratis(r, ’'psk’);

= demapper (E’, ’'psk’, 0);

HEs OQW
Il

2Ta T1G avTioTolXeG CUVAPTI|OELS ITOU XPIOTHOIOI0UVIAl PITOPEiTe va avatpéEete oTo mapdptnyd.

10



BER_psk_without_gray (i, 1) = ber(A,F);

SER_psk_without_gray (i, 1) = ser(A,F);
i =1+ 1;

end

semilogy (x’, BER_psk_gray, ’'.-'");

hold on;

semilogy (x’, BER_fsk, 'g.-");

semilogy (x’, BER_psk_without_gray, 'r.-");
legend (’ 8-psk with Gray’,’8-fsk’,’8-psk without Gray’);
title (’Bit Rate Error’);

xlabel (" SNR’) ;

ylabel ("BER’) ;

hold;

figure;

semilogy (x’, SER_psk_gray, ’'.-'");

hold on;

semilogy (x’, SER_fsk, 'g.-");

semilogy (x’, SER_psk_without_gray, 'r.-");
legend(’8-psk with Gray’,’8-fsk’,’8-psk without Gray’);
title (' Symbol Rate Error’);

xlabel (" SNR’) ;

ylabel (' SER’);

hold;

Ta amoteAéopata tou AdBapie armeikovidoviatl otig HU0 YPaAPIKES TAPACTACELS
ou @aivovial ota oxfpata 5 kat 6

Bit Rate Errar

-ID T T T T T T T =
— G-pskowith Gray [
B-Tsk 1
10 —— G-psk without Gray ||
.2 i
10 F 3
o ]
L 4
m -
-3
10 F _E
-4 |
10 F E
.5 i
-ID 1 1 1 | | | |
0 1 é 3 4 a B 7 il

Zxfpa 5: Bit Error Rate (BER)
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—— G-psk with Gray
g-fak 1
-1 — B-psk without Gray ||

10

10

SER

0k 3

-ID- 1 1 1 | | | |
o 1 Z 3 4 a ] 7 a

SMR

Zxnpa 6: Symbol Error Rate (SER)

Ene1dr) ta mo mbavda opdadpata odnyouv oty eopaipévn ermAoyn piag yet-
TOVIKNG PAONS ®G TIPOG T IIPAYHATIKY], Td IIEPL000TEPA e0PpaApéva k-bit ocupBoAa
TEPIEXOUV 1OVO €va eopaApévo bit. 'Etot 1o cuotnua 8-PSK e kwdikoroinorn tov
oupBoAwv kata Gray eivat Aoyiko va ennpeddetal Atyotepo ano mbava opaipara,
O1n) TIEPIMTIOON TIOU peAetdpe v mbavotnta epdaviong opdaipartog bit, os oxéon
pe 1o 8-PSK xwpig kadikoroinon tewv oupBolev katd Gray. Auto oupBaivet yati
e v Xpron kodikornoinong kata Gray duo yettovika k-bit oupBola Stapépouv
povo kata éva bit, pe ouvénela, av avayvepiocoupe AdBog oupBoldo, to oroio pe
peydAn mbavotnta Sa sival YeEItoviko g rpog 1o opHo, Kat emopéveg autd ta duo
va dapépouv povo katd 1 bit peta§u toug.

[Tapdda autd o Gray &e propet va pag dtaopadioet 1o 1610 Kat ot repin®on
Iou pedetape ) mbavotta epdaviong opaipatog cupBolou. Me dAda Adyia
kat ota 6vo PSK n mbavomnta epgdaviong Kamnotou opaipatog oupBoAou da sivat
akp1Bwg 1 161a mpaypa mnou embBeBatdvetal KI0AAg Ao IV avtiotolXn Ypapikn
rmapdaotaot).

'‘Ocov agopd tpa tn ouykptlon tou 8-FSK pe ta 8-PSK @aivetatl ot ot 1ie-
pirmtwon tou BER 10 8-FSK mapouotddel oAU kadutepn avoyxr ota odpdipata
and autd wwv 8-PSK. Ta FSK ovotuata mapovoialovv Kaiutepn OUUTEPLPOPA
oto 9opubo oc oxeon ue ta PSK adda sival kat mo nepinjloka.

Na novpe €d® 611 n Matlab 61aBétet éva epyaldeio oU pag EMIPENEL va OXE-
6ldooupe dpeca KAl va OUYKPIVOURE TETOlA oUoTpatd yia 81a¢popoug TUTIOUG
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YopuBav kat M ta Bit Error Rates, to bertool. To epyaleio autd pag BorOnoe
va emBeBaiwooupe v opHotnta 1@V perprjoemv pag. 'Eva nmapddsiypa autou
@atvetal oto oxnpa 7, yua M = 8.

BER

E, /N, (o)
Zxfpa 7: Bit Error Rate (BER) pe 1t xprnon tng bertool

KAetvovtag v evotnta autr] Tov MEPAPATIK@OV avaAUoe®V va TTOUPE 0Tt 600
augavetat 1o SN R nou mapéxoupe oto 8-FSK toco meproodtepo SN R anarttel
éva ouotnpa 8-PSK pe 1 xopig kwdikoroinon tov cupBoAev kata Gray oote va
napéxet v i6ia pikpn mbavotnta epgaviong opdipatog bit.

5 ZIxoAwaopodg kat ZUykpion Arapoppwoswv M-PSK
xat M-FSK

LV evotnta autr) KaAoupaote apXikd va oxoAtdooupe ta oxnpata 7.57 kat 7.63
aro 1o [1] kat ot ouvéxela va 0X0A1ao0UE KAl va CUYyKpivoupe tig drapopdpmoetg
M-PSK, M-FSK, ®g mipog 1o pubuo petadoong bits, tnv mbavotnta opaiparog,
K1 TO arattoupevo eupog {ovng otav audavel 1o M.

Zto oxnua 7.57 @aivetat n rubavotnta 10U oPpaidpatog cupBoAoU yia KATIO0
M-PSK ouvaptiioet tou SN R/bit yia M = 2,4,6,8,16 xat 32. Ano ta diagopa
ypapnpata Priopovpe va kataAdaBoupe Ot 0tav yia KAMolo ouykekpipevo M to
SNR/bit peyadovetl to SER yivetat 6Ao kat rmo pikpo teivoviag oto 1€Aog o€ TIHES
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g té€ng tou 107°. Emiong 600 1o M peyaddvel 1600 peyadutepa SNR/bit dB
Xpewadovtal ya myv napaynyn idiag mbavointag opaipdieov oupBodou. Luyke-
kpéva otav Py, = 107°, n dagopd emidoong petaly tou M = 4 xar M = 8
etvat mepinov 4d B, kat n dagopd petadu tou M = 8 kat M = 16 eival niepirtou
5dB. Tha peydleg tpég tou M, o Surmdaciacpog 1ou apldpou 1oV @Aace®v anattel
grunpooBeta 6dB/bit yia v eniteudn g i61ag enidoong. Mia mpooéyyion tng
mBavotntag opadparog yia peyddeg tpég tou M kat tou SN R, yua % > 1 kat
s No
| ©, |= 5 etvat n akoloubn:

Py =~ QQ(\/Qstm%) omou M = 2, xat o, = koy (7)

H 1006Uvapn mbavointa opaipatog bit ot M-abikr) iapoppworn Katd @aon
pe Kedkonoinon kata Gray, nipooeyyidetat oAU KaAd og:

Py~ - Py ®
k

'‘Ocov agopad 1o oxnpa 7.63 tpa, avartapiotd v mbavotnta opdipatog bit
yla karowo M-FSK ouvaptrioet tou SN R/bit yia M = 2,4,8,16, 32 kat 64. Ano
1a Sidpopa ypadpnpata propoupe va kataddBoupe 0Tl 0tav yld KATOIO OUYKE-
kpévo M 1o SNR/bit peyadwvet 1o BER yivetat 6Ao kat mo pikpo teivoviag oto
tédog oe Tipég g ta&ng tou 107%. Emiong éoo to M peyadovel 1600 pikpotepa
SNR/bit dB yxpetddoviatl yua v napayeyn idiag mbavointag opaipdiov oup-
BoAou. Zuykekprpéva yia va emruyoupe P, = 107°, 1o anattovpevo SN R/bit

elvat Atyo mepioodtepo v 12dB yia M = 2, add'a av to M au§nbei oe 64
bits
(k = 6—————), 1o artawtoupevo SN R/bit eivat riepinou 6dB. 'Etot auv§avoviag
ouUpBoAo

10 M ano 2 ot 64, e§oikovopoupe neplocotepo arno 6dB (éva nmapdyovia eddtio-

ong too pe 4) ot petadidopevn 10xU (1) evEpyela) IOU anatteital yia va emruxoupe
P, =107%.

KAeivovtag kat auty) myv evotnta, ouvoyiloupe ta e§ng oe oxéon pe ta M-PSK
xat M-FSK:

e M-PSK:

1. vpnAo pubpo petadoong bits
2. peydAn mbavotnta opAApatog

3. 0Mo KAt peyaAutepo eUpog {Hvng 600 audvel 1o M

e M-FSK:

14



1. xapndo pubpo petadoong bits
2. pkpr mbavotta opaApatog

3. 0Mo katl pkpoOTEPO £UPOG {Wvng 600 ausavel 1o M

6 EpyalAeia avantuing

H ouyypa¢rn kat avarntuén tou kodika eytve oe GNU/Linux, Debian Lenny .
XpnowonotnOnkav:

e Matlab R2008a (7.6.0.324)

o IATEX yila tnv ouyypadn g avapopdag.

7 TIlapaptnpa

7.1 INapaOson xOS1ka Matlab

7.1.1 Binary Input

function binary_sequence = binary_input (number_of_elements)
binary_sequence = binary_input (number_of_elements) :

oo o

o\

The binary_input is a function that takes as argument the number of
elements (0, 1) that will be exported in the binary_sequence array

o

o

initialize the binary_sequence with 0 or 1 as elements, that will have the
same propability
binary_sequence = randsrc (number_of_elements, 1, [0,1]);

o

end

7.1.2 Mapper

function symbols_array = mapper (binary_sequence, encoding, gray)
s_m = mapper_modulator (binary_sequence, encoding, gray):

oo oo

o

The mapper_modulator is a function that take as argument a binary
sequence and transforms the elements of this array into symbols

The encoding is either ’fsk’ or ’psk’

The gray argument denotes if is to be used gray (1) encoding or not (0)

oo oo

o

o

the length of input
size_of_binary_sequence = length (binary_sequence);

o

we group the bits into groups of 3

the remainder of the sequence is separately converted into one symbol at
the end

temp = mod(size_of_binary_sequence, 3);

o

o

o

% the sequence which is dividable by 3
new_bin_seq = binary_sequence(l : (size_of_binary_sequence - temp), :);
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% grouping of that sequence
reshaped_sequence = reshape (new_bin_seq, 3, (size_of_binary_sequence - temp) / 3);
% tranform the sequence into binary code for every group of 3 bits
for i = 1: (size_of_binary_sequence - temp) / 3

symbols_array (i) = bin2dec (num2str (reshaped_sequence(:, i)'));
end

the rest of the bits are separately tranformed into a symbol in binary

code

if temp "= 0

symbols_array (i + 1) = bin2dec (num2str (binary_sequence (size_of_binary_sequence - temp +
+ 1 :size_of_binary_sequence, 1)’));

oo o

end

if we use gray encoding in order to achieve smaller distance among two
symbols which are adjacent, we encode the symbols into Gray by using the
following function bin2gray
if gray ==

symbols_array = bin2gray (symbols_array, encoding, 8);
end

o oo o

7.1.3 Modulator

function s_m = modulator (symbols_array, encoding)
modulator (symbols_array, encoding)

Takes as arguments the symbols array that are to be transmitted and
encodes it according to the argument encoding (’psk’ or ’fsk’)
Returns the modulated signal

o0 o oo oo oo

o

size of the array that has the sequence converted into symbols
ize_of_symbols_array = length(symbols_array);

[0}

o

period of symbol
_symbol = 40;
frequency of symbol
_symbol = 1 / T_symbol;
period of sample
_sample = 1;
period of ferousa
c = 4;
frequency of ferousa
_c =1/ T_c;
Energy per symbol
s =1;

—

o

h

o

|

o

=

o

[

o

=1

% orthogonal pulse
= sqgrt (2 » E_s / T_symbol);

Q

o

initialization of the symbols that we send
_m = zeros(size_of_symbols_array, T_symbol / T_sample);

0

% computation of the transmitted signal
== "psk’
1: size_of_symbols_array
for t = 1: T_symbol/T_sample
s_m(i, t) = g x cos( 2xpixf_cxt - 2xpixsymbols_array(i)/8 );
end
elseif encoding == ’fsk’
for i = 1: size_of_symbols_array

16



for t = 1: T_symbol/T_sample
s_m(i, t) = g * cos(2 » pi *x (f_c + symbols_array (i) * f_symbol)
end
end
end

7.1.4 IIpooOnkrn Oopubou

function received_signal = noise(s_m, SNR)

received_signal = noise(s_m)

The noise function takes as argument the s_m signal that is to be
transmitted and the SNR and adds AWGN

o0 oo oo

we solve the equation
0 » log_10(E_b / N_0) = SNR
and try to find N_O
given that
= 1; % and
=E_s / 3;
we have as a result
0 = E_b / (107 (SNR/10));

0 o0 o oP
=

Imlpj
o wn

o

b=

o

We create a gaussian distribution with mean value:
= 0;

and standard deviation

sigma = sqrt(N_0 / 2);

o 3

the noise is added to every sample taken by the modulator

for that reason, the derived array has to have the same dimensions as the
array of the samples
L_symbol, T_symbol] = size(s_m);

— o° o° o

% produce AWGN
noise = m + sigma * randn(L_symbol, T_symbol);

o

% adds it to the signal
received_signal = s_m + noise;

7.1.5 Demodulator

function r = demodulator (received_signal, encoding)

% [rl, r2] = demodulator (received_signal)

% The demodulator function takes as argument the received signal and finds
% the components (rl, ...) of every transmitted signal

%

The encoding could be either ’'psk’ or ’fsk’

o

period of symbol

T_symbol = 40;

% frequency of symbol
f_symbol 1 / T_symbol;
% period of sample
T_sample = 1;

% period of ferousa

T_c = 4;

% frequency of ferousa
f c=1/ T_c;

o

Energy per symbol

17
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% orthogonal pulse
g = sqgrt (2 = E_s / T_symbol);

[L_symbol, T_symbol] = size(received_signal);

% demodulation

if encoding == ’psk’
for t = 1: T_symbol
yvl(t, 1) = g x cos(2 » pi » f_c = t);
v2(t, 1) = g » sin(2  pi » f_c » t);
end

% calculation of the 2 components
r = [received_signal x yl, received_signal * y2];
elseif encoding == ' fsk’
for i = 1: 8
for t = 1: T_symbol
y(i, t) = g x cos(2 » pi » ( f_c + (i - 1) » f_symbol)

end

% calculation of the 8 components
r = received_signal x y’;
end

7.1.6 Pwpatng

function symbols = foratis(r, encoding)

symbols = foratis(rl, r2)

The foratis function takes the r argument and calculates the
binary (or gray) symbols that was to be send

The encoding could be either ’'psk’ or ’fsk’

o0 oo oo oe

[r_lines, r_columns] = size(r);

if encoding == ’psk’
% calculates each possible received symbol
for i = 1: 8
s(i, 1) = cos( 2 x pi 1 / 8 );
s(i, 2) = sin( 2 = pi = 1 / 8 );
end

3
S
o
S

be the sent symbol
for j =1: r_lines
for i = 1: 8
temp (i, 1) = norm([r(j,1), r(j,2)] - s(i,:));
end
[min_diff, symbols(j, 1)] = min(temp);
end

% the 8th symbol is actually the 0th symbol
symbols mod (symbols, 8) ;

elseif encoding == ’fsk’
% period of symbol
T_symbol = 40;

% frequency of symbol
f_symbol = 1 / T_symbol;
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% calculates the symbol which presents the greatest probability to
% be the sent symbol
for j =1: r_lines
[max_diff, symbols(j,1)] = max( xr (3, :) );
end

symbols = symbols - 1;
end

7.1.7 Demapper

function received_bits = demapper (symbols, encoding, gray)

received_bits = demapper (symbols)

The demapper function converts the received symbols to bits

The encoding could be either ’"psk’ or ’'fsk’ and also with gray encoding
(1) or not (0)

o0 do oo oo

o\

if there has been used Gray encoding in the transmitted signal

if gray ==

symbols = gray2bin(symbols, encoding, 8);
end
received_bits = dec2bin(symbols);

oo oo

m: number of lines of the received bits matrix
n: number of columns of the received bits matrix
[m, n] = size(received_bits);

% reshape the matrix with the received bits to an array
received_bits = reshape(received_bits’, mxn, 1);

convert to double every character

in orde to recover the value that this character represents in ASCII code
we substruct 30 (hex) = 48 (dec)

we have assumed that we deal only with character wich represents digits
that is a valid hypothesis because we deal only with zero and one
received_bits = double (received_bits) - 48;

o0 oo oo do oP
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