DPSK & M-abikec Arapopdwoelc
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2uotnua DPSK (Differential Phase Shift Keying)

e >tnVv Stapopdpwon PSK €xope mtpoBAnUa cuvtoviopoU ool — SEKTN.

o Avtipetwriletal pe tnv DPSK 6mou kaBe cupPoro dtapopdwvetal o oxeon e
T $Aon Tou apECoWC ponyoupEvoL (evw otnv PSK n ddon cupfolou dev
gtaptatal amno tnv paocn aAlov cupPoiou, mapd HOvVo amod auth Tou popea).

Bit 0: 8ev aAAdleL n mponyoupevn daon.

Bit 1: aAAA&leL N mponyoupevn daon

Kata 1t (180°).
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SYTKPIZH PSK — DPSK
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MOMIMNOZ DPSK
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Information message J S S )

AEKTH2 DPSK

(First bit arbitrary)

Corresponding phase shift

Received signal

HMA o
DPSK (Pulse of length7)
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Differentially encodedmessage 1 1 1 0O O [ i [ code
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(a) Differential encoding
Band Sampling
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etector decizion output
J Sampling pulse
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(b) Detection of DPSK
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Ortav o1 pdaoeig gival oe auppwvia (dnA. idIEC)

n £€¢odo¢ Tou «Coherent detector»
(TroANaTTAacIa0 TG KOl LPF) £x€l BETIKA TIUN
(11.X.1/2), DIapOPETIKA £XEI apvNnTIKA TIUN (TT.X.

-1/2)
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Awadikacia ekmopnne — AnPng DPSK

roal Lo ol Lils Ll L
ref(t) 1* 1 0 1
b, 0 0 T 0 0 0 T 1Lt 0 0
ref(t-T,) 1 1 0 1 1 1 0 0 1
b, 0 0 T 0 0 0 It 1t 0
d,-d, 0 + - 0 0 + 0 0
AHWH 1 0 0 1 1 0 1 0 1

Bit ref(t-T,) onpaivel ot to bit ref(t) kaBuotepei xpovo evog bit (T,)



Awadikaoia ekmopnnG — AqPng DPSK  (ouvexela)

--nn--nn-
ref(t) O° 1 0

b, T T 0 1t Lt i 0 0 It Lt
ref(t-T,) 0 0 1 0 0 0 1 1 0

b, T T 0 1 T T 0 0 T
d,-P, 0 + 0 0 0 + 0
AHWH 1 0 0 1 1 0 1 0 1

Bit ref(t-T,) onpaivel ot to bit ref(t) kaBuotepei xpovo evog bit (T,)



AZTEPIZMOzZ KAI EYPO2 ZONH2z DPSK

90°
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AZTEPIZMOZ: 180° * l > OOCTEPIOMOG
a Tou B-PSK
270° or -90°

EYPOZ ZONHZ DPSK OINQZ TOY BPSK:
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SUPPETPIKNA EIKOVA OTOV % | ;
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apvnTiKO nuiGgova  Z i |
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01011 DPSK ka1 BPSK diagpépouv JOvVo we TTPOG TOUC KAVOVEG KWOIKOTTOINONG




Ynep kat Kata tng Avrapopdwong DPSK

YNEP

* H dapopdpwon DPSK dev amattel
KUKAWLOTOL VLo TNV aviXveuon tng
ouxvotTnToC Tou dopea 0To SEKTN.

e Aev XpeLO{OLOOTE CUYXPOVIOUO
HeTaL Topurnou Kat SEKTN.

* OBnvoTeEpOC HEKTNC 0 OUYKPLON
ue ovotnua Stapopdwonc PSK.

KATA
H mapepBoAn BopuBou eival
neyaAvtepn oto DPSK.

YynAotepo BER o oUykplon pe BPSK.

H dtapopdwon DPSK xpnotuormotel
Sdvo Stadoyka bits katd tn AnYn. Q¢
€K ToUTOU, TUXOV OPpAALA OTO TIPWTO
bit dnuilovpyet opaApa kol oto
delTepo bit kat Stadoyika to opaipa
Stadidetal. Evw otnv PSK n
aviyvevon evoc bit ev e€aptatoal amnod
aAAo bit.

H dtapopdwon DPSK sivatl Bewpntika
3dB (U0 popec) ptwyodTEPN ATO TNV
BPSK (Aoyw SUo mnywv AaBouc).

XpnaoigoTtrolgital 61Tou Kai N diapdpwaon PSK:

AnA. ouviBwc o€ epapuoyéc Bluetooth, RFID kal OTITIKEC ETTIKOIVWVIES



Wnorakec AlopopPpwoel — ZUYKPNTLKA
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Wndrakee Atopoppwoel

NoAAatAwv ETumESwvV

Yta cvotipata Pndaknc dStapopdpwonc ASK,

FSK, PSK, DPSK, to mAnpodoplako PndLoko , ,
onpa sivat Suadikic (binary) kwdwomoinonc M emriTreda T00EWG
(PCM). n bits

Eumneptexovtal Svo dapopdpwoelg (!!1): PCM nm

Kat AM 1 FM r} PM.
Arntodotikotnta eUpouc {wvng (HEyLotn):

y I 00, 01, 10, 11
» 2 bps/Hz (PCM) 3 8 000,001,010, 011, ...
> 1 bps/Hz (ASK, PSK) 4 16  0000,0001,0010, ...

Mwc Tpomormnotovvtatl ot SLapoPPWOELS AUTEC
otav 1o MAnpodopLlaKko orpa Kwdlkomoleltal
e kwdka (signaling) moAAamAwv eruunedwv M;

O véec dlapopdpwoelc Aeyovtat: MASK, MFSK,
MPSK (QPSK av M=4), QDPSK, QAM
(ouvbualovtac ASK pe PSK), 16-QAM, 64-QAM

K.QL. N



M-ary ASK

« my()=Acos(agt), 1=1,...,M=2" o¢ drapkero gvog alpov T,

8-ASK, M=23 1 Acteplopoc 8-ASK (unipolar)
A Voltace MovomoAikd Aldy pappa
- o o o o = - = =
oraY 100 -7 E 2 B B B BE B 8
code o0 O o 0 o o o >
101 + 6A 0 A 2A 3A 4A 5A O6A /A
111 __5_,3L .............................................
110 + 4A Added noise
010 A= A oo \’J\N\I\JM\ /
01 1 € 2A ......................................................................... /\/\/L
oot A 0 1 [T
t
000 >
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M-ary ASK (ouveyxeLa)

e O noumnoc kot 6€ktnc MASK eival ouclootika iblot pe B-ASK
e H moAumAokotnta tou 6€KTN €lvall cadwc peyaAUTEPN.
* EUpog lwvng BW = 2R, = 2R, /n

K| k— BW — _ _
s : : BW =2 R,,= 2 R,/n
g : :
= ! I
S | I
,——v——v—\/\/\/v . | : V\/_\./ e
Je=Rym fot Ry f(Hz)

i > Je
f.

Constellation diagram for 8-ary
Bipolar ASK
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M-ary FSK (Multitone FSK)

m;(t)=Acos(o +Q)t, 1=1,..., M=2" 6¢ dudpkera gvog maipov T,
EUpoc {wvng > 2:-M-B omou B eival to eUpoc {wvng VO TTOALLOU TOU KWOLKAL
(6nA. ouv o €VpPOC LwvNC YL SLAXWPLOUO TWV TIAALWV).

To BER avué&avel otav avti yia duadikn emAéyope onpatodooio M > 2
erumedwv. Opwce, AEN avéavel, av ot popeic eival opBoywviot ava duo. (dnA.
TO OAOKANPWHA TOU YLVOUEVOU TOUG €ival undev otnv dtapketa T,).

OpBoywviotnta enttuyyavetal o cuotipata MFSK - MPSK aAAd oxL oe MASK.

M.x. Ta ofpata cos(2mf t) kat sin(2nf.t) eival opBoywvia oe Stapketa 1/(2f.)
adou cos(2mf t)sin(2mf t)=0.5sin(4mf t) ko yia 0 < t < 1/(2f,) T0 _fO.Ssin(4nfct)=O.

4

sin(2fct)

OpBoywvidTnTa
[MapaTtnpenoTe ica euada

Katw atro 0.5sin(4Trf )

.f/;'\\ f{// \\\ /,‘f’};,? Yla O <t< 1/(2fc)
ﬁ ylia0<t< 1/fc

cos(2mfct)
14



M-ary PSK (Multilevel —

* my(t)=Acos(mt+e;), 1=1

e TwuM=4,¢=-n/2, 0, 1/2, = | @;=45°, 135°, 225¢, 315°
H ¢@don tov popéa petofdrretar pe pruato /2 — QPSK (Quadrature PSK)

* EUpoG{wvng BW = 2R,

QPSK Constellation #1

1807

9°

101

10

(0

?ll
270° or -90°
A, cos(2f t+45°)
A, cos(2af 1 +135° )
A, cos(2af t+225°
2

A cos(2nf.1+315° )

*——>0° 180°

=2R,/n

yu 10 dvadind Ymeio 00
yiar 10 duadixd ynepio 01

yio: 10 duadud yngio 10 e ‘

yue 70 duodird ymeio 11

ANANWA

QPSK Constellation #2
20°
4
01 0o
® °
> 0°
L3 o
11 10
2707 or -9°
5 | i i
o gy 1 1 o
gloodog { I :
| | 1
Al | |
| |

Multiphase PSK)

se oo, M=2" o€ O1apKELQ EVOS TOAPOV T\

D0 (457 phasc shift)

77N\ I\ ¢

01 (1357 phase shaft)

=135 phase shift)

\ {0\
X /

10 (=457 phase shift)

-

11

45°

\./ '{v
|
|
|



M-ary PSK

Possible signal phases @, =

(cuvéyxela 1)

2T .
(m— ])M , m=12,M
93 /8
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.
1
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% TNng paong

1//////// ne for §orrecf

v”,/// recepﬂOn |f 8]
is signaled

\\\\\\

% EKATEPWOEV TNG PACNG
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QPSK (4-PSK) — nomMnoz

R
() Symbol rate 5 Q channel

» B

Shift i B
register Latch T
by Ly b1 sin 27f .t QPSK

@E‘L.

¥ e *’ cos 21t M-ary System
Binary data S R l
> ymbol rate > I channel
rate R > 4@ > Data rate: D (bpS)

Symbol Rate: R (baud rate)
Number of symbols: M

(b) A 0

: < T D=R*n

% n = number of bits/symbol
i 0 M=2" - n=log,M

01 00

Anhadry D = R * log,M




QPSK (4-PSK) — Z0pdwvoc AEKTNC

A cos w, ! 5, ()
: X »LP F

IA cosw f+ x/2)

Mia aTro TIg
£€O00UG
Twv LPF Ba €xel
BeTIKA TIUA Kal Ba

myit) = Aces (wt+y)

5,lt)
e LP,F
EVEPYOTTOIEI TO
«AOYIKO» KUKAWMO

A cos (“er + x)
5,0)
yla Tnv dnuioupyia
A oo w,t +3e/2) i TwvV bits.

:
85(1) = %—cos-’;— <)

Logee Crrcuits

2 2
Eotw @; =0 T0TE S, ()=A%2 >0 ev@): §,(t) = %.cos 7= _42.
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A6 10 cuvdvaoud M-adikig Stapdpemong mAdtovg Kot M-adtkng Lo /
S1U6pPmONS aong TpokLTTOLY M-adikd cLOTHUATA TOAADV TILDV. QAM: 6U0 CI)OpEl.Q
To oy. 10.7(a) Setyvel To Sravvopatikd Sidypappo cvotuatog QAM HETATOTILO |J.E'V0l.

Quadrature Amplitude Modulation — Tetpoyoviky SpOpPON o€ d)do.n kot 90
=34T0Vg) 8 TdY TOV TPOKVTTEL Amd TO GLVEVLAGHO dvo otabudv

=1ATOVC KUl TECCAPOV S1UQOPETIKOV @hdoemv. Eva mo moAVmAoko MOLPEG (I']IJ.LTOVO
suotnua pe 16 cuvdvacpovg TAATOVS Kal Pacng deiyver to oy. 10.7 KoL ouvn HiTOVO)
' 8 ). 1
A ; Sdlapopdwvovtat
sy ot o1 kot cuvduadlovtalt
TAATOG (noipeg) ;
Q AM : , oo1 (mpootiBevtaw).
! 90 111 011 000 100
: . SRR
2 0 010
2 90
: 150 110

(amé BLBAio B T

KaO. I I
[ ] [ ] TAGTOg (uoipeg)
0, 90, 180, 270
0, 90, 180, 270

3
14 5
Kokkivakn) oS

®

Ena 10.7: Svotiuate Modkhg SOHOpOOONG HE GUVELACHUS SLEHOPPOCTG
nhaTovg Kat edone. Tvotnua 8 QAM (o) kot 16 QAM ().

M-odwd  ovotiuota  Spdpe®OONS  ¥PNOLOTO00VTOL  HE
Bcamvopevo pubud Ge GUYYPOVO CUCTAHATO HETAOOOMNG SESOHEVMY.
£ = QAM-MODEM 7.y. tov 9600 bit/s pe ypnoipomoinon 16adikng
Bewoponong 6nwg oto oy. 10.7 (B), petadider tetpddeg bits pe 19
pepimta 2400 Baud.



OpOBoywvia MoAUnAeén - AmomtoAUTAEEN

u,(t) onpa 0, ) W)= 1
, , : { x o
Baoikng dwvng \
W COSU.)ot |
Exmroutril OPSK L u(t) —> .- - .
_ nQ > ( z Ayn amé QPSK
, sinwgyt Sinwgt
u,(t) onpa e
A ! oy & . 1
BaoikAg dwvng U0 w0 = 5 5,0

() ®)
(o) Mopmog — MoAUTAEEN (B) Aéktng (ZUyxpovog ARmtng) — AltomoAUTIAEEN

IMopmog
u(t) = uy(t) cosot + ux(t) sinot

In-pha sy
AEKTNG p S€e Quadl’atu re

u(t)cos m,t = U, (H)cos @yt + u, (DSin,teosw,t
= —;—ul(t) - -;—u](t)cos%)ot + %uz(t)sirﬁcoot

u(t)sino, t = u, (H)cosm, tsin®,t + u, (Dsin’o,t

1
%ul (t)sin2m,t + e (t) ——12—u2 (t)cos2m,t
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OMOIOTHTA AIAMOPOQZEQN QAM == QPSK

v,=1/(2T,)=1/T, (baud)

U 4QAM = 4-PSK
’ Al\ = -
Znua PCM Cosw,t QPSK 4 PSK
SEIPIAKOZ/
SEIPA
AN > JTAPAAAHAOZ
METATPOIIEAZ
v=1/T,
BY R N R
{ 1 - BIT !
= i 3 i
v.=1/(2T,) | KAOYZTEPHZH |
________________ o |
Yo
i
Digital Signals > !
0
(@)
100 1 T e L
T < T > ()
®) .
Binary Bitstream _ g, 1
11000110 | Lompeer @ 270° o 90° (5)

=
[
|—=
[

ALOVUOUATIKG  SLypoppa @opéd adpopemToL (), dlapop-
oopévod kotd DSB-SC pe v moipocepd A (B), dlapop-
popévod koté DSB-SC pe myv moipooepd B (y), drapop-
OOUEVOD HE TIg TAAHOGEPEG A Kot B xon kddwka Gray (9). »



16 QAM

(a)
Binary data Symbol rate § I channel
16-QAM = 09 >
AvTioToixi(loupe T
4 bits o€ éva atmod Ta oy } bibo cos 27ft 16-point
m=1,...,16 cUuBoAa Pty = UM
A A Q={+/-1V,+/-3V} L oo EABK iy
by 1 bs symbol rate :
. R l
U (D)= o s T
A p(t)cos(wgt) + ' 4
A.QpMsin(wt) (& ¢ Quadrature
(sin)
["evikwTepa M-QAM,
avTioToIXiloupE LR L E Ve
log,(M) bits o€ €va
z ’ 1010 1011 VlOOO 1001
atrd M cUuBoAa. ® e 1V e )
L R BV e B e L ; In-phase
001.0 00:1_1 \/0030 0(?1 (COS)
0110 0111 100 0101
SRR\ R
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QPSK — 16 QAM (Savd

)

R
@) Symbol rate 5 Q channel
Shift 4 %
register Latch T
by J sin 27fc QPSK
signal (@) -
Binary data
Symbol rate —
b b ym I channel
0 Lp— Do cos 2nfut rate R =4 ® o
Binary dat l \ 4
_x_l_zﬁ_ Symbol rate - I channel T
& 2 ~d b() - b() b b
rate R > > L cos 2mfct 16-point
| e C" QAM
PR
() 4 by | by || B3tz ,
— 4-point-ASK . nfut A
b3 by symbol rate
; R
Sint coswe! Shift Latch o l
c '/ 1 4\ 0 e 4 Q channel
' < S = > »>
I~ b
(b) 0
1
\4
iy 1110 1111 1100 1101
Db Q ) ° ® ®

% 1010 1011 1000 1001
® e

0010 0011 | 0000 0001
® ® ®

0110 0111 | 0100 0101
[ J ® [ ] ®

11 10
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Direct Sequence Spread Spectrum (DS-SS)
Kpumtoypadnon

(¢) (t)

. f‘(ﬂ m,(t PSK PSK m,(t fc(f)
DS S’S Sys.’tem =3 X modulator mz(t) mz(t) demodu‘ator _?_—'
NMoputrog - AEKTNG (o) clt)

f (t) 1 = 1 1 -1

2nua PCM B 0 T 2T, 3T, ar e
706 I R il PR 1=t i K At
T,=nT, n= 4,5,6,...
: |
Chip Rate ) i | |
(——Tp:—'l
m, (o) =1 _(thclt) s s
K BWps.ss =N BWpcy
2nua DS-SS B 5 bt
I
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CDMA encode/decode

channel output Z; |

i ' —— : Zi,m: di.Cm: | )
d.ata d, = -1 — :—»Q 1] [ a2 1]z 4] E
sender O | | | ST N ] Y1)
1|11]1 |I :1 111 E i/ : slot 1 | slot O |
code [ [akfa 4| [ajafa channel  channel
: slot 1 : slot 0 | output output
M
Di = mzzlzi,mlcm
| | IR M |
received o [ PpRERRRR] A | T3
input e B I = e Q_’ d, =-1
111 |I 11]1] [1] i/ ' slot1 " slot0
COde: 4| |afafs 1| |alapa channel  channel
' i v | output output
receiver ' slotl ' slotO P P

M. D. Logothetis
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Frequency Hopping:
Code-Selected Multiple Frequency FSK

s
m (t) mt)
Al l FSK .

modulator

COcht

Frequency
synthesizer
(controls w )

e(t)

(Pseudo)
random
code
generator

Frequency
synthesizer

(Pseudo)
random
code
generator

FSK
demodulator

Epcupérng, nBorroio¢ Lamar

f (2)
[
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CDMA: two-sender interference

senders channel sums together
; transmissions by sender |

1
m
. and 2
channel,Z, -

s | 1L HA

datal o=t ] / H H
Sender 2 P | |
code 1]1]1] [1]1 1[1]1] [1]1 . -

_|_1 - 1 - Z- =d-c

data ___ a1 | 24 =d-
bits [_di="- e

code[.1|1|1 1 :1|ﬂ1

Sender |

N 1
I;T|
N'd

|44

-

s
...............................................................................................................................
*

'f H H —»O | — 4= 1 using same code as

 slot1 | slotO | ~ sender I, receiver recovers

recenved received | | .  sender I’s original data
R IR receiver 1 from summed channel

naainMManniaie
codeE TR T data!

M. D. Logothetis 27



Code-Division Multiple-Access System (CDMA)

e Spread Spectrum Multiple-Access System
o r(t)=2,Af
* ¢ (1), ¢ (t) opBoywvia i # ]

(t-t)ci(t-t;)cos(w +6,)

pcmi

ci(t)

r(t)

cos(w.t +0;) oAoxkAnpwon
otn SLapKeLa
gvoc bit

28



Orthogonal Frequency Division Multiplexing
(OFDM)

YATATATATATATATA

Ch.1 Ch 2 Ch 3 Ch 4 ChS5 Chd Ch ¥ Cha8

Savead Bandwidibh

= -

Positive and
negative area

cancel.
+Area

Positive and
negative area
cancel.

+Area

MNOMIMOZ

Serial A
Digit Parallel to -
OFDM  [Reudom dua parallel o - IFFT serial At
generator modulation intervall
converter converter

4 opBoywviol popeig (sub-carriers) o
sin(2rtmt) T
P OFDM [ N =ra| )
COoS ( an t) A E KT H Z data out cos;::\r::‘:cr modulatmn cg;r‘ag:;r h :i::‘i
cos(2nnt) .

m #n, m/n aKEPALOG
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