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3.5 M£0odotl ArtAn¢ & YroAsutdpevne NAgvpknc Zwvne (1/5)

Single-Sideband Modulation - Suppressed Carrier (SSB-SC)

Qadopa mAnpodopiag 16eato {wvomnepato ¢pidtpo
M) 1H(|
A /\ * Mapadoxn evepyeLaKkoU KEVOU O€ XOAUNAEG
o e h 0 P RYARY) ouxvotntec (m.x. pwvn oe cuyxvotnteg < 300 Hz)
’ B_ 1, 1 Z ’ . B 14 14 I I I
Pdaopa SSB-SC, Avw MAeupikric Zavng (Upper Sideband, USB) * Armnokor evog mAeupikoU AoPou pe Edapuoyn
Zwvornepatou Oiktpou, m.x. he lwvn dLEAeuong
(fetfa fc + fp) yLo amtoKomn Tou KATW
| 1 / TIAeUpLKOL AoBou

* Anodlapopdpwon coherent detection peow pilot
carrier r} TOAQVTWTEC ATTOAUTA CUYXPOVLOUEVOUC

$SB-SC, USB Modulator WG TPOG CUXVOTNTAL KA HAoT

* Mapapopdpwon Adyw dtadopomnoinong ddaongc:
Donald Duck voice effect

DSB-SC m(t) cos w.t
modulator ”

—
>

A COS w, I o—>——4:
m(r) - R
o4 - =

{ 2

=

ZApa Stapopdwpévo kata SSB-SC, USB:
s(t) = A.[m(t) cos(2nrf .t) — my(t) sin(2nf )]

SSB signal

Y ysin w

DSB-SC my (1) sin wt
modulator o

(ST1E

—
—
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AvalAuon SSB-SC*

. QOiAtpo MH:
USB: Upper Sideband Metaoxnpatiopog Hilbert (MH): Metatémion Odonc
LSB: Lower Sideband () = lj m@ . m(e) * L | suyvothtwy f > 0 katd -z
"‘M{f} T —o0 t — 7T 7Tt
N Baseband 1 - f>0
aseban _ —j=e 2, >
\pectrum ) sgn(f) = J i
W pucry ™ j=ez, f<0
oo M(De™Z,  [>0
. e )
s mp(t) © Mp(f) = M(f)[—j sgn(f)] = in
b My ()= M) M(flez, f<0
() USB Spectrum
— [, Odopa USB: M, (f) = M(f) - u(f) = M(f);[1 + sgn(f)]
-4 1
@ | =5 M) + M, (f)]
A ' : — co(—F) = 1 =
T O 158: M) = M) (=) = M(D3 11 = sen()
N LSB Spectrum ; =~ M) = M ()]
MAfe L) o | SoepC SPectrum, ddopa SSB-SC, USB:
7 S(f) jAc[M+(f_fc)+M—(f+fc)]
-(f4w) & X ) PR ¢
Mm,\ o oee ¢ S‘?"“?ff.{f.@ == [M(f = fo) + M(f + )]
, A
-1 -U&-—WI (f-w) A - _Z_j[M(f _f'C) _M(f-l_fC)]
ZRpa dtapopdpwpévo kata SSB-SC, USB:
* Ano “Modern Digital & Analog Communication Systems”, t) =A t 2 t) — t)sin(2 t
B.P. Lathi & Zhi Ding, Oxford University Press, 2010 S( ) C[m( ) COS( nfC ) mh( )Sln( T[fc )]
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xvouc) kat tng 2" sideband, katdAAnAa StapopdwpEvou yia

Vestigial-Sideband Modulation, VSB
* Eméktaon tou SSB-SC pe tnv mpooBnkn HikpoL TuApatog (vestige,

aKPLBECTEPN AVAKTNON TOU apXLKOU GHUATOC
* MeyaAutepn amnaitnon bandwidth amné SSB-SC (~25%)
* [a baseband orjpa Lwvng W ol amawtioelg bandwidth sivow: 2W
yta. DSB-SC, W yia SSB-SC kat ~1.25W yia VSB

A

Bazeband signal W

Ampitude modulation %/

-

5~

\iestigial lower sideband  “

>

-W 0 14 f

(a)

Vestigial
Upper Sideband

SN

od b

" ®) Lw—fl Ll_m :

Moumnog: To onpa m(t) dtapopdpwvetat katd DSB-SC oto u(t)
Kol pEow {wvormepatou didtpou H(f) mapdyel to onpa VSB s(t)

Message
Signal  m——
m(t)

Product
modulator

u(t)

T

A cos (2rf,t)

Modulated
signal ——]
s(t)

Product
modulator

(a)

v(t)

Band-pass
filter
H(f)

é

T

A, cos (2nf,t)

(b)

Low-pass
filter

e ——

Modulated
signal
s(t)

Demodulated
signal
v, ()

“estigial upper sideband w

Aéktng: To onpa VSB s(t) anodiapopdwvetal pe coherent detector oto
v(t) To omoio nmepva ano Babumepatd GiAtpo pe katdAAnAn
g€Llooppomnnon (equalization) mpog 1o vy (t) yla tnv mpoaoéyylon tou m(t)

https://en.wikipedia.org/wiki/Single-sideband_modulation#Vestigial_sideband_.28VSB.29
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Vestigial-Sideband Modulation, VSB - Mounoc

Moumnog: To onpa m(t) drapopdpwvetat katd DSB-SC oto u(t)

Kol pEow {wvomepatou didtpou H(f) mapdyel to onua VSB s(t)

i Product | (1) | Bancpass Lol HPOI =L -W<IfISf—f,
S:;?P,a)lﬁél\/l(f) modulator Fll(j'; — 5':‘3{?? H| |[H(A)| =0,|fl >f.+f,
(0, W) Hz ’ IH(fe = ADI+H(fe + AN = LAf = |f = fol < f;
we

A cos (2nf,t)

0.5¢
To ¢iAtpo H(f) dnuoupyet onpa tomou SSB-LSB otn |

wvn (f, = W, f;) aA\a adrvel mpooBeto undAouno |

f
(vestige) tou AoBou USB otig ouxvotntes (fy, f- + f,) ue 9 fo=W fe—fh fo feth
KataAANAn e€loopponnon képdoug (equalization)

el o] Ll
m(t) & M(f), [;t(t) < U(f), s(t) « S(f)

SH=UOHS) =M —f)+ M+ fIH()
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3.5 M£0odotL ArtAn¢ & YroAsutdpevng NAgvpwkng Zwvng (5/5)
Vestigial-Sideband Modulation, VSB - Aéktn¢

Aéktng: To onpa VSB s(t) anodiapopdwvetal pe coherent detector oto
v(t) to omolio mepva ano PBabumnepatod PpiAtpo pe KATAAANAN
g€Llooppomnnon (equalization) mpog to vy (t) yia tnv mpoogyylon tou m(t)

Modulated v(t) Demodulated
— signal

Product Low-pass

signal ——]
'8 modulator filter

s(t) Uy

T

Ay cos (2rf,t)

(t)

A
v(t) = Ac cos(2nf t) s(t) o V(f) == [S(f fo) + S+ 1l

AAL
=— M(f)[H(f_fc)+H(f+fc)]

A AL
+— IM(f = 2f)H(f — fo) + M(f + 2f)H(f + f)]

Me BaBunepatd @iAtpo anodiauoppwaong:

| %M(ﬂfc)mr)

AcAc ‘
Vo(f) =——MDIHS —f) + H + f.)] J\\

[a va gival n vy (t) avaloyn tng m(t) mpénel

S()

Ac
2

1.

Hf —fO+H(f+f)=C21Vf o
= H(-f)+H(f)=2H(f)=1 75
Me kataMnAa puBpiopévo H(f): ACACM(f+2fc)H(f+fc)

v(f)

A.AH N ACA'C\NH\‘“_F
po(t) = ¢ cz (fc)m(t) R . MmH(fV
2fe

Yﬁm

fc
Acsitf)

(f)H(f fc)

M(F-F)H(

ACA Y

M(f-2fc)H

2fc

(F-Fo)
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@Odopa MAdtoug Wnorakou TnAEOMTIKOU ZALATOG

3.6 Exrtopun VSB Avaloywkig & Wndrakng TnAsdpaong

Baseband Video Signal: ~ 6MHz pe dtapopdwon VSB
glkovag (mavw oe Picture Carrier) kot nxov (FM og Sound
Carrier)

EWdkég amautioslg petadoong avaloylkig TV pe kavaAia

6MHz og ouxvotnteg VHF/UHF (30MHz - 300MHz /

300MHz - 3GHz):

1. Meyaho eUpoc cuyxvotAtwy video (1.25 MHz kdtw tou
Picture Carrier, 4.5 MHz avw tou Picture Carrier)

2. lSlaitepn onuaoia Twv XapUnAwWV CUXVOTATWY yLd
TILOTOTNTO ELKOVALG

3. AmAOTNTO OTNV OVAKTNON TOU OPXLKOU OrUOTOC OTOV
SEKTN

= Xpnon VSB kat petadoon carrier yla envelope detection

Ewdikég amautioslg petadoon Yndrakng HDTV:

1. ZupPatotnta pe avaloylkd kovaAla epou¢ 6MHz yia
netadoon evomotlnpévou PndLokou onpatog video —
audio (~ 20 Mbps)

2. ATAOTNTA KOl TILOTOTNTO OTNV OVAKTNON TOU CAMOTOC
otov 6éktn pe duvatotnteg euduiag Adoyw Pndlaknc
TEXVoAoylag

= Xpnon VSB kat petadoon xapunAng évtaong carrier
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3.7 Metatomnion Zuxvotntag
Meiktng (Mixer)

s'(t)
Modulated wave s, (1) Product Band-pass Modulated wave s, (1)
with carrier frequency f; modulator filter with carrier frequency £,
A,cos (2rft)

Frequency Translation (frequency changing, mixing, heterodyning)
IApa m(t) bandwidth W Slapopdwvel kata DSB-SC dpépov ouyvotntag f; > W
O peiktng Aappavel onpa s;(t) = m(t)A.cos(2mf;t) kot To petatonilel o pEpov cuxvotntag f;

h—=f=hA+]
ormou f; > 0 n ocuxvotnta TOMIKOU TOAQVTWTA YLa TN LETATOTILON TNG CUXVOTNTOG TOU GEPOVTOG
s1(6) = m(t)Accos(2mfit) = s'(t) = s2(¢)
s'(t) = s1(t) X Ajcos(2mfit) = %ACAlm(t)[cos(Zn(fl + f)t) + cosnr(f; — f)t)]
52(8) = 5 AAm(E) cos(2m(f + [1) = AcAm(t) cos(2rf 1)

ueow {wvornepatol ¢iktpou mou MPowbEeL TIg ouxvotnteg epl TNV f, = f1 + f] EVW QTIOKOTITEL TLG
ouxvoTNTEG MEPLTNV f1 — f;

H 6An dwadikaoia eivat ypappikn kat Statnpel tn oxéon nAsuptkwyv {wvwv (sidebands) Tou oipatog
W¢ poG To hEpov
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3.8 NoAvumnAeéia Awaipeong Zuxvotntag, FDM

Message  Low-pass Band-pass Band-pass Low-pass  Message
inputs filters Modulators filters filters Demodulators filters outputs
1—>{ LP MOD BP BP DEM LP 1
2=—> LP MOD BP BP DEM LP 2
Common
T channel ,t
N—> LP MOD BP BP DEM LP N
AB ROWA BEANMD D ATIO
Carrier Carrier
supply supply L 1102 GHz satellite, navigation (GPS, etc.), cellular phones
Satedlive, SiriusXM radio, unlicensed
Transmitter Receiver : BIRNLE {Wi-Fi, Bluetooth, etc.), cellular phones
C 4108 GHz Satellite, microwave relay
X Bto 12 GHz Radar
K, 12 to 18 GHz Satellite TV, police radar
K 18 to 26.5 GH Microwave backhaul
. Radio waves | _ B K, 26.5 10 40 GHz Microwave backhaul
r " ”g b g 0 30 1o 50 GHz Microwave backhaul
1 +—— Wavelength 1 5 = E u 40 12 60 GHz Experimental, radar
: ! E o 2 v 50 10 75 GHz New WLAN, 8021 1ad/WiGig
= E £0 to 90 GHz Microwave backhaul
E E E E E E 2 E
E E E E E E ¢ e T 0T 7 T % % X X w 7510 110GHz Automotive radar
=] e =) et o = = - =4 e o b= e e ; E F 90 to 140 GHz Experimental, radar
I (] 110 10 170 GHz Experimental, radar
X-rays, c . ¢
ULF/ s TABLE 2: STANDARD DEFINITIONS
ELF LF | MF | HF | VHF | UHF | SHF | EHF UL OF RADIO SPECTRUM SEGMENTS
VLF COSMIE rays,
| el
4 Low frequency 30 to 300 kHz Mavigation, time standards
2] ] L. L) Ry X} [ - o] < [
H g g = " g % ; g 5 5 5 ]g E Infr:md UIT.I‘.EWIGIEI | Medium frequency 300 kHz to 3 MHz | Marine/aircraft navigation, AM broadcast
" m ] = .. . |
L] R .@, m R § " & § m o n Visiblelight w | High frequency (shortwave) 31030MHz | Broadcasting, mobile radio, amateur radio
1 1 Very high frequency 30 to 300 MHz | Landmohbile FM/TWbroadcast.amateurradio)
The optical . Cell phones, mobile radio, WLAN,
Frequency spectrum Ultra-high frequency 20 T personal-area networks (PANS)
. . . . | Super-high freguency 3to 30 GHz Satellite, radar, backhaul, TV
http://electronicdesign.com/content/content/73611/73611_fig01.gif | B i 010300GHz | Satellite, radar, backhaul, experimental
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