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Néi dung

Ly do cua cac diéu bién
Céc loai diéu bién AM
— AM khong song mang (DSB — SC)
— AM quy udc
— AM don dai bién (SSB)
Tach song AM
Mach dién tir diéu bién va tach song AM
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Baseband and Carrier Communication

e Baseband:

~ Dién ta day tan sO cla tin hiéu va h¢ thong Thuong duoc do tir 0 dén
bang thong toi da hodc tan sb cao nhat ctia tin hiéu

- Voice: Telephone 0-3.5KHz; CD 0-22.05KHz

- Video: Analog TV 45MHz, TV channel la 0-6MHz. Tin hi¢u sO phu
thudc vao kich thude, sy chuyén dong va sd khung trong mdi gidy .

- Vi du: wire, coaxial cable, optical fiber

e Carrier Communication:

- Carrier: mot dang song (thu:ong SmUSOIdaI) duoc diéu ché dé bicu dién
thong tin can truyén. Thuong song mang c6 tan so cao hon tin hiéu thong
tin & dai goc (modulating signal).

~ Modulation: 1 qua trinh thay doi caa carrier signal dé st dung tin hiéu
nay mang thong tin.

[3]
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http://en.wikipedia.org/wiki/Sinusoidal
http://en.wikipedia.org/wiki/Carrier_wave

Modulation

Modulation

Mot qua trinh 1am dich chuyén tan so cua tin hi¢u.

Gain advantages

Kich thuéc Antenna: tan 30 tin hi¢u phu thugc kich thudc cia antenna.
Khoang vai ngan dam dé truyén tin hiéu dai goc

Str dung hi€u qua bang thong
Chong lai can nhiéu lién ky hiéu (inter-symbol-interference)

Chong lai 16i va méo dang

Types

Analog: AM (DSB, SSB, VSB), FM, Delta modulation
Digital: ASK, FSK, PSK, QAM, ...
Pulse modulation: PCM, PDM, ... Fiber, phone

Advanced: CDMA (3G), OFDM (WLAN, WMAN), ....
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Double Sideband

Modulation:
— time: @(t) =m(t) cos(w.t)
— freq: X(w)=0.5[M(w-w )+M(w+w,)]

DSB-SC: suppressed carrier (triét song mang), khong truyén
song mang

We >= bang thong cia tin hiéu dé tranh biét danh.
Demodulation:
e(t)=m(t)(cos(wect))?=0.5(m(t)+m(t)cos(2w.t))
E(w)=0.5M(w)+0.25(M(w+2w )+M(w-2w,))

Dung loc thong thap dé loai tan so cao
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e Example

> ()

m(t)

A 4

cos(m.t)

J

t—>
T
F{cos(w.t)}
T 0 T(;)C 0 —>

T

O(w) Lower sideband (LSB)

Upper sideband (USB)

Foc
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Frequency Conversion

e Di chuyén tin hiéu dén tan s6 khac
9(t) = m(t) cos(wct)

~ ., . . <A e, (t) = 2 m(t) cos(wt)
e Nhan hai tin hiu sin tao ra hai tan v :
sO tong va hi¢u cua cac tan so |
cos(at)cos(Bt) = 2 [cos((a + B)t) + cos((a — P))]  cyampLE : Let )
be as shown.
e D¢ thay doi tan so song mang mcC m() o)

ctia tin hiéu dén tan sd trung tan »
(IF) . Chung ta str dung mot bo — .
-

dao dong dé tao ra tin hiéu hinh sin

& tan s6 wwx nhu vay: SpECTRA M(w)
O = O = Oy - /} H->
Then  m(t)cos(a,t) cos(@,,t) = 2 M(E)[COS((@, + @y )E) +COS((e9, — @y )] /‘h D(w) m
=1m(t)[cos((2e, - o, )t) +cos((e, )1)] —0, 0 o, 07
210
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Amplitude Modulation

e Kho khin ctia hé thong DSB-SC : khong biét song mang & bd nhan

e Dap img xung 6 hinh bén duoi chi ra séng mang khong bi triét. Déi véi M()
cho trude, phd tan tin hiéu diéu ché nhu sau:

¢AM (t) - [A+ m(t)] COS(a)Ct)
D(w) =3[M(0+®,)+M(0-0,)]+Ar[5(0-w,)+56(0+o,)]

M(®)

[1\

) w0 —

/T v /T\

—0, o O, o —>

e Vi loai di€u ché nay, viéc giai di€u ché co thé dugc thuc hién bang cac
dung hodc khong dung bé dao dong nd1 dong bd vo1 bd truyeén.
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AM Example

 m(t) co gia tri nho nhat khoang -0.4. Cong thém mot thanh phan DC c6 bién
do A=I cho ra tin hi¢u ludén duong A+m(t). Vi vay, duong bao cua phan
duong la A+m(t). Mot b tach ra duong bao co6 thé st dung dé 1ay lai tin hi¢u
gocC.

A=1
m() A+m(Y)

0.7

t—>

O aun(t) = [A + m(t)] cos(w.t)

F ottt

1Rt L
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AM Example (cont.)

e Viéc chon thanh phan DC 1am cho A+m(t) luén duong. Néu khong, khong
the st dung bd tach duong bao nhung co6 thé st dung k¥ thuat két hop
(coherent)

e Vidy, gid tri nho nhat m(t) =-0.4 . Vi vy, A > |min(m(t))| d¢ do dudng bién
thanh cong. Cai gi xay ra néu A< |m(t) |.

e X¢tvidu trude néu A=0.3. Arm()

m(t)

o aun(t) =[A +m(t)] cos(w.t)
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Modulation Index

«  Goi mp 1a tri tuyét d6i ctia dinh phan 4m cua m(t).
e EXAMPLE : Piéu ché don tone. Goi m(t)=2sin(20t)

A > m_ A is the carrier amplitude.

MODULATION INDEX : u = —%

Then weseethatforA > m , 0 <u <1

When ¢ > 1 (or A < m ) the signal is overmodulated, and envelope detection can not be used.

(However, we can still use synchronous demodulation). m)

Mp _2 /\A/\/

i :=Aé_' p=05 A=4ijp=1 A=2 v \/ vt—>

IS ot d mmﬂMﬂnﬂmM

1] I U“’”"’UUWU "

t—
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Sideband and Carrier Power

oam (1) = Acos(o.t) + m(t)cos(m.t)
The first term is the carrier and the second term is sidebands which contain the signal itself.
The total AM signal power is the sum of carrier power and the sideband power.

2

Carrier power P, = A?

Sideband power Pg =%Pm where P, isthe power of m(t).

The sideband power is the useful power.

Efficiency: n = usefulpower ~ Ps  Pp |
Totalpower P, +Ps A% 4P

For example , let m(t) = Bcos(opt)
mp =B, u=5 or B=pA
2
272
Py =B = EA . n=—t—x100%
2+

For n=1, Nqmax = ZiﬂxlOO% =33%
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AM Decoder

e Tich chinh luu: déng bo Tach song két hop: Bo nhan cé thé khoi phuc
N lai tan so va pha cta bd truyén bang bd PLL.
e Tach duong bao: can dong bo

t—>

Bo thu khong két hop kém hon 3dB so véi
A signal R velt) bd thu két hop. Bo thu khong ké hop co
gia thanh thanh re.

Ay
Al
(@)
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QAM

Bang thong tin hiéu AM : Bang thong tin hi¢u AM la hai lan bing thong
cua tin hiéu diéu cheé. Mot tin hiéu SkHz yéu cau bing thong10kHz trong
truyén dan AM. Néu tan so song mang 1a 1000 kHz, pho tan tin hiéu AM
1a dai tan s6 tir 995kHz dén 1005 kHz.

QUADRARTURE AMPLITUDE MODULATION Ia mot dang cho phép
hai tin hi€u c6 thé truyén trén cung mot dai tan so.

BALANCED
MODULATOR

Két hgp veé tan so va

pha. Pic

TV tuong tu
Pho bién

@
PHASE so

SHIFTER 44  pap ANCED
MODULATOR

I

0SC

i@ III@
n{l
()
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SSB Frequency

baseband

/1)

oss /N

\ /

SSB /

q)SSB

o

(0) ssB (Upper sideband)
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SSB Generator

Dung mot b loc c6 dic tinh vé tan s6 cat thich hop. Rat khé dé thiét ké mot
bo loc phu hop. Pho tan cia tin hiéu 4m thanh khong c6 thanh phan DC, vi
Vay pho tan cta tin hiéu 4m thanh bang khong xung quanh tan so song mang.
Diéu nay c6 nghia 1a mot bd loc chua 1y tudng cd thé dam nhan tot viée loc
tin hiéu DSB dé tao ra tin hiéu SSB.

Tin hiéu dai gbc 1a dii thong
Thur thach trong thiét ké loc
Khéng c6 thanh phan tan s thap
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Single Sideband (SSB)

e Muc dich: cat giam yéu cau bing thong cua tin hiéu AM con phan nita.
Dicu nay co thé truyén chi phan “upper sideband” hoac “lower sidebband”
cua tin hifu DSB AM.

‘ BALANCED
HODULATOR

AUDIO 0SC
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SSB Demodulation

Synchronous, SSB-SC demodulation

Pess (1) COS( 1) = [M(t) cos(aw,t) + jm, (t)sin(,t) [cos(a,t) = 2 [m(t) L+ cos(a,t)) + jm, (t)sin(2a,t)]

A lowpass filter can be used to get 3 m(t).

SSB+C, envelop detection
Pssp.c (1) = Acos(e,t) + [m(t) cos(aw.t) + m, (t) sin(w,t)]
An envelope detector can be used to demodulate such SSB signals .
What is the envelope of ¢ . (t) = (A+m(t))cos(w.t)) +m, (t)sin(w,t) = E(t)cos(w.t +6)?

{Recall Acos(a)+ Bsin(a) = (A2 +B? )% cos(a +8), & =—tan™(2))
E() = ((A+m(D)* +m; (1)) = ((A° +m? (1)) +m? (t) + 2Am(t))*
=A(l+ m;gt) n mh;(t) n ZmA(t))

~ A+m(t) for A >>|m(t)|, A>>|m, (1)

The efficiency of this scheme s very low since A has to be large.
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SSB vs. AM

Do khong truyen song mang, diéu nay giam khoang 67% cua
cong suat truyen (-4.7dBm). Trong diéu ché AM @100: 2/3
cong suat gom song mang; phan con lai (1/3) cong suat & ca hai

phia.

Bai vi trong SSB, chi mot phia bang dugc truyén, diéu nay
giam khoang 50% trong cOng suat truyen.

Cudi cung, vi chi nhan dugc mot phia bang, bang thong cua tin
hiéu truyén giam con phan nita— nhu vay cong suat yéu can
dugc giam 50% so vo1 AM

(-4.7dBm (+) -3dBm (+) -3dBm =-10.7dBm).
Lién quan dén gia thanh bd thu
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Vestigial Sideband (VSB)

* VSB la mét dung hoa gitra DSB va SSB. Pé tao ra tin hiéu SSB tir tin hiéu
DSB ta dung mdt bo loc 1y tuong co tan s cat ngay tai gitra bing tang cua
tinh hiéu dai qua va loc con phan nita. Trong hé thong VSB bing thong mot
bén va mdt phan cua bén con lai duge truyén chung véi nhau. Piéu nay din
dén bang thong truyén 16n hon bang théng cia tin hiéu dai géc nhung nho
hon tin hiéu DSB.

DSB

0

®ssp(w) SSB (Upper sideband)

®ysp (w) VSB Spectrum

—0¢ —tn ®¢
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VSB Transceiver

Qvss (™) e(t)

()]
T R — Pvea (@)

M(w)
LPF —
Ho(“))

2cos(mct)

2cos(mct)
Transmitter Receiver

M(w) is bandlimite dto 2nB rad/sec
Pvse (0) = [M(o — o¢) + M(o + o¢ )Hi(o)
E(w) = [®vsB (0 - wc) + Pysp (o + oc)]
= [Hi(® — o¢ )M(® — 2m¢ ) + Hj(® + o¢ )M(®) + Hi (o — o¢ )M(®) + Hi (0 + oc )M(o + 2m¢ )]
High freq. term High freq. term
M(0) = E(@)Ho (0) = [Hi(0 + oc ) + Hi(o - 0¢ )M(@)Ho (o)
+ [Hi(®o — oc )M(o0 — 200¢ ) + Hij (0 + ¢ )M(o + 2m¢ )]Ho ()
Lowpass filter removes this.
Thus we should have [Hi(o + oc )+ Hi(o - oc )Ho (@) =1 for || < 2B
1
Hi(o + o¢) + Hi(o — o¢)

OR Ho((D) =
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Other Facts about VSB

e Tach song duong bao VSB
o TV:
e DSB, SSBvaVSB
— Bang thong cua DSB qua 16n
— SSB: dai gdc c6 thanh phan tan
sO thap, gia thanh b thu
— Giam y€u cau vé bo loc va bang
thong dai goc nhung tang bang
thong so vo1 SSB

[22]
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Comparison

e Common types & modulated signal
1. AM: s, (t) = A[1+m(t)]cos(2x f.t)
2. DSB: s, (t) = Am(t)cos(2x f.t)
3. QAM: s, (1) = Amy(t) cos(27 f ) + Am, (t)sin(27 ft)
4, SSB: s (t) = Am(t)cos(2x f.t) F Am(t)sin(2x £ t)
5.VSB: s, (t)=Am(t)cos(2x ft) F Am(t)sin(2z f t)

e Bandwidth: B, <B<2B_ (B,: message bandwdith)
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AM Broadcasting

e History
e Tinsb
— Long wave: 153-270kHz
— Medium wave: 520-1,710kHz, AM radio
— Short wave: 2,300-26,100kHz, long distance, SSB, VOA
e (101 han
— D& anh hudng d6i vé6i khi quyén
— Am thanh chat lugng thap, trd chuyén va cung cép tin tirc vo tuyén

— Tot hon vao budi téi, dién ly.
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Superheterodyne vs. homodyne

e Di chuyén tat ca cc tan so cta cac kénh dén mot tan so trung
tan.
— Trong bo thu AM, tan s 1a 455 kHz,
0 thu FM, thuong 1a 10.7 MHz.

FF &mplifier

— Tron

M ixer Fitter IF &mplifier Demodulator &Audio Amplifier

o

Local Qacillatar

— Quan tam dén thiét ké bo loc
— Thuong dung ¢ cac dai phat thanh
— Edwin Howard Armstrong
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Review

e Common types & modulated signal
1. AM: s, (t) = A[1+m(t)]cos(2x f.t)
2. DSB: s, (t) = Am(t)cos(2x f.t)
3. QAM: s, (1) = Amy(t) cos(27 f ) + Am, (t)sin(27 ft)
4, SSB: s (t) = Am(t)cos(2x f t) + Am(t)sin(2x f t)
5.VSB: S, (t) = Am(t)cos(2x f t) + Am(t)sin(27z £ t)

Coherent Decoding and Amplitude Decoding

Demo for AM, DSB-SC via the scope, spectrum
analyzer and signal generator
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Figure 2.4

(a) Spectrum of baseband signal. (b) Spectrum of AM wave.

M(f) S(f)
Ar_ . .
O S8+ £ 2 21
1

SkyAcM(0)
Upper __L_o;er___ ____Iou_w;__ Upper
sideband sideband sideband sideband

f
-W 0 W s + W 0 fo-W f.
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Coherent detector for demodulating DSB-SC

modulated wave.

Product
modulator

v (1)
—

Low-pass
filter

— v, (1)

T A cos (2mf.t + ¢)

Local
oscillator
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Carrier Recover Error

e DSB: e(t)=2m(t)cos(wct)cos((wct Aw)t+3)
e(t)=m(t) cos((Aw)t+9)
— Lo1 pha: n€u dinh thi tuong duong véi suy giam
— LO1tan s6
e SSB, chi thay doi tan so, Af<30Hz.

e Pilot: mot tin hiéu thuong & mot tan s6 don truyén trén hé théng
truyén thong dé giam sat, di€u khién, can bang, dong bJ...
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Phase-Locked Loop

e Phan quan trong cua by nhan

e Dinh nghia: mot hé thong diéu khién hoi tiép vong. B ndy co thé phét ra tin
hi¢u co tan so va pha lién quan dén tin hi¢u tham chiéu

e Mot mach vong khoa pha dap tng ca tan s6 va pha cua tin hiéu vao, ching sé
tu dong diéu khién ting hoic glam tan sO clia mach dao dong dén khi chung
pht hop véi tin hiéu tham chiéu ca vé pha va tan sb

Frequency
Feference
Inipt

Fiy

Frequency
Clukpk

NXFy,

Fig.2
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Carrier Acquisition in DSB-SC

e Signal Squaring method

1 1 :
o Costasloop  v,(t)=—AAM(COSG, V,(1)= AAM(Dsing
I-channel (t)
(X) LPF |
A cos(2 nf t+¢)
V(1) v3(t) g
VCO LPF (x)
A  m(t)cos(2 nf t) ~DC
- -90° phase
shift
sin(2 nfc t+ §)
/l‘: V,(t)
. & O-channel , LY
v, (t) = B A AmM(t) | cosgsing = B ACA‘m(t)} %sin 2¢ V, (t) = K sIn 2¢

e SSB-SC not working

Faculty of Electronics & Telecommunications [31]



Quadrature-carrier multiplexing system. (a) Transmitter. (b) Receiver.

Message Product N Multiplexed Product Low-pass
: ————— ) — ] - 5 A 1
signal m (1) modulator O_> signal s (1) modulator [ filter A.my (1)
A+
A, cos (2mf.1) 2 cos (2m7f.1)
90° Multiplexed 50°
e signal s(r B
phase-shifter gnal (1) phase-shifter

‘l( A, sin (27f.1) l 2sin (2mf.1)

Message Product | Product .| Low-pass A
signal m (1) modulator > modulator [  fiter [ Acm2()
(a) (b)

[32]
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Filtering scheme for the generation of VSB modulated wave.

DSB-SC
modulated VSB
Message Product wave Band-pass
. > — modulated
signal m(¢) modulator filter, H( f) wave
A, cos (27f.1)
carrier wave ]_ Hy(f)
——{10
IH(f) |
|
oFr————————~ |
1.0 I I | 1,
L N
————————— |
0-5 | | | :
I I |
0 fc_fv fC fC +fv fc+ W
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Figure 2.15

(a) Idealized magnitude
spectrum of a transmitted TV
signal. (b) Magnitude
response of VSB shaping
filter in the receiver.

Faculty of Electronics & Telecommunications

Maximum radiated field strength
relative to picture carrier 1.0

Normalized response

05—
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0.5

—= ll'lfli 45MHz ———={ =— 0.25MHz
|
0 75 MHz |
I |
| 11
| |
| |
| |
| Picture | Sound
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| |
| |
| | u |
|
MHz
58 60 A )
(a)
Picture Sound
carrier carrier
| |
| |
| 11
| |
| |
| |
| |
|
| |
| |
| |
| | | “ |
\\ I
1y MHz
58 60 A )

Channel bandwidth
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Figure 2.16

Block diagram of mixer.

Modulated wave s (r) 5 Product
with carrier frequency f; modulator

s'(1)

T

Ag cos (2rf,t)

Band-pass
filter

Modulated wave s,(¢)
with carrier frequency f,
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Block diagram of FDM system.

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
A A
2—> LP =~ MOD > BP = BP = DEM S LP pP—2
| : Common| .

A channel | — A
N—2= LP 2 MOD > BP S > BP > DEM == LP [—=N
A A
Carrier Carrier
supply supply
Transmitter Receiver

. . [36]
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lllustrating the modulation steps in an FDM system

Carrier frequencies (in kHz)

of voice inputs

Carrier frequencies
(in kHz) of groups

\ 108 kHz \ 552 kHz
108 — 12 612 — 5 504
104 — 11 564 — 4 456
100 — 10 516 — 3 408
9% — 9 468 — 2 360
92 — 8 420 — 1 312
88 — 7 | | |
84 — 6 Supergroup
s0 — 5 of 5 groups
76 — 4
;::i'i 72 — 3
68 — =2
4kHz | AR S
W I e0
T Of Basic_grqup of 12
voice inputs
Voice band
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FMA of SSB for Telephone Systems

Basic Group Level (12 Channel) 60 KHz Oscillator

Frequency Division Multiplexer

4 KHz Bandwidth

@

Frequency Domain

0-4KHz 60 - 64 KHz View
Voice Channel 1 3 60 KHz 108 KHz
60 +(4*0)
Volce Channel 2 Uemdiidhie hceliinlcs 60 - 108 KHz 1 2 3 4 n AN M2
= Basic Group I I I
60+ (41) 62 KHz 70 KHz 62 + 4°n-1
+-2KHz | +-2KHz KHz
Voice Channel n 60+ (4" (n-1)) H-2KHz
n = channel number S?;::ﬁz ,7:2*(:,22 1262%
. Y
Voice Channel 12 0-d4KHz i
8 Group Carrier (KHz)
60 +(4*11) Bandwidth| Mix Freq
Group Channel (KHz) (KHz) 60 108
5 Voice Channel 1 0-4 60 +(4*0) 60 64
Input Freq +_ Osc + (BW * Offset) Voice Channel 2 0-4 B0 +(4*1) 64 68
Olfgotw channal:Nos=3 Voice Channel 3 0-4 60 +(472) 68 72
Voice Channel 4 0-4 60 +(4*3) 72 76
Voice Channel 5 0-4 60 + (4™ 4) 76 80
12v01 Voice Channel 6 0-4 60 +(4*5) 80 84
1 oice -
——" Voice Channel 7 0-4 60 + (4 *B) 84 86
Channel:
e o Voice Channel 8 0.4 |60+@"7) | o8 92
12 Voice Channel 9 0-4 60 +(4*8) 92 96
. 60 Voice Yoice Channel 10 0-4 60+(4*9) 96 100
o —sn]l Sacond Level Channels Yoice Channel 11 0-4 60 + (4 *10) 100 104
Voice Channel 12 0-4 B0 +(@4*11) 104 108

MUX
6 —»|
1

2 —|  Third Level
MUX

600 Voice
Channels
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Homework

o 42-1,4.2-4,4.3-2,4.3-3
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