Lecture6
Digital television
M odulation technigues

 Electromagnetic waves
* Analog modulation
o Amplitude modulation
e Angle modulation
 Frequency modulation
 Phase modulation
* Digital modulation
» On-Off keying
« Amplitude snift keying
 Phase shift keying
» Quadrature amplitude modulation
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Electromagnetic waves
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Electromagnetic waves
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Modulation

"modulate” is"To adjust or adapt to a certain proportion."

"Linear” modulation Exponential modulation

x(1)= AL_(I +,ux(f))cos(q_! x.(1)= A coslwi+ad(1))
h = A cosO (1)= RL[ ’l”]
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Amplitude modulation
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 AM radio stations
* Analog television
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Amplitude modulation

b i

z(t) = Agmft)cos2wf.t

Xdf) = SEIMU 4 £+ MG - )
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AIVE. Wavel OllTis df'iu Dal luvwiutl |

n AM In frequency domain:

X (t) = AJ1+ nx, (t)] cos(w.t)
= A: cos(wctz + X, (t)cos(WCQ

rier n rying part

> O (for brief notations)

Informationcarrying part

n AM bandwidth is twice the message bandwidth W:
X.(N

Carrier

Lower Upper
sideband sideband
N
\
F

fc_w r\\ fc+w

]
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Friase Mmodul atlOrl (Fivl)
Carrier Wave (CW) signal: X_(t) = A cos(w_t +f (t))

~
gc(t)

In exponential modulation the modulation is “in the exponent” or “in

the angle” _
x.(t) = A, cos(q. (1)) = A, Re[exp(]q. (t))]
Note that in exponential modulation superposition does not apply:
X, (t) = Acos{w.t +k, [a(t) +a,(t)]}

1 Acosw.t + Acosk, [a (t) +a,(t)]
In phase modulation (PM) carrier phase is linearly proportional to
the modulation amplitude:

X, (t) = A cos(w_t + fg.g.,g_ o

Angular phasor has the . fox(Wfofp | A '\f(f)

instantaneous frequency (phasor rate) 9c(t) | )
w=2p f(t)
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| nstantaneous frequency
VL) - F(t) 4

w, =1rad/s, f, = (2p) "Hz
Angle modulated carrier

1s t/s
>

~
\ Constant frequency carrier:

— t

n Angular frequency w (rate) is the derivative of the phase (the
same way as the velocity v(t) is the derivative of distance s(t))

n For continuously changing frequency instantaneous frequency is
defined by differential changes:

_df (1) ot Compare to _ ds(t) e s(t)- Sl(t)o
w(t) = dt () =ow)da i iear motion: V(o) dt 8» t-t g

11.2.2003 Digital televsion techniques — Lecture 6 0
www aho fi/~ibiorkav/diqity



Frequency modulation (FM)

n In frequency modulation carrier instantaneous frequency Is
linearly proportional to modulation frequency:

w =2p f (t) = dg (t)/ dt
=2p[fc + Tox(1)]

n Hence the FM waveform can be written as

x.(t) = A, cos(w_t +2pf, Zx(1 )dl ),t3 t, f ()= _Qw(a)da

ac(t) integrate
n Note that for FM Instantaneous  Instantaneous
f(t)=f.+ f x(t) phase ¢(t) frequency f{(t)
C D
1
and for PM PM ¢4 x(1) Je t 5 @aX()

f(t)=f x(t) FM 2, f 'x(;t) di [+ fx(0)
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AWV, FIVI Al FIVI wavelOllrls
Modulating /] AV/F\

signal

Constant frequency follows Instantaneous  Instantaneous
constant modulation waveform phase (1) frequency /()

derivative

X (t)= A cosiw t +f x(t)) PM  uxt) o5 dak(0

X ()= A cosw_ t+2pf A&(I)dl) FM  2af, f 'x{ft) di [+ fux(t)
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FM Bandwidth

Normally calculated using Carlsons rule
B=2(D+1)W

where Wis the maximun modulation frequency and
D isthedevationrato D =f,/ W

fylsthe peak frequency deviation
FM Radio: f;= 75 kHz, W= 15 kHz

B=2*(7/5/15+1) * 15kHz= 180 kHz
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FM demodulation - Example

e () [INANCY AV AAANN
Zero-crossing wlIIAvAvIITIAY
based demodulation = | LIUUUL LI LIDUUL L
— AT
PLL -
p LA AT N
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Comparison of carrier wave
modulation systems

'ype b = By/W (S/N)p/y Yin DC Complexity Comments Typical application;
}aseband 1 1 Not Minor No modulation Short-haul links
o) Envelope detection
\M 2 -”—: 20 No Minor Pe = Broadcast ratio
1 + u*S, p=l
)SB 2 1 Yes Major Synchronous detection Analog data,
multiplexing
SB 1 | No Moderate Synchronous detection Point-to-point voice
multiplexing
/'SB I + 1 Yes Major Synchronous detection Digital data
s Envelope detection
/SB+C 1+ £2 20 Yest  Moderate ™ Television video
1 + p’s, <l
PM§ 2M(p,) P28, 10b  Yes Moderate Phase detection Digital data
pasm
“M§Y 2M(D) DS, 10b Yes Moderate Frequency detection Broadcast radio,

microwave relay,
satellite systems

Unless direct-coupled.

With electronic DC restoration.

b=2.



Digital modulation

On-off keying (Binary Amplitude Key Shifting) bandwidth?

2 analog signals

digital signal (010101...)

digital signal approximated

using 5 sinus waveforms m

. +3m3ryﬁ:+sm5nuﬁc+sm?nﬁ+sm9nﬁc .
e e.g. keeping 5 components-> B = 18f Ir
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Shannon’ s theorem

The capacity C of achannel is

. | 5
4 B I.':'_q_lj (] | _1'\!-) =

where B is the bandwidth and S/N isthe signal
to noise ratio (given in watts/watts)

PAL analog 6MHz studio eq. S/N = 65 dB -> 129 Mbit/s
PAL analog 6MHz broadcast S/N = 21 dB -> 42 Mbit/s

Practical for digital applications 15 dB -> 30 Mbit/s

Normal digital applications; 6 bps/ Hz
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Digital modulation

* Modify carriers amplitude and/or phase (and frequency)
« Constellation: Vector notation / polar coordinates

Quadrature component (carrier shifted 90°)

Q=Msin® _
M = magnitude

Densely packed M 8 = phase
implies bandwidth
efficient '\\B
Bit error prob related |=Mcos B
to distances between In-phase component
closest points
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Modulation scheme - considerations

*High spectral efficiency

*High power efficiency

*Robust to multipath effects

Low cost and ease of implementation
o|_ow carrier-to-cochanndl interference ratio
|_ow out of band radiation

«Constant or near constant envelope

Constant: Only phase is modulated
Non-constant: phase and amplitude is modulated
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«Amplitude shift keying (ASK)

Binary modulations

Transmission on-off
*Frequency shift keying (FSK)
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Binary modulations

 Binary phase shift keying (BPSK)
» Simple to implement, inefficient use of bandwidth
 Very robust, used in satellite communications

Data |
N ANANANANARANARANANA
VAVAVEAVAVAVEVRVEVRV

e AOAANAANNN —o——em
\)&)\j\jd\j\jddd 0 state 1 state

i?F‘SK {\ q mr’\ (q q [ ( [ Phases separated by 180"
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-0

11.2.2003 Digital televsion techniques — Lecture 6 20
www aho fi/~ibiorkav/diqity



Phase key shifting

 Quadrature Phase Shift Keying (QPSK)

» Multilevel modulation technique: 2 bits per symbol
» More spectral efficiency, more complex receiver

Q
01 state A 11 state
@ @
T Output waveform is
7 = | sum of modulated *
e ‘@ Cosine and *Sine wave
00 state 10 state

Phase of carrier:
nl4, 37/4, 51/4, Tnl4
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0/ 4 — Shifted QPSK

 Variation of QPSK

» Restricted carrier phase trangitionsto +/- p/4 and +/- 3p/4
» Signalling elements selected in turn from two QPSK constellations
each shifted by p/4

 Popular in Second Generation Systems
* North American Digital Cellular (1.62 bps/ Hz)
» Japanese Digital Cellular System (1.68 bps/ Hz) Q
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0/ 4 — Shifted QPSK

» Advantages
» Two bits per symbol
» Phasetrangtions avoid center of diagram, remove som design
constraints on receiver
» Always a phase change between symbols, leading to self-clocking

...000001...
00
Phase 01 00 00 10
Data | Change 10

00 45°

01 135°

10 | -45° \< 01 {)/

1 | -135° 11 10 01 11
_ 11
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Quadrature Amplitude
Modulation

» Quadrature Amplitude Modulation (QAM)
«Amplitude modulation on both quadrature carriers
* 2'n discrete levels, if n=2 -> same as QPSK

- Extensively used in microwave links

 DVB-T uses QAM

- O

16 Level QAM
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4 bits/ symbol

Table 84—16-QAM encoding table

Quadrature Amplitude
Modulation

| 6-0)AM 04 babyba bs
a0 1o 01 10 L1 10 [0 10
[ ] - 1T [ ] [ ]
a0 1l 0111 1111 (011
- . LT - a
-I= +I= +?I -T
00 01 0] 0l 11 01 [0
| - _]-— L | L ]
L RLE] ] Ol 110 | i
[ ] - - L

Input bits (bg by [ T-ouwt Input bits (by by) | Q-out
i) 3 i) 3
M 1 M 1
11 1 11 1
10 Lk 3
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Quadrature Amplitude Modulation

64-0QAM ()
Y |
000 100 001 100 OI1 100  O10 100 | 10 100 111 100

6 bItS/ meOI 0o0 101 001 101 I.IlI.II:-J -:lll:;.ln::nl __III_I_II:-l |||.||_||

Qoo 111 001111 011 111 010 11
[ ] » » L

SRR 111 111
— L L]
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000 110 001110 oIl 011G OI0 100 | 110 110 111 110
L L} = L ] L]

Table 85—64-QAM encoding table

(01 100
|

101 101
[ ]

1G] 110D
-

bybybaby bybs

100 100
L ]
100 101
-

100 111
.

100 110
L ]

I

= = w = -
Input bits {bg by b l-out Input bits (b by bg) -put Qoo o1g 001010 011010 loore | raoln [11 010 [0 010 [0 (1
I {bg by by} P 3bgbg) [ Q At 2 2, Pl S 2 . o
(40 7 (0K} 7
(11 5 ] 5
Qoo ol oorortr o1l 011 orooll 110011 111 011 (01011 EUERAN
011 -3 011 3 ] - » - i - ] ] »
010 1 0g0 |
[0 1 110 I : : : i :
000 001 001001 011001 010001 (110001 111001 101001 10000
i 3 i 3 L] ] L] - =&T » - » L]
101 5 101 5
100 7 1) T 000 000 001 000 011 000 Q10000 1110 000 P11 Q00 101 Q00 | O M
L] ] L] - ot - - - L
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