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Bit and

Bit rate is the reciprocal of the time of one data element (bit).
Bit rate is expressedas fb=1/tb.

Mathematically, baud is the reciprocal of the time of one output signaling
element, and a signaling element may represent several information bits.

Baud is expressed as baud=1/t:

In addition, since baud is the encoded rate of change, it also equals the bit
rate f» divided by the number of bits encoded into one signaling element.

Henceif N data bits are encoded in each signal element then
(f3)

Baud = | —
\ 1\' J 4

In M-ary communication, N= log2 M



AMPLITUDE-SHIFT
« Mathel{gtiog N Gmplitude-shift

keying 1s
A
V() = (1 + V'"(I)][ECOS(U)‘I)]

* Modulating signal [vn(t)] is normalized where + 1V
= logic 1 and -1V = logic 0.

 Therefore for a logic 1 input, va(t) = +1 V, Equation
reduces to

Visikt) = | L 1}[13105((0[1):'

= A cos(w, 1)



 And for a logic O input, vn(t) = -1V, Equation
reduces to _

—_—

A
v(ask)(t) = [1 o 1:] ':;COS(Q)(I)

e

Fr— w—

 Thus, the modulated wave is either A cos(w-t)
or 0.

 Hence, the carrier is either “on“ or "off” which
is why amplitude-shift keying is sometimes
referred to as on- off keying(OOK).



ASK (also called Digital amplitude modulation)

bauvd =1, /71 =1

Binary |  fb is the inputé
input | S bit rate.
| | |
I
|
|
|

(a)

DAM | t
output @ e

Performance of BASK/OKK

As noise affects only the amplitude of the signal,
the noise performance of ASK is poor.



Bandwidth of ASK

« Bandwidth of ASK signal is given by B=2fb since the
message signal spectrum is shifted by fc Hz and there
is a mirror image of the frequency content on the left
side of fc in ASK modulation.
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FREQUENCY-SHIFT

 FSK is a YINGof angl

modulatiom simitenstarst-amaatiduttequency
modulation (FM) except the modulating
signal is a binary signal.

* FSK is sometimes called binary FSK
(BFSK).

Veu(t) = V. cos{2nlf. + v,(1) Af]¢)
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Themodulating signal is a normalized binary
waveform where a logic 1 =+ 1V and a logic 0 = -1
V.

Thus, for a logic | input, we can wrlte
Verlt) = V. cos[2n(f

For a logic 0 input, vm(t)
= -1,
v(®) = V. cos[2n(f, — B)]

Thus With binary FSK, the carrier center frequency
(fc) is  shifted (deviated) up and down in the
frequency domain by the binary input signal.
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*As the binary input signal changes from a logic O to a
logic 1 and vice versa, the output frequency shifts
between two frequencies

(@) mark, or logic 1 frequency (fm),
(b) space, or logic O frequency (fs).

*The mark and space frequencies are separated from
the carrier frequency by the peak frequency Af
deviation and f--— --- bbb s '

fs fe fm
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* Frequency deviation is expressed
mathematically as

Af = v—1L 2
ly

Binary : |

u il | | | | | | l ' l |

| i l | ’ I | ' | ' | {
Analog | 1 ‘ |
outputi' i : | : | | | | | | |

|fs |fm;fs I/m |fs Ifmcfs Ifmtfs Ifm!fs \

7 m. mark frequency; /. space frequency
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FSK Bit Rate, Baud, and

e The bﬁim&tu the time of an FSK signaling

element, and the bit rate equals the baud.

e Thebaud forbinaryFSK can also be
substitutingétermimed bv

fs )
Baud = (WJ

baud = ./ 1 =1,

e The minimum bandwidth for FSK is

given as
B = l( fS s fb) — (_fm = fb)l

= |(fs_ fm)l -1 2fb




Example 2-2

Determine (a) the peak frequency deviation, (b)
minimum bandwidth, and (c) baud for a binary FSK
signal with a mark frequency of 49 kHz, a space
frequency of 51 kHz, and an input bit rate of 2 kbps

Solution

a. The peak frequency deviation is determined from Equation
2.14:

At =1149kHz - 51 kHzl / 2 =1 kHz

b. The minimum bandwidth is determined from Equation 2.15:
B =2(1000 + 2000)
= 0 kHz
¢. For FSK, N = 1, and the baud is determined from Equation 2,11
as

baud = 2000/ 1 = 2000 5



FSK
Transmitter

NRZ R FSK output
binary I LI LI L FSK modulator
input ——  (VCO) &

FSK

X BB MOD
F1

K




Performan

 Binary FSK has a poorer error performance than PSK or
QAM and, consequently, is seldom wused for
high-performance digital radio systems.

* |ts use is to low-cos
asynchromasfriciata mlodepsrfdrabanaes uted
fordata communications over analog, voice-band

telephone lines.
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PHASE-SHIFT

e The simple{ ¥t (of PSK is binary phase-shift
keying (BPSK), where N=1and M = 2.

 Therefore, with BPSK, two phases (2"1 = 2)
are possible for the carrier.

 One phase represents a logic 1, and the other
phase represents a logic 0.

 As the input digital signal changes state (i.e.,
froma1 toaOorfromadOtoa 1), the phase of
the output carrier shifts between two angles
that are separated by 180°.

 Other names for BPSK are phase reversal
keying (PRK) and bi-phase modulation.

18
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Equation of BPSK and comparison with ASK & FSK

A Binary Phase-Shift Keying (BPSK) signal is represented by
s(t) = Am(t) cos (2*pi *f_*t), O<t<T

where A'is constant, f_is the carrier frequency, m(t) = +1or-1and T
is the bit duration.

PSK is superior to FSK as it does not need 2 carrier signals.

It is as simple as ASK & less susceptible to noise. (In ASK criterion
for detection is the amplitude of the signal; in PSK it is the phase &
noise affects the amplitude easier)

However PSK need more sophisticated hardware to distinguish
between phases.
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BPSK Modulator
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BPSK modulator: truth table phasor and constellation

d.

Binary input | Output phass

I

Logic O 180°
Logic 1 o°
(a)
+180° @ - - - - - - -
Logic O

(+90°)
cos m  t
—Sin wet Sin ot
(180°) (0°)
Logic O Logic 1
—COS Mt
(-90°)
(b)
COS wt

~COS Wt

- - - - - 4 0° Reference

Logic 1
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Constellation Diagram

* It displays the signal as a two-dimensional xy-plane scatter
diagram in the complex plane to designate the amplitude &
phase of the signal element.

« The angle of a point, measured counterclockwise from the
horizontal axis, represents the phase shift of the carrier wave
from a reference phase.

*The distance of a point from the origin represents a measure of
the amplitude or power of the signal.



Bandwidth considerations of
BPSK

output—cos w t.cosw ¢  (assuming unit

amplitude) (neglecting higher frequencies)

—[cos(w +#we )+ cos(w —w

B

But here

" m _ 2@ f,  putting this in above eq. weget

= er [cos( c‘|‘7£”_)t + cos( fe —%)t]
/

BW = (f+ )= (=) =2
1
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Output phase-versus-time relationship for a

BPSK modulator




Quaternary Phase-Shift

 QPSK is an M-ary encoding scheme where N =
2 and M= 4.

e which means there are 4 symbols (00,01,10
and 11) and 2 bits per symbol.

 Therefore, with QPSK, the binary input
data are combined into groups of two
bits, called dibits.

e each dibit code generates one of the four

possible output phases (+45°, +135°, -45°,
and -135°).
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QPSK

transmitter.
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BPF |
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QPSK
» Two bits (d@%d into the bit

splitter.

- After both bits have been serially inputted,
they are simultaneously parallel outputted.

 The | bit modulates a carrier that is in phase
with the reference oscillator (hence the
name "I" for "in phase" channel)

 The Q bit modulate, a carrier that is 90° out
of phase i.e. cosine wave .

28



For a logic 1 = + 1 and a logic 0= - 1, two phases are
possib;e at the output of the - modulator (+sinwct and -
sinwct

Similarly two phases are possible at the output of the Q
balanced modulator (+coswct), and (-coswct).

For input of Q =I= 1, the two inputs to the | balanced
modulator are

+1 and sinwct, and The two inputs to the Q balanced
modulator are
+1 and coswct.

Oiitniits are

29



Output of the linear summer for 1,1 input dibits is

= Sin W+ cosw.ft

’ ; 0
= {Sm w. t+sin(90° + wct)}

(2wt +90° 90°
—« 2.8 CoS| —
_ 2 2

([ 2wit+90°
— \/Esm £

2
=1.414sin(w.t+45%}

(Similarly it can be calculated for all other input combinations)
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Truth table
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Phasor

Q I Q i
cOs Mgt - 8in gt cos gt COS it + oin ot
1 0 x 1 1
8in (at + 135°) | $in (gt + 45°)
|
I
|
I
: sin mgt
“BHMt Fommmmmins U 1 (0° reference)
|
|
I
|
{
i
Q I L Q I
~COS Wt —~ §in agt ~Cos ot ~C0S et + $iN et
0 0 0 1

sin {apt - 135°) sin (gt - 45°)
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Constellation
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Output phase-versus-time relationship for a
QPSK modulator.

Dibit Q 1 Q 1 Q 1 Q 1
input 1 0 0 1 1 1 0 O
: ! | ! |
| { { |
QPSK : |
output | : + - Time
phase ! | .
) i | ' |
| } ! | t
b 4336 ! -45° ‘ +45 ‘" -135° ' Degrees
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Bandwidth of QPSK

out put = cos w t.coswt  (assuming unit

amplitude) (neglecting higher frequencies)

= er [cos(we 4nwe yp+ cos(w  —
But here _2IL}putting this in aboveeq.
w weget

= li [cos( F'”%ﬂtzk cos( f¢ 7

/ )]



8-PSK
e With 8-PSK,MJﬂm.Eiﬂhre encoded, forming

tribits and
producing eight different output phases.

e To encode eight different phases, the

incoming bits are encoded in groups of three,
called tribits (2”3 = 8).

 With 8-PSK, the angular separation between adjacent
output phases is only 45° (360 / 8).
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8-PSK e
0 0 -0.541V
0 1 -1.307 Vv
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2-to-4-lavel Product T
(O channal | converter ™| modulstor
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quadrangle
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Output

Phases

Note
Phases are +/-(22.5°
+435°)
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Output phase-versus-time relationship for

an 8- PSK modulator

——— —— — — ——— —

—— —— — —— — —

— — — —— — ——————
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——— — ——

— et St~
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Phasor

cos Myt
~0.841 sin et + 1.307 cos et -;-.= +0.541 sin et + 1.307 cos et
Q 1 ¢ l Qa 1 C
1 00 : 1 10
|
I
;
-1.307 sin wet + 0.541 co8 et ; +1.307 sin ot + 0.541 cos mt
e
a 1 ¢ : Qa 1 ¢
1 o 1 ! 1 1 1
|
|
==dﬂukt |======aa.-an-+------ === :::::::::—.1?-.-.-' dnm

i
i
'
'
|
i
-1.307 ein w.t— 0.541 cos et E +1.307 sin o t - 0.541 cos ot
Qa 1 C - a 1 C
0 0 1 ! o 1 1
1
=0.541 8in @xt ~ 1.307 CO8 et E +0.541 sin @t - 1.307 cos uet
Q 1 C - Q 1 C
0 0 0 —CO08 ()t o 1 0
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Constellation Diagram: 8
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Bandwidth considerations of

. Va:h PISKthe data are divided into three channels,

« thebit ratein the I, Q, or C channel is equal to one-third of the
binary input data rate (fb /3).

Anal %51
s O put =cosw t.cosw t (amplitudeassumed
- tob eunil@)eglecting higher frequencies)

=J2r[cos (w #we Y+ cos((w

But here w _ Ewaﬁrputtmg this 1n aboveeq.
3 weget

=J2r[03)s(3f ék_fb)t+cos (f -

,
B = (p - D=2

(f 53 ’



16 PSK

 With 16-PSK, the angular separation between

adjacent output phases is only 22.5° (360 /
16).

D100 - e 0117
2101 - e OO0
o110 - w D00 T
0111 » - 0000
—gin et -~ ————_——— e — e m - Sim ot
TO00 = ® 1111
1007 - e 1770
1070 - - 1710
TOT1T - 1 - 1100
—COS Wl
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Quadrature Amplitude Modulation

« Combination of ASK and PSK
* 4-QAM is an M-ary encoding technique where M = 4,
« Two carriers, one with in-phase and the other

quadrature, with different amplitude levels for each
carrier.

a. 4-QAM b. 4-QAM c. 4-QAM "



QUADRATURE - AMPLITUDE
MODULATION

8-QAM

 8-QAM is an M-ary encoding technique
where M = 8.

* Unlike 8-PSK, the output signal from an
8- QAM modulator is not a
constant-amplitude signal.
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8-QAM

The incoming ddneeudatadd into groups of three bits
(tribits): the I, Q, and C bit streams.

Each stream has a bit rate equal to one-third of the
incoming data rate.

The | and Q bits determine the polarity of the PAM signal at
the output of the 2-to-4-level converters.

The C channel determines the magnitude.

Because the c bit is fed un-inverted to both the i and the q
channel 2-to-4-level converters, the magnitudes of the |
and Q PAM signals are always equal.

Their polarities depend on the logic condition of the i and q
bits and therefor may be different.
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Phasor and constellation
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Output phase and amplitude-versus-time
relationship for 8-QAM

Tibit | QC | QC | Q¢ | Q¢ | Q@ | Q@ @ | Q¢ |
nput | 000 1001 ! 010 ! o1 1 o100 0ot0t 0 om0 ! 1m !

) | | | f | i
&QAME E ' E ‘ : . g
11 ey A YO ZRS T A U (T TR 41 WY 20, O - 57 SR IR o
phase and ! ! : . : :
amplitude: : : | | : :
| { | | i | | | |

L 0785V | 1848V | 0765V | 1848V | 0765V . 1848V . 0765V . 1848V |

| ~135° 1 135" ) 6% | 450 | 41350 | 41350 450 | 4450 |
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Bandwidth considerations of
8-QAM.

* N=3
 Thus the minimum bandwidth required

for 8- QAM is fb/ 3, the same as in
8-PSK.
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16-QAM Phasor and constellation diagram
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Exampl
e

Que 1. For 8-PSK operating with
information bit rate of 64 kbps,

determine baud and the minimum
bandwidth.

Que 2. For 16-PSK and a transmission
system with a 10 kHz bandwidth,
etermine the maximum bit rate.
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ASK, FSK, PSK and QAM summary

Modulation # Symbols # Bits/symbol Bandwidth
(M) (N=log2M) (BW)

FSK 2 1 Jmark—fopacct2Rs
ASK 1 2Rnw= 2R&/N=2Rs
O0OK 2 1 2Rnw= 2Re/N=2Rs
BPSK 2 1 2Rnw= 2R&/N=2Rs
QPSK 4 2 2Row=2R&N= Ré
SPSK S 3 2 Row= 2R8/N = 2R6/3
SQAM 8 3 2Rpyw= 2Rs/N = 2Rs/3
16PSK 16 4 2Rpw= 2R/N = Ry2
16QAM 16 -+ 2R,w= RN =Ry

Where Rb is the input bit rate in bps. (in earlier slides the notation fb is used for Rb)
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Modem modulation methods:

FSK,PSK, QAM

Modem is abbreviation for Modulator - Demodulator. Modems are
used for data transfer from one computer network to another
computer network through telephone lines.

Modulator converts information from digital mode to analog
mode at the transmitting end and demodulator converts the
same from analog to digital at receiving end.

End
User
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