Binary Amplitude Shift Keying (BASK): Signal Representation
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Send: s;(t) = Acos(2xf,t), if the information bit is “1” = E; = —

Send: s,(t) = 0, if the information bit is “0”’;
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Binary Amplitude Shift Keying : Generation

s4(t) = Acos(2nf.); for digit 1
—

s,(t) =0; fordigit0

Map Binary Data into Uni-
Binary Data —+| Polar Non-Return to Zero

b;

c(t)=Acos(2nf .t)

m(t)

Amplitude
A 1 0

m(t): Unipolar non- . T R I
return to zero ' : : : : : : :

s(t) = m(t)c(t)

NOTE: BASK is also called ON-OFF Keying
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Binary Amplitude Shift Keying : The Optimum Receiver

b Threshold

Received signal’é In‘regr:afor Comparison /;:, =1 if z(r)> A

W) i J ’

b =0 if z(r)<A’

A =Y(E -E)=14

Optimum Receiver Implemented as a Correlator Followed by a Threshold Detector
Probability of Error: s,(t) = Acos(2mf,t)

E, = f (s1(t))?dt
fo(1(8) = 52(0)%dt\ iy 2
\ 2N, E, = A%*t/2 Optimal BER:

E, =2t ) v ol 2T Zof |E
2 1 A“T — —_— | = —_—
Ep =7 (B + E) = ’ 4N, No

E2:0

s,(t) = 0.

P, =Q
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Binary Amplitude Shift Keying: Power Spectral Density

Let m(t) be the unipolar NRZ signal with autocorrelation function R,,,(7) and power spectral
density G, (f).

* You can easily verify that the unipolar non-return to zero signal m(t) is related to the polar
non-return signal m’(t) (used in the generation of the BPSK) by:

A Unipolar NRZ

» m(t) =3 (1+m'(t) .. i e a1, e M
The autocorrelation function of m(t) is .
* Ry(r) = E{m(t)m(t + 1)} = — | — T
1 N , 11
= E{5(1+m(t)5(1+m(t+r)}=Z+2Rm'(T)F Polar NRZ
Note that for the polar-NRZ E{m'(t)} = 0 - - ,
1:0:1:1:0:0:0:1 m’(t)

 The power spectral density of m(t) is: _—

* Gn(F) =365 +5 G () B




Binary Amplitude Shift Keying: Power Spectral Density
The Wiener —Khintchine Thorem: The power spectral density Gy (f) and the autocorrelation
function Ry () of a stationary random process X (t) form a Fourier transform pairs:

. Gx(f) = f_oooo Ry (t)e 12™ T dt (Fourier Transform)
. Ry (1) = ffooo Gy (f)el?™*df (Inverse Fourier Transform)
« The power spectral density of m(t), the unipolar NRZ is:
1 1
¢ Gm(F) =180 + 16 ()

* In the previous video we saw that if a random process X (t) with an autocorrelation function Ry (7) and
a power spectral density Gy (f) is mixed with a sinusoidal function cos(2rf.t + 6) ; 8 isar.v
uniformly distribution over (0, 2rr) to form a new process

Y(t) = X(t)cos(2nfat + 6). Our Problem: s(t) = m(t)cos(2rf .t + 0)
then the autocorrelation function and power spectral density of Y(t) are given by:

¢ Ry() = E{Y(OY(t + O} = 2. cos2mf,T ;
* Gy(f) = 1{Gx(f — fo) + Gx(f + )}
+ Hence, Gpask (f) = 3 (Gm(f — o) + Gm(f + )




Binary Amplitude Shift Keying : Power Spectral Density and Bandwidth

Map Binary Data into Uni- $1(8) = Acos(2xf,); for digit 1

Binary Data —+| Polar Non-Return to Zero

b. s,(t) =0; fordigit0
I
Power Spectral Density of the
baseband unipolar NRZ m(t) c(t)=Acas(2nf .t S(t) — m(t) COS (Zﬂfc t)
AZ
2/t —l/lr 0 1/t 2/t A
90% power =E : 90% bandwidth: /7
95% power 95% bandwidth: 2/¢

Goise () =3[Croox (f = [.)+ Grpor (f + /)] Bandwidth of BASK s(t)

Power Spectral Density of the

bandpass modulated signal s(t) Gg;gx (f ) (twice the data rate);
‘ “ Same as that of BPSK
Szt f f+l/T 0 f—lrz f f+lT f
” ) P
The 90% power bandwidth =- = 2R, 2R, 6

T



Non-coherent Demodulation of the Binary ASK Signal

The demodulator which uses the signal difference s;(t) — s,(t) = Acos(2nf.t) is called coherent demodulator

gl
Threshold . )
Received signalﬁ/jx/\ InTeJQ‘[’OTor b cimmirars e i
vt i 0 . i ~ Eae | » -
h A =L(E -E,)=14%|0=01f 27)<4

In non-coherent demodulation, there is no need for the carrier frequency at the receiver. The basic
elements of the receiver are a bandpass filter with center frequency at the carrier, an envelope detector,
and a threshold comparator. The receiver is simple, however it is not optimal in terms of the probability

of error. The details are shown in the following block diagram

r(t) = Acos(2mf .t) + n(t)

r(t) = n(t)
Threshold :
_ Binary Data
r(t) Ban't:Ea::ss Ftllter Envelope _ Comparison X Y
] F et Detector A" = (Ey — E3)/2
requency at [ =A%t/4

Non-Coherent Binary ASK Demodulation



