
Binary Amplitude Shift Keying (BASK): Signal Representation 
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𝜏 = 𝑛𝑇𝑐
𝜏: is the time allocated
to transmit the binary digit.
𝑇𝑐=1/𝑓𝑐 is the carrier period

𝑅𝑏 =
1

𝜏
: 𝐷𝑎𝑡𝑎 𝑟𝑎𝑡𝑒 bits/sec

𝜏 = 𝑛𝑇𝑐

In this figure n=5



Binary Amplitude Shift Keying : Generation 
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m(t): Unipolar non-
return to zero

s(t)

c(t)

c(t)

𝒔 𝒕 = 𝒎 𝒕 𝒄(𝒕)

NOTE: BASK is also called ON-OFF Keying



Binary Amplitude Shift Keying : The Optimum Receiver 
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Optimum Receiver Implemented as a Correlator Followed by a Threshold Detector

Probability of Error: 

Optimal BER:

𝑬𝟏 = න
𝟎

𝝉

𝒔𝟏(𝒕)
𝟐𝒅𝒕

With 𝝉 = 𝒏𝑻𝒄
𝑬𝟏 = 𝑨𝟐𝝉/𝟐



Binary Amplitude Shift Keying: Power Spectral Density

Let m 𝑡 be the unipolar NRZ signal with autocorrelation function 𝑅𝑚 𝜏 and power spectral 
density 𝐺𝑚 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:

• 𝑚 𝑡 =
1

2
(1 + 𝑚′ 𝑡

The autocorrelation function of m(t) is 

• 𝑅𝑌 𝜏 = 𝐸 𝑚 𝑡 𝑚 𝑡 + 𝜏 =

=  𝐸
1

2
(1 + 𝑚′ 𝑡

1

2
(1 +𝑚′ 𝑡 + 𝜏 =

1

4
+

1

4
𝑅𝑚′(𝜏);

Note that for the polar-NRZ  𝑬 𝒎′ 𝒕 = 𝟎

• The  power spectral density of m(t) is:

• 𝐺𝑚 𝑓 =
1

4
𝛿 𝑓 +

1

4
𝐺𝑚′(𝑓)

4

Unipolar NRZ

Polar NRZ

m’(t)

m(t)



Binary Amplitude Shift Keying: Power Spectral Density
The Wiener –Khintchine Thorem: The power spectral density 𝐺𝑋 (𝑓) and the autocorrelation 

function 𝑅𝑋 𝜏 of a stationary random process 𝑋(𝑡) form a Fourier transform pairs:

• 𝐺𝑋 𝑓 = 
−∞

∞
𝑅𝑋 (𝜏)𝑒

−𝑗2𝜋𝑓𝜏𝑑𝜏 (Fourier Transform)

• 𝑅𝑋 𝜏 = 
−∞

∞
𝐺𝑋 𝑓 𝑒𝑗2𝜋𝑓𝜏𝑑𝑓 (Inverse Fourier Transform)

• The  power spectral density of m(t), the unipolar NRZ is:

• 𝑮𝒎 𝒇 =
𝟏

𝟒
𝜹 𝒇 +

𝟏

𝟒
𝑮𝒎′(𝑓)

• In the previous video we saw that if a random process 𝑋 𝑡 with an autocorrelation function 𝑅𝑋 𝜏 and 
a power spectral density 𝐺𝑋(𝑓) is mixed with a sinusoidal function cos(2𝜋𝑓𝑐𝑡 + 𝜃) ; 𝜃 is a r.v
uniformly distribution over (0, 2𝜋) to form a new process

𝑌 𝑡 = 𝑋 𝑡 cos(2𝜋𝑓𝑐𝑡 + 𝜃). 

then the autocorrelation function and power spectral density of Y(t) are given by:

• 𝑅𝑌 𝜏 = 𝐸 𝑌 𝑡 𝑌 𝑡 + 𝜏 =
𝑹𝑿 𝝉

𝟐
∙ 𝒄𝒐𝒔𝟐𝝅𝒇𝒄𝝉 ; 

• 𝑮𝒀 𝒇 =
𝟏

𝟒
{𝑮𝑿 𝒇 − 𝒇𝒄 + 𝑮𝑿 𝒇 + 𝒇𝒄 }

• Hence, 𝑮𝑩𝑨𝑺𝑲 𝒇 =
𝟏

𝟒
{𝑮𝒎 𝒇 − 𝒇𝒄 + 𝑮𝒎 𝒇 + 𝒇𝒄
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Our Problem: 𝒔 𝒕 = 𝒎 𝒕 𝐜𝐨𝐬(𝟐𝝅𝒇𝒄𝒕 + 𝜃)



Binary Amplitude Shift Keying : Power Spectral Density and Bandwidth

6Bandpass Spectral Density

Power Spectral Density of the 

baseband unipolar NRZ m(t)

Bandwidth of BASK s(t) 

(twice the data rate); 

Same as that of BPSK

Power Spectral Density of the 
bandpass modulated signal s(t)

𝒔 𝒕 = 𝒎 𝒕 𝐜𝐨𝐬(𝟐𝝅𝒇𝒄𝒕)



Non-coherent Demodulation of the Binary ASK Signal 
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The demodulator which uses the signal difference 𝑠1 𝑡 − 𝑠2 𝑡 = 𝐴𝑐𝑜𝑠(2𝜋𝑓𝑐𝑡) is called coherent demodulator

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


