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12/19/2017 LOPE3203: Communication Systems 

 Digital Modulation Block Diagram 

 Digital Baseband Modulation 

 Binary Pulse Amplitude Modulation 

 4 – Ary Amplitude Modulation 

 Bandwidth Efficiency of M-Ary 
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 How to choose proper digital waveform to carry the digits? 
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 Bite Rate (𝑹𝒃): Number of bits transmitted per unit of time (e.g. 10kbps : Ten 
Thousands bits per one second transmitted over the channel). 

 Channel Bandwidth (B): based on the modulated signal. 

 Bandwidth Efficiency: 

 

𝜖 =
𝑅𝑏
𝐵
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Digital Modulation 

(Baseband – 

Bandpass) 

Baseband Channel 

Bandpass Channel 

Bit Sequence 
Modulated 

Signal 

001011011001 

 Choose baseband signals to carry the digits. 

 Each baseband signal can carry multiple bits. 

 Base on the number of bits carried by the baseband signal, the modulation can be: 
 

Binary: 

 Carrying single bit only per baseband signal. 

 The bit Rate = 1/𝜏. 

 Total number of baseband signals required for transmission is TWO. 

 M – ary: 

 Carrying M – symbols per single baseband signal. 

 Number of bits per symbol is log2𝑀 bps (Bits per Symbol). 

 Symbol rate = 1/𝜏 Bit rate = log2𝑀/𝜏  

 Total numbers of baseband signals required for transmission is 𝑀. 
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 We focus on “Amplitude Modulation”. 

 The signal of the same shape having different amplitudes. 

 The time-domain representation of PAM: 

 

𝑠 𝑡 =  𝑍𝑛 . 𝑣 𝑡 − 𝑛𝑇

∞

𝑛=−∞

 

 

 

 𝑍𝑛: discrete random variable with Pr 𝑍𝑛 = 𝑎𝑖 = 1/𝑀  𝑖 = 1, 2, … ,𝑀 

 𝑣(𝑡): is a unit baseband signal 
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 The power spectrum of the modulated signal of the PAM is: 

 

𝐺𝑠 𝑓 =
1

𝜏
𝑉 𝑓 2  𝜎2 +

𝜇2

𝜏
 𝛿 𝑓 −

𝑚

𝜏

∞

𝑚=−∞

 

 

 𝜎: is the variance. 

 𝜇: is the mean value. 
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 Bit “1” to represents the +ve 
rectangular pulse of amplitude 
+A and width 𝜏  
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+A 

-A 

𝜏 

 Bit “0” to represents the -ve 
rectangular pulse of amplitude 
-A and width 𝜏  

 𝑠 𝑡 =  𝑍𝑛 . 𝑣(𝑡 − 𝑛𝜏
∞
𝑛=−∞ ) 

 

 Pr{𝑍𝑛 = ∓1} = 0.5 

 𝑣 𝑡 =  
𝐴       0 ≤ 𝑡 ≤ 𝜏
0,   𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

 

 

12/20/2017 LOPE3203: Communication Systems 10 



12/20/2017 

6 

12/20/2017 LOPE3203: Communication Systems 11 

 Bit “1” to represents the +ve 
rectangular pulse of amplitude 
+A and width 𝜏  
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+A 

𝜏 

 Bit “0” to represents the ZERO 
rectangular pulse of amplitude 
ZERO and width 𝜏  

 𝑠 𝑡 =  𝑍𝑛 . 𝑣(𝑡 − 𝑛𝜏
∞
𝑛=−∞ ) 

 

 Pr{𝑍𝑛 = 1}= Pr{𝑍𝑛 = 0} = 0.5 

 𝑣 𝑡 =  
𝐴       0 ≤ 𝑡 ≤ 𝜏
0,   𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
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 Bit “11” to represents the +ve 
rectangular pulse of amplitude 
+A and width 𝜏  
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+A 

𝜏 

 Bit “10” to represents the ZERO 
rectangular pulse of amplitude 
+A/3 and width 𝜏  

 𝑠 𝑡 =  𝑍𝑛 . 𝑣(𝑡 − 𝑛𝜏
∞
𝑛=−∞ ) 

 

 Pr{𝑍𝑛 = 1}= Pr{𝑍𝑛 = 1/3} = 
Pr{𝑍𝑛 = −1}= Pr{𝑍𝑛 = −1/3} = 0.25 

 𝑣 𝑡 =  
𝐴       0 ≤ 𝑡 ≤ 𝜏
0,   𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

 

 

-A 

+A/3 

-A/3 

 Bit “00” to represents the ZERO 
rectangular pulse of amplitude 
–A and width 𝜏  

 Bit “0q” to represents the ZERO 
rectangular pulse of amplitude 
-A/3 and width 𝜏  
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