
Channel Capacity 

• Discrete Memoryless Channels 

• Random Codes 

• Block Codes 

• Trellis Codes 



Channel Models 

• Discrete Memoryless Channel 

– Discrete-discrete 

• Binary channel, M-ary channel 

– Discrete-continuous 

• M-ary channel with soft-decision (analog) 

– Continuous-continuous 

• Modulated waveform channels (QAM) 

 

 



Discrete Memoryless Channel 

• Discrete-discrete 

– Binary channel, M-ary channel 
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Discrete Memoryless Channel 

• Discrete-continuous 

– M-ary channel with soft-decision (analog) 
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Discrete Memoryless Channel 

• Continuous-continuous 

– Modulated waveform channels (QAM) 

– Assume Band limited waveforms, bandwidth = W 

• Sampling at Nyquist = 2W sample/s 

– Then over interval of N = 2WT samples use an 

orthogonal function expansion: 
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Discrete Memoryless Channel 

• Continuous-continuous 

– Using orthogonal function expansion: 
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Discrete Memoryless Channel 

• Continuous-continuous 

– Using orthogonal function expansion get an 

equivalent discrete time channel: 
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Capacity of binary symmetric channel 

• BSC  
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Capacity of binary symmetric channel 

• Average Mutual Information  0 0
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Capacity of binary symmetric channel 

• Channel Capacity is Maximum Information 

–  earlier showed: 
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Capacity of binary symmetric channel 

• Channel Capacity 

– When p=1 bits are inverted but information is perfect if 

invert them back! 

0 0

11

X Y
p1

p1

p p

pppp 2log)1(2log)1(C 22 



Capacity of binary symmetric channel 

• Effect of SNR on Capacity 

– Binary PAM signal (digital signal amplitude 2A) 
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Capacity of binary symmetric channel 

• Effect of SNR 

– Binary PAM signal (digital signal amplitude 2A) 
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Capacity of binary symmetric channel 

• Effect of SNR 

– Binary PAM signal (digital signal amplitude 2A) 
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Capacity of binary symmetric channel 

• Effect of SNR 

– Binary PAM signal (digital signal amplitude 2A) 
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Capacity of binary symmetric channel 

• Effect of SNR 

– Binary PAM signal (digital signal amplitude 2A) 
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Capacity of binary symmetric channel 

• Effect of SNR 

– Binary PAM signal (digital signal amplitude 2A) 
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Capacity of binary symmetric channel 

• Effect of SNR 

– Binary PAM signal (digital signal amplitude 2A) 
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Capacity of binary symmetric channel 

• Effect of SNRb 

– Binary PAM signal (digital signal amplitude 2A) 
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Channel Capacity of Discrete 

Memoryless Channel 

• Discrete-discrete 

– Binary channel, M-ary channel 
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Channel Capacity of Discrete 

Memoryless Channel 

Average Mutual Information 
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Channel Capacity of Discrete 

Memoryless Channel 

Channel Capacity is Maximum Information 
Occurs for  

only if  

Otherwise must work out max 
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Channel Capacity Discrete 

Memoryless Channel 

• Discrete-continuous 

• Channel Capacity 
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Channel Capacity Discrete 

Memoryless Channel 

• Discrete-continuous 

• Channel Capacity with AWGN 
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Channel Capacity Discrete 

Memoryless Channel 

• Binary Symmetric PAM-continuous 

• Maximum Information when: 
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Channel Capacity Discrete 

Memoryless Channel 

• Binary Symmetric PAM-continuous 

• Maximum Information when: 
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Channel Capacity Discrete 

Memoryless Channel 

• Binary Symmetric PAM-continuous 

• Versus Binary Symmetric discrete  
SNRb (dB)Pb C
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Capacity C and BER  vs 

SNR for binary channel
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Discrete Memoryless Channel 

• Continuous-continuous 

– Modulated waveform channels (QAM) 

– Assume Band limited waveforms, bandwidth = W 

• Sampling at Nyquist = 2W sample/s 

– Then over interval of N = 2WT samples use an 

orthogonal function expansion: 
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Discrete Memoryless Channel 

• Continuous-continuous 

– Using orthogonal function expansion get an 

equivalent discrete time channel: 
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Discrete Memoryless Channel 

• Continuous-continuous 

• Capacity is (Shannon) 
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Discrete Memoryless Channel 

• Continuous-continuous 

• Maximum Information when: 
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Discrete Memoryless Channel 

• Continuous-continuous 

• Constrain average power in x(t): 
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Discrete Memoryless Channel 

• Continuous-continuous 

• Thus Capacity is: 
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Discrete Memoryless Channel 

• Continuous-continuous 

• Thus Normalized Capacity is: 
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