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Optimal receiver (demodulator)
• MAP – Maximum A-posteriori Probability receiver (absolute optimal receiver)

௜ ௦೔ ௧ ఢௌ
஽

௜
஽

௜

௜
௦̅೔ ఢ ௌ̅

௜

௜ ௜ ௜

௜ ௜ ௜

௜
௦̅೔ ఢ ௌ̅

௜ ௜

௜ ௜ ௜ ௜ ௜

• ML – Maximum Likelihood receiver (suboptimal receiver). If ௜ uniform, then MAP ML
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Optimal vectorial receiver
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Optimal vectorial receiver over AWGN
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Optimal vectorial receiver over AWGN
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Optimal vectorial receiver

ʘ

ʘ

ଵ

ெ

଴ ଵ ଵ
ଶ

଴ ெ ெ
ଶ

comparator
max



Optimal receiver over AWGN
Correlation receiver scalar product = correlation
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„regular simplex” signal constellation
M-ary digital modulation with energy constrain ௠௔௫
• M different signal waveform
• ௜ ௠௔௫.

Optimal signal set „regular simplex” signal vector constellation
ଵ ெ ଵ ெ .

Def.: of „regular simplex” vector constellation
Dimension: D=M-1; Energy: ௜

ଶ
௠௔௫ ; Correlation: ௜ ௝
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Examples:
M=2 => D=1 M=3 => D=2 M=4 => D=3 etc….

Antipodal signals
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Baseband digital modulation, OOK
On-off keying (OOK), M=2, D=1, 
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On-off keying (OOK), M=2, D=1, 
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On-off keying (OOK), M=2, D=1, 

Probability of error 
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Baseband digital modulation, NRZ
Non-return-to-zero (NRZ), M=2, D=1, 
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Bandpass Modulation or Passband Modulation
• Refers to modulation of signal over a carrier frequency 
• According to the information symbol modulate the parameters of a harmonic function 

(e.g. sin or cos) at carrier frequency
Unmodulated carrier

• A: Amplitude effective value
• Circular (angular, radial) frequency
•

Basic types of Modulation:
• d(t): Amplitude modulation (Amplitude Shift Keying, ASK)
• (t): Angular modulation (two type of)

 Phase modulation: (t) corresponds to the baseband information (PSK)
 Frequency modulation: d(t)/dt corresponds to the baseband information (FSK)

Or combination of:
 amplitude and phase: e.g. QAM, APSK, etc.
 amplitude and frequency: biorthogonal modulation, etc.
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Quadrature form, Complex Envelope

Suppose pplying
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Quadrature form:
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Complex Envelope:
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Quality, Bandwidth and Price of Bandpass Digital Modulation
Quality: mostly two measure
• Probability of errors ௘

 Bit Error Probability, Bit Error Rate – BER,
 Symbol Error Rate – SER, Packet Error Rate – PER, etc.

• Speed of Information transfer
 Bit/Symbol/Packet Rate – R [bit/sec, …]

• But also processing time by some real time apps 
Bandwidth B of digital communication:
• Because of finite signal duration ௦ theoretically infinite bandwidth (Recap: Fourier transf.)
• In practice:

• At one carrier system – D=2 dimensional modulation (e.g. ASK, PSK, QAM):
௦ because using filters (Recap: Matched Filter receiver)

• At multiple carrier system – D=M dimensional modulation (e.g. FSK, OFDM): 
௦

Price of digital communication:
• The necessary power: P
• The necessary bandwidth: B
• The necessary signal processing: Digital computation (negligible)

• These can be converted by guarantying the same ௘:  also 

Using higher order modulation: instead of binary M= ଵ, M= ௡-ary modulation

௘ ଴ ଵ ௕ ௕ vs. ௡ ௕ ௕



Binary Bandpass Modulation
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• Binary Amplitude Shift Keying – BASK; M=2, D=1

Bit error probability will be the same as by baseband OOK
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• Binary Phase Shift Keying – BPSK; M=2, D=1

Antipodal signal set – „regular simplex” for D=1
Bit error probability will be the same as by baseband NRZ
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M-ary Phase Modulation
Set of Digital Signals: ଵ ெ
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MPSK, D=2 dimensional signal space 
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M-ary Phase Modulation


