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Digital Communication Systems
ECS 452

Asst. Prof. Dr. Prapun Suksompong
prapun@siit.tu.ac.th

8. Optimal Detection for Additive Noise Channels
1-D Case

Office Hours: 
Check Google Calendar on the 
course website.
Dr.Prapun’s Office:
6th floor of Sirindhralai building, 
BKD
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Digital Modulation/Demodulation
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Digital Modem: Ex 1
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Digital Modem: Ex 2
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Analysis of Digital Modem
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Digital Modulator

M possibilities. For 
example, if 𝒃 has  4 
bits, then there are 24

= 16 possibilities.

M-ary Scheme

M =2: Binary
M = 3: Ternary
M = 4: Quaternary

Additive White Noise 
(Independent of S(t))

Transmitted waveform Received waveform

M possible messages requires
M possibilities for S(t): 

      1 2, , , Ms t s t s t



Analysis of Digital Modem
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𝑠ଵ 𝑡 , 𝑠ଶ 𝑡 , … , 𝑠ெ 𝑡

Vector Channel:

Waveform Channel: Find orthonormal basis 
(possibly by GSOP): 
𝜙ଵ 𝑡 , 𝜙ଶ 𝑡 , … , 𝜙௄ 𝑡

𝑅 𝑡 ൌ 𝑆 𝑡 ൅ 𝑁 𝑡

𝐑⇀ ൌ 𝐒⇀ ൅ 𝐍⇀

 𝐬⇀ ଵ , 𝐬⇀ ଶ , … , 𝐬⇀ ெ

𝑆 𝑡 , 𝜙ଵ 𝑡
𝑆 𝑡 , 𝜙ଶ 𝑡

⋮
𝑆 𝑡 , 𝜙௄ 𝑡

𝑁 𝑡 , 𝜙ଵ 𝑡
𝑁 𝑡 , 𝜙ଶ 𝑡

⋮
𝑁 𝑡 , 𝜙௄ 𝑡

𝑅 𝑡 , 𝜙ଵ 𝑡
𝑅 𝑡 , 𝜙ଶ 𝑡

⋮
𝑅 𝑡 , 𝜙௄ 𝑡

can be visualized in the form of signal constellation 

𝐑⇀ , 𝐒⇀ and 𝐍⇀ are all 
random vectors. 
Each vector contain K
random variables.

Ex:
𝐾 ൌ 1: PAM, ASK
𝐾 ൌ 2: PSK, QAM



Analysis of Digital Modem: 1D
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𝑅 ൌ 𝑆 ൅ 𝑁

𝑠 ଵ
 t  

 1s t  2s t  3s t  Ms t

Prior Probabilities:         j
j

j
j Sp P S t s t P S s p s         

Energy:         22
, j

j j jjE s t s t s t s  

1
js

M

j
j

E p E


Average Energy (per Symbol): 

2

1
log sbE E

M
Average Energy (per Bit): 

pmf of the “message”

Continuous RV
Discretes RV

𝑠 ଶ 𝑠 ଷ 𝑠 ெ



Analysis of Digital Modem: MAP
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 Model: 
 We know the pmf ௌ of S

and the pdf ே of N.

 We assume that S and N are independent.

 Goal: Use the (observed) value of R to infer back to the 
value of S that was transmitted.
 Note that once we recover the value of S, then we can map this 

back to the corresponding waveform , and consequently, 
recover the corresponding bit block .

𝑆 𝑅

𝑁



Review: MAP decoder
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[ECS452 2018 Section 3.3 p. 44-45]



Review: MAP decoder
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[ECS452 2018 Section 3.3 p. 45]



Analysis of Digital Modem: MAP
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 Model: 
 We know the pmf ௌ of S

and the pdf ே of N.

 We assume that S and N are independent.

 Suppose, at the receiver, we get .

 Optimal (MAP) Detector: 

௦∈ ௦ భ ,௦ మ ,…,௦ ಾ
ௌ ே

𝑆 𝑅

𝑁



Error Probability
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Error Probability
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