
Sistem Komunikasi II
(Digital Communication Systems)

Lecture #3:     Demodulasi / Deteksi Baseband
(Baseband Demodulation / Detection)  

- PART I –

Topik:
3.1  Pendahuluan.

3.2   Representasi Geometris dari Sinyal.

3.3   Optimal Detection: “Maximum Likelihood Detection”.

3.4   Energy/Symbol, Energy/Bit, and Minimum Distance.

3.5   Probabilitas Error untuk Transmisi Binary PAM dengan 
(Optimal) Maximum Lkelihood Detection. 

3.6   Optimal Filter: “Matched Filter” or “Correlator



3.1. Introduction

Encoder Modulator
RF 

Modulator

Decoder
Demodulator
& Detector

RF 
Demodulator

100101…

100101…

10101…

1011…

Filtering <
Mapping <

Detection <

Block Diagram dari Sistem Komunikasi Digital:
Transmitter

Receiver

noise

Kanal



3.1. Pendahuluan – cont.

mi adalah simbol digit yang me-representasikan informasi digital (message).

1 2[ , ,..., ]i M Alfabet simbolm m m m∈ ←

Transmiter Receiver(Channel)
mi Si (t) x(t)

Simbol Digit

n(t)

Estimasi of mi

Contoh:
1. Binary PAM:             m1 = 0,     m2 = 1
2.  4-ary PAM:               m1 = 00,   m2 = 01 ,   m3 = 10 ,   m4 = 11

ˆ im
10101… 10101…

Sistem Komunikasi Digital (Baseband):

Simbol Waveform



3.1. Pendahuluan – cont.

Transmiter Receiver

Kanal AWGN
mi Si (t) x(t)

Simbol Digit

n(t)

Estimasi of mi

ˆ im
10101… 10101…

Sistem Komunikasi Digital (Baseband):

Simbol Waveform

Filter 
(Demod) Decision

sampling st kT=
x(t) ˆ im

DetectionFiltering

⊕

( )  is White Gaussian Noise (WGN).n t

Goals:
1.  Menentukan bentuk filtering yang  

optimal.

2.  Menentukan bentuk detection  
yang optimal.



3.2. Representasi Geometris dari Sinyal

Representasi Geometris dari sinyal si(t) : 
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3.2. Representasi Geometris dari Sinyal – cont.
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3.2. Representasi Geometris dari Sinyal – cont.

Contoh:   Binary PAM (NRZ)
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3.2. Representasi Geometris dari Sinyal – cont.

Contoh:   Binary PAM – cont.
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3.2. Representasi Geometris dari Sinyal – cont.

Contoh:   Binary PAM – cont.
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1s2s
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Signal Space (Konstelasi Sinyal)
1-Dimension (1D)

1 fungsi basis

si(t) si ~ sample

m1 = 1             m2 = 0



3.2. Representasi Geometris dari Sinyal – cont.
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Contoh:   M-ary PAM (M=4)
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3.2. Representasi Geometris dari Sinyal – cont.

4

3

2

1

1

0

2

0

3

0

4

0

( ) ( )

( ) ( )
3

( ) ( )
3

( ) ( )

T

T

T

T

t t dt A T

A Tt t dt

A Tt t dt

t t

s

dt A T

s

s

s

s

ss

s

φ

φ

φ

φ

= ⋅ = −

= ⋅ = −

= ⋅ =

= ⋅ =

∫

∫

∫

∫

Analisis (koefisien ekspansi):

Contoh:   M-ary PAM (M=4)  – cont.

Signal Space (Konstelasi Sinyal)
1-Dimensi (1D)

1 Fungsi Basis

si(t) si ~ sample
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3.2. Representasi Geometris dari Sinyal – cont.

Point-point penting:

Sinyal Waveform‘dipetakan’ menjadi Sinyal Vektor

is( )i ts ; 1, 2,...,i M=

1, 2, ...;( )j j Ntφ =Fungsi basis                                      berperan sebagai fungsi  
pemetaaan tersebut.

Fungsi basis bersifat  Orthonormal:
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3.3. Optimal Detection: “Maximum Likelihood Detection”

si (t) x(t)

n(t)

+

+
⊕

Channel

DetectionFiltering 

ˆ imFilter 
(Demod) Decision

sampling st kT=

z(t) z(kTs )

Baseband (PAM )
Demodulation & Detection

x(t) = si (t) + n(t) 
0

sT

d t∫

1
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( )tφ

Ts

ˆ im
Decision

sampling st kT=

z(t) z(kTs )

DetectionMapping



3.3. Optimal Detection: “Maximum Likelihood Detection” – cont.

x(t) = s(t) + n(t) 
0

sT

d t∫
m̂

Decision

sampling st kT=

z(t)

     sample
(test statistics)

Detection

MAPPING :   Waveform Sample

z(kTs )

Mapping 
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3.3. Optimal Detection: “Maximum Likelihood Detection” – cont.

x(t) = s(t) + n(t) 
Decision

DetectionMapping

Konstelasi Sinyal (untuk Binary PAM NRZ):

( )tφ
1s2s
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Binary PAM NRZ

DECISION :   Bandingkan test statistic VS. sebuah nilai threshold.
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3.3. Optimal Detection: “Maximum Likelihood Detection” – cont.
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3.3. Optimal Detection: “Maximum Likelihood Detection” – cont.
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3.3. Optimal Detection: “Maximum Likelihood Detection” – cont.
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3.3. Optimal Detection: “Maximum Likelihood Detection” – cont.

Likelihood  R atio  T est:
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3.3. Optimal Detection: “Maximum Likelihood Detection” – cont.

Likelihood  R atio  T est:
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3.3. Optimal Detection: “Maximum Likelihood Detection” – cont.

Likelihood  R atio  T est:

Contoh:   Binary PAM
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3.3. Optimal Detection: “Maximum Likelihood Detection” – cont.

x(t) = s(t) + n(t) 
0

sT

d t∫

1

sT

( )tφ

Ts

Decision

ML
DetectionMappingBinary PAM NRZ 

Ts
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s1(t)
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sampling st kT=
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Decision Region IDecision Region II

(Optimal) Maximum Likelihood Detection untuk Binary PAM NRZ: 



3.3. Optimal Detection: “Maximum Likelihood Detection” – cont.

Likelihood  R atio  T est:

Contoh:   4-Ary PAM
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3.3. Optimal Detection: “Maximum Likelihood Detection” – cont.

x(t) = s(t) + n(t) 
0

sT

d t∫

1
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( )tφ

Ts

Decision

ML
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Mapping

sampling st kT=
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(Optimal) Maximum Likelihood Detection untuk M-ary PAM: 
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3.3. Optimal Detection: “Maximum Likelihood Detection” – cont.

x(t) = s(t) + n(t) 
0

sT

d t∫

1

sT

( )tφ

Ts

ML
DetectionFungsi : Mapping

Hardware: Correlator

zDecisionsampling st kT=
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Correlator Receiver dengan ML Detection untuk Binary PAM NRZ

z



3.4. Energy/Symbol, Energy/Bit, dan Minimum Distance.
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Contoh:   Binary PAM NRZ
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3.4. Energy/Symbol, Energy/Bit, dan Minimum Distance – cont.

Contoh:   4-ary PAM
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3.5. Probabilitas Error untuk Transmisi Binary PAM dengan  
(Optimal) Maximum Likelihood Detection
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3.5. Probabilitas Error untuk Transmisi Binary PAM dengan  
(Optimal) Maximum Likelihood Detection – cont.
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3.5. Probabilitas Error untuk Transmisi Binary PAM dengan  
(Optimal) Maximum Likelihood Detection – cont.

Probabilitas Error:

Contoh:   Binary PAM
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3.6.   Optimal Filter:   “Matched Filter” or “Correlator”

( )Respon Impuls:     (     )sh t s T t= −

,dimana ( ) adalah sinyal input,  adalah durasi dari s(t).ss t T

Kriteria optimal untuk filtering:

Bentuk demodulator filter yang optimal adalah filter yang me-
maksimalkan Signal-to-Noise Power Ratio (SNR) pada output-nya. 

Filter yang memenuhi kriteria di atas:   Matched Filter

Untuk Binary PAM NRZ:
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Filter Decision

sampling st kT=
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DetectionFiltering



3.6.   Optimal Filter:   “Matched Filter” or “Correlator” – cont.

Matched Filter sebagai  Correlator  – cont.

( )x t ix
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3.6.   Optimal Filter:   “Matched Filter” or “Correlator” – cont.

x(t) = s(t) + n(t) 
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sT

d t∫

1
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Ts ML
DetectionCorrelation

Optimal Receiver dengan ML Detection untuk Binary PAM NRZ: 

z

m̂Matched 
Filter z(t) z(kTs )

Filtering

x(t) = s(t) + n(t) 

Decisionsampling st kT=

z(t) z(kTs ) m̂
<

<1H

2H
0z

Decision

<

<1H

2H
0z

ML
Detection

Correlator Receiver
with ML Detection 

Matched Filter Receiver
with ML Detection 

( ) ( )sh t T tϕ= −


