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Digital modulation
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Baseband: From zero and up
Passband: Pass only a small window



Baseband transmission

signal level = 2n n bits/symbol

(symbol rate) = (baud rate) = (bit rate) x n



Line codes (Encoding)

Clock recovery: Manchester

used in USB

double frequency

Balanced signal: Bipolar encoding (AMI)



Avoid consecutive 0s

4B/5B mapping

Scrambler: XOR data with random sequence

8B/10B mapping



Passband transmission

ASK (Amplitude Shift Keying) 

FSK (Frequency Shift Keying) 

PSK (Phase Shift Keying) 

振幅

周波数

位相

Digital modulation
(keying)



QPSK (Quadrature phase shift keying)

QPSK           QAM-16         QAM-64 
QAM (Quadrature Amplitude Modulation)

Gray code



Multiplexing

FDM (Frequency Division Multiplexing):
Speaking at different pitches

TDM (Time Division Multiplexing):
Taking turns speaking 

CDM (Code Division Multiplexing):
Speaking in a different language 



Multiplexing

FDM (Frequency Division Multiplexing) 

{telephone, radio, TV}



Multiplexing

OFDM (Orthogonal Frequency Division Multiplexing) 
{802.11, cable networks, power line networking}



Multiplexing

TDM (Time Division Multiplexing) 

CDM (Code Division Multiplexing)
CDMA (Code Division Multiple Access)  

{web proxy servers}

{mobile phone}



Public switched telephone network



Public switched telephone network

IXC: IntereXchange Carrier
LATA: Local Access and Transport Area



Using telephone networks for internet

Telephone modems

2400 bps

4800

V.32 V.32bis V.34bis

9600 14,400 33,600 56,000

V.92



Using telephone networks for internet

DSL (Digital Subscriber Line)

frequency3 kHz 1 MHz

physical limitfilter



Using telephone networks for internet

ADSL (Asymmetric Digital Subscriber Line)

DSLAM (Digital Subscriber Line Access Multiplexer) 

NID (Network Interface Device) 

8 Mbps 



FttH (Fiber to the Home) 光回線

GPON (Gigabit Passive Optical Network) 2.4 Gbps 



Digitizing voice signals

PCM (Pulse Code Modulation)

4 bit

8 bits every 125 μsec = 64 kbps Time Division Multiplexing

T1 carrier



Time division multiplexing

T1 T2 T3



SONET (Synchronous Optical NETwork) 



Frequency division multiplexing

64 channels x 40 Gbps =  2.56 Tbps 



Switching

Circuit switching

Packet switching



Circuit vs Packet

Circuit switching Packet switching



Circuit vs Packet



Mobile telephone system (1G)

AMPS (Advanced Mobile Phone System)

cells microcells

832 full-duplex channels
Mobile to base station: 824 to 849 MHz 
Base station to mobile: 869 to 894 MHz 



Mobile telephone system (2G)

GSM (Global System for Mobile communications)

SIM (Subscriber Identity Module)
BSC (Base Station Controller)
MSC (Mobile Switching Center)

VLR (Visitor Location Register):
Database of nearby mobiles
HLR (Home Location Register):
Last location of mobile



GSM Data Packets



Mobile telephone system (3G)

WCDMA (Wideband Code Division Multiple Access)

How to generate orthogonal chip sequences? :  Pseudorandom sequence

Soft handoff



Using cable networks for internet

Cable TV

Telephone
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