TRUWONG DAl HOC KHOA HOC T NHEN
KHOA DIEN TU - ViEN THONG

Bai 4: Bleu bién xung (PM) va
diéu bién xung ma (PCM)

bang L¢ Khoa

B6 mén Vién thong — Mang
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Noi dung

Diéu bién xung

Diéu bién xung ma (PCM)

Da hop phan chia thot gian (TDM)

Cac PCM khac

M3 hoa duong day va pho, bing thong tin hiéu PCM
Méo lién ky hiéu (ISI), dang mat
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PAM, PWM, PPM, PCM
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http://upload.wikimedia.org/wikipedia/commons/5/50/PAM_neutral.png
http://upload.wikimedia.org/wikipedia/commons/a/af/Pwm.png

Pulse Width and Pulse Position Modulation

e Trong di¢u bién dd réng xung
(PWM), do rong cua moi xung ti 1¢
voi bién do cua tin hi¢u thong tin.

e Trong di¢u bién vi tri vi tri xung, do
rong xung la hang so, va vi tri hoac
thoi gian ti 1€ cia moi xung tir nguon
tham chiéu ti 1€ truc ti€p voi bien do
cua tin hi¢u thong tin.

e Sosanh PWM va PPM véi PAM nhw
hinh bén.

Analog voltage p \/
|

(i

)

(information)

PAM

PWM

PPM

—
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Pulse Code Modulation

Source of :
continuous- Low-pass : PCM signal
. E— filter —= Sampler — Quantizer —~ Encoder —= applied to
ImesriT;?jage channel input
(a) Transmitter
: Regenerated
S?Iit;r;gdpuigd Regenerative e > Regenerative PCM signal
at ?:hannel output » repeater repeater applied to the
receiver
(b) Transmission path
Final Regeneration R tructi
channel —== "€9eNer —== Decoder [—=»| MECONSTUCHON L_] pestination
output circuit filter

(c) Receiver

Figure The basic elements of a PCM system.
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Pulse Code Modulation (PCM)

e Diéu bién mi xung (PCM) duoc tao ra bang bd ADC, goi |4 luong tir PAM
e Tbc d6 lay mau va ma hoa phai thda toc do 1ay mau Nyquist.

e Tdc d lay mau phai 1on hon hai 1an tan s6 cao nhat cia tin hiéu twong ty,

f, > 2f (max)
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Quantization

e So do khoi bo luong tir

Continuous
sample m

Iy
. .
Quantizer S[J;?ncr:a:e . '—‘.—; -
- v
&(*) P my _ 4 Uk My 44 Mg 40
(a) (b)
Qutput Output
level level
41— 4 —
2 s
| | \ | Input | \ | | Input
-4 -2 0 2 4 level -4 2 0 2 4 level
2 2
4 - 4

(a)

(b)
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Quantization Noise

Difference between

Magnitude —

curves 1 &2
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Encoding

15 \
11 E (W
o= jJo92 02
0
0.3 E
3 027 03
0.1 =01l 0.l
— E_.Ifn., -~ I
()

Digit | Binary Equivalent | PCM wavelorm Digit | Binary Equivalent | PCM wavelorm
] 0000 8 1000 I
1 oool - L 4 1001 I L
2 0010 - L 10 1010 gL
3 o011 B 11 1011 1
4 0100 I 12 1100 I
5 0101 LI 13 1101 |
6 0110 I 14 1110 [~
7 0111 1 15 1111 —_—

ihi
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PCM

0111
0110
0100
0101
0011
0010
0001
0000
1111
1110
1100
1010
1101
1011
1001

0 Resolution=

0000

0110

0111

0011

1100

1001

1011

o 1 part in 2"

Numbers passed from ADC to computer to represent analogue voltage
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e Cho tin hi€u tiéng no1, cO Vpp=2V, duogc
lay mau véi tan so fs=8K, lugng tir hoa 8
bit
—a) néu st dung ADC c6 sai so 1a

0.5LSB, tinh sai s0 luong tu

—b) Tinh toc do bit truyén
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Lo¢i ich cua PCM

1. It anh hudéng cua nhiéu va can nhiéu
2. Khoi phuc hiéu qua

3. Hiéu qua SNR va danh d6i bang thong
4. Pinh dang déng nhat

5. D& dang tach va ghép luong

6. Bao mat
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Time-Division Multiplexing

1 \ / 1
2 . _ High-s_pegd . > 9
Multiplexer ==~ transmission [ Demultiplexer
: / line \ :
N N
Data sources Destinations
Low-pass Low-pass
(anti-aliasing) (reconsruction)
Message filters filters Message
inputs outputs

Synchronized

1 — | LPF \ e LPF > 1
7
/ /’<\ ‘

/ “ Pulse . | Communication| _ Pulse A
2 > LPF > | modulator | 7 channel ~| demodulator \ > LPF > 2
. \ / / .
: N y :
| > /\ - '
N LPF Commutator T T Decomm utat LPF Y
Clock pulses Clock pulses

Figure Block diagram of TDM system.
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DS1/T1/E1

DSO0: toc do tin hiéu s6 co ban 64 kbit/s. Mot ludng thoai duoc 1ay mau va
lwong tir hoa 8 bit

Digital Slgnal 1 (DSl con dugc goi Tl) duoc de Xuat boi Bell Labs.
DSI1 dugc su dung rong réi ¢ Bic My va Nhat dé truyén thoai va dit
ligu. DS1 gom 24 luong DSO

DS1: (8 bits/channel * 24 channels/frame + 1 framing bit) * 8000
frames/s = 1.544 Mbit/s

E1 duogc str dung & bén ngoai cac nude T1 (Bac My va Nhat). E1 gom
32 DS0

Toc do duong truyen 1a 2.048 Mbit/s chia thanh 32 khe thoi glan Moi

khi thoi gian truyén va nhan mot mau 8-bit, 8000 mau trong 1 gidy (8
X 8000 x 32 = 2,048,000), 2. 048Mbit/s
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http://en.wikipedia.org/wiki/Kbit/s
http://en.wikipedia.org/wiki/Bell_Labs
http://en.wikipedia.org/wiki/E-carrier
http://en.wikipedia.org/wiki/Mbit/s

T Carrier

System

T-Carrier Systems

Level zero (Channel data rate)

First level

(Intermediate level, US.
hierarchy only)

Second level

Third level

Fourth level

Fifth level

Morth American
64 khit/s (DS0)

1.544 Mbit/s (DS1) (24 user
channels) (T1)

3.152 Mbit/s (DS1C) (48 Ch.)

6.312 Mbit/s (DS2) (96 Ch.)

44 736 Mbit/s (DS3) (672 Ch.)
(T3)

274.176 Mbit/s (DS4) (4032 Ch.)

400.352 Mbit/s (DS5) (5760 Ch.)

Japanese

64 kbit/s

1.544 Mbit/s (24 user channels)

6.312 Mbit/s (36 Ch.), or 7.786 Mhit/s
(120 Ch.)

32.064 Mbit/s (480 Ch.)

97.728 Mbit/s (1440 Ch.}

565.148 Mbit/s (8192 Ch.)

European (CEPT)
64 kbit/s

2.048 Mbit/s (32 user
channels) (E1)

8.448 Mbit/s (128 Ch.) (E2)

34.368 Mbit/s (512 Ch.) (E3)

139.264 Mbit/s (2048 Ch.)
(E4)

565.148 Mbit/s (8192 Ch.)
(E3)
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Differential Encoding

e Ma hoa thong tin phu thudc tin hi¢u truyén, mot su chuyén
trang thai khi truyén bit “0”
(a) Original binary data 0 1 1 0 1 0 0 1

(v) Differentially encoded data 1 0 0 0 1 1 0 1 1

(c) Waveform /_
Reference bit 0
Time —
Regeneration (reamplification, retiming, reshaping )
. e Decision-
D d Amplifier- . R d
POM wave > equalizer making > e
Timing ‘
circuit

Cai thién 3dB, dé giai ma
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Differential Pulse-Code Modulation (DPCM)

Str dung PCM c¢6 toc do lay mau cao hon toc dd Nyquist.
Tinh hi¢u ma hoa chira cac thong tin du thira. DPCM hi¢u qua trong viéc
giam cac thong tin du thtra. Toc do 32 Kbps cho chat lugng tung irng PCM

Sampled
input
mln]

Input —=

Comparator

; eln]
+

Quantizer

y+

eq[n]

S

Y +

Prediction

X
&>

u.rq[n]

DPCM
wave

Encoder [—s=

Prediction

filter

I == Qutput
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Adaptive Differential Pulse-Code Modulation (ADPCM)

Khi ¢ nhu cau giam téc d6 bit, chiing ta huéng dén:
1. Giam thong tin du thira trong tiéng noi
2. Gan cac bit mot cach hiéu qua nhat

Input
mn]

——= Encoder S > Decoder p—== Output

Level /I\I: :I/I\ Level
estimator estimator

Transmitter Receiver

Luong tir thich nghi véi tién udc lugng
Adaptive quantization with backward estimation (AQB).
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ADPCM

8-16 kbps c6 cung chat luong véi PCM

Input ¥ .
mln] Quantizer & =1 Encoder |—== To channel

Prediction
1 [72] + +

Preq iction - &
filter

TT

Logic _f-:)r -
adaptive
prediction [

Adaptive prediction with backward estimation (APB).
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Line coding and decoding

e B0 ma hoa duong day

— M4 héa duoc str dung trong hé thong truyén théng dé truyén dan.

— Truyén dan dai goc
— Cép x0an, cap dong truc, truyén thdng soi quang

e BO lap tai tai tao

— Phat hién tin hiéu dén va phat tin hiéu méi ma khong bi nhiéu

Sender

Digital data

0101 ¢+« 101

Digital signal

Receiver

L

Encoder

Link

Digital data

01071 ¢+« 10T

Decoder
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Signal element versus data element

1 data element

1 signal
element

a. One data element per one signal
element

2 data elements

1 signal
element

c. Two data elements per one signal
element

Goi n=S0 bit/ky hiéu

1 data element

2 signal
elements

b. One data element per two signal
elements

4 data elements

: 1101
L]

:—

3 signal
elements

d. Four data elements per three signal
elements




Data Rate Vs. Signal Rate

Toc dd dir licu: so bit giri trong 1 s (bps), con duoc goi 14 toc
do bit, ky hiéu la R,

Toc do tin hiéu: sO tin hiéu gui trong 1s (baud), con dugce goi la
toc do xung, toc do diéu bién, hodc 14 toc do baud, ky hiéu la
Rbaud

Chuing ta mong muon:

gia ting toc do dir liéu (gia ting toc do truyén dan)

giam toc do tin hiéu (giam bang théng yéu cau)

truong hop xau nhat, truong hop tét nhat, truong hop trung binh
cuan

toc do bit R,

¢ 14 hang s6 phu thudc vao cac loai ma hoa duong day.
Ryug=C* R,/ n baud
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Example

« M0t tin hiéu mang mot dir liéu (n= 1). Néu toc do bit 1a 100
kbps, gié trj trung binh cta toc d9 baud néu ¢ nam trong khoang
0 dén 17

e Solution
— Chung ta gia dinh gi tri ¢ 1a 1/2 . Toc d6 baud

1 1 1
Ryaua = ¢ X Ry X — = =% 100.000 X — = 50.000 = 50 kbaud

» Mic dU bang théng chinh xac cia tin hiéu so 12 vO han, bing
thong hiéu dung thi hitu han.

« MO0i quan hé gitra toc do baud, toc d6 bit, va bang thong yéu
cau?
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Self-synchronization

e Dau thu thiét 1ap xung clock tuong thich vdi bén giri

e Anh hudng ciia thiéu dong bd

>
Time

a. Sent

Qv
A E
—
II.“Illll
II‘HI - -
|In”u|||||
II.MuIIIlI
II.MuIIIlI
|In”u|||||
II‘HI
II-HI - -
IIMI - =
|In“u|||||
II.“Illll
II‘HI - -

b. Received
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Example

« Trong truyén théng s6, xung clock dau thu nhanh hon 0.1 phan
tram SO v&i bén gii. CO nhiéu hon bao nhiéu bit trong mdi giay
& dau thu néu toc do truyén la 1 kbps? Co6 bao nhiéu bit néu toc
d6 truyén 14 1 Mbps?

e Solution
— O 1 kbps, dau thu nhan 1001 bps thay vi 1000 bps.

1000 bits sent 1001 bits received | extra bps

— O 1 Mbps, dau thu nhan 1.001.000 bps thay vi 1.000.000 bps.

[,000,000 bits sent 1,001,000 bits received 1000 extra bps
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Line coding schemes

Unipolar —— NRZ

Polar ______NRZ,RZ,and biphase (Manchester,
and differential Manchester)

‘ Line coding |

Bipolar |

AMI and pseudoternary

Multilevel |

2B/1Q, 8B/6T, and 4D-PAM5

Multitransition |—— MLT-3
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Unipolar NRZ scheme

Amplitude

2 2

|
|

Tvv2, T,m2_ 14,2
: —V+5(O)——V
|
|

Time Normalized power
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Polar NRZ-L and NRZ-l schemes

 Trong NRZ-L, muc do cua dién thé quyét dinh gia tri cta bit (vd:

R232)

» Trong NRZ-1, viéc dao hoic khéng dao quyét dinh gid tri cua bit:

USB, Compact CD, va Fast-Ethernet.

+  Ca NRZ-L va NRZ-I ¢6 toc d6 tin hiéu trung binh 1a R,/2.

e Ca NRZ-L va NRZ-I ¢6 van dé thanh phan DC.

A
o100 1 P10y
| | | | I I | |
| | [ o
NRZ-L : : | : >
o | | I I [ I Time
il L '| Lo
| I _¢_I
NRZ-| ,L ,-L ; : >
I T T , I ! I I Time
| | | | I I | |
| | I | I i | |

O Noinversion: Next bitis0 @ Inversion: Next bitis 1

n=1 Rbaud,avg=Nb/2
p
A
"l —
Bandwidth
0.5 -
0 - >
0 1 2 fiNb
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Example

® Mothe thong sir dung NRZ-I dé truyén 1-Mbps dit ligu. Xac
dinh toc do tin hiéu trung binh va bang thong toi1 thiéu?

e Solution

— Toc @6 tin hiéu trung binh 1 Rbaud = Rbit/2 = 500 kbaud. Bang
théng toi thiéu cho toc do baud trung binh 1a Bmin = Rbaud = 500
KHz.
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RZ scheme

e Tro vé Zero (Return to zero)

e Tu dong bd xung

Amplitude

0

|
| 1
|

—

1

Time

n=1/2 Rbaud,avg=Rb
P
A Bandwidth
‘I =
0.5 -
U ] | | >
0 1 2 f/Rrb
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Polar biphase: Manchester and differential Manchester schemes

e Trong mi hda Manchester va differential Manchester, viéc truyén dan ¢ gitra
bit dugc st dung dé dong bo.

e Bing thong toi thiéu va differential Manchester 13 hai 1an so voi NRZ: 802.3

( 0is |

1isJ_)

A
| | | | | |
0 | 1 I 0 I 0 I 1 I 1 |
| | | | | |
| | | | | |
| | | |
Manchester ! : ' |
| | | | .
| | | | Time
I S S N N
R
1 | | | N |
e o | ol |
Differential ' ' ' ' >
Manchester | I I | T
i A I i me
| 4 4 W P
| I I I I |

O No inversion: Next bit is 1

® [nversion: Next bit is O

n=1/2 Rbaud,avg=Rb
P
Bandwidth
0.5 /\
0 1 | | 1 | >
0 1 2 f/pp
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Bipolar schemes: AMI and pseudoternary

e Trong ma hoa ludng cuc, chung ta sir ba murc: duong, zero, va am.

e Pseudoternary (gia tam nguyén):

— 1 dugc biéu dién bang cach khong c6 tin hiéu trén duong day

— 0 duogc bicu dién luan phién duong va am

e DS1,E1
Amplitude
* I I I I I I
0 | I | | | I
I I I I
| | | I
M f————|— >
I I I I Time
I I I I I I
| I | | | I
I I I
Pseudoternary I I : -
|[ ! Time

n=1 Rbaud,ave=Rhb/2
P
A Bandwidth
‘| ]
0 T I —>
0 1 2 flgy
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HDB3 (High Density Bipolar of order 3 code)

e Thay thé chudi bon bit “0” bang tir ma ma "000V" hoic "BOOV", v61"V" la
mot xung vi pham luat AMI cua phan cuc luan phién. “V” c6 thé duong hoac
am. Luat st dung "000V" hoac "BOOV" nhu sau:

— "BOOV" duogc st dung phu thudc vao xung phia truéce, tin hi¢u dugc ma
hoa sao cho thanh phan DC bang “0” (s6 xung duong chua bu voi s6
Xung am).

— "000V" dugc st dung cung diéu kién & trén khi khong co6 thanh phﬁn DC.

— Xung "B" ("B" d¢ can bang) dé cin bang qui luat ludn phién AMI, c6
phan cuc duong hodc am, chac chan khac cuc vo1 V.

e Duoc sir dung trong E1
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HDB3

e Thong tin dinh tho1 dugc nhung vao trong tin hi€u khi gap mot
chuoi bit “0” truyén dai, cho phép xung clock khoi phuc ¢ bo

nhan.

e Thanh phan DC cua tin hiéu dugc ma hoéa trong HDB3 1a khong.

HDB3
High
Density
Bipolar
Three
Zeroes

+ W

a

o

1 I'::\JI-I I(:] I{:}I{:] I[--}I-I I-1 I{:\JI[:'}I{__]It\:}lt’:)lt:}I{':Jlt-'\}l-I IGI
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Bipolar 8-Zero Substitution (B8Z2S)

° Béng b6 cho mot chudi bit 0 dai

e Hé thong North American

e Co ban lam viéc nhu AMI, khac la 8 bit O

10000000001 = +000+-0-+01 in general 00000000=>000V/(-V)0(-V)V

a 1 0 0 0 0 0 0 0 0 0 1
Amplitude | | | | | | | | .
Violation Violation

e Danh gia

— Pong bd ma khong thay doi can bang DC

— C6 thé phat hién 16i
e Dugc su dung T1/DSI1
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Coded Mark Inversion (CMI)

MOt cai tién khéac tir AMI: Binary 0 dugc biéu dién bang nira xung duong &
sau nua xung am

Loi1 ich:

— khoi phuc clock tbt va khong cé 1éch DC

— mach don gian dé m3 hoa va giai mi- so vdi HDB3
Bat loi: bang thong cao

A

4 1 1 0 0 1 0 1

Or

[36]



Quiz

e 101011100
e Unipolar NRZ, polar NRZ, NRZ-1, AMI, Manchester, Def. Manchester

1.0 120 1) 1) 10 0!
Unipolar | . .' i 5 .' ' '
NRZI I I I I I I I

Polar NRZ

NRZ-inverted |
(differential |
encoding)

AMI | ,' f f | |
encoding | | ' '

Manchester | i | | | i
encoding

Differential , , ! . !
Manchester ' ! ' ! |
encoding
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NRZ

NRZ-L

NRZ-|

RO=1, Rn=0, n>0
do rong xung Tb/2
P(w)=Tb (sinc(wTh/2))"2
Bang thong Rb cho do rong xung Tb
A
S L L
| | : | : : I_:
' ' : >
| | : | : : | : Time
4 e
T 7 1 D] ™

O Noinversion: Next bit is O ® Inversion: Next bit is 1

r=1 Save: N/2
P
A
1 -
Bandwidth
0.5 -
0 | >
0 1 2 f/N
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RZ scheme

e khong co DC @l

sSiIn® ——

A 4

® —
Tach pha r(t)<>|R(w)=T ot
4
r= l Save: N
Amplitude 2
p
0 : 1 0 0 : 1 A Bandwidth

Time

|
Y
o
T T 7
Y
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Bipolar schemes: AMI and pseudoternary

e R0=1/2, R1=-1/4, Rn=0,n>1,

P(w)|

b

e Ly do: pha thay d6i chAm

Amplitude
1
o i v o0 o = e 2
| | | |
| | [ [ P
AMI ' ' > A )
: : : : Time . Bandwidth
| | | | | |
| | | | | |
I | | 0.5
I | |
Pseudot >
seudoternary | i e 0 | ] | >
| I 0 1 2 f/N
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Multilevel: 2B1Q scheme

Previous level:

Previous level:

e NRZ véi bién do positive negative
< A - X * A - Next Next Next
biéu dién nhiéu bit s vl ot
00 +1 -1
01 +3 -3
10 -1 +1
11 -3 +3
Transition table
A [ | | | I 1
00 ! 11 ! o1 ! 10 ! o1 ! = S..,.=N/4
L :
| | | | P
+1 ' : ' : A
: : L 1- Bandwidth
_1 - Time
1 : . 05-
| | |
-3 . ' | 0 - 1 | >
! ! | | : 0 12 1 2 fIN

Assuming positive original level
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PSD of various line codes

T2
8l
. N 9l
g
wn AT
PR { 1)
..L. T
(&
_ s
1Y)
=, m 'l
w..‘..u. [
= T
| ] | | | | 0—
- © © ¥ N O o
o O O O _“.u_

Alsuap Jamod

fr
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Summary of line coding schemes

Bandwidth
Category Scheme (average) Characteristics

Unipolar NRZ B=N/2 Costly, no self-synchronization if long Os or 1s, DC

NRZ-L B =N/2 No self-synchronization if long Os or 1s, DC
Unipolar NRZ-1 B=N/2 No self-synchronization for long Os, DC

Biphase B=N Self-synchronization, no DC, high bandwidth
Bipolar AMI B=N/2 No self-synchronization for long Os, DC

2B1Q B=N/4 No self-synchronization for long same double bits
Multilevel 8B6T B =3N/4 Self-synchronization, no DC

4D-PAMS | B=N/8 Self-synchronization, no DC
Multiline MLT-3 B=N/3 No self-synchronization for long Os

Plus HDB3 and B8ZS

[43]




Pulse Shaping

o Sy(w)=|P(w)|"25x(w)
e Phan trudc:
— Sx(w) dugc cai thién biang cac loai ma hoa khac.
— p(t) duoc gia dinh l1a vudng
e Bang cach nio cai thién p(t) va P(w)
— Gi1am bang thong
— Gia can nhiéu t6i cac bang tan khac
— Loai can nhiéu lién ky hiéu (ISI)

— Trong truyén thong khong ddy, ning dang xung dé giéi han bang
thong BW

[44]



1st Nyquist Criterion: Time domain

p(t): dap ng xung chia hé thdng truyén dan (chiéu dai vd han)

p®
1 .

Equally spaced zeros,

17 interval i:T
2 f

n

[45]



Cosine rolloff/Raised cosine filter

e Ky hi¢u hot khac véi1 cudn sach. Nhung n6 giong nhau

P.o(]2Af ) =<

sin(z ) cos(rz t)
i 1-(2ri)

prcO (t) —

I’ : rolloff factor 0<r«<l1

"4 f<@l-r)4

%[1+cos(zil(ﬁ—f+ r—1))] if L(1-r)<f<Xt@2+r)

_ 0 f>+(1+r)

[46]



Raised cosine shaping

e Danh doi: r 16n, bang thong 16n, nhung mugt hon trong thoi

glan  p, ’-\M

(w) . -
r=0.25
r=0.50
r=0.75

[47]



Eye Diagram

e (Gian do6 mat duogc tao ra bang cach thu tin hi€u trong mién thoi
gian va chong 1an cac ky hi¢u

e Phan mo¢ ra cua tin hi€u cho biét tho1 gian ma ching ta c6 thé
thoa man viec lay mau tin hi€u trung thuc

Examples of eye patterns for binary and quaternary amplitude shift keying (or PAM).

BINARY QUATERNARY

[48]



Vertical and Horizontal Eye Openings

e Chiéu cao ctia mat hodc bién do
nhiéu lién quan dén SNR, va lién
quan dén BER

— Mat mé 1on twong tmg v6i BER
thap

e Chiéu dai ctia mat lién quan dén jitter
(hdn loan) va d6 nhai cta 14y mau tic
thoi doi voi jitter

— Dau ngoic mau dé cho biét pham
vi clia cac mau thtr véi mat mo
tot

— Tai cac mau khac, mat md giam
dang ké, duoc diéu chinh boi do
dbc

Slope showing
sensitivity to jitter

:""=
T . = P i '{f

Vertical eye o

Horizontal eye opening

[49]



Interpretation of Eye Diagram

e 10 points in the final

_ Signal excursion
Slope indicates sensitivity or wasted power
to timing error, smaller is
better, . J
o | e, Amount of distortion

—— at sampling instant,
relates to signal SNR

-

Amount of noise that can be
—+»_ folerated by the signal, the larger
the better.
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Amount of distortion,
or vanation in where
ZEID CrOSsing ocours, - -

Best time to sample

Opening of the eye,
Time over which we
can successfully
sample the waveform
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