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Lecture Outline

* Line Coding
e Block Coding
e Sampling
— Pulse Amplitude Modulation

— Pulse Code Modulation
— Nyquist Theorem
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e Transmission Mode
— Parallel Transmission

— Serial Transmission
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Digital Transmission |l

Sampling

e Pulse Amplitude Modulation

e Pulse Code Modulation

e Sampling Rate: Nyquist Theorem
e Determining Bit-per-Sample

Transmission Modes

o Parallel vs. Serial Transmission
— Asynchronous Serial TxX.
— Synchronous Serial Tx.
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&) Sampling

" &rduinatulad®

Line Coding uay Block Coding ldiahusuudasiiaya tauagiuaay Wity
geuunataInaa

atinv'lsAf 2RI tdudauaanniw wasidas atlusduas feuanea
Analog 4ymnsavasdnIun1sfasns Computer wiadatAuludiafiinaa

azdiavvinnisudadgilu Digital Signal Aaudredd Sampling

uannsuadmaiia Sampling  lsuananudasnislunisdedaano
szagn9'laa AaAa gaBuduazae Analog Signal ldenuanadqeano 49
WatAan1saanauluaads azdasiingas Amplifier vinntihuaadeyauno
weinadngLdeg agvinlidauanafiaufauiau (Distortion) 1uéae

szuudasnsilaatiu Jeudilauwding Sampling &eaner Analog wdiuias
11iilu Feyaunen Digital Aauvinasse deiigficudusia Noise uag Distortion




Suranaree University
of Technology

Pulse Amplitude Modulation

PAM #awmaiian1sudas Analog (ilu Digital 1aanisgudeuaunar Analog
(Huaienfisyaziving Au (Sample and Hold) afigu'lé (Sample) agunann
o2y Delta an LIa1du weazadAl (Hold) 1idluaiiaidus

Amplitude Amplitude
A A

Time Time

a. Analog signal b. PAM signal
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"; Pulse Code Modulation

PAM lLiwmungdndunis®asnsiilavannssdunaddayanandofisnuiulu

50 sy PCM 39vihnsarviuadl éaaasanuutégy Widua1natu'le

Amplitude
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| PCM #&annsvin Quantization wian1sAatviuar1staa Digital

Tvifum Analog 'lsiannn1svin PAM
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Q Signed-Value Quantization

Digitization #a n1sudavseaudauananiduirviutgn Widduaunsuuas
LRUFIUFDY 1A seauFauanaun laannnanaualduitnidn (6d1unlag) uav
WagIuad (Lududeataiasniun)

N-1 _ UINAAINITAINTUILATAINNLADY
| = E B .2 seeudauau el ld38n15vi0 2's
i—0 Complement
+024 00011000 -015 10001111 +125 01111101
+038 00100110 ~080 11010000 +110 01101110
+048 00110000 ~050 10110010 +090 01011010
+039 00100111 +052 00110110 +088 01011000
+026 00011010 +127 01111111 +077 01001101

Sign bit
+is0 —is1
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PCM Process (I)

S
§91iu PCM sinisznaudianszuiunis 4 duaauldun 1) PAM (Sample and
Hold) 2) Quantization 3) Binary Encoding (Digitization) wag 4) Line
Coding

+024 +038 +048

o 06011000 OO0O1O0OO0OT1T1OWO0O O0OO0OT1T1TGO0O0TO0O0

1 -

Direction of transfer

Maeiv

1) PAM &qanea Analog Lilu Pulse

2) Quantization aaniilu 256 s¥au (daulnLazau)

3) Digitization wilasfuaagrugasuvuiivadasnanauuia 8 Bits
4) Line Coding ée3% Uni-polar Encoding




PCM Process (ll)
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Y [\
0001100000100110 * = O\
Binary data Quantization
l Analog data
127
34
Line Quantized PAM
coding data
l 287

Binary

Digital signal

L] O] encoding

Sampled analog data
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Sampling Rate
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Nyquist Theorem PAM/PCM susatiinswadeauaunasiuaiivlasuysel A
siatiia Sampling Rate fiAatinviiaa 2 inuadaNudggauaddauauiauiu

Amplitude

A

Highest frequency 5 x Hz
Sampling rate 5 2xsamples/s

—i

C Sampling interval 5 %X>

-
Time

TEENS

14 Fourier Analysis
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&, Determining Bit-per-Sample

%""'trﬁm-iuh“;b

favld Sampling Rate tvinla 1n Bandwidth aav&eyayrsiiatvindu

| Example 4| 10 000 Hz (1000 & 11 000 Hz)?

Sampling rate = 2 x (11 000) = 22 000 samples/s

A16avnNITANNALLAaaUaINTTYIN Quantization windu 12 sgau (+0

| Example 5 fiv 5) uaz (— 0 89 -5) (Tnar 6 szeu) siavldniie ea 1 Sample

gavld dnuin/au fnaz 3 Bit (8 sudu > 6) syudawaiasviung u 4 Bit

A1629115A1NYIN PCM aaddayanait&eadne (anudgega 4000 Hz)

| Example 6| AraANuaziaan 8 Bit sia Sample 29un Bit Rate

Sampling Rate = 2 x 4 000 = 8 000 Sample a3 U

Bit Rate = 8 x 8 000 = 64 kbps
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Transmission Mode

Uscidudrdaguavnisdvdayadiaaa lawn sduuulunisaralaudaya

FYNINIRA

Parallel Mode diayavianafingnasldwsang Auiialdsuduaaufnn
Serial Mode diayafiazfinnaasde (aldsuduanauian

Data transmission

‘ Parallel I

Serial

‘ Synchronous I

‘ Asynchronous I
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Parallel Transmission

fiayafinaagauddtiungn nguay 7 bits dvazgasdvluausraduauian »
W{U LUy 1 bit wiaug AU (auF9mIcdyuIuuIlan)

L4

af JA1Nu5IFY Aatda A ldanalunisdeiiayags twungAussasau

(The 8 bits are sent togetha)

Lo £\
7o 7Y
TR [ \
- | |
Sender : E : | Receiver
\a l
D, \__ ]
\ g/ s\
MR N

(We need eight lines.)
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Serial Transmission

fayafinaagnasluauaadaaio 1 @y afay 1 fe Favdullauadu
(AUIMITH YU UUIAAN)

226 m‘hjma‘lumsdwauam 9165z 9lna 2iatda ausI6n

The 8 bits are sent
one after another.

Sender Receiver

We need only
one line (wire).

Parallel/serial Serial/parallel
converter converter

O OO O = O
O, OO0 O~ —~=O

4
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fiayagnutivaantiungu (11du nauae 8 Bits)

fayaavgndvaanldiaznadu Taadd Start Bit way Stop Bit Tunnq nau fia
s2URABUEY wardugauaviiayalunguiiu auady
anafinsiuszaslun1sgaseninenaun’la ludnda (Time Gap)

Direction of flow

>
Stop bit Start bit
. Data D
?l 11111011 Oﬁ
Sender Receiver
0110110 1 (1111101110 110001011110 1111
\ Gaps between /

data units

L

af 71190 INgEINTuAIRasNTANNLSIsLRYadnTalAmIuAN LAy Mouse
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b, Synchronous Transmission
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dayaazgndvaanliiiay 1 dadasdulld (lagliuinisiatiisngu)
1%l Bit muAaNNVinUiNNIaLLIN]N
duniihAuavalnsaidrusuian Sanauaayanaivui'le Wiwmaneau

dranfugacfinisiuszazlunsds alnsaldnuaeazfiodasde Bit Pattern Aian
QIAUAUTY NLvTRaug Idle (1eiu 0011 0011)

o

Direction of flow

o

Sender | 10100011 11111011 |11110110 (11110111 [00010000 |110 Receiver

(%4 = [~4 [- %% (%4
226 ANULTITuNITTURITayaganIn
daida szuudayaauuIliniIfasiauLnadasIgy aanuuuann J451ALNWY
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Conclusions

* Line Coding

e Block Coding

Sampling

— Pulse Amplitude Modulation

— Pulse Code Modulation
— Nyquist Theorem
e Transmission Mode

— Parallel Transmission
— Serial Transmission
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