ToOH damixyynan

Transmission of Digital Signal
JleKku 4



OreraMUr 4OXMOHA XyBUprax

Orergen Adoxuvo Apra
TooH TooH Koanon

AHanor TooH Kognon
TooH AHanor Mopaynay,

AHanor AHanor Moaynay,




TOOH AO0XUO AaMXKyyaan

Aryynra:

* TOOH ereraiMUr TOOH AOXMOHA, XyBUPrax

* AHanor ereraMMr TOOH AOXMOHA XyBUPrax
* Transmission mode



TooH erergen — TOOH AOXUO

 TOOH erergen TOOH AOXMOHA, XyBMPHa.

* LUWyramaH Kognon

01011101

=)

Line
coding

n—n.




Ily2aman Koono



TooH erergen — TOOH AOXUO

LLlyramaH KoanonbIH XOMMXKUTAIXYYH :
e JloXMOHbI TYBLWWH 6a BreraNnnH TYBLIMH
* Bit rate 6a Baud rate
e Data Rate Versus Signal Rate
* DC components
* JlOXMOHbI CNEeKTp
* Error Detection

* Synchronization



[1OXMOHbI TYBLUUH, Orera1MnH TYBLUUH

Amplitude

A

a. Two signal levels, two data levels

Amplitude

b. Three signal levels, three data levels



[1OXMOHbI TYBLUUH, Orera1MnH TYBLLUUH

I1OXMOHbI TYBLWKUH— [lOXMOr AYPCN3X TOOH YyTra
OreraNMnH TYBLWWKNH — Breraninnr AypCcasx TOOH yTra
©reragnnmnH xypa, — Har cekyHa34 AamMKunx ontasp
X3IMMKUTAIHI

MoaynaubiH Xypa, — Har cekyHA34 AaMM*KUX AOXNOHbI
3/1eMEHTI3P XOIMMKUTAIHI

C = D*b = D*Log,L
C — ©rerannint xypa, (bps)
D — MogaynsubiH xypa, (baud/sec)
b — Har 4OXMOHbI 31EMEHT3A, Xapranlax OUTUNH TOO
L — JJOXMOHbI 31eEMEHTUNH TOO



Data Rate Versus Signal Rate

 The data rate defines the number of data
elements (bits) sent in Is. The unit is bits per
second (bps). The signal rate is the number of
signal elements sent in Is. The unit is the baud.
The data rate is sometimes called the bit rate; the
signal rate is sometimes called the pulse rate, the
modulation rate, or the baud rate.

* One goal in data communications is to increase
the data rate while decreasing the signal rate.
Increasing the data rate increases the speed of
transmission; decreasing the signal rate
decreases the bandwidth requirement.




Umnynovc — Hre mamorzcmuiie oamaxncyynaxao
maapoazoax OumuiH moo
Bit rate -H3z cexkyn030 unz33203x oumuiin moo

Bit rate = Pulse Rate*Log,L

L — Data level



Huwss

-4 TYBWWHTIN AOXMOrO0OP NN3PXUNNITASIX
ererannmnH xypa 2Kbps 6on nmnynbcnnH
YPI3/1XKN3X Xyrayaar Toouoo0nn.

-OreruinKiH 2 TYBUIMHTAU JOXUOHBI UMITYJIbCUKH
YPIaKIDX Xyranaa 1ms. Bit Rate-uir oin.



DC Components

When the voltage level in a digital signal is
constant for a while, the spectrum creates very
low frequencies (results of Fourier analysis).
These frequencies around zero, called DC
(direct-current) components, present problems
for a system that cannot pass low frequencies or
a system that uses electrical coupling (via a
transformer). For example, a telephone line
cannot pass frequencies below 200 Hz.



Error Detection

Built-in Error Detection It is desirable to have a built-
in error-detecting capability in the generated code to
detect some of or all the errors that occurred during
transmission. Some encoding schemes that we will
discuss have this capability to some extent.

Immunity to Noise and Interference Another
desirable code characteristic is a code | that is
immune to noise and other interferences. Some
encoding schemes that we will discuss have this
capability.



CUHXpPOHYNON

Sent

Amplitude




Muws3 TooH AaM»KyYANbIH XY/133H aBarYynmimH uar
MNrasarynmuHxaac 0.1% xypaaH.BrerannimnH xypa,
1kbps 6anx yen xagsH nayy 6T Xxyn33H aBax B3?

Bit rate 1 Kbps:
1000 bits sent =» 1001 bits received=21 extra bps



LI.Iyrama H KOANOJ/iblH aHI'U1an

Line
coding
‘ Unipolar | ‘ Polar I ‘ Bipolar I




Unipolar wyramaH kognon

Amplitude

Time

Unipolar K000 Hb Xy4037AUUH X0Ep MyB8UWUH2 X3P32/13H3.
Xy40371ulH 3epae ymeaHo “1”
Xy40371uliH mae ymeaHo “0”



Unipolar wyramaH kognon

Unipolar wyramaH KoanonbiH WMHX YaHap :

36BXOH XYYA3/IMAH HIT YTra X3pP3r/19H3
Bit rate, Baud rate Hb TaHUYY

DC component 6alnHa

[apaancaH ‘1’, ‘0’-yyn anparaaHa
IHTUNH, HUATAAT ByC



Polar wyramaH Kognon

Polar
m L RZ | Manchester Differential
L I ‘ Manchester |
NRZ-Level
NRZ-Invert

Polar K00s101 Hb Xy403aUlH X0EP MYBWUH2
X3p3enaoae (positive and negative).



Polar wyramaH kognon

NRZ (Non Return to Zero) K000 Hb
Xy40371UlH 2 mysWwuH2 awuz2naHa. Gepeep
X3163/1 00XUOHbLI ymeaa 3epa2 3¢83/1 COpe2
ymea asHa.

1. NRZ-L
2. NRZ-I



NRZ-L 6a NRZ-1 kodnon

NRZ-L k001001 Hb 826201UlH OYPCA3/133C XaAMAAPHA.
bit = ‘0’ yeo aepse xy40an

Amplitude bit = ‘1’ yeo cepez xy40an

NRZ-L

NRZ-1

Transition because
next bit is 1.

NRZ-1 Ko0n0n Hb bumutliH 1 yeo xy403auliH myswuH e6ep4/16206He.

bit = ‘0’ yeo eepuynenmeyl
bit = ‘1’ ye0 xy403auliH ymea WUun1cuH3



Polar koanon

NRZ KOANONbIH WNHX YaHap :
e 0, ‘1" 6um 6ypm xy4037UlH X0EP ymea X3p32/13H3

* BumMuUH yp23axssx Xxy2auaaHo Xy4y03auliH ymaa
mozmmos balHa

* Bitrate, Baud rate Hb maHuyy
e [JlapaancaH ‘1, ‘0’-yy0 CUHXPOH4Y/101 a/100200HA



RZ KoOnon

Value
A

0

These transitions can be used )

for synchronization.

RZ (Return to Zero) K00n0s Hb Xy403auliH 3
My8WUH X3p32naHa. (3ep3ae, cepez, mae)

Time

bBumudlH ypeanxcnan bypm 0oxuo eepyne20eHe.

bit = ‘0" yeo cepeceec mae
bit = ‘1" yeo sep3acaac mae



Polar koanon

RZ KOANONbIH WWUHX YaHap :
e 0, 1" 6um 6ypm xy403n1UlH 2yp8aH ymaa X3p32/13H3
* BumulH yp23nxsx Xy2ayaaHo 00XUo WUARUAM XUUH3
* CuHXpoHYnon unyy bamanzaamau 60sHO
e [flapaancaH ‘1, ‘0’-yy030 CUHXPOHYs10: anoazoaxayl

Bit rate Hb Baud rate-3ac 2 daxuH 6aea, Bad Encoding
e DC component batixayu



Manchester (Biphase) ko0no0n

Manchester
Time

Manchester kKo0s10n1 H6 6um uHmMep8anbiH OyHO
Xy40371UlH ymaa eep4ne206He.
bit = ‘0’ yeo sepa2aac copee
bit = ‘1’ yeo cepeceec sep3e



Differential Manchester ko0non
Amplitude

Differential
Manchester

Time

Presence of transition at the beginning
of bit time means zero.

Differential Manchester ko0non He bum uHmepeaansiH
OYyHO Xy40371UliH ymaa eepyne20eHe. bum
UHMep8asbiH 3X1310 bBUMUUH 0yPC3a133C Xamaapy
HIM3M WUAXCUAM XUU203H3.
bit = ‘0" yeo wunxcunm xutic03H3
bit = ‘1" yeo wunxcunm xut2oaxayu



Polar koanon

Biphase KOANONbIH LWWHXK YaHap :
* Xy4y03s1ulH X0Ep ymeaa X3p32/13H3
* bum uHmMepasasnbiH OYyHO WUAXCUAM XUUH3
* Maw calH CUHXPOHY/10/1MOU
(1417 N o
e [flapaancaH ‘1, ‘0’-yy030 CUHXPOHYs10: anoazoaxayl
e DC component batixayu



Bipolar AMI koOnon

Amplitude
A

(The 1s are positive and negative alternately)

Bipolar k00101 Hb Xy403aUlUH 3 MYyBWUH X3P32/13H3
(sep3ae, cepee, mae)
bit = ‘0’ yed xy4y0anuliH ma2 ymeaa
bit = ‘1’ ye0 xy40an 3ep3233c cepee, cope2eec 3epae pyy
WUMHCUH?.



Bipolar Kognon

Bipolar KOAN0NbIH LWWHXK YaHap :
e Xy4y03s1UulH 2yp8aH ymeaa X3p32/13H3
* bum uHmMepasasnbiH OYyHO WUAMXCUAM XUUH3
* Maw calH CUHXPOHY/10/1MOU
(11417 N o
e [JlapaasncaH ‘1, ‘0’-yy030 CUHXPOHYs0: anoazoaxayl
e DC component batixayu



2B1Q - Two Binary one Quarternary

* XY443/1MNH 4 TYBLUUH

e [IOXMOHbI H3T 31emeHTaa, 2 buT

XapransaHa

Time

Amplitude

MLT-3 — Multiline transmission, three levels

* Xy4ya3nnmnH 3 TyBLWINH

Amplitude

JIXKUNT XUNHD

U

3X3HA, W




bnok koanon

* b/10K K000/ Hb WYy2aMQAH K0O0sbl2 Unyy yp
OYHM3U 601204 cauxpyynHa
- CUHXpOHY0nN
- 3ypBeacbIH ep2eH
- Anodaa unpyynsnm

* CUHXPOHY710:bIH 60/I0H A10AAHbI HOM3/M
bumyyoute bazmaacaH balHa



Block koonon

01011101000._...111 BNOK KOONOALIH YHOCIH anxam:
1. Division — Xyeaanm
2. Substitution — Opayynanm

5 3. Line coding — LLly2amaH Kodnon

division

m bits m bits m bits
H |010....1 | |000....1 || 1 10....0|

mB to nB
substitution

n bits n bits n bits
011..111 |[000...001 I -ee [010..101 |A




Substitution in block coding (4B/5B)
4-bit blocks

5-bit blocks

00000 I

00001 I

e 5 6um KoO Hb H3233C 0s10H ‘0’-33p 3axnaxayd,
X0épooc 0n10H ‘0’-33p meacexayl

* [ypeaH ‘0’ dapaamic Kodnoz20o0xayl

* NRZ-I wy2amaH K0010100p KOOMN0200HO



XycH32m 4B/5B kodnon

Data Code Data Code Data

0000 [HHE0 1000 10010 | Q (Quiet) 00000
0001 0iL0j0)il 1001 1golt | 1(Idle) bl
0010 (0700 1010 111y |H (Halt) 00100
0011 L0 1011 1oLt | J (start delimiter) 15000
0100 Oih)IL0) 1100 hoske) | K (start delimiter) | 1000l
0101 Qrojil 1101 iyt | T (end delimiter) Qrikeyl
0110 VEEEI0 1110 ke IS (Set) L0j0)1
0111 IR SIR) 1111 11yl | R (Reset) 0071kl




AHanor erergen — TooH ooxuo

* YHOC3H X0€p apaaap xysupaanm XulH3:
- Pulse Code Modulation (PCM)
- Delta Modulation (DM)

AHasnoe ece20es(0yy, 0ypc)-ulie mooH 00Xuo200p
0aMMCyynaxeiH Mys0 MOOH 626206/10
xysupzaHa. YyHuute 6ud Sampling 23H3.



Pulse Code Modulation

NMnynbc KOObIH MOOYAAUbIH YHOC3H 3 anxam:
e Sampling — PAM
* Quantization
* Line Coding

Pulse Amplitude Modulation (PAM)
JH3 Hb 0oxuoe moodopxol uHmepsanaap a2yypuauua
Hb macanoyynHa.
Pulse Code Modulation (PCM)
PAM-aap yyca2320¢caH umnynscyyo033¢c MooH 00Xuoe
YYC23:¢ a8HaQ.



PAM Amplitude

A

Quantized PAM signal

a. Analog signal

Amplitude

+127
+100
+075
+050
+025

000
—025
—050
—075
—100
—127

A

138 “‘18 139

124 126
L L]

Time

Amplitude
A

b. PAM signal

1127 1125

1110
190 188
152 | |

Time

\J

215

280

250

Tlme



Quantizing by using sign and magnitude

+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 —is

PCM

+024 +038 +048

o o0o6011o00O0 OO1O0OOT11TO0 O0O01T1TG0TGO0TGO0O0

[ [

Direction of transfer




From analog signal to PCM digital code

0001100000100110 «ee L\ [\

Binary data Quantization
l Analog data
127
Line Quantized >4 PAM
coding data

l 287
Binary

- 0] encoding

Digital signal

Sampled analog data




HalikeucmuiH mooyo00s101

Amplitude Highest frequency 5 x Hz
A Sampling rate 5 Zxsamples/s

HEEN |||||H .

Time

—»4 \H—

C Sampling interval 5 %X>

Sample Rate-bi2 HaliksucmulH MomMmwb€o200p MOOUYOOsIHO.
[5X033 00XUOHbI 6HOBP dasmamxiculie 2 0axuH a8Ha.

Sampling Interval = 1/2f,

Bit Rate = Sampling rate*Number of bits per Sample



Muws3s [oxmoHbl 3ypBacbliH epreH 10,000 Hz (1000 to
11,000 Hz) 6on Sampling Rate Hb aAmap 6anx B3?

Muwss  Noxuor sample-yyasap aypcancaH. Sample 6ypT
b6aragaa 12 Xxy4a31uMnH TYBLUUH WaapaaraaHa. Har
sample-a x345H 6UT AaMKnNX B3?

4 6UT33p AypcnarasHa; 1 6uT Hb sign bit, 3 6UT Hb yTra.



Huwsa  XyHuit ayy Xoonomr TOoH Xanb3pT WwnaxKyyn. Har sample 8
6unTIap N3apxnnnarasxK bamean bit rate xap 6anx 8a?
XyHnn ayy xoononH aastamxumr 0 to 4000 ru, raxk ys.

Sampling rate = 4000 x 2 = 8000 samples/s

Bit rate = sampling rate x number of bits per sample
= 8000 x 8 = 64,000 bps = 64 Kbps



Transmission Mode




Parallel transmission

(The 8 bits are sent togetheD

P /N
ARY 7\
[ \
P \
Sender :t —t | Receiver

o

) \_ ]
N s\
NS N

CWe need eight lines.)
The 8 bits are sent
one after another.

Serial transmission

Sender Receiver

OO~ —=O

O OO O==O
Y

7

Parallel/serial Serial/parallel
converter converter




ACUHXPOH oamxycyynan

Sender

Direction of flow

e
Stop bit Start bit
Data D
Fl 11111011 Oﬁ
Receiver
01101( 0 11111101110 00010111 1|0 11

ACUHXPOH 0aMM*cyynasn 23032 Hb 3XA3AUUH

\ Gaps between

/

data units

/

(start) 1 6um (0), meaczenutiH (stop)
6umyyo (1-yy0) unz2s33203H3




CUHXpOH oamicyynan

Sender

Direction of flow

P

10100011

11111011

11110110

11110111

00010000

110

CuHXpoH 0amxcyynan 23032 He start/stop

6um 6010H 3a8capeayli2asp e2e201ul2
OamMCyynHa.

Receiver




[3pUMH Aaanrasap :

B8ZS 6a HDB3 k001071, m30233pUliH OHUs102,
oasyy marn

8B/10B 6a 8B/6T 6110k K0010s1, M30233pUliH
OHUs02

KoOdnonbiH ap2aac xamaapaH mooynaubiH Xypo
amap baux 83, xapsuyynanm xuu

Delta Modulation (DM), myyHul axcunnaaaa,
PCM-mau xapbuyyn



AHxaapan TaBbcaHa baapnanaa.



