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Digital Signals

1an[IUNN adunanslltdUadayaiNIRITAaduaua Analog

seyeunau Digital shusaldingua dayanians lewdudu laawnuiaa '1’
MIETEAULTIAY MLTUFIUIUIZILIA URSUNULRY ‘0’ AIBTTAUUTIAUAUE

(Ground) — Binary

Amplitude
A

1

Time
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2 Bit Interval and Bit Rate

nalu hifa

\lavann Digital  Signal  lunis8asis vHuuuy Liehanuy

Q/

(Aperiodic)  dutiuieliaunsadaseyl Taald aua way
AR Lliau Analog Signal 16

grnTun1sRadistusduuudl azdianudnlsnaguyady Tawn

e Bit Interval
seazna N ldlunisgedaya 1 4a Quni — s) (FUNRAUM
wilsautiantu euaurautuu Analog)

e Bit Rate

Aunasiiadiayangrnisagelaaraniivunuranian (Iaaa
U7 — bps) (suyadusmiuilsanudludeyarawuu Analog),
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Example

%J”'r;i:n;iu;!‘tis.b
Amplitude
A 1 s = 8 bit intervals
Bit rate = 8 bps |
< >
1 ., 0, 1 , 1 , 0 0 o . 1 |

‘ Example 6 ‘ é’mumuwmﬁﬁmaaﬁﬁ Bit Rate winAu 2 Kbps agll Bit Interval
WinAULYiNTe

Solution Bit Interval Aagrunaduuay Bit Rate

Bit Interval = 1/ 2000 s = 0.000500 s = 0.000500 x 106 us = 500 us
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Q Composite Analog Signal

NNNILAIIZA Fourier Mnaadn1suaaddayaua Niinsidlautilagacing
nseiuiu (1du Jeyaurasd&naau) davldasddsenauainuisnuivaiiud

UULILG)

n159LATIEY Aeueyran'laiain
_ | ey agldimafinindradu
\GwA Fourier Transform &9
AAsauasiauinduan oy
2Aufinataliud T = o

frenailioaranad'léin
« Digital Signal #a Analog Signal %fin Composite 7fi Spectrum fluasius
e Bandwidth 2av Digital Signal fiaunite'liguse
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(G Digital Signal and Medium

671 Bandwidth aasdanae Lusganadasdy Signal Spectrum agiinn1sRatfauna
seyaunauindnuiu (Distortion)

- WA
I SRy

Output signal

I I l LA N J "—
f 3r 5f f 91 111 131 nf

Frequency spectrum of a square wave

&1 Bandwidth wavdinaly adawieswa (Ladu t@ulawdininugy wsasaunusiu iy
Au) drnavtusguisady Digital Signal TalealitAinnsRatinauiidiusuuiniin

671 Bandwidth 2asdinarefidndn drnareiiu dearunsady Digital Signal ‘léfsaldia
Bandwidth wudususAu Bit Rate (BR) anaau'la Nyquist wsa Shannon Capacity,,
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A Single Harmonic Digital Signal

%'?"#rﬁm-iuh"‘;
Digital Analog
Amplitude Amplitude
A A
1 1 1 1 1 1 1 1 1 1 1 1 D = 000 000
D=111 111
Bit Rate =6
| Tme | 1 ¢ & 1 1 Tme F=0HZ
| 1 S [l | | 1 S kgl |
a. Best case, bitrate =6, =0
Amplitude Amplitude
A A
1 0 1 0 1 0 1 0 1 0 1 0 D =101 010
' ' ! | ' D =010 101
Bit Rate =6
Tome F=3Hz
| .

Iy
Y

5
Ls Ls BW = BR/2
b. Worst case, bit rate =6, f=3
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Using More Harmonics

@,
e guinalul

n1s&v Digital Signal ey 1 Harmonic éiasn1s Bandwidth tidagwa a391ily uav Bit
Rate (BW = BR/2) atnv'lsAs &ndu Bit Pattern v17'1d Analog Signal flanann
AUy anaxsAatnauldunn aulisusaddayatdundauun’laatiegnaag

7 Bit Rate 99 39mIsfin BW af9azivindu Harmonic @ (adudmda)

BR BR 1

BW > —=— BW :7+§[BBR+SBR+---+(2n +1)BR]

Harmonic Harmonics Harmonics Harmonics

i | 1,3 1,3,5 1,3,5,7

500 Hz 2 KHz 4.5 KHz 8 KHz

10 Kbps 5 KHz 20 KHz 45 KHz 80 KHz

“Digital Bandwidth @a Bit Rate gugafiginarsanusadon uld” fwirendu bps o
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S Analog vs. Digital
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asRiAsadansluuy ns&assdayasenine Analog wia Digital Signal fuati
Augalunisal uay Bandwidth Afiag

Low Pass vs. Band Pass Medium

Amplitude
>
0 4 Frequency
Low-pass channel
Amplitude
-
f 5 Frequency

Band-pass channel 10
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b, Digital Transmission
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Digital Signal # Spectrum 5217319 0 dvatiud wsguITamauuliaING
gugadiatluunldainnamnarvaeniiule TaagausuanuRatnauntinu

iy Digital 1flu Low Pass Signal #ifi Bandwidth 521319 0 &9 7

=
-

Workstation Workstation

Low Pass Signal siavn1sainaiviseian Low Pass Channel diatilulillé
WWeA 2 Agal Aa 1)  Wadnavanulidniunisiiansaseningn
11Nty (Point to Point Connection) %%a 2) lasnaiviinnsldaunu

senIvalnsal aran1siaassnienian (Time Multiplexing) "
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q._";,; Analog Transmission
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Analog Signal Taaviyluisznavudina Frequency Components 3nuiudndn
5e1IN9 £, v £, 298 Bandwidth waun3n Digital Signal

f9iiu Analog tflu Band Pass Signal 3 Bandwidth sz%i19 £, & 7,

Fach band is 25 MHz,
made of 832 30-KHz analog channels

Forward communication: base to mobile

# 824 30KHz 849 869 894
=l MHz |— MHz MHz MHz
HEN - B HEE - H ;7

822
Base station T BS

~_ Mobile station
L band band

Reverse communication: mobile to base

AoLaNTATiddauuae Band Pass Signal @asunsa wdau Spectrum iy
winlaflénsud Bandwidth fidnaeil drnarvdseian Band Pass Channel
gdruTadadss tviadnsaildeorusindAulanaraia 5789 N1TAARITNY
aud (Frequency MUX) wiuluszuu Cellular 3a&ss1vigildsaas 30 kHz
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& Data Rate Limits
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AN gugauaviiayatausaderiIudIna19ld duatduilades 3 Usenns

e Available Bandwidth 71416 vwsan'l§suinass

e Levels of Signal szduuasdaueyran (Amplitude) Adagn1sa

e Quality of Channel szduuaddayanaisuniudianatinduludinany
e Noiseless Channel 1d&un15uad Nyquist Bit Rate
e Noisy Channel 1d&un1sua9y Shannon

Noiseless Channel: Nyquist Bit Rate fienuaNNEIFIFANIINa1Fadl

Bit Rate = 2 x Bandwidth x log, L

Bandwidth f#a Bandwidth aavaInany (?jaomomsﬁams)
L Aadruiunadsedudaanailiilguataya (Digital Signal) 13
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Example 7

Examples

Noiseless Channel
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Asanzasnienisiasns delddranaredl Bandwidth 3000 Hz Taasediaya
Tugil Digital Signal giefiszaudeayanal 2 556U 391N Bit Rate guganainany
dgusadetiaya’le

Example 8

Bit Rate = 2 x 3000 x log, 2 = 6000 bps

Noiseless Channel

AAsadasnenisdasns delddinatefi Bandwidth 3000 Hz [RHENBHE
1us1 Digital Signal fefiszdudeuaunos 4 s¢d'u 29w Bit Rate g9gafidinaiv
dagunsodetiaya'ld (sedufunnaalés agia Error aan Noise ‘L6idne)

Bit Rate = 2 x 3000 x log, 4 = 12 000 bps
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gi; Noise Margin in Digital Signal

"tmamiiuh"

Tumngii sruisantivanIanslusddeuanar Analog aaniiluaietiaas 1613106

fusnadiie dutvduanaaaniilu 4 sEaU sAUNTAULNUMELRUFIU 2 AUIU 2
fig D9a1nead19n 8 WU azvinlraeluludrinat9lésiduy

00 01 10 11
o—»F—0—f—0—F—0—
0 2.56 5.12 7.68 10.23

28191548 Tun19dlfaic Beutivarounivin'ls A1 Noise Margin agiiasagiviniiu

A1 Noise  Margin Aa sgauuasdyaasunmuiunniiga NJyarad1nsasu’le
TagluvinlriAatalanaiaiu

—> Noise Margin
00 01 10 11
O

— o o 5]
-~ = 7 >~ |

15
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) Noisy Channel
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liadanntdunivnisdadisataniidayurasuniutiadiutguna aydul gl
funsageFeyanadiaanuisliinda enunard Nyquist 16

Noisy Channel: Shannon Capacity ﬁmum’mL%)@aagmﬁaﬁé‘fmumgmsnmu

Bit Rate = Bandwidth x log, (1 + SNR)

un9a59l4 Capacity wnu Bit Rate 1é Taa Capacity sinuunadivainuisrdiaya
NnawsadurIusIna1vle &u Bit Rate nunafivanuiiriiayansiug

SNR #3a Signal-to-Noise-Ratio nunafivansi&iunasg A1ageu (power) uay
Jeyauaunfagnis’dy (Data Signal) siafd1avenu vasduauransiuniu (Noise)

&g1un15 Shannon Capacity liA1#v6ivigani1stdingdia luinagld D|g|tal Signal

ﬂsummﬂnwamu auUAU H12dav msﬁamsm‘lﬁ Nﬁﬂ.lﬂ.l']ﬂl’a'ﬂ mumm 16
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Examples

Example 9 Noisy Channel

Hasandasninisiaans Afuarasunugoninaunseiny SNR - fid iy 0
221631 Channel Capacity = 0 #9a snaviuliagusaliddedauanalowae

Channel Capacity = Bandwidth x log, (1 + 0) = 0 bps

a11ui7 Noise 1aer SNR — oo sa Channel Capacity tviiiuaaa 1835 Nyguist

Example 10 | Noisy Channel

AAsananaInsdwyd defi Bandwidth 3000 Hz (300 — 3000 Hz) iesindien
SNR wvinAy 3162 (10 log,, 3162 ~ 35 dB) 2911 Channel Capacity

Channel Capacity = 3000 x log, (1 + 3162) ~ 34 860 bps
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&5 Example Practical Limit

AnuacINay Bandwidth tvindiu 1 MHz uag SNR 63 (~18 dB) asu1inais
TH52AURUAUNUATLAUIIEL NN

m ligun1s Shannon waauaauu uadIldgunis Nyquist 10
AU Level nasld

#iusi 1 Shannon Capacity Limit

Capacity = BW log, (1 + SNR) = 10° log, (1 + 63) = 10° log, (64) = 6 Mbps

#usi 2 Nyquist Signal Level

/’—5\
N\

/
6 Mbps = 2 x 1 MHz x log, L > 3 = log, L, \\L=8 )

\~—’,

Wiadseniawgega anatdanilalviseduduana daaniiAgegaiisassy

16 luiilsyduduanaiaunsandaddraansiu 2 a1dusiaun da L = 4
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&2 Transmission Impairment

" &rduinatulad®

NNMIa Snangaanuuuszuun1siaans dadhatlalianusiNnldased
Allaanin AnAwale fa sruugedauauraiilidarfidainaadug NANA
samNsInaviiaya dsusaituunledvsalalil

‘ Impairment I
‘ Attenuation I ‘ Distortion I ‘ Noise I

HANILNUANN Impairment dynalnd NI UIlaYT

e LAANTFULRANAIIIUTEWIINTRITAUR

o LAanITtdAauLlaYaaTUF U UNAIUTY VINTHRLANFAIIIIANIIATURY
goun'ldgnrsulamnuninainasiianaie 19
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o Attenuation

AansgaLiawavutadiayaal (Simple uag Composite) aalusinaiyg
AULUAINIAIN ANUAIUNIUY (11U Tusdaasalnuiau) dearaunlaiaald
alnsaluenadayauran (Amplifier) wialussuuiadazinaaanin Repeater fvgil

%,
"T"#niii miiuh‘ﬁ;b

Original Attenuated Amplified
P, ! P, ! '

Point 1 Transmission medium Point 2

Point 3

Attenuation #%a Gain Ta'la31n ANULTNFNANETLNINY Feyaurardaranig
wagauny (lunire dB)

Attenuation = 10 x log,, (P, / P,) dB
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Examples (I)

| Example 12| AsanaTdedaaaaialuainaiy Ai&uaedeuauno
fusuanndandonilenasiidiuay a9A UM Attenuation

10 log,, (P2 /P1) = 10 log,, (0.5 P1/ P1) =10 log,, (0.5)
=10(-03)= -3dB

| Example 13 | Ansannsuanaduanadla Amplifier Addeuasdeugo
grusuanduilu 10 wihzaeAduae 2eA1uIUm Gain

10 log,, (P2 /P1) =10 log,, (10 P1/ P1) = 10 log,, (10)
=10(1) = 10dB

Attenuation a1 dB 1fuay uag Gain Ja1 dB tiluyin 21
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3 Examples (I)

suafdaanuwuusuy faulduiia dB lunisia Attenuation  w¥a Gain
lavanntunisRasisnivilng ey naagiiudayanaialn aviunisg
AUy A UTY &usavinledianin (+/-)

%,
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Example 14 | Aansannmsadsdaianandiiuin 4 3aevgi asniindeanaui
ausuiinisannau (Attenuation) waairuena (Gain) winla

1dB

l: -3dB i< 7dB i< -3 dB :l

- H
Point 1 Iransmission PpPgint 2
medium

L]
Point 3 lransmission Point 4
medium

m dB = -3dB+7dB-3dB=1dB - Gain -

Amplifier
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Q Distortion

ﬂam'sma“’mmwmmaﬂuanﬂmv 13agls9 M9ll Tngtindiutanwizdusgaianm
Uszian Composite t¥intiu tilavann

e Jyananaazanuitadauildludinarvaraanudrliwvindu vinliuldée
AUTU liwsanAu

e Fouanausazaud gnaanaunalufnavaIadan lutvindu

AVUUNASIUADIE U U NATUSL J9ULANATIIINNGTURY

‘ ] E ] Transmission ‘ ’ ﬂ }

B — iy m—mttm i

Point 1 Point 2
Composite signal |’o°0°o°o°o°o°o‘b°o°u TR Composite signal
sent Components, Components, received
in phase out of phase

23
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& Noise

e Thermal Noise tinannisdunuuduua Electron Tudinaly denaliiiie
Jeyanalwd (Electron talauntinnszud i) Tdnmudyaaauaiiy

%,
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e Induced Noise tAnannnisufiadinimdnluihannadasainnauan 12y
a9l lWveneg (fuuwimaniadaui tianssudini)

e Cross Talk Aadeuanausuniuzia Induced Noise sUwuuutiy G9tinnnaan
Syaadiroday (nssudWihady wllanh iAadu NI LasIUINWIKAN
tienu itianssua i)

e Impulse Noise (Fyeyransunmuifssdugonnn Juhgnaiduq) fatiaain
daunwsaslusalwiardegelndidas uasisi iudu

Transmitted ’\ Noise Received f

Point 1 Transmission medium Point 2 24
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<& Throughput

Aansindseandawaasnisdasns Taafiansanann anusHaasdiayailua
Wuaeian (Entity) Tusyuy iy Repeater wiawasavaauiinadiiudgu

N\
Q@
Direction
& s
11110011111000010011 11110101010101010101111100010
Transmission medium Transmission medium

Throughput is the number of bits passing
through this wall in a second.

Throughput Ja'laa1n dsunauaviaya (Bit) Alvianudunoasiay (and
gavnsnagay) Lélunfisniianal (Guni) -




Suranaree University

& Propagation Time

%,
" ¥raming iuh”;.‘%

Aanarfidayalilunisiedauiianaandelddednaanie

Awatldann nMsusszavidayaldlunisidiumie draanusraasdiaya

‘ Propagation time = % — f{ = dPropagation speed I

: Distance = d :
- -

111000010011 =—————>=

At time £

111000010011 =——3

*
At time 4,

ddayadeniiuiinalvdian1mgl 1 Mbps lihiluseaznie 10 m nanildly
nstaRaufinadiaya (Propagation Time) = 10/10% = 10 us Ans .
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<& Wavelength

Aanaanidnivuas aananmaaunsiudinaity dguiusiuaiud
(f) wazaauaguiifuadnInae desdriAauuInTun1sitarzinisdassara et
1nav (Fiber Optic)

Wavelength

At time ¢ | , >|

Transmission medium .

Direction of
propagation

I
I
|
l —
|
I
Transmission medium !

/fL:C/f At time t+ 7

u,aoLﬁumomﬂmwmﬁmszmm 3x108 m/s fdvuavdunadofiaiudivindy
4x101* Hz aauenialdu = (3x108)/(4x1014) = 0.75 um Ans 27
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Conclusions

* Physical Layers

e Signals
— Analog vs. Digital
— Periodic vs. Non-periodic
— Phase and Frequency

o Composite Signals

o Signal Spectrum and Bandwidth
« Digital Signals

e Analog vs. Digital

e Data Rate Limits

e Transmission Impairment ”
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