Bai giang: Truyén s lidu Chuong 4: Tin hi¢u

CHUONG 4: TiN HIEU

4.1 TIN HIEU TUONG TU

Tin hiéu c6 thé c6 dang tuong tu (analog) hay sb (digital). Thuat ngit dit liéu tuong tu
cho biét thong tin 1a lién tuc, con dit li€u so thi cho biét thong tin ¢6 cac trang thai roi rac.

Dir liéu turong tu c6 cac gia tri lién tuc hay c6 vo han gia tri trong tam hoat dong.
Dir liéu s0 c6 cac gia tri roi rac, hay chi c6 mét so hitru han cac gia tri.

Trong truyén s lidu, ta thwong ding cac tin hiéu twong tw ¢6 chu ky va céc tin hi¢u
s0 khong cé chu ky.

Gia tri Gid tri
A L _‘
a) Tin higu twong ty b} Tin hi¢u s6

/\ /\ [\Thfﬁ glan Théi gian
f—> R >

Hinh 4.1 So sanh giita tin hiéu tirong tw va tin hiéu so.

Phan loai: Tin hi¢u tuong tu ¢6 chu ky va khong c6 chu ky.
4.1.1 Tin hi¢u twong tu c6 chu ky

C6 thé dugc chia thanh tin hiéu don (diéu hoa) va tin hiéu hén hop ( tdng hop nhiéu
tin hiéu diéu hoa ).

Xét mot tin hiéu tuwong tu ¢6 chu ky don gian, thi du soéng sin; ta théy réng khong thé
phan tich tin hiéu nay thanh cac thanh phan don gian hon duoc.

Tin hiéu twong ty c6 chu ky 1a tin hiéu hdn hop khi 13 t& hop cua nhiéu song sin don
gian.

Thi dy, hinh 4.2 v& song sin :

A Gidtj
\/ \_/ \_/ Théi gian
Hinh 4.2
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Thi du 1:

Nguén dién khu vuc duge biéu dién béng mot song sin ¢6 bién dd dinh tir 155 dén 170
V. Tuy nhién, nguon nay tai My la tr 110 V dén 120 V. Khac biét nay tuy thudc vao gia tri
hiéu dung RMS. Trong do, tri dinh -dinh 1a 2v/2 trj RMS.

Hinh 4.3 v& hai tin hiéu c6 cting tin s nhung tri dinh khac nhau.

o

&

Amplitude
A
Peak amplitude
\/ \/ \/ Time
a. A signal with high peak amplitude
[s) =]
Amplitude
A
Peak amplitude
/'_"\ /‘\\
S~ = N~ Time
_b. A signal with low peak amplitude .
Hinh 4.3

Thi du 2:

Ngudn ép tir pin 1a khong dbi, thi du, tri dinh cia mot pin AA thuong 1a 1,5 V.

Tan so va chu ky

Tan s va chu ky 1 nghich dao cta nhau:

1 1
f= P va T= 7 ; khi f'c6 thir nguyén la Hz thi T ¢6 thir nguyén la gidy

Bdng 1: Pon vi cua chu ky va tan so.

Unit Equivalent Unit Equivalent
Seconds (s) ls Hertz (Hz) 1 Hz
Milliseconds (ms) 1073 s Kilohertz (kHz) 10° Hz
Microseconds (Us) 107% Megahertz (MHz) 10° Hz
Nanoseconds (ns) 1075 Gigahertz (GHz) 10° Hz
Picoseconds (ps) 10712 ¢ Terahertz (THz) 10'2 Hz
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Thi du 3:
Nguén dién khu vuc c6 tan sb 1a 60 Hz. Chu ky cua song sin dugc xac dinh nhu sau:
T = 11 0,0166x10° ms =16,6ms
f 60
Thi du 4:
Viét gia tri chu ky 100 ms sang don vi ps.
100 ms = 100 x10°us = 10° ps

Thidu 5:
Chu ky ctia tin hiéu 1a 100 ms. Tinh tan s6 tin hiéu theo KHz.
f E— - = 1000 =10Hz=10x10"KHz =107 KHz
T 100x10° 100
Pha:

Pha mo ta vi tri tuong ddi cua tin hiéu so véi tri 0.
7
/AN N\ ma o
‘ 0 \/ \/ \/ Time

a.0degrees

e N N PN
1/47 0\/ \/ \/ Time

b. 90 degrees

o SN SN /N e,

m—= VAN VA WA

c. 180 degrees

Hinh 4.4 M0 td cdc tin hiéu c6 ciing tan s6, bién dg, nhung khéc pha.

Thi du 6: Mot song sin 1éch 1/6 chu ky theo gdc thoi gian. Tinh goc pha theo do va theo
radian.

Giai:
Mdt chu ky 13 360°, vay 1/6 chu ky la:
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(1/6)x360°=60"= 60x(21/360)rad=(1/3) rad = 1,046 rad
Wavelength

Transmissionmedium /" \ /' \ /\ | I
Attime t \./ \/ \./: —

I
T
I
| I —
| I Direction of
| I
I
I

Transmission medium /\ /'\ I/\ propagation
Attimet+T v 7V |V

Hinh 4.5 Vé quan hé gitta do dai song va chu ky

Amplitude
A Frequency: 6 Hz

Peak value: 5V

VVVVVV %

a. A sine wave in the time domain (peak value: 5V, frequency: 6 Hz)
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b. The same sine wave in the frequency domain (peak value: 5V, frequency: 6 Hz)

Hinh 4.6 Veé cach biéu dién tin hiéu trong mién thoi gian va mién tan so.

Chi y: Mot song hoan toan sin dugc biéu dién bang mot gai don trong mién tan sb.

Thi du 7:

Céch biéu dién trong mién tan sb thi hiru hiéu hon khi dung v6i nhiéu song sin. Thi du
trong hinh 4.7 minh hga 3 dang song sin, dugc biéu dién chi bang 3 gai nhon trong mién tan
s9.

Amplitude Amplitude
A
15 15
10 10
5 5 I
0 8 16 Frequency
a. Time-domain representation of three sine waves with b. Frequency-domain representation of
frequencies 0, 8,and 16 the same three signals
Hinh 4.7
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Ghi chu:

Tin hi€u song sin chi dung mot tan sb thi khong hiru dung trong thong tin s6 do ta can
gdi di cac tin hiéu hdn hop, nén can tao ra tin hiéu gom nhiéu tan sb song sin.

Theo dung phén tich Fourier, thi c¢6 thé khai trién tin hiéu hdn hop thanh nhiéu tin hiéu
song sin co tan sb, bién do va pha khac nhau.

Néu tin hiéu hdn hop la tuan hoan, thi phan tich cho chudi cac tin hiéu c6 tan sb roi rac,
con néu tin hidu khong c6 chu ky, thi phan tich cho to hop cac song sin c6 tan sd lién tuc.

Thi du 8:
Hinh 4.8 v& séng hdn hop c¢6 chu ky f. Dang tin hiéu nay tuy khong tiéu biéu trong k¥

thuat truyén s6 liéu. Xét 3 tin hiéu canh béo, cd cac tan s khac nhau. Viéc phan tich cac tin
hiéu nay, gitp ta hiéu r& hon vé phuwong thirc khai trién cac tin hi¢u hon hop.

Time
Hinh 4.8 Mot tin hiéu hon hop tuan hoan
Amplitude —— Frequency f
A — Frequency 3f

— Frequency 9f

Time

a. Time-domain decomposition of a composite signal

Amplitude

‘ I [ | L

£ 3f of Time

b. Frequency-domain decomposition of the composite signal

Hinh 4.9 Khai trién tin hiéu hon hop co tuan hoan, trong mién thoi gian va mién tan so
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4.1.2 Tin hiéu twong tw khong tuin hoan:
Thi du 9:
Hinh 4.10 v& tin hiéu hon hop khong tuan hoan. D6 co thé 1a dang tin hiéu ra rir mot

micrd hay tir dién thoai khi phat &m tir two. Trong trudng hop ndy thi tin hiéu hdn hgp khong
the 1a tuan hoan dugc, do ta khong thé phat &m nhicu lan tir nay v6i cung &m sdac nhu nhau.

Amplitude Amplitude

A Amplitude for sine
wave of frequency f

>

il , '
W | o

a. Time domain b. Frequency domain

Hinh 4.10 Biéu dién tin hiéu khong tudn hoan trong mién thoi gian va mién tan so.

Ghi chu:

Bing thong (biang thong) cua tin hiéu hon hop 1a sai biét giira tin s6 cao nhit va thap
nhat co trong tin hi¢u nay.

L
>

1000 5000  Frequency

| Bandwidth = 5000 - 1000 = 4000 Hz |
| |

Amplitude

a. Bandwidth of a periodic signal

Amplitude

.

1000 5000 Frequency

| Bandwidth = 5000 - 1000 = 4000 Hz |
| |

b. Bandwidth of a nonperiodic signal

Hinh 4.11 Bang théng ciia tin hiéu hon hop tuan hoan va khéng tuan hodn
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Thi du 10:

Néu phan tich tin hi¢u tudn hoan thanh 5 song hai sin co tan s6 lan luot 1a 100, 300,
500, 700 va 900 Hz. Cho bict bang thong cua tin hi€u? V& pho vdi gia su 1a tat ca song hai
deu co gia tri 16n nhat 1a 10V.

Giai:
Goi f; 1a tan sd cao nhat, f; 1a thip nhat, va B 14 khd song, thi
B=f, -fi =900—- 100 =800 Hz

Phé chi gdm 5 gai nhon xuét hién tai cac tan s6 100, 300, 500, 700 va 900 Hz nhu v& &
hinh 4.12

Amplitude

B I N I

100 300 500 700 900 Frequency
| |

! Bandwidth = 900 - 100 = 800 Hz :

Hinh 4.12 Khé song trong vi du 10

Thi du 11: Tin hiéu tuan hoan ¢ bang thong 1 20 Hz. Tan s6 cao nhét 14 60 Hz, tim
tan s6 thap nhat? V& phd ciia tin hi¢u séng hai chira c¢6 bién d6 giong nhau.

Giai:
Goi f; 1a tn sd cao nhét, f; 1a thép nhat, va B 14 khd song, thi
B=fy, -fi =20=60—-f = fi =60 -20=40 Hz

Phé chira tit ca cac tAn s6 c6 gia tri nguyén, nhu vé trong hinh 4.13

-

40 41 42 58 59 60 Frequency
(Hz)

Bandwidth =60-40=20Hz

Hinh 4.13 Bang thongcua thi du 11.

Thi du 12: Mot tin hiéu hdn hop khong tuan hoan c6 biang thong 1a 200 kHz, ¢ tan s6
trung tdm 1a 140 kHz, va bién d6 dinh 1a 20 V. Hai gia tri bi€n d6 tai hai tan so6 cuc tri 1a 0. V&
tin hi¢u trong mién tan so.

Giai: Tan sb thap nhat phai 1a 40 kHz va tan s cao nhét 1a 240 kHz. Hinh 4.14 v& tin
hi¢u trong mién tan so va bang thong.
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Amplitude

L.

40 kHz 140 kHz M0kHz  Frequetiey

Hinh 4.14

Thi du 13: Mot thi du vé tin hiéu hdn hop khong tuan hoan 14 tin hiéu lan truyén song
AM. Tai My, song AM c6 bang thong la 10 KHz. Bang thong chung dung cho phat song AM
tir 530 KHz dén 1700 KHz.

Thi du 14: M6t thi du vé tin hiéu hdn hop khong tudn hoan trong song FM. Tai My,
song FM c6 bang thong 1a 200 KHz. bang thong chung dung cho phat song FM 1a tir 88 dén
108 MHz.

Thi du 15: Mot thi du khac 1 tin hiéu hdn hgp ding trong tuyén tin hiéu truyén hinh
den trang. Man hinh TV duoc tao nén tir nhiu diém anh (pixel). Gia sir 6 phan giai 1a 525 x
700, ta c6 367.500 pixel trong mdi man hinh. Néu quét 30 dong trong mot gidy, ta c6 367.500
x 30 = 11.025.000 pixel mdi gidy. Tinh huéng xau nhat 14 cac tin hiéu lién tiép den rdi tring.
Ta c6 thé goi 2 pixel cho mdi chu ky. Nhu thé, thi can ¢6 11.025.000/2 = 5.521.500 chu ky
mdi gidy (Hz). VAy, bang thong can thiét 1a 5,5125 MHz.

4.2 TIN HIEU SO

Thay vi dung tin hiéu tuong tu, ta c6 c6 thé dung tin hiéu sé dé biéu dién thong tin. Thi
du, ¢6 th¢ dung muc dién &p duong dé ma hoa 1 va dung di¢n ap khong cho 0. Mot tin hi¢u so
con ¢6 the c6 nhieu hon hai murc, diéu nay cho phép goi di nhi€éu hon mot bit cho moi murc.

Amplitude 8 bits sent in 1 s,
Bitralc 8 bps
1 ¢+ 0 + 1 + 1 ¢+ 0 0+ 0 + 0 1+ 1
| 1 I 1 | I I 1
Level 2 : : :
I | I
1 I 1
| I 1
Level1 | 1 i 1 ] I I
1 1 I 1 1 1 | ls Time
| 1 I 1 | l I
a. A digital signal with two levels
Amplitude
16 bits sentin 1 s,
Bitratc 16 bps
11 ! 10 ! 01 ! 01 ! 00 ! 00 ! 00 i 10 :
Level 4 1 I 1 | I I 1
I 1 I 1 | I I 1
1 I 1 | I I |
Level 3 i 1 I 1
: I |-
I | 1 I 1 1 s .
Level 2 : 1 : : Time
1 1 | I 1
Level 1 : : } ; ;
| 1 I 1 | I

b. A digital signal with four levels

Hinh 4.15 Hai dang tin hiéu $6: mot dung hai mirc va mot dung bon mite.
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Thi du 16: Mot tin hiéu sé co6 8 mirc. Cho biét co thé truyén bao nhiéu bit cho mdi
muc?

Giai: Ta tinh s bit theo cong thirc sau:
So bit trong mét mirc = log, 8 = 3.
Nhu thé méi mire tin hiéu c¢6 thé truyén duoc 3 bit.

Thi du 17: Mot tin hiéu sé c6 9 mirc. Cho biét co thé truyén bao nhiéu bit cho mdi
muc?

Giai: Tinh s6 bit theo cong thirc vira trinh bay ¢ thi du 16:

Mbi mirc tin hiéu truyén di duoc log, 9= 3,17 bit. RS rang 1a két qua nay 1a khong hién
thuc. SO bit can truyén di can 1a s6 nguyén la twong dwong véi s6 mil 2.

Trong trudng hop nay thi nén ding 4 bit cho mdi mtrc tin hiéu truyén.

Thi du 18: Gia sir ta can tai mot tai liéu van ban véi téc do 100 trang mdi gidy, mot
trang trung binh c6 24 dong va mot dong co6 80 ky tw, mot ky tur c6 8 bit. Tim soO bit can
truyén trong 1s?

Giai: Mot trang trung binh ¢6 24 dong va 80 ky tu trong timg dong, néu gia sir can 8 bit
dé biéu dién mot ky tu thi tbe do bit (bit rate) la:

100 x 24 x 80 x 8 =1.636.000 bps = 1,636 Mbps.

Thi du 19: Mgt kénh thoai dugc roi rac hoa, dugc cAu tao tir mot tin hiéu tuong tu cé
bang thong tin hi€u thoai 1a 4 KHz. Ta can lay mau tin hi¢u véi hai lan tan so cao nhat. Vi
gia st moi mau can 8 bit, hoi toc do bit (bit rate) 1a bao nhiéu?

Giai: Tdc do bit dugc tinh theo: 2 x 4.000 x 8 = 64.000 bps = 64 Kbps.
Thi du 20: Cho biét toc do bit (bit rate) ciia truyén hinh d6 phan giai cao (HDTV)?

Giai: HDTV dung tin hiéu sb dé truyén tin hiéu hinh chat lwvong cao. Man hinh cua
HDTYV thudng co ti 1é 16:9. Nhur thé thi c6 1.920 x 1080 pixel cho mdi man hinh, véi toc do
quét dong 13 30 1an trong mdi gidy. Mdi pixel mau thi can dugc biéu dién bang 24 bit.

1.920 x 1.080 x 30 x 24 = 1.492.992.000 bps hay 1,5 Gbps
Céc dai phat hinh da dung phuong phéap nén tin hiéu xudng con tir 20 dén 40 Mbps

Ghi chii: Tin hiéu s 1 dang tin hiéu hdn hop tuong tu c6 bing théng 1a vo cung.
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1 1 .o
3f 5f 7t of  1f 13f Frequency

— p—
==
=
=
-

Time

a. Time and frequency domains of periodic digital signal

.

Time O Freqae ncy

b. Time and frequency domains of nonperiodic digital signal

Hinh 4.16  Tin hiéu so tuan hoan va khong tudn hoan dwoc biéu dién trong mién thoi gian
va mién tan so.

Digital signal

Hinh 4.17  Truyén dan trong ddi tan co sé (Baseband transmission).

Channel

Amplitude
0 f, Frequency
a. Low-pass channel, wide bandwidth
Amplitude
0 f; Frequency
b. Low-pass channel, narrow bandwidth
Hinh 4.18  Bdng thong cua hai kénh thong tan so thap.
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Input signal bandwidth Bandwidth supported by medium Output signal bandwidth
0 20 f f, f; f,

| | o A .

Input signal Wide-bandwidth channel Output signal

Hinh 4.19  Truyén dan trén ddi tan co sé ding méi trwong chuyén dung.

Ghi chu:
Truyén dan tin hiéu sd trén dai tan so so thi co thé duy tri duoc dang tin hiéu s6 néu ta
dung kénh truyen thong tan so thap cé bang thong rat 16n hay bang thong vo han.

Thi du 21:

Mot thi du vé kénh chuyén dung trong d6 toan bang thong cia méi truong chi dung
truyén mot kénh 1a mang LAN. Hau hét cac mang LAN dung day dan hién nay déu ding kénh
chuyén dung cho hai tram thong tin 1an nhau. Trong ciu hinh mang dang bus véi dung két ndi
nhiéu diém, thi tai mot thoi diém, chi ¢ hai tram c6 thé thong tin v&i nhau (chia s€ thoi gian:
timesharing), cac tram khéc thi phai dgi. Trong c4u hinh mang LAN hinh sao, thi toan mang
va hub duoc dung dé thong tin gitta hai ddi twong. Phan nay dugc trinh bay chi tiét trong
chuong mang LAN.

Amplitude
T Bandwidth =
2
Y N/4 N/2 Frequency
Digital: bit rate N Digital: bit rate N Digital: bit rate N Digital: bit rate N
I 0 I 0 | 0 I I 0 1 0 Ll | 0 | | I 0 I | 0 1 1 1
I I | | | 1 I | 1 | 1
[ T [ I | [
I I | | I I I } 1 1 I I I I 1
I I | | I I I 1 |/ ! I I | |
T To —Wé—
—t—— Ml I I 1 1 fl | I 1 1
Analog:f=0,p=180 Analog:f=N/4, p=180 Analog:f=N/2, p=180 Analog:f=N/4, p=270
Digital: bit rate N Digital: bit rate N Digital: bit rate N Digital: bit rate N
1 1,0,0, (1,0, 7, 11,0, LN
R 4:|:|:_ I
—“
N I I [ I [ N T
I I | | I 1 I 1 I ] I 1 S E— —
I | 1 ] | I \ I 1 1 | | | |
_AUA_ T T
I I | | | I 1 I I | | | I I
Analog:f=N/4,p=90 Analog:f=N/2,p=0 Analog:f=N/4,p=0 Analog:f=0,p=0

Hinh 4.20  Xdp xi thé tin hiéu sé chi ding mét song hai (trong trieonghop xdu nhat: worst
case).
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Amplitude

. 5M
Bandwidth ===
4 : ‘
0 N4 N/2 3N/4 3N/2 5N/4 5N/2Z Frequency
Digital: bit rate N Analog:f=MN/2 and 3N/2
o 1 o i

] i
b= -

I
1

|

=
V.Y N

Analog: F=N/2 Analog: f=N/2, 3N/2, and 5N/2

Hinh 4.21 Mo phdng tin hiéu sé ding séng hai béc ba.

Ghi chu:

Khi truyén dan trén dai tan co sé thi bang thong can thiét 1a ti 1& véi toe do bit (bit rate);
neu ta muon truyen bit nhanh hon, thi can phai c6 bang thong rong hon.

Bdng 2: Bang thong can co.

Bit Harmonic Harmonics Harmonics
Rate 1 1,3 1,35
n=1Kkbps B=500Hz B=15kHz B=25kHz
n =10 kbps B=5kHz B=15kHz B=25kHz
n =100 kbps B=50kHz B =150 kHz B =250 kHz

Thi du 22: Tim bang thong cin c¢6 cta kénh truyén thong tan sé thip néu can goi véi
toc do 1 Mbps dung phuong phép truyen trén dai tan co sd.

Giai:
Loi giai con tiy theo mtrc chinh xac can co:
a. Bing thong tdi thiéu, 1a B = (toc do bit)/2, tirc 1a 500 KHz

b. T6t hon thi ding hai bac mot va bac ba, tirc 1 B =3 x 500KHz = 1,5 MHz
c. Tot hon nira 1a hai bac mot, bac ba va bac nam, B=5 x 500 KHz =2,5 MHz

Thi du 23: Ta dung hai kénh thong tin s thap co bang thong 1a 100 KHz, cho biét tc
d6 truyén bit toi da 1a bao nhiéu?

Giai: Tbc do truyén bit tdi da co thé dat duoc néu ta dung song hai bac mot.

Téc d6 bit 1a 2 x (bang théng hién c6), tic 1a 200 Kbps.
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Amplitude

L.
v

f, Bandpass channel f, Frequency

Hinh 4.22  Bang thong cua kénh dai thong.

Ghi chii: Néu kénh dang truyén 1a kénh thong dai, ta khong thé truyén tin hiéu s6 qua
kénh tryc ti€p dugc, ma can chuyén doi sang tin hiéu tuong tu trudc khi truyén.

[] . [] s

Input digital signal Output digital signal
Digital/analog Analog/digital
converter converter
Input analog signal bandwidth Available bandwidth Output analog signal bandwidth
fr f

—Cl—

Bandpass channel

Input analog signal Input analog signal

Hinh 4.23  Diéu ché tin hiéu sé dé truyén dan trong kénh truyén thong dai.

Thi du 24: Mot thi du vé truyén dan bang rong dung phuong phap diéu ché 1a trudng
hop goi tin hiéu tir may tinh qua day thué bao dién thoai, 13 dudng ndi tir may thué bao dén
tong dai. Cac day nay dugc thiét ké dung cho truyén thoai voi bang thong rat han ché. Kénh
truyén dugc xem 1a kénh truyén thong dai. Ta can chuyén di tin hiéu s6 tir may tinh thanh tin
hidu twong tu, va goi nhu tin hidu 4m tan. Ta can thiét 1ap hai bo chuyén doi dé chuyén tin
hiéu s sang tuwong tu khi goi di va nguoc lai tai dau thu. Bo chuyén d6i nay dugc goi la
modem va s€ nghién cttu k¥ trong chuong modem

Thi du 25: Thi dy thir hai 13 hé thong dién thoai s6 di dong (digital cellular telephone).
Pé nhan duoc t6t, dién thoai di dong sb chuyén tin hi€u thoai tuong ty thanh tin hi¢u s6. Mic
du bang théng duoc qui hoach cho dién thoai di dong 1a rat rong, ta van khong thé goi truc
tiép tin hiéu s6 nay ma khong chuyén do6i. Ly do 1a kénh truyén giita nguoi goi va ngudi dugce
goi lai co dang kénh thong dai, nén nhat thiét phai chuyén di tin hiéu thoai dang sé sang tin
hiéu tuong tw dang hon hop trude khi goi di.

Bién dich: Nguyén Viét Hing Trang 52
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