Bai giang: Truyén s6 liéu Chuong 4: Tin hi¢u

cHuonG 4: TIN HIEU

4.1 TIN HIEU TUONG TU

Tin hiéu c6 thé c6 dang twong tu (analog) hay s6 (digital). Thuat ngir dir liéu tuong tu
cho biét thong tin 1a 1ién tuc, con dit li€u so thi cho biét thong tin c6 cac trang thai roi rac.

Dt liéu tuong tu c6 céc gia tri lién tuc hay c6 vo han gia tri trong tam hoat dong.
Dtr liéu sO co cac gia tri 101 rac, hay chi c6 mot s6 hitu han céc gia tri.

Trong truyén s liéu, ta thwong ding cac tin hiéu twong tw cé chu ky va cac tin hiéu
s0 khong c6 chu ky.

Gid tri Gid tri
A X '
a) Tin hiéu twong nr b) Tin hi¢u so

/'\ /\ [\Tha‘n’ gian Thoi gian
I >

Hinh 4.1 So sanh gitra tin hiéu twong tw va tin hiéu $0.

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

C6 thé dugc chia thanh tin hiéu don (diéu hoa) va tin hiéu hén hop(tong hop nhiéu
tin hi¢u dieéu hoa).

Xét mot tin hiéu twong tu c6 chu ky don gian, thi du song sin; ta thiy rang khong thé
phan tich tin hi¢u nay thanh cac thanh phan don gian hon dugc.

Tin hiéu twong tw c6 chu ky 1a tin hiéu hdn hop khi 1a t6 hop cta nhiéu song sin don
gian.

Thi dy, hinh 4.2 v& séng sin :

A Giaui

Thei gian

aNIYe
T T
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Thi du 1:

Nguén dién khu vuc dugc biéu dién béng mdt song sin c6 bién d6 dinh tr 155 dén 170
V. Tuy nhién, nguon nay tai My 1a tor 110 V dén 120 V. Khac bi¢t nay tuy thudc vao gia tri
hiéu dung RMS. Trong o, tri dinh -dinh 1a 2~/2 tri RMS.

Hinh 4.3 v& hai tin hiéu c6 cing tin sé nhung tri dinh khac nhau.

o T '

Amplitude

A
Peak amplitude

a. A signal with high peak amplitude
o o

Amplitude
A

Hinh 3

Peak amplitude

P T~ hl »
v \"*-._-/ \"‘*q_n-/ Time
_b. A signal with low peak amplitude . B
Hinh 4.3

Thi du 2:
Ngudn ap tir pin 1a khong doi, thi du, tri dinh ctia mot pin AA thuong 1a 1,5 V.

Tan so va chu ky

Tan s6 va chu ky 1a nghich déo ciia nhau:
1 1
f= T va T = 7 ; khi f'co thir nguyén 1a Hz thi T c6 thir nguyén la gidy

Bang 1: Don 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 (LLs) 105 Megahertz (MHz) 10° Hz
Nanoseconds (ns) 10775 Gigahertz (GHz) 10° Hz
Picoseconds (ps) 10712 Terahertz (THz) 10'2 Hz
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Thi du 3:
Ngudn dién khu vuc c6 tan sb 13 60 Hz. Chu ky ctia song sin dugc xac dinh nhu sau:
1 1 3
T=—=—=0,0166x10"ms =16,6ms
f 60
Thi du 4:
Viét gia trj chu ky 100 ms sang don vi ps.
100 ms = 100 x10°pus = 10° us

Thi du 5:
Chu ky cua tin hiéu 1a 100 ms. Tinh tan so tin hiéu theo KHz.
f:l: ! ; =1000:10H2:10x1073KHz=1072KHZ
T 100x10- 100

Pha:

Pha mo t4 vi tri twong doi cua tin hiéu so voi tri 0.

P N PN
O N A A A

a. 0 degrees

e M N e

b. 90 degrees

Y S . S i

AR VAR VAR

c. 180 degrees

Hinh 4.4 M6 td cdc tin hiéu c6 ciing tan so, bién dg, nhung khdc pha.
Thi du 6: Mot song sin 1éch 1/6 chu ky theo gbc thoi gian. Tinh géc pha theo do va theo
radian.
Giai:
Mot chu ky 13 360°, vay 1/6 chu ky 1a:
(1/6)x360°=60"= 60x(21/360)rad=(nt/3) rad = 1,046 rad
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Wavelength

Transmission medium /-\ /-\ /-\ : |
At time t L R P \/i :

1
T
|
I

1 | Direction of
1
I
I

Transmission medium 5 N ;/-\ propagation
Attimet+T X/ N7 NS

Hinh 4.5 Ve quan hé giita do dai song va chu ky.

Amplitude
A Frequency: 6 Hz

Peak value: 5V
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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: 5 V, frequency: 6 Hz)

Hinh 4.6 Vé cdch biéu dién tin hiéu trong mién thoi gian va mién tan so.

Chi y: Mot song hoan toan sin duoc biéu dién bang mot gai don trong mién tan sd.
Thi du 7:
Céch biéu dién trong mién tan sb thi hiru hiéu hon kh ding véi nhiéu song sin. Thi du

trong hinh 4.8 minh hoa 3 dang song sin, dugc biéu dién chi bang 3 gai nhon trong mién tan
5.

Amplitude Amplitude
A

15 15

10

5 |
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

Ghi chu:

Tin hiéu song sin chi dung mét tan so thi khong hitu dung trong thong tin s6 do ta can
g0i di cac tin hi¢u hdn hop, nén can tao ra tin hiéu gdm nhiéu tan s séng sin.
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Theo dung phan tich Fourier, thi c6 thé khai trién tin hiéu hdn hop thanh nhiéu tin hiéu
song sin co tan sb, bién d6 va pha khac nhau.

Néu tin hiéu hdn hop 14 tuan hoan, thi phan tich cho chudi cac tin hiéu c6 tan sb roi rac,
con néu tin hiéu khong c¢6 chu ky, thi phan tich cho t6 hop cac song sin c6 tan sb lién tuc.

Thi du 8:

Hinh 9 v& séng hdn hop c6 chu ky £ Dang tin hiéu ndy tuy khong tiéu biéu trong k¥
thuat truyén so liéu. Xét 3 tin hi€u canh bdo, cd cac tan so khac nhau. Vi¢c phan tich cac tin
hiéu nay, giup ta hi€u rd hon vé phuong thirc khai trién céc tin hi¢u hon hop.

Hinh 4.7 Mot tin hiéu hén hop tuan hoan.

Amplitude —— Frequency f
A —— Frequency 3f
— Frequency 9f

Time

a. Time-domain decomposition of a composite signal

Amplitude

‘ I | L —
[ f

3f of Time

b. Frequency-domain decomposition of the composite signal

Hinh 4.8  Khai trién tin hiéu hon hop co tuan hoan, trong mién thoi gian va mién tan so.

4.1.2 Tin hi¢u twong ty khong tuin hoan:
Thi du 9:

Hinh 11 v& tin hiéu hon hop khong tuan hoan. D6 co thé 1a dang tin hi¢u ra ror mot
micrd hay tir dién thoai khi phat an tir two. Trong truong hop nay thi tin hiéu hon hgp khong
thé 1a tuan hoan dugc, do ta khong thé phat Am nhicu lan tir nay véi cung am sac nhu nhau.
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Amplitude Amplitude
A A Amplitude for sine
wave of frequency f
Time 0 f 4 kHz Freq:ency
a. Time domain b. Frequency domain

Hinh 4.9  Biéu dién tin hiéu khong tuan hoan trong mién thoi gian va mién tan so.
Ghi chu:

Bing thong (bang thong) cua tin hiéu hdn hop 1a sai bi¢t giira tin sé cao nhit va thip
nhat c6 trong tin hi¢u nay.

Amplitude
A

L.
o=

1000 5000 Frequency

| Bandwidth = 5000 - 1000 = 4000 Hz |
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a. Bandwidth of a periodic signal

Amplitude
A

L.
>

1000 5000 Frequency

| Bandwidth = 5000 - 1000 = 4000 Hz |
| 1

b. Bandwidth of a nonperiodic signal

Hinh 4.10  Béng théngciia tin hiéu hon hop tuan hoan va khéng tuan hoan.

Thi du 10:

Néu phén tich tin hiéu tudn hoan thanh 5 séng hai sin c6 tan s6 lan luot 1a 100, 300,
500, 700 va 900 Hz. Cho biét bang thong cua tin hiéu? V& pho véi gid su 1a tat ca song hai
deu co gid tri lon nhat 1a 10V.

Giat:

Goi f; 12 tan s cao nhét, fi 1a thép nhét, va B 14 khd song, thi
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B=1, -fi =900—-100 =800 Hz

Phé chi gdm 5 gai nhon xuét hién tai cac tan sé 100, 300, 500, 700 va 900 Hz nhu v& &
hinh 13.

Amplitude

B I N I

r o

100 300 500 700 900 Frequency

Bandwidth = 900 - 100 = 800 Hz
Hinh 4.11  Khé sénng ding trong thi du 10.
‘ ’Th,i du !1: Tin hi~éu tuan hoan co bang thong 1a 20 Hz. T:?m s6 cao nhét 1a 60 Hz, tim
tan sO thap nhat? V& pho cua tin hi¢u song hai chira c6 bién do giong nhau.
Giai:
Goi fj 12 tan s cao nhét, fi 1a thép nhét, va B 14 khd song, thi
B=f -fi =20=60—-fi = f; =60—-20=40 Hz

Pho chira tit ca cac tan s c6 gia tri nguyén, nhu v& trong hinh 11.

y

40 41 42 58 59 60 Frequency
(Hz)

Bandwidth=60-40=20Hz |
|

Hinh 4.12  Bang thongcua thi du 11.

Thi du 12: Mot tin hiéu hdn hop khong tudn hoan co bang thong 1a 200 kHz, ¢o tan sd
trung tam 1a 140 kHz, va bién do dinh 1a 20 V. Hai gia tri bién d9 tai hai tan so cuc tri 1a 0. V&
tin hi¢u trong mién tan so.

Giai: Tan sb thdp nhat phai 1a 40 kHz va tin sd cao nhét 1a 240 kHz. Hinh 15 v& tin hiéu
trong mién tan s6 va Bang thong.

Thi du 13: Bang thong tur thi du 12.

Amplitude

L.

40 kHz 140 kHz 240kHz  Frequency

Hinh 4.13
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Thi du 14: Mot thi du vé tin hiéu hdn hop khong tudn hoan 13 tin hiéu lan truyén séng
AM. Tai My, song AM c6 bang thong la 10 KHz. Bang thong chung dung cho phat song AM
tr 530 KHz dén 1700 KHz.

Thi du 15: M6t thi du vé tin hiéu hdn hop khong tudn hoan trong song FM. Tai My,
song FM co bang thong 1a 200 KHz. bang thong chung ding cho phat song FM 1a tir 88 dén
108 MHz.

Thi du 16: Mot thi du khac 13 tin hiéu hdn hop ding trong tuyén tin hiéu truyén hinh
den trang. Man hinh TV duoc tao nén tir nhiéu diém anh (pixel). Gia st do phan giai 1a 525 x
700, ta c6 367.500 pixel trong mdi man hinh. Néu quét 30 dong trong mot gidy, ta co 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 c6 11.025.000/2 = 5.521.500 chu ky
mdi gidy (Hz). Véy, bang thong can thiét 1a 5,5125 MHz.

4.2 TIN HIEU SO

Thay vi dung tin hiéu twong tu, ta c6 c6 thé dung tin hiéu s6 dé biéu dién thong tin. Thi
du, c6 thé dung murc dién 4p duong dé ma hoa 1 va dung dién &p khong cho 0. Mot tin hi€u s6
con c6 the ¢ nhiéu hon hai mirc, di€u nay cho phép goi di nhieéu hon mot bit cho moi muc.

Amplitude 8 bits sent in | s,
A Bit rate = 8 bps

Level 2

Level 1

a. A digital signal with two levels

Amplitude
A 16 bits sent in 1 5,
Bit rate = 16 bps
11 ¢+ 10 « 01 «+ 01 + 00 ¢+ 00 « 00 + 10
I 1 I I I I I I
Level 4 | 1 1 I ] 1 |
1 I I ] 1 I I
Level 3 ’ | | : I -'—i
] ] I ] 1 e
L 1 1 L 1 :
] 1 1 ] ] ls R
I 3
I_L'\'L'] 2 : : | : : me
] 1 1 ] 1
Level 1 i i : ; .
I 1 I I ] 1 I

b. A digital signal with four levels
Hinh 4.14  Hai dang tin hi¢u $6: mot dung hai mirc va mot dung bén mic.
Thi du 17: Mot tin hiéu s6 c6 8 mirc. Cho biét c6 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 mdi mirc tin hiéu c6 thé truyén dugc duge 3 bit.

Thi du 18: Mot tin hiéu s6 c6 9 mirc. Cho biét ¢ thé truyén bao nhiéu bit cho mdi
muc?
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Giai: Tinh s6 bit theo cong thirc vira trinh bay & thi du 17:

Mobi mirc t1n hi¢u truyen d1 duoc logz 9= 3,17 bit. R0 rang 1a ket qua nay la khong
hién thuc. S6 bit can truyén di can 1a s6 nguyén 1 trong dwong voi sé mii 2.

Trong truong hop nay thi nén dung 4 bit cho mdi muc tin hiéu truyén.

Thi du 19: Gia su ta can tai mot tai lidu vin ban voi tbe dd 100 trang mdi gidy, mot
trang trung binh c6 24 dong va mdt dong c6 80 ky tu, mot ky tu c6 8 bit. Tim so bit can
truyén trong 1s?

Giai: Mot trang trung binh c6 24 dong va 80 ky tur trong ting dong, néu gia sir can 8 bit
dé biéu dien mot ky tu thi, toc dJ bit (bit rate) 1a:

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

Thi du 20: Mot kénh thoai dugc roi rac hoa, dugc cu tao tir mot tin hiéu tuong tu co
bang thong tin hi€u thoai 1a 4 KHz. ta can lay mau tin hiéu v6i hai 1an tan so cao nhat. Véi gia
sir moOi mau can 8 bit, hdi toc do bit (bit rate) la bao nhiéu?

Giai: Tdc d6 bit dugc tinh theo: 2 x 4.000 x 8 = 64.000 bps = 64 Kbps.
Thi du 21: Cho biét tdc do bit (bit rate) cia truyén hinh d6 phén giai cao (HDTV)?

Giai: HDTV dung tin hi¢u s6 dé truyén tin hiéu hinh chat lugng cao. Méan hinh ciia
HDTV thudng c6 ti 1& 16:9. Nhu thé thi c6 1.920 x 1080 pixel cho mdi man hinh, véi toc do
quét dong 14 30 1an trong mdi gidy. Mdi pixel mau thi cdn dugc biéu dién bang 24 bit.

1.920 x 1.080 x 30 x 24 = 1.492.992.000 hay 1,5 bps

Céc dai phat hinh da dung phuwong phap nén tin hiéu xudng con tir 20 dén 40
Mbps/

Ghi chii: Tin hiéu s6 1a dang tin hiéu hon hop twong tu c¢6 bang thong 1a vo cung.

A

- I | 1 1 1 1 s
Time f 3f 5f 7f of 11f 13f Frequency

a. Time and frequency domains of periodic digital signal

T ;ne 0 Frequency

b. Time and frequency domains of nonperiodic digital signal

Hinh 4.15  Tin hiéu so tuan hoan va khong tuan hoan dwoc biéu dién trong mién thoi gian
va mién tan so.
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Y

Digital signal

Channel

Hinh 4.16  Truyén dan trong ddi tan co sé (Baseband transmission).

Amplitude
0 fy Frequency
a. Low-pass channel, wide bandwidth
Amplitude
A
0 f; Frequency
b. Low-pass channel, narrow bandwidth
Hinh 4.17  Bang thong cua hai kénh thong tan so thap.
Input signal bandwidth Bandwidth supported by medium Output signal bandwidth
0 o f, i f, f,

Y

™ - & A

Input signal Wide-bandwidth channel Qutput signal

Hinh 4.18  Truyén dan trén ddi tn co sé dEing méi trieong chuyén dung.

Ghi chu:

Truyén dan tin hiéu sd trén dai tan so so thi ¢ thé duy tri dugc dang tin hi¢u s6 néu ta
dung kénh truyén thong tan so6 thap co bang thong rat 16n hay bang thong vo han.

Thi du 22:

Mot thi du vé& kénh chuyén dung trong d6 toan bing thong ciia méi trudng chi dung
truyén mot kénh 1a mang LAN. Hau hét cac mang LAN dung day dan hién nay déu dung kénh
chuyén dung cho hai tram thong tin 13n nhau. Trong ciu hinh mang dang bus véi dung  két
n6i nhiéu diém, thi tai mot thoi diém, chi ¢6 hai tram co6 thé thong tin voi nhau (chia s& thoi
gian: timesharing), cic tram khac thi phai doi. Trong cdu hin mang LAN hinh sao, thi toan
mang va hub duoc ding dé thong tin gitta hai ddi twong. Phan nay dugc trinh bay chi tiét
trong chuong mang LAN.
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Analog:f=N/2, p=180

Digital: bit rate N
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Analog:f=N/4, p=90 Analog:f=N/2,p=0 Analog:f=N/4,p=0 Analog:f=0,p=0

Hinh 4.19  Xap xi thé tin hiéu sé chi ding mt séng hai (trong trieconghop xdu nhat: (worst

case).
Amplitude
" Bandwidth = 3N
A 2 ‘
0 N/4 N/2 NS4 3NS2 SN/G 5N/2  Frequency

Digital: bit rate M Analog: f=N/2 and 3N/2

o 1 0

I
I
I
|
|
I
I
J
'

~ M
I\ ~ =~

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

Hinh 4.20 M6 phong tin hiéu sé ding séng hai bdc ba.
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Ghi chu:

Khi truyén dan trén dai tan co s thi bang thong can thiét 14 ti 1& véi tdc do bit (bit rate);
néu ta muodn truyen bit nhanh hon, thi can phai c6 bang thong rong hon.

Bdng 2: Béng théngcan cé.

Bit Harmonic Harmonics Harmonics
Rate / [, 3 /,3,5
n=1Kkbps B =500 Hz B=1.5kHz B=2.5kHz
n =10 kbps B=5kHz B=15KkHz B=25KkHz
n =100 kbps B =50KkHz B =150 kHz B=250kHz

~ Thi du 23: Tim bang thong cén‘ cd cua kénh truyén thong tan sé thip néu can goi véi
toc do 1 Mbps dung phuong phap truyén trén dai tan co so.
Giai:
Loi giai con tiy theo mire chinh xac can co:
a. Bing thong téi thiéu, 13 B = (toc do bit)/2, tic 1a 500 KHz

b. T(f)t hon thi dung hai bdc mdt va bac ba, tirc 1a B =3 x 500KHz = 1,5 MHz
c. Tot hon ntra 1a hai bac mot, bac ba va bac nam, B =15 x 500 KHz = 2,5 MHz

Thi du 24: Ta dung hai kénh thong tan s thap c6 bang thong 1a 100 KHz, cho biét toc
d truyén bit ti da 13 bao nhiéu?

Giai: Tdc do truyén bit t6i da co thé dat duoc néu ta dung song hai bac mot.
Téc d6 bit 1a 2 x (bang thong hién c6), tirc 1a 200 Kbps.
Amplitude

-
v o

f, Bandpass channel f, Frequency

Hinh 4.21  Bang thongcua kénh dai thong.

Ghi chii: Néu kénh dang truyén 1a kénh thong dai, ta khong thé truyén tin hiéu s qua
kénh tryc tiep dugc, ma can chuyén doi sang tin hi¢u tuong ty trudce khi truyén.
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[ []

Y
Y

Input digital signal Qutput digital signal
Digital/analog Analog/digital
converter converter
Input analog signal bandwidth Available bandwidth Output analog signal bandwidth

Bandpass channel A _ A

Input analog signal Input analog signal

Hinh 4.22  Diéu ché tin hiéu sé dé truyén dan trong kénh truyén thong dai.

Thi du 25: Mot thi du vé truyén dan bang rong ding phuong phap diéu ché 1a tru’orng
h0’p g61 tin hi¢u tr may tin qua day thué bao dién thoai, la duong noi tur may thué bao dén
tong dai. Cac day nay duoc thiét ké dung cho truyén thoai v6i bang thongrit han ché. Kénh
truyén dugc xem 1a kénh truyén théng dai. Ta can chuyén dbi tin hiéu sb tir may tinh thanh tin
hiéu tuong tu, va géi nhu tin hiéu am tan. Ta can thiét 1ap hai bd chuyén doi dé chuyén tin
hiéu sb sang tuong tu khi goi di va nguoc lai tai dau thu. Bo chuyén ddi nay dugc goi la
modem va s€ nghién ctru ky trong chuong modem

Thi du 26: Thi du thu hai 1a hé théng dén thoai sb di dong (digital cellular telephone).
Pé nhan dugce tét, dién thoai di dong ) chuyén tin hi€u thoai twong tu thanh tin hi¢u s6. Mic
du bang thongduoc qui hoach cho dién thoai di dong 14 rat rong, ta van khong thé goi truc tiép
tin hiéu sé nay ma khong chuyén ddi. Ly do 13 kénh truyén giita ngudi goi va nguoi duge goi
lai c6 dang kénh thong dai, nén nhat thiét phai chuyén ddi tin hiéu thoai dang s sang tin hiéu
tuong tu dang hon hop trude khi géi di.
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