Bai giang: Truyén s lidu Chuong 5: Ma héa va diéu ché

CHUONG 5: MA HOA VA PIEU CHE

Conversion

methods

| Digital/Digital I |Analog/DigitaII | Digital/Analog I |Ana|og/Anang I

5.1 CHUYEN DOI DIGITAL - DIGITAL
+ Khai niém: chuyén d6i (Ma hoa) sd-sd 1a phuong phéap biéu dién dir liéu sé bang tin hiéu
sO.

Vi du: khi truyén dir liéu tir may tinh sang may in, di liéu gdc va dir liéu truyén déu ¢
dang so.
+ Pic diém: cac bit ‘1’ va 0’ duoc chuyén dbi thanh chudi xung dién ap dé co thé truyén qua
duong day.

+ So do khoi:

Cooror e om0 )

encoding

+ Phén loai: unipolar (Ma don cuc), polar (Ma c6 cuc), bipolar (Ma Iudng cuc).
Digital/Digital
encoding

| Unipolar I | Polar I | Bipolar I

5.1.1 Unipolar- M3 don cuc:

e La dang mi hoa don gian nhat (nguyén thuy-ra doi dau tién).
e Mot mirc dién 4p biéu thi cho bit ‘0’ va mt mire dién ap khac biéu thi cho bit ‘1.
Vi du: Bit ‘0’ 0 volt va ‘1’>+V volt (+5V, +9V...).; Ton tai trong mot chu ky Bit

Vi du 1: Cho 1 chudi bit 01001110, hiy biéu dién chudi bit niy duéi dang ma
Unipolar (don cuc).
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Amplitude
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+ U'u diém : don gian va chi phi thap.
+ Khuyét diém: Ton tai dién ap mot chiéu (DC) va bai toan ddng bo.

- Thanh phin DC: Tri trung binh ciia ma don cwe khac khong, tao ra thanh phan
dién ap DC trén duong truyén. Khi tin hiéu ton tai thanh phan DC, khong thé di xuyén qua
moi truong truyen.

- Kha niing dong bd: Khi tin hiéu truyén c6 gia tri khong thay doi, may thu khong thé
xac dinh dwgc thoi glan ton tai cia mot bit (Chu ky bit). Huong giai quyet 6 thé dung
thém mét diy déin dé truyén tin hiéu dong b giup may thu biét vé chu ky bit.

5.1.2 Polar:

+ Khai niém: ma hoa polar dung hai muc di¢n ap: mt muc co gia tri dwong va mot muirc
cd gia tri am, nham gidm thanh phan DC.

+ Phan loai: NRZ, RZ va Biphase.

e NRZ: NRZ-L (nonreturn to zero—level: Cong COM RS232) va NRZ-I (nonreturn
to zero — invert)

e RZ (return to zero).

e Biphase: Manchester (dung trong mang ethernet LAN), Manchester vi sai (
thuong dugc dung trong Token Ring LAN)

5.1.2.1 NRZ
+ Pic diém: Tin hiéu c6 gia tri 1a dwong (+V) hodc am (-V).
+ Phén loai: NRZ — L (Céng COM RS232) va NRZ — I
a. NRZ-1.:
+ Pic diém: Bit ‘0’>+V (+3V, +5V, +15V.); Bit ‘1” >-V (:3V, -5V- 15V..))
Vi du 2: Cho chudi 01001110, hiy biéu dién chudi bit nay duéi dang md NRZ — L.

NRZ-L 4y ‘E) 1 0 0 1 1 1 _0.
o
Thit >
-V
+ Uu diém: Thanh phan DC giam hon so v&i ma don cyc.
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+ Khuyét diém: Bai toan ddng bd: Khi tin hidu truyén co gia tri khong thay doi, may
thu khong thé xac dinh dwoc thoi gian ton tai ciia mot bit (Chu ky bit). Hudng giai
quyet c¢6 thé lam dung thém mgt diy dan dé truyén tin hi¢u dong b giip may thu
biét vé chu ky bit
b. NRZ - I:
+ Pic diém:

e Gap bit ‘1’ = s& dao cuc dién ap trudc do.

e Gap bit ‘0’ = s€ khong dao cuc dién ap trude do.

(Bit dau tién co thé gia stir dwong hodc am)

Vi du 3: ‘Cho chudi 01001110, hiy biéu dién chudi bit nay dudi dang ma NRZ —
I. Gia str ban dau dién ap duong.

ABién do NRZ-| ,

o1 0 0 1 1 1 o

V- I ! T E
o iy
\\ / A

' ' i :

-V Nl /./ o

(" Dao cwe dién 4p vi '

bit ké tiép 1a ‘1’

e Uu ’diém hon NRZ — L vin d& dong bo di duoc giai quyét khi gap chudi bit 1 lién
tiép.

5122 RZ:
+ Dic diém:

e Bit ‘0’ Nira chu ky dau cua bit 1a dién ap -V va nira chu ky sau cia bit 1a dién ap 0V.

e Bit ‘1’ Nira chu ky du cua bit 1a dién 4p +V va nira chu ky sau ciia bit 1a dién ap OV.

0 I+
ol ln
o

Vi du 4: Cho chudi 01001110, hiy biéu dién chudi bit nay dudi dang mi RZ.
Value

0] 1 0] 0] 1 1 1 0]

4 | Time

NI

[ Cac s chuyén ddi nay c6 thé sir dung ddng bo bit j

+V
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+ Uu diém: Giai quyét vin dé dong bd cho chudi bit ‘1’ hodc chudi bit ‘0’ lién tiép.
+ Khuyét diém: cé bing thong rong hon (dai tin s6 16m). C6 3 mirc dién ap.

Tuy nhién, ta sé thiy diy 1a phwong phap hiéu qua nhit. (Mot phuong phap ma héa tin
hiéu s0 tot phai co dy phong cho ché do dong bg)

5.1.2.3 BIPHASE:

+ Pac diém:

e Ton tai dién ap +V va -V trong 1 bit.
e Thanh phan DC bang zéro.
e Phuong phép dong bo héa tot.
+ Phin loai: Manchester va Manchester vi sai.
- Manchester:
e Bit ‘0’>Nua chu ky daflu cua bit 1a di¢n ap +V va nra chu ky con lai 1a di¢n ap -V
e Bit ‘1’>Nura chu ky dau cua bit 1a dién ap —V va nira chu ky con lai la dién ap +V

- Manchester vi sai:

o Gap bit ‘0’ s€ dao cuc dién ap trudc do.
e Gap bit ‘1’ s€ gilr nguyén cuc di¢n ap trude do.
e Ludn ludn cé sy thay doi dién ap tai giita chu ky bit.
Vi du 5: Cho chudi 01001110, hiy biéu dién chudi bit nay dudi dang ma Manchester va
Manchester vi sai. Gia st ban dau dién ap duong.

Amplitude
[ Zero is —|_ One is J_ ]

A
0 1 0 0 1 1 1 0
+V
Time
Manchester >
-V
Time
Manchester vi »
sai |
/‘P/

T Vi bit ké tiép la bit O j

+ U diém: Cac vi tri gita chu ky bit cho phép tao ddng bd. Thanh phan DC triét tiéu.
5.1.3 BIPOLAR (Lwéng cuc)

+ Pic diém: Dung ba mirc dién ap: dwong, 4m, va z&rd (0 volt).

+ Phan loai: AMI, B8ZS va HDB3
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| Bipolar I

| AMI I | B8ZS I | HDB3 I

5.1.3.1 AMI (Alternate Mark Inversion)
+ Pic diém:
e Bit ‘0°=> 0 Volt.
e Bit ‘1’ dién ap -V hoidc + V luén phién (Ton tai 1 chu ky bit).
Vi du 6: Cho chudi dir liéu 01001110, hiy biéu dién chudi bit nay dudi dang ma AMIL

Amplitude
0 1 o o 1 1 1 0
Time
— /
( The 1s are positive and negative alternately )

Bién thé ciia phwong phdp nay dwoc goi la gid tam nguyén (pseudo-ternary) theo dé
cdac bit 0 lan lwot nhdn cac gia tri dién ap dwong va am.

+ Uu diém :
- AMI lam triét tiéu thanh phan DC cia tin hi¢u
- Pong b doi véi chudi cac gia tri bit “1” lién tiép.
+ Khuyét diém :
- D& mat dong bd ddi véi chudi cac gia tri bit “0” lién tiép.
5.1.3.2 B8ZS (Bipolar 8- Zero Substitution):
+ Pic diém:
e Bit ‘1’ dién ap -V hodc + V ludn phién (Tdn tai 1 chu ky bit), dao cuc dién ap trude do.
e Bit ‘0’ > dém s bit ‘0’ lién tiép:
Néu khong phai 1a nhom 8 bit <0” lién tiép s& ma hoa 1a 0 Volt.
Néu 13 8 bit 0 lién tiép s& ma hoa nhur sau:
+00000000> + 000 +- 0-+ (+> +V; - > -V)
- 00000000 > - 000 - + 0+ (+> +V;- > -V)

[+[o]ofoJofoJofofof [-]JofoJof[oJof[ofo]a0]
(a) will change to (b) will change to
[«[ofofof[+[-[o]-[+] [-[oJoJo[-[+]o]~+]-]

Vi du 7: Cho chudi 10000000000100, hiy biéu dién chudi bit nay dudi dang ma B8ZS.
Gia st bit ‘1’ dau tién c6 dién ap duong.
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Amplitude
A

1.0 0,0.,0,.,0, 0,0,0,0,0.,1 .00

5.1.3.3 HDB3 (High-Density Bipolar)
+ Pic diém:
e Bit1 > dién ap -V hodc + V luan phién (Tén tai 1 chu ky bit), ddo cuc dién ap trudc do.
e Bit 0 > dém s6 bit 0
Néu khong phai 14 4 bit ‘0’ lién tiép s& ma hoa 1a 0 Volt.
Néu 12 4 bit 0’ lién tiép thi sé& tinh tong sb xung (+ hoic -)
La s6 1é: £0000 >+000+
La s6 chan: +0000 >+-00-

-0000 =>-+00+

I+I0I{E0I0I [ -loflo]o]o]
L+lofoJol~+} [-foJoJo]-]
(a) Ifthe number of 1s since the last substitution is odd
[+lofoJoJoj [-foJoJo]ol
L+l -lofjof -] [-[+[ofof*+]

(b) Ifthe number of 1s since the last substitution is even

Vi du 8: Dung md HDB3, mé héa ludng bit 10000000000100, biét bit ‘1’ dau tién 1a
dién ap duong.

Amplitude

Vi du 9: Cho I chudi nhi phan 10 bit ‘0’ lién tiép, hdy biéu dién chudi bit nay dwdi
dang cac ma Unipolar, NRZ-I, NRZ-L, RZ, Manchester, Manchester vi sai, AMI, BSZS,
HDB3. Gia swr dién ap truoc 10 bit nay la dwong va so bit 1 la so chan.
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(o] (o] (o] (o] (o] (o] (o] (o] (o] (o]
Ma don cuwc
t
NRZ-L A O (o} (o} (o} (o] (o] (o] (o] (o] (o]
+V
Thbit t
NRZ-1 A © (o] (o] (o] (o] (o] (o] (o] (o] (o]
+V
Thbit t

4 o o o o o o o o o o

+\/ — — — — — — — — ‘
Manchester
| | t

—v____J_L__J

A O o o o o o o o o o

Manchester
Vi sai

5.2 CHUYEN DPOI ANALOG - DIGITAL
Khi ta can roi rac hoa tin hiéu tuong tu.

Vi du: nhu khi goi tin hiéu thoai qua dudng day dai, do tin hiéu sé c6 tinh chéng nhiéu
tot hon so vdi tin hi€u tuong tu (analog).

+Khai niém: chuyén d6i tuong tu - s6 (s6 hoa tin hiéu twong tu) 1a qua trinh chuyén tin
hiéu tuwong ty thanh luong tin hi€u s6. Hoac (biéu dién cac thong tin ¢6 trong tin hi€u lién tuc
thanh chudi cac tin hiéu so 1, 0).

+ Muc dich:

e Giam thiéu khéi luong 16n cac gia tri trong thong tin cta tin hidu tuong tu dé c6
thé dugc biéu dién thanh ludng tin hiéu sé6 ma khong bi that thoat thong tin.
codec (coder — decoder).

e Chdng nhiéu.
e Déxirly.

+So d0 khoi:

Analog/Digital

t :D Conversion

(codec)

lnr—n|
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Chu y:
e C6 thé st dung bét ky dang tin hiéu sé nao trong muc 5.1
e Khong lam thit thoat hay lam giam chét lwong tin.

5.2.1 PAM (Pulse Amplitude Modulation —Piéu ché bién dp xung):

+PAM : Lay mau va tao ra chudi xung- Budc dau tién cho viéc chuyén doi twong tu - s6

Amplitude Amplitude
A A

\/ Time Time

a. Analog signal b. PAM signal

Hinh 5.1
+ Piéu kién ldy miu (sampling rate)
Theo dinh Iy Nyquist, toc d ldy méu phdi Ié6n hon hodc bang hai lan tan so cao nhit
cua tin hiéu.
fs 22 fimax
Chu ky liy mau: Ts =1/fs

PAM khong duge dung trong thong tin sb véi 1y do 14 tuy da roi rac héa nhung tin hiéu
PAM ciing chira qua nhiéu thanh phin bién d6 véi cac gia tri khic nhau (vAn con la dang
tuong tu).

5.2.2 PCM (Pulse Coded Modulation - Diéu ché xung mi):
+ Khai niém: PCM 1a qua trinh chuyén tin hiéu PAM sang tin hiéu so.
+ Céac budc thue hién PCM: 4 budée:

e Liy mau va giit (PAM).
e Luong tu hoa.

e Ma hoéa nhi phan.

e Mi hoa s6 - sb.

- PAM: lay miu va giit (theo dinh Iy Nyquist)

Amplitude Amplitude
A A

L
\/ Time Time

a. Analog signal b. PAM signal
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- Luong tir hoa (quantilization): 1a phuong thirc gan gia tri bat ky cia tin hiéu (sau khi liy
mau) vé mot mire da duoc dinh san.

Amplitude

~100 T{n hieu PAM da duoc
-125 lwong tir
Amplitude Amplitude
4 A

>
\/ Time Time

a. Tuongty b . PAM signal

- M3 hoa nhi phin: Chuyén mdi mau luong tir thanh 1 t6 hop nhi phan.

S6 bit cho 1 mirc= log,[tong s6 mirc lrgng tir)
Vi du: C6 256 muc luong tir, suy ra S6 bit cho 1 mirc: log,[256]=8

Vi du: Mdi gia tri duge chuyén sang gia tri bay bit nhi phan tuong ng, bit thir tim
nham biéu thi dau.

Amplitude

25 Time

75 Tin hiéu PAM da dwoc
_100 - 80 lwong tor

+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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- Ma hoa s6- s6: Chuyén cac bit nhi phan thanh tin hiéu s (ma don cyc, ludng cuc....)
Vi du : phuong phap diéu ché xung md PCM ciia mot tin hidu sé duoc chuyén theo ma
unipolar, trong hinh chi v€ gia tri 3 mau dau.

+024 +038 +048
0 0011 00O0OO0O0T1TO0O01 0 001 0000 O

— [ EII_II_I o

Direction of transfer

+ PCM la phwong phdp liy méu tin higu dwoc ding trong sé héa tin hiéu thoai trong
truyén dan T-line trong hé thong vién thong Bac My, E -line trong hé thong vién thong
Chau Au.

0001100000100110 ... |
Quantization
L l
+127
Digital/Digital
127
+024 +038 i i
00011000 00100110 Binsity
encoding
Direction of transfer |
Amplitude Highest frequency = x Hz |

Sampling rate = 2x samples/second

Time

sampling interval = 1/2x

Hinh 5.2

Vi du 10: Tinh téc d6 1iy mau (tin s6 ldy mau) cia tin hiéu c6 bang thong 10kHz ( tir 1khz
dén 11khz)?

Gidi:  fi 22 fimax
Téc do lay mau phai 13 hai 1an tan sé cao nhat cta tin hiéu,
Tbc @6 1dy mau = 2 x 11.000 = 22.000 mau/ gidy.
S6 bit trong mdi mau 1a Log,(Tong s miic)
n = Log,(M)
n: 1a s6 bit trong mdi mau. ( s6 nguyén )

M: 1a tong s murc
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Vi du 11: Liy méu tin hiéu, c6 12 mire. Hoi can bao nhiéu bit trong mdi mau?
Giai: S bit can trong mdi mau la:
n=Log(M)= Logy(12)= 3,17 lam tron >4

+ Toc dd bit (bit rate): Sau khi c6 duge sb bit trong miu, ta can tinh tdc do bit ding cong
thuc sau:

Téc dé bit = toc dp ldy mdu x sé bit trong mdi méu.
Ryit= s x n (bps: bit per second)
f, : Tan s6 1Ay miu (tdc dg lay miu)
n: sb bit trong méi miu.

Vi du 12: Can sb hoa tin hiéu thoai, tinh téc do bit, gia sir co 8 bit trong mdi mau? Gia sir tin
hiéu thoai c6 tan so cuc dai la 4 KHz.

Giai: Toc d6 ldy mau = 4000 x 2 = 8000 mau/giay.
Tbc do bit duge tinh theo:
Tbc d6 bit = Tdc do lay miu x sd bit trong mdi mau = 8000 x 8 = 64.000 bps =64Kbps
Cau Hoi:
1. V& 50 d6 khoi cua ky thuat PCM, gidi thich chirc ning timg khoi, néu dicu kién lay
mau.

2. Tinh tdc do 1ay mau, chu ky lay méu, toc do bit ctia ludng PCM.

5.3 CHUYEN POI SO-TUONG TU (Piéu ché so)

+Khii niém: Diéu ché s6 1a qua trinh thay ddi mdt trong cac dic tinh (Bién dd, Tan
s0, Pha) ciia tin hi¢u song mang (diéu hoa, sin) dwa trén thong tin cta tin hiéu so (1 va

0).
+Ly do diéu ché sé:
e Khi truyén dir liéu tir mot thiét bj sé A sang mot thiét bi sé6 B dung dudng day
di¢n thoai, v tuyen. Hodc khoang céch truyén xa.
Day dién thoai lai mang tin hi¢u tuong tu, nén phai chuyén ddi tin hiéu sd sang
tin hiéu twong tu.
e Ghép kénh.
+ So d6 khoi
oo, B2 e = %
+ Phén loai:
Tin hiéu sin dwoc dinh nghia tir ba dic tinh: bién do, tan sd va goc pha.
Trong truyén sb liéu, ta quan tim dén cac phuong phap sau:
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e ASK (amplitude shift keying): diéu ché s6 bién do, khoa dich bién do
e FSK (frequency shift keying): diéu ché s6 tan sd, khoa dich tan sb
e PSK (phase shift keying): diéu ché s6 pha, khoa dich pha

Ngoai ra con c6 phuong thuc thir tu 1a QAM (quadrature amplitude modulation) la
phuong thirc di€u ché rat hi€u qua dung trong cac modem.

Digital/Analog
modulation

+ Cac véu to cua diéu ché so

C6 2 yéu té quan trong diéu ché s6: Tc do bit/baud va tin hidu song mang (Sin).
e Téc dd bit (Ryi): 13 sb bit duoc truyén trong mot gidy (bps: bit per second)
e Téc dd baud (Rpaue=Npaua): 12 s6 don vi tin hiéu truyén trong mot gidy (baud/s)

Don vi tin hiéu la mét tin hiéu séng mang (sin) da chiva tin hiéu sé (cé thé mang 1bit,
2bit, 3 bit...)

Amplitude Bitrate: 5 Baud rate : 5
1 bit 1 bit 1 bit 1 bit 1 bit
0 . 1 . 0 ) 1 ) 0
Time
—>
1baud | 1 baud 1 baud 1 baud 1 baud
1 second
Amplitude Bit rate : 10 Baud rate : 56
b 2 bits 2 bits 2 bits 2 bits 2 bits
01 10

1 baud

1 baud

10 . 11 : 00

Time
——»
1 baud

1 baud 1 baud

<

1 second

Y nghia toc d baud nham xéc dinh bing thong can thiét dé truyén tin hi¢u.

Tdc d6 bit = tdc d6 baud x sb bit trong mdt don vi tin hi€u

+ Vidu:

Ryi= Rpaud X N

e Baud tuong ty nhu xe, con bit trong tu nhu nguoi trong xe.

o Mot chuyén xe chd mot hoac nhiéu nguoi.
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e Néu 1000 xe di chuyén tir diém nay sang diém khac chi ché mot ngudi (Vi du lai
xe) thi mang dugc 1000 nguoi.

e V6i s6 xe trén, mdi xe chd 4 ngudi, ta van chuyén dugc 4000 nguoi.

e SO xe 1a don vi luu thong trén duong, tic 1a tao nhu cau vé d6 rong clia con
duong.

Néi cdch khdc, toc dp baud xdc dinh biang thong can thiét, chir khéng phdi toc dp bit.

Vi du 13: M6t tin hiéu tuong tu (song mang) mang 4 bit trong don vi tin hi¢u. Gid st c6
1000 don vi tin hi¢u duoc truyén trong mét gidy, hay xac dinh téc dd baud va toc do bit.

Giai:
Téc d6 baud = s6 don vi tin hiéu trong 1s = 1000 baud/gidy
Tbc d6 bit = tdc do baud x s bit trong mot don vi tin hiéu =1000 x 4 = 4000 bps.

Vi du 14: Cho tdc d¢ bit ciia tin hiéu 1a 3000 bps. Gia sir mdi phan tir tin hiéu mang 6
bit, hiy tinh tdc d6 baud.

Giai:
Tbc @6 baud = tc do bit/ sb bit trong mdi phan tir tin hiéu = 3000/6 =500 baud/gidy
+ Tin hiéu séng mang (carrier signal):

e Trong truyén dan analog, thiét bi phat tao ra tin s6 séng cao tan lam nén cho tin
hi¢u thong tin. Tin hi€u nén nay dugc goi la song mang hay tan so6 song mang (dang
dicu hoa, sin).

e Thiét bi thu duoc chinh dé thu tdn sé song mang, trong d6 c6 tin hiéu sb di duoc
diéu ché.

e Tin hiéu mang thong tin duoc goi 14 tin hiéu didu ché.

5.3.1 ASK (amplitude shift keying: diéu ché sb bién d6):

+ Khai niém: La qué trinh céc bit ‘1’ va ‘0’ lam thay d6i bién do cua tin hiéu séng
mang (tan s va pha khong thay doi).

Vidu:

‘0’ Ve1(t)=Vem sin2nft+180°); Tdn tai trong 1 chu ky bit

‘1’ Vea(t)=Vem sin2nf.t+180°); Tdn tai trong 1 chu ky bit

Gid sit Vem2> Vemi;

Vi du 15: Cho moét tin hiéu s6 01010, téc do bit 1a 5 bps, duoc diéu ché béng phuong
phép ASK. Tan s6 song mang f.=20Hz. Bién d0 doi vdi bit ‘1° 1a 5V, bién d§ doi vai bit ¢0°
12 2V. Pha ban d4u cia song mang 1a 180°.

a. V& tin tin hiéu ASK.
b. Tinhiéu ASK c6 phai la tin hi¢u diéu hoa hay khong? Giai thich.
c. Tinh tdc do Baud.
Giai:
a.Veé tin tin hi¢u ASK.
‘0’ vei(t)=2. sin(2m.20t+180%) V; Tn tai trong 1 chu ky bit
‘1> vea(t)=5 sin(27.20t+180") V; Tdn tai trong 1 chu ky bit
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Chu ky bit Ty=1/ Ry=1/5 = 200ms
Chu ky song mang T=1/ f=1/20 = 50ms
Vay Tvy=4 T, 2 1 chu ky bit chira 4 chu ky song mang

Amplitude Bitrate: 5 Baud rate : 5

¢ 1hit 1 bit 1 bit 1 bit 1 bit
0 , 1 : 0 . 1 . 0

Time

1baud | 1baud | 1baud | 1baud | 1baud

1 second

b.Tin hiéu ASK khong phai 14 tin hidu diéu hoa.Vi c6 2 bién do.
¢. Toc d6 Baud: Niaug = Rpaue= 5 baud/s
+ Khuyét diém: ASK thwong rit nhay cim véi nhiéu bién do.
Nhiéu nay thwong la cdc tin higu dién dp xudt hién trén dwong ddy tiv cdc nguén tin
hi¢u khdac anh hwong dugc lén bién dj cua tin hiéu ASK.

Phuong phéap ASK thong dung va dugc goi la OOK (on-off keying). Trong OOK, c6
mot gid tri bit twvong duong vdi khong c6 dién ap. Piéu nay cho phép tiet kiém dang ke
ning lwong truyén tin.

Amplitude Bitrate: 5 Baud rate: §
1 bit 1 bit 1 bit 1 bit 1 bit

0 , 1 , 0 , 1 , 0

Time

1baud i 1baud | 1baud | dbaud | 1baud

1 second

+ Biing théng ASK: C6 v6 s6 tan sb (Khong tuan hoan). Song mang fe & giira, cac gia
tri fc — Npaua/2 va fc + Npaua/2 & hai bién.

Amplitude

Minimum bandwidth=Nyaq

Vl

|
™

Frequency

Bing thong can thiét dé truyén tin hidu ASK dugc tinh theo cong thirc sau:
BW = fuax —fuin = (f¢ + Npaua’2) — (f¢ — Npaua2
= Npaua = Rpaud
Trong d6: BW: bang thong [Hz]
Riauds Nyaua: toc 40 baud [baud/s]

Viy béing thong toi thiéu can cho qud trinh truyén tin hiéu ASK béing toc @ baud (1
hwong - trén dwong day).

Thuc té BW = (1+d) Npaua
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d: 1a thira s6 lién quan dén diéu kién duong day (cé gia tri bé nhat 1a 0)

Vi du 16: Cho mdt tin hiéu s6 01010, toc do bit 1a 5 bps, dugc diéu ché bang phuong
phap ASK. Tan s6 song mang f= 20Hz. Bién d6 dbi voi bit “1° 1a 5V, bién d6 ddi véi bit <0’
12 2V. Pha ban d4u ciia song mang 1a 180°.

a. Tinh tdc do Baud.

b. Tinh bang thong cua tin hi¢u ASK trén.
c. V&pho cua tin hiéu ASK trén.

a. Tinh tdc do Baud.

Amplitude Bitrate: 5 Baud rate: 5

b 1bit 1 bit 1 bit 1 bit 1 bit
0 ) 1 ) 0 ) 1 ) 0

Time

1baud | 1baud | 1baud | 1baud | 1 baud

1 second

Tin hiéu ASK, Rp.ua= Rpir=5 baud/s
b. Tinh bang thong cua tin hi¢u ASK trén.

BW = Rbaud=5 (HZ);
c. V&pho cua tin hiéu ASK trén.

Amplitude Bang\thong

Frequency
Hz)

| = | 225 |

+ Biing thong hé thong truyén tin hiéu thay d6i theo ché do truyén:

e Duong diy c6 1 hudng truyén (ché do don cong): bang théng cua duong day tdi
thiéu bang bang thong cua tin hi¢u

BWhé théng = BWdu(‘)‘ng day = BWiin higu.

e Duong day c6 2 hudng truyén nhung khong dong thoi (ché d6 ban song cong):
bang thong ctia dudng day tdi thiéu bang bang thong ciia tin hiéu

BWhé théng = BWauong day = BWiin hieu™ BWmi huong -
e Puong day co 2 hudng truyén dong thoi (ché do song cong):
BWhe théng = BWauong day min = 2.BWiin hieu + BWhio ve.
BWiio ve: dai tan s6 bao vé 2 hudng (Iy tudng bang 0)

Vi du 17: Tinh bang thong hé thong truyén tin hiéu ASK véi toc do bit 1a 2 kbps. Ché
do truyén dan ban song cong.
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AmRlIGe Minimum bandwidth = Nyy,q

Vl

|
[~

Frequency

Giai:

Vi hé thong ban song cong nén: BWhe théng = BWgi huong
Vi diéu ché ASK nén Ryt = Rpaud X 1= Rpaud

Suy ra BW5i hueng = Rpaud = Rpie = 2000Hz

Bing thong t6i thiéu ctia hé thong 1a BW théng = 2kHz.
Vi du 18: Cho tin hiéu ASK c6 bang thong 5kHz, tinh toc d6 bit va toc d6 baud.
Giai:

Vi diéu ché ASK nén Ryt = Reaud

Ma BWask = Roaud ;

Suy ra tbc d6 bit Ry =5000 bps;

Suy ra tdc d6 baud Rpauq =5000 baud/s;

Vi du 19: Cho bing thong hé théng truyén ASK 1a 10 kHz (1 kHz dén 11 kHz), hé
thong truyén song cong. Gia su khong co khoang trong tan so gitra hai huong (BWhae ve=0).

a. Tinh bing thong ctia mdi hudng.
b. Tinh tan s6 song mang mdi hudng (Hudng thuan va hudng nghich).
c. V& phd ASK ctia hé thong.
Giai:
a. Tinh bing thong cia mdi hudng.
Do hé théng ASK song cong nén BWig théng = 2. BW i huong
Suy ra BW i hueng = (1/2). BWhg théng = 10khz / 2 = 5khz = 5.000 Hz
b. Tinh tin s song mang mdi hudng (Hudng thuan va hudng nghich).
Tan s6 song mang 13 tan sb giira:
+ Hudng nghich (tan s thap):

AmRlEe Minimurm bandwidth = Nyqq

|t
I I

Frequency

SChuong nghich = fmint (1/2). BWigi husng = 1.000 + 5.000/2 = 3500 Hz

+ Hudng thuan (tin sb cao):
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AmRlEe Minimurm bandwidth = Nyqq

Vl

[
I

Frequency

1 hwong thudn = fuax - (1/2). BWingi hugng = 11.000 - 5.000/2 = 8500 Hz
c. V&phd ASK cua hé thong

Amplitude
fc(backward) fo(forward)

Frequency
1000 3500 6000 8500 11.000

5.3.2 FSK (frequency shift keying):

+Khai niém: La phuong phap ma tin so ciia tin hi¢u séng mang thay déi dé biéu dién cac
bit ‘1’ va ‘0’ (bién do va goéc pha khong thay do1).
Vi du:
Bit ‘0’ (g v6i song mang vei(t) = Ve sin(2nf. t+180°); Tdn tai trong 1 chu ky bit
Bit ‘1’ (g v6i song mang vea(t) = Vem sin(2nfot+180°): Ton tai trong 1 chu ky bit
Gia st fo > fig;
Vi du 20: Cho mét tin hiéu sb 01101: téf: do bit 1a 5 bps, duqc‘di‘éu’ ché bang phuong phap
FSK. Bién d9 song mang 1a 5V, tan s6 do6i voi bit “1° 1a 20Hz, tan s6 do6i véi bit ‘0’ 1a 10Hz
va pha ban dau ciia song mang 1a 180°.
a. V& tin tin hiéu FSK.
b. Tin hiéu FSK ¢6 phai 1a tin hiéu diéu hoa hay khong? Giai thich.
c. Tinh téc do Baud.
Giai:
a. VEé tin tin hi¢u FSK
‘0> vei(t)=5sin(27.10t+180%) V; Tén tai trong 1 chu ky bit
‘1’ veo(t)=5sin(271.20t+180°) V; Ton tai trong 1 chu ky bit
Chu ky bit Ty=1/ Ry=1/5 = 200ms
Chu ky song mang bit ‘0’; T1=1/ f.;=1/10 = 100ms
Chu ky song mang bit “1”; To=1/ f.,=1/20 = 50ms

Vay Ty= 2T, =4T; = 1 chu ky bit chira 2 chu ky song mang f; va chia 4 chu
ky song mang f.;.
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Bit rate : 5 Baud rate : 5

Amplitude

b.

C.

¢ 1hbit 1 bit 1 bit 1 bit 1 bit
0 . 1 . 1 . 0 . 1

Time

1baud | 1baud | 1baud | 1baud | 1 baud

< 1 second

Tin hiéu FSK khong phii 1 tin hiéu diéu hoa.Vi tan sb thay doi.

Tbc d6 Baud:
Mot don vi tin hi¢u mang 1 bit nén Rpit = Rpaud

Suy ra Ryaue= 5 baud/s

+ Biing théng ciia FSK: Pho FSK chinh 1 t6 hop ciia hai pho ASK tap trung quanh 2

tan so: f¢; (bit 0)

Am
i

BW = fiux

Vé.fcg (blt 1)

plitude
‘ BW=£f, —fo1 +Ruauwa

A

Rbaud/2 1:C2 - 1:C1 Rbaud/2

»la »la »
) )

A

Frequency

o —»

fc1 fC2

£

BW = f; + (1/2)Rpaud -[ foi- (1/2)Rpaud ]

BW = /fCZ

- fo1/+ Rygua = Af+ Npgua= Af + Rygua

BWgsk = Af + Rypaua 5 BWask =Rbpaua 5

Af: D6 léch tin sb ciia 2 song mang
Noaud = Roaua: Toc d0 baud
Rbit = Robaud

Vi du 21: Cho mét tin hiéu sb 01101, tdc do bit 1a 5 bps, duoc ‘di‘éu ché bang phuong phap
FSK. Bién d9 song mang 1a 5V, tan s0 do6i voi bit “1° 1a 20Hz, tan s6 do6i véi bit ‘0’ la 10Hz
va pha ban dau ciia song mang 1a 180°.

a. Tinh
b.Tinh

tdc do Baud.

bang thong cua tin hi¢u FSK trén.

c. V& pho cua tin hiéu FSK trén.
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Giai:
a. Tinh téc do Baud.
FSK, Ryaud = Ryit = Sbaud/s
b. Tinh bang thong cua tin hi¢u FSK trén.
BWgsk = Af + Rpaua=20-10+5 = 15Hz
c. V& pho cua tin hiéu FSK trén.

Amplitude

Hz

75 10 20 225

+ Uu diém FSK so véi ASK : FSK tranh dwoc hau hét cdc dang nhiéu bién do.

+ Khuyét diém FSK so véi ASK: Néu cing mét toc dé bit thi biang théng FSK I6n hon
bang thong ASK.
Vi du 22: Tinh biang thong nhé nhét ciia hé thdng FSK, biét tdc do bit 2kbps, ché do truyén
dan ban song céng va cic song mang cach nhau 3kHz.

Giai:

Ryt = 2kbps ; Af =3kHz; ban song cong

Vihé théng truyén ban song cong nén: BW s éng= BWndi huong=Af + Rpaua
e Trong FSK, Ryt =Rpayg ; suy ra Ryaug = 2000 baud/s
® BWs ining = Af + Rpaua = 3.000 + 2.000 = 5.000 Hz =5 kHz

Vi du 23: Tinh téc d6 bit cyc dai ciia tin hiéu FSK néu bing thong cta hé théng 1a 12kHz va
d6 léch tan s cuia giira hai séng mang it nhét 1a 2kHz, ché d6 truyén song cong.

Giai:
Cho FSK; Afin = 2kHz; song cong; BWis ining = 12khz
Tinh Ryi max 7
Vi hé théng truyén song cong nén: BWi; inéne= 2.BW i6i huomg
Suy ra: BW i hesng= (1/2)BWig méng = 12kHz/2 = 6kHz= 6.000Hz
Ma trong FSK, bang thong dugc tinh theo cong thic BW sk = BWéi uesng = Af + Rpaud ;
Trong FSK, Ryit = Reaud-
Suyra Ryi= BW,ugi huong - Af
Ruit Max = BWondi hueomg - Afmin= 6.000 — 2.000 = 4.000 bps = 4 kbps
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Vay tdc d6 bit cuc dai cua tin hiéu FSK 1a 4 kbps.
5.3.3 PSK (phase shift keying):

~ +Khii niém: Pha cia song mang thay d6i dé biéu dién cac bit ‘1’ va ‘0’ (bién d6 va tin
s0 khong doi).
Vi du:
‘0’ Vei(t) = Ve sin(2af,t+0°) ; Ton tai trong 1 chu ky bit
‘1’ Veot) = Ve sin(2nf.t+180°) ; Ton tai trong 1 chu ky bit

Vi du 24: Cho mdt tin hiéu s6 01101, tdc do bit 1a 5 bps, dugc diéu ché bang phuwong phap
PSK, bién d6 5V, tan sb song mang 20Hz, pha d6i vai bit 1° 1a 180°, pha ddi véi bit 0’ 1a 0°

Ve tin tin hiéu PSK.
b. Tinhiéu PSK c6 phai 1a tin hiéu diéu hoa hay khéng? Giai thich.
c. Tinh toc d Baud.
Gidi:

a. V& tin tin hiéu PSK
‘0’ vei(t)= 5 sin(2m.20t+0%) V ; Tdn tai trong 1 chu ky bit
‘1> vea(t)= 5 sin(2m.20t+180%) V; Tdn tai trong 1 chu ky bit

Chu ky bit Tp=1/ Ry=1/5 = 200ms

Chu ky song mang T=1/ f=1/20 = 50ms

Vay Ty= 4T, = 1 chu bit chira 4 chu ky song mang f.

Amplitude Bitrate : 5 Baud rate : 5
-~ 1 bit 1 bit 1 bit 1 bit 1 bit

o ; 1 ; 1 ; o

e
YAYAY

1 baud { 1 baud { 1 baud { 1 baud { 1 paud

1 second

b. Tinhiéu PSK khong phai 1 tin hiéu diéu hoa.Vi c6 2 pha.
C. TéC d6 Baud: Nbaud = Rbaud: Rbit =5 baud/s
+ Bing thong ciia PSK: Gidng bang thong ASK

Rpltoce Minimum bandwidth = Nyauq

|
[ I

Frequency

BWj.psk = Rpaud
Nbaud = Rbaud: TéC dé baud
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+ Uu diém PSK (2-PSK, BPSK): khong bi anh hudng nhiéu bién d6, Bang thong hep
(nho hon bang thong cua FSK)

BWASK = Rbaud 5 nhléu bién dé
BWesk = Af + Rpaua; khong bi anh hudng nhiu bién do
BWpsk = Rpaua ; khong bi anh huong nhiéu bién do

+ Gian dd trang thai pha:

0D v ()= 5sin(2m.20t+0°) V ; ‘I’ D veo(t)= 5 sin(2r.20t+180°)

Bit Phase
0 0 1 ‘ D
1 180 ‘
Constellation diagram
Bits

PSK khong bi anh hudng cia cac dang nhiéu tac dong nhu ASK, dong thoi ciing khong
bi anh hudng cua yéu t6 bang thong rong nhu FSK. Piéu ndy ¢ nghia 1a mot thay ddi nho
ctia tin hiéu ciing ¢ thé dugc may thu phat hién, nhu thé thay vi chi ding hai thay d6i cta tin
hiéu tir mot bit, ta c6 thé ding véi bon sy thay d6i thong qua dich pha cua hai bit.

+ 4-PSK (QPSK): 4 pha, 1 pha dwgc biéu dién 2 bit.

Vi du 25: Cho mdt tin hiéu s6 0110101100, tdc do bit 1a 10 bps, duge diéu ché bang
phuong phap 4-PSK (QPSK). Bién d6 5V. Tan s song mang 20Hz. Pha dugc biéu dién nhu
sau: ‘00’ phala 0°; ‘01” pha1a 90°; 10’ pha la 180°; <11° pha 1a 270° (-90°).

a. Ve tin tin hi¢u QPSK.
b. Tin hiéu QPSK c6 phai la tin hiéu diéu hoa hay khong? Giai thich.
c. Tinh tdc do Baud.

Gidi:

a. Ve tin tin hiéu QPSK
‘00> vei(t)= 5 sin(21.20t+0%) V ; Tdn tai trong 2 chu ky bit
01’ vea(t)= 5 sin(21.20t+90°)V; Tdn tai trong 2 chu ky bit
10’ ve3(t)= 5 sin(27.20t+180°)V; Ton tai trong 2 chu ky bit
‘117> vey(t)= 5 sin(27.20t -90°)V; Ton tai trong 2 chu ky bit
Chu ky bit Ty=1/ Ry=1/10 =100ms
Chu ky song mang T=1/ £=1/20 = 50ms
Vay Ty= 2T, = 1 chu bit chira 2 chu ky song mang f..
Vay 2T,= 4T, = 2 chu bit chita 4 chu ky song mang f..
Cho mot tin hiéu s6 0110101100
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Amplitude Bit rate : 10 Baudrate : 5

¢ 2 bits 2 bits 2 bits 2 bits 2 bits
01 . 10 . 10 . 1" . 00

1baud | 1baud | 1baud | 1baud | 1baud

1 second

b. Tin hiéu QPSK khong phai 14 tin hiéu diéu hoa. Vi ¢6 4 pha.
¢. Tbc d6 Baud: Npgud = Ryaud= (1/2)Rpit =5 baud/s
+ Bing thong ciia QPSK: Gidng biang thong ASK

Amplitud
mpiude Minimum bandwidth = Ny, q

[ >l
I I

Frequency

fc
| fo—Neaws2 | [ fo +Noau2

BW = Rpaud
Nbaudi=Rbaud: TéC d@ baud

+ Uu_diém QPSK(2-PSK, BPSK): khong bi anh hudng nhidu bién do, néu cing 1
bing thong cho trude thi tbec do cua dir liéu 16n hon toc do cua cac phuong phap diéu ché
khac.

+ Gian dd trang thai pha QPSK:

0y
Dibit Phase

00 0

01 90 10 00

10 180

1 270
11

Dibit Constellation diagram
(2 bits

Tuong ty, ta ciing c¢6 cac phuong phap diéu ché pha khac 2" - PSK, c6 n bit biéu dién 1
pha, khoang cach gitra cac pha 1a 360°/2".

Tir d6, c6 thé phat trién 1én 8—PSK. Thay vi dung goc 90°, ta thay dbi tin hiéu tir cac goc
pha 45°. Vi 8 goc pha khac nhau, dung ba bit (mdt tribit), theo d6 quan hé giira sé bit tao
thay d6i véi goc pha 14 liiy thira ciia hai. Dong thoi 8—PSK ciing cho phép truyén nhanh gap 3
1an so v6i 2 — PSK, nhu minh hoa & hinh 33.
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o011
Tribit Phase 001
000 o]
001 45 100 @ ® 000
010 90
011 135
100 180 101

101 225 110 111
110 270 Constellation diagram
111 315

Tribits

(3 bits)

Hinh 5.3

+ Bing théng ding cho 2"-PSK: Bing thong ti thiéu dung cho truyén dan 2" -PSK thi
tuong ty nhu cia ASK (Bang toc d6 Baud).

Bing thong t6i thiéu dung cho truyén dan 2" -PSK thi twong ty nhu cia ASK, tuy nhién
téc do bit tdi da thi 16n hon nhiéu 1an. Tirc 14 tuy c6 cing toc do baud tdi da giita ASK va
PSK, nhung téc do bit cia PSK dung cing bang thong nay c6 thé 16n hon hai hay nhiéu lin
nhu minh hoa & hinh 5.4

Amplitude
Minimum bandwidth = N,,,,4

Frequency

Hinh 5.4

Vi du 26: Tim bang thong cua tin hiéu QPSK(4 — PSK), véi toc do 2kbps theo ché d6 ban
song cong.

Giai:
Vi hé thong ban song cong nén BWi ihéng= BW i heong= BWopsk
Phuong phap diéu ché 4 — PSK, 1 pha (don vi tin hiéu) chua 2 bit,
Ryit =2 X Rpaua 5 Suy ra Rpaua = (1/2). Rpi=1000 baud/s;
Ma BWpsk = Rpaud 5 Suy ra BWopsk = 1000Hz.

Vi dy 27: Cho tin hi¢u 8-PSK c6 bang thong 5.000 Hz, tim toc d¢ bit va toc do baud?
Phuong phap diéu ché 8 — PSK, 1 pha (don vi tin hiéu) chua 3 bit,
Ryit = 3 X Rpaud 5
Ma BWsgpsk = Rypaua 5 Suy ra Ry,auq =5000 baud/s ;
Suy ra Ryt = 3X Rpaug =15.0000 bps=15kbps ;

5.3.4 OAM (quadrature Amplitude Modulation)

PSK bj gii han tir kha ning phan biét cac thay ddi goc pha nho cua thiét bi, diéu nay
lam giam toc d¢ bit.
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+ Khai niém: QAM la phwong thirc két hop giira ASK va PSK sao cho ta khai thac
dwoc toi da sy khac biét gitra cac don vi tin hi¢u.

Vi du 28: Cho mdt tin hiéu s6 101100001000010011110111, toc d6 bit 1a 24 bps, tan s6
16Hz, dugc dicu ché bang phuong phap 8-QAM (8 loai don vi tin hi€u). Gian d6 pha nhu
hinh vé.

a. Vé tin tin hi¢u 8-QAM.

b. Tin hiéu 8-QAM c6 phai 14 tin hiéu diéu hoa hay khong? Giai thich.
c. Tinh tdc d Baud.

d. Tinh bang thong 8-QAM.

Gidi:

a. Ve tin tin hi¢u 8-QAM.

Chu ky bit Ty=1/ Ry=1/24

Chu ky song mang T.=1/ f=1/16

Ta c6 3 Tp= 2T, suy ra 3 chu bit s& ton tai 2 chu ky song mang
tin hidu s6 101100001000010011110111

AmpIi}ude Bit rate : 24 Baud rate : 8

3bits 3bits 3bits 3 bits 3 bits 3bits 3 bits 3 bits
101 ; 100 ; 001 ; 000; 010 ; 011 ; 110 ; 111

1 baud ' 1 baud® 1 baud 1 baud 1 baud * 1 baud } 1 baud* 1 baud

[¢—— 1 second

8-QAM
2 amplitude, 4 phases

b. Tin hiéu 8-QAM khong phai Ia tin hiéu diéu hoa, vi c6 nhiéu bién d6 va
nhiéu pha.
c. Tinh tdc do Baud.
Rbaud = (1/3)Rbit = & baud/s
d. Tinh bang thong 8-QAM.
Bing thong cia tin hiéu QAM bang bing thong ASK va bang toc do baud
BWqam= BWask = Roaud;
Suy ra BWQAM = 8Hz.
+ Twong tw ta ciing c6 cdc dang diéu ché 2"-QAM. Véi n la sé bit chiva trong mét don
vi tin higu, 2" : la s6 loai don vi tin hiéu.
Quan hé hinh hoc cia QAM c6 thé thé hién dudi nhiéu dang khac nhau nhu trong hinh
sau, trong d6 minh hoa 3 c4u hinh thuong gip ciia 16-QAM.

Bién dich: Nguyén Viét Hing Trang 76

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Bai giang: Truyén s lidu Chuong 5: Ma héa va diéu ché

3 amplitudes, 12 phases 4 amplitudes, 8 phases

2 amplitudes, 8 phases

16-QAM 16-QAM
Hinh 5.5

Truong hop dau ding 3 bién d6 va 12 pha, giam thiéu tot nhidu do c6 ti s6 giita goc pha
va bién d6 16n nhu ITU - d€ nghi.

Truong hop thir hai, bon bién d6 va 8 pha, theo yéu cau ctia mo hinh OSI, khi quan sat
ky, ta s€ thay la cau hinh theo dang dong truc, khong xuat hién yeéu to giao nhau gitta cac bién
d6 va pha. Thyc ra, v6i 3 x 8 ta c¢6 dén 32 kha ning. Tuy nhién khi méi sir dung phan nira kha
ning nay, thi sai biét goc pha do lwdong duoc da gia ting cho phép doc tin hiéu tot hon rdi.
Thong thudng thi QAM cho thay it bi 4nh huéng ctia nhiéu hon so véi ASK (do c6 yéu to
pha)

+ Bing thong ciia QAM:

Bing thong tdi thiéu can cho truyén dan QAM thi gidng nhu ciia ASK va PSK, ddng
thoi QAM ciling thtra hudng wu diém cua PSK so vdi ASK.

+ So sdnh toc dd bit/tbc dé baud:

Gia str tin hiéu FSK duoc ding truyén tin hiéu qua duong thoai co thé goi dén 1200 bit
trong mot gidy, tirc ¢6 tdc do bit 1a 1200 bps. Mdi tan sd thay doi biéu dién mot bit; nhur thé
thi cdn c6 1200 phan tir tin hidu dé truyén 1200 bit. Trong tdc d baud, ciing 1a 1200 bps. Mdi
thay ddi cua tin hiéu trong hé théng 8 — QAM, dugc biéu dién dung ba bit, nhu thé vai toe do
bit 1a 1200 bps, thi tbc dd baud chi 1a 400. Hhé thong dibit c6 tbc d6 baud chi bang phan nira
tbc do bit, va trong hé tribit thi tbc do baud chi con mot phﬁn ba toc do bit, va truong hop
quabit thi tdc do baud chi con mot phﬁn tu toc do bit.

Bang du6i ddy nham so sanh toc do bit va téc do baud trong nhiéu phuong phap diéu
ché so - tuong tu.

Dang diéu ché zﬁglt:/‘)ﬁi Lll Bits/Baud | Tdc do Baud | Téc do Bit
ASK, FSK, 2-PSK 1 Bit 1 N N
4-PSK, 4-QAM 2 Bit 2 N 2N
8-PSK, 8-QAM 3 Bit 3 N 3N
16-QAM 4 Bit 4 N 4N
32-QAM 5 Bit 5 N SN
64-QAM 6 Bit 6 N 6N
128-QAM 7 Bit 7 N TN
256-QAM 8 Bit 8 N 8N
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Vi du 29: Gian d6 pha trang thai gom 8 diém cach déu nhau trén mot vong tron. Biét toc do

bit 1a 4800 bps, tinh téc d6 baud .
- Pay la dang 8 —PSK (2° =8)
- Céc pha cach nhau 360°/8 = 45°
- Mot don vi tin hiéu chira 3 bit.
- Nhu thé toc d6 baud 13 Rpaua= (1/3)Rpi = 4.800/3 = 1600 baud/s
Vi du 30: Tinh tc d0 bit cua tin hiéu 16 — QAM, biét tc d6 baud 1a 1000.
- Pay la dang 16 — QAM (2* =16)
- Mot don vi tin hiéu chtra 4 bit.

- Nhu thé toc d6 bit 1a Ryj=4 Rpaua= 1.000 x 4 = 4.000 bps.

Vi du 31: Tim téc d6 baud cua tin hidu 64—-QAM biét c6 tc do bit 72.000 bps.

Giai:
- Pay 1a dang 64 — QAM (2° =64)
- Mot don vi tin hiéu chira 6 bit.

- Nhu thé toc d6 baud 13 Rpaua= (1/6)Rpi = 72.000/6 = 12.000 baud.

5.4 CHUYEN POI ANALOG —ANALOG (Piéu ché twong tw)

+ Khéi niém: La qué trinh thay doi mQt trong cac thong sd cua song mang cao tan

(Dang diéu hoa) bdi tin hiéu tin tirc (dir lidu twong tu).

+ So d6 khoi:
~—~ Q ::> Analog/Analog ::>
conversion

+ S6ng mang cao tan (Dang diéu hod) ¢6 3 thong s6 : Bién d, tan s6 va pha nén ta c6 3

phuong phép diéu ché tuong ty la:
e AM (Amplitude Modulation): Diéu bién (Piéu ché bién do)
e FM (Frequency Modulation) ): Diéu tan (Diéu ché tin s6)
e PM (Phase Modulation) ): Diéu pha (Diéu ché pha)

Analog/Analog
modulation

AM | | FM | | PM
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5.4.1 Diéu bién (AM):

+ Khai niém: La phuong phap ma bién do song mang duoc thay doi theo tin hiéu diéu
che (tin tirc), tan sO va géc pha song mang khong doi.

+ Tin hiéu diéu ché (tin ttc) tré thanh hinh bao cta séng mang.

T/—\ Modulating signal (audio)

Carrier frequency

f\/\/\/\/\/\/\/\/\/\ R
UUU\/UU\/UU\/

+ Bing thong cuia tin hi¢u AM:

Amplitude

Frequency
fo
. BWp, BWp, .

I: -l >

BW; =2 x BWn,

BWAM i 2 Fi max_— 2 BWI
Vi Fi max 12 tAn s6 cuc dai cua tin tuc.
V61 BW; = BW,, 1a Bang thong cua tin tirc.

Vi du: Bing thong cua tin hiéu thoai thuong 1a 5 KHz. Nhu thé cac dai phat thanh AM can
bang thong téi da 1a 10 KHz. Trong thyc té, FCC (Federal Communication Commission) cho
phép mdi dai AM co bing thong 1a 10 KHz.

+ Cac dai AM phat cac tan sd song mang tir 530 kHz dén 1700 KHz (1,7 MHz). Tuy nhién
cac tin s phat nay phai duoc phan cach véi nhau it nhat 1a 10 KHz (mot bang thong AM)
nhim tranh giao thoa.

Vi du: Néu mot dai phat dung tan sé 1100 KHz, thi tan s6 song mang ké khong duoc phép bé
hon 1110 KHz.

fc = Carrier frequency of the station

fc fc fc fc fc fc e

F'S F'S F'S
530 10 1700
KHz KHz KHz

Vi du 32: Cho tin hi¢u voi bang thong 4 KHz, tim bang thong cua tin hi¢u AM. Gia sir khong
tinh dén cac qui dinh ctia FCC.

Gidi:
Tin hiéu AM c6 bang thong 1a hai 1dn bang thong tin hidu gbc: BW = 2 x 4KHz = 8 KHz
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5.4.2 FM (Diéu tin):
+ Khéi niém: La qua trinh ma tan s6 song mang bién thién theo bién d6 tin hiéu tin tic,
bién d¢ va pha cua song mang khong doi.

Amplitude Modulating signal (audio)
Time

Amplitude .
Carrier frequency

NANNANNN NN e
RVAVAVAVAVAVAVAVAVAY,

Amplltude EM 3|gna|

Time

Hinh 5.6
+ Biang thong tin hi¢u FM:
BWem = 2 (Fi maxt Afin ) = 10. BW;
Vi : Fimax 12 tAn s6 cuc dai cua tin tic.
Af 13 46 di tan cuc dai.

BWi; la bang thong cua tin tirc.

i BWm = Bandwidth of the modulating signal
Amplitude (audio)
BWV,; = Total bandwidth (radio)
fc = Frequency of the carrier

Frequency
-

fC
5 BWm : 5 BWm

BW:; =10 x BWn
e Bing thong cta tin hiéu audio khi phat theo ché d stereo thwong la 15 KHz.
e Mbi dai phat FM can mdt bang thong t6i thiéu 1a 150 KHz.
e Co quan FCC cho phép 200 KHz (0,2 MHz) cho mdi dai nhdm dy phong cac dai
tan bao vé (guard band).
Céc chuong trinh phat FM phat trong dai tin tir 88 MHz dén 108 MHz, cac dai phai
duogc phan cach it nhat 200 KHz dé tranh tring lip song.
Trong tam tir 88 MHz dén 108 MHz, c6 kha ning c6 100 kénh FM, trong d6 c6 thé
dung cung lic 50 kénh.

fc = Carrier frequency of the station

fe fe fe fc fc
7 N ’'N FS ’'N
No No No
station station X T J station
here here here
88 >00 108
MHz KHz MHz
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Vi du 33: Cho tin hiéu v6i bang thong 4 MHz, diéu ché FM, tim bang thong cua tin hiéu FM
d6, khong tinh dén qui dinh ciia FCC.

Gidi:
Tin hiéu FM can 10 1an bang thong cta tin hiéu gbc: BW = 10 x 4 MHz = 40 MHz
5.4.3 PM (Phase Modulation):

Nhﬁm don gian hoa yéu cau cua phan cimg, doi khi PM duoc dung thay thé FM trong
mdt s6 hé thong, theo do goc pha cua song mang dugc diéu ché theo bién do tin hiéu diéu ché,
trong khi bién do va tan sd ciia song mang duogc giit khong doi. Phuong phap phan tich thi
tuong ty nhu FM va khong dugc ban & day.
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BAI TAP CHUONG 5
I. CAU HOI ON TAP:
1. Cho biét sy khéac biét gitra ma hoa va diéu ché ?
2. Mi hoa sé - sb 1a gi?
3. Chuyén déi tuong ty - s6 1a gi?
4. Chuyén d6i sb - twong tu 1 gi?
5. Chuyén ddi tuong tu - trong tu 13 gi?
6. Cho biét tai sao phurong phap diéu ché tan s6 t6t hon so v6i diéu ché bién do?
7. Uu diém cua QAM so v&i ASK hoidc PSK 1a gi?
8. Trinh bay 3 dang chuyén dbi s6 - s6 ?
9. Thanh phan DC 1a gi?
10. Tai sao phai c6 bai toan dong b trong truyén sb liéu?
11. NRZ — L khéc NRZ -1 & diém nao?
12. Trinh bay vé hai dang ma hoa biphase dung trong mang?
13. Khuyét diém ctia NRZ 1a gi? Cho biét hudng giai quyét tir RZ va biphase?
14. So sanh khac bi¢t gitta RZ va AMI?
15. Ba dang ma hoa bipolar la gi?
16. So sanh khac biét giira B§ZS va HDB3?
17. Hiy cho biét cac budc dé thiét 1ap ma PCM ?
18. Toc d6 14y mau anh hudng nhu thé nao 1én tin hiéu sé duoc truyén ?
19. Anh huong s6 bit cia mot méau 1én tin hiéu sé duoc truyén ?
20. Néu bdn phuong phap chuyén déi tin hiéu sb sang tuong ty 14 gi?
21. Khac biét gitra toc do bit va tc do baud 1a gi ? Cho thi du ?
22. Diéu ché 1a gi ? Muc dich cua song mang trong diéu ché 1a gi?
23. Tdc d6 baud lién quan nhu thé nao ddi voi bang thong truyén ASK ?
24. Tdc d6 baud lién quan nhur thé nao ddi voi bang thong truyén FSK ?
25. Tdc d6 baud lién quan nhur thé nao ddi voi bang thong truyén PSK ?
26. Cho biét cac thong tin c6 duoc tir gian do trang thai — pha?
27. Tdc d6 baud lién quan nhu thé nao ddi voi bang thong truyén QAM?
28. QAM quan hé ra nhu thé nao v6i ASK va PSK?
29. Cho biét cac uu diém cta PSK so véi ASK?
30. Khac biét gitta AM va ASK?
31. Khac biét gitta FM va FSK?
32. So sanh bang thong ctia FM va AM theo tin hiéu diéu ché
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II.CAU HOI TRAC NGHIEM

33.

34.

35.

36.

37.

38.

ASK, PSK, FSK va QAM la dang diéu
ché:

a. sO-s6

b. sb -tuong tu

c. tuong tu -tuong tu

d. tuong tu - s6

Unipolar, bipolar va polar phuong thirc
ma hoéa:

a. sO-s6

b. s6 -tuong tu

c. tuong tu -tuong tu

d. tuong tu - s6

PCM 1a thi du vé phuong phap diéu
ché nao:

a. sO-sd

b. sb -tuong tu

c. tuong tu -tuong tu
d. tuong tu - sb

AM va FM la cic phuong thic didu
ché:

a. sO-s6

b. sb -tuong tu

c. tuong tu -tuong tu
d. tuong tu - s6

Trong QAM, yvéu t6 nio cua song
mang bi thay doi:

a. bién do

b. tansd

c. toc do bit

d. tdc dd baud

Cho biét phuong thitc nao dé bi anh
hudng cua nhiéu bién do:

a. PSK

b. ASK

c. FSK

39.

40.

41.

42.

43.

d. QAM

Néu pho tin higu c6 bang thong Ia
SOOHZ, tz:tn sO cao nhat 1a 600Hz thi toc
d6 lay mau la...

a. 200 mau/gidy
b. 500 mau/gidy
c. 1.000 mau/giay
d. 1.200 miu/gidy

Néu toc d baud 1a 400 cua tin hiéu 4-
PSK thi tc do bit a....

a. 100

b. 400

c. 800

d. 1600

Néu tbc do bit cia ASK 1a 1200 bps thi

tdc d6 baud 1a...

a. 300

b. 400

c. 600

d. 1200

Néu téc do bit cua tin higu FSK I
1200 bps thi toc d6 baud la...

a. 300

b. 400

c. 600

d. 1200

Néu toc do bit cua tin hiéu QAM la

3.000 bps va mot don vi tin hiéu chira
3 bit. Toc @6 baud la....

a. 300
b. 400
c. 1000
d. 1200

44. Néu tdc @6 baud cua tin hidu QAM la

3.000 va mot don vi tin hi¢u chira 3 bit.
Tocdo bit 1a....
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45.

46.

47.

48.

49.

a. 300 bps
b. 400 bps
c. 1000 bps
d. 9000 bps

Néu tdc d9 baud cia tin hiéu QAM Ia
1.800 va toc d6 bit 1a 9.000, trong mot
phan tu tin hi¢u co...

a. 3bit
b. 4 bit
c. Shit
d. 6bit

Trong 16-QAM, s6 16 1 ...

a. To hop cta pha va bién do
b. Bién do

c. Pha

d. Bit trén gidy

Phuong thirc diéu ché dung 3 bit, 8 goc
dich pha khac nhau va mdt bién do la
phuong thic:

a. FSK
b. 8-PSK
c. ASK
d. 4-PSK

Dinh Iy Nyquist cho biét toc do lay
mau toi thi€u cua tin hiéu la....

a. bang tan s thip nhét cua tin hiéu
b.bang tan s6 cao nhét cia tin hidu

c. gip do6i bang thong cua tin hiéu

d. gip do6i tn sb cao nhit cua tin hiéu

Cho tin hiéu song AM c6 bang thong
10 KHz va tan s6 cao nhat 1a 705 KHz,
cho bict tan so sobng mang:

a. 700 KHz

b. 705 KHz

c. 710 KHz

d. khong thé xac dinh dung cac thong
tin trén

50.

51.

52.

53.

54.

55.

Yéu t6 tao do chinh x4c khi tai tao tin
hi€u twong tu tir luong PCM 1a....

a. bang thong tin hiéu

b. tan sd song mang

c. so bit dung lugng tir hda
d. toc dd baud

Dang ma hoa ludn cé trung binh khac
khong 1a....

a. unipolar
b. polar
c. bipolar

d. tit ca cac dang trén

Dang mi hoa khong can truyén tin hiéu
dong b 1a...

a. NRZ-L
b. RZ

c. B8ZS
d. HDB3

Phuong phap mi hoa dung 1an luot cac
gia tri duong va am cho bit ‘1’ 1a
a. NRZ-I

b. RZ
c. Manchester
d. AMI

Phuong phap dung yéu té vi pham khi
ma hoa s6-s0 la....

a. AMI
b. B8ZS
c. RZ

d. Manchester
Tin hi¢u di€u ché c6 duogc tir yeu to:

a. Thay d6i tin hiéu didu ché bing
song mang

b. Thay déi song mang bang tin hiéu
dicu che

lwong tir hoa ngudn dir liéu

d. lay miu dung dinh Iy Nyquist
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56.

57.

58.

59.

60.

61.

Theo qui dinh cia FCC, tan sb song
mang cua cac dai AM dugc phan cach
nhau:

a. 5KHz
b. 10 KHz
c. 200 KHz
d. 530 KHz

Theo qui dinh cua FCC, trong dai tin
ctia FM c6 thé co bao nhiéu kénh (dai)
vé mit Iy thuyét: (88Mhz-108MHz),
BWFMZO,thZZZOOHZ.

a. 50

b. 100
c. 133
d. 150

PCM nham chuyén dbi tin hiéu tir
tuong tu sang tin hiu....

a. analog
b. sb

c. QAM
d. wvisai

Néu gié tri t6i da cta tin hiéu PCM la
+31 va gia tri bé nhat 1a —31, cho biét
¢6 thé dung bao nhiéu bit dé€ ma hoa:

a. 4
b. 5
c. 6
d. 7

Khi phan tich tin hiéu ASK, két qua
cho ta:

a. luon la tin hiéu sin

b. 1uodn 1a hai tin hiéu sin

c. sb vd han cac tin hiéu sin
d. tatca déu sai

Phuong thuc RZ dung bao nhi€u muc
dién ap:

62.

63.

64.

65.

66.

67.

c. 4
d. 5
Cho biét s6 murc lugng tir hoa nao cung

cép do trung thuc cao khi khoi phuc tin
hi¢u:

a. 2
b. 8
c. 16
d. 32
Cho blet phuong thte nao nham giai

quyet yéu t6 mat dong b6 khi truyén
nhiéu bit ‘0’ lién tiép?

a. B8ZS
b. HDB3
c. AMI

d. avab déu dang

Dang chuyén d6i cé lién quan dén dicu
che la....

a. chuyén déi sb - s6

b. chuyén d6i tuong tu - sb
c. chuyén déi s - twong ty
d. tat ca déudung

Phuong thire chuyén dbi can liy méu
tin hiéu la....

chuyén d6i s - sé
b. chuyén déi twong tu - s6 (PAM, PCM)

&

c. chuyén déi s - tuong ty
d. tt ca déu dung

Bing thong cua tin hiéu FM bang 10
lan bang thong cua tin hi¢u....

a.song mang
b.diéu ché (Tin tirc)
c. bipolar

d.1iy mau

Diéu ché tin hiéu tuong tu la phuong

thirc 1am thay doi yéu t6 .....cla song
a. 1 mang.
b. 3 a. bién do
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b. tansd a. bién do
c. pha b. tansd
d. titca déu ding c. pha
68. Pidu ché tin hiéu sb 1a phuong thirc d. tat ca déu ding

lam thay d6i yéu t6 .....cta song mang.

III. BAI LUYEN TAP

69. Cho tdc do bit 1a 1000 bps. Héi cd bao nhiéu bit dugc goi di trong 5s, 0,2s va 100 ms ?

70. Gia st chudi dit liéu gdm 10 bit <0°. Hay v& tin hiéu ma héa chudi nay dung cac phuong
thirc sau?

a. unipolar f.  Manchester vi sai
b. NRZ-L g AMI

c. NRZ-1 h. B8ZS

d. RZ i. HDB3

e. Manchester
71. Lam lai bai 71 dung chudi 10 bit 1?
72. Lam lai bai 71 v&i chudi gdm 10 bit lan lwot: 1010101010
73. Lam lai bai 71 khi chudi dit liéu gdm: 0001100111
74. Cho tin hiéu unipolar ciia chudi dir liéu, hdy cho biét chudi nhi phan ctia n6?

00100100

75. Cho tin hiéu NRZ-L cua chudi dit liéu, hiy cho biét chudi nhi phan ctia n6?

Time

11001001

76. Hinh v& sau chudi NRZ-I cua chudi dit liéu, cho biét chudi nay la gi?

Time

10101101

77. Hinh v& RZ ciia chudi dit lidu, cho biét chudi nay la gi?

01110011

78. Hinh v& chudi Manchester cta chudi dit liéu, cho biét chudi dir liéu 1a gi?
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11100011

79. Hinh v& chudi Manchester vi sai cia chudi dit liéu, cho biét chudi dit liéu 1a gi?

anf[ MM h
J I

00010010

80. Hinh v& chudi AMI cia chudi dit liéu, cho biét chudi dir lidu 1a gi?

\J

10001001

81. Hinh bai 81 v& chudi pseudoternary ciia chudi dit liéu, cho biét chudi dit liéu 1a gi?
e i i i i i —_— )
: : : : : ' Time

-

01110110

82.Hinh v& chudi B8ZS cua chudi dit liu, cho biét chudi dir liu la gi?

1 || 1 e

10100000000010
83. Hinh v& chudi HDB3 ciia chudi dir lidu, cho biét chudi dit liéu 1a gi?
Time

SN EEENC I

001000001001 ; gia sir tong s6 xung ban dau 1a s6 1¢

84. Cho biét c6 bao nhiéu murc bién d6 can c6 cho cac phuong thirc sau:

a. Unipolar: 2 d. RZ:3
b. NRZ-L:2 e. Manchester: 2
¢. NRZ-I:2 f. Manchester vi sai: 2

85. Tinh tdc d ldy mau cuia PCM néu tan sb thay doi tir 1.000 Hz dén 4.000 Hz?

Bién dich: Nguyén Viét Hing Trang 87

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Bai giang: Truyén s lidu Chuong 5: Ma hoa va diéu ché

86. Dung dinh ly Nyquist, tinh téc d6 14y mau cia cac tin hidu tuong ty sau:
a. Tin hi¢u tuong ty cd bang thong 2.000 Hz (fnax=BW)
b. Tin hiéu twong tyr c6 tan sé tir 2.000 Hz dén 6.000 Hz

87. Néu tin hiéu dugce ldy mau 8.000 1an trong mot gidy, cho biét khoang cach giita 2 mau
(chu ky lay mau) 1a bao nhi€u? 125 microgiay

88. Néu khoang cach giita hai mau tin hiéu ldy mau 1a 125 microgiay, cho biét téc d6 14y mau
1a bao nhiéu? 8.000 Hz.

89. LAy mau tin hiéu, mdi mau dung mot trong bdn murc. Cho biét can bao nhiéu bit dé biéu
dién moi mau? Néu toc do lay mau 1a 8.000 mau/giay, cho biét toc do bit? 2 bit,

2 x 8000=16kbps.
90. Tinh tc d6 baud cia cac tin hiéu co tdc do bit va phuong thic diéu ché?
a. 2.000 bps, FSK e. 6.000 bps, 8-PSK
b. 4.000 bps, ASK f. 4.000 bps, 4-QAM
c. 6.000 bps, 2-PSK g. 6.000 bps, 16-QAM
d. 6.000 bps, 4-PSK h. 36.000 bps, 64-QAM
91. Tinh téc d6 baud néu biét tdc do bit va td hop bit:

a. 2.000 bps, dibit (2 bit) c. 6.000 bps, quabit (4 bit)
b. 6.000 bps, tribit (3 bit) d. 6.000 bps, 8 bit
92. Tinh tdc d6 bit khi c6 tdc do baud va dang diéu ché:
a. 1.000 baud, FSK c. 1.000 baud, 8-PSK
b. 1.000 baud, ASK d. 1.000 baud, 16 -QAM

93. V& gian d6 trang thai — pha trong cac trudng hop sau:
a. ASK,biéndo1va3
b. 2-PSK, ‘1’ 0°va ‘0°>180".

94. Dir liéu tir ngudn c6 gia tri thay d6i tir -1.0 va +1.0, cho biét gia tri bit tai cac diém 0,91; -
0,25; 0,56 va 0,71 khi dung phuong phap lugng tir 8 bit?

95. Cac diém dir liéu trong gian d6 trang thai — pha la (4,0) va (6,0). V& gian dd nay. Hiy cho
bict cac gia tri bién do va pha tai tng diem? (Bai 101)

96. Lam lai bai 96 néu cac diém dit liéu 13 (4,5) va (8,10).

97. Lam lai bai 96 néu cac diém dir liéu 1a (4,0) va (-4,0).

98. Lam lai bai 96 néu cac diém dir liéu 1a (4,4) va (-4,4).

99. Lam lai bai 96 néu cac diém dir liéu 1a (4,0), (4,4), (-4,0) va (-4,-4).

100. Gian d6 trang thai pha & hinh 5.7 12 dang diéu ché nao: ASK, FSK, PSK va QAM?

Hinh 5.7

Bién dich: Nguyén Viét Hing Trang 88

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Bai giang: Truyén s lidu Chuong 5: Ma hoa va diéu ché

101. Gian d6 trang thai pha & hinh 5.8 12 dang diéu ché nao: ASK, FSK, PSK va QAM?

Hinh 5.8

102. Gian d6 trang thai pha & hinh 5.9 1a dang diéu ché nao: ASK, FSK, PSK va QAM?

Hinh 5.9

103. Gian d6 trang thai pha & hinh 5.10 c¢6 biéu dién ASK, FSK, PSK va QAM?

Hinh 5.10

104. Mot gian d0 trang thai —pha c6 thé c6 12 diém khong? giai thich?
105. Mot gian d0 trang thai —pha c6 thé c6 18 diém khong? giai thich?
106. Thir d& nghi mot nguyén tic chung dé tim cac diém trong gian do trang thai — pha

107. Néu co6 8 diém trong gian dd trang thai — pha, cho biét co thé goi bao nhiéu bit trong mot
baud?

108. Tinh bing théng can thiét cho timg dai phat AM sau, bo qua yéu cau ciia FCC.
a. Diéu ché tin hiéu co bang thong 4 KHz; PS: 8 KHz
b. Diéu ché tin hiéu c6 bang thong 8 KHz ; BS: 16 KHz
c. Diéu ché tin higu c6 tan sb tir 2.000 dén 3.000 Hz; DS: 2 KHz

109. Tinh bang théng can thiét cho timg dai phat FM sau, bé qua yéu cau ctia FCC.
a. Diéu ché tin hiéu ¢ bang thong 12 KHz; DS: 120 KHz
b. Diéu ché tin hiéu c6 bang thong 8 KHz; DS: 80 KHz
c. Diéu ché tin hiéu c6 tan s6 tir 2.000 dén 3.000 Hz; PS: 10 KHz
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