Bai giang: Truyén s6 liéu Chuong 5: Ma hoa va diéu ché

CHUONG 5:
M3 Héa & Diéu Ché

Conversion

methods

| Digital/Digital I Analog/DigitaII Digital/Analog I Analog/Analog I

5.1 CHUYEN DOI DIGITAL — DIGITAL

+ Khai niém: chuyén d6i(Ma hoa) s6-sé 1 phuong phap biéu dién dit liéu sé bang tin hiéu
sO.

Vi du: khi truyén dwr li¢u tr may tinh sang may in, dit liéu géc va dir liéu truyén déu &
dang soO.
+ Pic diém: cac bit ‘1’ va ‘0’ dugc chuyén ddi thanh chudi xung dién ap dé c6 thé truyén qua
duong day.

+ So' @0 khdi:

Froror ] e feomonaly | | 0 —

encoding

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

| Unipolar I | Polar I | Bipolar I

5.1.1 Unipolar- Ma don cuc:

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

Vi du: Cho 1 chudi bit 01001110, hay biéu dién chudi bit nay dudi dang ma Unipolar
(don cuc).
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Amplitude
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e Uu diém : don gian va chi phi thap.
o Khuyét diém: Ton tai dién ap mot chiéu (DC) va bai toan dong bo.

-Thanh phan DC: Tri trung binh ciia ma don cwe khac khéong, tao ra thanh phan
dién &p DC trén duong truyeén. Khi tin hi¢u ton tai thanh phan DC, khong thé di xuyén qua
moi truong truyen.

-Kha ning dong bd: Khi tin hiéu truyén cé gia tri khong thay doi, may thu khong thé
xac dinh dwgc thoi glan ton tai ciia mot bit (Chu ky bit). Hu’0'ng giai quyét ¢ thé dung
thém mot day dan daé truyen tin hi¢u dong bo giup may thu biét vé chu ky bit.

5.1.2 Polar:

+ Khéi niém: ma hoa polar dung hai mtrc dién ap: mot mure co6 gia tri duong va mot mure
c0 gia tri am, nham giam 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 (Cong COM RS232) va NRZ — I
a. NRZ —L:
+ Pic diém: Bit ‘0’>+V (+3V, +5V, +15V..); Bit ‘1° >-V (-3V, -5V~ 15V..))
Vidu: Cho chudi 01001110, hdy biéu dién chudi bit nay dudi dang ma NRZ — L.
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e Uu diém: Thanh phan DC giam hon so véi mi don cuc.
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e Khuyét diém: Bai toan ddng bd: Khi tin hiéu truyén c6 gia tri khong thay d6i, may thu
khong thé xac dinh dwoc thoi gian ton tai ciia mot bit (Chu ky bit). Hudng giai
quyét ¢6 thé lam ding thém mdt diy din dé truyén tin hiéu dong b gitp may thu
biét vé chu ky bit

b. NRZ —1:
+ Dic diém:
e Gap bit ‘1’ = s€ dao cyc dién ap trude do.
e Gap bit ‘0’ = s¢€ khong dao cuc dién ap trude do.
(Bit dau tién c6 thé gia st dwong hodc am)

Vi du: Cho chudi 01001110, hiy biéu dién chudi bit nay dudi dang ma NRZ — L.
Gia st ban dau dién ap duong.

A Bién do NRZ ,
o1 0 0 1 1 1 0

+Vo

LI A

( Dao cwc dién ap vi j

bit ké tiép Ia ‘1’

e Uu diém hon NRZ — L van dé dong bo da duoc giai quyét khi gip chudi bit 1 lién
tiep.
5.1.2.2RZ:
+ Pic diém:
e Bit ‘0’> Nura chu ky dau cua bit 1a dién ap -V va nira chu ky sau cta bit 1a dién ap 0V.
e Bit ‘1’> Nura chu ky dau cua bit 1a dién ap +V va ntra chu ky sau cta bit 1a dién ap 0V.
o

o

+ Vi du: Cho chudi 01001110, hiy biéu dién chudi bit nay duéi dang ma RZ.
Value

0 1 0 0 1 1 1 (o}
+V

Time

A y.4 -
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[ Cac s chuyén dbéi nay cé thé sir dung déng bo bit ]

Bién dich: Nguyén Viét Hung Trang 44



Bai giang: Truyén s6 liéu Chuong 5: Ma hoa va diéu ché

+ Uu diém: Giai quyét van dé dong bo cho chudi bit ‘1° hodc chudi bit ‘0’ lién tiép.

+ Khuyét diém: ¢é bing thong rong hon (dai tin s6 16n). C6 3 mirc dién ap.

Tuy nhién, ta sé thiy diy la phwong phap hiéu qua nhit. (Mot phuong phdp ma héa tin
hiéu so tot phai co du phong cho che do dong bg)

5.1.2.3 BIPHASE:

+ Dic diém:

e Ton tai dién ap +V va -V trong 1 bit.
e Thanh phan DC bang zérd.
e Phuong phap dong bo hoa tdt.
+ Phan loai: Manchester va Manchester vi sai.
- Manchester:
e Bit ‘0’> Nura chu ky dau cua bit 1a dién 4p +V va nira chu ky con lai 1a dién 4p -V
e Bit ‘1’ Nura chu ky dau cia bit 1a dién ap -V va nira chu ky con lai 1a dién ap + V

- Manchester vi sai:

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

e Gap bit ‘1’ s& gilt nguyén cuc dién ap trude do.

e Luodn ludn co sy thay doi dién ép tai gitra chu ky bit.
+ Vi du: Cho chudi 01001110, hiy biéu dién chudi bit ndy dudi dang mad Manchester va
Manchester vi sai. Gia su ban dau dién ap duong.

Amplitude
[Zero is —|_ Oneis J_ ]

A
0 1 0 0 1 1 1 0
+V
Time
Manchester >
-V
Time
Manchester vi »>
sal \ \ =

[ Vi bit ké tiép la bit 0 ]

+ U diém: Céc vi tri giita chu ky bit cho phép tao dong bd. Thanh phan DC triét tiéu.
5.1.3 BIPOLAR (Lwong cuc)

+ Pic diém: Dung ba mic dién ap: duwong, am, va zé&rd (0 volt).

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

I 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 4p -V hoic + V luan phién (Tdn tai 1 chu ky bit).
+ Vi du: Cho chudi dit liéu 01001110, hiy biéu dién chudi bit nay dudi dang ma AMI.

Amplitude
0 1 o { o 1 1 1 o i
\ i /‘ [ Time
( The 1s are positive and negative alternately )

Bién thé cua phwong phdp nay dwoc goi la gid tam nguyén (pseudo-ternary) theo dé
cac bit 0 lan luot nhdn cac gia tri dién dp dwong va dam.

+ Uu diém :
- AMI lam triét tiéu thanh phan DC ciia tin hiéu
- Pong bd ddi véi chudi cac gia tri bit “1” lién tiép.
+Khuyét diém :
- D& mat dong b dodi véi chudi cac gia tri bit “0” lién tiép.
5.1.3.2 B8ZS (Bipolar 8- Zero Substitution):
+ Pic diém:
e Bit ‘1” = dién 4p -V hodc + V luan phién (Tdn tai 1 chu ky bit), ddo cuc dién ap trudc
do.
e Bit ‘0’ > dém sb bit ‘0’ lién tiép:
Néu khong phai 1a nhom 8 bit “0° lién tiép s& ma hoa 1a 0 Volt.
Néu 1a 8 bit 0 lién tiép s& ma hod nhu sau:
+00000000~> + 000 +- 0 -+ (+2> +V;->-V)
- 00000000 2 - 000 - +0+- (+=2> +V;-2>-V)

[+loflofofJofofofofof [-[ofofofoJofo]o]o]
(a) will change to (b) will change to
[+#lofofJol+[-[o[-[+] [-[ofofof-[+[o]+]-]

+ Vi du: Cho chudi 10000000000100, hay biéu dién chudi bit nay dudi dang ma B8ZS. Gia
su bit ‘1’ dau tién co6 dién 4p duong.
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Amplitude
A

17,0,0,0,0,0,0,0,0,0,0,1,0,0

5.1.3.3 HDB3 (High-Density Bipolar)
+ Diic diém:

e Bit 1 > dién ap -V hodc + V luan phién (Tén tai 1 chu ky bit), dao cuc dién ap trudc
do.

e Bit 0 > dém sb bit 0
Néu khong phai 14 4 bit <0 lién tiép s& ma hoa 1a 0 Volt.
Néu 14 4 bit ‘0” lién tiép thi sé& tinh tong s6 xung (+ hodc -)
La sb 1&: +0000 >+000+
La sb chan: +0000 >+-00-

-0000 = -+00+

[+[ofoJofo|] [-[oJojofo]
[+[ofoJof+] [-foJojof-]
(a) If the number of 1s since the last substitution is odd
[+[ofoJofo|] [-[oJojofo]
L+l -fofof -] [-[+[ofo]~+]

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

+ Vi du: Ding ma HDB3, ma hoa ludng bit 10000000000100, biét bit ‘1> dau tién 1a dién ap
duong.
Amplitude

A
17,0 0 0 0 0 0, 0 0O, 0 0O 1 0 0

Time

Vi du: Cho 1 chudi nhi phin 10 bit ‘0’ lién tiép, hdy biéu dién chudi bit nay duéi dang cdc
md Unipolar, NRZ-I, NRZ-L, RZ, Manchester, Manchester vi sai, AMI, B§ZS, HDB3. Gia sw
dién ap truoc 10 bit nay la dwong va so bit 1 la so chan.
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5.2 CHUYEN POI ANALOG - DIGITAL
Khi ta can roi rac hoa tin hiéu tuong tu.

Vi du: nhu khi gi tin hiéu thoai qua duong day dai, do tin hiéu s6 c6 tinh chéng nhiéu
tot hon so véi tin hi¢u tuong tu (analog).
chuyén déi tuong ty - s6 (s6 hoa tin hiéu twong tw) 12 qua trinh chuyén tin
hi€u tuong ty thanh ludng tin hi€u s6. Hoac (biéu dien cac thong tin co trong tin hi¢u lién tuc
thanh chudi céc tin hiéu s6 1, 0).

e Giam thiéu khéi lwong 16n cac gia tri trong thong tin cua tin hiéu twong tu dé ¢
thé dugc bicu dién thanh ludng tin hiéu s6 ma khong bi that thoat thong tin.
codec (coder — decoder).

e Chdng nhidu.

e Déxirly.

Analog/Digital

t C:> Conversion :
(codec) T-D-II'-D-,

Bién dich: Nguyén Viét Hung Trang 48



Bai giang: Truyén s6 liéu Chuong 5: Ma hoa va diéu ché

Chu y:
e C6 thé su dung bat ky dang tin hi¢u s6 nao trong muc 5.1,
¢ Khong lam that thoat hay lam giam chét luong tin.

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

+ PAM : Lay mau va tao ra chuoi xung- Budc dau tién cho viéc chuyén doi tuong tu - s0

Amplitude Amplitude
A A

»
\/ Time Time

a. Analog signal b. PAM signal

+ Piéu kién ldy miu (sampling rate)
Theo dinh Iy Nyquist, toc d ldy mdu phdi l6n hon hodc bang hai lan tin sé cao nhit
cua tin hi¢u.
f5 > 2 fimax
Chu ky ldy mau: Ts=1/fs

PAM khéng duogc dung trong thong tin s6 véi 1y do 1a tuy da roi rac hda nhung tin hiéu
PAM ciing chita qua nhiéu thanh phan bién do véi cac gia tri khac nhau (van con la dang
tuong tu).

5.2.2 PCM (Pulse Coded Modulation-Diéu ché xung ma):
PCM la qua trinh chuyén tin hiéu PAM sang tin hiéu s6.
4 budc:
e Lay mau va gitt (PAM).
e Lugng tir hoa.
e Ma hoa nhi phan.
e M3 hoa s6 - s0.

- PAM: 1dy mau va giit (theo dinh Iy Nyquist)

Amplitude Amplitude
A A

Ll
\/ Time Time

a. Analog signal b. PAM signal
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- Luong tir hoa (quantilization): 1a phuong thirc gan gia tri bat ky cta tin hiéu (sau khi 1ay

mau) vé mot mic da duoc dinh san.

Amplitude

+127
+100

+75
+50
+25

—25
-50
-75
~100 TiW hieu PAM da dwoc
—125 lwgng to

Amplitude Amplitude
A A

P
\/ Time

a. Tuwong ty b . PAM signal

- Mai ho4 nhi phan: Chuyén mdi mau luong tir thanh 1 t6 hop nhi phan.

S6 bit cho 1 mire= log,[tong s6 mirc lwong tir)

Vi du: C6 256 muc luong tt, suy ra S6 bit cho 1 mirc: log,[256]=8

Time

Vi du: Mdi gia tri duoc chuyén sang gia tri bay bit nhi phan twong tng, bit thir tdm

nham biéu thi du.

Amplitude

+127
+100

+75
+50
+25

—25

-50
5 Tin hiéu PAM da duoc

100 - 80 lwong tor
—125

+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

L
Sign bit
+is0 —is1
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- M3 hoa4 s6- sé: Chuyén cac bit nhi phan thanh tin hiéu ) (ma don cuc, ludng cuc....)
Vi du : phuong phap diéu ché xung md PCM ctia mét tin hiéu s6 dugc chuyén theo ma
unipolar, trong hinh chi v€ gia tr1 3 mau dau.

+024 +038 +048
0O 0O01100O0OO0O01TO0OO0DO1T1TO0OO0OO0O1T1TO00O0DO0

—[1 0 1 I o

Direction of transfer

+ PCM la phuwong phap lay mau tin higu dwoc diing trong sé héa tin hiéu thoal trong
truyén din T-line trong hé théng vién thong Bic My, E -line trong hé théng vién thong
Chiu Au.

1 ]

0001100000100110 ... |

Quantization

l

+127
Digital/Digital
encoding 000
—-127
+024 +038 4_
00011000 00100110 Binary

| | l_l | | encoding
Direction of transfer | I |

)
/

Y
>
!

Amplitude Highest frequency = x Hz ‘

Sampling rate = 2x samples/second

Time

l—
sampling interval = 1/2x

Vi du 3: Tinh tdc d6 14y miu (tdn sb 14y mau) cua tin hiéu c6 bang théng 10kHz ( tir 1khz dén
11khz)?

Gidi: 15 22 fimax
Téc d6 14y mau phai 1a hai lan tan s6 cao nhét cua tin hiéu,
Téc d6 1ay mau = 2 .(11.000) = 22.000 mau/ gidy.
+ S0 bit trong m&i mau 1a Log,(Tong s6 miic)
n = Log,(M);
n: I sd bit trong mdi miu. (nguyén)
M: 1a tong s6 mirc
Vi du 4: Ly mAu tin hiéu, c¢6 12 mirc. Hoi can bao nhiéu bit trong mdi mau?
Giai: SO bit can trong mdi mau la:

n = Log,(M)= Log,(12)= 3,17 lam tron 24

Bién dich: Nguyén Viét Hung Trang 51



Bai giang: Truyén s6 liéu Chuong 5: Ma hoa va diéu ché

+ Toc dd bit (bit rate): Sau khi c6 dugc sd bit trong mau, ta can tinh toc do bit dung cong
thure sau:

Téc dp bit = toc dp ldy mdu x so bit trong méi mau.
Ryic= fs x n (bps: bit per second)
f, : Tan s6 1y méu (tdc dé ldy méu)
n: s6 bit trong mi miu.

Vi du 5: Can s6 hoa tin hiéu thoai, tinh tbc do bit, gia sir co 8 bit trong mdi mau? Gia sir tin
hiéu thoai c6 tan so cuc dai la 4 KHz.

Giai: Tc d6 14y mau = 4000 x 2 = 8000 mau/gidy.

Tbc do bit duoc tinh theo:

Tbc d6 bit = Toc d 1y mau x sb bit trong mdi mau = 8000 x 8 = 64.000 bps =64Kbps
Cau Hoi:

1. V& so do khdi cua ky thuat PCM, giai thich chitc ning timg khdi, néu diéu kién lay
2. Tinh téc d6 1ay mau, chu ky lay mau, toc do bit cia ludng PCM.

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

+Khdi niém: Piéu ché s6 1a qua trinh thay ddi mot trong cac dic tinh (Bién d9, Tan
s0, Pha) cua tin hi¢u song mang (diéu hoa, sin) dua trén thong tin cta tin hiéu so (1 va
0).

+LV do diéu ché s:

e Khi truyén dit lidu tir mot thiét bi s A sang mot thiét bi s6 B dung dudng day
dién thoai, vo tuyén. Hodc khoang céach truyén xa.

Day dién thoai lai mang tin hi€u tuong tu, nén phai chuyén ddi tin hiéu sb sang
tin hi¢u tuong tu.

e Ghép kénh.
+ So db khoi

Lo o, ey e CDBQQ

+ Phén loai:

Tin hiéu sin dwge dinh nghia tir ba dic tinh: bién do, tan sb va goc pha.
Trong truyén sb liéu, ta quan tim dén cac phuong phap sau:
e ASK (amplitude shift keying) ; diéu ché s bién do6; khoa dich bién do
e FSK (frequency shift keying) ; diéu ché s6 tan sd; khoa dich tan sd
e PSK (phase shift keying) ; diéu ché sb pha; khoa dich pha
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Ngoai ra con c6 phuong thic thir tw 1a QAM (quadrature amplitude modulation) la
phuong thirc diéu ché rat hiéu qua dung trong cac modem.

Digital/Analog
modulation

z
A

+ Cac véu to cua diéu cheé s

C6 2 yéu tb quan trong diéu ché s6: Toc do bit/baud va Tin hiéu song mang (Sin).

e Téc @9 bit (Ryi): 1a so bit dugc truyén trong mot gidy. (bps: bit per second)

e Téc do baud (Rpaua=Npaua): 12 sb6 don vi tin hiéu truyén trong mot gidy. (baud/s)
Don vi tin hiéu la mt tin hiéu séng mang (sin) da chiva tin higu so (cé thé mang 1bit,

2bit, 3 bit...)

Amplitude Bitrate : 5 Baudrate : 5

1 bit 1 bit 1 bit 1 bit 1 bit
0 : 1 : 0 : 1 : 0

Time

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

1 second

Amplitude Bit rate : 10 Baud rate : 5

4 2bits 2 bits 2 bits 2 bits 2 bits
o0 , 10 , 10 . 11 00

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

< 1 second >

Y nghia toc d§ baud nham xac dinh bing thong cin thiét dé truyén tin hiéu.
Tbc d6 bit = tée do baud . sb bit trong mét don vi tin hiéu
Rpit= Rpaua.n
+ Vidu:
e Baud twong ty nhw xe, con bit twong ty nhw nguwoi trong xe.
e Mot chuyén xe chd mot hodc nhiéu ngudi.

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

e Vi s0 xe trén, moi xe chd 4 nguoi, ta van chuyén duge 4000 nguoi.

e SO xe l1a don vi luu thong trén duong, tic la tao nhu cau vé do rong cua con
duong.
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NGi cich khdc, toc ¢ baud xdc dinh biang théng can thiét, chir khéng phai toc d bit.

Vi du 6: Mdt tin hi¢u tuong tu (séng mang) mang 4 bit trong don vi tin hi¢u. Gia str co
1000 don vi tin hiéu duoc truyén trong mot gidy, hiy xac dinh toc do baud va tdc do bit.

Giai:
Téc d6 baud = s6 don vi tin hiéu = 1000 baud/gidy
Téc dd bit = tbe do baud x sb bit trong mot don vi tin hiéu =1000 x 4 = 4000 bps.

Vi du 7: Cho tdc dd bit ciia tin hiéu 1a 3000 bps. Gia stir mdi phén tir tin hiéu mang 6 bit,
hay tinh toc d baud.

Giai:
Téc d baud = tdc do bit/ s6 bit trong mdi phan tir tin hidu = 3000/6 =500 baud/gidy
+ Tin hiéu song mang (carrier signal):

e Trong truyén dan analog, thiét bi phat tao ra tan s6 song cao tin lam nén cho tin
hi€u thong tin. Tin hiéu nén nay dugc goi la song mang hay tin s0 séng mang
(dang di€u hoa, sin).

e Thiét bi thu dugc chinh dé thu tin s séng mang, trong d6 co tin hiéu sé di dugc
diéu ché.

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

5.3.1 ASK (amplitude shift keying: diéu ché sd bién dd):

+ ‘Khz'}i niém: La qua trinhv cac bit ‘1’ va ‘0’ lam thay do6i bién do cua tin hiéu séng
mang (tan sO va pha khong thay doi).

Vi du:

‘0’2 ve1(t)=Vemi sin(2nfct+1800); Tbn tai trong 1 chu ky bit

‘1" Voo (1)=Vemp sin(2af,t+180°); Tdn tai trong 1 chu ky bit

Gia st Vem2 > Vemt;

Vi du: 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 do doi véi bit ‘1° 1a 5V, bién do doi vai bit <0’ 1a
2V. Pha ban dau ciia séng mang 13 180°.

a. Ve tin tin hiéu ASK.
b. Tin hiéu ASK c6 phai 1a tin higu diéu hoa hay khong? Giai thich.
¢. Tinh téc do Baud.
Giai:
a.Vé tin tin hiéu ASK.
‘0> vei(t)=2. sin(2m.20t+180%) V; Tdn tai trong 1 chu ky bit
‘1> vea(t)=5 sin(2m.20t+180%) V; Tén tai trong 1 chu ky bit
Chu ky bit Ty=1/ Rp=1/5 = 200ms
Chu ky song mang T.=1/ f=1/20 = 50ms
Vay T,=4 T. = 1 chu ky bit chira 4 chu ky song mang
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Amplitude Bitrate : 5 Baud rate : 5

1 bit 1 bit 1 bit 1 bit 1 bit
0 . 1 . 0 . 1 . 0

Time

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

1 second

b.Tin hiéu ASK khong phai 1a tin hiéu diéu hoa.Vi co 2 bién do.
¢c. Toe do Baud: Npaug = Rpaug= 5 baud/s

+ Khuyét diém: ASK thwong rit nhay cam véi nhiéu bién dé.

Nhiéu nay thuong la cdc tin hiéu dién dp xudt hi¢n trén dwong ddy tiv cdc nguén tin
hiéu khdac anh huong dwoc lén bién dj cua tin hiéu ASK.

Phuong phap ASK thong dung va dugc goi la OOK (on-off keying). Trong OOK, c6
mot gia tri bit twong duong voi khong c6 dién ap. Pieu nay cho phép tiét kiém dang ke
niing lwgng truyén tin.

Amplitude Bitrate : 5 Baud rate : 5

1 bit 1 bit 1 bit 1 bit 1 bit
0 . 1 . 0 . 1 . 0

Time

ibaud | 1baud | 1baud | 1baud | 1baud

1 second

+ Bing thong ASK: C6 v6 s6 tan s6 (Khong tuan hoan). Song mang fc ¢ giita, cac gia tri fc —
Npaud/2 va fC + Npaua/2 O hai bién.

Amplitude Minimum bandwidth = Ny,,q

|t oy |
[ o

Frequency

Bang thong can thiét dé truyén tin hiéu ASK dugc tinh theo cong thirc sau::
BW = fimax — fmin = (fc + Npaua/2) — (fc — Npaud/2
= Nbaud= Roaud
Trong d6: BW: bang thong [Hz|
Rbauds Npaud: to¢ 0 baud [baud/s]

Viy bang thong toi thiéu cin cho qud trinh truyén tin hiéu ASK bang téc dp baud (1
hwong-trén dwong ddy).

Thuc té BW =(1+d)Nyaud’

d: 1a thira s6 lién quan dén diéu kién duong day (c6 gia tri bé nhit 1a 0)
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Vi du: Cho mdt tin hiéu sé 01010, toc do bit1a 5 bps, duoc diéu ché béng phuong phép
ASK. Tan sb song mang f= 20Hz. Bién d6 dbi v6i bit ‘1’ 1a 5V, bién do dbi v6i bit ‘0 Ia
2V. Pha ban dau ciia séng mang 13 180°.

a. Tinh téc do Baud.

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

a. Tinh téc do Baud.

Amplitude Bitrate : 5 Baud rate : 5

+ bt 1 bit 1 bit 1 bit 1 bit
0 : 10 .1 : 0

Time

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

1 second

Tin hléu ASK, R],,,,,d: R,,;,=5 baud/s
b. Tinh bang thong cua tin hi¢u ASK trén.

ASK, BW = Ry,ua=5 (Hz);
c. V&phd ciia tin hiéu ASK trén.

Amplitude Bang thong

Frequency
Hz)

175 | : [ 225 |

+ Bing thong hé thng truyén tin hiéu thay ddi theo ché dd truyén:

e Puong day c6 1 huéng truyén (ché do don cong): bang thong cua dudng day t6i
thiéu bang bang thong cua tin hi¢u: BWi¢ méng = BWaueng day = BWiin hicu-
e Duong diy co 2 hudng truyén nhung khong dong thoi (ché do ban song cong):
bang thong cua duong day toi thiéu bang bang thong cua tin hi¢u: BWye méng =
BW duong day = BWiin hiew™ BWmsi husng -
e Puong diy c6 2 huéng truyén dong thoi (ché do song cong): bang thong cia
duong day to1 thi€u: BWie inéne = BWauong day min = 2.BWiin hieu T BWhao ve.
BWiio ve: déi tan s6 bao vé 2 hudng.(ly tuong bang 0)
Vi du 8: Tinh bing théng hé thong truyén tin hiéu ASK véi toc do bit 1a 2 kbps. Ché do
truyén dan ban song cong.

Amplitude Minimum bandwidth = Ny .

[
I I

Frequency

Gidi:

Vi h¢ thong ban song cong nén: BWh¢ méng = BWméi husng
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Vi diéu ché ASK nén Ry = Ryaud X 1= Rpaud
Suy ra BWmsi husng = Rbaud = Roit = 2000Hz
Bing thong t6i thiéu cua hé thong 1a BWhs méng =2kHz.
Vi du 9: Cho tin hi¢u ASK c¢6 bang thong 5kHz, tinh tdc do bit va tdc do baud.
Giai: Vi diéu ché ASK nén Rpi; = Rpaud X 1= Riaud.
Ma BWask = Roaud ;
Suy ra tdc dd bit Ryis =5000 bps;
Suy ra toc d6 baud Rpaug =5000 baud/s;

Vi du 10: Cho bing thong hé thng truyén ASK la 10 kHz (1 kHz dén 11 kHz), h¢ thong
truyén song cong. Gia sir khong c6 khoang tréng tan sd giita hai hudng (BWo;, ,e=0).

a. Tinh bing thong ctia mdi hudéng.
b. Tinh tan s6 song mang mdi hudéng (Hudng thuan va huéng nghich).
c. V& phd ASK ciia hé thong.
Giai:
a. Tinh bang thong ctia mdi hudng.
Do hé théng ASK song cong nén BWig méng = 2. BWmsi husng
Suy ra BWogi husng = (1/2). BWhe méng = 10khz / 2 = Skhz = 5.000 Hz
b. Tinh tan s6 song mang mdi hudng (Hudng thuan va hudng nghich).
Tan sb song mang 1a tan sb giira:
+ Hudng nghich (tan sb thip):

Amplit
mplitude Minimum bandwidth = Nyaq

|
I

Frequency

SChuong nghich = fminT (1/2). BWgi husng = 1.000 +5.000/2 = 3500 Hz
+ Hudng thuan (tdn sd cao):

Amplitude Minimum bandwidth =Ny .

|
I

Frequency

1 ong thugn = fonax - (1/2). BW i hueng = 11.000 - 5.000/2 = 8500 Hz
c. V& pho ASK ciia hé thong
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Amplitude
fc(backward) fc(forward)

Frequency
1000 3500 6000 8500 11.000

5.3.2 FSK (frequency shift keying):

+Khai niém: La phuong phdp ma tin s6 ciia qtin hiéu séng mang thay ddi dé biéu dién cac
bit ‘1’ va ‘0’ (bién dd va géc pha khong thay doi).
Vi du:
Bit ‘0’ (mg v&i sdng mang vei(t) = Vem sin(2nf, t+180°); Tdn tai trong 1 chu ky bit
Bit ‘1’ {mg v6i sdng mang vey(t) = Ven sin(2nfot+180°): Ton tai trong 1 chu ky bit
Gia st f, > foi;
Vi du: Cho mét tin hiéu s6 91 IQI, :[6C do bit 1a 5 bps, duqc diéu (,:hé bang phuong phap FSK.
Bién d¢ song mang 1a 5V, tan s6 doi voi bit 1’ la 20Hz, tan s6 doi voi bit “0” 1a 10Hz va pha
ban d4u cta song mang 1a 180"
a. V& tin tin hiéu FSK.
b. Tin hiéu FSK c6 phai 1a tin hiéu diéu hoa hay khong? Giai thich.
c. Tinh tdc do Baud.
Giai:
a. V@ tin tin hiéu FSK
‘0> vei(t)=5sin(2m.10t+180%) V; Ton tai trong 1 chu ky bit
‘1’ veo(t)=5sin(2m.20t+180%) V; Ton tai trong 1 chu ky bit
Chu ky bit Ty=1/ Rp=1/5 = 200ms
Chu ky séong mang bit ‘0’; T;=1/ f;;=1/10 = 100ms
Chu ky séng mang bit ‘1’; T,=1/ £:,=1/20 = 50ms

Vay Ty= 2T, =4T; = 1 chu ky bit chtra 2 chu ky séng mang f.; va chira 4 chu
ky song mang fe,.

Amplitude Bit rate : 5 Baud rate : 5

4 bt 1 bit 1 bit 1 bit 1 bit
0 : 1, 1 .0 : 1

Time

1baud | 1baud | 41baud | 1baud | 1 baud

< 1 second >

b. Tin hi¢u FSK khong phai 1a tin hi¢u diéu hoa. Vi tan so thay doi.
¢. Téc do Baud:

Mot don vi tin hi¢u mang 1 bit nén Ryi = Ryaug
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Suy ra Ryaug= 5 baud/s

+ Biing thong ciia FSK: Pho FSK chinh 1a t6 hop ciia hai phd ASK tap trung quanh 2

tan sb: fo; (bit 0) va fe (bit 1).
AmRIitude ‘

&

BW=f, —fc1 +Roaud

Rbaud/ 2 fCZ - fC1

»le

Rpaud/2

»le
)

'I‘
BW = fmax - fmin
BW = fc; + (1/2)Rpaud -[ fei- (1/2)Rpaud ]

fC1

BW = /fc; - foi/+ Rpgua = Af+ Npgua= Af + Rpgua

BWgsk = Af + Rpaud 5 BWask =Rpaud 3
Af: D 1éch tan sb cua 2 séong mang
Nbaud = Roaua: Toc d0 baud

Ryit = Rpaud

L)

fCZ

Frequency
>

Vi du: Cho mot tin hiéu s6 01101, tde do bit 1a 5 bps, dugc diéu ché bfmg phuong phép FSK.
Bién do song mang 13 5V, tin s6 d6i véi bit 1° 1a 20Hz, tan s6 di véi bit 0’ 1a 10Hz va pha

ban d4u cta song mang 1a 180"

a. Tinh tdc d6 Baud.

b. Tinh bang thong cua tin hi¢u FSK trén.

c. V& pho ctia tin hi¢u FSK trén.
Giai:

a. Tinh tdc d6 Baud.

FSK, Rpaud = Rpic = Sbaud/s

b. Tinh bang thong cua tin hi¢u FSK trén.
BWrsk = Af + Rpaua=20-10+5 = 15Hz

c. V& pho ciia tin hi¢u FSK trén.
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Amplitude
A

75 10 20 22,5
+ Uu diém FSK so véi ASK : FSK tranh dwoc hau hét cdc dang nhiéu bién ds.

+ Khuyét diém FSK so véi ASK: Néu cing mét toc dé bit thi Bang théng FSK 16n hon
Bang thong ASK.

Vi du 11: Tinh bang thong nhé nhat cta hé théng FSK, biét toc d6 bit 2kbps, ché do truyén
dan ban song cong va cic song mang cich 3kHz.

Hz

Giai:

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

Vihé théng truyén ban song cong nén: BWs inéne= BW i nusng=Af + Rpaua
e Trong FSK, Ryit =Rpaug ; suy ra Ryp,ug = 2000 baud/s
® BWys thing = Af + Rpaua = 3.000 +2.000 = 5.000 Hz =5 kHz

Vi du 12: Tinh téc d6 bit cuc dai cua tin hiéu FSK néu bang thong cua hé thong 1a 12kHz va
dd léch tan so cua gitra hai sobng mang it nhat la 2kHz, ché d¢ truyén song cong.

Giai:
Cho FSK; Afyin = 2kHz; song cong; BWs ingng = 12khz
Tinh Ry max ?
Vihé théng truyén song cong nén: BWs ingng= 2.BW 6i huong
Suy ra: BW i huwsng= (1/2)BWig inéng = 12kHz/2 = 6kHz= 6.000Hz
Ma trong FSK, bang thong dugc tinh theo cong thire BW rsx = BW i jusng = Af + Rpaua ;
Trong FSK, Rpit = Rpaud.
Suy ra Ryi= BW i husng - Af
Ruit Max = BWi hugng = Afmin= 6.000 —2.000 = 4.000 bps = 4 kbps
Vay toc do bit cuc dai cta tin hiéu FSK 1a 4 kbps.
5.3.3 PSK (phase shift keying):

+Khai niém: Pha ctia séng mang thay doi dé biéu dién cac bit ‘1’ va ‘0’ (bién d6 va tan sb
khong doi).

Vi du:
‘0’2 ve1(t)=Vem sin(2nfct+00) : Ton tai trong 1 chu ky bit
‘1’ Vo (t)=Vem sin(2nfet+180°) ; Ton tai trong 1 chu ky bit
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Vi du: Cho mdt tin hiéu s6 01101, tc do bit1a 5 bps, duoc diéu ché béng phuong phap PSK.
Bién d6 5V. Tan s6 song mang 20Hz. Pha d6i voi bit ‘1° 12 180°, pha d6i véi bit <0° 12 0°.

a. Ve tin tin hiéu PSK.

b. Tin hiéu PSK c6 phai 14 tin hiéu diéu hoa hay khong? Giai thich.

¢. Tinh téc do Baud.

Giai:
a. V@ tin tin hiéu PSK

‘0’ vei(t)= 5 sin(2m.20t+0°) V ; Ton tai trong 1 chu ky bit
‘1> ve(t)= 5 sin(2m.20t+180") V; Ton tai trong 1 chu ky bit

Chu ky bit Ty=1/ Rp=1/5 = 200ms

Chu ky séng 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
YAVAVAY

1 baud ! 1 baud ! 1 baud ! 1 baud i 1 baud

1 second

b. Tin hi¢u PSK khong phai 14 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

Ampli
mplitude Minimum bandwidth = Ny

|t
[

Frequency

BW; psk = Rpaud
Nbaud:Rbaud: TéC d@ baud

+ Uu diém PSK (2-PSK, BPSK): khong bi anh hudng nhiu bién do, Bang thong hep (nho
hon bang thong ctia FSK)

BWASK = Rbaud 5 nhiéu bién d6
BWiesk = Af + Rpaua; khong bi anh huong nhiéu bién do
BWpsk = Rpaua s khong bi anh huong nhiéu bién d6

+ Gidn do trang thdi pha: ‘0’ vei(t)= 5 sin(2m.20t+0°) V ; <1’ vey(t)= 5 sin(2m.20t+180°)
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Bit Phase
0 0 1 ‘ 9
1 180 ‘

Constellation diagram
Bits

PSK khong bi anh hudng cua cac dang nhidu tic dong nhu ASK, dbng thoi ciing khong
bi anh huong cua yéu té bang thong rong nhu FSK. Piéu ndy c6 nghia 1a mot thay doi nho
ctia tin hiéu ciing c6 thé duoc may thu phat hién, nhu thé thay vi chi ding hai thay doi cua tin
hiéu tir mot bit, ta co thé dung véi bdn sy thay dbi thong qua dich pha cua hai bit.

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

Vi_du: Cho mét tin hiéu sb 0110101100, téc d6 bit 1a 10 bps, duge diéu ché bang
phuong phap 4-PSK(QPSK). Bién d6 5V. Tan sb song mang 20Hz. Pha duoc biéu dién nhu
sau: ‘00’ phala 0°; <01’ pha1a 90°; <10’ pha 1a 180°; ‘11° pha la 270" (-90°).

a.
b.

C.

Giai:

V& tin tin hi¢u QPSK.
Tin hiéu QPSK c6 phai 1 tin hiéu diéu hoa hay khong? Giai thich.
Tinh téc d6 Baud.

a. Vé tin tin hi¢u QPSK

00’ vei(t)= 5 sin(2m.20t+0°) V ; Ton tai trong 2 chu ky bit
‘01’ veo(t)= 5 sin(2m.20t+90°)V; Tdn tai trong 2 chu ky bit
‘10’ ves(t)= 5 sin(2m.20t+180%)V ; Tdn tai trong 2 chu ky bit
‘117 veu(t)= 5 sin(2m.20t -90°); V Tén tai trong 2 chu ky bit

Chu ky bit Ty=1/ Rp=1/10 =100ms

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

Vay Ty= 2T, = 1 chu bit chira 2 chu ky s6ng mang f..
Vay 2Ty,= 4T, = 2 chu bit chtra 4 chu ky séng mang f..
Cho mét tin hiéu s6 0110101100

Amplitude

Bit rate : 10 Baud rate : 5

4+ 2bits 2 bits 2 bits 2 bits 2 bits
o0 . 10 . 10 11 00

1baud | 1baud | 1baud | 41baud | 1baud

< 1 second >

b. Tin hi¢u QPSK khong phai 1a tin hiéu diéu hoa. Vi c6 4 pha.
¢. Toc @6 Baud: Npaug = Rpaua= (1/2)Rpie =5 baud/s

+ Bing thong ciia QPSK: Gidng bang thong ASK
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Amplitude Minimum bandwidth =Ny,,q

|t
[

Frequency

BW = Rpauq
Nbaud:Rbaud: TéC d@ baud

+ Uu_diém QPSK(2-PSK, BPSK): khong bi anh huong nhidu bién do, Néu cing 1 bing
thong cho trudc thi tc do cua dir liéu 16n hon tdc d6 cua cac phuong phéap diéu ché khac.

+ Gian db trang thai pha OPSK:

01

Dibit Phase
00 0
01 90 10 00
10 180
1 270
1
Dibit Constellation diagram

(2 bits)

+ Tuong tu, ta cling ¢ cac phuong phap diéu ché pha khéac 2" - PSK, c6 n bit biéu dién 1 pha,
khoang cach gitta cac pha 1a 360°/2".

Tir d6, c6 thé phat trién 1én 8—PSK. Thay vi dung goc 90°, ta thay ddi tin hiéu tir cac goc
pha 45°. V6i 8 géc pha khac nhau, ding ba bit (mdt tribit), theo d6 quan hé giita sd bit tao
thay d6i voi goc pha 1a Iy thira cua hai. Pong thoi 8-PSK ciing cho phép truyén nhanh gap
3 1an so v&i 2 — PSK, nhu minh hoa & hinh 33.

010
011 001
Tribit Phase
000 o)
001 45 100 @ ® 000
010 90
011 135
100 180 101 111
101 225 110
110 270 Constellation diagram
111 315
Tribits
(3 bits)
Hinh 5.1

+ Bing thong diing cho 2" -PSK: Bing thong t6i thiéu dung cho truyén dan 2" -PSK thi tuong
tu nhu cua ASK (Bang téc do Baud).

Bing thong tbi thiéu dung cho truyén dan 2" -PSK thi twong tu nhu cia ASK, tuy nhién
téc do bit toi da thi 1on hon nhiéu 1an. Tic 14 tuy co cing tdc do baud tdi da giita ASK va
PSK, nhung tdc do bit ciia PSK dung cung bang thong nay c6 thé 16n hon hai hay nhiéu lan
nhu minh hoa & hinh 5.34.
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Amplitude
Minimum bandwidth =N,,q

|
I

Frequency

fc
fo = Noawd2 | | fo +Noas2

Hinh 5.2
Vi du 13: Tim bing thong cua tin hiéu QPSK(4 — PSK), véi toc do 2kbps theo ché do ban
song cong.
Giai:
Vi h¢ thdng ban song cong nén BW,,s théng= BWondi huong= BWopsk
Phuong phéap diéu ché 4 — PSK, 1 pha (don vi tin hiéu) chira 2 bit,
Rpit = 2X Rpaua 5 Suy ra Rpaua = (1/2). Rpi=1000 baud/s;
Ma BWpsk = Rpaud 5 Suy ra BWgpsk = 1000Hz.

Vi du 14: Cho tin hiéu 8-PSK c6 biang thong 5.000 Hz, tim tdc do bit va toc d6 baud?
Gidi:

Phuong phéap diéu ché 8 — PSK, 1 pha (don vi tin hiéu) chira 3 bit,

Ryit = 3X Rpaud

Ma BWsjs.psk = Rpaud 5 Suy ra Ryauq =5000 baud/s ;

Suy ra Ryt = 3x Ryaua =15.0000 bps=15kbps ;

5.3.4 OAM (quadrature Amplitude Modulation)

PSK bi giéi han tir kha ning phan biét cic thay dbi goc pha nho cua thiét bi, didu nay
lam giam toc d¢ bit.

+ Khai niém: QAM la phuong thirc két hop giira ASK va PSK sao cho ta khai thac
duoc téi da sw khac biét giira cac don vi tin hiéu.

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

a. V& tin tin hiéu 8-QAM.
b. Tin hiéu 8-QAM c6 phai 1a tin higu diéu hoa hay khong? Giai thich.
¢. Tinh téc d6 Baud.
d. Tinh bang thong 8-QAM.
Giai:

a.V¢ tin tin hi¢u 8-QAM.
Chu ky bit Ty=1/ Ry=1/24
Chu ky séng mang T=1/ f=1/16
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Tacd 3 Ty=2 T, suy ra 3 chu bit s& tn tai 2 chu ky song mang
tin hi¢u s6 101100001000010011110111

Amplj}ude Bit rate : 24 Baud rate : 8

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

101 100

Time

1 baud 1 baud?1 baud } 1 baud } 1 baud ' 1 baud 1 baud } 1 baud
8-QAM
1 second > 2 amplitude, 4 phases

b. Tin hiéu 8-QAM khong phai 1a tin hidu diéu hoa, vi c6 nhiéu bién do
va nhi€u pha.
c. Tinh tbc d6 Baud.
Rbaud: (1/3)Rbit = 8 baud/s
d. Tinh bang thong 8-QAM.
Bing théng cua tin hiéu QAM bang biang thong ASK va bang toc d6 baud
BWqam = BWask = Rpaud;
Suy ra BWQAM = 8Hz.
+ Twong tw ta ciing cé cdc dang diéu ché 2"-QAM. Véi n la so bit chira trong mét don
vi tin higu, 2" : la sé logi don vi tin higu.
Quan hé hinh hoc ctia QAM c6 thé thé hién duéi nhiéu dang khac nhau nhu trong hinh
sau, trong 6 minh hoa 3 c4u hinh thudng gip cua 16-QAM.

3 amplitudes, 12 phases 4 amplitudes, 8 phases

2 amplitudes, 8 phases

16-QAM 16-QAM 16-QAM

Truong hop dau dung 3 bién do va 12 pha, giam thiéu tot nhiéu do c6 ti sb giira goc pha
va bién do 16n nhu ITU - d€ nghi.

Trudng hop thir hai, bon bién do va 8 pha, theo yéu cau ciia mé hinh OSI, khi quan sat
k¥, ta s& thay 1a cau hinh theo dang dong truc, khong xuat hién yéu té giao nhau giira cac bién
d6 va pha. Thuyc ra, voi 3 x 8 ta c6 dén 32 kha nang. Tuy nhién khi méi sir dung phan nira kha
nang nay, thi sai biét goc pha do ludng duoc di gia ting cho phép doc tin hiéu t6t hon rdi.
Thong thudng thi QAM cho théy it bi anh hudng cua nhidu hon so véi ASK (do ¢ yéu td
pha)
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+ Bang thong cia QAM:

Bing thong tdi thiéu can cho truyén dan QAM thi gidng nhu cia ASK va PSK, dong
tho1 QAM ciing thtra hudng wu diém cua PSK so véi ASK.

+ So sanh téc d6 bit/tdoc dd baud:

Gia str tin hiéu FSK dugc dung truyén tin hiéu qua duong thoai ¢ thé gai dén 1200 bit
trong mot gidy, tirc co toc do bit 1a 1200 bps. Mdi tan sb thay d6i biéu dién mot bit; nhu thé
thi can c6 1200 phan tir tin hiéu dé truyén 1200 bit. Trong tdc d6 baud, ciing 1a 1200 bps. Mdi
thay di ctia tin hiéu trong hé théng 8 — QAM, dugc biéu dién dung ba bit, nhu thé véi toc do
bit 12 1200 bps, thi tdc d6 baud chi 1a 400. Trong hinh 38, cho thay hé théng dibit c6 toc do
baud chi bang phan nira toc do bit, va trong hé tribit thi tdc do baud chi con mot phan ba toc
d6 bit, va truong hop quabit thi téc d6 baud chi con mot phan tu tée do bit.

Bang B.1 nham so sanh toc do bit va tdc d6 baud trong nhiéu phuong phap diéu ché sb -
tuong tu.

Dang diéu ché fﬁol?é;filg Bits/Baud | Téc dd T(“')c. do
tin hiéu Baud 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 5N
64-QAM 6 Bit 6 N 6N
128-QAM 7 Bit 7 N N
256-QAM 8 Bit 8 N 8N

Vi du 15: Gian d6 pha trang thai gdm 8 diém cach déu nhau trén mot vong tron. Biét toc do
bit 14 4800 bps, tinh toc d baud .

e Day la dang 8 —PSK (2° =8)
e Céc pha cach nhau 360°/8 = 45°
e Mot don vi tin hiéu chira 3 bit.
e Nhu thé toc d6 baud 1& Ryaug = (1/3)Rpi = 4.800/3 = 1600 baud/s
Vi du 16: Tinh tc do bit cua tin hiéu 16 — QAM, biét téc d6 baud 1a 1000.
e Day la dang 16 — QAM (2* =16)
e Mot don vi tin hiéu chira 4 bit.

o Nhu thé toc d9 bit 1a Ryi= 4 Rpaua= 1.000 x 4 = 4.000 bps.
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Vi du 17: Tim tdc d6 baud cia tin hiéu 64—-QAM biét c6 tdc do bit 72.000 bps.
e Diy la dang 64 — QAM (2° =64)
e Mot don vi tin hiéu chira 6 bit.

o Nhu thé toc d6 baud 13 Ry = (1/6)Ryi = 72.000/6 = 12.000 baud.
5.4 CHUYEN POI ANALOG —~ANALOG (Piéu ché twong tw)

+ Khai niém: La qua trinh thay d6i mot trong cac théng sd cua séong mang cao tan
(Dang diéu hoa) bai tin hi¢u tin tic (dir li€u tuong tu).

+ So d6 khoi:
~ - Q C:> Analog/Analog C:>
conversion

+ Séng mang cao tan (Dang diéu hoa) c6 3 thong s6 : Bién dd, tin s6 va pha nén ta co 3
phuong phép diéu ché tuong tu 1a:

e AM (Amplitude Modulation): Piéu bién (Piéu ché bién d0)
e FM (Frequency Modulation) ): Diéu tan (Diéu ché tin sd)
e PM (Phase Modulation) ): Diéu pha (Piéu ché pha)

Analog/Analog
modulation

| AM | | FM | | PM |

5.4.1 Diéu bién (AM):

+ Khai niém: La phuong phap ma bién d6 song mang duoc thay dbi theo tin hiéu diéu
ché (tin tuc), tan sO va gbc pha song mang khong doi.

+ Tin hiéu diéu ché (tin tirc) tré thanh hinh bao ctia séng mang.

T/—\ Modulating signal (audio)

Carrier frequency

ANANANAANNA
AVAVAVEVEVAVEVAVAVAV

\4
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+ Bang thong cua tin hi¢u AM:

Amplitude

Frequency
fe
BWn BWm

> ————

BW; =2 x BW,
BWAM =2 Fi max— 2 BW]
Vi Fi max 12 tan sb cuc dai cua tin tuec.
Véi BW; = BW,, 1a Bang thong cua tin ttc.

Vi du: Bang thong cua tin hiéu thoai thuong 1a 5 KHz. Nhu thé cic dai phat thanh AM can
bang thong tdi da 1a 10 KHz. Trong thyc té, FCC (Federal Communication Commission) cho
phép mdi dai AM c6 bang thong 1a 10 KHz.

+ Cac dai AM phat céc tan sb song mang tir 530 kHz dén 1700 KHz (1,7 MHz). Tuy nhién
cac tan sb phat ndy phai dugc phan cach véi it nhat 1a 10 KHz (mdt bing thong AM) nham
tranh giao thoa.

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

fe = Carrier frequency of the station
fe fe fe fe fc fco fc
&~ 'S -~
530 10 1700
KH= KH= KH=

Vi du 18: Cho tin hi¢u véi bang thong 4 KHz, tim bang thong cua tin hi¢u AM. Gié st khong
tinh dén cac qui dinh ciia FCC.

Giai: Tin hiéu AM c6 bang thong 1a hai lan bang thong tin hiéu gdc: BW = 2 x 4KHz = 8 KHz
5.4.2 FM (Diéu tin):

+ Khai niém: La qué trinh ma tan s6 song mang bién thién theo bién dg tin hi¢u tin tuc,
bién do va pha cua séng mang khong doi.

Amplitude Modulating signal (audio)
Time

"

Amplitude .
Carrier frequency

NOANNNNNN N e
AVAVAVAVAVAVAVAVAVAY

Amplitude

FM signal

Time

+ Béang thong tin hi¢u FM:
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BWev=2 (Fi maxt Afn ) = 10. BW;
Vi : Fimax 12 tan sb cuc dai cua tin tuec.
Afyy 14 d6 di tan cuc dai.
BW; la Bang thong cua tin tic.

BW,, = Bandwidth of the modulating signal
Amplitude (audio)

BW,; = Total bandwidth (radio)
fc = Frequency of the carrier

Frequency

fe

5 BWn, 5 BWn

BW; = 10 x BWn,

e Bing thong cua tin hiéu audio khi phét theo ché dé stereo thwong la 15 KHz.
e MJi dai phat FM can mot bang thong t6i thiéu 1a 150 KHz.
e Co quan FCC cho phép 200 KHz (0,2 MHz) cho mdi dai nham dy phong cac dai
tan bao vé€ (guard band).
Céc chuong trinh phat FM phat trong dai tan tir 88 MHz dén 108 MHz, cac dai phai
duoc phan cach it nhat 200 KHz dé tranh trung lap song.

Trong tam tir 88 MHz dén 108 MHz, c¢6 kha ning c6 100 kénh FM, trong d6 c6 thé
dung cung luc 50 kénh.

fc = Carrier frequency of the station
fc fc fc fc fc

F' N N 'S 'S

No No No
station station oo station
here here here

88 108
200
MHz KHz MHz

Vi du 19: Cho tin hiéu vé6i bang thong 4 MHz, diéu ché FM, tim bang thong cua tin hiéu FM
d6, khong tinh dén qui dinh ctua FCC.
Giai: Tin hiéu FM can 10 1in bang thong cua tin hiéu gbc: BW = 10 x 4 MHz = 40 MHz
5.4.3 PM (Phase Modulation):

Nhﬁm don gian hoa yéu cau cia phan ctng, d6i khi PM duoc dung thay thé FM trong
mot s6 hé thdng, theo do goc pha ciia song mang duoc didu ché theo bién d6 tin hidu diéu ché,

trong khi bién do va tan sd clia song mang dugc giit khong d6i. Phuong phap phan tich thi
tuong tu nhu FM va khong dugc ban ¢ day.
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