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Tin hiéu khéng tuan hoan

Q Xét tin hiéu khong tuan hoan f(t) va tin hiéu fry(t) a tin higu
tudn hoan do s lap lai tin hiéu f(t) v&i chu ky T,:

} (D)

s I s
4 fTo (1)

| t
s I s T,

QTacoquanhé: f(t)= Tlgm fr (1)

~+00

— Tin hiéu khdng tuan hoan cé thé dwoc xem nhw tin hiéu tuan
hoan co chu ky vo han.




Chuoi Fourier cua tin hiéu tuan hoan fy,(t)

Q Biéu dién tin hiéu fy,(t) dung chudi Fourier:

chJ (I}
—5 9 '
1,
| . | 2 sinn@,S 2 sin@$S
D” =_j ﬂ}fr(f}é‘ et gt :_j e e 0~
[, o~Tl2 £, °-3 l, no, [, w
1,D  2sin @S 27
W=n@),=n——
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I — S _ j\sx_lf e
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Chuoi Fourier cua tin hiéu tuan hoan fy,(t)

Q Chu ky T, cang tang, khoang cach gitra cac hai cang giam, so
hai tang Ién

fT’.J(I)
_J-ST J-ST
I
D :Lrﬁjfz fT(I}e'jm‘EdI:ir e 2 sinn@yS _ 2 sinwS
T[J “To/2 Tn - T[J na, T[] @
1,D, 2sinwS 27T
n




Chuoi Fourier cua tin hiéu tuan hoan fy,(t)

Q Chu ky T, —o0 => chudi Fourier tr& thanh tich phan Fourier

I, (@)
B | 1,
-5 S .
I[]
D, :LITME fT(I}e—ﬁr%EdI:ijS - 2 sinn@,S _ 2 sinwS
Ly =2 1y =3 I, na, I, @
I,D, 2sinwS 2y,

. . T,/2 — o = o 2sin WS
%}E}ﬁ[ﬂ].D}r]: lim |:j f:ﬁ,,(-‘f}é‘ jnes dt] = I_mf(t)f’ “dt = p = F(w)

Ty—se| J-Ty/2




Biéu dién tin hiéu khong tuan hoan bang tich phan Fourier

Q Chu ky T, —o0 => chudi Fourier tr& thanh tich phan Fourier
Jr, (0

| ] Hy

2sin WS

lim [T{] D ]— lim j ijﬁj(;)e-ﬂfﬂwm] — j_mf(t}e"’“df - ~ =F(w)

Ty—ee Ty—ee|

F(naw
T

)

f@O=lim| f, (1) ]= ilinl{z ) f”%} B f(t}——LﬁF(w}eJ"“dw
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& Bien do6i Fourier cta tin hiéu khéng tuan hoan

Phwong trinh phan tich 0 .
(Bién ddi Fourier thuan) F(w) = j f(t)e ' dt

—00

Phwong trinh tdng hop
(Bién dbi Fourier nguorc) f(t)=— j F(w)e'*dw

3 Diéu kién ton tai tich phan Fourier:

[|f(ldt < oo (Piéu kign Dirichlet)

Q Ky hiéu: f (1) & F(w)
Q F(e): ham mat db phd tin hidu f(t)
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Céng thirc bién déi Fourier thuan

0 Biéu thirc tong quat: F(w) = I f(t)e ' “dt

—0o0

a Néu f(t) la ham chdn:  F () =2 f (t) cos(et)dt
0

0 Néu f(t) 1a ham I&: F(w)=-2] j f (t)sin(at)dt
0

11




Cong thirc bién doi Fourier ngwoc

Q Biéu thirc tong quat:  f (1) = — j F(w)e'“dw
QO Néu F(w) la ham chan:  f(t) = lj F(w)cos(awt)dw
T

O Néu (o) lahamie:  f(t)=2][F(w)sin(et)do
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Vi du: Bién déi Fourier thuan

A Ap dung cdng thirc bién ddi Fourier thuan, tim bién doi
Fourier F(w) cua cac ham dudi day:
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Vi du: Bien déi Fourier ngwoc

A Ap dung cdng thirc bién ddi Fourier ngwoc, tim ham f(t) co
bién dbi Fourier dwéi day:

}F(w)

}F(w)

e
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BIEN POI FOURIER
CUA MOT SO TIN HIEU THONG DUNG
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Bién do6i Fourier cia ham dirac

a Ham dirac: f(t)=(1)

F(w) = ojo f(t)e “dt = T5(t)e‘j“’tdt = T&(t)dt =1

o(t) &« 1
$ A1) }F(w)
11 N 1
) 2
0 0
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Bién doi Fourier cia ham don vi

a Ham don vi: f(t)=1
Xét: F(w) = 27[5(0))

= f{t)=— j F(w)e!"dw = T27z5(a))ej“’tda) =1
72-—00

= j5(w)ej”tda) =1

1 < 276(w)
4(t) t F(w)

1 2T A

A
\/
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Bién doi Fourier cia ham mii

Q Ham ma: f(t) =e®u(t), a>0

F(w) =

+00

0 _ 0 _ —(a+jo)t
F(o)= [e®utye dt = [e ™ 'dt = - e 1 -1
s g a+jo| a+jo
e ?u(t) & —,(a>0)
a+ jow
f 1
F(w) =
1 F(@) Ja + @
a+ |w o

3
/F(w)=—tan™ (—j

a

\

18




Bién doi Fourier cua ham mii (tt)

e ?u(t) & 1_ ,(a>0)
a+ jo
4 |F(w)
l/a
4 (1) /\ W
1 0 g
\_, ©
Lt | <F@)
e — 3 Rl
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Bién doi Fourier cia ham nac don vi

Q Ham nac don vi: f(t) = u(t)

1“u(t)
N e u(t) u(t) = lime *u(t)
0 !
. +00 . . 1 . — ]
= F(w)= hmj e “u(t)e “dt =lim———= hm[ az Ja)z}
a—0 ¢ —o0 >la+ Jo ' a+w
= F(0) = lim—2— 4+
a—>0 a4+ w J(()
1

= F(w) =7n0(w)+—
0,

= [u) o (@) +1/ jo
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Bién doi Fourier cia xung cong don vi

A Xung cbng don vi: } rect(t/7)
1
t 0 (Jtp17/2)
rect| — | = t
T 1 (|t7/2) .
—12 2
00 . /2 _ e_Ja;t 7/2
F(w) = jrect(%)e_’“’tdt = je"“’tdt =——
—0 —7/2 Jo —-7/2

glor/2 _ glot/2 B j2sin(%) sin “”)

jo jo

ol
— |rect| — | <> 7 sInCc| —
T 2




Bién doi Fourier ctia xung cong don vi (tt)

( t
rect

T

. (o1
<> 7 sinc| —
j (Zj

1 4 f(®)

—1/2

T/2

F(o) At
<>

> )]

—An/t —2nlt | 2n/t 4n/t

F(o)| At
Q)

—4n/t 21/t | 2nt Ani

£LF(o)

— T

21/t 4n/t

—47/t —2TE/ETEJr I_l I_I

» O
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Tém tat bién doi Fourier cia cac ham co ban

0 Ham dirac: o(t)y«——1

Q Ham don vi: l<— 270 (w)

Q Ham nac don vi: u(t) «—> mo(w) + jia)

0 Ham mdi: e u(t) «—— : : (a>0)
a+ jw

3 Xung cbng don vi: rectc_j < >T sinc(%j

Q Xung tam giac don vi: A( t j< s * sinc? (ﬂ)
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CAC TiNH CHAT CUA BIEN POl FOURIER
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Cac tinh chét caa bién di Fourier
A Tinh tuyén tinh:

f,(t) < F(o)
f,() © F (o)

= al fl(t)+a2f2(t) < alFl(a))+a2F2(a))

Q Vi du: tinh F(w)?

t t
A f(ty=rect| — |+ 2A| —
3 0 ® (4j (2j

/1] 0\ = F(w) = 4sinc(2a)) + 2sinc’ (Q)

: | t 2
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Cac tinh chét caa bién di Fourier

Q Tinh chat d&i trong mién th&i gian:

—

f(t) > F(o)y=| _fit)e ™" dt

f,(D=ft—t,) &> F(0)=] f(t—t,)e "dt

f(t—t,) < F(w)e '™

| f(7)e " dr =F(w)e

— Di tin hiéu trong mién thdi gian khéng 1am anh hwéng dén

bién dd cua bién dbi Fourier ma chi lam pha dich chuyén mét
lwong —ot,
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Cac tinh chét caa bién di Fourier

Vi du:

1 4 f()

Y
(_F

—1/2

p 1)

t/2

> {

[F(w0)] 4

DN

T

—An/t 2n/t 2n/t 4m/t
ZF(®) ,
S Tc e
2n/t 4n/t %
—4n/t 2n/t g

—TT+

[F(o)| 4

JSeV/\ V.

—4n/t 27/t

LF(©®) ] N

2w/t 4n/t

2w/t 4n/t

—4n/t 2n/t
_T[ -

=21 4

..
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Cac tinh chét caa bién di Fourier
Q Dich chuyén trong mién tan so6 (dieéu ché):
f(t) < F(w)
f.(t)= f(t)e' & F(w)="?

F (o) = T f (t)e'dt = j f()e' it = F(o—w,)

—00

= [f()e o F(o-w,)

f(t)cos(mt) <> LF(w—w,) +LF(o+w,)
= <

\f(t)sin(a)ot) < -Flo-w)-+Flo+a,)
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Cac tinh chét caa bién di Fourier

> Vi du rng dung tinh chat dich chuyén trong mién tan so:
Piéu ché AM (Amplitude Modulation)

v () , F(o)




Cac tinh chét caa bién di Fourier

A Tinh do6i ngau
f(t) > Flo)=| _f(tye " dt

1 oY ot o0 .
f(t)=—| F(ow)e™do = f(—1t)= L F(w)e ™' dw
27 "= 27 9

1 o0 . (0.0) .
= fl-—o)=——[ FHedt= 2nf(-o)- | F(hedt
27 Y —o0

= [F() © 24 (—o)

xNidu: o(t) o1 = 1 21(—w)=2nd(wn)

t : T : T ®
rect (—j <> tsinc (7j = sinc(o,t) <> —rect( j

T o, 20,
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Cac tinh chét caa bién di Fourier

A Tinh chat col/gian trong mién thi gian

f(t) <> F(w)= jz f(t)e ' dt

= f,(=fat) &> F(0)=] _ flat)e "dt

f

a>O:F1(a))=— j f(r)e”? dt =1F(9j
5) d

a<O:F1(0))=LJ f(r)eﬂz dt = 1 F(mj

§ —a —d

= | f(at) < —— F(ﬁj
d

3
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Cac tinh chét caa bién di Fourier

* Vi du tinh co gian trong mién thi gian:

s (1) 4 F(w)
1
T
t 0,
> —\\_//\\_/‘r— >
-t/2 0'  1/2 4 2 27 4z
p f(t)  F()
2T
1
T 0 e | 2
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Cac tinh chét caa bién di Fourier
A Tinh dao th&i gian/tan so6

f(t) o Flo) = f(at) HLF(Q
g la] \ a

= |f(-t) o F(- o)

Vi du:

1 1

J

e?u(t) & = e'u(-t) &

a+ |w a— |w

1

—alt|

e

1

2a

= e u(t) + e’u(-t) & +

a+jo a-jo a+o
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Cac tinh chét caa bién di Fourier

d Tich chap trong mién théi gian:
f,(t) > F (0); £, (1) © F (o)
= f(t)=f, (1) *£,(t) <> F(@)=[ TE () #f, (He Mt
— F(0)= j [ j £ (0)f, (t— r)dr} e dt
S Lo f (r)[ Lo fz(t—r)e‘“”tdt}dt = [, (OF,(@e " dr
=E ()| f,(e " dt=F(0)F,()
= | H®* 1,(1) o F(o)F,(0)
Vidu: rect(3) <—>lsinc( . )
= rect(2)*rect(2)=1A(+) «> 3" sinc® (<L)
T

= A(+) > Lsinc’ (<L)
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Cac tinh chét caa bién di Fourier

d Tich chap trong mién tan so:
f, (1) & F(0); f,(t) < F,(0)

= 10— | IR () )" do

= L [rw F (1)F, (0-t)dt]e’ do
2o I

i F (r)[j F, (0-1)e’do]dt

IR b K (1)e™ [J 7 F, (x)e™dx]dt
271 —°

=£,®)[  F(e™dr = 2xf, (0f, (t)

= |24,(1), (1) © F (o) * F, (o)
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Cac tinh chét caa bién di Fourier

0 Pao ham trong mién th&i gian:

f(t) <> F(o)

= fi)=%[ : F(o)e™ dw

_, dfiy)
dt

df(t)
= m <> joF(m)

I joF(0)e'” dw

d"f (t)
at"

© (jo)"F (o)
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Cac tinh chét caa bién di Fourier

d Pao ham trong mién tan so:

f(t) <> F(o0)= jfo f(t)e ' dt

dF(m)

= =[ -jtf(tye " dt

.dF(m)

= ti(t) <>
dw

d"F(w)
do"

= " () < ()"
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Cac tinh chét caa bién di Fourier
3 Tich phan trong mién th&i gian
f(t) % u(t) = j°° fru(t-1)dr = [ foyde

f(t) * u(t) <> F(0)[md(0)+1/jo] =1F(0)5(w)+F(0)/jo

N j f(7)d7 > 7F (0)5(w) + (@)

—00

jw
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Tém tét tinh chét bién déi Fourier

A Tinh tuyén tinh:

al fl (t) + a2 f2 (t) — al Fl (a)) + a2 FZ (a))
A Dich chuyén trong mién théi gian:
f(t—-t,)«— F(w)e '™
A Dich chuyén trong mién tan so (diéu ché):

f(t)e' «—— F(o-a,)

3 Doi ngau thei gian — tan so:

f)«—>F(w) = F{)«—2af(-w)
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Tém tét tinh chét bién déi Fourier

QA Tinh ti 1& (co/gian thdi gian/tan so):

f(at)«—— 1‘ F(Qj

a \a

Q Dao thdi gian/tan so:
f(—t) «—— F(- o)

Q Tich chap trong mién théi gian:
fL0)* f,() < F (0)F, (@)
A Tich chap trong mién tan so:
|

f,()f, () «——F(0)*F, (o)
27T
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Tém tét tinh chét bién déi Fourier
d Dao ham trong mién thoi gian:

T (o) F (o)

d Dao ham trong mién tan so:
d"F(w)

do"

t" f () «——(j)"

A Tich phan trong mién thoi gian:

j f(r)d7 > 2F (0)5(w) + F ()

—00

jw
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Bai tap ap dung tinh chét bién dbi Fourier

Q Cho f(t) c6 phd Fourier 1a F(w) =% (e!” — joe!” —1)

Hay xac dinh pho cla céc tin hiéu f,(t), f,(t), f4(t), f,(t), f5(t)

A
£ 1 lff.(r)
-1 0 I 0 1 r
'y
] fa(1)
> [ I [
-1 0 ] -1/2 10 1/2
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NANG LUONG TIN HIEU
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Dinh ly Parseval

1f

nang lvong

O Chirng minh:

E, = j\f(t)\ dt= [ f(t)f ()t = jf(t) > | F(w)edo | dt

:E_LF*(a))

+00

—0o0

+00

j f (t)e ot

| —O

1 +00
:ZHF((())‘zda)

+00 1 +00
_ ﬂf(t)\zdt:EﬂF(a))\zda)

|

mat dd phd nang lwong

do =

+00

—0o0

—jF*(w)F(w)dw
27 *
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Nang lwong tin hieu

d Néu tin hiéu thwe: mat dé phd nang Iwong la ham chan nén
17 2
E; =— [|F(o)| do
7T 0
A Nang lwgng trong khoang tan s6 @,— @,

1 G
Ef — ;j‘F((())‘zda)
2]
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Thi du tinh nang lwong tin hieu

A Tinh nang lvgng cua tin hiéu: f (t) = sinc(t)
Qd Giai: . i
Q Dung dinh nghia: E, = j () dt = j sinc” (t)dt

—00

U Dung dinh ly Parseval:

t .
Ta co: rect(ij < 2sinc(w) = sinc(t) < ﬂrect(gj

+00 +00 1
E, = i I‘F(w)‘zdw = i ﬂzrectz(gjda) = % j ldw
b b 2

E,=7x
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Bai tap tinh nang lwong tin hiéu

Q Tinh n&ng luong cla tin higu f (t) = e'u(t)
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Bang thong tin hiéu

d Bang théng tin hiéu 1a mién tan sé t 0—»B (Hz) chiém 95%

nang lwong tin hiéu.

F(o)’

1IN\ 95% Energy

> (D
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Bang thong tin hiéu

QAVidu: f(t)=e?ut) = F(w) = 1.
(a+ |w)
1+OO 5 1+OO 1
E; =— [|F(0) do=— [ 5——da
T T Oa + @
1 l(a))“’" 1 7z 1
=—1tan | — = o=
ar a)l, ar 2 2a
0.9 _ 1 j 21 2da):itanl(a)—'\"j
2a T ya to ar a

= o, =12.706a(rad/sec)
= B=2.02a(Hz)




Bai tap tinh bang thong tin hiéu
2a
t* +a’
Tinh bang théng B chira 99% nang lwong cua tin hiéu

Q Cho tin hiéu:  f(t) =

QGoiy: eMe 22a _  (Bang bién déi Fourier)
o> +a
2a a0l ez x
<> 27€ (Tinh chat d6i ngau)

t> +a’
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BIEU DIEN HE THONG LTI
DUNG BIEN POl FOURIER
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Biéu dién hé thong trong miéen tan so

O Xét hé thong LTI v&i dap teng xung 1a h(t):

©_(Em 0 . Ao gy v

QTacé: y(t)=ft)*ht) < Y(®)=F(o).H(o)

QVoi: H(w)= jh(t)e‘j”jdt (Dap g tan so cda hé thong)

d Dap ng trong mién théi gian:

yt) =F ' {Y(o)}
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Xac dinh dap rng tan so tir PTVP

d Xét hé thdng LTI nhan qua 6n dinh md ta béi PTVP:

Q(D)y(t) = P(D) T (t)

< (D"+a, D" +---+a,)y=(bD"+b D" +.--+b)f

3 Bién dbi Fourier hai vé PTVP, dé y tinh chat dao ham trong

mién thoi gian:

Ta dworc:

Suy ra:

D*y(t) <> (jo)*Y(w)
D“f(t) & (jo) F(w)
Q(J®)Y (®) = P(Jo)F(w)
Y(o) P(jo)

O = o) " Qo)
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Ghép no6i hé thong
3 Hé thong ndi tiép:
Fw)

—

(o) Flo)

~ —

Y(w)

_>

Y(0)=F(o)H, (0)H,(®) H(w)=H,(®)H,(®)

a Hé théng ghép song song:

F@) @ Y@ _ Fw)

Y(o)=F(o)[H, (0)tH,(w)]  H(o)=H,(0)*H,(w)
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Ghép no6i hé thong

O Hé thdng ghép hai tiép:

g F(w) Y(w)
1+H, ()H, (o) 1+H, ()H, (o)

H, (o)

Y(o)=F(w)
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Tinh dap rng dung bién déi Fourier — Vi du 1

1
Jo+3

Q Cho hé thong c6 dap trng tan so: H(w) =

Tinh dap ¢ng clia hé thong vai tin hiéu vao 1a f (t) = e 'u(t)

4 Giai:
dTaco: F(w)=- !
Jow+1
1 L1 1
Y () = F(w).H(w) = =5 -
= Y(w) (w).H(w) (jo+D)(jo+?3) 2(jco+1 ja)+3j

— y(t) = %(et — e )u(t)
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Tinh dap rng dung bién déi Fourier — Vi du 2

0 Cho hé théng mo ta bai PTVP: (D? +3D +2)(t) = f(t)
Tinh dap trng clia hé thdng khi tin hiéu vao la: f (t) = e'u(t)
Q Giai:

H(w)= U@ 1 L
Qllo) (D+1)(D+2),_,, (Jo+D(jo+2)
F ()= —
Jow+1
|
= Y(@)=Fo)H(e) = (jo+1)*(jo+2)
| 1 |

= Y(w) = —— +— o
(jo+1) (jo+1)* (jo+2)

= yt)=(-e" +te +e)u(t)
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Bai tap tinh dap (rng ctia hé thong

3 Cho hé thdng mé ta b&i PTVP:
(D> +6D +35)y(t) =2(D +2) f (1)

Tinh d4p &ng clia hé théng khi tin hiéu vao 1a f (1) = e 'u(t)
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Truyén tin hiéu qua hé thong

Q Ta co: Y(w) =F(o)H(w)

Y(w)| = |F(o)|H (o)
LY (w)=2LF(w)+ £LH(w)

d Hé thong v&i ham truyén H(w) da bién ddi bién do va pha cla
tin hiéu vao dé dwoc tin hiéu ra.

d Hé thdng trong thwc té co thé la:

« B6 loc
< Kénh truyén
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Kénh truyén khong gay méo va kénh truyén gay méo

d Kénh truyén khéng gay méo: tin hiéu ra ti 1& véi tin hiéu vao
va cham hon tin hiéu vao khoang thoi gian ty véi moi tan so

y(t) = ki (t-ty)

A

= Y(w) = kF (w)e ™" H(w)
= H(w) = ke '™

|H (@) =k ZH ()
m—

kLH (w) = -k, Kénh truyén khdong gay méo

d Kénh truyén gay méo:
> Méo bién do: ‘H (a))‘ # Const
» Méo pha: /ZH(w) # —at

\J
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BO LOC TAN SO
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Phan loai bo loc

Q B6 loc thong thap (Low Pass Filter — LPF)
 Bo loc théng cao (High Pass Filter — HPF)
 BO loc thong dai (Band Pass Filter — BPF)
3 BO loc chan dai (Band Stop Filter — BSF)
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B loc ly twéng

3 BO loc thdng thap ly twdng:

1 [ H(w) ,
| 0 V\/\/\/— t
R ]

T
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B loc ly twéng

d B6 loc théng cao ly twéng:

H(w)

nt) =o(t) —— smc(a)ct)
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B loc ly twéng

d B6 loc thdong dai ly twéng:

| IH(w) ‘m‘(wcfwm )/n
| T Y V\J V AV S e
—Wcy; —Wy —Wcy Wy Wy Wcy \1 J
~(wg—oc )/ |
w + @ w—a
H(w) = rect s j + rect L

h(t) ,

T

2

= h(t) = Pe2 — P sinc( Pe2 — P tj cos(m,t)
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& Nhan xet

Q Céac bd loc ly twdng déu 1a hé thdng khdng nhan qua nén
khéng thé thwe hién duoc trén thuc té.

Q B loc thwe té phai 1a hé thong nhan qua va duoc thwe hién
theo cac phwong an sau:

» Thwc hién béng hé théng lien tuc (b6 loc twong tw), dap
(’ng tan soé thay ddi lién tuc tién gan t&i dap wng ly twéng
(sé trinh bay chi tiét hon trong chwong 6 vé thiét ké bo loc
twong tw)

> Thuwc hién bang hé thong rdi rac (b6 loc sb - sé hoc trong
mén x& ly TH sd), st dung dap &ng xung h(t) ctia bo loc ly
twdng cat bd phan dudi cta h(t) va tré di phu hop dé h(t)
maoi la nhan qua.
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Thwe hién bd loc thwe té diung ham clra s6

d Nhan dap &ng xung h(t) ctia bd loc ly twdng vé&i ham cira sb
w(t) cé do rong hiru han, sau do 1am tré mot khodng thdi gian
bang 1/2 d rdng ctia ham clra sd sé dwoc bd loc nhan qua.

+ Trong mién thoi gian: N, (1) = h(t)w(t)

. s« 1
% Trong miéntanso: H (o) = Py H(w) *W(w)
T
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Thwe hién bd loc dung ham ctra s6 xung cong

A N(t)

T ™
' A wi(1)
t
0 T
 h i
N
i~ o~ !
e~ M m

N (1) = h()we (1)

‘H(w)

RS

R (@) = H(o)* W (@)
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Thwe hién bo loc dung ham ctra s6 tam giac

A h(1)

T2 T2
| 4 We() :

-T2 2
o
SNt

. ) T2

hy (t) = h(tw, (t)

\H(w)

e

)
I
7

8n/T
}H(w)
S 4T
/ AN o
-W W

R (@) = R (o) *W; (o)

69




Anh hwéng khi dung ham cira s6

O Hién twong trai phd (spectral spreading) va ro pho (leakage)

A/
VVV

s f(t)y=cos(m,t)

VY

Aw(t)

Y —+

-T2

LA

T2

fO
A\ A

ERVAVIVAYEE

A\ F(o)

&S

Ve




Anh hwéng khi dung ham cira so (tt)

0k

A .- Bup chinh (Mainlobe)
B .-»-BUp bién (Sidelobe)

~13.3 -|-A-An

—40

} |Wr(w)| [dB]

- -
- 7
-
-
-
-
- - ’
-
-
-
-
-
-
-

Phd tan sb6 cla clra
sO dang xung coOng

207
T

3 Can chon ham clra s6 phu hop dé gidm thiéu hién twong trai
pho va ro pho.

% Clra s cang rong thi trai phd cang hep

% Clra sO cang tron thi rd phd cang thap
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& Cac ham ctra so thwong ding

Mainlob Rolloff Peak
Window w(t) 9% Rate  Sidelobe

Width dB/oct  Level dB
1. Rectangular: rect(+) 4/ T —6 —13.3
2. Bartlett: A(+) 8m/T -12 -26.5
3. Hanning: 0.5[1+ cos (22 )] /T —18 —31.5
4. Hamming: 0.54+0.46cos(2) 8n/T —6 —42.7
5. Blackman: 0.42+0.5cos(%2)+0.08cos(“2) 120/T  -18 -58.1
6. Kaiser: Io[a\/l B 4(%)2 ] 1<a<10 11270/T =6 -59.9
Ip() (a =8.168)
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LPNG DUNG DPIEU CHE TIN HIEU
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¢) Didu ché tin higu

3 Diéu ché: dich phd tan sb cua tin hiéu tin t&c 1&n tan sb6 cao
J Muc dich:
% Théa man nguyén ly birc xa dién ti khi truyén vo tuyén
% Ghép kénh theo tan sb
O Thanh phan trong tin hiéu diéu ché:
< Tin hiéu song mang
< Tin hiéu bang gbc
[ Cac phwong phap diéu ché
< Diéu ché bién dd: (Amplitude Modulation — AM)
% Diéu ché goc:
> Diéu ché tan s6 (Frequency Modulation — FM)
> Diéu ché pha (Phase Modulation — PM)
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Pieu cheé hai bién triéet song mang (AM DSB-SC)

0 Didu ché AM DSB-SC: Yau (t) = mM(t) cos(ar:t)
(Double Sideband — Suppressed Carrier Modulation)

Q Diéu kién: @, > 27B (B: béang thong tin hiéu tin ttrc)

yAM(t) \N !
Tin hiéu bang goc COS(a)Ct) Tin _hiéu diéu ché
(baseband signal) (modulated signal)

Bo diéu ché
(Modulator)

Song mang
(Carrier)
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Phé tin hiéu didu ché AM DSB-SC

Tin hiéu trong mién thdigian  Tin hiéu trong mién tan so

Yam (D =mM(t)cos(acl) < Yy (@) = %[M (w+ )+ M(o-o.)]

A M(Y) s M(w)

TNt PN 0




Giai diéu ché DSB-SC: tach séng déng bo

s Yam(D) &) M oc thong %m(t)/—\
s thdp [
WA |cos(eocty

Yéu cau: séng mang & bd diéu ché va bd giai dieu ché phai dong bé

, E(®)
LA A LPF LA
2w, 2a)C

&(t) = Y (1) cos(@gt) = [M(t) cos(@ct)] cos(awt)
= L[m(t) - m(t) cos Q)]

E(w)=1M(0)+i|M(0+20.)+M(0-20,)]
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Pidu ché AM
a Truyén tin hiéu séng mang cung v&i tin hiéu diéu ché:

Y (1) = Acos(a1) + M(t) cos(w 1) =[ A+ m(t)] cos(aw,t)

N , m
Q Hésb dieuchée u= —P (m, la gia tri dinh cua m(t))

A

A+m(t) > 0,Vt Jt: A+m(t) <0

M=t VN #e]

e— 2 —

N\

buwong bao Puwdng bao
Arm(t) WVK A+ D)
Pr.w.W\¥)
JUUWWH UU [

78




Giai diéu ché AM

0 Vé nguyén tac, co6 thé sir dung phuong phap gidi diéu ché
dong bo, tuy nhién thwc té kho thuwe hién.

a Néu p<1: tach séng dwdng bao = don gian, dé thwe hién

RC qua lon Tin hieu

giai diéu ché

NN Puwong baO\_pr;r{Nwm,
c ::@ C::}
= -
B6 giadi diéu ché AM | J N | J

Tin hiéu giai diéu ché A

79




Ghép kénh / phan kénh theo tan so6

0 Ghép kénh: diéu ché cac tin hiéu mang tin (cac kénh) vai tan
s6 sdng mang khac nhau, cac tin hiéu diéu ché nay co thé
ghép chung vao mot kénh truyén. Phwong phap nay duwoc goi
la ghép kénh theo tan s6 (Frequency-Division Multiplexing -

FDM)

f Y ann (V)

cos(m,, 1)
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Ghép kénh / phan kénh theo tan so

Q Phé cua tin hiéu FDM:

—Wy, UJM

—Wy U31\/{

Yipy (@)

'/I\l\'/[ (@) l/h ,(®) AM;,(CD)
» (0

—0y Wy

A

Q Phan kénh theo tan sob:

YFDM (t) -

H,(w)

AITRVA Cw
mcl (DCZ (03

|

_(Dcl

(Dcl

N

H, (o)
A

cos(m,t)

—> m, (1)

Thuc té nguoi ta dung phwong phép doi tan dé phan kénh va
giai diéu ché tai cung 1 tan so6 (thwdng goi la trung tan)
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& Ghép kénh / phan kénh theo tan so6

d Xét tin hiéu FDM:
LSB Yipn (®) LSB USB

USB
NATANIN ATV
05 T0, —O W By Oy

= M&i kénh déu co 2 dai bén nén chiém dung bang théng kénh
truyén gap déi bang thdng cla tin hiéu.

= VV6i cach giai diéu ché da khao sat ta thay rang chi can truyen
di dai cao USB hoac LSB thi van co6 thé giai diéu ché dwoc

= Néu truyén di mét dai bén cda tin hiéu ngudi ta goi dé 1a diéu
bién AM mdt dai bén. Muc dich: tiét kiém bang théng cua kénh
truyén
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Piéu ché va giai diéu ché SSB
0 Diéu ché don bién (AM SSB - Single Sideband Modulation)
% Chi truyén di bang tan trén hodc bang tan duwei (= don
bién) dé gidm bang thdng kénh truyén.
% Can giai diéu ché dong bo

M (@) A= A
Base band /L

~inB 0 2nE w© =

SSB Demodulated
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Piéu ché va giai diéu ché SSB
d Phwong phap diéu ché 1: diéu ché AM-DSB + Filter

Y, (®)
—, o,
l - Hwo —
H(w) T o
l —®, o,
YAM-SSB((D)
% I & > ()
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Piéu ché va giai diéu ché SSB

d Phwong phap diéu ché 2: 90° phase-shift network

oon - N TN

’é_ y, (1)

m(t) —»e é}—’ Y amsse (D
1; ©>0
R H(oo){j; - —»(& 5 (0 .
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Diéu che goéc

Poc thém: trang 289-300 (B.P. Lathi)
0 Diéu ché FM
0 Diéu ché PM
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Mot so cong thire tich phan thwérng gap

stin (85)dX = — Xcos(ax) N sin(ax)
a a’
Ixcos (ax)dX = Xsin(ax) N cos(ax)

a a

X> cos(ax) L 2x sin(ax) , 2cos(@x)

2 3

| x* sin(ax)dx = -
a a a

X’ sin(ax) . 2Xcos(ax) 2sin(ax)

a a’ a’

j X* cos(ax)dx =
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Mot so cong thire tich phan thwérng gap

j xe¥dx = —
a a

™ oxe®™  2e™
o 2 T 3

X
j X e¥dx =
a a a

bcos(ax)e”™ + asin(ax)e™
a’ +b’

j cos(ax)e™dx =

bsin(ax)e™ — acos(@x)e™

in(ax)e™dx =
[ sin(ax) T
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