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18 | fR {S B (Band-limited signal)

1514 .1 (Example 4.1)

xp(t) = Z X, sinc(Wt — n)
n=-—
Jﬁ 5&%&1’&@2ﬁﬁ(Frequency-domain representation)
(0 0] N (0 0]
Xp(f) =j xp, () e 2 tdt = Z an sinc(Wt — n)e J2™/tqt
— 00 n=—N — 00

Wt' = Wt —n&EETEEHLF D& (Under the change of variables Wt' = Wt — n)

N (0.0)
Xp(f) = Z an sinc(Wt')e~j2nf (¢ +n/W) g

n=-—N

N
= H(f) Z Xne—jZnnf/W, H(f) = {1/W for |[f| < W/2,
n=—N

0 otherwise.

H%‘fﬁ(i\ 15']3.1 @ﬁ%%%{ﬁ?f:o (The last follows from the result in Example 3.1.)
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%iﬁ?—ﬁ” BE1§"=?O)'I‘§EE(Properties of the band-limited signal)

N
Xo(f) = H(P) ) Xpe F2mmi/W.

n=-—N

J& IR 45 1% (Frequency property)
BliEEFEX, RRE[-W /2, W /2]IZHIBIN TLVS,

The frequency band is limited to the interval [-W /2, W /2].

in fﬁ, j] (Representation power)

BRI O ES(X, ) EBYICERE I oL, RIRMEXME[-W /2, W /2]
[CHEFIRSN-EEDR—RNMEEERETED,

Any [-W /2, W /2]-limited baseband signal can be represented via an appropriate design of
the discrete-time analog signals {X,,}.

Y X — EATEARN—ANVNEEDERIT ) TEREHITREI NILELLY,

Let {X, }n=_o be the complex Fourier coefficients of a target baseband signal.
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sinCF';E] ’;ﬂ@ IE%EIE&"@E(Orthonormality of the sinc function)
FEEDEHH LUEHmMEnIZXL T, (Foranyintegers m, n, and real t,)
(0.0)

J sinc(t — m)sinc(t — n)dt = 1 form =mn,
— o0 0 form # n.
t' =t —mETTEBL ., I Fh%Esinc(—x) = sinc(x)Z&ES &,
Use the change of variables t' = t — m and the symmetry sinc(—x) = sinc(x).
(00)

j sinc(t — m)sinc(t — n)dt = j sinc(t')sinc(t’ + m — n)dt’

—00
(0 0)

= j sinc(t")sinc(n — m — t")dt’ = (sinc * sinc)(n — m).
(00}

B HIAHg(t) = (sinc * sinc) () IZH LT, ZDT—)TEHG ()X,
For the convolution g(t) = (sinc * sinc)(t), its Fourier transform G (f) is given by

G(f) = Ho(f)Ho(f) = Ho(f), Hy(f) = {1 for |[f| < 1/2,

0 otherwise.

KD, (Thus,) . R _ _ 1 form=mn,
g(n —m) = sinc(n —m) {O form # n.

j”f;Xl‘ ﬁ:ct[') Due to the Nyquist criterion.)
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%ﬁjﬁi& H# FEIE] 1% =x'), ‘TEEH (Demodulation of discrete-time signals)

N
xp(t) = z X, sinc(Wt —n).

n=-—N

IE%E,IEX*"SE%% L \T:fE%H(Demodulation based on orthonormality)

N (0.0]
f xp, (t)sinc(Wt — n)dt = z X,y f sinc(Wt — n")sinc(Wt — n)dt = X,

n'=-—
HEDESIL., sincBEHBMDIERERENSHED,

The last follows from the orthonormality of the sinc function.

7‘4#—1 I‘%#F%Fﬁ L\T:TEEH(Demodulation based on the Nyquist criterion)

N
Y, = xp (%) = Z X,sinc(n —n') = X,,.
n'=—N
mEDFSIEL, sincBEBD T AT AREHEMNSHED,

The last follows from the Nyquist criterion of the sinc function.
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=] H /J-'X-"'n "?’\0) nﬂ(Up-conversion to radio frequency (RF) signals)

FEIEW DR —R /N HESx, (O EFDERB (> W)DEFEKIES
x(OITEBRT B,

Convert a baseband signal x,(t) with bandwidth W into an RF signal x(¢) with center frequency f. (> W).
x(t) = Re|xy (£)e72met]
= Re|xy(t)] cos(2mf.t) + Im|x, (t)] sin(2mf.t).
In-phase (1) 43 (componenty  Quadrature (Q)fk 43 (component)

Re[oxy, ()] &
SRR &S S
! RF Oscillator i
T 3,7k T > x(t)
2 shitt
m[x, ()] =J§
= IR =
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EIEEE(Proof)
IR S pEIs CE Rz a%5T L. B mBEEICRE T

Design the up-conversion in frequency domain and represent it in time domain.

Xo(f) - 2X(F)

1, = N

»

—w/2 O W/2 —fe 0 fe f
2X(f) = Xp(fe — ) + Xp(fe + f).

|
|

x(OIEEE=E _
x(t) is a real signal ZX(f) = Xb(fc _ f) + Xb(fc + f) = ZX(_f)-

B fE] B 3Ek FR 2R 177 , 1 (® .
Time-domain x(t) — EJ Xb(fc o f)e—]antdf + Ef Xb(fc + f)ejznftdf

representation -

1 . , 1 . p
— Ef Xb(f')eJZﬂ(f —fc)tdf' +§f Xb(f’)eJZ”(f —fc)tdf'

1 . 1 | |
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R—R I\ K1{E &~ D18 5 (Down-conversion to baseband signals)

Wk R ELR RS . FEIEW DERIEIESZXx(). EDT7—)ITEBREX()ET S

Let x(t) and X(f) be an RF signal with carrier frequency f. and bandwidth W and its Fourier transform.

H#Fﬁﬁﬁﬁiﬁi%ﬁ yb(t) — ZWJOOX(T)ejznfCTSinC(W(t — ’l'))dT.

Time-domain representation

=| X L7 1
BN eI E S Y, (f) = 2WX(f — f)H(f).

Frequency-domain representation

HOIXUTTEZONBsinc(Wt)DIT—IEHRTH D, (3.1 1)

H(f) denotes the Fourier transform of sinc(Wt). (See Example 3.1.)

1/W  for|f| < W/2,
0 otherwise.

-]

R—R I\ P1§%’\O)’TEEH(Down-conversion to the baseband signal)

V() = xp(2).
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EIE Eﬁ (Proof)

BREIRESORRBEERE2X () = X (f. — ) + X (e + NEFAT S,

Use the frequency-domain representation of the RF signal 2X(f) = X, (f. — f) + Xp (f. + f).

RBlEE Tk

Frequency shift

2X(f — fo) = X 2fc — ) + Xp ().

O—/NRT4LE  Y(f) = 2WX(f — fOH(F) = WX (FHH(f) = Xp(f).
Low-pass filter Xy, (N IEFEHI RS B (x, () is band-limited.)

X(f — fo)DEFfal pE I R IH

Time-domain representation of X(f — f;

| f X(f — f.)el?™tdf = x(t)el?™/et,
%3 @Eﬁ%ﬁ*ﬂ'é%ﬂﬁ@ee the lecture notes 3.)

H%FEﬁ ﬁﬁiﬁﬁﬁ E‘.(Hﬁ(ﬁ@'ﬁ’g& U « (From the property of the convolution,)

Time-domain representation )’b(t) — ZWx(t)ejZ”fct % SinC(Wt)

= ZWJ x(1)e/?™cTsinc(W(t — 1))dr. m
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R—R I\ K1{E &~ D18 5 (Down-conversion to baseband signals)

() =2w [ " X (@l T sine (W (¢ - )dr.

O—/ARTJ4)LA
(1) >®) > | — Re[y (¢)]
Low-pass filter
REB R k2%
Local oscillator v
SIORT
Shift 2
‘ L O—/\X74)L43
. . | — Im[y}, (¢)]
Low-pass filter
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JE"%%%(Transmitter)

BRI RE S {X,,)
Discrete-time signals {X,,} _\ % 9)[/1 FMEE

TORIIAR—ZANVKRERE
Digital baseband signal

= ELIR A KR

Up-conversion

A 4

Digital signal processing

A 4

HIRRFREIAR—X N\ ES

Continuous-time baseband signal

TR T 0T EHRE

IR0 SR

Power amplifier

A

Digital-to-analog converter

xp ()
SREFEESx()
RF signal ﬁ{%ﬂ%

v

Channel

KEERNDERFETZT OFIIVETRETITILEELH D,

Digital signal processing may be used for the up-conversion.
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= B R AE B D 15!l (Example of RF signals)
2

15| X, sinc(Wt)

X, sinc(Wt — 2)_

Amplitude
o
S =

I
-
wn

X sinc(Wt — 1)

-3 -2 -1 0 1 2 3 4
Wt
N=2,X,=X,=0,Xo=1X=-1,X,=1,f.=10WDHEE
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%‘fgg'gmeceiver)

il

BARRIEES

RF received signal = K @ e T 1 LS R S EIg s

A 4

A 4

RF bandpass filter

Low noise amplifier (LNA)

ERFRAN—XN\VNES

Continuous-time baseband signal

A

R—RAN\NKRADEER

Down-conversion = ERIESx (t)
Yo (t) RF signal
g XEEIL.\E’]fd*iﬁA
RERREFREE = {1}
wilivVyi |deal case
b7 )/7 Discrete-time signals {Y,,}
Sampling >

KAR—ZANEADERBLT ORI ESLETTIGEDLH S,

Digital signal processing may be used for the down-conversion.
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5§%‘(Exerci3e)
UTOaYAVA—ILATILIEG(DHET—) TEHg () ERO K,
Evaluate the inverse Fourier transform g(t) of the following raised-cosine filter G (f):
( 1 for|f| <1-—a,
G(f) =<3G(f) forl—a<]|f|<1+4+a 0O0=ac=sl

\ 0 otherwise,
1 T

6e(f) = 5{1+coso[If| = (1 = )]}.
f=1=L. dat + +1&t # 0ZF{RTE &K, (Here, assume 4at = +1and t # 0.)

' / \
a=20
a = 0.5

G(f)

15 -1 0 1 15
f
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