f; frequency, Q and k

Various frequency specifications we’ll use
DIGITAL « f,, the sample frequency in samples/sec

« f, the signal frequency in Hz = cycles/sec

Nt COMMUNICATION cf/2<f<f)2

AN, LY e angula
i T ‘v,/ ] »‘ﬁ;w SYSTEMS + Q, the angular frequency in radians/sample
ur e-mm<sQ<T

* k, the spectral coefficient index
*-N/2<ks<N/2
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» sharing the frequency spectrum
» modulation
* demodulation

Examples: f;=1e6 samples/sec, f= 10 kHz, N = 1000
so Q =.021r and k, = 10

k=15,N=100, f, = 1e6
so Q= .31 and f= 150 kHz

Using Some Piece of the Spectrum Modulation

* You have: a band-limited signal x[n] at baseband (i.e.,
centered around O frequency). x[n] y[n]

* You want: the same signal, but centered around some specific
frequency k (211/N).

For band-limited signal
* Modulation: convert from baseband up to k. (211/N) A agle nonze“f’ ‘fll{ly for cos[k (211/N)n]
Demodulation: convert from k (211/N) down to baseband statl {ange of =

k, jk%n 1 _/'kc%n 1 —jk(,%n Re(ay)

Re(ay) Re(a,) y[l’l] = E Qe 5¢€ R N R A2

A ; ; k=—k 2 2 I ST

i | . | 1 x —k i+k,
= modulation — 1 . :

' ' — @ [ k, 2 k, 2n

fim(a, P ey 1 e 1 ke

i i C:. | i =—Eake +—Eake

rrl_: demodulation ] [l 2 Kk 2 k=—k '

\ 1 IJJ IIJ L . TR ) . ) [— S

' 0 ! \/V
Signal centered at 0 Signal centered at k. \_/



Example: Modulation (time)

band-limited o]

Example: Modulation (freq)

Band-limited x[n] cos[35(211/N)n] y[n]
R(a,) R(ay) R(a,)
00 iawl 00 l { 4.L1 !.lnl
l‘i r‘l e & xR )
(ay) Slar) (1)
e st —r—

Demodulation Demodulation Frequency Diagram
Re(ay) Re(ay)
yin] z[n] AR 7‘,("'/\/2 ***** T **************** T ***** 1/2
\/ Hmm. So z[n] has what - é ke = *k
we want at baseband, : Im(ay) Im(ay)
cos[k (21T/N)n] but has signal we don’t el R g1 Al2
¢ want at £2f, L e ' '
'kL,2—”n —'kcz—”n I : k(2 N I
Zn]= y[n][%e] N +%e ey l yin] cos[k.(21/N)n]
z[n]
k Kk )2 & Kk, )2 k= n k= . Re(a,) . Re(ay)
= l E akej( )N +l E ake( ) L) N4 L N P 1 ”””””””””” A/2 "T*"""""”j *************** P A/2
2 k=—k, 2 K=k, 2 -2kl | +2K, -2k, | | +2k,
; Im(ay) + : Im(ay)
k . w ke 27, k L2 e L e S sl A/2
LS LS L S g A = -
k=—k, k=—k, k=—k,

\/ What we want
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Demodulation Frequency Diagram

R
e e
P @)
f'_,-'[_f ———————————— '_ri 77777 A/2
b L
yln]

Refay)
77777 SR R
-k i+k,
Im@)
cos[k (21T/N)n]

Note combining of signals around 0
/\ results in doubling of amplitude

\/ What we want

Example: Demodulation (freq)

x[n] y[n] z[n]
R(a) R(ar) R(ar)
0s 0s
04 04
0.2 4 0.2 4
1 . NI N
By 3] S ad
02 02
5
Only want these frequencies...
S(ar) S(ar) S(ar)
0.6 0.6
0.4 04
0.2 0.2

Example: Demodulation (time)

10
08
06
04
02
0.0

50 100 150 200
yn]

10
05
0.0
-0.5
-1.0

50 100 150 200

Showing idealized signals

Demodulation + LPF

yln] /;(\ z[n] LPF x[n]
\TJ Cutoff @ tk,
Gain = 2
cos[k,(21T/N)n]

::: 9al? T r I " Tl b bl % ) " T.TTT
LR RN | PR A R L L
:: o il 1A

. kA




Demodulation with sin[k (2711/N)n]

yln] z[n]

\/ Hmm. So z[n] no longer
has the signal we want

sin[k,(211/N)n] at baseband!

k=—k,

\/ Oops, no baseband signal!

Demodulation (sin) Frequency Diagram

Re(ay) Re(ay)
7 NN AN ‘
ey i & i
5 Im(a,) E ; Im(ay)
- —rI' —————————————— '_ri 77777 A2 e T —————————————————————— 1/2
Iy L~ |
yln] sin[211f,n]

Note combining of signals around 0
[\ results in cancellation!

————————————————————————————————————— - A/2
o =
z[n] ' Im(ay) ;
B e e V)
/"\ \i/

Demodulation (sin) Frequency Diagram

Re(ay) Re(ay)
AR AR '
! ik, ki ik,
5 Im(ay) 5 5 Im(ay)
””rII —————————————— '_ri 77777 A2 e T —————————————————————— 1/2
b L | '
y(n] sin[21T{_n]
Jjij=-1 so sign of a, flipped z[n] -jj=+1 so sign of a, not flipped
/\/ \/\Retak) Re(ay) \/\
B e EEEEE R TP - A/2 B e TR - A/2
e o o - =1 ;S
< F =
() + 5 im(a,) ‘
P EI ———————————————————— A/2 R RERREETEEREEEEEEE | ———————————————————— A/2
V

Multiple Transmitters

|2y
Choose bandwidths and f;’s so as to
avoid overlap! Once signals combine
at a given frequency, can’t be

cos[k,(211/N)n]

|y

undone...
7 [EW]

—Hﬂ_ X;[n] \)T(/ "\:_ii," Kk, ky, -k 1'(1 'kQ 1'(3

cos[k,(211/N)

|2y |

X3[n] Channel “performs addition” by
combining energies from different
frequency bands.

cos[k;(21T/N)n]



