Level, Mark(1), Space(0)
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(+ -
* &
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:; % ¥
x(t)=A ap(t- kT)
. &+ I, 1 0.+ . K=
’ ’ , 04 | +2&) +
Ela,]=m,, E[a,a’] = R(k- )
1 roo 3
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N®

R p(ty - KT)p (t,-1T)]

k

Ryx (L, t5) = E(X(tl)X*(tZ)) = A’

my (t) = Am, p(t- kKT) Cyclo-stationary with respect to T
k

1 (4
Stationarized X : X(t) = X (t+D), D~U[0,T]

_ TI2 TI2
Ry (f) == R (t+7,t)dt, m,(t)= T m, (t)dt

-T/2 -T/2

Roc(0)= A 2L RMAE - mT}* (p(0)* pC-1))
A Sc(f)lp(f)lz, Sc(f): R(m)e-ijme

S, (f)=—
X T m=-¥

N®

& 0 2( 2 - o+
m, =0, R(m) = E{a,a} = s *d(m)
S, (f)=A’?|P(f)P /T, normalizeds?=1

% - 2 - +(4
| P(f)[= AT sinc( fT)
¥
transmittel power: P =(A*/T) |P(f)[df = A?
1 - -¥
¥
S, ()= f2  ATsinc?[(f - nf)T]
n=-¥

3 /| 56.

¥
S, ()= f2  ATsinc(fT - nm)

n=-¥

$

N

m=6 case drawing
with 3 shifted terms

fo/2 fo 12
S=2f AT siné(fT)df sincé(fT)df
0 SN% = = Q
v fel2 a )
N, =2f2AT  siné(fT- mndf f ,f'”"z(fT)df

n=-¥ o
nt0

N

f, = /KT, largek

mk/2

Rectangula pulse PSDu 1/ f 2

siné(j/k) Triangular pulsg PSDu 1/ f*
SNR =3 ; RaisedCosinePSDu 1/ f*
sinc(j/k)
j=mki2
nk ~1000" 50
/'/\
' ™




N®

a, =b +b
A2

§x(f):?sc(f)IF’(f)Iz, S.(f)=

2, m=0
R(M) = E(&@un) = L m=z1
0, ow

S.(f) = 2@+ cos2pfT) = 4cos’ pfT
§x(f)=$|P(f)|2 cos® pT
* |7 +

R(m)e 12T

m=-¥

78* 8%8 8%2 8%9
8%; 8 %< 8%((

89%(& 8%(8

97

1
8- I -
-8 * -
x(t) = A(t) cos(2pfot +/ (1))
= X4 (1) cos(2pf,t) - x, (t) sin(2pf,t)
X (1) = x4 (1) + x4 (t) = A(t) cos/ (t) + JA(t)sin/ (1)

A1) = %2 () + x2(), /(1) = arctan i‘* g;

d

X(t) = A(t)e” VO, x(t) = Re(X(t)e'?"")

1- %
* % +

, LP signals

98

99
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7 .

0 1~ 1

3192 ,192 %192 $$9
"+ 3192 " +,192 ' + %19
" +:3 3%9#




; + 5l

1+ - < - 0 1+ 8

$-/ -1/ 0 + 15 ~>¢

!
1 .8 ,* 8 +? 72
1 1- . +?
! n

QPSK Example -8 * - - * | I# (
X.(t) = A, COS@AL+/,), KT ELE (K+DT 17+
J o =pld-pla3pla- 304 8 8, o2 1 @l I

N

Xq(t) = A, coy qu(t) =Asin/
00, 01,11,10: GrayCodeMapping

1-

Book example QAMDEMO 05-

g o

05-

Make m symbols N

Get n samples of each symbol
Map mxn samples and pass thru the filters
Levels = -1, 1 for QPSK 2
Matlab: filter bw is normalized to f,/2 !
bw = 2f, /f, = 2f,, JKfg,m =2 Ik 20
1
2

e.g: k=20 and =1=>bw=0.1

0

10 20 30
symbol index

2
0 10 20 30

symbol index

N®

x(t) = Re(X (t)e!?")

X(t) = 2x(t)e 1?7 - X" (t)e" *' : LP Signal

X(t) = 2LP{x(t)e %'}

X(f)=2X(f+f U(f+f)=2X (f+f,)

xg and x, are real => X, (f)= X, (- f),...

X (1) =Xy (F)+ X (F), X(- £)= X (F)- X (F)
X (F)=(X(f)+X"(- f))/2

Xo(£)=(X(f)- X'(- )/2]




N®

4 #$
1 / -+
y(t) = _¥¥ x(¢)h(t- £)d¢ = x(t) * h(t)

VO =X@®*h@t) if ® h(t):Re?Zﬁ(t)e"z"f’t}
V(1) =Yg (O + jyq (1) ={x, (t) + jx, (O} *{hy (t) + jh, (1)}

N®

#$

17 +
H(F)=H,()+H.(f), H(f)=H,(f +f))
H(f)=H(f + fU(f +f,) H. H,
;o+ % + %

1 o

x(t) = Re[X(t) exp(j 20f )]
h(t) = Re[2h (t) exp(i 26,01, Y(t) = X(®)* h(t)
y(t) = x(®) * h(t) = Re[¥(t) exp(j 20f )]

A / 3+ 1

X(t) = x4 (V)& 72 =[x(t) + j&(t)]e 1

X(t) =X(t)*%, X(f)=-jsgn(f)X(f)

N

8-. - -1/ 6- / 0 % #
X(t) = Acos@uf t+/) ® X(t) = Ae’

y(t) = AGcosRuf t+/ +q) ® Y(t) = AGe’ e’

V(1) =X(t)(GEY)  h(t) =Ged(t)

hy (t) = (Gcosg)alt)

h, (t) = (Gsing)a(t)

N®

%
* ( *
IXOF=4 IR +X (O 1
E, =2E,

* % 2 + BC 8- #.

n(t) = a(t) cos2u t +g(t)) = Rez(t)e' ")
z(t) = ny (t) + jny ()
0=E[n(t)] = E[n,(t)]cos2uft - E[n(t)]sin2uf t
E[ny ()] = E[n,(t)] =0
R (@) = E[nn(t +1)] = Ry, (F) cos2dtof - Ry, () SN2
RNde )= RNqu (), RNqu ()=- RNqu @)




%

: [+ /
RNqu ([) = RNqu ('[)

Run. 0 =Ry, 0)=0

$ %

R, (f) = E[Z*. (O2(t+1)] =2Ry,, () +2]Ry n, (7)

Ru(t) =ReR,,(t)e'*]
N =Ry 0 =Ry, @ =Ry 0 =3R,(0)

%

8 - .
Z(t) =x(t) +n(t)

X(t) = Acos@u), N(t) =n, (t)cos@Htt+4) - n,()SiN@k A +q)
%1 8E . S(f)=(A/Ad(f - f,)+(A14)d(f +1,)

) Ry, (0)=2N ) P= S
= 1& D = A2
. SNR, = SNR, = —
S(f) =8, (f)+§,,(f)=25,(f) °
% &
, : & 1- - 2 2 I -4
$ % LT+ -8
3,7 + -3
3. * 3
1 8-

. ) - A ' +
: - x(t) = At) cos2fit +g(t))  X(t) = At)exp(jg(t)

Y= a()cospt+ ()] y(t) = Beos@pft +4g(t))  y(t) = Bexp(jq(t))
s X (1) :I;.l(t)exp(j/i(t)) L 4D 5 Ya(t) = Bxg ()7 %" (1) + %" (1) yq(t) = B, () /%" (1) + %" (1)

N

y)=Re X ()exp[izAt] =Re

" R explizo(, - )Iexpli2AA]
0= XOexpl2(f,- 1)

i=1

N®

* - 23
r(t) = Att)cos@dt +q(t)) T(t) = Alt)exp(g(t)
ZM =T O HADI




% &
-
y(t) = x(t)- x}(t) BW=3B
f.>>B, y(t)»[Alt)- 015A°(t)]cos@d t +q(t))

+ / +' +
N

yt) =F[xt)]» ax"(t) BW=NB
n=0

3 3 3 %

X(t) = A(t) cosedf t +g(t)) = Acosa
y(t) =F[Acosa] =a, + ’ (a, coka +h, sinka)

1 3--

2 1/ 4 /A
F +
impulse applied at t- ¢, responsemeasured at t.

y(t) = i ht,)x(t - £)d¢, y(t) = _¥¥ ht- £,6)x(¢)dt

¥ ¥
H(f,f,)= h(t,z)exp[- j2p(ft+ f,¢)]dtds
¥y
¥
Y(f)= H(f,f- f)X(f)df,
g-2 "

x(t) = At) cos@dt +4(t))

t :elapsedtime

k=1
first zone a, + jb, (describing function N
= 1% 1% & yO) = (a,(t)Alt-7(t))cospuf,(t- 1 (1) +q(t-£ ()]
a =— F[Acosalcosada b :; F[Acosa]sina da ”;1
0 ’ yO = aOXt-r,), &) =a,t)expt j2d (V)]
y() = T (A(t)) cospiot +g(t) + g(AL))] =L ’
# # (!
, * 4+ + D
1F ; [
1+ <
3 + * /
7 41 o+ * G3-8 G
1 @ |7 +
; : S# H#
: 1 * oy 78* 2%( 2%8 :
) : Ml =HA*qrl = bxn-K-  ayn-K
- @ N71q<zn-k
. s H(2) = Y@ _ k=0 , H(e"™): freqTrans
o w X(Z) 1+ akzn»k

1+ % . E
- %




$ $)$3

2 + 4 + L. i) =/ H(jw)| &7 - dg(w)
' 2% 2< - + H(W) = H(W)[e™, ) =-=""
. v -/ 2 - - - -+
{ :'I\", } 8 -. /I,
: : _ s+l Sl : 1+
N I‘),‘ K H(S)—m [H(im)[=H(9H( S)|F,W—m
e |H(jw)P« H(s): 2- wayDerivation
, -, % / +#) / % #
. = -, 3-- 8
s CotCWP +Cf +.. 4+ Cy
@ o IHGmI D, + D, + D +...+ D,y "
B 8 2 + * 2 -
8 +, * 7 - /1
= ® I A %2 % 21- 4
: 2 - +
. | 7 3 y(n) =CS(n) LPtoHP:s%%%® w, /s, (w, passbantteq)
' ( 6 * S(n) =F.S(n) +F,S(n- 1) + Bx(n) LPtoBP:s¥%¥P%® (s*+w’)/(BS), B=ws,- wj,u, =+ wu,
* $$ " (
- - 210
|H(J'W)|2=W1 Dy =€, W=wlw, - * 21 - _* 2 /
. 1
;Olot_:z10 | H*(jl)' [’=10log,, 14_7925: -A, B *
10l0g,, | H (j %) F=1010g, —— ¢ = - A H(2) = Z{L'[H (i} ©® z=67
" e KT 1+e'W, A N
— o UN P (2k+N-1 H = H = —_—
P =€ exp(j(E5P) NE) sts ® H(2) Ewrars
. - +/ /1 e > # 4 A% %
. L . 1/
* + KZKK/ " 0 - - -+ [AH
¢ AHGWPe e wewie, “ /b
s T e eciw ’ -
_ H 1 - *
I H(WP=1- ———%——, W=w/w,
= e ww = H(2)= Q- Z9Z{LEH, ()} @ 2267

C,(W) =cosficos'W) |W|<1
CoaW) =20WC, (W) - C,,(W)

A lL-e>)z?!

= 7Ak =
Ha(9) « s+sk® HE@) v l-exz?

1 % 2 /




$$ " $$ "
/ . * /] 8-
- —1 o
H@=H,(9)| ,,.®s=C % 2 3-8
sC 1+z y[n] = y[n- 1] +Tx[n]
w, =CtanyT /2), C:Prewarping H.(s)=1/s® H(Z)=1_12,1
H.(9) = A g H(2)= A7) - N +
T st « (8- C)Z'+(5+C)
1 8 -
/1 - / / c=2/T 2 -( 3-8
. 0 - ' /_7 : . y[n] = y[n- 1 +T(x[n] +x[n+1]) /2
+ = :Il+271
) i H,(s)=1/s® H(2) 71 1
n $$ n ( $
-- 8 . . 2@ 2A
J(w)= W(e"™)|H(€e"™)- D(e"™)|" dw - -
- "8 B 7 -8 $ 0+ o+
> ?7@ 6,0 +
@+, *L
3 + /]
3 + 0 1,
& - * -8 + 8- /A #2 - -/
= N 1/ - - 17 + -
@ J(w)zaEA+(1- a)EG @ @ , |/ -+ _ + - -
8 ( - - 8 - + N
y[n] = b, x[n- k]
& 2 , 1 02 + o
0.
& - + / / 5 - #
& & -8 - &G!I'M x4




- * / I+

& - 12) - / 4 3 /. - - L #
- * N/log,N /& N K! . +3 2 #
, 0 * - n 33 g2
0 - 2 / /| — /O - } | #
3 + - - - D
- 8A# /- -
B < ) B ¥ ¥
* 1 - * H(z)= h[n]z"%¥%¥%® H(@E'*")= h[nle '*""
/ # + n=0 n=0
N ¥ L
’ [HnlF>@- ¢ [Hn]f, e»2% ¢ H(e!?™)=¢e 2T  hk+L]e 2 =g 12T H (e!?T)
8 k=0 k=0 s k=-L
H () =H () *W(f) . L _
T = Hy(e'T) = h[kle "#*T = A(f)
@ / k=- L
& 2 fy/2 _
, X him]=T A(f)e!> " df 2+
Hamming : w{n] = 054- 046cos(pn/L) nl [-L,L] 12 - / PQ
$
! " " #
K¢ %/ -8 25 f= fJ2 SR I
1fg12 .
himl=T  A(f)el2gf = SNEm) 3 4 -
< 1tg12 pm
% 1 /1 @5.
- KR N/ N"I 2 5 5K6/
A 6RMNSI 6" 2,7 + 5/ 6855
& | - -+ G # T
_ _ /- - G KR1+ &GK IM#
I#* I#* 1 -
I# / % -
¢ 1 ¢ % % /7 [#2 - + -
s At) = ———— s - - - 2GK IM
Vit (f /1 f) 8 A # P'/ 612/61Q2'&6!NON&6!
& 7+ - & * * &6I1=K & A0 S#2K?0? &
;I % PQ 0 S
A BC o/ 3-+@

/ I




% $

N®

$
1 - - -
: - 0 - -
d(t)= d,d(t- kKT)%¥%® x(t)= d p(t- kT)
8 -. k % ‘

o(t) = sin(pt/T) cos(pbt/T)
ptIT 1- 46%2/T2

, +2 +2 -

t-ty =nT - mT,,

T.=T/k +=Dp
T &

% $

N®

&$
%- %0
70—,
0 - B,
()
/
7
23* [ [ 72 *

0O#




