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Semi-random Binary process
N Gaussian random variables

Definition

X (t) =
∞

∑
k=−∞

Ak rect

[
t−kTb

Tb

]
E [Ak ] = 0 k = 0,±1,±2, · · ·

E [Ak ] =

{
A2 k = m

0 k 6= m
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Trucated Semi-random Binary process
N Gaussian random variables

Definition

X (t) =
∞

∑
k=−∞

Ak rect

[
t−kTb

Tb

]
2T = (2T +1)Tb

XT (t) =
K

∑
k=−K

Ak rect

[
t−kTb

Tb

]

Young W Lim Random Waveform



Power Spectum of Trucated Semi-random Binary process
N Gaussian random variables

Definition

XT (t) = Tb

K

∑
k=−K

AkSa(ωTb/2)e−jkωTb

= TbSa(ωTb/2)
K

∑
k=−K

Ake
−jkωTb

E
[
|XT (ω)|2

]
2T

= A2TbSa
2(ωTb/2)

=
TbSa

2(ωTb/2)

(2K +1)

K

∑
k=−K

K

∑
m=−K

E [AkAm]e−j(k−m)ωTb

SXX (ω) = lim
T→∞

E
[
|XT (ω)|2

]
2T

= A2TbSa
2(ωTb/2)
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Waveforms (1)
N Gaussian random variables

Definition

s(t) = A0 cos(ωot + θ0)

= A0 cos(θ0)cos(ω0t)−A0 sin(θ0)sin(ω0t)

s(t) +N(t)

= [A0 cos(θ0) +X (t)]cos(ω0t)− [A0 sin(θ0) +Y (t)] sin(ω0t)

= R(t)cos [ω0t + Θ(t)]
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Waveforms (2)
N Gaussian random variables

Definition

R = T1(X ,Y ) =
{

[A0 cos(θ0) +X ]2 + [A0 sin(θ0) +Y ]2
}1/2

Θ = T2(X ,Y ) = tan−1
[
A0 sin(θ0) +Y

A0 cos(θ0) +X

]
X = T−11 (R,Θ) = R cos(Θ)−A0 cos(θ0)

Y = T−12 (R,Θ) = R sin(Θ)−A0 sin(θ0)
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Probabilit Density of the Envelope (1)
N Gaussian random variables

Definition

fX ,Y (x ,y) =
e−(x2+y2)/2σ2

2πσ2

fR,Θ(r ,θ) =
u(r)r

2πσ2 exp

{
− 1
2σ2

[
r2−2rA0 cos(θ −θ0) +A2

0
]}

fR(r) =
∫ 2π

0
fR,Θ(r ,θ)dθ

=
u(r)

σ2 e−(r+A2
0)/2σ2 1

2π

∫ 2π

0
erA0 cos(θ−θ0)/σ2

dθ
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Probabilit Density of the Envelope (2)
N Gaussian random variables

Definition

fR,Θ(r ,θ) =
u(r)

σ2 e−(r+A2
0)/2σ2 1

2π

∫ 2π

0
erA0 cos(θ−θ0)/σ2

dθ

I0(β ) =
1
2π

∫ 2π

0
eβcos(θ)dθ

I0

(
rA0

σ2

)
=

1
2π

∫ 2π

0
e

rA0
σ2 cos(θ)dθ

fR,Θ(r ,θ) =
u(r)

σ2 rI0

(
rA0

σ2

)
e−(r+A2

0)/2σ2
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Probabilit Density of the Envelope (3)
N Gaussian random variables

Definition

I0(β ) =
eβ√
2πβ

β � 1

fR,Θ(r ,θ)∼= u(r)

√
r

2πA0σ2 exp

[
−(r −A0)2

2σ2

]

fR,Θ(r ,θ) =
u(r)

σ2 rI0

(
rA0

σ2

)
e−(r+A2

0)/2σ2

fR(r) =
e−(r+A2

0)/2σ2

√
2πσ2
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Probabilit Density of the Envelope (4)
N Gaussian random variables

Definition

fΘ(θ) =
1
2π

exp

[
− A2

0
2σ2

]
+
A0 cos(θ −θ0)√

2πσ
exp

[
−A2

0 sin2(θ −θ0)

2σ2

]
·F
[
A0 cos(θ −θ0)

σ

]
F (x) =

1√
2π

∫
∞

−∞

e−ξ2/2dξ

lim
A0σ→∞

fΘ(θ) = δ (θ −θ0)
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