EE4601
Communication Systems

Week 9

Binary Modulated Signal Sets
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: Binary PSK (BPSK) A

With BPSK information is transmitted in the carrier phase. Two sinusoids are
used having a relative phase different of = radians. That is

2F

s1(t) = \|— cos(2mf.t)
T
2F

So(t) = - cos(2m fot + )

for 0 <t <T. Note that
2F
So(t) = el cos(2m fot + )
2F : :
= \7 {cos(2m ft) cosm — sin(27 f.t) sin 7}

2F
— —ECOS(QWJCJ) = —51(t)
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: Binary PSK (BPSK) A

Assuming that f.T' > 1, the energy in s1(t) and sy(t) is
T o2
| siydt = E

The vector representation of binary PSK signals requires only a single basis func-
tion because s1(t) = —so(t), i.e., the two signals are linearly dependent.

We have that
Sl(t

fl(t) = \/E

= \l(% cos(27 f.t)

si(t) = VEA()
so(t) = —VEfi(1)

~—

Then
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Binary PSK (BPSK)

S1 S
¢
NE 0 VE f.®
diy = 2VE

The minimum distance decision rule is

choose { s7 ifr<o0

so ifr >0
Assume 7 is sent such that r ~ N(sy, Ny/2). The error probability is

P, = Pe|sl sentP(Sl sent) + Pe|32 sentP(S2 Sent)

Pe|51 sent

= P(r<0)

- o()
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: Binary FSK (BFSK) h

With binary FSK signals, information is transmitted in the carrier frequency.
Two sinusoids are used that have different carrier frequencies.

s1(t) = ? cos(2m fet)
So(t) = ? cos(2m(fc + Ay)t)

for 0 <t <T. The frequency difference is Ay.
Note that s1(t) and so(t) both have energy F.

Depending on the choice of Ay, si(t) and sy(¢) may or may not be orthogo-
nal.
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: Binary FSK (BFSK) h

The vector representation of binary FSK signals requires two basis functions be-
cause the two signals s1(t) and s9(t) are linearly independent.

We have that

fl(t> - \/E
2

Then
s = [ sa(t) fi(t)dt
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Binary FSK (BFSK)

So1 = ? /OT {cos(2mAf)t + cos(2m(2f. + Ay)t) } dt
= ?/OT cos(2mAy)t dt
VE sin(2mAt)
T 27TAf

—sin(2rAT')
E o
2nAfT

= VEsinc(2AT)

T

0

Hence,

\/?008(27%]% + Ap)t) — Sinc(2AfT)\/?COS(27TfCt>
VE(1 — sinc?2AT)

fa(t) =
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-
Binary Orthogonal FSK

Suppose that Ay =1/(2T"). Then it follows that

S921 — \/ESiHC(QAfT>
= 0

In this case, s1(t) and sy(t) are orthogonal.

Hence,

fao(t) = @cos(%r(fc + Af)t)
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Binary Orthogonal FSK

f,®

O E f 1('[)
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-
Binary Orthogonal FSK A

The minimum distance decision rule is

sy if r is below dashed line

choose { sy if r is above dashed line

Using the circular symmetric property of the noise vector n, the error probability
1S

P, = Pe|31 sent
E/2
_ o

- o{12)

Note that coherent BFSK requires a factor of 2 (3 dB) increase in E/N, to
achieve the same error probability as BPSK.

\ /
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