FSK &QPSK
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Binary Frequency Shift Keying (BFSK): Signal Representation
In binary FSK, the frequency of the carrier signal is varied to represent the binary digits

and 0 by two distinct frequencies. The amplitude and frequency remain constant during

each bit interval.

Signal Representation (coherent FSK)

Send: s,(t) = Acos(2r(f, + Af))t) if the information bit is “17;
Send: s,(t) = Acos(2n(f. — Af))t) if the information bit is “0™;

Af is an offset frequency (from the unmodulated carrier f,.) chosen so that s, (t) and

s, (t) are orthogonal, i.e.,
T
f Sl(t)SZ(t)dt = 0
0

sin(2rn(2f.)r  sin(2n(2Af)T -
2t 2aF l
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Binary Frequency Shift Keying (BFSK): Signal Representation

Orthogonality condition 2f. L n_R,,'n =12,..f = Ut kR,
C

T2t 2 4
sin(2n(2f.)t sin(2rm(2Af)t - R
2, T zap 20f = mz Pm=1,2,.. _ MR,

Note that sin(x) = 0 The minimum frequency separation 2Af = R, /2.
when x = nm

u1” “O"
A A
7: is the time allocated . w_a e P —>

to transmit the binary digit.
T.=1/f. is the carrier period

R, = Z: Data rate bits/sec o o
¥ (71s an integer number of 1/(f +Af) )

s,(1) = Acos(2x(f. + AN)t) s,(t)= Acos(2x(f . —AMN)
0<t<r 0<tr<rt
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Binary FSK : Generation using the Single Oscillator Method

Map Binary Data into Voltage- f1(t) = f. + Af; for digit 1
Binary Data Polar Non-Return to Zero Controlled |— _
b; oscillator | f2(8) = fc —Af: for digit 0
m(t)
m(t): Polar non-
return to zero fi(t) = f.+ kym(t); forVCO
m(t)
1{i0jiasi1i0j0jo0 1] s1(t) = Acos(2n(f. + Af))t)
| e | ey
NRZ1 } - 52(€) = Acos(2n{f, — A1I))

Polar Non-return to Zero

0 1 0 1

AAAAA AAARAARARA A A A A AALARALAND
VRAVAVAVAVA LA A AVAVAVAVAVA LN AL

3
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Binary FSK : Generation using the Two-oscillator Method

sgrsk(t) = ASK of m(t) on first carrier frequency

+ ASK of (1 —m(t)) on second carrier frequency

sgrsi(t) = m(t)Acos(Zn(fc - Af))t + (1 —m(t))Acos(2n(f. — Af))t

Amplitude

Map Binary
Data into

Oscillator 1

cy(t) = Acos(Znr(f. + Af))E)

'—I I | Unipolar Non- m(t)
: ; ! : : : : ——=_| Return to Zero

Unipolar Non-Return to Zero Signal

s1(t) = Acos(Znr(f. + Af))T)

Binary Data bi $2(t) = Acos(2n(f. — Af))L)
Find the
* This representation will be used to find = C°'“F:":(T)°“t of
the power spectral density of s(t) since c2(t) = Acos(2nr(f. - Af))E)
it is envisaged as the superposition of 1-m(t)
two ASK signals. Oscillator 2
* The power spectral density of an ASK
signal was derived in a previous video
titled: Binary ASK FSK: modeled as a sum of two ASK signals
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Binary FSK : Coherent Demodulation

The optimum coherent receiver consists of two correlators. The operation of the receiver

makes use of the orthogonality condition imposed on the signals s, (t) and s,(t). In the

absence of noise, if s, (t) is received, then the ouput of the upper correlator will have a

value greater than zero, while the output of the lower correlator is zero. The converse is

true when s, (t) is received. In the presence of noise, the system decides 1 when z(7) >

0. That is, when the output of the upper correlator is greater than the output of the lower

one. Otherwise, it decides 0.

Received signal

cos(2x(f. +Af N)

WE)=Sgrsk (1)Fn()

STUDENTS-HUB.com

\|
X -
— X

A

r
Jn —
0

Integrator

+y

[

Integrator

A

cos(2z( f. —Af 1)

:(r)__

[\i }

Threshold
comparison

A =L(E -E,)

=0

“1" if sample >threshold
0" if samp|e<threshold-_
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Binary FSK : Probability of Error

cos(2x(f + A M)

Y I i
- X = L ,
Badosdad | Integrator +y 'ITIFCShf'Id “1" if sample >threshold
cocived signa N 5 :(2‘)._ s e I s ifsamplc-flhrcsholdb
_\'(f)z Sﬁf‘_ﬁ‘k’(’)+"(t) A ).' = < (l".“ !‘.'7. )
»(X)—»! =)
g ] 0
Probability of Error i
Integrator

cos(2x(f. = A/ N)

Energy of s;(t) : E; = E, = %Azr
Average Energy per bit: E;, = %(El + E;) = %Azr

When the signals are orthogonal, i.e., when | OT s, (t)s,(t)dt = 0, the probability of error

is given by
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Binary FSK : Power Spectral Density
Since the FSK signal is the superposition of two ASK signals on two orthogonal
frequencies, the spectrum is also the superposition of that of the ASK signals. We recall

that the spectrum of the ASK signal is as shown below

GB.-ISK(.f‘)
—I/rf -f+l/t 0 l/r/ JAlt f
2/1'
2R,

sprsk(t) = ASK of m(t) on first carrier frequency

+ ASK of (1 - m(t)) on second carrier frequency

sgrsi(t) = m(t)Acos(Zn(fc + Af))t + (1 —m(t))Acos(2n(f, — Af))t
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Binary FSK : Power Spectral Density and Bandwidth

ASK Signal ASK Signal

Gyrsx (f) \ /
ﬁfJf\\Afﬁmv [ fw&ﬁlWﬁfJfo« .

A A 0 FT Iy ’
— 287 —>

lk—2Af +2R,—>

The required channel bandwidth for 90% in-band power

B), o = 2Af +2R,

90%

Ry,
B.W=(f1—f2)+2Rb=?+2Rb
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Binary FSK : Non-coherent Demodulation

‘ ASK Signal ASK Signal
G oo ) \ /
r(t) = Acos(2n(f. + Af )t) + n(t) N ,\/\/T\/\,\ "
 —Af A i
r(t) = Acos(2r(f. — Af )t) + n(t) . . }izm.i; 4
Bandpass Filter l—2Af + 2R, —>
r(t) with Center Envelope
Frequency at Detector
fe+Af f Decision Binary Data
|
u, > u, Decide 1 :
Bandpass Filter u; > u, Decide 0
| with Center Envelope u,
Frequency at Detector
f; - Af
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Binary Data —

b;

BPSK:

Received signal

Quadri-phase Shift Keying (QPSK)
Review: Binary Phase Shift Keying Modulation and Demodulation

Map Binary Data into
Polar Non-Return to Zero

m(t)

—

c(t)=Acos(2nf .t)

NRZ-1

A

5
>

Polar Non-return to Zero

s1(t) — s5(t) = 2Acos(2mf )t

1)

STUDENTS-HUB.com

Integrator

)

Threshold
Comparison

A =1(E -E,)=0

s,(t) = Acos(Znf,.); for digit 1

s,(t) = —Acos(2Znf,.); for digit 0

Each transmitted signal
corresponds to one
binary digit

1 0

WA

b =1if z2(r)>2

bh=0if z(r)<A
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Quadri-phase Shift Keying (QPSK): Signal Representatlon

- icos(:zzrfcr) i sin(27 £.1)

N5 N5

4 ic:os(27:‘fcl‘) i sin(27z f.1)

V2 V2

ic:os(27rfct) - isin(27rfcr)

z N5

1" s,(t)=Acos(Qr ft+5n/4) = icos(IZJz'fCt) + is.in(27rfct)

N5 N5

cos(2x f.1)+ dQ \}% sin(2x f.1)
\\

“11" s(t)=AcosQr fit—n/4)
“10" s,(t)=Acos(2rft+n/4)=

“00" 85(f)=AcosQrft+37/4)=-

sti& 1 \/_

g1 ifby =l feeng o)1 Ha=l
Od; -1 ifb,,=0 bits -1 ifb, =0
s sopsk(t) = Agcos(2nf t) + Bysin(2nf t)

sopsk(t) = Binary PSK on cos(2nf t) + Binary PSK on sin(2nf t)

STUDENTS-HUB.com

In this type of modulation two binary
digits are grouped together to form
one message that phase modulates
the carrier Acos(2nf .t).

The transmitted signal assumes one
of four possible phases (+ 45, -45,
+135, -135) Acos(2nf .t + ;)

A QPSK signal can be decomposed
into a sum of two PSK signals; an in-
phase component and a quadrature
component. The serial to parallel
converter splits the incoming data
sequence into two sequences that
consist of the odd and even bits of the
main sequence. The odd bit stream
sequence modulates the in-phase
carrier, while the even bit stream
sequence modulates the quadrature

carrier.
2
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Quadri-phase Shift Keying (QPSK): Signal Representation

A
s () =d,—
OPSK 1\/5

1
-

NG

4 {1
N B

ifb, =1
ifb, =0

sopsk(t) = Agcos(2nf . t) + Bysin(2Znf t)

cos(2x f1)+ dQ B sin(27z f.1)

if b, =1
if b, =0

* The serial to parallel converter splits
the incoming data sequence into two
sequences that consist of the odd
(Ay) and even bits (By,) of the main
sequence. The odd bit stream
sequence modulates the in-phase
carrier, while the even bit stream
sequence modulates the quadrature

Sopsk(t) = Binary PSK on cos(2nf t) + Binary PSK on sin(2nf t) carrier.

* Both in phase and quadrature BPSK

Polar NRZ A cos(2x 1) are transmitted over the same
* Modulator - V2 - oandwidsh.
b Mapping p /L\
el [ by, =1 i (X)
Bit series I'"1-1 ifb,, =0 Sopsk

Serial to Parallel —
{EJ bn

& Mapping

Each transmitted signal

1 ifb, =1
d,= “
2 {-1 if b, =0

STUDENTS-HUB.com

corresponds to two
binary digits
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Quadri-phase Shift Keying (QPSK): Modulation

One message (or symbol) .« Modulator —
consists of two bits B baia | ) {. ifb,, =1
Ts — ZTb TBit series | Serial to Parallel | = T
/ i by Mapping
Rs = Ry/2 1 ifby, =1
4 o0 10 01 R / -1 ifb, =0
Ak 0 1 0 1 {
1 i AF Message duration T, = 2T},
cos(ot) AAAAAARAAAN Message Rate R, = R, /2
B 0 0 : 1 E 1 E — coﬂzvc er Iy | Oscillator
k

STUDENTS-HUB.com

1
d, {1

Sopsg (1) = d; % cos(2z f.1)+d, L3 sin(2x f.1)

N

d, = 1 'ifbu:l
-1 ifd, =0

if b, , =1
if b, , =0

4
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Quadri-phase Shift Keving (QPSK): Demodulation

T

24(7) = f [Sopsi(t) +n
0

+ 2,(1) = [§[sopsk (D) + n(®)]sin(2nf t)dt

z,(1) = —1: + N, =

z(1) = 7T+Nz; =

cos(2

J0

(t)]cos(2rmf t)dt

[

Received signal

v(t)=s(t)+nt) r
-,

sin(2x ft)

Threshold Comparison 1;,‘

z1(1T) = [, [Akcos2nfct) + Bysin(2nft) + n(t)]cos(2nf t)dt
z,(1) = fT[Akcos(anct) + Bysin(2rf t) + n(t)]sin(2nf t)dt

Ad,
\/—‘t + N, signal component proportional to d;

\F 21+ N, signal component proportional to d,

The odd and even bits can be recovered using the decision rules

. . 1, Zl(T) >0 1, dI = 1 .
d, = {_1’ 2:(1) < 0 = byi_q4 = {0 d; = Odd sequence
_l L z(=0 _LdQ:l.
dy = {_1’ 2,() < 0 = by; = {0’ dg = —1 Even sequence

STUDENTS-HUB.com

: (1 ifz(r)>A4 =0
Integrator by =1 1 »1 % o
0 otherwise & {b,}
(1) ) _ B, b
™ b = 1 ifz(0)> 4 =0 —
Integrator “ |0 otherwise

2N

converter

] |

Oscillator

|
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QPSK: Probability of Error

* The symbol error probability is twice the bit error probability, and is given
as (will also be derived in the next chapter when we consider M-ary PSK).

2E,

P=0| 5

\

E,

No

* This is the same as that for binary PSK, provided that both message bits
have the same energy. The advantage of QPSK is that it is more bandwidth
efficient than BPSK (can transmit twice the data rate within the same

bandwidth)

STUDENTS-HUB.com
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QPSK: Power Spectral Density and Bandwidth

The power spectral density has the same shape as that for BPSK (the QPSK is the sum of

« two BPSK signals one modulated on cos(2nf.t) and the other on sin(2nf.t). Remember that the
symbol duration t is twice

stx(f the bit duratlon
. /\ //\ Rs b,
/—\/\ LN~ , ¥ Y i, : T 2
-1/t -f S+t I l/rf [+t
e Here t =T, = 2T}
sopsk(t) = Agcos(2mf . t) + Bysin(2mf .t) 2
BW=-=—=R,
T 2T,

soprsk(t) = Binary PSK on cos(2rf t) + Binary PSK on sin(2nf t)

Note that for QPSK, the data rate is R bits/sec and the B.W = R, Hz
Which means we can transmit 2R, bits/sec and the BW = 2R, Hz
While for regular BPSK, when the data rate is R, bits/sec the BW = 2R, Hz

Hence, QPSK is more bandwidth efficient than BPSK since in W Hz, we can transmit W
bits/sec while in BPSK we can transmit half that value W/2 bits/sec for the same
probability of error. 7
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Bandwidth Efficiency
(90% in-band power)

Final Remarks

e Advantage: higher data rate than in PSK (2 bits per bit interval), while
bandwidth occupancy remains the same

Binary ASK 0.5
Binary FSK 05—
1+ Af /R,
Binary PSK 0.5
QPSK 1

e 4-PSK can easily be extended to 8-PSK, i.e. n-PSK

e However, higher rate PSK schemes are limited by the ability of equipment to
distinguish small differences in phase
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