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| | | | | l | | | | |
Ifs lfm Ifs |fm Ifs |fm Ifs |fm Ifs lfm Ifs [

f.. .mark frequency; 7. space frequency

(@)




S *EuTﬁfiﬂ'JZFSM

SR 7 e
/ K
Wﬂf@ﬁ
2FSK{‘%
L b o1)
s (t)=Acos2zft “4&5”
See (1) = 10 h “ﬁiz”OStSTb
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S- (1) = Acos[at + 27K, j b(r)dz] = Re[v(t)e'*']



o) =27K, j b(r)dr




2FSKIE S H—RaRIER
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u. (t):{acosa)czt, a, —O(HE% A1 -P) (n-1)T <t<nT

HAP252-253



2FSKIE SPEURSNRAVIRIEREN : SRUEFEHIFF

;
JO cos(a,t +¢)cos w,,tdt

g |

= COS ¢J Cos m,t oS @, tdt —sin ¢ j sin w,,t, Cos w,,tdt
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v2/T cos mqt

% I channel T |21(T) N
] J e R
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V2IT sin mqt
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A=1,

fc=2; %2Hz

N_sample = 8;

N =500; %Wt

Ts=1; %1 baud/s

dt = Ts/fc/N_sample; %R EIRE

t = 0:dt:N*Ts-dt;

Lt = length(t);

%FEE Z BEHIEIR

d = sign(randn(1,N));

dd = sigexpand((d+1)/2,fc*N_sample);
gt = ones(1,fc*N_sample); %NRZE
d _NRZ =conv(dd,gt);
[f,d_NRZf]=T2F(t,d_NRZ(1:length(t)));
%2ASK{ES

ht = A*cos(2*pi*fc*t);

s_2ask =d_NRZ(1:Lt).*ht;
[f,s_2askf]=T2F(t,s_2ask);
%2PSK{ES

d 2psk =2*d_NRZ-1,;

s_2psk =d_2psk(1:Lt).*ht;

% 2FSK

% s_2fsk = Acos(2*pi*fc*t + int(2*d_NRZ-1) );
sd_2fsk = 2*d_NRZ-1;

s_2fsk = A*cos(2*pi*fc*t + 2*pi*sd_2fsk(1:length(t)).*t );
[f,s_2fskf] = T2F(t,s_2fsk);
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% Bit error probabilities - M-ary PSK
%
clf
z _dB =5:.1:40;
z=10."(z_dB/10);
forj=1:8
M=2"};
A=2/log2(M);
k=(sin(pi/M)"2*log2(M);
ifj==1 I j==2
Pb = gfn(sqrt(2*2));
elseifj>=3
Pb = A*gfn(sqrt(k*2*z));
end
semilogy(z_dB,Pb),axis([5 40 10" (-6) 1]),xlabel('E_b/N_0, dB"),ylabel('P_E_, b_i t"),...
ifj==1 I j==2
text(z_dB(50)+.2, Pb(50), M =2 & 4')
elseifj==3|j==4
text(z_dB(50)+.2, Pb(50), ['M =", num2str(M)])
elseifj >4
text(z_dB(180)+.2, Pb(180), ['M =", num2str(M)])
end
if j==1
hold on
grid
end
end
title('Bit error probability for MPSK")
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sequence and associated binary PSK wave. (c) Even-
numbered bits of input sequence and associated binary PSK

wave. (d) QPSK waveform defined as s(t) =s;;¢,(t) + S;,&(1).

Input
binary 0 1 1 0 1 0 0 0
sequence ———— [ [ [
Dibit 01 Dibit 10 Dibit 10 Dibit 00
(a)
Odd-numbered sequence 0 1 1 0
Polarity of coefficient s;; — + + -

o ONAOD NN LN N
Ry ANV ANV ANV AV AV AV AV AN

(b)

Even-numbered sequence 1 0 0 0
Polarity of coefficient s, + - - _

VAN AN WA WA W AN AN AN
VALV VALV ALV AR VALV ARV

(c)

R aWAN WA AWaWAN A WA
VAV VAAVAAVAAVAVAVAL
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. Output phase-versus-time

Dibit Q I Q 1 Q 1 Q 1
input 1 0 0 1 1 1 0O 0
| | | | |
| | | |
QPSK ' |
output . > Time
phase | | |
| | | I |
| | | | |
' +135° : —-45° ' +45° : -135° ' Degrees




§ TABLE 6.1 Signal-space
. characterization of QPSK

Gray-encoded
Input Dibit

Phase of
QPSK Signal
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> QPSK/OQPSK HMatlab 15

for PL=1:100 %A L100EEN_numMEFHUER, AT EIEREZEFEREMTER,
%7 ABUX 100B (5 S ThEIEE & R T
d1 =sign(randn(1,N_num));
d2 = sign(randn(1,N_num));
gt = ones(1,fc*N_sample);

%QPSKiE#l

sl =sigexpand(dl,fc*N_sample);
s2 = sigexpand(d2,fc*N_sample);
b1 =conv(s1,gt);

b2 = conv(s2,gt);

sl =Db1(1:length(sl));

s2 =b2(1:length(s2));

st_qpsk = sl.*cos(2*pi*fc*t) - s2.*sin(2*pi*fc*t);

s2_delay=[-ones(1,N_sample*fc/2) s2(1:end-N_sample*fc/2)];
st_oqpsk=sl.*cos(2*pi*fc*t) - s2_delay.*sin(2*pi*fc*t);

w&IHERE, BETIELMEER
[f y1f] = T2F(t,st_gpsk);

[f y2f] = T2F(t,st_oqpsk);

[t y1] = bpf(f,y1f,fc-1/Ts,fc+1/Ts);
[t y2] = bpf(f,y2f,fc-1/Ts,fc+1/Ts);

%% i JE L F B

y1l = 1.5*tanh(2*y1);

y2 = 1.5*tanh(2*y2);

[f y1f] = T2F(t,y1);

[fy2f] = T2F(t,y2);

pylf = pylf + abs(y1f).A2/T; %QPSK 7 [EEL {5 = TRt B iEm

py2f = py2f + abs(y2f).A2/T;  %OQPSK 7~ [6EX {55 ThER itk =7 B Hn
end
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€ QAM is a combination of ASK and PSK

» Two different signals sent simultaneously on the
same carrier frequency

s(t)=d, (t)cos 2f t +d, (t)sin 2f t
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IIIustrating how a square QAM constellation i k.
can be expanded to form a QAM cross- |
constellation.
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ighal constellation diagram using Trellis encoding
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Quarter-superconstella
V.34 modem with 240 signal
points. The full
superconstellation is
obtained by combining the
rotated versions of these
points by 0, 90, 180, and 270
degrees. (Taken from Forney
et al., 1996, with permission
of the IEEE.)
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(a) lllustrating the different band allocations for an EDM-,
based ADSL system. (b) Block diagram of splittersifE8 s
performing the function of multiplexer or demultiplexer.

Note: both filters in the splitter are bidirectional filters.
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Modulation Encoding Scheme Outputs Possible Minimum Bandwidth Baud
ASK Single bit 2 Ip 1
FSK Single bit 2 Jp I
BPSK Single bit 2 Tp Ip
QPSK Dibits 4 fp2 Ip/2
8-PSK Tribits 8 Jp!3 fp/3
8-QAM Tribits 8 fp!3 Ip13
16-QAM Quadbits 16 fpld Ip 14
16-PSK Quadbits 16 fpl4 fp 14
32-PSK Five bits 32 fp !5 Ip/5
32-QAM Five bits 32 Jp!5 Ip 15
64-PSK Six bits 64 Sp 16 Ip 16
64-QAM Six bits 64 Spl6 Ip 16
|28-PSK Seven bits 128 fpl7 Ipl7
128-QAM Seven bits 128 Jpl? Ip 17

Note: f3, indicates a magnitude equal to the input bit rate.




EA RPN |

South China University of Technology

S ASK, FSK, PSK, and QAM Summary s

Modulation Encoding Scheme Outputs Possible Minimum Bandwidth Baud Bn
ASK Single bit 2 Ib Ip I
FSK Single bit 2 Ip Ifp I
BPSK Single bit 2 fp Ip I
QPSK Dibits 4 Ip12 fp2 2
8-PSK Tribits 8 Ip 13 Jp!3 3
8-QAM Tribits 8 13 fp 13 3
16-PSK Quadbits 16 Ip 14 Ip 14 4
16-QAM Quadbits 16 Ip 14 fpld 4
32-PSK Five bits 92 I 15 fp !5 5
64-QAM Six bits 64 Ip 16 S, 16 6

Note: f}, indicates a magnitude equal to the input bit rate.
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Polarity of s,
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Polarity of s,
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s(t)
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(a) Input binary g -
sequence.

(b) Waveform of scaled
time function s, ¢,(t). (c)
Waveform of scaled

time function s, g, (t). (d)
Waveform of the MSK
signal s(t) obtained by

adding s;¢,(t) and s,¢,(t)
on a bit-by-bit basis.
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™ Generation of MSK signals.

m(t) _ | FM transmitter s(t) o
input - AF = (1/4)R FFSK signal "
(a) Generation of Fast Frequency-Shift Keying (FFSK)
xdata -~ ® x(t) - ®
A A
cos (t/2T,)
A, cos(w, 1)
Oscillator Carrier
fo = AF = 1/4R oscillator, f, I |
Serial-to- s(t)
m(t) parallel A v ’ 2>_>
input converter MSK
(2 bit) Sync — A signal
input —90° —90°
phase shift phase shift
T\
Syne sin(7t/2T)) 1 A.sin(w, 1) 1
output
ydata y(t)

(b) Parallel Generation of Type I MSK (This will generate FFSK if a differential encoder is inserted at the input.)

BPSK signal at
m(t) carrier frequency f, MSK bandpass s(t)
- - > filter about f; -
Input H(f) MSK signal
at carrier

A, sin(w, 1)

Carrier oscillator
at frequency
Hh=f — AF

(c) Serial Generation of MSK

(P = (

frequency f,

sin[w(f—f1>m)2+(sin[w<f + fﬁm)l

w(f=f)Ty
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