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Aliasing Condition Examples

_ clf
4G— : . —0— . ' ¥ n=[0:1:10];
2 \ / \ / {  t=[0:1000]/100;
0 y1 = 4*cos(2*pi*(1/5)*n);
y2 = 4*cos(2*pi*(6/5)*n);
2 [ \L l/ \L l/ T ytl = 4*cos(2*pi*(1/5)*t);
4 e ' ' — 1 yt2 = 4*cos(2*pi*(6/5)*t);
0 2 4 6 8 10
subplot(3,1,1);
40(\ A ANLEEA A A N 7T 7y ANERETA A P Stem(n, yl), hold on,
by plot(t, i, 'gY);
AR EAE AN T subplot(3,1,2);
oY 7 Vv 1 Ul VI v v v v gl vy v ] stem(n, y2); hold on;
200V l i ooV L4 plot(t, yt2,'gY);
% SRV VAN 7 VN VAP VAN VA VAR 7 | VAR V/ subplot(3,1,3);
0 2 4 6 8 10 plot(t, yt1); hold on;
plot(t, yt2);

stem(n, y1, 'g’);
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M.J. Roberts, Fundamentals of Signals and Systems
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Aliasing Condition Examples
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clf

n =[0:0.5:10];

t = [0:1000}/100;

y1 = 4*cos(2*pi*(1/5)*n);
y2 = 4*cos(2*pi*(11/5)*n);
ytl = 4*cos(2*pi*(1/5)*t);
yt2 = 4*cos(2*pi*(11/5)*t);

subplot(3,1,1);
stem(n, y1); hold on;
plot(t, yt1, 'g’);
subplot(3,1,2);
stem(n, y2); hold on;
plot(t, yt2, 'g’);
subplot(3,1,3);
plot(t, yt1); hold on;
plot(t, yt2);

stem(n, y1, 'g’);

M.J. Roberts, Fundamentals of Signals and Systems
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ldentical Sine values and Cosine Values

A A
0, Wt — w,t =27
periodic condition
A
n—0, 0,

sin(w,t) =sin(w,t) |—sin(w,t)=sin(w,t) sin(w,t) =sin(w,t) |—sin(w,t)=sin(w,t)

—cos(w,t) = cos(w,t) cos(w,t) = cos(w,t) | —cos(w,t)= cos(w,t) cos(m,t) = cos(w,t)
Digital Signals 6 Young Won Lim
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ldentical Sine values and Cosine Values

periodic condition

w,t+ w,t =2nmw

sin(w,t) = sin (w,t)

cos(w, t) = cos(w,t)
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—sin(w,t) = sin(w,t)

cos(w, t) = cos(w,t)
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Angles of identical trigonometric values

periodic condition

sin(w,t) = sin (w,t)

cos(m, t) = cos(w,t)

W, t+ w,t =2nmn
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—sin(w,t) = sin(w,t) - T »_M_%%
cos(w, t) = cos(w,t)
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ldentical Cosine Values

periodic condition cos0 cos0 cos6
(Dlt — (th = 2N T T T I T I .

sin(w,t) = sin (w,t)

cos(m, t) = cos(w,t)

—

N

—_—

E—

—

A
\j

w,t+ w,t=2nn

—sin(w,t) = sin(w,t)

cos(w, t) = cos(w,t)
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|dentical Absolute Sine values

periodic condition sin 0 sin© sinf
(Dlt — (th = 2N T I T I T I .

sin(w,t) = sin (w,t)

cos(m, t) = cos(w,t)

\j

w,t+ w,t=2nn

—sin 0 sin 0 —sin0 sin O —sin0 sin O
—sin(w,t) = sin(w,t) 1 T T T I l T T -
cos(w,t) = cos(w,t)
—3m —27 —TT 0 + 7T +27 +3m
Digital Signals 10 Young Won Lim
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Spectrum Representation

periodic condition cos 0 T cos 0 cos 0 T cos 0 cos 0 T cos 6

W, t — w,t =2nx I I | |

\

sin(w,t) = sin (w,t)

cos(m, t) = cos(w,t)

-
-
-
|

w,t+ w,t=2nn

e T e e T e’ e T e
—sin(w,t) = sin(w,t) T I T I T I -
cos(w, t) = cos(w,t)
—37 —27 —T 0 +7T +27 +3 7
Digital Signals 11 Young Won Lim
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cos(2mti t) = cos(2mi i)

cos(m, t) = cos(w,t r r
< < 6
w,t —w,t =2nn 5
—t——t=n t=—n
w,;t+w,t =2nxn L g 4

E,E,E, o, t+w,t=2nmn
66 6
cos (w,t) = cos (w,t)
E,E’E W, t— w,t =2nm
4° 4 4
cos (w,t) = cos(w,t)
Digital Signals 13 Young Won Lim
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Example Frequency Pairs

f,= % 2 cycles/5 sec ﬁ f,= % 1 cycles/5 sec
f,= % 3 cycles/5 sec ﬁ f,= % 1 cycles/5 sec
fi= % 4 cycles/5 sec ﬁ f,= % 1 cycles/5sec
f,= % 5 cycles/5 sec ﬁ f,= é 1 cycles/5 sec
f,= g 6 cycles/5 sec ﬁ f,= % 1 cycles/5 sec
f,= % 7 cycles/5 sec ﬁ f,= % 1 cycles/5 sec
f,= g 8 cycles/5sec ﬁ f,= % 1 cycles/5sec
Digital Signals 14 Young W%r/\zlillrg
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ldentical Cosine Value Conditions

o, t+w,t=2nn

8/2/17
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Plotting the same valued cosine samples

clf
t =[0:500]/100;

nl=0:5/2:5;

o, t+w,t=2nm

n2=0:5/3:5;
n3=0:5/4:
n4 =0:5/5:
n5=0:5/6:
n6 =0:5/7:
n7 =0:5/8:
n8 =0:5/9:

w,t— w,t =2nmn

n2=0:5/1:5;
n3=0:5/2:
n4d =0:5/3:
n5=0:5/4:
n6 =0:5/5:
n7 =0:5/6:
n8=0:5/7:

coaaaaa

ytl = 4*cos(2*pi*(1/5)*t);
yt2 = 4*cos(2*pi*(2/5)*t);
yt3 = 4*cos(2*pi*(3/5)*1);
ytd = 4*cos(2*pi*(4/5)*t);
yt5 = 4*cos(2*pi*(5/5)*t);
yt6 = 4*cos(2*pi*(6/5)*1);
yt7 = 4*cos(2*pi*(7/5)*1);
yt8 = 4*cos(2*pi*(8/5)*1);

y2 = 4*cos(2*pi*(2/5)*n2);
y3 = 4*cos(2*pi*(3/5)*n3);
y4 = 4*cos(2*pi*(4/5)*n4);
y5 = 4*cos(2*pi*(5/5)*n5);
y6 = 4*cos(2*pi*(6/5)*n6);
y7 = 4*cos(2*pi*(7/5)*n7);
y8 = 4*cos(2*pi*(8/5)*n8);

subplot(4,2,1);
plot(t, yt1, 'g); hold on

subplot(4,2,3);

plot(t, yt1, 'g’); hold on
plot(t, yt2, 'b"); grid on
stem(n2, y2, 'r");

subplot(4,2,5);

plot(t, yt1, 'g"); hold on
plot(t, yt3, 'b"); grid on
stem(n3, y3,'r);

subplot(4,2,7);

plot(t, yt1, 'g"); hold on
plot(t, yt4, 'b"); grid on
stem(n4, y4,'r");

subplot(4,2,2);

plot(t, yt1, 'g’); hold on
plot(t, yt5, 'b"); grid on
stem(n5, y5, 'r');

subplot(4,2,4);

plot(t, yt1, 'g’); hold on
plot(t, yt6, 'b"); grid on
stem(n6, y6, 'r');

subplot(4,2,6);

plot(t, yt1, 'g"); hold on
plot(t, yt7, 'b"); grid on
stem(n7, y7,'r");

subplot(4,2,8);

plot(t, yt1, 'g"); hold on
plot(t, yt8, 'b"); grid on
stem(n8, y8, 'r);

Young Won Lim
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Graphs of cos(21t(n/5)t) & cos(21t(1/5)1)

AN oM A
/
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clf

t = [0:500]/100;

ytl = 4*cos(2*pi*(1/5)*t);
yt2 = 4*cos(2*pi*(2/5)*t);
yt3 = 4*cos(2*pi*(3/5)*t);
ytd = 4*cos(2*pi*(4/5)*t);
yt5 = 4*cos(2*pi*(5/5)*t);
yt6 = 4*cos(2*pi*(6/5)*t);
yt7 = 4*cos(2*pi*(7/5)*t);
yt8 = 4*cos(2*pi*(8/5)*t);

Young Won Lim
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Cosine values at anlt + 2nf2t = 2NTT

o, t+w,t=2nmw

\//T\ fk /\ /\ 20513

] ) n3=0:5/4:
i . = Y nd = 0: 5/5 :

0 1 2 3 4 5 0 1 2 4 5 n5=0:5/6:
n6é =0:5/7:
n7 =0:5/8:
n8 =0: 5/9:

BN OMN B
//
[\%]
:I‘\
.\J

y2 = 4*cos(2*pi*(2/5)*n2);
y3 = 4*cos(2*pi*(3/5)*n3);
y4 = 4*cos(2*pi*(4/5)*n4);
y5 = 4*cos(2*pi*(5/5)*n5);
y6 = 4*cos(2*pi*(6/5)*n6);
y7 = 4*cos(2*pi*(7/5)*n7);
y8 = 4*cos(2*pi*(8/5)*n8);

i \-/ ------ \/xL//\ RIS

Digital Signals 18 Young Won Lim
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Cosine values at anlt — 2T[f2t = 2NTT

g 2 A /‘\f\/\ ______
{RVRVAVISY
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/\//\“%\ /\ /\

o, t—w,t=2nm

........................................

n2=0:5/1":
n3=0:5/2:5;
n4 =0:5/3:
n5=0:5/4":
né =0:5/5:
n7=0:5/6:
n8=0:5/7:

S5;

19

y2 = 4*cos(2*pi*(2/5)*n2);
y3 = 4*cos(2*pi*(3/5)*n3);
y4 = 4*cos(2*pi*(4/5)*n4);
y5 = 4*cos(2*pi*(5/5)*n5);
y6 = 4*cos(2*pi*(6/5)*n6);
y7 = 4*cos(2*pi*(7/5)*n7);
y8 = 4*cos(2*pi*(8/5)*n8);

Young Won Lim
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((0))
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210t + 21l = 2nTt, (2n+1)T conditions

= (2n+1)m

A
Wt + o,t
sin(w, t) = sin(w,t)

—2Nm

0wt + w,t
—sin(w,t) = sin(w,t)

Digital Signals 21
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sin(2mti ) = xsin(2ml 1)

sin(w, t) = sin(w,t) 6,1, _n /t:in
2 J 14

w,t — w,t =2nxn -
—t——t=n t = —n

0 t+w,t= nmw . -

+sin(w,t) = sin(w,t)
i E 1_5 o, t+w,t=nmw
14°14° 14

+sin ((JL)1 t) = sin ((th)

2

: ___________ \l/ ____________ w/ __________ \K _____ [

1’ 2, 39 T (Dlt_(thZZHJ'C

"™

sin(w,t) = sin(w,t)
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sin(2mt ) = —sin(2Tl 1)

sin(w,t) = sin(w,t) /§t+lt:n ,tzén
w,t — w,t =2nxn \A < Et_lt_n < t_én
O, + W, = 2nm .5 5 L

—sin(w,t) = sin(w,t)

Z =2 = ... (Dlt+032t:2nﬂ;
> ]

—sin(w,t) = sin(w,t)

o 2

j ___________ \l/ ____________ w/ __________ \K _____ [

]_, 2, 3’ e (Dlt_(l)zt:2n3'[

"™

sin (w,t) = sin(w,t)

Digital Signals 23 Young Won Lim
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Aliasing Condition Examples
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Plotting the same valued sine samples

clf
t = [0:500]/100;

nl=0:5/2:5;

o, t+w,t=2nmn

n2=0:5/3:5;
n3=0:5/4:5;
n4 =0:5/5:
n5=0:5/6:
n6 =0:5/7:
n7 =0:5/8:
n8 =0: 5/9:

aqaaaa

w,t— w,t =2nmn

n2=0:5/1:5;
n3=0:5/2:
n4d =0:5/3:
n5=0:5/4:
n6 =0:5/5:
n7 =0:5/6:
n8=0:5/7:

coaaaaag

Digital Signals

ytl =—4*sin(2*pi*(1/5)*t);
yt2 = 4*sin(2*pi*(2/5)*t);
yt3 = 4*sin(2*pi*(3/5)*t);
ytd = 4*sin(2*pi*(4/5)*t);
yt5 = 4*sin(2*pi*(5/5)*t);
yt6 = 4*sin(2*pi*(6/5)*t);
yt7 = 4*sin(2*pi*(7/5)*t);
yt8 = 4*sin(2*pi*(8/5)*t);

y2 = 4*sin(2*pi*(2/5)*n2);
y3 = 4*sin(2*pi*(3/5)*n3);
y4 = 4*sin(2*pi*(4/5)*n4);
y5 = 4*sin(2*pi*(5/5)*nb);
y6 = 4*sin(2*pi*(6/5)*n6);
y7 = 4*sin(2*pi*(7/5)*n7);
y8 = 4*sin(2*pi*(8/5)*n8);

Octave Codes (0B)

subplot(4,2,1);
plot(t, yt1, 'g); hold on

subplot(4,2,3);

plot(t, yt1, 'g’); hold on
plot(t, yt2, 'b"); grid on
stem(n2, y2, 'r");

subplot(4,2,5);

plot(t, yt1, 'g"); hold on
plot(t, yt3, 'b"); grid on
stem(n3, y3,'r);

subplot(4,2,7);

plot(t, yt1, 'g"); hold on
plot(t, yt4, 'b"); grid on
stem(n4, y4,'r");

25

subplot(4,2,2);

plot(t, yt1, 'g’); hold on
plot(t, yt5, 'b"); grid on
stem(n5, y5, 'r');

subplot(4,2,4);

plot(t, yt1, 'g’); hold on
plot(t, yt6, 'b"); grid on
stem(n6, y6, 'r');

subplot(4,2,6);

plot(t, yt1, 'g"); hold on
plot(t, yt7, 'b"); grid on
stem(n7, y7,'r");

subplot(4,2,8);

plot(t, yt1, 'g"); hold on
plot(t, yt8, 'b"); grid on
stem(n8, y8, 'r);

Young Won Lim



Sine values at 2nflt + 2nf2t = 2NTT

. | // ‘“\\_ - ‘2‘/\ ..... /\\/,ﬁ _____ ﬁ\ W t+w,t =2nm
f:§ o 4 f:g 04 , ’ n2 =0:5/3:5;
i' N / . , ' 'i """""""""""""""" n3=0:5/4 : 5;
0 1 2 3 4 5 ) 4 5 n4d =0:5/5:
n5=0:5/6:

n6 =0:5/7:

e
0 n8 =0:5/9:
:‘2‘ \£ %7\/\/\} y2 = 4*sin(2*pi*(2/5)*n2);
4 VA = 4 (iR
T Iy T Feses
P — 4% *ni* “n7):

s y8 = 4*sin(2*pi*(8/5)*n8);
;{\ /\ /\ (\ Q{{ m ﬂ ytl =—4*sin(2*pi*(1/5)*t);

R

Digital Signals 26 Young Won Lim
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Sine values at 2nflt — 2nf2t = 2NTT

4 — - - ‘ 4 o, t— w,t=2nm
o [ T
f=3 ;| f=5 0 \_/_.__\./ ________ W ...... i n2=0:5/1:

- . : — 4 —N- .
0 1 2 3 4 5 0 3 5 n4 =0:5/3:

n5=0:5/4:
n6 =0: 5/5:

AL g
; \/\/\w 2%

y2 = 4*sin(2*pi*(2/5)*n2);
y3 = 4*sin(2*pi*(3/5)*n3);
y4 = 4*sin(2*pi*(4/5)*n4);
i y5 = 4*sin(2*pi*(5/5)*n5);

: P y6 = 4*sin(2*pi*(6/5)*n6);

V% y7 = 4*sin(2*pi*(7/5)*n7);
y8 = 4*sin(2*pi*(8/5)*n8);

ytl =+4*sin(2*pi*(1/5)*1);

Digital Signals 27 Young Won Lim
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Sine values at 2nflt + 2nf2t = NTT

4 . . . ) | i
1 2/ | .52 ﬁ\ﬂ /T\ ﬁ\) W, t+ 0, t=2nn
e L havavarsys: BRERT -

o 1 2 3 4 5 -40 1 2 4 5 n4 =0: (1/2)5/5 :
n5 =0: (1/2)5/6 :
n6 = 0: (1/2)5/7 :

AARAAR] oo
RV RVEIAY A ’

aoaaaa

y2 = 4*sin(2*pi*(2/5)*n2);

y3 = 4*sin(2*pi*(3/5)*n3);
4 y4 = 4*sin(2*pi*(4/5)*n4);
) y5 = 4*sin(2*pi*(5/5)*n5);
o y6 = 4*sin(2*pi*(6/5)*n6);
Py y7 = 4*sin(2*pi*(7/5)*n7);
-40 y8 = 4*sin(2*pi*(8/5)*n8);

Digital Signals 28 Young Won Lim
Octave Codes (0B) 8/2/17



Sine values at 2nf1t — 2nf2t = 2NTT

o, t—w,t=2nm

n2=0:5/1":
n3=0:5/2:5;
n4 =0:5/3:
n5=0:5/4:
né =0:5/5:
n7=0:5/6:
n8=0:5/7:

S5;

Digital Signals
Octave Codes (0B)

29

y2 = 4*sin(2*pi*(2/5)*n2);
y3 = 4*sin(2*pi*(3/5)*n3);
y4 = 4*sin(2*pi*(4/5)*n4);
y5 = 4*sin(2*pi*(5/5)*nb5);
y6 = 4*sin(2*pi*(6/5)*n6);
y7 = 4*sin(2*pi*(7/5)*n7);
y8 = 4*sin(2*pi*(8/5)*n8);

Young Won Lim
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Aliasing Condition Examples (1)

o, t+w,t=2nm

n2 = 0: (1/2)5/3 :
n3 =0: (1/2)5/4 :
n4 =0: (1/2)5/5 :
n5 = 0: (1/2)5/6 :
n6 = 0: (1/2)5/7 :
n7 =0: (1/2)5/8 :
n8 = 0: (1/2)5/9 :

y2 = 4*sin(2*pi*(2/5)*n2);
y3 = 4*sin(2*pi*(3/5)*n3);
y4 = 4*sin(2*pi*(4/5)*n4);
y5 = 4*sin(2*pi*(5/5)*n5);
y6 = 4*sin(2*pi*(6/5)*n6);
y7 = 4*sin(2*pi*(7/5)*n7);
y8 = 4*sin(2*pi*(8/5)*n8);

Digital Signals 30 Young Won Lim
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Aliasing Condition Examples (2)

o, t—w,t=2nm

5 Lt
0 1 2 3
Y axa
o N 7
0 1 2 3

n2=0:5/1":
n3=0:5/2:5;
n4 =0:5/3:
n5=0:5/4":
né =0:5/5:
n7=0:5/6:
n8=0:5/7:

S5;

i
B

ull s
Ao M A
/

Digital Signals
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y2 = 4*sin(2*pi*(2/5)*n2);
y3 = 4*sin(2*pi*(3/5)*n3);
y4 = 4*sin(2*pi*(4/5)*n4);
y5 = 4*sin(2*pi*(5/5)*nb5);
y6 = 4*sin(2*pi*(6/5)*n6);
y7 = 4*sin(2*pi*(7/5)*n7);
y8 = 4*sin(2*pi*(8/5)*n8);

Young Won Lim
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Aliasing — Cosine
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Aliasing — Sine
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Folding — Cosine

1 AETANA S
A A

000000

-4
000000

TR

4
-4
000000

-4
000000
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Folding — Sine

» Folding

» Folding

» Folding

» Folding
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Aliasing and Folding

4

bl 1el o011

11 14 19

R R A
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Plotting of Aliasing & Folding Frequencies

clf

t = [0:500]/100;

ytl = 4*cos(2*pi*(1/5)*t);
yt2 = 4*cos(2*pi*(6/5)*t);
yt3 = 4*cos(2*pi*(11/5)*t);
ytd = 4*cos(2*pi*(16/5)*t);
yt5 = 4*cos(2*pi*(4/5)*t);
yt6 = 4*cos(2*pi*(9/5)*t);
yt7 = 4*cos(2*pi*(14/5)*1);
yt8 = 4*cos(2*pi*(19/5)*1);

nl=0:5/5:
n2=0:5/5:
n3=0:5/5:
n4d =0:5/5:
n5=0:5/5:
né =0:5/5:
n7=0:5/5:
n8 =0:5/5:

coaoaaaaa
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y2 = 4*cos(2*pi*(6/5)*n2);
y3 = 4*cos(2*pi*(11/5)*n2);
y4 = 4*cos(2*pi*(16/5)*n2);
y5 = 4*cos(2*pi*(4/5)*nb5);
y6 = 4*cos(2*pi*(9/5)*n5);
y7 = 4*cos(2*pi*(14/5)*nb);
y8 = 4*cos(2*pi*(19/5)*n5);

subplot(4,2,1);
plot(t, yt1, 'g’); hold on

subplot(4,2,3);

plot(t, yt1, 'g"); hold on
plot(t, yt2, 'b"); grid on
stem(n2, y2, 'r');

subplot(4,2,5);

plot(t, yt1, 'g’); hold on
plot(t, yt3, 'b"); grid on
stem(n2, y3, 'r");
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subplot(4,2,7);

plot(t, yt1, 'g"); hold on
plot(t, yt4, 'b"); grid on
stem(n2, y4, 'r);

subplot(4,2,2);

plot(t, yt1, 'g"); hold on
plot(t, yt5, 'b"); grid on
stem(n5, y5, 'r');

subplot(4,2,4);

plot(t, yt1, 'g’); hold on
plot(t, yt6, 'b"); grid on
stem(n5, y6, 'r');

subplot(4,2,6);

plot(t, yt1, 'g’); hold on
plot(t, yt7, 'b"); grid on
stem(nb, y7,'r);

subplot(4,2,8);

plot(t, yt1, 'g"); hold on
plot(t, yt8, 'b"); grid on
stem(n5, y8, 'r);
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Aliasing Frequencies (1)

A/
16 1 16
5 5 5 5
w
A+B
712 17 2 27 gy 5 5 5 5 5
5 5 5 5 5 7 12 17 22 27
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5 10 15 - 1 1 1 '
5 5 5 1 2 3 1
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Aliasing Frequencies (2)

A/
4 9 14 19
5 5 5 5

13/ /18 23 28 33 =) e i R
5 5 5 5 5 13 18 23 28 33
| AB \
> 10 15 - 1 1 1
5 5 5 1 2 3 - 1
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Aliasing and Folding Frequencies

Aliasing frequencies nl =[1/5, 6/5, 11/5, 16/5];
2 1 ! 1 n2 = [4/5, 9/5, 14/5, 19/5];
"o e yl=1[1,1,1,1]
1 _TT ..................... T ..................... T .................... i y2=[1’ 1’ 1’ 1]’
0.5 [ [ R RRRRREEEEEEEE e RRREAEEEEEES .
i i ; subplot(3, 1, 1)
00 1 5 3 4 stem(nl, y1, 'b"); grid on;
axis([0, 4, 0, 2));
Aliasing frequencies
! ! ? subplot(3, 1, 2)
15 [ e stem(n2, Y2, 'm'); grid on;
P SO I S S [ ST SO - axis([0, 4, 0, 2]);
IRy e
0 ' ' : stem(nl, y1, 'b"); hold on;
0 1 2 3 4

stem(n2, y2, 'm'); grid on;
axis([0, 4, 0, 2));

J.H. McClellan, et al., Signal Processing First
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Graphs of cos(21t(n/7)t) & cos(21t(1//)1)
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