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Low-pass Signhal Sampling
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Band-pass Signal Sampling
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Sampling Frequency f_ (1)

Assume there are m multiples of f . Given an integer m

2f.—B = m-f — Max f_. condition
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Sampling Frequency f, (2)
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Sampling Frequency f, (3)
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Example m=6 (1)
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Example m=6 (2)
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Example m=6 (3)
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Range of f_ (1)
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Range of f_ (2)
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Range of f_ (3)
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Range of f_ (4)
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= f. = f.+Bl2 = 1B
(sz) -t
m
~fu —f. +f. fu
k= fn= f.+BI2 =15B
(m=0) - .
e

-~

_fH_fc +fc fH

k= fu= f.+BI2 =28
(sz) - .
3 B
. e

—fu ~f. feo Jfu

2B Bandpass Sampling

fs,min — 2fH — 2
B k B
B (k—1)B
R=f,IB =15
fs,min — 2fH — 3
B k B
fs,max — z(fH_B) = 4+
B (k—1)B
R=f,lB =2
fs,ml'n — 2fH — 4
B k B
fs,max — z(fH_B) = 40
B (k—1)B

16

Young Won Lim



Example k=2
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k=73 fu= f.+Bl2 =3B R=fy,lB =23
(m=2) s
‘ | ‘ fs min 2fH
B~ kB _’
B B B
}4 >I= > fs,max . 2(fH_B) =2
B (k-1)B
_fH —fc +fc fH
k=3 fu = f.+BI2 = 35B R=f,IB =235 . 4)
(m= 2) f. ’ (%f?)
<~ e e fomn _ 20u _ 1 ¥ = (43
B kB 3
lope =2
kib fs,max — 2(fH_B) — 3 Sope 3
: : : : B (k—1>B (ﬁ,é)
~fu ~f. +f oS =B(332)
k = fu= f.+BI2 = 4B R=f,lB =4
(m=2) s
B kB 3
H— 1 S S B (k—1)B
_fH —fC S fH
2B Bandpass Sampling 18 Young Won Lim



fsBmm k=1 k=2 k=3
(m=0) (m=1) (m = 2) _
4 > 2f.+tB < f < 2f.— 8
Sz 2fy Sz fu f523fH m+ 1 § m
4 2f —B
2fc—+B < fs < fc—
| k k—1
3 f.+BI2
= —
‘ highest signal frequency
bandwidth B
“: 2fc+B — fs,min — g(m,R)
(m+1)B B
| - minimum sampling rate
| bandwidth B
1 2 3 4 5 6 _Ju
R= B
: Young Won Li
2B Bandpass Sampling 19 o 115



2f.+B < 7 < 2f.— B
m+ 1 * m
2f.+B < 7 < 2f.—B
k § k—1
fe+BI2
7 —

‘ highest signal frequency

bandwidth B
2f +B fo
C — S, min — ) R
: (m+ 1)B B g(m,R)
‘ minimum sampling rate
bandwidth B
| 2 3 4 5 6 _ Ju
R = B

2B Bandpass Sampling 20 Young o



}in k=1 k=2 k=3
m=1 ~
2f.+B < f < 2f.— B
m+ 1 m
4 Min f _
s 2f.+ B < < 2f. —B
k ' k-1
-------- Max f _________—'
3 ----------------
Max f, Min f
k= y=2(x—2)+2 y=1(x—2)+2
i f,€[3B, 4B] k=2 y=2x-2 y=x
[ €5 u (fu— Bl y=1(x=3)+2 y=2(x=3)+2
fn€[2B, 3B]
fse[fH’ 2(fH_B)]
0 1 2 3 4 5 6 R Ju

2B Bandpass Sampling 21 Young o



2B Bandpass Sampling 29 Young o



References

[1] http://en.wikipedia.org/

[2] J.H. McClellan, et al., Signal Processing First, Pearson Prentice Hall, 2003
[3] A “graphical interpretation” of the DFT and FFT, by Steve Mann

[4] R. G. Lyons, Understanding Digital Signal Processing, 1997

Young Won Lim
3/21/12



	슬라이드 1
	슬라이드 2
	슬라이드 3
	슬라이드 4
	슬라이드 5
	슬라이드 6
	슬라이드 7
	슬라이드 8
	슬라이드 9
	슬라이드 10
	슬라이드 11
	슬라이드 12
	슬라이드 13
	슬라이드 14
	슬라이드 15
	슬라이드 16
	슬라이드 17
	슬라이드 18
	슬라이드 19
	슬라이드 20
	슬라이드 21
	슬라이드 22
	슬라이드 23

