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(17a, b) (with (20a, b) and (2la, b)) constitute the generalization
of Grace-Pitt-Brown's bandpass sampling technique.

ITI. AN TLLUSTRATIVE EXAMPLE

If N =2, systems (20a, b) will become

Arg o(t) + A o(t) =1

{ 10,0 11,0 -
AIO,O(t) + Wy All,O(t) = exp(jot/2)

Aag,0(t) + Ry o(t) =1 (22b)
w;/z AZO,O(t) + wi/z A21,O(t) = exp(jot/2)

from which

Ao,0(t) = [exp(iot/2) - w ] /(1 - W) (232)
Mg o) = {1 - exp(sot/2)] /(1 - wy ) (23b)
Ao olt) = [exp(iot/2) - w)/?] m/?(1 - wp) (23¢)
Arq,0(t) = {W§/2 - exp(jot/2)] /wl/z(l - W) (23d)

introducing these values in (2la, b) and operating, the interpolation functions
result

_ sin(ot/4 + 1/k) sin(ot/4)
ZlO,O(t) sin (mn/k) ot/h (24a)

_ sin(ot/4) sinfo(t +ﬂ/w0)/4]
211,08) = ST G/AT  oEF 7 ws)/B (24b)
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sin(ot/4 + 3m/2k) sinlo(t + 7/2w,) /4]
sin(m/k) ot + m/2w,)/4

220,0(t) = (24¢)

sin(ot/4 + 1/2k)  sinlo(t + 31/2w,)/4)
sin(mn/k) o(t + 3w/2wy) /8

291,0(t) = (24d)

and inserting them in (17a, b) with N = 2, TN = T2,=n/20 , we obtain the correspond-
ing separate interpolation formulas.

CONCLUSIONS

We have generalized Grace-Pitt-Brown's quadrature bandpass sampling
method, introducing the following procedure: it is possible to recover separately
the lowpass components of a band-limited bandpass signal x(t) from the samples
of {x(t - im/wo)} , {x[t -(2i + 1)m/2wq} , i =0,...,N - 1, (where w, is the center
angular frequency of the signal) taken at a rate 1/TN = g/2mN (where ¢ is the
angular bandwidth of the signal) when w, =ko/2N.

Generalizations of this result to transforms that correspond to
zero quadrature and zero in-phase component impulse response systems are also
possible.

ACKNOWLEDGEMENT

The authors wish to thank Prof. Athanasios Papculis for introducing
them to his Generalized Sampling Expansion.

REFERENCES

{1} 0.D. Grace, S.P. Pitt, Quadrature Sampling of High-Frequency Wareforms,
J. Acoust. Soc. Am., vol. 44, pp. 1453-1454, 1968.

{2} J.L. Brown, Jr., On Quadrature Sampling of Bandpass Signais, IEEE Trans.
Aerosp. Elect. Sys., vol. AES-15, pp. 366-371, 1979.

{3} J.L. Brown, Jr., A Simplified Approach to Optimum Quadrature Sampling,
J. Acoust. Soc. Am., vol. 67, pp. 1659-1662, 1980.

{4} A.R. Figueiras-Vidal, J.B. Marifio-Acebal, M.A. Lagunas-Herndndez, R. Garcia-
Gomez, Some New Results in Sampling Deterministic Signals, Proc. First
European Conf. Signal Proc., pp. 197-200, Lausanne, Switzerland, 1980.

{5} A.R. Figueiras-Vidal, On Sampling Bandpass Signals, to appear , IEEE Trans.
Aerosp. Elect. Sys. ;



1981 YWSPA Proceecings | AZ/3/8

apoulis, New Results in Sampling Theory, Hawaii Intl. Conf. Sys. Sci.,

{6} A.
1

P
QL0
JU0

{7} A. Papoulis: Systems and Transformswith Applications in Optics. New York:
McGraw-Hill; 1968.

{8} A. Papoulis, Generalized Sampling Expansion, IEEE Trans. Circuits Sys.,
vol. CAS-24, pp. 652-654, 1977. ‘



