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RECAP LECTURE 1

DETECTION OF ASTRONOMICAL SIGNALS (S.P.)
RS NOISE IS INFLUENCED BY INSTRUMENI

—

TRANSFER FUNCTION AND DATA SAMPLING

STATISTICAL MOMENTS CHARACTERISE THE
SIGNAL (PLUS NOISE)

S E CAN BE DUE TO THE DETECTOR,
BACKGROUND, AND/OR INTRINSIC TO THE SIGNAL
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ASSUME WSS s.P. (MEAN DOES NOT DEPEND ON
TIME, OR MUCH SLOWER THAN MEASURING

PROCESS, AUTO-CORRELATION DEPENDS ON
OFFSET ONLY)




ANOTHER MATH TOOL
POWER SPECTRAL DENSITY

(X AMPLITUDE OF INDIVIDUAL SINUSOIDS)
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DATA SAMPLING
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TIME DOMAIN MULTIPLY S.P. WITH SHAH FUNCTION
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NYQUIST FREQUENCY

B OUIIST FREQUENCY =

PREQUENCY RELATED WITH

SAMPLING RATE
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NYQUIST FREQUENCY
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SAMPLING AT THE NYQUIST FREQUENCY:
NO LOSS OF INFORMATION

EONTINUOUS SIGNAL H(T) FULLY DESC

BY TEE SAMEPLES
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Basic Aperiodic Signal of Infinite Length

segment of interest

An Expanded Piece of The Basic Signal Fourier Transform of The Basic Signal
ENTIRE

87 cutoff frequency of signal

Fourier Transform of The Noisy Signal
ENTIRE

s¢= cutoff frequency of
measurement
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THE MEASUREMENT DOMAIN THE TRANSFORM DOMAIN




A" Discrete Measurements of The Noisy Signal The Aliased Fourier Transform of The Noisy Signal
(undersampled) :

Discrete Measurements of The Noisy Signal
(oversampled)

C
The Smeared and Aliased Fourier Tranform
“ of The Data Segment
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A" Discrete Measurements of The Noisy Signal The Aliased Fourier Transform of The Noisy Signal
(undersampled) :

Discrete Measurements of The Noisy Signal
(oversampled)

C
The Smeared and Aliased Fourier Tranform
“ of The Data Segment
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A Discrete Measurements of The Noisy Signal
(undersompled)

Discrete Measurements of The Noisy Signal
(oversampled)

C
The Smeared and Aliased Fourier Tranform
“ of The Data Segment
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THE MEASUREMENT DOMAIN ’




SIGNAL: CONTINUOUS DRAW
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SAMPLING: HIGH FREQUENCIES ARE FILTERED OUT

WINDOW: LOW FREQUENCIES ARE FILTERED OUT

e
EADS TO BAND LIMITED DATA

FILTERING
—» FREQUENCY FILTERING Y (f)= X(f)H(f)
- A / 2 (t — 0)h(0)do

5 OD

y(t) = x(t) * h(t)

FIET ERINGIOF PROGESS X NITEYEIE FER - H

- TIME FILTERING

MEASURE A PROCESS X(T) OVER INTERVAL T ASSUMED
ZERO OUTSIDE T

= y(t) = TI(-)a ()

Y (f) = X(f) * Tsine(T )

ALL INFORMATION ABOUT FREQUENCIES <1/T IS LOST!
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DISCRETE CONVOLUTION

THEOREM
M /2
(r*8); = Z S S
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DISCRETE DECONVOLUTION
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Vg7s)
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HOWEVER NOISE AND UNCERTAINTIES IS
RESPONSE CAN MAKE THIS PROCESS
UNRELIABLE




NOISE REMOVAL BY OPTIMAL
FIETERTNG

cs(t) = s(t) + n(t)

s(t) is the smeared signal i.e. true X response
DESIGN AN OPTIMAL FILTER (P(T) THAT
FRODUCES A SIGNAL U(T) AS CLOSE AS

POSSTEE Bty 19(5)

-

CLOSE IN LEAST SQUARE SENSE
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NOISE REMOVAL BY OPTIMAL
FIETERTNG
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AND SIGNAL ARE UNCORRELATED
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NOISE REMOVAL BY OPTIMAL
FIETERTNG
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DOES NOT CONTAIN TRUE SIGNAL DIRECTLY!

BFTivAL FILTER . @ —

S(HI* + IN(H)IF = PDS(f) = |CS(f)I°




/ | C |? (measured)

| N |? (extrapolated)

" ,— |§1? (deduced)




SOME APPLICATIONS

ON OPTIMAL DETECTION OF POINT SOURCES IN CMB MAPS
VIO ET AL, 2002, A&A, 391, 789

AN OPTIMAL FILTER FOR THE DETECTION OF GALAXY
CLUSTERS THROUGH WEAK LENSING
MATURI, ET AL. 2005, A&A, 442, 851

THE LARGEST SCALE PERTURBATIONS: A WINDOW ON THE
PHYSICS OF THE BEGINNING
WANDELT, NEW ASTRONOMY REVIEW, 2006, 11, 900
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22 g ime series

140 ms zoom in on individual pulses  Taken from "Handbook of Pulsar Astronomy” by Lorimer & Kramer
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