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Single Radio Telescope

- Stream is a time series

- Relatively wide band

- Time trace can contain narrow and wide band signals

Radio telescope Effelsberg
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Single Radio Telescope

380

- dispersed signals

- non-trivial structure of pulses
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Problems for the Individual Antenna Level

- Detection of transient signals and measuring their parameters, e.g. pulsars and FRB
- Rejection of the known telecommunication signals, e.g. satellites

- Identification of radio-interference signals and rejecting them

— There is a need to have a general view at signal detection and
a need to identify its fundamental properties and limitations.
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Bayes’ Approach to the Signal Detection — |

Data stream: A; — signal is in the data, Ao — signal is not in the data.
Decision: Af — signal is in the data, Aj — signal is not in the data.

Possible situations:

- AjAo — correct non-detection, F = P(A%|Ao),

- A7Ao — “false alarm” or “false positive” detection, F = P(A7|Ao),
- AbA; — missing the signal, D = P(A}|A1),

- A7A, — correct detection of the signal, D = P(AT|A1).
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Bayes’ Approach to the Signal Detection — I

Stream: A; — signal, Ao — no signal F=P(As|A)) F=P(A}|Ao)
Decision: A7 — signal, A; — no signal D = P(As|A) D= P(A}|AY)
F+F=1 D+D=1

P(Ag,Ao) + P(AT, Ao) 4 P(Ag, A1) + P(AT, A1) =1

Mean risk: 7= Z riP; =

i
= I"1P(AS,A0) + rzP(AT,/-\o) + @P(AS,AO =+ fz,P(AT,A‘\) = rFP(AT,Ao) + rﬁP(AS,Aq)

P(AT, Ao) = P(Ao)P(A7|A0) = P(A0)F, P(Ag, A1) = P(A1)P(Ag|Ar) = P(A1)D

T = reFP(Ao) 4 ryDP(AY)
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Bayes’ Approach to the Signal Detection — I

Bayes’ criterion:

Criterion of ideal observer:

Neyman-Pearson criterion:

Weighting criterion:
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Mean risk: 7 = reFP(Ao) 4 ryDP(A1)

argmin
F=FP(A)) +DP(A)  (rr=1r5=1)
argmax(D) while F is fixed (fixed “false alarm” rate)

= I'@P(A1) — [D — [oF]I’@P(Aq), lo = I'FP(AQ)/I’EP(AO

argmax (D — [oF)
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Statistical Signal Detection

D
A*
N\
F
Yy
Example 1. y =Ax+n, (A=0,1), p(Y|Ao) = paly), P(VIA1) = Psn(V).
o= [HWpat)ey F= [ APy
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Statistical Signal Detection

y=A+n,(A=0,1), P(y1A0) = pn(y), P(YIA1) = Psn(Y).
D= /A (v)psn(y) d = /A* )pn(y) d

T - _ Pl e :
D zop__é A WP WI) ~ bl dy 1) = BT~ likelinood ratio

If the “noise” is Gaussian:
X2 Xy 1 ) 1
l(y) = exp <_ﬁ> exp <n—%) or [(y) =exp _W zj:x,- At | exp H—%Z:x,y,At

> xyAt — correlation sum (or correlation integral in continuous case)

Correlation sum/integral is a linear filter (optimal linear filter = max ((y) = minT).
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Summary and Plans

What is identified:

- the internal logical connection between the Bayes' approach to signal detection, likelihood
ratio method, correlation-type methods, etc

Nearby plans:

- study the time-frequency formulation of the optimal filtration,

- theory of information as an additional component on top of the statistical signal processing,
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