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INTRODUCTION

o In this work we focus on problems of 
estimation after detection where first, a signal 
is detected, and then, its parameters of interest 
are estimated. 

o We present a new performance evaluation 
measure that incorporates the estimation and 
detection-related errors under one risk 
function, and that is suitable for parameters 
representing intensity. 

o We derive a new Cram ƴ𝑒r-Rao type bound on 
the risk and present the use of the risk for the 
Pareto-efficient design of the detection 
threshold. 

o We apply our performance evaluation measure 
on the task of accumulated rainfall estimation 
from attenuation measurements of signals 
from commercial microwave links (CMLs).

Problem Formulation 
ℋ0: 𝒙 ∼ 𝑓0 𝒙; 𝜃0, 𝜓0 , 𝜃0 ∈ 0, Θ0 ,

ℋ1: 𝒙 ∼ 𝑓1 𝒙; 𝜃1, 𝜓1 , 𝜃1 ∈ 0,Θ1

𝒙 ∼ Ω𝒙 - the observation vector

𝜃𝑖 , 𝑖 = 0,1 - unknown deterministic parameters, 
represent the intensity of the related physical 
phenomenon.

𝜃1−𝑖 does not exist under hypothesis ℋ𝑖 and since 
it represents the intensity of a non-existing 
phenomenon, it can be treated as having zero 
value.

𝝍𝒊, 𝑖 = 0,1- known parameter vectors

Assumption: 𝑓0 ≠ 𝑓1 and/or 𝝍0 ≠ 𝝍1
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CONCLUSIONS
o We presented a new performance evaluation 

measure for estimation after detection of 
intensity values, that properly incorporates 
both estimation and detection-related errors.

o We developed a Cram ƴ𝑒r-Rao type bound on 
the risk, and showed that the minimization of 
the risk results in a Pareto Efficient solution 
w.r.t the estimation and detection objective 
functions.

o We utilized the proposed risk in the task of 
accumulated rainfall estimation from signal 
attenuation measurements from CMLs, as a 
system design tool for setting the detection 
threshold.

o We showed that the empirical threshold that 
minimizes the risk has a good resemblance 
to the theoretical threshold that best 
matches the estimated accumulated rain 
with the value measured by the 
corresponding rain gauge.
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Intensity Estimation 
after Detection Risk

Riski
𝐹𝐴 ෠𝜃1−𝑖 , 𝜃𝑖 , Ƹ𝑠 = 𝑃𝑖 Ƹ𝑠 = ℋ1−𝑖; 𝜃𝑖
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2 Ƹ𝑠 = ℋ1−𝑖; 𝜃𝑖
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Riski
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ℛ ෠𝜃0, ෠𝜃1, 𝜃0, 𝜃1, Ƹ𝑠, 𝛾 =

෍

𝑖=0
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MSSEi ෠𝜃𝑖 , 𝜃𝑖 , Ƹ𝑠 + Riski
𝐹𝐴 ෠𝜃1−𝑖 , 𝜃𝑖 , Ƹ𝑠 + Riski

𝑀𝐷 𝜃𝑖 , Ƹ𝑠

Pareto Efficiency
൯ℛ ෠𝜃0, ෠𝜃1, 𝜃0, 𝜃1, Ƹ𝑠, 𝛾 = ℛ 𝛾 = 𝑓𝑒𝑠𝑡 𝛾 + 𝑓𝑑𝑒𝑡(𝛾

𝑓𝑒𝑠𝑡 𝛾 =෍

𝑖=0

1

MSSEi 𝛾 , 𝑓𝑑𝑒𝑡 𝛾 = ෍

𝑖=0

1

Riski
𝐹𝐴 𝛾 + Riski

𝑀𝐷 𝛾

𝛾0 = argmin
𝛾∈Γ

ሻℛ(𝛾 →

𝛾0 is a Pareto Efficient solution w.r.t the estimation
and detection objective functions

ℋ0: 𝑥 𝑛 = 𝛼𝜃0 + 𝜔0 𝑛

ℋ1: 𝑥 𝑛 = 𝛽𝜃1 + 𝜔1 𝑛

𝑛 = 0,… ,𝑁 − 1

𝛼, 𝛽 are known system parameters
𝜔0, 𝜔1 are zero−mean Gaussian noise sequences
with 𝜎0

2 ≠ 𝜎1
2

Ƹ𝑠 =
ℋ1, if

1

𝑁
෍

𝑛=0

𝑁−1

ሿ𝑥[𝑛 ≥ 𝛾

ℋ0, otherwise

መ𝜃0 =
min 𝑚𝑎𝑥

1

𝛼𝑁
෍

𝑛=0

𝑁−1

𝑥 𝑛 , 0 , 𝛩0 , if Ƹ𝑠 = ℋ0

0, if Ƹ𝑠 = ℋ1

መ𝜃1 =
min 𝑚𝑎𝑥

1

𝛽𝑁
෍

𝑛=0

𝑁−1

𝑥 𝑛 , 0 , 𝛩1 , if Ƹ𝑠 = ℋ1

0, if Ƹ𝑠 = ℋ0

Pareto Efficient points are marked with X in the left figure and with
the green line in the right figure.

Cram ƴ𝑒r-Rao Type Bound

𝑉𝑖 ≜
𝜕

𝜕𝜃𝑖
log 𝑓 𝒙 Ƹ𝑠 = ℋ𝑖; 𝜃𝑖 , 𝐽𝑖 = 𝐸𝑖 𝑉𝑖

2 Ƹ𝑠 = ℋ𝑖; 𝜃𝑖

𝑈𝑖 ≜
𝜕

𝜕𝜃𝑖
log 𝑓 𝒙 Ƹ𝑠 = ℋ1−𝑖; 𝜃𝑖 , 𝐽𝑖

∗ = 𝐸𝑖 𝑈𝑖
2 Ƹ𝑠 = ℋ1−𝑖; 𝜃𝑖

𝑏𝑖 ≜ 𝐸𝑖 ෠𝜃𝑖 − 𝜃𝑖 Ƹ𝑠 = ℋ𝑖; 𝜃𝑖 , 𝑏𝑖
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MSSEi ෠𝜃𝑖 , 𝜃𝑖 , Ƹ𝑠 ≥
𝑃𝑖 Ƹ𝑠 = ℋ𝑖; 𝜃𝑖
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Riski
𝐹𝐴 ෠𝜃1−𝑖 , 𝜃𝑖 , Ƹ𝑠 ≥

𝑃𝑖 Ƹ𝑠 = ℋ1−𝑖; 𝜃𝑖
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2 𝐵
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𝐹𝐴
∗ ≜

𝜕𝑏𝑖
∗

𝜕𝜃𝑖

2

𝐽𝑖
∗−1 + 𝑏𝑖
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Lower bound on the MSSE:

Lower bound on the FA risk:
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