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Background and Motivation: Distributed Detection 
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• The study of the two-step detector is motivated by a practical implementation 
problem in distributed sensing/detection. 

• The integration of raw/pre-track data from multiple sensor platforms enables the 
detection of stealthy targets which are undetectable with a single platform. 

• The sharing of raw/pre-track data will require more communications bandwidth. 

• What do we do if there are practical limits on the amount of data that can be 
shared? 

• The two-step detection scheme addresses this problem. 
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Distributed Detection: Unrestricted Case 

4 

CENTRAL 
PROCESSOR 

 
 
 
 
 

PLATFORM 1 

PLATFORM 2 

PLATFORM N 

Non-Coherently 

Integrate Detection 

Statistics and 

Perform Threshold 

Detection. 

PASS ALL DET STATS 

PASS ALL DET STATS 

PASS ALL DET STATS 



www.qinetiq-na.com 

© QinetiQ North America Operations LLC 2009 

QinetiQ North America – Technology Solutions Group  

Distributed Detection: The Two-Step Detection Scheme 
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NP Two-Step Detection Rule: Roadmap 

• In the following slides we derive the NP detection rule for the two-step detection 
scheme (2SD) using the Neyman-Pearson (NP) criterion. 

• To make the problem tractable we make IID assumptions. 

• Based on assumptions and NP criterion use the LLRT and 

• Properties of censored distributions to  

• Express the general NP two-step detection rule. 

• Obtain the NP two-step detection rule for Swerling 2 (fluctuating RCS) target 
model. 
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NP Two-Step Detection Rule: Assumptions 

• Assumptions: 

i. Noise at each platform is IID Gaussian I/Q. 

ii. The target SNR measured by each platform is an IID random variable. 

iii. The detection cells (e.g., range-gates) for each platform align exactly (i.e., there are no 
registration errors). 

8 

IID 

Assumptions 

NP Criterion 

(LLRT) 

Swerling 2 

Target Model 
Censored 

Distributions 

General NP 

Detection Rule 



www.qinetiq-na.com 

© QinetiQ North America Operations LLC 2009 

QinetiQ North America – Technology Solutions Group  

NP Two-Step Detection Rule: NP Criterion 

•

9 

IID 

Assumptions 

NP Criterion 

(LLRT) 

Swerling 2 

Target Model 
Censored 

Distributions 

General NP 

Detection Rule 



www.qinetiq-na.com 

© QinetiQ North America Operations LLC 2009 

QinetiQ North America – Technology Solutions Group  

NP Two-Step Detection Rule: Censored Distributions 

•
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NP Two-Step Detection Rule: General Rule 

•
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NP Two-Step Detection Rule: Swerling 2 Target Model 
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The Swerling 2 NP Two-Step Detection Rule: Observations 
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•
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(ii) 
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Analysis of Performance: Second-Stage Probability of False Alarm (1 of 2) 
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Analysis of Performance:  Second-Stage Probability of False Alarm (2 of 2) 
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Analysis of Performance:  Threshold Selection 
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Analysis of Performance: Second-Stage Probability of Detection (1 of 2) 

18 

•



www.qinetiq-na.com 

© QinetiQ North America Operations LLC 2009 

QinetiQ North America – Technology Solutions Group  

Analysis of Performance: Second-Stage Probability of Detection (2 of 2) 
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Results: Cooperative Networked Radar (CNR) Scenario 
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• CNR is a multi-static/MIMO radar scheme. 

• Exploits the presence of multiple ships to increase both the coherent and 
non-coherent integration used: 

 Instead of each ship transmitting multiple pulses on multiple frequencies, each 
ship only transmits a single longer pulse on just one frequency (coherent gain). 

 The ships receive and process their own pulse plus those of the other 
participating vessels. 

 Pre-detection data is non-coherently integrated for improved sensitivity (non-
coherent gain). 

• A practical implementation issue with CNR is that the cooperative data rate 
can saturate both the computational and communication capacity of the 
system. 
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Current Processing Scheme (Non Cooperative) 
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Pulse 1 

Pulse 2 

Pulse 3 

Pulse 4 

Radars operate independently 

- Hopefully they do not interfere with each other! 

Performance limited by each radar’s mono-static performance 

Each radar non-coherently integrates a few (e.g. 4) pulses 
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Cooperative Radar Description & Gain 
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• Each radar transmits a single pulse 4x longer than the mono-static case 

• Each radar transmits on a different frequency 

• Radars transmit at approximately the same time 

• All radars receive all pulses and time-align to the target 

• All N2 pulse-radar combinations non-coherently integrated 

Potential Cooperative Radar Gain (All Radars Same Distance to Target) 

No. 

Radars 

Coherent 

Gain 

Non Coh. Gain 

SW0 

Total Gain 

SW0 

Non Coh. Gain 

SWII 

Total Gain 

SWII 

2 6 dB 0.0 dB 6.0 dB 0.0 dB 6.0 dB 

3 6 dB 2.65 dB 8.65 dB 3.8 dB 9.8 dB 

4 6 dB 4.4 dB 10.4 dB 6 dB 12.0 dB 

* Non Coherent Gain Calculated for PD=0.9 PFA=10e-6. Gain w.r.t. single monostatic radar with 4 pulse NCI 

Optimal gain for search 

with no coherent multi-

platform processing 
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Results: Overview 
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• Target SNRs are 2.4 dB and -1.4 dB per pulse per platform for the N = 4 and 8 
cases respectively. 

Pd2 vs. Pfa1 Equivalent SNR Loss 
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N = 4 N = 8 
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Results: (3) Sensitivity to Assumed SNR 

27 

• It is clear from the previous slide that the performance of the clairvoyant and 
practical 2SDs are almost identical. 

• Empirical results for N = 4 case: 
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Conclusions 
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• Examined the two-step detection scheme that arises when practical data-rate limits 
are imposed on a distributed detection system. 

• Derived the Neyman-Pearson two-step detection rule in the general case and in 
the case when the underlying target is modeled as Swerling 2 (fluctuating RCS). 

• Formulated closed-form expressions for the second-stage probability of false alarm 
and probability of detection. 

• Shown that the thresholds can be easily selected using a root-finding method and 
an assumed target SNR. 

• We have illustrated the performance of the two-step detector for the N=4 and N=8 
Cooperative Networked Radar cases. 

• Shown that the NP two-step detection rule for the Swerling 2 target model is 
clairvoyant and have provided some empirical evidence it is only weakly dependent 
on the assumed target SNR. 


