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Problem Description: Sensitivity Analysis and Robustness to ModeProblem Description: Sensitivity Analysis and Robustness to Model errorsl errors

Proposed Solution:Proposed Solution:

Uncertainty in Modeling Natural Uncertainty in Modeling Natural 
PhenomenaPhenomena
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Nabil Hajj Chehade, Gregory J. Pottie
Introduction: Model Uncertainty affects our Experimental Design Introduction: Model Uncertainty affects our Experimental Design and Decision and Decision 
Process of Modeling and Designing Experiments

• A model is a representation of a system
Independence assumptions between the variables, the functional form of 
relationships between the variables, utility functions, constraints, etc.

• Experimental Design and Decision making are based on the 
model assumed

An Incorrect Model affects Decisions and Designs

Uncertainty in Experimental Design

Sensitivity Analysis for Experimental Design Robustness of Detection
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• Experimental design problems can be written as optimization 
problems.

• Sensitivity analysis is an important area of optimization which 
allows us to know how perturbations in the model assumed will 
affect the outcome. 

• If a model parameter is very sensitive, then the result of the 
optimization changes drastically when the parameter is slightly 
perturbed. 

• This would require our learning process to be extremely accurate, 
which is not very often the case.

Detection under incorrect models

• The standard form of an optimization problem:
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Experimental Design

• Many sensor network applications deal with the detection of events.
• Each deployment is done in a new environment, and thus a precise

model of the events is unknown.
• Sensor network design should be robust to model errors. 

• The model-based detection problem is a hypothesis testing problem.
• Each event of interest can be represented by a hypothesis

Presence of an object in the field, location of a target (humans, cars), etc. 
• The nature of the problem makes the modeling process inaccurate

The hypotheses models assumed may be different from the true models of the 
events of interest. 

• Sensor networks require low-complexity algorithms
• Analysis of the probability of error in the system when the incorrect 

models are used will inform us on the robustness of our detection.

• A simple Experimental Design: Sensor Palcement
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• Perturbations can be introduced in the utility function or in the 
constraints to analyze the behavior of the solution 
Example: For the perturbed constraints problem i.e.
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The optimal value can be lower bounded:    vupvup TT ∗∗∗∗ −−≥− υλ)0,0(),(

• Hypothesis testing is a classical problem in Detection theory

• Performance is measured by probability of error given the 
assumed model.

• Model errors affect the detection performance
When the hypotheses assumed do not include the correct model of the source, 
the classical error probability does not reflect the true performance.

• Results about the reliability of detections exist for simple 
hypothesis testing problems under incorrect models.

• A simple illustration:

Error in detection under correct model

Extra error due to model error

• Results about the robustness of detection algorithms in sensor 
networks help in the design of the networks.

• Robustness of the algorithm used determines the fidelity 
required in modeling the events of interest
When the algorithm is robust to model errors, a lower fidelity is acceptable

• The fidelity required in the modeling process affects the number 
of sensors and the measurement frequency needed

• A sensitivity analysis of the experiment design helps in 
evaluating the confidence in the design of the networks.




