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Survey and Experimental Design

 Can not avoid: potentially one of the most common tasks

 Applied in many other fields of work and research

 Many geophysical surveys are designed in large part using 
tried and tested rules of thumb – heuristics

 Heuristics are generally robust, but not optimal: far more 
sophisticated theory exists and is used in other fields

– Statistical Experimental Design 

 We will examine this theory, and both common and state of 
the art applications
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Designing Experiments to 
Constrain Parameters

Experiments should be designed such that:

– They can be conducted in practise

– Expected post-experimental model 
parameter uncertainties are minimised       
 Model information is maximised

– Costs are constrained/minimised



How does experimental design work?

Designs the relationship between 

a set of parameters and some data

F(m) = dF(m) = d
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How does experimental design work?

Designs the problem that we will have to solve

F(m) = d



Linear Experimental Design

m = (wave speed)-1
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Linear Experimental Design

Is this region of the Earth heterogeneous?
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The Survey on the Right…
 Provides twice as many independent pieces of information as the 

survey on the left, using the same number of data

 Is nominally carried out at half the cost (2 sources + 2 receivers)

General Points
 Eigenvalues specify precisely how many pieces of information can 

be constrained in principle (no data uncertainties yet!)

 For each e-value, corresponding e-vector describes precisely the 

associated independent piece of information 

 E-system allows us to create measures of design quality…
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Eigenvalue = gradient squared



Unfocussed Crosswell Example

Parameters = cell slownesses
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Unfocussed Crosswell Example

Some short paths

Increasing density with depth            
(since only have longer paths at depth)

But how dense? Exactly where?

All long paths: all data average >9 si

Greatest path density in centre

Have not used cheap freedom at surface

4 sources + 4 receivers
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Eigenvalues:   how much
information

Eigenvectors: specifically what 
information

Two Further Possibilities:

Hence, can design model 
parameterisation using 
eigenvalues

or, can focus information on a 
model subspace by only 
maximising eigenvalues of 
eigenvectors (information) 
spanning that subspace.
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Optimise Data 
Acquisition

S1 S3S2 S4 Optimise Model 
Parameterisation

Is this region of the Earth heterogeneous?



Focussed Crosswell Example

Shading shows diagonal 
elements of Resolution 
matrix (max. possible = 1)

Red crosses mark cells 
spanning model subspace 
of interest.

How dense? Exactly where?

Not possible to design using intuition alone

 Need to solve Optimisation Problems



Questions?


