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Topological Sensitivity 
• heuristic
• robust against noise
• shape reconstruction 

requires high-frequency data

Generalized Linear Sampling Method

• rigorous
• superior localization properties
• obstacles in EM

• non-iterative
• shape reconstruction
• agnostic w.r.t. interfacial condition
• flexible sensing configuration
• arbitrary geometries

3D imaging of fractures



TS for heterogeneous fractures
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TS for heterogeneous fractures
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T(xo) =

Z

Sf

f(⇣) eik'(⇣) d⇣

High-frequency TS 

Single plane-wave illumination

d

14

5.5. Imaging ability of the TS indicator function
TSdistD

From (5), it is seen that for xo
2 B1 the topological sensitivity stems from a bi-linear form entailing two regular

wavefields in the reference domain, namely the incident wave and the fundamental solution whose source is
strictly outside B1. As a result, the spatial distribution of TS is necessarily regular and generally characterized
by wave-like fluctuations whose characteristic wavelength is ⇡/k, i.e. half that of the illuminating wave. In
this setting, the key question is that of the conditions under which the most pronounced negative values of
TS are localized in a narrow region “about the boundary” [13] of an obstacle.

To provide an explicit platform for the analysis, the foregoing asymptotic developments can be
synthesized by writing
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where 1M (m) is the characteristic set function equalling 1 for m 2 M and 0 otherwise; N✏ is a thin-shell
neighborhood of Sf given by (24); B̃� �B� is a neighborhood of the bifurcation set where the non-uniform
approximation fails;

S(d) = {x 2 R3: x 6= ⇣ � �n(⇣), ⇣ 2 Sf(d), � > 0}

5.5.1. Single plane-wave incidence. From (60) it is readily seen that the near-boundary contribution is
T⇤ = O(k), i.e. of the same order as the non-uniform approximations (36) and (38), yet sub-par relative
to the asymptotic contribution of the di↵raction catastrophes listed in Table 1. Accordingly the high-
frequency distribution of topological sensitivity is, under the assumption of a single plane-wave incidence,
asymptotically dominated by the

Proposition 5.1 Reconstruction of a Dirichlet obstacle.recodiri

6. High-frequency reconstruction of a Neumann obstacle
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Generalized Linear Sampling Method
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GLSM IDEA
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Ill-posedness

far field
operator

F : L2(⌦d)⇥L2(⌦d) ! L2(⌦⇠̂)⇥L2(⌦⇠̂)
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Stability
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FactorizationF = H
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GLSM Theorem Fg = �1
L (⇠̂)F = H
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Imaging functional Fg = �1
L (⇠̂)F = H

⇤TH

JGLSM
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||H g||2

LSM  indicator

ILSM = 1/ kgk2
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noisy operator

LSM cost functional
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GLSM cost functional
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Imaging functional
convex GLSM cost functional F �

] = |<(F �)|+ =(F �)
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Geometric Reconstruction
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Mid-plane reconstruction 
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Mid-plane reconstruction 
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3D fracture reconstruction
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Layered composites 
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FOD reconstruction
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FOD Reconstruction 
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