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Introduction

Madonna in Preghiera(17th cent., oil)
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Global mapping of stratigraphy of an 
old-master painting using sparsity-based 
terahertz refectometry
Dong, J., Locquet, A., Melis, M., & Citrin, D. S. (2017). Global mapping of stratigraphy of an old-
master painting using sparsity-based terahertz reflectometry.Scientific reports,7(1), 15098.



THzreflectometry

ÅUsefulfor stratigraphy: maping the layered
structureof the sample.

ÅWe exposethe sampleto a THzpulse(100 
GHzς3 THz).

ÅThe pulseis partiallyreflectedfrom the
interfacesbetweenlayers.

ÅWe recordthe reflectedsignal, whichnow
has multiple peaks, eachwith a time-delay
and different amplitude.

Weget the thickness, and 
reflectivenessof the layers.
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Other methodslackthe penetration, or
similarilythe depth resolution.
(e.g. x-ray fuorescence, nuclearmagnetic
resonance, opticalcoherence
tomography)



THzreflectometry
C-scan: 2D plot of the reflectedsignalcontrastedby a particularmeasure.

Peak-to-valleyamplitude Integratedspectrum
between0.5 and 1 THz
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THzreflectometry
B-scan: reflectedsignalin time domainalongonedimension(here alongX, with Y=150).
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THzreflectometry

Wavelength of 3 THzsignal: ͯ ἵ

Thickness of a layerof paint: ͯ ἵ

The layerscannotbe resolved.
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Solution

The reflectedsignalis the result of a 
convolution:

reflected
signal

incident
signal

response
function
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Conventionaldeconvolution: Ὄ
Ὑ

Ὅ
R ὍὌ

In practice it is a summation:

measurement
error

Thisrequiresthe filtering of highand low frequencies, 
in order to geta meaningfulsolution.
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The convolutioncanbe written
in the form of the following
matrix equation:

Solution

We canexploit the fact that ▐is sparse: Dueto the sparsity, ▐canbe found by■
regularizedoptimization. The ὰnorm is the number of componentsin▐that arenot
zero. The optimizationis carriedout by iteration.



Results

The nonzeroelementsof ▐indicate the individual reflectionsfrom the variousinterfaces.

FWDD: Frequency-wavelet domaindeconvolution, it filters higherfrequencies, but thosearewhat we need.
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Results
With this method the B-scanscanshow usthe individual layers:

I. Varnish
II. Pictorial
III. Underpainting
IV. Imprimatura
V. Ground
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Varnish

Thicknessof varnishshows 
signsof retouching.

Basedon the amplitude of the first
peak, the varnishis smootheraround

the �D�����}�v�v���[�•head.
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