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• Motivation:
- Explore the possibilities of an LED 
based multispectral system for art work 
study

Objectives:
- Use off-the-shelf elements to build the 
system
- Performance evaluation over pigments 
used in art work
- Application to paintings at the Royal 
Museum-Monastery of Pedralbes, 
Barcelona.

Introduction
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Experimental system



Near UV-Vis-NIR (370-900nm) IR (900-1600nm)

Spectral 
emission
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Emission spectra for module 2
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Experimental system

Operative prototype



Methods

Spectral reconstruction
• Pseudo-inverse method for spectral estimation

• Interpolation using cubic splines.

Evaluation metrics

- Spectral evaluation  RMSE

- Colorimetric evaluation  CIEDE2000 formula (DE00)

GFC ≥ 0.999  Good Match

GFC ≥ 0.9999 excellent match



• Indigo
• Venetian red
• Ivory black
• Yellow Ochre
• White lead 
• Burnt brown 
• Etc.

Samples
Training and evaluation set:
Fresco paintings



Software interface



Wall painting images at 1300nm 

Wall painting images at 635 nm

Art work: wall paintings in Saint Michel’s cell at 
the Royal Monastery of Pedralbes.

Results
Spectral Images



Set of images Stitched image Stitched image (RGB)

Art work: Diptych, Virgen de la leche
mhcb, mmp 115035

Results

Image stitching



Module 1(Interpolation) Module 2 (Interpolation)
DE00 RMSE x 100 GFC RMSE x 100 GFC

Mean 1.83 2.19 0.9994 5.57 0.9968

Min 1.29 0.61 0.9977 2.40 0.9922 

Max 2.96 4.49 0.9999 9.56 0.9996

Module 1(PSE) Module 2 (PSE)
DE00 RMSE x 100 GFC RMSE x 100 GFC

Mean 0.99 1.09 0.9999 1.97 0.9996
Min 0.33 0.56 0.9996 0.41 0.9991
Max 1. 89 2.55 1.0000 3.59 1.0000
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Metrics for Spectral reconstruction
Samples: Fresco patches

Results



Module 1(Interp) Module 2 (Interp)
DE00 RMSE x 100 GFC RMSE x 100 GFC

Mean 2.00 1.93 0.9994 3.09 0.9977
Min 1.19 0.57 0.9990 1.75 0.9936
Max 2.84 4.11 0.9996 4.91 0.9999

Module 1(PSE) Module 2 (PSE)
DE00 RMSE x 100 GFC RMSE x 100 GFC

Mean 1.24 0.91 0.9997 2.04 0.9998
Min 0.07 0.09 0.9984 0.51 0.9993
Max 4.73 2.37 1.0000 2.04 1.0000

Metrics for Spectral reconstruction
Samples: points over the wall paintings

Results



Summary

• Implementation of a multispectral system 
based on LEDs

• Evaluation of performance through 
simulations

• Application to artwork

• Concordance between simulations and 
results over real samples.
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Thank you!
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