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Abstract

one from 950 to 1650nm. The spectral emission and temporal behavior of the LEDs are 

together with the imaging sensors is evaluated and corrected. The performance of the system for 

ones adding noise. The results show that a rather good performance of the setup is expected. 

However, they also reveal a difference in the performances of the two modules, being that of the 

second one poorer due to the fact that it has a lower number of LEDs with a wider spectral 

1. Introduction

offering spectral information with high spatial resolution; it extends over industrial problems as 

well as biological ones passing by arts, pharmaceutical and many others, Sheth et al. (2009); 

Vilaseca et al. (2008) . A multispectral system can be implemented in different ways and recently 

the development and accessibility to LED technology has become an attractive alternative to be 

emission and are available in several wavelengths over the different spectral ranges of ultraviolet 

synchrony with the imaging sensors used. Following this idea, this work shows the characterization 

of a multispectral system with LED illumination. This characterization was carried out with 

experimental measurements of the temporal behavior of the LED emissions; with the correction 

2. Experimental setup

module consists of a monochrome CCD camera with 12 bit depth, 1392 x 1040 pixels and 16 
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950nm. In a similar fashion, the second module has an InGaAs based camera with 14 bit depth, 

320 x 246 pixels and 7 groups of LEDs. This module covers the range of wavelengths from 

900nm to 1650nm. Table 1 contains the measured spectral descriptive data for each LED element 

of the system. 

Table 1. Spectral data for the LED elements comprising the illumination source (Peak wavelength and full width at 

half maximum [FWHM]). All data are given in nanometers (nm).

Module 1 Module 2

Peak wavelength FWHM Peak wavelength FWHM Peak wavelength FWHM

373 9.5 404 15 955 51

432 17 461 22 1071 53

500 32 535 34 1202 88

593 15 634 16.5 1297 89

665 21 693 23.5 1451 122

728 24 761 26 1540 126

801 28 835 31 1630 111

874 45 903 41

3. Methods

3.1 Temporal characterization

The emission of all groups of LEDs was characterized as a function of the time in order to establish 

the necessary time to obtain a constant and stationary illumination over the samples.

3.2 Spatial characterization

imaging sensor together with the light source used, in our case the ring of LEDs. For it we used a 

which takes into account a dark image and a base correction image with a mean digital level 

placed in the middle of the linear response range of the cameras to correct the raw image acquired.

the acquisition system characteristics,Vilaseca et al. (2006).

Reconstructions were carried out for two different conditions in the simulations: under 

ideal conditions (IC) and under noise conditions (NC), where a 2% additive random noise and the 

quantization error of the imaging sensors were included.

To evaluate the performance of the system three different metrics were used. Two metrics 

serve to compare the estimated spectral curves with respect to the original spectra: the root mean 

are required for respectively good and excellent matches. The third metric is the CIEDE2000 

formula (DE00) used over the reconstructions in the VIS range as a colorimetric evaluation, 

Sharma et al. (2005).
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4. Results and discussion

Figure 2 contains the temporal stabilization curve for one of the LEDs used in the system 

(

the different LEDs tested ranged between a maximum of 9.19% and a minimum of 2.12%, with a 

5.43% for the case shown. In general, stabilization times longer than 40 sec were necessary to 

achieve a percentage of variation below 2%. Although we have a good control of the current in 

emission.     

Figure 1. Multispectral system Figure 2.Curve of temporal stabilization of LED emission

(mean)/mean, de Lasarte et al. (2007). This parameter 

changed from a value of 2.83% to a 0.012% with the application of the correction. A similar 

behavior was found in the different channels of the system. Table 2 shows the comparison of the 

results demonstrate that the system performs rather well even under noise conditions. Although 

and their wider spectral emission, its performance is still reasonably good. 

 

a) b)

Figure 3. Spatial non-uniformity correction. a) Original image and b) corrected image.
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conditions (IC) and under noise conditions (NC).

Module 1 Module 2

DE00 RMSE (%) GFC RMSE (%) GFC

IC NC IC NC IC NC IC NC IC NC

Mean 0.017 1.016 0.16 1.17 1.0000 0.9995 0.96 2.11 0.9991 0.9976

Min 0.208 0.11 0.9991 0.9962 0.04 0.10 0.9899 0.9790

Max 0.098 3.039 0.81 3.11 1.0000 0.9999 4.16 9.45 1.0000 0.9997

5. Conclusions

This paper shows the evaluation through simulations and the characterization of a multispectral 

system intended for its future use in the study of artwork. The temporal behavior in emission of 

conditions. For the noise condition, the performance of the system decays but it is still good. 

related to the minor availability of LED elements in the range of wavelengths comprised by this 

module.
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