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T his special issue of Optics & Photonics News (OPN) highlights the most 
exciting research to emerge in the preceding 12 months in the fast-paced 
world of optics. “Optics in 2007” offers readers a unique opportunity to 

access, in a single source, summaries of cutting-edge optics research reported 
in the peer-reviewed press. The areas covered in 2007 include biophotonics, 
communications, holography, lasers, micro-optics, microscopy, nonlinear optics, 
photonic structures, plasmonics, quantum optics, slow light, solitons and 
ultrafast optics. 

This year’s issue comprises 30 summaries representing the work of more than 
120 authors from 13 countries. Submissions were judged on the basis of the 
following criteria:

 The accomplishments described must have been published in a refereed 
journal in the year prior to publication in OPN.

 The work should be illustrated in a clear, concise manner that is readily 
accessible to the at-large optics community.

 The authors should describe the topical area as a whole and then discuss the 
importance of their work in that context.

Although OPN makes every effort to ensure that achievements in all optics 
subfi elds are recognized, there are no requirements in the selection process for 
inclusion of specifi c topical areas. When we receive a large number of submis-
sions for a specifi c area, it is taken as evidence that the topic has been fertile 
ground for activity and research. OPN strives to ensure that engineering, science 
and technology are all represented. 

OPN and OSA would like to thank all the researchers from around the world who 
submitted summaries, as well as our panel chair and guest editors.  
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NThe Frequency of Metamerism  

in Natural Scenes 
David H. Foster, Kinjiro Amano, Sérgio M.C. Nascimento and Michael J. Foster

M etamerism occurs when lights with 
different spectra appear the same 

to the eye, or, more generally, the sensor 
system.1 Metamers arise because the 
number of degrees of freedom in a sensor 
system—three for the cone receptors in 
the normal human eye or the filters of a 
typical RGB camera—is smaller than the 
degrees of freedom needed to accurately 
represent light spectra.2 

The most important example is associ-
ated with variations in surface spectral re-
flectances. In natural vision, these differ-
ences may be disregarded, providing that 

The frequency of metamers in each scene 
was estimated by the number of pairs of 
surfaces for which color differences were 
below a threshold value under one phase 
of daylight and above a multiple of this 
threshold value under another phase. 

The relative frequency of metameric 
pairs, expressed as a proportion of all the 
pairs of surfaces from a scene, was found 
to be very low, from about 10–6 to 10–4 
for the largest illuminant change tested, 
from skylight of correlated color tempera-
ture 25,000 K to direct sun and skylight 
of correlated color temperature 4000 K. 
Therefore, metamers are rare in natural 
scenes. 

There is, however, another way to in-
terpret the data—as a conditional relative 
frequency. When expressed as a propor-
tion of just those pairs of surfaces that 
were indistinguishable under one of the 
phases of daylight, the relative frequency 
of metameric pairs was much higher, 
from about 10–2 to 10–1. In this special 
sense, metamers are relatively common, 
implying that visual identity may not 
always be a reliable guide to material 
identity in natural scenes. t

[ David H. Foster (d.h.foster@manchester.ac.uk) and 
Kinjiro Amano are with the School of Electrical and 
Electronic Engineering, University of Manchester, 
United Kingdom. Sérgio M.C. Nascimento is with the 
department of physics, Gualtar campus, University 
of Minho, Braga, Portugal. Michael J. Foster is with 
Barts and The London, Queen Mary’s School of 
Medicine and Dentistry, University of London, United 
Kingdom. ]
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the surfaces continue to produce the same 
responses when the illuminant changes; 
visual identity is then an invariant and 
not an accident of viewing conditions. 
But metamerism becomes a problem 
when reflected lights become distinguish-
able with an illuminant change. The prac-
tical question, then, is whether metamers 
are common in natural scenes.

Despite speculation that natural 
metamers are rare,3,4 few data have been 
available on their frequency. This is not 
surprising, since the spatial density of any 
particular spectral reflectance or class of 

reflectances in natu-
ral scenes is generally 
unknown. Moreover, 
any estimate of a spatial 
density must be compat-
ible with the spatial 
resolution of the eye; 
this sets a natural limit 
on the extent to which 
spectral reflectances may 
be treated as unmixed. If 
two surfaces with differ-
ent spectral reflectances 
cannot be spatially re-
solved, they are visually 
interchangeable with 
a single surface whose 
spectral reflectance is a 
mean of the two.

We undertook a 
numerical evaluation of 
the visual discriminabil-
ity of 150,000 different 
surfaces under different 
phases of daylight.5 
Using a high-resolution 
hyperspectral imaging 
system, we obtained 
spectral-reflectance 
data from 50 natural 
vegetated and non- 
vegetated scenes repre-
senting the main land-
cover classifications. 

1 2

R
efl

ec
ta

nc
e

Wavelength [nm]

Two metameric surfaces from a natural scene. The 
surface spectral reflectances at points 1 and 2 in the 
scene are different but, when illuminated by skylight, 
produce the same patterns of excitations in the cone 
receptors of the eye.
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