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Haircare

object and the black mirror, respectively, were used as
a comparative measure of gloss. The lustre meter, on
the other hand, describes the lustre measurement by
use of a two-angle gloss meter. The working principle
of this method is that the specular reflectance occurs at
(or near to) the angle of incidence, whereas light
reflectance measured near perpendicular to the surface
is diffuse reflectance. 

Lustre is given by the following formula:

Equation 1: 

where specular and diffuse reflectances are obtained at
45° and 0°, respectively, and the angle of incidence is
45°. For a perfect diffuser, lustre is 0% and for polished
black glass or an ideal mirror it is 100%. Recently,
similar methodology has been used to develop a small
device for direct lustre measurements on a person’s head.

G o n i o p h o t o m e t e r

The gloss meters and lustre meters discussed in the
previous section are not useful when studying light
reflections from a microscopic fibre with a rough
surface. The suitability and application of gonio-
photometry (GP) to this study goes back to pioneering
work carried out in 1977. Although advances in both
instrumentation and quantification methods have been
made since then, the goniophotometer remains a
powerful tool for lustre quantification. In addition, the
goniophotometer provides insight into the optical
properties of hair fibres. This device consists of a light
source, a dark chamber with a sample mounting
system at a fixed angle of incidence (usually 45°) and a
moving detector. Upon illumination, the detector
rotates around the single hair fibre (or a hair tress),
measuring its reflected light intensity over a wide

range of angles. For simultaneous measurement of the
angular intensity profile, the optical multichannel
analyser or charge-coupled device arrays can also be
used as detectors.

The absorptivity of the fibre interior affects the diffuse
reflectance and lustre. Besides fibre-absorptive and
scattering properties, the experimental parameters, such
as spectral power distribution of the light source,
polarisation, angle of incidence and fibre orientation,
affect lustre. Parenthetically, the application of GP to
obtain the scale angle of a hair fibre is an outstanding
achievement in this field.

In the literature, lustre has been defined as the ratio of
specular to diffusely reflected light. From this it is
apparent that any formula used to quantify lustre must
take the relationship between specular and diffuse
reflection into account. The formula should also be
dimensionless and always give a positive fractional
value. Currently, there is no defined protocol for the
quantification of lustre and, therefore, various formulas
are in use.

Formulas used to quantify lustre from GP curves
commonly use the ratios of intensities or areas under
the specular and diffuse reflectance curves, which are
defined differently by various authors. This makes it
difficult to compare lustre values from various sources.
Apparently, the reason the correlation between visual
lustre evaluation and calculated lustre from GP curves
is poor in some cases and good in others, dependent on
how GP curves are analysed and lustre is calculated.
The formula introduced in 1993 is reported to provide
the best agreement with subjective evaluation of hair
tresses compared with other models. They were the
first to introduce the width of the specular peak at half-
height (W1/2) into the lustre equation given by:

Equation 2:

where S is the area of the specular peak and diffuse
reflectance D is given by the area under the line
resulting when one connects intensities from the
lowest to the highest measured angle. However, lustre
obtained in this way is not dimensionless. ■

A c k n ow l e d g emen t

The lustre studies at TRI/Princeton have been carried out
in connection with the TRI project “Analysis and
Quantification of Hair Damage”, supported by a group of
TRI Corporate Participants.

This article is continued, with additional graphics and
references, on the BBL website supporting this business
briefing (www.bbriefings.com/ cdps/cditem.cfm?NID=846).

L = 
S

D .W1/2

L = 100 (1- 
D0º

S45º
)

Figure 1: Simple Model of Optical Processes in a Hair Fibre

Here, I0 = the intensity of the light beam; ISP = the specular reflectance from fibre surface; ITR is light transmitted through

the fibre; and IDIFF(INT) and IDIFF(S) = diffuse reflectances from the fibre interior and surface, respectively. IABS and ISC = light

absorption and scattering when light is both entering and exiting the hair. If the absorption of light is dominant, scattering is

reduced. The scattering direction depends on the particle size.
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