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Figure 1: We encounter materials permitting some degree of subsurface light transport, described as transparent or translucent.

Abstract
Translucency is an appearance attribute used to characterize materials with some degree of subsurface light trans-
port. Although translucency as a radiative transfer inside the medium is relatively well understood, translucency
as a perceptual attribute leaves much room for interpretation. Our understanding of the translucency perception
mechanisms of the human visual system remains limited. No agreement exists on how to quantify perceived translu-
cency, how to compare translucency of multiple objects and materials, how translucency relates to transparency
and opacity, and what are the perceptual dimensions of it. We highlight the challenges in perception research
arisen by these ambiguities and argue for the need for standardization.

Categories and Subject Descriptors (according to ACM CCS): I.3.6 [Computer Graphics]: Methodology and Tech-
niques—Standards J.4 [Social and Behavioral Sciences]: Psychology

1. Introduction

When we speak of translucency, we usually mean materials
that at some degree permit subsurface light transport. Several
optical material properties are used in the Radiative Trans-
fer Equation [Cha60] to characterize the light propagation
inside the medium, such as, absorption and scattering coef-
ficients, scattering phase function, and index of refraction.

The human visual system is adept at detecting subsur-
face light transport, perceiving materials to be translucent.
For instance, we do not need prior training to judge whether
a material transmits light, or to tell the difference between
real human skin and a plastic dummy, between translu-
cent glass and opaque metal. Although perceptual aspects
of translucency is a topic of interest in academia [FB05]

and industry (e.g. in 3D printing [BATU18, UTB∗19])
alike, our knowledge about the psychovisual mechanisms
of translucency perception remains limited. Fleming and
Bülthoff [FB05] proposed that the human visual system
relies on low level image cues to judge translucency.
Gkioulekas et al. [GXZ∗13] studied the impact of the scat-
tering phase function on translucency perception, while Xiao
et al. [XWG∗14] demonstrated that perceptual translucency
is not a constant property and it depends on the illumina-
tion direction. Despite those attempts, a lot of uncertainties
remain about the concept of perceptual translucency. Below,
we will discuss multiple challenges we have faced due to this
ambiguity throughout the process of psychophysical studies
of translucency perception, making results inconsistent and
difficult to interpret.
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2. Open questions about perceptual translucency

2.1. Definition and conceptual understanding

Translucency is considered a major appearance attribute by
the CIE [Poi06, Eug08] alongside color, gloss and texture.
No single standard definition of translucency exists. ASTM
- Standard Terminology of Appearance [AST17] defines
translucency as "the property of a specimen by which it
transmits light diffusely without permitting a clear view of
objects beyond the specimen and not in contact with it.". Ac-
cording to Gerbino [GSTdW90], "transparent substances,
unlike translucent ones, transmit light without diffusing it."
Eugène [Eug08] also highlights diffusing-blurring nature of
translucency, arguing that "if it is possible to see only a
"blurred" image through the material (due to some diffu-
sion effect), then it has a certain degree of transparency and
we can speak about translucency". However, the author be-
lieves that "a single and simple definition of translucency
is unlikely to be achieved." According to the CIE [Poi06],
"translucency is a subjective term that relates to a scale of
values going from total opacity to total transparency." In
non-scientific contexts, translucent as an adjective can be
used to describe the scattering, as well as clear transpar-
ent media [web]. While these definitions usually refer to the
physical property of light scattering, the term is still vague in
terms of perception, as it does not reflect in what way phys-
ical properties relate to appearance (except for "blurring"),
making it subject to individual interpretation.

2.2. Perceptual dimensions of translucency

One of the major challenges regarding translucency is to
identify its perceptual dimensions. For example, various
perceptual dimensions exist to describe color - such as,
hue, chromaticity or lightness. The same is true for gloss.
Hunter [Hun37] proposed six dimensions of gloss (spec-
ular gloss, contrast gloss, distinctness-of-reflected-image,
absence-of-bloom, absence-of-surface-texture, and sheen).
Pellacini et al. [PFG00] identified two perceptual dimen-
sions of gloss: contrast and distinctness. It is not clear yet
what would be similar perceptual dimensions for translu-
cency, although there is evidence that they might exist. The
authors of this paper have conducted psychophysical experi-
ments studying translucency perception [GTHP18,GUT∗19,
GDPH20]. We have observed that the subjects find it chal-
lenging to interpret the term and to identify the dimensions
for quantifying it. They could not decide which cue to prior-
itize: complexity of light and matter interaction, i.e. preser-
vation of structure of the light - clarity of the image seen-
through the material, or preservation of the radiometric val-
ues (the amount of transmitted light). What if we compare
very dark transparent-looking material with little scattering
against the lighter one with less absorption but higher scat-
tering? (refer to Fig. 2). These observations are consistent
with Eugène’s [Eug08] proposal that "the concept of translu-
cency can perhaps be regarded as a generic and subjective

Figure 2: Objects in the same column are made of the iden-
tical material. However, due to smaller scale and presence
of thin parts, the Bunny has more cues evoking perception
of translucency. Objects in the first column have high scat-
tering and low absorption. In the second column - lower
scattering and higher absorption. In the third column - same
scattering as in the second column - but higher absorption.
How can we compare their perceptual translucency?

term, combining the concepts of clarity ("ability to perceive
the fine details of images through the material") and haze
("property of the material whereby objects viewed through
it appear to be reduced in contrast") - also admitting that
much work is still needed to clear up these uncertainties.

2.3. Relation with transparency and opacity

Another reason why the term leads to confusion is the lack
of knowledge how it relates to transparency and opacity. Eu-
gène [Eug08] proposes that translucency is related to trans-
parency and opacity but does not discuss how. Gerardin et
al. [GSF∗19] propose that increasing subsurface scattering
of the transparent material makes it translucent and eventu-
ally opaque, while adding absorption to a fully transparent
material gradually makes it opaque, but never - translucent.
This definition was not accepted by some of our subjects.

It is not clear whether transparency, translucency and
opacity are on the same line of continuum, whether they are
mutually exclusive or they can co-exist. Can a material pos-
sess some degree of transparency and translucency, or some
degree of translucency and opacity at the same time? When
do transparent materials start to be considered translucent, or
when do translucent ones become opaque? Transparency and
opacity seem to be ranges across the spectrum of light trans-
mission properties rather than extreme discrete points. We
have demonstrated that opacity is a subjective term and does
not imply complete absence of transmission [GTHP18] (fur-
ther supported by [GMH19]). It seems that the conceptual
boundary between transparency, translucency and opacity is
fuzzy - although the amount of translucency could be char-
acterized with a bell-shaped curve that gradually increases,
reaching a peak and then decreasing again while moving
from transparency to opacity [Per] (refer to Fig. 3).
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Figure 3: Translucency might be gradually increasing,
reaching its peak and decreasing between transparency and
opacity. However, transparency and opacity are unlikely to
be discrete points and translucency can co-exist with them.

2.4. How to quantify perceptual translucency?

Limited knowledge on how to quantify translucency and
how it relates to other perceptual properties of subsurface
light transport (transparency and opacity) makes it challeng-
ing to apply magnitude estimation techniques [Tor58] to
quantify translucency of a given material, or psychophys-
ical scaling methods, such as pair comparison and rank
order [Eng00], to compare the stimuli with one another.
As there is an intuitive spectrum of glossiness properties
from a Lambertian matte to a perfect mirror, it has been
demonstrated to be feasible to estimate magnitude of glossi-
ness [PFG00], or to identify glossier and less glossy objects
when comparing multiple stimuli [THS17, GTPH19]. How-
ever, we faced a challenge with interpretation of the term
when similar approach was applied to translucency. The sub-
jects found it challenging to rank the stimuli by translu-
cency, from the most translucent to the least translucent
one [GTHP18]. What does more translucent mean? How
would we tell which stimulus is more translucent? (e.g. in
Fig. 1 and 2) Is it the one closer to transparency, opacity,
or the center of the hypothetical transparency-opacity axis?
Does higher scattering or absorption make materials more
translucent? When does translucency peak, is correlation be-
tween scattering and translucency monotonous? These have
been the questions we have not been able to answer.

The state-of-the-art works experimenting on translu-
cency perception avoid quantifying translucency and ab-
stain from comparing more and less translucent stimuli.
They rather encapsulate this in matching and similarity de-
tection tasks, asking observers to match the stimuli by ap-
pearance [XWG∗14,XZG∗19,FB05] and/or to select similar
ones by translucency [GXZ∗13,GUT∗19]. While this task is
less ambiguous and easier to interpret for the subjects, it has
not been demonstrated up-to date that the human visual sys-
tem can isolate translucency from total appearance. This cre-

ates the risk the observers making up their own rules match-
ing the stimuli by total appearance, by lightness, or any prop-
erty other than translucency. If the definition of translucency
is not clear, how can they judge translucency similarity?

2.5. Translucency constancy of objects and materials

Similarly to our work [GTHP18], Nagai et al. [NOT∗13]
asked subjects to identify more translucent stimulus, inter-
preting it as having stronger subsurface scattering. How-
ever, definition of translucency as a material property does
not adequately convey the complex nature of translucent ap-
pearance. We believe that in addition to physical material
properties at least three other factors - illumination geom-
etry, the size of the object and its shape should be consid-
ered. An object looks more translucent [XWG∗14, FB05,
GTHP18] and less opaque [GMH19] in back-lit conditions.
It has been shown that scale and overall thickness of the
object [FB05, UTB∗19], as well as presence of thin re-
gions [GTHP18, GUT∗19] impact perceived translucency.

The majority of the observers in our studies [GTHP18,
GUT∗19] had difficulty comparing objects with different
shapes due to the ambiguity between object-specific translu-
cency and translucency as a shape-independent physical ma-
terial property (e.g. what if a material is fully transparent, but
complex shape, surface geometry or roughness do not permit
to see-through the object - is it still transparent?) Moreover,
it was problematic to come up with a single translucency
measure for an object with a complex shape and varying
thickness (refer to a female bust with thick torso and thin
cloth areas in Fig.1). Hutchings [Hut94] proposes that het-
erogeneous material might have "more than one colour, per-
haps more than one translucency, gloss, or surface irregular-
ity" that no appearance profile system can deal with. Should
translucency of an object be assessed as a whole, as a global
attribute, or should it be taken as a local, region-specific one?

We believe perceptual translucency is a context-
dependent attribute with limited constancy and mapping
physical material properties with a visual attribute is a sur-
jective but non-injective function - several different physi-
cal properties evoking identical perception of translucency.
If we draw a parallel with color, material translucency could
be analogous with spectral reflectance as an objective physi-
cal material property, and object translucency - with color,
both being perceptual by definition. However, there exist
physiological color matching functions with no interpreta-
tion, while no physiological functions have been found or
described so far for perceived translucency. This could be
explained with a fact that perception of translucency is a
more complex phsychovisual phenomenon, involving spa-
tial properties, contrast and various image cues [FB05]. As
it is possible to fix physiological state, there exists a standard
observer for color. However, physiology of translucency per-
ception is not understood, leaving room for further research.
While perceived translucency would more logically be com-
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pared with color appearance, no translucency counterpart is
identified for colorimetry yet. It is likely that translucency
measurement will be context-specific, customized to indi-
vidual circumstances.

3. Conclusion

To summarize, our experience with psychophysical experi-
ments has shown that there is an obvious need for translu-
cency measurement, comparison and definition standards.
The lack of an established procedure for perceptual translu-
cency measurement makes tasks ambiguous and inconsis-
tent. There is a clear disagreement among observers regard-
ing its dimensionality. Although they always found a strat-
egy to tackle a particular task, their "solutions" do not neces-
sarily express what they perceive. A rigorous future work is
needed to identify perceptual dimensions of translucency, if
any. Revealing particular dimensions will make psychophys-
ical measurements more consistent and easier to interpret.
The definitions of translucency imply an absolute, objective
attribute of a specimen. We believe the definition should re-
flect its situation-dependence and perceptual nature, propos-
ing the following re-formulation of [AST17]: "translucency
- the property of a specimen by which it evokes perception of
subsurface light transport under given conditions."
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