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Abstract. With the proliferation of smartphones and social
networking services, the opportunities for individuals to take
photographs have increased exponentially. In a previous study, the
perceived gloss of an object was reduced by its representing as a
digital image and compared with a real object. It is also known that
image editing, such as lossy image compression, can reduce the
glossiness of an image. Therefore, the glossiness of real objects may
be easily changed in digital images; thus, a method for appropriately
editing the gloss in digital images is required for post-processing.
In this study, we propose a gloss appearance editing method for
various material objects in a single digital image. The proposed
method consists of three steps: color space conversion, gloss
detection, and gloss editing. The relationship between the proposed
method and the respective reflection models of inhomogeneous
objects, metallic objects, and translucent objects was analyzed.
Consequently, we determined that the gloss editing of the proposed
method is equivalent to editing the specular reflection component
of an inhomogeneous object, the grazing reflection component
of a metallic object, and the specular reflection component of a
translucent object. We applied the proposed method to test images
including objects of various materials and confirmed its effectiveness
through a subjective evaluation by visual inspection and an objective
evaluation using image statistics. c© 2021 Society for Imaging
Science and Technology.
[DOI: 10.2352/J.ImagingSci.Technol.2021.65.6.060406]

1. INTRODUCTION
Just as all objects have color, all objects have certain amount
of gloss. Gloss is a surface attribute that provides either
a shiny or matte finish, and influences the appearance of
a product. The last decade or so has seen a renewal of
interest in the perception of gloss, in an effort to map what
is now understood to be a complex interaction of variables
including illumination, surface properties and the observer.
This appears to have been driven by a number of factors, as
the study of gloss emerged from research in other surface
properties such as color and texture, with technological
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advances paving the way for new experimental techniques
and measurements [1].

A method exists for evaluating the gloss of an object
surface using a specular glossmeter. However, specular
gloss measurements and visual gloss appraisal do not
coincide [2]. Leloup et al. investigated the effect of lighting
geometry and luminance contrast on gloss perception using
a paired comparison method [3, 4]. The results showed
that in addition to the surface properties of the sample, the
important factors determining the gloss perception included
the shape of the illumination, clarity of the image, and
difference in luminance between the specular highlights and
the diffuse background. Cheeseman et al. focused on changes
in surface reflectance and investigated the changes in gloss
perception in response to differences in specular reflection.
They focused on the change in surface reflectance and
showed that gloss sensitivity depends on the magnitude of
the change in the image produced by the different reflectance
values [5]. As described above, studies have shown that gloss
perception is closely related to a variety of factors.

With the prevalence of services using digital content,
opportunities for individuals to take photographs have dra-
matically increased. Research has been actively conducted to
reproduce accurately thematerial appearance of an image. In
general, captured image data are compressed before they are
stored or transferred. JPEG, an international standard coding
method, is actively used in a variety of media [6]. Although
gloss is an important property that expresses the material
appearance of an object, Tanaka et al. showed that glossiness
can deteriorate in JPEG image coding [7]. They also showed
that even if a glossy object is faithfully reproduced in terms
of color, brightness, and size on a display, the glossiness may
deteriorate depending on the material [8]. In addition, if the
exposure level is too high, the gloss becomes stronger, and the
material appearance is altered during the reproduction of the
image. As shown in the example in Figure 1, overexposure
causes the large, flat highlights on the surface of the banana
to look like a plasticmaterial. However, few studies have been
conducted to properly reproduce the material appearance,
such as the gloss, of an object in an image. Therefore, there
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Figure 1. An example of the transformation of perceived material due to
overexposure.

is need for a method to edit the gloss of an object in a digital
image.

Tanaka et al. proposed ‘‘PuRet,’’ a method for editing the
material appearance in an image [9]. This method focuses on
the physiological phenomenon in which the pupil diameter
contracts when humans focus on the material appearance,
and designs the tone mapping function of the entire image
according to the characteristics of the display. Using PuRet,
although it is possible to emphasize the material appearance
of the entire image, it is impossible to focus on a specific
characteristic of a material such as gloss and edit that
characteristic. An example of a conventional method that
focuses on glossy editing in an image is ‘‘band-sifting,’’
proposed by Boyadzhiev et al. [10]. They showed that a
subband in the spatial frequency of an image can represent
specific appearance information and indicated how this
information can be edited by increasing and decreasing
these subband signals. Each subband image is obtained
by applying an edge-preserving smoothing filter to the
luminance component of the original image, and then
calculating the difference between the images before and
after the smoothing process. By decomposing the frequency
components obtained based on frequency, amplitude, and
sign, eight types of components can be obtained. By
amplifying or attenuating these eight components, it is
possible to manipulate not only the glossiness, but also
various other appearances. However, the operation requires a
trial-and-error approach during the editing process because
the physical functioning of the method is not clearly
understood.

In this paper, we propose a method for editing the gloss
of various material objects in an image based on physical
reflectionmodels. Thematerials we focus on in this study are
inhomogeneous dielectrics, metallic objects, and translucent
objects.

2. PROPOSEDMETHOD
With the proposedmethod, the color space is first converted,
as described in Section 2.1. The RGB information obtained
from the input image is then converted intoHSI information.
The gloss components are then detected based on the
HSI information obtained, as indicated in Section 2.2. By

editing the gloss information obtained, the visual appearance
changes, as described in Section 2.3.

2.1 Color Space Transformation
The RGB color space of the input image is converted into the
HSI color space. We referred to [11] for the following HSI
conversion process:
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where (RGB)T is the RGB color value of a pixel represented
as a three-dimensional vector, and

(
Ix Iy Iz

)T is the converted
opponent color signal. Here, the Ix − Iy plane represents the
chromaticity component and Iz represents the luminance
component. From

(
Ix Iy Iz

)T , the hue, saturation, and inten-
sity are derived as follows:

hue = arctan
Iy
Ix
, (2)

saturation=
√
I2
x + I2

y , (3)

intensity= Iz . (4)

This color space is similar to the S space defined by Bajcsy
et al. [12]. In the S space, the mapping is applied based on the
weight of the specified function of the spectrum; however, in
this color space, direct conversion from an RGB color space
is realized.

2.2 Gloss Detection
For gloss detection, we modified the separation method of
the specular reflection component [13]. Gloss detection, as
shown in Eqs. (3) and (4), is conducted in the saturation–
intensity space. Therefore, as a pre-processing step, the
clustering of pixels in an image is executed based on the hue
information, and the input image is divided into objects with
the same hue component.

The pixels are clustered using the property in which
the hue of the pixels on the surface of an object with
the same reflective properties is determined without being
affected by the intensity of the gloss. The properties of the
hue components are described in Section 3. First, a 2D
Gaussian filter is applied to each RGB channel of the input
image to obtain a smoothed image. The hue values are then
calculated from the smoothed image using Eq. (2), and a
histogram is created. An evaluation was conducted for each
hue value, and the image was divided based on the hue with
the highest evaluation. In this study, to reduce the variance
within clusters and increase the variance between clusters,
the evaluation was calculated as follows:

evaluation=
σ 2
b
σ 2
w

(5)
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Figure 2. Clustering results. (a) input image; (b) histogram and evaluation value; (c) result of divided image including fruit; (d) result of divided image
including leaves.

where σ 2
b represents the inter-cluster variance and σ 2

w
represents the intra-cluster variance. These variances can be
calculated as follows:

σ 2
b =

ω1ω2 (m1−m2)
2

(ω1+ω2)
2 , (6)

σ 2
w =

ω1σ
2
1 +ω2σ

2
2

ω1+ω2
, (7)

where ω1 is the number of pixels, m1 is the mean value,
and σ 2

1 is the variance with a hue value smaller than the
value of interest; ω2 is the number of pixels, m2 is the
mean value, and σ 2

2 is the variance with a hue value larger
than the value of interest. The process is repeated for the
divided area, and finally, the images divided according to the
hue information can be obtained. An example of clustering
using this process for an image containing fruit is shown
in Figure 2. This process divides the image into orange and
green leaf regions. The following gloss detection process was
applied to segmented images.

Gloss detection is conducted by mapping into the
saturation–intensity space. All pixels are separated into
groups of pixels with and without gloss. Here, weak gloss

pixels exhibit linearity in the saturation–intensity space.
In general, saturation can be determined independently
of the specular component. In addition, the intensity
is constant when the specular reflection component is
excluded. Therefore, considering pixels that only possess
diffuse reflection components, saturation is proportional to
intensity. A detailed explanation is provided in Section 3.1.
In addition, the intensity of the pixels with gloss components
increases according to the degree of gloss. The details are
provided in Section 3. These properties can be used for the
approximation of weak gloss pixels as a straight line within
the saturation–intensity space, and pixels located around the
approximated line are defined as a group of non-glossy pixels.
In contrast, pixels distant from the approximated line are
defined as gloss pixels. Therefore, the gloss component is
obtained as follows:

gloss= intensity− (G · saturation+ I), (8)

where G is the slope and I is the intercept of the
approximate straight line. Pixels around and away from
the approximate line are classified as glossy and non-glossy
pixels, respectively, using a line parallel to the approximate
line as a threshold. The threshold value can be used to
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Figure 3. Glossy and non-glossy components in saturation–intensity space.

select the intensity of the gloss to be edited; for example, a
high threshold value allows only the components with the
highest gloss to be edited. In this study, the threshold was
experimentally set to 10. Figure 3 qualitatively illustrates the
distribution of the pixels in the two characteristic regions of
the input image in the S-I plane.

The approximated line can be derived from the fol-
lowing procedure: First, saturation values are divided at
regular intervals α, and the pixel with theminimum intensity
is sampled within each interval. If the intensity of the
sampled pixel is higher than the average value of the overall
intensity value, it is excluded from the list as a glossy pixel.
The sampled pixels are approximated using the least-square
method. The two parameters of the approximated line
are stably derived iteratively by excluding sampled pixels
that deviate significantly from the approximated line. The
threshold is experimentally set to 30.

2.3 Gloss Editing
The gloss components described in Section 2.2 are edited
using

gloss′ = scale
(
gloss, a

)
· gloss, (9)

where gloss and gloss’ represent the intensity of the gloss
component before and after editing, respectively. In addition,
scale

(
gloss, a

)
is a scale factor, where gloss is a constant and

a is a variable. Gloss is enhanced when scale
(
gloss, a

)
> 1.0,

and is suppressed when scale
(
gloss, a

)
< 1.0. The value of

scale
(
gloss, a

)
can be arbitrarily designed. In this study, we

defined the following:

scale
(
gloss, a

)
= a · gloss2

+ 1.0. (10)

This scale factor is designed such that pixels with a
high gloss intensity are significantly enhanced and areas with
low gloss do not change much. By altering the constant a,
the degree of gloss enhancement and suppression can be
changed.

3. RELATIONSHIPWITH REFLECTIONMODELS
In this section, we discuss the relationship between the
proposed gloss editing method in the previous section and
the reflective properties of various object surfaces within

Figure 4. Light reflection process of an inhomogeneous material.

Figure 5. Light reflection process of a metallic material.

the image. In this study, inhomogeneous, metallic, and
translucent objects were all considered, as described in
Sections 3.1, 3.2, and 3.3, respectively.

3.1 Inhomogeneous Objects
In inhomogeneous objects, the layers near the surface of
the object are composed of different components, such
as vehicles and colorants. Plastic is a typical example
of an inhomogeneous object. Tominaga et al. confirmed
that the reflection of an inhomogeneous object can be
described using a standard dichromatic reflectionmodel and

J. Imaging Sci. Technol. 060406-4 Nov.-Dec. 2021
IS&T International Symposium on Electronic Imaging 2022 Color Imaging XXVII: Displaying, Processing, Hardcopy, and Applications



Manabe, Tanaka, and Horiuchi: Glossy appearance editing for heterogeneous material objects

Figure 6. Assumed reflection and transmission model of translucent objects.

consists of two types of reflection components, as shown in
Figure 4 [14]. The first component is the specular reflection
component, in which the incident light is reflected at the
boundary between the object surface and the air. The second
component is the diffuse reflection component, which occurs
when the incident light enters the object, is repeatedly
reflected and absorbed, and passes from the object into the
air. In the standard dichromatic reflectionmodel, the spectral
reflectance S(θ, λ) on the surface of an object is expressed
through the following equation:

(θ, λ)= cD (θ) SD (λ)+ cS(θ), (11)

where cD (θ) and cS (θ) represent the geometric scale factors
at incident angle θ , and SD (λ) represents the spectral
reflectance of the diffuse reflection component at wavelength
λ. In other words, the first term on the right-hand side
represents the diffuse reflection component, and the second
term denotes the specular reflection component. Equation
(11) is expressed as an RGB three-dimensional vector as
follows: R

G
B

=
γRγG
γB

 cos θ + specular

1
1
1

 , (12)

where (γRγGγB)T represents the reflectance of the diffuse
reflection component in the RGB color space. The variable
specular represents the intensity of the specular reflection
component. Here, we assume that the light source is white,
(111)T , and the surface exhibits a Lambertian reflectance.
If the light source is not white, the white balance can be
changed by setting the elements of the specular reflection
vector instead of (111)T .

Each pixel represented by Eq. (12) has the following hue,
saturation, and intensity using Eqs. (1)–(4):

hue= arctan

( √
3

2 γG−
√

3
2 γB

γR−
1
2γG−

1
2γB

)
, (13)

saturation=
cos θ
√

2

√
(γR− γG)

2
+ (γG− γB)

2
+ (γB− γR)

2,

(14)

intensity=
γR+ γG+ γB

3
cos θ + specular. (15)

Based on Eqs. (13) and (14), hue and saturation
were respectively determined independently of the variable
specular. From Eq. (15), the intensity value increases when
the specular reflection component is included.When consid-
ering pixels with only the diffuse reflection components from
Eqs. (14) and (15), the relationship between the saturation
and intensity is proportional, as shown below:

intensity=
√

2
3
γR+ γG+ γB√

(γR− γG)2+ (γG− γB)
2
+ (γB− γR)

2
· saturation. (16)

From the above, with the proposedmethod, the intensity
of the specular reflection component in the standard
dichromatic reflection model is detected as a gloss for
inhomogeneous objects.

3.2 Metallic Objects
The reflection from a metallic object can be represented
using the extended dichromatic reflection model for metals,
as shown in Figure 5 [15]. According to the reflection
model, the reflection of a metallic object is composed
of two types of specular reflection components. The first
component is the specular reflection at normal incidence,
which produces the major object color of a metallic surface.
The second component is constant on the wavelength,
which corresponds to the grazing reflection at the horizontal
incidencewhere the spectral reflectance is whited. Themodel
assumes that the surface-spectral reflectance function at any
incident angle is expressed by combining these two extremes.
In the extended dichromatic reflection model, the specular
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Figure 7. Results of glossy appearance editing for ‘‘banana.’’ (a) input image; (b) enhanced image; (c) suppressed image; (d) average score of ‘‘perceptual
gloss’’; (e) average score of ‘‘unnaturalness’’.

reflectance S(θ, λ) on the surface of an object is expressed
through the following equation:

S (θ, λ)= cS1 (θ) SS (λ)+ cS2(θ), (17)

where cS1 (θ) and cS2(θ) represent the geometric scale factors
at the incident angle θ , and SS (λ) represents the specular
reflectance at normal incidence. That is, the first term on
the right-hand side represents the specular reflectance at
normal incidence, and the second term denotes the grazing
reflection component. Equation (17) is expressed as an RGB
three-dimensional vector as follows:R

G
B

= cS1 (θ)

µR

µG

µB

+ cS2 (θ)

1
1
1

 , (18)

where (µRµGµB)
T represents the specular reflection at

normal incidence in the RGB color space. Here, cS2 (θ)

represents the intensity of the grazing reflection component.
Each pixel represented by Eq. (18) has the same hue,

saturation, and intensity properties as those of the inho-
mogeneous objects. Therefore, with the proposed method,
the intensity of the grazing reflection component is detected
as gloss for metallic objects. Because the grazing reflection
component is white, and the normal incidence component–
which is the major color of the object–does not change, gloss
editing is possible without changing the color particular to
the object.

3.3 Translucent Objects
The reflection and transmission models for translucent
objects are illustrated in Figure 6. As shown in the figure,
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Figure 8. Results of glossy appearance editing for ‘‘coins.’’ (a) input image; (b) enhanced image; (c) suppressed image (a=−5×10−5); (d) suppressed
image (a=−3×10−5); (e) average score of ‘‘perceptual gloss’’; (f) average score of ‘‘unnaturalness’’.

Figure 9. Results of glossy appearance editing for ‘‘glass.’’ (a) input image; (b) enhanced image; (c) suppressed image (a=−5×10−5); (d) suppressed
image (a=−3×10−5); (e) average score of ‘‘perceptual gloss’’; (f) average score of ‘‘unnaturalness’’.
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with this model, the light observed at position x can be
decomposed into the light reflected on the front surface
(surface I) and transmitted light from the back surface
(surface II). Furthermore, this model assumes that the
reflected light on surface I can be decomposed into specular
and diffuse reflection components. The spectral distribution
S(θ, λ, x) at position x is then represented by

S (θ, λ, x)= cD (θ, x) SD (λ)+ cS (θ, x)
+ cT (θ, x) τ (λ) ST (λ), (19)

where cD (θ, x), cS (θ, x), and cT (θ, x) represent the geo-
metric scale factors. SD (λ), τ (λ), and ST (λ) are the spectral
reflectance of the diffuse reflection component, spectral
transmittance, and spectral distribution of light incident
from surface II, respectively. In other words, the first term
on the right-hand side represents the diffuse reflection
component, the second term indicates the specular reflection
component, and the third term represents the transmitted
components. The model assumes that the surface-spectral
reflectance function at any incident angle is expressed by
combining these three extremes. In this model, transparent
objects and translucent objects can be described according to
the strength of the diffuse + internal reflection component. In
this paper, a transparent object with a small diffuse + internal
reflection component is also called a translucent object.
Equation (19) is expressed as an RGB three-dimensional
vector as follows:R

G
B

= cD (θ, x)

γRγG
γB

+ cS (θ, x)

1
1
1


+ cT (θ, x)

ρRρG
ρB

 , (20)

where (γRγGγB)T and (ρRρGρB)
T represent the spectral

reflectance of the diffuse reflection component and the
spectral distribution of the transmitted light in the RGB color
space, respectively.

Each pixel represented by Eq. (20) has the same hue, sat-
uration, and intensity properties as those of inhomogeneous
objects. Therefore, with the proposed method, the intensity
of the specular reflection component is detected as a gloss for
translucent objects. Note that translucent objects are affected
by transmitted light; hence, even the same object may have
different hue values. In addition, unlike inhomogeneous and
metal objects, the saturation–intensity relationship may be
proportional such that it does not pass through the origin.

4. EXPERIMENTS
This section presents the results of the application of
the proposed method (The executable file is available at
https://github.com/YManabe-ChibaUniv/GlossEditing.git)
to test images. We also compared the proposed method with
band-sifting algorithm.

Table I. Skewness of luminance histogram, contrast, and perceived contrast of test
image ‘‘banana.’’

Skewness Contrast Perceived contrast

(a) Input image −1.04 29.44 –
(b) Enhanced image −0.79 30.79 17.14
(c) Suppressed image −1.09 29.24 −2.14

Figure 7 shows the results applied to a test image
of ‘‘banana,’’ which is generally represented using the
dichromatic reflection model. To simplify the effect for
easier understanding, the value of constant a, shown in
Eq. (10), was set to a = 15× 10−5 for gloss enhancement
and a = −5 × 10−5 for gloss suppression. Table I shows
the skewness of the luminance histograms, contrast, and
perceived contrast. As shown in Fig. 7, only the glossy
part was edited without changing the color of the diffuse
reflection component. According to [16], the glossiness
is highly correlated with the skewness of the luminance
histogram, and many glossy objects produce a positively
skewed luminance histogram. However, we need to be aware
that an image with a positively skewed luminance histogram
is not necessarily a glossy image [17]. Since the skewness of
the luminance histogram alone is insufficient to explain gloss
perception, studies [18–20] have used the contrast feature
which has a high contribution rate in gloss perception.
Therefore, we also verified the contrast as an objective
evaluation. The contrast is defined as the standard deviation
divided by the mean of the luminance histogram [20].
One study [19] also discussed the relationship between
the ‘‘perceived contrast’’ and perceived gloss. Therefore, a
psychophysical experiment was conducted to evaluate the
perceived contrast on seven subjects at a rate of 0 to 100.
The ‘‘perceived contrast’’ in Table I represents the average
difference between the evaluation values of the input image
and after gloss editing.

As shown in Table I, the skewness, contrast, and
perceived contrast of the image with enhanced gloss were
larger than that of the suppressed image. These results show
that the proposed method can properly edit the gloss of
an inhomogeneous object. Figures 8 and 9 show the results
applied to test images of ‘‘coins’’ as a metallic object and
‘‘glass’’ as a translucent object, respectively. The results for
these images with a scale factor of a = −3× 10−5 are also
shown in the figures. Tables II and III show the results of
calculating the skewness from their luminance histograms,
contrast, and perceived contrast. The results show that the
proposed method can also properly edit the gloss of metallic
and translucent objects.

As a subjective evaluation, an experiment was con-
ducted in which seven subjects were asked to evaluate the
‘‘glossiness’’ and ‘‘unnaturalness’’ of the images. The reason
why ‘‘unnaturalness’’ was checked for evaluation is that
the proposed method and band-sifting may produce visible
artifacts. The subjects were students, and the evaluation was
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Figure 10. Results of glossy appearance enhancing for ‘‘orange.’’ (a) input image; (b) band-sifting; (c) proposed method; (d) average score of ‘‘perceptual
gloss’’; (e) average score of ‘‘unnaturalness’’.

Figure 11. Results applied to a test image with large flat highlights. (a) input image; (b) band-sifting (Enhanced HHP and LHP); (c) band-sifting (Enhanced
HLP and LLP); (d) proposed method; (e) average score of ‘‘perceptual gloss’’; (f) average score of ‘‘unnaturalness’’.
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Figure 12. Results applied to a test image with a high intensity background. (a) input image; (b) proposed method; (c) band-sifting.

Figure 13. Results of glossy appearance enhancing for ‘‘marble’’ with
white texture. (a) input image; (b) enhanced image.

conducted by observing the images on the display at any
viewing distance. Here, ‘‘glossiness’’ refers to the shining
appearance of the object surface. ‘‘Unnaturalness’’ refers to
the appearance of an object that does not exist in reality
and is contrary to nature. The subjects were asked to rate
the glossiness on a five-point scale, with 1 indicating no
glossiness and 5 indicating very strong glossiness. They were
asked to rate the unnaturalness of the image on a three-point
scale, with 1 indicating a natural image and 3 indicating an
unnatural image. The evaluation values for glossiness and
unnaturalness are shown in Figs. (d) and (e), respectively.
The results for the glossiness show that the scale factor

Table II. Skewness of luminance histogram, contrast, and perceived contrast of test
image ‘‘coins.’’

Skewness Contrast Perceived contrast

(a) Input image 0.07 60.18 –
(b) Enhanced image 0.16 63.54 10.14
(c) Suppressed image −0.47 53.31 −13.57
(a =−5× 10−5)
(d) Suppressed image −0.17 57.53 −7.14
(a =−3× 10−5)

Table III. Skewness of luminance histogram, contrast, and perceived contrast of test
image ‘‘glass.’’

Skewness Contrast Perceived contrast

(a) Input image −0.83 35.84 –
(b) Enhanced image −0.78 37.96 10.14
(c) Suppressed image −1.41 30.47 −16.43
(a =−5× 10−5)
(d) Suppressed image −0.63 33.82 −4.43
(a =−3× 10−5)

of the proposed method is correlated with glossiness. This
indicates that the proposedmethod is effective for glossiness.
However, the method only considers glossiness and ignores
other textures; for example, excessive gloss suppression may
cause unnaturalness, as shown in the result for image (c) in
Figure 8.

Several test images were used to compare the proposed
method with band-sifting. Figure 10 shows the results
applied to a test image of ‘‘orange.’’ According to [7],
gloss is enhanced by amplifying the high-frequency high-
amplitude positive-sign (HHP) and low-frequency high-
amplitude positive-sign (LHP) components. The HHP and
LHP components are amplified as band-sifting parameters
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Figure 14. Results applied to a white object. (a) input image; (b) enhanced image; (c) suppressed image.

Figure 15. Results applied the gloss detection processing to image
containing the same hue. (a) input image; (b) detected gloss component.

to emphasize the dotted gloss of the orange surface and the
flat gloss of the leaf surface. In the case of images with small
highlights, such as dotted gloss, we adjusted the scale factor a
of the proposed method while comparing them with images
whose gloss was enhanced by amplifying the HHP and LHP
components. As a result, there was no significant difference
between the two images with enhanced gloss in term of
both perceptual gloss and unnaturalness from Figs. 10(d)
and 10(e).

Figure 11 shows the results applied to a test image
with large flat highlights. As shown in Fig. 10, the HHP
and LHP components of the band-sifting parameters are
amplified. Although the glass in the foreground has a
large flat gloss, band-sifting does not detect or emphasize
the gloss. To enhance the gloss of these highlights, the
HLP and LLP components need to be amplified. By
emphasizing the highlights of the glass in the foreground,

the gloss evaluation value is improved compared to the
gloss enhancement process, which amplifies the HHP and
LHP components. However, the disadvantages of gloss
enhancement by amplifying HHP and LHP components [7]
are the lack of consistent gloss enhancement and the increase
in the evaluated unnaturalness. In contrast, the proposed
method emphasizes large highlights. The proposed method
is effective for images containing large highlights that cannot
be detected as LHP components.

5. LIMITATION
In this section, we discuss the limitations of the proposed
method.

Figure 12 shows the results applied to a test image with
a high intensity background. When band-sifting is used to
enhance the gloss, only the gloss of glass, ice, andmetal pipes
is emphasized, whereas the background is not. The proposed
method also emphasizes the high intensity background area,
and thus the visibility of the glass is reduced. In the case
of a high intensity background, with the proposed method,
both the main object in the image and the background are
emphasized at the same amount, and thus the visibility of
the main object may deteriorate, which is a drawback of the
proposed method.

The proposedmethod alone cannot distinguish whether
the white high-intensity regions on the object surface
represent glossy components (such as specular reflection
components) or surface texture (such as texture color or
scratches on the objects). The ‘‘marble’’ image shown in
Figure 13 has a white texture, but the gloss enhancement
process of the proposedmethod emphasizes thewhite region.
This indicates that the white texture is extracted as a glossy
component. Because the proposed method uses the S-I
plane for gloss detection, it is theoretically impossible to
stably extract gloss from achromatic objects such as white
objects. However, even objects that appear white are often
not completely achromatic, and if they can be hue-segmented
as colored, the proposed method is effective as shown in
Figure 14.

In the hue-based segmentation of the preprocessing of
the proposed gloss detection method, incorrect regions may
be detected as gloss if the objects are made of different
materials and have the same hue. Figure 15 shows the
result of obtaining the gloss component using the proposed
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Figure 16. Results of glossy appearance editing for ‘‘clouds.’’ (a) input image; (b) enhanced image; (c) suppressed image.

Figure 17. Results of glossy appearance editing for ‘‘fireworks.’’ (a) input image; (b) enhanced image; (c) suppressed image.

Figure 18. Result of gloss enhancement for an image with scratches. (a)
input image; (b) enhanced image.

method for images containing the same hue. The difference
in intensity values between the left region and the right region
results in the left region being detected as gloss, as shown in
Fig. 15(b), even though it does not have a gloss component.

When the intensity value of a glossy pixel in the input
image has the maximum luminance, the proposed method
cannot be expected to increase the gloss. The proposed
method cannot edit the pixel with the maximum intensity,
because the pixel value is changed in one direction when
editing gloss. To improve perceptual gloss for input images
where glossy pixels are already at maximum intensity or
where gloss is very high, it is necessary to edit pixels with
low gloss components rather than pixels with high gloss
components, since contrast is a factor in gloss perception.

In addition, the proposed method only considers glossiness,
and editing only perceptual gloss independently from other
attributes is an intrinsic and difficult problem. While
we attempt to control physical properties directly, it is
empirically known that changes in physical properties
generally affect multiple visible attributes. In order to change
only certain visible attributes, it is considered necessary to
cancel the effects of other attributes bymanipulatingmultiple
physical properties.

Examples of the proposed method applied to clouds and
fireworks are shown in Figs. 16 and 17 respectively. As shown
in the figures, no significant change in glossiness is perceived
for each image. This is because the proposed method is
constructed based on the reflection and transmissionmodels
of the objects, which means that it does not cause significant
effects on the glossiness of other phenomena. In order to
edit the glossiness of those phenomena, it is necessary to
construct a new gloss extraction model.

In the proposed method, scratches and artifacts on the
object surface can be detected as gloss. Figure 18 shows the
result of gloss enhancement on an image with intentional
scratches on the object surface. In addition, Figure 19 shows
the result of gloss enhancement processing on an image
with block noise added by JPEG encoding. The results in
Fig. 18 show that even noisy regions are extracted and
emphasized as glossy components. If the glossy area of
an image is degraded by block noise before applying the
proposed method, the proposed method cannot enhance the
glossy area. The area indicated by the blue frame in Figure 19
shows a large degradation of the glossy area during JPEG
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Figure 19. An example of gloss degradation due to block noise. (a) input image; (b) JPEG encoded image; (c) enhanced image.

encoding. Therefore, there is no significant change before
and after the application of the proposed method, because
the glossiness was degraded by a process different from the
glossiness intensity by the reflection model. For images that
contain a lot of noise, it is necessary to remove the noise in a
preprocessing.

6. CONCLUSIONS
In this study, we proposed a method for editing the gloss
of various glossy objects in a single image based on the
reflection characteristics. The proposed method consists of
three steps: color space transformation, gloss detection, and
gloss editing. In the color space transformation, to detect the
gloss of the object in the image, the color space is transformed
such that the reflection characteristics of the object can
easily be extracted. In gloss detection, the glossy region and
gloss intensity are extracted based on the characteristics of
the color space and the reflection characteristics of various
materials. Gloss editing is conducted by editing the intensity
of the extracted gloss. Using the above procedure, we were
able to generate an image in which only the shiny areas were
edited without changing the color of the non-shiny areas.

We analyzed the proposed method based on various
reflection characteristics and determined that the gloss
editing process edited the specular reflection component
of inhomogeneous and translucent objects and the grazing
reflection component of metallic objects. By applying the
proposed method to test images, the effectiveness was
confirmed not only through a visual evaluation but also in
terms of the statistical image features.

As discussed in the previous section, the proposed
method cannot improve the intensity value of an image
containing the maximum intensity or an image that already
contains high gloss by gloss enhancement processing.
In order to improve glossiness more, it is necessary to
consider contrast in gloss enhancement method since
contrast is a factor of gloss perception. In addition to contrast
considerations, editing of color factors such as saturation is
also considered important in the pursuit of realism. Studies
[20–22] have demonstrated the importance of the Fresnel
effect in the perception of gloss. At present, the proposed
method cannot induce the Fresnel effect because it does not

obtain the shape of the object or the normal vector. However,
the Fresnel effect can be enhanced if pixels in the region
where the Fresnel effect is observed as a gloss component
are detected during the gloss detection process. For images
of inhomogeneous dielectric materials, where the color of
the illumination light can be estimated from the specular
reflection component, adding the color of the illumination
light to the edge of the object may enhance the Fresnel effect
and lead to improved results. Resolving these issues is future
challenges.
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