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Abstract. In images, the representation of glossiness, translucency,
and roughness of material objects (Shitsukan) is essential for
realistic image reproduction. To date, image coding has been
developed considering various indices of the quality of the encoded
image, for example, the peak signal-to-noise ratio. Consequently,
image coding methods that preserve subjective impressions of
qualities such as Shitsukan have not been studied. In this study, the
authors focus on the property of glossiness and propose a method
of glossiness-aware image coding. Their purpose is to develop an
encoding algorithm that produces images that can be decoded by
standard JPEG decoders, which are commonly used worldwide. The
proposed method consists of three procedures: block classification,
glossiness enhancement, and non-glossiness information reduction.
In block classification, the types of glossiness in a target image
are classified using block units. In glossiness enhancement, the
glossiness in each type of block is emphasized to reduce the
amount of degradation of glossiness during JPEG encoding. The
third procedure, non-glossiness information reduction, further
compresses the information while maintaining the glossiness by
reducing the information in each block that does not represent the
glossiness in the image. To test the effectiveness of the proposed
method, the authors conducted a subjective evaluation experiment
using paired comparison of images coded by the proposed method
and JPEG images with the same data size. The glossiness was
found to be better preserved in images coded by the proposed
method than in the JPEG images. (© 2020 Society for Imaging
Science and Technology.
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1. INTRODUCTION

Image encoding is essential for reducing the memory
required for storage and data transmission time. Many meth-
ods for compressing image information while preserving the
quality of decoded images have been developed. JPEG is
a widely used international standard for encoding images.
The group that developed the JPEG format also developed
JPEG 2000, which is based on wavelet transform [1].
Google developed WebP, which supports the use of the
alpha channel [2], and Bellard proposed the Better Portable
Graphics (BPG) format [3], which is based on the High
Efficiency Video Coding (HEVC) technique [4]. The Moving
Picture Experts Group proposed the High Efficiency Image
File format (HEIF) [5], which is based on HEVC.
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Further efforts have been made to improve the encoding
performance of the JPEG method. Mozilla developed the
JPEG encoder mozjpeg to further compress data while
maintaining compatibility with JPEG [6]. It is based on
libjpeg-turbo [7], which is derived from the JPEG library
libjpeg [8], and its development is ongoing. Alakuijala et
al. proposed the JPEG encoder Guetzli [9], which was
optimized using the image quality evaluation algorithm
Butteraugli [10]. However, the subjective quality of images
encoded by these methods is severely degraded by blur
at low bit rates and visual artifacts such as ringing and
blocking. The reason is that they were designed based on an
objective evaluation index such as the peak signal-to-noise
ratio (PSNR) as the main measure of the quality of the
decoded image.

In recent years, qualities of material objects such as
glossiness, translucency, and roughness (Shitsukan) have
attracted attention in various fields such as neuroscience,
psychology, and imaging engineering [11, 12]. Digital
image processing generally does not preserve the Shitsukan
of actual objects in reproduced images [13]. Therefore,
editing techniques that enable appropriate rendering of
the Shitsukan of objects in images have been studied,
for example, Shitsukan enhancement [14, 15]. An encod-
ing method that preserves the subjective qualities of an
object becomes essential for the adequate representation
of Shitsukan in rendered images. However, no encoding
method has been proposed so far in which the Shitsukan is
positively preserved. In this study, we construct a new image
encoding method that can preserve the Shitsukan property
of glossiness. Our purpose is to develop an encoder that
produces images that can be decoded using a standard JPEG
decoder because JPEG is commonly used worldwide.

The remainder of this article is structured as follows.
Section 2 provides an overview of previous studies related
to the problem. In Section 3, we propose an encoding
method that preserves glossiness by adding processing steps
to the standard JPEG encoder. To verify the effectiveness
of the proposed method, in Section 4, we show the results
of subjective evaluation experiments. Section 5 presents
conclusions and directions for future work.
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2. RELATED WORKS

Image coding methods such as JPEG2000 [1], BPG [3], and
HEIF [4] have been proposed to improve the compression
efficiency of JPEG encoding and add new functions. Their
encoding efficiency could potentially exceed that of the JPEG
standard, but they are supported by fewer software packages
and browsers than JPEG. In addition, encoding and decoding
can be performed more rapidly by the JPEG method than by
the improved methods because the encoding and decoding
processes are simple. Therefore, JPEG is still frequently used
as an image coding method.

Therefore, several methods for improving the cod-
ing performance within the JPEG framework have been
proposed. The main steps in the JPEG process that can
be changed are chroma subsampling and discrete cosine
transform (DCT) coefficient quantization. In particular,
DCT coefficient quantization has a greater effect on the
coding result than the other steps. Thus, methods that
improve the compression efficiency by modifying the
quantization process have been proposed. Wu et al. [16]
proposed a method for estimating the optimal quantization
table that maximizes the rate/distortion (RD) ratio of JPEG
images using a recursive algorithm. Many methods have
been introduced to estimate the optimal quantization table
by solving the RD optimization problem [17-21]. Crouse
et al. [19] proposed a method for estimating a binary
threshold parameter of the same size as the quantization
table in RD optimization. Ratnakar et al. [21] proposed a
method for estimating a threshold table of the same size as the
quantization table in RD optimization. With improvements
in computer performance, a method for estimating the
optimal quantization table using a metaheuristic algorithm
has been proposed [22]. Wang et al. [23] estimated the
optimal quantization table using a genetic algorithm and
confirmed that coded images with a higher compression ratio
and superior image quality relative to JPEG images could be
obtained. Tuba et al. [24] proposed a method for estimating
the optimal quantization table using the guided fireworks
algorithm. However, coding methods that actively evaluate
the subjective qualities in the framework of JPEG have not
been adequately studied.

In recent years, techniques for generating images that
maintain their subjective qualities using generative adversar-
ial networks [25] have been proposed. In these techniques,
images are encoded to obtain a color distribution similar
to that of the input image by optimizing the distribution of
the reproduced image without considering the PSNR. Rippel
et al. [26] reported a coding method that yielded better
results than the HEVC-based BPG system by adopting the
resolution pyramid and MS-SSIM-based optimization. Their
architecture consisted of an autoencoder featuring pyramidal
analysis, an adaptive coding module, and regularization of
the expected code length. They also supported their approach
with adversarial training specialized for use in a compression
setting. Consequently, they could produce visually pleasing
reconstructions at very low bit rates. Using the same
optimization scheme, Agustsson et al. [27] proposed a system
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Figure 1. Processing sfeps in the proposed method.

that integrated the decoding domain using an automatic
encoder with a domain generated from a user-defined label
domain. Their model synthesized details that it could not
afford to store; it yielded visually pleasing results at bit
rates at which previous methods failed and showed strong
artifacts. However, it is well known that viewers’ perceptual
impressions can change even though the appearance seems
natural because these methods are optimized according to
whether a restored image is subjectively natural. Therefore,
these approaches cannot be applied to represent Shitsukan.
Kudo et al. [28] proposed an improved version of these
techniques that optimizes the coding features obtained from
the encoder and explicitly correlates them to the restored
images by introducing mutual information maximization as
a type of regularization. However, it does not address the
encoding of the Shitsukan of material objects.

3. PROPOSED IMAGE CODING METHOD

In this section, we propose an encoding method that
preserves glossiness by adding processing steps to the
standard JPEG encoder.

3.1 Outline of the Method

The procedure of the proposed method is shown in Figure 1.
Our method uses an encoder that adds processing steps that
preserve Shitsukan to the standard JPEG encoder. It consists
of three processes: (1) block classification, (2) glossiness
enhancement, and (3) non-glossiness information reduction.
To implement the third procedure, we set the general JPEG
encoder as the target for application of our method, which
can meet the following two conditions:
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(a) Original image [29] including the
Block A information (inside blue circle)

(BMP, 819,054 bytes)

(b) JPﬁimae with glossiness loss
(JPEG, 8,747 bytes)

Figure 2. Example of JPEG encoding of an image including Block A information.

Condition 1: The target encoder quantizes the DCT
coefficients by a general procedure.

Condition 2: The target encoder can set a progressive
mode.

These two conditions are necessary for efficient com-
pression by non-glossiness information reduction. In JPEG
processing, Huffman coding is generally performed after
the DCT coefficients are obtained. By storing the DCT
coefficients in the progressive mode in the order of the
frequency band, the DCT coefficient can be made continuous
with 0 and the compression rate can be increased by Huffman
coding.

3.2 Block Classification

In block classification, the input JPEG image is divided into
blocks of 8 x 8 pixels, and each block is classified according
to the type of glossiness information as follows:

e Block A includes areas of specular reflectance with a
complex shape on the object surface.

e Block B includes glossiness caused by intense highlights.

e Block C includes glossiness associated with dull high-
lights.

e Block D does not contain any of the types of glossiness
in Blocks A-C.

Block A includes brilliant glossiness (e.g., glitter or
sparkle) at high spatial frequencies, where bright shiny areas
are generated by reflected light and the dark area becomes
shadowed. Hence, the contrast between bright and dark
areas is higher when the incident light is stronger. Because
the superficial intensities of the incident and the reflected
light increase with increasing contrast, high glossiness is also
perceived with increasing contrast. By contrast, the glossiness
is lost when the contrast decreases. Blur in a digital image
generally results from a quantization error in processing
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during the standard JPEG encoding. As shown in Figure 2,
this blur causes the contrast to decrease, causing a loss of
glossiness in Block A. Therefore, it is necessary to preserve
the image information so as to prevent this loss. Thus,
detection of Block A is critical.

Block B includes specular highlights, the clarity and
brilliance of which affect the glossiness. Objects with high
specular reflectance appear very glossy. The background
reflections of the surrounding highlights and the distinctness
of the image also become more robust. Therefore, the
perception of glossiness is stronger when the incident light
and the reflected light, and thus the highlights, are more
intense. In Block B, blur and noise such as mosquito noise
appear in highlight areas after standard JPEG encoding as
shown in Figure 3. These cause loss of glossiness owing
to decreased highlight intensity and blur at the edges of
the highlight. It is necessary to detect Block B so that the
image information is preserved and the loss of glossiness is
prevented.

In Block C, specular highlights are diffused on an
object surface, and the smooth, dull gloss resulting from
this highlight diffusion affects glossiness. Block C does
not contain intense reflected light as Block B does, but it
has unique gloss depending on the illumination. Hence,
glossiness can be perceived when the glossiness of highlights
is adequately reproduced. As shown in Figure 4, blur and
noise also appear in the highlight after standard JPEG
encoding. This result indicates that the loss of glossiness
is generated by roughness at the edge of the highlight and
decrease in the highlight intensity. It is necessary to detect
Block C to prevent this loss.

Further, as the compression rate increases, blocking
noise occurs as does in all blocks and affects the perception
of glossiness. In this study, we develop a detection algorithm
for Blocks A-C or Block D by combining edge detection and
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(a) Original image (ISO-SCID 300)
including Block B information (inside

blue circle) (BMP, 1,058,454 bytes)

(b) JPEG image with loss of glossiness
(JPEG, 13,995 bytes)

Figure 3. Example of JPEG encoding of an image including Block B information.

subband decomposition. Here, each block can only belong to
one Block (A, B, C, or D) and cannot belong to more than
one.

3.2.1 Subband Decomposition

Boyadzhiev et al. [15] showed that a subband in the spatial
frequency of an image could represent specific Shitsukan
information and indicated how this information could be
edited by increasing and decreasing these subband signals.
In their work, an image with a specific frequency band
(called a subband) was obtained by calculating the difference
of the smoothed image using sequential kernel sizes after
applying an edge-preserving smoothing filter while doubling
the kernel size for the luminance component of the original
image. As shown in Table I, 2% = 8 types of subband images
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{SButp, SBHHN,> SBHLP, SBHLN, SBLHP, SBLHN, SBLLP, SBLIN}
are obtained by dividing the image with a specific frequency
band into high-frequency and low-frequency images and
then dividing it further according to the amplitude and
sign. Table II summarizes the image characteristics for
each standard, and Figure 5 shows the result of subband
decomposition of the image in Fig. 3(a).

3.2.2 Subband Block Extraction

By using the subband decomposition explained in Sec-
tion 3.2.1, the blocks with glossy features are detected by cal-
culating the subband component of each block of 8 x 8 pix-
els. First, for each subband component, the absolute averaged
values {SBunp (i), SBHHN (i), SBuLp (i), SBHLN (1), SBLHP (i),
SBLun (i), SBrrp (i), SBLin(i)} of each pixel in block i are
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(a) Original image (ISO-SCID 300)
including Block C information (inside
blue circle) (BMP, 909,054 bytes)

(b) JPEG image with loss of glossiness
(JPEG, 6,488 bytes)

Figure 4. Example of JPEG encoding of an image including Block C information.

calculated. In addition, the information for each subband
is binarized using Otsu’s discriminant analysis method [30].
Then, we can obtain {SBBupp(i), SBPuun(), SBPuLp(i),
SBBuin(i), SBPrup(i), SBErun(i), SBPrip(i), SBErLin(i)}.
Here, this component is set as 1 if each subband component
is sufficient; otherwise, it is set as 0. Figure 6 shows the results
of binarization of each block for the subband images in Fig. 5.

3.2.3 Edge Block Extraction
The reproduction of edges is also essential to preserve
glossiness. In our proposed method, edge components,
in addition to subband components, are used for block
decomposition.

As in a subband block extraction, the edge intensity of
the luminance component of the original image is extracted
in a block unit of 8 x 8 pixels. First, a Laplacian filter is
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Table I. Eight types of subband.

Subband name Components of each subband

HHP High frequency, high amplitude, positive sign
HHN High frequency, high amplitude, negative sign
HLP High frequency, low amplitude, positive sign
HLN High frequency, low amplitude, negafive sign
LHP Low frequency, high amplitude, positive sign
LHN Low frequency, high amplitude, negative sign
LLP Low frequency, low amplitude, posifive sign
LLN Low frequency, low amplitude, negative sign

applied to the luminance component of the original image,
and the edge extraction image E is obtained. Second, for each
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(2) SBuup (b) SBuun (¢) SByrp (d) SByLN

(¢) SBrup (D) SBrun (2) SBLp (h) SBrin

Figure 5. Subband decomposition of image in Fig. 3la).

Figure 6. Binary images of each block in Fig. 5. White indicates high subband components.

edge component, the absolute averaged value of each pixel block extraction and the extracted edge component of the
in block i, EB(i), is calculated. Then, all the blocks are image in Fig. 2(a).

binarized using Otsu’s discriminant analysis method, and
inarized using Otsu’s discriminant analysis method, and we 3.2.4 Classification

can obtain EB® (i), which is 1 if the edge component of block On the basis of the subband blocks and edge blocks, all blocks
i is large and 0 otherwise. Figure 7 shows the results of edge are classified as belonging to Blocks A, B, C, or D.
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(a) Edge extraction result

(b) Binary image of extracted edge block

Figure 7. Results of extraction of edge component of image in Fig. 2(a). White indicates a high edge component.

Table II. Image characteristics represented by frequency, amplitude, and sign.

Frequency  High  Small features such as roughness and wrinkles
Low  Large-scale features such as global highlight and shadows

Amplitude ~ High  High-contrast features such as intense highlights and shadows
low  Low-contrast features such as weak highlights and shadows

Sign Positive  Bright features such as highlights
Negative  Dark features such as shadows

Block A: This block has detailed specular reflectance
with a complex shape on the object surface.

When block i meets the following conditions, the target
block is classified as Block A:

e The block includes rich edge information [EB2(i) = 1].

e The block includes the HHP subband component, the
HHN subband component, or both [SBBymp (i) = 1
OR SBByun () = 1].

e The block has few LHP and LHN subband components
[SBBLup (i) = 0 AND SB® 1n (i) = 0].

Here, “OR” and “AND” represent logical operators.
Block A has a complex shape and generally includes
considerable edge information. In addition, many of the
HHP and HHN subband components are included because
Block A has a strong specular highlight associated with the
high contrast generated by a small highlight and shadow.
However, it does not include large-scale highlights and
shadows, which are represented by the LHP and LHN
subband components. Figure 8 shows an example of the
results of Block A classification. We confirmed that gloss
information was detected around a complex shape on a
decorative ring.

Block B: This block has glossiness caused by an intense
highlight.
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When block i meets the following conditions, the target
block is classified as Block B:

e The block includes sufficient HHP and LHP subband
components [SBBuup (i) = 1 AND SBB  pp (i) = 1].

Block B includes strong glossy highlights. Specularly
reflected light from the object surface corresponds to a
surrounding high-frequency environment illuminated by
light with a large low-frequency component. Under these
conditions, the highlights become strong, and they include
both the HHP and LHP subband components. Figure 9
shows the results of Block B classification. A strong glossy
area with a highlight peak around the surface of the decanter
was extracted.

Block C: This block has glossiness associated with a dull
highlight.

When block i meets the following conditions, the target
block is classified as Block C:

e Theblock includes sufficient LHP subband components
[SBPLup (i) = 1].

e The block has few HHP subband components
[SBPip (i) = 0].

Because Block C includes a smooth highlight that is
diffused into the area surrounding the highlight edge, it
includes a large LHP subband component. However, the
information representing the reflection of the surroundings
on the object surface (i.e., Block B) is not included.
Therefore, the high-frequency HHP subband component
is not included. Figure 10 shows the results of Block C
classification, which demonstrates that the glossiness in the
dull highlights on the surfaces of the decanter and wine glass
was detected.

Block D: This block has other features.

All blocks that are not identified as Blocks A, B, and C
are classified as Block D. Figure 11 shows examples of each
type of block detected in Figs. 2(a), 3(a), and 4(a).
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(a) Original image

(b) Block A

Figure 8. Classification result of Block A.

(a) Original image

(b) Block B

Figure 9. Classification result of Block B.

3.3 Glossiness Enhancement

To prevent the loss of glossiness during JPEG encoding, we
apply adaptive glossiness enhancement to each block type as
follows.

Block A: Blur owing to quantization during JPEG
encoding reduces the detailed contrast associated with the
complex shape, and glossiness decreases. Therefore, for Block
A, a sharpening filter is used.

Blocks B and C: When highlights become less dis-
tinct during JPEG encoding, glossiness decreases. Hence,
glossiness enhancement of highlights is applied to Blocks
B and C. To enhance the highlights, we emphasize the
LHP subband component using a band-sifting method [15].
The multiplication coefficient of the LHP component of
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the subband is experimentally set as 1.7. Here, pixel values
above 255 are set as the maximum, and all higher values are
clipped. Figure 12 shows examples of the results of glossiness
enhancement for each block in Figs. 2(a), 3(a), and 4(a).
These examples demonstrate the effects of the proposed
glossiness enhancement for many types of glossiness.

3.4 Non-Glossiness Information Reduction

In the proposed method, we improve the compression ratio
by reducing information that is not related to the perception
of glossiness during JPEG encoding. In particular, for Block
C, which has no high-frequency glossiness component (HHP
subband component), and Block D, which has no glossiness
information, a DCT component with a small absolute value
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(a) Original image (b) Block C

Figure 10. Classification result of Block C.

Original image Block A Block B Block C
Figure 11. Classification results of each block.
of 0 is assigned based on the ranking method described because in natural images, the DCT coefficient for low
below. Block C is typically targeted for information reduction frequencies is significant and that for high frequencies is low.
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e

(a) Original image

(b) Image with enhanced glossiness

Figure 12. Glossiness enhancement result.

However, to reduce block distortion, Blocks C and D located
ata4-neighboring position of Blocks A and B are not targeted
for non-glossiness information reduction.

In Blocks C and D, only the three components with
the highest absolute values of the DC component and the
DCT coefficient were used for quantization, and the other 60
DCT coefficients were set as 0. This value was experimentally
determined on the basis of a subjective evaluation of the
appropriate number of coefficients to retain. Figure 13
shows the effects of non-glossiness information reduction
of the image in Fig. 3(a). Figs. 13(a) and 13(b) show the
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image in Fig. 3(a) after non-glossiness information reduction
and the blocks targeted for non-glossiness information
reduction, respectively. The black blocks were not targeted
for information reduction, and we can confirm that most
of them contained information associated with glossiness.
Figs. 13(c) and 13(d) show the results of JPEG encoding
with/without non-glossiness information reduction. Al-
though the glossiness of the JPEG images is very similar,
the data size of the image with non-glossiness information
reduction is approximately 7% smaller.
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Figure 13. Examples of images with/without non-glossiness information reduction.

4. EXPERIMENTS
To verify the effectiveness of the proposed method, we
conducted subjective evaluation experiments.

4.1 Experimental Stimuli

In the subjective evaluation, observers evaluated the glossi-
ness of objects in three types of images displayed on a
monitor, namely, the original, JPEG, and proposed images,
using Thurstone’s paired comparison method. All possible
combinations of the three types of images were subjectively
evaluated. The data size of each image processed by the
proposed method was adjusted to match the size of the
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corresponding JPEG image. In our experiment, we used a
sharpening filter to process Block A described in Section 3.3
as shown in Figure 14. Here, we used a fixed k value of —0.2.

We prepared five test images with different glossiness as
the original images as shown in Figure 15. Two current JPEG
encoders, libjpeg and mozjpeg, were used. We generated
four types of encoded images with different compression
ratios for each test image by changing the quality factors.
Therefore, the test images of 40 patterns (5 x 2 x 4) were
used as the experimental stimuli for subjective evaluation.
Fig. 15 shows examples of the experimental stimuli for each
test image. These images were encoded using libjpeg, and the
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k 1.0-8% k

k k k

Figure 14. Sharpening filter used in our experiment.

corresponding image processed by the proposed method has
the same data size. We also estimate the PSNR in addition
to the data size of each image. The PSNRs of the images
obtained using the proposed method are slightly lower than
those of the JPEG images. This result indicates that the
JPEG encoder yields better image quality than the proposed
method in terms of the PSNR.

4.2 Experimental Procedure
A monitor (EIZO ColorEdge CG277) with an Adobe RGB
color gamut was used to display the experimental stimuli.
The maximum luminance and color temperature were set as
270 cd/m? and 6500 K, respectively. The monitor was placed
in a dark room, and its distance from the observer was 80 cm.
The experimental environment is shown in Figure 16.
Observers were shown pairs of experimental stimuli,
and they indicated via a two-alternative forced choice based
on Thurstone’s method which one was perceived as being
glossier. As shown in Fig. 15, the stimuli contained artifacts
such as blocking, but the observers were instructed to
evaluate only the gloss. Observers had unlimited time to
respond. The long side of each pair of displayed image
sizes covered a viewing angle of 10°. Between evaluations,
the stimuli were replaced by a checkered pattern for 1 s
to reset the memory and the afterimage of the color and
structure information. The experimental stimuli were shown
to the observers in a randomly chosen order. Because the
experimental stimuli could be combined in three possible
ways, each observer evaluated 120 pairs of stimuli. To avoid
burdening the observers, we did not flip the pairs of stimuli.
Nine men and one woman participated in the experiment.
Their average age was 23.7 years, and the standard deviation
was 0.95 years. All the observers were confirmed to have
normal color vision with correction: oculi uterque 20/20.

4.3 Experimental Results

In Figures 17(a) and 17(b), the experimental results for the
images encoded using libjpeg and mozjpeg, respectively, are
summarized as Z-score data. A higher Z-score indicates
higher perceived glossiness. The observers perceived higher
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-3 »
Original image [29]
819,054 bytes
600 x 455 pixels

- = -
JPEG image
10,493 bytes

PSNR =31.5 dB

Our proposed method
10,469 bytes
PSNR =28.4 dB

(a) Test image 1

o Our proposed method

briginal image (ISO-SCID 300)

JPEG image
1,058,454 bytes 17,175 bytes 17,126 bytes
600 x588 pixels PSNR =28.8 dB PSNR =26.8 dB
(b) Test image 2

Figure 15. Examples of experimental stimuli. JPEG images were encoded
using libjpeg.

glossiness in the images obtained by the proposed method
than by those obtained using either JPEG encoder. This
result indicates that the proposed method might preserve
glossiness. The images obtained by applying the proposed
method to test images 2 and 5 were rated as having higher
glossiness than the original images. To faithfully encode the
glossiness of the original image, it might be necessary to
adaptively determine the parameters of each image although
these parameters were fixed in this experiment. By contrast,
for test image 4, glossiness was lost compared with one of
the original images even though the glossiness was better
than that in the JPEG image. In an introspection survey,
the observers could not perceive a significant difference in
the glossy highlights because they focused mainly on the
highlight areas with saturated pixels. The degradation caused
by encoding another area of the highlight might affect the
subjective evaluations.

Table III presents the number of observers who reported
that the images processed by the proposed method were
glossier than the JPEG images. Because 10 observers
participated in the experiment, the average score was 10.00
when all observers reported that the four images of different
quality coded by the proposed method were glossier than the
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LU

Original image (ISO-SCID 3_00-) }PEG image Our proposed method o
1,058,454 bytes 16,388 bytes 16,192 bytes
508 x 600 pixels PSNR =27.9 dB PSNR =25.9 dB

(c) Test image 3

&,

JPEG image

10,513 bytes
PSNR =29.1dB

ciadth
Original image [31]
810,054 bytes
508 x 600 pixels

10,285 bytes
PSNR =27.6 dB

(d) Test image 4

Original image (ISO-SCID 300)
909,054 bytes
600 x 505 pixels

JPEG image
8,358 bytes
PSNR =29.8 dB

Our proposed method
8,159 bytes
PSNR =28.4 dB

(e) Test image 5

Figure 15. (continued)

JPEG images. As shown in the table, for all test images, the
average number of observers was higher than 5.00, and the
effectiveness of the proposed method was confirmed.

5. CONCLUSIONS

We proposed a new image encoding method to preserve
the glossiness of input images. The proposed method
is constructed within the framework of JPEG encoding;

J. Imaging Sci. Technol.

050409-13

Figure 16. Experimental environment. The experiment was conducted in
a dark room.

Table Il Number of observers who reported that the images processed by the proposed
method were glossier than the JPEG images.

. libjpeg mozjpeg

fet image Avg. Std. Avg. Std.
1 1.75 0.96 6.75 0.96
2 1.25 1.7 9.00 0.00
3 6.75 0.96 7.00 0.82
4 5.00 1.83 5.50 1.00
5 8.00 0.82 1.25 0.50

thus, the images can be restored by the JPEG decoder. It
consists of three procedures: block classification, glossiness
enhancement, and non-glossiness information reduction.
To verify the effectiveness of the proposed method, we
conducted a subjective evaluation experiment using paired
comparison of images with the same data size that were
decoded by the proposed method and two JPEG encoders.
For test images with various gloss used in the experiment, the
results showed that the glossiness of images obtained by the
proposed method was higher than that of the JPEG images.
In addition, we confirmed that our method could preserve
the glossiness of the original image.

Some test images obtained by the proposed method
were rated as having higher glossiness than that of the
original images. The proposed algorithm has a few constant
parameters. However, the optimal parameter values depend
on the input image. To faithfully reproduce the glossiness of
the original image, it is necessary to adaptively determine
the parameters. Verification with more test images will be
a subject of future work. Furthermore, we will also examine
an image encoding method for preserving other Shitsukan
features.
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Test image 3

Test image 4
(b) Images encoded using mozjpeg
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(c) Graph legend

Figure 17. Experimental results [Z-score). Error bars show 95% confidence intervals. (a) Images encoded using libjpeg. (b) Images encoded using mozjpeg.

(c) Graph legend.
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