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'e color spot can reflect the skin status and the physiological change. It has been used in the evaluation of skin quality and
medical diagnosis. However, the gray level of the color spot is very similar to that of normal skin. Because the shape, size, and
position of the color spots are irregular. It is difficult to extract the accurate region of the color spot with the traditional methods.
In order to extract the region of the color spot, we propose amultifused enhancement algorithm to enhance the feature of the color
spot and extract the accurate region. 'e multifused enhancement algorithm mainly includes three components: the polarized
image acquirement, the color model transformation, and the wavelet transform and enhancement. 'e color spot, which is in the
intraepidermal basal cell, is captured by the polarized camera with the polarized light. 'e acquired method can remove the
reflective light, covering the color spot. To further enhance the feature of the color spot, we use saturation instead of the gray level
to characterize the color spot. 'e color spot is more conspicuous in the saturation image. 'en, the wavelet transform and
enhancement are used to enhance the feature of the color spot and reduce the effect of uneven illumination. 'e color spot is
extracted by the proposed self-adaptive segmentation method. In addition, we discuss the performance with the different wavelets
to choose the optimal wavelet. 'e actual reason for removing uneven illumination in the proposed algorithm is also analyzed in
this work. 'e experimental results indicate that the proposed algorithm achieves the best accuracy among all the
algorithms compared.

1. Introduction

'e skin is the largest organ of humans. It protects the body
from external harm. 'e functions of thermoregulation,
tactile sensation, and excretion are also realized by the skin
of humans [1–3]. 'e skin’s water content occupies 15% of
the body weight, and the skin is one of the most important
organs in the body. With the change in age and the health
status, the skin will have a physiological change [4–6]. 'e
evaluation of the skin has attracted much attention by the
doctors and the beauty and skin care industries [7–9]. Due to
the importance and complexity of the skin, the analysis of
the skin has some challenges. 'e traditional analysis and
diagnosis of the skin are based on the subjective observation
of the doctors. 'e subjective evaluation cannot provide the
quantitative analysis results of the skin. Furthermore, some
features of the skin cannot be observed by the naked eyes of

the doctors.'us, an objective evaluation method of the skin
is required by current medical diagnosis and cosmetology.

Some indicators can reflect the change of the skin, such
as pore [10], wrinkle [11, 12], roughness [13], and the color
spot [14] of the skin. 'e pore is the porous structure in
which the pelage is deciduous. 'e wrinkle is the small
microgroove generated by the free radical that breaks the
collagen and active substance of the normal cells. 'e
roughness is used to evaluate the texture of the skin. 'e
color spot caused by the accumulation of melanin is the spot
in which the color is different from that of the surrounding
skin [3, 15]. 'ese features of the skin can reflect the change
of the skin due to the aging process [16]. 'e research of the
skin indicators has an important meaning in the objective
evaluation.

'e color spot is one of the most important indicators in
skin evaluation. It includes freckle [17, 18], black spot [19],
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chloasma [20, 21], and age pigment [22]. 'e color spot is a
pigmentary skin disorder caused by the increasing melanin
of the skin [23, 24]. 'e main reason for the freckle gen-
eration is the hereditary factor. Enough exposure to ultra-
violet radiation and the metabolism of the broken skin also
lead to the freckle. Except for the ultraviolet radiation, an
unhealthy lifestyle may result in the black spot. 'e im-
balance of the healthy condition of the body and the increase
of the male progesterone after the pregnancy may cause
chloasma. In addition, some chronic diseases, such as
chronic hepatitis and tuberculosis, maymultiply themelanin
[25, 26]. When the melanin cannot be eliminated from the
body, the melanin may turn into chloasma. Cosmetics
misuse is also the important reason for the black spot and
chloasma. 'e seborrheic keratosis, which is also called age
pigment, is a benign skin tumor. 'e generated reason is the
cell proliferation of the corneum. According to medical
statistics, melanoma’s morbidity and mortality rate con-
stantly improve. 'e melanoma comes from the pigmented
spot that is easy to be ignored by humans. 'e melanoma
may be diagnosed earlier if the color spots can be quanti-
tatively and objectively analyzed. 'e traditional diagnosis
method of the color spot is based on the visual inspection of
the doctors. Hence, the inspected accuracy relies on the
experience of the doctors. 'e subjective and manual
method is not only inefficient but also inaccurate. It is
difficult for a doctor to quantify the size of the area of the
color spot precisely.

'ere are some challenges for the color spot extraction:
(1) the gray-level difference between the color spot and the
normal skin is too small. 'is problem may cause that the
color spot is difficult to be recognized in the spatial and
frequency domains; (2) the illumination is uneven. 'e
uneven illumination may cause the gray-level distribution to
be uneven in the skin. 'e region of the weak illumination
can be falsely recognized as the color spot, and (3) the
captured image cannot obtain the conspicuous information
of the color spot because the images of the color spots are
captured by the camera with a macrolens. 'e obtained
image is fuzzy and cannot provide a conspicuous color spot.
Hence, the color spot is in the intraepidermal basal cell. 'e
camera cannot capture an image that contrasts the color spot
under the normal light. 'us, we propose the multifused
enhancement algorithm to obtain the conspicuous color
spot.

Due to the challenges of color spot extraction, many
existing segmentation algorithms may not work well for
segmenting this type of image. Some methods can be used to
detect and quantify the color spot but cannot achieve good
performance. 'e threshold segmentation [27, 28] is the
most traditional method for image segmentation. However,
the gray level is very similar between the normal skin and the
color spot, and the method cannot achieve good perfor-
mance. According to the characteristic of the color spot, the
method based on HSV [29, 30] can be used to segment the
color spot. Although the performance is better than the
threshold segmentation, the performance is limited by the
uneven illumination of the image. In order to enhance the
color spot from the background in the image, homomorphic

filtering [31–33] is used to enhance the color spot. 'e
method weakens the low-frequency signal and enhances the
high frequency for improving the image detail. However, the
method cannot achieve the preferable performance in
complex circumstances. 'e method of wavelet transform
[34–36], which can obtain the multilevel signal with the
decomposition algorithm, is used to enhance the color spot.
Due to the multivariable parameters used, it is not easy to
obtain stable performance.

In this work, we propose the multifused enhancement
algorithm to extract the color spot. To obtain conspicuous
features of the color spot, we propose three methods to
enhance the weak features of the color spot. 'e polarized
image acquirement, the HSV model, and the wavelet
transform are fused to extract the conspicuous features of
the color spot. 'e experimental results indicate that the
proposed algorithm can achieve excellent performance for
color spot enhancement.

'e remainder of this article is organized as follows:
Section 2 introduces the proposed methods for color spot
enhancement and segmentation. Section 3 shows the ex-
perimental results and analysis of the proposed methods.
Section 4 discusses the significance of the color spot ex-
traction and its possible improvement. 'e conclusion then
follows.

2. Methods

'e key issue of color spot extraction is how to enhance the
color spot. In order to enhance the difference between the
color spot and the normal skin, the three methods are
proposed to obtain the conspicuous color spot. First, we use
the polarized camera with the polarized light to obtain the
conspicuous feature of the color spot. Secondly, the satu-
ration features of the image are used to express the color
spot. 'irdly, the wavelet transform is used to enhance the
feature of the color spot. Finally, the color spot is extracted
by the proposed self-adaptive threshold segmentation. 'e
schematic diagram of the proposed method is shown in
Figure 1.

3. Polarized Image Acquirement

Generally, the color spot is in the intraepidermal basal cell.
'e reflective light of the epidermis will cover the texture of
the color spot. 'us, we adopt the polarized light to remove
the reflective light of the epidermis. 'e horizontally po-
larized light provides the lighting source, and the camera
with a vertically polarized glass is used to capture the image
of the color spot. 'e experimental result is shown in
Figure 2. It is difficult to recognize the color spot in the
ordinary image. But the color spot is conspicuous in the
polarized image.

Under ordinary light, the surface of the skin reflects a
large number of reflective lights, and the captured image has
a large number of reflective lights. When the light is
transformed to the horizontally polarized light, and a ver-
tically polarized glass covers the lens of the camera, the
reflective light from the skin surface is eliminated. 'e
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captured light mainly comes from the subepidermal light,
and the camera can obtain the conspicuous color spot.

4. Color Model Transformation

Although the contrast of the color spot is improved by the
polarized image acquirement, the color spot is still tricky to
be segment. In the gray-level space, the gray-level difference
between the color spot and the normal skin is too little. By
analyzing the different color models, we find that the sat-
uration feature of the color spot is more visible. In our work,
the captured image is transformed to the HSV (hue, satu-
ration, and value) model before processing the image, and
we use the saturation to express the feature of the color spot.

Based on the transformation principle between RGB and
HSV, the conspicuousness of the saturation can be
explained. 'e saturation is obtained by the following
equation:

saturation � 1 − 3∗ min(r, g, b), (1)

where r, g, and b are the normalized value of the R, G, and B

value in the RGB model, respectively. 'e saturation is the
maximum of (1), and the conspicuousness of the saturation
is larger than the gray level.

From Figure 3, the original image, gray-level image,
and saturation image are given. We can obviously observe
that the contrast of the saturation is better than the gray-
level image. 'e result also can be used to verify Equation
(1).

5. Wavelet Transform and Enhancement

'e information of the color spot is usually included in the
high frequency of the image. 'e other information except
the color spot is in the low frequency. 'e color spot may be
enhanced if we enhance the high frequency and waken the
low frequency. In this work, we use the wavelet transform
algorithm to achieve this goal.

Suppose the given image with the size of m × n is
f(x, y), the wavelet decomposition is shown as follows:

Skin

Horizontal
polarized

light RGB image

Wavelet
decomposition

Saturation

Enhancement
factor

Self-adaptive
threshold

segmentation

Weaken
factor

Denoising
processing

Camera with the
vertical

polarized glass

Figure 1: 'e schematic diagram of the proposed method.

(a) (b)

Figure 2: 'e image acquirement with the polarized light. (a) Ordinary image. (b) Polarized image.
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fk+1(x, y) � fk(x, y) + gk(x, y),

gk � g
H
k + g

V
k + g

D
k ,

(2)

where fk(x, y) is the low-frequency component, and the
high frequency is indicated by gk(x, y). 'e horizontal,
vertical, and diagonal components of the high frequency are
indicated by the gH

k , gV
k , and gD

k , respectively. k is the de-
composition level.

According to the principle of the multiresolution
analysis, it has fk(x, y) ∈ Vk and gI

k(x, y) ∈Wk. And
φ(2kx − m, 2ky − n) and ψI(2kx − m, 2ky − n) are the
Riesz base of the space Vk and Wk, respectively. 'e Wk is
the complementary set of Vk. 'e fk(x, y) and gI

k(x, y) can
be described as follows:

fk(x, y) � 
m,n

εk;m,nφ 2k
x − m, 2k

y − n ,

g
I
k(x, y) � 

m,n

ηI
k;m,nψ

I 2k
x − m, 2k

y − n ,
(3)

where φ and ψ are scaling function and wavelet function,
respectively. In addition, I ∈ (H, V, D). 'e coefficients of
the εk;m,n and ηI

k;m,n can be described as the following
equation based on the decomposition algorithm:

εk;m,n � 
l,j

cl−2m,j−2nεk+1;m,n,

ηI
k;m,n � 

l,j

δI
l−2m,j−2nεk+1;m,n,

(4)

where ck;m,n and δI
k;m,n are the binary decomposition se-

quences that is generated from the unary decomposition
sequences.

To enhance the color spot and weaken other informa-
tion, we use (5) to enhance the high-frequency information
and weaken the low-frequency information.

Φk;m,n � α∗ εk;m,n, (5)

ΨI
k;m,n � β∗ ηI

k;m,n, (6)

where the weaken factor is α and the β is the enhancement
factor.

Suppose the μl,j and ]I
l,j are the binary decomposition

sequences generated from two unary decomposition se-
quences. 'e reconstruction algorithm is shown in the
following:

εk+1;m,n � 
l,j

μm−2l,n−2jΦk;l,j + 
3

i�1
]i

m−2l,n−2jΨ
I
k;l,j

⎛⎝ ⎞⎠. (7)

6. Self-Adaptive Threshold Segmentation

By the enhancement methods, we can obtain the more
conspicuous color spot. To extract the accurate region of the
color spot, we propose the self-adaptive threshold seg-
mentation. First, we calculate the maximum and minimum
of εk+1;m,n, and the self-adaptive threshold is obtained as
shown in the following equation:

MAX � max εk+1;m,n , (8)

MIN � min εk+1;m,n , (9)

THRESHOLD �
MAX + MIN

2
. (10)

'e self-adaptive threshold method can obtain the
threshold without manual adjustment. 'e segmented re-
gion is indicated by the REGION, and the value is the gray
level of the reconstructed image. 'e segmentation algo-
rithm can be described in the following:

REGION �
255, if value⩾THRESHOLD,

0, if value<THRESHOLD.
 (11)

'e segmented result may include a small amount of
noises, and we use themedian filter to process the segmented
image as shown below:

SPOT � median(REGION, [P, Q]), (12)

(a) (b) (c)

Figure 3: 'e comparison of different lights. (a) Original image. (b) Gray-level image. (c) Saturation image.
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where the SPOT indicates the final region of the color spot,
and [P, Q] is the template of the median filter.

7. Results

To evaluate the performance of the proposed multifused
enhancement algorithm, we design an experimental
platform and verify the proposed algorithm. We use the
camera of the Canon EOS 750D with the lens of the
Tamron 18–200mm to capture the face images. Among
the images captured, the 100 images with the size
512 × 512 are selected for the evaluation of the proposed
algorithm. 'e 50 images are randomly selected for the
performance evaluation.

'ere are some common criteria for evaluating the
segmented accuracy [37]. We choose the true positive
rate (TPR, also called sensitivity, recall, and hit rate),
positive predictive value (PPV, also called precision),
accuracy (ACC), and F1score (is the harmonic mean
of precision and sensitivity) to evaluate the performance
of segmented accuracy. 'ese metrics are defined as
follows:

TPR �
TP

TP + FN
,

PPV �
TP

TP + FP
,

ACC �
TP + TN

TP + TN + FP + FN
,

F1 �
2TP

2TP + FP + FN
,

(13)

where TP is the intersection between ground truth and
segmentation result. TN is the whole image except ground
truth and segmentation result. FP is the segmentation except
the TP. FN is the ground truth except the TP.

8. The Performance of the Different Methods

In order to evaluate the performance of the proposed al-
gorithm, we compare the algorithm with the threshold
segmentation, edge extraction, homomorphic filtering, and
Gabor filtering methods.'e experimental results are shown
in Figure 4.

We use two kinds of images to evaluate the performance.
'e first is the conspicuous and straightforward image of the
color spot, the second has the color spot of large, and the
third is more complicated color spots with many and large
regions. In the simple and conspicuous image, the methods
of edge extraction, Gabor filtering, and our proposed al-
gorithm can extract or indicate the accurate position of the
color spot. Because the gray-level difference between the
color spot and the normal skin is very small, the uneven
illumination is the main problem for the wrong segmen-
tation as shown in Figures 4(d) and 4(l). 'e edge extraction
only obtains the edge of the color spot. Although the edge
extraction method can extract the accurate position of the
color spot in this sample (Figure 4(e)), the method has poor

robustness in the complex image (Figure 4(m)). Homo-
morphic filtering is the classical filter method that reduces
the low-frequency component and enhances the high-fre-
quency component. It can reduce the effect of varying il-
lumination and enhance the detail of the image. In the image
of the color spot, the gray-level difference between the color
spot and the normal skin is very small, and the homo-
morphic filtering is also hard to recognize the precise region
of the color spot. 'e Gabor filtering [38, 39] is a short-time
Fourier transformation that provides the selections of the
orientation and scales. From Figures 4(g) and 4(o), the
selection of the orientationmay cause the deformation of the
extracted color spot. And that the performance is worse in
the complex image. 'e proposed multifused enhancement
algorithm achieves the accurate position of the color spot not
only in the simple circumstance but also in the complex
image.

To further evaluate the accuracy and robustness of the
proposed algorithm, we randomly selected 50 images from
the skin dataset built by our group. 'e images include
simple and complex samples of the color spot. 'e seg-
mented accuracy of the color spot is evaluated by TPR, PPV,
ACC, and F1, and the experimental results are shown in
Figure 5.

'e mean values of TPR, PPV, ACC, and F1 are 0.591,
0.625, 0.995, and 0.581, respectively. 'e segmented results
indicate that all the color spots can be mainly segmented by
the proposed method. Some factors may reduce the seg-
mentation accuracy: (1) the region of color spot occupies a
small proportion in the whole image, the small inaccurate
segmentation may cause a great influence on the TPR, PPV,
and F1, and (2) the denoising algorithm may reduce the
accuracy of the segmented results. Excessive denoising and
insufficient denoising also lead to a large error, (3) some
color spots are difficult to recognize. 'e color spot is
generated by the melanin accumulation, and the accumu-
lation of some region may not reach the standard of the real
color spot, and (4) the region, shape, and size of the color
spots are varied and irregular, and the feature of the color
spots is not discriminative, so the extraction of the color spot
is still a great challenge.

9. The Wavelet Transform with
Different Parameters

In this work, we use the wavelet transform to enhance the
color spot. 'e wavelet is the key factor that should effect
the enhanced performance of the color spot. 'ere are
some wavelets that can be used in the wavelet transfor-
mation, such as haar, daubechies, symlets, coiflets, bio-
rthogonal, reverseBior, dmeyer, and fk. We use these
wavelets to evaluate the performance to choose the optimal
wavelet. 'e main experimental results are shown in
Figure 6.

From the experimental results, we can learn that haar,
bior1.1, and rbio1.1 may be the optimal choices in our work.
While choosing the optimum wavelet, we should consider
the support width, symmetry, vanishing moment, regularity,
and similarity of the wavelet.
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10. The Reduction of the Uneven Illumination

'e uneven illumination is one of the main reasons that
caused the gray level to be uneven in the captured image. In
Figure 7(a), the image includes the conspicuous color spot,
but the region with the low illumination may have a similar
gray level to the color spot. 'e phenomenon is a little bit
difficult for the segmentation of the color spot. In order to
reduce the effect, we use saturation instead of the gray level
to reduce the effect caused by the uneven illumination.
Although the uneven effect is reduced in Figure 7(b), the
features of the color spot for the discrimination are also
reduced.'e proposedmethod uses the wavelet transform to
enhance the features of the color spot. 'e final enhanced

image is shown in Figure 7(c). 'e final result not only
eliminates the uneven effect but also enhances the features of
the color spot.

11. Discussion

'e article proposes a multifused enhancement algorithm
for color spot extraction. We use the imaging technology of
the polarized light to obtain the conspicuous color spot
information and adopt the saturation component instead of
the traditional gray-level image to analyze the color spot.
Finally, the wavelet transform algorithm enhances the color
spot information and reduces the influence of normal skin
information. 'e experimental results indicate that the

(a) (b) (c) (d)

(e) (f ) (g) (h)

(i) (j) (k) (l)

(m) (n) (o) (p)

Figure 4: 'e comparison of different methods. (a) Simple image. (b) Ground truth. (c) Saturation. (d) 'reshold. (e) Edge. (f ) Ho-
momorphic filtering. (g) Gabor filtering. (h) Our proposed algorithm. (i) Complex image. (j) Ground truth. (k) Saturation. (l) 'reshold.
(m) Edge. (n) Homomorphic filtering. (o) Gabor filtering. (p) Our proposed algorithm.
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Figure 5: 'e accuracy of the proposed algorithm.
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Figure 6: Continued.
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proposed algorithm can accurately and robustly extract the
color spot. In comparison with the traditional methods, the
proposed algorithm can obtain the more conspicuous color
spot with the enhanced methods. 'e algorithm also can
reduce the effect of the uneven illumination by the method
with the polarized light and wavelet transform. In addition,
the proposed algorithm can achieve robust performance on
both simple and complex color spots.

'e key issue of the color spot extraction is how to solve
the nonobviousness of the color spot. 'e traditional
threshold segmentation extracts the color spot without the
color spot enhancement. Hence, the results are noisy and not
accurate. Although the edge extraction does not enhance the
color spot, the obtained positions of the color spots are
accurate in simple circumstances. 'e reason is that the edge
extraction is based on the local gradient feature, and the
uneven gray level cannot influence the performance in
simple circumstances. However, because of the heavy noise

in the complex circumstance, the performance of the edge
extraction is not efficient. Except for the method of the
spatial domain, the method based on the frequency domain
is the primary enhancement method, such as homomorphic
filtering and Gabor filtering. Due to the gray level of the
captured images being uneven, the homomorphic filtering
cannot achieve the preferable performance. 'e Gabor fil-
tering can achieve the accurate color spot in the simple
circumstance, but the obtained shape is distorted on account
of the orientation selection in the algorithm. When the color
spot is complex, the algorithm is also challenging to achieve
the preferable performance. 'e proposed algorithm is the
multifused enhancement algorithm. To reduce the effect of
the uneven illumination and enhance the conspicuousness
of the color spot, we use the polarized image acquirement,
color model transformation, and wavelet transform. 'e
proposed algorithm considers not only the effect of the
uneven illumination but also the local features based on the
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Figure 7: 'e reduction of the uneven illumination. (a) Gray-level image. (b) Saturation image. (c) Enhanced image.
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Figure 6: 'e image enhancement with the different wavelets. (a) Original image. (b) Haar. (c) db2. (d) db3. (e) sym2. (f ) sym3. (g) coif1.
(h) coif2. (i) bior1.1. (j) bior1.3. (k) bior1.5. (l) rbio1.1. (m) rbio1.3. (n) dmey. (o) fk4. (p) fk6.
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wavelet transform. 'us, the proposed algorithm can
achieve better performance.

'e color spot has a significant meaning in medical
diagnosis and skin evaluation. 'e pathological features of
the color spots can be used in skin diagnosis. 'e color, size,
and position of the color spots are also used in Chinese
medical diagnoses. With the development of the living
standard, more and more people focus on skin care. 'e
status of the color spot can represent the skin quality. In
addition, the skin quality of the different periods can be used
for the evaluation of skin care products.

It is still a challenge for the precise extraction of the color
spot still has some challenges. A more accurate algorithm of
the color spot should be studied in future work. Although
the proposed algorithm can achieve the preferable perfor-
mance, the extracted region should be further improved. In
addition, as far as we know, it does not exist any intelligent
imaging software to recognize and analyze the spot auto-
matically. A more intelligent algorithm should be studied.

12. Conclusions

'e article proposes a multifused enhancement algorithm
for color spot extraction. In order to extract the accurate
color spot, we use the vertically polarized camera with the
horizontally polarized light to capture the conspicuous in-
formation of the color spot. 'e saturation of the image is
also used to enhance the color spot. Finally, the wavelet
transform is used to enhance the high frequency, which
indicates the information of the color spot. In comparison
with the threshold method, edge extraction, homomorphic
filter, and Gabor filter, the proposed algorithm can achieve
the best accurate and robust performance in simple and
complex circumstances. 'e experimental results indicate
that the proposed algorithm achieves 59.1% and 62.5%
accuracy in terms of TPR and PPV, respectively. In future
work, the larger dataset should be used to verify and improve
the performance of the proposed algorithm.

Data Availability

All data used during the study are available from the cor-
responding author upon request.
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