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In this study, we proposed a method to measure the epidermal thickness (ET) of skin based on
deep convolutional neural network, which was used to determine the boundaries of skin surface
and the ridge portion in dermal–epidermis junction (DEJ) in cross-section optical coherence
tomography (OCT) images of ¯ngertip skin. The ET was calculated based on the row di®erence
between the surface and the ridge top, which is determined by search the local maxima of
boundary of the ridge portion. The results demonstrated that the region of ridge portion in DEJ
was well determined and the ET measurement in this work can reduce the e®ect of the papillae
valley in DEJ by 9.85%. It can be used for quantitative characterization of skin to di®erentiate
the skin diseases.
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1. Introduction

Skin analysis is one of the most popular and inter-
esting tasks, since skin is the outermost part of the

human body. Epidermis and dermis are two major

layers of the skin which are separated by the

dermal-epidermal junction (DEJ). Many skin
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diseases occur along with changes of the epidermal
thickness (ET), such as atopic dermatitis,1 psoria-
sis2 and lichen sclerosus.3 Thus, the ET is an im-
portant indicator for diagnosing skin disease.

Two noninvasive optical imaging techniques,
multiphoton laser tomography2,4,5 and optical co-
herence tomography (OCT),6–8 were applied for
measuring ET of skin. In the multiphoton laser to-
mography, the calculating method of ET is based on
the pro¯le of the re°ected light in terms of depth.
However, the method usually was used for the
murine skin, not human, since the imaging depth is
lower than the ET of human skin.

In OCT, an approximate depth penetration of
1mm is su±cient to provide high-resolution images
of the human epidermis in vivo. There are two
leading methods for estimating the ET: the pro¯le
of A-scan signals7,9,10 and image segmentation.6,11

The pro¯le of A-scan signals was used for estimating
the ET by measuring the distance between the en-
trance peak and the second peak of the A-scan
signals. Intensity feature was used for epidermis
segmentation and the distance between upper and
lower boundary was used for ET measurement.
Recently, a deep-learning algorithm for automatic
segmentation of several layers of mouse skin in OCT
image data was developed using a deep convolutionl
neural network (CNN), and the thickness of di®er-
ent layers was estimated.8 These two methods were
similar because they were all based on the char-
acteristics of optical scattering intensity of top and
bottom boundaries of epidermis.

The DEJ is a three-dimensional (3D) complex
structure and seen as a thick transition band.12

Such a junction area can be further divided into
papillae ridge and papillae valley portions.13 The
ridge portion is de¯ned as the structure from the

tops of the papillae ridges to the bottoms of the
papillae valleys. Neerken et al.14 demonstrated that
OCT–ET was larger than confocal laser scanning
microscopy ET because the OCT–ET measurement
includes the whole upper portion of the papillary
dermis. In the cross-sectional image of a volunteer's
thumb in Yu et al.'s research,13 tops of papillae
ridge were determined to calculate the ET since
that the epidermis layer is de¯ned from the skin
surface to the DEJ binding epidermis and dermis
tightly together. The accuracy of OCT measure-
ment for ET can be improved by using the accurate
upper boundary of papillary. However, it is di±cult
to determine the top and bottom of individual rid-
ges for use in automatically segmented algorithms.
Thus, the measurement of human skin ET in vivo is
still challenging.

Deep-learning methods have been employed for
automatic identi¯cation and segmentation of bio-
medical images.15–17 U-Net is a generic deep-learn-
ing solution in biomedical image data. It can be
trained end-to-end from very few images and per-
form a good result.18 Furthermore, it is a tool to
apply individual labeling rules to large data sets and
thereby can save manual annotation e®ort in a vast
variety of quanti¯cation tasks.19 R. Asgari etc.
employed an extensive U-Net model to the task of
segmenting drusen and got a sensible result.20

In this work, we focus on automatic segmenta-
tion of cross-section OCT images of ¯ngertip skin
based on U-Net. DEJ is a wave-like structure as
shown in Fig. 1. There is an obvious di®erence of the
ridge and valley in intensity. Thus making a auto-
matic CNN model to determine both boundaries of
skin surface and ridge portion is feasible. The top of
ridge portion could be determined by search the
local maxima of boundary of the ridge portion.

Fig. 1. (a) Typical cross-sectional OCT image and (b) 3D OCT image of ¯ngertip skin.
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Therefore, the ET was calculated based on the row
di®erence between the ridge top and surface.

2. Methods

2.1. OCT system and sample

In this work, the composition of the home-built
spectral domain OCT is similar to the previous
work.21 The light source is a 12mW PM-coupled
superluminescent diode (SLD) with a FWHM
bandwidth of 85 nm centered at 1310 nm
(S5FC1021P, Thorlabs). The spectrometer
(C-1235-1385, Wasatch Photonics) is integrated
with a 2048-pixel CCD camera. Its maximum line
scanning speed is 76 kHz the maximum imaging
depth is 5.8mm. The main di®erence is that the
nonpolarized light are used in the sample and ref-
erence arms. Furthermore, only one reference arm is
used in the OCT system. The axial and lateral
resolutions in the air are 8.9�m and 25�m, re-
spectively. As for the construction of a 3D image,
400 B-mode OCT images are acquired, in incre-
ments of 25�m of the position of the light beam.
The scanning range of the sample is 1� 1 cm2. The
human ¯ngertip skin is chosen for the study.

2.2. De¯nition of ET

Figure 1 shows the typical cross-sectional and 3D
OCT image of ¯ngertip skin. The ridge portion is
composed of the structure from the tops of papillae
ridges to the bottoms of papillae valleys. The ET is
determined by the pixel di®erence between the top
of papillae ridge and the segmented skin surface at
the same column. Once the top of papillae ridge was
determined, the corresponding position was recor-
ded in order to calculate the ET of ¯ngertip skin.
The distance of one pixel is equal to 6�m. Hence,
the actual thickness can be calculated in the fol-
lowing equation: ETðx; yÞ ¼ ðnepi � nsurfÞ � 6�m,
where nepi is the row value at the column of ridge
top, nsurf is the row value at the column of skin
surface. This calculated method of ET is based on
distances between epidermal and dermal regions
expressed in pixels for cross-sectional OCT images.

2.3. Segmentation by U-Net

In order to calculate the ET of the skin, the
boundaries of both surface and the ridge portion

were segmented employing U-Net which is shown in
Table 1. A total of 70 original input OCT images
containing various skin depths and shapes were
obtained. To increase the number training samples,
the images were augmented to 100 images by ran-
domly sheared, zoomed, rotated, stretched, hori-
zontally and vertically °ipped versions of the
original images. These images were randomly split
into training (70%) and test (30%) sets. To avoid
over¯tting, we used dropout on the recurrent con-
nections and an L1 regularization penalty on the
recurrent weights with coe±cients of 0.1 and 0.05,
respectively. The model was implemented by Keras
(see https://keras.io/) which is a high-level appli-
cation programming interface written in python.
We perform our computation using the Theano

Table 1. U-Net architecture.

Layer Parameters Activation Output

Input 1*512*512
Conv 1 64*3*3 ReLU 512*512*64
Conv 2 64*3*3 ReLU 512*512*64
MAX POOL 1 64*2*2, stride 2 256*256*64
Conv 3 128*3*3 ReLU 256*256*128
Conv 4 128*3*3 ReLU 256*256*128
MAX POOL 2 128*2*2, stride 2 128*128*128
Conv 5 256*3*3 ReLU 128*128*256
Conv 6 256*3*3 ReLU 128*128*256
MAX POOL 3 256*2*2, stride 2 64*64*256
Conv 7 512*3*3 ReLU 64*64*512
Conv 8 512*3*3 ReLU 64*64*512
Dropout 1 0.5 64*64*512
MAX POOL 4 512*2*2, stride 2 32*32*512
Conv 9 1024*3*3 ReLU 32*32*1024
Conv 10 1024*3*3 ReLU 32*32*1024
Dropout 2 0.5 32*32*1024
UPConv 11 512*2*2 64*64*512
Concat 512*3*3 64*64*1024
Conv 12 512*3*3 ReLU 64*64*512
Conv 13 512*3*3 ReLU 64*64*512
UPConv 14 256*2*2 ReLU 128*128*256
Concat 256*3*3 128*128*512
Conv 15 256*3*3 ReLU 128*128*256
Conv 16 256*3*3 ReLU 128*128*256
UPConv 17 128*2*2 ReLU 256*256*128
Concat 128*3*3 256*256*256
Conv 18 128*3*3 ReLU 256*256*128
Conv 19 128*3*3 ReLU 256*256*128
UPConv 20 64*2*2 ReLU 512*512*64
Concat 64*3*3 512*512*128
Conv 21 64*3*3 ReLU 512*512*64
Conv 22 64*3*3 ReLU 512*512*64
Conv 23 2*3*3 ReLU 512*512*2
Output 1*1*1 Sigmoid 512*512*1

A measurement of epidermal thickness of ¯ngertip skin
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backend on a single NVIDIA Tesla K40GPU. As a
result, the testing accuracy is 0.95.

3. Results and Discussions

Figure 2(a) demonstrated that both boundaries of
surface and ridge portion were determined correctly
to segment the epidermis using U-Net, although the
structure of skin is complex. The region inside two
boundaries contains the papillae valleys since the
DEJ is a wave-like structure. Then the ridge tops
were located and labeled with numbers as shown in
Fig. 2(b) to help the classi¯cation of papillae valley
in epidermis. The measurement of ET is accurate
due to the row position di®erence between the ridge
tops and surfaces.

Figure 3(a) shows the two boundaries of surface
and ridge portion in terms of pixels, and the ridge
tops were found by locating the peak of boundary
curve. The ET distribution is shown in Fig. 3(b).
The mean of ET is 550:2� 38:8�m. In addition,

Fig. 3(b) also demonstrates the ET distribution
based on the ET calculation using row di®erence
between the two boundaries. The mean is
604:4� 63:3�m, which is overestimated by 9.85%
for the ET, mainly due to classi¯cation of papillae
valley in epidermis.

The two envelop curves of local maxima and
minima constructed the region of ridge portion. The
ridge height was de¯ned as the di®erence between
the local maxima an minima22 and used for char-
acterizing DEJ structure. Figure 3(c) showed the
distribution of ridge height. The mean is
129:8� 51:4�m which is larger than that presented
in Newton study.22 This is primarily due to di®erent
measurement methods and sample and regional
di®erence.

Typical cross-sectional OCT images of the back
of palm, palm and ¯ngertip skin are shown in Fig. 4.
The dermal-epidermal junction (DEJ) is a big ob-
vious di®erence between ¯ngertip skin and the back
of the palm and palm. The papillary structure is

Fig. 2. (a) boundaries of skin surface and ridge portion and (b) all tops of ridge labeled with number.

(a) (b) (c)

Fig. 3. (a) Two boundaries of surface and ridge portion as shown in Fig. 2(a), (b) ET distribution based on two methods and
(c) ridge height distribution.
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easily observed in the ¯ngertip skin but hard to
determine by traditional methods. Thus, we pro-
posed a method based on CNN to extract the DEJ
in the ¯ngertip skin via expert labeling. Envelop
curves of local maxima were used to construct the
upper boundary of the ridge portion, which can
produce a more accurately ET. The result is in
accordance with the Yu et al. research results.13

A previous work based on the pro¯le of A-scan
signals was used for estimate the ET,23 which is
widely applied for ET measurement.7,9,10 The
method is limited by the accuracy of the entrance

peak and the second peak of the A-scan signals.
Figure 5 demonstrates that there are several peaks
in the region around the second peak, and the curve
become smoothly with increasing average size. The
main reason is due to the complexity of the struc-
ture of skin, especially the surface undulation which
is wave-like DEJ and has sweat ducts. The complex
structure includes the multiple peaks of A-scan
signal so that it is di±cult to determine the position
of peaks to calculate ET accurately. In addition, it is
not possible to locate the DEJ based on the pro¯le
of A-scan signal.

There were di®erent segmentation methods of
epidermis, such as the graph cut algorithm24 and
shapelet analysis.6 The °owcharts of these segmen-
tation methods are as shown in Fig. 6. For the
graph cut algorithm, even small parameter value
changes lead to very di®erent segmentation results.
Besides, the segmentation accuracy is not always
sensitive to parameter changes.25 The shapelet
analysis fails to closely follow all of the contours of a
wavy dermal–epidermal junction because the sha-
pelet kernel is only processed in one direction.6

Comparing the other segmentation methods, the
CNN-based segmentation takes the raw B-scans of
the OCT as input and segment the skin surface and

Fig. 4. Typical cross-sectional OCT image of the (a) back of the palm, (b) palm and (c) ¯ngertip skin.

Fig. 5. OCT intensity in terms of depth with di®erent-size
A-scan averaging.

Fig. 6. (a) Gradient segmentation, (b) shapelet segmentation and (c) CNN-based segmentation for ET.

A measurement of epidermal thickness of ¯ngertip skin
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DEJ simultaneously with a pixel-wise prediction for
each class label. Furthermore, the CNN-based
approaches can be more easily adapted to new seg-
mentation problems with no adjustments. The image
segmentation for ET measurement by U-Net has
solved the problems based on the pro¯le of A-scan
signal, such as surface undulation and multiple peaks
in wave-like DEJ. However, this method was di±cult
to avoid the classi¯cation of papillae valley in epi-
dermis and result in overestimation of ET.

4. Conclusions

In summary, we focus on automatic segmenting
cross-section OCT images of ¯ngertip skin using
U-Net to determine the boundaries of skin surface
and the ridge portion. The results show the top of
ridge portion was determined by locating the local
maxima of boundary of the ridge portion. Thus, the
ET was calculated based on the row di®erence be-
tween the ridge top and the corresponding surface.
The automatic ET measurement in this work can
reduce the e®ect of the papillae valley in DEJ by
9.85%. In addition, the region of ridge portion in
DEJ was determined by the envelop curves of local
maxima and minima of the ridge boundary, and the
ridge height was estimated for characterizing the
DEJ. As a result, the segmentation of ridge portion
in DEJ can improve the accuracy of ET. It is a
potential application for quantitative characteriza-
tion of skin to di®erentiate the skin diseases.
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