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Abstract— Epidermis segmentation is a crucial step in many
dermatological applications. Recently, high-definition optical
coherence tomography (HD-OCT) has been developed and
applied to imaging subsurface skin tissues. In this paper,
a novel epidermis segmentation method using HD-OCT is
proposed in which the epidermis is segmented by 3 steps:
the weighted least square-based pre-processing, the graph-
based skin surface detection and the local integral projection-
based dermal-epidermal junction detection respectively. Using a
dataset of five 3D volumes, we found that this method correlates
well with the conventional method of manually marking out
the epidermis. This method can therefore serve to effectively
and rapidly delineate the epidermis for study and clinical
management of skin diseases.

I. INTRODUCTION

Optical coherence tomography (OCT) provides a non-
invasive method for in-vivo imaging of sub-surface skin
tissues. For its relatively high-resolution and high-imaging
depth, OCT fills the imaging-gap between ultrasound and
confocal microscopy and has been used for screening skin
diseases like basal cell carcinoma, inflammatory diseases etc.
Several methods have been proposed for epidermis segmen-
tation in OCT images. Weissman et al. [1] use shapelet-based
image processing technique for epidermis segmentation and
epidermal thickness measurement. Hori et al. [2] propose to
detect the dermal-epidermal junction (DEJ) by local intensity
minimum. Mcheik et al. [3] segments epidermis by the
characteristics of speckle distributions.
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Fig. 1: Conventional OCT (left) and HD-OCT (right).

However, the above-mentioned methods are based on
conventional OCT. Recently, a new high-definition optical
coherence tomography (HD-OCT), SKINTELL, has been
developed for skin imaging. It offers a higher resolution
of 3µm and captures more sub-surface skin structures than
conventional OCT. As shown in Figure 1, features such
as blood vessels, papillary and reticular dermis, which are
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Fig. 2: Epidermis segmentation separates a 3-dimensional
high-definition optical coherence tomography volume (top
left) into 3 layers, i.e. the optic gels between skin and camera,
the epidermis and the dermis respectively (top right), which
is carried out by detecting the skin surface and the dermal-
epidermal junction (DEJ).

usually invisible in conventional OCT can be clearly ob-
served in HD-OCT. These structures make it difficult to
segment the epidermis in HD-OCT using existing approaches
developed on conventional OCT. To address this problem,
a new approach for automated epidermis segmentation is
proposed. It should be pointed out that none of above-
mentioned approach has been validated with the ground
truth. In this paper, a dataset consists of five 3D HD-OCT
volumes with manually marked epidermis is constructed. The
quantitative evaluation shows that the proposed method is
effective. To the best of our knowledge, this is the first report
of automated epidermis segmentation using HD-OCT and
also the first one with quantitative validation.

The remainder of this paper is organized as follows.
Section II describes the proposed epidermis segmentation
method. Section III shows the experimental results. Conclu-
sions are given in Section IV.



II. METHODOLOGY

As shown in Figure 2, segmenting the epidermis in a HD-
OCT volume is carried out by detecting the skin surface and
the dermal-epidermal junction (DEJ). To reduce the com-
puting complexity and memory requirement, the approaches
described in the following sections are all based on 2D
image. The 3D segmentation is obtained by integrating the
2D segmentations slice by slice.

A. Pre-Processing

Speckle like noise is one of the key challenges of OCT
image analysis. Probability density functions [3], weighted
median filter [4] and wavelet [5] have been applied for skin
OCT image enhancement. In this work, a weighted least
squares (WLS) based edge-preserving smoothing method [6],
[7] is used.

Fig. 3: Image before (top) and after (bottom) preprocessing.

The goal of edge-preserving smoothing is to seek an image
satisfies two properties, i.e., 1) as close as possible to the
input image and 2) as smooth as possible except for the place
across significant gradients respectively. Let u and v be the
input image and smoothed image, the objective is seeking
the minimum of
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Here p denotes the spatial position of a pixel. wx and wy are
the horizontal and vertical smoothness weights respectively.
The first term minimize the differences between u and v,
while the second term enforces the smoothness. As can
be seen, there is a contradiction between reconstruction
accuracy and smoothness, scalar λ > 0 strikes a balance
between them. The solution of Equation (1) can be archived
by solving a weighted least squares problem [6]. Exemplar
results are shown in Figure 3. As can be seen, compared with
original image (top row), the contrasts of skin surface and
DEJ in the smoothed image (bottom row) are considerably
enhanced, while the noises are moderately controlled.

B. Skin Surface Detection

Denote an image as an undirected graph G= (V,E), where
V is the vertices that each correspond to a image pixel and E
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Fig. 4: Skin surface detection is formulated as the problem
of finding the shortest path.

is the edges that connect them, image segmentation is usually
formulated as a problem finding a cut or a path of the image
graph. For the problem of skin surface detection we have the
prior knowledge that skin surface is a continuous line across
the entire width of image in a B-scan of HD-OCT. Therefore
the objective of skin surface detection/segmentation should
enforce the connectivity. As shown in Figure 4, the connec-
tivity is enforced by representing the image as a graph of
8-neighbor connections. The weight w of edge (u,v)of is
defined as

w(u,v) = (1−Gu)+(1−Gv)+σ , (2)

where 0 ≤ Gu ≤ 1 and 0 ≤ Gv ≤ 1 are normalized vertical
gradients for pixel u and v respectively. σ > 0 is a regular-
ization constant of small value. Adding two auxiliary points
as the start and the end, the skin surface detection can be
formulated as the problem that finding the shortest path on
the graph. In this paper, it is obtained by Algorithm 1 [9].

The search algorithm maintains a set S of vertices whose
final shortest-path weights from the start point s have already
been determined. It repeatedly selects the vertex u ∈ Q =
V − S with the shortest path estimate, adds u to S, and
relaxes all edges leaving u. When the end points e is added

Algorithm 1 Finding the shortest path

Require: Graph G = (V,E), start point s and end point e
1: S = {s}
2: Q =V
3: while Q 6= 0 and e /∈ S do
4: selects the vertex u ∈ Q with the minimum shortest-

path
5: S = S∪u
6: Q =V −S
7: for each vertex v ∈ G adjacent to u do
8: relax edge (u,v)
9: end for

10: end while
11: return the shortest path of S
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Fig. 5: A rough lower bound of DEJ (green line in bottom
image) is estimated by locally integral projection (top row).

to S return the shortest path. This method can be viewed
as a simplification of the DijkstraGC method [10]. Similar
approaches have been applied in virtual endoscopy [11] and
retina OCT [8].

C. Dermal-Epidermal Junction Detection

The DEJ is detected by two steps. Firstly, a lower bound is
estimated by locally horizontal integral projection. Using the
estimated skin surface as the upper bound, DEJ is detected
within the bounded region.

The upper part of dermis can be divided into two layers,
i.e. the papillary dermis and the reticular dermis respectively.
As shown in Figure 5, two bright layers and one dark layer
can be observed under the skin surface. The upper bright
layer attached to the skin surface is the epidermis, and the
lower bright layer is the reticular dermis. The dark layer that
separates two bright layers is the papillary dermis.

Although obtaining accurate boundary between papillary
and reticular dermis is difficult, a rough boundary is sufficient
enough to provides a lower bound of epidermis. In this
work we propose to estimate the lower bound by locally
horizontal integral projection, which is the sum of pixels
along horizontal direction within a local window W (x,y),

IntPr jct(y) = ∑
x

W (x,y). (3)

As shown in Figure 5, two peaks can be observed in
the integral projection. The upper one roughly corresponds
to the skin surface, and the lower one is close to the
boundary between papillary and reticular dermis. In this
work, the lower peak is used as the lower bound of DEJ. The
differences between papillary and reticular dermis cannot be
clearly observed in conventional OCT. It is the key difference
from prior arts.

As can be seen from Figure 6, an image layer can be
extracted by using the bound given by integral projection as
the lower bound and skin surface as the upper bound. Let
Lbd(x,y) be this payer, the problem of DEJ detection can be
simply archived by finding the maximum vertical gradients,

de j(x) = max
y
|Lbd(x,y)−Lbd(x,y−1)|. (4)

Skin surface Lower bound DEJ 

Fig. 6: DEJ (yellow dots) is detected by calculating the
maximum gradients in the bounded region (the layer between
green and cyan dots).

Examples of the DEJ detection can be found in Figure 6 and
8.

III. EXPERIMENTS

The proposed method is evaluated on a dataset consists of
5 volumes captured by a SkinTell R© HD-OCT machine. All
the samples are normal skin on the arms. The volume size
is 640× 200× 512 that corresponds to a 1500×1800×750
µm cuboid on the skin. Skin surface and DEJ are manually
marked by every 4 slices. As can be seen from the en face
view shown in Figure 2, the signal is very weak in the
corners. To omit these elements, a cylinder mask is used
in the evaluation.

(a) (b) 

Fig. 7: Mask used in the experiments (a) and examples of
marked epidermis (b).

A. Epidermis Segmentation

In the experiments, skin surface detection is based on
the smoothed images. Both original (Ori.) and smoothed
(Smth.) images are used in DEJ detection. Exemplar results
are shown in Figure 8. Evaluation is carried out based on
the overlap ratio, Roverlap, between the estimated epidermis
Est and the ground truth Gt (see Figure 7 (b)):

Roverlap =
area(Est ∩Gt)
area(Est ∪Gt)

. (5)

The quantitative evaluation results are given in Table I.
Using smoothed image consistently outperforms using orig-
inal image, which clearly demonstrates the effectiveness of
preprocessing. The average overlap ratio on the whole dataset
is 0.744.

B. Epidermal Thickness Estimation

Calculating the epidermal thickness, which is an important
indicator for diagnosing skin disease such as morphea, is
a direct application of epidermis segmentation. The per-
formance of proposed approach is also evaluated by the
epidermal thickness. The thickness is calculated on the whole
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Fig. 8: Exemplar results of skin surface and DEJ detection.

TABLE I: Quantitative results of epidermis segmentation and epidermal thickness estimation.

Vol.
Overlap Thickness Verticle Error

Mean Median Mean Median Mean Median
Ori. Smth. Ori. Smth. Ori. Smth. GT Ori. Smth. GT Ori. Smth. Ori. Smth.

#1 0.718 0.744 0.730 0.752 20.859 20.927 22.904 20.0 20.0 23.0 5.623 5.015 5.0 4.0
#2 0.753 0.764 0.757 0.768 17.852 18.399 22.233 18.0 19.0 22.0 4.971 4.647 4.0 3.0
#3 0.685 0.730 0.727 0.779 20.031 21.217 23.572 19.0 21.0 23.0 5.835 4.534 5.0 3.0
#4 0.704 0.710 0.720 0.726 19.051 19.354 23.915 19.0 19.0 24.0 5.732 5.615 4.0 4.0
#5 0.739 0.775 0.748 0.783 19.798 21.239 23.499 19.0 21.0 23.0 5.688 4.664 5.0 3.0
All 0.720 0.744 0.735 0.764 19.507 20.222 23.226 19.0 20.0 23.0 5.569 4.892 4.0 4.0

volume and the error is measured by the absolute value
of vertical difference. Table I shows the errors and corre-
sponding statistics of estimated and ground truth thickness
(GT). The average error is 4.892 pixel with 23.226 pixel
corresponding mean thickness. Considering that the imaging
resolution is still relative low for the epidermis, the accuracy
is quite acceptable.

IV. CONCLUSIONS

In this paper, we propose a novel approach of epidermis
segmentation based on the new image cues provided by HD-
OCT, which includes graph cuts based skin surface detec-
tion and local integral projection based DEJ detection. The
effectiveness of the proposed method is well demonstrated
by comprehensive quantitative evaluation on 5 3-dimensional
volumes.
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