
  

 

Abstract—The in vivo assessment and visualization of skin 

structures can be performed through the use of high resolution 

optical coherence tomography imaging, also known as HD-

OCT. However, the manual assessment of such images can be 

exhaustive and time consuming. In this paper, we present an 

analysis system to automatically identify and quantify the skin 

characteristics such as the topography of the surface of the skin 

and thickness of the epidermis in HD-OCT images. 

Comparison of this system with manual clinical measurements 

demonstrated its potential for automatic objective skin analysis 

and diseases diagnosis. To our knowledge, this is the first 

report of an automated system to process and analyse HD-OCT 

skin images. 

I. INTRODUCTION 

The skin is the outer covering of our body and is the 
largest organ of the integumentary system. It is mainly made 
up of two layers, namely the epidermis and the dermis. The 
epidermis is the outermost layer which protects the body 
from the environment. Its varying thickness depends on 
various factors[1, 2] such as anatomical sites, age and skin 
diseases. The dermis is located underneath the epidermis and 
contains a number of skin cells and structures such as blood 
vessels. Skin disease abnormalities often occur within these 
layers, which is impossible to examine with the naked eye.  

In current clinical practice, clinicians carry out 
dermascopic assessment followed by biopsies of 
abnormalities in the skin, to identify any presence of 
abnormal lesions or structures. However, dermascopic 
assessment is subjective and can miss underlying lesions, 
while biopsies may face patient consent challenges and have 
many disadvantages, including scarring, risk of infection, 
sampling error and is highly time-consuming and labour-
intensive. 

With recent advances in skin imaging, widespread use of 
imaging in the clinics for the practical management of skin 
diseases is increasingly feasible. In vivo optical coherence 
tomography (OCT) allows non-invasive imaging of the skin 
in the clinical setting that allows morphological 
investigations of tissue. Conventional OCT has been 
successfully applied in various dermatological fields such as 
dimensional measurement of skin cancer lesions[3] as well as 
measuring skin aging[4]. However, these efforts are still 
highly manual. More recently, the in vivo high-definition 
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OCT (HD-OCT) enables 3 µm voxel resolution in both the 
axial and en face planes with a penetration depth up to 1mm. 
However, the acquired images may not be readily 
interpretable to clinicians.  

To meet this need, we propose ASHIMA (Automated 
Skin HD-OCT IMage Analysis), as shown in Fig.1, an 
automated skin analysis system, to greatly increase the 
clinical diagnostic capability and usability of the HD-OCT 
through signal and image processing. This automatic system 
will allow rapid diagnosis and monitoring progress of skin 
diseases in the clinics and negate any unnecessary skin 
biopsies in numerous situations, such as in children, for 
lesions in areas where scars would not be acceptable to the 
patients, and when multiple biopsies are required. 

In this paper, we introduce the ASHIMA system 
framework in the identification and quantization of skin 
characteristics, focusing on the automated measurements of 
the epidermal thickness and skin surface topography. These 
measurements are useful for both dermatological and 
cosmesceutical purposes. We also present a comparison of 
the automated measurements from ASHIMA with manual 
clinical measurements in this work.  

 

Figure 1.  ASHIMA system user interface (end of the analysis) 

II. METHODS 

A. ASHIMA System Framework 

Fig. 2 shows the ASHIMA system framework, consisting 
of four main processes: ROI Extraction, Skin Surface 
Segmentation, Epidermis Layer Segmentation and Analysis.  

 

Figure 2.  Overall ASHIMA system framework  
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B. ROI Extraction 

 

Figure 3.  Defining the ROI of the skin data volume 

The images are captured using the AGFA Skintell HD-
OCT system (SKINTELL, AGFA Healthcare) that acquires 
an 640×512 area of the skin, approximately1.8mm x 1.5mm. 
It is observed that due to signal falloff, the region within a 
circular region of diameter 512 pixels (as marked yellow in 
Fig. 3) has better signal to noise ratio than outisde. The ROI 
to be analyzed is limited to a centered 360×360 region, which 
is used to avoid noticeable signal falloff in maximum 
inscribed square based the defined circular region. 

C. Skin Surface Segmentation 

The skin surface is the first layer of the skin. This first 
layer is segmented using our proposed graph cut 
algorithm[5]. In our proposed method, the 3D volume is 
decomposed as a series of cross-section 2D slices. Pixels in 
these image slices are defined as graph nodes, which are 
connected through edges between the nodes. For each edge, a 
value (cost) is assigned, which indicates cost required for a 
path crossing this edge. Local vertical gradients are 
calculated and assigned as the cost value. Such an assignment 
will lead to lower cost values for node pairs with larger local 
vertical gradients. In addition, gradient directionality is used 
to further modify the assigned cost values. Specifically, for 
the skin surface segmentation in the cross-sectional OCT 
images, the skin boundary presents as a dark to light gradient, 
such that only gradients which have such characteristics are 
preserved and assigned. We used the graph cut algorithm to 
subsequently determine the minimum cost path connecting 
two endpoints. This corresponds to the skin surface profile. 
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Figure 4.  Detected skin surface (top), Assigning weights on the edges and 
determination of minimum weight path which corresponds to the skin 

sruface profile (bottom) 

D. Epidermis Layer Segmentation 

In HD-OCT skin images, the epidermis layer is defined 
from the skin surface to the dermal-epidermal junction (also 
known as DEJ) which is a boundary that binds epidermis and 
dermis tightly together.  As shown in Fig. 5, it is observed 

that under the skin surface, there are two bright layers and 
one dark layer. The upper bright layer just beneath the skin 
surface is the epidermis, and the lower bright layer is the 
reticular dermis. In between these two bright layers, the dark 
layer, known as the papillary dermis, is observed. 

 

Figure 5.  Various layers under the skin identified on HD-OCT skin image 

To determine the DEJ, the cross-sectional HD-OCT 
images are first preprocessed using a weighted least squares 
(WLS) based edge-preserving smoothing method[6] to 
enhance the contrast of DEJ for segmentation. To delineate 
the epidermis layer, we make use of the pixel intensity 
information to first identify the skin surface and papillary 
dermis. Local horizontal integral projection[7] is used to 
determine the region bounded by the surface and the 
papillary dermis. Finally, the DEJ is then detected as the 
maximal bright-to-dark gradients in this bounded region. 

E. Analysis 

a. Skin Surface Topography Analysis 

Assessment of the topology of the skin surface is 
clinically important, from both dermatological and 
cosmeceutical aspects. Non-uniformities in the topography of 
the skin surface are often used as evaluation criteria when 
monitoring the progress of treatment procedures. In 
particular, the analysis of skin furrows could be an important 
indicator of skin irritancy[8]. Through the detected skin 
surface, ASHIMA has the potential to provide immediate, in-
vivo skin furrow assessment. This is in contrast to skin 
replicas, which require time and cost to produce for analysis. 

For analysis, first of all, the detected skin surface 
topography profile is translated into a depth map of size 360 
pixels by 360 pixels, where the pixel-wise intensity of the 
image corresponds to the detected depth at the point. Next, to 
identify the furrows from the surrounding surface profile, we 
first model the depth image map X as the sum of the furrows 
F with the background surface S, i.e. X = F + S. We then use 
a low rank recovery approach based on the method in [9] to 
automatically extract the furrows from X.  

 

Figure 6.  Process flow for furrows extraction 

Using the extracted furrow information, the ratio of the 
skin surface occupied by the furrows, Fsr, can be found: 
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where Nfurrows is the total number of pixels corresponding to 
the furrows and Nskin is the area of the skin being analyzed in 
terms of pixels. 

Mean furrow depth, Fdepth is defined as the average depth 
at the furrow pixels based on the extracted furrow 
information, using the following equation: 
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where DF is the depth in pixels at each extracted furrow point, 
and µs is the reference surface level estimated by averaging 
the depths in the entire ROI. 

b. Epidermal Thickness 

The epidermal thickness is defined by finding the average 
pixel difference between the segmented skin surface and DEJ 
at each column, over the entire ROI. For HD-OCT, one pixel 
is equivalent to 3 µm. Hence, to find the actual thickness in 
terms of µm, the calculated average pixel difference is 
multiplied by 3 µm as shown in the following equation: 
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where nepi is the value at column n for epidermis layer, nsurf is 
the value at column n for skin surface layer, and N is the total 
number of columns in the ROI. 

III. EXPERIMENT AND RESULTS 

For our validation of ASHIMA system, five data volumes 
(Fig. 7) were selected from a pool of healthy forearm skin 
data, inclusive of both posterior and anterior forearm. Using 
these five selected volumes, we evaluated both skin 
topographic profile analysis and the dimensional properties 
of epidermal layer. Both evaluations are illustrated in the 
following sections.  

 

Figure 7.  Five selected data volumes for system evaluation 

A.  Skin Topography Profile Analysis 

The segmented surface profiles in 3-D form were 
manually assessed using human observers. Images with 
highest visible furrows and minimum artefacts (D01, D03 
and D05) were used. These selected images are captured 
from the same body sites i.e. posterior forearm. A senior 
consultant from National Skin Centre ranked the three images 
according to surface topography, in particular the depth and 
number of furrows. The three rankings (1, 2 and 3) are scaled 

from 1 to 3 in increasing roughness. The visual appearance 
ranking is compared to the surface parameters calculated by 
ASHIMA.  

Table I presents the obtained results. From the results in 
Fdepth, we observe the deepest furrows in D01, followed by 
D05 and D03. The furrow surface ratio Fsr results are similar 
to the furrow depth. This matches the manual visual 
appearances ranking where D01, D05 and D03 are ranked in 
order of decreasing roughness.   

TABLE I.  SKIN TOPOGRAPHY ANALYSIS RESULTS COMPARISON 

  

B.  Epidermal Thickness 

Epidermal thickness is defined as the perpendicular 
distance measured from skin surface to DEJ. It is relatively 
important for both skin ageing assessment and disease 
detection as variation of the thickness could depict signs of 
ageing and presence of skin diseases respectively.  

In the evaluation of epidermal thickness measurements, 
the middle slice of the five volumes were extracted as JPEG 
files as shown in Fig. 8 and ImageJ[10] was used by the 
senior consultant to manually measure the thickness at two 
distinctive locations in each image.  

 

Figure 8.  Five extracted middle slices for epidermal thickness validation 

These manual measurements are compared to ASHIMA 
measurements. The top image in Fig. 9 shows the middle 
slice extracted from volume D04, along with the two manual 
measurements indicated. The bottom image in Fig. 9 shows 
the identified measured locations i.e. the blue lines with 
ASHIMA segmented surface and DEJ layers. The thickness 
is then measured automatically by finding the Euclidean 
distance between two intersections using (4): 
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where (xm, ym)surf and (am, bm)epi are the clinical ground truth 
locations on the skin surface and DEJ respectively, yash is the 
point on the detected surface at the ground truth x-coordinate 
xm, and bash is the point on the detected DEJ contour 
corresponding to the ground truth x-coordinate am.  

 

Figure 9.  The extracted middle slice of volume D04 with clinician’s 

manual measurements (Top) and ASHIMA measurement points (Bottom) 

Table II presents the results of the epidermal 
measurements obtained from ASHIMA against the clinical 
measurements at the same location on the images. The 
difference between the clinical measurement and ASHIMA 
measurement is also presented. The average error across the 
entire dataset is 3.81µm, with the largest contribution due to 
D02, where it was observed that the epidermis was less 
visible. In the images where the epidermis was more visible, 
the average error was less than 0.8 pixels, which is equivalent 
to 2.4 µm. There was no apparent difference if the 
measurement was applied in the image centre or at other 
locations, suggesting that the ASHIMA system performs 
consistently across the image.  

TABLE II.  COMPARISON BETWEEN CLINICAL MEASUREMENT AND 

ASHIMA MEASUREMENT 

Measurement 

1

Measurement 

2

Average 

Measurement

Average 

Absolute Error

Average Thickness 

across slice (std)

Clinician 57.00 43.50 50.25

ASHIMA 51 42 46.5

Clinician 66.00 48.00 57.00

ASHIMA 60.37 60 60.185

Clinician 54.00 45.00 49.50

ASHIMA 51.00 42.00 46.50

Clinician 53.00 51.00 52.00

ASHIMA 54.00 54.00 54.00

Clinician 54.00 57.00 55.50

ASHIMA 51.00 57.00 54.00
D05 50.19 (9.23)

3.75

8.82

3.00

2.00

1.50

D03 57.85 (12.87)

D04 59.78 (11.23)

D01 47.66 (10.02)

D02 52.58 (9.79)

All values shown in above table are in terms of µm; 1 pixel = 3 µm  

One advantage of the proposed ASHIMA system is the 
automated, objective and fast measurement of the epidermal 

thickness. Instead of single measurements, ASHIMA can 
automatically generate measurement statistics for the entire 
image. ASHIMA was used to calculate the mean and 
standard deviation of the epidermal thickness for each of the 
images and the values are also presented in Table II. It is 
observed that the clinical ground truth measurements all fall 
within one standard deviation of the calculated mean.  

IV. CONCLUSION 

We present the ASHIMA system in this paper. ASHIMA 
processes HD-OCT skin images automatically, analyzing the 
topography of the skin surface and computing the  epidermal 
thickness. The experimental results demonstrated the 
potential of automatic rapid diagnosis of skin diseases in 
clinical setting. It is a further step towards objective and 
efficient skin diseases diagnosis from HD-OCT skin images. 
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