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 

Abstract— The quantitative monitoring of skin topography is 

important in the field of cosmetics and dermatology. The most 

widespread method for determining skin roughness in vivo is to 

use skin microrelief, PRIMOS device, which allows a noninvasive, 

fast and direct measurement of the skin surface. However, it has 

drawbacks, such as the interference of backscattering from 

volumetric skin and motion artifacts. In this study, we 

demonstrate the potential of OCT for providing reliable and 

quantitative skin surface roughness. In order to evaluate the 

performance of OCT for skin surface analysis, different types of 

skin phantoms are fabricated and measured. We utilize OCT to 

identify the effect of cosmetics as well as human skin topology for 

various aging groups and different skin regions. Skin surface 

roughness parameters based on ISO 25178 part 2 standard 

definitions are then derived from home-built image processing 

software and compared with one acquired from PRIMOS. Our 

results show that skin surface geometry acquired from 3D OCT 

images is well quantified to complex wrinkle structure and robust 

to the angle of the subject. Since OCT enables to present 

quantitative skin topology and volumetric skin anatomy 

simultaneously, it would be a useful tool to deliver comprehensive 

and intuitive information in dynamic skin observations. 

 
Index Terms— Tomography, Biomedical image processing, 

Surfaces. 

 

I. INTRODUCTION 

HERE has been an enormous expansion in the cosmetics 

market due to anti-aging skin care along with accelerated 

innovation and development of more effective skin products 

[1], [2]. According to an Orbis Research report, it is estimated 

that the global anti-aging cosmetic market will reach a value of 

$331.41 billion by 2021 [3]. Cosmetics companies, in pursuit of 

their competition, are currently driven to develop not only high 

quality skin products, but also high standard product 

assessment instruments which offer reliable and fast feedback 

of skin conditions such as structure and roughness. In 

particular, the in vivo and quantitative observation of skin is 

required for an accurate assessment of the effectiveness of an 

anti-aging product. To date, various techniques have been 

applied in order to monitor the morphological change in skin. 

The use of skin replica or reprints with optical profilometry is 

 
 

 

the most common and simple way to observe skin topology [4], 

[5]. However, this method is inadequate when in vivo and fast 

feedback is required, because it is an indirect measurement and 

its outcome can be affected by air-bubbles [6]. Recently, 

advanced optical imaging modalities, such as reflectance 

confocal microscopy, fluorescence and second-harmonic 

microscopy, have been suggested to be promising tools for skin 

tissue analysis [7]-[9]. In each of these techniques, pathologic 

changes in cellular, nuclear morphology, and melanin content 

are clearly observed. Even though they provide high-contrast 

and cellular resolution imaging, the limitation in the field of 

view (FOV) or contrast remains a critical restriction for wrinkle 

investigation. One of the most commonly used imaging 

systems for skin measurement, PRIMOS (Canfield, US), has 

been proposed as an objective tool in the cosmetics industry for 

studying skin topography and the volume of wrinkles. PRIMOS 

is a non-invasive, fast and direct measurement of the skin 

surface with high precision [10]. It has been successfully tested 

in scar assessment applications [11]. However, PRIMOS has 

difficulty in providing accurate and reliable skin analysis 

because its results can vary according to orientation, motion 

artifacts, as well as back scattering of the subject [12]. 

 Optical coherence tomography (OCT) has emerged as an 

appropriate tool for skin analysis with various advantages 

including cross-sectional, high-resolution, and real-time tissue 

imaging [13], [14]. In particular, the technical performance of 

OCT, such as 3D volumetric and deep imaging capability, 

could avoid the critical drawback of PRIMOS such as the 

dependency of wrinkle orientation. OCT inherently maintains 

essential advantages for ideal skin imaging and is a promising 

tool for robust and accurate measurements during in vivo 

studies of skin. Although being widely utilized in biomedical 

applications, such as detecting skin tissue abnormalities [15], 

[16] and laser wound healing monitoring [17], [18], only few 

OCT studies have assessed the aging of the skin surface and 

quantitative analysis [19]-[21]. Herein we demonstrate the 

potential of an OCT device that concentrates on robust and 

reliable wrinkle analysis toward quantitative aging study in 

dermatology and cosmetic applications.  
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II. MATERIALS AND METHODS 

A. Optical coherence tomography (OCT) 

We utilized a swept source optical coherence tomography 

(SS-OCT) for the in vivo evaluation of the skin wrinkle 

analysis. The swept source laser (Axsun Tech.) was operated at 

a 1310 nm center wavelength with a tuning range of 110 nm at a 

rate of 100 kHz, providing an axial resolution of ~7 μm. The 

sample unit of our home-built SS-OCT system consisted of a 

collimator, a galvanometer scanner, and an objective lens with 

a lateral resolution of ~15 μm. Two beams returned from each 

sample and the reference unit are interfered by Mach-Zehnder 

interferometry, which was converted to an electrical signal by a 

balanced amplified photodetector (PDB450C, Thorlabs Inc.). 

And then, the digitizer (ATS9350, AlazarTech Inc.) digitized 

the electrical signals for plotting intensity-based images as 

shown in Fig. 1(A). 

B. Measurement of skin phantom and human skin 

The roughness analysis of phantom at different angular 

position and skin structure was executed by using OCT and 

PRIMOS (GFM GmbH, Germany). In this experiment, we used 

two kinds of skin phantoms, which were produced by a 

commercial 3D printer (Fortus 250mc, Stratasys Ltd.). First 

phantom was made for implementing the real human skin 

structure as shown in Fig. 1(B). It was based on in vivo 3D OCT 

image data of human skin which was converted to 

stereo-lithography file for enabling 3D printing. OCT-based 

skin phantom was fabricated with 4 magnification and imaged 

by OCT again to confirm the similarity with OCT images. 

Since this phantom was constructed with large scale to real 

skin, its structure of wrinkles showed less compact with low 

frequency in terms of intervals. Another phantom was built for 

mimicking the eye rim structure which has different intervals of 

wrinkle patterns and surface curvatures; narrow winkle (N.W.) 

and wide winkle (W.W.), as shown in Fig. 1(B). The frequency 

of wrinkle pattern was higher than one on the OCT-based skin 

phantom. In comparison study, two types of phantoms were 

mounted on 2 axes optical moving stages with rotator to align 

the center. The wrinkle morphology of constructed skin 

phantoms was then imaged by OCT and PRIMOS with 

different angular positions. 

For in vivo study, human subjects for the skin test were 

divided into two groups. In the first group, 10 people (35.3 ± 

8.5 years old) were randomly selected and their skins were 

examined by SS-OCT (Result 3.2). In the second group, we 

recruited a total of 10 human participants, who were then 

divided into two different groups by age. 5 people in a young 

age group (27.2 ± 1.2 years old) and 5 people in an old age 

group (55.4 ± 6.9 years old) were separately examined to 

analyze the changes of any wrinkles (Result 3.2). Before 

imaging procedure, the region of interest of the skin was 

marked and washed by cleansing cream and exposed to a 

constant temperature and humidity in order to stabilize the 

experimental conditions. For OCT and PRIMOS imaging 

experiment, we utilized a product of cover-up makeup (Verite, 

Amorepacific. Corp.) incidentally to monitor and quantify the 

change of wrinkle morphology in vivo. All the research 

procedures using human participants were carried out at 

Amorepacific Corp. R&D center in tight accordance with the 

Institutional Review Board for Protection of Human Subjects in 

Research (IRB) approval (2017-1CR-N029S). 

C. Image processing 

There are several algorithms that detect the boundaries 

between the human skin subsurface layers in OCT images. 

Mostly, these were developed for the investigation of epidermal 

thickness. Specifically, the shapelet-based image analysis 

technique for skin measurement fails to closely follow all the 

contours in wavy structures [22]. As reported, this is due to 

shapelet kernel, which is only processed in a single direction, 

normal to the skin surface. Another technique of automatic 

measurement of epidermal thickness has been reported via 

analysis of intensity profile [23]. However, A-scan results are 

unable to take into account the effect of line and wrinkle 

features in skin structure. Other more complex techniques, such 

as segmentation by classification of speckle statistical 

parameters and graph-based skin surface detection were also 

proposed to accurately indicate boundaries [24], [25]. 

However, intensive calculation time has limitation to apply it in 

practical use. In this study, we developed an automatic 

segmentation algorithm to detect skin surface using MATLAB, 

as illustrated in Fig. 2. 

 
Fig. 1. (A) Schematic diagram of the SS-OCT system used for scanning skin 

wrinkle. FC: fiber coupler, CIR: circulator, GS: galvanometer scanner, C: 

collimator, L: lens, RM: reference mirror, BPD: balanced photodetector; (B) 
Method for image acquisition by PRIMOS and OCT at different angular 

position using 3D printed skin phantoms. 
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The overall process of detecting the surface consists of two 

steps: (1) Curvature estimation and (2) Surface detection after 

flattening method. Being characteristics of any skin surface, the 

natural curvature of skin serves as undesirable artifact which 

might lead to miscalculations of real values of roughness. It is 

because that this parameter could be correlated with amount of 

deviations from average line in wrinkles. In first image 

processing step for estimating skin curvature, we initially 

performed Gaussian filtering to diminish the effect of speckle 

noise inherently present in OCT images. Next, using a median 

filter, a smoothed image with a diminished effect from noise 

was obtained while preserving the edges of the original image. 

We further applied a differential filter to emphasize the ideal 

surface boundary. The ideal surface was finally detected by 

finding the minimal intensity values from the results of the 

differential filter procedure. The determined ideal line serves as 

a reference for producing flatten OCT image. Similar to 

previous step, the real skin surface could be highlighted with 

differential filter procedure. Finally, the last subfigure in the 

lower row presents the performance of the algorithm by 

overlaying the detected real surface onto the original 

normalized image. The reported computation technique was 

carefully examined on the image dataset consisting of more 

than 15,000 images and its acceptable efficiency to robustly 

identify the skin surface was confirmed on every input image. 

Fig. 3 introduces the procedure of creating skin surface 

topology from volumetric OCT image. The initial 3D OCT 

image of skin was reconstructed by a batch of 500 

two-dimensional images, which clearly identified the natural 

curvature of the skin surfaces as shown in Fig. 3(A). Applying 

aforementioned image processing using flattening process, 

resultant 3D OCT image as well as topological image from 

volumetric OCT of skin were extracted as presented in Fig. 

3(B). The normalized wrinkle depth profile then denoted as 

color image map and corresponding probability distribution 

were derived as depicted in Fig. 3(C) and Fig. 3(D). 

D. Quantification of surface roughness 

Roughness characterizes irregularities on surfaces, providing 

information on the topography and geometry of different 

surfaces. These irregularities occurring within uneven surfaces, 

consisting of peaks and valleys, can be determined by 

measuring their height values. In this study, the skin surface 

roughness and geometry parameters within a sampling area 

were determined using ISO (International Organization for 

Standardization) 25178 part 2 standard definitions for 

arithmetic mean roughness (Sa), root mean square roughness 

(Sq) and maximal roughness of surface (Smax) within sampling 

area [26]. The sampling area is equivalent to the field of view 

(FOV) of OCT system setup, which is 10 mm x 10 mm. 

Here, average surface roughness represents the arithmetic 

mean of absolute values of heights within the sampling area, 

described by Eq. 1. 
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with nx and ny being the sample lengths of cross-sectional 

views (total image pixel number), retrieved from reconstructed 

three-dimensional volumetric skin, and z(xi,yi) are the 

corresponding vertical pixel distances from the mean line to the 

ith data or image pixel point in the x and y plane, see Fig. 3(E).  

Root mean square surface roughness represents the root 

mean square value (RMS) of the surface heights shown in Fig. 

3(E) and denoted by Sq . 
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Finally, the maximum height of the surface is the difference 

between the highest peak and the lowest valley on the entire 

measuring field. 

 
Fig. 3. Image processing and quantification of OCT image. (A) Original 3D 

OCT image of human skin; (B) Flattened 3D OCT image; (B) Surface topology 

acquired from 3D OCT; (D) Probability of depth profile; (E) ISO standard for 

extracting quantitative surface roughness. 

 
Fig. 2. Procedure of automatic skin surface detection algorithm for quantitative 

analysis of skin roughness. The process includes ‘Curvature estimation’ and 

‘Surface detection after flattening’ procedures. 
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III. RESULTS 

A. Comparison study using skin phantom 

OCT and PRIMOS devices were compared regarding 

imaging capability in terms of delivering consistency. 

Specifically, an investigation into the ability to stay unaffected 

during sample fluctuation was conducted. We observed the 

presence of change in skin roughness results during the imaging 

angle variation for both devices. This evaluation is critical to 

perform since the experiment outcome should be consistent 

under different experimental circumstances. Moreover, 

subjects can accidentally twitch their skin region during 

examination, which is undesirable for acquiring quantitative 

results. In order to verify it, two kinds of 3D printed phantom 

fragments were created. First phantom was fabricated to 

describe the real human skin structure which was based on in 

vivo 3D OCT image. The size of phantom was magnified 

having 4 cm × 4 cm, which formed large-scale of wrinkle over 

real dimension. We imaged this phantom using OCT and 

PRIMOS varying the angular positions from - 20° to 20°. The 

values of skin roughness were then extracted by home-built 

software using surface flattening and software included in the 

PRIMOS package, respectively. Fig. 4(A) presents results of 

comparison study at 7 different angle positions for OCT-based 

skin phantom. As can observe from Fig. 4, the standard 

deviations at the left column of PRIMOS is higher than one in 

the right column of OCT. This outcome indicates that skin 

surface analysis with OCT offers more consistent performance 

despite the angle variation of subject. This is because that OCT 

measurement includes the surface tracking and flattening 

algorithm which is based on natural curvature extracting from 

volumetric and deep skin OCT imaging. On the other hand, 

PRIMOS uses only shallow surface profile which may induce 

erroneous results. This is the reason why PRIMOS results has 

more fluctuation at higher angle, 20° over 0° position. Another 

phantom was artificially designed and constructed as mimic of 

eye rim structure having narrow and wide wrinkle patterns 

within tight intervals. Eye rim mimicking phantom was imaged 

by OCT and PRIMOS in same condition and procedure as 

described above, and its outcome is shown as Fig. 4(B). Similar 

to the results of previous phantom study, OCT measurement 

 
Fig. 4. Comparison study of normalized roughness values between PRIMOS and OCT at varied angular positions -20°, -15°, -10°, 

0°, +10°, +15°, +20° for (A) OCT-based skin phantom and (B) Eye rim mimetic phantom. (C) Surface topology of skin phantom 

achieved by PRIMOS and OCT. 
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has more reliability over one acquired from PRIMOS. In order 

to observe the compact and periodic structure of wrinkle, 

imaging device requires high resolution which was evaluated as 

presented in Fig. 4(C). Topologic image of OCT is well defined 

periodic structures in two different wrinkle structures. On the 

contrary, topology achieved by PRIMOS visualizes unclear 

distinction and irregular pattern of surface which is more severe 

in high frequency wrinkle network. Through experiments with 

two phantoms we identified that OCT is not only a feasible 

device for investigating skin surface, but could also exceed 

PRIMOS in terms of resolution, accuracy and consistency 

under position variable conditions of subjects. 

B. In vivo human study for measuring skin roughness 

The influence of cosmetic products on changes in skin 

surface roughness was evaluated using OCT. In this study, we 

utilized a product of makeup which was spread on subject’s 

skin in general use. Since it was the corrective cosmetics, our 

hypothesis was that the subject’s skin should get smoother after 

applying it, showing a decrease in roughness values. Through 

this experiment, we could demonstrate that the quantitative 

monitoring using OCT can be a practical approach to evaluate 

the effectiveness of wrinkle care methods such as anti-aging 

ointments or medical skin treatment. 

In this experiment, ten subjects of mixed age groups were 

engaged. For each subject, different regions of the body such as 

forehead, forearm and backhand were determined as our region 

of interest (ROI). Once cosmetics was used on skin, we could 

verify that wrinkles of subjects were less visible with eye 

inspection right after applying it. We closely investigated skin 

surface roughness parameters using OCT and PRIMOS. The 

numerical values of the conducted experiment are gathered into 

Fig. 5(A)-(C). In Fig. 5(A)-(C) each of the three columns 

represent the skin region of interest: forehead, forearm, and 

backhand accordingly. The rows in the figures represent the 

roughness parameters. We examined the average, RMS and 

total profile skin roughness. The values are normalized based 

on the initial skin roughness state without cosmetic use, 

depicted with black vertical bar graphs on the left. In contrast, 

the gray bar to the right represents the roughness values after 

applying cosmetics. From Fig. 5(A)-(C), it can be seen that the 

gray bars are lower than those in black. The effect implies that 

after applying cosmetics there is a tendency for the skin 

roughness value to decline. This validates our hypothesis and 

characterizes OCT as a viable skin analysis and treatment 

monitoring tool. 

In further experiment, the change of roughness values and 

their correlation with subject age was examined. Through this 

study, we could estimate that quantification of wrinkle using 

OCT is helpful to understand the aging process and the various 

parameters affecting it. 10 human subjects of two age groups 

were involved. The first five subjects representing the younger 

generation (mean age: 27) and the other five subjects for the 

older generation (mean age: 55) were considered. The 

three-dimensional OCT images were acquired in three different 

skin regions. The same imaging procedure and experiment 

protocol were repeated for the cheek, eye rim and forearm skin 

regions. Table 1 represents the numerical values of the average, 

RMS and maximal profile roughness parameters. They are 

grouped according to their age group and the skin region being 

investigated. The numerical results from Table 1 suggest there 

are higher values in older subjects. In contrast, the younger 

 
Fig. 5. (A)-(C) Skin surface roughness changes before and after applying cosmetics for forearm, backhand and forehead 

accordingly. (D) Distribution of average roughness values in young and old age group subjects for three skin regions 
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representatives have reduced numbers for the same parameters. 

The outcome states the presence of a positive correlation 

between subject age and roughness parameters. Through this 

experiment, the influence of the aging process on skin surface 

roughness values was confirmed. Moreover, roughness values 

among various skin regions were compared as shown in Fig. 

5(D). It suggests that there is the least notable difference 

between young and old age groups in the bar chart which 

corresponds to the forearm. On the other hand, looking at the 

cheek and eye rim there is greater difference in the value of the 

surface roughness distribution. Through these results, we 

confirmed that OCT could be potential device in order to 

monitor and quantify wrinkle variation by aging in vivo. 

IV. DISCUSSION 

PRIMOS is a powerful device capable of performing 

noninvasive, fast and direct measurement of the skin surface, 

and rich functionality included in its software package. 

However, it has restriction to acquire information while 

preserving both high resolution and reliability despite its 

popularity. 

In this study, we investigated potential of OCT for 

quantitative monitoring of skin surface roughness and 

presented a comparison of measurements with the PRIMOS. 

OCT clearly visualized morphologic variation of skin surface 

in three-dimensional and high-resolution approach. We found 

that OCT combined with flattening image processing was 

robust to evaluate quantitative skin roughness, while reducing 

image artifacts such as dependence onto wrinkle orientation or 

motion artifacts. Through our experiments, we also confirmed 

that OCT could deliver comprehensive and intuitive 

information of morphologic changes in the skin and roughness 

parameters for monitoring skin treatment and the influence of 

the further skin aging study. 

In this manuscript, we mainly focused on quantitative 

estimations of actual roughness parameter values from detected 

surface topography. Advances in technology such as cubic 

meter volume OCT would make it possible to improve the 

image quality as well as applicability [27]. The implementation 

of better OCT contrast and imaging depth would help to 

accurately quantify the epidermal thickness properties as well. 

When the epidermal layer is clearly observed, a new algorithm 

needs to be proposed for the quantification of the roughness 

parameters in the dermal-epidermal junction [28]. The 

correlation of the dermal-epidermal junction roughness with 

the aging process is a relevant subject, since inner layers are 

less affected by the extrinsic environmental factor. Finally, the 

integration of high-speed OCT in a compact hand-held device 

could possibly make the procedure more time-efficient, 

opening up new opportunities to study skin in real-time [29], 

[30]. 

V. CONCLUSION 

We have demonstrated the potential of OCT based on 

flattening image processing for monitoring quantitative skin 

roughness.  Experimental results of phantom study show that 

OCT is reliable to the angle of the subject and compact wrinkle 

structure compared to one acquired from PRIMOS. We have 

also investigated that OCT is adequate for monitoring wrinkle 

morphology changes in vivo. Through our results, we have 

found that OCT would be a useful tool to deliver 

comprehensive and intuitive information in dynamic skin 

observations, since OCT enables observing quantitative skin 

topology and volumetric skin anatomy simultaneously. The 

integration of our tool with advanced OCT technology, which 

includes a hand-held probe and volumetric OCT system would 

create ideal opportunity to serve the routine process in the 

real-world dermatology or to enter cosmetics market. 
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