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Abstract. The enhancement of skin image in optical coheretaraography (OCT) imaging can help
dermatologists to investigate tissue layers mooeirately, hence the more efficient diagnosis. Is taper, we
propose an image enhancement technique includieckipreduction, attenuation compensation and tigaio
improve the quality of OCT skin images. A weighteddian filter is designed to reduce the level méckle
noise while preserving the contrast. A novel boktection technique is designed to outline thenrakin layers,
stratum corneum, epidermis and dermis. A modeheflight attenuation is then used to estimate Hs®igption
coefficient of epidermis and dermis layers and cens@ate the brightness of the structures at deepels| The
undesired part of the image is removed using alsilpaning algorithm. The performance of the athar has
been evaluated visually and numerically using tramonly used no-reference quality metrics. Theltesihows
an improvement in the quality of the images.

Keywords: Optical coherence tomography (OCT), SKimage enhancement, Speckle reduction, Attenuation
compensation.

1 Introduction

Optical coherence tomography (OCT) is an advandgh tesolution non-invasive imaging tool involvirdmpth
morphological and optical properties, which delsvghree-dimensional (3D) images from the microstmec
compartments within skin tissue [1-2]. OCT images eonstructed by measuring the backscattered Isfgora
different depths within the skin at different traesse positions [3]. The amplitude and phase ofbhek scattered
signal is changed regarding to the colour/deptld, morphological structure of the organelles whiohrespond to
the two major optical characteristics of materialoWwn as absorption and scattering coefficientspeaetively.
Therefore, OCT has become the favourable devicénf@stigating changes in morphological microstuetof the
skin [3]. OCT, like other imaging technique basedtbe detection of coherent waves, are subjecigiificant
presence of speckle noise [4]. The other majoreissuhe tissue absorption which results in a weatk scattered
signal from deeper tissue layers. The absorptithiwthe skin is mainly due to haemoglobin, metaand water
content[1].

The development of successful speckle noise remtuciigorithms for OCT is particularly challenginglany

methods have been investigated for the reductiospetkle in OCT images using hardware modificatidhsand

different image processing algorithms like adapfiligital filtering [5-6], wavelet analysis [5,74nd averaging in
time and frequency domain [8]. Based on the behavid turbid tissue against the incidence light, aesign a
weighted median filter to reduce the level of specioise in OCT image.

Image enhancement for OCT images can be achiewedasidware modifications as well as signal and enag
processing approaches. The authors in [9] emplejextro-optical phase modulator to increase thsiteity of the
Fourier domain OCT images via the elimination ofvlivequency noises from DC and autocorrelation serm
Osmotic agents have been used in [10] to concuyrenprove the penetration depth as well as thegienegontrast in
OCT images. Kulkarni et.al. have utilized a linshift invariant model with the iterative deconvabut to sharpen
the OCT images [11]. A review of image processithhiques used for OCT images enhancement is peesby
Rogowska and Brezinski [12].

To improve the quality of the OCT skin images, athancement algorithm is proposed in which OCT digna
attenuation is compensated with regard to an ewiwfathe absorption coefficients at each skindayeaddition to
image enhancement, supplementary quality improvemechieved using a cleaning algorithm which elates the
disturbing signal in the free space between thedlve lens and specimen. This signal is the refudtaling after
inverse Fourier transform and resampling in therlowlomain OCT [13].

Material and methods

2.1. OCT system configuration

179



In this study a swept-source Fourier domain OCTfidichelson Diagnostic TM has been employed forgimg.
The OCT, is based on multi beam technology withftioeis depth of 0.25mm for four consecutive dejpttmviding
the total focal range of 1mm, which produce 7mnma2B-Scans. The lateral and axial resolutions efICT are
7.54m and 10um, respectively. The SLD works with the peak powérlbmW in the central wavelength of

1305nm and with the laser wavelength sweep rand&@fim. Typical penetration depth is 1.5mm.
2.2 Image processing techniques

The enhancement algorithm has three steps; speeklection, attenuation compensation, and cleanifte
following sections explain each of the three stagetetails.

2.2.1 Speckle reduction algorithm

In OCT, the multiple scattering within the tissesults in unwanted back reflection light generaspgckle noise. As
the backscattering signal generated by the neigiMmpultrastructures has a random nature with cbffe effect on

the measured signal at a specific position, a wetyimedian filter of signals at the point and itsriediate layers
which interact more with the layers could be usecebdtimate the signal. A weighted combination odepivalues

1(0,j), 1(i,j-1), I(i-1,j-1), I(i-1,j), I(i-1,j+1), and I(i,j+1) is used to estimate the value forepii,j). This scheme has
been considered as the immediate neighbouringgpatehbove the current pixel which are most likelpe involved

in the generation of the back reflection signapixel position (i, j). We used double weighting faixel (i,j) as the

probability of involvement of this pixel should Ihégher than that of the neighbouring pixels. A végl median

filter is designed to decrease the level of speckise while preserving the contrast in the image.

2.2.2 Attenuation modelling and compensation

Beer—Lambert law relates the absorption of lighthte property of the material through which thénligs travelling
[14]. The variation of light optical power versieettravelled path length is exponential. The r@tabetween back

reflection light, | , with the incident light,| o IS given byl = Ioe"‘aL, where L is the optical path length apd, is

absorption coefficient of the specimen [14]. Ba@pecimen consisting of particles with a particgleometrical size,
the absorption coefficient can be described asodyut of effective cross-section of the particlel aime density of

chromophors. Effective cross section is directlgpgartional to the absorption efficient and the getinal size of

the chromophors [15]. For attenuation modellinghimitthe skin, the locations of skin layers are dietg and the
absorption coefficient for each layer is estimafie signal attenuation for each layer is then campted using the
coefficient in the layer.

in layer detection algorithm

Skin is made up of three main layers, epidermigngde and subcutaneous, which may not be distiveh én normal
cases [2]. The skin layers are extracted from ti@T Gmage by searching for the most probable maxinaunt
minimum positions among the local extremums alcacheA-line profile.

Forward back reflection from stratum corneum residt a high intensity signal at the first layerp tpart of the
image. Canny gradient algorithm with a high thrédhe used to detect the stratum corneum layer. griaglient
points obtained are connected using morphologipatations, opening and closing, with a horizorited kernel of
size 4 micron.

To find dermis, local maxintaare obtained from the smoothed profile of eachina-individually starting from
stratum corneum. The number of maxima in the neightiood of each pixel is counted and is shown avdiue of
the pixel. Therefore, the resulting image shovesdbcurrence of the local peaks in the neighboutitipes to the

pixel. The accumulative occurrence of peak (AQRage is then obtained to provide a more stableesgmitation of
the location of the local peak for each profiletie image. The position of each locally maximumkpearresponds
to the position of changes in tissue charactesisgpresents the boundary between two differeetrsayWe find the
maximum point along each column (A-line) of the A@age using a median operation. As the boundatiydemn

dermis and epidermis is not very clear and thera tsansition from one layer to another, we dethetend of
epidermis and then use the distance to apply ardift absorption coefficient. We, therefore, ugeshime algorithm
to the inverted image to find the most probableitjmys of minima, representing the end of epiderniike area
between the minimum and the maximum lines is cameid as the transition area.

Absorption coefficient

! In this section, we talk about the position ratinemn the intensity value of maxima.
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Using the intensity change along the tissue, aonrakisn coefficient is calculated. This is perfohfer each region,
epidermis, and dermis, and the transition arearatgg. To achieve this, the minimum distance betweach two
edges for each segment is computed. Pixels hosltpisire averaged in each segment along their upgge, which
results one columnar profile for each segment. £ @naging system converts the signal using lofani¢ function
before constructing the image, the effect of atsiom on intensity is linear. Therefore, a lineandtion,
f(x) = ax+b, can be fitted to each profile to represent thienatation by the gradien@. We use a linear least

square’s curve fitting algorithm based on Levenbdegquardt algorithm (LMA) [16] to extract an avgeaa for
each layer. For segments #1 and #3 the coefficipfasd,,are calculated. Assuming that the segment #2 is a

mixture of segment #1 and #3, e.g. having chariatites of both dermis and epidermis, the absorptioefficient of
this segment is estimated by average of the abearpbefficients of the two neighbouring layers egivby qo,=

(a,*a,)/2.

Attenuation compensation

The scheme given in Figure 1, describes the attemuanodel of an A-line for the human skin. Havitige
absorption coefficients for each segment, we canpemsate the signal attenuation. This is performebree steps
using the formulation as a function of depth arelahsorption coefficients computed for each segment
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Figure 1. A-line intensity profile for skin. The three segme represent changes in absorption coefficient, Bexkn, and blue
lines represent estimated position of start otstnecorneum, epidermis and dermis layers in thecotA-line.

The back reflected light from the first segmentseasjust through the first segment, hence, @pshould be taken
into account as compensation coefficient for tlagel. This compensation is applied for the segméntand
formulated in (1). In equation (),4 (i, ) is the original intensity value of each pixélyeee (I J) is the

attenuation-compensated intensity of each pixal, sgzale is a constant representing the distance from rifegé
plane to the sample plariis the depth of a pixel in the current segment ftbenstart of the layer.

Icorrpensated (|1 J) = Iold(il J)+ Iold (I' j)xscalex(alxz) 1)(

The back reflected signal from segment #2 passeaigh the segment #1, therefore compensates thet adf
attenuation in segment #2. The length of the seg#kmwith the absorption coefficient, should be considered for

the next layers. Considering the depth of the gixelegment #2 with its absorption coefficient, we can write.

Icompensated(iaj)z Io,d(i,j)+I0|d(i,j)xscaIeX(alXL1+az><z) Z)

Likewise for the segment #3, the effect of absorpiin the segments #1 and #2 plus absorption irséigenent#3
corresponding to the depth of the pixel are comsidién (3).

Icompensaled(i’j): Iold(i’j)+Iold(ilj)xscalex(ale1+a2xL2+a3xZ) 6)
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2.2.3 Cleaning algorithm

In OCT imaging, a perturbation on the signal existthe space between the specimen and the olgdeins due to
the scaling procedure, resulting in noisy pixelthattop of the B-scan image. We used an algorithremove theses
unwanted signals. We applied Canny algorithm toetiiganced image to find the high gradient pixateig edge) at
the top of the image. The image is scanned in eakthmn till a strong edge is detected. Then tterisity of the

scanned pixels are replaced by the minimum valubeo§canned-pixels.

3 Results and discussion

The algorithm is applied on thirty five differenibdertip images acquired using a swept-source Epdomain OCT
described in Section 2.1. The images are from Imeatdividuals with three different skin types inding light black
skin (type5), Caucasian skin (type 1-2), and nonntate skin (type3-4).

The result of the proposed layer detection algoriipplied on six finger tip skin is shown in Fig@eThe detected
boundaries between different layers are shown fieréint colours. Given the detected boundariescamre assume
that the stratum corneum starts at the red, epiddayer is between the red to green lines and ddsmafter the blue
line. The layer between green and blue line igrduesient area.

Figure 2. The result of applying the layer detection stawe six fingertip images shown in red, green anablthe boundaries
correspond to the boundary between the three segimeA-line profile described in Figure 1.

The enhancement technique then applied on theisidges. A sample original image and the resultpgflyang
every stage of the algorithm, despeckling, enhaeog¢nand cleaning are shown in Figure 3 (a-d),aetbygely.

@ (b) (© (d)
Figure 3. () OCT B-scan of 33-years-old light black finggr skin (type 5) image taken in-vivo; the sizetbé
specimen is 1.24mm x 1.6 mm equal to 300 x 400l p{ke Image after despeckling algorithm. (c) Dedged image
after attenuation compensation (enhanced imagefftanced image after cleaning. The orange arrowstan
artery within the dermis which is clearer in thén@nced image.

As seen in Figure 3. (b), the granular artefacspdckle has been reduced while the contrast intiwmaf image
preserved. The contrast of the image has beenasedewhich produces the brighter and darker amdbei
corresponding bright and dark area, respectiveys Tontrast becomes very important when cancexggeegation
creates a dark area within the skin image and rieelols detected with its border [1-3].
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In this study two commonly used No-reference mstiicluding Signal-to-Noise Ratio (SNR) and Corttideise

Ratio (CNR) are used for quantitative evaluatioNROs a measure which shows the difference of terésted area
of the image to the whole image and SNR repreghetyariance of a pixel value in the backgroundseoi The
graphs show improvement in both SNR and CNR folethiteanced image as compared with the original image
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Figure4. ENL and SNR graphs for original and enhanced mage
4 Conclusion:

The enhancement of OCT skin images is performedguai multistage algorithm starting with speckleucttn
followed by an estimation of the absorption coééint for different layers used to compensate thensity and a
cleaning stage. The skin layer detection playsmgwoitant role as the profiles of the segments aesl o estimate
the attenuation coefficients. Both qualitativeg{ifie 4) and quantitative (Figure 3) evaluationhef tesults tested on
35 images show a reasonable improvement in the @@ges. The enhanced image appears to have hightast
and less speckle noise. The resultant imageselardiermatologist to make a better decision in giadgnosis..
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