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Abstract

Efficient diagnosis of chronic wound depends on the quality of digital
image that has reached the Tele-Medical Hub through Tele-Wound Network.
However, how much ever precaution we take, while capturing the image by
digital camera or by smartphone, presence of random/impulse noise would be
always there to corrupt the captured image. The wound images give the vital
information such as size, wound status, tissue composition and healing rate. In
this paper, we have proposed adaptive filtering technique for chronic wound
(CW) image analysis under Tele-wound network to improve the diagnosis.
Here, the best filter has been chosen which can help to improve the diagnosis of
wound. A comparative study of 16 different filters has also been performed on
72 different wound images. The experimental results are given by comparing
8 different parameters. These various parameters are Peak Signal to Noise
Ratio (PSNR), Mean Square Error (MSE), Signal to Noise Ratio (SNR),
Negative Absolute Error (NAE), Maximum Difference (MD), Mean Structural
Similarity Index (MSSIM), Universal Image Quality Index (UIQI) and Mean
Absolute Error (MAE). Simulated results shows adaptive median provides
better performances with respect to high value of PSNR (66.23), SNR (58.05)
and lower value of MSE (3.01), MAE (0.29), and NAE (0.01) between original
and filtered image. The proposed methodology will assist the clinicians to take
better decision towards diagnosis of CW in terms of qualitative at low-resource
setup.
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1 Introduction

Tele-wound network (TWN) is defined as the delivery of medical health care
services and sharing of clinical information over a distance using telecommu-
nication platform [1, 2]. The objective is to provide better healthcare service
to any place wherever and whenever required. TWN system offers reliable
and efficient diagnostic aids to patients at affordable cost. TWN allows new
technologies in sensing, medical imaging and wireless data communications
with much lower cost, enabling the development of new widespread remote
medicine initiatives. Wound healing process is highly depend on time i.e. may
be required lengthy and several appointments with a clinician for treatment.
TWN would reduce the problem of repeated and timely visits to doctors by
remote monitoring and controlling. TWN would minimize the burden of health
care unit and decreases the patients’ worries. Efficient screening of CW images
is important for prognostic and therapeutic intervention. Wound healing takes
longer duration and regular check-up in certain interval is one of the biggest
hinderance in wound caring and healing [1]. Visual assessment by medical
experts is time-consuming, subjective and inconsistent whereas computerized
analysis of wound images will be rapid and efficient approach; which requires
appropriate image processing techniques and experts’ domain knowledge for
improved screening. A CW not only affects the individual but entire family
gets suffered due to the enormous cost of wound care. Furthermore, it should
be noted that without intensive medical care and treatment, a CW will not
heal most probable. The consequences of chronic wounds are mainly delayed
to repair, suspended skin re-growth, slow older cell proliferation rate, social
isolation, depression, decrease in productivity and costly treatment. There are
5 types of open wounds viz. abrasion (topmost layer of the skin is removed;
painful), incision (smooth edges), laceration (irregular edges), puncture (deep;
narrow wound) and avulsion (bleed heavily). The color change of CW’s gives
important implication of the wound healing status. The image noise is the
variation of color information randomly in images produced by image sensor
with smartphones and digital camera. Hence, proper filtering is required to
remove the random or impulse noise from wound images. The morphological
filtering is used to preserve edge information of an image and eliminating the
noise [3]. Wild et al. [4] developed digital wound measurement system where
quality of the pictures has been maintained by filter of the device.
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An optical imaging system is used in TWN system for capturing skin
wound images from the patient. Skin’s abnormal conditions are common in
the developing countries where symptoms of skin diseases are observed [1].
Christos et al. [5] has been taken 77 color wound photographs through Nikon
digital SLR camera and used polarized filters to reduce the light reflection
from CW surface. Lie et al. [6] captured wound images by the smartphone’s
camera and used Gaussian smoothing filter to minimize the noise. Barone
et al. [7] used SCIELab spatial filters for original wound image. Ederson et al.
[8] applied anisotropic diffusion filtering to avoid the undesirable effects on
segmentation for dermatological ulcers. Marina et al. [9] used difference of
Gaussians (DoG) filter for wound segmentation. In the help of DoG filtering,
local intensity variations has been equalized. Dorra et al. [10] used Gabor
filtering technique for multispectral imaging. In this paper, the objective is to
investigate best filter amongst all used filters on the basis of image quality
assessment. The camera images mostly suffer from independent impulse
noise that can be introduced on a wound image may be random/impulse
noise. The best filtering technique is required to remove the noises for better
quality of image. The adaptive wound image pre-processing module has been
developed using adaptive median filter. This proposed TWN system model
will automatically check the optimal value of critical parameters and based
on that it will select the best filtering techniques.

The organization of paper is as follows: Section 2 describes the system
architecture of TWN system. In Section 3, different types of filters are dis-
cussed in respect of wound image processing. Section 4 deals with experimen-
tal results and discussion based on the image quality parameter. Conclusion
is discussed in Section 5.

2 Tele-Wound Network System Architecture

In India, major percentage of the population is living in rural areas. They have
been facing many problems due to shortages of healthcare facilities. Easy
and affordable connectivity is required in rural areas to provide healthcare.
Smartphone’s integrated with TWM system have the potential to provide cost-
effective treatment to rural area. The patients’ outcomes can be improved;
support’s user mobility; reduced hospitalization; manage extensive medical
data; provides continuity care; minimize the risk; reducing healthcare cost and
time using this framework. TWN system model has been proposed for this
case could be efficiently used in remote location where specialists’ services
are not readily available.
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TWN system is used for characterizing wound tissue accurately and deals
with large number of wound affected patients. The portable, handheld device
like smartphones can be used to capture high-quality wound images and
acquire patient’s demographic information. These devices would be able to
send information to the Tele-Medical Hub (TMH) [11, 12] through 2G, 2.5G
(iDEN, GPRS, EDGE), 3G (WCDMA, CDMA2000, TD-CDMA), WLAN
and 4G technologies where the provision of faster data rate is possible.
Wound healing process is time depended i.e. it may required lengthy and
several appointments with a clinician. Chronic wound image analysis under
TWN system scenario could help in cut down the time required. Hence, high
quality wound images are required to diagnosis the wound status. Quality
of wound image can be enhanced at pre-processing stage by using various
filtering techniques. Figure 1 represents the TWN system for wound status
monitoring. The processed wound image goes to image processing toolbox in
TMH for pre-processing purpose. The adaptive wound image pre-processing

Wound data acquisition

Wound

using Smartphone Database
Tele-
Wound -
Adaptive wound
Pre-processing
Decision
about best
filter
Tele-
Wound
Network :
Segmentation &
classification
Diagnosed Report

Figure 1 Tele-wound network (TWN) system.
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module has been introduced in this system architecture to improve the quality
of image. The patient clinical or demographic information has been stored
in wound database. The wound image filtering technique is required to
remove the random/impulse noise. The wound image is smoothed by adaptive
median filtering for noise reduction by providing well-defined and continuous
edge information. Wireless communication technology enabled TWN system
reduces the need to transport patients for physical consultation from the expert
doctors which avoids the physical and mental stress, reduces time and cost.
This framework is very much effective for both rural and urban people; it
provides good performance in terms of wound monitoring and advanced
diagnostic.

3 Denoising Filters for Wound Imaging

The image denoising is a substantial medical imaging task that is able to
remove noise while preserving edges. In this paper, sixteen different filters
have been considered and a comparative study is presented below. Figure 2
depicts the schematic diagram for wound image pre-processing with adaptive
filtering technique.

| Chronic wound data acquisition |
v
| Image pre-processing |

v

Color correction

v

Noise reduction and Color
Homogenization

v
Adaptive filters

Is best
Quality
parameter

Choose best filter for segmentation

Figure 2 Schematic diagram for wound image processing.
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These important filters are as follows: Mean, Average, Min, M3, Max,
Log, Laplacian, Midpoint, Gaussian, Contra Harmonic, Median, Butterworth,
Weiner, Alpha Trim Mean, Gabor, and Adaptive Median. Explanation of each
filter technique is given below:

3.1 Mean Filter

This filter is belongs to linear filtering scheme. This filtering is used to
smoothing the images, mainly reducing the intensity variation between pixels.
It is useful for removing Gaussian noise but preserving criteria is poor. The
statistical model of the noise is swown in below:

1 _e-w?
p(x) = e 27 (1
oV 2T
1N
Mean filter (zy....xNn) = N z;xz 2)
1=
Where, 1 ...... xn 1s the pixel range of image, o is the standard deviation

and N is the mask size.

3.2 Average Filter

It is non-linear smoothing filter. This filter is used to avoids the edge blurring
by searching the homognity of current pixel neighbourhood and sharpend
resulting image.

3.3 Min Filter

This filter is used to fine darkest point in an image and also reduces the salt
noise.

Min filter f(z,y) = min [g(s,t)] 3)
(5,t)€Sz,y

Where, f(x,y) is represented as filtered image, g(s, ) is the original corrupted
image and window size depicted as s .

3.4 M3 Filter
This is the smoothing and hybrid of mean and median filter and used to remove
the noise.

M3 filter f(x,y) = max | mean {g(s,t)}, median{g(s,t)} 4)
(s,t)ESzy (s,t)ESzy
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Where, f(x,y) is represented as filtered image, g(s, t) is the original corrupted
image and window size depicted as s, ;.

3.5 Max Filter

This filter is used to findout the brightest point in an image and reduces the
pepper noise from the wound image.

Mazx filter f(x,y) = max {g(s,t)} (5)
(s,t)ESzy

Where, f(z,y) is represented as filtered image and g(s,t) is the original
corrupted image.

3.6 Log Filter

This filter is used to smoothing the wound image and it is very sensitive to
noise. This is a formula for LoG (combination of Laplacian and Gaussian
functions) filtering:

Log(z,y) = —

1 $2 4 y2 22442
e

Where ¢ is the standard deviation.

3.7 Laplacian Filter

It is used to sharpening and calculates the second derivatives of an image and
also measures the rate of change the first derivatives.

Laplacian filter g(z,y) = f(z,y) + ¢ [V2f($, y)] (7

Where, f(x,y)isrepresented as filtered image, g(, ) is the original corrupted
image and V represents the 2°¢ derivate respectively.

3.8 Midpoint Filter

This filter is very much useful for gaussian and uniform noise. This is the
combination of order and mean filter. It is the average of highest pixel and the
lowest pixel with respect to intensity within the window s ,,. So, the outcome
of re instated wound image f at point (x, y) is given by,

Midpoint filter f(z,y) = Y, ( max {g(s,t)} —|—( %112 {g9(s,t)}| (8)
S T,y S,t € z,y
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Where, f(z,y) is represented as filtered image and g(s,t) is the original
corrupted image.

3.9 Gaussian Filter

This popular filter is responsible for corrects the spectral coefficient and
aplitude spectrum officients within filter window. Gaussian filter is similar
to mean filter, but uses different kernel that depcts the shape of a Gaussian. In
one dimension, the Gaussian function can be represented as:

1 o2

G(z) = e 207 ©)

\2To

Where o is the standard deviation of the distribution.

3.10 Median Filter

The Median filter is used in pre-processing stage for providing the image
color identification. The bright white spot arises on the wound image due to
reflection. Median filter with 5 X 5 window size is employed to eliminate the
random/impulse noise in wound images [13]. The median filter can smooth
noisy regions, enhance the low-contrast wound region and better preserve the
structure of the edges. It considers each image pixel and looks at its close by
neighbors to choose whether or not it is representative of its environs. Median
filter replaces the value of central pixel with the median of all the surrounding
neighborhood pixel values. The median is intended by first categorization
the entire pixel values from the neighboring neighborhood into numerical
categorize and then restoring the pixel being measured with the middle pixel
value. The average of two middle pixel values is taken when the neighborhood
under consideration contains an even number of pixels. The Median filter is
represented as:

Median filter(zy ...xnx) = Median]||z1]*. ... .. |2 |%] (10)

The two major advantages of median filter [14] over mean filter are: (a)
the median is more robust averages than mean and as such, a single very
unrepresentative pixel in a neighborhood will not significantly affect the
median value and (b) as the median value is actually the value of one of
the pixels in the neighborhood, it does not generate new improbable pixel
values when the filter straddles an edge. Hence, the median filter is much
superior at preserving sharp edges than mean filter.
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3.11 Adaptive Median Filter

Adaptive median filtering has been widely used as an advanced technique
compared with standard median filtering. This is performs spatial processing
to determine which pixels in a wound image have been affected by ran-
dom/impulse noise. This filter classifies pixels as noise by comparing every
pixel in the image to its surrounding neighbor pixels. The noise pixels are
replaced by median pixel value in the neighborhood. This filter removes
impulse noise with higher probabilities and reduces distortion along the edges.

3.12 Contra Harmonic Filter

This is used to remove the Gaussian noise and preserve edge features.

3.13 Butterworth Filter

This filter is the sum of low pass filters in frequency domain where pass band
are designed to have a fixed gain with no ripples until the cut-off frequency.

3.14 Weiner Filter

It is used to produce an estimate of a desired random process by linear time-
invariant filtering of an observed noisy process. This filter is designed for a
desired frequency response and also used for restoration of a degraded image.

3.15 Alpha Trim Mean Filter

This filter is used for restoration of signals and wound images corrupted by
non-Gaussian noise. It is hybrid of linear and nonlinear approaches.

3.16 Gabor Filter

This filter can be used to remove the noise efficiently. It responds to edges and
texture changes.

3.16.1 Color Homogenization

CWs are having complex mixture of colored tissues with varied intensity.
Anisotropic diffusion filtering [15] is used for homogenization of color along
with preservation of edges, only smoothing between edges. The objective of
this method is to reduce image noise without eliminating significant portion
of the image. The color homogenization is used in this work using combined
Gray world assumption and Retinex theory [16].
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4 Result and Discussion

In this section, we present result of sixteen denoising filters. The outcomes
of the different filters are shown in Figure 11. The pre-processing stage is
implemented to improve the efficiency using color correction, noise filtering,
and color homogenization methods for improving the wound image quality.
Color is the important indication for the visual CW tissue assessment. This
visual red-yellow-black (R-Y-B) color evaluation model has been used mostly
in clinical trials on wound assessment. The color corrected RGB image is then
assessed for different filters. All 16 filters were applied on set of 72 randomly
selected wound images from our developed wound database as well as an
online wound image database. Most of them use mathematical morphology
operations. In order to access the quality of image after filtering are based on
8 different quantitative performance measures, such as PSNR, MSE, SNR,
NAE, MD, MSSIM, UIQI and MAE.

4.1 MSE

Itis the most important image quality measuring method. Itis basically squared
error between enhanced image and original CW image. Mathematically,
defined as:

| MoiN-d )
MSE = T XN xz_;) yz_: [F(z,y) — Frur(x,y)] (1D

where, F(z,y) and Fjy,(x,y) are the input, filtered output images and
size M X N.

4.2 PSNR

It is used to calculate the ratio between maximum possible intensity value of
the CW image and MSE. PSNR is defined as:

RQ

PSNR = 1010g10 N_1
ZO [F(.’E,y) - Ffltr(xay)]2
y:

(12)

n M-1
MxN Z
=0

Here, R is the maximum possible peak intensity value of the image.
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4.3 SNR

It is the ratio between signal i.e. enhanced image and noise in the spatial
domain. In this case, noise is the difference between input image and filtered
image. SNR can be computed as:

M-1N-1 9
> > [Fru(x,y)]
=0 y=0
SNR = |+ (13)
ZO ZO [F(z,y) = Fpur(w,y)]°
xr= y=

Where, F'(x,y) and Fyy,(x, y) are the input and filtered output images.

4.4 MAE

This method is used to measure how close predictions are to the eventual
outcomes. The MAE is given by

1< 1<
MAE = =3 \fi=ul = 2> lei (14)
=1 =1
where, MAE is an average of the absolute errors, e; = |f; — y;|, fi is the

prediction and y; is the true value, n is the number of observations.

4.5 MSSIM

This method is used to predict the quality of CW images. It is designed to
improve the PSNR and MSE values [17].

(2papty + €1)(202y + C2)

SSIM;, ., =
O (4 g+ )0+ of + o)

5)

Where, 11, and pu,, is the average of x and y, o2 and O‘Z is the variance of x and
¥, 04y is the covariance of x and y respectively.

4.6 NAE

NAE [3] is used to find out the similarity between original and filtered image
i.e. larger value of NAE provides poor quality of filtered image.
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M N
Z Z ’F(SL‘,Z/) - F}iltr(mvy”
rz=1y=1

NAFE = TN
> 20 | F(x,y)l
r=1y=1

16)

4.7 MD

MD [18] measures the maximum difference in the intensity values of original
wound image and filtered image.

MD = max |—F}ilt7“(x7y) - F({E, y)| (17)

4.8 UlQl

This parameter can be modeled using three important factors viz. loss of
correlation, luminance distortion and contrast distortion.

1 )
UIQI = ;ZQk (18)
k=1

Where, o
Qp = Tifa . 2figi = 200504
0it0ig [} + g7 Uzz,f + Uzz,g

(19)

7; and f; defined as the mean value of sub image window for original and
enhanced image, o; y and 0; 4 is the standard deviation of ith sub image
window for original and enhanced image, o; 7, present the covariance between
them. In this paper, window size 5 x5 has been considered.

The 72 different RGB wound images are applied from our wound database
to the 16 different filters and find out the best filter based on considering
8 important parameters for improving the image quality. Then we have
comparatively analyzed by averaging the all parameters values that shown
in Table 1. Lower value of MSE, NAE, and MAE refers that there is
very small change between original and filtered image. On the other hands,
higher value of PSNR, SNR reports that there is very small change. From
Figure 3 to 10, we observe that adaptive median filter is the best alternative for
visualization because it provides good value of PSNR (66.23), SNR (58.05),
MAE (0.29), NAE (0.01), MD (126.10), MSSIM (1.00), UIQI (0.99) and
MSE (3.01) values. The value of MSSIM and UIQI closer to 1 refers the best
possible quality of image as well as structural similarity. Midpoint filtering
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Table 1 Quality performance measure of 16 filters considered for study

Filters MSE SNR PSNR NAE MD MAE MSSIM UIQI
Median 13.09 2512 3921 0.02 15416 1.03 0.98 0.99
Mean 76.20 17.01 858 1.72 20821 58.52 0.43 0.48
Average 17.02 21.07 36.00 0.02 100.01 1.21 0.99 0.99
Min 88.28 14.23 2945 0.04 301.26 4.16 0.97 0.97
M3 91.40 19.18 2895 0.06 191.16 2.79 0.92 0.98
Max 56.25 21.02 3146 0.05 11842 030 0.98 0.97
Log 92.72 693 7.89 094 25479 62.02 0.08 0.11
Laplacian 9464 990 27.70 0.08 143.68 3.42 0.95 0.99
Midpoint 11.34 3793 62.67 0.00 1347  0.04 1.00 1.00
Gaussian 33.11 36.84 46.40 0.02 45.84  1.30 1.00 0.99

Contra harmonic 71.13  25.02 27.03 0.07 106.79 1.40 0.90 0.94
Adaptive median 3.01 58.05 66.23 0.01 126.10 0.29 1.00 0.99

Butter worth 86.02 19.18 25.66 0.10 80.00  3.71 0.89 0.94

Weiner 60.14 2423 3138 0.07 69.74  2.15 0.90 0.94

Alpha trim mean 94.10 1425 16,53 035 225.68 31.99 0.82 0.78

Gabor 65.01 1523 19.74 024 13874 22.17 0.93 0.90
MSE

MSE Values
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Figure 3 MSE parameter measurement with image quality.

provides good results similar to the Adaptive Median but Midpoint having
higher MSE value (11.34) in comparison the adaptive median. High value
of MSE means more error from the mean value. This filtering technique
improves the segmentation performance with the maintaining proper homo-
geneity of the image. From all the above discussion, it can be concluded
that adaptive median filter provides better visualization after observing the
all filtered image results. So any unknown image can be proceed through
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Figure 5 SNR parameter measurement with image quality.

adaptive median filter and it gives better outcome in pre-processing module.
This result has been validated by expert dermatologist. According to expert
opinion, sharpness of a CW healing edge is preserved and can be visualize
predominantly.

5 Conclusion

In this paper, we have discussed about the 16 different filtering techniques
for chronic wound analysis under tele-wound network. Furthermore, we have
compared all the parametric output for all filtering techniques. The acquired
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Figure 7 MD parameter measurement with image quality.

wound images undergo filtering to remove the noise based on the optimal
parameter for quality performance analysis. Simulated results have shown that
adaptive median filter is better for such noise removal than the other filters. We
have presented a comparative study of all filters and selected best filter based on
average values of set of all images. Results shows adaptive median provides
better performances with respect to high PSNR (66.23) and reduced MSE
(3.01), NAE (0.01), MAE (0.29), UIQI (0.99) between original and filtered
image. The overall system performances in pre-processing stage would have
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Figure 9 MSSIM parameter measurement with image quality.

been improved using adaptive filtering scheme. Outcome obtained manifests
that the system has greater scope of utilization in the field of monitoring and
diagnosis of chronic wound through tele-wound network.
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@

Figure 11 (a) Original Image, (b) Adaptive median, (c) Alpha Trim mean, (d) Average,
(e) Butterworth, (f) Contra harmonic, (g) Gabor, (h) Median, (i) Gaussian, (j) Weiner,
(k) Midpoint, (I) Mean, (m) Log, (n) Laplacian, (o) M3, (p) Max, (q) Min.
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