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Abstract: In the context of breeding and seed production of Mahseer species, understanding and control of the Mahseer gonad
maturation level have given strong interest for scientific and commercial purposes. Possible use of ultrasonography
for monitoring of gonad maturation in Mahseer fish is investigated. From previous studies, ultrasonography image
of gonad can be affected by many speckle noise. Subtle differences between speckle noise and the Mahseer eggs
lead to difficulties in identifying the eggs in ultrasonography gonad’s image. To eliminate these speckle noise,
preprocessing image method is required. Filtering despeckling techniques is initially applied to remove the noise.
There will be experimenting in comparing which despeckling technique is suitable for the gonad’s ultrasonography
image. From the result, the best despeckling technique will be chosen and a framework of preprocessing method
will be introduced for identifying the eggs in the gonad ultrasonography image. This noninvasive tool can then
obviously be utilized to improve and monitor the maturation level of Mahseer fish. Ultrasonography thus has great
potential for use in Mahseer fish both for conservation and aquaculture field. To our knowledge, this is the first
article on the preprocessing of ultrasonography image on Mahseer or any fish species.
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Introduction

Tor species, commonly known as Mahseer, are widely
distributed throughout Asia from the trans-Himalayan Region
to the Mekong River basin to Malaysia, Pakistan, Bangladesh
and Indonesia Yadav et al. (2012). In Malaysia, Tor Tombroides
locally known as ‘Kelah’, is one of the highly preferred freshwater
fish and this species can only be found in pristine freshwater rivers
Ismail et al. (2011). Mahseer can be captured in places such as The
Royal Belum in Perak, Taman Negara in Pahang and also Andang
River in Sarawak. However, this species have been gone through
decline, especially in the wild because of the environmental
degradation, overfishing and agricultural development Ingram
et al. (2005). Mahseer fish are well noted for their inability to
reproduce in captivity even though artificial propagation through
inducing maturation and ovulation by using a hormonal treatment
technique has been attempted Ingram et al. (2005).

In fish breeding production, fish usually spawn when
maturation is completed, producing mature eggs and sperm.
This process is essential for the breeding and seed production
and it is very crucial to monitoring the eggs in the gonad during
the maturation life cycle to know how many eggs that already
matured and can be spawned. There are several techniques to
monitor the eggs such as via endoscopy (Macri et al., 2011),
histology (McBride et al., 2013) and ultrasonography (Novelo
and Tiersch, 2012). Endoscopy is used in medical and veterinary
field to view internal organ via insertion of the instrument into the
body cavity through a small incision or urogenital pore (Swenson
et al., 2007). While, gonad histology is a microscopic technique
that can provide an independent assessment of maturity to validate
at-sea classifications, as well as illustrated a more detailed process
of oogenesis and maturity (McBride et al., 2013). Endoscopy and
histology can be used to determine the egg’s maturation, but this
method is invasive and life threatening to the fish.

Ultrasonography is a noninvasive method to determine the
egg’s maturation in the fish’s gonad (Colombier et al., 2015).
To our knowledge, the fish documented for now are sturgeon (
Chiotti et al., 2016; Petochi et al., 2011; Du et al., 2017; Colombo
et al., 2011; Bryan et al., 2007), bass (Macri et al., 2013; Will
et al., 2002; Jennings et al., 2005), salmon (Frost et al., 2014),
catfish (Guitreau et al., 2012; Bryan et al., 2005; Achionye-Nzeh
and Jimoh 2010), halibut (Protopapadakis et al., 2015; Loher
and Stephens 2011), rainbow trout (Hliwa et al., 2014), hapuku
(Kohn et al., 2013), shark (Whittamore et al., 2010; Daly et al.,
2007), thornback ray (Whittamore et al., 2010), haddock (Martin-
Robichaud and Berlinsky, 2004), cod (McEvoy, 2009), however
ultrasonography on Mahseer has never been documented.

Studies on the ultrasonography image shows that this image
can be affected by noise such as speckle noise (Sarode and
Deshmukh, 2011). Speckle noise in medical ultrasonography
images reduces the contrast and image resolution, which affect
the diagnostic value of the ultrasonography imaging. It is also will
affected the speed and accuracy of the result when involved in
the image processing tasks such as segmentation. To avoid this
problem, image preprocessing is needed to eliminate the artifact

and enhance the visual appearance of the eggs in the gonad. The
aims of this study are (1) to identify which filtering despeckling
method that's suitable to eliminate the speckle noise in the
gonad ultrasonography image; (2) to formulate ultrasonography
preprocessing framework that can be applied to identify eggs in
the gonad ultrasonography image.

Literature Review

Chen et al. (2013) applied an adaptive filter named adaptive
guided image filtering (AGF) to reduce the speckle noises as a
preprocessing stage in muscle motion analysis. From the result,
AGF demonstrated the highest Peak-Signal-to-Noise Ratio
(PSNR) quantitatively and it is evident that AGF strikes the
balance between noise attenuation and detail preservation.

While, Gungor et al. (2015) presented the Homogeneity Map
Method (HMM) as a way to improve speckle denoising in edge
filters while preserving edges. They combined Speckle Reduction
Anisotropic Diffusion (SRAD) and Optimized Bayesian Nonlocal
Means (OBNLM) to get the smoother edge filter image, with no
loss of edges.

Other than that, Umamaheswari and Vanithamani (2014)
proposed Adaptive Window Hybrid Median Filter (AWHMF) for
improving the visual quality and also to preserve the fine details
in the ultrasound images corrupted by speckle noise for improving
clinical diagnosis. The experimental result indicates that the
proposed method produces a high PSNR and Edge Preservation
Factor (EPF). This high value indicates the edge preservation
capability is good.

A novel method capable of denoising speckle noise called
Trimmed Non-Local Means (TNLM) have been proposed
by Radlak, and Smolka (2014). The main aim is to apply
techniques based on the concept of Non-Local Means (NLM) to
ultrasonographic images to suppress multiplicative noise. The
result show that the proposed method suppresses multiplicative
noise and preserve the fine details without introducing artifacts,
but from the PSNR, analysis show that OBNLM filter is the
superior in filtering the higher noise level.

Hossain, et al. (2014) proposed a new Histogram Equalization
(HE) method that can overcome the limitations of the conventional
HE methods, which can be used for detecting the shape change
of cartilage. The aim is to use a method that can preserve the
brightness and detail while enhancing the contrast of the image,
this can be done by using Multipurpose Beta Optimized Recursive
Bi-Histogram Equalization (MBOBHE) method. From the result,
it can be concluded that the proposed method not only enhanced
the details of the cartilage, the contrast of the knee joint cartilage
also had been improved as well.

Based on the explanation above, there are several image
preprocessing methods that can be used to filter the speckle noise
in the gonad ultrasonography image, but none of them published
for image preprocessing in the fish gonad ultrasonography image.
Therefore, this paper will presented the image preprocessing in
fish gonad ultrasonography especially in Mahseer’s fish.
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Speckle Filtering Methods

There are several techniques have been proposed to filter the
speckle noise in ultrasonography image. Ultrasonography speckle
filtering techniques includes adaptive filters based on local
statistic, anisotropic diffusion and nonlocal means filter.

Adaptive filtering methods

Statistical adaptive filters are basically designed as the
smoothing filter, so that the regions within the image that closely
resemble the speckle are replaced by a local mean value, while
regions with properties that are less similar to speckle are kept
unaltered (Ortiz et al., 2012). There are four filters that commonly
used, namely (i) Mean filter, ii) Median filter, and (iii) Wiener
filter.

(i) Mean filter (Gonzales and Woods, 2008) is the simple
filter method because it does not remove the speckle noise, but it
will averages with the data. This filter is implemented by a local
averaging operation where the value of each pixel is replaced by
the average of all values in the local neighborhood (Mahmood et
al., 2011). Mean filter can be denoted as in Equation 1.

f(x,):$ S d(r.c)
(ric)ew

where d(7¢c) is the degraded image, N is the window size of
the image, W is the set of coordinates in a sub image window
of N size and R is the order of the filter. According to Jain et al.
(1995), this filter removes high-frequency components, and the
sharp detail in the image is lost.

(1)) Median filter (Kirchner and Fridrich, 2010) is a non-
linear technique and used for reducing speckle due to its robustness
against impulsive type noise and edge preserving characteristics.
According to Mahmood et al. (2011), Median filter has an
advantage over Mean filter because it is better without reducing
the sharpness of the image and edge preserving and compared to
Wiener filter, this filter reduce the speckle noise while keeping
the edges and without losing the details. This Median filter can be
computed as in Equation 2:

f(x,y) = median(d(r,c))
where d (7,¢) is the degraded image.

(ii1) Wiener filter (Gonzales and Woods, 2008) is used to
filter out noise that corrupted the signal. Wiener filter performs
smoothing of the image based on the computation of local image
(Joel and Sivakumar, 2013). This Wiener filter can be computed
as Equation 3:

G(u.v) = H Eu,v)ﬂ(u,v)

| H(u,v) |” P (u,v)+Pn (u,v)

where H (u,v) is the degradation function, H*(u,v) is the
complex conjugate of degradation function, P (u,v) is the power
spectral density of un-degraded image and P (u,v) is the power
spectral density of the noise. According to Mahmood, et al.
(2011), by using Wiener filtering, the speckle was reduced and
the image become much sharper than using the median filter, but
some details are lost and some are over-enhanced.

Anisotropic diffusion filter

The diffusion equation is a Partial Differential Equation
(PDE) that describes the spread of particles from a region of
higher concentration to regions of lower concentration (Ortiz et
al., 2012). Perona and Malik (Perona and Malik, 1990) proposed
the anisotropic diffusion as a generalization of diffusion equation
to reduce noise in images by smoothing in homogenous regions
without blurring the edges. Later on, Yu and Anton (2002) analyzed
the statistical methods for speckle suppression and Perona and
Malik’s anisotropic diffusion and developed the speckle reducing
anisotropic diffusion method (SRAD). It can be enunciated as in
Equation 4:

g (x, ;1)

_ = div(c(q) g (x.y31)

g(x.:0)=g,(x.»)

where (c(q) is the diffusion coefficient and g(x,y,#) is the
instantaneous coefficient of variation. This diffusion filters also
can suffer from over-filtering due to the loss of original information
during the diffusion process (Llorden et al., 2015).

Nonlocal means filter (NL-means Filter)

NL-means filter (Kervrann et al., 2007) is an algorithm in
image processing for image denoising. The classical formulation
of NL means filter can be computed as in Equation 5:

NL(u)(x; ) = ZV W(Xiaxj)u(xj)

where w(X,, X)) is the weight assigned to intensity value and
u(Xj) is the restoration of pixel X.. One of the NL-means filter
is Optimized Bayesian Nonlocal Means (OBNLM). According to
Coupe et al. (2009), this method efficiently removes the speckle
component, while enhancing the edges and preserving the image
structures as this method have been experimenting with the variety
of ultrasound images such as ultrasound brain image (Eskildsen
et al., 2012; Farnia et al., 2015) and ultrasound 3D liver images
(Bakas et al., 2012). The optimal Bayesian estimator of a noise-
free patch Vot (B) can be written as in Equation 6:

o (B) =argmin, g, 3 [v(B) =B p(v(B)|u(B))

v(B)
Image quality measurement

It is important to evaluate the quality of the image once the
image has been filtered. This is because to determine the suitability
of the filtering method in eliminating the speckle noise in the
ultrasonography image. Moreover, the image quality measurement
can be used as a benchmark for image and video processing system
and algorithm, such as compression, restoration, denoising and
deblurring techniques (Kaur and Kaur, 2014). There are four types
of image quality measurement will discuss which are (i) Signal-
to-Ratio (SNR), (ii) Peak-Signal-to Ratio (PSNR), (iii) Structural
Similarity Index Method (SSIM) and (iv) Edge Preservation Index (EPI).

Signal-to-ratio (SNR)
Signal-to-Ratio (SNR) (Joel and Sivakumar, 2013) is a
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measure of power of a signal (useful information) and power
of background noise (unwanted signal) (Kaur and Kaur, 2014).
The ratio usually measured in decibels (dB). The method can be
calculated as shown in the Equation 7.

2

o
SNR =10lo,, —g
o=

e
where o, is the variance of signal and o, is the variance of

noise. The hlgher the SNR, the best quality of i image produced.
Peak-signal-to-ratio (PSNR)

Peak-Signal-to-Ratio (PSNR) (Joel and Sivakumar, 2013)
is an expression for the ratio between the maximum possible
value (power) of a signal and the power of distorting noise that
affects the quality of its representation (Kaur and Kaur, 2014).
To calculate the PSNR, Mean Squared Error (MSE) needs to be
calculated by using the Equation 8.

2
MSE Z M,NI:]I (m,n)—1, (m,n)]
M*N
where M and N is the rows and columns of input image. Then,
computes the PSNR as shown in Equation 9. This method
commonly used to measure the quality of reconstructed images.
The signal in this case is original data and the noise is the error
introduced (Kaushik and Sharma 2012). The higher the PSNR, the
better the quality of the compressed or reconstructed image.

2
PSNR =10log,,| —— 255
MSE

Structural similarity index (SSIM)

Structural Similarity index (SSIM) (Tung and Raveendran,
2009) is a method for measuring the similarity between two images.
The SSIM index has been shown to outperform Mean Square
Error (MSE) and the related PSNR in measuring the quality of
natural images across a wide variety of distortions (Channappayya
et al., 2008). This method is calculated on the various windows of
an image. This measurement is between two windows x and y of
common size NxN as shown in the Equation 10.

(24,1, +C ) (20, +C,)
7% +;zy2 +C)(O'2 +O'2 +C, )
where 4 _is the average of x, u is the average of y, g’ is the
variance of x, ayz is the variance of y, o is the covariance of ¥
and y, C =(k,L)’, C,=(k,L)*are the two variables to stabilize the
division with weak dominator, L is the dynamic range of the pixel-
values and K, =0.01 and K,=0.03 by default. The value varies from

-1 to 1. If it close to 1, then, the reconstructed image have more
similarity than the original.

SSIM (x,y) =

Correlation coefficient (CoC)

CoC (Vanithamani and Umamaheswari, 2014) is a measure
that determines the degree to which two variable's movements
is associated. This method also can be the measurement of the
similarity of the original image and the despeckled image. The
method can be calculated as shown in the Equation 12.

where & and ¥ are the mean of the original and denoised
image respectively. The correlation coefficient varies from -1 to
+1. The value that close to 1, the better quality of image.

Methodology

This study emphasized on image preprocessing methods using
speckle filtering that can be used to eliminate the speckle noise in
the gonad ultrasonography image which lead to accurately identify
the eggs in the gonad. There are several preprocessing stages as
mentioned in (Channappayya et al., 2008), (Dixit and Pruthi,
2014) and (Basij et al., 2014). These stages are depended on the
type of medical imaging such as Magnetic Resonance Imaging
(MRI), Computed Tomography (CT) and ultrasonography. As for
this research paper, the methodology of the preprocessing method
contains three stages, which are (i) image acquisition, and (ii)
filtering speckle noise using speckle filtering methods.

Image acquisition

There are seven raw hardcopy of Mahseer gonad
ultrasonography images obtained from ultrasound unit, ALOKA
SSD-900 with multifrequency, linear probe (model UST-672-
5/705). The images contain of immature and mature eggs. The
images are provided by Agro-Biotechnology Institute (ABI). The
original image of gonad ultrasonography is shown in Figure 1.

Image cropping and resize the image

In order to process the image, it needs to be digitized and
identify the region-of-interest (ROI) by cropping the image.
Therefore, the raw image is digitized by capturing the raw image
using DSLR Nikon D80 camera. The digitized image then will be
converted to grayscale in order to get the standardize format for
the preprocessing technique. Once the image has been cropped,
the image is resized to 640 % 420 pixels as shown in Figure 2.

Filtering speckle noise using speckle filtering method

As mentioned previously, it is not easy to differentiate between
the speckle noises and eggs at the gonad since there are similar
and only have subtle difference. Therefore, the next procedure
is to filter the noise in ultrasonography image using speckle
filtering method. At this stage, there is an experimental setup to
find the suitable filtering methods. Five speckle filtering methods,
namely Mean, Median, Wiener, SRAD and OBNLM were tested
and compared. In order to evaluate the accuracy of the methods,
image quality measurements were used to measure the quality of
the image after the image have been filtered.

Results and Discussion

This section will describe the result of the experimental setup
that has been conducted in this research study. Mature eggs of
gonad ultrasonography images are used because it is easier to
evaluate the difference between eggs and the speckle noise for
the experiment. As mentioned in the methodology section, the
experiment is to find the suitable speckle filtering method in
elimination the speckle noise in the ultrasonography image. In
this experiment, five speckle filtering methods which are Mean,
Median, Wiener, OBNLM (Coupe et al., 2009) and SRAD (Yu
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Figure 1: Original image of raw hardcopy of Mahseer gonad ultrasonography image. (a) Early stage or no egg (b) Middle stage (c)
Final Stage.

(©)

Figure 2: Image cropping and resize. (a) Original image (b) After cropped (c) After resize.
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and Anton, 2002) will be tested and compared. This experiment
will use gonad ultrasonography image as shown in Figure 2c.

There will be preliminary experiment to choose the suitable
parameter used in every speckle filtering method mentioned. For
Mean, Median and Wiener filter, three window sizes which are 3 x
3,5 x5and 7 x 7 will test and compared. While, for SRAD, three
iteration number which are 10, 15 and 20 and for OBNLM, three
smoothing parameters which are 0.3, 0.7 and 1.2 will be tested
and compared. In order to evaluate the quality of the image, SNR,
PSNR and SSMI will be calculated as depicted in Tables 1 and 2.

From the result shows in the Table 1, Mean, Median and
Wiener filtering with 3 x 3 window size show the best quality of
image because of the higher SNR and PSNR compared to 5 x 5
and 7 x 7 which for the Mean filter, the SNR is 11% higher than 5
x 5 and 20% higher than 7 x 7 for SNR value. As for PSNR is 8%
higher than 5 x 5 and 14% higher than 7 % 7. While for the Median
filter, the SNR is 10% higher than 5 x 5 and 19% higher than 7 x 7.
As for PSNR is higher than 8% higher than 5 % 5 and 14% higher
than 7 x 7. Then, as for Wiener filter, the SNR is 11% higher than
5 x5 and 20% higher than 7 x 7. As for the PSNR is 8% higher
than 5 x 5 and 15% higher than 7 x 7. Therefore, from the result
mentioned, window size 3 x 3 will be used as the parameter for
Mean, Median and Wiener speckle filtering methods.

From the results shown in Table 2, for SRAD filter, it shows
that the best image quality goes to 10 iteration number compared
to 15 and 20 which the SNR is 13% higher than 15 and 23% higher
than 20. As for the PSNR is 8% higher than 15 and 14% higher
than 20. While for the OBNLM filter show that 0.3 smoothing
parameter has the highest value of SNR and PSNR compared to

Table 1: Result image quality measurement for mean, median,
and wiener with different parameters.

Method Parameters SNR PSNR SSMI
3x3 27.084 38.464 0.967

Mean 5%x5 23.918 35.299 0.945

7x7 21.605 32.986 0.918

3x3 31.485 42.866 0.981

Median 5%x5 28.028 39.408 0.963
7x7 25.457 36.837 0.943

3x3 31.212 42.592 0.970

Wiener 5%x5 27.506 38.887 0.950
7x7 24.788 36.168 0.938

Table 2: Result image quality measurement for SRAD and
OBNLM with different parameters.

Method Parameters SNR PSNR SSMI
10 20.080 31.461 0.936
SRAD 15 17.337 28.718 0.911
20 15.383 26.764 0.887
0.3 8.621 20.000 0.910
OBNLM 0.7 8.430 19.810 0.907
1.2 8.234 19.615 0.898

0.7 and 1.2 which the SNR is 2% higher than 0.7 and 4% higher
than 1.2. As for the PSNR is 1% higher than 0.7 and 2% higher than
1.2. Therefore, from the result mentioned, the best quality image
of 10 iteration number for SRAD and 0.3 smoothing parameter
for OBNLM will be used as the parameter in the speckle filtering
method.

Then, based on this preliminary experiment result, experimental
setup to determine the suitable speckle filtering method to remove
the speckle noise in ultrasound will be held. As mentioned before,
five speckle filtering, which are Mean, Median, Wiener, SRAD
and OBNLM are compared as shown in Figure 3.

From the observation in Figure 3, it shows that all the filters
can reduce the speckle well, but Mean filter will remove the high-
frequency components and the sharp detail in the image is lost.
While the Median filter cannot distinguish fine detail from noise,
but it has better visualization compared to Wiener. This is because
the eggs can easily be detected and the contrast is better. Wiener
filter will make some details lost and some are over-enhanced and
make the image more blurry. OBNLM can lead to over-filtering
due to the loss of original information during diffusion process
and SRAD also can lead to over-filtering by damaging some
image details although it can smooth out speckle effectively.

To prove the observation, the images will be evaluated by
using PSNR, SNR and SSMI to evaluate the quality of the image
as depicted in Table 3.

From the result of evaluations show in Table 3, Median speckle
filtering method is the best speckle filtering because of the higher
PSNR and SNR compared to other four speckle filtering methods
which the SNR value for Median is 31.485 which is 14% higher
than Mean, 1% higher than Wiener, 36% higher than SRAD and
73% higher than OBNLM. As for PSNR value for Median is
42.866 which is 10% higher than Mean, 1% higher than Wiener,
27% higher than SRAD and 53% higher than OBNLM.

Finally, the framework of image preprocessing methodology
for identification of Mahseer’s eggs in the gonad ultrasonography
image has been proposed as shown in Figure 4. This framework is
used to identify the eggs and eliminate the speckle noise from the
gonad ultrasonography image.

Conclusions

In the present works, a framework of the preprocessing gonad
ultrasonography image has been discussed. The result shows that
this preprocessing method by using the Median speckle filtering
method in the gonad ultrasonography image is the best method to
eliminate the speckle noise or other spot other than the eggs in the
image especially in Mahseer’s gonad ultrasonography image. To
our knowledge, this is the first report on the use of ultrasonography
and for preprocessing Mahseer’s ultrasonography image. This
noninvasive tool can then obviously be utilized to improve and
monitor the gonad maturation of Mahseer’s fish. Ultrasonography
thus has great potential for use in Mahseer’s fish both for
conservation and aquaculture.
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Figure 3: Result output of Mahseer’s gonad ultrasonography by using (a) Mean filter, (b) Median filter, (¢c) Wiener filter, (d) OBNLM,
and (e) SRAD filter.

resize to 640 x 420

[ Image acquisition ] ‘[ Image cropping and ]

Table 3: Result image quality measurement for mean, median,
wiener, SRAD and OBNLM.

Method SNR PSNR SSMI
Mean 27.084 38.464 0.967
Median 31.485 42.866 0.981
- ) Filtering the image using
Wiener 31.212 42.592 0.970 Filtered G "l fltering method
SRAD 20.080 31.461 0.936 Image
OBNLM 8.621 20.000 0.910

Figure 4: Framework for preprocessing gonad ultrasonography
image.
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