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CHAPTER 1

INTRODUCTION

The fishery industry plays a significant role in India’s economy. It serves as a

source of income and employment for a large number of coastal fishermen. The

country ranks third in fisheries production and second in aquaculture [6]. Accord-

ing to a recent estimate by the National Fisheries Development Board, the fishery

industry alone employs 145million people, contributes 1.07 percent to the nation’s

gross domestic product, and generates export earnings of Rs 334.41 billion. Ac-

cording to the National Institute of Agricultural Economics and Policy Research,

the expected demand for this financial year will increase to 11.80 million metric

tonnes [6].

Fish breeding is an important aspect of the fisheries industry. It is a compli-

cated procedure that requires careful planning and monitoring. The most impor-

tant aspect of fish breeding is to maintain the optimal egg quality. Estimating the

'spawning biomass' of the adult population during the reproductive season is an

important method for assessing the size of fish stocks. This is done by figuring

out the female’s relative fecundity, or how many eggs she produces per unit of

body weight, and then counting the number of eggs she releases on the spawning
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INTRODUCTION

grounds. Counting the quantity of fish eggs is essential in determining a variety

of fish factors (such as survival rate, reproduction rate, species of fish, and so on).

However, counting the quantity of fish eggs is a time-consuming and challenging

task. Fish eggs are translucent and normally float on top of the water. People usu-

ally put fish eggs on a dish and count them one by one or use a magnifying glass

to figure out how many there are. However, this technique takes too long, and the

results of manual counting are not always accurate. Researchers have been trying

to come up with an automated way to deal with this problem for decades.

The target of this research is to accurately segment and identify eggs from images

of eggs placed on a disk. Each sample of the fish eggs was placed into a transparent

dish with a 10 mm depth of water. We have dispersed eggs in the dish. We have

captured the image from the top side of the dish using a smartphone camera. Then

we apply different image processing techniques (such as opening, dilation of im-

age, segmentation, connected components) to identify and count the eggs present

in the dish.
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CHAPTER 2

LITERATURE SURVEY

  For decades, researchers have been attempting to develop an automated method to

count the eggs of fish. It is a challenging problem. Several automated methods for

counting eggs are described in [3][16]. Counting of fish eggs during reproduction

is very important in the fishery industry as described in [2].

Before the introduction of fish egg count machine by Boyar et al. [3] in the

year 1967, people used conventional volumetric and gravimetric methods for the

counting the eggs. Boyar et al. [3] developed a machine that records dry eggs as

they pass a photoelectric cell. In [16], Witthames and Walker proposed an auto-

mated process for counting the eggs of fish. Eggs presented in water are pumped

at a specific rate through an electronic sensor, which generates a voltage pulse

whose amplitude is proportional to particle size. Then they counted the number of

particles.

Present-day researchers are more moved to image processing rather than build-

ing separate machines for counting the number of eggs[5]. In recent years, nu-

merous techniques for automated counting systems employing image processing

have been proposed in various fields. Fish egg count, on the other hand, is an
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area that has received comparatively little attention. Ramdhan and Syafrullah [12]

proposed counting eggs based on some morphological operation performed over

images of eggs.A simple method for automatically counting feeder fish using im-

age processing techniques was described by Toh et al. [14] A video of a school of

fish is captured, and each frame is processed separately and independently. The

first step is to obtain blobs that represent the positions of the fish. Several methods

for completing this task are discussed. Noise and background objects are removed

from the blob image. The area information of the blobs is used to count the num-

ber of fish in one frame, and the average number of fish over all frames is then

recorded.

In [7], Guo and Yu describe an efficient automatic cell counter.The counter

makes use of histogram dual-threshold to split the cell and background and blob

evaluation to come across the cell. The adherent cells are then segmented the use

of the K-means clustering method.

In [1], Asmitaba and Pipalia used morphological operation, edge detection and

segmentation to detect and count small objects. Wang et al. [15] presented a

method to detects tiny objects in aerial images.Because tiny objects have a small

number of pixels and are easily confused with the background, detecting them in

aerial images remains a difficult problem. Because fish eggs are small, the prob-

lems are similar. Different segmentation techniques are described in [11], from

which we got the idea about small object segmentation. They have discussed tex-

ture based, threshold based, super pixel based etc. image segmentation techniques.

The target of this research is to accurately segment and identification of fish

eggs in images. This research is conducted over different fish eggs images. Pri-

marily many algorithms can be considered to provide the desired result. There are

many challenges in segmenting the fish eggs from the background. Such as

• Traditional clustering algorithms are very much dependent on the data in
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order to achieve a satisfying result. Those algorithms might work well for

some particular datasets but not for all.

• Only morphological operation may not give the correct results for densely

placed eggs.

• Only segmentation techniques are not able to give optimum results.

• In [5], Duan et al. developed an automatic counting system for pelagic fish

eggs but the proposed system is semi-automatic. There have some limi-

tations. They had developed a fixed setup for capturing images and the

diameter of the dish is fixed.

Considering these drawbacks, we have proposed a method for counting fish

eggs where the algorithm does not depend on dish sizes. Our proposed methods

are discussed in the next chapter.

Page | 15



CHAPTER 3

METHODS AND METHODOLOGIES

Diverse methodologies and techniques, such as Bottom-Hat Transformation [13],

differnet kinds of segmentation [17], and other kinds of thresholding techniques

[10], have been tested under various circumstances in order to obtain proper count-

ing of the number of eggs from photos of fish eggs placed on a plate [5]. A thor-

ough proper analysis is required to fully comprehend the basic working principles

and limitations of the algorithms, as well as state-of-the-art approaches for count-

ing the number of fish eggs from an image.

3.1 Image Acquisition

Here we have used eggs of Rohu(Labeo rohita). Each sample of fish eggs is placed

into a transparent dish with 10mm depth of water. We have dispersed eggs in

the dish. We have captured the image from the top side of the dish using the

smartphone camera. Here we were using Redmi Note 9 Pro smartphone, which

has a 64MP camera. A total of 17 dish sample images have been captured.
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Transparent dish

Smart Phone Camera

Capturing Image

Figure 3.1: A mechanism of Fish Egg Image Capturing system

3.2 Dataset Description

We have performed our experiment on the dataset, which has seventeen images

of fish eggs placed on transparent dishes. The dataset has information about the

number of eggs present on each data which is manually counted. The dataset is

shown in the following Table 3.1.

(a) (b)
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(c) (d)

(e) (f)

(g) (h)

Figure 3.1: Sample images [(a)-(h)] of the Captured Image dataset
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Sample Image# Number of eggs using Manual

Count

Fish#1 114

Fish#2 119

Fish#3 116

Fish#4 107

Fish#5 152

Fish#6 192

Fish#7 132

Fish#8 113

Fish#9 127

Fish#10 154

Fish#11 206

Fish#12 134

Fish#13 127

Fish#14 160

Fish#15 169

Fish#16 161

Fish#17 191

Table 3.1: Number of Fish Eggs Present in Each Image using Manual Counting

3.3 Image Pre-processing

As the positions of the dish locations in the images are not fixes; therefore, wemust

define a region of interest (ROI) based on the dish’s edges from the images at the

beginning. We have to ensures that any specular reflections on the dish’s sides

or from water droplets on the dish’s base do not affect the final result. To avoid
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this kind of unwanted noises, we have performed some preprocessing operations

before segmenting and counting eggs. Grey level morphological operations and

image enhancement processing (such as Gamma Enhancement) have done on a

grey scale representation of the ROI. The schematic of the preprocessing procedure

shown in the following Figure 3.2.

Original Image(in RGB)

Adjust the contrast of the RGB image

RGB -→ Gray Scale Image

Create mask for ROI

Morphological Operations

Bottom-Hat
Transformation

Opening
Operation

Subtraction to
Reduce Noise

Addition to Enhance Image

Gamma Enhancement

Saved pre-Process Image

Figure 3.2: Image pre-processing flowchart
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Algorithm 1 Image Pre-Processing
1: Read RGB input image I

2: Apply contrast adjustment on I

3: Create a mask for the detection of ROI

4: Convert RGB image(I) into grayscale image(G)

5: Perform Bottom-Hat transformation on G and save the output as G1

6: Subtract G1 from G to reduce noise and save the results in G2

7: Do the opening operation on G and save the output in G3

8: Add G2 and G3 and save the result in G4

9: Perform Gamma correction on G4

10: Save the resultant image after performing the Gamma correction

3.3.1 Contrast Adjustment of the Image

We have processed the fish egg image through several steps. First, we have taken

the image and adjusted the contrast of the RGB image, specifying contrast limits

to get better performance. Adjustment is made by experimenting several times

and then fixing up the best values suitable for our dataset.

(a) Before Contrast Adjustment (b) After Contrast Adjustment

Figure 3.3: Contrast Adjustment of the Image
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3.3.2 Convert RGB Image to Grayscale Image

After adjusting the image’s contrast, we have converted the RGB image to grayscale

for applying the following edge detection operation. Here we have used the Canny

edge detector, which applies to a grayscale image. Red, green, and blue are the

three colours of an RGB image. RGB channels use in computer displays and im-

age scanners to nearly match the colour receptors in the human eye. But Grayscale

images have one intensity channel. Generally, two methods are used to convert an

RGB image into a grayscale image. The methods are -

• Average method

• Weighted method or luminosity method

Average Method

The average method is the most straightforward. It’s as simple as taking the aver-

age of three colours. Because it’s an RGB image, we need to calculate the average

values of R, G and B on each pixel location to create a grayscale image. The in-

tensity value of a grayscale image at pixel location (x, y) is calculated as follows:

I(x, y) =
(R(x,y) +G(x,y) +B(x,y))

3

whereR(x,y), G(x,y) andB(x,y) are the intensity of Red,Green and Blue channels at

pixel location (x, y) in the RGB image.

Weighted Method or Luminosity Method

This issue arises when we take the average of the three-channel intensities. Be-

cause the three distinct colours have three different wavelengths, each contributing

to the creation of the image, we must take an average based on their contribution
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rather than applying the equal-weighted average approach. Suppose we use w1,

w2, and w3 weights for Red, green and blue channels, respectively, to calculate the

intensity of a grayscale image. Now, the intensity value of the grayscale image at

pixel location(x,y) is rewritten as follows:

I(x, y) =
(w1 ×R(x,y) + w2 ×G(x,y) + w3 × B(x,y))

3

(a) Contrast Adjusted Image in RGB (b) Grayscale Image

Figure 3.4: RGB Image to Grayscale Image Conversion

3.3.3 Create Mask for ROI

We have created a mask to understand our ROI better. Here we have used MatLab

function createMask() to create a mask.

Canny Edge Detector

An edge is a collection of connected pixels that forms a boundary between two

disjoint regions. Canny Edge Detection[4] is a popular edge detection algorithm.It

was developed by John F. Canny in 1986. It is an optimal edge detector that takes

a grayscale image as input and finds edges based on intensity discontinuities.1 All

1https://towardsai.net/p/computer-vision/what-is-a-canny-edge-detection-algorithm
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the steps are as follows: Algorithm 2.

Algorithm 2 Canny Edge Detection Algorithm
1: Apply Gaussian filter to smooth the image in order to remove the noise.

2: Find the intensity gradients of the image.

3: Apply Non-maximum suppression

4: Apply double threshold to determine potential edges.

5: Track edge by hysteresis: Finalize the detection of edges by suppressing all

other edges that are weak and not connected to strong edges.

(a) Grayscale Image (b) Mask Created from Grayscale

Image

Figure 3.5: Mask Generated from Grayscale Image

3.3.4 Morphological Operations

Morphological Operations are a class of image processing operations that manip-

ulate digital images based on their shapes. Each image pixel in a morphological

operation corresponds to the value of another pixel in its neighbourhood. We can

construct a morphological operation that is sensitive to specific shapes in the input

image. It can be done by selecting the shape and size of the neighbourhood pixel.

Morphological operations use a structuring element to create an output image of

the same size as the input image.
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Bottom-Hat Transformation

Bottom-hat filtering is the same as subtracting the input image from the output of a

morphological closing operation on the input image.Bottom-Hat[8] transformation

is used to generate a frame that represents the change in illumination across the

image. Here we use imbothat(I,nhood) function in MatLab, where ‘I’ is the input

image which to be transformed using Bottom-Hat transformation and ‘nhood’ is a

matrix of 0s and 1s that specifies the structuring element neighbourhood. We use

‘nhood’ value 10 for which we get a better result.

After performing the bottom-hat transformation, we have performed subtrac-

tion between the image, which was taken as input to the Bottom-Hat transforma-

tion and the output of the Bottom-Hat transformation to reduce the noise from the

image.

Opening Operation

Opening operation[9] is a morphological operation. It is used for removing small

objects from images. The opening can be performed in two steps. First, per-

form erosion operation is performed on the image to shrink the object by removing

boundary pixel. Then, apply the dilation operation to add a layer of pixels to the

inner and outer boundaries.

Input Image Erosion Process Dilation Process

Figure 3.6: Opening Process

Here we have used another copy of the image as input to the opening operation,

which is input into the Bottom-Hat transformation. We use the disk as a structuring

element for opening operation. In MatLab, we use imopen(I,strel(‘disk’,4)) func-

tion to perform the opening operationwhere ‘I’ is the input image and strel(‘disk’,4)

function creates a structuring element of a disk which has a radius four unit.
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We have added the output of the subtraction operation and the output of the

opening operation to enhance image quality.

(a) Before Morphological Operations (b) After Morphological Operations

Figure 3.7: Effects after Performing Morphological Operations (Bottom-Hat
Transformation, Opening Operation, Subtraction to Reduce Noise, Image Addi-
tion)

3.3.5 Gamma Enhancement

Gamma correction is used after performing linear operations such as addition, sub-

traction, and multiplication on an image. It is a nonlinear adjustment which is used

to maintain the stable gamma value. If the gamma value is too large or too small,

it can result in poor contrast.

Here we have performed pixel-wise subtraction and addition operations, so

we need to correct the gamma value to get a better image with a stable gamma

value. All preprocessing operations are done over the image. Now we save our

preprocessed image for further process.

3.4 Segmentation of the Eggs

We have taken the saved preprocessed image as input and performed various seg-

mentation and morphological operation for segmenting the eggs from the back-
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ground. Step-by-step processes are shown in the Figure 3.8.

Pre-Processed
Image

Binarize using
Auto

Thresholding

Morphological Operation

Fill of Holes Remove Small object

DialitingFill of Holes

Remove Small object Opening

Is area of
connected

component>900

Save result

NO

Calculate all Connected Components

Iterate over each Connected Component

Count = 0

Count = Count+1

Figure 3.8: Image segmentation flowchart
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Algorithm 3 Automated Egg Counting
1: Read Pre-Processed Image I from disk.

2: Binarize the image I using auto thresholding and saved in B

3: Do the fill holes operation on B and save the result in B1

4: Do the open operation on B1 and save the result in B2

5: Perform Dilation on B2 and save result in B3

6: Again perform fill holes followed by an opening operation on B3 and save

result in B4

7: Find all connected components CC present inside B4

8: eggCount = 0

9: for cc in CC do

10: /* area(cc) is a function which returns the area of component cc based

number of pixels present inside cc */

11: if area(cc)<900 then

12: eggCount+ = 1

13: end if

14: end for

15: Return eggCount

3.4.1 Binarization of the Image

Even after preprocessing, the image mean grey level intensity varied between im-

ages due to several uncontrollable factors (different location and number of eggs,

previous and unequal light exposure, etc.). To compensate for this, the images are

binarized using adaptive thresholding [10] into pixels representing eggs and pixels

representing background.
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Algorithm 4 Otsu’s Automatic Thresholding Method
1: For an image I on X gray levels, compute the gray-level histogram

h(0), h(1), ..., h(X−1). Normalize the histogram by dividing through by the

number of pixels in I—the histogram now represents the probability of each

gray-level.

2: For each possible threshold t = 0, ..., X−2 partition the histogram into back-

ground B (gray-levels less than or equal to t), and foreground F (gray-levels

more than t).

3: Compute σB(t), σF (t), the variance of the background and foreground gray-

levels. Compute the probability of a pixel being background

PB(t) =
t∑

j=0

h(j)

and PF (t) similarly.Set

σ(t) = PB(t)σB(t) + PF (t)σF (t)

and select as threshold tmin = min(σ(t)) .

After getting the optimal threshold value (tmin), we have used the basic threshold-

ing segmentation algorithm to binarize the image.
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Algorithm 5 Basic Threshold based Segmentation
Input: f is the input image, tmin is threshold value calculated using Otsu’s method

Output: g is an binary image

1: Search all pixel f(x, y) in input image f

2: if f(x, y) ≥ tmin then

3: g(x, y) = 1

4: else

5: g(x, y) = 0

6: end if

The above algorithm gives an output of a binary image.

3.4.2 Morphological Operations

After binarization, there have been some problems with fish eggs, such as egg ob-

jects may have holes, some small noises may still exist, some parts of the fish eggs

may be cut out, and some eggsmay be touched by one another. We have performed

some morphological operations to get better results. First, we have performed fill

holes operations followed by an open operation which removes small objects from

the binary image. We have specified the value of the size filter is 90 in MatLab

function bwareaopen(h1, size). All objects less than this size have been considered

noise and removed. After this, we performed dilatation to grow and thicken ob-

jects so that divided parts of eggs were connected. Following that, the procedures

for filling holes and removing small objects were repeated. Finally, an opening

operation was used to remove, break, and diminish false connections between egg

objects.
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3.4.3 Connected Components

Scan an image and form groups of pixels known as connected components based

on pixel connectivity, i.e. all pixels in a connected component have similar pixel

intensity values, and there must exist connectivity. Here we have used the con-

nected components to calculate the no. of eggs. We have calculated the area of

each connected component. If the area of the connected component is greater than

900, then it is considered as an egg. Connected component labelling for binary

image procedure is shown in Algorithm 6.

Scan the input image from left to right and top to bottom. Let P be a pixel at any

step in the scanning process.

R is the pixel which is right adjacent to P & T is the pixel which is top adjacent to P.

Before P is scanned, R and T are already scanned.Assumed, we use 4-connectivity

in the Algorithm 6.

I(P) denotes intensity value of pixel P.

L(P) denotes label assigned to pixel P.

PR
T

Figure 3.9: Position of Pixel P
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Algorithm 6 Connected Components labelling
1: Scan the input image from left to right and top to bottom. Let P be a pixel at

any step in scanning process.

2: if I(P) = 0 then

3: move to next scanning position

4: end if

5: if I(P) = 1 and I(R) = I(T) = 0 then

6: assign a new label to position P

7: end if

8: if I(P) = 1 and one of two neighbor is 1 then

9: assign its label to P.

10: end if

11: if I(P) = 1 both I(R) = I(T) = 1 then

12: if L(R) = L(T) then

13: L(P) = L(R)

14: end if

15: if L(R) != L(T) then

16: assign one of the labels to P and make a note that two labels are equiv-

alent.

17: end if

18: end if

19: One more time scan the image from beginning replace each label by the label

assigned to its equivalence class
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(a) Pre-processed Image (b) after Segmentation

Figure 3.10: Effects after segmentation
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CHAPTER 4

RESULTS AND DISCUSSION

In this section we have discussed about the performance of our automated system.

Here, we have compared our results with respect to manual count as well as time

required to perform the both type of operations. Our automated system has taken

far less time compared to the manual process. As discussed, we have sent our

images through the pre-processing procedure followed by the segmentation and

counting process. We have reported our results in Table 4.1 to compare with the

manual count.

We have noticed each step of our procedure what’s happening with our image.

We have saved images on each step. Changes on an image in each step are shown

in Figures 4.1 and 4.2
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(a) input image (b) after contrast adjustment

(c) converted to grayscale (d) mask created

(e) after Bottom-Hat

transformation

(f) after subtraction

(g) after opening (h) after addition

(i) after gamma enhancement (j) Pre-processed image

Figure 4.1: Images produced in each step of Pre-processing
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(a) pre-processed image (b) after binarization

(c) after fill of holes (d) after removing small

object

(e) image after dilation (f) image after removing

small object

(g) image after opening (h) get eggs only using

connected component

Figure 4.2: Segmentation of Eggs from Background
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RESULTS AND DISCUSSION

4.1 Manual vs Automatic Counts

We have run an experiment over seventeen fish egg images. During the experi-

ment, we recorded our results in Table 4.1 to compare our automated output with

the manual count.

Sample Image# Number of eggs

using Manual

Count

Number of eggs

using Automatic

Count

Fish#1 114 116

Fish#2 119 121

Fish#3 116 117

Fish#4 107 109

Fish#5 152 155

Fish#6 192 189

Fish#7 132 133

Fish#8 113 110

Fish#9 127 127

Fish#10 154 151

Fish#11 206 209

Fish#12 134 135

Fish#13 127 129

Fish#14 160 161

Fish#15 169 172

Fish#16 161 159

Fish#17 191 193

Table 4.1: Number of eggs using Manual and Automatic counting
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Based on Table 4.1 data we have calculated the overall error by using the following

formula.

E =
1

n

n∑
i=0

(y − ŷ)2

Where,

E = average error in automatic counting with respect to manual counting

n = number of images

ŷ = automatic counting value

y = manual counting value

We have found overall error is 4.823529412, which is not comparatively large.

We correlated the numbers estimated using image analysis withmanually counted

eggs in 17 samples for algorithm calibration and verification. We found a correlation(R2)

value is 0.995. The high correlation between the two methods indicated that the

automatic counts is accurate.

Manual Count
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ut
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at

ic
 C

ou
nt
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100

150

200

250

120 140 160 180 200

1*x + 0.767 R² = 0.995

Automatic Count vs. Manual Count

Figure 4.3: Comparison between manually counted egg numbers and numbers
counted using the proposed method
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Figure 4.4: Automatic vs Manual Counting of Fish Eggs

We have recorded the time taken for the manual counting. Table 4.2 below

shows the information about the duration of manual counting of the fish eggs for

17 images each. The average duration has been calculated by using the Eq. 4.1

below:

tavg =
1

n

n∑
i=0

ti (4.1)

where ti and n represent the counting time for ith image and number of total im-

ages, respectively.
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Sample Image# Number of eggs

using Manual

Count

Counting

Time(sec)

Fish#1 114 137

Fish#2 119 145

Fish#3 116 139

Fish#4 107 121

Fish#5 152 163

Fish#6 192 197

Fish#7 132 156

Fish#8 113 131

Fish#9 127 147

Fish#10 154 203

Fish#11 206 194

Fish#12 134 160

Fish#13 127 134

Fish#14 160 150

Fish#15 169 177

Fish#16 161 183

Fish#17 191 203

Table 4.2: Duration of Counting Eggs Manually

From Table 4.2 we have calculated the average time taken to count the fish

eggs manually is 161.1764± 26.86129952 sec.

We have recorded the time taken for the automated counting. Table 4.3 below

shows the information about the duration of automated counting of the fish eggs

for 17 images each.
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Sample Image# Number of eggs

using Automated

system

Counting

Time(sec)

Fish#1 116 9

Fish#2 121 8

Fish#3 117 10

Fish#4 109 9

Fish#5 155 13

Fish#6 189 15

Fish#7 133 9

Fish#8 110 10

Fish#9 127 11

Fish#10 151 12

Fish#11 209 16

Fish#12 135 2

Fish#13 129 6

Fish#14 161 10

Fish#15 172 9

Fish#16 159 7

Fish#17 193 13

Table 4.3: Duration to Counting Eggs Using Automated System

We have used above Eq. 4.1 to calculate average time. FromTable 4.3 we have

calculated the average time taken to count the fish eggs using automated system

is 9.9411± 3.362859428 sec.

Based on Tables 4.2 and 4.3, the time to process the image for the automatic

counting process is 16 times faster compared to the manual counting process.
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Figure 4.5: Comparison between time(sec) taken with automatic and manual
counting

4.2 Design and Development of AFECS

This section shows how AFECS (Automated Fish Egg Counting System) works,

from uploading an image of a fish egg to counting the number of fish eggs based on

the uploaded images. The design of the system doesn’t have any security features

(like sign in or register) because anyone can use it. In future updates, the security

features could be improved. When the user opens the system, it will take them

to the main page, where they can upload an image of fish eggs on a dish. Figure

4.6 shows that this page has several functions, such as the “Upload” and “Count”

buttons. The counting process is the last step in the automated system for counting

fish eggs. The counting is done using our method, which was already explained.
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Figure 4.6: A glimpse of the developed AFECS

The user can count the result by clicking the “Count” button after the image has

been uploaded by clicking the “Upload” button. A binary image will be produced

where eggs are segmented from the background, as well as the total number of fish

eggs that appear, as shown in Figure 4.6.

4.3 Experimental Analysis and Discussion

The processing time for automatic egg counting will vary depending on the com-

puter’s speed. Each image took about 33 seconds to process using our system. This

processing did not take long and thus did not require many man-hours. When

there are about 100 eggs on a dish to count, it takes around 3 minutes or more.

When there are more eggs, manually counting them becomes extremely difficult.

Furthermore, the results may contain some errors. When compared to manual

methods, the results of our experiments show that our algorithms are more reli-

able, flexible, non-destructive, and fast. Our experiment, however, shows that
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the system has some limitations. To begin, while removing specular reflections

at the dish’s edge, some eggs located in the reflections will be difficult to detect.

Second, the original RGB contrast is a little low due to the high transparency of

fish eggs.These factors all increased the difficulty of image processing and also

affected the accuracy of identification and counting. To improve the method we

will in the future try to optimize image acquirement by using a digital camera of

higher the resolution, and finding a good method to avoid eggs close to the edge

of the dish.
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CHAPTER 5

CONCLUSION

Wehave created an automatic countingmethod for fish eggs using the combination

of Otsu’s threshold method, morphological operations, and other image process-

ing techniques. The method has applied for counting the Rohu fish eggs. We

believe the method could be applied to a variety of other fish eggs. Automatic

and manual counting has been compared to validate the method’s accuracy. The

automatic eggs counting algorithm has a very lower average counting error which

is well within acceptable levels for many types of work. The main advantage of

the automated counting system over traditional manual counting methods is that it

reduces the time and cost of the human. The proposed methodology can be applied

on other data samples of different fish species which would be explored in future.
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