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An Effective Technique for Determining Fish
Freshness using Image Processing
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Abstract: This paper presents an efficient image processing based
algorithm to determine the freshness of a fish. The determination
is made after judging the condition of the eyes and the gills of the
sample. The method is applicable for most edible fishes and can be
easily reconfigured by changing the effect that the two
determinants have on the final outcome. The novelty of the
method lies in the ability of the algorithm to easily adapt to new
samples which is a result of the universal applicability of the
parameters selected. The method shows highly accurate results
when compared to the ground truth.

Index Terms: Digital Image Processing, Image Segmentation,
Fish Quality.

I. INTRODUCTION

Vision acts as one of the most important stimuli for humans.
We constantly take cues from visual events to decide on our
tasks. The field of image processing exploits this
dependence of humans on vision as a trigger for certain tasks.
It is a highly practical field where we teach digital systems,
using camera sensors to identify visual triggers and then
subsequently automate tasks. The task might be as trivial as
detecting road signs, as proposed by Danti and Kilkarni [1] or
it can be highly specific like watermarking images as
proposed by Yadav[2].

Fishes are consumed in large quantities every day and it is
necessary to ensure that the fishes are fresh before using them
to ensure health standards. Fish samples undergo
deterioration in terms of freshness and quality and the rate of
this deterioration is heavily dependent on its storage and the
kind of fish sample. The most commonly used method to
determine their freshness is by visual analysis, which is
performed by a person. The result of such analysis relies
heavily on the experience of the person performing the
analysis and is even impractical on large sets of samples. The
motivation for researching on such a tool came from a study
[4] done in 2004 which documented the effects of stale fishes
in conjecture with [5] which shed light on Indian food habits.
Given the studies, we developed an algorithm, which is
highly accessible and accurate

Our paper deals with a specialized task of identifying the
freshness of a fish based on two parameters, the fish gill color
deviation and the cloudiness in the eye
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Il. LITERATURE SURVEY

Many studies have used different processing
methodologies to achieve the task of judging the freshness of
a fish. In our case, we focused on the types of qualities that
can be judged non-destructively and requires only the visual
aspect. This eliminated a lot of olfactory and chemical
indicators as they are hard to perform and subjective in
nature.

In [6] the researchers have used a neural network to find the
classify fishes based on the skin, eye and gill characteristics
and classifies the fish into one of 5 classes. The study
proposes some great insights to the segmentation process
based on K-means clustering and Canny edge detection

One study in [7] proposed a method based on LAB
colorspace separation and isolation to segment the gills from
the image of the fishes. The final decision was then made
based on the features of the gill, essentially the consistency of
the gills that was assessed using its standard deviation. The
method showed results very similar to on ground truths and
boasted a 92.4% correlation with the ground truth.

In [8], the researchers determined the fish freshness using a
chemical process that determines the amount of xanthine in
fish meat. They demonstrated a simple assay system
containing Zinc Oxide (ZnO) and xanthine oxidase (XOD)
for specific and quantitative detection of xanthine. The said
method was successfully applied with satisfactory results but
due to the fact that the materials needed to perform the test is
not readily available, it is not usable by casual fish consumers
In [9], Karag6z used an image-processing algorithm to detect
the freshness of Sardines, the fish whichwere consumed most
locally. The research was focussed on Machine Learning and
ANN. It focused on extracting four features from the image
of the sample, three of which were related to shape and one
was related to the colour. With this algorithm the researcher
achieved a 90% correlation with ground truth.

Researchers in [10], in order to evaluate fish freshness
conducted various subgroup studies under controlled storage
conditions pertaining to sensory analysis, microbiology,
volatile compounds, proteins, lipids, adenosine triphosphate
and physical measurements corresponding to different stages
of fish freshness .1t emphasized on the rapid assessment by
building mathematical models expressing storage condition
effects corresponding to aforementioned areas of study used
for research.

Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication

Exploring Innovation



An Effective Technique for Determining Fish Freshness using Image Processing

[1] proposed to detect freshness of a fish using a multi
color biosensor based on the etching of gold Nano rods
(GNRs). Researchers used Hypoxanthine (Hx) as the index of
fish freshness which in presence of xanthine oxidase (XOD)
reacts with dissolved oxygen to produce H202 which causes
GNRs to be etched quickly if Fe2+ is present This leads to
regulated surface plasmon resonance (SPR) and results in
distinctly color change of the system, which is easily
distinguishable with the naked eye.

Finally, in [12] the researchers have studied features that
can be used to ascertain the quality of fishes and their
spoilage. Some of these features are specific to chill-stored
fishes while some are universal but show up at different rates
in different fishes.

I11. PROPOSED METHID

Using the existing research work on the subject, we
identified the main aspects that such an algorithm should
have to make it most ideal for use in terms of its ease of use
and applicability. After which we finally settled for 2 key
features our algorithm should have. The first being that it
should be able to work regardless of the tools used to obtain
the image of the sample i.e. support multiple camera qualities
and the second being that it should not require a large data set
for training and should be quick to set up.

The method takes into account two features for the
determination process. The features being the fish gill
deviation and the eye cloudiness. Both features produce a
numerical result whether the fish is fresh or not.

A. Fish Gill Deviation

As fishes age, the color in their gills become less and less
even leading to discoloration and in certain species dark spots
start to appear. The gills of fresh fishes are generally bright
pink or red and have no visible slime. As the fish spoils, the
gills assume a bleached, light pink appearance that finally
changes to yellowish or greyish brown, and the slime on the
gills becomes turbid, clotted and discolored, as a result of
increased bacterial growth. [12] We take this discoloration of
the gill as the classification criteria. This process is
accomplished in two parts, the first being the task of
segmenting the gill from the photo and the latter being the
task of classification.

Segmenting the Fish Gills

Isaac & Dutta [4] proposed a method for isolation of gills
from the rest of the fish using a method of thresholding in the
‘A’ channel of the LAB color space. In practice however this
method relies on the camera quality and highly ideal
conditions of the photo. To tackle a broader range of input
images, we built up on this process and added a color-based
thresholding. The output of the two thresholding algorithms
is then summed to provide the required isolated gill mask.
This process is illustrated in the flowchart as shown in Fig. 1.
Fig. 2 shows the output of isolation of gills from a raw image
for multiple different input samples.
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Fig. 1 Flowchart showing the Gill Segmentation process

Fig. 2 The input and output images for the gill segmentation process for
common carp (1,2) and curled gill
goldfish (4)
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Calculating the Standard Deviations

Once we have the fish gill isolated, we use the uniformity
in the color pattern of the gill as a determinant of the
freshness of the fish. To accurately measure how the color of
the gill varies, we take the standard deviation of all the R, G,
and Bvalues. If the color variance is low, the standard
deviation is also low and if the variance is high, the standard
deviation is high as well. Table 1 is a table of the readings for
standard deviation of the gills for two fish samples taken over
the period of nine days. Fig 3 shows the same data plotted on
a graph. It clearly shows a rise in the deviation for both
samples.

Table 1 Table of standard deviation values for consecutive days for two fish
sample

DAY SAMPLE SAMPLE
1(Common 2(Curled Gill
Carp) Gold Fish)
1 40 17
2 38 15
3 43 16
4 43 19
5 45 19
6 49 22
7 52 21
8 58 23
9 63 23
; 175 O Prmf —

Fig. 3 A plot for the fish standard deviations through the decay process

B. Fish Eye Cloudiness

Quantifying the cloudiness of the fish eye can also be used as
a standard for fish quality. But the amount of cloudiness
recorded by a camera sensor will depend on a lot of factors
such as: Camera quality, Environmental Lighting during
recording the observations, Additional Lighting (flash) if
provided and the type of fish. This essentially makes us
unable to use absolute values to qualify the eye haziness.
When a fish spoils, the eyes gradually shrink and pass from
being flat to concave (sunken), the pupil becoming cloudy
and milky and the cornea opaque [3].

Instead, we use a sample-based method where we take
pictures of known fresh samples before use and store their
values as reference. The new samples are now assessed with
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respect to the reference values

Isolating the eye

Isolation of the fish eye is accomplished using Hough
Circle Transform. To improve accuracy, we reduce the area
of the raw image we analyze by taking only the area in the
vicinity of the gill excluding the area of gill into
consideration. The area of consideration is calculated using
the dimensions of the bounding rectangle of the gill and the
size of the image. The method used is demonstrated below.
The output generated from the process is shown in Fig. 4.
Each of the boxes labeled 1 is the bounding rectangle of the
gill area. The boxes labeled 2 are the regions generated for
analysis and ideally the eye will always be located in this box
(2), excluding the gill area. Once the region of interest is
formed, it is passed through a canny operator and a Hough
Circle Operator. The detected circles are then filtered out
using area as the thresholding parameter. The eye is then
isolated as an eye mask to be used in measuring the
cloudiness.

Once the region of interest is formed, it is passed through a
canny operator and a Hough Circle Operator. The detected
circles are then filtered out using area as the thresholding
parameter. The eye is then isolated as an eye mask to be used
in measuring the cloudiness.

Calculating the Eye Vicinity

Dimension of image = ht x wt

Dimension of gill bounding box generated = h* x w?
height of image (h')

height of gill bounding box(h?®)
width of image (wl)

width of gill bounding box{w?)

Gill height scale(h') =

Gill width scale (w') =

Height of eye vicinity box = x"
Width of eve vicinity box = x"
Final dimensions of bounding box = (x" ,x" )

Here x depends on camera quality i.e. resolution of the

original sample image. In the presented experiment taking x
in the range 1.2 to 2 gave reliable results.

Fig. 4 Visual depiction of the eye vicinity calculation
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Calculating the Blur Index

After analyzing multiple fish eyes with varying degrees of
cloudiness, we found out that the eye blurriness could be
assessed the same way as blur. While it does not have a
concrete relation to blur as a constant, it was found to be
linear in a way that as the cloudiness of the eye increased, the
measure of the blur in the image also increased.

The blur was calculated using a Laplacian operator which
was run as a kernel through the entire eye mask. This
implementation of the Laplacian operator has been derived
from the work of Pacheco & Cristébal [13] where they
provide a lot of auto focusing methods. Table 2 shows the
output data for the blur index calculation for the two fish
samples used. This data is also graphically represented in Fig.
5 where we can see a clear decreasing trend.

Table 2 Blur index values for consecutive days for two fish samples

DAY FISH SAMPLE 1 FISH SAMPLE 2
(Common Carp) (Curled Gill Goldfish)

1 122 663

2 134 800

3 113 1000

4 124 505

5 80 550

6 66 405

7 78 380

8 53 390

9 33 304

Blur Index

Day

——

@ Fish Gill Deviation Eye Blur Index
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Fig 5 Blur index plot on consecutive days

Fig. 6 Combined graph with gill deviation and eye cloudiness showing
segmentation of fish's usability

IV.RESULTS AND ANALYSIS

From the graphs of the eye cloudiness and gill deviation, we
can conclude that both parameters have a trend which is
easily recognizable. Although this trend is heavily dependent
on the camera quality and the amount and type of colour the
camera adds to the image. These deviations can be
normalized by performing a calibration test on the same
camera and finding out the standards.

After standardization, we have split the life of fishes into two
sections, usable and unusable. The graph in Fig. 6 shows this
division. The left most blue (the darkest shade) section
displays the usable time during the fish’s life. From the graph
we can take the end point values as cutoff to find the numeric
value of the two parameters after which the fish becomes
unusable.

V. CONCLUSION AND FURTHER SCOPE

In this paper, we have proposed an efficient method for
determining the fish freshness. We focused on developing a
method which is highly practical and can be used for a large
variety of fishes. We took two parameters, the gill and the
fish eyes as the determinants and their values as the degree of
freshness a fish .An ideal use case of the algorithm would be
in a high volume fish processing plant where each fish can be
checked on a conveyor before its processing and it can also
prove to be effective when used in general households to test
their fishes before eating.

While we have chosen only two features to work with , the
most optimum solution which ideally won’t rely on external
features like camera coloring, camera quality and the natural
lighting would be a neural network trained with up to 15-20
features. Such a network would require a high volume of
input data but would highly streamline the process of fish
freshness detection. Such a system would only depend on the
species of fishes in question.
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