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INTRODUCTION

As a practical matter, feeding vannamei shrimp
becomes difficult because the pond water is cloudy.
The debris and wastewater spilled from the culture
ponds, which resulted in pollutant loading, with re-
spective values of per tonne production of 21.95 kg
total Kjeldahl nitrogen and 1.12 kg total Kjeldahl ni-
trogen, 18.36 g Pb and 3.63 g Pb, and 31.30 g As and
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ABSTRACT

One way to help the feeding process vannamei shrimp in ponds that have cloudy surface using constructed
with a size of 50 × 50 × 18 cm with a water height in the pond of 7 cm from bottom, where the data in the
form of images was obtained from data collection 25 times using a camera is placed at a height of 52 cm
above the water surface. The pond’s entire surface was captured with one click of the camera. The number
of vannamei shrimp used in this study was 7. The method used for data processing is thresholding, in
which the threshold value is generated using a histogram-based technique from the image data. This
method is employed to distinguish shrimp from non-shrimp regions in the image. From this study, a
vannamei shrimp detection technique was developed, producing results in the form of a script that
distinguishes vannamei shrimp objects from non-vannamei shrimp. The detection accuracy achieved
using the thresholding method in this study is 94.28%. The positions of the shrimp were produced in the
form of coordinates as a step to success according to the objectives of this study, which were able to detect
positions, in order to help facilitate the process of feeding in ponds. This detection technique could be
developed for application on full-scale ponds, utilizing cameras mounted on drones as a tool for detecting
vannamei shrimp positions in cloudy pond water. This technology may be adapted to allow targeted
feeding of shrimp in ponds, thus maximizing food consumption and minimizing food wastage.

KEYWORDS: Cloudy pond water; Miniature Pond; Image processing; Camera; Vannamei shrimp

1.94 (Na nakorn et al., 2017) As the results demon-
strated that small-scale farms produced the highest
pollution loading in wastewater and sediment for the
same production. However, the average total sus-
pended particles and ammonia nitrogen of harvest-
ing effluent could not meet the Effluent Standard for
Coastal Aquaculture for farms of any size (Na nakorn
et al., 2017). Unexpected repercussions of shrimp
aquaculture intensification include wastewater man-
agement issues and other issues arising from the
effluent’s environmental impact (Iber & Kasan, 2021).
According to this study, some behaviors contribut-
ing to wastewater formation in shrimp aquaculture



146 Copyright @ 2025, Indonesian Aquaculture Journal, p-ISSN 0215-0883; e-ISSN 2502-6577

Image procesing method to detect the position...... (Waryanto et al.)

farming include excessive feed and fertilizer applica-
tion, metabolite wastes, shrimp mortalities, oil spills
from farm machinery, and drug and chemical abuse.
It has been noted that the socioeconomic effects of
shrimp effluent water discharge have both good and
negative aspects (Iber & Kasan, 2021). Shrimp waste-
water management expenses are unaffordable due to
the high quantities of ammonia, nitrate, nitrite, and
organic carbon in the wastewater produced by the
new technology system (Mahari et al., 2024).

The previous studies have discovered the vision
of computers, machine learning, and deep learning
methods to estimate the length of the shrimp body
(Hashisho et al., 2021; Lai et al., 2022), the length
and shape of shrimp (Setiawan et al., 2022), weight
of shrimp (Pan et al., 2009; Saleh et al., 2024; Xi et
al., 2023), counting of shrimp (Awwaludin et al., 2019;
Khai et al., 2022; Zhang et al., 2022: Liu et al., 2023;
Zhou et al., 2024), and waste feeding (Chirdchoo &
Cheunta, 2019; Zainuddin et al., 2022).

On the other hand, the murky pond water’s con-
dition causes feed to be thrown randomly, which is
not accurate at the vannamei shrimp’s position. (Xue
et al., 2021; Liang et al., 2025). Throwing that is not
right on target will result in the feed falling, causing
new problems in the form of disturbed health of the
cultivation water. Inaccurate feed throwing can cause
the feed to fall outside the intended area, leading to
water quality issues that may negatively affect the
health of the culture environment

Targeted feeding at the correct position of the
shrimp is an interesting potential that needs to be
shared thought. With the condition of the cloudy
surface, how can we determine the position of the
shrimp distribution on the XY plane of the pond

To answer this challenge, we model the surface of
the pond with a specific size, then with the help of

camera technology capture the position of the shrimp
on the surface of the pond in one click (Badgujar et
al., 2024; Humayun et al., 2024; Ragab et al., 2024),
covering the surface area of the pond, where the
data from the capture of this camera technology is
then extracted into information in the form of shrimp
position coordinates against the pond bottom area.
This extraction process is carried out using image
data processing techniques (Yang & Chen, 2024;
Awwaludin et al., 2020) the results of capturing the
position of the shrimp in the form of digital image
data, which is processed using data processing soft-
ware to produce the position of the shrimp in dis-
tance units (coordinates) expressed in pixel coordi-
nate units and then converted to centimeter distance
units, which describe the position of the shrimp about
the surface area of the pond. The important point
in data processing here is creating a script (Ahmadi
& Salari, 2017).

So that it can be used to extract image data to
obtain the actual position against the reference sur-
face of the shrimp pond. To enable the extraction of
image data for determining the precise spatial posi-
tion relative to the reference surface of the shrimp
pond.

MATERIALS AND METHODS

Research design

The final objective of this study is to obtain a
tool capable of reading the position of vannamei
shrimp on the surface area of pond water expressed
in position coordinates against the pond area. It be-
gins with creating a brain based on data processing
techniques using image processing. At this stage, the
focus will be on processing data from input in the
form of images obtained from the results of photog-
raphy in the XY plane, such as the pond in Figure 1.

Figure 1. Pattern of design research in research on increasing the efficiency of the feeding process in
vannamei shrimp cultivation.
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Materials

Basic supporting system

Shrimp, cultured water, miniature pond with wa-
ter surface size 50 cm x 50 cm, camera, camera sup-
port toll.

Basic knowledge system

In this category, the ability to use image data pro-
cessing software is used so that it can be extracted
into vannamei shrimp position information.

The sample used was shrimp at 40 days post-lar-
vae, with 7 shrimp. Data taken as much as 25 data.

Instrument

For image processing data processing using im-
age processing software, the software is used as an
instrument in processing input data obtained from
the camera. In addition to data processing software,
the OPPO A31 camera was used in this study to col-
lect data. The specifications of the OPPO A31 camera
include recording at 30 frames per second with a reso-
lution of 1080 pixels. Lighting was optimized to en-
sure crisp and detailed imagery under indoor envi-
ronmental conditions.

The camera was placed at a height of 52 cm from
the water surface, with a water depth to the bottom
of the pond of 7 cm. At the time of data collection,
the water was visible up to the bottom of the pond.
and the camera positions is perpendicular to the water
surface, to take the position of the shrimp on the XY
plane. The camera captured the entire water surface
in one click.

Methods

Data were collected using an OPPO A31 camera,
resulting in a total of 25 images. Each image was
captured at 5-minute intervals. This process was con-

ducted as part of the data collection procedure.

1. Data pre-processing technique

Before proceeding with detection and classifica-
tion tasks, several pre-processing steps were applied
to enhance image quality and standardize the data:

a. Image Resizing: All images were resized to
a fixed resolution to ensure uniformity for all input
data image. All images were resized to a standard-
ized resolution in order to maintain consistency
across the entire dataset, ensuring that each input
image adheres to the same dimensional requirements
for optimal processing and analysis;

b. Color Correction and Normalization: Ad-
justments to brightness, contrast, for all input data
image. To improve the overall quality and consistency
of the dataset, brightness and contrast adjustments
were systematically applied to each input image prior
to further processing;

c. Color Conversion: RGB images were con-
verted to grayscale to simplify processing for all in-
put data image. All RGB images were converted to
grayscale to reduce computational complexity and
simplify the image processing tasks, ensuring uni-
formity and efficiency in handling all input data;

d. Thresholding: with input value of
thresholding 175 was used to separate the shrimp
from the background for all input data image. A
thresholding value of 175 was applied uniformly across
all input images to effectively separate the shrimp
objects from the background, enhancing object vis-
ibility and facilitating accurate segmentation during
the preprocessing stage. To obtain the thresholding
value, a histogram of the grayscale image was gener-
ated. As shown in the graph, the histogram T value
corresponds to the peak of the histogram, with a
value of 175. This is illustrated in Figure 2.

Figure 2. The histogram of the grayscale image, from which the thresholding value was obtained, shows a
peak at a value of 175.
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2. Feature extraction

Feature extraction was performed to identify
unique visual cues of the vannamei shrimp that dis-
tinguish them from the pond background. This step
is critical for improving model performance and in-
cludes:

a. Edge Detection: Using algorithms like Canny
to highlight shrimp outlines. The Canny edge detec-
tion algorithm was utilized to enhance the visibility
of shrimp contours by highlighting their edges,
thereby facilitating more precise segmentation and
feature extraction in the image processing workflow;

b. Color and Texture Analysis: Histogram-
based color extraction technique are used to extract
shrimp-specific texture features. To effectively extract
texture features unique to the shrimp, histogram-
based color extraction methods were applied, facili-
tating detailed characterization of color distribution
patterns critical for precise image classification and
recognition;

c. Centroid & Orientation: Used to detect po-
sitioning and alignment. The technique was utilized
to detect and assess the spatial positioning and align-
ment of elements, which is critical for maintaining
consistency and accuracy in subsequent processing
steps;

d. Use command: stats = regionprops (binary
Image, ‘Area’, ‘Centroid’, ‘BoundingBox’ to define the
vannamei shrimp. Using the regionprops function on
the binary image, key features including ‘Area’, ‘Cen-
troid’, and ‘BoundingBox’ were extracted to accurately
identify and delineate the Vannamei shrimp in the
image.

3. Object detection and classification

Object detection models were used to locate and
identify shrimp within the images. All input image
passed to detection model such as Figure 3. The flow-
chart below use to detection the vannamei shrimp
with the background. The output from the flowchart
are Centroid and coordinate of The vannamei shrimps.

Figure 3. Flowchart of research on determining vannamei shrimp coordinates using image processing.
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4. Validation and accuracy assessment

In this study, the concept of Ground Truth Com-
parison is utilized to evaluate the accuracy of the
detection result. Manual counting of vannamei shrimp
in each image for validation (7 per image expected).
Each image was manually examined to count the num-
ber of vannamei shrimp present, with an expected
count of approximately seven vannamei shrimp per
image, to validate the accuracy of the detection pro-
cess. Detection accuracy was calculated using the
formula1:

accuracy = (correct Detections / total Shrimp) * 100% ……..(1)

where ‘correct Detections’ represents the num-
ber of vannamei shrimp accurately identified by the
model, and ‘total Vannamei Shrimp’ denotes the to-
tal number of vannamei shrimp present in the ground
truth annotations.

5. Tools and library

In the image processing stage, MATLAB software
was used, specifically utilizing the Image Processing
Toolbox. Several functions were applied, including

imread, rgb2gray, imbinarize, regionprops, bwlabel,
and imshow. The complete process can be seen in
the script (Table 1) used for the Vannamei shrimp de-
tection model, as presented below

To get the coordinate position of vannamei shrimp
in the miniature pond model above with 25 data, the
following script is used, see Table 1, where the cen-
tral concept of this script is to be able to distinguish
between vannamei shrimp objects and non-vannamei
shrimp objects. The thresholding value method of
175 is used as a differentiator between vannamei
shrimp and non-vannamei shrimp, then complement
operations and morphological operations are carried
out as segmentation steps. Labeling vannamei shrimp,
extracting the centroid value of each object detected
as a vannamei shrimp object, then from the centroid
value, it is converted into a cm unit value by multiply-
ing the pixel value of the centroid by the unit of the
object whose measurement value is already known
in cm units, which have also been photographed in
the 25th image data, the last is the coordinate ex-
traction result in cm units from each object detected
as vannamei shrimp.

Table 1. The script for image processing data processing uses Matlab with input in the form of a digital
image to obtain the coordinates

[file]=uigetfile('*.jpg');
Img1 = imread(file);
Img2 = im2double(Img1);
Img3 =(Img2-
min(min(Img2)))./((max(max(Img2))-
min(min(Img2))));
Img4 = 255*Img3;
Img5 =uint8(Img4);
Img6=im2gray(Img5);
Img7=medfilt2(Img6);
[row, colum] = size(Img7);
T=175;
for im=1:row

for j=1:colum
if(Img7(im,j)<T)

biner(im,j)=0;
else

biner(im,j)=1;
end

end
end
figure, imshow(imbinarize(biner));
L= imcomplement(imbinarize(biner));
figure, imshow(L);
M = imfill(L,'holes');
N = bwareaopen(M,23000);
[label,n]= bwlabel(N);
figure, imshow(label)
figure,imshow(Img5)
hold on
[c,~]= bwboundaries(label,'no holes’);
for k = 1: length (c)

boundary = c{k};
plot(boundary(:,2), boundary(:,1), 'r',

'LineWidth',3)
end

stats = regionprops(label, 'Area', 'Centroid',
'BoundingBox');
for k = 1:n

luas_px=stats(k).Area;
luas_cm2= round(((5/280)*(5/280))*(stats(k).Area));
props=regionprops("table", label, "Centroid");
centroid=stats(k).Centroid;
koordinat=table2array(props);

koordinatdalamcm=round((1/280)*(5)*(stats(k).Centroid));
bbox = cat(1,stats.BoundingBox);
text(centroid(1),centroid(2)+40,num2str(k),'Color','y', ...

'FontSize',10, 'font-weight', 'bold')
text(centroid(1)+100,centroid(2)+50,num2str(luas_px),

...
'Color', 'b', 'FontSize',8, 'FontWeight', 'bold')

text(centroid(1)+150,centroid(2)+100,num2str(luas_cm2),
...

'Color', 'r',' FontSize',8, 'FontWeight', 'bold')
text(centroid(1)-

100,centroid(2)+70,num2str(koordinatdalamcm), ...
'Color', 'g', 'FontSize',10, 'FontWeight', 'bold')

h = rectangle('Position', bbox(k,:),'LineWidth',1);
end
hold off
info=regionprops("table", label, "Area");
luas_px=table2array(info);
luas_cm2= (5/280)*(5/280)*(luas_px);
props=regionprops("table", label, "Centroid");
koordinat=table2array(props);
koordinatdalamcm=(1/280)*(5)*koordinat;
results.Img1 = Img1;
results.Img5 = Img5;
results.stats = stats;
result.props = props;
result. bbox = bbox;
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The coordinates are obtained by extracting cen-
troid data from 25 data, where each data contains 7
shrimp, extracting the centroid value into a distance
coordinate value with formula 2:

Coordinate = (1/280)*(5cm)*(Centroid) …………(2)

To obtain the coordinate positions of shrimp on
the water surface, a reference object with known
dimensions was utilized. This object was placed
within the pond area and captured simultaneously with
the shrimp in a single image frame. The presence of
this reference object enables the conversion of pixel-
based measurements into real-world spatial coordi-
nates. The dimensions of the reference object are
shown in Figure 4.

RESULTS AND DISCUSSION

Data input at the image processing

Image data were acquired from a miniature model
of a vannamei shrimp pond with dimensions of 50
cm × 50 cm. A camera was mounted vertically above
the water surface (along the XY plane) to ensure com-
plete coverage of the pond area within a single frame.
The experimental setup was designed to capture the
spatial positions of all seven vannamei shrimp present
in the pond at each time point. A total of 25 images
were captured at consistent time intervals, with each
image fully encompassing the pond’s surface. These
images constitute the raw dataset for subsequent
analysis using image processing techniques. Figure 5
illustrates the sequence of acquired image data.

Figure 4. Dimensions of the object to use convert the coordinates vannamei shrimps.

5 cm
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Figure 5. Raw data used as input for image processing, taken from a miniature shrimp pond measuring 50
cm x 50 cm, containing 7 vannamei shrimp. The images were captured at 5-minute intervals
between each frame: (a) data 1; (b) data 2; (c) data 3; (d) data 4; (e) data 5; (f) data 6; (g) data 7; (h)
data 8; (i) data 9; (j) data 10; (k) data 11; (l) data 12; (m) data 13; (n) data 14; (o) data 15; (p) data 16;
(q) data 17; (r) data 18; (s) data 19; (t) data 20; (u) data 21; (v) data 22; (w) data 23; (x) data 24; (y) data
25.
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Results of processing using images

The visual results of the data processing, executed
using a predefined script, yielded 25 processed im-
ages corresponding to the original dataset. In each
image, objects identified as vannamei shrimp were
successfully detected and are highlighted using bound-
ing boxes. For each detected object, the centroid

coordinates were extracted and mapped within the
spatial reference of the pond area (50 cm × 50 cm).
This positional information enables precise localiza-
tion of the shrimp within the pond surface. The com-
plete set of visual outputs, including bounding boxes
and centroid coordinate annotations, is presented in
Figure 7.

Figure 6. Differentiation of the results of the thresholding process T=175 in distinguishing between ob-
jects that are vannamei shrimp and non-vannamei shrimp objects.

Figure 7. Visual results of data processing for all images: (a) data 1; (b) data 2; (c) data 3; (d) data 4; (e) data
5; (f) data 6; (g) data 7; (h) data 8; (i) data 9; (j) data 10; (k) data 11; (l) data 12; (m) data 13; (n) data
14; (o) data 15; (p) data 16; (q) data 17; (r) data 18; (s) data 19; (t) data 20; (u) data 21; (v) data 22; (w)
data 23; (x) data 24; (y) data 25.
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Table 2. Shrimp centroids extracted from image processing in 25 observation image data (pixels)

The coordinates presented in Table 2 were ob-
tained by converting the centroid positions of de-
tected objects into spatial coordinates in centime-
ters. The table provides detailed information on the
centroid positions extracted from the 25 processed

images using image processing techniques. Each de-
tected vannamei shrimp is represented by its corre-
sponding centroid coordinates. The complete set of
centroid data for all 25 images is comprehensively
presented in Table 2
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Table 3 presents the coordinate data extracted
from 25 processed images using image processing
techniques. Each detected vannamei shrimp is repre-
sented by its corresponding spatial coordinates, which
were obtained by converting centroid positions us-
ing Equation (1). This conversion transforms pixel-

based centroid locations into real-world coordinates
(in centimeters) within the pond area. The complete
set of coordinate information for all 25 images is
provided in Table 3. A graphical representation of the
coordinate distribution from all 25 images is illus-
trated in Figure 8.

Table 3. Shrimp coordinates obtained from image processing in 25 observation image data (cm)
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Then, after the model enters the input data from
the data collection results, it is processed using im-
age processing to obtain extraction in the form of
coordinates in distance units, where these coordi-
nates are against the pond area, XY.

The implemented script applies a thresholding
value of 175 to differentiate vannamei shrimp objects
from the background and non-shrimp elements within
the image. This thresholding method was consistently

applied to all 25 image datasets. An example of its
application is illustrated in Figure 6. In the resulting
binary image, pixels corresponding to detected
vannamei shrimp appear in white, while non-shrimp
areas are represented in black. Based on this pro-
cess, seven distinct shrimp objects were successfully
identified, which is consistent with the actual num-
ber of vannamei shrimp placed in the miniature pond
model.
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Figure 8. A graphical representation of the coordinate distribution from all 25 images: (a) Coordinates of
image data 1 until 5; (b) Coordinates of image data 6 until 10; (c) Coordinates of image data 11
until 15; (d) Coordinates of image data 16 until 20; (e) Coordinates of image data 21 until 25.

Table 4. Information of validation about detection of shrimps vannamei at 25 data

Data
input

Real number
of shrimp

Detected
amount

Validity
(%)

Data
input

Jumlah Real
number of
shrimp

Detected
amount

Validitas
(%)

Data 1 7 7 100 Data 14 7 7 100
Dara 2 7 7 100 Data 15 7 7 100
Data 3 7 7 100 Data 16 7 7 100
Data 4 7 7 100 Data 17 7 6 85,7
Data 5 7 7 100 Data 18 7 6 85,7
Data 6 7 7 100 Data 19 7 7 100
Data 7 7 7 100 Data 20 7 7 100
Data 8 7 7 100 Data 21 7 7 100
Data 9 7 7 100 Data 22 7 7 100
Data 10 7 7 100 Data 23 7 7 100
Data 11 7 3 42,8 Data 24 7 4 57,1
Data 12 7 6 85,7 Data 25 7 7 100
Data 13 7 7 100 Average 94,28
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In this study, the concept of Ground Truth Com-
parison was employed to evaluate the accuracy of the
detection results. To establish ground truth, each
image was manually examined, and the number of
vannamei shrimp present was counted, with an ex-
pected count of approximately seven shrimp per im-
age. This manual counting served as a validation
benchmark for the automated detection process.
Detection accuracy was calculated using a predefined
formula. Based on the 25 datasets presented in Table
4, the object detection process achieved a validity
rate of 100% in 20 datasets, 85.7% in 3 datasets, 57.1%
in 1 dataset, and 42.8% in another dataset. Overall,
the implemented detection script attained an aver-
age validity of 94.28%.

Correlation analysis between the spatial distribu-
tion of shrimp, obtained through image processing
techniques, and daily feeding patterns represents a
critical approach for optimizing data-driven shrimp
aquaculture management. By utilizing images captured
periodically using cameras or surface drones, the
positional coordinates of shrimp within a pond unit
can be extracted and modeled to represent the spa-
tial distribution of the shrimp population. This spa-
tial data can then be correlated with feeding informa-
tion—such as feed quantity, timing, frequency, and
spatial application—to evaluate the efficiency of feed
dispersion in relation to the actual distribution of
shrimp within the pond. However, it should be noted
that the correlation analysis itself is not explored in
depth within the scope of this paper.

CONCLUSION

Based on the results obtained from 25 observa-
tions, the system achieved a validity rate of 94.28%.
This level of accuracy demonstrates the system’s
potential for integration into a coordinate detection
tool aimed at enhancing the efficiency of the feeding
process, ensuring that feed is delivered precisely to
the shrimp’s location on the turbid pond surface.
Considering these findings, the system developed in
this study is recommended for application in locat-
ing shrimp positions within aquaculture ponds. The
technique of determining the position of vannamei
shrimp on the pond surface through image process-
ing offers a practical foundation for developing a
shrimp position detection tool on the pond’s XY
plane, which can further support the automation of
feeding systems.
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