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DESCRIPTION

Underwater computer vision is becoming an important digital
method for observing fish, shrimp, and other aquatic organisms
in aquaculture facilities. Conventional farm monitoring often
depends on direct observation, manual sampling, periodic
weighing, and visual inspection by farm personnel. These
approaches can provide useful information, but they require
considerable time and may not capture changes continuously.
Underwater cameras combined with image processing and
machine learning can provide repeated observations without
their This

approach allows producers and researchers to collect visual

removing animals from culture environment.
information about animal behavior, body size, swimming
activity, feeding responses, population distribution, and physical

abnormalities.

An underwater computer vision system generally consists of
cameras, illumination equipment, image acquisition hardware,
data storage, and software for image analysis. Cameras can be
positioned inside tanks, ponds, raceways, cages, or recirculating
aquaculture systems. The equipment records images or video
while aquatic animals move through the monitored area.
Software then processes these visual data to identify individual
groups
Depending on the application, the system may estimate body

animals or and measure selected characteristics.
length, detect movement, classify behavior, count animals,
identify feeding activity,

patterns.

or recognize unusual swimming

Water creates several technical difficulties for visual monitoring.
Light is absorbed and scattered as it travels through water, while
suspended particles can reduce image clarity. Algae, bubbles,
organic material, and surface reflections may also interfere with
image interpretation. Fish can overlap with one another, move
rapidly, or change direction unexpectedly. These conditions
make underwater image analysis different from ordinary
computer vision applications performed in controlled terrestrial

environments. Camera selection, installation depth, viewing

angle, illumination, image resolution, and water quality therefore
have a direct effect on the quality of collected data.

Image preprocessing is commonly applied before automated

analysis. Noise reduction can remove unwanted visual
disturbances, while contrast adjustment can improve separation
between animals and the surrounding water. Image stabilization
can reduce the effect of camera movement caused by water
currents or equipment vibration. Background subtraction can
assist in separating moving animals from stationary structures.
More advanced systems use deep learning models to recognize
animals even when the background is variable. These processing
methods can reduce the amount of manual review required

when large quantities of video are collected.

Fish counting is one of the practical applications of underwater
computer vision. Counting animals manually can become
difficult when stock density is high. A camera system can
continuously record a defined section of a culture unit and use
object detection algorithms to estimate the number of animals
passing through the viewing region. Tracking algorithms can
follow movement across consecutive frames and reduce the
possibility of counting the same fish multiple times. Such
information can support stock estimation, production planning,
biomass assessment, and routine farm management.

Body-size estimation is another useful application. Fish length
and body shape can be estimated from images when the camera
position and scale are properly calibrated. Some systems use
reference objects or known distances within the camera view to
convert pixel measurements into physical dimensions. Repeated
measurements can provide information about growth patterns
without requiring frequent capture and handling. Reduced
handling may also decrease stress associated with physical
sampling. For commercial operations, continuous visual growth
could assist with feeding decisions, harvest
planning, These technologies
support efficient, non-invasive monitoring and improve overall
aquaculture management.

information
and production assessment.
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CONCLUSION

Underwater computer vision therefore represents a useful
technological approach for collecting continuous visual
information in aquaculture. Its applications extend from fish
counting and size estimation to feeding assessment, behavioral
analysis, health screening, welfare research, and environmental
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response monitoring. Successful implementation depends on
appropriate camera placement, suitable lighting, reliable image
processing, representative training data, and careful validation.
When combined with environmental sensors and farm records,
visual information can provide a broader understanding of
aquatic animal performance and support more informed
management decisions.
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