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Editorial on the Research Topic 


Optics and machine vision for marine observation


The aquatic ecosystem of the planet makes up a sizable amount of 71% of its surface that contain numerous living forms and an abundance of organic and inorganic resources throughout this enormous area (Issac and Kandasubramanian, 2021). Scientists and researchers have long been enthralled by the immense and enigmatic expanse of the marine ecosystems. The ocean’s intricate ecosystems, diverse marine life, and the profound impact they have on our planet make understanding and monitoring these environments crucial (Maximenko et al., 2019). Both anthropogenic and natural activities have significantly increased recently, causing ecological problems in the marine environment (Huang et al., 2023). To successfully address and mitigate the resulting ecological mutilations, these disturbances call for the development of quick monitoring and mitigation mechanisms. As a result, the scientific community has been forced to explore numerous routes to push the limits of marine observation.

Underwater ecosystems have been mostly shrouded in darkness due to light attenuation, hindering comprehensive observation and data collection. But improvements in optics have fundamentally altered our capacity to perceive the underwater environment. Advances in high-resolution image capture, video recording, and spectral data acquisition have been made possible by cutting-edge imaging technology like underwater cameras, spectrometers, and hyperspectral sensors (Song et al., 2021a; Shahani et al., 2021). Through the study of species’ behavior, distribution, and interactions, hidden ecosystems are revealed and scientists are able to explore marine habitats in new detail.

Automated analysis of underwater imagery has been made possible by machine vision techniques used in conjunction with optics. Computers can now extract complex traits and accurately categorize marine organisms thanks to deep learning techniques, a subset of machine learning that has revolutionized image processing and pattern identification. There are many new possibilities for marine surveillance now that machine vision systems, optics, and deep learning approaches have been combined. Automation, data analysis, and real-time monitoring are just a few advantages that machine vision and deep learning algorithms together offer. The topic of marine species tracking and identification is one of the most notable applications (Chuang et al., 2016). Massive volumes of underwater imagery may be quickly analyzed using deep learning algorithms, which can then accurately and automatically identify and classify aquatic organisms (Song et al., 2020; Song et al., 2021b). These developments are essential for following migration patterns, evaluating the health of marine populations, and spotting possible threats to biodiversity. Machine vision and deep learning speed up research efforts by reducing the time-consuming and labor-intensive process of manual identification, enabling scientists to make educated conclusions about conservation measures and policy-making.

In conjunction with machine vision algorithms, remote sensing systems can monitor changes in ocean currents, sea surface temperature, and the spread of dangerous algal blooms (Son et al., 2015). For studying climate patterns, predicting weather occurrences, and reducing the possible effects of natural disasters on coastal communities, these real-time measurements are crucial. Additionally, the monitoring of human activities and their effects on marine habitats is made easier by the integration of optics, machine vision, and deep learning. Machine vision systems can monitor and identify potential pollution, illicit fishing, and habitat devastation (Mehdi et al., 2022; Yasir et al., 2023).

Understanding and maintaining a close eye on the dynamics and health of oceans depends heavily on marine observation. We can employ machine vision, which focuses on creating algorithms and systems for understanding visual data, and optics, which deals with the study and manipulation of light, to better observe and understand marine ecosystems. For this purpose, the Research Topic “Optics and machine vision for marine observation” focuses to explore the intersection of optics, machine vision, and deep learning technologies and their applications in making the field of marine observation more effective. It provides a collection of recent findings, developments, and innovative strategies related to underwater sensors, imaging systems, computer vision algorithms, and data analysis techniques that leverage optics and machine vision technologies for various aspects of marine observation. The Research Topic explores the transformative potential of optics and machine vision and their applications in contributing to the advancements of marine observation systems. The Research Topic is comprised of 24 articles, collectively representing the contribution of 118 authors (Table 1).


Table 1 | Summary of chapters published in this Research Topic.



A wide domain of research is involved in the development and implementation of optics and machine vision for marine observation, including optical sensors and monitoring systems, image processing, deep learning techniques, deep-sea illumination, spectral image analysis, etc. Several researchers address the development of underwater monitoring methods based on optical fiber sensing for real-time study of environmental parameters (Liu et al.), and water quality observation based on multi-sensor fusion for early warning of starfish disaster (Li et al.). Two studies discuss underwater sensor networks and protocols for explorations of underwater resources through efficient data collection (Ahmad et al.; Bharany et al.). Numerous papers deliver improved techniques and applications of deep learning for underwater object detection while several studies highly concentrated on underwater image enhancement in support of algorithm development, validation, and verification. Multiple papers explore the applications of deep learning for underwater object detection (fish classes, and organic and inorganic submarine objects: Yan et al.; Khan et al.; hydrothermal plumes detection: Wang et al.) and image segmentation (fish: Kim and Park; Haider et al.; Chen, J. et al.). One study proposes an advanced trajectory tracking mechanism for underwater fish classes including multi-object detection (Hao et al.). Another study proposes and assesses a starvation grading model for fish class based on image processing and CNN that can benefit the field of fisheries (Zheng et al.). For aerial-based monitoring of coastal areas, a paper suggests small size objects detection technique based on CNN (Gao et al.). Papers based on spectral technologies address a range of topics including deep-sea illumination to compensate light attenuation (Quan et al.), effects of turbidity on spectral imaging (Song et al.), and spectral imaging based deep-sea mineral exploration (Yang, G. et al.). In the field of marine observation, remote sensing provides valuable insights into the state of marine environment. Two papers contributed to the field of ocean remote sensing using hyperspectral imaging and CNNs for the detection of ships (Yasir et al.), and the classification of oil spills (Yang, J. et al.). Several contributions in the field of underwater image processing include image restoration (Ali and Mahmood; color restoration: Hu et al.), and image enhancement (Lai et al.; Zhao et al.; Chen, T. et al.; Deng et al.).

The ability to monitor and understand the marine environment has changed dramatically as a result of the merging of optics and machine vision technologies with marine research. These developments have given scientists the tools they need to solve the urgent ecological problems that are being caused by both natural events and human activity. These potent tools can be used by researchers to gain insightful knowledge of the marine ecosystem, facilitating well-informed decision-making and efficient mitigation measures. As a result, the limits of scientific understanding in marine science are being widely pushed, advancing our comprehension of this complex field to unprecedented heights.
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