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Abstract

Optical imagery is a necessary methodological tool for ecological research within marine

environments, particularly in deeper waters. For benthic (seafloor) surveys, interpretation

of image data is crucial to creating high-resolution maps of seabed habitats. This is fun-

damental to marine spatial planning and mitigating long-term damage of anthropogenic

stressors such as growing resource demand, climate change and pollution. However there

are numerous, and significant, issues in extracting a reliable ground-truth from imagery to

support this process.

Analysis of benthic images is difficult, due in part to the extreme variation and inconsistency

in image quality - caused by complex interactions between light and water. It is also time-

consuming. This thesis is dedicated to providing solutions to manage these challenges,

from a strong perspective of the end-user. Specifically, we aim to improve the annotation of

benthic habitats from imagery in terms of quality, consistency and efficiency. Throughout,

we consider the purpose the imagery serves and work closely with end-users to best optimize

our solutions.

First, and for the majority of this thesis, we investigate image processing techniques to

improve the appearance of image features important for habitat classification. We find that

tone mapping is an effective and simple (and thus accessible) method through which to

improve image quality for interpretation. We describe beneficial (expert-informed) proper-

ties for brightness distributions in underwater images and introduce a novel tone-mapping

algorithm, Weibull Tone Mapping (WTM), to enhance benthic images. WTM theory op-

erates within general constraints that model image requirements (properties) specified by

image analysts, yet possesses a suitable degree of flexibility and customisation. As a tool,

WTM provides analysts with a fast and ‘user-friendly’ method to improve benthic habitat

classification.
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Second, we consider computer vision methods that could automatically identify benthic

habitats in imagery, relieving the analysis bottleneck. We find that baseline transfer learn-

ing of machine learning models, with limited optimization, will better facilitate adoption

by novice users, yet still provides a powerful means to swiftly extract and assess benthic

data.
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“On ne découvre pas de terre nouvelle sans consentir à perdre de vue, d’abord et

longtemps, tout rivage.”

—————

“One doesn’t discover new lands without first, and for a long time, accepting to completely

lose sight of the shore”

–André Gide, Les faux-monnayeurs (1925)
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Chapter 2. Background

to be easily toggled by analysts. Importantly, the additional parameters in CLHE and

CLAHE allow analysts to generate more personalized enhancements; supporting individual

preferences and those related to image content. However, studies rarely consider potential

benefits in such a task-focused context, typically concentrating solely on improved aesthetics

??. This is an important issue given the usage of imagery extends beyond aesthetics - such

as the application in this thesis.

2.3 Computer vision for automatic classification

Incorporating computer vision into benthic image analysis workflows, specifically automatic

classification or detection, is widely believed to be essential. Not only to cope with accumu-

lating data from autonomous imaging platforms but to optimize current analysis methods,

improving the efficiency, consistency and quality of ecological data extraction from im-

ages.

2.3.1 Image features

Image classification is simply the assignment of a label to an image based on visual pat-

terns. Labels are simply categories that describe the image contents or objects that can be

represented textually or numerically (one-hot encoded). Whether undertaken by a human

or a computer, image classification is broadly the same. For example, analysts identify a

species or habitat from an image by scrutinizing the physical and/or biological characteris-

tics based on domain knowledge and experience (or training). Additionally, this decision is

often supported by contextual information about the environment in which the image was

captured, such as geographic region and bathymetric depth (distance below sea level).

A computer vision or machine learning algorithm can be trained to achieve the same task.

Simply put, given an input image, some information or features must be extracted which

can then be passed to a learning algorithm; this learns to assign these features to an appro-

priate classification. Features could merely be pixel values in an image, however this would
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