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For a Diver * Every day is Ocean Day

Coral reef monitoring takes to the skies:

drone-mounted hyperspectral cameras help scientists assess health of coral reefs

by Colleen O'Brien on 19 February 2018

e Hyperspectral images taken from cameras on unmanned aerial vehicles (UAVs) are helping scientists
survey the composition and health of coral reefs under the water.

e These images capture information from visible (light) and non-visible sections of the electromagnetic
spectrum thereby offering information the human eye can't see.

o When paired with UAVs or satellites, hyperspectral images allow researchers to survey the reef habitats—
including coral, sand, and algae—over large areas as well as monitor the health of individual corals.

Why are scientists turning to aerial images to monitor the health of ecosystems found beneath the ocean’s surface?
Coral reefs support millions of species ranging from single-celled algae to sharks and sea turtles. However, this
diversity, coupled with the scattered and often remote (underwater) locations of reefs, makes it challenging to
monitor these ecosystems effectively.

To survey reefs, experts must spend time in the water, identifying and counting species. This approach requires
substantial time and resources and may also lead to biased results that are difficult to compare over time.
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Scientists typically survey various reef habitats and species by getting in the water and counting. Photo credit: Greg
Asner | divephoto.org

Recently, scientists have begun surveying reefs using images captured from satellites. Analyzing images allows
researchers to more accurately compare surveys from different time periods and to cover a larger area with each
survey.

However, the usefulness of these satellite images is limited by their low resolution. Researchers in Australia are

now conducting surveys using unmanned aerial vehicles (UAVs) and hyperspectral cameras to gather more
detailed images and data on the health of coral reefs.

What is hyperspectral imaging?
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Receptors in the human eye detect a narrow range of wavelengths in the electromagnetic spectrum-the area we
call visible light, consisting of three bands of energy that our eyes perceive as red, green and blue. The combination
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of these bands that an object reflects determines the colors we see. Similarly, a standard camera captures an
image recorded in these three bands of visible light.

Visible light makes up a small portion of the electromagnetic spectrum. Hyperspectral sensors detect energy from
wavelengths across a broader range of the spectrum, Image credit: Philip Ronan, Gringer CC 3.0

Materials can be differentiated based on the unique signature of wavelengths their surface reflects. Like a human
fingerprint, this spectral signature makes it possible to identify a material once its signature is known. Images taken
with a hyperspectral camera record this spectral signature using more and narrower wavelength bands that
generally cover a wider range of the electromagnetic spectrum than the three bands of visual images.

In an email to Mongabay-Wildtech, Dr. Felipe Gonzalez, Associate Professor at the Queensland University of
Technology (QUT), described the advantages of this technology. “Whilst regular cameras acquire image samples at
only three fixed wavelength bands (visible red, green and blue), hyperspectral cameras scan the same scenery at a
much [greater] amount and range of spectral bands. QUT’s hyperspectral camera, for instance, acquires samples of
up to 270 wavelength bands ranging from the visible spectrum to NIR [near-infrared].”

Hyperspectral imaging was originally developed for mining and geology purposes, but researchers are beginning to
take advantage of the detailed images for coral reef surveys and other environmental monitoring applications.

Assessing the reef from the skies
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The specialized hyperspectral camera was originally a huge, expensive device. Gonzalez and his colleagues at
QUT have developed a miniaturized hyperspectral camera that can be carried by an unmanned aerial vehicle

(UAV).

unmanned aerial vehicle-mounted hyperspectral camera in action over the Ningaloo Reef in Australia. Photo credit:
Felipe Gonzalez

Their camera produces hyperspectral images with a high enough spatial resolution (15 cm/pixel) to identify and
monitor individual corals. In comparison, the Hyperspectral Imager for the Coastal Ocean (HICO), a camera which
was installed on the International Space Station in 2015, captured images of coral reefs at a 90 m/pixel resolution.
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Using this set-up, the researchers have obtained aerial hyperspectral images of the Ningaloo Reef — part of
the Ningaloo Coast World Heritage Site of Western Australia. Ningaloo is one of the world’s largest fringing reefs,

spanning nearly 300 km, and is well-known for the population of whale sharks that gather there annually to feed.
A whale shark swimning off Ningaloo Reef in Western Australia dwarfs smaller fish. Yes, it's that big. Photo credit:
Chewb62 CC 3.0

Compared to other large reefs, such as the Great Barrier in eastern Australia, Ningaloo has been very resistant to
bleaching and disease. The 2017 IUCN World Heritage Outlook gave the Ningaloo reef its most positive rating for
‘Conservation Outlook’. Consequently, having the technology to closely monitor the reef will help to quickly detect
any changes in its health and possibly provide insight into its resilience.

Satellites have already obtained aerial images of the reef; however, the UAV makes it possible to capture images
from a significantly closer distance (30-100 m from the water’s surface), resulting in high enough spatial resolution
to survey the benthic composition of a reef (coral, sand, algae, etc.) and monitor the health of individual corals.
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Flying the UAV at a 100 m altitude, Gonzalez and his team can photograph 40 ha of Ningaloo Reef in about 30
minutes. Using the hyperspectral data acquired from these images, Gonzalez says they are able to “find patterns
that distinguish levels of coral bleaching, water pollution, amongst others.”

Queensland
QUT University
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QUT’s hyperspectral camera captures the unique spectral signatures of coral, sand and algae, allowing researchers
to create detailed maps of the reef habitat. The image shows the visible light spectrum, but hyperspectral imagery
uses a range of wavelengths, including visible, infrared, and ultraviolet. Photo credit: Felipe Gonzalez

However, according to Gonzalez, the “huge amount of data represents some challenges regarding data filtering,
interpretability and computational effort.” Gonzalez and his colleagues are developing artificial intelligence software
that will learn how to automatically recognize the unique spectral “fingerprints” that the camera detects. This
software will be able to differentiate coral species and predict the level of bleaching in individual corals. It also will
be able to identify other features of the reef, such as sand and algae.

Assessing the reef from below the surface
Coral reef researchers are also beginning to take the technology underwater. Dr. Arjun Chennu, a research scientist

at the Max Planck Institute for Marine Microbiology, recently helped to develop the HyperDiver — a diver-operated
apparatus that not only captures hyperspectral images, but also measures water chemistry (pH and O2) and
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records the seafloor topography. The hyperspectral imagery enables the diver team to map benthic habitats, coral
pigment densities and coral structure (rugosity) at the fine scale of a reef.
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Two types of coral—Cyphastrea microphthalma on the left and Montipora aequituberculata on therghtfro
Western Australia’s Ningaloo Reef demonstrate the variety of pigments, structures, and textures of corals that can be

picked up by hyperspectral sensors. Photo credits: Ryan McMinds CC 2.0, and Ryan McMinds & Joe Pollock CC 2.0

The Reefscape project is using aerial and underwater hyperspectral cameras to construct a spectral library that,
when coupled with satellite imaging, will potentially make it possible to survey the coverage and health of coral
reefs on a global scale. Spectral patterns reflect the unique chemical signature of an object. The signature of
unhealthy corals or trees

The challenges of high cost and complex data analysis have limited the adoption of hyperspectral imaging for
environmental research and conservation. However, with the popularity of the technology increasing, lower-cost
hyperspectral cameras are being developed. Moreover, as artificial intelligence software for identifying spectral
signatures improves, the analysis of hyperspectral data has the potential to become largely automated.

The economic value of coral reefs has been estimated at nearly $30 billion annually, with tourism contributing over
$9 billion. Reefs support fisheries and protect shorelines by buffering against waves and storm surges. However,
increasing ocean temperatures and acidity have led to more frequent occurrences of coral bleaching. Local-scale
pollution and sedimentation further damage reef ecosystems.
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The graph shows the distinct spectral signatures of unbleached coral (Level 4, on left) and bleached coral (Level 1,
on right) that are detected by the hyperspectral sensors. Image credit: Felipe Gonzalez

The researchers at QUT are testing the potential of hyperspectral imaging to help resource managers and policy-
makers better understand how reefs are responding to these stressors in order to make more informed decisions
for their long term use and conservation.

This QUT Ningaloo Reef UAV project video shows how the research team uses their miniaturized hyperspectral
cameras to monitor reef health. Gonzalez said his team is among the first in the world to obtain aerial hyperspectral
imagery of a coral reef in such high resolution. They expect their data-gathering mission will help inform future
research.

https://www.youtube.com/watch?v=A09UT6IGRRs&feature=youtu.be

Banner image: Schooling fish on Ningaloo Reef, Australia. Photo credit: Angelo DeSantis from Berkeley,
uscca.o

Article published by Sue Palminteri
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For additional reading see The WFCRC Document Gallery for articles about:

e Public Service Announcements (PSA)
e Coral Alert Network (CAN)

e Emergency Reporting Reports (ERR)
e (Call to Action (CTA)

e Marine Protected Areas (MPA)

e Marine Life Alert (MLA)

e Seismic and Oil Production Threats
e Natural Science Reports (NSR)

o Qil Spill Alerts (OSA)

e And other miscellaneous documents
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