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Abstract

Mapping of coral reefs is useful for understanding, monitoring and tracking their development. However, studies on reef
mapping in the Southeast Asian region are limited. The main objectives of this study were to 1) map the coral reefs using
photogrammetry in order to create a 3D map of the reef, and 2) determine the coral growth forms and identify the corals to
the lowest possible taxa from the images. Data collection was conducted on 19 and 24 January 2018. All images were
captured by applying photogrammetry technique using a digital camera with waterproof housing. Image reconstruction
process was performed in Agisoft Photoscan and Blender, using the structure-from-motion (SfM) algorithms to reconstruct
the 2-Dimensional images into a 3D model. The reef map generated from Agisoft Photoscan is of medium quality. Coral
growth forms were determined and identified to the lowest possible taxa through the images. From the images, free-living
corals of the family Fungiidae were the most common coral observed in the study site. In conclusion, the output of this study
shows that reef mapping is possible using a photogrammetry approach and images can be used to identify coral growth

forms.
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Introduction

Conventional methods such as in situ quadrats, line
transects and manta tows have been used for coral reefs
surveys to determine the benthic community structure
(Miller and Miiller, 1999). In large reef areas, using
conventional methods to determine the benthic spatial
distribution is not practical when resources such as cost,
time and personnel are a limitation (Ginsburg, 1994). As
technology development improved with time, marine
scientists began to use remote sensing technology to
identify, map and assess coral reef ecosystem health,
using satellite sensors, aerial and satellite photography,
hyperspectral imagery, acoustic analyses, and
bathymetric surveys (Clark et al., 1997; Mumby and
Edwards, 2002; Eakin et al,, 2010). This assists scientists
and policy-makers in conservation planning and
management purposes (Witze, 2016). However, mapping
coral reefs with these advanced technologies may not
always be practical due to certain limitations and
disadvantages, for instance the expensive cost to obtain
high resolution data from airborne hyperspectral data
and remote sensing imagery, and sensors limitation in
identifying the coral reef features (Cetin, 2004; Ventura et
al.,, 2016).

To map a coral reef area with extensive details,
the combination of photo-interpretation technique and
intensive ground-truthing provides better results than
remote sensing technology alone (Andréfouét, 2008;

Scopélitis et al., 2010). It is a non-invasive and cost-
efficient way to achieve better understanding, monitoring
and tracking of coral growth (Chandler et al., 2005; Marre
et al,, 2019). Repetitive surveys with this technique can
provide a database for monitoring coral reef
development.

The aims of this study were to map a section of
the coral reef of Pulau Udar Besar, Kota Kinabalu, using
photogrammetry technique in order to create a 3D map of
the reef, as well as to identify the growth form and the
lowest possible taxa of the corals from the images. The
study site was chosen due to the limited information of
the island. Photogrammetry is defined as making
measurements from photographs that can be used to
construct 3D measurements from 2D images (Nisha,
2021). The output from this study can serve as baseline
information for future reference.

Materials and Methods

Study Site

Pulau Udar Besar is located approximately 1.4 km from
the Kota Kinabalu mainland as shown in Figure 1. There
are no human settlements on the island. The study site
was located at the western part of the island
(6°04'48.4"N, 116°05'18.2"E). The fringing reef of the
island extends up to approximately 0.1-0.2 km from the
island.
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Figure 1. (a) Map of study area - Pulau Udar Besar, Kota
Kinabalu, (b) Inset map shows the study site indicated by
the red dot (Source: ESRI).

Field Survey

The sampling site was chosen based on LandLook Viewer
imagery (https://landlook.usgs.gov/) and exploratory
dives. Data collection was done over two days on the 19
and 24 January 2018, with two dives on each day. The
sampling site did not extend deeper than 10 m depth, and
was within 200 m radius of the island’s coral reef extent.
A quadrat of 10 x 10 m was placed on the seafloor by using
a transect tape as a framework for the mapping. For the
mapping approach, the benthic habitat was defined to
include abiotic substrates (e.g., sand, rock) and biotic
communities (e.g., coral) covering the seafloor.

Image Acquisition

The mapping was done by collecting images within the
boundary of the 10 x 10 m quadrat using a camera
(Olympus Compact Digital Camera, TG-3 Tough) in
underwater housing, with Full High Definition (Full HD)
resolution (1920 x 1080 pixels) settings. All images were
taken manually to capture the best image and to minimize
image distortion, and videos on Full HD (1920 x 1080
pixels) at 30 frame per second (fps), to ensure all area and
angle of the coral reef were covered (Burns, 2017; Poncet
and Quod, 2017). Slow and steady diving pace was
important to avoid distorted images. The
photogrammetry technique used in capturing the images
were convergent and parallel. This is to optimize the
overlap and parallax when capturing the images, and to
increase point cloud from digital imagery. Convergent
photos were used to capture each individual coral, while
parallel photos were used to capture the overview of top
view and side view of the coral reef (Morgan et al,, 2017)
(Figure 2).

Image Processing

Two types of software were used to process and produce
the 3D map, which were Blender and Agisoft Photoscan
Professional 1.4.3. The Blender software was used to
convert videos into image sequences at 30 frames per
second (fps). The Agisoft Photoscan was used to

6°5'0"N

6°0'0"N

reconstruct photogrammetric captured images to
generate a 3D model or data, in three primary stages:
photo alignment, geometry building and texture building
(Agisoft LLC, 2010).
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Figure 2. Convergent (a) and parallel (b) camera views
(Source: Dietrich, 2014).
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After converting the videos into images in Blender, all the
images were exported to Agisoft Photoscan. Photoscan
then aligned the series of photos using algorithms to
automatically detect invariant features (“keypoints”)
which overlap in the images to create a system of
geometrical projective matrices and determine the
position and orientation of each camera position
(Westoby et al.,, 2012). The software constructed the 3D
geometry on the 2D image plane simultaneously based on
the camera position and feature points in conjunction
with the intrinsic parameters and focal length of the
camera that were extracted from the metadata of each
image (Stal et al, 2012). This process then created a
sparse 3D point cloud from the projection and oriented
images in a 3D space. The final phase of the geometry
building was generating a dense point cloud, which in
turn can be used to build a continuous surface or mesh.
The resulting mesh was triangulated and rendered with
the original imagery in order to build textured 3D mesh
and create the final digital surface model.

Results

Reef Mapping

Approximately 48,088 images were acquired over the
two-day survey. Only 11,021 images had good resolution
and could be used for further analyses. All images were
processed and analysed to remove blurred and distorted
images. Total processing time took two weeks to
complete a medium quality 3D model. It was not possible
to generate a 10 x 10 m 3D map due to the incomplete
image dataset, therefore, only a section of the reef
reconstructed from 171 images generated on Agisoft
Photoscan is shown in Figure 3.

Coral Growth Forms

The coral growth forms were determined from the images
and when possible, the corals were identified following
the descriptions of Veron (2000). The main coral growth
form observed in the study site was free-living mushroom
corals (family Fungiidae). Apart from free-living corals,
submassive coral (family Poritidae) were also observed
(Figure 4). Some of the coral growth forms that could be
determined in Figure 4 are listed in Table 1.
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Figure 3. A section of the reef at Pulau Udar Besar in 3D: (a) top view, (b) perspective view, and (c) side view (profile).
Scale represents 1 m.

Figure 4. Few mushroom corals (Fungiidae) and submassive coral (Porites) could be seen among the sandy substrate and
coral rubble, as indicated by the yellow arrows in the square boxes. The numbers correspond with the coral information in
Table 4.
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Table 1. Coral growth forms and taxa observed in

Figure 4.

Box | Growth form | Family Genera
1 Free-living Fungiidae -

2 Free-living Fungiidae -

3 Free-living Fungiidae -

4 Submassive Poritidae Porites sp.
5 Free-living Fungiidae -

6 Free-living Fungiidae -

7 Free-living Fungiidae -

8 Free-living Fungiidae -

Discussion

Mapping using photogrammetry

Photogrammetry can be defined as a type of science that
makes measurements from photographs. The input to
photogrammetry is photographs and the output is
typically a map, a drawing, a measurement, or a 3D model
of a real-world object or scene (Walford, 2017). This
technique is commonly applied on aerial, and terrestrial
subjects. Therefore, this study was conducted to
experiment the use of photogrammetry for shallow
benthic marine research.

Mapping the reef by applying photogrammetry
technique requires basic underwater photography skill,
good diving buoyancy control and the knowledge of using
Agisoft Photoscan software in image reconstruction. One
drawback of this mapping method is that it is only
possible to be applied to clear water reefs or at reefs with
good water clarity. The sampling site is situated near the
coastal city Kota Kinabalu and Sepanggar Bay.
Occasionally during the northeast monsoon, physical
factors such as waves, wind and tidal force may affect
underwater visibility around the sampling site due to high
water turbidity from the resuspension of surface
sediments (Gallagher et al, 2016; Heery et al, 2016).
Hence, images will require additional editing to enhance
image quality prior to the reconstruction step.

The study was conducted during the northeast
monsoon and prolonged rainy season. Thus, cloudy
weather was observed during the two-day survey.
Insufficient natural light underwater was improved by
setting the camera’s ISO to auto to overcome the changing
light conditions underwater. Flashlights and filters can
also be used to enhance the colours of the corals when at
deeper depth or low light situations.

In the early stages of image processing in Agisoft
Photoscan, the parameter setting that controls the photo
alignment procedure, particularly the estimation of
camera position was set at medium accuracy that will
cause the software to downscale the image by the factor
of four. Nevertheless, it is still possible to discern the

different coral growth forms and coral family, as can be
seen in Figures 3-4. Despite the long hours of image
reconstruction, the results however are promising as the
corals could be visually identified from the images. In
order to produce higher quality 3D models, it is
recommended to use a computer with at least 16-64 GB
RAM and high speed multi core CPU (3GHz+) to reduce
image processing time (Agisoft LLC, 2020), and to capture
in situ photographs closer to the substrate to increase the
image resolution.

As the study was designed to experiment the
application of photogrammetry technique underwater,
other ground truth information such as ground control
points, underwater markers as scale reference, waypoint
data and other spatial information were not taken into
account. Consequently, accuracy assessment is not
available for this study due to the lack of such
information.

Coral Reef at Pulau Udar Besar

The most common coral growth form observed in the
study site were free-living corals. This may be due to their
natural habitat adaptation, where they are not attached to
a hard surface and are able to live on the substrate of sand
or among coral rocks (Hardy et al., 2018). The second
common growth form that can be found were submassive
coral, such as Porites sp. (family Poritidae). They form
mounds of colonies made of hundreds of polyps and are
able to live in low-light conditions (Riddle, 2020).

Pulau Udar Besar lies just outside of the Tunku
Abdul Rahman Park (TARP), in Kota Kinabalu. Most of the
reef area at the study site was covered with rubble. This
may be due to the effects from previous unsustainable
fishing methods by fishermen. There were several small
fishing boats surrounding the south of the island during
the survey. Two blasts were also heard underwater
during the dives, indicating blast fishing activity in nearby
reefs. If the shallow area of the reef is decimated by
repeated blasts, it will be very hard or even impossible for
the reef to recover (Fox and Caldwell, 2006).
Nevertheless, the output from this study provided some
baseline information on the reef of Pulau Udar Besar,
which could be used in comparison in the future to
indicate whether the reef has improved or deteriorated.

The method and results of this study prove that
reef mapping or monitoring activities do not necessarily
need to use expensive technology. This exploratory
research may create opportunities for volunteers to
contribute to the mapping of reefs for monitoring and
marine conservation purposes. Moreover, photographs
that are taken can be used as a tool for education and to
create public awareness about the importance of coral
reefs.

73



Borneo Journal of Marine Science and Aquaculture
Volume: 05 | (02) | Dec 2021, 70-74

Acknowledgements

We thank the boathouse crew of Borneo Marine Research
Institute of Universiti Malaysia Sabah for their assistance
and support during the field trip to Pulau Udar Besar.

References

Agisoft LLC. (2010). Agisoft Photoscan. At
https://www.agisoft.com/pdf/photoscan_presentation.pdf. ~Accessed
on 4 September 2020.

Agisoft LLC. (2020). System Requirements. At:
https://www.agisoft.com/downloads/system-requirements/ Accessed
on 6 September 2020.

Andréfouét, S. (2008). Coral reef habitat mapping using remote
sensing: A user vs producer perspective. Implications for research,
management and capacity building. Journal of Spatial Science, 53 (1),
113-129.

Burns, J. (2017). 3D Mapping of Coral Reefs - How to Get Started -
by John Burns. Coral Reef Science & Cyberinfrastructure Network. At:
https://crescyntblog.wordpress.com/2016/09/15/3d-mapping-of-
coral-reefs-how-to-get-started-by-john-burns/.  Accessed on 4
September 2020.

Cetin, H. (2004). Comparison of spaceborne and airborne
hyperspectral imaging systems for environmental mapping.
Proceedings of Tech. Commission VII, 20th ISPRS Congress 2004,
Istanbul, Turkey. 1303-1313.

Chandler, J. H. & Fryer, J. G. (2005). Metric capabilities of low-cost
digital cameras for close range surface measurement. Photogrammatic
Record, 20 (109), 12-27.

Clark, C., Ripley, H., Green, E., Edwards, A. & Mumby, P. (1997). Cover
mapping and measurement of tropical coastal environments with
hyperspectral and high spatial resolution data. International Journal
of Remote Sensing, 18 (2), 237-242.

Dietrich, J. (2014). Camera geometries for Structure-from-Motion
mapping. At: http://adv-geo-research.blogspot.my/2014/02/camera-
geometries-for-structure-from.html. Accessed on 4 September 2020.

Eakin, C. M., Nim, C. J,, Brainard, R. E., Aubrecht, C., Elvidge, C.,
Gledhill, D.K,, Muller-Karger, K., Mumby, P.]., Skirving, W.]., Strong, A.E.,
Wang, M., Weeks, S., Wentz, F. & Ziskin, D. (2010). Monitoring coral reefs
from space. Oceanography, 23 (4), 118-133.

Fox, H. & Caldwell, R. (2006). Recovery from blast fishing on coral
reefs: A tale of two scales. Ecological Applications, 16 (5), 1631-1635.

Gallagher, J. B, Chuan, C. H.,, Muhammad Shazwan, M. Y., Chen, N. G.
& Goh, Y. M. (2016). Surface chlorophyll patchiness across Sepanggar
Bay: Relationships with turbidity and depth. Transactions on Science
and Technology, 3 (2-2), 421-426.

Ginsburg, R. (1994). Proceedings of the Colloquium on Global
Aspects of Coral Reefs, Health, Hazards and History. Rosenstiel School of
Marine and Atmospheric Science, University of Miami, Miami. 420 pp.

Hardy, C., Virata, ]. & Brown, S. (2018). Easy Stony (Hard) Corals -
Petcha. At: https://www.petcha.com/easy-stony-hard-corals/.
Accessed on 17 May 2018.

Heery, E. C., Hoeksema, B. W., Browne, N. K., Reimer, ]. D., Ang, P. 0.,
Huang, D. et al. (2018). Urban coral reefs: Degradation and resilience of
hard coral assemblages in coastal cities of East and Southeast Asia.
Marine Pollution Bulletin, 135, 654-681.

Marre, G., Holon, F. Luque, S. Boissery, P. & Deter, J. (2019).
Monitoring marine habitats with photogrammetry: A cost-effective,
accurate, precise and high-resolution reconstruction method. Frontiers
in Marine Science, 6, 276.

Miller, I. & Miiller, R. (1999). Validity and reproducibility of benthic
cover estimates made during broadscale surveys of coral reefs by manta
tow. Coral Reefs, 18 (4), 353-356.

Morgan, J., Brogan, D. & Nelson, P. (2017). Application of structure-
from-motion photogrammetry in
laboratory flumes. Geomorphology, 276, 125-143.

Mumby, P. & Edwards, A. (2002). Mapping marine environments
with IKONOS imagery: enhanced spatial resolution can deliver greater
thematic accuracy. Remote Sensing of Environment, 82 (2-3), 248-
257.

Nisha, U. (2021). Basics of Photogrammetry - GIS Resources. At:
https://www.gisresources.com/basic-of-photogrammetry_2/ Accessed
on 19 April 2021.

Poncet, P. & Quod, J. (2017). Underwater Coral Reef Mapping with
Pix4Dmapper. Pix4D. At: https://pix4d.com/underwater-mapping-3d-
coral-reefs-enhance-environmental-reefs-surveys/. Accessed on 10
November 2017.

Riddle, D. (2020). Light Intensity Requirements of Tidepool Coral:
Part Il - Porites lobata. At: https://reefs.com/magazine/light-intensity-
requirements-of-tidepool-coral-part-ii-porites-lobata/ Accessed on 6
September 2020.

Scopélitis, ]., Andréfouét, S., Phinn, S., Arroyo, L., Dalleau, M., Cros, A.
& Chabanet, P. (2010). The next step in shallow coral reef monitoring:
Combining remote sensing and in situ approaches. Marine Pollution
Bulletin, 60 (11), 1956-1968.

Stal, C., Bourgeois, J., De Maeyer, P., De Mulder, G., De
Wulf, A., Goossens, R., Hendrickx, M., Nuttens, T. and Stichelbaut, B.
(2012). Test case on the quality analysis of structure from motion in
airborne application. Proceedings of the 32nd EARSeL symposium
'Advances in Geosciences'. Mykonos, Greece. 11.

Ventura, D., Bruno, M., Lasinio, G. J., Belluscio, A. & Ardizzone, G.
(2016). A low-cost drone based application for identifying and mapping
of coastal fish nursery grounds. Estuarine, Coastal and Shelf
Science, 171, 85-98.

Veron, J. E. N. (2000). Corals of the world. Vol. 1-3. Australian
Institute of Marine Science. Australia.

Walford, A. (2017). What is Photogrammetry? At
http://www.photogrammetry.com/index.htm. ~ Accessed on 4
September 2020.

Westoby, M.J., Brasington, J., Glasser, N.F., Hambrey, M.].
and Reynolds, ].M. (2012). ‘Structure-from- Motion’ photogrammetry: A
low-cost, effective tool for geoscience applications. Geomorphology,
179,300-314.

Witze, A. (2016). Marine ecologists take to the skies to study coral
reefs. Nature, 534 (7605), 13-14.

74


http://adv-geo-research.blogspot.my/2014/02/camera-geometries-for-structure-from.html
http://adv-geo-research.blogspot.my/2014/02/camera-geometries-for-structure-from.html
https://www.petcha.com/easy-stony-hard-corals/
https://pix4d.com/underwater-mapping-3d-coral-reefs-enhance-environmental-reefs-surveys/
https://pix4d.com/underwater-mapping-3d-coral-reefs-enhance-environmental-reefs-surveys/
http://www.photogrammetry.com/index.htm

