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Fig. 2. Examples of each of the statistical image products calculated by imageStats.

Fig. 3. Pixel locations plotted on input oblique images from each of the six Argus cameras.

color for use in algorithms such as bathymetric inversion, surface
current estimation, or run-up calculations. Pixel timestacks show
variations in pixel intensity over time. The main pixel products
are included below, however additional instruments can be cre-
ated from these main classes. For example, a single pixel, which
may be useful for estimating wave period [38], can be generated
by creating an alongshore transect of length 1.

1. Grid (also known as Bathy Array in Holman and Stanley
2007 and other publications that reference Argus image
products [1]): This is a 2D array of pixels covering the
entire nearshore, which can be utilized in bathymetry esti-
mation algorithms [14]. Example grid products are shown
in Figs. 3 and 4.

2. Alongshore/ Y Transect (sometimes referred to as Vbar [1]):
This product is commonly utilized in estimating longshore
currents [39].

3. Cross- shore/ X Transect (sometimes referred to as Runup
Array [1,38]): Cross- shore transects can be utilized in
estimating wave runup. Alongshore and cross- shore pixel
instruments are depicted in Fig. 5.

2.3. Software functionalities: supportfunctions.py

This module contains functions independent of any overarch-
ing class or specific workflow, which serve to assist the user in

utilizing the core functions. supportfunctions.py contains sup-
porting functions to format intrinsic files, convert extrinsic coor-
dinates to and from geographical and local coordinate systems,
calculate extrinsic values, and other steps necessary to utilize
the core functions of the CoastalImageLib library. Additionally,
supportfunctions.py contains functions that interface with Argus
technology, camera systems initially developed by the Coastal
Imaging Lab at Oregon State University [1], including functions
to create Argus compatible filenames from UTC timestamps, and
convert raw (.raw) Argus files into delivery files collected from the
Argus camera systems. Converting raw Argus data utilizes func-
tions contained in argusIO.py. However argusIO.py will not be
further discussed in this paper because it does not apply to data
collected outside of the Argus system. The argusIO.py module is
included in the library for ease of use for Argus specific appli-
cations. See the CoastalImageLib User Manual for more detailed
documentation of supportfunctions.py, and further discussion of
argusIO.py.

3. Illustrative example: Fixed multi camera demo data

For an interactive example script working through the exam-
ple data, users are directed to the Jupyter Notebook file con-
tained in the CoastalImageLib repository entitled CoastalImageLib
_Illustrative_Example:ipynb. This script walks the user through
five main functionalities of the CoastalImageLib toolbox:
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Fig. 4. Output pixel grid at the pixel locations shown in Fig. 3, with a resolution
of 5 m.

1. Rectifying single oblique frames from multiple cameras.
Oblique inputs as well as the correct georectified output
from the example script are shown in Fig. 1.

2. Rectifying multiple oblique frames from multiple cameras
3. Rectifying oblique videos from multiple cameras
4. Creating a pixel timestack. The intended output from the

pixel grid created in this section is shown in Fig. 4, and the
pixel locations projected onto the oblique input frames are
shown in Fig. 3. If the user looped through a longer dataset
of images and retrieved subsampled pixels at alongshore
and cross- shore transects from multiple subsequent im-
ages, the result should look like the plots displayed in
Fig. 5.

5. Calculating image statistics. The intended output from pro-
vided example data is included in Fig. 2.

The provided Fixed Multi-Camera Demo Data is from six fixed
cameras on top of the Argus Tower [1] in Duck, NC. Data was
subsampled from oblique videos that were initially 17 min long
and captured at 2 frames per second. Each video was recorded
simultaneously. Extrinsic and intrinsic values for each camera are
provided in both direct linear transform coefficient format as well
as in CIRN convention.

4. Impact

An intended impact of CoastalImageLib, consistent with the
CIRN ideology [31], is to reduce barriers of entry to photogram-
metry that coastal engineers, geoscientists, and oceanographers
may face when exploring optical remote sensing. Additionally,
this package serves to be a broadly generalizable building block
on which the community can expand. The recent abundance
of low-cost camera hardware and available nearshore imagery
holds considerable potential for future coastal monitoring of both
chronic and episodic hazards, motivating the need for this open-
source toolbox that the entire community can build on to derive

inter-comparable products. Ultimately, this library aims to in-
crease quantitative coastal studies from optical remote sensing
in expanded locations, environmental conditions, and spatial or
temporal scales.

Unlike most previous optical remote sensing packages for
coastal environments, CoastalImageLib is open-source, as Python
and the additional required packages are free and publicly avail-
able, therefore providing a foundational package on which to
build more open source coastal imaging packages. Since this
library utilizes Python, future builds on this library can exploit
valuable open-source Python packages for computer vision and
machine learning, such as OpenCV, TensorFlow, PyTorch, and
SciPy. The ability to harness these capabilities opens the door for
extensive development in the way of coastal imaging, utilizing
new techniques that have previously gone unexplored in optical
remote sensing of coastal environments.

5. Conclusions

CoastalImageLib is a Python- based library that produces
georectified images as well as common coastal image prod-
ucts intended for quantitative analysis of coastal environments.
This library contains functions to georectify and merge multiple
oblique camera views, produce statistical image products for a
given set of images, as well as create subsampled pixel instru-
ments for use in bathymetric inversion, surface current, run-up
calculations, and other quantitative analyses. Additionally, this
library contains support functions to format camera intrinsic
values from various input file formats, convert extrinsic values
from geographical to user defined local coordinates, and functions
to interface with Argus-based camera systems. This package
intends to be an open- source broadly generalizable front end
to future coastal imaging applications, ultimately expanding user
accessibility to optical remote sensing of coastal environments.
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Fig. 5. (a) Pixel locations of an x transect shown on an oblique image taken from Argus camera 2, and the pixel timestack taken from that transect over the course
of 1 min, (b) Pixel locations of a y transect shown on an oblique image taken from Argus camera 3, and the pixel timestack taken from that transect over the course
of 1 minute.
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