Making sense of underwater particle images with PyOPIA
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Abstract

PyOPIA (Python Ocean Particle Image Analysis) [1,
2] is an open-source Python library for combing
through large amounts of particle image data col-
lected by camera instruments such as SilCam [5],
LISST-Holo and UVP-6. Using a standardized and
user-customizable pipeline, images are cleaned
and segmented, before individual particles are ge-
ometrically measured and classified (CNN-based).
The resulting information is stored in standardized
netCDF files for further use. Example applications
of PyOPIA include the study of oil droplet and bub-
ble formation under breaking waves in a labora-
tory flume [3], data analysis pipeline component
in a Digital Twin of the Ocean [4] and estimating
copepod concentrations and sizes from ship-based
casts.

Challenges

C1. Segmentation (under/over), lighting, focus
C2. Particle classifier robustness
C3. Auxillary data cleaning and normalization

C4. Particle overlap and high concentrations

Image processing and analysis

ryOPIA The steps in the PyOPIA

pipeline can easily be
customised for different
applications, and de-

/

Load instrument module:

SilCam, LISST-Holo, UVP-6

(other instruments can be added)

Raw image

scription of the pipeline
in a toml format ensures
There

reproducibility.
' ==z | also functionality for
tagging each identified
particle with auxillary

Background correction

(static or moving backgorund
correction methods are available)

—— data from other in-

‘ struments (e.g., CTD to
! ! associate each particle
u with a temperature and

salinity).

STATS
netCDF

Classifying particles

e PYOPIA includes a small (5 layer, 200 k parame-
ters) convolutional neural network particle clas-
sifier as default, trained on 11 617 images belong-
ing to 7 classes (bubble, copepod, diatom chain,
faecal pellets, oil, oily gas, other)

e Works well for particles similar to training data,
but does not generalize well - retraining may be
needed on specific datasets

e Future directions: Self-supervised pre-training,
distillation from foundation models

Re-training for oil droplet classification

Retrained network for separating bubble, oil and
oily gas from overlapping particles, ca. 10 000 la-
belled images per class (Mostaani et al., submitted
2026).

Bubble

Multi-instrument analysis

Image data from multiple instruments can be run
through the same analysis pipeline, facilitating di-
rect comparison of particle statistics.
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Igimgure credit: Karoline Barstein (NTNU) [2].

Particle statistics

Summary particle statistics, such as number and
volume distributions can be easily made with Py-
OPIA. Montages of randomly selected subset of
particle images from different scales provides a vi-
sual impression and check of the data.

Freenfjorden 2015-06-26, STN31

Volume conc: 2.07 uL/L Montage of particles at station (1024/16565)
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Based on SilCam [5] data from Freenfjorden, Norway [6].

Testing and benchmarking

Consistency and correctness over time is supported
by automated tests of basic functionality and ex-
pected analysis results (Github actions). You can
also simulate processing of synthetic images from
specified size distribution and camera parameters,
using the simulation module.

From PyOPIA to EcoTaxa
Import particle data from PyOPIA into EcoTaxa

FcoTaxa

/Parti‘:le |rr|'="‘ges/LA PYOPIA T {mlzsi?ngita}

T

Particle
information

(e.g. lat, lon, particle pixel
size)

1

SINTEF

PyOPIA output

e Annotated netCDF file with metadata: per parti-
cle statistics and per image statistics

e Auxillary data: depth, temperature, position etc.

e Reproducibility: PyOPIA version and pipeline
config included

xarray.Dataset

Dimensions:

v Coordinates:

(index: 437536)

index (index) int64 012345...524 525526 527 528 ]

timestamp (index) datetime64[ns] 201 ]
v Data variables:

major_axis_len... (index) float64 9.183 4.619 6.596 ... 5.244 4.472 EE—

standard_name:
long_name:

units :
calculation_met...
pyopia_process...

major_axis_length

The length of the major axis of the ellipse that has the same normalized second centr

al moments as the region

Pixels

Computed using skimage.measure.regionprops (axis_major_length)

1

minor_axis_len... (index) floaté4 5.667 . . EE—
equivalent_dia... (index) float64 7.136 4.37 4.514 ... 4.068 4.514 2 S
minr (index) float64 ° : ) 2 S
minc (index) float64 1.628e+03 938.0 ... 459.0 504.0 EE—
maxr (index) float64 67 =2 S
maxc (index) float64 1.635e+03 943.0 ... 464.0 508.0 EE=
probability_bub... (index) float64 O. . S
probability_cop... (index) float64 3.87e-09 2.358e-05 ... 4.082e-07 2 S
probability_diat... (index) float64 1.064e-07 =S
probability_fae... (index) float64 3.446e-07 0.0004007 ... 1.439e-05 R
probability_oil (index) float64 =2 S
probability_oily... (index) float64 0.2991 0.4614 ... 0.12 144 = S
probability_other (index) float64 0. 1 =S
export_name (index) <U29 'D20150625T092719.790000-PNO" ..... B
saturation (index) float64 0.1 7.0.1 / 2 S
depth (index) floatb4 nan nan nan nan ... nan nan nan nan 2 S
turbidity (index) float64 2 S
temperature (index) floatb4 nan nan nan nan ... nan nan nan nan =S
conductivity (index) float64 AR
» Indexes: (1)
Attributes:

M steps : [general]

E raw_files = "images/*.omp"

T pixel_size = 14.3791

A log_level = "INFO"

log_file = "pyopia.log"

Run PyOPIA on EDITO

A small PyOPIA tutorial is avail-
able on the EDITO Datalab platform.
This demonstrates an end-to-end
analysis of a small example image

dataset.

https://dive.edito.eu/training?search=pyopia

Get PyOPIA

Source code and documen- E
tation is available on Github
(github.com/SINTEF/PyOPIA)).

]

PyOPIA Contributors

Several people from different institutions have con-
tributed to PyOPIA development (Github users ids):
emlynjdavies, animmosmith, nepstad, arsalanm-
stn, nordam, DanaMaKing, EE-Shuan-Song, klar-
rieu, sarigiering.
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Integration of biodiversity monitoring
data into the Digital Twin Ocean EE




