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PERMANENTLY MOUNTED SCIENTIFIC SENSORS
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DATAMANAGEMENT
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Common workflows on
large German R/Vs
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Can we improve the QC of underway data with Al .
approaches? DAM

Several QC steps are conducted to get a final quality-controlled dataset

For TSG/fluorometer-timeseries data those are mostly: skip dummies and non-usable

data (in port etc.), outlier detection, time-averaging, correction against independent data,
flagging of data values

For ADCP-profile data: binary raw-data conversion, screening for bottom and acoustic
interference, ship-speed calc. and averaging, water-track calibr., flagging

Is this possible by Al as well?
Faster processing?

Unknown features?
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Helmholtz Al-consulting

DAN:

Helmholtz Al-voucher: Helmholtz Al Consulting helps with finding right approaches
and/or methods

Exploration voucher: Initial exploration of idea and related background, assessment of
feasibility, first results

Realisation voucher: follow-up of exploration, deeper digging into the topic

We applied for a voucher and got assigned to a consultant team at DLR

i DLR



Data Selection for Al-consulting
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DLR

- RV Maria S. Merian: all ,raw” data obtained from DSHIP Landsystem

Mit dem ‘werden auf i
i nautische und Daten erfasst, aufbereitet

BSH DSHIP Landsystem from 2021 (48

stehen ber dieses Webferface zur Verfigung. FUr edes Forschungsschif, exstieren im
Navigationsbereich entsprechende Links, die zur Oberfliche der Datenextraktion, zur Ablage

der extrahierten Daten und zu mit der Datenextraktion relevanten Dokumentation fiihren.

parameters (system, RSWS, weather station)) in

Filhrt zu dem Data Inventory.

Extraktion

[ -
Filihrt zu DSHIP Extraction, tiber das der Benutzer die gewlinschten Daten und
= S e C re S O u I O n I aW - I e s Fume ausvantund oo st

Extrahierte Daten

Fiihrt zu einer Dateistruktur, in dem die Gber DSHIP Extraction exportierten Daten vom
Landsystem abgelegt werden. Von dort konnen sie fir die Weiterverarbeitung aufgerufen
oder lokal gespeichert werden. Fiir jeden Benutzer, der DSHIP Extraktion ausfiihrt, existiert
ein Ordner mit dem Benulzernamen, in dem die extrahierten Daten abgelegt sind.

Achtun,

- TSG: as afirst step TSG data were used o T ——
(temperature and salinity of seawater in 6.5m
depth

- PANGAEA: archived QC TSG-datasets (MSM98-
MSMX14) in 1-min resolution >> qc-files D ANGAEA.
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HAPPY NEW YEAR!
m‘ The PANGAEA Data Editorial Office
has returned from holiday season
__. and started processing data
\ submissions on 2024-01-08,
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Featured Data

DSHIP

Piepenburg, D; Brey, T; Teschke, K et al.
(2023): PANABIO: A point-referenced pan-Arctic
data collection of benthic biotas
 hitps://oi.0rg/10.1594/PANGAEA. 963640

- o #
. SR TN pEe, BENs or I Anhaue D Kas

Landsystem oceans

(22249)

LAND SURFACE BIOSPHERE

Fig: Robert Kopte | KMS / CAU
ig: Robert Kopte | if: (8451). (4593)

£ Matarn 1ot al 20921



Data Preprocessing ‘#7 -
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Temporal Aggregation: computing 1-minute averages from 1-second resolution
samples

Alignment with Ground Truth: Discarded rows in the raw-files with timestamps not
present in the qc-files, ensuring alignment between data sources.

Data Synchronization: Ordered raw and qc-files to establish a one-to-one
correspondence between their rows, facilitating accurate comparison.

Handling Missing Values: Replaced missing (or invalid) values with NaN

Data Consolidation: Preprocessed all ship cruises data to create a dataset comprising
approximately 0.5 million samples. Columns of the raw-files file served as training data,
while gc-files columns Temperature and Salinity acted as ground truth references.
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First approach: Random Forest Regression 4

DLR

Random Forest is an ensemble Machine
Learning algorithm that uses many
decision tree models. S o ree 2 oty

Can be used for classification or
regression (like in this case). /<>\ ‘/\/>\. K\A

For regression problems, the value - .tm . w) . ,t(g)
predicted by the random forest is the | |
mean of the values predicted by the Maiority Voting/ Averaging
individual trees. l

Final Result

One main advantage is the opportunity to Random Forest
«reveal» which parameters are most
important for output

Dataset




Random Forest - How does it work?
47 DAM

Ensemble of Decision Trees: A Random Forest is a collection of decision trees.

Random Feature Selection: Each tree in the forest considers only a random subset of
the available features. This allows to avoid «overtraining»

Bootstrap Aggregating (Bagging): To train each tree, we randomly sample the original
data with replacement. This allows to decrease the variance of the model without
iIncreasing the bias.

Fully Grown Trees: In a random forest, each tree is allowed to grow fully without any
pruning.

Voting for Prediction: The final prediction is determined by majority vote among all
trees. Or in the case of regression problems the average prediction is taken.

Out-of-Bag Error Estimation: The performance of the random forest model is estimated
using the out-of-bag (OOB) samples, which are the data points not included in the
bootstrap sample for each tree. This provides an unbiased estimate of the model's
generalization error.



Experimental Set-Up for TSG data
47 DAM

Training Data: The entire raw dataset was used for training the model, ensuring that the
model learns from the full range of available information.

Cross Validation: To assess the model's performance, we employed 5-fold cross
validation. This technique divides the data into five subsets, using four subsets for
training and one for testing in rotation.

R? Score: The R? score measures what percentage of the variance in the dependent
variable is explained by the model. Values close to 1 indicate that the model predicts the
output very well. Value close to 0 indicate that the model predicts no better than simple
average. Values can be arbitrarily low since the prediction can be arbitrarily bad.

Decision Tree Depth: Depth of the decision trees was reached when R? score on the
test set began to decrease. Number of trees in the random forest was set to 100,
constrained the maximum depth of each tree to 20. These parameters help control the
complexity of the model and prevent overfitting.
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DAN:

- The R2 score (0.99) and visual analysis of the plots indicate that our Random Forest

regressor demonstrates highly promising alignment with the reference data.

Reference (qc data)
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Further Work 2
DLR DA

Realisation phase
Capture the missing steps in QC-processing of timeseries data

Analysis of raw data archive in terms of important parameters (obtained from
Random Forest algorithm)

Explore the use of other methods, such as Deep Learning methods.

Apply method(s) on other timeseries (Fluorometer chil-a and turbidity) and profile
data (ADCP velocities)
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