Background

Objective: construct a workflow to generate
training data for a tree species classification DL
model on the National Ecological Observatory
Network's (NEON) terrestrial forest sites.

~—

S

D KAUST Duke

VERS

Climate &

A tree species classification model can be used to
evaluate the biodiversity of forests, which

helps monitor ecosystem health and direct
conservation efforts.

Key Innovations:

Using one deep learning model instead of an
ensemble of machine learning models.

Using precise tree crown delineations instead .
of simple boundary boxes to create training

data.
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Framework
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Label Generation: Extract tree locations and
species from NEON's Vegetation Structure data
collected in the field.

Tree Crown Delineation: Use the Segment
Anything Model 2! (SAM2) on NEON RGB
imagery to refine crown bounding boxes from
a dataset generated with DeepForest®.

Input Concatenation: Convert the NEON LiDAR
point-cloud into a Canopy Height Mode (CHM)
and add it to NEON hyperspectral data. The
sum and delineations form a training pair.
Model Training: Train Paraformer3, a hybrid
CNN-ViT semantic segmentation model for
hyperspectral imagery, on our data.

Results

As a proof of concept, we tested our framework for the
Mountain Lake Biological Station (MLBS) which is in
Virginia. All further figures represent plot 2 of this site.
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Tree Crown Delineation

Input Concatenation

Al-Driven Mapping of Forest Biodiversity

AMLA = Amelanchier laevis Wiegand
BEAL2 = Befula alleghaniensis Britton
QUAL = Quercus alba L.
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For each labeled plot in
a site, we extract tree
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Vegetation Structure
data.

Remove trees that are
dead, damaged, or not
visible from above?.
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Species & Approximate Tree
Crowns

For each plot with data,
we refine bounding
boxes from the
DeepForest?* dataset
with SAM2.

We label known trees
with species

(colored), unknown
trees as "unknown"”
(blue), and the rest as
"background" (gray) to
generate the

first element of each
training pair.

Crown Segmentations (Top),
Bounding Boxes (Bottom)

Perform Kullback—Leibler
divergence to reduce the
number of hyperspectral
bands from 426 to 150 to
avoid overfitting.

Add the CHM generated

from NEON LiDAR point- i fF I! 1 Barde
clouds to the ) T, -
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the 151st band.
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Hyperspectral Visualization (Left)
Predictions (Right)
For Small Plots

Mean loU:
Kappa (avg):

Overall Accuracy:
Freq. Weighted loU:

Next Steps

* Generate bounding boxes using the
DeepForest* model instead of getting them
from the dataset so we can generate training
data for an arbitrary year.

* Train & test Paraformer3 on all NEON sites.

 Experiment with other models.

 Automate the framework workflow for more
efficient data generation and model training.
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