
Motivations

✓ Need of efficient and high-precision forest 
characterization by local stakeholders

✓ Provide low-cost and scalable forest monitoring services 
across Wallonia (Belgium) by leveraging Deep Learning 
techniques

✓ Detect and locate individual trees
✓ Classify each tree among 10 key forest species
✓ Provide health indicator at tree level
✓ Fast delivery of outputs package (compatible with end-

user infrastructure) and automation of report

Earth Observation Data Processing 

Conclusion and Outlook

▪ Tree detection
Three major steps:
(1) Training database creation: digitalization of all

bounding boxes around tree crown inside sample
image of 200 x 200 pixels (5,098 training samples)

(2) Train Faster R-CNN model with data augmentation
(3) Model inference: apply the pretrained Faster R-CNN

to forest plot images tiled (200 x 200px) including
overlap of 20% to avoid border effect and merge
results using Non-Maximum Suppression (NMS)
techniques to remove duplicated trees.
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▪ Targeted Users

We acknowledge our tight 
partnership with local 
stakeholders: Timbtrack
(www.timbtrack.com) and 
SPW-DNF (Department 
National Forestier)

▪ Pilot AOIs

Province of Luxembourg 
(Belgium)

Aerial orthophotos provided by Walloon 
Public Service (SPW)
✓ High automation of the data processing
✓ Yearly acquisition campaign since 2015
✓ Walloon coverage
✓ 25 cm
✓ RGB + NIR
✓ Years of images used: 2018, 2020, 2023

System Architecture ▪ Processing Workflow 

- Individual tree detection with localization (lat., long.), crown diameter and detection confidence score
- Individual tree species classification among 10 forest-relevant species (oak, beech, spruce, Douglas fir, larch, 

Scots pine, birch, wild cherry, maple, poplar), along with species-level confidence scores.
- Individual tree health monitoring using NDVI bounding box statistics

Tree species classificationTree detection

Main challenges:
- Differences in plot conditions and 
tree structures (age, density, …)
- At 25 cm, inter-species differences
sometimes smaller than those from
image acquisition
- Confusion between other species, 
oak and beech, douglas and larch
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EO Services in 
production

✓Our AI-Powered workflow based on aerial orthophotos acquired by the Walloon Public 
Service (SPW) and applied to forest plots yields high performance for individual tree 
detection, health monitoring and classification among ten-class species.

✓It has successfully reduced processing time and cost by leveraging deep learning techniques 
and offering standard low-cost products which complement Spacebel services portfolio.

➢Tree detection model remained stable in various test areas but the classification model 
may show lower performance, requiring fine-tuning, and highlighting the need for 
continuous improvement of the training dataset and models.

➢Continue applying our models to new locations, collect users’ feedback and field data.
➢Scale workflow to other ecologically similar European areas 

Ground truth
✓ Monoculture forest plots provided by the 

Department of Nature and Forests (DNF)

▪ Species classification
Three major steps:
(1) Training database creation: bounding boxes labelled

with 10 key forest species and extraction of individual
tree image samples (48x48 pixels) from these
bounding box (more than 100,000 training samples).

(2) Train CNN model (4 conv2d layers with max. pooling
and dropout) with data augmentation

(3) Model inference: apply trained CNN model to images
extracted from bounding box previously detected

Tree health

Detection accuracy
(IoU@0.5):
- Precision: 0.796
- Recall: 0.862
- F1 score: 0.828
- mAP: 0.827
Tree detection quality
decreases for small trees and 
hardly distinguishable crowns

Classification accuracy: 

▪ Processing time
31 mins for 325,000 trees (detection and classification) 
over 1,000 hectares with a GPU NVIDIA RTX A2000 
(12GB)

▪ Input data

http://www.timbtrack.com/

