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Seedling stands and related RS challenges

Visualizing the effect of applying the canopy threshold (Cth)-

based image pre-processing method introduced in this 

research on two sample pine trees with height 1.4 m (upper 

row) and 1.3 m (lower row). 

The white pixels in CHM denote nullified (Cth-affected) pixels 

after image pre-processing due to a height of ≤0.4. The + 

symbol in the middle of the images shows the location of a 

field-measured treetop. 

Modified from the Finnish Forest Association (URL: https://frantic.s3.amazonaws.com/smy/2015/03/The-commercial-forest-cycle.pdf)

A solution we found

Seedling stands Less foliaged sparse or dense 

mixed canopies



Remote sensing data:

• UAV-PPC, RGB (1.3 cm)

• MicaSense multispectral 5 cm (5 bands)

Field data: 

• 5 417 trees mapped with RTK

• 75 plots (10 x 10 m), 5 flight zones.

• 14 seedling stands

• Tree density (3 000 – 15 000 TPH) 

‒ Considering underlying trees 3 500 – 54 000 TPH)

• Height ( 1 – 12 m)

• Species (pine 13.6%, spruce 28.7%, birch 48.4%, other 9.3%)

Study area



A schematic graph of the methodological principles behind introducing canopy threshold (Cth)-based image pre-

processing and combining two subsets of the test dataset based on whether or not it was affected by Cth

processing.

The model architecture used in this research.

Method

We created different dataset by applying the Cth idea (noCth and withCth) 

and adding 8 vegetation indexes (withVI and noVIs).



CNN hypertune

Dropout rate 1 = [0.0, 0.2, 0.4, 0.6, 0.8];

Dropout rate 2 = [0.0, 0.2, 0.4, 0.6, 0.8];

Dense unit 1 = [10, 50, 100, 150, 200, 250, 300];

Dense unit 2 = [10, 50, 100, 150, 200, 250, 300];

Batch_size = [32, 64, 128, 256, 1024, 1500].

RF hypertune

Hypertuning CNN and RF 

Method



Overall accuracy within the canopy threshold (Cth)-affected (n = 161, 33.4%) and not-affected (n = 361, 66.6%) 

subsets of the test set (n = 542) in RF, CNN noVIs (without vegetation indices, five bands), and CNN withVIs 

(after fusing 8 VIs to tensors pixels, 13 bands) in the original (noCth) and Cth-applied (withCth) datasets. 

Results



Overall accuracy of species classification within different Cth-affection rates (%)

Combined

Results



Overall accuracy of species classification considering seedlings height (m)

Combined

Results



The summary of species 

classification accuracies in the 

normalized confusion matrix 

together with overall accuracy 

and kappa values

Overall accuracy



Evaluation of classification accuracy for each dataset and classifier

Results



Results

Visualization of the training and validation accuracy in every epoch for 
the CNN models on the noCth and withCth datasets.



Model configurations selected for each classifier, together with other information regarding training and validation accuracies,

as well as run time measurements. The model configuration and other information for the combined two methods were the 

combination of the configuration and other information of the two other methods.

Results
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Thanks for your attention. 

I welcome your question and comments
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