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Motivation
📌 Understand the structure and dynamics of 

high mountain shrubs.

📌 Study the impact of climate change on 
persistent shrub dynamics and 
distribution.

📌 Monitor and protect high mountain 
biodiversity and ecosystems. 
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Motivation
📌 Understand the structure and 

dynamics of high mountain shrubs.

📌 Study the impact of climate change 
on persistent shrub dynamics and 
distribution.

📌 Monitor and protect high mountain 
biodiversity and ecosystems. 

Juniperus
How can we reach this?

ü Juniperus mapping.
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Motivation
Why Juniperus?

ü Long living shrub.

ü Persistent shrub.

ü Sentinel for climate change.

Juniperus
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Problematic
The classical field surveying method is very
challenging:

❗ Inaccessible areas.
❗ Labor-intensive.
❗ Pricey.
❗ Time-consuming.
❗ Unsustainable.
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Objective
Use Very High-Resolution satellite images
and Deep Learning to map Juniperus
shrubs.
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Methodology

3. Model validation

4. Results interpretation

5. Model deployment

1. Data acquisition 

and preprocessing

2. Model 
development and 
hyper-parameter 
optimization

External validation data

Texture-based metrics Shape-based metrics

Wall-to-wall map of Juniperus in Sierra Nevada

Accuracy assessment
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Data acquisition and preprocessing

Different shapes

Different surroundings

Different sizesDifferent colors

Different land covers Different densities
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Data acquisition and preprocessing

C1 C2 C3 C4 C5

C6 C7 C8 C9 C10
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Data acquisition and preprocessing

Distribution of all instances.

Distribution of instances per 
data split: Train (green), 
Test(Orange), and Internal 
Validation (Yellow).
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Data acquisition and preprocessing
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Data acquisition and preprocessing
Very Small-sized Juniperus Small-sized Juniperus Medium-sized Juniperus

Large-sized Juniperus Very Large-sized Juniperus All sized Juniperus
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Model Development and Hyper-parameter
Optimization

§ Maximum number of iterations.

§ Optimization algorithm.

§ Learning rate.

§ Learning rate scheduler.

§ Batch size.

§ Number of boxes per image to sample from RPN.

§ Data augmentation.

§ Backbone.
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Model Evaluation
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Model Validation
Evaluation algorithm using IoU metric:

1- Look for all detections 𝐵! overlapping with the ground truth 𝐴.

2- For each detection 𝐵! compute the overlapping metric with the ground truth:

𝐼𝑜𝑈 𝐴, 𝐵! =
𝐴 ∩ 𝐵!
𝐴 ∪ 𝐵!

3- Select the detection 𝐵" with the highest 𝐼𝑜𝑈:
𝐵" = argmax

#!
{𝐼𝑜𝑈 𝐴, 𝐵! ∶ 𝑖 ∈ 𝑛 }

4- If 𝐼𝑜𝑈(𝐴, 𝐵") ≥ 𝜃:
 𝐴 is true positive (TP).
    else:
 𝐴 is false negative (FN).
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Model Validation
IoU is an unfair evaluation metric in our case:

❗ Overlapping objects (densely packed).

❗ Significant variation in size.

❗ Estimated annotations.

❗Many detections of small parts of the shrub are penalized. 
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Model Validation
New adapted overlapping evaluation metrics:

Evaluation algorithm using IoGTA metric:

1- Look for all detections 𝐵! overlapping with the ground truth 𝐴.

2- For each detection 𝐵! compute the overlapping metric with the ground truth:

𝐼𝑜𝐺𝑇𝐴 𝐴, 𝐵! =
𝐴 ∩ 𝐵!
𝐴

3- Select the detection 𝐵" with the highest 𝐼𝑜𝑈:
𝐵" = argmax

#!
{𝐼𝑜𝐺𝑇𝐴 𝐴, 𝐵! ∶ 𝑖 ∈ 𝑛 }

4- If 𝐼𝑜𝐺𝑇𝐴(𝐴, 𝐵") ≥ 𝜃:
 𝐴 is true positive (TP).
    else:
 𝐴 is false negative (FN).
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Model Validation
New adapted overlapping evaluation metrics:

Evaluation algorithm using MIoGTA metric:

1- Look for all detections 𝐵! overlapping with the ground truth 𝐴.

2- Compute the overlapping metric between the ground truth and all the detections:

𝑀𝐼𝑜𝐺𝑇𝐴 𝐴, {𝐵! ∶ 𝑖 ∈ [𝑛]} =
∑!$%
& 𝐴 ∩ 𝐵!

𝐴

3- If 𝑀𝐼𝑜𝐺𝑇𝐴(𝐴, {𝐵! ∶ 𝑖 ∈ [𝑛]}) ≥ 𝜃:

 𝐴 is true positive (TP).
    else:
 𝐴 is false negative (FN).
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Model Validation
Comparison between the overlapping metrics

IoGTA and MIoGTA are
less sensitive to the
increase in overlapping
threshold compared to
IoU.

FN
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Model Validation
MIoGTA threshold = 0.5

MIoGTA threshold = 0.75
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Results Interpretation

Texture Shape

object
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Results Interpretation

Texture Shape

object

§ Colorfulness
§ Redness index
§ Green leaf index
§ Browenness index
§ Entropy
§ Contrast
§ Dissimilarity
§ Homogeneity
§ Energy
§ Correlation

§ Compactness
§ Complexity
§ Elongation
§ Convexity
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Results Interpretation
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Results Interpretation

Support 
model 

decision
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Model Deployment
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Conclusion

Ø We digitized more than 6809 Juniperus shrubs.

Ø We created a Deep learning-based model for high mountain shrubs detection.

Ø We validated the model using external validation data.

Ø We proposed two new overlapping metrics for model evaluation.

Ø We proposed an object-based interpretation design.

Ø We created a wall-to-wall map of shrubs in Sierra Nevada with high accuracy.
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Notes
IoU is an unfair evaluation metric in our case:

Ground truth 𝐴 Model predictions
𝐵!, 𝐵"

90.06%

96.75%

𝑩𝟏

𝑩𝟐

𝐼𝑜𝑈 𝐴, 𝐵% = 0.4

𝐼𝑜𝑈 𝐴, 𝐵' = 0.6

𝜃 = 0.7

𝐵" = 𝐵'
𝐵" < 𝜃

𝐴 is FN

𝑨
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Notes

Ground truth 𝐴 Model predictions
𝐵!, 𝐵"

90.06%

96.75%

𝑩𝟏

𝑩𝟐
𝑀𝐼𝑜𝐺𝑇𝐴 𝐴, {𝐵%, 𝐵'} = 0.95 ≥ 𝜃 = 0.7

𝐴 is TP

Model final prediction

𝑩𝟏 ∪ 𝑩𝟐

New adapted overlapping evaluation metrics: 𝑨


