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B Context

Past tree cover mapping

— Climate regulation
— Biodiversity protection
— Carbon sequestration

cover.

Past tree cover mapping is a key to:
- analyze long term dynamics
- assess the state of conservation

Tree cover is linked to several eco-systemic services:

Current airborne and space-borne remote sensing
data provide a good assessment of the current tree

Archived historical aerial images !

r 1960

BD ORTHO® Historique (IGN): aerial images of the
french territory from 1947 to 1964 with a resolution

of 0.5m.

- 1958

- 1956

Limitations/challenges for semantic segmentation:
— grayscale images
— radiometric variabilityand landscapes heterogeneity
— noise, blurs and artefacts
— Very few annotations of historical aerial images ,
compared to current images |

- 1954

Domain Adaptation with generative models

Pix2pix [1] performs image-to-image translation with GAN and paired images.

CycleGAN [2] is designed for unpaired image-to-image translation with a set of two GANs and a
reconstruction constraint.

However, coupling the generation and the classification tasks provides more accurate results
than with decoupled tasks [3]

Objective: Perform the domain adaptation task from current to historical aerial images (unpaired image-to-image translation) coupled with the semantic segmentation task.

B Methodology

SegCycleGAN architecture
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Adaptation of CycleGAN architecture with two segmentation modules
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Data

Recent aerial images Historic aerial images
- FLAIR [5]: patches of IGN's BD - HistoTrees (Ours) : 240 annotated patches from
ORTHO® product annotated in 13 classes. BD ORTHO® Historique over France.
Conversion to binary annotations (tree - SpatialTreeP [6]: annotations of BD
cover/other) ORTHO®Historique in the eastern Pyrennees

(total of 19 km?)
- Pygar [7]: Area of 100 km? in Haute-Garonne,
iImage from 194
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+ 5000 patches extracted from BD
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Segmentation Results
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HistoTrees SpatialTreeP Pygar
Lower baseline 0.23 0.23 0.49
Data Augmentation Baseline 0.40 0.27 0.48
Upper Baseline 0.73 0.69 0.80
CycleGAN [2] 0.17 0.06 0.01
SegCycleGAN Target (S,) 0.33 0.35 0.45
SegCycleGAN Source (S,) 0.48 0.40 0.54
SegCycleGAN SegCycleGAN SegCycleGAN SegCycleGAN

Source Target Source
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Adversarial Adversarial
loss for F loss for G ORTHO® Historique without annotation to train
the CycleGAN and SegCycleGAN (target images)
Evaluation strategy
Histqric
Ir?rgglgaels Baselines:
(¥) — Lower baseline: Segmentation training with only a RGB to grayscale conversion of recent
Segmentation K images
Loss s . . . . .. . .
| — Data augmentation baseline: Converts recent images to fake historic images with simple
Diagram of SegCycleGAN architecture transformations based on [4] to train the segmentation module.
— Generators : U-Net generator, 8 downsampling/upsampling layers — Upper baseline: Segmentation training with historic images (Monte-Carlo cross validation)
— Discriminators : patchGAN discriminator [1] , 4 downsampling layers Metrics: Jaccard index (loU)
— Segmentation modules : U-Net (ResNet-34 encoder)
Adaptation training (SegCycleGAN and CycleGAN) : 100 epochs, batch size 8, learning rate 10°
Loss weighting (adversarial/cycle/segmentation): 10 /5 / 1 Segmentation training (baseline and CycleGAN) : 10 epochs, batch size 16, learning rate 5.10*
8 Results B Conclusions
Domain Adaptation Adding semantic segmentation constraints to the CycleGAN (SegCycleGAN) enable to: (i)
CycleGAN [2] SegCycleGAN (Ours) produces more realistic fake historic images (ii) reduces the quantity of artefact produced by
the generator and their prominence for the same number of iterations, (iii) improves the

accuracy of segmentation predictions, and in particular compared to a training with fake
historic images obtained with simple transformation (data augmentation baseline). However
accuracy of segmentation predictions remains below the expected results with annotated
historic images (upper baseline).

Semantic segmentation predictions with SegcycleGAN are more accurate in the source
domain compared to the target domain. We hypothesize that the distributions of
reconstructed recent images and colorized historic images are similar and may explain this
difference.
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