Coupled VAE and interpolator approach for fast
hyperspectral image emulation
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Background

Hyperspectral Imaging: Description of a scene in two spa-
fial dimensions and one spectral dimension
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Figure 1. Principle of hyperspectralimaging

Why generate synthetic HSI?

= Early development of dedicated data processing
algorithms.

= Completion real data sets

Simulation : Imitation of the phenomenon based on its
physical characteristics.

v/ High accuracy
X High computational cost

Emulation : Statistical model for estimating simulations to
speed up calculations.

v/ Trade-off between accuracy and computational cost

Datasets

= GSD: 300m
= Number of bands: 21
= 6 biophysical parameters
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Sentinel 3 Ocean Colour:

Figure 2. Sentinel 3 biophysical parameters used as input for our
emulator.

= GSD: 10m
= Number of bands: 211

= 16 biophysical/optical
parameters

Simulated dataset:
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Figure 3. PROSAIL model (Jacquemoud 2009): We use the prosail
model to generate synthetic HSI after inverting S2 images. This allows
us to have spacially coherent vegetation traits maps.
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Proposed Method

Emulation: The emulation method consists of two parts: e S ———
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1. Training a variational autoencoder (Kingma 2014) to
reproduce input HSI

Interpolator
(ResNet) RN

2. Using an interpolator to map biophysical parameters
to the latent space

Biophysical parameters

Emulation is achieved by projecting input onto the latent | 8Ur¢ - Proposed two step approach using a VAE and a neural

, , interpolator.
space and generating a cube using the decoder.

Results

We propose two variants of the approach : an image to image, CNN based approach dubbed HSEmule, and
a pixel to pixel approach dubbed pZ2p-HSEmule. We compare our method to the previous studies by Ver-
reslts, et al. (2017, 2019, 2021). For each dataset, we only show the results of the best performing model.

Results: Sentinel 3 Ocean Colour Results: Simulated Dataset

Table 1. Sentinel 3 Ocean Colour validation results and processing
times (250 HSI, s: seconds).

Table 2. Simulated dataset validation Results and processing times
(250 HSI, s: seconds). The simulation time for the 250 HSI is

270.65s.
MSE  SSIM (avg) SAM (avg) CPU (s) GPU (s) MSE  SSIM (avg) SAM (avg) CPU (s) GPU (s)
HSEmule 48.7950 0.8944  0.0491  14.2600 0.5109 HSEmule 283e-4 09262 0.0409 1940 2.93
p2p-HSEmule 26.1081 0.8908  0.0372  15.3800 0.6669 02p-HSEmule 4e-7  0.9985 0.0093 24.06 3.14

ANN 50.0067 0.8464  0.0583  3.3271 0.6966 GPR

211 e-4 09432  0.0328 56.09 -

(a) Ground truth.

(b) HSEmuile.
SSIM: 0.8206

(a) Ground truth. (b) HSEmule.

SSIM: 0.9359

(c) p2p-HSEmule (d) GPR
SSIM: 0.9988 SSIM: 0.8803

(c) p2p-HSEmule (d) ANN

S5SIM: 0.8872 SSIM: 0.8894

Figure 5. RGB compositions of original Sentinel-3 (c) and emulated

, o Figure 6. RGB compositions of original simulated (c) and emulated
scenes using HSEmule (b), pix2pix-HSEmule (c), and ANN (d).

scenes using HSEmule (b), pix2pix-HSEmule (c), and Gaussian
Process Regression (d).

Conclusion and Perspectives
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In this work, our proposed two step approach to hyperspectral image emulation using a variational autoencoder out-
performs state of the art methods while significantly reduced inference time, especially when considering the simulated
dataset. Future work will investigate how well the emulated data aligns with real-world applications, such as retrieving
biophysical parameters.
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