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Research aims:
Asparagus monitoring

• Below ground carbohydrate estimation

• key dates estimation:

• Harvest or any crop stage (forecast).

• Date when season started (hindcast).

• Everything in near-real time

• Combining Sentinel-1 and Sentinel-2 data

• Resilient to noisy and/or missing observations



Test site



Datasets

• Sentinel-1 GRD imagery from 2018 to 2020 – 210 images
• Sentinel-2 imagery from 2018 to 2020 – 71 images (cloud-free only in ‘summer’)
• Brix degrees (surrogate of carbohydrates) collected during the same period.
• Data from xx used for training, data from xx used for validation
• Features used: VH, VV, VH/VV, GNDVI, MCARI



Asparagus crop



Asparagus 
growth

Backscatter intensity 
(VH)



Methods:
Unscented Kalman Filtering

(Bayesian Filtering)



State variables 
(Variables we are tracking)

• Below ground carbohydrates: Approximated as 
brix degrees. 

• Cultivation Days: Also known as crop age. 
Tells us how many Days ago the season 
started



Prior belief of state 
variable (s)

(𝑥𝑥𝑘𝑘−1)

1. Brix degrees yesterday
2. Expected brix degrees for today

Prediction: state 
variable (s)

(𝑥𝑥𝑘𝑘′ )

New image today
(𝑦𝑦𝑘𝑘)

Update: Update 
prediction based on 

observation

Estimated state

(𝑥𝑥𝑘𝑘 )

Output
(maps)

(𝑥𝑥𝑘𝑘−1) = (𝑥𝑥𝑘𝑘)
Today’s

becomes
yesterday’s

state.

𝑥𝑥𝑘𝑘′ = f (𝑥𝑥𝑘𝑘−1)

yk’=g(xk’)

yk’=g2(xk’)

Dynamic model:
Dynamics of crop 

evolution

Observation model:
Expected remote sensing observation

Sensor fusion: One model for each 
sensor type

Algorithm:



Results





Dynamic model only (No remote sensing)



Dynamic model and Sentinel-1 (1 orbit)



Dynamic model and Sentinel-2









Validation





Thank you!
Contact: c.j.silva.perez@stir.ac.uk
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