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Background Removal
• Each profile contains an upper (high altitude) and lower (below ground) solar 

background measurement
• In flight background measurements are too low
• Residual background is corrected by an adaptive background correction based on 

fitting signals to a theoretical clear-sky profile

Offset Removal
• Removal of detection chain offset (DCO) on each channel
• Four samples measure DCO on each profile, the first DCO sample is no longer used 

due to bias
• Small orbital variation in DCO is still observed

Open Work
• Radiation spike filtering of the offset measurements
• Cold Pixels- correction of samples that have reduced signal likely because of 

reduced charge storage efficiency
• Forward transfer correction to correct for the transfer of charges from one sample to 

the next due to charge transfer inefficiency, this would be a more fundamental 
correction to the 20km spike

Radiation Spike Filtering
• Some samples affected by radiation incident on the detector, particularly near the 

South Atlantic Anomaly
• Statistical approach: samples greater than 10 times the 99th percentile are flagged and 

replaced

20km Spike Correction
• Signal in the first 100m sample is too high, attributed to charge transfer from the last 

500m sample
• Corrected by removing a fraction of the last LR sample from the first HR sample

Dark Signal and Hot Pixels
• Removal of dark signal non-

uniformity (DSNU) maps measured in 
weekly dark current calibrations

• Hot pixels - pixels with high dark 
signal appeared in flight

• Hot pixels missed by DSNU 
correction are corrected by an 
adaptive missed hot pixel algorithm 
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Non-Linearity Correction
• Correction for the non-linearity in 

detection chain response based on 
on-ground characterisation
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Crosstalk Correction and Absolute Calibration
• Estimation and removal of crosstalk, crosstalk comes from imperfect separation of 

the Rayleigh, Mie co-polar and Mie cross-polar signals at the hardware level
• 𝜀 -Rayleigh spectral crosstalk, estimated using land surface returns and the 

STRAP method
• 𝜒- Mie spectral crosstalk
• ψ∥- Co-polar polarisation crosstalk
• ψ⊥- Cross-polar polarisation crosstalk

• To retrieve absolute signals each channel is divided by a lidar constant evaluated in-
flight

Inferred using signal 
ratios in high altitude 

clear-sky region

Smoothest Rayleigh Path (STRAP) method 
 • Iterative method to estimate 𝜀 based on finding 

the value that produces “smoothest” Rayleigh 
profile through a cloud

• STRAP method is usable when surface return is 
not e.g. over water, and gives consistent results

• Low 𝜀 trial retrieval
• High 𝜀 trial retrieval
• Retrieval with optimal 𝜀 value

Results
• Attenuated 

backscatter profiles 
of good quality and 
performance

• See also 2nd ESA-
JAXA EarthCARE In-
Orbit Validation 
Workshop report

• ATLID- Atmospheric LIDAR on 
board the EarthCARE satellite

• Linearly polarised HSRL 
operating at 355nm

• 3 science channels: Rayleigh, 
Mie co-polarisation, Mie Cross-
polarisation

• Vertical resolutions: 500m (40-20km) and 100m (<20km)

Hot pixel

Background removal

Residual background

20km spike

Laser Energy Normalisation
• Each profile is normalised to a reference 

laser energy to account for fluctuations in 
the emitted pulse
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