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satellite 

satellite altitude ℎ𝑠𝑎𝑡 
range R 

height ℎ𝑖 
water surface 

reference ellipsoid 

∆𝑅 = 12 ∙ ∆𝑥 ∙ 𝑐 ∙  𝜏 ∆𝑅= Retracked range ∆𝑥 = offset 𝑐 = speed of light in vacuum 𝜏 = Pulse duration 

Height = Altitude - Range 

Range correction 

 Therefore we need special 

techniques to define the correct 

position of the water peak ℎ𝑖 = ℎ𝑠𝑎𝑡  − (𝑅 + ∆𝑅) + corr 

Motivation 

 This will be done with a 

neural network 



Analysing the study area 

Data processing 

Neural network: tracking the 

peak in the waveform 

Calculate the water height 

Input: Waveforms with 

labels 

Input: Detected peak 

position 

Overview of the developed algorithm 



Analysing the study area 

Data processing 

Neural network: tracking 

the peak in the water 

waveform 

Calculate the water height 

Cupari River: 

• 4 km width  

• Area in the middle of the river is chosen 

The study area 

Source: Bing maps 

Cupari River 



The study area – used data 

Jason 2 satellite: 

• Ocean Surface Topography Mission (OSTM) 

• Launched June 20, 2008 

• Time series between 2012 - 2016 

 

Analysing the study area 

Data processing 

Neural network: tracking 

the peak in the water 

waveform 

Calculate the water height 

https://directory.eoportal.org/web/eoportal/s

atellite-missions/j/jason-2 



Processing the data 

• Normalize the data 

• Label the data to peak and noise 

 

Problem: To find a peak, we need more informations than only the label! 

How can we select the 

assumed water peak? 

The output of the neural network gives 

us the probability for each label 

Power 

Bins 

Analysing the study area 

Data processing 

Neural network: tracking 

the peak in the water 

waveform 

Calculate the water height 



The neural network – Methodology 1 

1. Create a window with the size of 30 bins which defines the input for the 

network 

2. Save the label and probability from the output 

3. Move the window 2 bins and repeat it 

Neural network 

Output: Label and 

probability 

 This data is now the input 

for the next calculation 

We count how often each 

peak is tracked! 

Power 

Bins 

Analysing the study area 

Data processing 

Neural network: tracking 

the peak in the water 

waveform 

Calculate the water height 



The neural network – Methodology 2 

• Now we have the information how often we tracked the peak  

number 𝑛𝑘 
• Because many peaks are tracked often, we can calculate the          

mean probability 𝑃 𝑘 for each peak 𝑘 𝑃 𝑘 = 1𝑛𝑘   𝑃𝑘,𝑖𝑖  

• The searched peak is now estimated with this equation: 

Power 

Bins 

𝑃 1 = 0.9995 𝑃 2 = 0.9923 𝑛1 = 6 𝑛2 = 3 
 𝑃 1 ∙  𝑛1 = 5.997 
 𝑃 2 ∙  𝑛2 = 2.9769 

1 

2 

peak𝑘 = max (𝑃 𝑘 ∙  𝑛𝑘) 
The tracked peaks 

are now the input 

for the water height 

calculations! 

Analysing the study area 

Data processing 

Neural network: tracking 

the peak in the water 

waveform 

Calculate the water height 



Calculation of the water heights 

Comparison of the calculated water level with the water level, measured by 

in situ stations 

hi = ℎ𝑠𝑎𝑡  − 𝑅 + ∆𝑅 + corr hi= Altitude of the satellite above 

the reference ellipsoid 𝑅= measured range ∆𝑅 = Retracked range corr= Applied corrections 

Analysing the study area 

Data processing 

Neural network: tracking 

the peak in the water 

waveform 

Calculate the water height 



Calculation of the water heights 

Now we can compare the water level with water level, generated by the 

MLE3 retracker: 

 It can be seen that the most seasonal variations are captured with the NN 

and the time series itself is less noisy than the one of the MLE3 

Analysing the study area 

Data processing 

Neural network: tracking 

the peak in the water 

waveform 

Calculate the water height 



Calculation of the water heights - statistics 

Analysing the study area 

Data processing 

Neural network: tracking 

the peak in the water 

waveform 

Calculate the water height 

Analysis Water level 

with NN 

Water level with 

MLE3 

Standard deviation of the residual 

[m] 
1.01 1.19 

Mean value of the residual [m] 0.71 1.04 

Correlation coefficient 0.90 0.91 



Calculation of the water heights - a closer look 1 

Analysing the study area 

Data processing 

Neural network: tracking 

the peak in the water 

waveform 

Calculate the water height 

For each track 6 measurements 

are available 

 

Now we will have a look 

at the waveforms to 

analyse the 

performance of the two 

methods 
3.19 m 



Calculation of the water heights - a closer look 2 

Because 1 bin ≙ 0.4684 m even small 

variations create big errors 

Analysing the study area 

Data processing 

Neural network: tracking 

the peak in the water 

waveform 

Calculate the water height 



Calculation of the water heights - a closer look 2 

Analysing the study area 

Data processing 

Neural network: tracking 

the peak in the water 

waveform 

Calculate the water height 

Because 1 bin ≙ 0.4684 m even small 

variations create big errors 



Future work 

Until now, it is not possible to handle noisy datasets, 

where we have multipeaks close to each other: 

Which peak is from the 

water signal? 

Solution is regarding 

the time aspect: 

Recurrent neural networks can 

predict the position of a signal by 

regarding the previous signals 

Position 39 



Thank you very much for your attention! 


