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Radar altimetry missions 
• Nowadays, only 

Jason-2, SARAL and 
Cryosat-2 are 
operating in orbits. 

• April 2012: loss of 
Envisat. 

• June 2013: loss of 
Jason-1. 

• More altimetry 
satellites will 
become available 
next year: Jason-3 
and Sentinel-3. 
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SSH=Satellite altitude-Range-
Corrections 



Challenges in retrieving accurate 
altimetry measurements 

• Challenge 1= accurate altimeter range. 

• Challenge 2=accurate geophysical corrections 
particularly wet tropospheric and ocean tides. 
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Altimetric signal over ocean surface without land 
interference should follow Brown (1977) model.  5 

(adapted from AVISO website)  
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What are the parameters can be retrieved 
from the ocean altimetric signal? 
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What happens to the 
altimeter signals 
when it interacts with 
the land? 

(adapted from Gommenginger et al. 2011)  

Waveform shapes around the region 
 of the Great Barrier Reef 
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-Real 20 Hz along-track 
altimetric waveforms.  
-The impact of land is 
obvious, shown by the 
high peak on the 
leading edge. 
 (depicted from Idris 2014)  



• 90% of the ocean returns are conform to the 
Brown model for points >10 km from the 
coastline. 

• Specific coastal retracker can improve results 
even closer. 
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Retracking method 
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Brown echo 

Location of waveform ramp mid-
point related to the sea level 

Non-Brown echo 

Tracking gate: 
predicted location 
of waveform ramp 
mid-point 

Actual Location 
of waveform 
ramp mid-point 
related to the 
sea level 

Offset: Range 
correction 
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Issues with waveform retracking 

• No universal retracker Combine several 
retracking algorithms. BUT 2 significant issues: 

1) What is the optimal retracker under various 
conditions? 

 Rule-based expert system (Deng and  Featherstone 
2006), Fuzzy expert system (Idris 2014). 
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2) How to reduce the offset caused by switching retrackers, 
as it results in relative offsets in altimeter-derived SLAs? 
Solutions: 
i) Based on mean of offset (Deng 2003, Quartly and Cipollini 
2012) assume the offset value is a constant over the 
region. 
ii) Based on neural network method (Idris 2014). 



Why neural network? 

• Offset value (e.g. between threshold and MLE4 
retracker) is not a constant but a variable with 
varying significant wave height.  
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1) It is capable of identifying a complex 
relationship between various retrackers. 

2) It can recognise random patterns of the offset 
based on a given set of data from both the 
open and coastal oceans. 
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 The Coastal Waveform Retracking 
System 

• The central is twofold: 

1) Search the optimal retracker to reprocess 
waveforms that is assigned based on the 
analysis from a fuzzy system 

2) Minimise the relative offset in the retrieved 
SLAs when switching from one retracker to 
another, using a neural network. 
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Waveform 
sampling 

Threshold 
retracker 

Sub-
waveform 
retracker 

MLE4 
retracker 

Train 
neural 

network 

Class 1  
1. MLE4  
2. Sub-waveform 
3. Threshold 30% 

Class 6 
1. Threshold 30% 
2. Threshold 20% 
3. Threshold 10% 

Class 2-5 
1. Sub-waveform 
2. Threshold 30% 
3. Threshold 20% 

Calculate 
SLA 

Evaluate the quality of SLAs using fuzzy 
system 

 

If high 
quality 

Yes 

No 

Keep the 
SLAs 

Neural network for offset reduction 

Retracking with 
precedence 
retracker 

SWH is not 
included because 
it is imprecise or 
unavailable near 

the coasts 

Quality is given as a 
value from 0-10 
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Challenges in retrieving accurate 
altimetry measurements 

• Challenge 1= accurate altimeter range. 

• Challenge 2=accurate geophysical corrections 
particularly wet tropospheric and ocean tides. 
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Coastal Altimetry Book by 
Vignudelli et al. (2011) 



Coastal tidal signals 

• Coastal tidal signals are more complex than in 
the deep ocean larger amplitude, shorter 
wavelength, and possibly nonlinear in 
dynamical tidal motion.  

• Tides over the coastal region of Great Barrier 
Reef 3–5 m, larger than those over the deep 
Coral Sea (Saint-Cast and Condie 2006). 
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Summary 

• The choice of the optimal retracker and tidal 
model is crucial when attempting to derive 
accurate sea levels in coastal regions. 
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Thank you 

 

Q&A 
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