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Al&metry	  at	  worlds	  end	  

•  TOPEX/Poseidon,	  Jason-‐1,	  -‐2	  
•  Geosat,	  GFO	  
•  ERS-‐1,	  -‐2,	  ENVISAT	  
•  IceSat	  
•  CryoSat-‐2	  



The	  Arc&c	  Ocean	  
Sea	  ice	  concentra&on	  last	  week	  

Na&onal	  Snow	  and	  Ice	  Data	  Center	  
Maslanik	  and	  Stroeve	  1999	  

Photo:	  NASA	  

Photo:	  DTU	  Space	  



Waveforms	  in	  the	  Arc&c	  

Data	  provided	  by	  CLS/CNES	  



Waveforms	  in	  the	  Arc&c	  
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Waveforms	  in	  the	  Arc&c	  
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Classifica&on	  
Pulse	  Peakiness	  (PP)	  

4 3.3 PERFORMING THE RETRACKING

3.3 Performing the retracking

The retracking of the waveforms is performed using a simple leading edge
threshold retracker similar to that of Davis (1997). The threshold value F

T

is
chosen between 0 and 1 and indicates the fraction of the power benchmark
to be used for the retracking point. To begin with the first bin position (j)
with power higher than or equal to F

T

· P

b

is found and a linear interpolation
between bin j and bin j� 1 is performed to obtain the fraction of a bin where
the threshold power is found. Finally the epoch is derived, in bin counts, by
adding j � 1 to the fraction as described in Equation 2.

E =
F

T

· P

b

� p

j�1

p

j

� p

j�1
+ j � 1 (2)

3.4 Identify leads (Classification)

The classification is primarily based on a set of parameters describing the
morphology of the waveform and the power distribution in the individual
looks in the stack. The parameters describing the power distribution is taken
directly from the ESA Baseline-B L1b product and the parameters describ-
ing the morphology is described in the following. Furthermore, as described
above the ESA Baseline-B L2 product is merged into the DTU dataset which
allows a direct comparison of the ESA Baseline-B classification of the indi-
vidual waveforms.

A classic parameter for identification of specular returns is the Pulse
peakiness (PP), which determines the ratio between the peak power and
the integrated power in the waveform (Laxon, 1994; Peacock and Laxon,
2004). In the classical formulation the first five samples are discarded to
avoid wrap around effects and the ratio is scaled using the nominal track-
ing point bin. A pulse peakiness value is available in the ESA Baseline-B L2
product but the used formulation is unknown and results in values exceed-
ing 500 as opposed to the classical values not exceeding 1. Equation 3 gives
the formulation used in the DTU classification.

PP =
65535
Â127

i=0 p

i

(3)

To further characterize the peak a Gaussian (see Equation 4) is fitted to
the most powerful bin including two bins on each side similar to approach
by Armitage and Davidson (2014). This will give additional information

DTU-Space, National Space Institute
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Classifica&on	  

Sea	  ice	  

Lead	  in	  sea	  ice	  

Stenseng	  (2014a)	  
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Sampling	  and	  peak	  power	  
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Threshold	  Retracking	  

4 3.3 PERFORMING THE RETRACKING

3.3 Performing the retracking

The retracking of the waveforms is performed using a simple leading edge
threshold retracker similar to that of Davis (1997). The threshold value F

T

is
chosen between 0 and 1 and indicates the fraction of the power benchmark
to be used for the retracking point. To begin with the first bin position (j)
with power higher than or equal to F

T

· P

b

is found and a linear interpolation
between bin j and bin j� 1 is performed to obtain the fraction of a bin where
the threshold power is found. Finally the epoch is derived, in bin counts, by
adding j � 1 to the fraction as described in Equation 2.
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3.4 Identify leads (Classification)

The classification is primarily based on a set of parameters describing the
morphology of the waveform and the power distribution in the individual
looks in the stack. The parameters describing the power distribution is taken
directly from the ESA Baseline-B L1b product and the parameters describ-
ing the morphology is described in the following. Furthermore, as described
above the ESA Baseline-B L2 product is merged into the DTU dataset which
allows a direct comparison of the ESA Baseline-B classification of the indi-
vidual waveforms.

A classic parameter for identification of specular returns is the Pulse
peakiness (PP), which determines the ratio between the peak power and
the integrated power in the waveform (Laxon, 1994; Peacock and Laxon,
2004). In the classical formulation the first five samples are discarded to
avoid wrap around effects and the ratio is scaled using the nominal track-
ing point bin. A pulse peakiness value is available in the ESA Baseline-B L2
product but the used formulation is unknown and results in values exceed-
ing 500 as opposed to the classical values not exceeding 1. Equation 3 gives
the formulation used in the DTU classification.

PP =
65535
Â127

i=0 p

i

(3)

To further characterize the peak a Gaussian (see Equation 4) is fitted to
the most powerful bin including two bins on each side similar to approach
by Armitage and Davidson (2014). This will give additional information

DTU-Space, National Space Institute

3. ALGORITHM DESCRIPTION 3

3 Algorithm Description

Something about peaky waveforms, fitting instability due to few samples

3.1 Overview of algorithm flow

3.2 Determine a power benchmark for the retracker

The first step is to identify the bin of maximum power which will be close
to the center of the peak. However, the very narrow peak from the specu-
lar reflection might not be coincident with a bin position (see Figure 3) and
therefore a more stable peak power must be found.
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(a) Maximum power coincident with a sam-
ple bin (black) overlayed with a fitted Gaus-
sian (red).
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(b) Maximum power between with two sam-
ple bins (black) overlayed with a fitted Gaus-
sian (red).

Figure 3: Bin offset relative to maximal power.

To obtain a stable value for the power benchmark (P
b

) the bin position
with maximal power (m) is found and the benchmark power is then calcu-
lated as the average of the maximal power and the power of two bin on each
side of the maximal bin position, see Equation 1. It should be emphasized
that the derived power benchmark is not an estimate of the true peak and
should therefore not be used to derive a surface roughness parameter like
s0.

P

b

=
1
5

m+2

Â
i=m�2

p

i

(1)

Algorithm Theoretical Baseline Document - Polar Ocean
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Davis	  (1997)	  and	  Stenseng	  (2011/2014a)	  



Valida&on	  

•  Valida&on:	  DTU13	  Mean	  Sea	  Surface	  
– <20%	  of	  the	  observa&ons	  is	  useful	  
– Std.	  dev.	  calculated	  per	  track,	  not	  1	  Hz	  std.	  dev.	  	  

•  Valida&on:	  IceBridge	  mission	  
– ~15	  dedicated	  CryoSat-‐2	  under	  flights	  (3	  used)	  	  
– Georeferenced	  aerial	  photo	  for	  lead	  detec&on	  
– Laser	  al&meter	  for	  sea	  surface	  height	  



Valida&on:	  DTU13MSS	  
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Valida&on:	  DTU13MSS	  
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Valida&on:	  IceBridge	  

Stenseng,	  2014b	  and	  Dominguez,	  2014	  	  



Valida&on:	  IceBridge	  
Leads	  in	  aerial	  photos	  and	  CryoSat-‐2	  data	  

0

250

500

750

A
re

a
 [
m

2
]

−600 −500 −400 −300 −200

Position along−track [km]

•  Detected	  ~80%	  of	  leads	  >500	  m2	  
•  LiDAR	  observa&ons	  ~4	  cm	  std.	  dev.	  
•  Mean	  difference	  0	  cm	  Only	  34	  collocated	  observa&ons	  

Stenseng	  (2014b)	  



“Snagging”	  

•  Bright	  off	  nadir	  targets	  dominates	  
•  Range	  to	  target	  longer	  èsurface	  lower	  
•  Cross-‐track	  angle	  from	  SARin	  (the	  Wingham	  box)	  

–  CryoSat-‐2	  SARin	  mode:	  accuracy	  over	  precision	  
–  Only	  1	  burst	  per	  radar	  cycle	  (vs.	  4	  in	  SAR)	  

(	  

Stenseng	  (2014b),	  Armitage	  and	  Davidson	  (2014)	  



Pujng	  it	  all	  together	  
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Stenseng	  et	  al.	  (2013/2014)	  



Ques&ons?	  
If	  you	  are	  s&ll	  awake!	  
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