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1. Introduction  

As a candidate of the Earth Explorer Programme, the European Space Agency 

proposed the   (CoReH2O) mission, consisting of a satellite mission for the 

monitoring of snow, glaciers and surface water, based on a dual frequency SAR 

sensor at Ku- and X-band frequencies, VV and VH polarizations [Ref. 1].    

 

Following the proposal, in the last few years the development and testing of 

algorithms for retrieval of Snow Water Equivalent (SWE) characterized the efforts of 

the scientific community. Many dedicated field experiments have been performed in 

different snow-cover type environments over different regions of the World. In 

particular, between January 2011 and April 2013, four airborne campaigns were 

accomplished with the SnowSAR instrument, the ESA SAR sensor designed, 

manufactured and operated by MetaSensing BV and Sarmore GmbH for collecting 

airborne backscatter data with the CoReH2O characteristics. Repeat pass 

measurements have been executed in scientifically interesting areas of Finland, 

Austria, Canada and Alaska, concurrently with other parallel airborne and ground 

surveys based on different technologies. 

 

The delivery of SnowSAR products has been recently finalized, consisting in a total 

of nearly 40 GBytes of calibrated polarimetric images at X- and Ku-band. The present 

report, together with the referenced documentation, provides end users with additional 

means for assessing SnowSAR data quality. The discussion is focused on the 

achieved radiometric results of the SnowSAR data collection during 3 winter seasons, 

from 2011 to 2013. The main calibration steps of the processing chain are discussed, 

and several examples taken from the delivered datasets are given.  

 

The document has been structured also taking into consideration the fruitful questions 

which have been raised from end users and scientific community following the initial 

release of SnowSAR datasets. Each chapter addresses to a different step of the 
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processing phase with the intent of contributing to a further insight in SnowSAR data 

interpretation and usage.  

1.1 Outline 

After this introductory part, Chapter 2 pays attention to the raw data processing for 

the generation of dual polarimetric images at the two SnowSAR X and Ku frequency 

bands. In particular, the robustness of the processor is demonstrated by showing that 

no artefacts are introduced in the images generated by processing Gaussian random 

raw data with no yaw variation. 

Chapter 3 focuses on the internal calibration phase: the tracking of transmitted power 

and the noise levels estimation procedures are discussed in detail.  

Chapter 4 deals with the external calibration phase. Information is given about the 

corner reflectors deployment during the performed campaigns, about the Gray 

algorithm used for the RCS estimation of the reflectors, and about the uncertainty 

deriving by the use of such algorithm for the RCS retrieval. Additionally, details of 

the calibration factor and of the optimal antenna pointing angle are also discussed.  

In Chapter 5 a radiometric performance analysis is presented for the SnowSAR 

measurement campaigns in Finland, Austria and Canada, by comparing processed 

images from data acquired twice over the same area.  

In Chapter 6 a comparison is performed between SnowSAR data and TerraSAR-X 

images acquired in quasi-coincidence dates.  

Conclusions and potential improvements are drawn in Chapter 7 and Chapter 8, 

respectively.  
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2 Processor robustness  

The processing of SnowSAR images is performed in three main steps, turning 

acquired raw data into SAR images: 

 

·  Range compression  

·  Doppler filtering  

·  Ground Back Projection (GBP) algorithm   

 

The overall processor gain is given by the gain (and/or loss) contribution of each step.  

The range compression introduces a gain due to a not normalized Fast Fourier 

Transform (FFT) which is equal to the root square of the number of samples, plus the 

windowing loss.  

The Doppler filtering introduces a windowing loss.  

Since the GBP algorithm implemented by MetaSensing normalizes the gain of the 

azimuth windowing used during the projection, the only resulting gain is given by the 

range dependency correction (equal to the range distance to the power of 4).  

 

An analysis of the processing gain of different steps in the SnowSAR focusing 

algorithm is presented in this chapter. The aim of the analysis is to show that the 

processing gain of SnowSAR processor is constant and predictable, therefore no 

inaccuracy is introduced during the focusing step of each presummed image when no 

yaw variation is considered. Each presummed image corresponds to the focusing of 

fixed Doppler bandwidth centred at specific Doppler centroid. A number of Doppler 

centroids are selected so that the whole clutter spectrum is processed, with 50% 

overlap of each presummed Doppler bandwidth. All the presummed images are then 

incoherently added to generate a SnowSAR calibrated image, as further illustrated in 

this report.  
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2.1 Random raw data  

In order to demonstrate the robustness of the processor, Gaussian random data have 

been generated (see Figure 1) and given as input to the SnowSAR processor together 

with the navigation data of an actual airborne acquisition. The chosen track belongs to 

the AlpSAR campaign, Mission 1, X band, VV pol, track M2 (ref file 

20121121115611). It is to be noted that any other performed track could be chosen 

without loss of validity of the achieved results. The used navigation data are referred 

as navigation data 1 in the following plots.  

 
Figure 1 - Raw data generated with a Gaussian distribution multiplied by 100 (top), corresponding to a 

single chirp (4000 samples), and the corresponding distribution (bottom). 
 

 

2.2 Range compression 

Each simulated deramped chirp (AlpSAR data have been acquired with an FMCW 

system) contains 4000 samples, corresponding to the AlpSAR PRF of 2.5 KHz and 

the sampling frequency of 10 MHz. During the range processing, the first 100 
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samples of each chirp are set to zero; on the remaining 3900 a Hanning windowing is 

applied before performing the FFT for the range compression. Having in mind that the 

loss of a Hanning window is 4.26 dB, a gain of 10log
10
3900 - 4.26 = 31.65 dB is 

expected.   

Figure 2 shows the mean power value of the data obtained after the range 

compression step, and of the raw simulated data. The two curves differ according to 

the theoretical value.  

 

 
Figure 2 - Mean values of the power for raw data and for range compressed data and their difference. 

The correspondence between expected and achieved gain during the range compressing step is verified. 
A block of 6144 chirp has been simulated for the purpose. 

 

 

2.3 Doppler filtering 

After range compression, the presumming step is performed with a constant 

presummed Doppler bandwidth, centred on adjacent Doppler frequencies, spaced half 

of the presummed Doppler bandwidth. A presumming factor of 8 is used in the 

present analysis, like for the processing of actual AlpSAR data.  
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The first step of the Doppler filtering consists in transforming the range compressed 

data into the Doppler domain. A Hamming window centred at the Doppler centroid of 

interest and with an extension equal to the PRF divided by the presumming factor is 

applied to the range-Doppler data. After this step, the data are transformed back in the 

range compressed time domain. For the Doppler filtering gain, the same steps for the 

calculation of the range compressed data gain (see section 2.2) are applied, leading to 

a theoretical value of -10.29dB.  By applying the Doppler filtering to the generated 

random noise data the same value can be found (see Figure 3). 

 
Figure 3 - Mean power of the range compressed data and presummed data, showing a loss of 10.29dB. 
 

 

Once the data are filtered in Doppler, the range compressed data are decimated along 

the chirp number dimensions with a factor equal to the presumming factor. Following, 

the presummed data are processed with a Doppler bandwidth equal to the presummed 

PRF reduced of 10% as margin factor. Each presummed image is processed with a 
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Doppler filter centred at the specific Doppler centroid. Therefore, the whole Doppler 

spectrum due to the antenna azimuth pattern is processed. 

Figure 4 shows the statistical distribution of the presummed range compressed data.  

 

 
Figure 4 - Distribution of the intensity values of the image before the GBP focusing step. 

 

2.4 GBP of the presummed range compressed data 

The random data (see section 2.1) used in the previous simulation have been inserted 

into the MetaSensing SnowSAR GBP processor together with the relative navigation 

data 1 and Digital Elevation Model (DEM) of the area. 

 

Within the GBP algorithm the presummed range compressed data are scaled by the 

factor 4R , where R is the slant range. However, in the present analysis this step is 

omitted in order to show that the only contribution to the gain introduced during the 

GPB focusing is represented by the range dependency correction. In fact the random 

data do not contain any range dependency. 

 

The image generated by the MetaSensing GBP processor is shown in Figure 5. The 

range dependency contribution is plotted in Figure 6 and then removed from the 

detected image. The result is illustrated in Figure 7 and the statistical distribution is 

reported in Figure 8. 
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Figure 5 – Intensity of random data processed with range dependency (track M2, X-VV pol, Mission 1 
ref file 20121121115611).  

 

 

Figure 6 - Range dependency contribution. 
 

 

Figure 7 - Intensity of the detected image (Figure 5) scaled by the range correction (Figure 6). 

 

 

Figure 8 - Intensity distribution of the image scaled by the range dependency contribution (Figure 7), 
processed with navigation data 1. 
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By comparing Figure 4 and Figure 8, it is possible to appreciate the good stability of 

the GBP processor as implemented by MetaSensing. In fact, the distributions of the 

intensity of the range compressed data and of the normalized focused SAR images 

match very well. 

 

In Figure 9 is shown the normalization factor calculated by the GBP. This 

normalization factor takes into account the contribution of the azimuth and range 

variation of the integration time, due for instance to aircraft squint or to velocity 

variation during the acquisition. 

In the overall image the normalization factor varies of few dBs, due to the different 

number of range profiles used during the focusing. This number is directly related to 

the integration time, which varies in the image due to the range (influenced also by 

the topography), by the velocity and the attitude of the aircraft, each varying during a 

single acquisition. 

 

 
Figure 9 - Normalization factor calculated by the GBP and used to scale the output image so that no 

gain is introduced by the focusing step. 
 

In order to demonstrate that the processor does not introduce any ‘temporal’ 

radiometric inaccuracy, the same analysis illustrated so far has been performed by 

using the same Gaussian random raw data with a different navigation dataset relative 

to the same acquisition track performed during a later mission (ref file 

20130124124947, AlpSAR, Mission 2, X band, VV pol), referred as navigation data 

2. The resulting detected image, the range dependency contribution and the intensity 

image scaled by the range dependency are shown in Figure 10, Figure 11 and Figure 

12 respectively. 
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Figure 10 – Focused image generated by the processor, track M2 (ref file 20130124124947), Mission 2 
 

 

Figure 11 – Contribution of range equalization performed during the processing. 

 

Figure 12 – Intensity of the focused image scaled by the range dependency contribution. 
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The intensity distributions of the images scaled by the range dependency contribution 

(Figure 7 and Figure 12) are compared in Figure 13. Statistically speaking, the two 

curves (normalized to the unity to facilitate the comparison) match very well 

(differences below 0.02 dB). Therefore, the processor does not introduce any artefact, 

even on a ‘temporal’ basis. 

 

 
Figure 13 – Comparison among normalized histograms relative to the random dataset processed with 

navigation data 1 and navigation data 2  
 

 

The histograms of the intensity of the presummed range compressed data shown in 

Figure 4 and of the intensity SAR image shown in Figure 8 are compared in Figure 

14. It is evident how the distributions of the intensity of the resulting images are well 

aligned. The two histograms are normalized to unity in order to facilitate the 

comparison.  

The MetaSensing GPB processor is stable and does not introduce any artefact. 
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Figure 14 – Intensity distributions comparison (see Figure 4 and Figure 8).   

 
 

2.5 Co- to cross-pol ratio of SnowSAR images 

During preliminary review of the SnowSAR dataset unusual features were noticed in 

some images of the AlpSAR campaign. In particular, some areas were pointed out in 

which the extracted mean co- to cross-pol ratio results in around 0 dB, regardless the 

frequency band and/or the considered period of the year, see Figure 15 [Ref. 2].  

 
Figure 15 - Geotiff SnowSAR images showing the mean co- to cross-pol ratio (grey scale, black 
meaning 0 dB) during the three AlpSAR missions for X band (up) and Ku band (bottom) [Ref. 2]. 
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The mentioned features are always located over the same areas and they can be 

noticed in data acquired during different missions. The processor stability and the 

accuracy of the used DEM have been investigated as potential causes for this 

unexpected mean co- to cross-pol ratio value.  

This chapter has eventually shown that the processor is stable in terms of radiometric 

accuracy. Additionally, since the discussed features are seen in images processed with 

different DEMs (Digitales GeländeModell , DGM and Shuttle Radar Topography 

Mission, SRTM [Ref. 3]), it means that neither the accuracy nor the resolution of the 

adopted DEM has significant influence on this issue.  

As a conclusion, the unexpected co- to cross-pol ratio of ~ 0 dB in certain areas 

cannot be adduced to the processor stability or to the accuracy of the used DEM. It is 

opinion of the authors of the present document that potential reasons should be rather 

investigated in the physical characteristics of the observed areas.  
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3 Internal Calibration 

The radiometric calibration is a necessary step for a quantitative use of acquired data. 

It can be divided into internal and external calibration [Ref. 4]. The present chapter 

addresses the potential sources of radiometric uncertainties deriving from the internal 

calibration.  

 

3.1 Transmitted power 

The SnowSAR power levels have been tracked during every mission by logging the 

transmitted power values of each acquisition track. Two dedicated power meters with 

0.13 dB accuracy have been used for the two sub-systems (X and Ku frequency 

bands). Transmitted power is measured through a coupler with 30 dB attenuation for 

the X band and 27 dB for Ku band. 

 

In Figure 16 an example is given of the power tracked during a mission of the 

Canadian campaign: the two curves, blue and red, represent the measured power 

respectively at X and Ku band as a function of time. After an initial warming up phase 

(up to ~1500 time samples) in which the system is constantly on, the acquisitions slots 

alternate with “non transmitting” intervals in which the aircraft is aligning for the 

following track.  

The X band amplifier shows a very stable output power, while the Ku band exhibits a 

larger fluctuation which is however tracked with 0.13 dB accuracy and finally 

corrected during the focusing of the data. 

 

To better appreciate the dynamics of the transmitted power, the same data at X band 

of Figure 16 are plotted in Figure 17, without breaks in between following 

acquisitions. The spikes which can be noted correspond to the beginning of each 

acquisition. 
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Figure 16 – Transmitted power levels tracked during the Canadian Mission 2 (13th March 2013), as a 

function of time. 
 

 

 
Figure 17 – Transmitted power tracked during Canada Mission 2 (13th March 2013) at X band. 

 

 

Figure 18 shows the occurrences of the plots in Figure 16. The power remains stable 

over repeated acquisitions. 
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Figure 18 – Occurrences of measured transmitted power levels during Canadian mission of 13th March 

2013 at X and Ku band. 
 

 

For convenience, instead of the measured power data, a fitting curve is used during 

the calibration phase. Figure 19 shows an example of the fitting curve relatively to the 

tracked power at X band of Figure 16. 

 

 
Figure 19 – Transmitted power tracked during Canada Mission 2 (13th March 2013) at X band. 

 

The error resulting by using the fitting curve instead of the measured values is plotted 

in Figure 20. It is less than 0.02dB, thus negligible. 
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Figure 20 – Approximation error due to the adoption of the fitting curve instead of measured values. 

 

In addition to the analysis on the transmitted power within the same mission, a 

temporal analysis relative to an entire campaign is given. As example, the Finnish 

campaign is considered, in which 10 distinct missions were performed in a 4 months 

period span.  

The mean TX power level relative to each acquisition track has been extracted and the 

values over the whole mission are averaged. In Figure 21 the average power levels are 

shown, from mission 1 to mission 10, together with the relative standard deviation.  

The power variation all along the missions is limited and still accurately tracked. 

 
Figure 21 –Averaged transmitted power levels (top) for each mission of whole Finnish SnowSAR 

campaign at X and Ku band, and relative standard deviation (bottom). 
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3.2 Noise levels 

The noise levels and therefore the receiving gain have been estimated for each 

acquisition track of any SnowSAR mission directly from the range – Doppler map, 

during the processing of the images. A rectangular area is set in a zone in which there 

is no clutter, and the noise values are tracked for the whole acquisition (see Figure 

22).  

 

 

 
Figure 22 – Range–Doppler map example relative to an acquisition at X band of the Finnish campaign. 

Within the black rectangular area the noise level has been tracked. 
 

 

Figure 23 shows an example of tracked receiving gains of the four SnowSAR 

channels. All the channels are stable, but the X-VV channel. In fact, the estimated 

noise levels (not normalized values in the figure) of X-VV channel are unstable 

within the overall mission and for any performed mission.  

 

The problem is present in all the missions and it is affecting only the X-VV channel  

This issue has been solved in the second generation of the SnowSAR instrument by 

changing the design of the circulator device and introducing a switching of the supply 

power of the transmitting amplifier and of the receiving LNA. 

 

Similarly to what done for the transmitted power, also for the noise level a temporal 

behaviour is extracted for the overall campaign, see Figure 24. Once again, the higher 

variation of the X-VV channel can be noticed (during the first mission there was a 

component failure).  
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Figure 23- Example of noise levels estimated for SnowSAR Finnish mission 6.  

 

 

 
Figure 24 – Example of noise levels estimated over an entire SnowSAR campaign (mission 1 to 

mission 10 of the Finnish one). 
 

 

A receiving gain equalization function is applied to the X-VV channel to compensate 

for the unstable behaviour. A reference receiving gain level is extracted from the 

estimated gain over the entire campaign. For each acquisition track a gain 

compensation factor for X-VV is calculated and applied [Ref. 4]. The set of the 

estimated factors are listed in the Appendix B of this report.  
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4 External Calibration 

The antenna pattern and receiving gain contributions are compensated during the 

external calibration phase. In order to estimate the calibration factor and to optimize 

the antenna elevation pointing angle, corner reflectors with known RCS are deployed 

and then imaged with dedicated calibration acquisitions. 

It was planned to use trihedral and dihedral corners, respectively, for co- and cross-

pol image calibration. However, most of the times it was not possible to use the cross-

pol corners during the post processing calibration phase, because of their very narrow 

response, which leads to unreliable RCS values when associated with the aircraft 

attitude motion.  

 

The antenna patterns have been re-measured for each band and polarization in order to 

confirm the patterns measured by the manufacturer in anechoic chamber. 

 

In the remaining of the chapter, corner deployments in the different missions are 

illustrated in section 4.1, while the estimation of the corner RCS from the multilooked 

SAR images through the Gray algorithm is described in section 4.2. Successively 

section 4.3 illustrates the measured antenna pattern, whereas section 4.4 describes the 

antenna pointing refinement steps carried out during the SnowSAR data processing in 

order to improve the antenna pattern correction. Section 4.5 concludes the chapter 

addressing the calibration factor retrieval. 

 

4.1 Corner deployment 

Without loss of generality, the AlpSAR mission 1 is hereby used as example to show 

the corner deployment procedure. In that occasion the reflectors have been deployed 

on the Leutasch site. The starting and stopping waypoints of the ideal calibration track 

are given in Table 1, corresponding to track L3 (see Figure 25). 
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Table 1- Calibration track waypoints - track L3. 

Track Waypoints 
Latitude      Longitude 

Decimal degrees 

Flight altitude 

On average sea level 

A1 47.343562°   11.121700° 
L3 

B1 47.378566°   11.188350° 

7700 ft 

(2347 m) 

 

 

 
Figure 25- Flight trajectory relative to the track L3 (Leutasch site). The corners have been deployed 

along the ideal swath (in yellow) of this track. 
 

 

The flight direction for the acquisitions over the Leutasch site was set to be 52º, 

parallel to the main valley direction. Since the corner reflectors on the ground have to 

be azimuthally oriented in the orthogonal direction to the flight track, these have a 

nominal pointing angle in azimuth of 142°.  

In elevation, the maximum response of the square-faced trihedral corner is at �  = 35º 

from the lower face: since more corners are deployed along the swath, the aircraft 

antennas see the corners under different elevation angles. Therefore, in order to 

maximize the reflector response, they have to be tilted by different angles on the 

ground depending on their distances from nadir, see Figure 26.  
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Figure 26- Corner deployment along the swath. Each corner has a different nominal tilt angle, 

depending on its distance from nadir.  
 

In general, for any SnowSAR campaign the corners have been deployed and tilted 

considering a nominal flight altitude of 1200 m over the ground and a nominal look 

angle of 40º and an antenna aperture of 20º. The co-pol corners are trihedral reflectors 

with square faces with 30 cm side. 

 

4.1.1 AlpSAR campaign 

The designed distances of the corners during the AlpSAR campaign are 1135 m, 1051 

m, 935 m, and 843 m from the nadir, starting from the corner in far range (corner 4).  

 

For the orientation in elevation, a digital inclinometer was used. Figure 27 shows an 

example of angle measurement using a tilt meter (relative to corner 3). The designed 

tilt angles from far to near range are 11.6º, 13.2º, 17º and 19.9º. 
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Figure 27 – Corner reflector deployment (left) and relative elevation angles measured with a digital 

inclinometer (right).  
 

Table 2 summarizes the information of the deployed reflectors: geographic 

coordinates, nominal and measured elevation angle.  

 

Table 2- Corner details for AlpSAR mission 1. 

Corner Latitude Longitude Nominal 
elevation 

Measured 
elevation 

1 (far range) 47.376380° 11.159247° 35.1º 35.4º 

2 47.376108° 11.160650° 38.0º 37.9º 

3 47.375188° 11.161312° 41.8º 40.9º 

4 (near range) 47.374670° 11.162400° 43.4º 43.0º 

 

Placemarks were left on the ground after the first mission and the location of the 

corner reflectors has not been changed in the following two missions.  

 

4.1.2 Finnish campaign 

The table in Figure 28 [Ref. 5] summarizes the information of the deployed reflectors 

for the whole SnowSAR Finnish campaign reporting geographic coordinates and 

measured pointing angles. It is to be noted that for mission 1 to 5 the reflectors were 

put in place in the morning of each acquisition day and removed after the flight; 

instead, from mission 6 to 10 (intensive measurement period) they were left in place, 

and just cleaned from snow before acquisitions.  

Only one corner has been used for Tundra and Sea Ice missions. 
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Figure 28 – Table with geographic coordinates (decimal degrees), azimuth and elevation orientation 

angles (degrees) of corners used during SnowSAR Finnish campaign [Ref. 5]. 
 

4.1.3 Canadian - Alaskan campaign 

Unlike the other campaigns described in the previous paragraphs, the corner reflectors 

have been positioned on a dedicated area close to the airport instead than deploying 

them over the main acquisition field. This choice has been led by logistic reason. 

More than 50 km divide the town of Inuvik (hosting the airport, base for operations) 

and the chosen acquisition site. Covering this distance at such latitudes in winter 

period is not a trivial task, requiring snowmobiles and skilled teams.  Since the 

corners need to be clean and their position measured, it has been considered more 

practical to deploy them on a more accessible site.  

In Figure 29 the nominal tracks are shown, together with the designed corner 

positions.  
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Track C2 represents the ideal track for ‘seeing’ the corners. Acquisition C1 and C3 

are performed as additional tracks. Table 3 reports the waypoint and coordinates of 

each track.  

 

Table 3 - Calibration tracks waypoints 

Track Waypoint Lat (N) Lon (W) 
Altitude 

MSL 

C_A1 68° 23.081' 133° 46.914' 
C1 

C_B1 68° 23.173' 133° 44.160' 

C_A2 68° 23.003 133° 46.907' 
C2 

C_B2 68° 23.092 133° 44.140 

C_A3 68° 22.925' 133° 46.881' 
C3 

C_B3 68° 23.012 133° 44.126' 

4000 ft 

~1220 

m 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 29 - - Calibration tracks and designed corners deployment. 

 

 

Table 4 summarizes the information of the deployed reflectors for the second day 

(14th March 2013) of acquisitions for the Canadian mission 2.  
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Table 4 – Corner reflector info for Canadian mission 2, deployed on 14th March 2013 (courtesy of EC).  

 

 

Similarly, Table 5 summarizes the information of the deployed reflectors for the first 

day (8th April 2013) of acquisitions for the Canadian mission 3. Corner reflectors have 

been deployed over the same area of mission 2.  

 

Table 5 - Corner reflector info for Canadian mission 3, deployed on 8th April 2013 (courtesy of EC). 
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For the Alaskan mission, the corner reflectors have been placed on a frozen lake. 

Track C2 represents the optimal track for ‘seeing’ the corners. Acquisition C1 and C3 

are performed as additional tracks (Figure 30). The waypoints shown in Figure 30 are 

summarized in Table 6. 

 

 
Figure 30 - Corner disposition for Alaskan missions, and designed trajectories. 

 

Table 6 - Calibration tracks waypoints. 

Track Waypoint Lat (N) Lon (W) Altitude MSL 

C_A1 68° 37.563' 149° 38.205 
C1 

C_B1 68° 37.375 149° 34.333 

C_A2 68° 37.439 149° 38.224 
C2 

C_B2 68° 37.256 149° 34.375 

C_A3 68° 37.339 149° 38.240 
C3 

C_B3 68° 37.159' 149° 34.405 

6400 ft 

(1950 m) 

 

 

The following two tables give the corners information for the two acquisition days 

(18th -19th April 2013) of the Alaskan mission. 
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Table 7 - Corner reflector info for Alaskan mission, deployed on 18th April 2013 (courtesy of EC). 

 
 

 

 

Table 8 - Corner reflector info for Alaskan mission, deployed on 19th April 2013 (courtesy of EC). 
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4.2 Reflector response estimation with Gray algorithm  

The Gray algorithm [Ref. 6] is applied for the estimation of the RCS of the corner 

reflectors from SAR focused images and used to estimate the calibration factor and 

fine tune the elevation antenna pointing. 

The algorithm is robust because it is not a punctual estimation of the RCS, but it 

performs an average of the energy around the target and including the target. In order 

to remove the contribution of the clutter, its value is calculated by neighbour 

homogeneous area. The backscattering of clutter area is then subtracted from the 

backscattering of the target area to retrieve the RCS of the corner. An example of the 

target and clutter area is reported in Figure 31.  

 
Figure 31- Zoom in of the calibration track L3 (ref file 20121121135502, Mission 1 AlpSAR) with the 

corner reflectors. The two rectangular areas represent the target and clutter squared area used in the 
Gray algorithm. 

 

The contribution in the uncertainty of the RCS estimation by the Gray algorithm is 

analysed in the remaining of the section. 

 

Without loss of generality, an AlpSAR mission is considered (mission 1); the corners 

can be seen within track L3 (ref file 20121121135502) and L3-2 (ref file 

20121121141212), see Figure 33. In Table 9 the target (corner) and clutter positions 
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are given in terms of image pixels, where each point represents the central point of the 

relative square (target and clutter areas).  

 

Table 9 – Corner and clutter positions given in terms of pixel within the calibration SnowSAR image 
(track L3 – ref file 20121121135502 and L3-2, ref file 20121121141212). X band, VV polarization.  

Track L3, X band, VV pol. - Leutasch, Mission 1 – ref file 20121121135502 

 Target Clutter 

Reflector 1 (near range) (2433, 155) (2453,155) 

Reflector 2 (2417, 204) (2437 204) 

Reflector 3 (2429, 255) (2449 255) 

Reflector 4 (far range) (2394, 302) (2414 302) 

Track L3-2, X band VV pol.- Leutasch, Mission 1- ref file - 20121121141212 

 Target Target 

Reflector 1  (2392, 190) (2412, 190) 

Reflector 2 (2377, 240) (2397, 240) 

Reflector 3 (2391, 291) (2411, 291) 

Reflector 4 (2357, 338) (2377, 338) 

 

It could be argued that the extension of the chosen areas has an impact on the 

estimated RCS value, mainly because of the non-constant homogeneity of the clutter. 

Table 10 reports the results obtained by applying the Gray algorithm for different 

extension of the target and clutter areas.  

 

Table 10- Target and clutter values relative to the corner deployed within track L3, Mission 1. The 
values are expressed in [dBsm]. 

X band, VV pol. - Leutasch, Mission 1 - file 20121121135502 

 Pixel area 5 x 5 Pixel area 7 x 7 Pixel area 10 x 10 

 Target Clutter Target Clutter Target Clutter 

Reflector 1  23.32 -11.36 23.22 -11.21 23.12 -11.21 

Reflector 2 23.78 -11.75 23.76 -11.77 23.78 -11.80 

Reflector 3 23.69 -12.60 23.62 -12.51 23.62 -12.53 

Reflector 4  23.41 -13.50 23.44 -13.41 23.51 -13.34 

 

By comparing the RCS values of the corner for different area extension, it can be seen 

how the variation is limited to 0.2dB.  
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In the remaining of the analysis, the areas used for the corner RCS estimation with the 

Gray algorithm have an extension of 10x10 pixels (each pixel has a 2x2 meter pixel 

spacing), the corner area is centred in the pixel of maximum RCS, the centre of the 

clutter area is on the same row of the centre of the target area, 20 pixels far from it. 

4.3 Antenna pattern 

The radiation patterns of the SnowSAR antennas have been measured by 

MetaSensing in order to verify the patterns previously measured by the manufacturer 

in anechoic chamber, used in the previous calibration phase of SnowSAR images. 

Both 1-way and 2-ways antenna patterns have been estimated by indoor and outdoor 

measurements.  

 

The results from the two measurements are consistent with each other, and with the 

patterns measured by the manufacturer (originally used for calibration purposes of 

SnowSAR data).  

 

Figure 32 shows the measured patterns, which have been used for the antenna pattern 

removal of the SnowSAR data. 

  

 
Figure 32 – Antenna patterns measured (indoor) by MetaSensing. The measurements are performed in 

the ±21º range with resolution of 1º.  
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4.4 Antenna pointing estimation 

Once the antenna pattern has been defined (see paragraph 4.3), it is important to 

estimate the optimal antenna pointing angle (in elevation) to correctly remove the 

antenna pattern contribution in the focused SAR images and therefore minimize the 

radiometric inaccuracies in the resulting calibrated image.  

 

The nominal elevation pointing of the antenna is measured on the ground with a tilt 

meter every time a new installation is performed before the acquisition flight. 

However, the measurement can be affected by uncertainty, for example due to uneven 

terrain and/or asymmetric distribution of the weights on board the aircraft. Therefore, 

the measured angle represents only a first step in the estimation of the optimal antenna 

elevation pointing value. A finer refinement of the estimation is then performed 

analysing the actual data collected over an area with corner reflectors. 

 

4.4.1 Estimation example 1 

As an example, the estimation step is illustrated with an actual antenna pointing 

refinement carried out for AlpSAR mission 1, X band case (the same procedure is 

applied at Ku band). The two tracks under analysis are track L3 and track L3-2. The 

positions of the clutter and the target areas are given Table 9, while Figure 33 

illustrates the whole area. 

 

The optimal antenna pointing angle is the one that equalizes the RCS of the observed 

corners. Images are calibrated by removing the antenna pattern calculated with 

different antenna elevation pointing angle. The RCS of the corner reflectors is then 

extracted for each image. In Figure 34 the RCS of the corner reflectors are plotted for 

antenna pointing elevation angles in between [37°- 45°], extracted from the SnowSAR 

image acquired along track L3. The elevation antenna pointing which equalizes the 

RCS of the corners is 40.5º. 
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Figure 33 – Calibration track L3 (up) and L3-2 (down), X band, VV polarization. The yellow 
rectangular areas gives an indication of the corner position within the calibration image. 

 

 

 
Figure 34 - RCS corner values as a function of the antenna pointing elevation angle from SnowSAR 

image acquired along track L3 during mission 1 of AlpSAR campaign, X-VV. 
 

 

It is now verified that the value of 40.5 degree for the elevation pointing angle is 

optimal also for the rest of the AlpSAR campaign mission 1. This is done by checking 

that the radiometric stability of the corner RCS in two separate images calibrated with 

the same antenna pattern is below 0.5dB. 
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In Table 11 a few deployment parameters of the corner reflectors are listed: the 

distance of each corner to the aircraft nadir, the measured corner tilt angle, the ideal 

illumination angles (meaning the angle under which it is expected the maximums 

RCS for a flight altitude of 1200 m and a look angle of 40°) and the actual 

illumination angles of the two tracks under analysis in this paragraph. 

 

The corners are optimally deployed for an acquisition along track L3. In fact, as seen 

from Table 11, actual and ideal illumination angle match well for all but corner 3, 

which has been misplaced by circa 20 m in ground range. This misplacement 

translates in an actual illumination angle different from the ideal one (0.9° difference). 

From simulated corner RCS, this misplacement leads to a difference of 0.1 dB in the 

RCS (see Table 16). 

 

With respect to the ideal calibration track, track L3-2 was flown less precisely. 

Therefore the corners are not optimally seen from the SAR antennas, as it can be 

observed from Table 11, which shows the differences between ideal and actual 

illumination angles leading to a RCS gap of 0.14dB. 

 

Table 11 – Corner deployment parameter and acquisition information. 

 
Nominal 

distance from 
nadir 

Measured tilt 
angle 

Ideal 
illumination 

angle 

Actual angle 
Track L3 

Actual angle 
Track L3-2 

Reflector 1 843 m 19.9º 35.1º 35.4º 37.8º 

Reflector 2 935 m 17.0º 38.0º 37.9º 40.9º 

Reflector 3 1051 m 13.2º 41.8º 40.9º 43.3º 

Reflector 4  1135 m 11.6º 43.4º 43.0º 45.4º 

 

From the simulated RCS of the corners as a function of azimuth and elevation angle 

(Table 15 and Table 16), together with the information relative to the corner 

deployment it is possible to compare the RCS value of the same corner when seen 

from the two different tracks (L3 and L3-2).  
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Figure 35 shows the variations of retrieved RCS calculates in the two tracks as a 

function of the antenna pointing elevation angle in the [37°- 45°] range. The RCS 

values of corner 1, its relative clutter area, and their difference are reported in the 

following plots.  

 
Figure 35 – RCS of corner 1 and relative clutter for tracks L3 and L3-2, and differences.   

 

The same analysis is repeated for the other three corner reflectors appearing in both 

the tracks (see Figure 33) and results are given in Figure 36, Figure 37 and Figure 38. 

 

The RCS values of the corners extracted from SnowSAR images processed with the 

optimal pointing angle are reported in Table 12, resulting in a difference between 

homologous corners (radiometric stability) less than 0.5dB for corner 2, 3 and 4. 

Corner 1 is not conformed to the radiometric stability requirement due to azimuth 

undulations localized in the area where the corners are deployed which influence the 

target estimation (see section 5.2). 
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Figure 36 – RCS of corner 2 and relative clutter for tracks L3 and L3-2, and differences.   

 

 
Figure 37 – RCS of corner 3 and relative clutter for tracks L3 and L3-2, and differences.   
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Figure 38 – RCS of corner 4 and relative clutter for tracks L3 and L3-2, and differences.   

 

 
Table 12 - Target and clutter RCS relative to the corners seen within track L3 and L3-2 images 

X band, VV pol. - Leutasch, Mission 1 – Pointing angle 40.5º - [dBsm] 

 Track L3 Track L3-2 

 Target Clutter Target Clutter 

Reflector 1 22.95 -11.20 23.68 -10.88 

Reflector 2 23.26 -12.11 23.76 -12.16 

Reflector 3 23.08 -13.13 23.42 -13.07 

Reflector 4 22.99 -13.97 23.10 -13.86 

 
 

A further check is performed by extracting a range profile from a homogeneous area, 

as done in Figure 39 for track L3 of mission 1, AlpSAR: a descending trend of ~2 dB 

is noticeable along the swath (35º-45º). Values in the literature confirm this kind of 

behaviour [Ref. 7]. 
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Figure 39 - Range profile extracted over a homogeneous area of track L3, Mission 1, AlpSAR, X -VV. 
 

 

4.4.2 Estimation example 2 

An example from the Canadian campaign, mission 2 of April 13th, 2013 is given. 

Corners deployment was designed for an optimal acquisition along track C2 (ref. file 

20130314105545).  

Figure 40 shows the corner RCS values extracted by calibrating the image by varying 

the elevation antenna pointing angles from 37° to 45° degree. The image under 

analysis is track C2. It can be seen that the angle equalizing the corner responses is 

40.5º.The resulting RCS values of the corners at Ku band are reported in Table 13. 

 
Figure 40 - RCS corner values as a function of the elevation angle from SnowSAR image acquired 

along track C2 during mission 2 of Canadian campaign, Ku-VV. 



 

Final report 16th March 16 

 

 48 

Table 13 - Target values relative to the corner deployed within track C2 (ref file 20130314105545).  
 

Ku band, VV pol. – Canadian mission 2 – Pointing 
angle 40.5º - [dBsm] 

 Target Clutter 

Reflector 1 28.73 -3.15 

Reflector 2 28.69 -3.46 

Reflector 3 28.46 -3.74 

Reflector 4 28.60 -4.19 

 

4.4.3 Estimation example 3 

As last example, the Finnish SnowSAR mission 10 is considered next. A larger 

number of corners were deployed, including both squared (nr1, nr3, nr4 and nr6) and 

triangular (nr2, nr5 and nr7) faced trihedral reflectors.  

The corners are placed within track nr5 (ref. file 20130324104455). The optimal 

elevation pointing angle is 42º, as confirmed by both the triangular and squared 

corners, see Figure 41 (only corner nr2 represents an outlier).  

 

Both the X and Ku band SnowSAR antennas are mounted on the same frame, 

therefore the optimal antenna pointing elevation angle estimation found for the co-pol 

channels is used also for the cross-pol ones. 

  
Figure 41 - RCS corner values as a function of the elevation angle from SnowSAR image acquired 

along track 5 during mission 10 of the Finnish campaign, Ku-VV. 
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4.4.4 Accuracy 

For any SnowSAR mission the optimal elevation pointing angle has been found 

minimizing the sum of the distances between the curves derived by the variation of 

the corner RCS in the range 37º to 45º. In order to find the pointing angle accuracy, 

the standard deviation of the intersection points for different curves has been 

calculated. A statistical analysis done on several SnowSAR missions determinates an 

accuracy in the optimal elevation antenna pointing of 0.6º. The antenna gain errors 

introduced by an antenna pointing inaccuracy of 0.6° are given in Table 14 for a 

nominal pointing error of 40º.  

The effects of antenna’s mispointing are discussed in the following. By using the 

measured antenna pattern the radiometric error resulting from antenna mispointing is 

derived and reported in Figure 42. For each frequency band and polarization scheme, 

the radiometric error is shown for pointing errors of 0.5°, 1° and 1.5°. It can be seen 

how the error grows monotonically towards the extremes of the elevation angle range.  

 

 
Figure 42 – Antenna gain error for different frequencies and polarization as function of the elevation 

angle for different antenna pointing errors 
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Table 14 - Radiometric errors in SnowSAR images for an antenna (elevation) pointing angle 
inaccuracy of 0.6º. 
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4.5 Calibration factor 

The calibration factor corrects for the overall constant processing gain, from the 

acquisition of raw data to the generation of SAR images. Besides the processor and 

receiver gains, the nominal antenna gains and the constant losses in the hardware are 

the main contributions to the calibration factor.  

 

The calibration factor has been estimated by using external sources as TerraSAR-X 

images (only for X band) and scatterometer data and analysing the RCS of the 

deployed corner reflectors. This section explains the procedure followed for the 

analysis based on the corner reflectors. 

 

The RCS of the corner has been simulated using a numerical solver based on the 

Finite-Difference Time-Domain (FDTF) method for different observation directions. 

The simulation has been done at both X and Ku frequency band. The adopted angle 

definition is represented in Figure 43. The simulated RCS values for different 

observation angles at X band are reported in Table 15 and Table 16. The RCS values 

simulated at Ku band for the used corner reflectors are given in Table 17 and Table 

18.The maximum RCS value at X band is 23.71 dBm2, and is achieved for � = 45º 

and � = 55º. It is to be noted that the maximum theoretical value of 25 dBm2 is not 

reached by simulations. From the simulated data, it can be seen that the reflectors are 

less sensitive to a misalignment in the azimuth direction than a misalignment in the 

elevation direction. 

 

   
Figure 43- Squared trihedral corner reflectors on the ground (left) and in the relative coordinate system 

(right). �  is the elevation angle, �  is the azimuth angle and subscript CR means Corner Reflector. 
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Table 15-RCS of the corner reflector at X band, V pol, changing the azimuth angle. 

Angle [deg] X band 

Phi Theta RCS [dBsm] 

39.0 55.0 23.43 

41.0 55.0 23.56 

43.0 55.0 23.67 

45.0 55.0 23.71 

47.0 55.0 23.68 

49.0 55.0 23.56 

51.0 55.0 23.42 

 

 

Table 16- RCS of the corner reflector at X band, V pol, changing the elevation angle. 

Angle [deg] X band 

Phi Theta RCS [dBsm] 

45.0 43.0 22.01 

45.0 45.0 22.47 

45.0 47.0 23.02 

45.0 49.0 23.34 

45.0 51.0 23.54 

45.0 53.0 23.65 

45.0 55.0 23.71 

45.0 57.0 23.63 

45.0 59.0 23.51 

45.0 61.0 23.31 

45.0 63.0 22.99 
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Table 17-RCS of the corner reflector at Ku band, V pol, changing the azimuth angle. 

Angle [deg] Ku band 

Phi Theta RCS [dBsm] 

39.0 55.0 28.05 

41.0 55.0 28.18 

43.0 55.0 28.22 

45.0 55.0 28.27 

47.0 55.0 28.22 

49.0 55.0 28.19 

51.0 55.0 28.04 

 

 

Table 18- RCS of the corner reflector at Ku band, V pol, changing the elevation angle. 

Angle [deg] Ku band 

Phi Theta RCS [dBsm] 

45.0 43.0 26.97 

45.0 45.0 27.40 

45.0 47.0 27.64 

45.0 49.0 27.99 

45.0 51.0 28.16 

45.0 53.0 28.23 

45.0 55.0 28.27 

45.0 57.0 28.22 

45.0 59.0 28.14 

45.0 61.0 27.96 

45.0 63.0 27.62 

 

The simulated RCS values together with the information relative to the corner 

deployment are used to retrieve the calibration factor. In [Ref. 11] is stated that, 

considering an area containing the point target, the calibration factor can be found by 

using equation Eq. 1 
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Eq. 1         

where the first integral on the left is the RCS measured from the area containing the 

point target,  is the calibration factor,  is the known RCS and the last integral is 

the background contribution estimated from an area close to the point target, but not 

including it.  

The expression Eq. 1 could be simply rewrite as Eq. 2 

 

Eq. 2        

 

According to Eq. 2, the measured RCS is retrieved calculating the RCS of the corner 

and subtracting the “noise” contribution (area not including the target). The 

calibration factor is estimated by considering that the measured RCS is the sum of 

different parameters: the expected RCS calculated considering the simulated data and 

the information relative to the corner orientation, the transmitted power contribute, the 

gain of the transmitting and receiving antennas and the calibration factor  (see Eq. 

3) 

 

Eq. 3       

 

The calibration factor is the mean value obtained from the different targets (Eq. 4), 

where  is the RCS associated with the target i and N is the total number of deployed 

corners [Ref. 12]. 

 

Eq. 4         

 

The explained procedure is applied for the calibration factor retrieval at X and Ku 

band for the co-pol channels. Due to the narrow beam of the corner and aircraft 

motion, the calibration factor for cross-pol channel has been estimated through a 

comparison with TerraSAR-X data acquired in quasi-coincidence days of the airborne 
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acquisitions. Additionally, when possible other external references have been used, as 

for example within the Finnish campaign the SnowScat data for the Ku-VH channel.  

4.5.1 X band example 

In the following of this section, two examples are given regarding the calibration 

factor retrieval at X and Ku band. Without loss of generality, the Canadian mission 2 

is herewith taken as example at X band. The calibration tracks C2-1 (ref file 

20130314105545) and C2-2 (ref file 20130314105935) are considered in the 

following. The azimuth orientation, tilt angle, ideal and real illumination angle of the 

deployed corners relatively to these two calibration tracks are in Table 19. 

 

Table 19 - Corner deployment parameter and acquisition information. 

 Azimuth 
orientation 

Measured tilt 
angle 

Ideal 
illumination 

angle 

Actual angle 
Track C2-1 

Actual angle 
Track C2-2 

Reflector 1 151º 16º 39º 35.04º 36.50º 

Reflector 2 151º 14º 41º 37.71º 39.03º 

Reflector 3 151º 12º 43º 39.70º 40.85º 

Reflector 4  150.5º 10º 45º 41.33º 42.26º 

 

The actual elevation angle of the reflector and the simulated RCS values for both the 

tracks are in Table 20.  

 

Table 20 – Simulated RCS values and actual elevation angle of the reflectors. 

 
Actual 

elevation 
Track C2-1 

Simulated 
RCS Track 

C2-1 
[dBsm] 

Actual 
elevation 

Track C2-2 

Simulated 
RCS Track 

C2-2 
[dBsm] 

Reflector 1 51.04º 23.54 52.5º 23.62 

Reflector 2 51.71º 23.58 53.03º 23.65 

Reflector 3 51.70º 23.58 52.85º 23.64 

Reflector 4  51.33º 23.56 52.26º 23.61 

 

 

The RCS of each reflector is measured according to Eq. 2 from the multi-looked 

image. The elevation antenna pattern has been removed from the multi-looked image 
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to obtain the correct estimation of the calibration factor. The retrieved RCS values are 

listed in Table 21.  

 

Table 21 – Measured RCS of the reflectors from the non-calibrated multi-looked image. 

 Measured RCS 
C2-1 [m2] 

Measured RCS 
C2-2 [m2] 

Reflector 1 249.4307 249.4249 

Reflector 2 249.2220 249.0393 

Reflector 3 249.3465 249.8833 

Reflector 4  249.2831 249.5437 

 

The calibration factors for both tracks are in Table 22. The calibration factors have 

been found considering the mean transmitted power of the tracks and the gain of the 

TX and RX antennas. 

 

Table 22 – Calibration factors calculate considering the Eq. 3 

   
Track C2-1 

  
Track C2-2 

Reflector 1 182.71 182.42 

Reflector 2 182.46 182.04 

Reflector 3 182.59 182.89 

Reflector 4  182.54 182.58 

 

The mean calibration factor is 182.53 with a standard deviation of 0.2.  

 

4.5.2 Ku band example 

As an example at Ku band, the Austrian mission 1 is analysed in the following. The 

calibration tracks L3 (ref file 20121121135502) and L3-2 (ref file 20121121141212) 

are examined. Table 23 contains the information regarding the corner deployment at 

Ku band, whereas in Table 24 the actual elevation angle for each reflector and the 

simulated RCS are given. The measured RCS values from the multi-looked image are 

in Table 25. 
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Table 23 - Corner deployment parameter and acquisition information. 

 Azimuth 
orientation 

Measured tilt 
angle 

Ideal 
illumination 

angle 

Actual angle 
Track L3 

Actual angle 
Track L3-2 

Reflector 1 142º 19.9º 35.1º 35.08º 38.07º 

Reflector 2 142º 17.0º 38.0º 37.69º 40.73º 

Reflector 3 142º 13.2º 41.8º 40.65º 43.48º 

Reflector 4  142º 11.6º 43.4º 43.30º - 

 

Table 24 – Simulated RCS values and actual elevation angle of the reflectors. 

 
Actual 

elevation 
Track L3 

Simulated 
RCS Track 
L3[dBsm] 

Actual 
elevation 

Track L3-2 

Simulated 
RCS Track 

L3-2 [dBsm] 
Reflector 1 54.98º 28.27 57.97º 28.18 

Reflector 2 54.69º 28.26 57.73º 28.19 

Reflector 3 53.85º 28.25 56.68º 28.23 

Reflector 4  54.90º 28.27 - - 

 

Table 25 – Measured RCS of the reflectors from the non-calibrated multi-looked image. 

 Measured RCS 
L3 [m2] 

Measured RCS 
L3-2 [m2] 

Reflector 1 237.5138 237.1568 

Reflector 2 236.6450 237.4006 

Reflector 3 236.6705 237.3726 

Reflector 4  236.9867 - 

 

The derived calibration factors are listed in Table 26. The mean calibration factor is 

163.34 with a standard deviation of 0.3. 

 

Table 26 – Calibration factors calculate considering the Eq. 3. 

   
Track L3 

  
Track L3-2 

Reflector 1 163.67 163.50 

Reflector 2 162.81 163.73 

Reflector 3 162.85 163.67 

Reflector 4  163.15 - 

 

The same analyses for the calibration factor retrieval are performed for any SnowSAR 

missions. 
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5 Radiometric performance 

Datasets acquired during two distinct flights over the same area have been processed 

and compared in order to evaluate the radiometric performance of SnowSAR images. 

Examples of such analysis are given in the next paragraphs for the Austrian, Canadian 

and Finnish campaigns. 

5.1.1 AlpSAR 

During AlpSAR mission 1, multiple flights have been executed over the nominal 

track L3, as the two here discussed, L3 (ref file 20121121135502) and L3-2 (ref file 

20121121141212). In Figure 44 the two images are given together with their co-

registered intensity difference. 

 
Figure 44 – Calibrated SAR image L3 (top) and L3-2 (middle) and their difference (bottom). 

 

The statistical cumulative distribution of the difference image is calculated for three 

cases: 

1) by taking values of whole difference track without any restriction;  

2) by taking values relative to similar look angles (difference within 2º);  
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3) by taking values relative to similar look angles (difference within 2º) and 

elevation angles (difference within 1º). 

Considering similar look and elevation angle, the 84% of the backscattering values 

processed from two different flights have a difference below 0.5dB, at X band, VV 

polarization (see Figure 45). Other cases are summarized in Table 27 together with 

the statistical values for 0.8 and 1 dB of difference. 

 

Table 27 – Radiometric performance obtained by comparing two calibration tracks L3 and L2-2, 
AlpSAR campaign, Mission 1 (see Figure 45 to Figure 48 for different band and polarization scheme). 

Difference X-VV [%] X-VH [%] Ku-VH [%] Ku-VV [%] 
0.5 dB 84.0 83.1 85.6 83.5 
0.8 dB 97.3 95.2 96.9 97.1 
1   dB 99.3 97.6 98.5 99.1 

 

 

 

 

 

 
Figure 45- Cumulative distribution function of the difference image in Figure 44, X band, VV pol. 
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Figure 46- Cumulative distribution function of the difference, X band, VH pol. 

 

 

 
Figure 47- Cumulative distribution function of the difference, Ku band, VH pol. 
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Figure 48- Cumulative distribution function of the difference, Ku band, VV pol. 

 

 

5.1.2 Canadian – Alaskan campaign 

5.1.2.1 Canadian Mission 2 

The same analysis is performed for the Canadian mission 2 (13th and 14th March 

2013), using the calibration tracks C2-1 (ref file 20130314105545) and C2-2 (ref file 

20130314105935). 

Figure 49 shows the two calibrated images and their difference, while in following 

figures the extracted cumulative distributions are plotted.  Because of the good 

matching of the two flown tracks during acquisitions, images have similar observation 

angles, and the radiometric performance can be extrapolated relatively to similar look 

and elevation angle.  
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Figure 49 – Calibrated SAR image C2-1 (top) and C2-2 (middle) and their difference (bottom). 

 

The cumulative distribution at X band, VV polarization is plotted in Figure 50: 

considering the full image, the 86.4% of the difference values are below 0.5dB. Other 

cases are summarized in Table 28, reporting better performances at the other bands 

and polarization. In Table 28 are also listed the radiometric performance also for 0.8 

and 1 dB of difference. 

 

Table 28 – Radiometric performance obtained by comparing two calibration tracks C2-1 and C2-2, 
Canadian campaign, Mission 2 (see Figure 50 to Figure 53 for different band and polarization scheme). 

Difference X-VV [%] X-VH [%] Ku-VH [%] Ku-VV [%] 
0.5 dB 86.9 93.2 97.8 99.0 

0.8 dB 98.3 97.3 98.4 99.3 

1   dB 99.0 97.4 98.5 99.3 
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Figure 50 - Cumulative distribution function of the difference in Figure 49, X band, VV pol. 

 

 

 
Figure 51 - Cumulative distribution function of the difference, X band, VH pol. 
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Figure 52 - Cumulative distribution function of the difference, Ku band, VH pol. 

 

 

 

 
Figure 53 - Cumulative distribution function of the difference, Ku band, VV pol. 
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5.1.2.2 Canadian Mission 3 

The calibration tracks C2-1 (ref file 20130409102828) and C2-2 (ref file 

20130409103513) acquired during the second acquisition day of the Canadian 

mission 3 (9th April 2013) are analysed in the following. Figure 54 shows these two 

coregistrated tracks and their relative difference at X band, VV polarization. 

 

 
Figure 54 – Calibrated SAR image C2-1 (top) and C2-2 (middle) and their difference (bottom). 

 

The radiometric performance has been extracted from the coregistrated difference and 

given in Figure 55 to Figure 58. Additionally Table 29 reports the statistics for 

different radiometric accuracy when considering similar look and elevation angle. 

 

Table 29 – Radiometric performance obtained by comparing two calibration tracks C2-1 and C2-2, 
Canadian campaign, Mission 3 (see Figure 55 to Figure 58 for different band and polarization scheme).  

Difference X-VV [%] X-VH [%] Ku-VH [%] Ku-VV [%] 
0.5 dB 84.3 67.6 96.7 88.4 

0.8 dB 93.6 88.3 99.7 98.7 

1   dB 95.7 94.8 99.8 99.4 
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Figure 55 - Cumulative distribution function of the difference in Figure 54, X band, VV pol. 
 
 

 
Figure 56 - Cumulative distribution function of the difference, X band, VH pol. 
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Figure 57 - Cumulative distribution function of the difference, Ku band, VH pol. 

 

 
Figure 58 - Cumulative distribution function of the difference, Ku band, VV pol. 
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5.1.2.3 Alaskan mission 

Regarding the Alaskan campaign performed on 18th April 2013, the calibration tracks 

C2-1 (ref file 20130418100954) and C2-2 (ref file 20130418102043) are here 

discussed. The coregistrated difference at X band, VV polarization, is shown in 

Figure 59.  

 
Figure 59 – Calibrated SAR image C2-1 (top) and C2-2 (middle) and their difference (bottom). 

 

 

The cumulative distributions for the four channels are in Figure 60 to Figure 63 and 

the percentages of difference values below 0.5, 0.8 and 1dB are listed in Table 30, 

considering similar look and elevation angle. 

 

 

Table 30 – Radiometric performance obtained by comparing two calibration tracks C2-1 and C2-2, 
Alaskan campaign (see Figure 60 to Figure 63 for different band and polarization scheme).  

Difference X-VV [%] X-VH [%] Ku-VH [%] Ku-VV [%] 
0.5 dB 73.0 62.9 55.2 58.6 

0.8 dB 88.0 85.3 85.2 84.7 

1   dB 92.5 90.1 92.4 91.9 
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Figure 60 - Cumulative distribution function of the difference in Figure 59, X band, VV pol. 

 
 
 
 

 
Figure 61 - Cumulative distribution function of the difference, X band, VH pol. 
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Figure 62 - Cumulative distribution function of the difference, Ku band, VH pol. 

 

 

 
Figure 63 - Cumulative distribution function of the difference, Ku band, VV pol. 
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5.1.3 Finnish campaign 

During the Finnish campaign, a dedicate mission for calibration purposes was 

performed on 20th March 2012. Several acquisition flights were performed over an 

area with corner reflectors. The track 100_3 (ref file 20120320102449) and track 

98_2 (ref file 20120320104202) are shown in Figure 64, together with their co-

registered difference. 

 

 
Figure 64 – Calibrated SAR image 100_3 (top) and 98_2 (middle) and their difference (bottom). 

 

The radiometric performance for the 4 channels are shown in the following figures 

(Figure 65 to Figure 68) and summarized in Table 31 for 0.5, 0.8 and 1 dB of 

difference values, considering similar look and elevation angle. 

 

Table 31 – Radiometric performance obtained by comparing two calibration tracks 100_3 and 98-2, 
Finnish campaign, Mission Calibration (see Figure 65 to Figure 68 for different band and polarization 

scheme). 
Difference X-VV [%] X-VH [%] Ku-VH [%] Ku-VV [%] 

0.5 dB 86.1 84.1 91.3 96.4 

0.8 dB 97.1 94.9 98.4 99.3 

1   dB 98.8 97.5 99.3 99.7 
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Figure 65 – Cumulative distribution function of the difference in Figure 64, X band, VV pol. 

 

 

 
Figure 66 – Cumulative distribution function of the difference, X band, VH pol. 
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Figure 67 – Cumulative distribution function of the difference, Ku band, VH pol. 

 

 

 
Figure 68 - Cumulative distribution function of the difference, Ku band, VV pol. 
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5.2 Azimuth undulations 

The aircraft motion is accurately corrected during the focusing step in terms of phase 

compensation and therefore focusing performance of the image. However, a yaw 

variation causes a not homogeneous antenna weighting of the radar returns as for 

instance illustrated in the red squares in Figure 69. 

 

Figure 69 – Calibrated track L3 (top), L3-2 (middle) and their difference (on the bottom) limited to the 
same common area. The red rectangles indicate some areas in which the difference is more marked due 

to an unequal azimuth antenna pattern modulation. 
 

 

In Figure 70 the mean values along the azimuth direction extracted for the two 

calibration tracks, their difference and its mean value are shown. The azimuth 

amplitude undulations are highlighted. 
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Figure 70 – Overlapped mean values extracted from the coregistrated images in Figure 69 (on the 
top), coregistrated difference (middle) and its mean value (on the bottom). 

 

Track L3 (ref file 20121121135502) and track L3-2 (ref file 20121121141212) of the 

AlpSAR campaign are investigate in the following of this chapter. In Figure 71 and 

Figure 72 these two tracks are shown together with their mean values along the 

azimuth direction.  

 

 

Figure 71 – Calibrated track L3 and its mean value. 
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Figure 72 – Calibrated track L3-2 and its mean value. 

 

In order to highlight the azimuth undulations, a cut over a homogeneous area 

(meadow area) is done for both tracks (Figure 73 and Figure 74). Azimuth 

undulations with amplitude ranges of ~1dB are visible.  

 

 
Figure 73 –Homogeneous area within track L3 and relative mean value along azimuth. 
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Figure 74 –Homogeneous area within track L3 and relative mean value along azimuth. 

 

 

Azimuth correction can be calculated by focusing random noise data modulated by a 

very strong smoothed Doppler amplitude factor estimated directly from the acquired 

data transformed in the Range Doppler domain. Random raw noise data are first range 

compressed and then transformed in the Range Doppler domain. The smoothed 

pattern of the Range Doppler spectrum relative to the acquired data is used to 

modulate the noise simulated data in the Range Doppler domain. The modulated 

Range-Doppler noise data are normalized to unity and then further normalized by the 

Doppler spectrum width calculated at -20dB. Simulated data are then transformed 

back to time domain and focused.  

The focused azimuth corrections for the two tracks under analysis (L3 and L3-2) are 

coregistrated and shown in Figure 75.  
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Figure 75 – Coregistrated azimuth corrections relatively to track L3 and L3-2. 

 

To verify that the calculated corrections follow the azimuth undulations visible in the 

coregistrated difference, the latest has been compared with the difference between the 

coregistrated azimuth corrections (Figure 76). It can be seen as the azimuth correction 

“follows” the azimuth undulations in the SnowSAR image. 

  
Figure 76 – Coregistrated difference between track L3 and L3-2 before azimuth correction (on the top) 

and coregistrated difference between the azimuth corrections (on the bottom). 
 

Track L3 and L3-2 have been corrected for the calculated correction. The two tracks 

azimuth corrected have been coregistrated and the relative difference recalculated (see 

Figure 77). By comparing the coregistrated difference before and after the azimuth 

correction, it is possible to see as the azimuth undulations have been removed.  
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Figure 77 – Coregistrated difference before and after the azimuth correction, X-VV. 
 

In order to check that the azimuth undulations are attenuated in the coregistrated 

difference, the two mean values for track L3 and L3-2 after the azimuth correction are 

shown together with the coregistrated difference and its relative mean value in Figure 

78. By comparing Figure 78 with Figure 70, it can be seen as azimuth undulations are 

not evident in the mean extracted over the coregistrated difference. 

 

 

Figure 78 – Overlapped mean values extracted from the coregistrated track L3 and L3-2 (on the top), 
coregistrated difference (middle) and its mean value (on the bottom) after azimuth correction. 

 

The radiometric performance, considering similar look and elevation angle, are 

improved, passing from 84% to 89.3% of difference values under 0.5dB (Figure 79).  
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The four deployed corners for the two tracks (Figure 33) are re-measured after the 

azimuth correction. The values are listed in Table 32 and Table 33 for track L3 and 

L3-2 respectively, before and after the azimuth correction. It must be noted as the 

corner RCS values, especially within track L3-2, have been influenced by the azimuth 

antenna pattern. In fact, as mentioned before, the azimuth undulations are more 

evident over the area where corner reflectors were deployed.  

 

 
Figure 79- Cumulative distribution function of the difference image in Figure 77, X band, VV pol. 

 

 

Table 32 - Target and clutter RCS values relative to the corners seen within track L3 before and after 
azimuth correction. 

X band, VV pol. - Leutasch, Mission 1 – Track L3 - [dBsm] 

 Before azimuth correction After azimuth correction 

 Target Clutter Target Clutter 

Reflector 1 22.95 -11.20 22.91 -11.24 

Reflector 2 23.26 -12.11 23.23 -12.15 

Reflector 3 23.08 -13.13 22.94 -13.16 

Reflector 4 22.99 -13.97 22.83 -14.00 
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Table 33 - Target and clutter RCS values relative to the corners seen within track L3-2 before and after 
azimuth correction. 

X band, VV pol. - Leutasch, Mission 1 – Pointing angle 40.5º - [dBsm] 

 Before azimuth correction After azimuth correction 

 Target Clutter Target Clutter 

Reflector 1 23.68 -10.88 23.28 -10.88 

Reflector 2 23.76 -12.16 23.36 -12.34 

Reflector 3 23.42 -13.07 23.07 -13.08 

Reflector 4 23.10 -13.86 22.81 -14.20 

 

The azimuth correction has been calculated and applied to the other channels with the 

same methodology above explained. In Figure 80 the coregistrated differences 

calculate before and after the azimuth correction have been compared at X band, VH 

polarization. It can be seen as the azimuth undulations have been removed. In fact, 

after performing the azimuth correction, the percentage of difference values below 

0.5dB increases from 83% to 85.6%, considering similar look and elevation angle 

(Figure 81). 

 

 

Figure 80 – Coregistrated difference before and after the azimuth correction, X-VH. 
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Figure 81- Cumulative distribution function of the difference image on the bottom of Figure 80, X 

band, VH pol. 
 

 

The coregistrated difference before and after the azimuth correction are shown in 

Figure 82 and Figure 84 for Ku-VV and Ku-VH respectively. The cumulative 

distributions recalculated after applying the azimuth correction are in Figure 83 and 

Figure 85. 

Table 34 summarizes the radiometric performance obtained before and after the 

azimuth correction application, considering the percentage of difference values below 

0.5dB. An improvement in terms of radiometric performance is noticeable for each 

band and polarization scheme. 

 

 

Figure 82 – Coregistrated difference before and after the azimuth correction, Ku-VV. 
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Figure 83- Cumulative distribution function of the difference image on the bottom of Figure 82, Ku 

band, VV pol. 
 
 

 
Figure 84 – Coregistrated difference before and after the azimuth correction, Ku-VH. 
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Figure 85- Cumulative distribution function of the difference image on the bottom of Figure 84, Ku 

band, VH pol. 
 
 

 

Table 34 – Radiometric performance obtained by comparing two calibration tracks L3 and L2-2, 
AlpSAR campaign, Mission 1 before and after azimuth correction. The performance are listed for 

0.5dB of difference. 
Radiometric performance before azimuth correction 

X-VV X-VH Ku-VH Ku-VV 
84% 83% 85% 83% 

Radiometric performance after azimuth correction 
X-VV X-VH Ku-VH Ku-VV 
89.3% 85.6% 90% 87% 

 

 

5.3 Radiometric performance overview  

The coregistrated difference between tracks flown twice over the same area has been 

calculated to extract the radiometric performance. The analysis has pointed out the 

presence of azimuth undulations along the flight direction.  

5.3.1 AlpSAR 

Regarding the AlpSAR campaign, the azimuth correction has been calculated and 

applied to the two calibration tracks (L3 and L3-2). The azimuth corrected tracks 
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exhibit an improvement in terms of radiometric performance for the four channels. 

Considering similar look and elevation angle, the final radiometric results obtained for 

AlpSAR mission 1 are listed in Table 35 and Table 36. 

 

Table 35 – Final radiometric performance relative to AlpSAR mission 1 considering the 95% of 
difference values. 

Channel Percentage of difference values  Difference value [dB] 

X-VV 95% 0.70 

X-VH 95% 0.80 

Ku-VH 95% 0.70 

Ku-VV 95% 0.71 

  

 

Table 36 – Final radiometric performance relative to AlpSAR mission 1 considering difference of 0.5, 
0.8 and 1dB. 

Difference X-VV [%] X-VH [%] Ku-VH [%] Ku-VV [%] 

0.5 dB 84.0 83.1 85.6 83.5 

0.8 dB 97.3 95.2 96.9 97.1 

1   dB 99.3 97.6 98.5 99.1 

 

 

 

5.3.2 Canadian campaign 

The coregistrated difference calculated for the Canadian mission 2 has given high 

radiometric performance, especially for the Ku channels. This is mostly due to the 

absence of azimuth undulations and to the good matching of the two flown tracks 

during acquisitions (see Figure 49). The final radiometric performance considering 

similar look and elevation angle are in Table 37 and Table 38.  

 

Table 37 – Final radiometric performance relative to Canadian mission 2 considering the 95% of 
difference values. 

Channel Percentage of difference values  Difference value [dB] 

X-VV 95% 0.62 

X-VH 95% 0.56 

Ku-VH 95% 0.35 

Ku-VV 95% 0.40 
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Table 38 – Final radiometric performance relative to Canadian mission 2 considering difference of 0.5, 
0.8 and 1dB. 

Difference X-VV [%] X-VH [%] Ku-VH [%] Ku-VV [%] 

0.5 dB 86.9 93.2 97.8 99.0 

0.8 dB 98.3 97.3 98.4 99.3 

1   dB 99.0 97.4 98.5 99.3 

 

  

The calibration tracks relative to the Canadian mission 3 acquired during the second 

acquisition day (9th April 2013) were also investigated. From the coregistrated 

difference between two tracks C2, it is evident as the worst radiometric performance 

is relative to the channel X-VH (see Table 29). The final radiometric performances for 

the second acquisition day of Canadian mission 3 are in Table 39 and Table 40.  

 

Table 39 – Final radiometric performance relative to Canadian mission 3 (9th April) considering the 
95% of difference values. 

Channel Percentage of difference values  Difference value [dB] 

X-VV 95% 0.92 

X-VH 95% 1.01 

Ku-VH 95% 0.45 

Ku-VV 95% 0.61 

 

Table 40 – Final radiometric performance relative to Canadian mission 3 (9th April) considering 
difference of 0.5, 0.8 and 1dB. 

Difference X-VV [%] X-VH [%] Ku-VH [%] Ku-VV [%] 

0.5 dB 84.3 67.6 96.7 88.4 

0.8 dB 93.6 88.3 99.7 98.7 

1   dB 95.7 94.8 99.8 99.4 

 

5.3.3 Alaskan campaign 

In the example with the Alaskan tracks azimuth undulations are noticeable, 

particularly in the area close to where corners were deployed (see Figure 59). This 

undulation affect the radiometric stability. The summary of the achieved performance 

is reported in Table 41 and Table 42. 
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Table 41 – Final radiometric performance relative to Alaskan mission 3 considering the 95% of 
difference values. 

Channel Percentage of difference values  Difference value [dB] 

X-VV 95% 1.20 

X-VH 95% 1.30 

Ku-VH 95% 1.20 

Ku-VV 95% 1.20 

 

 

Table 42 – Final radiometric performance relative to Alaskan mission 3 considering difference of 0.5, 
0.8 and 1dB. 

Difference X-VV [%] X-VH [%] Ku-VH [%] Ku-VV [%] 

0.5 dB 73.0 62.9 55.2 58.6 

0.8 dB 88.0 85.3 85.2 84.7 

1   dB 92.5 90.1 92.4 91.9 

 

 

5.3.4 Finnish campaign 

The dedicated mission calibration is a reasonable mission to derive the final 

radiometric performance for the Finnish campaign. The latest are in Table 43 and 

Table 47. 

 

Table 43 – Final radiometric performance relative to the Finnish campaign considering the 95% of 
difference values. 

Channel Percentage of difference values  Difference value [dB] 

X-VV 95% 0.70 

X-VH 95% 0.81 

Ku-VH 95% 0.60 

Ku-VV 95% 0.45 

 

 
Table 44 – Final radiometric performance relative to the Finnish campaign considering difference of 

0.5, 0.8 and 1dB. 
Difference X-VV [%] X-VH [%] Ku-VH [%] Ku-VV [%] 

0.5 dB 86.1 84.1 91.3 96.4 

0.8 dB 97.1 94.9 98.4 99.3 

1   dB 98.8 97.5 99.3 99.7 
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6 Comparison with satellite data 

When possible, the SnowSAR results have been compared with external references, 

such as satellite data. In this chapter some examples of comparison with TerraSAR-X 

data acquired during the same time period of SnowSAR missions are given for 

AlpSAR and Finnish campaigns. 

6.1 AlpSAR campaign 

For the AlpSAR campaign, two TerraSAR-X images on 17th and 20th January 2013 

have been acquired during the same period of AlpSAR Mission 2 (24th January 2013). 

More details about TSX images are in Table 45. The TerraSAR-X data delivered to 

MetaSensing have been calibrated with NEST (next ESA SAR toolbox) tool and 

georeferenced. 

 

Table 45 – Details relative to the TSX images acquired during quasi-coincidence dates with AlpSAR 
mission 2 (24th January 2013) 
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6.1.1 Leutasch site 

The TerraSAR-X image on 20th January covers the Leutasch site. Two sample areas 

(Area 1 and Area 2) have been chosen within the SnowSAR track L3 (ref file 

20130124111850) acquired during AlpSAR mission 2. The extracted backscattering 

values have been compared with RCS values extracted from TerraSAR-X data in the 

same two areas. Both TerraSAR-X and SnowSAR image are geo-referenced, 

therefore no inaccuracy is introduced in the comparison with TSX data due to a 

geographical mismatch of the area. 

Area 1 is located over a quite flat meadow area and has an extension of 20 x 10 

SnowSAR pixels (40 m x 20 m). Area 2 is a forest area with an extension of 80 x 20 

SnowSAR pixels (160 m x 40 m).  
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Figure 86 – Google Earth image (top); TSX image acquired on 20th January 2013 (bottom). The 

yellow placemarks show the plot areas: meadow area (Area 1) and forest area (Area 2). 
 

Figure 87 displays the two sample areas within the SnowSAR image, whereas Figure 

88 shows the same two areas of Figure 87 within the TerraSAR-X image. The 

extracted backscattering values are given in Table 46, with a difference around 0.3dB.  
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Figure 87 – SnowSAR image acquired at X band over track L3 during AlpsaR mission 2. The red 

rectangles are the sample areas chosen for the comparison with TerraSAR-X data. 
 

 

 
Figure 88 – TerraSAR-X image acquired on 20th January 2013. The red rectangular areas are the same 

sample areas in Figure 87. 
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Table 46 –SnowSAR and TerraSAR-X backscattering values extracted over the areas indicated as plot 

1 and plot 2 in Figure 87 and Figure 88. 
SnowSAR backscattering � 0 – Leutasch Mission 2 

 X-VV X-VH Inc. angle [degree] 

Area 1 -8.66 -17.14 36.65º 

Area 2 -8.42 -13.65 42.03º 

TSX backscattering � 0 – 20th January 2013 

Area 1 -8.26 -16.75 37.67º 

Area 2 -8.15 -13.91 43.8º 

 

 

6.1.2 Mittelbergferner site 

The TerraSAR-X image acquired on 17th January 2013 covers the Mittelbergferner 

site. Two study areas have been chosen within track M2 (ref file 20130124125641). 

Both the areas have an extension of 20 x 10 SnowSAR pixel (40 m x 20 m). The two 

areas are shown in Figure 89, while the TerraSAR-X image is in Figure 90. 

 

 
Figure 89 – SnowSAR image acquired at X band over track M2 during AlpsaR mission 2. The red 

rectangles are the sample areas chosen for the comparison with TSX data. 
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The extracted backscattering values over the two sample areas are given in Table 47: 

a difference between 1.5 - 2dB is visible for both plots, mostly due to the difference in 

the local incident angle (around 10-12 degrees as described in Table 47). 

 

 
Figure 90 – TerraSAR-X image acquired on 17th January 2013. The red rectangular area gives an 

indication of the Mitterlbergferner site within the TSX image. 
 

Table 47 –SnowSAR and TerraSAR-X backscattering values extracted over the areas indicated as Area 
1 and plot 2 in Figure 89. 

SnowSAR backscattering � 0 –Mittelbergferner Mission 2 

 X-VV X-VH Inc. angle [degree] 

Area 1 -8.02 -13.73 34.09 

Area 2 -11.34 -13.79 44.80 

TSX backscattering � 0 – 17th January 2013 

Area 1 -10.09 -15.55 43.73 

Area 2 -10.20 -12.38 32.97 

 

Another area with an extension of 60 x 30 SnowSAR pixels (120 x 60 m) has been 

taken within track M1 (ref file 20130124124947) acquired during AlpSAR mission 2 

(see Figure 91). The SnowSAR backscattering values have been compared with 

TerraSAR-X data shown in Figure 90: the extracted values in Table 48 show a 

difference of ~1.5 dB at X band, VV polarization. 
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Figure 91 – SnowSAR image acquired at X band over track M1 during AlpsaR mission 2. The red 

rectangle is the plot area chosen for the comparison with TSX data. 
 

Table 48 –SnowSAR and TerraSAR-X backscattering values extracted over the area indicated as plot 1 
in Figure 91. 

SnowSAR backscattering � 0 – Mittelbergferner Mission 2 

 X-VV X-VH Inc. angle [degree] 

Area 1 -7.80 -14.47 30.95 

TSX backscattering � 0 – 17th January 2013 

Area 1 -9.28 -13.78 38.48 

 

 

6.2 Finnish campaign 

Different TerraSAR-X images have been acquired during the same time period of 

Finnish missions. The TerraSAR-X image are SSC (Single Look Slant Range 

Complex) with a local incident angle between 33.14º- 34.44º.  

The comparison with TerraSAR-X data is done by choosing several areas within the 

same track and repeating the analysis for different tracks flown during the same 

acquisition day.  
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6.2.1 SnowSAR Mission 5 

In this paragraph TerraSAR-X data of 21st February 2012 are compared with the 

SnowSAR data acquired during mission 5 (22nd February 2012). 

 

Table 49 contains the information relative to the chosen study areas within the 

SnowSAR images: the track number, the filename and the extension given in term of 

row and columns (pixel).  

 

Table 49 – Details relative to the sample areas chosen during SnowSAR mission 5. 

Track number Filename Pixel area [col] Pixel area[row] 
5_1 20120222104141 1120:1140 190:200 

1 20120222105103 1155:1175 215:225 

15 20120222125657 1570:1590 190:200 

 

Figure 92 shows an example of a chosen study area within the SnowSAR track 15 (ref 

file 20120222125657) for the comparison with TerraSAR-X data shown in Figure 93.  

 

 
Figure 92 – SnowSAR track 15 acquired at X band, VV pol., during Mission 5, SnowSAR II. The red 

rectangle is the sample area chosen for the comparison with TerraSAR-X data. 
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Figure 93 – TerraSAR-X image acquired on 21st February 2012, X band, VV polarization. 

 

Table 50 reports the radar backscatter values extracted for SnowSAR and TerraSAR-

X data. 

 

Table 50 – Radar backscattering values extracted over the chosen sample areas. The values are given 
for SnowSAR and TerraSAR-X images.  

Track number X-VV X-VH TSX-VV TSX-VH Inc. Angle SnowSAR 
5_1 -14.95 -24.21 -14.41 -24.95 39.95º 

1 -7.80 -15.95 -7.45 -14.75 39.8º 

15 -8.45 -16.22 -7.89 -15.92 41.2º 

 

 

6.2.2 SnowSAR Mission 6 

After SnowSAR mission 5, the measurement campaigns were intensified (almost 

every four days). The SnowSAR mission 6 was performed on 26th February 2012, so 

4 days later than mission 5. A TerraSAR-X image was acquired on 3rd March 2012. 

Therefore, SnowSAR mission 6 is in the “middle” of the two TerraSAR-X images 

acquired on 21st February and 3rd March and for this reason the extracted radar 

backscattering values have been compared with both the TerraSAR-X acquisitions. 

The extracted values are given in Table 52. 
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In Table 51 the track number, the relative filename and pixel extension of the chosen 

plot areas within the SnowSAR images are given. An example of sample area is in 

Figure 94. In Figure 95 the TerraSAR-X image acquired on 3rd March is shown. 

 

Table 51 – Details relative to the sample areas chosen during SnowSAR mission 6. 

Track number Filename Pixel area [col] Pixel area[row] 
5_1 20120226102402 2820:2860 165:175 

2 20120226104115 2610:2650 190:200 

5_2 20120226110451 1850:1880 185:195 

11 20120226115237 2160:2200 170:180 

16 20120226123416 375:415 190:200 

 

 

 
Figure 94 - SnowSAR track 5_1 acquired at X band, VV pol., during Mission 6, SnowSAR II. The red 

rectangle is the sample area chosen for the comparison with TSX data. 
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Figure 95 - TerraSAR-X image acquired on 3rd March 2012, X band, VV polarization. 

 

 

 

Table 52 – Radar backscattering values extracted over the chosen sample areas. The values are given 
for SnowSAR and TerraSAR-X images acquired on 21st February and 3rd March.  

Track 
number 

X-VV X-VH TSX-VV 
21st February 

TSX-VV 
3rd March 

TSX-VH 
21stFebruary 

TSX-VH 
3rd March 

Inc. Angle  
SnowSAR 

5_1 -14.26 -24.26 -14.13 -14.11 -24.96 -23.25 38.6 

2 -16.07 -26.49 -15.32 -14.71 -25.45 -26.45 39.2 

5_2 -15.67 -25.73 -14.81 -14.23 -25.17 -24.18 39.4 

11 -14.35 -23.26 -13.07 -13.62 -23.34 -22.73 38.5 

16 -12.56 -20.02 -12.08 -11.94 -19.11 -19.14 41.7 

 

 

6.2.3 SnowSAR Mission 7 

The SnowSAR Mission 7 was performed on 1st March 2012, therefore two days 

earlier than TerraSAR-X image on 3rd March. An example of sample area chosen 

within the SnowSAR image is given in Figure 96. The information relatively to the 

study areas selected for a comparison with TSX data is in Table 53 and the 

backscattering values are in Table 54.  
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Figure 96 - SnowSAR track 11 acquired at X band, VV pol., during Mission 7, SnowSAR II. The red 

rectangle is the sample area chosen for the comparison with TSX data. 
 

 

Table 53 – Details relative to the sample areas chosen during SnowSAR mission 7. 

Track number Filename Pixel area [col] Pixel area[row] 
11 20120301200016 2780:2800 190:200 

12 20120301200953 1470:1500 145:155 

13 20120301201850 3717:3737 170:180 

30 20120301215853 760:790 210:220 

 

Table 54 – Radar backscattering values extracted over the chosen plot areas. The values are reported 
for SnowSAR and TerraSAR-X image acquired on 3rd March.  

Track 
number 

X-VV X-VH TSX-VV 
 

TSX-VH 
 

Inc. Angle  
SnowSAR 

11 -14.18 -25.50 -13.80 -24.67 41.6 

12 -8.33 -14.83 -8.03 -14.61 39.3 

13 -8.88 -17.17 -8.23 -16.20 41.7 

30 -9.93 -16.47 -9.11 -15.96 39.1 
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6.3 Remarks 

In this chapter calibrated SnowSAR images have been compared with TerraSAR-X 

data acquired during the same period. In the comparison the different acquisition 

geometry in between SnowSAR and TerraSAR-X and the different the local incident 

angle have to be considered.  

 

For the AlpSAR campaign, the comparison between sample areas extracted within the 

SnowSAR and TerraSAR-X image shows a difference of 0.3dB for similar incident 

angle and radiometric differences ranging from 1.5 to 2dB in cases where the 

difference in incident angle (~10º) is not negligible.  

 

For Finnish missions several sample areas have been taken almost at SnowSAR 

middle swath (~40º) and compared with TerraSAR-X data acquired in close dates. 

The difference between the local incident angles is less than 7º, but it has to be noted 

that the difference in the radar backscattering due to a difference in the local incident 

angle is not absolute and can be varying with terrain type and polarization scheme.  
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7 Potential improvements  

The radiometric calibration is the final and the most demanding phase of the 

processing chain. Based on the long experience acquired with the execution of the 

SnowSAR campaigns and the processing of the acquired data, a number of 

improvements can be suggested. 

7.1 Three-axis stabilization 

The main difficulty in generating airborne radiometric calibrated SAR images is the 

proper correction of the antenna pattern both in azimuth and elevation. Roll variation 

of the aircraft causes the elevation pattern to change within the acquisition. More 

difficult to correct is however the yaw variation of the antenna pattern, which causes 

an azimuth dependent amplitude modulation of the image. Especially when the 

complete Doppler spectrum is processed for the generation of the whole presummed 

SAR images, the stationary pointing in azimuth of the antenna would be very 

important. 

 

MetaSensing is currently testing a three axis stabilizer from Soameg-AG (Figure 97). 

A three axis stabilizer remove the influence of yaw and roll variation in the antenna 

pattern. Additionally, the aircraft pitch effect in the antenna polarization is also 

removed.  3-Axis stabilizers have become very popular and accessible due to the high 

demand of pointing stabilization in the airborne laser and optical mapping. 

 

 
Figure 97 – Three axis stabilizer from Soameg-AG. 
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7.2 Larger Swath 

One of the main reason for a long delivery time of SnowSAR images was the limited 

swath of each track and therefore the high number of images to be generated and 

calibrated. MetaSensing has been working on a second generation of SnowSAR 

instruments composed by highly integrated RF units at X and Ku band with at least 13 

dB higher transmitted power, leading to a nominal swath of 4 km flying at 2 km 

altitude. The larger swath would drastically reduce the number of flights and 

consequently also the processing time. 

 

7.3 Polarimetric antennas 

SnowSAR has been operated with different physical antennas for the V and H 

polarization. MetaSensing has developed in the meantime integrated polarimetric 

antennas, therefore a single antenna can operate both at V and H polarization, limiting 

the required space for the installation of the antennas and allowing a proper use of 

pointing stabilization devices. In the following picture polarimetric X band antennas 

currently available at MetaSensing are shown in Figure 98. 

 

 
Figure 98 – Dual linear pol antennas at X band. 
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7.4 Corners and transponders 

The estimation of optimal pointing angle could be improved by deploying a larger 

number of corner reflectors within the antenna beamwidth. Detailed information 

about corners deployment and orientation is fundamental.  

The dihedral corner reflectors used for cross-pol calibration are inherently 

characterized by a scattering matrix which is very sensitive to their own orientation 

with respect to the line of sight to the radar antenna. For this reason, when possible, 

they should be replaced with active transponders. They have a wide beam in both 

azimuth and elevation, are compact and easy to deploy. The availability of affordable 

accurate radiometric transponders is however limited. 

 

7.5 CUDA based processor 

Processing time of each image has been a limiting factor. A completely developed 

CUDA based processor is now available at MetaSensing, currently allowing a 20 

times improvement in the focusing speed. CUDA is C like language which can exploit 

the benefit of the parallel computing speed of Nvidia graphic cards. 

 

7.6 Accurate DEM 

Eventual inaccuracies introduced during the focusing of the raw data can affect the 

radiometric results. Having an accurate DEM during the processing phase is important 

to limit radiometric errors. For instance an improvement of radiometric performance 

have been observed in the processing of the AlpSAR data when using the laser DSM 

model instead of the SRTM elevation model. SRTM elevation data should therefore 

be avoided when possible. 
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8 Conclusions  

The present document reports the results of the quality data analysis performed by 

MetaSensing and Sarmore on the data acquired during the SnowSAR campaigns. 

 

The campaigns have been executed in the framework of the technical assistance for 

the development of an airborne system operating at X and Ku band commissioned by 

the European Space Agency as integral part of studies for the CoReH20 mission. The 

measurement campaigns took place in winters from 2011 to 2013 in Finland, Austria, 

Canada and Alaska. 

 

The SnowSAR sensor has been developed to monitor the radar backscattering of the 

snow for different terrain type during extended time period, to test theoretical 

backscattering model and to validate retrieval algorithm. A highly accurate 

radiometric calibration was required for SnowSAR images, to allow for comparisons 

with data acquired by other sensors and over long periods of time.  

 

From the analysis performed in Chapter 2 about processor robustness it results that 

the overall gain of the processor is constant and predictable. Therefore, the focusing 

phase of each presummed image does not represent a source of inaccuracy in the 

overall radiometric stability of SnowSAR images.   

 

The potential sources of radiometric uncertainties deriving from the internal 

calibration have been discussed in Chapter 3. A negligible inaccuracy is introduced by 

considering a fitting curve instead of the measured values for the transmitted power. 

The receiving gain is generally stable for each frequency band and for each 

polarization scheme, but for the X band VV polarization which was more sensitive to 

the LNA gain variation. The source of the problem was identified and solved in the 

hardware. Nevertheless, the receiving gain variations are tracked and compensated 

during the calibration phase of the data. 
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Chapter 4 deals with the external calibration phase. It has been shown how the 

antenna pattern and receiving gain contributions are compensated, and how the 

calibration factor is estimated. Additional information is given about the optimization 

of the estimation of the antenna elevation pointing angle and about results from new 

antenna pattern measurements. The antenna pattern removal represents the major 

source of error in the radiometric calibration budget error of the SnowSAR data. 

 

The radiometric performance of SnowSAR images is evaluated in Chapter 5 by 

considering two acquisition flights over the same area and comparing the radiometric 

results for different campaigns. For the AlpSAR campaign for any band and 

polarization, ~85% of values show a radiometric difference below 0.5dB. Better 

radiometric results are obtained in the Canadian campaign, especially for mission 2, 

where at Ku band ~98% of radiometric difference values are below 0.5dB. For the 

Finnish campaign, the analysis of the radiometric performance points out an 85% at X 

band and more than 90% at Ku band. Azimuth undulations due to the yaw variation 

are analysed by comparing two tracks flown over the same area. Correcting the 

images for the azimuth antenna pattern, the radiometric performances are improved 

for Mission 1 AlpSAR and the corner values respect the requirement of the 

radiometric stability of 0.5dB. The final radiometric performances for each mission 

have been listed in the chapter. 

 

In Chapter 6 a comparison between SnowSAR and satellite data acquired during the 

same time period of SnowSAR missions is given, showing a very good comparison 

between TerraSAR-X and SnowSAR data when viewing the same areas under similar 

incidence angles. 

 

Chapter 7 reports about improvements suggested by the very valuable experience 

accumulated during three years of SnowSAR campaigns. Most of the improvements 

have already been implemented by MetaSensing on the SnowSAR sensor and data 

processor. 
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Finally, a list of the delivered SnowSAR images is given in the Appendix A, while 

Appendix B consists of a list of the gain compensation factors used during the Finnish 

campaign, X band, VV polarization.  



 

Final report 16th March 16 

 

 108 

 



 

Final report 16th March 16 

 

 109 

Appendix A – Delivered SnowSAR images   

In this appendix an overview is given about the delivered SnowSAR images 

concerning the different campaigns. In particular additional information is given for 

those missions which have not been well documented before (or even not at all). 

 

Finnish campaign 

Concerning the Finnish campaign, more details about the acquisition can be found in 

[Ref. 8]. In this section the complete SnowSAR delivered dataset is listed. Following 

each table, an overview of the SnowSAR tracks over a Google Earth images is given. 

 

Table 55 – Delivered SnowSAR images relative to Mission 1 (19th December 2011). 

FileName Track Number 

20111219120746 5_1 

20111219122724 1 

20111219123621 2 

20111219124449 3 

20111219130212 6 

20111219131053 7 

20111219132940 10 

20111219133916 11 

20111219134808 12 

20111219140556 14 

20111219141450 15 

20111219142323 16 

20111219144014 18 

20111219144845 19 

20111219145711 20 

20111219150631 21 

20111219151351 22 

20111219152321 5_2 

20111219153132 5_3 

20111219153946 5_4 
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Figure 99 - SnowSAR tracks acquired during the Finnish mission 1 (X band, VH polarization). 
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Table 56 – Delivered SnowSAR images relative to Mission 2 (9th January 2012). 

FileName Track Number 

20120109110442 5_1 

20120109111330 5_2 

20120109112256 1 

20120109114644 4 

20120109120225 6 

20120109121100 7 

20120109121917 8 

20120109122737 9 

20120109133607 5_4 

20120109124416 10 

20120109125249 11 

20120109130212 12 

20120109131037 13 

20120109131909 14 

20120109132648 15 

20120109133448 16 

20120109134232 17 

20120109135049 18 

20120109135841 19 

20120109140645 20 

20120109142312 21 

20120109143219 30 

20120110153555 22 

20120110154426 23 

 

 
Figure 100 - SnowSAR tracks acquired during the Finnish mission 2 (X band, VV polarization). 
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Table 57 – Delivered SnowSAR images relative to Mission 3 (28th January 2012). 

FileName Track Number 

20120128114132 1 

20120128124034 6 

20120128131525 10 

20120128132358 11 

20120128133425 12 

20120128134249 12_2 

20120128135143 14 

20120128140032 15 

20120128140932 16 

20120128141806 17 

20120128142648 18 

20120128143600 19 

20120128144433 30 

20120128145246 31 

20120128150248 20 

20120128151102 21 

20120128151924 22 

20120128152741 5_3 

20120128153612 23 

 

 

 
Figure 101 - SnowSAR tracks acquired during the Finnish mission 3 (Ku band, VH polarization). 
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Table 58 – Delivered SnowSAR images relative to Mission 4 (7th February 2012). 

FileName Track Number 

20120207134959 5_1 

20120207135803 1 

20120207140658 2 

20120207141444 3 

20120207142249 4 

20120207143045 5_2 

20120207143823 6 

20120207144550 7 

20120207145416 8 

20120207150205 9 

20120207151013 10 

20120207151832 11 

20120207152616 12 

20120207153454 13 

20120207154310 14 

20120207155139 15 

20120207155922 16 

20120207160739 17 

20120207161601 18 

20120207162344 19 

20120207163148 20 

20120207163929 21 

20120207164718 22 

20120207165507 23 

20120207170239 24 

20120207171027 25 

20120207172500 31 

20120207173221 5_3 
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Figure 102 - SnowSAR tracks acquired during the Finnish mission 4 (Ku band, VH polarization). 
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Table 59 – Delivered SnowSAR images relative to Mission 5 (22nd February 2012). 

FileName Track Number 

20120222104141 5_1 

20120222105103 1 

20120222110216 2 

20120222111100 3 

20120222112947 5_2 

20120222115558 8 

20120222120443 9 

20120222121304 10 

20120222122245 11 

20120222123118 12 

20120222123944 13 

20120222124834 14 

20120222125657 15 

20120222130524 16 

20120222131319 17 

20120222132110 18 

20120222132901 19 

20120222133710 20 

20120222134748 21 

20120222135515 22 

20120222140250 23 

20120222140837 30 

20120222141653 31 

20120222142237 5_3 

 

 

 



 

Final report 16th March 16 

 

 116 

Figure 103 - SnowSAR tracks acquired during the Finnish mission 5 (Ku band, VV polarization). 
 

 

Table 60 – Delivered SnowSAR images relative to Mission 6 (26th February 2012). 

FileName Track Number 

20120226102402 5_1 

20120226104115 2 

20120226104856 3 

20120226105706 4 

20120226110451 5_2 

20120226111247 6 

20120226112053 7 

20120226112905 8 

20120226113643 9 

20120226114421 10 

20120226115237 11 

20120226120049 12 

20120226120849 13 

20120226121637 14 

20120226122515 15 

20120226123416 16 

20120226124138 17 

20120226124936 18 

20120226125715 19 

20120226132103 22 

20120226132931 23 

20120226134506 25 

20120226135305 5_3 
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Figure 104 - SnowSAR tracks acquired during the Finnish mission 6 (X band, VH polarization). 
 

 

Table 61 – Delivered SnowSAR images relative to Mission 7 (1st March 2012). 

FileName Track Number 

20120301194331 9 

20120301195212 10 

20120301200046 11 

20120301200953 12 

20120301201850 13 

20120301205237 17 

20120301210055 18 

20120301210853 19 

20120301211722 20 

20120301212527 22 

20120301215035 25 

20120301215853 30 

20120301220759 31 

 

 
Figure 105 - SnowSAR tracks acquired during the Finnish mission 7 (Ku band, VH polarization). 
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Table 62 – Delivered SnowSAR images relative to Mission 8 (5th March 2012). 

FileName Track Number 

20120305115114 1 

20120305120000 2 

20120305120821 3 

20120305122458 5_2 

20120305123337 6 

20120305124209 7 

20120305125052 8 

20120305130014 9 

20120305130844 10 

20120305131811 11 

20120305132704 12 

20120305134001 13 

20120305134912 14 

20120305135807 15 

20120305140706 16 

20120305154721 17 

20120305155557 18 

20120305160442 19 

20120305161325 20 

20120305162220 21 

20120305163040 22 

20120305163933 23 

20120305164733 24 

20120305170152 30 

20120305171855 5_3 
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Figure 106 - SnowSAR tracks acquired during the Finnish mission 8 (Ku band, VH polarization). 
 

Table 63 – Delivered SnowSAR images relative to Mission 9 (10th March 2012). 

FileName Track Number 

20120310081538 5_1 

20120310083317 2 

20120310085022 4 

20120310085856 6 

20120310091538 5_3 

20120310092447 7 

20120310093322 8 

20120310094159 9 

20120310095011 10 

20120310100719 12 

20120310101611 13 

20120310102445 14 

20120310103255 15 

20120310104109 16 

20120310105813 18 

20120310110632 19 

20120310111455 20 

20120310112254 21 

20120310113107 22 

20120310113855 23 

20120310115411 31 

20120310120107 5_4 

 

 
Figure 107 - SnowSAR tracks acquired during the Finnish mission 9 (X band, VV polarization). 
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Table 64 – Delivered SnowSAR images relative to Mission 10 (24th March 2012). 

FileName Track Number 

20120324101305 1 

20120324102053 2 

20120324102843 3 

20120324103628 4 

20120324104455 5 

20120324105308 6 

20120324110925 8 

20120324111730 9 

20120324112541 23 

20120324113356 22 

20120324114237 21 

20120324115021 20 

20120324115824 19 

20120324120615 18 

20120324122256 16 

20120324123108 15 

20120324124824 13 

20120324125649 12 

20120324130510 11 

20120324132057 30 

20120324133044 31 

20120324133659 5_2 
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Figure 108 - SnowSAR tracks acquired during the Finnish mission 10 (X band, VH polarization). 
 

Table 65 – Delivered SnowSAR images relative to Tundra 1 (20th December 2011). 

FileName Track Number 

20111220111725 50 

20111220112631 51 

 

 
Figure 109 - SnowSAR tracks acquired during the Finnish mission Tundra 1 (X band, VH 

polarization). 
 

Table 66 – Delivered SnowSAR images relative to Tundra 2 (29th February 2012). 

FileName Track Number 

20120229123037 52 

20120229123910 53 

20120229124815 50 

20120229125644 51 

 

 
Figure 110 - SnowSAR tracks acquired during the Finnish mission Tundra 2 (X band, VH 

polarization). 
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Table 67 – Delivered SnowSAR images relative to Sea Ice Mission (8th March 2012). 

FileName Track Number 

20120308131222 62 

20120308133524 60_2 

20120308135031 63 

 

 
Figure 111 - SnowSAR tracks acquired during the Finnish mission Sea Ice (X band, VV polarization). 
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AlpSAR campaign 

The AlpSAR campaign and details are reported in [Ref. 9]. The delivered data for the 

three missions are given in the following tables (Table 68 to Table 70). An overview 

of the SnowSAR tracks is in Figure 112 for Leutasch site, in Figure 113 for 

Mittelbergferner area and in Figure 114 for Rotmoos site. 

Table 68 – Delivered SnowSAR images relative to AlpSAR Mission 1 (21st November 2012). 

FileName Track Number 

20121121114937 M1 

20121121115611 M2 

20121121120329 M3 

20121121123855 M0 

20121121125321 R1 

20121121125711 R3 

20121121131722 R2_North_South 

20121121132336 R2_South_North 

20121121135502 L3 

20121121140410 L4 

20121121141212 L3_2 

 

Table 69 – Delivered SnowSAR images relative to AlpSAR Mission 2 (24th January 2013). 

FileName Track Number 

20130124110354 L1 

20130124111120 L2 

20130124111850 L3 

20130124124947 M1 

20130124125641 M2 

20130124134336 R1 

20130124134743 R2_North_South 

 

Table 70 – Delivered SnowSAR images relative to AlpSAR Mission 3 (21st and 23rd February 2013). 

FileName Track Number 

20130221145412 M2 

20130221150143 M3 

20130223084048 R2_North_South 

20130223091414 L1 

20130223092115 L2 

20130223092832 L3 

20130223104251 L3_2 
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Figure 112 – SnowSAR tracks acquired over the Leutasch area during AlpSAR mission 1 (X band, VV 

polarization) 
 

 
Figure 113 – SnowSAR tracks acquired over the Mittelbergferner area during AlpSAR mission 2 (X 

band, VH polarization). 
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Figure 114 – SnowSAR tracks acquired over the Rotmoos area during AlpSAR mission 2 (Ku band, 

VH polarization). 
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Canadian campaign 

Details about Canadian campaign can be found in [Ref. 10].  Besides for the dataset 

already delivered, also data acquired over the calibration tracks (not part of the 

acquisition site like in the other campaigns) have been added. In sake of 

completeness, the complete lists are given in the Table 71 and Table 72. An overview 

of the SnowSAR tracks acquired during Canadian mission 2 and 3 is given 

respectively in Figure 115 and Figure 116. 

 

Table 71 – Delivered SnowSAR images relative to Canadian mission 2 (13th and 14th March 2013). 

FileName Track 

20130313143956 0 

20130313144720 1 

20130313145216 2 

20130313145912 3 

20130313150420 4 

20130313150923 5 

20130313151452 6 

20130313152041 7 

20130313152602 8 

20130313153331 9 

20130313153836 10 

20130313154432 11 

20130313155043 12 

20130313155633 13 

20130313160146 14 

20130313160647 15 

20130313161321 16 

20130313162142 19 

20130313163439 18 

20130313164547 17 

20130314110928 23 

20130314111426 24 

20130314111912 25 

20130314112445 21 

20130314105545 C2 

20130314105935 C2 
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Table 72 – Delivered SnowSAR images relative to Canadian mission 3 (8th and 9th April 2013). 

FileName Track 

20130408145551 0 

20130408150325 1 

20130408150711 2 

20130408151051 3 

20130408151444 4 

20130408151840 5 

20130408152312 6 

20130408155344 7 

20130408155817 8 

20130408160309 9 

20130408160744 10 

20130408161214 11 

20130408161707 12 

20130408162155 13 

20130408162638 14 

20130408163110 15 

20130408163545 16 

20130408164346 19 

20130409104613 23 

20130409105042 24 

20130409105457 25 

20130409110321 26 

20130409112026 20 

20130409112731 22 

20130409113409 21 

20130409115210 27 

20130408171459 C2 

20130408172345 C2 
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Figure 115 – Overview of the SnowSAR tracks acquired during Canadian Mission 2 (13th – 14th March 

2013, X band, VV polarization). 
 

 

 

 
Figure 116 – Overview of the SnowSAR tracks acquired during Canadian Mission 3 (8th – 9th April 

2013, X band, VV polarization). 
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Alaskan campaign 

Acquisition details (acquisition geometry, calibration targets, processing, etc.) 

concerning the Alaskan campaign can be derived from the Canadian one [Ref. 10], as 

they can be considered as two parts of a joint campaign.   

Figure 117 shows an image of Google Earth with the monitored area during the 

Alaskan campaign: the main acquisition site is close to the Galbraith lake where 

around 20 lines were flown (Figure 118 gives a zoom in on that area). Data were also 

acquired over two long tracks northwards in the Happy Valley.  

Details about corner deployment and trajectory waypoints can be found in the 

paragraph 4.1.3 of this document. 

 
Figure 117 – Alaskan study area. 

 
Figure 118 – Flight trajectories relative to the tracks acquired in the Imnaviat Creek area. 
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The delivered SnowSAR dataset for the Alaskan campaign is given in Table 73 and 

Table 74. An overview of the all the SnowSAR tracks acquired during the first and 

the second acquisition day is given in Figure 119 and Figure 120. 

 

Table 73 – Delivered SnowSAR images relative to Alaskan mission (18th April 2013). 

FileName Track 

20130418102814 1 

20130418103152 2 

20130418103557 3 

20130418103922 4 

20130418104415 5 

20130418104816 6 

20130418105216 7 

20130418105613 8 

20130418110612 10 

20130418111229 11 

20130418111603 12 

20130418112034 13 

20130418112453 14 

20130418112954 15 

20130418114225 17 

20130418114651 18 

20130418115408 19 

20130418120320 20 

20130418121308 21 

20130418124515 23 

20130418125416 24 

20130418131152 16 

20130418131854 9 

20130418100954 C2 

20130418102043 C2 
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Table 74 – Delivered SnowSAR images relative to Alaskan mission (19th April 2013). 

FileName Track 

20130419100420 23 

20130419101249 24 

20130419103341 6 

20130419104141 2 

20130419104446 1 

20130419104913 8 

20130419105347 7 

20130419105904 4 

20130419110325 3 

20130419110811 10 

20130419111144 9 

20130419112019 5 

20130419112629 13 

20130419113145 X 

20130419113623 17 

20130419114104 18 

20130419114546 11 

20130419114945 12 

20130419115913 16 

20130419120708 19 

20130419121657 20 

20130419122612 21 

20130419123730 22 

20130419093823 C2 

20130419094907 C2 
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Figure 119 - Overview of the SnowSAR tracks acquired during Alaskan mission (18th April 2013, Ku 
band, VH polarization). 

 
Figure 120 - Overview of the SnowSAR tracks acquired during Alaskan mission (19th April 2013, X 

band, VV polarization). 
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Appendix B – X-VV gain compensation factors  

For each acquired track of the Finnish campaign, the Mean Noise Level (MNL) and 

the relative Gain Compensation Factor (GCF) are given in the following tables, 

mission by mission, for the acquired X-VV pol data.  

 
Note due to a component failure at the X-VV channel during the first missions (1 and T1), the X-VV 
pol data has not been delivered for these missions, and therefore they are not mentioned in this 
appendix. 

Mission 2 

File Name Track MNL [dB] GCF [dB] 

20120109110442 5_1 87.21 -6.61 

20120109111330 5_2 88.51 -4.39 

20120109112256 1 89.79 -2.93 

20120109114644 4 90.03 -2.64 

20120109120225 6 90.73 -1.89 

20120109121100 7 90.66 -1.96 

20120109121917 8 90.90 -1.70 

20120109122737 9 90.84 -1.81 

20120109133607 5_4 90.74 -1.89 

20120109124416 10 91.15 -1.44 

20120109125249 11 90.72 -1.91 

20120109130212 12 90.48 -2.21 

20120109131037 13 90.36 -2.32 

20120109131909 14 90.03 2.68 

20120109132648 15 90.80 -1.86 

20120109133448 16 89.25 -3.01 

20120109134232 17 89.19 -3.07 

20120109135049 18 89.07 -3.21 

20120109135841 19 89.06 -3.22 

20120109140645 20 88.99 -3.29 

20120109142312 21 88.84 -3.49 

20120109143219 30 89.38 -2.82 

20120110153555 22 93.49 0 

20120110154426 23 93.27 0 
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Mission 3 

File Name Track MNL [dB] GCF [dB] 

20120128114132 1 92.87 0 

20120128124034 6 88.62 -3.71 

20120128131525 10 89.60 -3.71 

20120128132358 11 89.44 -3.89 

20120128133425 12 89.46 -3.86 

20120128134249 12_2 89.88 -3.38 

20120128135143 14 89.58 -3.72 

20120128140032 15 89.69 -3.60 

20120128140932 16 89.69 -3.60 

20120128141806 17 89.61 -3.71 

20120128142648 18 89.67 -3.62 

20120128143600 19 90.00 -3.28 

20120128144433 30 89.37 -3.96 

20120128145246 31 89.38 -3.94 

20120128150248 20 89.75 -3.53 

20120128151102 21 89.55 -3.78 

20120128151924 22 89.33 -4.00 

20120128152741 5_3 89.25 -4.10 

20120128153612 23 89.08 -4.30 
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Mission 4 

File Name Track MNL [dB] GCF [dB] 

20120207134959 5_1 93.52 1.01 

20120207135803 1 93.60 1.08 

20120207140658 2 93.71 1.18 

20120207141444 3 93.11 0.61 

20120207142249 4 92.84 0.34 

20120207143045 5_2 93.31 0.83 

20120207143823 6 92.65 0.10 

20120207144550 7 90.88 -1.74 

20120207145416 8 88.81 -4.10 

20120207150205 9 87.33 -5.84 

20120207151013 10 86.41 -6.98 

20120207151832 11 86.38 -7.02 

20120207152616 12 86.31 -7.07 

20120207153454 13 84.14 -7.30 

20120207154310 14 86.26 -7.14 

20120207155139 15 86.16 -7.26 

20120207155922 16 86.31 -7.03 

20120207160739 17 86.37 -7.02 

20120207161601 18 86.47 -6.90 

20120207162344 19 86.59 -6.85 

20120207163148 20 86.33 -7.12 

20120207163929 21 86.19 -7.32 

20120207164718 22 86.07 -7.47 

20120207165507 23 86.17 -7.39 

20120207170239 24 86.56 -6.99 

20120207171027 25 86.06 -7.52 

20120207172500 31 85.71 -7.85 

20120207173221 5_3 85.73 -7.86 
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Mission 6 

File Name Track MNL [dB] GCF [dB] 

20120226102402 5_1 93.44 0 

20120226104115 2 93.09 0 

20120226104856 3 93.06 0 

20120226105706 4 92.79 0 

20120226110451 5_2 89.37 -3.98 

20120226111247 6 88.38 -5.10 

20120226112053 7 87.33 -6.41 

20120226112905 8 86.58 -7.37 

20120226113643 9 86.42 -7.58 

20120226114421 10 86.09 -8.04 

20120226115237 11 86.22 -7.89 

20120226120049 12 86.13 -7.99 

20120226120849 13 86.39 -7.63 

20120226121637 14 86.72 -7.20 

20120226122515 15 87.41 -6.30 

20120226123416 16 87.88 -5.72 

20120226124138 17 88.26 -5.29 

20120226124936 18 88.76 -4.70 

20120226125715 19 89.47 -3.95 

20120226132103 22 90.31 -2.98 

20120226132931 23 90.68 -2.56 

20120226134506 25 91.02 -2.15 

20120226135305 5_3 90.50 -2.71 
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Mission 7 

File Name Track MNL [dB] GCF [dB] 

20120301194331 9 87.38 -7.66 

20120301195212 10 86.64 -8.66 

20120301200046 11 86.83 -8.38 

20120301200953 12 86.98 -7.11 

20120301201850 13 87.39 -6.96 

20120301205237 17 91.96 -1.09 

20120301210055 18 92.02 -1.04 

20120301210853 19 91.96 -1.10 

20120301211722 20 91.92 -1.14 

20120301212527 22 92.03 -1.03 

20120301215035 25 92.10 -0.95 

20120301215853 30 94.07 0 

20120301220759 31 93.91 0 
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Mission 8 

File Name Track MNL [dB] GCF [dB] 

20120305115114 1 91.86 -1.76 

20120305120000 2 90.02 -3.80 

20120305120821 3 88.36 -4.57 

20120305122458 5_2 86.57 -8.07 

20120305123337 6 86.16 -8.62 

20120305124209 7 86.21 -8.56 

20120305125052 8 86.79 -7.78 

20120305130014 9 86.91 -7.60 

20120305130844 10 86.82 -7.71 

20120305131811 11 86.68 -9.32 

20120305132704 12 86.39 -9.78 

20120305134001 13 86.54 -9.54 

20120305134912 14 86.40 -8.29 

20120305135807 15 86.71 -7.86 

20120305140706 16 86.94 -7.56 

20120305154721 17 93.65 0.15 

20120305155557 18 93.56 0.07 

20120305160442 19 92.22 -2.45 

20120305161325 20 89.49 -5.58 

20120305162220 21 87.32 -8.43 

20120305163040 22 86.85 -9.11 

20120305163933 23 87.66 -7.30 

20120305164733 24 88.17 -6.63 

20120305170152 30 87.90 -6.95 

20120305171855 5_3 88.53 -6.16 
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Mission 9 

File Name Track MNL [dB] GCF [dB] 

20120310081538 5_1 92.05 -1.54 

20120310083317 2 88.89 -6.34 

20120310085022 4 86.30 -10.72 

20120310085856 6 86.53 -10.36 

20120310091538 5_3 87.37 -9.05 

20120310092447 7 87.50 -8.42 

20120310093322 8 87.68 -8.17 

20120310094159 9 87.38 -8.59 

20120310095011 10 86.83 -9.40 

20120310100719 12 86.51 -9.90 

20120310101611 13 86.92 -9.27 

20120310102445 14 87.47 -8.46 

20120310103255 15 87.88 -7.91 

20120310104109 16 87.92 -7.85 

20120310105813 18 87.64 -8.24 

20120310110632 19 87.65 -8.23 

20120310111455 20 87.57 -8.36 

20120310112254 21 87.42 -8.56 

20120310113107 22 87.08 -9.04 

20120310113855 23 86.62 -9.73 

20120310115411 31 86.78 -9.48 

20120310120107 5_4 86.96 -8.92 
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Mission 10 

File Name Track MNL [dB] GCF [dB] 

20120324101305 1 91.79 -0.75 

20120324102053 2 91.65 -0.89 

20120324102843 3 90.68 -1.93 

20120324103628 4 89.75 -2.98 

20120324104455 5 88.47 -4.42 

20120324105308 6 87.29 -5.83 

20120324110925 8 85.97 -8.47 

20120324111730 9 85.69 -8.88 

20120324112541 23 85.62 -8.98 

20120324113356 22 85.53 -9.10 

20120324114237 21 85.59 -9.02 

20120324115021 20 85.58 -9.05 

20120324115824 19 85.66 -8.95 

20120324120615 18 85.68 -8.90 

20120324122256 16 86.03 -8.40 

20120324123108 15 85.85 -8.64 

20120324124824 13 85.82 -8.69 

20120324125649 12 85.76 -8.79 

20120324130510 11 85.83 -8.68 

20120324132057 30 86.03 -8.39 

20120324133044 31 85.84 -8.66 

20120324133659 5_2 85.49 -8.17 
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Mission Sea Ice 

File Name Track MNL [dB] GCF [dB] 

20120308131222 62 110.14 -3.61 

20120308133524 60_2 106.90 -5.72 

20120308135031 63 106.92 -5.67 

 

 

Mission Tundra 2 

File Name Track MNL [dB] GCF [dB] 

20120229123037 52 93.20 0 

20120229123910 53 91.07 -1.83 

20120229124815 50 90.54 -2.44 

20120229125644 51 88.46 -4.77 

 

 

Mission Calibration 

File Name Track MNL [dB] GCF [dB] 

20120320101901 99_1 93.03 0.06 

20120320102441 100_3 92.67 -0.32 

20120320103034 101_1 92.30 -0.72 

20120320104202 98_2 91.46 -1.60 

20120320104719 99_2 91.00 -2.14 

20120320105814 100_4 89.85 -3.42 

20120320110355 102_2 88.52 -4.85 

20120320110906 98_3 88.09 -5.45 

20120320111453 99_3 87.79 -5.85 

20120320112102 100_5 87.39 -6.34 

20120320112656 101_3 87.70 -5.96 

20120320113848 100_6 88.27 -5.24 
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