
gpm.nasa.gov

Bernat Puigdomènech Treserras
Aleksandra Tatarevic, Pavlos Kollias and Alessandro Battaglia

March 2021
Contact e-mail: bernat.ptreserras@mcgill.ca

EarthCARE 
C-APC processor

- Antenna Pointing Correction -
esa.int

Reference C-CLD_ATBD 
Issue 4 
Revision 1 
Date of Issue 31/07/2018 
Status  
Document Type    ATBD 
Distribution   

 

 
 

 
 

DOppler Radar and SYnergy Products for EarthCARE  
(DORSY)  

 
 
 
 
 
 
 
 
Algorithm Theoretical Basis Document 

(ATBD) 
 

 
 
Processor C-CLD 
Product C-CLD 
Software Version o4.00 
 
 
 
Prepared by: Wanda Szyrmer, Aleksandra Tatarevic, Pavlos Kollias 

Institute: McGill University  

mailto:bernat.ptreserras@mcgill.ca


Page 10 of 46 
 

3.1 Challenges with characterizing antenna mispointing 
 
However, when considering the quality of spaceborne Doppler velocity 

measurements, the first action is to make sure that errors introduced by antenna mis-
pointing (Tanelli et al., 2005) have been properly corrected and that the associated residual 
errors are marginal compared to the other terms involved in the mean Doppler velocity 
error budget. The effect of pointing errors on vertical Doppler velocity estimates is 
illustrated in Figure 1 (Battaglia and Kollias, 2015). The orbital plane is defined by the 
spacecraft motion direction, iM, and the zenith direction (light green shaded plane). In 
general the zero Doppler direction (iN in Figure 1, identified as the direction in the orbital 
plane orthogonal to iM) and the antenna pointing direction, iP , are not the same because of 
satellite navigation or a selected off-nadir antenna pointing.  

 

                     

 
Figure 1: Geometry for mispointing in a quasi-nadir looking Doppler radar (Battaglia and Kollias, 2015) 

 

Geometry	of	miss-pointing	in	quasi-nadir	
looking	Doppler	radar	(Battaglia	and	Kollias,	2015)

C-APC
The C-APC processor corrects the velocity bias introduced by the antenna mispointing

Normally, the AOCS (Attitude and Orbit Control System) data should be sufficient to remove any 
possible Doppler velocity bias. However, the possibility of having an uncharacterized amount of 
mispointing needs to be considered. 

There are at least 2 sources associated to such a mispointing:

1) Mispointing due to the altitude control system errors associated with the altitude sensors
2) Mispointing due to thermoelastic distortions of the platform and of the instrument 

The associated error is represented by the read 
shaded area

θX = θAOCS +θmispo int ing



The final output is the best estimate of the 
corrected antenna mispointing velocity 

(along with other intermediary variables; lag-1 
complex covariance, biases by method, etc.)

C-APC
Algorithm flowchart

Correct ALL raw radar data for 
antenna pointing reported by the AOCSA1

The first step is to correct the Doppler velocities 
using the mispointing bias reported by the AOCS

Correct Earth’s surface raw radar data
for NUBFA2

After this, the algorithm relies in two different 
sources of natural targets to the find θmispointing: 

θx = θAOCS + θmispointing

Earth’s surface (Tanelli et al. 2005)

Correct Ice Clouds raw radar data
for NUBF and fall velocity biasA3

Ice clouds (Battaglia and Kollias, 2015)

Along-track integration of corrected 
raw radar dataA4

Along-track integration is performed in order to 
reduce uncertainty and thus, enable the proper 

interpretation of velocity measurements

Produce Best Estimate of Antenna
Pointing CharacterizationA5

The last step of the algorithm is to produce the 
best estimate of θx using regression analysis



C-APC

Flight direction

Spacecraft control

JAXA Doppler velocity (v2.6)

without velocity to beam direction correction

with velocity to beam direction correction

Correct ALL raw radar data for 
antenna pointing reported by the AOCSA1

The first step is to correct the Doppler velocities 
using the mispointing bias reported by the AOCS



Correct Earth’s surface raw radar data
for NUBFA2

Climatology of Natural Targets
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V = 0.815 x Z 0.12

SGP site [01/Jan/1997 - 31/Dec/2010]

BATTAGLIA AND KOLLIAS: USING ICE CLOUDS FOR MITIGATING THE EC DOPPLER RADAR MISPOINTING 2081

Fig. 3. Mean Doppler velocity and standard deviation (indicated by the bars)
as a function of radar reflectivity for cirrus clouds at the Southern Great Plains
(SGP) and Tropical West Pacific (TWP) ARM sites.

representing their magnitude (mean and standard deviation)
as function of ice clouds radar reflectivity. Fortunately, the
probability density function of the ice clouds mean Doppler
velocities, which strongly depends on radar reflectivity, can be
easily derived using the long-term Doppler velocity observa-
tions of ice clouds [13]. Here, we use the data set presented
in [13], which analyzed almost 20 years of ice clouds obser-
vations from midlatitude (Southern Great Plains) and tropical
(Manus) ground-based sites of the U.S. Department of En-
ergy Atmospheric Radiation Measurements (ARM) program,
to derive the average relationships of observed ice clouds
mean Doppler velocity (mean and standard deviation) as a
function of the radar reflectivity. These relationships are shown
in Fig. 3.

The ice clouds mean Doppler velocity distributions at the
two sites are very similar. At very low reflectivities (below
−30 dBZ) the mean Doppler velocity is 0.37 ± 0.04 m/s and
0.34 ± 0.05 m/s at the midlatitude and tropical sites, respec-
tively. At the higher ice clouds radar reflectivities (above 0 dBZ)
the mean Doppler velocity is 1.12 ± 0.21 m/s and 1.01 ±
0.18 m/s at the midlatitudes and tropical site, respectively.
While the fact that both distributions are very similar is cer-
tainly reassuring we cannot rule out geographical variations.
Additional climatological data from ground-based cloud radars
are certainly needed to build a more robust climatology of the
vD − Z relationship and to quantify its potential variability
when moving from the Tropics to mid and high latitudes.
If this is proven an issue then the different climatological
vD − Z relationships must be used in different parts of the
orbit. The diffusion of cloud radars within the ARM program
and elsewhere in the recent past (e.g., [19]) certainly does
represent a key asset for the EC ground-validation activities to
be performed in this field.

The empirically derived statistical relationship between ice
clouds mean Doppler velocity and ice clouds radar reflectivity
is used here to generate synthetic profiles of EC CPR ice clouds
mean Doppler velocities using the following methodology.
First, CloudSat products are used to determine the locations of
ice clouds detections with radar reflectivities above −15 dBZ
around an orbit. Second, the aforementioned relationship be-
tween mean Doppler velocity and radar reflectivity is used to
populate the CloudSat reflectivity pixels with a mean Doppler

Fig. 4. Geometry for mispointing in a quasi-nadir looking Doppler radar.

velocity accounting for the natural variability described by the
standard deviation of the mean Doppler velocity as a function
of radar reflectivity. In addition, to the natural variability,
additional random error is added to the ice clouds Doppler
velocity field using the relationship between the EC CPR radar
reflectivity and the mean Doppler velocity estimator uncertainty
due to Doppler fading [8]. The produced synthetic fields of EC
CPR ice clouds mean Doppler velocities has ignored so far the
CPR antenna mispointing that is introduced in the next section.

III. MODELING AND MITIGATION OF

MISPOINTING UNCERTAINTY

A. Effect of Pointing Errors on Vertical Doppler
Velocity Estimates

Let us consider the geometry of a quasi-nadir looking space-
borne Doppler radar as illustrated in Fig. 4. The orbital plane
is defined by the spacecraft motion direction, i.e., iM , and
the zenith direction (green shaded plane). In general, the zero
Doppler direction (iN in Fig. 4, identified as the direction in
the orbital plane orthogonal to iM ) and the antenna-pointing
direction, iP , are not the same because of satellite navigation or
a selected off-nadir antenna pointing (e.g., the CloudSat radar
is pointing 0.16◦ off-geodetic nadir since August 15, 2006).
Following [3], the pointing-induced bias in the vertical velocity
is equal to

vpointing = −vsiM · iP # −vs sin(θx) ≈ −vsθx (1)

where vs is the satellite velocity; and θx is the forward-aft com-
ponent of the pointing elevation angle, i.e., the angle between
iN and the projection of the line of sight on the orbital plane
(dashed line in Fig. 4). θx is positive (negative) in the forward
(backward) direction; correspondingly, it produces a negative
(positive) bias, i.e., targets in the atmosphere have an upward
(downward) bias. The approximations on the right-hand side
of (1) are valid for quasi-nadir looking systems [3]. The radar
forward-aft component of the pointing elevation angle can be
further decomposed in two components, i.e.,

θx = θADS + θmispointing (2)

Mean	Doppler	velocity	and	standard	deviation	(indicated	by	the	bars)	as	a	
function	of	radar	reElectivity	for	cirrus	clouds	at	the	Southern	Great	Plains	

(SGP)	and	Tropical	West	PaciEic	(TWP)	ARM	sites.		

Using	Ice	Clouds	for	Mitigating	the	EarthCARE		
Doppler	Radar	Mispointing		[Battaglia	and	Kollias	2015]	

Re-computed using the original dataset from

Climatology	of	High	Cloud	Dynamics	Using	ProEiling	ARM	
Doppler	Radar	Observations	[Kalesse	and	Kollias	2013]

The Z-V relationship V = 0.815 x Z 0.12 
is used in C-APC

Correct Ice Clouds raw radar data
for NUBF and fall velocity biasA3



The Mispointing Harmonic

µ, A, Φ and a0 … an are the unknowns computed by C-APC
t0 is the first element of the time series ingested by C-APC
Torb can be retrieved from the TLE files and it’s defined as a configurable parameter in C-APC

θmispointing ≈ µ + A ⋅cos ft +φ( )+ e

µ = mean of the series
A = amplitude of variation

Φ = horizontal offset (phase)
ft = frequency

t0 = reference time
Torb = satellite orbital periodft =

2π ⋅ t − t0( )
Torb

where

e = a0 + a1 ft + a2 ft
2 + a3 ft

3 + a4 ft
4

ax = residual polynomial coefficients

In the first approximation, the CPR mispointing uncertainty can be parametrized in the form:

Along-track integration of corrected 
raw radar dataA4

Produce Best Estimate of Antenna
Pointing CharacterizationA5



The Mispointing Harmonic

θmispointing ≈ µ + A ⋅cos ft +φ( )+ e e = a0 + a1 ft + a2 ft
2 + a3 ft

3 + a4 ft
4

In the first approximation, the CPR mispointing uncertainty can be parametrized in the form:

Example	of	retrieval	for	the	low-frequency	component	of	the	mispointing		

Using	Ice	Clouds	for	Mitigating	the	EarthCARE		
Doppler	Radar	Mispointing		[Battaglia	and	Kollias	2015]	



Test data

The test data is created simulating a full EarthCare orbit combining the 3 ECCC scenes
A total of 8 frames has been used
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C-NOM Doppler velocity with antenna mispointing
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C-NOM Doppler velocity after antenna mispointing correction
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Results

Test data



C-APC / C-PRO interface
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Figure 7: C-APC and its relationship to the C-PRO - an overall flow chart. The input products are 
CPR L1b C-NOM, L1-d X-JSG and X-MET.  The processor PRO is composed of the three modules, C-FMR, 

C-CD and C-TC and each one of them produces a single product of the same name as an output. 

 

 
 

Figure 8: C-APC Flow Chart 
 
 

C-APC and its relationship to C-PRO


