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● In-flight update of the LFR FSW since 14/03/2023 => version 3.3.0.16

● Ground segment software 



  

LFR nominal inputs : 3 B + 2 E + 1 V  (≤ 10 kHz),

The LFR signal processing, based on a FPGA, 
provides routinely, 
● waveforms (SWF & CWF)
● spectral matrices (ASM & BP2)
● basic wave parameters (BP1)
at different time and frequency resolutions:

Solar Orbiter’s RPW Low Frequency Receiver (LFR)



  

BP1 PB:        Power spectrum of the magnetic field (B)
BP1 PE:      Power spectrum of the electric field (E)  => kcoef
BP1 NVEC:    Wave normal vector (from B)
BP1 ELLIP:    Wave ellipticity estimator (from B)
BP1 DOP:      Wave planarity estimator (from B)
BP1 SX:      XSRF (radial)-component of the Poynting vector => kcoef 
BP1 VPHI:      Phase velocity estimator => kcoef (patch needed)  

BP2 AUTO:     Autocorrelations
BP2 CROSS:  Normalized cross correlations 
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“Instantaneous” 5 x 5 B-E spectral matrix 
 (256-point FFT)

Time Averaged Spectral Matrix (ASM) 

Frequency average ...  

... before computations of the BPs
(i.e. wave parameters)

(Samson & Olson, GJRA, 1980)

(Means, JGR, 1972)
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LFR set of Basic Parameters before FSW update 3.3.0.16



  

LFR FSW Update 3.3.0.16

First goal :
- implement the calculation of a phase velocity estimator VPHI (=> BP1)

Positive side effects :
- few optimisations and code refactoring
- few bug fixed
- in particular, the time averaging of the instaneous spectral matrices @ F1 & F0 
=> ASM, BP2 and BP1 (full time coverage now, 1/8 before ...) 

Implementation :
- another kcoeff approach (before: direct use of kcoeffs for computation of the BP1s) 
- global approach of the calibration and transformation into SRF of the ASM
- KCOEFFs are now used to upload calibration matrices (including change of 
reference frame) to be applied, after interpolation, on the ASM  
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BP1 PB:        Power spectrum of the magnetic field (B)
BP1 PE:      Power spectrum of the electric field (E)
BP1 NVEC:    Wave normal vector (from B)
BP1 ELLIP:    Wave ellipticity estimator (from B)
BP1 DOP:      Wave planarity estimator (from B)
BP1 SX:      XSRF (radial)-component of the Poynting vector 
BP1 VPHI:      Phase velocity estimator 

BP2 AUTO:     Autocorrelations
BP2 CROSS:  Normalized cross correlations 
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SM (ω j
(m ) )= [

B1B1
* B1B2

* B1B3
* B1E1

* B1E 2
*

cc B2B2
* B2B3

* B2E1
* B2E 2

*

cc cc B3B3
* B3E1

* B3E 2
*

cc cc cc E1E 1
* E1E 2

*

cc cc cc cc E2E2
*
]

ASM (ω j
(m))= 1

N SM
(m) ∑

k=1

N SM
(m )

SMk (ω j
(m))= ⟨SM ⟩time

“Instantaneous” 5 x 5 spectral matrix 
 (256-point FFT)

Time Averaged Spectral Matrix (ASM) 

Calibration, SRF, and frequency average ...  

... before computations of the BPs
(i.e. wave parameters)

(Samson & Olson, GJRA, 1980)

(Means, JGR, 1972)

n×E = ω
k
B

Mono-k 
assumption:

S ij

√S ii S jj

m = 0, 1, 2  
for F0, F1, F2

LFR set of Basic Parameters after FSW update 3.3.0.16



  

SWF

versus 

ASM



  



LFR ground segment software 
Status  

Current status 
 

L1 to L1R pipeline produces : - CWF in SBM1, SBM2 and SURV mode.  
     - SWF in SURV mode. 
L1 to L2 pipeline produces :    - BP1 in SBM1, SBM2 and SURV mode. 
     - BP2 in SBM1, SBM2 and SURV mode. 

     - ASM in SURV mode. 
 Summary plots for BP1, BP2 and ASM (L1 and L2) and CWF and SWF (L1). 
 

Recent updates 
 

 Management of the new calibration induced by the update of the onboard calibration 

(new k-coefficients). This concerns only data after the 14/03/2023. 

 Deliver summary plots for BP1, BP2 and ASM in SRF frame. 
 

Upcoming upgrades 
 

 Create new L3 products for ASM, BP1 and BP2 and associated summary plots. 

 

=> Timing problems encountered 

 
 

 
 

 

RPW team meeting – October 2-4 2023 



  

L3 LFR spectral data
 

(plot exemples)

BP2                     BP1



LFR ground segment software 
L3 timing problems  

What are the LFR L3 ? 

 

The L3 for BP1, BP2 and ASM are concatenations of the L2 according to the frequency 

axis: 
 

Ex: For L2 SURV BP1, ellipticity in normal mode is defined by:  

  ELLIP_N_F0, ELLIP_N_F1, ELLIP_N_F2  

      that depend on: 

  Epoch_N_F0, Epoch_N_F1 and Epoch_N_F2. 

 

      For L3 SURV BP1, ellipticity in normal mode is defined by:  

  ELLIP_N  

      that depends on: 

   Epoch_N. 
 

What is the problem ? 

 

The Epoch of the L3 is a mean of the Epochs of the L2. Meanwhile there should be 

always the same number of times for F0, F1 and F2 (by construction), it appears that 

sometimes, the Epochs of L2 data do not have the same number of times. 
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LFR ground segment software 
L3 timing problems  

 

When does it happen? 

 

A test was performed over 3 months (April, May and June 2020). Results are: 

 

            Ex:  F0  |  F1  |  F2   
 

3 days with 1 more F2 point  255 | 255 | 256 

2 days with 1 more F0 point  256 | 255 | 255 

1 day with a lack of 3 F2 points 255 | 255 | 252 

1 day with a lack of  2  F2 points    255 | 255 | 253                        

3 days with a lack of 1 F0 point 254 | 255 | 255 

4 days with a lack of 1 F2 point 255 | 255 | 254 

1 day with different times for   253 | 255 | 254 

 each frequency 

 

 

 

 

 
 

 
 

 

RPW team meeting – October 2-4 2023 

15 days with  

problems / 91 days 

 



LFR ground segment software 
L3 timing problems  

 

Why? 

 

Possible causes are: 

- Telecom errors? 

- Decommutations errors? (Could it be checked by LESIA ? Issue on gitlab) 

- Instrument errors? 

 

 

What to do? 

 

Try to find the cause and solve the problem at L1 level 

 

 If not possible, put fill values at L3 level.  

 

    More complicated that it seems (need to create a new Epoch). 
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Conclusion

● LFR FSW update 3.3.0.16 (since 14/03/2023) is working well so far

● The switch from V12_AC to V13_AC (since 21/08/2023) would require an update of the 
kcoeffs in the near future (Sx and VPHI)

● The implementation of the L3 LFR spectral products is ongoing 
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Additional slides



  



  



  



  


