
  

● Ground segment software (status)

● Update of the k-coefficients for usefull values of PE and SX (BP1)

– Current set of Basic Parameters (BP1 and BP2)

– Approximate effective transfer matrix of the electric antennas (ANT)

– Transfer matrix of the magnetic antennas (SCM)

– Example of a whistler event: phase shift error (in V12_AC) ?

● Patch of the LFR FSW for a correct computation of VPHI (BP1) ?

LFR status
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Thomas Chust, the LFR team and the RPW instrument consortium
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LFR ground segment software (1)

ROC uses last version of our production pipeline (lfr-calbut v1.2.0) : 
WF + ASM + BP

Calibration tables (RCT) 

  L1 to L1R pipeline is operational. It produces :

  CWF in SBM1, SBM2 and SURV mode.
  SWF in SURV mode.

Waveforms products CWF, SWF (continuous, snapshot)

 Produced LFR calibration tables for BIAS, SCM and VHF.
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LFR ground segment software (2)

 L1 to L2 pipeline is operational. It produces ASM in SURV mode. 

Spectral products ASM (Averaged Spectral Matrices)

Spectral products BP (Basic Parameters)

  L1 to L2 pipeline is operational. It produces BP1 and BP2 in SBM1, SBM2 
and SURV mode.

WARNING : SBM2 BP2 are not yet validated (ongoing). The BP1s 
concerned with k-coefficients may not be valid and in any case are not yet 
fully calibrated (main purpose of this presentation).
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LFR ground segment software (3)

Open issues:

● Calibrating ASM and BP data when BIAS is OFF using VHF preamplifier 
calibration table (ongoing).

● Converting ASM and BP data into the RTN frame (ongoing). 
 [RTN or SRF? Which difference?]

● Calibrating BP1 with k-coefficients and ANT TF (ongoing).

● Concerning the choice of calibration tables to use in the calibration of 
ASM and BP, the LESIA recently sent a json template for a dictionary file. 
Once accepted and fulfill by all teams, this dictionary will allow us to 
choose the right table at the right time (ongoing). 



  

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:   X

SRF
(radial)-component of the Poynting vector => kcoef 

BP1 VPHI:   Phase velocity estimator => kcoef  

BP2 AUTO:   Autocorrelations
BP2 CROSS: Normalized cross correlations 

S (ω j
(m)

)= ⟨ASM ⟩ frequency

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
* E 1E 2

*

cc cc cc cc E 2E 2
*
]

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) 

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
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LFR current set of Basic Parameters

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



  

Should be effective from STP103 (06/07-12/07)

Update of the LFR onboard k-coefficients (16 first / 32)
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11 F0 + 13 F1 + 12 F2 = 36 frequency bins

PE : transformation into SRF (2 ortho comp.) 
SX : same for B + E-B relative calibration



  

ANT 1

ANT 2 ANT 3
E

2 
= V

2
- V

3

E
1 
= V

1
- V

2

35°

26.4°

L12
eff

 ~ L12 / 2
L23

eff
 ~ L23 / 2

[E1 (ω)

E2 (ω)] = [ 0 A1Y (ω) A1Z (ω)

0 A2Y (ω) A2Z (ω)]SRF⋅[
E X (ω)

EY (ω)

E Z (ω) ]SRF

A1Y ~ +3.5 m

A1Z ~ -7.04 m

A2Y ~ -6.99 m

A2Z ~ 0.0 

M ANT to SRF ≃ [ 0. −0.143
− 0.142 −0.071] (m−1)

● Frequency dependence  
up to 10kHz is an open issue

● Is the LF PA taken into 
account in the BIAS TF  ?
=> Yes  

[EY (ω)

E Z (ω)]SRF=
1

A1Y A2Z −A1Z A2Y [ A2Z (ω) −A1Z (ω)

− A2Y (ω) A1Y (ω) ]SRF⋅[
E1 (ω)

E2 (ω)]

SRF

Approximate effective transfer matrix of ANT



  

⟨EY ' EY '
*

+E Z' E Z'
* ⟩ = ⟨ EANT

T
⋅

1
|A1Y ' A2Z '− A1Z' A2Y '|

2 [ |A2Y '|
2
+|A2Z'|

2
− A1Y '

* A2Y '− A1Z '
* A2Z '

− A1Y ' A2Y '
*

− A1Z ' A2Z '
*

|A1Y '|
2
+|A1Z'|

2 ]⋅EANT
* ⟩

=
|A2Y '|

2
+|A2Z'|

2

|A1Y ' A2Z ' −A1Z' A2Y '|
2 ( S 44 +

|A1Y '|
2
+|A1Z '|

2

|A2Y '|
2
+|A2Z'|

2
S 55− 2 ℜ [

A1Y '
* A2Y ' + A1Z '

* A2Z'

|A2Y '|
2
+|A2Z'|

2
S 45 ] )

PE= S 44 k 44
pe
+ S 55 k 55

pe
+ℜ [ S 45 k 45

pe
]

k 44
pe
=1

k55
pe
=

|A1Y '|
2
+|A1Z'|

2

|A2Y '|
2
+|A2Z'|

2

k 45
pe
=−2

A1Y '
* A2Y ' + A1Z '

* A2Z '

|A2Y '|
2
+|A2Z '|

2

Power spectrum of the electric field 

with

WARNING:  The TF of BIAS and LFR are implicitly embodied in the TF matrix of ANT 
                     (just a common calibration factor)

Computation of the k-coefficients for PE

Calibration factor



  

Current alignment of SCM

+Z
SO

+X
SO

+Y
SO

+Z
URF

+X
URF

-16°

+Z
SO+X

SO

+Y
SO

+Y
URF

+X
URF

+4°

+ZUARF

+X
URF

+Z
URF

+YUARF

B
1

B
2

B
3

RYURF
(+35.26 °)⋅ZUARF = XURF

R
X URF

(+45 °)⋅R
Y URF

(+35.26 ° )⋅XUARF = ZURF

R X URF

(+45 °)⋅RY URF

(+35.26 ° )⋅YUARF = −YURF

MSFR−UARF = [
0.501 0.600 −0.624
0.744 −0.667 −0.0437

−0.442 −0.442 −0.778]

Transformation matrices from UARF to SRF and from SCM to UARF coordinates:

MUARF − SCM = [
0 0 1
1 0 0
0 1 0 ]

SRF



  

Transfer matrix of SCM and notations

BSCM (ω) = [
B1 (ω)

B2 (ω)

B3 (ω)]SCM

= AM (ω)⋅B (ω) = [
C1Y (ω) C 1Z (ω) C 1X (ω)

C2Y (ω) C 2Z (ω) C 2X (ω)

C3Y (ω) C 3Z (ω) C 3X (ω) ]SCM

⋅[
BY (ω)

BZ (ω)

B X (ω)]SCM

AM (ω) = C1Y (ω) × c (ω) = C1Y (ω) [
1 c1Z (ω) c1X (ω)

c2Y (ω) c2Z (ω) c2X (ω)

c3Y (ω) c3Z (ω) c3X (ω)]SCM

Normalized transfer matrix :

[
B X (ω)

BY (ω)

BZ (ω) ]SRF = MSRF −SCM⋅[AM
−1 (ω) ]SCM⋅BSCM (ω) =

1
C1Y (ω)

MSRF −SCM⋅[c−1 (ω)]SCM⋅BSCM (ω)

~
MSRF =MSRF−SCM ⋅ [ c−1

(ω)]SCM = [
~mX1

~mX2
~mX3

~mY 1
~mY 2

~mY 3
~mZ1

~mZ2
~mZ3

](ω)MSRF − SCM = MSRF −UARF ⋅MUARF − SCM
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⟨ S X ' ⟩ = ⟨ (E×B* )X' ⟩ = ⟨ EY ' BZ'
* ⟩ − ⟨ E Z' BY '

* ⟩

= ⟨
A2Z ' E1 − A1Z' E2

A1Y ' A2Z' − A1Z' A2Y '

1
C1Y

*
~mZ' j

* B j
* ⟩− ⟨

− A2Y ' E1 +A1Y ' E 2

A1Y ' A2Z' − A1Z ' A2Y '

1
C 1Y

*
~mY ' j

* B j
*⟩

=
( A2Y '

~mY ' j
*

+ A2Z '
~mZ' j

*
) ⟨ E1 B j

* ⟩ − (A1Y '
~mY ' j

*
+ A1Z'

~mZ ' j
*

) ⟨ E 2 B j
* ⟩

( A1Y ' A2Z' − A1Z ' A2Y ' ) C1Y
*

=
√|A2Y '|

2
+|A2Z'|

2

( A1Y ' A2Z' − A1Z' A2Y ' ) C 1Y
* [

A2Y '
~mY ' j

*
+ A2Z'

~mZ ' j
*

√|A2Y '|
2
+|A2Z '|

2
S 4 j−

A1Y '
~mY ' j

*
+ A1Z '

~mZ' j
*

√|A2Y '|
2
+|A2Z'|

2
S 5 j]

k 4 j
sx'

= +
A2Y '

~mY ' j
*

+A2Z'
~mZ' j

*

√|A2Y '|
2
+|A2Z '|

2
× exp [i (φC1Y

−φ A1Y 'A2Z ' − A1Z ' A2Y '
) ]

k5 j
sx'

= −
A1Y '

~mY ' j
*

+ A1Z '
~mZ' j

*

√|A2Y '|
2
+|A2Z'|

2
× exp [i (φC1Y

−φ A1Y ' A2 Z' − A1Z ' A2Y '
)]

X
SRF

-component of the Poynting vector

SX' = S 41 k 41
sx ' + S 42 k 42

sx' + S 43 k 43
sx' + S 51 k51

sx' + S 52 k 52
sx '+ S 53 k 53

sx '

with

WARNING:  As for ANT, the TF of LFR is implicitly embodied in the TF matrix of SCM
                    (just a common calibration factor) 

j = 1, 2, 3

Computation of the k-coefficients for SX

Calibration factor



  

30/04 2020

L2

BP from CWF @F2 WARNING: MAG data for this time 
may not be so accurate (Tim H.)

B

E

DOP

DOP

nX

nY

nZ

ELLIP

theta

SX



  

30/04 2020

L1

BP from CWF @F2

● L1 SCM data allow to determine with a 
relatively good accuracy the direction 
of the wave normal vector k (several °)

● Correct setting of k-coefficients allows 
the determination of the Poynying flux 
along the radial direction X_SFR from 
the L1 SCM & BIAS-ANT data (see 
next slide for quantitative details)

B

E

DOP

DOP

nX

nY

nZ

ELLIP

theta

SX



  

Quantitative comparisons: L1 versus L2 assessments 
30/04 2020

● The determination of a correct set of k-coefficients is validated
● It allows a direct assessments of Sx_SRF from the L1 data 

with a relatively good accuracy (~10%) 



  

Is there a systematic phase shift error ?
30/04 2020

L2

Parallel propagating whistler waves are expected to have a purely real Poynting vector 
(there is no longitudinal component which could contribute to an imaginary part) 

Very likely due to E
Z 
 … (with E

Y  
it’s OK) 



  

NEBX' = nY ' (S 41 k 41
ny' + S 42 k 42

ny' + S 43 k 43
ny' + S 51 k 51

ny' + S 52 k 52
ny' + S 53 k 53

ny')+

nZ ' (S 41 k 41
nz' + S 42 k 42

nz' + S 43 k 43
nz '+ S 51 k 51

nz' + S52 k 52
nz' + S 53 k53

nz')

nY ' j = mY ' j n j

nZ ' j = mZ' j n j

BX'BX' = |~mX '1|
2 S11 + |~mX '2|

2 S 22 + |~mX '3|
2 S 33 + 2 ℜ[~mX'1

~mX '2
* S 12] +

2 ℜ [~mX '1
~mX '3

* S 13] + 2 ℜ[~mX '2
~mX '3

* S 23]

j = 1, 2, 3

Computation of the k-coefficients for VPHI

Calibration factor

v φ =
C1Y √|A2Y '|

2
+|A2Z'|

2

A1Y ' A2Z'−A1Z ' A2Y '

× [ nY ' (
−A2Y '

~mX ' j
*

√|A2Y '|
2
+|A2Z '|

2
S 4 j +

A1Y '
~mX ' j

*

√|A2Y '|
2
+|A2Z'|

2
S 5 j)−

nZ' (
A2Z '

~mX ' j
*

√|A2Y '|
2
+|A2Z'|

2
S 4 j −

A1Z'
~mX ' j

*

√|A2Y '|
2
+|A2Z '|

2
S 5 j) ] /

[|~mX '1|
2 S11 +|~mX '2|

2S 22 + |~mX '3|
2S 33 + 2ℜ[~mX '1

~mX '2
* S 12 ] +

2 ℜ[~mX '1
~mX '3

* S 13] + 2ℜ[~mX '2
~mX '3

* S 23] ]

n×E = ω
k
B v φ = ω

k
=

nY ' ⟨ E Z' B X '
* ⟩−nZ' ⟨ EY ' BX '

* ⟩

⟨ B X' BX '
* ⟩

k 4 j
ny'

=
− A2Y '

~mX' j
*

√|A2Y '|
2
+|A2Z '|

2
× exp [ i (φC1Y

−φA1Y 'A2Z ' − A1Z 'A2Y '
) ]

k 4 j
nz'

=
A2Z'

~mX ' j
*

√|A2Y '|
2
+|A2Z'|

2
× exp [ i (φC1Y

−φA1Y ' A2Z '− A1 Z 'A2Y '
)]

VPHI=
ℜ[ NEBX' ]

BX'BX'
ArgNEBX'=Arg [NEBX' ]

k5 j
ny'

=
A1Y '

~mX' j
*

√|A2Y '|
2
+|A2Z '|

2
× exp [ i (φC 1Y

−φA1Y 'A2Z ' − A1Z 'A2Y '
) ]

k5 j
nz'

=
− A1Z'

~mX ' j
*

√|A2Y '|
2
+|A2Z'|

2
× exp [ i (φC1Y

−φA1Y ' A2Z '− A1 Z 'A2Y '
)]
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Computation of the k-coefficients for VPHI

Phase velocity



  

 A patch of the LFR FSW is needed !

 Next Earth flyby is in December 2021 …

 This let time for the LFR team to update the FSW

Correct onboard computation of VPHI (BP1)
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