STEREO/IMPACT Magnetometer Experiment

Preliminary Calibration Report (11/15/05)

1.0 Introduction

The STEREO/IMPACT Magnetometer Instrument is described in detail in Documents XXXX – dated  TBD. The basic instrument is an advanced triaxial fluxgate magnetometer that covers the range of 0.015 nT to 65536 nT in two dynamic ranges (nominally ± 512 nT and ± 65536 nT full scale). The analog signals corresponding to the X, Y and Z axes are digitized to a resolution of 16-bits by means of three sigma-delta A-to-D converters. This information is transmitted to the IMPACT Digital Processing Unit via a serial interface, which is also used to process commands sent to the magnetometer and control the selected sampling rates. Document XYZ, “IMPACT Magnetometer Operations Manual”, dated TBD describes all interfaces, commands, data structures, sampling rates and operational modes of the instrument.

The triaxial sensor assembly is mounted on the IMPACT boom at a distance of ~3m from the center of the spacecraft. The sensor axes are aligned parallel to the spacecraft reference axes X, Y, Z  (see Figure 1). The electronics consists of a single “frame” assembly incorporated into the DPU. The temperature of the sensor assembly is maintained by means of an AC (50KHZ) proportional control PWM system that operates independently of the magnetometer electronics.

2.0 Instrument Calibration Parameters

The basic transfer function for the instrument can be broken down into several steps as follows:

(a) Conversion of digital counts to raw magnetic field values:

Bi = ki (Ci – Zi)

     i = x,y,z

where,

 Bi = raw magnetic field measured along the i-axis expressed in nanoteslas   

 Ci = digital counts (0 – 65535) corresponding to the i-axis measurement

 Zi =  effective “zero level” (counts) corresponding to the i-axis (see discussion later)

 ki =  scale factor in [nT/count] corresponding to the i-axis

Since the instrument operates in one of two dynamic ranges controlled by the DPU (R0 and R1) there exist two sets of Z and k values for a total of 12 parameters as shown in Tables I and  II 

2.1
Sensor Orthogonalization and Coordinate Systems

The fluxgate sensor assembly axes are not aligned exactly orthogonal to each other and the raw magnetic field measurements obtained above need to be corrected for the small remaining misalignments. This is achieved by multiplying the “raw” magnetic field vector obtained above by an alignment correction matrix as follows:



Borth =  [M] Braw 
Where bold text denotes vector quantities and the 3x3 correction matrix [M] is given in Table III. Note that this correction matrix is not orthogonal. The vector Borth can now be used to compute the magnitude of the measured field and its components Bx, By and Bz are approximately aligned to the spacecraft reference coordinate system except for the misalignments associated with the boom and sensor mounting. Hence an additional “boom alignment correction matrix” must be used to rotate Borth  exactly into the spacecraft reference frame:



Bs/c =  [B] Borth
The exact 3x3 matrix [B] will be derived from measurements obtained during spacecraft maneuvers (rolls) after launch and is not available at this time. However, it is expected that its values will be close to unit diagonal.

2.2
Electronics Zero Drift with Temperature

The Zi values described above exhibit a small temperature dependence that may need correction if the DPU/MAG electronics temperature varies over a large range during the STEREO mission. This potential dependence is illustrated in tabular form in Table IV. This correction is only necessary for the most sensitive range of ± 512 nT or “R0”.  It must be noted that this is a difficult measurement and these values are provided as a preliminary estimate only.  

2.3
Frequency Response and Transfer Function

The magnetometer axes are sampled at a basic rate of 32 vectors/sec and delivered to the IDPU for processing. To minimize aliasing effects, a single pole, low pass filter with a cutoff frequency of 16HZ has been incorporated in each axis. Hence the transfer function for each axis just prior to the A-to-D conversion can be expressed as follows:



B(s) = 1/(1+s() 

where  s = complex variable j( and (  = filter time constant = 10 msec (or 15.91 HZ cutoff). This transfer function is independent of the dynamic range selected, R0 or R1 and determines the amplitude and phase response as a function of frequency.

The 16-bit, sigma-delta A-to-D converter decimation filter adds an additional pole at  ~65 HZ that can generally be ignored for most applications.  For routine operations the IDPU averages the high rate magnetometer data and outputs a time series at 4 vector samples/sec. The high rate data can be recovered for selected events using the burst operational mode of the IDPU. 

The time response of the magnetometer has been documented and verified within the scope of IMPACT integration activities. See D. Curtis for the documentation.

2.4
Scale Factor Calibration - Magnetometer and Sigma-Delta A-to-D

The magnetometer incorporates an internal calibrator to superimpose a precisely known step function on each axis’ output. This function allows the monitoring of the stability and accuracy of the scale factors ki described above. The MAGCAL function is usually commanded every week during the initial phases of the mission and later this frequency can be reduced to once a month or less.  The amplitude of the step function is one-quarter of the full-scale dynamic range of the magnetometer for both R0 and R1 or approximately 8192 counts.  The initial step values for each axis and range are shown in Table V. During instrument commissioning these should be verified and small variations from the initial values (typically < 0.25%) recorded as the new baseline. 

The 16-bit sigma-delta A-to-D converters require initialization and periodic recalibration. This is accomplished with the ADCAL command. Keep in mind that the scale factors ki include the response of the A-to-D’s which is assumed ideal. The ADCAL command should be executed immediately after MAG turn ON and periodically thereafter at a TBD rate (typically once/week) to ensure that this condition is satisfied. 

3.0
Effective Zero Levels and Data Processing Strategies

The values assigned to the parameters Zi discussed above generally include the contributions from spacecraft sources that are time-variable and most likely unknown prior to launch. Spacecraft maneuvers are an effective technique for determining the Zi’s corresponding to the axes in the roll plane and statistical techniques can be used to estimate the zero levels parallel to the roll axis. These are carried out as necessary throughout the mission. An effective data processing strategy must take into account the profound effect that the variability of Zi’s has on the overall effort. In terms of time variability the “zero tables” are usually the most dynamic while alignments, frequency response and scale factors have negligible variability. 


Table I - Zero Level Estimates (counts), Zi

(Deviations from nominal  value = 32768) 

	Instrument:                         S/N 001
	S/N 002

	Range
	X
	Y
	Z
	X
	Y
	Z

	0
	-50.5
	-36
	-22
	-15.5
	-45.25
	-47.5

	1
	2.75
	-5.5
	-0.5
	1
	-6.75
	6


Table II - Scale Factors [nT/count], ki

	Instrument:                    S/N 001
	S/N 002

	Range
	kx
	ky
	kz
	kx
	ky
	kz

	0
	0.0146328
	0.0144910
	0.01425810
	0.0145346
	0.0144281
	0.0143076

	1
	1.893948
	1.880554
	1.839868
	1.886030
	1.864053
	1.842471


Table III - Sensor alignment correction matrix, [M]
	Instrument
	S/N 001
	S/N 002

	[M]
	| 1                        0                   0 |

| -0.00453371      1                   0 |

| -0.00376552     0.00282676   1 |


	| 1                       0                     0 |

| -0.00441561     1                     0 |

| -0.00384551     0.00241767    1 |




Table IV - Electronics Drift vs Temperature (tentative)

(change in Zi, [counts], R0 only)

	S/N 001
	S/N 002

	Temp [C]
	X
	Y
	Z
	Temp [C]
	X
	Y
	Z

	65
	-47
	-3
	-18
	65
	6
	4
	23

	55
	-40
	1
	-8
	55
	2
	2
	8

	45
	-31
	-1
	-6
	45
	1
	0
	6

	35
	0
	0
	-4
	35
	0
	-1
	9

	25
	0
	0
	0
	25
	0
	0
	0

	15
	14
	-2
	1
	15
	0
	0
	2

	5
	11
	-3
	3
	5
	-3
	1
	-5

	-5
	12
	-4
	5
	-5
	-3
	-2
	0

	-15
	5
	-6
	7
	-15
	-7
	-4
	-9

	-25
	-1
	-7
	16
	-25
	-12
	-9
	-9


Table 5 - MAGCAL step values (counts)

	Instrum
	S/N 001
	S/N 002

	Range
	X
	Y
	Z
	X
	Y
	Z

	0
	
	
	
	
	
	

	1
	
	
	
	
	
	


