
Response to the RC #1 for manuscript EGUSPHERE-2023-588 with title “Verification 

and Calibration of a Commercial Anisotropic Magnetoresistive Magnetometer by 

Multivariate Non-linear Regression” by Belsten et al. 

Below is our response (in blue) to the issues raised in the review (printed in italics). 

 

We thank the reviewer for their insightful comments and questions on the manuscript. Some of these 

comments suggested the use of more recent references in the background section and we have changed 

the references to further reading accordingly. Many comments ask questions that indicated a need for 

further explanation within the text. We have responded to each of the reviewer’s comments within the 

attached PDF and have also updated the manuscript to preemptively address these questions for future 

readers by including more details and discussion. 

 

In particular, the reviewer posed insightful questions regarding the repeatability and stability of the 

calibration coefficients. Some of these questions are now addressed with more detailed explanations of 

the testing conditions; including that the system was power cycled during data acquisition, and that the 

duration of data collection was of the same order as the time between calibration operations and 

science operations on orbit—both on the order of a few hours. The remainder of these questions are 

addressed in a new subsubsection within “Future work” titled “Calibration variation”. This new 

subsubsection discusses how AERO-VISTA may evaluate effects such as long-term drift and inter-unit 

variability on orbit and also describes why such measurements are not needed for ground-based 

validation of the AERO-VISTA magnetometer hardware and associated calibration method prior to flight 

of the AERO-VISTA mission. 

 

Based on the reviewer’s suggestions, we have inserted two new figures which provide annotated 

pictures of the measurement device and testing setup. 

 

We finally thank the reviewer for their detailed reading which caught several typos and awkward 

wordings which have all been fixed in the new manuscript version. 

RC 1 point-by-point  

switching between nT and micro-T in abstract - suggest stating these in nT to be consistent with the 

sensitivity number given in the first sentence. 

Agreed, the consistent use of nanoTesla makes the abstract more coherent; this change has been 

made. 

 



Why not provide a reference to more recent work specifically with respect to each of the examples given 

e.g., can cite Russell et al., 2016 (MMS), Horbury et al., 2020 (PSP) and Kletzing et al., 2013 (Van Allen 

Probes). 

 

Russell, C.T., Anderson, B.J., Baumjohann, W. et al. The Magnetospheric Multiscale Magnetometers. 

Space Sci Rev 199, 189–256 (2016). https://doi.org/10.1007/s11214-014-0057-3 

 

The Solar Orbiter magnetometer 

T. S.  Horbury, H.  O’Brien, I.  Carrasco Blazquez, M.  Bendyk, P.  Brown, R.  Hudson, V.  Evans, T. M.  

Oddy, C. M.  Carr, T. J.  Beek, E.  Cupido, S.  Bhattacharya, J.-A.  Dominguez, L.  Matthews, V. R.  

Myklebust, B.  Whiteside, S. D.  Bale, W.  Baumjohann, D.  Burgess, V.  Carbone, P.  Cargill, J.  Eastwood, 

G.  Erdös, L.  Fletcher, R.  Forsyth, J.  Giacalone, K.-H.  Glassmeier, M. L.  Goldstein, T.  Hoeksema, M.  

Lockwood, W.  Magnes, M.  Maksimovic, E.  Marsch, W. H.  Matthaeus, N.  Murphy, V. M.  Nakariakov, 

C. J.  Owen, M.  Owens, J.  Rodriguez-Pacheco, I.  Richter, P.  Riley, C. T.  Russell, S.  Schwartz, R.  Vainio, 

M.  Velli, S.  Vennerstrom, R.  Walsh, R. F.  Wimmer-Schweingruber, G.  Zank, D.  Müller, I.  Zouganelis, A. 

P.  Walsh 

A&A 642 A9 (2020) 

DOI: 10.1051/0004-6361/201937257 

 

Kletzing, C. A., W.S. Kurth, M. Acuna, R.J. McDowall, R.B. Torbert, T. Averkamp, D. Bodet, et al. The 

Electric and Magnetic Field Instrument Suite and Integrated Science (EMFISIS) on RBSP, Space Science 

Reviews, 179, (1-4), pp. 127-181, doi: 10.1007/s11214-013-9993-6, Nov. 2013. 

These are excellent suggestions for further reading and have now been cited. 

 

 

Again why not a specific more recent example perhaps from Swarm or Messenger. 

 

Jean-Michel Leger, François Bertrand, Thomas Jager, Matthieu Le Prado, Isabelle Fratter, Jean-Claude 

Lalaurie, 

Swarm Absolute Scalar and Vector Magnetometer Based on Helium 4 Optical Pumping, 

Procedia Chemistry, 

Volume 1, Issue 1, 

2009, 

Pages 634-637, 

ISSN 1876-6196, 

https://doi.org/10.1016/j.proche.2009.07.158. 

We again appreciate the suggested recent reference and it has been included. 

 

Maven? 



 

Connerney, J.E.P., Espley, J., Lawton, P. et al. The MAVEN Magnetic Field Investigation. Space Sci Rev 

195, 257–291 (2015). https://doi.org/10.1007/s11214-015-0169-4 

 

This reference has been added. 

 

Do you know if anyone's done radiation testing on this unit? There is a press release from Honeywell, but not 

sure if the radiation tolerance is due to the packaging or the bare chip? 

https://aerospace.honeywell.com/us/en/about-us/press-release/2021/09/honeywell-qualifies-new-space-

magnetometer-small-satellites 

 

We are not aware of any radiation testing on this unit beyond the successful use of this product family 

of magnetometers on the CINEMA mission in LEO by Archer et al. referenced at the end of this 

paragraph. 

 

What sets this noise limit? The test facility? Calibration/reference magnetometer? Accuracy of test 

equipment? 

This fidelity is dominated by noise in the test magnetometer; the text has been updated to include 

this limitation. 

 

Has this been calibrated by manufacturer or in-house? If done in the last year, this strengthens your 

assumption in Line 80. 

The unit was calibrated by the manufacturer when purchased, but to our knowledge it was not 

calibrated within the one year period recommended by the manufacturer. 

 

Can you provide a photograph of the test set up? 

Yes, an annotated photo is now provided in the manuscript. 

 

Not sure what an "unshielded magnetically controlled room" is? 

How do you achieve near-zero and gradient free test conditions? Do you use a shield can or Helmholtz Coil? 

The test facility uses an array of steel magnets which are periodically magnetized to cancel out static 

component of the environmental magnetic field within a large test volume. This cancellation is most 

complete far from the walls, floor, and ceiling where the individual magnets are observable as a 

magnetic signature. As mentioned in the manuscript, this facility does not have the capacity to adjust for 

changing magnetic fields due to space weather or environmental noise, so there are still time varying 

https://doi.org/10.1007/s11214-015-0169-4


perturbations around zero-field observed. The text of this paragraph has been adjusted to address these 

questions. 

 

Are off-sets stable (e.g., after power cycling is the off-set the same?) 

We did not perform a dedicated investigation into the change of calibration parameters with power 

cycling, though multiple power cycles were performed during the acquisition of the different datasets 

used in final calibration. We have added a new paragraph in the Discussion section to discuss the 

stability of the calibration parameters with time and power cycling. 

Was this repeated? Were multiple runs consistent? 

The results in 2.3.1 are for the total sweep pattern in Figure 1a. We have separately analyzed the data in 

the ascending and descending portions of the sweep and found them to be consistent between the two. 

The application of the calibration to the entire dataset in Section 3.1 somewhat addresses the variability 

of the calibration coefficients between runs, and we have now added a paragraph on the need for a 

dedicated investigation of calibration coefficient repeatability in future work. Note that this discussion in 

future work is combined with addressing the stability of the off-sets in the above reviewer comment. 

 

Any cold testing done? 

We did perform operational tests at cold temperatures (which were passed), but the infrastructure to 

perform cold testing and magnetic characterization testing are mutually exclusive with the resources 

available, so the measurements at cold testing are not included in this work. 

 

Is it safe to deGauss the AMR to test if this is the case? What material is near the sensors that can perm up? 

The internal set/reset coils of the AMR are used periodically throughout all experiments reported in this 

work (including the hysteresis test). We believe the most likely source of this remanent field are the 

small steel connector housings on the Raspberry Pi. We placed the raspberry  Pi ~10 cm away from the 

magnetometers, which mangnetic screening indicated would be sufficient to minimize the effect to 

<100 nT, but it is possible other elements of the configuration unexpectedly amplified the remanence. 

Other potential sources include the nickel plating of the printed circuit board (under magnetometer), 

and through-hole connectors (~2 cm away), or something in else in the test environment. The raspberry 

pi connectors will not be present on the flight model of the magnetometer instrument so this most likely 

source of remanence will be removed. We have added a parenthetical note addressing this question. 

 

How consistent is the behavior from chip to chip? Are there variations in the noise or other calibration 

factors betwen sensors from a give Lot? Also how consistent are the numbers for the same sensor run 

multiple times? 

These are important questions that we cannot answer with the single system evaluated in this work. In 

this work we validated the performance of our design and calibration method through one analysis 



sequence, but the analysis of chip-to-chip variability will need to be studied in future work. Such a 

discussion has been added to the manuscript. 

 

This include the torque rods? Where will the magnetometer be located on the spacecraft (on a boom, surface 

mounted or internal)? 

No this is when the magnetorquers are not firing. As discussed in Section 2.3.4, the magnetorquers 

produce ~150 uT at the magnetometer location, which is within the spacecraft on the opposite side of 

the 6U bus from the magnetorquers. One sentence has been added to address these questions. 

 

Will house keeping be at same sampling rate as magnetometer data? Or is the expectation that just 

knowing the currents in the solar panel at a lower cadence is sufficient to remove effects?  

The housekeeping is not at the same rate as the magnetometer data. We require 1 ms absolute time 

stamp accuracy to allow for synchronization of these different data streams. The expectation is that the 

telemetry rate only needs to be sufficient to capture the variability of the associated parameter. We 

have added a brief discussion to section 3.3.1 to address these questions. 

 

 

 

  



Response to the RC #2 for manuscript EGUSPHERE-2023-588 with title “Verification 

and Calibration of a Commercial Anisotropic Magnetoresistive Magnetometer by 

Multivariate Non-linear Regression” by Belsten et al. 

We thank the reviewer for their insightful comments and questions on the manuscript. Thanks to the 

reviewer, the new version of the manuscript is much improved, particularly in references to previous 

works and in discussion of the limitations of our available calibration data. 

In our references to work by Archer et al. and the other attitude independent calibration papers we 

more carefully alert the reader to the important differences between the attitude independent methods 

and our method which requires external attitude knowledge. We have provided a new paragraph 

explaining the AERO-VISTA magnetic sensor concept of operations to make this distinction clearer. We 

have significantly increased the explanation of our proposed calibration model to aid readers. 

We agree with the reviewer’s comments which discuss the various limitations of our data collection 

methods. In the new version of the manuscript we more clearly explain that the intended scope of the 

work is a verification of hardware and calibration methodology and not the derivation of calibration 

parameters which will be used on orbit. The new version of the manuscript discusses the intended scope 

earlier in the motivation section and collects the limitations together into a new subsection (3.2 in the 

new version). In the discussion section we describe why, despite these limitations, the successful fitting 

of the x-axis of the magnetometer indicates that the pairing of instrument and model meets RMS error 

requirements and why the x-axis results are generalizable to the y- and z-axes. 

 

Below is our response (in blue) to the issues raised in the review (printed in italics). 

 

Specific Comments 

 

p. 2, Subsection 1.3 

 The concept of magnetometer calibration, the conditions of its operation on the satellites AERO and 

VISTA, and the requirements for measurement accuracy are not entirely clear. For example, from 

paragraph 1.3 a reader may conclude that a magnetometer calibrated on the ground should provide a 

measurement accuracy of 100 nT. On the other hand, from the information in sections 3.2, 3.3 and 4 (“In 

orbit, AERO and VISTA will gather calibration data at low latitudes using a global magnetic map as a 

reference source. The regression parameters will be used to achieve the desired accuracy in the science 

gathering region near Earth's aurora.”) it is unequivocally stated that the instrument is supposed to be 

calibrated in orbit. 

The AERO and VISTA magnetometers will be calibrated on orbit. It is not required that any calibration 

parameters derived on the ground still be applicable on orbit. However, it is important to perform 

ground-based performance verification prior to launch. Our manuscript addresses performance 

verification on the ground by applying our proposed calibration method to data collected on the ground. 



We thank the reviewer for pointing out the confusion introduced by delaying discussion of AERO-VISTA 

operations until later in the manuscript and we have added a new paragraph to section 1.3 to further 

explain the use of magnetometers during the AERO-VISTA mission. This new paragraph also explains 

that the intended scope of this manuscript is to verify the performance of the AERO-VISTA 

magnetometer hardware together with calibration method, not a derivation of calibration parameters 

to be used on orbit. 

First, under what conditions (temperature range and field measurement range) is it necessary to ensure 

a measurement accuracy of 100 nT? The value of 100 nT itself refers to the modulus of the field or to 

each component, 100 nT - is this the maximum or root mean square value? Secondly, if in-orbit 

calibration by the proposed method is supposed, how will this be done? The method compares the 

readings of the components of the tested and the reference magnetometer, and not the field module, as 

is done, for example, in the attitude-independent calibration method in the 1 paper by Archer et al. In 

addition to the position in orbit and, accordingly, the values of the field components according to IGRF or 

other global magnetic model, it is necessary to know the orientation of the spacecraft in order to 

recalculate the magnetic field components in the satellite coordinate system. After all, there will not be a 

reference magnetometer there, right? 

The requirement is for 100 nT root mean square accuracy over the range of conditions encountered 

during science operations on orbit. Thermal analysis indicates this will range from about 0 C to 40 C, but 

these bounds could change under different modes of operation. For this work we demonstrated fit RMS 

errors within requirements when perturbed in temperature by ~35 Celsius, therefore demonstrating 

calibration under temperature. As pointed out by Reviewer 1, it would be ideal to perform additional 

calibration testing at cold temperatures (and under vacuum) but it is not possible to simultaneously 

perform magnetic characterization testing and cold + vacuum testing with the resources available to our 

CubeSat project. 

The range of fields during measurement is set by Earth’s magnetic field—assumed to range ± 50 uT over 

all axes. The magnetometer will experience 150 uT fields during spacecraft magnetorquer operation 

(between scientific observations), which determined the measurement range for the hysteresis testing 

in section 2.3.4. 

In addressing the earlier question about collection of calibration data on orbit we have expanded 

Section 1.3 to include the concept of operations (ConOps) of our magnetic sensor calibration. In this 

new paragraph we clearly state that the spacecraft star tracker will be used as a reference source and 

therefore our magnetometer calibration method is not attitude independent like the work in Archer et 

al. We thank the author for noting this point of confusion and believe that the explicit categorization of 

our calibration as not-attitude-independent addresses these questions. 

 

p. 3, Subsection 1.4 

“The work by Archer et al. fits calibration coefficients for gain, offset, and angular position using on-orbit 

magnetometer data and the IGRF as a reference.” In fact, Archer et al. estimated also temperature 

coefficients of gain and offset, at least for the outboard magnetometer. 



We thank the reviewer for catching this oversight. Our measurement equation only differs from the 

measurement equation of Archer et al. in the characterization of temperature dependence of the cross-

axis terms, although the fit methods differ due to our access to independent attitude knowledge, and 

therefore a reference magnetic vector. This has been updated in text.  

p. 3, Subsection 2.1  

“A 3D printed mechanical mount for the EDU constrains the DUT in space at about 1 cm distance to the 

reference magnetometer (a Meda FVM400).” Is there no mutual interference of the sensors with such a 

small distance between them? 

Magnetic screening was performed on all elements of the test and reference magnetometer to estimate 

the necessary distance to avoid coupling observable within our measurement sensitivity. Additionally, 

any coupling which is constant with time will be calibrated out as an offset so the verification of 

calibration performance is still valid; this is discussed in the new Section 1.5. The relatively short 

distance of 1 cm was chosen to retain good field uniformity within the Helmholtz pair used for ground-

based testing. We have included this concern in the new “limitations” section of the results. 

p. 4, Subsection 2.3  

“Cross-axis coupling” The cross-axis effect in magnetic sensors is “a change in sensitivity based on the 

applied in the transverse, or cross-axis, direction”. 

(https://aerospace.honeywell.com/content/dam/aerobt/en/documents/learn/products/sensors/applicat 

ion-notes/AN205_Magnetic_Sensor_Cross-Axis_Effect.pdf). The response of the sensor is non-linear in 

respect to the applied transverse signal. The calibration model (Eq. 1) does not take into account this 

non-linear effect, in my opinion. The parameter “cross-axis coupling” may be misunderstood by a reader 

as the cross-axis effect. It would be useful to clarify the meaning of this parameter. 

We thank the reviewer for identifying this potential point of confusion. The calibration model (Eq. 1) 

does not take into account the gain variability caused by the “cross-axis effect” identified in Honeywell 

application note AN205 and is instead intended to address both non-orthogonality and instrument 

misalignment with the reference axis. These terms also account for soft iron errors. We have renamed 

this parameter ‘off-axis coupling’ instead of ‘cross-axis coupling’ throughout the paper to reduce 

confusion. Thanks to the reviewer’s suggestion we also have added the cross-axis effect as a potential 

calibration extension in the future work section with a citation to the Honeywell application note. 

p. 8, Subsection 2.3.4 

“Given that both magnetometers reported similar hysteresis effects, the source of the hysteresis is likely 

magnetization of material near both magnetometers and not an effect inherent to either magnetometer 

alone.” This is an important issue, if there is an object near magnetometers, which disturbs the 

calibration field. Would not such an object introduce distortions into the results of other tests? 

This would be problematic if we were trying to derive calibration coefficients on the ground to be used 

on orbit because the change in magnetization environment would change the readings from the 

magnetometer. As we have now clarified, the point of this work is to evaluate the accuracy of the 

magnetic sensing instrument with an associated calibration method, not to derive these parameters on 

the ground for use in orbit. That the hysteresis is nearly equally present in both magnetometers 



indicates that this is a magnetic cleanliness issue that will need to be addressed in implementation of 

the flight models. The hysteresis that is attributable to the test magnetometer itself is the difference 

between the test and reference magnetometers, and this magnitude is within our accuracy 

requirement.  

In response to a comment from Reviewer 1 we have added a comment about the possible sources of the 

larger hysteresis effect seen in both magnetometers (namely Raspberry Pi connector housings). We 

additionally have added the following explanation to the end of subsection 2.3.4: “The 50 nT difference 

in hysteresis between test and reference magnetometer is attributable either to a gradient in the 

magnetic field caused by the source of interference, or is inherent to our magnetometer instrument, or 

some combination of both. Given that our requirement is 100 nT, we consider this to be acceptably low 

sensor hysteresis even if all is attributable to instrument effects.” 

The implementation of magnetic cleanliness for AERO-VISTA is outside the scope of this work focusing 

on the sensor, but we have updated the manuscript to refer readers to prior work on the project that 

discusses magnetic cleanliness efforts. 

p. 10, Section 3 

 “This work extends the calibration equation reported in work by Archer et al. (2015) (Eq. 1) by including 

parameters for linear drift of all gain and offset parameters with temperature.” The calibration equation 

presented in Archer et al. (2015) differs significantly from the one proposed in this paper. First, Archer et 

al. used the reference signal as an independent variables (or predictors) and the magnetometer data as a 

dependent variables (or response variables). The present paper uses the instrument magnetic and 

temperature data as predictors and the reference magnetometer data as response variables. In some 

cases, errors in the independent variables (predictors) can lead to biased parameter estimates. 

Second, Archer et al. evaluated the set of calibration parameters that minimizes the square difference of 

the field magnitude. This makes their calibration method attitude-independent – the knowledge of the 

satellite orientation is not necessary. In the present work, three subsets of calibration parameters are 

evaluated, each minimizing the difference of one of the three magnetic field components. 

And finally, Archer et al. also included in their model temperature dependence of the magnetometer 

gains and zero offsets: “Therefore, we subsequently applied a temperature-dependent calibration to the 

science mode data to account for the large temperature drift during this interval. This was achieved by 

modifying the attitude-independent procedure, requiring a linear relationship of the offsets and gains 

with the temperature measured by the thermistor at each time, e.g. Ox(t) = cx T(t) + dx , where Ox(t) is 

now a time-varying magnetometer offset, T(t) is the temperature measured by the thermistor and cx 

and dx are the constants estimated through the iterative calibration procedure.” 

We have used the work by Archer et al. as a initial guide for the fit measurement equation, namely 

incorporating the use of a sensitivity matrix and offset vector. We thank the reviewer for pointing out 

the important differences between our calibration method and that of Archer et al. and we have 

significantly edited and expanded our explanation of the magnetometer calibration equation to help 

clarify this for the reader. In the new version of the manuscript we begin with the basic matrix sensitivity 

and offset vector with the actual field as the predictor, as is done in Archer et al. and several other 

references. In this work, we also include a discussion of other effects such as nonorthogonality, 



misalignment, and soft iron effects which are parameterized by the matrix equation. We then rearrange 

the equation such that the predictors are the measured magnetic field and temperature and the 

independent variables are the reference magnetic field. 

We have experimented with using the reference as a predictor and the measured field as a response, as 

well as evaluated the RMS fit error when using the measured as a predictor and reference as the 

response. When we rearrange the parameterized model fit with the reference as the predictor, we 

achieve much worse prediction of the reference field (biased estimates on the order of 2 uT). The 

reference field is what we care about for this work so we have chosen to use the reference field as the 

response and the measured as the predictor. 

p. 11, Subsection 3.1 

“The K Syy term is also anomalously large at -0.052 as compared to less than magnitude 0.01 for all 

other sensitivity terms. … This shows a that lack of characteristic calibration data can cause overfitting 

due to degeneracy of the fit to the available data.” Does it mean that the estimated value (-0.052) of the 

K Syy term is wrong? If yes, why the data set was not expanded till the level sufficient to properly 

estimate all calibration parameters? For example, temperature experiments can be done so that the Y 

probe and then the Z probe are parallel to the axis of the calibration coils. If the proposed calibration 

method is so sensitive to the nature of the data, it is necessary to perform some preliminary operations in 

order to assess the applicability of the method. By the way, Archer et al. estimated how uniform the data 

covers of the attitude sphere in order to reliably extract calibration parameters. If a magnetometer 

actually has a scale factor temperature coefficient of 5%/°C, then it is unlikely that such an instrument 

can measure a 50,000 nT magnetic field with an accuracy of 100 nT (0.2% of full scale in another 

formulation). 

Yes, we agree with the reviewer that this does mean that there was insufficient data to properly fit the 

KSyy. In this paper, we aim to utilize data collected on the ground to verify the performance of our 

magnetic sensing hardware and proposed calibration method. To achieve this verification we exposed 

the magnetometer to a range of magnetic fields and temperatures, but did not include every possible 

combination of magnetic field and temperature. As the reviewer points out, temperature experiments 

with the magnetic coil along the y probe and z probe would likely yield the necessary data to better fit 

the KSyy (and KSzz) terms. Infrastructure for magnetic testing of satellite hardware is expensive and 

difficult to access for resource-constrained missions such as the AERO-VISTA CubeSats, so during 

experimentation we focused on validating the method by applying temperature perturbations with the 

applied field along only one axis. We are making an assumption that the successful calibration of one 

axis during temperature deviations indicates that all three axes can be similarly calibrated. 

To address this comment, we have first explained in more detail in the motivation that the intent of this 

work is validation of performance of a combination of hardware and calibration methods, not the 

derivation of final parameters to be used on orbit. Additionally, we have more thoroughly explained the 

need for uniform data coverage on orbit in the discussion with an expanded explanation of the work by 

Archer et al. Finally, we have created a new subsection in the conclusion entitled “Limitations” which 

addresses these issues. 

 



p. 13, Section 4  

“This experiment has simultaneously validated the magnetometer design and calibration method for use 

on the AERO-VISTA mission” In my opinion, the results presented in the manuscript are not sufficient to 

draw the above conclusions. 3 The magnetometer calibration parameters had not been validated by 

applying them to other datasets. There are doubts about the accuracy of estimating the calibration 

parameters KSyy, Oz , and KOz. The applicability of the calibration method to processing on-orbit data is 

not clear without understanding how the reference magnetic field values derived from global magnetic 

models will be transformed to the satellite coordinate frame. 

We believe that the low residual fit error in the x-axis in particular is a positive result that verifies that 

the magnetometer can be calibrated to the level of RMS error performance required for the mission. We 

agree with the reviewer that the parameters estimated from our limited dataset would not perform well 

on a uniform dataset like that acquired on orbit. Given the limitations in our dataset, we have clarified in 

the conclusion that the positive result is only a verification of calibration capability over varying 

environmental conditions, not a successful calibration of the entire magnetometer. In particular we 

acknowledge that that y-axis and z-axis terms are not well fit due to a lack of characteristic data, but the 

calibration of the X-axis, which did undergo temperature excursion, is proof that the physical processes 

that lead to the errors discussed can be calibrated with the proposed method. We have strengthened 

this argument by pointing out that each predicted value is dependent on its own subset of parameters, 

independent of the other parameters. Therefore, we do believe that we have achieved characteristic 

calibration of the x-axis to within the fidelity of our data gathering methods. We include the limitations 

imposed by our dataset and measurement methods in the new “Limitations” subsection. 

 

Technical Corrections 

p. 1, Abstract “...multivariate non-linear regression using a 27 parameter measurement equation” 

p. 10, Section 3 “...9-element model...” I counted only 24 calibration parameters estimated by the 

method of multivariate non-linear regression. They are 9 elements of the matrix S, 9 elements of the 

matrix KS, 3 elements of the vector O and 3 elements of the vector KO. 9+9+3+3=24. A subset of 8 

calibration parameters is evaluated at each of the three executions of the MATLAB fitnlm function. 

We thank the reviewer for this correction. It is indeed an 8-element model for each axis for 24 

parameters in total. This has been corrected throughout the manuscript. 

p. 7, Subsection 2.3.3  

“The measured fields over temperature are reported in Figure 3. The linear fit to the X-axis data pictured 

derives a linear temperature coefficient of 4.37 nT per degree C.” In my perception of Figure 3, X 

component was drifting at -4600 nT over a temperature range of 34 Celsius, so the linear temperature 

coefficient is -135 nT/°C. 

We thank the reviewer for catching this error; the correct linear fit slope is -140. nT/°C. 

 

 



p. 8, Figure 3 

The temperature varies in the range 33 – 73 K (Kelvin) , whereas in the subsection 2.3.3 we read “the 

DUT was heated to about 65 Celsius and allowed to cool to steady state—approximately a 30 degree 

Celsius temperature range...”. 

This figure mistakenly labeled the x-axis in Kelvin instead of degrees °C and has been corrected. 

Additionally, while the unit was heated to 73 °C as indicated in the figure, we only apply the liner fit 

starting at 65 °C to allow several seconds for thermal gradients from the heating process to even out. 

We have adjusted the range of Figure 3 (Figure 4 in the new manuscript version) to be consistent with 

the text discussion. 

p. 11, Table 7 

“Derived regression coefficients. Units of °C and μT” In my opinion, if units of Bact and Bmeas is μT, then 

S has to be dimensionless, KS – 1/°C, O – μT, KO – μT/°C, RMSE – μT. Thus, only terms O and RMSE have 

unit of μT, units of all other coefficients are neither °C, nor μT. If units of Bact is μT and Bmeas is 

dimensionless, then S has to be μT, KS – μT/°C, O – μT, KO – μT/°C, RMSE – μT. Thus, none of the 

coefficients has a unit of °C. 

We agree with the reviewer that it is much clearer to indicate the actual units of the regression 

coefficients and not the units of the predictor variables. We have added a column to Table 6 with the 

units of the fit coefficients and removed the confusing units from the Table 7 caption. 

 


