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Spacecraft Magnetic Cleanliness Analysis Software 

 
Introduction                        
 

DC-Magnetic Cleanliness of a spacecraft is required in the following cases: 
 

¶ Earth and interplanetary science missions carrying magnetometers like 

                      

                                                                                                                                                  

¶ missions where the AOCS lifetime or experiment functions are influenced by the magnetic properties 

of the spacecraft. 
 

For interplanetary missions we have to consider that: 

 

1. the interplanetary field is typically 0.1 - 20 nT between Pluto and Mercury, 

2. measurements on the ground (earth field ~ 50000 nT) are only possible, for instance, in Coil Systems,     

3. large facilities achieve a zero drift stability in the order of 0.1 - 0.3 nT and a volume of homogeneity of      

ʊ=3-4m, 

4. S/C with deployed magnetometer booms do not fit in this volume, 

5. typical DC-Magnetic Cleanliness Specifications are in the order of  0.1 < bSpec < 1.0 nT 
(Ulysses: 0.1 nT,  Cluster: 0.25 nT) at the magnetometer or other specification point, 

6. hence the verification of the magnetic cleanliness specification bspec by direct measurements is not possible, 
7. a work-around in form of near-field measurements close to the spacecraft and numerical modeling is 

therefore necessary in order to achieve the verification of the cleanliness specification of the spacecraft.  

GAMAG  
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In order to solve this problem, the following concept had been successfully applied in the past (Fig.1): 
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The modeling method implemented is based 

on the classical postulate:  

 

   

 
 

 

The optimization of the Multiple Dipole 

Model (MDM) consists in finding individual 

dipole positions and moments that lead to a 

best fit of the field measurements (see Fig.2 

red vs. yellow). 

 
Thereupon, the field configuration around the 

test object, outside the measurement 

distance, can be calculated, in particular the 

field bSP at the Specification Point.                                                                    

 

 

 

Fig.2  Example of Rotational Field Data Fit 
(measurements = red dots, model = yellow lines )  

 

1. Map the spacecraft field configuration 

at close distance                              

(Signal-to-Noise-Ratio SNR > 10)  

2. Derive the magnetic potential model 

(dipoles, green) from the field 

measurements (black). 

3. Calculate the field bSP                                 

at the Specification Point.                           

4. If ƅbSPƅ> bSpec  

then compensate bSP 

by use of magnets  

in order to get the magnetometer 

into his lower range. 

 

 

5.  

 

bSP 

Fig.1  Concept
 

 

Any magnetic object can be 

represented  by dipoles 
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Practical Problems  

In theory, the magnetic potential of an object is uniquely defined if an infinity of field data on a closed 

surface around the object is available (Fig.3).  

 

In practice, technical and 

economical constraints 

allow only a relatively 

small number of field 

measurements like       Č 

Rotational Measurements 

with up to 5 tri-axial 

probes and rotational 

steps of 10o. The lack of 

coverage is quite evident, 

(Fig.4). 

 

 

 

Thus a far-reaching consequence of the sparse 

coverage is that there exists no unique MDM solution.  

In fact, it is possible to generate an undetermined 

number of best-fit solutions, leading to pathological 

field estimates bSP.  

Even when constraining the dipole positions to the test 

ƻōƧŜŎǘΩǎ ǾƻƭǳƳŜ (boundary constraints), it is still 

possible to obtain an arbitrary number of constraint-

compatible best-fit (CBF) solutions associated with a 

considerable scatter of the bSP field (bSP-Scatter, Fig.5). 

The best one can do is then to check the cleanliness 

specification against the mean+3̀ value of bSP. It turns 

out that the 3̀  value is a direct function of the density 

and the symmetry of the coverage. It is therefore of 

utmost importance to optimize the probe configuration 

of the test-setup.  

 

A particular difficult task is finding a suitable initial guess of the number and positions of the dipoles.  

Trial- and-error had been the only way to generate acceptable solutions. 

 

During the MDM optimization numerical problems can arise when 2 dipoles tend to occupy the same 
position, resulting in the stagnation of the convergence process. The introduction of suitable collision 
constraints can avoid this problem. 
 

 

Fig.5  Example of bSP-Scatter 

 

Fig.1 

Fig.4  Coverage (Example Cluster) 

 

Fig.3  Dense coverage (1
o
) 
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NLP solvers like the one used in the ESA MAGNET software, can cope neither with boundary nor with 

collision constraints. CBF solutions could be generated with MAGNET only in very cumbersome trial-and-

error sessions, requiring expert users. 

 

Fig 6. shows the RMS of field 

residues (called fit -function) over 2 

dipole position parameters pi and pk. 

The task is thus to find the minimum 

of the fit function. This part of the 2-

dimensional topology contains 3 

local minima where the iterations 

stop, depending on the starting 

point. Accordingly there are 3 good 

solutions leading to 3 values of bsp.  

 

In the past, when a CBF solution was 

found, still no information about the 

precision of the field estimate bSP 

was available. Additional runs with 

different starting points had then to 

be carried out, leading to a small set 

of bSP scatter data for statistical 

analysis.  

This took quite some time. 

 

 

For these reasons a precise on-line compensation, which is directly derived from these bSP data, has 

always been problematic.  

 

This situation has changed considerably with the introduction of the  GAMAG   software. 

Fig.6  Iterations on complex topology 
 

 


