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The advantages and disadvantages of using several types of magnetic sensors to design vector magnetometer will be discussed in 
this paper. Three developed versions of vector magnetometers with AMRs (anisotropic magnetoresistors), ring-core fluxgate 
(Aschenbrenner-Goubau type) and PCB fluxgate sensors will be presented as well as the calibration technique, achieved accuracy 
and performance of the magnetometer during calculation of scalar magnetic field. The individual requirements for power consump-
tion are also discussed in this paper. 
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1  INTRODUCTION 

 
 

There are several types of commercially produced 
magnetometers. We should differ two main groups of 
magnetometers – scalar and vector magnetometers. Scalar 
magnetometers measure only the total value of magnetic 
field (Overhauser, cesium vapor, potassium vapor, rubid-
ium vapor, proton magnetometer) [1]. The output of scalar 
magnetometers is only one value. The second group con-
tains vector magnetometers (with fluxgate, AMR or mag-
neto impedance sensors). Vector magnetometers usually 
consist of three or more magnetic sensors and prove 
measurement of magnetic field vector components [1]. 

The most common used portable scalar magnetometers 
are Overhauser effect proton magnetometer, proton pre-
cession magnetometers and optically pumped magnetome-
ters. The accuracy of scalar magnetometers differs from 
3 nT to 0.05 nT. The disadvantages of scalar magnetome-
ters are high power consumption (some of them need to be 
warmed up before the operation), limitation for minimal 
detectable field (signal deterioration in low magnetic 
fields bellow 20 µT), dead zones (in case of proton mag-
netometers), high dimensions, weight and price. These 
facts lead to development of vector magnetometers that 
consist of several magnetic sensors [1]. 

There are a lot of possible magnetic sensors that could 
be used for vector magnetometer: anisotropic magnetore-
sitors AMR, magneto impedance sensors, hall sensors, 
small PCB fluxgate sensors or traditional ring-core flux-
gate sensors [2-4]. Although the accuracy of vector mag-
netometer is lower in comparison to scalar magnetometers 
it enables to use the advantage of vector reading in elec-
tronic compasses [2] or vector gradiometers [3], it enables 
to use small low power magnetometers with component 
reading instead of bulky high power consuming scalar 
magnetometer. There are many applications where the 
accuracy in the order of 100 nT is acceptable. 

 
 
 

2  DEVELOPED VECTOR MAGNETOMETERS 
 
 

Three developed and verified vector magnetometers 
with different sensors are presented in this paper including 

their performance during scalar field calculation. The sen-
sors used in developed magnetometers are shown in fig-
ure 1.  

The first magnetometer uses two AMR sensors 
(HMC1001 single axis and HMC1002 – dual axis, figure 
1-A) to calculate the total value of magnetic field vector. 
The dimensions of the tri axial AMR probe are 45 x 28 x 
8 mm. The output of the AMR sensor is directly con-
nected to the differential input of a delta-sigma AD con-
verter. The AMR sensors are equipped with flipping coils 
and a compensation coil. In the developed design the 
compensation coils are not used because of lower power 
consumption of the device. DC current flows to the sen-
sors and SET-RESET flipping pulses are used to set the 
sensors to the defined condition. The excitation power for 
a single AMR sensor is 80 mW (resistance of the AMR 
bridge 800 Ohm, current 10 mA). 
 

 
 

Fig. 1. Used sensors (A – AMR sensors HMC1001-2, B – Fluxgate 
sensor made by printed circuit board technology, C - traditional fluxgate 

sensor with ring core) 
 
 

The second developed magnetometer with PCB flux-
gate sensors uses three PCB fluxgate sensors (Fig. 1-B) 
and more complicated electronics [4]. The dimensions of 
the tri axial PCB fluxgate probe are 45x36x36 mm. The 
racetrack core is excited by current pulses (10 kHz, 300 
mA p-p, 7µs). The equivalent excitation power for each of 
three PCB fluxgate sensors is 5 mW excluding the com-
pensation current. The second harmonic of the excitation 
frequency is evaluated and appropriate DC current is lead 
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to the pick-up and compensation coil in order to compen-
sate the measured magnetic field.  

The third developed and verified magnetometer uses 
three traditional large ring-core fluxgate sensors (Fig 1-C, 
core diameter 26 mm). The dimensions of the tri axial 
fluxgate probe are 45 x 45 x 120 mm. The excitation coils 
of all three sensors are connected in series. The fluxgates 
are excited by the sine wave signal 7 kHz, 3 A p-p. The 
total equivalent excitation power for the triaxial probe is 
0.3 W.  

 
 

 

3  COMPENSATION POWER 
 
 

When the portable vector magnetometer is designed 
the requirements for low power consumption have to be 
taken in mind. Both fluxgate sensors are used in feed-back 
compensation mode. The necessary power to compensate 
the measured magnetic field measured by the tri axial 
probe could be derived from equation (1) below, where P 
is total compensation power, I is DC current flown in 
compensation coil of a single sensor, R is the resistance of 
the compensating coil in series with the sensing resistor, k 
is a constant of the compensating coil (nT/mA), Hx, Hy, Hz 
are components of the measured magnetic field with the 
total intensity H. 
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As it could be seen from the equation above, the total 
power needed for constant field compensation is also con-
stant and doesn’t depend on the position of the tri axial 
probe regarding the measured magnetic field vector. The 
compensation and excitation power excluding the evalua-
tion electronics is summarized in tab 1. for the case of the 
Earth’s magnetic field (Prague, Czech Republic 
|H|=48565nT). 

 
 

Table 1: Compensation and excitation power 

 
 
 

4  SCALAR CALIBRATION 
 
 

The vector magnetometers are often used to calculate 
the total field vector |H| from the measured vector compo-
nents Hx, Hy, Hz  according to equation 2.  
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Scalar calibration is used to calculate the real individ-
ual offsets, sensitivities and angles between the sensors. 

The sensor imperfections are mathematically corrected 
after successful scalar calibration. The scalar calibration is 
described in detail in [3] and has been used for all three 
presented magnetometers. Magnetometer data are ac-
quired in random positions of the magnetometer with re-
spect to the measured magnetic field vector. Data acquisi-
tion has to be performed in homogenous magnetic field. 
Offsets, sensitivities and angles are then calculated using 
iteration algorithm. The accuracy improvement after sca-
lar calibration is shown in figure 2.  
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Fig. 2. Calculated total magnetic field from measured components Hx, 
Hy, Hz before and after scalar calibration (PCB fluxgate magnetometer, 

1000 samples collected in random positions of the magnetometer). 
 
 
 

 

5  EXPERIMENTS 
 
 
 

In order to be able to compare the performance of devel-
oped vector magnetometers to each other and to the scalar 
magnetometers the developed magnetometers were tested 
in homogenous Earth magnetic field in random positions 
and the total field value |H| was calculated using equation 
(2). The results of scalar calibration were applied to com-
pensate sensors imperfections. The results are presented in 
Fig. 3. to Fig. 5. The standard deviation of the total field 
value was estimated and also the corresponding maximum 
error was calculated. The results for all three presented 
vector magnetometers are summarized in the Tab 2.  

 

Calculated total field - AMR vector magnetometer
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Fig. 3. Total magnetic field value |H| calculated from the components 
Hx, Hy, Hz - AMR magnetometer  

(1000 samples) 
 

 k 
(mA/µT) 

R 
(Ω) 

Pcompensation 
(mW) 

Pexcitation 
(mW) 

AMR 
magnetometer 

− − 0 240 

PCB fluxgate 
magnetometer 

0.8 101 160 15 

Ring core fluxgate 
magnetometer 

0.012 10000 3.6 300 
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Calculated total field - PCB fluxgate vector magnetometer
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Fig. 4. Total magnetic field value |H| calculated from the compo-
nents Hx, Hy, Hz - PCB fluxgate magnetometer (680 samples) 

 

Calculated total field - Ring-core fluxgate vector magnetometer
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Fig. 5. Total magnetic field value |H| calculated from the compo-
nents Hx, Hy, Hz - Ring-core fluxgate magnetometer (890 samples) 

 
 

Table 2: Accuracy of developed magnetometers 
 RMS error in 

total field calcu-
lation (nT) 

Maximal error in 
total field calculation 

(nT) 
AMR magnetometer 34 ±70 
PCB fluxgate magne-
tometer 

20 ±50 

Ring core fluxgate 
magnetometer 

7 ±20 

 

5  CONCLUSION 
 
 

It could be seen from the results that the AMR vector 
magnetometer has the worst accuracy and could be used 
for detection of strong magnetic fields caused by DC trac-
tion or permanent magnets. More accurate results were 
achieved by the magnetometer with PCB fluxgates. The 
best results were achieved by the ring-core fluxgate mag-
netometer. It could be used for measuring of the Earth’s 
magnetic field and its strong anomalies. The power con-
sumption of all three verified magnetometers doesn’t 
cause any limitation in their use and is approximately the 
same. 
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