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Introduction 
 

Anisotropic magnetoresistive (AMR) sensors are 
widely used in different applications [1, 2] for detection of 
the Earth or other objects magnetic field weak changes. 
AMR sensor can be used to measure DC and AC current 
by sensing the field near the conductor in a contactless way 
[3] or vehicle predictive crash detection [4]. These sensors 
are very sensitive to temperature changes [5] and parasitic 
magnetic fields. This raises the natural question – what 
influence makes components of embedded system to AMR 
sensor? All components of the system that can be 
magnetized or produces magnetic field has influence on 
sensor. That could be controller, inductors of DC/DC 
converter, LED drivers (Fig. 1), data buss, power wires and 
etc. Even though most of the modern controllers and AMR 
sensors require little current, but network of 100 units may 
consume 3 to 10 A. 

Magnetic field sensor attached to active network 
(RS485 buss) was chosen for modeling. Sensors are 
connected to a single power supply wire (in series). 
 

 
Fig. 1. Embedded system with AMR sensor. PCB layout 
 

The  Finite  Element  Method  (FEM)  using   Comsol  

Multiphysics is widely used for modeling of magnetic and 
electric fields. This method was used for Simulations of 
LED driver inductors and DC/DC power converter 
inductor, Calculations of power and RS486 line magnetic 
field flux. These coils and lines were modeled in 3D using 
the AC/DC Module-Statics and Magnetic of Comsol. We 
made a magnetic static analysis to generate a magnetic flux 
density in environment of coils and lines.  
 The governing equation for modeling of inductors 
and lines under steady state conditions is [6]: 
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where σ is the electric conductivity, V is the voltage 
throughout the model, and A is the magnetic vector 
potential, which defines B, the magnetic flux density. 
Equation (1) is shown under the assumption that there is no 
bulk motion and all current flow is excited via the 
boundaries. All domain settings are specified via the 
Materials branch, so only boundary conditions need to be 
applied.  
 
Modeling of inductors 
 

Models for two types of inductors were created – 
open and closed core (Fig. 2).  
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b) 

Fig. 2. Comsol models of inductors: a) open core; b) closed core 
 
 Initial parameters of models are presented in Table 1. 
 
Table 1. Initial parameters of models 

Parameter Closed core Open core 

Number of windings 26 83 
Current 1 A 1 A 
Coil thickness 1.3 mm 1.3 mm 
Coil height 4.2 mm 4.2 mm 
Core diameter 7 mm 7 mm 
Inductance 332 H 335 H 

 
 Modeling results are presented in Fig. 3 and Fig.4. 
 

 
Fig. 3. Closed core inductor magnetic field magnitude (Comsol 
simulation)  

 

 
Fig. 4. LED inductors magnetic field magnitude versus distance 
(Comsol simulation data) 

These figures show that in open core inductors case, 
in 90 mm distance there is 90 mGauss magnetic field 
magnitude, which is around 10% of Earth magnetic field 
magnitude. Using closed core inductors, magnetic field 
magnitude in the further zone is 10 times less than in an 
open core inductor case. 

 
Power and RS485 line modeling 
 

Power and RS485 lines are designed with 6.5 mm gap 
between each other. Their parameters are presented in 
Table 2. Models of PCB traces are shown in Fig. 5. 

 
Table 2. Initial parameters of models 

Parameter Power RS485 

Current 3 A 0.5 A 
Conductor thickness 0.05 mm 0.05 mm 
Conductor width 1 mm 1 mm 
PCB thickness 1.6 mm 1.6 mm 
Line width 5 mm 5 mm 

 

 
a)        b)        

Fig. 5. Comsol models of PCB traces: a) RS485; b) power line 
 

It can be seen that 5 mm gap between conductors of 
lines are not optimal considering inducted magnetic field. 
However, the connections used in construction 
(MULTICOMP - PA001-2 - TERMINAL BLOCK, PCB, 
2WAY, VERTICAL) have the step of 5 mm and another 
gap is impossible in this case. 
 

 
 

Fig. 6. RS485 and power line magnetic field magnitude (Comsol 
simulation) 
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Fig. 7. Twisted in center RS485 & Power line magnetic field 
magnitude. Y-Z plane, Z=1.5 mm 
 
 

 
 

Fig. 8. Twisted in center RS485 & Power line magnetic field 
magnitude. X-Z plane, Z=1.5 mm 
 

The results show that in the case of twisted power 
line, the influence of current can be reduced up to 1000 
times in the line center, and up to 10 times in a 40–50 mm 
distance. Therefore, it can be seen from Fig.7 that in a 
distance of 50 mm or more the influence of twisting is 
minimal and highest influence to magnetic field strength is 
made by the separation of wires. 
 

Experimental investigation 
 

The magnetic field probe (Fig. 9) and data acquisition 
device using ATMEL microcontroller AT90USB1287 
(Fig. 10) were designed and produced for experiments.  

Data acquisition device was connected to laptop by 
USB. The data from magnetic field sensor were captured 
to file using created software. This software allowed 
recording the data of sensors in set frequency (from 10 
times per second up to once a day). The probe was 
positioned above PCB components (inductors, data and 
power lines). 

 

 
Fig. 9. Magnetic field probe (HMC1022) 
  

During the experiment it was observed that inductor 
of LED’s driver induces strong permanent magnetic field 
proportional to LED’s current and weak alternating 
magnetic field. 

While testing the constructions from other 
manufacturers it was noticed alternating magnetic field 
component with less than 2 % intensity from permanent 
magnetic field strength. This allows simplifying the 
experiment and enables using 0.1 Hz frequency of 
stimulation and permanent field measurement. 

The influence of inducted magnetic field components 
was estimated by coefficient K 
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where xB , yB zB  – measured instantaneous values of 

magnetic induction; 0xB , 0yB , 0zB  – values of magnetic 
induction when PCB power is switched off. During the 
experiment the current LED’s driver was 150 mA, RS485 
0.3 A, power supply current 0.3 A. 
 It was determined that minimal gap between the 
inductor without a shield and the sensor should be more 
than 60–70 mm (Fig. 11). 

 

 
Fig. 10. Schematics of sensor sensitivity measurement setup 
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Fig. 11. LED driver inductor without shielding magnetic field 
magnitude, distance 30 mm and 60 mm from sensor 
 

Power lines (width of the wire 1 mm, gap between 
the wires 2.25 mm) were stimulated by 0.1 Hz, 300 mA 
impulses. The obtained results show that the current in 
power wires (as well as in the case of modeling using 
Comsol) has a significant influence (Fig. 12). 

 

 
Fig. 12. Two parallel wire for LED supply magnetic field 
magnitude, current 0.3 A, distance 20 mm and 30 mm from 
sensor 

Minimal gap between the sensor and wires should be 
no less than 30–40 mm. It has to be noticed that the current 
was only 300 mA, while a current in a sensors’ network 
can reach 3–10 A. Hence, the magnetic field inducted will 
be 10 times stronger. 
 
Conclusions 
 
 It was found that LED’s and power inductors should 
be placed further than 50–70 mm from AMR sensor. 

The gap between power and RS485 lines depend on 
current, but it has to be more than 50–70 mm. 

The twisting of PCB traces reduces magnetic field 
only in a close zone. In a further distance this twisting has 
almost no influence. 

When implementing sensor to PCB, twisted lines for 
power supply and RS485 interface should be used. 

Experimental measurement results are nearly related 
with modeling results. 
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