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ABSTRACT 

Hall effect sensor is a very frequently used sensor in 
mechatronic products. There is little information in the 
catalogue sheets about the application possibilities of this type 
of sensor. This article examines the configuration options of 
this sensor and how to use it to achieve the best measurement 
uncertainty and minimal hysteresis. 
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1 INTRODUCTION  

Hall effect sensors are sensitive to external magnetic fields and 
convert information about this magnetic field into an electrical 
signal. A change in the magnetic flux density of this sensor will 
cause a change in the Hall voltage at the output of this sensor. 
The external magnetic field is in most cases created by the 
magnetic field of the permanent magnet and the change in 
magnetic flux density is created by changing the relative 
position and distance of this permanent magnet from the 
sensor (Fig. 1). 

      

Figure 1. Hall effect sensor measurement principle 
 
These sensors exist in two versions, with a digital output and 
linear sensors with an analogue output (Fig. 2). 

 

 

Figure 2. Output voltage for analog and digital type of Hall effect sensor 
 
For linear encoders with analogue output, the value of the 
electrical voltage at the output changes in proportion to the 
magnetic flux density. 
For sensors with a digital output, there is a Schmitt trigger 
inside, at the output of which the logic value changes rapidly 
from logic zero to a logic one (when the sensor is exposed in a 
magnetic field) and vice versa at a certain magnetic flux 
density. Thanks to the Schmitt trigger, digital sensors change 
their value abruptly without contact bounceless. Switching 
from logic zero to logic one is performed with built-in hysteresis 
to prevent oscillation of the output signal from the sensor as 
they move into the magnetic field and from the magnetic field. 
Digital sensors are therefore two-state, as they have only two 
possible states at their output. Depending on the polarity of the 
magnetic field to which these digital sensors respond, these 
sensors are manufactured in two versions, bipolar and unipolar. 
Bipolar digital sensors need a positive magnetic field (south 
pole) for their operation and a negative magnetic field (north 
pole) for their return to their original state. Unipolar digital 
sensors only need a magnetic south pole to activate and 
deactivate by moving into and out of the magnetic field. 
From the point of view of their direct application, they provide 
at the output only a signal with a small value of electric current 
in the order of up to 20mA and for switching large current loads 
(large current loads) it is necessary to add, for example, an NPN 
transistor of the required power and possibly a relay or other 
switching element. The application of the sensor itself is then 
simple, because it is enough to add a permanent magnet to the 
moving sensed part of the system. 
Hall effect sensors have been used extensively for one 
dimensional position analysis but their non-linear behaviour 
and cross-talk effects make them difficult to calibrate for 
effective and accurate two- and three-dimensional position and 
orientation analysis [Northey 2005]. 
A contactless linear displacement sensor for geotechnical 
purposes, using a new two-output CMOS Hall devise and a 
high-gradient permanent magnets actuating system, was 
experimentally tested [Roumenin 2007]. 
Authors of work [Addabbo 2018] discuss a low-cost distributed 
monitoring system for structural crack monitoring in 
monumental architecture. The proposed solution is suitable for 
monitoring widely extended areas like the Siena’s ancient city 
walls. The prototype sensing system, based on Hall sensor 
technology, has been developed and characterized to reach a 
displacement resolution in the order of tens of micrometres 
[Addabbo 2018]. 
The aim of next study was to develop and calibrate a 
displacement measurement system for a hydraulic-actuation 
joystick used for repetitive motion analysis of heavy equipment 
operators. The system utilizes an array of four Hall effect 
sensors that are all active during any joystick movement 
[Northey 2006]. 
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2 HALL EFFECT SENSOR AND PERMANENT MAGNET 
CONFIGURATIONS  

The arrangement of the permanent magnet and the sensor can 
be realized in different configurations (Fig. 3) such as e.g. 
movement of the magnet towards the front of the sensor 
("Head-on detection") where the magnetic field is 
perpendicular to the active surface of the sensor (Fig. 3a), 
lateral movement of the magnet to the sensor ("Sideways 
detection") where the magnet moves along the active surface 
of the sensor Fig. 3b), or other possibilities of their relative 
movement.  
 

 

a) head on sensor 

arrangement 

 

b) sideaway sensor 

arrangement 

 

c) biasing magnet 

sensor arrangement 

Figure 3. Basic configurations of sensor arrangement on the principle of 
hall effect and permanent magnet 
 
With these possibilities of moving the magnet, it is also possible 
to change the polarity of the magnetic field of the magnet by 
rotating it, and so in total there are many configurations of how 
it is possible to use a sensor with a permanent magnet. Head-
on detection is preferred when measuring the distance of the 
sensor from the magnet, and sideways detection is used to 
detect the presence of a magnetic field (for example, when 
registering a wheel rotation with a magnet attached to 
measure the speed of wheel rotation). 

To detect the presence of ferromagnetic materials, it is possible 
to use a Hall effect sensor in a configuration with a small pre-
magnetizing permanent magnet ("biasing magnet") located 
behind the active surface of the sensor (Fig. 3c). The sensor is 
thus in a constant magnetic field, and any change in the 
magnetic field caused by the presence of a ferromagnetic 
object will then be detected by this sensor. 

3 APPLICATION POSSIBILITIES OF SENSORS ON THE 
PRINCIPLE OF HALL EFFECT  

A change in the position of a permanent magnet can also be 
caused by another physical quantity (temperature, pressure, 
force, level, speed, or events that cause a change in the 
intensity of the magnetic field near the sensor. Hall effect 
sensors are popular due to their huge application possibilities in 
sensing position, speed and other physical quantities that can 
be sensed indirectly. Their attractiveness is mainly due to the 
fact that it is a non-contact sensing without wear of individual 
parts and so the life of these sensors is huge, and they are 
immune to dust, moisture and vibration and can be used in 
chemically aggressive and high risk of explosion and 
environments. with flammable substances. These sensors can 
operate at high switching speeds (several kHz) and can be used 
even at extremely low and high temperatures, while the 
sensors themselves do not contain any moving parts in their 
internal structure. 
Probably the most massive area of application of these sensors 
are automotive systems, where the positions, distances and 
speeds of individual elements are sensed, such as crankshaft 
and camshaft position sensing for correct spark plugs control 
times, ignition distributor position with Hall effect sender, 
safety belt sensor, wheel speed sensor for anti-lock braking 

system (ABS), door and luggage compartment closing sensing, 
headlight rotation position sensing, transmission speed sensing 
in transmission sensor), acceleration pedal angle sensor, brake 
pedal angle sensor, Mirror sensor, fuel level sensor, Steering 
wheel rotation sensor for Active Stability Assist steering sensor, 
throttle position sensor for throttle position sensor ), position 
sensing of windows, doors and dampers for in-vehicle climate 
control (HVAC), rotor position sensors for brushless electric 
motors (BLDC - brushless direct control motor rotor position 
sensor), car chassis position sensor for adaptive suspension 
system sensor, seat position detection sensor, water coolant 
valve sensor and many other applications for which no 
information is available [Abramov 2014, Beato-López 2019, 
Blanchard 2000, Hu 2020, Ivanova 2020, Kovac 2020, 
Mohankumar 2019, Northey 2006, Ripka 2019, Roumenin 2007, 
Sander 2014, Zhao 2015, Pavlasek 2018]. 

4 EXPERIMENTAL EXAMINATION OF HEAD ON SENSOR 
ARRANGEMENT CHARACTERISTICS  

In this work, a sensor based on the Hall effect principle with an 
analogue ratiometric output was examined. The sensor type 
and manufacturer will not be specified due to GDPR. In this 
part, the behaviour of this sensor with different configurations 
of the sensor and magnet configuration is investigated (Fig. 4). 
These configurations have different permanent magnet 
application places and different permanent magnet polarities. 
Head-on configurations H1 to H8 were used to examine the 
sensor (Fig. 4). Figure 4 shows all the possibilities of head-on 
configurations of the sensor on the principle of the Hall effect. 
Configurations H1, H2, H3 and H4 have a permanent magnet 
oriented perpendicular to the front or back surface of the 
sensor and the polarity of the permanent magnet changes. The 
H5 and H6 configurations have a permanent magnet 
perpendicular to the sensor head. Configurations H7 and H8 
have a permanent magnet perpendicular to the side surface of 
the sensor.  

 

Figure 4. Head on sensor configurations based on the Hall effect 
principle with permanent magnets. 
 
A stand with a positioning table (Fig. 5) was used for the 
experimental examination, where the sensor was placed on the 
fixed part of the stand and the permanent magnet was placed 
on the moving part. The mutual distance between the magnet 
and the sensor was set using a set of gauge length blocks. 
Ceramic length gauge blocks (Fig. 5) were used in this test so as 
not to affect the magnetic field of the permanent magnet. The 
process of changing the position of the permanent magnet 
relative to the sensor was solved in such a way that in the first 
stage of the measurement the permanent magnet first 
gradually moved away and then in the second stage the 
permanent magnet gradually approached the sensor. This 
method of measuring the response of a sensor to a change in 
position relative to a permanent magnet was used to 
determine the presence of hysteresis. The presence of 
hysteresis has an adverse effect on the application of the 
sensor.  
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Figure 5. Measuring stand for examination of sensor properties on the 
principle of hall effect. 
 
Three permanent magnets (Fig. 6) in the shape of a cylinder 
with a diameter of 10 mm and different lengths were selected 
for testing. Magnet 1 has a length of 10mm, magnet 2 has a 
length of 20mm and magnet 3 has a length of 30 mm. The 
magnet material is NdFeB with axial anisotropic polarization 
with remanence 1.25 T and coercive force 907 kA / m. 
 

 

Figure 6. Location of permanent magnets and dimensions of 

permanent magnets used. 
 

4.1 Results of experiments for measuring using a permanent 
magnet with a diameter of 10 mm and a length of 10 
mm  

Measurement configurations H1, H2, H3, H4 (Fig. 7a) have an 
area usable for position measurement in the range of the 
magnet position from the sensor from 8 mm to 30 mm. The 
configurations H5 and H6 (Fig. 7b) are unusable for 
measurement, because in these arrangements there were only 
minimal changes in the output voltage at the output of the 
sensor when the position of the permanent magnet relative to 
the sensor changed. 
Configurations H7 and H8 (Fig. 7b) have a smaller usable range 
of position measurement in the range 0mm to 12mm 
compared to configurations H1 to H4. 
Figure 7c shows a detail of the measured values for the 
configurations H1 to H4 and shows the phenomenon of 
hysteresis, which is more pronounced at the beginning of the 
interval. An enlarged view (Fig. 7d) shows that in the 
configuration H4 the phenomenon of hysteresis is the smallest 
and thus this configuration is the most advantageous from the 
point of view of the application for measurement. 
 

 
a) 

 
b) 

 
c) 

 
d) 

Figure 7. Dependence of the output electrical voltage of the sensor on 

its position with respect to a cylindrical permanent magnet with a 
diameter of 10 mm and a length of 10 mm (a, b) and a detailed 
representation of the presence of hysteresis (c, d). 
 

4.2 Results of experiments for measuring using a permanent 
magnet with a diameter of 10 mm and a length of 20 
mm  

When using a cylindrical permanent magnet with a diameter of 
10 mm and a length of 20 mm, the results (Fig. 8a and b) are 
similar to the previous case. The detailed graphs (Fig. 8c and d) 
show the hysteresis again. The largest usable measuring range 
is for configurations H1 to H4. H5 and H6 configurations have 
results that are not usable for measurement purposes. With H7 
and H8 configurations, this usable measurement area is 
smaller. Even in this case, the H4 configuration is the best in 
terms of the usability of this distance sensor, as it provides the 
largest measuring range with the least hysteresis. 
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a) 

 

 
b) 

 
c) 
 

 
d) 

Figure 8. Dependence of the output electrical voltage of the sensor on 
its position with respect to a permanent magnet with a diameter of 10 

mm and a length of 20 mm (a, b) and a detailed representation of the 
presence of the hysteresis phenomenon (c, d). 

 

4.3 Results of experiments for measuring using a permanent 
magnet with a diameter of 10 mm and a length of 30 
mm  

The experiments were also performed for a cylindrical 
permanent magnet with a diameter of 10 mm and a length of 
30 mm. The results (Fig. 9) were similar to previous cases (Fig. 
8).  

 
a) 

 
b) 

 
c) 

 
d) 

Figure 9. Dependence of the output electrical voltage of the sensor on 

its position with respect to a permanent magnet with a diameter of 10 
mm and a length of 30 mm (a, b) and a detailed representation of the 
presence of the hysteresis phenomenon (c, d). 
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Also here, configurations H1 to H4 had the largest usable 
measuring range (Fig. 9a and b). The detailed graphs confirmed 
that even in this case, the most preferred arrangement is the 
H4 configuration (Fig. 9c and d). Configurations H7 and H8 have 
a smaller measuring range but have better sensitivity when 
measuring small distances, which is more advantageous for 
measuring of very small displacements. 

5 DISCUSSION OF THE RESULTS  

The results of the experiments showed that from the point of 
view of measurement, H4 (Fig. 10) is the most suitable 
configuration of the arrangement of the sensor and the 
permanent magnet. Three different lengths of cylindrical 
permanent magnet (10, 20 and 30 mm) were tested to 
determine the effect of permanent magnet length. The effect 
of different lengths of permanent magnets is shown in figure 
10, the differences between them being negligible. This means 
that when using a particular cylindrical permanent magnet, 
increasing its length is unnecessary. 
 

 

 
Figure 10. The most advantageous arrangement of the H4 sensor and 
the permanent magnet and the influence of different lengths of the 
permanent magnet on the output electrical voltage of the sensor. 

6 CALIBRATION CHARACTERISTIC OF THE SENSOR 
MEASURING CHAIN FOR THE SELECTED CONFIGURATION  

Regression analysis was performed for the selected 
configuration H4 with a permanent magnet with a length of 10 
mm (Fig. 11), where different types of approximation functions 
were solved. From these functions, the most suitable is the 
polynomial function (Fig. 12), which was designed for a reduced 
measuring range. The obtained function can be used to 
recalculate the position of the magnet with respect to the 
sensor from the obtained value of the output electrical voltage 
of the sensor. In the case of using a computing device, e.g. 
microcontroller, it is possible to incorporate the obtained 
mathematical model (Fig. 12) directly into its program [Kayal 
2005, Northey 2005]. 
To determine the stability of the sensor output voltage 
measurement data, repeated measurements were performed 
100 times (Fig. 13) to determine whether the reading would not 
change over time under the same measurement conditions. 

How the scatter data around the mean is well described by the 
standard deviation. 
Thus, in these measurements (Fig. 13), the standard deviations 
were processed by gradually adding values and recalculating 
other standard deviations. This means that with each new 
measurement value, a new standard deviation was calculated, 
which will provide us with information on how the standard 
deviation has changed with increasing new measurements (Fig. 
14). Thus, this cumulative determination of the standard 
deviation gave us an answer to how many measurements need 
to be made in order to obtain the smallest possible standard 
deviation and the standard measurement uncertainty 
determined by method A. In addition, we have information on 
whether further repetition of the measurement is still 
important for improving the balance of measurement 
uncertainties. 
 

 
Figure 11. Regression analysis for the calibration characteristic of the 

tested sensor. 
 

 
Figure 12. Approximation of the calibration characteristic using a 
polynomial function. 
 
From the values measured at a distance of 10 mm (Fig. 14) are 
the worst values of standard deviations and so from these 
values the standard measurement uncertainties (Fig. 15) are 
determined depending on the number of performed 
measurements. The standard uncertainty determined by 
method B (Fig. 15) is determined from the catalogue sheet of 
the measuring instrument used. The standard measurement 
uncertainty determined by method A (Fig. 15) is determined 
from the values of standard deviations in the sense (EAL R2) 
and depends on the number of measurements performed. 
From the graph (Fig. 15) it is possible to observe a significant 
decrease in the standard uncertainty of measurement 
determined by method A, while after exceeding the number of 
measurements 20 the decrease of this value of uncertainty is 
only slight. Thus, the optimal number of measurements is 20 
repetitions under the same measurement conditions. 
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Figure 13. Repeated measurements for selected positions of the 
permanent magnet relative to the sensor. 
 

 
Figure 14. Cumulative standard deviation for repeated measures. 
 

 
Figure 15. Standard uncertainty for measuring the output electrical 
voltage at the sensor output. 
 

 
Figure 16. Standard uncertainty determined by Method B for scale 
block values used for calibration. 

Ceramic gauge length blocks were used to set the distance 
between the permanent magnet and the sensor, each of which 
has a systematic error and uncertainty of nominal size defined 
by the manufacturer. According to these data, the uncertainties 
of the length standards composed of these gauge lengths were 
determined (Fig. 16). 

7 CONCLUSION  

In this work, a selected ratiometric hall effect sensor was tested 
using different head on configurations of the location of the 
permanent magnet H1 to H8. The results of the experiments 
show that the H4 configuration has the largest usable 
measuring range and at the same time minimal hysteresis. As a 
result, it is ideal for applications where it is necessary to 
measure the position of some objects. Furthermore, the effect 
of increasing the length of the magnet on the response of the 
sensor was observed, where it was found that the change in the 
length of the magnet has a negligible effect on the response of 
the sensor. For the H4 configuration with a permanent magnet 
with a length of 10 mm, a calibration characteristic was 
created, which was approximated by a polynomial model. This 
calibration characteristic can be used to calculate the measured 
position from the measured values of the output electrical 
voltage of the sensor. Furthermore, the influence of the 
number of measurements on the resulting measurement 
uncertainty was monitored, so that it was possible to 
determine the optimal number of measurements in terms of 
achieving the minimum measurement uncertainty and at the 
same time so that the number of measurements is not too 
large. The resulting measurement uncertainties showed that it 
is a very accurate position sensor and at the current price of 
this sensor, these results put it in the position of a very 
attractive sensor with a wide range of application options. 
Future work will focus on exploring the sideaway sensor 
arrangement and biasing magnet sensor arrangement 
configurations. It will also seek to find the optimal configuration 
for measuring larger displacements above 50 mm. 
Furthermore, it will be necessary to solve the approximation of 
the experimental calibration characteristic using a suitable 
mathematical model for the purpose of implementation in a 
microcontroller for processing the measured data. 
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