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Abstract - Abstract - Current measurement is integral to 

power system monitoring and control, essential for activities 
like load balancing and fault detection. Magnetic field 
sensors are the preferred methods, offering precision, 
isolation, and minimal circuit interference. Circular sensor 
arrays are commonly used for their ability to detect current-
related magnetic field changes. This research delves into 
conductor placements and crosstalk effects on current 
measurement accuracy in circular sensor arrays. It explores 
scenarios like concentric and off-center positioning, as well 
as how neighboring conductors influence array 
performance. Using numerical simulations and analytical 
modeling, this research thoroughly analyzes how circular 
sensor arrays respond to various conductor positions and 
crosstalk magnetic field conditions. This study shows that 
the accuracy of current measurement is highly affected by 
the conductor position relative to the sensor array and the 
influence of neighboring conductors generating crosstalk 
magnetic fields. Misalignment, lateral shifts, and crosstalk 
introduce errors, impacting sensitivity and accuracy. This 
research offers crucial insights for improving the design and 
optimization of circular sensor arrays for precise current 
measurement, considering conductor positioning and 
crosstalk magnetic field effects. Understanding these factors 
can significantly enhance the reliability and precision of the 
magnetic sensors. 

Key Words: Current measurement, magnetic field 
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1. INTRODUCTION  

 
The accurate measurement of current in power 
systems is crucial for ensuring efficiency and reliability. 
From load balancing to fault detection, precise current 
measurement is vital for effective monitoring and 
control. Magnetic field sensors have become a popular 
choice for non-invasive current measurement due to 
benefits like high accuracy and minimal circuit 
interference [1]. Circular arrays of these sensors have 
gained traction for their ability to effectively capture 
magnetic field variations associated with current flow. 
However, the accuracy and reliability of current 
measurements using circular sensor arrays can be 

influenced by various factors, especially the positioning 
of the conductor relative to the sensor array [2]. This 
study thoroughly examines the impact of conductor 
position on the accuracy and reliability of current 
measurement using circular sensor arrays. By 
exploring scenarios such as concentric alignment and 
off-center positioning, the research aims to evaluate 
the performance of the sensor array under different 
conductor positions. Additionally, the study 
investigates the crosstalk magnetic field due to an 
external conductor and its influence on current 
measurement [3], proposing improvements for the 
overall performance of circular arrays of magnetic field 
sensors for current measurement. Accurate current 
measurement is vital across various do mains such as 
electronics, power distribution, and automotive 
systems. Understanding current and employing precise 
measurement techniques is crucial for system 
efficiency, safety, and functionality [4]. Ampere’s 
Circuital Law is a fundamental principle in current 
measurement, establishing a connection between the 
magnetic field circulation around a closed loop and the 
current flowing through it. This principle forms the 
basis of many measurement techniques and has been 
extensively researched and confirmed in academic 
literature [5]. 

In the realm of current transformers (CTs), these devices 
are pivotal in converting high currents into manageable levels 
for accurate and safe measurement. Studies have explored 
diverse CT design aspects, optimization strategies, and 
practical applications. Notably, a paper titled "Peculiarities of 
current sensors used in contemporary electric energy 
metering devices" delves into CT design considerations and 
proposes core loss compensation techniques to enhance 
energy metering accuracy. While CT-based current 
measurement may encounter challenges like bulkiness, 
saturation at high currents, limited accuracy at low currents, 
and frequency restrictions, it offers galvanic isolation and 
precision. However, magnetic field sensor-based methods 
like Hall Effect sensors present advantages such as compact 
size, lighter weight, improved frequency response, and easier 
installation compared to CTs [6-7]. Hall Effect sensors 
particularly excel in high-frequency applications, providing a 
viable alternative to traditional CTs for certain use cases [8]. 
Shunt resistors are essential in current measurement, 
allowing for accurate measurement by detecting the voltage 
drop across a known resistance. Research, such as 
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"Evaluation of current measurement accuracy for a power 
module with integrated shunt resistors," has focused on 
improving the performance and reliability of these 
components. Shunt resistor-based current measurements 
have drawbacks, including voltage burden, power dissipation, 
and sensitivity to temperature fluctuations. Shunt resistors 
introduce additional resistance into the circuit, affecting its 
performance and requiring careful calibration. In contrast, 
magnetic field sensor-based methods like Hall effect sensors 
offer non-intrusive, accurate measurements without these 
limitations, making them preferable in many scenarios [9]. In 
the realm of current measurement, Rogowski coils have 
emerged as an alternative to traditional magnetic field 
sensor-based methods, particularly excelling in measuring 
alternating currents (AC) with high accuracy and minimal 
disturbance to the measured circuit. Named after the 
physicist Walter Rogowski, these flexible current sensors 
operate based on Faraday’s law of electromagnetic induction. 
They offer advantages such as flexibility for easy installation 
and adaptation to various conductor shapes and sizes, as well 
as non-intrusive measurement without introducing 
additional resistance, minimizing system perturbations [10-
11]. Zhang et al.’s "Design and Optimization of Rogowski Coil 
for High Accuracy Current Measurement" contributes to 
advancements in this technology by addressing aspects of 
performance enhancement, such as linearity, sensitivity, and 
noise immunity [12]. However, despite their advantages, 
Rogowski coils exhibit limitations, including susceptibility to 
external electromagnetic interference, necessitating careful 
calibration and signal processing to compensate for 
nonlinearities and phase shifts inherent in the design. These 
factors can pose challenges in high-precision current 
measurement applications, especially in environments with 
significant electromagnetic noise [13-14]. When compared to 
Rogowski coils, magnetic field sensor based current methods 
like Hall effect sensors and current trans formers provide 
advantages including immunity to electromagnetic 
interference, easy installation, and suitability for both AC and 
DC measurements. Liu et al.’s "Comparison of Rogowski Coil 
and Hall Effect Sensor for Current Measurement in Power 
Electronics" presents a detailed analysis of Rogowski coils 
and Hall effect sensors, showcasing their respective strengths 
and weaknesses in power electronics applications. These 
magnetic field-based methods exploit the interaction 
between electric cur rents and magnetic fields to accurately 
measure current flow [15]. Hall effect sensors, in particular, 
utilize the Hall effect to detect and quantify currents. Recent 
innovations have introduced tunnel magneto resistive (TMR) 
sensor arrays for interference rejecting current 
measurement, further enhancing measurement capabilities 
and reliability in various applications [16]. Hall effect sensors 
function by detecting the magnetic field perpendicular to the 
current path, providing benefits such as high sensitivity, fast 
response times, and low power consumption. They find 
applications in diverse fields like automotive systems and 
industrial automation. Ongoing research focuses on 
enhancing sensor design, calibration techniques, and signal 
processing algorithms to elevate accuracy and reliability. 
Chan et al.’s work introduces a coreless electric current 
sensor with circular conductor positioning calibration, 
showcasing advancements in sensor technology for precise 

current measurement [17]. The use of tunnel magneto 
resistive (TMR) sensor arrays has gained attention for 
interference-rejecting current measurement due to their 
enhanced noise immunity and crosstalk rejection capabilities. 
Chen et al.’s study presents an interference-rejecting current 
measurement method utilizing a TMR sensor array, pro 
viding valuable insights into interference mitigation and 
sensor array optimization. Magnetic field-based current 
measurement methods, while advantageous, are susceptible 
to crosstalk effects caused by nearby conductors or magnetic 
sources. Understanding and mitigating crosstalk is crucial to 
ensuring accurate and reliable current measurements [18]. 
Furthermore, the influence of conductor positioning on 
crosstalk in circular arrays of Hall sensors has been 
investigated by Itzke et al., shedding light on factors affecting 
measurement accuracy and strategies for minimizing 
crosstalk effects [19]. In conclusion, magnetic field-based 
current measurement methods, including Hall effect sensors 
and TMR sensor arrays, offer versatile solutions for accurate 
and interference-resistant current measurement. Ongoing 
research efforts to optimize sensor de sign, calibration 
techniques, and crosstalk mitigation strategies continue to 
drive innovation in this field, paving the way for 
advancements in current measurement technology.  

1.1 Motivation Behind This Study  

Contactless current measurement techniques have 
significantly advanced electrical monitoring, offering 
improved safety and precision in various industrial 
applications. These techniques, utilizing technologies like Hall 
Effect sensors and Rogowski coils, enable current monitoring 
without direct physical contact with the conductors, ensuring 
electrical isolation crucial for preventing interference 
between the measurement system and the observed circuit. 
This non-invasive approach [20] is particularly valuable in 
environments where maintaining electrical isolation is 
paramount. Unlike conventional methods, contactless de 
signs provide a broader dynamic range and improved 
accuracy, particularly when measuring non-sinusoidal and 
high-frequency currents. These attributes are particularly 
advantageous in applications such as power quality 
monitoring and transient analysis, where accuracy under 
challenging conditions is essential. An important advantage of 
contactless current measurement lies in its immunity to core 
saturation, a limitation commonly associated with traditional 
current transformers. This immunity ensures consistent and 
reliable operation even in scenarios involving high currents 
or rapid changes in current flow. Furthermore, by directly 
sensing the magnetic field generated by the current without 
relying on magnetic cores, contactless technologies offer 
improved accuracy and performance. Research, such as the 
work presented in the paper "On the transformer core 
dynamic behavior during electromagnetic transients" [21], 
underscores the limitations of magnetic cores and suggests 
alternative approaches like Rogowski coils for enhanced 
measurement reliability. Contactless current measurement 
methods offer a distinct advantage by mitigating the influence 
of external magnetic fields, minimizing interference from 
neighboring conductors. Because these techniques do not 
require physical contact with the conductors being measured, 
they are inherently immune to crosstalk effects caused by 
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nearby electrical systems. This immunity is crucial in 
complex industrial environments where multiple electrical 
systems operate in close proximity. Research studies, such as 
those conducted by Aiello et al., emphasize the significance of 
this immunity in ensuring the robustness and reliability of 
current measurement systems, positioning contactless 
techniques as indispensable tools in modern industrial 
settings [22]. 

1.2 Research Objectives  

The primary goal of this research is to thoroughly 
examine how the positioning of a conductor within a circular 
array of sensors impacts current measurement accuracy, 
utilizing ANSYS for error calculation. This study aims to 
propose a compensating algorithm that can enhance 
measurement accuracy across different conductor positions 
and quantify the benefits of this algorithm through a 
comparative analysis of measurement errors. Accurate 
current measurement is crucial in applications like power 
distribution and electric vehicle charging systems, making 
circular arrays of sensors a promising technology for non-
invasive current measurement. By conducting controlled 
experiments with the circular sensor array and a current-
carrying conductor, the research will systematically vary the 
conductor’s position to collect data for error calculation using 
ANSYS for precise numerical analysis. Analyzing how 
different conductor positions affect measurement errors will 
provide insights into enhancing the accuracy of current 
measurements. A compensating algorithm will be proposed 
to recalibrate measurement data based on the conductor’s 
position, improving overall measurement precision in real-
world applications. Moreover, this study will extend its 
inquiry to evaluate the impact of crosstalk magnetic fields on 
measurement accuracy. Through ANSYS simulations, the 
research will assess the error introduced by neighboring 
conductors and test the effectiveness of the proposed 
compensating algorithm in mitigating this error. This 
comprehensive approach will address practical challenges 
associated with non-invasive current measurement using 
circular sensor arrays, advancing current measurement 
technologies for various industrial applications. 

 

2. INVESTIGATING THE IMPACT OF 
CONDUCTOR PLACEMENT ON CURRENT 
MEASUREMENT ACCURACY IN CIRCULAR 
SENSORAR RAYS  

 
Circular sensor arrays are extensively utilized for current 
measurements across various sectors like power systems, 
industry, and automotive applications, offering benefits such 
as non-contact measurement, noise immunity, wide 
bandwidth, and high accuracy [2]. However, the accurate 
measurement can be influenced by the conductor’s position 
relative to the sensor array. This study delves into how 
conductor position affects the accuracy of circular sensor 
array measurements by combining a theoretical model based 
on the Biot-Savart law [23] with experimental results. The 

theoretical model calculates the magnetic field at each 
sensor’s location in the array, while Ampere’s law derives 
the current from this magnetic field data. By exploring the 
intricate link between conductor placement and sensor 
accuracy, this research aims to offer a comprehensive 
understanding of optimizing circular sensor array 
performance for precise current measurements, 
emphasizing the importance of sensor positioning in 
enhancing measurement reliability [24].  

 
2.1 Summing and Averaging Method  

 
The Biot-Savart Law is a crucial concept in 
electromagnetism, offering a mathematical framework to 
describe the magnetic field resulting from a steady electric 
current. It serves as a foundational principle for 
comprehending the behavior of magnetic fields generated by 
electric currents across different physical systems. This 
report seeks to elucidate the Biot-Savart Law and describes 
how one can ascertain the current based on knowledge of 
magnetic flux magnitude. According to Biot-Savart’s Law 
Magnetic Field due to current carrying conductor, 
 

 
 

                        (1) 
 
 
 

For the finite current-carrying conductor, 
 
 

         (2) 
 
 
 

The magnetic field at a point "Q" situated at a distance "r" 
from an infinitely long straight conductor can be calculated 
using a simplified application of the Biot-Savart Law. 
 
 
 

                                     (3) 
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Fig-1: Biot-Savart law demonstration of the basic current 
carrying conductor. 

 

 
Fig-2: Biot Savart law demonstration of an infinite current 

carrying conductor. 
 

As the Magnetic field can be measured from the sensor, so 
current can be calculated as, 

 

                 (4) 
 

The Summing and Averaging methods are utilized for 
current measurement with magnetic field sensors, 
particularly in applications requiring high precision, such as 
power systems, motor control, and industrial automation. In 
the Summing method, multiple sensors are strategically 
positioned around the conductor carrying the current. Each 
sensor detects the magnetic field generated by the current, 
and their outputs are combined to yield a total current 
measurement. This approach enhances accuracy by 
considering the magnetic field distribution surrounding the 
conductor [25]. 

     The Averaging method, while similar, involves 
deploying multiple sensors to measure the magnetic field, but 
instead of summing the outputs, they are averaged to 
produce a representative value. This technique reduces the 
impact of noise and inconsistencies in the magnetic field 
distribution, leading to a more dependable measurement. 
Both methods offer distinct advantages and are chosen based 
on the specific needs of the application, including desired 
accuracy, noise sensitivity, and cost. Additionally, signal 
processing techniques can be employed to further improve 
the accuracy and reliability of the current measurements 
[26]. 

For a circular array of sensor current can be calculated as, 
 

              (5) 
 

Where N = Number of sensors 
 

 
Fig-3: Arrangement of the conductor and sensor. 

 

 
 

Fig-4: Conductor and a circular array of 12 sensor 
arrangement. 
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2.2 Simulation Results for Varying Conductor 
Positions  

 
To analyze the impact of various conductor positions within 
a circular array of sensors, simulations were conducted 
using ANSYS Maxwell Software. A 4 sqmm conductor 
carrying a 16 amp current was positioned inside a circular 
array comprising 12 sensors, with the sensors located 3 mm 
from the conductor’s center. Two distinct methods for 
altering the position of the conductor were employed: one 
involved shifting the conductor along its axis, while the other 
involved adjusting the conductor’s position relative to the 
space between the sensors. This study aims to evaluate how 
these positional changes affect the accuracy of current 
measurements in the sensor array. 
 

 
 

Fig-5: Conductor and a circular array of 12 sensor 
arrangement. Moving along the direction of the sensor. 

 

 
Fig-6: Conductor and a circular array of 12 sensor 

arrangement. Moving between the sensors 
 

 

 

 
 

Fig-7: Magnetic field magnitude of a Conductor placed 
inside a circular arrays ensor arrangement moving along 

the direction of the sensor. 
 

 

 

 

 
 

Fig 8: Magnetic field magnitude of a Conductor placed 
inside a circular array sensor arrangement moving 

between the two sensors. 
 
 

To mitigate the increased errors caused by off-center con 
ductors incircular sensor arrays,  a novel algorithm has been 
developed to reduce measurement inaccuracies. This 
algorithm focuses on refining mathematical expressions to 
optimizecurrent measurements, even in the presence of 
conductor displacement.  
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Table -1: Measurement of error percentage with respect 

to distance displaced in mm when moving along the 
direction of sensor. 

 

Distance (in mm) Error Percentage 

0.0 0.02338 

0.4 0.6200 

0.8 1.1930 

1.2 2.5613 

1.6 4.8223 

2.0 8.3677 

2.4 11.8633 

 

Table -2: Measurement of error percentage with respect 
to distance displaced in mm when moving between the 

two sensors. 

 

Distance (in mm) Error Percentage 

0.0 0.02338 

0.4 0.3226 

0.8 1.0966 

1.2 2.4806 

1.6 4.9823 

2.0 8.4257 

2.4 11.8633 

 
2.3 Developing Models to Mitigate Conductor 
Position Effects in Circular Sensor Arrays 
 
According to Bazzocchi and Rienzo, the magnetic field 

calculation for a conductor positioned outside the circular 

array, where , follows a similar approach to that used 

for a conductor located inside the circular array, with the 

condition . The angle  relative to the direction of the 

current can be computed as follows: 

        (6) 

By using magnetic scalar potential, 

                                              (7) 

Also, 

                             (8) 

The tangential component of the magnetic field  can be 

calculated as, 

   (9) 

In a circular arrangement of  equally distributed magnetic 

field sensors, the discrete approximation of Ampere’s law 

can be utilized with appropriate line segments  to 

calculate the current as follows: 

                         (10) 

 

   (11) 

 

Where, 

                                         (12) 

So, the calculated current can be expressed as, 

    (13) 

where, 

                   (14) 

So, the calculated current from a circular array of N 

equally distributed ideal magnetic field sensors can be 

expressed as, 
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             (15) 

And measured errors as, 

      (16) 

Considering the new mathematical expression for error 
calculation, an improved percentage of error was achieved 
for off-center conductors. Below is the updated percentage 
of error according to this new method. 

 
 

9 (a) 

 

 
9 (b) 

 
Fig-9: The system’s geometry is represented as in the above 
figure: Sensors  to  are magnetic field sensors (e.g., Hall 

effect sensors) positioned at a radius  from the center of the 

array. The conductor  can be horizontally displaced by a 

distance  from the center of the sensor array. The angles  

and  represent the angles between sensor  and the 

conductor  at the center and at the displacement distance , 

respectively.  

Table -3: Measurement of error percentage after 

implementing the new equation for distance displaced in 
mm moving along the direction of the sensor 

 

Distance (in mm) Error Percentage 

0.0 0.0015 

0.4 0.0051 

0.8 0.0098 

1.2 0.0122 

1.6 0.0738 

2.0 0.1506 

2.4 0.4401 

 

Table -4: Measurement of error percentage after 
implementing the new equation for distance displaced in 

mm moving between the two sensors 

 

Distance (in mm) Error Percentage 

0.0 0.0015 

0.4 0.0036 

0.8 0.0092 

1.2 0.0107 

1.6 0.0702 

2.0 0.1513 

2.4 0.4175 

 
3. CIRCULAR CONDUCTOR POSITION CALIBRATION 

FOR CORELESS CURRENT SENSING SYSTEMS 
Electric current measurement methods frequently rely on 

magnetic fields to accurately assess the flow of current 

through a conductor. This approach enables precise 

measurements without direct contact with the conductor, 

making it particularly advantageous in situations where 

traditional contact methods may be impractical. At the core 

of magnetic field-based current measurement is the Biot-

Savart Law, a fundamental principle that describes the 

interaction between electric currents and magnetic fields. 
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This law provides a mathematical framework for 

determining the magnetic field generated by a steady 

current in a conductor, allowing researchers and engineers 

to accurately calculate the magnetic field strength at any 

point around the current-carrying conductor. In this chapter, 

we will explore the complex relationship between magnetic 

fields and electric currents, highlighting how the Biot-Savart 

Law forms the foundation for current estimation techniques 

[17]. By elucidating the theoretical underpinnings of 

magnetic field-based current measurement and showcasing 

the practical applications of the Biot-Savart Law, we aim to 

provide a thorough understanding of the advanced 

methodologies employed in contemporary current sensing 

technologies. 

Two prevalent methods for current measurement using 
magnetic field sensors are the Summing and Averaging 
methods. These techniques are commonly used in 
applications requiring precise current detection, including 
power systems, motor control, and industrial automation. In 
the Summing method, multiple sensors are arranged around 
the current-carrying conductor, with each sensor measuring 
the magnetic field induced by the current. The outputs from 
these sensors are combined to produce a total current 
measurement, enhancing accuracy by accounting for the 
magnetic field distribution around the conductor [25]. 

In contrast, the Averaging method also employs multiple 
sensors to measure the magnetic field, but instead of 
summing the outputs, they are averaged to yield a 
representative value. This approach helps to reduce the 
impact of noise and irregularities in the magnetic field 
distribution, resulting in a more reliable measurement. Both 
methods possess distinct advantages and are chosen based 
on specific application requirements, including accuracy, 
noise sensitivity, and cost considerations. Additionally, signal 
processing techniques can be applied to further improve the 
accuracy and reliability of current measurements [26]. 

The summing and averaging methods for current 
measurement face challenges, especially when the conductor 
is off-center or arranged within a circular array of sensors. In 
these situations, measurement accuracy can significantly 
decrease. When the conductor is not centered, the magnetic 
field distribution becomes uneven, leading to inaccuracies in 
sensor readings. The summing method, which combines 
sensor outputs, may unintentionally amplify these errors, 
resulting in less precise overall measurements. Similarly, in a 
circular sensor arrangement, accurately capturing the 
magnetic field variations becomes complex, potentially 
leading to inconsistencies, particularly at different locations 
along the conductor’s circumference. As a result, the overall 
measurement error tends to rise, undermining the reliability 
of the collected data. Addressing these challenges typically 
requires implementing corrective measures, such as sensor 
calibration, advanced signal processing algorithms, or 
alternative measurement approaches designed to 
accommodate off-center conductors and circular sensor 
arrays. 

A new calibration technique for conductor positioning is 
proposed to tackle the increased errors associated with these 
methods. This circular conductor positioning calibration 
utilizes three magnetic field sensors positioned at known 
locations around the conductor. These sensors measure the 
magnetic flux density generated by the current flowing 
through the conductor. The distances from the center of the 
conductor to each sensor are then incorporated into the 
calibration algorithm to estimate the relative position of the 
conductor accurately [24]. 

3.1 Coreless Current Sensing Scheme with Circular 
Conductor Position Calibration 
 
As measurement errors become more pronounced, a new 
method is proposed: circular conductor positioning 
calibration. This approach involves positioning three 
magnetic field sensors at established locations around the 
conductor. These sensors measure the magnetic flux density 
generated by the current. By analyzing the collected data, the 
precise position of the conductor relative to the sensors can 
be determined, thereby ensuring accurate current 
measurements. The magnetic flux density ,  and  

measured by sensors ,  and  can be expressed as, 

 

                                                     (17) 
 

                                          (18) 
 

                                           (19) 
 

 

 
 

Fig-10: Coreless circular current sensor unit having three 
sensors. 

Expressing  and  in terms of , 
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                            (20) 

                             (21) 
 

From the triangle made by  and  ; 

 

 

             (22) 
 

          (23) 
 
 

From the equation (20), (21), and (22) we have, 
 

 

                 (24) 
 

From the equation (20), (21), and (23) we have, 
 

 

(25) 
 
 

So, putting the value of  from equation (24), the value 

of  becomes, 

 

   (26) 
 

We know that, 
 

           (27) 
 

Putting the values of  and  from equations (24) 

and (26) and rearranging equation (27) can be written as, 
 

    (28) 
 

Then further rearranging the equation (28) to get the only 
unknown value of , 

 

  (29) 
 

After calculating  and  can be calculated as, 

 

                                              (30) 

 

                           (31) 
 

Where,  

    And    

 

3.2 Simulation Results for Coreless Current Sensing 
Systems 
 
      Simulations were performed using ANSYS Maxwell 
Software to examine the effects of different conductor 
positions within a circular sensor array. The probe radius 
was set to 18 mm, with a current of 16 A flowing through the 
conductor. Thirteen positions were chosen for analysis, 
including (0,0), (5,0), (10,0), (-5,0), (-10,0), (0,5), (0,10), (0,-
5), (0,-10), (5,5), (-5,5), (-5,-5), and (5,-5). This diverse 
selection of positions enables a thorough investigation of the 
sensors’ responses to various conductor placements. By 
leveraging mathematical formulations alongside the 
capabilities of ANSYS Maxwell Software, the simulation 
provides a detailed understanding of how different 
conductor positions influence magnetic field distribution and 
sensor readings within the circular array. This analysis is 
essential for optimizing sensor placement and enhancing the 
accuracy of current measurements in real-world 
applications. 
 

When the conductor is positioned at the center of the 
probe, both the summing and averaging methods, as well as 
the proposed method, gives minimal error. At the central 
position, both methods recorded a current of 15.999 A, with 
an error percentage of just 0.0066%. The calculated results 
for various conductor positions using both the summing and 
averaging methods, along with the new proposed 
mathematical expression, are presented below. 

 
 

Fig-11: Coreless circular current sensor unit having three 
sensors with 13 positions. 
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Table -5: Measurement of error percentage by utilizing 

the summing and averaging method for different 
Positions. 

 
 

     
 

    
 

   
 

   
 

Fig-12: Magnetic field of a Conductor placed inside a 
circular array in 13 different Positions. 

Table -6: Measurement of error percentage after 

implementing the new equation for different Positions. 

 
4. IMPACT OF CONDUCTOR PROXIMITY ON 

CROSSTALK ERRORS IN CURRENT MEASUREMENT 
Current measurement is vital in various electrical 

engineering applications, and magnetic field-based methods 

are often employed to provide non-invasive and secure 

measurement techniques. However, a significant challenge 

arises in scenarios involving multiple conductors, where 

crosstalk occurs [27]. This phenomenon happens when the 

magnetic field produced by one current-carrying conductor 

interferes with the measurements from a nearby conductor, 

leading to errors that compromise data accuracy and 

reliability [28]. 

This research study examines the interference caused by 
crosstalk magnetic fields using a circular magnetic sensor 
array to address this issue. By simulating real-world 
scenarios with external current-carrying conductors 
positioned at varying distances from the sensor array, we aim 
to analyze how conductor positioning affects measurement 
accuracy. Previous research has underscored the negative 
impact of crosstalk magnetic fields on the precision of current 
measurements, resulting from the interaction of magnetic 
fields generated by adjacent conductors. 

While various strategies, including advanced sensor 
arrays and signal processing techniques, have been explored 
to mitigate these effects, there remains a need for further 
investigation into the specific factors influencing crosstalk, 

Position Current (Summing & Averaging 
Method) 

Error% 

(5,0) 16.28257 1.76606 

(10,0) 17.29136 8.0710 

(-5,0) 16.32813 2.05081 

(-10,0) 17.10780 6.92375 

(0,5) 16.33571 2.09818 

(0,10) 19.10048 19.378 

(0, -5) 16.15283 0.9551 

(0, -10) 15.80377 1.22643 

(5,5) 16.40311 2.51943 

(-5,5) 16.20019 1.25118 

(-5, -5) 16.87166 5.44787 

(5, -5) 16.96221 6.01381 

Position Current (Proposed Method) Error% 

(5,0) 16.0017 0.00106 

(10,0) 16.0103 0.06437 

(-5,0) 15.9908 0.05750 

(-10,0) 15.9986 0.00875 

(0,5) 15.9957 0.02687 

(0,10) 15.9929 0.04437 

(0, -5) 16.0002 0.00125 

(0, -10) 16.0015 0.00937 

(5,5) 16.0041 0.02562 

(-5,5) 16.0004 0.0025 

(-5, -5) 15.9939 0.03812 

(5, -5) 16.0064 0.04000 
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such as the distance between conductors and the 
configuration of the sensor array. 

4.1 Crosstalk Mechanism in Current Measurement 

In the field of current measurement using magnetic field 

sensors, crosstalk presents a significant challenge. This issue 

arises when the magnetic field generated by one current-

carrying conductor, referred to as the external conductor 

(with current ), interferes with the measurements of 

another nearby conductor, known as the target conductor 

(with current ). As a result, this phenomenon introduces 

unwanted interference, which can lead to substantial 

distortions in the actual current reading of the target 

conductor. 

Crosstalk occurs when both, the target and external 
conductors generate magnetic fields as current flows through 
them. These magnetic fields adhere to the inverse square law, 
meaning their strength diminishes with greater distance from 
the conductor [29]. The circular sensor array, intended to 
measure the magnetic field produced by the target conductor 
( ), can also pick up the magnetic field generated by the 
nearby external conductor ( ). This crosstalk magnetic field 
can either add to or subtract from the desired signal, 
depending on their relative orientations, resulting in 
measurement distortion. 

Several factors affect the magnitude of crosstalk and its 
impact on current measurement accuracy. The most 
significant factor is the distance (D) between the target 
conductor and the external conductor. As this distance 
increases, the crosstalk magnetic field weakens, resulting in 
reduced interference with the sensor array’s measurements. 
Our simulations show that positioning the external conductor 
at least four times the radius of the sensor array substantially 
minimizes crosstalk errors. 

 

Fig-13: Representation of current under measurement 
𝐼1 and the crosstalk current 𝐼2 in a polar coordinate 

system. 

Additionally, the geometries of the conductors, including 
their shapes and sizes, can also influence crosstalk. Straight 
conductors generally produce more predictable magnetic 
fields compared to coiled or twisted conductors, which can 
create more complex field patterns and potentially increase 
crosstalk. Furthermore, the sensitivity of the sensor array 

plays a crucial role in its susceptibility to crosstalk; highly 
sensitive sensors may detect even weak crosstalk fields, 
resulting in larger measurement errors. Therefore, both the 
sensor design and material selection can significantly impact 
sensitivity to crosstalk. By understanding these factors and 
implementing mitigation strategies—such as increasing the 
distance between the sensor and conductor or employing 
shielding techniques—we can reduce crosstalk and achieve 
more accurate current measurements. 

4.2 Simulation Setup 

For the simulation study examining the effects of external 

conductor positions on a circular sensor array, ANSYS 

Maxwell 2D was employed. This powerful electromagnetic 

field simulation software is particularly effective for 

modeling and analyzing electromagnetic fields and forces in 

complex configurations of conductors and sensors. 

The simulation setup featured a circular sensor array with a 

radius of 18 mm. Within this configuration, two currents 

were analyzed: , flowing through the main conductor 

located at the center of the array, and , flowing through an 

external conductor. Both conductors were set to carry a 

current of 16 A. 

This arrangement facilitates the investigation of magnetic 
field interactions and the resulting electromagnetic effects 
affected by the varying positions of the external conductor in 
relation to the sensor array. 

To systematically investigate the spatial relationship and 
its influence on sensor readings, the external conductor was 
positioned at various specified distances from the center of 
the array. These distances were defined as multiples of the 
array’s radius (r), specifically at 2r, 3r, 4r, 5r, 6r, 7r, 8r and 
10r. This range creates a comprehensive gradient for 
observing how magnetic field strength and distribution 
change with distance, which is crucial for applications that 
require accurate detection of magnetic field anomalies or 
variations. 

Additionally, the study considered different 
configurations for the number of sensors within the array, 
including setups with 3, 4, 6, 8, and 10 sensors. This variation 
enables an evaluation of how sensor density and 
arrangement impact the accuracy and sensitivity of 
electromagnetic field detection. 

The materials and geometries of the conductors were 
chosen based on their electromagnetic properties and their 
relevance to the simulated scenarios. These choices are 
designed to closely reflect real-world applications, thereby 
increasing the practical significance of the simulation results. 

With this detailed simulation setup, the research aims to 
gain insights into optimal sensor arrangements and external 
conductor placements for effective electromagnetic field 
mapping and monitoring. These insights could be crucial for 
developing advanced sensing solutions across various 
engineering and technological applications. 
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4.3 Simulation Results 

The simulation is obtained by using the setup described 

above, and the simulation results were analyzed to 

produce two graphs. Below is more detailed information 

about the graphs: 

Firstly, as the number of sensors in the array increased, the 

error due to external conductors decreased. This can be 

attributed to the improved spatial resolution and averaging 

effect provided by a larger number of sensors, allowing for 

better discrimination between the desired signal and 

external interference. A larger sensor array enhances the 

ability to pinpoint the exact location of the desired signal, 

thus minimizing the impact of noise and interference from 

external conductors. This finding is crucial as it highlights 

the importance of sensor quantity in improving 

measurement accuracy in environments with potential 

external interference. 

   

14 (a)                                    14 (b) 

  

14 (c)                                   14 (d) 

  

14 (e)                                    14 (f) 

Fig-14: Magnetic field of conductor placed inside the 

circular array of sensor and one external conductor for 

different distances. 

Secondly, as the distance between the external conductors 
and the sensor array increased, the error in current 
measurement decreased. This suggests that increasing the 
distance reduces the influence of external conductors on the 
measurements, leading to more accurate results. When 
external conductors are further away, their electromagnetic 
fields have a diminished impact on the sensor array, thereby 
reducing measurement error. This finding emphasizes the 

importance of strategic placement of sensor arrays relative to 
potential sources of interference to enhance measurement 
accuracy. 

 

Fig-15: Distance vs Error graph as the number of sensors 
increased. 

 
Fig-16: Number of sensor vs Error graph has the distance 

increased. 

The two graphs visually represent these findings, 
highlighting the relationship between the number of sensors, 
the distance to external conductors, and measurement error. 
The first graph likely illustrates a downward trend in error 
with the increase in the number of sensors, demonstrating 
the advantages of a larger sensor array. Meanwhile, the 
second graph probably shows a reduction in error as the 
distance to external conductors increases, reinforcing the 
importance of spatial separation in minimizing interference. 

Collectively, these graphs illustrate that optimizing both 
the number of sensors and their positioning relative to 
external conductors is crucial for achieving accurate 
measurements. The insights derived from these graphs can 
guide the design and deployment of sensor arrays across 
various applications, ensuring greater precision and 
reliability in measurements even in the presence of external 
conductors. 

 

5. Conclusion 

This research investigates the effects of conductor placement 
and nearby magnetic fields on the accuracy of circular sensor 
arrays for current measurement. We developed 
mathematical formulas to correct errors from off-center 
conductor positioning, validated through simulations 
showing that placing the conductor at least four times the 
sensor’s radius away from others significantly reduces 
errors. This finding underscores the importance of precise 
conductor placement for optimal sensor performance. This 
research study also introduced a novel equation for different 



          International Research Journal of Engineering and Technology (IRJET)       e-ISSN: 2395-0056 

               Volume: 13 Issue: 05 | May 2026              www.irjet.net                                                                        p-ISSN: 2395-0072 

  

© 2026, IRJET       |       Impact Factor value: 8.315       |       ISO 9001:2008 Certified Journal       |     Page 1914 
 

conductor positions within the circular array, providing an 
effective solution to measurement inaccuracies. By 
considering optimal placement and applying this equation, 
engineers can enhance the reliability and precision of 
current measurements, benefiting the field of electrical 
measurement and instrumentation. To evaluate external 
magnetic interference, the study simulated various 
scenarios, confirming that positioning an external conductor 
more than four times the radius from the target conductor 
greatly decreases measurement errors. 

Future research can explore advanced signal processing 
techniques to reduce crosstalk and improve accuracy in 
circular sensor arrays. By employing adaptive filtering, 
spatial interference cancellation, and integrating machine 
learning for real-time adaptive compensation, researchers 
can enhance measurement reliability. These combined 
strategies will pave the way for more robust current 
measurement systems, effectively addressing the challenges 
of crosstalk and variability in conductor positioning. 

REFERENCES 

[1] Shrawane, Prasad, and Tarlochan S. Sidhu. 
"Noninvasive Measurement of Three-Phase Cur- 
rents." IEEE Open Journal of Industry Applications, 
vol. 5, pp. 143-154, 2024. 

[2] Yu, Hao, Zheng Qian, Huayi Liu, and Jiaqi Qu. "Circular 
array of magnetic sensors for current measurement: 
Analysis for error caused by position of conductor." 
Sensors 18, no. 2 (2018): 
578. 

[3] Guo, Chunxian, Huaiqing  Zhang, Huan Guo, Lin Chen, 
Weihao Chen, and Nian Yu. "Crosstalk analysis and 
current measurement correction in circular 3D 
magnetic sensors arrays." IEEE Sensors Journal 21, 
no. 3 (2020): 
3121-3133. 

[4] Shrawane, Prasad, and Tarlochan S. Sidhu. "Per- 
formance of a noninvasive magnetic sensor- based 
current measurement system in power systems." 
Electronics 10, no. 22 (2021): 2869. 

[5] Chen, Kun-Long, and Nanming Chen. "A new method 
for power current measurement using a coreless Hall 
effect current transformer." IEEE Transactions on 
Instrumentation and Measurement 60, no. 1 (2010): 
158-169. 

[6] Volokhin, Vitalii, and Illia Diahovchenko. 
"Peculiarities of current sensors used in 
contemporary electric energy metering devices." 
Energetika 63, no. 1 (2017). 

[7] Crescentini, Marco, Sana Fatima Syeda, and Gian 
Piero Gibiino. "Hall-effect current sensors: 
Principles of operation and implementation 
techniques." IEEE Sensors Journal 22, no. 11 (2021): 

10137-10151. 

[8] Paun, Maria-Alexandra, Jean-Michel Sallese, and 
Maher Kayal. "Hall effect sensors design, integration 
and behavior analysis." Journal of Sensor and 
Actuator Networks 2, no. 1 (2013): 
85-97. 

[9] Spang, Matthias, and Niklas Hofstoetter. "Evaluation 
of current measurement accuracy for a power 
module with integrated shunt resistors." In PCIM 
Europe 2017; International Exhibition and 
Conference for Power Electronics, Intelligent Motion, 
Renewable Energy and Energy Management, pp. 1-8. 
VDE, 2017. 

[10] Shafiq, Muhammad, Brian G. Stewart, Ghulam Amjad 
Hussain, Waqar Hassan, Maninder Choudhary, and 
Ivo Palo. "Design and applications of Rogowski coil 
sensors for power system measurements: A review." 
Measurement 203 (2022): 112014. 

[11] Samimi, Mohammad Hamed, Arash Mahari, 
Mohammad Ali Farahnakian, and Hossein Mohseni. 
"The Rogowski coil principles and applications: A 
review." IEEE Sensors Journal 15, no. 2 (2014): 651-
658. 

[12] Zhang, L., Zhu, S., Lin, H., Zhang, J. (2017). 
"Design and Optimization of Rogowski Coil for High 
Accuracy Current Measurement." IEEE Transactions 
on Instrumentation and Measurement, 66(9), 2296-
2304. 

[13] Shepard, David E., and Donald W. Yauch. "An overview 
of Rogowski coil current sensing technology." LEM High 
Current Systems, (2000). 

[14] Nanyan, Ayob Nazmy, Muzamir Isa, Haziah Ab- dul 
Hamid, Mohamad Nur Khairul Hafizi Rohani, and 
Baharuddin Ismail. "The rogowski coil sensor in high 
current application: A review." In IOP Conference 
Series: Materials Science and Engineering, vol. 318, 
no. 1, p. 012054. IOP 
Publishing, 2018. 

[15] Du, Xia, Andrea Stratta, David Arturo Porras 
Fernandez, Yuqi Wei, Yuheng Wu, Zahra Saadatizadeh, 
Chris Farnell, and H. Alan Man- tooth. "Multi-objective 
Design Optimization for Current Sensor Rogowski 
Coil." In 2022 IEEE Energy Conversion Congress and 
Exposition (ECCE), pp. 1-6. IEEE, 2022. 

[16] Li, Jiaxian, Hao Liu, and Tianshu Bi. "Tunnel 
magnetoresistance-based noncontact current sensing 
and measurement method." IEEE Trans- actions on 
Instrumentation and Measurement 71 (2022): 1-9. 

[17] Chan, John YC, C. F. Norman, and Loi Lei Lai. "A 
coreless electric current sensor with circular conductor 
positioning calibration." IEEE Transactions on 
Instrumentation and Measurement 62, no. 11 (2013): 



          International Research Journal of Engineering and Technology (IRJET)       e-ISSN: 2395-0056 

               Volume: 13 Issue: 05 | May 2026              www.irjet.net                                                                        p-ISSN: 2395-0072 

  

© 2026, IRJET       |       Impact Factor value: 8.315       |       ISO 9001:2008 Certified Journal       |     Page 1915 
 

2922-2928. 

[18] Chen, Yafeng, Qi Huang, and Arsalan Habib Khawaja. 
"Interference-rejecting current measurement method 
with tunnel magnetoresistive magnetic sensor array." 
IET Science, Measurement & Technology 12, no. 6 
(2018): 733-738. 

[19] Itzke, Alexander, Roland Weiss, and Robert Weigel. 
"Influence of the conductor position on a circular 
array of Hall sensors for current measurement." IEEE 
Transactions on Industrial Electronics 66, no. 1 (2018): 
580-585. 

[20] Bouattour, Ghada, Carlo Trigona, Rim Barioul, Houda 
Ben Jemaa Derbel, Roberto La Rosa, Salvatore 
Baglio, and Olfa Kanoun. "A Smart Sensing 
Architecture for Misalignment Measurements." In 
2018 IEEE SENSORS, pp. 1-4. IEEE, 2018. 

[21] Rezaei-Zare, Afshin, and Reza Iravani. "On the 
transformer core dynamic behavior during 
electromagnetic transients." IEEE Transactions on 
Power Delivery 25, no. 3 (2010): 1606-1619. 

[22] Aiello, Orazio. "Hall-effect current sensors 
susceptibility to emi: Experimental study." 
Electronics 8, no. 11 (2019): 1310. 

[23] Li, Zhenhua, Siqiu Zhang, Zhengtian Wu, Ahmed Abu-
Siada, and Yuan Tao. "Study of current measurement 
method based on circular magnetic field sensing 
array." Sensors 18, no. 5 (2018): 1439. 

[24] Weiss, Roland, Rory Makuch, Alexander Itzke, and 
Robert Weigel. "Crosstalk in circular arrays of 
magnetic sensors for current measurement." IEEE 
Transactions on Industrial Electronics 64, no. 6 
(2017): 4903-4909. 

[25] Kumar, V. and Rai, S.,2024, October. "Boosting Power 
Systems Resilience Against Counterfeiting Of GPS 
Attacks Using Deep Learning Approach." In 2024 
IEEE 1st International Conference on Green 
Industrial Electronics and Sustainable Technologies 
(GIEST) (pp.1-6). IEEE. 

[26] Guo, Q., Peng Fu, Ge Gao, Li Jiang, Lensen S. Wang, 
and Yuerun R. Bai. "Rectangular magnetic sensor 
array for current measurement by the quadrature 
method." IEEE Transactions on Plasma Science 46, 
no. 5 (2017): 1227-1233. 

[27] Liu, Jingyi, Chi-Kwan Lee, and Philip WT Pong. "Anti-
Interference Current Sensing with Enhanced 
Sensitivity Based on Magnetoresistive Sensors." IEEE 
Transactions on Instrumentation and Measurement, 
(2024). 

[28] Rotgerink, Jesper Lansink, Georgios Erotas, Niek 
Moonen, and Frank Leferink. "Comparing Various 
Measurement and Simulation Techniques for 
Estimating Crosstalk." In 2020 International 

Symposium on Electromagnetic Compatibility-EMC 
EUROPE, pp. 1-6. IEEE, 2020. 

[29] Weiss, Roland, Alexander Itzke, Julian Reiten- spieß, 
Ingolf Hoffmann, and Robert Weigel. "A novel closed 
loop current sensor based on a circular array of 
magnetic field sensors." IEEE Sensors Journal 19, no. 7 
(2018): 2517-2524. 

 

BIOGRAPHIES 

 Vagesh Kumar (Student Member, IEEE) is 
currently pursuing a Ph.D. in Electrical and Computer 
Engineering at Université Laval, Canada. He received his 
M.Tech. in Power Systems Engineering from National 
Institute of Technology Rourkela and his B.Tech. in Electrical 
Engineering from Veer Bahadur Singh Purvanchal 
University. He has also worked as a Research Scholar at 
Indian Institute of Technology Ropar. His research interests 
include power systems, electromagnetic transient (EMT) 
simulations, Data Center modeling, machine learning 
applications in electrical engineering, AI-driven energy 
systems, and electromagnetic field analysis. He has served as 
a reviewer for several journals and conferences such as IEEE 
and Elsevier EPSR journal. 
 

 Shivam Saini (Student Member, IEEE) 
received the B.E. degree in electrical engineering from 
Government Engineering College, Godhra, India, in 2022, and 
the M.Tech. degree in power engineering from the Indian 
Institute of Technology Ropar, Rupnagar, India, in 2025. He 
is currently working toward the Ph.D. degree with the 
Department of Electrical and Computer Engineering, 
University of Houston, Houston, TX, USA. 


