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Abstract: In this paper is presented the implementation of a versatile magnetometer which is designed 
for applications in the field of electrical energy measurement, especially for smart meters used in 
advanced metering infrastructure. The magnetometer is the key element in a smart meter, performing 
contactless current sensing for precise power consumption computation.  The proposed system uses a 
magnetic sensor with a sensitivity of 2.5 mV/Gauss and a measurement domain of 0−1000 Gauss. All 
the initial processing of the signal generated by the magnetic sensor, as well as other specific 
functionalities required by the magnetometer’s operation, like calibration and self testing, are realized 
with PIC16F876A microcontroller and few other complementary analog conditioning circuits.  The 
connectivity of the equipment is ensured by a local RS232 interface and a Telit GE864 GSM/GPS 
module that allows the integration of the proposed microsystem into a larger smart grid. The 
innovative design of the proposed magnetometer relies on the intrinsic flexibility and reconfigurability 
offered by the microcontrollers technology, correlated with the advantages of the GSM interface which 
resulted in a efficient implementation solution that facilitate the development of intelligent electricity 
metering networks. 

1. INTRODUCTION 

The increasing demands for energy saving and for 
the introduction of new and advanced services like 
power quality monitoring and real time notification of 
residential and industrial customers for consumption 
optimization involve a significant upgrade of the 
existing metering infrastructure [1].  

Basically, the smart metering concept refers to a 
group of emerging technologies that allows accurate 
measurement and remote transmission of data 
regarding the consumption of various utilities like 
electrical energy, thermal energy, water, gas, etc. The 
most targeted application for the smart metering 
concept is in the field of electricity distribution 
systems where it can ensure an extended set of 
information for customers and for power grid 
operators enabling the improvement of overall 
energetic efficiency. The principle of power 
consumption measurement involves the existence, in 

any type of electrical energy meter, of voltage and 
current sensing capabilities which are of primary 
importance. Especially, the implementation of the 
current sensor rise complex problems because of the 
stringent requirements regarding the dynamic 
measurement range and frequency response. The 
implementation of the current sensor relies mainly on 
the solutions like: current shunts, current transformers, 
Hall effect and magnetoresistances. Although the 
current transformers and magnetoresistances allows 
noncontact measurement and represents robust 
methods with many practical advantages, the 
performances offered by the Hall effect sensor makes 
him the most suitable candidate for metering 
applications because it offers an extended frequency 
response and is capable to operate with very large 
currents. In this context, this paper presents the design 
and also the practical implementation of an innovative, 
Hall sensor-based magnetometer that is intended for 
applications in the smart metering domain [2], [3]. 
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2. THE STRUCTURE OF THE MAGNETOMETER 

The general structure of the proposed design is 
depicted in Fig. 1. The magnetometer is used for the 
challenging task of non-contact accurate monitoring of 
the current through a conductor. As can be observed in 
this diagram, the magnetic field is detected by a Hall 
effect sensor who’s output signal is applied to an 
adjustable gain amplifier and then is band-pass filtered 
for removing any unwanted noises or other spurious or 
high frequency components that could interfere with 
the analog-to-digital conversion process performed by 

the internal converter existent in the PIC 16F876A 
microcontroller. The self calibration and testing 
procedures are performed with a dedicated test coil 
and the subsequent blocks that ensure variable external 
magnetic field on sensor.  The configuration menu of 
the software application that runs on the 
microcontroller can be accessed through the local 
keyboard and also through the serial interface. The 
proprietary algorithms for calibration, testing and 
usual measurements contain innovative software 
procedures that offer improved performances for the 
proposed system [4]. 

 

Fig. 1. The structure of the microcontroller-based magnetometer for smart metering applications. 

3. THE SOFTWARE APPLICATION 

The software program used for controlling the 
operation of the proposed system is realized in PCWH 
IDE Compiler which is a dedicated programming tool 
for PIC microcontrollers. The simplified architecture 
of the main software module stored in the internal 
flash memory of the PIC16F876A microcontroller is 
presented in Fig. 2. As can be seen, the first step is 
represented by the initialization of the internal 
variables, registers and communication ports. Also, in 
this stage is initialized the internal analog-to-digital 
converter (ADC) contained by the microcontroller. 
The local interaction between the user and the 
magnetometer is realized through a simple interface 
comprising a control keyboard and an alphanumeric 
display. When the system is started, after the 
predefined initializations, the second step which is 
performed is the displaying of the general menu of the 
application.  Immediately after that are executed two 
key software modules: the self-testing and calibration 
procedure of the Hall sensor followed by the reading 
of the current value for the magnetic field. The usual 
operation of the magnetometer can be modified 
through configuration commands received either from 

the GSM/GPRS module or from the local keyboard. A 
special case is when the magnetometer is directly 
connected to an external PC through the RS232 serial 
interface. This particular method is intended to be used 
only when the other two methods mentioned above are 
not operational [5]. 

 

Fig. 2. The logic diagram of the software application for the 
PIC16F876A microcontroller. 
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4. IMPLEMENTATION AND RESULTS 

The hardware design of the microcontroller-based 
magnetometer which is dedicated for the implementa-
tion of smart metering concept in electrical energy 
measurement systems is presented in Fig. 3. The pre-
liminary tests were mainly focused on the accuracy 
and the operation correctness of the stand-alone mag-
netometer. After that, the module was also integrated 
into a classical energy meter, for sensing the current 
consumption of various types of loads, including 
inductive and capacitive loads. Also, different geome-
tries were considered for the measurement setup, with 

multiple sensor placing positions, aiming to improve 
the accuracy of the system which is sensitive to the 
problems generated by the fact that the magnetic field 
distribution around the measured cable is not uni-
formly distributed. In the proposed design was used an 
A1301 Hall effect integrated sensor. The sensor was 
chosen because it has a continuous-time, linear opera-
tion with a good sensitivity of 2.5 mV/Gauss, a band-
width of 20 kHz and an extended measurement 
domain of 0−1000 Gauss. The biasing circuits for the 
test coil and the magnetic sensor circuitry are both 
galvanic insulated from the rest of the system through 
high speed optocouplers.  

 

Fig. 3. The electronic diagram of the control module used for implementing the magnetometer. 
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The aspect of the implemented magnetometer is 
shown in Fig. 4. In this picture the magnetometer is 
displaying the level of the magnetic field generated by 
the test coil which is activated in the initial calibration 
process. For improved accuracy of practical determi-
nations, the calibration of the proposed magnetometer 
was also realized with an ENVI PRO magnetometer. 
The extended tests revealed that the medium accuracy 

of the proposed magnetometer is around 0,5 Gauss. 
The measurement accuracy of the proposed mag-
netometer is primarily limited by the measurement 
precision of the integrated Hall sensor and by the reso-
lution of the internal analog-to-digital converter which 
in the case of PIC16F876A microcontroller is of 
10 bits [1], [2]. 

 

Fig. 4. The hardware implementation of the magnetometer displaying the measured magnetic induction generated by the 
test coil in the initial calibration process. 

5. CONCLUSIONS 

The implementation of reliable magnetometers 
using the Hall effect sensors offers many practical 
advantages regarding the robustness and simplicity of 
the measurement system.   

Being a non-contact sensing equipment, the Hall 
effect-based magnetometer offers an increased flexi-
bility in the installation of the measuring system, 
eliminating the need for separate access to the load’s 
conductors and temporary interruption in power 
supply. The extended frequency response and the 
capability to operate with large currents represent 
other key advantages of the proposed design. 

ACKNOWLEDGEMENT 

The research that led to the results shown here has 
received funding from the project “Cost-Efficient Data 
Collection for Smart Grid and Revenue Assurance 
(CERA-SG)”, ID: 77594, 2016-19, ERA-Net Smart 
Grids Plus. 

REFERENCES 

[1] K. S. Kavithakumari, P. Pravina, E. Catherine, A. 
Priya, "Advance metering infrastructure for smart grid 
using GSM", Int. Conf. on Science Technology 
Engineering & Management, pp. 619 -622, 2017. 

[2] M. Aboelmaged, Y. Abdelghani, A. Mohamed A. El 
Ghany, "Wireless IoT based metering system for 
energy efficient smart cites", 29th Int. Conf. on 
Microelectronics (ICM), pp.1-4, 2017. 

[3] H.-H. Chang, K.-L. Chen, Y.-P. Tsai, and W.-J. Lee, 
“A new measurement method for power signatures of 
nonintrusive demand monitoring and load 
identification,” IEEE Trans. on Industry Applications, 
vol. 48, no. 2, pp. 764–771, 2012. 

[4] Sergio D. Fugita, Ricardo A. S. Fernandes, Marcelo 
Suetake, Ivan N. da Silva, “Hall sensors applied as 
transducers to smart meters in the context of power 
quality”, IEEE PES Conf. on Innovative Smart Grid 
Technologies (ISGT), pp. 1 – 5, 2013. 

[5] John S. Donnal, Steven B. Leeb, “Noncontact Power 
Meter”, IEEE Sensors Journal, Vol. 15, Issue: 2, pp. 
1161 – 1169, 2015. 

 

978-1-5386-5731-7/18/$31.00 ©2018 IEEE 4 2018 41st International Spring Seminar on Electronics Technology (ISSE) 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (None)
  /CalCMYKProfile (None)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


