
Error Correction of Automatic Testing Systems for Hall Effect  

Current Sensors 
 

Cheng Liu, Ji-Gou Liu 

ChenYang Technologies GmbH & Co. KG., Markt Schwabener Str. 8, 85464 Finsing, Germany 

http://www.chenyang.de, Tel. +49-8121-2574100, Fax: +49-8121-2574101, cheng.liu@chenyang-ism.com 

Abstract 

In this paper an error correction method is proposed for improving the measuring accuracy of automatic testing systems 

for Hall Effect current sensors. The errors of the original testing system are determined by a reference sensor or a refer-

ence resistor. These error values are saved as corrections into a data matrix in the testing system. The systematic errors 

of the testing system are corrected by using the correction data matrix. In this way a conventional measuring system can 

be enhanced into a precise measuring system.  The proposed method can be used in all automatic testing systems. 
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1 Introduction 

Current sensing is an important operation for many elec-

tric power, driving and communication systems. Tradi-

tionally, it was primarily intended for circuit protection 

and control. With the technological advance, current sens-

ing has appeared as a method for monitoring and perfor-

mance enhancing. Therefore, current sensors are applied 

to power systems, current and voltage regulators, linear 

and switch-mode power supplies, inverters, rectifiers, mo-

tor drives, generators, automotive power electronics, elec-

tric powered locomotives, telecommunications, trans-

former substations, battery management systems, wind 

turbines and photovoltaic equipment etc.  

Hall Effect current sensors are preferred towards other 

competitive technologies like shunt resistors, because 

they provide many benefits such as wide measuring 

range, good linearity, high accuracy, Galvanic isolation 

between input and output, and wide variation of sensor 

configurations etc. [1, 2].  

In order to achieve reliable results and to ensure satisfying 

quality, Hall Effect current sensors have to be tested be-

fore using. An automatic testing system can be very help-

ful to save the testing time. A simple automatic testing 

system for Hall Effect current sensors consists of three 

basic components: a digital multimeter (DMM), an 

AC/DC current source and a PC system.  

For a trustful quality control, it is important that the test 

equipment should be more accurate than the sensor under 

test. The measuring error of the testing system should be 

lower than one-fourth of the error of the sensor [3]. The 

most Hall Effect current sensors are defined with accura-

cy from ±1.0% to ±0.2%. So for testing all of these sen-

sors, the measuring deviation of testing systems must be 

lower than ±0.05%. Nevertheless, this criterion cannot be 

fulfilled for the most conventional current measuring sys-

tems. Therefore better and more accurate instruments are 

needed for testing the Hall Effect current sensors. How-

ever such precise instruments are much more expensive. 

It results in increasing testing costs of current sensors. 

This paper proposes an error correction method of auto-

matic testing system for Hall Effect current sensors. This 

method consists of error determination and error correc-

tion. By using the proposed method the accuracy of the 

automatic testing system can be effectively improved and 

controlled within ±0.03%. Instead of buying expensive 

equipment, the error correction is a favorite solution for 

testing systems. The principle can also be applied to 

measurements of other electrical and physical quantities. 

2 Test Equipment 

Figure 1 shows one of our automatic testing systems. It 

consists of a DMM (1), a DC current source (2), a PC sys-

tem (3) and a data acquisition device with analog and dig-

ital outputs (4).  

The Agilent 34401A multimeter has a 6½ digit resolution. 

It provides many measurement functions (AC/DC volt-

age, AC/DC current, 2- and 4-wire resistance, diode, con-

tinuity, frequency and period) and has a basic accuracy 

0.0035% for DC measurements and 0.06% for AC meas-

urements [4]. The DC current source is an EA-PS 8080-

120. This device outputs a DC current of 0-120A. Ac-

cording to the data sheet, it has an accuracy ≤0.2% [5]. 

The NI USB-6008 is for data acquisition, but also offers 

two analog outputs and 12 digital I/O pins [6]. So it can 

be used for system controlling with software which runs 

on the PC system. Due to the deviations of the DC current 

source (±0.2%) and the DMM (±0.01%), the measuring 
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deviation of the whole testing system is higher than 0.2%, 

which doesn’t fulfill the criteria for testing Hall Effect 

current sensors.  

 

 
Figure 1 Components of Automatic Testing System 

3 Error Correction Algorithm 

For improving measuring accuracy of measurement sys-

tem, error compensation and correction methods can be 

used with the help of modern data processing methods [7-

14]. Firstly, the errors of the measuring system have to be 

determined. There exist systematic and random errors 

[15]. The random errors can be reduced by signal pro-

cessing. Systematic errors are caused by the inaccuracy of 

the system and can be determined and corrected. There 

are two methods for error determination of the testing sys-

tem.  

The first method is using a reference current sensor (see 

figure 2). The output voltage Vref  of this reference sensor 

is measured by a high precision measurement system with 

accuracy of ±0.01% in advance.  

 

 
Figure 2 Error Determination with Reference Sensor 

 

For calibration, this reference sensor has been measured 

by testing system under correction again in order to get 

the output voltage Vsys for the same input current values. 

Thus, the absolute voltage deviation can be calculated by: 

 

                                (1) 
 

According to the given ratio k between output voltage and 

input current, the errors of the testing system ∆I can be 

determined by 

                                                   (2) 

 

The second method needs a reference resistance with high 

accuracy (±0.01%) and low temperature drift (< 10 ppm) 

(see figure 3). The error detection procedure in this case is 

comparable with the method above. The resistance has a 

value of 0.001Ω. The voltage Vm which can be measured 

is directly proportional to the input current (see figure 4). 

This voltage can be easily converted to the input current 

Im: 

           
  

      
      (3) 

 

The error of the testing system ∆I can be determined by 

the difference between measured current Im and the output 

current Io from the DC current source: 

 

                       (4) 

 

 
Figure 3 High Precision Reference Resistor 

 

 
Figure 4 Error Determination with Reference Resistor 
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In both cases the measured errors ∆I are saved as devia-

tion data matrix in the PC system. The principle of the 

calibration is shown in the following figure 5. 

 

 
Figure 5 Determination of Deviation Data Matrix 

 

The deviation data matrix contains only the absolute devi-

ations. By using this matrix, error correction algorithm 

can be performed for a testing system. Figure 6 shows the 

principle of a testing system with error correction algo-

rithm. 

 

 
Figure 6 Testing System with Error Correction 

 

The error correction uses the deviation data matrix and 

linear interpolation for eliminating the systematic errors 

of the testing system. Concretely, the digital error correc-

tion is made by 

                    (5) 

 

where    represents the current output before correction, 

   the current deviation and    the current output after er-

ror correction. 

Another way is to manipulate the control voltage of the 

current source if available. The control voltage V is pro-

portional to the desired output of the current source, 

which can be set by the user under using a set current      

(ideally        ):  

                     (6) 

where   is a conversion factor. In order to perform the er-

ror correction, the absolute deviation can be simply mul-

tiplied with the linear factor   and added to the original 

control voltage for getting a new control voltage     : 

 

                      (       )                (7) 

 

By using     , the current source is corrected and can 

give out a more accurate current output   . The testing 

system can directly measure the current sensor output. In 

both cases, the measured values are saved with the current 

output (   ) on hard disk of the testing system for further 

processing. 

For calculating deviation values which are not listed in 

the data matrix, a linear interpolation can be used. Linear 

interpolation is processed in order to create new values 

between two known neighbor values. This method allows 

the use of less real measurement values and therefore less 

data space. 

4 Results 

The rest errors after correction are mostly dominated by 

the random errors, because the majority of the systematic 

errors are compensated by the error correction algorithm. 

Moreover, with both error detection methods, the results 

are nearly the same. An accuracy of about ±0.03% can be 

reached. Table 1 shows the relative deviation of the test-

ing system with the error correction algorithm in the 

range [0A, 120A]. Figure 7 visualizes the measuring re-

sults. 

Furthermore, it is also possible to make even small cur-

rents more accurate. Table 2 and figure 8 show the results 

in the range [0A, 5A]. 

Based on the above results, the testing system under using 

error correction can be defined with an accuracy of 

±0.05% at least. It fulfills the criterion for testing and cal-

ibrating Hall Effect current sensors. 

 

 
Figure 7 Relative rest deviation in range [0A, 120A] of 

testing system after Error correction 
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Current under test (A) Relative deviation (%) 

0 -0,027 

5 -0,009 

10 -0,005 

15 -0,021 

20 0,002 

25 -0,011 

30 0,002 

35 -0,015 

40 0,003 

45 0,015 

50 -0,007 

55 0,013 

60 -0,011 

65 -0,028 

70 -0,003 

75 0,004 

80 -0,013 

85 0,004 

90 -0,013 

95 0,019 

100 -0,014 

105 0,001 

110 -0,024 

115 -0,005 

120 0,013 

 

Table 1 Relative rest deviation in range [0A, 120A]  

 

 
Figure 8 Relative rest deviation in range [0A, 5A] 

 

Current under test (A) Relative deviation (%) 

0 -0,003 

0,5 -0,020 

1,0 -0,005 

1,5 0,006 

2,0 -0,007 

2,5 -0,017 

3,0 -0,011 

3,5 -0,020 

4,0 0,002 

4,5 -0,006 

5,0 0,006 

 

Table 2 Relative rest deviation in range [0A, 5A] 

5 Conclusions 

The proposed error correction algorithm is tested on our 

current sensor testing system with EA-PS 8080-120 and 

Agilent 34401A. From the test results one can draw the 

following conclusions: 

 

 For testing Hall Effect current sensors, the measure-

ment system needs at least an accuracy of ±0.05%. 

 High precision systems are more expensive. It results 

in higher testing costs for sensors. 

 The error correction algorithm contains two parts: 

error determination and error correction.  

 The measuring error of a testing system can be de-

termined with a reference sensor or resistor. The ref-

erence sensor should be measured with a high preci-

sion measurement system in advance. The reference 

resistor should have a high accuracy and a low ther-

mal drift. 

 The absolute deviations of the inaccurate system are 

saved as a deviation data matrix in PC system for er-

ror correction. 

 During the error correction, the deviation data matrix 

is used to compensate the systematic errors of the 

testing system. 

 Linear interpolation can be used for getting a devia-

tion value between two known neighbor values. In 

this way the data space can be saved. 

 Testing system under correction can be improved to 

an accuracy of about ±0.03%. It fulfills the criterion 

for testing current sensors. 

 The error correction algorithm offers a low-cost solu-

tion for improving the measuring accuracy of existing 

testing systems. 

 It is very suitable for different testing systems and 

can be easily integrated in custom software. 

 This principle can also be applied to measurements of 

other electrical and physical quantities. 
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