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Introduction 
 

The Hall Effect Sensors have many application areas 
such as various protection circuits, analysis of magnetic 
field or current distribution. However, the most widespread 
application field of the Hall Effect sensors is the current 
sensing. If current sensing will be analog, linear Hall 
Effect sensors are preferred. The Hall sensor is placed to 
air gap of core for sensing magnetic flux. When current is 
passed through the conductor placed inside of the core, 
magnetic flux arises from current in the core and the Hall 
sensor generates a voltage proportional to the current. The 
linear response of sensed current is rather convenient for 
control feedback circuits [1, 2, 3, 4, 5]. 

The output voltage of sensor is same with the AC and 
DC wave shape of measured current. The air gap of the 
core isolates the sensor electrically and so, over current 
damage or high voltage transient on sensor is prevented. It 
also eliminates DC insertion loss [5]. 

The Hall Effect current transformer has a good 
linearity, however depending on structure of the Hall 
sensor, deviations may occur in offset voltages and defects 
resulting from environmental factors cause deterioration of 
linearity in current measurement. This study suggests more 
linear measurement by using a real time parameter 
estimation method. 
 
Hall Effect current measurement 
 

The Hall sensor based current measurement can be 
realized as open loop or closed loop. While in open loop, 
there is no secondary winding, in closed loop, Hall voltage 
is transformed to current by means of a transistor circuit 
and passed from a secondary winding. The purpose is 
compensating of the magnetic flux created by primary 
winding.  The basic connection scheme of such a current 
transformer is given in Fig. 1 [5].  

The Hall sensor produces a voltage proportional to 
the magnetic flux and the primary current. The output 
voltage is amplified by an operational amplifier and 
applied to a push-pull transistor circuit so it is transformed 

to secondary current. In this way, a second magnetic flux is 
created to balance primary magnetic flux in the core. The 
secondary current is symmetric of the primary current and 
secondary winding is generally coiled as 1000 turns [5–7]. 

  

 
 
Fig. 1. Basic connection scheme of a closed loop current 
transformer 
 

The basic equation is  
 

                            . .p p s sN I N I= . (1) 
 

The magnetic flux density in air gap must not be 
bigger than the maximum flux density that can be sensed 
by the sensor [8, 9]. The magnetic flux density is 
calculated with the following expression 
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where B  – the magnetic flux density (T); iµ  – the initial 
permeability of the core; .P PN I  – the primary mmf; ml   – 
the mean length of core (m); gl  – the length of air gap (m). 
The effective permeability of core is calculated as flow [8–
10] 
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Design example and application results 
 

In this study, Allegro A 3515 linear Hall sensor is 
preferred. The sensitivity of this sensor is 45 10×  mV/T, 
the operating voltage is 5V. The operating magnetic flux 
range is ± 40 mT and ± 80 mT [11]. 

For . 30P PN I = AT, 54.2ml = mm, 1.8gl = mm and 

3000iµ =  values, the magnetic flux density is calculated 
as 0.0207 T. In this magnetic flux density, the output 
voltage of Hall sensor is 1.035 V. the effective 
permeability of core is calculated as 

53.738 10eµ
−= × H/m. The connection scheme of the 

designed Hall Effect current transformer is given in Fig. 2 
[12]. 
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Fig. 2. The connection scheme of the designed Hall Effect current 
transformer 
 

The voltage controlled current source is a circuit that 
purifies the Hall sensor output voltage from quiescent 
voltage output, amplifies and passes it through the 
secondary winding as current. (Fig. 3) [12]. The quiescent 
voltage output is generally half of the supply voltage 
( / 2ccV ) [9, 11]. The quiescent voltage output was made 
zero by adjusting the potentiometer in LM 741 subtraction 
circuit. (Fig. 3) [13, 14].   

 

 
 
Fig. 3. Voltage controlled current source 

 
For voltage amplification, INA 110 KP 

instrumentation amplifier by Texas Instruments Company 
was preferred [15]. The value of external gain resistor 
connected to input of the INA 110 KP is 81.58 kΩ for 1.49 
voltage gain ratio (G) and is adjusted by 100 kΩ 
potentiometer (Fig. 3).  

OPA 633 KP buffer was connected to output of the 
voltage amplification circuit to provide secondary current 
so a voltage controlled current source was obtained by 
driving the output of INA 110 KP with OPA 633 KP. [16,  
17]. 

The secondary current is found with the following 
expression 
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where HV  indicates Hall sensor voltage, LR  indicates 
measurement resistor, SZ  indicates secondary winding 
impedance. The measurement voltage of the Hall Effect 
current transformer is 
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For the application, necessary air gap is established 
on the Magnetics OF-42206-TC ferrite core and primary 
and secondary windings are coiled. The core with Hall 
sensor and upper side view of the electronic circuit is given 
in Fig. 4 [13]. 

   
 
Fig. 4. The core with Hall Sensor and upper side view of the 
electronic circuit 

 
Primary current of current transformer is increased by 

0.05 A intervals and corresponding secondary currents and 
measurement voltages are measured as DC and AC (50 Hz, 
RMS) values, respectively. The environment temperature 
is 27.3 0C. Transfer function of closed loop current 
transformer is given in Fig. 5. Nonlinearity clearly is 
shown especially 0-0.5 A area  [12]. 
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Fig. 5. Transfer function of closed loop current transformer 

 
It is the current value that we aim to measure actual 

parameter and it requires converting measurement voltage 
to current value. We know existence of a constant ratio 
between measurement voltage ( LV ) and primary current 
( PI ) [12]. This constant ratio ( C ) is 1.51723 (DC) and 
1.52755 (AC) for maximum measurement voltage and 
primary current values. When we multiply LV  by this 
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constant ratio we can find out current (
cPI ) which we aim 

to measure 
 

                           
CP LI C V= × . (6) 

 
Examination of the linearity with real time parameter 
estimation 
 

If the equation of . .p p s sN I N I=  is provided 
completely, the primary mmf - secondary mmf changing 
curve is a regular increasing line. However, because of the 
various reasons given below, this curve can not be 
obtained completely: 

a) Change in quiescent output voltage of linear Hall 
sensors depending on the earth magnetic effect, sensor 
supply voltage and temperature [9, 11, 12].  

b) Change in sensitivity of Linear Hall sensors 
depending on sensor supply voltage and temperature [11].  

c) The tolerance of the semiconductor elements used 
in voltage controlled current source. [14, 15, 17]. 

d) The linearity error depending on the selected core 
materials, air gap, core losses, DC magnetic offset 
(remanent magnetization of core material) [6].    

e) Unbalance between the primary and secondary 
windings [18]. 

f) Random errors in the measurement system. 
When Fig. 5 is examined, it is seen that 

. /S P P SI N I N=  condition can not be obtained exactly. 
This situation prevents us from carrying out accurate 
current measurement. For a more accurate calculation, 
mathematical expression of the transfer function of the 
current transformer should be examined. For this aim, 
equation parameters were found with real time parameter 
estimation. This method facilitates determination of 
physical parameters of the established model and making 
of calibration [19]. 

Let’s find out expression of primary current 
depending on measurement voltage and let’s express this 
current as estimated primary current (

EPI ). If this 
expression is third degree polynomial, equation is 
 

                       3 2
1 2 3. . .

EP L L Lp V p V p V= + + . (7) 
 

To show the n  data number, sum of squares of the 
residuals S of the measured 

iPI  and estimated 
EPI  

primary currents is [19, 20, 21] 
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where 
1

p , 
2

p   and 
3

p parameters that will make this sum 
to be the least are calculated with expressions of 
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If necessary operations are made, the equations are 
written in matrix form and 

1
p , 

2
p  and 

3
p  parameters are 

left alone, Eq.(12) is obtained [19] 
 

1

2

3

1
6 5 4 3

1 1 1 1

5 4 3 2

1 1 1 1

4 3 2

1 1 1 1

ii i i i

ii i i i

ii i i i

n n n n
PL L L L

i i i i
n n n n

PL L L L
i i i i
n n n n

PL L L L
i i i i

p V V V V I

p V V V V I

V V V V Ip

−

= = = =

= = = =

= = = =

     ×                  = × ×               ×         

∑ ∑ ∑ ∑

∑ ∑ ∑ ∑

∑ ∑ ∑ ∑

.  (12) 

 

All above calculations can be summarized as the 
parameter estimation process in Fig. 6 [22]. 
 

 
 
Fig. 6. The parameter estimation process 
 

It requires reference primary current for real time 
simulation. The primary current is applied as ramp 
function. Input variable (primary current) and output 
variable (measurement voltage) were transferred to Matlab 
Simulink by PCI-1716 DAQ card. Graphical interface of 
simulation circuit is given in Fig. 7. 

 

 
 
Fig. 7. Simulink circuit of real time parameter estimation 
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Fig. 8. Simulink circuits of subsystem 1 and subsystem 2 
 

Embedded Matlab function block allow various 
Matlab functions to be used in simulink.  Inputs of this 
block are d,e,f,g,h,i,j,k matrix components which are 
previously created by Subsystem1 and Subsytem2 and LV . 
Outputs are parameter matrix p  (

1
p , 

2
p , 

3
p ) and real 

time estimated primary current value l  
(

1 2 3
3 2. . .L L Lp V p V p V+ + ). Matlab command window in 

Embedded Matlab function block is given below: 
 
function [lpE,p]= fcn(d,e,f,g,h,i,j,k,VL),  
% Coefficients Matrix,  
m=[h,g,f;g,f,e;f,e,d], 
n=inv(m), 
o=[i;j;k], 
% Parameters, 
p=n*o, 
r=transpose (p), 
t=[VL^3;VL^2;VL], 
lpE =r*t. 

Parameter matrix from (12) is 
 

                  
1

2

3

1p h g f i
p g f e j
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  (13) 

 

and estimated primary current value at end of the 
parameter estimation is 
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Estimated primary current and residual for DC an AC 
measurements are given in Fig. 9 and 10. 

 

 
 

Fig. 9. DC simulation result: a – estimated primary current; b – 
residual 

 

 
 

Fig. 10. AC  simulation result:   a – estimated primary current; b 
– residual  

 
Because of the dimension of the parameter square 

matrix estimated primary current can be obtained after 3 
seconds. Transfer function can be rearranged after 
parameter estimation resulting a much more accurate 
transfer function (Fig. 11). 
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Fig. 11. New transfer function of Hall effect current transformer 
 
Fig. 12 a) shows errors between reference primary 

current and calculated primary current depending on LV  
measurement voltage, Fig. 12 b) shows errors between 
reference primary current and estimated primary current 

 

 
 

Fig. 12. Errors in measurements. a) Before estimation b) After 
estimation 

 
Obtained parameters and estimated primary current 

values are shown in Table 1. 
It is seen that AC error is bigger than DC error in 

both before and after estimation procedure because AC 
primary current naturally induces an error current in 
secondary winding. This phenomenon is operating 
principle for traditional current transformer but causes non 
zero output in the Hall sensor in our current transformer 
resulting a deterioration balance between two mmf’s. R2 
value determines compatibility between primary current 
and calculated primary current or estimated primary 
current. 
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Table 1. Obtained parameters and estimated primary current 
values 

 

iPI  to indicate the average value of the primary 

currents,  The mathematical expression of 
iPI  and R2 are 

[19] 
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Before estimation, R2 values for DC and AC 
measurements are % 96.2739 and % 93.5235 respectively. 
After estimation R2 values for DC and AC measurements 
are % 99.9805 and % 99.9884 respectively. 
 
Conclusions 
 

In this study, a Hall Effect current transformer 
measuring DC and AC current is designed. A voltage 
controlled current circuit that will ensure necessary current 
in a closed loop is established and related measurements 
are carried out. However, it is seen that errors originate 
from the Hall sensor, electronic circuit components and 
other factors. This situation causes deterioration of 
linearity in measurement results. 

With application of the real time parameter 
estimation, the mathematical model is obtained depending 
on measurement voltage and the primary current. By using 
the proposed model, a more linear current measurement 
can be carried out without using external compensation 
circuit [23, 24]. Real time observation allows experimenter 
to examine linearity during the experiment. Compatibility 
between the reference primary current and measurement 
voltage increase to % 99.9805 for DC and % 99.9884 for 
AC measurements. 

For further studies, it will be useful to study linearity 
of the Hall Effect current transformer by means of different 
analysis methods for theoretical and practical applications. 
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G. Gokmen, K. Tuncalp. The Design of a Hall Effect Current Transformer and Examination of The Linearity with Real Time 
Parameter Estimation // Electronics and Electrical Engineering. – Kaunas: Technologija, 2010. – No. 5(101). – P. 3–8. 
 Today, the Hall sensor based current measurement is being widely used as they have both AC and DC current measurement 
capability. The factors such as ratiometric error of Hall sensor, earth or other magnetic effects in sensor location, sensitivity errors 
originating from temperature or magnetic core, deteriorates measurement linearity. This requires that measurement results are evaluated 
with mathematical analysis methods. In this study, a closed loop Hall Effect current transformer was designed and its linearity in 
measurement results is examined by real time parameter estimation based on the least squares method so measurement accuracy was 
improved and real time observation of linearity error was provided. Ill. 12, bibl. 24, tabl. 1 (in English; abstracts in English, Russian and 
Lithuanian). 
 
 
Г. Гокмен, К. Тунцалп. Исследования трансформатора тока на основе эффекта Холла с учётом моментных изменений 
параметров // Электроника и электротехника. – Каунас: Технология, 2010. – № 5(101). – C. 3–8. 

Преобразователь Холла широко применяется для измерения постоянного и переменного тока. Исследовано влияние 
погрешностей, которые создают окружающая температура, механические отклонения, конструкция трансформатора. Для 
определения погрешностей параметров применен метод наименьших квадратов. Установлены минимальные погрешности на 
основе теоретических исследований, создан оригинальный трансформатор тока на основе эффекта Холла. Ил. 12, библ. 24, 
табл. 1 (на английском языке; рефераты на английском, русском и литовском яз.). 
 
 
G. Gokmen, K. Tuncalp. Srovės transformatoriaus su Holo efektu projektavimas ir charakteristikų tiesiškumo tyrimas 
įvertinant momentinius parametrus // Elektronika ir elektrotechnika. – Kaunas: Technologija, 2010. – Nr. 5(101). – P. 3–8. 
 Holo jutiklis plačiai taikomas nuolatinei ir kintamajai srovei matuoti. Būtina atkreipti dėmesį į tokius veiksnius, kaip įžeminimą ar 
magnetinius efektus jutiklio montavimo vietoje, jautrumo paklaidas, atsirandančias dėl temperatūros ar šerdies. Todėl matavimo 
rezultatams reikia pritaikyti matematinės analizės metodus. Suprojektuotas srovės transformatorius su Holo efektu. Ištirtas 
charakteristikų tiesiškumas įvertinant realius parametrus. Taikant mažiausiųjų kvadratų metodą, padidėjo matavimo tikslumas. Il. 12, 
bibl. 24, lent. 1 (anglų kalba; santraukos anglų, rusų ir lietuvių k.). 
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