
 

Abstract-- This study suggests a position estimator using 
linear hall effect sensors and iterative algorithm. Compared 
to other typical position sensors such as encoders and 
resolvers, hall effect sensors have several advantages. (e.g., 
insensitivity to both external disturbances and environ-
mental contaminations, and having a scaleless property). 
Furthermore, linear hall sensors provide more detailed 
information on the motor position (i.e., finer resolution) 
than that of square wave hall sensors. Using those 
characteristics, a position estimator with linear hall sensors 
is proposed. Considering the sinusoidal property of the 
magnetic flux distribution along the position of the motor 
system, an iterative algorithm with dual sampling rates is 
applied. The effectiveness of the suggested method was 
validated with a simulation. 
 

Index Terms—Dual sampling rate observer, Linear hall 
effect sensor, Position estimation, Scaleless motor system.  
 

I.  INTRODUCTION 

Nowadays, motor actuated systems are commonly 
used in many industrial areas for various purposes. The 
information on the motor position is essential for 
successful completion of the mission. The most widely 
used two types of position sensors are optical encoders 
[1], [2] and resolvers [3], [4]. An optical encoder can 
provide a finer resolution than that of others; however, it 
is very sensitive to shock, vibration, oil, moisture, 
obstacles and dust. Moreover, it requires an additional 
scale along the required stroke. On the other hand, a 
resolver is robust against external contaminations. 
Nevertheless, its application is limited due to its 
considerable size and weight.  

Compared to optical encoders and resolvers, hall effect 
sensors have strong advantages in terms of weight, size 
and price. Furthermore, it is scaleless and insensitive to 
both contaminations and disturbances. Considering the 
coarse resolution of the square wave hall effect sensors 
[5], [6] because they detect only the edge signals at the 
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boundaries of permanent magnets, in this study, linear 
hall effect sensors were used to obtain the position 
information of a motor system.  

Because the linear hall effect sensors detect the 
magnetic flux distribution along the position of the 
permanent magnets in a motor system, the measurement 
mainly consists of a sinusoidal wave for which the period 
is identical to the length of one permanent magnet pair. 
However, due to the arrangement pattern of the 
permanent magnet array, a significant amount of a third 
order harmonic component is included. Therefore, in this 
study, the fundamental and third order harmonic 
components in the hall sensor measurement are taken into 
account to estimate the motor position. In addition, 
because it is difficult to extract a unique solution from the 
summation of sinusoidal functions in a direct way, an 
iterative algorithm is applied.  

The rest of this paper is organized as follows. The 
design of the position estimating algorithm is discussed in 
Section II. The dual sampling rate observer is presented 
in Section III. The convergence proof and performance 
validation for the suggested method are shown in Section 
IV and V, respectively. And finally conclusions are given 
in Section VI.  

 

II.  POSITION ESTIMATOR 

Even though there exist some other harmonic 
components with smaller magnitudes in the linear hall 
sensor measurement due to several reasons, in this study, 
for the sake of simplicity and as done in some other 
studies [7], [8], only the fundamental and third order 
harmonic components were considered. Therefore, the 
linear hall sensor signal model can be expressed as 
follows: 

( ) ( )( )sin sin 3y A x a B x b= + + + ,               (1) 

where y represents the hall sensor signal, A and B the 
magnitudes of the fundamental and third order harmonic 
components, respectively, x the motor position, and a and 
b the phase of each harmonic component.  

However, as briefly mentioned earlier in the previous 
section, it is difficult to extract a unique and correct 
solution x against a single y directly in eq. (1). For that 
reason, the secant method, which is a kind of iterative 
algorithm, is used as follows:  
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where ˆnx  is the estimated position at step n . By defining 

the function f  as follows:  

( ) ( ) ( )1 1ˆ ˆn n m nf x y x y x− − − ,                 (3) 

where ym is the hall sensor measurement, the position 

estimate x̂  that makes the ( )ˆf x  goes to 0 can be 

obtained through the iteration. A more detailed 
description for the convergence proof is given in Section 
IV.  
 

III.  DUAL SAMPLING RATE OBSERVER 

To guarantee the “iteration” exactly in eq. (2), the hall 
sensor measurement ym in f should be held for several 

steps while the position estimation (iteration) is running. 
To satisfy this restriction without any performance 
degradation, a kind of dual sampling rate observer [9] is 
designed as follows.  

The sampling time to update the hall sensor 
measurement ym was set 10 times longer than the iteration 
sampling time for the position estimation. In general, the 
electrical part (i.e., current controller) is located in the 
inner loop of the mechanical part (e.g., position or 
velocity controller). In other words, the current controller 
operates with a bandwidth 5~10 times faster than that of 
the position or velocity controller. Therefore, by simply 
setting the sampling time for the position estimation (i.e., 
iteration algorithm) identical to the sampling time for the 
current control, a dual sampling rate observer is 
achievable without any hardware upgrade or significant 
increase in computational burden. Fig. 1 describes these 
dual sampling times. In Fig. 1, k1 and k2 represent the step 
number for the hall sensor measurement update and the 
iteration loop, respectively. k1 is a monotonically 
increasing integer; however, k2 is a repeating integer from 
0 to 9 shown in Fig. 1. Therefore, the time t can be 
expressed as a function of k1 and k2 as follows:   

1 2 1 2
( , ) * *t f k k Tsm k Tsc k= = + .                (4) 

 

IV.  CONVERGENCE PROOF 

In this section, the convergence property of the iterative 
algorithm suggested in the previous sections is verified 
by the following two divisions. 

 
Fig. 1. Dual sampling times (Tsm: sampling time for measurement 
update; Tsc: sampling time for the iteration) 
 
 

A.  Measurement hold   ( )2 1 ~ 9k =  

First, the period when the hall sensor measurement is 
held (i.e., k2 = 1~9) is considered. By combining with eq. 
(3) and using eq. (4), eq. (2) can be rewritten as eq. (5). 
Because the hall sensor measurement is being held, the 
two ym terms in eq. (5) cancel each other out. Therefore,  
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By assuming that the sampling time is small enough, the 
hall sensor signal model y is continuous, and the 
inclination angle of the signal model y around the 

position x can be defined as α,  eq. (6) can be rewritten as 

follows: 
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Meanwhile, in finding the approximate solution for an 
equation such as  

( )x g x=                                     (8) 

using following numerical method  

1ˆ ˆ( )n nx g x −= ,                              (9) 

The following theorem guarantees the convergence 
property.  
 

Theorem: Let : [ , ] [ , ]g a b a b→  be a differentiable 

function such that ( ) 1g x γ′ ≤ <  for all [ , ]x a b∈ . Then g 

has exactly one fixed point 0l  in [ , ]a b , and the sequence 

( )nx with a starting point 0 [ , ]x a b∈  converges to 0l . 

 
Differentiation of the right hand side of eq. (7) with 
respect to position x is calculated as follows: 
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The aforementioned assumption was used again in eq. 
(10), and from the theorem expressed above, the iterative 
algorithm of eq. (2), therefore, converges at least as long 
as the hall sensor measurement is being held.  
 

B.  Measurement update   ( )2 0k =  

At the time of the hall sensor measurement update, eq. 
(2) can be rewritten as eq. (11). Because the approximate 
solution (i.e., estimated position) converges through the 
iterations as discussed in the previous section for the 
‘Measurement hold’ period, the following equations are 
applicable: 

1 1,9 ,8ˆ ˆ( ) ( ) 0k ky x y x− ≈                         (12) 

or 

1 1 1 1,9 ,8 1,0 ,0ˆ ˆ( ) ( ) ( ) ( )k k m k m ky x y x y x y x+− −  (13) 

and 

1 1,9 ,0ˆ( ) ( )k m ky x y x≈ .                            (14) 

By applying the above equations, the following equation 
is obtained: 

1 1,0 ,91ˆ ˆk kx x+ ≈  .                                (15) 

Therefore, the estimated position information is held 
during the hall sensor measurement update, and from the 
next step on (i.e., k2=1 ), it will start again to converge to 
the new updated value.  
 

V.  PERFORMANCE VALIDATION 

In this section, the performance of the position 
estimator suggested in this paper is validated through a 
simulation. The system parameters for the simulation are 
shown in Table I.  

 

TABLE I 
SYSTEM PARAMETERS FOR THE SIMULATION 

Parameter Value Unit 

Sampling time for the iteration 
(Tsm) 

0.5 ㎳ 

Sampling time for the measurement 
update (Tsc) 

50 ㎲ 

Coefficient for the fundamental 
harmonic component (A) 

0.6  

Coefficient for the third order 
harmonic component (B) 

0.06  

Phase for the fundamental  
harmonic component (a) 

0  

Phase for the third order  
harmonic component (b) 

0  

 
Referencing [10], the magnitude ratio of the third order 
harmonic component to the fundamental harmonic 

component was set to 0.1. In addition, for simplicity, the 
phases for the harmonic components were set to zero, and 
the hall sensor measurement was assumed to be sensed 
under a constant traveling speed of 6π rad/s. The hall 
sensor modeling error was set to 3% of the original 
magnitude, and sensor measurement noise was 
considered.  

The simulation results are shown in Fig. 2 and Fig. 3. 
In Fig. 2, the position estimation error at every final 
iteration step (i.e., k2=9) is plotted. Fig. 2 convincingly 
shows the effectiveness of the suggested method for the 
motor position estimation. Fig. 3 shows the position 
estimation error along the iteration while the sensor 
measurement is held (i.e., k2=1~9) and updated (k2=0). 
As can easily be seen in Fig. 3, the convergence property 
along the iteration is also verified. In this case, two times 
of iteration were enough for the saturation. However, a 
certain amount of steady state error exists due to the 
difference between the model and the real value, which 
was assigned by 3%, and measurement noise. The RMS 
and maximum position estimation error by suggested 
method are summarized in Table II. 
 

 
Fig. 2. Position estimation error at each final iteration step (k2=9) 
 

 

 
Fig. 3. Position estimation error along the iteration (k2=1~10) 

 

{ } { }
1 1

1 1

1 1 1 1

1 1

,9 ,0
,0 ,9

,9 ,0 ,8 ,0

,9 ,8

1
1

1

ˆ( ) ( )
ˆ ˆ

ˆ ˆ( ) ( ) ( ) ( )

ˆ ˆ

(11)
k m k

k k
k m k k m k

k k

y x y x
x x

y x y x y x y x

x x

+
+

+

−
= −

− − −

−



 

TABLE II 
RMS AND MAX. POSITION ESTIMATION ERROR 

 Value Unit 

RMS error 0.13052 mm 

Max. error 0.26571 mm 

 

VI.  CONCLUSIONS 

In this paper, a dual sampling rate observer was 
developed for motor position estimation using linear hall 
sensors and an iterative algorithm. The position 
estimating algorithm itself is not complicated. 
Furthermore, no additional hardware upgrade or 
computational burden is required for the suggested dual 
sampling rate algorithm. The convergence property along 
the iteration was also proven mathematically. Finally, the 
possibility of a better position estimation through the dual 
sampling rates and iteration was verified by the 
simulation results. However, in real systems, the hall 
sensor measurement has further harmonic components. 
Therefore, the exact performance of the suggested 
method and algorithm should be validated by actual 
experiments under various conditions.  
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