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Abstract 
 

A spreader pose control system using dual-electric 
compasses has been implemented by measuring the skew 
angle of the spreader with dual-electric compasses. In the 
conventional spreader pose measurement, CCD cameras, 
laser sensors or tilt sensors are mostly used. However 
those sensors are not only sensitive to the weather and 
disturbances but also expensive to build the system. To 
overcome the shortcomings, an inexpensive and efficient 
system to control the spreader pose has been 
implemented using the dual-magnetic compasses. Since 
the spreader iron-structures are noise sources to the 
magnetic compass, it is not considered to use the 
magnetic compass to measure the orientation of the 
spreader. An algorithm to eliminate the interferences of 
metal structures to the dual compasses has been 
developed in this paper. The 10:1 reduction model of a 
spreader control system is implemented and the control 
performance is demonstrated to show the effectiveness of 
the dual-magnetic compasses proposed in this research. 
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1. Introduction  
 

Many of hub-ports are trying to develop a fully 
automated loading/unloading system to escape from the 
heavy human work loads. Main technologies for the 
successful management of the automated port are the 
automated loading/unloading using cranes and the 
automated navigation of carrying vehicles.  

Especially the loading/unloading time is a crucial 
factor for the ship staying at a port. The two types of 
containers, 20 ft and 40 ft, are handled by the specialized 
equipment. Main equipments are a container crane and a 
yard crane. The container crane speed is one of the most 
important in determining the container processing 
capability of a port.  The yard crane is carrying the 
containers to stock and to load on the carrying vehicle. 
Both of these two cranes have the same structures of a 
horizontal-motion trolley and a vertical-motion spreader, 
and carry the containers to a desired location. 

To load or unload the containers precisely, the pose 
control of the spreader is essential with the precise 
measurement of the skew and sway angles. The precise 

pose measurement reduces the monitoring operator’s 
care about the unmanned crane in the automated port[1].  
For the spreader pose measurement, CCD cameras, 
lasers, and tilt sensors mainly have been utilized in the 
most operating automated ports[2-4]. However, there are 
some limitations in using the conventional sensors for 
the measurement of spreader pose. The CCD cameras 
require the image processing procedures which take a lot 
of time, and the images are very sensitive to weather 
conditions. The laser sensors are very expensive and 
have the dead angle in measuring skew angles. 

In this paper, the spreader orientation is measured and 
controlled by using the dual electric compasses which 
are robust against the iron structures. In general, the 
compass is very sensitive to the iron structures, and it 
cannot be used near at the iron structure. Using the dual 
electric compasses, the sensitiveness to the iron 
structures has been eliminated and also the disturbances 
from the neighboring objects have been filtered out[5,6] 
to achieve the skew angle control. Section 2 introduces 
the conventional usage of the electric compass. In 
section 3, the principle of the dual-electric compasses 
proposed in this paper have been described. Section 4 
analyzes the experimental results, and section 5 
concludes this paper and indicates future works on this 
topic.  
 
 
2. Single Compass Compensation 
 

There are three basic compensations required for the 
compass: zero-offset, output sensitivity variation, and 
non-orthogonal error. The error compensation techniques 
are explained for the general single compass.  
 
2.1 Zero-offset   
 

The output offset of the compass comes from the 
device itself and from the amplifier. The offset depends 
on the sensor tolerance and temperature, and the offset 
value is obtained as   

2/)( min,max, yxyxoffset VVV −=       (1) 

where is zero when there is neither 
disturbance nor device-offset. 
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Using the offset value, the output is corrected as 

offsetoutputyxcorrectedyx VVV −= ,, .      (2) 



 
2.2 Output sensitivity variation 
 

The two sensors for x- and y-axis may have different 
sensitivity to magnetism and amplification factors. The 
errors can be compensated by using scale factors. That is, 
when the scale factor for x-axes is represented 
as, , then the scale factor for y-axes, can be 

represented as 
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Using the scale factor for y-axes, , the outputs 

along x- and y-axis are matched to represent the azimuth 
angle correctly. 
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2.3 Non-orthogonal error 
 

In the manufacturing process of the sensor, the non-
orthogonal error of up to  exists. The error can be 
represented as  

°2
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αcosmax ⋅=VVx .             (4b) 

From Eq’s. (4a) and (4b), α and  β  can be 
obtained. Therefore the corrected y-axis output can be 
obtained as  
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3. Dual Compass Compensation 
 

The compass is very sensitive to the interferences 
from magnetic materials. To resolve this shortcoming, in 
this approach, dual compasses arranged in phase 
difference have been utilized as shown in Fig. 1.  

°180

 
3.1 Output phase error 
 

The interference from the metal-structures to the two 
sensors in phase difference can be modeled and 
compared with the earth magnetism in Fig. 1.  
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The spread magnetism represents the magnetism of 
the iron structures which are magnetized by the earth 
magnetism. The interference results in the addition to 
one sensor and the subtraction to the other phase 
difference sensor with the earth magnetism. If there 
exists only the pure earth magnetism, the addition of the 
two x- and y-axis outputs of the two compasses is zero. 

°180

However by the effects of the interference, the 
summation is not zero in the metal-structures normally. 
This compensation algorithm for this interference has 
been developed in this paper and will be described in 
detail in the following subsection. 

 
Fig. 1. Relation between earth magnetism and the 
interference. 
 
3.2 Output amplitude compensation 
 

The outputs of the dual compasses are recorded on the 
metal-structure to be used while the structure is rotated 
by , the results are represented as two circles in Fig. 
2.  To remove out the interference effects, the two 
circles are properly shifted to the center and to match the 
radii of the circles to the same.  

°360

 

 
Fig. 2. Change of magnetized circles with metal-
structures. 
 

Through this compensation process, the interference 
from the metal-structure is pre-specified and the results 
can be utilized for the real-time interference 
compensation. 

The normalization process for the two compass 
outputs starts with the measured offset value as follows: 

 

1 1max 1r oV V V= − ffset      (6a) 

       2 2 max 2r offsetV V           (6b) V= −
 

where and are the maximum values 

obtained from Fig. 2,  
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the sensor 2 can be defined, assuming V1 1sf = as 
follows: 
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Therefore the normalized x-directional output can be 
obtained as 

1 1 1,x corrected x x offsetV V V= −           (8a) 

2 2 2,( ) 2x corrected x x offset sfV V V= − ⋅V .  (8b) 
Note that the y-directional output can be also obtained 

by replacing x as y in equations (8a) and (8b). 
Through the process, the magnetized circle can be 
moved to the origin of the measuring coordinates.  
 
3.3 Disturbance compensation 
 

The interference from the neighboring structures 
cannot be filtered out on the real time with only a single 
compass. In this approach, using the dual compasses, the 
interference is eliminated.  

To implement a stable skew angle measuring system 
using the dual compasses, here the rejection of dynamic 
disturbances using the dual-compasses has been 
proposed. By the Eq. (8), the two magnetized circles are 
normalized, and the two circles may have exactly same 
outputs when there is no disturbance. When there exists 
disturbing magnetism, the rotation of θ  does not result 
in the same variations in both compasses. Instead, the 
compasses have the azimuth angles of ρ and σ  which 
do not have phase difference but have  °180 ε  error.  

The x and y directional error components can be 
obtained from the outputs of the dual compasses, 
respectively, as  
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where 1 2, ,x x yV V V and  are x and y directional 
outputs of sensors 1 and 2, respectively. The magnetized 
circle can be described by the radius and phase as 
follows: 
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Since the radius is not constant by the disturbance, the 
shape of the magnetized circles becomes ellipsoid with 
this disturbance.  
 
 
4. Experiments and Results 
 

In this section, the constitution of the experimental 
equipment has been illustrated, which measures and 
controls the skew angle of the 10:1 reduction model 
spreader. The dual compasses are utilized for the angle 
measurements and the control results show that the 

control accuracy with the dual compasses is high enough 
to be used for the spreader pose control within the flipper 
error tolerance.  
 
4.1 Experimental environment 
 

Since there were some difficulties in feeding the 
control cables on the center of the model spreader, the 
compasses are installed at each end of the spreader 
symmetrically. By the experiment 1, the compasses 
become ready to be used by compensating all the offsets. 
In the experiment 2, the structural inference is added by 
putting the two compasses on the metal-frame.   

For the calibration process, a motor is installed at the 
bottom of the spread and its angle is controlled according 
to the encoder value.  
  
4.2 Error compensation 
 

By the first experiment, the magnetized circles before 
and after compensation have been drawn in Fig. 3(a) and 
Fig. 3(b), respectively. 

The magnetic field intensity has been increased at a 
compass while for the other has been decreased. Also the 
interference is not constant so that the magnetized circles 
become ellipsoids as expected.  
 

 
 (a). Before interference compensation. 
 

 
(b). After interference compensation 
 
Fig. 3. Dual compass output. 



4.3 Skew angle measurement 
 

The spreaders of the crane operating in the harbors can 
be rotated about during the loading and unloading 
operations. And the allowable angle error for both of 20 
ft and 40 ft containers are  for the normal 
loading/unloading operations. Therefore for the fully 
automated crane, the skew angle error should be kept 
within  by the control system.   

°±15

°1
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Using the single compass, the skew angle of the 

spreader which is rotated  has been measured and 
recorded in Fig. 4.  
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Fig. 4. Experiments of measuring of skew angle. 
  

Notice that for the error measurement, the high 
precision encoder data have been used as the reference 
values. As it is illustrated in Fig. 4, the skew angle 
measurement by the single compass has the maximum 

 error which is out of the allowable angle error for 
the flipper. There is no effective scheme to reduce this 
error so far.  

°4

When the dual compasses have been used for the skew 
angle measurements, there was nearly recognizable error 
in Fig. 5. With the dual compasses, the maximum 
measurement error for the skew angle is less than . 
Therefore it is precise enough to be utilized to control the 
pose of the spreader as a skew angle sensor. 

°5.0

 

 
Fig. 5. Experiment of skew angle. 
 
 
5. Conclusions 
 

The spreader pose control system has been 
implemented by using the dual-electric compasses which 
are robust against both the structural interference and 

dynamic disturbances. The skew angle control is the 
most difficult problem in the control of the spreader for 
the loading/unloading operations since there is not any 
suitable sensor for the measurement of the skew angle. 
With the development of the dual-electric compasses, the 
automated crane can be robust against the weather 
conditions and be a precise and economical system. In 
the compensation processes, there were magnetic 
hysteresis which can be modeled and eliminated to 
improve the accuracy as a future research.   
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