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Navigation device having a turntable for a reversal measurement and method 

for operating the navigation device 5 

 

The invention concerns a navigation device having a turntable suitable for a 

reversal measurement as well as a method for operating the navigation device.  

 

For navigation of movable objects, e.g. in the field of shipping, there are fixed 10 

requirements to the navigation equipment as for example documented in IMO 

A.821. If the navigation equipment has an inertial sensor system (for example an 

inertial measuring unit), this sensor system has to be sufficiently efficient and 

precise, which leads to considerable costs. 

 15 

For applications for which only a small budget is available, however, often the use 

of low priced navigation equipment is sufficient, which uses then necessarily a 

less precise sensor system. It has turned out that some of the sensor errors 

relevant for the navigation performance can be estimated and compensated by 

means of a reversal measurement and mathematical methods. In this manner, 20 

also by using more simple sensors, the required conditions of the norms can be 

satisfied. 

 

However, according to the requirements to the navigation performance the 

reversal measurement has to be carried out frequently and in periodic, predefined 25 

time periods.  

 

Typically, for the reversal measurement a mechanical turntable is provided on 

which the inertial measuring unit is arranged such that it is can be turned after 

predetermined time intervals together with the turntable. The turntable causes 30 

respectively opposite rotations (to and fro) around 180 degrees such that 

systematic measurement errors can be observed and compensated. Triggering of a 

rotation of the turntable can be performed manually or automatically.  

 

Such a method for reversal measurements using a turntable is for example known 35 

from US 2010/0256907 A1. In this method the turntable is rotated e.g. regularly 

after time intervals, e.g. after every two minutes, around 180 degrees in opposite 

directions. The process of rotating takes 2 seconds.  

 



2 

 

Using the reversal measurement amongst others the so-called heading, i.e. the 

course or orientation of the object (e.g. of a ship) with respect to a reference 

system, can be determined with an increased precision. The navigation device may 

then in particular be used for a so-called "attitude heading reference system" 

(AHRS). 5 

 

However, intensive use of the turntable, in particular during use of the navigation 

system during a longer time period, can lead to wearing or a deterioration of the 

mechanical, movable parts and therefore to imprecisions during mechanical 

rotation of the turntable, in particular with respect to the precision of the end or 10 

rotary positions. These imprecisions can lead due to the increasingly imprecise 

positioning of the turntable to an increase of navigation errors during the time of 

use as well as to a shortened lifetime of the whole apparatus due to lack of 

precision.  

 15 

The invention is concerned with the problem of how to provide a navigation device 

that uses the method of reversal measurement and that allows an elongation of 

the lifetime of the apparatus while satisfying high quality requirements. 

 

This problem is solved with a navigation device having the features of claim 1. A 20 

method for operating such a navigation device is indicated as further independent 

claim. Advantageous embodiments are defined in the dependent claims.  

 

A navigation device is provided having: a turntable that can be rotated depending 

on a rotary control signal around an axis into at least two different rotary 25 

positions; an inertial measuring unit arranged on the turntable, which can be 

rotated together with the turntable; and having an evaluation unit for evaluating 

of measurement data of the inertial measuring unit; wherein the quality of 

measurement data can be determined by the evaluation unit, and wherein by the 

evaluation unit a rotary control signal can be generated, if the determined quality 30 

does not reach a predetermined minimum quality, such that then the turntable is 

rotated to the respectively other rotary position. 

 

The inertial measuring unit can be abbreviated as IMU (inertial measuring unit). 

The IMU may be one or several rotation rate sensors, such as fiber optical 35 

gyroscopes (FOG), also in combination with one or several acceleration sensors. 

But typically, for uses in connection with a reversal measurement a less expensive 

system is used such as for example a MEMS (micro electro mechanical system). 
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The inertial measuring unit is supported by the turntable that causes the 

respectively opposite rotations into the two different rotary positions, when a 

rotary control signal is generated. In particular, a rotation is carried out around a 

normal axis (yaw axis) or perpendicular to the local horizontal.  

 5 

The evaluation unit is present in inertial measuring units anyways and serves 

inter alia for determining continuously or in periodic time intervals the quality of 

the measurement signals.  

 

If it is determined that the quality does not reach the predetermined minimum 10 

quality, and that hence the quality of the measurement is questionable, a rotation 

of the turntable and hence of the inertial measuring unit around the rotation axis 

is triggered. The turntable is rotated together with the measuring unit for example 

around 180 degrees (or around a different angle) such that systematic 

measurement errors compensate and can also be corrected from the measurement 15 

signal by the evaluation unit by using calculations. 

 

In difference to the prior art in which the rotations are carried out after regular, 

predetermined time intervals, it is considered according to the present invention 

to trigger rotations only then, if the decreasing quality of the measurement data 20 

makes this necessary. Due to this, in particular for new devices that do not show 

wearing yet, substantially larger time periods can be used without a rotation of 

the turntable. For older systems that have undergone a certain amount of 

deterioration already it is in contrast possible to increase the frequency of 

rotations due to monitoring the measurement quality or the quality of the 25 

measurement data such that the performance of the entire system can still be 

maintained over an extended time period by commanding a rotation, i.e. a reversal 

measurement, more often. A further increase of mechanical wearing of the 

mechanical components and increased power consumption must then be 

accepted. 30 

 

Based on the inertial sensor data of the inertial measuring unit information such 

as the location, the position or the like are transferred to a higher level ship 

control. To this end, typically a platform calculation based on a Kalman filter is 

necessary. The filter may besides the inertial sensor data also use data of external 35 

sensors (such as for example GPS, Star Tracker or the like). If these data have a 

sufficient quality, then the quality of the inertial sensor data can be determined in 

a known manner. 
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If the quality of the inertial sensor data calculated in the Kalman filter is below 

the predetermined minimum quality the reversal measurement is triggered in 

order to reduce the inertial sensor error. Due to the fact that a reversal 

measurement is carried out only if needed and depending on the quality of the 

sensor data the number of reversal measurements is reduced. In this manner 5 

wearing of the mechanical turntable can be minimized, which causes an 

elongation of the lifetime of the device. In addition, lower power consumption can 

be achieved.  

 

The quality of the measurement data can in particular be determined by using the 10 

variance of the measurement data. If for example a low variance of the 

measurement data is determined by the Kalman filter, a high quality will be 

indicated. If in contrast the variance is high, the quality of the measurement data 

will be low. The minimum quality is the defined as the maximally acceptable 

variance.  15 

 

The quality of the measurement data may in addition also be determined based on 

other method step that are known per se, e.g. by a plausibility check of 

measurement differences.  

 20 

The minimum quality may be a predefined fixed threshold. Alternatively, it is also 

possible that the minimum quality is a dynamic threshold that can be changed by 

the evaluation unit depending on further conditions.  

 

Setting a dynamic threshold may e.g. be carried out depending on the respective 25 

operation modus or the vehicle dynamics. Also, the filter state (steady state, 

alignment) or the available data for the filter can be criteria according to which a 

dynamic threshold value is respectively set.  

 

As already explained, it is advantageous if the rotary positions are offset with 30 

respect to each other by 180 degrees such that a forward rotation and a backward 

rotation are respectively opposite and amount to 180 degrees. 

 

Just as well, it is, however, also possible to define other rotation angles which 

makes then according conversions of the measurement results necessary. In 35 

particular, the rotary positions can also be offset with respect to each other by an 

arbitrary angle.  
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In addition, it is also possible that the measurements are carried out 

continuously, i.e. also in arbitrary (intermediate) rotary positions during a 

rotation, but at least in the two fixed (end) rotary positions. 

 

The inertial measuring unit may in particular be configured to determine a 5 

heading. 

 

According to an embodiment a rotary drive is provided that is configured to rotate 

the turntable between the rotary positions. The rotary drive may for example be 

an electro motor that can be driven by an according control. Driving is carried out 10 

in particular if the control of the motor receives a rotary control signal that has to 

trigger the rotation. Further, respective means are present that ensure that the 

rotation is carried out such as to cover exactly the predetermined angle (for 

example 180 degrees). 

 15 

A method for operating one of the navigation devices as described above comprises 

the following steps:  

 

- operating an inertial measuring unit arranged rotatable around an axis 

alternating in a first rotary position and in a second rotary position offset 20 

by e.g. 180 degrees; 

- evaluating of measurement data of the inertial measuring unit and 

determining the quality of the measurement data; 

- comparing the quality with a minimum quality; 

- rotating the inertial measuring unit to the respective other rotary position 25 

always then if the determined quality does not reach the minimum quality.  

 

Comparing the quality with the minimum quality can be carried out continuously. 

However, it is also possible to carry out the comparison after periodic time 

intervals.  30 

 

Evaluating the measurement data and comparing the quality with the minimum 

quality is e.g. also possible during a rotation. 

 

These and further advantages and features of the invention will be described in 35 

the following based on an example by using the accompanying figures. It shows: 

 

FIG. 1 a top view onto a navigation device showing different positions 

of a turntable; 
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FIG. 2 a process diagram of the method of reversal measurement; 

and  

 

FIG. 3 a timing diagram showing the ratio of determined quality and 5 

a predetermined minimum quality. 

 

Figure 1 illustrates in a schematic top view a navigation device having a 

turntable 1 that carries an inertial measuring unit 2 and that can be rotated 

together with the inertial measuring unit 2 around an axis 3.  10 

 

The inertial measuring unit 2 may e.g. be an MEMS measuring unit. The design of 

the MEMS measuring unit is known from the prior art such that a further 

description is not necessary.  

 15 

By an arrow drawn on the turntable 1 the respective orientation of the turntable 1 

can be recognized.  

 

In Figure 1a) the turntable 1 and the inertial measuring unit 2 are in a first 

position.  20 

 

When a not illustrated rotary drive receives an according rotary drive signal for 

the reversal measurement, the rotation of the turntable 1 is triggered and the 

turntable 1 rotates together with the inertial measuring unit 2 (Figure 1b) towards 

a rotary position that is offset by 180 degrees (Figure 1c). Due to the changed 25 

direction of the arrow it can be recognized that the position of the turntable 1 in 

the Figures 1a and 1c is rotated with respect to each other by 180 degrees.  

 

The rotation of the turntable 1 may in particular be triggered by a not illustrated 

evaluation unit of the inertial measuring unit 2. The evaluation unit monitors 30 

inter alia also the quality of the measurement signals of the inertial measuring 

unit 2 and can cause, for an insufficient quality, a rotation of the turntable 1 as 

will be described in the following.  

 

In both of the predetermined rotary positions the envisaged measurement by the 35 

inertial measuring unit 2 is respectively carried out, and for example a bias (as 

typical measuring error) is determined. The measurements may, however, also be 

carried out in all other arbitrary rotary positions (e.g. also in the intermediate 

positions between the fixed end rotary positions) and/or also during a rotation. 
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Figure 2 shows a block diagram of the process flow during the reversal 

measurement. 

 

After switch on of the system an alignment of the inertial measuring unit is 5 

carried out that includes a reversal measurement for initializing the entire 

system. 

 

Afterwards, normal operation including a per se well-known measurement by the 

inertial measuring unit is carried out.    10 

 

Continuously or after predetermined time periods it is checked whether the 

variance of the measurement data supplied by the inertial measuring unit is in 

order ("ok"). This means that it is checked whether the variance as criterion for 

the quality of the measurement data is below a predetermined threshold (low 15 

variance means high quality) or above (high variance means low quality). The 

threshold corresponds therefore to a threshold for the minimum quality.  

 

If it is determined that the variance is alright, i.e. that the predetermined 

minimum quality is reached, normal operation is continued.  20 

 

If, in contrast, it is determined that the variance is above the allowed threshold, 

i.e. that the quality of the measurement data is not sufficient anymore, a reversal 

measurement will be carried out. This means that a rotation of the turntable 1 is 

triggered as illustrated in Figure 1. This rotation effects that the inertial 25 

measuring unit 2 is rotated by 180 degrees such that measurement errors, as for 

example the bias, act in opposite directions and compensate in this manner.  

 

Monitoring of the variance can be carried out continuously or also after 

predetermined time intervals.  30 

 

Figure 3 illustrates a diagram showing the temporal changes of the variance.  

 

At the beginning of the measurement, at steady state operation of the filter, the 

variance is low and increases slowly with time until a situation is reached in 35 

which the variance is higher than the predefined limit (the threshold value). In 

this case the predetermined minimum quality cannot be obtained any longer, 

which causes a reversal measurement as indicated in Figure 3.  

 



8 

 

Thereafter, measurement starts anew now again with smaller variance that 

increases slowly until eventually it is again above the predetermined threshold.  

 

The time periods between the single reversal measurements (rotations of the 

turntable 1) may, according to the conditions, be considerably longer than the 5 

time periods that are indicated in the prior art (in the prior art e.g. 2 to 10 

minutes). Hence, rotations of the turntable 1 occur less often which reduces 

wearing.  

 

If the system has already a considerable age, it is possible that due to wearing 10 

higher imprecisions arise. Then, rotations of the turntable 1 may be carried out 

also more often, i.e. for example after time periods of below 2 minutes.  

 

In this manner reversal measurements according to present needs can be provided 

that adapt the measurement behavior to the respective technical, in particular 15 

mechanical, possibilities.  



9 

 

Claims 

 

1. A navigation device comprising 

- a turntable (1) that can be rotated depending on a rotary control signal 

around an axis (3) into at least two different rotary positions;  5 

- an inertial measuring unit (2) that is arranged on the turntable (1) and can 

be rotated together with the turntable; and 

- an evaluation unit for evaluating of measurement data of the inertial 

measuring unit (2); wherein  

- by the evaluation unit the quality of the measurement data can be detected; 10 

and wherein  

- by the evaluation unit a rotary control signal can be generated, if the 

determined quality does not reach a predetermined minimum quality, such that 

then the turntable (1) is rotated to the respective other rotary position. 

 15 

2. The navigation device according to claim 1, wherein the evaluation unit 

comprises a Kalman filter. 

 

3. The navigation device according to claim 1 or 2, wherein the rotary 

positions are offset with respect to each other by an arbitrary angle, in particular 20 

by 180 degree. 

 

4. The navigation device according to one of the preceding claims, wherein the 

quality of the measurement data can be determined based on the variance of the 

measurement data. 25 

 

5. The navigation device according to one of the preceding claims, wherein the 

minimum quality  

- is a predefined, fixed threshold; or 

- is a dynamic threshold that can be changed by the evaluation unit 30 

depending on further conditions. 

 

6. The navigation device according to one of the preceding claims, wherein the 

inertial measuring unit is configured to determining a heading. 

 35 

7. The navigation device according to one of the preceding claims, wherein a 

rotary drive is provided that is configured to rotate the turntable (1) between the 

rotary positions. 
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8. A method for operating a navigation device according to one of the 

preceding claims, comprising the steps  

- operating an inertial measuring unit (2) that is arranged rotatable around 

an axis alternatingly in a first rotary position and in a second rotary position; 

- evaluating of measurement data of the inertial measuring unit (2) and 5 

determining the quality of the measurement data; 

- comparing the quality with a minimum quality; 

- rotating the inertial measuring unit (2) into the respective other rotary 

position always then, if the determined quality does not reach the minimum 

quality. 10 


