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Abstract 
The article deals with the problem of variability of spatial orientation and the position of the ship gun in time 
and the impact of this variability on the gun accuracy. In the paper three approaches to this problem are pre-
sented. Moreover, the conception of research is presented, which is aimed at verifying each of the approaches 
and selecting the solution that will guarantee the highest effectiveness of the gun. 

 

 
Introduction 

It is assumed in the paper that to determine the 

azimuth and elevation of the ship gun (angles defin-

ing the orientation of the gun barrel relative to the 
ship), following tasks are necessary to carry out: 

1.  Determination of the initial position of the ship 
relative to the target (using the available sensors 

for observation) – determination of the ship base 

reference system, which will be used for further 
calculations and then setting starting position of 

the target in this system; this action is initiated 

when the target is noticed or accepted for track-
ing; 

2. Target tracking (using the available sensors) 

with simultaneous transformation of the position 
of the tracked object to the reference system, for 

this purpose it is necessary to take into account 

translation and rotation of the ship base refer-

ence system, which is related to the observation 
system; information about rotation and dis-

placement between these systems will be ob-

tained from inertial navigational system INS; 
3. Determination of the ship state at the time of 

a gunshot – displacement and rotation of the 

ship relative to the ship base reference system; 

4. Prediction of position of the target in the ship 
base reference system in subsequent time points 

(using information acquired from sensors), in-

cluding those after the gunshot, in order to take 

account of the time of reaching target by projec-

tile; 

5. Taking into consideration the time of reaching 
target by projectile; 

6. Taking into consideration ballistics and hydro-

meteorological conditions. 

Each of the above tasks except task No. 3 is  

performed in all artillery systems. Task No. 3 is 
characteristic for mobile systems, including the sea 

systems and it is a consequence of the continuous 

movement of the weapons carrier, that is a ship. 
Unlike their stationary land counterparts, the gun 

installed on board of a ship changes its position 

relative to the reference system accepted for the 
calculations, and this movement must be included 

in calculation of the azimuth and elevation of the 

gun. This paper proposes three approaches to the 

mentioned above problem with the gun on board  
of a ship, and also shows the method of verification 

of each solution, which is planned to be used to 

determine the solution that ensures the highest  
accuracy of the ship gun. 

Solution No. 1 

The simplest solution presented in the paper is 

to measure spatial orientation and displacement of 
the temporary ship reference system (using INS) 
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relative to the base reference system, and then to 

use the measured parameters to calculate the azi-

muth and elevation. The advantage of this solution 

with respect to solution No. 2 presented in the next 
section is that it operates on the basis of the real 

measured values. Unfortunately, the downside is 

that calculated angles does not correspond to the 
gunshot time but they correspond to the time at 

which they were measured. All calculations lasts 

a while, and after all the calculations the gun has to 
perform movements according to the calculations, 

which also takes a time. The total computation time 

and the gun movement to the right position is very 

short, however, even in this very short time, the 
ship with the gun moves and rotates, what causes 

that the designated angle parameters for gun will 

always be out of date. The gun accuracy will de-
pend on the rate of change of the temporary sys-

tems relative to the ship base reference system.  

The greater the rate of changes, the less accuracy of 
the gun. The rate of change will be depended on the 

speed of the ship, its manoeuvres and the length 

and amplitude of the sea waves. The longer the 

wave, the slower changes and greater gun accuracy. 
Unfortunately, the Baltic Sea has a very short wave, 

which will adversely affect the efficiency of the 

whole artillery system acting in accordance with  
the solution No. 1. 

In order to increase the effectiveness of the gun 

it is possible to use the prediction of the time in-

stants when the gunshot will guarantee high accura-
cy. Of course, there will be time instants when the 

ship will not move at full speed, it will not ma-

noeuvre, as well as the moments in which the angu-
lar velocities of the ship will be small, e.g. mo-

ments when she is in the maximum position on the 

side (Fig. 1). 

 

Fig. 1. Illustration of errors made using solution 1 

Solution No. 2 

In this case we have prediction of the spatial ori-

entation of the ship and its displacement relative to 

the base reference system. Prediction is applied not 
only to the target and its location in the base sys-

tem, but also in relation to the ship. Predicting the 

ship behavior in the subsequent time points, we can 
use this information to set the gun exactly at the 

moment of the gunshot. Each parameter determin-

ing the state of the ship in the base reference system 
is predicted individually (a total of six parameters 

should be taken into consideration: three angular 

and three linear motions). The future orientation 

and displacement of the ship is determined based 
on further indications of the INS system. 

The advantage of this approach compared to  

approach No. 1 is that in the case of accurate pre-
diction of the ship behavior we will be able to set 

the gun in the position corresponding to the time 

point of the gunshot. The disadvantage of this  
approach is that (contrary to the solution No. 1) 

setting of the gun is based not on the measured data 

but on the predictions which are usually with error 

(Fig. 2).  

 

Fig. 2. Errors of prediction 

Solution No. 3 

For the prediction of the spatial orientation of 

the ship and its displacement in the ship base refer-

ence system we can use various regression meth-
ods, e.g. linear regression [1, 2, 3], linear regression 

with correction [4], non-linear regression [5, 6], or 

neural networks [7]. Preliminary studies using sim-
ulated data based on prediction of the heel angle of 

the ship (prediction was carried out on the basis of 

subsequent measured values of this angle) showed 
that the greatest errors of prediction, regardless of 

the used method, is most common in areas with 
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large non-linearity of sinusoid describing the 

change of angle it the time – these are the places 

where the angular velocity is the smallest (Fig. 2).  

This situation is completely opposite to the solu-
tion No. 1, where for the largest changes of the ship 

state the errors are also the biggest. Therefore,  

we can assume that we have two complementary 
solutions. Solution No. 1 should be used for small 

changes of the ship state, while the second solution 

for rapid changes e.g. movement from side to side, 
movement from bow to stern, etc. This approach 

corresponds to the solution No. 3. 

Verification 

Verification of the effectiveness of the solutions 

described above is planned to be carried out in two 
phases. In both phases will be used real data ob-

tained from measurements at sea. For registration 

of these data will be used measurement system 

consisting of three INSes (Fig. 3), and three or four 
high-precision GPS phase receivers. 

During the research, the data from these systems 

will be used to imitate the ship behavior at the sea. 
GPS receivers, in turn, will be used to estimate the 

accuracy of the INS system. 

Registered data will be analyzed to eliminate 

measurement errors that may occur during the tests 
at sea. After pre-processing the data will be used to 

verify the effectiveness of solutions presented in the 

paper. The resulting measurement data will contain 
the angles of rotation of the ship, as well as its dis-

placements in the reference system in the subse-

quent time points. 

It is assumed that during the verification tests 

the target position will be known and it will not 
change in time. Knowing the target position and 

spatial orientation and movement of the gun in the 

ship reference system it is possible to precisely 
determine the elevation and azimuth of the gun in 

the way to point it exactly to the target.  

In the first phase of the tests, for each time point 

and the data recorded at this time, reference angle 
parameters for the gun and angle parameters assum-

ing the lack of knowledge about these data will be 

calculated. Depending on the accepted solution, 
settings of the gun (in conditions of the lack of 

knowledge of the measurement data in the gunshot 

time) will be calculated from the measured data 

from the previous time point (solution No. 1) or 
based on prediction of spatial orientation and 

movement carried out on the basis of data from 

previous time instants (solution No. 2). Errors  
obtained in each case in many subsequent moments 

of time allow for determination of the rules or 

 

Fig. 4. Physical model of the ship gun – conception 

 
 

Fig. 3. Measurement system of ship dynamics consisting of 

three INSes type MTi from Xsens company 
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a system of switching between solutions No. 1 and 

2 to achieve output system with the highest possible 

efficiency (solution No. 3).  

In the second phase of tests, verification of solu-
tions presented in this paper will be carried out by 

means of a physical model of the ship gun shown in 

figures 4 and 5. This model enables you to imitate 
rotational movements of the ship from side to side  

and from the bow to the stern and gun control in the 

range (–160, +160) of azimuth and (–5, +90)  
of elevation. In order to determine the aiming point 

of the gun, a laser pointer was installed inside its 
barrel. 

 

Fig. 5. Physical model of the ship gun – implementation 

During the verification tests subsequent ship-

model states will correspond to the states of the real 

ship registered during the measurement at sea. In 

this case, only those movements of the ship, which 
are possible to perform by the model will be taken 

into account. As in the first phase of the study, for 

each time point reference position of the gun and 
the reference aiming point will be defined (a point 

indicated by the laser after setting gun according to 

the reference settings calculated on the basis of 

precise measurement data, that is based on the real 
spatial orientation of gun-model). 

Then, the solution No. 1 will be tested. During 

test settings of the gun will be accepted according 
to the measured spatial orientation of the previous 

time point. Error of the solution will be measured 

by the distance between the reference point indicat-
ed by the laser gun and point indicated by setting of 

the gun according to the solution No. 1. 

In the next step, solution No. 2 will be checked. 

In this case, the angle parameters of the gun will 
match the expected spatial orientation of the gun 

calculated from the measured data of the previous 

moments of time. As before, the error of this solu-
tion will be determinated as the distance between 

the reference point and laser indication according to 

the result of prediction. Of course, the whole pro-
cedure described above will be carried out repeat-

edly for all registered data. 

At the end, solution No. 3 will be verified (more 

precisely speaking the system of switching between 

solutions No. 1 and 2 will be verified). The ex-

pected result of using this system is the selection of 
solution that gives smaller error of the gun at any 

instant of time or at least in the most instants.  

Conclusions 

The paper presents three solutions that enable 

efficient use of the ship gun subjected to continuous 

movement during gunshot. Of course, due to the 
limitations of each of the solutions, the perfor-

mance of each of them depends on the conditions of 

their use. 
Analysis of the first two solutions presented in 

the paper shows that they seem to be solutions that 

are complementary – the greater effectiveness of 

one of them corresponds to the situation of the 
smaller effectiveness of the second solution and 

vice versa. This property of two solutions makes 

that their combination into single unit could lead to 
a solution which is characterized by greater accura-

cy than the component solutions, and moreover, we 

see the possibility of wider using – combined solu-
tion will be characterized by less limitations than 

components. Solution No. 3 presented in the paper 

is the combination described above. Its effective-

ness, however, depends on whether it will be able 
to properly switch between component solutions in 

a given situation to achieve greater accuracy. 

In addition to the solutions presented above, the 
paper presents also conception of verification tests 

of each solution. The research will be carried out 

based on the real data and using a physical model 
of the ship gun. 
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