
 

 

 

Abstract—The Army of the Czech Republic is part of a broad 

military (security) alliance (such as NATO, EU, UN), and is 

deployable both on its territory, but also on the territory of the 

states of the members of the alliance, or anywhere in the world. 

The article focuses on inference of principles and limits for more 

efficient using of mile rule in school and combat condition.  

The Linear and Angular issues (which contains mile rule) in 

perspective Artillery Fire Control System called PVNPG-14M are 

the important area of the present defence research of Fire 

Support Department of University of Defence in Brno.  

The efficient using of artillery rules is necessary condition for 

the case without automated command, control, and information 

systems. Only under conditions of comparable efficiency can tasks 

of the required quality be fulfilled in the event of a malfunction  

of the automated system. Decision-making processes carried out 

by the commanders in the present and in the upcoming future 

depend on the correct application of the presented rules.  

The paper defines appropriate Linear and Angular variables for 

common use by Artillery and Mechanized commanders.  

The presented results are based on the analysis performed  

in the classroom and at the same time during live combat 

exercises.  

 

Keywords—Artillery, mile, Decision-making process, 

software development, Command, Control and 

Information System, C2I.  

I. INTRODUCTION 

HE Czech Field Artillery is a part of Czech ground forces 

within the organizational structure and plays  

an irreplaceable role of fire support of supported units. 

Artillery cannons and mortars support mechanized units 

primarily by artillery fire from hidden firing positions. 

Its main task is to eliminate the enemy's targets by effective 

artillery firing, which greatly reduces the loss of their own 

forces and equipment. When attacking their own Artillery gun 

systems, the artillery is able to fire also by direct firing  

on enemy combat vehicles. [1] 

The required efficiency of artillery fire can be achieved with 

highly accurate fire with sufficient surprise. The basic 

precondition for high surprise is, above all, the early start  

 
 

of firing at the target. To fulfill this premise of surprising and 

timely artillery fire, it is necessary to quickly determine  

the initial fire elements of the artillery firing and the associated 

coefficients for firing.  

Calculation of the fire elements is a lengthy process based 

on the mathematical apparatus of several disciplines such  

as Ballistics, Meteorology, Geography and Theory  

of probability. Automation of the entire process of calculation 

of fire elements accelerates and reduces the likelihood  

of errors. [2] 

With the same purpose - effective and accurate firing is 

created automated software for preparing artillery fire 

elements for firing. This use of the new software will create  

a control mechanism that will facilitate the user's calculations 

and the correct application of all artillery principles and rules. 

The need for follow-up control is necessary because  

of the huge extent of the effects of artillery fire. Control 

calculations must precede each artillery fire.  

The primary artillery fire control system is currently out  

of date and unused, and the acquisition of a new fire control 

system is being prepared. Now is the right time to create  

a substitute and control artillery fire control system that meets 

the above requirements.  

Application architecture describes the following Figure 1. 

 
 
Fig. 1 Scheme of architecture of PVNPG-14M 

 

In order for the prepared system to be fully functional, it is 

necessary to fulfill the artillery principles and respect the 
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artillery rules. These rules are used in the classic (manual) 

methods of preparing artillery fire elements. The new 

application must be open to user changes, updates, use  

a common programming language and, last but not least,  

be supported by the windows system (which is official for  

the Army of the Czech Republic). 

It is important to calculate the necessary fire input elements 

for artillery fire in the available time and with adequate 

accuracy. In the battlefield, it is advisable to quickly calculate 

distances, lengths, heights and angles by using a clear artillery 

rule. Using of a simplified artillery rule is typical not only for 

artillery commanders, but also for commanders of mechanized 

units. To use the rule correctly, you need to know the nature  

of the rule and the restrictions on its application. 

Nowadays, the size of a mile is not standardized in NATO 

armies (a circle can consist of 6000 mill´s segment, but it is 

also possible to divide a circle into 6400 mill´s segment or 

6300). However, the number of mills in the circle is being 

unified gradually via the Czech army. With this 

standardization, optical artillery protractors, artillery means or, 

for example, artillery weapons are gradually being 

modernized. However, the correct use of new artillery means 

is conditioned by the correct application of the artillery rule, 

including its restrictions. That is the reason to authors to solve 

the issue of right using the artillery rule based on new size  

of mills. 

II. MATHEMATICAL DEFINITION OF ARTILLERY ANGULAR 

MEASURES  

Mathematical-arithmetic procedures are typical for solving 

artillery fire problems in combat conditions. In such cases, 

angular and longitudinal values are recalculated. A relevant 

study can be found in [3]. 

More used under standard conditions are angular  

units - degrees, minutes and seconds. However, these units are 

impractical in combat conditions. In their case, it is necessary 

to convert degrees to minutes and minutes to seconds.  

In the condition of Czech artillery, a specific angular measures 

“dílec” (dc; 6000 segment in circle) or “mil” (6400 segment in 

circle) are used (Figure 2, 3). 

 

 

 

 

 

 

 

 

Fig. 2 Graphic display of Artillery angular measures - dc 

 

The “dílec” (dc) is defined as a centre angle which is below 

the line (arc) of approximately 1 m (1.05 m) long at a distance 

of 1 km. The “dílec” corresponds to the 1/6000 length of the 

arc of the circle. The whole circle is therefore divided into 

6000 segments (60-00). [1] 

On Figure 2 there is line the AB, which is one meter and in 

this picture chord with a circle corresponds AB curve that is 

slightly longer. 

The arc AB length: 

 

                                       (1) 

 

because                    

 

                   (2) 

 

after putting             

 

                                 (3) 

 

 

The difference of the length for the line AB and arc AB is 

about 0.05 meters, which equivalent to 5 %. 

The value of mil is exactly the center angle that is below  

the line of approximately 0,1 meters at a length distance  

of 100 meters.  

For artillery battlefield using, the definition is more 

favorable: mil is the central angle as below a line (arch)  

of approximately 1 m (0.98 m) at a length distance of 1 km. 

One mil corresponds to 1/6400 of arc length of the circle.  

The full circle is thus divided into 64-00 miles (6400). In this 

case the one-meter line (AB) is a part of the tangent  

to the circle and displays to the curve CD, which is slightly 

shorter (Figure 3). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 3 Graphic display of Artillery angular measures - mil 
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The arc´s length of the CD: 

 

                                    (4) 

because                

 

 

             (5) 

 

after putting          

 

                    (6) 

 

According to the above formulas, the arc CD is exactly  

0.02 meters smaller than the line AB. This corresponds to 2%. 

The difference in the distance of the arc is equal to 1/1000  

of the radius of the circle, which represents one segment, that 

is one mile. 

It is possible to convert miles per part using the conversion 

coefficient 15/16 (6000/6400) and reverse in a similar way 

16/15. 

In order to achieve clarity and at the same time maximum 

simplification, artillery experts applied the rule of writing and 

reading values. Hundreds of mil end with a hyphen, followed 

by tens and units of mil. The table below provides typical 

examples of the application of this rule (Table 1). 

 
Table 1 Rules of typing Artillery measures  

 

Artillery angular (mil) typing 

4765 47-65 

3804 38-04 

5200 52-00 

91 0-91 

6 0-06 

0 0-00 

 

Because 6000 (6400) segments (miles) correspond  

to an angle of 360°, the value of one segment (mil) in angular 

minutes is: 

 

0-01  3,6′ (3,375′)             (7) 

100 dc  360′  6                  (8) 

100 mil  337,5′  5 37′ 30″               (9) 

 

If denotes the angle “n” in segments (miles) and “α”  

the same angle in angular minutes, the following holds: 

 

α  3,6′ (3,375′) · n                   (10) 

n                  (11) 

 

 One degree is: 

 

1o        (12) 

1o        (13) 

 

 To convert the “dílec” (mil) to degrees and minutes and 

vice versa, calculators are used, pre-compiled tables usually 

listed in the artillery firing tables, in the past nomograms 

compiled for the range 0-00 to 1-00 were used. 

 

III. RELATIONSHIP BETWEEN ANGULAR  

AND LINEAR VALUES  

 If in the isosceles triangle “MON” the distance "l" 

corresponds to the distance between M and N (center "S"), 

then this distance will correspond to the angle α, which is at 

the line d or d1 from the observation point "O" to the point "S" 

as shown in Figure 4. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4 Relationship between Linear and Angular values of mil 

 

According to the formula below, it can be stated that one 

mile corresponds to the length of the arc: 

 1  0,0009812 R                 (14) 

 1  0,001d                    (15) 

   

 

Due to the generally applicable rules in a right-angled 

triangle the trigonometric functions can be applied: 

 

1 · 2 · tg              (16) 

 

Because the triangle MON is right-angled, Figure 5, the 

line MO is perpendicular to the line MN.  The distance of the 

line "l" can be seen in practice at angles α (these are usually 

very small): 

 

)               (17) 

 

Arc 
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Fig. 5 Determination of length l from rectangular triangle 

 

Formulas (3), (4) are not practical in battlefield practice 

because their use requires knowledge of trigonometric 

functions. [1] [5] [6] 

Between the length "l" and the distance "d" exists for  

the angle dependence of the size of about 1 mil. From the 

previous equations can therefore derive the following: 

 

  (18) 

 

The same conclusion can be drawn from the formula (2). 

 

From the previous derivations, the length of the arc AB can 

be determined according to the formula l1 = 0,0010472 R =  

= 0,001 R (2) or it is equally possible to make this conclusion 

from Figure 4, and after rounding gets to one thousandth it 

gets: 

 

 1  0,001 d                 (19) 

 

Overall, it is possible to evaluate the distance to the object, 

the length of the arc and the angle at which the object is 

observed using the following formulas: 

MN  1 · α                      (20) 

MN  0,001d · α                    (21) 

MN   0,001d · α              (22) 

 

Formula (22) is applicable for many military-practical tasks 

in many sub-areas. The formula is designed to allow  

the calculation of the third value from two others known 

values: 

1) from the formula it is possible to calculate  

the unknown value - height, when two known values 

angle to object and distance to object (e.g. the width 

of the target): 

 

 α ·  α · 0,001d            (23) 

 

2) it is possible to calculate the angle α in mil  

to an object if the values of the distance to the object 

and the height of the object are known: 

 

α               (24) 

 

3) the third variant is a situation where the distance  

to the object is known and at the same time the angle 

in mil at which the object can be observed is known, 

then it is possible to calculate the distance  

to the object: 

 

d                   (25) 

0,001d                   (26) 

 

The combined use of these formulas in artillery practice is 

called the artillery rule. 

The main advantage of formula (5) based on practicality 

and speed calculate practical tasks in combat conditions. These 

formulas are very useful, but they contain some simplification 

and the final error increases as the angle α increases. 

To assess the degree of assumption, it is necessary  

to assess the right parts of formulas (4) and (5), which form  

the basis of the artillery rule: 

 

                  (27) 

 

From (27) we get :           (28) 

 

Formula (22) is limited in accuracy according  

to the dependence on accuracy of equations (27) and (28) 

based on the magnitude of the angle α.  The specific errors (Δ) 

resulting from equations (27) and (28) are calculated and 

summarized in Table 2: 

 

               (29) 

               (30) 

 

Furthermore, relative errors (δ) are calculated for specific 

lengths "l" based on the formulas below: 

 

      (31) 

 

     (32) 
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Table 2 Equation errors and relative errors of determination  

of length “l” if the angles α are in the mil 

 

 
 

 

From the data presented in Table 2, it is possible to make 

the following conclusions: 

 

1) Provided that the length value is exactly "l" and is 

determined by sin α, then the length (distance to the object) 

"d" is a hypotenuse of the right triangle and the error Δ´ 

resulting from equation (28) has a positive value in the range 

of angle values from 0 to 500 mil and its absolute value 

increases up to 28.6 mil. Furthermore, it is possible to derive 

the relative error (δ´), assuming the use of formula (22) and 

determining the length "l", while the error decreases  

by up to 6.1% 

2) Provided that the length value is exactly "l" and is 

determined by tg α, then the length (distance to the object) "d" 

is a hypotenuse of the right triangle and the error Δ'' resulting 

from equation (28) has a positive and negativ value  

in the range of angle values from 0 to 100 mil increase in 

positive value up to + 1,51 mil and from 200 to 500 mil 

increases to its absolute value from 1,19 to 34,51 mil.  

The relative error (δ'') is in positive value from 0 to 100 mil is 

approximately 1,8% and from 200 to 500 mil its absolute 

value equal approximately increases from 0,6 to 6,5%.  

Using formula (22) and other formulas derived from it, it is 

necessary to achieve an error Δ of up to one mile. Such  

a deviation is achieved for angles α from 0 to 50 mils, which is 

the limit value for professional practice. 

3) In the range of values of angle α from 0 to 100 mils,  

the relative error (δ) is up to a maximum of 2%, while  

the range of distance (length) "d" has no significant effect. 

This small deviation is derived from the fact that  

the simplification is accepted that one mile is 1/1000 "d" and it 

is not 1/1019 "d" (that means the arc is considered a chord).  

In order to be able to use the artillery rule for artillery tasks 

on the battlefield within 100 mils for α, it is necessary  

to include a 2% correction as the systematic error. This will 

eliminate the error in formula (22) and it can be used in normal 

case.  

Finally, it can be stated that based on the analysis  

of formulas, it is necessary to reduce the resulting value by 2% 

to calculate the length "l" (practically this means multiplying 

the value by 0.98). Similarly, for the values of the angle α and 

the values of the distance "d", the result must be multiplied  

by 1.02 (the resulting values must be increased by 2%). 

 

IV. EXAMPLES OF USE IN SOFTWARE 

Artillery commanders and staffs must in all circumstances 

find the most appropriate way to prepare elements for Fire for 

Effect for artillery firing. Such a variant must be the most 

accurate, fastest and tactically advantageous in the battlefield 

circumstances. There are several basic methods and they are 

different in terms of conditions and overall accuracy. [4] [5] 

Under normal circumstances, commanders (artillery unit’s 

commanders or mechanized unit’s commanders) learned  

to make decisions during training. They usually choose simpler 

methods because they do not have enough information and 

appropriate application support. If they will be able to use the 

new PVNPG-14M applications (Figure 8), they will receive 

quality application support, which is able to perform them in 

any way of preparing fire elements for artillery firing. 

Artillery firing elements for Fire for Effect can be chosen 

from these methods: 

A) Complete preparation – Accurate Predicted Fire (APF); 

B) By results from creating fictional auxiliary target; 

C) By using an adjustment gun; 

D) Abridged preparation; 

E) Simplified preparation. [2] [6] [7] [8] 

 

 
Fig. 8 Print Screen PVNPG-14M 

A. Accurate Predicted Fire  

The basic variant is the Complete Preparation (APF), which 

allows the maximum surprise effect. This is due to the fact that 

it has high accuracy and no verification firing is required. 

 

 
Fig. 9 Print Screen PVNPG-14M – Meteorological part 
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In order to use this main method of determining  

the artillery fire elements for firing, it is necessary to include  

to the calculations various corrections, which are classified  

in several areas: 

1. Topographical-geodetically preparation; 

2. Reconnaissance and target detection; 

3. Meteorological preparation (Fig. 9); 

4. Ballistic preparation. [2] [9] 

 

B. Fictional auxiliary target creation – Registration fire 

The second way according to which it is not necessary  

to verification perform control firing is the transfer of fire from 

the fictional auxiliary targets (FPC). The accuracy of this 

method is also sufficient. The following restrictions are set for 

this method: 

 the technical capabilities of the reconnaissance 

device must allow to observe the results of firing 

for FPC (Fig. 10); 

 created corrections for transfer firing must be 

used for the same type of ammunition (same 

table corrections) when creating auxiliary targets 

as when firing at targets, both in the direction and 

in the distance of fire; 

 the maximum time limit for the use of this method 

is set at 180 minutes from the first firing. [10] 

[10] [11] 

 

 
Fig. 10 Print Screen PVNPG-14M – Observing part 

 

The Angular Artillery mil rule is the rule which is used by 

artillery and other commanders. The rule is inserted into the 

developed software tools (e.g. PVNPG-14M). In cases where 

it is not possible to use application tools, it is necessary  

to know the possibilities and limitations of using this artillery 

rule.  

 

V. CONCLUSION 

The limit values defined in this paper, under which it will be 

possible to use the artillery rule on the battlefield, were 

derived on the basis of formulas and calculations in specified 

ranges. In the coming period, more and more devices  

and weapons will be gradually introduced into the Army  

of Czech Republic, which use the artillery division  

of the circle into 6400 mils. This unit is standard for most 

NATO countries. [12] [13] 

In order for artillery commanders, as well as other 

commanders, to correctly use the artillery rule, they must know 

the essence of the artillery rule and its other restrictions and 

principles for its properly use. Such a restriction may  

be a restriction on the possibility to apply only up to the value 

of the angle α 100 mils. In this case, a 2% correction must  

be automatically taken into account. 

The application of this rule to the new application support 

for commanders is a matter of course. 
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