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INTRODUCTION
In sport airguns from straight position the sight oscillations im-

mediately before the shot have direct relation with the result preci-
sion. Their decrease by specific equilibrium exercises will improve 
the sports technique and will allow selection of the most balanced 
gunner position before and during the shot (Joseph & Knutzen, 
1995); Nordin & Frankel, 1989); Donskij & Zatsiorskij (Донской & 
Зациорский, 1979).

The electronic shot training system “SCATT” (Russia) detects 
and saves in time the sight trajectory before, during the shot and a 
little time after it (Fig. 1). The obtained results are visualized as a 
sight driving trajectory (Fig. 1 a), and as X and Y coordinates of the 
point, which described this trajectory line.

The gunner static stabilometry was realized by the balance plat-
form for body stability estimation. In the previous paper of Gikova 
& Tishinov (2014) the methodology was described in detail Tishinov 
(Тишинов) 2012). 

The posturology (electronic stabilometry) was developed as 
an independent field in 1969, when the International posturology 
society was established. In 1983 standards and terminology are 
published, and the ways to process and present the stability data 
(Kapteyn,  Bles, Njiokiktjien,  et al. (1983), followed by technical 
requirements for stability platforms (Bizzo, Guillet, & Patat, 1985; 
Скворцов, 2000) and the monographs  (Gagey & Weber, 1995); 
Gurfinkel, Kots, & Shik, (Гурфинкель, Коц, & Шик,  1965). 

The aim of the study was to find the relation between the body 
kinesthetic stability and sports technique by estimating body equilib-
rium stability using device methods and the electronic shot training 
system “SCATT” (Russia).

Tasks:
-  Development of special software for detecting data from the 

stability platform
-  Synchronization between the training system “SCATT” data 

and the equilibrium stability data.
-  An impartial assessment for equilibrium stability data, by de-

termining statistical parameters  
    for the movement of Center of gravity’s (COG) projection 

towards the base platform area. 
-   Preliminary experiment for proving methodical precision.   

Fig. 1. Data console of electronic shot training system “SCATT”, Russia.

METHODS
Equilibrium stability measurement, electronic shot registration 

by training system “SCATT”, mathematical and statistical methods. 

RESULTS AND DISCUSSION
Table 1. shows a summary of mean data – the first and second 

columns indicate the average normal gunner position on the stability 
platform. The next two columns present the weapon deviation in hor-
izontal and vertical directions. In the last column it can be seen the 
summarized data for the movement of the weapon in horizontal and 
vertical directions.  With X is marked the mean value for the index 
of measured excerpt. The coefficients for excess Ex and asymmetry 
As are with low values, which suggest that data are with normal dis-
tribution. On the Fig. 2. is shown COG movement projection in time.

The equilibrium variation characteristics made for up to 5 sec-
onds before the shot show significant COG variation decreasing in 
sagital direction. Another important feature is the gunner’s ambition 
to obtain better position with the best stability. This is expressed by 
the signal (for sagital oscillations) moving closer to the zero level 
(the dark line on Fig. 2.). This is due to the circumstance, that in the 
longitudinal direction the gunner is with an open legs position which 
correlates with better stability. While in the sagital direction the gun-
ner aims to minimise the weapon’s movement.   

Table 1. Heart rate training zones based on HRLT

Dimensions Frontal
plane

Sagital
plane

Horizontal 
SCATT

Vertical 
SCATT

Absolute
SCATT

X -6,18 -4,99 2,36 4,79 7,03
S 0,98 1,34 3,82 4,26 3,39

Ex 0,23 4,47 -0,81 -1,14 -1,01
As -1,29 -0,83 -0,59 -0,53 -0,57
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Fig. 2. The COG projection movement across the support area

Fig. 3. SCATT system - X and Y characteristics and stabilometry                                                                              
parameters from the platform

Fig. 4. Frequency analysis of stability oscillations

Detailed information about the stability and gun vibration at 
horizontal and vertical direction can be obtained from Fig. 3. There 
it can be seen that the X and Y oscillations started 2 seconds before 
the shot and shortly after it. It is obvious that signal synchronization 
against the shot is required. The scale for the time axes (t, s) is with 
decreasing trend from two seconds until zero point (the weapon mo-
ment).  

The correlation between the parameters shown on Fig. 3. was 
determined using the statistical software SPSS. On Table 2. the inter-
correlation matrix coefficients are presented. Asterisks (*) signifies 
the correlation coefficients at 95% of measured excerpt. Double as-
terisks (**) indicate coefficients at 99% of the measured excerpt. The 
noticed two groups of parameters realize an intergroup and intra-
group relations. It is obvious that there were significant correlations 

between the sagital and longitudinal direction parameters (r=0,213) 
as well as in the SCATT group (r=0,924) - absolute SCATT and ver-
tical gun vibration. The intergroup correlation coefficients are sig-
nificant for determining the relation between stability the body oscil-
lations against horizontal and vertical gun vibration. Very significant 
correlation (r=0,651) is established between the frontal COG oscil-
lation and the vertical weapon oscillation. In contrast, the horizontal 
oscillation has a value r=-0,271 toward the frontal  COG vibration. 
The longitudinal COG vibration has no significant correlation to-
ward the horizontal weapon movement. 

This data showed that the obtained position by the gunner in 
longitudinal direction ensures gun stability at sighting and during 
shooting.

The frequency analysis of stability oscillations shows a spectral 
distribution with the presence of high frequencies (above 1,5 Hz) 
which is typical for high class gunners.  

CONCLUSIONS
1.As a result of the low values of the variation coefficient, the excerpt 

with measured parameters can be accepted as relatively  homogeneous.
2.With the decrease of the amplitude of stability oscillations the weap-

on’s vibration diminished as well, estimated by the SCATT system.
3.The frequency analysis of stability oscillations showed a spectral dis-

tribution with a high frequencies - typical for high class gunners.  
4.The proposed methodology is useful and can be applied in different 

sport disciplines.
5.The study established a significant correlation (r=0,651) between the 

frontal COG oscillation and the vertical weapon oscillation at straight posi-
tion of the gunner.
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Table 2. intercorrelation matrix coefficients
Parameters Frontal plane Sagital plane Horizontal SCATT Vertical SCATT Absolute SCATT

Frontal plane 1 0,213* -0,271** 0,651** 0,585**
Sagital plane 0,213* 1 -0,178 -0,238* -0,303**

Horizontal SCATT -0,271** -0,178 1 0,016 0,196*
Vertical SCATT 0,651** -0,238* 0,016 1 0,924**

Absolute SCATT 0,585** -0,303** 0,196* 0,924** 1
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