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MODERN ENGINEERING TECHNOLOGY  
FOR SWIMMING MEASUREMENTS

Vihren Bachev, Yordan Ivanov, Ivan Pandev, Branimir Pandev, Boyan Zlatev

Abstract: The aim of the theoretical study is to analyze the modern implementation of engineering technologies 
in swimming sport, as an objective factor for optimizing sports training and achieving excellence. 

Applied methods - study of current information sources, scientific talks and interviews with professionals, 
theoretical analysis and synthesis form results and analyzes that lead to the conclusion that modern engineering 
technologies are constantly being introduced in swimming. 

Their positive influence on the study and improvement of genotypic factors in the system of sports training is 
determined by nanotechnology and the reading of the human genome in the process of selection of sports talents. 
For the phenotypic factors, the fields of research of sports equipment include the start-up technique and the turning 
and control of the effect of the training process by means of moving water flow cameras. With relation to material 
and technical factors, the introduction of new time-measuring systems excludes "human error," accurately record 
achievements, The start-up time is determined, the presence of a false start and the correct rendition of the positions 
in the relay races.
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1. Introduction
 On its appearance and development, every 

sport is a function of the social and technological 
development of society. A specific example of the 
veracity of the claimed statement is swimming. It is 
a sport with objective registration of achievement, 
and the most important is the result of a lapse of a 
race or training distance. This result is a function of 
the system of sports training, which is built up and 
depends on the integral influence and interaction 
of the main factors - genotypic, phenotypic, mate-
rial-technical and managerial (Zhelyazkov Tsv.D.
Dasheva-2011). The analyzes for the introduction 
of engineering technologies in the formation of 
their content give a characteristic of the positive 
influence of the transfer process which determines 
the directions of our research activity. 

2. Aim and tasks of research
The aim of the theoretical research is to analyze 

the modern realization of engineering technologies 
in swimming sport as an objective factor for opti-
mizing sports training and achieving excellence.

Task for execution:
1.Analysis of the modern realization of engi-

neering technologies related to basic genotypic 
factors of swimming training.

2.Analysis of the modern realization of engi-
neering technologies related to the basic pheno-
typic factors of swimming training. 

3.Analysis of the modern implementation of en-
gineering technologies related to basic material and 
technical factors of the sport training in swimming.

3. Research methods 
- research of current information sources;
- lectures and interviews with professionals;
- theoretical analysis and synthesis;
4. Results and discussion
The analyzes of the modern implementation 

of engineering technologies related to the main 
genotypic factors of swimming training in sport 
show that in this relation the achievements aimed 
at the reading of the human genome are the 
most important for the optimization of the sports 
training. Opportunities to apply its results in the 
process of selection and selection of sports talents 
substantially improve the objective basis for the 
development of the leaders to reach high sport 
results in swimming, motor skills and technical 
skills. An essential addition is the fact that the 
duration of the formation of elite athletes is less, 
which saves a great volume of energy and eco-
nomic costs. Specific facts about genes related to 
swimming achievements can be borrowed from 
the studies in Bulgaria by P. Atanasov-2008, P. 
Atanasov and Kol-2010, P. Atanasov and Kol-
2010 or V. Traneva's monograph -2015. The cited 
authors point out that the role of AMPD 1 genes 
in terms of endurance, such as the motor quality 
of a person, is important for the achievements in 
part of the disciplines of swimming sport. In speed 
disciplines, where racing is a priority feature of 
speed and strength, the R-allele of the ACTN 3 
gene is significantly affected. The examples in this 
direction are increasing as the active implementa-
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tion of engineering nanotechnologies is explosive 
in character. The number of publications on the 
issue has increased many times, but they can not 
yet be added to the selection of talents in swimming 
sports and by Bulgarian specialists. The second 
group of analyzes of the modern introduction 
of engineering technologies related to the main 
phenotypic factors of swimming training in sport 
show that in this relation the most important areas 
of transfer are the process of sports training and 
mainly the control of the sports equipment and the 
effect of the applied training Impacts. About the 
control of the sports technique, examples are the 
apparatuses for the investigation and analysis of 
the start and turning.

The role of the startup for the ultimate swim-
ming performance has been analyzed many times. 
A recent example is the results of the Donna Mur-
rell and Andrew Dragunas (2012) research that 
found that the impact of the launch was 0.8% to 
26% to form the final result. That is why during 
the research of the sports technique of the launch, 
a number of methods are applied over time, of 
which we will characterize only the latest engi-
neering technological solutions and equipment. 
The application of complex research methods - 
video capture, piezoelectric startup registration 
and subsequent analyzes, form scientific evidence 
of the differences in the different ways of starting 
and especially between the classic and the new 
athletic start.

Fig. 1 A new start, borrowed from track 
and field athletics.

It comes to the conclusion that at the new start 
the legs step in the front and rear position and the 
competitor covers the front of the starting block 
with all the fingers. The muscles concentrate on 
a large explosive force at the bounce (Fig. 1) and 
experimentally finds that the new start is signifi-

cantly faster for each swimmer.
The modern device methodology, the leading 

unit of which is the Omega® OSB11 measuring 
system, allows you to determine the best starting 
technique for each individual swimmer as an in-
dividual rather than as a representative of a group 
of athletes.

Fig. 2 Starter Platform Omega® OSB11

The equipment is designed, built and installed 
on the pool in place of the standard starter blocks 
(Figure 2). The kit also includes a desktop (mount-
ed under the starter platform) with force trans-
ducers. A 16 bit analog-to-digital converter board 
(DAQPad-6015 National Instruments, Austin, TX, 
USA) is used. Digital signals are stored on a com-
puter using LabVIEW ™ (Version 8.6, National 
Instruments, Austin, TX, USA) and processed 
offline. A horizontal force-time diagram and speed 
are calculated by the ratio of impuls-inertia. The 
time at which the swimmer is stationary and the 
time he starts from the start block is measured.

  
dt  (1)

Where the „t“ timing signal, such as the time of 
separation from the start block, F (t) is the horizon-
tal force, and m is the mass of the swimmer's body. 
It is assumed that the air velocity is a constant (i.e., 
the air resistance is neglected). The distance „d“ is 
measured by a second time integration

d(t)  (2)

„d“ is the initial position of the center of the 
body relative to the edge of the pool at the start 
signal, „V” a swimmer's horizontal speed. The 
initial position of the center of the body relative 
to the edge of the pool during the start signal is 
calculated by the center of the pressure at the 
start signal. The total time for the two meters is 
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derived from the horizontal profile at a distance 
and the time corresponding to a distance of two 
meters. At this distance, all the swimmers have 
jumped from the start block but have not entered 
the water, i.e. diving is isolated. In the majority of 
swimming disciplines, this change of direction is 
repeated and therefore influences significantly on 
the final performance to at least 0.20 s. Of length. 
(By B.Pandev - 2017). Modern engineering tech-
nologies include digital video equipment and spe-
cialized software programs (Dartfish) developed 
for the practical use of analyzed parameters (Fig.3).

Fig.3. Results of application of Dartfish's specialized 
software program for swimming inversion research 

and analysis

 A further example is the Kistrler Performance 
Analysis System for Swimming (Figure 4). It con-
sists of 5 high-speed cameras, 4 submarines and 
one on the pool wall that record swim movements 
under and over water at 100 frames Per second. 
On the wall there is a sensor plate that measures 
the length of the contact and the magnitude of the 
force of the ejection from the wall.

Fig.4. Reflection analysis and analysis system
Kristler Performance Analysis System for Swimming.

The data collection system allows data synchro-
nization and biomechanical analysis of the entire 
process, which takes about 1 minute and is pre-
sented as visual information and graphics (Fig.5).            

Fig.5. Results of application of the Kristall 
Performance Analysis System for Swimming

The analysis concludes that turning can be 
divided into four phases and detailing the player's 
mistakes. The comparative study of elite swimmers 
from the Australian and Chinese national teams, 
realized by Mason BR, Sacilotto G, Hazrati P, 
Mackintosh from 2015. He finds that the swimmers 
in China are relatively longer than the fifth meter 
to the touch of 3.51 seconds. And from the touch 
to the fifth meter 2.15 sec. And thus they are much 
slower in the reversal of Australians where the time 
of swimming from the fifth meter to the touch of 
the wall is 2.69 seconds. But from touching to the 
fifth meter -1.68 seconds.

Moving water flow cameras are another exam-
ple of optimizing phenotypic factors by introducing 
modern engineering technologies.

An example emerging from the analysis of the 
modern implementation of engineering technolo-
gies related to the basic physical and technical fac-
tors of swimming training is the development of the 
process of measurement of sports achievements.

Before 1950 Times during races are recorded 
using mechanical timers with a resolution interval 
and an accuracy of one tenth (0.1) of a second. The 
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development of the sport and the equalization of 
the competitor's opportunities justify the constant 
need to apply new technological solutions. This is 
catalysed by emerging cases such as those of the 
Summer Olympics in Rome in the 1960s. In the 
100 meters freestyle LanceLarson (United States), 
John Davitt (Australia) is in the last few meters. 
Timekeepers point to winner Larson with (0.1) of 
a second, but the arrival judges are divided (3-3) 
.Deutsch Judith Judge. Once again it becomes clear 
that it is necessary to automate the measurement 
and the world swimming federation FINA makes 
it mandatory. The first semi-automatic swimming 
timer - Eight-O-MaticTimer OMEGA was inaugu-
rated in 1972 by Swim'O'Matic, which is accurate 
to (0.001) thousandths of a second. Swimming 
pool architecture problems make it time to measure 
(0.01) hundredths of a second.

 At present, several companies in the world, such 
as ColoradoTimingSystem, produce time-measur-
ing devices for swimming sports, but the main part-
ner of IOC and FINA is Omega and QUANTUM 
AQUATICS - TIMING SYSTEM last generation. 
It was introduced in 2000 and used in all European, 
And Olympic championships (Figure 6).       

 

Fig.6. Schematic of the QUANTUM AQUATICS - 
TIMING SYSTEM Timing System

The system consists of: two primary and sec-
ondary quantum intelligent timers with input / 
output interface and built-in memory; USB port 
to connected computers, two-timer computer, 
STARTTIME V - Electronic starting device con-
sisting of flash (E-gun) and microphone and sound 
box. The start signal is amplified and transmitted 
directly from the E-gun or microphone to two types 
of speakers. Internal ones that are mounted in the 
starter blocks and are used in the case of wiring of 
a fixed installation. External speakers are used in 
the case of mobile wiring of a mobile installation; 
Flash Start - A stand-alone optical start signal that 
lets you see the exact start of the race and is the best 
addition to the acoustic system; Touchpads in start-

er blocks with built-in pressure-sensitive sensors. 
At the start time a start response time is recorded, 
which is less than 0.04 seconds. Is considered to 
be false. In relaying, it is ensured that the swimmer 
does not start before his teammate in the water 
touches the wall; OCP5 - Touchpads, stainless steel 
high-end steel structure supporting interconnected 
individual PVC blades, wear-resistant, nonabrasive 
and provide excellent non-slip surface, contact 
strips within the pad close the chain as a result of 
pressure and thus give a signal At about 2 kg. Lo-
calized pressure applied at any point on the surface 
of the pad; OCP5 - Touchpads respond only to a 
total change in surface pressure, thus eliminating 
false impulses from waves (Fig. 7).

Fig.7. Application of QUANTUM AQUATICS - 
TIMING SYSTEM timing system

Innovation called the "swimmer" was intro-
duced during the London Olympics in 2012, with 
lights on the starter blocks located in the immediate 
vicinity of the boards at the end of the pool where 
the swimmers finish.

High-speed video cameras recording 100 imag-
es per second are used as spare time meters as well 
as for monitor and photo finishing. There are also 
manual timers on each corridor, but the time from 
the stopwatch is considered secondary.

In the control room are monitors for judges 
and the chief judge. These monitors can be used 
to view all data from the timing system, cameras 
and starter blocks. For the connection between the 
control room and the starter, the system also has a 
microphone and headset for each judge.

The system is an automatic electronic timing de-
vice that completely eliminates the "human error" 
factor and, in its overall action, not only measures 
sports performance but also allows:

Start-lists and event data, including names and 
records, to be displayed on a light box;

- a complete list of results generated by the 
timer, including

The names of the contestants;
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- recording and playback during the final sprint;
- recording and displaying intermittent time 

displays each time the swimmer touches the wall 
and turns around;

-a large point of light on the swimmer's starting 
block shows first;

- two middle light points indicate the second and 
three smaller light points confirm third;

- the swim index points to the intermediate 
rankings of the top three contestants every hundred 
meters;

- Underwater counters count the remaining 
lengths for each swimmer in long distance disci-
plines;

Hearing and hearing impaired viewers can see 
the beginning of the competition from anywhere 
in the room.

5. Conclusions
1. It is established that modern engineering 

technologies are continuously implemented in 
swimming, to study and improve the positive in-
fluence of genotypic factors in the system of sports 
training. Leading are nanotechnology and human 
gene reader areas that are directly applicable in the 
process of selecting sports talents.

2. It is established that swimming is constantly 
developing, adapting and introducing modern 
engineering technologies to optimize the positive 
influence of phenotypic factors in the system of 
sports training. Leading are the fields of research 
of sports equipment including the launch technique 
and the reversal and control of the effect of the 
training process through cameras with a moving 
water stream.

3. It is established that in swimming in terms of 
material and technical factors in the sports training 
system there is an intensive transfer of engineer-
ing technologies exemplifying the development 
of methods and means of measuring time. Their 
implementation excludes "human error", precisely 
measured Achievement, capabilities are created 
to determine the start time, the presence of a false 
start and the correct handover of the relay races. 

4. In Bulgaria, these transfers of engineering 
technologies are not realized in their entirety. This 
is done in part, or even there are targeted selection 
activities through human genome features, there is 
no pool to meet QUANTUM AQUATICS - TIM-
ING SYSTEM innovations, no Flash Start, high 
speed cameras, underwater counters, and com-

mentator information system. Modern objective 
opportunities aimed at improving sports training 
and sports achievements respectively.
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