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SIMPLE SPEED MEASUREMENT IN SPORT BASED ON ULTRASOUND

The intention of our solution mentioned in the article was to create a simple device capable of measuring speed of a
moving object. For various sports, such equipment is necessary during athletes' performance testing to determine progress.
The designed device based on the ultrasonic sensor HC-SR04 in conjunction with Arduino is simple and inexpensive. The most
important task in the implementation was to solve the synchronization between the measuring modules [1]. The nRF24L01
communication modules were used to synchronize the modules.
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Urgency of the research. IIn the training process of amateur and professional sports, an
analysis of increasing performance is needed. This can be done by objectively measuring some
of an athlete's abilities (needed for sport). One of the important abilities is the maximum running
speed of an athlete. This ability is also needed in most team sports.

Target setting and Actual scientific researchers and issues analysis. As part of our solu-
tion, we first proposed a speed measurement method using the radar method. In this solution, only
one ultrasonic sensor would be used, the position of which would be as parallel as possible to the
direction of movement of the measured object [1]. The movement of measured object would be
towards the sensor. To determine the speed, we would evaluate at least two distances of the object
from the radar. Here, however, there was a problem with sensing the distance of a dressed person,
where the signal was too attenuated. This signal could not be processed. Therefore, we decided
to implement the method of two points through which the measured object must pass.

The statement of basic materials. The measurement method is based on the principle of
measuring speed in a section given by two points. The velocity is calculated as a derivative of
the length of the section over time.
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Fig. 1. Measurement method used
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Fig. 1 shows the principle of the method used to measure the speed between two points.
An important condition in this measurement is the synchronization of the modules, which must
be in microseconds for the measured results to be relevant. Therefore, a synchronization module
(SM) is used, which communicates via nRF24L01 with measuring modules (MM1 and MM2).
As an SM (Fig. 3), we have developed a module that contains an ATmegal 68 microcontroller.
The controller communicates via RS232 with the computer and is also responsible for synchro-
nizing the modules with which it communicates via the mentioned nRF24L01 [4].

TTL RS232

PC NRF24L01

Fig. 2. Synchronization module scheme

ATmega 168

Fig. 3. Synchronization module

Design of measurement modules. The implementation of our speed measurement design
took place in several phases. In the first phase, models of modules 1 and 2 were designed and
drawn (Fig. 4), in which the individual components are placed. Subsequently, everything was
installed in modules and interconnected. In the next phase, algorithms for controlling the entire
measurement were designed and implemented.
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Fig. 4. Design of measuring modules box

Arduino NANO was used as a managing member of MM [2]. The 9V battery was chosen as
the power supply component, which is suitable both in terms of capacity and dimensions for
this purpose. Furthermore, a control LED was incorporated into the design to monitor the status
of the modules. The nRF module is connected to the Arduino via the SPI communication inter-
face and the ultrasonic module HC-SR04 is connected via two IO pins [3]. The wiring diagram
is shown in Fig.5.

Fig. 5. Wiring diagram of measuring modules
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Proposed measurement algorithms. The design of algorithms had to be based on the
principle of operation of the entire measurement system. The time characteristic of the imple-
mented system (Fig. 6) clearly shows the principle of operation, which is as follows:

- SM sends START byte to MM1 and MM2

- Both MMs start the measurement after receiving this apartment

- MM1 sends Tag byte after 15ms from the beginning of the measurement

- MM2 sends Tag byte after 20ms from the beginning of the measurement

The described schedule of activities is repeated every 33.3ms, which ensures 30 measure-
ments every second.
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Fig. 6. Time characteristic

Based on this schedule, algorithms were designed for SM (Fig. 7) as well as MM1 and
MM2 (Fig. 8).

Program pre SM Timer (33,3 ms)
Init nNRF24L01 (Transmitter)

Transmi t (START)

Y

l Is Tag Timer = 1 Display Error

Is Tag Timer = 1
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InitnRF24L01 (Receiver)

Velocity Calculation

l

Display Velocity

Fig. 7. Algorithm for SM
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The algorithm starts by setting the nRF in the SM to the transmission mode
(Init_nRF24L01 (Transmitter)) and the subsequent macro 7Transmit (START). The task of this
macro is to send a command that initiates the start of the measurement in MM1 and MM2.
After this, the Timer (33.3 ms) is started, which counts the time in the background and starts
the subroutine by 33.3 ms. The goal is to ensure that the measurement is repeated every 33.3
ms (30 times per second). Immediately after starting the Timer (33.3 ms), the nRF in the SM
switches to the receive mode (/nit nRF24L01 (Receiver)) so that it can receive data from the
MMI1 and MM2 modules. Next, it is checked (condition Is Tag I & Is Tag 2?), Whether both
ultrasonic sensors measure and send the current measured values (presence of the object in
the vicinity of 2m) to the SM. The value of the tags determines whether the object (human)
was close to M1 or M2 (Tag = I - human was nearby; Tag = (0 - human was not nearby).
Condition Is Tag I & Is Tag 2? (more precisely Is Tag I (1) = (true or false) & Tag 2 (t) =
(true or false) ensures the continuation of the program regardless of whether the tags are equal
to true or false. If it was not met (either only one would come or no tag would come), it would
mean that no data is coming from the MM. At the same time, the feedback treated condition
is that the Tags have not yet been measured and are therefore waiting for them to arrive. Next
condition Is Measured? represents a state where Tag 2 = true and Tag 1 have been true some-
time in the past (exact notation Is Tag? (1) = true & Tag I (t-n) = true). This condition is used
to verify whether the measured person passed before MM 1 (Tag 1) and at the same time with
a certain time delay before MM2 (7ag 2). Only then is the speed measurement successful and
can be continued. If the measurement is not successful, the feedback continues to the Is Tag
Timer = True condition, which is the Timer (33.3 ms) count started in the background to 33.3
ms. If the Timer (33.3 ms) counts to this time, it continues back to the beginning of the pro-
gram and the whole cycle is executed again. This feedback ensures that the measurements are
repeated by both modules every 33.3 ms, ie 30 times per second. If the condition is Is Meas-
ured? fulfilled, the Velocity Calculation macro is continued, which is a macro for calculating
the speed of the measured person:

dm [m]
v [km/h] = AT [ms] X 103 X 3,6 (1)
AT [ms] = t2 —t1 (2)
dm=10m 3)
o lem/h] = ——2dm_ o )

AT [ms] x 1073~ 77

where:

dm 1s the distance between measuring points (sensors) see. Fig. It can be any in the range
from 10 to 20 m.

t1 is the time at which MM recorded a change in the measured distance (person).

t2 is the time at which MM2 recorded a change in the measured distance (person).

The last macro of the main program Display Velocity will list the final speed of the meas-
ured person in km/h, or we can add a conversion to m/s (v [m/s] =v [km/h] / 3,6).
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Fig. 8. Algorithm for MM
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Fig. 9. View the results on computer

Start

Conclusion. We place both modules at a distance of 10 - 20 m from each other in places
between which the athlete's movement speed is measured. The modules are positioned so that
the measured person runs first next to M1 and then next to M2. If a person ran in the opposite
direction or if we swapped the individual modules, the speed measurement would not be suc-
cessful. It is therefore important to know which module is which and based on that to place
them correctly.
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The aim was to design and implement speed measurement for sports activities. The de-
scribed measuring system is perfectly usable in testing the results of training activities. It is
possible to use well-targeted testing and training to determine the progress of individuals in
speed, or in achieving maximum speed in a short section. Thanks to modules with independent
power supply and RF communication, the device is easy to use within a few tens of seconds.
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ITPOCTE BUMIPIOBAHHS IIBUJIKOCTI B CIIOPTY HA OCHOBI
YJIbTPA3BYKY

Y npoyeci mpenysanns amamopcovko2o ma npogheciiinozo cnopmy HeoOXiOHUL AHANI3 NIOBUWEHHA Pe3YTbMAMUBHOCHI.
Lle moorcna 3pobumu winAxom 00’ €KMUEHO20 BUMIPIOBANHA JeAKUX 30i0HOCmel cnopmcemena (HeoOXioHux ons cnopmy). O0-
HIEI0 3 8ANCIUBUX 30IOHOCEN € MAKCUMATLHA WEUOKICMY biey cnopmcemena. L 30amuicms maxkodc nompiona 8 6inbuiocmi
KOMAHOHUX 8UOI6 CNOPMY.

Tlouamxoguii nHamip po3poOKU GUMIPIOBATLHO20 NPUCIPOIO NOA2A8 Y OOCASHEHHI padioNOKAYIUHO20 GUMIPIOBAHHS
WeUOKOCmi pyxomMux 06 €kmig y cnopmi.

Ha ocnosi nepsunnux sunpobysans kiacuuHux yivmpasgykosux mooynie HC-SR04 mu eupiwunu sukopucmamu Kiacuy-
HUL RPUHYUN BUMIPIOBAHHSL BUOKOCIIE 06 " €kma Midic 0860Ma MOOYIAMU. Y yboMmy piuenHi weuoKicms nepemiujeHHs 06 ekma
MIDHC MOOYIAMU OYIHIOEMBCA AK CePeOHst WBUOKICIb, OOCASHYIMA MIXHC YUMU MOOYIAMU.

Hapas3i ye sumiprosanns € oomesrcenum i 6unpo6o8yemuvcs auute 01 GUMIPIOSAHHA WBUOKOCTII Oigy CNOpMCMEHIs.

Mu pozmiwgyemo 0budsa modyna na giocmani 10 - 20 M 00uH 8i0 00HO20 8 MICYAX, MIdHC AKUMU BUMIDIOEMbCA WUBUOKICb
Pyxy cnopmemena. Mooyni posmawiosani max, wjo euMipiogana moouna bieae cnovamxy 6ina M1, a nomim nopyu iz M2. Axou
JIIOOUHA 012N1a 8 NPOMULEHCHOMY HANPAMKY A00 AKWO MU ROMIHAIU MICYAMU OKPeMi MOOYIL, BUMIPIOGAHHS WUEUOKOCHI He OY10
6 yeniwnum. Tomy 8adiciugo 3Hamu, SAKutl ye Mooyib, | HA OCHOBI Yb020 NPABUTLHO IX PO3MICIMUMU.

Memoto byno pospobumu ma 6nposaoumu 6UMIpIOEAHHA WEUOKOCMI 05l CHOPMUSHUX 3AHAMD.

Onucana suMIpO8abHA cuCMeMa 4y0080 NiOX00ums 0Jisk NEPEGIPKU Pe3yIbMamis HaguaibHol oisibHocmi. Mooicna eu-
KOpUCMO8YB8amu YileCnpsamoeane mecmyeanis ma HaAguans, wob eusHavumu npozpec 0oeti y wmeuoKocni abo 0ocsaeHen s
MAKCUMATLHOT WEUOKOCMI 8 KOPOMKOMY pO30ini. 3a80aKU MOOYIAM 3 HE3ANEHCHUM OXHCEPENOM HCUBLEHHA ma padiouacmom-
HOMY 38'513KYy, npucmpiii npocmuil y 6UKOPUCMAHHT NPOMALOM KiTbKOX OeCAMKI6 CeKyHO.

Kniouogi cnoea: cnopm; ynompaseyk; yibmpaszgykoguii 0amuux,; UMIpIO8AHHs WEUOKOCMI.
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