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Research Relevance. Long jump is
one of the main disciplines of athletics,
presented at the Olympic Games, and is
quite well studied in sports science
[4,5,7,8,9,10,12,13,14]. Researchers em-
ploy various approaches to study sports
movements, including optical markers, in-
ertial sensors, and Al-powered processing
of video recordings [1,2,3,6,12,13,14,15].
However, using these methods involves
certain costs and is not possible during
competitions.

This is why researchers and coaches
mainly use video computer analysis of reg-
ular video recordings to study long jumps,
which is often complicated by the low qual-
ity of the recording, the low frame rate or
the movement of the camera. It is espe-
cially difficult to analyse video recordings
of jumps taken during competitions.

The result of the long jump depends
on many parameters: the take-off velocity
of the athlete's centre of gravity and the
angle of the take-off velocity vector to the
horizontal, the coordinates of the centre of
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gravity at the moments of take-off and
landing, aerodynamic parameters, and
others [4,5,7,8,9,10,12,13,14].

Video-computer analysis enables
the reconstruction of the athlete's centre
of gravity trajectory and the identification
of parameters that determine the jump re-
sult, which in turn helps the coach under-
stand the athlete's weaknesses and
strengths. In our article, we discuss a new
method of video-computer analysis of the
long jump when conventional methods
cannot be used to reconstruct the trajec-
tory of the centre of gravity.

Despite the existing difficulties, an-
alysing the long jump technique is of great
importance during the training of both
amateur and professional athletes.

In this context, simple, fast, and in-
expensive methods of biomechanical anal-
ysis are of particular interest.

Research aim and objectives. The
primary objective of our research is to de-
velop a straightforward and cost-effective
method for computer analysis of video re-
cordings of long jumps captured during

competitions and training.
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Research Methods and Organisa-
tion. Our method is based on the standard
model of long jump, which is presented in

Q
&

the work of Linthorn et al. [7]. To process
the videos, we used a free video computer
analysis program called Kinovea.
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Fig. 1. The standard model of the long jump [7].

The standard model of the long
jump is shown in Fig. 1, where the follow-
ing partial distances are defined:

Lo: Take-off distance: the horizontal
distance between the start line and the
vertical projection of the centre of gravity
at the moment of take-off;

Li: Flight distance: the horizontal
distance covered by the athlete's centre of
mass when the athlete moves freely in the
air (feet do not touch the ground);

L,: Landing distance: the horizontal
distance between the vertical projection of
the gravity centre and the athlete's heels
when the heels touch the sand.

The distance L; constitutes more
than 85% of the total jump distance and
therefore determines the final result. It
can be said that L;, and along with it the
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jump result, is determined by the follow-
ing factors: the initial velocity of the ath-
lete’s centre of gravity Vo, its angle to the
horizontal a, the positions of the centre of
gravity at the take-off moment - (Lo, ho)
and the moment of landing - (L - Lo, hy),
and the effect of air drag.

Suppose we know the jump result L,
the duration of the jump flight phase T,
and the parameters Lo, ho, Lo, h, describ-
ing the positions of the athlete’s centre of
gravity at the moments of take-off and
landing. In that case, we can calculate the
horizontal and vertical projections of the
initial velocity Vo - Vox and Vo, its angle to
the horizontal a, and the maximum height
Hmax Of the athlete's overall centre of grav-
ity using the following formulas:

Vox =(L - Lo - Lo + d)/T,

Sportedu.am
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Voy =(h2 - ho + g°T%/2)/T, M

a=arctan(Vo, / Vo),

Hma= ho + Voy? /g - Vo, ’/(2°g),
where t is the time from take-off, g = 9.81
m/s® is the acceleration due to gravity, and
d is the correction for the result of the
jump caused by the force of air drag (for

To test our method, we analysed the
jumps of five Olympic champions who won
the championship at the Olympic Games in
2004, 2008, 2012, 2016, and 2020. Video
recordings of the jumps can be found on
YouTube [11]. The athletes' data are shown
in Table 1.

highly qualified jumpers, d=0.1 m
[4,5,10]).
Table 1.
Heights, weights, and long jump results of selected athletes.
Jump result . Weight
Athlete's name Event Height (m)
L(m) (kg)

Dwight Phillips Athens 2004 8.59 1.80 82
Irving Saladino Beijing 2008 8.34 1.83 70
Greg Rutherford London 2012 8.31 1.88 92
Jeff Henderson Rio 2016 8.38 1.83 81
Miltiadis Tendoglou Tokyo 2020 8.41 1.85 75

Photos of selected athletes are pre-

sented in Fig. 2. From large copies of

these images, we can find the proportions

and lengths of body parts of selected ath-
letes, which are then used in Kinovea for
frame scaling.

Fig. 2. Photos of athletes selected for analysis. From left to right: Dwight Phil-
lips, Irving Saladino, Greg Rutherford, Jeff Henderson, Miltiades Tentoglou.
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Videos are recorded with a moving
camera, the frame rate is 25 frames per
second, and the video has a low resolution,
so determining the trajectory of the ath-
lete's centre of gravity directly from the
video is impossible.

So we used a different approach:
using Kinovea, we found the duration of
the flight phase T for each jump, and pro-
cessed the frames showing the moments
of take-off and landing, from which we de-
termined the coordinates of the athletes'

centres of gravity at the moments of take-
off and landing — (Lo, ho) and (L», hy). To
determine the location of the centre of
gravity, the Kinovea human body model
tool was applied.

Then, using formulas (1), we calcu-
lated the parameters Vo, Vo,, a, and Hpax.

A schematic view of the process of
video-computer analysis is presented in
Fig. 3.

Determining the athlete's weight. height and bodv proportions

a2

Determining the jump result and duration of the flicht phase

~ <

Determining the coordinates of the athlete’s centre of gravity at the take-off

~ <

Determining the coordinates of the athlete’s centre of gravity during

b 2

Determinine the initial velocitv of the athlete’s centre of sravitv Vo and its

Fig. 3. A schematic view of the process of video-computer analysis.

Research Results Analysis. Fig. 4
shows the results of the analysis of Greg
Rutherford's body positions during take-

off and landing performed in Kinovea. Cal-
culated parameters of long jumps are pre-
sented in Tables 2 and 3.
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Center of

gravity

Ry

Fig. 4. The analysis of Greg Rutherford’s body positions at the moments of take-
off and landing.
Table 2.
The table below presents the values of T, Lo, hy, L, and h; found
by analysis in Kinovea.

Athlete's name T (ms) Lo (m) ho (m) L, (m) hy (m)

Dwight Phillips 880 0.23 1.17 0.58 0.41

Irving Saladino 880 0.28 1.22 0.72 0.64

Greg Rutherford 840 0.3 1.28 0.51 0.44

Jeff Henderson 880 0.14 1.23 0.54 0.59

Miltiadis Tendoglou 880 0.33 1.1 0.53 0.32
Sportedu.am
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Table 3.
The table below provides the values of Vo, Vo,, a, Vo and H..x parameters calcu-

lated based on formulas (1).

Vox a (de-
Athlete's name Voy (M/s) Vo (m/s) Hrmax (M)
(m/s) grees)
Dwight Phillips 8.952 3.451 21.083 9.595 1.777
Irving Saladino 8.454 3.657 23.392 9.211 1.901
Greg Rutherford 9.052 3.124 19.044 9.576 1.777
Jeff Henderson 8.866 3.594 22.067 9.567 1.888
Miltiadis Tendoglou 8.689 3.418 21.476 9.337 1.705

Fig. 5 demonstrates trajectories of the athletes’ centres of gravity calculated using
the following formulas:

X(t)=Lo + Vox °t - d*(t/T),

Y(t)=ho + Vo,"t - gt%/2,

where t is the time passed from the take-off moment.

Y(m)
1.8
1.6
14
1.2

1
0.8
0.6
0.4
0.2

1]
0 1

(]

3 4 5 6 7 8 X(m)

—1 - -2 3 4 —S5

Fig. 5. The trajectories of the sportsmen’s centres of gravity. The trajectories are
numbered according to the tables: 1 - Dwight Phillips, 2 - Irving Saladino, 3 -
Greg Rutherford, 4 - Jeff Henderson, 5 - Miltiadis Tendoglou.

It is known that the result of the long  at the take-off moment Vo, and its angle to
jump mainly depends on two parameters -  the horizontal a. As these parameters in-
the speed of the athlete's centre of gravity crease, the jump result also increases.
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Tables 1, 2, and 3 show that the
maximum result of 8.59 m belongs to
Dwight Phillips, who has the maximum
speed at the take-off moment among the
five athletes - Vo = 9.59 m/s, and the angle
a is 21.083°.

Miltiadis Tentoglou's initial velocity
Vo = 9.337 m/s is significantly less than
Dwight Phillips' initial velocity, and his
jump result is also less - 8.41 m.

Jeff Henderson has quite high values
of Vo and the angle a, but his result of
8.38 m is less than the results of Dwight
Phillips and Miltiadis Tentoglou due to the
small value of Lo and the large value of h,
- 0.14 m and 0.59 m, respectively.

Irving Saladino has the smallest
value of Vo among the five athletes - 9.21
m/s, but his result (8.34 m) is increased
by the large value of the landing distance
- L=0.72 m.

Greg Rutherford's comparatively
low result of 8.31 m is due to the relatively
small value of the angle a - 19.04°.

It turns out that our method allows
us to find the athlete’s strengths and weak-
nesses, which is very important in the
training process.

Conclusions. Based on the con-
ducted research, we can draw the follow-
ing conclusions:

1. The paper presents an effective
method for analysing the long jump, which
allows us to find the main parameters of
the jump despite the low quality of the
video recording.

2. The accuracy of the calculations
depends on the quality of the shooting and
the frame rate. The higher the frame rate,
the higher the accuracy of the analysis.

3. The presented method can be
used to analyse both previously recorded
videos and pre-planned video recordings.
In the second case, it is possible to achieve
better quality analysis due to better prep-
aration for video shooting and the use of a
better camera.

4. After a minor modification of the
calculation algorithm, it is possible to take
into account atmospheric effects such as
pressure, wind, altitude above sea level,
and temperature [4,5,10].

The method allows us to evaluate
the stability of the athlete's results and
identify ways to improve them. In the fu-
ture, we plan to use the proposed method
to analyze other sports: football, weightlift-
ing, and gymnastics.
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HOBbI1 METOJI, BULEOKOMIbIOTEPHOTO AHAJIN3A MPbBKKA B AJIMHY
A.3. EzosH, A.[]. lNobupaxawsunu,
K.M. Moucuypanuwsunu, U.A. Xunawsunu,
' py3uHckuli 2ocydapcmserHblil yHusepcumem
cnopma, Tbunucu, lpy3ua

AHHOTAUMA

KntoueBble cnoBa: npbBKOK B [/IMHY, BWAE0-KOMMbIOTEPHbIA  aHanus,
KOMMbIOTEPHOE MOAENNPOBaHNE, LEHTP TAMKECTU, BoMexaHNYeCKUil aHanms.

AKTyanbHOCTb MccnepoBaHusa: [IpbiKM B JAWHY NPENCTaBnAlOT OfHY W3
OCHOBHbIX AWUCLMMANH Nerkoil atnetukn. Hambonee [OCTYNHbIM METOAOM JfA Mpo-
BefleHNA BLUOMEXaHNYECKOro aHann3a NPbIKKOB B AJINHY ABNAETCA BUJEOKOMMbIOTEPHbII
aHanu3, No3BONAIOLLMIA onpefennTb cnabble MecTa B UCMONHEHWUWN MNPbI¥Ka Ha OCHOBE
u3yyeHna Bupeosanucu npbikka. [losTomy paspaboTka 3dEKTUBHbIX METOA0B
BWEOKOMMbIOTEPHOrO OMOMEXaHNYECKOro aHannsa 6e3 NpUMEHeHUA MapKepoB WU
MHepLUManbHbIX CEHCOPOB OCOOEHHO aKTyanbHa.

LLenb nccnepoBanus: Llensto nccnepobanns ABnAeTca co3faHne KOMMbIOTEPHOI
MeTOLMKN AnA BMOMEXaHNYECKOro aHanmn3a NpPbIKKOB B [IMHY Ha OCHOBE BM[E03anuncu
Sportedu.am
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B YCNOBMAX TPEHWPOBKW UNN BO BpPeMA COPEBHOBAHWIA, Korja NpvMeHeHWe MapKepoB
WM UHepLUMaNbHbIX CEHCOPOB HEBO3MOKHO.

MeToabl M opraHusauua wuccnepgoBaHus: B pabote npoeopuTca aHanus
BUJE€O03anunceil NATU NpbIKKOB B AnnHy nobeputeneii yemnuoHatoB mupa. C NoMOLLbO
KomnbtoTepHoii nporpammbl  Kinovea onpepenAseTtcA NONOMEHWe LeHTpa TAMKeCTU
Kaforo crnopTcMeHa B Havane npbixKka, Korpa CropTCMeH OTpbiBaeTcA OT 3emMiu, U BO
BpeMA MpU3emMNeHnsa, Korja CrnopTCMeH ornyckaeTca Ha 3emnto. [1pofonsuTenbHOCTb
npblixKa onpegenseTca U3 Bugeosanucu. 3atem npy NOMOLLM MaTeMaTUyecKoit moaenu
onpepenaeTca HavanbHaA CKOPOCTb NPbIXKKa U €€ Yron ¢ NMHWUE FOpU30HTa, MPOUCXOAUT
BbIYMCNEHNE TPAEKTOPUM LieHTpa TAKECTU KaMJoro CopTcMeHa BO BPEMA MpbIxKa.

AHanus pe3synbTaToB uccnepoBaHuA: [1py MOMOLLM BbILLEONUCAHHOMO METoAa
6binn onpepeneHbl NapameTpbl MPbIXKOB BCEX MATUM CMOPTCMEHOB. YTo Mo3Bonuno
BOCCTaHOBWUTb TPAEKTOPUM WX LIEHTPOB TAMECTM BO BPEMA MpblKKa, MPOU3BECTU
CPaBHUTENbHbIA aHanM3 PacCMOTPEHHbIX MPbIKKOB W BbIABUTb CUNibHble U cnabble
CTOPOHbI Ka}Joro artnera.

Kpatkue BbiBoabl: B pabote npepcrasneHa sddekTMBHaA MeToguka pAna
npoBefeHnA 61oMexaHUYeCKOro aHanusa MpbBKKOB B AJIMHY Ha OCHOBE BUAeo3anucei
NpbiKKOB. MeToAnKa MO3BONAET ONPefEenUTb KOOLMHATbl LEeHTpa TAMECTW artneta B
Hayane 1 B KOHLE MpbIXKa, a TakkKe HayalbHYHO CKOPOCTb LEHTpa TAMECTU BO BpemA
OTpbIBa Tena arneta OT 3eMNU M HanpaBieHWe BEKTopa HayanbHOW CKOPOCTU K NIMHWK
ropusoHTa. 3HaHWe 3TUX MapaMeTpoB [AeT BO3MOXHOCTb BHECTW CBOEBPEMEHHble
U3MEHEHVA B TPEHUPOBOYHbIN MPOLECC M YNy4ylMTb CMOPTMBHbINA pe3ynbTar. MeTop,
No3BONAET OLEHUTb CTabUIbHOCTb Pe3yNbTaToB CMOPTCMEHAa W BbIABUTb MYTU OAA UX
ynyywenua. B Oyaywiem mbl nnaHvpyem NpUMEHEHWE NpPeLIOKEHHOro MeToga [JA

aHann3a TeEXHUKN Opyrmx Bupax cnopra: q)yTGOH, TAMENaA atneTuka U rMMHacTuKa.

Sportedu.am

378



YhSNhE3NALL UNNCLSNKY. UM Hh <PULURLHNLLED 2025 N22 (15)

<6NUSUSuUh SEUULLUU ULUNrSU3hL Y6rLNRONRE3UL LNM UL-NY
U.E. Ggnywt, U."F. Ynphpwhuwpypiph, 4.U. Unphudpwwhpdph, b.U. fuhwwypih,
dpwuypwbp wbipwlwt uynpypught
hwdwuwpwt, Fphhup, Ypwupwb
uueneuahr

Unwugpwihu pwnbpp: <Gnwgwwl, ntuwhwdwlywpgswihtu gbpndnye)niu,
hwdwlwpgswihtu  dnnbjwynpnd, dwupnypjwu  Ybuwnpnu, YGuuwdbluwuhlywywu
ytpindnip)niu:

LEwnwgnnnipjut wpnhwlwunipyniu: <Gnwgwuwyp weibnhlwih hhduwywu
wnwplwubiphg (nhughwhuutiphg) dayu k: <bnwgwwybtiph YEuuwdbluwuhlywywu
ytipinénipyniu wuglwgubint wdtuwdwwnsth dbennp nbuwhwdwlwnpgswihu ybip-
[nniRintul &, npp pny|  wwihu pwgwhwjnb] gwinyh Yuwnwpdwu pny| Ynndbpp'
hpduytiiny gwunyh wnbuwgpnyejwu nwunwWuwuhpnipjwu Yypw: <bnbwpwn, hwnlw-
wbu wpnhwywu £ nbuw-hwdwywpgswihu Yeuuwdbuwuphywywu gbpindnyejwu
wpryniuwybn dbpnnubph dowynidp' wnwug dwpybpubph W hubipghnu ubuunpubiph
oglnwagnpdiwu:

LhEnwqnuinipjwt tyuwwwly £ unbndt] hwdwlwnpgswihu dbpnn hbnwgwwn-
ybph YEuuwdbluwuhywlywu Jbpindnyejwu hwdwp' hhdudbingd dwpgnuubph wwy-
dwuubpnid Ywd dpgnwiubiph dwdwuwy nbuwgpnie)niutph ypw, Gpp dwpytiputiph
Ywd hutipghnu ubuunpubiph ogunwagnpdniiu wuhuwn k:

LGwnwqnunipjut dEennutpp b juqdwlbEpynudp: Ugfuwwnwupnid ybpindynid
GU woluwphh wnweouniejwu hwnpnnutiph hhug htnwgwwuytiph wbuwgpnyenLuub-
np: Kinovea hwdwlwpgswjhu dpwagph dhongny htinwgwwnyh uyqpnd npnaynid £ jni-
pwpwgnip dwipghlh dwupnyzjwt Yuwnpnuh nhppp, tipp dwpghlp pupdpwtnud £
gbitnuhg, U Jwjptoph pupwgpnid, Gpp dwpghlu hounw £ gbinuhu: <Gnwgwwnyh
wmunnniejniup npnaynid £ inbuwgpniejwu dhongny: Ujunthbunl, dwpbdwnhlwywu
dnnbifh dhongny, npnaynud Gu htinwgwwnyh ulygpwlwl wpwagnieniup b npw wu-
yntup hnphgnuh géh htwn, U hwodwpyynid E jnipwpwuginip dwpghyh dwupnyejwu
ytuwnpnup htitnwghdp htinwgwwnyh pupwgpnid:

Lhnwqnunipjut wpnyniupubph ybppnwdnyeyniu: Ybpp uwpwagpwsd dbpn-
nh Yhpwndwdp npnayti| Gu pninp hhug dwpghyutiph hnwgwwnytiph ywpwdbinpb-
pp: Uw pny| E wnyt| dtq htinwgwunyh pupwgpnid yepwlywuqub) upwug dwupnyejwu
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ytuwnpnuubiph htnwagdtpp, wuglhwgub nhinwnpyywd htnwgwwnytiph hwdbdwwnw-
Ywu ybpnwdnipiniu b pwgwhwjnb| jnipupwugnip dwpghyh nidtin b eny| Ynndbpp:

Cwdwnnin Gqpuugnip)niu: <nnwdnd ubpluwjwgywsd £ hGnwgwwytiph inb-
uwgpnieniuutiph hhdwu ypw htinwgwunybph Yuuwdbuwuhyuywu dbpindnyejwu
wpryntuwybin dbpnnp: Utipnnp oy E viwhu npnatip dwpghyh dwupniejwu Yeuw-
pnup Ynnpnhuwwubipp hGnwgwwyh uygpnid b ybiponud, huswybiu twbe dwupnyejwu
yGuwnpnuh ulygpuwlywu wpwgnyeniup dwnpghlyh dwpduh gbnuhg Ybp pwpdpwtiw-
(Nt dwdwuwl W uygpuwlwu wpwgniejwu YytYunnph ninnniejniup nbwh hnphgnu:
Wu wwpwdbiwpbpp hdwuwp huwpwynpniginiu £ wwhu dwdwuwyhu thnthnfunt-
pyntuutip uwwnwnpb| dwpgnwiubph gnpdpupwgnud b pwpbjwyt| dwpquywu Yuwnw-
pnnulwup: Ubpnnp pny| b wwhu guwhwnb] dwpghyh wpnyniupubph Yuyniunt-
pintup b pwgwhuwjint nphwup pwpbjwybnt ninhubp: Uwywguynud dtup twfjuwunb-
unw Bup ogunwgnpdt wnwowpyynn dbpnnp wy dwpqualbph® $nunpnih, dwupw-
dwpwh b dwpduwdwpgniejwu nbfuuhywh ybpinnygjwu hwdwp:
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