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ABSTRACT

Object�ve: The aim of this study is to develop an application for image processing of motion analysis system videos.

Methods: After recording the descriptive information of the volunteer participants, the International Physical Activity Questionnaire Short Form (IPAQ)
was completed in a face-to-face environment. Upon completing the questionnaire, the participants were videotaped in accordance with the Landing
Error Scoring System (LESS) protocol. LESS scoring was performed by five researchers using Kinovea v.0.9.5, which has been used in image proces‐
sing of similar dynamic motion analysis systems in our clinic in the past, and a newly developed program called HAS. The program was developed
using .Net Maui .Net 8 on Visual Studio. SPSS v.23 and GraphPad Prism 8 programs were used for data analysis.
Results: Forty healthy young people, of which 47.5% (n=19) male and 52.5% (n=21) female, participated in the study. All of the participants had right
dominancy. Those who reported regular exercise habits were 40% (n=16). The age of the participants was 21.7±2.4 years and body mass index was
23.0±3.9 kg/m2. The IPAQ-total value was determined as 2006±1801 METs. Considering all of the evaluators, the inter-rater intraclass correlation co‐
efficients were calculated as 0.970 (0.952-0.982) in test-Kinovea, 0.973 (0.957-0.984) in retest-Kinovea, 0.981 (0.969-0.989) in test-New and 0.977
(0.963-0.987) in retest-New, respectively. As visualized in the measurements of the sports medicine specialist, no significant differences were detected
in the intra-rater dependent and independent group test results of all evaluators (p˃0.05).
Conclus�on: Video image processing processes of motion analysis systems, especially LESS, can be realized by using the HAS program.
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ÖZ

Amaç: Bu çalışmada, hareket analizi sistemi video görüntülerinin işlenmesi için bir uygulama geliştirmek amaçlandı.
Gereç ve Yöntem: Gönüllü katılımcıların tanımlayıcı bilgileri kaydedildikten sonra Uluslararası Fiziksel Aktivite Anketi Kısa Formu (UFAA) yüz yüze ortam‐
da dolduruldu. Anket tamamlandıktan sonra katılımcıların Sıçramadan Sonra Yere İniş Hata Puanlama Sistemi (SSYİ-HPS) protokolüne uygun videoları
çekildi. Kliniğimizce geçmişte benzer dinamik hareket analizi sistemlerinin görüntü işlemelerinde kullanılan Kinovea v.0.9.5 ile birlikte yeni geliştirilen
HAS isimli program aracılığında beş araştırmacı tarafından SSYİ-HPS puanlamaları gerçekleştirildi. Program, Visual Studio üzerinde .Net Maui .Net 8
kullanılarak geliştirildi. Verilerin analizinde SPSS v.23 ve GraphPad Prism 8 programları kullanıldı.
Bulgular: Çalışmaya %47.5’i (n=19) erkek, %52.5’i (n=21) kadın 40 sağlıklı genç katıldı. Katılımcıların tamamı sağ ekstremite dominanttı. Düzenli eg‐
zersiz alışkanlığı olduğunu bildirenler %40 (n=16) oranındaydı. Katılımcıların yaşı 21.3±2.4 yıl ve vücut kütle indeksi 23.0±3.9 kg/m2 idi. UFAA-toplam
değeri 2006±1801 MET olarak belirlendi. Tümü dikkate alındığında, değerlendiriciler arası Sınıf içi korelasyon katsayısı sırasıyla test-Kinovea’da 0.970
(0.952-0.982), retest-Kinovea’da 0.973 (0.957-0.984), test-Yeni’de 0.981 (0.969-0.989) ve retest-Yeni’de 0.,977 (0.963-0.987) olarak hesaplandı.
Spor hekimliği uzmanının ölçüm sonuçlarında görselleştirildiği üzere tüm değerlendiricilerin değerlendirici içi bağımlı ve bağımsız grup test sonuçlarında
anlamlı fark saptanmadı (p˃0.05).
Sonuç: SSYİ-HPS başta olmak üzere, hareket analiz sistemlerinin video görüntü işleme süreçleri HAS programı kullanılarak gerçekleştirilebilmektedir.

Anahtar Sözcükler: Hareket analizi, görüntü işleme, program, SSYİ-HPS
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INTRODUCTION
Mot�on analys�s systems represent a s�gn�f�cant area of �n-
qu�ry w�th�n the f�eld of b�omechan�cs, garner�ng attent�on
from a d�verse array of profess�onals. In al�gnment w�th
Newton's th�rd law of mot�on, these systems fac�l�tate the
convers�on of b�omechan�cal movements and the�r corres-
pond�ng e�ects on b�olog�cal t�ssues �nto quant�f�able data.
Ut�l�z�ng the �ns�ghts der�ved from such data, sports sc�en-
t�sts �nvest�gate var�ous parameters, �nclud�ng the prec�s�on
of movement techn�ques and the�r �mpl�cat�ons for athlet�c
performance. Concurrently, cl�n�c�ans employ th�s �nforma-
t�on to enhance movement qual�ty by focus�ng on factors
such as �njury prevent�on and the e��cacy of therapeut�c
�ntervent�ons (1).

Mot�on analys�s systems are bas�cally d�v�ded �nto stat�c
and dynam�c mot�on analys�s systems. In both types of mo-
t�on analys�s systems, v�deo �mag�ng systems can be used
�n order to better process and repeatedly evaluate the data
(2). Var�ous �mage process�ng programs can be used �n or-
der to exam�ne the d��erent moments of the v�deo �mage
and the cont�nuous movement �n more deta�l. W�th the help
of these programs, �t �s easy to quant�fy the �ssues that the
profess�onal perform�ng the mot�on analys�s focuses on,
such as stopp�ng the v�deo at the r�ght moment, speed�ng
up and slow�ng down the �mage �n order to better unders-
tand the cont�nu�ty of the movement, measur�ng the angles
of d��erent jo�nts dur�ng the movement, evaluat�ng chan-
ges �n the measured angle dur�ng the movement, determ�-
n�ng the planes of d��erent parts of the body �n three-d�-
mens�onal space (1,2).

The Land�ng Error Scor�ng System (LESS) �s a dynam�c mo-
t�on analys�s system (3). Dynam�c mot�on analys�s systems
o�en prov�de camera-based mot�on analys�s �n the current
technolog�cal state of the art (4). In LESS, wh�ch has been
the subject of many stud�es, s�m�lar to other dynam�c mo-
t�on analys�s systems, v�deo �mages of subjects are taken
for evaluat�on and quant�f�cat�on, and these v�deo �mages
are analyzed us�ng �mage process�ng so�ware. In add�t�on,
as the current researchers have worked on LESS �n the past,
and have exper�ence �n var�ous stud�es, the aforement�oned
mot�on analys�s system was used as a prototype dur�ng the
development of the assoc�ated program (5-7).

Although an appl�cat�on called K�novea has been used by
the researchers �n the past to process v�deo �mages, due to
the l�m�tat�ons such as the lack of nat�onal or�g�n of the re-
levant program, and the add�t�on and removal of des�red
features to the program, we wanted to develop a un�que
appl�cat�on w�th our own resources, �n order to evaluate
mot�on analys�s systems that we frequently use �n cl�n�cal
pract�ce.

The object�ve of th�s study �s to develop an appl�cat�on de-
s�gned for the process�ng of �mages der�ved from mot�on
analys�s system v�deos. Furthermore, th�s research a�ms to
evaluate whether the results produced by th�s new appl�ca-
t�on al�gn w�th those obta�ned from prev�ous appl�cat�ons
ut�l�z�ng LESS data.

MATERIAL and METHODS
The study was approved by the Cl�n�cal Research Eth�cs
Comm�ttee of the Faculty of Med�c�ne of the Un�vers�ty of
Suleyman Dem�rel by dec�s�on dated 18.11.2022. numbered
22/325. The study �ncluded healthy �nd�v�duals aged 18-25
years who d�d not meet the exclus�on cr�ter�a for the purpo-
se and rat�onale of the study. S�gned �nformed consent was
obta�ned from the part�c�pants �n accordance w�th the Dec-
larat�on of Hels�nk�.

The number of people to be �ncluded �n the study was de-
term�ned at basel�ne us�ng G.Power v 3.1 appl�cat�on w�th
power (1-β err prob)=0.95 and α error score=0.05, and the
study was completed w�th 40 part�c�pants (6).

Part�c�pants who agreed to part�c�pate �n the study and s�g-
ned the consent form were asked demograph�c �nformat�on
and Internat�onal Phys�cal Act�v�ty Quest�onna�re-Short
Form (IPAQ) quest�ons by a researcher �n a face-to-face en-
v�ronment, and were noted down. A�er the quest�onna�re
was completed, v�deos were taken �n accordance w�th the
LESS protocol.

LESS scor�ng was performed by f�ve researchers w�th the
newly developed appl�cat�on called ‘Hareket Anal�z� S�ste-
m� (HAS)’ (In Engl�sh: Mot�on Analys�s System) together
w�th K�novea v.0.9.5, wh�ch has been used �n the past for
�mage process�ng of s�m�lar dynam�c mot�on analys�s sys-
tems �n our cl�n�c.

Internat�onal Phys�cal Act�v�ty Quest�onna�re-Short
Form: One of the descr�pt�ve character�st�cs of part�c�pants
was the�r phys�cal act�v�ty levels. The quest�onna�re �n
wh�ch the phys�cal act�v�ty levels of �nd�v�duals are analy-
sed cons�sts of seven quest�ons. The quest�onna�re, for
wh�ch the Turk�sh val�d�ty and rel�ab�l�ty was establ�shed
by Sağlam et al. (8) prov�des �nformat�on on the frequency
of low, moderate and h�gh levels of phys�cal act�v�ty, and
t�me spent s�tt�ng and the frequency of phys�cal act�v�ty
performed �n the last week. In add�t�on, the quest�onna�re
prov�des the metabol�c equ�valents (METs) spent dur�ng
low, moderate and h�gh levels of phys�cal act�v�ty �n the last
week. As a result, the METs spent by the part�c�pant �n the
last week can be calculated by an est�mat�on method. Ac-
cord�ng to th�s calculat�on, a phys�cal act�v�ty level of <600
MET m�n/wk �s class�f�ed as ‘�nact�ve’, 600-3000 MET
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Table 1. Concordance of LESS results performed by the researchers
Test E 1 ICC �e E 2 ICC �e E 3 ICC �e E 4 ICC �e E 5 ICC �e

Test-K�novea 6.35±1.70 0.983 6.45±1.84 0.992 6.20±1.65 0.961 6.33±1.70 0.978 6.23±1.64 0.970Retest-K�novea 6.35±1.79 6.50±1.77 6.23±1.56 6.43±1.68 6.35±1.67
Test-HAS 6.35±1.76 0.927 6.45±1.78 1.000 6.35±1.53 0.981 6.45±1.77 0.984 6.35±1.63 0.983Retest-HAS 6.40±1.71 6.45±1.78 6.43±1.53 6.43±1.65 6.38±1.66
Test-K�novea vs HAS ICC 0.960   0.992   0.909   0.968   0.964  
Retest-K�novea vs HAS ICC 0.943   0.988   0.918   0.976   0.988  
As X±SD (mean±standard dev�at�on), E: evaluator, ICC: �ntraclass correlat�on coe��c�ent, ICC �e: �ntra-evaluator ICC.

m�n/wk as ‘moderate’ and >3000 MET m�n/wk as ‘v�gorous’
(8).

Land�ng Error Scor�ng System: The LESS uses a checkl�st
of 17 cr�ter�a, each scored based on the presence/absence of
spec�f�c movement errors, such as knee valgus, trunk d�sp-
lacement, or asymmetr�cal land�ng. H�gher scores �nd�cate
a greater number of errors and poorer land�ng mechan�cs
(3). The evaluat�on of the �mage process�ng program was
carr�ed out us�ng LESS, the Turk�sh val�d�ty and rel�ab�l�ty
of wh�ch was establ�shed by Ercan et al. (5).

W�th respect to th�s movement analys�s system, the part�c�-
pants were subjected to a jump test protocol. Accord�ng to
the protocol, a wooden box (w�th a non-sl�p �oor and a he-
�ght of 30 cm) was prepared. Half the he�ght of each part�c�-
pant was calculated and the mat was placed at th�s d�stan-
ce from the box. The researchers f�rst expla�ned and then
demonstrated how to make the jump. Part�c�pants were g�-
ven as many tr�als as they wanted to fam�l�ar�se themselves
w�th the protocol before the test. When the part�c�pant felt
ready, the jump was repeated three t�mes �n a row accor-
d�ng to the protocol. A v�deo cameras was placed �n front of
the jump�ng mat and the other one on the dom�nant l�mb
s�de of the part�c�pant to capture v�deo �mages dur�ng the
jump. As clearly stated �n the protocol, the v�deo cameras
were pos�t�oned so that the he�ght from the ground was 122
cm and the d�stance from the jump�ng box was 345 cm. The
v�deo �mages were protected by researchers under the ‘Per-
sonal Data Protect�on Law’. The relevant �mages were eva-
luated by f�ve researchers (one of them was a sports med�c�-
ne spec�al�st, two were sports med�c�ne spec�al�ty students,
and the other two were med�cal faculty students), w�th the
new HAS appl�cat�on developed by one of our researchers
and K�novea v.0.9.5 appl�cat�on and the error scores were
noted. The researcher who developed the appl�cat�on d�d
not part�c�pate �n the error score evaluat�on.

Development of the HAS Program: The program has been
developed us�ng .NET MAUI .NET 8 on V�sual Stud�o. It ut�-

l�zes XAML for �ts des�gn, and test�ng was conducted on the
MAUI W�ndows appl�cat�on. Vers�on control of the project
was performed, and MVVM arch�tecture was employed. The
program can open v�deo f�les and allows users to seek for-
ward and backward by one-tenth of a second. Add�t�onally,
�t o�ers features such as draw�ng on the v�deo, measur�ng
angles, and add�ng frames, all of wh�ch can be custom�zed
accord�ng to user’s preferences. There are also features
planned for future releases that are not yet act�ve, �nclud�ng
web-based v�deo playback, AI-ass�sted angle measurement,
and analys�s. The a�m �s to prov�de these features to users
�n subsequent vers�ons.

Stat�st�cal analys�s

SPSS v.23 and GraphPad Pr�sm 8 programs were used for
data analys�s. A�er descr�pt�ve character�st�cs were deter-
m�ned, Intraclass Correlat�on Coe��c�ent (ICC) analys�s was
performed to determ�ne the �ntra-rater, �nter-rater and �n-
ter-method agreements. For d��erence analyses, t-test for
dependent and �ndependent groups was preferred. Data
were presented as mean ± standard dev�at�on, frequency
(n), percentage (%) and ICC (95% conf�dence �nterval). The
ICC was cons�dered excellent between 0.81-1.00, good bet-
ween 0.61-0.80, and moderate between 0.41-0.60 (9).

RESULTS
Forty healthy young people, 47.5% (n=19) male and 52.5%
(n=21) female, part�c�pated �n the study. All of the part�c�-
pants (n=40) were r�ght extrem�ty dom�nant. Those who re-
ported regular exerc�se hab�ts were 40% (n=16). The age of
the part�c�pants was 21.7±2.4 years and the�r body mass �n-
dex was 23.0±3.9 kg/m2. IPAQ-Total was determ�ned as
2006±1801 MET.

The LESS evaluat�on of the sample was performed by f�ve
d��erent researchers. The evaluators performed the test and
re-test measurements separately on both K�novea and the
newly developed program (Table 1, F�gure 1).
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F�gure 1.  Examples of LESS scor�ng w�th �mage process�ng programs (K�novea above,
HAS below)

When all of the evaluators were taken �nto cons�derat�on,
the �nter-rater ICC values were calculated as 0.970 (0.952-
0.982) �n test-K�novea, 0.973 (0.957-0.984) �n retest-K�novea,
0.981 (0.969-0.989) �n test-HAS and 0.977 (0.963-0.987) �n
retest-HAS, respect�vely.

As shown �n the sports med�c�ne spec�al�st measurements,
no s�gn�f�cant d��erences were detected between the �ntra-
rater dependent and �ndependent group test results of all
evaluators (p˃0.05) (F�gure 2).

DISCUSSION
No s�gn�f�cant d��erences were found �n the �ntra-rater de-
pendent and �ndependent group test scores of all raters. In
quant�tat�ve stud�es, rel�ab�l�ty �s def�ned as the ab�l�ty of
the measurement tool to produce the same result when
used mult�ple t�mes (10). Wh�le so�ware algor�thms may
�nherently produce accurate angular results when �nputs
are correctly def�ned, the process of manually d�g�t�z�ng
data �ntroduces var�ab�l�ty due to user-related factors such
as hand-eye coord�nat�on and sens�t�v�ty. Th�s �s why �nter-
and �ntra-observer rel�ab�l�ty are cruc�al metr�cs �n asses-
s�ng the usab�l�ty and performance of measurement tools
that �nvolve human �nput (11).To th�s end, repeated measu-
rements were made to assess the rel�ab�l�ty of the new app-
l�cat�on, and the results were found to be s�m�lar. It was
therefore concluded that the developed appl�cat�on �s
rel�able.

Although three-d�mens�onal k�nemat�c systems have been
reported as the gold standard �n mot�on analys�s, these
methods requ�re h�gh hardware costs, expert users, t�me

and spec�al�zed laboratory env�ronments. Econom�cal and
pract�cal methods are more feas�ble and preferred by pro-
fess�onals �nterested �n athletes’ health (6).

F�gure 2.  D��erences between dependent (K�novea
1st-2nd/ HAS 1st-2nd) and �ndependent (K�novea 1st-
HAS 1st/K�novea 2nd-HAS 2nd) groups for the
exper�enced evaluator data
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For mot�on analys�s, wh�ch �s �ncreas�ngly used �n sports
and health, �t �s �mportant to obta�n s�m�lar results based
on prec�se measurements. As �t becomes more access�ble �n
mot�on analys�s, there �s grow�ng �nterest �n the use of 2D
v�deo analys�s appl�cat�ons, and so�ware �s needed to
analyze these v�deo analyses. One example �s K�novea, a
free, open-source mot�on analys�s so�ware developed by
sports and health profess�onals, programmers, researchers
and athletes �n a worldw�de non-prof�t collaborat�on (12).

In the l�terature, �t can be seen that the rel�ab�l�ty of the K�-
novea program has been �nvest�gated �n var�ous stud�es.
Nor Adnan et al. (13) conducted an analys�s us�ng a mot�on
capture so�ware and K�novea 0.8.25 to exam�ne whether
the K�novea so�ware �s rel�able for analys�ng the drop jump
performance of athletes, and reported that they found the
K�novea so�ware to be rel�able.

A study �nvest�gat�ng the val�d�ty, rel�ab�l�ty and usefulness
of a smartphone and K�novea mot�on analys�s so�ware for
measur�ng vert�cal jump he�ght showed that K�novea �s a
val�d, rel�able and cost-e�ect�ve tool for mon�tor�ng chan-
ges �n jump performance �n a healthy, act�ve populat�on d�-
verse �n gender and phys�cal cond�t�on (12).

Elrah�m et al. (14) conducted a study to �nvest�gate the �n-
ter-rater and �ntra-rater rel�ab�l�ty of the K�novea so�ware
for measur�ng shoulder range of mot�on �n healthy �nd�v�-
duals, and reported that the appl�cat�on was rel�able for the
�ntended purpose.

In another study conducted to �nvest�gate the rel�ab�l�ty of
the K�novea computer program �n measur�ng cerv�cal range
of mot�on �n the sag�ttal plane �n healthy subjects, �t was
concluded that the K�novea so�ware program was both �nt-
ra- and �nter-rater rel�able �n measur�ng cerv�cal range of
mot�on �n the sag�ttal plane (15).

As can be seen from the examples �n the l�terature, var�ous
movement analyses �n the f�elds of sport and health are be-
�ng supported by develop�ng technology that allows objec-
t�ve data to be obta�ned. The K�novea program, wh�ch �s w�-
dely used, has been found to be rel�able as far as �t was �n-
vest�gated, and as the researchers have exper�ence �n us�ng
�t, �t was used as a reference for the evaluat�on of our newly
developed domest�c appl�cat�on. The calculated ICC values
of our HAS appl�cat�on w�th K�novea were found to be ex-
cellent. The advantage of the HAS appl�cat�on we have de-
veloped �s that �t prov�des the �ex�b�l�ty to add and remove
des�red features to the program. We f�nd �t valuable to o�er
users a new appl�cat�on that can be used �n mot�on
analys�s.

In order to produce alternat�ve domest�c resources to ex�s-
t�ng programs, the f�rst vers�on of th�s appl�cat�on, wh�ch

we have created and tested the usab�l�ty, w�ll be developed
and new features w�ll be made ava�lable �n the next
vers�ons.

L�m�tat�ons of th�s study �nclude the lack of a mot�on analy-
s�s laboratory �n the cl�n�c where the study was conducted,
and the presence of l�ght�ng and background problems �n
the v�deos. However, th�s �s not a major problem �n the
analys�s of v�deos. It �s expected that th�s w�ll be an �ssue
when we move to analys�s us�ng art�f�c�al �ntell�gence
technology.

To conclude; the HAS program can be used to perform v�-
deo �mage process�ng operat�ons on mot�on analys�s sys-
tems, �n part�cular LESS.

Note

The p�lot study of th�s research was presented at the 1st Pro-
ject and Sc�ence Days w�th Nat�onal Part�c�pat�on held �n
Isparta on 16 May, 2024.
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