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VEIKLOS ATASKAITA

Keliy asmeny kiino padéties sekimas realiuoju laiku taikant masininio
mokymosi metodus

Doktorantlros pradzios/pabaigos metai: 2022-2026
Studijy metai: 2025/2026 antras pusmetis

Doktorantas: Algimantas Skuodis
Vadovas: Olga Kurasova, prof. Dr



Studiju metai | Egzaminai
Planas Ivykdyta
1(2022/2023) 2 2
11 (2023/2024) | 2 2
I1T (2024/2025)
IV (2025/2026)
IS viso: 4 4

Studijy planas ir jo vykdymo suvestine
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Studiju metai Dalyvavimas konferencijose Publikacijos
Tarptautinése Nacionalinése Su citav. rodikliu Be citav. rodiklio
Planas Ivykdyta Planas Ivykdyta Planas | Ivykdyta Buklé | Planas | Ivykdyta | Buklé
1(2022/2023)
11 (2023/2024) 1 1 1 1 1 Publi
kuota
111 (2024/2025) 1 1 1 Publik
uota
1V (2025/2026) 1 1 1 Jteikta
IS viso: 2 2 1 1 2 1 1 1
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Egzaminai 2025/2026 (Il pusmetis)

Planas

Ivykdyta

Biuklé

Dalyvavimas konferencijose 2025/2026 (II pusmetis)

Planas

Ivykdyta

Konferencijos tipas

Publikacijos 2025/2026 (1l pusmetis)

Planas Ivykdyta Buklé Publikacijos tipas
Peer] Computer Skuodis, A., Kurasova, O. Graph neural | [teikta 2026-08-13 Su cituojamumo
Science network-based recognition of skydiving rodikliu

formations
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Dalyvavimas tarptautinése konferencijose

Aprasas

l.

The 16th International Baltic Conference on Digital Business and Intelligent Systems
(2024 birzelio 20 — liepos 3, Vilnius, Lietuva)
Algimantas Skuodis and Olga Kurasova, Evaluation of Deep Learning-Based Models for Recognition of

Skydiving Formations, The 16th International Baltic Conference on Digital Business and Intelligent Systems,
2024 birzelio 20 — liepos 3

21st International Conference on Computer Vision Theory and Applications (VISAPP 2026)

(2026 kovo 9 - kovo 11, Bilbao, Ispanija)

Algimantas Skuodis and Olga Kurasova, Deep Learning-Based Models for Recognition of Skydiving
Formations, 21st International Conference on Computer Vision Theory and Applications

2026 kovo 9 - kovo 11

Publikacijos (tik su citavimo rodikliu)

Bibliografinias aprasas Buklé

Skuodis, A., Kurasova, O. Two-step distance-based skydiving for- Publikuota
mation recognition. Image and Vision Computing, 2026, vol. 173,
art. no. 106085. https://doi.org/10.1016/j.imavis.2026.

106085
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Tyri m q Giliuoju masininiu mokymusi paremtas keliy

asmeny sgveikos atpazinimas grupiniuose

Objektas Suoliuose parasiutu.
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Sukurti masininio mokymosi metodg keliy

Ti ks I aS asmeny sgveikai atpazinti, skirtg laisvojo

kritimo metu atliekamy deriniy klasifikavimui.
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Uzdaviniai

1. IStirti Siuolaikinius masininio mokymosi metodus, naudojamus asmeny
kGno padéciai identifikuoti ir sekti.

2. Sukurti duomeny rinkinj, skirtg keliy asmeny sgveikos atpazinimo
parasiuty sporto laisvojo kritimo deriniy disciplinoje vertinimui.

3. Pasidlyti masininio mokymosi metodg, skirtg keliy asmeny sgveikai
parasiuty sporto laisvojo kritimo deriniy disciplinoje atpazinti.

4. Atlikti eksperimentinius tyrimus ir jvertinti pasitlytg metodg naudojant
sukurtg duomeny rinkinj.

5. Atlikti pasitlyto metodo efektyvumo analize, identifikuoti jo trikumus ir

pasiulyti tolesnes metodo vystymo gaires.
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4 Kilometrai

Laisvojo 10 tury / Suoliy

kritimo 35 sekundés laisvojo kritimo

deriniai 5-6 burty badu istrauktos figlros
Viso 16 figury ir 22 blokai (2 figuros)
t.y., 60 skirtingy formacijy







P rOblema * Néra galimybés matyti preliminary rezultatg gyvai




Kuriamas duomeny rinkinys

« 12 varzyby (2019-2022)
* 60 formacijy (figdry)
» 26 436 kadrai

Competition Rounds Teams
Airspace2022 10 36
Eloy2022 10 25
Tanay2021 6 13
Eloy2019 10 20
FlyspotOpen2021 10 6
FlyspotOpen2022 10 11
DIPC2021 10 6
USPANationals2022 10 12
SwissNationals2022 8 3
USPANationals2022Advanced 10 15
1STDITC2021 10 7
AbhuDhabiFirstOpen2022 6 4
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Experimentinis
duomeny rinkinys

(T
i

WL

» Mokymo/validavimo:
o Pirmos Sesios
fighros
(A,B,C,D,E,F),
o 1753 vaizdai,
o 6 klaseés, | >,
o Suvienodintas dydis, ‘
o Pasalintos Siukslés,
o Padalinta 80/20.




Experimentinis
duomeny rinkinys
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» Testinis - prapléstas:

o 700 pavyzdziy:
= A124
= B 128
= C114 |
= D106 | -
= E93 ‘

o 26.9% indoor

o 73.1% outdoor




Dviejy etapy metodas

« Kino tasky detektorius (1),

 Formacijy klasifikatorius (2). 64 haian ,
= otat:g with YOLO pose Keypoint Fully connected
pretrained on dataset of 6 neural network
m':man :::de > skydiving o " classes | > for keypoint
ypo dataset : (train/valitest) ----» classification
(train/val) OR '
: Distance Formation
1813 images YOLO pose ' dataset of 6 i ' | skydiving class
e i Lt S R I : detection
SERHE——ch) fiopcadn | (trainivaltest) { | ( classification )
L J : :
B3 o 3 l
Step 1 : | =, 8
: Wrist distance L/
[ ] - Dataset - , Gdatasetof6 | i [ Predicted |
] Moce (raimvaifiesh e
[] - Action N
L - J
Step 2
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YOLOv8n



https://youtu.be/fPjFh2v--Mk
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YOLO Pose apmokymas

64 pavyzdziai, 15 klino daliy. Nereikia detaliy.

No. Keypoint No. Keypoint

1 Head 9 Right hip

2 Neck 10 Right knee
3 Right shoulder 11 Right ankle
4 Right elbow 12 Left hip

5 Right wrist 13 Left knee

6 Left shoulder 14 Leflt ankle
7 Left elbow 15 Chest

8 Left wrist
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YOLO Pose apmokymas _—

Y OUGIRGse pretrained on 64 skydiving samples niversitetas

person 0.84on (.81
-

person 0. 97‘Qprson 0. 86

- ‘"f L *

person O '87} . ol @..
=

Nuoroda j video.


https://youtu.be/Nyi7aNmGQ5c?si=3RTgeqHBsRT4rhRp
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i Ar galime interpretuoti formacjg kaip
O kalp.Su grafg ir taikyti GNN modelius?
grafais?
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Modelio paieska

(a) (b)
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Modelio paieska
|

77

Config. Node features (d,,) Skeleton edges Wrist edges Edge features (d.)

D1 x, y] (2) 56 - none
D2 pid, kid, x, y] (4) 56 — none
D3 pid, kid, x, y| (4) 56 336 none
D4 pid, kid, x, y] (4) 56 336 Euclidean distance (1)
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Modelio paieska
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Test Test

Exp. Config. Description Val Ace. Acc. F1 Params
1 DI Grid search, coordinates only 0.746 0.720 0.71 431,515
2 D2 Single run, identity features 0.815 0.820 0.81 282,375
3 D3 Single run, Exp. 2 architecture 0.755 0.720 0.71 282,375
4 D3 Grid search 0.937 0.880 0.88 282,905
5 D3 Best config 0.951+£0.008 0.950 0.95 286,951
6 D4 Best config + edge dist. 0.944+40.011 0.950 0.95 287,463
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Modelio paieska
.’
Pre-MP Message-passing Post-MP
layers (2) layers (8) layers (3)
G v _\I . o
[ I _ ~ ot | gﬂ : I
node : : oz = > | 'g‘ | : class
- |
features | E § S S S : & | § E E scores (6)
e - - a-Rial = >SS > o> o> >
g s 31, | B 5 5| = 13 i S|
' | = = 2|1 | 'S | |
| L L L i | L | |
| 1O &) O, |8 | |
! S S | | — L —_ (D | |

________

23/33



Vilniaus

universitetas
Rezultaty palyginimas
Method Source Test F1 Test Acc. Params
ConvMixer_768_32 (single-step) [1] 0.95 0.95 20.3M
YOLO + FCNN wrist distances (two-step) [2] 0.95 0.95 ~3.0M
YOLO + GNN, Exp. 6 (two-step) [3] 0.95 0.95 ~3.1M

Parameter counts reflect neural network components only. YOLO11n-Pose
contributes 2.8M parameters to both two-step methods. The FCNN classifier
contributes 0.14M and the GNN classifier contributes 0.29M.
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Problemos?

« Per mazas testinis duomeny rinkinys — galima praplésti.
« Néra augmentavimo — galima augmentuoti sintetiskai.
* Krastinés nuo rieSy iki visy ktino daliy - ar visos svarbios ?
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Modelio paieska
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h(-1) h/)
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Rezultaty palyginimas

Vilniaus

universitetas

Exp. Method Source F1 (60) F1 (ext.) Params
5 GNN (D3) 3 0.947 0.875 287K
6 GNN (D4) 3 0.932  0.866 287K
7  GNN + augmentation 3 0933 0.890 287K
8 LCT-GNN 3 0.933 (0.881 37.5K
9 LCT-GNN + augmentation 3 0966 0901 37.5K

— FCNN wrist distances 2] (0.898 0.850 138K
— CatBoost wrist distances 2] 0.917 (0.843 —

— ConvMixer_768_32 (single-step) [1] 0932 0909 20.3M
—  FastViT-MA36 (single-step) (1 0966 0908 429M
— ResNet-50 (single-step) 1] 1.000 0.858 23.5M
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Rezultaty palyginimas

Method F1 (ext.) A
Full method (LCT-GNN + keypoint augmentation) 0.901 -
without keypoint augmentation 0.881 —0.020
without LCT-GNN (GraphGym-based classifier) 0.890 —0.011
without both 0.875 —0.026
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Klaidy analize

Stage Cause Images Share
Detection Missing person or persons 36 52.2%
Detection Incorrect keypoints 25 36.2%
Condition Formation too small or distant 19 27.5%
Condition Image too dark 11 15.9%
Classification  Genuine classifier error 8 11.6%
Detection Keypoints crowded or overlapping 5 7.2%

Vilniaus
universitetas

29/33



Vilniaus
universitetas

30/33



Isvados

* Dviejy etapy metodas yra tinkama strategija figtry klasifikavimui ir
gali bati taikkomas kiino padéciai sekti bei taskams skaicCiuoti
parasiuty sporto laisvojo kritimo deriniy disciplinoje.

« Lyginant su ankstesnémis dviejy etapy metodo strategijomis, GNN
modeliai pasiekia aukscCiausius rezultatus ispléstame testiniame
duomeny rinkinyje.

« KoordinacCiy augmentavimas yra prasmingas ir prisideda prie
geresniy klasifikavimo rezultaty.

 LCT-GNN modelis geba ismokti atpazinti didziausig reikSme
klasifikavimui turinCias krastines.
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Tolimesni darbai

* Tyrimy apibendrinimas ir disertacijos rengimas.
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Klausimai?
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