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Recognition

: e as Trackin
(detection/classification) &

e Co je naobrazku e Kde sa pohol objekt?

e Pre obrazok vrati label alebo bounding box e Pre sekvenciu obrazkov vrati trajektoriu
e \/ypoCtovo narocne pre jeden obrazok e \/ypocCtovo jednoduché pre jeden frame

V skriptach
e Detekcia zmeny

e Gaussian Mixture Model
e Template matching



SOT
Single-Object Tracking

e Dany je bounding box v prvom snimku
e Ciel: sledovat vybrany objekt (bez detekcie)

e RieSenia:
o Template-based: cross-correlation, template
matching, MOSSE filter

o Appearance/Color-based: Mean-Shift, CamShift
(histogram tracking)

o Optical-flow-based: Lucas-Kanade feature tracking

o Deep learning trackers: SiamFC, SiamRPN, DiMP,
OSTrack

VOT challenge - votchallenge.net

ovladanie robota, gesture tracking, drone following, AR markers

MOT
Multi-Object Tracking

e Ciel: Detekcia vsetkych objektov v kazdom
snimku a ich konzistentna identifikacia v Case
o detekcia - kto/Co je na snimke?
o asociacia - ktora detekcia zodpoveda ID?

e Problemy:
o occlusion
o missed detection (temp. invisible object)
o identity switch (mixing two tracks)
o camera motion

MOT challenge - motchallenge.net, KITTI dataset

autondmne auta, sport tracking, bezpeCnostné kamery, premavka



Tracking-by-Detection

Pre kazdy frame:
1.Detect - najdenie objektov na obrazku
2.Predict - kde by sa mali objekty nachadzat
3.Associate - hladanie zhody medzi predpokladom a vysledkom detekcie

4.Update - aktualizacia parametrov pre dalsiu predikciu
5.Manage tracks - vznik, zanik trajektorii, pripadne re-identifikacia

SORT (Simple Online and Realtime Tracking):
e FrRCNN
e Kalman filter
e Hungarian algorithm
e |oU (Intersection over Union)




The Hungarian Method

1.Redukcia riadkov - odc¢itat minimum z kazdého riadku (v kazdom riadku bude 0O).

2.Redukcia stlpcov - od¢itat minimum z kazdého stlpca
3.Pokrytie nul - nakreslit najmensi pocet zvislych a vodorovnych cCiar, aby boli pokryte

vsetky nuly
4.Kontrola - ak pocCet Ciar sa rovna poctu riadkov (alebo je vacsi), tak mame vysledok
5.Vytvorenie nul (ak je potrebné) - najdi najmensiu hodnotu nepokrytu Ciarami
a.odpocitaj tuto hodnotu od kazdeho nepokrytého Cisla
b.pridaj tuto hodnotu ku kazdemu Cislu, ktoré je pokryte dvoma Ciarami

c.opakuj proces od bodu 3




Kalman Filter

Predikcia - Korekcia

Stav: [u, v, s, r, du, dv, ds]
e U,V -suradnice pixelu stredu
detegovaného objektu (bounding box)
e s -Skala
e - pomer stran (fixny)
e du, dv - zmena (velocity) pozicie
e ds-zmena skaly
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SORT (Simple Online and Realtime Tracking):

Bewley, A., Ge, Z., Ott, L., Ramos, F. and Upcroft, B., 2016, September. Simple online and realtime
tracking. In 2016 IEEE international conference on image processing (ICIP) (pp. 3464-3468). leee.

e Faster Region CNN (FrRCNN)
o trenovane na COCO a PASCAL VOC datasetoch
o pedestrian tracking: class Person, threshold 0.5 confidence
e Kalman filter
e Hungarian algorithm
e |oU (Intersection over Union) matrix

VypocCtovo najnarocnejsia cast je detekcia.
Presnost metddy zavisi od presnosti detekcie.



DeepSORT

Wojke, N., Bewley, A. and Paulus, D., 2017, September. Simple online and realtime tracking with a
deep association metric. In 2017 IEEE international conference on image processing (ICIP) (pp.
3645-3649). IEEE.

e SORT zlyha ked sa:
o objekty prekryvaju
o viacero objektov (ludi) sa hybe blizko seba
o ak detektor neoznaci objekt na viacerych snimkoch za sebou

e DeepSort=SORT + RelD

e RelD (Re-identification)
o Deep neural network (CNN) - visual appearance na feature vector (embedding) - 128
o Kalman filter - short-term predikcia, Mahalanobis distance
o RelD - long-term predikcia, identity recovery, cosine similarity




StrongSORT

Du, Y., Zhao, Z., Song, Y., Zhao, Y., Su, F, Gong, T. and Meng, H., 2023. Strongsort: Make deepsort
great again. IEEE Transactions on Multimedia, 25, pp.8725-8737.

Vylepsuje DeepSORT:
e detekcia
e feature embedding
e trajectory association

Adresuje dva problémy z DeepSORT:
1.missing association - appearance-free link model (AFLink) to perform global association
without appearance information
2.missing detection - Gaussian-smoothed interpolation (GSI) based on Gaussian process
regression to relieve the missing detection.

StrongSORT++



ef ultralytics Multi-Object Tracking with Ultralytics YOLO

ByteTrack

Zhang, Y., Sun, P, Jiang, Y., Yu, D., Weng, F.,, Yuan, Z., Luo, P, Liu, W. and Wang, X., 2022, October.
Bytetrack: Multi-object tracking by associating every detection box. In European conference on
computer vision (pp. 1-21). Cham: Springer Nature Switzerland.

Hlavna myslienka:
e nezahodit low-confidence detekcie, ale pouzit ich na obnovenie trajektorii
e asociacia na dvoch urovniach (high-confidence, low-confidence)

e Vlastny detektor (YOLOX)
e Asociacia (loU, Hungarian):
o najprv high-confidence
o potom asociacia zostavajucich trajektorii s low-confidence detekciami na obnovu
stratenych objektov
e pbez RelD a dalsich doplnkovych veci

Vstup: video snimky, multi-view video, point cloud
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ef ultralytics Multi-Object Tracking with Ultralytics YOLO

BoT-SORT

Aharon, N., Orfaig, R. and Bobrovsky, B.Z., 2022. BoT-SORT: Robust associations multi-
pedestrian tracking. arXiv preprint arXiv:2206.14651.

Hlavna myslienka:
e vyuzit smart matching od ByteTrack a doplnit dalsimi vylepseniami (Bag of Tricks)

e Detekcia - vyuziva moderné detektory (Yolo)

e Predikcia - Kalman filter (vyladeny - podobne ako v inych, vyhladena rychlost)

e CMC - Camera motion compensation - odhaduje homografiu medzi snimkami, stabilizuje
suradnicovy system pri pohybe kamery

e RelD - appearance embeddings (odlahcena CNN)

e Asociacia - loU, RelD (v dvoch krokoch podobne ako ByteTrack)

e Post-Processing - vyhladzovanie trajektorii

e CMC - problem ak je vela objektov a malo keypoints v pozadi
e Rychlost vypoctu pri velkych snimkoch - druha asociacia je bez deep feature extrakcie,
CMC je rychle v porovnani s detekciou
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/droje su na stranke.
Odporucam pozriet aj na metriky (MOT challenge results)



