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Abstrakt/Abstract: Automatické umistovani popisu je klicovym aspektem vizualizace dat.
Popis je zasadni pro zvySeni srozumitelnosti a Citelnosti vizualnich
reprezentaci napfi¢ rlznymi oblastmi, jako jsou kartografie, lékarfské
zobrazovani a krizovy management. Popisek, v pluralu popis, v tomto
kontextu odkazuje na textovou nebo symbolickou anotaci, ktera
identifikuje nebo vysvétluje konkrétni bodovy prvek v ramci vizualizace,
jako je nazev mésta na mape, hodnota méfeni na lékarfském snimku nebo
pozice defibrildtoru v situaéni mapé pro krizovy managment
integrovaného zachranného systému. Tato disertace si klade za cil
prohloubit tuto oblast vyvojem novych metod, které fesi inherentni vyzvy
spojené s umistovanim interniho a externiho popisu v komplexnich
vizualizacich.  Interni popis spoCiva v umisténi textovych nebo
symbolickych anotaci pobliz bodovych prvkd uvniti hranic vizualizace.
Externi popis naopak odkazuje na umisténi mimo hlavni vizualizaci, kde
jsou bodové prvky propojeny s pfislusnym popisem pomoci Car. Nas
vyzkum se zaméfuje na tfi kliCové oblasti: dosaZeni Casové stabilniho a
vizualné koherentniho umisténi popisu na okraji vizualizace, vyuziti
strojového uceni ke zvySeni uplnosti popisu a optimalizaci umisténi
popisu s vyuzitim percepénich poznatkU. Disertace poskytuje komplexni
pfehled stavajicich pfistupu, ktery identifikuje vyznamné mezery v feSeni
dynamickych vizualizaci a udrzovani vizuélni koherence. Literarni pfehled
také ukazuje, Ze kvalita umisténi popisu neni zcela a pfesné definovana
a mnohé kartografické doporuceni se spoléhaji na zazité postupy spise
nez na empirické studie s uzivateli. Na zakladé téchto poznatkl jsme
pfedstavili nové optimalizacni metody umistovani popisu na okraj
dynamickych panoramatickych vizualizaci, které minimalizuji pohyb
popisu a snizuji kognitivni zatéZ uzivatele. Experimentaini vysledky
demonstruji signifikantni zlepSeni vizualni koherence popisu bez
negativniho vlivu na jeho Citelnost nebo jednoznaénost. V kontextu
interniho umistovani popisu jsme prozkoumali vyznam hlubokého
posilovaného uceni a na tomto zakladé jsme predstavili novou metodu,
ktera vyrazné zlepSuje Uplnost popisu, zejména v hustych a komplexnich
vizualizacich. Dale jsme usporfadali percepCni studii, ktera identifikuje
uzivatelsky preferované pozice popisu kolem vyznaénych bodd,
zpochybriuje konvenéni doporuceni a vyzdvihuje dulezitost zohlednéni
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uzivatelskych preferenci pfi umistovani popisu. Nase nasledna studie
zabyvajici se preferovanou hustotou popisu, coz je téma v existujici
literature zfidka zkoumané, dale potvrzuje, Ze integrace percepcCnich
poznatkl do procesu umistovani popisu vyrazné zlepSuje celkovy
uzivatelsky zazitek, coz vede k intuitivngjSim a prehlednéjSim
vizualizacim. Ackoli pfedstavené metody poskytuji podstatna zlepSeni
oproti stavajicim technikam, je potfeba zminit také jejich limitace, jako je
komplexni implementace optimalizacni metody umistovani popisu v
dynamickych vizualizacich a vypocetni narocnost umistovani popisu s
vyuZitim posilovaného uceni. Budouci sméry vyzkumu zahrnuji vyvoj
smiSenych modelt umistovani popisl pro 3D vizualizace, optimalizaci
vypocetni efektivity a dalSi prohlubovani znalosti o vnimani popisu
uzivatelem./ Automatic label placement is a crucial aspect of data
visualization, essential for enhancing the clarity and readability of visual
representations across various domains such as cartography, medical
imaging, and emergency response management. Label, in this context,
refers to textual or symbolic annotation that identifies or explains specific
point feature within a visualization, such as the name of the city on a map,
measurement on a medical scan, or position of AED in a schematic map
for emergency response dispatchers. The work covered in this
dissertation aims to advance the field by developing novel techniques
addressing the inherent challenges associated with internal and external
label placement in complex visualizations. Internal label placement refers
to placing labels close to the point features they describe within the
boundaries of the visualization. External label placement, on the other
hand, involves placing labels outside the main visualization area,
connected to the relevant features by lines. Our research focuses on
three key areas: achieving temporally stable and visually coherent
boundary label placements, leveraging machine learning to improve the
completeness of internal label placements, and optimizing label
positioning by integrating perceptual insights. The dissertation begins with
a comprehensive review of existing techniques, identifying significant
gaps in handling dynamic environments and maintaining visual
coherence. The literature review also highlights that the label placement
quality is not entirely and precisely defined, as many cartographic
guidelines rely on best practices rather than empirical studies. Building
on these insights, we introduce novel optimization methods for boundary
label placement in dynamic panoramic visualizations, minimizing label
movement and reducing user cognitive load. Experimental results
demonstrate the effectiveness of these approaches in maintaining label
stability without compromising readability or clarity. In the context of
internal label placement, we explore the relevance of deep reinforcement
learning and propose a novel method that significantly improves label
completeness, particularly in dense and complex scenarios. Furthermore,
we introduce a perceptual study that determines user-preferred label
positions, challenges conventional placement strategies, and
demonstrates the importance of considering user preferences in label
placement design. Our supplementary study on users' preferred label
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density, a topic scarcely explored in existing literature, further confirms
that integrating perceptual insights into the label placement process
significantly enhances the overall user experience, leading to more
intuitive and compelling visualizations. While the proposed methods offer
substantial improvements over existing techniques, we acknowledge
several limitations, including the complexity of implementing the boundary
label optimization in real-time scenarios and the computational demands
of the reinforcement learning approach. Future research directions
include the development of mixed label placement models for 3D
visualizations, optimization of computational efficiency, and further
exploration of user perception to refine label placement techniques.
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