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Abstract

Multimedia documents such as photographs, videos, texts, and web pages are essential for understanding how urban environments
evolve, but exploring them in relation to a 3D city model remains difficult because spatial, temporal, and thematic relations must
be handled simultaneously. This paper investigates how a design space for such visualizations can be constructed without reducing
either the urban context or the informational richness of the documents. We adopt a design-driven methodology based on iterative
prototyping: visualization propositions are developed from initial requirements, tested through simulation, confronted with user
needs, and refined as new needs and limitations emerge. The paper first structures the corpus in a spatio-temporal-thematic model,
then formalizes the main culling and display functions required for exploration. On that basis, we derive a family of complementary
visualization propositions for tasks including spatial selection, temporal filtering, georeferenced media display, non-georeferencable
document organization, link visualization, and document quantity analysis. Rather than proposing a single interface, the contribution
is a structured design space and a set of concrete visualization propositions for multimedia exploration in 3D urban environments.

1. Introduction

Multimedia documents such as photographs, videos, text, and
web pages are essential sources for understanding the trans-
formation of urban space (Rose, 2013; Bruschke et al., 2017;
Jaillot et al., 2021). Yet these documents are heterogeneous,
unevenly georeferenced, and linked to city objects at multiple
scales (Silva et al., 2022). Bringing them into a single interac-
tive environment therefore raises a central visualization prob-
lem: how can one structure a design space for exploring a large
multimedia corpus in relation to a 3D city model without los-
ing either spatial context or the temporal and thematic relations
between documents?

This paper addresses that problem by constructing a design
space for visualizing multimedia documents in a 3D spatio-
temporal-thematic context. Our objective is not to propose a
single universal interface, but a coherent set of complementary
visualizations that support exploration of documents, city ge-
ometry, and their relations. Working in 3D is especially rele-
vant here because many interpretive questions depend on ori-
entation, field of view, geometric hierarchy, and the position of
documents relative to buildings and urban structures.

This research is developed within the ANR AGAPE project
(ANR-24-CE38-7253)1, an interdisciplinary collaboration
bringing together seven partners specialized in computer sci-
ence, artificial intelligence, multimedia, and human-computer
interaction (LASTIG, LIRIS, Linkmedia, and ILDA), as well as
in archives (Archives nationales de France), history (ACP), and
media (France Télévisions). In such a context, the challenge is
not only to visualize heterogeneous data, but also to articulate
heterogeneous disciplinary questions, documentary practices,

1 AGAPE project website: https://agape-anr.github.io/

and expectations about how multimedia corpora should be
explored in urban space.

The proposed visualizations are designed to address five main
challenges:

• representing different document types while preserving the
visual or semantic properties that make them informative;

• selecting relevant subsets of the corpus without severing
the relations between visible and hidden elements;

• combining spatial, temporal, and thematic organization
within views that remain readable;

• distributing information across multiple coordinated inter-
faces while maintaining cross-view links;

• designing exploratory views that reveal the structure and
density of the corpus itself.

To answer these challenges, we distinguish two families of re-
quirements. The first concerns culling: the user must be able
to retrieve relevant subsets of documents according to city ob-
jects, time periods, or thematic criteria. Showing the entire cor-
pus at once would quickly produce visual overload, especially
in a 3D environment where screen space and stable viewpoints
are limited. The second concerns display: once a subset has
been selected, the interface must reveal the information neces-
sary to interpret it, such as dates, view directions, links between
documents, or the amount of documentation associated with a
place.

Because no single representation can satisfy all of these require-
ments simultaneously, our approach is intentionally design-
driven and modular. We define a set of visualization functions,

ISPRS Annals of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XII-4/W1-2026 
21st International 3D GeoInfo Conference 2026, 28–29 September 2026, Sofia, Bulgaria

This contribution has been peer-reviewed. The double-blind peer-review was conducted on the basis of the full paper. 
https://doi.org/10.5194/isprs-annals-XII-4-W1-2026-179-2026 | © Author(s) 2026. CC BY 4.0 License.

 
179



then develop and compare a series of propositions that combine
these functions in different ways. Rather than optimizing a sin-
gle interface, we seek to identify which visualization principles
are most appropriate for which analytical tasks.

Methodologically, the work follows a research-through-design
perspective, in which designing and reflecting are advanced to-
gether through iterative making and evaluation (Zimmerman et
al., 2007). In that sense, the article adopts a “do and think” ap-
proach: we rapidly produced simulation prototypes, discussed
and tested them across disciplinary perspectives, and refined or
replaced them when new needs emerged. This process progres-
sively led to a family of propositions, each addressing a spe-
cific subset of the overall problem while helping to delineate
the overall design space.

Main Contributions. The main contributions of this paper
are threefold. First, building on the spatio-temporal docu-
ment model of Jaillot et al. (2021), we formalize the visual-
ization problem through a distinction between culling and dis-
play functions; this functional decomposition and the resulting
propositions are original to this work. Second, we derive from
this structure a coherent set of visualization propositions cov-
ering complementary exploration tasks, from spatial selection
and temporal filtering to georeferenced media placement and
non-georeferencable document organization. Third, we show
through iterative prototyping how these propositions progres-
sively delineate a design space for multimedia exploration in
3D urban environments and reveal directions for future integra-
tion and evaluation.

Paper Organization. The remainder of the paper is organized
as follows. Section 2 positions the work with respect to exist-
ing research on media visualization in 3D urban contexts and
related visualization practices. Section 3 introduces the spatio-
temporal-thematic structuring adopted for the corpus. Section
4 formalizes the culling and display functions that guide the de-
sign. Section 5 presents the visualization propositions. Section
6 discusses the main contributions, limitations, and extensions
of the approach, and Section 7 concludes.

2. Related Works

Research most directly related to our work lies at the inter-
section of 3D urban visualization, historical media position-
ing, and multimedia analysis. Chagnaud et al. (2016) ad-
dressed the problem of documented 3D cities and proposed
strategies for reducing overlap between images in urban scenes,
notably through level-of-detail-based organization. Their work
clearly establishes the importance of scale in media visualiza-
tion. However, some of the proposed arrangements alter doc-
ument placement in order to maintain readability. Our work
follows the same concern for scale, but seeks to preserve geo-
referenced positions when possible and to treat level of detail
as a filtering principle rather than only a layout strategy.

Before such 3D approaches, many spatial humanities and
public-history projects already relied on map-based access to
documents. In the broader context of the spatial turn, position-
ing photographs or testimonies on a 2D map made them easier
to retrieve, compare, and interpret in relation to place. Plat-
forms and services such as Historypin2 or Mapillary3 helped

2 Historypin website: https://www.historypin.org/
3 Mapillary website: https://www.mapillary.com/

establish this logic of spatial access at large scale (Historypin,
2026; Mapillary, 2026). Our work can be seen as a continuation
of these approaches, but in a setting where the third dimension,
geometric hierarchy, and viewpoint become analytically impor-
tant rather than optional.

The spatial integration of visual documents and information
in 3D environments has also been explored by several works
(Münster et al., 2017; Blettery et al., 2020; Lecat et al., 2021;
Silva et al., 2022; Antoun et al., 2025). These works demon-
strate the analytical value of placing historical photographs in
the scene with their orientation, and in some cases their immer-
sive alignment with reconstructed geometry. There is an im-
portant distinction between geolocating the depicted scene and
geolocating the camera itself. The first helps identify the urban
area represented by the document; the second gives access to
the acquisition position and orientation, which can in turn re-
veal framing choices, lines of sight, and even recurrent photog-
rapher behaviour. Our propositions for georeferenced images
and videos build directly on this line of work, while extending
it toward a broader multimedia system that also includes se-
lection, filtering, linking, and document quantity visualization,
some of which are surveyed by Miranda et al. (2024).

Jaillot et al. (2021) proposed a framework for linking multime-
dia documents to time-evolving 3D city models. Their work
is especially relevant because it formalizes relations between
documents, city geometry, and temporal states. In this paper,
the term city model refers to structured urban representations
such as CityGML-based building models (Kutzner et al., 2022),
time-evolving urban reconstructions, or documented heritage
models used for navigation and analysis (Chagnaud et al., 2016;
Jaillot et al., 2021; Biljecki et al., 2016). We adopt a compatible
perspective, but shift the emphasis from data integration to vi-
sualization design. In other words, our contribution is not a new
data model for urban cultural heritage, but a set of coordinated
visualization propositions for exploring such a model once the
links are available.

Our design decisions were also informed by work outside the
specific domain of urban cultural heritage. In cultural analytics,
Hochman and Manovich (2013) showed that plotting images
as images rather than abstract symbols can reveal visual regu-
larities that would otherwise remain hidden. This principle is
valuable in our context because the appearance of documents is
often analytically relevant: visual differences between archival
and contemporary imagery, or between photographs taken from
recurrent viewpoints, may themselves constitute meaningful ev-
idence. For that reason, several of our propositions preserve
documents as visible media objects rather than reducing them
to points. More broadly, cartographic and information-design
practices (Gautier et al., 2023) also remind us that the urban
model must support, rather than compete with, the media lay-
ers; recent work on large-scale video-augmented geographic
scenes confirms the continuing relevance of this problem for
geo-visualization (Chen et al., 2024).

Finally, some of our propositions connect with photogrammet-
ric reconstruction methods. Structure from Motion (SfM) tech-
niques (Ozyesil et al., 2017), as implemented for example in
Meshroom, make it possible to derive point clouds and 3D
structure from overlapping photographs. This is relevant to our
video propositions because georeferenced image sequences can
generate additional spatial information that is itself visualizable
alongside the city model. The point-cloud extension considered
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Figure 1. Documents are organized in a
spatio-temporal-thematic model following Jaillot et al. (2021).

later in the paper therefore relies on a well-established recon-
struction pipeline rather than on an ad hoc representation.

Taken together, these related works point to an open gap. Ex-
isting research has studied georeferenced image placement, the
linking of multimedia documents to city models, or large-scale
media visualization, but fewer works propose a unified design
space spanning georeferenced and non-georeferencable docu-
ments, culling and display functions, and coordinated views for
3D urban exploration. The present paper aims to fill that gap
through a structured set of visualization propositions.

3. Structuring Multimedia Documents

Our corpus contains heterogeneous documents such as images,
videos, text, and web pages. Following Jaillot et al. (2021), we
describe them through three dimensions: spatial, temporal, and
thematic. This overall organization is summarized in Figure 1.

3.1 Spatial Dimension

The spatial dimension links each document to the smallest rel-
evant city object, called a building component. In our current
corpus, this lowest stable level is typically a wall, facade seg-
ment, doorway, or other persistent part of a building envelope.
We privilege such built elements because they remain identifi-
able across time and across documentary sources. In principle,
other objects such as trees or street furniture could also be doc-
umented, but they are less stable, less systematically modeled,
and therefore less suitable as a common anchor for the whole
corpus. Documents attached to components can then be ag-
gregated upward to buildings, blocks, or larger urban entities
(Jaillot et al., 2021). For example, a photograph of a painted
shopfront can be linked to one facade segment and later re-
trieved either at the facade level or at the scale of the whole
building.

3.2 Temporal Dimension

The temporal dimension places documents and city objects on
a timeline. A document may be associated with a single date
or with a time interval. This is important because urban anal-
ysis often compares states rather than isolated events. For ex-
ample, a planning report may describe a renovation campaign
from 1972 to 1975, while a photograph may document only one
moment within that interval.

3.3 Thematic Dimension

The thematic dimension groups documents based on semantic
similarity, defined here through manually assigned or automat-
ically extracted descriptors such as topics, documented urban
processes, object types, events, or keywords. Documents with
related content lie close to each other even when they differ
in date or spatial attachment. For example, photographs, re-
ports, and video excerpts dealing with demolition may belong
to the same thematic neighborhood even if they concern dif-
ferent streets or different years. Together, the three dimensions
describe where a document is linked, when it belongs, and what
it is about (Chen et al., 2025).

4. Functionalities of the Visualization

We distinguish two groups of functions: culling functions,
which filter the corpus, and display functions, which reveal se-
lected information. Following the space–time partitioning prin-
ciples discussed by Bach et al. (2014), these functions operate
on the spatial, temporal, and thematic dimensions introduced
above. For readability, each function is identified by the prefix
F (for example, F1, F2, . . . ), while the visualization proposi-
tions introduced in the next section are identified by the prefix
P (P1, P2, . . . ). Figure 2 illustrates the main culling operations
in the spatio-temporal-thematic space, Figure 3 shows the dis-
tribution of culling and display functions by dimension.

4.1 Culling Functions

Not every culling function has an equivalent on every dimen-
sion because the three dimensions do not describe the same
kind of object. The spatial dimension is organized around iden-
tifiable entities and hierarchies, which makes object-based se-
lection possible. The temporal dimension is organized around
dates and intervals, which is why it is more naturally filtered
than individually “picked” in the same way as a building com-
ponent. The thematic dimension expresses semantic proxim-
ity rather than explicit geometric or chronological boundaries,
which makes thematic filtering fundamentally different again.

F1: Select an Individual Building Component Retrieves all
documents linked to one building component. This function
acts only on the spatial dimension because it requires a discrete
urban object that can serve as an anchor.

F2: Select a Building Component Hierarchy Extends F1
from a single component to all components belonging to one
building hierarchy. For example, selecting one building re-
trieves documents linked to its walls, openings, or other associ-
ated components.

F3: Select Multiple Component Hierarchies Selects sev-
eral buildings at once and therefore several component hierar-
chies in the spatial dimension. This function also covers selec-
tion within a spatial zone or perimeter when that area contains
multiple buildings or components to retrieve together.

F4: Select a Single Document Selects one document as a
point in the spatio-temporal-thematic space.

F5: Select Multiple Documents Extends F4 to a set of doc-
uments distributed across the three dimensions.
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(a) F1 (b) F2 (c) F3

(d) F4 (e) F5 (f) F6 (g) F2 + F6

Figure 2. Culling functions illustrated in the spatio-temporal-thematic space.

F6: Filter Documents by Time Period Filters documents
within a temporal interval and therefore acts only on the tem-
poral dimension. Unlike F2, which expands a spatial hierarchy,
F6 defines a continuous interval with start and end bounds.

F7: Filter in the Thematic Dimension Filters documents ac-
cording to semantic proximity or theme. Culling functions can
also be combined, for example to retrieve documents attached
to one building during a selected time interval.

4.2 Display Functions

F8: Display Document Dates Displays document dates on a
timeline and therefore acts on the temporal dimension.

F9: Display the Document in Geographical Context
Shows georeferenced documents in the 3D city model, link-
ing media content to its broader spatial context such as the
surrounding street, facade, or block.

F10: Display Non-Georeferencable Documents Displays
documents without direct spatial placement through a media-
based organization rather than geometric position, for exam-
ple as thumbnails, grouped panels, or ordered clusters based on
type, date, or theme.

F11: Display Links between Documents Shows metadata-
based relationships between documents in the thematic dimen-
sion.

F12: Display Links between a Document and Associated
City Objects Shows the explicit relation between a document
and the city objects to which it is attached. Compared with F9,

which emphasizes surrounding spatial context, F12 focuses on
the attachment link itself, for example between one photograph
and the facade, wall, or building component it documents.

F13: Display City Geometry Displays the city model itself
as the spatial support for exploration.

F14: Display Georeferenced Image View Direction Dis-
plays the orientation of georeferenced images, typically as a
position-and-direction marker or viewing vector, to reveal how
the scene was captured.

F15: Display Georeferenced Image Field of View Extends
F14 by showing the visible area of an image, making overlaps
between documents explicit. We distinguish F14 and F15 only
for images and videos because camera pose, viewing direction,
and field of view are specific to capture devices; the same kind
of specialization is not meaningful for a text or a generic web
page.

F16: Visualize Document Quantity Measures how strongly
city objects are documented by counting attached documents
along the geometric hierarchy.

5. Visualization Propositions

All propositions were prototyped in Visual Language (VL)
within the VVVV IDE,4 using a lightweight metadata table that
stores document identifiers, type, date or interval, thematic tags,
camera pose when available, and links to CityGML building or

4 VVVV documentation: https://thegraybook.vvvv.org/
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Figure 3. Distribution of culling and display functions by
dimension.

component identifiers. The prototype queries this table in mem-
ory to apply the culling functions and updates the coordinated
3D, timeline, and document views; the 3D buildings are derived
from the CityGML dataset for Lyon. Lyon is used as a test case
because an existing CityGML urban model and reusable open
multimedia sources are available, but the propositions depend
only on generic document metadata and city-object identifiers
and are therefore transferable to other CityGML-based or sim-
ilarly structured 3D city models. Table 1 synthesizes the func-
tions they address.

5.1 P1: LOD Filtering

P1 uses camera distance as a proxy for the active level of detail
(LOD), allowing documentary scale to be filtered without mov-
ing documents from their georeferenced positions (Figure 4). It
addresses F7 in the specific case where theme is understood as
documentary scale; its main limit is that links to hidden LODs
remain implicit.

(a) City level (b) District level (c) Building level

Figure 4. LOD filtering. Camera distance drives the visible
thematic level.

5.2 P2: Building Selection

Selection in the 3D viewer supports F1, F2, and F3 through
three complementary interactions: whole-building selection,
component picking by ray casting, and perimeter-based area se-
lection. A first test used direct color change on the geometry,
but this conflicted with textures and later color-based encod-
ings, so we retained a distance-adaptive bounding-box highlight
(Figure 5).

P2 responds to F1, F2, and F3. Its strength is to unify build-
ing, component, and area selection in one visual language, as
illustrated by Figure 5; its main limit is the difficulty of select-
ing occluded components directly in 3D, so it should be com-
plemented by non-spatial selection methods such as search or
thematic filters.

5.3 P3: Building Component Tree

The component tree complements 3D selection by exposing
the building hierarchy in a dedicated adjacent view. Tree-map,
floor-plan, and 3D-integrated variants were tested (Figure 6).
P3 responds to F1 and F13 by making hidden hierarchies ex-
plicit, but deep descendants remain hidden until their parents
are opened.

(a) Hover by color (b) Selection by color

(c) Area cursor

Figure 5. Building selection alternatives: from
material-dependent color changes to distance-adaptive

bounding-box highlighting and area selection.

(a) Tree-map (b) Floor-plan variant

(c) Inserted in 3D

Figure 6. Hierarchical navigation alternatives for building
components.

5.4 P4: Dome Timeline Visualization

P4 explores a first way to combine time with georeferenced im-
ages by projecting them onto a dome or sphere whose radius
corresponds to time (Figure 7). It responds to F4, F8, F9, F13,
and F14 by revealing repeated viewpoints and temporal clus-
ters, but it distorts geographic position and becomes ambiguous
when several buildings are involved. This exploratory proposi-
tion motivated the later separation between true spatial place-
ment in 3D and a dedicated timeline.

The dome keeps only the upper hemisphere, which reinforces
the idea of a grounded observation space and avoids sending
images below the urban surface. The sphere offers a more sym-
metric distribution around the center, but it is less intuitive in
relation to gravity and to the built environment. Recent images
were placed farther from the center so that older documents re-
main close to the observed place and can be read as a historical
core, while newer documents expand outward as later additions.

5.5 P5: Georeferenced Image Display

P5 keeps images at their true locations in the 3D city model and
delegates time to the timeline. Two readings are possible: an
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Proposition F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12 F13 F14 F15 F16
P1 ✓
P2 ✓ ✓ ✓
P3 ✓ ✓
P4 ✓ ✓ ✓ ✓ ✓
P5 ✓ ✓ ✓ ✓ ✓
P6 ✓ ✓ ✓
P7 ✓ ✓ ✓ ✓ ✓
P8 ✓
P9 ✓ ✓ ✓ ✓ ✓ ✓
P10 ✓

Table 1. Summary of propositions and the functions they address.

(a) Dome view (b) Sphere view

Figure 7. Dome-timeline concept for georeferenced images.

external view for spatial context and an immersive overlay that
compares the photograph directly with the reconstructed scene
(Figure 8).

(a) External view (b) Immersive view

Figure 8. Two complementary readings of a georeferenced
image.

In the immersive overlay, the observer is placed at the optical
center of the camera so that the image can be compared with
the reconstructed environment from the acquisition viewpoint.
P5 responds to F4, F9, F13, F14, and F15. Its main strength is
accurate spatial placement with explicit direction and frustum
cues; its main limitation is that temporal reading still depends
on a separate timeline.

5.6 P6: Timeline

The timeline addresses F6 and F8. It is displayed as a dedi-
cated view adjacent to the 3D scene, showing dates, interval se-
lection, and scale-dependent aggregation when the visible tem-
poral range becomes too large (Figure 9). In this view, point
color encodes document type, while zooming or changing the
temporal granularity progressively merges nearby documents
into clusters and separates them again when more detail is re-
quested.

Figure 9. Timeline aggregation and declustering. Point color
encodes document type, and changing the temporal granularity
merges nearby documents into clusters or splits them back into

individual items.

P6 responds to F6 and F8. It supports date display and period
filtering, but dense periods still require aggregation to remain
readable. The unused vertical axis could encode type or theme,
and the selection model could also be extended to compare mul-
tiple periods.

5.7 P7: Georeferenced Video Display

Videos extend P5 by turning image placement into a time-
varying object. P7 can rely on sampled key frames, trajecto-
ries, view directions, and optional point clouds, as illustrated
in Figures 10, 11, and 12. It responds to F4, F9, F13, F14, and
F15, but dense trajectories and noisy reconstructions can reduce
readability.

(a) Frame
in 3D

(b) Camera and
look trajectories

(c) Target line

Figure 10. Core spatial cues for georeferenced video.

The target line denotes the segment between the camera posi-
tion and the current look-at point, making the viewed direction
explicit in space. Figure 11 shows how multiple sampled frames
can also be displayed together to reveal overlap and movement
along the sequence.

5.8 P8: Scroll Viewer

As a baseline for F10, non-georeferencable documents can be
shown in a simple scrollable viewer. P8 offers a readable entry
point for such material, but it does not structure documents by
time, theme, or links, which motivates P9.
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Figure 11. Video-specific interaction through multiple sampled
frames.

(a) Videos and photos (b) Immersive point
cloud

(c) Zoomed-out point
cloud

(d) Frames with point
cloud

Figure 12. Extensions of georeferenced video display.

5.9 P9: 3D Non-Georeferencable Document Graph

P9 organizes non-georeferencable documents around the build-
ings to which they are related. Although these documents can-
not be placed at an exact camera position or precise 3D loca-
tion, they still retain a coarse spatial attachment, typically at the
building or component level. Date is mapped to angle around
a radial timeline, while the remaining axes can encode theme,
type, or relevance (Figure 13).

Figure 13. Organization of non-georeferencable documents
around related buildings.

Metadata is shown on hover, and links are displayed on demand
only for the selected document. P9 responds to F4, F7, F8, F10,
F11, and F12; its main limitations are overlapping radial time-
lines and possible duplication for multi-building documents.

5.10 P10: Document Quantity

P10 is an exploratory view for F16 in which several encodings
were tested to show how strongly buildings or components are
documented. Figures 14a and 14b summarize two of these en-
codings. Heatmaps are immediate but weak for close values,
while bars make comparison more explicit.

Panels work best in top view, and bars make comparison more
explicit; overall, billboard bars offer the best readability, espe-
cially with clustering. This quantity view could also be coupled

(a) Heatmap (b) Bar chart

Figure 14. Quantity encoding alternatives.

with P6 so that bars represent only the counts within the se-
lected period.

6. Discussions and Future Work

This paper contributes a structured design space for explor-
ing multimedia documents in relation to 3D urban geometry
rather than a single finalized interface. The propositions sug-
gest that coordinated views are more suitable than a monolithic
visualization, especially for photographs and videos, which are
both abundant and spatially informative in urban documenta-
tion. Table 1 summarizes how the propositions cover the iden-
tified functions.

Several limitations nevertheless remain: spatial selection is
more developed than multi-document interaction, link display
is still partial, temporal comparison is limited to a single in-
terval, and the framework assumes a fixed geometric state of
the city. The propositions were discussed with project partners
from archives, history, media, HCI, and 3D visualization, but
no controlled user study has yet been conducted; future work
should therefore address richer multi-document interaction, on-
demand links, comparison between periods, time-dependent ge-
ometry, stronger coordination between views, and task-based
user evaluation.

7. Conclusion

This paper proposed a design space for visualizing multimedia
documents in a spatio-temporal-thematic context connected to
a 3D city model. By distinguishing culling and display func-
tions, it structured a family of propositions for spatial selection,
temporal filtering, georeferenced media placement, organiza-
tion of non-georeferencable documents, link visualization, and
document quantity analysis.

The results show that multimedia exploration in urban space
is best supported by several coordinated views rather than by
a single representation. The framework is intended as a basis
for future systems that combine multimedia corpora and urban
digital twins while remaining analytically useful and visually
manageable.
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Code and Data Availability

The interactive simulations of the visualization proposi-
tions, the prototype patches written in Visual Language
within the VVVV IDE, and a sample of the document
metadata structure described in Section 5 are openly avail-
able in the GitHub repository https://github.com/VCityTeam/
UD-ANR-AGAPE-Research (18 June 2026). The repository
also documents how CityGML building identifiers are linked
to the document metadata, so that the propositions can be
reproduced on other CityGML-based 3D city models.
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