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3D-city models — photo realistic with textures
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3D Visualization and Generalization

3D data sets are available

= Acquired by automatic measuring techniques (high resolution
imagery, Lidar, ...)

= Accessible via Spatial Data Infrastructures

Huge amounts of data
= Too big to store on individual computer
= Not adapted to specific applications

Challenges:
= Adapt amount of data
= Adapt information content
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Requirements

Data reduction
= Reduce amount of data to ease
Transmission
Visualization
Analysis
Interaction
Support immediate cognition of spatial situation
= Enhance important information
= Importance is application dependent, e.g.
Navigation -> landmark objects

Localization -> highlight destination, gradually reduce
information in environment

Semantic and geometric generalization

Overview

Levels of Detail (LODSs) for buildings

Building generalization in 2D

Approaches for building generalization in 3D

Summary and outlook




Level of Detall

Problems:
= Different users need / want different models
= Detailed models cannot be visualized in real-time
Simplification of objects in large distance is needed
= Data reduction, simplification, generalization:
complex operations — not (yet) possible in real-time

Solution: LOD-Concept
= Pre-compute different models for
Different distances, resolutions, scales
Different users / applications
= Access ,best* model in each situation

3D-city models and Level of Detalls

LOD O LOD 1
Regional model Box model With roof types  Architecture model Indoor model
DTM + Photo 6m x 6m 4m x 4m 2m x 2m 0.2m x 0.2m

Generalization
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Progressive Transmission
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LODs — Aggregation levels

Aggregation levels
= Defined in CityGML
= However: only based on individual buildings
Not aggregates of buildings
Or aggregates of building blocks
= Generation operations are not defined !

Problem:
= No “rules” like in 2D cartography

= Attributes of aggregated objects ? E.g. adjacent objects — which
height, roof type, facade structure ?
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Generalization operations




Generalization Operations in cartography

Aim: Reduce data volume while preserving important
structures

Simplification

= Simplify form and geometry
Aggregation
Emphasis

= Exaggerate size in order to be visible
Displacement

= Due to simplification and emphasis

= Displace in order to be visible, if otherwise hidden by other
objects

Generalization of buildings — in 2D

Individual buidings
= Simplification of building outline
= Aggregation of adjacent buildings

Groups of buildings
= Aggregation of buildings within local neighborhood
= Typification of buildings
= Symbolization of buildings

a|eds |[ews <- abueT <




Rules

Rules to eliminate short edges S,




Smaller scales -> typification
|




Buildings before generalization




Automatic displacement — PUSH

Displacement and slight deformation of objects:
Object behayior can be parameterized #
Least squares adjustment — holistic approac.h',:"

After automatic displacement with PUSH
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Displacement and slight deformation of objects,-‘_.-‘J'
Object behayior can be parameterized :,-" HE




3D-generalization of buildings

Generalization: generation of LOD’s

Given:
= Detailed representation
= Different aggregation levels

generalization algorithms
= Computer Graphics: simplification (e.g. mesh simplification) —
depending on geometry and topology

= Cartographic generalization: include also object specific
properties — object dependent generalization

= prerequisite:
Meaning of objects (and object parts) has to be known
... or derived by interpretation techniques




Generalization: generation of LOD’s

Given: detailed representation
Definition of aggregation levels

generalization algorithms

= Computer Graphics: smoothing (e.g. mesh simplification) —
depending on geometry and topology

= Include also object specific properties: object dependent
generalization

= assumption: Meaning of objects (and object parts) is known

Mesh simplification — Computer Graphics

Models with many redundant faces
= Mesh simplification approaches
= Decision mainly based on geometry Faew e

St o




Mesh simplification with buildings

Models with only a few faces

Folyeis = 246
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= Simple removal of edges is not possible
= Additional constraints have to be satisfied:
* Rectangular, parallel, horizontal, vertical, ...

ikg

Simplification of geometry

ikg




Approach Kada, Stuttgart

Recognition of protrusions, peaks

E.g. protrusion

= Several edges are
eliminated in one step

' ' = “edge collaps” -> “protrusion

collaps”

Similar to 2D-generalization
approaches

Kada (2006): buffered cells




Approach Forberg, Munich
Adaptation of mathematical morphology operations

Intelligent succession of parallel shifts of neighboring faces
Special treatment of roof structures

ikg

Generalization, incl. roofs

Increasing

poreratomin /0 67 = @@Q

Different buildings @
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Approach Thiemann, Hannover

Separation of generalization process in three steps:
1) Segmentation into (meaningful) parts
2) Analysis of parts

3) Semantic-based generalization

3D-Building Generalisation

ldea

= Decomposition of a building into small convex parts

= Analysis of the parts and derivation of generalisation steps
Approach

= |ntersection of the building planes [Ribelles et al.]

= Cut off parts sticking out (e.g., chimney)

= Holes (recesses, missing corners) will be filled

r.-.

Original Cutting planes Cutting Filling Main part




Selection of split
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Selection of split

Test value (after Ribelles et al.)

q:

areaof the new inserted intersection face
areaof theorigina split plane

(g smaller - better)

Use of best splitwithg <1
Recursive partitioning of both parts
Store in CSG-tree




Sample building - Step 1
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chimney

g=0.003
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Sample building - Step 2

11 windows

i

q=0.014
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Sample building - Step 3

dormer
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q=0.162
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Sample building - Step 4

q=0.205
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Sample building - Step 5
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front roof

g=0.210

ikg

Sample building - Step 6

left roof
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q=0.517
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Sample building - Step 7
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right roof

q=0.517
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Sample building - Step 8
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door

q=0.009
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Progressive Transmission of Vector Data

Brenner & Sester

Elementary Generalization Operations

P=P"=P°—P" >Pl =P

Jo O1 k-1

@ or O

Generalization chain

= Maximum representation: P"=P
= Minimum representation: p™ m<n
= Number of polygon edges: iO =N ... ik =m

= Elementary generalization operations: g,-




Elementary Generalization Operations

P"=P% — P —— ..,

> Pl =P"

Ok-1 Ok-2

or@

Inverse generalization chain
= Pre-computed

= Can be used for progressive transmission

Yo

= Each ¢;" is associated with a parameter & j
= Parameters €; are decreasing (inverse chain)

Simple Operations

EGOQO’s can be subdivided into simple operations (SO'’s)

SO’s may modify geometry or topology

Opcode Description Parameters

IV Insert Vertex | V <edge id> <rel. position>
DV Duplicate Vertex DV <vertex id>

WY Move Vertex MV <vertex id> <dx> <dy>

RV Remove Vertex RV <vertex id>

Inverse Operation

RV <edge id + 1>

RV <vertex id + 1>

MW <vertex id> <-dx> <-dy>




Simple Operations: Example

()%
Vo e oVi g V2
After €
v, 60 b L Vg0 v,
0 & 1 e,
a O V21 V3
€
o IS VO
Vo e, Vi 1
€
After
W 3, 2, 0
W 4, 2, 0 V§

Generalization of polygons using Douglas-Peucker




Generalization of buildings
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POLY

EPS 4.110133818

NPR 3524488.89 6074992.44

DV 0

DV O

DV 0

MV 19.54 1.43

MV 2 10.18 -2.630000001

MV 3 0.6499999999 -4.170000001
EPS 0.04123105635

IV 2 0.4760058174

DV 3

MV 4 0.01000000024 -0.04000000004
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Generalization

Two different goals:

1. Simplification by removal of small (unimportant) details
—> reduction of data
- Needed: decision of what is — visually — unimportant

2. (cartographic) generalization using emphasis, aggregation,
symbolization, typification:

- Important aspects / parts are still visible (even if they are
geometrically too small)

- Prerequisite: interpretation of (important) parts

Semantic based generalization




Interpretation - Model of a Building

Plane
normal
d
inclination .
co-planar 1 | girection 1.* splited by=
face_area
number_faces
bounding_box
mer
1.* 0..*
Face 1 ~I—lies on Feature
1.* bounded by=—
area volume
bounding_box bounding_box_glob:
mer 9- Top Roof | 1 ontopof  0.*| Skylight bounding_box_glam
=2 S quasi type
1 on top of 0.*| Chimney
| ——
Sloped Ro¢] 1 on top of 0.*| Dormer
| ——

Q—‘i Facade] 1 behind 0.*| Window
| 1 [NE—
1 infrontof  0.*| Balcony

L L

 —
< Bottom 1 behind 0..* Door
 —

Interpretation Strategy

First: interpretation of faces
= Top: roof
= Side: wall / facade
= Bottom

Second: interpretation of features related to faces
= Roof: chimney, skylight
= Facade: window, balcony, door




Results — Classification of faces |

facade flat roof

sl. roof . bottom .

Results — Classification of features |
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Results — Classification of faces I

facade flat roof . sl. roof

bottom .

Results — Classification of features Il

n
g

=

=N TR L, ol
'l""l'uulll"'”%

1y """lllll l..-




Generalization operations

exaggeration

Lod 2 Lod 3

displacement

Lod 2 Lod 3

Scale dependent representation of buildings

Doin Desbeben Meocht Gehe Conmurceior lile
< # 3 &4 o £ 4 & @ N
Tk Nesladen  Selwg  Suchen  Guade  Decien  Suhebed

‘ b Lememchen B Amerse [l T tonh e sank er o o S o
© ks Y et 3 Howpoten S bbosseien S Migeds W Vebrdegen U obipis:

TR

1 Nelscapn
Uot Besbeden dnocht Gohe Conmurwos Hin
S e e
[l Lemsecten K bese Jic 71 Do otk vl
T e R e

W

A
= e

A4




Context dependent removing and enlarging objects

enlarge
remove

e in LOD3 small windows are

— removed, when they are close to
other (bigger) windows
— enlarged, when no other window
is close dkg

Generalization using hierarchical structural
description

Example: facade reconstruction
(Nora Ripperda, ikg)

ikg




Typical facades (in Germany, in Hannover, in the northern part of
the city...)

Example: Partitioning of a facade

Recursive subdivision




Example: Partitioning of a facade

Windows in regular grid

Window

Fagade elements

Example: Partitioning of a facade

ikg




Grammar for facade modelling

Grammar describes facade

Symbols
= Nonterminals (here: Container)

AboveDoor FacadeRow Symmet ri cPart Facade
AboveW ndow Gabl e Symmet ri cPart FacadeM ddl e
Facade G oundFl oor Synmet ri cPart FacadeSi de
FacadeArray I denti cal FacadeArray SymmetricPart Facade
FacadeCol umm Par t Facade Symmet ri cPart FacadeM ddl e
FacadeEl enment StaircaseCol um Symmet ri cPart FacadeSi de

= Terminals
Door St ai rcaseW ndow W ndow
Door Ar ch val | W ndowAr ch

Derivation tree for a specific facade

Facade

Part Facade

G oundFl oor

Synmmet ri cPart Facade

FacadeEl enment

FacadeEl enent

Synmet ri cPart FacadeSi de

| denti cal FacadeArray

W ndow




Use derivation tree for generalisation

[Claus Brenner]

ikg

Use derivation tree for generalisation

ikg




Use derivation tree for generalisation

More elaborate rules possible, e.g. typification

3D-Templates / Prototypes

ldea:

= For landscape visualization, important objects have to be
highlighted in a way that they can be easily recognized

In cartography:

= Enhancement / Enlargement ﬂ 6

= Symbolization

Transfer to 3D:
= use of 3D symbols / prototypes

[Thiemann & Sester, 2005]




3D-Templates / Prototypes

Approach:
= SIMPLE: Use generic 3D symbol (e.g. for church, town halls,...)

= MORE CHALLENGING: use symbol which fits to (and
resembles) 3D-shape of the original object, e.g.

* Small church is smaller than others
* church with two towers is represented as such
Requirements:
= Definition of prototype:
° necessary parts of objects (church: body, tower, bells, ...)

* connectors between these parts (tower on top of roof, next
to body, ...)

= |dentification of these parts in object
= Enhancement of important parts and adaptation to original object

ikg




Adaptation of model/template to original object

Given:

= Qriginal object (in blue)

= Template object (in light green)
Method:

= Adjustment process: minimizing the distances between template
and original object

Adaptation of model/template to original object

Given:

= Qriginal object (in blue)

= Template object (in light green)
Method:

= Adjustment process: minimizing the distances between template
and original object




3D-Adaptation
Adaptation of 3D-template (yellow) to original building (blue)

Starting with a small or a large template

Same result B kg

Example L-shaped building

0

original object 3 templates

ikg




Results (distances from template to original)

|-shape (cuboid) L-shape flat roof

6 faces 8 faces
std.deviation: 0.85 m std.deviation: 0.64 m
volume diff.: -1130 m3 volume diff.;: -260 m3
(15%) (3%)

L-shape gable roof

11 faces

std.deviation: 0.42 m
volume diff: -182 m3
(2%)

ikg

Generic roof — “Berliner Dach”

Approximation:
generic roof = frustum of pyramid

S000p g

\\\

Detail
(width of ridge: 6cm)

-> After adaptation

ikg




Comparison of approaches

Criterion /
Characteristics

Handling of roof and

facade structures

Fixed target scale

Continuous scales

Application to
highly redundant
data (point clouds)

Generalization of
neighboring
buildings

Extension to other
generalization
operations

Kada

Yes (Kada 2006)

Yes

No

Yes (Kada 2006);
problem is the
determination of
approximate planes

In principle possible,
as planes can be
extended to
neighboring buildings

No

Forberg

Yes

Yes

No

No, as system
expects parallel
planes

In principle possible,
as parallel shifts can
be extended to

neighboring buildings

No

Comparision of approaches for 3D-generalization

Thiemann

Yes

Yes

Yes

No in Thiemann 2002,
system generates all
potential cutting
planes; yes:
possible with
Thiemann 2006

No

Yes, possible, as
semantics of object
parts is determined




Summary

Increasing availability of 3D objects

Increasing demand for 3D-city models (e.g. navigation
systems, Google Earth, Microsoft Virtual Earth)

Generalization is needed to make data handling manageable

Flexible (semantic) data structure is available: CityGML

Promising approaches are available for generalization of
individual buildings

Outlook

Need for

= Other generalization operations (aggregation, displacement,
typification, ...)
= Methods for generalization of groups of buildings are needed

Integration of other 3D-objects (terrain, bridges, ...)

Use / exploit intelligence used in generation / extraction
process also for generalization

Concepts for update




