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TIB

German National Library of Science and Technology
TIB — facts

founded in 1959

financed by Federal Government and
all Federal States

recently positively evaluated in 2011

Global literature supplier
> 6 mio media units

Scientific and technical information

* engineering, architecture, chemistry,
iInformation technology, mathematics
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Some current challenges for libraries...

* Increasing information volume
10x larger in 2011 than in 2006*

» Extension of search space
WWW instead catalog

» Structural aspects / Document models
,Enhanced publications”, increasingly hybrid \
* New content/ mediaformats g
increasing amount of non textuallnformatlon— e.g. 3D models

*|DC Study 2008
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TIB goals

TIB

o Scientific library services for non textual documents
e Integrating indexing and file processing into library workflow
* Innovative user interfaces for searching and visualisation

CONTENT BASED
INDEXING

FROBADG] B e
Hawrere indnnaraph Suche

e several projects, e.qg. PRQBAIQ 9 3D models of architecture

. development in cooperation with-partners
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3D models in architecture

here: Computer aided design process

Architects are...

— creating 3D models when drafting

— gladly using existing models
e ...aS source for inspiration

. ...for direct integration into Survey among 58 architects*:
own drafts 71% use existing 3D models

— searching for models Search methods most wanted:
« WWW
e databases Query-by-example: 27,5%

* conducted within PROBADO project 2006+
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3D models — content?

Wavefront CBJ file

Right Hemisphere, LID
hoep://www, righchemi sp

R e

mtllib all7_.mtl
# object ug2
g ug2
v 10832.559587
955.05957
12 955.05957
13 v 10832.55957 -744.00000
14 v 10832.55957 -403.00000
15 v 10955.05957 -403.00000
16 w 10955.05957 -403
v 10832.55957 -403.00000
v 9582.55957 -744.00000
05957 =744.00000
05857 -7
v 9516.55357 -744.00000
v 9516.55957 -744.00000
v 9581.05957 -744.00000
2 v 9773.55957 -744.00000
25 v 9841.05957 -744.00000
26 v 9873.55957 -744.00000
27 9873.55957 =744.00000
9773.55957 -744.00000
9663.55957 -744.00000

T
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opened in CAD editor...

- Need for
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here.com/

-2528.04126
-2528.04126
-2435.54126
-2435,5412¢6
-2528.0412
-2528.0412
-2435.5412
-2435.54126
-888.04126
04126

6

-843.
-843.04126
=-763.04126
-763,04126
=763.04126
=763.04126

-763.0
-603.0
-603
-603.04126

Converted by the DEEP Exploraticn Deep Explozation 5 5.0.6.18829 Release

Machine view: definition of vertices / faces, no semantics

" no explicitly available information (for e.g. full text search)
" poor metadata annotation available

(tailored to architectural data and architect’s requirements)




Automatic multi-label classification of 3D models

project for the development of a prototype
TIB and University of Bonn

Given: A set of 3D models Objective: Multi-label classification
without any textual annotation of the models in order to allow
textual search for these models

tables sideboards armatures

sofas mirrors
column tables

couches

seating furniture
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Training data

« We want to have as little work with any manual labeling for
training purposes

e We want to have multiple labeling
We chose:

e Archibase portal, about 16.000 object models
 manually annotated with keywords

tian.

DOWNLOAD | ADD 3D MODEL

TI B GERMAN NATIONAL LIBRARY OF
SCIENCE AND TECHNOLOGY

Back to the List



Training data and preliminary work (TIB)

Step 1:
a) Selection: terms that correspond to a particular form

b) Mapping of Archibase terms on AAT classes > 15 models /
concept

—  building element

seat 1049 . fixtures
e 933 — f!xtures.C|rcuI_at|or'1 fixtures
—  fixtures.cleaning fixtures
chair 877 —  fixtures.culinary fixtures
easy chair 777 —  fixtures.general room and secondary spaces
i 260 fixtures
Sols —  fixtures.sanitary fixtures
lamp 739 e installations
sofa 739 — installations.electrical
. — installations.lifts and escalators
furniture 696 . . -
— installations.lighting
elbow chair 687 — installations.lightning protection and conductors
armchair 682 — installations.power
desk 637 — installations.telecommunication
o . primary elements
luminaire 621 —  primary elements.building elements above roof
locker 607 —  primary elements.ceilings
rack 560 —  primary elements.external walls
—  primary elements.external walls.curtain walling
GERMAN NATIONAL LIBRARY OF —  primary elements.external walls.loadbearing walls
TI B SCIENCE AND TECHNOLOGY —  primary elements.external walls.non-loadbearing

walls
— orimarv elements flat roofs and terraces



Descriptor calculation, classification and integration

(Bonn University)

Step 2:
Implementation of the shape descriptors

Step 3:

Application on test set

Evaluation = feedback - adaptation of the algorithm,
various iterations

Step 4:
Integration into PROBADO framework
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Challenges #1

» Training data: inconsistencies in keyword assignment,

no real "ground truth"

tion App for 3D Models

File  Help

£l Objects_Facet
=) Object_Groupings_and_Systems-5435
- excalators-5497
- elewators-5498
[H- infrastiuctural_systems-5493
(=) Components-5501
- handles-5503
fasteners-5504
- faucets-5505
- brackets-5506
doorknobs-BE07
- architectural_elements-5508
-- structural_elements_and_structural_element_components-5509
I openings_and_opening_components-5516
doors-5517

m
n}

louvers-B519
skylights-5520
t jalousies-5521

bariers_and_barrier_elements-5522
- circulation_elements-5527
replaces-5530
H- system_components-5532
- building_divisions-5549
-
H

tool_and_equipment_components-5552

£

£

£

[#- furnishings_companents-5555
Furnishings_and_E quipment-5434
B

K

-
[#- Built_E nwironment-5718
- Visual_Works-5725
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15793 -1 12177 -1
windows windows

15801 -1 15799 -1
case_fumnitu___ windows

22304 -1 11974 -1
windows windows
20868 - 1 20870 - 1
windows windows

12180 -1

case_farnitu. ..

20468 - 1
windows

16875 -1
windows

15797 -1
windows

20920 -1
windows

20860 - 1
windows

20866 - 1
windows

15803 - 1
case_furnitu

=

11817 -1
windows

®

curtains...

20861 -1
windows
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Challenges #2

» Shape variance within classes

CA-43M - Automatic Categorization App for 3D Models

Fle  Help

=lEx

= Objects Facet
- Dbject_Groupings_and_Systems-5495
- escalators-5437
- elevators-5438
[=- infrastructural_systems-5493
b shreet_lighting-5500
[=- Components-5501
- handles-5503
- Fasteners-5504

- doorknobs-5507
architectural_elements-5508
=N structural_elements_and_structural_element_components-5503
walls-5510
- roofs-5511
- pillare-5512
- colurmng-B513
posts-B514
- beams-5515
[=]- openings_and_opening_components-5516
- doorg-5517
- windows-5518
louvers-5513
skylights-5520
- jalousizs-5521
=]~ bariers_and_barrier_elements-5522
- bariers-5523
- balustrades-5524
- balusters-5625
handrail:-5526
[ circulation_elements-5527
- fireplaces-0530
[=1- system_components-5532
- cooling,_heating_and_humidifying_components-5533
[#]- heat-distributing_units-5534
ventilation_spstem_components-D536
[ infrastructural_slements-5537
[=1- plurnbing_fistures-5540

shower_baths-5545
inks-55465
i tollets-5547

GERMAN NATIONAL LIBRARY OF
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8645 - 1 15684 - 1 15726 -1 15695 -1 15677 -1
bracke... bracket... bracket... bracket... bracket...
15641 -1 11588 -1 8620 - 1 15644 -1 15858 -1
bracket. .. bracket... brackets bracket... bracket...

8786 -1 8918 -1 1171 -1 8784 -1 15779 -1
bracke... bracke... bracket... bracke. .. bracket...

15778 -1 15805 - 1 11307 - 1 15528 -1 15317 -1
bracket... brackets brackets chandeliers_[han... bracket... bracket. ..

I
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Challenges #3

» similar classes (considering their shape) both at
Archibase and AAT

= Dot Facet =
Obpet_Gonge._orel Syrisms S8 = Obiecl_Grongings_are_Syelems 5456
a7 et 547
v 5430
5 eha
sy —
= Conpansek 5501 ?
hardes 5503
21183 -1 21072 -1 10868 -1 2275 1 226721 e 5504 118321 10546 - 1 21653 1 188431 21072 -1
eokimns cobimnz cohmns pillacs pillaes Tourels 5505 columns columns.. cohumns cobumns columns...
brsckes 506
docrkrobe T
5 archbechad_demerts 550
& siuchrel semenis sl sl _elemart_ccmponeads 5503
w5510
ook 5511
pilar 5512
- . posts G514
Somme S 10546 - 1 15441 -1 21484 -1 80621 112001 [ Tasa 1 BBE2 -1 15085 -1 154101 154111
. cokmns cokimn. pilles colum pills = colamns colum... cohmns cobumng columas
openings_and_openng,_conporenis 5515 S opsrings_and coaring_com
doces 5517
w518
3
1 baviers_ane,_bario,_gemerts 5522
i cituision_ seneres 5527 J
21481 11842 1 ems -1 8335 1 176781 147391 21449 - 1 20896 - 1 19571 -1 86191
okmas cokme, calum =T cohmns colamns columna cohumns columne cobum
* F * ot — * —
& Viual Wk 5725
14615 1 22986 - 1 591 1051 w1 219051 103681
pilles pills pills columns columns columns columns
21583 1 2073 -1 s -1 12927 1 2w 1 204191 20739 1 8608 -1
pillez cokm, columns columns... cohmns cobumn.. olmns
- - - I” |

Boart| 3 OE @ Gl *

| Blren vtz

| e romis i | st st [ - e | [ et e | et | R O E @ DE "3 7] 1%

[ ——

| e e [ o | [ rmnbitin P | e i[RI B
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Challenges #4

« Amount of training data in classes

3M - Automatic Categorization App for 3D Models
File  Help

=] Objects_Facet -
I_::_| Object_Groupings_and_Systems-5495
o scalators 5497
elevators-5498
[ infrastructural_systems-5493
‘... street_lighting-5500

Components-5501
- handles-5503
- fasteners-5504 21338 -1 21480 - 1
- faucets-5505 jalousies jalousies
- brackets-5506

doorknobs-6607
- architectural_elements-5508

B structural_elements_and_structural_element_companents-5503
- walls-B510

toofs-5511
- pillars-5512
- columns-5513
- poste-B514
- beams-B515
=~ openings_and_opening_components-5516
- doars-5517
- windows-5518
- louvers-5519
- shylights-5520

]
m

n|
i

9329 -1 11048 - 1
jalousies jalousies

[=- bariiers_and_barrier_elements-5522
- bariers-5523
- balustrades-5524
balusters-5525
- handrails-5526
[#- circulation_elements-5527
- fireplaces-5530
[=)- spstemn_components-5532
coaling,_heating_and_huriditying_components-b533
[#- heat-distributing_units-5534
- ventilation_system_components-5536
[#- infrastructural_elements-5537 =
[=- plumbing_fiztures-5540
bathtubs-5541
- hidets-5542
- drinking_fountains-5543
- laundy_traps-5544
- shower_bathe-5545
#inks-5046

GERMAN NATIONAL LIBRARY OF
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=18x]

21537 -1
jalousies
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Challenges #5

 Suitability of descriptor

§) ACA-43M - Automatic Categorization App for 30 Models

File Help

[+ Object_Groupings_and_Systems-5435 a
=+ Companents-5501 —
- handles-5503
fasteners-5504
faucets-5508
brackets-5506
doaricnobs-5507
- architectural_elements-5508
(=)~ structural_elements_and_structural_element_components-5509
- walls-5510
~-roofs-5511
- pillars-5512
- columns-5513
posts 5514
beams-5515
[=- openings_and_opening_componerts-5516
- doors-5517
- windows-5518
- louvers-5519
- skylights-5520
- jelousies-5521
bariers_and_barier_slements-5522
circulation_elements-5527
fireplaces-5530
system_components-5532
cooling,_heating_and_humidifying_components-5533
heat-distibuting_units-5534
- vertilation_system_components-5536 ~—
- infrastructural_elements-5537
- plumbing_fidures-5540
building_divisions-5543
- shower_stalls-5551
ol_and_equipment_components-5552
- stowe_components-5553
fumishings_components-5555
- seals-5556
- Fumishings_and_Equipment-5434
equipment-5558
= fumiture-5564
(- seating_fumiture-5565
multiple-seating_fumiture-5565
- single_seating_fumiture-5572
[ chairs-5573
{-- amchairs-5575
elbow_chai 6
chaises_longues-5577

wirval ~hsire FEAA
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17710 - 0.9776687

22086 - 0.9762356

. 8881 - 0,9734198
elbow_chairs cha

easy_chairs cha_.

21278 - 0.9727581

22842 - 09798003
anmchairs wiiling_tables de_

22509 - 0.9791791
chairs i

17977 - 0.9725938
elbow_chairs am___ ammchairs chairs

14571 - 0,9608404
easy_chairs amc__

21575 - 0.9710085
elbow_chairs cha

16853 - 0,968118
stools chairs

o

10745 - 0.958909
elbow_chairs ar...

17931 - 0,9642412
easy_chairs chair__

-]

E

115539 - 0.9570344
chairs annchairs ...

15053 - 0.9563422
amchairs chairs ...

14121 - 0.9602951
elbow_chairs arm...

17246 - 0.9573857
chairs:

21042 - 0,9537382
chairs easy_chairs

12907 - 09518149
elbow_chairs cha...

15582 - 0,9561928
stools chairs eas...

11781 - 09546117

easy_chairs ammc...

13434 - 0,9544834
tables

10677 - 09540916
easy_chairs ammc...

10771 - 0.9478104
tables coffee_tab._

11476 - 0.9472228
easy_chairs chairs

22535 - 0.9463187
elbow_chairs am__

15

16446 - 0.951
sofas

14223 - 0.9510771
armchairs chairs ___ amchairs

19753 - 0.950182

P



\NUURK/)STICIVES /79,VUUU /9,VUUU

balusters 92,857 83,333
balustrades 85,714 60,000
Results barriers 90,196 78,049
bathtubs 90,909 52,577
benches 79,070 65,714
bidets 75,000 91,667
bookcases 83,333 73,684
boxes 84,000 64,000
.. . . brackets 72,000 68,000
 Training with different parameter cabinets 74,000 79,000
Settings candles_and_candleh
olders 86,000 73,000
chandeliers_(hanging
_lights) 85,000 85,000
° about 6 out Of 10 mOdels was chests_of drawers 84,000 68,000
coffee_tables 81,395 53,659
tagged correctly, about every 9 — T -
tagged incorrecﬂy console_tables 71,429 41,667
couches 69,000 87,000
cupboards 86,441 85,714
. . . curtains 96,226 96,000
* Optimization algorithm, such that dining_tables 83,333 73,333
i divans 89,000 75,000
low false positive rate occurs I 92,000 £7.629
double_beds 89,000 88,000
dressing_tables 81,250 80,000
easy_chairs 74,000 84,000
elbow_chairs 81,000 86,000
faucets 87,671 79,105
fences 89,706 78,333
floor_lamps 92,308 87,719
hassocks 80,435 71,739
lampposts 95,238 67,500
lanterns 81,818 58,511
TI B GERMAN NATIONAL LIBRARY OF lockers 31 000 20.000
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Selection

 Visualization Tool for selection of classes that are to be accepted
« 37 of classes 83 integrated

A-43M - Autorr tegorization App for 3D Models - EI|5|
- handles-5503

- fasteners-5504

faucets-B505 10256 - 0.9408948 10192 - 0.931257 8882 - 0,9265513 9862 - 0.9211979 10347 - 0.9182787
- brackets-bo06 sofas couches ... couches divan... sofas couches ... divans couche... sofas

- dootknobs-5507 -

[=- architectural_elements-5508
stiuctural_elements_and_structural_element_components-5503
14446 - D.9182736 22788 - 0.9171792 10005 - 09168011 8625 - 0915354 14300 - 0.9123395
seltees benches divans couches ... couches divans ... sofas couche... sofas couches

File  Help

El Objects_Facet -
[=)- Dbiject_Groupings_and_Systems-5435

- escalators 5497

elevators-5498

infrastructural_spstems-5499

(=) Companents-5501

[=) openings_and_opening_components-5516
- doorsE517
windows-5518
louvers-5519
- gkylights-5520
- jalousies-5521
barriers_and_barrier_elements-5522
circulation_elements-5527
& fireplaces-5530
[#- system_components-5532
- building_divisions-5543
£
[

- tool_and_equipment_components-5552
- furnishings_components-5355

= Fumishings_and_E quipment-5434
quipment-5558

= urriture-5564

£l seating_furmiture-5565 14565 - D.9114427 11977 - 0.9093829 9872 - 09085892 11207 - D.9066598 9902 - 0.9046621
= multiple-seating_fumiture-G566 divans couches ... solas couches ... divans couche... sofas couches ... settees couche...

- benches-5567 @
. =

- divans-5568
settees-BhET
- ottomans-5570

[ single_seating_furniture-5572

[+ sleeping_and_reclining_fumiture-5611
[=1- storage_and_display_furniture-5616
[book)shelvesBE17

. bulletin_ boards-5618 10441 - 0.9039829 20399 - 0.9032263 14569 - 0.9014398 15504 - 0.9003698 12840 - 08955528
iy divans couches ... sofas sofas couches ... divans couches ... couches settees...
- lockers-5619 j =
I
e
14R26 - N A947950 22982 - N AAN122 1M1 74 - N ARARART 14410 - 0 ARA4AT1 1N744 - 0 AARG4A4Q
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TIB

Integration into the PROBADO 3D portal

* Ranking by confidences

PROBADOQO ‘ ’ggm 1.445.4616,23214  de
Suche | Browsing | Probado3DLlabs |  Hilfe
Kategorie |Bereitstel|er| Sammlung I Format
KATEGORIEN

l

Test

[ (s) Objekte

) (O Gebaude

et

| Treffer:7273

4 Dbjekte

Fl

/ Maobel

4 Dbjects Facet (AAT)

4 Furnishings and Equipment

equipment

4 furniture

4 seating furniture
multiple-seating furniture
4 single seating furniture
4 chairs
chairs by form
chairs by function
chairs by location or context
stocls
sleeping and reclining furniture
storage and display furniture
suppert furniture
screens
outdoor furniture
multipurpose furniture
Containers
washbowls
vases

boxes
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| 0.979121

[
ra
[55]

e JCe o ][] - [

ModellnfolD17710
Sofa
Herunterladen: Yes (external)

+ JLs J[ s J[ 7
| 0.978936

ModelInfolD 21278
Table

Herunterladen: Yes (external)

|.0.977729
ModelInfoID225C
Armchair
Herunterladen:Y:

| 0.977691

ModelInfolD 22842
Armchair
Herunterladen: Yes (external)

| 0.976281

ModellnfolD17977
Chair
Herunterladen: Yes (external)

|.0.975154
ModelInfolD 2208
Chair
Herunterladen:Y:

| 0.972381

ModelInfeIlD 8881
Chair
Herunterladen: Yes (external)

| 0.971622

ModellnfolD 22649
Bench
Herunterladen: Yes (external)

|.0.971326
MaodelInfelD201C
Chair
Herunterladen:Y:

| 0.971008

ModellnfoID 21575
Chair
Herunterladen: Yes (external)

| 0.969014

ModellnfolD19122
Chair
Herunterladen: Yes (external)

| 0.967859
ModelInfolD 1685
Chair
Herunterladen:Y:

| 0.966476

ModellnfoID 21804
Armchair
Herunterladen: Yes (external)

| 0.963006

ModellnfolD8505
Chair
Herunterladen: Yes (external)

| 0.962801
ModelInfolD 1412
Armchair
Herunterladen:Y:

144944 a

| 0.961925

ModellnfolD 18263
Chair
Herunterladen: Yes (external)

LIIEEJIE E 0E

| 0.961328

ModelInfolD17931
Chair
Herunterladen: Yes (external)

L.
L.
i

|_0.960486
ModelInfolD 1178
Armchair

Herunterladen: Y
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Publications (selection)

 Metadatenbasierte Kontextualisierung architektonischer 3D-Modelle
Ina Blimel
Dissertation, HU Berlin 2013

3D @Technische Informationsbibliothek (TIB)
Ina Blimel, Irina Sens
in Unimagazin, Ausgabe 1|2-2012 "WebScience", Prasidium der LUH (Hrsg.), Juni 2012, Seiten 16ff

» Efficient Retrieval of 3D Building Models Using Embeddings of Attributed Subgraphs
Raoul Wessel, Sebastian Ochmann, Richard Vock, Ina Bliimel, Reinhard Klein
Proceedings of the 20th ACM Conference on Information and Knowledge Management (CIKM 2011) : Glasgow,
UK, Okt. 2011

» Supporting Planning through Content-Based Indexing and 3D Shape Retrieval
Ina Blimel, René Berndt, Sebastian Ochmann, Richard Vock and Raoul Wessel
Proceedings of 10th International Conference on Design & Decision Support Systems in Architecture und Urban
Planning (DDSS), July, 2010

A 3D Shape Benchmark for Retrieval and Automatic Classification of Architectural Data
R. Wessel, I. Blumel and R. Klein
EUROGRAPHICS 2009 Workshop on 3D Object Retrieval, March 2009

e The Room Connectivity Graph: Shape Retrieval in the Architectural Domain
R. Wessel, I. Blumel and R. Klein
Proceedings of The 16-th International Conference in Central Europe on Computer Graphics, Visualization und
Computer Vision'2008, ISBN 978-80-86943-15-2, February 2008
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Thank you for your attention!

Ina Blimel, TIB Hannover
Raoul Wessel, Steinbeis Research Center Computer Graphics and Digitalization Bonn

Reinhard Klein, Computer Graphics Group University of Bonn




