Generating 2-Dimensional Overviews
from a Bi-Partite Classification of Images

by Maximilian Schich and Sune Lehmann
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Today massive amounts of images and image-segments are subject to classification...

... by human editors as in LabelMe, ... by humans playing games as in Peekaboom,
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... or by machine as by Definiens.
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This classifications of images can be understood as bi-partite networks!
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Usually these classification networks contain long tail degree distributions
and other complex network properties!

LabelMe dataset: THERMAE dataset:
IN-degree of classification criteria (descriptions), IN-degree of classification criteria (depicted monuments),
i.e. number of image segments (polygons). i.e. number of image segments (document parts).
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Our example for generatmg 2- dlmensmnal overviews: the THERMAE dataset
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The THERMAE dataset will be published: see thermae.schich.info
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THERMAE - Reception-Matrix

Lines: 31 monuments

_ = Columns: 1173 documents
S : Cells: 2723 binned links of

Ground plans 10582 in total



The other partition comprises monuments subdivided by depiction types:
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Thermae Lateranae 1
Terme di Elagabale cq. 5. Sabba 2
Thermae Tiberianae 2
Thermae Vespasianae 2
Baths of Maxentius on the Palatine 3
Thermae Claudio-Maximinianae 4
Thermae Decianae apud 5. Lorenzo in Panisperna 8
Thermae Parthorum 8
Thermae Domitianae 12
terme in quirinale... 13
Thermae Hadrianae 15
Thermae Publicae 18
Thermae Gordianae 29
Thermae Severianae 38
Thermae Aurelianae 42
Thermae Commodianae 42
Thermae Novatianae 51
Thermae Varianae 65
Thermae Philippae 75
Thermae Septimianae in Transtiberim 75
Thermae Olympiadis 80
Baths of Traian-Decius 135

Baths of Helena 247

Baths of Titus 257

Baths of Alexander-Severus (aka Nero) 386

Baths of Agrippa 473

Baths of Constantine 549

Baths of Traian 1256

Baths of Caracalla 2242

Baths of Diocletian 2628

THERMAE - Reception-Matrix".

‘‘‘‘‘‘

Lines: 31 monuments
Columns: 1173 documents
Cells: 2723 binned links of

10582 in total



Folded out we can spot community structure with our bare eyes:
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Lines now represent single monument depiction types;

Columns represent metalocal document parts including single
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Starting from this state we use BCFinder to find communities of bi-cliques...
In our example below community 280 contains two cliques...

alala BCFinder R
File Tools Help
k=13 alle ! 280.(k=33)! -
bl k=23 ! e
¥ kw33 Vertices Palladio_Scamozzi_ 1797 /Taf._0B_(1797) --—— wra/schnitt/central
272 comm. (A: 379 B: 214) Roma, ICCD_{ehem. GFN)/F_3141 Roma,_CCD_(ehem._GFN)/F_314 1 --- nra/schnitt/CTFN-Roma
273. comm. (A: 66 ,B: 22) Pafladio_Scamozzi_1 785/Taf._08_(1785) Palladio, _Andrea:_London/R.LEB.A./IV/3_(post_1570) === ttra/sct
" 274 C14 B 11 :] unsnetlﬁld_unjen_lﬂ Pa.“ﬂdW.MEIZ_WMR.LMINI3_[PML15?'}] === ttrafsch
3 GO, PR e S0 Cameron_1939/Taf. 8_(1939) Palladio_Scamozzl_1785 /Taf._08_(1785) --- tra/schnitt/natatic
_ 275, comm. (A: 12 ,B: 5) Palladio,_Andrea:_London/R.LB.A./IV/3_(post_1570) Palladio, _Andrea:_London/R.LB.A./IV/3_(post_1570) —— ttrafsch
o Palladio_Scamozzi_1797 Taf._08_(1797) Palladio_Scamazz 1797 /Taf, 08 (1797} —-- ttra/schaltt /CTFN-
277, comm. (A: 6 B: 6) Cameron_1939/Taf._8_{1939) --- ura/schnin/natatio
" 278. comm. (A T B: 4) € y *nlhm..;eam-mJ.:.n.i.r::-mn-:.unm_wgnauhm;.
1 279. comm. (A: 6 B: 5) =
280. comm. (A 6 8: 4) Palladio, Andrea: LondonMLBAMV/A_(post_1570) M
_ 281. comm. (A: 3 B: 4) Palladio_Scamozzi_1785/Tal._08_(1785)
b0 k=43 L Palladio_Scamozzi_1797/Taf._08_(1737)
b | k=53 Cameron_1939/Tal._8_{1939)
> [ k=63 Roma, ICCD._{shem, GFN)F 3141
k[ J k=73 unspecified_object_124
> [ J k=81
b [J k=93 L
> [l k=103 .
> (H k=113 Y L)
{ Sort by A 3}
-Comm. of selected N
frafschniffront
re
¥
4 3 Ve -
{ 2B0. (k=3,3)

Vertices Edges
tra/schnitt/central-back Palladéo_Scamozzi_1 797 /Taf. _08_{1797) == tra/schnitt/centra
ttra/schnitt/CTFN-Roma Roma, ICCD_(ehem. GFN)/F_3141 === ttrafschnitt/CTFN-Roma
ttra/schnitt/natatio Palladio, _Andrea:_London/R.LB.A.JIV/3_(post_1570) === ttra/sc
ttra/schait/front Palladio, _Andrea:_London/R.LB.A./IV/3_(post_1570) -—- ttra/sc

Palladio_Scamozzi_1785/Taf._08_{1785) —- tira/schnitt/natath
| Palladio,_Andrea:_London/R.LB.A. V3 _(post_1570) --- tra/sc

: P P ——— s
il Y = T

Download the BCFinder at http:wawz.imm.dtu.dk.z‘~mhsfhcfim:i'erf




Starting from this state we use BCFinder to find communities of bi-cliques...
In our example below community 280 contains two cliques: Biclique 1104 (k=6,3) and...

P‘hnn

BCFinder
File Tools Help
> k=13 = 280. (k=3,3) | )
bl k=2,3 e -
¥ [# kw33 L797/Taf._08_(1797) --- wtra/schnitt/central-back : Bicliques:
272, comm. (A: 379 ,B: 214) ~-GFN)/F3141 ==~ tra/schailt/CTEN-Roma 1104. biclique (k=6,3). .
273. comm. (A: 66 ,B: 22) prdon/R.LEA./V/3_(pest157Q) ~— tira ficheitt/fromt 1209. biclique (k=>5,4)

274, comm. (A: 14 B: 11)
275, comm. [A: 12 ,B: 5)
276, comm. (A: 7 ,B: 6)
277, comm. (A 6 .B: B)
7 278. comm. (A 7 B: 4)
_ 279. comm. (A: 6 ,B: S)
" 281, comm. (A: 3 ,B; 4)

> | k=43
b | k=53
> |l k=63
[ |_J k=7.3
b | k=83
[ 3 L‘ k=93
> | k=103
b Hk=ll.3

J

andon/R.1LEBAJIV/3 _(post_1570) --- ttra/schritt/CTFN-Roma
L785/Taf._08_(1785) === tra/schaitt/natatio
andon/R.LB.A. V{3 _(post_1570) --- ttra/schnitt/central-back
1797 (Taf. _08_(1797) --- wra/schnin/CTFN-Roma
._8_(1939) --- trafschnitt/natatio

r-‘ttﬁ?.lTJll' OB FATOTE sees leabaies ifaaan

'y

rrvs

{ Sort by A

~Comm,. of selected N

Palladio, Andrea:_LondonfLEAV/A_(post_1570) A
1785/Tal._08_{1785)
Palladio_Scamozxzi_1797/Mal._08_(1797)
Cameron_183%/Tal,_B8_(1833)
(7) Roma.ICCD_fehem. GFNYF_3141
B unspecified_object_124

b
firafschnittfront
re
| ¥
[ 4 b s R
{ 280. (k=3,3)

Vertices Edges
ttra/schnitt/central-back Palladio_Scamozzi_1797 /Taf._08_(1797) --- ttra/schnitt/centra
ttra/schnitt/CTFN-Roma Roma, ICCD_(ehem. GFN)/F_3141 === ttra/schnitt/CTFN-Roma
ttra/schnitt/natatio Palladio, _Andrea:_London/R.LBA.JIV/3_(post_1570) === ttra/sc
ttra/schnit/front Palladio,_Andrea:_London/R.LE.A./IV/3_(post_1570) -— ttra/sc

Palladio_Scamozzi_1785/Taf._08_(1785) —— ttra/schnitt/natati
Palladio,_Andrea:_London/R.1.B.A./IV/3_(post_1570) --- tra/sc

L sl S e i
C J T

Download the BCFinder at http:wawz.imm.dtu.dk,z‘~mh5,fbcfim:i'erf



Starting from this state we use BCFinder to find communities of bi-cliques...
In our example below community 280 contains two cliques: Biclique 1104 (k=6,3) and 1209 (k=5,4).

fa¥ala) BCFinder )
File Tools Help
> [ k=13 2= 280. (k=3,3) | =
* k=23 et
¥ F k33 L7997 /Taf._08_(1797) --- tra/schnitt/central-back y Bicliques
272. comm. (A: 379 B: 214) - GFN}/F_3141 ——— ttra/schnint/CTFN-Roma 1104. bicligue (k=6,3)
- andon/RLEA./IV/3_(post_1570) - ttrajschnitt/front 1209, biclique (k=5,4)

andon/R.LB.A.JIV/3_(post_1570) --- ttra/schnitt/CTFN-Roma |

273. comm. (A: 65 B: 22) U
L785/Taf._08_(1785) === tra/schaitt/natatio |

© 274, comm. (A 14 B 11)

_ 275. comm. (A: 12 ,8: 5) andon/R.LB.A. /IV/3_(post_1570) -— ttra/schnitt/central-back |
_ 276. comm. (A: 7 ,B: 6) L797/Taf._08_(1797) --- nra/schnit/CTFN-Roma
7 277, comm. (A: & B: 6) ._B_(1939) --- tra/schnitt/natatio i
_ 278. comm. (A 7 B 4) e 7 , TR
) ??Qf.:nmm.!kﬁ,_lll: 51 -
© 280. comm. (A 6 B: 4) Palladio,_Andrea:_London/FLLBAVA_(post_1570) M
L 281, comm. (A: 3 B: 4) |Tm”‘“m 11?33]
|l k=43 Palladio_Scamozzi_1797/Tal._08_{1787)
b |l k=53 Cameron_1939/Tal._8_(1939)
> | J k=63 Roma,_ICCO_(ehem,_GFN)F_3141
b (k=73 unspecified_object_124
b J k=83
> [ k=93 L
b k=10,3 F
b H k=113 b b
{ Sort by A }
-Comm. of selected N
frasschnitfron!
.
&
_1'
[ 4 b ] Y
! 2B0. (k=3.3)

Vertices Edges
ttra/schnitt/central-back Palladio_Scamozzi_1797 /Taf._08_(1797) --- ttra/schnitt/centra
ttra/schnitt/CTFN-Roma Roma, ICCD_(ehem. GFN)/F_3141 === ttra/schnitt/CTFN-Roma
ttra/schnitt/natatio Palladio, _Andrea:_London/R.LBA.JIV/3_(post_1570) === ttra/sc
ttra/schnitt/front Palladio, _Andrea:_London/R.LB.A./IV/3_(post_1570) -—- ttra/sc

Palladio_Scamozzi_1785/Taf._08_({1785) —— ttra/schnitt/natati
Palladio, _Andrea:_London/R.LE.A./IV/3_(post_1570) --- ttra/sc

: i Ceriiect it i Sl e
L 4 y LEIC
’ 4

Download the BCFinder at http:wawz.imm.dtu.dk,z‘~mh5,fbcfim:i'erf




We now permutate and filter the matrix according to a choosen BCFinder result...

A single cligue can be shown A community of bi-cliques is shown as A community network comprises
as a rectangle of filled cells. a group of overlapping rectangles. communities sharing nodes,
(note the reordering problem!) i.e. lines and/or columns.




Remember that the bi-community finder adds context to the k-clique method ...

Palladio, Andrea:_London/R.LBAMNA_(post_1570)

Palladio_Scamozzi_1785/Tal._08_(1785)
Palladio_Scamozzi_1797/Tal._08_({1797)

Cameron_1939/Tal._8_(1933)
Roma, ICCD_(ehem. GFN)F_3141
unspecified_object_124

traschnittnalatio

traschnittfront

24873 Baths of Trajan / section / CTFN-Roma
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24885 Baths of Trajan / section / front
24886 Baths of Trajan / section / natatio

8667 Andrea Palladio: London, R.I.B.A., IV/3 (post 1570)
16597 Palladio Scamozzi 1785, pl. 8

16676 Palladio Scamozzi 1797, pl. 8

3638 Cameron 1939, pl. 8 (after Cameron 1772)

6714 Roma, ICCD (ehem. GFN), F 3141

18123 unspecified object 124




. Now we add even more context as we convert the matrix into an image matrix!
In this step (subordinate) nodes from the image partition are placed in the location of the links in the matrix.

Baths of Trajan Baths of Trajan Baths of Trajan Baths of Trajan

section section section section

central-back CTFN-Roma front natatio

24870 24873 24885 _ 24886

n;'i‘ et ;‘E-F.::‘j'*fﬁ“‘g' ' -ﬁ WC Eﬁ?ﬁﬂm - Bg667 Andrea Palladio: London, R.LB.A., IV/3 (post 1570)
T (AR G} AR .n.nm o QRS Qi)

o IBEH m T . MSBG o SO0 16597 Palladio Scamozzi 1785, pl. 08

MR | 676 paliacio Scamozzi 1797, pl. 08

noge 156?'9
wiall 3538 Cameron 1939 pl. 8 (after Cameron 1772)

mlm

N L, T ™
e gl = LI SRR AR i :Wﬁ 'ﬁ'——‘dﬂm Wil 76714 Roma, ICCD (ehem. GFN), F 3141
node 6716 node 6718 noce 6715

18123 unspecified object 124

24870 Baths of Trajan / section / central-back
24873 Baths of Trajan / section / CTFN-Roma

24886 Baths of Trajan / section / natatio

B667 Andrea Palladio: London, R.I.B.A., IV/3 (post 1570)
16597 Palladio Scamozzi 1785, pl. 8

16676 Palladio Scamozzi 1797, pl. B

3638 Cameron 1939, pl. 8 (after Cameron 1772)

6714 Roma, ICCD (ehem. GFN), F 3141

18123 unspecified object 124

More on the method producing scalable image matrices see http://tinyurl.com/29rb9l



This process stays appealing to the human eye for much larger communities...

i 4 M i

24864 Baths of Trajan, GR, rekonstruction, Sette Sale, in context
24382 Baths of Constanting, GR, rekonstruction, Palladianite
24157 Baths of Agrippa; GR, rekonstruction, Netunno-Clambaila

24851 Baths of Trajan, GR, rekonstruction, Dest-FUR
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Malli Bulaling 1748 (1551)

Lesnardo Bufalin: Roimms, Bibliotecs Nazianale Centrale Vittorno Emanueke 11, PA, 1ter [1551)
Canina 1841 (1830)

Canina 1850, parte media (1850)

Canina 1850, parte media (1B50)

Canina 1850, pl. unknown (1B850)

Canina 1850, unknown (1850)

Lancani FUR {1893-1901)

Paul Bigot: Caen, Unlversite de Caen, [Bigot's model of Rarme ], [Detad] (1911, 1914-37)
Paul Bigot: Caen, Université de Caen, [Bigot's model of Rome |, [Detad] (1911, 1914-37)
Kiepart Huelsen 1912 (1912}

Huglsen-Kiepert FUR 1912, folding pl. 2 [Montage] (1912)
MRENCKER 192% (1929)

Cameron 1939 (1939)

Lugl GEmondi 1949 (1949)

FRUTAZ 1962, cat. CLXIX ¢ (1962)

FRUTAZ 1962, cat. LV (1962)

FRUTAZ 1962, eat. LV1 (19632)

FRUTAZ 1962, cat. LVIIL, N 14 [Montage] (1962)

FRUTAZ 1962, cat. XLVTIL, Nr. 18 [Montage ] (1962)

FRUTAZ 1962, 5. unknown (1962)

Sphelmann 1966 (1966)

Pasquinuca 1987, Abb. 57 (1987)

HNiglsen 1993 (1990)

Fagislo 1991, pl. BO (1991}

Fagiolo 1991, pl, B0 [Detall 2] (1991)

Fagiolo 1991, pl. 91 (1991)

Fagiolo 1991, pl. 92 (1991)

Fagialo 1991, pl. 37 (1991)

ENVOIS 1992 (1992)

LUCA 1994, cat. 15 [Mantage] (1594)

David 1998, S. 207 fig. [upper] (1598)

Urbis Ortiis 2001 (Bufalin 15517), pl. [124] [Montage] (2001)

More on the method producing scalable image matrices see http://tinyurl.com/29rb9l




After a first examination as an image matrix such a large community is filtered...

24851 Baths of Trajan, GR, rekonstruction, Dest-FUR
24382 Baths of Constantine, GR, rekonstruction, Palladianite
24157 Baths of Agrippa, GR, rekonstruction, Netunno-Clambella

24537 Baths of Diocketian, GR, reconstruction
24265 Baths of Caracalla, GR, recanstruction

o4l Legnards Bufakni: Roma, Biblotecs Nazlonale Centrale Vatars Emanuele [T, PA, fter (1551)
Fi58 Canina 1841 (1830)
7509 Canina 1850, parte media (1850)

1853 Lancianl FUR (1893-1901)
B20DB Paul Bigot: Caen, Unhversad de Caen, [Bigot's plan of Rome ], [Detal] (1911, 1914-37)
Bo09 Paul Bigot: Caen, Université de Caen, [Bigot's model of Rame], [Detall] (1911, 1914-37)

4976 Huelsen-Klepert FUR 1912, folding pl. 2 [Montage] (1912)
1800 KRENCKER 1929 (1929)

916 Cameron 1939 (1939)

1938 Lugll Gismand| 194% {1949)

2608 Spielmann 1066 (1966)

5216 Pasquinuccl 1987, Abb. 57 (1887)

2190 Niglsen 1993 (1990)

[ . | 1256 ENVOIS 1992 (1992)

- B
HL

More on the method producing scalable image matrices see http://tinyurl.com/29rb9l



... collapsed, transposed and visualized in order to produce a smaller image matrix...

24382 Baths of Constantine, GR, rekonstruction, Palladianite
24157 Baths of Agrippa, GR, rekonstruction, Netunno-Ciambella

24851 Baths of Trajan, GR, rekonstruction, Dest-FUR
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9041 Leonardo Bufalini: Roma, Biblioteca Nazionale Centrale Vittorio Emanuele II, P.A. 1ter (1551)
7258 Canina 1841 (1830)

7509 Canina 1850, parte media (1850)

1853 Lanciani FUR (1893-1901)

8908 Paul Bigot: Caen, Université de Caen, [Bigot's plan of Rome], [Detail] (1911, 1914-37)
8909 Paul Bigot: Caen, Université de Caen, [Bigot's model of Rome], [Detail] (1911, 1914-37)
4976 Huelsen-Kiepert FUR 1912, folding pl. 2 [Montage] (1912)

1800 KRENCKER 1929 (1929)

916 Cameron 1939 (1939)

1938 Lugli Gismondi 1949 (1949)

2698 Splelmann 1966 (1966)

5216 Pasquinucci 1987, Abb. 57 (1987)

2190 Nielsen 1993 (1550)

1256 ENVOIS 1992 (1992)

More on the method producing scalable image matrices see http://tinyurl.com/29rb9l



... resulting in a clear visualization of what the community means!
In the present case we see a correlating group of groundplans including their similarities and variations since 1850.




Current work: The phase transition in Roman Baroque painting.
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Future work ?

LabelMe ?
;-r. [ IR - = uon....—.-..-c.n_-q:.n:.—:.lru:.-.-h-__m—.u.-r—_-- - o
SO Q@ 77 @ oI = e
— e e maa i [ A i N ——
" k i PO O A s
—
=
=
R
===

om0

Definiens ?
@ levell @ et
@ sightly bumed @ water (3) @ water (2)
@ wrbirned vegetation @ possibly burred - @ turreed mea
@ water (1) @ ot burned 0 % burned
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Peekaboom ?
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Sources:
www.labelme.csail.mit.edu
www.peekaboom.org
www.definiens.com
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An edge in the image matrix can contain multiple links:

Local Matrix:

Every node contains only one image.
The edge Page-Classifier represents

only the link from the Page to the

Global or Metalocal Matrix:

The choosen superordinate nodes summarize

all subordinate nodes.

If necessary the edge Page-Classifier represents
a number of links from the page and

classifier.
it's quadrants to the classfier.
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a) multiple edge as detail-imagematrix

b} multiple edge as 1D overview ¢} multiple edge as montage



