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Building and sharing knowledge from quality driven content models

WHAT

Define different degrees

of complexity of tangible
cultural heritage, from the
point of view of 3D
digitisation processes

COMPLEXITY

Live Digital Twins

. state of the art ... as resultmg from

- PAST stratified results of centuries and transformation phases with
its own materials and techniques

- impacted by CURRENT hazards and pressures (i.e. earthquakes,
flooding, flash water bombs)

« Within FRAGILE context of the built environment

with the aim

to better understand the behaviour

to drive the preservation plans

and prevent damages and planned preservation (Long Life Cycle)

to deploy knowledge transfer of enriched models.

Digitization - Data acquisition and decoding - has crucial role to
continuously FEED ‘live’ digital twins

TO DRIVE THE FUTURE LLCM ACTION

TO TRANSFER THE GAINED KNOWLEDGE TO THE FUTURE GENERATION
avoiding to loose the time and costs
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Complexity and quality control

WHAT HOW

|dentify and analyse the
parameters that determine
quality in 3D digitisation of tangible
cultural heritage

Define different degrees of

complexity of tangible cultural
heritage, from the point of view of
3D digitisation processes

_ which parameters?
complexity
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Meters to measure the quality : surveying parameters

Digitization/Surveying data quality acquisition
| | | ey _ L L]
JR— . | [] permission for Site access (e.g. official
e 7 EARTHQUAKE RED AREA NO ACCESS area)
""""" ¥, []Environmental conditions (e.g. temperature, humidity
g dust) > TLS and IRT (i.e. active heating)
[ ]Surface conditions (e.g. reflectivity, material)
> TLS close distance marble surface
[ JFor TLS, resolution of point cloud Scans Overlap
> | JFor SFM images overlap and resolution in f of scale
MRk &+ [ |[For MMS GEOSLAM robust path and geodetic
b | (clcrrement

[ |Camera calibration parameters (lens distorsion...)
1| [ ]Connection to a robust geodetic network
@[ |Level of Error, Accuracy and Precision > scales
[ JQuality of associated imagery Terrain Pixel and scale
[ |Quality Data storage and data sharing for multi-
actor coworking and re-use
[ ] Libraries and metadata in a Common Data Env



Meters to measure the quality

Digitization/Surveying data quality acquisition

Surveying methods and restitutions

Few numbers....

Survey methods accuracy (mean
square error, sgm ) and required
scales

Quantities output

Plano altimetric Geodetic Network

Geodetic control points -Total Station Leica T70 (GCP
for Scan REGISTRY and GCP for SFM images)

Laser Scanner Faro Focus 3D

Direct hand survey of the column stones ashlars

Photogrammetric image blocks
Ortophoto / models 3D

(external and internal walls surface vaults intrados, ....

Plans (horizontal sections)

Vertical Sections (transversal and longitudinal)

UAV Falcon8
Covering and facades

)

27 stations

260 points

182 point clouds

n. 14 Columns. 574 stone ashlars (9+13 column
courses 1:2 columns

Ground Dimension Pixel
Terrain pixel res:

5mm per external fronts 1:50
2mm internal fronts 1:20,
1mm vaults 1:10,

0,5mm the main facade 1:5

1:50 Ground level (3000 m2), underground ,
crypt, first floor

1:20 walls profiles for 3Dmodel analysis

1:5 columns

1:20
RGB (GDP 10 mm) and IRT

o=x1mm

o=%=1.5mm

o=+3mm

TOT ~53 m3

TOT ~7.000 m?

TOT ~ 4200 m?

12 sections with double direction)
TOT ~ 3000 m?




HOW TO MEASURE QUALITY MODEL? Models and scales quality control

WHY? We need a meter to measure the quality: needed/acquired/processed/shared
LD L L L

L Model aclcuracy > GOA
Model Scale definition Grade of|Accuracy

(GOASs) and specification Gon L Gon
SURVEYING,DRAWING GRAPHIC Minimum detail in TOLERANCE VALUE Grade of Accuracy Minimum detail HBIM MODEL
h I d AND 3D HBIM MODEL ERROR case of raster data oo of the HBIM MODEL TOLERANCE
e pS tO a O pt SCALES G. E.=0,2 mm G. E.=0,2 mm/2 e generated at the SRR C VALUE of the
different scales G I?:E??nm HBIM MODEL

the proper scales
addressing:

1:10 4+6mm : GOA 10 4+6mm
: 1:20 8 +12 mm i GOA 20 8+ 12 mm
the surveying and i
data vaUISItlon 1:50 20 + 30 mm : GOA 50 20 =30 mm
. 1:100 40 + 60 mm GOA 100 40 + 60 mm
the modeling phases :
. 1:200 80 + 120 mm | GOA 200 80 + 120 mm
guality check -
1:500 200 + 300 mm : GOA 500 200 + 300 mm
the models re-use .
Data mOdeIS recovery 1:1000 400 + 600 mm i GOA 1000 400 + 600 mm
1:2000 I

model circulation
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Models and
scales quality
control

LT DT LT

The grade of
3D HBIM model

accuracy
correspondent
to the different
scales and
related
tolerance value

1797} POLITECNICO

THREE POSSIBLE MODELS OF THE SAME WALL — FROM URBAN TO HBIM SCALE

X
e
S 4
S e
A

<7

NOT CONSIDERED
DEFORMATION
BY THE MODEL

CASE 3 - SCAN-TO-HBIM PROCESS
GOA 20 T=8/12mm

WIREFRAME MODEL FROM POINTCLOUDS AND ITS DEFORMATION

P [ = e i =L ST ¢ ) T 21 1 =

L ToP VIEW <

DEFORMATION= 46 cm

CASE 1 - URBAN SCALE
GOA 2000 T = 600/1000 mm

i ; j MODEL

-----------------------------------------------------------------------------------------------------------------------------------------------------------------

CASE 2 - CONCEPTUAL SCALE
GOA 1000 T=200/300mm —l

|
;’ o
S
NOT CONSIDERED
DEFORMATION MODEL
BY THE MODEL




3D quality content models

Preservation
On site

Documentation
3D quality content model

Survey
Materials ata
INFORMATIVE MODELS and Sources

| constructio ‘ historical
Geometry + materials and technique documents

construction techniques ‘

Geometry
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Models quality and knowledge creation

Concept

LU BIM ?ﬁpggﬁﬂiIK/EMODELS
ead HBIM

) Mdeling phefjalt
Boosting ) fa processi o
Common Data Environment |
GEOSPATIAL VH ' ONE
remote on
open HBIM access Bl
e o eXtended
Citizen fruition e .. Data
_ (beyond . Sources
o ~uf~‘,Fi’."f'_.R.’Y.'3"* & Swatigfig) _Historical
| _ Stratigraphic:OIOCumentS
Communication analysis
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Inheriting BIM logic reversing
LOG LOD toward geometric

GOMPIEXIEY HBIM

NOT JUST A MATTER
METER MEASURING!

HBIM logic to 3D quality
models

Content model >

Geometry model +
iInformation

Geometry + material and
construction techniques

POLITECNICO MILANO 1863

= Q= -0 T

PRE DESIGN
LOD 100

Door

Window

LOG 100
CONCEPTUAL

SCHEMATIC DESIGN

LOD 200

LOG 200

APPROPRIATE GEOMETRY
l---------------------q

BIM - NEW BUILDINGS

DESIGN DEVELOPMENT
LOD 300

CONSTRUCTION STAGE
LOD 400

LOG 300
PRECISE GEOMETRY

LOG 400
BIM USES - FABRICATION

I N EW ENTRYI LEVEL OF DEVELOPMENT (PROCESS PHASES) I
J] ‘topioo , LOD 200 : LOD 300 L;glgf : I LOD 500
PRE DESIGN : DIGITAL i AS-FOUND HIBM I CONSTRUCTION
I ! DOCUMENTATION | MODEL e,
I i conserRvATION i []  STAGE
I i PLAN : I
I REQUIRED HBIM LEVEL OF GEOMETRY ||
I LOG 100 LOG 200 LOG 300 LOG 400 I LOG 500
CONCEPTUAL APPROPRIATE PRECISE BIM USES ] conservaTion
I MODEL, ' GEOMETRY, GEOMETRY, CONSERVATION I SITE
I istoricat 3D SURVEY, SCAN-to-BIM PLAN
| RePORTS, DATA MODEL OBJECT i
| ARcHves ACQUISITION
I historical building on-site data object modeling, material/decoy I on-site
contracts, acquisition, precise drawing mopping, IRT, NTD, construction
I historical 3D surveying, extraction BIM-to-FEA, energy I interventions of
I drawings, pictures 2D/3D analysis, BIM conservation
| ondohotos restitutions (plans implants, on-site ||
and sections, 3D construction I
I meshes) management, WBS
I and computation I

FACILITY MANAGMENT

LOD 500

LOG 500
AS-BUILT

LOD 600
FACILITY
MANAGMENT

LOG 600
AS-BUILT, LLCM,
CDE, HUBs

Life Cycle Cost
Management and
Monitoring, VR
and sensor-based
communication

purposes



Complexity matters

The grade of 3D HBIM model accuracy correspondent to the different scales and related tolerance value

Natural hazards Earthquakes
Built Envwonment

Transformation across the centuries impacted by the hazards

(

J‘E?' ol B
asilica @g Marla dl

- S—

History of skilled workers Intangible values Structural damages Holy Door and damaged north wall



Complexity matters

Basilica di S.Maria di Collemaggio (L’Aquila, earthquake 2011)

L
European Heritage Award/Europa Nostra Award 2020

The Basilica of Santa Maria di Collemaggio
May 07, 2020 | Conservation | Italy | LAquila.

Superintendency Office of L’Aquila > Responsible for the
> Design Project >Preservation Plan > Conservation Site.
ITALIANA COSTRUZIONI SPA Construction Company

POLIMI S. Della Torre Coordinator of the Support to the Preservation project
(POLITECNICO DI MILANO, UNIV L’Aquila and ROMA LA SAPIENZA)

R.Brumana responsible of the Scan-to-HBIM consulency contract to support the preservation
design project on site management, and video production.
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The Basilica di Collemaggio (1274) yearly joined by 30.000
pilgrims for the Jubilee:
an important church in the history of Christianity

IIIIlIIIIIIIIlIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIlIIIlIIIIIIIIIIIIIIIIIIIIIIIIIuIIIIIIIIIIIIIIIIIII

POPE Celestino V is famous for
establishing at the Basilica di Collemaggio
the Papal Bull of 29 September 1294

On the 28-29th August the Holy Door is
yearly opened and it is celebrated the feast
called Festa della Perdonanza

(Jubilee - forgiveness) yearly joined by

more than 30.000 pilgrims. | saw and recognized the

1274 Pope Gregory X in the Council of Lyon recognized the Order i -~ nr shade of him

)
of Celestines founded by Pietro Angeleri del Morrone (Ascetic 3 PIdOQODZO Who by his cowardice made
Benedictin monk) w Celesliniana te great refusal

1294 Pietro Angeleri del Morrone was elected Pope Celestino V e e e T —Inferno i, 59-60
- . . But some historicians
moved the Roman seat to the Basilica di Collemaggio hyphotized he might have been

,. A ; ’ g '
(29 agosto 1294 - 13 dicembre 1294) - killed by Bonifacio VIII inserted
; , v R MYIDRIETe Inferno as well e

Altre immagini

Papa Cotestino V ¢ la Botls ol Perdono
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Complexity matters

on the back end ...
LU L

GENERATIVE MODELLING PROCESS BIM-ENABLE . SCAN-to-BIM MODEL

3?“?@%
. 010

vt 3y

| 7 @\ l |

Appropriate Geometry ,

and the different grade of accuracy

——

.
B
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Models and scales quality control
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Complexity matters
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3D quality models and structural behaviour

Columns out of plumbs
L
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Models and scales quality control the stone ashlar direct surveying 1:1
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Models and scales quality control the stone ashlar direct surveying 1:1
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Models and scales quality control

BIM USES
L
G
4
0
O e BIM-to-FEA MODEL BIM ENERGY MODEL CosIM
PRESERVATION PLAN

LOG4OO (HBIM uses — Conservation Plan) within the LOD400 (Design development — Conservation Plan).

The HBIM model LOG300 support BIM-based analysis to improve their results using different oriented-model types to
perform the decision making phases of the Conservation Plan, as in the case of the material and decay analysis
with the related cost computation and Work Breakdown Structures, BIM-to-FEA or BIM Energy Models, Design
development (i.e. implants, new components, new structural elements) and Construction Site Management.
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Complexity matters

Models supporting Decision Making System
LD P

Green — «Scuci cuci» Design project on 3-4-5 10-11-12 columns
puntual on site replacement of less damaged ashlars

Intervention>>>> For pillars 3 4 5 12 more then 50% of the stone

For pillars 10-11 round 100% Scuci cuci ...

Red - Column reconstruction Design project on 13-14-15 5-6-7 columns
On site reconstruction of the most damaged columns with replacement and
re-use of integer stones

Intervention as planned

L]

GO S

)

e

IS
1”1

=

O OBOEE
f@@@@@@“

) it Tre—

&@@@@ééo
@@@@@@°

&0




Models and scales quality control

LD L
LOG500: Conservation site and HBIM management of the interventions of preservations

CONSERVATION SITE

L

()

o

o

AS-FOUND MODEL AS-DESIGNED MODEL ON-SITE AS-BUILT MODEL
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Models and scales quality control

AS-DESIGNED BIM FOR THE RESTORATION OF THE DAMAGED PILLARS

- & L -
«SCUCI CUCI» ¥ :l DISASSEMBLE
OF THE el td® 2l 8 4 NUMBERED
AND

DAMAGED ASHLARS £ = |+ « «|ls o & -
S :~l REASSEMBLEL

PILLAR N°13 OUTSIDE AND INSIDE VIEW

BTSBHSGN

REASSEMBLED PILLAR AFTER RESTORATION

R P

DISASSEMBLED PILLAR



E RESTORATION OF THE DAMAGED PILLARS

F—__‘ N
«SCUCI CUCI» ' o :I DISASSEMBLE]
OF THE o NUMBERED
DAMAGED ASHLARS  { - - AND
: ' REASSEMBLEL

——re—

== 1l
L s
A 1A

- {1
i.!.'i!._-_‘.a

REASSEMBLED PILLAR AFTER RESTORATION



PHASE 1 - DATA SOURCES ORIENTATION FOR NURBS GENERATION

Models and scales quality control e A S
i

L2k

30 Suver accuraty O ST

23 m [Poént clood SCAN)

structural analysis (BIMtoFEA) 0 1[”

LU L

PHASE 2 - NURBS SURFACE GENERATION OF WALL OBJECT AND DECAY AREAS

AUTOMATIZ EXTRACTION OF GECRETRIC PRIMITIVES (CURVES AND POINTS| smmep  NURES GENERATION ﬁ WALL OBIECT AND ORTHOPHOTO

30 DAL 4 INNER SPONES 30 LOUE + INNIR PQINTS

The North Wall with the holy door

G
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Models and scales quality control

GOA 1:20 out of plumb

LR L L
enerative modadeling + materials ana

plan 9geometry + materlals 9BIMtoFEA

INTERAAL GROAS FLOOK MTA
srace m ar ﬂt'h
r~ M GENIRATION L
r " oos GNDATION | 7y
BY TRADSTIONAL -
03 TCESS %
. & 1606 ¢ ¢ PR
08 .
1GOG 13-G01 3-2) Kook
m m* m* [thours - b Mees b
MAIN FACADE / M / Wh, 2011 540 o
A ‘
15h, 2007
TOWER 929 190 | LEV.014024140 6h, 2033 10-32 300
&
2h,2017
NORTHWALL ] T ) om0 |  3b3s | so0
A
3h 2017
SOUTH WALL / 941 / 8h, 2013 12-15 500
&
3h,2017
INTERNAL / 537 / 20h, 2013 12-15 %00
NORTH WALL &
ARCHES 3h 2007
INTERNAL / 460 / 15h, 2013 20325 500
SOUTH WALL &
ARCHES 6h 2017
HELL TOWER a7 180 « LEV.DEH02e25 20n, 2013 2530 i
&
15h 2017
APSE 11291 1790 J5 Ev.otes2: 0h, 2013 70-80 500
WALLS &
B5h 07
APSE / 160-190 / 50h, 2013 070 500
VAULTS a
200 2017
CRYPT 97 250 LEV.00=336 60h, 2013 50-60 400
LEV.01=280 & ﬂ
’ 20n 2017
ROOF 36987 1288 LEV.01=2194 120h, 2013 130-140 500 &
A
U 500 2017
Tar, 51000~ | 14000~ 798~ 4090, 2003 522~
16209017

PHASE 1 - DATA SOURCES ORIENTATION FOR NURBS GENERATION

PRIMARY DATA SOURCE - POINTCLOUD SECONDARY DATA SOURCE - 2D AS-FOUND DRAWINGS

SISy CROSS SECTIONS

2-3 mm (Point doud SCAN)

P, il
s fqr tf}élpr&!sérvat o%

mJo

PHASE 2 - NURBS SURFACE GENERATION OF WALL OBJECT AND DECAY AREAS

AUTOMATIC EXTRACTION OF GEOMETRIC PRIMITIVES (CURVES AND POINTS) ﬁ NURBS GENERATION ﬂ WALL OBJECT AND ORTHOPHOTO

3D EDGE + INNER SPLINES 3D EDGE » INNER POINTS

3D MAPPING
(ANALYSIS of MATERIALS)

20 CAD DRAWINGS ORIENTED TO
3D MAPPING

LEVEL OF DETAIL (LOD) INCREASE

PHASE 3 - AUTOMATIC VERIFICATION SYSTEM OF THE GRADE OF ACCURACY

eensams o —
-~ -
Py o w
Y | - e Tt e
) ey v
e ——
—
bt -
3D ZOOM OF 3 e pae [N >
THE POINT SET DEVIATION RESPECT TO THME GOG9/10 NURBS SURFACE onvepry i P -

PHASE 4 - HBIM PARAMETRIZATION AND DATABASE GENERATION

LEVEL OF INFORMATION (LOI) INCREASE

NEW PROPERTIES AND PARAMETERS RELATED TO BIM OBEXCT HBIM DATASASE
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HBIM to support the Conservation Plan
and Planned Maintenance across

the Life Cycle Management (LCM
LT L DD L]
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| " EgJ A = : y by calcarenite large bocks belonging to
———= s ] ] EV T e e ! +
o VOLUNE £ AREA COMPUTAT! | ~ 5 pre-existing fortress
= : | :
B et
|
% MO1 - Cutt stone blocks
|

Dating: 1970 resioration work.
Description: masonvy texture formed by

cut biocks of white and rose calcarenite
stone with regular proportions




Informative Models

HBIM DB Materic analysis
L]

| Surnbal | | Description Layout Texture infarmation
|D-CODE Stone Masonry Walls (M)
W N MO baze x height [cr):
4 I:l 07 - Regular limestone 22, 0:20.0;
. Tag ; blocks mazonry with white 32.0x20.0;
= and pirk color 48.0x200
100
7 Mo2
% kAQZ - Chaotic mazonny baze x height [crm):
o 1 - texture composed by bricks | 22.0:24.0;
T T Lt ahd stone elernents with 34 0=24.0; =
e ; BT R different size 320150
r-------------- e i s - - -
2 D. ? ; N MO03
' MO4 - Regular texture with_1 ! e bt (o
I ! / rA03 - Fough stone blocks E;SDE ;2 ;'g erm): = g
i Masorry with different size St ftngf it 25 ! 73 '
: parallel courses In compact 2.0:320 Gl s sidioi s v s obaf |
| Wiz, 02 RE-SS I ES LR L R B 3 B
a
< I Sq u are I I m eStO n e b I O‘u ké I MO hA04 - Regular texture with basze x height [crm):
| G : l i ¥ | parallel courses in cormpact 19.0x12.0;
L L A u I Ia. m a,SO n r ar) par(a. u S square limestone blocks 23.0:12.0;
— L L L . L & & § ' ' » . . " BB O R" [L*Aguila rnasonry 17.0:10.0
103 apparatusz)
= v - ) Toam—
Tuttl g Il 0 g g ett @ « E Decay DataBase | E Materials-Stone Masonry Walls
prcomn Jo) ID « Legend (Mat: « Type « COD « ID-CODE « ID_ «  « Description
- b"" = 1 Ma Stone Masonry M 101 MO1 MO1 - Regular limestone blocks masonry with white and pink color base x height (cm): 22.0x20.0; 32.0x2(
Cveueisc ol 2 Ma Stone Masonry M 102 M02  MO2 - Chaotic masonry texture composed by bricks and stone elements with different size base x height (cm): 22.0x24.0; 34.0x2:
B3 oecay Database ‘ 3 Ma Stone Masonry M 103 MO3  MO3 - Rough stone blocks Masonry with different size 7 base x height (cm): 57.0x32.0; 22.0x3:
] Materials-Stone Masonry Walls ! 4 Ma Stone Masonry M 104 M04 l MO4 - ngular texture with parallel courses in compact square limestone blocks (L'Aquila masonry apparatus) base x height (cm): 19.0x12.0; 23.0x1.
5 Ma Stone Masonry M 105 MOS MOS - Masonry apparatus with sub-horizontal courses in compact limestone blocks and flakes (1971 addition) base x altezza (cm): 26.0x12.0; 16.0x1
6 Ma Stone Masonry M 106 M06 MO6 - Masonry with irregular stone-blocks and sub-horizontal joints base x altezza (cm): 19.0x12.0; 23.0x1
7 Ma Stone Masonry M 107 MO7 MO7 - Masonry with large square compact and alveolar limestone blocks base x altezza (cm): 53.0%24.0; 31.0x2
8 Ma Stone Masonry M 108 M08 MO8 - Shaped stone elements base x altezza (cm): 57.0x32.0; 22.0x3
9 Ma Stone Masonry M 109 M09 M09 - Regular stone blocks arch
10 Ma Stone Masonry M 110 M10 M10 ~ Stone-blocks masonry with different size (reparation) arch
11 Ma Stone Masonry M 111 M11 M11 - Masonry with compact limestone rough blocks arch
12 Ma Stone Masonry M 112 M12 M12 - Brick masonry arch
13 Ma Stone Masonry M 113 M13 M13- Others arch







Models and scales quality control
AN OPEN BIM-CLOUD PLATFORM: A COMMON DATA ENVIRONMENT FOR DIFFERENT BIM USES

"Ag:j"é‘g:'c SENSORS BIM TIMELINE  MONITORING ANALYSE  SHARING

3 [ 5 S % [ (% (S 1 [ I | 2

B

| SE—

An open BIM-cloud platform:
a common data environment
for different BIM uses. The
bottom-up methodologic
workflow: from building
scale to complex scenarios
(model and information) with
different LOG-LOI

Energy efficiency :

(177 POLITECNICO MILANO 1863
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Complexity matters

P
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. AS-FOUND and AS-DESIGNED BIM
As-design Models

DSS
LR L

AS-FOUND BIM internal view

The different
design solutions

3D simulation

3D SIMULATION - DESIGN SOLUTIONS

TEMPORARY ROOF GROIN VAULT DOME ON PENDENTIVES
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Models and scales quality control
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Models quality control




Intangible values communications by mean of content models

Previous hazards (earthquakes) Different skilled workers capacity building on stone
and damages and marble finishing across the centuries GOA5

)
3 -
P B
)
8
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i
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i, \ A Aa 2 A gt ah % At/




Intangible values communications by mean of content models
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Intangible values communications by mean of content models
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Complexity matters : toward specifications

Toward the definition of specifications

(GOA-LOG)

for the generation, use, re-use and communication
of HBIM Object Libraries

In a Common Data Environment

POLITECNICO MILANO 1863




Models and scales quality control :

turning the LOD LOG from new building to Heritage matters
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIlIIIIIIIIIIIIIlIIIllIIIlIIIIIIIIlIIIIlIIIIIIIIlIIIIIIIIlIIIIlIIIlI

L DATA SOURCES :  CONCEPTUAL MODEL

o ’ |

G o |

0 ! ._’.;41 g

o HISTORICAL MAIN DIMENSIONS ( WIDTH - LENGTH - HEIGHT) SIMPLIFIED MODEL

: RECORDS DIRECT SURVEY - SKETCHES MACRO-TYPOLOGY

LOG100: historical records and Conceptual the LODs and LOGs have been turned as follows: the
S|mp||f|ed models decoded from the object and LOD100 (Pre Design) has been addressed to LOG100

“Conceptual model, historical reports and archives”;

from the treaties
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Models and scales quality control

LLLLLLLELLE L L L L L
| DATA SOURCES - 3D SURVEYING SURFACE BASED MODEL

§ ~ / =, \
: /;.xéf- S “’&:"&

v’ 3
- -~

Pl a0
DR S 1)
| DEanms e
: SN
G | TuwesrmmmAo
P e

2 § ‘{ “ %

o “4; oy

0 PHOTOGRAMMETRY POINTCLOUDS (1) & MESH (2) LUNETTE’S GEOMETRY APPROPRIATE GEOMETRY

ORTHOPHOTO EXTRACTION 2D ;
LOG200 (Appropriate geometry) turned to the LOG200 includes surveying
: Lidar data (i.e. Terrestrial Laser Scanner)

surveying purpose addressed to Support GEOSLAM Based Mobile Mapping Systems:
appropriate geometric an alysis Photogrammetric image blocks: such data are commonly used

Output: (2D-3D plans, sections, fronts), 3D meshes, DTM, TIN, Orthophoto clouds, meshes,
orthophoto, 3D textured meshes, local 2D profiles, plans and sections.
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Models and scales quality control

GENERATIVE MODELLING PROCESS BIM-ENABLE :  SCAN-to-BIM MODEL
L = i I N ' HBIM OBJECT
o e e | 'l
G ey 4A;! Wopinil
: S - i e
3 = S50 BIM-DATABASE
/ HBIM e EE
0 paRAMETERs | T THE T [
3) CLOUD-MODEL STANDARD
0 1) 3D PRIMITIVES EXTRACTION 2) NURBS MODEL nminou&cunvxrunsmwsus_ PRECISE GEOMETRY

LOG300 (Precise Geometry, SCAN-to-BIM model object) (As-found HBIM model). On the left: the
HBIM model generation process adopting different GOAs. LOG300 for the HBIM of St. Bernard’s

chapel star vault models with different Grades of Accuracy correspondent to the scales (GOA20-50-10)
and the data model validation (AVS).

On the right the LOI information process and HBIM parameters with the GOAs attributes
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Complexity matters : THE RESEARCH CASE STUDY (GOA 20 AND 50)

Geometry + Matericity matters GOA 20 INTRADOS GOA 50 EXTRADOS
Grade of Accuracy to properly detect the

geqmetry and [genstruction tachmigues | (111111

Point cloud

WIREFRAME MODEL

& deviation from
circumference
18cm

eumierenes materials +
/ " construction
»1_\) REM.DlA‘lE_!REPﬁOFI!.EI - ) 8} mnysn'esrmom's'r teChr”ques

ORTHOPHOTO
;/ deviation from
o E] LUNETTES PROFILE/ ribs bicks lunettes bricks
m Accuracy to = ibs bric)
T % w 1 | properly : o
> [ 10cm GOA20 : ribs bricks R4 PR
é “‘";‘,‘T—‘f Tr s D lu.\[ru;\:t;»rzf,r.t d eteCt th e y
PARTOF A SEC { / ’

IRCUMFERENCE ' F header
A s geometry + vault bricks
A
L
Y
S
1
S

lunettes




Quality control to HBIMVAULTUBRARY EXCHANGE FORMATS

re-use and share |SEERIEe === 2
content models —[EEEESSECC i THCANY
AENARNRNANRARNANA - 70 metadatn TN

Linked HBIM vault library == =
and its exchange formats ===

GED Sgatial HUB

for LOG 600 though the == |
Geospatial Hub and the — s e e s

BIM based cloud platform | <= T A
(upper). The GeopanAPP | sz — . o L pS B L g

iImplemented  within  the | === T onstuctne Bement o - - e L "
Geospatial Virtual Hub with |l =500 == 8 - - . Ji=— il = s ENVe =
the Vault GEODB and | ‘=&@ms=r == ' e (. + ) A%
linked HBIM object libraries. | S5m = = | 1 [==¢ 18 == o .
Queries based on the | =ms=e = e | : z 1

GeoDB can be performed
correlating the different | Bullding

objects libraries (in this [ &5 R
12 Pawy Monasiery 4990873 1339018 Cooch Ropubific Moed Megion, PRefakd, N.2 (Addres ) Monastory
case the Plazy St. Bernrd s (Ch) - 33101 (Ciy Code
. 1) Kiamantineen Rarogees Library DRl TAAICOL) Croch Regutlic Pragee (Regon) (porens Mald rary
Chapel with some star Stran. 5, e ity 11090 (Ot
vaults in Northern Italy, and STAR VAULTS IN NORTHERN ITALY - PIEDMONT - TURIN

LOG 200

the GOAs information) LOG 200

... .-
- ——— - —
—_—




Models matters: geometry + arrangement + construction technologies rediscovery

Proprieta

o Muro di base

Volta_Scalone

Muri (1)

Modifica t

Lv]

Livello di riferimento

00_Piano Terra

Linea di ubicazione

Superficie di finitura: esterno

Relativo a massa

Offset del livello

0.0000 m [

Delimita il locale
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Testo
02_Structure Trusting Structure
03_Typology Vault

04_Construction Technology

Degenerative

08_Arrangement

Course - Harringbone

10_Materials Bricks
13_Texture A coltello
11_Geometry Circumference
00_ID_Element EL.2
05_Sub-typology

01_Element_nick Stairs - Hall

07_Elements

09_Arrangment description

Arches rotated by 45° to the major axis o... I

12_Building

Palazzo Magio_Grasselli

14_Sub-texture

Single texturing

15_Description EN

Thin pavillion vault degenerative to dome 0

15_Description IT

Volta sottile a padiglione degenerativa ... |

16_Bibliography

06_Room Code

1.26



Models and scales quality control

Non Destructive Techniques NDT > i.e. IRT Infrared Thermal

Bamll 3 ‘similar’ construction solutions obtained on the common
‘cloister’ typology. some details of the 2 deviations: the
Manfredini Hall, Closter - to —Trompe solution (centre),
and the Stair Hall, Cloister-to-Dome-to Trompe corners
(below); Magio Grasselli Palace.
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Models and scales quality control

Geometry to detect the construction phases
L

Treaties roles and theoretical geometry to : :
manage the spatial construction : The geometric model analysis GOA10
Double curvature solid to limit the

centrings

Trompe (Guarino Guarini)
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Models and scales quality control

to detect the construction phases

5. First base band 6. Parabolic rows on cones 6. Parabolic rows on hemispheres 8. Central closing
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Sharing model data > enriched metadata

the added value of vocabularies in the creation of common shared knowledge

ok -

s —— DB Vaults

. The Vault Data Base with the Harrel Voult o ——
Arch and Vault (mixed) different description tables related — [Gaisterto Dome (ceatre) = =F
Barrel Vaulk to the Buildings, the Typologies e A new bulicine [Pt
. and the Historical Phases of the Cloister-Pavillion Vault Add lviswl.icul phn.se.[ol the Tvpoloqfﬂu:ldl'?g
Cloister to Dome (centre) vaulted systems. The DB has g specified buiiding S ERE O
. False Vault . =
Cloister to Trompe (corners) been populated by the HBIM S ki o el e Stuctue
information gathered. sy bitiosical plesss it retencs
1 1 Element vaults
CIU'StE'r UEUIt mfdt:lm viults wnd iron girders Mdncongmclior! elcr:m:m : erl
Cloister-Pavillion Vault tunette i s | | Avangemon. | Materils
Pl Vet G CIlE e ;VSixii_'bb}né;f'y";{biB' s : |
DﬂmE vpm,mw no::c : Add component and specify ’5 Bt il : S
FEIS.E- DDm.E- The VaU|t VocabU|ary Mhl'orcdv::wc Ninbindiciaiabionie, 502 } Geometry 7 Texture { Sub-texture
1 Rt Add a geametric suf and !
False Vault del’lved fl’0m the HBIM hiloom:w&ohed wﬁ(z::,;e,em:':& | Component
. . SaE-Doe ongs ta Component typology
1 1 Star Voult & with lunettes
Frenelli of palace (the Magio Tiombe, CWAGH : Add acack survey s
. : : Umibrella {Dome)
Groined Vault Grasselli Palace in e i P Trr—— e Sa—
Lintel (Filler Tiles) Cremona):
Building
Lowered brick tile vaults and iron girders  the hottom up process b ot < s
Lunette will allow to compare o i
Dth E'r-s d Iffere nt H BI M nodeS PRV Qe & udde o e ae aAddne | e e
- - - L7 Mavy Massaatery oAl ALV Crmeh Repnibde Moeh (Naghon| Fumfabd N (A | M
Pavillion Vault on circular plan within the Hub P . 101
Pendentive Dome e S S s
_ platform.
Planterian Vault Historical Phase
% 1 Fase Description From O koownl To LF Kagwn) Bulding Nickrormme of the M Coritiny % knonw
POLITECNICO MILANO 1863 2 o oy [ e ey Jours
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Models and scales quality control
Quality control to re-use and share

content models

LOG600
As-Built. LLCM, CDE, HUBs

\ = IIS!J__B

D8
A 9 Y »

s

Linked Data to the GEODB HUB

LOG 600: GeoSpatial Virtual Hub with Linked HBIM
iImplementation to manage Object Libraries and a
BIM-based collaborative cloud platform

LOG600:
the work flow of the single object libraries
sharing data by mean of:

<+ GEODB Virtual Hub
s+ Common Data Environment

to support:
= Life Cycle Management and Monitoring

continuously fed up by sensors
= Communication purposes to large public

OLITECNICO MILANO 1863

\ Common Data Environment ‘

' Geospatial semantic based|

\ Spatial-temporal queries|

\ Holistic data sharing \

DB

LOG500

Conservation Site

LOG400
HBIM USES (Conservation Plan)

LOG300

Precise Geometry
Scan-to-BIM model object
LOG200
Appropriate Geometry

3D Survey, data acquisition|

LiveAPP
3D Model
Orthophoto
3D PDF

Cloud platform
Al B
]

LCCM & Monitoring

Communication XR
(MR/AR/VRs) based

<@
i >gf > @ “HBIM

=
%

L0G100 | &
Conceptual model, historical reports, archives | 1D_8

L L] |4 4

@ >®>@
S

Rielaboration

Identification v




ENRICHED CONTENT Models > transferring the complexity

of the knowledge gained toward communlcatlon urposes MR
P =
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Glcarus LAB (4D BIM - HBIM - WEBGIS - SDI)
Geospatial Information Content modeling: Architectural heritage &built
environment, eUrbanAtl@s, Data Surveying

GICARUS

Research group:

Raffaella Brumana - Scientific Responsible, Daniela Oreni - Project Manager, Architectural and Built Environment Content Modelling&Interpreting HBIM, Fabio Roncoroni - Monitoring, - Luigi Barazzetti-
Photogrammetry Mattia Previtali - Laser Scanner ORR GIS, Branka Cuca -WebGlIS, SDI, INSPIRE Fabrizio Banfi - 4D Modelling BIM, Riccardo Valente - Archaeological HBIM, Carlo Savi - IT System Manager
Office: -Glcarus, Surveying&Modelling — Campus Leonardo Via Ponzio, 31 20133 - Milan, lItaly Ph. +39 02 2399 6513

-Glcarus, IC&T Surveying, Surveying&Monitoring - Polo Regionale di Lecco, Via Gaetano Previati 1/c, 23900 Lecco, Italy Ph. +39.02 2399 6534 /8778
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