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= Information model — BIM model
= Graphic data
= Nongraphic data
= Documentation

= Level of Information Needed — LOIN

ISO 19650... Organization and digitization of information about buildings and civil engineering works, including
building information modelling (BIM) — Information management using building information modelling — Part 1-6
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= 360° images

Q9 Greenvale Elementary Main Level

https://matterport.com/discover/space/greenvale-elementary-main-level
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= Scan-vs-BIM
= Manual modelling
= Automated (semi-automated) modelling
" point-to-point, point-to-plane, feature based comparison
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= To verify parts of rough structure (walls, columns, structural openings)

(TLS/ Photogrammctry/“

Data Acqusition

= Enables verification of relative geometry (flatness, regularity or roundness)

\_ Point Cloud :

= Detailed point cloud segmentation (filtration of points not lying on the surface
—e.g., sockets, skirting boards, paintings, etc. )

Walls: location, orientation, coordinates of the corners. height
Rec. Columns: location, orientation, coordinates of the corners,

( ) height
BIM Model Cylindrical Columns: coordinates of the base center, axis

IFC orientation, radius, height
Structural Openings: location (local). coordinates of the corners

= To suppress the dependency on file formats IFC is used R~~~ R e e TR LI TR LA LIIL L

= Statistical characteristics are calculated

As-planned Geometry
Extraction
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TLS / Photogrammetry

Point Cloud

Data Acqusition

Walls: location, orientation, coordinates of the corners, height
Rec. Columns: location, orientation, coordinates of the corners,

( ) height
BIM Model Cylindrical Columns: coordinates of the base center, axis
IFC orientation, radius, height
Structural Openings: location (local). coordinates of the corners

As-planned Geometry
Extraction

Corner Points
A Target Based Registration

= (Transformation)

<
1m.n_| ____________________________________ w---===-
s |
I o Point Cloud Segmentation o
. " I As-built Regression Models : Seed Points — s planm:'d lModcl
g | 7 . (Planes, Cylinders)
T | (Planes. Cylinders)
= | *
1 I ’\, = / =
I~ S As-built \_ Point Cloud
1 & | | Regression (O Subsets )
I | . Models e
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g (Flatness, Regularity, Roundness)
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As-built vs. Regression Model As-built vs. As-planned

Deviation maps
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Data Acqusition

As-planned Geometry
Extraction

Alignment

-

s
Segmentation / Modeling

Comparison ' !

TLS / Photogrammetry

Point Cloud

IFC

Corner Points
Target Based Registration
(Transformation)

Walls: location, orientation, coordinates of the corners, height
Rec. Columns: location, orientation, coordinates of the corners,

( ) height
BIM Model

Cylindrical Columns: coordinates of the base center, axis

orientation, radius, height

Structural Openings: location (local). coordinates of the corners

Point Cloud Segmentation
As-built Regression Models
(Planes. Cylinders)

€ Sced Points

Point Cloud

Agint

d Model

(Pl;ncs, Cylinders)

Regression
Models

Subsets

(Flatness, Regularity, Roundness)

Point Cloud vs. As-built Regression Model

Signed Color Map

As-built vs. Regression Model

Signed Color Map
As-built vs. As-planned

= As-planned geometry extraction

= |FC (Industry Foundation Classes - ISO 16739-1:2018...) neutral exchange
format for BIM models with open specification STEP Physical File (ASCII)

=  Walls —location, orientation, coordinates of the comers, height

=  Rec. columns - location, orientation, coordinates of the comers, height

=  Cylindrical columns — coordinates of the base center, axis orientation, radius, height

= Structural openings — location (local), coordinates of the corner

[B1343= IFCOPENINGELEMENT('069cAVrUTSWBODNYwCoEJm' #42,'Basic Wall:SN.257_WALL_RCO_250:444020'5,'Opening' #1342,#1336,'444020',.OPENING.); ]

i

[#1342= IFCLOCALPLACEMENT(#1274,#1341); in this case #1274 - PlacementRelTo and #1341 - RelativePlacement ]

[01274= IFCLOCALPLACEMENT(#136,#1273); ] #1341= IFCAXIS2PLACEMENT3D(#1339,5,9); ]

[#136= IFCLOCALPLACEMENT(#33,9); ] Iﬁ1273= IFCAXIS2PLACEMENT3D(#1269,#20,#1271); ] [#1339= IFCCARTESIANPOINT((X, Y, Z));]

(#33= IFCLOCALPLACEMENT(S, #146); | [#1269= IFCCARTESIANPOINT((X,2)); |

#20= IFCDIRECTION((X,Y,Z))]] ~ [#1271= IFCDIRECTION((X,Y,2))}

I#146= IFCAXIS2PLACEMENT3D(#6,5,5); I z

(#6= IFCCARTESIANPOINT(0.,0.,0.)); |

PlacementRelTo

CS of the structural openeing

Wall direction

CS of the wall

X
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= Alignment

2 | ( TLS/Photogrammetry,
Z | ,,oim;m, = Point cloud aligned with the BIM model
= Target-based registration
e bl s el *  Characteristic points — wall corners or artificial targets
;: < vt s —>'(.*'...(d.mu T —— =  The registration error directly affects the results of scan-vs-BIM but not the
zf Structural Openings: location (local), coordinates of the corers quahty of relative geometry inSpeCtion

Corner Points
Target Based Registration
(Transformation)

Point Cloud Segmentation
As-built Regression Models < Seed Points
(Planes. Cylinders)

As-planned Model
(Planes, Cylinders)

As-hullt Pomt Cloud
Regression Subsets

_Models ’/
IR, oo o om e e o oo e o o e o w0 ;- - - 1
O e et gaet sl e b aier bt et g b eritin il o et el 1 Py e il e i

|

| | Point Cloud vs. As-built Regression Model
3 : (Flatness, Regularity, Roundness)

|

5 <
. i _____________________ i _________
Signed Color Map Signed Color Map
As-built vs. Regression Model As-built vs. As-planned

Deviation maps
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=  Segmentation / Modelling

g TLS / Photogrammetry .

: "  Preprocessing

= Point Cloud

(=) . . .

= Estimation of normal vectors (if the n vectors are not part of the data) k-NN
g Walls: location, orientation, coordinates of the corners, height - Loca | n O rm a I Va r I atl 0 n (fro m t h e n O rm a I VeCtO rs Of k- N N )
A E Rec. Columns: location, orientation, coordinates of the corners,
°3 eig i i
E g (_ BIM Model _)léyﬁl:drical Columns: coordinates of the base center, axis " Se e d p O ! nt Ca n d I d ate S
E= IFC orientation, radius, height . .
2 Structural Openings: location (local). coordinates of the corners ] M Od e I _d rlve N seg m e ntat | 0 N
T il ) S R RN R L I e ' = Region-growing method

|

| Corner Points

| Target Based Registration
| (Transformation)

=  Model-based method

Alignment '

I
1
1
I
I
L

Point Cloud Segmentation

As-built Regression Models €—— Sced Points (APlarr:cs c ‘li:tl‘:r'se)l
(Planes. Cylinders) S

Segmentation / Modeling

Point Cloud

Regression Subsets
Models

|
|
|
I
|
|
|
|
|
|
|
|
L

|

|| Point Cloud vs. As-built Regression Model
I (Flatness, Regularity, Roundness)
|

Signed Color Map
As-built vs. Regression Model

Signed Color Map
As-built vs. As-planned
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As-built verification — our approach

= Segmentation / Modelling
= Model-driven segmentation

=  Walls - Region-growing method (mod. RANSAC), the seed point is the
closest SPC to the center of gravity of IFC element

| 4
TLS / Photogrammetry

Point Cloud

Data Acqusition

Walls: location, orientation, coordinates of the corners, height

) e o otemason sl of e comens = ]stcrit.: distance threshold, 2" crit.: normal vector orientation
BIM Model Cylindrical Columns: coordinates of the base center, axis
IFC orientation, radius, height

Structural Openings: location (local). coordinates of the corners

As-planned Geometry
Extraction

Alignment '

|

| Corner Points

| Target Based Registration
| (Transformation)

|

I
1
1
I
I
L

Point Cloud Segmentation

As-built Regression Models € Sced Points (APl;r:cs c ‘li:il(:r':)l
(Planes. Cylinders) S

Point Cloud

Regression Subsets
Models

Segmentation / Modeling

|

|| Point Cloud vs. As-built Regression Model
: (Flatness, Regularity, Roundness)
|
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| 4
TLS / Photogrammetry

Point Cloud

Data Acqusition

Walls: location, orientation, coordinates of the corners, height
Rec. Columns: location, orientation, coordinates of the corners,
( ) height
BIM Model Cylindrical Columns: coordinates of the base center, axis
IFC orientation, radius, height
Structural Openings: location (local). coordinates of the corners

As-planned Geometry
Extraction

g |

g | Corner Points

g | Target Based Registration

i | (Transformation)
|

Point Cloud Segmentation
As-built Regression Models
(Planes. Cylinders)

As-pl d Model
(Planes, Cylinders)

€ Sced Points

Point Cloud
Subsets

Regression
Models

|

|| Point Cloud vs. As-built Regression Model
: (Flatness, Regularity, Roundness)
|

i

1 51 !

¢ E Signed Color Map Signed Color Map 1

[ '§ 1 As-built vs. Regression Model As-built vs. As-planned 1

1 &1 e '

5] \_’/— T 1
(=) , 1

= Segmentation / Modelling
= Model-driven segmentation

=  Cylindrical columns Model-based method (Hough transform), the seed
point is the closest SPC to the center of gravity of IFC element

=  axis orientation

= projection onto a plane

= circle modeling (coord. of center and radius)
= endcaps

= |terative estimation — 15t crit.: distance threshold, 2" crit.: normal
vector orientation
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As-built verification — our approach

= Segmentation / Modelling

= |f necessary...

| 4
TLS / Photogrammetry

Point Cloud

Data Acqusition

= e.g., when criterions based on distance threshold and normal vector
orientation are not able to segment the surface inspected

Walls: location, orientation, coordinates of the corners, height
Rec. Columns: location, orientation, coordinates of the corners,

¢ 5 et =  Multichannel (RGB, Intensity, local normal) segmentation using evolving curves
BIM Model Cylindrical Columns: coordinates of the base center, axis
IFC orientation, radius, height

Structural Openings: location (local). coordinates of the corners

As-planned Geometry
Extraction

Alignment '

|

| Corner Points

| Target Based Registration
| (Transformation)

|

I
1
1
I
I
L

Point Cloud Segmentation

As-built Regression Models € Sced Points (APl;r:cs c ‘li:il(:r':)l
(Planes. Cylinders) S

Point Cloud

Segmentation / Modeling

Regression Subsets
Models

|

|| Point Cloud vs. As-built Regression Model
: (Flatness, Regularity, Roundness)
|
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=
= —/ D\
.."'g / . \]
& (\TL& // Photogrammctry_z
< p- N\
S ( 2 )
= \ Point Cloud 4
= TN y

Walls: location, orientation, coordinates of the corners, height
Rec. Columns: location, orientation, coordinates of the corners,
( ) height
BIM Model Cylindrical Columns: coordinates of the base center, axis
IFC orientation, radius, height
Structural Openings: location (local). coordinates of the corners

As-planned Geometry
Extraction

| I
| Corner Points "
| Target Based Registration "
] |
| I

= (Transformation)
i e R v T e o Y Y s Vs et e s 1 e Sy i R e i e e W i
0 Point Cloud Segmentation
z As-built Regression Models €———— Seed Points ﬁi‘;ﬂ:s"'gdlm‘::;
: (Planes. Cylinders) S
-

Point Cloud
Subsets

As-built
Regression
Models

Point Cloud vs. As-built Regression Model

(e oIR ety B olndness) Point Cloud vs. As-planned Model

Signed Color Map
As-built vs. Regression Model

Signed Color Map
As-built vs. As-planned

= Comparison
=  Point cloud vs. as-built regression model
=  Point cloud vs. as-planned model (BIM)
= Tables, deviation maps (signed color maps)
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= Part of a polyfunctional building — NUPPU in Bratislava

LOG 300 - the building element is graphically represented within the model as a specific system, in which the object has specific
guantities, dimensions, shapes, position and orientation

Scanned by Trimble TX5, resolution 1/16 ( 24.5 mm x 24.5 mm / 10 m)

TLS data aligned with the BIM model using surface-based registration and target-based registration (registration error was 8 mm)
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= Part of a polyfunctional building — NUPPU in Bratislava

Segmentation / modeling

= Distance-based criterion: 20 mm

= Normal vector-based criterion: 1°

Point cloud vs. as-planned model (BIM) comparison

n a [] d [mm] min [mm] max [mm] avg[mm]  absma[mm]
1 0.0211 +8 0 +15 +8 15
2 0.0839 -7 -13 -2 -7 13

0.0171

0.0406

+20

+8

+14

+1

+24

+23

+19

+8

24

23

Orthogonal distance [mm]
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= Part of a polyfunctional building — NUPPU in Bratislava
= Segmentation / modeling

= Distance-based criterion: 20 mm
= Normal vector-based criterion: 1°
=  Point cloud vs. as-planned model (BIM) comparison

n min [mm] max [mm] absmax [mm] std [mm]
1 -7 +7 7 2
2 -5 +6 6 2
3 -16 +16 16 4
4 -5 +5 5 2

Distance from the regression plane [mm]




....5TU
soes SVF

Verification of Building Structures Using BIM and Laser Scanning

TECHNOLOGY IN BRATISLAVA
FACULTY OF CIVIL ENGINEERING

A A A A A A A SIS ST

Thank you for your attention

Jan Erdélyi, PhD.

jan.erdelyi@stuba.sk

Slovak University of Technology,

Faculty of Civil Engineering,
Radlinskeho 11, 810 05 Bratislava, Slovakia,
www.svf.stuba.sk
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