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Aims

Unite both data carriers
In a harmonized storage format
By extending the IFC schema

Introduce a binary serialization format for IFC
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IFC and point clouds anno 2014

#1=IFCCARTESIANPOINTLIST3D((121.76123809814453,-78.45201110839844,-13.620319366455078),
(121.80341339111328,-78.57342529296875,-12.835342407226562), (121.7803726196289,-78.34296417236328,-
13.846855163574219), (121.78942108154297,-78.3430404663086,-13.734870910644531), (121.78864288330078,-
78.33686065673828,-13.621849060058594), (121.79190826416016,-78.33324432373047,-13.50927734375),
(121.80005645751953,-78.33274841308594,-13.397228240966797), (121.82268524169922,-78.3357925415039,-
13.173797607421875), (122.14295196533203,-78.85536193847656,1.7720565795898438), (122.14188385009766,-
78.8489990234375,1.8842010498046875), (122.1812515258789,-78.74574279785156,1.8790130615234375),
(2.644031524658203,-14.406140327453613,1.1417999267578125), (2.628744125366211,-
14.345318794250488,1.1577377319335938), (3.482269287109375,-17.248559951782227,-1.4286651611328125),
(3.32574462890625,-17.086864471435547,-1.4688568115234375), (3.4234485626220703,-15.845314025878906,-
1.2468643188476562), (3.449533462524414,-15.883966445922852,-1.211181640625), (3.5097713470458984,-
15.58512020111084,-1.1186370849609375), (4.405935287475586,-14.289386749267578,-1.1261444091796875),
(4.405914306640625,-14.280056953430176,-1.0434646606445312), (4.378328323364258,-14.243566513061523,-
1.0649948120117188), (5.349382400512695,-14.975531578063965,-0.90240478515625), (5.226930618286133,-
14.915581703186035,-0.9336929321289062), (2.618467330932617,-10.692724227905273,-1.2475967407226562),
(2.5753402709960938,-10.5256929397583,-1.2720489501953125), (2.642486572265625,-10.534729957580566,-
1.2680206298828125), (2.5160579681396484,-10.395642280578613,-1.3473358154296875), (2.638456344604492,-
10.48128890991211,-1.3255081176757812), (2.763673782348633,-10.58719539642334,-1.269317626953125),
(2.4005050659179688,-10.004755973815918,-1.3596649169921875), (2.8383045196533203,-10.220603942871094,-
1.3677139282226562), (2.854219436645508,-10.277368545532227,-1.3037109375), (2.8745193481445312,-
10.280534744262695,-1.2966690063476562), (2.851787567138672,-10.229779243469238,-1.3521499633789062),
(2.974489212036133,-10.0681791305542,-1.234466552734375), (1.8945045471191406,-10.313359260559082

Technische Universiteit
e Eindhoven
University of Technology




IFC and point clouds anno 2014

Points for improvement:

No per-point attributes, such as colors, etc.

No level of detail

No explicit means for decomposition

No metadata, such as scanner model, etc.

No way to extract localized subsets

Slow to parse and leading to exorbitant data sizes
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Proposed structure

A schema extension
with point cloud compression techniques

that deepens the semantic relation between points and
building elements.
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Proposed structure

Three layers of compression:

- Project points into bounded parametric space

- Reduce the dimensionality of points by grid discretization
- Transparent compression on a file format level (HDF5)
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Proposed structure

Cartesian coordinates offer:

An easy and intuitive way to
store point cloud data.

Intended for geographic features
or unassociated points unrelated
to building element.
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Proposed structure

Parametrization

Associated points described
in the parametric space of
building surfaces.

Three components {u,v,w}
required, but the range of
values is bounded and can be
more efficiently encoded.
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Proposed structure

Height fields

TFCA4.IfcGrid UAxes = { IFC4.IfcLine

\
IFC4.IfcOffsetCurve2D

\
IFCA IfcOffsetCurve2D }

TfeGridOffsetList

{u,v} components
defined as the
intersection of grid
axes.

Per point only one
component needs to
be stored.
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Proposed structure

Floating point discretization

(0.8482145585275755,0.4089384818729891,0.8027061702482456,0.11449717768247669)
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Proposed structure

Floating point discretization

(0.8482145585275755,0.4089384818729891,0.8027061702482456,0.11449717768247669)

R
R
R
R

(55587, 26799, 52605, 7503)
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Proposed structure

Floating point discretization

(0.8482145585275755,0.4089384818729891,0.8027061702482456,0.11449717768247669)

R
R
R
R

(55587, 26799, 52605, 7503)

((55587,26799,52605,7503) ,65535)
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Proposed structure

Floating point discretization

(0.8482145585275755,0.4089384818729891,0.8027061702482456,0.11449717768247669)

R
R
R
R

(55587, 26799, 52605, 7503)

((55587,26799,52605,7503) ,65536)
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Proposed structure

kIFCAL. Icheometrw‘cRepresentation\temj

. . Attributes L[0:7]
2, 3 IfcPointCloudAttribute

LevelOfDetail

p—
IFC4.IfcLabel o--------—--------
———

P—
IFC4. IfcElement
——

IfcPointCloud IfcPointCloudElement

T
Coordinates
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Proposed structure

kIFCAL. Icheometrw‘cRepresentation\temj

. . Attributes L[0:7]
2, 3 IfcPointCloudAttribute

LevelOfDetail

p—
IFC4.IfcLabel o--------—--------
———

P—
IFC4. IfcElement
——

IfcPointCloud IfcPointCloudElement

T
Coordinates

<

P ————
IFC4. IfcCartesianPointList
"
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Proposed structure

kIFCAL. Icheometrw‘cRepresentation\temj

. . Attributes L[0:7]
2, 3 IfcPointCloudAttribute

LevelOfDetail

p—
IFC4.IfcLabel o--------—--------
———

IFC4. IfcElement

IfcPointCloud IfcPointCloudElement

FIFCA. IcheumetricRepresentaﬁunItemj

T
CDUrT_ates
T T T T T T T I T T |
| : | J,
! |
! IfcPointCloudCoordinateSelect Surface .

| ! croint-oudtoordinateselac | 4*IFC4.IfcRectangularTnmmedsurfacei
N |

|' . WMaxOffset P ——

(ABS) IfcParametervaluelList d IFC4. IfcLengthMeasure
———1

l

WMinOffset
d IFC4.IfcLengthMeasure

<

I

P ————
IFC4. IfcCartesianPointList
"

1 . . Values L[1:7] L[3:3] P ——
—d IfcContinuousParametervalueList q_IFC4. IfcParametervalue
e —— |

WampleWidth [iecer]
INTEGER|
VsampleWidth -
INTEGER

— IfcDiscreteParametervaluelist UsampleWidth
-\NTEGER

Values L[1:7] L[3:3]
INTEGER]
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Proposed structure

kIFCAL. Icheometrw‘cRepresentation\temj

. . Attributes L[0:7]
2, 3 IfcPointCloudAttribute

LevelOfDetail

p—
IFC4.IfcLabel o--------—--------
———

IFC4. IfcElement

IfcPointCloud IfcPointCloudElement

FIFCA. IcheumetricRepresentaﬁunItemj

T
CDUrT_ates
T T T T T T T I T T |
| : | J,
! |
! IfcPointCloudCoordinateSelect Surface .
| ! croint-oudtoordinateselac | 4*IFC4.IfcRectangularTnmmedsurfacei
N |
. WMaxOffset P ——
(ABS) IfcParametervaluelList d IFC4. IfcLengthMeasure
———1
WMInOffset P —
{ e tecanesianpomt it | dFCa et engtmeasure )
" eee—|
k\FC:L \chEumetricREpresentaﬁunItemj 1 . . Values L[] L[3:3]
l —d IfcContinuousParametervalueList q_IFC4. IfcParametervalue
e —— |
—q
WSsampleWidth
[——————————] MaxOrthogonalOffset -\NTEGER
IFC4.IfcLengthMeasure o VSamnleWidth I
. . ampleWi
[————————] MinOrthogonalOffset (18s) tfcGridoffsetList INTEGER]]
IFC4. IfcLengthMeasure jo — IfcDiscreteParametervaluelist .
[— USampleWidth
Tieoridseiento— % | e
I 11fcGridSelec
[ ————— Values L[1:7] L[3:3] -
I INTEGER]

4
P —

IFC4. IfcGrid
] bFCtt.\cheometricRepresentationItemj

'Spacing
FC4.IfcParametervalue Jo

m

ISpacing
IFC4.IfcParameterValue jo
IfcDiscreteGridOffsetList IfcContinuousGridOffsetlist

I NumVAxes

u

IfcsurfaceGrid

INTEGER

T
Offsets L[1:7] L[1:7]

I I
I NumUAxes SampleWidth ffsets L[12] L[1:7]

INTEGER
P ———

&
IFC4. IfcParameteryalue
————————

Location

&
IFC4. IfcPointOnSurface f& INTEGER

III
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Proposed structure

(A4BS) IfcDiscreteMormalizedRatioMeasureList

r=F == =-=-=========
2,3(1) o :_Ich'DintClnudAttribute:

e oo T kIFCﬁf.Ifc:GEDmetricREpresentatinnItemj

Yalues L[1:7] L[3:3] SampleWidth L[3:3]

g |fcDiscreteDirectionList tlFC-d-.lfCCDlDUnghLiStj

IfcDirectionList

|INTEGER|| |INTEGER||

g IfcDiscreteColourRGBLIst DirectionList L[1:7] L[3:3]

kIFCﬁf. IfcP arameter\-faluej
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Serialization in HDF5

HDF5 is a:

hierarchical, binary data format

for heterogeneous data

stored according to self-documenting data types

with b-tree indexes and transparent compression.

It is an open standard and an

EXPRESS-HDF5 mapping is standardized as 1SO 10303-26.
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Serialization in HDF5

BF HDFViewz 21

Eile Window Tools Help

Recent Files [J:\sre\ifepc\Plan3D_Haus30_PREVIEW_NEW_plus_pc.ifc.hdf ~| Clear Text

|3J2|EHH3DEEEUS30|,$REV|EW,NEW,D|US,DC-ifC-hdf =] B Aggr_CoordList 640482 at /Haus30_population/IfcCartesianPointList3D_ob
+ @Haus opulation
*DIchan&a?ionfobjects T4 ®Aggr_CoordList_642342 at /Haus30_populat| Table
=@ |fcApplication_objects Tabl Il
~@ IfcArbitraryClosedProfile Def_obiects Lane | |
=@ |fcArbitraryOpenProfileDef_objects .
-@|fcArbitraryProfileDefWithVVoids_objects T [0.0 . [162448185667157 0 1 2
=@ |fcAxis2Placement2D_objects
L : — 1 2 0 |-1.62...]14.30..[7.215...
02:][ggglgﬁepalr?éﬁ;%eigézzggIt:tliec?g‘jsects 10 FI.OYUTUITO0DUTZD | 14.07...7.U0Y... 1 |-1.88..114.35...[7.200...
~@ |fcBuildingElementProxy_obijects 19 |-1.64800431001544 |14.62..7.041... 2 |1.58...14.36..(7.193...
¢ icBuiIdjngStoreyﬁot’J.jects H 20 |-1.34185869274497 14.46...3.887... 3 |-1.51...14.33..[7.212..
*DC'éCuEi‘lg'i':é”%i}gggf'ns‘fances 21 |-1.59475541096985 |14.61...7.051... 4 144 1431 7214
+ @|fcCartesianPointList3D_objects 22 -1.21008224394679 14.32...7.211... 5 |-1.57...114.47..|3.875...
©Aggr CoordList 640482 23 |-1.64368387691438 |14.66...7.017... 6 |-1.51...114.40..[7.169...
©Aqqr CoordList 642342 24 |-1.26442228970349 |14.38..7.178... 7 |-134. 1429 [7.213..
L DJé“aii’ﬁ?j,ﬁ"oﬁ,?{”Lﬁ;f;?ti’*'”“a”m 25 |-1.69073089292526 |14.76..14.594... 8 147 1447 3879
=& |fcCartesianTransformationOperator3D_objects 26 |-1.28278520133436 14.40...7.167... 9 |[1.36...14.34...[7.205...
~@lfcCircleProfileDef_objects 27 -1.16013553691506 14.31...7.211... 10 |-1.61...114.51..|7.104...
=@ lfcCircle_objects 28 [-1.38014954840123 [14.50...7.107... 11 |-1.85.. 11456 |7.079..
:g:}gg:gz:ggﬁgﬁnaggﬁfs 29 |-1.11986037054718 [14.29..7.212... 12 16111453 [7.00.
=@ [fcColourRgb Bbjécts 30 |-1.49387919616222 |14.60...7.054... 42 120 1429 79114
=@ lfcColumnType_obiects 31 |1 20835817205191 1437 |7 183
+QlfcColumn_objects 5 [fcBuildingStorey_instances at /Haus30_population/IfcBuildingStorey_objects/ [Plan3D_Haus30_PREVIEW _NEW... @ M
=@ |fcCompositeCurveSegment_objects
=@ [fcCompositeCurve_objects Table
=@ |fcConnectionSurfaceGeometry_objects 0-based
=@ |fcConversionBasedUnit_objects : 5
- & IfeCurveBoundedplane. objscts | 0. Gl...163TSFuni1 ShtdMPxSLkRs 5
=@ fcCurveStyleFontPattern_obiects set_u... Entity... Globalld Owne...Owne... Name Desc... Obje...| Obje... Ob
:E:IggﬂngmzFggjtg;l;]ects 0 [935 115 [1c3TSFyqi1$htdMPxSUkBs 63 0 Ebene -1 51 1
=& [fcDerivedUnitElement_obijects 1 1935 121 1c3TSFyqj1$htdMPxSVmhC |63 0 Eingang 51 2
~QIfcDerivedUnit_objects ) 2 1935 127  [1c3TSFyqji1$htdMPxSUk4R 63 0 Ebene 0 51 3
=@ |fcDimensionalExponents_objects | 3 (935 133 [1c3TSFyqj1$htdMPxSUK9R 63 0 Ebene 1 51 4
=@ |fcDirection obiects - 4 lanc PEYS A AT miA AR A ~n A = A a =
Agar_CoordList_640482 (4623476, 2)
64-bit floating-point, 187552 x 3
Number of attributes = 0
Log Info | Metadata
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Serialization in HDF5

File Window Tools Help
2d eas

[Recent Files [J:\sreifcpe\Plan3D_Haus30_PREVIEW_NEW_plus_pc.ifc.hdf ~| clear Text

|312|ZH3DEEEUS3OF$REV|EW,NEWJlUS,DC-ifC-hdf = i intl i i # Aggr_CoordList_640482 at /Haus30_population/IfcCartesianPointList3D_obj

+ @Haus opulation i = !
f»olchanc?tagon*objects T4 ®Aggr_CoordList_642342 at /Haus30_populat| Table (1 :
-@ |fcApplication_objects 1 Table

@ fcArbitraryClosedProfileDef_objects

o i i i 1 ,‘

T SifeAmiraryProfleDeMithVolds. objects 00 20013553691506 |14.31° 1 | 2
"DlchxisZPIacementZD_objects 7215 |
-G lfeAisZPlacementsD_objcts £1.38014954840123 [14.50...7.10%% 50"

> g {;cEo%ganECiIippin%Ft)?esultf%pjeits |

[ @ifcBuikingStorey, objects. 29 1-1.11986037054718 (14.29...7.212...%
Ichui.IdingSt.oreyfinstances

el ookt £ 30 |-1.49387919616222 |14.60...7.054...
@ Agar GoordList 642342 31 |-1 20835817205191 114 377 183
IfcCartesianPointList3D_instances = . . L

il kbl R B IfcBuildingStorey_instances at /Haus30_populatic

@ lfcCircleProfileDef_objects
~@ |fcCircle_objects /A Table

@ |fcClassification_objects
-@lfcClosedShell_objects

-@lfcColourRgb_objects 4 ‘
>~ lfcColumnType_objects ; 1 =

=@ |fcColumn_objects : I 0‘ GIH C3TSFVGI1$hfdeXSUkRQ _PREVIEW_NEW... @ &

=@ |fcCompositeCurveSegment_objects|
- @ |fcCompositeCurve_objects
=@ |fcConnectionSurfaceGeometry_objg 0-based

e e g i set_u... Entity... Globalld 2
-SIfCneShicRont ohccs 935 115  [1c3TSFyqj1$htdMPXxSUKBs [ - o=
Uil 935 121  [1c3TSFyqj1$htdMPXSVmhC | 2

935 127  [1c3TSFyqj1$htdMPxSUk4R / z

935 133 [1c3TSFyqj1$htdMPxSUKOR /

=@ |fcDerivedUnitElement_objects
faYol ~d ANN ATy ey g A

@ |fcDerivedUnit_objects
@ |fcDimensionalExponents_objects
=@ |fcDirection obiects

/Aggr_CoordList_640482 (4623476, 2)
64-bit floating-point, 187552 x 3
Number of attributes = 0

AR oN=

)OONAO

7

| Log Info ‘ Metadata }
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Serialization in HDF5

HF HDFViewza:

Eile Window Tools Help

[Recent Files [J:\srcifcpe\Plan3D_Haus30_PREVIEW_NEW_plus_pc.ifc.hdf -] Clear Text
B?JZlanaits)agaUSSO,EREWEW,NEW,FNUSJJC-ifC-hdf = ; i : B Aggr_CoordList 640482 at /Haus30_population/IfcCartesianPointList3D_ob|
*DIchancFajtggglr?flggje . . T4 ®Aggr_CoordList_642342 at /Haus30_populat| Table
- IfcApplication anClippingFx: Table

=@ IfcArbitra

~srewwouildingElementProxy~ (fn | '0 s
om ffcBuildingStorey objects ——

1 5 -162..14.30..7.215..,

0
oF_' .[fCBu"d'ngStorey ]nstance 10 FI.09UTUITo0dUTZ0 | 14.07...[/.U0Y... -1.68.../14.35._7.200. ..

19 -1.64800431001544 14.62...7.041... 1.58...114.36...17.193...

fQ [fcBuilding_objects 20 |1.34185869274497 |14.46...3.881... 151, 14337212,
8 IfcCartesianPointList3D_obiec \§; i Sictemisiere s 1o | & Lror e o
# Aggr_CoordList 640482 |23 |-1.64368387691438 |14.66...7.017... 51 1440 7189

. 24 |1.26442228970349 14.38...7.178... -
@Aggr CoordList_642342 25 |-169073089292526 14.76.4.594.. ot

g 26 | 1.28278520133436 14.40...7.167... -
[fCCﬁI"tGS]GﬂPO]FItLISt?)D inst; 27 |-1.16013553691506 |14.31..7.211... 190 _1:;?:1:2?:;?82:
0lcharteSIanPomt_objects / 28 |1.38014954840123 14.50...7.107... 1 165 14567079,
D|chartes]anTransformationor 29 |-1.11986037054718 |14.29..7.212... 12 161 1453 709

30 |-1.49387919616222 |14.60...7.054... 42 l42n 1429 [7914

*mf |ch]rclePr0f||eDef ObjeCtS 31 |1 20835817205191 1437 7 183

[

o |~o o s |lw b= |o

7 |fcBuildingStorey_instances at /Haus30_population/IfcBuildingStorey_objects/ [Plan3D_Haus30_PREVIEW_NEW... g B
-airechgCircle_objects =
=@ lfcCom| . Lable
@ licConnes ssification_objec 0-based
- @ IfcConversion — - =
~ B ifeCurveBoundedriamS ['0. Gl..[163TSFyai1$htdMPYSUKRs S|
~QlfcCurveStyleFontPattern_obijects set_u... Entity... Globalld Owne...Owne... Name Desc... Obje...| Obje...| Obj
:E:]ﬁggﬂxggglgFgg}gggem 0 [635 115 [1c3TSFyqjiShtdMPxSUkBs 63 0 Ebene -1 51 |1
& IfeDerivedUnitElement_objects 1 /935 121 [1c3TSFyqj1$htdMPxSVYmhC 63 0 Eingang 51 2
=@ IfcDerivedUnit_objects ) 2 935 127 1¢3TSFyqj1$htdMPxSUK4R 63 0 Ebene 0 51 3
-0 lfcDimensionalExponents_objects | 3 [935 133 [1c3TSFyqj1$htdMPxSUK9R 63 0 Ebene 1 51 4
> |fcDirection obijects A2 A lear PEYN A AT A i A A APl L ~n A = ~ 4 =

Aggr_CoordList_640482 (4623476, 2)
64-bit floating-point, 187552 x 3
Number of attributes = 0

Log Info | Metadata
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Implementation

A prototypical implementation is provided using only
open source components, such as:

IfcOpenShell,

hspy,

Point Cloud Library (PCL),
e57lib,

NumPy,

Scipy and

OpenCascade
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The dataset for this experiment consists of a professionally
modelled IFC file and subsampled point cloud scan of
roughly 15 million points.
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IFC building data and point clouds serialized as SPF and HDF

1024

896

768

640

512

File sizes (MB)

384

256

128

< 12.9M points

0

file format e5

parametrization
fp precision

B |FC building element data
Bl Unassociated points

[ Associated points ]
1 Binary blob

[ Intensity data

=
©
o
=

< 2.31M | 10.6M points

< 2.31M | 7.75M points
< 2.31M | 1.19M points

<2.31M | 10.6M points
< 2.31M | 7.75M points
<2.31M | 1.19M points

< 12.9M points

< 2.31M | 10.6M points

< 12.9M points
< 2.31M | 10.6M points

< 2.31M | 7.75M points

< 2.31M | 7.75M points
<2.31M | 1.19M points

<2.31M| 1.19M points

< 2.31M | 7.75M points
< 2.31M | 1.19M points
<2.31M | 1.19M points

fp discretization
compression

o 1 2

7 spf spf

19 20 21 22 23 24

-‘4
[0 0]
©
—
o
—_—
—_—
—
\V]
—
w
—
B
—
[$))
—_—
(o)}
—
~
—_—
(oo}

3 4 5 6
hdf hdf hdf hdf spf spf hdf hdf hdf hdf spf spf hdf hdf hdf hdf spf spf hdf hdf hdf hdf
- - - - uvd uvd uvd uvd uvd uvd 20 20 20 20 20 20 100 100 100 100 100 100
64 64 32 32 - - 64 64 32 32 - - 64 64 32 32 - - 64 64 32 32
- - - - d4 - d - d - d - d - d - d - d - d

- gzip - gzip - - - - - - - - - -



IFC building data and point clouds serialized as SPF and HDF

IFC building element data
Unassociated points
Associated points A
Binary blob
Intensity data

1024 —— —
.
N
896 - ==
1
1
768
640
o
=
S -EB
@ £
GNJ 512} 3
n =
2 o
i § e v
384 = = g s 2
™ 0w B o
N2 ™ € a @ = g8
g %) v g % k= g‘) = » 1]
S £ = o 8 =~ 8 £ £
256] & 8 S = = s ~ 8 8
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IFC building data and point clouds serialized as SPF and HDF
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IFC building data and point clouds serialized as SPF and HDF
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IFC building data and point clouds serialized as SPF and HDF
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IFC building data and point clouds serialized as SPF and HDF
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IFC building data and point clouds serialized as SPF and HDF
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IFC and point clouds anno 2014

Points for improvement:

No per-point attributes, such as colors, etc.

No level of detail

No explicit means for decomposition

No metadata, such as scanner model, etc.

No way to extract localized subsets

Slow to parse and leading to exorbitant data sizes

Technische Universiteit
e Eindhoven
University of Technology

1-9-2015 PAGE 42



IFC and point clouds anno 2015

Points of improvement:

3B per-point attributes, such as colors, etc.
55 level of detail

= explicit means for decomposition

“ etadata, such as scanner model, etc.
zZeway to extract localized subsets

\\
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Efficient to parse and ﬂle sizes under industry standard
point cloud formats.

Technische Universiteit
e Eindhoven
University of Technology
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IFC and point clouds anno 2015

[H pythonOCC-0.16.0 3d viewer ('pyqt4’ backend) - = Elil

[

Technische Universiteit
e Eindhoven
University of Technology

1-9-2015 PAGE 44




IFC and point clouds anno 2015

https://github.com/DesignSystemsEindhoven/IFCPointCloud

Technische Universiteit
e Eindhoven
University of Technology

/ name of department 1-9-2015 PAGE 45




Extending IFC with point cloud
data
eg-ice 2015
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