2022 Building Performance Modeling Conference and
SimBuild co-organized by ASHRAE and IBPSA-USA
Chicago, IL
September 14-16, 2022

Validation of IFC-based Geometric Input for Building Energy Performance Simulation
Veronika Richter1 , Avichal Malhotra1 , Eric Fichter1 , Anna Hochberger1 ,
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Abstract
Building Energy Performance Simulation (BEPS) plays
a crucial role in planning energy-efficient buildings. For
a BIM-based BEPS in EnergyPlus (E+), semantic geometric data can be obtained from IFC files. Within an
automatic BEPS set-up, incorrect IFC data often lead to
erroneous E+ output files. Due to a persistent lack of
visual validation tools, analyzing the errors related to input data syntax, semantics, and geometry of boundaries
is cumbersome. Therefore, applying automated validation and correction methods, this paper presents a holistic BEPS-specific visualization and validation tool that
considers (1) the input and output data and, (2) the transformation of IFC to E+.

Key Innovations
This study presents a graphically supported geometry
validation tool for IFC-based energy performance simulation using E+. It includes
• an open-source interoperable IFC validation & correction workflow,
• a graphically assisted E+ input data validation, and
• the validation of the IFC to E+ input transformation
process.

Introduction
Within the design phase of a building, the state of the
art is still to perform static calculations for determining
the building’s energy demand. These calculations, however, neglect the dynamic effects that are created by using renewable energies and varying internal loads. Analyzing the dynamic energy use of a building requires dynamic calculations, where BEPS is a standard method.
BEPS requires geometric and semantic building information for generating a Building Energy Model (BEM).
Due to the high manual effort required in setting up a
BEM, BEPS is rarely considered during the early phase

of building design. A suitable data format capable of
storing all the information required for the BEM drastically reduces the effort needed for the set-up of the BEM.
Subsequently, this format could increase the usage of
BEPS and assist an energy-efficient design of buildings.
For the interoperable exchange of building data required
for the BEM on a building scale, the open data formats
Green Building XML (gbXML) and Industry Foundation
Classes (IFC) were developed (Malhotra, Frisch, and van
Treeck 2019). gbXML is an exchange format that was
developed to support the data exchange from Computer
Aided Design (CAD) to BEPS, currently supported by
several authoring tools for Building Information Modeling (BIM) (Green Building Studio 2021). Nevertheless,
the gbXML format neglects some parameters required
for the description of Heating, Ventilation and Air Conditioning (HVAC) systems (van Treeck, Wimmer, and
Maile 2018).
However, within the design phase of a building wherein
stakeholders collaborate with various software tools,
IFC, standardized in ISO 16739, is an open data exchange format that contains data throughout the lifecycle
of a building (ISO 16739-1 2018).
Although the IFC schema itself allows storing all required geometric and semantic information, the Space
Boundary (SB)1 data within IFC files often contain incorrect semantic or geometric information (Richter et al.
2021; Ying and Lee 2021). After conversion to BEPS
input, e.g., for E+ using parser and mapping tools, a
simulation cycle usually starts with multiple simulation
crashes, error-log analysis, and high effort in detecting
the errors within the building geometry. Therefore, the
validation of SB data is required before transforming
this data to a BEM. While some pre-simulation validation tools exist, these are often limited to syntax checking and rarely consider geometric relationships between
1 Space Boundaries (SBs) are the heat transferring surfaces between
thermal zones with different temperatures within a building (Fichter
et al. 2021).
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surfaces.
Detecting geometric errors within the input data presents
a challenge. While some geometric errors, such as
collinear and coincident vertices of boundaries, can be
automatically determined, detecting semantic or consistency errors usually requires additional geometric information. Common IFC viewers do not display SBs but
only the boundaries’ relating space. Therefore, localizing a faulty SB requires high manual effort.
By combining a multi-stage algorithmic error analysis
with a visualization approach, this paper supports a future automatic correction of SB errors. This paper also
focuses on the validation of transforming IFC SBs into
E+ inputs files, i.e. into an EnergyPlus Input Data File
(IDF) format. The semi-automatic correction of the observed errors is, as a prototype, integrated for demonstrating the feasibility of integrating algorithms as previously presented by Richter et al. 2021.

State of the Art
This study addresses the workflow from the BIM2SIM
Project (Jansen et al. 2021). In this research project,
IFC4 is transformed to E+ models for further use in
BEPS. The transformed data models can also be used
for simulations related to Computational Fluid Dynamics (CFD) and HVAC. For BEPS, second-level SBs
(IFC4: IfcRelSpaceBoundary2ndLevel) are used (Fichter
et al. 2021). Other previous studies (Bazjanac 2009;
O’Donnell et al. 2011; Mediavilla, Sebesi, and Philips
2018; Giannakis et al. 2019; Patel 2020; Ramaji, Messner, and Mostavi 2020) only focus on the transformation
of IFC to E+, and are often still addressing IFC2x3.
Error Categories
Recent research showed that the SBs in IFC files used
for the transformation to BEM often contain errors (Ying
and Lee 2017; Mediavilla, Sebesi, and Philips 2018;
Fichter et al. 2021; Richter et al. 2021). These errors can
be categorized into four main categories (1) syntax, (2)
semantic, (3) geometry, and (4) consistency (Ying and
Lee 2021). When transforming IFC SBs for BEPS, geometric requirements may differ for E+. Herein, the geometrical definitions are often stricter compared to the
IFC Standard. Some differences within the definitions
can be referred on the basis of the number of an opening’s vertices, convexity, or the representation of inner
loops within surfaces (Richter et al. 2021).
Handling Errors in IFC and E+
Strategies for handling those erroneous SB surfaces in
IFC files vary in literature. The first option is to re-

new the SBs within the given IFC file c ompletely. Although several algorithms (van Treeck and Rank 2007;
Rose and Bazjanac 2015; Lilis, Giannakis, and Rovas
2017; Fichter et al. 2021) are available, however, the
generation of new SBs might still produce faulty boundaries. The second option is to validate the quality of
SBs (Lilis, Giannakis, and Rovas 2015; Ying and Lee
2017; Ying and Lee 2020; Ying and Lee 2021; Krijnen et al. 2020) as a base for manual correction within
an IFC SB authoring tool (e.g., Revit, Archicad). Although the FZKViewer (KIT IAI 2021) does include
some inbuilt validation and correction algorithms such
as collinear point detection, the representation of SBs is
limited (e.g., no individual selection of SBs, no detailed
view of SBs vertices or surface normals). Ying and Lee
2021 developed an mvdXML for syntactic validation as
well as a prototypical GUI providing some geometrical
SB checks. As a third option, the proposed research subject provides methods for a (semi-)automatic correction
of geometric errors and is currently less common in the
related research. Lilis, Giannakis, and Rovas 2015 propose an algorithm for fixing S B s urface o rientations of
closed shells within their study on general IFC correction. Richter et al. 2021 propose correction algorithms
specifically for the transformation of IFC to E +. These
correction algorithms remove coincident and collinear
vertices from SB polygons. Up to now, no IFC viewer
is known that visualizes SBs on a vertex level.
For E+ input data files ( IDF), o nly a f ew t ools a re currently available for validating input files g enerated by
different authoring tools prior to using them in the simulation execution tool. EnergyPlus (EnergyPlus 2021)
includes an inbuilt method to check the schema compliance for value limits, invalid choices, and invalid references. The full schema compliance is checked during the simulation run. Although the errors and warnings from the internal simulation pre-processing and runtime are logged within the error files, l ocating a n error
in the model based on the log file i s time-consuming.
This is due to a lack of a model viewer visualizing the
errors. Furthermore, erroneous surfaces must be spotted separately using a suitable viewer, such as OpenStudio. In OpenStudio, however, a visualization that displays the geometric details causing these errors is not
supported. Using SketchUp with the Euclid plugin2 for
EnergyPlus slightly improves the visualization of the E+
model compared to OpenStudio. It provides some inbuilt
input fixing algorithms (e.g., surface orientation correction), where the applied changes cannot be followed by
2

Big Ladder Software LLC, www.bigladdersoftware.com/

projects/euclid/, accessed 2022-03-23.
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the user. With SketchUp as a base, Euclid relies on a
commercial software, which is limited in interoperability
with other authoring tools. In Euclid, space boundaries
are placed on the centerline of walls to correctly “intersect and match” corresponding walls. The SB position in
IFC space boundaries is located on the surface of walls,
so the algorithm provided by Euclid is not applicable.
Transformation Validation
Related research is sparse for the validation of the IFC to
E+ transformation itself. Ramaji, Messner, and Mostavi
2020 evaluate the resulting space and building element
volumes of IDFs generated from different sources. Another common validation approach within the development of BEPS tools is the validation using ASHRAE 140
(Neymark et al. 2020) which states an acceptable range
of the simulation results for given use cases. Richter
2019 evaluates the impact of geometric inaccuracies and
errors in E+ input using various metrics, distinguishing
between multiple granularity levels. However, the mentioned approaches do not analyze the transformation of
IFC SBs in detail.
Research Gap
The related research revealed that neither the suitable
tools for a detailed validation and correction of SBs
are available nor for detailed visualization. Hence, this
study proposes a validation tool that includes validation
and correction algorithms from related research (for IFC
and IDF) supported by a detailed visualization. Furthermore, the proposed tool also supports the validation of
the transformation from IFC to E+.

Methodology

Geometric Validation
The methods for geometric validation and correction are
partially adapted from Ying and Lee 2021, further extended by methods from Richter et al. 2021 and novel
methods for automatic correction of errors detected during validation. An overview on the geometric validation
and correction methods is given in Table 2.
In the context of geometric validation, the algorithm for
automatically correcting collinear and coincident vertices of SBs (Richter et al. 2021) is adapted (Table 2
(G2)). As opposed to the original algorithm, the new
algorithm is executed repeatedly using the list of valid
vertices as inputs until no invalid vertices can be found.
The repetition ensures that the resulting vertex list does
not contain any collinear or coincident vertices once the
other vertices are declared as invalid.
The algorithm for validating the airtightness of spaces
(Table 2 (G2)) is comparatively less complex and computationally more efficient than the previously published
ray-tracing algorithm (Ying and Lee 2020). The proposed algorithm evaluates the airtightness of spaces by
determining free edges after topologically sewing all its
SBs together. By applying the sewing operation, faces
sharing a common edge are topologically connected.
The remaining free edges are considered as a base for
visualization in the prototype and for an automatic correction of gaps within the SBs.
The validation of surface normal orientations of individual SBs is implemented as described by Ying and Lee
2021 (Table 2 (G1)). Prerequisite for the surface normal validation is that the boundary belongs to a closed
shell. Thus, gaps within the space (Figure 1) must be
filled (e.g., by an airtightness validation and correction).

Existing SB validation and correction algorithms are
combined and extended focusing on BEPS in E+. The
methods used in this paper are categorized in the geometric validation, semi-automatic correction, and transformation validation.
Syntax Validation
The methodology for syntax validation is adapted from
Ying and Lee 2017. The changes towards Ying and Lee
2017 are threefold as shown in Table 1: (S1) additions
and (S2) corrections to adapt to the IFC4 standard, and
(S3) additional assumptions made in the presented paper. See the IFC4 data schema for details on the space
boundary syntax3 .
3 buildingSMART,

IFC4, https://standards.buildingsmart.
org/IFC/RELEASE/IFC4/ADD2/HTML/link/ifcrelspaceboundar
y.htm, accessed 2022-04-01.

Figure 1: Validation of surface normal orientation: All
gaps (red) within a space must be closed (space must be
airtight), before the surface normal orientation of a SB
(blue) can be validated.
To validate if the surface normal ⃗n points outward of the
space, a point p on the respective surface is moved along
the direction of the surface normal ⃗n by a small distance
(e.g., 10 mm) and named p′ . If the point p′ lies out-
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Table 1: Additions, corrections and additional assumptions to Ying and Lee 2017 within the syntax validation.
(S1) Additions to Ying and Lee 2017 due to IFC4
IfcRelSpaceBoundary.RelatingSpace
IfcRelSpaceBoundary.InternalOrExternalBoundary
IfcRelSpaceBoundary.ParentBoundary
IfcRelSpaceBoundary.CorrespondingBoundary
(S2) Corrections of Ying and Lee 2017 due to IFC4
IfcRelSpaceBoundary.RelatedBuildingElement
IfcRelSpaceBoundary.ConnectionGeometry

IfcConnectionSurfaceGeometry.
SurfaceOnRelatedElement
IfcCurveBoundedPlane.OuterBoundary
(S3) Additional assumptions in the presented tool
IfcRelSpaceBoundary.InternalOrExternalBoundary
IfcRelSpaceBoundary.ConnectionGeometry.
SurfaceOnRelatingElement

Can reference not only IfcSpace but also IfcExternalSpatialElement
Can be not only EXTERNAL or INTERNAL but also EXTERNAL EARTH, EXTERNAL WATER, EXTERNAL FIRE
Must reference IfcRelSpaceBoundary1stLevel
Must reference IfcRelSpaceBoundary2ndLevel and checks whether
corresponding boundaries are referencing each other
Referencing IfcElement (mandatory) instead of IfcBuildingElement
No longer referencing IfcConnectionSurfaceGeometry but IfcConnectionGeometry with the subtypes IfcConnectionSurfaceGeometry and IfcConnectionCurveGeometry
Must not be NULL but may provide the surface geometry within the
local coordinate system of the related IfcElement
No longer referencing IfcPolyline but IfcCompositeCurve
Should never be NOTDEFINED (but could be according to IFC4)
Could not only reference IfcCurveBoundedPlane but also IfcFaceBasedSurfaceModel for which is deprecated in IFC4 and should no
longer be used. Therefore it is assumed that only the IfcCurveBoundedPlane will be referenced.

Table 2: Geometric validation and correction methods.
(G1) Methods similar to existing methods
Simple polygon validation (Ying and Lee 2021)
Surface normal validation (Ying and Lee 2021)
Convexity validation (Richter et al. 2021)
(G2) Improved methods compared to existing methods
Collinearity, coincidence validation (Richter et al. 2021)
Airtightness validation (Ying and Lee 2020)
(G3) Novel correction methods
Collinearity, coincidence correction
Surface normal correction

side the space polyhedron, the surface normal⃗n correctly
points to the outside of the space. The small distance
must be larger than the model’s precision to identify if
the point p′ is outside the space correctly. If the space
polyhedron is non-convex and the distance is chosen too
large, p′ may be inside the space even if the surface normal is correctly pointing outward the space.
Supervised Automatic Correction
The previously introduced validation methods are further
extended for a supervised automatic correction. While
correcting collinear and coincident vertices, new surfaces are created using the valid vertices (Table 2 (G3)).
Moreover, fixing the gaps within the space surrounding
boundaries requires an addition of new SBs to the model.

Here, free edges from the validation stage can be converted into individual SB surfaces. To add these new
SBs to the model, deriving their complete set of semantic information is required. For this derivation of semantic information, the existing validation algorithms can be
reused (Ying and Lee 2020). Using the validation results
from surface normal validation, the surface normal orientation can be fixed by rearranging the space boundary
defining polygon (Table 2 (G3)).
IFC to IDF Transformation Validation
For validating the transformation of IFC into IDF, the
proposed method focuses on evaluating the building geometry, i.e., the geometrical representation of SBs. The
granularity and metrics for validating the transformation
are adapted from Richter 2019. Using this approach, the
building geometry is analyzed on a global building- and
individual zone-level to gain insights into the roots of
observed errors using Root Mean Square Error (RMSE)
and Normalized RMSE (NRMSE). In addition, the total number of boundaries and type mismatches are also
evaluated.

Implementation
The implementation of the IFC/IDF viewer relies on the
assessment of the validation purposes. For validating the
transformation process of IFC to IDF, three use cases can
be distinguished:
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Figure 2: An overview of the user-interaction workflow for single validation and the transformation validation.
(A) Single validation of IFC files before transformation
to IDF,
(B) Single validation of resulting IDF files before simulation in E+, and
(C) Validation of the IFC to IDF transformation.
The python-based IFC viewer provided by IfcOpenShell
2021 is used as a basis for the implementation of the presented tool.
Figure 2 gives an overview of the basic user-interaction
processes in the three different use cases. The single
validation cases (A) and (B) require similar visualization, validation, and correction methods. Nevertheless,
the underlying algorithms mainly differ due to schemespecific variances. Case (C) requires an application setup
assisting in evaluating the consistency of an IFC to IDF
transformation. The user-interaction workflow begins by
a selection of the applicable workflow in the start menu.
Single Validation and Correction
In the single validation and correction viewer, individual
IFC or IDF files can be evaluated with a comparatively
higher geometric granularity. The main idea of validation and correction relies on a detailed visualization of
errors that can serve as a base for supervised correction.
Figure 3 displays the developed viewer for single validation and correction after a complete collinearity and
airtightness validation. The entire building is displayed
within the viewer along with a detailed error report underneath. From the building model, individual surfaces
can be selected manually for dynamically displaying the
corresponding surfaces. Within the viewer, a treeview
(on the left) highlights the detected errors (in red). Once

an element in the tree or from the building viewer is
selected, the validation result is displayed (graphically)
along with a detailed report (of the selected surface).
The errors from the validation stage are highlighted on
the specific surfaces. Individual surfaces can be displayed for the validation of collinear and coincident vertices (Figure 4). Invalid vertices can be removed automatically within the correction mode. However, it requires a manual acceptance by the user. This functionality enables the user to perform a supervised automatic
correction, while being aware of the modeling issues.
Within the validation and correction of a space’s airtightness, the resulting free edges are highlighted in a detailed
view (Figure 5). Besides the individual vertices, the surface normals can also be displayed in the viewer (Figure
6). Here, the normals are depicted as a cone within the
selection view. To evaluate the orientation of the surface
normal, the relating space is additionally shown with a
higher transparency.
For the implementation of surface normal validation, an
airtight shell forming the space as reference is required.
For the validation of IFC files, the shape of an IfcSpace
is defined in the IFC schema to be a closed polyhedron
forming a closed shell. Thus, the IfcSpace shape can be
used for further validation, assuming the shape of the IfcSpace is defined according to the IFC schema and does
not contain errors. In the IDF file, the individual thermal
zones do not have their one representation. The reference space has to be constructed from the individual SB
enclosing the space. In case of a non-airtight space, the
resulting space shape is not a closed shell. In this case,
the space shape needs to be converted to a closed shell
before a validation of IDF surface normals is possible.
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Figure 3: Case (B), appearance similar to Case (A): An overview of the single validation and correction viewer. The
tabular treeview (left) highlights the valid surfaces (in green) and invalid surfaces (in red). The selected surface is
displayed in the detailed view (right), where invalid vertices are colored in red and valid vertices in green.
Based on the free edges revealed from airtightness validation, faces that are filling the gaps inside the shell are
added to the original shell formed by the original SBs
(cf. Figure 1). After sewing all faces together, the surface normal of the IDF can be validated.
Transformation Validation
The developed IFC to IDF transformation viewer (Figure 7) displays the thermal zones and their bounding surfaces of IFC and IDF side-by-side. The application displays the IFC treeview and geometry in Section 1 and 2,
and the IDF geometry and treeview in Section 3 and 4,
respectively. Below the two geometry panes in Section 5,
the transformation validation report is placed, where the
validation results are displayed once the transformation
is evaluated.

Validation
The presented methods are tested and evaluated using
state-of-the-art IFC4 and E+ input data files. As use
case for demonstrating the validation capabilities, the
FZK Haus (IFC4) is used, further referenced as B1. The
FZK Haus was created using the authoring tool Archi-

CAD and is provided by the Institute for Automation and
Applied Informatics (IAI) at the Karlsruhe Institute of
Technology (KIT). The use case IDF file, further referenced as B2, is generated by applying the BIM2SIM tool
(Jansen et al. 2021) to the B1 IFC4 file.
Within the single validation and correction of B1, the
syntax validation detected five errors by not referencing IfcElements as RelatedBuildingElement. Relating to
collinearity and coincidence, seven errors are detected.
All errors in collinearity and coincidence can be automatically corrected. The validation of surface normals
detected 62 incorrectly oriented normals, while only 19
surface normals are considered as valid. Figure 8 displays one of these invalid surface normals.
Since the majority of the surface normals point into the
space, there seems to be a systematic error in B1 in the
definition of the surface normals. Nevertheless, 19 surfaces are evaluated to have valid surface normals. Most
of these valid surface normals appear to be openings such
as the window depicted in Figure 9.
The surface normal validation algorithm is not applicable in this case, since the opening surface is not part of
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Figure 4: Workflow of validation and automatic correction of a SB including non-validated vertices (blue),
valid vertices (green) and invalid vertices (red), which
are either collinear or coincident.

Figure 5: Highlighted gaps (red) within a space from
airtightness validation.

Figure 6: Surface normal visualized by a cone pointing
in the direction of the normal (blue =
b non-validated).
the enclosing shell of the B1-IfcSpace-Representation.
Thus, the method applied by Ying and Lee 2021 does

not apply. Two options apply here: either, to check with
a preliminary validation algorithm if all surfaces are directly bound to the shape of the space, or, to increase the
distance for moving the point along the surface normal
to the thickness of the walls.
The airtightness validation revealed four non-airtight
spaces in B1. The errors in airtightness can be corrected
by adding gap-closing SBs.
For the complete building and individual spaces, the errors detected in transformation validation are displayed
using the RMSE (in Table 3). The errors are computed
based on the RelatedBuildingElement of the B1 SB and
the corresponding types in the B2 building surfaces. The
volumes of B1 and B2 show a small RMSE of 2.34 m2 ,
which represents an NRMSE of 0.5 %. The RMSE of
the sum of all opaque surface areas (neglecting the surface types) is zero. Overall, the surface areas of the B1 to
B2 transformation seem to match well. However, a more
granular analysis of the surface types still reveals errors.
A further investigation of the errors within the area per
surface type is performed. The RMSE on the building
scale shows an error of 38.33 m2 (NRMSE = 14.1 %) for
walls, 32.33 m2 (NRMSE = 11.9 %) for floors and ceilings, and 36.6 m2 (NRMSE = 100 %) for virtual boundaries. Since no error occurrs in the analysis of the opaque
surfaces (where surface types are neglected), the errors
per surface type must result from a mismatch of surface
types in the transformation for which the origin cannot
be determined only by evaluating the RMSE.
The absolute count of boundaries by type is stated in Table 4 for Space 1, 5, and 6 in B1 and B2. The comparison of these counts assists in observing the reason for the
previously observed significant errors in the RMSE per
surface type. The input IFC file contains two virtual SBs
in each of the spaces. These spaces are not represented
as virtual bounds in B2 but are labeled as walls or floors
with an air wall construction. IFC schema specifications
lead to this difference in boundary definitions. However,
these differences do not lead to a severe error within the
simulation process. Moreover, both Space 1 and Space 5
contain SBs that do not have a related building element.
This is a semantic error that causes a mismatch of surface
types, leading to a non-zero RMSE. This semantic error
should be detected by semantic validation of B1 before
the conversion process to obtain B2 is started.

Discussion
Validation tools for transforming and visually analyzing
geometric errors supporting an IFC-based pre-simulation
investigation are not publicly available. In this paper, the
presented validation and correction platform addresses
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Figure 7: Case (C) - Transformation validation viewer containing 5 sections: (1) IFC Treeview, (2) IFC Geometry, (3)
IDF Geometry, (4) IDF Treeview, and (5) Transformation Validation Report. Colors added for highlighting purposes.
Table 3: Transformation Validation of the FZK Haus: RMSE of the surface areas and volumes of B1 to B2 surface
transformation in the individual spaces. ‘No RelBuildElem’ contains the error of surfaces, which do not have a
‘RelatedBuildingElement’ in B1. ‘Opaque’ contains the RMSE of the sum of all opaque surfaces within each row.
RSME
Building
Space 1
Space 4
Space 5
Space 6
Space 7

Volume
m3
2.34
0.90
0.35
0.32
0.00
0.78

Wall
m2
38.33
10.76
0.00
16.06
11.51
0.00

Floor
m2
32.33
0.72
0.00
15.80
0.00
15.80

Roof
m2
0.01
0.00
0.00
0.00
0.00
0.01

the current availability gap for E+ input files. The commercial modeling tool SketchUp with the Euclid Plugin
cannot transparently handle and fix the errors originated
in an IFC to E+ process, and is not suited to be integrated
in an interoperable simulation workflow. Contrary to the
validation tool of Ying and Lee 2021, the developed tool
focuses on the visualization and correction of errors. Using the tool, an erroneous boundary can be evaluated in
the geometric context of its surrounding spaces. The automatic correction of the collinear and coincident vertices proved that minor errors in the IFC do not necessar-

Opening
m2
0.18
0.00
0.00
0.00
0.00
0.18

Virtual
m2
36.60
9.03
0.00
16.06
11.51
0.00

No RelBuildElem
m2
34.06
2.46
0.00
15.80
0.00
15.80

Opaque
m2
0.00
0.00
0.00
0.00
0.00
0.00

ily require cumbersome corrections in the IFC authoring
tool. Along with validating the transformation of IFC
to E+ input data files, the presented tool also enables
the user to evaluate the transformed geometry. Transformation errors are narrowed down by combining metrics,
such as RMSE, NRMSE, boundary appearance, and surface type matches. It is planned to publish the developed
IFC/IDF tool as open-source.
In the current state of development, several limitations
exist. As this study primarily focuses on visualizing geometric errors along with validating the transformation
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Figure 8: Invalid surface normal of a wall visualized by
a red cone pointing inside the space.

Figure 9: False valid surface normals of an opening
surface. Surface normal (green cone) points inside the
space (top) but a look from the side of the space (bottom) reveals that the opening surface is not placed on
the shape of the space.
Table 4: Validation of transformation method of the FZK
Haus, absolute number of boundaries in input IFC (B1)
and output IDF (B2). Differences between IFC and IDF
are highlighted. Abbreviations: No RelBuildElem (NR),
Virtual (V), Opening (O).
Space 1
Space 5
Space 6

File
IDF
IFC
IDF
IFC
IDF
IFC

Wall
9
5
5
3
5
3

Floor
4
3
3
2
2
2

Roof
0
0
0
0
0
0

O
4
4
3
3
2
2

V
0
2
0
2
0
2

NR
0
3
0
1
0
0

algorithms, only a limited number of methods are currently implemented, e.g., syntax validation adapted from

Ying and Lee 2017. For IFC, the implementation of
validating syntax, semantics, and consistency are considered from the currently available research. For E+
input data, the syntax validation will be, in future, automated while evaluating the corresponding E+ schema
(.idd file). As the E+ input validation is currently limited
to IDF files, in future, this will be extended to validate
epJSON data models (E+ input in JSON format). The
automatic correction of the detected errors can be further
extended with an enrichment of missing boundaries, if
detected by airtightness validation, including an export
of the corrected IFC and IDF data. Furthermore, testing
with much more complex buildings, generated using different authoring tools, is also required. Rigorous testing
of the tool is also necessary for reducing a bias of the
proposed methods considering the modeling approaches
of a single proprietary software. In the presented implementation, the IFC to IDF transformation validation
relies on specific keys. Currently, the GlobalIds of the
original IFC file are used to match the boundaries with
the IDF. Each IfcSpace of the IFC file represents a thermal zone in the IDF, such that the number, position, and
geometry of spaces match. In further research, individual SBs and zones shall be matched based on their positions, such that SB names can be arbitrarily chosen and
the individual spaces within the resulting E+ input data
can be merged. In general, the computational efficiency
and performance of the tool can be further improved by
using parallel computations for all parts of visualization,
validation, and correction.

Conclusion
The presented methods contribute to an automated data
transfer in IFC-based BEPS along with a multilevel validation of the model’s quality. This study improves the
(cluttered) text-based geometric error collection method
by adding a detailed geometric visualization. Besides
validating the IFC4 input files, the proposed open-source
tool also provides a geometry-based validation approach
for E+ inputs. The validation of the IFC to E+ input
data transformation is supported by a viewer that displays both the models and the geometric errors alongside. With a supervised automatic error correction for
both IFC and E+ input, this paper also looks at future
development possibilities, thereby, increasing the interoperability of IFC and IDF data models.
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Beetz, 337–347. Cham: Springer International Publishing.
Ying, Huaquan, and Sanghoon Lee. 2017. “A
Framework for Rule-Based Validation of IFC Space
Boundaries for Building Energy Analysis.” Edited
by Ken-Yu Lin, Nora El-Gohary, and Pingbo Tang,
Computing in Civil Engineering 2017. Reston:
American Society of Civil Engineers, 110–117.
Ying, Huaquan, and Sanghoon Lee. 2020. “Automatic
Detection of Geometric Errors in Space Boundaries
of IFC-BIM Models Using Monte Carlo Ray Tracing Approach.” Journal of Computing in Civil Engineering 34 (2): 04019056.
Ying, Huaquan, and Sanghoon Lee. 2021. “A rulebased system to automatically validate IFC secondlevel space boundaries for building energy analysis.” Automation in Construction 127:103724.

© 2022 ASHRAE (www.ashrae.org). For personal use only. Additional reproduction, distribution,
or transmission in either print or digital form is not permitted without ASHRAE's prior written permission.

297

