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1 INTRODUCTION 

1.1 Background 

Building Information Modelling (BIM) is being in-
creasingly implemented in the infrastructure sector 
within the Architecture, Engineering, and Construc-
tion (AEC) domain (Bradley et al. 2016). This calls 
for the peculiarities common to the infrastructure do-
main to be introduced to the established workflows, 
processes, and data models previously only focusing 
on the building sector (Borrmann et al. 2019).  

One of the most important pieces of information 
about any AEC object is its location and orientation 
in the three-dimensional (3D) space – the placement 
of its coordinate system (CS) within some geometric 
context. This is usually modelled by providing the ob-
ject’s Cartesian coordinates and rotation angles in the 
geospatial context or relatively to another object’s 
placement (Jaud et al. 2020a).  

Infrastructure assets are not residing on small par-
cels but rather span multiple kilometres connecting 
cities and industry across the globe. As such, the no-
tion of linear placement has been introduced to spec-
ify the position of objects along a linear axis, as op-
posed to providing the Cartesian orthogonal 
coordinates. Such an axis is usually defined in the 
global CS and is declared a (curvilinear) coordinate 
axis with the stationing coordinate uniquely denoting 
locations along it. This unique concept has been 
standardized by the International Standardization Or-
ganization (ISO) in ISO 19148 (2012). 

For example, consider the two-dimensional (2D) 
placement of the stations’ local CSs (x,y)i along the 
railway line as shown in Figure 1. These CSs can be 
expressed by specifying the Cartesian position of 
each origin and axes’ rotations in the global CS (X,Y) 
as is usually the case in the building domain.  

However, more naturally to the infrastructure do-
main, first the railway’s main curve is defined within 
the global CS (X,Y). This curve in turn defines the 
curvilinear axis of the linear CS. The stations’ CSs 
(x,y)i can then be placed in the curvilinear CS with (i) 
their stationing coordinate representing the distance 
along the curvilinear axis, (ii) offsets from the main 
curve, and (iii) rotation of the axes defined. Note that 
the example is shown in the 2D plane, but it is simi-
larly valid in the 3D space. 

 

Figure 1. Railway track (black line) defines a curvilinear CS. 
The four stations (SPQR) have their CSs defined in this CS with 
their stationing coordinate (distance along the line), their offsets 
from the line, and rotations of CS’s axes (Jaud et al. 2020a). 
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1.2 Problem Statement 

It is clear that data models need to integrate the 
concept of linear placement to support infrastructure 
workflows. In this paper, we take a closer look at one 
of the most prominent vendor-neutral data schemas 
Industry Foundation Classes (IFC) defined in ISO 
16739 (2018). We critically look at how this concept 
has been introduced in the frame of the recent exten-
sions and explore alternatives. 

1.3 Methodology 

We follow the Design Science Research methodology 
(Peffers et al. 2007). 

1. Problem identification and motivation (Sec-
tion 1.1). 

2. Definition of objectives for a solution (Section 
4.1). 

3. Design and development of artefacts solving 
the problem (Section 4.2). 

4. Demonstration of suitability of developed arte-
facts to solve the problem (Section 5). 

5. Evaluation of the solution by comparing the 
objectives and obtained results (Section 6). 

6. Communication of the obtained results (this 
paper). 

1.4 Structure of the Paper 

The paper is structured as follows. Section 1 presents 
our motivation, the problem statement, and our meth-
odology. Section 2 briefly summarizes related work. 
Section 3 presents the necessary theoretical back-
ground, describes the IFC standard, and the modelling 
of placement concepts for the problem at hand. Sec-
tion 4 lists the issues of the current IFC model and 
describes a new solution. Section 5 showcases its ap-
plication to two case studies. Section 6 concludes the 
paper with a brief discussion. 

2 RELATED WORKS 

The concept of linear placement has been thoroughly 
addressed by the Open Geospatial Consortium (OGC) 
and standardized in ISO 19148 (2012). It specifies a 
conceptual schema for locations relative to a one-di-
mensional (1D) object as measurement along (and op-
tionally offset from) that object. The specification is 
implemented in the Geography Markup Language 3.3 
(GML) standard (OGC, 2012). 

There are three central concepts for specifying a 
linear position defined: (a) the linear element being 
measured along, (b) the measure values (captured by 
a distance expression) specifying the distance along 
and optionally offset from the linear element, and (c) 

the method of measurement. Furthermore, in the case 
where the linear element is a curve in the 2D or 3D 
Cartesian space, the standard defines the relationship 
between a linear position and a point in the Cartesian 
space of the curve with the interface LR_ISpatial. 
This interface defines two functions that allow the 
transformation between the linear position and the 
Cartesian position, which must be implemented by 
the linear element (ISO 19148, 2012). 

During recent years, projects conducted by build-
ingSMART International (bSI) have expanded the 
well-established IFC data model for infrastructure fa-
cilities. The concept of linear placement has been 
tackled by the IFC Alignment project and a first pro-
posal was included in version IFC4x1 (Liebich et al. 
2017). These definitions were reused and built upon 
by subsequent projects, e.g. IFC-Bridge (Borrmann et 
al. 2019). The definitions were successfully used by 
Esser & Borrmann (2019), who converted data from 
PlanPro and RailML data models into IFC and place 
railway signals along a railway axis. 

The currently running project “IFC Infrastructure 
Extension Deployment” (Jaud et al. 2020b) has 
brought inconsistencies in the modelling of linear 
placement within IFC to light. Additionally, multiple 
issues have been reported by the software vendors 
participating in the project. These issues and their res-
olutions are addressed in this paper. 

3 THEORETICAL BACKGROUND 

Since the AEC industry operates in the 3D world, we 
limit our consideration to the 3D Euclidean space ℝ3. 
Additionally, we only consider right-handed, orthog-
onal CSs. We assume that the engineering CS of the 
project has an already defined relationship with the 
geospatial context as described by Jaud et al. (2020a). 
Thus, there exists a global engineering CS (X,Y,Z) 
within which all other placements reside. 

3.1 Placement 

The main purpose of placement is to specify the posi-
tion and orientation of a CS relative to another CS, 
i.e. to define the relationship between the origin and 
target CSs. In this sense, the origin CS describes the 
local CS of the object which is placed within a global 
CS. For easier notation, we define (x,y,z) as the coor-
dinate axes of the origin CS and (u,v,w) as the coor-
dinate axes of the target CS. The transformation func-
tion f connecting these CSs needs a clear definition:  

[
𝑢
𝑣
𝑤

] = 𝑓([
𝑥
𝑦
𝑧

]) . (1) 

Following Equation 1, [uO,vO,wO]T = f([0,0,0]T) 
are the coordinates of origin CS’s Point of Origin 
(PoO) in the target CS.  



Additionally, we define g(t) as a C0 continuous 
curve in the target CS: 

𝑔(𝑡) =  𝑎 + 𝑏𝑢(𝑡) + 𝑐𝑣(𝑡) + 𝑑𝑤(𝑡) , (2) 

with parameter 𝑡 ∈ ℝ uniquely determining a point on 
the curve and {𝑎, 𝑏, 𝑐, 𝑑} ∈ ℝ. 

We explore three major possibilities of placement 
as used in the AEC domains in the next subsections. 

3.1.1 Orthogonal Placement 
The so-called 7-parameter Helmert transformation 
{𝑢𝑂 , 𝑣𝑂 , 𝑤𝑂 , 𝛼, 𝛽, 𝛾, 𝜆} connects two Cartesian CSs as 
shown in Figure 2 (Jaud et al. 2020a):  

[
𝑢
𝑣
𝑤

] = [

𝑢𝑂

𝑣𝑂

𝑤𝑂

]  +  𝜆𝑅(𝛼, 𝛽, 𝛾) [
𝑥
𝑦
𝑧

] , (3) 

where 𝜆 denotes the factor between the Unit of Meas-
urements (UoM) of both CSs, and R defined as: 

𝑅(𝛼, 𝛽, 𝛾) =

[

𝑐𝛾 𝑐𝛽 𝑐𝛾 𝑠𝛽 𝑠𝛼 + 𝑠𝛾 𝑐𝛼 −𝑐𝛾 𝑠𝛽 𝑐𝛼 + 𝑠𝛾 𝑠𝛼
−𝑠𝛾 𝑐𝛽 −𝑠𝛾 𝑠𝛽 𝑠𝛼 + 𝑐𝛾 𝑐𝛼 𝑠𝛾 𝑠𝛽 𝑐𝛼 + 𝑐𝛾 𝑠𝛼

𝑠𝛽 −𝑐𝛽 𝑠𝛼 𝑐𝛽 𝑐𝛼
]

 (4) 

where c and s stand for cos and sin, respectively. 

Figure 2. Visualization of the Helmert transformation between 
two Cartesian CSs from Equation 3 (Jaud et al. 2020a). The 7 
parameters are shown in red. 

 

3.1.2 Grid Placement 
The grid placement is usually used in architecture, 
where the columns are placed on a grid-like arrange-
ment throughout the building as shown in Figure 3. 

The grid is represented with an array of non-colin-
ear curves gi(t). A chosen intersection of two curves 
gi(t) and gj(t) with i≠j defines the origin CS’s PoO 
and the transformation follows Equation 3. 

3.1.3 Linear Placement 
The linear placement is a commonly used method for 
specifying the location and orientation of objects 
within the realm of long infrastructure assets such as 
roads and railways. Here, objects are placed relative 
to the main alignment of the road or railway, which 
represents a curvilinear coordinate axis as shown on 
Figure 4. This axis fulfils the requirements for a linear 
element as defined in ISO 19148 (2012). 

The origin CS’s PoO is defined in a chosen point 
along the curve with the transformation following 
Equations 2 and 3. 

Figure 3. Visualization of the parameters of grid placement as 
usually defined in AEC domain: the grid axes are defined in 
w = 0 plane, i.e. w1(t) = w2(t) = 0, with wO being defined sepa-
rately to define 3D location. 

Figure 4. Visualization of the parameters of linear placement: 
g(t) represents the curvilinear axis in 3D space along which a 
location can be uniquely defined with parameter t. Additionally, 
the tangent g’(t) at the chosen t is exemplary shown. 



3.2 IFC Data Model 

This section presents the concepts from Section 3.1 as 
they are incorporated in the IFC 4.3 Release Candi-
date 1 (IFC4x3_RC1) published by bSI (bSI, 2020a). 
This version has been superseded by the Release Can-
didate 2 (IFC4x3_RC2), which includes the changes 
as reported in this paper (bSI, 2020b). 

For easier reading, we adopt CamelCase notation 
for IFC entities. The diagrams are drawn with EX-
PRESS-G notation as specified in ISO 10303-11, An-
nex D (ISO 10303-11, 2004). 

3.2.1 Geometric Representation 
Figure 5 shows a diagram of the most important geo-
metric entities used for implementing the concept of 
placement in IFC. Base entity for any geometry in 
IFC is the IfcGeometricRepresentationItem. From it, 
entities for points, curves, surfaces, and solids are de-
rived as IfcPoint, IfcCurve, IfcSurface, and IfcSolid, 
respectively, with their subtypes.  

Figure 5. EXPRESS-G diagram of geometric representation en-
tities from IFC4x3_RC1 that are important to our study.  

 
The abstract super class IfcPlacement encapsulates 

the semantics of placement as stated in Section 3.1. It 
provides (a) the coordinates of the PoO in its Location 
attribute, and (b) the orientation of the CS axes 
through its derived classes’ attributes RefDirection 
and Axis (Figure 5, bottom).  

In order to support the notion of specifying a point 
along a curve, IfcDistanceExpression was introduced 
in IFC4x1 (see requirement (b) from ISO 19148 de-
scribed above). The entity also enables to optionally 
offset the point from the curve with longitudinal, lat-
eral and vertical offsets as presented in Figure 6.  

Additionally, IfcOrientationExpression was intro-
duced to define the orientation of a CS relative to a 
curve with attributes LateralAxisDirection and Verti-
calAxisDirection (Figure 5, left). 

Figure 6. One way of determining a point along a linear element 
with distance along and an offset vector (ISO, 2012).  

 
As it is usually required for railway engineering, 

the main axis incorporates lateral inclination in its 
definition (also called cant). This is modelled in IFC 
with IfcLinearAxisWithInclination that references a 
curve IfcCurve together with the inclination profile 
IfcAxisLateralInclination (see Figure 5, right). 

3.2.2 Object Placement 
Each IfcProduct’s geometry (e.g. walls, columns, 
courses, etc.) can be placed in the geometric context 
by specifying its ObjectPlacement attribute. For this, 
an entity of type IfcObjectPlacement must be used 
(see Figure 7 and Figure 8, top right).  

There are three deriving entities, each encapsulat-
ing one of the placement possibilities as described in 
subsections 3.1.1-3.1.3. A placement using Cartesian 
coordinates as shown in Figure 2 is modelled as 
IfcLocalPlacement, which allows for 2D or 3D local 
placement (Figure 7, right). Its attribute Relative-
Placement conveys the coordinates of the origin CS’s 
PoO as well as its orientation in space. The scale fac-
tor remains 1 as all IfcLengthMeasure instances 
within one IFC file have the same UoM specified 
globally.  

Figure 7. EXPRESS-G diagram of object placement entities 
from IFC4x3_RC1 that are important to our study.  

 
The grid placement is modelled as IfcGridPlace-

ment (Figure 7, bottom) which allows for specifying 
the 3D location, but only one rotation, i.e. around z-
axis (𝛼 = 𝛽 = 0). The PoO is specified by an inter-
section point (IfcVirtualGridIntersection) of two grid 
axes (IfcGridAxis). The x-axis of the origin CS is de-
fined with the direction from the PoO to another in-
tersection point or a direction in the grid’s context. 



Linear placement is modelled with IfcLin-
earPlacement (Figure 7, top) which combines an 
IfcCurve as the curvilinear axis together with an 
IfcDistanceExpression to obtain a unique point on the 
axis with optional offsets from the curve resulting in 
the PoO. The orientation of the CS is determined us-
ing an attribute of type IfcOrientationExpression. The 
deriving IfcLinearPlacementWithInclination allows 
to account for the lateral inclination (i.e., cant) of the 
curvilinear axis supporting the railway domain. 

All placements have an optional attribute Place-
mentRelTo, which allows to chain placements and 
thus establish their intertwined dependencies. 

3.2.3 Positioning Element 
IFC models the geometric context of positioning ele-
ments with the entity IfcPositioningElement and its 
derivates (Figure 8, top center). The data model in-
cludes a constraint (a WHERE rule) on the inherited 
optional attribute ObjectPlacement that makes it non-
optional. Thus, it is ensured that a positioning element 
always has an assigned placement within the geomet-
ric context of the model. 

The IfcGrid comprises 2 or 3 lists of unique grid 
axes used for positioning in IfcGridPlacement: 
UAxes, VAxes, and optional WAxes. These are then 
referenced by the placement entities as described in 
Section 3.2.2. 

The IfcReferent can be used a placeholder for ad-
ditional information along a linear element. For ex-
ample, a stationing jump can be modelled using the 
optional RestartDistance attribute. 

The IfcLinearPositioningElement (and derived 
IfcAlignment) points through its attribute Axis to the 
curve along which one can linearly position other ob-
jects.  

The relationship IfcRelPositions models a connec-
tion between products and a positioning element (Fig-
ure 8, top left). This is useful if the exact placement 
of those products (and thus the dependency) cannot 
yet be expressed with IfcObjectPlacement. 

Figure 8. EXPRESS-G diagram of positioning entities from 
IFC4x3_RC1 that are relevant for our study.  

4 NEW PROPOSAL 

In the course of the deployment activities of IFC In-
frastructure Extension Deployment and IFC Rail 
Phase 2 projects (Jaud et al. 2020b), a multitude of 
problems and issues were reported to the project 
teams. Among these were questions and concerns 
about the linear placement concept, which have been 
included in our study.  

This section describes the problems identified in 
the model and explores the solution as included in the 
IFC4x3_RC2 standard (bSI, 2020b). 

4.1 Problem Identification 

We identified four major data model issues and addi-
tional requirements with the linear placement concept 
as described in Section 3.2. 

4.1.1 Reuse of Existing Concepts 
Borrmann et al. (2017) mandate reuse of existing IFC 
entities wherever possible when expanding IFC for 
infrastructure. This prohibits unnecessary duplication 
of concepts, which would result in redundancy. To 
put it differently, it omits an increased burden on soft-
ware vendors when updating their existing IFC inter-
face implementations. 

However, clear parallels can be observed in Figure 
5 between the left-most and central columns. IfcDis-
tanceExpression defines a point similarly to IfcCarte-
sianPoint, however it is not inherited from IfcPoint. 
Similarly, IfcOrientationExpression defines the ori-
entation of the CS axes but it is not inherited from 
IfcPlacement. The introduction of both entities is vi-
olating the recommendations provided by Borrmann 
et al. (2017). 

4.1.2 Method of Measurement 
ISO 19148 requires a linear placement to define (a) a 
linear element, (b) a measure value, and (c) a method 
of measurement (see Section 2). While requirements 
(a) and (b) are successfully addressed by the attributes 
of IfcLinearPlacement, (c) is implicitly assumed to be 
an IfcLengthMeasure. 

The IFC standard foresees that each IfcCurve has 
its parameterization clearly defined and successfully 
uses this principle in entities such as IfcPointOnCurve 
and IfcTrimmedCurve. To uniquely specify the posi-
tion, IfcParameterValue is used which bases the 
method of measurement on the type of the underlying 
curve (e.g. [0,1] for straight lines and [0,2π] for cir-
cles). As such, the implicit assumption mentioned 
above violates the already established norm in IFC. 

4.1.3 Tangent Reference 
The curve used for linear placement is required to be 
C0 continuous (Equation 2). This means that a tangent 
in places without C1 continuity cannot be uniquely 



determined and as such the directions of offsets from 
IfcDistanceExpression remain undefined. 

Additionally, the CS in which IfcOrientationEx-
pression is expressed is unclear. The directions pro-
vided do not specify which axes they define, e.g. does 
the LateralAxisDirection attribute define the x, y or z 
axis direction of the origin’s CS? 

4.1.4 Chaining of Placements 
IfcObjectPlacement allows for chaining of place-
ments using the ObjectPlacement attribute. The im-
plementation is clear for the case when an instance of 
IfcLocalPlacement is placed relative to another 
IfcLocalPlacement (see Figure 2 and Equation 3).  

However, what does it mean, if an IfcLinearPlace-
ment or an IfcGridPlacement is positioned relative to 
another IfcObjectPlacement? This is especially criti-
cal when considering that both mentioned placements 
need to account for the geometric context of the 
IfcPositioningElement their curves belong to. 

4.2 Solution 

This section presents the developed solution to the 
problems specified in Section 4.1. The solution has 
been adopted by bSI and is implemented in the Re-
lease Candidate 2 of the 4.3 version (IFC4x3_RC2). 
Figure 9 shows an overview of the changes, where 
changes are marked with red colour and deprecated 
entities omitted. 

Figure 9. EXPRESS-G diagram of changed entities from Figures 
5 & 7 marked in red. IfcGridPlacement and its attributes not 
shown for brevity, since nothing changed. 

 
Firstly, the IfcDistanceExpression was renamed to 

IfcPointByDistanceExpression and is now inherited 
from the abstract IfcPoint entity. A new attribute Ba-
sisCurve was introduced to convey along which curve 
the location is to be measured along. This resulted in 

the removal of the PlacementMeasuredAlong attrib-
ute of IfcLinearPlacement. The offsets are clearly de-
fined relative to the tangent of the curve at the loca-
tion specified. This partly addresses the issues from 
Sections 4.1.1 and 4.1.3. 

Additionally, the type of DistanceAlong attribute 
was changed to a new select type IfcCurveMeas-
ureSelect. This allows for specifying the measure-
ment method according to (a) the established IfcPa-
rameterValue with the IFC model or (b) with an 
absolute length from the beginning of the curve 
IfcNonNegativeLengthMeasure as is usually the case 
with infrastructure assets. This solves the problem 
emphasized in Section 4.1.2.  

Secondly, a new entity IfcAxis2PlacementLinear 
replaces IfcOrientationExpression and derives from 
IfcPlacement. The Location attribute of IfcPlacement 
previously pointing to an instance of IfcCartesian-
Point now allows to reference any IfcPoint, thus en-
suring that IfcAxis2PlacementLinear entities can ref-
erence the introduced IfcPointByDistanceExpression 
mentioned above. This is enforced by using a special 
WHERE rule on IfcAxis2PlacementLinear. Conse-
quently, IfcLinearPlacement is provided with the nec-
essary semantics to establish a linear placement as ex-
plained in Section 2. This partly addresses the issues 
from Section 4.1.1. 

Thirdly, the definition of Axis and RefDirection at-
tributes of IfcAxis2PlacementLinear state that they 
are defined relative to the tangent of the curve at the 
specified location. This ensures unambiguity as de-
manded by Section 4.1.3. 

Lastly, a restriction on IfcObjectPlacement was in-
troduced, where an instance of IfcLinearPlacement 
cannot be placed relative to another IfcLinearPlace-
ment. Rather, only the IfcObjectPlacement used by 
the corresponding IfcLinearPositioningElement can 
be referenced in PlacementRelTo attribute of IfcLin-
earPlacement. This addresses the issue described in 
Section 4.1.4. Consequently, the retrieval of the con-
text of an IfcGridPlacement has been significantly 
simplified. It is not anymore necessary to navigate 
through IfcGridAxis inverse attributes PartOfU, 
PartOfV and PartOfW to obtain the geometric con-
text, as it is specified in PlacementRelTo attribute. 

In consequence of the changes described, the enti-
ties defining inclination were removed as the changes 
to IfcPlacement now allow the specification of incli-
nation angles directly in the context of an IfcCurve. 
The entities IfcAxisLateralInclination, IfcLinearAx-
isWithInclination and IfcLinearPlacementWithIncli-
nation are deprecated in IFC4x3_RC2 with planned 
removal in the final version of the standard. 

Note that other elements not explicitly mentioned 
in this section from Figures 5, 7 & 8 were left un-
changed (like IfcGridPlacement). The only exception 
is the Axis attribute of IfcLinearPositioningElement 
whose type got reversed to be IfcCurve as it was de-
fined in IFC4x1 by Liebich et al. (2017).  



5 CASE STUDIES 

We tested our proposal on two unit-test sample files 
made available by the IFC Infrastructure Extensions 
Deployment project (Jaud et al. 2020b). The Step 
Physical Files (SPF) following ISO 10303-21 (2016) 
with supporting documentation and screen dumps can 
be obtained from the project’s official repository: 
www.github.com/bSI-InfraRoom/IFC-infra-unit-test   

5.1 Railway Sleepers 

The first example consists of ten railway sleepers 
linearly aligned along and rotating about the axis as 
seen on Figure 10. Each is slightly more rotated in a 
clockwise direction than the previous. This example 
showcases both (i) the location along the alignment 
as well as (ii) the modelling of different orientation 
contexts. The SPF file consists of three major blocks: 
(a) project context with default units, (b) an alignment 
whose axis consists of a single linear segment, and (c) 
multiple instances of IfcBuiltElement modelling the 
sleepers with their location and orientation specified 
w.r.t. the given alignment axis.  

Figure 10. Railway sleepers linearly placed along a straight line 
with changing inclination values. 

 
We provide a closer look at a linear placement of 

an individual sleeper in Algorithms 1-3. Algorithm 1 
shows an IfcBuiltElement instance modelling a 
sleeper. Each sleeper references the SPF reference 
#277 to define its geometrical representation. and is 
placed in its correct location with the SPF reference 
#40 (see also Figure 8, top right).  
 
Algorithm 1. An excerpt from an SPF defining a semantic object 
for a sleeper together with its geometry from Figure 10. The 
placement reference #40 is modelled in Algorithms 2 & 3. ______________________________________________ 

#38=IFCBUILTELEMENT('0QLu06Q0LBIfiMIDl4KKna', 

        #1002,'linear positioned: 1',$,$,#46,#40,$,$); 

#40=IFCPRODUCTDEFINITIONSHAPE($,$,(#277)); 

#277= IFCSHAPEREPRESENTATION(#15,'Body','Brep', 

           (#651)); 

#651= IFCFACETEDBREP(#647); 

#647= IFCCLOSEDSHELL((…)); //shortened ______________________________________________ 

The Algorithms 2 & 3 show the most important 
lines concerning the linear placement of the sleeper. 
They showcase the proposed changes between the 
definitions from Sections 3.2 and 4.2 (i.e. 
IFC4x3_RC1 and IFC4x3_RC2). In both cases, the 
SPF reference #20 points to the instance of the align-
ment axis. The SPF reference #46 is consumed by an 
instance of IfcBuiltElement as its ObjectPlacement 
(see Algorithm 1). 

 
Algorithm 2. An excerpt from an SPF of a linear placement for 
a sleeper from Figure 10 following the definitions from Section 
3.2 (i.e. following IFC4x3_RC1). ______________________________________________ 
#42=IFCDISTANCEEXPRESSION(1.,0.,-0.2,0.,.T.); 

#43=IFCDIRECTION((0.,0.1361,0.9907)); 

#44=IFCDIRECTION((1.,0.,0.)); 

#45=IFCORIENTATIONEXPRESSION(#44,#43); 

#46=IFCLINEARPLACEMENT(#20,#42,#45,$); ______________________________________________ 

 
Algorithm 3. An excerpt from an SPF of a linear placement for 
a sleeper from Figure 10 following the definitions from Section 
4.2 (i.e. following IFC4x3_RC2). ______________________________________________ 

#42=IFCPOINTBYDISTANCEEXPRESSION(IFCNON 

        NEGATIVELENGTHMEASURE(1.),0.,-0.2,0.,#20); 

#43=IFCDIRECTION((0.,0.1361,0.9907)); 

#44=IFCDIRECTION((1.,0.,0.)); 

#45=IFCAXIS2PLACEMENTLINEAR(#42,#43,#44); 

#46=IFCLINEARPLACEMENT($,$,$,#45,$); ______________________________________________ 

5.2 Road Signs 

The second example models chevron signs posi-
tioned on the outsides of horizontal curves of a typical 
road axis as shown on Figure 11. While the first ex-
ample showcases rotation of an element about the 
main axis, the second example models the placement 
of an object relative to the axis, being arbitrarily ro-
tated and offset from the axis. 

Figure 11. Road signs linearly placed along and perpendicular to 
the main axis in a curved segment. The horizontal (x,y) planes 
of their individual local CSs are shown as grids. 

http://www.github.com/bSI-InfraRoom/IFC-infra-unit-test


The individual signs are modelled as IfcElemen-
tAssembly instances containing the post and chevron 
parts positioned locally in the context of the sign (see 
Algorithm 4). Their geometries are defined once and 
reused for each sign using IfcMappedItem. The posi-
tion of an individual sign is modelled with IfcLin-
earPlacement with an optional additional 
IfcLocalPlacement instance to rotate the sign to al-
ways point towards the curve when positioned on the 
outside of the axis’ curves. 

 
Algorithm 4. A tree view of IFC elements and their attributes 
representing a sign from Figure 11 (cropped on the right side). 

6 CONCLUSION 

We have critically evaluated a part of the recent can-
didate standard extension of IFC (IFC4x3_RC1) as 
published by bSI (2020a). With the help of partici-
pants of the IFC Infrastructure Extension Deployment 
and IFC Rail Phase 2 projects (Jaud et al. 2020b), sev-
eral issues about the linear placement concept have 
been identified as presented in Section 4.1. The pro-
posed simplified model from Section 4.2 addresses 
the requirements listed while respecting the guide-
lines provided by Borrmann et al. (2017). The im-
proved model has been adopted as RC2 of IFC4.3. 

We showcase the new model on two example sce-
narios from the projects mentioned above. We argue 
that the proposed model shown in Figure 9 enables 
every foreseeable constellation of placement as oc-
curring in the AEC industry – in the building as well 
as infrastructure sectors. One can observe that the 
newly introduced inheritance from IfcPoint and 
IfcPlacement for IfcPointByDistanceExpression and 
IfcAxis2PlacementLinear, respectively, allow for 
modular software architecture.  

The reuse of existing concepts ensures little-to-no 
effort required by software vendors already support-
ing these concept templates of the IFC schema. We 
call for fast adoption of the newly developed 
IFC4x3_RC2 standard by the industry and active par-
ticipation of all IFC implementors with the deploy-
ment activities. 
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