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ABSTRACT: This paper presents an enhanced BIM logger designed to capture both geometry and attribute
changes of building element geometries, thereby offering a transparent source of representation of the BIM
authoring process. The authors developed the logger and reproduction algorithm using the Revit C# API based on
the analysis of information required to define building elements and associated attributes. The enhanced BIM log
was evaluated through a case study of Villa Savoye designed by Le Corbusier. Despite negligible discrepancies,
the results show that the enhanced BIM log can accurately represent the BIM authoring process capturing and
reproducing 92.45% of the building elements from the original BIM model. Future research can focus on
expanding the scope of logging and probing the potential of automating the BIM authoring process using these
enhanced BIM logs.
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1. INTRODUCTION

The architecture, engineering, construction, and operation (AECO) industry has experienced a transformational
shift with the widespread adoption of BIM technology. The shift has not only enhanced productivity but also
improved informed decision-making within the sector (Sacks et al., 2018). Although BIM models—products of
the BIM process—display the finalized decisions of a project, they encapsulate a wealth of insights due to the
extensive decision-making endeavors underpinning their authoring. Consequently, the BIM authoring process can
serve as a valuable knowledge repository for understanding the decision-making process.

BIM log mining seeks to extract these insights by examining the BIM logs in detail. BIM logs serve as invaluable
data reservoirs, capturing sequential events recorded during BIM software usage (Jang et al., 2023). Previous
studies have explored various aspects of the BIM authoring process, from design authoring patterns
(Yarmohammadi et al., 2017), productivity (Shin, 2023; Shin et al., 2022), and collaboration patterns (Zhang &
Ashuri, 2018), to the specific roles of modelers (Forcael et al., 2020).

Researchers have emphasized the significance of incorporating data attributes to elucidate the as-happened process
within the log to attain reliable results from the analysis (Bose et al., 2013; Suriadi et al., 2017). Nonetheless, the
BIM logs produced by prevailing BIM software overlook modifications in building elements undertaken during
the BIM authoring phase because they were originally developed for maintenance operations (Autodesk, 2022).
Consequently, such logs often miss the depth required to accurately capture the BIM authoring narrative (Jang et
al., 2023; Yarmohammadi & Castro-Lacouture, 2018). Even though efforts have been made to enhance these logs
through custom loggers (Gao et al., 2021; Jang et al., 2021; Kouhestani & Nik-Bakht, 2020; Pan & Zhang, 2021;
Yarmohammadi & Castro-Lacouture, 2018), these adaptations still are not able to capture critical geometric
nuances like shapes, scales, and locations—details pivotal to understanding the evolution and decision making
involved in the BIM authorship.

To address the issue, this paper introduces an improved BIM logger capable of capturing comprehensive details
for the precise replication of the BIM authoring process. The methodology behind this advanced logger includes
analyzing the essential data needed to describe building elements in Autodesk Revit, followed by the design of a
custom BIM logger to record this crucial information. In addition, a reproduction algorithm was developed to
evaluate the logger's accuracy in representing the BIM authoring process. The reproducibility of the logger was
further validated through a case study.

The paper is structured as follows. Section 2 reviews previous custom BIM loggers proposed in the literature, and
Section 3 describes the research methodology employed in this study. Section 4 reviews the minimum information
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requirements to define BIM elements in Revit, and Section 5 outlines the development of the enhanced BIM logger
and reproduction algorithm. Section 6 evaluates the reproducibility of the enhanced BIM logger through a case
study, and Section 7 concludes the paper.

2. LITERATURE REVIEW

BIM log mining is a data analysis approach that utilizes process mining techniques to explore BIM event logs
collected during a BIM software operation. Process mining includes various techniques for automated process
discovery, social network analysis, process optimization, case prediction, and history-based recommendations
(Aalst et al., 2011). However, event log imperfections can lead to unreliable results, and researchers have
introduced an incremental approach to evaluating event log fitness and a methodology to guide process mining
execution (Bose et al., 2013; Suriadi et al., 2017).

While improving event log quality has received significant attention, several studies have focused on enhancing
the information included in the BIM logs. These include custom Revit logger which extracts element identifiers
and bounding boxes (Yarmohammadi & Castro-Lacouture, 2018), IFC loggers which capture snapshots and
identify the changes made between different versions of BIM models (Kouhestani & Nik-Bakht, 2020; Pan &
Zhang, 2021), and command-object graphs to notate the geometric modeling sequence (Gao et al., 2021) to
improve the understanding on modeling patterns. However, these custom logs still grapple with reproducing the
BIM authoring process due to missing information to represent the geometric shape and attributes of the building
elements.

The BIM authoring process is often defined as a process in which 3D software is used to develop a BIM model
based on criteria that are important to the translation of the building’s design (Messner et al., 2019). Accordingly,
this process includes the addition, deletion, and modification of the geometry of building elements and their
associated properties (Kouhestani & Nik-Bakht, 2020; Lin & Zhou, 2020). Through BIM authoring, building
elements are refined to meet the level of development (LOD)—the information necessary to depict the building
elements—within the BIM model. However, the BIM model only reflects the end result of the comprehensive BIM
authoring process. Concurrently, the design decisions made during this process can be a rich and invaluable
reservoir of information, encapsulating real-time design decision-making. Documenting these design decisions
can also aid in extracting the design knowledge of architects, especially when paired with recently emerging data-
based analysis techniques (Jang et al., 2023). In this context, this study aims to develop a custom logger designed
to capture essential information, enabling the reproduction of the BIM authoring process.

3. METHODOLOGY

This study developed a three-step methodology to enhance the reproducibility of BIM logs as depicted in Fig. 1.
The methodology involved developing a customized BIM authoring logger, implementing a BIM authoring
process reproducer, and evaluating the reproducibility of the enhanced BIM log through a case study.

Implementation:
> BIM authoring process >
reproducer

Evaluation:
Case study

Implementation:
BIM authoring logger

Fig. 1: Research flowchart.

To capture sufficient information in the BIM log to reproduce the BIM authoring process, the authors analyzed the
minimum inputs required to represent building elements in Revit. As building elements are represented using
classes in an object-oriented programming model, the information required for each class corresponding to a
specific category of elements was analyzed. The log captures the geometric shape and attribute values to represent
the building elements in a comma-separated value (CSV) format. The reproduction algorithm developed in this
study iterates through the events recorded in the BIM log, identifies the command type (i.e., “ADDED,”
“MODIFIED,” or “DELETED”), and executes them with reference to the “Comments” property (i.e., copied
“ElementID”) of the building elements.

The evaluation phase of this study involved modeling Villa Savoye designed by Le Corbusier for the case study,
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during which the BIM authoring logger recorded the authoring process (Fig. 2). The events recorded in the
enhanced BIM log were iterated using the BIM authoring process reproducer, and the reproducibility of the
developed model was evaluated based on the volumetric center distances and volume differences between elements,
as well as visual analysis of plans, elevations, sections, and 3D views.

(4 >

Log the authoring P 5
process of Villa > O
Savoye N -
i Evaluate the
v Original madel reproducibility
Enhanced Reproduce the Revit << g NG
BIM log authoring process ) ? ) !
4
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Fig. 2: Evaluation of BIM authoring logger and BIM authoring log reproducer.

4. ENHANCED BIM LOGS

This section provides a detailed overview of how building elements are defined in Revit and how the enhanced
BIM log captures the necessary information to accurately represent the BIM authoring process. The study utilized
Autodesk Revit 2023 and Revit C# API for the implementation of the enhanced BIM log. Building elements in
Revit are represented using classes in an object-oriented programming model that has a hierarchical structure that
reflects the physical structure of the building. Each class corresponds to a specific type of building element, such
as walls, floors, roofs, doors, and windows. Fig. 3 illustrates the geometric shape and attribute values recorded for
each building element category.

Category ——Walls LoactionCurve Vertically
—|:'-e"e' L WallType / Height / Offset / Flip _ extruded wall
Profile
|— WallType / Level Horizontally
| Normal extruded wall
—Floors N Flat slab
Profile
FloorType L SlopeArrow / Slope < Sloped slab
Level
—Family ——— HostElement / LocationPoint —————WindowType I\] Windows
Instances
Level
L——DoorType i Doors
—ColumnType LocationPoint I Verical columns
L_Others .
LocationCurve / Slanted Columns

Fig. 3: Geometric shape and attribute values recorded within the enhanced BIM log.

Wall elements in Revit are classified into two categories—rectangular profile walls and nonrectangular profile
walls—following the different creation methods for each type. Floor elements are classified into two types, flat
floors, and sloped floors, and are created using different attributes depending on the type. Windows, doors, and
columns are classified as “Familylnstances,” and their representation is based on the placement of predefined
instances on the selected base geometry. “Familylnstances” have different categories based on the “FamilySymbol”
used, such as “WindowType,” “DoorType,” and “ColumnType.” Windows and doors require a “LocationPoint”
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and “HostElement,” while columns can be placed without a “HostElement,” depending on whether the
representation of the slope is required.

In addition to recording other required information items as string formats, the enhanced BIM log captures
geometric bases, such as “LocationPoint,” “LocationCurve,” and “Profile,” and their respective subclasses, such
as “Line,” “Arc,” “CylindricalHelix,” “Ellipse,” “HermiteSpline,” and “NurbsSpline.” The information required
for each geometric base and its string format representation is presented in Table 1. The enhanced BIM logger
records the geometric bases of the building elements represented during the BIM authoring process in the described

format.

Table 1: Definition of geometric classes.

Classes Subclasses

Input Requirements

String Formats

Location Point XYZ

(X coordinate, Y coordinate, Z coordinate)

(double, double, double)

Line

Arc

CylindricalHelix

(endPointl, endPoint2)

(plane, radius, startAngle, endAngle)
(basePoint, radius, xVector, zVector, pitch,
startAngle, endAngle)

(center, xRadius, yRadius, xAxis, yAxis,

[Line, XYZ, XYZ]

[Arc, XYZ, double, double, double]
[CylindricalHelix, XYZ, double, XYZ,
XYZ, double, double, double]

[Ellipse, XYZ, double, double, XYZ, XYZ,

Location Curve Ellipse
startParameter, endParameter) double, double]
[NurbsSpline, int, IList<double>,
NurbsSpline (degree, knots, controlPoints, weights)
ist<XYZ>, Ilist<double>]
[HermiteSpline, Ilist<XYZ>, bool,
HermiteSpline (controlPoints,periodic,tangents)
HermiteSplineTangents]
{CurveLoop, LocationCurve, ...,
CurveLoop CurveLoop (LocationCurvey, ..., LocationCurve,)
LocationCurve,}
Profile Profile (CurveLoop;, ... ,CurveLoop,) Profile, CurveLoopy, ... ,CurveLoop,

Furthermore, multiple attribute values in Revit can be modified to better represent each building element. For
instance, recording whether it was flipped was important in representing vertically extruded walls because the
sequence of the wall layer can be positioned opposite. Meanwhile, a normal vector that the wall is facing is critical
in the horizontally extruded walls. The initial values and modifications of the attributes are also recorded in the
enhanced log, providing information on how the building elements were defined and developed during the BIM
authoring process.

5. REPRODUCTION ALGORITHM

The authors implemented a reproduction algorithm to iterate through the events in the enhanced BIM log and
repeat them, as illustrated in Fig. 4. The algorithm begins by identifying the command type of events. If the
command type is “ADDED,” the algorithm adds an element of the recorded category and applies the recorded
attribute values, while adding the “ElementID” of the event to the “Comments” attribute of the newly created BIM
element. If the command type is “MODIFIED,” the algorithm queries the element with the “ElementID” recorded
in the Comments value and applies the corresponding modification. If the command type is “DELETED,” the
algorithm queries the elements with the “ElementID” recorded in the “Comments” value and deletes the element.

511



CONVR 2023. PROCEEDINGS OF THE 23%° INTERNATIONAL CONFERENCE ON CONSTRUCTION APPLICATIONS OF VIRTUAL REALITY

C START )

\2
/ Read BIM log with n events /
2
( )
y
| Ep, = m" event ]

Add an element of E,,.Category and
add ElementID on "Comments" -

_|Modify the element with E,,.ElementID

E,,.CommandType equals
L ype ed on "Comments" —

*MODIFIED®
No

Delete the element with E,;,.ElementID
on "Comments"

»

[ m = m+1 ]

No
Ism=n?

Yes

C FINISH )

Fig. 4: Reproduction algorithm.

6. EVALUATION OF REPRODUCIBILITY

To assess the enhanced log and its ability to be reproduced, the authors of this study carried out a case study of
Villa Savoye, designed by Le Corbusier. Using the BIM log from the authoring process, a reproduced BIM model
was generated using the reproduction algorithm, as depicted in part (a) of Fig. 5.

Original BIM model Reproduced BIM model Original BIM model Reproduced BIM model
(a) BIM models (b) 3D views
e
= e ——————
[ [ ] |_
Misrepresented geometry Misguided dependant elements Mishandled element overlaps

——  Original BIM model —— Reproduced BIM model
(c) Types of misrepresentation

Fig. 5: Comparison between the original BIM model and reproduced BIM model.

The BIM model comprised 158 elements, which included 97 walls, 8 slabs, 8 windows, 19 doors, and 27 columns,
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with 2,836 events logged during the process. The reproduced model captured every element present in the original.
A comparison revealed minimal average distances between the volumetric centers of the elements: 3.6440E-07 for
walls, 2.1470E-07 for floors, 1.4760E-07 for windows, 1.6139E-07 for doors, and 1.4380E-07 for columns.
Volume differences were also analyzed, with disparities noted as 0.1876% for walls, 0.0198% for floors, and
0.0433% for columns, with no discrepancies for windows and doors. The variations in distance and volume
displayed a near-perfect reproduction. It is postulated that such differences may arise from metric and imperial
unit conversions.

The models were contrasted visually in 3D, along with elevation, section, and plan views. The manual analysis
allowed the authors to pinpoint inaccuracies in the reproduced model. As highlighted by the red ellipses in part (b)
of Fig. 5, the curtain wall profiles were inaccurately depicted. Part (c) of Fig. 5 overlays drawings from the original
and reproduced BIM models, delineated by black and red lines respectively. The comparison revealed three main
types of inaccuracies:

Custom attributes: In this version of the implementation, custom attributes, such as distances between vertical
mullions, were not supported. This omission led to mullions in the reproduced model being placed with default
values. The issue was observed in four curtain wall elements.

Automatically connected elements: In instances where building elements overlapped, their placements varied
occasionally. The function in Revit that automatically joins closely placed elements generates minor discrepancies
in the lengths of the automatically joined elements, depending on how far apart the joined elements were initially.
The issue was observed in two interior wall elements.

Unknown reasons: There were instances where the wall elements with specific profiles did not align precisely
with the original design. These discrepancies may be attributed to limitations within the logging and reproduction
algorithm. This issue was observed in six profile wall elements.

In summary, 12 of the 159 elements (or 92.45%) in the reproduced BIM models were inaccurately represented—all
being wall elements. Despite these discrepancies, the enhanced BIM logger effectively logged most of the
necessary information to recreate the BIM authoring process.

7. CONCLUSION

This study developed an enhanced BIM logger that captures the necessary information to reproduce the BIM
authoring process. By analyzing the information requirements of five representative building elements in Revit,
the authors developed a custom logger that records geometric shapes and attribute values. The study also developed
areproduction algorithm to repeat the BIM authoring process. The effectiveness of the enhanced log was evaluated
in a case study of Villa Savoye designed by Le Corbusier, which showed that the enhanced BIM logger provides
a valuable tool for capturing and reproducing 92.45% of the building elements generated and modified within the
BIM authoring process. While minor discrepancies and misrepresentations were observed, the results of the case
study demonstrated the potential of the enhanced BIM logger.

Looking ahead, avenues for improvement lie in broadening the spectrum of building element categories or attribute
values to augment reproducibility. Additionally, the applications of enhanced BIM logs beckon exploration, as
does the prospect of analyzing the as-happened BIM authoring process (Shin et al., 2022; Yarmohammadi &
Castro-Lacouture, 2018) and automating the BIM authoring process using such logs (Pan & Zhang, 2020). Overall,
the enhanced BIM logger presented in this study can contribute to elevating the transparency and efficiency of the
BIM authoring process, serving as an invaluable data source for its enhancement.
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