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ABSTRACT 

Abstract: Building Information Modelling (BIM) has been mandated for construction works 
since 2016 in the United Kingdom. Its benefits are well understood and accepted for new builds 
but there are unique difficulties in relation to production of as-built BIM models for historic 
structures. Ongoing historical projects are being altered and require the production of BIM 
models, resulting in issues with complexity and the variety of building elements.  In the context 
of previous constructed buildings, a survey is carried out with a 3D Laser Scanner, and this 
produces a visual representation for the building. However, it lacks parametric BIM 
representation which accurately describes the geometric or material properties of the element. 
In new builds, this data is added during the design phase but for existing buildings this data 
must be manually interrogated from point cloud or other survey data and manually input into 
a BIM model. The research further presents novel experimental means of creating parametric 
BIM objects of historic buildings from point cloud data for Gothic Arch structures using both 
manual and automated Plug-in processes while comparing their accuracy. The case study uses 
gothic arch windows above a door in the 17th century St Columbs Cathedral in the city of 
Londonderry, Northern Ireland. It produces a workflow for manual creation of the Gothic Arch 
families and compares these to two proprietary as-built plugins: Leica CloudWorx for Revit 
and Faro As-Built for Revit. Findings indicate that the manual method is more accurate and is 
required for the plugins to function correctly.  

 

Keywords: Building information modeling, Automated Family Creation, Gothic Windows, 
Historic BIM 
 

1. Background to historic building information modelling (BIM) 
Within the United Kingdom, Building Information Modelling (BIM) has been mandated 

for construction industry projects since 2016 [1]. However, Eadie et al (2013) [2] showed that 
it is not being implemented at all stages of the facility lifecycle to a similar degree. The 
operational phase was identified as having the probability of achieving second biggest cost 
savings but had the lowest uptake of BIM. Now that ongoing historical projects are being altered 
and require BIM models to be produced this paper examines the production of historical 
artifacts from point cloud creation for these historical structures. The UK Governments BIM 
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mandate [1] requiring level 2 BIM adoption, does not distinquish between new build BIM and 
historic BIM and is applicable to all publicly procured projects. (Andriasyan et al. 2020) [3]. 

The benefits of BIM model creation for new buildings are well documented, however, in 
terms of existing and historic buildings there are still many unanswered questions due to the 
complexity and diversity of many historic structures (Antonopoulou and Bryan, 2017) [4]. 
Historic buildings have many bespoke and non-standard elements not normally used in modern 
buildings. Yet, Antonopoulou and Bryan (2017) [4] suggest there are many reasons for 
preparing as-built or Historic BIM models including Facilities Management or Maintenance, 
Conservation, Refurbishment, Adaptive re-use, or Heritage management. This means that 
despite well-established use of BIM for new buildings, a substantial majority of existing 
buildings are not managed through BIM processes. (Macher et al. 2017) [5].  

This is because the model is not created prior to construction and needs additional 
elements in the workflow for creation. For historic buildings, laser scanning is used to 
accurately capture complex and unique geometry (Barazzetti et al. 2015) [6]. This produces a 
3D point cloud. The point cloud is a series of points with coordinates and Red Green Blue 
(RGB) values. As a result, they provide visual but not parametric BIM representation [6]. Point 
Clouds can be imported into BIM softwares such as Autodesk Revit. Therefore, in order to meet 
the requirements of the various uses for historic BIM models it is of utmost importance that a 
way of converting point clouds into parametric BIM objects is found [3,6].  

 
1.1. Literature Review of Automation of elements from point clouds 
Ochmann et al (2019) [7] state that most automated means of transferring point cloud data 

into parametric means fall short of accurate detection or modelling of the object for historic 
buildings. Tran et al (2018) [8] show that the standard algorithms used in identifying and 
transforming into BIM, rely on exploiting predictable elements of building geometry. With 
many historic buildings this is difficult with irregular shapes and surfaces commonplace. For 
example, software to carry out the transformation assumes that windows are rectangular [5]. 
For historic buildings with Gothic style windows, the automated software as a result could not 
automatically recognize these windows as being windows [6].  

Parametric intelligence is defined as an object having the ability to be modified by 
adjusting parameters e.g. the ability to edit the dimensions of a window or the thickness of a 
wall without reproducing the geometry but by merely changing the parameter values. 
(Barazzetti et al. 2015). However, manual procedures for production of modelled elements are 
time-consuming, laborious, and error prone (Brilakis et al. 2010 [9];Volk et al. 2014 [10]). 
Therefore, development of a semi-automated process is desirable.  

     
2. Research method 
The project chosen as a case study was the historic St. Columb’s Cathedral in 

Londonderry, Northern Ireland constructed in 1633. St Columb's Cathdral was the first 
Anglican cathedral constructed in the United Kingdom and Ireland after the Reformation 
(Discover Northern IReland, 2022) [11]. It was the first non-Roman Catholic cathedral to be 
built in Western Europe [12] and is therefore of historical significance.  

A survey was conducted in March 2020 using a Leica RTC360 3D Laser Scanner and 
comprised a total of 68 survey station setups. After compilation in the Leica Cyclone software 
it produced a point cloud dataset. This comprised a total of 2147.5 million RGB points, 68 High 
Dynamic range images and 68 RGB images as shown in Figure 1.   
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Figure 1 St. Columbs Cathedral Point Cloud 

 
The study aims to create a parametric BIM object of the gothic arched entrance door of 

the Cathedral tower in Figure 2 below. The model was imported into the Leica Jetstream 
Software to produce the image below. 

 

 
Figure 2 Laser scanned HDR Image of Tower Entrance door from Leica Jetstream 

 
It can be seen from the geometry in Figure 2 that the window above the entrance door is 

arched and fits the description in the earlier literature review of an element that cannot be easily 
modelled. A semi -automated manual method of modelling was then compared to the results 
from two As-Built Revit plugins: Leica CloudWorx for Revit and Faro As-Built for Revit. 

 
3. Findings 
 
3.1 Gothic Arch Modelling 
Gothic arches such as that in Figure 2 are constructed with the use of regular geometric 

relationships between the width, height and radius of the arch. The width of the arch base was 
measured from the point cloud and rounded up to the nearest 500mm to be 2500mm and the 
height 2000mm. These dimensions were used for the modelling and refined later. Using the 
geometric relationship, the centre point of the arch radius can be found by intersecting the 
baseline with a line that intersects the arch chord perpendicularly along half its length as shown 
in Figure 3 below. This allows the radius of the arch sides to be determined. Using this 
geometric relationship provides a basic means of setting out arches which would have been 
available historically using simple surveying/setting out tools. 
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While the graphical solution works very simply, graphical solutions cannot be directly 

parameterised in BIM software and the underlying arithmetic relationships must be found and 
input as dimensional parameters into Revit. Accordingly, it is necessary to define these 
trigonometric identities as formula as shown in Equation 1 - 5 and Figure 3.  

 

 
Figure 3 Gothic Arch Shape Parameters 

 
Standard trigonometric modelling of these parameters then took place using the 

Trigonometric Identity Solutions indicated in Equation 1 to 5 below.  
 

(1)      0.5 𝑥 𝐶ℎ𝑜𝑟𝑑 𝑙𝑒𝑛𝑔𝑡ℎ =  0.5 ∗ +  𝐻𝑒𝑖𝑔ℎ𝑡      -    Equation 1 

 

(2)        𝑅 = (0.5 𝑥 𝐶ℎ𝑜𝑟𝑑 𝐿𝑒𝑛𝑔𝑡ℎ) −                   -      Equation 2 

 

(3)        𝛉 = sin
.    

 𝐚𝐧𝐝 𝛉𝟐 = 90° − 𝛉            -      Equation 3 

 

(4)         𝑅 = 𝑥 tan 𝛉                      -      Equation 4 

 
(5)         𝑅𝑎𝑑𝑖𝑢𝑠 𝑜𝑓 𝐴𝑟𝑐ℎ =  𝑅 + 𝑅  𝑄𝐸𝐷                                  -      Equation 5 
 
Equation 1-5: Trigonometric identity solution for radius of Gothic Arch curve 
 
The trigonometric solutions in Equation 1 to 5 are valid due to the right angled triangle 

formed between the half-chord and base of the arch, setting the arches height, width and radius. 
 
3.2 Gothic Arch Modelling in AutoDesk Revit. 
In order to semi-automate the process these arithmetic relationships can then be input as 

parameters into a Revit family as shown in Figure 4. Once entered into Revit, these parameters 
can then be used to define any arch reference plane and adjust the parametric dimensions of the 
arched window to match the dimensions taken from the point cloud. This allows flexibility to 
model each Gothic arch needed within the structure. 
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Figure 4 Autodesk Revit insertion of Formula for Arch Family 

 
3.3 Testing the Family in Revit 
The initial shape parameters of the Gothic arch as shown in Figure 3 are now in place 

within the BIM object, although, these control only the parameters for the structural opening. 
The Level of Detail (LOD) needs to be improved by adding framing and glazing elements to 
the family. The framing elements are added using sweeps and the profiles used were obtained 
by interrogating the point cloud.   

  
Figure 5 Revit Gothic arch window family with framing and glazing elements 
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Figure 5 indicates the testing of the window in the window family. With the glazing and 

framing elements in place, testing of the window family needs to show that the defined 
parameter variables must be capable of being altered while still observing their parametrically 
defined geometric rules. Figure 5 shows this to be the case.  Testing of the gothic arch by 
changing to a 3.0 m height and 1.5m width was successful. Also tested were 2.4m height and 
2m width and 1.5m height by 3m width. This last one performed correctly in producing a semi-
circular result similar to the side windows at St. Columb’s Cathedral.   

With the Gothic arch Revit window family passing testing it is then possible to place the 
window into the model by fitting it against the point cloud by visual interrogation of the point 
cloud as shown in Figure 6. The dimension parameters are iteratively amended until an 
acceptable fit to the point cloud is made. Final dimensions measured from the point cloud are 
width 2475mm and height 2150mm.  

 

 
Figure 5 Gothic arch window family placed into model by manual fitting over point 

cloud 
 
The top window element of the door is now complete and the next stage is to model the 

doors using the standard native Revit external double door element within Autodesk Revit. 
Dimensions can be determined by interrogating the point cloud.  Figure 7 (left) shows this and 
the completed door assembly is indicated in Figure 7 (right).  
 

 
Figure 6 Double door Revit family placed in model by manual fitting to point cloud. 
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3.4 Testing the method above against the use of Leica CloudWorx for Revit and 

Faro As-Built for Revit. 
Two proprietary Plugins which are specifically for modelling as-built structures were 

used to test to see if they could automatically insert the arched window. It can be seen that while 
both were able to model the standard door, that they could not automatically produce the arch 
without the previous manual construction of the Arch family. Once the previous method of 
manually constructing the Arch family shown in Section 3.1 to 3.3 was in place both plugins 
were able to identify and insert the window correctly. Figure 8 shows the initial modelling in 
Leica CloudWorx for Revit trying to produce a rectangular window initially (left) and then 
allowing correct insertion after having adopted the Arch Family using the method in Section 
3.1 to 3.3. 

 
Figure 7 Leica CloudWorx for Revit result 

 
Figure 9 indicates a similar result was achieved for Faro As-Built for Revit. 

    
Figure 8 Faro As-Built for Revit result 

 
This indicates that while the plugins can produce automated results the Arch Family needs 

to be created first. This means that although both plugins could produce and fit the standard 
door automatically, they had difficulty with the arch shape which confirms previous literature. 
Table 1 provides a summary.   

 
Table 1 Comparison of Results 

 Manual 
modelling in Revit 

Leica 
CloudWorx for Revit 

Faro As-Built for 
Revit plugin 

Gothic 
Arch window 
over entrance 
door 

Fully parametric 
family created from 
first principles, fitted to 
the point cloud using 
visual interrogation 

Could not 
generate arch window 
from point cloud but 
was able to insert 

Could not generate 
arch window from point 
cloud but was able to 
insert Manually created 
arch window 
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 Manual 

modelling in Revit 
Leica 

CloudWorx for Revit 
Faro As-Built for 

Revit plugin 
Manually created arch 
window  

Entrance 
door 

Native Revit door 
family, fitted to the 
point cloud using visual 
interrogation 

Native Revit 
door family, fitted to 
the point cloud 
automatically. 

Native Revit door 
family, fitted to the point 
cloud automatically. 

 
4. Conclusions 
This paper presents a mathematical way to semi-automate the formation of AutoDesk 

Revit families for Arches from point cloud data for historical BIM projects. It indicates the 
shortcomings of proprietary plugins. It proves that it is possible to manually create parametric 
BIM objects of complex building elements typical to ecclesiastical conservation buildings, such 
as gothic arches. To function, the manual modelling of BIM objects from point cloud data does 
require a large degree of operator ability. Automatic modeling of parametric Gothic Arches is 
less successful than manual methods. Third party plugins ability to identify window and door 
geometry from point clouds are limited to rectangular window and door openings. However, 
once a manual family has been created, they can automatically position this. Further work needs 
to be carried out on modelling of non-standard elements.  
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