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Description 

Over the past few years Virtual Reality has gained popularity amongst AEC professionals 
especially Architects. By the growth of devices such as Microsoft HoloLens, Mixed Reality is 
becoming a new trend in the industry because it enables the user to have interaction with reality 
as well. This session is for people who want to see some of the practical applications of this 
technology. We will showcase the HoloLens Apps that were developed at Baker Triangle Prefab 
and how we are currently using and planning to use this technology in design review, visualization, 
manufacturing, quality control and marketing. This session features Microsoft HoloLens.  
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Introduction  
 

The notion of ‘real’ and ‘virtual’ environments and the continuum between those have been around 
for a few decades. The first attempts to realize the states of the ‘Mixed Reality’ continuum dates 
back to 60’s and Sensorama Simulator was probably the first device that could create some extent 
of ‘virtuality’. In the past few years, with the rapid growth of related technologies, several devices 
were released to create virtual environment for the users and also more recently, a few different 
devices – e.g. Microsoft HoloLens – were released that could incorporate virtual objects into 
reality and generate a state of Mixed Reality. 
 
Baker Triangle was one of the first specialty contractors that started to explore this technology 
and started to study the potential applications of Mixed Reality in drywall and prefabrication 
industry. At Baker Triangle, we developed apps to reveal potential solutions for real world 
problems and to run tests on the efficiency and accuracy of the workflows. 

 

 

Virtual Reality, Augmented Reality, and Mixed Reality  
 

Let’s call the things that physically exist ‘reality’ and consider them as part of the real environment. 
There also exists an opposing concept which is virtual environment and consists of the things that 
are not physically present. The representation of virtual environment is called Virtual Reality (VR) 
and is basically a computer-generated simulation or three-dimensional representation of a setting. 
 

 
Flight Simulator at Perot Museum, Dallas, TX 

 
Virtual reality could be immersive giving the user a feeling of being surrounded in a virtual 
environment. Immersive virtual reality has gained popularity during past few years and is 
becoming a common practice among architects and designers. However, since it does not have 
any interaction with existing objects and real environment, it is not as popular in other fields such 
as construction, manufacturing, etc.  

 



 
 

Some of the Available VR Headsets 

 
 
Considering that real environment and virtual environment are two opposing concepts, there 
would be a continuum between them, consisting of states in which reality is mixed with virtuality. 
These states are called Mixed Reality and the most prominent of those is Augmented Reality 
(AR). In Augmented Reality, computer-generated enhancements are added to the reality to 
improve the user experience and interaction. Although Augmented Reality is just one state of 
Mixed Reality and not the only one, the terms will be used interchangeably in this article. 

 

 
Mixed Reality Continuum 

 
 
Augmented Reality could also be immersive to let the user fully experience the mixture of real 
environment and virtual objects. 

Some of the Available AR Headsets 
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Major Advantages of AR 
 
The most prominent difference between AR and VR is that AR incorporates virtual objects into 
reality. The major advantages of AR come from this attribute. In activities like designing, the user 
may only need to see the virtual representation which makes VR sufficient. However, in many 
activities and workflows, especially in the Architecture/Engineering/Construction industry, a virtual 
representation would be beneficial only if it is incorporated into what the user can actually see. 
Also, most of AR devices have cameras to capture the real scene in order to scan the space, 
analyze images or perform object recognition. 
 
Basically, industries that include some level of interaction between real objects and virtual objects 
could benefit from AR. Some examples are Gaming, Education, Manufacturing (especially quality 
control), Architecture (especially additions, extensions and restorations), Construction (especially 
coordination, layout and quality control), etc. 
  

 How to Implement AR 
 
There are several platforms and devices to implement AR. As for non-immersive AR, probably 
Apple AR platform which was released just recently, is the most promising option. There are also 
several different devices for immersive AR. Some of them are: 
Google Glass was the first wearable device with AR functionalities. However, it was discontinued 
in 2015 and the project transformed to Google Glass Enterprise.  
Meta is another AR glass but it is not a stand-alone device and needs to be connected to a PC 
which makes it a tethered option.  
Daqri is an untethered AR solution which comes in different versions including glasses and a 
helmet. 
Microsoft HoloLens is probably the most popular AR headset. It is a powerful stand-alone head-
mounted display. It is certified as protective eyewear and will have a hardhat accessory pretty 
soon. Developing for HoloLens would be based on Windows 10 SDK and there is a plethora of 
resources and instructions to do so. This presentation focuses on Microsoft HoloLens and all the 
apps and demos in this presentation are for HoloLens. 
 
 

The Structure of HoloLens Apps  
 

HoloLens is basically a Windows 10 computer. Since Universal Windows Platform (UWP) is a 
common app platform for devices running on windows 10, every UWP application runs on 
HoloLens. In addition, HoloLens apps usually take advantage of the device’s specific features 
such as mixed reality display, spatial mapping, gesture recognition, and voice input. 
 
Microsoft’s instructions on how to develop for HoloLens is based on Unity and C# scripts. Unity 
is a game engine with features that make developing for HoloLens very easy. Also, Unity Store 
has many assets including prefabs, shaders, and scripts. Unity is written in C++ and on the low 
level it is based on DirectX. Clearly, to develop for HoloLens, using C++ and DirectX is another 
option which does not include Unity. 
 



 
 
Unity is basically a visual platform to design HoloLens apps and considering all the available 
resources, it is the easier approach. However, DirectX is a complete platform with low level access 
and is the appropriate approach for enterprise apps. Microsoft has published resources and 
samples for both approaches on Github. All the apps demonstrated in this session are developed 
with Unity and C# scripts considering the available resources and our experience developing 
Revit and Navisworks plugins with C#  
 
 

AR Solutions to Real World Problems  
 

After initial study of HoloLens and AR technology, we decided to actually utilize AR in some of 
our projects. This was done through designing and developing apps whenever there was a 
potential to improve the workflow by AR. The following is some of our experiences, the benefits 
and the challenges we faced and we are constantly improving the apps and adding new features 
to them. 
 

Locate Objects Covered by Cladding 
 
Baker Triangle Prefab division builds prefabricated exterior wall panels. These panels consist of 
structural studs and framing components as well as sheathing, insulation, moisture barrier and 
cladding. 
 
Our first AR experiment was when we were building the panels for a high-rise hotel. The building 
was designed to have signage on several panels with metal cladding. Circle shape spacers were 
installed under the cladding to provide support for the signage elements. However, the spacers 
would be covered by metal cladding and we needed to locate the spacers.  
 

  
Spacers Installed to Provide Support for Signage   

 
 



 
 

 
Spacers Covered by Metal Cladding   

 
A HoloLens app was developed to overlay 3D representation of the panel on the actual one to 
locate those spacers. The app used HoloLens spatial mapping features and also let us manually 
adjust the hologram by moving and rotating it manually in certain increments. Eventually, to study 
the accuracy of the procedure, the locations were verified with manual measurements. 

 

Steps to Locate the Spacers 



 
 
 
The most important lesson learned in this experiment was how to apply Spatial Anchors to keep 
holograms in the same location. Due to the size of the panels, instead of treating them as one 
single hologram and applying one anchor to it, it is better to break it up to several holograms 
anchored in the space. 
 
 
 

Mixed Reality Panel Mock-ups 
 
As discussed earlier, Mixed Reality is a mixture of reality and virtual objects. The level of 
interaction between these two, based on the structure of the app, may be different. For some 
purposes, virtual objects need to be extensively interacting with reality – i.e. spatial mapping. 
There are also situations that this interaction is at a minimum level and the virtual objects are 
represented only in the context of reality. This is basically like VR with a background of reality. 
Unlike VR, the user would not be fully separated from the real environment.  
 
We developed a HoloLens app to replicate panel mock-ups in a Mixed Reality setting. The app 
gives the user a better understanding of the panel design and allows them to navigate through 
different layers and elements in an exploded view. They can also see all the details and study the 
cladding alternatives. 
 

 
Virtual Mock-up, Layers, Details 

 



 
 

Prefabricated Headwalls Coordination 
 
Patient headwalls are units that delivers electrical services and medical gases – typically oxygen, 
air and vacuum – to where the patient bed is located. Patient headwalls are designed to increase 
efficiency and to allow medical staff to have access to essential services while being able to easily 
move around. Patient headwalls are usually custom designed and prefabricated. During the 
process design, they get reviewed several times by physicians and other clinical staff as well as 
general contractor and specialty contractors. As for these reviews, they may use a replica of the 
headwall and use sticky notes to show the location of electrical and gas outlets. 
 
Alternatively, this process could be done in a mixed reality setting. This will result in a better 
visualization of headwall elements and outlets. Also, the review could be performed in an actual 
patient room to make sure that the configuration allows the staff to easily move equipment with 
access to essential services, especially in a crisis situation. 
 
The same HoloLens app used to visualize panel mock-ups with a few extra features was tailored 
to be utilized for this coordination. The movement of outlets needed to be restricted to the 
headwall surface and the modifications needed to be saved for future reference or be reflected in 
a Revit model in real time – this connection is explained in the next section. Using a holographic 
shared experience, different people can look at the same hologram just like in a meeting. 

 

Patient Headwalls, Mock-up and Coordination 

 



 
 

A Design Review Platform with Connection to Revit 
 
Baker Triangle Prefab will soon move to a new location. Although the warehouse is already 
existing, the offices and the visitor center will be built as an addition to the existing facility.  
 
Prefab division is also home to the VDC department that supports all other divisions in regard to 
BIM/VDC processes including 3D modeling, multi-trade coordination, generating shop drawings, 
etc. Therefore, we decided to implement a design review platform based on Mixed Reality that 
could potentially be used for our communications with our job site crews. 

 
New Home of Baker Triangle Prefab 

 
 
A HoloLens app was developed that loads the 3D representation in alignment with a predefined 
marker which could be set to be any corner or wall joint. The app would lock/unlock holograms in 
response to the user voice commands. Locking down the holograms with spatial anchors makes 
them stay at the same location and makes the representation more reliable in terms of its 
consistency with existing elements – including columns, exterior walls, doors, etc. Also, a set of 
Unity post processing effects – including edge recognition – were implemented to improve the 
user’s experience. 
 
 



 
 
 

 
Marker-based Alignment 

 

 
Full Scale Representation of Design 

 
 
 



 
 

 
Scaled-down Representation of Design 

 
 
In this app, the user is able to alter the design by dragging and moving the walls or they could 
switch to another design alternative. They could also scale down the virtual representation to have 
an overview of the design. 
 
This HoloLens app also connects to a server using Wi-Fi and sends some information including 
the wall movements and the user movements via a socket broadcast. The other piece of the 
platform is a Revit plugin that connects to the same server and receives those information in real 
time. This plugin, applies the wall movements in the Revit model and also reflects the location of 
the user wearing the HoloLens. The HoloLens app and the Revit plugin may also have 
implementation of other commands such as saving the model, creating detail lines, placing certain 
families, etc. This connection between HoloLens and Revit could potentially be used by the VDC 
staff and the field crew to communicate in regard to outstanding issues and quality control. 
 
 

 
 
 

Structure of HoloLens and Revit Connection 
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Movements in HoloLens Reflect in Revit in Real Time  

  



 
 
 

An Object Recognition Tool 
 
It has been a few decades that computers have been used to perform huge loads of calculations 
as well as to process and store data. However, they have never been as intelligent as humans 
and they have never had human-like characteristics.  
Artificial Intelligence (AI) is what would enable computers to acquire some of those characteristics. 
It makes it possible for machines to learn from experience and perform human-like tasks. One of 
the main features of AI is Visual Recognition which is basically the ability to “see” and analyze the 
visual input. 
Augmented Reality could be coupled with Visual Recognition to analyze what the user can see 
and to provide them with additional information and analysis regarding that or just to store the 
visual data. Just imagine how many times you failed to recall someone’s name when you 
encountered them. 
In the AEC industry, efficiency will definitely improve and human errors will be avoided if an AR 
device could give the user additional information about the building element (e.g. stud) they are 
holding or provide them with instructions on how and where to install that specific element. 
Currently, there are several AI platforms and most of them have Visual Recognition feature. IBM 
Watson’s Visual Service and Microsoft Cognitive Service were tested at Baker Triangle. Both of 
these platforms have a default library of objects and also they can be trained to recognize industry-
specific objects. The training is based on uploading photos of the specific object and the AI 
recognizes the main features and attributes of those photos. Then, every time a query sent to the 
AI, it looks for those features and attributes and reports the result.  

 
IBM Watson Object Recognition – Without Training 



 
 

 
Microsoft Azure Computer Vision – Without Training 

 
                    IBM Watson – After Training                                             Microsoft Azure – After Training 



 
 
 

 
Live Photo from HoloLens – Recognition of a Stud 

 

 

 
Live Photo from HoloLens – Recognition of Ceiling 

  



 
 
This type of object recognition is based on the 2D images and is more like image analysis or 
image classification. The accuracy of the result highly depends on the number of photos in the 
training library as well as the attributes of the photo being queried – e.g. lighting, resolution, 
background, etc. 
 
Another alternative for object recognition that is being researched and studied at Baker Triangle 
is 3D object comparison. Imagine someone wants to make sure the wall they are looking at has 
the same height and length as the 3D model. This could not be done by any existing visual 
recognition or image analysis platform and needs to be done through a 3D comparison. 

 
Spatial Mapping Outcome from Microsoft HoloLens 

 
Mesh Recreated from Spatial Mapping 



 
 

 
Photo Showing the Same Spot 

 
 
Augmented Reality technology and specifically Microsoft HoloLens gives us the tools and capacity 
to perform such comparison. AR device, having a depth camera can generate a 3D scan of what 
is being looked at. It can also retrieve the designed 3D model from internal memory or from an 
external source and compares them against each other. The algorithm needs to consider the 
position, rotation and alignment as well as geometrical similarity which makes it more complex to 
implement.  
 
Also, this could never be done by a one-for-all-trades algorithm because for different objects, 
different geometrical attributes need to be considered. For example drywall studs, with their main 
geometrical features being the profile and length need a totally different algorithm than 
Mechanical Room elements. 
 
Besides improving AR with Artificial Intelligence features, there are many services and APIs that 
could be coupled with this technology to achieve higher levels of accuracy and efficiency. 
 
Also, Augmented Reality in general and HoloLens in particular could be part of an Internet of 
Things (IoT) network. It could be connected to PCs, other HoloLenses, sensors, actuators, etc. 
to exchange data and perform a task together.  

 


