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Introduction

Recent advancements in augmented reality (AR) have demonstrated applications in archi-

tecture design fabrication (Song, Koeck, and Luo 2021). Compared to conventional 2D 

construction drawings, AR can be used to superimpose contextual instructions, display 3D 

spatial information and enable on-site engagement. Despite the potential of AR, the wide-

spread adoption of the technology in the industry is limited by its lack of precision (Chi, Kang, 

and Wang 2013).

Precision is important for projects requiring strict construction tolerances, design fidelity 

and fabrication feedback. For example, the manufacturing of glulam beams requires toler-

ances of less than 2mm (Jones and Brischke 2017). The goal of this project is to explore 

the industrial application of using multiple fiducial markers for high-precision AR fabrica-

tion (Figure 1). While the method has been validated in lab settings with a precision of 0.97 

mm (Figure 2), this paper focuses on fabricating glulam beams in a factory setting with an 

industry manufacturer, Unalam Factory (Kyaw et al. 2023).
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1	 Multiple Fiducial Markers for High Precision AR in a Lab Environment. 



ACADIA 202444

Augmented Reality Software and Equipment 

This project utilizes the Twinbuild software to recognize 

multiple quick response (QR) fiducial markers for correcting 

drift errors in AR. Each QR marker is linked to know points 

in the physical environment or on the beam. These points 

are interpolated and serve as reference points to maintain 

alignment accuracy using the HoloLens2 AR headset.

Experiment Setup 

Three types of beams were fabricated: a 14-foot straight 

beam for the Upper Merion Area High School in Pennsylvania, 

a 24-foot twisted beam for the Milford band shed in New 

Hampshire, and a 40-foot cable roof beam for the Winding 

Trails Pavilion in Connecticut (Figure 3). The 14-foot beam 

has five markers at 2.5-foot intervals along the beam edge 

(Figure 4). The 24-foot twisted beam has 6 markers around 

2	 Multiple Fiducial Markers for High Precision AR in a Factory Environment.

3	 Three Different Types of Beams with Varying Shapes, and Dimensions.
Fabrication Patterns.
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4	 Fourteen Feet Long Twisted Beam for the Upper Merion Area High School in Pennsylvania.

6	 Forty Feet Long Chamfered Beam for the Winding Trails Pavilion in Connecticut.

 5	 Twenty-Four Feet Long Twisted Beam for the Milford Band Shed in New Hampshire.
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the beam at 6-foot intervals (Figure 5). Since the edge of the 

twisted beam is not flat, the markers are placed around the 

beam. The 40-foot beam has 10 markers at 4-foot inter-

vals along the beam edge to reduce the number of markers 

(Figure 6). The markers’ arrangements are varied depending 

on the usage and the type of beam. 

Process and Web User Interface  

The procedure involves using a clear strip with magnets 

spaced at 2.5-foot intervals and 4-foot intervals for easy 

attachment of markers (Figure 7). This strip is attached to 

the edge of the beam. Markers are printed on a 3D-printed 

magnetic holder that can be snapped onto this strip. The 

markers can be positioned either horizontally on the 

top-facing edge of the beam or vertically on the side-facing 

edge (Figure 8).

Each beam is assigned a unique QR code that references its 

digital model. These models are stored on a server, allowing 

users to upload them via a web interface (Figure 9a). This 

eliminates the need for the headset to be connected to a 

computer for streaming AR instructions. By scanning the 

QR code, the headset can access and display the corre-

sponding beam model directly from the server. Additionally, 

the markers can also be printed from the web interface, 

enabling easy access (Figure 9b).

Precision in the Factory

Factory measurements indicate that the 14-foot straight 

beam, with markers positioned every 2.5 ft, has an average 

deviation of 1.2 mm. The 40-foot beam with markers posi-

tioned at every 4 ft, has an average deviation of 1.7 mm. Both 

are within the 2 mm tolerance standard required for glulam 

beam fabrication. The 24-foot beam, with markers positioned 

7	 Clear Strip with Magnets Used as Guide for Markers.

8	 Vertical and Horizontal Placement of Markers.
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10	 This is ACADIA-Figure Caption (photographer name, date, © if applicable).

around the beam every 6 ft, has an average deviation of 2.3 

mm. Placing markers further apart results in lower accu-

racy. However, it provides a simpler setup that can still be 

effectively used for other processes such as quality control.  

Compared to results in the laboratory, the accuracy in a 

factory setting is slightly lower. This discrepancy is likely 

due to variations in lighting conditions and moving objects 

within the factory (Figure 10). Further studies in an indus-

trial setting are necessary to investigate these factors using 

the multiple marker method. Lastly, while markers can be 

positioned both horizontally and vertically, users prefer to 

place markers in the same orientation as the fabrication 

instructions since it is easier to scan.

Conclusion  

The paper demonstrates the industrial application of multiple 

fiducial markers for high precision augmented reality fabri-

cation of glulam beams in a scalable manner (Figure 10). 

Future studies can use this work to extend its application 

to larger construction projects. This project challenges the 

idea that AR is only suitable for low-precision projects, by 

demonstrating its potential for high-precision applications. 

With enhanced precision in AR, there are new opportuni-

ties for applications where accuracy is important such as 

feedback-based fabrication (Kyaw et al. 2024), human-robot 

interaction (Kyaw et al. 2024), and on-site design fabrication 

(Kyaw, Otto and Lok 2023).

9a	 Web Interface for Uploading Fabrication Model.

9a	 Web Interface for Printing QR Markers.
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10	 Comparison between Factory Environment and Lab Environment.
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