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ABSTRACT

Turning a physical object into an editable digital model is a long-standing problem at the
intersection of computer vision, computer-aided design (CAD), and intelligent manufacturing. Creating
a CAD model usually requires time, effort, experience and access to specialized tools such as laser
scanners or light devices. This thesis tries to tackle the problem in a more simple manner: how far can
you get with just a phone camera? That is the question this thesis is trying to answer. More specifically,
can a physical object be turned into a CAD-compatible digital file using only RGB images and a series

of standard computer vision and geometry processing steps?

This work showcases a constrained image to CAD pipeline that is aimed at simple box-like objects.
The system starts with multi-view image capture and image-based 3D construction in COLMAP. Then
the constructed geometry turns into points clouds, which are cleaned and abstracted in Open3D.
considering image-based reconstruction does not have the ability to determine real world dimensions
the next step uses one known real-world dimension to determine the rest of the unknown dimensions.
The recovered dimensions are then used in a script which generates both mesh based and parametric
CAD output through FreeCAD, producing and editable local CAD file (.FCStd) and a cross-platform
engineering exchange file (.STEP)

Past getting a proof of concept, in this thesis I also look closely at how different cuboid fitting
strategies affect geometric accuracy. Four methods are evaluated: an axis-aligned bounding box
(AABB), an oriented bounding box (OBB), a percentile-constrained axis aligned box, and lastly a
hybrid method that combines both the percentile filtering and oriented fitting. In order to accurately
gauge the relationship between reconstruction density and fitting accuracy each method is run on three
reconstructions built from 50%, 75%, and 100% of the captured image set. The results show that no
single fitting strategy is superior across all tests, OBB performs the best on the 50% and 75% subsets,
with mean percentage dimension errors of 5.62% and 9.39% respectively, however the hybrid method
performs best on the 100% reconstruction with 16.29%. a noteworthy aspect is that the hybrid method
is also the only one of the three non-baseline methods that consistently beats the AABB baseline in
every condition tested. Thus, it is concluded that fitting accuracy depends on the density, quality and

structural stability of the points clouds rather than the amount of images you feed it.

This thesis also showcases a preliminary baseline experiment on the T-LESS dataset. During the
experiment generic object detection and standard feature-based reconstruction failed on textureless
industrial objects. Pretrained YOLOvV8 produced semantically wrong class labels in nearly every frame,
and COLMAP could not even initialise a sparse reconstruction from the available views. That failure
ended up being the motivation for controlled capture, added surface texture, and a constrained geometric

prior in the final prototype. All in all this thesis showcases that it is possible to use image based
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reconstruction to generate a CAD oriented model for simple man made objects, whilst still making it

clear where the current method stops working.
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