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Overview

Developed by a team at the University of Wisconsin — Stout with support from the Minneapolis
Institute of Art (Mia) and Cultural Heritage Imaging (CHI) under a grant from the National
Endowment for the Humanities (NEH), Kintsugi 3D 2 is a novel software platform for
synthesizing empirically-based roughness, specularity, normal, and diffuse textures from an
image set containing photographs of an object captured with flash-on-camera illumination.
What sets Kintsugi 3D apart from other workflows that produce specularity maps is that all the
textures produced are empirically-based: they are derived directly from photographic data using
classical optimization methods, and the reconstruction error from this optimization process can
be recorded as metadata for the object as documentation of the fidelity of the digitized form.

Kintsugi 3D is an evolution of its predecessor, IBRelight?: a tool developed as part of Michael
Tetzlaff's (Kintsugi 3D project lead) doctoral thesis that originally had a use case of being a tool
for cultural heritage professionals to generate images and videos from photogrammetric
models by reprojecting the original photographs onto the 3D model. What was unique about
IBRelight was its use of a flash-on-camera photography technique that made it possible to
change the lighting in software based on which flash images were selected for blending.
However, IBRelight had substantial hardware requirements which were a barrier preventing it
from being used for general-purpose dissemination of digitized heritage objects. By
implementing a texture processing technique originally described by Nam et al.# and refined by
Tetzlaff,% IBRelight has evolved into Kintsugi 3D Builder, with a user experience redesigned to
specifically target the application of building textures and materials for use in lightweight 3D
viewer applications.

The Kintsugi 3D platform features its own Viewer application ® for public access to finished
digitizations in the highest possible quality, using a custom shader designed specifically for
materials derived from photographs. The goal of this viewer is to support the rest of the
Kintsugi 3D platform with a lightweight app for public access to this robust reproduction quality,

1 https://github.com/michaelt919/Kintsugi3DBuilder

2 Brown, L.; Walbridge, C.; Tetzlaff, M. “Kintsugi 3D: An Empirically-Based Photogrammetry Production
Pipeline.” IS&T Archiving Conference. 2024, 76-80.

3 Tetzlaff, M.; Meyer, G.; Kautz, A. “IBRelight: An Image-Based 3D Renderer for Cultural Heritage.” IS&T
Archiving Conference. 2018, 93-98.

4Nam, G., Lee, J. H., Gutierrez, D., and Kim, M. H. “Practical SVBRDF Acquisition of 3D Objects with
Unstructured Flash Photography.” ACM Transatctions on Graphics, vol. 37, no. 6. 2018, pp. 267:1-267:12.
https://dl.acm.org/doi/abs/10.1145/3272127.3275017

5> Tetzlaff, M. “High-Fidelity Specular SVBRDF Acquisition from Flash Photographs.” IEEE Transactions on
Visualization and Computer Graphics (TVCG), vol. 30, no. 4. 2024, pp. 1885-1896.
https://ieeexplore.ieee.org/abstract/document/10012127

6 https://github.com/UWStout/Kintsugi3DViewer
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while striving for feature parity with comparable viewers such as Sketchfab or Smithsonian
Voyager. Kintsugi 3D also supports exporting in standard texture formats to support existing
efforts using established viewers like Sketchfab or Voyager. The simplicity and open access of
the Kintsugi 3D platform makes this available even to institutions without the infrastructure or
support to otherwise develop such hands-on physical or digital interactive experiences.

Kintsugi 3D still relies on Agisoft Metashape (or potentially other photogrammetry alternatives
in the future) for camera alignment and 3D reconstruction; it merely replaces the final stage of
texture generation. As such, it is an extension, not a replacement, for established
photogrammetry solutions. However, Kintsugi 3D does change the photogrammetry pipeline in
certain significant ways. Professional photographers at many institutions currently capture
image sets that utilize white backgrounds with uniform lighting on the object in each image set.
While this makes it possible to easily mask images from the contrast between the background
and object, it also makes achieving the necessary uniform illumination for accurate textures
more challenging, and empirically deriving specularity from such images is not possible. There
is also a risk of color issues in the textures due to bounce lighting or interreflections that,
among other things, dull out colors, reducing the texture fidelity.

In contrast, Kintsugi 3D, like its predecessor IBRelight, uses a photographic technique that
leverages a flash mounted on the camera. There are two primary modes of capture: against a
black background in a studio environment, or in-gallery. These two options reduce unintentional
bounce light and offer accessibility and flexibility in terms of how the photos are taken, while
providing essential reflectivity data for Kintsugi 3D to reconstruct specular maps, which most
other photogrammetry workflows cannot replicate.

Platforms

Kintsugi 3D Builder is a downloadable standalone application that is available as an executable
with installers for Windows 10+ and MacOS.

The software is available as open source code, and can be built for other platforms by
interested users.



Installation

Kintsugi 3D is an open-source software project that is currently in “beta.” Because of this, many
browsers and operating systems flag it with a false positive as a potential virus. You may see a
window like the following when downloading (exact details will vary by operating system and
web browser):

This file type might be dangerous %

"Kintsugi3DBuilder-0.3.15-macos.dmg" is a file type that might harm your
computer. Only download this file if you understand the risks.

Cancel [ Download anyway J

Windows

On Windows, after downloading, double-click the downloaded setup file to run the installer. You
will see a prompt like the following:

User Account Control h ot

Do you want to allow this app from an
unknown publisher to make changes to your
device?

Kintsugi3DBuilder-0.3.17-setup.exe

Publisher: Unknown
File origin: Hard drive on this computer

After clicking “Yes”, the setup wizard will run. Click through to install Kintsugi 3D.




@ Kintsugi 3D Builder Setup — x

Welcome to Kintsugi 3D Builder
Setup

Setup will guide you through the installation of Kintsugi 3D
Builder.

It is recommended that you dose all other applications
before starting Setup. This will make it possible to update
relevant system files without having to reboot your
computer.,

Click Mext to continue.

Mac OS

On Mac 0S, the downloaded DMG file will contain packaged apps for Kintsugi 3D Builder and
Kintsugi 3D Viewer, which can be copied into your Applications folder using “drag and drop.”
Because the software is currently unsigned, for the time being on MacOS, you will need to
bypass Gatekeeper in order to run the apps. If you simply try to run the downloaded apps by
“double-clicking”, you will see a message like the following:

“Kintsugi 3D Builder"” cannot be
opened because the developer
cannot be verified.

macOS cannot verify that this app is free
from malware.

lay at

Move to Trash Cancel




Photography guidelines

Kintsugi 3D works on 3D models that were captured with a specific lighting approach (described
below) and that were processed using the Agisoft Metashape software.

Photogrammetry software requirements

Agisoft Metashape 2.x is fully supported. Agisoft Metashape 1.x projects may work but are not
officially supported and may stop working with later versions of Kintsugi 3D.

Basic photogrammetric capture requirements

The primary requirement for Kintsugi 3D is the illumination of the subject. Other aspects of
acquiring images for use in photogrammetry remain unchanged.

Basic photography requirements

Kintsugi 3D expects that the object is photographed under a very specific kind of illumination -
an on-axis / camera-mounted light source. A common example of this is the built-in flash that is
available on many digital SLR cameras. It is best for this light source be as small as possible so
that it is very close to the underlying assumption, built into Kintsugi 3D, that the light source is
infinitely small. It is also important that the light provided by the flash is significantly brighter
than any other ambient illumination in the photography environment — ideally, there would be
basically no ambient light (a pitch-dark room when the flash is off). Good photographs for
Kintsugi 3D Builder will exhibit strong highlights, and will probably look underexposed compared
to what you're used to for photogrammetry.

FAQ

e Won't Metashape have trouble aligning the images if they are dominated by a flash
highlight? In theory the use of flash images could reduce the quality of the camera
alignment and mesh reconstruction. With large datasets (200-500 images) and careful
adherence to other best practices, we have found that Metashape still produces
reasonable results. However, see “other considerations for photogrammetry” below for
suggestions on how traditional photography can complement the camera-mounted flash
to improve confidence in the reconstruction.

¢ Will the highlights be baked into the texture map?

Kintsugi 3D Builder is intended to replace the texture map produced by Metashape, and
fits a specular model that accounts for highlights. As such, if all goes well, the highlights
in the photographs should not appear in Kintsugi's diffuse / albedo texture map, but will
determine the shape of the fitted specular material.

e The images look too dark. Is this a problem?

With Kintsugi 3D Builder, it is important to expose images to minimize clipping of the
specular highlight (see advanced guidelines below) in order to capture the full dynamic
range of the highlight. However, this requires images to look “underexposed” as typically
understood by experienced photographers. This may raise several concerns:
o Will Metashape have trouble aligning cameras and reconstructing the model
from underexposed images?



In practice, this seems to generally not be an issue for many datasets. However,
if the image exposure does turn out to be problematic, a conceivable workflow
would be to tonemap the images at two different levels and use the brighter
version for Metashape and the darker one for Kintsugi 3D Builder.

o lIsitagood idea to use ambient light in addition to flash to brighten up the
darker parts of the photographs?

Kintsugi 3D Builder assumes that there is no ambient light in the scene. Because
of this, if the ambient light level is high enough to significantly affect the
appearance of the object, the fitted specular model will be inaccurate. A better
alternative is to use two sets of images — one with flash on in otherwise pitch
darkness, and the other with no flash but with ambient light on — and use them
all together in Metashape to build the model. The non-flash images can then be
disabled prior to loading the project into Kintsugi 3D Builder.

o Will the textures produced be darker if the photographs are underexposed?
With the use of an X-Rite Color Checker chart, Kintsugi 3D Builder can calibrate
the textures to contain true albedo — representing the percentage of incident light
reflected. As such, even if the photographs are underexposed, provided that the
Color Checker was photographed under the same conditions, Kintsugi 3D will
account for this in the math when building the textures and the result should not
be any darker.

o Will the textures be grainy / noisy if compensating for underexposed
photographs?

In the extreme, this is possible. However, because Kintsugi 3D blends / averages
many photographs to build the textures, the “exposure” of the textures as far as
signal-to-noise ratio is concerned scales with the sum of the exposures over all
the images that are visible to each pixel. As such, you actually have more
exposure than you think you do looking at an individual image.
How shiny is too shiny?
Kintsugi 3D Builder is designed to reconstruct specular materials ranging from very
rough objects with just the slightest hint of gloss to nearly mirror-like metal surfaces.
However, Metashape may break down as surfaces become mirror like and it starts to
pick up features in the reflections. The same is true for extreme translucency /
transparency. That said, with careful adherence to photogrammetry best practices and
some of the “other photogrammetry considerations” listed below, we have seen
Metashape successfully reconstruct bronze objects with strong specular highlights as
well as jade artifacts exhibiting significant translucency (subsurface scattering).
Determining the precise limits of this and finding solutions to extend the boundaries of
what can be reconstructed is an area of open research.



Advanced guidelines for Kintsugi 3D

It is best to not use automatic camera settings such as aperture, shutter speed, and ISO, when
taking photographs for photogrammetry. Avoiding automatic camera settings (including flash
brightness in addition to the settings listed above) is also important when using Kintsugi 3D.
These settings all affect the effective exposure of the photographs and, when set to “automatic
mode,” the exposure may change between photographs. Kintsugi 3D makes an implicit
assumption that all images have the same exposure, and if this is not the case, there may be
unexpected changes in brightness in the rendering produced by Kintsugi 3D.

Ideally, the flash would be a “point light” that only has “natural,” inverse-square falloff as the
subject gets further away from the camera. In practice, most flashes will have a limited cone of
illumination, so the goal is to keep the subject within that cone and try to use a flash that
provides lighting that is as uniform as possible across the cone until it starts to fall off near the
edge of the cone.

The depth of field should be set to be as large as is required by the shape of the imaging
subject, or, if this is not optically practical, as large as possible: to increase the depth of field, the
aperture can be decreased so long as is does not cause diffraction blurriness, and the camera
can also be moved away from the subject so long as the subject is still a reasonable size in the
field of view. Sharp images also make it easier for the photogrammetry software to process the
images, and also improve the quality of the textures produced by Kintsugi 3D.

It is also important that the light provided by the flash is significantly brighter than any other
ambient illumination in the photography environment. If this is not the case, ambient light will
introduce inaccuracies when the object is relit. Here is one way to check if the ambient light
level is a problem:

e First, several test images should be taken with the flash on to set the proper exposure
level.

e Then, the flash should be turned off, and another picture should be taken at the same
exposure levels as in the first step.

e If the photograph taken with the flash off is essentially black with the object not visible
at all, that means that the flash is bright enough.

e If the object is still visible, then the amount of ambient light either needs to be reduced,
or the flash needs to be brighter.

e If possible, it is useful to use a black background and place the object on a black surface
so that there is minimal ambient light resulting from scattering of the light of the flash
itself.

e Itis also important to make sure that there are not interreflections from the flash off of
mirror-like surfaces in the room that may result in additional, unwanted illumination.

It is important to understand when using on-axis flash photography for Kintsugi 3D that a
desirable exposure level is often different than it would be for traditional photography. In other
circumstances, a photographer would properly expose the non-specular parts of an object, with
some “clipping” of the specular highlights to white being expected. The goal, when taking
photographs for Kintsugi 3D, is to accurately measure the specular highlights, which means that



any clipping of the specular highlights must be minimal. This will mean that the photographs
taken may appear “underexposed” to the eye of the experienced photographer, but this
underexposure is necessary for Kintsugi 3D to capture the required specular information. On
the other hand, the underexposed parts of the images will usually correspond to diffuse
reflectance that can still be determined with an acceptable amount of precision by combining all
of the available photographs.

All of these recommendations require a somewhat subjective evaluation of the brightness and
quality of an image. Because this may be difficult to discern on the small screen on many
digital SLR cameras, it may be best to look at some preliminary photographs on a higher quality
computer monitor and make sure the focus and exposure are set correctly, before taking a full
set of photographs.

Color calibration charts, which are useful for color balancing in general-purpose photography,
are even more valuable when taking photographs for Kintsugi 3D. Kintsugi 3D is able to use a
photograph taken with the MacBeth ColorChecker chart (sold by Calibrite) ” directly in front of
the object to obtain the exposure and tonemapping information that is necessary to convert the
pixel values in the photographs into absolute reflectance measurements.

Kintsugi 3D currently assumes that in this photograph, the distance from the camera to the
calibration chart is approximately the same as the distance from the camera to the closest point
on the object for some calibrated camera in the photogrammetry project. To satisfy these
assumptions, the calibration chart should be placed either right in front of the object (as close
as possible without touching the object) or at least in a location that is the same distance from
the camera as the front of the object. If the photograph containing the calibration chart is not
usable for photogrammetry (for instance, if the chart occludes part of the object), a similar
photograph should be taken without the chart but from the same camera position and
orientation, without changing the flash
power, exposure settings, or the distance
from the camera to the object, and that
photograph should be included and
calibrated as part of the photogrammetry
project.

The image on the right shows an example
of what a good color calibration reference
photograph for Kintsugi 3D looks like.

It is also best to shoot images originally in
RAW format rather than a tonemapped
format such as JPEG, PNG, or TIFF. One
benefit of doing this is that it makes it
possible to adjust the exposure of the
images after the photography session. It
also allows for more control when

7 https://calibrite.com/us/product/colorchecker-passport-photo-2/
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tonemapping the images to a format like JPEG, PNG, or TIFF, resulting in a more accurate
interpretation of reflectance, even when using a Color Checker chart.

Other considerations for photogrammetry

In addition to being suitable for eventual use in Kintsugi 3D, it is important that the photographs
taken are also usable by photogrammetry software in order to reconstruct a 3D geometric
model of the object. Unfortunately, many of the constraints just described - the exposure and
lighting restrictions in particular - may in fact make it more difficult to reconstruct an object
using photogrammetry software like Agisoft Metashape. However, there are a few ways around
this issue.

One simple practice is to use different tonemapping settings for Metashape and Kintsugi 3D.
That is, if the images have all been stored in a RAW format, they can be tonemapped at a higher
exposure for use in Metashape and again at a lower exposure for use in Kintsugi 3D.

It may be helpful to also take a supplementary set of photographs using the best practices for
traditional photogrammetry — in other words, bright ambient illumination, a white background
and resting surface (if possible), and a higher exposure setting. This set of photographs
supplements the on-axis flash photographs for the purpose of photogrammetry, but should not
be used for rendering in Kintsugi 3D, and they do not replace the flash photographs. Metashape
is known to be able to handle both kinds of photographs simultaneously, and the processing it
performs actually benefits from the presence of the additional photographs that include
ambient illumination.

One should also ensure that the object has a clearly visible silhouette and a sufficient number of
distinct features that are not ambiguous due to symmetry. If symmetry or homogeneity (the
lack of recognizable features) are an issue, it may be useful to place another object or even a
printed image next to or underneath the object to provide features that the photogrammetry
software can use to align the images.

Finally, if the object is being moved in each image with a fixed background, for example, when
using a turntable to rotate the object, it is useful to take a picture of the background so that it
can be used to generate a “mask” that will prevent the photogrammetry software from matching
features in the background rather than features on the object. Or, if using Metashape, employ
the “exclude stationary tie-points” alignment feature.



Quick start
Export individual files from Agisoft Metashape

If you have a fully processed model in Metashape you can export the appropriate data by
following the steps that are described in this section. Kintsugi 3D requires two files to be
exported from Metashape: the 3D model (“Export > Export Model..") and the camera calibration
data (“Export > Export Cameras...”):

4 150714_98_77_3ab_Kuan¥u_0340_mesh_more_decimated.psx — Agisoft Metashape Standard

File Edit View Workflow Model Photo Tools Help

= New Ctrl+M
& Open.. Ctrl+0

Append...

Export

Import

Upload Data...

Convert Images...

For the 3D model, it is important that the “Export texture” checkbox is enabled; otherwise, the
model will not be usable in Kintsugi 3D Builder. The Wavefront OBJ and PLY formats are
currently supported for import.

Export Model - Wavefront OB]

Coordinate System

Local Coordinates (m)
shift: X: 0 Y: O r

Export Parameters

Vertex colors Convert to 8 bit RGB

Vertex normals Cameras

Vertex confidence Markers

Export texture JPEG PNG TIFF EXR
Raster transtorm: None

Include comment  Generated with Agisoft Metashape
Binary encoding  Predsion: ]

Use UDIM texture layout

Save alpha channel

Clip to boundary shapes

Write metadata.xml file
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If you have multiple quality levels for your model (i.e. different poly counts), it is important to
export the version that you want to ultimately distribute with the textures from Kintsugi 3D
Builder. In general, textures are not transferrable between different meshes of the same object.

You may optionally want to generate ambient occlusion (AO) maps in Metashape. Kintsugi 3D
Builder does not support generating AO maps, but can pack an AO map imported from
Metashape into an “ORM” (occlusion / roughness / metallicity) texture when processing other
textures, and reference that texture in an exported a gITF model. If you generate an AO map in
Metashape, make sure you do it after any decimation, remeshing, and/or UV editing.

Additional guidelines:

Make sure you have finished all the processing steps, so that you have a complete
model of the object’'s geometry.

If you have multiple chunks, you will only be able to export and use the cameras from
one of them. One option is to combine or copy the cameras into one chunk prior to
exporting.

If you used a model transformation, make sure that you reset it using: Model >
Transform Object > Reset Transform. Although Kintsugi 3D Builder may be able to
interpret model transformations correctly in some circumstances, model
transformations are known to cause problems, so we recommend this workaround for
the time being.

Make sure that a texture has been generated after performing any smoothing or
decimation. Note that the texture itself will not be used by Kintsugi 3D Builder for the
most part, but the process of generating a texture creates texture coordinates that are
required for processing textures in Kintsugi 3D Builder.

Disable any cameras corresponding to non-flash photographs, as well as any other
photographs that you don't want to be used for image-based rendering for any reason.
If you used higher exposure versions of the images for Metashape processing, now is
the time to replace them with lower exposure versions that will be used by Kintsugi 3D
Builder. It may be simplest to just create a copy of the directory containing your images
and Metashape project and then write over the old high-exposure images with the low-
exposure versions.

After exporting the cameras and the 3D model, your data folder should look like the following,
containing the cameras XML file, the 3D model (mesh), and the original source photographs:
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cts Mia_001239_Rodin-Arch2024

MNarme - Date modified Type

. Processed dark 4/6,
B miz_om 14
. Mia_00123 werage.rmitl 11
1M1
1M1
11
11

/6/2024 9:41 PM File folder

2024 10:02 AM  JPG File 5,051 KB
/2024 10:02 AM ML File 1KB
/2024 10:02 AM 3D Object 24,330 KB

(2024 10:02 AM PG File 4157 KB

B mia_00123 in_200kAverage.obj !
ge.obj

B miao0i23

E mia_ooz3

B iz 001239 Rodin_399cameras.xml

2024 10:02 AM  JPG File 2,344 KB

M12/2024 10:07 AM XML File 157 KB

Stout Research Data kintsugi3d-projects » Mia_001239_Rodin-Arch2024

sed dark !
din_, din_, din_, din_,
ge.jpg ge.mil ge.obj ge_normal.jpg

When using Wavefront OBJ, you will also find a material (.mtl) file. You will also see the color
texture (not used by Kintsugi 3D but required for Metashape to export UVs) along with a normal
map and occlusion maps which may optionally be imported into Kintsugi 3D Builder. If
provided, Kintsugi 3D Builder will pack the occlusion map into an “ORM” map after processing
textures, and the normal map may be used as a starting point for normal map refinement when
processing textures.
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Import into Kintsugi 3D Builder

To import photogrammetry data into Kintsugi 3D Builder, choose “Create Project” from the
Welcome Window or “File” menu.

Create Project

Open Project

st-lucy-diago... celeNgl-hors... celestial-hars...

Guides & Documentation

Settings Older
SICHE

Projects

About Kintsugi 30 Builder arrowhead-m... kratina-fuller-...

You will be prompted with two import options: Metashape Import or Custom Import. Note that
you can navigate forwards and backwards through pages in the Create experience using the
WASD keys.

Use A and D to move backwards and forwards one page, respectively. The W key is used to
select Metashape Import, and the D key is used to select Custom Import.

@ Load Files X

Metashape Import

Custom Import
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Metashape Import
@ Load Files

Chunk:
Model ID & Name:

Primary View:

Back

You will be prompted to import an Agisoft Metashape file (.psx). Upon uploading a .psx file, all
dropdowns will be populated to reflect your data.
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]

@ Load Files

(T

Load

Mi -.a'_{]' 01697 _Stluc 3.-'_4 00.p

Chunk: Merged Chunk
Model ID & Name: 4 sculpted UV

Primary View: 231103_miaEURO_0001

All chunks and models will retain the names they were given in Metashape. You can select your
desired chunk from the dropdown. Within a chunk, you can select a desired model.

Chunk: Merged Chunk

Model ID & Name: chinill g

Primary View: Chunk 2

v Merged Chunk
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Chunk: Merged Chunk
Model ID & Name: 4 sculpted UV

Primary View: 0 DepthMap_unsmoothed

DepthMap_smoothed
sculpted
Unnamed Model

sculpted_UV

By default, the chunk labeled as “active” in Metashape is selected by the interface. Similarly, the
model within that chunk marked as “default” will be selected by default.

If a model is missing an ID or a name, the interface will indicate this.

Chunk: Merged Chunk
Model TID & Name: No ModellD Unnamed Model

Primary View: DSC06396.tif

Upon importing your Metashape file or selecting a chunk, you may get a popup indicating that
your chunk has no models.

# ' Metashape chunk has no models.

Please select another chunk or create a custom project.

Create Custom Project OK

You cannot create a project using this chunk’s data. Hit “OK” to dismiss the popup. You may
then select another chunk or import a new Metashape file.

Alternatively, hit “Create Custom Project” to open the custom loader. Using the custom loader,
you can import individual camera XML, mesh, and image files.
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If desired, you can select a primary view to determine model orientation. By default, this view
will also be used to calibrate the texture brightness after compensating for distance-based light
falloff, as it is expected to be representative of the dataset.

Hit Confirm to begin creating your project. You will be asked to provide a filename and location
for your Kintsugi 3D project. Kintsugi 3D projects use the .k3d file extension.

Note: You can still press Confirm while your views are loading. By default, the first image will be
used as the primary view.

Chunk: Merged Chunk
Model ID & Name: 4 sculpted UV

Primary View:

Warning: Creating a new project when another project is already open will close the old project
without saving. Make sure you always save your work before creating a new project.

It is normal for it to take several minutes to import the source photographs for a Kintsugi 3D
project. During this time, Kintsugi 3D Builder is reading, “undistorting,” and downscaling each
image to support previewing the projection of the photos onto the 3D model. Kintsugi 3D
Builder continues to reference the original, full-resolution images and will use those for the
specular fit process.

The “preview” images are stored in hidden folders under the user home directory: within
“AppData/Local/Kintsugi3DBuilder” on Windows or “Library/Application Support/
Kintsugi3DBuilder” on Mac OS, and are cached to make opening the project quicker in the
future. To free hard drive space, the cache can be cleared manually if desired from the settings
menu:

G System Settings

Cache Settings

Lighting Settings

Photo Projection Settings

System Memory Settings

Custom Import

You will be prompted to browse for the camera calibration data, 3D model, and image directory:
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@ Load Files X

Mesh
(Wavefront

Primary view: Cancel

The interface will indicate when each file has been successfully located:

Load Files *
®

Primary view: 231016_miaEURO_9506

After selecting the files, you will be prompted to select a view for determining model orientation:

Primary view: 231016_miaEURO_9506

(By default, this view will also be used to calibrate the texture brightness after compensating for
distance-based light falloff, as it is expected to be representative of the dataset.)

Click OK to complete the project creation step. You will be asked to provide a filename and
location for your Kintsugi 3D project. Kintsugi 3D projects use the .k3d file extension.
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File menu

Create New project
CTRL + N or CMD + N

This allows you to go through the process of importing photogrammetry data to set up a new
project, as described in the previous section.

Open Project / Save / Save As

Open Project: CTRL + O or CMD + O
Save: CTRL +SorCMD + S

Save As: F12

Kintsugi 3D Builder allows you to save your work as a project that you can come back to later.
There are two ways of saving in Kintsugi 3D Builder. The first option is to save a full project as a
.k3d file, which will save project settings and the processed textures in addition to the camera
information for the photographs and the file paths to the triangle mesh and the original images.
This is the normal way to save a project in Kintsugi 3D Builder. The second option is to save
only a .vset file, which will only save the camera information for the photos and the file paths -
no project settings or texture processing results will be saved if you save as a .vset file. This is
intended for use in situations when you want to distribute your data but don’t need to provide a
full project file. Note, however, that when you save as a .k3d file, Kintsugi 3D Builder still will
save a .vset file in the same directory to store the camera information for the photos and file
paths.

Once you have saved a project, you can open it again later. Warning: Opening a project when
another project is already open will close the old project without saving. Make sure you always
save your work before opening another project.

Close Project

CTRL + Wor CMD + W

This will close the current project and release the resources being used on the graphics card.
Don't forget to save your work before closing a project. Although this feature is provided for
convenience, it is recommended that you completely exit Kintsugi 3D Builder periodically to
reduce the likelihood of crashes.

Additional Export

This menu item has a submenu containing several useful options for exporting images from
Kintsugi 3D Builder:

e Generic: This is a general-purpose tool that permits the use of custom shader programs.
This is intended to be used by users with experience in computer graphics programming.

¢ Single Screenshot: This tool exports the current image in the 3D viewport at a custom
resolution.

19



¢ Resample: This tool exports a sequence of images rendered from the perspective of the
cameras in another view set file.

e Orbit Animation: This tool exports a sequence of images, beginning with the current
image in the 3D viewport, and then orbiting the object in a manner that maintains the
same inclination and camera distance while changing the azimuth at a constant rate.
The number of frames and the resolution of the frames can be specified.

Export glTF

This allows you to export the 3D model with the processed textures for use in other programs.
For convenience, it is included under both the File and Workflow menus. Details are described
under the “Workflow” section of this document.

Recent Projects

Recently opened or saved projects will be shown here for convenient access.
Clear Recent Projects

Clear Missing Projects

Removes references to items not found in file explorer. Will not modify your file system.

Clear All Projects

Removes references to all recent projects. Will not modify your file system.

Settings

Manipulates settings for Kintsugi 3D Builder. Click here to navigate to Settings documentation

About Kintsugi 3D Builder

Opens a window with version and copyright information for Kintsugi 3D Builder.

Exit

This completely exits Kintsugi 3D Builder. Don't forget to save your work before exiting.

20



Workflow

The “Workflow” menu is the central place for performing the steps necessary to process
textures and export a model with empirically based color and specularity.

@ Kintsugi 3D Builder

Workflow  Environment  Shading  Help

Object Orientation...

Tone Calibration... Ctrl+B
Light Calibration...

Process Textures...

Export gITF...

Launch Kintsugi 3D Viewer

Object Orientation

While Kintsugi will try to orient the object based on a reference photograph, the orientation,
center, and scale of the 3D model can be adjusted manually.

@ Object Orientation *

Center

w Rotation

Rotate ¥:

Rotate X




Tone Calibration

CTRL+BorCMD +B

One fundamental advantage of an empirically-based workflow for photogrammetric material
capture is the ability to leverage established tone and color management tools from 2D
photography. The tone calibration task is used to ground the textures generated in absolute
reflectance measurements, using a color calibration chart as reference. (Currently, the MacBeth
ColorChecker, sold by Calibrite, is supported.®) This can somewhat “undo” tone mapping
applied to the raw images under the assumption that all the flash photographs were taken under
a light source with the same intensity and have had the same tone mapping applied. This is
accomplished by leveraging the fact that each of the grayscale squares on the calibration chart
has a known reflectance value. Only the grayscale squares on the chart are used to calibrate
only the “value” component of color; it is assumed that color management for hue and
saturation is primarily taking place in a tool external to Kintsugi 3D.

To perform the tone calibration task, first select a photograph with the calibration chart placed
just in front of the object. This photograph does not need to be included in the Metashape
project. However, this photograph should ideally be taken from the same vantage point or a
similar vantage point to the one selected as the “primary view” for the project. This “primary
view” is used to estimate the distance from the camera to account for distance-based
attenuation. It is assumed that the distance from the light to the calibration chart is the
photograph containing the calibration chart is approximately the same as the distance from the
light to the closest point on the object in the “primary view.” To satisfy this assumption, the
chart should be photographed directly in front of or next to the object, under the same flash
lighting and with the camera in the same place as another image that was taken for image-
based rendering, as described earlier under the photography guidelines.

Mo Color Selected e P
CIE-Y Value (0-255)

3.1 (Black) 53 Select Colol
Select Colol
Select Colol
Select Colol
Select Colol

90.0 (White) 243 Select Colol

Choose Image...

8 https://calibrite.com/us/product/colorchecker-passport-photo-2/

22



https://calibrite.com/us/product/colorchecker-passport-photo-2/

Once an image has been chosen, it can be cropped to make patch selection easier:

CIE-Y Value (|

3.1 (Black)

201

HEEE

243 Select Color

Apply

Choose New Image...

Crop

3.1 (Black) 53 Select Color

201

243

Apply

Choose New Image...

Cropping...

AP
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Next, for each of the six grayscale squares, select a tone to calibrate on the right side of the
interface, and then draw a rectangle inside the corresponding patch in the photograph to
capture the reference value for that patch.

AD

AD

When all the patches have been selected, click Apply to see the impact on the preview
rendering:
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W Grayscale Calibration

Ap

By associating the known reflectance of the squares with the pixel values observed, Kintsugi 3D
Builder can then map the pixel values in any of the photographs to absolute reflectance values.
The software is additionally able to automatically account for the falloff in intensity as the
distance from the light source increases. If the task was performed successfully, the
appearance should be reasonable, albeit possibly brighter or darker than before:

(]
il

Apply

Choose New Image...

Reset Crop

If the task was performed incorrectly, the appearance may appear strange; for instance
excessively bright or dark and lacking the correct shading and color (this can happen, for
example, if the tones are selected in the opposite order):
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Apply

Choose New Image...

Reset Crop

Light calibration task

In practice, a light source can never be perfectly coincident with a camera. The light calibration
task is used to calibrate the physical location of the light source relative to the camera lens axis.
This is important for producing accurate normal maps.

In this task, you will see two views of the object. On the left, you will see a projection of a single
photograph onto the object. You can change which photograph is used for this task using the
list of photographs on the far left of the interface. It is important to choose an image that has
clearly visible shadows. On the right, you will see a 3D visualization of the object, the camera,
and the light source.

Your goal is to use the sliders to adjust the perspective of the single photo projection on the left
until the object occludes all shadows that it had cast upon itself in the projected photograph,
and the silhouette of the object aligns with the silhouette of the shadows. When this is the
case, the virtual camera will be located at the same position as the light when the photograph
was taken.

You may see some “blank” areas that appear when doing this, which were occluded from the
camera in the original photograph; this is expected and is not an indication that a mistake was
made in this step.
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@ Kintsugi 30 Builder - 8 X

Environment  Shading  Help

® Lght Cabraton

08181818

Process Textures

CTRL+PorCMD + P

This is the step where the color, specular, and normal map textures are generated. You can
choose a resolution - higher resolutions will take more time to process (expected processing
time scales with the total number of pixels in the texture).

Kintsugi 3D Builder internally uses a “material basis” representation of specularity — meaning
that a certain number of “basis materials” are chosen, and appearance at each pixel is a
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weighted average of those basis materials. Kintsugi 3D also optimizes a normal map to
improve the accuracy of its expectations about where specular highlights will appear.

In addition to resolution, other options include:

e Translucency - only enable if your object exhibits translucency (i.e. jade, wax, etc.). This
introduces an additional “constant term” texture that approximates the appearance of
translucency. Enabling translucency has minimal impact on processing time but may
result in strange looking results for objects that don't need it. The “pseudo-translucency”
/ “constant” texture is also not portable to most existing renderers and viewers, such as
Blender or Sketchfab.

e Material count — can increase or decrease depending on material complexity.

Increasing material count will increase the time it takes to process.
o Default value of 8 will work fine for most objects.
o Can be lowered for homogenous materials (i.e. one solid color).
o Can be increased for more complex materials (i.e. Cloisonné).

Other advanced settings are available for users who want to fine-tune the algorithm in more
detail. More information about the algorithm can be found in technical papers.® °

If Kintsugi 3D Viewer is installed alongside Kintsugi 3D Builder, the “Open Viewer once
complete” option can be used to automatically open the processed model in Kintsugi 3D Viewer
after processing finishes.

Once the processing settings have been determined, click “Run.”

@ Process Textures O Pt

Width: 2048 Height: 2048 Specular count & . Fit translucency

. Open Viewer once complete

= Advanced

Run Cancel

9 Tetzlaff, M. “High-Fidelity Specular SVBRDF Acquisition from Flash Photographs.” IEEE Transactions on
Visualization and Computer Graphics (TVCG), vol. 30, no. 4. 2024, pp. 1885-1896.
https://ieeexplore.ieee.org/abstract/document/10012127

0 Nam, G., Lee, J. H., Gutierrez, D., and Kim, M. H. “Practical SVBRDF Acquisition of 3D Objects with
Unstructured Flash Photography.” ACM Transatctions on Graphics, vol. 37, no. 6. 2018, pp. 267:1-267:12.
https://dl.acm.org/doi/abs/10.1145/3272127.3275017
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The process will take some time to complete — ranging from minutes to hours depending on the
specified resolution and the hardware Kintsugi 3D Builder is running on. There are three stages:

e Build cache: This retrieves each of the original high resolution images and breaks them
apart into texture-space “chunks” that can be loaded separately to reduce memory
usage when performing high resolution processing. This step will be skipped if the
cache has already been generated for a particular project with the same target texture
resolution.

e Alow-resolution fit to generate the basis materials.

e A high-resolution fit to generate the high-resolution textures.

The progress bar will fill for each of these stages.

The full algorithm is illustrated in the following diagram:

Optimize Optimize
weight maps normal map
(low-res) (low-res)

Optimize

Build cache .
materials

Optimize Optimize
weight maps normal map
(high-res) (high-res)

For more detailed information about the progress of the optimization process, a console log
window is available under “Help”:

File Workflow Environment Shading Help

Documentation

View Log

29



& Log O x

INFO  Found!!

INFO  Loading camera pose 3

INFO  Trying 'CA\Users\micha\AppDataiLocal\Kintsugi3 DBuilder\fi 3d3 30e-4700-859a-186ac9c048
INFO  Found!!

INFO  Loading camera pose

INFO  Trying ‘C\Users\micha\AppData\Local\Kintsugi3 DBuilder\fith: ] 30e-4700-85

INFO  Found!!

INFO  View Set textures loaded in 1627 milliseconds.

INFO  Building weight fiting matri

INFO  Finished building matrices; selving ne

INFO  DOME!

DEBUG Calculating error...

rror: |nfinity)
INFO zing normals...
DEBUG Estimating normals...
DOME!
Calculating error...

Error: 0.0130198924 7578

Estimating normals...

Export glTF

The export gITF task allows you to save a copy the model with processed textures for use in
external programs. Kintsugi 3D extends the standard gITF format with additional data that can
be used by Kintsugi 3D Viewer.

In most programs, when the gITF model exported by Kintsugi 3D Builder is imported, the
“metallicity” representation (described below, under “Shading modes”) will be used. With some
manual configuration, the “reflectivity” representation can be used in Sketchfab (as described
below, under “Uploading to Sketchfab”). Kintsugi 3D Viewer is the only viewer at the time of
writing that supports the “basis” material representation.
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Environment menu
Relighting

Enable this option to turn on relighting for the object. By default, Kintsugi 3D Builder maintains
the “flash-on-camera” configuration for virtual lighting, resulting in an entirely viewpoint-
dependent algorithm for rendering the 3D model. To simulate arbitrary lighting, the “relighting”
toggle can be enabled, which may be particularly useful for previewing results after processing
textures. It should be noted that the “image-based” shading modes will incur a significant
performance hit when turning on relighting.

Show light widgets

Enable this option to cause light widgets to be rendered that allow for direct manipulation of the
light sources from within the 3D viewport. This has no effect if relighting is disabled.

Scene window

Opens the scene window, described later in this document.
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Shading modes

Kintsugi 3D Builder contains several built-in shading models for different purposes.

@ Kintsugi 30 Builder
File Workflow Enwvironment Shading Help
Simple specular
Mormal mapped

Textured Lambertian

Matenal (reflectivity)
Materal (basis)

Image-based

Image-based with textures

Simple Specular

This will render the object with a simple shiny gray “plastic” material so that characteristics of
the geometry can be clearly seen.

Normal Mapped

This will render the object with the same gray plastic material as Simple Specular, but using the
current normal map, either defined in the material (.mtl) file for the imported 3D model, or
optimized using the “process textures” task. If a normal map has not been defined, then this
behaves the same as Simple Specular. For objects imported directly from photogrammetry that
contained a baked normal map, prior to running “process textures,” this will be the normal map
that the photogrammetry software generated.

Textured Lambertian

This will render the object as a non-specular material (like clay), using the current diffuse color
texture, either defined in the material (.mtl) file for the imported 3D model, or optimized using
the “process textures” task. For objects imported directly from photogrammetry, prior to
running “process textures,” this will be the texture that the photogrammetry software generated.

Material (metallicity)

This will render the object using a monochrome “metallicity” texture in combination with a
roughness texture. These two monochrome textures can be packed (optionally accompanied
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by an occlusion map generated by photogrammetry or 3D modelling software) into an “ORM”
(occlusion / roughness / metallicity) texture, which is supported by the gITF standard, and thus
is usable in many game engines and online viewers. Kintsugi 3D Builder compresses the basis
materials and weight textures down to this more universal representation as part of the
“process textures” task. Because of this, the “metallicity” representation is generally less
accurate than “basis” or “reflectivity,” but may still be acceptable for certain types of materials.
Prior to running “process textures,” this shading mode is disabled.

Material (reflectivity)

This will render the object using an RGB specular reflectivity texture in combination with a
roughness texture. Like the “metallicity” representation, these textures are a compression of the
basis materials and weight textures, also produced by the “process textures” task, but have a
higher fidelity than the “metallicity” representation due to the ability to represent specular
reflectivity as an arbitrary RGB color at each pixel. The quality of this representation is often
close to the quality level of the “basis” material representation. It can be uploaded to Sketchfab
using its “specular” workflow as discussed in a later section. Prior to running “process textures,’
this shading mode is disabled.

Material (basis)

This will render the object using the actual optimized basis materials produced by the “process
textures” task. This is the highest quality result, and can be used by Kintsugi 3D Viewer. Prior to
running “process textures,’ this shading mode is disabled.

Image-based

This will render the object with image-based rendering as described in prior publications.™ 12 13
4 This is the default rendering mode and is useful for visualizing the projections of the “preview
resolution” photographs onto the 3D model. It can also be used as a rendering mode in its own
right — as it uses the original photographs, it is even closer to the original object in some sense.
However, it has much higher resource usage than the material shading modes and as such
cannot use the full resolution of the original images. It also has less relighting flexibility, which
may cause visual artifacts for very shiny objects when animating lights or attempting to
simulate environment-based lighting, i.e. an HDRI.

1 Tetzlaff, M. and Meyer, G. “Image-Based Relighting using Environment Maps. IS&T Archiving Conference.
2017, 23-27.

2 Tetzlaff, M. and Meyer, G. “Using Flash Photography and Image-Based Rendering to Document Cultural
Heritage Artifacts. Eurographics Workshop on Graphics and Cultural Heritage. 2016, 137-146.

13 Berrier, S.; Tetzlaff, M.; Ludwig, M.; Meyer, G. “Improved Appearance Rendering for Photogrammetrically
Acquired 3D models.” Digital Heritage International Congress. 2015, 255-262.

4 Buehler, C., Bosse, M., McMillan, L., Gortler, S., & Cohen, M. “Unstructured Lumigraph Rendering.”
Proceedings of the 28th Annual Conference on Computer Graphics and Interactive Techniques. 2001, 425-
432.
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Image-based with textures

This will render the object with image-based rendering, using the “reflectivity” representation of
the material to refine the results when “relighting” is enabled (more accurate Fresnel effect and
geometric attenuation). Prior to running “process textures,” this shading mode is disabled.

Help

Documentation

A link to this documentation can be found under the “Help” menu.

View Log

Open the console log to see in-depth information about Kintsugi 3D Builder’s processing steps
and other details.
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3D viewport navigation

The 3D viewport is where the mouse and keyboard are used to produce direct manipulation of
the camera, environment, lights, and object. Each mouse button and key has a different
meaning in the context of the 3D viewport. In general, the left mouse button performs rotation
actions, while the right mouse button performs move and scale actions. A summary of all the
keyboard and mouse controls is given below. The documentation which follows will then
describe in detail the 3D viewport controls for each combination of mouse button and modifier
keys (Shift, Ctrl, Alt).

Mouse and keyboard control summary / quick reference

Camera orbit LMB (left mouse button)
Camera pan RMB (right mouse button)
Look at point Ctrl-Shift-RMB

Camera twist Alt-LMB

Camera dolly Alt-RMB

Rotate environment Shift-LMB

Focal length Shift-RMB

Object rotation Ctrl-LMB

Object translation Ctrl-RMB

Object twist Ctrl-Alt-LMB
Environment brightness Arrow keys

Background brightness Shift + Arrow keys
Toggle visible lights L

Toggle light manipulators Ctrl-L

Vantage point controls

Clicking and dragging without any keys pressed modifies the vantage point of the camera, the
point and direction in space from which it is looking at the object. The left and right mouse
buttons have two different functions that modify the vantage point in different ways:

Camera orbit

To rotate the camera around the object being rendered in order to see it from different vantage
points, simply click and drag using the left mouse button. The camera always rotates around a
point in the center of the screen. If you go over the top of the object with vertical rotation, you
may observe that the camera “flips around” in order to stay right-side up.
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Camera pan

To pan (translate) the camera and change the point at which the camera is looking, click and
drag using the right mouse button. You can also hold down Ctrl+Shift and right-click on a point
on the object to place that point in the center of the screen.

Alt key - Camera axis controls

Clicking and dragging while holding down the Alt key provides a mechanism for manipulating
the camera on a fixed axis. The left and right mouse buttons have provide two different
functions that each operate on a fixed camera axis:

Camera twist

Clicking and dragging side-to-side using the left mouse button with the Alt key pressed
changes the “twist” or orientation of the camera, effectively rotating the entire screen.
Camera dolly

Clicking and dragging up and down using the right mouse button with the Alt key pressed
moves the camera towards or away from the object being rendered. This effectively makes the
object appear bigger on the screen.

Ctrl key - Object controls

The Ctrl key is generally used for actions that apply to the active object pose rather than to the
active camera. This means that the camera, the environment and the lights will all remain fixed
with respect to each other while the object is manipulated. The controls with the Ctrl key
pressed are otherwise approximately analogous to the camera controls:

Object rotation

To rotate the object, click and drag using the left mouse button with the Ctrl key pressed. The
object always rotates around a center point, which by default is the centroid of the triangle
mesh.

Object translation

To change the center point about which the object rotates, you can move the object by clicking
and dragging using the right mouse button with the Ctrl key pressed.

Object twist

To rotate the object in the screen plane, click and drag using the left mouse button with the Ctrl
and Alt keys pressed simultaneously.

Shift key - Miscellaneous controls

The Shift key is used for two miscellaneous controls:
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Rotate environment

Clicking and dragging using the left mouse button with the Shift key pressed rotates the
environment. The environment can only be rotated horizontally.

Focal length

Clicking and dragging up and down using the right mouse button with the Shift key pressed
changes the focal length of the camera (which determines its field of view). Like the camera
dolly tool, this will cause the object to appear bigger or smaller in the screen. Unlike the dolly
tool, however, this will not change the perspective distortion of the object as the camera is
simply viewing more or less of the scene from a fixed vantage point rather than physically
moving closer or further away from the object.

Key controls

There are also several key controls that can be used independent of the mouse:

Environment brightness

The arrow keys change the brightness of the environment. This affects the total amount of light
the environment casts on the object, as well as the appearance of the environment in the
background if no backplate or background color is specified. The up and down keys change the
brightness by a large increment, while the left and right keys change it by a small increment.

Background brightness

While holding down the shift key, the arrow keys change the brightness of the background
rather than the environment. This will affect whatever is being displayed behind the object,
whether it is an environment map, a backplate, or a solid color. However, it does not affect how
much light the environment casts on the object. As a result this will potentially make the
rendering no longer physically consistent when the environment map is displayed in the
background, but may still be helpful for producing an aesthetically pleasing result. The up and
down keys change the brightness by a large increment, while the left and right keys change it by
a small increment.

Toggle lights

Pressing the L key toggles whether or not point light sources are rendered visually in the scene
along with the object.

Toggle light widgets

Pressing the L key while holding down the Ctrl key toggles whether or not manipulator widgets
are displayed to enable the movement of light sources in the 3D viewport.

Light manipulation

Light manipulation is performed via a 3D widget that is rendered in the 3D viewport. Each point
light source has its own widget, which consists of three double arrows that intersect at a point
that is in the same direction as the light. There is also another point to which this widget is
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connected, rendered as a circle, which controls the center point which the light source rotates
around.

W 1BRelight

Two of the double arrows are curved. The horizontal arc is used to manipulate the azimuth of
the light source. Hovering over one of the rotation arcs will show a complete circle around the
center point. Clicking on the arc will cause the other arrows to disappear, and dragging will
move the light source around this circle.

N 18Relight W 18Relight
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The vertical arc is used to manipulate the inclination of the light source. Hovering over this arc
will show a semicircle from the top of the object to the bottom of the object. Clicking on the arc
and dragging will move the light source up and down along this semicircle.

N 1eRelight x N IERelight

The third double arrow lies along the line between the light source and the center
point. Hovering over this line or the arrowheads on the line will highlight it, and clicking and
dragging will move the light source closer to or further away from the object.

X [N BRefight

The small circle to which the light manipulator is attached is the center point, which affects the
behavior of all the other manipulations. Hovering over this circle will highlight both it and the
line to the light source, and clicking and dragging will move both the center point and the
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attached light source. The center point can only be moved to a point on the surface of the
object being rendered using the 3D viewport.

[N [BRelight X [ BReiight
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Scene window

While the 3D viewport provides controls for modifying the camera, environment, lights and the
pose of the object being rendered, the Scene Window provides the additional functionality of
being able to create different “presets” for each of these and and then quickly switch through
different viewing and illumination conditions. It also provides a mechanism for fine tuning the
properties of each camera, environment, light, and pose by directly editing their numerical
values.

Camera Panel

Camera list

The Camera Panel contains a list of the saved cameras in the scene. When a camera is
selected in this list, it becomes the active viewport in the 3D viewport.

For a selected camera, the following options are available:

New: Duplicates the selected camera and adds it as a new camera in the list. The new camera
is automatically selected and becomes the active viewport.

Rename: Assign the camera a new name.

Lock / Unlock: When a camera is locked, the indication “(L)" is displayed before its name. While
locked, a camera cannot be modified again until it is unlocked.

Delete: Permanently deletes the camera from the list.
The rest of the Camera panel is used to modify properties of the active camera.

Look at point

This modifies the point in 3D space where the camera is directed (the center of the

viewport). The 3D grid can be turned on under the Viewport menu to get a sense of what these
units mean. The grid lies in the XY plane, and each square of the grid is 0.1 unit by 0.1 unit in
size.

Position and Orientation

These settings affect in what direction the camera is looking and how far away from the object
itis.

Azimuth: The horizontal orientation of the camera.
Inclination: The vertical orientation of the camera.
Distance: The distance from the camera to the “look at” point.

Twist: Affects what direction is “up” for the camera. A twist of +180 or -180 degrees will turn the
camera completely upside down.
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Intrinsic Properties

Field of view and focal length: Affects how much of the scene the camera can “see.” These two
properties are two different ways of specifying this camera characteristic. A larger field of view,
or a smaller focal length, will allow the camera to see more, but with more distortion near the
edges of the screen. A smaller field of view, or a larger focal length, will allow the camera to see
less, but with less distortion.

Environment Panel

Environment list

The Environment Panel contains a list of the saved environments in the scene. When an
environment is selected in this list, it becomes the active environment in the 3D viewport.

For a selected environment, the following options are available:

New: Duplicates the selected environment and adds it as a new environment in the list. The
new environment is automatically selected and becomes the active environment in the 3D
viewport.

Rename: Assign the environment a new name.

Lock / Unlock: When an environment is locked, the indication “(L)" is displayed before its
name. While locked, all of the other options in the panel for this environment are disabled until
it is unlocked.

Delete: Permanently deletes the environment from the list.
The rest of the Environment Panel is used to modify properties of the active environment.

Lighting

This section defines how the environment illuminates the object. This is determined by the
combination of whether “Use image” and “Use color” are checked within this section. There is
also an intensity slider to control the brightness of the environment, and a rotation slider to
control its orientation.

Use image and use color: The environment map will be used to illuminate the object. The color
specified will be used to tint the environment map.

Use image, don’t use color: The environment map will be used to illuminate the object without
tinting.

Don’t use image, use color: The specified color will be used as an ambient light for the
scene. The ambient light intensity can be scaled using the intensity slider for the environment.

Don’t use image or color: No environment illumination will be applied to the object.
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v Lighting

Use image  Choose file.. symmetrical garden_02_1k.hdr

Refresh

Use co | or

Intensity: B 00

Rotation:

Filtering Bias:

Loading an environment map: To load an environment map, click the button labelled “Choose
file..” Currently, only Radiance HDR environment maps are supported. If you have an
environment map in another format, you will need to use an image manipulation utility like
ImageMagick to convert it into Radiance HDR. Kintsugi 3D Builder assumes that an
environment map is stored as a panorama unless its name ends with “_zvc.hdr”, in which case it
interprets it as a cubemap in a “cross format.”

Note: If you intend to switch quickly between environment maps, you may want to
reduce their resolution to minimize loading time when switching. Although you will see a
reduction in the quality of the background at a lower resolution, Kintsugi 3D Builder can
accurately illuminate the object from environments at a very low resolution (i.e. 256x128
pixels).

Refresh: The refresh button will reload the environment map from the disk, and can be used to
quickly update the environment after editing it using another software program.

Intensity: The intensity slider in the Lighting panel controls the brightness of the environment
map. This affects the total amount of light the environment casts on the object, as well as the
appearance of the environment in the background if no backplate or background color is
specified.
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Rotation: The rotation slider in the Lighting panel controls the orientation of the environment
map.

Filtering Bias: This parameter adjusts the amount of filtering that is applied to the environment
map when using it for relighting with an “image-based” shading mode. This setting has no
effect for other shading modes. Values above zero will potentially reduce directional aliasing
effects that are perceptible when interacting with the 3D model, but will also cause the object to
be illuminated more diffusely. Values below zero will potentially reduce the diffuseness of the
illumination, but may increase directional aliasing effects.

Background

This section determines what is displayed behind the object. This is determined by the
combination of whether “Use image” and “Use color” are checked within this section.

Use image and use color: The specified image will be used as a background and will be tinted
by the specified color.

Use image, don’t use color: The specified image will be used as a background without tinting.
Don't use image, use color: The specified color will be used as a background color.

Don't use image or color: The background will be whatever is set under the Environment map
section.

Loading a backplate image: To load a backplate image, click the button labelled “Choose
file.” Currently, only BMP, JPEG, PNG, and GIF files are supported.

Refresh: The refresh button will reload the backplate image from the disk, and can be used to
quickly update the backplate after editing it using another software program.

Intensity: The intensity slider in the Background panel controls the brightness of the background
rather than the environment. This will affect whatever is being displayed behind the object,
whether it is an environment map, a backplate, or a solid color. However, it does not affect how
much light the environment casts on the object. As a result this will potentially make the
rendering no longer physically consistent when the environment map is displayed in the
background, but may still be helpful for producing an aesthetically pleasing result.

Ground plane

This section determines whether a ground plane is rendered underneath the object in 3D space.
Use ground plane: Toggle whether the ground plane is visible.

Color: The color of the ground plane.

Height: The location of the ground plane on the y-axis.

Size: The scale of the ground plane on the x- and z-axes.
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Lights Panel
Light groups

Kintsugi 3D Builder maintains a list of saved light groups. A light group consists of up to four
point light sources, each of which is defined by a position, orientation, color, and

intensity. Clicking on a light group selects it and makes it the active lighting in the 3D
viewport. To create a new, empty light group, click the button labelled “New” under the word
“Group” in the “Light Groups” section.

For each light group, the following options are available:

Rename: Assign the light group a new name. The name must be unique across all saved
cameras and light set. The name field will automatically be populated with a unique ID number
when a new light set is created.

Lock/Unlock: When a light group is locked, the indication “(L)" is displayed before its name. The
lights in a locked light group cannot be modified until the group is unlocked.

Delete: Removes the light group from the list permanently.

Lights in a light group

For each light group, up to four light sources will be available. Each light in a group is indicated
by an “X" in the table of light groups. Clicking on this X will select the light so that you can
perform actions on it or edit its properties.

The following actions are available for a light source:

New: Duplicates the currently selected light source, if there are less than four lights in the active
light group. The light will be shifted slightly from the original so that it is not directly on top of
the original, but will be identical in all other respects.

Lock/Unlock: Locked lights have their “X” replaced with an “L" in the light group table. While
locked, a light source cannot be modified again until it is unlocked.

Delete: Removes the light source from the light group permanently.
The rest of the Lights Panel is used to modify properties of the currently selected light source.

Target point

This modifies the point in 3D space where the light is directed. This will be the point in space
that the light rotates around when manipulating it, and the point that it moves towards or away
from when modifying its “distance” attribute. When rendering with shadows, it will also affect
the direction in which it casts light. The 3D grid can be turned on under the Viewport menu to
get a sense of what these units mean. The grid lies in the XY plane, and each square of the grid
is 0.1 unit by 0.1 unit in size.

Position

These settings affect the position of the light source in space.
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Azimuth: The horizontal orientation of the light source relative to its target point.
Inclination: The vertical orientation of the light source relative to its target point.
Distance: The distance from the light source to the target point.

Light Properties

Intensity: How bright the light source is.

Color: The color of the light source.

Spot Size: Controls the size of the “spot” cast by the light by specifying the angular extent to
which it casts light, in degrees.

Taper: Controls how gradually the spotlight transitions from full intensity to no intensity. A value
of 0.0 will cause a sharp cutoff, while a value of 1.0 will cause the intensity to gradually
decrease over the entire spot area.

Object Poses Panel

Pose list

The Object Poses Panel contains a list of the saved poses in the scene. When a pose is
selected in this list, it becomes the active pose in the 3D viewport.

For a selected pose, the following options are available:

New: Duplicates the selected pose and adds it as a new pose in the list. The new pose is
automatically selected and becomes the active pose.

Rename: Assign the pose a new name.

Lock / Unlock: When a pose is locked, the indication “(L)" is displayed before its name. While
locked, a pose cannot be modified again until it is unlocked.

Delete: Permanently deletes the pose from the list.
The rest of the Object Poses panel is used to modify properties of the active pose.

Center

This modifies the point in 3D space that is used as the center of the object when rotating it. The
3D grid can be turned on under the Viewport menu to get a sense of what these units

mean. The grid lies in the XY plane, and each square of the grid is 0.1 unit by 0.1 unit in size.
Rotation

These settings affect the orientation of the object.

Rotate Y: This rotation is applied first. It rotates the object around the vertical axis of the world
coordinate system. In some sense, it is analogous to the “azimuth” property of cameras and
lights.
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Rotate X: This rotation is applied second. It rotates the object forwards and backwards, as if
“tipping it over” in a direction defined by the first rotation (Rotate Y). In some sense, it is
analogous to the “inclination” property of cameras and lights.

Rotate Z: This rotation is applied third. It twists the object along an axis determined by “Rotate
Y and Rotate X" and is analogous to the “twist” property of cameras.

Scale

Scale: This is a uniform scale applied to the object to make it bigger or smaller.
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Settings

Cache settings

Clear Cache: This will delete all files in the cache for all Kintsugi 3D Builder projects. This
includes both the preview images generated when creating a project, and the texture-space
chunks used for texture processing. All files in the cache can be regenerated when needed from
the original source photographs (assuming those files are still available).

Lighting settings

Fresnel effect: Checking this will enable the Fresnel effect, which causes highlights to get
brighter and more white when the object is lit from behind. This feature works best after
completing the “process textures” task.

Shadows: Enable this option to cause the object to cast shadows on itself.

Physically-based masking/shadowing: Use a physically-based geometric attenuation
(microfacet masking/shadowing) equation (currently, this is the V-cavity model). This will
improve the accuracy of the object’s appearance when lit from the side or from behind and can
be used for either metallic objects or glossy objects with an accurate diffuse texture map. For
non-metallic objects, if the only texture map available is the one computed by Metashape, this
should be left unchecked.

Relighting: Alias for the “Relighting” toggle in the Environment menu.

Show light widgets: Alias for the “Show light widgets” toggle in the Environment menu.

Photo projection settings

Gamma: Gamma correction applied to the final pixel color when rendering in all shading modes.

Limit blended views per pixel: When disabled, all preview photographs are blended as described
by Berrier et al. ', rather than the “nearest neighbor” selection described by Buehler et al. '® This
should not affect the results of high-resolution texture processing.

Weight exponent: The 'alpha’ value from the weight function used when “Limit blended views
per pixel” is disabled. Increasing this causes more views to be used at each point but will
introduce blurriness. Decreasing it will force the views to have a negligible effect sooner and
results in sharper images. Has no effect if “Limit blended views per pixel” is enabled, or the
shading mode is set to anything other than “image-based” or “image-based with textures.” This
should not affect the results of high-resolution texture processing.

15 Berrier, S.; Tetzlaff, M.; Ludwig, M.; Meyer, G. “Improved Appearance Rendering for Photogrammetrically
Acquired 3D models.” Digital Heritage International Congress. 2015, 255-262.

16 Buehler, C., Bosse, M., McMillan, L., Gortler, S., & Cohen, M. “Unstructured Lumigraph Rendering.”
Proceedings of the 28th Annual Conference on Computer Graphics and Interactive Techniques. 2001, 425-
432.
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Isotropy factor: When set to a value greater than zero, this parameter causes
photographs that are far away from a desired but possibly non-existent photograph and
which are expected to exhibit similar appearance based on certain physical assumptions
to have a higher blending weight when rendering. This factor should always be set to a
value less than one or undesirable artifacts may appear. This feature is somewhat
experimental. Has no effect if “Limit blended views per pixel” is enabled, or the shading
mode is set to anything other than “image-based” or “image-based with textures.” This
should not affect the results of high-resolution texture processing.

Visibility testing: Enable this option to eliminate views bleeding through onto parts of the
geometry that they could not see. “Preload Visibility and Shadow Testing” (under “Visual
settings” is required for this to have an effect. Has no effect if the shading mode is set to
anything other than “image-based” or “image-based with textures.” This should not affect the
results of high-resolution texture processing.

Visibility bias: Minimum value for detecting a difference between the depth in the depth
image and the value in the current view. Make this small to help get less bleeding across
visibility discontinuities. Increase it to eliminate more bleeding. Has no effect is visibility
testing is disabled or if the shading mode is set to anything other than “image-based” or
“image-based with textures.”

System memory settings

Limit memory usage: This can be enabled to limit the amount of memory used by Kintsugi 3D
Builder. This can prevent system crashes for systems with low RAM, but may increase the
likelihood for Kintsugi 3D Builder to crash if more memory than the specified cap is required to
perform a computational task.

Visual settings

Preview Image Width and Height: Sets the resolution of the “preview” images that are used for
the “image-based” shading modes. Has no effect if the shading mode is set to anything other
than “image-based” or “image-based with textures.” Changing this option will not have an effect
until a new project is loaded, and may result in a longer load time the next time each project is
loaded as the preview images are regenerated from the full-resolution source images.

Image Compression (recommended on): Apply texture compression to the preview images as
they are being loaded. This will reduce memory usage significantly but may result in some
visual artifacts. This should not affect the results of high-resolution texture processing. Has no
effect if the shading mode is set to anything other than “image-based” or “image-based with
textures.” Changing this option will not have an effect until a new project is loaded.

Preload Visibility and Shadow Testing (recommended on): If the model has some parts that
could cast a shadow on itself or otherwise obstruct the surface then this option will generate
“depth maps” to help it render properly. If the model does not have these features you may
safely uncheck this box and reduce memory usage. This should not affect the results of high-
resolution texture processing. Has no effect if the shading mode is set to anything other than
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“image-based” or “image-based with textures.” Changing this option will not have an effect until
a new project is loaded.

Width and Height (recommended: 512x512): The resolution of the depth maps. Only
applied. Has no effect if the shading mode is set to anything other than “image-based”
or “image-based with textures,” or if the “Preload Visibility and Shadow Testing” option is
disabled. Changing this option will not have an effect until a new project is loaded.

Mipmaps (recommended on): Generate mipmap levels for every preview image. This increases
memory usage but may help eliminate some visual artifacts that are the result of image
resampling. Has no effect if the shading mode is set to anything other than “image-based” or
“image-based with textures.” This should not affect the results of high-resolution texture
processing. Changing this option will not have an effect until a new project is loaded.

Reduce Viewport Resolution: This reduces the resolution of the rendering by half to help speed
up rendering up to four times the framerate. This is particularly meant to help with the image-
based shading modes on High-DPI displays and should be enabled if you have a retina display.

Kintsugi 3D Viewer

Kintsugi 3D Viewer is the sibling project to Kintsugi 3D Builder, also available as free and open-
source software. Kintsugi 3D Viewer is the only viewer that will currently be able to support the
“basis” material representation produced by Kintsugi 3D Builder. Kintsugi 3D Viewer can either
open local files, or download static content from an institutional server. Web, PC, and Mac
builds of Kintsugi 3D Viewer are available, and mobile (Android / iOS) builds are in development.
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Uploading to Sketchfab

Kintsugi 3D Builder is able to generate textures that can be used effectively in Sketchfab.
However, some care must be taken when uploading to get the best results.

First, it is important to simultaneously upload the .glb model along with the albedo, ORM,
diffuse, specular, and normal map textures produced by the “Export gITF” task. This can be
done by dragging and dropping all the files simultaneously into the “Upload” screen on
Sketchfab.

WARNING: Uploading loose textures may cause them to be flipped vertically. If you need to
replace textures after uploading, you will need to flip them vertically using Photoshop before

uploading to Sketchfab.

Upload a new model

albedo.png
diffuse.png
Mia_001239_Rodin-Arch2024.glb

normal.png

Drag & Drop or browse

‘ CANCEL ‘ UPLOAD FILES

After uploading files, Sketchfab will automatically set up the model using the metallicity
representation. To preview this and edit the material configuration, click on the “EDIT 3D
SETTINGS” button that appears after uploading files:
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& Edit Mia_001239_Rodin-Arch20 X +

2% sketchfab.com/3d-models/mia-001239-rodin-arch2024-cd

Title

Mia_001239_Rodin-Arch2024

Description

B 7 & H @ ¢ i=

| oy REUFLUAU |

However, Sketchfab’s internal coordinate system requires the green (“Y”) channel of the normal
map to be flipped. This can be done by checking the “Flip green (-Y)” option under
“NORMAL/BUMP MAP”

v & Edit Mia_001239_Rodin-Arch20 % +

&« & 23 sketchfab.com/r

%% Currently editing Mia_001239 Rodin-Arch2024

8 0 @

v GENERAL  paATERIALS

B SAVE VIEW

Straighten model

Show advanced rotation

& DISPLACEMENT (3®

Bump Map

Hip green (-Y)

This should result in a reasonable rendering using the “metallicity” representation.
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& Currentlyediting Mia_001239_ Rodin-Arch2024

Q "
il Gl
< PBR ®
‘Workflow

s

Base Color @

Help Center

ExiT - SAVE SETTINGS

To switch to use Kintsugi 3D’s “reflectivity” representation, change the “Workflow” toggle from

“Metalness” to “Specular.”

@ Q0 @ Z£ O B

Available UV- UV 1, UV 5, UV7, UV 8
Zoom on selected material

Highlight selectable materials

PERMAPS (®)

Metalness

Specular FO &

VR

The model will not look right immediately after making this change, as we still need to tell

Sketchfab which textures to use for this workflow.
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Help Center ExiT - SAVE SETTINGS

UV1,UV5,UV7, V8
lected material

lectable materials

First, click on the texture thumbnail for “Albedo,” and from the dropdown where it probably says
“albedo.png,” select “diffuse.png.” Next, click on the texture thumbnail for “Specular.” A
dropdown should say “orm@channels=B.png.” Sselect “specular.png.”
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Workflow

Metalness talness

Albedo ® Albedo ®

- -

uv1

Specular @

MANAGE TEXTURES ﬂo

albedo_png

None

- MANAGE TEXTURES
albedo_png

orm@channels=B.png v
diffuse_png

None

e normal_png
-] orm.png
L
(] —
; Morm@channel?&png
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Troubleshooting

Black model

From time to time, bugs in the code of a 3D rendering application can result in a pitch-black
model against a gray background. If you experience this in Kintsugi 3D Builder after loading an
object with no errors, try switching to Shading > Simple Specular. You should see the 3D shape
with a shiny gray “plastic” appearance. If this is the only mode in which something appears on
the screen, it is possible that your Metashape project has an attribute that Kintsugi 3D Builder
does not yet support. If you provide us with the files you were trying to load, that will help us
determine what about the project was not supported so that we can eventually add support for
it.

You should also make sure that you reset the model transformation before exporting your
cameras and model files from Metashape (Model > Transform Object > Reset Transform in
Metashape) as model transformations are known to be problematic for Kintsugi 3D Builder in
some circumstances.

Memory considerations

The program will run out of video memory and may hang or crash if you try to load too many
images. If you think you might be running out of memory, here are some things you can try:

Options that will not affect the quality of the processed textures and 3D model:

¢ Make sure image compression is enabled under Settings > Visual Settings.

¢ Reduce the preview image resolution under Settings > Visual Settings.

e Disable “preload visibility and shadow testing” under Settings > Visual Settings.
¢ Disable mipmaps under Settings > Visual Settings.

Options that will affect the quality of the processed textures and 3D model.

¢ Reduce the number of triangles in your model: The images most likely will take up more
memory than the model, but if you don’t have very much memory to work with and every
little bit counts, this will free up a small amount of memory. If you are building models
for distribution over the web (i.e. Sketchfab or Kintsugi 3D Viewer), you probably want to
be using 64k-poly models anyways for web optimization.

e Reduce the number of views: If you are still running out of memory, there may simply be
too many views enabled. Around 500 views or less is a good place to start, but you may
need to go lower on less powerful hardware. You can open the model back up in
Metashape and disable views in there. The tradeoff is that these views will not be
available for texture processing.

Performance considerations

In addition to the memory requirements, the renderer also requires significant processing power
from your graphics card. You may find it runs slow on lower-end hardware, particularly in the
image-based shading modes. Here are some things you can do to speed up the renderer.
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Options that will not affect the quality of the processed textures and 3D model:

Make sure relighting is disabled (under the Environment menu): Relighting significantly
impacts performance and is not needed for a basic workflow.

Switch the shading mode to one that is not “image-based” (under the Shading menu)
Image-based shading is considerably more performance-intensive than other shading
modes. However, it is important to note that the image-based shading modes are the
only ones at present that effectively preview the projection of the photos onto the 3D
model prior to the long texture processing step.

Zoom out/make the window smaller: The fewer pixels you are trying to render at once
the faster it will be so zoom out and make the model smaller to increase performance.
Try enabling half-resolution mode (under Settings > Visual Settings) to cut the number
of pixels in half in both dimensions. While this option is intended for high-DPI displays it
always has a significant effect on rendering speed.

Options that will affect the quality of the processed textures and 3D model.

Reduce the number of triangles in your model: While the renderer is generally pixel
bound and not geometry/vertex bound, it may still prove useful to reduce the faces from
the default model generated by Metashape. If you are building models for distribution
over the web (i.e. Sketchfab or Kintsugi 3D Viewer), you probably want to be using 64k-
poly models anyways for web optimization.

Reduce the number of views: Reducing the number of views not only reduces the
memory requirements, but also makes the renderer run faster. Around 500 views or less
is a good place to start, but you may need to go lower on less powerful hardware. You
can open the model back up in Metashape and disable views in there. The tradeoff is
that these views will not be available for texture processing.

Photography special cases

If the edge of a photograph clips the object, it's possible the edge of the photograph will show
up as a seam in the material. For now, fading the alpha to transparent along these seams in
Photoshop could solve the problem. A built-in solution in Kintsugi 3D Builder is a planned
feature.

A photographed piece may contain structural supports such as poles, back supports, etc. In
order for these parts to not be projected onto false surfaces and distort the main textures,
remove these parts of the model last, after you have created the Kintsugi 3D textures.
Depending on the accuracy of the photogrammetric reconstruction, Kintsugi 3D may be able to
use the geometry of the supports to mask out the supports from the photographs when building
the textures.
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For developers

The shaders for Kintsugi 3D Builder are provided as text files. The software loads these text
files when it runs. On Windows, these files are loose files in a “shaders” subdirectory within the
installation directory. On MacQS, they are encapsulated in the app bundle. The F11 key can be
used to reload and recompile these shaders at runtime after a model has loaded. This can be
used to rapidly experiment with and debug modifications to the shaders.

It is also possible to use the Kintsugi 3D architecture to run arbitrary shader programs. The
“Generic” export option under the File > Export submenu provides this utility. This feature
requires a fragment shader written in GLSL, and can optionally take a custom vertex shader as
well, but also includes several built-in vertex shaders. Documentation on the specific functions
and variables made available in these shaders by Kintsugi 3D Builder will be forthcoming.

58



	Acknowledgements
	Overview
	Platforms
	Installation
	Windows
	Mac OS

	Photography guidelines
	Photogrammetry software requirements
	Basic photogrammetric capture requirements
	Basic photography requirements
	FAQ
	Advanced guidelines for Kintsugi 3D
	Other considerations for photogrammetry

	Quick  start
	Export individual files from Agisoft Metashape
	Import into Kintsugi 3D Builder
	Metashape Import
	Custom Import


	File menu
	Create New project
	CTRL + N or CMD + N

	Open Project / Save / Save As
	Open Project: CTRL + O or CMD + O
	Save: CTRL + S or CMD + S
	Save As: F12

	Close Project
	CTRL + W or CMD + W

	Additional Export
	Export glTF
	Recent Projects
	Clear Recent Projects
	Clear Missing Projects
	Clear All Projects

	Settings
	About Kintsugi 3D Builder
	Exit

	Workflow
	Object Orientation
	Tone Calibration
	CTRL + B or CMD + B

	Light calibration task
	Process Textures
	CTRL + P or CMD + P

	Export glTF

	Environment menu
	Relighting
	Show light widgets
	Scene window

	Shading modes
	Simple Specular
	Normal Mapped
	Textured Lambertian
	Material (metallicity)
	Material (reflectivity)
	Material (basis)
	Image-based
	Image-based with textures

	Help
	Documentation
	View Log

	3D viewport navigation
	Mouse and keyboard control summary / quick reference
	Vantage point controls
	Camera orbit
	Camera pan

	Alt key - Camera axis controls
	Camera twist
	Camera dolly

	Ctrl key - Object controls
	Object rotation
	Object translation
	Object twist

	Shift key - Miscellaneous controls
	Rotate environment
	Focal length

	Key controls
	Environment brightness
	Background brightness
	Toggle lights
	Toggle light widgets

	Light manipulation

	Scene window
	Camera Panel
	Camera list
	Look at point
	Position and Orientation
	Intrinsic Properties

	Environment Panel
	Environment list
	Lighting
	Background
	Ground plane

	Lights Panel
	Light groups
	Lights in a light group
	Target point
	Position
	Light Properties

	Object Poses Panel
	Pose list
	Center
	Rotation
	Scale


	Settings
	Cache settings
	Lighting settings
	Photo projection settings
	System memory settings
	Visual settings

	Kintsugi 3D Viewer
	Uploading to Sketchfab
	Troubleshooting
	Black model
	Memory considerations
	Performance considerations
	Photography special cases

	For developers

