Newsletter October 2021

Did you know that you can 3D print a prosthetic eye?
Whether you did know or not, you can learn more about the ApPEARS project in the
ApPEARS video. Click on the image above or the button below and watch it on YouTube
and read more interesting stories about the ApEPARS research below.
Recently, several of the PhD fellows in ApPEARS have published research articles that
disseminate the interesting
ndings from the project. This newsletter edition
summarizes some of these ndings. Learn more about elevated, also called 2.5D prints
and how to objectively evaluate the quality of them, or how to recreate a piece of
heritage paper as done by ESR Abigial Trujillo.
At the very end, you can read about Dipanjana Saha's contribution on how to reproduce
a more accurate surface appearance by considering and measuring the microstructure
of patterns that you find in for example the surfaces of different textiles.

ApPEARS
video

Quality assessment of 2.5D prints

Photo: iCID’s lightness structure map from multiple-shot illumination (top) and single-shot
illumination (bottom) set-ups between 2.5D print image (three reproductions are illustrated at maximum
heights of 1 mm, 0.5 mm, and 0.25 mm) and its 2D reference image. Zero means no difference. The Figure
was reproduced from Kadyrova et al. (2021)

2.5D prints represent 2D prints but with elevation. In other words, they are elevated
prints. Different décor, signage, maps, and paintings are some examples of 2.5D prints.
2.5D prints’ quality evaluation is important to provide high quality and attractive
appearance features in terms of elevation, texture, colour, to name a few. Quality
evaluation can be subjective or objective. The former employs observers which might be
costly and time consuming while the latter is less resource demanding. Therefore,
objective evaluation of quality is preferable.
Our PhD fellow Altynay Kadyrova at NTNU - the Norwegian University of Science and
Technology, has performed such evaluation on 2.5D prints using existing image quality
metrics. However, existing metrics are aimed to work with 2D images. Nevertheless, her
goal was to test if such metrics are adequate to evaluate the quality of 2.5D prints. For
data capture, they used camerabased set-ups: one is under single-shot and another is
under multiple-shot illumination. They found that tested metrics can evaluate the quality
of 2.5D prints in certain aspects. In the photo above, we can observe that metric (i.e., iCID’s
lightness structure map) detected the largest di erences on edges between 2.5D print
image and its 2D reference image. Moreover, detected di erences by the metric are better
captured in the set-up with multiple-shot illumination than in the other. Future work
includes testing more metrics.
You can read more about Altynay's research in her recently published paper Kadyrova, A.;
Kitanovski, V.; Pedersen, M. (2021) Quality Assessment of 2.5D Prints Using 2D Image
Quality Metrics. Appl. Sci. 2021, 11, 7470. https://doi.org/10.3390/app11167470. Link is
provided below.

Quality Assessment of 2.5D Prints Using 2D Image Quality Metrics

Paper based 2.5D prints for heritage recreation
When reproducing pieces of material culture, the subtle aspects of materials, their colours
and surface details, and the methods to intervene them become part of the narrative. The
form, imagery and appearance, all contribute to the meaning and the expressive power of
symbolic objects in human history. The paper Retrieving the Ancient Colours: Artistic
Practice as a Tool for Heritage Reconstruction describes experiments on the recreation of
the appearance of an original ancient frieze from the Maya culture. It explores 2.5D
printing as a practice of printmaking, which is the art of creating images by transferring ink
from a matrix to paper or another substrate. Below. our PhD fellow Abigail Trujillo
Vazquez at the University of the West of England gives us an introduction to this process.

The frieze of the Palace of the Stuccoes
The frieze of the Palace of the Stuccoes was modelled in
limestone and painted in polychromic stucco between the
5th and 6th centuries AD and is located in a pre-Hispanic
palace in a Town called Acanceh, Mexico. Currently, the
building and the artwork present severe damage and only
traces of colour remain. The only colour images of the
stucco relief were made by the artist and archaeologist
Adela Breton in 1907 and are held by The Bristol Museum
and Art Gallery.
Photo: Fragment of the frieze in its actual state by Sue Giles

Printing in lockdown
Abigail and her team started printing reproductions of Breton’s water colours with limited
equipment during the

rst lockdown in 2020. This led them to develop a sustainable

version of photogravure and relief printing. Photogravure is an intaglio process, meaning
that the ink sinks in micrometric cavities of variable volume and area within a printing
plate, then it is transferred by pressure to paper or other media. The variable size of the
cavities translates into a fine tonal gradation in the print. To create a grained pattern in the
printing plate two exposures to UV light are required. The first under a stochastic screen to
create halftone dots and the second to cure the dots according to the intensity values of
an image printed on transparent lm in grayscale. In relief printing the ink sets in the
higher parts of the plate and to make a printing plate only one exposure is needed. Using
the same principle, it is possible to make plates for embossing. A height map simulating
the height of the frieze was designed and then printed onto a lm to control the exposure.
They did not have access to an electric UV exposure unit, but the weather was good
enough to use the sun as a UV source. They monitored the intensity of sunlight and ran
tests to nd out the right amount of time needed for the plate to collect a certain amount
of light.
A printing plate is needed for every colour of ink. Colour
separations from pictures of the water colours were
produced digitally and printed in transparent lm with an
inkjet printer. For making photogravure plates and getting
a halftone pattern for each colour, the images were
separated in primary additive colours: Cyan Magenta and
Yellow. Relief printing plates render solid colours;
therefore, the image were separated as spot colours. A
series of plates with variations and di erent materials such
as home-made drafting linen, two kinds of paper and
plaster were used.

Photo: Cast from a
photopolymer plate in plaster

The actual process of mechanical intaglio printing involves inking and wiping the plates by
hand, transferring the image onto damp paper in a mechanical printing press with high
pressure. Then, several layers of ink in di erent colours are applied to the print.
Embossing also requires high pressure, whereas relief printing with spot colour inks
requires a lower pressure. Abigail tested commercial and mixed inks to get prints with
different appearance and used the embossing plates to cast a solid relief in plaster.
Making 2.5D prints of paper is a way to understand printing techniques, and to use
sustainable materials. The fact that the samples on paper are less glossy than an inkjet
print might make them truer to stucco. The appealing qualities of ne prints in paper
make this alternative a good option for reproduction in ne arts or heritage recreations.
The photo below shows our recreation. Without having seen the original, how do you like
the appearance of the print?

Photo: 2.5D print in paper. Made using colour photogravure and embossing

For further details, read the full paper written by Abigail and her team. link is provided
below.

Retrieving the Ancient Colours: Artistic Practice as a Tool for Heritage Reconstruction

Visit at Stratasys

Earlier this summer, our PhD fellow Lubna Abu Rmaileh visited Stratasys in Israel, where
she learned about the company's innovation in the eld of 3D printing. She had a tour in
the 3D printing labs and was introduced to the GrabCAD software that operates the
printers. She met with some of the engineers there and had enriching discussions with
them regarding her recent work on displaced signed distance elds. Later that day, she
gave a lecture on this work to a broader audience of Stratasys employees, which was
received with great interest from engineers and designers alike.
The prints exhibited in the window (the bridge etc.) were all printed using Stratasys
machines. The lenticular prints (the dress) are achieved by using lenticular lenses to create
a change in the perceived surface color when changing the viewing angle. On the top right
corner, you see a picture of Lubna with a 3D printed peach.

Secondment at DTU and exploring Copenhagen
Finally, we could see a beacon of hope after almost two years long intermission from the
marvelous show of COVID-19. Early Stage Researcher (ESR) Dipanjana Saha took the
advantage of it as soon as possible for the sake of her research and went for a
secondment (visit) to the Technical University of Denmark (DTU).
In her host institute CNAM, in Paris she has developed a new
illumination system to measure BRDF in micron scale. The aim is
toprovide more detail information about the optical
properties (visual attributes) of materials, so the reproduction of
material appearance can be developed accordingly. As an example,
if we see a cloth from one- or two-meter distance we can see the
color and the overall texture of the cloth but if we see the same
cloth from few centimeters range, we can see the thread patterns.
If we image the same threads through a microscope, we can even
see the fiber structure of the threads as in the pictures below.
Photo: Dipanjana Saha

Photos: Multiscale view of wool.
Source: Colourbox.com

Source:
doi.org/10.3390/cosmetics6020032

Probably, if we can provide information about those

bers or threads it will provide

hidden or unrevealed information about the appearance properties of a material. So, to
do that, Dipanjana needs to validate their new goniospectrophotometer for μBRDF
measurements first.
To validate its working principle, they decide to work with microstructure samples at rst
and later they will move to natural samples like leather, wood or cotton. To verify their
system, they decide to measure the BRDF of the same sample with simulation. This is
currently being conducted at DTU under guidance of Dr. Jeppe R. Frisvad.
To compute Bidirectional Scattering of a microstructure, path tracing is being used ( Falster
et al. 2020). Here they are aiming to illuminate the sample with di erent beam widths and
check the di erence in BRDF pro le at di erent incident and re ected angles. To do this,
they are using the OptiX ray tracing engine provided by NVIDIA.

Pictures: Simulated average BRDF profiles of micropillar sample. Left picture: incident angle is 50 degrees
and right picture: incident angle is 35 degrees

During her secondment to DTU, Dipanjana has also been
introduced to di erent projects and visited several
laboratories like the Additive Manufacturing Lab where ESR
15, Riccardo Tonello, is working on their 3D printing facility.
The biggest advantage of this Secondment concept is to be
Picture: Dr. Jeppe Frisvad (left)
and Riccardo Tonello (right)
working on 3D printing

introduced to new people and work environment,
Dipanjana says. Also, being exposed to new knowledge
from their research made her content.

And of course, she took the fullest advantage to explore
the capital of one of the happiest countries of the world.
Far more than the candle lit bars at the canal side and
breathtaking

architecture,

Copenhagen

is

a

layered

compelling city with full of hidden facts and charms. The
mystical, surreal and zestful presence of H. C. Andersen
and Søren Kierkegaard’s work made the literary history of
the place richer.
Dipanjana claims that one visit is enough to fall in love with
this city and so she will go back to France with a wrap of
warm and loving memory!

Picture: The little mermaid,
based on a fairytale by H. C.
Andersen
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