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Figure 1- Head Sculpture, Johannesburg, 2022 (Created by author)
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1. Introduction

The fusion of 3D physical models and 2D digital images create sculptures and artworks that
blend and overlap the digital space and the physical world. Digital designs, renders, models
and videos can be brought into the real world through projection. This report will show how
real-life objects or people can be scanned into digital models, manipulated through computer
programs like Blender and Solidworks and then recreated in the physical world through digital
fabrication techniques such as laser cutting and 3D printing but most importantly at any scale.
A head that can fit in the palm of your hand or a head that can take up an entire room. When
these sculptures are projected back onto, they blend virtual space and reality seamlessly. This
report will show the entire process from initial scanning, model refinement, rapid
prototyping, mock-up making and the construction of a 2.5m tall model of a head. This will
lead to a series of images and videos showing the various projection experiments that have
taken place so far.

2. Face Scanning

3D printingsystems.co.za came to the University of Johannesburg to scan various objects as
well as two students. They used a hand-held scanner that emitted light and various rays to
digitally map real life objects into the digital realm. The objects were placed onto a rotating
platform covered in patterns. The patterns helped orientate the object in the digital realm.
To scan the students faces they were placed on a chair and the scanner was manually moved
around them. It was very important to keep a consistent distance away from the subject to

make sure it was in focus and being properly scanned.
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Figure 3-Head Scanning, Johannesburg, 2022 (Scan of Author)



In real time the model was being created on the connected computer. Allowing the operator
to see if there were elements that were missed or any errors in the scan. The scanner emitted
a very bright and harsh purple light while scanning so the subjects both had headaches after
the scanning process. This also meant that the subjects needed to have their eyes closed for

the duration of the process. The scans were created as both Stl and Obj files.
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Figure 4-Head Scan, Johannesburg, 2022 (Model of author)

3. 3D model/Scan refinement

Once the scan had been completed it needed to be refined. The scanning software is unable
to pick up hair and creates strange geometries as a result. Due to the head being scanned
having a beard and a full head of hair there were large areas that needed to be repaired. The
face scan is also just a surface level hollow face rather than a whole solid head. A model of a
full 3D head was imported alongside the face model into blender. The models were scaled to
match and the models were joined. By using digital sculpting tools, the models could be
smoothed to match one another and become seamless. Certain elements were removed to

allow for a more seamless join.

Figure 5-Head model, Johannesburg, 2022 (Modelled by author)



The chin and cheeks required large amounts of work as the subject’s beard made them bumpy
and uneven. The program Mesh Mixer was also used and its smoothing feature works
particularly well. The model even after all this work is still hollow and has gaps. Mesh Mixer
has a Solidify and Fill Gaps command that is used to create a solid model. The model was then
exported as a 3D Obj and Stl. File. After the initial digital sculpting process a shoulder and neck
model was also added to the head model using the same process. Ideally a full scan would be
completed of the entire subject clean shaven and ideally bald or with a bald cap.

This completed solid digital model then has a wide variety of uses in both the digital and
physical space. Initial experiments applied a variety of finishes and textures to the model and
then rendering them to produce the illusion of solid wood or glass sculptures. This model has
been brought from the 3D space (Real world scanning) into the 2D space (Blender) and can
then be brought back into the 3D space (Real world) through a variety of methods that will

be explored in the following section of this report.

Figure 6-Head render, Johannesburg, 2022 (Rendered by author)

4. Digital fabrication techniques
i. 3D printing
FDM 3D Printing (Fused deposition modelling) deposits a small layer of plastic on a
surface through a nozzle. The movement of this nozzle and the print bed create a 3D
part through the process of additive manufacturing. The Stl file is imported into a
slicing software Cura. This software places the model on the print bed and helps
generate supports for the model. The supports are plastic frameworks that help
support overhangs allowing a successful print without sagging or drooping elements.

These supports are designed to be snapped off of the part once complete. Supports



were needed underneath the chin as this was a large overhang. The head model was

printed on an Ender 5 3D printer by a fellow student and cost R200.00.
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Figure 7-3D print, Johannesburg, 2022 (Model of author)

3D printing is a very accurate method of bringing 3Dm models into the physical space
but is very time and material intensive. The size of the model is also limited by the bed
size of the 3D printer with most entry level printers having maximum print sizes of

250mm by 250mm.

ii. Laser cutting
Another method of bringing the 3D model into the physical realm is using a laser
cutter. The software: Slicer for Fusion 360 allows the user to slice the model into a

series of profiles that can be cut out of flat material and stacked onto of one another.

Figure 9-Head laser cut 2, Johannesburg, 2022 (Created by author)

The software allows the slicing of the model into vertical and horizontal stacks.
Cardboard was used as the flat material as it works very well with the laser cutter.
Slicer also allows the model to be cut into a series of interlocking layers which was

explored below.



It is essential to recreate the material that the pattern is being cut out of digitally to match
the one in real life. Below was a model designed to be cut out of 3mm cardboard that was
actually cut out of 4mm cardboard. This slight discrepancy distorted and stretched the entire
model. While this wasn’t planned it did create a very interesting effect that will be explored

in future projects.

&

Figure 10-Head laser cut 3, Johannesburg, 2022 (Created by author)

5. Pepakura and mock-up development

Pepakura is a software that allows the user to ‘unfold’ a 3D model into a series of flat triangles

(https://tamasoft.co.jp/pepakura-en/ ). These individual pieces can then be printed out, cut

out and then refolded and stuck together to recreate the 3-Dimensional model in real life.
While in principle this is very simple it is actually very difficult to do. Most 3D models (stl, obj
files) tend to have lots of curves. Due to paper only being able to fold in 1 direction the
software unfolds every single curve into a huge array of overlapping triangles that can’t

actually be cut out and folded together (Figure below).

Figure 11-Pepakura model, Johannesburg, 2022 (Created by author)


https://tamasoft.co.jp/pepakura-en/

To account for this the polymer count of the model needs to be reduced, ie the model needs
to become simplified and more geometric. The term Low-poly is used. In Blender the
command Decimate allows the user to simplify the model by specifying the number of
polygons the model is made from. Too few and the model loses all detail and becomes an

abstracted form, too many and the Pepakura file cannot be cut and folded.

Secondly Pepakura is a computer software and doesn’t account for material thickness when
creating the patterns. It assumes 1-pixel thick material which doesn’t exist in the real world.
Paper, card and cardboard all have thicknesses that need to be accounted for in order to
correctly assemble the model (Chan 2022: [sp]).

Pepakura has a very easy system of model assembly. Each joining edge has a corresponding
number (Edge 344 corresponds to 344). Tabs can be added to faces to allow space for glue.
These tabs extend from the joining edge so that the alternate edge can overlap with glue in

between the joint. Similar to how premade cardboard boxes are assembled.

Figure 12-Low-poly Model, Johannesburg, 2022 (Created by author)



When the part is unfolded through the software the parts become a series of triangles made
up of joining edges and fold lines. That when assembled; create 3D concave and convex
models. To do this paper needs to be folded along two types of fold lines printed on each part.
Mountain folds [A] are represented by a dashed line (--------- ) and valley folds [V] are
represented by a dotted and dashed line (_. _. _._. ). Pepakura also includes a model of
both the unfolded pattern and the model. On this model mountain folds are shown in a

dark blue line and valley folds in a turquoise line. It is essential to have this digital model

available while assembling the pattern.
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Figure 13-Paper mock-up, Johannesburg, 2022 (Created by author)

The assembly of these various separate triangles is a very straight forward process but is very
tedious as accuracy is essential in cutting, folding and gluing. Small imperfections add up and
can ruin the assembly as parts will no longer fit together. The model of the first head was

comprised of 15 pages.

Figure 14-Pepakura model, Johannesburg, 2022 (Created by author)



In previous Pepakura projects a craft knife and a metal ruler was used successfully to cut out
parts but this is incredibly time consuming and not aways accurate. A modern electronic vinyl
cutter is a far faster and more accurate automated solution. The Silhouette Cameo 4 vinyl
cutter was used to cut out every part. The pages where first printed at Postnet on Heavy 8
cardboard at R8.00 per page. In order to align the cutting software and machine with the
printed pages a software add on is required: Pepakura Viewer 4 for Silhouette Cameo 4. This
exports the pdf file of the parts with registration marks in the corner of each page. These
registration marks match the printed marks on the card pages. The software also exports the
file as a DXF which the vinyl cutter is compatible with. The machine is then able to scan these
marks to cut along the correct edges corresponding with both the dxf file and the printed
card. Each page needs to be manually attached to the Vinyl cutter’s adhesive cutting mat and
the correct file loaded. It took about 60 seconds per sheet as opposed to 1-2 hours of hand
cutting it would usually take if a manual approach was taken.

Once cut each piece can then be collected in a folder ready for assembly. For this mock-up
the fold lines were specifically ignored by the cutter and were instead hand scored using a
blunt scalpel and a metal ruler. The process for assembly involves cutting out the part,
locating it on the computer model, identifying the mountain and valley folds and then folding

accordingly. The corresponding piece is then found and the two parts are lined up.

Figure 15-Paper mock-up model, Johannesburg, 2022 (Created by author)

A wide variety of glues are suitable for this process although they must fit into a few criteria.
The glues must be fast drying, as there are so many pieces to glue together it would take far
too long to wait a few minutes per joint. The glues must also be very thin to not create

unnecessary thickness in the joints affecting the accuracy of the part. Finally, the glue must



be non-toxic/ not release fumes. The assembly of these models requires the user to work in
very close proximity to the glue for extended periods of time (Chan 2022: [sp]). The ideal glue
for this job is Pritt paper adhesive. Pva glue also works well but has a longer drying time.
Superglue is also a good option but is significantly more expensive and doesn’t impart any
extra strength or assembly convenience.

Each model requires a different order of assembly that can only be found with practice.
Although working from the middle and starting with the most details areas tends to work the
best. In the case of this head the nose, eyes, forehead and mouth were assembled first before
the rest of the head was assembled (Chan 2022: [sp]). The further along the user gets in the
process the more difficult it becomes as parts begin to get in the way of other parts. The
weight of the model also increases which can pull apart previously glued seems or not fully
dry seams. Masking tape and small clamps such as bulldog clips are extremely useful during
this assembly process.

Once the head was assembled it tended to droop and collapse into itself. Paper is not a
particularly strong material so it needs to be reinforced once assembled. An inner frame of
foam core and triplex was created and attached to the model using hot glue. The outer frame
of the neck was also created from foam core to reinforce the perimeter of the model. By
attaching the outer frame to the inner foam core assembly, the whole model was made

significantly stronger and could be handled with ease.
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Figure 16-Mock-ups, Johannesburg, 2022 (Created by author)



6. Big Head Model

The large model was created virtually the same as the smaller model but on a significantly
larger scale. The size of the model was limited by the FADA door size at the University of
Johannesburg as this sculpture was assembled in the workshop and then transported to the
studio for the future projection projects. The size of the sculpture was then scaled to be 2.5m
tall, 1.6 metres wide and 1,15m deep. 3mm corrugated cardboard was chosen to be the most
suitable material for this process as firstly it is cheap, at R10.00 per 1100mm by 900mm sheet,
the material is strong but lightweight and finally it is able to be cut on a laser cutter. With
these parameters in place the model could be modified to become suitable for this form of
assembly. The model was sliced in front of the ear leaving just the face to reduce the size,
scale and scope of this project. The file was then imported into Blender and decimated to
reduce the polygon count. This obj. file was then imported into Pepakura and unfolded. The

cut lines need to be manually chosen and are illustrated below as orange lines.

Figure 17-Pepakura digital model, Johannesburg, 2022 (Created by author)

Keeping the pieces as large as possible is very useful to reduce assembly time, keeping in mind
the size of the cardboard sheet that they must fit onto. Pieces that are too thin, delicate or
unnecessary complicated were simplified using the smooth edge and join/disjoin face
commands in Pepakura. Once each separate piece was created, they were then organised to
fit onto the cardboard sheet’s pages in the software. Filing up the the page with as many

pieces as possible while leaving 15-20mm gap between each for easier cutting.

As the eventual model needs to be folded along demarcated fold lines there are two methods

that were explored. Firstly, the laser was set to half the standard power to score along the
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fold lines and full power for the edge (Thompson 2007: 249). This would work well for a solid
material but as corrugated cardboard has a series of ridges throughput its inside the depth of
the score line was uneven and folding was not always accurate. The second method was far
simpler and more successful. All fold lines were converted into dashed lines. 20mm dash
followed by a 20mm gap and then a 20mm dash. Then all lines were cut on the laser cutter.

The dashed lines guided the fold but had enough material between each piece to add strength

and accuracy to the model.

Figure 18-Lasercut cardboard pieces, Johannesburg, 2022 (Created by author)

Due to the 3mm thickness of the cardboard flaps would not be suitable for the assembly as
they were when paper was being used. The flaps would raise the mating faces too much
creating an inaccurate model. Instead, the flaps were removed and hot glue was used. The
numbers used to align the pieces were unable to be cut/scored in the cardboard so as soon
as each cardboard piece was cut, they were all hand labelled according to the digital

document. This process was essential as assembly would be impossible without them.

Figure 19-Lasercut cardboard pieces, Johannesburg, 2022 (Created by author)
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The assembly of the model was straight forward and followed the following steps.

1. Two mating cardboard pieces were found

2. Their matching pieces were located digitally

3. Each piece was folded according to the digital template

4. Masking tape was placed on the outside of the pieces

5. Hot glue was used to attach the edges together

6. Small strips (100mm by 50mm) of cardboard were placed along each edge to reinforce
the seam. The cardboard pieces needed to be folded along their length in line with the
corrugations to properly fit the folds of the model and not distort it.

7. This process was repeated for every part.

Figure 20-Head sculpture progress, Johannesburg, 2022 (Created by author)

Due to the scale and weight of the cardboard sculpture it was unable to be self-supporting.
The sculpture was then clamped to a heavy wooden display stand for both assembly and
viewing. To address this lack of strength a frame work needed to be created. The model
sagged and the cardboard flexed so an accurate frame work needed to be created before
attaching it to the sculpture. The bottom neck perimeter was able to be cut out on the laser
cutter and attached using a series of folded 90-degree pieces of cardboard. This reinforced
the shape of the neck but also made sure it didn’t flex or warp. The same process could not
be made for the back of the head due to its significant scale. Instead, the perimeter of the
back of the face was placed onto 28 separate pieces of A3 paper. Registration marks were
placed on each page’s corner for later alignment. Once printed the pages where then

attached together using masking tape and print and taped to the workshop floor. Tension was

12



created din each corner with tape to make sure the layout was flat and that the paper was

not lifting up which would affect the scale and accuracy of the final framework.

- 5

3mm by 32mm flat mild steel bar was chosen as the frame material as it was readily available,

Figure 21-Steel Frame Assembly, Johannesburg, 2022 (Created by author)

The University of Johannesburg Industrial Design Department had large amounts on hand.
The workshop also had a metal shear, metal brake and a 5mm metal punch. This allowed the
entire fabrication of the framework to be done manually and without any electronic tools.
Once laid out on the floor the outer perimeter was divided into various straight sections and
individually measured. These measurements were duplicated on to the steel and marked with
a set square and a permanent marker. Each measurement was individually labelled to make

sure bends were done correctly.

Figure 22-Steel Frame Assembly, Johannesburg, 2022 (Created by author)

A sliding bevel square was used to match the folds on the paper to the folds on the steel. The
steel was placed in the steel brake and was folded until it corresponded with the bend on the
square. A large hammer was used to persuade the metal to match the correct bend angle.
The max length of the steel sections was 3000mm so 4 pieces needed to be used to make the

entire perimeter. They were joined together using nuts and bolts through punched holes in
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the steel. Each joint was made 1 section larger so that there was always a minimum over lap
of 200mm. Once the frame was created straight sections of steel were needed to prevent
warping. The lengths were found using the edge-to-edge measuring tool in Pepakura and
were duplicated onto the steel. By folded up each end and punching a hole in both the edge
and the frame work these stretchers could be bolted into place. This frame work was still

flexible so triangulation was used to reinforce it. Metal was bent and bolted into place forming

triangles throughout the frame.

Figure 23-Washer making, Johannesburg, 2022 (Created by author)

To attach the frame to the cardboard sculpture a variety of methods were discussed. From
high strength construction adhesive to a series of clamps. Finally nuts and bolts and custom
washers were settled on. The washers were cut from sheet steel on a hydraulic sheet steel
shear. 32mm strips were marked out and then divided into 40mm by 32mm rectangles. The
centre of each of these were punched followed by being cut on the sheer. This created 50
custom washers. A hammer and an anvil were used to flatten each washer as the force of the

punch distorted them.

50 holes were punched around the frame work to accommodate these nuts, bolts and
washers. This frame was then placed inside the cardboard head sculpture and temporarily
clamped in place. The steel frame was clamped to another display stand to keep it upright as
it is front heavy. A drill was used to drill through the punched holes and through the
cardboard. Bolts were then placed through the cardboard using a washer to compress the

cardboard and to stop the bolt ripping it.

Once attached the sculpture was far stronger and due to the outer perimeter mimicking the
digital model the proportions of the face weere now perfect. The nose and eye area still

sagged inward so more reinforcing was required. 3 x 3000mm strips of 22mm pine brandering

14



were attached with bolts, hot glue and screws to both the cardboard and the steel framework
to properly reinforce the head. Once this final reinforcing step was finished the head was
complete. It took 3 people to carry the head from the workshop to the studio. The head is still

very light although due to its large scale it is very cumbersome to move around.
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Figure 24-Internal framework, Johannesburg, 2022 (Created by author)

Future additions to the sculpture to improve its strength and longevity would be to use
polyester resin and fiberglass. This would both waterproof the sculpture and make it far
stronger, perhaps even removing the need for the supporting inner frame work. This would

also allow the sculpture to be painted white which would make projecting clearer and easier.

7. Projection Experiments

After the sculpture was completed, it was finally able to be projected onto. The sculpture was
placed inside a large studio against the back wall. The studio has a row of windows along one
side which let in sun light. A series of display stands were used to block this light from falling
onto the sculpture. The studios lights were turned off and all the doors were closed to make
the rooms as dark as possible. A standard overhead projector was mounted on a wooden base
and focussed on the sculpture. It was placed around 5 metres away from the model and
placed on its side so that the beam of light covered the entire head sculpture. A variety of
images were projected onto the sculpture. Firstly, my face, of whom the sculpture is based
off of was projected onto it. As they are both the same face the eyes, mouth, chin and cheeks
all line up creating an enormous 3D model of the person’s head. Various other faces were
projected onto the sculpture. The following images show these projections. Some faces align
better with the sculpture than other. A template in Photoshop was created using gridlines for
the eyes, nose and mouth lines. This allowed all of the various projections to be as correctly

aligned as possible.
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By projecting flat images of textures onto the model they warped around the face creating
depth and a very realistic appearance. A skull was projected onto the face which could lead
to experiments using this model and projection for teaching about anatomy and the human
head and brain in greater detail without the need for physical specimens or microscopes.
Instead, the x-rays or dissections can be directly projected on to the body part the students
are learning about. Other textures such as fire and gravel were also projected leading to some
interesting results. Giving the cardboard the look and texture of other materials.

The cardboard sculpture was created from a 3D scan and model. The face model was then
imported into Solidworks visualize and various textures and materials were applied. Including
Gloss red, blue plastic, cork and steel. The digital model aligned with the physical model

allowing the cardboard to appear as other materials.

R e
Figure 25-Mock-up projection experiments, Johannesburg, 2022 (Created by author)

Technology lets all avenues of ideation possible and this project was the perfect platform for
that. A video was taken of my head from a head on angle. For 60 seconds | blinked, looked
around and make various face movements. Once projected onto the head this video aligned
perfectly and the result is a startling and very realistic depiction of a 2.5m tall face. Virtually

coming to life.

16



Figure 26-Projection experiments, Johannesburg, 2022 (Created by author)




8. Conclusion

The images above and this report showed the overlap and blending of the virtual digital
space and the physical tangible space. How scale can be changed to contrast reality and
what we think of as normal. The report explored the process of scanning physical objects
and people, manipulating them digitally and then bringing them back into the physical realm
through a variety of digital fabrication techniques. The report concluded with a collage of
the various projection experiments that have taken place so far exploring form, material,
texture and realism. Projection is a platform with virtually limitless opportunities in fashion,
art, stage design and rapid prototyping. This report gave a small glimpse into the diverse
and exciting world of both the virtual and physical space in regards to digital fabrication and

projection mapping.
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