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1 Introduction 

Reliefs are a widely accepted method to help conveying complex images and paintings to blind and 

visually impaired people. [6] Even three-dimensional objects may be represented as relief, giving a 

wide range of possibilities. [7] 

Typically, reliefs and touch tools are created using CMC milling or 3D printing. [6] Both methods are 

cost intensive, and produce a physical relief, that needs exhibition or storage space. However, they 

offer a very good haptic tool for blind and visually impaired people, as they can explore them with 

their whole hand, with multiple fingers and feel the surface with their fingertips or even fingernails. 

On the other hand, there are Virtual Haptic simulation devices that allow a visitor to touch virtual 

(digital) objects without the need to actually physically produce them. In contrast to physical touch 

tools, these devices allow only a single point of interaction, much like the exploration of an object 

with the tip of a pen. It allows the visitor to feel a physical connection with the object as they explore 

it in 3 dimensions, on the outside of the form and in some instances on the inside.  

In this work, we intended to design and develop a prototype for a novel relief production method 

that bridges the virtual and real worlds: Like 3D reproductions it generates a physical relief that can 

be touched with the whole hand, but is comparatively fast (we estimate around ten minutes per 

print cycle). It is based on a medium that can be erased and re-written over and over again and is 

therefore very cost-efficient and does not need storage space, much like virtual haptics. If desired, a 

durable, non-erasable copy may be created, since the medium may function as a casting mold, in 

which the final relief can be molded. 

1.1 Conventional Relief Production Methods 

The traditional way of producing reliefs is to hire a trained sculptor who either carves the relief out of 

a solid block, or builds the relief on a canvas using modeling clay or similar materials. 

Similarly, there are two general possibilities for computer controlled production. 

1.1.1 Subtractive Production Methods 

Subtractive production methods carve the relief out of a solid block. For relief production, typically 

CNC-milling machines (Computerized Numerical Control) are used. If the relief has no undercuts, i.e. 

every point of the relief surface is directly visible from exactly above, relatively low-cost 3 axis 
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machines may be used. Otherwise, more complex multi-axis machines are required. Reliefs with 

undercuts are however beyond the context of this work. 

The advantages of milling are, that the resulting model has a high stability and that a high surface 

quality can be reached. Depending on the used material the surface may be quite stain and abrasion 

resistant, making it directly usable to be touched by a large number of people, as required in a 

museum setting. 

Milling of relief surfaces is typically performed in a zig zag pattern, moving the rotating milling tool 

over the surface in narrow stripes (a small step over) carving away the excess material with the sharp 

blades of the tool. Typically a ball point milling tool of a small diameter is used (we used tools of 1-

3mm in past projects). The control codes that control the machines can be produced automatically 

from a digital 3d file using available CAM software (computer aided machining). 

Although the machines are not overly expensive, milling with a high enough quality will require a 

small step over of approximately 10% of the milling tool diameter, resulting in a lot of stripes 

required to be milled, and therefore in long machine times and rather high costs. Reliefs of past 

projects required between 16 and 28 hours of machine hours to complete a surface of a size 

approximately DIN A3 and a depth variation of about 25mm, with the variation in time depending on 

the depth complexity. The process produces a large amount of dust, and therefore, a dedicated 

working place (i.e. a workshop) is required. In addition, a lot of material, energy and operating time is 

required.  
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Figure 1: Milling a relief out of a block of Ureol. Left: Roughing with 8mm cylindrical cutter. Right: 
Smoothen with 3mm spherical cutter. See [6] for details. 

 

1.1.2 Additive Production Methods 

On the other hand, additive production methods (widely known under the term 3D printing) offer a 

much cleaner way of production, suitable to be performed in an office setting. A wide variety of 

different technologies and materials are available, but all in common is, that the machines fuse, glue 

or add together material according to a digital 3D file, typically layer by layer from bottom to top. 

Therefore, with most processes, no material is wasted, since only the amount of material is used, 

that actually makes up the final output.  

However, the process is quite slow. While milling time is only dependent on the surface area, the 

time for additive production is dependent on the built volume. Depending on the process, 3d printing 

time for high reliefs may be even longer than milling times for the same size. Combined with the 

often high prices for the material, 3D printing may be even more expensive than CNC milling. 

In addition, the build volume is strongly limited for most processes, often below 20×20×20 cm, which 

does not allow to produce a meaningfully sized touch relief at all, or at least in one piece. Most 

printing methods also produce unwanted surface artefacts, like steps or ridges that are inherent to 



 

  6 
 

the method of material deposition. And, many available printing methods have to be ruled out, since 

their printing materials are not suitable to be used as a touch tool (e.g. too porous or brittle). 

Figure 2: 3D printing of a tactile model. Left: Inside the printer. Right: the finished model. More 
details in [7]. 

 

1.1.3 Copy Methods 

All these methods have in common that they only produce one object at a time. If, however, several 

copies are required, e.g. to allow multiple visitors to touch the same objects simultaneously in a 

guided tour, above mentioned production times, material requirements and costs multiply. For the 

small amount of copies typically needed in such a setting, industrial production methods (e.g. 

injection molding) are easily ruled out because of the high setup costs. However, traditional copying 

via casting is a viable option. Typically, a silicone negative mold is created from a single original relief, 

and then multiple positives may be casted with relatively little effort. Another advantage is, that the 

original relief may be produced in any material suitable for production, as long as the material used 

for casting is suitable for touching. For instance, in the project Tactile Paintings [6] we used Ureol of 

small density for milling because of its ideal cutting characteristics, although it is not suitable to be 

touched since it is very porous, gives a rough feeling even on plain parts, and absorbs dirt and fat 

easily. The final copy was then made from a polyurethane that does not absorb and has a good 

quality of touch. 
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Figure 3: Manual copying. From left to right: Silicone mold on relief; finished negative silicon mold;  
original relief in Ureol and cast copy in polyurethane. See [6] for details. 

 

Another low-cost copy method is thermoforming or deep-drawing: A thin plastic sheet is heated until 

it is plastically deformable, then sucked or pushed down on a positive or negative form using vacuum 

or compressed air and then cooled to harden again. The resulting quality is lower, since the plastic 

sheet cannot adopt tiny surface features, large displacements or steep slopes, but is a fast and low-

cost copying method. Since the sheets are lightweight, this techniques is often used for tactile 

models inside books. 

Figure 4: Tactile book with sheets produced with thermoforming. 

 

Source: https://shop.aph.org/wcsstore/APHConsumerDirect/Attachment/products_secondary/1-08850-00_Basic_Science_open.jpg 

1.2 Vision 

Reliefs produced in above mentioned ways are good for a permanent exhibition setting, where a 

permanent, durable model is needed, and sufficient display and storage space is available. However, 

there are a number of applications, where a less permanent model would be beneficial.  
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One setting would be a future computer workstation for a blind or visually impaired person that 

allows to output reliefs of 3D models, or specially converted reliefs from images, found on the 

internet. Using above mentioned permanent production methods all require a long production time, 

are costly, require a workshop and result in a permanent object. Even if it is only temporarily 

required, this object needs to either be stored or thrown away after use, which would create a large 

amount of waste. 

A similar setting can be expected in museums, schools or similar institutions. As long as only a few 

tactile objects are created, permanent production is probably the best option. But once a large part 

of the collection is 3D scanned or adopted for the tactile sense, not enough display space may still be 

available. Objects not on display would need to be stored, doubling storage space for the actual 

objects and the tactile objects. And, physical production of all the tactile objects might no longer be 

feasible.  

Therefore, we anticipate a temporary production method that does not waste any material that re-

uses the material, creates the output in a small amount of time and still produces tactile output of 

sufficient quality and size. With such a method, on demand printing of objects would be possible, at 

home, but also in a museum setting. For instance, when a group of people is coming, interested in 

tactile representations of a few objects, these can be printed on-demand up-front, used and 

afterwards re-used. Similarly at a school, when a special topic is discussed, tactile material for the 

students can be prepared before the lesson, and re-purposed for the next lesson. Individual museum 

visitors could enter their wish for a tactile model in a kiosk, wait for a small build time, and then use 

the built temporary model, just to be re-used afterwards. 

Such a device would not only be interesting for visually impaired people, but could also aid in many 

tasks of sighted people, e.g. previewing of 3D design, working on topographical maps and more 

immersive visualizations. 

We believe, that this new relief production method can immensely drop the production costs for 

tactile materials in museums or schools. Institutions may not need to produce tactile materials in 

advance, but can print the reliefs on demand and may recycle them when no longer needed (e.g. a 

group visiting a museum with a special field of interest, or reliefs for pupils for today's topic). It could 

be implemented as an interactive kiosk in a museum, or allow individuals to afford such a printing 

device to enhance home education for visually impaired people, or may even be useful for various 3D 

design and visualization studies in a broader context. 



 

  9 
 

Via any of the copying methods it could be used as a permanent production method, too: Either 

printing a negative, and using it directly as a mold; or printing a positive with an additional negative 

cast step; or using thermoforming, possibly directly on the printed positive or negative. 

Figure 5: Life cycle and usage possibilities of the relief printer medium.  
a) Medium in home position (erased). b) Casting an existing object with different tools or 
compressed air. Medium in write-position. c) Locking medium and removing cast object. b1) 
Alternatively, writing the medium with computer controlled printer mechanics. d) Directly using 
locked medium as tactile relief. e) Use of locked medium as casting mold. f) Using the locked 
medium as die for thermoforming. g) Using two mediums (positive and negative) as die for a press. 
h) Erasing the medium between to plates in write position, ready to be re-used. 

 

2 Design and Requirements 

The design criteria are as follows: 

 computer controlled printing 

 in short time 

 of a relief surface (i.e. a height field without undercuts) 

 that is useful as a tactile medium (large enough, fine enough resolution, durable) 

 and that can reproduce fine-grained elevation differences of several centimeters (as opposed 

to available Braille or line printing methods), 

 without consuming material (i.e. all material must be reusable in consecutive prints). 

After considering several ideas, our design was ultimately inspired by to the pin-screen toys (Pin Art, 

PinPressions), originally invented by Ward Fleming [12][5]: A huge number of pins is mounted in a 

raster of guiding holes in which the pins may slide in order to form the surface of a relief with their 

pin-heads. In Flemings design, the pins move easily and individually without affecting their neighbors, 

since the typical use is to make reliefs of one's face or hands as decoration, not to be touched.  
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Whereas, in our proposed design, we have additional requirements on the device: 

1. In the Pin Art toy, the pin reliefs cannot be touched, since that would shift the pins and 

destroy the relief. And, the devices need to be held in an upright position and must not be 

shaken. Therefore, our design needs to be able to lock the pins in place after they are set to 

the desired location.  

2. The resolution of the pin display (i.e. the number of pins per area) is limited by the need for 

guiding holes to isolate the motion between the pins. Available Pin Art devices need 

approximately 3-4 mm between the pins, which reduces the pin density to about 7-12.5 

pins/cm² with their hexagonal arrangement. This is too low to faithfully reproduce a relief for 

the sense of touch. 

3. Due to the guiding holes and the need to be easily moved, the pins in the Pin Art toys are 

rather wobbly and the pin heads may move several millimeters, especially if fully protruding. 

In our design we need a steady arrangement, which gives a firm touch. 

4. Due to the guiding holes, building a Pin Art toy requires a substantial amount of work, since 

each pin needs to be placed in its respective guiding holes (cf. Figure 6). Since our design 

anticipates a much larger number of pins, placement of the pins should possibly be more 

automatic, less labor intensive and therefore more affordable. 

5. The intent of the Pin Art toy is to create a discrete cast of an existing object. Our intent is to 

print (materialize) a virtual object stored in a computer memory. Therefore, our design needs 

a computer controlled machine, that automatically pushes each pin into a desired position as 

described by a computer file. 

Figure 6: Pin Art or PinPressions Toy. Different views, and a photo of a workshop where they are 
manually assembled. 

 

Source: http://img.weiku.com/waterpicture/2011/10/30/21/Pin_Art_634557558697040982_1.jpg 
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Our design, which solves all posed requirements and improves the limitations of the Pin Art toy is 

built around the idea to arrange the pins tightly, without any space between them.  

Instead of using guiding holes, the pins are arranged in a space filling way, forming a two-dimensional 

lattice. They support each other, so that each pin keeps its position in the lattice, but may still glide in 

the lateral direction, although with some mutual friction. 

In order to sustain this two-dimensional lattice, the pins need to be pressed together, so that any 

force exerted on them (by the printing mechanics, gravity or during touching) does not push a pin 

into another position, breaking the lattice. 

In order to fixate the pins (requirement 1), the pressing force simply has to be increased. The friction 

force between the pins will increase accordingly, and the pins will be fixed. 

This also solves requirement 3, as the pins will be pressed together from multiple directions and will 

remain fixed and not wobble. 

In addition, having a tight arrangement allows the pins to have the full diameter along the whole 

length, which increases their strength even further as opposed to the original Pin Art toy design. 

The fact that we arrange the pins tightly, solves the requirement 2 (high pin density), since this is the 

highest density that can be obtained for pins with a given diameter. The resolution is then only 

dependent on the pin diameter, and to some extent on the chosen pin lattice (see Section 4). 

Requirement 4 may also be solved with this arrangement, since hopefully the arrangement lattice of 

the pins will form spontaneously, or with few corrections needed, when pressing the right amount of 

pins together. 

With the tight arrangement, sliding one pin may influence neighboring pins due to friction. Since in 

our design, the pins are only moved by a computer-controlled device (printer), and must remain fixed 

otherwise, this removes the need that every pin has to move freely without effecting others. 

Therefore, an isolation between the pins is no long needed, as long as the printing mechanics can 

deal with the mutual influence during the sliding of pins. 

This work is the first step in realizing this new printing device. Before developing the delicate printing 

mechanics required for requirement 5, the printing medium itself, i.e. the arrangement of pins and 

their fixation will be developed, studied and finally tested for its suitability. Only if it passes all 

expectations, the printing mechanics shall be developed in a next step in a future project. 
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Therefore, the focus of this work is on the evaluation of different methods, and the goal is not a 

market-ready device, but a working prototype of the relief printing medium. This medium will be 

used to reproduce reliefs, to be evaluated in the final phase of the project AMBAVis. A fully 

functional printing device is not necessary, since the relief medium can be formed using the casting 

method as with the original Pin Art toy. If the device proves to be useful, the development of a 

printing device and software will be a follow-up project. Therefore, a solution for requirement 5 is 

planned, but will not be realized in this work. 

The medium, as we envision it, should have the following properties: 

 Rods of equal cross-section and equal length are arranged tightly in a grid. 

 The rods must be securely held in place by a framing structure. 

 There must be two settings of the framing structure: 

 one that fixes the rods strongly enough to not move when moderately touched, or used as 

casting mold, 

 one that fixes the rods more loosely so that individual rods may slide with moderate force 

from the printing device or during molding of existing forms, but still strong enough that the 

rods remain within the framing structure. 

2.1 Requirements of the Target Audience 

Despite various applications of the relief printer, our target application is the use as a touch tool for 

blind and visually impaired. 

From our experience of previous projects [6][7], interaction and discussion with blind and visually 

impaired people, and standard literature in that matter [34], it is evident that most people don't 

touch with a single finger, but with their whole hand, and most of the time both hands. Especially, 

when getting an overview in the beginning, people tend to glide the hands over the tactile reliefs, to 

get a feeling of the overall composition, and to identify the major parts and landmarks. Using both 

hands increases the amount of information gathered, allows to trace objects from the two directions 

simultaneously, and allows to estimate distances between objects over the whole image. 

Then, when going more into detail, less fingers are used, since the features become smaller, and 

using less fingers increases the attention. The pace slows down, and more and more time is spent on 

interesting parts. But still there, other fingers may be used to keep track of landmarks and to orient 

themselves in the image. 
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Very tiny features may even be traced or scratched with the use of a fingernail, since grooves below 

a certain size cannot be detected with the fingertips anymore. 

Of course, each person has its own way of touching, but this was observed with most people. 

A common misconception is, that a touch relief stands for itself. In practice, it is only an additional 

help. The main part is still the professional description of the image. The relief may help in getting 

the composition, and spatial relationships that are hard to explain with words alone. Further, a touch 

relief allows further own investigation. But even there, most people like a dialog, where they can ask 

about things they are touching. Especially, color and visual properties are much better explained, 

since vivid words stimulate the imagination much better, than the hard surface of a touch relief is 

capable of. 

Many people enjoy if their hands are carefully guided to interesting parts, or features they were 

asking about. 

Therefore, the basic requirements are in our point of view, the following:  

2.2 Size 

The relief must have an appropriate size so that the whole hands may interact simultaneously. And, it 

must not be too large, as too large movements are straining for the arms, and may hinder to see the 

image as a whole, losing track of where the fingers currently are. The rule of thumb is, to have 

everything in reach within arm length. In previous projects we used approximately DIN A3 

(420x297mm) for paintings, sometimes DIN B4 (353x250mm), and in relief replicas of real-world 

objects a scale of 1:1. Probably anything beyond 200x200mm will become useful and objects larger 

as 500mm horizontally and 800mm vertically will become too large.   

2.3 Pin Resolution 

Human fingertips have a very large resolution, allowing to feel and differentiate very small 

structures.  

There is a large body of work measuring the sensor density using e.g. the classical two-point test, the 

grating orientation task (GOT), or the two-point orientation discrimination (e.g. [1,2,3]). Without 

getting into detail, these tests suggest, that the resolution at the finger tips is at least below 2mm 

(GOT), and seems to be significantly smaller for blind Braille readers, e.g. 1.04 mm on average of 15 

tested blind Braille readers for their self-reported dominant reading finger [4]. 
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These tests however underestimate the actually perceivable resolution, since these are performed 

with a static, non-moving finger. A moving finger can detect even smaller features, and when using 

the finger nail, sub-millimeter surface features can be detected. 

A sufficient resolution is not only important on the top relief surface, but especially also on steep 

edges, where the side walls of the pins can be felt. Depending on the chosen grid, edges in the main 

axes of the grid may be reproduced exactly (e.g. a horizontal edge on a rectangular grid with square 

pins). But edges in all other directions cannot be reproduced exactly and lead to jaggy lines, which 

become less apparent with smaller pin sizes. 

From these theoretical values, we can conclude, that the pin resolution needs to be at least in the 

millimeter range. The smaller the pins, the better the haptic quality of the reproduction. 

Discretization artefacts may still be perceivable even for sub-millimeter pins. A Pin Relief with 

practical pin sizes will therefore always be a compromise in haptic quality.  

2.4 Mechanical Considerations 

Despite the desire for optimal quality of reproduction with as small as possible pin diameters, there 

are mechanical and practical considerations limiting the minimum pin diameter. 

For the same length and material, thinner pins are easier deformed, and therefore are more likely to 

be broken or at least permanently (plastically) bent, with lower forces applied. 

With the same production tolerances, thinner pins have a larger relative deviation in diameter and 

the form of their cross sections, which may lead to greater instabilities in the lattice structure. For 

instance, a pin with a smaller diameter surrounded by pins with larger diameters may not be able to 

touch three or more other pins and may therefore not hold tight in the lattice and may fall out of the 

relief. 

Making pins smaller means that the number of pins increases, in both directions. An increase of the 

resolution increases the number of pins quadratically. The amount of material will be approximately 

the same, independent of the pin diameter, since the whole volume of the relief medium is densely 

filled with pins. However, production may still become more expensive, since more pins must be 

produced, potentially requiring more machine time; and more pins must be arranged in the framing 

structure, taking more time to finish a relief. 

In addition there may be limits of the selected material, in how thin structures may be produced. 

Another limiting factor may be the availability of pins on the market. 
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2.5 Material Qualities 

There are several requirements on the material of the pins, since these will be directly touched, and 

in the future shall be moved by a computer controlled machine. 

Foremost, the pins need to be of sufficient strength. Pins may protrude. Although an optimal relief 

for this medium needs to take care, that no pin protrudes too much compared to its surrounding, 

pins will protrude to a certain amount, either as single peaks with all surrounding pins lower, or as 

edge with similarly high pins at least in some directions. Therefore, each pin needs to be of sufficient 

strength, that touching with moderate force will not break them or permanently bend them, and stiff 

enough that bending through plastic deformation does not change the appearance of the relief. 

Pins will in the future be pushed by a computer controlled machine. In order reduce build time, the 

pins may be pushed with a certain strength and velocity. Therefore, pins need to be hard enough to 

withstand the impact of the printing device, without deforming or altering their length. 

Pins need to be locked in place, presumably be sidewise pressure (see Section 5.4). Therefore, pins 

need to be able to withstand the pressure without being crunched, or permanently deformed. 

Permanent deformation might be less of a concern, if the deformation is uniform along the whole 

pin, but will be problematic, if the deformation happens only on a part, e.g. when pressed at a 

protruded state, since the variation in diameter will compromise the ease of sliding and possibly also 

the stability of the lattice. In contrast, a temporary, plastic deformation of the pins while pressed 

together might be even of advantage, since small variations in diameter will be evened out, and it 

will ensure that each pin touches each neighboring pin. Hollow pins might increase this plastic 

deformation capability, since this forms a natural spring, and might lower the pin weight, but might 

be difficult to manufacture at these small diameters. Alternatively, a slightly bent pin might act as a 

spring in at least one direction over the whole length, and might help as well maintaining stability. 

In addition, the sides of the pins need to be sufficiently smooth to allow them to glide along each 

other with little friction, but at the same time they need to have a large enough coefficient of friction 

to keep fixed with moderate sidewise pressure applied. 

If the relief printer medium is supposed to be movable (i.e. not installed as a kiosk), it should be of 

reasonable weight. The amount of material for solid pins is quite substantial. If using square or 

hexagonal pins, the volume is 100% filled, if using round pins in a hexagonal arrangement 78.5% is 

filled. With a pin height of 8 cm an area of 20x20cm has a volume of 3.2 dm³ with 100% filling or 2.5 

dm³ for round pins. An area of A3 has already 10 dm³ or 7.85 dm³. Taking for example the 8cm A3 
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round pin relief medium, with typical plastic materials with a density of approx. 1.175 kg/dm³ the 

weight of the pins would be 9.2 kg. With steel of around 8.8 kg/dm³ the weight increases severely to 

an inconvenient massive block of 69 kg, without the needed framing, ruling out all but the lightest 

materials. 

In addition, the material should be pleasant to the touch, not too cold, and should be able to be 

polished smoothly. As it will be touched with the bare fingers, it should be closed-porous and 

resistant to dirt, water and fat.  

However, since in this work only a prototype will be created, that is to be touched by test persons in 

a limited amount, these properties don't have to be met entirely, as long as a stable configuration 

can be made. 

It is difficult to select an appropriate material based on these theoretical considerations, since there 

are too many open variables, like the required fixation pressures, sliding capabilities and the overall 

arrangement and stability. We will therefore opt to use the easiest to get material for the first 

prototypes, even if it does not meet all requirements. Experimentation with the prototypes will show 

the actual suitability, and a final test with other materials can follow if necessary. 

3 Related Work 

3.1 Braille Imaging Devices 

A number of different graphics display devices are available for blind and visually impaired people, all 

based on Braille technology, i.e., slightly raised dots that form dotted symbols, lines or areas. 

Typically, these are in the form of embossing printers that are normally used to emboss Braille letters 

in a sheet of thick paper. The graphics enabled variations (e.g. [15]) of these printers allow points to 

be embossed in a denser and more regular pattern than text-only Braille embossers. Some even 

allow a few different embossing heights. 

The "Stiftplatte" [16], follows the same idea, but in an interactive form: It uses a technology similar to 

a Braille display that allow the computer controlled raising and lowering of metal Braille dots to form 

Braille letters, but arranged in a two-dimensional dense array. This tool enables an interactive 

computer interface that allows reading, writing and even drawing for blind and visually impaired 

people, but since each dot needs its own actuator, it is inherently expensive. 
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Another printing possibility is swelling paper, a special kind of paper that swells up to a few 

millimeters where printed on, and allows to feel and differentiate Braille letters, points, lines and 

patterns. 

All these methods have in common, that there is only a tiny amount of height variation possible, and 

therefore no real three-dimensional surfaces, but only points, lines and patterns are possible. In our 

work we anticipate to have at least a few centimeters of height variation in order to be able to 

display high-relief surfaces. 

Figure 7: From left to right: print of viewplus graphics-enabled Braille printer [15]; metec Stiftplatte 
[16] an interactive 2d Braille display; Close-up of swell paper print. Printed with ink-jet printer, 
black parts raise using developer. 

 

Source: https://viewplus.com/wp-content/uploads/2015/05/volcano_banner.jpg, http://hyperbraille.de/images/3.jpg, http://www.zychem-
ltd.co.uk/communities/6/004/012/030/396//images/4596012626_603x150.jpg  

3.2 Pin Screen Animation Device 

The idea of pin arrays date back to the pin screen animation device, originally invented by Alexeïeff 

and Parker in the 1930s as a medium to create animations, not yet to create reliefs. There, the pins 

protrude from a white screen that is lit from the side. The pins cast a shadow of varying length 

depending on how far the pins stick out of the screen. By pushing the pins in and out of the screen 

with various tools from both sides, arbitrary black and white images can be created, filmed and 

compiled to animation sequences. Although a very time-consuming process, several short films have 

been produced using this technique.  

According to a documentation, the used pin screens are composed of 240000 pins. Each pin is 

housed in its own white tube that is 5 mm shorter than the pin and in which the pin can slide 

independently. Therefore, each pin may protrude from 0 to 5mm. The tubes are arranged in a 

hexagonal lattice in a metal frame, and are not glued together, but are simply fixed by pressure 

exerted by the framing structure, which seems to be stable as long as the frame is kept in an upright 

position. This is ensured by a table-like foot on which the frame is mounted and can be rotated in 

order to work on it from both sides. 

https://viewplus.com/wp-content/uploads/2015/05/volcano_banner.jpg
http://hyperbraille.de/images/3.jpg
http://www.zychem-ltd.co.uk/communities/6/004/012/030/396/images/4596012626_603x150.jpg
http://www.zychem-ltd.co.uk/communities/6/004/012/030/396/images/4596012626_603x150.jpg
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Although not stated explicitly, the frame seems to have an aspect ratio of 4:3, the then popular 

format of television. The hexagonal lattice is arranged with the straight direction horizontally as 

shown in close-ups. From this, we estimate a size of 456 rows of alternatingly 526 and 527 horizontal 

pins, giving a total of 240084 pins. Comparing the sizes of the objects in the documentary, the frame 

seems to be about half a meter wide, thus we estimate the diameter of the tubes with approximately 

1mm, the pins seem to be approximately half of that.  

Although, this device seemed to be largely unrelated to our problem at first sight, it has remarkable 

similarities.  

First, the tubes stay fixed in a relatively exact hexagonal lattice, only with pressure from a 

surrounding frame, similar to our design goal. The flexibility of hollow tubes seem to be of advantage 

here, since they provide a natural spring and may adapt to small variations in diameter. Nevertheless 

we try to do a similar pattern with solid pins. 

Second, they mention that they can control the ease of movement of the pins by adjusting the 

pressure exerted by the frame. We will use a similar scheme, to ensure the two states for writing and 

fixing the pins in our design. 

Third, if our estimates of 1mm per pin are correct, the spatial resolution of the device is very good, 

with about 115 pins/cm² due to the hexagonal arrangement. 

In contrast to our design, the tubes remain fixed in the frame, but tiny pins slide inside them. This is 

of advantage for their application of casting shadows, but is not suitable to be touched. Since the 

pins are approximately half the diameter of the tubes, the cover only less than 1/4-th of the area. 

Touching a single one of them would be similar to tiny needles, and in an array they would form a 

very rough surface. Furthermore, the needles would bend quite easily, especially if fully protruded, 

since each pin is only fixed by its tube. In our case, we want the pins to support each other in the 

neighborhood. As long as several pins are protruded a similar amount, they touch each other the full 

length, and stabilize each other much more than if they would not be allowed to touch. 

Of course, the tube design isolates the pins from each other so that individual may be moved without 

affecting the neighbors. However, we believe, that it is possible to build a printing device that can 

cope with this mutual influence. Therefore, a separation of pins will not be necessary in our design. 
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Figure 8: Pinscreen. From left to right: Pinscreen frame; closeup of pins; Example frame of Michèle 
Lemieux’s “Here and the Great Elsewhere”, 2013. 

 

Sources: http://150597036.r.cdn77.net/wp-content/uploads/2009/08/ecran11.jpg; http://i.ytimg.com/vi/-3Pzi-Lq568/0.jpg; 
https://transientgrace.files.wordpress.com/2012/12/20121231-153213.jpg 

3.3 Pin Art Toy 

In the 1980s Ward Fleming invented and patented [12][5] a toy version, called Pin Art. The idea was 

no longer to create images, but relief depictions of everyday objects. Each metal pin is guided by a 

dedicated hole in two identical parallel sheets of plastic mounted a distance apart. The pins are 

capped on one side to prevent them slip through the holes in the one direction, and held back in the 

other direction by a transparent sheet mounted a distance apart from the sheet with the capped end 

of the pins. The uncapped ends protrude from the device. The idea is to hold the device vertical, so 

that all pins lie vertical and are not affected by gravity. An object or body part (e.g. hand, face) is 

carefully pushed against the pins and shift them, so that a discretized relief of the shape is created by 

the pin caps on the other side. As long as the device is not tipped or shaken, the relief is preserved, 

and can be viewed, but not touched, since that would shift the pins. When tilted, gravity pulls the 

pins back into their original position, and the device can be used to create another temporary relief 

depiction.  

Over the years several variants occurred.  

There are newer versions with plastic pins with caps on both sides, so that the transparent plate is no 

longer needed, and the device can be operated and viewed from both sides symmetrically. Using 

these new pins, large pin walls have been installed in museums and other locations, but require a 

huge amount of work to set up, since each pin needs to be placed and capped manually. 

All of these devices do not satisfy our above mentioned requirements: The pins cannot be locked in 

place, the resolution is quite low (7-12.5 pins/cm²), and the pins are wobbly and may be bent easily. 
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In contrast to the Pin Screen, the pins are capped, so they may deliver a better touch experience, and 

due to the rounding of the caps, the fingers may glide even over moderate steps easily. A fact that 

would be interesting also for our application. 

Different versions have been proposed that overcome some of these limitations. 

US Patent 6298587 [10] describes a variant with caps on both sides, and two possibilities to lock the 

pins. The first uses magnetic strips between adjacent rows of pins, which seem to just attract the 

pins, is not possible to be turned off, and fix them with only a moderate force. The second uses 

threaded rod and pressure strips contacting each row of pins. Tightening down an adjustment screw 

exerts pressure between the pins and inlayed strips and seems to lock the pins similar to the 

pressure of a pin screen device.  

Several patents [13][11][14] describe different locking mechanisms, using additional sliding plates 

with holes that can be braced against the fixed plates, to that the pins are fixed due to shearing 

force, effectively shrinking the apparent diameter of the holes. 

These methods are not applicable in our case, since they require a distance between the pins. 

Figure 9: Pin Art variants. F.l.t.r: Lulu Guinness' Be a Pin Up! – Play with a giant "Pin Art"; Large Pin 
Art screen in an exhibition; Lockable Pin Art [14]. 

 

Sources: http://www.ufunk.net/en/artistes/be-a-pin-up-jouez-avec-un-pin-art-g%C3%A9ant/; 
https://www.flickr.com/photos/viller/2163034636/in/gallery-remkovandokkum-72157623627839424/ 

3.4 Fabrication Devices 

The idea of pins of different height to form reconfigurable dies and forms has been adopted in 

industrial fabrication. 

Some of these devices use a matrix of rams on both sides of the sheet, to bend metal sheets into the 

desired form as patented in [17,18], and realized by a German company [19] to fabricate the exactly 

https://www.flickr.com/photos/viller/2163034636/in/gallery-remkovandokkum-72157623627839424/
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bent walls of a nuclear fusion reactor. These are large, heavy duty machines, not suitable for our 

purpose. 

Similar devices have been invented and used to bend honeycomb material [20], plastic shields [21] or 

concrete sheets [22]. 

These are typically intended for rather simple curves to produce exact plates of a larger 

arrangement, e.g., for free-form facades. Therefore, only a few pins are required, and either the 

material itself, or an additional deformable layer is used that interpolates the shape into smooth 

forms. Since relatively few pins are used, an individual actuator for each pin is possible.  

Other devices have been proposed and built as reconfigurable casting molds. 

A good overview of developments until 2004 is given by [23]. 

The resolution of such devices is however much too small with typically a few hundred up to 2688 

pins [26], and the pins are spaced several centimeters to several tens of centimeters from each 

other, with our intention of going into the millimeter range. 

Figure 10: Left: Stade Umformtechnik: producing sheets for fusion reactor [19]. Right: "Flexible 
Mould Project" [22] TU Delft creating curved concrete. 

 

There are however two interesting exceptions: 

Sebastian Boers [25] created in his PhD thesis two prototypes with 507 and 1846 pins with 1 mm 

diameter respectively and later formed the company OptiMal Forming Solutions which however no 

longer exists. From the few existing images and a video [27], we estimate that the final working 

prototype has approximately 6900 pins with 2 mm diameter, arranged as 60 × 115 pins. The 

cylindrical pins are arranged in a hexagonal lattice, and separated in all directions by zig-zag formed 

thin plates between all rows. The separation allows an easy setting without mutual influence, 
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performed with linear actuators. In the final prototype we estimate around 1.5 seconds per 

movement of 15 actuators (3 × 5) in parallel, taking around 12 minutes to set one image. This is the 

only prototype we have seen working at a reasonable speed. The spatial resolution of the first two 

prototypes using 1 mm pins and 0.1 to 0.3 mm thick separators is approximately 68 to 95 pins/cm², 

the final prototype with estimated 2 mm pins and probably the same 0.3mm separators has only 

about 22 pins/cm². The separators would however impact stability, which is negligible, since the 

whole device is built from hardened steel, operated under high clamping pressure, and solely used 

for thermoforming. 

The other exception, is a recent prototype made as a form for injection molding [24]. Florian 

Hagemann created in his PhD thesis a reconfigurable form die with an area of 10x10cm. It uses 

square metal needles of either 2 mm or 0.4 mm side length, with a total of 2500 or 62500 pins 

respectively. The pins are arranged in an orthographic lattice without any spacing, resulting in a 

resolution of 25 and 625 pins/cm² respectively. A very elaborate clamping system has been 

developed, that lets can free one row and one column from clamping to allow serial movement of 

the pins, one by one. No timings are given, but with only one pin at a time and that high amount of 

pins, the writing times will be very long, with 1 pin per second amounting to over 17 hours. 

Nevertheless, it shows, that a tight arrangement of pins is possible, at least with square pins made 

from precisely cut steel. The resolution of 625 pin/cm² is very high, but the building space of 10x10 

cm is too small for our application. 

Figure 11: Left: Boers’ Thermoforming die of OptiMal Forming Solutions [27]. Right: Hagemann’s 
Injection mold form [24]. 

 



 

  23 
 

3.5 Interactive 3D Displays 

All previously mentioned devices are either for manual operation, or take a long time to set 

automatically. There is however research on devices that allow to set the pins at interactive rates, 

even below 1 second for the whole arrangement.  

The recently most popular example was developed in the “inForm” project at MIT [28]: 30 × 30 

square pins are arranged in an orthogonal lattice. The pins have a side length of 9.525mm and an 

inter-pin spacing of 3.175mm, giving 12.7mm per pin, and therefore a density of only 0.62 pins/cm². 

But, each pin is individually motorized, and can protrude and retract with over 0.6 and 0.9 m/s 

respectively, allowing never before seen possibilities for spatial interactive applications. This comes 

however with the cost of 900 motors and control electronics, consuming up to 2700 W, and a total 

size of the device of over 1 meter height, and a footprint of approximately twice the display area. 

Interesting for many applications, possibly also for blind people, it has a much too low resolution to 

feel any detailed surface, and is in this form definitely too expensive for home use. 

Other approaches do not target fully interactive rates, but fast parallel setting of the pins. Probably 

first patented by Parker [29], he describes pin displays with one actuator per pin in various 

configurations. Using one actuator per pin quickly becomes unfeasible when the number of pins is 

increased. In addition, the minimum pin diameter is limited by the size of an actuator. Applications 

are for example theater stage concepts [31] or 3D wall displays with 11000 telescopic actuators [32]. 

Page's concept [30] only uses locking actuators for whole rows and columns, and claims to set the 

pins by lowering a platform and selectively loosening the actuators. It is however not demonstrated, 

that the concept works in practice. In any case, the proposed pneumatic line locking actuators 

require considerable space around each pin, effectively lowering the attainable resolution. 

A more plausible concept uses one low-cost locking actuator per pin, consisting of only one resistor 

as heat source and a thermally activated substrate [33]. A 52 and a 208 pin array was demonstrated, 

but turned out to be difficult to assemble and lacks scalability. 
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Figure 12: Left: inForm interactive 30x30 pin display [28]. Middle: The Kinetic Facade of the 
MegaFaces Pavilion Sochi 2014 Winter Olympics [32]. Right: Peters’ working 150 pin array with 
thermally activated breaks [33]. 

 

While in the future, such devices with parallel actuation may get available, for now we concentrate 

on designs for partially parallel actuation, and favor a fully passive medium, which is the subject of 

this work. 

4 Types of Pin Shape and Pin Lattice 

As already detailed before, we anticipate a closely packed arrangement of pins.  

It may be beneficial, when all pins have the same cross-section: In terms of production to allow large 

mass manufacturing of the same shape; and, more importantly in terms of arrangement, so that pins 

of different cross sections need not be placed in a specific pattern. 

There are four different types of pin cross sections with their respective two-dimensional 

arrangement lattices that can be built from a single type of pins (cf. also [29]), with different 

properties.  

We will compare amongst others two important properties: 1) The roundness of the cross sections, 

and 2) the quality of surface reconstruction. 

1. Concerning roundness, corners are more difficult to manufacture, and are more prone to 

break. The larger the angles of the corners of the cross section are the better. In addition, 

perfectly sharp corners cannot be created, always requiring a minimum radius, depending on 

the manufacturing process (e.g. around 0.3 mm for plastic extrusion). 
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2. The quality of surface reconstruction can be compared visually. For each lattice, the same 

object, a half sphere, has been virtually sampled and reconstructed by an arrangement of 

approximately the same number of pins in a frame of approximately the same size. This 

means, that each arrangement uses the same pin density (number of pins per area) but the 

surface representation seems to be of different roughness. 

Figure 13: Different pin lattices and pin shapes. Top left: square lattice with square pins; top right: 
hexagonal lattice with hexagonal pins; bottom left: hexagonal lattice with cylindrical pins; bottom 
right: equilateral triangular lattice with triangular pins. 

 

4.1 The square lattice with square pins 

The square lattice is probably the most common lattice found in man-made structures, and may 

therefore feel most natural for people that are used to it. Often drawings use mainly horizontal or 

vertical lines. This is the only lattice that can display such lines without steps. Nevertheless, all lines 

with other angles will always produce stair-casing artefacts due to the nature of discretization. The 

worst case angle for the orthogonal lattice is 45°, which produce also the worst steps of all possible 
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lattices. We therefore say, it has a fourfold symmetry, with two orthogonal major symmetry axes at 

0° and 90° allowing a perfectly straight reconstruction, and in between the two minor symmetry axes 

at +/-45° with still a straight alignment of the pins, but a strong zig-zag at the outlines. 

The quality of surface reconstruction of the sample half sphere is moderate. Especially at the steeper 

slopes, stair-casing artefacts become obvious, and at the circumference overly flat areas become 

obvious, where it should be round. 

Pins have angles of 90° which may already pose problems with some manufacturing processes. 

A clear advantage is that a framing structure of a rectangular arrangement is completely flat, which 

makes it easy to build and to apply a uniform pressure. Rows and columns are mechanically fully 

separated, which can be of advantage for locking mechanisms and the printing mechanics. Row and 

column separators (see below) may be inserted most easily, and if necessary, rows and columns can 

be compressed individually (e.g. exploited in [24][30]). However, it makes it slightly more prone to 

unwanted skewing or shearing of columns or rows against each other. 

In theory, also cylindrical pins can be arranged in a square lattice, but is less stable and less dense 

than in a hexagonal lattice (see below). 

4.2 The hexagonal lattice with hexagonal pins 

This tiling allows the closest packing of circles, and is therefore the most compact lattice, featuring a 

six-fold symmetry. It has therefore three major symmetry axes at 0°, 60° and 120°, in which the pins 

are arranged in straight lines, but with a slight zig-zag at the outlines created by the hexagonal pin 

shape. The pins along the minor symmetry axes in between at 30°, 90° and 150° are no longer 

arranged in a straight line, but a zig-zag with half a pin width offset, but at least a flat wall at the 

perimeter. This lattice better trades off the different directions, with no strongly preferred direction, 

giving a more smooth appearance of natural, round shapes as in our example. 

Angles of the pins have 120° which make them easier to produce. 

Framing structures are however less easy to build, since the half-pin offset of each second row has to 

be supported. Straight separators between rows cannot be used, but with a slight zig-zag these can 

be inserted in the three major symmetry axes. The zig-zag along the major axes make unwanted 

skewing or shearing less possible. But individual columns or rows can no longer be locked 

individually. 
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4.3 The hexagonal lattice with cylindrical pins 

This arrangement is very similar to the one with hexagonal pins, but has the pins fully rounded. This 

makes them easiest to produce and most stable in themselves. Alignment is therefore also of no 

concern, since the pins may be freely rotated. The rounded form further trades off the different 

directions: The zig-zag of the outlines along the major axes are smoothed, but so are also the straight 

faces along the minor axes. This is probably the smoothest approximation possible for natural 

shapes. In addition, cylindrical pins might be the easiest to get for small diameters and a larger 

variety of materials. 

Of the presented arrangements, this is the only one which fills the space not tightly, with only 78.5% 

filled. This forms narrow tunnels between neighboring pins, making it suitable for thermoforming, 

since the vacuum or pressured air can flow through the tunnels. It is therefore less suitable for 

casting, since the cast material may flow through the tunnels. If required, a flexible membrane might 

be necessary over the surface. 

On the negative side, the rounding of the edges makes shearing a bit more likely, and arrangement 

might become more difficult since the pins are more likely to jump out of their positions. 

4.4 The equilateral triangular lattice with triangular pins 

This lattice can be constructed from the hexagonal lattice, with each hexagonal pin divided into six 

equilateral triangles. It shares many properties with the hexagonal lattice, but has a slightly better 

performance in creating straight edges: along the three major axes straight borders are possible, and 

along the three minor axes the zig-zag is less distinct than in the hexagonal lattice.  

With the same number of pins, and therefore the same area per pin, the apparent surface 

reconstruction is worse of the discussed lattices, giving a very rough appearance with many spikes. 

Further, the angles of the pin’s edges are here quite sharp with 60° making them less easy to 

produce.  

There are many other, more irregular lattice types in the two-dimensional domain, like the 

rectangular lattice with rectangular pins (a more general case of the square lattice with different side 

lengths in x and y), the rhombic and parallelogrammic lattices (non-uniformly scaled or skewed 

versions of the hexagonal lattice), or subdivisions of the rectangular, rhombic or parallelogrammic 

lattices into smaller triangles. All these have in common, that the cross sections are no longer regular 

polygons and therefore loose symmetry and become elongated. This further degrades the quality of 
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surface reconstruction on average, and the more irregular pattern makes arrangement more difficult. 

Therefore, these are less suitable for our application. 

 

For our design we favor the hexagonal lattice with cylindrical pins, because of the superior surface 

approximation and the easier production and therefore higher availability of pins. If available, square 

or hexagonal pins might be interesting, too. 

5 Fixation of the Pin Lattice 

As detailed above, the goal is to arrange a large number of pins in a regular lattice, in which they 

have to stay in all circumstances. Further, the pins need to be shifted to a specified position, where 

they need to be fixed, and subsequently loosened again to be shifted back into their home position. 

A number of mechanisms can be used to ensure the lattice and to fix the pins, which shall be 

discussed in this Section. 

5.1 Guiding Holes 

Fixation methods using plates with a matrix of guiding holes and additional fixation plates or 

pressure bars have already been discussed in Section 3.3. These have been ruled out because of their 

space requirements which impedes our goal of highest possible resolution. Our goal is a tight 

arrangement. 

5.2 Threaded Pins 

An elegant possibility is to use threaded pins in a square or hexagonal arrangement. Each pin is 

surrounded by four or six other pins which form a nut in which the pin can be screwed. The threads 

of all neighboring pins interlock and hold each other at the position in the lattice, but also in the 

desired height. Using a CNC screw driver, the pins can be adjusted into the desired height, at which 

they will stay fixed, as long as no twisting force is applied to individual pins, and the thread clearance 

is not too high. A prototype has been presented [35][36], but only with as little as 19 x 20 M20 nylon 

screws. To overcome the limited resolution, they either directly machine the screws afterwards [35] 

which destroys them for future use, or add a filler material which is then machined [36]. 

For our intended application, this is however no feasible solution. The threads of screws of 1mm 

diameter will become very delicate and will probably become prone to jamming. Further, such fine 
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threadings have a very tiny pitch, requiring a lot of turns for a given height to travel, increasing 

printing times. Parallel screwing of pins might be difficult, and serial screwing will take a lot of time. 

And, this large amount of threaded pins will become very expensive. 

Figure 14: Automated Screw-pin adjustment for reconfigurable moulding machine [35][36]. F.l.t.r: 
adjusted screw pins; screw pins machined; vacuum formed component. 

 

5.3 Magnetism 

Another possibility is magnetism. If the pins are ferromagnetic, applying a moderate magnetic flux 

will magnetize all pins, effectively holding them together. The fixation force can be adjusted by 

varying the strength of the magnetic field, allowing to have different states for setting and locking 

the pins. This method has however a number of drawbacks. First, ferromagnetic materials have a 

quite high specific gravity, making the pin array overly heavy (cf. Section 2.5). Further, a high 

magnetic field has to be present at all times. Depending on the required strength, these may be 

created by passive permanent magnets, or have to be generated with energy-consuming electro 

magnets. In any case, strong magnetic fields may interfere with other equipment and is therefore not 

practical. 

5.4 Pressure 

The probably most promising method is to use sidewise pressure to force the pins into each other.  

They will keep their position in the lattice as long as there is no stronger force on the pin that pushes 

it to a new location. Here the hexagonal lattice is definitely of advantage, as the zig-zag arrangement 

in all directions creates natural barricades, and the dislocation force needs to be higher than the 

force required to climb the hill of such a barricade. 

And, the rods will keep their height as long as an external force (touching, vacuum forming) is not 

higher as the force of static friction. The force of static friction in the transverse direction is 
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proportional to the pressure force in the normal direction. Therefore, the ease of movement (the 

amount of friction) can be controlled by the amount of sidewise pressure.  

5.5 Force Distribution in the Pin Lattice 

The remaining question is, whether the pressure force exerted on the outer frame will distribute 

uniformly inside the lattice of pins. 

Here, clearly the orthogonal lattice is of advantage, since each row and each column form separate 

force chains with little or no interaction with the neighboring rows or columns, as exploited e.g. in 

[24].  

In the hexagonal lattice, this is more difficult, since each pin distributes the forces to multiple 

neighbors, caused by the zig-zag alignment. 

This is studied in the field of granular materials [37]: Due to the arrangement of particles (e.g. stones) 

in a compressed medium, specific contact points between neighboring particles are created, forming 

force networks in which the forces are distributed. Similarly, in mathematics various packing 

problems are studied in an idealized environment, e.g., packings of equal circles in a square [38], 

which is very similar to our problem, when viewed as a cross section. When browsing through the 

many configurations, it gets obvious, that many problems lead to some spheres that do not touch 

any of the other spheres. These are practically free from forces, and will therefore lead to pins falling 

out in our problem. With pins fallen out, the structures are likely to shift if external forces act on 

them, which may lead to more pins getting force free, and in the worst case, the whole arrangement 

of pins falling out. According to [38], at least the problems which form regular lattices are free of 

such force free pins, at least in their idealized view. What we may learn from these experiments is, 

that the exact number of pins is important in order to form a regular, stable lattice. One pin too few 

or too many and the stability of the structure will be compromised. In practice however, diameters of 

pins may vary, or they might not be perfectly round. This will lead to additional problems, especially 

when the size of the lattices increase, and errors add up over the whole length. 

Boers [25] uses sheets of a softer material between each row of pins which may deform to 

compensate variances in the pin diameters. The pin screen [8] uses softer tubes around each pin. We 

will see in the practical part, to which extent our lattices without these additional helpers are prone 

to such problems. 
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Figure 15: Two examples of “packings of equal circles in a square” [38]. Left: features lattice 
defects due to missing circles. Purple circles have no connection at all. Middle: Correct number of 
circles to form a regular lattice. Even so, several circles (yellow) are not fully connected. Right: 
Design of Boers’ design [25] with separating sheets between all lines of pins. 

 

6 Considerations for prototypes 

6.1 First Prototype 

The first prototype was created well ahead of the project AMBAVis in 2010. It consisted of 91 pins 

arranged in a 2x2 cm hexagonal pattern, hold together by a rubber band. It showed that the idea 

could work in practice, and eventually started the idea for this work package of AMBAVis. 

For the pins, uncooked spaghetti were used as they were readily available at the kitchen, the 

prototype was built. The spaghetti were broken into pieces of approximately the same length, tied 

together with several rubber bands, and then sanded on both sides using sanding paper, until the 

faces were approximately planar. 

If only few rubber bands are placed around the pin arrangement, not tied too tight, the pins may 

slide easily against each other, and small forms may be pushed against them to deform the surface. 

Depending on how many rubber bands are placed around the pin arrangement, it gets harder to slide 

the individual pins against each other, effectively fixing the pins. 

If too few pressure was exerted by the rubber bands, whole rows of pins could shift places in the 

lattice against each other, but typically jumped back in place by the pressure of the rubber bands, so 

that the circumference became minimal again. Only sometimes, single holes with no pin occurred, 

but was quickly filled by rubbing the arrangement between the hands until the pins snapped back to 

the minimum circumference state of the hexagonal arrangement. 
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The goal of the practical part will be, to create larger arrangements, and to test their behavior and 

suitability. 

Figure 16: Prototype 1. 91 Pins, Ø 1.75mm, 17×19mm, rubber bands. 

 

6.2 Material Selection 

As outlined in Section 2.5, the most important factors of the pin material are strength, and weight, 

and especially in the early stages the availability, quick delivery and costs. 

Metal was ruled out by its high weight. A first market analysis revealed that plastic pins of a small 

diameter (<1.5mm) are hard to get. We estimated to need at least several km of rods to create the 

first prototypes.  

Model shops sell small pieces of ABS rods for several Euros, and don't have large quantities in stock. 

We only found a single company in Austria, who already had an extrusion tool to create round PVC 

rods of 1mm diameter. However, the company could not guarantee that the rods will be round as 

the tool was already quite old. Creation of a new tool was already beyond our budget, and 

production of a first batch of several km would have already consumed a large part of our budget. 

To ensure a quick start into the project, we decided to keep spaghetti as they turned out to be 

perfectly suitable. They are nearly perfectly round, with little variation in diameter, unexpectedly 

strong and durable, good to work with, and readily available for small budget. Standard spaghetti 

have a diameter of approximately 1.8mm. 

As no square or hexagonal rods could be found, the hexagonal lattice with cylindrical pins was the 

ultimate choice. 
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6.3  Framing Structure 

For a second prototype we decided for a size of approximately 10 × 10 cm (approx. 55 × 64 pins). The 

approximately round shape of the first prototype was easily maintained by a rubber band. For the 

next prototype we wanted a rectangular shape, since most images are rectangular, and this form 

may be optimal for a future printer. A rectangular size however is not naturally held by cylindrical 

rods. A framing structure needs to be built, that is sufficiently straight and strong, and is capable of 

exerting a high enough pressure. Several concepts have been made. 

An arrangement with four individual metal plates on the four sides is difficult to maintain:  

 The plates are not secured against slipping, and it might be difficult to arrange them exactly 

in right angles. 

 It is expected that the size of the arrangement will change between the loose and fixed 

(pressed) state, since the pins (or the space around them) will be compressed. If the 

arrangement is only 1/50th of the pin diameter, the arrangement of 55 × 64 pins will change 

by one or even several pin diameters. 

 Arranging the plates edge on edge (cf. Figure 17 left) will lead to problems. Either the plates 

touch each other in the uncompressed state, then they cannot be compressed at all. Or they 

are only long enough in the compressed state, then there would be gaps at the edges in the 

loose state, and pins would fall out. 

 Alternatively, the plates may be arranged in a star-pattern (cf. Figure 17 middle) each plate 

protruding on one edge. The problem with the gaps is herewith solved, but the pins need to 

slide past the plate during compression, which might lead to unwanted effects. 

Our solution was to use two L-shaped angled plates (cf. Figure 17 right) that support each other in 

one direction, and may slide in the other direction to apply force. 
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Figure 17: Different frame options for rectangular arrangements. Left: 4 plates edge on. Middle: 4 
plates in a star pattern. Right: 2 L-shaped angled plates. 

 

7 Conclusion 

This concludes the Part I. After the second phase the second part of this document will be written, 

summarizing the outcome in the practical part. 
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