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Introduction

Sense of direction is an intriguing mental mechanism that uses mostly sight, hearing and
cognitive mapping of ones surroundings [1]. There are different studies that suggest the
potential to insert guidance systems in the periphery of someone’s sight [2]. Therefore, the
area of the floor is chosen, as it is situated in one’s periphery. Additionally, according to
a study done by Vermeulen et al. the visualisations on the floor can be recognised by the
user [3]. While in previous works guidance systems have been explored using light [4, 5],
in this report a carpet is proposed that uses texture change and colour contrast in front
of the person walking to intuitively indicate direction. By manipulating the orientation
of the carpet fibres, an innovative solution for intuitive navigation with minimal and
personalised information for the user is hereby explained, as depicted in Figure 1. Varying
pathway shapes and orientation enables multiple users to navigate simultaneously.

Figure 1: Concept illustration of the guiding carpet.
Liquid crystals (LC) present the opportunity to create multi-directional fibres. Their
ability to bend by local temperature change allows the creation of a network of these
fibres within the carpet, which can selectively be activated on demand. This bending
process is reversible and therefore allows for the generation of visual texture contrast and
present the opportunity to indicate direction.
In this report the different aspects that will be addressed are the potential LC mixture,
the activation network, the fabrication method for the carpet, the visual effects that can
be created by it and the tests that are relevant to validate the design.
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Design and Validation

The concept consists of a carpet tile (30×30cm) made out of nylon fibres. For every four
carpet fibres, there will be one contrasting coloured nylon fibre with a LC base. When the
LC base is activated, the fibre attached to it will hide in between the other nylon fibres.
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This effect will show a texture and colour contrast indicating the direction in which the
users has to walk to to reach their destination. The movable contrasting fibres will be
referred to as active and the other nylon fibers as passive fibres throughout the rest of the
report.

2.1

Liquid crystals

Liquid crystals (LCs) are a state of matter with properties that are similar to those of a
liquid as well as solid crystals. The molecules can be oriented in a crystal-like structure
while flowing like a liquid. LCs can be subdivided into three main phases; thermotropic,
lyotropic, and metallotropic phases. In this research, thermotropic phase LCs were
looked into, these LCs can exist in various mesophases depending on the temperature.
At low temperatures, the LCs will orient in an almost crystal-like structure called the
smectic mesophase [6]. With increasing temperature, the order of these aligned molecules
decreases.
A decrease in order parameter causes the LCs to change dimensions, this can be used
in objects to induce shrinkage in the direction parallel to the LC orientation and expansion
in the direction perpendicular to that. During this research, a local decrease in order
parameter is applied, causing the LC fibres to bend.

2.2

Polymer networks and the Tg

The LC mixture used for this research consists of dithiol spacers and LCs with acrylate
end groups that can be polymerised via a free-radical polymerisation reaction. One
dithiol spacer molecule reacts with two acrylate end groups to form diacrylate functional
oligomers. These diacrylates act as crosslinkers to form a polymer network. The amount
of crosslinker, spacer and the length of the spacer in the mixture influence the flexibility of
the polymer chains and thus the Tg of the polymer network[7]. The Tg is the temperature
above which the polymer chains gain mobility due to the rotation of bonds in the network
[7]. A photo-initiator is added to the mixture to initiate the polymerisation upon radiation
with UV light. This photo-initiator molecule will cleave a bond and form radicals that will
react with the acrylate end groups of the LCs, propagating the polymerisation. Eventually,
two radicals will react with each other to terminate the polymerisation.

2.3

Electronic Actuation

Figure 2: Figurative representation of the communication protocol.
For maximal addressability it is chosen to actuate the fibres electronically. An electric
current will be supplied to small resistors on the surface of a printed circuit board (PCB)
on which the fibres are placed. The current will produce heat, bending the active fibre
bases. Each fibre will be actuated by four resistors, which makes it possible to freely bend
the fibre in all different directions and angles from the vertical. In order to address single
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fibres or groups of fibres, as pixels in a display, there is a need to send signals to each
pixel individually.
The proposed control method is to transmit data through micro-controllers (MCU)
operating like shift registers. A positive and negative wire need to run past each module
for power supply. A clock and a data wire are needed for the data transmission. The
clock wire ensures all chips are running on the same timing. The data wire is used to
transmit information from a controlling computer towards the individual fibres. The data
is transmitted through all MCU’s as shown in Figure 2.
The added benefits of this method vastly outweigh the cost of material and production
of wiring up fibres individually. The estimated cost for an MCU based on similar
components would come below A
C0.10 per fibre or A
C90 per carpet tile [8].

2.4

Visualisation

To determine the configuration of carpet to portray clear icons on the floor, a set of
digital visualisations was made in MATLAB. Many different options and parameters were
considered, among which; fibre density, colour and contrast, relative length of the fibre,
fibre lean angle, viewing angle, and distance to the observer. Figure 3 shows the option
that was chosen. In this configuration a 30cm×30cm carpet tile is depicted, with a grid of
30×30 liquid crystal fibres, this was found to be the minimal fibre density to achieve the
type of visualisations that was envisioned. To distribute wear evenly between the active
and passive carpet fibres, they are both the same length. In this configuration shapes are
shown on the carpet by hiding the contrasting active fibres between the passive carpet
fibres. The best effect seems to be achieved for shallow viewing angles, meaning the image
is more vivid when the observer is farther away from the floor tile.

(a) A circle as seen from 4 meters.

(b) A circle as seen from 1.5 meters.

Figure 3: Visualisations of the chosen carpet configuration. LC active carpet fibres are
red and the passive fibres are blue.

2.5

Materials

As described earlier, in order to make a temperature response liquid crystalline network
(LCN), diacrylate mesogens and a photo-initiator are needed. Inspired by research done
by professor D. Broer et al. [9], it is suggested to use an LC mixture consisting of the
diacrylate mesogen RM82, a spacer molecule such as ethylenedioxydiethanethiol and the
photo-initiator Irgacure 819. The first step would include the synthesis of the flexible
LC main chain by conducting a Michael addition between the RM82 and the thiol in
a solvent and thoroughly mixing the solution. The second step is the addition of the
photo-initiator and again thoroughly mixing to create a homogeneous mixture. The
research done by professor D. Broer et al. [9] focused on photo-responsive fibres, so
azobenzene molecules were added which undergo trans-cis isomerisation when exposed
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to UV light, leading to a bending fibre. It is expected that this LC mixture would still
be suitable for this experiment because the fibres showed a change in properties as a
function of temperature (while being exposed to light). Indicating that the flexible LC
main chain, without azobenzene, would induce bending of the fibre when exposed to a
local temperature difference. The ratio of the components should be similar to the ratios
described in the paper but replacing the azobenzene compound with a LC of similar
length.
The top part of the fibre is made of nylon to enhance the mechanical properties of
the fibres as well as the aesthetics of the carpet. Conventional synthetic carpets are often
produced using nylon, polyester, olefin, or acrylic fibres. Each of these groups has their
own individual set of properties. Nylon fibres were found to be relatively high abrasion
resistance, elastic, lightweight, and easy to dye.[10]

2.6

Fabrication

The responsive carpet fibres consist of an PCB, an LC base, and a nylon carpet fibre.
First of all, the PCB is designed according to the actuation requirements mentioned in
section 2.3. Droplets of the LC monomer mixture will be carefully placed onto the desired
locations on the PCB, encapsulating the heating elements. Separately, two more layers
will be made: a rubber grid to protect and isolate the PCB board, and a Saxony-tufted
carpet which has holes for the active fibres. The latter layer will act as the passive fibres
previously referred to. Next, UV-transparent tubes will be threaded through these layers
and placed on top of the LC monomer drop. There are single strands made of twisted
nylon fibres inside these tubes. Such fibres are pre-treated by covalently binding molecules
with one acrlyate end group for polymerisation and one hydroxyl end group that reacts
with the acid end group of the nylon fibre via a condensation reaction. This ensures
adhesion with the LCs upon polymerisation. Then, the LC monomer mixture will be
extruded by applying a negative pressure at the top of the tube. This suction force will
orient the LCs in the base parallel to the tube’s axis while encapsulating the lower end of
the nylon fibres. In this position, the fibre is exposed to UV light to initiate the free-radical
polymerisation of the LC mixture. Finally, all layers will be brought together and the
tubes will be removed. This last step introduces the challenge of the LC bases possibly
attaching to the inner wall of the tube. It is assumed that the shrinkage experienced in
LCs during polymerisation will be enough to detach them from the tube. However, if this
was not the case in a practical scenario, a sacrificial layer will be applied to the inside of
the tubes prior to the extrusion step.

2.7

Characterisation

Molecular alignment
To validate whether the fabrication method leads to good alignment of the liquid crystals,
an individual fibre should be viewed with a polarised optical microscope (POM) with
crossed polarisers. It is expected that the LC base and the LC layer around the nylon
fibre show different alignments. The LC layer around the nylon fibre is created by the
capillary forces, and as there is only a limited amount of space, the LCs will align along
the axis of the fibre. The POM image should show a homogeneous colour along this part
of the fibre. If different colours are observed at multiple angles, this would indicate that
there are multiple orientations present. At the base of the fibre, the LCs have a radial
orientation. Meaning that the sides of the base display colour, while the centre is black as
the LCs have a perpendicular orientation with the crossed polarisers.
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Response and reversibility
An image is communicated to the viewer by bending the active fibres in between the
passive fibres. An essential parameter, therefore, is the bending angle. The bending angle
should be large enough that the fibre ‘disappears’ and good contrast is visible between
the activated part and the passive part. However, the temperature needed to create the
bending angle should be kept moderate, to prevent needing a substantial amount of energy.
Besides that, the response time to bend, and the relaxation time to go back to the initial
state should be relatively short.
To determine the influence of the temperature difference within the base of the fibre
on the bending angle of the fibre, the base of the fibre should be locally exposed to a
range of temperatures and the angle between the initial state and the bent state should
be measured. By filming the experiment, the bending angle could be measured relatively
easy. The temperature difference would be determined using an infrared camera and
viewing opposite sites of the base. By heating the base with a temperature range of 20°C
(room temperature) until 80°C, a temperature difference of 0 to 60°C could be measured.
This would also indicate whether the fibre could withstand such high temperatures. By
increasing the temperature, the order parameter is reduced so it is expected that the
bending angle will increase. However, heat transfer is time-dependent and exposure to
higher temperatures or exposure for a longer period of time might flatten the increase in
bending angle at higher temperatures.
When the current is applied to the actuating resistor, the LC base will start to be
heated, however, there is a delay in time before the fibre is in its maximum bent position.
Because a fast response is desired, it might be of interest to measure this response time.
This can be done simultaneously with the previously explained experiment. If a faster
response is wanted, a higher current might be applied.
Another important requirement is the reversibility of the bending of the fibres. Once
the viewer has obtained the message, the fibres should return to their initial position.
Once the fibre is in its maximum bent state, the power would be turned off and the time
needed to get back to its initial state is measured. This could also be tested over the
mentioned temperature range, as it would influence the choice for the optimal temperature
and perhaps the gravitational forces might take over after a specific angle, preventing the
fibre to move to its original position. An additional experiment would enfold heating the
opposite side of the base with the same temperature, as this would lead to bending on
this side and possibly returning the fibre to its initial state. However, this might lead to
shrinkage of the complete base.
Mechanical properties
As the active fibres will be included in a carpet, it is of importance that the fibre will not
break when it is stepped on. Even though the LC base will be protected by a rubbery
material, it is useful to test the bending strength of the active fibre in a compression
test. For the activated fibre, it would be interesting to determine the compressive load
needed to deform the fibre but also to see whether the fibre would be able to recover to its
initial position after this deformation. Once the carpet is manufactured, the abrasive wear
should also be tested to see the influence of shearing forces on the fibres. In the lab this
could be done by rubbing with a brush or sandpaper on a group of fibres. In the industry,
this is often done using rotating drums with studded balls or abrasion machines [11].
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Conclusion

There are some limitations to this work. Firstly,it was not possible to produce physical
samples or execute tests due to the unusual circumstances of COVID-19. This means
the hypothesis could not be validated and no iterations could be made except for the
ones presented, based on literature and renderings. Furthermore, there is no estimation of
the total power consumption and heat productions of the system, this is mainly due to
not being able to measure the energy that is dissipated through the heating and cooling
process. Finally there is no price estimation as the costs of the LC material and production
processes are unknown.
The value for other parties, such as interior architects, lays within the customisation
and unintrusiveness of the pathway design. From a business perspective it could mean
saving on personnel costs. It could also have a positive influence on indoor climate
regulation by taking heat dissipation into account when heating a building.
Carpets present an opportunity for innovative use of LCs. The carpet in combination
with LCs can be used to indicate direction in indoor public spaces, aiming to guide one to
their destination. This project could lay a foundation for further research into LCs and
nylon fibres in combination with thermochromic inks, reflective dyes or other materials
to increase visual appearance of the texture change in the carpet. The outcome of this
project created an LC fibre network that can be controlled and actuated individually,
presenting the opportunity to further explore design applications such as removing dust
and, when made on a smaller scale, it could generate certain haptic experiences imitating
other materials such as cotton or wood.
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