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Abstract

This thesis addresses the lack of dynamic material embodiment in current wearable 
systems by investigating how texture-changing skins can act as expressive haptic 
interfaces. A literature review of current texture-changing material technologies 
revealed a research gap: most existing solutions are bulky, rigid, and restricted to 
coarse, large-scale deformations, limiting their suitability for wearable contexts.


To bridge this gap, several mechanisms—pneumatics, origami structures, knitted 
fabrics, and embedded fibers—were explored through iterative prototyping. The 
most promising direction, a hairy texture system driven by Shape Memory Alloys, 
demonstrated thinness, flexibility, and high tactile resolution. The resulting 
prototype achieved controlled, reversible texture transformations while remaining 
thin, lightweight and silent.


User evaluations indicate that these programmable textures elicit distinct affective 
responses, showing their potential as a medium for embodied emotional 
communication. The project contributes both a novel haptic interface mechanism 
and broader design knowledge on how dynamic textures may enrich future wearable 
systems by positioning material tactility as an active partner in interaction.















































3 Literature Review

Pneumatics offer advantages like softness and flexibility, making them suitable for 
creating textures that feel natural and dynamic.

Hu and Hoffman (2019) explored the emotional expressiveness of pneumatic 
textures in social robots by actuating goosebumps and spikes on a robot’s skin. 
These textures were controlled by varying pressure in fluidic chambers, 
manipulating relief (raised or flat surfaces) and consistency (smooth or sharp 
textures). Goosebumps were found to convey positive emotions, while spikes 
evoked negative valence, highlighting the potential of texture changes to 
communicate emotions effectively through touch​. (Hu et al., 2018)

Figure 8. Social Robot that use texture changing to express emotions (Hu & Hoffman, 2019)

Figure 13. Mapping pneumatic actuated texture-changing interfaces to their manipulated texture qualities 
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Stanley and Okamura (2015) use the mechanism of particle jamming with 
pneumatics to enable simultaneous control of surface rigidity and shape. Silicone 
cells filled with granular material were selectively vacuumed to adjust rigidity (soft to 
stiff states), while pneumatic inflation modulated relief (complex shapes and 
patterns).

Waldschütz and Hornecker (2024) introduced "Inflatable Textures," heat-welded 
pneumatic channels into TPU-coated Nylon to create tactile surfaces with 
adjustable ridges. By independently controlling these channels, the system 
modulated relief (ridge height and density) and rigidity (soft to firm textures).

Figure 10. Different Patterns of Inflatable Texture (Waldschütz & Hornecker, 2024)

Figure 14. Particle jamming pneumatic interface (Stanley & Okamura, 2015)
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3 Literature Review
Shape Memory Alloys (SMAs) enable dynamic and responsive textures through 
reversible phase changes. Carvajal Loaiza et al. (2024) developed a morphing 
surface using NiTi SMA wires embedded in silicone, designed to transition between 
flat and raised shapes in response to heat or electrical current.


Mansour et al. (2012) applied SMA technology in a tactile display for biomedical 
applications, allowing users to experience both the shape and stiffness of human 
organs. The device used SMA-actuated pins to adjust relief and consistency 
(creating surface contours), rigidity (varying softness and hardness). This system 
provided sophisticated tactile experience, simulating biological textures like soft 
tissue and abscesses. However, the complex and rigid structure of the system 
makes it difficult to adhere to product surface.

Figure 15. Mapping SMA actuated texture-changing interfaces to their manipulated 

texture qualities 
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Electromagnetic actuators are compact, lightweight, and suitable for integration into 
thin materials. One study demonstrated the use of embedded wires and magnets 
within fabric to create metamaterials, enabling lifting and shape transformation 
through laser-cut auxetic patterns (Levy et al., 2024). However, the solenoid system 
tends to overheat during continuous operation, which might limit its use for 
sustained shape change in wearable applications.

The research focused on two key parameters of texture patterns: Density (dense vs. 
sparse) and Geometry (curved vs. angular). Results showed that texture patterns 
significantly influence emotional responses. Dense and curved designs evoke 
positive emotions like calmness and happiness. In contrast, sparse and angular 
patterns are associated with negative emotions such as unease and distress. 
Therefore, the pattern of texture should be carefully considered regarding the 
emotion influence.

Figure 16. Mapping electromagnetic 

actuated texture-changing interfaces 

to their manipulated texture qualities 

Figure 17. Structure of the morphing 

metamaterial (Levy et al., 2024)
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3 Literature Review

Motor-driven texture-changing interfaces stand out for their innovative structures, 
which offer valuable inspiration for programmable textures. For example, origami-
inspired designs, like the ex-CHOCHIN system, demonstrate how folding 
mechanisms can dynamically alter texture depth. (Ohira et al., 2022)


Similarly, pin-based systems, such as the Relief display, use motorized pins covered 
with materials like Lycra to create smooth, continuous surfaces. The Lycra covering 
not only hides the mechanical structure but also allows the pins to form cohesive, 
natural-feeling textures. (Leithinger & Ishii, 2010)

Figure 18. Mapping motor-actuated texture-changing interfaces to their 

manipulated texture qualities
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