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Introduction

This presentation focuses on skin as sensory 
interface, and explores the latest discoveries in 
bioelectronic science. 

The presentation analyses at what extent invisibility is 
possible by emulating nature, and if military 
applications can really benefit from technology that 
combines epidermal systems and virtual reality.



Israeli F-16s inside the Ramon Crater in 
the Negev Desert (IDF photo)

It means applying color and materials to military equipment of 
all kinds, including vehicles, ships, aircraft, gun positions and 
battledress, either to conceal it from observation (crypsis), or to 
make it appear as something else (mimicry). 

Military camouflage is 
the use of camouflage 
by an armed force to 
protect personnel and 
equipment from 
observation by enemy 
forces.

USS Freedom, 22 Feb., 2013 (U.S. Navy photo)

"Dazzle" or "motion camouflage", that mimicks the optic flow of 
the background, has proved to have a limited effectiveness 
(Scott-Samuel et al., 2011).

UF PRO Tactical Gear in CONCAMO



Multi-scale camouflage combines patterns at 
two or more scales, often (though not 
necessarily) with a digital camouflage pattern 
created with computer assistance.

The function is to provide camouflage over a 
range of distances, or equivalently over a 
range of scales (scale-invariant camouflage), 
in the manner of fractals, so some approaches 
are called "fractal camouflage" (Billock, 2010). 

However, this technique does not guarantee 
improved performance.

Netherlands fractal pattern camouflage (2019)

Multi-scale or fractal camouflage



Adaptive camouflage

The skin is a relatively underexplored 
sensory interface that could 
significantly enhance experiences. 

The reseach (Rogers & Ahn, 2016) is 
focusing on silicon nanomembranes, 
ranging from synthesis and 
manipulation to manufacturing, device 
integration and system level 
applications, including uses in bio-
integrated electronics, three-
dimensional integrated photonics, 
solar cells, and transient electronics.

Bio-integrated electronics:
silicon nanomembranes and soft-skin-like-electronics



The basic idea is that the creatures 
use light-sensitive molecules in the 
skin to register the light coming from 
the background against which they 
sit, and then use this information to 
alter the appearance of colour-
changing cells.

Octopus skin can in fact do more 
than match a background’s colour: it 
can even mimic its texture.

Learning from Nature, 
the master of disguise

Material scientists have developed a color-
changing sheet inspired by squid and 
octopus, whose skin can transform to blend 
with its surroundings.



Baik, Kim, Lee et. al. (2018), Highly Adaptable and 
Biocompatible Octopus-Like Adhesive Patches with 
Meniscus-Controlled Unfoldable 3D Microtips for 
Underwater Surface and Hairy Skin, Fig. 1

Fishman, Rossiter & Homer (2015), Hiding the 
squid: patterns in artificial cephalopod skin, Fig. 1

Learning from Nature:
octopus and squid smart camouflage



Wang et al. (2019), Fig 1: Surface temperature of thermal camouflage

Li et al. (2018), Fig. 1: Schematic graph of different strategies of thermal camouflage

Thermal camouflage: Nature inspires us and 
provides solutions for camouflage systems



To make the adaptive displays, the researchers began by 
imprinting a 16x16 grid of cells on a soft plastic. 

The cells, each about a millimetre across, contain a colour-
changing dye embedded in a polymer. 

The dye is black at room temperature, but when warmed to 
around 47°C (117°F) its chemical structure changes and it 
becomes transparent. Cool it, and it becomes black again. 

At the corners of each cell the researchers added tiny light 
sensors that record how much light falls on the cell, and this 
signal is used to control an electric current that helps warm 
up the dye. 

Shine a light on the material, and the black dye will turn 
transparent and expose a reflective silvery material beneath. 
The result is similar, at a crude level, to the way that octopus 
skin works. 

Iakolev (2018), Fig. 1: Illustration of the 
experimental smart garment with conductive tracks
and light emitting diodes (LEDs) facing the tissue
surface. Generated illumination penetrates skin
tissue and becomes modulated by pulsatile blood
flow in the microvasculature. Backscattered light is
then captured and analysed by the remote optical
system (not shown)



Skin-integrated wireless haptic interfaces for virtual and augmented reality Yu, Xie, Yu
et al.(2019), Fig. 1: D
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Byun, Lee, Yoon et al. (2018), Fig. 1: Skin-like soft 
driving system for wirelessly activated fully soft robots

A fabric coated with miniaturised LEDs and 
cameras that, by projecting the appropriate 
background image in all directions, could confer 
genuine invisibility, is the material the military has 
always wanted. 

A new thin, wireless and battery-free system can 
adds a sense of touch to any virtual reality (VR) 
experience (Yu, Xie, Yu et al. 2019).

Electronic systems and haptic (that is, touch-
based) interfaces capable of softly laminating onto 
the curved surfaces of the skin to communicate 
information via spatio-temporally programmable 
patterns of localized mechanical vibrations – the 
apparatus communicates through near-field 
communication (NFC) protocols.

Is a skin-interfaced wearable and scalable device 
where miniaturized actuators generate a discrete 
sense of touch at a corresponding location on the 
skin, with almost no encumbrances on the user. 

Epidermal VR system 
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