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FOREWORD

3ZIV� XLI� PEWX� JI[�HIGEHIW��QEXIVMEPW�EVI� JEGMRK�E�GSRXMRYSYW�VIZSPYXMSR�HYI�XS� MQTSVXERX�WGMIRXMƼG�ERH�XIGLRMGEP�
achievements obtained in cutting edge areas like physics, chemistry or biology. The possibility to design the materi-
als properties at the molecular level or to enhance their performance using advanced functionalization techniques, 
are making materials smart, able to respond and adapt to external stimuli, more durable and resistant and, mainly, 
GSQTPIXIP]�EHETXIH�XS�IEGL�WTIGMƼG�ETTPMGEXMSR�

Research and development on advanced materials for defense is being driven all over the world by the most re-
nowned Universities, Research Centers, Military Institutes and Companies to meet important requirements to en-
hance safety and survivability of platforms and personnel, along with requirements for enhanced maintainability and 
operability of platforms.

AUXDEFENSE2020 is focused on advanced materials research in the forward-looking enabling R&D domain where 
the intersection of key technologies in areas such as nano and microtechnology, biotechnology, meta materials, 
smart materials and structures, and energy generation and storage are being explored.

It is expected that AUXDEFENSE2020 may continue the work started in the previous edition (2018), contributing for 
XLI�[SVPH�MQTSVXERX�VSPI�TPE]IH�F]�XLMW�WGMIRXMƼG�IZIRX�SR�XLI�MRXIKVEXMSR�SJ�XLI�[LSPI�WIX�SJ�EKIRXW�MRZSPZIH�SR�XLMW�
topic, bringing together scientists, researchers, militaries, students, technicians, entrepreneurs, end-users, compa-
nies, among others.

(YI�XS�XLI�'3:-(���TERHIQMG��%9<()*)27)�����MW�XEOMRK�TPEGI�MR�E�ZMVXYEP�QSHI�ERH�XLI�WGMIRXMƼG�TVSKVEQ�[EW�
extended to three full days. Several presentations related to COVID19 are included mainly focusing on advanced solu-
XMSRW�XS�JEGI�XLI�TERHIQMG�MR�ƼIPHW�PMOI�'&62�TVSXIGXMSR��WQEVX�W]WXIQW�XS�HIXIGX�ZMVYW�ERH�FEGXIVME��WQEVX�XI\XMPIW��
nanocomposites, among others.

AUXDEFENSE2020 is the meeting point for all those interested on advanced materials for application in the defense 
ƼIPH�

Guimarães/Portugal, 6 July 2020

Raul Fangueiro
Conference Chairman
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EPIDERMAL SYSTEMS AND VIRTUAL 
REALITY: EMERGING DISRUPTIVE 
TECHNOLOGY FOR MILITARY 
APPLICATIONS 
Marco Marsili
'IRXVS�HI�-RZIWXMKEʡʝS��-RSZEʡʝS�I�(IWIRZSPZMQIRXS�HE�%GEHIQME�1MPMXEV��'-2%1-0
��'IRXVS�HI�-RZIWXMKEʡʝS�I�
(IWIRZSPZMQIRXS�HS�-RWXMXYXS�9RMZIVWMXʛVMS�1MPMXEV��'-(-91
��'IRXVS�HI�)WXYHSW�-RXIVREGMSREMW��')-�-90
��-RWXMXYXS�
9RMZIVWMXʛVMS�HI�0MWFSE��-7'8)�-90
��'IRXVS�HI�MRZIWXMKEʡʝS�HS�-RWXMXYXS�HI�)WXYHSW�4SPʧXMGSW�HE�9RMZIVWMHEHI�
Católica Portuguesa (CIEP-UCP), Lisboa, Portugal. 
E-mail: info@marcomarsili.it

ABSTRACT
8LMW�[SVO�EREP]^IW�EX�[LEX�I\XIRX�MRZMWMFMPMX]�MW�TSWWMFPI�F]�IQYPEXMRK�REXYVI��ERH�MJ�QMPMXEV]�ETTPMGEXMSRW�GER�FIRIƼX�
from technology that combines epidermal systems and virtual reality.

INTRODUCTION
'EQSYƽEKI�ERH�QMQMGV]�ERH�LEZI�E�PSRK�WXERHMRK�XVEHMXMSR�MR�QMPMXEV]�ETTPMGEXMSRW�JVSQ�XLI���XL�GIRXYV]��*SVFIW��
2009), but eventually have proved to have a limited effectiveness (Scott-Samuel, 2011). In more recent times, 
LEW�FIIR�MRXVSHYGIH�E�QYPXM�WGEPI�GEQSYƽEKI�XLEX�GSQFMRIW�TEXXIVRW�EX�X[S�SV�QSVI�WGEPIW��SJXIR�[MXL�E�HMKMXEP�
GEQSYƽEKI�TEXXIVR�GVIEXIH�[MXL�GSQTYXIV�EWWMWXERGI��&MPPSGO������
��8LMW�JYRGXMSR��XLEX�MW�GEPPIH�ƈWGEPI�MRZEVMERX�
GEQSYƽEKIƉ�SV�GEPPIH�JVEGXEP�GEQSYƽEKI��HSIW�RSX�SJ�MXWIPJ�KYEVERXII�MQTVSZIH�TIVJSVQERGI�

ADAPTIVE CAMOUFLAGE
WMKRMƼGERXP]�IRLERGI�I\TIVMIRGIW��8LI�VIWIEVGL�JSGYWIW�SR�XLI�JYRHEQIRXEP�ERH�ETTPMIH�EWTIGXW�SJ�WMPMGSR�
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 (Rogers, 2016).
Material scientists have developed a color-changing sheet inspired by squid and octopus, whose skin can transform 
to blend with its surroundings (Yu, 2014). 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.
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. 
7LMRI�E�PMKLX�SR�XLI�QEXIVMEP��ERH�XLI�FPEGO�H]I�[MPP�XYVR�XVERWTEVIRX�ERH�I\TSWI�E�VIƽIGXMZI�WMPZIV]�QEXIVMEP�FIRIEXL��
A fabric coated with miniaturised Light Emitting Diodes (LEDs) and cameras that, by projecting the appropriate 
background image in all directions, could confer genuine invisibility.

EPIDERMAL VIRTUAL REALITY
A thin, wireless and battery-free system adds a sense of touch to any virtual reality (VR) experience (Yu, 2019). It is 
a platform of electronic systems and haptic interfaces capable of softly laminating onto the curved surfaces of the 
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skin to communicate information via spatio-temporally programmable patterns of localized mechanical vibrations. 
Referred to as an "epidermal VR" system, this equipment communicates touch through a fast, programmable array 
of individually programmable, millimeter-scale actuators, fused in skin-interfaced wearable scalable device, with 
almost no encumbrances on the user. 
Each actuator — currently they have diameters of 18 millimeters and thicknesses of 2.5 millimeters — resonates 
most strongly at 200 cycles per second, where the skin exhibits maximum sensitivity. The frequency and amplitude 
SJ�IEGL�EGXYEXSV�GER�FI�EHNYWXIH�UYMGOP]�ERH�SR�XLI�ƽ]�XLVSYKL�E�KVETLMGEP�YWIV�MRXIVJEGI��XS�QE\MQM^I�XLI�WIRWSV]�
perception of the vibratory force delivered to the skin. The patch wirelessly connects to a touchscreen interface. 
When a user touches the touchscreen, the devices produce a sensory pattern, simultaneously and in real-time, 
through the vibratory interface to the skin.
This emerging disruptive technology could be combined with a VR headset. Eventually, the devices could be thin 
ERH�ƽI\MFPI�IRSYKL�XS�FI�[SZIR�MRXS�GPSXLIW��%RH�EPSRK�[MXL�:6�LIEHWIXW��TISTPI�GSYPH�[IEV�WYMXW�XS�FIGSQI�JYPP]�
MQQIVWIH�MRXS�:6��8LI�VIWYPX�MW�E�XLMR��PMKLX[IMKLX�W]WXIQ�XLEX�GER�FI�[SVR�ERH�YWIH�[MXLSYX�GSRWXVEMRX��MRHIƼRMXIP]�

RESULTS AND CONCLUSIONS
8LMW�WXYH]�WLS[W�XLEX��XS�FI�IJJIGXMZI��GEQSYƽEKI�RIIHW�XS�QEXGL�XLI�IRZMVSRQIRX�ERH�XS�FI�HMWVYTXMZI��1MPMXEV]�
ETTPMGEXMSRW�GER�FIRIƼX�KVIEXP]�JVSQ�EHETXMZI�ERH�ITMHIVQEP�:6�
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