
SENSORS AND ACTUATORS RESEARCH PROGRAMME MAP – resulting from the workshop held on 21st June 2004, as part
of the EPSRC funded network: Smart Textiles for Intelligent Consumer Products, hosted by Central Saint Martins College, UAL

PROPOSED RESEARCH PROGRAMME
APPLICATION OF TEXTILE SENSORS & ACTUATORS TO CLOTHING

& ENVIRONMENTS
SIGNALS TO BE SENSED PLATFORM TEXTILES TO BE

DEVELOPED
FUNCTIONAL ASPECT EMOTIONAL ASPECT

PHYSICAL SENSORS: Textile Sensors To Be Developed
Project Stream 1
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Emotion &
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Project
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Emotion &
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Respiration Textile mechanical resistance • • •
Heart rate Textile electrode • • •
Pulse rate Textile electrode • • •
Movement/gesture Textile mechanical resistance • • • •
Pressure Textile pressure • • • •
Audio – speech, intonation Accoustic array • •
Visual – facial expression, eye gaze • •
Brain activity/waves • •
Micro-tremors in muscles/fibres Textile electrode • • • •
Environmental – temperature, colour Photochromic polymer fibres • • • •
Rip/tear/strain Optical fibres •

CHEMICAL SENSORS:
Perspiration Galvanic skin • • •
Aroma • •

ACTUATION IN RESPONSE TO
SIGNALS

Textile Acuators To Be Developed
Project Stream 1

PHYSICAL ACTUATORS:
Visual display – colour, pattern, light Colour-changing fibres/light emitting • • • • •
Tactility Electroactive actuator polymers • • • • •
Shape Electroactive actuator polymers • •
Porosity Electroactive actuator polymers • •
Sound Accoustic array • •
Heating/cooling Encapsulation/shape change • • •
Vibration Electroactive actuator polymers • • •

CHEMICAL ACTUATORS:
Aroma Encapsulation • •
Drug delivery Encapsulation • •
NB  • coloured dots denote the application of textiles to application area(s)



PARTICIPANTS
APPLICATION OF TEXTILE SENSORS & ACTUATORS TO CLOTHING

& ENVIONMENTS
PARTICIPANT EXPERTISE PLATFORM

TEXTILES TO BE
DEVELOPED FUNCTIONAL ASPECT EMOTIONAL ASPECT

Project Stream 1 Project
Stream 2
Sports

Clothing

Project
Stream 3

Health
Clothing

Project
Stream 4

Environment

Project
Stream 5

Emotion &
Clothing

Project
Stream 6

Emotion &
Environment

Carbonate Product development • •
S. Baurley, CSM Textiles/wearable tech • Lead •
Sports Innovation, MIT Sportswear • •
U Reading Biomimetics • •
CSM Textile design • •
International Newsletters Media
TechniTex/DTI Technical textiles Lead •
Glasgow/Equator Computing Science /

HCI
•

CSM Textile design •
Eleksen Textile sensors • •
QMUL Sports bio-mechanics Lead •
Leeds Textiles/electronics • •
LCF Textile design •
UMIST Direct Writing • •
Sport UK Sports products •
CSM Textile design • • •
Bartlett/UCL Built environment Lead
HP Labs Psychology / HCI •
U Newcastle Civil Engineering • Lead
Philips Research Wearables/GPS • • •
Imperial Affective computing • •
QinetiQ Materials • •
NWTexNet Technical textiles •
CSM Textile design •
TWI Materials joining • •
CSM Environment design •
Foster & Partners Built environment • •
Heriot Watt Technical textiles • •
TechniTex Technical textiles • Lead
U Reading Biomimetics • •
Kodak Electronic materials • •



BT Telecommunications •
QMUL Polymer materials • •
QinetiQ Nanomaterials • •
Bristol/Equator Wearable computers • •
UK Sport Sports products • •
CSM Fashion/wearable tech Lead
Heriot Watt Technical textiles • •
Heriot Watt Textile design • • •
QMUL Polymer sensors • •
Pira Media
ARUP Built environment • •
PDD Medical products •
NB  •  coloured dots denote the involvement of a person in area(s) of activity; ‘Lead’ appearing against a name and within a particular Project Stream column, indicates that that person is the lead
for that particular Project Stream.

Explanatory note
Smart textiles is not yet a discrete sector. The aims of this network is to push-on development of smart textiles by stimulating dialogue about their future application amongst a
multi-disciplinary group of people. Such a dialogue around textile sensors and actuators took place during the first network workshop, sponsored by the DTI, at the Dana Centre
in London on 21st June 2004. [see: www.smartextiles.co.uk]  The scene was set by four speakers from potential application sectors that spanned the body and the environment,
who laid out possible requirements for textile sensors and actuators. These were followed by presentations from materials and fabrications specialists. There were five break-
out groups, one for each application area detailed on the map.

The conclusions were as follows:
-A range of textile sensors and actuators need to be developed that will constitute an array of platform textiles that can be applied across a range of applications that were
discussed at this workshop. Textile/fibre processes to consider might include fabricating active polymers/substances onto fibres/textiles using gas plasma, coagulation, vacuum
deposition, nanotechnology, biomimetics processes and principles. Fibres should be multi-functional, e.g., switchable polymer layers.
-Two main messages emerged from both the body and the environment groups: The Functional aspect and the Emotional aspect of products and applications.

It is proposed that this research programme could be put forward for either single or joint funding to EPSRC, AHRC, and/or DTI. There are six constituent parts to the
programme, all of which would run in parallel to ensure that both materials engineering and the processes of materials application are considered together, thereby influencing
each other. Processes of iteration would be fostered between the Streams, e.g., between materials development and application design/development, and between two or
more application designs, where there are pieces of research common to a number of applications to be undertaken. For example, stress/emotion management research in
Project Stream 5 (Emotional Clothing) could be applied to Health Clothing (Project Stream 3) and Sports Clothing (Project Stream 2); and, the requirements of textile sensors
for sportswear would be similar to those required in health clothing. Parallel activity could foster a heterogeneous way of applying materials/technology to applications, as well
as knowledge of application development methods between the various application areas. This is illustrated by the fact that individuals in the Programme will be involved in
more than one Project Stream.

The project leaders’ Institution would host their respective Project Stream.
For further details of Project Streams 2 to 6, see supporting text, each of which was written by the respective project leader after the workshop.
The range of participants is not complete; a number of gaps in expertise remain to be filled, including the addition of industrial partners.

A meeting will be convened by the Network at CSM that will include the project leads and the network steering group, to discuss how this programme should be progressed;
representatives from the EPSRC and/or AHRC will also be invited.


