
The card-based tool for co-design 

workshop on smart material applications 

in automotive interiors
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When gas or hydraulic pressure is 
applied, the length of the contracting 
(stretching) muscle fibers shortens 
(elongates), generating linear force 
in the direction of tension.

材料

驱动方式

Soft tube

Pneumatics/Hydraulics

加工工艺
Weaving, knitting

Shape-
changing FiberShape-
changing Fiber

Material

Actuation 

Fabrication 

Illumination Aesthetics, Torres. et al, ACM CHI’17

OmniFiber, Afsar. et al, ACM UIST’21

应用空间示例

变形 纤维

� Under a tensile strain rate of 18 mm/sec, the 

sensor's resistance can reach a strain of 130% 

over 10 iterations. In a ø=0.9 mm, 53A fiber 

configuration, the supply pressure is 

incrementally changed by 100 kPa, ranging 

from 100 kPa to 600 kPa. The maximum 

contraction ratio obtained from the vertical 

displacement rail is 32%, and the force 

generated at 600 kPa is 8.8 N.

Exoskeleton

Robots

Textile

OmniFiber

Wearable

Spinal Tensegrity

Sign Language

Jewelry

Shape-
changing Fiber

Application Space
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Illumination Aesthetics, Torres. et al, ACM CHI’17

“I don’t want to wear a screen”, Devendorf. et al, ACM CHI’16

应用空间示例

变色 纤维

� A 20-inch yellow wire requires a voltage of 1.6V 

and a current of 515mA to induce a color 

change.

Fiber

Conductive wires are coated with 
thermochromic pigment, which 
generates heat when powered, 
causing the pigment to change from 
an opaque state to a transparent 
state. When the pigment cools down, 
it returns to its opaque state.

材料

驱动方式

Thermochromic fiber

Electricity

加工工艺
Knitting, weaving, 

embroidery

变色 纤维FiberColor-
changing

Material

Actuation 

Fabrication 

Color-
changing

Application Space
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mãã âkc àfleÛãck_



A Peltier element array can heat up 
or cool down when powered, 
thereby altering the surface 
temperature of the object.

材料

驱动方式

Peltier element array

Electricity

加工工艺
Embedded or attached onto 

a flexible substrate

变温 薄膜Temperature-
changing Membrane

Material

Actuation 

Fabrication 

Illumination Aesthetics, Torres. et al, ACM CHI’17

ThermalBracelet, Peiris. et al, ACM CHI’19

应用空间示例

变温 薄膜

� The component's heating and cooling time by 

3°C is approximately 1 second. At a current of 

1A, a single element has a maximum cooling 

capacity of 94 mW, with the cold side 

temperature reaching 8.7°C.

Temperature-
changing Membrane

Application Space
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Illumination Aesthetics, Torres. et al, ACM CHI’17

ProtoSpray, Ollie. et al, ACM CHI’20

应用空间示例

发光 表面

� Electroluminescent materials can emit light 

when driven by 100-200V DC or AC power. A 

single luminescent material typically emits only 

one fixed color.

Light-
emitting Surface

By spraying electrodes and 
luminescent materials onto the 
surface of an object, a display can be 
achieved on any shaped surface 
when an alternating electric field is 
applied.

材料

驱动方式

Electroluminescent 

coating, electrode coating

AC electricity

加工工艺
Spraying, spray painting, 

spray coating, etc.

发光 表面Light-
emitting Surface

Material

Actuation 

Fabrication 

Application Space
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The structure exhibits shape memory 
properties when inflated, allowing 
the balloon to quickly switch 
between several preset shapes 
through simple bending and 
adjustments.

材料

驱动方式

Plastic film (TPU, PEPA)

Pneumatics

加工工艺
Welding, hot pressing, 

adhesive bonding, etc.

变形 三维结构Shape-
changing 3D structure

Material

Actuation 

Fabrication 

� It is possible to design a switching swing angle 
of 40°-100° and a switching twist angle of 
30°-35°. The structural size can be designed 
within a range of a few centimeters to 1 meter. 
The higher the inflation pressure, the greater 
the force required for switching and the shorter 
the switching time.�

� Reference data: A single bending joint of 14 x 6 
cm, with an inflation pressure of 30 kPa, 
requires a switching force of 3.8 N and a 
switching time of 1.5 ms. Additionally, the 
switching force is also influenced by the plastic 
membrane material and structural size.

SnapInflatables, Yang. et al, ACM CHI’24

应用空间示例

变形 三维结构Shape-
changing 3D structure

Application Space
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Illumination Aesthetics, Torres. et al, ACM CHI’17

Application Space

Material

Actuation 

Fabrication 
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Elderly

Pets

Business 
professionals

Families

Children

Friends

Passengers who may require a 
higher level of comfort and 

safety.

Individuals who may need to 
handle work matters inside 

the vehicle.

 Including parents, children, 
and other family members.

 Close friends and relatives 
who have a tight social bond 

with the driver.
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Joy

Relaxation

Anger

Anxiety

Boredom

 Sleepiness



Focus

Disappointment

Surprise

Curiosity

Nostalgia

Guilt
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 Evaluation Card

Each page is printed on A4 cardboard (real size).



Manufacturing 
processes

Actuation 
mechanisms

Materials

Actuation methods, control methods, power 
supply methods, etc., involve energy 

consumption, controllability, response speed, 
and other factors.

Selection, substitution, and optimization of 
processes involve feasibility, compatibility, and 

cost of production processes.

Selection, substitution, and optimization of 
materials involve multiple performance 

evaluations, such as mechanical properties, 
thermal properties, biocompatibility, etc.

Please provide your feedback and suggestions! Please provide your feedback and suggestions! Please provide your feedback and suggestions!

Researcher Researcher Researcher
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Emotional 
experience

Usability
 Does it meet the functions required by 

users? Is the product clear and easy to use? Can it evoke emotional resonance in users?

Please provide your feedback and suggestions! Please provide your feedback and suggestions! Please provide your feedback and suggestions!

Designer Designer Designer
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企业人员

Production 
Process

Engineering 
Feasibility

What changes will it bring to existing 
production processes? Does it match the 

supply chain? Is it stable and feasible? If it 
needs to be converted into a product, how 

long will it take?

Please provide your feedback and suggestions! Please provide your feedback and suggestions! Please provide your feedback and suggestions!

Industry Industry Industry



Positive 
Judgment

Positive 
Judgment

User 
Perspective

Company 
Perspective

Negative 
Judgment

Negative 
Judgment

User 
Perspective

Company 
Perspective

Evaluation Board

This board is printed on A2 cardboard.
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Driver's seat
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Door Panel
Door Panel

Door Panel
Door Panel

Center Console

This board is printed on A0 cardboard.

Interior Layout Board


