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Appendix A Six types of textile pressure based on capacitance change. 

Types of structure refer Picture Material Sensitivity Sensi

ng 

range 

Size Advantage Disadvantage 

1

. 

Single 

element 

sensor 

(Thomas 

Holleczek, 

2010) 

 

 

c- silver 

coated textile,                        

d-

PCCR(propriet

ary closed cell 

resin) 

0.05pF/(Nc

m2)  

0-

30N/c

m2 

10mm 

x10mm 

 1.The silicone sealing of the 

sensors started to peel off 

after the conduction of the 

outdoor experiments. 2. 

some of the wires showed 

the tendency to break off 

from the electrodes.3. are 

not machine washable 

owing to the wires stitched 

into them. 

(Meyer, 

Arnrich, 

Schumm, 

& Troster, 

2010) 

c-silver 

coated 

woven, 

conductive 

thread                  

d- textile 

spacer 

0.192 pF/(N 

cm2) 

with 20%–

30% 

hysteresis 

error 

0-

12N/c

m2 

 

Core 

area:35.1c

mx 

40.5cm 

Pixel=2x2 

cm 

1. can be recognized more 

in applications where exact 

pressure values are 

needed, e.g., decubitus 

prevention, muscle activity 

measurements, or control 

of pressure in medical 

stockings, 2. Standard 

textiles that are not 

specially optimized for low 

hysteresis can be used 

but is not as significant for 

posture classification. 



2 conducti

ve stripe 

matrix 

(Hughes-

Riley, 

Oliveira, 

Morris, & 

Dias, 

2019) 

c- silver 

knitted 

electrodes                      

d- Knitted 

fabric, Fibrous 

spacer 

structure 

0.13-

1.5pF/kPa=1

.3-15pf/cm2 

Max 

25kPa

(3.2m

m)2.5

N/cm

2 

170.0mm 

× 155.0 

mm,    

5 stripes 

with 

12mm 

wide 

showed no significant 

hysteresis effects. 

(compare to pocket sensor) 

spacer, thinner- more 

sensitive, thicker- operate 

at higher pressure 

(Wu et al., 

2019) 

 

c- Ag NFs 

were 

constructed 

on the 

fabrics    d-

3D 

penetrated 

fabric 

dielectric 

layer 

0.283KPa-1, 0-

6kPa 

2cmx2 cm good stability (≥20 000 

cycles) good 

biocompatibility with 

human skin. acquisition of 

human motions and health 

data. 

 

3 e-

broidery 

 

(E. R. Post, 

2000) 

 

c-conductive 

thread d- 

cloth 

Switching 

voltage 

threshold of 

a CMOS 

logic buffer 

Const

ant 

sensin

g 

mm-cm 

range 

Increase the overall 

conductivity of the sewn 

circuit element. "Robust" 

 

The opportunity not only to 

measure the applied 

will not currently function 

when wet, but works fine 

when dried again 

 

mechanical flexibility is 

expected to be worse (M. 



  (Sergio et 

al., 2003) 

 

 c-

conductive 

thread d- 

cloth 

0.214 V /pF 

(pixel) 

for Cf=3.37 

pF 

Cf= 25.2 fF 

to 12.8 pF 

Max 

13.6k

Pa 

Core 

area:32m

m2, 64x64 

pixels 

pressure, but also monitor 

pressure distribution of the 

surface. (Poupyrev et al., 

2016) can be a nice way of 

connecting 

Sergio, 2002) 

might require more human 

labor 

4 Printed 

conducti

ve 

patterns 

 

(Cao et 

al., 2018) 

 

 

c- conductive 

ink, d- nylon 

0.0479, 

0.0186, and 

0.0033kPa-1 

Const

ant 

sensin

g 

striped 

array 

electrode 

was 1.5 

cm with a 

height of 

2, 4, 6, 

and 8 cm 

electrode shows excellent 

stability under harsh 

mechanical deformation 

and even after being 

washed. highly sensitive 

touch/gesture sensing 

performance 

Site- specific, localized and 

direct deposition of 

conductive materials on 

finished textiles. Reduce 

consumption of chemical 

inks. Allow scale and 

reduction of production 

cost (Acar et al., 2019) 

used a lot in ECG 

monitoring (Acar et al., 

2019) (Achilli, Pani, & 

Bonfiglio, 2017) (Xu, Luo, 

He, Guo, & Yang, 2019) 

 

(Vu & 

Kim, 

2020) 

 

 

 

c-

Silver/SWCNT, 

d-PET/SP 

fabric 

higher than  

(0.283 kPa-1 

at 5 kPa) 

and 

(121x10-4 

kPa-1 at 100 

kPa) , 

 lower than 

(0.007 kPa-1 

at 5 kPa). 

0-

100kP

a 

a width of 

each 

sensing 

plate 

(column/r

ow) 

of 12 mm, 

and a gap 

between 

two plates 

of 5 mm 

 



5 fiber 

coated 

with 

conducti

ve 

material 

(Seiichi 

Takamats

u, 2011) 

 

c-PEDOT,                

d- Nylon 

0:02 pF 

/mm, w.r.t. 

object 

width 

0-2pF Core: 

470μm 

diameter, 

Pitch 

=5cm 

can be used in large area 

sensing(1.2mx3m) 

more of touch sensing 

instead of pressure sensing, 

the response if capacitive 

sensor was defined by the 

area of the touch sensor 

area 

(Takamats

u, 

Kobayashi

, 

Shibayam

a, Miyake, 

& Itoh, 

2012) 

PSS and Cytop 

coated fiber, 

c- PSS, a 

conductive 

polymer. d-

nylon 

capacitance 

changes 

that ranged 

from 0.19 to 

1.84 pF 

0.98-

9.8N/c

m2 

16 cm 

×16 cm. 

touch sensors can be used 

in applications from 

wearable keyboards to 

sensors embedded in beds 

for health care purposes 

low sensing range, more for 

human touch 

6 hollo 

conducti

ve fiber 

 

(Kim et 

al., 2018) 

 

c-thin film 

deposited 

metals,                                 

d-parylene 

substrate- 

silicone 

rubber 

0.011ΔC 

m/N 

0-

50mN 

Diameter 

=250μm, 

thickness= 

40μm 

1000 times of repeated sit-

down measurements and 

washing with detergent, 

the performance of the 

textile pressure sensor was 

perfectly maintained 

high requirement for the 

fibers 

 

 

 



Appendix B Six types of textile pressure sensor based on resistance change  

Types of structure refer Picture Material Sensit

ivity 

Sensing 

range 

Size Advantage Disadvantage 

1

. 

Single 

element 

sensor 

(Pizarro et al., 

2018) 

Conductive sheet, 

Low density 

polyethy sheet with 

carbon sheet 

1kPa 70kPa 2.5cmx3

.3cm 

easy to build, was done 

using only standard 

office tools and done by 

hand. does not take 

more than 15 min for a 

person who reads the 

building instructions for 

the first time. 

One-point detection, 

recovery time varies  

2 conducti

ve 

stripes 

with 

piezo 

resistive 

middle 

layer 

 

(Maurin 

Donneaud, 

2017) 

piezo resistive 

material conductive 

&nonconductive 

strips 

0.5kg 

(64 

€0.50 

coins) 

aroun

d 

0.68K

pa 

2kg(coins)

around 

2.72KPa 

strip 

width 

30mm 

allows it to be draped 

over the body, be it as 

clothing or as a soft, 

malleable wearable 

very difficult to embed 

into elastic fabric 

because strong 

mechanical stresses, 

such as impacts and 

compressions can 

seriously damage these 

sophisticated sensors. 

(Sergio et al., 2003) 



3 screen 

printed 

pattern 

with 

coated 

cotton 

 

(Zhou et al., 

2018) 

Ag NWs-coated 

cotton, silver 

electrodes screen 

printed, VHB 

0.76P

a 

0-30kPa "4x4 

pixel 

sensing 

arrays 

(5x 5 

mm2 

each)" 

entire fabrication 

process is facile, 

economical and 

suitable for large-scale 

integrated production 

 

4 E- 

broidery 

 

(Roh, 2013) 

 

Conductive fabric, 

mesh spacer, MCEY 

resistive 

embroidery 

 Constant 

sensing 

8mmx1

6mm/el

ement 

touch sensitive instead 

of pressure sensing 

 

5 tooth 

structur

ed 

sensor 

 

(Y. Wang et 

al., 2011) 

strain sensing 

fabric, tooth 

structured foam 

>2.98x

10-

3kPa-

1 

0-2000kPa 10x16x4

.8mm3 

By adjusting the 

Young’s modulus of the 

two conversion layers, 

the geometrical 

dimensions, the 

measurement ranges, 

and sensitivities of the 

sensors can be 

quantitatively 

determined. 

based on strain sensing 

fabric, complicated 

coating and 

manufacturing process 



6 Nano 

fiber 

 

(Qi et al., 

2020) 

c-thin film 

deposited metals,                                

d- parylene 

substrate- silicone 

rubber (Castano & 

Flatau, 2014) 

16.52/

N 

0.03~5N a textile 

sensing 

matrix 

with 9 x 

9 pixels 

 

a fast 

response speed (~0.03 

s), and excellent 

stability. 

 

7 Switch 

tactile 

sensor 

 ("<00_Switch 

tactile.pdf>,") 

plate fabirc Cu, Ni; 

Base Polyester Net 

e192 

Thres

hold 

at 500 

g/mm

2 

70~500g/

mm2 

Sensing 

cell：

2.3mmx

4.35mm 

  

8 Polyuret

hane 

foam   

 (Brady, 

Diamond, & 

Lau, 2005) 

Soft elastomer base  

Ppy 

0.000

7mSN-

1 

1000-

7000N/m

2 

1.7cmx1

.7cmx1.

3cm 

  

9 Conduct

ive 

rubber 

based 

 (Shimojo, Namiki, 

Ishikawa, Makino, 

& Mabuchi, 2004) 

Polyurethane 

Carbon polymer 

with beryllium Au-

coated copper wire 

0.25k

ΩMPa

-1 

0-0.2MPa 3mm 

x3mm 

  



Appendix C Types of yarns and spacers  

Reference Brand Material Structure Resistance Sensor structure Advantage Disadvantage 

(Meyer et 

al., 2010) 

Statex, type Shieldex 

235/34dtex 2ply HC 

multifilament 

yarn coated with 

silver. 

 

120 Ω/m 

 

 

resistance increases only a 

few percent after washing ten 

times. 

 

(Hughes-

Riley et al., 

2019) 

Shieldex® yarn, 

Shieldex® 235/32 dtex–

2–ply–HC +B silver , 

Bremen, Germany 

 

 

  

(E. R. Post, 

2000) 

Bekaert BK50/2 Stainless steel in a 

polyester mesh 

50 Ω/m 

 

performs the best under 

machine sewing and passes 

through ordinary sewing 

needles.  

highly resistive 

short circuits can occur 

between sewn traces 

 

(Pizarro et 

al., 2018) 

conductive Shieldex 

NoraDell woven fabric 

sheets 

 surface 

resistance 

lower than 

0.009 Ω/sq  

good conductivity and 

radiation efficiency 

characteristics 

 

Shieldex 117/17 DTEX 

conductive threads 

    

   

 

    



 AgNWs    

 

have superior conductivity as 

well as excellent stability, 

which are ideal candidates for 

wearable pressure sensors. 

 

(Vu & Kim, 

2020) 

SWCNT/stretchable 

silver paste 

CNT covered by 

silver paste 

  Cover the CNT with silver, not 

toxic 

 

(Cao et al., 

2018) 

CNT ink, printed on 

nylon 

carbon 

nanotubes,  

polyurethane (PU) 

was added in the 

synthesis 

procedure of the 

CNT ink 

~ 750 Ω/m exhibits excellent 

performance under harsh 

mechanical deformation 

(wash) 

Resistance varies when 

printed on different 

materials. 

CNTs are toxic for the 

skin. (Vu & Kim, 2020) 

        

 



Types of spacers 

Reference Brand Material Picture Thickness Characters Sensor structure Advantage Disadvantage 

(Meyer et al., 

2010) 

Textile spacer 

(Müller Textil, 

Germany),  

Polyester pile yarns 

 

6 mm compressibility 

of 50% at 

2.3N/cm2 

 

 turned out to 

be too soft in 

sport situations 

(Thomas 

Holleczek, 2010) 

(Thomas 

Holleczek, 

2010) 

CrosliteTM, also 

referred to as 

Proprietary Closed 

Cell Resin (PCCR) 

Proprietary Closed 

Cell Resin (PCCR) 

 

5mm  is sensitive up 

to a pressure of 

60Ncm−2 

It is light, antimicrobial, 

abrasion proof, resists 

salt water 

 

(Sergio et al., 

2003) 

Foam     

 

  

(Cao et al., 

2018) 

Nylon     

 

  

(Vu & Kim, 

2020) 

PET/SP spacer two independent 

PET/SP fabric layers 

with a spacer layer 

(PET yarns)  

5mm    

(Pizarro et al., 

2018) 

Antistat black 

conductive bag 

(ANT006BCB) 

Low Density 

Polyethylene (LDPE) 

sheet with a 0.1016 

mm carbon layer 

  surface 

resistivity of 

104 to 106 Ω 

widely used for 

anti-static 

applications 

  



Appendix D Gartner Hype Cycle for Emerging Technologies 2018, 2019 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Appendix E Summary of researches on activities people are doing or would like to do in cars and public transportation. 

 

 

 

 

 

 

 

 



 

 

  



To make the data more 
comparable, it is 
calculated and illustrated 
based on the ranking of 
activities in each report. 
The “grade” is  
∑1/ranking.  
 
For example, “Texting” 
ranks the 3rd most 
popular activity in report 
1, it scores 1/3. The total 
score is the sum of the 
score from all the reports. 
Some activities that are 
not mentioned in some 
reports, are given a score 
of 1/50 as there are in 
total 49 activities 
mentioned. 

 



 

  



Appendix F Dimension of the container used for testing 

 

  

  



 

  



Appendix G Testing data. TEST 1 

Contact area 10*10 

 Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 Sample 6 Sample 7 Sample 8 

 

       

 Foam     Foam Shape-memory foam Knitted fabric Fabric with cotton     

Contact 

area 
10*10 10*10 10*10 10*10 10*10 10*10 10*10 10*10 

Thickness of 

Spacer 
 5 mm  2 mm 10 mm 2 mm 2 mm 2mm 3mm 2 mm 

Weight/kg Capacitance change /pF 

0 1.153 1.205 1.205 1.418 1.364 1.338 1.205 1.205 1.179 2.218 2.275 2.275 1.634 1.743 1.661 2.105 2.218 2.275 1.798 1.798 1.798 2.077 2.190 2.275 

0.2 1.232 1.205 1.205 1.444 1.364 1.338 1.232 1.364 1.205 2.333 2.304 2.419 1.826 1.716 1.798 2.218 2.304 2.448 1.826 1.853 1.771 2.105 2.275 2.333 

0.5 1.258 1.311 1.232 1.418 1.391 1.525 1.444 1.418 1.232 2.304 2.333 2.361 1.853 1.853 1.771 2.333 2.477 2.477 1.881 1.881 1.771 2.133 2.361 2.390 

1 1.444 1.525 1.525 1.826 1.965 1.909 1.634 1.552 1.471 2.448 2.419 2.419 1.826 1.909 1.826 2.594 2.860 2.949 1.881 1.826 1.826 2.218 2.333 2.390 

2 1.688 1.743 1.826 2.333 2.477 2.623 1.688 1.771 1.606 2.506 2.594 2.594 2.077 2.077 2.077 3.470 3.564 3.627 1.881 1.853 1.937 2.304 2.564 2.652 

3 1.853 1.937 1.965 2.860 2.711 2.800 1.909 1.909 1.743 2.535 2.623 2.623 2.049 2.077 2.049 3.913 3.753 3.978 1.909 1.881 1.909 2.652 2.949 3.131 

3.5 1.909 2.133 2.077 2.979 3.040 2.949 1.937 2.105 1.798 2.652 2.652 2.623 2.133 2.218 2.077 3.913 4.173 3.978 1.937 1.993 1.993 3.040 3.377 3.439 

4 2.021 2.133 2.133 3.315 3.131 3.408 2.077 2.133 1.853 2.652 2.711 2.770 2.275 2.304 2.133 4.108 4.206 4.141 2.021 2.049 2.021 3.284 3.408 3.408 

5 2.049 2.275 2.275 3.439 3.192 3.627 2.133 2.275 1.909 2.682 2.711 2.741 2.275 2.247 2.275 4.539 4.371 4.338 2.162 2.133 2.077 3.753 3.532 3.722 

5.5 2.105 2.448 2.247 3.346 3.222 4.075 2.247 2.275 1.993 2.800 2.800 2.800 2.390 2.304 2.333 4.471 4.471 4.505 2.304 2.190 2.506 3.817 3.658 4.043 
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Contact area 20*20 

 Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 Sample 6 Sample 7 Sample 8 

 

       

Contact area 20*20 20*20 20*20 20*20 20*20 20*20 20*20 20*20 

Thickness of 

Spacer 
8.5 mm 5.5 mm 50 mm 2 mm 5.5 mm 2mm 3mm 2 mm 

Weight/kg Capacitance change /pF 

0 1.284 1.205 1.205 1.364 1.364 1.364 1.1 1.074 1.1 1.826 1.826 1.798 1.471 1.826 1.826 2.133 2.304 2.247 2.105 2.077 2.021 2.133 2.133 2.077 

0.2 1.232 1.232 1.284 1.364 1.364 1.364 1.205 1.284 1.232 1.826 1.826 1.826 1.498 1.881 1.965 2.19 2.304 2.361 2.077 2.077 2.021 2.162 2.162 2.105 

0.5 1.311 1.311 1.311 1.418 1.525 1.661 1.258 1.444 1.444 1.798 1.909 1.881 2.049 1.937 1.937 2.333 2.361 2.39 2.133 2.105 2.105 2.162 2.162 2.162 

1 1.471 1.606 1.606 1.743 1.881 1.965 1.525 1.498 1.552 1.826 1.937 1.909 2.105 2.021 2.021 2.594 2.623 2.594 2.049 2.077 2.133 2.133 2.247 2.218 

2 1.798 1.853 1.798 2.133 2.077 2.162 1.579 1.579 1.688 1.937 1.909 1.965 2.275 2.133 2.133 2.652 2.652 2.711 2.162 2.275 2.162 2.361 2.419 2.333 

3 1.853 1.909 1.909 2.247 2.275 2.275 1.771 1.826 1.881 1.965 1.937 1.965 2.304 2.162 2.218 2.419 2.741 2.8 2.077 2.19 2.105 2.39 2.361 2.506 

3.5 1.937 2.021 1.965 2.304 2.304 2.333 1.798 1.853 1.909 1.937 1.965 2.021 2.361 2.19 2.247 2.594 2.77 2.741 2.19 2.247 2.077 2.477 2.477 2.506 

4 1.965 1.937 2.049 2.275 2.275 2.361 1.909 1.881 1.937 1.937 2.049 1.965 2.506 2.333 2.304 2.8 2.86 2.889 2.133 2.333 2.247 2.682 2.652 2.623 

5 1.993 2.021 2.049 2.39 2.39 2.419 1.937 1.965 1.993 2.021 2.077 2.021 2.419 2.419 2.333 2.889 2.919 2.83 2.304 2.506 2.361 2.594 2.83 2.8 

5.5 1.965 2.105 2.105 2.419 2.419 2.477 1.993 1.937 2.021 2.049 2.021 2.049 2.535 2.477 2.39  / 2.889 2.919 2.275 2.685 2.448 2.77 2.889 2.8 

 

 



Contact area 20*20  
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Contact area 30*30 

 Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 Sample 6 Sample 7 Sample 8 

 

       

Contact area 30*30 30*30 30*30 30*30 30*30 30*30 30*30 30*30 

Thickness of 

Spacer 
5 mm 5 mm 5 mm 2 mm 5 mm 

 
 5 mm 

Weight/kg Capacitance change /pF 

0 2.506 2.506 2.506 2.594 2.830 3.161 1.688 1.606 1.634 4.572 4.742 4.879 3.161 3.222 3.222 4.879 5.440 5.192 4.239 4.438 4.505 5.157 4.948 5.192 

0.2 2.361 2.390 2.361 2.623 2.919 3.070 1.606 1.993 1.909 4.776 4.982 5.052 3.192 3.408 3.346 5.192 5.620 5.369 4.272 4.405 4.438 5.157 4.982 5.192 

0.5 2.390 2.770 2.594 2.860 3.722 3.595 2.162 2.333 2.162 5.052 4.948 5.017 3.377 3.627 3.501 5.656 6.707 6.248 4.371 4.505 4.539 5.192 5.298 5.369 

1 3.010 4.505 4.338 4.572 7.180 5.584 3.100 3.070 2.919 5.122 5.227 5.333 3.627 3.627 3.722 7.180 7.750 7.544 4.371 4.505 4.471 5.440 5.476 5.802 

2 5.227 5.656 6.023 9.271 10.015 9.920 3.817 3.253 3.595 5.298 5.440 5.404 4.108 4.272 4.206 7.792 8.955 8.213 4.471 4.674 4.674 5.802 6.172 6.437 

3 6.323 6.668 6.942 11.657 11.867 11.762 4.844 3.785 4.141 5.692 5.584 5.584 4.272 4.505 4.405 7.834 9.271 8.558 4.606 4.708 5.122 6.746 7.260 7.100 

3.5 6.552 6.552 7.381 11.709 12.133 12.457 4.844 4.010 4.239 5.949 5.656 5.584 4.371 4.505 4.640 8.256 8.822 7.021 4.606 4.844 5.476 7.463 7.834 7.220 

4 7.834 7.917 8.171 13.989 14.467 14.711 5.512 5.262 4.405 5.949 5.802 5.656 4.742 4.708 4.708 9.362 9.967 8.955 5.122 5.122 5.333 7.585 8.213 8.299 

5 8.646 8.428 8.778 16.043 16.174 16.307 6.023 5.476 4.879 5.986 5.912 5.838 4.879 5.017 4.948 10.302 10.302 9.454 6.248 6.785 6.942 8.001 8.822 8.471 

5.5 9.135 9.045 9.362 17.189 17.120 16.982 6.323 5.912 5.017 6.098 6.135 5.949 4.948 4.879 5.052 10.254 10.350 9.779 6.942 7.301 7.503 8.515 9.045 8.911 
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Comparing different contact area with same spacer. 

Spacer 2 Spacer 6 

  
Spacer 7 Spacer 8 

 
 

0

5

10

15

20

0 10 20 30 40

C
ap

ic
it

an
ce

/ 
p

F

Pressure/ kPa

10*10 20*20 30*30

0

2

4

6

8

10

12

0 1 2 3 4 5 6

C
ap

ic
it

an
ce

/ 
p

F

Weight/ kg

10*10 20*20 30*30

0

1

2

3

4

5

6

7

8

0 5 10 15 20 25 30 35 40

C
ap

ic
it

an
ce

/ 
p

F

Pressure/ kPa

10*10 20*20 30*30

0

2

4

6

8

10

0 1 2 3 4 5 6

C
ap

ic
it

an
ce

/ 
p

F

Weight/ kg

10*10 20*20 30*30



Comparing same spacer with different contact area 
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Knitted sample, contact area 10*10 
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Appendix H Testing the color change of each pin in the matrix. 

 

  



Appendix I Testing the sensor with people- pilot. 

 



 



Appendix J Calibration data of the sample 4*4 30mm. (x- weight/kg, y- capacitance output*100/pF) 
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Raw Divide 
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Appendix K Arduino and Processing code 

Arduino code 
 
// https://www.circuitbasics. 
com/how-to-make-an-arduino-capacitance-meter/ 
const int OUT_PIN1 = A4; 
const int OUT_PIN2 = A5; 
const int OUT_PIN3 = A6; 
const int OUT_PIN4 = A7; 
const int OUT_PIN5 = A8; 
const int OUT_PIN6 = A9; 
const int OUT_PIN7 = A10; 
const int OUT_PIN8 = A11; 
const int IN_PIN1 = A0; 
const int IN_PIN2 = A1; 
const int IN_PIN3 = A2; 
const int IN_PIN4 = A3; 
const float IN_STRAY_CAP_TO_GND = 24.48; 
const float IN_CAP_TO_GND = IN_STRAY_CAP_TO_GND; 
const float R_PULLUP = 34.8; 
const int MAX_ADC_VALUE = 1023; 
const int range = 5; 
int amin[32]; 
int amax[32]; 
void setup() 

{ 
pinMode(OUT_PIN1, OUTPUT); 
pinMode(OUT_PIN2, OUTPUT); 
pinMode(OUT_PIN3, OUTPUT); 
pinMode(OUT_PIN4, OUTPUT); 
pinMode(OUT_PIN5, OUTPUT); 
pinMode(OUT_PIN6, OUTPUT); 
pinMode(OUT_PIN7, OUTPUT); 
pinMode(OUT_PIN8, OUTPUT); 
pinMode(IN_PIN1, OUTPUT); 
pinMode(IN_PIN2, OUTPUT); 
pinMode(IN_PIN3, OUTPUT); 
pinMode(IN_PIN4, OUTPUT); 
Serial.begin(9600); 
} 
void loop() 
{ 
//calibrate function 
while(millis()<600){ 
Serial.println("calibrate"); 
int a0min[32]; 
int a0max[32]; 



for (int inPin = A0; inPin <= A3; inPin++) { 
for (int outPin = A4; outPin <= A11; outPin++) { 
float data = measureCap(inPin, outPin,0); 
int MeasurementsToAverage = 100; 
for(int i = 0; i < MeasurementsToAverage; ++i) 
{ 
data += measureCap(inPin, outPin, 0); 
delay(1); 
} 
data /= MeasurementsToAverage; 
int output = data* 100; 
int index =(inPin- A0)*8+ (outPin- A4); 
a0min[index]= output; 
a0max[index]= output+ range * 60; 
Serial.print(a0min[index]); 
// Serial.print("("); 
// Serial.print(a0max[index]); 
// Serial.print(")"); 
Serial.print(";"); 
amin[index] = a0min[index]; 
amax[index] = a0max[index]; 
} 
} 
Serial.println(); 
} 
while(millis()>600){ 

Serial.println("start"); 
// int a0max[32]; 
for (int inPin = A0; inPin <= A3; inPin++) { 
for (int outPin = A4; outPin <= A11; outPin++) { 
float data = measureCap(inPin, outPin,0); 
int MeasurementsToAverage = 50; 
for(int i = 0; i < MeasurementsToAverage; ++i) 
{ 
data += measureCap(inPin, outPin, 0); 
delay(1); 
} 
data /= MeasurementsToAverage; 
int output = data* 100; 
int index =(inPin- A0)*8+ (outPin- A4); 
// a0max[index]= output + range * 21+3; 
// amax[index] = a0max[index]; 
// int calibrate = output - amin[index]; 
// int divide = amax[index]- amin[index]; 
// int result = calibrate*10000 / divide; 
int result = map(output, amin[index], amax[index], 0, 
255); 
Serial.print(result); 
// Serial.print(";"); 
// Serial.print(output); 
// Serial.print("("); 
// Serial.print(calibrate); 



// Serial.print(amax[index]); 
// Serial.print(";"); 
// Serial.print(amin[index]); 
// Serial.print(";"); 
// Serial.print(")"); 
Serial.print("\t"); 
} 
// Serial.println(); 
} 
Serial.println(); 
} 
} 
///////////////////////////////////////////////////////////// 
//measure function 
float measureCap(int IN_PIN, int OUT_PIN, bool printIt) { 
float capacitance; 
//check the measured pin 
if (printIt) { 
Serial.print(F("Measure between ")); 
Serial.print(IN_PIN); 
Serial.print(F(" and ")); 
Serial.print(OUT_PIN); 
} 
pinMode(IN_PIN, INPUT); 
digitalWrite(OUT_PIN, HIGH); 
int val = analogRead(IN_PIN); 

digitalWrite(OUT_PIN, LOW); 
if (val < 1000) 
{ 
pinMode(IN_PIN, OUTPUT); 
digitalWrite(IN_PIN, LOW); // new line 
capacitance = (float)val * IN_CAP_TO_GND / 
(float)(MAX_ADC_VALUE - val); 
if (printIt) { 
Serial.print(F(", Capacitance Value = ")); 
Serial.print(capacitance, 3); 
Serial.print(F(" pF (")); 
Serial.print(val); 
Serial.println(F(") ")); 
} 
} 
else 
{ 
Serial.print(F(", Large ")); 
pinMode(IN_PIN, OUTPUT); 
delay(1); 
pinMode(OUT_PIN, INPUT_PULLUP); 
unsigned long u1 = micros(); 
unsigned long t; 
int digVal; 
do 
{ 



digVal = digitalRead(OUT_PIN); 
unsigned long u2 = micros(); 
t = u2 > u1 ? u2 - u1 : u1 - u2; 
} while ((digVal < 1) && (t < 400000L)); 
pinMode(OUT_PIN, INPUT); 
val = analogRead(OUT_PIN); 
digitalWrite(IN_PIN, HIGH); 
int dischargeTime = (int)(t / 1000L) * 5; 
delay(dischargeTime); 
pinMode(OUT_PIN, OUTPUT); 
digitalWrite(OUT_PIN, LOW); 
digitalWrite(IN_PIN, LOW); 
capacitance = -(float)t / R_PULLUP 
/ log(1.0 - (float)val / 
(float)MAX_ADC_VALUE); 
Serial.print(F("Capacitance Value = ")); 
if (capacitance > 1000.0) 
{ 
Serial.print(capacitance / 1000.0, 2); 

Serial.print(F(" uF")); 
} 
else 
{ 
Serial.print(capacitance, 2); 
Serial.print(F(" nF")); 
} 
Serial.print(F(" (")); 
Serial.print(digVal == 1 ? F("Normal") : F("HighVal")); 
Serial.print(F(", t= ")); 
Serial.print(t); 
Serial.print(F(" us, ADC= ")); 
Serial.print(val); 
Serial.println(F(")")); 
} 
while (millis() % 1!= 0); 
return capacitance; 
} 
//////////////////////////////////////////////////////// 

 

 

 

 



Processing code 
Sensing_matrix4_8_color_change_processing 

/* 

Code based on Tom Igoe’s Serial Graphing Sketch 

>> http://wiki.processing.org/w/Tom_Igoe_Interview 

Reads X analog inputs and visualizes them by drawing a grid 

using grayscale shading of each square to represent sensor value. 

>> http://howtogetwhatyouwant.at/ 

*/ 

import processing.serial.*; 

Serial myPort; // The serial port 

int rows = 8; 

int cols = 4; 

int maxNumberOfSensors = rows*cols; 

float[] sensorValue = new float[maxNumberOfSensors]; // global variable for 

storing mapped sensor 

values 

float[] previousValue = new float[maxNumberOfSensors]; // array of previous 

values 

int rectSize = 100; 

int rectY; 

void setup () { 

size(800, 400); // set up the window to whatever size you want 

rectSize = width/rows; 

println((Object[])Serial.list()); // List all the available serial ports 

myPort = new Serial(this, "COM5", 9600); 

myPort.clear(); 

myPort.bufferUntil(&apos;\n&apos;); // don’t generate a serialEvent() until 

you get a newline (\n) byte 

background(255); // set inital background 

smooth(); // turn on antialiasing 

rectMode(CORNER); 

} 

void draw () { 

for (int i = 0; i < maxNumberOfSensors; i++) { 

fill(sensorValue[i]); 

rect(rectSize * (i%rows), rectY, rectSize, rectSize); //top left 

if ((i+1) % rows == 0) rectY += rectSize; 

} 

rectY=0; 

} 

void serialEvent (Serial myPort) { 

String inString = myPort.readStringUntil(&apos;\n&apos;); // get the ASCII 

string 

println("test"); 

if (inString != null) { // if it’s not empty 

inString = trim(inString); // trim off any whitespace 

int incomingValues[] = int(split(inString, "\t")); // convert to an array of ints 

if (incomingValues.length <= maxNumberOfSensors && 

incomingValues.length > 0) { 

for (int i = 0; i < incomingValues.length; i++) { 



// map the incoming values (0 to 1023) to an appropriate gray-scale range (0-

255): 

sensorValue[i] = map(incomingValues[i], 5, 50, 255, 0); // stretch 5×5 

println(sensorValue[i]); // print value to see 

} 

} 

} 

} 

 

  



Appendix l Raw data for calibration 

 

 

 

 

 

 

 

 

 

 

 

 



 

  



 

  



 

  



Appendix M Spacer data in Test 1.5 

 

  



  



  



  



  



  



Appendix N Cost estimation 

 

  



  



  



Appendix O Stitches used in the knitting samples 

Stitches Width /cm 

220 31 

300 48 

80 17 

228 32 (width) 

287 20 (height) 

278 40 (width) 

307 24 (height) 

 

  



Appendix P System and subsystem. 

 

  



Appendix Q Consent form 

Consent Form for  

Testing the fabric pressure sensing mat with people on car seats. 

Please tick the appropriate boxes Yes No  

Taking part in the study    

I have read and understood the study information dated 26/06/2020, or it has been read to me. 
I have been able to ask questions about the study and my questions have been answered to my 
satisfaction. 

 

  

I consent voluntarily to be a participant in this study and understand that I can refuse to answer 
questions and I can withdraw from the study at any time, without having to give a reason.  

  

 



I understand that taking part in the study involves a video- recorded testing process. The video 
will be destroyed after 3 months of the test. 

 

Risks associated with participating in the study 

 

 

 

 



I understand that taking part in the study involves the following risks: The test is conducted 
during COVID-19 period. There is only one participant at one time. Everything used for testing 
are cleaned with alcohol. 

   

 

Use of the information in the study 

   

I understand that information I provide will be used for thesis and final presentation of this   



graduation project. The face in the video will be blurred. 

 

  

I understand that personal information collected about me that can identify me, such as my 
gender, age, weight, height, will not be shared beyond the study team.  

 

 

 

 



Future use and reuse of the information by others    

I give permission for the gender, age, weight, height that I provide to be archived in the thesis 
so it can be used for future research and learning. The data will be anonymised. 

 

 

 

 

 



Signatures    

 
_____________________                       _____________________ ________
  
Name of participant                                           Signature                 
Date 

   

For participants unable to sign their name, mark the box instead of sign 

 

   

I have accurately read out the information sheet to the potential participant and, to the best of 
my ability, ensured that the participant understands to what they are freely consenting. 

 

__Yixuan Ma___________                    __________________         ________ 

Researcher name                      Signature                 Date 

   

Study contact details for further information:   

Yixuan Ma, +31617163428, Y.Ma-7@student.tudelft.nl 

   



 

Information sheet for  

Testing the fabric pressure sensing mat with people on car seats. 

 
This research is part of the Industrial Design Education, as part of University of Delft, Netherlands. Whenever you have questions about this research 
you can contact:  

Yixuan Ma, +31617163428, Y.Ma-7@student.tudelft.nl 

 
Dear Mr/Mrs, 
We would like to invite you to take part in this research, executed by: Yixuan Ma 
 

● Purpose of the research 

Research question: 
1. What is the most suitable knitting pattern for the fabric pressure sensor on the lumbar support 
2. If the fabric pressure sensor can detect pressure distribution with different seating posture compare to XSENSOR. 

 

● Benefits and risks of participating 

The test is conducted during COVID-19 period. There is only one participant at one time. Everything used for testing are cleaned with alcohol. 
 

 Procedures for withdrawal from the study 

The test will take around 30 min.  
You will be asked to position the lumbar support in the comfort height to start the test. The height of the lumbar support when seating will be 
measured by a ruler on the chair. 



The test starts and you will be asked to perform 5 postures: sit normal- upright, lean front, lean right, lean left, a slightly relaxed seating. Each posture 
will last for 1 minute. The pressure distribution map and capacitance change will be monitored by laptop. In each round, each position beside the 
home position has been taken once. After finishing the test of all postures with all samples, you will be asked to fill in your basic data including your 
weight, height, and age. A video will be taken during the test. The information will be used for thesis and final presentation of this graduation project. 
The face in the video will be blurred.  
 
You have the right to request access to and rectification or erasure of personal data. 
Your participation is voluntary, whenever there will be questions asked you do not want to answer, please mention so. At all times you can mention 
that you want to stop. Cancelling has no consequences. 
 

● Usage of the data 

Your gender, age, weight, height will be archived in the thesis so it can be used for future research and learning. The data will be anonymised. The 

video will be destroyed after 3 months of the test. 

 

Please sign the consent form when you decide to cooperate with this study, at the start of the research.  

 

Thanks for taking part in this research! 
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