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1. Soft Matter based Robotic hand design which is composed of active 

polymer and sensing polymer  

Develop electroactive polymer (EAP) actuators for use in a robotic hand 

Requires both actuation and sensing 

 

EAP actuators being researched: 

Dielectric elastomer actuators (DEA)  

 

 

 

Flemion actuators (IPMC)  

 



DE sensor, Applied pressure(P) induces voltage(V) , with non-linear relation between P and V 

as shown below. 

 

 

2. Nano-actuators based on ferromagnetic shape memory alloy for diagnosis 

and treatment of cancers.  

Hybrid Mechanism of FSMA and FSMA composites 

Chain-reaction:  

     Applied magnetic field gradient  

 magnetic force  

 Stress-induced martensite transformation 

 low stiffness of FePd  

 large deformation 

 

 

 

 

 

3. Micron-actuators for orthodontic surgery based on ferromagnetic shame 

memory alloy 
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Goal: reduce the surgery time of an orthodontist from currently 30 – 60  minutes to within 5-

10 minutes by the new design of actuator system 

 

4. Electrochromic window (ECW) technology: 

 

A.Low-cost and large surface area of ECW based on conjugated polymers. 

 

Principle of Organic Electrochromic Window(ECW) based on Redox reaction for 

control of visual transmission and solar heat gain coefficient: 

Low cost due to room temperature processing 

Scalable to larger size 

Longer durability   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

It is noted in the above figure that the key active material is conjugated polymer, cathodic 

electromic film, ProDOT-Me2, which undergoes redox reactions paired with mobile Li ion; in 

oxidized stage, the color is transparent, in reduction stage it is dark blue. 
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Transmittance changes under various applied low potentials 

 

 

The right side photos show dark and transparent stage of 20 inch x 12 inch ECW 

It is noted that ECW can control solar heat gain coefficient, thus, saving the cooling energy of 

the room with such ECW in summer time.  

B. Integration of organic ECW and inorganic thermochromics film 

 

The proposed integrated ECW-thermochromic(TC) film shown below is to protect 

the organic ECW from IR waves, while passive TC film can control the IR waves 

depending on the tempature outside a house, in summer (hot) environment, the 

TC film reflect  while in cold winter environment, the IR waves can pass through TC 

film into the rooms inside a house. 

 

 

The proposed TC film is made of nano-laminate as shown in the following figures. 
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It is noted that ECW with TC film can control wider solar waves , thus, more energy-efficient 

than just ECW alone. 

C.Energy-harvesting ECW. 

 

This energy-harvesting ECW (EH-ECW) is ideal ECW which can harvest solar energy 

and its concept is given below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Left figure shows the energy-harvesting mode while the color of EH-ECW is tinted, 

while the right figure shows the dark color while the energy harvesting function 

stops. The key EH-ECW is dye molecular (SA13),see the full paper (*) 

 

 

 

 



 
The above figure shows the measured transmittance change, ∆T = 36 % at 628 nm  

(Tmax = 41 %, Tmin = 5 %) achieved. The solar energy harvesting efficiency is 4.5%. 

 

*See Advanced Energy Materials, 2015, 1400379 by Amasawa et al 

5. Thermoelectric materials and modules 

We have been working on development of a set of lower-cost and light weight  p- and n-type 

thermoelectric(TE) materials (MgSi and MnSi based ), and design of a set of light-weight TE modules; 

pai design and linear design. The details of these works are in the recent papers: 

MSE B185, 2014, 45-52,“Design of segmented thermoelectric generator based on cost-effective and 

light-weight thermoelectric alloys” by HS Kim et al. --------Pai TE module design 

MSE B183, 2014, 61-68, “Design of linear shaped thermoelectric generator and self-integration using 

shape memory alloy” by HS Kim et al. --------------------------Linear TE module design 

illustrations of the the above TE modules are shown on next page, and they  can be applied to air, 

ground vehicles and also underwater facilities where there exists reasonably large temperature 

difference. 

 

 

 

 

 

 

 

 

 

 

　 　 　 　 　 　

エレクト ロクロミ ッ ク特性を有する色素増感太陽電池

Dye-sensitized solar cells using polymer dyes and their electrochromic property
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Introduction

Conclusion

　 本研究では、 重合性色素で被覆した多孔質酸化チタン電極と Po ly -3 ,4 -(2 ,2 -d im e th y lp r o p ile n ed io x y )th io p h en e (PPro D OT-M e 2 )

を用い、 エレクト ロクロミ ッ ク特性を有する太陽電池EH -ECW (En e r g y  H a r v es tin g -E lec tr o ch r o m ic  W in d o w )の開発を行った。 こ

のデバイスの太陽電池特性およびエレクト ロクロミ ッ ク特性について評価し 、 重合基を持たない有機色素との比較を行った。

Key  W o r d s :　 重合性色素・ アルキル鎖位置・ 酸化チタンナノ 粒子・ 吸着安定性・ 色素増感太陽電池・ エレクト ロクロミ ッ ク ・ シースルー

Scheme

　 重合性色素、 コバルト 電解質、 PPro D OT-M e 2を用いたEH -ECW の開発に成功した。 対極に導入したPPro D OT-M e 2の酸化還元反応に

よってエレクト ロクロミ ズムが発現した。 0  Vと + 1 .5  Vの電圧を印加した際の色変化は約1 .0  sで進行し 、 このときの透過率変化ΔT =  

3 6 % (Tm a x  =  4 1 % 、 Tm in  =  5 % )であった。 また、 D 3 5と比較して重合性色素であるSA 1 3では繰り返しの電圧印加に対しても安定に色変

化が可能であった。 さらに、 太陽電池特性を評価したところSA 1 3においてPCE= 4 .5 % (V o c =  0 .8 2  V, Jsc =  7 .5  m A cm -2 , FF =  0 .7 4 )

が得られた。 EH -ECW に重合性色素を用いることで太陽電池特性においても高い安定性を示した。

Hybrid membrane

ElectrochromismDye-sensitized solar cell
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Scheme. Synthesis of SA-dyes(SA8 and SA13). Reagents and conditions: (ⅰ) Pd(PPh3)4, THF, toluene, 2M 

K2CO3 aq, 75°C, 48h; (ⅱ) POCl3, dry-DMF, 90°C, 4h; (ⅲ) cyanoacetic acid, piperidine, dry-acetonitrile, dry-

toluene, 90°C, over night.

Table.1 Photovoltaic properties of DSSC containing SA-dyes 
and D35 before and after applying potential in 100 cycles.

Figure.2 Design of EH-ECW.

Figure.3 (a) Current-voltage characteristics and (b) Photo-induced action spectrum of EH-ECW based on SA8 (blue), 
SA13 (red) and D35 (green) before (solid line) and after (dashed line) applying potential. (c) UV-vis spectrum of 
SA13 and D35 after applied -1.5 V in acetonitrile containing 0.1M LiClO4.
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Figure.1 (a) UV-Vis spectrum of TiO2 membrane containing SA13 before and after polymerization. 
(b) UV-Vis spectrum of the membranes before and after immerse into methanol solution of 0.1M NaOH. 
(c) Cyclicvoltammogram of SA13 on TiO2.

Thickness : 5 µm (transparent layer)
Dye solution : 0.3mM in toluene (immersed for 18h)
Electrolyte : 0.22M Co2+(bpy), 0.02M Co3+(bpy),
         　 　      0.2M LiClO4, 0.1M TBP in acetonitrile
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Figure.4 (a) Transmittance spectrum between 400 nm and 900 nm of SA13 EH-ECW device. (b) 
Time-variable transmittance at 640 nm and (c) Chronoamperogram of SA13 applied +1.5 V and 0 V 
on working electrode. (d) Switching rate of EH-ECW in both bleaching and coloring state.

+ B
O

O

S

R2
R1

N

S

CHO

S S

R1
R2

R1
R2

N

S

COOH
NC

S S

R1
R2R1

R2

350 450 550 650 750

Wavelength / nm

A
b

s
o
rb

a
n
c
e

E / V (vs. Ag/AgCl)

1 st scan

2 nd  scan

3 rd  scan 4 0 0  μA

1.6 1.2 0.8 0.4 0 -0.4

Tim e / sW aveleng th  / nm

C
u

rr
e
n

t 
/ 

m
A

IP
C

E
 /

 %

(b)

(a)

(c)

(a)

(d)(b)

Blea ch in g  s ta te

(0  V )

0

5

10

15

20

25

30

35

40

45

400 500 600 700 800 900

Co lo r in g  s ta te

(+ 1 .5  V )

Wavelength / nm

T 
/ 
%

Bleaching
 state

Coloring
 state

ON

OFF

Time / s Time / s

T
 /

 %

C
u

rr
e
n

t 
/ 

m
A

(a)

(b)

N

S

NC
COOH

SS

N

S

SS

COOH
NC

N

S

COOH
NC

O

OO

O

D35SA13SA8

0

10

20

30

40

50 0.8 s1.0 s

ON OFF ON

Time / s
T

 /
 %

Voltage / V

C
u

rr
e
n

t 
d
e

n
s
it
y
 /
 m

A
 c

m
-2

-0.06

-0.05

-0.04

-0.03

-0.02

-0.01

0

0.01

0 50 100 150 200

0

10

20

30

40

50

0 50 100 150 200

(c)

(c)

0

1 0

2 0

3 0

4 0

5 0

6 0

7 0

8 0

9 0

3 0 0 4 0 0 5 0 0 6 0 0 7 0 0 8 0 0

SA8 = R1: -C6H13, R2: -H

SA13 = R1: -H, R2: -C6H13

HOMO

LUMO

Mediator

e-

PProDOT-Me2

Organic dye

TiO2

Co3+

Co2+

S

S SO
O

O
O

O
O

nn

S
SS

OO OO

OO

n

S
SS

OO OO

OO
n

+

3 5 0 4 5 0 5 5 0 6 5 0 7 5 0

0

2

4

6

8

10

0 -0.2 -0.4 -0.6 -0.8 -1



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Linear TE module design  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Pai TE module design 
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6. Structural health monitoring system 

We have been working on the new structural health monitoring system which records only 

large unexpected stress loading to a given structure. The key concept is given in the following 

figure. 

 

 

The drive unit is attached to the structural component to sense its mechanical loading, the 

signals of which are converted to voltage as a function of time, which are filtered through the 

SHM circuitry, then , finally , the numbers of critical large stress loading are recorded. So the 

proposed SHM system is lower-cost, robust, and least electric power consumption. The SHM 

system can be installed to civil infrastructures, ground and air vehicles, and even for helmets 

used by foot ball players. 

 

7. Reliable and robust fastener system for laminated structural members 

made of metals, polymers etc.  

The key material for the proposed new fastener system is Fe-based shape memory alloy (Fe-

SMA). The key fastener mechanism is shrink,or swell-fit bonding, as shown in the following 

figure. 

 



 

The amount of shape memory strain is as large as over 3 %, thus, able to bond strongly 

closing the gap that existed between holed laminate and Fe-SMA pin , and the gap between 

the Fe-SMA pin and washer.  

 

8. Bioinspired design of actuators and sensors 

We have been working on bioinspired design of a set of new active materials 

and sensing materials and their devices, for examples: 

a. Bioinspired tactile sensor based on cucumber tendrils  

 

 

Sequence of searching a stable stay by cucumber tendril, at the ventral 

side of which has a number of single tactile sensor cells (papillae), see the 

following photo (Junker, 1977).  

 

 
 

Left: Tactile sensor cells ( on tendril of cucumber) , right bioinspired tactile sensor arrays 

based on Flemion.  

These papillae can sense vectorial forces (Fx, Fy and Fz) , thus ideal tactile sensor design, 

which was recently transferred to synthetic tactile sensor design which is based on Flemion 

member ( ionic membrane). The following figures illustrate the concept of our tactile sensor , 



only one cell is shown for simplicity where four electrode segments are generated by laser 

cutting. 

 

 

 

 

 

 

 

 

 

The details of the above tactile sensor system is in our paper,  

Wang, J, Sato, H, Xu, Chunye and Taya, M., 2009, “Bioinspired design of tactile sensors based on 

Flemion”, J. Applied Physics, 105, 083515. 

 

b. Inchworm actuators  
The motion of an inchworm is illustrated in the following figure. 

 

 
(d) (e) 

(a) (b) (c) 

 
 

 

dlong 

dshort 

(a) (b) (a) (b) 

boundary 
pattern  

by laser cut



Based on the above locomotion mechanism, we designed inchworm actuators based on 

ferromagnetic shape memory alloy. The key part of FSMA inchworm actuator is shown in the 

following figure. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The demonstration of our FSMA inchworm actuation in lifting some weight upward is shown 

below: 

 

 

 

 

 

center bar moves together with Clutch 2.   (c) 
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The details of the FSMA inchworm is given in our paper,  

Liang, Y., Taya, M., Xiao, JQ and Xiao , G., 2012, “Design of the inchworm actuator based on 

the ferromagnetic shape memory alloy composite”, Smart Mater. Struct. 21,115005 

A new book , “Bioinspired actuators and sensors”, co-authored by M. Taya, E. Van 

Volkenbutgh, M. Mizunami and S. Nomura will be published sometime in 2015 by Cambridge 

University Press. This book covers a variety of topics: 

 

1.   Introduction    
2.  Principles of structural organization and functions in biological species 
2.1 Plant structures and motor cells 
2.2 Structural and functional elements of insects 
 
3. Sensory and motor systems of the living world 
 
3.1      Sensory systems in living systems 
3.1.1   Visual system of insects 
3.1.2  Olfactory system of insects 
3.1.3    Tactile sensing  
3.1.4  Sensory neuron network 
3.1.5    Structural color in nature 
3.1.6  Light harvesting of plants and bacteria 
3.2.1   Morphing structures in plants 
3.2.2 Morphing structures of wings of birds, bats and insects 
3.2.3   Morphing of plasmodal  slimes and caterpillars 
3.2.4   Neuronally controlled movements of insects  
3.2.5     Swimming/flying ,propulsion systems in bacteria, insects, fish, birds and flying seeds 
3.2.6      Attachment/de-atachment in animals and plants (gecko/English ivy, lotus leaf, mussel)  
 
4. Synthetic sensing materials and sensors 
4. 1 Sensing materials and sensors for mechanical environment (stress and strain) 
4. 2 Sensing materials and sensors for hygeothermal environment (temperature and humidity) 
4. 3 Sensing materials and sensors for chemical and biological environment 
4.4 Sensing materials and sensors for IR 
4.5 Sensing materials and sensors for magnetic field 
 
5.  Synthetic active materials and actuators 
5.1 Polymer based active materials and actuators 
5.1.1 Electro-active polymers 
5.1.2 Thermally active polymers 
5.1.3 Light-active polymers 
5.1.4 Electrochromic polymers 
5.1.5 Carbon nanotube based active materials and actuators 



5.2 Metal based active materials and actuators 
5.2.1 Shape memory alloys 
5.2.2 Ferromagnetic Shape memory alloys 
5.3 Ceramic based active materials and actuators 
 
6. Bio-inspired designs of sensors, actuators  
6.1 Morphing structures 
6.2 Tactile sensors 
6.3 Photon energy harvesting and storages 
6.4 Structured colors: camouflage skin and color change strain sensor 
6.5 Inch-worm actuators 
6.6 Velcro adhesives, hydrophobic surfaces and anti-fouling films 
7. Design of autonomous systems 
7.1 Flying insects and birds 
7.2 Artificial Cilia and Robo-fish 
7.3 Autonomous building 
8.  Concluding remarks  
 


