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i Al Great achievements and contributions to inkjet technologies

T and evolution concept to three-dimensional technology
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Single Drop Detector

M. Fujii, Optical Drop Sensor of
Continuous Ink Jet Printer, 19th Imaging
Technology Conference, 1988

M. Fujii, New Thermal Ink Jet Printhead
with Improved Enerqy FEfficiency Using

B Reactive lon Etching. The
g 2/ of Imaging Science and
cgology, Vol 43, No. 4, 1999
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Thermal Ink Jet

800dpi MEMS Printhead
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Applications of Ink Jet

Micro-Lens Array

M. Fujii, Issues and Approaches
Imposed on Ink Jet for The Progress of
Printed Electronics, Transactions on
The Japan Institute of Electronics
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Voxel-Based 3D Data Format ‘FAV’

T. Takahashi & M. Fujii, Unrestricted 3D
Structure Modeling and Seamless Data
Flow to 3D Printers Using Voxel-based Data
Format FAV (Fab-able Voxel), IS&T’s
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— What is 4D Printing



Hype Cycle for Emerging Technologies, 2018
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H— bk F—dDHype Cycle 3D L
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2012
2011 2014
3838 3D Printerd 482 LIC L V),

Expectation

#7— b F—>DHype Cycle TlZ
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4D Printinga >+ 7 FDEBIBILHAERE LD HFE

Nanoscale
3D Printing

2017 A 4D Printing

2016 Enterprise 3D Printing
Innovation reﬂalf[ O(‘; Trough of Slope of Plateau of
Triger Exge(?t:tion Disillusionment Enlightenment Productivity
ZZHAHA RiTHA %7iREA [E{EHA REHH
H8H 1 Gartner 2018 Press Release
Tlme https://www.gartner.com/en/newsroom
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Advocate of 4D Printing

4D Printing DiZE#H

The Emergence of "4D printing” (@TED, 2013)
By Skylar Tibbits (miT)
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Conferences Advancing 4D as a Title I./'
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Markets and Markets#t %8l :

What is ‘4D Printing’ ? 4D Printingm35(32017F 0281075 RiLh o
— inti 2 20254 | 135837807 FLIc#2i0L, CAGR
4D Printing & |X FUroades
6
$100M

u | | | | | ' 5

4D Printing i1s HOT topics! -
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What is ‘4D Printing’ ? :

0
What is a definition of ‘4D Printing’ ? 20192020 2021 2022 2025 2024 2025

the printed product reacts with parameters within the environment (humidity, temperature, etc.,)
and changes its form accordingly.
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Existing Definition of ‘4D Printing’

€3k D4D Printing (4D Printer) DTEE
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My Definition of ‘4D Printing’
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I Establishment of Academic Society for 4DFF
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— Examples of 4D Printing



An Example of 4D Printing (1) [Physical Stimulus]

— 4D Printing®ZEH1(1) [$3EHE]

TNO(#FZ > &) i%, Food 3D printing® 4o 777 52

IRZARHE3IDTY v RTEFR., EAELWEIT TR,

H 88 : M Noort, 3D-Printed Cereal Food, Cereal Food World, Vol. 62, No. 6 (2017)
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An Example of 4D Printing (2) [Physical Stimulus]

— 4D Printing®ZEH1(2) [$3E%IE]

(Shape Memory Polymer)

BEEEBR LR TERAEL, BROAOTEHICEEL

Breathing Facade

H 88 https://www.youtube.com/watch?v=Syn7TaX90lk&feature=youtube

HE S (BERAKRT), MHPIEE $¥3—-77, 1=FH
‘Reflective Panel’ Project
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An Example of 4D Printing (3) [Internal Architecture]

4D PrintingD=E41(3) [ERIEE]
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An Example of 4D Printing (4) [Internal Architecture]

4D Prlntlng0)$1’;"l(4) [NERIEE]

AR T U ATRISHR YRS = M0 L 70ERY
BARICIIFELAVAEDORT Y Y RIBEE HEAmICHED EEmAmICHiED)

o BIFSHEFEMWIEIMNI, SHEEF) TE-oTW-=H D%,
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H 8 : Desai Chen, Computational discovery of extremal microstructure families, Science Advances, Vol.4 (2018)
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An Example of 4D Printing (5) [Organ Regeneration]

4D Printing =4 (5) (@B 4]

TEROEED 1D IFE AR % X 2 2 AEHERE

s A (Stemi Ae ) S —MR HHVIFEMGEESTIIRL, IHRNAESRICKRRIES(1CE, BDFY
T A v TEINEFEIC LY ) IIENICER OB EEA LT 2 0ENH B,

EasEE(ERET)HADT Y v T4 v IDIDOTH Y,
: _ _ VA 3IDTV T 4 TR (E S BB EOHRHEA T
Dept. of Life Sciences & Bioengineering

W5,
& Mission: ey e . ot
To innovate Medicine by Biomedical Engmeermg FHEANEILXT), SRAKEAT), Filh—ERRP)E

Welcome to Univ. of TOYAMA  Nakamura Lab.
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Hainal achine 3
" inkjet 3D-Bioprinter” st science News 2013

il

Hdh o R E AR ZHP(http://pse.eng.u-toyama.ac.jp/bio7A/index.html) H 8 : Hyun-Wook Kang, A 3D bioprinting system to produce human-scale tissue constructs

with structural integrity, Nature Biotechnology volume 34, pages 312-319 (2016)
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Deformation by Artificial Intelligence
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Applications of 4D Printing

4D Printing o3& F $E15
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4D Design — Beyond Known Concept
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4D Design — Learn from Biomimetics

ADTH 1 » — BiomimeticslZ 2.8

AT R Y S (Venus Flytrap) d A H =X L, BEROANDY — b ZA8(HTH A >

(University of Pennsylvania’s School of Engineering and Applied Science)
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IO —RT7 7 A NRNERBEDEZ L THTES
MO MRS,

Lz y—2)ay, k=T ILORETHRE
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H 8 : Yijie Jiang, Bifurcation-based embodied logic and autonomous actuation, Nature Communications, (2019) 10:128
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4D Design — Beyond
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== ‘FAV’ Forming the Basis of 4D Printing
- Extension from 3D to 4D -



3D Data Format

3DT—27*+—=<v b

AMF (Additive Manufacturing File Format) - - - ¥3%Eversion|Z1.2
ISO TC261/ASTM F42TIZE#4L. L A LIRTEIZf=1EIREE.

3MF (3D Manufacturing Format) - - - I7Eversion|$1.2.3
HP, MSARED Y Y —o 7 LHRE. Windows8.1h 5 K5 A N\ % @A,

TEREEIR & B b

STL

( Stereolithography)

I
) . EARE R BT I
- BRECELYDPELZZEDNHS. :
1
. EMA AL OTRA TE AL ' !
3 . ! EHLRNEBEEL TV M A
- BRGHE)DEL L I ELpEmEL TR
I
RED G '  FRHER .
! - U v iR '
1
(\\{RML . ; 'Il _._/ N c A—-HP—-FEEER :
Virtual Reality Modeling Language) 1, BATRB( !
1, N
OBJ l’ I FAV (Fabricatable Voxel) VOXEL :
! ,’ EL YOy I REBERZRBRED2016FITIRE LR IEAR=ZDF LW T+ —< v |, :
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Expression of 3D Object by Using Voxels

R ENICEBIAFYDRE

AU 3> TERE) AR Z T
STL

o RN ERHEE D RIFH AT BE
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AT HES | ”
Rl s
3 ’ it
£ i il
ﬂ SRR :

T
L FATRR

RN I TIIEERE
FAV
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3D Data Format ‘FAV’

3IDTF—27F+—<v FFAV

ELttRy 7R EEEREDRRT ARERERE OHXRIR

7 I3
BORO 2L

’
ﬁ/

Voxel-01

JLS12

AELY > —F

HARESKEDIDET ILOXRIEAATEE

Object-03 EraaE

BRI BIICFRIFTE 315K

o fEIFIR

o HHIIER

o U /iEREHER S 2IER)
o 1—H—FHIER

e Rbr| R
— DT
Rb

Rb

R br

Object-01

https://www.fujixerox.co.jp/company/technical/innovation/3d

TAXRT AT
https://ja.wikipedia.org/wiki/FAV

br | Rbr | M1 | Rbr | M1

Rb = eeraar | M1

Rbr | M1 | M1 | M1

> €@

Object-02

FAV=FabricatAble Voxel
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3D Data Format FAV to actualize 4D

(1)
ADERD-HDIFHRFIF7+—~v FFAV (1)

? WEABERE) T B -0 OWEE, C0 L3 I23DF — 2 IR — 2)CREFT B0

.
Feature (Attribute)
O

3D (54512) O O

3D (R EB RIS IE) X X O

E £} : i g 4D‘§|E:'. D=HD
REXIR

U v o (BE#EEER) X X O

21— -E&REREME) X A O

® FAVIZ, 4D& L CoME(BERE) # HIRT 5720 DR BIERBEL, Bl S, KoL N,
EMRETE) 2 RIFTE 2,

® 4D PrintingaxRB T 27-0DEKRT—Z7+r—< v FELTORBZERA-TZENEKRS,
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3D Data Format FAV to actualize 4D (

— ADEBE®O-HD T*#ET%?—:7 #—<v FFAV (2)

FAVIZIXML*T&git . . . . —
o <metadata> H o <id> H <title> ] NV F U yﬁ*ﬁﬁwﬁlﬁlﬁﬁﬁﬁﬁ&ﬁ

{ <author> H <license> H <note> \ Em?a*ﬁ'ﬂ i3 ewﬁﬁ
<geometry (ID, Name) >

v—( <shape> H <reference> ‘

—{ <scale> H < | <y> | <z> ‘

| (ID, Name)>

v—{ <materia|_name>J [ <manufacturer> ‘
._[ <product_info> <product_name> ‘

—{ <standard_name>

« RIEVR—ZRF—&27+—7v FFAV(ver. 1.0) %k
EBEZBKRZCOI: [FRrefZEMRES] /I

FAVD3D7 ) v 2 B AUNADERFEER, #F1L WL
(GBIn{E#F) st —FAV ver. 1.1

RA3SDETFIVEZ7+—=v b
FAVDJISILEE KRR JISIEE(FAV ver. 1.1a)%E

- JISHIZE (B 9442)

<material

<url>

1 <voxel (iD,Name)> RN OHREF
| i H <id> | =

<geometry_info> (7]%- *SH%; %&/E\ {)\)

—{ <material_info> H <id> ‘J[<ratio>t‘

TR e ey ey
—{ <application_note>

—i <reference> 9*‘%%%0*7'&)[’(%&'“%) "&Eﬁﬁ'c‘g 6
| <oblect (I, Neme) > | (RN ERETZEMOER)

<grid>

g H= (%)) RIMOFAV(1.1a) DiEHRE X

- |- )<= https://Www.fuJ1xerox.co.Jp/company/technical/communication/3d/fav.html
<dimension> |- <x> ‘M@
oo | CRRIE REE G munnmms, REMHORARRTLE
<layer> | _
—[<co|or_map (color_mode , compression) > ‘ 7 )I/jJ 5 —_— wiﬁﬁl’ﬁg
b dayer |

'—(<I|nk map (bit_per_link, nelghbors compresslon)> %Ed’:yt}blﬁio)ﬁ% §? géjj a)iﬁll*it t“

<layer> ]
—{<user defined_map (value_type compression) > ‘ E%0)3D1§§Emm @ ¢/ I~ a I/ ._¢/ 3 yﬁ% %l&@{h%
<reference> ‘ = ’ “'."“
* Extensible Markup Language SFC e’
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3D Data Format FAV to actualize 4D (

— ADEBE®O-HD r*ils’d%h%r —=2 v FFAV (3)

0 = v

T s> 2 b @S ALY

[ PUEEMIC YN

HEDER LM ELIFEE. BB EEEXS5I LT,
AT 2R ERZ DI L 75\&5!%.
—EEMHOBEFEFAVTRE TR

W8 JISB 9641 [3DEFAAFAVY + —< v b O] E3EkHE, JSR)

MMH(EZ L TRl : Soft Robot

H 88 ). Hiller, Automatic Design and Manufacture of Soft Robots,
IEEE TRANSACTIONS ON ROBOTICS, VOL. 28, NO. 2, (2012)

H 8 : Ben Finio, VoxCAD Tutorial Design and Simulate Soft Robots
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- |ntroduction of Activities for 4DFF
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SIG of 4DFF: Conference

ADFFf%£ : ADFFav 77 LY R f

ADFFIZEENDRa—7:

IhFErTn3DER - BIREMfi2EBAZ TOW<HFHLWEERLEZBIEL-HE - AR
*—7—F:

TTFVPLTFHAY, "—F9x27@D7FY4E), YV7b9z7(FEFYVY, ¥TaL— 3y, DIAME),

FIE - &, EVRRETIVHRTFEY T 24h), 58, SDGs, #7714 24— ay, RE - L(7—
b, TV2=—FTA XV %), £FHE, KBIE BF 1>77%), QOL, =0L%, 5hiLE, LA

2018.10.11
] ADFP 2018 E##EE : Ealk—. BEHELSH

2019.10.10 ‘

H ADFF 2019 EHFAFE : =ai&ke. BEEREM, —MER20G PP P D)
RF 1 15/20 (75%)

2019.10.15~10.16 (> 5 4 )

[ ADFF 2020 s « Lohiih. BEF#EEMN, —BHZ204

KF 5 21/29 (72%)

s ATy FEAM ICBIT5BREBREONAFHNE
« BEMZCAIEDIOKRPEY ET, BEENRICEIFIETV MV sy bAy FOTREE

Atk oA > 72 oy bR ER L cFEx

SFC fisee®”
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SIG of 4DFF: Electronic Journal

ADFFHARE : #wXNas (BFV v —F ) @

BRDY /AT T RBFI v —F I

The Journal of 4D and Functional Fabrication

2020.9.14(25815(20205) F#1T
« 3D7Y ¥ b ZFERLRARER - HERINA 22T 7ILERRE

« ExpandFAb—&EREMIC L B2 EREICYA X - BRAIZEL 777V 5r—>ay—

« PaperPrinting— DT 2N T7 77 U5 —aveTFHA4r—

ps://sigddff.org/j4dft/

c BT A FAYV M ERAWEEERNICHREZA XABAELIDZY b - 7Y v FOBEREREE

$25(2021F5) nixiwHEDHEI Y 132021528 28H

o ADFFHIREIZ, v 7 7Ly REBYEGEEEF > H-FMEEE LY,

AAENTADFF A H#HEET 2 AR 5 /-,
c AV oV zy FEMOBEARADIDE LT, T0ELBELERER > TWLEELL, (HBEAKDEEHR)
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Conclusion

Feo

AD Printing (4D Printen) 338 ELITOEH H 5P, BEFIO IV 7 7 L Y RAPEMEGEHIILE EA S
RERANTERIEIFEDA B E > TW 5,

I E TITERE - WIBEREIC K 23DIREAL W AD EEbNT W=D, FARDMIETZ 1T TIXR WE
MEEDRIHZ4EB DM =2, ADADFF) L EET 3.

COWRBEREFENL, AREDOR Y b T — 7R DT-5|IZADFFHIRE % 5% 3L,

}

WEEDREICOVWTRZCDRENH D, MECAIHICHEO O >LWTWEH DD 7a <, BEMR
DEEZHEF L 7o,

TR EHREZER L, L WAEZAIH T 2RMFRE LT, 72 = v M EATEEREM EHTN,
MROREEEHYE, EHLARESD) RO TENLFETH L.

&

ADT YA ¥ (£7 Y ¥ 7)IZBiomimetics ZERW AND Z B TH Y, HELBE/ME - LF
RISz BT 72T — % ~— X (DABOF) DL ZREL TW 5.

MBERIBICOBA L BER(EBEW) ZRIETEE3IDT—EHIMRETHY, RILILR—IDIDT—XK
7+—<v FFAVOERAPHFINS,
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