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Nowadays, in various fields of biology and engineering, the need for
instrumental and smart engineering materials has increased in the
world. Due to the requirement of using and classifying each of these
materials, describing and reviewing them (one by one) is a time
consuming and almost impossible task. Therefore, according to the
similarities in their fields of applications, each group of known
smart materials can be classified in their inherent response type.
Also, identifying the strengths and weaknesses in each group of
these materials is a reliable way to grow and improve the efficiency
of smart materials in various sciences, which will lead to the
production of better materials with greater efficiency and longer
useful life. Finally, accurate knowledge of these properties makes it
possible to build a combination of several smart materials (while
maintaining the expected properties) in any engineering or medical
structure.
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improve, smart materials, nuclear engineering



el Sloj Uga PSS (G Soea

doddo )

@ 09rhe 9 Vb et S Loz dlse Sl gk ole cdyin b
Alazd )3 1,8 oolatul 590 pwiige alie glo aie; j0 480
OO 0yshiie Wiz Sy 4 oz dlge il Jle waSy (o
Sleogas lodinge 4 rdiges SIS uizmed g WL Cewd
o o] oolalpad ol o SMol 4 oy slge ol
odlo wiz 5l (GLaS 5 Caon @ potie ol (oiige Slgo (bS5
b g alSS oo J31 ol ad) oy (Sg 2 b
Slge diadign dlge ol ool a8 3 LA 10 wiedigh Slge pogae
S3arl 638 5 FLe slge 5l &S s aax s
sl S e b glail bl ghls slge cnl slazs) 5153 pg o
Slgo [1,2] sien I3 iea Lo aa b o )b assle ¢ > )15
s Ul s a5 wlos 7y pa (0lge lgis ) atesge
P S e 4 gl 0 2B gy 4 995 (Kb Sleogas
[5] Lo 4] Lis asly o )l sl S e [3] aiten
S8 7] leerd Slge ([6] (curblise 5 (S 2SI slo e
Sleogas aiil [9] glaws Dlaiais b [8] Soiliulyyus
(s 5D 3 ks Wl (o0 Slge (nl )0 peis BB (S5
Ay olge 5l azws ol 511880 Jlo o ail alee b go,il,5
Slpds 4 Llpd (ke 50 45 WS (Byae diedea Slge
bae 4 a2 L) 055 slos Slee 5 aims oo gy (Jasome
(S5l o9 @Bl o saedign ojly [10] wams e (i
b ,bisle b olge soxie lo Shg g alkidl> xils o ouiwsgs>
6oloiin Jhoim! oo )5 Sliogas ) S o oy |,
Gt CElo jo Lad jo bojle 5 olge ol Glp )
[1] wS (oo ol e § SilSages (Glios ooy
Sl (55 Sage diadigr gloosles 5 55l 293 sla S
IS aladls b3l wile aiedign olge 515 (6,85l 5l a5
(S Gl Sis cnl o e b Jle olgie 4 08 s solil

5 Wlaxicw wwlgd dlgo
L@éﬁ)ls

* 5Bl (gt dozxo

(swob cpallial axles oRiily (Sl pwidige 0aSiile
Olrl ol

Py Sloj Ugo

(owsb pall el dxles ol (SOl pwiige caSiiils

Ol IR

odSs

Slge a4y 5l (cwdige 9 () Dgliie Gl ainej ;5 w09l
Lol aidly Gl Gl puslpw )3 diedign g jlu (ot
Ciogs wlye AgSul ISy 2 g atws 59 )5 poi) 4 az g
Sl L5 g 505 2By (5,05 o ] G 0 S Jlax gy
ook 5 sl a3 s bt & s L 1A 2L o
20 fewly 55 0 Wil o oud aSlid wiedisn Slge Sl 09,5
g8 g s blas olulid pusmen gy (gui i 35 I
038 Sgutp § &by Sz 4 liabl LB al) slge opl 5leg )5 0
Mg crge a5 Wl (oo bt pole 0 wiadign Slge 5l (55
Calgd )0 b Wy Sashe jes Jsb 5 yiien D)5 L e Olse
ool iz |l oS5 cole Gl ples ol 388 el
Ly (oo ojlo 2 50 (lax] 550 (plss Lad> L) aredisn
il oo mal S, (SE5

Slge cueny 093 (SIS Lol (owaige ojle il ofly uals
Sl At (s Mielgr

Ve ANY szl o o b

VEeolo¥ef:pnd 26

Saeidi97 @kntu.ac.ir : Jgtwe cdis g ®




o )5 5 Slastie iiedgn dlse

-diged aimo lii Matasn' sla i) 053 g 4 a5 05 I8
o5 Wil (Ggmr oS e 4 ol Jolt U8, (nl 5l oo
el K& sl g (parFaTags o SOS S 28 393 wgowe
Slakowy a5 Conils (63150 1) winlign Slge Olg (oo ecnlnle
) Jpamo ;o Manadise” Jld 1iSly S 4 oles sl
Mg Jedly 5 ol QT W86 050l i 0 S ais oo
o Ll ar 1ol 1) sty ola Sy 9 Lewlls 5l 5yl
osle" Mol 15 09 oo saalive wax s (5,518 G lge
wd 51,8 olaiwl 5,90 VAAL amd 50 ,bodgl slp Maneign
wlaiadga )13, JUKl gl olge 5l &5 (SVgama I ()l
039y (o yid ,0 aLBAS glaans gly ([14] oS o oolatul
G 5 5 (S Sy S 9 slaSie Sl plge 4 el
SLol yg i jshaie 4 Bl pas G59lySS 50 (b e

[15] axibge yap o 4 S5

dologd Slgo oHS Y

RUIWW I B PR C o B P IT VR COMVI Y-S PO YUI HE I R F TN
& i Lo 50, 51 Lo ba 0,5 nl o sl ansls azgs
atiS b (oee 953 L Sl (e (i 393 (b lgas
AV 1 S i Olse 05 SLETL wily ol jam (5055 4y 055
5 dlse e bl it 5 s 0ah 153 glas yslid
S & S ol L16] sl (SMMY) JS5 sl
A e S i 5l e 4 ) 093 (Lol JSE
g s Se b ol 4 Syl Sme S oyme 0 GBS
USs alisls laslT (g5 50! sl SMM 25T .05 58 o sislos

g Olyes (owdige ;0 Sede (partld Pl o plgie 4 cnlpl
Al Ol sl s ol 50l oo [11] axsly axdls 2
O 50 o0 dad Ay olge «glite sldojle jo &jlus b
ey 395 Slodady (ul o) e 9 JUd cenlin oy, ) b

J12] 59 o0 000l 00usS
@ Ly aedise Slge anaies (n 9 p) 5 n (Regh cnl o
O 9 00D 48,5 SIS )3 g (S owiites S99l slo3ls
- e ) load 03l 25 LSl 4 aeg 55 Sy e
bl (8yme wiadgn dlse gl 5l aie) (ol )5 azgs BB lo
lie cnl yo azsl rizren wil oo ol 51 plaS 10 g8 g s
SlesS nl 3l S 2 S 5 Qg5 cals ol az g ol e
Casline Sy ol & Col (logs 15 sla Ulgs Lais L Slge
Do 35 el 15 slaUlss 5l Aoz nl Badls L
S99 0% & pazia YlS sla Shy b siedon jlo cwiige

b asls

Lo gl Slgo (AT x5 ¥

Sleghae Guizman 5 (8 Slool (3 loo iS5k 4y 4z S
S ole b ciyyos Ll el 8,8 15 o 050 50t
6olge ool 45 Wadine (6 L 20,05 3929 caiiwd " diediga"!
9O (oo e (2B L Sl S e (B oS s
i Slge Lol s Shoe ol Lol S o byl omslio Sl
S ol bl SlS 5 L S Slgny aile Jhie
L [13] aisS oo (sanail "arediga” | lag)T odiangi (naiz
OR)5 S 5o eayay Cews onl o 4z BB )90 (b )l
oS S e Vol Gliime Fy oole 555 bl gl
Ladd oSl o0 092y duds (B diedigp Slge lgie 4 (69)lge
ST o ales & |y ol 51 Sliogas a5 witen solye

solazwl S99 saLbc)LA l; » ] u_aysm BN A-"}"_;" as

Shape memory materials !



el Sloj Uga PSS (G Soea

[20] (Lo )5 50, Shas Gy diadiod Slge (olss 5l (B (goaiws ) Jgax

FPS Sandy

Kot a5 $185L

slio B oad 55 IS

SIS I e El b IS5 s

(Shape-changing) eaces (S5 s

eiond Al TN S s ly 3 S095 S o

(Self-actuating) o ,va 345

Azy 3j3e eian g plis )3 el (55K
S clid

T sl S e Ol pis (S0 ausls

(Self-sensing) 2mis o4

Geiow als e | da 255 JLSle 2 ek [So53 auis

(Self-diagnostic) e seis 255
(g laFastl >

J a2 G b oa) sad A SIS

S DB £ gedge (oo 3 DY garne

O

(Self-healing) ouisss pos 5 255

3O wizen S Lias 1) S aw 25 L g0 awles o by
MIT o 29,5 lawg JSo aladl> slo Sl JOY L
[24] sl ons 3 158

Qiadigh Slge sl diws (pl Swigdh S o0 093 Ul yiores
ol g el i 5 LSy S8 i sl S ol )
Loled (>, Sy 4 fwly (o a5 cwl (g0lge 5l ool
Geios al> 50 )3 (659l (i (oo Sl (e JB (ol
yobie oS0 Slgin polie ol latajomals 5 oile (L
Slse 3 platize (S3sls5, 550 Slasle 5 SMA poliie
D138 e isled 1) Cals ol a5 aiten ioles]

Oygo o o wigd aiily glaosle o 1) a el ael Cules 4o
Slagbele atls (SIS b Gl (S SIS
PSMA 1 Ll cens S yme 055 4z ST oS ol (0l
iz [25] sl oad solitul ity 5 bt S e
g ol oas 03ls lid Guizs Al o 40 (cewa 393 (5)glcy
aislie adsl 3l )l Al o bl 1 (S eizen
Slge a4 oad o)ly ol oy jslie 4 lap] i
elS' ysbo @ (goras 055 (Ss b aloiidn b hisels
125 b g sl b ol [26] wiilies 505
&S oé,5 O,40 lllinois at Urbana-Champaign oKzl

ol 9Yg8 Jbiny S i3l 5 comw s S K, iMartensite ¥

Massachusetts Institute of Technology @

rolie 5 035 posilii=0)3s i Slye arl 45w (SMAY)
b o Glojle ;0 (bl LiS e g 0lge ouins JoSis
b 4 WSMA [17,18] cusl o aisle samce YU
Lo g s i 53 (S5 chlisen JISS 5o (slos S
Wl ailid alf gz 5> b obaw o olss cilizea SLITY
sl 55 118 el 5 IS8 e tales a1, S5 alidls il as
Js55 51 SSLSMA alisl> 5, [19] was (3,15 195+ ans
@ Sl 25 a5 el Lo 3l ot Feolss o a0 "ol 56
5 [20,21] 098 g0 xSl ol S (pile Jo25 Slsie
Lis 4 (sl ad 5l e S8 bl Sl el JSS
SMA 551 48 oUlg3 el (ome slos o (55,50 el Jilas
NS o0 )l oad S Syl eelas S o bk sln b
2 5 b a caSilhg Jo sles 5l VL Gale S S
Ded g0 ailil ad,b 9o IS abadl> Sl lgie 4y (g5l
“Olee o2 yxe ;0 WSMA 5l (20 ()l slaS 2e  ogdle
IS abasl> slasL]T W co Kb s penblize slo
[22]0s Gaes VAT L ;s MIT® s a5 o o bliseg 6

shape-memory alloy ¥
ol G wsd o aslis (Y-Fe) LS 51 ol lsie 4 :Austenite T

sl 3T pate S L oaT Sl el Jslome S5 b T 51 bl o (518



o )5 5 Slastie iiedgn dlse

w0 (i 1) S5y et b AiS £, 1) e 5 095 il
957 ool bl a4 a5 el (SlSe o] sazas jlis a5
Wolyd 5o il o 0aiad aiS 39> diedigh Slge alus
S Glac bl L 1) oy Slge wiils o L5850l
& ol [28,29] aisS Lol JulS pue 5 095 b o] i
2 RS 3 Gkl aslsi e o wies wls b o 6500
oXigd o 393 i Mg et 2dn UVY Igle )53 (5500
103 K5, ) (2 85 05 e 355 41, gL Sl
5 650 Slalllas oS cucdl> ol sl SMP oS 5 ol
B (sl Jsloun 5 o3l STyl Syl sl 5 sl
09 \5).) l) L‘bui > o UL.A?U ULA‘}C ).al.u 9 Lb)ls ‘Lbu,...u

30,31] wsS e 5 990 (S 0
2 o polis oS ol alojlogs sla 55108 ke
6“"3):""5 )919 LYY LSL‘bf‘"S 9 Sl )t;_'}L.; L’ oole u_i;
‘U‘))J ‘)L...B ‘k)“'“ ausle lel.b),._v_m M‘?“LS" 9 Sloauds e r
Log beo Olpesd b uizren caids aseis | (So,05 0
Slp e Ko ypSlgi dlge slaal)l S Kos GlaSuSS
Ll pizmen g wiiS o eolatul wlie gy sie ololis
3O Canglie 4 lydgil b o, S AL aisle Ll sl b (slosls
o Slod S ok 4y oS wams oe s 1) L L JLeS
ool alaiaign (s, elgl Jold OVeou iy ol oal
Aol wiadss jolic slaal)l 5l oolaiul b wlgs o Olsupzs
Slge a5 il oo das Loles g iomiw 9,90 oyl 4y 00
Slaaing" Mol | 500 olge j0 (609> 4 39> iomiw
Caimels b eSS S G sle Wi & i
sob a4 Al o i 055 (5,0l8 0ed Jols e oolaiul

Ultraviolet ¥

S ol (sla S 9 S0 5145 Conl (S ol S 5 S Sl
5ySe & S 5 By IS s ooliial 00l e diadigh osle
@ ol Jd loyogise 5 ol S JmnS hasy o0 JgunS
Ogelipocly Joe Wlgioo &5 (ol 0y 00 (el 0ol Sl
L12] OV JS8) S o5 4 9,5 5 003l

"o B oen slaY (59,03 il xSk sln ks
oS 25 o0 Jlosl odigh poa i 055 slaidg of 5, 45 Wil
oud (s3lucs o S @ O] s GO )l5 el @ 4z
slagide b oliiee ) JomsSsSee 55k cnl (Y JS2) ool
slagidy b puizen 5 (Sl dlge g Loyl 5 Sl
Syge 00S job 4y a8 (6,500 9,0y, 05 eslitul 5500
S pige b BLII 51 ool el ol 48,5 15 aslllas
el Jodstin ded (0355 n g (o5 5 00le Sy o (sladind
gdge Sl 55 aile ol By el jagize S5 b o
osige o3le g5l S gl alg) (slaJgmS 5 995 50 ol yagige
oy el g 0ad bglie Jol ool b ol 5 & y95 o0 S 5 58
Jb 00 5500 oy 955 oSS 5l (6 )l 355 50 ]
ol som dw aiile (Bgje ) loaSed alex jlitanl anngs
g WS oo @l | osle pdiand e &5 o9 Jelse
9 WS (oo ol S 1) (KuSt Solg> ) S dgupe Sl (nlpl
S iy Sy o0 Gl B Slge dne yoe (g5 JB 55k 4
Sl sla ollg sl oS wialign slge aiS Al o Olis
W31 (5530 4 a5 ol ()5 i 9 (69959 Sajoeels So Juls
sy b 30 500 Slo 0 [27] sl (Sie 00l 01y &l
&l slge amg 6l 3] i1 0 o il (g5, 5 clamgio
w3 000

Jols 05d 0 93l 59y dzg > el &5 (60 ST

Sloog,S & (SlSa L5 145 ool "lasigalSe b lesock

s S e pdy G2aSTy ol 51 sl axws :(MPs) Mechanophores *
Olasdige 455 0550 ¢ LS (Gl gt (lgie s LeiT 058l (sloo )15 Lo @ oS
NS o8



el Sloj Uga PSS (G Soea

By oo 48,5 )10 eled ;0 Dliga diwgy 50 Ay cnl g
5 byl 5l USee sl Sy 5l oslizal 4 [36,37]

ol g M-Zn0 eos S¢S p-GaN / guwgl slo LED?
ShS V0 ol 4y s Sl il e boaylyT gl S e
g ol CaSIL oyl p0 4 oS wies s | JSub
Sl Gl pngal 5 Sl coued Gloamias jo Wl e
[36] wigis oolarnl

Elgl ¥

bgioad J3S jb 4 asilyi oo Cools wiz b o L Slge
Ol rlpls WS 5ol g JB sk 4 ()1 sl e
IS Slap e 5 S e (JES loygain SIS oole
oo S 53 S e |, oS oo el ;018 gl alimy 4y 45 o
by 00 el Gl 3l Olee 5 0908 42 (T 4 sl Ly oS
Elgl 250,57 5L 095 adsl cl> 4y S Bl Laze 4 g apo
ool 51 (B a5 00 5 Conl 25250 dtadign lse I il
g5 Ol 3l (Jolie Jlm igad S 2S5 5 lge 29 00 4o 5y
o5 LT 51 S o oy 5y Lt Jlasl plEim 4 oS Cenl Slgo
Wged (59) 3y ¢ S9doo Jlasl 55 oS Sygo 4 I
bojle Gl oo cnlplis 058 o0 diged S jaiis sl Sy
5y Jlae! plin a5 el 1) dlgs ol 5 o b slio
2 Tl Ol orizen ighse (Adite b baie o3
oFl Sl Kl (oeblisn s (55 (2bs, sle oliles
Vb 53 L g sl lagS ol il sloa kS axio «slabis
5 b Jowe Lad slojguin 9,500 o (A o i LLS
L oS LasSly olgs 0,5 eslil 5 sls 0,55 gl 3l
@dlge (S aladl> slayenly L (SMA) IS5 abal> (glal]

light-emitting diode *

bz sbml el o5 cum slorosuay 5l grms il o5illy

[32] 005 J18 515 0502 )90 w090 3)ls0 b b (S0 2SI

R —_

el lge )3 JoanSs Sen p (hae (SWisd pe i 355 Sileds ) JSL
[12] oy j5sls (5 0 oais adlal

OCN—R—NCO (HDI) + H,0
s St

S35 2 o3l BB ((Fiph no i 355 5 (F9)55 b pranilSe ¥ JSB
112] it

1oy gt 3l slazws 45 (FBGY) Sy 10l 5,55 slajgunins
Slsd 518 (6 ke 4255 3 50 i 00l 1355 (595 3
5 b pogia¥l oy joralS 5 ol 4y alys oo Lo yegd o L]
oSy, [33] wloas &8ly az g5 590 igd oS 5 ooy
ogdle g wlawd 5 )13 Slisiod anslr 4z g5 990 Slge Joud 00l 5|
3,90 9,509, (500 i Wl a5 FBG (sl jgucis 5l oolaul 5
Ly (559l (sl 55 sladyl sloaiges [l sl anllia
S m o3zl " Sy Fisda e I POlasl 5l a5 sus 4l

Sy a5 el Sy 0ads w395 0anlijb o5t Fiber Bragg grating

oSaie 1y 98 5 ool Slazge Job 5 oad wisle (550 pd 3l olisS Caond
Ao oo JUl 1y 4y 5 00,5



o )5 5 Slastie iiedgn dlse

e et 41 e gl St 5 sl a5 Jyoe o
Ly ol i ge S5y 5ush 555 4 grasly 50 45 «Soeg S gu8 olge
8 e a5 55 saline 55 4y el slaSiae ;o Ol (oo
S5y e gl 50 0y S yg M y9 (B yre 50 (i8S
A AT Seg S8 5 p9,5 9y9] ST ke pols sla
sl J5 [39]aims oo S5y 5t j55 (Byme 50 5 b oS L
Sl a5 axtis (o550 Nam bl b 5g,00e aiile (5 yenh
Sl Jodo @ J5 el o 0l T asile Pl S5 L 5oy
Ul PH L Lo o s 150 Jlie lsie & «SsS

[40] )3 1) (uonm plp Ve s 1) (ol S5 L )58

GO ainb O

Jubree b Jled atus g0 4wl o (eizren diedign Slse
a5 (9olse plsie 4 JUd aredisn olge [2] s oy 4kl
G L s wai Oleogas ookl Sl 45" wigd oo
L Gl (S slaghee cod dlge 5ol Sl
(S350 ysh) sl b ol Slis )l omgbliie
S35 s sl S8 Cdb Sl IS ke b aies
5 So3elsts oSl Slasle da SMA o5 iSUlg5s olgs .aiind
A5 JUd wiaigm olge (lgie 4 0alS dazmie ugblie olge
S e 9y Joee Olpre 4wl oo cnlpl 5 Wb oo 435S
o ik 9y SMA Gl ogdle [41] wigd ool o
sl Wl g0 a5 (pSi )+ 0) JSublKe Vo o plats j5bo 4 o5l
51 a5 oS islg iy Slge a5 (e a 995 ol S e
alis " " 5 i ge oo (Sle 550 2y (Ko
WS Jadie dialign Slgo (Jldnd lge oS I aisd o
adgr lp (18 el a3l Lol caiin dieiigr 4> 5000 o
Aadigh oole Sl 295 diged (5,9 yed Olge w555
SIS Jos jgenins Olgrs 4 3l oo ($3lge (i A Jriie

[42] oS gos Jos Jome by S e (g 4 Lol

oS5 Giliee glabes o 1 Gl JIS3I wily e oS wien
s addsl U 4y g ools UK st (ol Oyl b a5 s
245 9850 &y sl B el Slge cnl (9,0 &fly 5o oSy
0 ol S e 69508 o Ll 950 e e i D50
ol 45 wimem coraien Slge adly o I alidls LT 5a
alin o5 wien el 5 IS LT (s (osz ol
Ot & il oo (3,95 plp )3 Sueglie slo S5y a5 0¥
ol 51 I37] o ke s SilSasi sloo 0,5 sl o
Sipe DB Glo oged Dl Sliwga s 50 plg (o dlge g4
sslial L35 g6 sl ol b 528 glsil (Sl aolall (353
gl S 0 o Al S el el o5 Jlo 5 08
w3 B o sl a8 ol Ll s 1y 555
3 ik 9 Ngh (oo @S e Jlad y0 oy 5l 4 oS
I8 @dle @)l b (585558 5] (g 45 Jeragil i o 5
2 Pl ol 2 ogdle 09 oo oalil i S (oo b 395 4l
ombliie 5550 (5,31 00isS as Slye wiile aiedisa Slse
0 b eeblise Glaglie & bt oSG Sl alis
oA L g sladae ;5 Jsone ysb & Ll G ) ases
ST olyan Sl oS o 5 5550 Vb 58 ol
slluuls gule ouS Sguze olge (Joiin JS& aladl>
sshiie 4 Geizmen g wghige a8 Sl 50 oS lgal
a4 olge aisS ol 5l et Slales )l Jd ole 4 oloiws
oolainl ase (SGlSe Ol pess 4 les sl jguin laie
[38] 5505

Aol ol a0 oS diis (g0lse PH 4 Ll 0lse
wilg oo a5 oS, lp ly oo pl dips 0 KT s
Wil oyl 5 5ls 0 $,65 saims (ylis b ases K, s
JOMPRIERE

L 6)9 SorSIl lpass 4 oy 50 Sjses S laptns
4 A Seoog )9 AUl Jaldh ol aimd oo 5 i ()

wiges 3y Jlasl 51,0 & 59085 Jlo (slp 0 o i T S



el Sloj Uga PSS (G Soea

Sl g Ll o e 50 45 9SS oo iy a3 (53190 i @,
oo a9 L) 055 slas Slas 5 s o oy ase
Sleogas Loolge J2Io 10 0,95 3L slos Slas ainos o ol
b delisn (6la piac digdice oS 5 Slge slad Sles 4
ssle 5 5l Ll oo Gl g oS o e |y 355 Lama
oozl (oradsn Slge 5| Conl (San LT gt as asle
Wgh ale 15 i 5,5k 5l solinul b wiilsi e Lol xS
@ gl lp ond (Blhb dtedise ptarn SO lajle (bye
i 1y 1 8l S0 0 S b elaiels 8 oy
S e

AT &) dtodig panns &5 W0l 5,155 231800 5 0059
0S ol 355 Lo o 1 53l5mid W3 oo 45 3950 U
foly o JSb dmain wole Sleogas 5 eis b wlsise 5
> Slas S sl Atage il sgmrbiliiog 25U b S
pledl (Fuops & wl 395 colin 3,655b b S e g jguains
Cewd ) 055 0,15 Wilgs o e «Dlanios ] Bubo aigd
Wlgge @l gy 3 b WS L gl S L sey
(Y JS5) asl Sl

W1 (sl 00 (slao )5 diedign (Slapiucw g dlge (S
58 50 0ls b re S e el g Jlatte siedign Slge cnl 45
[44] el oass S5 ¥

o sbacly £

el ()5 sla S e 4 ggite ol s 4 atedign olga
155 e 035 Gilis 3blie S s Ity | U sl 51 (oxs
Olres s slaasliy Lad 5 5o il Lo ojegs) (S35 50
Slge sl atws Gul slos IS abox 513590 iz Lo ST39 515
EMSina Jo Jols araingd dlge 055,18 asals Lol oo Hles &
sbml ln 1) (op g Sl plodl B QLB L (puiige
g Olpe & bgrye mar (g S oo obml wux SYgaxe
5 sale glo diro) ded by a5 sl ol wiaiben (gla LSl
Slge (5 slos )5 4 a5 Lul b i p S ooy Iy (owiige
boad 538lr ()9l Slge Jold 09d o0 Lguye dredisn
S 925U 9S00 Slaptans o K oS 10 5598 3
Cedlos (S5 S5 dae S5 eyl S (MEMST)
wedon (A1 leyd p Oyllaipes Job O L Jpaze
(8297 4 995 e ) (soma i 093 (Jlad e 5 Jub slaJ 05
sl Lyoel (Sl wazr sl ofiws (eoras slaplail
Gl s Yo &yl ) csliol Ll el sad olb
Ol (swaigen o ojlo g plal )5 (A5 @358 5 l90 SV

[43] axilioe 3150 ool abox
PPt R RS SN T PR N CONVTY- S F 3 b W
o ol (2bys sloplids (a2 g b JL L slalenylse
Slgo g5 dgise 8l (S g 2y ilos (Y G
S y5b & Slge el Lanwgs e o0ls Lt " gaiedisn” Wigee b
(ol 2l T b crge wieder pf Slse oS L
wiblige 05 JEle el b L pali (Byxe o> B3lon
S b G 50 S e ilize ol b gLkl sln cnlnle
e rizmen ablige wiedge 5 celie (Jdg, e
AlAedigh dowd 5 dieadigr? SlMaol wiaisr slo izl

Aodsgh Slge [41] 54 o coliiwl dioiisn Slge glp po sl

micro-electromechanical system '+



o )5 5 Slastie iiedgn dlse

S Wy i
K2 e A jySaty puai
(A0 (o)
E—e E SN S
Lys S abal>
—_—
Slad ey JURans 3 yeis
_—
JERTHE (sSaig iS50 gl

LogyT 0 ,Shoe b Lad o o5 e ely 5 Jghie aiaion sle ¥ IS5

‘_.;JLZ.&L*: CodMw » Q)Ua'.i -4

ol g G5 Oyl Glp b ojle JBIs jo o S s
I, e Jsb 3 osls 8IS 1 (5,048 sla iz il o
Ser sl 3 e 5 i 2l ol s

[48,49] 555 o oolizul

Ubod.»,.w rg.».o): 095 -Y-

Jy) silulr Jold o o5l g Slse Cuaglie anmgs 10 (B9, S
o] a5 alSin ol Slga 5o 0dis Ay 5y S9l S 3L sla
P D (s A )0 g WSiee b dlg) cnl gl ge o)l
D9y oy of gl ol S ,0 oS 0,8 s 418 STy
s Jpd glabzme )5 Wlg oo (5355 4 093 e

150,51 sl ols b b T 5 ke

Ladlgn g gldo aio) 4o -V

2 IS8 e 5 L)) S e sl e Digr Sl 0)9
—)Lﬂ shilo o oKiws .ol ouls adgi 1068 1535, slo oy

q
olSs il
IDT
oass bl
s 1
PRCEL SN /)
zlael
Sajlay &yeS ojlail pleal
clelbl 56 52§

g b ol e 590 ol 5l (53 jgeis s Syl (Sleds i S
[44] SAW" s e

Ol ale (elge bang anwgs g G ;0 65155 aleyu
e plosl (Fa; YL cuS (sl Lolis 5 clols tals
5 oS Wy bebs daly dalasle asle Sl ojle
b 990 plite jsb 4 g esd (b s 4 Wb laleylse
banzl la ol plp o " (Fanlle” conl I 6,8 I8
I IS PR P PENERPE N
o el Sl RSl sl (b &5 Jlo el 5 23y
g e (IS 3 Mo b g (2l pd ol el Wil
a3l o s Sl lgia gy Slga 5l (S b
"0 ) FB e bl 5 oSl (ol dalgd &5 J>js

[45] sl

Surface acoustic wave



el Sloj Uga PSS (G Soea

o)’l.w ‘5.«4.\.».9,0 -0-)

Loyl 5 iyl 5,015 o5l pwidige die ;0 (pizrad lgo (]
ool elss b3l sl Olres eusiee o ojls 2 ol sl
(5 S8 06 o oslainl

o (g b s b 55 00 43T IS) atedion oy JoSge Jlislu s# IS
[55] wlos,8 Iy (s s plSiniad 0, sloaly) gl Laogs

m o s i Ul gl)lo (golge 4y pgate LS ol
S o llg anle 05 Gl Lo b aSyolge aSly wtly
5 1y Sgdige )5k S0 calie laguly ools Gl 5 33,
JrsS ablg Jelss JI550e olae cpl (gloo )57 .0l oo Jolis
@S Sger 5 285 RS sl Lalee Jb ST IS
e o fyale S sl i 55| S sl ssbbec
b oins Glarwy S 0 diadise lo,lisle umen il
JS olad Slpgas b g lalenlsn o 1) g sl Sz LS
ol (el S iSgsy Slse 3 b el o NG S
=l 03 wnl pogdle 09l (pwyp golas wses sl 5 e
ody Sz o)l Gl olse (nl dpwaige sl o5l
JUUC P SYwEow Q] o aS by 0 ol g ke <5L°G)€ o
St 3blis lolih (sl b ol s oad 5ol 55

[56]05i o ool

o P et g yla 1y e by p5 ol S Zleel @ e S
S5 sn dlgi Lalse sla b sl il (Slail 7S zglans
Sy 2 S Jl ye pol Gl nl poegdle (O JSS)
b sle by 5 adign Sl sl oz J S sle g y5l8

| i jg0 50 45 Siaigh Olga b ool axSlu slowlsd o diges B JSo

Al g (0digd pao )i 393) 095 (LB US4y iS5l g e 5 4 018 (a0
52]

Slawd 2lo -f-)

Codo ioy )0 1) Gaaz b Cuoyd wiedigr olge 5 (5 5ld
S B S oyme s lS el el sl ] i
slml adsr o Sles Sgng SW) 4> > dje yials (el
s Sldoe b bag o il glolase (Jl> ol b oS o
5hooliiwl 5 cumdo (ialesl slp 0,8 4 pamie il S
Slge iz 3l oolatuwl @S candls o ol Cnl wialior Slge
Slge gewly 8550 0 ils 4 5L slaes Slasls 10 (G heligh
BULREL TR ):“L o gl ol Gl (K 5 U &

[54,55]5,5



o 53,5 5 Slasin iaiadior dlge

wbol, JLss 4 siadign dlge 5l eslaul b euST oS adgs
Oles O b b s gay an b Jgame oo (Rl 6l
S (9953 (ploord Sl aSTy did oy )b 5 6 i
Madgr loczy Wgdioo o lag Sl g Wbl e Gl
3929 o 5lis b aes so KU, ki a5 cenl ool asle
slos il o 30 6 iSL L olend oole S glaw il
Pl 55 53 ol 4 e e Sl 58 (5l S
"ol sles gl asls” lbes b )l > Sl DY game
W o KUy i Lod 4y atinly Gy b aS Wlos )57 ol

[59]

o -4

n5|)% .)..J}as,o RESWIY-S 0‘9A )" ool disluw S ) dhb,im}/
oy b Bl )85 9 (b e 5o (95 w8 mhaw J S
Sy50 (Ve JSK&) WS (0 a9z ey Syge 0 ) dgudl a5

55 3 eolil

o5 B o 59y 31 o Cedls hmtas pgios Sy ISl )+ S
@) JS& ol 5o el ool JSzs ploonds Slge 4y ol dialign oole vz
Slso ay (olazr (gla spmts (B) § 1oyt &) gy (59, 5y oaimo Ji
[60] asb o ol

Lyl o cpl 4o a8 Canl dilowas lase S bl s ( Jl= ol b
S50 0 Olidsd 5l Sy aiio e ca] S 4 o S
05950l cpizen WS co cdadlre b jguiw (ol I Ladlore olge

Sy S § (slRAOL 9 —F-)

5 Sliad join ((Shp Al g (S (S e 5
slp S Sy la s asile (pols slge ol plnil >
S gl wies Gl J 0 (sgias Hlas glas )l
B D ge 50 45 358 o0 pygte Pl S b (s ek Sl G
Wlgon Ko Sepp b (S e S o 3 GBS
Sglse s S 4l edle 358 Jadiie b bt
oo 9,10 JU s S5 lgie a2 1y O] sl (S w350 0

[57] 5L

Oluls pals -v-)

! Jpmme ) S Sy S slaall ol el 0
G985 @80 o dites (KB ladll; sasas JSuS
4l b L3l B Slye lazdy Uk ¢ alaally eir
olge 5l oolainl Lol conl 15 g 5 (),5 Sws 85 o> .aied
SSTHE @ aiS S g, sile 093 4 Wl oo wietign
oas oolaul S aladl> olae 5l oads asle sleoniss Jlasl
S8 lasad ol o g3 ols &yl b adilg e a8
aislgt oo 0033l (gl dmonims Jlasl o o] ase 4y S
Jlasl 5l eslaiul b aigd las Jgame gols (IS L ool a4
Ol e im0 lis [Ty alises slales 4y a5 glaosias
Sy T893 Sjgo d lge B o)S o sl a4 ]y OY game

[58]wigs

e ae Olgo Wl Lo pals -A-)

Oredail lin Jsame (Aly jes Cwl (See



el Sloj Uga PSS (G Soea

S axdi -V

5 9lse 55,0 L wlsioe ez 50 grbe SISEs I (6 ke
S s ired Nigd > b g Jotend daBign sl
St Sleas &l Sllg aiedisn slge 3l oS 5 5l eads as Lo
Olye 4 ates 095 Glyiie 4 Sl (i > L g)
s 4 S oLl slyy Gliime bawg wiadisn lo alillie
S)Li.é)ﬁgb)[ﬁj é“ﬁ @hﬁ?ﬂﬂwl W) wLw‘_sJJm
69590 50 Cpizman 5.5 oo oolatul piSTle Codial 31 lielsl
Lo owyimsd b 5 ol jshaie 4y diedsn olge i oolatul
ooliiiwl gz 55 (e S95 digi 4 S D95 o0 (Lda )5 Ll
b & oLy Sl bawg oad JUAl slad s age

g wiles 0039,

&=y

[1] [1] G.Song,V.Sethi,and H.-N. Li, “Vibration control
of civil structures using piezoceramic smart
materials: A review,” Eng. Struct., vol. 28, no. 11, pp.
1513-1524, 2006.

[2] [2] V. Giurgiutiu, “Review of smart-materials
actuation solutions for aeroelastic and vibration
control,” J. Intell. Mater. Syst. Struct., vol. 11, no. 7,
pp. 525-544, 2000.

[31 [3] R Yoshida, “Self-oscillating gels driven by the
Belousov-Zhabotinsky reaction as novel smart
materials,” Adv. Mater., vol. 22, no. 31, pp. 3463-
3483, 2010.

[4] [4] W. L. Suchanek and R. Riman, “Intelligent
synthesis of smart ceramic materials,” in Smart
Materials, CRC Press, 2008, pp. 1-2.

[51 [5] X Qiuand S. Hu, “Smart’ materials based on
cellulose: a review of the preparations, properties,
and applications,” Materials (Basel)., vol. 6, no. 3, pp.
738-781,2013.

[6] [6] B.Sim,H.S.Chae,and H.]. Choi, “Fabrication of
polyaniline coated iron oxide hybrid particles and
their dual stimuli-response under electric and
magnetic fields.,” Express Polym. Lett,, vol. 9, no. 8,
2015.

Sadigd sng )l slacill Wy Jlb o ke glbes b
o |y o lgsein] ailys oo oS aiis  SinSls Slxio wiile
O JS5) 0iiS oo Jiie abogsye gl 4 1y cledbol 5 aiis

L ol pa lgseil (008 man i 3953) Cidpasl sitalej] diged b V) IS
L63] Szl 8l puo i 2 iy lian G jganias

b coibal g5 ol Sass ke o Sl sle Gl
s 5o ol Jlo gy (b Wl a5 Sl 035y el Cibya
oS cod Langs oVlal Jols Jlis] Sligs ple sl
LUl RS b Cighe 925 ©jge 0 by oad S ple
ool JUizil s 1) bolKis ol gely Jlad (5,58 aiiS o 155
i b Loittne aiilgs o Slgo ol coas] o Lol 08 o 3g00e
Lal s onies gl Sge (31 03,5 STl 5 955 058

[60,61] oisl a0

oé)#u o> A oS —Ye—)
B ¥l o8 sl 458y (sla 955 e o Lo 0955t

SYgams glply oz hL pl g o (08 5l i Jle
162,63]aS o Lol lasedls sl 1) (Faij a5 oS oo ol



o )5 5 Slastie iiedgn dlse

[21] [21] S.]. Mazlouman, A. Mahanfar, C. Menon, and R.
G. Vaughan, “A review of mechanically
reconfigurable antennas using smart material
actuators,” in Proceedings of the 5th European
Conference on Antennas and Propagation (EUCAP),
2011, pp. 1076-1079.

[22] [22] H.T.BanksandA.]. Kurdila, “Hysteretic control
influence operators representing smart material
actuators: Identification and approximation,” in
Proceedings of 35th IEEE Conference on Decision
and Control, 1996, vol. 4, pp. 3711-3716.

[23] [23] Y.Yang, Y. Chen, Y. Li, M. Z. Q. Chen, and Y. Wei,
“Bioinspired robotic fingers based on pneumatic
actuator and 3D printing of smart material,” Soft
Robot., vol. 4, no. 2, pp. 147-162, 2017.

[24] [24] A. Lai, Z. Dy, C. L. Gan, and C. A. Schuh, “Shape
memory and superelastic ceramics at small scales,”
Science (80-. )., vol. 341, no. 6153, pp. 1505-1508,
2013.

[25] [25] F. K. Straub, “A feasibility study of using smart
materials for rotor control,” Smart Mater. Struct.,
vol. 5, no. 1, p. 1, 1996.

[26] [26] K. Markowski, K. Wojakowski, E. Pokropek,
and M. Marzecki, “Numerical and Experimental
Performance Analysis of the Chirped Fiber Bragg
Grating Based Abrasion Sensor for the Maintenance
Applications in the Industry 4.0,” Sensors, vol. 20,
no. 3, p. 770, 2020.

[27] [27] C. Sonnenfeld et al., “Microstructured optical
fiber sensors embedded in a laminate composite for
smart material applications,” Sensors, vol. 11, no. 3,
pp. 2566-2579, 2011.

[28] [28] J.Y.Jo,H.G.Jang, Y. C.Jung, D. C. Lee, and J. Kim,
“Revealing the Dependence of Molecular-Level
Force Transfer and Distribution on Polymer Cross-
Link Density via Mechanophores,” ACS Macro Lett.,
vol. 8, no. 8, pp. 882-887, 2019.

[29] [29] T.Kosuge etal., “Multicolor Mechanochromism
of a Polymer/Silica Composite with Dual Distinct
Mechanophores,” J. Am. Chem. Soc., vol. 141, no. 5,
pp. 1898-1902, 2019.

[30] [30] J]. M. Korde and B. Kandasubramanian,
“Biocompatible alkyl cyanoacrylates and their
derivatives as bio-adhesives,” Biomater. Sci., vol. 6,
no. 7, pp. 1691-1711, 2018.

[31] [31] C. Joseph, A. D. Jefferson, and M. B. Cantoni,
“Issues relating to the autonomic healing of
cementitious materials,” in First international
conference on self-healing materials, 2007, pp. 1-8.

[71 [71 K. Worden, W. A. Bullough, and ]. Haywood,
Smart technologies. World Scientific, 2003.

[8] [8] H. Nian et al, “Tetraphenylethene-based
tetracationic dicyclophanes: synthesis,
mechanochromic luminescence, and photochemical
reactions,” Chem. Commun., vol. 56, no. 21, pp.
3195-3198, 2020.

[9] [9] W. Voit, T. Ware, and K. Gall, “Radiation
crosslinked shape-memory polymers,” Polymer
(Guildf)., vol. 51, no. 15, pp. 3551-3559, 2010.

[10] [10] B. E. N. WADA, “Adaptive structures,” in 30th
Structures, Structural Dynamics and Materials
Conference, 1989, p. 1160.

[11] [11] R. C. Smith, Smart material systems: model
development. SIAM, 2005.

[12] [12] R. Bogue, “Smart materials: a review of recent
developments,” Assem. Autom., 2012.

[13] [13] B. Aissa, N. K. Memon, A. Ali, and M. K.
Khraisheh, “Recent progress in the growth and
applications of graphene as a smart material: A
review,” Front. Mater., vol. 2, p. 58, 2015.

[14] [14] C. A. Rogers, Smart Materials, Structures, and
Mathematical Issues: Selected Papers Presented at
the US Army Research Office Workshop on Smart
Materials, Structures, and Mathematical Issues,
Virginia Polytechnic Institute and State University,
Blacksburg, Virginia 2406, vol. 276. CRC, 1989.

[15] [15] M. Maheshwari, V. G. M. Annamdas, J. H. L.
Pang, A. Asundi, and S. C. Tjin, “Crack monitoring
using multiple smart materials; fiber-optic sensors
& piezo sensors,” Int. ]. Smart Nano Mater., vol. 8, no.
1, pp. 41-55, 2017.

[16] [16] ]J. Gardan, “Smart materials in additive
manufacturing: state of the art and trends,” Virtual
Phys. Prototyp., vol. 14, no. 1, pp. 1-18, 2019.

[17] [17] T. Duerig, D. Stoeckel, and D. Johnson, “SMA:
smart materials for medical applications,” in
European Workshop on Smart Structures in
Engineering and Technology, 2003, vol. 4763, pp. 7-
15.

[18] [18] M. G. Faulkner, J. ]J. Amalraj, and A.
Bhattacharyya, “Experimental determination of
thermal and electrical properties of Ni-Ti shape
memory wires,” Smart Mater. Struct., vol. 9, no. 5, p.
632, 2000.

[19] [19] S. Seeleckei and C. Busked, “Optimal control of
beam structures by shape memory wires,” WIT
Trans. Built Environ., vol. 31, 1970.

[20] [20] R. Bogue, “Smart materials: A review of
capabilities and applications,” Assem. Autom., 2014.



\F

el Sloj Uga PSS (G Soea

[45] [45] ]J. N. Schoess, “Conductive polymer sensor
arrays: A new approach for structural health
monitoring,” in Advanced Nondestructive
Evaluation for Structural and Biological Health
Monitoring, 2001, vol. 4335, pp. 9-19.

[46] [46] M. Barbosh, P. Singh, and A. Sadhu, “Empirical
mode decomposition and its variants: a review with
applications in structural health monitoring,” Smart
Mater. Struct., vol. 29, no. 9, p. 93001, 2020.

[47] [47] 1. Kang, M. ]. Schulz, J. H. Kim, V. Shanov, and D.
Shi, “A carbon nanotube strain sensor for structural
health monitoring,” Smart Mater. Struct., vol. 15, no.

3,p.737,2006.
[48] [48] ]. Oliveira, V. Correia, H. Castro, P. Martins, and
S. Lanceros-Mendez, “Polymer-based smart

materials by printing technologies: Improving
application and integration,” Addit. Manuf,, vol. 21,
pp. 269-283, 2018.

[49] [49] G. F. Zhao and W. N. Di, “Application
Perspective of Environmentally Responsive
Materials in the Downhole Operation,” in Materials
Science Forum, 2020, vol. 993, pp. 799-805.

[50] [50] T. D. Dao, N. S. Ha, N. S. Goo, and W.-R. Yu,
“Design, fabrication, and bending test of shape
memory polymer composite hinges for space
deployable structures,” J. Intell. Mater. Syst. Struct.,
vol. 29, no. 8, pp. 1560-1574, 2018.

[51] [51] A.A.Basheer, “Advances in the smart materials
applications in the aerospace industries,” Aircr. Eng.
Aerosp. Technol,, 2020.

[52] [52] A. Golshahr, E. Natarajan, M. S. Santhosh, R.
Sasikumar, S. Ramesh, and R. Durairaj, “Multiwall
carbon nanotube reinforced silicone for aerospace
applications,” Int. J. Mech. Prod. Eng. Res. Dev, vol. 8,
no. 4, pp. 743-752, 2018.

[53] [53] H.Zhao, A. Gachagan, G. Dobie, and T. Lardner,
“Wavelet analysis of poorly-focused ultrasonic
signal of pressure tube inspection in nuclear
industry,” in AIP Conference Proceedings, 2018, vol.
1949, no. 1, p. 170004.

[54] [54] I.N.QADER, K. 0. K. Mediha, F. DAGDELEN, and
Y. AYDOGDU, “A review of smart materials:
researches and applications,” El-Cezeri ]. Sci. Eng,,
vol. 6, no. 3, pp. 755-788, 2019.

[55] [55] V. Parvaneh and S. H. Khiabani, “Mechanical
and piezoresistive properties of self-sensing smart
concretes reinforced by carbon nanotubes,” Mech.
Adv. Mater. Struct., vol. 26, no. 11, pp. 993-1000,
2019.

[32] [32] D. Li, Q. He, and J. Li, “Smart core/shell
nanocomposites: intelligent polymers modified gold
nanoparticles,” Adv. Colloid Interface Sci., vol. 149,
no. 1-2, pp. 28-38, 2009.

[33] [33] R. Ramly, W. Kuntjoro, and M. K. A. Rahman,
“Using embedded fiber Bragg grating (FBG) sensors
in smart aircraft structure materials,” Procedia Eng.,
vol. 41, pp. 600-606, 2012.

[34] [34] S. Duan, J. Wy, J. Xia, and W. Lei, “Innovation
Strategy Selection Facilitates High-Performance
Flexible Piezoelectric Sensors,” Sensors, vol. 20, no.
10, p. 2820, 2020.

[35] [35] B. N. Sahoo, B. Choi, J. Seo, and T. Lee, “Hybrid
functional microfibers for textile electronics and
biosensors,” J. Semicond., vol. 39, no. 1, p. 11009,
2018.

[36] [36] F.Luan, B.Gu, A.S. L. Gomes, K.-T. Yong, S. Wen,
and P. N. Prasad, “Lasing in nanocomposite random
media,” Nano Today, vol. 10, no. 2, pp. 168-192,
2015.

[37] [37] K. R. C. Gisser et al,, “Nickel-Titanium Memory
Metal: A" Smart" Material Exhibiting a Solid-State
Phase Change and Superelasticity,” ]. Chem. Educ.,
vol. 71, no. 4, p. 334, 1994.

[38] [38] T. Chan et al., “Use of FBG optical sensors for
structural health monitoring: Practical application,”
in Australian Conference on Optical Fibre
Technology:  Bragg  Gratings, Poling and
Photosensitivity (30th), 2005, pp. 1-3.

[399 [39] Y. Yu and T. Ikeda, “Photodeformable
polymers: A new kind of promising smart material
for micro-and nano-applications,” Macromol. Chem.
Phys., vol. 206, no. 17, pp. 1705-1708, 2005.

[40] [40] J. Kopecek, “Swell gels,” Nature, vol. 417, no.
6887, pp. 389-391, 2002.

[41] [41] I.Kangetal., “Introduction to carbon nanotube
and nanofiber smart materials,” Compos. Part B
Eng., vol. 37, no. 6, pp. 382-394, 2006.

[42] [42] K. N. Melton, “General applications of SMA’s
and smart materials,” Shape Mem. Mater., pp. 220-
239,1998.

[43] [43] N. Jackson, L. Keeney, and A. Mathewson,
“Flexible-CMOS and biocompatible piezoelectric AIN
material for MEMS applications,” Smart Mater.
Struct,, vol. 22, no. 11, p. 115033, 2013.

[44] [44] V.K. Varadan and V.V Varadan, “Microsensors,
microelectromechanical systems (MEMS), and
electronics for smart structures and systems,” Smart
Mater. Struct., vol. 9, no. 6, p. 953, 2000.



o )5 5 Slastie iiedgn dlse

Applications of smart materials in drug delivery and
tissue engineering,” Mater. Sci. Eng. C, vol. 102, pp.
589-605, 2019.

[62] [62] K. W. Shah and W. Li, “A review on catalytic
nanomaterials for volatile organic compounds VOC
removal and their applications for healthy
buildings,” Nanomaterials, vol. 9, no. 6, p. 910, 2019.

[63] [63] P.Rizzo, “A review on the latest advancements
in the non-invasive evaluation/monitoring of dental
and trans-femoral implants,” Biomed. Eng. Lett., vol.
10, no. 1, pp. 83-102, 2020.

[64] [64] T. C. Callari, L. Moody, P. Magee, and D. Yang,
“‘Smart-not only intelligent!’Co-creating priorities
and design direction for ‘smart’footwear to support
independent ageing.,” Int. ]J. Fash. Des. Technol.
Educ., vol. 12, no. 3, pp. 313-324, 2019.

[65] [65] A.S.Lah, P. Fajfar, G. Kugler, and T. Rijavec, “A
NiTi alloy weft knitted fabric for smart firefighting
clothing,” Smart Mater. Struct., vol. 28, no. 6, p.
65014, 2019.

[56] [56] S. G. Farag, “Application of smart structural
system for smart sustainable cities,” in 2019 4th
MEC International Conference on Big Data and
Smart City (ICBDSC), 2019, pp. 1-5.

[57] [57] M. Cianchetti, C. Laschi, A. Menciassi, and P.
Dario, “Biomedical applications of soft robotics,”
Nat. Rev. Mater., vol. 3, no. 6, pp. 143-153,2018.

[58] [58] E. Lemaire, C. Ayela, and A. Atli, “Eco-friendly
materials for large area piezoelectronics: self-
oriented Rochelle salt in wood,” Smart Mater.
Struct., vol. 27, no. 2, p. 25005, 2018.

[59] [59] I. Safarik, E. Baldikova, ]. Prochazkova, M.
Safarikova, and K. Pospiskova, “Magnetically
modified agricultural and food waste: preparation
and application,” ]. Agric. Food Chem., vol. 66,no. 11,
pp. 2538-2552, 2018.

[60] [60] Y. Gao, L. Yu, J. C. Yeo, and C. T. Lim, “Flexible
hybrid sensors for health monitoring: materials and
mechanisms to render wearability,” Adv. Mater., vol.
32,no. 15, p. 1902133, 2020.

[61] [61] M. Sponchioni, U. C. Palmiero, and D.
Moscatelli, “Thermo-responsive polymers:



