24l 39 (99 S b 33 ) (3398 SN pitund (S oS T Judoxs
P 9o8es w59

Tt L2 e > 8L e
)lJi)l-ﬁ-MJ‘ f 25)4
ol olRsls  cwdige g (B 0aSitils el olSsls « cwdige g (B 0aSitilo

(&) e plal (&) o> plal
drmrnajafi@ihu.ac.ir ali.bagheri@ihu.ac.ir

VECFISN0 oy Gyl VECET il Gyl

ouS
25 L gleal ey anusi (DT 5 sladazme o (ol s slaens 5 Lol Lis sanlih cosal & azgi b
0397 10 &0yl Sl S gl glaaileles bwg Lol I 6ySelx jsliie 4 (aly (SetwsST
@lolis Jole (n ipe olsie 4 daallyy 5 (80 (StwsST 598 a5 LT 51 el oads had SitsgSTg o
sleailying Jolts @l slaly p e Al i £95 ez oy 4 Alie (nl )0 09l oo AZLS (o o slaly
ous a1y (SitussST gla Shag 9 Lty ilje 0)Shos Jlare 5165 5 c il gl icuny 5 ( (SoimssST
Lol 78" BB g b laly y (Rt Slapt ln iRle slagtsy 2l adlas ol Sas ool
95 Sopbine o)l (6l ol Sl S pgi adgi g eole JlSle alauly 4 ( SrwsST laal iy
ekl (ol ys Dlogrge (25> slaailels 1 aldIL 5 urlBicin s Glaal iy wiies el aecen

Coonl pollas g al 15 lesy (sbas )5 55 0509 4 g wims o )1 1) (6 505 (SuiwsST g ass 5 Y (6 ysibe

api

Fogae oy Soi )0 (598 slaals S (6T USS dyzme 3529 Jo 4 o Sy ladil iy jo3)ls (sl
3l b sob 4 nlpln g wleor (Bl ST b WS o0 SO S0 5 HeeelinglS ool 5 958 o0
L] drwgh Jodly oS e (SOl Sladad Bdo b 50 6,5 ol iy aisS o Jos plas o daasly
)8 gl 5 liie a4 i s ,5l8 (ul 51 S 2 aS e po (LS ) 2 (il @S IS ) b 5 5

i s 1y w5 ugh sladiliing )0 (S 5 b S8 15,54 C LB

PaP=IUE Slasea /PU a,lnu‘; [ A ayga [ 1151l / u:ill.n.i'jl g Ugua oale

SegS g o il cally g ((SeimgST 58 065 Al el g o Al tgalS BTSlg

J goemen oo g

AT



file:///C:/Users/pars/Desktop/New%20folder/ali.bagheri@ihu.ac.ir
mailto:drmrnajafi@ihu.ac.ir

132 09 1536l Ll / PU ojlodds / 1 ajga/ 1E:E Jhw / gislei)l g Ogua (gelc

\Vo

Sb el sla il 5l (o plgie 4 Glizen aly
algy e o oolla sla,gliss ;o 059 4 .Conl ouilo
SewsST sla S Lolids (6l iy o ST e
Ol pty ot plo (o) 2 g (nl 5l g ol
2 i 3l o StagST i 5l lailsy el
Syl b yolids ol Sldes Coial

@ apbyd asey SoPlnl coeal IS L
Lol e 3l S Ol 4 by slacl,
25 (2l @l 5l Glopese 5 ST ol
s & xbaw ) slacl, [1] ol oot slogg
Sl 4y asly il )5l eazey ladae L sl
21wl 3l 5 Vb )l 5 (SetesST (55 ol
14

ool @Bk o%kes 1 Wlgios lj g
20 088 fyend Jole g 0,080 el S o
@ b JUl g Geizmen SL Lol g5l
las yp ol Q2T (S5 4 il o SLLI glac]
ad,5 18 Malliys slooly azgi 9590 9,000 5l 9
95 639k, Heollim Glojle iges Glare 4 ounl
&2y Jllsd obys Can e cbli> alLS
Lo 5o py e ilesgaoe glp )5k
[5]wsleas

ouiy] Sloanugi 1o o (18 Ll (al Galnly
Sy S oo ol O 5 (ie slacdled 5 oo
IS 50 [6], [7], [8]w510,95 5 (oYL egall 35|
Lol alaz 3l ol 5 slacly; 5l alise glgil Y
slp a5 [10] (AUV) "slgs 4 [9] (ROV)
sanlie b wlas >hb Ol sl gels
ol

(2ly SOl arwg ;5 S slags sl 5l (S
ol Jb o aS s i sl
S Gyt [Ty, b 2l gl
b oosen bailin ol Jb onl b oyl |
53b5 (B3 (F0y9% (pgmmlisls wile ol il

doddo .Y
pe ol ghe py 50 el ele (pSaee
S Sy Jds 4 See glesl ol (SetwesT
QUSQJ..A O‘}‘-“ 4@ ‘QT ) sblose 4o Jl ol
).’9.’ Lﬁ‘ ».\Jj.m‘_s.o oolawl (SOLCMSQA 9 ‘Sv‘LwL.w )‘)J
‘_g.lawﬁ)' salole lawg ohg ‘_;..MJ;T
Mg xawpy olyeet sldalwg g bl een
Slopinew g (nl Gady Lol ple 51 (S
slailols lawgs a5 .\;;SGA WY G';L;'alas)l PRL ™
JB lgw emen (SiwsSTyue Slulis
1o uals 6La)lim|) asJllas ‘Q.;b.gL:.g ! ‘_GJL.,L...J
Llagl usle g (il sbapiasw 31 250
9 &8 0kR dgte slp S lagl s pis
3 chwy; o o bable glubs 365 ol

o] )|¢)95~)g ‘5‘0'}.{5 ml
ol ae 4 51 IS ok 4y ol SO 215 e
s9s0 wiile) SYloedle 5 Sl s alion sy
O3 2l Olyr (Seolidgyne g gy s
Slalllae [2]07 lpty sailobos 51 (S50 5050 5 i,
3y Gl g Ysans aily 195 45 el ool Lz

R AR RWPRAEIY S ne

[31o5ks & T o e ) S
(Silwdmle g Slily )| mals slag,qlid co iy L
JrsS oglae o b oV pile Sl g ool
2o Gl 4 8 Aw g sl b g oad
St g Lol [4] wlos S SaS (Sealiog,oun




I a S oLy alyn e Gl piay el
] 00 J.n.\.u ;o.l.ﬁ C.’LO.a.‘L’U 5 °j:{5 g_:l.c-}«ayc

Gt ot 1] 513 o

il 73 ouis, (MUV)
(Uv)

st 713 Sy 0uds,
(URV)

[12], Slazlge Yo (SiwsST 59 b goazme 4o
38 g slp 598 slo STl lacasgaze ol [13]
S drwg g 00,5 ol ey g slaasl iy

298 31 J 58 ey,
{ROV) ot e Lol 3 Sl ey

— (HURV)
0lydss ot 513 ey
(AUV)

[14]@14.»ﬁ) L;\ACJ\.:J)ouU)) t\}a‘ Y Jg.&

WS oo ol 1) oo L5 o8 o 5 VL ol JIRx
b lecaygels ly cuslio lany3S & 1y ol a8
S oo b a5 ST 50k SollE
s (o9 Bl Jiliiy gl Guizen
Slogrge DS, 3l aS conl il s sl
|y o] 5, cloplS) 5 sl oid aulis ol o
ol 6,15 e Vb e oo [22] 05 o (g jlvdiens
odezmn Lo b kel by 5 095 poile ol
ol wlBunn; il o Shy 5l (sl
23]

Sl i glas jglins 3 S 3] slalo 4o
hb dadlyy OMLiw malS 5 o Sles Sgupe
e 5ly Sl 009 C ly 4 pgse laal iy
oy &5 ated 2by0p5 GBI )3 (Gug spsld
&5 (nl 09dse el Ladyy ST by 5l T
30 S gl ol wole Jlsle Lo a4 il
Ty Uy Bl g pgasye slapians b b3
] A5 350 L]

S S e e Al
A e Wl oo S e (S Oladad lasd
o sable b aglio ;o0 Sl g Lials
Ol (659l8 dnusgi 5 aalllan oplply [24] 05
5 cly (ST laalliiy wilen )3l

[15] SawsST sl ploasl oy jshaie o
[18] 3 5 [17] coyply [16] Todscwws;
)'l L@QT Er N Jle Q.)" 49 S wloods OLQM

Dl o ANy (SwsS | alie glodi

SR

J : e
) B

e Dre E———

Y o SWREPRRL
=iy

e

o1 .
wy S ap

oyt s |

(e 5 Wl ) STl ¥ S

Sox laie a2l ny (SewssT glaailig
SesS st 545 e g9 5 8L 25T
il iy St [19] cesl a8 51,8 a 55 550
T Fyo glsel » G (SesSls e
slp BAW) ® oz 5o glsel 5 (SAW)
15 [20] wloads b me SrsS olihia ;5 slactl,
I olsee  SetwsSTo e aliin Sl
5 Sz 4 ohiws sl Yo sla il
xS Sa [21] o5 eolansl YL g JB>
(S Sz sS el daail iy cnl ;o Vb slauils 6

L le / PU ojlasis / 1 ajga/ 1l / jiles)l g CGiguo oele dupis

152 00 1535

\Y#




2o 536l e / PUojlouds / 1 ajga/ 1 |l / giles)l g dGigua gale

\YY

il s Sy 555 g & g AV
S PZT aile S pSlgpn paie 5l bg, opl 5o
S o8 iy SO Ay aS 0l o ookl il )l sl
SO oS ol lis g g Sl pl o el e
S SO aaid oge o 1) S pSUlg e S
9 0)9])0 MS)? L g_j).’:‘) O ‘) 6‘4\3‘5).3 L el

[28] YasS ol A il s (59

(@) =Sl A Ay

S ==

- Sl o SBLL

S S s ey 500 OGS F S
[28Jens 2 5 il (@ s S (il 4l
SopSlyrn Aliin SO plee A e 0l
Sgazme 003k oS 5 Lol ogdios (Brme (rbawn;
e oSS olal p ally ol 033L LPZT Joos
e se by S pledily g azgi LB (6351 Sl 4y
033 aly p ISLe S5 S5, (nl o)k 4 [29]
SelS 1, (@l 5 S50 58 5 S8 i 53 o8
) &l 2557 655 e B o 5 Canl 03,55 i

el 00ls s
(3 0,5535 35 Syold (SeimsST gige S 15
oilpion lp aS casloas ubesl g ezl &b
4550 il el ceslio VS sS O 5 slacl,
0,8 LSl g gy cald g0 idls o

Ryl slply 6555 (il (69,0 Wlg oo
[30] w5 palp U

el Al (LS Al ks & wdEican;
Cuonl Pl 55 SeiwsST (5 ety ubils (o) 0

SirgST g youd &l iy Y

Jyee a5 ks ighaw ) 6)lie ool o
WS o el SnsSTg en sloail iy 5l soliial
985 9 0392 (s slem sl pl po Laddly y IS
Syisn by 5yl pas e lapl sads
4 e spblinog 2SIl (sloygige (pizran [25]
@ Combes o (Sl Jl szl @ 5l s
‘_;‘..‘...;551 Py Jdoa ‘_,,S.......;;T sl i ¢ Jilio
Sl glan S cgesle JLEle § SeS olal oS
[26] s 05500 sl

P Sye Ty (SHle dlon sl a4 dats)
[27] a8 slom! gl piiy by B 95 0 Sl Jlows
sl oS e ks laié Lo 4y puilSe ol
Slr ooyl ihy o)l (SHls ng ol s VL
S oy Sy Slaal 5 Se slacl,

SegST il iy (slos H9ld (guyaiiab )Y

ol Jol » Lges (ol (StwsST sloal iy
sl O b &5 wiin (S Sl po ¥ (SessST
Ok obml com oSy Jlow G 0 (S9e 55!
P Fee e o ST sdee Jlw bl
Ol ol 5 S5 lay 55 055 518 O 5o
pom 03l Bebo | Dgo ags 00lo ilgi o (SitwsST
2 ol sl a b Wbk cex 0 (e
sbml @l Jeol el (SitwsST ol iy
) alizee 9,805, iz 5 3500 ooliial (A, (5953

0 pos p OloS o0




(ally

(W)

[30] a)jjjjbdg.::y‘ﬁﬂj}fyL&Jﬁ.ﬂﬂ)&b)dﬁiéﬂéd}«é‘(u}ég::ujblu(uj‘?Jg.l

W A L
s p2Ca =
LA s
(! s
“ S

o 3 (S ST joen (5,5 200 S5
[32] GL» J:'-\.s W (S

ssb & gy ol Jesdl S (595 ooyl Slilee 4
90 (pl 00,5 o Jsl s> Jaw 355 5 oloje
5 ORS z9) ST olgie 4 mle —asl> jre j0 g5
5 ol 53 BBl g ol 9 03,8 Jee 25T

[33] aias oo JuSis | ail iy
Oav sl cole lp oaxe b gl
Sygo SO aSlein sl Jawe 5l colaiul b ailyy

ol Jlo o (SetwgSTg e ail iy 5l g5 ol
il 2o )5 Gl g S;eS whide jo i
Eyeae sldazoale b SHeS Sagls slacl,

asks e (Fgels gladil b Y)Y

S e
sl S &§ LK “_;.:.‘:..»5515)5\,,@ slalels o
O e 3 S 50 418 Sgl sl Joe s, 2
sbml (SeiwsST (b JLad ple 5 (Joare) wal>
oslasel o Sl o a4 eaay (pl 09l se
a5 jebolea [21] sas o 7 bae g0 (SiiwsST
aS yoxe (Ggymd el oal ool lis O S o
S o G e B @ (550 s 3l (SessST

= & .
Gy i

15239 536l e / PU ajladis / 1 ajga/ 15 by / gilei)l g digua ool

\YA




2o 536l e / PUojlouds / 1 ajga/ 1 |l / giles)l g dGigua gale

YvAa

hw Fge g0 &l gy Y)Y
Ay 5l (S el (SsST gse (558
Vb Jle (83 L Sgol 8 lsel sl (612 Lot
Sl S5l 5598 (nl )3 ol 5,80 45 50
i 05 o oalii] M gatd Sligs aiile S 2Sg 5y
S ooyl s 5 ebans 3 1, Sgo zge algi o
ST 8 sy ot o
Ao 5l g 953 o0 ddgi Sigul sl slaJoe Lasss
Sl b Sro B Sox ype 4 Seslus
s zse ol [30] 005 o ek (SinsST
o Vbl iS58 cde w0l @ g, K
s e dbml g8 (SeiwsST by
0y a2 b aS aedy Jhw 4 (S5 sl slaclil
ool [37] G Sllos B sl cpl o (6,50
Shor Glp Seaddsly Se 0je> o LILE 2l
5,5 IS 4 B oslolan g (s lubogline « Yl

S o ooy p [B9] 25 5 05,5 bawss b (sl
BB SO 4 SAW auls O sl b asdlys
wols plas g aipslpe oS> ol s, | ol SzsS
S i SessT byr Jol &

g e (9SwgSle
S olsz [40] ofKes 5 S5 TS
ooyl aslos,S (55w oS |y (xban s SAW il iy
FoBe ¥ )5 (el B L i Sliss 4l S
Ol 9 B 0 )S Blae Ol g0 1) o 5 axsLe
lp Sl by, onl SeS 4 aS 6 2ol ]
VB sgam jo Ll) s95 «Dly O 69955 Ol
@ SEsS gl 4z ST b S oslwil g e
@l SzoS sl o2 4 az g5 b Lol sy oo s
60 350> 1o 55 Sz Jolae 5 035 azgy LB
ol b 5SS adbee e S sadslS

potie OLSen o Gomedl iged (6l Cunl aid S
ol [34] Ko S By |, Sl il 2l
oolitul o xSy sbSins 5l Yoare baasl oy
9 oD e Dol Gl 8 Sy 0 a5 S o
glsel ol chndi LS o piiie O o Jso glsal
Sl Slal gl sbal cel e (S0 o
Ol Caze lo 1y i) g9y GRS A4S 0ed e
Conl (SGle Dlakad g wlgy S Bd> 0 S,
oy o Llol wili ol w5 e [21]
Sdgual il 150 g 500 diged Zensl (SoiansST
Arwg Ko g 1gule 4" Cawl S i dalad g
oo b lass olgs oo a8 ks L by T [35] wsols
odne gl (Jb pl b oS buls 1) Jlw g
Sldowe  p e SaiwsST slaail iy
o o 9 YL plendly 4 plitws S xSl
@ dgaze | Lo )5 (Lo fed 4 g el SIS
S (o0 SzeS slacl,

Slads) Glaiges locuzr ailiin 9 Slml Gl
o> So el a5 oals (2Ll (law g SL
sbwl 4 2hb pl il Jow G Sy ols
5 S oo NS Ll Hlad Jleel jo Jolaiel Loyl
(7 J58) Sle oo (Soe | (B Zuz o0 2S5 >

(<) ()

Gl i b odig ) &S5 ad sl 45 5as 5 IS

[20] S ST




155 S o 05 &S gt Lo Vol allyyy g0 ]
[417] cel Jlow yo 595 J3les )l 51 256 v A Saw Of | sawon
G0l el uils 8 Y-Y-Y

B ool Glapuils B 5o (SeimsST glaailig
laows B oo 03gdote O LQQT )“ ‘5)1._3.%3 9 JJ-IS‘SO

Uy Body s (S p wizie alis §allS
ol Ll ‘&)li Iy 5 ,2elS Lm.‘? G 319..01 ua.o/w ol &JTJ“N il LSWJ&;JLJ AJ§.~
:Mb"sc ‘5,5:%0 SR A'Lob S Jises [40] &7 55 SAW &1ty (65,5 (5,5 o514
o8 S p,elKe 9> o Luils,8 L SAW ol e,
iz Vbl 52l e 05 e 18 Sy Sl o33l a8 wily s o Sen 5 K5
SO Jgl 2530 Jolo (SimmsS T ol 5l e ol sl ke doys £o b Fe oy o] al ey
03 Wiz 9> 3 5 SzS jleer O )3 S50 zyesb daglin L5 pgn s sloaly oy yigs Lol b o5y
& gl 5l (2655 aAlols 1o zge g el (99,5 GV CuasS lgice ) Vb el ol cle a5 el
Ol 5 [40] ohlSen 5 KI5 ogion Iree 29 s i 4 Sl 8 55 b g0 T gl
ol 59 e s il oSUT cle 4 &5 WS o) Sligws s S )0 45 psas 4 el
ot labald y3 ool (Ggo oo SN laoliiins W Ly jsd 5 ol Sl (SlSe o lals
Sl ST sl n g s olfiws 5l e Sy 390>

apli

Egeme 40 [40] Sl vemg g0l S
i Seap alols jo o a5l G il e (B 3925 poc 5 YU jlows 15,3 s 4 SAW w2y
S Sdes odguze I 51,8 )L‘M P ¥ s 2 Ol Gy VL iy oSy Slakab
5 035 Py (SeiwsSlones slo K Ll RSPC S AR T SUK S I
wslos o s [42] G 0ot b6 Sas ol b

Sy g Julow V-V

Lol Caslo  SitwsST L5 5l SAW il iy ]
 StorsST gladil iy Arwgs ol laal S
(SiwsS gy il phoy 395 i - S slaaly s b anglie o (SiwsST g8 LialS
4 ‘_’5&2.‘;.,;5579).\,,@ sleail g YU o jlae 4 axgi b

5V 5 Sk s odg kB I SAW g5 o il Slas g g o

e Jeo ol boaal il
) 3 oL 3P S 95
(Ko wos g Luals o N-Y-Y

82,3 550 Ay (5 3ol s gl (sla 2l Lf T T
S [A3] el Sl Glapius o &3luSzsS Ol gls cly p Ba> b (SeiwsST sl b, 5o
oy ol Sl oo 5] s 45 Lo 09l slS 209,00 Oy 5l 55 il sloars 5l LG
3 IS A b e el S8 5 s T TR T R o
ovgee Gl o |y s o3l cialy ralS o> e slaygige (Sl slalas s SLil)
s men 4 [44] sl 45 Sz (ol 4o reiens (S50 3155 Ll 2, s Lapges

Sogul 2l SO Sl e Swws Sl salS

L le / PU ojlasis / 11 agga/ 1 |l / jiles)l g Giguo (el

152 00 1535




132 09 1536l Ll / PU ojlodds / 1 ajga/ 1E:E Jhw / gislei)l g Ogua (gelc

AN

ol Wile gezm> Slag s Ay S al jeSn
ool a5 | s Ceaglie 5o ;b 4 wlgi_co s,
) SeiwsSTo e 1 g (Sealuog o leail

[46] sas il

39,50 ALl (plplo Loy s aklal) Joe
SzsS slaguliie 5 (SiwsST ail il slopiancn

Al sl )8 e Sl g S Wiile
25 Jsol ez 51 Sa s slacl; sl oo
5 P Ol Lol caile oo Coll pinn 0, Sles

SemgS Ty e &l oy (glacs 5l glgil (ammlin ) Jour

ankad (yg0s ol 3 £9 |4ilso
o b g0 gy b SC pisIlg 5y .
. . . S b3 .
o 3L b glgel | 5o (SetsST ol L T | M emilse
3 ) ) 4 Jate S iSdlg5n )
Jbes S 5IYL Ele —anl> ;e ‘ 9
dxlad 3929
3l ,las (alg ) o ks
S i
.y .. .. .. .. ol 8
3,25 oo 3 ,2elS laas U oo 3 ,2elS las U oo
> ySlos
Sleaily slaasly s SGo3) YU s 5o caelae AW ol o33b
3.~A
oL (alg3 5 Jowe S og yiSJI
A1 oo L) omb b | osmmluds 030 oml | g lsn e bawste .
(Loyg9 000 4l (Dgol 2 )0 g (S 33| )
iy 4y 5ld) dgucme Jomiily
NI Nt OTIT R 9 %
(Sl SiwSe s
L sl p,ls
[41] [40] 5,45 5 Bgye J=ls slacly, daclyyg S
Lol
a5k (>, Ol Cudgaze olals ¢yl eo3b skl
L Sgiote (§9 i S S .
a8 iy olge Sl ol

by slach, 5l ke gl 5 [S1] ws
Lol (rl s j5eb J 5o Glares wliicwn
5 Seeludger Jeol 5l xS L
Gl ez 0 pglie psb a4 ((SetwsSTy e
e b g pdygedal g po (RolS (s b (2,18

[32]wig oo 3l

ST 5 30 ol 5 sladil iy ¥
@loaliny @ () wlBicen; sleal iy
sl g Lol 5l (6510 s8N L a5 290 c0 MU
[49], [50]wsloas >l Sb o Slogzge 25 >

@y by sl daale il (e, 5l pledl L
e VY Lo 50 g g, b @y apdiioa




pe ade ;0 aldS ol vy @ aslsl o

S 2 s - -Y
b0 Slogzge lee yo (il iy 5l e siie slagSl
255800 s Sy b S e a5 Sad e 2l
Gl ganail (e aites Glais 293 ol
g & [55] g g 500 lawgs by gl
@ 0B e ) (gl ptinns ¢ il pioy plasl £g5 ol
Sl o le a8 [56]aisd so s ol (4w s

(BCF) "W oo alb 5 o il —
(MPF) "® si> 5 Gl alb il —

Ve e " al oa _
Sy S Sly il g

| «—w;‘r—tr |

IS
ey | v

A g5 25y a1+ S

Sllog Bk 5l olie 6o BCFJus s
Sllogs al 09800 eali 05 09 41 9 oy Simlon
Gox 9 00)S ol oy SLbl o | OT ol
dly ©ya8 Gl Jaw pl aisS oo adei ol
Jod JB 6 nd)sbe 5 cle (25 2 s)luly YL
Olpse il g9 onl 3L sblse 51 [57] e
o)Ll ol s yus i CuilB g YU (65,3 o035l &

S,5

2 e gledilin s bl 31 (S
Gl 4l byl (Fhs cnl ol &5 > 5l Jol>
oS ) slol, wile ol )5 6l p Cld

[53] el os S Jos pg

SeiaasST 355 52 %0 Jolge N
2 5 Jelse (omyp e 3 lale o
5 sl adscas; slal, 51 AL pe
oty 1 {54] ol Kan 5 Sl 2 Lt
2 AwsS Sy sl 5l aid Seledl sdBcen;
ol Ban el odds gy 2105 Ol g GRS
2 Sleg e o ity Jeily (o)l caxdlas
Sfles Ssutn 5 pbdlie i AY ny S
i cwl o0y sy slaable  (SweS|
2l 5 Setageg Ghbg a5 o plad o
(46 2 e A 5V ) oadpiales] b2 slace
YU o yuils )8 o0gae 0 g Jlobae rals el
Syo Lid el anie ol (55,eelS T- LY
Cawddy 4l p e A Cepw )0 hgwo VO Joleo

Sl

N

"

velimiy = ammoth coetmg
Vo o inelived pillars

Hle gl

w0
()
0
A
m

ke slagsie

e mn » 0

(Hz) uils 8
Sy 31 a0 B el St i s (1Y IS

Y (gla wlS 3 55 51 55 4 5 BB J2alS (O 5 4w S
[54]

(dB/1pPa) e Sul

2o 536l e / PU ojlasds / 1 ajga/ 1l / giles)l g Ciguo (oele

YAY




I!l_.'I:IF“ﬂ]lnlilllFﬂjg:ll |Fl|‘dllll/uillﬁjlgl:lgla un.l: I‘\._!jlill

132 b9 530

YAY

S Ry g ad 50 g oale Culy po eub LSS
Ak a8

by bles alos laals 5 op 52 Sl 2> o
5 om0 Sute glaals S Jsexs e)lS Sl
Slasl 09l co cael oyl il (YL o s
@ oo Jasl azs jo g asl uals cae 4 b,
sels s ol a [63] ogd e Caws,ge
A5 sl o o 05 S > gaesb
oealS 1) laals 3 0l g Dol g U3l
ST 5 250 b %00 55 ] 5 a0
@ Mg pg Ol e Job 1ol L Grizeen
Sl oS (Shge 0 alos Rl (g BB b
05 S b lgiise w55 e il 53
6oLy Ol a1y osdolml 55 (25 > zaedsb
Sl rals

Jsb sln 599 Olee 1o Sgo Ay I JS2 50
g0 dad ;0 .ol 0al ools inles it slazge
s I3 b 5 o)l b 5 5580 Do Lt
65):‘.-;6&*“))‘5 o’)"..a‘jd.go..\.,i’:).&.:.;.o 6“'\*’ A T9e
b A (ES > e & S 4z 0 ) 0ai YL
QS o Sl boadl ol b oe LialiEl (6 pKei
Sgo ualS aie;ls Qlﬁ.ﬂ sladiss 5l gl oS
YRRV L G ‘_,;gl)lf LI WP E PR WAR WY
aile JolisS zge Jsb L ol SLs Jlo lsie
29SS 3 S g Wil e 58S
ail ol 4l Kise glacy sels (gl 4z
[64]

Olwg wils 8 9 Jag il due .¥-)-Y

Cd 45 el ay (yay el G MY lag il sas
5 Olwss il 3 aile (S > il )8 slrdasin
O el S o lo 1) (6 g e o 4y dals
@D 9 S oo Wl Ls sla Shg cinogs o g0lS

5 So sladll oS 5 oS > &b 5| MPF Jas
(99 Q_ll w@ywuu QULA?L}LA‘S‘L&.‘?
p."a\)s I, @azee Oloz o 380 Jlaws joile cudild
6lad 13 g ol cepn b Lt gl el 900 0
Lg)‘d..ll.s » 05)*.9 GJAA U"‘ w‘ WLA.A bsm
sloce pw ;o Yo wiliy Gleadly wogs (S >
.[58]o)|o o=k

95 9 S po (plo asile b jo Slogge 5l (S
P ﬁ.k.‘g“_éua&;l Lcha)t;_&Lw )'l Lg).:fa).e‘.g L ¢ L;.’.le.)é
Gk 3l Gl e obml 4y ol ( Dlas S
ol 5 [59] wiie oy L Ol Co panslSe
oawiS pdodllasl o,a> o J3ls 4 Ol ol ¢ o,
abaize sloo,lgns SLSU (oLl b ¢ 050 o0
Sy 5V HLed b T oS e o3l S 5l onlial L
Wwgny Syl d9doe ouily grm 4 J5b
Sydon (a5 Sbjy Ry (e g ke &5 > el
oy BB St balils g cas pals e
[60]s,1s

'
ads! plast ALt sk ol

L 2bos ws,e Sl 5 Shes oo A S
[61] ﬁ};rf 5 Shas

ol &S > 290 655 BCF il Joe ,o
@ boee b opSpy0 1) oo Job pled conl (Ses
D9 dgaza po 4>l

Loy (5, g9 <V ysiekeSl > o Ui gl
5 (ployle aile) wiS o b1y ale oy yuli s
3 & Hlog odes e sl cl> o oS Jl>
9 sl [62] ol 3g05me s iy iS5
shalsS T Whe o 9




OLsz w23y 9 j¥ey sue ¥)-Y

lolecel ol Galgn, sae JWlBl L ( IS5 b 4
B slao )0 (V555 g o 9 48, YL (>
09y SV jalgin; dac az o [69] 05 o st
Sae ;0) 90,F o0 ki QLD ngi GialEl wg,
w03l b ey aldl SWl bl sleyaden,
(09 oo oddlie g 0 lala>Mo B il
S wad e Gl 5 sy e pbicw X
e gy sae Al S p dges Sy o
B oo Do LS Gugaste Sl 4

ol L as 0 e anl 50 slals 5 lae gy
Ko a4 dlos gbab s cos Galsy, sue
S 6r90 Jelgd j0 g wbioe Gl (6 et
Slejsn; das yo b Jluly plizmes S
9 Cude glaasls S (Yeee B Yeee dg02) b
P s b3 S (55, L5 w00d S5 ke
5 Fho il lads camslis o5 WS
sae slp Ll [70] el oL S u;i:.n.w'l
S5 @ ol dlis glaale 5 5V slajalsn,
7y cdle a5 anlige )0 wsSae (e)l5 (555
P Grer po el S i o
YU jalan; sae o hsd mhw (55, im0 @Y o
28 S9br wzse Jhw Fgd owyml Sl
P L71] 0gs o Il e 4 Lo Yoy
R R e S L CR e
i Olg 4z ST galsn; soe Gl S)le 4
e ) ol (Gge sladl wilg go Jg @ psa L,
a2 iolisl sol;

&l gl (i L L F-Y-Y

Do 5 0by> STy 2 sesiios 23U Gy IS5
(owdid s sldaasiine SO ol ol el
Lol Gloogi sl b hgd g Job @ Cualed S
ozl ohBes 5 (J bl nl Sl o n ol
oolizsl Sglite clocwlies b L o ke by,

—A05 —A0.67—~1

—An 1S ——)0L5 —2An2
1.0%10% e
8.0x107 3 i R 2
sox107| 150° / :
4.0x107 / f
200107 | :
0.0 180°}
2.0%107 \
4.0x107 \ f A
gox1071 210° '\\ " A=A / 330°

8.0%107 MRS
1.0%10* 240°

N 300

P s

dsb (517 093 Oln G 5o imy 5501 8 IS
[65] Cakises slagr 5o

JUg il sas 51 (Sob evgamme Lt (b ) (lale
b oS o Lais> |, (+/F b /Y 350> Ygane) dig
Ml 1) [66] wisl ain olaxS s sl
O Jog ) Glosi ol 5 l331 L a5 55, 00

S et e Ol 5l (8L Dge Dl
Gl e gyl sae lBl L s
5e g b b T L olyan Lol o il
o5 Sl Jogytul slasl jo 098 e ie
S99 009 pxd Aleles (T ol o Shee
Lodl cpl jo cul oals cdnlin e alls il
Sy gl Sl 4 Jogh ity slaals S )]
S ol gl 0 @S Ry g Cel Sl e
(V S55p) 53,5 sl leg,iwl o [67] wle
S i 3295 9 0 bl Jlows 50 (5 g (Soad]
St Gl S oS b osb e oy
b stebive (o258 g, 99 2 (g0 g 95 slaadlie
S ol Gl by b ogdle 4y i jls Jlag il sae
Vb gmme IS8 40 S5 > 390 Sy 50 g
Sk Rl (Sl 5 Alpiay Ca 59 9 99y
Ceons &y 0053055 D90 (5l ilS B (yeizmen [68]
el el s o 5 A e Jae YL polie

bee a5 Slgal (nl o0

2o 536l e / PU ojlasds / 1 ajga/ 1l / giles)l g Ciguo (oele

VAY




I!ul.l:ll‘“!]lﬂlilll"ﬂlsﬂl |Fl|‘dllll/|_|il|ﬂ.'l']l5l:|5.|n uﬂ.l.l: ﬁg_piu

132 b9 530

YA

o3l 03Lo £9i.O-1-T
Ol 39 S8 3 55 00le 5 (355 3 lge » ogdle
Jbe plgie 4 0)lo (a5 Bb) lediie 59
&0 R parine sla Sy b5 e Jie oy olge
5 piydills glacl, cilo gl | lagT a5 &l
ok, [74] oS o cwlie lmr o
Sl aS aigd oo wum&yﬁyw@@m
3030 eap g WL Ol b (SwssT Hlie
WSS e dgame ol 3 o 1y gl o,Shee Ul
by Sy oooe sl ool eledl b plassee
Sl 4 Cowd Sk, (pl 5wl Jjg 00
Sre S3F Alp TV dgu> (Jsere (v
Sy anels ) (Sole a9 o)l 65 (UL
2 L5 (5,0080 ) B 35,058 V0 5 Sy el

[75] S oo Joe (S0 290

Wil Jaases Jugd ax o as ol lid gl s )5
Sl oS Gysb 4 0gdon feS sades A, 595
a2 Loy bogte Gl (5955 peted e slo s
(Jlie jo [72] sgi 0 siie > b oopw, yio
AP L ol ey eadldll Ggo lid
Sl g8 0 lu b 0gd oo 0l Gl 4y Cwlbes
Al (6 St ojle Cul (Sow ax T Satus
S oo Ay o3k g 9 Sl Gl (Jg sl
Ol% 25 5 Sl o pusSae abaly ol [73]
JJG‘)J&.))LjoM” QAA&_{JG}‘)IGASWLM
ol alss Cuje Wl e wlBCan Al
Al 50 e Jhall b oolen Saipg> SIS

sk

Sl il

Y s pipadllan! (590 (SotgST (550

Pl 50 land

g #) —

2l e

Lialei b olar PVA J5g,00 Sl HABH ol cilo 5 oo (wsye SeimsST cudlas VY S
[76] o ;5 (SeilSo (5 dydllan




JU L e S 5o il g ySe ol 5o [ 78]
ailg e i 0 Ygano o5 jgilinl 50,5 o 518
G alon 5l (295 255 Ol webor woad
O 3l U (oSTy gLt g 03,5 et (g0
3 sblie w3 ol [79] oS o 25 1, il
Oselingls Jloxal (2alS g Lag s e Jolss alo
D,18 ol yad 4y JaS g o] &S agleoy S o
DS Gozes @blze Jddo 4 ca Sy laadl g
S Sl g slisngn lizt sgrg pae N
wd S B4 e 2bye sbealels jo (il v
s 50 s sl 5 S cnlpls 5 Wi oo
sladil is Llse cpl 099 b Ll [80] axiwe
or e g st 29 5l s)le Glizmen S Sl
o o ©y958 Sy 2 o1 5l ol (SznsST 5299
|y oS5 glasialoj] g dalllas ) L5 a5 sl ot
AL e olon

Sl pj e yily 3198 0-F

g (AU il sla iy 5l Wiy o co iy g
23 slally 5 wlalss )| s 4 Gy (S 93
S S VLTS T RRT
285 Jib 5l e 3l om 2l ol sl Saasl
b Lol bl 5 S ) dels aud
LBI] wyls fos (IS 5255 30 (Sod c(ygumsliasls
Ol g 4 ds Ji oz s oo il Slogas
ot Ygora 0byz ob 51 Jeolo 58 sl Sglite
15 (6 iin 655l (bl sl il )8 50 g el wily
Sl (S (Sl slizl 5 (A g a5 Jl> o

[82] o5 jallb ™ JUgs (sla uils 8 50

bee yily g (9 (i V-)-F
( Sy dlsy osn) Sl co g9 slace il 4o
Z95 2l Cepuay LIS Lol i osas (i
e 5 o) anlllas gzl el Gl Sl LT L
alold o )b, bYusl asl as sas o ylias [83]

ilhold slcosgaome Jdo 4 ol Jb o
P e adiicen; of co ity Glapi.

Ologrge o28ly g oSl mhaw 4 axies
L77] sy 2y

"l.... v "} ‘SLbd-“ - ") )..193 - > . .‘i_‘ﬂ
SalS gl ad@icans ;) Sl G dod> Oyge
= SHI Glo Sy o 4 el 0> B sl g8
Olwg milS8 «(olisS (5 > zgasb) )52 LS
Sl 5 0 oy (S sS Jlog el 200) ol

@ gy hgie S 5 (05 g 4 Culs Cud)
&S MS)} (oMJ)...S )de....:) dae) U"JL’

sladil i 10 e » J5e Jelse. 1 Jgo

Ry el b, adlgo
Tedob) proae Sl jleslinal | _
(s 5 S sl
Slocygale jo LS 3 uals
ol 5 ALl
o3k y> Jlog il riloass
(SsS Jog sl das) dge
Sk als S g Sy J 0S8
o) Sk g 00025 (o
(oS Py 4 Culxs
AwgS Cawgy HlSLo 3l oolaiul

Olwgs 5,8

s dae

Jigp S5

(Fhas (b
zoedsk
&S

2NJES g ey oile (b

aiile a8 iy olge 5l oolaul s
I O

o 59,00

Ol 3550 Car ily il iy ¥
Sl SO 0350 5589, ol C iy il iy SO
ol leoy 5l lacgeme L oljen  (soil>
Sl 00 LSCas )931.'2....4‘ L ub):> LgoA;.:SCA,..‘A@

b e / PU ajlosis / 1 ajga/ 18 b / jileijl g GOgua oole dpin

132 0D 156

AP




hbl.:IF“njlnlil/"‘njg:ll |Fl|‘dllll/uillﬁjlgl:lgla un.l.: c‘\gpiu

132 b9 530

\AY

S35 5 s B i el 00 2S ilS 3
Jlo sl sl 55 0t il a8 2 0 (Sse
B S T ST I eV N -LRCE SRS
P g e Hlews &5 Ssdige piiie Fe Ve U
Ol 0 ol GilS 3 slalos 15 [87] ol s
Jolsh )0 s )0 g Wgd oo piiine (5SSl L
Wigd oyl (65590

b 5ye Yoo S5l YL gla il 8 0 (blie o
(Sley it Sl b ge CIES, s Cr ly 299
gy sboadlse I (55 WG oo Cxply ng
L S sleadlge g aadl (L > 5l (A6
Sl sl S pecd, b lgs Sl izl 5l s
(b amain ez else 3B cow s ol 655U
L g9, 4S5 5k eol0 51,8 (gl glS £989 5 ,L05
etz Pl orie SlgS oo grmlin S Bas
Ll ps JrS gyl 5 eed omly slaslh 0 g
Rl e s 28 iU ane b s ol
s Cxly ny e

e ls (6995 Ol S Rl az ST e
e Lol el ol e Sgo L v iolisl 4
S5 b IS Gz 3 ol e
2 Uil b Koo lo a4 [88] el asly e
el uilS 3 g 95,00 Yo g 5 o
i e gla S8 cnl 1) 0S cad (6t
St roy oedly 5B e e sl Shs U
(b Cepm

WD g Bilgi o aS Cal (Gloddy 5 (ygamligls
42 g Sarge g9 5l 4) S jily lgil o S oy
SLbI L Gy 599y 50 HLad 2l (Gl slace il
aS gl i ,Bu slacls JSis 4y Wlgs oo oy
Sbul Yo il 3 b wlbose g dagl (o3
G 9 Sl calie (b lpln [89]0S

78 _pressure (refe2eqs)

(9 sao 5l 5L ksl Ve BA g0
50 el YU jLiasd Co 1y G50 198 a5 bl
Bad slo Kasl 5 laals 5 1S enp @l ol
Sy oo ol lae 4 SitwsST Zlgel LS el
Oy se7me Shtal j3 L 595 (6 8 uizmen
lisly j0 el Sal (s yidos 45 (5 ek 4wl S
s Sy ol [84] spdie yiie co (>
‘f) e Mﬁ" )jl> 6@”4; L;Laoﬁ)lf 39 O°9
.Q;J)S.lfd‘&b") ua)l.u.»} Sloal

3B 6999 ol S Gl IS L Billas
25 reeS sl alin (Shb s ne Gl
Sl oS T

— 5.1mit | 0GR 1552518
26w | OSIL - L0D1S?
L0y | 059 ; 165,613

, 12.7mus | OSPL: 168.3111

P 15.3miy | Q%R0 1704747
".\‘i \'- Y ol YA i v \
YR A A

\ WY e SR
) |

"-g-"’": o

11\ Sy
Py,

300 1000 1200 XG0
frocumcy M)

o iy (o Lid s glulis jloges VP S
S gy sl Al slaulS B )8 e ly b
[Ab] 534,

59 55 0 3 25 e b P o 03 S
OB e Setan ey S Sl g s e
ol 5 WS ge el el ©yg0 1, O by
oYLl g gylme 5l jgee 5l o Hla8 5 L b
Sllwg opl [86] 54 o jlid Sllug sl el
s 5o g sl g slosle clile )l 4 yorie 045

A90,5 oo

e yily ol Shub b S5g Y-)-F




5 g =Lk gileaige b baid ()15 SIS
iy o dgutp |y (SeiwsST 0 Shae o5V 555
< plg slizl yo (gwasd OlboMol Y-Y-F
ot 5ly ngh 1als 50 1s,Sag; (nmes 5l S
S Se [92] el o lizl jo wase Sl
laaly 555 SRS sl (53U & a5 &l 5158 slaony
alg Sl glme swoid (S Mol i - las
0,559, ol cwl lojlailass slaad sl ool b
50 il oo Ladlga Caro slas jgliws 51 axd el
o ng halS glp daleslsn ()00 o 6laygige
oslaiul o)l wlwis JS& &y pla b 5l )955e (29,
ol o0l

L loaslais glaesSTs cw)pw 4 [93] o, Ken g (S
b ny Gl Gua b as wSlhy gl 4l
O S, slalb 3 eends Cel baslais cpl ailoas
Ol goue @S Ledoe S5 slaals S
lod S o3k 3 1) g Wl oo (b (nl wod 0
3 ey 4 (e O BV laguls s
(J8) 2o 1alS hows OB ol slagils 6

Olepr Sulia S | 5

.:.S'L;A,J,,al:.,..dg

SPL (dB)

2 bl Jgol 5l (o ggemlinsls 5l s 5ol sl
950 Jledia nginS sl Sly pwaige

e yily 5o pg prals slaylKal, Y-F
wilraiz sbes Ko, wiejls e Sls g ials
JUES e 42 02 5 lao 0dg a4 o a5 ol
(A etes ooy SVlie ]y S ez g ]
Bl e be Caly ng SalS sla Sl

Slyp (Selan) )93")19.0957 3l eolaw! N-Y-¥

ooy )l oyl lals

s ol Sllegs 0,8 e sl (s (S sl
b a5V 5098 T o ¢ Sy o slacey o
[90]cwsl oy (Z5m o (Bl g5 5D
g 08,5 Ll Jlad oy o ) by 9 YgesST
Sad s g A co s Lid slacdl o
OB 5 of (s3lwand bl e oo a5, GG
sdbdings ;95Y 5095 | ds b aS” sl ools Les [91]
so)lad olos o 1) lad Ll cope Ol
o s Sl a5 e lade sgus 0 Slhes
ol 6 pSeiz Gl ey G 5l (A g
@5k os) Jldne g ool 505, cnl alise

19 100 om0 T 1000
f(Hz)

[93]slsaltis <S5 (glols Jbe 5 Jsame S 5ty &l oy o 2T ) 29 b auslie N0 IS

2o 536l e / PU ojlasds / 1 ajga/ 1l / giles)l g Ciguo (oele

YAA




hh.l.:IF“njlnlil/""njg:ll |Fl|‘dllll/uillﬁjlgl:lgla un.l.: c‘\gpiu

132 b9 530

YAQ

9ol gl ol wile 3l 455 gl glS ailiw]
G s [94ssie O 5l 56 s s
oo, Syl ¢ lyo o3 S 50,58 ey slag b
Oseliagls sl 5l s pSsl> cux e Lz b
h Sz vz 2 &5 adF I8 w)n 390
G5l als 4 5l O s )0 (Jg e se il
[951550 350 oo s

Car iy Slaailpiuy 195 Gl Y-

e 2 b cayly g GalS slo Sl ggame )
GalS 1y e oMW 4S5 o,V 50eST aiile) g
Wgo slaals 3 Ll as jloaslass eSTo b s oo
ko) S JES! ypmns 51y 5 (903 o0y |, o
Juslas jglis Lol ainy 5l s o0l )| sasle
W58 e S (WS o o5 1) ol & g3l pg
9 9l g9 & ates ol (nl l (oalie oS5
ety GalS 4 Wl e (b slecesgas

5h e g

algy 9 oy (>hb gilwaigs . Y-Y-F

i ol ol mlie S leSs g slaws il
L§L‘°Hr‘-°-.f. Lgﬁf)lfd..g JL..,o 6‘)‘.’ Al MT)lS
Gy iz bl ool L dgtes o
0Lz ol Wlg 0 o5 )5 oy Sl 4 S S 5S
Ay i 2> E oo O] pizmen a0 alS |
M3 sl wais gl uils 3 o as) oy &ly
2 05 (SuiwsS T g (el caws Wil co (5,55
SersS g0 g (Sl dgoue b doc oy
L;L:a‘.}.:_éjﬁ }l oolaiuwl ‘Lmﬁ: Slows uA.Jl)_al dusbe Lmﬁ:
S g e Sg M el gieS
e g Gl 4 il e (Sep (b (Sl
Kgd

gl gy’ J s F-Y-F

29 el cwlul Jool 5 (S el glS 5l 5
o Lg‘f wl.m 61.0609)5 )‘ ng"f")-ﬁ-’ w‘
L caas &) GJL@’B Ses cal QT 40 &S Ceily
AL, ooy (59, ,Lid a5 (glailg g STy )b

e py Cxyily Gladil iy o cwaige sl Sal) g g @l Judos Y Jgux

(SewsST ol

PG Zo

>k Jole

@l el ,5Y 55T 51 onlial
s elacSy Chons

Olog el iS58 L JUg g
LRSS d)t‘c;-Lw

S8 sled slaudl

S 25T (Ss) ey

Sy

Sz JysS el eolaiwl
hb o e

Yool yoo 0l jo wbopn Ll
e Sbly 5o @se JouS 0
ok

5 om Sl saml
Jib

Co Fe obx

w0y bl gl aol8l
By g )lad <l 5l 6 sl
lgo oo yisS

5V ol 8 8 Sl 55
&3l 5T s aylal

b oy (6995 ,o )Lid 2l
lno , 5 55 31 Lo

Ogeligls

RlBl egieS Jedsn >k
e alS g ooy olass
Sy

Yu Sy yo d)“-\il:iu 9 LJL’9’ ‘5|M

&N ol Gl
wl.».ala JJS)J 0y Jy

o 3Lsl /Lo 5y

Sy lsailais cSls 21k
als 5 4y 325

Cogdl eSO Bl LuilS B g
$yile slazge

Ll g S slaals S
oSl ad jo

ST dwaia

3 ooy (SlKe (ygem¥ !
i) il sla xS L

oAa )] Cosli (glojls 5298 a0

Sl Jlws 4 05 Jitie

G b ooy (S S
o)'LM:

2 b e




i) el Sl slalis oy mlis el
L Gis ol ax U gtole a3 Sl
ool 5 o Gl [100] wio 5 oo 10
Gl z oS Sl Ul 655 s sl e b
305 o0 JSE 698 gl b il (gosuny
b G 0 g n 65 b S 3 Ry
S SG STl Sl 4y i g 0dls 3 ele O
Lewdly (nl @y 7S 09800 Losdly S5
Sy glsel 05,5 Joo Jlmill S gzren JLid
WS oo Sl ol 5o Gemlingls Sl 5 (Sed)
o p 5 Hgeeliugls lacls slal L[102]
Sl gl gl az e ol HIS ST e I
Pl lgd il 385 o] ples ol 5
il iy 50 ol calple [103] 05 smles sagas
lositins Wlgioo g 3l (ooalS (285 ol 05 (65
Pl i slabaod g8 Gl g ailpin plenl) 5
2,185

aS Col SGlG Iy lahad W8l (6,5 ail iy
aiile obaan]s Lol il Solse g ol ae LI
Lol ik 5 lawdly il ogenlingls
L slabaod slojgi (adi ]S &g 5o wiilsi oo
Slear WV S [104] s sbel YU cus
g a3 o0 s 1) (655 ol wilele aKsoLes]
orenysd aiile layll b laeols a5 el o Sily
Syge & GPeelS Cud ot 5 Copup
OBl i s (g pgleS LB o
Y L L VIS VROV oW SrSolail g caslie
5 oxd ol sl glael 9 Gaenlugls dendly
28 RS @ slesls b gyl mbs bLS)
o Wlg e wliin ge pl 00,5 0 el
by SlisST g b gy diile alides sloais;
[105] sgi 48,5 15 &

<l 25 Gy sdilybay 0

81 by b sl ) i psede
25,8 slprias 1) ol lame 4o (6,5 il i [98]
awg gl glol ol o o)) ity anlp
rarie sl Shs b wos cuilii slbagianw
&l e 65.‘“4957 B ol des 5l 0,84
5 sadsl Sl ps e pogdle O lawse 13 e
S Ol S9p MF a 8 Seewlogls ol
[99], [100] axS oo

g oo Gy5ed Rlrten M0 e G AngS
RS 9 Emdsd sl 5l gaee Jus
Ol ols leoladlged collai colild oS 04l i
b @l oleny slaca,gale s atlgige las,glid
Ll GuulS 28 o Fyo slael azg LB als
i Ol aS ozl o [101] dlae Bossys
S o Calae 65558 slo b Bk 1 5 5]
s it Sl 550 Sk 4 45 doyud oyl
Sod Slagin g 9B o0 b |; (2l 005 2
R e e S L IO O

2 ol Ledly 059 5

B )\

/

S et Sod e

@ Wl oo S porie (Sale Dlakad B> pien
ol Sl o a5 iz 09 e (SitwsS | g (rals

2o 536l e / PU ojlasds / 1 ajga/ 1l / giles)l g Ciguo (oele

q.




hbl.:IF“njlnlil/"‘njg:ll |Fl|‘dllll/uillﬁjlgl:lgla un.l.: c‘\gpiu

132 b9 530

1)

AL —

) Bk yas)Se
ol

(st o 555 I+, - 3

J.-.J

o 3 a 'l —
mf TS5y

o5
i -amn-e

el ey e B L e

[V T 0T o 5 ailpin o (0285 s 090 V) JSCS

iz ol pll § blagl ol (b 45 WS e
& ol o5 L se [108] sgdce slml Glug
FSZsS Slrs gae Ko o0 955 o> Sl
Mol gl S (a5 e ol STogdee Jo
oy pale i Sy Ll b il azals 18
5 2 opl WS 9,65 e 4 Wlgee ol
slml GSL s oo S mhaw b o] 0,55
[109] w5

Sgb zge) odl SO clasl,s alids Egoma 5O
sl il 5 e s Sl plug g bluadl ey
B e 4 (i S50 Jles! & (Son (AL
Sloo)n wojli aAl>pe 5o g Wedioe ymie
aSlss s g JAS jskie 5l (SenssT

Sl 205 625 Gl piy 50 3295 Bobio Y0
B15 2T Lasee 15 (550 Uil pien b ol o slaosuay
4 0t ol pa bl 5 e (5, Zlsel Lal
it ghee b (SrwsST pg & 5o 4
Hlad)le Jilpin (ol 5o ng sbnl wle

ot lowsdly 4l S N-¥-0

S5 S Sl Gy abol a5 2 j08 5 (gl 0 g

SSU Gz S g e sbml Londly S5 5 O]

9 2 o 3 (55 Gl iy Said N-0
2g Hgo slaanly

ol ol O 55 65 Gl pt (b ol
Selie 550 4 )5 S5 b s ST L 5
S ol @ ol & elSie el s
> 4 e S gl 35 ete o yo g 0l ol
Cel g e ol S Slles S sailil
SP8 ek o Jlady g gl slendl sbxl
St yus s eslabazd slewdy ool [106] 55,5 o
P EsSad Glups goe S0y dghiee bt
salinwl dso lae b avslio ;o aiS oo JouS O]
Lowsdly oS0t a5 5 Sl iy 2l )0 cens
SrabeSTy o a4 g 0gd 0 sll solul O o
Sl )0 sy zoe Gtz ol jtn JBa 5 S
[I07] sl Y6 o] Sy 5lad g 50
oadoloml slowdly «S9d zoo sadsl S 5l
Cle ol b oo Gyd 3B Gl S O a0
@l )Lad zoe S o @ blassl b Sl s
Josl o231y o5 3ol 2T @ 5 WS (00 ol
bl acin slbed a4 own, U ole a8 o0
ALl go,8 Lagmme b Sl Cod g 5 b0




Sl 25 6ol Glaall iy (SewsST Jolow ¥ Jgor

&5 5o Juloxs el az

B GhyeS 5 O S psUlss cenSs | adgr prilSe
o J 7S ygamliz glS ogdle 4 Lowodly 9y

Slasl) SIS SlSe 158 03l
ad glalind 55 ol Lol o(ysige

4l ng e
Ogelingls 9 YU uils )8

bowsdly Cumdgo )5 (65,1 pea Byb 5l | s pdu S
P o}‘.\)‘ ‘é{Le clale P

S ol
e

0 5 319 e il olals | w3l
i Sigtlien Sl b pls S

GrS ez F
o Sl 608 Jkxr el oy 4 axg L
S 8 a8 E8)5 Al g oo cond o)LBl 2l 5
29 gl (b, ol (g jgele 4 ats laaibels (]
Pl Sl 5 Ll s )80k 4 ks 5 s Lasl
Smas Jud Sl Ky g wle 1) g5
SF5e sl Kl wiily o0 &5 s (olags sl
alpig il baly, asle guw sbabls sl y
520 (SewsST g g 0ol b3l b (SitsST
eyl ()8l ¢ SeiwsST (b 50 £58 0509 4
slbalin o)l o w2l 3 S5 slaalele sly
(il Sl 1 pSo e s a5 cx il
30§ LS o Sgdoe Iy gl gls ool ol
slaliin 4 Cand FrgeS 63,lee
(ol e adaicany slbaail iy iyl slasly
@b b )0 1) (StosST Coblid 5 (6 dyGekes
2l o0 dnte Pk D90 p0 5 Cenl Sl S
(e il alil Sl b Ry glae
(SilSle Dlakad JolS Bd> el LB b (5,5 ail iy
Griolel sy sly L Gnazr e
dz e el 03525 Ity 5 Sulo slarban 2
9 039 dmwgs ol Jolie o 55 Sliles s
ol adllas cnl @S )l 55 2 B ny

Gl @58 sy BB G &5 cal jlas
SzoS il (nl S oo b wad 5 ol g
3 g Cawl 55l (SAS 5 S5 gloo 4 sl
sl 03y sy odlS 3 G0 50500

ole plug g (grmliogls glowe ¥-Y-0

5 Ll b aggl x5l g oo o5 )5 ol
P S (ee il (5)ld leel 395 (Sl
Sl o sled o5 S ol (oLl g bl lugs
J110] ool 0gis )| S5 395 ain 45 S o ol
adsl Sy gga 3l Ysane glyel cnl saals 4z S
GFSYsb Do s Foml (W8 Ll el S
=y JB Feo 6550 ggemme jo wilgi o0 9 )l
aozs Cde 4y Ol Lolg 8 galasd o aS ol
T S o k> 9,0 ,Lad SLSL il 6,
g dbml Jole a5 05l g0 JonS (598 gl Sob
T iz 5l (oS P GeemlinglS e &8ly 0ol
Sl sl D0 4 a5 sl S Sz Sl
D9 50 Odedd

9l zlgol g 2o e ¥-Y-0

s Sy S0 SgemlinglS Sl & Sge 0
cor o oLl plKin wil (Sl 053 saiay Sle)
3555 5 Sgdier S8 o o G 4y Cepy
gk o 055 ol ) Gl il g G b e
Shye o aibe GLSU o) ol cwl pes
2 )Led lagge g WS oo Joo A 4 (S
[T 5 e e GLLI O g ool

S5 Sl piy (SriwgST i F-¥-0
i) Ban b )5 slaail iy (SioweST i
5 Ldly Seb I ol g b 5 oal
oy @ F Jgaz 50 0adoe el gl slS

sl o a3y ail iy ol StwsS |

b e / PU ajlosis / 1 ajga/ 18 b / jileijl g GOgua oole dpin

132 0D 156

Vay




I!l_.'I:IF“ﬂ]lnlilllFﬂjg:ll |Fl|‘dllll/uillﬁjlgl:lgla un.l: I‘\._!jlill

132 b9 530

Vay

2 gyl pl oS 5 g o5l e w3 ey
a Al oo Vil 9 55 sl Alb sl
ol glable 5l gnsr Jus sy

L slalgp e sloail i w}.ib FUIRV Y
)494 w&ls ‘G)lSQLQJ.; 61.55) LS‘)J. ‘510.3.:.15)\3%,@‘
slool; Sllee oSlee S5y 5 (SetwsS]

d.ab.&.u él.ef.w.o.;

Goels byl i/ Gus 99 b

SeansS T godiicans

sl 9 omb SPL L co gyl

S ey SzsAUV

3ol @l-"‘-'l:’l-‘*j))-'/h“&:"’UU v

(S @3t) sodiicus;

YU Hgile o8 e 298

ok le plols ¢'~1)5*°‘L"

S5 odd S ol (S8 o olide

PEalesl/ ol S

@ Al g 60k Jler (SetwsST anslic £ Jgoo

Sy e yily

[ S5 adlgo

(S ST o )
&l oy £ 99

Lodly S5 50
gl oIS

. Oyl

E0,9% 5

@los b ,m oy allug
g al F Sasle

[ Ggo oS

L ol 395 Laco
‘5.:..3L'5)L;.5

oo U 3 ,04lS RVES
(Slaeys S52) 5,55

FyogkS 0—
(b JUs)

JRVS (©gol B) 3 ,9kS Ry

[EXWER RPN il 38 b

JrS BB (595 5k
s s ksl

< ‘° ER

3 Fostlas)

b s Joows VO 1) ol
(«lg (Setemogn G

ok Sl Ry o

9¥ 50551 4 5l

g Hedilads eSls

(A (wilS )8

b L) Y

AR
om0 58« Js

2 jl) ogllae

Loc KOO
eon Sho (Sldo!

Sl 53 an S (ol
.

el L S ol [CudP

@laaly 5 g jLid s b ( Sien 5 o
ol GnS e S Jlis |, e ails 0
paxiw  gilwolulsl a4 alf o)l
Sy 33310 5 a9 SR gl aly (mis Lzl
srie cilize glagslis g lamlie ;5 (55l

“ D9 5

ek (Wlrdn Ry 225 (M Cogi lp
st 33 Slejpn ysb @ ST lajiagy o5b
boolon T0ln) (ontadd g8 peites (o
e S5 jelaie 4 Vg 20 IS 5 (5, Kkl
e o honies 5 ailols o5 oo 3351 5 3250
doy g MJbnd StwssT b @bl

Sl JyuS b sl ol sl 6 b8, sloasls




&L
[1] Tanttari, Jukka, and Antti Hynninen. "Marine propulsor underwater radiated noise emission
characterization using sensor arrays." Applied Acoustics 221 (2024): 110021.

[2] Smith, Tom A., and Jake Rigby. "Underwater radiated noise from marine vessels: A review of noise
reduction methods and technology." Ocean Engineering 266 (2022): 112863.

[3] Qu, Yegao, Jinpeng Su, Hongxing Hua, and Guang Meng. "Structural vibration and acoustic
radiation of coupled propeller-shafting and submarine hull system due to propeller forces." Journal
of Sound and Vibration 401 (2017): 76-93.

[4] Caresta, Mauro, and Nicole J. Kessissoglou. "Reduction of hull-radiated noise using vibroacoustic
optimization of the propulsion system." Journal of Ship Research 55, no. 03 (2011): 149-192.

[5] Imo, M. "Guidelines for the reduction of underwater noise from commercial shipping to address
adverse impacts on marine life." MEPC 1 (2014): 1.

[6] Isaka, Keita, Naoaki Tadami, Ami Fujiwara, Tomoki Watanabe, M. Sugesawa, Y. Yamada, Hiroshi
Yoshida, and Tomoki Nakamura. "Study on drilling resistance reduction of a seafloor robotic
explorer based on the drilling properties of underwater ground." In 2019 IEEE/SICE International
Symposium on System Integration (SII), pp. 718-723. IEEE, 2019.

[7] Ru, Jingyu, Han Yu, Hao Liu, Jiayuan Liu, Xiangyue Zhang, and Hongli Xu. "A bounded near-
bottom cruise trajectory planning algorithm for underwater vehicles." Journal of Marine Science
and Engineering 11, no. 1 (2022): 7.

[8] Leng, Dingxin, Shuai Shao, Yingchun Xie, Honghui Wang, and Guijie Liu. "A brief review of recent
progress on deep sea mining vehicle." Ocean Engineering 228 (2021): 108565.

[9] Petillot, Yvan R., Gianluca Antonelli, Giuseppe Casalino, and Fausto Ferreira. "Underwater robots:
From remotely operated vehicles to intervention-autonomous underwater vehicles." IEEE Robotics
& Automation Magazine 26, no. 2 (2019): 94-101.

[10] Zhou, Jing, Yulin Si, and Ying Chen. "A review of subsea AUV technology." Journal of Marine
Science and Engineering 11, no. 6 (2023): 1119.

[11] Ghatak, Arpan, Koena Mukherjee, and Yogesh Singh. "Classification on unmanned underwater
vehicles: A review." International Journal of Vehicle Autonomous Systems 17, no. 3-4 (2023): 192-
220.

[12] Guo, Chunyu, Liyu Ye, and Kaigiang Weng. "Review of Theory and Experiment for Underwater
Propulsion." In International Conference on Marine Equipment & Technology and Sustainable
Development, pp. 727-752. Singapore: Springer Nature Singapore, 2023.

[13] Seol, Hanshin, Byungsok Jung, J-C. Suh, and Soogab Lee. "Prediction of non-cavitating
underwater propeller noise." Journal of sound and Vibration 257, no. 1 (2002): 131-156.

[14] Majumder, Pritam, and Subhendu Maity. "A critical review of different works on marine
propellers over the last three decades." Ships and Offshore Structures 18, no. 3 (2023): 391-413.

dapl

2 00 536l e / PU ojlod / 1E ajga/ 15 Jhw / Ghleijl g Ggua oole

14¥




b le / PU ojlas / 1 ajga/ 1= Jlw / gilei)l g digue gole épii

132 peho (535

140

[15] Kong, Deqing, Kazuki Nishio, and Minoru Kuribayashi Kurosawa. "Surface acoustic wave
propulsion system with acoustic radiation force." Sensors and Actuators A: Physical 309 (2020):
111943.

[16] Zhou, Pei Jian, Tao Liu, Xiao Hong Zhou, Jie Gang Mou, Shui Hua Zheng, Yunqging Gu, and
Deng Hao Wu. "Overview of progress in development of the bionic underwater propulsion
system." Journal of biomimetics, biomaterials and biomedical engineering 32 (2017): 9-19.

[17] Xin, Ba, Luo Xiaohui, Shi Zhaocun, and Zhu Yuquan. "A vectored water jet propulsion method
for autonomous underwater vehicles." Ocean engineering 74 (2013): 133-140.

[18] Han, Bing, Zhong-Hua Shen, Jian Lu, and Xiao-Wu Ni. "Laser propulsion for transport in water
environment." Modern Physics Letters B 24, no. 07 (2010): 641-648.

[19] Bourquin, Yannyk, and Jonathan M. Cooper. "Swimming using surface acoustic waves." PloS
one &, no. 2 (2013): e42686.

[20] Kong, Deqing, Takumi Hirata, Yimeng Wang, Fei Li, Minoru Kuribayashi Kurosawa, and
Manabu Aoyagi. "Acoustic underwater propulsion system based on ultrasonic disc PZT
transducer." Sensors and Actuators A: Physical 359 (2023): 114502.

[21] Kong, Deqing, et al. “Evaluation Method for Acoustic Underwater Propulsion Systems.” The
Journal of the Acoustical Society of America 150, no. 2 (2021): 1157-1164.

[22] Wang, Zhiwei, Chengliang Dong, Zhenmeng Zhang, Qunhong Tian, Aiqin Sun, Liang Yuan, and
Lijun Zhang. “Review of Multi-Fin Propulsion and Functional Materials of Underwater Bionic
Robotic Fish.” Proceedings of the IMechE, Part M: Journal of Engineering for the Maritime
Environment (2022). https://doi.org/10.1177/09544062221077058.

[23] Cui, Zhongao, Liao Li, Yuhang Wang, Zhiwei Zhong, and Junyang Li. "Review of research and
control technology of underwater bionic robots." Intelligent Marine Technology and Systems 1, no.
1(2023): 7.

[24] Xiangian, Wu, Wang Yiwei, and Huang Chenguang. "Physics of laser propulsion underwater:
experiments and modeling." Chinese Journal of Theoretical and Applied Mechanics 47, no. 4
(2015): 687-698.

[25] Wang, Panbing, Xinyu Liu, and Aiguo Song. "Actuation and locomotion of miniature underwater
Robots: A survey." Engineering (2024).

[26] Zheng, Xiuli, Junming Liu, Le Wang, Si Chen, and Zhiling Liu. "Development of a pump-jet
piezoelectric swimmer with acoustic radiation actuation." Smart Materials and Structures 33, no. 9
(2024): 095015.

[27] Qian, Y., D. Kong, D. Nagasaki, M. Aoyagi, and M. K. Kurosawa. “A Miniature Swimmer
Actuated by a PZT Ring Ultrasonic Underwater Propulsion System.” Japanese Journal of Applied
Physics 63, no. 4 (2024): 04SP48.

[28] Li, Xinjian, Di Chen, Jiamei Jin, and Liang Wang. "A novel underwater piezoelectric thruster with
one single resonance mode." Review of Scientific Instruments 90, no. 4 (2019).

[29] Nguyen, Q. S., S. Heo, H. C. Park, and D. Byun. “Performance Evaluation of an Improved Fish
Robot Actuated by Piezoceramic Actuators.” Smart Materials and Structures 19, no. 3 (2010):
035030.




130[ Lu, X., et al. “A Novel Dual-Rotor Ultrasonic Motor for Underwater Propulsion.” Applied Sciences
10, no. 1 (2019): 31.

[31] Kim, So Yul, et al. “Novel Ultrasonic Technology for Advanced Oxidation Processes of Water
Treatment.” RSC Advances 14, no. 17 (2024): 11939-11948.

[32] Surface Acoustic Wave Propulsion System with Acoustic Radiation Force.” Sensors and Actuators
A: Physical 309 (2020): 111943. Accessed May 20, 2025.
https://www.sciencedirect.com/science/article/abs/pii/S0924424719320874.

[33] Vidhya, N. Gowri, Athish R. G., and Binumon V. R. “Energy Efficient Underwater Wireless Power
Transfer Networking.” Grenze International Journal of Engineering & Technology (GIJET) 10
_(Y oY £)

[34] Allison, Eric M., George S. Springer, and Jacques Van Dam. "Ultrasonic propulsion." Journal of
propulsion and power 24, no. 3 (2008): 547-553.

[35] Hasegawa, Takeshi, James Friend, Kentaro Nakamura, and Sadayuki Ueha. "Characteristics of
ultrasonic suction pump without moving parts." Japanese journal of applied physics 44, no. 6S
(2005): 4658.

[36] Backer, Alexander, Sandro Krempel, Frank Ritter, Sabrina Tietze, and Klaus S. Drese. "Ship
Propulsion by Means of Acoustic Radiation." In ACTUATOR; International Conference and
Exhibition on New Actuator Systems and Applications 2021, pp. 1-4. VDE, 2021.

[37] Ding, Xiaoyun, Peng Li, Sz-Chin Steven Lin, Zackary S. Stratton, Nitesh Nama, Feng Guo, Daniel
Slotcavage et al. "Surface acoustic wave microfluidics." Lab on a Chip 13, no. 18 (2013): 3626-
3649.

[38] Feng, Jian, Junqi Yuan, and Sung Kwon Cho. "Micropropulsion by an acoustic bubble for
navigating microfluidic spaces." Lab on a Chip 15, no. 6 (2015): 1554-1562.

[39] Bourquin, Yannyk, and Jonathan M. Cooper. "Swimming using surface acoustic waves." PloS
one 8, no. 2 (2013): e42686..

[40] Zhang, Naiqing, Yue Wen, and James Friend. "MHz-order surface acoustic wave thruster for
underwater silent propulsion.” micromachines 11, no. 4 (2020): 419.

[41] Proytz, C. Underwater Ultrasonic Transducer Technology: Construction, Characterization and
Finite-Element Modelling. Master’s thesis, University of Bergen, 2022. https://bora.uib.no/bora-
xmlui/handle/11250/2994251.

[42] Deane, Grant B. "The Wenz curves for underwater ambient sound." The Journal of the Acoustical
Society of America 157, no. 5 (2025): R9-R10.

[43] Thomas, A. P., Michele Milano, M. Grazier G'Sell, Kathleen Fischer, and Joel Burdick. "Synthetic
jet propulsion for small underwater vehicles." In Proceedings of the 2005 IEEE International
Conference on Robotics and Automation, pp. 181-187. IEEE, 2005.

[44] Kong, Deqing, Takumi Hirata, Yimeng Wang, Fei Li, Minoru Kuribayashi Kurosawa, and Manabu
Aoyagi. “Acoustic Underwater Propulsion System Based on Ultrasonic Disc PZT Transducer.”
Sensors and Actuators A: Physical 359 (2023): 114502. https://doi.org/10.1016/j.sna.2023.114502.

[45] Del Campo Fonseca, Alexia. "Acoustic Microbubble Microrobots for Biomedical Applications in
the Brain." PhD diss., ETH Zurich, 2024.

dapl

2 00 536l e / PU ojlod / 1E ajga/ 15 Jhw / Ghleijl g Ggua oole

148




b le / PU ojlas / 1 ajga/ 1= Jlw / gilei)l g digue gole épii

132 peho (535

ARN%

[46] Kong, Deqing, Ryo Tanimura, Fang Wang, Kailiang Zhang, Minoru Kuribayashi Kurosawa, and
Manabu Aoyagi. "Swimmer with submerged SiO2/Al/LiNbO3 surface acoustic wave propulsion
system." Biomimetic Intelligence and Robotics 4, no. 2 (2024): 100159.

[47] Hong, Chong, Yingdan Wu, Che Wang, Ziyu Ren, Chunxiang Wang, Zemin Liu, Wenqi Hu, and
Metin Sitti. "Wireless flow-powered miniature robot capable of traversing tubular
structures." Science Robotics 9, no. 88 (2024): eadi5S155.

[48] Li, Qiuyang, Nan Li, Yukun Luo, Hongkai Yu, Xin Ma, Xu Zhang, and Jie Tang. "Role of
intraoperative ultrasound in robotic-assisted radical nephrectomy with inferior vena cava
thrombectomy in renal cell carcinoma." World Journal of Urology 38, no. 12 (2020): 3191-3198.

[49] Winchester, Clinton, Justin Govar, Julie Banner, Tracey Squires, and Patricia Smith. "A survey of
available underwater electric propulsion technologies and implications for platform system safety."
In Proceedings of the 2002 Workshop on Autonomous Underwater Vehicles, 2002., pp. 129-135.
IEEE, 2002.

[50] Li, Shijie, Qiao Hu, Tangjia Zhang, et al. “Bionic Parallel Undulating Fins: Influence of Unsteady
Coupling Effect on Robot Propulsion Performance.” Ocean Engineering 312 (2024): 119075.

[51] Anderson, Jamie M., and Peter A. Kerrebrock. “15 Biomimetics in Action: Design And.”

[52] Kawamura, Yoshimasa, Junichi Shimoya, Eiji Yoshida, Naomi Kato, Hiroyoshi Suzuki, and
Hidetaka Senga. “Design and Development of Amphibious Robot with Fin Actuators.”
International Journal of Offshore and Polar Engineering 20, no. 03 (2010).

[53] Wright, Marvin. Numerical and Experimental Investigation of Bio-Inspired Robot Propulsion and
Manoeuvring. 2024.

[54] Zhang, Zhonggang, Wei Gao, Shangzhong Wang, Binghe Ma, Jian Luo, and Jinjun Deng. "Flow
noise around underwater axisymmetric models with Bio-Inspired Coating." In 2020 IEEE
SENSORS, pp. 1-4. IEEE, 2020.

[55] Webb, Paul W. “Form and Function in Fish Swimming.” Scientific American 251, no. 1 (1984):
72-83.

[56] Salazar, R, V Fuentes, and A Abdelkefi. “Classification of Biological and Bioinspired Aquatic
Systems: A Review.” Ocean Engineering 148 (2018): 75-114.

[57] Jiao, Zhi-Wei, Hao-Yu Wang, Bin Luo, Wei-Min Yang, and Yuan Yu. "A BCF bionic robot fish
driven by a dielectric elastomer actuator." In Journal of Physics: Conference Series, vol. 2331, no.
1, p. 012010. IOP Publishing, 2022.

[58] Luo, Kunhui, Lan Yan, Zhiyi Zhu, Zhongqiu Wang, Hongru Wang, and Feng Jiang. “Application
of Bionic Technology in Marine Cruise Equipment: Research Progress and Development Trends.”
Journal of Bionic Engineering 21, no. 3 (2024): 1117-55.

[59] Li, He, Guanzhong Wang, Longjie Li, et al. “Design of the Swimming System of a Bionic Jellyfish
Robot for Seabed Exploration.” Applied Ocean Research 134 (2023): 103498.

[60] Zhang, Xin, Jihong Yan, Kai Yang, Jie Zhao, and Shufeng Tang. “A Rapid Water Sliding Robot
Optimized by Bionic Motion Trajectory.” IEEE Robotics and Automation Letters 7, no. 2 (2022):
2463-70.




[61] Gu, Shuoxin, and Shuxiang Guo. “Performance Evaluation of a Novel Propulsion System for the
Spherical Underwater Robot (SURIIL).” Applied Sciences 7, no. 11 (2017): 1196.

[62] Siddharth Gupta, Amit Agrawal, Kerry Hourigan, Mark C. Thompson and Atul Sharma
“Anguilliform and Carangiform Fish-Inspired Hydrodynamic Study for an Undulating Hydrofoil:
Effect of Shape and Adaptive Kinematics.” Physical Review Fluids 7, no. 9 (2022): 094102.
Accessed May 20, 2025.

[*¥] “The Response of Anguilliform Fish to Underwater Sound under an Experimental Setting.” River
Research and Applications 36, no. 8 (2020): 1453—-1462..

[64] Wang, Tianmiao, Zhihui Zhang, Xinyu Wang, and Jingchuan Liu. “Development and Motion
Control of Biomimetic Underwater Robots: A Survey.” IEEE Transactions on Systems, Man, and
Cybernetics: Systems (2020).

[65] Kim, Youngjin, Junwoo Park, and Juhyuk Choi. “Parametric Analysis on the Acoustic
Characteristics Generated by a Biomimetic Swimmer.” Journal of Sound and Vibration 582 (2024):
118527.

[66] Fish, Frank E., and Malcolm A. Rohr. “Strouhal Numbers and Optimization of Swimming by
Odontocete Cetaceans.” Journal of Experimental Biology 207, no. 10 (2004): 1633—-1642..

[67] Song, Yujie, Peng Ming, and Bo Xun. “Research on Similarity Law of the Flow-Induced Noise of
the Submarine.” The Journal of the Acoustical Society of America 156, no. 6 (2024): 4010-4023.

[68] Dai, Xiwen. "Vortical-acoustic resonance in an acoustic resonator: Strouhal number variation,
destabilization and stabilization." Journal of Fluid Mechanics 919 (2021): A19.

[69] Grande, Edoardo, Daniele Ragni, Francesco Avallone, and Damiano Casalino. "Laminar separation
bubble noise on a propeller operating at low Reynolds numbers." AI4A4 Journal 60, no. 9 (2022):
5324-5335.

[70] Zhang, Zhihui, Qiang Wang, and Shuo Zhang. “Review of Computational Fluid Dynamics Analysis
in Biomimetic Applications for Underwater Vehicles.” Biomimetics 9, no. 2 (2024): 79.

[71] Weijie Chen a, Weiyang Qiao a b, Wenhua Duan a and Zuojun Wei “Experimental Study of Airfoil
Instability Noise with Wavy Leading Edges.” Applied Acoustics 178 (2021): 108032..

[72] Zhang, Zhihui, Wei Gao, Shanshan Wang, Bo Ma, Jun Luo, and Jian Deng. “Flow Noise Around
Underwater Axisymmetric Models with Bio-Inspired Coating.” In 2020 IEEE Sensors Conference,
1-4. New York: IEEE, 2020.

[73] Liu, Jialin, Yuqing Hou, Chenxi You, Yong Zou, Chengwang Xiong, Dajing Shang, Pengyu Lv,
Hongyuan Li, and Huiling Duan. "Noise reduction measurement and biomimetic propeller
optimization designs for unmanned underwater vehicles." Experiments in Fluids 66, no. 4 (2025):
1-23.

[74] Zhao, Zhen, Yifeng Zhang, Hong Liu, and Feng Chen. “A Comprehensive Review on the Evolution
of Bio-Inspired Sensors from Aquatic Creatures.” Cell Reports Physical Science 5, no. 7 (2024):
102064.

[75] Zhang, Jie, Tian Zhang, Erdong Dong, Cheng Zhang, Zhiyuan Lin, Zhen Song, Hong Li, Nicholas
X. Fang, and Yong Zhang. “Bioinspired Hydrogel Jellyfish with Mechanical Flexibility and
Acoustic Transparency.” Cell Reports Physical Science 3, no. 10 (2022): 101081.

dapl

2 00 536l e / PU ojlod / 1E ajga/ 15 Jhw / Ghleijl g Ggua oole

YaA




b le / PU ojlas / 1 ajga/ 1= Jlw / gilei)l g digue gole épii

132 peho (535

149

[76] Zheng, Jian, Peng Zhou, Yanan Li, and Liang Xu. “Smart Skin of Underwater Vehicle with Dual
Functions of Sound Detection and Absorption.” Nano Energy 129 (2024): 110053.

[77] Dong, Huijie, Wei Zhang, Yifan Xu, and Fangcheng Zhong. “Water Entry Locomotion Strategy
for a Stranding Bionic Robotic Fish.” Journal of Field Robotics 41, no. 8 (2024): 2493-2505.

[78] Li, Chao, and Junfeng Wang. “The Computational Design of a Water Jet Propulsion Spherical
Underwater Vehicle.” IEEE Conference Publication (2011).

[79] Rowinski, L., and M. Kaczmarczyk. “Evaluation of Effectiveness of Waterjet Propulsor for a Small
Underwater Vehicle.” Polish Maritime Research 28, no. 4 (2021): 30—41.

[80] Zhang, Wei, Zhigiang Liu, and Lei Wang. “A Review on Hydrodynamic Performance and Design
of Pump-Jet: Advances, Challenges and Prospects.” Journal of Marine Science and Engineering 10,
no. 10 (2022): 1514.

[81] Liu, Tengyan, Jitao Qiu, Haohan Geng, Youlin Cai, Zonglong Wang, and Jin Tao. “Underwater
Radiated Noise Characteristics: A Comparative Study of Immersed and Traditional Waterjet
Propulsion Systems.” Proceedings of the Institution of Mechanical Engineers, Part M: Journal of
Engineering for the Maritime Environment (2025).

[82] Chen, Liang, Zhenhua Wu, and Feng Zhou. “Numerical Prediction of the Fluctuating Noise Source
of Waterjet in Full Scale.” Journal of Marine Science and Technology 20, no. 3 (2015): 421-434.

[83] Wang, Rui, Hao Zhang, and Jian Liu. “Research on the Underwater Noise Radiation of High
Pressure Water Jet Propulsion.” Ocean Engineering 225 (2021): 108438

[84] Sun, Yiming, and Lei Chen. “The Investigation on Calculating and Measuring the Flow Noise from
Underwater Jets.” IEEE Conference Publication (2015).

[85] Li, Sheng, Yifan Wang, Bo Zhang, and Lin Zhao. “Biomimetic Robotic Sea Lion Foreflippers:
Design, Modeling, and Experimentation.” IEEE/ASME Transactions on Mechatronics 27, no. 6
(2022): 5679-5689.

[86] Si, Qiaorui, Shouqi Yuan, Jianping Yuan, and Gérard Bois. “Investigation on the Influence of
Jetting Equipment on the Characteristics of Centrifugal Pump.” Advances in Mechanical
Engineering 8, no. 8 (2016): 1-9.

[87] Luo, Xin, Qiang Li, Zhiyong Zhang, and Jun Zhang. “Research on the Underwater Noise Radiation
of High Pressure Water Jet Propulsion.” Ocean Engineering 219 (2021): 108438.

[88] Huang, Rui, Lei Chen, Yifan Xu, and Xiaolong Wang. “Investigations into the Unsteady Internal
Flow Characteristics for a Waterjet Propulsion System at Different Cruising Speeds.” Ocean
Engineering 203 (2020): 107218.

[89] Zhou, Shuo, Hao Wang, and Xiaolong Shen. “Analysis of Noise Characteristics of Pump Injection
Propeller.” In Proceedings of the 2024 IEEE International Conference on Signal Processing,
Communications and Computing (ICSPCC), 1-7. IEEE, 2024.

[90] Chen, Yujie, Haoran Liu, and Qiang Zhou. “Analysis and Design of a Water Pump with
Accumulators Absorbing Pressure Pulsation in High-Velocity Water-Jet Propulsion System.”
Journal of Marine Science and Technology (2015).




[91] Chen, Yujie, Haoran Liu, and Qiang Zhou. “Analysis and Design of a Water Pump with
Accumulators Absorbing Pressure Pulsation in High-Velocity Water-Jet Propulsion System.”
Journal of Marine Science and Technology (2015).

[92] Wang, Xiaoyu, Ming Zhang, Lei Chen, and Rui Xu. “Orthogonal Experimental Design-Based
Nozzle Geometry Optimization for the Underwater Abrasive Water Jet.” Machines 10, no. 12
(2022): 1243.

[93] Qin, Dong, Guoliang Pan, Seong Lee, Qiang Huang, and Yong Shi. “Underwater Radiated Noise
Reduction Technology Using Sawtooth Duct for Pumpjet Propulsor.” Ocean Engineering 188
(2019): 106228.

[94] Liu, Hao, Chen Kang, Wei Zhang, and Tao Zhang. “Flow Structures and Cavitation in Submerged
Waterjet at High Jet Pressure.” Experimental Thermal and Fluid Science 88 (2017): 504-512.

[95] Li, Zhiyuan, Weijun Wang, Xiaoyan Ji, Yifan Wang, and Xiaolong Wang. “Active Flow Control
on Unsteady Cloud Cavitation: Insights into Jet Dynamics.” Applied Ocean Research 151 (2024):
104152.

[96] Li, Hong, Yifan Ge, Zhi Chen, and Yong Wang. “Metal Microspheres Propelled by Shock Wave
Based on the Fiber Structure Laser Propulsion.” Optics Communications 508 (2022): 127695.

[97] Wang, Lei, Min Dai, Qing Zhao, and Xiaolong Wang. “Mechanism Research of the Laser
Propulsion of Bulk Graphene Sponge Material through High Vacuum Experiment.” Vacuum 191
(2021): 110334.

dapl

[98] Han, Bing, Feng He, Liang Fang, Yong Wang, and Zhi Chen. “Laser Propulsion for Transport in
Water Environment.” Modern Physics Letters B 24, no. 7 (2010): 641-648. Accessed January 14,
2025.

[99] Li, Hong, Yifan Ge, Zhi Chen, and Yong Wang. “Laser Propulsion of Microsphere in Water Using
Tapered Fiber-Induced Shock Wave.” AIP Advances 14, no. 9 (2024): 095302.

[100] Ge, Yang, Xianqgi Tang, Ying Chen, Gaoqian Zhou, Xulong Yang, and Hanyang Li. “The
Experimental Study on Concentration Disturbance Pattern and Conversion Mechanism of
Underwater Plasma Laser Propulsion.” SSRN Electronic Journal (2024).

[101] &1, ZEME, T18%, ETH, BST, and /1B k. “IKT S D B HE RO FR TR 45 1 14
BETFZE.” Acta Optica Sinica 44, no. 6 (2024): 0614001-0614001.

[102] Qiang, Haoyu, Bin Zhao, Ling Wu, Xiang Li, and Yong Chen. “Liquid Resistance in Underwater
Laser Propulsion.” Applied Optics 64, no. 8 (2025): 1864—1870.

[103] Chen, Jie, Bing Han, Binbo Li, Zhenghong Shen, Jian Lu, and Xuwei Ni. “The Collapse of a
Bubble against Infinite and Finite Rigid Boundaries for Underwater Laser Propulsion.” Journal of
Applied Physics 109, no. 8 (2011): 083101.

2 00 536l e / PU ojlod / 1E ajga/ 15 Jhw / Ghleijl g Ggua oole

[104] Han, Bing, Feng He, Liang Fang, Yong Wang, and Zhi Chen. “Numerical Study of Water-
Confinement Geometries for Laser Propulsion.” Optics and Lasers in Engineering 48, no. 10
(2010): 950-957.




[105] Zhou, Guangming, Yifan Li, Wei Zhang, and Han Lin. “Ablative Laser Propulsion, the Propellants
and Measuring Parameters: A Brief Review.” Journal of Laser Applications 36, no. 2 (2024):
021201.

[106] Han, Bing, Feng He, Liang Fang, Yong Wang, and Zhi Chen. “Laser Propulsion for Transport in
Water Environment.” Modern Physics Letters B (2010)..

[107] Liu, Rong, Junhao Wang, Ling Xu, and Xin Zhao. “Propulsion Effects after Laser Ablation in
Water, Confined by Different Geometries.” Applied Physics A: Materials Science & Processing 126
(2020): 315.

[108] Li, Hong, Yang He, Gaogian Zhou, and Yifan Ge. “Experimental Investigations of Underwater
Laser Propulsion Microspheres Based on a Tapered Fiber Propulsion System.” Applied Physics B:
Lasers and Optics 128, no. 11 (2022): 195.

[109] Zhou, Guangming, Yifan Li, Wei Zhang, and Han Lin. “Ablative Laser Propulsion, the Propellants
and Measuring Parameters: A Brief Review.” Journal of Laser Applications 36, no. 2 (2024):
021201.

[110] Chen, Li, Rong Wu, Ming Zhao, and Xiaoyu Zhang. “Cavitation Effect of Holmium Laser Pulse
Applied to Ablation of Hard Tissue Underwater.” Journal of Biomedical Optics 15, no. 4 (2010):
048002.

apli

[111] Jia, Zhiyong, Wei Zhang, Hong Li, Yuxin Chen, and Fang Liu. “Dynamics of Laser-Induced
Plasma and Cavitation Bubble at High Pressures and the Impacts on Underwater LIBS Signals.”
Spectrochimica Acta Part B: Atomic Spectroscopy 209 (2023): 106793.

Sy s

! Remotely Operated Vehicle (ROV)

2 Autonomous underwater vehicle (AUV)
3 Biomimetic

# Surface acoustic waves (SAW)

3> Bulk acoustic waves (BAW)

¢ Vectoring control
7 Acoustic Streaming

8 Thrust Force
aiels wyais Sl )3 e ge Sl iS5 GulS B Gygaln ot b bt wass slasgs 5 (S 0 S Slgre Samd oUhgy ol o
S 00306 K5 SO 2y 51 Sed 098 oo o (Sl (6551 4 6 5V o)L (S Sl (6550 g s s S Taz A Sd 1558 g K s

b le / PU ojlouis / 1 ajga/ 1= Jlw / gilei)l g digua gole

132 peho (535

10 MUVs (Micro underwater vehicles)
' Lithium niobate

12 Coupling

13 RoboTuna

14 Body-Caudal Fin (BCF)

15 Median Paired Fin (MPF)

16 Bjo-waterjet propulsion

17 Anguilliform

18 Carangiform

19 Strouhal number

20 National Advisory Committee for Aeronautics airfoils (NACA airfoils)
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22 Accumulator

23 Arthur Kantrowitz

24 Han

25 Underwater Radiated Noise (URN)

26 beamforming

27 Passive Acoustic Monitoring (PAM)
28 Sound prssure level (SPL)
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