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hpdlo= uxgroskChuvv441hw1wx0guhvghq1gh

kwws=22hlhwx51hw1wx0guhvghq1gh2uvw2uvw1kwp

Devwudfw= Prwlrq sodqqlqj/ rshq�orrs +vwhhulqj, dqg forvhg orrs frqwuro v|qwkhvlv iru d fdqwlohyhu ehdp

zlwk d xqlirupo| glvwulexwhg slh}rhohfwulf dfwxdwru rq wkh zkroh vxuidfh/ fdoohg d slh}rhohfwulf ehqghu

lv frqvlghuhg1 Zlwk d  dwqhvv edvhg frqwuro ghvljq phwkrg dq h{dfw irupxod lv ghulyhg iru wkh frqwuro

yrowdjh zklfk pxvw eh dssolhg lq rughu wr dfklhyh d suhvfulehg gh hfwlrq lq d vshfl�hg �qlwh wlph1 Wklv

frqwuro lv jlyhq dv dq lq�qlwh srzhu vhulhv wkh frqyhujhqfh ri zklfk lv hqvxuhg e| dq dssursuldwh fkrlfh

ri wkh ghvluhg wudmhfwru| ri wkh � dw� rxwsxw1 H{shulphqwdo uhvxowv duh suhvhqwhg iru wkh dssolfdwlrq ri

wkh rshq orrs frqwuro odz dqg wkh forvhg orrs frqwuro odz1

Nh|zrugv= prwlrq sodqqlqj/  dwqhvv dssurdfk/ yleudwlrq frqwuro/ slh}rhohfwulf dfwxdwru/ lq�qlwh glphq0

vlrqdo v|vwhp1

4 Lqwurgxfwlrq

Wklv zrun lv frqfhuqhg zlwk wkh prwlrq sodq0

qlqj ri d fdqwlohyhu ehdp zlwk d xqlirupo| glv0

wulexwhg slh}rhohfwulf dfwxdwru rq wkh zkroh vxu0

idfh1 Vxfk vwuxfwxuhv duh fdoohg slh}rhohfwulf ehq0

ghuv +vhh Ilj1 4,/ wrr1 Wkh frqwuro wdvn lv wr

dsso| d yrowdjh Y lq vxfk d zd| wkdw wkh gh hf0

wlrq dfklhyhv d suhvfulehg gh hfwlrq lq d vshfl�hg

�qlwh wlph1 Wkh h�hfw ri wkh frqwuro yrowdjh Y

lq wkh odwhudo gluhfwlrq fdq eh vxppdul}hg dv d

wrutxh dw wkh iuhh hqg ri wkh ehdp1 Wkh uhvxowlqj

rshq orrs frqwuro sureohp wkxv frqvlvwv lq vwhhu0

lqj d glvwulexwhg sdudphwhu v|vwhp yld erxqgdu|

frqwuro1 Wkh ghulydwlrq ri wkh rshq orrs frqwuro

odz lv edvhg rq wkh srvvlelolw| wr sdudphwul}h wkh

v|vwhp wudmhfwrulhv yld d wlph ghshqglqj ixqf0

wlrq1 Dffruglqjo|/ wklv yduldeoh lv fdoohg  dw ru

edvlf rxwsxw1 Wkhuhiruh/ fkrrvlqj wkh wudmhfwru|

laminate 1, piezoactuator
laminate 2, piezoactuator

surface electrode 2

cover layer 
surface electrode 3
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Iljxuh 4= Wkh slh}rhohfwulf ehqghu1

ri wklv  dw rxwsxw/ ghwhuplqhv wkh hyroxwlrq ri

wkh zkroh glvwulexwhg sdudphwhu v|vwhp1 Yld ihz

Odsodfh wudqvirup0olnh v|perolf frpsxwdwlrqv rqh

fdq fdofxodwh d irupxodh iru wkh v|vwhp wudmhfwr0

ulhv/ lqfoxglqj wkh frqwuro lqsxw/ lq irup ri srzhu

vhulhv lq wkh vsdfh frruglqdwh1 Wkhvh vhulhv duh

sdudphwul}hg e| wkh  dw rxwsxw wrjhwkhu zlwk dq

lq�qlwh qxpehu ri lwv wlph ghulydwlyhv1 Wkhlu frq0



yhujhqfh fdq eh jxdudqwhhg e| d surshu fkrlfh ri

wkh  dw rxwsxw wudmhfwru| ^6`1 Wklv wudmhfwru| zloo

eh fkrvhq lq vxfk d zd| wkdw wkhuh uhvxowv d odwhudo

gh hfwlrq ri wkh ehdp iurp uhvw wr uhvw/ dqg lq d

�qlwh wlph1

Wkh sdshu lv vwuxfwxuhg dv iroorzv1 Lq wkh qh{w

vhfwlrq/ wkh sureohp lv ghvfulehg lq ghwdlo dqg wkh

pdwkhpdwlfdo prgho ri wkh ehqghu lv lqwurgxfhg1

Lq Vhfwlrq 6 d  dw rxwsxw lv ghwhuplqhg dqg wkh

h{dfw vhulhv irupxodh ri wkh v|vwhp wudmhfwrulhv

dqg ri wkh rshq orrs frqwuro odz duh frpsxwhg1

Vhfwlrq 7 frqwdlqv d vkruw ghvfulswlrq ri wkh h{0

shulphqwdo vhwxs1 H{shulphqwdo uhvxowv duh suh0

vhqwhg lq vhfwlrq 8 iru wkh dssolfdwlrq ri wkh rshq

orrs frqwuro odz1 Lw zloo eh vkrzq wkdw wkh phd0

vxuhphqw uhvxowv frlqflgh lq d jrrg zd| zlwk wkh

frpsxwhg wudmhfwrulhv1 Qhyhuwkhohvv/ dq rshq orrs

frqwuro dssurdfk kdv vrph lqkhuhqw sureohpv1 Iru

wklv uhdvrq zh kdyh h{whqghg rxu phwkrg zlwk d

ihhgedfn odz1 Vhfwlrq 9 suhvhqwv wkh phdvxuhphqw

uhvxowv uhodwhg wr wklv lpsuryhg dssurdfk1

5 Pdwkhpdwlfdo prgho

Wkh vwuxfwxuh xqghu frqvlghudwlrq lv ghslfwhg lq

Ilj1 41 Lw lv frpsrvhg ri wzr slh}rhohfwulf odpl0

qdwhv zlwk wklfnqhvv g/ hdfk frpsulvlqj q wklq od|0

huv/ dqg wkh hohfwurghv duh fryhulqj wkh zkroh vxu0

idfh1 Wkh slh}rhohfwulf ehqghu +ri ohqjwk o/ zlgwk

e/ wklfnqhvv k @ 5g, lv fodpshg dw rqh hqg/ iuhh

dw wkh rwkhu rqh1 Wkh slh}rod|huv duh hohfwulfdoo|

lq sdudooho lq rughu wr hqdeoh zrunlqj zlwk d uh0

gxfhg dfwxdwru yrowdjh �Y
n
� Y � Y

n
/ zklfk

lv dssolhg e| d srzhu dpsol�hu1 Wkh yrowdjh Y

ohdgv wr d ehqglqj ri wkh vwuxfwxuh lq wkh +{�> {�,�
sodqh1 Wkh uhodwlyh glvsodfhphqw lq wkh odwhudo {�0

gluhfwlrq zlwk uhvshfw wr wkh xqghiruphg ehdp lv

ghqrwhg dv x� +vhh Ilj1 5,1 Wkh prgholqj ohdgv

wr wkh Hxohu0Ehuqrxool sduwldo gl�huhqwldo htxdwlrq
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vhfwlrq duhd dqg � lv wkh pdvv ghqvlw|1 Wkh sd0
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Iljxuh 5= Wkh gh hfwlrq ri wkh ehqghu1
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zlwk wkh slh}rhohfwulf vwuhvv frqvwdqw g��1

6 Rshq orrs frqwuro ghvljq

Iru wkh rshq orrs frqwuro ghvljq/ zh qrupdol}h wkh

prgho1 Wkh qrupdol}hg htxdwlrqv duh rewdlqhg e|

lqwurgxflqj wkh glphqvlrqohvv vsdfh yduldeoh } yld

o} @ {� dqg wkh glphqvlrqohvv wlph � e|
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Lq rughu wr dyrlg dq| frqixvlrq ehwzhhq wkh odw0

hudo gh hfwlrq x� dqg wkh glphqvlrqohvv frqwuro

yduldeoh x lqwurgxfhg ehorz zh dovr lqwurgxfh z

dv wkh qrupdol}hg gh hfwlrq1 Zlwk
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Wkh lqlwldo frqglwlrqv fdq eh vxssrvhg wr eh }hur1
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Wkhvh htxdwlrqv fdq hdvlo| eh wudqviruphg lqwr

rshudwlrqdo rqhv xvlqj hlwkhu Odsodfh wudqvirupv

ru Plnxvl�qvnl*v rshudwlrqdo fdofxoxv ^43`1 +vhh dovr

Uhpdun 614,1 Erwk ohdgv wr wkh vdph uhvxow= E|

lqwurgxflqj v dv dq rshudwru fruuhvsrqglqj wr wkh

gl�huhqwldwlrq zlwk uhvshfw wr � / dqg glvwlqjxlvk0

lqj wkh wudqvirupv ri z dqg x e| kdwv/ zh rewdlq
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Wkh htxdwlrqv +6, duh vdwlv�hg li zh lqwurgxfh wkh
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Pruhryhu/ zh jhw d irupxod iru wkh rshudwlrqdo

ixqfwlrq az uhsuhvhqwlqj wkh gh hfwlrq=
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Zh wkxv kdyh d �uvw vhw ri irupxodh h{suhvvlqj

wkh v|vwhp yduldeohv az dqg ax lq whupv ri wkh  dw

rxwsxw a|1 H{sdqglqj wkh irupxod +8, lq d srzhu

vhulhv lq } |lhogv=
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Dqdorjrxvo|/ d irupxod iru ax lv rewdlqhg hlwkhu e|

ghulydwlrq z1 u1 w1 } dqg hydoxdwlrq dw } @ 4 ru
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Wkh wudmhfwrulhv lq wkh +glphqvlrqohvv, wlph gr0

pdlq duh qrz rewdlqhg e| lqwhusuhwlqj wkh rshud0

wru v dv gl�huhqwldwlrq z1 u1 w1 � 1 Wkh glphqvlrq0

ohvv gh hfwlrq ri wkh ehdp uhvxowv dv
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Zh wkxv kdyh d irupdo sdudphwul}dwlrq ri doo v|v0

whp yduldeohv lq whupv ri wkh wudmhfwru| ri wkh  dw

rxwsxw1



Uhpdun 614 Lq ^6` dqg ^8` d pdwkhpdwlfdo iudph0

zrun iru olqhdu erxqgdu| frqwuroohg glvwulexwhg

sdudphwhu v|vwhpv lv sursrvhg zklfk h{whqgv

Iolhvv* prgxoh wkhruhwlf dssurdfk wr olqhdu v|v0

whpv eh|rqg wkh fodvv ri wlph ghod| v|vwhpv1 Lq

wklv dojheudlf dssurdfk d v|vwhp lv lqwulqvlfdoo|

ghvfulehg e| d prgxoh ryhu dq dssursuldwh ulqj ri

rshudwlrqdo ixqfwlrqv lq wkh vhqvh ri Plnxvl�qvnl1

Iurp d frpsxwdwlrqdo srlqw ri ylhz/ zklfk lv wkh

rqh ri wkh suhvhqw sdshu/ wkhvh rshudwlrqdo ixqf0

wlrqv ehkdyh yhu| pxfk olnh Odsodfh wudqvirupv1

Wkh dgydqwdjh olhv lq wkh delolw| wr shuirup irupdo

dojheudlf rshudwlrqv dqg wr srvwsrqh txhvwlrqv ri

frqyhujhqfh wr wkh fkrlfh ri ghvluhg wudmhfwrulhv1

Wkh  dw rxwsxw lv gh�qhg dv d edvlv ri d iuhh prg0

xoh lq wklv frqwh{w1 �

Lq rughu wr dfwxdoo| jhw d sdudphwul}dwlrq ri

wkh vroxwlrq/ wkh wudmhfwru| ri | pxvw eh fkrvhq lq

vxfk d zd| wkdw wkh vhulhv +;, frqyhujhv +dqg zlwk

wklv dovr vhulhv +:,,1 Lq rughu wr phhw wkh }hur lql0

wldo frqglwlrqv/ zh qhhg d vroxwlrq zklfk vwduwv dw

uhvw/ qdpho| dw z+}> 3, @ 3 dqg uhdfkhv dqrwkhu

htxloleulxp diwhu d �qlwh wlph W 1 Wklv lv htxlyd0

ohqw wr |
E&�+3, @ 3> n � 3 dqg |
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zlwk � A 31

Uhpdun 615 +Vhh ^6` iru dgglwlrqdo uhihuhqfhv1,

D ixqfwlrq i ri wkh uhdo yduldeoh w lv vdlg wr eh

Jhyuh| ri fodvv � 5 U rq ^3> W ` li iru doo n � 3

m i E&�
m � F

&n�

A
+n$,� > w 5 ^3> W `

zkhuh FA lv d uhdo frqvwdqw ghshqglqj rq W dqg

i 1 Wkh dqdo|wlf ixqfwlrqv duh wkxv Jhyuh| ri fodvv

4 dqg wkh ixqfwlrq | lq +43, lv Jhyuh| ri fodvv

� @ +4 . �,@�1 Wklv lpsolhv wkdw iru � ? 5 wkh

vhulhv +;, frqyhujhv1 �

7 H{shulphqwdo vhwxs

Wkh h{shulphqwdo vhwxs/ dv vkrzq lq Ilj1 6 frq0

vlvwv ri wkh slh}rhohfwulf fdqwlohyhu ehdp/ d odvhu

phdvxuhphqw xqlw iru phdvxulqj wkh wls gh hf0

wlrq/ d gljlwdo vljqdo surfhvvru +GVS, xqlw zlwk dg0

glwlrqdo D2G0 dqg G2D0frqyhuwhuv/ wkh uhdo wlph

zrunvkrs ri PDWODE2VLPXOLQN/ dqg d yrow0

djh dpsol�hu1 Wkh slh}rhohfwulf ehqghu lv vxlwdeoh

laser head

MATLAB
and DSP

piezoelectric bender

V

V+

-V+

voltage amplifier

Iljxuh 6= Wkh h{shulphqwdo vhwxs1

iru orz srzhu hohfwurphfkdqlfdo dssolfdwlrqv1 Wkh

fkdudfwhulvwlfv ri wkh pdwhuldo dqg wkh jhrphwulf

glphqvlrqv duh dv iroorzv=

slh}rhohfwulf vwuhvv g�� @ �553 43
3�2 ^p2Y`

\rxqj*v prgxoxv H @ 3=88 43
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2
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pdvv ghqvlw| � @ :=< 43
�
�
nj2p

�
�

ohqjwk� zlgwk� khljkw 68� 45=8� 3=: ^pp`
qxpehu ri od|huv2odplqdwh q @ :

pd{lpdo wls gh hfwlrq x� +o, @ 633 ^�p`
euhdnlqj wls irufh I � 4 ^Q` 1

+44,

Wkh wls gh hfwlrq lv phdvxuhg zlwk d odvhu khdg

r�hulqj d phdvxuhphqw dffxudf| ri 6 ^�p` vdp0

sohg hyhu| ;3 ^�v`1 Lw vkrxog eh qrwhg/ wkdw wkh

odvhu phdvxuhphqw xqlw surgxfhv vljql�fdqw qrlvh

ghshqglqj rq wkh vdpsoh udwh1

8 H{shulphqwdo Uhvxowv/ Rshq

Orrs Frqwuro

Wkh rshq orrs ghvljq uhtxluhv d fkrlfh ri wkh qru0

pdol}hg wlph W dqg wkh sdudphwhu � +vhh ixqf0

wlrq +43,,1 Ehfdxvh ri wkh wlph vfdolqj zlwk htxd0

wlrq +4,/ wkh wlph W fruuhvsrqgv wr wkh ulvh wlph

wo @ 5=6 � 43
3�
W 1 Ixuwkhu wkh lq�qlwh vhulhv +:,

dqg +;, pxvw eh wuxqfdwhg diwhu d dssursuldwh

qxpehu Q 1 Lq wklv zrun zh kdyh lqfoxghg wkh



uhvxowv ri h{shulphqwv zklfk zhuh rewdlqhg zlwk

wo @ 44=8 ^pv` > � @ 4=4>Q @ 81 Ilj1 7 vkrzv d

t [s] 

tip  deflection  10-5 [m]   
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0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

Iljxuh 7= Vwhs uhvsrqvh ri wkh slh}rhohfwulf ehq0

ghu1

vwhs uhvsrqvh +dssolhg yrowdjh Y @ 6 ^Y`, ri wkh

slh}rhohfwulf ehqghu1 Wkh �uvw wkuhh ri wkh lq�0

qlwh qxpehu ri hljhqiuhtxhqflhv $
Rc�

fdq eh ghwhu0

plqhg iurp wkh prgholqj zlwk $
Rc� @ 4863 ^udg2v`/

$
Rc2 @ <8<3 ^udg2v`/ dqg $

Rc� @ 59;83 ^udg2v`1
Wkh| duh yhul�hg zlwk lghqwl�fdwlrq phwkrgv/ wrr1

Uhpdun 814 Iru wkh prgholqj dqg wkh rshq orrs

frqwuro odz ghvljq/ wkh gdpslqj zdv qrw wdnhq lqwr

dffrxqw1 Wklv ohdgv wr d vljql�fdqw vlpsol�fdwlrq

lq wkh ghvljq exw kdv qr hvvhqwldo lq xhqfh rq wkh

uhvxowv1

Ilj1 8 vkrzv wkh uhvxowv ri wkh h{shulphqw zlwk

ulvh wlph wo @ 44=8 ^pv` zklfk vkrzv d jrrg

fruuhvsrqghqfh ehwzhhq fdofxodwhg dqg phdvxuhg

wudmhfwrulhv1 Wkhuh h{lvw vrph sk|vlfdo h�hfwv

qrw wdnhq lqwr dffrxqw iru wkh prgholqj zklfk

kdyh hvvhqwldo lq xhqfh rq wkh h{shulphqwdo uh0

vxowv1 Lq rxu h{shulhqfh wzr h�hfwv sod| d pdqgd0

wru| uxoh= d, Wkh k|vwhuhwlf h�hfw ohdgv wr vwhdg|

vwdwh huuruv/ dqg e, Zh kdyh ghvljqhg wkh rshq

orrs frqwuro odz iurp d frqwlqxrxv wlph v|vwhp

srlqw ri ylhz1 Exw wkh h{shulphqw +vdpsoh wlph

W@ @ ;3 ^�v`, uhtxluhv d glvfuhwh wlph ghvfulswlrq1

Wkh uhodwhg wkhru| lv qrw dydlodeoh dw wkh prphqw1

9 H{shulphqwdo Uhvxowv/ Forvhg

Orrs Frqwuro

Wkh uhvxowv ri wkh vhfwlrq 8 kdyh vkrzq wkdw pr0

wlrq sodqqlqj zlwk wkh  dw rxwsxw dssurdfk ohdgv

t [s] 
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016

tip  deflection  10-4 [m]   

0

0.2

0.4

0.6

0.8

1

1.2

calculation 

measurement 

0

1

2

3

4

5

6

7

8

9

10

t [s] 
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016

electrical voltage [V] 

Iljxuh 8= Rshq orrs frqwuro/ ulvh wlph 44=8 ^pv`1

wr �qh uhvxowv1 Qhyhuwkhohvv dq| rshq orrs gh0

vljq kdv lqkhuhqw sureohpv fdxvhg e| prgholqj hu0

uruv dqg xqsuhglfwdeoh glvwxuedqfhv1 Wkhvh h�hfwv

ohdg wr vwhdg| vwdwh huuruv ru rvfloodwlrqv zklfk

fdqqrw eh vxssuhvvhg e| dq rshq orrs frqwuro odz1

Wkh dssolfdwlrq ri forvhg orrs frqwuro zlwk d frq0

piezoelectric
bender

signal
generator

desired flat 
output

feedback 
controller

desired tip 
deflection

open loop 
voltage

deviation of the 
tip deflection

additional 
voltage

Iljxuh 9= Forvhg orrs frqwuro vfkhph1

wuro vfkhph dv vkrzq lq Ilj1 9 r�huv d vxlwdeoh

zd| wr dyrlg wkhvh sureohpv1 Wkh vljqdo jhqhu0

dwru fdofxodwhv wkh rshq orrs yrowdjh Y dqg wkh

ghvluhg wls gh hfwlrq x

hiuc�
+o,1 Li wkh phdvxuhg wls

gh hfwlrq x� +o, dqg wkh fdofxodwhg wls gh hfwlrq



xhiuc� +o, gl�hu iru dq| uhdvrq/ wkdq wkh ihhgedfn

frqwuroohu zloo surgxfh dq dgglwlrqdo yrowdjh wr

vxssuhvv wklv ghyldwlrq1 Khqfh/ wkh ihhgedfn sduw

lv ghvljqhg iurp vshfl�fdwlrqv olnh vwdelolw|/ glv0

wxuedqfh uhmhfwlrq/ dqg urexvwqhvv1 Wkh frqwuroohu

ghvljq zdv pdgh zlwk d qrqvwdqgdug K2�ghvljq

^:`1 Wklv phwkrg ohdgv wr d frqwuroohu v|vwhp ri

rughu vl{ lqfoxglqj dq lqwhjudo sduw1 Ilj1 : vkrzv

wkh uhvxow ri wkh forvhg orrs h{shulphqw1

t [s] 

tip  deflection  10-4 [m]   
1.2

1.0

0.8

0.6

0.4

0.2

0.0

-0.2
0.0-0.03 0.01-0.02 -0.01 0.02 0.03 0.04 0.05 0.06

calculation 

measurement 

Iljxuh := Forvhg orrs frqwuro/ ulvh wlph wo @

44=8 ^pv`1

: Frqfoxvlrq

Zh kdyh suhvhqwhg d  dw rxwsxw dssurdfk iru wkh

prwlrq sodqqlqj ri wkh gh hfwlrq ri d slh}rhohf0

wulf ehqghu1 Wkh phdvxuhphqw uhvxowv kdyh vkrzq

wkdw wklv phwkrg lv dq ihdvleoh zd| iru wkh jhqhu0

dwlrq ri wudmhfwrulhv1

Wklv rshq orrs frqwuro ghvljq phwkrg kdv vr idu

ehhq dssolhg wr wzr gl�huhqw  h{leoh urerw dup

prghov ^6`/ ^4`/ +wkh odwwhu uhihuhqfh lqfoxghv h{0

shulphqwdo uhvxowv,/ wr wkh khdw htxdwlrq ^<`/ dqg

wr wxexodu uhdfwru prghov ^7`1 Lw lv d jhqhudol}dwlrq

ri wkh  dwqhvv edvhg frqwuro ri qrqolqhdu v|vwhpv

^5`/ ^<`1

Uhihuhqfhv=

^4` \1 Drxvwlq/ P1 Iolhvv/ K1 Prxqlhu/ S1 Urx0

fkrq dqg M1 Uxgrosk/ Wkhru| dqg sudfwlfh lq

wkh prwlrq sodqqlqj dqg frqwuro ri d  h{0

leoh urerw dup xvlqj Plnxvl�qvnl rshudwruv1

Surf1 LIDF�V\URFR Frqi1/ Qdqwhv/ 4<<:/

ss1 5;:�5<61

^5` P1 Iolhvv/ M1 Oìylqh/ S1 Pduwlq dqg S1 Urx0

fkrq/ Iodwqhvv dqg ghihfw ri qrq0olqhdu v|v0

whpv= lqwurgxfwru| wkhru| dqg dssolfdwlrqv/

Lqwhuqdw1 M1 Frqwuro/ 94=465:�4694/ 4<<81

^6` P1 Iolhvv/ K1 Prxqlhu/ S1 Urxfkrq dqg M1

Uxgrosk/ V|vwëphv olqìdluhv vxu ohv rsìud0

whxuv gh Plnxvl�qvnl hw frppdqgh g*xqh

srxwuh  h{leoh1 HVDLP Surf1/ 5=4;6�4<6/

4<<:1

^7` P1 Iolhvv/ K1 Prxqlhu/ S1 Urxfkrq dqg M1

Uxgrosk/ D glvwulexwhg sdudphwhu dssurdfk

wr wkh frqwuro ri d wxexodu uhdfwru= d pxowl0

yduldeoh fdvh1 Surf1 LHHH0FGF 4<<;

^8` P1 Iolhvv dqg K1 Prxqlhu/ Frqwuroodelolw|

dqg revhuydelolw| ri olqhdu ghod| v|vwhpv= dq

dojheudlf dssurdfk/ HVDLP= Frqwuro/ Rswl0

plvdwlrq dqg Fdofxoxv ri Yduldwlrqv/ 4<<;1

Wr dsshdu1

^9` Z1 Kddv/ D1 Nxjl/ N1 Vfkodfkhu/ P1 Sdvwhu/

H{shulphqwdo Uhvxowv ri wkh Frqwuro ri Vwuxf0

wxuhv zlwk Slh}rhohfwulf Dfwxdwruv dqv Vhq0

vruv/Surf1 Wkh Irxuwk Lqwhuqdwlrqdo Frq0

ihuhqfh rq Prwlrq dqg Yleudwlrq Frqwuro/

Prylf <;/ ] ulfk/ 4<<;1

^:` Z1 Kddv/ N1 Zhlqkrihu/ K2�Ghvljq lq wkh

Iuhtxhqf| Grpdlq xvlqj d Wzr�ghjuhh�ri�

iuhhgrp Frqwuroohu/Surf1 Hxurshdq Frqwuro

Frqihuhqfh/ Euxvvhov/ 4<<:1

^;` Z1 Kddv/ M1 Uxgrosk/ Vwhhulqj wkh gh hf0

wlrq ri d slh}rhohfwulf ehqghu/ Surf1 Hxurshdq

Frqwuro Frqihuhqfh/ Nduovuxkh/ 4<<</ wr ds0

shdu1

^<` S1 Pduwlq/ U1P1 Pxuud| dqg S1 Urxfkrq/

Iodw V|vwhpv1 Ohfwxuhv dqg Plql0Frxuvhv

HFF0<:/ J1 Edvwlq dqg P1 Jhyhuv Hgv/ Euxv0

vhov/ 4<<:/ ss1 54405971

^43` M1 Plnxvl�qvnl/ Rshudwlrqdo Fdofxoxv/ yro1

4.5/ Shujdprq/ R{irug ) SZQ/ Zduv}dzd/

4<;61

^44` K1 Prxqlhu/ M1 Uxgrosk/ P1 Iolhvv/ dqg

S1 Urxfkrq/ Wudfnlqj frqwuro ri d yleudwlqj

vwulqj zlwk dq lqwhulru pdvv ylhzhg dv ghod|

v|vwhp/ HVDLP= Frqwuro/ Rswlplvdwlrq dqg

Fdofxoxv ri Yduldwlrqv/ 4<<;1 Wr dsshdu1


