
!"#$%&'#()*+&),-./0($

1+'2)+"&)3/'4'25)4'$0)0+)&(%('6()07()4/0($0)2(8$)/2.)"-./0($9

!"#$%&'#()*+,

:;;;)<"4$()'$)/)3/5/='2()+*)07():;;;);25'2((&'25)'2)>(.'%'2()/2.)?'+4+5@)!+%'(0@9

!"""#$%&'(#)*+,-.('

!"#$ % &'()$#*+ % &,"-)*.)&/&'0++"1) % &2..$33(4(5()6 % &7"-8(3.1(#(-*)("-&9"5(.6 % &:;;;&;)<(.3&=$+"1)(-> % &:;;;&91(?*.6&9"5(.6 % &@$1#3

A)B+-@&'570)CDCE):;;;)F)G44)&'570$)&($(&6(.9)G)2+0H*+&H-&+I0)+&5/2'=/0'+2J):;;;)'$)07()8+&4.K$)4/&5($0)0(%72'%/4)-&+*($$'+2/4)+&5/2'=/0'+2).(.'%/0(.)0+)/.6/2%'25)0(%72+4+5@)*+&)07()#(2(I0)+*)7"3/2'0@9

!"#$%&'&#$()$*'+(,(-(&./0$.+
1#2./.+#

!"#$%&'()*(+,-.

L/0"&()/$):2$-'&/0'+2

M7()N+&4.O$)!3/44($0)>(.'%/4)P+#+0

?&'.5'25)?'+4+5@)/2.);25'2((&'25

P(*(&(2%($
Q9) R9)N")(0)/49J)SG)$8/&3)+*)$4'--(&@)3'%&+-&+-(44(&$)-(2(0&/0($)07(

6'0&(+"$)#+.@)+*)07()(@(JT)!"#$%&'($J)6+49)UJ)2+9)QQJ)L+69)CDQVJ)G&09)2+9

(//0UEVV9)W+'X)QD9QQCYZ$%'/.69//0UEVV9

C9) [9)\(4*+"4)(0)/49J)S>/52(0+H/(&+0/%0'%)#/%0(&'/).(4'6(&).&"5H%+20/'2'25

2/2+4'-+$+3($)0+)0"3+"&)7@-+]'%)&(5'+2$JT))*+,-.%)*/0+."1/02$J)6+49

QQJ)2+9)QQJ)--9)^UQF^U_J)L+69)CDQY9)W+'X)QD9QDEVZ)22/2+9CDQY9QE_9

E9) !9)?(0/4)(0)/49J)SB+&(H$7(44)3/52(0+(4(%0&'%)2/2+&+#+0`G)&(3+0(4@

%+20&+44(.)-&+#()*+&)0/&5(0(.)%(44)3/2'-"4/0'+2JT)!"#$%3.4$J)6+49)VJ)CDQVJ

G&09)2+9)Q_aa9

U9) b9)c"/2)(0)/49J)S>"40'6/4(20)#'H$-(%'I%)2/2+#'+%+2d"5/0()(25/5(&)*+&

0/&5(0(.)%/2%(&)'33"2+07(&/-@JT))*+,-.%)*/0+."1/02$J)6+49)QCJ)2+9)VJ

--9)_YEF_Y^J)G"59)CDQ_9)W+'X)QD9QDEVZ22/2+9CDQ_9Y^9

a9) !9)e9)N/25)/2.)B9)[+'J)S>/&&@'25)2/2+3/52(0'%$)8'07)PLG)$(f"(2%'25

+*)$'254()%/2%(&)%(44$JT)'2)5-0"$%6777%6/+$%8*9/$%:0/;$%<6)=738&>?J)G-&9

CDQV9

\&+3)G20H>/2)0+)07():2%&(.'#4()!7&'2g'25)>/%7'2(J)$+%'(0@)7/$)4+25

(26'$'+2(.).(6(4+-'25).(6'%($)0'2@)(2+"57)0+)(20(&)7"3/2)%(44$9)!"%7

2/2+0(%72+4+5@)%+"4.)&(6+4"0'+2'=()07().'/52+$'$)+*).'$(/$($)4'g()%/2%(&)/2.

2("&+.(5(2(&/0'+2J)$-/2)2(8)3(07+.$)+*)-&(%'$().&"5).(4'6(&@J)/2.)(6(2

.'&(%04@)&(-/'&)./3/5(.)+&5/2$9

L/2+3/0(&'/4$)/&()/4&(/.@)"$(.)'2)/)7+$0)+*)-&+."%0$)$"%7)/$)$"2$%&((2$J

*++.J)/2.)%+$3(0'%$J)#"0)(f"'--'25)07($()0'2@)-/&0'%4($)8'07)3+&()/%0'6(

*"2%0'+2$`)07().&(/3)+*)2/2+3(.'%'2(`'$)$0'44J)*+&)07()3+$0)-/&0J).'$0/209

G407+"57)&($(/&%7(&$)'2)/%/.(3'/)/2.)'2."$0&@)/4'g()7/6()-"&$"(.

.(6(4+-'25)2/2+&+#+0'%$)'2)3(.'%'2(J)$7&'2g'25)/2@)7/&.8/&()&"2$)'20+)'0$

*/'&)$7/&()+*)-&+#4(3$9

!"#$%&'#$()$*"#$+,-(./,0#

&%@)&%A02.",2.%#B%C$D%/AE%4-0+.#/B%FG%/AE%(#-,B%FGG%/AE

H*"+.-#,A%FGGG%/AE%1,A*/%".22B%FGIGGG%/A$

G)3/d+&)%7/44(25()$((3$)$'3-4()+2)07()2+&3/4)$%/4(X)3+6(3(209)?"0)+2)07(

2/2+$%/4(J)2+)#/00(&@)'$)$3/44)(2+"57)0+)-+8(&)/)2/2+#+09)M(/3$)/%&+$$)07(

54+#()/&()(]-4+&'25).'h(&(20)+-0'+2$)0+)%+20&+4)2/2+&+#+0'%$)'2)07()#+.@J

8'07)/--&+/%7($)&/25'25)*&+3)"$'25)(4(%0&+3/52(0'%)/2.)%7(3'%/4)0/%0'%$J)0+

0/--'25)'20+)2/0"&(9

M7()$(%+2.)%7/44(25()'$)07()#+.@)'0$(4*9)M+)(h(%0'6(4@)-(&*+&3)/)*"2%0'+2J

2/2+&+#+0'%$)3"$0)(6/.()07()/&&/@)+*).(*(2$($)07()#+.@)(3-4+@$)/5/'2$0

0'2@)'20&".(&$J)$"&-/$$'25)+&)(6/.'25)2/0"&/4)#/&&'(&$)i4'g()07()#4++.F#&/'2

#/&&'(&j)/2.)8'07$0/2.'25)$+3(0'3($)7/&$7)(26'&+23(20$J)4'g()/2)/%'.'%

7"3/2)$0+3/%7)+&)MH%(44HI44(.)#4++.$0&(/39)N7/0O$)3+&(J)/2@)2/2+3/0(&'/4$

"$(.)'2)07()#+.@)8+"4.)2((.)0+)#()(6/4"/0(.)*+&)0+]'%'0@)/2.)-&(6(20)/5/'2$0

/2)"28/20(.)'33"2()&($-+2$(9

\"&07(&3+&(J)07()$%'(2%()'0$(4*)'$)$0'44)#('25)"2.(&$0++.9)[2()2/2+3(0(&)'$

QDDJDDD)0'3($)4($$)07/2)07().'/3(0(&)+*)/)7/'&)/2.J)87(2)@+")$7&'2g)07'25$

.+82)0+)07/0)$'=(J)-&+-(&0'($)+*)3/0(&'/4$)/&()*"2./3(20/44@).'h(&(209)\+&%($

07/0)2+&3/44@).+2O0)7/6()0+)#()0/g(2)'20+)/%%+"20`$"%7)/$)07()'2k"(2%()+*

2(/&#@)3+4(%"4($`2+8).+9)W($-'0()07($()%7/44(25($J)07()I(4.J)07+"57)$0'44)'2

'0$)2/$%(20)-7/$(J)'$)3/g'25)-&+5&($$)'2)07($()/&(/$J)/2.)&($(/&%7(&$)/&(

+-0'3'$0'%)/#+"0)07()-+0(20'/4)*+&)2/2+&+#+0'%$)0+)&(6+4"0'+2'=()0/&5(0(.

3(.'%'2(J)-/&0'%"4/&4@)%/2%(&9

>+$0)2/2+0(%72+4+5@)*+&)3(.'%'2()(20/'4$)"$'25)$3/44)-/&0'%4($)0+)%/&&@

3/0(&'/4$)/2.).(4'6(&)07(3)0+)+&)8'07'2)%(44$9)[*0(2)07'$).(4'6(&@)7/--(2$)#@

%7/2%(l)%+20&+44(.).(4'6(&@)(h+&0$J)7+8(6(&J)/'3)0+).(6(4+-)6(&@)$'3-4(

&+#+0'%)$@$0(3$)3/.()"-)+*)/)-/@4+/.)/2.)$7(44)07/0)%/2)#().'&(%0(.)0+)/

$-(%'I%)$'0(9)M7($().(6'%($)/&()5"'.(.)#@)(]0(&2/4)*+&%($`$"%7)/$

(4(%0&+3/52(0'%)I(4.$`+&)07&+"57)*/#&'%/0'+2)0(%72'f"($)07/0)0/g(

/.6/20/5()+*)%7(3'%/4)+&)#'+4+5'%/4)&(/%0'+2$9

!""#$%&'()"#

SM7()0+-'%)+*)2/2+3(.'%'2()/$)%+20/'2(&$)07/0)%/2

.(4'6(&)-7/&3/%("0'%/44@)/%0'6()%+3-+"2.$)'2)/

0/&5(0(.)8/@)7/$)#((2)/&+"2.)/)4+25)0'3(JT)$/@$

<((&)\'$%7(&J)/)-&+*($$+&)+*)-7@$'%/4)%7(3'$0&@)/0

07(),2'6(&$'0@)+*)!0"005/&0)87+)7(/.$)07(

'2.(-(2.(20)>'%&+)L/2+)/2.)>+4(%"4/&)!@$0(3$

m/#)/0)07()>/])<4/2%g):2$0'0"0()*+&):20(44'5(20

!@$0(3$)'2)!0"005/&0)i\'5"&()QJ)&'570j9)SN7/0)'$

0+"57)0+).+J)/2.)87/0)3/2@)5&+"-$)/&()*+%"$'25

+2J)'$)3/g'25)07($()%/&&'(&$)/%0'6(9)\+&)(]/3-4(J

&/07(&)07/2)&(4@'25)+2)/)-/$$'6().'h"$'+2)-&+%($$

0+).'$0&'#"0()/)3(.'%'2()'2)07()#4++.J)/)%+20&+44(.)$8/&3)+*)2/2+-/&0'%4($

%+"4.)#()$(20)0+).'n%"40H0+H&(/%7)/&(/$J)4'g()/)0"3+&9T

N7(2)'0)%+3($)0+)5(2(&/0'25)3+0'+2J)#&"0(H*+&%()3(%7/2'%$)/&(2O0)/)5++.

/--&+/%7)+2)07()2/2+$%/4(J)#(%/"$()'0O$).'n%"40)0+)5(2(&/0()07/0)*+&%(

4+%/44@9)N7/0O$)3+&(J)2/2+&+#+0'%$)/'3(.)/0)(20(&'25)+&5/2$)4'g()07()4"25J

'20($0'2(J)$0+3/%7J)+&)(@($J)*+&)(]/3-4(J)7/6()0+).(/4)8'07)+2()+*)07()#+.@O$

3/'2).(*(2$($)/5/'2$0)3'%&+H'20&".(&$X)%+3-4(])#'+4+5'%/4)k"'.$)4'g()3"%"$9

:2)/)+2(F08+)-"2%7)0+)0/%g4()07()-&+#4(3)+*)4+%+3+0'+2)/2.)(20(&'25

07&+"57)3"%"$J)\'$%7(&O$)5&+"-)4++g(.)0+)07()"4%(&H%/"$'25)7(4'+)-@4+&'

#/%0(&'/)*+&)'2$-'&/0'+2J)#+07)*+&)'0$)%+&g$%&(8H4'g()$7/-()/$)8(44)/$)*+&)'0$

/#'4'0@)0+).'$%&(0()(2=@3($)/2.).'$&"-0)07()3"%"$9)M7()#/%0(&'/O$)$3/44)$'=(

/2.)$7/-()/44+8$)'0)0+)3+6()07&+"57)$+*0)0'$$"($)/2.)k"'.$)4'g()3"%"$J)87(&(

3+0'+2$)4'g().&'44'25)i&/07(&)07/2)$8'33'25j)/&()2((.(.)0+)-&+-(49)M7'$)'$

#(%/"$(J)/$)+2()5+($)$3/44(&J)87/0)-&(6'+"$4@)/--(/&(.)/$)/)7+3+5(2(+"$

4'f"'.).'$0'25"'$7($)'20+)/)3+&()S$-/57(00'H4'g(T)3+4(%"4/&)3($7)+*

3/%&+3+4(%"4($J)(]-4/'2$)\'$%7(&9):*)07().'/3(0(&)+*)07()-&+-(44(&)'$)$3/44

(2+"57J)'0)%/2).&'44)07&+"57)07()5/-$)'2)07'$)2(08+&g9

SM7/0O$)7+8)6(&@)$3/44)$@$0(3$)%/2)/%0'6(4@)3+6()07&+"57)07($()-(2(0&/0'+2

#/&&'(&$)8'07)6(&@)4'004()*+&%(JT)\'$%7(&)$/@$9)S?/%0(&'"3)'$)4'0(&/44@)/).&'449T

particletransport

mucingel
urease

liquefied

gel

%&*+#"$,-$.(&"/0&'0'$012"$&/'3&#10&4/$5#46$71(0"#&1$04$8"9":43$6&(#431#0&(:"'$0)10$(1/$(4#2'(#";
0)#4+*)$6+(+'-$<=61*"$(4+#0"'>$45$!""#$%&'()"#-?

\'$%7(&O$)5&+"-)3'3'%$)07()%+&g$%&(8)$7/-()+*)07()-/07+5(2)#@)"$'25)/

%"$0+3)EW)*/#&'%/0'+2)3/2"*/%0"&'25)-&+%($$)0+)%&(/0()$3/44)-&+-(44(&$

&+"574@)UDD)23)4+25)i/#+"0)CD)0'3($)$3/44(&)07/2)/)7"3/2)#4++.)%(44j)3/.(

+"0)+*)$'4'%+2).'+]'.()/2.)+07(&)3/0(&'/4$9)M7($()-&+-(44(&$)3/g()/)$'3'4/&

%+&g$%&(8)3+0'+2)07&+"57)k"'.)/2.)%/2)#()%+20&+44(.)3/52(0'%/44@)i\'5"&()Cj9

G)%+44/#+&/0'6()5&+"-)4(.)#@)07()>/])<4/2%g):2$0'0"0()*+&):20(44'5(20)!@$0(3$

&(-+&0(.)+2)"$'25)07()0(%72'f"()0+).($'52)$4'--(&@)2/2+-&+-(44(&$)07/0

$"%%($$*"44@).&'44(.)07&+"57)/).'$$(%0(.)-'5O$)(@()8'07+"0)./3/5'25)0'$$"(J

$7+8'25)07()-+$$'#'4'0@)+*)"$'25)07().(6'%($)*+&)-&(%'$()(@()$"&5(&@)oQp9

:2)/..'0'+2)0+)-&+-(44(&$J)07()0(/3O$)4'07+5&/-7@)/2.)*/#&'%/0'+2)0(%72'f"($

4(0$)07(3)%&(/0()#'44'+2$)+*)2/2+&+#+0$)'2)$(6(&/4)7+"&$)3/.()+*).'h(&(20

3/0(&'/4$)0+)'3-/&0).'h(&(20)*"2%0'+2$9

M7/0O$)87(&()07()2(]0)#/%0(&'/H'2$-'&(.)'.(/)%+3($)'2X)/%0"/0'25

3'%&+-/&0'%4($)#@)5'6'25)07(3)/)%7(3'%/4)$+"&%()+*)(2(&5@)&/07(&)07/2

3(%7/2'%/4)+&)3/52(0'%9)M7'$)%7(3'%/4)(25'2()8+"4.)%+3-&'$()7/4*)+*)/

2/2+-/&0'%4()%+20/'2'25)%7(3'%/4$)07/0J)+2)&(4(/$(J)%&(/0()/2)'3#/4/2%()+*

%+2%(20&/0'+2)5&/.'(20$J)'2."%'25)k+8$)0+)-&+-(4)/)-/&0'%4()'2)/).'&(%0'+29

M7'$)8+"4.)#()/.6/20/5(+"$)+6(&)/)3/52(0'%)%+20&+4)$@$0(3J)$/@$)\'$%7(&J

#(%/"$()'0)8+"4.)/44+8)/"0+2+3+"$)+-(&/0'+29

SN()8/20)0+)0/'4+&)07($()%7(3'%/4)&(/%0'+2$)'2)/)8/@)0+)3/g()2+0)+24@)07(

-/&0'%4()3+6(J)#"0)/4$+)&($-+2.)0+)(]0(&2/4)$'52/4$)/2.)5&/.'(20$JT)$/@$

\'$%7(&9)S:2)-&'2%'-4()07'$)8+"4.)#()/)6(&@)(4(5/20)8/@)0+)7/6()2/2+$@$0(3$

07/0)%/2)4+%+3+0()/2.)2/6'5/0()8'07+"0)(]0(&2/4)%+20&+49

G)&($(/&%7)5&+"-)'2)B/2/./)'$)/4$+)'2$-'&(.)#@)#/%0(&'/X)!@46/'2)>/&0(4J

.'&(%0+&)+*)07()<+4@0(%72'f"()>+20&(/4)L/2+&+#+0'%$)m/#+&/0+&@J)7/$)8+&g(.

*+&).(%/.($)+2)%+"-4'25)4'6'25J)$8'33'25)#/%0(&'/)0+)3'%&+$%+-'%)3/52(0'%

#(/.$)0+)%&(/0()7@#&'.).(6'%($)07/0)%/2)#()$0((&(.)#@)>P:J)*+&)(]/3-4(9)M7(

#/%0(&'/)$(4*H-&+-(4)."()0+)07('&)0/'4$)ik/5(44/jJ)/2.)07()3/52(0$).'&(%0)07(3

87(&()0+)5+9

M7($()$(4*H-&+-(44(.)/2.)%+20&+44/#4()7@#&'.)S2/2+#+0$T)%+"4.)-+0(20'/44@)#(

"$(.)/$)/)8/@)0+)0/&5(0)7/&.H0+H&(/%7)0"3+&$9)G$).(0/'4(.)'2)oCpJ)>/&0(4)/2.

%+44/#+&/0+&$)$7+8(.)7+8)/)$8/&3)+*)07($().(6'%($`3/.()"-)+*)3'44'+2$)+*

#/%0(&'/)%+3#'2(.)8'07)$(2$+&$)/2.)3/52(0'%)#(/.$`%+"4.)&(/%7)0"3+&$)'2

3+"$()3+.(4$9)>/&0(4)'$)+-0'3'$0'%)/#+"0)07'$)/--&+/%7)0+)0&(/0)0"3+&$)07/0

0&/.'0'+2/4)%7(3+07(&/-@)+*0(2)%/2O0)&(/%79

S<&($(204@J)07(&/-("0'%$)/&().(4'6(&(.)$@$0(3/0'%/44@J)87'%7)%/"$()$(6(&(

0+]'%'0'($)*+&)07()-/0'(20)87'4()4'3'0'25)07()/3+"20)+*)07(&/-("0'%$)&(/%7'25

$+4'.)0"3+&$JT)$/@$)>/&0(49)SG)&+#+0'%)/--&+/%7)%+"4.)7(4-)/%7'(6()$"%7)/

5+/4)/2.)*+&)07/0)/)8'.(&)'20(&.'$%'-4'2/&@)/--&+/%7)'26+46'25)#'+3(.'%/4

(25'2((&$)07/0)8(&()f"/$'H/#$(20)$+)*/&)'2)07'$)-/&0'%"4/&)I(4.)3/@)7(4-

%+"20(&/%0)3/2@)+*)07()3/d+&)+#$0/%4($)*/%'25).&"5).(4'6(&@)'2)%/2%(&

07(&/-@)/2.)87(&()2/2+0(%72+4+5@)-4/@$)/)5&(/0)&+4(9T

!'=()'$)%&'0'%/4)87(2)'0)%+3($)0+).(6'$'25)2(8)0(%72'f"($)0+)5(0)'20+)%(44$)/2.

-&(%'$(4@)0/&5(0)3(.'%'2()'2)/..'0'+2/4)(h+&0$9)?/%0(&'/)&/25()/&+"2.)QDDD

23)iQ)3'%&+2jJ)*/&)0++)4/&5()0+)(20(&)%(44$)+&)0'2@)#4++.)6($$(4$9

!+)*/&J)/).(6'%()%&(/0(.)#@),2'6(&$'0@)+*)M(]/$)/0)!/2)G20+2'+)<&+*($$+&$

P"@/2)q"+)/2.)G3/&)?7/44/J)0+5(07(&)8'07)07('&).+%0+&/4)$0".(20)!+"0'g

?(0/4J)7+4.$)07()>,#//.BB%J00K%0;%L0-2'%3."0-'B)0'04()*+&)$3/44($0)3(.'%/4

&+#+0)'2)CDQV9)M7('&)QCDH23)&+#+0)%/2)-"$7)3'2'$%"4()-/@4+/.$)/2.)(20(&)07(

3(3#&/2($)+*)%(44$J)/#'4'0'($)07/0)07(@)7+-()8'44)3/g()'0)"$(*"4)*+&)3(.'%/4

/--4'%/0'+2$9

S[2()*(/0"&()8().+%"3(20(.)'$)07()/#'4'0@)0+)0&/2$-+&0)%(44$)*&+3)+2(

-+$'0'+2)0+)/2+07(&9)M7()$(%+2.)*(/0"&()'$)07()/#'4'0@)0+)-(2(0&/0()/)%(44

3(3#&/2(J).'n%"40)*+&)3+$0)2/2+-/&0'%4($JT)$/@$)?7/44/9

SL+&3/4)2/2+%+3-+$'0($)/&()#'55(&)07/2)07()%7/22(4)+*)/)%(44)3(3#&/2()$+

%/2O0)(/$'4@)(20(&)/)%(44JT)/..$)q"+9)S?"0)#(%/"$()+*)+"&)-/&0'%4(O$)$'=()/2.

I(4.H.&'6(2)&+0/0'+2)/2.)0+&f"()*"2%0'+2J)8()%/2).'&(%0)+"&)2/2+&+#+0$)0+

-(2(0&/0()07()%(44)3(3#&/2(J)87'%7)8+"4.)/44+8)@+")0+).'&(%04@)&(4(/$()/

-/@4+/.)0+).($0&+@)%/2%(&+"$)%(44$J)*+&)(]/3-4(9T

[2(H07+"$/2.07)07()8'.07)+*)/)7"3/2)7/'&J)07()0(/3O$)2/2+&+#+0)'$)3/.()"-

+*)/)%+&()+*)%+#/40)*(&&'0()i($$(20'/44@)/)3/52(0'%)%&@$0/4J)-+$$($$'25)'0$)+82

2+&07)/2.)$+"07)-+4($j)/2.)/)$7(44)%+2$'$0'25)+*)#/&'"3)0'0/2/0()i/

*(&&+(4(%0&'%)%+3-+$'0'+2)07/0)%/2)5(2(&/0()/2)(4(%0&'%)%7/&5(Z-+0(20'/4)'2

&($-+2$()0+)$0&($$j9)M7'$)%+3-+$'0'+2)3(/2$J)6(&@)5(2(&/44@J)07/0)'*)/

3/52(0'%)I(4.)'$)/--4'(.J)07()-/&0'%4()8'44)0&@)0+)&+0/0()0+)/4'52)'0$(4*)8'07)07(

I(4.J)8'07)'0$)-+4/&'=/0'+2)&+0/0'25)/%%+&.'254@9

SM7'$)3+6(3(20)(2/#4($)07()8+&gJ)87'%7)5'6($)07()2/2+&+#+0)/)*+&%()#@

87'%7)@+")%/2)-"$7)+#d(%0$)/&+"2.)+&)%/&&@)$+3(07'25)+6(&)/)%(&0/'2

.'$0/2%(JT)$/@$)q"+9)M7('&)%+3-+$'0(J)$7()/..$J)(2/#4(.)07(3)/)3+&()-&(%'$(

8/@)+*)%+20&+44'25).'&(%0'+2)07/2)+07(&$)87+)7/6()"$(.)/2)(]0(&2/4

(4(%0&+3/52(0'%)/--&+/%7)0+)3/2'-"4/0'25)2/2+3/%7'2($J)/$)$7()/2.

%+44(/5"($).(0/'4(.)'2)oEp9

M7()0(/3J)87'%7)'$).(6(4+-'25)-/&02(&$7'-$)/2.)7/$)/)-/0(20)-(2.'25)*+&)07(

0(%72+4+5@J)2(]0)-4/2$)0+)%+20'2"()"2.(&$0/2.'25).($'52)-&'2%'-4($)0+)&(I2(

07()%+20&+4)'20(&/%0'+2$)8'07)%(44)3(3#&/2($9)M7(@)/'3)0+)"40'3/0(4@)0/&5(0

2+0)d"$0)%/2%(&)#"0)/4$+)#4++.)%4+0$)/2.)3/@#()$+3(./@)&(-/'&)#&/'2)%(44$

/h(%0(.)#@)G4=7('3(&O$9):2)/..'0'+2)0+)3(.'%/4)"$($J)07(@)/&()/4$+)(]-4+&'25

07()-+$$'#'4'0@)+*)"$'25)07('&)2/2+-/&0'%4($)'2)07()I(4.)+*)%+33"2'%/0'+2$9

@1/*$<A:1&#"?$B"/*C$!)DEFD-

G$'.()*&+3)(4(%0&+3/52(0'%)(h+&0$J)+07(&$)/&(

"$'25)#'+4+5@)'0$(4*)0+).(6(4+-)/2.)%+20&+4

2/2+-/&0'%4($9

c/25)iB4/'&(j)R(25J)<7WZ>W)/2.)&($(/&%7)*(44+8)/0

07()!7'7)m/#)/0)07()W(-/&03(20)+*)B/2%(&)?'+4+5@

/0)07()W/2/)\/&#(&)B/2%(&):2$0'0"0(Zb/&6/&.

>(.'%/4)!%7++4J)%+3#'2($)$0".'($)+*)2/2+$%/4(

3/0(&'/4$)8'07)%/2%(&)'33"2+07(&/-@J)*+%"$'25)+2

2/2+.(6'%($)3/.()"-)+*)*+4.$)+*)WLG)0+)7+4.

-/@4+/.$`)($$(20'/44@)+&5/2'%)2/2+#+0$)i\'5"&()EJ

&'570j9

M7()+&'5/3')0(%72'f"(J)-'+2((&(.)#@)</"4)P+07(3"2.)/0)07()B/4'*+&2'/

:2$0'0"0()+*)M(%72+4+5@J)5(2(&/44@)(20/'4$)*+4.'25)4+25)$0&/2.$)+*)$%/h+4.)WLG

8'07)$3/44(&)$0&/2.$)07/0)/%0)4'g()$0/-4($)0+)*+&3)'20+)CW)+&)EW)$7/-($9)M7(

!7'7)m/#)7/$)$'2%()#"'40)"-+2)07()/--&+/%7)/2.)3/.()7(/.4'2($)*+&)"$'25)07(

WLG)+&'5/3')3(07+.)0+).(6(4+-).'h(&(20)$7/-($)+*)EW)WLG)2/2+-/&0'%4($

07/0)%/2)7+4.)-/@4+/.$`($$(20'/44@)WLG)2/2+&+#+0$)/'3(.)/0)3(.'%/4

/--4'%/0'+2$)4'g()%/2%(&)/2.)b:r9)M7().(6'%($)%+2$'$0)+*)7"2.&(.$)+*)UDFaD

#/$()-/'&$)$7+&0)$'254(H$0&/2.)WLG)$(f"(2%($)-4/%(.)+20+)07()$%/h+4.$J)8'07

/)S7'25(T)+2)07()(2.)+*)07().+"#4()7(4'%($)0+)7+4.)/)-/@4+/.J)4'g()/)%/2%(&

.&"59)M7(@)%/2)7+4.)3"40'-4()-/@4+/.$)/0)07()$/3()0'3()/2.)/0).($'&(.

-+$'0'+2$)+2)07()+&'5/3')$0&"%0"&(J)/%%+&.'25)0+)R(25)i\'5"&()Uj9

%&*+#"$G-$F+:0&6"0#&($DHI$4#&*16&$/1/4'0#+(0+#"$1''"67:"8$+'&/*$&/8&9&8+1:$DHI$4#&*16&'$<"1()
(4:4#$&'$1$8&J"#"/0$DHI$4#&*16&?-$<=61*"$(4+#0"'>$45$.)&)$K17-?

B"&&(204@J)S8()/&().(6(4+-'25)/)%/2%(&)6/%%'2()"$'25)WLG)+&'5/3'JT)$7()$/@$9

SM7()8/@)07()-/@4+/.$`*+&)(]/3-4(J)0"3+&)/20'5(2)/2.)/.d"6/20`/&(

/&&/25(.)+2)07()+&'5/3')%/2)%&(/0()3+4(%"4/&)$'52/4$)*+&)07('&)&(%(-0+&

0/&5(0$9)N7(2)07().(6'%()&(/%7($)07()/20'5(2H-&($(20'25)%(44$J)'0)(20(&$)/2.

&(4(/$($)07()-/@4+/.$)0+)07()%(44$)o0+)"40'3/0(4@p)5(2(&/0()/)&+#"$0)/20'%/2%(&

'33"2()&($-+2$(9T

M7'$)0(%72'f"()4(0$)+2()%"$0+3'=()$7/-($)/2.)*"2%0'+2$)0+)4+/.).'h(&(20

0@-($)+*)07'25$)+20+)07()WLG)2/2+&+#+0$J)$"%7)/$)/20'5(2)/2.)/.d"6/20)+&

+07(&)4'5/2.$)*+&)%(44$)0+)#++$0)/)-/0'(20O$)'33"2()&($-+2$(J)+&)/)0&/%g'25)+&

'3/5'25)%+3-+"2.)0+)3+&()(n%'(204@).(0(%0)0"3+&$9

N7'4()07'$)+&5/2'%)2/2+#+0)/--&+/%7)'$)-&+3'$'25)*+&)2/2+3(.'%'2(J)'0)*/%($

$'3'4/&)4'3'0/0'+2$)+*)+07(&)2/2+3(.'%'2()0(%72'f"($J)-/&0'%"4/&4@)%+$0J

%+20&+4J)/2.)I5"&'25)+"0)7+8)0+)0&/2$4/0()'0)(h(%0'6(4@)*+&)%/2%(&

'33"2+4+5@9

Sq(2(&/44@J)07()(]-(&0$).+'25)WLG)+&'5/3')&($(/&%7)/&()'2)07()$@207(0'%

#'+4+5@)/&(/)&/07(&)07/2)%(44)#'+4+5@)/2.)3(.'%/4)o/&(/$p9)[07(&$)'2)2/2+0(%7

/&()%+3'25)*&+3)07()(25'2((&'25)$'.(9)G2.)%4'2'%'/2$)0@-'%/44@).+2O0)g2+8)/)4+0

/#+"0)07($()0(%72+4+5'($JT)$/@$)R(259)S:O3)7+-'25)0+)#&'.5()07/0)5/-)#@

$0".@'25)#+07)07()0(%72+4+5@)/2.)%4'2'%/4)2((.$9T

[2()%+2$'.(&/0'+2)*+&)%4'2'%/4)/--4'%/0'+2$)'$)07()-+$$'#'4'0@)+*)"2'20(2.(.

0+]'%)$'.()(h(%0$9)G2)/.6/20/5()0+)07()+&5/2'%)/--&+/%7)'$)07/0)07()0+]'%'0@)+*

07'$)3/0(&'/4)'$)6(&@)4+8J)/%%+&.'25)0+)R(259)S[2%()@+").(4'6(&)07()+&5/2'%

2/2+#+0)'20+)07()#+.@J)/*0(&)'0)%/&&'($)+"0)'0$)*"2%0'+2J)'0)%+"4.)#().'5($0(.)#@

@+"&)%(44$)4'g()/2@)+07(&)%(44"4/&).(#&'$JT)$7()$/@$9

[07(&$)/&()/4$+)/%%(4(&/0'25)&($(/&%7)'20+)2/2+&+#+0'%$)*+&)3(.'%'2(J)/2.

%4+$'25)'2)+2)%4'2'%/4)0&'/4$9)W(#/#&/0/)iW(6j)>"g7+-/.7@/@J)<7WJ).'&(%0+&)+*

07()>/@+)B4'2'%O$)2/2+0(%72+4+5@)4/#)#/$(.)'2)\4+&'./J)'$)%4+$()0+)I2/4'='25

-7/$(HQ)%4'2'%/4)0&'/4$)*+&)/)2/2+0(%72+4+5@H#/$(.).&"5).(4'6(&@)$@$0(3

0/&5(0'25)/55&($$'6()0"3+&$9

S:2)/..'0'+2)0+).&"5).(4'6(&@J)8()/'3)0+)"$()2/2+-/&0'%4($)0+)3+2'0+&)0"3+&

07(&/-("0'%)+"0%+3()'2)&(/4)0'3(JT)$/@$)>"g7+-/.7@/@J)87+)-+'20$)+"0)07/0

+*0(2)87(2)-(+-4()/&()5'6(2)%7(3+07(&/-@J)3+207$)5+)#@)#(*+&()'0O$)%4(/&

87(07(&)07()07(&/-("0'%).&"5)'$)7/6'25)/2)(h(%09

M7()4/#)/4$+)*+%"$($)+2).(6(4+-'25J)0($0'25J)/2.)/--4@'25)2/2+&+#+0'%$)0+

+07(&)3(.'%/4)/&(/$J)($-(%'/44@)%/&.'+6/$%"4/&).'$(/$()i.(4'6(&'25)2/2+5(4)0+

&(-/'&)/&0(&'($j)/2.)(/&4@H$0/5().(3(20'/)i$"%7)/$)/)#'+3/&g(&)2/2+'3/5'25

$@$0(3jJ)/$)8(44)/$)+07(&)'33"2().'$+&.(&$9

>"g7+-/.7@/@J)87+).&/8$)7'$)'2$-'&/0'+2)*&+3)07().(%/.($)+*)'20(&($0)'2

"$'25)3/0(&'/4$)4'g()$'46(&)/2.)5+4.)*+&)/20'3'%&+#'/4)(h(%0$J)%/"0'+2$)07/0)/2@

2/2+3(.'%'2()8'44)2((.)0+)#()07+&+"574@)0($0(.)*+&)/2)'33"2()&(/%0'+29

!+3()+*)7'$)8+&g)*+%"$($)+2)2/2+.'/3+2.$J)+2()+*)07()4($$(&

'33"2+&(/%0'6()2/2+-/&0'%4($J)87'%7)+07(&)&($(/&%7(&$)i$"%7)/$)!0/2*+&.

-&+*($$+&)!0(6(2)B7"j)/&()'26($0'5/0'25)*+&)/)&/25()+*)"$($J)'2%4".'25

#'+3(.'%/4)'3/5'259

P($(/&%7)'20+)"$'25)2/2+&+#+0'%$)/2.)3/0(&'/4$)*+&)%/2%(&)7/$)#((2)-'%g'25

"-)$-((.)'2)07()4/$0)*(8)@(/&$J)/2.)8+&g)/4$+).+2()/0)07()>/@+)B4'2'%)7/$

3/.()-&+5&($$)'2)0/&5(0'25)$-(%'I%)%/2%(&9)P($(/&%7)4(.)#@)<&+*9)?(00@)s'3

$7+8(.)/)-&++*H)+*H%+2%(-0)07/0)2/2+3/0(&'/4$)%+/0(.)8'07)/20'#+.'($)0+

0/&5(0)/)0@-()+*)#&(/$0)%/2%(&)&(%(-0+&)%+3#'2(.)8'07)3+4(%"4($)07/0

/%0'6/0()07()'33"2()$@$0(3J)/%0'25)4'g()k/5$)+2)07()%/2%(&)0+)7(4-)'33"2(

%(44$)$-+0)87'%7)0"3+&+"$)%(44$)0+)/00/%g)oUp9)G2.)'2)/2)/.6/2%()'2)'.(20'*@'25

%/2%(&)(/&4@J)<&+*9)!7/2)N/25)/0)07()!0/2*+&.)B(20(&)*+&)B/2%(&

L/2+0(%72+4+5@);]%(44(2%().(0/'4(.)/2)/--&+/%7)0+)"$()$(2$+&)0(%72+4+5@

/2.)%4"$0(&$)+*)3/52(0'%)2/2+-/&0'%4($)0+)/00/%7)0+)WLG)/2.)k/5)%/2%(&+"$

%(44$)oap9

W($-'0()07($()$"%%($$($J)'0)8'44)#()/)87'4()#(*+&()8()$(()07()*"44@)&(/4'=(.

2/2+&+#+0'%$)'2)"$(9

S;n%/%@)&(/44@)2((.$)0+)#()-&+6(.)'2)2/2+3(.'%'2(X);6(2)8'07)/)-/$$'6(

.'$-(&$/4)+*)2/2+-/&0'%4($J)07(&()2((.$)0+)#()%4(/&)(6'.(2%()07/0)'0O$)3+&(

(n%'(20)07/2)07()(]'$0'25)3(07+.$9)\+&)07()3+$0)-/&0J)07()I(4.)/$)/)87+4()'$

$0'44)'2)/)-&++*H+*H%+2%(-0)$0/5()&/07(&)07/2)/)%4'2'%/4H0&'/4)$0/5(JT)$/@$)\'$%7(&9

SM7(&()/&()(2%+"&/5'25)$%(2/&'+$)87(&()+2()%/2)$7+8)07/0)/$-(%0$)8+&g)/2.

3/@#()07().&(/3)+*)0/&5(0(.J)/"0+2+3+"$).(4'6(&@)$@$0(3$)%/2)#()&(/4'=(.J

#"0)'0O$)%(&0/'24@)/).(%/.()/8/@)/0)4(/$09T

!"#"$%&'!%(#)"*

!"#$%&'()*%)+*&,-(&-./)0'&1
23',)4'55',)6*'7(
/0'"1(+2*(+,+3

8$%)9:-5*-%)!;)<''.)=->
?'$@51*',A
/0'"1(+2*(+,+3

B->C@')6*(*-%D)E5>"/)-F)GH<H
07*%()I,-#*"'()J'7);%(*K15L
;%5-)?>:$%)M'@@C'*%K/0'"1(+2*(+,+3

!)J'7)9,$)F-,)4*-%*&)N*:C(
/0'"1(+2*(+,+3

J'O5PQ'%',$5*-%)4*-.,*%5'"
I,-">&5(D)I,-">&5()-F)J$5>,')L
I$5'%5$C@');%%-#$5*-%A/0'"1(+2*(+,+3

+"&!"#,--"$.

J$%-,-C-5*&()&-%5,-@)"'(*K%D)$
&-@@'&5*#')C'1$#*-,)$..,-$&1
F-,):'"*&*%'
4/56(7'089(:08$%;$9";&8"&*(+,,<

Q,$%")81$@@'%K'()*%
4*-'%K*%'','")J$%-,-C-5*&(
F-,)8$%&',)01',$./
4/56(7'089(5;$=&>(48?*(+,-3

Q,$%")&1$@@'%K'()*%
C*-'%K*%'','")%$%-,-C-5*&()F-,
&$%&',)51',$./H
@444(7'089(5;$=&>(48?*(+,-3

Q@-C$@)?$,:-%*R$5*-%)-F)?',C$@
?'$@51)8@$*:(
A0;B(5C(/010>D*(71&(E$F'80B($G
:F#';#;$8*(+,,-

+-,$@)8-%SK>,$5*-%)-F)B'$51)*%
8-%5':.-,$,/)81*%$D)E-&*$@
;:$K*%$5*-%)$%")8-::-%
I,$&5*&'(
HI:A(J$8?K;8(&#(0BC*(ILLB;&>
/0#1&=0#;"9(08>(/&"108;"9(M48?B;91
4>;#;$8N*(+,+-

E5$5')8@$((*S&$5*-%)#*$)$
T$%"-:PM$@UP4$('")V>$%5>:
J'>,$@)J'57-,U
OFPE;(Q08?(&#(0BC*(R1;8&9&(S1D9;"9
O&##&'9*(+,++

Powered by

!(/&%7)07'$)8(#$'0( !

!

-./0+&()1+/'%$ " 2(&$/(%3'4($ " 5(6'7 " 8#+"3 !!

IEEE websites place cookies on your device to give you the best user experience. By using our websites, you agree to the placement of these cookies. To
learn more, read our 

Accept & Close
Privacy Policy.

! ! ! ! !"###$%&' ( "###!!"#$%&!)*'*+,-!.*/&,&0 ( "###!1+,23,&34 ( "###!1567+&89 ( :%&6!1*+64 69/4$%&' "###$%&'

https://www.embs.org/
https://www.ieee.org/
https://www.embs.org/pulse/articles/advances-in-microscopy-tech-offer-better-views/
https://www.embs.org/pulse/articles/can-emotion-ai-keep-you-healthier/
https://www.embs.org/pulse/articles/double-vision-study-of-u-k-twins-provides-new-insight-into-human-wellbeing/
https://www.embs.org/pulse/articles/a-new-era-for-bionic-limbs/
https://www.embs.org/pulse/articles/next-generation-bioprinted-products-products-of-nature-or-patentable-innovation/
https://www.trendmd.com/how-it-works-readers
https://www.embs.org/
https://www.ieee.org/

