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

7?! @=4<=A4-* B!

C?! D@E!04F8*E@F=4F8A@FG* B!

5?! G@H8-I<4*G!JJ@<8* B!

5?7! G@H8-I<4*A0JK404F8I8A@F* B!
5?C! E@0JI8A3AKA8L* B!
5?5! J<@M<I0*4N4E!8A@F* B!

B?! OI<D-I<4*G!JJ@<8* B!

B?7! JOLGAEIK*OI<D-I<4* B!
B?C! OI<D-I<4*E@FHAM!<I8A@F* P!
B?5! OI<D-I<4*AF84<HIE4* P!

P?! DI8I*IE:!AGA8A@F* P!

P?7! @=4<=A4-* P!
P?C! G@H8-I<4*A0JK404F8I8A@F* P!
P?5! DI8I*AF84M<A8L* P!
P?B! DI8I*JI<GAFM* P!

Q?! GAMFIK*J<@E4GGAFM* Q!

Q?7! @=4<=A4-* Q!
Q?C! 3<4I8OAFM*<I84* Q!
Q?5! 840J4<I8!<4* Q!
Q?B! J!KG4*@NA048<L* Q!
18V86! W(T&(NTM! 1!
18V80! 2NA@T&NSK! 1!
18V8U! XTJ&@!&J@T! Y!
18V8V! <AWWR!WFZKTS!IJ@[&J@NWS! Y!

R?! !G4<*AF84<HIE4*G!JJ@<8* S!

R?7! @=4<=A4-* S!
R?C! G@H8-I<4*E@0J@F4F8G* S!
R?5! AFDA=AD!IK*<I8*DAGJKIL* S!
Y8U86! AN(T!@&JDTI! \!
Y8U80! (N@JA!(JA[TI! \!
Y8U8U! XNI@W&Z!K&JQXI! \!
Y8U8V! DW,,TS@I! \!
R?B! J<@M<I0*DAGJKIL* S!
R?P! 04F!*G!JJ@<8* T!

S?! DI8I*I<EOA=IK* T!

S?7! <I84*@H*DI8I*I<EOA=IK* T!
S?C! HAK4*H@<0I8* T!
S?5! K@EI8A@F*@H*DI8I*I<EOA=IK* T!
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S?B! I<EOA=IK*DI8I* 76!

T?! IJJ4FDAN* 77!

T?7! IJJ4FDAN*7*/*DI8I*I<EOA=IK*H@<0I8* 77!
]8686! RJ@J!J&DXN(JA!XTJRT&I! 66!
]8680! RJ@J!J&DXN(JA! 66!
T?C! IJJ4FDAN*C*/*G!MM4G84D*A0JK404F8I8A@FG* 77!
]8086! KTST&ND!2N&!2NA@T&! 66!
]8080! J<IW&<JSDT!QTJE!RT@TD@W&! 60!
]808U! 2I&!QTJE!RT@TD@NWS! 6U!
]808V! &J@T!DJAD[AJ@NWS! 6^!
!
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-.& /0%102%3&
! @:)+!%-?#=3.'!?-.'$).+!':3!/3_#)/3=3.'+!C-/!':3!#+3/!+-C';$/3!7`I-C';$/3a9!C-/!':3!

"#$%!&$'!()'$*+!,-.)'-/8!!@:)+!I-C';$/3!).?*#%3+!%$'$!$?_#)+)')-.P!/3$*b')=3!+)L.$*!

c/-?3++).LP!#+3/!).'3/C$?3!+#cc-/'P!$.%!%$'$!$/?:)O$*8!

4.& 5'678%*+&)'*0%*+2'*,&
* @:3!C-**-;).L!$/3!?-.O3.')-.+!#+3%!).!':)+!%-?#=3.'d!

$8! @:3!)'3=!)+!.-'!-c3.!C-/!%34$'3!

48! !"#$%&'("#)'&)$("*)(+'(),$--)#(./"0)'#)1"/)(+")/"23$/"*"&()
?8! eR3+)L.$'3+!$.!)'3=!':$'!;)**!43!/3c*$?3%!4f!':3!?#//3.'!O$*#3P!$+!c3/!':3!/3_#)/3=3.'g!

%8! 3%).0!%4'%!'()!#1)/!$#(!5)6'%)!
38! !!%3+)L.$'3+!$!?-.').#3%!*).3!

9.& :'(+3"1%&:7;;'1+&

9.-& :'(+3"1%&28;$%8%*+"+2'*&
! @:3!I-C';$/3!;)**!43!)=c*3=3.'3%!#+).L!B$O$8!

9.4& )'8;"+2#2$2+<&
! @:3!I-C';$/3!=#+'!43!?-=c$')4*3!;)':!,)?/-+-C'!M).%-;+!FQ!-/!:)L:3/!;:3.!

?-..3?'3%!'-!':3!%3O)?3!':/-#L:![I<!7)838!C-/!%34#LL).LP!Xfc3/'3/=).$*!-#'c#'98!

! 4'($.&'-"5)6'7')$#)0"#$%&"0)(.)8")9/.##:1-'(;./*)9.*1'($8-"<))=+"/")'/")7"/#$.&#).;)
4>=>)'7'$-'8-");./).(+"/)1-'(;./*#?)83()(+"@)/"23$/")'00$($.&'-),./A)(.)1/"1'/"<))=.)
*$&$*$B")$*1-"*"&('($.&?)C$&0.,#),$--)8")(+")*'$&);.93#<))D3(3/")310'("#)*'@)
#311./().(+"/).1"/'($&%)#@#("*#<!

! @:3!C).$*!+f+'3=!;)**!#')*)h3!%$'$!'/$.+=)++)-.!O)$!T':3/.3'P!;:)?:!=#?:!+#cc-/'!
$.f!-c3/$').L!+f+'3=!B$O$!/#.+!-.8!

! 4'($.&'-"5)6'7')1/.7$0"#)'&)EFG?)*$&$*$B$&%)0"7"-.1"/)9.&#$0"/'($.&);./).1"/'($&%)
#@#("*:0"1"&0"&()$*1-"*"&('($.&#<))H"/$'-)0'(')$#)(+")"I9"1($.&)(.)(+$#<)

9.9& =1'>1"8&%?%67+2'*&
! @:3!I-C';$/3!;)**!43!$.!3H3?#'$4*3!BJ&P!$**-;).L!':3!#+3/!'-!3H3?#'3!':3!c/-L/$=!4f!

%-#4*3b?*)?G).L!':3!c/-L/$=!)?-.8!

@.& A"1B3"1%&:7;;'1+&

@.-& =C<,26"$&C"1B3"1%&
! @:3!I-C';$/3!;)**!-.*f!+#cc-/'!':3!:$/%;$/3!%3+)L.3%!+c3?)C)?$**f!C-/!':)+!c/-i3?'8!
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@.4& A"1B3"1%&6'*(2>71"+2'*&
! N.)')$**fP!-.*f!?-.C)L#/$')-.+!-C!-.3!-/!C-#/!4-$/%+!;)**!43!+#cc-/'3%8!!2#'#/3!

#c%$'3+!=$f!3.$4*3!-':3/!?-.C)L#/$')-.+8!

@.9& A"1B3"1%&2*+%1("6%&
! @:3!:$/%;$/3!;)**!).'3/C$?3!;)':!':3!I-C';$/3!':/-#L:!$.!$O$)*$4*3![I<!c-/'!C-/!

%34#LL).L!$.%!T':3/.3'!C-/!+f+'3=!-c3/$')-.8!

D.& 5"+"&E6F72,2+2'*&

D.-& /0%102%3&
! R$'$!$?_#)+)')-.!;)**!$?_#)/3!%$'$!C/-=!':3!+f+'3=P!c$/+3!)'!).!/3$*b')=3P!$.%!+$O3!)'!

'-!':3!$cc/-c/)$'3!%$'$!+'/#?'#/3+!C-/!C#/':3/!c/-?3++).L8!

D.4& :'(+3"1%&G8;$%8%*+"+2'*&
! 2-/![I<!%34#LL).LP!&F@F!7:''cdjj#+3/+8C/))8?-=ji$/O)j/H'Hj9!;)**!43!#+3%!C-/!+3/)$*!

?-==#.)?$')-.8!

! 4'($.&'-"5)J/'9-")&.)-.&%"/)*'$&('$&#)(+")6'7')K.**3&$9'($.&#)EFG?)#.)'-("/&'(")
#.-3($.&#);./)#"/$'-)9.**3&$9'($.&),$--)8")3#"0<))4>=>)+'#)(+")#'*")EFG)'#)(+")6'7')
K.**3&$9'($.&#)EFG?)83()')0$;;"/"&()&'*"#1'9"<))G(),$--)8")3#"0)8"9'3#").;)(+$#)L)'--)
0.93*"&('($.&),$--)8")(+")#'*")8"(,""&)(+")9-'##"#<)

! 2-/!T':3/.3'!).'3L/$')-.P!TCPPacket!+:-#*%!43!#+3%!$+!)'!c/-O)%3+!$!/3*)$4*3!C*-;!-C!
%$'$!43';33.!+-#/?3+8!

D.9& 5"+"&G*+%>12+<&
! @:3!%$'$!$?_#)+)')-.!?*$++3+!$/3!.-'!c3/=)''3%!'-!=-%)Cf!%$'$!-#'+)%3!-C!?-.O3/').L!

4)'+!'-!O-*'+8!!@:)+!;)**!:3*c!c/3O3.'!C/$L=3.'$')-.!$.%!3.+#/3!':3!#+3/!;)**!L3'!

/3*)$4*3!%$'$8!!

! I-C';$/3!=#+'!#+3!$cc/-c/)$'3!%$'$!+'/#?'#/3+!'-!3.+#/3!':$'!%$'$!?$..-'!43!

$??3++3%!;:)*3!)'!)+!43).L!+'-/3%8!!W':3/;)+3P!%$'$!;)**!.-'!43!?-.+)+'3.'!43';33.!
%)CC3/3.'!?*$++3+!$.%!=$f!c/-O)%3!3//-.3-#+!%$'$8!!J!BlockingQueue!)+!+#LL3+'3%8!

@DQ!;)**!43!#+3%!$+!':3!:$/%;$/3!+f+'3=!;)**!/3+3.%!':3!%$'$!)C!)'!)+!.-'!/3?3)O3%!4f!
':3!I-C';$/38!

D.@& 5"+"&="1,2*>&
! R$'$!;)**!43!c/-O)%3%!4f!':3!:$/%;$/3!c/3C)H3%!4f!$!/$'!$.%!+)L.$*!)%3.')C)3/8!

M/'(N$0"&($;$"/OM#$%&'-N$0"&($;$"/OM0'('O)

! M/'(N$0"&($;$"/O!?$.!43!6P!0P!UP!-/!V8!!M#$%&'-N$0"&($;$"/O!?$.!43!&P!NP!2P!-/!@8!

! I-C';$/3!;)**!43!/3+c-.+)4*3!C-/!+-/').L!':3!%$'$!).'-!$cc/-c/)$'3!%$'$!+'/#?'#/3+8!
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H.& :2>*"$&=1'6%,,2*>&

H.-& /0%102%3&
! J**!+)L.$*!c/-?3++).L!;)**!43!/3$*b')=38!!J**!$*L-/)':=+!;)**!$++#=3!':$'!':3!?-//3?'!

%$'$!).!':3!?-//3?'!C-/=$'!:$+!433.!c/-O)%3%!4f!':3!%$'$!$?_#)+)')-.8!

H.4& I1%"+C2*>&J"+%&
! @:3!I-C';$/3!+:$**!?$*?#*$'3!':3!4/3$':).L!/$'3!C/-=!%$'$!c/-O)%3%!C/-=!':3!

:$/%;$/38!!I-C';$/3!;)**!#+3!c3$G!%3'3?')-.!'-!%3'3/=).3!':3!')=3+!-C!':3!4/3$':+8!!
I-C';$/3!;)**!?$*?#*$'3!4/3$':).L!/$'3!$+!$.!$O3/$L3!')=3!43';33.!4/3$':+!-O3/!':3!

1'0%!78!6()'%408!

H.9& !%8;%1"+71%&
! @:3!I-C';$/3!+:$**!?$*?#*$'3!':3!4/3$':).L!/$'3!C/-=!%$'$!c/-O)%3%!C/-=!':3!

:$/%;$/38!!@3=c3/$'#/3!)+!$!*).3$/!C#.?')-.!-C!':3!%$'$!c/-O)%3%!4f!:$/%;$/3!$.%!

?$.!43!?$*?#*$'3%!;)':!

="*1"/'(3/")P):Q<RSTT9M$&13(O)U)VV<WXW!

H.@& =7$,%&/?28%+1<!

H.@.-& /0%102%3&
! @:3!c/).?)c*3+!-C!c#*+3!-H)=3'/f!$/3!#+3%!'-!?$*?#*$'3!:3$/'!/$'3!$.%!4*--%!-HfL3.!

+$'#/$')-.8!!@;-!+'/3$=+!-C!%$'$!$/3!c/-O)%3%!4f!':3!:$/%;$/3!'-!%-!':)+!k!/3%!$.%!
).C/$/3%8!

H.@.4& K2$+%12*>&
! J!V':!-/%3/!2N&*C)*'3/!;)**!43!$cc*)3%!'-!':3!/3%!$.%!).C/$/3%!%$'$!c/-O)%3%!4f!':3!

:$/%;$/38!!J!15!$.%!605Xh!.-'?:!C)*'3/!)+!$cc*)3%!-.!:$/%;$/38!!THc3/)=3.'$**f!

%3'3/=).3%!?-3CC)?)3.'+!$/3!

! 4d!l58556YP!585U^P!5P!b5855U^P!b58556Ym!

$d!l68555P!bU8V1V\P!V8^0\]P!b081VYYP!58^\U\m!

@:3!C)*'3/).L!3_#$')-.!)+!L)O3.!4f!

! 

y(n) = b(1)* x(n) + b(2)* x(n "1) + ...+ b(nb +1)* x(n " nb)
" a(2)* y(n "1) " ..." a(na +1)* y(n " na)

!

@:3!C)*'3/!/3+c-.+3!?$.!43!+33.!).!2)L#/3!68!

!

!

!

!
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!

!

!

!

!

!

!

&

&

&

&

&

H.@.9& A%"1+&J"+%&
! @:3!I-C';$/3!+:$**!?$*?#*$'3!':3!4/3$':).L!/$'3!C/-=!':3!%$'$!c/-O)%3%!C/-=!':3!

:$/%;$/38!!I-C';$/3!;)**!#+3!c3$G!%3'3?')-.!-.!':3!/3%!+)L.$*!'-!%3'3/=).3!':3!')=3+!

-C!':3!c3$G+8!!I-C';$/3!;)**!?$*?#*$'3!:3$/'!/$'3!$+!$.!$O3/$L3!/$'3!43';33.!c3$G+!
-O3/!':3!1'0%!78!1)':08!

H.@.@& I$''B&/?<>%*&:"+71"+2'*&
! @:3!I-C';$/3!+:$**!?$*?#*$'3!':3!4*--%!-HfL3.!+$'#/$')-.!7IcW09!C/-=!':3!%$'$!

c/-O)%3%!C/-=!':3!:$/%;$/38!!I-C';$/3!;)**!#+3!c3$G!$.%!O$**3f!%3'3?')-.!-.!':3!/3%!

$.%!).C/$/3%!+)L.$*+!'-!%3'3/=).3!':3!O$*#3+!-C!':3!c3$G+!$.%!O$**3f+8!!I-C';$/3!;)**!

?$*?#*$'3!IcW0!4f!C)/+'!?$*?#*$').L!':3!/$')-!43';33.!':3!+)L.$*+!

! 

Ratio =

ln
Rpeak

Rvalley

ln
IRpeak

IRvalley

!

! $.%!4f!':3.!?$*?#*$').L!':3!IcW0!

! 

SpO2 = CC * "Hb (#R ) $"Hb (#IR )Ratio
"Hb (#R ) $"HbO2 (#R ) + ["HbO2 (#IR ) $"Hb (#IR )]Ratio

!

;:3/3!KK!)+!':3!3Hc3/)=3.'$**f!%3'3/=).3%!?$*)4/$')-.!?-3CC)?)3.'!$.%!"7#9!)+!L)O3.!
4f!+'$.%$/%!3H').?')-.!?-3CC)?)3.'+!).!@$4*3!68!

H#U;&%*7V*H#>(%&*&%'W+"'%*
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81X>%*7V*G(1"21&2*4Y(#".(#+"*E+%,,#.#%"('*
"!

D-*-/!
M$O3*3.L':!

7?=9! X4! X4W0!

&3%! 115! 58\6! 585\!

N.C/$/3%! ]V5! 586]! 580]!

! N.)')$**fP!$!+'$')?!?$*)4/$')-.!?-3CC)?)3.'!-C!58\60!;)**!43!)=c*3=3.'3%8!!NC!')=3!
c3/=)'+P!$!O$/)$4*3!?$*)4/$')-.!?-3CC)?)3.'!;)**!43!)=c*3=3.'3%!4$+3%!-.!O$*#3+!

c/-O)%3%!4f!':3!:$/%;$/38!

L.& M,%1&G*+%1("6%&:7;;'1+&

L.-& /0%102%3&
J+!':3!C/-.'3.%!'-!':3!+f+'3=P!$.!3$+fb'-b#+3!).'3/C$?3!)+!c$/$=-#.'8!!@:3!).'3/C$?3!
=#+'!43!-/L$.)h3%!+#?:!':$'!$.!).%)O)%#$*!;)':!*)=)'3%!c/)-/!3Hc-+#/3!'-!':3!

c/-L/$=!;-#*%!43!$4*3!'-!3$+)*f!-c3/$'3!)'8!

L.4& :'(+3"1%&)'8;'*%*+,&
B$O$!I;).L!;)**!43!#+3%!'-!4#)*%!':3!L/$c:)?$*!#+3/!).'3/C$?38!!B2/33D:$/'!

7:''cdjj;;;8iC/338-/LjiC/33?:$/'j9!;)**!43!#+3%!C-/!%$'$!L/$c:+8!

L.9& G*B202B7"$&J"+&52,;$"<&

L.9.-& N20%&!1"6%,&
! A)O3!'/$?3+!=#+'!43!%)+c*$f3%!C-/!2I&!$.%!3)':3/!/3%!-/!).C/$/3%!+)L.$*+8!

L.9.4& O2+"$&O"$7%,&
! [cb'-b%$'3!O)'$*!O$*#3+!=#+'!43!%)+c*$f3%!C-/!:3$/'!/$'3P!4*--%!-HfL3.!+$'#/$')-.P!

4/3$':).L!/$'3P!$.%!'3=c3/$'#/38!

L.9.9& A2,+'1<&P1";C,&
! @:3/3!=#+'!43!V!:)+'-/f!L/$c:+!k!-.3!C-/!3$?:!O)'$*8!!@:3!:)+'-/f!L/$c:+!;)**!+:-;!

':3!'/3.%!-C!':3!O)'$*+8!!@:3+3!;)**!43!#c%$'3%!3O3/f!6^!+3?-.%+!;)':!':3!$O3/$L3!-C!

':3!O)'$*!O$*#3!C/-=!':3!c$+'!6^!+3?-.%+8!!<f!%3C$#*'P!':3!:)+'-/f!L/$c:+!;)**!+:-;!
':3!'/3.%+!-O3/!':3!3.')/3!3Hc3/)=3.'P!4#'!?$.!43!?:$.L3%!%#/).L!c/-L/$=!

3H3?#')-.!'-!+:-;!$!+c3?)C)?!.#=43/!-C!=).#'3+!).!':3!c$+'!C/-=!':3!?#//3.'!')=38!

L.9.@& )'88%*+,&
! @:3!#+3/!=#+'!43!$4*3!'-!3.'3/!?-==3.'+!C-/!':3!/$'8!!@:)+!?-==3.'!;)**!43!+'-/3%!

).!':3!%$'$!C)*3!$+!c3/!+3?')-.!\8^8!

L.@& =1'>1"8&52,;$"<&
! 2-#/!).%)O)%#$*!/$'!%)+c*$f+!=#+'!43!%)+c*$f3%P!3$?:!-??#cf).L!$!_#$/'3/!-C!':3!

+?/33.8!!2)L#/3!0!%3c)?'+!$!c/-'-'fc3!%)+c*$f!+)=)*$/!'-!':3!C).$*!%)+c*$f8!
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&
H#U;&%*CV*G19W>%*#"(%&,1.%*1'*X;#>(*#"*H1>>*C66T*

L.D& Q%*7&:7;;'1+&
! @:3!=3.#!;)**!$**-;!':3!#+3/!3$+f!$??3++!'-!$!=3':-%!'-!+$O3!$!+?/33.+:-'!-C!':3!

c/-L/$=P!=$G3!$!?-==3.'!C-/!3$?:!/$'!+)=#*'$.3-#+*fP!?:$.L3!c/-L/$=!-c')-.+!$.%!
?-.C)L#/$')-.P!$??3++!:3*c!%-?#=3.'+P!$.%!O)3;!%3'$)*+!$4-#'!':3!c/-L/$=8!

R.& 5"+"&E16C20"$&

R.-& J"+%&'(&B"+"&"16C20"$&
! R$'$!;)**!43!$/?:)O3%!'-!:$/%!%)+G!3O3/f!6^!+3?-.%+8!

R.4& K2$%&('18"+&
! @:3!$/?:)O$*!C)*3!;)**!43!$!?-==$b+3c$/$'3%!C)*38)

R.9& N'6"+2'*&'(&B"+"&"16C20"$&
! @:3!#+3/!=#+'!43!c/-=c'3%!C-/!$!*-?$')-.!'-!$/?:)O3!':3!%$'$!$'!':3!+'$/'!-C!c/-L/$=!

3H3?#')-.8!!@:3!#+3/!;)**!$*+-!43!c/-=c'3%!'-!3.'3/!':3!.$=3!-C!':3!C)*38!!J!C)*3!=#+'!
43!?/3$'3%!).!':3!+c3?)C)3%!*-?$')-.!;)':!':3!.$=3!

M3#"/)1/.7$0"0)&'*"O<9#7)

D:$.L).L!':3!$/?:)O$*!*-?$')-.!%#/).L!c/-L/$=!3H3?#')-.!;)**!.-'!43!+#cc-/'3%8!
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R.@& E16C20"$&B"+"&
! @:3!$/?:)O3%!%$'$!+:$**!43!':3!$O3/$L3!O$*#3!-C!':3!O)'$*!+).?3!':3!*$+'!$/?:)O$*!'-!C)*3!

$.%!$.f!#+3/!?-==3.'+8!!@:3!%$'$!;)**!43!$/?:)O3%!$+!*)+'3%!).!Jcc3.%)H!6!7+3?')-.!
]8698!

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

!"+# $%%&'()*#+#,#-./.#$012)3.4#5607./#

!"+"+# -./.#$012)3.4#8&.(&09#
$ ()*$+,-,$./0*$1),00$/2304+*$5$)*,+*6$6781$-7$,0078$-)*$6*9/*8*6$-7$*,1/0:$+/..*6*2-/,-*$-)*$3704;21<$$()*1*$6781$1),00$=*>$

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

" !,-./0'&.1#$#23&10/4",-./#$#5%#$#617)#$#8%#$#,#$#9:../;'#$#5%#$#617)#$#8%#$#,#$#9:../;'#$"!"
#5%#$#617)#$#8%#$#,#$#9:../;'#$#5%#$#617)#$#8%#$#,#$#9:../;'#"

!"+":# -./.#$012)3.4#
$ ?2*$678$1),00$372-,/2$-)*$+,-,$.76$72*$+,-,$,63)/9,0<$$()*$,63)/9,0$./0*$+,-,$.76;,-$1),00$=*>$

!<'-./0'&.1=#$#</3&10/4>'-./=#$#<(?5%=#$#<(?617)=#$#<(?8%=#$#<(?,=#$#<(?@:../;'=#$"!"
#<)?5%=#$#<)?617)=#$#<)?8%=#$#<)?,=#$#<)?@:../;'=#$"!"
#<*?5%=#$#<*?617)=#$#<*?8%=#$#<*?,=#$#<*?@:../;'=#$"!"
#<+?5%=#$#<+?617)=#$#<+?8%=#$#<+?,=#$#<+?@:../;'=#"

$
<'-./0'&.1=$/2+/3,-*1$-)*$3466*2-$-/;*$,1$7=-,/2*+$.67;$-)*$37;@4-*6$3073A<$$</3&10/4>'-./=$/2+/3,-*1$-)*$-/;*$*0,@1*+$
1/23*$*B@*6/;*2-$1-,6-<$$<A?B=$/2+/3,-*1$-)*$6,-$24;=*6$-)*$/-*;$8/00$=*$1-76*+$.76<$

!":# $%%&'()*#:#,#;<==&9/&(#>7%4&7&'/./)6'9#

!":"+# ?&'&0)1#5>@#5)4/&0#
//variables 
double[] adc;  //ADC data 
double[] filt;  //filtered data 
double[] b;  //b coefficients for filter 
double[] a;  //a coefficients for filter 
double num;  //current data point$

 //begin code 
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  for(int i = adc.length - 1; i > 0; i--) { 
   adc[i] = adc[i-1]; 
  } 
  adc[0] = num; 
  for(int i = filt.length - 1; i > 0; i--) { 
   filt[i] = filt[i-1]; 
  } 
    
  double intermediate = 0; 
  for(int i = 0; i < b.length; i++) { 
   intermediate += adc[i] * b[i]; 
  } 
  for(int i = 1; i < a.length; i++) { 
   intermediate -= filt[i] * a[i]; 
  } 
 filt[0] = intermediate;$
!":":# $A960A.'1&#B&.C#-&/&1/60#
  //variables 
  long startTime;   //program start time 
  double max = 3;   //max value of signal 
  double min = 100;  //min value of signal 
  double smax = 0;   //signal max 
  double smin = 0;   //signal min 
  boolean bthresh = false; //below threshold boolean 
  boolean athresh = false; //above threshold boolean 
  double tpeak = 0;  //temp peak 
  long tpeak_x = 0;  //temp peak time 
  double tvalley = 0;  //temp valley 
  long tvalley_x = 0;  //temp valley time 
 
  //begin code 
  long difference = (new Date()).getTime() - startTime; 
  if(difference > 3000) { 
   if(num > tpeak) { 
    tpeak = num; 
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    tpeak_x = difference; 
    bthresh = true; 
   } 
   if(bthresh) { 
    if(num < 0.4 * tpeak) { 
     max = tpeak; 
     smax = 0.875 * smax + 0.125 * max; 
     //max point located at (tpeak_x, smax) 
     tpeak = 0.4 * tpeak; 
     bthresh = false; 
     //can also calculate pulse from this data 
    } 
   } 
   if(num < tvalley) { 
    tvalley = num; 
    tvalley_x = difference; 
    athresh = true; 
   } 
   if(athresh) { 
    if(num > 0.4 * tvalley) { 
     mini = tvalley; 
     smin = 0.875 * smin + 0.125 * mini; 
     //valley located at (tvalley_x, smin) 
     tvalley = 0.4 * tvalley; 
     athresh = false; 
    } 
   } 
  } 

!":"D# 5;@#B&.C#-&/&1/)6'#
$ C$6422/2D$,9*6,D*$7.$-)*$0,1-$5&&$+,-,$@7/2-1$/1$A*@-$.76$,$37;@,6/172$-7$-)*$3466*2-$@7/2-$.76$,$+*-*6;/2,-/72$/.$-)/1$/1$

,$9,00*:$/2$-)*$1/D2,0<$
  //variables  
  int c = 0;        //number of points in list 
  double sum = 0;       //current sum of last 200 data points 
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  double average = 0;      //running average of last 200 data points 
  Queue<Double> list = new LinkedList<Double>();  //list of last 200 data points 
  double currMin = 5;      //current min value (for comparison) 
  long minTime = 0;      //time of the min point 
  long lastTime = (new Date()).getTime();  //time of last min point 
 
 //begin code 
  //average calculation  
  if(c == 200) { 
   average = sum / c; 
   sum -= list.remove(); 
   c--; 
  } 
  list.add(num); 
  sum += num; 
  c++; 
 
  //peak detection 
  if(num < average && num < currMin) { 
   //current point could be considered the min 
   currMin = num; 
   minTime = (new Date()).getTime(); 
  } else { 
   //current point can't be the min (because it’s larger than the previous point) 
   if(num < average) { 
    if(minTime > lastTime + 50) { 
     //old point must have been min 
     //peak occurred at minTime 
     lastTime = minTime; 
    } 
   } else { 
    currMin = 5; 
   } 
 } 
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!":"E# @./&#F.41<4./)6'#
$ ()/1$6,-*$3,0340,-/72$/1$=,1*+$72$@6*9/741$'&$+,-,$@7/2-1E$27-$-/;*<$
 //variables 

Queue<Long> diff = new LinkedList<Long>(); //differences list 
  int c = 0;       //number of points in list 
  long differencesTotal = 0;    //current sum of differences of last 10 peaks 
  long differences = 0;     //differences in point values 
 long lastPt = 0;      //last point 
 

//begin code 
  //get the pulse average for the last 10 peaks 
  if(c == 10) { 
   //calculate the rate 
   double rate = 1 / ((double)differencesTotal / 10) * 60000; 
   //do something with the rate 
 
   //remove the earliest peak 
   differencesTotal -= diff.remove(); 
   c--; 
  } 
  if(lastPt == 0) { 
   //first point - initialize variable 
   lastPt = num; 
  } else { 
   //store the difference in the list 
   differences = num - lastPt; 
   diff.add(differences); 
   lastPt = num; 
   differencesTotal += differences; 
   c++; 
 }$


