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7,0,=(' 1(7:25. +$6 72 %( &216,'(5(' 72 ,1O
6(57 25 '(/(7( 3$576 2) 7+( &217285P r266,%/(
)857+(5 $33/,&$7,216 $5( 7+( '(/,1($7,21 2)
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3 e)'M RY d842!#4)/. /& #%,,3 &2/- -)#2/3#/0)# #%,, )-!'%29 GPRT4PRT 0)8%,3HY !H #%,, )-!'%Z "H #%,,
.5#,%) !.$ $%2)6%$ ).)4)!,):!4)/. G",5%HZ #H ).)4)!,):!4)/. /& 4(% .%47/2+ 3.!+% G",5%HZ $H 4/0/,/'9Z
%H ).)4)!,):!4)/. G",5%HK -/6%-%.4 G7()4%H !.$ 2%35,4 /& 4(% 3.!+% G2%$HZ &H 2%35,4 350%2)-0/3%$ /.
#%,, )-!'% I)-!'%29 02/6)$%$ "9 d6/4%# s%#(./,/')%3_M

27+(5 2%-(&76 68&+ $6 52$' 1(7:25.6N $1'
27+(5 723,&6 68&+ $6 7+( 83'$7( 2) ikuO'$7$
:,7+ $1 $/5($'< *,9(1 7232/2*<P
k1 $'',7,21N 7+( &21752/ 2) 7+( ,17(51$/ (1O

(5*< &$1 %( ,03529(' &+226,1* 9$5<,1*
9$/8(6 2) 7+( 3$5$0(7(56 ( $1' mN ,) 7+(
02'(/(' 2%-(&7 6+$3( +$6 7+(6( &+$5$&7(5,6O
7,&6P c )857+(5 ,17(5(67,1* 48(67,21 ,6 7+( %(O
+$9,25 2) 7+( ,7(5$7,21 352&(66\ $5( 7+(5( '(O
3(1'(1&,(6 2) 7+( ,1,7,$/,=$7,21N ,17(51$/ (1O
(5*< $1' ,0$*( &+$5$&7(5,67,&6 $1' &$1 7+(<
%( (;3/2,7('a h25 (;$03/(N ,) 7+( 2%-(&7 2)
,17(5(67 +$6 27+(5 6+$3( &+$5$&7(5,67,&6 7+$1
7+( ,0$*( ',6785%$1&(6 25 12,6(N 7+( &21752/
2) 7+( ,17(51$/ (1(5*< $1' 7+( (;3/2,7$7,21
2) 7+( 7232/2*< &$1 $//2: )25 $ 5(/$7,9(/<
&2$56( ,1,7,$/,=$7,21P k19(67,*$7,216 5(*$5'O
,1* 7+,6 352%/(0 &$1 *,9( 63(&,7& $16:(56
$%287 7+( 5(48,5(' 48$/,7< 2) 7+( ,0$*( '$7$
$1' 7+( ,1,7,$/,=$7,21P

q%&%2%.#%3

c3/,1N rP H c7.,1621N rPoPN TRRV\ r5(',&7,1*
o,66,1* h,(/' d281'$5,(6 72 k1&5($6( r(5Oh,(/'
e/$66,7&$7,21 c&&85$&<P A r+272*5$00(75,&
g1*,1((5,1*Ht(027( u(16,1* YR JSK\ SVSASV[P

d/$.(N cP H k6$5'N oPN S[[Z\ c&7,9( e2172856P
A UWS 3PN u35,1*(5 x(5/$*N d(5/,1 j(,'(/%(5*
p(: {25.P

d85*+$5'7N fP Ho(,(5N uPN S[[Y\ e$572*5$3+,&
f,63/$&(0(17 w6,1* 7+( u1$.( e21&(37P A k1\
h?5671(5 H r/@0(5 J('6PK\ u(0$17,&
o2'(/,1* )25 7+( c&48,6,7,21 2) v232*5$3+,&
k1)250$7,21 )520 k0$*(6 $1' o$36P A d,5.O
+>86(5 x(5/$*N d$6(/N 33P W[AYSP

d87(187+N oP H j(,3.(N ePN TRRW\ p(7:25.
u1$.(6Ou833257('g;75$&7,21 2) h,(/'d281'$O
5,(6 )520 k0$*(5<P A k1\ m523$76&+N u$%/$7O
1,* H j$1%85< J('6PK\ r$77(51 t(&2*1,7,21P A
n(&785( p27(6 ,1 e20387(5 u&,(1&( UXXU\ VSYA
VTVN u35,1*(5Ox(5/$*P

e$6(//(6N xPN m,00(/N tP H u$3,52N iPN S[[Y\
i(2'(6,& c&7,9( e2172856P A k17(51$7,21$/
l2851$/ 2) e20387(5 x,6,21 TT JSK\ XSAY[P

e2+(1N nPfP H e2+(1N kPN S[[U\ h,1,7( g/(0(17
o(7+2'6 )25 c&7,9( e217285 o2'(/6 $1' d$/O

/2216 )25 TOf $1' UOf k0$*(6P A kggg v5$16O
$&7,216 21 r$77(51 c1$/<6,6 $1' o$&+,1( k1O
7(//,*(1&( SW JSSK\ SSUSASSVYP

e2+(1N nPfPN S[[S\ q1 c&7,9( e217285 o2'(/6
$1' d$//2216P A exikr\ k0$*( w1'(567$1',1*
WU JTK\ TSSATSZP

f,&.,1621N uPlPN l$6,2%('=.,N rPN q/2)6621N iP
H e+5,67(16(1N jPkPN S[[V\ s8$/,7$7,9( v5$&.O
,1* 2) UOf q%-(&76 w6,1* c&7,9( e217285 p(7O
:25.6P A r52&((',1*6 kggg e21)(5(1&( 21
e20387(5 x,6,21 $1' r$77(51 t(&2*1,7,21N
u($77/(N 33P ZSTAZSYP

h8$N rPN i5@1N cP H n,N jPN TRRR\ q37,0,=$7,21O
d$6(' c3352$&+(6 72 h($785( g;75$&7,21 )520
c(5,$/ k0$*(6P A k1\f(50$1,6N i5@1H u$162
J('6PK\ i(20$7,& o(7+2'6 )25 7+( c1$/<6,6 2)
f$7$ ,1 7+( g$57+ u&,(1&(6P A n(&785( p27(6 ,1
g$57+ u&,(1&( [W\ S[RATTZN u35,1*(5 x(5/$*P

l$6,2%('=.,N rPN S[[U\ c'$37,9( c'-$&(1&<
i5$3+6P A urkg TRUSN i(20(75,& o(7+2'6 ,1
e20387(5 x,6,21 kkN 33P T[VAURUN u$1 f,(*2P

l21(6N vPtPN e$53(17(5NcP Hi2//$1'N rPN TRRW\
x25212,Od$6('u(*0(17$7,21 2)e(//6 21 k0$*(
o$1,)2/'6P A k1\ n,8N l,$1* H |+$1* J('6PK\
n(&785( p27(6 ,1 e20387(5 u&,(1&( UYXWN 33P
WUWAWVUN u35,1*(5 x(5/$*P

m$66N oPN y,7.,1N cP H v(5=2328/86N fPN S[ZZ\
u1$.(6\ c&7,9( e217285 o2'(/6P A k17(51$7,2O
1$/ l2851$/ 2) e20387(5 x,6,21 S\ UTSAUUSP

n$37(9N kPN o$<(5N jPN n,1'(%(5*N vPN g&.67(,1N
yPN u7(*(5N eP H d$80*$571(5N cPN TRRR\ c8O
720$7,& g;75$&7,21 2) t2$'6 )520 c(5,$/ k0O
$*(6 d$6(' 21 u&$/( u3$&( $1' u1$.(6P A o$O
&+,1( x,6,21 $1' c33/,&$7,216 ST\ TUAUSP

o$//$',N tPN u(7+,$1N lPcP H x(085,N dPePN
S[[W\ u+$3(o2'(/,1*:,7+h5217 r523$*$7,21\
c n(9(/ u(7 c3352$&+P A kggg v5$16$&7,216
21 r$77(51 c1$/<6,6 $1' o$&+,1( k17(//,*(1&(
SY JTK\ SWZASYWP

o&k1(51(<N vP H v(5=2328/26N fPN S[[X\ f(O
)250$%/( o2'(/6 ,1 o(',&$/ k0$*( c1$/<6,6\
c u859(<P A o(',&$/ k0$*( c1$/<6,6 S JTK\ [SA
SRZP

u85,N lPuPN m$0$/(',1 u(7$5(+'$1N uP H u,1*+N
uPN TRRT\ c'9$1&('c/*25,7+0,& c3352$&+(6 72
o(',&$/ k0$*( u(*0(17$7,21\ u7$7(O2)O7+(Oc57
c33/,&$7,216 ,1 e$5',2/2*<N p(852/2*<N o$0O
02*5$3+< $1' r$7+2/2*<P A XXZ 3PN u35,1*(5
x(5/$*N d(5/,1 j(,'(/%(5* p(: {25.P

PTlMa54%.54(K r%'-%.4!4)/. /& h-!'%29 t3).' m%47/2+ r.!+%3



v255(NoP Ht$'(9$N rPN TRRR\ c*5,&8/785$/ h,(/'
g;75$&7,21 )520 c(5,$/ k0$*(6 w6,1* $ t(*,21
e203(7,7,21 c/*25,7+0P A k17(51$7,21$/ c5O
&+,9(6 2) r+272*5$00(75< $1' t(027( u(16O
,1* zzzkkk JdTK\ ZZ[AZ[XP

|,00(5N ePHq/,9,2Oo$5,1N lPePN TRRW\ e283/('
r$5$0(75,& c&7,9( e2172856P A kggg v5$16$&O
7,216 21 r$77(51 c1$/<6,6 $1' o$&+,1( k17(/O
/,*(1&( TY JSSK\ SZUZASZVTP

c''5(66 2) 7+( $87+25\

f,3/POk1*P o$77+,$6 d87(187+
k167,787 )@5 r+272*5$00(75,( 81'
i(2k1)250$7,21
n(,%1,= w1,9(56,7>7 j$1129(5
p,(1%85*(5 u75P SN fOURSXY j$1129(5
(O0$,/\ %87(187+y,3,P81,O+$1129(5P'(

o$186.5,37 (,1*(5(,&+7\ p29(0%(5 TRRX
c1*(1200(1\ p29(0%(5 TRRX

PU o(/4/'2!--%42)% 6 e%2.%2+5.$5.' 6 f%/).&/2-!4)/. P?QOOV



e!#!$% q%#/.3425#4)/. &2/- `%2)!, h-!'%3 "9 l5,4)Lu)%7
o,!.% r7%%0).'

ktj`r ydadchmK `mcqd`r jk`trK a`qa`q` fqtadq E jnmq`c j`qmdqK f2!:

m(<:25'6\ e20387(5 9,6,21N %8,/',1* 5(&216758&7,21N $(5,$/ ,0$*(6N 3/$1( 6:((3,1*N
,1)250$7,21 )86,21N 08/7,O9,(: 0$7&+,1*

|86$00(1)$6681*\ h$66$'(1Ot(.216758.7,21 $86
n8)7%,/'(51 0,7 (,1(0 c/*25,7+086 =85 d(67,0O
081* '(5h$66$'(1(%(1(1 ,1 ',*,7$/(1q%(59>&+(1O
02'(//(1P k1 ',(6(0 d(,75$* :,5' (,1 c/*25,7+086
=8 d(67,0081* 921 h$66$'(1(%(1(1 ,1 f,*,7$/(1
q%(59>&+(102'(//(1 $86 n8)7%,/'$8)1$+0(1
925*(67(//7P d(, ',(6(0 x(5)$+5(1 :,5' $1*(120O
0(1N '$66 ',( h$66$'(1 9(57,.$/ $86*(5,&+7(7 81'
',( j?+(1,1)250$7,21(1 )@5 ',( k1,7,$/,6,(581*
'(6 q37,0,(581*6$/*25,7+086 $865(,&+(1' *(1$8
6,1'P f,( k1,7,$/,6,(581* '(5 q5,(17,(581* '(5
g%(1(1 187=7 ',( h/8&+7/,1,(1P g,1 +,(5$5&+,6&+(5
c/*25,7+086 237,0,(57 ',(6( '85&+ o$;,0,(581*
'(5 m255(/$7,21 '(5 v(;785 $86 817(56&+,('/,&+(1
c16,&+7(1 '(5 n8)7%,/'$8)1$+0(1P f$6 x(5)$+O
5(1 :,5' 6&+/,(M/,&+ $1 5($/(1 f$7(1 *(7(67(7P

c%675$&7\ v+,6 3$3(56 '(6&5,%(6 $1 $/*25,7+0 72
(67,0$7( 7+( 35(&,6( 326,7,21 2) )$&$'( 3/$1(6 ,1
',*,7$/ 685)$&( 02'(/6 JfuoK 5(&216758&7(' )520
$(5,$/ ,0$*(6 86,1* $1 ,0$*(O%$6(' 237,0,=$7,21
0(7+2':+,&+ (;3/2,76 7+( 5('81'$1&< 2) 7+( '$7$
6(7 J$/21* $1' $&5266 75$&. 29(5/$3KP v+,6 $3O
352$&+ $6680(6 7+$7 $ )$&$'( ,6 $ 9(57,&$/ 3/$1(
$1' 7+$7 7+( +(,*+77(/' ,6 35(&,6( (128*+ 72 *(1O
(5$7( +<327+(6(6 )25 7+( ,1,7,$/,=$7,21 2) 7+( 23O
7,0,=$7,21 $/*25,7+0P v+( ,1,7,$/,=$7,21 ,6 7567
528*+/< 25,(17(' 86,1* 7+( 35,1&,3$/ /,1( ',5(&O
7,216 2) ,76 7(;785(N $)7(5:$5'6 $ +,(5$5&+,&$/ $/O
*25,7+0 3(5)2506 $ 71(5 237,0,=$7,21 72 0$;,O
0,=( 7+( &255(/$7,21 $&5266 ',5(5(17 9,(:6P v+(
352326('0(7+2' ,6 $33/,(' 72 5($/ :25/' ,0$*(5<
$1' ,76 5(68/76 $5( 6+2:1P

P h.42/$5#4)/. !.$ -/4)6!4)/.

t(&216758&7,21 2) %8,/',1*6 ,1 85%$1 $5($6
)520 $(5,$/ ,0$*(6 ,6 $ &+$//(1*,1* 7$6.P
o$1< $33/,&$7,216 /,.( 9,578$/ 7285,60N 85O
%$1 3/$11,1* $1' &8/785$/ '2&80(17$7,21
%(1(77 )520 $ 5($/,67,&N +,*+O48$/,7< &,7<
02'(/P v+(5( $/5($'< (;,67 0(7+2'6 72 &5(O
$7( $ '(16( 32,17 &/28' 2) 85%$1 6&(1(6 86,1*
nkfct 6&$16 25 '(16( ,0$*( 0$7&+,1*
Jd(57+2' (7 $/P S[[WN e25' (7 $/P S[[ZK
:+,&+ &$1 %( 86(' 72 &5($7( $ 32/<*21$/ 522)
02'(/ Ju$0$'=$'(*$1 (7 $/P TRRWN x266(/O
0$1 H f,-.0$1 TRRSKN +2:(9(5 7+( (67,0$O
7,21 2) )$&$'(6 326(6 $ 6(3$5$7( 352%/(0 %(O
&$86( 2) 7+( 2%/,48( $1*/( $7 :+,&+ 7+(< $5(
9,(:(' '85,1* $(5,$/ '$7$ $&48,6,7,21P v+(
237,0,=$7,21 (03/2<(' %< 7+( 352326(' $/O
*25,7+0 ,6 ,0$*(O%$6('P

q1( &5,7,&$/ $63(&7 2) %8,/',1* 5(&216758&O
7,21 ,6 7+( (67,0$7,21 2) 7+( &2172856 2)
%8,/',1*6P o$1< :25.92:6 21 85%$1 6&(1(
5(&216758&7,21 5(/< 21 $'',7,21$/ ,1)250$O
7,21 /,.( $ *5281'O3/$1 Jd5(11(5 TRRR $1'
j$$/$ (7 $/P S[[ZK )25 (;$03/( 72 '(/,1($7(
7+( &2172856 2) %8,/',1*6P j2:(9(5N 7+,6 ,1O
)250$7,21 ,6 127 $/:$<6 $9$,/$%/( 25 +$6 72
%( 0$18$//< &5($7(' :+,&+ ,6 $ 0$-25 '5$:O
%$&. ,) $ )8//< $8720$7,& :25.92: ,6 '(6,5O
$%/(P
v+( 27+(5 3266,%,/,7< ,6 72 ,1)(5 7+( 287O

/,1(6 2) %8,/',1*6 %< 6(*0(17,1* 7+( fuo
,172 %8,/',1* %/2&.6P v+,6 +$6 %((1 '21( %<
y(,'1(5 S[[X $1' x266(/0$1 S[[[P v+(
'5$:%$&. 2) 7+,6 $3352$&+ ,6 2%9,286/< 7+(
9$:('N -$**< 1$785( 2) 7+( 2%7$,1(' &21O
72856P Ji5266 TRRWK 75,(' 72 $//(9,$7( 7+,6 %<
777,1* 5(&7$1*/(6 72 7+( 287/,1(P u8&+ ,0O
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SVUTOZUXVBRYBTRRYBRRSY C TPRR
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3529(0(176 +2:(9(5 &$1 21/< *8(66 7+( 32O
6,7,21 2) 7+( )$&$'(6P k) 7+( 5(68/7,1* 02'(/
,6 $)7(5:$5'6 7(;785('N $1< (5525 ,1 7+(
3/$&(0(17 5(68/76 ,1 6.(:(' $1' 0,6$/,*1('
7(;785(6P

v+,6 '5$:%$&. 2) $8720$7,& '('8&7,21 2)
287/,1(6 &$1 %( $//(9,$7(' %< 237,0,=,1* 7+(
326,7,21 2) 7+( 287/,1(6 $6 352326(' ,1 7+,6
3$3(5P

e225* H v(//(5N S[[[N 35(6(17(' $ 6,0,O
/$5 $/*25,7+0:+,&+ 23(5$7(' 21 &/26(O5$1*(
,0$*(5<P v+(<N +2:(9(5N 5(/,(' 67521*/< 21
+25,=217$/ /,1(6 ,1 %8,/',1* )$&$'(6 72 (9(1
,1,7,$/,=( 7+(,5 (67,0$7(6P

v+( %$6,& ,'($ 2) 3/$1( 6:((3,1* :$6 $/62
86(' ,1y(51(5 TRRTN %87 7+(5( 21/< $ 75$16O
/$7,21$/ 3/$1( 6:((3 ,6 &216,'(5(' ,1 7(55(6O
7,$/ ,0$*(5<P c/62 7+( ,1,7,$/,=$7,21 2) 7+(
3/$1( 6:((3 ,6 48,7( ',5(5(17 )520 285 $3O
352$&+ :+(5( 9$1,6+,1* 32,176 $5( %(,1* (;O
3/2,7('P

x(675,N TRRRN ',6&866(6 $ 9(5< 6,0,/$5 $/O
*25,7+0 72 7+( 21( 352326(' ,1 7+,6 3$3(5N
%87 ,6 %$6(' 21 32,17:,6( 5(&216758&7,21 2)
$ )$&$'(P v+( 0$,1 ',5(5(1&( +2:(9(5 ,6
7+$7 7+(< 86( 9(57,&$/ 3/$1(6 :+,&+ $5( 52O
7$7(' ,1 TR '(*5(( ,17(59$/6 $5281' 7+( 9(5O
7,&$/ $;,6 72 2%7$,1 7+( )$&$'( 32,176 :+(5($6
285 $/*25,7+0 237,0,=(6 7+( 527$7,21$/ $1'
75$16/$7,21$/ &20321(17 2) ($&+ )$&* $'( ,1O
'(3(1'(17/< 7+(5()25( ,1&5($6,1* 7+( (67,0$O
7,21 $&&85$&<P c'',7,21$//< 7+( 32,17:,6(
5(&216758&7,21 3(5)250(' %< 7+(0 '2(6 127
(;3/2,7 7+( .12:/('*( 7+$7 7+( )$&$'( ,6 $
3/$1(P

v+,6 &2175,%87,21 ,6 %$6(' 21 ,0$*(6 )520
7+(w/75$e$0f &$0(5$ )520 x(;&(/ e2532O
5$7,21 :,7+ ,76 08/7,63(&75$/ &$3$%,/,7<P v+(
w/75$e$0f &$0(5$ )($785(6 $ 08/7,O+($'
'(6,*1P k7 '(/,9(56 /$5*( )250$7 3$1&+52O
0$7,& ,0$*(6 &20326(' )5201,1(eef6(1O
6256 JSSWRR 3,;(/6 $&5266O75$&. $1' YWRR
3,;(/6 $/21*O75$&.K $1' 6,08/7$1(286/< 5(O
&25'(' )285 $'',7,21$/ &+$11(/6 J5('N *5((1N
%/8($1'pktK$7$ )5$0( 6,=(2) UXZR%< TVRR
3,;(/6P v+( ,0$*( '$7$ 86(' &2035,6( 7+(
3$1&+520$7,& +,*+ 5(62/87,21 ,0$*(6 $6 :(//
$6 7+( /2: 5(62/87,21 08/7,63(&75$/ ,0$*(6P

v+( '$7$ 6(7 86(' ,1 7+,6 3$3(5 72 &20387(
7+( '(3,&7(' 5(68/76 :$6 $&48,5(' ,1 u800(5
TRRW 29(5 7+( ,11(5 &,7< 2) i5$=N c8675,$P

k7 &216,676 2) SWW ,0$*(6 92:1 ,1 W 675,36P
v+( $/21*O75$&.O29(5/$3 2) 7+,6 '$7$ 6(7 ,6
ZR@N 7+( $&5266O75$&. 29(5/$3 ,6 $3352;,O
0$7(/< XR@P v+( *5281' 6$03/,1* ',67$1&(
,6 $5281' Z &0P

Q e!#!$% n04)-):!4)/.

v+( $/*25,7+0 )25 2%7$,1,1* 237,0,=(' )$O
&$'(6 &$1 %( '(&20326(' ,172 7+5(( ',67,1&7
67(36\ 7567 620( +<327+(6(6 +$9( 72 %(
)281'P v+26( (67,0$7(' )$&$'(6 $5( 7+(1 5(O
71(' ,1 68&+ $ :$<N 7+$7 7+(< $5( 3$5$//(/
72 7+( 758( )$&$'(P k1 7+( /$67 67(3 7+( 71(O
*5$,1(' 237,0,=$7,21 86,1* 08/7,O9,(: &25O
5(/$7,21 ,6 3(5)250('P

QMP h.054 c!4!

v+( 237,0,=$7,21 $/*25,7+0 ,6 ,0$*(O%$6('N
7+(5()25( $ 35(&,6( 25,(17$7,21 2) 7+( ,0O
$*(5< ,6 2) 870267 ,03257$1&(P v+( $9(5$*(
%$&. 352-(&7,21 (5525 ,6 2) 870267 ,03257O
$1&( 72 (1$%/( &219(5*(1&( 2) 7+( 237,0,=$O
7,21P v+(25(7,&$//< 7:2 9,(:6 2) $ 3/$1( $5(
(128*+ 72 &$/&8/$7( 7+( &255(/$7,21 6&25(N
+2:(9(5 ,1 &$6( 2) 2&&/86,216 $1' ,1 25'(5
72 ,1&5($6( 67$%,/,7< 025( 9,(:6 &$1 %( 86('P
v+(5()25( 7+( '$7$ $&48,6,7,21 ,6 $/62 &5,7,&$/
72 7+( 68&&(66 2) 7+( 237,0,=$7,21 %(&$86(
21/< 9,(:6 $5( 86$%/( :+(5( 7+( )$&$'( /,(6
1($5 7+( %25'(5 2) 7+( ,0$*(P v+( 5($621
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"Cloud" model, t = [0 −1 0]T, ω ≈ [0 −.035 0]T

| t − t
0
| calibrated

| t − t
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| uncalibrated

| ω − ω
0
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| ω − ω
0
| uncalibrated
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"Cloud" model, t = [0 0 1]T, ω ≈ [0 −.035 0]T

| t − t
0
| calibrated

| t − t
0
| uncalibrated

| ω − ω
0
| calibrated

| ω − ω
0
| uncalibrated
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"Abyss" model, t = [1 0 0]T, ω ≈ [0 0 .175]T

| t − t
0
| calibrated

| t − t
0
| uncalibrated

| ω − ω
0
| calibrated

| ω − ω
0
| uncalibrated
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"Abyss" model, t = [0 0 1]T, ω ≈ [0 0 .175]T

| t − t
0
| calibrated

| t − t
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| ω − ω
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| ω − ω
0
| uncalibrated
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"Biscuit" model, t = [0 1 0]T, ω ≈ [0 −0.047 −0.017]T

| t − t
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| t − t
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| ω − ω
0
| calibrated

| ω − ω
0
| uncalibrated
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"Biscuit" model, t = [0 0 1]T, ω ≈ [0 −0.017 0.047]T
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0
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$(5,$/ ,0$*(P v+,6 352&('85( 0$36 7+( $(5,$/
,0$*(6 ,172 &5266O&255(/$7,21 ,0$*(6 |J;N <K
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|Uf ,6 &20387(' )25 ($&+ 32,17 ,1 7+( Uf
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SPU0N 21 $9(5$*(P v+( ,167580(17 5(&25'('
S 25 T 5(78516P v+( )8// *(20(75< 2) ($&+
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$1' 25,(17$7,21 2) 7+( /,'$5N 5$1*(6N ,17(1O
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'(16( )25(676 $1' (;&(66,9( &$1','$7(6 ,1 $
7(67O&</,1'(5 25 ,1 ,17(56(&7,1* &</,1'(56
:(5( &216,'(5(' $6 &200,66,21 (55256 $1'
75((6 :,7+287 $ &$1','$7( :(5( &216,'(5('
$6 (55256 2) 20,66,21P c %85(5 $5281' &,5O
&8/$5 7(67 3/276 Jh,*P YK :$6 86(' $6 75((6 &$1
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T S\ZRRR XRBXR TS XSPS SU 2RPRV SPT[ RPYR
T S\ZRRR XRBXR TS YYP[ [ 2RPU[ SPTV RPYU
V S\ZRRR XRBXR TS ZWPU Y 1RPRX RPYX RPXZ
V S\ZRRR XRBXR TS ZZPV W 2RPTS RP[[ RPXY
X S\ZRRR XRBXR TS ZWPU T 2RPRZ RPYT RPXS
T S\STRRR YRBXR SW ZTPS SR 1RPTT RPZR RPXR
U S\STRRR YRBXR SW [SPX W 1RPSU RPYR RPWX
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TRRV ,0$*(6 $1' %(&$86( 2) 60$// 25,(17$O

SPhM j/20%,!K Rc s2%%4/0 o/3)4)/.).'



s!"M QY o%2&/2-!.#% /& 4(% Rc 42%% 4/0 0/3)4)/.L
).' !,'/2)4(- &/2 $)&&%2%.4 6!,5%3 /& 4(% 0!2!-%L
4%2 &gcnlM o,/4 rU 7)4( XT 42%%3 ). ! #)2#5,!2 0,/4
7)4( 2!$)53 /& QO-M q,)-)43 PMSPK wx4().3 PMT
!.$ gc%04( 3 OMUTM e/52 )-!'%3 ). 3#!,%
PYPQOOOM

)jfqo ckO@ & o($1
V|N
0

tou
V|N
0

tou
Vz{N
0

v5(1'
V|4+N
0B0

RP[W VXPU TS 1SPRU SPUW RPYS RPUU
SPRR YZP[ SS 1RPZZ SPTZ RPX[ RPUS
SPRW ZZPV Y 1RPVZ RP[T RPYR RPTV
SPSR [VPY V 1RPTS RPYV RPX[ RPSZ
SPSW [UPY W 1RPRX RPYV RPYR RPSX
SPTR Z[PW Y 2RPR[ RPZR RPYR RPSY
SPTW [RPW W 2RPSZ RPZX RPYS RPSX
SPUR ZZPV W 2RPTS RPZW RPYS RPSV
SPUW ZWPU X 2RPUT RP[S RPYS RPSU
SPVR YUPY SW 2RPU[ RP[U RPYT RPSU
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