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Shot 27481, DMPX chord 15

time [s]

Raw data
Filtered data

0.3967 0.3968 0.3969 0.397 0.3971 0.3972

−0.6

−0.5

−0.4

−0.3

−0.2

−0.1

0

0.1

0.2

0.3
Shot 27481, DMPX chord 15, zoomed

time [s]

Raw data
Filtered data

«�14@=L8F29B\ � ��������J4K:LNMPO:Q R�SNU�[]g:R�R��T^�\ R�Yw^�|/SNU�[]g:R�O:e]R���O:e]S9^�Rar]rx\ Y:XWe]SZb9[]\ Y:RTU SZe []g:R�rxO:\ mZR
e]R�MPSFqFLNQoSZY�rxg:SN[�������	�
 � � ����� ��\ e]RzY b:M d@R�e�
 �9n �	��
�
������@S SZMlSZY�[]g:R�rxO:\ mZR e]R�XZ\ SZYDn

]=�



0.396 0.397 0.398 0.399 0.4 0.401 0.402 0.403 0.404 0.405
0

2

4

6

8

10

12
Shot 27481, DMPX chord 48

time [s]

Row data
Filtered data

0.4036 0.4038 0.404 0.4042 0.4044 0.4046

1

2

3

4

5

6

7

8

9

10

11

Shot 27481, DMPX, chord 48, zoomed
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ĝ1,approx
*

z
�

1 × 1
<S.RDEF21 ��3!;=:^DJ.�14:814:8@

V := P ′ · eiΦ0
*

wg
� 029�DW789!F296DE;�w+*

Qj789WF2;�DJ.RDE14;=:®029!:8029e140¹.�3!3!;=L8:^DE9!C �(;=F�H^A�02;=?r_+14:8@ G(`^�{I�DX»	143!9 �KDE789j¦�F20gD¹DE14<>9j.�0
1rD�140�»	F21rD2DE9!:¸s=.�:8C�DE789/029!3!;=:8C®DE14<>9pL80214:8@eDE789h3!;=<>58?49���3!;=:�u2L8@^.RDE9h;��

M
.�:8C

dM
*

,h;�DE7Y_�.�?4L89!0	;��
χ2
mean

.�F29O3!;=<>5�.�F29!C .�:8CYDE789NF2;�DJ.RDE14;=:t029!:8029�@=1r_+14:8@�DE789N?4;�»h9!0gD
;=:89p140%I�9!5�DG*lQj789p14:81rDE1Z.�?�587�.�029

Φ0
140�9!±KL�.�?^DE;	DE789¹587�.�029h;��

V
*�Qj789h3G.�?43!L8?Z.RDE14;=:�;��

P
F29!±KL814F29!0¹DE789W3G.�?43!L8?Z.RDE14;=:�;��"DE789W14:^DE9!@=FE.�?~.�585"9G.�F214:8@O14: DE789e«�;=L8F2149!FlDEFE.�:80g�(;=F2<Y*

� F21rDE14:8@ W DE789�»	14:8C8;�»iL8029!C�14: DE789>«�;=L8F2149!F�DEFE.�:80g�(;=F2<Ys%DE789 14:^DE9!@=FE.�?�<S.GA�H"9
»	F21rD2DE9!:��

F :=

∫ +∞

−∞

dt e−i·2πfsigtW (t) cos(2πfsigt)
G��^woI

¯X:tDE9!F2<>0j;���:KL8<>9!F2143G.�?¸3G.�?43!L8?Z.RDE14;=:¸s�1rD/A+149!?4C80 �

F ≈

N/2
∑

n=−N/2

W (n) cos2(2πfsign∆t)
G��=�{I

»	789!F29
N
140	DE789�:KL8<®H"9!FW;��lDE14<>9O14:83!F29!<>9!:^DE0e14:YDE789NDE14<>9O14:^DE9!Fg_�.�?�L8029!C �(;=FjDE789

.�:�.�?rA+02140!* �W;�DE9®DE7�.RD�DE789
dt
7�.�06:8;t:KL8<>9!F2143G.�?�9!±KL81r_�.�?49!:^DOH"9!3G.�L8029 1rD6C8;+9!06:8;�D

.�585"9G.�Fj14:BDE789OC89�¦�:81rDE14;=:t;���DE789OC814023!F29�DE9N«�;=L8F2149!FhDEFE.�:80g�(;=F2<Y* � 9�¦�:�.�?4?rA�7�.G_=9��

P =
|V |

F

G��^PoI

¯X:�DE789S<>9�DE78;+C�58F29!029!:^DE9!C.�H";�_=9�s�DE789S14:^_=9!F20214;=:�140NC8;=:89 �(;=FODE789SC8;=<>14:�.�:^D
�(F29!±KL89!:83�A ;=:8?rA=* �W;�DE9®DE7�.RD61rD602L*;>3!9!06DE;t.�C8C 3!;=?4L8<>:80eDE;

y
.�:8C

V
DE;B9��+DE9!:8C

DE789�<>9�DE78;+C DE;¡029�_=9!FE.�?O�(F29!±KL89!:83!149!0Y¦8D2DE9!C�14:8C89!5"9!:8C89!:^DE?rA=*��+;=<>9�DE9!0gDE0c7�.G_=9
H"9!9!:SC8;=:89	14:�DE7�.RD¹C814F29!3�DE14;=: L80214:8@N.�FgDE1r¦�3!1Z.�?�0214@=:�.�?40�H8L�D¹DE789	F29!02L8?rDE0¹7�.G_=9e0278;�»	:
DE7�.RD	DE789OH"9!0gDe14:��(;=F2<S.RDE14;=:>»/.�0W14:BDE789NC8;=<>14:�.�:^D/�(F29!±KL89!:83�AY;=:8?rA=s~.�:8CtDE7�.RDjDE789
3!;=<®H814:�.RDE14;=:�;���DE789OC81��£9!F29!:^D	�(F29!±KL89!:83!149!0WF29!02L8?rDE9!CY14:Y.®»h;=F2029N02;=?4L�DE14;=:¸*
«�;=FB.ª@=1r_=9!:

ρs
se;=:8?rA

A
140B.ª:8;=: ?414:89G.�F>_�.�F21Z.�H8?49c;��

g1,appr
se02;ªDE7�.RD�DE789

�(L8:83�DE14;=: A��/�
	 " 	k�ª3G.�:�H"9YL8029!C¡»	1rDE7¡DE789t?414<>1rDE0
Amin

.�:8C
Amax

*�¥e0>14:ªDE789
58F29�_+14;=L80j3G.�029�s~.®»	78;=?496029�DW;���DE9!0gDE0	140j14:B58?Z.�3!9eDE; 3J789!3JI�DE7�.RDjDE789�¦�:�.�?¸02;=?4L�DE14;=:
140	.�F29G.�?%02;=?4L�DE14;=:t.�:8CtDE7�.RD	1rDj140	;=H�DJ.�14:89!CB;=:tDE789O@=;+;+CB@=F214C¸*

`^]



��2�����2 � � ����'���'��^{+$¡'� "��{K���8��|p#~}	��#"�G�G'(��|({Y�8��|�&�{+� #~}
ρs

Qj789�3!;=<>58L�DJ.RDE14;=:�.�?£DE14<>9O140	±KL81rDE9�14<>5";=FgDJ.�:^D	14:tDE78140	»h;=F2IY.�:8C .�:^AY5";=020214H814?41rDXA
DE;�F29!C8L83!9O1rDj140	.�5858F29!3!1Z.RDE9!C¸*�¯X:t9!±KL�.RDE14;=: G w=woI�s+»h9O7�.G_=9O@=1r_=9!:Y.�F2;=L8@=7t.�5858F2; �KV
14<S.RDE14;=: ;��

g1
H�.�029!Ct;=:B.NDEF2L8:83G.RDE14;=:�;��

ψ∗

1

*�Qj78140h9���58F29!020214;=:Y.�?4?4;�»	0h.�?414:89G.�F�¦8D
;��
A
.�:8C

Φ0
s
P
H"9!14:8@ 3!;=<>58F214029!Cc14:

A
*jde9!02581rDE9ODE789NF2;=L8@=78:89!020e;���DE78140	<>;+C89!? s

1rD�@=1r_=9!0N¦�:89!F®?414<>1rDE0�;��jDE789S14:^DE9!Fg_�.�?p;��j5";=020214H8?49>_�.�?4L89!0�;��
ρs
.RD�.Y?4;�»´3!;=0gD®14:

3!;=<>58L�DJ.RDE14;=:�.�?£DE14<>9�*/Qj789®?Z.RD2DE9!F	140	?4;�»zH"9!3G.�L8029�DE789O¦8D�;��
A
.�:8C

Φ0
140W?414:89G.�F!s

DE789h±KL89!0gDE14;=:®;���DE789h@=F214C�3!9!?4?+C814<>9!:80214;=:N_�.�:81402789!0!s^.�:8C®:8;�1402?Z.�:8C80�.�F29h@=9!:89!FE.RDE9!C¸*
Qj789®14<>58?49!<>9!:^DJ.RDE14;=:t140eC8;=:89�H^A L80214:8@

ψ̃c
.�:8C

ψ̃s
14:YDE789®C89�¦�:81rDE14;=:c;��

M
G(029!9

9!±KL�.RDE14;=: G(`^\{IaIW.�:8C�»h;=F2IK0��(;=F6.�:^A IK14:8C�;��p0214@=:�.�?40/G �Ko6d�s¸H�.�:8C85�.�020O;=F6«l«�Q I�*
¯X:YDE789�3G.�029�;��lDE14<>9O0214@=:�.�?40!s�DE789�587�.�029�02781r��De3!;=:80gDEFE.�14:^DE0�.�F29N:8;�DeL8029!C .�:8CYDE789
02;=?r_+14:8@�;��
G(`^\{Ih140j5"9!Fg�(;=F2<>9!CB�(;=F/DE7896DE14<>9

ta
;=:8?rA=*

��2�����24� � ����'���'��^{+$ ���	#~}%����{N#~�R'({+ "������'(#" Y'� t����{��=���!{�#~} � � �´#~�W���� �$ �
�����G�S�G'(�" ���|��

Qj789 3!;=<®H814:�.RDE14;=:¡;��6DE789c�(L8:83�DE14;=:80
gr
.�:8C

gi
C89�¦�:89!C 14:�9!±KL�.RDE14;=: G�� �oI 140�.

F29!?41Z.�H8?49S.�5858F2; ��14<S.RDE14;=:�;��
g1
* � 1rDE7�DE789!<Ys�DE789�¦8D ;��	DE789B;=F2149!:^DJ.RDE14;=:�5�.�02029!0�(F2;=<¶:8;=:+VX?414:89G.�FhDE; ?414:89G.�F!s8.�:8C/A��/�
	 " 	k�B<S.GA�H"9OL8029!CY�(;=F/DE7896¦8D	;��

A
*

Qj789S14:^_=9!F20214;=:�58F2;+3!9!C8L8F29S1406DE789>0E.�<>9S.�0ODE7�.RDNC89!023!F214H"9!C�14:�029!3�DE14;=:�`8* v���* �

�(;=F�DE789W¦�F20gDh9!0gDE14<S.RDE14;=: ;��¸DE789W;=F2149!:^DJ.RDE14;=:>;��£DE789e1402?Z.�:8C80!*
ψ̃c
.�:8C

ψ̃s
<®L80gDh;=:8?rA

H"9 F29!58?Z.�3!9!C�H^A
gr
.�:8C

gi
14:�DE789>C89�¦�:81rDE14;=:�;��

M
s�.�:8C

wg
<®L80gD�H"9>029�DNDE;`v��

14:80gDE9G.�Cc;��l`8* �W;�DE9ODE7�.RDWDE789�3!;=:80gDEFE.�14:^DW;=:YDE789�587�.�029�02781r��DW7�.�0eH"9!9!:cDE9!0gDE9!CcDE;
H"960gDE14?4?¸:89!3!9!020E.�FgA=*

Φ0
140jC89�DE9!F2<>14:89!CtH^A

z11
.�:8C

z21
s�.�:8C

P
140jC89�DE9!F2<>14:89!CtH^A �

P =
√

z2
11 + z2

22

G��=�{I

��2�����2 � �B{^��{K�R��'� �����'(#" #~}	����{ S'�$%����#~}j����{ '��G|(�� �$��
Qj7896IK:8;�»	?49!C8@=9O;���DE789�»	14C�DE7B;���DE78961402?Z.�:8C80/<S.RD2DE9!F20h�(;=FhDE7896±KL89!0gDE14;=:t;���DEFE.�:80 V
5";=FgD	.�:8Ct9!:89!F2@�A�3!;=:�¦�:89!<>9!:^DWH"9!3G.�L80296DE789602L85"9!F25";=021rDE14;=:B;���:89!14@=7KH";=L8F/1402?Z.�:8C80
3G.�L8029!060gDE;+3J7�.�0gDE143®C81��£L80214;=: ;��¹DE789®<S.�@=:89�DE143N¦�9!?4C ?414:89!0�.�:8C DE789�58?Z.�02<S.>5�.�FgDE1 V
3!?49!0!*OQj789!F29�9���140gDO.�?402;B02;=<>9�<>;+C89!?40e;��¹DE789®5"9!FgDEL8F2H�.RDE14;=: C�A+:�.�<>143!06.�:8C DE789!029
<>;+C89!?40�3!;=L8?4C>?Z.RDE9!F�H"9	3!;=<>5�.�F29!C »	1rDE7 DE789WF29!02L8?rDE0p@=1r_=9!:>H^A ;=L8Fp.�:�.�?rA+02140!*�bW9!F29�s
DE7896»	14C�DE7t140jC89�DE9!F2<>14:89!Ct14:BDE789 ��L��Y.�:8CY3�A+?414:8C8F2143G.�?£3!;+;=F2C814:�.RDE960gA+0gDE9!<>0!*

� �¸��{+ ��G'(#" '� �l& �z�=#¸#~�R$�'� �����{+�@2 �6:8;�»	14:8@BDE789 5�.�FE.�<>9�DE9!F20
ρs
.�:8C

A
;��

DE789®1402?Z.�:8C80!s£1rDE0e9��+DE9!:80214;=:�14:cDE9!F2<>0e;��¹DE789���L�� 3!;+;=F2C814:�.RDE9
ρ
140eC89�DE9!F2<>14:89!C�.�0

�(;=?4?4;�»	0 �®DE789S1402?Z.�:8C80®.�F29S@=9!:89!FE.RDE9!C¡.�:8C�1402;=?Z.RDE9!C�.�0®C89!023!F214H"9!Cª14:�029!3�DE14;=:]�*�w+*
Qj78969��+DEF29!<S.®;��

ψp,01
14:SDE7896·!;=:896;���DE78965";=?4;=14C�.�?~3!F2;=020 VX029!3�DE14;=:t3!;�_=9!F29!CYH^ASDE789

`=`



1402?Z.�:8C80e.�F29�C89�DE9!F2<>14:89!C¸*	Qj789®02±KL�.�F29®F2;+;�DW;��lDE789!029®9��+DEF29!<S.S@=1r_=9!0WDE789�14:^DE9!Fg_�.�?
[ρ1; ρ2]

;��h_�.�?4L89!0O;��
ρ
DE7�.RDN3!;=:^DJ.�14:80ODE789>1402?Z.�:8C80!*>Qj78140OC89�DE9!F2<>14:�.RDE14;=:�1406_=9!FgA

.�3!3!L8FE.RDE9N.�:8CYF29!?41Z.�H8?49�*

� '�$%����'� ©����|�'� �$��R'��=��|6�=#¸#~�R$�'� �����{+�@2 Qj789�»	14C�DE7�;��jDE789�1402?Z.�:8C80N140�<>9G.�V
02L8F29!C�5"9!F25"9!:8C8143!L8?Z.�F2?rAYDE;BDE789 F29!02;=:�.�:83!9 ��L�� 02L8Fg��.�3!9�* ¯X:�029!3�DE14;=:���* v=* ]�;��pDE789
.�585"9!:8C81 �£s£»h9�0278;�»�DE7�.RD�DE789®?49�_=9!?�3!L8Fg_=9!0O;��

θ∗
.�F29®5"9!F25"9!:8C8143!L8?Z.�FWDE;�DE789���L��

02L8Fg��.�3!9!0!*�Qj789 C89�DE9!F2<>14:�.RDE14;=:�;��¹DE789�»	14C�DE7 3!;=:802140gDE0�DE789!:�14:�3G.�?43!L8?Z.RDE14:8@
θ∗
14:

3�A+?414:8C8F2143G.�?�3!;+;=F2C814:�.RDE9!0�G(C8;=:89®»	1rDE7 DE789�DE;+;=?40e;��pDE789
ψ
V DE;+;=?4H"; �4I�s£14:�L80214:8@�DE789

����� �!�#" CF6 	��76 = � C	�(L8:83�DE14;=:>DE;�@=9!:89!FE.RDE9WDE789W?49�_=9!?"3!L8Fg_=9!0j;��
θ∗
s+14:>58F2;�u29!3�DE14:8@NDE789

1402?Z.�:8C80�;=:�DE789!029j?49�_=9!?�3!L8Fg_=9!0!sK14:®C89�DE9!F2<>14:814:8@WDE789/?414<>1rDE0%;���DE789/1402?Z.�:8C80�;=:�DE789!<Ys
.�:8C�¦�:�.�?4?rA 14:�3G.�?43!L8?Z.RDE14:8@tDE789S»	14C�DE7¸*�Qj789B?414<>1rDE0O.�F29�C89�DE9!F2<>14:89!C�H^Aª.c?49�_=9!?
3!;=:8C81rDE14;=:B;�� v �¬;���DE789O5"9G.�IS_�.�?4L896;���DE789O1402?Z.�:8C80!*
«�;=F6DE789 3G.�029!0O»	1rDE7 DE789 <>;+C89 :KL8<®H"9!F

m
?Z.�F2@=9!F�DE7�.�:�;=:89�s�DE789>.G_=9!FE.�@=9>;��

DE789�1402?Z.�:8C80h;=:�DE789�;=F2149!:^DJ.RDE14;=:S140hL8029!Ct14:�;=F2C89!FhDE;�¦�:8Ct.��(L8:83�DE14;=:
w(Φ)

@=1r_+14:8@
DE7896»	14C�DE7B�(;=F	.�:^At;=F2149!:^DJ.RDE14;=:¸*�Qj789NF29�DEL8F2:89!Ct»	14C�DE7Y140/DE789O<>9G.�:t;��

w(Φ)
*

«�;=F�DE789h3G.�029
m = 1

sRDE789hC89�DE9!F2<>14:�.RDE14;=:O;��8DE789p»	14C�DE7®140�.WH81rD�7�.�F2C89!F�H"9!3G.�L8029
DE789h1402?Z.�:8C�@=9!:89!FE.�?4?rAO3!;�_=9!F20lDE789/<S.�@=:89�DE143p.���140!*�¯X:�DE7�.RDl3G.�029�s=DE789h1402?Z.�:8C�;=F2149!:^DJ.�V
DE14;=:>140¹3J78;=029!:B02L83J7SDE7�.RDpDE789W1402?Z.�:8C>7�.�0p1rDE0p<S.���14<®L8<©L8:8C89!FpDE789W<S.�@=:89�DE143W.���140
;=:�.B_=9!FgDE143G.�?p.���140O5�.�020214:8@YH^A 1rDG* Qj78140N5";=021rDE14;=:�140O3J78;=029!:�H"9!3G.�L8029 DE789>3!;=F2F29�V
025";=:8C814:8@e»	14C�DE7�7�.�0�.�:�14:^DE9!F2<>9!C81Z.�FgAO_�.�?4L89pDE789!F29�*lQj789/1402?Z.�:8C®140�58F2;�u29!3�DE9!C ;=:8?rA
;=:�DE789j?49�_=9!?83!L8Fg_=9!0

θ∗ = −π/2
.�:8C

θ∗ = π/2
s�»	78143J7>.�F29/DE789	3!L8Fg_=9!0�DE7�.RD�»h;=L8?4C

3!;=F2F29!025";=:8CSDE;NDE789	_=9!FgDE143G.�?£.���140p1r�£DE789W<S.�@=:89�DE143j¦�9!?4C>»/.�0h3!14F23!L8?Z.�F2?rA�0gA+<><>9�DEF2143
.�F2;=L8:8CSDE789e<S.�@=:89�DE143e.���140!*l¥e0/H"9��(;=F29�s+DE789eC89�DE9!F2<>14:�.RDE14;=:>;��%DE789W»	14C�DE7�140pC8;=:89
_+1Z.YDE789�C89�DE9!F2<>14:�.RDE14;=:�;��jDE789B3!F2;=020214:8@ 5";=14:^DE0®H"9�DX»h9!9!:ªDE789B1402?Z.�:8C�58F2;�u29!3�DE14;=:
.�:8CªDE789B0E.�14Cª?49�_=9!? *�bW;�»h9�_=9!F!spDE789B?49�_=9!?/3!L8Fg_=9

θ∗ = π/2
L802L�.�?4?rA�3!F2;=02029!0�DE789

9!:8C80O;��¹DE789�1402?Z.�:8C¸*OQj789!F29��(;=F29�s%DE789�F2;=L�DE14:89®?4;+;=IK0e�(;=FeDE789®¦�F20gDO<>14:814<S. G(@=;=14:8@
�(F2;=<¤H";�D2DE;=<�DE;BDE;=5 IW;��pDE789�58F2;�u29!3�DE14;=: H"9�DX»h9!9!:�DE789�?414<>1rDE0	�(;=L8:8C 58F29�_+14;=L802?rA=*
Qj789�L8585"9!F/?414<>1rD¹140hF29!C89�¦�:89!CtH^ASDE789�5";=021rDE14;=:>;��%DE78140h<>14:814<S.�*�bW;�»h9�_=9!F!s�14:>DE789
3G.�029

m = 1
s=DE789!F29j140¹.63!9!FgDJ.�14:�58F2;=H�.�H814?41rDXAODE7�.RD�DE789	1402?Z.�:8C�;�_=9!F2?Z.�580�1rDE029!?r�"14:®DE789

3!9!:^DEFE.�?"·!;=:89�*pnh;=:8029!±KL89!:^DE?rA=s81r�£DE789	_�.�?4L89W;��£DE789e1402?Z.�:8C>.RDpDE78140p<>14:814<S.e140h.�H";�_=9
DE789�F29��(9!F29!:83!9�?49�_=9!? s~DE789�58F2;�u29!3�DE14;=: 140W14:^DE9!F25";=?Z.RDE9!CYDE;�0214<®L8?Z.RDE96DE789�9!:8C�;��lDE789
1402?Z.�:8Cª»	1rDE78;=L�DS;�_=9!F2?Z.�585814:8@8sp14:¡;=F2C89!F DE;�3G.�?43!L8?Z.RDE9Y.�:�.�5858F2; ��14<S.RDE1r_=9�»	14C�DE7¸*
Qj78140W14:^DE9!F25";=?Z.RDE14;=:B140	C8;=:89NH^AY029!?49!3�DE14:8@ DE789O¦�F20gD�5�.�FgDW;��lDE789N58F2;�u29!3�DE14;=: G(L8:^DE14?
DE789O<>14:814<®L8<HI�sKH^AB3G.�?43!L8?Z.RDE14:8@�DE7896<>9G.�:B_�.�?4L896;���DE7896029!3!;=:8Cc;=F2C89!FjC89!F21r_�.RDE1r_=9
C8L8F214:8@6DE789jC8;�»	:87814?4?�.�:8C H^A�L80214:8@O1rDp.�0¹.�: 9!C8@=9	3!;=:8C81rDE14;=:�;��"DE789	14:^DE9!F25";=?Z.RDE14;=:¸*

��2�����2Z) �B{^��{K�R��'� �����'(#" #~}	����{������ �^&�����{+ "�>��{K����&���������'(#" 
µ�:83!9

A
140�¦8D2DE9!C¸sh1rD 140�5";=020214H8?49BDE; 3!;=<>9tH�.�3JI�DE;�.�:¡9!0gDE14<S.RDE14;=:ª;��WDE789Y3!L8F V

F29!:^DN5"9!FgDEL8F2H�.RDE14;=:¸* ¥e0O0E.�14C 14: 029!3�DE14;=:�]�* ��s%DE789 3!L8F2F29!:^D�;=H�DJ.�14:89!C�DE7�.RD6»/.GA 140

`Kw



L8:8C89!F29!0gDE14<S.RDE9!C¸*¹de9�_=9!?4;=5814:8@>9!±KL�.RDE14;=: G ��]{I�s�»h9N7�.G_=9��

Ik =
A · ∆lk
R2
k ·Bp,k

(cos(ϕ) cos(mθ∗k) + sin(ϕ) sin(mθ∗k))
G��=\{I

Ik
1406.S�(L8:83�DE14;=: ;��

ϕ
*6Qj789�F2;+;�D�<>9G.�:�02±KL�.�F29®_�.�?4L89

Irms
;��¹DE789�DE;�DJ.�?�3!L8F2F29!:^D

5"9!FgDEL8F2H�.RDE14;=:B140/DE789!:cC89�¦�:89!CYH^A �

Irms :=
∑

k

√

1

2π

∫ 2π

0

dϕ I2
k

G P��{I

� 	���� � ����� (*� � ����#�����"/#������3+,�z(*�%+
Qj789¹H"9!0gD�»/.GA6DE;W3J789!3JI�DE789¹3!;=:802140gDE9!:83�AN;��+DE789¹F29!02L8?rDE0�140¸DE;	IK:8;�»�»	7�.RD�DE789�A67�.G_=9
DE;�H"9�*�Qj78140e140WDE789®F29G.�02;=: »	7^A .�F2;=L�DE14:89�.�?4?4;�»	14:8@ DE789®@=9!:89!FE.RDE14;=: ;��¹.�FgDE1r¦�3!1Z.�?
0214@=:�.�?40!s~.�?402; 3G.�?4?49!C ��� � 	��76 ����s�7�.�0WH"9!9!:c3!F29G.RDE9!C¸*jQj789�F2;=L�DE14:89O140	<S.�C89N;���DX»h;
F2;=L�DE14:89!0!s�;=:89 �(;=F6DE789S@=9!:89!FE.RDE14;=:�;��/0gDJ.RDE14;=:�.�FgA�0214@=:�.�?40N.�:8C�DE789>;�DE789!FO�(;=F6DE789
@=9!:89!FE.RDE14;=:�;���5"9!FgDEL8F2H�.RDE14;=:�0214@=:�.�?40!*�,h;�DE7®IK14:8C®;���0214@=:�.�?40�.�F29pDE789!:®<>9!F2@=9!C�»	1rDE7
DE789�5";=020214H814?41rDXA�DE;�.�C8Ct.�H802;=?4L�DE9�;=FhF29!?Z.RDE1r_=9e@^.�L802021Z.�:B:8;=14029�;=:SDE789�¦�:�.�?£0214@=:�.�?40!*
Qj789WH8?4;+3JINDE7�.RD¹@=9!:89!FE.RDE9!0¹DE789	0gDJ.RDE14;=:�.�FgA®0214@=:�.�?40�DJ.�I�9!0h.�0¹14:858L�DE0lDE789	C89�¦�:81 V

DE14;=:N;��~.W<S.�@=:89�DE143¹3!;=:�¦�@=L8FE.RDE14;=:�.�:8C�DE789p9!<>1402021r_+1rDXAO58F2;�¦�?49¹14: ��L���3!;+;=F2C814:�.RDE9!0!*
¯ D	L8029!0	DE789

ψ
V DE;+;=?4H"; �SDE; 3G.�?43!L8?Z.RDE9�DE789�DEFE.�:80g�(9!F	<S.RDEF21 �

K
*

Qj7896H8?4;+3JI�DE7�.RDj3!F29G.RDE9!0hDE789�5"9!FgDEL8F2H�.RDE14;=:�0214@=:�.�?~DJ.�I�9!0	.�0/14:858L�DhDE789�5�.�FE.�<�V
9�DE9!F20	;���DE78961402?Z.�:8C80/DE7�.RDW.�F2960214<®L8?Z.RDE9!C¸*¹�+14:83!9�DE789�_�.�?4L896;��

A
7�.�0	:8; 14:^DEL81rDE1r_=9

029!:8029�slDE789�14:858L�D�;��
A
140�F29!58?Z.�3!9!C�H^A�DE789S14:858L�D�;��jDE789SC89!0214F29!Cª1402?Z.�:8C�»	14C�DE7¸*

Qj789N3!;=F2F29!025";=:8C814:8@
A
140j�(;=L8:8CcH^AY.�:Y1rDE9!FE.RDE1r_=9O58F2;+3!9!020eH�.�029!Cc;=:tDE789�.�5858F2; ��1 V

<S.RDE1r_=9pF29!?Z.RDE14;=: Gev�PoI�H"9�DX»h9!9!:
A
.�:8C®DE789h»	14C�DE7¸*lµ�:83!9/DE789/F214@=7^D

A
140��(;=L8:8C¸s�DE789

H�.�029j�(L8:83�DE14;=:80
gr
.�:8C

gi
;��"DE789W.�5858F2; ��14<S.RDE1r_=9/5"9!FgDEL8F2H"9!C 9!<>1402021r_+1rDXA®C89�¦�:89!C>14:

9!±KL�.RDE14;=: G�� �oI	.�F29N3G.�?43!L8?Z.RDE9!C¸s~.�:8CcL8029!CcDE;SH8L814?4CtDE789N<S.RDEF21 �
M

G(029!9�9!±KL�.RDE14;=:
G(`^\{IaI�*

z
140jC89�¦�:89!CcH^A �

z :=

[
cos(2π ·m · frot · tb − Φ0)
sin(2π ·m · frot · tb − Φ0)

] G PIv:I

»	789!F29
tb
140l.e?414:89¹_=9!3�DE;=FlF29!58F29!029!:^DE14:8@�DE789hDE14<>9¹H�.�02140!*�Qj789/5"9!FgDEL8F2H�.RDE14;=:®0214@=:�.�?40

.�F29�DE789!:Y@=1r_=9!:YH^A �
f1(t) := G · z

G P �oI
,pAc<>9!F2@=14:8@>DE789®0gDJ.RDE14;=:�.�FgAc.�:8C DE789®5"9!FgDEL8F2H�.RDE14;=: 0214@=:�.�?40!s~»h9�3G.�:�L8029�DE789

3!;=<>58?49�DE9�14:^_=9!F20214;=:¡58F2;+3!9!020S.�0�1r�WDE789t0214@=:�.�?40�»h9!F29YFE.G»�d6acklU¤0214@=:�.�?40!s�DE7KL80
.�0202L8F214:8@�DE; 7�.G_=9�.�3!;=<>58F29!789!:8021r_=9ODE9!0gDE14:8@8*

`^�



� � �	
�� ����
 �N��� � �!
 �P�t
�
������

Qj7896F29!02L8?rDE0/;��%DE789�0gDJ.RDE14;=:�.�FgAS.�:8CSDE789�5"9!FgDEL8F2H�.RDE14;=:�58F2;�¦�?49e14:^_=9!F20214;=:80j.�F29�58F29�V
029!:^DE9!CtH"9!?4;�»O*�¯X:B9G.�3J7t3G.�029�s89��8.�<>58?49!0p»	1rDE7B587�.�:^DE;=<>0/.�F296.�?402;®@=1r_=9!:�DE;�.�02029!020
DE789OF29!?41Z.�H814?41rDXA ;���DE789O58F2;+3!9!02029!0!*

�
	�� �>(*�z(*�������%+*$ ��+,� ��"�� ��� ���3+,�������
�32��42�� ������ "��#"���
«�14@=L8F29!0uv �®.�:8C$v�]®58F29!029!:^DWDE7896F29!02L8?rDE0j;=H�DJ.�14:89!C��(;=Fj.�587�.�:^DE;=<¶3!;=F2F29!025";=:8C814:8@
DE;eDE789h58F2;�¦�?49h@=1r_=9!:®14:�¦�@=L8F292v �+*�Qj789/0214@=:�.�?K140��(F29!9h;��~:8;=14029�s�H8L�D¹.���*�w � F29!?Z.RDE1r_=9
9!F2F2;=F¹7�.�0pH"9!9!:�.�C8C89!CS0214:83!9	DE789W14:^_=9!F20214;=:SF2;=L�DE14:89	:89!9!C80h.N3!9!FgDJ.�14: _�.�?4L89j�(;=FlDE789
9!F2F2;=F�;=: DE789�0214@=:�.�? *6Qj789�58F2;+3!9!0206L80214:8@�DE789�<>;+C81r¦�3G.RDE14;=:Y;��¹DE789 ��L���02L8Fg��.�3!9!0
7�.�0	:8;�D	H"9!9!:cL8029!C¸*

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
−0.1

0

0.1

0.2

0.3

0.4

0.5

0.6

ρ

Stationary emissivity profile, phantom, no noise

Initial profile
Solution profile

«�14@=L8F29fv ��� � e]S �wQ R
g(ρ)

SZd9[~LN\ Y:RatTU e]SZM []g:R%\ Y qZR�e~rx\ SZYTSNU�[]g:R%O:gwLNYc[]SZM � ����� rx\ XZYwLNQobwrx\ Y:X
LNQ Qo[]g:R�^~g:SZe~t:r�n���SPY:SZ\_rxR%LZt:t9Rat�SZY []g:R�rx\ XZYwLNQ�n

«�14@=L8F29!0 vG`N.�:8C v�w�58F29!029!:^DpDE789	F29!02L8?rDE0�;=H�DJ.�14:89!C��(;=F¹.6587�.�:^DE;=<m3!;=F2F29!025";=:8C+V
14:8@SDE;�DE789�58F2;�¦�?49®@=1r_=9!:�14: ¦�@=L8F29�vG`8*O¥ � ��F29!?Z.RDE1r_=9�@^.�L802021Z.�:�:8;=14029®7�.�06H"9!9!:
.�C8C89!CcDE; DE789N0214@=:�.�? *hQj789�58F2;+3!9!020eL80214:8@>DE789N<>;+C81r¦�3G.RDE14;=:B;��lDE789 ��L��c02L8Fg��.�3!9!0
7�.�0	:8;�D	H"9!9!:cL8029!C¸*

`KP



0 10 20 30 40 50 60 70
−0.02

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

Chords, HFS to LFS

Stationary DMPX profile, phantom, no noise

Signal
Fit

«�14@=L8F29 v�] � � gwLNYc[]SZM � ����� rx\ XZYwLNQ3LNYwt �:[
XZR�Y:R�e~LF[]Ratvd |v[]g:R�e]Ra^�SZYwrs[]e]bw^7[]RatvR�MP\_r]rx\ q \ [s|
O:e]S �wQ RZn���SPY:SZ\_rxR%LZt:t9Rat�SZY []g:R�rx\ XZYwLNQ�n

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
−0.1

0

0.1

0.2

0.3

0.4

0.5

0.6

ρ

Stationary emissivity profile, phantom, with noise

Initial profile
Fit

«�14@=L8F29fvG` � � e]S �wQ R
g(ρ)

SZd9[~LN\ Y:Rat
U e]SZM []g:R%\ Y qZR�e~rx\ SZYTSNU�[]g:R%O:gwLNYc[]SZM � ����� rx\ XZYwLNQobwrx\ Y:X
LNQ Qo[]g:R�^~g:SZe~t:r�n ��� Y:SZ\_rxR%LZt:t9Rat SZY []g:R�rx\ XZYwLNQ�n

`^�



0 10 20 30 40 50 60 70
−0.02

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

Chords, HFS to LFS

Stationary DMPX profile, noised phantom

Signal
Fit

«�14@=L8F29 v�w�� � gwLNYc[]SZM � ����� rx\ XZYwLNQ3LNYwt �:[PXZR�Y:R�e~LF[]Ratvd |v[]g:R�e]Ra^�SZYwrs[]e]bw^7[]Rat/R�MP\_r]rx\ q \ [s|
O:e]S �wQ RZn ��� Y:SZ\_rxR%LZt:t9Rat�SZY []g:R�rx\ XZYwLNQ�n

�32��424� ��{K��|/�G'(�" ���|��

� 9658F29!029!:^D	14:�¦�@=L8F29!0 v���.�:8Cnv�PNDE789�F29!02L8?rDE0j;��%DE789614:^_=9!F20214;=:B;���DE78960gDJ.RDE14;=:�.�FgAd6acklU 58F2;�¦�?49 ;=H�DJ.�14:89!C �(;=F6DE789>0278;�D �=PR`^�[v>.RD���* `c029!3!;=:8C80!*BQj789>F29!02L8?rDE0N;=H+V
DJ.�14:89!C�»	1rDE7 ;=Fl»	1rDE78;=L�D�DE789	58F2;+3!9!020¹L80214:8@6DE789	<>;+C81r¦�3G.RDE14;=:®;��"DE789 ��L��>02L8Fg��.�3!9!0
3G.�:�H"9�3!;=<>5�.�F29!C¸*�¥ ��<>0O.G_=9!FE.�@=9 ;��pDE789 0214@=:�.�?4067�.�06H"9!9!:�L8029!C DE;t@=9!:89!FE.RDE9
DE789Nd6acklU©58F2;�¦�?49�*
¯X:�;=F2C89!F DE;�14<>58F2;�_=9BDE789YF29!02L8?rDE0>;=H�DJ.�14:89!C�(F2;=< DE789Y5"9!FgDEL8F2H�.RDE14;=:58F2;�¦�?49

14:^_=9!F20214;=:¸s"DE789�0gDJ.RDE14;=:�.�FgAt58F2;�¦�?49N14:^_=9!F20214;=: 7�.�0eH"9!9!:�5"9!Fg�(;=F2<>9!CY�(;=Fe.�?4?%DE789�14:+V
DE9!F29!0gDE14:8@�0278;�DE0>L80214:8@�DE789Y<>;+C81r¦�3G.RDE14;=:�;��eDE789 ��L��¡02L8Fg��.�3!9!0>;��WDXA+5"9c]�*¡Qj789
;=H�DJ.�14:89!C 5�.�FE.�<>9�DE9!F206.�F29®@=1r_=9!: 14:cDJ.�H8?49 v=*Nµ�:89®;��¹DE789®14:^DE9!F29!0gDE14:8@�C814023J7�.�F2@=9!0
140	DE789�0278;�D � ��� �Iv=*	bW;�»h9�_=9!F!s�.RDWDE789�DE14<>9O;��lDE7�.RD�0278;�DGs~DE789�d6acklUm»/.�0e<®L83J7
3!?4;=029!F�DE;�DE789�58?Z.�02<S.SDE7�.�: DE;+C�.GA=* �+;t.�?4?�DE789�3J78;=F2C80O5�.�02029!C�3!?4;=029®DE;�DE789�3!9!:+V
DEFE.�?¸·!;=:89O;���DE789O58?Z.�02<S.�*l¥e0jDE78960214@=:�.�?¸3!;=F2F29!025";=:8C814:8@�DE;�DE78965"9!F21458789!FgAB;���DE789
58?Z.�02<S.Y140®.�?r»/.GA+0®<>1 ��9!C�»	1rDE7�DE789�0214@=:�.�?p3!;=<>14:8@Y�(F2;=< DE789�3!9!:^DEFE.�?h·!;=:89�slDE789
0gDJ.RDE14;=:�.�FgAS14:^_=9!F20214;=:Y140/7�.�F2CBDE; ;=H�DJ.�14:¸*�Qj7KL80!s8»h9N7�.G_=9OC89!3!14C89!CY:8;�DjDE; <>;+C81r��A
DE789 ��L��t02L8Fg��.�3!9NC89!023!F2145�DE14;=:B�(;=F/DE78140j0278;�DG*

`^\



0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
−2

0

2

4

6

8

10

12

ρ

g(
ρ)

Stationary emissivity profile, shot 27481 at 0.4 sec, no flux modification

HFS chords
LFS chords
All chords

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
−2

0

2

4

6

8

10

ρ

g(
ρ)

Stationary emissivity profile, shot 27481 at 0.4 sec

HFS chords
LFS chords
All chords

«�14@=L8F29�v�� � �����-n � e]S �wQ Rar
g(ρ)

SZd9[~LN\ Y:Rat U e]SZM []g:RT\ Y qZR�e~rx\ SZY SNU3[]g:R �,M
r L qZR�e~LNXZR>SNU-[]g:R
� ����� rx\ XZYwLNQ_r*bwrx\ Y:X []g:R��Vp � ^~g:SZe~t:r*SZY:Q | �F[]g:R���p � ^~g:SZe~t:r*SZY:Q |�SZe4LNQ Q []g:R�^~g:SZe~t:r�n���R�e]R �F[]g:R
uwb9K rxb:exUyLZ^�RarVLNe]R Y:SN[zMPS9t9\ �wRat{n �	��
�
��� n �9LNMPR �wXZb:e]R d:b9[ []g:R uwb9K rxb:exUyLZ^�Rar LNe]R�MPS9t9\ �wRat
LZ^�^�SZe~t9\ Y:X%[]S�[]g:R MPS9t9R�� t9R �wY:RatT\ Y�rxRa^7[]\ SZY �wn �:n � � ��\ []g�L�XZQ SZdwLNQ@e~LZt9\_LNQ@rxg:\ U [3SNU ���:n � �4^�M LNYwt
L>e~LZt9\_LNQ{t9R�U SZe]M
LF[]\ SZY�SNU ���:n ��
�^�M�n � g:SN[�������	�
 LF[	�:n �
rxRa^�SZYwt:r�n

w��



0 10 20 30 40 50 60 70
−0.5

0

0.5

1

1.5

2

2.5

3

Chords, HFS to LFS

Stationary DMPX profile, shot 27481 at 0.4 sec, no flux modification

Signal
Fit

0 10 20 30 40 50 60 70
−0.5

0

0.5

1

1.5

2

2.5

3

Chords, HFS to LFS

Stationary DMPX profile, shot 27481 at 0.4 sec

Signal
Fit

«�14@=L8F29 v�P�� �����-n �,M
r>L qZR�e~LNXZR
SNU�[]g:R � ����� rx\ XZYwLNQ_r LNYwt �:[PXZR�Y:R�e~LF[]Rat/d | []g:R�e]Ra^�SZY �
rs[]e]bw^7[]Rat R�MP\_r]rx\ q \ [s| O:e]S �wQ RZn ��R�e]R �k[]g:R�uwb9KHrxb:exUyLZ^�RarPLNe]R�Y:SN[TMPS9t9\ �wRat{n �	��
�
��� n �9LNMPR
�wXZb:e]R d:b9[�[]g:Rzuwb9K�rxb:exUyLZ^�Rar3LNe]R MPS9t9\ �wRat�LZ^�^�SZe~t9\ Y:X�[]S>[]g:R%MPS9t9R �Pt9R �wY:Rat \ Y�rxRa^7[]\ SZY �wn �:n � �
��\ []g�LPXZQ SZdwLNQ{e~LZt9\_LNQDrxg:\ U [VSNU ���:n � �4^�MlLNYwt�LPe~LZt9\_LNQDt9R�U SZe]M
LF[]\ SZY�SNU ���:n ��
�^�M�n � g:SN[ ������	�
zLF[
�:n �
rxRa^�SZYwt:r�n

wIv



�%��#�� ��'���{ � ��� $ �
1

� �^��� $ �
2

� �^���
�R`AvG`Av v=* ]^P=w v=* `Kw V ��* ]=�
�=PR`^�[v ��* ` V ��* � � V ��* ][v
�=PR`^�[v ��* �^P=w V ��* v�� ��* �=�

Q�.�H8?49�v ��j LNQ b:Rar SZd9[~LN\ Y:RatWU SZe []g:RPMPS9t9\ �@^�LF[]\ SZY SNU []g:R>uwb9K rxb:exUyLZ^�RarVbwrx\ Y:X []g:RPMPS9t9R � SNU
[]g:R�O:e]S9^�Rat9b:e]R3dwLZrxRat SZY>[]g:R�^�SZYwrs[]e~LN\ Yc[4SNU{^�SZe]e]RarxO@SZYwt9R�Yw^�R-d@R�[ �-R�R�Y []g:R�O:e]S �wQ R3e]Ra^�SZYwrs[]e]bw^7[]Rat
��\ []gP[]g:R	�Vp �P^~g:SZe~t:r4LNYwt []g:R	��p �P^~g:SZe~t:r�n*t:}

1

\_r4[]g:R�e~LZt9\_LNQ []e~LNYwrxQ_LF[]\ SZYPLNYwt
t:}
2

[]g:R�e~LZt9\_LNQ
t9R�U SZe]M
LF[]\ SZY SNU*[]g:R%O:Q_LZrxM
L:n

�32��424x �t'��G�^&��G�G'(#" 

� 789!:�?4;+;=IK14:8@B.RDODE789 F29!02L8?rDE0N;=H�DJ.�14:89!C��(;=F�DE789>587�.�:^DE;=<>0!s%»h9>3G.�:�029!9>;=: DE789d6acklU�58F2;�¦�?49!0>G�¦�@8* v�]W.�:8C(v�woI£DE7�.RD�DE789�¦8DE0�.�:8CODE789p587�.�:^DE;=<>0�.�F29¹14:O9���3!9!?4?49!:^D
.�@=F29!9!<>9!:^DG*�µ�:NDE789h0214@=:�.�?40�»	1rDE7®.�C8C81rDE14;=:�.�?^:8;=14029�sRDE789p¦8D��(;=?4?4;�»	0�:89G.�F2?rAO9��8.�3�DE?rA
DE789�:8;=14029!?49!020/027�.�5"9�s8C89!<>;=:80gDEFE.RDE14:8@�DE789e»h9G.�IS029!:8021rDE1r_+1rDXAS;��%DE789658F2;+3!9!020/DE;�DE789
:8;=14029�*tbW;�»h9�_=9!F!s¹.�0N��.�FN.�0NDE789>9!<>1402021r_+1rDXA 58F2;�¦�?49!0�.�F29>3!;=:83!9!F2:89!C¸sl»h9S3G.�:�029!9
DE7�.RD�.�?rDE78;=L8@=7tDE789�@=9!:89!FE.�?%DEF29!:8C806.�F29NF29!025"9!3�DE9!C¸s£DE789N;=H�DJ.�14:89!Cc02;=?4L�DE14;=:Y140W:8;�D
_=9!FgA�@=;+;+C 14: DE789 ?4;�»

ρ
F29!@=14;=:¸*®¥/D6¦�F20gDGs%»h9 DE78;=L8@=7^D6DE7�.RD6DE78140�»/.�0O;=:8?rA C8L89

DE;®DE78963!;=<>5";=:89!:^D	;���DE7896F29!@=L8?Z.�F214·G.RDE14;=:>DE7�.RDj<>14:814<>14·!9!0¹DE7896029!3!;=:8CYC89!F21r_�.RDE1r_=9
;���DE789O58F2;�¦�?49�*¹Qj789!F29��(;=F29�s~»h9ODEF2149!CBDE; 14:^_=9!FgDWDE789Nd6acklU©58F2;�¦�?49OH^AtL80214:8@ ;=:8?rA
DE789�<>14:814<>14·G.RDE14;=:t;��¹DE789>«�1402789!F�14:��(;=F2<S.RDE14;=:¸* � 9�;=H�DJ.�14:89!C�9��8.�3�DE?rAcDE789 0E.�<>9F29!02L8?rDE0!sj»	1rDE7�;=:8?rA¡?49!020S?4;+3G.�?	02<>;+;�DE7814:8@8*�Qj789 ;=F214@=14:¡;��6DE78140SH"9!7�.G_+14;=L8FS7�.�0
¦�:�.�?4?rAtH"9!9!:��(;=L8:8C�14:cDE789®C89�¦�:81rDE14;=: ;���DE789®9!F2F2;=Fe�(;=FWDE789®587�.�:^DE;=<>0!* � 1rDE7 .�:9!F2F2;=F�F29!?Z.RDE1r_=9¹DE;eDE789h0214@=:�.�? s�DE789h02<>;+;�DE7814:8@WL8029!0�DE789h?Z.�F2@=9p9!F2F2;=F�.�?4?4;�»h9!C�3!?4;=029pDE;
ρ = 0

DE;NC89!3!F29G.�029WDE789W029!3!;=:8C�;=F2C89!FpC89!F21r_�.RDE1r_=9	;=F�DE789e«�1402789!F¹14:��(;=F2<S.RDE14;=:®DE789!F29
.RD¹DE789e3!;=0gDh;���.�3!3!L8FE.�3�A=*�¯X:>DE789e3G.�029W;��¸DE789W587�.�:^DE;=<i»	1rDE78;=L�Dp:8;=14029�sKDE789W58F2;�¦�?49
;=H�DJ.�14:89!CSH^A�029�D2DE14:8@�.�:B.�H802;=?4L�DE9e9!F2F2;=Fh;=:SDE789�0214@=:�.�?~140h<®L83J7BH"9�D2DE9!F/14:>DE789�?4;�»
ρ
F29!@=14;=: G(029!9S¦�@=L8F29 v��{I�*Y¯ D�3G.�:�H"9>»h;=:8C89!F29!C�»h9�DE789!F®DE789S9!F2F2;=F20�;=:�DE789SF29G.�?

0214@=:�.�?406.�F29 .�H802;=?4L�DE9�;=F6F29!?Z.RDE1r_=9�s%0214:83!9 1r�¹DE789�A .�F29�F29!?Z.RDE1r_=9�s¸DE789 F29!3!;=:80gDEF2L83�DE9!C
9!<>1402021r_+1rDXA>58F2;�¦�?49e»	14?4?£.�?r»/.GA+0jH"9eDE;+;��~.RD	14:SDE7896?4;�»

ρ
F29!@=14;=:80!*�¯X:�DE789Od6acklU®s

DE789h<S.�14:O5�.�FgDl;��8DE789h9!F2F2;=F�;=:NDE789h0214@=:�.�?K3!;=<>9!0��(F2;=< DE789h9!?49!3�DEF2;=:8143!0�.�:8C®0278;=L8?4C
DE7KL806H"9 .�:�.�H802;=?4L�DE9®9!F2F2;=F!*®bW;�»h9�_=9!F!s�14:�;=L8FO.�:�.�?rA+02140!s£DE789�9!F2F2;=F�14063G.�?43!L8?Z.RDE9!C
.�0SDE789 0gDJ.�:8C�.�F2C C89�_+1Z.RDE14;=:�;��ODE789 0214@=:�.�?W;=:�DE789 DE14<>9t»	14:8C8;�»¤L8029!C²�(;=F>DE789
.G_=9!FE.�@=9�*f¥e?4?	DE789 5"9!FgDEL8F2H�.RDE14;=:80�;+3!3!L8F2F214:8@�14:�DE789 58?Z.�02<S.�C8L8F214:8@�DE7�.RD�DE14<>9
14:^DE9!Fg_�.�?"»	14?4?£.�585"9G.�Fj.�0/9!F2F2;=F20j14:�;=L8F/DEF29G.RDE<>9!:^DGs�H8L�DjDE789!14FhF29!?Z.RDE1r_=9�;=Fj.�H802;=?4L�DE9
�(9G.RDEL8F29W3G.�:8:8;�DhH"9WIK:8;�»	:¸*�¯ Dh140�DE7KL80h7�.�F2C>DE;�0E.GA�»	789�DE789!FpDE789 �~.RD2DE9!:814:8@N;��£DE789
58F2;�¦�?496140j0258F29G.�CY;=:tDE7896»	78;=?49658F2;�¦�?496;=Fj3!;=:83!9!:^DEFE.RDE9!Cc14:BDE789O?4;�»

ρ
F29!@=14;=:¸*

Qj789®9 �£9!3�D6;���DE789®58F2;+3!9!C8L8F29®;�� ��L�� <>;+C81r¦�3G.RDE14;=:Y0278;�»	:�14:c¦�@=L8F29!0fv��S.�:8C
v�P�140�0gDEF214IK14:8@8*�¥e?rDE78;=L8@=7�DE789WC89�_+1Z.RDE14;=:�H"9�DX»h9!9!:SDE789Wd6acklU 0214@=:�.�?40�.�:8C DE789j¦8D
140p:8;�DpDJ.�I�9!:B14:^DE;®.�3!3!;=L8:^D/14:>DE789e58F2;+3!9!020!s�»h9e029!9eDE7�.RDpDE789eC89�_+1Z.RDE14;=:S140pF29!C8L83!9!C
.R��DE9!FhDE7896?Z.RD2DE9!F!*lQj78963!;=<>5�.�F21402;=:�H"9�DX»h9!9!:cH";�DE7B5�.�14F20/;���¦�@=L8F29!0jC89!<>;=:80gDEFE.RDE9!0

w �



0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

0.5

ρ

Stationary emissivity profile, phantom, no noise, absolute error

Initial profile
Solution profile

«�14@=L8F29fv�� � � e]S �wQ R
g(ρ)

SZd9[~LN\ Y:RatTU e]SZM []g:R%\ Y qZR�e~rx\ SZYTSNU�[]g:R%O:gwLNYc[]SZM � ����� rx\ XZYwLNQobwrx\ Y:X
LNQ Q []g:R�^~g:SZe~t:r�n ��S�Y:SZ\_rxR LZt:t9Rat/SZYv[]g:R�rx\ XZYwLNQ-LNYwtvR�e]e]SZe rxR�[>LZr �:n ��� SNU�[]g:R MPRaLNY/SNU�[]g:R
rx\ XZYwLNQ�nkikSZMPOwLNe]R ��\ []g �wXZb:e]R 
��9n

DE789OF29!?49�_�.�:83!9O;���DE789O58F2;+3!9!C8L8F29�*
Qj789O_�.�?4L89!0j@=1r_=9!:t14:BDJ.�H8?49fvN.�F29O02<S.�?4?£H8L�D	9���3!9!9!CYDE789O9!F2F2;=Fj;���DE789O9!±KL814?414H+V

F214L8<�F29!3!;=:80gDEF2L83�DE14;=:�58F2;+3!9!020!s%.�H";�_=9®.�?4?�14:YDE789®0278;�D �R`AvG`Av=* �W9�_=9!FgDE789!?49!020�DE789�A
7�.G_=9eH"9!9!:SF29�DJ.�14:89!C �(;=F�DE789WF29!0gDh;��£DE789e.�:�.�?rA+02140!*�¥e0¹DE789WF29!3!;=:80gDEF2L83�DE14;=:S58F2;+3!9!020
140�9!025"9!3!1Z.�?4?rAO.�3!3!L8FE.RDE9j.RD�DE789h9!C8@=9/;��8DE789/58?Z.�02<S.�sR1rD�3!;=L8?4C�7�.G_=9jH"9!9!:®14:^DE9!F29!0gDE14:8@
DE;OC89�_=9!?4;=5>.6:89�»�<>;+C89j;��"C89��(;=F2<S.RDE14;=:®H�.�029!C>;=:�DE789	<>;+C89j]6H8L�Dp.�?4?4;�»	14:8@6.�?402;
_=9!FgDE143G.�?%C89��(;=F2<S.RDE14;=:¸*h�+9!F214;=L80	C89�_=9!?4;=58<>9!:^DE0e.�:8CtDE9!0gDE14:8@=0	;���DE78140	C89��(;=F2<S.RDE14;=:
58F2;+3!9!C8L8F29c0278;=L8?4C�H"9Y9!:^_+140E.�@=9!C²14:�;=F2C89!F DE;�9!0gDJ.�H8?414027¡»	78143J7�<>;+C89Y58F2;�_+14C89!0
DE789OH"9!0gD	3!;=<>58F2;=<>14029�H"9�DX»h9!9!:YDE789Od6acklUm.�:8CBDE7896<S.�@=:89�DE143�F29!3!;=:80gDEF2L83�DE14;=:80!*
¯X:�DE78140OC814023!L8020214;=:¸s�DE789S.�F2@=L8<>9!:^DN@=1r_=9!:�H^A�¢6FE.�:89�DE· � � � ;=:�DE789>9�_+14C89!:83!9S;��j.
C814023!F29!5�.�:83�A�H"9�DX»h9!9!:²DE789YUWVXFE.GA¡9!<>1402021r_+1rDXAª3!;=:^DE;=L8F20B.�:8C�DE789c<S.�@=:89�DE143 ��L��
02L8Fg��.�3!9!0�0278;=L8?4C�:8;�D�H"9��(;=F2@=;�D2DE9!:¸*S¯ �/DE78140N.�F2@=L8<>9!:^DNF29G.�?4?rA 78;=?4C80!s�1rDN140O5";=02021 V
H8?49�DE7�.RD�DE789®58F2;+3!9!C8L8F29�;��pC89��(;=F2<S.RDE14;=:c;���DE789 ��L���02L8Fg��.�3!9!060214<>58?rAY3!;=:^_=9!F2@=9!0
DE;�»/.�F2C80	DE789NF29G.�?�9!<>1402021r_+1rDXA�?49�_=9!?�3!L8Fg_=9!0e»	1rDE78;=L�DW.�:^AY:89!9!Cc;��l3!;=F2F29!025";=:8C89!:83!9
»	1rDE7BDE789O14:81rDE1Z.�? ��L��t02L8Fg��.�3!9!0vG�DE;>.�3!9!FgDJ.�14:Y?414<>1rDNI�*

w�]



�
	]� ���3+�(*1 +*.��z(*����� ��+,� ��"�� ��� ���3+,�������
Qj789/F29!02L8?rDE0�58F29!029!:^DE9!C>789!F29/<S.�14:8?rAO3!;=:802140gD�14:�DE789hDJ.�H8?49!0l;���_�.�?4L89!0��(;=L8:8C®�(;=F�DE789
5�.�FE.�<>9�DE9!F20N;��/DE789S1402?Z.�:8C80�.�585"9G.�F214:8@Y14:�DE78F29!9S0278;�DE0!s�.RD��(;=L8FNC81��£9!F29!:^DNDE14<>9!0!*
Qj789>C81��£9!F29!:^DN5�.RDE780O;��/F29!02;=?4L�DE14;=: C89!023!F214H"9!C�14:�029!3�DE14;=:�`t7�.G_=9�.�?4?lH"9!9!:�L8029!C¸s
.�:8C DE789!14F�F29!025"9!3�DE1r_=9 F29!02L8?rDE0O.�F29�.�@=;+;+C�14:8C8143G.RDE14;=:c;��¹DE789®029!:8021rDE1r_+1rDXA�.�:8C DE789
F29!?41Z.�H814?41rDXA®;���DE7896<>9�DE78;+C¸*l¥e?4?"DE7896.�:�.�?rA+02140/7�.G_=96H"9!9!:t5"9!Fg�(;=F2<>9!C�»	1rDE7�DE7896L8029
;��/DE789 ��L���<>;+C81r¦�3G.RDE14;=:806@=1r_=9!:�14:�DJ.�H8?49�v=*t¥e0®H"9��(;=F29�s�587�.�:^DE;=<>0�7�.G_=9�H"9!9!:
L8029!C�DE;c.�02029!020®;=L8F6»h;=F2I~*�¯X:�DJ.�H8?49 �+s�.Y?4140gDO;��j.�?4?�DE789>5�.�FE.�<>9�DE9!F20O;��/14:^DE9!F29!0gD
DE7�.RDW.�585"9G.�Fj14:t;=L8FjDEF29G.RDE<>9!:^D	140j@=1r_=9!:¸*

���8������{^��{K�R� �B{ �l �'���'(#" 
ta � 0 � Qj14<>96;��l.�:�.�?rA+02140j@=1r_=9!:tH^ABDE7896DE14<>9�029!?49!3�DE14;=:tH8?4;+3JI~s

029!9N029!3�DE14;=:Y`8*�P+*
ρs,appr

¥e5858F2; ��14<S.RDE1r_=9�_�.�?4L896;��
ρs
�(;=L8:8CtH^ABDE789O58F2;+3!9!020

C89!023!F214H"9!Cc14:B029!3�DE14;=:Y`8* v���* `
ρs

k�;=021rDE14;=:t;���DE789OF29!02;=:�.�:83!9N02L8Fg��.�3!9O14: ��L��t3!;+;=F2C814:�.RDE9!0!*
ρ1

�+<S.�?4?49!0gD
ρ
F29G.�3J789!CcH^A�DE789O1402?Z.�:8C¸*� W:81r_=;+3G.�?4?rASC89�DE9!F2<>14:89!C

H^ABDE7896_�.�?4L896;��
A
G(029!9N029!3�DE14;=:Y`8* v���* �{I�*

ρ2

��.�F2@=9!0gD
ρ
F29G.�3J789!CcH^A�DE789O1402?Z.�:8C¸*� W:81r_=;+3G.�?4?rASC89�DE9!F2<>14:89!C

H^ABDE7896_�.�?4L896;��
A
G(029!9N029!3�DE14;=:Y`8* v���* �{I�*

ρlufs ρ
_�.�?4L896;���DE789O?Z.�0gD	L8:85"9!FgDEL8F2H"9!C ��L��Y02L8Fg��.�3!9O029!9!:

�(F2;=<¶DE789O;=L�DE0214C89�G(029!9N029!3�DE14;=:t`8* v���* v:I�*
∆ρlufs

 W:83!9!FgDJ.�14:^DXAt;=:
∆ρlufs

*
A

«~.�3�DE;=Fj?414:8I�9!CBDE;�DE789N.�<>58?41rDEL8C89�;���DE789 ��L��t5"9!FgDEL8F2H�.RDE14;=:
G(029!9N9!±KL�.RDE14;=: G�]=�{IaI�*

w � < � � 14C�DE7t;���DE789O1402?Z.�:8C¸s8;=H�DJ.�14:89!CB�(F2;=<¬DE789O58F2;+3!9!C8L8F29C89!023!F214H"9!Cc14:B029!3�DE14;=:Y`8* v���* ��*p�KA+<®H";=?���<>9G.�:80jDE7�.RDjDE789
»	14C�DE7Y140	.�5858F2; ��14<S.RDE1r_=9

Irms � ¥ � ��0gDE14<S.RDE14;=:B;���DE7896DE;�DJ.�? �����O_�.�?4L896;���DE789O3!L8F2F29!:^D
5"9!FgDEL8F2H�.RDE14;=: G(029!9O029!3�DE14;=:Y`8* v���*�PoI�*

P
k�9G.�I�_�.�?4L896;���DE789O5"9!FgDEL8F2H�.RDE14;=:t9!<>1402021r_+1rDXA G(029!9
9!±KL�.RDE14;=: G(`Av:IaI�*

γ
�	;�DJ.RDE14;=:B029!:8029N;���DE789O1402?Z.�:8C80 G(029!9N9!±KL�.RDE14;=: G w�\{IaI�*

Φ0

¥e:8@=?496C89!023!F214H814:8@�DE789O;=F2149!:^DJ.RDE14;=:B;���DE789O1402?Z.�:8C80
.RDjDE789N.�:�.�?rA+029!CtDE14<>9�*

Q�.�H8?49 �����VR �wY:\ []\ SZY�SNU*[]g:R%OwLNe~LNMPR�[]R�e~rkbwrxRat�\ Y�[]g:Rz[~LNd:Q Rar3SNU*e]Rarxb:Q [~r�n

wR`



�324�32�� ������ "��#"���
Qj789�H"9!7�.G_+14;=L8FW;��l;=L8FW14:^_=9!F20214;=:c58F2;+3!9!C8L8F29�7�.�0WH"9!9!:cDE9!0gDE9!Cc»	1rDE7Y<S.�:^At587�.�:+V
DE;=<>0jF29!58F29!029!:^DE14:8@>C81��£9!F29!:^DW<S.�@=:89�DE143�1402?Z.�:8C80 �l_�.�F214;=L80j<>;+C896:KL8<®H"9!F20!s8»	14C�DE7¸s
5";=021rDE14;=:80j.�:8CY:8;=14029�*¹¥e?4?¸@^.G_=9N0E.RDE140g��A+14:8@ F29!02L8?rDE0!*¹Qj789NF29!02L8?rDE0	58F29!029!:^DE9!C H"9!?4;�»
3!;=F2F29!025";=:8CtDE;S.�<>;+C8960214<®L8?Z.RDE9!C�»	1rDE7BDE7896�(;=?4?4;�»	14:8@®5�.�FE.�<>9�DE9!F20 �

m = 2

frot = 2000 � bW· �
ρs = 0.5

w = 0.05 � < �
P = 0.3

Qj789O0gDJ.RDE14;=:�.�FgA�9!<>1402021r_+1rDXA�58F2;�¦�?496140jC89�¦�:89!CcH^A �

gstat =
(
1 − ρ2

)1.5 G P�]{I

Qj789���L�� @=9!;=<>9�DEFgA�3!;=F2F29!025";=:8C80ODE;t0278;�D �=PR`^�[v>.RD���* `t029!3!;=:8C80!*S¥W��DE9!FN.�C8C814:8@
DE789�0gDJ.RDE14;=:�.�FgA .�:8C�DE789�5"9!FgDEL8F2H�.RDE14;=:�5�.�FgDE0!s�.�F29!?Z.RDE1r_=9®@^.�L802021Z.�:�:8;=14029�;���v�� �
7�.�0>H"9!9!:².�C8C89!C¡DE;�DE789Y587�.�:^DE;=<Y*²«�14@=L8F29!0 v�\�s ����.�:8C �IvY0278;�»�DE789YF29!02L8?rDE0
;=H�DJ.�14:89!CS�(;=FhDE7896«l«�Q6s+DE789O�Ko6d�s�.�:8C�DE789�H�.�:8C85�.�020j¦�?rDE9!F20hF29!025"9!3�DE1r_=9!?rA=*¹Q�.�H8?49
]�@=1r_=9!0jDE7896_�.�?4L89!0	;=H�DJ.�14:89!CB�(;=Fj9G.�3J7Y5�.RDE7Y;���F29!02;=?4L�DE14;=:¸*

���8������{^��{K�R� � �
5 � � � �®�� �$������G�>�8������#�� ��{K��|
ρs

��*�w��=� ��* `^\=� ��*�w���` ��*�w��=�
A

���^wIv � ��\=� � �=P�\ �Iv�P��
w � < � ��* ��`^� ��* �^w�� ��* �^wIv ��* �^w��
∆Φ0 � FE.�C � ��* �[v ��*�w � ��* �=\ ��* �=�
P

��* ]=� ��* `^� ��* ]=] ��* ]=�
γ �

v V/v
�
v

�
v

Q�.�H8?49j] � h*LNd:Q R3SNU@e]Rarxb:Q [~r*U SZe,[]g:R�O:gwLNYc[]SZM�n,h3g:R�e]Rarxb:Q [~r4LNe]R-O:e]RarxR�Yc[]Rat�U SZe,[]g:R �:[~r4SNUorx\ XZYwLNQ_r
O:e]S9t9bw^�Rat�d | []g:R>p,p,h��:[]g:R � j � LNYwt�[]g:R dwLNYwt9OwLZr]r �wQ []R�e~r�n�h3g:R�Q_LZrs[ ^�SZQ b:MPYWXZ\ qZRar3[]g:R e]RaLNQ
qFLNQ b:RzSNU*[]g:R%OwLNe~LNMPR�[]R�e~r�n,h3g:R%OwLNe~LNMPR�[]R�e~r-LNe]R%t9R �wY:Rat�\ Y�[~LNd:Q R �9n

�t'��G�^&��G�G'(#" �2 Qj789�L8:83!9!FgDJ.�14:^DXA .�?4?4;�»h9!C ;=:
ρs
14:cDE789�;=5�DE14;=:80e;���A��/�
	 " 	k�c140

029�DSDE;���* �[v=*�¥e0>»h9c3G.�:�029!9c14:DJ.�H8?49Y]�sj.�?4?/DE789Y5�.RDE780>F29!02L8?rDE0S14:�.
ρs
_�.�?4L89

DE7�.RD>140�3!;=<>58F214029!C14:ªDE789tL8:83!9!FgDJ.�14:^DXA14:^DE9!Fg_�.�? *�Qj789t_�.�?4L89!0 ;��
A
_�.�FgAª<>;=F29

�(F2;=<¬;=:89�5�.RDE7�DE;®DE789�;�DE789!F!s�H8L�DjDE789�14<>5�.�3�D/;��%DE78140h_�.�F21Z.RDE14;=:>;=:�DE789�;=H�DJ.�14:89!C

w=w



0 10 20 30 40 50 60 70
−60

−40

−20

0

20

40
FFT, perturbation DMPX profile, noised phantom

0 10 20 30 40 50 60 70
−10

−5

0

5

10

Chords, HFS to LFS

signal (imaginary)
model (imaginary)

signal (real)
model (real)

«�14@=L8F29�v�\ ��}�RaLNQ LNYwt%\ M
LNXZ\ YwLNe]| OwLNex[~rDSNU9[]g:R3t9SZMP\ YwLNYc[�U e]Ra`cb:R�Yw^�|z^�SZMPO@SZY:R�Yc[*SNU9[]g:R3p,p,h/SNU
L�O:gwLNYc[]SZM � ����� rx\ XZYwLNQ�n,h3g:Rzrx\ XZYwLNQ_r-^�SZe]e]RarxO@SZYwt9\ Y:X%[]S []g:R �:[x[]Rat O@R�ex[]b:e]dwLF[]\ SZYTR�MP\_r]rx\ q \ [s|
LNe]Rzt9e~L ��Y�\ Y�e]Rat{n���SN[]Rz[]gwLF[�d@SN[]gWr]^�LNQ Rar-SNU*[]g:RzqZR�ex[]\_^�LNQDLFK9\_r�LNe]R Y:SN[�[]g:R�r]LNMPRZn

0 10 20 30 40 50 60 70
−0.04

−0.02

0

0.02

0.04

0.06

0.08
SVD, perturbation DMPX profile, noised phantom at 0.398015 sec

Chords, HFS to LFS

filtered signal
model approx.

«�14@=L8F29 ��� ��� \ XZYwLNQ�XZ\ qZR�YHd | []g:R � j � �wQ []R�e SNU%L/O:gwLNYc[]SZM � ����� rx\ XZYwLNQ�n h3g:R rx\ XZYwLNQ
^�SZe]e]RarxO@SZYwt9\ Y:X�[]SP[]g:R��:[x[]Rat�O@R�ex[]b:e]dwLF[]\ SZY�R�MP\_r]rx\ q \ [s|T\_r�t9e~L ��Y�\ Y�e]Rat{n

w��



0 10 20 30 40 50 60 70
−0.04

−0.03

−0.02

−0.01

0

0.01

0.02

0.03
Bandpass, perturbation DMPX profile, noised phantom at 0.398875 sec

Chords, HFS to LFS

filtered signal
model approx.

«�14@=L8F29 �Iv � � \ XZYwLNQ�XZ\ qZR�Y�d |�[]g:R�dwLNYwt9OwLZr]r �wQ []R�e SNU L
O:gwLNYc[]SZM � ����� rx\ XZYwLNQ�n�h3g:R>rx\ XZYwLNQ
^�SZe]e]RarxO@SZYwt9\ Y:X []S>[]g:R��:[x[]Rat�O@R�ex[]b:e]dwLF[]\ SZY�R�MP\_r]rx\ q \ [s|T\_r�t9e~L ��Y \ Y�e]Rat{n

»	14C�DE780/140h02<S.�?4?£.�:8CSDE789�?Z.RD2DE9!F/.�F296.�?402;N_=9!FgAB3!?4;=029WDE;®DE789�F29G.�?"_�.�?4L89�*lQj789�5"9G.�I
_�.�?4L89 ;��hDE789S5"9!FgDEL8F2H�.RDE14;=: 9!<>1402021r_+1rDXA �(L8:83�DE14;=:�140NH"9!0gD�9!0gDE14<S.RDE9!C�14: DE789S«l«�Q
.�:8C�DE789 H�.�:8C85�.�020O5�.RDE780!s�.�06»h9!?4?�.�06DE789�14:81rDE1Z.�?�;=F2149!:^DJ.RDE14;=: ;��pDE789 1402?Z.�:8C .�:8C
DE789NF2;�DJ.RDE14;=:B029!:8029�*Wµ�:t¦�@=L8F29 ����s8»h9�029!9ODE7�.RD	DE789O¦8DW140	:8;�DW9���3!9!?4?49!:^DeH"9!3G.�L8029
DE7896¦�?rDE9!F29!Ct0214@=:�.�?£C8;+9!0	:8;�D	9��8.�3�DE?rA�3!;=F2F29!025";=:8CtDE;�DE789O0214@=:�.�?£;���DE789O;=F214@=14:�.�?4?rA
0214<®L8?Z.RDE9!C®1402?Z.�:8C¸*�Qj789e�Ko6d�¦�?rDE9!Fl<>1 ��9!0l789!F29j02;=<>9j;�DE789!Fl14:��(;=F2<S.RDE14;=:O»	1rDE7®DE789
F29G.�?�5"9!FgDEL8F2H�.RDE14;=:c0214@=:�.�? *	¯ D�140	DE7KL80�:8;�D�02L8F258F2140214:8@>DE7�.RDeDE789�5"9G.�IB_�.�?4L89�@=1r_=9!:
H^A�DE789��Ko6d�5�.RDE7t140/»	F2;=:8@8*

w=P



�324�324� B�G�!{+�G�G��{+ "�>#~}	����{ �����8��'�|�'����ª#~}	����{
ρs
�!{K�8�R�R������#%�={+$�&���{

ρs
140hDE7896L8?rDE14<S.RDE9W5�.�FE.�<>9�DE9!F/;���DE7896<>;+C89!? *�¯ DE0j9��8.�3�DE1rDEL8C896C89�DE9!F2<>14:89!0/DE7�.RDj;��

DE789®;�DE789!F20!*N¯ DE06029G.�F23J7 140�H�.�029!C ;=: DE789®<>14:814<>14·G.RDE14;=:B;��¹DE789®5�.�FE.�<>9�DE9!F
χ2
meanH^AvA��/�
	 " 	k��*�¯X:Y;=F2C89!F/DE;®¦�:8Cc.®3!;=F2F29!3�D	_�.�?4L89�s

χ2
mean

<®L80gD	H"96±KL81rDE9602<>;+;�DE7B14:
�(L8:83�DE14;=: ;��

ρs
*6«�14@=L8F29!0 � �S.�:8C ��]S0278;�»

χ2
mean

14:Y�(L8:83�DE14;=: ;��
ρs
14:c¦8DE0�L80214:8@

g̃1
.�:8C

g1
F29!025"9!3�DE1r_=9!?rA=*SQj789>0214@=:�.�?4063!;=<>9®�(F2;=<¤DE789>H�.�:8C85�.�020NH8?4;+3JIc�(;=F60278;�D

�=PR`^�[vO.RDW��* ` 029!3!;=:8C80!*

�t'��G�^&��G�G'(#" �2 Qj789�9��8.�<>58?49!0e;��¹58F2;�¦�?49!0e;��
χ2
mean

14:c�(L8:83�DE14;=:c;��
ρs
@=1r_=9!: 14:

¦�@=L8F29!0 � ��.�:8C ��]�7�.G_=9jDE789j0E.�<>9/H"9!7�.G_+14;=L8F�.�0lDE78;=029j;��";�DE789!Fl0278;�DE0!*lQj789!F29��(;=F29�s
DE789�58F2;+3!9!020N;��h<>14:814<>14·G.RDE14;=:t;��

χ2
mean

3G.�: H"9�L8029!C�»	1rDE78;=L�DN.�:^Ac�(9G.�F20O;=:�DE789
F29!?41Z.�H814?41rDXA6;��~DE789jF29!02L8?rDG* �W;�DE9/DE7�.RDlDJ.�IK14:8@�DE789/¦8D¹;��~DE789jC89!F21r_�.RDE1r_=9/;��~DE789j0214@=:�.�?
.�?4;=:8@�DE789O3J78;=F2C80	14:^DE; .�3!3!;=L8:^DW14:�DE7896C89�¦�:81rDE14;=:B;��

χ2
mean

C8FE.�0gDE143G.�?4?rA>14<>58F2;�_=9!0
DE789

χ2
mean(ρ)

58F2;�¦�?49!0!*

w��



0.35 0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75
0.5

0.6

0.7

0.8

0.9

1

1.1

1.2

1.3

1.4

ρ

χ2
m

ea
n

Search of ρ
s
 using the rough approximation of g

1
, shot 27481 at 0.399130 sec

«�14@=L8F29 � ���
χ2

mean

\ Y�U b:Yw^7[]\ SZYWSNU
ρs

bwrx\ Y:XP[]g:R�e]SZb:XZgWLNO:O:e]S K9\ M
LF[]\ SZY
g̃1

U SZeVrxg:SN[ ������	�
zLF[
�:n � � ��
 � ��rxRa^�SZYwt:r�n

0.45 0.5 0.55 0.6 0.65 0.7
0.08

0.1

0.12

0.14

0.16

0.18

0.2

0.22

0.24

0.26

ρ

χ2 m
ea

n

Search of ρ
s
 using the real g

1
, shot 27481 at 0.399130 sec

«�14@=L8F29 ��] �
χ2

mean

\ YvU b:Yw^7[]\ SZY SNU
ρs

bwrx\ Y:X�[]g:R�^�SZMPO:Q R�[]RTMPS9t9R�QkSNU
g1

U SZe rxg:SN[ ������	�

LF[
�:n � � ��
 � ��rxRa^�SZYwt:r�n

w�\



�324�324x �%��#��B�~� �~�%�
�+78;�D � ��� �IvW7�.�0h.N<>;+C89

m = 1
»	1rDE7S.N?Z.�F2@=9W.�<>58?41rDEL8C89j14: DE789W_+143!14:81rDXA�;���v=* �^P=w

029!3!;=:8C80!*³¯ DE0S0214@=:�.�?/�(F29!±KL89!:83�A�140>3!9!:^DE9!F29!C .RD��=�^w���bW·�*²Qj78140S0278;�DS7�.�0SH"9!9!:
.�:�.�?rA+·!9!CtH^At;=L8Fj14:^_=9!F20214;=:Y58F2;+3!9!020e.�:8CBDE789OF29!02L8?rDE0W.�F29O58F29!029!:^DE9!CcH"9!?4;�»O*

���8������{^��{K�R� � �
5 � � � �®�� �$������G� �®�� �$������G�>�8������#��

ta � 0 � v=* �^P��^P v=* �^P��=� v=* �^P=w=w=P=w v=* �^P=w=w=P=w
ρs,appr

��* v�w=P ��* v�w � ��* v�w�] ��* v�w�]
ρs

��* vG`^� ��* vG`^\ ��* v�w=w ��* v�w��
ρ1

��* �=�^P ��* �=�^P ��* �[v�v ��* �[v�v
ρ2

��* ]^PR` ��* ]^PR` ��* ]^P�\ ��* ]^P�\
ρlufs

��* ]=�=� ��* ]=�=� ��* ]=�=� ��* ]=�=�
∆ρlufs

��* � �Iv ��* � �Iv ��* � �Iv ��* � �Iv
A

w��=\=� w=P=P�\ w��=�[v w��=�[v
w � < � �R��* v��=\ �R��* v��=\ �R��* v�\=� �R��* v�\=�
Irms � ¥ � P�� �Iv P�\=][v �=�^P=w �=�^P=w
P

�+*�P=P ]�* �R` ]�* v�w ]�* v�w
γ �

v V/v
�
v

�
v

Q�.�H8?496` ��h*LNd:Q RzSNU,e]Rarxb:Q [~r-U SZe�rxg:SN[�� ����� 
zLF[3[]\ MPRar�^�Q ScrxR []S 
Zn � �N��rxRa^�SZYwt:r�n h3g:R%e]Rarxb:Q [~r�LNe]R
O:e]RarxR�Yc[]Rat U SZe�[]g:R �:[~r�SNU rx\ XZYwLNQ_r�O:e]S9t9bw^�Rat�d | []g:R p,p,h��w[]g:R � j � LNYwt�[]g:R�dwLNYwt9OwLZr]r �wQ []R�e~r�n
h3g:R�rxRa^�SZYwt/LNYwtv[]g:R�Q_LZrs[P^�SZQ b:MPYwr ^�SZe]e]RarxO@SZYwt []S Q \ Y:RaLNe �:[~r>SNU

Φ0

�4\�n RZn �:[~r e]RaLNQ \ ��Rat ��\ []g
g1,appr

n h3g:R%OwLNe~LNMPR�[]R�e~r3LNe]Rzt9R �wY:Rat�\ Y�[~LNd:Q R �9n

���8������{^��{K� ��#"&��"�²|�'� �{K�8� �Y#" �J|�'� �{K�8� �j'� �{ |�'� �{K�8�
Φ0 � FE.�C � ]�*�P � ]�* �=w ]�* �=w

Q�.�H8?49Sw���}�Rarxb:Q [~r%SNUk[]g:RTt9R�[]R�e]MP\ YwLF[]\ SZY SNU
Φ0

q \_L []g:e]R�R
t9\ �oR�e]R�Yc[ �3L |9r �{bwrx\ Y:X
g̃1

�
g1

LNYwt
g1,appr

e]RarxO@Ra^7[]\ qZR�Q |Zn � g:SN[ � ����� 
 LNYwt dwLNYwt9OwLZr]r�rx\ XZYwLNQ_r�n

�t'��G�^&��G�G'(#" �2 Qj789®±KL�.�?41rDXAt;���DE789®;=H�DJ.�14:89!CY¦8D�9!:�.�H8?49!0�L80eDE;�@=9�D�3!;=:�¦�C89!:83!9
14:�DE789O<>;+C89!?¸;���DE789O1402?Z.�:8C80	.�:8CY1rDE0j14<>58?49!<>9!:^DJ.RDE14;=:¸*
Qj789 _�.�?4L89!0B58F29!029!:^DE9!C³14:�DJ.�H8?49 `ª0278;�» .�_=9!FgA²02<S.�?4?WC81��£9!F29!:83!9 H"9�DX»h9!9!:

ρs,appr
.�:8C

ρs
*j�+14:83!9

ρs,appr
3G.�:cH"9O�(;=L8:8CY14:Y?49!020	DE7�.�:c.><>14:KL�DE9�»	7814?49O029�_=9!FE.�?

<>14:KL�DE9!0�.�F29�F29!±KL814F29!CcDE;S¦�:8C
ρs
s
ρs,appr

3!;=L8?4CcH"9®L8029!C �(;=Fe?4;�»z3!;=<>58L�DJ.RDE14;=:�.�?

�=�



0 10 20 30 40 50 60 70
−300

−200

−100

0

100

200

300

0 10 20 30 40 50 60 70
−60

−40

−20

0

20

40

60

80

FFT, perturbed DMPX profile, shot  22621 at 1.0767 sec

signal (imaginary)
model (imaginary)

signal (real)
model (real)

«�14@=L8F29 �R` �%}�RaLNQ{LNYwt \ M
LNXZ\ YwLNe]|POwLNex[~r3SNU�[]g:R%t9SZMP\ YwLNYc[3U e]Ra`cb:R�Yw^�|T^�SZMPO@SZY:R�Yc[�SNU�[]g:R�p,p,h
SNU []g:R � ����� rx\ XZYwLNQ_r�SNU-rxg:SN[ � ����� 
 LF[ 
Zn � � � �PrxRa^�SZYwt:r�n%h3g:RPrx\ XZYwLNQ_r ^�SZe]e]RarxO@SZYwt9\ Y:X
[]S []g:R
�:[x[]Rat�O@R�ex[]b:e]dwLF[]\ SZY�R�MP\_r]rx\ q \ [s| LNe]R%t9e~L ��Y \ Y�e]Rat{n���SN[]Rz[]gwLF[�d@SN[]gWr]^�LNQ Rar-SNU*[]g:RzqZR�ex[]\_^�LNQDLFK9\_r
LNe]RzY:SN[3[]g:R�r]LNMPRZn

0 10 20 30 40 50 60 70
−0.3

−0.2

−0.1

0

0.1

0.2

0.3

0.4
SVD, perturbed DMPX profile, shot 22621 at 1.076560 sec

Chords, HFS to LFS

filtered signal
model approx.

«�14@=L8F29 �=w�� � \ XZYwLNQ9XZ\ qZR�Y>d |%[]g:R � j � �wQ []R�e SNU@[]g:R � ����� rx\ XZYwLNQ_r*SNU{rxg:SN[ � ����� 
3LF[ 
Zn � � �c��� �
rxRa^�SZYwt:r�n4h3g:R�rx\ XZYwLNQ{^�SZe]e]RarxO@SZYwt9\ Y:X []S>[]g:R��:[x[]Rat�O@R�ex[]b:e]dwLF[]\ SZY�R�MP\_r]rx\ q \ [s|T\_r�t9e~L ��Y \ Y�e]Rat{n

�[v



0 10 20 30 40 50 60 70
−0.3

−0.2

−0.1

0

0.1

0.2

0.3

0.4
Bandpass, perturbed DMPX profile, shot 22621 at 1.075575 sec

Chords, HFS to LFS

filtered signal
model
model approx.

«�14@=L8F29 ��� � � \ XZYwLNQkXZ\ qZR�Yvd |�[]g:RTdwLNYwt9OwLZr]r��wQ []R�e SNU3[]g:R � ����� rx\ XZYwLNQ_r%SNU�rxg:SN[ � ����� 

LF[

Zn � �N�Z���N� rxRa^�SZYwt:r�n h3g:R>rx\ XZYwLNQ*^�SZe]e]RarxO@SZYwt9\ Y:XP[]ST[]g:R �:[x[]Rat�O@R�ex[]b:e]dwLF[]\ SZYWR�MP\_r]rx\ q \ [s|�SNU,[s| O@R
g1

\_r�t9e~L ��Yv\ Yve]Rat �,LNYwt []g:RTSZY:RT^�SZe]e]RarxO@SZYwt9\ Y:X�[]S�[]g:R �:[x[]RatvR�MP\_r]rx\ q \ [s| SNU-[s| O@R
g1,appr

\_r
e]R�O:e]RarxR�Yc[]RatTd |
[]g:R%d:Q b:R�t:LZrxg:Rat Q \ Y:RZn

0 0.05 0.1 0.15 0.2

0.95

1

1.05

1.1

1.15

1.2

1.25

1.3

1.35

1.4

1.45

ρ

q

q profile, shot 22621 at 1.0756 sec

«�14@=L8F29 �=P��
q
\ Y�U b:Yw^7[]\ SZY SNU

ρ
XZ\ qZR�Y�d |�[]g:R M
LNXZY:R�[]\_^�Ra`cb:\ Q \ d:e]\ b:M e]Ra^�SZYwrs[]e]bw^7[]\ SZY�\ Y rxg:SN[

� ����� 
 LF[�
Zn � �N���>rxRa^�SZYwt:r�n

� �



DE14<>9W.�5858?4143G.RDE14;=:80!*l�	9!3G.�?4?414:8@6DE7�.RDhDE789eL8:83!9!FgDJ.�14:^DXAS;=:
ρs
140h029�DhDE;���* �[v=sK»h9�3G.�:

029!9 DE7�.RDN.�?4?�DE789 5�.RDE780O;��hF29!02;=?4L�DE14;=:�@=1r_=9 :89G.�F2?rAcDE789 0E.�<>9®_�.�?4L89!0O;��
ρs
* Qj78140

C89!<>;=:80gDEFE.RDE9!0jDE789OF29!?41Z.�H814?41rDXA ;���DE789O58F2;+3!9!020e.�:8Ct1rDE0	.�3!3!L8FE.�3�A=*
bW9!F29�s£.�3!3!;=F2C814:8@>DE; DE789N5�.�FE.�<>9�DE9!F20W;��lDE789N<>;+C89�s

ρ1
0278;=L8?4CcH"9N9!±KL�.�?%DE;���*

Qj78140�140N:8;�D�DE789S3G.�029�H"9!3G.�L8029SDE789S<S.�@=:89�DE143>.���140�C8;+9!0�3!9!FgDJ.�14:8?rA :8;�D®3!;=14:83!14C89
»	1rDE7�;=:89Y;���DE789c@=F214C¡5";=14:^DE0!* Qj7KL80!s/DE789c<S.���14<®L8< ;��

ψp
;=:¡DE789c@=F214C¡C8;+9!0

:8;�D 3!;=F2F29!025";=:8C¡DE;
ρ = 0

H8L�D DE;
ρ = ρ1

* � 9Y.�?402; :8;�DE9BDE7�.RD�DE789B_�.�?4L89!0�;��
ρ2
.�@=F29!9N»h9!?4?�»	1rDE7c;=:89®.�:8;�DE789!F!*eQj78140e140e.�?402;>DE789�3G.�029��(;=F	DE789�_�.�?4L89!0W;��

ρlufs
s

C89!<>;=:80gDEFE.RDE14:8@BDE789 9Z;>3!149!:83�A ;��hDE789 58F2;+3!9!020N;��/3J78;=F2C�029!?49!3�DE14;=:¸*
ρ2
.�:8C

ρlufs.�?402;�.�@=F29!9N»	1rDE7 ;=:89®.�:8;�DE789!F!*eQj7�.RD60278;�»	0eDE7�.RD
ρlufs

140�.S@=;+;+Cc3J78;=143!9N�(;=F	DE789
C89�DE9!F2<>14:�.RDE14;=:B;���?414<>1rDE0p;=Fj14:81rDE1Z.�?~_�.�?4L89!0/�(;=F

A
.�:8C

ρs
*

bW9!F29�s�DE789pC89�DE9!F2<>14:�.RDE14;=:O;��8DE789p»	14C�DE7N@=1r_=9!0�;=:8?rAO.�5858F2; ��14<S.RDE1r_=9¹F29!02L8?rDE0
G(029!9
029!3�DE14;=:�`8* v���* �{I�*BQj789SF29!02L8?rDE0®.�F29>±KL81rDE9SF29!?49�_�.�:^DN»	1rDE7�F29!025"9!3�D�DE;c;=:89�.�:8;�DE789!F
C89!02581rDE96DE78140	.�5858F2; ��14<S.RDE14;=:¸*
Qj789W;=:8?rA�:89!@^.RDE1r_=9W.�025"9!3�DGs�.�0¹14:�DE789	3G.�029W;��£DE789	587�.�:^DE;=<i0214@=:�.�? s=140�DE789j��.�3�D

DE7�.RDNDE789B�Ko6d¶5�.RDE7�F29!02L8?rDE0�14:�.YF2;�DJ.RDE14;=:�029!:8029�;=585";=029!C�DE;YDE789S;�DE789!F20!*YQj789
;=F214@=14:�;��£DE78140¹H"9!7�.G_+14;=L8F¹7�.�0p:8;�DpH"9!9!:>�(;=L8:8C>14: DE789	14<>58?49!<>9!:^DJ.RDE14;=:¸*�¯ Dp140¹9�_=9!:
<>;=F29j0gDEFE.�:8@=9j»	789!:>A=;=L>F29!<>9!<®H"9!FlDE7�.RD�DE789	H�.�:8C85�.�020p5�.RDE7S.�:8C�DE789e�Ko6d³5�.RDE7
.�F29NDE789�0E.�<>9N9���3!9!5�D614:YDE789�3J78;=143!9�;��lDE789�0214@=:�.�?%¦�?rDE9!F!*	¯ D�140W<S.GA+H"9NC8L89�DE;�.�:
14:^DEF214:802143�H"9!7�.G_+14;=L8F	;���DE789��Ko6df1rDE029!?r� *
Qj789��Ko6d .�:8C�DE789�H�.�:8C85�.�020B5�.RDE780�3G.�:²H"9 02L8H"C81r_+14C89!C²14:².�5�.RDE7²L80214:8@

DE789S.�5858F2; ��14<S.RDE14;=:
g1,appr

;��
g1
DE;t<S.�I�9S.B?414:89G.�F�¦8DN;��

Φ0
.�:8C�.t5�.RDE7�L80214:8@

C814F29!3�DE?rA
g1
.�:8CS<S.�IK14:8@O.O:8;=:+VX?414:89G.�F�¦8Dp;��

Φ0
* � 9W7�.G_=9WC89!3!14C89!C>DE;O0gDEL8C�A�DE789!14FC81��£9!F29!:83!9Y;=:8?rA�»	1rDE7DE789tH�.�:8C85�.�020S5�.RDE7¸*¡¥e0�»h9Y3G.�:�029!9Y14:ªDJ.�H8?49!0 `�.�:8C�w

.�:8C�14:>¦�@=L8F29 ����sKDE789!F29�.�F29e:89G.�F2?rA :8;®C81��£9!F29!:83!9!0/H"9�DX»h9!9!:�DE789eF29!02L8?rDE0h;=H�DJ.�14:89!C
14:�H";�DE7�»/.GA+0!sp9���3!9!5�D�DE789B3G.�?43!L8?Z.RDE14;=: DE14<>9>DE7�.RD®140®02<S.�?4?49!FN14:�DE789S¦�F20gD 3G.�029�*
� 9S.�?402;Y:8;�DE9>DE7�.RDODE789 Φ0

�(;=L8:8C�H^A DE789>F2;=L8@=7�.�5858F2; ��14<S.RDE14;=: ;��
g1
140N±KL81rDE9

F29!?41Z.�H8?49�*
¥e0�DE789�<>;+C89�L8:8C89!F60gDEL8C�A 140�5";=021rDE14;=:89!C ;=: DE789�02L8Fg��.�3!9

q = 1
s¸1rD�140�14:^DE9!F V

9!0gDE14:8@ DE; 7�.G_=9®.�?4;+;=I�.RD	DE7896_�.�?4L89O;��
q(ρs)

»	789!F29
q(ρ)

140jDE789O58F2;�¦�?496;=H�DJ.�14:89!C
�(F2;=< DE789Y9!±KL814?414H8F214L8< F29!3!;=:80gDEF2L83�DE14;=:�H�.�029!C�;=:¡DE789Y<S.�@=:89�DE143�¦�9!?4C¡<>9G.�02L8F29�V
<>9!:^DE0!*�µ�:�¦�@=L8F29 �=P+s/1rD>3G.�:�H"9cF29G.�C

q(ρs) ≈ 1.16
* � 789!:�?4;+;=IK14:8@�.RD>DE789±KL�.�?41rDXA�;��hDE789>;=H�DJ.�14:89!C ¦8DGs�»h9>3G.�:�7�.G_=9S9!:8;=L8@=7�3!;=:�¦�C89!:83!9�14: DE789

ρs
�(;=L8:8C

H^A ;=L8Fe58F2;+3!9!020!*OQj789!F29��(;=F29�s£DE789
ρs
DE7�.RDe»h9®¦�:8C�3!;=L8?4C H"9®L8029!C�DE;�3!;=F2F29!3�D�DE789

9!±KL814?414H8F214L8<´F29!3!;=:80gDEF2L83�DE14;=:¸s8H^A��(;=F23!14:8@®DE789
q
VX58F2;�¦�?49eDE;�7�.G_=9ODE78963!;=F2F29!3�Dj_�.�?4L89

.RDjDE789O@=1r_=9!:
ρs
*

�=]



�324�32 � �%��#��B�8���^���
�+78;�D �R`AvG`AvW7�.�0h.N<>;+C89

m = 2
»	1rDE7S.N?Z.�F2@=9W.�<>58?41rDEL8C89j14: DE789W_+143!14:81rDXA�;���v=* ]^P=w

029!3!;=:8C80!*³¯ DE0S0214@=:�.�?/�(F29!±KL89!:83�A�140>3!9!:^DE9!F29!C .RDBw�]^w���bW·�*²Qj78140S0278;�DS7�.�0SH"9!9!:
.�:�.�?rA+029!CtH^At;=L8Fj14:^_=9!F20214;=:Y58F2;+3!9!020e.�:8CBDE789OF29!02L8?rDE0W.�F29O58F29!029!:^DE9!CcH"9!?4;�»O*

���8������{^��{K�R� � �
5 � � � �®�� �$������G� �®�� �$������G�>�8������#��

ta � 0 � v=* ]^P�]=� v=* ]^PR`Kw v=* ]^PR`Av�w=w v=* ]^PR`Av�w=w
ρs,appr

��* ��`^� ��* ��` � ��* �=]=\ ��* �=]=\
ρs

��* �^w�� ��* �=� � ��* �=�=� ��* �=�=�
ρ1

��* `KPR` ��* `^\=] ��* `KPR` ��* `^�^w
ρ2

��*�P=P=P ��*�P��=� ��*�P=P�� ��*�P=P=P
ρlufs

��*�P�\=\ ��* �=�=] ��* �[v�� ��* �[v��
∆ρlufs

��* �=�^w ��* �=\^w ��* ��`^� ��* ��`^�
A

\[v��^P �=�=�[v \[v�v�� \^w�� �

w � < � ��* �=�[v ��* �^P � ��* �^P�\ ��* �=�[v
Irms � ¥ � \=�^w=P �^P=w�� \=� �=P v�� �=w��
P

v=* ][v �+* v�\ �+* �[v v=* \=�
γ �

v V/v
�
v

�
v

Q�.�H8?49O� ��h*LNd:Q RzSNU,e]Rarxb:Q [~r-U SZe�rxg:SN[�� � 
 � 
zLF[3[]\ MPRar�^�Q ScrxR []S 
Zn � �N��rxRa^�SZYwt:r�n h3g:R%e]Rarxb:Q [~r�LNe]R
O:e]RarxR�Yc[]Rat U SZe�[]g:R �:[~r�SNU rx\ XZYwLNQ_r�O:e]S9t9bw^�Rat�d | []g:R p,p,h��w[]g:R � j � LNYwt�[]g:R�dwLNYwt9OwLZr]r �wQ []R�e~r�n
h3g:R�rxRa^�SZYwt/LNYwtv[]g:R�Q_LZrs[P^�SZQ b:MPYwr ^�SZe]e]RarxO@SZYwt []S Q \ Y:RaLNe �:[~r>SNU

Φ0

�4\�n RZn �:[~r e]RaLNQ \ ��Rat ��\ []g
g1,appr

n h3g:R%OwLNe~LNMPR�[]R�e~r3LNe]Rzt9R �wY:Rat�\ Y�[~LNd:Q R �9n

���8������{^��{K� ��#"&��"�²|�'� �{K�8� �Y#" �J|�'� �{K�8� �j'� �{ |�'� �{K�8�
Φ0

]�*�w � ]�* ]=� ]�* v�w
Q�.�H8?49SP���}�Rarxb:Q [~r%SNUk[]g:RTt9R�[]R�e]MP\ YwLF[]\ SZY SNU

Φ0

q \_L []g:e]R�R
t9\ �oR�e]R�Yc[ �3L |9r �{bwrx\ Y:X
g̃1

�
g1

LNYwt
g1,appr

e]RarxO@Ra^7[]\ qZR�Q |Zn � g:SN[ � � 
 � 
 LNYwt dwLNYwt9OwLZr]r�rx\ XZYwLNQ_r�n

�t'��G�^&��G�G'(#" �2 Qj789>¦�?rDE9!F29!C�0214@=:�.�?¹140O±KL81rDE9>:8;=140gA�»	1rDE7�F29!025"9!3�D�DE;YDE789>;�DE789!F
0278;�DE0!* �W9�_=9!FgDE789!?49!020!s�DE789 14:^_=9!F20214;=:�58F2;+3!9!020OC8;+9!0O:8;�DN029!9!< 5"9!FgDEL8F2H"9!C�H^A�DE78140
:8;=14029�*
aY;=0gD�3!;=<><>9!:^DE0�.�F29 DE789>0E.�<>9S.�0ODE78;=029S<S.�C89��(;=FN0278;�D � ��� �Iv=*SQj789S<S.�14:

C81��£9!F29!:83!9!0e3!;=:83!9!F2:
P
.�:8C

A
*	Qj789

P
;��lDE789�«l«�Q 5�.RDE7 140W<®L83J7c02<S.�?4?49!FjDE7�.�:

��`



0 10 20 30 40 50 60 70
−200

−100

0

100

200

300
FFT, perturbed DMPX profile, shot 24141 at 1.3738 sec
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FFT, perturbed DMPX profile, shot 27481 at 0.4014 sec
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SVD, perturbed DMPX profile, shot 27481 at 0.398370 sec

Chords, HFS to LFS

filtered signal
model approx.

«�14@=L8F29j]=] � � \ XZYwLNQ9XZ\ qZR�Y>d |%[]g:R � j � �wQ []R�e SNU@[]g:R � ����� rx\ XZYwLNQ_r*SNU{rxg:SN[ ������	�
3LF[ �:n � � 	 � � �
rxRa^�SZYwt:r�n4h3g:R�rx\ XZYwLNQ{^�SZe]e]RarxO@SZYwt9\ Y:X []S>[]g:R��:[x[]Rat�O@R�ex[]b:e]dwLF[]\ SZY�R�MP\_r]rx\ q \ [s|T\_r�t9e~L ��Y \ Y�e]Rat{n

�=\



0 10 20 30 40 50 60 70
−0.5

−0.4

−0.3

−0.2

−0.1

0

0.1

0.2

0.3
Bandpass, perturbation DMPX profile, shot 27481 at 0.399130 sec

Chords, HFS to LFS

filtered signal
model
model approx

«�14@=L8F29S]�` � � \ XZYwLNQkXZ\ qZR�Yvd |�[]g:RTdwLNYwt9OwLZr]r��wQ []R�e SNU3[]g:R � ����� rx\ XZYwLNQ_r%SNU�rxg:SN[ ������	�

LF[
�:n � � ��
 � �>rxRa^�SZYwt:r�n h3g:R>rx\ XZYwLNQ*^�SZe]e]RarxO@SZYwt9\ Y:XP[]ST[]g:R �:[x[]Rat�O@R�ex[]b:e]dwLF[]\ SZYWR�MP\_r]rx\ q \ [s|�SNU,[s| O@R
g1

\_r�t9e~L ��Yv\ Yve]Rat �,LNYwt []g:RTSZY:RT^�SZe]e]RarxO@SZYwt9\ Y:X�[]S�[]g:R �:[x[]RatvR�MP\_r]rx\ q \ [s| SNU-[s| O@R
g1,appr

\_r
e]R�O:e]RarxR�Yc[]RatTd |
[]g:R%d:Q b:R�t:LZrxg:Rat Q \ Y:RZn

0.48 0.5 0.52 0.54 0.56 0.58 0.6

1.7

1.75

1.8

1.85

1.9

1.95

2

2.05

ρ

q

q profile, shot 27481 at 0.39913 sec
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SVD, perturbed DMPX profile, shot 27481 at 0.876780 sec
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