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Geschwister-Scholl-
|ukj_?d2}NVs~N�`bN�

-�N�;�c� �9|�k�\`kjk$[Zd2_Lk�b`��V!_?hGd!W"w
���N�n�j�n�N�!�j����Vsq4_LV!XnV!W`k�gN\`_-��g`_���g`W�k�^`Vsa�hGq`�jV2hvV!WNkjd2kjajgNW�gNl;dshG\N�jkja�XnV!W`XngN_=hGV2d!Xn\N_LajW4[�XPwZXnk�V!h�Yc��^4V��gN_?��ajX�q`d!_Lk�g`l=ds��d!_?[`VsX�m2d!�jVs_LV!X�V!d!_?m!^�q`_LgcTeV2m!k"gNW�gNq`k�ajm!d!�"hGV2d!Xn\`_?V!hGV2WNk"\NXnajW4[�XnV!W`XngN_;d!m!kj\Nd!kjg4_m!gN\`qN�ja�WN[�d!WNi9d!mDk�aj{NV�VD�4qN��gN_Ld!kjajgNW=YP��^`a�X�qN_LgPTRVDm!k�ajX�d�m!gN�j�jd!fNgN_Ld!kjajgNW�g`l=_?V!XnV!d!_?mD^4V!_LX�lL_Lg4h�XnV!{4V!WajWNXnkja�kj\NkjV!X�gNl;kj^NVsz�WNaj{NV!_LXnajkjw�gNl=|ukj\Nkjk�[`d!_Lk"a�W`m!�j\NiNajW4[�qN^NgNkjg4[Z_Ld2hvhGV!k�_�w]bNhvVDm!^4d!W`a�mDd!��V!WN[`ajWNV2VD_?ajW4[�dDWNim!gNhGq`\NkjV2_;Xnm!a�VDW4m!V"YP��^`V�X�w`XnkjV!h�m!gNWNXnajXnkjX�gNl;gNqNkjajm!d!��XnV!WNXngN_LX���^Najm!^�m2dDW�fNV�hGd!W4ajqN\`�jd!k�VDi�a�W�q`gNXnajkja�g`Wd!WNi�g`_La�V!W`k�dDk�ajgNW�f4w�_LgNfNg`k�d!m!kj\`d!k�g`_LXnbNd!W`i���a�[`^`k�Xng`\N_Lm2V!X���^Najm!^�m!gNW`kj_?g`��aj�j��\`hGajWNd2kjajgNW=Y r k"qNV!_?lLgN_?hGXiNajlLlLV!_LV!WNk"k�dDX��`X�a�W`m!�j\NiNajW4[�g`fcTeV!m!k"_?VDm!g4[`W`ajk�ajgNW`bN�jgNm!d!�ja��!d!kjajgNW�d!W`i9[`d!\N[`ajW4[;YD ���V!�4ajfNaj�jajk$w�ajX�d2m!^`a�V!{`V!i�f"w_LV!qN�jd!m!ajW4[�kj^NV�m!g`hvhGgNW�X�V!_?ajd!�"hGV2d!Xn\`_?V!hvV!WNk"m!^Nd!ajW�f4w�W`V!XnkjV!i9m!gNW`k�_Lg`���jgNg`qNX�a�W`{NgN�j{NajW4[�dD\NkjgNWNgNhGgN\NXd2[`V!W`kjX���^`a�m!^�q`V2_LlLgN_?h�fNd2Xnajmskjd!Xn�`X�ajW�d¡hGg`iN\N�jd2_;lLd!X�^Najg`W=Yc��^NVsX�w]XnkjV2h�ajX�dDfN�jVsk$g�ajWNXnq`V!m!k"d!WNi9[`dD\4[`VXnV!{NVD_?dD��q4dD_?kjX�lL_Lg4h�dsX�V!k�g`l=qNdD_?kjX�XnkjgN_LV!i�ajW�ds¢

-
�£hGgNiNV!�"iNd!kjd!f`d!XnV"YD��^NVsqNdDq4V!_=[`aj{NV!X�d!W9g`{NV!_L{NajV2�IgNlkj^NVsV!WNkjaj_LV�X�w]XnkjV2h�d!WNi�iNVDk$d!aj�jX�XngNhGV�hGV!kj^Ng`iNX�k�g�i`V!d2����ajkj^�iNd!kjd!XnVDk�X�gNl;ajWN^Ng`hGg4[`V!WNV!gN\`X�dDm2m!\N_?d!m2w�d!WNi

resolution.
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1 Introductionr W�k�^`Vsq4d!Xnk"l?V!�¯wZV!d2_LX���V�^`d!{NVsXnV!V!W9dskj_LV2hvV!W`iNgN\`X�[]_Lg4��kj^�a�W�kj^NVsW`\NhGfNV2_;gNl=~
-
�Id!WNi�¢

-
�I{NajXnajgNWX�w]XnkjV2hGX�lLgN_;a�W`XnqNV2m!kjajgNW�d!WNi9[]d!\N[`ajW4[;YP��^NV!aj_=Xnq`V!V!iNbNl��jV!�NajfNaj�jajk�w�d!WNi�d!m!m!\N_Ld2m°w�^Nd!X�hGd!i4VsgNq`kja�m!dD�hGV2d!Xn\`_?V!hGV!WNk"XPw]XnkjV2h�±N\Najk�VsqNgNq`\N�jd!_;l?g`_-hvdDW"w�d!qNq`�ja$m!dDk�ajgNW`X�ajW�ajWNi`\NXnkj_?w²Yc¦\N_L_?V2W`k���w���V�m!d!W�g`fNXnV2_L{NVsdkj_?VDWNiNb`hvd!ajWN��w�d!k�d!\`kjgNhGgNfNa��jVshGd!WN\`l?d!m!kj\N_?V!_LXnbNkjg�_LV!q`�$dDm!VsXnk�dDk�ajm�hGV2d!Xn\`_LV2hvV!WNk"XnV!kj\NqNX���ajkj^�l?�jV!�Na�f`�jVhGV2d!Xn\`_?V!hGV!WNk"\NWNajkjX�\`XnajW4[�[`V!WNV!_Ld!��q`\4_LqNg`XnVs_?g`fNgNkjXnbN��^`ajm!^�qNV!_LlLg4_?h�dsXnV2_LajV!X�gNl-h9V2d!Xn\N_LV2hGVDWNkjX�\`Xna�WN[dsXna�WN[]�jVsX�V!WNXng`_cYP��^`ajX�W`V!�¯[ZV!W4V!_Ld!kjajgNW�g`l-hvV!dDXn\N_?V!hvV!W`k�X�w]XnkjV2hGX�ajX�m!^Nd2_Ld!m!k�V!_Laj�2V!i�fNw�m!V!_Lk�d!ajW�ja�hGajkjd!kja�g`WNXZYP�³w]q`ajm!d!�j�Uw�kj^NV!w�m!gNWNX�a�Xnk"gNl;gNWN�$w�gNW`VsXna�WN[`�jVskUwZqNVsg4l;XnV!WNXng`_LbNg4lLkjV!W9ds�jd!XnV!_;k�_Lajd!W4[]\N��d!kjajgNWXnV!WNXng`_PYcz�Xn\Nd!�j�$w�kj^NVsXnV!WNXngN_=m!dDW�qNV2_LlLgN_?h�gNW`�Uw�dsXnajW4[`��VshGV2dDXn\N_LV2hvV!W`k�kjd!Xn�`b`Xn\4m2^�d!X�V!iN[`VhGV2d!Xn\`_?V!hGV!WNkeY r l;XnV!{NV!_?dD��gNl;kj^NV!XnVsXPw]XnkjV2hGX�d!_?Vsm!gNhvfNajWNV!i�kjg�lLgN_Lh´ds��dD_?[`V2_;XnV!k�\`qNbNkj^NV2w�qNV!_LlLg4_Lh�k�^`V!a�_kjd!Xn��a�W`iNV!qNV!WNi`V!WNkj�$w�d!WNi���ajk�^`gN\Nk"ajWNkjV!_Ld!m!kjajgNW=YPµ����"hGg4kjajgNWNX�d!_LVsqN_

e-
qN_LgN[`_?d!hvhvV2i`bN\NXn\`d!�j�$w�kj^`V°w�^Nd!{NVfNV!V!W�kjd!\N[`^Nk"f"w�^NdDWNi=YP��^NV¡Xnw]XnkjV2h�qNV2_LlLgN_?hGX�_?V!qNV!kjajkja�{`VshvV!d!Xn\N_?V!hGV!WNkjX�gNl=dsXnajW4[]��V�m!�jd!XnX�gNl;gNfPTRVDm!kjXZY r kajX�g`\N_=dDWNi�gN\`_=q`d!_Lk�WNV!_LX�{`a�Xna�g`W�k�g�i`V!Xna�[]W�dsXPw]XnkjV2h´��^Najm!^�ajX�k�g�g`{NV!_Lm!gNhGV�kj^`V2XnVs��ajhGajkjd!kja�g`WNXZY!��Vsd!a�hd!k�ajhGq`��V2h9V!WNkjajW4[�ds^Na�[`^N�$w�lL�jV!�4ajfN�jVshGV!d!Xn\`_?V!hvV!WNk"XPw`XnkjV!h�\NXnajW4[�XnVD{NV2_Ld!�"iNajlLl�VD_?V!WNk�k�wZqNV!X�g4l;XnV!WNXng`_?XZY ���V!�Na�f`a��jajk�w�k�g�\`X�^`d!X�k���g9hGV2dDWNajW4[]XnbNlLgN_;gNWNV���Vs��a�Xn^�k�g�f`V�lL�jV!�Na�f`��VsajW���^Nd!k"��VshvV!d!Xn\N_?VsaeY V"Yckj^NV�`ajWNi�g`l=gNfPTRV!m!kjX���Vsd!a�h�d!k�dDWNi�XnV!m!g`WNi�ajW�^NgN�I��Vsi4g�ajk�aeY V"Yc��^NdDk�XnV!W`XngN_LX���V�\`XnV"Yc¶�\N_;XPw]XnkjV2h�ajX�W`gNkiNV!Xna�[]W`V!i9lLgN_;d�Xna�WN[]�jV�m!�jd!X�X�g`l=g`fcTeV!m!kjX�fN\Nk"lLgN_=ds�jd2_?[NVs{`d!_La�VDkUw�g`l=g`fcTRV!m!kjX�{`d!_�w]a�W4[�ajW�Xnaj�!V!bNXn^Nd!qNVsd!W`ihGd!kjV2_Lajd!�eYcz�XnajW4[�iNajlLlLV2_LV!WNk�k�w]qNV!X�gNl;X�V!WNX�gN_LX���V�V!�NqN�jgNajk�kj^NVsq`gNXnXnajfNaj�ja�k�w�gNl;m!g4hvf`ajWNajW4[�XnV!W`XngN_LX�dDWNiaj���j\NhGajWNdDk�ajgNW�i`V!{Najm!V!X�Xn\`m!^9k�^`d!k���Vsd!m!^`a�V!{NVskj^NVsgNq`k�a�hGd!�"XnV!kj\Nq�lLg4_;kj^NVsXnqNV2m!ajlLajm�k�dDXn�;Yc��^4VsXnajW4[Z��VsXnk�V!qNXgNl;dshvV!d!Xn\N_?V2hGVDWNk�XnVD±N\4V!WNm!VsXn^Nd!�j�"WNgNk"fNVsm!^Ng`X�V!W�f"w�^`d!WNi�fN\`k�d!_LVskjg�fNV�m!gNhGq4\NkjV!i�d!\`k�g`hvd!kjajm!d!�j�$w�g`Wkj^NVsfNd!XnajX�gNl;d¡[]aj{NV!W�¦µ��£hGg`iNV!�"d!WNi�kj^4Vsd!f`a��jajk�w�k�g9dDm!k�aj{`V!�Uw�VD�4qN�jgN_LVskj^NVsXnm!V!WNV"Y
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��^`V�[]g4d!�"gNl;gN\N_=��gN_?��ajX�k�g�ajhGqN�jV2hGVDWNk�dDW�gNqNkjajm!d!��hGV!d!Xn\N_LV2hvVDWNk�X�wZXnk�V!h´lL��V!�Na�f]��VsV!W`gN\4[]^�k�g�^`d!WNi`��Vsd�jd!_?[`Vs{Nd2_LajV!k$w�gNl;gNfcTeV!m!kjX�l?_?gNh�kj^NVsa�W`iN\NX�k�_Lajd!����g`_L��i;YDz�XnajW4[�iNajlLl?V!_LV!WNk"k$w]qNV!X�gNl=X�V!W`XngN_LXnbNV"Y [;YchGgNW`gm!d2hGV!_?d!X�bNXnkjV!_LV!g9m!d2hGV!_?dDXBd!W`i�Xnkj_?ajq`V�q`_LgcTeV!m!kjajgNW�XPw]Xnk�V!hGXnb`k�^`V�hGV2d!Xn\N_LV2hGV!WNk�q`_?gNm!V!XnX�ajX�d!\NkjgNhvd!kjajm!d!�j�$wkjd!a��jg`_?VDi�k�g`��d!_LiNX�k�^`VsgNfcTeV2m!k"qN_LV!XnV!W`k�VDi�k�g�kj^NVsXPwZXnk�V!h´dDWNi9hGV2d!Xn\`_LV2hvV!WNk"kjd!Xn�NX�XnqNV!mDa�lLajmsk�g�kj^`V�g`fcTeV!m!kd!_LVsV!�4V!mD\NkjV!i=Ycµ ¦µ��£hGgNiNV!�"lLgN_;V2d!m!^�gNfPTRV!m!k�lLgN_?hGX�kj^NVsfNdDXna�X�lLgN_=hGV!d!Xn\N_LV2hGV2WNk"qN�jd!WNW`a�WN[�d!WNid!XnXnV!XnXnhvVDWNkeY!� V�dD���jgN�Ikj^NVsgNfPTRV!mDk�X�kjg�fNVsqN_?V!XnVDWNkjV!i9kjg�k�^`VsX�w]XnkjV2h�a�W�dD_?f`a�kj_?d!_�w�q`gNXnajk�ajgNW;Yc��^NVsX�w]XnkjV2h^Nd!X�kjg�_LV!m!gN{NV!_=kj^NVsq`gNXnVsg4l;kj^NVsgNfcTeV!m!k"d!\Nkjg4h9d!k�ajm2dD����w;YP��^`V�[]g4d!�jX�gNl;k�^`ajX�q`_?gPTeV!m!k�d!_LVs_?d!kj^NVD_-d!hGf`a�kjajgN\`Xd!WNi�kj^NVsajXnXn\NVDX�kjg�fNVs_LV!Xng`�${`V!i�d!_LV�lL_Lg4h�d�fN_LgNd!i�_?d!WN[`Vsg4l;Xnm!ajV!WNkjajlLa�m�d!_LV2dDXZY r k�a�X�WNgNk"qNgNX�Xna�f`��Vskjgd!kjk�VDhGqNk�kjg�ajhGqN�jV2hvVDWNk�Xn\`m2^�dsX�w]XnkjV2h���a�kj^Ng`\Nk"a�W`k�VD_?iNajXnm!a�q`�ja�W`d!_?w�m!gN�j�jd!fNg`_?dDk�ajgNW;Y r k�ajX�lLgN_;k�^`a�X�_?V!d!Xng`Wkj^Nd!k�kj^`V�z�W`a�{`V!_LXnajk$w�gNl=|�k�\Nk�k�[Zd!_Lk�^NdDXBV!Xnkjd!f`��ajXn^`V!i�ds��d!_�[]VsXnm!d!��Vs_?VDX�V!d!_?m!^�qN_LgPTRV!m!k�lL\NW`iNV!i�f4w�k�^`V��V!_?hGd!W9|�m!a�VDW4m!V¡ �g`\NWNi`d!k�a�g`W=Yc��^NVsq`_LgcTeV!m!k�ajX�dsm!gNgNqNV!_Ld!kjajgNW�gNl;XnV!{4VDW�a�W`Xnk�ajkj\NkjV!X�gNl;k�^`Vsz�WNaj{NV!_LXnajk$w
fr
gNh´d!�j��hvdeTegN_;d!_?V!d!X�gNl=V2W4[Za�W`V2V!_LajW4[��2hvV!m!^`d!WNa�m!d!�"V2W4[Za�W`V2V!_LajW4[`b`V!�jV2m!kj_La�m!dD��V!WN[NajWNV!V!_LajW4[]bNgNq`k�ajm!d!�V!W4[Za�WNV!V!_LajW4[`b`m!g4hGq`\NkjV2_=Xnm!a�VDWNm!Vsd!WNi�q`^NgNkjgN[`_?d2hGhvV!kj_?w²Yc��^`V�i`a$lLlLV2_LV!W`k�i`a�XnmDa�q`��ajWNVDX�d!�j�"^Nd!{NVm!gNW`k�_LajfN\`k�VDi�k�^`V!aj_	XnqNV!mDa$lLajmsm!d!q4dDfNaj��ajkjajV!X�d!WNi��`W`gN�

-̂
Ng`� lLgN_;kj^NVsfN_Lg4dDi�_?dDW4[`V¡g`l=ajXnX

ues:

• 
hGV2m!^`d!WNajm2d!�"iNV!Xna�[]W9d!W`i�_Lg4fNg`k�ajm!X�lLgN_;XnV!WNXng`_=q`gNXnajk�ajg`WNajW4[

• 
XnV!WNXng`_=kjV!m!^`WNgN�jg4[`w]b4g`qNkjajm!XBdDWNi��ja�[]^NkjajW4[�kjV!m!^NW`gN�jg4[Nw

• 
¦µ��IkjV!m!^`WNgN�jg4[`w]b4hvVDd!Xn\N_?V!hvV!W`k�qN�jd!W`WNajW4[

• 
|ug`l?kj��d2_LVsXPw]XnkjV2h�iNVDXna$[]WNb4i`ajXnk�_LajfN\`k�VDi�m!gNhGqN\`kja�WN[�d!W4i�hGd2mD^NajWNVs�jV!d2_LWNajW4[

• 
XnV!WNXng`_=d!W`i�d2m!kj\Nd!kjgN_;m2d!�jajfN_Ld!kjajgNWNb`^Na�[]^�qN_?VDm!a�X�a�g`W�a�hvd![]ajW4[

• 
ajhGd2[`Vsq4_Lg`m!V!XnXnajW4[`b`gNfcTeV2m!k"_LV!m!g4[]WNajkja�g`W�d!WNi9hGg`iNV!�j�ja�W`[;Y

µ���kjgN[]V!kj^NV2_;hGg4_LVskj^Nd!W ��� _?VDXnV!d2_Lm!^NV!_LX�d!_?VsgNm!m!\Nq`a�V!i9��ajkj^�kj^NajX�q`_LgcTeV!m!keY r W9d!i`iNajk�ajgNW�ds�jd!_?[`VsW`\4hGfNV!_=gNlXnkj\NiNV!W`k�X�ajX�a�W`{NgN�j{NVDi=Y

(a) (b)��� �������
1 ���� �!#"%$ �'&(�  �) �*�+��&(�*,.-�/0�*1 1  ,.2 �+3�!# 54 � ��67� , ) � 2��8- $ �'&(�  �) ���+�*&(��,9- 4;: 1 ��&(�86�� - $: ,<� :�= - $ � ) ��, )0: � ) � ,>- $ � = � : ,.-  ,.2  5?� ��-@� ,>- $ � 3� /;ACB
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3.1 Actuators��V�^NdD{4Vsm!_?V!d!kjV!i9dskjV!Xnk�f`V2i�ajW�gN_LiNV!_;kjg�{Nd!�jajiNd!kjVsgN\N_=m!g`WNm!V!q`k�X�ajW�_LV2d!�
-
��gN_L��i�V!�4qNVD_?ajhvV!W`kjX�d!W`i�k�g�f`Vd!fN�jVskjg�_LV!lLa�WNV�dDWNi�a�hGqN_LgN{NVsgN\N_;hvV!d!Xn\`_�V!hGV!WNk"Xnk�_Ld!kjV2[]a�VDXZYcµ�k�kj^NV�hGgNhGV!WNk"gN\N_=V!�4q`V!_LajhGV!WNkjd!kjajgNWV!WN{`a�_Lg`WNhvV!W`k�m!gNW`XnajXnk�X�gNl;dsqNgN_Lkjd!�"hvd!m!^NajWNV�xLXnV!V

Figure1
y;��^Najm!^�\NX�VDX��jajWNV!d!_=hGgNkjgN_;�ja��`VsiN_Laj{NV!X�kjghGgN{`V�kj^N_?VDV�ajWNi`V!q4V!W`iNV!W`k�qN�jd!kjlLgN_LhGX���ajk�^`a�W�dshGV!d!Xn\4_LV!hvV!W`k�{`gN�j\NhvVsgNl;d!qNqN_?g`�4ajhGd!kjV!�$w � m3 Yc��^NVqN�jd!kjlLgN_LhGX�d!_LVs^4d!W4[]ajW4[�\NqNXna�i`V�i`gN��W�lL_Lg4h�kj^NVsm2V!aj�ja�W`[�gNl;k�^`V�hvV!d!Xn\N_?V!hGV!WNk�mDV!����b`d!kjk�_Ld!mDk�V!i�kjg�kj^NVm!V!aj�ja�WN[�f"w�q4VD_�h9d!WNV!W`k�hGd2[]WNV!kjX�f`\Nk"l?�jg`d!k�ajWN[�gNW�kj^NajW9d!aj_=m!\`Xn^NajgNWNX°Y����jV!mDk�_Lajm�hvd2[`W`V!kjX�d!_?Vskj^NVsiN_?aj{`V!X��^Najm!^�hGgN{NVsk�^`V�q`�jd!k�lLg`_?h d!�jg`W4[�ds_LV2[`\N�jd2_=[`_Laji�V!W4[]_�d!{NV!i�g`WNkjg�k�^`V�hGV!kjd!�j��ajmsm2V2aj�jajWN[²YP��^4V�[]_La�i�g`W�k�^`Vm!V!aj�ja�WN[�lLg4_?hGX�d�kj��g�iNajhvV2W`XnajgNWNd!�"m!gNg`_LiNajWNd!kjVsXPw]XnkjV2h�d!�jgNW4[���^`a�mD^�k�^NVsqN�jd!kjl?gN_LhGX�m!d!W�fNVsqNg`Xna�kjajgNW`V!i��a�kj^�^`a$[Z^�_?VDq4V!d!kjd!f`a��jajk�w�d2WNi�d!m!mD\N_?d!m°wuY���d!m!^�gNl;kj^4V�qN�jd!kjlLgN_LhGX�a�X�V!±`\NajqNq4VDi���ajkj^�dsXnV!_Lajd!���jajW4��d!_?h�Y��^`VsWN\NhGfNV!_=g`l-d!�NV!X�_Ld!W4[NVDX�lL_Lg4h�g`WNVsk�g�kj^`_?V!V"Yc��^N_?V!VsqN�jd!kjlLgN_?hGX�ajWNiNV!qNV!WNi`V!WNk���w�hGgN{NajW4[�ajW�kj��gd!�4V!X�bNgNW`V���ajkj^�dsXna�WN[]�jV!bNk�^NVsg`k�^`V!_=kj��g���ajk�^�kj^`_?V!V�d!iNiNajkjajgNWNd!�"d!�4VDX�kjgNkjd!�"d�XnwZXnk�V!h���ajkj^ � ¢�d!�NV!XZYc��^NVm!gNhGq`��VD�4ajk$w�g`l=kj^NV�hvdDm!^Na�WNVs^Nd!X�XnV!{`V2_Ld!��ajhGq`��ajm2d!kjajgNW`XZYD �g`_=g`WNVsk�^`VsqNgNXnXnajfNaj�jajk�w�g`l-hGg`{NajW4[�kj^N_LV2VqN�jd!kjlLgN_LhGX�a�W`iNV!qNV!WNiNVDWNkj�Uw���ajkj^NajW�dsm!gNhvhGg`W�{NgN�j\NhvV�dD���jgN��X�lLgN_;d�WN\NhGfNV!_;gNl-XnVDWNXngN_;ajWNkjV!_Ld2m!kjajgNWNXd!WNi�m!gNhGfNajWNd!kjajgNW`XZYc��^NVs^Na�[`^�W`\4hGfNV2_;gNl;m!gNW`kj_?g`���jd!f`�$VsdD�4V!X�m!_LV2d!kjV!X�kj^NVsqNgNXnXnajf`a��jajk�w�kjg�q`gNXnajk�ajg`W�k�^`VXnV!WNXng`_LX�ajW�ds{NV!_�w�lL�jV!�4ajf`��Vs��d°wuYc��^NajX�hvd!�`V!X�a�k"qNg`XnXna�f`��Vskjg�hGgN{`Vsk�^`VsX�V!WNXngN_;kjg9ajk�X�gNq`k�ajhGd!�"qNgNXnajkjajgNW��a�kj^�_LV!Xnq`V!m!k�kjg�kj^NV�hGV2dDXn\N_LV!hvV!W`k�kjd!X��;YP|²V!W`XngN_=q`gNXnajkja�g`WNajW4[�m!d!W�fNVs{Najkjd!��ajW�m!d!X�V!X�gNl;_LV2lL�jV!m!kjajW4[Xn\N_LlLd!m2V!X�g`_=m!gNhGqN�jV!�9Xn^Nd!qNV!i�gNfPTRVDm!kjXZYc¶�WNVsg4l;kj^NVsiN_?d!��fNdDm2�`X�g4l;kj^NVsm!g4hGq`��VD�4ajk$w�ajW�kj^NV��`ajWNV!hGd!kja�mDX�g`lm!gN\`_LXnV�ajX�kj^NVsa�W`m!_?V!d!XnV!i9mDg4hGqN�jV!�Na�k�w�ajW�hGgNkjajgNW�m!gNhGq4\Nkjd!kjajgNW=YPµ�iN{NdDWNm!V!i9d!��[Zg4_La�kj^`hGX�g`l-hGg`k�ajgNWqN�jd!WNW`a�WN[]bNmDgN�j��ajXnajgNW�d!{`gNaji4d!W`m!V�d!WNi9�]a�W`V2hGd!kjajm!X�a�W9[`V!WNV!_Ld!�"^4d!{`V�kjg�f`V¡dDqNqN�jajV!i-Y��6_LajW4[Za�WN[�d!�j��kj^NVXnV!qNdD_?dDk$VshGg`iN\N��V!X�ajWNkjg�gNWNVsd!W`i�k�^`VsXnd2hGV�m!gNg`_LiNajWNd!k�VslL_?d!hvVsfNV!m!gNhvV!X�d¡h9deTRg`_-ajXnXn\`V���^`V!W

m
V2d!Xn\`_?V!hGV!WNk"_�VDXn\N�jkjX�g`fNkjd!ajWNV!i�lL_Lg4h�iNajlLlLV2_LV!WNk"XnV!WNXngN_LX�^`d!{NVskjg�fNV�hGV2_?[`VDi�d!WNi9V!{`d!�j\Nd!kjV!i=Y

3.2 Sensors��^`Vsa�i`V!dsfNV!^`a�W`i�i4V!Xna�[]W`a�WN[�d�hG\N�jk�a"XnV!WNXng`_=XPwZXnk�V!h´a�X�kj^NVsqNgNXnXnajf`a��jajk�w�k�g�m!^`gNgNX�VslL_Lg4h�d!W9dDXnXngN_LkjhvV!WNkgNl;XnV!WNXng`_?X�kj^NVsgNW`V!X���^Na�m2^�d!_LVsfNV!Xnk"Xn\NajkjV!i�lLg4_;d�q`d2_?kja�m!\`�jd!_=kjd!X��]bNiNV!q`V!WNi`a�WN[�g4W�XnV!{`V!_Ld!��m!g`WNiNajkjajgNWNXXn\Nm!^�dDX�g`fcTeV!m!k�Xnaj�!VDbNXn^4d!q`V2bNhGdDk�V2_Lajd!�"d!WNi�i`V!Xna�_?VDi�d2m!m2\N_LdDm°w²Yc��^4VsXnV!W`XngN_LX�Xn^NgN\`��i�WNgNk"^Nd!{NVskjg�hG\4mD^gN{NVD_L��d!q�ajW�kj^NV!aj_;m2d!qNdDfNaj��ajkjajV!X�fN\Nk"_Ld!k�^`V!_=m!gNhGqN��V!hvVDWNk�g`WNVsd!WNg`k�^`V!_PYc��^4VslL\NW`iNd2hGV!W`k�dD��_?V!±N\`a�_LV!hGV2WNk"gNlWNgNk"�`W`gN��ajW4[�kj^NVsgNfcTeV2mDk�X�ajWNajkja�d!�"qNg`Xna�kjajgNW�gNW�kj^`V�g`WNV6^Nd!W`i�d!WNi�kj^NVsiNVDXna�_?Vsg`l=^Na�[`^�d!m!m!\N_?d!m2w�gNW�kj^NVgNkj^NV!_=[]aj{4VDX�kj^NVsWNV!V!i�lLgN_=d¡��ajiNVs_Ld!WN[`Vsg4l;XnV!WNXng`_-_LV!X�g`��\`kja�g`WNXZY r W`a�kjajd!��g`fcTeV!m!k"��g`m!d!�ja��Dd!kja�g`W�m!d!W�gNW`�Uw�fNVd!m!^NajV!{`V!i�ajl-dsXnV!W`XngN_;a�X�d!{Nd!a��jd!f`��Vs��^`a�m!^�m!d!W�ajWNXnqNV!mDk�ds�jd!_?[`VsqNgN_?kjajgNW�g`l=kj^NVshvV2dDXn\N_LV2hGV!W`k�{Ng`��\NhGV"Y¶�W�k�^`VsgNkj^NV!_;XnajiNVs��Vsm!d!W9d!m!^`a�V!{`Vs^Na�[`^9d!m!mD\4_Ld!m°w�fNV2Xnk���^NVDW�k�^`VsXnV!WNXngN_LX�lLajV!�ji9gNl;{NajV!� x� �¶���y=ajXWNd!_L_LgN��VDi�iNgN��W�kjg�kj^NVsqNd2_Lk"gNl=kj^`V�g`fcTeV!m!k"k�g�f`V�ajW`Xnq4V!m!kjV!i;Yµ�k�kj^NVsm!\`_?_?VDWNk�Xnkjd2[]V���Vs^Nd!{NVsajWNkjV2[`_Ld!k�V!i�kj^N_LV!VsX�V!W`X�gN_LX�a�W�kj^`V�hGV!m!^Nd!W`a�m!d!��q`��d2kjlLgN_Lh´d!W`i���Vs^Nd!{NV
developed

d�lLgN\`_Lk�^�XnVDWNXng4_;��^Najm!^���aj�j��qNg`XnXna�f`��w�f`Vsa$W`k�V![]_?d!kjV!i�ajW�k�^`VslL\Nkj\N_?V"Ycµ hGgNkjgN_Laj�!V!i9�DgNg4h��jV!WNXm!d2hGV!_?ds��^Najm!^�^`d!X�k�^NV��jd!_?[]V!Xnku �¶�� g`l-d!�j��g`l=g`\N_;XnV2WNXng`_?X�ajX�hGd!ajWN�$w�\NXnV!i�lLg4_=gNfPTRVDm!k��jgNm!dD��aj�!d!kjajgNW�d!W`id!m!kjaj{NVsV!�4q`��g`_Ld!kja�g`W�gNl;\NW4�`WNgN��W�Xnm!VDWNV!XZYc��^4Vsm2dDhvV!_?d!X�lLgNm!d!�"��VDW4[`kj^9m!d!W�f`V�{Nd!_?ajV!i�ajW�d�f`_LgNd!i�_?d!WN[`V"Yr W9d!iNi`a�kjajgNW�ajk�^`d!X�ds�jd!_?[`V�_Ld!WN[`VsgNl=lLgNm!\NX°Yc��^NVsm!d2hGV2_Ld!X� �¶
�IXnkjd!_LkjX�dDk�~������ iNajXnkjd!WNm!Vs��^NV!_LV�ajk"a�Xd!fN�jVskjg�d!m!^NajV!{NV�ds_?V!Xng`��\`kja�g`W�gNl;~ � �ja�W`V!X�qNV!_����£d!k�hGd!�4ajhGd!�"lLg4m!d!�"��VDW4[`kj^=YPµ�k�kj^NVsgNkj^NVD_=V!W`iNbNd!k�diNajXnkjd!WNm!Vsg`l � � xLk�^`V�hGd!�4ajhG\4h���ajk�^`a�W�g`\N_;hvV!m!^NdDWNa�m!d!��q`�jd!k�lLg`_?hGy=ajk�_LV2dDm!^4V!X�d� �¶��IgNl���� � ���I�� ~ � mm
YP��^`a�X�hGd2�`V!X�ajk"a�i`V!d!�j��w�Xn\Najk�VDi�k�g�ajWNXnq`V2m!k"d!W4w��NajWNi�g`l=g`fcTeV2m!k"a�W`iNV!qNVDWNi4VDWNk�g`l=ajkjX�Xnaj�!V"Y r Wd!iNi`a�kjajgNW�kj^NVsm!d2h9V!_?d�^`d!X�f4gNkj^�dshGgNkjgN_Laj�2V!i�lLg`m!\NX�d!W4i�aj_LajXZYD "\4_Lkj^NV!_=m!d2hGV!_?dsqNd!_�dDhvV!kjV!_LX�Xn\`m!^9d!XV!�4q`gNXn\N_LVskjajhGV�dDWNi9[`d!ajW9m2dDW�d!�jXng�fNVs_?V!hGgNk�V!��w�m!gNW`k�_?g`���jV!i;Yc��^NV!XnVslLV2d!kj\N_LV!X�hGd2�]Vsa�k"gN\N_=hGgNXnk"lL��VD�4ajfN�jVXnV!WNXng`_PYc|²VD{NV!_?d!�"d!��[`gN_Lajkj^NhvX���aj�`Vsd!W�d!\Nkjg

-
lLgNm!\`XBdD�$[]gN_?ajk�^`h´dDX���V!�j�"d!X�d!W�d!\Nkjg

-
aj_?a�X�d!W`i�d!W�d!\Nkjg

-
 �¶��d!��[]gN_Lajkj^4h�^Nd!{NVsfNV!V!W�a�hGq4�jV!hGVDWNk�V!i�kjg�V!�4qN�jgNajk"k�^`a�X�l �jV!�4ajfNaj��ajk$w�Yc��^4Vsd!\Nkjg

-
 �¶��£d!i`d!qNkjX�k�^`Vsm!d2hvV!_Ld!X



lLgNm!d!�"�jV!W4[`kj^�Xng�kj^Nd!k"kj^NVsg4fcTeV!mDk�ajX�ajhGd2[]V!i9d!k�ajkjX�hGd!�4ajhG\Nh�Xnaj�2VsgNm2mD\Nq"w°a�WN[�k�^NV���^NgN�jVsgNl;k�^`Vsm2d!hvV!_?d!XajhGd2[`ajW4[�XnV!W`XngN_PY!��^Naj��Vsd¡�DgNgNh��jV!WNX�m!d2hGV!_?ds��ajkj^9hGgNkjgN_Laj�!V!i���V!WNXnVDXB[]a�{`V!X�[`_?V!d!k"lL��V!�NajfNaj��ajk�w���Vsd!�jXng^Nd!{`V�kjg�hvV!W`kja�g`W�XngNhGVsg4l=kj^NVsiNajXnd!iN{`d!WNkjd2[`VDXZYc��^4Vsg4q`k�g`hGV!m!^4d!W`ajm�d!m!m!\N_?d!m2w�gNl-dshGg`k�g`_La��!V!i��jV!WNX�m2d!WWNgNk"fNVsm!g`hGq4d!_LV!i�kjg�kj^Nd!k"g4l;d�lLaj�4VDi�l?g`m!\NX��jV!WNXZYD� V¡gNf`XnV!_L{NVsXn�ja$[]^Nk"iNV!{Najd!kjajgNWNX�ajW�kj^NVs_LV!qNV!dDk$d!f`aj��ajk�w�gNlkj^NVshGgNkjgN_;qNgNXnajkjajgNWNXZYP��^`a�X��jV!d!i`X�kjg�hGV2d!Xn\`_LV2hvV!WNk"V!_?_LgN_LX���a�kj^�dsXnkjd!WNi`d2_Li�iNV!{`a$dDk�ajgNW�g`l=\`q�k�g � .� � �ajW�a�hGd![`VsXnqNd2m!V�d!k"dsqNaj�4V!�"Xnaj�!VsgNl �
.� µm.��^`VsXnV!m!gNW`i�XnV2WNXng`_=ajX�d�^`a�[`^�qN_?V!m!ajXnajgNW�XnkjV!_LV!g9mDd2hGV2_Ld"Yc��^NV�m!d!hGV!_?d!X�d!_?V�^`a�[`^9_LV!XngN�j\NkjajgNW�x � ��� � �NyiNa�[]ajkjd!��m!d!hGV2_Ld!X�V!±4\`a�q`qNV!i9��ajkj^ �c� mm
lLg`m!d!���jV!WN[`kj^9±N\Nd!�jajk�w���VDWNXnV!XZYP��^NV�XnkjV!_LV!g9^`V!d!i�^NdDX�d�m!dD��ajfN_?d!kjV!ilLa��NV!i�fNd!XnVs�jV!WN[]kj^=Yc��^4VsXnV2W`XngN_;a�X�\NXnVDi�lLgN_=q`_?V!m!ajXnVs¢

-
� hvVDd!Xn\N_?V!hvVDWNk�g`l=iNajXnkjajWNm!k"gNfcTeV!m!k"lLV2d!kj\N_LV!XXn\Nm!^�dDX�i`_?aj�j��^`gN�jV!XnbNV!iN[`V!X�d!W`i�m!gN_LWNV2_;qNg`a�W`kjXZY r W�m!g4hGf`a�W`d!kja�g`W���a�kj^�dsXnkj_La�q`Vsq4_LgcTeV!m!kjgN_;ajk�m!d!W9dD��Xng�f`V\NXnV!i�lLg`_=�jd!_?[`V¡ �¶�� iNVDWNX�VsXn\N_LlLd2m!V�hGV2dDXn\N_LV2hGV!W`k�XZYc��^`Vsk�^`a�_Li�XnVDWNXngN_;ajX�m!dD���jV!i��=µ�|u¦µ�¬ xL�jd!X�V!_m!d2hGV!_?d!y;d!W`i9m!gNWNXnajXnkjX�gNl;d¡�jd!XnVD_=Xnkj_La�q`VsqN_LgcTeV2m!kjgN_;ajW�m2gNhGf`a�W`d!kja�g`W���a�kj^�ds¦¦� m!d2h9V!_?d"Yc��^NVsXnV!WNXngN_=ajX\NXnV!i�lLg`_=iNVDWNX�Vs¢N�IXn\N_Ll?d!m2VshvV!dDXn\N_?V!hvV!W`k�X���ajk�^�dsX�hGdD���jV!_- �¶��IgNl;� � ���I�9� � mm

Yc��^NVslLgN\4_Lkj^XnV!WNXng`_=��^`a�m!^�ajX�m!\N_?_LV!W`k��$w�W`gNk�ajWNkjV2[Z_?dDk$VDi�a�W�kj^NVshvdDm2^NajWNVsajX�dsXnkjV!_LV!g�Xnkj_LajqNVsq4_LgDTeV!mDk�ajgNW�hGajm!_Lg`X�m!gNqNV4Y r k\NXnV!X�gNW`VsgNqNkjajm!d!��q`d!kj^�k�g�qN_LgcTeV!m!k"d�Xnkj_LajqNVsX�V!±`\NV!WNm!V�d!WNi�kj^NVsgNkj^NV!_;lLgN_;a�hGd2[`V�d!m2±`\NajXnajk�ajgNW;Y r k�ajXm!d!qNdDfN�jVsg4l=kjd2�]a�WN[�iNV!W`XnV�_�dDW4[`Vsajhvd2[`VDX�g`l-ds{NVD_�w�Xnhvd!�j��d!_LV!dsiNgN��W�k�g � mm2bN\`XnV!lL\N�"l?g`_=i`V!k�V!m!kja�g`W�gNlXnhGd!�j��Xn\`_?l?dDm!Vsi4V!lLV2m!kjX�d!WNi9kjg�iNVDk�VD_?hGajWNV�Xn\`_Ll?d!m!V�_LgN\4[
hness.

3.3 �����	��
�����������������������	�������^`Vs��dD_�[]VsWN\4hGfNV!_=g`l=^Nd!_Li4��d!_LV�m!gNhGq`gNW4VDWNkjXnbNd!m!kj\Nd!k�g`_LXnbNXnV!W`XngN_LX�d!WNi��ja�[`^NkjajW4[�iNVD{Najm!V!XnbN_?d!ajXnV!X�kj^NVWNV!V!i�lLg`_-ds�jd!_?[`V�WN\`hGf4V!_=gNl;XngNlLkj��d!_?Vsm!g4hGq`gNWNV!W`k�X�l?gN_;^Nd!_Li`��d!_LV�m!gNWNkj_LgN�"d!WNi9q`_LgNm!V!XnXnajW4[²Yc|ugNhvVsgNlkj^NVsXngNlLkj��d!_LVsa�X�Xnq4VDm!a�lLajmskjg9XngNhGVs^Nd!_?i`��d2_LVsd2WNi�^NdDX�k�g�fNVsd!iPTe\NXnkjV!i���^NV!WNV!{NV!_;^4d!_Li`��d!_LV�mD^4d!W4[]V!XgNkj^NV!_;XngNlLkj��d!_?VsajX�g`l-hGg`_?V¡[ZV!W4V!_Ld!�"\NX�V"YP��^`V�VD�4qNV!_La�hGV!W`k�dD��m!^`d!_?d!m!kjV!_=gNl=g`\N_;X�w]X�kjV2h�a�hGq`�ja�V!X�m!g`WNXnkjd!WNkm!^Nd!WN[`V�d!W`i�k�^`V!_LV2lLgN_LV�m!d!�j��X�lLg`_=d!W�d!iNV!±N\`d!kjV!�$w�l?��V!�Na�f]�jV�Xng`lLk���d!_LVsXPwZXnk$VDh´iNV!Xna�[`W=Y
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µ hGg`WNgN�jajkj^NajmsXngNlLkj��d!_?V�Xnk�_L\NmDk�\`_LV�ajX�WNg`k�Xn\NlLlLajm!a�V!WNk"l?gN_=g`\N_;qN\N_Lq`gNXnV"Y<�-a��NV!��ajXnV�kj^NVsd!hGgN\`WNk"gNlqNd!_Ld!�j�jV!�jajXnh´ajWN^NV!_LV!WNk"a�W�kj^NV�X�wZXnkjV2hGb4lLgN_;V!�4dDhGqN��VsqNd2_Ld!�j�jV!��hGg`{4V!hvV!W`k�g`l=kj^NVsXnV2W`XngN_LXnbNq`d!_Ld!���jV!�



hGgN{`V2hGV!WNk�d!WNi�ajhvd2[]V�d!m2±N\NajXnajkja�g`W�gN_;qN_LgNm!VDXnXna�WN[]bNm!d!���jX�lLgN_;dsXngNlLkj��dD_LV�XPwZXnkjV2h i`V!Xna�[]W���^Na�m!^�d!�j�jgN��XlLgN_;iNajXnk�_LajfN\`k�VDi�m!g4hGq`\Nkja�WN[�_Ld!kj^NV!_;k�^`d!W�kj^4Vsm!�jd!XnXnajm2d!��X�V!±N\NVDWNkja�dD��d!qNq`_Lg4d!m!^;Y!��V�^`d!{NVsXn\NmDm2V!XnXnlL\N�j�$wiNV!Xna�[]W`V!i9d!WNi�ajhGq`�$VDhvV!WNkjV2i�dsiNajXnkj_La�f`\NkjV!i�gNfPTRVDm!k�gN_LajV2W`k�VDi�XngNlLkj��dD_LV¡dD_�mD^Najk�VDm!kj\N_?VsfNd!XnV!i�g`W�a�W`iN\NXnkj_�wXnkjd!WNiNdD_?i�¦¶�® �¦µ xL¦gNhvhGg`W�¶�fcTeV2m!k"®6VD±N\NV!Xnk �¦_Lg4�`V2_;µ�_?m!^NajkjV!m!kj\N_LV2y
[7].
¦¶�® �¦µ ajX�d!{Nd!aj�jd!fN�jV

cross-plat
lLgN_?h´d!WNi�X�g���V�d!_LVsd!f`�$Vskjg�m!gNhGfNajWNVsiNajlLl?V!_LV!WNk"m!g4hGq`\Nkja�WN[�qN�jd!kjlLgN_?hvX���a�kj^NajW�g`WNVsX�w]XnkjV2h��^Najm!^�V!d!XnVDX�iNV!{NV!�jgNqNhGV!WNkRYD��ajk�^`a�W�kj^`V�¦¶�® �¦µ lL_Ld2hGV!��gN_?����V�VDXnk�d!f`�ja�Xn^�Xng�mDd!���jV!i�dD\NkjgNWNgNhGgN\NX

agents [6]
��^Na�m!^�m!dDW�g4lLlLV2_=XnVD_?{`ajm!V!X�d!WNi�d!�jXng�_?V!±`\NV!X�k"XnV!_L{Najm!V!X�lL_?gNh�gNkj^NV2_;d2[`V°W`kjXZYc��^NVsd!\NkjgNW`gNhGgN\`Xd2[`V!W`k�m!g`WNm2V!q`k�V!W`m2d!qNXn\`�jd!k$VDX�Xng`lLk���d!_?Vsm!gNhGqNgNW`V!WNkjX�XnqNV!m!ajlLajmsk�g�m!V!_Lk�dDa�W�^`d!_Li4��d!_LVsd!WNi9mDd!W�f4VsV!d!Xnaj�$w\NqNi`d!kjV!i�gN_;_?V!qN�jd!m2V!i���^`V2W�^Nd!_Li`��d2_LV�mD^4d!WN[`V!XZYc��^4V�m!g`WNm!V!q`k�^`d!X�qN_LgN{NV!W�kjg�f`V¡dDW�V!�4m!V!�j�jV!WNk"kjgNgN�"k�gm!gNq`V���ajkj^�kj^NVsqN_LgNf`��V!hGX�gNl=ds�jd!_?[`V�d!W`i�m!g4hGq`��V!�9Xnw]X�kjV!h�Y
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��^`VsiNV!Xnm!_Lajf4V!i�h9\N�jk�a
-
XnV!W`X�gN_=h9V2d!Xn\N_LajW4[�XPwZXnk�V!h´g`lLl�V!_LX�W`V!� m!^Nd!�j�jV!W4[`VDX�f`\Nk�d!�jX�g�kj^NVsm!dDqNd!fNaj�jajkUw�g`lqNV!_LlLgN_?hGajW4[�W`V2�IhvV!d!Xn\N_?V2h9V!WNk�kjd!X��]XZY r W�kj^NVsq4d!Xnkjb`��VsXn\`m!m!V!XnX�lL\`����w�i4VDhGgNWNXnkj_?d2kjV!i�d!\`k�g`hvd!kja�msg`fcTeV!m!k

localizati
gNW

[3]
d!W4i�g`fcTeV!m2k�_LV!mDg4[`W`a�kjajgNW

[2]
YP��^`V¡hvd!a�W�lLg`m!\NX�gNl;k�^`ajX�q`d!qNV!_;ajX�gNW�a�W`iN\NXnkj_Lajd!�ajWNXnqNV!mDk�ajgNW;Y r W�kj^NajX�mDgNWNkjV!�Nk�kj^NVsajWN^Ng`hGg4[`VDWNV!gN\`X�±`\4d2�jajk�w�g4l=kj^`V�i`d!kjd�ajX�ds{NV!_�w�a�hGqNg`_Lk�d!W`k�d!XnqNV!m!k"gNlXn\Nm!^�dsXPwZXnk�V!h�Yc��^NVsV!WNkjaj_?V¡ajW`XnqNV!m!kjajgNW�qN_Lg`m!V!XnX�m!g4hGqN_La�XnVDX�hGd!W4w�iNajlLlLV2_LV!WNk"Xnk�VDq4X���aj�]V�i`d!kjd

acquisi
kjajgNWNb`_LV2[]ajXnkj_?d!k�ajg`WNbNajWNkjV2[Z_�dDk�ajgNW`bNlLV2d!kj\N_LVsV!�Nk�_LdDm2k�ajg`W�d!WNi�d!m!kj\NdD���jWNg`hGajWNd!��m2gNhGqNdD_La�Xng`W�k�g�W`d2hvVTe\NXnk�dslLV!�,Yc|�g4hvVsg`l=kj^NV!XnV�XnkjV!q`X�d!_LVsqN_Lg`f4d!f`�Uw�ajkjV!_Ld!k�V!i�dslLV2� kjajhGV!X�\NXnajW4[�VDa�kj^4VD_=kj^NVsXnd2hGVsX�V!W`XngN_;gN_V!{NV!W�i`ajl?l?VD_?VDWNk�XnVDWNXng4_LXZYP�³g9[]\`d2_Ld!WNkjV2Vsdsm2V!_Lkjd!ajW��jV!{4V2�"gNl;d!m!m!\N_?dDm°w�lLgN_;k�^`V�_?VDXn\4�jk�X�g`l=dshGV2d!Xn\`_LV2hvV!WNkkjd!Xn�`bNajWNlLgN_Lhvd!kja�g`W�d!fNg`\Nk�kj^NVs±`\Nd!�jajk$w�g`l=kj^4VsiNdDk�dsfNV!m2gNhGV!X�ds{Najkjd!��ajXnXn\`V"Yc��^4Vs±4\`d!�ja�k�w�gNl;kj^NVsi4d!kjdsajX_LV!qN_LV!X�V!W`kjV!i�f"w�hGV!d!W`X�g4l-mDgN{Nd!_Lajd!WNm!V�hGd!kj_La�m2VDXnbN��^Na�m!^�d!_LVsajWNi`a�{`a�i`\Nd!�j�$w�d!XnXna�[NWNVDi�k�g�kj^NVshvV!dDXn\N_?V!iiNd!kjdsqNg`a�W`k�Xnb`d!WNi�q`_?g`qNd2[]d!k�V!i�kj^N_LgN\4[]^�d!�j��qN_Lg`m2V!XnXnajW4[�XnkjV!qNXZY r W�k�^NVs_?V!hGd!ajWNi4V!_;g4l;kj^NajX�X�V!m!kja�g`WNbN��VqN_LV!XnV!W`k�dsk$w]qNajm2dD��qN_LgNmDV!XnXna�W4[�m!^Nd!a�W�lLg`_=kj^NVsajWNXnq`V2m!kja�g`W�gNl;lL_?V!V

-
l?gN_Lh´Xn\N_LlLd2m!V!XZY
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4.1 Calibration¦d!��ajf`_?dDk�ajgNW�ajX�qN_LgNf`d!fN��w�k�^NVshGgNXnk"lL\NWNiNd!hvV!WNkjd!�"d!Xnq4VDm!k�ajW�kj^NVsajhGqN�jV2hGV!WNk�d!kjajgNW�g`l=d!W4w�hvV!d!Xn\4_LV!hGV!WNkX�w]XnkjV2h�YGF�g`��V!{NV!_Lb`a�k@H X�a$hGqNgN_Lkjd!WNmDV¡dDWNi�m!g4hGq`�jV!�4ajk�w�a�X�gNlLkjV!W�XnV!_LajgN\`Xn�$w�\`WNi4VD_LV!X�k�ajhGd!kjV!i;Y r W�kj^NajXm!gNW`k�VD�4k�m!dD��ajfN_LdDk�ajgNW�hGV!d!W4X�fNg`k�^`bNXnV!WNX�gN_=mDd!�ja�f`_?dDk�ajgNW9dDX���V!�j�"d!X�kj^`V�m!d!��ajf`_?dDk�ajgNW9g`l=kj^NVshvdDm!^NajWNVsajk�XnVD��lPYµ�m!kj\Nd!kjgN_;m2d!�jajfN_Ld!kjajgNW�ajX�W`V2m!V!XnXnd!_�w�kjg�iNVDk$VD_�hGajW`V�kj^NV�[]V!g4hvV!kj_Lajms_?V!��dDk�ajgNW`Xn^Najq�d!hGgNWN[�kj^NVhGV2d!Xn\`_?V!hGV!WNk�hGd2m!^NajW`V!bNk�^NVsiNajlLlLV!_?V!WNk"XnV!WNXng`_LXBdDWNi�d�_LV!lLV2_LV!WNm2VslL_?d2hGV"Yr W�gN\4_;m!d!X�V!b`kj^NVs_?V!lLV2_LV!WNm2V�lL_Ld2hGVsg`_-��gN_L�ji�m!gNgN_LiNajWNd2kjVslL_Ld2hGVsajX��jgNm!d!k�VDi�a�W�kj^NV�f`d!XnVsqN�jd!kjVsgNl=kj^NVhGV2d!Xn\`_?V!hGV!WNk�m!V!�j��d!W`i�a�X�_?V!q`_?VDXnV!WNk�V!i�f"w�dsW`\4hGfNVD_-gNl;kjd!_?[`V!kjX�k�^`d!k�d!_?V��]WNgN��W9��ajkj^�^Na�[]^�d!m2mD\N_Ld2m°wuY��^`VsfNd!XnV�m!g`gN_LiNajWNd!kjV�lL_Ld2hvVsajX��jgNmDd!k�VDi�a�W�kj^NVsm2VDa��jajW4[�d!W`i���d!X�qN_LgN{NajiNVDi�f"w�kj^4V�hGd!W`\Nl?d!m!kj\N_?V!_PY r k"ajX



kj^NVsm!gNg`_?i`ajWNd!kjV�lL_?d!hGV!bNkjg9��^Najm!^�d!�j��kj_Ld!W`Xnl?g`_?hvd!kja�g`WNX�ajWNXnajiNVskj^NVshGd2m!^`a�W`V�_?VDl?V!_-kjg=YP��^`V��]a�W`V2hvd!kjajmhGgNi`V!��gNl;kj^NV�hvd!m!^`a�W`V�d!�j��g`��X�\`X�kjg�kj_Ld!WNXnlLgN_?h�lL_Lg4h´kj^NVslL��dDW4[`Vsm!g`g4_LiNajWNd!kjVsXPw]Xnk�V!hGb`��^Najm!^�ajX�i`V2lLajWNV!igNW�kj^NVshGgN\`WNkjajW4[�Xn\N_LlLd2m!V�g`l=kj^NVsV!W`i
-
V!lLl?V!m!kjgN_LbNkjg�kj^NV�fNdDXnV�mDgNgN_Li`a�WNd!kjV�lL_?d2hGV4Yc��^NVsXnV!WNXng`_=m!g`g4_LiNajWNdDk�V

fra
hGVsa�X�kj^NVsWNd!kj\N_?dD��m!g`gN_?iNajWNd!kjVslL_Ld2hvVslLgN_;_?d!�£hGV!d2Xn\N_LV!hvV!W`kjXZY r k�ajX���ajWN�]V!i�kjg9k�^`VslL��d!WN[`Vsm!gNgN_LiNajWNd!kjVlL_Ld2hGVsf"w�kj^NVs^4d!W`i

-
V°w]V�kj_?d!W`Xnl?g`_?hGd!kja�g`W=Ycµ�k"k�^`V�hGg4hGV!W`k�b`��Vsd!XnXn\4hGVskj^NVsf4d!X�V�kjg�lL�jd!W4[]V¡[]V!g4hvVDk�_�w�kjgfNVsd!m2mD\N_Ld!kjV�d!WNi�Xnkjd!fN�jV"YGF�V!WNm!V!b`��V�dD_?V�g`WN�$w�m!gNW`m2V!_?WNV!i���ajkj^�kj^NVsajiNV!WNkjajlLa�mDd!kja�gNW�gNl;k�^`V�f`d!XnV�d!WNi

hand-
V°w]Vsk�_Ld!WNXnlLg`_�hGd!k�ajg`WNX���^`ajm!^�m!d!W�f4Vsm!gNhGqN\`k�V!i9lL_Lg`h dsXnV!k"gNl;a$h9d2[`V!XnbN��^4V!_LVskj^NV�V!�4kjV!_LajgN_gN_LajV!WNkjd!kjajgNW�^NdDX�f`V!V!W9hGgNiNa�lLajV!i�ajW�Xn\NmD^�d���d°w�kj^Nd!k�kj^NVsiNVDXna�_LV!i�qNd!_Ld2hGV!k�V!_LX�m2d2W�f`V�mDg4hGqN\`k�VDi=Y|uV!W`XngN_=m!d!�jajfN_Ld!kja�g`W�ajX�q`V!_?l?gN_LhGV!i�\NXnajW4[�kj^NV�mDgNWNm2VDqNk�g`l

self-
m2d!�jajfN_Ld!kjajgNW�lL_Lg4h�d�lLV!�£hGVDd!Xn\4_LV2hGV!W`kjX�g`ldsqN�jd!WNd!_;kjV!Xnk�lLa�V!�ji=YP��^`V�kjV2Xnk"lLa�VD��i�lLV!dDk�\`_?V!X�dsW`\4hGfNV!_=gNl;\NW`a�±`\NVskjd!_?[`V!kjXnbN��^`a�m!^9mDd!W�fNVsajiNV!W`k�ajlLajV!id!\NkjgNhGdDk�ajm2d!�j��w�d!WNi�dD���jgN�Il?gN_;dslL\N�j�Uw�dD\Nkjg4hGd!kjajm�hGV!d!X�\N_LV!hGV!WNk�q`_LgNm2V!i`\N_LV"YD��^NV�m!dD��ajfN_Ld!kjajgNWqNd!_Ld2hGVDk�V!_?X�d!_?Vsm!gNhGqN\NkjV!i9fNw�k�^`V

Australis
fN\NW`iN�jV�d!icTe\NXnkjhGV!W`k�qNd!m2�`d2[]V¡lL_LgNh kj^NVsi`V!qNd!_Lk�hGV!WNk"gNl��V!gNhvd!kjajm!X�gNl;k�^`Vsz�WNaj{4V!_?Xnajk�w�g4l-¬�V!�jfNgN\`_LW4V"Y

4.1
� ����� � ��� �������&�	�������V!WNXnVs¢
-
�IXn\4_LlLd2m!V�d!mD±N\Na�Xnajkja�g`W�m!d!W�fNVsq`V!_Ll?gN_?hGV!i�f4w�d2mDk�aj{NVskj_Lajd!W4[]\N�jd!kja�g`W�\NXnajW4[�gNW`Vsg4l=kj^`V�Xnkj_LajqNVqN_LgcTeV!m!kjajgNW�X�wZXnk�V!hGXZYc��^4V�qN_LgcTeV!mDk�ajgNW�i`V!{Najm!V!X�d!_LV�hvgNi`V!�j��V!i�dDX�ajWN{`V!_LXnV�m!d2hGV2_?d!X�hGd2�]a�WN[�ajk�qNg`XnXna�f`��Vskjgd!qNq`�$w�Xnkjd!W`i4d!_Li�qN^`gNkjg4[`_Ld!hvhGV!kj_?ajmskjV2m!^`WNaj±N\NV!X�lLg4_;m2d!�jajfN_Ld!kjajgNW�d!W`i�qN_LgNm2V!XnX�a�WN[;Y���d!_LajgN\`X�dD�$[]gN_Lajk�^`hGX^Nd!{`V�f`V2V!W�i`V!{NV!�jgNqNV!i�kjg�d2���jg`� lLgN_;kj^NVsXnajhG\N�jkjd!WNV!g`\NX�d!m!±N\`a�XnajkjajgNW�gNl;hG\N�jkja�q`�jV�m!d!hvV!_Ld!X�d!WNi�kjgm!gNhGqNV!WNXnd!kjVslLg4_;XPw]XnkjV!hvd!kjajmsV!_L_Lg4_LX�d!qNqNd!_?VDWNk�ajW�kj_Ld!iNajk�ajgNWNd!�"hGV!kj^NgNi`X

[5]
YD¶�WNVsg4l;kj^NVshGgNXnk"a$h9qNgN_Lkjd!WNkqN_LgNq`V!_Lk�ajV!X�gNl;kj^NV�hvV!d!Xn\`_?V2hGV!WNk"XPw]XnkjV2h�ajX�kj^NVsd!{`d!aj��d!fNaj��ajk�w�gNl=m!gN{`d2_La�dDWNm2VsajWNlLgN_?hGd!kjajgNW�lLgN_=V!d2mD^hGV2d!Xn\`_?VDi�qNgNajWNk"x

Figure4
yPYc��^`Vsa�W`^NV!_?V!W`k�_LV!iN\`WNi4dDW4m2w�m!dDW�f4Vs\NXnV!i�kjg�iNajXnm!d!_Li9ajWNmDgNWNXnajXnkjV!WNkhGV2d!Xn\`_?V!hGV!WNkjX�a�l;�jd2_?[`Vs_?V2XnajiN\`d!��X�d!_LVsV!WNm!gN\NW`kjV!_?V!i=YD¶�f`XnV!_L{Nd!kjajgNWNX�lL_Lg4h´hG\N�jkjajqN�jVsm!d2hGV!_?d!X�m2d!W�dD��XngfNVs\NXnVDi�k�g�V!W`lLg4_Lm!V�V!�4q`�ja�m!ajk"m!gNWNXnajXnkjV!W`m2w�k�VDXnk�XZYc|uq`V!m2\N�jd!_;_LV!lL�$VDm!kja�g`WNXnbNdDX�kj^NV2w�d!_LV��jaj�NV!��w�kjg�g4m!mD\N_=g`Wkj^NVsXn\N_LlLd!m2VsgNl=hGd2m!^`a�W`V!i9hGV!kjd!�"q4d!_LkjXnbNm!d!\`X�VsXnqN\N_Lajg4\`X�¢

-
� q`gNajWNk�hGV!d!Xn\N_LV2hGV2W`kjXZYc��^NVsm!gNW`Xna�XnkjV!W`m°wkjV!Xnk�X�d!_LVsfNdDX�V!i�gNW�kj^NVsgNf`X�V!_L{Nd!kjajgNW`bNkj^Nd!k"XnqNV!m!\`�$dD_=_?V!l?�jV!m!kjajgNWNX�d!_LVs{NajV2��qNg`ajWNk�i`V2qNV!W`iNV!W`kRY r l;kj^NVm!d2hGV!_?d!X�{`a�V!�Ikj^NVsgNfPTRV!m!k�l?_LgNh�iNajlLl?V!_?V!WNk"d!W4[]��VDX���V�m2d!W�mDg4hGqN\`k�Vskj^NVsi`V!{Na�d!kjajgNW�fNV!kj��V!V!W�g`fcTeV2m!kqNgNajW`k�Xnb`m!gNhGq`\NkjV!i�lL_Lg4h�iNa�lLl?VD_?V!WNk�q`d!aj_La�WN[`X�gNl;a$hGd![`V�qNgNajW`k�XZYP��^`a�X�d!�j�jgN��X�\NX�kjg�VDa�kj^NVD_=i`a�Xnm!dD_Li�gNW4VXnajW4[]�jVsgNfNX�V2_L{Nd!kjajgNW�gN_;m!g4hGq`��VDk�VD�Uw�i`a�XnmDd2_Li�d!�j��kj^NVsg4f`XnV!_L{Nd!kjajgNWNX�lLgN_;kj^NV�m!gN_L_?V!X�q`gNWNi`a�WN[�Xn\N_Ll?d!m2VsqNg`ajWNkeY

(a) (b)

(c) (d)�#� ���*���
4 � �+ �!�� ,.- �*, ) � - D � &  ��� :�=8 ) /  1 � & : 2���1 :�=8 /  � 3�: 2 D B �+3�!�	 �*,<2����+��2 4 � ��6 B

(c) 
 :�: �+2*� ,  - � � &  ��� / : ,.-  � ,�� ,9� - $ ��� / : & ?�: ,.��,.- B � 2 !
�:�4; � �  ,9/0� � &  ��� :�= �/ : & ?�: ,.��,.- B�� �@� =  /0� 2�� ) / : ,9- � ,.�*� - � � ) )C$.: 6 � ? / 1 �  ��1 D� �) 1 � � $ -  � �  �) � ,.2*� /  - � ,.� 1  �����*�
errors.



4.2
� ����� ���	�����	�&� � ����� � ������� � � ion��^`Vs{Nd!_LajV!k$w�gNl;X�V!WNXngN_LX���a�k�^`ajW�gN\N_;X�w]XnkjV2h�ajhGqN�ja�VDX�k�^NdDk�hGV2d!X�\N_LV2hvV!W`k�X�iNajlLlLV!_;a$W�Xnaj�!V!b`_LV!XngN�j\NkjajgNW�d!W`id!m!m!\`_?d!m°w²YD �gN_;kj^NajX�_LV!d!XngNW4b`kj^NVsa�W`kjV2[]_?d!kjajgNW�gNl;ajWN^Ng`hvg4[]V!WNV!gN\`X�i`d!kjd!X�V!kjX�ajW`k�g�g`WNVsm!g4hGhGg`W�Xn\4_LlLd2m!ViNV!XnmD_?ajqNkjajgNW�ajX�{NV!_�w�ajhGqNgN_?k�d!W`keYc®¦V2[]ajXnkj_Ld!k�ajg`W�gNl=¢

-
�£i`d!kjd�ajX�qNV!_LlLg4_LhvVDi�\NXnajW4[�V2�Nk�V!W`iNV!i�{`V!_LXna�g`WNX�gNlkj^NVsa�kjV!_Ld!kjaj{NVsm!�jgNXnVDXnk�qNg`a�W`k�d!��[]g`_La�kj^4h�x r 6tuy

[1],
��^Na�m!^�i`a�_LVDm!k��$w���gN_?��g`W�k�_La�d!WN[`\N�jd!_=hvV!Xn^NVDXZYc��^NV{NV!_Lkjajm!V!X�^Nd!{NV�dDiNiNajkjajgNWNd!�"d2kjk�_LajfN\`k�VDX��jaj�`Vsm!g`��g`_-d!W`i�m!g4{`d!_La�dDWNm2VsajWNlLgN_?hGd!kjajgNW=YP¶�\4_;a�hGq`�jV2hGV!WNkjd!kjajgNW\NXnV!X�m!g`{Nd!_Lajd!W4m!VsajWNlLgN_?hGd!k$ajg`W�k�g�m!^`gNgNXnVsd!q`qN_LgNq`_La�d!k�V���V!a�[]^`k�X�lLg4_;kj^NVsqNgNajWNk"m!gN_?_LV!Xnq`gNWNi`V!WNm2VDX�dDWNi^NV!_LV!f4w�d2m!m!g`\NWNkjX�lLg4_=i`ajl?lLV!_?VDWNm!V!X�ajW�k�^`Vs±N\4d!�jajk�w�gNl;k�^NVsd!m!±N\`a�_?V!i�i`d!kjd"Y!��V¡^`d!{4V�i`V!{NV!�jgNq`V!i�iNajlLl?V!_LV!WNkd!��[]gN_Lajkj^4hGX�lLgN_;k�^NVsqNd!aj_L��a$XnVs_LV2[]a�Xnkj_Ld!kjajgNW�gNl;kj��g�iNd!k�d!XnV!kjXnbNdDX���V!�j�"d!X�kj^NVsXna�hG\N��kjd!W`V!gN\NX�_LV2[`ajXnkj_Ld!kjajgNWgNl;hG\N�jkja�q`��Vsi`d!k�dDX�V!kjX

[4]
Yc��^`Vs_?V![`ajXnk�_LdDk�ajgNW�q`_Lg4m!V!XnX�a�X�d!W�a�kjV!_Ld!kjaj{NVsqN_LgNm!V!iN\`_?V!bNk�^N\`X�ajWNajkjajd!��{NdD��\`V!X�d!_LVWNV!m!VDXnXnd2_�w�kjg9[`\Nd!_?d!W`kjV!VsqN_?gNqNVD_=m!g`WN{NV!_�[]V!W4m!V4Ycµ�X�k�^`V�XnV!WNXngN_;gN_LajV!WNkjd!kjajgNW�ajX��`WNgN��W�l?_LgNh´kj^`V�lLg`_���dD_?i�`ajWNV2hGdDk�ajm!X�g4l;kj^NV�hGd!m!^`a�WNV!b4[]g`gNi�ajWNajkja�dD��{NdD��\`V!X�m!d!W9V!d!Xnaj��w�f4VsqN_LgN{`ajiNV!i=Y

��� ���*�+�
5 ��	 ��/ : , ) - ����/0- � : , :�= /  � 3�: 2 D = � : &��82*� = = �*�+�*,.- 4 � ��6 ) 6 $ � / $$9 �4 � 3 ����,  1 � �*,.��25� ) � ,9� : ���#&>��1 - � -4 � ��67�+���*� ) - �  - � : ,>- ��/ $ ,�� 	����*B
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-
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