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hYXYV[egSAR^h/TWZ}`W]I�8X[dIRÀq	TslWR^jgR^X/r5RNeghYRN]_Ï¿R^VY�8f^R^jgjgh	Z}T´n>ÏAR¬�IhYRNÎ\XY`8aÐ�IV[XYdURNV�jg`_fNTWjgegÖ^RÀX[dUR5a3VYR^Õ_�IR^]If^egRNh�t
ÏI�UX0X[dIRÍÏ¿R^h�X[Ó¤ÏUTWh�egh0ÎIR^f^`WZ\S¿`Wh�egX[eg`W]�S¿R^VYaÐ`WVYZ}h0X[dIegh¬TW]ITWjgn_hYegh¬TW�UXY`WZ}TWX[egfNTWjgjgn+�

å�fQdUegVYS,eghÔTW]:`Wh�f^egjgjgTWX[`WVYnEh�eg�W]UTWj¬q0egX[déeg]If^VYR^TWh�eg]U��Z\` ÎU�IjgTWX[eg`W]u� � `WZ}R�R^â_TWZ\SUjgRNh\TWVYRÒX[dIR
aÐ�U]If^X[eg`W]Ih>h�eg]=Ýß|W{Wy g K J á>TW]UÎÚhYeg]uÝ[�*¡Wy g K ± á�t³hYTWZ\SIjgR^ÎE{��#|cX[egZ}RNh¹`W]ÚX[dUR�eg]_X[R^VYlsTWj©y Ó ; Ó ��eg]
!³eg�W�IV[R��#|���x¬dUR8Z\`_ÎI�UjgTWXYeg`W]Òeg]If^VYRNTWhYR^h¬jgeg]IR^TWVYjgn�TW]IÎÒÕ_�ITWÎIV[TWXYegf^TWjgjgn+tUVYR^h�S¿R^fNX[eglmRNjgn+��x0dIR8hYdITWÎURNÎ
r5RNeghYRN]_Ï¿R^VY�ºfNR^jgjgh�eg]}X[dIR¬Ï¿RNhYX7ÏUTWh�R^h�a3`WVYZ�TÍjgeg]UR¬TW]IÎ}TÍSITWV[TWÏA`Wjgegf�TWVYfÅtmVYR^hYSAR^f^XYeglmR^jgn+�CØo]\X[dIR¬Ï¿R^h�X[Ó
jgR^lWR^j	TW]ITWjgn_hYR^hstuTWjgj	X[dIR�r�R^egh�R^]_Ï¿RNV[��fNR^jgjgh>dUT´lmR�X[dIR�h�TWZ}R�TWh�S¿R^fNX8VYTWX[eg`�t"q0dIegfQdÛegh>TWSISUVY`WSIVYegTWX[R
aÐ`WV©T¹jgeg]IR+�³Øo]�XYdURºÏ¿RNhYX[Ó¤ÏUTWh�egh©TW]UTWjgn_h�egh�t X[dURºr5R^egh�R^]_Ï¿RNVY�>f^RNjgjgh�]URNTWV©X[dIR�Ö^RNV[`WÓ¤hYjg`WSAR�S¿`WVYX[eg`W]�dITslWR
hYZ\TWjgjgR^V¬TWhYS¿RNf^X�VYTWX[eg`\X[dITW]ÒX[dI`WhYRÍ]URNTWV0X[dIRÍjgTWVY�WR^Ó¤hYjg`WS¿RºS¿`WVYX[eg`W]u�
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Best Level
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512
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Length

Linear chirp, best level Quadratic chirp, best basis

� �If°d T�X[egZ\R^Ó¤a3VYRNÕ_�URN]UfNnÜTW]UTWjgn_h�egh¹f^TW]Úh�R^SITWVYTWX[R�hY�IS¿R^VYS¿`Wh�R^ÎÛfQdIegV[SIh���Øo]>!³eg�W�IVYR��#��q	R�h�R^R
Xoq/`�SITWegVYh5`Wa³jgeg]URNTWV¬fQdIegV[SIh�tIÎIe��¿R^VYeg]U��R^egX[dIR^V5Ï_n�ÎUegh�X[eg]UfNX¬Z\` ÎU�IjgTWX[eg`W]�jgT´q0h5`WVÀÏ_n�T�X[egZ}R�ÎIR^jgT´nW�
F�`WX[d TWV[R�aÐ�U]If^X[eg`W]Ih�`W] X[dIR�eg]_X[RNVYlsTWj5y Ó K Ó �Wt©hYTWZ\SUjgRNÎé{��#|ÛX[egZ\R^hs� �Í] X[dIR�jgRNa3X�egh�X[dIR
aÐ�U]If^X[eg`W]�hYeg]=Ýß|W{Wy g K J á�6�hYeg]uÝ�­Wy g K J á©TW]UTWjgn_ÖNR^Î�eg]�X[dIR�Ï¿R^h�X	q/T´lmRNjgR^X	SITWfQÑmRNX	ÏITWhYegh��"p5`WXYR�X[dUTWX©X[dIR
Z\egjgÎURNV[Ó¤hYjg`WSAR¹fQdUegVYS�eghÍVYR^SIV[RNhYRN]_X[R^Î�Ï_n�fNR^jgjghº`Wa+KUTWX[XYR^VºTWhYS¿RNf^XN�8�Í]�X[dUR}VYeg�Wd_X�eghÍh�eg]=ÝÃ|W{Wy g K J á_6
hYeg]uÝß|W{Wy g Ý�K d 9J á J áNtsTW]ITWjgn_Ö^RNÎÍÏ_nºÏ¿RNhYX[Ó¤jgR^lWR^j+q	TslWR^jgRNXuSUTWfQÑmRNX[h��ux0dIR�ÎI`sq¬]_q/TWVYÎIÓÃh�jg`WSUeg]I�Àjgeg]UR/fN`WZ}RNh
aÐV[`WZ X[dURÍTWjgegTWh�eg]U�\`WaC]IR^TW�WTWX[eglWRºaÐVYR^Õ_�IR^]If^egR^hs�
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�Ã¬Ä/Æ. �å5hChYRNR^]8SIVYR^l_eg`W�IhYjgn+tsq/R�fNTW]8SITWV[Ó
X[egX[eg`W]�X[dURÍX[egZ\RÍTWâ_egh0eg]_X[`\q0eg]IÎU`´q0h0q0egXYdÒhYZ\`_`WXYd�`slmRNVYjgTWS�q¬dUegjgRÍZ}TWeg]_X[TWeg]Ieg]I�}`WV[XYdU`W�W`W]ITWjgegXõn�`Wa
hYZ\` `WX[d�jg` f^TWjgegÖNR^ÎÒf^`Wh�eg]URº`WV¬hYeg]IRºq	T´lmR^aÐ`WVYZ}hs�

å h�egZ}egjgTWV�SIVY`_fNR^ÎI�UVYR�egh�SA`WhYhYegÏIjgR�eg] dIeg�WdURNV�ÎIegZ}RN]Uh�eg`W]Uh�R^egXYdURNV�Ï_n,hYegZ\SUjgn:X[TWÑ_eg]I�EX[RN]Uh�`WV
SIV[` ÎI�UfNX[h}`Wa�XYdUR�ÏITWhYR^h\eg]éR^TWfQd:ÎIegZ}RN]Uh�eg`W]:`WV�t/Z\`WV[R��WR^]IR^VYTWjgjgn+t/Ï_nÚhYR^�WZ\R^]_XYeg]U��X[dIR�dUeg�WdIR^VYÓ
ÎIegZ}RN]Uh�eg`W]UTWj�SIdUTWh�RÔSIjgTW]UR�eg]_X[`cSUTWVYTWjgjgRNjg`WSUegS¿RNÎUh�`Wa�SIVYR^h�f^VYegÏ¿R^ÎÜTWh�S¿R^fNXÍVYTWX[eg`Whs��x¬dUR�`W]Ijgn�f^`W]IÓ
hYXYV[TWeg]_X¬egh¬XYdUTWX0q	RÍZ
�IhYX0TWh�hY�IV[RÍX[dIRÍf^`WZ\SUTWX[egÏIegjgegXon�`Wa"X[dURÍl´TWVYeg`W�Uh¬q0eg]IÎU`´q;a3�I]UfNX[eg`W]Ih��
!�`WV¬ÎIR��I]UegXYR^]IR^hYh0q	RÍf^TW]ÒhYXYTWV[X¬Ï_n�f^`W]IhYegÎIR^VYeg]I�¹T\ÏUTWh�egh0`WaCXYdURÍaÐ`WVYZ

Ú RQÛ i ÝL;(án1 I |+×(Ý�; d h áUhYeg]�#gÝß| j 6ç�#á g| j
Ý�; d h ám&B% a3`WV h % j <ON e t h 0 yë%

q0dIR^VYR × J ÝL; d h á¢1 �\TW]IÎ=×Üegh
T�Ï¿R^jgj�TWÏ¿`´lmR #ày�%��*&/hY�If°dÛX[dITWXì× J Ý�;(á¢1 � d × J Ý d ;=á�]IR^TWV�y�t
� d × J Ýß| d ;=á(1 × J Ý�;=á8]URNTWV��W��x0dIR^]ÜX[dUR�ÏUegl´TWVYegTWX[RÔa3�I]UfNX[eg`W]Ih Ú RQÛ i Ý�;=á Ú R ù Û i�ù Ý�P�á8aÐ`WVYZ T�jg`_fNTWj
X[VYeg�W`W]I`WZ}RNX[VYegf\ÏUTWh�eghÍeg]E� J t=ÏITWhYR^Î�`W]�h�Õ_�UTWVYRNhÍ`Wa"¤ÙhYegÖNR�¥Ü�W�}å�hYhY�IZ\R}]I`sq�XYdUTWXÍq	R\RNâ_SUTW]IÎ�T
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aÐ�U]If^X[eg`W]�`W]�T�hYÕ_�ITWVYR>`Wa�h�egÖ^R¹|RQ�|�eg]�XYR^VYZ}hÍ`Wa�X[dIeghºÏITWhYeghºÏUTWh�R^Î�`W]�a3`W�IV�hY�IÏIhYÕ_�ITWV[RNh�`Wa�h�egÖ^R
��Q��5TW]IÎ�fN`WZ}SITWVYR�X[dIR¶¤Ùf^`Wh�Xm¥>`Wa=XYdUegh0R^â_SITW]IhYeg`W]�X[`}X[dIR�f^`Wh�X	`W]�XYdUR�SITWVYR^]_X©h�Õ_�UTWVYR+t_fQdI`_`Wh�eg]U�
X[dIR�Z\`WVYR�R^×\f^egRN]_X>R^â_SITW]IhYeg`W]u�cr�R^VYR�XYdUR�Ï¿R^jgj©aÐ�U]If^XYeg`W]Úf°dI`WhYRN]EaÐ`WV¹X[dUR�hYÕ_�ITWVYRÊ#ày�%Q|'&�Q #ày�%°|'&
q	`W�UjgÎÜÏARcè q�J t Ý�;_%AP�á(1 # × J Ý�;(á:6/× J Ý�; d �#ám&�# × J Ý�P�á�6$× J Ý�P d �#ám&õ�Ôx0dIR\fQdI`Wegf^R\Ï¿R^Xoq	R^RN]�SITWV[RN]_X
TW]IÎ8fQdUegjgÎIVYR^]8fNTW]8ÎURNS¿R^]IÎÍ`W]�R^×\f^egRN]UfNn�eg]8fN`_ÎIeg]I��tN`WVuVYTWX[R�`WawTWSUSIVY`sâ_egZ\TWX[eg`W]u� � �UfQd8T5SUVY` f^R^ÎI�IV[R
f^TW]
f^`W]_X[eg]_�IR/aÐ`WVChYRNlmRNV[TWjÅ�WRN]URNV[TWXYeg`W]UhujgRNTWÎUeg]I�5X[`5T�f°dI`Wegf^R/`WaUÏITWhYeghCÏUTWh�R^Î�`W]�h�Õ_�UTWVYR^h"`WawÎIe��¾RNV[RN]_X
hYegÖNR^hs�

~�R�TWSUSIjgn}XYdUegh©SUVY` f^R^ÎI�IV[R5X[`
Xõq	`>ÏIeglsTWVYegTWX[R�TW]UTWjgn_h�R^hs��!³eg�W�IVYR
� § h�dU`´q0h©T²�U]I�WR^VYSIV[eg]_X	egZ}TW�WR
X[`�Ï¿R>fN`WZ}SIVYR^h�hYR^Îut�TW]IÎ !³eg�W�UVYR��#{�hYdI`sq¬h�T�Z\TWX[VYegâ�X[`�Ï¿R¹hYSITWV[h�e��URNÎ=��Øo]cÏ¿`WXYd�`Wa�X[dIR0�U�W�IVYR^hst
X[dIRºh�R^jgR^fNX[R^Î�q¬eg]UÎI`sq¬h0TWV[Rºh��US¿RNVYS¿`WhYRNÎ�`W]�XYdURÍegZ}TW�WRºX[`\eg]UÎIegf^TWXYR�dI`sq;X[dIRºTWjg�W`WVYegX[dIZ fQdI`WhYRºX[`
hYRN�WZ}RN]_X�egXN�

x¬dUR�TWÎITWSUX[RNÎ Ï¿`sâ R^â_SITW]IhYeg`W] aÐ`WV�X[dIR�Z}TWXYV[egâ eg]H!³eg�W�IVYR,�#{�tÀq0dIegfQd eghÒÎIR^VYeglmRNÎ aÐVY`WZ TW]
`WhYfNegjgjgTWX[`WVYn_ÓÃÑWR^VY]IR^j=`WS¿R^VYTWX[`WV¬�IhYRNa3�Ij(eg]�X[dIR8fN`WZ}SI�UXYTWX[eg`W]�`Wa"TWf^`W�IhYXYegfÍh�f^TWX[X[RNVYeg]U�\eg]�Xoq	`ÔÎIegZ}RN]UÓ
hYeg`W]Ih�tUSIVY`sl_egÎIR^hÀTW]�R^×\f^egR^]_XÀq	Tsn�X[`ÔÎIR^h�f^VYegÏ¿RÍR^â_SIjgegf^egXYjgn�X[dUR�eg]_X[R^VYTWf^XYeg`W]UhÀÏAR^Xoq/RNR^]�`WhYf^egjgjgTWXYeg`W]Uh
TW]IÎÛ�WR^`WZ\R^X[VYn+��ØoX�h�dU`´q0h
dI`sq�VYR^�Weg`W]Ih�eg]Eh�SUTWfNR\]IR^RNÎÜXY`�Ï¿RÔfN`W�USIjgR^ÎÛX[`��WRNX�TW]ÛR^×\f^egRN]_X8ÎIR^Ó
hYfNVYegSUX[eg`W]Ô`WaAeg]_X[RNV[TWfNX[eg`W]Ih��"x0dIR¬fN`WZ}SIVYR^hYh�R^Î\lmRNV[h�eg`W]ÔjgR^TWÎIh�X[`�T8h�X[VYTWeg�Wd_X[aÐ`WV[q	TWVYÎÔa3TWh�X�]_�UZ\R^VYegfNTWj
TWjg�W`WVYegX[dIZ aÐ`WV�TWSUSIjgn_eg]U��X[dUegh�egZ\TW�WR
l_egRNq/RNÎcTWh�T�Z\TWX[VYegâÒXY`�T�lmR^fNX[`WV"#g�W�*&¸�5ØoX�egh�X[dIR>TW]UTWjg`W�W�IR
eg]�`W�IV©]IR^q jgTW]I�W�ITW�WR�`WauX[dIR�X[VYTWÎIegX[eg`W]ITWjKÎURNf^`WZ\S¿`WhYegX[eg`W]Ih©`Wa=`WSAR^VYTWX[`WVYh©eg]�XYR^VYZ}h0`WauÏ¿`WX[d�h�SUTWfNR
TW]IÎÜa3VYR^Õ_�IR^]If^n�jg`_fNTWjgeghYTWX[eg`W]Ih�tuq¬dUegfQdÛdUT´lmR�T�jg`W]I��dIeghYX[`WVYn�eg]ÜX[dIR�hYXY�UÎIn�`Wa©h�eg]U�W�IjgTWV8eg]_X[RN�WVYTWjgh
TW]IÎf!�`W�IV[egRNV¬eg]_X[R^�WVYTWj(`WS¿R^VYTWX[`WVYhs�
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�Ã¬Ä/Æ. �x¬dURÚÕ_�ITWÎIV[TWXY�UVYREZ\egVYVY`WVÊ�UjgX[RNV�TWjgÓ
�W`WVYegX[dIZ R^â_X[RN]UÎIh�X[` Z
�UjgX[egÎIegZ\R^]IhYeg`W]ITWj�hYeg�W]ITWjgh�Ï_n;h�R^SITWV[TWXYeg`W]Þ`Wa}l´TWVYegTWÏUjgRNh�� x0dIRÛq	TslmRNjgR^X
SITWf°ÑWR^X[h¹SIVY`_ÎI�UfNR^ÎEÏ_nÜVYR^fN�UVYhYeglWRc�IjgX[R^VYeg]I�cTWVYR�SUVY` ÎU�If^X[h>`Wa¬`W]IR^Ó¤ÎUegZ\R^]IhYeg`W]ITWj	q/T´lmRNjgR^X>SITWfQÑmR^XYh
U W Ý�;=á)1 VR ò 9 U WXW Ý�; R áNt¬X[`W�WRNX[dURNV�q0egXYd X[dIR^egV�egh�`WX[VY`WSUegfcÎIegjgTWX[eg`W]Ih�TW]UÎ X[VYTW]IhYjgTWX[eg`W]Ih�X[` TWV[Ó
ÏIegX[VYTWV[n jgTWX[X[egfNR�S¿`Weg]_X[hs� Øo]I]URNV\SUVY` ÎU�If^XYh\q¬egX[déX[dIR^h�R�Z
�IjgX[egÎIegZ}RN]Uh�eg`W]UTWjÀq	TslmRNjgR^XÔSITWf°ÑWR^X[h�TWVYR
f^`WZ\SI�UX[RNÎÜa3VY`WZ TslWR^VYTW�WR^h�TWX8X[dIRÔh�Z}TWjgjgRNhYX8h�f^TWjgRÅto���IhYX8TWh
eg]ÜX[dIRÔ`W]IR^Ó¤ÎIegZ}RN]Uh�eg`W]UTWj�f^TWhYRÅ��x¬dUR
f^` R^×\f^egRN]_X[h	Z\TsnÔÏ¿R�`WVY�WTW]IegÖ^RNÎ�eg]_X[`¹T>hYXYTWf°ÑÔ`Wa V ÓÃÎIegZ\R^]IhYeg`W]ITWj¾eg]_X[RNVYlsTWjgh�t TW]UÎ�X[dURNVYR�egh�T>hYegZ\SIjgR
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q	TslWR^jgR^X¬SUTWfQÑWR^X0XYV[RNR��
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�	� �å5h5TW]�TWSUSIjgegf^TWXYeg`W]�f^`WZ
ÏIeg]Ueg]I�ÔX[dURNhYR
egÎIR^TWh¬q	R8]I`sqÞÎURNhYf^VYegÏ¿RÍTW]�TWjg�W`WV[egXYdUZ aÐ`WVc¤ÙÎURN]U`Wegh�eg]U�'¥}`WV�tUZ}`WVYRÍSIVYR^f^egh�R^jgn+tUf^`WdIR^VYR^]_X0h�X[VY�UfNX[�UVYR
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