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Z\[�]_^?`/acb_^ed_^f[%dhgi[kjmlBb>n�aob>prq%^sd@act;umvwbxvyvz]x^|{md_^?u;}�acqkb_g�~fvz��ukvwb#vklrvc~?�B{mg8]x^?u�n|g8b_��dx~fvc[k[k^?]xd�aB]�~?vz`�^f]#vcd?lBvc[mu�]#vcukvc]@ukvwb#vk�
���m^�d_^f[md_ac]#d@~?vz[���^�qk�ivB~�^su�ac[��%acb_��vcg8]#~�]#vwt�b�vz[mu�d_vzb_^f�i�igAbx^?d?�����m^�u-g�d_vBu-�wvz[9bxvcjc^�act6vzgi]#~�]#vwt�b@g�d�gAb#d@{k[%d>b#vz�k�i^e�%g8jB�Bb�vz[mu
{m[mu-^�bx^?~�bxvz�m�8^�q�aBd_gAbxg8aB[�vc[muVaB]_gi^f[9bxvzb_giac[�umvwbxvm�/�-vzb_^?�8�igAbx^�ac]x�kgAb#d�vz]x^
`
{%~#��`�ac]x^�d>b#vz�k�i^/vc�Abx�kac{mjc�Vbx�k^�~�aB`/qm{-bxvzb_giac[md
vc]_^�`�ac]x^o~�aB`/qm�8g�~fvzb_^?uP�

Z\[Vb_�k^
t�ac�i�8awn|gi[kj�bx^��rb?lHn�^�n|g8�i�6bxvz�i�Xvz��ac{-b��zgi`�vcjcgi[kjB��]#vcumvz]#dflkg�� ^c�e]#vcumvz]#d|n|�kg�~#��ac{-bxqk{-bovz[�gi`�vcjc^B��Z\[Vac]#u-^?]|b_a
qm�ivB~�^�bx�k^�]xvBukvz]�ac[9b_a/v
dxvwb_^?�8�ig8b_^clrg8b�~?vz[P� b���^�b_ara
�iac[kj/dha/vcd�[kazb�b_a
b_�k]x^?vzb_^?[�b_�k^�dxvwb_^?�8�ig8b_^�d>b#vz�kgi�8g8b>pH�9b_�r{md�v
d_p9[9bx�k^�bxgi~
vcq%^?]hbx{k]x^�]#vcukvc]
`
{%d>b��%^�{md_^?u���b_�m^�]x^?d_ac�i{-b_giac[�azt�bx�k^�]x^?vc��vcq%^?]hbx{k]_^�]xvBukvz]#d�n�ac{m�iu [mazb��%^Xdh{k¡�~fg8^?[9b#¢����-p9[9bx�k^�bxgi~
vcq%^?]hbx{k]x^�]xvBukvz]@`
{mdhb�vz�in�v£prd3�%^�~�ac�m^f]x^f[9b?lBg4� ^c��dhb_ac]x^�b_�m^eqk�mvBdh^eaztHb_�k^eb_]#vz[md_`�gAb_b_^su�dhgijc[%vz�-t�aB]@��vwb_^?]�~fac`�qmvz]xg�dhaB[/n|g8b_�
bx�k^oqk�mvBdh^�act6bx�k^o]_^s~�^?g8�B^?u�d_gijc[mvc�4�

�k¤e¥¦vzq�^f]_b_{k]x^�gid�{md_{mvc�8�ipVdh`�vc�8���k{kb�bx�k^�q�aBdhbh§¨qk]_a-~f^?dxdhgi[kj�act@bx�k^�]_^s~�^fgi�c^su�d_g8jB[mvz��`�vz�B^?d�g8b�q�aBdxd_g8�k�i^/b_aXgi`/qm]_aw�B^
bx�k^o]x^?d_ac�i{-b_giac[��rp�dhgi`
{m�ivzb_gi[kj�vy`y{m~#�X�8aB[kjc^?]|vz[9b_^?[k[mvk�

Z\[X~�aB[9b_]#vcdhb@b_ayb_�m^�aBq-b_g�~fvc�;ukvwb#v��4vc~f�9{kgi]x^?u�n|g8b_�Xv/d_~?vz[k[k^?]�aB]|vy~?vz`�^f]#vB¢�l9]#vcumvz]@g�d|v/u-gidhbxvc[m~�^�`�^?vBdh{k]xgi[kjyu-^?�rgi~f^c�
Z¨b��mvcd�[ka�gi[-t�aB]_`�vwbxg8aB[�vc�%aB{-b|b_�m^
vz[kjB�8^B�3¥�vcumvz]|]x^?d_ac�i{-b_giac[�gid|b_�k^?]_^ft�ac]x^�jBg8�B^f[�[mvwbx{k]#vz�i�8p�t�aB]|b_�m^�dh��vz[9b�]#vz[kjB^cl-g�� ^B�3g8[
bx�k^�u-g8]x^?~�b_giac[Xt�]xac`©b_�m^ydxvwb_^?�8�ig8b_^�bxa�bx�k^/dx~fvzbhbx^f]x^f]s�����k^
jB]_aB{k[muX]x^?d_ac�i{-b_giac[Xbx�k^f[�u-^fq�^f[mumdeaB[�b_�k^y�8araB�Xvc[kjc�i^�act�b_�k^
]#vcumvz]
�4dh^?^oªmjc{m]_^�«£¢���Z\[�ac]#u-^f]�b_a�vB~#�kg8^?�c^ov�]x^?vBdhaB[mvz�k�i^�jc]xac{k[%ur§�]#vz[mjc^�]_^sdhaB�8{-bxg8aB[Pl-bx�k^
]#vcukvc]|`
{mdhbe��^yd_giuk^�§¨�8arac�rgi[kjm�
���%vwbevz��d_ay]x^?d_{k�8bxd�gi[�n�ac]#d_^�dx~fvzbhb_^?]_gi[kj/t�^?vzb_{k]x^?d���^?~?vz{md_^�`�aBdhb�act6bx�k^ogi[m~�g�u-^f[9b�^?[k^f]xjcp�g�d�]_^f�m^?~�b_^su�^?gAbx�k^f]�v£n�v£p�t�]xac`
bx�k^�]#vcukvc]/��t�ac]ojcara-u�]_^f�m^?~�b_ac]#d?lPdh{m~#�¬vcd�n�vwbx^f]��%a-u-gi^?d#¢�ac]odx~fvzbhb_^?]_^su�bxaVvz�i��ukg8]x^?~�b_giac[md���t�ac]�~�a9vz]#dh^/d_~?vwb_b_^f]x^f]#d#¢��/�-aml
`�a9d>b�act�b_�m^�b_gi`/^on�^�vz]x^�­>{md>bevc�k�i^�b_a�ac�md_^f]x�c^�b_�m^�~�aBvc]xd_^f[m^?dxd@act6bx�k^�d_~?vwb_b_^f]x^f]s�

®�^�bs� d�vcukuX�k^?]_^�b_�mvzbet�ac]�v�]#vcukvc]?l-bx�k^
n�ac]#dhb�]_^f�m^?~�b_ac]#d�vc]_^on�vwbx^f]���a-u-g8^sdflH]xaBvBukd�^�b#~z�|bx�mvwbe]x^��%^?~�b�vz�i�Pbx�k^�^f[m^f]xjcp
v£n�v£p�t�]xac`¯bx�k^o]#vcukvc]?��°�[�b_�k^y~�ac[9bx]xvc]_pBlBbx�k^o��^?dhbe]_^f�m^?~�b_aB]xd�vz]x^o~�aB]_[k^?]�]_^f�m^?~�b_ac]#d?l-^c� jm�3�k]xg�u-jc^sd�aw�c^f]�n�vwbx^f]|ac]�bx]_^?^?d
gi[�bx�k^yn�vwbx^f]
±³²s´¨��µ�aB`/q%vz]xg8[kj�b_�k^y]xvBukvz]evc[mu�aBq-b_g�~fvc�6ukvzbxv�g�d��9{kg8b_^/u-g8¡�~f{k�8b���^?~?vz{md_^
u-g8¶�^?]_^?[9bet�^?vzb_{k]x^?d�vz]x^�gi`�vcjc^su
gi[�v�u-gA¶H^f]x^f[9b�n�v£pclkvc[mu�bx�k^f]x^�gidevz��dha�v�jc]x^?vzb�u-g8¶H^f]x^f[m~f^og8[�n�v£�B^f�i^f[kjcb_��vz[mu�b_�m^o�8arac��vz[kjB�8^B�

¤e�id_aml%b_�m^f]x^yvz]x^�]#vcukvc]xd�n|gAbx���wvz]xg8aB{md|n�v£�c^?�8^?[kjzbx�md�gi[V{md_^c��·�gi~f]_awn�v£�c^�]#vcu-g�vwbxg8aB[�n|gAbx��u-g8¶�^?]_^?[9bet�]x^?�9{k^f[%~�gi^?d��mvcd
ukgA¶H^f]x^f[9b�qk]xacq�^f]_b_gi^?d�vcdybxa¬vzb_`�aBd_qk�k^?]_g�~�u-^f��v£p ac]�dx~fvwb_b_^?]_gi[kjm�¹¸kaB]�º@¥e�9§#«£»c¼Vdxvwbx^f�i�8g8b_^sdfl|µ@§��mvc[mu½g�d�{md_^?u¾n|gAbx�¹b_�k^
n�v£�c^?�8^?[kjzbx��act�¿�À�Á-Â ÃcÄ�Å��@°eb_�m^f]�dxvwb_^?�8�ig8b_^?d�t�aB]|]xvBukvz]�`�vzqmqkg8[mj�vc�id_a�{md_^�Æe§��%vz[mu;�

¸mac]�gi[Bbx^f]x^�t�^?]_aB`/^fb_]xpclrn|�kg�~#��gi[9b_^?]_^sd>b#d�{md|vwb|`�aBdhb?lrbx�k^�`�vcjc[kg8b_{%u-^clkg�� ^c�1b_�k^o]x^��%^?~�bxg8�rg8b>p�azt6b_�k^o]x^?~f^fgi�c^?u�dhgijc[%vz��l9g�d
[mazb�act�`
{m~#��gi`�q%aB]hb#vz[m~f^c��Z¨beg�d�ac[m�8pXdh{mgAb#vz�k�i^ot�ac]�~�aB]_^?jcg�d>bx]xvzb_giac[Xvz[muX�rg�dh{mvc��~#�k^s~#���|���k^
`/aB]_^ogi`�q%aB]hb#vz[9beqk]xacq�^f]_b>p
act�b_�k^o]x^?~f^fgi�c^?uXd_g8jB[mvz�;g�d�bx�k^�qk�mvBdh^Blmd_�kawn|g8[mjybx�k^
�cqk]_^s~�g�dh^ou-g�dhbxvz[%~�^?�/t�]xac`¯b_�k^
dxvwbx^f�i�8g8b_^�bxa�b_�m^�d_~?vwbhbx^f]x^f]s�@Ç�{-b?lmb_�kg�d
ukgidhbxvc[m~�^�gid�~�a-u-^su�g8[�bx�k^�g8[9b_^?]_�wvc�mazt@�4ÈkÉ#¿%¢���¤e�id_aml9n�^en|gi�8��ac[k�ip�u-^?vc�%n|g8b_��umvwbxv
vc~f�9{kgi]x^?u��rp/b>n�a�aB]@`�ac]x^ed_{k�md_^?�9{k^?[Bb
q%vcdxdh^sdfl-[kacbeukvwb#v�vc~f�9{kgi]x^?u��rp�b>n�a�vz[9b_^?[k[mvBd|vwb|b_�m^�d_vc`/^�bxg8`�^c�

Z\[�ac]#u-^f]
b_a�aB�-bxvcg8[�[kazb�ac[k�ip�b_�k^�]_^f�m^?~�b_gi�rgAb>p¬�k{-b�vz��d_a�b_�k^�qk�mvBdh^�azt|b_�m^�]x^��m^s~�bx^?u½d_g8jB[mvz��l1b_�k^�]#vcukvc]�`
{mdhb��%^
~fac�k^?]_^?[9b?�����mvwb�`�^?vc[mdfl9bx�k^�qk�mvcd_^�aztPbx�k^�b_]#vz[md_`�gAb_b_^?u�dhgijc[%vz�H`
{mdhb��%^odhb_ac]x^?u�t�ac]�t�{k]_b_�k^?]�qm]_a-~�^sd_d_gi[kjmlrvcd�n�^f�i�HvBd�b_�k^
qm�mvcd_^�azt1b_�k^o]x^?~f^fgi�c^?u�dhgijc[%vz���

Ê Ë�Ì(Í T�Î�Ï1W|R3YfÐ�Q�Y�S/O
®�^�bs� d�dhbxvz]_b�n|g8b_��º��-¤¦º@¥��9§x«w»z¼/qmvc]xvc`�^�b_^?]xd?�����m^y�B^f�iar~fgAb>p�t�ac]�bx�k^
]x^�t�^?]_^?[m~�^yac]x�kgAb�gid�ÑcÒ�ÀÓ²wÔ9ÁcÃzÅVÕzÖBlkbx�k^/vc�AbxgAbx{mu-^
vc�%aw�B^�b_�m^�×ÙØo�9§\ÚzÔ�^?�8�igiqmdhaBgiu½gid/vzqkqm]_a£�;��ÛÙÀ(²zÚBÁBÜrÅ����@prqkg�~fvc�3t�arazbxqk]xg8[9b��Ýjc]xac{k[%um¢��B^f�ia-~�g8b>p�g�d
ÑwÞ�ßVÀàÃBÃBÁzÈcÅ�ÕcÖBl
[mac`�g8[%vz�@�iarac��vz[kjB�8^�act�áwâcã_ä�À�¼zå ã ��¤�b>prqkgi~?vz�@ukgidhbxvc[m~�^���^�b>n�^f^?[�b_�k^�dh^?[mdhaB]�vz[mu dx~fvzbhbx^f]x^f]�vwb
b_�k^�`�g�ur§\dhn�vwbx��g�d
Ú9ÁzÈ9ÜrÅ�l9bx�k^o`�gi~f]_awn�v£�c^sd�vc]_^��c^?]hbxgi~?vz�i�8p�q�ac��vz]xgiæf^?uPl-�%acb_��b_]#vz[md_`�gAb_b_^su�vc[mu�]_^s~�^fgi�c^su;�

×Ù�mg8�i^�u-^?dx~�]xg8�mg8[kj½�-¤�¥ol�n�^�n|gi�i��bxvz�i��vc�%aB{-byb>n�a¬`�vzgi[¹u-gi]x^?~�bxg8aB[md?}�b_�m^Vvzæfgi`
{kb_�Pl�g4� ^c�çvz�iac[kj�b_]#vc~#�½ukg8]x^?~�b_giac[Pl
q%vz]#vz�i�8^?�mbxa
bx�k^��c^?~�b_aB]�èÑ�azt�b_�k^�d_vzb_^?�8�igAbx^�`�aw�B^f`�^f[9b?�-vc[mu�bx�k^/�4dh��vz[9b�¢@]#vz[mjc^eu-gi]x^?~�bxg8aB[Pl-vzqkqm]_a£�-gi`�vzb_^?�8p�q�^f]xq%^?[mu-g�~�{k��vz]
bxa�bx�kgideb_]#vc~#�Hlmt�]_aB`�bx�k^ydxvwbx^f�i�8g8b_^
b_a�v�jcgi�c^?[Vd_~?vwbhbx^f]x^f]s�eØ�]_aB{k[muX]#vz[kjB^�g�d|b_�m^yd_�ivc[Bb�]xvc[kjc^�~fac[r�c^?]hbx^?u�b_a�b_�k^yjc]xac{k[%u

«



n|g8b_��]_^sdhq�^?~�b�bxa�bx�k^�^?�8�igiqmdhaBgiu���ac]�azbx�k^f]���arukp-¢3{md_^?u;�rbx�k^�~fac[r�c^?]xd_giac[�u-^fq�^f[%ukd@aB[�bx�k^e�iarac��vz[kjB�8^�azt;bx�k^�dxvwbx^f�i�8g8b_^/�Ýd_^f^
ª%jc{k]x^�«s¢��
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�
������������ g�d�b_�k^�d_q�azb�ac[�b_�m^ojc]xac{k[mu�gi�8�i{k`�g8[%vwb_^su��9p�v�dhgi[kjc�i^�qk{k��dh^B�kg8b�gid�vcqkqk]xa£�-g8`�vwbx^f�ip�«?ÈBÈ
�r` n|g�u-^
�Ýjc]xac{k[%u�]#vz[kjB^s¢yvz[mu¹Ô%� Á��r` �iac[kjÙ�Ývcæfgi`
{-bx�¹ukg8]x^?~�b_giac[%¢������ 	���� g�d/b_�k^�`�vcqkq%^su¾dhb_]xgiqPl�gi�i�8{k`�gi[mvwbx^?u¹�rp b_�m^�qk{k��dh^
d_^?�9{k^?[m~�^B�

���m^�qm]_gi[m~�giqk�i^�azt%]#vcumvz]1g8`�vzjB^�vB~f�9{kg�dhg8b_giac[ygid�^?`�gidxdhgiac[yazt�qk{k��dh^sd�azt�v�qk]x^?u-^fªm[k^su
�i^f[kjcb_��vz[mu/d_�mvzq�^|vz[mu
`/^svcd_{k]xg8[kj
bx�k^�^?~#�mam�¾���m^�bxg8`�^Xazt�]_^s~�^?g8�rgi[kj�bx�k^X�mvc~#�-dx~fvzbhb_^?]_^su½d_g8jB[mvz��g�d�jcgi�c^f[¾�rp b_�k^�u-g�dhbxvz[%~�^Xazt�b_�k^X]x^?d_ac�i{-b_giac[¹~�^f�i��l@g8bxd
`�vcjc[kg8b_{muk^ogid�jBg8�B^f[��9p�b_�k^o�mvB~#�-d_~?vwbhbx^f]xg8[mjyqk]xacq�^f]_b_gi^?d�act�bx�k^o]_^sdhaB�8{kb_giac[X~�^f�i���

θmin

θ max

βr

flight direction

slant range

ground range

θinc
θ inc

¸1gijc{k]x^�«c}�®ParaB��vz[mu�gi[m~�g�u-^f[%~�^�vz[mjc�i^?d�gi[�bx�k^�d_giu-^f§��iarac�rgi[kjy]#vcumvz]�~�ac[kªmjc{k]#vwbxg8aB[

Z\[X]x^f`�azbx^odh^?[mdhgi[kj%l-n�^o~�aB[md_giu-^?]�]_^sdhaB�8{-bxg8aB[�gi[�b>n�a�u-gi]x^?~�bxg8aB[md?}
� Z\[�b_�k^�vcæfgi`
{-bx��ukg8]x^?~�b_giac[Plrbx�k^o]_^sdhaB�8{kb_giac[�gid|u-^fb_^?]_`�gi[k^?u��rp�bx�k^�vz[9b_^?[k[mv/�i^f[kjcb_�¬�Ývzq�^f]_b_{m]_^£¢��
� Z\[�b_�k^�d_��vz[9b|]xvc[kjc^�u-gi]_^s~�b_giac[�lrb_�k^o]x^?d_ac�i{-b_giac[�g�d�jcgi�c^f[��rp�b_�m^o^�¶H^?~�bxg8�B^oqk{k��dh^o�i^f[mjzb_���
Z\[/bx�k^|jc]xac{k[%u�]#vz[kjB^clwbx�k^|]_^sdhaB�8{kb_giac[
g�d�jBg8�B^f[
�rp
b_�k^�d_�ivc[9b�]#vz[mjc^�]_^sdhaB�8{-bxg8aB[/vc[mu
b_�k^|gi[m~�g�u-^?[m~�^�vc[kjc�i^c�6Z\[/aB]xuk^f]1b_a

vB~#�kgi^f�c^|jBararu�jB]_aB{k[mur§¨]#vz[kjB^�]x^?d_ac�i{-bxg8aB[Plzbx�k^e�iarac�yvc[kjc�i^e~?vz[P� b@��^�b_ara
d_`�vz�i�4�@°�[�bx�k^eacb_�k^?]�d_giu-^BlBg8b�~?vz[P� b���^�bxa9a
�ivc]_jB^
^?gAbx�k^f]/��bxa9a��ivc]_jB^�ukgidhbxvc[m~�^Bl%vz]_b_g8tÝvc~�bxd|^fbx~c� ¢���µ�aB[md_giu-^?]_gi[kj�v��%vzb|b_^?]_]#vzgi[Pl-bx�k^
jB]_aB{k[mu�]xvc[kjc^o]x^?d_ac�i{-b_giac[�g�deu-g8¶�^?]_^?[9beg8[
ukgA¶H^f]x^f[9b�q%vz]_bxd3act;b_�k^eg8`�vzjB^�� g8[��c[k^?vc]3]#vz[kjB^?�kl9voqkg8�-^f�%~fac]x]_^sdhq�ac[%ukd�b_ayv���vz]xjc^f]3dx~fvzbhbx^f]x^f]3bx�mvz[�gi[��ztÝvz]@]#vz[mjc^?����t�ac]
v�`�aB]_^�u-^�b#vzgi�8^suXu-^?dx~�]xg8qkb_giac[Plkd_^f^�± ¼£´¨�

®�^�bs� d
^f`�qk�mvBdhgiæf^��m^f]x^�b_�mvzb�b_�k^��8araB��vz[mjc�i^�gidyu-g8¶�^?]_^?[Bb
t�]_aB`(b_�m^�gi[m~�g�u-^f[%~�^�vc[kjc�i^�n|�kg�~#� gidyu-^fq�^f[muk^f[9byaB[¬b_�k^
�ia-~fvc�1d_�8aBq%^Bl�d_^f^
ªmjc{m]_^�«B�e¸kaB]�º�¥e�9§#«£»c¼-l-bx�k^y�iarac�Xvz[kjB�8^
á! ç�4¼k«cÉx¼cÃB¢ ã l�[mac`�g8[%vz�1á£âBãhä À ¼cå ã �����k^
gi[m~fgiu-^?[m~�^/vz[kjB�8^
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