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Abstracthjilknmpolqro7sItpknu#vrwrxyvrs<mpz�i{s}|lsIvrsIxnwrol~�sIu-z�wr��qru�qrxn��wrt$knz�i{~
� ilkn��i��Iqru�m$kn~��lxnz$q�u{sIwr�lm�xy�=z$t$qr���=qru{|�~�qrulqr�rs�ky|{sIu-z�knz$kysIm
wr��~��lxnz�knolxns�z$qrt$��s<z�mOknu�q�m$s<ulm$wrt�u{sIz � wrt$�Q���*wrt�z$ils�ol�{t$�
o7wrm$s�wr�Xq�kntAz$t$qr�����Iwru#z$t$wrxZ����s�olt$wro7wrm$s�q�xnwr��kn�Iqrx7knu#z$sI�rt$qr�
z$kywru�wr�{��wrkyu-z �Rt$wr�lqr�lknxyknm$z$kn�@ �qrz�q�¡�m�m$w#�<kyqrz$kywrue¢;���R �¡�£ ¤n¥�¦§�
�lm�sI|��;w�t q�m�m$w-�Iknq�z$knul��~�sIqrm$�{t$sI~�sIu-z$m � knz�i�z�qrt$�rsIz$m��+qrul|�z�i{s
¨ |ls<u#z$knz§�ª©/qrulqr�rsI~�sIu-z�¢ ¨ ©«£R¤ ¬r¦{qrxn�rw�t$knz$il~­�*wrtRm$sIu{m$wrt®u{sIz$�
� wrt$�-m�� � ilkn��ie�lz$knxykn¯IsIm�z$qrt$��s<zjqrz�z$t$kn�l�lz$s°kyu{�*wrt$~�qrz�knwrue�*t$wr~
xnw#�Iqrx7m$s<ulm$wrt$mAz$w�~�qrkyu-z�qrknupz$ils�z�qrt$�rsIz�± mAkn|lsIu-z$kyzZ���Iwrt$t$sI�<z�xn�#�
² wrt�z$q�t���s<z�z$t$q����-kyul�7� � sO�{m$seq�~�w-|lkn³lsI|´vrsIt$m�kywru´wr��z�i{s
¨ u-z�s<t$q��<z�knul��©/�lxnz$kyo{xys�©=w#|{sIx ¢ ¨ ©/©«£Qq�xn�rwrt$kyz$il~­�Iqrxnxys<|�z�i{s
µ s<m$kn|l�lqrxn��©/s<q�u ¨ ©/©¶¢ µ © ¨ ©/©«£ � ilkn��i � s®|{sIvrsIxnw�o7s<|·¤ ¸r¦§�
hjils�olt$wro7wrm$s<|/qrxn��wrt$knz�i{~¹knul�<w�t�o7w�t$qrz$sIm�z$q�t$�rs<z�m$z$q�z$s�sIm$z$kn�
~�qrz�s�kyu{�*wrt$~�qrz$kywru/�*t$wr~ºz$ils�z$t$qr���-knul�pqrxy�rwrt$kyz$i{~ºkyu-z$wpz�i{s
sIvrwrxy�{z$kywru»wr�¼q½|lwr�l�{xy�-��m$z$w-��ilqrm�z�kn�/�7sIxnkys<�¼~�q�z$t$kn¾«�*wrt·z�i{s
z$q�t���s<z�kn|lsIu-z$kyz$knsIm��Cqrul|ªqrxym�w�qrm$m�ky~�knxnq�z$sImBqru-��xnw#�<q�xlkyu{�*wrt$~�qr�
z$kywrueq�v�qrkyxnqr�lxns#��hjils°q�xn�rw�t�kyz$il~¿ilqrm��7sIsIuem$i{w � uOu{w�z�w�u{xy�
z$wª�Iwru#vrs<t$��s-�#�l�{z:qrxym$w�z�w�ulwrz:knul�It$s<q�m�s�z$ils¼�lu{�IsIt$z$qrkyu-zZ�pknu
wr�ltj�ÀsIxyknsI�$�

INTRODUCTIONhjils=~��lxnz$kyo{xys<��z�qrt$�rsIz�z�t$qr���#knul�Áo{t$wr�lxys<~Â|ls<q�xnm � kyz$iÃ�Iwrt$�
t$sI�<z�xn�/z�t$qr���#knul�Om�sIvrsIt$qrxBz�qrt$�rsIz$m°��knvrsIu�ulwrkym��/m$sIulm�wrt¼~�sIqr�
m$�{t$sI~�sIu-z$m�qrz�s<v�s<t$��kyu{m$z$q�u-z�� � i{kyxns�z�i{s°kn|ls<u#z$knzZ��~�q�u{qr��s<�
~�sIu-zªolt�w��{xys<~Äz$t$kys<mªz$w�qrm�m$w#�<kyqrz$sOz�qrt$�rsIz�ky|{sIu#z$knz�knsIm � knz$i
z$ilsªm$z$q�z$sªsIm$z$ky~�qrz$sIm¼q�v�qrkyxnqr�lxns�qrz�sIvrs<t$�eknulm�z�qru-z�kyu�q�m$sIu{�
m$wrt�u{sIz � wrt$�Q�Á¡�xyz$ilwr�l�ri´�Ixnw�m�sIxn�½t$s<xyqrz$sI|��®z$ilsOz � w�o{t$w��{�
xnsI~�m®i{q�v�s�m$w°�*qrt®wrulxn���7s<sIu�m�z��{|lknsI|�knul|{sIo7sIu{|lsIu-z$xy�-��©/wrm$z
~��{xyz$knolxys<��z$q�t���s<zX|lqrz$qjq�m�m$w-�Ikyqrz$knw�u°qrul|°z�t$qr���#knul�jqrxn�rw�t$knz$il~�m
olt$wro7wrm$s<|Å�lu-z�knx�ulw � |lw»u{wrz/qrz$z�s<~�olz=z�wÃ�lm�s½xnw-�Iqrx�qrz$�
z$t$ky�{�lz$s�knul�;wrt$~�q�z$knw�u�qr�7wr�lz:z�qrt$�rsIz$m:z�w�kn~�olt$w�vrs�z$ilsIknt@o7s<t$�
�*wrt$~�qrul�<s#���Ãilknxys�z$ils<��sI~�oli{qrm$kn¯Is�z$ils�uls<sI|·z$w�z$t$qr����m$sIv-�
sIt$qrx�z�qrt$�rsIz$m/m$kn~��{xyz$qrulsIwr�lm�xy�-��z$ilsI�Æ|lw»ulwrz}qr|{|lt$sIm�m/z�i{s
uls<�IsIm�m$kyzZ��z$w�|lknm$z$kyu{�r�lknm$i´�ÀsIz � sIsIu�z$ilse|{kyÇÀsIt$sIu-z�z�qrt$�rsIz$m��
qrul|=knul|{sIsI| �Èwr�*z$sIu�xysIqr|�z�w�z$qrt$��s<z��9m � qrololknul� � i{kyxns�z$t$qr���-�
knul�7� ¨ u·olt$qr�Iz$ky�<s#���rkyvrsIu·q�u{sIz � wrt$��wr�Xm$sIu{m$wrt$m���kyu·qr|l|{kyz$knw�u
z$w�z$ils��<w�u-z$kyu-�lwr�lmOm�z�qrz$s�~�sIqrm$�{t$sI~�sIu-z$m�� � s��;t$sIÉ-�lsIu-z$xy�
qrxym�w½t$sI�<sIknv�s/xnw#�<q�x�m$sIu{m$wrtpknul�;wrt$~�q�z$knw�uÃq��Àw��{zpkn|lsIu-z$kyz$knsIm��
� ilkn��i}�<q�u}�Às°s<¾#o{xywrknz�s<|}z�wpt$sI|{�l�Is�z$qrt$��s<z��9m � qrololknul�p|l�{t$�
knul��z$t$qr���-knul�7� ¨ u«z$ilknm�olqro7sIt�� � sO|{sIvrsIxywro«qru«qrxn��wrt$knz�i{~
z$ilqrz®m$wrxyvrsImRz�i{sIm$sjz � w°t$s<xyqrz$sI|�o{t$wr�lxnsI~�m®qrz®z�i{sjm$qr~�sjz$kn~�s
�-�OsI���IknsIu-z�xn�Oknul�<w�t�o7w�t�q�z$knul�·m$kn��u{q�z$�lt�s�knul�;wrt$~�q�z$knwru/�*t$wr~
xnw#�Iqrx m�sIulm�w�t�m�knu#z$w·|{qrz�q�q�m�m$w-�Ikyqrz$knw�u ��hji{s�qrxn�rw�t$knz$il~Êkym�q
~�qrz�i{sI~�qrz$ky�Iqrxnxy�p�Iwrulm�kym�z�s<u#z � q��pw����Iwr~��{kyu{kyu{��z$ils����R �¡
qrxy�rwrt$knz�i{~Ë�;w�te|lqrz$q«qrm$m$w-�Iknqrz�knwru���z$ils ¨ ©Ìqrxn�rw�t$knz$il~Í�*wrt

~��{xyz$knolxnsI��z$qrt$��s<zRky|{sIu#z$knzZ��~�qrulqr�rsI~�sIu-z���qrul|pz�i{s µ © ¨ ©/©
qrxy�rwrt$knz�i{~Î�;w�t�z�qrt$�rsIzjz$t$qr���-knul�7�

Multiple-tar get Identity Management (MIM) algorithm[2]¡Ám$�<q�xnqr�lxnsB|{kym�z�t$kn�l�{z�s<|¼qrxn��wrt$knz$il~Æ�;wrtX�Iwr~�ol�lz$knul�jqrul|°~�qrkyu{�
z$qrkyu{kyu{�}~��{xyz$ky�9z�qrt$�rsIz�ky|{sIu#z$knzZ��knul�*wrt$~�qrz$kywru½ilqrm��7sIs<u�|{sI�
vrsIxnwro7sI|O�lm�kyu{� ¨ |ls<u#z$knzZ�#��©=q�m�m ² xyw �Æ� ilkn��iOw�vrsIt$�<wr~�sImjz�i{s
sI¾-o7wrulsIu-z$kyqrxr�Iwr~�o{�lz$q�z$knw�u{qrxr�Iwr~�olxnsI¾-kyzZ��knu¼~�qrulqr�rknul�j~��{xyz$kn�
z$qrt$��s<z�kn|ls<u#z$knz§�-��hjilknm�qrxy�rwrt$kyz$i{~Ï~�q�knu-z�qrknulm�knul�;wrt$~�q�z$knw�u
qr�7wr�lz°ÐªÑ7ÒªÓ�Ô�ÐªÑ7Ò�w�vrsIt�z�kn~�s·�rkyvrsIuÁz$qrt$�rsIz�o7wrm�kyz$knw�uÁs<m$�
z$ky~�qrz$sIm��Õh:i{sÁ~�qrknuÅt$s<m$�lxnz$m=qrt$s#Ö�z$ils�kyu-z$t$w#|l�{�Iz$kywru×wr�
z$ilsjÓ�Ø#Ù�ÚQÛZÓ9ÛZÜOÝ�Ù+Þ(Ó�Ù�ß�à�á<ÛZâCÓ9ã®�rq�|{w��{�lxn�ªm�z�w-��i{qrm$z$ky��~�q�z$t$kn¾Q�
z$ilqrzR|lsIm��It$kn�7sImRilw � z$ils�kn|ls<u#z$kyzZ�ªknul�*wrt$~�qrz$kywrupw��QsIqr��i�z$qrt$�
�rsIzBkym®t$sIolt$s<m$sIu-z$sI|��Cqrul|ªz$ils:|{sIvrsIxnwrol~�sIu-zBw��7q�|{kym�z�t$kn�l�{z�s<|
qrxy�rwrt$knz�i{~Î�;w�t��Iwr~�ol�lz$knul��qrul|e�lo7|{q�z$knul��z$ils°ky|{sIu#z$knzZ�·�7sI�
xnkys<��~�qrz$t$kn¾Q�
hjilknm�qrxn��wrt$knz$il~äqrm$m��l~�sIm�z$ilqrz�z$ilsez$qrt$�rsIz�o7w�m�kyz$knwru´sIm�z�kn�
~�qrz$sImRqrt$s��rknv�s<u����{�lzRkyupolt$qr�Iz$ky�<s#�rkyzRkymA|lkn���I�lxnzRz�w��rsIzRz$ils
z$qrt$��s<z�oÀw�m�kyz$knw�uÆm$z$q�z$s�s<m$z$ky~�qrz$sImOqr�I�<�lt$qrz$sIxn��sIu{w��{�ri��*wrt
z$ils�© ¨ ©åq�xn�rwrt$kyz$il~æz$w � wrt$�=kyu�z$ils�~��lxnz$ky��z$qrt$�rsIz°z$t$qr���-�
knul�ps<u#v-kyt$wru{~ªs<u#z��:hji#�{m��l|{q�z$q·q�m�m$w-�Ikyqrz$knw�u/qrul|/© ¨ ©çqrt$s
�Ixnwrm$sIxn�}t$sIxnq�z$sI|�m$kyu{�Is��7wrz$i=qrxn��wrt$knz�i{~�m��<w�~�o{�lz$s�qrul|=�{ol�
|lqrz$s·z�i{spt$s<xyqrz$kywruÁ�7s<z � sIsIuÁz$t$q����-m�qrul|Áz$qrt$��s<z�mC��qrul|Áz�i{s
© ¨ ©è�Iqru«�7se�lm$s<|«knu«z$ilse|lqrz�q�qrm$m�w#�<kyqrz$kywru´m$z$sIo«wr��z�i{s
~��{xyz$kn��z�qrt$�rsIz�z�t$qr���#knul��qrxn�rw�t$knz$il~/�

DATA ASSOCIATION ALGORITHMS��s¼�<w�u{m$kn|lsIt�z�i{s¼olt$wr�lxnsI~�m�w�� qrm$m$w-�Iknqrz�knul��~�sIqrm$�{t$sI~�sIu-z$m
� knz�iÁz�qrt$�rsIz$m�qrul|½z$t$qr���-knul�/w�u{spwrt�~�w�t$spz$qrt$�rsIz$m���¡é|{sI�
z$qrkyxnsI|�|ls<m$�It$knolz$kywru�wr�Àz�i{kymRolt$wr�lxnsI~­q�u{|�z$ils�knm$m$�{sIm®z$i{sIt$sIknu
qrt$s¼olt$sIm�sIu-z�s<|�knu½¤n¥�¦§� hjils¼�rsI�pm�z�s<oOkyuOz$ilknmjolt$w-�IsIm�m:knmjz�i{s
v�qrxnky|{q�z$knw�uªwr�{~�sIqrm��lt$sI~�sIu-z$m���knz knm�qrxnm$w�z$ils@t$s<q�m�w�u � i#� � s
�7s<xyknsIvrs�z$ilknmAqrxy�rwrt$kyz$il~ � w��{xy|·q�o{olxn�ªsIqrm$knxn�ªz$w�|{kym�z�t$kn�l�{z�s<|
m$�-m$z$sI~�mC�
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� knz�i�qru�qrolo{t$wrolt$knq�z$sAz�qrt$�rsIz�knm��-ulw � u�qrm�|lqrz$q�qrm$m$w-�Iknqrz�knwru��
~�sIqrm$�{t$sI~�sIu-z�qrm$m�w#�Iknqrz$kywru��Àwrt�|lqrz$q��<w�t$t$s<xyqrz$kywru �¼h:i{sªm$sIz
wr��v�qrxykn|lqrz$sI|´~�sIqrm$�{t$sI~�sIu-z$m��*wrt�q��rkyvrsIu´z$qrt$�rsIz��<w�u{m$knm$z$m
wr�A�7wrz$i�z$ils�o7wrz$sIu-z�knqrxyxn�=�Iwrt$t$sI�Iz°qrul|�knul�<w�t$t�sI�Iz°~�sIqrm$�lt�sI�
~�sIu-z$m��
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Figure 1. Validation Gate

² wrt®sI¾-qr~�olxns#� ² kn�r�lt$s�¥:m$ilw � mRz$ilqrz®~�s<q�m��lt$sI~�s<u#z$m�í � qru{|í 
 q�t$s��Àw�z$i/v�qrxykn|lqrz$sI|/�;wrt��7wrz$i/z$q�t$�rsIzeïí � q�u{|/�*wrt�z�qrt$�rsIzïí 
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Nearest-Neighbor Standar d Filter (NNSF)hjils������ ² m�sIxnsI�Iz$m®z�i{s:v�qrxnky|{qrz�s<|�~ªs<qrm$�lt$s<~�sIu#z®�Ixnw�m�sIm$zBz$w
z$ilsjo{t$sI|lkn�Iz$sI|�~ªs<qrm$�lt$s<~�sIu#z®qrul|��lm$sImRkyz®�*wrt®m�z�qrz$sjsIm�z�kn~�qr�
z$kywru�� hji{s¼|{kym�z�qrul�<s¼~�s<q�m��lt$s°kym
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�lknul�<s�z�i{s�³lxnz�s<t$���Iqrxn�I�lxnqrz�s<|p�Iw�v�qrt$knqrul�Is�~�q�z$t$kn¾Où/|lw-sImAulwrz
qr�I�Iwr�lu-z��*wrt�z$ils°o7wrm�m$ky�{kyxnknzZ�·wr� o{t$w#�<sIm$m�kyu{��knul�<w�t$t$s<�Iz�~�sIqr�
m$�{t$sI~�sIu-z·qrm$m�w#�Iknqrz�knwrulmC�:z�i{s/oÀsIt$�*wrt$~�qrul�<s/wr�°z$ils!����� ²
~�kn��i-z��Às°oÀw#wrt�kyu}m�w�~�s��<q�m�sIm��lt$sIm��lxnz�knul�pkyu/z�i{s�kyu{�Iwrt$t$sI�Iz
qrm$m$w-�Iknqrz�knwruew�� ~�sIqrm$�{t$sI~�sIu-z$mjz$w�z$q�t$�rsIz$mC�

Joint Probabilistic Data Association Filter (JPDAF):
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Figure 2. Structure of the IMM algorithm (for two modes)
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Figure 3. Tracking and identity management of three
aircraft. Estimated trajectories and Identities (given by
the legends)
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Figure 4. Tracking and identity management of three
aircraft. Belief matrix propagation.
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