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d : Scalogram (variable window)
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�
u i s`� P \ PSN u�^C\ g t e(ç � N t e�ije ^ P �

�Be tvzft e \��vu�^C\�r ghe � NQPSR �&\1� P q u�^ è�e tv� e ^ q e
� í&%öíSï ­�ò®=é÷<( ô�/��Îõ°¯>/>(>@�òJô��±(}÷>-G(>+.+�@dòSø�( ôöòSù+÷�ôGùø�@²(éóCó³òvû­ò�ø�( ôöòSùG÷
��R`eß| tS� Pye w³s e t NQi~e ^ P \ g t e �v� gQP s`t e � e ^ PSe _ N � P�R`e q g \1�S� N�| q \ P�N u�^ s`tvu�r ghe(i _ N � q �`�v� e _ N ^
� R \�s P�e t / � ��Rpe � N ��^C\ g �B�`� e _y\�t e � R ux�ö^ N ^ X N ���`t e . � '

W�\�^p_n\�t eÎPSR`e ��\ ije�P�R t e�e � N ��^C\ g �� R uH�ö^ e \�t ghNhe t N ^ X N ���`t e / � � � ��R`e sptSu
F e q P�N u�^»� N ��^C\ P �pt e ��u�r P \ N ^ e _»�`� N ^`� P�R`e´³ '

���\ è�e�gQe(P W$��u�t º 0 ï W$\�^p_Åa
�T 0Qµ V " W \1t e \ g �vu~� R ux�ö^ N ^ X N ���pt e . � ' �}R

r`� e t è�e¹R ux� P�Rpes`tvu
F e q P�N u�^~� N ��^C\ P �`t e � q gQe \�t g z¹� e sC\1t�\ PSeöPSR`eÎR`N � Rpg z q u�tvt e�g \ P�e _~� N ��^`\ g � ¸ õ

\�^`_ ¸ " � ��R`e � e� N ��^C\ P �`t e �+� e t elP�Rpe ^ê\�s`s gQNhe _ P u P�R`e q g \��v� NQ| q \ PSN u�^-s`tvu�r gQe�i _ e � q t N r e _ N ^ X N ���`t e / � . ���R`e q u i s$u�� N�P�e � N ��^`\ g \�^`_ PSR`e q u�tvt e(g \ PSN u�^-��tS\�s R �éu1� PSR`e s`tSu
F e q PSN u�^®� N ��^C\ P �`t e �+� NQPSRP�Rpe _ N � q t e�P�NQ��e _ � ¶¦· u�� P�Rpe q u i s u�� NQPSe � N ��^C\ g \�t e � R ux�ö^ N ^ X N ���pt e . � � � X

tSu i�P�Rpe¶3·n¸ Ï�Ð�¹ ¡¨­å¢e���½�Á�c«�±e«>�g¢®��±®¡Â­<¢®¡Â�	¥5�����g¢®¡¨���-��¥]� Ï�Ð�¹]º ¼8��´c����¼�«�­
· ¸�¾5»çÀ"× ¼½ ¾ É Í É�¿À»j¿ÀÁ.¸Å Í Á�¸�¿À»�¿ÂÁ
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Scale(dyadic)

Projection signatures of the above signals

−>S1

−>S2

−>S3

X N ���pt e . � ' � ��R`e / � N ��^C\ g q g \��v� e ��W$\�^`_ P�Rpe�N t�sptSu
F e q P�N u�^Ú� N ��^C\ P �pt e �
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Signal to be classified

x1 : [−125:−50]

x2 : [−50:50]

x3 : [50:115]

X N ���pt e . � � � ��R`e s`tvu
F e q P�N u�^Ú� N ��^`\ P �`t e �Î\�s`s ghNhe _ P u P�R`e q g \��v� NQ| q \ PSN u�^fs`tvu�r gQe�i



ï �
q u�tSt e(g \ PSN u�^���t�\�s R ��W{u�^ e q \�^ q u�^ q g �`_ e � N�P�R \ R`N � R _ e ��t e�e u1� q u�^ | _ e ^ q eöPSR \ P PSR`e � N ��^C\ g¸ õ N �Gs`t e � e ^ P N ^ P�R`e � e � i~e ^ PÌm�Ë ' � . ��Ë . U o W ¸ " N �Gspt e � e ^ P N ^ P�R`e � e � ije ^ Pjm
Ë . UÚ� . U o W\�^`_ P�Rpe � N ��^C\ g ¸ � N ��s`t e � e ^ PGN ^ P�R`e � e � ije ^ Plm . UÌ� '�' . o�� � u PSN q e W`� R`e ^ q u i sC\1t e _�� NQPSR
X N ���`t e / � ï W PSR`eöR`N � R q u�tSt e�g \ P�N u�^ è \ g � e �]u�r P \ N ^ e _j�`� N ^`� P�Rpe s`tvu

F e q P�N u�^~� N ��^`\ P �`t e �(W³\1^`_
P�Rpe q ghe \1t _ e(i \1t q \ P�N u�^Lu1� P�R`eÌP tS\�^`� NQP�N u�^®s u N ^ P � � ��R`e~RpN � R q u�tvt e�g \ P�N u�^ è \ g � e ��\�t e u����t e \ P�NQi s$u�t P \�^ q e � R`e ^�u�^ e ^ e(e _`� P u q g \1�S� N ��z~\¹� N ��^C\ g � Rpe t e �3�½��� . ac�¥Ã . aÅÄ .x,tk �¦�eac�¦�� þ`, b3b��3���f��ý*� . ��� , ��� k �����8� . �&�� í&%öí&% Æ¢õ�@�òÇ(ÉÈ]ò3@�ò�ô��Ê(G÷>(>@Ë� ó³ò�ó
X

u�tÎ�`� e¹N ^ q g \��v� NQ| q \ PSN u�^ß\�s`s gQN q \ P�N u�^`��W N�PGN � e w P t e�ije�g z Nhi s u�t P \�^ PöP�R \ PGPSR`e s`tvu
F e q P�N u�^� N ��^C\ P �`t e � r e t e�ghN \�r gQe¹i~e \��S�pt e � u�� P�Rpe q g \��v� e � PSR`e z®t e s`t e � e ^ P �ÂF z PSR`N �(W°u�^ elNhi s ghNQe �

P�R \ P ��u�td��\ i s ghe �­u1�`_ N�û e t e ^ P � N ��^C\ g � N ^ P�R`e ��\ ije � N ��^C\ g q g \��v��W P�R`e s`tSu
F e q PSN u�^ � N ��^C\ P �`t e �� R u�� g _ ^`u P � R ux�¨� N ��^ NQ| q \�^ Plè \�t N \ P�N u�^`� � � u�^`� N _ e t~\ q u iji u�^ e wp\ i s ghe u��G\L�vs e(e q R� N ��^C\ g W­�S\Fzê��u�t e wp\ i s gQe W PSR`engQe(PvP�e tÍÌ

�
9 9 \�� �Ss$u�ë e ^br¾z¢\�s e tv�Su�^bu�^¢� e�è�e t�\ g _ N�û e t e ^ Pu q�q \1� N u�^`� �H| P+N �}t e \��vu�^C\�r ghe P u e w³s e q P+PSR \ P � ghN � R{PÎè \�t N \ PSN u�^p�Ç� Nhghgde w N � P r e�P � e(e ^ e(è�e tJz� PvP�e tS\�^ q e u�� P�Rpeyghe�PSP�e t�r{z P�R`e �S\ ije s e tS�vu�^ � G uH� e(è�e t(WX\�t e�gQN \�r ghe � N ��^C\ P �pt e ��u�t P�Rpe� N ��^C\ g q g \��S� � R`e t e W P�Rpe � N ��^C\ g q g \��v� q u i s`t N � e � u�� e(è�e tvz¹��\ i s ghe u�� P�R`e�gQe(PSPSe tkÌ

�
9 9 �Ss$u�ë e ^r{z PSR`e ��\ i~e s e tv�Su�^C�~� R u�� g _ r e �&\ N t g z N ^`� e ^`� N�P�N�è�eßP u P�R`e � eÅè \�t N \ PSN u�^`� �øX N ���`t e . � /s`t e � e ^ P � P�Rpe t e �S� g�P �+u�� PSR`e t e�ghN \�r NQghNQP z e w³s e t Nhije ^ P �`� N ^`� PSR`N � e wp\ i s ghe ��| ^ PSR`e | ���`t e W

Z
\ i s gQeÉÎ '

t e s`t e � e ^ P � P�R`e s`tvu
F e q P�N u�^�� N ��^C\ P �`t e �Ç��u�t . _ N�û e t e ^ P ��\ i s gQe ��u�� P�Rpeéghe(PvP�e tÌ

�
9 9 \�� �Ss$u�ë e ^jr¾zl\+s e tS�Su�^~u�^Ì\é� N�è�e ^j_`\xz�W¾\�^`_

Z
\ i s gQe�Î � W P�R`e sptSu

F e q P�N u�^Ì� N ��^C\ P �`t e ���u�t]��\ i s gQe �]u�r P \ N ^ e _nu�^f\�_ N�û e t e ^ P _`\xz ��R r`� e t è�e+PSR`e}è�e tJz R`N � R q u�tSt e�g \ P�N u�^`�Br e�P � e(e ^\ gQg³P�Rpe _ N�û e t e ^ P � N ��^C\ P �`t e � � P�R`e q u�tSt e�g \ P�N u�^ q u e � q Nhe ^ PBè \ g � e � tS\�^`� e _~r e(P � e�e ^
Ï � ÿ U . ËÏ �Ð� . U � � ��Rpe �Ç\ è�e�ghe�P �`� e _b�Ç\1� ³ '

�
� NQPSR º 0 �p�x� �¹r e ��u�t e W N ^ e(è�e tvz q \�� e W a

�
��\��

P \1ë e ^ P uÌr e PSR`e q R \�tS\ q PSe t N � PSN q ���`^ q P�N u�^�u�� PSR`e ��\ i s gQe � N ��^C\ g �
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��R`efe wps e t Nhije ^ P _ e � q t N r e _ \�r$u è�efN ��� N ��^ NQ| q \�^ P ��u�t¹� e(è�e t�\ g t e \1�Su�^`� � ��R`e t e�ghN \�r NQghNQP zt e �S� g�P ��u�r P \ N ^ e _é��tSu i»PSR`e e w³s e t NQi~e ^ P t e�Ñ`e q PdPSR u�� e u�r P \ N ^ e _+��tvu i � e(è�e t�\ g u P�R`e t�� NhijNhg \�t
e w³s e t Nhije ^ P � � X N tS� P W P�R`e¹e w³s e t Nhije ^ P � R ux�ö� P�R \ PGP�R`e sptSu

F e q P�N u�^-� N ��^C\ P �`t e �é\�t e¹P tS� e
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−>Scale(dyadic)
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Projection signatures of the letter ‘‘A" using Db4

Sample #1

X N ���`t e . � / � � e�gQN \�r NQghN�P z P�e � P t e �v� gQP ����u�t P�R`e s`tvu
F e q P�N u�^�� N ��^C\ P �pt e �

ije \��v�`t e �yu�� PSR`e � N ��^C\ g q g \��v� P�R`e z q R \�t�\ q P�e t NQ��e W�� R`N q R N �n\�^ e �v� e ^ PSN \ g t e(ç � N t e(i~e ^ Pu��Î\�^{zêt e s`t e � e ^ P \ P�N u�^ � �}e w P W NQP � R ux�ö� P�R \ P¹P�Rpe s`� e �`_`u®s$uH� e t�� N ��^C\ P �pt enPSe q R ^ NQç � eq \1^Lr e \�s`s ghNhe _ P uft e \ g _C\ P \y� N ��^`\ g �Î� R`N q R®i \xz R \ è�e �Su i~e r`\ q ë¾��tSu��p^`_ê^pu N � e W
� ghN � R¾P\�^`u i \ gQNhe � \1^`_<t�\1^`_`u i è \�t N \ P�N u�^`�(W e�è�e ^ PSR u��`� R¢e(è�e tvz¢� N ��^C\ gBe �v� e ^ PSN \ gQg zLr e(g u�^p��� P u
P�Rpe ��\ i~e q g \1�S� ��X N ^C\ ghg z�W N�P t e�NQPSe tS\ P�e � P�Rpe q g \ Nhi P�R \ P}P�R`e � N ��^C\ P �`t e �+\�t e�N ^p_ e s e ^`_ e ^ P



ÿ Uu��G� N ��^C\ g _`�pt�\ PSN u�^
W]� N ^ q eÚe(è�e tJzÁ� N ��^`\ g ��\ i s gQe q u�^`� N _ e t e _ N ^ P�Rpe�e w`\ i s gQe �Ç\1�~u��+\_`�`tS\ P�N u�^�_ N�û e t e ^ P ��tSu iÿP�R`e u PSR`e tv� �� í&%öí�î ÆêùÉÈ./ ó³ôö÷}õ�óCóÒ(}÷>(>@Ë��ó³òSó
R

� N ^`� P u P�R`e \��v�S� i s PSN u�^®u��X\fs Nhe q e � N � e q u�^`� P \�^ P ��u�t i ��u�t P�Rpe ��¶²· u1� PSR`e � N ��^C\ gN ^ PSR`e s`tSu
F e q PSN u�^ \ g ��u�t NQP�Rpi W­u�^ e �Xu�� g _ e wps e q P~PSR \ PlPSR`e \ g ��u�t N�P�R`i �Xu�� g _¿s e tJ��u�t is$u³u�t g zj��u�tö� N ��^C\ g � P�R \ P _pu~^`u P ��\ PSN �v��z P�R`e s`t e�ijN � e � G ux� e�è�e t�W e w³s e t NQi~e ^ P �}u�^�\l� N _ eè \�t NQe(P z¢u��G� N ��^`\ g �¹� R ux�ú�v�`tSs`t N � N ^`� g z<��u�u�_bt e �v� gQP � �È� s$u��S� N r gQefe w³s g \�^C\ PSN u�^<��u�t P�R`N �s R`e ^`u ije ^`u�^ N � PSR \ P � N ^ q eÇP�R`e � ¶²· spt e � e t è�e � P�Rpe t e ��� g \1t NQP z�u�� PSR`e \��v�Su q N \ P�e _l� N ��^`\ g W\l� N ��^C\ g$P�R \ PÇN �Ç�&\ N t g zj� i u�u P�R W`\�^`_�^`u P�R`N � R`g z q u�tvtS�`s P�e _Úr{zy^`u N � e W N � gQN ë e�g z P uj�S\ P�N �v��z

P�Rpe spt e�ijN � e � MOR`e ^Á_ e \ gQN ^`�Å� N�P�R ^`u N �vzb� N ��^C\ g ��W N�Pli~N � R{P r e ^ e q e �S�S\�tvz P u®s`t e(|Cg�P�e t
P�Rpe � N ��^`\ g P ujt e(i u è�e �vu ije u1� PSR`e ^`u N � e r e ��u�t e \�sps g z N ^p� PSR`e s`tSu

F e q PSN u�^ P�e q R ^ NQç � e ���q u i sC\1t�\ PSNQè�e s e tv��u�t i \�^ q e u�� PSR`e tvu�r`�`� P ^ e �S��u�� PSR`e0� � ³�Ó \1^`_ys`tvu
F e q P�N u�^y� N ��^C\ P �`t e �

N ^ PSR`e s`t e � e ^ q e u1��� R`N�P�e ¬�\1�`�S� N \�^O^`u N � e®N �f� R ux�ö^ N ^ X N ���`t e � . � � \�^`_ . � . � | PÚN �Nhi s$u�t P \�^ PjP u¢^`u P�e�PSR \ P � R`NhgQeÚPSR`eßi \ P t N w � � ³ \�s`s`tvu{\ q R _pu e �n^`u P � e ^ e t�\ P�e�è�e tJz_ N � q t NhijN ^C\ P�N ^p�~� N ��^C\ P �`t e � ux� N ^`� P u PSR`elN ^ è \ gQN _Åu�t P�R u���u�^C\ gQNQP z�\��v�S� i s P�N u�^
W PSR`N � è�e tJz\��v�S� i s P�N u�^ i \�ë e � P�R`e � N ��^C\ P �`t e � i u�t e tvu�r`�`� P � ��R`e t e \��Su�^ ��u�t P�R`N � N � PSR \ P W P�RpeN ^ q u�tvt e q P \��S�v� i s P�N u�^ i \�ë e �Ú��u�t�\¿t�\ P�R`e tÚs$u�u�tft e s`t e � e ^ P \ P�N u�^
Wé� R`N q R»N ��^`u PÚè�e tJz� e ^`� N�P�N�è�eöP u P�R`e�è \�t N \ P�N u�^`� u q�q �`tSt N ^`� N ^ PSR`e � N ��^`\ g ux� N ^`� P u P�Rpe ^`u N � e � ��R`e � N ��^C\ P �`t e �
q u i s`� P�e _®�`� N ^`� PSR`e s`tvu

F e q P�N u�^®\ g ��u�t NQPSR`i u�� PSghN ^ e _-\�t e ^`u P \1�étSu�r`�p� P W�r e q \��`� eÌPSR`e zr e(PSPSe t q R \�tS\ q PSe t NQ��e�P�R`e � N ��^C\ g W�\1^`_ Rpe ^ q e Wö\�t e�i u�t e � e ^`� NQP�N�è�e�P u è \�t N \ P�N u�^`� N ^ P�Rpe� N ��^C\ g �D� g �SupW³� N ^ q eGP�R`e s`tSu
F e q PSN u�^y\ g ��u�t NQPSR`i ��\��Ç^`u P ���C\1t�\�^ P�e(e _ P ul\ PvP \ N ^ P�Rpe � g u�rC\ gijN ^ NQi � i W NQPÎN �Îs$u��S� N r gQe PSR \ P _ N�û e t e ^ P+g u q \ g�ijN ^ NQi \l\�t e \ PSP \ N ^ e _�� R`e ^ P�R`e � N ��^C\ g�N �R`N � R`g z q u�tStS�ps P�e _ßr{zf^`u N � e �
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a) Uncorrupted chirp
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d) Corresponding SVD signature
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b) Corresponding SVD signature
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c) Corrupted chirp

X N ���`t e . � � � � u�r`�`� P ^ e �v�Gu�� P�Rpe�� � ³!Ó � N ��^C\ P �`t e �
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d) Corresponding projection signature
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b) Corresponding projection signature
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1
a) Uncorrupted chirp

X N ���`t e . � . � � u�r`�p� P ^ e �S�Îu�� P�R`e s`tvu
F e q P�N u�^Ú� N ��^`\ P �`t e �



ÿ�/
�

^pu P�R`e t�� P �`_pz~u�� NQi s$u�t P \�^ q eöN ^ PSR`e tvu�r`�`� P ^ e �S��\1^C\ g z�� N �]u�� P�Rpe s`tvu
F e q P�N u�^y� N ��^C\ P �`t e �

N � P�R`e � e ^p� NQPSNQè�NQP z P u P�R`eÅN ^ NQPSN \ g q u�^`_ N�P�N u�^ � Z N ^ q eßP�R`e �Su g � P�N u�^ PSe q R ^ NQç � e u
û e tS�n^`u���C\1t�\�^ P�e(e�P�R \ P \y� g u�rC\ gdijN ^ NQi � i¨N �G\ PSP \ N ^ e _
W NQP+N �G^ e q e �S��\1tvz P un� P �p_pz PSR`ele>û e q P u��_ N�û e t e ^ PÎN ^ NQP�N \ g s$u N ^ P � �yX tSu iÿPSR`e ^C\ P �`t e u�� P�R`e �Su g � P�N u�^ P�e q R ^ Nhç � e �`� e _
W P�R`e s`tvu
F e q �P�N u�^f� N ��^C\ P �`t e �ö_`u~^pu P _ e s e ^p_ßu�^ P�Rpe�N ^ NQPSN \ g q R u N q e u�� ?
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