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Figure 1. Application synopsis

� MO»�G]7!9�7!Md��9 ;�G
6�Á�M�7�8TGQP:G]R:8 �Ã8:¶3GBRT6#DAPX}=G
Md��9 ;�G��S>58:¶3G
¶.À.{APSMd^`F.DAGQP:ÀqR:ÀtRT8TG]� �eGQP:ÁË6�PS��R �APXRT8c9��AP:G=�
RTG]zOG]}=8:Md6#7 6�Á��e6#R:R:MO{�zOGoMd�Ç9 ;�G]R(8T6�}=6#���59 P:G �Ã8:¶3G 8:9 PX;�GQ8cMd��9 ;�G]R �W{tÀ FtD3GQP:ÀvMd73;Ì8:¶3G ��GQ8:9�^A9 8:9�9�75^ 8:¶3G]7
9�7 Md�Ç9 ;�G!}=6#7�8TG]7.8u��{59�RTG]^ 9�7A9�zOÀvR:MdRÆ6#7 8:¶3G`8:9 P:;�GQ8:R 8T6KRTG]9 PX}S¶ ÁÃ6�PÇ��6#RT8 R:Md��Mdz�9 PÆM���9 ;�G]RQ2 lc¶AG`�AP:G=�
RTG]zOG]}=8:Md6#7°MdRB{59�RTG]^°6#7 9!R:M����5zOGqm5ÍEZ�^59 8:9 {59�RTG`F.DAGQP:À�2 � 75zOÀ+Md��9 ;�G]RÞþjMO8:¶'}=6#���59 PX9 {5zdG 9 8T8TPXMO{�D38TG]R
� Ì�ØHÆsØ R:9���G`P:GQ;#MO6#7 6�ÁhMd7.8TGQP:G]RT8�9�R�8:¶3G·R:6#D3PX}=G`Md��9 ;�G�>(R:9���G·��6v^A9�zdMd8IÀ�>NR:9���G`6�PXMOG]7.8:9 8:MO6#7�>NGQ8:} ��9 P:G
}=6#7AR:M�^3GQP:G]^ 9�R��e6#R:RXMO{5zOGq8:9 P:;�GQ8:RQ2 lj¶3G`P:G]R:DAzd8:Md73;+^A9 8:9 RTGQ8 }Q9�7 {eG·F.DAMd8TG·zd9 P:;�G`8:¶36#D3;#¶ �¡D3� 8T6 ÁÃG�þ
¶tDA7A^3P:G]^'Md��9 ;�G]RÇMd7'6#D3P�G=�t�eGQPXM���G]7�8:R]>N��9]À'{eG`�BDA}S¶ ��6�P:G·Md7 }QzdM�7AMd}Q9�zW�APX9�}=8:Md}=G��S2 lc¶3GQPXGQÁË6�P:G�>N8:¶3G
}=6#���5DA8:Md73; �e6@þ\GQP¹6�Á\9 ;�PSMd^+MdR DARTG]^ 8T6!��GQPXÁË6�PX� 8:¶3G�}=6#7.8TG]7.8u��{59�RTG]^'9�7A9�zOÀvR:MdR RT8TGQ�³2�bW9�}X¶KM���9 ;�G�Md7
8:¶3Gc8:9 PX;�GQ8WRTGQ8NM�R[}=6#���59 P:G]^�8T6¹8:¶3GjRT6#DAPX}=GjMd��9 ;�Gj8:¶3P:6#D3;#¶�9
R:Md��Mdz�9 PXMO8IÀB��G]9�R:D3P:GÜÿÂw3>t� � 2�lc¶3G�P:G]R:D5zO8:Md73;
R:}=6�P:GBMdR�DARTG]^`8T6ÇPX9�7 �q8:¶3G¹8:9 P:;�GQ8jM���9 ;�G]RcÁÃP:6#� ��6#R:8c8T6ÇzOG]R:R�RXMd��Mdzd9 P�2

2.1 Image analysis

mtGQ»�GQPX9�z�R:M���Mdzd9 PXMd8IÀ ��G]9�R:D3P:G]��G]7�8:RE¶A9�»�G�{�GQG]7 Md����zOG]��G]7.8TG]^�Md7!6#D3P 9 �A�5zdM�}Q9 8:MO6#7�2oZ�GQ8�� PXGQ�AP:G]RTG]7.8
8:¶3GhRT6#D3PX}=GhMd��9 ;�GE9�7A^��!PXGQ�AP:G]RTG]7.8N6#73Gh8:9 P:;�GQ8(Md��9 ;�G�þjMO8:¶�8:¶AGhR:9���GoR:D3�5��6�PX8 �Ã{�6�8:¶��Æ9�7A^���¶A9]»�G��
»�6]�vG]zdR �S2WZ³GQ8
	�^3G]736�8TGo8:¶3Gj;�PS9]ÀÇzOGQ»�G]z�Md7.8TG]7AR:MO8*ÀÌ6�Á�»�6��tG]z�R\M�7�Md��9 ;�G��Ì9�75^��Ì^3G]736�8TGo8:¶3Gj8:¶3Go;�PX9]À zOGQ»�G]z
Md7.8TG]7AR:MO8*À�6�Á�»�6��tG]z�R�Md7 Md��9 ;�G
��2���� �ÃP:G]RT�³2������NM�RW8:¶AGh7tDA�B{�GQP(6�Á�»�6]�vG]zdRêþjMO8:¶qMd7.8TG]7AR:MO8*À�	 �ÃP:G]RT�³2�� �\Md7
Md��9 ;�G����ÃP:G]RT�³2�� �S2������EMdR(8:¶3G 7tDA�B{�GQP(6�Á�»�6]�vG]zdRc¶A9�»tM�73;�R:Md�ÌDAzO8:9�73GQ6#DARXzOÀ�Md7.8TG]7AR:MO8*À�	NMd7 Md��9 ;�G��Ç9�7A^
��M�7 Md�Ç9 ;�G���2����������

�
9�7A^�� ��� �"!

�
9 P:G 9�R:RT6v}QMd9 8TG]^ �AP:6�{59 {�MdzdMO8:MOG]R]2#�����$� �%� !

�
MdR\8:¶3GW½u6#M�7�8(�AP:6�{�9 {5MdzdMO8*À

6�Ác9·»�6��tG]z\9 8Æ9·;#MO»�G]7°zO6t}Q9 8:Md6#7K8T6 ¶A9]»�G Md7.8TG]7AR:MO8*À&	EMd7'� 9�7A^&� Md7(��2·lc¶3GÇ��G]9�7°9�7A^K»¨9 PSMd9�7A}=G�6�Á
Md7.8TG]7AR:MO8:MdG]RoMd7 Md�Ç9 ;�G)�!}Q9�7 {�GÆ}=6#���5DA8TG]^+9�RQ¼$*,+-�/. � 	0���\9�7A^21 H+ �3. � �4	657*,+ � H ����2
|3P:6#� 8:¶AG]RTG
RT8:9 8:MdR:8:Md}Q9�z³��G]9�R:DAP:G]��G]7.8:RQ>A6#73G
}Q9�7!}=6#���5D38TG
R:GQ»�GQPX9�z�R:M���Mdzd9 PXMd8IÀÇ��G]9�RXD3P:G]RQ¼

Å



��� ´�§�©�­��°ª�ÊÃ§�¬�­��N§t¦?§v«��#§.©#µ
� < � �
	"� �
��� � � � ������
 	 5���
v9�7A^�� H � ��	"� ����� � � � �������4	 5�� � H � f �

9 PXGoR:Md���5zOGc��G]9�R:DAP:G]��G]7.8:RNÁÃ6�PW��6#7A6 �I��6t^59�z5Md��9 ;�Gh}=6#���59 PXM�RT6#7ARQ2�lc¶3GQÀ�9 P:GhRTG]7AR:Md8:MO»�G�8T6ÌRXMO;#7A9�z
7A6#MdRTG¹9�7A^·M�7A¶36#��6�;�G]73G]Md8:MOG]R�RT6�8:¶3G]MdP��APXMd7A}QMd�59�z�M�7�8TGQP:G]R:8jMdR(8:¶3G]MOPcRXMd���5zdM�}QMO8IÀ�2

��� ´�§��#¥�§����.­Ë§v«�² ¥����#¥�¦?¦¨§vÊË¯A²?­Ã¥�«Nµ
� H � �
	"� �
� g\6?» H � ��	"� �

U[9 P�� � �*U[9 P�� � � � � � � �
�4	 5 * + � �0��5 *�� �� 1�+ � 1 � � y��

M�Rc9�736�PX�Ç9�zdMO�QG]^`��G]9�R:DAP:G]��G]7.8c8:9��tM�73;ÇMd7.8T6�9�}Q}=6#DA7.8o9�7!9�� 73G 8TPX9�7ARTÁÃ6�PX��9 8:Md6#7`{eGQ8fþ\GQG]7��q9�7A^
�KM�7�8TG]7ARXMO8:MOG]RQ2�_�8c¶A9�R�{eGQG]7`G=�v8TG]7AR:MO»�G]zOÀ DARTG]^!Md7 8:¶3G¹zdMO8TGQPS9 8:D3P:G�2

��� ´�§ � ¥�¥�¬"! ©#�#¦ ­�²?§.¦ ­Ã¥�«Nµ
$ � ��	"� �
� �

�

1 +&% �
* +'% � � � þjMO8:¶)(*+

*,
* +'% � � <- � . � � �����

1�H+'% � � <- � . � �0�-5'* � % � ��H � ��� � � �

þ(9�R\Md7�8TPX6t^AD5}=G]^�8T6
PXGQ;#MdRT8TGQP�4!ij_�6#7qLNbWl Md�Ç9 ;�G]RQ2 � MO»�G]7Ç8:¶3GoRTGQ8\6�Á�»�6]�vG]zdR�þjMO8:¶ Md7�8TG]75R:MO8IÀ)	�Md7
8:¶AGoRT6#D3PS}=GoMd��9 ;�G�>t8:¶3G.$+6.6v^��¿R(}=PXMO8TGQPXMd6#7���G]9�R:D3PXG]RN8:¶3Go»¨9 PSMd9 8:MO6#7�6�Á³M�7�8TG]7ARXMO8:MOG]R�6�Á³}=6�P:PXG]RT�e6#7A^v�
M�73;�»�6]�vG]zdRjM�7 8:¶3G¹8:9 P:;�GQ8hMd��9 ;�G�2

��� ´�§��#¥�¦?¦¨§vÊË¯A²?­Ã¥�«�¦?¯3²¨­Ë¥�µ
/ H � ��	"� �
� f 5 f

1 H+ � � � � 1 H+&% � � Å �

M�R DARTG]^+ÁÃ6�P¹�BD5zO8:M �I��6v^A9�z�P:GQ;#MdRT8TPS9 8:MO6#7 9�7A^+��9���G]R
8:¶3G�¶.À.�e6�8:¶3G]R:M�RE8:¶A9 8¹9`Á¡DA7A}=8:MO6#7A9�z�P:G]z�9 8:MO6#7
G=�3MdRT8:Rc{�GQ8�þWGQG]7!8:¶3G
RT6#DAPX}=G¹9�7A^`8:¶3G
8:9 P:;�GQ8oMd�Ç9 ;�G¹Md7�8TG]75R:MO8:MOG]RQ2

��� ´�§0�+±�²?±�¯5ÊW­¡«��I¥�¦1�°¯3²?­Ã¥�« >36�PcG]7.8TP:6��tÀ�¼

2 � ��	"� � � 5 �
�
�
�
�����

��� �
� �

� r��

M�R
8:¶3Gq��6#RT8Ì;�G]73GQPX9�z\R:Md��M�zd9 PXMO8*À ��G]9�RXD3P:G�2·_�8B��G]9�RXD3P:G]RB8:¶3G G]7.8TP:6��tÀ 6�Á�8:¶3G
½u6#M�7�8B;�PX9]ÀKzdGQ»�G]zdR
^5MdRT8TPXMO{�D38:MO6#7�þoMO8:¶36#D38Æ9�7�À 9�R:R:D5���A8:MO6#7'6#7 9�7 G=�3MdRT8:Md7A;�P:G]z�9 8:MO6#7 {eGQ8fþ\GQG]7 RT6#D3PX}=G`9�7A^ 8:9 PX;�GQ8
M���9 ;�G
Md7.8TG]7AR:MO8:MdG]RQ2

2.2 Computations complexity

khzdz�9 {e6�»�GÇ��G]7.8:MO6#73G]^K��G]9�R:D3P:G]RB}=6#���5D38:9 8:Md6#7+P:G]FtDAMOP:GÆ8T6·{5D5Mdzd^ 8:¶3GE½T6#Md7.8¹¶AMdRT8T6�;�PX9�� 6�ÁW8:¶3GÇ8fþ\6
Md��9 ;�G]Rj9�7A^q8T6�}=6#���5D38TG 8:¶3G¹R:8:9 8:MdRT8:Md}QRQ2[lj¶3GW½u6#Md7.8�¶AMdRT8T6�;�PS9�� Md7 9�7�*43�* RT�59 PSRTG ��9 8TPXM �Òþj¶3GQP:G *
MdRE8:¶3G�7tDA�B{eGQP 6�ÁW�e6#R:R:Md{5zOGÌ;�PX9]À+zOGQ»�G]zdR �Ã8*À.��Md}Q9�zdzOÀ�> * �%y.<IHÆ6�P�* �%y.<65�Md7+��G]^AMd}Q9�z�Md��9 ;�G]R �S2�lc¶3G
RT8:9 8:MdR:8:Md}QR6����> � � > ����� > *,+ >�1�+ > Ì�¿pÍ >5}Q9�7·8:¶3G]7`{eG¹}=6#���5D38TG]^³2

khR:RTG]�B{5zdMd73;Ì9Ì�5zd9�Md7qR:FtDA9 P:G]^`��9 8TPXMO�Ç6�Á�R:Md�QG�*·H�þjMO8:¶�* �0y.<65EMdR\6#D38(6�Á�PX9�73;�G 6�Á�8T6v^A9�Ààþ\6�P �tR:8:9¨�
8:MO6#7��¿Rj��G]��6�P:À }Q9 �59�}QMO8*À�2\lc¶AGQP:GQÁË6�PXG�¼

r



� G]Md8:¶3GQPN8:¶3GhMd��9 ;�Go;�PX9]À�zOGQ»�G]z�RW�ÌDART8[{eGjD57A^3GQPXR:9����5zOG]^�Md7�8:¶AGjPX9�73;�G&ÿÂy���	Xy.<IH � >.PXG]R:DAzO8:Md7A;¹Md7�9
zdG]R:R
�5P:G]}QMdRTG¹R:M���Mdzd9 PXMd8IÀÇ��G]9�RXD3P:G]��G]7.8Q>

� 6�P\9 RT�59 PXR:Gj��9 8TPXM �ÌP:GQ�AP:G]R:G]7�8:9 8:MO6#7 �BD5RT8�{eGcDARTG]^&þj¶AM�}X¶�9�R[9�7 Md���59�}=8�6#7�8:¶3Gj9�R:RTG]�B{5zdM�73;E8:Md��G
9�75^`8:¶3G
}=6#����D38:9 8:MO6#7·}=6#RT8j6�Á�R:8:9 8:MdRT8:Md}QRQ2

lc¶3G ÁÃ6�PX��GQPoRT6#zdD38:MO6#7ÅþoMdzdz�{eG �AP:GQÁÃGQP:P:G]^ ÁÃ6�Pj}=6#���5D38:9 8:Md6#7`8:Md��GYþj¶5MdzOGE8:¶3G¹zd9 8TGQP�þjMdzdz�{eG �AP:GQÁÃGQP:P:G]^ ÁÃ6�P
9�}Q}QD3PX9�}=À�2

lc¶3GÆ}=6#���5DA8:9 8:MO6#7 8:Md��G�MdRE9�zdRT6 ^AMOPXG]}=8:zOÀ·�AP:6��e6�P:8:Md6#7A9�z�8T6`8:¶AGÆM���9 ;�G�R:MO�QG�9�RE8:¶3Go½u6#M�7�8 ¶AMdR:8T6�;�PX9��
9�R:RTG]�B{5zdM�73; 9�zd;�6�PXMO8:¶A� MdRÆ;�6#M�73; 8:¶3P:6#D3;#¶ 9�zdz�M���9 ;�G`»�6]�vG]zdR�Md7 R:G]F.D3G]75}=G�2'_u7 6#D3P�G=�v�eGQPXMd��G]7.8:RQ>�þ\G
DARTG]^ R:�Ç9�zdz�RXMO�QG�y C R:z�Md}=G]Rh6�ÁN8:¶3GÆ8:¶36�PX9¨� � y�r�w 3 y�r�wt> ÁÂØ¥Ì�Ø �7� w�r�r � w��E9�7A^ ��G]^5MdDA� R:MO�QG � C {5PX9�Md7
4�i Md�Ç9 ;�G]R%� f È f 3 y f � 3 f È f > Á¥Ø¥Ì�Ø � � � f º#x f]� ���S2jlc¶3G¹��G]9�R:D3P:G]^�}=6#���5D38:9 8:MO6#7·8:Md��G¹6�Á�R:Md�ÇMdzd9 PXMO8*À
��G]9�R:DAP:G]RE6#7+9 f � ¶3��L�G]7�8:M�DA� _:_:_��APX6t}=G]R:R:6�P¹9 P:G�P:GQ�e6�P:8TG]^ Md7
�A;#D3P:G�yt2Æ|3P:6#� 8:¶AM�RhR:8:DA^3À�>>þ\GÑþjMdzdz
P:GQ8:9�Md7¹8:¶A9 8�8:¶3GN8T6�8:9�z�}=6#���5DA8:9 8:MO6#7¹8:Md��G[ÁË6�P�9��59�MOP³6�Á3Md�Ç9 ;�G]R�MdR³9cÁËPX9�}=8:Md6#7¹6�Á39cRTG]}=6#7A^ ����� < ��º��¿º � R ��Md7
8:¶3Gj}Q9�R:Gj6�Á�y C,Md�Ç9 ;�G]RQ>.9 {e6#D38 f r
RTG]}=6#7A^AR ��� � H � f r R �NMd7Æ8:¶3Gh}Q9�RTGj6�Á � C,Md�Ç9 ;�G]R�þjMO8:¶ÇDA7A^3GQPXRX9����5zOG]^
;�PX9�À zdGQ»�G]zdRc9�7A^·9 {e6#D38 f y���Md7tD38TG]R ��� � Y �,� y º�R ��þjMO8:¶ Á¡DAzdzeR:}Q9�zOG � C Md��9 ;�G]RQ2

_���9 ;�G]R @oMdR:8T6�;�PX9�� � < >
� H � $ / @
* �0y � > � �0w�r�r � w ºv2¿º � º ºv2¿º#y º ºv2¿º ��� ºv2¿º �vf ºv2¿º � º ºv2¿º Å º
* �0y <IH > � �,� f º#x f]� � �.2Jx º wt2Jr�w Èt2Jy�È �.2Jx#� Èt2 f r Èt2¿º �
* �0y <65 > � �,� f º#x f]� � w�x � Å 2 ÅAf �.2 � y xt2 � f xt2Jw�r f�f 2Jy#�

Figure 2. Joint histogram and similarity measures computation time in seconds
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Figure 3. from left to right: application user interface, source image and matching images

with highest to lowest score.
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