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Orientation only Orientation and Contrast Transition

Orientation and Optic Flow Orientation and Colour
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Figure 2. � CFY?� Images of the data set. � CfJ&�JMC��{�
3 Images from a sequence.
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Figure 3. � CFY�PQH[ßzJ�� Schematic representation of a basic feature vector. � CFJ�J�Cx� PSH[ßSJ+� Frame in an
image (from image sequence shown in figure 2 (bottom)). à NQcxá&J�� Extracted Feature vectors.

â ã �T�3�Oÿ³�s�Oÿ³�&��ä úsû � ¡ �fý ¡�åT¡Dû ý ¡Dû �{ÿ ¡ � ÿ û ú+æèç
� £a¡éãP¡«ê þ ¡Dû � ¡ �

~ÇàWøWà�ðgæµéOä.à#æ³ò.ð¹òµë°æÉò.ë]õ�ð¹ñëaìKò.à�ä�å�à�ê_à�ìfåOà�ìfõ�ëaàMæ��Tá�ò2�OàVæµã
õ�ð¹ñ]ñ]à�åp� è4àMæÉò�ð¹ñaòÎõ�ãKà&z0õ�ë]à�ìKòA�sâ<�Oë]õ��/ë°æ\åOà�1fìOàMå$�Tá8ò2�Oà�ä�ð¢òµë]ã
ã¹ö3ò��Oà$ñ]ë(;sà�ñ]ë(�fãKã�åÌã¹ö)ð¹ìÌà&�sà�ìKò8ë ¹ ígë��gà�ìÌðgìOã¹ò2�Oà�ä5àA�gà�ìKò�ë ª
ð¹ìfå@ò��Oà$ñ]ë�;gà�ñ]ë��OãTãTå�ã¹ö3ò��fà$à&�gà�ìKò<ë ¹ ç

ì 	 ë ¹ ° ë ª � ³îí 	 ë ¹0ï ë ª �
í 	 ë ¹ ��ð 	 �,�

�Oãgä�ò��Oà�øWã�å�à�ñaë]ìOí0ãgö3öËàMð¢ò.éOäµà$ë]ìKòµà�ä.ðsõ�òµë]ãgì�ð��fëaí+��è4àMæÉò�ð¹ñaò
õ�ãTà�z0õ�ë]à�ìKò5ë°æ��Oà�ñ]ê�öËéOñDæµë]ìfõ�à�ëaò�ëaìfåOë]õ�ð¢òµàMæÎò��Oà$øWã�å�ë(1Fõ�ð¹òµë]ãgì
ã¹öFñ]ë�;gà�ñ]ë��OãTãTåVãgöFò2�Oà5à&�sà�ìKòaë ¹ åOà�ê_à�ìfå�ë]ìOí$ãsìVãgò��Oà�ä)à&�sà�ìKò.æA�� è4àMæÉò�ð¹ñaò\õ�ãTà�z0õ�ëaà�ìsò)ãgöFãgìfà�æ.ðeá�æ�îeò2�fð¢ò)ò2�Oà5à&�sà�ìKò�ë ª åOãKàMæ
ìOã¹ò@ë]ì��féfà�ìfõ�à�ò��Oà¸ñaë�;gà�ñaë��OãTã�å~ã¹ö�ò��fàÏã�õ�õ�éOäµä.à�ìFõ�à�ã¹ö�ò2�Oà
à&�gà�ìKò�ë ¹ � � �¢ðgñaéOà�æµø/ð¹ñ]ñaà�äò��fðgìWãgìOà�ë]ìfå�ë°õ�ð¢ò.à�æ�ð�ìfà�ísð¹òµë��gà
å�à�ê_à�ìfåOà�ìfõ�á_çÓò2�OàÏã�õ�õ�éOä.äµà�ìfõ�àÏã¹ö$ò��fà¸àA�gà�ìKòMë ª äµàMå�éfõ�àMæ
ò��Oà�ñ]ë�;gà�ñ]ë��OãTãTåÌò2�fð¢òWë ¹ ãTõ�õ�éOä�æA� � �eðgñaéfà�ñ]ðgäµísà�ä5ò2�fð¹ì�ãsìOà
ëaìfåOë]õ�ð¢òµàMæ�ð#ê_ãsæµëaòµë��gà�å�à�ê_à�ìfåOà�ìfõ�á_çò2�Oà$ã�õ�õ�éOäµä.à�ìFõ�à	ãgöDò2�Oà
à&�gà�ìKò9ë ª ëaìfõ�äµàMðgæµà�æ4ò2�Oà0ñ]ë(;sà�ñ]ë(�OãTã�åÇò��Fð¢ò7ë ¹ ã�õ�õ�éOä�æ&�p���Oà
è4à�æ³ò.ð¹ñaò�õ�ãKà&z0õ�ë]à�ìKò@ë°æ0ë]ñañ]éfæ³òµä�ð¢òµàMå�ë]ì1fígéOä.ào}��ñ�OéOäµò��Oà�ä
å�à�ò�ð¹ë]ñ]æ5õ�ð¹ìp�Fà�öËãséOìfåÌëaì��(�A|,�"�
3.1 Second Order Relations Statistics of Natural

Images
�	à�ä.à�âÎà4ìOã¹ò�ãgìOñ]á/ê_à�äµöËãgä.ø æÉò�ð¢òµë°æ³òµë°õ�æÎëaì@ò��Oà�ê_ãsæµëZò.ëaãsì[�
ãgä.ëaà�ìsò�ð¢ò.ëaãsìÅå�ãgø/ð¹ë]ì 	 ðgæ�å�ãgìfà9�Tá��*�, Tî��Tî��A@,���8�Oé�ò�â¼à#ígã

ãgìOàWæ³òµà�ê¸öËéOäµò��Oà�äT�Tá�ëaì[�gàMæÉò.ëaíKð¢ò.ëaìOí�ò��fàWæµà�õ�ãgìfåÏãgä�å�à�ä�ä.à��
ñ]ð¹òµë]ãgìfæ�ãgöIàA�gà�ìKò�æ�ëaìÌò��fà/©#ª�«¬¤z�_òg©/®M¯g¦¢«TöËàMð¢ò.éOäµà$æµêfðgõ�à

ë ³ 	�	Æó °�ô � ° ¥ ° ¦ ° 	�	  ® ¯ °  ®± °  ® ² � ° 	  ¯¯ °  ¯± °  ¯ ² ��� ° 	t¸�¹ ° ¸ ª ���
å�à�æ.õ�ä.ë��FàMå�ð��Fã
�sà�����OàVåOë]æ³òµä.ë(�fé�òµë]ãgìÅãgö)ò��Oà#êFãKæ³ëaòµë]ãgì 	�ó °�ô �5ã¹ö�à�ìKòµëaòµë]à�æ�ëaì
ò��OàWë]ø/ð¹ígàWæµêfðgõ�à#ë°æ$ð¹êOêfäµã,%�ë]øWð¹òµà�ñaá�ë°æ³ãgòµä.ãgêOë°õ0�6��ã¢âÎà&�gà�ä�î
ò��OàÌå�ë°æÉò.äµë��Oé�ò.ëaãsì;ã¹ö�ãsäµë]à�ìKò�ð¢òµë]ãgìFæ$ëaì;ò��Oà�à�%Tòµä�ðgõ�òµàMå à�ìKòµë(�
òµë]à�æ\ë]æ\ìOãgì[�Të]æµã¹ò.äµãsêOë°õ 	 æ³à�àgîKà�� í)�]îx�(�! ,�_�â5ëaò���ð�æ³ë]ígìfë*1Fõ�ð¹ìKòµñ]á�Oë]í��Oà�ä0å�à�ìfæµëaòÉá öËãgä��sà�äµòµë°õ�ð¹ñ�ðgìfåq�Oãgä.ë(:�ãgìKò.ðgñ�ãgä.ëaà�ìsò�ð¢ò.ëaãsì
ò��fðgì�öËãgäÌå�ë°ð¹ígãsìfð¹ñ	ãgä.ëaà�ìsò�ð¢ò.ëaãsì=�ñ��à�äµàsî5öËãgä@ò��OàÇæµð�;gàÅãgö
æ³ë]øWêOñ]ë]õ�ëZòÉásî5â¼àÅâ�ð¹ìKò0ò.ãÞìOà�ígñ]à�õ�ò@ò��Oë°æ�ðgìOë°æ³ãgòµä.ãgêTá 	 öËãsä�ð
å�à�ò�ð¹ë]ñaàMå å�ë°æµõ�éfæµæµë]ãgì æ³à�à3�(�! !�����o���Oà�äµà�öËãgä.àgî3ëaì ãséOä8ë]ì[�gàMæE�
òµë]ísð¹òµë]ãgì�ã¹ö�æµà�õ�ãsìfåÌãgä�å�à�ä	äµà�ñ]ð¹òµë]ãgìfæ5âÎà�ð¹êfêOñaá�ðVòµä�ð¹ìFæÉöËãsä��
ø/ð¢òµë]ãgì¸òµãÌò2�Oà0õ�ãTãgä�å�ë]ìfð¢ò.à/æ³á�æ³òµà�ø�æ³éfõ��¸ò��Fð¢ò$ò��fà/à�ìKòµëaòÉáë ª ë]ìÞò2�OàÌòµéOêOñ]à 	 ë ¹ ° ë ª �9�fðgæ6:�à�äµã¸ãgä.ëaà�ìKò.ð¢ò.ëaãsì;ð¹ìFå-:�à�äµã
êFãKæ³ëaòµë]ãgì��
ó§ì�ãséOä¼øWàMðgæµéOäµà�øWà�ìKò.æ¼â¼à�õ�ãsñañ]à�õ�òÎæµà�õ�ãgìfå@ãgä�å�à�ä¼à&�gà�ìKò.æ
ëaì��Oë]ìfæ$å�à&1fìOà�å��TáÅæ³ø/ðgñañ)êfð¹ò.õ��OàMæ4ëaì¸ò��Oà 	Æó.¹ ° ó ª �t��æ³êFðgõ�à
ð¹ìfå��TáÅä.à�ígë]ãgìFæ	ë]ìÇò��Oà/øWã�åOð¹ñ]ëaòÉá���æ³êFðgõ�àMæ�åOà�1fìOàMå3�Tá�ò2�Oà
øWà�òµä.ë°õ�æ�å�à�1FìOà�å0öËãgä�à�ðsõ��0øWãTåfð¹ñ]ëZòÉá 	 öËãgä5å�à�ò�ð¹ë]ñ]æÎæµà�à$�*�!|,�_����3ëaíséOäµàW �æ��Oã¢â�æ)ò2�Oà4è4àMæÉò�ð¹ñaòÎõ�ãTà&z/õ�ëaà�ìKò\öËãgä¼àAyKéOë°å�ë°æÉò�ð¹ìKòµñ]á
æ³à�êfð¹ä�ð¢ò.à�å��Oë]ìfæ 	 ãgìfàv�Oë]ì�õ�ãsäµä.à�æµê_ãgìfåOæ�òµã ð2æ2yKéfð¹ä.àÞãgö�A@�õs�!@ÞêOë(%�à�ñ°æ�ðgìfå ðgìxð¹ìfígñ]àÏã¹ö3©öxä.ðså)��� � æÌðgñaä.à�ðså�á�Fà�à�ìÓæ��fã¢â5ìÅëaì��*�, �î��A@
�)õ�ãgñ]ñaë]ìOàMð¹ä.ëZòÉá�õ�ðgì3�_à/å�à�ò.à�õ�ò.à�å¸ðgæ
æ³ë]ígìfë*1Fõ�ð¹ìKòVæµà�õ�ãgìfå;ãgä�å�à�äVä.à�ñ°ð¢òµë]ãgìÂðgæVðÏä.ë]åOígà�ðgñaãsìOíÅò2�Oà%[�ºð0%Të°æÎëaì�ò��fà�æ³éOäµöQðgõ�à�êfñaãgòÎöËãsä8÷6¥ ³ @VëaìM1fígéfäµà� ¢à+� � ñ°æ³ã
êfð¹ä�ð¹ñ]ñ]à�ñ]ë]æµø ë°æ\å�à�òµà�õ�ò.ð��Oñaà�ðsæ�ð¹ìWã�'&æµà�ò\ãgöFò2�Oë°æ\æµéOä³öQðsõ�à 	 öËãgä

�
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3.2 Pronounced Interdependencies by using addi-
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a) orientation only (∆o=−4π/8)
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Figure 5. The Gestalt coefficient for differences in position from -50 to 50 pixel in x– and y– direction
when orientation only is regarded. In a) the differecne of orientation of the line segments is

© ª
(the

line segments are orhtogonal) while in e) the difference of orientation is 0, i.e., the line segments
have same orientation. The b), c), d) represent orientation difference between

© ª
and

@
. Note that

the Gestalt coefficient for position (0,0) and
÷6¥ ³ @

is set to the maximum of the surface for better
display. The Gestalt coefficient is not interesting at this position, since

ë ¹
and

ë ª
are identical
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f) ori. (∆o=0) + phase + color
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h) ori. (∆o=0) + phase + flow + color

Figure 6. The Gestalt coefficient for
÷6¥ ³ @

and all possible combination of modalities.
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Figure 7. The Gestalt coefficient for collinear feature vectors for all combinations of modalities. For
(0,0) the Gestalt coefficient is not shown, since

ë ¹
and

ë ª
would be identical.

a) b)
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Figure 9. a: Image of a car. b: Extraction of features with grouping based on the Gestalt coefficient.
c: Feature extraction without grouping. Note that this is a color figure. Its meaning is only fully
understandable using color information.
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