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Abstract. Two paintings, O1 and O2, were split into their luminance (grayscale) components L1, 
L2 and their color components C1, C2. The two color components, C1, C2, were transparently 
VXSHULPSRVHG��$GGLQJ�WKH�JUD\VFDOH�RI�WKH�¿UVW�SDLQWLQJ��! C1 " C2 " L1) looked like the original 
O1, while adding the grayscale of the second painting (! C1 " C2 " L2) looked like the original O2. 
Conclusion: the luminance contours selected or gated the congruent color contours and ignored non-
congruent colors from the other painting.
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This note describes how colored borders that are barely visible can be made prominent by adding con-
gruent luminance edges. Luminance perception is sharp, but color perception is fuzzier owing to dif-
IHUHQW�UHFHSWLYH�¿HOG�VL]HV�IRU�QHXURQV�FRGLQJ�IRU�OXPLQDQFH�DQG�FRORU��UHVSHFWLYHO\��:DQGHOO��1995). 
Although usually colored borders coincide with luminance edges, various studies have reported a loss 
of color-form coherence. For example, when images are retinally stabilized, colors can lose their align-
PHQW�ZLWK�WKH�FRQWRXUV�RI�WKH�VKDSHV��*HUULWV��GH�+DDQ��	�9HQGULN��1966). Color–shape decouplings 
KDYH�DOVR�EHHQ�REVHUYHG�LQ�EUDLQ�GDPDJHG�SDWLHQWV��H�J���&ULWFKOH\��1965). Additionally, colors can 
MXPS�RYHU�OXPLQDQFH�JDSV�¿OOLQJ�LQWR�GLVFRQQHFWHG�UHJLRQV�RI�WKH�VWLPXOXV��.DQDL��:X��9HUVWUDWHQ��	�
Shimojo, 2006���/XPLQDQFH�GLIIHUHQFH�VHHPV�FUXFLDO�IRU�HI¿FLHQW�VKDSH�SHUFHSWLRQ��$�QLFH�LQWHUDFWLYH�
demonstration of the effect of isoluminance on the cohesion of the colored parts in Matisse’s “Nu Blue II”  
can be found on Michael Bach’s website http://www.michaelbach.de/ot/col_isoluNuBleu/index.html. 
)RU�H[DPSOH��*UHJRU\��1977��VKRZHG�WKDW�*HVWDOW�SHUFHSWLRQ�PD\�EUHDN�GRZQ�XQGHU� LVROXPLQDQFH�
DQG�WKDW�GHSWK�SHUFHSWLRQ�LV�UHGXFHG��,OOXVLRQV�OLNH�WKH�FDIp�ZDOO�LOOXVLRQ�PD\�HYHQ�GLVDSSHDU�XQGHU�
LVROXPLQDQFH��VHH�DOVR�/LYLQJVWRQH�	�+XEHO��1987���+RZHYHU��IRU�RWKHU�LOOXVLRQV�WKLV�WXUQV�RXW�QRW�WR�
EH�WKH�FDVH��+DPEXUJHU��+DQVHQ��	�*HJHQIXUWQHU��2007). The Boynton illusion is another clear ex-
ample of the dominant role luminance plays in shape perception. If a luminance border overlaying a 
colored surface does not match the contours of the colored surface, the shape of the luminance border 
FDQ�GH¿QH�WKH�VKDSH�RI�WKH�FRORUHG�VXUIDFH�ZH�SHUFHLYH��VHH�6WRFNPDQ�	�%UDLQDUG��2009). Chromatic 
sensitivity clearly differs from luminance sensitivity, for example, sensitivity for red/green chromatic 
JUDWLQJV�SHDNV�DW�ORZHU�VSDWLDO�IUHTXHQF\�WKDQ�IRU�OXPLQDQFH�JUDWLQJV��*UDQJHU�	�+HXUWOH\��1973).

Colored afterimages are fuzzy, even more so than real colors, and they can be constrained by 
VKDUS� OXPLQDQFH� FRQWRXUV��'DZ� �1962) found that colored afterimages were much more visible if 
WKH\�KDG�D�EODFN�FRQWRXU�DURXQG�WKHP��DQG�6DGRZVNL�XVHG�WKLV�WR�GHYHORS�KLV�ZHOO�NQRZQ�µ6SDQLVK�
FDVWOH�LOOXVLRQ¶�RQ�WKH�:HE��9DQ�/LHU��9HUJHHU��DQG�$QVWLV��2009��DQG�$QVWLV��9HUJHHU��DQG�YDQ�/LHU�
�in press) showed that one and the same adapting colored pattern could generate differently colored 
DIWHULPDJHV�DFFRUGLQJ�WR�WKH�OD\RXW�RI�EODFN�WHVW�FRQWRXUV��)RU�LQVWDQFH��DQ�DGDSWLQJ�SODLG�ZDV�PDGH�
of a blue/yellow vertical grating transparently superimposed on a red/green horizontal grating. After 
DGDSWDWLRQ�WR�WKLV�SDWWHUQ��D�ZKLWH�WHVW�¿HOG�FRQWDLQHG�YHUWLFDO�RU�KRUL]RQWDO�EODFN�WHVW�OLQHV��FRQJUXHQW�
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Looking at two paintings at once: Luminance edges can 
gate colors
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with either the vertical or horizontal adapting gratings. The vertical and horizontal test patterns yielded 
DQ�DIWHULPDJH�FRQVLVWLQJ�RI�D�\HOORZ�EOXH�DQG�SLQN�JUHHQ�JUDWLQJ��UHVSHFWLYHO\��7KHVH�¿QGLQJV�VXJJHVW�
that afterimage colors are spatially averaged between, but not across, achromatic test contours. In line 
ZLWK�WKLV�VXJJHVWLRQ��LW�KDV�EHHQ�VKRZQ�WKDW�¿QGLQJV�OLNH�WKHVH�FDQ�EH�SUHGLFWHG�E\�D�PRGHO�UHO\LQJ�
RQ�WKH�FDSWXUH�RI�DIWHULPDJH�¿OOLQJ�LQ�E\�FRQWRXUV��.LP�	�)UDQFLV��2011���$QVWLV��9HUJHHU��DQG�YDQ�
/LHU��in press��DQG�DOVR�)HLWRVD�6DQWDQD��'¶$QWRQD��DQG�6KHYHOO��������H[DPLQHG�KRZ�FRQWRXUV�FRXOG�
bound the reach of real colors.

+HUH�LV�D�QHZ�GHPRQVWUDWLRQ�VKRZLQJ�KRZ�D�JUD\VFDOH�SLFWXUH�FDQ�JDWH�RU�VHOHFW�D�IX]]\�FKURPDWLF�
SLFWXUH�LQ�WKH�SUHVHQFH�RI�QRLVH��:H�FKRVH�WZR�ZHOO�NQRZQ�SDLQWLQJV��7KH�%OXH�%R\���������E\�7KR-
PDV�*DLQVERURXJK������±������+XQWLQJWRQ�$UW�*DOOHU\��6DQ�0DULQR��&DOLIRUQLD��/D�6RXUFH���������
E\�-HDQ�$XJXVWH�'RPLQLTXH�,QJUHV������±������0XVHH�G¶2UVD\�3DULV��(DFK�RI�WKHVH�SDLQWLQJV�LV�D�
full-length portrait of roughly the same size and shape but of very different colorings. The Blue Boy 
LV�LQ�FRRO�EOXLVK�WRQHV�ZKLOH�/D�6RXUFH�LV�LQIXVHG�ZLWK�ZDUP�ÀHVK�WRQHV��:H�VSOLW�D�UHSURGXFWLRQ�RI�
HDFK�SDLQWLQJ�LQWR�LWV�OXPLQDQFH��JUD\VFDOH��FRPSRQHQW�DQG�LWV�FKURPLQDQFH��FRORU��FRPSRQHQW�DQG�
VDYHG�HDFK�FRPSRQHQW�DV�D�VHSDUDWH�¿OH���-RKQ�6DGRZNVL�KDV�SXEOLVKHG�D�WXWRULDO�RQ�KRZ�WR�GR�WKLV�DW�� 
KWWS���ZZZ�MRKQVDGRZVNL�FRP�FRORUBLOOXVLRQBWXWRULDO�KWPO).

2I�FRXUVH��VLPSO\�VXSHULPSRVLQJ�WKH�OXPLQDQFH�DQG�FKURPLQDQFH�FRPSRQHQWV�RI�D�VLQJOH�SDLQW-
ing would restore the original. But instead, Figure 1 shows how we superimposed just the color 
components of both�SDLQWLQJV��2Q�LWV�RZQ��WKLV�ORRNHG�OLNH�D�IX]]\�PHVV��%XW�ZH�PDGH�WZR�FRSLHV�RI�

Figure 1. 7KH�WZR�RULJLQDO�SDLQWLQJV�� WKH�%OXH�%R\��2���DQG�/D�6RXUFH��2����ZHUH�VSOLW� LQWR�WKHLU� OXPLQDQFH�
FRPSRQHQWV��/���/���DQG�WKHLU�FRORU�FRPSRQHQWV��&���&���VHFRQG�URZ���7KHVH�ZHUH�UHFRPELQHG��DQG�WUDQVSDUHQWO\�
VXSHULPSRVHG��LQWR�WZR�IUDPHV��WKLUG�URZ���)UDPH���FRQWDLQHG�both color pictures plus L1, and frame 2 contained 
both�FRORU�SLFWXUHV�SOXV�/���5HVXOW��7KH�OXPLQDQFH�SLFWXUHV�GRPLQDWHG�DQG�JDWHG�WKH�FRORUV��VR�)UDPH���ORRNHG�
OLNH�WKH�%OXH�%R\��ZKLOH�)UDPH���ORRNHG�OLNH�/D�6RXUFH��VHH�Figure 2).

http://www.johnsadowski.com/color_illusion_tutorial.html


Looking at two paintings 517

WKLV�GRXEOH�FKURPDWLF�PHVV��2Q�RQH�ZH�WUDQVSDUHQWO\�VXSHULPSRVHG�WKH�OXPLQDQFH�FRPSRQHQW�RI�WKH�
Blue Boy, and on the other, the luminance component of La Source.

These are shown side-by-side in Figure 2��(DFK�SLFWXUH�LV�D�WULSOH�OD\HU�VDQGZLFK�RI�WZR�FKURPDWLF�
SLFWXUHV��VDPH�LQ�ERWK�IUDPHV��DQG�RQH�OXPLQDQFH�SLFWXUH��GLIIHUHQW�LQ�HDFK���$OWKRXJK�HDFK�SLFWXUH�
in Figure 2� LV�VRPHZKDW�GHVDWXUDWHG�E\�D�YHLO�RI�FRORU�� WKH�%OXH�%R\�OXPLQDQFH�SLFWXUH�PDNHV� WKH�
ZKROH�LPDJH�ORRN�OLNH�WKH�RULJLQDO�%OXH�%R\�SDLQWLQJ��ZLWK�/D�6RXUFH�YLUWXDOO\�LQYLVLEOH��Figure 2a). 
Conversely, the original La Source is perceived when the triple layer sandwich contains the La Source 
OXPLQDQFH�SLFWXUH��ZLWK�WKH�%OXH�%R\�QRZKHUH�WR�EH�VHHQ��Figure 2b). Supplementary Movie S1 also 
shows the two superimposed color components, with each luminance component in turn sliding over 
them into superimposition.

6R��HDFK�JUD\VFDOH�SLFWXUH�SHUFHSWXDOO\�DPSOL¿HG�WKH�FRORUV�WKDW�ZHUH�FRQJUXHQW�ZLWK�LW��DQG�GH�
HPSKDVL]HG� WKH� QRQFRQJUXHQW� FRORUV��7KLV� LV� OLNH� D� YLVXDO� DQDORJXH� RI� WKH� DXGLWRU\� FRFNWDLO� SDUW\�
SUREOHP��,W�LV�DV�WKRXJK�WKH�OXPLQDQFH�FRQWRXUV�SLFN�RXW�WKH�FRORUV�WKDW�FRLQFLGH�ZLWK�WKHP�EXW�LJ-
QRUH�QRQFRLQFLGHQW�FRORUV��&RORU�¿OOLQJ�LQ�SKHQRPHQD�OLNH�WKHVH�DUH�WKRXJKW�WR�RFFXU�E\�PHDQV�RI�D�
FRQWRXU�EDVHG�¿OOLQJ�LQ�PHFKDQLVP� �*URVVEHUJ��2003). Thus, luminance perception dominates and 
guides color perception.

Figure 2. �D��FRQWDLQV�&����&����/��DQG�ORRNV�OLNH�2���WKH�%OXH�%R\����E��FRQWDLQV�&����&����/��DQG�ORRNV�OLNH�
2���/D�6RXUFH���&RQYHQWLRQV�VDPH�DV�IRU�Figure 1.



518 Anstis S, Vergeer M, Van Lier R

Acknowledgments. 6��$QVWLV�LV�JUDWHIXO�IRU�D�JUDQW�IURP�WKH�3V\FKRORJ\�'HSW��8&6'��D�9LVLWLQJ�)HOORZVKLS�IURP�
3HPEURNH�&ROOHJH��2[IRUG��DQG�D�+XPEROGW�)HOORZVKLS��7KH�DXWKRUV�WKDQN�6HDQ�'HHULQJ��1HDO�'\NPDQ��'RUHHQ�
+VX��.DWKHULQH�+VXHK��DQG�(VWKHU�6WURP�IRU�WKHLU�DVVLVWDQFH�

References
$QVWLV��6���9HUJHHU��0���	�9DQ�/LHU��5���LQ�SUHVV���/XPLQDQFH�FRQWRXUV�FDQ�JDWH�DIWHULPDJH�FRORUV�DQG�µUHDO¶�

colors. Journal of Vision.
&ULWFKOH\��0����������$FTXLUHG�DQRPDOLHV�RI�FRORU�SHUFHSWLRQ�RI�FHQWUDO�RULJLQ��Brain, 711–724. doi:10.1093/

brain/88.4.711.
'DZ��1��:����������³:K\�DIWHU�LPDJHV�DUH�QRW�VHHQ�LQ�QRUPDO�FLUFXPVWDQFHV�´�Nature, 196, 1143–1145. 

doi:10.1038/1961143a0.
)HLWRVD�6DQWDQD��&���'�$QWRQD��$��'���	�6KHYHOO��6��.���:KDW�NLQGV�RI�FRQWRXUV�ERXQG�WKH�UHDFK�RI�¿OOHG�LQ�

color? Journal of Vision 11(2) 2 1–11. doi: 10.1167/11.2.2.
*HUULWV��+���'H�+DDQ��%���	�9HQGULN��$����������([SHULPHQWV�ZLWK�UHWLQDO�VWDELOL]HG�LPDJHV��5HODWLRQV�EHWZHHQ�

the observations and neural data. Vision Research, 6, 427–440. GRL�����������������������������.
*UDQJHU��(��0���	�+HXUWOH\��-��&����������/HWWHUV�WR�WKH�HGLWRU��9LVXDO�FKURPDWLFLW\�PRGXODWLRQ�WUDQVIHU�IXQFWLRQ��

Journal of the Optical Society of America, 63, 1173–1174. GRL���������-26$����������.
*UHJRU\��5��/����������9LVLRQ�ZLWK�LVROXPLQDQW�FRORU�FRQWUDVW�����$�SURMHFWLRQ�WHFKQLTXH�DQG�REVHUYDWLRQV��

Perception, 6, 113–119. doi:10.1068/p060113.
*URVVEHUJ��6����������)LOOLQJ�LQ�WKH�IRUPV��6XUIDFH�DQG�ERXQGDU\�LQWHUDFWLRQV�LQ�YLVXDO�FRUWH[��,Q�/��3HVVRD��	�3��

GH�:HHUG��(GV����Filling-in: From perceptual completion to cortical reorganization.��SS����±�����2[IRUG��
(QJODQG��2[IRUG�8QLYHUVLW\�3UHVV��doi:10.1093/acprof:oso/9780195140132.003.0002.

+DPEXUJHU��.���+DQVHQ��7���	�*HJHQIXUWQHU��.����������*HRPHWULF�RSWLFDO�LOOXVLRQV�DW�LVROXPLQDQFH��Vision 
Research, 47, 3276–3285. doi:10.1016/j.visres.2007.09.004.

.DQDL��5���:X��'��$���9HUVWUDWHQ��)��$���	�6KLPRMR��6����������'LVFUHWH�FRORU�¿OOLQJ�EH\RQG�OXPLQDQFH�JDSV�
along perceptual surfaces. Journal of Vision, 6, 1380–1395. doi:10.1167/6.12.4.

.LP��-���	�)UDQFLV��*����������&RORU�VHOHFWLRQ��FRORU�FDSWXUH��DQG�DIWHULPDJH�¿OOLQJ�LQ��Journal of Vision, 11, 
1–18. doi:10.1167/11.3.23.

/HH��%����������5HFHSWRU�LQSXWV�WR�SULPDWH�JDQJOLRQ�FHOOV��,Q�.��5��*HJHQIXUWQHU��	�/��7��6KDUSH��(GV����Color 
vision: From genes to perception��SS�����±�����

/LYLQJVWRQH��0���	�+XEHO��'����������3V\FKRSK\VLFDO�HYLGHQFH�IRU�VHSDUDWH�FKDQQHOV�IRU�WKH�SHUFHSWLRQ�RI�IRUP��
color, movement, and depth. Journal of Neuroscience, 7, 3416–3468.

6WRFNPDQ��$���	�%UDLQDUG��'��+����������&RORU�YLVLRQ�PHFKDQLVPV��,Q�0��%DVV��&��'H&XVDWLV��-��(QRFK��9��
/DNVKPLQDUD\DQDQ��*��/L��&��0DFGRQDOG��9��0DKDMDQ��	�(��YDQ�6WU\ODQG��(GV����The Optical Society of 
America Handbook of Optics. 3rd ed. 9ROXPH�,,,� 9LVLRQ�DQG�9LVLRQ�2SWLFV��1HZ�<RUN��1<��0F*UDZ�
+LOO�

9DQ�/LHU��5���9HUJHHU��0���	�$QVWLV��6����������)LOOLQJ�LQ�DIWHULPDJH�FRORUV�EHWZHHQ�WKH�OLQHV��Current Biology, 
1, R323–R324. doi:10.1016/j.cub.2009.03.010.

:DQGHOO��%��$����������Foundations of vision. Sunderland, MA: Sinauer Associates.

http://dx.doi.org/10.1093/brain/88.4.711
http://dx.doi.org/10.1093/brain/88.4.711
http://dx.doi.org/10.1038/1961143a0
http://dx.doi.org/10.1167/11.2.2
http://dx.doi.org/10.1016/0042-6989(66)90051-4
http://dx.doi.org/10.1364/JOSA.63.001173
http://dx.doi.org/10.1068/p060113
http://dx.doi.org/10.1093/acprof:oso/9780195140132.003.0002
http://dx.doi.org/10.1016/j.visres.2007.09.004
http://dx.doi.org/10.1167/6.12.4
http://dx.doi.org/10.1167/11.3.23
http://dx.doi.org/10.1016/j.cub.2009.03.010


Copyright 2012 S Anstis, M Vergeer, R Van Lier
Published under a Creative Commons Licence                                                                                a Pion publication

519 Anstis S, Vergeer M, Van Lier R

Stuart Anstis took his Ph.D. in experimental psychology at the University 
of Cambridge under Richard Gregory. He then taught at the University of 
Bristol, then at York University in Toronto, Canada. For the last 20 years he 
has taught at UC San Diego. For more information visit http://psy2.ucsd.
edu/~sanstis/Stuart_Anstis/Welcome.html.

Mark Vergeer took his Ph.D. in neuroscience at Radboud University in 
1LMPHJHQ�XQGHU�5RE�YDQ�/LHU�DQG�&KDUOHV�GH�:HHUW��$IWHU�¿QLVKLQJ�KLV�3K�'��
he started working as a postdoc in the laboratory of psychophysics led by 
Michael Herzog at EPFL, Lausanne.  For more information please visit http://
OSV\�HSÀ�FK�SHRSOH�YHUJHHU�

Rob van Lier took his PhD in Experimental Psychology at the Radboud Uni-
versity Nijmegen and after that he spent a few postdoc years at the University 
of Leuven. Currently he is an associate professor and principal investigator at 
the Donders Institute for Brain, Cognition and Behaviour. For more informa-
tion visit: http://www.robvanlier.nl (or http://www.socsci.ru.nl/~robvl/)

http://lpsy.epfl.ch/people/vergeer/
http://lpsy.epfl.ch/people/vergeer/
http://www.robvanlier.nl
http://www.socsci.ru.nl/~robvl/

	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	12
	13
	14
	15

	Button 10: 
	Button 11: 
	Button 12: 
	Button 13: 
	Button 14: 
	Button 15: 
	Button 16: 
	Button 17: 
	Button 18: 
	Button 19: 
	Button 20: 
	Button 21: 
	Button 22: 
	Button 23: 
	Button 24: 


