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HUMAN	  VISION	  



Human	  Eye	  

"Schema+c	  diagram	  of	  the	  human	  eye	  en"	  by	  Rhcas+lhos	  -‐	  Schema+c_diagram_of_the_human_eye_with_English_annota+ons.svg.	  Licensed	  under	  
Public	  Domain	  via	  Wikimedia	  Commons	  -‐	  hOp://commons.wikimedia.org/wiki/File:Schema+c_diagram_of_the_human_eye_en.svg#mediaviewer/
File:Schema+c_diagram_of_the_human_eye_en.svg	  



Re+na	  

"Re+na-‐diagram"	  by	  Fig_re+ne.png:	  Cajalderiva+ve	  work	  Fig	  re+ne	  bended.png:	  Anka	  Friedrich	  (talk)deriva+ve	  work:	  vectorisa+on	  by	  chris	  論	  -‐	  
Fig_re+ne.pngFig	  re+ne	  bended.png.	  Licensed	  under	  CC	  BY-‐SA	  3.0	  via	  Wikimedia	  Commons	  -‐	  hOp://commons.wikimedia.org/wiki/File:Re+na-‐
diagram.svg#mediaviewer/File:Re+na-‐diagram.svg	  



Macula	  and	  Fovea	  

"Macula"	  by	  Photograph:	  Danny	  Hope	  from	  Brighton	  &	  Hove,	  UK	  -‐	  
File:Righ_eye_re+na.jpg	  (which	  come	  from	  My	  Right	  Eye).	  Licensed	  under	  CC	  BY	  
2.0	  via	  Wikimedia	  Commons	  -‐	  hOp://commons.wikimedia.org/wiki/
File:Macula.svg#mediaviewer/File:Macula.svg	  



Photo	  Receptor	  Cells	  

•  Two	  types	  of	  light	  
sensi+ve	  cells	  
–  Rod	  Cells	  (~120M)	  

•  Provide	  low-‐light	  vision	  
•  Peripheral	  vision	  
•  Almost	  no	  role	  in	  color	  
vision	  

–  Cone	  cells	  (~6M)	  
•  Provide	  normal	  vision	  
•  Three	  sub-‐types	  of	  cells	  

–  Sensi+vity	  to	  different	  
light	  wavelengths	  

–  Used	  for	  colored	  vision	  
"Human	  photoreceptor	  distribu+on"	  by	  Cmglee	  -‐	  Own	  work.	  Licensed	  under	  CC	  BY-‐SA	  3.0	  
via	  Wikimedia	  Commons	  -‐	  hOp://commons.wikimedia.org/wiki/
File:Human_photoreceptor_distribu+on.svg#mediaviewer/
File:Human_photoreceptor_distribu+on.svg	  



Peripheral	  Vision	  Test	  



Blind	  Spot	  

•  There	  are	  no	  receptors	  
where	  op+c	  nerve	  
meets	  the	  re+na	  

•  This	  is	  a	  blind	  spot	  
•  Brains	  merges	  
informa+on	  from	  both	  
eyes	  to	  reconstruct	  
missing	  parts	  

•  Find	  your	  blind	  spot	  
–  Draw	  a	  cross	  (right)	  and	  
a	  dot	  (leb)	  on	  a	  paper	  
(around	  8cm	  distant)	  

–  Close	  your	  right	  eye	  
–  Look	  at	  the	  cross	  	  
– Move	  the	  page	  un+l	  the	  
dot	  disappears	  



Vision	  Resolu+on	  

hOp://xkcd.com/1080/	  



Vision	  Resolu+on	  

•  Fovea	  yields	  the	  highest	  
resolu+on	  (normal	  light)	  

•  Fovea	  occupies	  around	  
15°	  of	  visual	  field	  

•  Highest	  resolu+on	  is	  
provided	  by	  fovea	  
centralis	  (around	  1°)	  

Komatsubara,	  A.	  Human	  error,	  Maruzen	  co.	  ltd.	  2008.	  (In	  japanese)	  	  



Mach	  Banding	  

•  Lateral	  Inhibi+on:	  a	  
posi+ve	  outcome	  in	  one	  
element	  induces	  a	  
nega+ve	  outcome	  in	  its	  
neighbours	  

•  Some	  ini+al	  processing	  
is	  done	  in	  horizontal	  
cells	  in	  the	  eys	  

•  Mach	  Banding	  shows	  
this	  phenomenon	  

"Mach	  band90"	  di	  Mach_band.svg:	  DancingPhilosopherderiva+ve	  work:	  
DancingPhilosopher	  (talk)	  -‐	  Mach_band.svg.	  Con	  licenza	  Pubblico	  dominio	  
tramite	  Wikimedia	  Commons	  -‐	  hOp://commons.wikimedia.org/wiki/
File:Mach_band90.svg#/media/File:Mach_band90.svg	  



Visual	  System	  

"Gray722-‐svg"	  by	  KDS444	  -‐	  hOps://commons.wikimedia.org/wiki/
File:Gray722.png.	  Licensed	  under	  Public	  Domain	  via	  Wikimedia	  
Commons	  -‐	  hOp://commons.wikimedia.org/wiki/File:Gray722-‐svg.svg#/
media/File:Gray722-‐svg.svg	  

•  Signals	  are	  transmiOed	  
from	  the	  re+na	  to	  the	  
op+c	  nerve	  

•  1M	  nerve	  fibres	  and	  
125M	  recepteros	  

•  Around	  1000	  rods	  carried	  
on	  the	  same	  nerve	  fibre	  

•  From	  central	  fovea	  each	  
receptor	  is	  connected	  to	  
two	  nerve	  cells	  



Visual	  System	  

"Gray722-‐svg"	  by	  KDS444	  -‐	  hOps://commons.wikimedia.org/wiki/
File:Gray722.png.	  Licensed	  under	  Public	  Domain	  via	  Wikimedia	  
Commons	  -‐	  hOp://commons.wikimedia.org/wiki/File:Gray722-‐svg.svg#/
media/File:Gray722-‐svg.svg	  

•  Op+c	  nerves	  from	  the	  
eyes	  converge	  to	  Op+c	  
Chiasm	  

•  Signals	  from	  both	  eyes	  
are	  mixed	  at	  this	  point	  

•  Filling	  of	  blind-‐spot	  gaps	  
•  Es+ma+on	  of	  depth	  	  



Visual	  System	  

"Gray722-‐svg"	  by	  KDS444	  -‐	  hOps://commons.wikimedia.org/wiki/
File:Gray722.png.	  Licensed	  under	  Public	  Domain	  via	  Wikimedia	  
Commons	  -‐	  hOp://commons.wikimedia.org/wiki/File:Gray722-‐svg.svg#/
media/File:Gray722-‐svg.svg	  

•  Lateral	  Geniculate	  Body	  
serves	  as	  a	  relay	  to	  
dispatch	  signals	  to	  
visual	  cortex	  

•  Actually,	  some	  
informa+on	  is	  received	  
back	  from	  the	  cortex	  



Visual	  System	  

"Gray722-‐svg"	  by	  KDS444	  -‐	  hOps://commons.wikimedia.org/wiki/
File:Gray722.png.	  Licensed	  under	  Public	  Domain	  via	  Wikimedia	  
Commons	  -‐	  hOp://commons.wikimedia.org/wiki/File:Gray722-‐svg.svg#/
media/File:Gray722-‐svg.svg	  

•  Visual	  Cortex	  process	  
signals	  and	  extract	  basic	  
visual	  informa+on	  	  
–  Detec+on	  of	  par+cular	  
orienta+on	  

–  Shape	  detec+on	  
–  Ad-‐hoc	  processed	  are	  
performed	  with	  higher	  
and	  higher	  level	  of	  
details	  	  



Visual	  System	  

"Gray722-‐svg"	  by	  KDS444	  -‐	  hOps://commons.wikimedia.org/wiki/
File:Gray722.png.	  Licensed	  under	  Public	  Domain	  via	  Wikimedia	  
Commons	  -‐	  hOp://commons.wikimedia.org/wiki/File:Gray722-‐svg.svg#/
media/File:Gray722-‐svg.svg	  

"Lisa	  analysis"	  by	  Clock	  -‐	  Own	  work.	  Licensed	  under	  CC	  BY-‐SA	  3.0	  via	  
Wikimedia	  Commons	  -‐	  hOp://commons.wikimedia.org/wiki/
File:Lisa_analysis.png#/media/File:Lisa_analysis.png	  



Photo	  Receptor	  Cells	  

"1416	  Color	  Sensi+vity"	  by	  OpenStax	  College	  -‐	  Anatomy	  &	  Physiology,	  Connexions	  Web	  site.	  hOp://cnx.org/content/col11496/1.6/,	  Jun	  19,	  2013..	  
Licensed	  under	  CC	  BY	  3.0	  via	  Wikimedia	  Commons	  -‐	  hOp://commons.wikimedia.org/wiki/File:1416_Color_Sensi+vity.jpg#mediaviewer/File:
1416_Color_Sensi+vity.jpg	  



Photo	  Receptor	  Cells	  
Distribu+on	  of	  cone	  cells	  in	  the	  fovea	  of	  an	  individual	  with	  normal	  color	  vision	  (leb),	  and	  a	  color	  blind	  re+na.	  	  

"ConeMosaics"	  by	  Mark	  Fairchild.	  Licensed	  under	  CC	  BY-‐SA	  3.0	  via	  Wikimedia	  Commons	  -‐	  hOp://commons.wikimedia.org/wiki/
File:ConeMosaics.jpg#mediaviewer/File:ConeMosaics.jpg	  



Where	  is	  Waldo?	  



High	  Resolu+on	  Vision	  

•  HiRes	  vision	  is	  limited	  to	  
a	  narrow	  angle	  of	  field	  
vision	  

•  Eyes	  move	  to	  scan	  an	  
object	  in	  order	  to	  
expose	  the	  image	  on	  
the	  fovea	  

•  The	  movement	  of	  eyes	  
is	  not	  regular	  or	  linera	  

"Vision	  2	  secondes"	  by	  Hans-‐Werner	  Hunziker.	  Licensed	  under	  CC	  
BY	  3.0	  via	  Wikimedia	  Commons	  -‐	  hOp://commons.wikimedia.org/
wiki/File:Vision_2_secondes.jpg#/media/
File:Vision_2_secondes.jpg	  



WHAT	  CATCHES	  OUR	  ATTENTION?	  



AOen+on	  and	  Focus	  
•  AOen+on	  is	  the	  mental	  

process	  to	  focus	  on	  
something	  or	  someone	  
with	  high	  relevance	  

•  Concentra+on	  on	  a	  
subset	  of	  available	  visible	  
informa+on	  

•  Based	  on	  a	  limited	  
processing	  resources	  

•  Top-‐down	  aOen+on	  
(endogenous	  aOen+on)	  
–  Inten+onal	  alloca+on	  of	  
focus	  to	  an	  item	  or	  a	  
loca+on	  

–  E.g.	  where	  is	  waldo?	  game	  	  
•  BoOom-‐up	  aOen+on	  

(exogeneus	  aOen+on)	  
–  AOen+on	  redirec+on	  to	  
react	  on	  an	  external	  
s+mulus	  

–  E.g.	  a	  sudden	  loud	  noise	  
near	  you	  



Eye	  Movements	  

Fixa+on	  

Saccade	  

Fixa+on	  Saccade	  

Smooth	  
pursuit	  

movements	  

…	  

•  Fixa+on:	  eye	  focuses	  on	  
a	  single	  point	  

•  Saccade:	  mo+on	  from	  a	  
fixa+on	  point	  to	  the	  
next	  one	  

•  Smooth	  Pursuit:	  eyes	  
follows	  a	  moving	  object	  

	  



Eye	  Movement	  

•  Experiments	  by	  I.	  L.	  
Yarbus	  

•  General	  setup	  
–  Present	  an	  image	  to	  a	  
subject	  

–  The	  subject	  may	  or	  not	  
have	  a	  task	  to	  perform	  

–  Record	  the	  movements	  
of	  the	  eyes	  

•  First	  experiments	  in	  
Russia	  between	  40s	  and	  
50s	  



Examining	  a	  face	  



Context	  and	  Face	  Recogni+on	  



The	  Unexpected	  Visitors	  

hOp://www.cabinetmagazine.org/issues/30/archibald.php	  



T1:	  Examine	  the	  picture	  



T2:	  How	  wealthy	  is	  the	  family?	  



T3:	  Es+mate	  ages	  of	  persons	  	  



T4:	  what	  the	  family	  was	  doing	  before	  
the	  visitor?	  



Eye	  Tracking	  for	  Design	  



Top-‐Down	  AOen+on	  	  

hOp://channel.na+onalgeographic.com/brain-‐games/videos/brain-‐games-‐pay-‐aOen+on/	  	  



Three	  Dimensional	  Vision	  

•  Brain	  reconstructs	  depth	  percep+on	  by	  many	  
cues	  on	  the	  visual	  images	  
– Perspec+ve	  
– Rela+ve	  size	  
– Occlusion	  
– Parallax	  
– Shadows	  



Shadows	  game	  



Ball	  game	  



Perspec+ve	  

•  Linear	  Perspec+ve	  
–  Distant	  objects	  are	  
perceived	  smaller	  

–  Parallel	  lines	  converge	  to	  
a	  common	  point	  

•  Aerial	  Perspec+ve	  
–  Appearance	  of	  an	  object	  
is	  modified	  by	  
atmosphere	  

–  Distant	  objects	  loose	  
contrast	  

"DushanTappe"	  by	  Kamal-‐ol-‐molk	  -‐	  Own	  work.	  Licensed	  under	  
Public	  Domain	  via	  Wikimedia	  Commons	  -‐	  hOp://
commons.wikimedia.org/wiki/File:DushanTappe.jpg#/media/
File:DushanTappe.jpg	  



Perspec+ve	  



Ames	  Room	  

"Ames	  room	  forced	  perspec+ve"	  di	  mosso	  -‐	  op+cal	  Illusion.	  Con	  
licenza	  CC	  BY	  2.0	  tramite	  Wikimedia	  Commons	  -‐	  hOp://
commons.wikimedia.org/wiki/
File:Ames_room_forced_perspec+ve.jpg#/media/
File:Ames_room_forced_perspec+ve.jpg	  

"Ames	  room-‐it"	  di	  Ames_room.svg:	  Alex	  valavanisderiva+ve	  work:	  
Carnby	  (talk)	  -‐	  Ames_room.svg.	  Con	  licenza	  Pubblico	  dominio	  
tramite	  Wikimedia	  Commons	  -‐	  hOp://commons.wikimedia.org/
wiki/File:Ames_room-‐it.svg#/media/File:Ames_room-‐it.svg	  



PERCEPTION	  



Percep+on	  
•  Percep+on:	  the	  way	  in	  

which	  something	  is	  
regarded,	  understood,	  or	  
interpreted	  (Oxford	  
Dic+onary)	  

•  Electrical	  signals	  from	  
vision	  system	  are	  
interpreted	  and	  organized	  
by	  the	  brain	  

•  Two-‐stream	  hypothesis:	  
–  Ventral	  Stream	  
–  Dorsal	  Stream	  

"Ventral-‐dorsal	  streams"	  by	  Selket	  -‐	  I	  (Selket)	  made	  this	  from	  
Image:Gray728.svg.	  Licensed	  under	  CC	  BY-‐SA	  3.0	  via	  Wikimedia	  
Commons	  -‐	  hOp://commons.wikimedia.org/wiki/File:Ventral-‐
dorsal_streams.svg#/media/File:Ventral-‐dorsal_streams.svg	  

The	  dorsal	  stream	  (green)	  and	  ventral	  stream	  (purple)	  
are	  shown.	  They	  originate	  from	  a	  common	  source	  in	  
the	  visual	  cortex	  



Percep+on	  and	  Congni+on	  

Stage	  1	  

• Rapid	  parallel	  
processing	  to	  
extract	  basic	  
features	  

Stage	  2	  

• Slow	  serial	  
processing	  to	  
extract	  
paOerns	  and	  
structures	  

Stage	  3	  

• Sequen+al	  
scan	  to	  
perform	  task-‐
oriented	  
interpreta+on	  
of	  visual	  
informa+on	  

Ware	  Colin.	  Informa+on	  Visualiza+on,	  third	  edi+on.	  2004	  



Percep+on	  and	  Cogni+on	  

1258965168765132168943213
5463479654321320354968413
2068798417184529529287149
2174953178195293926546831
3546516509898554684982984	  

How	  many	  “3”?	  
1258965168765132168943213
5463479654321320354968413
2068798417184529529287149
2174953178195293926546831
3546516509898554684982984	  

1258965168765132168943213
5463479654321320354968413
2068798417184529529287149
2174953178195293926546831
3546516509898554684982984	  



Visual	  Illusions	  

•  Visually	  perceived	  images	  differs	  from	  
measurable	  reality	  
– Op+cal	  Illusions	  
– Physiolagical	  illusions	  (Mach	  Bands)	  
– Cogni+ve	  illusions	  

•  Arise	  by	  unconsciuos	  inferences	  based	  on	  assump+ons	  
about	  real	  world	  



Op+cal	  Illusions	  

"Harvest	  moon"	  by	  Original	  uploader	  was	  Roadcrusher	  at	  en.wikipedia	  -‐	  Transferred	  from	  en.wikipedia;	  transferred	  to	  Commons	  by	  
User:Khayman	  using	  CommonsHelper..	  Licensed	  under	  CC	  BY-‐SA	  3.0	  via	  Wikimedia	  Commons	  -‐	  hOp://commons.wikimedia.org/wiki/
File:Harvest_moon.jpg#/media/File:Harvest_moon.jpg	  



Physiological	  Grid	  Illusion	  

"HermannGrid"	  by	  en:User:Famousdog	  -‐	  hOp://en.wikipedia.org/
wiki/File:HermannGrid.gif.	  Licensed	  under	  Public	  Domain	  via	  
Wikimedia	  Commons	  -‐	  hOp://commons.wikimedia.org/wiki/
File:HermannGrid.gif#/media/File:HermannGrid.gif	  

"Grid	  illusion"	  by	  User:Tó	  campos1	  -‐	  Own	  work.	  Licensed	  under	  
Public	  Domain	  via	  Wikimedia	  Commons	  -‐	  hOp://
commons.wikimedia.org/wiki/File:Grid_illusion.svg#/media/
File:Grid_illusion.svg	  



Paradox	  Ambiguos	  Illusions	  

"Kanizsa	  triangle"	  by	  Fibonacci	  -‐	  Own	  work.	  Licensed	  under	  CC	  BY-‐
SA	  3.0	  via	  Wikimedia	  Commons	  -‐	  hOp://commons.wikimedia.org/
wiki/File:Kanizsa_triangle.svg#/media/File:Kanizsa_triangle.svg	  

"Duck-‐Rabbit	  illusion".	  Licensed	  under	  Public	  Domain	  via	  Wikimedia	  
Commons	  -‐	  hOp://commons.wikimedia.org/wiki/File:Duck-‐
Rabbit_illusion.jpg#/media/File:Duck-‐Rabbit_illusion.jpg	  



Depth	  Perspec+ve	  Illusions	  

Ponzo	  Illusion	  

Perspec+ve	  is	  highly	  dependable	  
for	  our	  brain:	  misinterpreta+on	  
may	  cause	  strong	  distorions	  

"PonzoType"	  by	  Gwestheimer	  -‐	  Own	  work.	  Licensed	  under	  CC	  BY-‐SA	  
3.0	  via	  Wikimedia	  Commons	  -‐	  hOp://commons.wikimedia.org/wiki/
File:PonzoType.png#/media/File:PonzoType.png	  



Lengths	  Distor+on	  

"Müller-‐Lyer	  illusion"	  by	  Fibonacci	  -‐	  Own	  work.	  Licensed	  under	  CC	  BY-‐SA	  3.0	  via	  Wikimedia	  Commons	  -‐	  hOp://commons.wikimedia.org/wiki/
File:M%C3%BCller-‐Lyer_illusion.svg#/media/File:M%C3%BCller-‐Lyer_illusion.svg	  

Müller-‐Lyer	  illusion	  



Posi+on	  Illusion	  

"Poggendorff	  illusion"	  by	  Fibonacci.	  -‐	  Own	  work.	  Licensed	  under	  CC	  BY-‐SA	  3.0	  via	  Wikimedia	  Commons	  -‐	  hOp://commons.wikimedia.org/wiki/
File:Poggendorff_illusion.svg#/media/File:Poggendorff_illusion.svg	  

Poggendorff	  illusion	  



Orienta+on	  Illusion	  

Zöllner	  illusion	  

"Zollner	  illusion"	  by	  Fibonacci	  -‐	  Own	  work.	  Licensed	  under	  CC	  BY-‐SA	  
3.0	  via	  Wikimedia	  Commons	  -‐	  hOp://commons.wikimedia.org/wiki/
File:Zollner_illusion.svg#/media/File:Zollner_illusion.svg	  

"Café	  wall"	  by	  Fibonacci	  -‐	  Own	  work.	  Licensed	  under	  CC	  BY-‐SA	  3.0	  via	  
Wikimedia	  Commons	  -‐	  hOp://commons.wikimedia.org/wiki/File:Caf
%C3%A9_wall.svg#/media/File:Caf%C3%A9_wall.svg	  



Ver+cal-‐horizontal	  Illusion	  

"Ver+cal–horizontal	  illusion"	  by	  S-‐kay	  -‐	  Own	  work.	  Licensed	  under	  Public	  Domain	  via	  Wikimedia	  
Commons	  -‐	  hOp://commons.wikimedia.org/wiki/File:Ver+cal%E2%80%93horizontal_illusion.png#/
media/File:Ver+cal%E2%80%93horizontal_illusion.png	  



Sander	  Illusion	  

"Sander	  Illusion"	  by	  Coun+ngPine	  -‐	  Own	  work.	  Licensed	  under	  Public	  Domain	  via	  Wikimedia	  Commons	  -‐	  hOp://
commons.wikimedia.org/wiki/File:Sander_Illusion.svg#/media/File:Sander_Illusion.svg	  



Ebbinghaus	  Illusion	  

"Mond-‐vergleich".	  Licensed	  under	  Public	  Domain	  via	  Wikimedia	  Commons	  -‐	  hOp://commons.wikimedia.org/wiki/File:Mond-‐vergleich.svg#/
media/File:Mond-‐vergleich.svg	  



Delboeuf	  Illusion	  

"Delboeuf"	  by	  Famousdog	  at	  English	  Wikipedia.	  Licensed	  under	  CC	  BY	  3.0	  via	  Wikimedia	  Commons	  -‐	  hOp://commons.wikimedia.org/wiki/
File:Delboeuf.jpg#/media/File:Delboeuf.jpg	  



Hering	  Illusion	  

"Hering	  illusion"	  by	  Fibonacci	  -‐	  Own	  work.	  Licensed	  under	  CC	  BY-‐SA	  3.0	  via	  
Wikimedia	  Commons	  -‐	  hOp://commons.wikimedia.org/wiki/
File:Hering_illusion.svg#/media/File:Hering_illusion.svg	  



Ehrenstein	  Illusion	  

"Ehrenstein"	  by	  Gringer	  -‐	  Own	  work.	  Licensed	  under	  Public	  Domain	  via	  Wikimedia	  Commons	  -‐	  hOp://commons.wikimedia.org/wiki/
File:Ehrenstein.svg#/media/File:Ehrenstein.svg	  



COLOR	  DISTORTION	  



Bezold	  Effect	  

"Bezold	  Effect"	  by	  This	  vector	  image	  was	  created	  with	  Inkscape	  by	  Lockal,	  and	  then	  manually	  replaced.	  -‐	  Own	  work.	  Licensed	  under	  Public	  
Domain	  via	  Wikimedia	  Commons	  -‐	  hOp://commons.wikimedia.org/wiki/File:Bezold_Effect.svg#/media/File:Bezold_Effect.svg	  



Simultaneous	  Contrast	  

"Simultaneous	  Contrast”	  by	  K.	  P.	  Miyapuram	  -‐	  Licensed	  under	  
Public	  Domain	  via	  Wikimedia	  Commons	  -‐	  hOp://
commons.wikimedia.org/wiki/File:Simultaneous_Contrast.svg#/
media/File:Simultaneous_Contrast.svg	  



Adelson’s	  Illusion	  

"Grey	  square	  op+cal	  illusion"	  by	  Original	  by	  Edward	  H.	  Adelson,	  this	  
file	  by	  Gustavb	  -‐	  File	  created	  by	  Adrian	  Pingstone,	  based	  on	  the	  
original	  created	  by	  Edward	  H.	  Adelson.	  Licensed	  under	  Copyrighted	  
free	  use	  via	  Wikimedia	  Commons	  -‐	  hOp://commons.wikimedia.org/
wiki/File:Grey_square_op+cal_illusion.PNG#/media/
File:Grey_square_op+cal_illusion.PNG	  



Color	  percep+on	  



Context	  



Dress	  Color	  


