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Diego	
  Rodríguez	
  de	
  Silva	
  y	
  
Velázquez,	
  Las	
  Meninas,	
  c.	
  1656,	
  
oil	
  on	
  canvas,	
  125	
  1/4	
  x	
  108	
  5/8	
  
in.	
  (Museo	
  Nacional	
  del	
  Prado,	
  
Madrid)	
  







Pictorial	
  Depth	
  Cues:	
  Occlusion	
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Pictorial	
  depth	
  cues:	
  PerspecEve	
  
•  Size	
  gradients:	
  more	
  distant	
  objects	
  are	
  
smaller	
  on	
  the	
  picture	
  plane	
  than	
  similarly	
  
sized	
  nearby	
  objects	
  

•  visual	
  metaphor	
  for	
  relaEve	
  importance	
  
– advantage	
  that	
  less	
  important	
  informaEon	
  takes	
  
up	
  less	
  space	
  

hJp://art.nmu.edu/	
  



Pictorial	
  depth	
  cues:	
  PerspecEve	
  

wordle	
  tag	
  cloud	
  for	
  
“Biological	
  components	
  of	
  sex	
  
differences	
  in	
  color	
  preference	
  
Anya	
  C.	
  Hurlbert	
  and	
  Yazhu	
  
Ling	
  



Pictorial	
  depth	
  cues:	
  PerspecEve	
  
•  Texture	
  gradients:	
  texture	
  
elements	
  reduce	
  in	
  size	
  
and	
  increase	
  in	
  density	
  
with	
  distance	
  

•  	
  	
  Provide	
  a	
  size	
  reference	
  
for	
  objects	
  

•  but	
  usually	
  less	
  effecEve	
  
than	
  a	
  grid	
  for	
  making	
  
size	
  judgements	
  

•  also,	
  fine	
  textures	
  usually	
  
not	
  reproduced	
  on	
  
computer	
  displays	
  



Pictorial	
  depth	
  cues:	
  Linear	
  
perspecEve	
  

•  ProjecEons	
  of	
  parallel	
  lines	
  converge	
  on	
  the	
  
picture	
  plane	
  

•  grid	
  of	
  parallel	
  lines	
  used	
  oVen	
  in	
  3D	
  layouts	
  
of	
  scienEfic	
  objects	
  to	
  provide	
  a	
  reference	
  
plane	
  for	
  layout	
  and	
  size	
  measurement	
  

visualizaEon	
  of	
  a	
  
severe	
  supercell	
  
thunderstorm	
  



•  surface	
  of	
  objects	
  reflect	
  
more	
  or	
  less	
  light	
  depending	
  
on	
  how	
  they	
  are	
  oriented	
  to	
  
a	
  light	
  source	
  

•  The	
  shadow	
  cast	
  by	
  one	
  object	
  on	
  another	
  
provides	
  informaEon	
  about	
  the	
  distance	
  
between	
  them	
  

hJp://art.nmu.edu/	
  



Pictorial	
  depth	
  cues:	
  Height	
  on	
  the	
  
picture	
  plane	
  

•  objects	
  higher	
  up	
  the	
  visual	
  field	
  are	
  generally	
  
seen	
  as	
  further	
  away	
  

Georges	
  Seurat	
  
A	
  Sunday	
  AVernoon	
  on	
  the	
  Island	
  of	
  La	
  
Grande	
  JaJe	
  
1884-­‐86,	
  oil	
  on	
  canvas	
  

hJp://art.nmu.edu/	
  



Pictorial	
  depth	
  cues:	
  Depth	
  of	
  focus	
  

•  The	
  human	
  eye	
  
focuses	
  objects	
  at	
  a	
  
specific	
  distance:	
  
– objects	
  closer	
  or	
  
further	
  away	
  are	
  
blurred	
  

– degree	
  of	
  blur	
  can	
  be	
  
used	
  to	
  direct	
  
aJenEon	
  



Pictorial	
  depth:	
  reference	
  to	
  known	
  
objects	
  

•  objects	
  of	
  known	
  size	
  are	
  a	
  reference	
  against	
  
which	
  other	
  objects	
  are	
  judged	
  
– absolute	
  size	
  
– knowledge-­‐based,	
  but	
  one	
  of	
  the	
  most	
  important	
  
cues	
  to	
  distance	
  	
  

We	
  see	
  the	
  	
  duck	
  
as	
  closer	
  than	
  the	
  
elephant	
  

hJp://art.nmu.edu/	
  



Pictorial	
  depth:	
  Degree	
  of	
  contrast	
  

•  Because	
  air	
  and	
  water	
  are	
  not	
  completely	
  
transparent,	
  the	
  contrast	
  between	
  an	
  object	
  
and	
  its	
  background	
  is	
  reduced	
  as	
  distance	
  
increases	
  

•  “atmospheric	
  perspecEve"	
  

hJp://art.nmu.edu/cognates/concepts/175_depthcues.html	
  

H	
  A	
  R	
  T	
  



Non-­‐pictorial	
  depth:	
  stereoscopic	
  
depth	
  

•  Not	
  captured	
  in	
  a	
  staEc	
  
image	
  

•  V1	
  has	
  mechanisms	
  to	
  
extract	
  small	
  differences	
  in	
  
images	
  on	
  two	
  eyes	
  to	
  get	
  
distance	
  informaEon	
  

•  stereoscopic	
  informaEon	
  is	
  
used	
  for	
  guiding	
  our	
  hands	
  

•  for	
  objects	
  at	
  nearly	
  the	
  
same	
  depth	
  

The	
  diagram	
  indicates	
  a	
  leV	
  and	
  
right	
  eye.	
  Both	
  eyes	
  converge	
  on	
  
a	
  box	
  but	
  due	
  to	
  reEnal	
  disparity,	
  
the	
  angle	
  of	
  viewing	
  is	
  slightly	
  
different	
  for	
  each	
  eye.	
  The	
  brain	
  
combines	
  the	
  two	
  images	
  to	
  
create	
  the	
  percepEon	
  of	
  a	
  three-­‐
dimensional	
  object.	
  



Non-­‐pictorial	
  depth:	
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Non-­‐pictorial	
  depth:	
  depth	
  from	
  
moEon	
  

•  beJer	
  depth	
  from	
  steropsis	
  
•  brain	
  takes	
  advantage	
  of	
  series	
  of	
  views	
  to	
  
interpret	
  depth	
  informaEon	
  



2.5	
  design	
  

•  treat	
  depth	
  very	
  differently	
  from	
  other	
  two	
  
dimensions:	
  
– depth	
  cues	
  used	
  selecEvely	
  to	
  support	
  design	
  
goals	
  

– objects	
  laid	
  out	
  with	
  minimum	
  of	
  occlusions	
  –	
  
minimize	
  depth	
  

– ensure	
  criEcal	
  informaEon	
  not	
  occluded	
  –	
  use	
  
transparency	
  where	
  necessary	
  

– display	
  text	
  in	
  the	
  image	
  plane	
  



2D	
  or	
  3D?	
  

•  when	
  deciding	
  whether	
  as	
  
display	
  should	
  be	
  2D	
  or	
  
3D,	
  the	
  nature	
  of	
  what	
  is	
  
displayed	
  is	
  very	
  
important:	
  
– some	
  data	
  already	
  has	
  3D	
  
spaEal	
  properEes	
  
•  architectural	
  designs	
  	
  and	
  
physical	
  and	
  biological	
  data	
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