MITCHISON & MCKEE

THE PSYCHOPHYSICS OF STEREO MATCHING



WHAT EXACTLY IS A PSYCHOPHYSICIST?



A 19™ CENTURY GERMAN DISCIPLINE

FECHNER

WUNDT
“PRINCIPLES OF PHYSIOLOGICAL PSYCHOLOGY”

WILLIAM JAMES

“THIS BOOK JUST PROVES YOU CAN’T BORE A GERMAN”



CONSERVATION OF ENERGY

“PHYSIOLOGICAL OPTICS”

“PHYSIOLOGICAL ACOUSTICS”

AND HE COINED THE TERM ‘PSYCHOPHYSICS’

HELMHOLTZ

How THE NERVOUS SYSTEM RESPONDS TO THE
PHYSICAL PROPERTIES OF LIGHT AND SOUND



WHAT IS THE STEREO MATCHING PROBLEM?

BASICALLY, HOW DO WE COMBINE THE TWO RETINAL IMAGES

INTO ONE SINGLE (‘FUSED’) PERCEPT OF THE VISIBLE WORLD.



EACH EYE SEES A SLIGHTLY DIFFERENT VIEW OF THE

SCENE IN FRONT OF US




WHAT APPEAR TO BE LARGE 3D DISTANCES CORRESPOND TO
SMALL DIFFERENCES IN THE RETINAL IMAGES IN THE TWO EYES.

STEREOPSIS REFERS TO THE PERCEIVED DEPTH
GENERATED BY THESE DIFFERENCES (DISPARITIES).



How DOES THE BRAIN COMBINE THESE TWO IMAGES?

SEEMS OBVIOUS.... JUST MATCH SIMILAR FEATURES IN EACH IMAGE...

CORRESPONDING POINTS?



THE STEREO SYSTEM DOES NOT INITIATE MATCHING BY FINDING
SIMILAR FEATURES IN THE TWO RETINAL IMAGES

JULESZ STEREOGRAM



ALL THE DOTS LOOK THE SAME, SO HOW DOES THE STEREO
SYSTEM DETERMINE WHICH DOTS BELONG TOGETHER?



LEFT EYE RETINA RIGHT EYE RETINA

LOCAL CORRELATORS



THE BRAIN MAY SOLVE STEREO MATCHING BY:

LOCAL CORRELATION OF CORRESPONDING
RETINAL REGIONS

PLUS DETECTORS THAT REJECT FALSE MATCHES (READ &
CUMMING,2007; GONCALVES AND WELCHMAN)



GRAEME’S EXPERIMENTS DEMONSTRATED ANOTHER

IMPORTANT PROCESS IN HUMAN STEREO MATCHING

STEREO INTERPOLATION
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FOR THE PSYCHOPHYSICS EXPERTS, DURATION 160MSEC, FIXATION SQUARE TO AID CONVERGENCE
PRESENT UNTIL STIMULUS PRESENTATION, VIEWING DISTANCE 1.5M, POLARIZED IMAGES FROM TWO
SCREENS SUPERIMPOSED BY A BEAM-SPLITTER AND VIEWED THROUGH POLARIZED GLASSES.
OBSERVERS JUDGED WHETHER GRID WAS IN FRONT OR BEHIND A PROBE TARGET THAT VARIED
DEPTH POSITION FROM TRIAL TO TRIAL.
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OF COURSE, THIS PLANE HAS THE HIGHEST CORRELATION....

LOCAL CORRELATORS
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THREE ADJACENT GRIDS

M Ay Y

BASED ON AE}%CORRELATION, ALL THREE GRIDS SHOULD APPEAR IN THE SAME PLANE

A

FIXATION

PLANE—> 90 000 000000 O 000000000

DEPTH




WHAT HAPPENS IF THE EDGES ARE NOT SHIFTED A FULL PERIOD?
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THE PLANE OF THE GRID DEPENDS ON THE SIZE OF THE EDGE SHIFT

THIS IS THE FINDING FOR COARSELY-SPACED POINTS (>6 ARCMIN)

DEPTH

DEPTH



FOR CLOSELY-SPACED POINTS(< 6 ARCMIN), SOMETHING DIFFERENT HAPPENED

THE GRID APPEARED IN THE DEPTH PLANES OF THE EDGES, EVEN THOUGH
THE INDIVIDUAL DOTS COULD NOT BE MATCHED IN THESE PLANES

BY PUTTING THE EDGE POINTS AT TWO DIFFERENT DISPARITIES, GRAEME
SHOWED THAT THE GRID OF DOTS APPEARED SLANTED IN DEPTH




GRAEME’S HYPOTHESIS:

THE EDGES OF AN AMBIGUOUS PATTERN DEFINE A DEPTH PLANE
THAT SERVES AS A “SCAFFOLDING” FOR OTHER MATCHES.

THE INTERVENING POINTS ARE MATCHED AT DEPTHS THAT ARE
CLOSEST TO THE PLANE DEFINED BY THE EDGES.



CUMMING AND PARKER, 2000

THE NEURON’S RESPONSE WAS
UNAFFECTED BY THE SHIFT IN THE
EDGES (ENVELOPE) OF THE GRATING.

BOTH THE HUMANS AND MONKEY SAW
THE GRATING SHIFT TO A DIFFERENT
DEPTH PLANE.
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6 DEG WIDE
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PROBE LINE WAS PRESENTED IN ONE OF SEVEN POSITIONS IN
FRONT OR BEHIND GRATING.

SUBJECT JUDGED WHETHER PROBE WAS IN FRONT OR BEHIND THE
DEPTH OF THE GRATING

THE EDGES (ENVELOPE) OF THE GRATING WERE SHIFTED SPATIALLY
WITHOUT ANY CHANGE IN GRATING PHASE (LOCATION OF BARS).



THESE WIDE GRATINGS (BCPD) WERE MATCHED
IN DEPTH CLOSE TO THE DISPARITY OF THEIR
EDGES.

PROBE SEEN HALF OF TRIALS IN FRONT
AND HALF IN BACK OF GRATING

THE SAME RESULTS WERE FOUND FOR GRATINGS
COMPOSED OF 2CPD (COARSE SCALE) OR 10CPD
(FINE SCALE).

PERCENTAGE OF TRIALS IN FRONT OF PROBE

—@— Edges Crossed 20'(1 full period)
Edges Crossed 10'(half-period)

—o— Edges Crossed 5'(quarter-period)

—— Edges in Fixation Plane

—+— Edges Uncrossed 5'(quarter-period)

—&— Edges Uncrossed 10'(half-period)

—&— Edges Uncrossed 20'(1 full period)

100

PV

20 30

M

SPM

100

80 -

60(-

40

20 +

-30 -20 -10 0 10 20 30
Crossed Uncrossed

DISPARITY OF PROBE



IN YOUNG ADULTS, STEREOACUITY IS
ABOUT 10 ARCSEC ON AVERAGE

‘ AT ARMS’SLENGTH, 10 ARCSECIS 0.1MM

‘ JUDGING THE RELATIVE DISTANCE
SEPARATING A SET OF FEATURES IS MUCH
‘ HARDER

INCIDENTALLY, THE NEURONS STUDIED BY CUMMING & PARKER ARE SENSITIVE
ENOUGH TO RESPOND CONSISTENTLY TO THESE SMALL DISPARITIES.



~10 ARCSEC

~50 ARCSEC
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GRAEME WAS RIGHT

THE EDGES DO PROVIDE A FRAMEWORK (“SCAFFOLDING”) FOR
RESOLVING AMBIGUOUS MATCHES

LOCAL MATCHES ARE SELECTED TO BE CONSISTENT WITH THE PLANE
DEFINED BY THE EDGES.



WHAT DO ALL THESE ROWS OF DOTS AND GRATINGS
HAVE TO DO WITH NATURAL VIEWING?



MANY NATURAL IMAGES ARE QUASI-PERIODIC



AGA KHAN MUSEUM

HUMANS LOVE REPETITIVE DESIGN PATTERNS



FOR UNMARKED SURFACES, DEPTH IS INTERPOLATED
FROM THE EDGE DISPARITIES.
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In fond remembrance of my colleagne and
/%M gmmw %ﬁmz






A SIMPLE EXAMPLE (VERNIER ACUITY):

1

A MEASURE OF PATTERN PERCEPTION: RELATIVE POSITION, SIZE AND
ORIENTATION OF ELEMENTS OF ANY OBJECT ARE USED FOR IDENTIFICATION.
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10” CORRESPONDS TO .02MM AT ARM’S LENGTH
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