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Slide 1 ICS 280: Visual Perception

Exams and GradesExams and Grades

GradingGrading
25% on assignments25% on assignments
35% on midterm35% on midterm
40% on finals40% on finals

Assignment 1Assignment 1
Due on 27 Jan (next Due on 27 Jan (next Tuesday)Tuesday)
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Last class SummaryLast class Summary

EyeEye
Structure, Structure, AccomodationAccomodation
ReceptorsReceptors

DistributionDistribution
SensitivitySensitivity
FunctionFunction

Dark adaptationDark adaptation
ConvergenceConvergence
Receptive FieldsReceptive Fields
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Applications of Mach BandApplications of Mach Band
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Theory of ContinuityTheory of Continuity
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Geometric ContinuityGeometric Continuity
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Mach BandsMach Bands

Artifacts when any patch or curve does Artifacts when any patch or curve does 
not show Cnot show C11 continuitycontinuity
They are always avoidedThey are always avoided

ShadingShading
BlendingBlending

Image editing, contrast compressing, tone Image editing, contrast compressing, tone 
reductionreduction

Geometric ModelingGeometric Modeling
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ShadingShading

IIdd = = kkdd (L . N)(L . N)
IIss = = kkss (2N (L . N) (2N (L . N) –– L) . VL) . V
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ShadingShading

Flat ShadingFlat Shading
[I(v1)+I(v2)+I(v3)]/3[I(v1)+I(v2)+I(v3)]/3
Is not CIs not C11 continuouscontinuous

Interpolated ShadingInterpolated Shading
Linear Interpolation of Linear Interpolation of 
I(v1), I(v2) and I(v3) I(v1), I(v2) and I(v3) 
Is CIs C1 1 continuouscontinuous

v1

v2

v3
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ShadingShading

Flat Shading Interpolated Shading
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Intensity Blending Intensity Blending 

Proj1
Proj2

Proj1
Proj2

Overlap Region Overlap Region

In
te

ns
ity

0.0

Spatial Location

Depends on
Width of blending
Blending Function
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Intensity BlendingIntensity Blending
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Intensity BlendingIntensity Blending
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Image MosaicsImage Mosaics
MultiMulti--Projector DisplaysProjector Displays
Image EditingImage Editing

ApplicationsApplications
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Geometric Modeling PrimitivesGeometric Modeling Primitives

Three propertiesThree properties
ContinuousContinuous
Continuous with transformationsContinuous with transformations
Continuous with subdivisionsContinuous with subdivisions
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Lateral Lateral GeniculateGeniculate NucleusNucleus
(LGN)(LGN)
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What happens beyond the retina?What happens beyond the retina?

What happens inWhat happens in
Lateral Lateral GeniculateGeniculate
Nucleus (LGN)Nucleus (LGN)
Visual cortexVisual cortex

Information FlowInformation Flow
Organization of Organization of 
NeuronsNeurons
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Information flow in LGNInformation flow in LGN

LGN
Cell

From 
visual cortex

To 
visual cortex

From 
Retina

From 
Brain stem

Thalamus
Neurons

LGN
Neurons

LGN
Cell

From Cortex

From Retina

To Cortex

Slide 18 ICS 280: Visual Perception

Information Organization in LGNInformation Organization in LGN

LGN has six layerLGN has six layer
1 million neurons in total1 million neurons in total
Each layer receives signal Each layer receives signal 
from one eyefrom one eye
Layer 2,3,5 receives from Layer 2,3,5 receives from 
ipsilateralipsilateral eyeeye
Layer 1,4,6 receives from Layer 1,4,6 receives from 
contralateralcontralateral eyeeye
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RetinotopicRetinotopic MapMap
Each location in LGN Each location in LGN 
maps maps to a location on to a location on 
retinaretina
Receptive fields of Receptive fields of 
neurons adjacent to each neurons adjacent to each 
other in LGN have other in LGN have 
adjacent receptive fields adjacent receptive fields 
in retinain retina
All the neurons on the All the neurons on the 
same column across same column across 
layers are sensitive to layers are sensitive to 
same area on the retinasame area on the retina
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Organization by Ganglion CellsOrganization by Ganglion Cells
PP--cells (cells (parvocellularparvocellular))

Small medium sized cell bodySmall medium sized cell body
Reaches layers 3,4,5,6Reaches layers 3,4,5,6
Responsible for color, fine textures, patterns and Responsible for color, fine textures, patterns and 
details visiondetails vision

MM--cells (cells (magnocellularmagnocellular))
Larger cell bodiesLarger cell bodies
Reaches layers 1,2Reaches layers 1,2
Responsible for motion detectionResponsible for motion detection

KK--cells (cells (koniocellularkoniocellular))
Largest cell bodiesLargest cell bodies
Reaches all the six layersReaches all the six layers
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Summary of LGN OrganizationSummary of LGN Organization

Visual Striate CortexVisual Striate Cortex
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Information ProcessingInformation Processing

250 million neurons250 million neurons
Process the incoming information from LGNProcess the incoming information from LGN

Make it clearerMake it clearer

Neurons are specialized to respond to (Neurons are specialized to respond to (feature feature 
detectors)detectors)

OrientationOrientation
Spatial FrequencySpatial Frequency
LengthLength
CornersCorners
MotionMotion
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Three types of CellsThree types of Cells

Simple CellsSimple Cells
Complex CellsComplex Cells
End Stopped CellsEnd Stopped Cells
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Simple CellsSimple Cells

Orientation Orientation 
sensitivesensitive
Cylindrical shape Cylindrical shape 
excitatory center excitatory center 
and inhibitory and inhibitory 
surroundsurround

Edge detectorsEdge detectors

Four different kindsFour different kinds
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Four kinds of Edge DetectorsFour kinds of Edge Detectors
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Four kinds of Edge DetectorsFour kinds of Edge Detectors
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May have complex receptive fieldMay have complex receptive field

Secondary lobesSecondary lobes
Adjacent to primary Adjacent to primary 
lobeslobes
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Selective AdaptationSelective Adaptation

When we view a certain state of a propertyWhen we view a certain state of a property
Initial phase : Neurons sensitive to it have Initial phase : Neurons sensitive to it have 
increased firingincreased firing
Later phase : This firing reduces and we Later phase : This firing reduces and we 
become insensitive to this propertybecome insensitive to this property

Adapt selectivelyAdapt selectively towards one particular towards one particular 
state state 
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Example Experiment : OrientationExample Experiment : Orientation

Measure sensitivity to all different Measure sensitivity to all different 
orientationorientation
Adapt to one orientationAdapt to one orientation
Measure sensitivity to all different Measure sensitivity to all different 
orientation againorientation again
Find the change in the sensitivityFind the change in the sensitivity
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Designing the ExperimentDesigning the Experiment

StimulusStimulus
Grating PatternGrating Pattern

Sensitivity MeasureSensitivity Measure
Contrast thresholdContrast threshold

ContrastContrast
Define as the amplitude/mean of gratingDefine as the amplitude/mean of grating
Threshold : amount of contrast required to Threshold : amount of contrast required to 
detect gratingdetect grating
Sensitivity : 1/thresholdSensitivity : 1/threshold
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Selective AdaptationSelective Adaptation

If stimulated by If stimulated by 
the same stimulus the same stimulus 
for a long time, for a long time, 
sensitivity to the sensitivity to the 
stimulus stimulus 
decreasesdecreases
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Complex CellsComplex Cells

Orientation SensitiveOrientation Sensitive
NonNon--linearlinear

Never respond to stationary spotNever respond to stationary spot
Difficult to find their receptive fieldDifficult to find their receptive field

Motion SensitivityMotion Sensitivity
Responds to moving linesResponds to moving lines
Often, depends on the direction of motionOften, depends on the direction of motion
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Complex CellsComplex Cells

Position InsensitivityPosition Insensitivity
Does not matter is the position of stimulus Does not matter is the position of stimulus 
changes slightlychanges slightly

Spatial ExtensionSpatial Extension
Larger receptive fields than the simple cellsLarger receptive fields than the simple cells
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End Stopped CellsEnd Stopped Cells

Far more specificFar more specific
Respond to moving lines and cornersRespond to moving lines and corners

Of specific lengthOf specific length
Of specific orientationOf specific orientation
Of specific sizeOf specific size

Probably Probably hypercomplexhypercomplex version of the version of the 
simple and complex cellssimple and complex cells
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What this shows…What this shows…

Our eye is very sensitive to edges, cornersOur eye is very sensitive to edges, corners
Any high frequency contentAny high frequency content
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OrganizationOrganization

RetinotopicRetinotopic MapMap
Cortical MagnificationCortical Magnification

Fovea is 0.01% of retinaFovea is 0.01% of retina
RetinotopicRetinotopic map of fovea is 8map of fovea is 8--10% of cortex10% of cortex
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Cortical MagnificationCortical Magnification

Density of receptors and ganglion in retina Density of receptors and ganglion in retina 
is very mismatchedis very mismatched

In fovea about 50,000 ganglion cells per sq. In fovea about 50,000 ganglion cells per sq. 
mm.mm.
In periphery about 1000 ganglion cell per sq. In periphery about 1000 ganglion cell per sq. 

mm.mm.

Density of neurons from fovea and Density of neurons from fovea and 
periphery is close to uniformperiphery is close to uniform
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Cortical MagnificationCortical Magnification

FovealFoveal input allocated extra cortical neuronsinput allocated extra cortical neurons
Three to six times more than those at Three to six times more than those at 
peripheryperiphery
One of the factors for higher acuity in the One of the factors for higher acuity in the 
foveafovea
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Location ColumnsLocation Columns

RetinotopicRetinotopic MapMap
Same region on retina along the depthSame region on retina along the depth
Adjacent regions in the retina correspond Adjacent regions in the retina correspond 
to adjacent columnsto adjacent columns
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Orientation ColumnsOrientation Columns

Same columns have similar orientation Same columns have similar orientation 
preferencepreference
Orientation preference changed across Orientation preference changed across 
columns continuallycolumns continually
For every 1mm region, the entire range of For every 1mm region, the entire range of 
orientations were coveredorientations were covered
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Ocular dominance columnsOcular dominance columns

Each columnar region is more sensitive to Each columnar region is more sensitive to 
one eyeone eye
The dominant eye alternates between the The dominant eye alternates between the 
columnar regionscolumnar regions
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HypercolumnHypercolumn View of the View of the 
CortexCortex
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Information Processing by CortexInformation Processing by Cortex
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Development of Receptive FieldsDevelopment of Receptive Fields

Is it there from birth?Is it there from birth?
How much is the development dependent How much is the development dependent 
on learning?on learning?
Experiments with visually deprived kittensExperiments with visually deprived kittens


