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Average Face in Three DimensionsAverage Face in Three Dimensions
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Image acquisitionImage acquisition

Right camera Left camera
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Image acquisitionImage acquisition
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Image processingImage processing
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Resulting imageResulting image
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Averaging is one dimensionAveraging is one dimension

OneOne--dimensional data dimensional data →→ Arithmetic meanArithmetic mean
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Averaging in two dimensionsAveraging in two dimensions

Curves alignedCurves aligned
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Averaging in two dimensionsAveraging in two dimensions

Curves unalignedCurves unaligned
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Example: Averaging of semicirclesExample: Averaging of semicircles

Averaging in vertical directionAveraging in vertical direction
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Example: Averaging of semicirclesExample: Averaging of semicircles

Intuitively this is not rightIntuitively this is not right
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Example: Averaging of semicirclesExample: Averaging of semicircles

Averaging should be made in radial directionAveraging should be made in radial direction
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Example: Averaging of semicirclesExample: Averaging of semicircles

More generally, averaging should be made in normal More generally, averaging should be made in normal 
di tidi tidirectiondirection
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Example: Averaging of semicirclesExample: Averaging of semicircles

How to average if the figures are unaligned?How to average if the figures are unaligned?

Align them first by removing translation and rotationAlign them first by removing translation and rotation
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Objects must be alignedObjects must be aligned

UnalignedUnaligned BestBest--fit alignedfit aligned
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UnalignedUnaligned BestBest fit alignedfit aligned



Objects should have same sizeObjects should have same size

Unscaled and unalignedUnscaled and unaligned Scaled and alignedScaled and aligned
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Unscaled and unalignedUnscaled and unaligned Scaled and alignedScaled and aligned



What is 3D averaging?What is 3D averaging?

3D facial average is a face that:3D facial average is a face that:
Has average sizeHas average size
Has average shapeHas average shape

Averaging involves:Averaging involves:
Removal of translationRemoval of translationRemoval of translationRemoval of translation
Removal of rotationRemoval of rotation
Removal of size differencesRemoval of size differencesRemoval of size differencesRemoval of size differences
Averaging methodAveraging method

P blP blProblem:Problem:
How to do all of these?How to do all of these?
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Facial landmarksFacial landmarks
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Choosing the originChoosing the origin
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Standard deviations for landmarksStandard deviations for landmarks

Initial data, bestInitial data, best--fit registrationfit registration
XX YY ZZ DistDist

gg 1.1771.177 3.1643.164 1.8111.811 3.8313.831

GPA registration with scalingGPA registration with scaling
XX YY ZZ DistDist

0.5620.562 1.8271.827 1.8991.899 2.6952.695

GPA registration without scalingGPA registration without scaling
XX YY ZZ DistDist

0.5600.560 2.5402.540 1.9211.921 3.2343.234gg
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Most stable pointMost stable point

The most stable point in the area around the The most stable point in the area around the 
eyes is eyes is midmid--endocanthionendocanthion

It is logical to take it as the originIt is logical to take it as the origin
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Introduction of reference planesIntroduction of reference planes

In human body In human body 
anatomy three planesanatomy three planesanatomy three planes anatomy three planes 
are introducedare introduced
Sagittal plane (also Sagittal plane (also 
known as median or known as median or 
midmid--sagittal plane)sagittal plane)
Coronal planeCoronal planeCoronal plane Coronal plane 
(frontal plane)(frontal plane)
Transverse plane Transverse plane 
(horizontal plane)(horizontal plane)(horizontal plane)(horizontal plane)

Si il l b dSi il l b dSimilar planes may be used Similar planes may be used 
for the face as wellfor the face as well
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Sagittal planeSagittal plane

Sagittal plane = symmetry planeSagittal plane = symmetry plane

What is the symmetry plane in the face?What is the symmetry plane in the face?What is the symmetry plane in the face?What is the symmetry plane in the face?

All f t i !All f t i !All faces are asymmetric!All faces are asymmetric!
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Defining reference frame Defining reference frame 
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Facial sizeFacial size

PC1PC1PC1PC1
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Method of averagingMethod of averaging
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Facial averagingFacial averaging

U li dU li d Ali d idAli d id d thid thi
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UnalignedUnaligned Aligned on midAligned on mid--endocanthionendocanthion



Facial averagingFacial averaging

Face sizes: PC1Face sizes: PC1Face sizes: PC1Face sizes: PC1

Ali d d l dAli d d l d
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Aligned and scaledAligned and scaled



Scaled vs unscaled averageScaled vs unscaled average

U l dU l d S l dS l d
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Unscaled averageUnscaled average Scaled averageScaled average



Scaled vs unscaled averageScaled vs unscaled average
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Convergence of averaging iterationsConvergence of averaging iterations

T2 vs T1T2 vs T1 T3 vs T2T3 vs T2 T4 vs T3T4 vs T3
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THANK YOUTHANK YOUTHANK YOUTHANK YOU
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