Virtual 3-D Blackboard:

Finger Tracking with a Single Camera

Andrew Wu

Project Godls

*Using computer vision, implement avirtual
3-D blackboard




Sample Picture

Single color camera

«Static background

skin Detection

e Color Predicate

— Skin-tones in RGB space marked by
computer program




Using the Color Predicate

e Check RGB values of every pixel in
input image
e If RGB value satisfies Color

Predi
bin




Results of skin detecti

Separating regions N

e Next step: demarcate connected skin regions

e Simple 8-connectivity algorithm that grows
regions

e Cull three largest regions (presumably the head

and two arms)




Separating regions N

*Find centroids for largest regions (regions alpha
blended with original color image for effect)

Findingtheam ol

|
e Assume fastest moving centroid belongs to
gesticulating arm

e Find largest delta between two skin frames




Outlining the arm _

e Goal: find perimeter of isolated arm
segment

e Assume contiguous region

e If pixel has 4-connectivity with black
region, pixel is on the periphery

Dot product

o

AdotB>0 AdotB=0 AdotB<0

*Method: find two vectors between the current pixel




Results of dot product apj
|
*Very good output

*Found finger in al cases when
given proper outline of arm

*Perhaps can detect absence of

Video

*Program run on 7
continuous frames

e|ln sum: finds skin from
color, arm from centroid
speed, then finger from




Next issue: Occlusi o

*Comparatively easy to handle simple situations
where hands and face are far apart (no occlusion)

*Problems appear when one hand blocks face:
-How to distinguish body parts?

Example images




The problem

Current solution

*When centroids gets “lost”,
missing centroid is assumed to
have been assimilated by the
largest contiguous region

*S0, place “ghost” centroid
marker on top of centroid of
largest region




Video -

Tracking through occlusion, a demo

Comments on vi

*Tracking through occlusion works much better than
before, but still has some problem when centroid

appears
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Graphing the output _

*Wrote graphing object that records finger’s
coordinates (for now only 2-D)

2D Graph output for previous clip:

First discontinuity
caused when hand
occludes face

Smoothing the graph _

*First, assume that tracked points follow linear pattern

*As a simple smoothing mechanism, use a weighted
average of the x, y position and the midpoint between
previous and subsequent lines
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Updatedimages

http://www.cs.ucf.edu/~aw47967/move-fixed.html

A\public_html\move-fixed.html

Body Tracking

Why track the body?
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Quovadis?

(“Whereareyou headed?’, or Head Tracking)

Highest centroid (lowest Y)
that does not belong to the
arm should correspond to

e shoulaer

Need to guess shoulder location -- actual
coordinates unimportant

*Relative distance to head should be consistent
*Assume shoulder is a certain distance from centroid of head
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FindingtheElbow il

For simplicity, assume elbow is part of skin
image. If necessary, other techniques are
applicable to images where this is not true

Erode arm region by severa pixels

Results of Body Tracking i
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Improving the tracker

-
When finger occludes hand, tracker sometimes marks elbow

as fingertip, because hand location has low curvature

So, if ‘bicep’ lengthis clearly greater than
arm length, distance from shoulder to
elbow is greater than distance from

Based on magnitude and sign of dot product, we
can assign a“confidence’ value to each data set
recorded

Graphically, these confidence values are
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Movie - s

2-D Body tracking with graphical
tracker confidence display, the movie

Leaving Flatiand

Armed with body data, we can begin to derive
3-D information

*First, assume orthographic projection




Spherical kinematics N

Humanoid bones have constant length

Thus, for example, since distance from
elbow to shoulder is fixed, elbow can only
move tangent to a certain sphere (sphere centered

Collapsing the he

Ignoring the half of the sphere that lies behind
the plane of the body, we are left with the
surface of one hemisphere

If we look at the hemisphere along the polar

17



Math

L =r =radius of sphere

| = length of projection of 3-D
line onto 2-D circle

Geometrical:

cos(theta) =1 /L
theta = acos(I/L)

XN2+yr2+2"2=1"2

"2=1"2-(x"2+y"2)
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Relativez

From shoulder point and elbow point, we
can calculate relative Z from shoulder to
el bow

Movie - s

3-D finger tracking
of asemi-circle




Graph output

Movie

3-D finger tracking of
circle motion
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Tracker improvements N

[
Problem:

Arm not identified
properly when little or &
no motion in frame

Comparison
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Increasing accuracy. N

Check if shoulder
| point in background.

If not, move
diagonally until body
reached

Comparison of accuracy

Q)
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Model of Error

e Previously did not use
“confidence” recorded

e If we can estimate error, we can

Error and Confidence

e Estimated Confidence = Linear
Combination of 4 Factors

e First Factor:
Dot Product
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Confidence from 3

e We know that certain 3D positions of the
finger are harder to detect

e Worst case: when finger points at camera

Next Factor: Occl u

e When there is occlusion, we are
less sure of the tracking

e Thus, the number of centroids is
proportional to confidence
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Movement Disparity

e \We expect that the finger will move
as the (centroid of the) arm moves

Note how both vectors

NI dl' I OW

Linear Combination N

e Confidence =
Ci*dot product +
C2 * length of lower arm +
Cs * number of centroids +
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Graph of Confidence
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Improving the User N

L ow-tech improvement: have user stick out
thumb while gesturing

*When index finger occluded, thumb is not...

Saddle Point movie

.\public html\move-sad.html
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