Computer Vision
for HCI

Trajectories

Point/Feature Trajectories

¥ Once determine object region, can track its motion
B Correspondence issue with multiple objects/points

¥ Pick representative feature point(s) location
Bl e.g., centroid

¥ Store feature location as a function of time
Bli.e., trajectory

¥ Process trajectory

Bl Smooth it
B Analyze trajectory for meaningful features




Marker Data
(Motion Capture)
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Reflective markers on Threshold image Marker centroids
head and ankles (after region growing)

Graylevel Interest Points

Large Hessian determinants:
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Color Regions

RGB image ISkin/fleshzregions

¥ Simple skin color model and assumptions

Bl All humans have simildnue but skinsaturationdiffers
(skin color is a mixture of white skin and melanin)

Bl Convert RGB to HSV (Hue, Saturation, Value:Intensity)
Bl Build mean or histogram model of Hue (ignore intensijty)

Color Object Selection




Construct Temporal Trajectory

¥ Store feature locationg,(y) over several
video frames in buffer as function of time
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Time (frame #)

Trajectory Smoothing

¥ Trajectories usually noisy with high-
frequency jitter

¥ Many methods developed in signal
processing theory

¥ Convolve 1-D filter along trajectory

¥ Simple averaging filter (5-tap filter)
[1]1[2]a]1]sm

¥ Gaussian filter (5-tap filter)
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Average Smoothing
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Gaussian Smoothing
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Spatial Curvature

¥ Evaluating thelsharpnesgof a bend in
spatial 2-D curve
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Spatio-Temporal Curvature

¥ Captures both speed and direction
changes o$pace-time trajectorin one
guantity

BIReduces to spatial curvature when no time
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Spatio-Temporal Curvature
Example

Walking X,Y ankle motion X,Y trajectories
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Spatio-Temporal Curvature values Two curvature peak locations
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Correspondence Across Time

(Creating Multiple Trajectories)

¥ Givenn sequential frames amd points in each
frame, compute one-to-one correspondence of
points in one frame to points in next frame

LN .\ n= 4 frames

\\ m= 3 points
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Common Constraints for
Matching Points

Maximum velocity Small velocity changes
-
YES &7
- |© ;
NO _*
t, t ° \.
Common motion Consistent match Known motion
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Problems

¥ Simple Euclidean distance (and other
constraints) may not provide correct
correspondence if taken one point at a time
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Frame 1 Frame 2
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Proximal Uniformity

(Rangarajan and Shah 91)

¥ Constraint to solve correspondence problem

¥ Assumption:
B Most objects in real world followmooth patrand

coversmall distance in small amount of time

¥ Given point location in frame, its location in next
frame lies inproximity of previous location and
hassmooth trajectory

C
/x/ ABC and ABD have same smoothness
A B but ABD is more proximally uniform
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Algorithm Description

¥ Greedy algorithm
B Not necessarily optimum
¥ Polynomial time
¥ Initial correspondence assumed
Bl Points in first two frames have correspondence
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Proximal Uniformity Function

¥ Establish correspondence by minimizing a
proximal uniformity function

t"1 tn t t+1 +1
P R T I LT
H ql’ - -
## ‘Xit l)(it n xt )§t+l ## H >I<t )J<+l
i i
Smoothness - _ _ Proximity

==~

t +
x' Xq/v. X: '
g @— @

20

10



Algorithm

n = number of frames
m = number of points per frame

Fork =2 ton-1 do
|. Construct f* m) matrix M
Points fromkth frame label the rows

Points from k+1)th frame label the columns
Il Let M[i, j]=7(X{% X5 XY

Proximal uniformity function
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Algorithm

[1l.! Fora=1tomdo

Identify minimum elementi[|;] in each row of M
(best matches for each point, individually)

Computepriority valuesB (error matching to other points):

B, =" M jl+" M[kl]
e, k= 1K! i

(Row sum BM[i, I}]) (Col sum &M, ;1)

Select [, I;] with highest priority valud, and set
correspondence for poihto i

Mask rowi and columri; fromM
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Example

If based only on minimal distance
selection iV
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After examining priority matri>B

9

o

~_

23

To Think About:
Biological Motion Perception

¥ Biological motion perception from point-lights
B Walking, identity, gender (also animals)
B Multiple theories concerning point-light analysis
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Summary

¥ Trajectories are useful motion analysis tool
Bl Tracking

¥ Spatio-temporal curvature
BlInterest points in trajectory

¥ Trajectory correspondence
BFor tracking multiple objects
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