gbooboooooooo

—10 O

gobbogoobbugoobuoooobboooobuoon

ggodooooood

o0 oofa
oo gofff

OO0 oooooft

oo oof oo oof

Incorporating Gait Features and Local Appearances for Tracking People in Crowds

Based on Clustering Feature Trajectories
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Fig.1 An example of a crowded scene.
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Graph clustering: (a) The initial graph is constructed via Delaunay trian-
gulation by using the set of feature trajectories in the time window 7. An
connected edge between p and g th trajectory (node) has the dissimilar-
ity e?’?. (b) The final result by pruning the edges with its edge weight.
A clustered sub-graph that has the nodes more than a threshold th, is

A%

considered as a target that should be tracked.
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Fig.3 Pre-processing for measuring the gait features

in frequency domain. Line fitting for removing
linear motion component of feature trajectory
(left image). Extracted periodic motion yp (¢)
(right image).
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Fig.4 A sequence of triangular patches is used to

measure the variation of appearance over
time. Each vertex of a triangular patch is cre-
ated by the three adjacent trajectories at each
time.
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Fig.5 Effect of using gait features. (a) Neighbor-
ing targets are mistakenly tracked as one tar-
get without the use of gait features (b) two
targets are properly tracked by using the gait
features.
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Fig.6 Histogram distance of two local patches over

time. The crosses represent a patch located
on one target in contrast to the x’s which rep-
resent a patch which straddles two targets.
There is more variation in appearance when
the patch straddles two targets.
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Fig.7 Tracking result: the left bar graph shows the recall rate for each sequence,
and the right bar graph shows the precision rate for each sequence. The
improvement of tracking performance can be observed in all of sequences.
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Table 3 Tracking result: N shows the average of number of individuals, p and o

show the mean and the standard deviation of recall and precision rate,

respectively. t. shows the average of computation time for clustering

processing.

Our system

Baseline

N Recall rate | Precision rate

Recall rate | Precision rate

" o I o

te [sec] I o m o te [sec]

Seq. (A) | 14.0 | 0.581 | 0.133 | 0.953 | 0.069

30.45 | 0.269 | 0.162 | 0.898 | 0.149 4.16

Seq. (B) | 22.0 | 0.607 | 0.065 | 0.943 | 0.065

28.75 | 0.514 | 0.090 | 0.926 | 0.069 4.33

Seq. (C) | 29.4 | 0.505 | 0.133 | 0.911 | 0.090

10.09 | 0.286 | 0.135 | 0.880 | 0.100 2.23

UCSD |21.3|0.591|0.114 | 0.883 | 0.064

6.75 |0.353 | 0.140 | 0.864 | 0.101 3.33

01 00ooOooooooooooo
Table 1 Characteristics of the videos used in the

experiments.
Resolution | Frame rate | Frames
Seq. (A) | 1280 x 720 60 700
Seq. (B) | 1280 x 720 60 730
Seq. (C) | 800 x 600 30 300
UCSD 720 x 480 30 1000
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Table 2 Parameters used for our experiments with

real video. We set the threshold th, as the
median value computed from the set of the
edge weight eP’?. Note that we don’t use the
sequence used for making the set of weight
eP? for experimental evaluations.

Our system Baseline
T | ths | €min thp €min thp
Seq. (A) | 64| 13 | 0.1 | —17.43| 0.1 | —11.95
Seq. (B) |64 | 10 | 0.1 | —15.80 | 0.1 | —9.79
Seq. (C) |40 8 | 0.1 | —16.51| 0.1 | —11.92
UCSD |40 | 8 0.1 | —16.02| 0.1 | —10.78
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Fig.8 An example of the initial connected graph in a
real sequence. Each node represents a feature
trajectory and the lines are the set of edges in
the graph.
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Fig.9 Examples of failure cases. (a) shows that our
system does not detect an individual due to
the lack of feature trajectories. (b) shows the
failure case where multiple clusters are on one
individual. This is because there are different
frequencies between the individual’s body and

the baggage.
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0 10 DOo0oO0O0o0oAOO0DODUOOODOOOOOOODOOCOOOUOOODOODOOO
Fig.10 Tracking results on sequence (A). (left: our system, right: baseline)
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Fig.11 Tracking results on sequence (B). (left: our system, right: baseline)
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Fig. 12 Tracking results on sequence (C). (left: our system, right: baseline)
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Fig. 13 Tracking results on UCSD data [3]. (left: our system, right: baseline)
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Table 4 Changes in tracking performance by select-

ing a threshold for pruning edges th,. pu
and o show the mean and the standard de-
viation of recall and precision rate, respec-
tively. FPR shows the mean of false positive
rate ((1): multiple clusters are detected on
a single person and (2): multiple people are
clustered as on e person).

Recall rate | Precision rate FPR
thy [ o | o [ o] o [ ]®
—18.10 | 0.441 | 0.108 | 0.937 | 0.073 | 0.063 | 0.000
—17.41 | 0.500 | 0.091 | 0.941 | 0.051 | 0.053 | 0.006
—15.80 | 0.607 | 0.061 | 0.943 | 0.065 | 0.057 | 0.000
—14.19 | 0.618 | 0.102 | 0.892 | 0.082 | 0.051 | 0.057
—13.50 | 0.574 | 0.101 | 0.877 | 0.074 | 0.025 | 0.098
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