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Figure 1. Modulation domain and pixel domain template tracking with static and updated templates for the task of tracking a human face
in a visible wavelength video sequence. Results for the four trackers are shown in columns 1-4, while the modulation domain correlation
function is depicted in the rightmost column.



it is a powerful albeit computationally expensive approach.
For example, the centroids shown in Fig. 1 exhibit both im-
proved accuracy and reduced jitter compared to a condensa-
tion Iter and a particle Iter where state space partitioning
and a bank of EKF's were used to improve the proposal dis-
tribution.

Fig. 3 shows tracking results for one of the well known
AMCOM infrared missile closure sequences (se@, [1,

8, 14, 18]). With reference to the AMCOM data set, this
is longwave sequenamgl8 _03. Although the dif culty

of this sequence is typical for the AMCOM data set, it is
signi cantly more challenging than the example in Fig. 1,
mainly due to a dim target, ambient noise, and a poor target-
to-clutter ratio. The layout of Fig. 3 is identical to that of
Fig. 1, where each row corresponds to a frame and each
column corresponds to a tracking method. The length of the
original sequence was 450 frames. Tracking was initiated in
frame 290 and carried out for 150 frames (over this range of
frames, the magni cation changes in the target are relatively
benign compared to the sequence as a whole).

In this case, the static template trackers in both domains
fail to track the target, while the updated templates perform
relatively much better. The modulation domain template
tracker with static template achieves the best performance
out of the four basic methods for this sequence. The num-
ber of frames dropped by each tracker (out of 150) is shown

Figure 2. Row and column of the track centroid for all four meth- jn Table 1, where a@ropped frames one for which the er-
ods as function of the frame number for the example in Fig. 1. yor in the tracked centroid relative to ground truth exceeds
the spatial support of the template. For the basic techniques

Frames Dropped (out of 150) considered in this paper, where pose and scale are not adap-
pixel domain | modulation domain dual tively estimated, the performance seen in this example is
static | updated| static| updated | domain fairly typical for the AMCOM data set. It is is not un-
32 11 72 0 0 common for either the static or updated approaches to fail.

Moreover, both approaches fail on some of the more dif -
Table 1. Tracking performance on the example of Fig. 3 measuredcult sequences such ag19 _13.

in terms of the number of dropped frames where track lock could | js interesting to note in columns two and four of Fig. 3

not be maintained. that the pixel domain tracker with static template and the
modulation domain tracker with static template seem to ex-
the rst column. The track centroids for the pixel domain hibit failure modes that are quite different from one another.
tracker with static and updated templates and the modula-n a preliminary analysis of 14 of the AMCOM sequences,
tion domain tracker with static template are overlayed on this seems to occur consistently: the pixel domain and mod-
the frames in columns two through four, where the tracking ulation domain trackers (with both static and updated tem-
method is denoted along the top of the gure. Although the Pplates) all fail frequently; however, it is rare for failure to
centroids are not shown for the modulation domain tracker occur in both domains on a single frame. This suggests that
with updated templates, they are not signi cantly different a signi cant performance gain might be obtained by track-
visually from the result for the static modulation domain ing jointly in the two domains.
template. The rightmost column depicts the modulation do- As a preliminary investigation of this idea, we con-
main normalized correlation function. Despite the presencestructed a dual domain track Iter where the pixel domain
of some structured background, all four techniques performand modulation domain template trackers operate indepen-
well. The upper and lower graphs in Fig. 2 show, respec- dently with static templates. However, when the distance
tively, the row and column of the track centroids in units of between the two centroids exceeds an empirical threshold
pixels for all four trackers as a function of frame number. (four pixels in this case), both trackers refresh their template
Despite the simplicity of the normalized correlation tracker, using the target signature observed in the most recently
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Figure 4. Comparison of dual domain tracking and pixel domain tracking with updated template on AMCOM saqugb8e03. This
is the same sequence that was depicted in Fig. 3. The modulation domain correlation function is also shown.



