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Fig. 7 (Color online) Influence of centre-surround filters on colour
likelihood. For each pixel in image (a), the probability under the torso
colour model is evaluated (b). The response of the right lower arm
part assuming known orientation and foreshortening is computed us-
ing (c) a solid rectangle filter, or (d) a centre-surround filter. The filters
are displayed in the upper left corner of (c) and (d), with the colours
black, grey, and white corresponding to the values ‘−1’, ‘0’, and ‘1’ re-
spectively. Red areas in the heat plots indicate a high likelihood of the
lower arm being at a certain position, while blue indicates a low likeli-
hood. Note that the filter response around the true location of the right
lower arm (indicated by a blue cross) is high only for the solid rect-
angle feature. This is due to the sleeves and the torso being of similar
colour

(Felzenszwalb and Huttenlocher 2005). That is, the location
of an arbitrary root node lr can be sampled first by comput-
ing the marginal distribution p(lr |I). Given lr , the location
of all child parts can then be sampled recursively until all
parts are instantiated. The marginal distribution for the root
location is given as

p(lr |I) ∝
∑

l1

. . .
∑

lr−1

∑

lr+1

. . .
∑

ln

(

p(L)

n∏

i=1

p(Ci |li )
)

(3)

Computing this marginal directly as written above would
take exponential time. By exploiting independence in the
appearance terms p(Ci |li ) and independence between parts
embodied in the tree-structured prior p(L) a configura-
tion can be sampled in time linear in the number and
configurations of parts (Felzenszwalb and Huttenlocher
2005).

Samples can be drawn from (2) using the marginal dis-
tributions given in (3). However, we argue below that the
use of max-marginals is better suited for this task, where the

Fig. 8 (Color online) Sampling from max-marginal vs. marginal dis-
tribution. This example illustrates that drawing samples of the upper
arm from the max-marginal distribution can be superior to using the
marginal. Figures (a) and (b) show two cases where the upper arm
rectangle is either placed on the true location (red dotted line) or on a
background area with arm-like colour (turquoise). The likelihood of the
upper arm in isolation is equal in both positions. However, the marginal
over the lower arm poses in (a) is low since only very few configura-
tions exist which place the lower arm rectangle on the expected colour.
This is in contrast to (b) where the marginal over the lower arm poses is
high due to a large area with arm-like colour in the background. Hence,
when sampling arm configurations using the marginal the upper arm
will most frequently be sampled from the wrong image area (b). By
contrast, the max-marginal for (c) and (d) is equal, since in both cases
there is at least one lower arm position with high likelihood. Hence, by
using the max-marginal for the upper-arm, samples will be generated
more often in the true arm location than using the marginal

summation operation of standard marginalisation is replaced
by maximisation:

p′(lr |I) ∝ max
l1

. . .max
lr−1

max
lr+1

. . .max
ln

(

p(L)

n∏

i=1

p(Ci |li )
)

(4)

As demonstrated in Fig. 8, the intuition here is that a max-
marginal sample of a “parent” part (e.g. the upper arm) is
likely to be good if there is any configuration of the child
(e.g. the lower arm) which has high probability in terms of
prior and appearance. This is in contrast to a parent sam-
ple drawn from the marginal distribution which requires all
compatible configurations of the child to be probable on av-
erage. As the figure shows, when using appearance terms
which do not give a very sharp localised response, as in the
case of filters with no centre-surround response, use of the


