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Figure 2: a. the first frame of a sequence. The hand is translated to the left. b. contour
extracted using standard methods

1.1 Convergence

Equations 5-6 are mathematical identities. Hence, it is possible to show [6] that
after N iterations the activity of units P; will converge to the correct posteriors,
where N is the maximal distance between any two units in the architecture, and an
iteration refers to one update of all units. Furthermore, we have been able to show
that after n < NN iterations, the activity of unit P; is guaranteed to represent the
probability of the hidden state at location i given all data within distance n.

This guarantee is significant in the light of a distinction made by Marr (1982)
regarding local propagation rules. In a scheme where units only communicate with
their neighbors, there is an obvious limit on how fast the information can reach a
given unit: i.e. after n iterations the unit can only know about information within
distance n. Thus there is a minimal number of iterations required for all data to
reach all units. Marr distinguished between two types of iterations — those that are
needed to allow the information to reach the units, versus those that are used to
refine an estimate based on information that has already arrived. The significance
of the guarantee on P; is that it shows that BBP only uses the first type of iteration
— iterations are used only to allow more information to reach the units. Once the
information has arrived, P; represents the correct posterior given that information
and no further iterations are needed to refine the estimate. Moreover, we have been
able to show that propagations schemes that do not propagate probabilities (such
as those in equations 2) will in general not represent the optimal estimate given
information that has already arrived.

To summarize, both traditional relaxation updates as in equation 2 and BBP up-
dates as in equations 7-9 give simple rules for updating a unit’s activity based on
local data and activities of neighboring units. However, the fact that BBP updates
are based on the probability calculus guarantees that a unit’s activity will be optimal
given information that has already arrived and gives rise to a qualitative difference
between the convergence of these two types of schemes. In the next section, we will
demonstrate this difference in image interpretation problems.

2 Results

Figure 2a shows the first frame of a sequence in which the hand is translated to the
left. Figure 2b shows the bounding contour of the hand extracted using standard
techniques.

2.1 Motion propagation along contours

Local measurements along the contour are insufficient to determine the motion.
Hildreth [2] suggested to overcome the local ambiguity by minimizing the following












