Reproduced with permission of copyright ouner.

866

The trends in Figs. 7 and 8 are consistent for both data sets.
The five-best-choices filtering, followed by the minimum distance
measure, produces the best results, both at the extrema of the
curves and in passing closest to the ideal (0 percent, 0 percent)
point. The minimurn distance measure alone is next best, and
then the Euclidean distance. Fig. 8 shows the limitation of the
five-best-choices assumption; the error rate cannot be reduced
below nine percent because nine percent of the five best choices
are in error and are, consequently, being accepted by the system
without question. This assumption is much less problematic for
the 96 X 96 data, where about 0.1 percent of the five best choices
are in error,

Alterations to the recognition system and changes in the basic
CQA assumptions might yield improved results. The six airplanes
are fundamentally very similar objects. As noise is added to the
images, and the resolution is reduced, the consistent differences
between the different airplanes disappear. Techniques such as
multiframe averaging or multiple views would increase the classi-
fication success [10] and, as a consequence, improve the results of
CQA. Further refinements of the CQA technique are possible.
For example, currently only magnitudes of distances in feature
space are used to generate a scalar for CQA normalizatioa; more
powerful methods might be possible if vector feature space
measures are used.

V. . CONCLUSION

This correspondence has presented a method for making an
object identification system, originally tested by recognizing a
small set of objects, more general. This generality comes from the
ability to reject objects that are not known to the recognition
system. The resulting classification system still has the same
computational complexity as before the addition of CQA. The
strengths of the method include an emphasis on nonruntime
computation and no dependence on data description techniques.

It is worthwhile to consider briefly the system time complexity.
For an image of size n X n, we calculate feature vectors that are
complete moment sets (CMS) of order m. An order m CMS
contains O(m?) elements, and requires O(m*) operations for
normalization [15]. If we have p airplanes in our model database
we will put v views of each into our library, then the overall
library generation complexity is O( pv(m?n? + m* + m?)). The
lone m? in the time complexity is from an overall library normal-
ization performed at the end of library generation,

Once the library is generated, the CQA measures can be
calculated. Calculation of CQA 1 for the entire library is
O( puvm*). Calculation of the CQA 2 normalization measures is
O( p*v*m?). All this represents precomputation prior to classifi-
cation runtime. For the experiments presented here n =128,
m=3, p=6, and v=>500. In contrast, runtime complexity for
classification is O(n’m?+m* + m? + pvm?), with additional
O(1) time required for CQA 1 and 2. The runtime time complex-
ity could be reduced by using parallel hardware applied along
any or all of n, m, p, and v [16].

After unknown object rejection, a second concept presented in
this correspondence is that of raising classification dependability,
by rejecting less reliable classifications of objects that are in the
data basc of known objects. Thus if an action can be taken only
if certainty of identification is 95 percent or better, this method
provides a means for achieving this level of dependability for a
subset of the total possible set of unknown feature vectors. This
second analysis stage shares the computational characteristics of
the first stage. It is also not dependent on data representations.

Overall, the CQA techniques presented allow an identification
system, based on a limited object set, to function in a much
broader context. Aside from the generality, alternative applica-
tions are also possible: in an industrial environment, such an
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enhanced system would allow fast bin picking, where the vision
system would only need to recognize the parts that were required,
and not all the types of parts in the bin. This would mean a
system speedup, by reducing the size of the search space (along
the same lines as [8]). CQA could also be used to recognize the
deviation of defective parts from the ideal in a quality evaluation
system.
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A Gray-Level Threshold Selection Method Based on
Maximum Entropy Principle
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Abstract —The gray-level threshold selection method for image segmen-
tation presented here is based on the maximum entropy principle. The
optimal threshold value is determined by maximizing the @ posteriori
entropy subject to certain inequality constraints which are derived by
means of special measures characterizing uniformity and the shape of the

Manuseript received November 3, 1987; revised December 22, 1988. This
work was supported in part by the Natural Science and Engineering Research
Council of Canada.

A. K. C. Wong is with the Department of Systems Design Engineering,
University of Waterloo, Waterloo, ON. Canada N2L 3G1.

P. K. Sahoo is with the Department of Mathematics, University of Louisville,
Louisville, KY 40292,

IEEE Log Number 8927237,

0018-9472,/89 /0700-0866301.00 ©1989 IEEE

Further reproduction prohibited.


















