
Syntactical features are “defined” by example(s) and given names for the convenience of those who 
have learned to recognize them. Not all of these indications will be present in each instance, and it is up 
to the observer to decide if enough are present, in each case, for a diagnosis.

In 1942, the McCullough-Pitts model was proposed to describe recognition, and is often referred to as a 
“Grandmother” cell. Inputs such as “checkered apron” “short” “white hair” are positive, while “red 
mustache” would be negative. If the sum exceeds a threshold, you greet Grandma. The idea is readily 
extended to numerical inputs, which becomes the basis for neural net computing. Various methods exist 
for determining the weight values.

The syntactical method is also the basis for a typical field guide, e.g. to birds or flowers. In this example 
the pictures “define”the words. The organization and sequence of a field guide is critical to its efficient 
and successful use.
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Computers can perform many measurements on digital images. Some, such as color and size, may vary. 
Shape is frequently the most reliable, but how is shape described and defined? Human languages do not 
offer many clues, and human vision is not a quantitative tool.

Consider the adjective “round” - just what does it really mean? “Like a circle.” But that presumes 
knowledge about a circle. If something isn’t EXACTLY a circle, how can the degree of difference be 
quantified? The problem is that there are MANY ways to be “not exactly a circle.” In different contexts, 
the word “round” has other implied meanings.

There are few adjectives that seem to describe shape, and they are all imprecise and context-dependent. 
So we use nouns and count on the other person to share our prior knowledge. If I say “Shaped like a 
volkswagon” and am thinking of the VW Bug, and you are thinking of the VW Van, we have a failure to 
communicate. I can show a person examples (or pictures) of objects and expect them to (eventually) be 
able to recognize things - that is how we teach our kids. But what about computers? Obtaining 
quantitative measures of shape from digital images and determining which are most useful brings us 
(finally) to the use of statistical analysis.

Ratios of size measurements - such as length / breadth - are formally dimensionless and very fast to 
compute. They are reductive, meaning that they extract just a tiny bit of the information in the original 
image. In this example, just a few simple measurements are sufficient to identify each leaf, based on 
hundreds of training examples. Ratios of distances are also used for facial recognition.
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The canonical variables used in the leaf identification are simply linear combinations of various shape 
measurements, determined by principal components analysis and stepwise regression. The three 
dimensionless ratios used in the example are formfactor, solidity and radius ratio.

Topology is another shape descriptor. A and D have one loop but the A has two ends. B and 8 have two 
loops but the B has two corners. And so on. In spite of enormous variation in format, license plates are 
being read with 95% success in under a second by car-mounted cameras.

Fourier analysis “unrolls” the boundary of the shape, which repeats every 360 degrees and can be 
represented by a Fourier series. This series converges rapidly so that a relatively short list of numbers 
represents the entire shape. Statistical analysis of the terms in the series determines those that are most 
significant for identification.

The types of arrow points found in North Carolina are readily distinguished using just three of the 
Fourier coefficients, in spite of variations in materials and individual style.
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There are other mathematical shape descriptors that can also be used, and each of these has some 
advantages for some applications. Some are “complete” and contain enough information to recreate the 
original shape, some are “reductive” and extract just a few characteristics.

In any particular situation, the keys to successful shape identification and recognition are a training 
population that is representative, and includes extreme values that define the limits, and statistical 
techniques that ideally handle distributions that are rarely “normal,” so that non-parametric methods are 
needed.

This image shows examples of 13 different classes of animal cookies. Images of hundreds of cookies 
from a flatbed scanner were used to measure shape. Dimensionless ratios, Fourier coefficients, and 
moments were all recorded for statistical analysis. (The names given to the various shapes were not 
supplied by the manufacturer, but instead were voted on by children.)

The following graphs and other results will be generated interactively using JMP with the files of data - 
dimensionless ratios, moments, and Fourier harmonic coefficients - measured on the scanned images of 
the cookies.
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First, we will see what the dimensionless ratios can provide.
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Next we consider the invariant moments

Followed by the Fourier harmonic coefficients.
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In addition to industrial quality control, applications include diagnosing breast cancer from 
mammographs, identifying suspicious cells in Pap smears, and many forensic specimens such as fibers. 
Recognition of individual human faces is a current challenge.

Russ & Neal: The Statistics of Shape and Recognition - JMP Discovery Summit 2013! Page 7


