Statistical
Methods

Ashley Sedorovich

Manager of Field Data Collections, Spatial Information Solutions

Karen Schuckman
Senior Lecturer, Department of Geography, Penn State University

Charles O’Hara

President, Spatial Information Solutions

©2009 SIS: Accuracy Analyst Technical Reference-Statistical Methods



Spatial Information Solutions SISDOCS_MATAA _v1.0_TR002_060109

Accuracy Analyst produces several summary statistics to use as a measure of accuracy.
Each of the statistics produced provides a different metric by which to judge and assess
the data. This section will provide information on each of the statistical metrics provided
by Accuracy Analyst. This section will also describe what each metric means and how it
applies to a given project.

Root Mean Square Error (RMSE)

The RMSE is used to describe accuracy encompassing both random and
systematic errors. RMSE is the square root of the square of the difference between a true
test point and an interpolated test point divided by the total number of test points in the
arithmetic mean. Accuracy Analyst utilizes the following equation (1) for calculating the
RMSE:

RMSX =\((x} +x; +..+x)/n) (1)

Example 1: Suppose you have heights for a group of females and males. If you
analyze the data without regard to the sex of the subjects, the measure of spread you get
will be the total variation. Most statistical programs can take into account the sex of each
subject, work out the arithmetic means for the boys and the girls, and then derive a single

standard deviation that will do for both boys and girls. That single standard deviation is

the RMSE. In Accuracy Analyst, RMSE is used with the AX and AY values.
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Figure 14. Total variation compared to RMSE.

Minimum AX and Minimum AY

AX and AY represent the change in value between the X(Y)-coordinate location
in the photo and X(Y)-coordinate location in the survey. The minimum of each simply
represents the smallest value out of all of the analyzed locations. This component of the
statistics can be used to show which user entered locations most closely correspond to the
surveyed points.

Maximum AX and Maximum AY

As with the minimum AX and minimum AY, the AX and AY still represent the
change in value between the user-entered coordinate location and the surveyed coordinate
location. The maximum value of each represents the largest value out of all of the
analyzed locations. Maximum values can be used to show which user entered locations
most closely correspond to the surveyed points.

Mean AX and Mean AY

The statistics of the mean AX and mean AY are intended to show the average
values of the AX and AY. Again, AX and AY show the change in value between the

user-entered coordinate locations and the survey coordinate locations. The mean values
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can be used to show the average off-sets and of all of the analyzed locations providing
valuable information about the distribution of the data.

CE90 and CE 95

CE stands for circular error probable. It is defined as a circle, centered about the
mean, whose boundary is expected to include a certain percentage of the population within
it. In the case of CE90, 90% of the population is expected to be included within the
circular radius and in the case of CE95, 95% of the population is expected to be included

within the circular radius.

In Accuracy Analyst, the horizontal positional error of an object can be represented by
a random variable pair, (x, y). The random variables x and y correspond to the error
encountered in the X (longitude) and Y (latitude) directions respectively. The error can be
considered as the deviation of the measured values from the true values. The two random
variables can be assumed to be independent, with a Gaussian distribution and zero mean.
The joint probability density distribution for these random variables (x, y) is given by

equation (2). Rearranging equation (2) results in (3).

—21In[ p(x, y)27z0'x0'y] = (X—ZZ + y—z] 3)
o

x y

As observed in equation (3) for a given value (x, y) the probability density function

represents the square of the radius of the circle assuming that variances (o, and o) in

both the dimensions are equal. The probability for an error random variable pair (x, y) to

© 2009 SIS: Accuracy Analyst Technical Reference- Accuracy Analyst Statistics Overview Page 4



Spatial Information Solutions SISDOCS_MATAA_v1.0_TR002_060109

be contained within a circle of radius R can be defined by the circular error probability
function P(R). The circular error probability function can be derived from equation (3) and

is detailed in [2]. A condensed form for P(R) for the case when o and o are equal is

given by equation (4)

RZ

P(R)=1-e *" 4)

where R is the radial distance.

For CE90, the National Map Accuracy Standard (NMAS) specifies that the 90% of
well-defined points in an image or map should fall within a certain radial distance R. For
CE95, the National Map Accuracy Standard (NMAS) specifies that the 95% of well-
defined points in an image or map should fall within a certain radial distance R.
Therefore, substituting the left hand side of (4) with 0.90 will yield the horizontal accuracy

standard as specified by NMAS which is given by equation (5).

CE,, =2.14600, %)

where 0, =0 ,=0,.

Similarly, for CE95 substituting 0.95 with 0.9 then simplifying yields
CE,, =2.44770,

The calculation for o is shown below.

X(x, . —X, :
o :\/ ( image lealworld) (6)

x
n
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where x,, ., and x,,,. are the coordinates of the control points measured from the

image

image and real world respectively, and n is the number of such control points. o, is

calculated similar to (6).

For cases where o and o, are not equal, the error distribution takes on a more

elliptical shape rather than being truly circular. However, it is shown in [2] that a Gaussian

circular distribution can be still substituted for the elliptical distribution for certain

Cin .- . - .
—™* ratios, where o is the minimum value between o and o,, and o, is the
o

max

maximum value between o and o .

For cases where o and o, are not equal and %min ratio is between 0.6 and 1.0, [1]
(o}

max

shows that o, is estimated by a linear combination of o, and o, as given by equation (7).

o, =0.52220,. +0.47780, (7)

In equation (7), o, is the minimum value between o, and o, and o, is the maximum
value between o and o,. A further approximation of (7) is given in equation (8), which

was adopted by NSSDA (Federal Geographic Data Committee 1988), the United States’

standard for spatial data.

Gc = O'S(Gmin + Gmax) (8)
For cases where o, and o, are not equal and Zmn ratio is between 0.2 and 0.6, o is
o

max

O in to O,

estimated using an interpolated value from statistical data that relates
O o

max max
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Skew

Skew is a measure of symmetry, or more precisely, lack thereof. The skew for a
normal distribution is zero, and any symmetrical data should have a skew near zero.
Negative values of skew indicate data that are skewed left, whereas positive values of
skew indicate data that are skewed right. By skewed left, we mean that the left tail is
long relative to the right tail. Similarly to skewed left, skewed right means that the right
tail is long relative to the left tail. Accuracy Analyst utilizes the following equation (9)

for calculating skew:

(n—l)’zn—Z)ZLxls_;J ©)
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