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and determining, for each of at least one of the plurality of 
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the associated residuals, an interpolated value for the 
residual. The method also includes comparing, for each of 
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METHOD AND SYSTEM FOR ENHANCING THE 
ACCURACY OF MEASUREMENTS OF A 

PHYSICAL QUANTITY 

TECHNICAL FIELD OF THE INVENTION 

[0001] This invention relates generally to enhancing the 
accuracy of measurements of a physical quantity and more 
particularly to a method and system for enhancing the 
accuracy of measurements of a physical quantity. 

BACKGROUND OF THE INVENTION 

[0002] Modeling of a physical object often requires the 
taking of measurements. The measurement taking process 
on occasion introduces an error associated With each mea 

sured value. If the measurement taking process is conducted 
in an appropriate fashion, the errors should be normally 
distributed about a mean of Zero. HoWever, at times, the 
measurement taking or measurement recordation process is 
flawed, resulting in ?aWed or anomalous data. In such a case 
the use of such data to represent the measured object Would 
be incorrect and Would provide imprecise results. Therefore, 
it is desirable to determine Whether a measurement is 
anomalous before using the measurement to represent a 
physical quantity. 
[0003] Although anomaly detection has utility in numer 
ous applications and for numerous types of measurements, 
one eXample of the usefulness of anomaly detection Will be 
described With reference to bathymetric data. Oceanogra 
phers and ocean eXplorers make use of charts of the ocean 
?oors. Such charts are produced by taking depth measure 
ments of the ocean ?oor. One eXample of a procedure for 
taking a depth measurement of the ocean ?oor involves 
projecting, from an ocean vessel, sound Waves to the bottom 
of the ocean ?oor and measuring the time required for a 
re?ected Wave to return to the vessel. Such a procedure is 
subject to a variety of sources of error that create anomalous 
measurements. For eXample, a large ocean animal, such as 
a Whale, may re?ect a portion of the sound Wave back to the 
vessel, creating an anomalous reading. In addition, measure 
ments may be improperly recorded in meters Where feet is 
the appropriate unit of measure, or feet Where meters are the 
appropriate unit of measure. Such sources of errors lead to 
anomalous measurements that should be discarded prior to 
utiliZing the data to represent a physical quantity. 

SUMMARY OF THE INVENTION 

[0004] Accordingly, a need has arisen for an improved 
method and system for enhancing the accuracy of measure 
ments of a physical quantity. The present invention provides 
a system and method for enhancing the accuracy of mea 
surements representing a physical quantity. 

[0005] According to one embodiment of the invention, a 
method for enhancing the accuracy of measurements repre 
senting a physical quantity includes determining a trend for 
a plurality of measurements. For each of at least one of the 
plurality of measurements an associated residual betWeen 
the trend and the measurement is determined, and, for at 
least one of the associated residuals, there is determined an 
interpolated value for the residual. The method also includes 
comparing, for each of the at least one associated residuals, 
the residual to the interpolated value of the residual to 
determine Whether a measurement associated With the 
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residual is anomalous. In response to determining that a 
measurement associated With the residual is anomalous, the 
anomalous measurement is discarded. The remaining non 
anomalous measurements then represent the physical quan 
tity. 

[0006] According to another embodiment of the invention, 
a system for enhancing the accuracy of measurements of a 
physical quantity includes a storage medium, a processor 
coupled to the storage medium, and a computer program 
stored in the storage medium. The processor executes the 
computer program to determine a trend for a plurality of 
measurements. The processor executing the computer pro 
gram generates a determination, for each of at least one of 
the plurality of measurements, an associated residual 
betWeen the trend and the measurement, and also deter 
mines, for each of at least one of the associated residuals, an 
interpolated value for the residual. The processor running 
the computer program also compares, for each of the at least 
one associated residuals, the interpolated value to the 
residual to determine Whether a measurement associated 
With the residual is anomalous. In response to determining 
Whether a measurement is anomalous, eXecution of the 
computer program generates an indication that the measure 
ment is anomalous so that it may be discarded. The non 
anomalous measurements are then output from the system. 

[0007] Embodiments of the invention provide numerous 
technical advantages. For eXample, in one embodiment of 
the invention, a method for enhancing the accuracy of 
measurements alloWs determination of Whether a measure 
ment is anomalous and Whether it may be discarded. Dis 
carding anomalous measurements creates a more accurate 
representation of the measured object than if the anomalous 
measurements Were included. In one embodiment of the 
invention a Kriging process is utiliZed to perform an inter 
polation used in determining if a measurement is anomalous. 
The use of the Kriging process is particularly advantageous 
because Kriging automatically provides an error for an 
interpolated value, Which is utiliZed in the present invention 
and Which is not readily available With other interpolation 
methods Without additional processing. 

[0008] Other technical advantages are readily apparent to 
one skilled in the art from the folloWing ?gures, descrip 
tions, and claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] For a more complete understanding of the present 
invention and the advantages thereof, reference is noW made 
to the folloWing descriptions taken in connection With the 
accompanying draWings in Which: 

[0010] FIG. 1 is an isometric draWing illustrating a rep 
resentation of the ?oor of an ocean; 

[0011] FIG. 2 is a schematic draWing illustrating the 
measurement of the depth of a portion of the ocean ?oor; 

[0012] FIG. 3 is a graph illustrating the plurality of 
measured values of the depth of the ocean ?oor at different 
longitudes as Well as the actual depth of the ocean ?oor at 
those longitudes; 

[0013] FIG. 4 is a graph illustrating a normal distribution 
of residuals centered about a mean of Zero; 
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[0014] FIG. 5A is a ?owchart illustrating a method for 
determining Whether a measured value is anomalous; 

[0015] FIG. 5B is a graphical illustration of the method 
illustrated in FIG. 5A for determining Whether a measured 
value is anomalous; 

[0016] FIG. 5C is a plot of a variogram used according to 
the method of FIG. 5A in determining Whether a measure 
ment is anomalous; and 

[0017] FIG. 6 is a block diagram of an anomalous mea 
surement detection system. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0018] The present invention and advantages thereof are 
best understood by referring to FIGS. 1 through 6 of the 
draWings, like numerals being used for like and correspond 
ing parts of the various draWings. 

[0019] Although the invention is useful to determine 
anomalies in measurements in a variety of contexts, an 
example application for the invention is the determination of 
Whether depth measurements of the ocean ?oor are anoma 
lous. Depth measurements of the ocean ?oors are often 
referred to as bathymetric data. The folloWing description of 
the invention is in the context of determining anomalies in 
depth measurements of the oceans; hoWever, the invention 
also ?nds utility With any suitable type of measurements 
including, but not limited to, measurement of temperature, 
pressure, volume, Weight, mass, length, area, velocity, accel 
eration, luminosity, energy, poWer, electrical charge, and 
magnetism. 
[0020] FIG. 1 is an isometric draWing illustrating a rep 
resentation 10 of an ocean ?oor 16. Representation 10 
provides a model of ocean ?oor 16, Which is similar to 
models used by oceanographers or other persons interested 
in the shape and depth of ocean ?oor 16. The depth of ocean 
?oor 16 is illustrated at a variety of locations 12 of ocean 
?oor 16. Locations 12 are speci?ed by a longitude 26 and a 
latitude 28. Such a model is developed through measure 
ments of the ocean ?oor taken according to one method as 
described in conjunction With FIG. 2. According to the 
invention, such measurements are analyZed in order to 
exclude anomalous measurements for use in generating 
representation 10. Exclusion of anomalous measurements 
generates a more accurate representation of a physical 
quantity. 
[0021] FIG. 2 is a schematic draWing illustrating the 
measurement of a depth 14 of ocean ?oor 16 at a location 12. 
As illustrated, a vessel 20 takes depth measurements by 
transmitting sound Waves 22 to the ocean ?oor 16. By 
measuring the time for sound Waves 22 to re?ect back to 
vessel 20, an indication of depth 14 of ocean ?oor 16 is 
obtained. A location 12 at Which depth 14 is measured is 
speci?ed by longitude 26 and latitude 28. These depth 
measurements are subject to errors in the measurement 
taking process and should be examined for anomalous 
measurements to produce the best possible representation 10 
of the ocean ?oor 16. For example, a large ocean animal 24, 
such as a Whale, may alter the re?ection time of sound Waves 
22 to return to vessel 20 and therefore produce a measure 
ment that is not accurately indicative of depth 14. Such a 
measurement Would be anomalous. Another example of the 
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production of an anomalous measurement is the recordation 
of depth 14 in feet if the appropriate unit of measure is 
meters. 

[0022] FIG. 3 is a graph illustrating a plurality of mea 
sured values 30 of depth 14 of ocean ?oor 16 at different 
longitudes 26 as Well as the actual depth 32 of the ocean 
?oor at those longitudes 26. A dotted line 56 represents a 
calculated trend of measured depths 30. Calculation of trend 
line 56 of measured depth 30 is described in greater detail in 
conjunction With FIGS. 5A through 5C. Although in the 
example illustrated in FIG. 2 measured depths 30 are taken 
at a given longitude 26 and latitude 28, for simplicity of 
description FIG. 3 illustrates varying depths as a function of 
longitude 26 for a constant latitude 28. As illustrated, most 
measured depths 30 lie close to trend line and are located on 
either side of the trend line. Also illustrated in FIG. 3 is one 
of a plurality of residuals 38. Each residual 38 indicates a 
difference betWeen a measured depth 30 and trend line 56. 

[0023] An outlier measurement 34 is illustrated as lying 
signi?cantly beloW the trend line and has an associated 
outlier residual 39. An outlier measurement is a measure 
ment that differs signi?cantly from a trend of the measured 
values, such as trend line 56. An outlier measurement may 
be anomalous or non-anomalous. An anomalous outlier 
measurement is an outlier measurement that is determined 
not to be representative of the actual physical quantity. A 
non-anomalous outlier measurement is an outlier measure 
ment that, although differing from a determined trend of 
measured values, is nevertheless determined to be represen 
tative of the actual quantity measured. Determination that a 
measurement is an outlier measurement 34 is performed 
according to the teachings of the invention as described With 
reference to FIGS. 5A through SC. 

[0024] In FIG. 4 there is shoWn a graph illustrating a 
normal distribution of residuals 38 centered about a mean of 
Zero. As illustrated, a normal bell-shaped distribution curve 
36 represents an expected distribution of errors for measure 
ments taken, for example, according to the method illus 
trated in FIG. 2. A normal bell-shaped distribution curve 36 
is centered about a mean of Zero, thereby indicating that the 
number of data values 30 exceeding trend line is approxi 
mately equal to the number of measured values 30 less than 
trend 56. Outlier residual 39 is illustrated on the far left hand 
side of the distribution curve 36. Such a residual value may 
lie on the far end of the curve because it is anomalous, and 
indicate that the measurement Was improperly taken. Alter 
natively, the residual 39 may be at the far end of the curve 
because it is consistent With the normal distribution curve 
36, but nevertheless is an extreme residual value. 

[0025] If outlier residual 39 occurred because of an 
anomalous measurement, it Would be desirable to discard 
outlier measurement 34 associated With outlier residual 39 to 
avoid using an anomalous measurement in producing rep 
resentation 10 of ocean ?oor 16. If, hoWever, outlier residual 
39 Was obtained correctly and merely corresponds to an 
extreme value on normal distribution curve 36, outlier 
measurement 34 should be retained in producing represen 
tation 10 of ocean ?oor 16. Determination of Whether outlier 
measurement 34 is anomalous is made in accordance With 
the present invention as described With reference to FIGS. 
5A through SC. 

[0026] FIG. 5A is a ?oWchart illustrating a method for 
determining Whether a measured value is anomalous, and 
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FIG. 5B is a graphical illustration of the method of FIG. 5A 
for determining Whether a measured value is anomalous. A 
method for determining Whether an outlier is an anomalous 
measurement, such as outlier measurement 34, is described 
in conjunction With FIGS. 5A and 5B. For simplicity of 
description, the method is described in the context of bathy 
metric data obtained as illustrated in FIG. 2; hoWever, as 
described above, the method may be used for a variety of 
types of measurements for various physical quantities. 

[0027] The method begins at step 40 illustrated in FIG. 
5A. At a step 42 a source data set 142 illustrated in FIG. 5B, 
is received. Source data set 142 includes a plurality of 
measured values 30 of depth 14 at associated longitudes 26 
and latitudes 28. At a step 44 clear outliers, such as outlier 
measurement 34, are temporarily removed from the pro 
cessed data to produce a clear outlier as data set 146 and a 
data set 148 that does not include clear outliers as illustrated 
in FIG. 5B. 

[0028] A clear outlier is illustrated in FIG. 5B as produc 
ing clear outlier data set 146 and the data set 148 to facilitate 
description of the present invention; hoWever, such illustra 
tion does not imply that a separate device or program is 
necessarily utiliZed for performing step 44. Additional rep 
resentations in FIG. 5B, such as, a residual calculator 158, 
an outlier detector 164, a variogram calculator 174, and an 
outlier classi?er 180 are similarly illustrated to facilitate 
description, and their functions are similarly not necessarily 
performed by independent devices or programs. 

[0029] One example of a procedure for temporarily 
removing clear outliers is described beloW. A standard 
moving WindoW technique in Which measured values 30 are 
binned at, for example, 20 times the measured Real World 
Nyquist of data measurements is used. Binning refers to the 
generation of a regular array of map cells overlying the 
source data set and is used to compute statistics of data 
points lying in a small geographical area. A Real World 
Nyquist is the frequency beyond Which no further informa 
tion may be gleaned from the data. A mean and a standard 
variation for measured values 30 is calculated for each bin. 
Measured values 30 that exceed a predetermined multiple of 
the standard deviation of measured values 30 are tempo 
rarily removed as clear outliers. It has been determined that 
temporarily excluding errors that exceed ?ve times the 
standard deviation is particularly advantageous; hoWever, 
other suitable multiples of the standard deviation may be 
utiliZed to remove clear outliers. Step 44 of temporarily 
removing clear outliers is performed to avoid undue in?u 
ence on a subsequent step 50 for computing a trend of 
measured values 30. 

[0030] After clear outliers have been temporarily 
removed, the trend of data set 148 is determined at step 50. 
Apreliminary step in computing the trend of data set 148 is 
to grid data set 148 at step 52. Gridding data set 148 
produces a grid of data points that have values representing 
the depths at each grid point. These values at each grid point 
are based upon data Within data set 148. An example 
technique for gridding data set 148 is the use of the Trian 
gular Irregular Network algorithm. The Triangular Irregular 
Network algorithm is described in Macedonio, G. and 
Pareschi, M. T., 1991,AnAlgorithm for the Triangulation of 
Arbitrarily Distributed Points: Applications to Volume Esti 
mate and Terrain Fitting, Computers and Geosciences, v. 17, 
no. 17, p. 859-874. 
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[0031] After data set 148 has been gridded, the gridded 
data is ?ltered at step 54 to maintain only the loW frequency 
components of the gridded data. The loW frequency com 
ponents of the gridded data represent the trend of the gridded 
data. Step 54 of ?ltering the gridded data is illustrated in 
FIG. 5B as being performed by a loW pass ?lter function 
154. In one embodiment of the invention, the ?ltering at step 
54 utiliZes a simple Gaussian expression With a half-Width 
given by: 

[0034] Where Ed is the horiZontal resolution of the input 
data computed by a spectral analysis. This corresponds to 
maintaining Wavelengths of the data greater than 10 times 
the Real World Nyquist of the data. 

[0035] Step 54 of ?ltering the gridded data produces a loW 
pass component or trend 156 illustrated in FIG. 5B. LoW 
pass component or trend 156 represents the trend of data set 
148. An example illustration of a loW pass component is 
provided in one dimension for a constant latitude as trend 56 
in FIG. 3. Based on the computed loW pass component or 
trend 156 of data set 148, the difference betWeen trend 156 
and each data point of source data set 142 is calculated at 
step 58. This difference betWeen each data point and the 
calculated trend is referred to as a residual. Step 58 of 
computing residuals is illustrated in FIG. 5B as being 
performed by a residual calculator 158. As shoWn, the 
residual calculator 158 receives data values from both clear 
outlier data set 146 and data set 148. Thus clear outliers in 
data set 146 are temporarily removed to predict trend 156 of 
source data 142, but are later used after trend 156 is 
determined. 

[0036] As described above, the data set 148 is gridded 
before the loW pass component or trend 156 is calculated, 
and as a result the loW pass component or trend 156 must 
also be gridded. Therefore, some interpolation is necessary 
to determine a measurement at a random location on the 

gridded surface of loW pass component or trend 156 to 
provide an associated residual. This may be accomplished 
according to a variety of techniques including simple bilin 
ear interpolation. Residuals are calculated by subtracting the 
data values both in clear outlier data set 146 and data set 148, 
or in other Words the data values from source data set 142, 
from the gridded loW pass component or trend 156. Aset of 
residuals 160 illustrated in FIG. 5B is produced by step 58 
that computes residuals for all data Within source data set 
142. 

[0037] After generating residuals 160 at step 58, the mean 
and standard deviation of each residual of the set of residuals 
160 is calculated at a step 62. At a step 64 each of the 
residuals are compared to the standard deviation calculated 
at step 62. If a residual exceeds a particular multiple of the 
standard deviation of residuals, the residual is identi?ed as 
an outlier, and the residual may be anomalous or non 
anomalous. If a residual is less than a particular multiple of 
the standard deviation of the residuals, the residual is 
identi?ed as a non-outlier. In one embodiment of the inven 
tion, a multiple of 2.5 has been determined to provide 
particularly advantageous results. Steps 62 and 64 of com 
puting the mean and standard deviation for each of the 
residuals 160, comparing residuals to the standard deviation 
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of residuals 160, and selecting outliers is illustrated in FIG. 
5B as performed by an outlier detector 164. The results of 
these steps produce a set of outlier residuals 166 and a set of 
non-outlier residuals 168. 

[0038] Non-outlier residuals 168 do not differ from the 
mean of all of the residuals 160 to an extent great enough to 
constitute anomalous data. Outlier, residuals 166 differ from 
the mean of residuals 160 to an extent great enough to be 
anomalous. Step 64 of comparing residuals 160 to the 
standard deviation of residuals 160 and selecting outliers is 
performed to increase processing speed of anomalous data 
detection. Alternatively, step 64 is omitted and the determi 
nation of Whether a residual is associated With an anomalous 
measurement is performed on each residual of the set of 
residuals 160 rather than only residuals 166 that constitute 
outliers. The remainder of the method illustrated in FIGS. 
5A and 5B is directed to determining Whether outlier 
residuals 166 are anomalous or non-anomalous. 

[0039] One method for differentiating betWeen residuals 
that are anomalous and residuals that are not anomalous is 
cross validation. Cross validation differentiates betWeen 
residuals that are supported by neighboring depth measure 
ments and those that are not. Residuals supported by their 
neighbors, despite being abnormally high, are much more 
likely to be valid data points than isolated outliers. Cross 
validation begins at step 70. A ?rst step in cross validation 
occurs at a step 72 in Which residuals 160 are gridded. 
Gridding residuals 160 is performed in the same manner as 
described above With reference to gridding data set 148. At 
a step 74, variograms are calculated for gridded residuals 
160. Variograms are used to determine Which neighboring 
measurements should be used in determining Whether a 
residual is supported by its neighbors and facilitates inter 
polation of a data value based on neighboring data values. 
Variograms are described in greater detail in conjunction 
With FIG. 5C. Steps 70 and 72 of gridding residuals 160 and 
computing a variogram for residuals 160 are illustrated in 
FIG. 5B for simplicity of description as being performed by 
a variogram calculator 174. Variograms 176, illustrated in 
FIG. 5B, are produced by step 74. 

[0040] Based on the computed variogram 176 for each 
outlier residual, an interpolated value is calculated at step 76 
for each of the outlier residuals 166 based upon the value of 
neighboring residuals to determine Whether an outlier 
residual is anomalous or non-anomalous. For this calcula 
tion, the value calculated for an outlier residual at step 58 is 
not included. Thus an outlier residual in the set of outlier 
residuals 166 is not included in the determination of an 
interpolated value for that outlier residual. In addition to 
determining an interpolated value for an outlier residual, an 
error associated With the interpolated value is determined. 
One example of step 76 of determining an interpolated 
residual value and error is described in greater detail in 
conjunction With FIG. SC. 

[0041] At a step 78, the interpolated value for an outlier 
residual is compared to the measured value of the same 
outlier residual to determine if they are statistically incon 
sistent. If the measured value of an outlier residual differs 
from the interpolated value of an outlier to too great a degree 
an outlier residual is classi?ed as anomalous. If hoWever, an 
outlier residual in the set of outlier residuals 166 differs from 
the interpolated value of an outlier residual by less than an 
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acceptable amount, the outlier residual is classi?ed as non 
anomalous. In one embodiment, the determination of 
Whether the interpolated value for an outlier residual differs 
from the measured value of an outlier residual is made 
according to the formula 

|D—I| NW 

[0042] 
[0043] 
[0044] 
[0045] 
[0046] 
[0047] The calculated error for the measured value of 
residuals (6D) is determined based on the error in the 
measurement of the associated depth. If the left-hand-side of 
the above equation exceeds the right-hand-side, the associ 
ated residual is classi?ed as anomalous. This classi?cation is 
performed at step 80. Steps 76, 78, and 80 are illustrated in 
FIG. 5B, to facilitate description, as being performed by an 
outlier classi?er 180. The results of step 80 are a data set 182 
of non-anomalous outliers and a data set 184 of anomalous 
outliers. Data sets 182 and 184 are generated at a step 86. At 
a step 88 data in source data set 142 associated With 
residuals in anomalous outlier data set 184 are discarded. In 
addition, data in source data set 142 associated With residu 
als in non-anomalous data set 182 are combined With data in 
source data set 142 associated With residuals in non-outlier 
data set 168 for use in modeling the measured object. The 
method concludes at step 90. 

[0048] FIG. 5C is a plot of the variogram 176 used 
according to the method of FIG. 5A in determining Whether 
a measurement is anomalous. Variogram 176 identi?es the 
extent an outlier residual 178 is correlated With data values 
proximate the outlier residual 178. Neighboring data values 
are correlated With outlier residual 178 if they lie Within the 
range of the variogram centered at the residual under con 
sideration. Therefore, only data values Within variogram 176 
are utiliZed to calculate an interpolated value for outlier 
residual 178. The interpolation process determines an inter 
polated value for outlier residual 178 based on the residual 
values of neighbor residuals 202 Within variogram 176 using 
a Weighted average. The Weighting is based, in part, on the 
extent to Which data values Within variogram 176 are 
correlated With outlier residual 178. This correlation varies 
roughly With the distance betWeen a neighboring residual 
202 and outlier residual 178. In addition, the Weighting is 
dependent upon the uncertainty of the residual values of 
neighboring residuals 202 Within variogram 176. 

Where 

I=interpolated value for a residual 

D=measured value for a residual 

6I=calculated error for I 

6D=calculated error for D. 

[0049] An exemplary process of implementing such inter 
polation and calculation of a variogram is referred to in the 
art as multi-variate Kriging and is described in Introduction 
to Disjunctive Kriging and Nonlinear Geostatistics, by J. 
Rivoirand, 1994, Clarendon Press, Oxford University Press, 
Which is incorporated by reference herein. Although an 
interpolated value for outlier residual 178 and an associated 
error may be obtained according to other interpolation 
methods, the use of Kriging is particularly advantageous. 

[0050] In the described example of selecting Whether an 
outlier residual is anomalous or non-anomalous, the mea 
sured values of depth 14 Were obtained on ocean surface 16 
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for various longitudes 26 and latitudes 28. Thus, interpola 
tion utilized neighbors lying roughly in a surface speci?ed 
by tWo dimensions. HoWever, other applications for the 
invention utiliZe interpolation in a single dimension and in 
more than tWo dimensions. 

[0051] Thus, the method described in conjunction With 
FIGS. 5A through 5C determines Whether a measurement 
is anomalous or non-anomalous and alloWs discarding of 
anomalous measurements in order to provide a more accu 
rate representation of the measured object. In one embodi 
ment of the invention, Kriging is used to perform an 
interpolation and error calculation. Kriging is particularly 
useful for these functions because Kriging automatically 
provides an error With the interpolated value, alleviating the 
need to perform additional calculations that Would be 
required if an interpolation method Was used that did not 
automatically provide an error calculation. An example of 
that utiliZes the above method is described beloW in con 
junction With FIG. 6. 

[0052] FIG. 6 is a block diagram of anomalous measure 
ment detection system 100 for determining Whether a mea 
sured value is anomalous. Anomalous measurement detec 
tion system 100 includes a processor 202, an input device 
202, an output device 206, a memory system 108, and a disk 
drive 110. The present embodiment includes computer soft 
Ware stored in memory system 108 or on disk drive 110 and 
is executed by processor 202. Disk drive 110 includes a 
variety of types of storage media such as, for example, 
?oppy disk drives, hard drives, CD ROM disk drives, or 
magnetic tape drives. Data is received from a user of 
anomalous measurement detection system 100 using a key 
board or other type of input device 204. Data is provided to 
a user of anomalous data detection system 100 through 
output device 206, Which may include a display, printer, or 
any other suitable type of output device. 

[0053] Anomalous measurement detection system 100 
includes an anomaly detection program 112. In FIG. 6, the 
anomaly detection program 112 is illustrated as stored in 
memory system 108, and Will be executed by processor 202. 
Anomaly detection program 112 is alternatively stored on 
disk drive 110. The processor 202 When executing the 
anomaly detection program 112 receives source data set 142 
and determines Which data values Within the source data set 
142 are anomalous and Which are non-anomalous according 
to the method described in conjunction With FIGS. 5A 
through 5C. The system provides an outlier representing the 
data values that are anomalous and the data values that are 
non-anomalous. The anomalous measurement data detection 
system 100 discards anomalous data to enhance the accuracy 
of measurements representing a physical quantity. 

[0054] Although the present invention and its advantages 
have been described in detail, it should be understood the 
various changes, substitutions, and alterations can be made 
therein Without departing from the spirit and scope of the 
present invention as de?ned by the appended claims. 

What is claimed is: 

1. A method for enhancing the accuracy processing mea 
surements of a physical quantity comprising the steps of: 

determining a trend for a plurality of measurements; 
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determining, for each of at least one of the plurality of 
measurements, an associated residual betWeen the trend 
and the measurement; 

determining, for each of at least one of the associated 
residuals, an interpolated value for the residual; 

comparing, for each of the at least one associated residu 
als, the associated residual to the interpolated value of 
the residual to identify an anomalous associated mea 

surement; 

in response to identi?cation of an anomalous measure 
ment, discarding the anomalous measurement; and 

generating an output of all measurements of the physical 
quantity not discarded as anomalous. 

2. The method of claim 1, Wherein the step of determin 
ing, for each of the at least one associated residuals, an 
interpolated value for the residual and an error value asso 
ciated With the interpolated value comprises the process of 
Kriging. 

3. The method of claim 1, Wherein the step of comparing, 
for each of the at least one associated residuals, the associ 
ated residual to the interpolated value of the residual com 
prises determining Whether the magnitude of the difference 
betWeen the associated residual and the interpolated value of 
the residual exceeds a ?rst value. 

4. The method of claim 1, and further comprising the steps 
of: 

determining, for each of the at least one of the plurality of 
measurements, a residual error associated With the 

residual; 
determining, for each of the at lest one of the associated 

residuals, an interpolated value error associated With 
the interpolated value; and 

Wherein the step of comparing, for each of the at least one 
associated residuals, the associated residual to the inter 
polated value of the residual comprises determining 
Whether the magnitude of the difference betWeen the 
associated residual and the interpolated value of the 

residual exceeds V6I2+6D2, 
Where “61” is the interpolated value error and “6D” is the 

residual error. 

5. The method of claim 1, Wherein the step of determining 
a trend for a plurality of measurement further comprising 
associating each of the plurality of measurements With 
points on a grid. 

6. The method of claim 2, Wherein the step of determining 
an interpolated value and an error value by Kriging comprise 
determining an interpolated value and an error value by 
multi-variate Kriging. 

7. A method for enhancing the accuracy of depth mea 
surements of a portion of an ocean ?oor comprising the steps 
of: 

determining a trend for a plurality of depth measurements; 

determining, for each of the plurality of depth measure 
ments, an associated residual betWeen the trend and the 
measurement; 

determining When the magnitude of the residual exceeds 
a particular value; 

determining, for each of the residuals that exceeds the 
particular value, an interpolated value for the residual; 
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comparing, for each of the residuals that exceeds the 
particular value, the residual to the interpolated value 
of the residual to identify an anomalous associated 

depth measurement; 

in response to identi?cation of an anomalous associated 
depth measurement, discarding the anomalous depth 
measurement; and 

generating an output of all depth measurement of the 
physical quantity not discarded as anomalous. 

8. The method of claim 7, Wherein the step of determin 
ing, for each of the residuals that eXceeds the particular 
value, an interpolated value for the residual and an error 
value associated With the interpolated value comprises the 
process of Kriging. 

9. The method of claim 8, Wherein the steps of determin 
ing, for each of the residuals that eXceeds the particular 
value, an interpolated value for the residual comprises the 
process of multi-variate Kriging. 

10. The method of claim 7, Wherein the step of comparing, 
for each of the residuals that eXceeds the particular value, the 
residual to the interpolated value of the residual includes the 
step of determining Whether the difference betWeen the 
associated residual and the interpolated value of the residual 
eXceeds a ?rst value. 

11. The method of claim 10, and further comprising steps 
of: 

determining for each of the residuals that eXceeds a 
particular value, an error value associated With the 
determined interpolated value for the residual; 

determining, for each of the plurality of depth measure 
ments, a residual error associated With the residual; and 

Wherein the step of comparing, for each of the residuals 
that eXceeds the particular value, the residual to the 
interpolated value of the residual includes the step of 
determining Whether the difference betWeen the 
residual and the interpolated value of the residual 

eXceeds V6I2+6D2, Where “BI” is the interpolated value 
error and “6D” is the residual error. 

12. The method of claim 7, Wherein determining, for each 
of the plurality of depth measurements, Whether the mag 
nitude of the residual eXceeds a particular value includes the 
step of determining Whether the magnitude of the residual 
eXceeds 2.5 times a standard deviation of all residuals of all 
plurality of measurements. 
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13. A system for outputting anomalous measurements of 
an object of interest, comprising: 

a storage medium; 

a processor coupled to the storage medium; 

a computer program stored in the storage medium, the 
computer program eXecuted on the processor to: 

determine a trend for a plurality of measurements; 

determine, for each of at least one of the plurality of 
measurements, an associated residual betWeen the 
trend and the measurement; 

determine, for each of at least one of the associated 
residuals, an interpolated value for the residual; 

compare, for each of the at least one associated residu 
als, the error value to the residual to determine 
Whether a measurement associated With the residual 

is anomalous; 

in response to an identi?cation of an anomalous mea 

surement, discarding anomalous measurements; and 

output means for generating all measurements of the 
object of interest not discarded as anomalous. 

14. The system of claim 13, Wherein the computer pro 
gram When executed on the processor determines an inter 
polated value for the residual by the process of Kriging. 

15. The system of claim 13, Wherein the computer pro 
gram When eXecuted on the processor program determines, 
for each of the at least one associated residuals, Whether the 
magnitude of the difference betWeen the residual and the 
interpolated value of the residual eXceeds a ?rst value. 

16. The system of claim 13, Wherein the computer pro 
gram When operated on the processor: 

determining, for each of the at least one of the plurality of 
measurements, a residual error associated With a 

residual; 
determining for each of the at least one of the associated 

residuals an interpolated value error associated With the 
interpolated value; and 

determines, for each of the at least one associated residu 
als, Whether the magnitude of the difference betWeen 
the residual and the interpolated value of the residual 

exceeds V6I2+6D2, Where “BI” is the interpolated value 
error and “6D” is the residual error. 


